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Effects of Washing and Storage Temperature on Quality and Safety of
Washed Shell Eggs

Bum-Geun Choi, Ji-Hyeon Min and Ki-Sun Yoon'

Dept. of Food and Nutrition, Kyung Hee University, Seoul 02447, South Korea

ABSTRACT

The objective of this study was to investigate the effects of various washing waters on the quality and safety characteristics
of eggs during storage. Eggs were washed with tap water, 100 ppm of sodium hypochlorite, or 30 ppm of slightly acidic
electrolyzed water and stored at 10C and 20°C. Effects of various washing waters on reduction of Salmonella Enteritidis and
aerobic plate counts and survival of S. Enteritidis on egg shells were also analyzed at 10°C and 20C for 25 days. As an index
of quality, haugh unit, weight reduction, and pHs of egg white and egg yolk were measured. Reduction percentages of haugh
unit and weight were higher at 20C than at 10C. Egg qualities were less affected by tap water, slightly acidic electrolyzed
water, and sodium hypochlorite, regardless of storage temperature. The greatest reductions in aerobic plate counts and S.
Enteritidis were observed with slightly acidic electrolyzed water. The level of S. Enteritidis on egg shells gradually decreased
during 20 days of storage at both 10°C and 20C, whereas S. Enteritidis survived longer at 20C than at 10°C. S. Enteritidis
was not detected in eggs at 10C, 2.13 log CFU/g of S. Enteritidis was detected in eggs washed with sodium hypochlorite
after 20 days of storage at 20C, indicating that S. Enteritidis penetrated into the egg shell during storage at 20C. In conclusion,
slightly acidic electrolyzed water increased microbial reduction and least affected quality of washed eggs. Thus, slightly acidic
electrolyzed water can be recommended for washing of graded eggs, at retail markets.
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Fig. 1. Percentage of haugh unit reduction at 10°C and 20T after washing.
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(d) Slightly acidic electrolyzed water

Fig. 2. Percentage of weight reduction at 10C and 20C after washing.
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Table 1. Effect of various washed water on the pH of egg white at 10C and 20T

Sodium Slightly acidic
Temperature ~ Day Type Unwashed Tap water hypochlorite electrolyzed water F-value
0  Egg white 9.21£0.034BY 9.27+0.02° 9.18+0.07*48 9.12+0.09* 4.10°
12 Egg white 9.26+0.01° 9.26+0.01° 9.32:+0.02° 9.12+0.014 8.817
10T
25  Egg white 9.26+0.054F 9.27+0.0248 9.32+0.05 9.21+0.05* 419"
F-value Egg white 2.43 0.22 6.47 2.63
0  Egg white 9.14+0.11°® 9.23+0.04"® 9.02+0.06** 9.17+0.03"® 7.58"
12 Egg white 9.29+0.01%® 9.41+0.05"° 9.15+0.02°* 9.35+0.02 53.20""
20C
25  Egg white 9.42+0.02°8 9.41+0.06" 9.26+0.06" 9.43+0.01°® 12.68"™
F-value Egg white 19.70™ 14.98™ 21.38™ 203.34"™"

D Mean£SD(n=4).

#7¢ Means with different small letters within a column and row (temperature) are significantly different by Duncan's multiple range test
at * p<0.05, ™ p<0.01, ™" p<0.001.

AP Means with different capital letters within a row are significantly different by Duncan's multiple range test at = p<0.05, = p<0.01,
™ p<0.001.

Table 2. Effect of various washed water on the pH of egg yolk at 10C and 20T

Sodium Slightly acidic
F-val
Temperature ~ Day Type Unwashed Tap water hypochlorite electrolyzed water value
10 Egg white 6.32+0.01*Y 6.30+0.16* 6.25+0.16* 6.11+0.08" 2.08
12 Egg white 6.42+0.18" 6.43+0.25" 6.32:+0.00™ 6.26+0.06° 1.00
10T
25 Egg white 6.83+0.03"® 6.73+0.15"8 6.44:0.05* 6.52+0.13°* 12.107
F-value Egg white 19.50"" 523" 442" 18.97™
10 Egg white 6.32+0.11*8 6.35+0.18" 6.140.10°* 6.41£0.11°® 3.38
12 Egg white 6.49+0.00" 6.69+0.05"C 6.28+0.03* 6.43+0.06"® 51.30""
20C
25 Egg white 6.7+0.00°% 6.73+0.10"" 6.63+0.18™ 6.86+0.06™ 30.66"
gg
F-value Egg white 1.41 12.13" 16.98™ 40.32™

) Mean+SD(n=4).
#7¢ Means with different small letters within a column and row (temperature) are significantly different by Duncan's multiple range test

stk

at * p<0.05, ™ p<0.01, ™" p<0.001.
A" Means with different capital letters within a row are significantly different by Duncan's multiple range test at = p<0.05, = p<0.01,
™ p<0.001.
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Table 3. Effect of various washed water on reduction of microorganisms on the egg shell

Unwashed Tap water Sod1um. Slightly acidic F-value
hypochlorite electrolyzed water
i +0.40° +0.435 +0.314
Aerobic plate counts 2 550,081 1.66 0.42(3 1.16+£0.43 0.52+0.31 12.52
(log CFU/g) (34.96) (54.37) (79.61)
Shell
. e g :t C i B j: A
S. Enteritidis 5 0040.30° 3.33+£0.20 2.4340.18 2.11+0.34 159.07
(log CFU/g) (33.72) (51.53) (57.88)

D Mean£S.D.(n=30).
? Percentage of reduction (%).

A™D Means with different capital letters within a row are significantly different by Duncan's multiple range test at p<0.001.
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2h, Alge] AlH FRE Fgol

S. Enteritidis2] 73-%-, Al
logCFU/g 502 Q192 o7 HEa & thakdl A% S
W S Enteritidis A&S B8 A7), 552 3.33+0.20

log CFU/g(33.72%), Zrold Aah}EFo] 7% 2.43+0.18 log

(57.88%) 0.2 At AF Al F2}e] S, Enteritidist 743h=
Ao @ Vepdth o]} -2 A= A#o] S EnteritidisE A
Aslr 7= A A} v]523 A5 B3 2 (Chousalkar
K & 2013; Fabrizio KA 5 2002; Park CM & 2005), S. En-
teritidis®] ZHAB 7} W3 v|AHY Afold Anbe, Afold Aqb
HEE, 559 €22 2RIt 2 Ao Yeylth
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ol Al ARE-EF Ak Apotd ke AR Y] dFoR
B A7dzniel o] A dzte] S Enteritidis A 73kl =
Bt 2 B2 e, AR AlH 2 E8o] 7hsE A
o7 Almrd

LI,
r

off o

o\ ©a 1o B o
o

it

ey

ol I

jules
B
:

]_

ok

| 2217|2F = S. Enteritidis MZ 4l 25

n
Rl
bl
u
10

/ﬁ!
TERE, AolAMUES, ik AoldantrR Al

gk M| Hete] B \7F & S Enteritidise] AE 2 5§ &
A A3l 747} Table 4, Table 59F 2t} S. EnteritidisZ <1

AAoZ QAN HAA 283 9 AH ] Fi odF
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Table 4. Effect of washing on the change of S. Enteritidis levels in the egg shell and content as a function of storage

day at 10T

Day Sample

S. Enteritidis (log CFU/g)

Unwashed Tap water Sodium hypochlorite  Slightly acidic electrolyzed water
Shell 5.40+0.34" (8/8)? 5.38+0.25 (8/8) 5.15+0.3 (8/8) 5.53+0.35 (8/8)
‘ Content ND? ND ND ND
Shell 2.66+0.05 (5/8)” 3.14+0.29 (5/8) 3.45+0.31 (5/8) 1.86+0.63 (2/8)
> Content ND ND ND ND
Shell 1.4440.28 (2/8) 3.33+0.02 (3/8) 3.26+0.03 (2/8) 1.24+0 (1/8)
10 Content ND ND ND ND
Shell ND ND ND ND
20 Content ND ND ND ND

D MeantS.D.(n=3).

? Number of sample with S. Entertidis / Total number of tested sample.

) Not detected.

Table 5. Effect of washing on the change of S. Enteritidis levels in the egg shell and content as a function of storage

day at 20T

Day Sample”

S. Enteritidis (log CFU/g)

Unwashed Tap water Sodium hypochlorite ~ Slightly acidic electrolyzed water
Shell 5.44+0.43Y (8/8)” 5.61£0.230 (8/8) 5.50£0.23 (8/8) 5.60£0.23 (8/8)
0 Content ND? ND ND ND
Shell 3.70£0.41 (7/8) 4.64+1.221 (4/8) 3.26£0.08 (4/8) 2.0120.26 (4/8)
: Content ND ND ND ND
Shell 3.4120.43 (4/8) 3.53£0.880 (6/8) 3.63£0.23 (4/8) 1.79+0.55 (2/8)
10 Content ND ND ND ND
Shell 1.68+0.44 (4/8) 2.99+0.330 (5/8) 3.10£0.5 (4/8) ND
20 Content ND ND 2.13£0.74 (4/8) ND

Y Mean+S.D.(n=8).

? Number of sample with S. Entertidis / Total number of tested sample.

3 Not detected.
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