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Abstract

This study investigated the effect of gamma irradiation on pathogens, 
quality, and functional properties of shell eggs. Using intact, fresh white and 
brown shell eggs, inoculated with 10و colony-forming units (cfu) o f s. 
enteritidis and s. typhimurium. The effect of gamma-irradiation at doses 2 , 4 
and 6 kGy o f gamma irradiation on bacteriologic population and physical 
h^acteristics (Haugh units and yolk color), chemical composition( 
moisture, crude protein, crude fat and ash), physicochemical properties 
(foam؛n§ ability, Foam stability and water-holding capacity), the Theological 
changes (viscosity), pH and protein solubility ofthe eggs were determinated.

Results showed that 2 kGy, the number of ، ؟٠  enteritidis and s. 
typhimurium were reduced to non-detectable levels. Meanwhile, the eggs 
internal quality as freshness as measured by albumen height and the number 
of Haugh units, and yolk color index were all significantly reduced with
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increasing irradiation do$e$. No significant change was found after 
irradiation in egg white or yolk in the chemical composition (moisture, crude 
protein, crude fat and ash). After irradiation, the foaming ability and foam 
capacity o f egg white were increased as a function of radiation dose, while 
water-holding capacity decreased with increasing radiation doses. The 
viscosity o f egg white and yolk decreased with increasing doses of 
irradiation. The pH o f the egg white and yolk increased with increasing 
radiation dose. The protein solubility decreased significantly in egg white 
and yolk with increasing radiation dose. These results suggest that gamma 
irradiation reduce the freshness o f shell eggs and improving im^riant 
functional properties such as foaming ability and foaming capacity. Gamma 
irradiation can also be applied to the egg breaking process since irradiation 
reduces the viscosity o f egg white and yolk, which can allow egg whites and 
yolks to be separated with greater efficiency.

ة ص ال خ

ت سة تم شعة التشعيع تأثير درا ما با ت على جا ض مسيبا ألمرا ص ،ا صائ خ  الوظيفية وال

ض ستخدام وقد .ونوعيته للبي ي ا سة ف ض الدرا ض البي ألبي ج والبنى ا ز طا  تلقيحه تم وقد ،ال

ت ميكروبا ضة Salmonella typhimurium و Salmonella enteritidis ب ت .الممر  وتم

ت البيدض معالجة ي كيلو ٦ و ٤ و ٢ اإلشعاعية يالجرعا  البكتريا على تأثيرها لمعرفة جرا

ضة ف زوحدات الفيزيائية الخصائصى و الممر ر ولون هو ب (،البيدض صفا ركي  الكيميائي والت

دإ الخام الدهون ،الخام البروتين ،رالرطوبة رما ل ص ،وا صائت  رغوة رقدرة آلفيزيوكيميائية والخ

ستقرار ورغوة ال ظ على والقدرة ا حتفا ال ت ،^بالمياه ا النسيابية التغييرا وذوبانية ،^ؤائلزوجة ا

س البروتين أل ض الهيدروجيني وا ت وقد .المعامل للبي سة بين عية الجرعة أن الدرا الشعا  كيلو ٢ ا

ى ت جرا د ض الى أ خفا ل ان ؟ enteritidis من ك ت إلى ؟،٠ typhimurium و ٠.  قابلة غير مستويا

ف شا الكت خلية النوعية أن كما .ل رة للبيدض الدا ضا ع مقاسة كالئ رتفا ل با ال ز ل عبد ا ت و حدا ف و  ،هو

ال ض ر لون مؤشر أن عن ف صفا ضوا قد ال دة مع كشرا انخف عة زيا جر عية ال إلشعا  لم أنه كما .ا

ث حد ي ي ت أ را غيي ي اإلشعاعية المعالجة بعد ملموسه ت ب ط ركي ض الكيميائي الت ر لبيا صفا  و

ث من البيهش د الخام الدهون ،الخام البروتين ،الرطوبة حي رما ما .وال عية المعالجة أن ك الشعا  ا

ت عا جر ت المستخدمة بال د دة الى أ رة زيا ت قد ت بينما ،الرخوة وثبا ض خف ن ظ على المقدرة ا حتفا ال ا

ضت وكذلك بالماء ض لزوجة انخف ر بيا صفا ت زيادة مع البيض و ث وقد .اإلشعاعية الجرعا  حد

ضا دة اي ي زيا جة ف ر ض حموضة د د ا ي ر ب صفا دة مع البيدض و جرعة زيا عية ال إلشعا بالنسبة أما .ا
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ن لقابلمية ن الذوبا ت فقد للبروتي ض خف ل في كبير حد إلى ان ض من ك ر بيا صفا ض و دة مع البي  زيا

عية الجرعة إلشعا عية المعالجة أن إلى تشير مجملها في والنتائج .ا إلشعا ت قد ا رة من قلل ضا  ن

ت ولكنها الكامل البيدض سن ن ح صانم خ رة مثل الهامة الوظيفية ال ت قد ت .الرخوة وثبا ح ض و  وأ

ور للتشعيع أن النتائج ص تحسين في هام د صائ ث للبيدنى الوظيفية الخ ي حي د دة الى أ  كثافة زيا

دة المتكونة الرغوة ت وزيا ى البيدض للزوجة وبالنسبة .المتكون السائل وحجم الرغوة ثبا  يعتبر والذ

مل من ي الهامة العوا ت ف عا ا من ل ظهر فثل الغذائية ا ع ا شعا إل ي مقدرته ا جة تغيير ط ر اللزوجة د

ل ك ر البيامض من ل صفا ث وال ت حي ض خف صبح و اللزوجة ان ن أ بياف ل ور له هذا و مائيا ا ي مهم د  ف

ع عملة صتي ض ت البي

Introduction
[,١] n$ f©©ds؛are ©ne ©fthe mo$t complete nutritional prote 

a daily diet throughout the world. ؛٨ have l©ng been c©n$umed 
.u$ food of the human diet؛©Chieken egg is a versatile and nutrit

Besides being food, eggs have functi©nal properties such as foaming, 
binding, thickening, coating, and emulsifying capacity, and they 
c©ntr©l crystallization [2]. These functional properties of egg were 
widely used in food-pr©cessing industry.

Microbial contaminati©n ©f eggs is a well-established 
phen©men©n and has imp©rtant ec©n©mic implicat؛©ns for the p©ultry 
industry [3]. Pathogens, especially Salmonella, ©٨ and in eggs are of 
major concern because oftheir influence on food safety [4]. Outbreaks 
؛© illness caused by Salmonella enteritidis (a potentially lethal form of 
fo©d-b©rne infecti©n) in the United Kingd©m, and the United States 
were traced t© the consumpti©n ©fraw ©٢ under c©oked shell eggs, and

egg c©nsumpti©n and economic l©ss ؛٨ resulted in a c©nsiderable drop
enteritidis outbreaks have ،77-80% ٠۴.؟ ,In fact ؛;.to the egg producer

been associated with grade A shell eggs, ©r egg containing foods [1,
 Eating of raw ©r under c©©ked eggs has been cited as the primary .ل5
cause of human $almonellosis [6]. Eggs become infected through a
pr©cess of either transovarian transmission or with moist feces 
contaminated with Salmonella. Contamination through environmental 
vect©rs such as farmers, nets, and r©dents mav also be involved f71.
Following traversing of the egg shell and associated membrane by
Salmonella, the egg is permanently
c©ntr©lling Salmonella infection in shell eggs include disinfection



fumigation, egg washing and grading. These method$ are effective 
against post-laying contamination. Heat pasteurization is the only 
commercial process used to eliminate pathogens from egg products, 
but this technique is ineffective against transovarian and horizontal 
contamination since the bacteria located in the albumen or yolk are 
sheltered from heat treatment by the egg shell. Moreover, egg white 
proteins can be denatured by heat treatment, heat pasteurization, 
which is well established and satisfactory means of 
decontamination/disinfection of liquid foods, cannot efficiently 
achieve a similar otyective for solid foods [8].

Therefore, a non-thermal process is needed to eliminate 
pathogens without changing the content of egg proteins [9]. So, it is 
neces$ary to implement methodologies that could guaranty a safe 
product with preservation ofthe main properties. Food irradiation as a 
non thermal method or as a cold pasteurization technique provides 
significant advantages to food producers by destroying harmful 
pathogensand extending shelf life of foodstuffs [و].

The objective ofthe present study was to evaluate the effect of 
three doses of gamma irradiation at 2, 4 and 6 kGy) on physical and 
chemical characteristics of fresh chicken eggs inoculated 
experimentally with s. enteritidis. and s. typhimurium.
Material and Methods 
Sample preparation

Glean and fresh table (infertile) white and brown eggs were 
obtained from commercial egg- production farm of Faculty of 
Agriculture, Cairo University, Giza governorate. Ddamaged or 
cracked eggs were discarded. All eggs were packed in egg tray and in 
polyethylene bags sealed by heat, and manually broken. Then the eggs 
were separated into albumin (the egg white) and yolk using a 
household hand separator with rejecting eggs that showed any defects 
such as blood spots.
Microbiological analysis
Salmonella source' Strains of Salmonella enteritidis and Salmonella 
typhimurium isolated from chicken eggs were obtained from National 
Laboratory for Veterinary Quality Control on Poultry Production, 
Animal Health Research Institute, Ministry of Agriculture, Giza, 
Egypt.
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Inculcation procedure: 24 white shell eggs and 24 brown eggs were 
exposed to s. enteritids. ،Similarly, 24 white shell eggs and 24 brown 
eggs were exposed to s. typhimurium. The eggs were divided into 4 
groups: the first group was left without irradiation and served as 
control, the second, the third and fourth groups were subjected to 
gamma irradiation at 2, 4 and 6 kGy, respectively. £ggs were exposed 
to S. enteritids and s. typhimurium on the shell surface immediately 
after collection. The culture containing a total colony count o f 10 cfu. 
The contamination was done through egg shells as done by Berrang

[ا0ل.
Irradiation process: White and brown shell eggs were subjected to 
gamma irradiation from Co unit. The applied radiation dose levels 
were ٥, 2, 4 and 6 kGy. Irradiation process was performed at National 
Center for Radiation Research and Technology (NCRRT), Nasr City, 
Cairo, Egypt.

The irradiation facility used was the Russian Cobelt irradiator 
model ISS LE DOVATED. The dose rate of this source was 4.0kGy/h 
during experimentation. The irradiation process was achieved at room 
temperature. Immediately, after irradiation and during subsequent cold 
storage, irradiated and non-irradiated eggs were examined 
microbiologically, biochemically and physiochemically.
Egg quality, chemical composition and physicochemical properties 
ofeggs

Twelve eggs were selected randomly for each group (control 
and 3 irradiated groups) to study the egg quality traits (egg width and 
len^h, shell thickness, egg shell circumference, albumen height and
weight). Egg yolk color was determined by using Haughman Laroch's 
fan. Egg shape index and Haugh units were calculated according to 
Eisen et al. [II]. Yolk index was calculated according to Funk [12], 
The content of moisture, crude protein and ash were determined 
according to ٨ ٠ AC official methods [13], and crude fat was 
determined as described by Kates [14]. Foaming ability and stability 
of egg white were determined according to the modified method of 
?hillips et al. [15], water holding capacity was calculated according to 
Wong and Kitts [3]. The viscosities of egg (white and yolk) were 
measured according to Min et al. [16], using a Viscometer Brook 
Field Digital Reometer (Model RV-DV-111, Brook field engineering 
laboratories Inc., Stoughton, MA). The pH value of egg white or yolk



was separately determined using Jenway (pH meter Model 3320 
automatieally) according to AOAC method [13]. Protein solubility, 
total carotenoids and yoll< lipid oxidation were determined according 
to Lowry et al. [17], AOAC official methods [ 3 ا ] and Draper and 
Hadley [18], respectively.
Statistical Analysis:

Statistical analysis was performed by one-way analysis of 
variance (ANOVA), to test the effect ofthe applied radiation dose on 
the above studied parameters, and the differences between mean 
values were identified by Duncan's multiple range tests using SAS
[19] software with the confidence level at p< 0.05. Mean values and 
standard errors ofthe mean are reported.
RESULTS AND DISCUSSION 
Microbiological Analysis

Penetration of bacteria in the eggs before irradiation by gamma 
ray (control) revealed in white shell eggs the following: for s. 
enteritids 2 .7 * 0 ؛typhimurium 1.6*10 ,؟.and for ل cfu for brown shell
eggs S. enteritids 1.88* ١٥ and 4.9x1 o3 cfu for s. typhimurium. The 
effect of three doses of gamma irradiation on the intact, fresh shell 
eggs were then measured. Por both white and brown shell eggs 
 .irradiation with gamma ray at 2 kGy, no s. enteritids or s؛
typhimurium were detected and obviously at higher levels of 4 and 6 
kGy of gamma ray no colonies were detected (Table 1).

Table (1): Effect of gamma irradiation on table egg white ٠٢ 
brown shell eggs experimentally inoculated with s. enteritids 
and S. typhimurium at 2, 4 and 6 kGy._____________

Pathogens (cfu)
Irradiation ^ose (kGy)

0
2

٩ °

White shell eggs
S. enteritids 2.7x10؛ ND ND ND
S. typhimurium 1.6 x 10s ص ND ND

Brown shell eggs
S. enteritids 1.88x؛ 10 ND ND ND
S. typhimurium 4.9x10J ND ND ND

ND= Not detectable 
cfu = colony-forming units



Results o f  the present study are !١٦ agreement with that obtained 
by Serrano et a]. [20], Wong and Kitts [3], Kim et al. [9] and Yun et 
al. [2 to 2 kGy redueed the number o ١ who reported that [ل f  s. 
enteritids or ذ ', typhimurium cells to the level below the detection 
limit (<  10 cfi^. Urbain [2 2 ] mentioned that ionising radiations as 
gamma. X-rays and e-beam inactivates microorganisms directly by 
lethal damage o f  microbial DNA and indirectly by free radicals 
generated during water radiolysis ا؛ل ا آ ، disintegrate microbial cell 
membrane.
Egg quality

Results in tables (2) and (3) show that gamma-irradiation had no 
significant effects on external egg quality (egg shape index, egg shell 
weight, circumference, thickness and percentage) o f  white or brown 
shell eggs. The internal quality (physical characteristics) as freshness 
as measured by albumen height and the number o f  Haugh units, as 
well as yolk diameter, height, color and yolk index were significantly
reduced with increasing irradiation dose.

Table (2): Effect of gamma irradiation on egg quality for white shell eggs

Attribute
{(*radiation Dose (kGy) SEM

0 2 4 ،١

ex
te

rn
al

 q
ua

lit
y

Egg weight (g) 63.13* 64.41a 64.3a 62.5a 0.99582
Egg long width (cm) 5.89“ 5.95a 5.88a 5.94" 0.04533
Egg short width (cm) م 4م 4.48ab 4.52a 4.40 0.03475
Egg shape index 75.39ab 75.38ab 76.97a 74.2a 0-77022
Egg shell weight (g) 7.11" 7.14a 6.87ab 6.67b 0.12242
Egg sheli circumference 4.41“ 4.04م 4.025b 4.08b 0.03031
Egg shell thickness (mm) 0.36a 0.3 6و 0.35a 0.36a 0.00836
Egg shell % 11-23" 11. ١٠ 10.73a 10.71" 0.25329

in
te

rn
al

 q
ua

lit
y

Yolk d i^e ter(cm ) 4d 4.5C 4.88b 5.01" 0.00795
Yolk height (mm) 17.4مل 13.2b 12.83b 11.29c 0.14461
Yolk weight (g) 18.27* 17.85a 17.71a 16.58b 0.32434
Yolk color 8.83a 7.66b 6.75° 4.25d 0-29782
Yolk index ه43م . 0.294b 0.26° 0.23d 0.00317
Albumin height (mm) 7.40a 4.25b 1.96° 1.21d 0.03121
Albumin weight (٨١١١٦) 47.8a 46.4 45.l b 44.783b 0.89775

Haugh units 85.35a 61.48b 28.13c 7.78d 0.34644

Means with different letters are significantly different (p<0.05). 
SEM; standard eiTOi’S of the mean (n=12)



The above-mentioned results are in a^eement with those of Liu 
et al. [23] who reported that Haugh units, albumen height and yolk 
color were significantly decreased by irradiation treatment, which 
indicated the reduction in freshness of the egg. Wong and Kitts [3] 
attributed the main reason for the loss of egg white quality associated 
with a decrease in Haugh units was due to the irradiation-induced 
rupture of the albuminous sac and the subsequent loss of thick 
albumen. The disappearance or thinning of the thick albumen could 
also be caused by the irradiation-induced scission of O-glycoside from 
the ovomucin protein moiety. While the study of Haung et al. [24] 
demonstrated the loss in yolk color by irradiation. The changes in yolk 
color may partially attribute to a minor fading and loss ofthe yellow 
hue, as demonstrated by the decrease in hue angle and saturation 
index, respectively. In addition, they mentioned that oxidation of 
carotenoids was a likely cause of the discoloration of egg yolk
exposed to gamma-irradiation [24].
Table (3): Effect of gamma irradiation on egg quality for brown shell eggs.

Attribute

.٠ ي ٢ ، . ب ء .سمممممممم.م ه

Irradiation Dose (kGy)

مىم_ - - هه

SEM
0 2 4 6

ex
te

rn
al

 q
ua

lit
y

Egg weight (g) 61.5a 63.43a 63.3a 62.5a 1.0932674
Egg long width (cm) 5.75b 5.767b 5.883* 5.94a 0.0492686
Egg short width (cm) 4.49a 4.56a 4.53ab 4.40b 0.0428617
Egg shape index 78.08a 79-08* 76.97ab 74.2b 1.0338368
Egg shell weight (g) 7.29* 7.66* 7.67" 7.37* 0.161664
Egg shell circumference 4a 4.04a 4.03a 4.08a 0.0278093

Egg shell thickness (mm) 0-36* 0.35a 0.35a 0.36* 0.0082666
Egg shell % 11-84" ال07ء 12.l a 11.7* 0.1263385

in
te

rn
al

 q
ua

lit
y Yolk diameter(cm) 4.04d 4.53c 4.683b 5.12a 0.0361718

Yolk height (mm) 16.58* 13.2b 12.83b 11.3C 2^ 0.1793؟
Yolk weight (g) 16.16b 16.23b 17.83a 17.7a 0.2930998
Yolk color 8.83* 7.8b 6.75c 4.25d 0.3082412
Yolk index 0.41ءت 0.290b 0.2733° 0.22d 0.0050221
Albumin height (mm) 7.55a 4.4 l b 1.99c 1.24d 0.0315328
Albumin weight (mm) 47.18a 45.48a 45.3a 44. 8a 0.9741376
Haugh units 85.59* 60.8b 28.41c 8.66d 0.477968

Means with different letters are significantly different (?<0.0ق). 
SEM: standard errors ofthe mean (n=12)

In the present study, the yolk index was significantly reduced



with increasing radiation do$e. The reason for the decrease in the yolk 
index is that yolk index is a calculation between yolk height and yolk 
diameter (¥olk index = yolk height /yolk diameter x ١٠٠). The present 
results demonstrated that there was a decrease in yolk height with 
increasing the radiation dose and thus occurred to the equation 
decrease in the yolk index was detected (Table 2 and 3). Further 
Wong and Kitts [3] mentioned that, the vitelline membrane was found 
to be considerably weaker in the irradiated egg yolk and was easily
ruptured during egg breaking.
Chemical composition

The effect of gamma-irradiation on moisture, crude protein 
(CP), crude fat (CF) and ash contents of egg white and yolk for white 
or brown shell eggs are presented in Table (4). Results show that there 
was no significant loss of moisture, crude protein, crude fat and ash 
content of the egg white and yolk was observed for white or brown 
shell eggs irradiated at 2, 4 and 6 kGy.

The results ofthe present study are in agreement with findings 
of Badr [25], AL-Bachir and Zeinou [26] and Kim et al. [9] who 
reported that no differences were found in the moisture, CP, CF and 
ash contents of egg white or yolk after gamma irradiation treated shell 
eggs. The non-significant effects ofthe above mentioned results may 
be due to the fact that the energy associated with the applied radiation 
doses was not enough to change the moisture content nor change that 
structure of protein or produce a strong radical attack to influence the 
configuration of protein molecules themselves.

The complicated matrix of protein protect the fat molecules 
from effects ofthe reaction of irradiation specially the free radicals. 
Physicochemical properties

Foaming ability is one of the functional properties of egg white 
have been studied for non-irradiated and irradiated white and brown 
shell egg at dose levels of 2, 4 and 6 kGy (Table 5). It was found the 
foaming ability had increased as a function of irradiation dose. These 
results are in agreement with those of Song et al. [27] and ٧٧٨  et al.
[21] who found that ability of ،he foam formed from egg white 
significantly increased as irradiation dose increased. In this respect, 
Clark et al. [28] observed an improvement in the functional properties 
of spray-dried egg white irradiated at 2 kGy. The enhancement may be 
attributed to that irradiation induce some changes in secondary



structure of egg white protein. Bail and Gardener [29] demonstrated 
that the larger foam volumes of ireadiated egg white were caused by 
protein scission.

Table (4): Effect ofgamma irradiation on chemical composition ofegg 
white and yolk of white or brown shell eggs.____________

A ttribute Gamma- irradiation dose (kGY)
SEM

0 2 4 ء
Moisture %

White shell e؟ gs؛
egg white 10.37" 10.5" 10.4a 10.1" 0.215381
egg yolk 3-6" 3كم" 3.37" 3.47" 0.10274

Brown shell eggs
egg white 10.53" 10.3" 10.67" 10.17" 1.306076
egg yolk 3.633" 3.5" 3.467a 3.4a 0.089753

Crude protein %
White shell e؟ gs؛

egg white 77.27" 78.a 78.17a 77.63" 0.292024
egg ^olk 30.73° 31.ab 30.97ab 31.2" 0.089753

Brown shell eggs
egg white 77.37* 78.3" 78.33" 78.4a 0.210159
egg yolk 31.7C 31.6" 31.33* 31.03" 0.195789

Crude fat %
White shell eggs

egg white 0 0 0 0 0
egg yolk 53.26" 52.8" 53.41" "2 ؟6 0.272305

Brown shell eggs
egg white 0 0 0 0 0
egg yolk 52.67" 52.9" 53.2" ك2عس* 0.389922

Ash %
White shell eg;gs

egg white 5.23" 5.0ab 4.8b 4.8b 0.10274
egg yolk 3.36ab 3.5ab 3.33b 3.5a 0.040825

Brown shell eggs
egg white 5.33a 4.86b 4.36b 4.36b 0.033333
egg yolk 3.4a 3.4a 3.4a 3.4a 0.057735

i' are not significantly different، ؛ .a,b: Means with the same lett
(12:=SEM: standard errors ofthe mean (n

Regarding to foaming stability ofegg white for white or brown 
shell eggs (Table 5), it was observed that gamma-ircadiation incfeased 
foaming stability ofegg white for both type of eggs. The enhancement
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was proportional to irradiation dose at 2, 4 and 6 kGy. These results 
are in agreement with those of Ahmed [30] who showed that both 
foaming stability and foaming ability were increased following 
gamma irradiation of shell egg at up to 2.98 kGy. This increase in 
foam after irradiation was attributed to the partial denaturation of 
protein present at the air water interface, which forms an elastic film 
that stabilizes the foam.

The W ater holding capacity (WHC) of proteins plays an 
important role in the physical (elasticity and swelling), chemical 
(emulsification) and sensory (juiciness) attributes of foods. Table (5) 
shows the WHC changes of egg white for white or brown shell eggs 
samples as affected by gamma irradiation. The study, it was observed 
that WHC was significantly diminished with increasing the applied 
radiation doses (2, 4 and 6 kGy). Results reported by Ahmed [30] are 
in agreement with the findings presented in this study, he stated that a 
si^ificant decreased in WHC (from 1.68 to 0.13 and 0.28g H^o/g 
protein, respectively at dose level 2 and 3 kGy. Moreover, Josimovic 
et al. [31] mentioned that a decrease in WHC was due to two kinds of 
radiation- induced protein damage, cross-linking and scissoring. They 
mentioned also that the egg white radiation stability was found to be, 
at least in part, due to the presence of glucose which, in turn, acts as
an antioxidant

Table (5): Effect ofgamma irradiation onfunctionalproperties ٠/
egg white for white or brown shell eggs.

A ttribute Gam m a-irradiation Dose (kGy)
SEIM

0 2 4
White shell eggs

Foaming ability (cm) 11.6667d 16c 22.33^ 25.33a 0.57735
Foaming stability (cm) 13.367* 20.033c 27.93b 31.7a 0.874166

WHC (gH20 /g  protein) 0.39333a 0.277b 0.21° 0.2° 0.011055

Brown shell eggs

Foaming ability (cm) 4.333d 17.67° 27b 30.667 0.707107

Foaming stability (cm) 5.467d 17.67° 27b 30.667 0.75

WHC (gH20/g  protein) 0.3 9a 0.2667b 0.253b 0.253b 0.018028
(.0.05>are signifieantly different (P ا-آل ءا a,b,c,d: M؛،ans with differentا؛،آ

(12=SEM: standard errors ofthe mean (n



The rheological properties of egg white س د  yolk for eggs in 
term of viscosity are very important in industrial applications and food 
technology. Therefore, the effect of gamma irradiation on the 
viscosity ofthe egg white and yolk was studied. The data presented in 
Table (6) showed that gamma-irradiation dramatically decreased the 
viscosity o fegg  white and yolk for white or brown shell eggs. The egg 
white became watery after irradiation treatment at the above applied 
radiation doses. So, the rheological changes (viscosity) o f egg white 
and yolk decreased with increasing irradiation doses.

Table (6): Effect o f gamma irradiation on the rheological changes 
(viscosity, MPa/s) at different speeds 25, 50, 75 100 rpm ofegg white and 
egg yolk for white or brown shell eggs at 2,4 and 6 kGy.
Speed,
rpm

(on Dose (kGy؛at؛rrad-؛G a n a SEM0 2 4 6
White shel، eggs

egg white
25 19.3s 14b 4C ٦ 0.41062
50 18a 12b و0 2.9° 0.50083
75 17a 2.9C 2.7° 0.41028
١٠٠ 15a 10* 2.5° 2.5° 0.61028

egg yolk
25 652 406b 258c 168“ 0.57735
50 532a 399b 255 152 0.67532
75 411.3" 388.6b 251.3° 148° 056721
100 275s 377.5b 245° 146“ 0.57735

Brown shell eggs
egg white

25 20a 15b 4 0.50083
50 14a 10b Cو 8 0.40073
75 د ددد . 9.5b 4.67° .دد 0.41028
100 13ه 9b 4.5C د 0.47685

egg yolk
25 526 420b 206° 168“ 0.57653
50 476a 309b 198° 164“ 0.57735
75 450a 204* 194.6° 162“ 0.56324
100 347م 191.5° 16(r 0.47635

(.0.05>Means with different letters are significantly different (P
(12=standard errors ofthe mean (n ؛SEM

1 2



The fo؛"e-mentioned results are ؛٨  correspondence with those of 
Ahmed [30], Min et al. [16], AL-Bach؛r and Zeinou [26] and Kim et 
al. [26]. Song et al. [27] attributed the decreases in viscosity to chain 
scission which may reduce the number of peptide and carbohydrate 
linkage in irradiated egg white. In addition, Liu et al. [23] suggested 
that irradiation caused damages in carbohydrate and proteins moieties 
involved in the formation of ovomusin complex, resulting in fail to 
keep possession of gel-like structure.

The pH values of liquid egg white and yolk of white and brown 
shell eggs were separately measured (Table 7). The pH value of liquid 
egg white and yolk of non-irradiated shell eggs (control) for white and 
brown shell eggs was 8.0 and 6.6, respectively. These values are in 
accordance with those reported by Li-Chan et al. [23] who stated that 
pH value ofegg white of freshly laid eggs ranged from 7.6 to 8.5 and 
the general average of whole egg pH (white and yolk) was 7.5. 
Regarding to the effects of the applied radiation doses, the data 
presented in Table (7) indicated that irradiation caused an increase in 
pH value of egg white and egg yolk for white and brown shell eggs. 
The increase in pH value was proportional to irradiation dose, which 
is in agreement with the results of Ahmed [30]. Wong et al. [33] 
mentioned that the increase in the pH value could be attributed to 
breakdown of peptide linkages of alkaline amino acids during the 
irradiation process and there by, releasing free basic ions, which 
increased the pH value.

The effects of gamma-irradiation at dose levels of 2, 4 and 6 
kGy on the protein solubility of egg white and yolk for white and 
brown shell eggs (Table 7) significantly diminished protein solubility 
of tested egg white and yolk. Raw yolk of one day-old eggs was 
subjected to linear electron-beam irradiation at 2.و kGy and then 
stored at -15°c in the study of Huang et al. [24], They found that 
irradiated egg samples showed a delayed loss of protein solubility, 
which was mainly attributed to irradiation-induced aggregation or 
gelation. Ball and Gardner [29] reported that irradiated egg white 
showed a decrease in the relative concentration of ovomucin, 
ovotransferin and ovalbumin and increase in globulin fractions. 
Similar observation on the reduction of protein solubility was also 
noticed by Badr [25] who attributed this loss to radiation-induced 
changes that resulted in less soluble aggregates in egg yolk.
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Table (7): Effect of gamma irradiation on pH, protein solubility, 
carotenoids and lipid oxidation ofegg white and egg yolk of white ٠٢ 
brown shell eggs at 2, 4 and 6 kGy.___________ ______

A ttribute Gamma irradiation Dose (kGy) SEM
0 2 4 6

pH value
White shell eggs

egg white 7.967d 8.33c 8.77b 8.97a 0.052705
egg yolk 6.57d 6.87c 7.3b 7.63a 0.072648

Brown shell eggs
egg white 8 8.33c 8.67b 8.93a 0.057735
egg yolk 6.63d 6.83c 7.33b 7.57a 0.060093

Protein solubility (g/100g sample on dry weight basis)
White shell eggs

egg white 13.13a 12.13b 10,97c 10.2d 0.109291
egg yolk 7.507‘ 6.4 l b 5.73c I 5.027d 0.046667

Brown shell eggs
egg white 12.8a 11.13b 10.4C 9.2d 0.047141
egg yolk 6.87* 5.27* 4.23c 3.75° 0.178769

Carotenoids ( mg/100 yolk)
White shell eggs

Egg yolk 4.28a 3.95b 3،5C 3.2d 0-05228
Brown shell eggs

Egg yolk 4.36a 3.93b 3.1d 0.04103
Lipid oxidation (mg MDA/kg)

White shell eggs
Egg yolk 0.014d 0.0182c 0.0198b 0.024a 0.00034

Brown shell eggs
Egg yolk 0،0129d 0.0173c 0.0193b 0.02 la 0.00029

(.0.05>are significantly different (P ،؛ter،;، ا Means with different
(12=SEM: standard errors of the mean (n

Caroten©؛ds are responsible for the color of the yolk the egg. 
They eannot be synthesized by the hen. They are synthesized mainly 
by plants, and thus the hen's feed is responsible for the earotene 
content and the color ofthe egg yolk [34]. The present investigation
indicated that the irradiation treatment reduced the total content of 
carotenoid of egg yolk for white and brown shell eggs samples. The 
percentage of decrease was 7.8%, 18.3%, and 25.3 م/ه , for white egg 
and 8.6%, 22.1%, and 25.3 % for brown eggs irradiated at 2, 4 and 6 
kGy, respectively (Table 7). These results are in agreement as the
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results by Du and Ahn [35] who reported that ؛rradiation destroyed 
carotenoids in dehydrated egg products. Similar results have been 
shown by Badr [25] who mentioned that the total earotenoid in frozen 
liquid egg yolk was reduced by 6.9% at 3 kGy of gamma irradiation 
in d ic a te  that irradiation destroyed carotenoids of fresh shell eggs.

The effect of gamma irradiation on the lipid oxidation of egg 
yolk for white and brown shell eggs is presented in Table (7). 
Statistical analysis showed that there was a significant increase in lipid
oxidation level after irradiation treatment as a function of irradiation
dose. These results are in agreement with the findings of Kim et al. [9] 
who subjected A 1 grade 1-d old egg to electron beam irradiation at 
٠, 1, 2 and 3 kGy, and observed that electron beam irradiation 
increased lipid oxidation of egg yolk with increasing the radiation 
dose levels. In this resect ٠ ٧  et al. [36] and Zanardi et al. [37] 
reported that radiation processing generates free radicals accelerates 
the oxidation of unsaturated fatty acids that induce some biochemical 
changes in foods and consequently influence its shelf-life and 
nutritional quality of foods. The undesirable effects can be minimized 
by using minimum radiation dose (2 kGy) that could eliminate 
pathogens from fresh eggs.
ConclusioD

It could be concluded that gamma-radiation at 2 kGy was shown 
to be effective at reducing s. enteritids and s. typhimurium counts in 
shell eggs to an undetectable level. Irradiation may reduce the 
freshness of shell eggs, while it may increase foaming ability and 
foaming stability. Therefore, an efficient separation of egg white and 
yolk in egg breaking due to decrease of viscosity with improved 
functionality in f i l l e r  processing can be expected by irradiation for 
egg processing industry. So, sanitation of egg with 2 kGy is enough 
for microbial safety and improves functional industrial properties. 
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