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ABSTRACT 
 

The present investigation was performed to examine the changes in body 
weight, feed efficiency ratio (FER), organs development and some blood parameters 
in albino rats received daily ingestion of lower levels of two food additives: egg yolk 
(EY) and egg white (EW) at two levels (5% and 10%) for 30 days (malnutrition phase) 
followed by daily ingestion of balanced levels of 15% EY or EW (refeeding phase) for 
other 30days.                                                                                                                                

Results showed that lower levels of EY or EW reduced the final body weight, 
daily feed intake and FER during malnutrition. In spite of refeeding, these rats with 
diets of 15% EY or EW for 30 days still had lower weight and they did not quite reach 
control value. The diet of 10% EW enriched with 5% cholesterol reduced the FER. 
The weights of organs: liver, kidneys, spleen, heart, testes were reduced in both 
phases as compared to control (15% casein). Blood hematological parameters 
showed reduction in HB conc. during malnutrition .In refeeding phase, rats fed on diet 
of EY 15%, the counts of RBCs (10.6× 106) exceeded the control (8.8 × 106). 
Reduction in WBCs counts was observed in blood of rats fed on EW 5%. Packed cell 
volume (PCV) ranged between 31.3-40.1% in malnutrition and 38.9 – 45.1% in 
refeeding phase. Other parameters as mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration 
(MCHC) showed indefinite trend in the present study.                                                                                                      
Keywords: Food additives, egg yolk, egg white, FER, blood hematological 

parameters        
 

INTRODUCTION 
 

Nutrition is a basic human need, and although malnutrition has been 
declining in some regions throughout the world, it remains high in many 
developing countries, thus affecting vast number of children (de Onis et al, 
1993).Food additives are substances that are added to foods to increase the 
nutritional value, enhance the flavor or texture, to prevent spoilage or 
improve the appearance .Egg Yolk (EY) and egg white (EW) are one of such 
food additives. It is well known that egg contain the highest quality food 
protein known. It is the second to mother’s milk for human nutrition. 

Nowadays, a question rises up: Is it healthier to eat only the EY or eat 
only the EW? Recent nutrition studies now claim that the yolk of an egg is 
actually much healthier than the egg white .However; egg-eaters have 
trouble determining which part is actually healthiest. EW contains no dietary 
cholesterol with a fine balance of amino acids, and the amount of fat in an 
EW is extremely limited .But the yolk of an egg contains large amounts of 
dietary cholesterol and saturated fatty acids. Ingrid  Seuss-Baum (2007) 
pointed to the re-evaluation of egg  parts i.e. EY or EW in nutrition, focusing 
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on  the  nutritional  content  and  extending  to  functional  substances  found   
naturally in eggs. 

The blood is one of the major systems of the body in humans and 
animals, supporting normal viability, integrity and adaptive responses the 
function state of the blood systems change dramatically according to the 
nature, strength, and duration of exposure to external factors. 

The aim of the present study was to evaluate the effect of additive 
substance as EY and EW of high protein quality on body weight and FER 
(food efficiency ratio) as well as some blood parameters in rats during 
malnutrition phase or refeeding phase. 

 
MATERIALS AND METHODS 

 
Materials: 

Eggs were obtained from Shosha poultry Farm, El-Minia Governorate  
El- Minia .Egypt .Eggs were balanced for 10 min. in boiling water (100oC )  
and prepared to be dried, then egg white (EW) was separated carefully from 
egg yolk (EY). Both fractions were dried at 40- 50 ̊C then grinded and kept in 
glass bottles for biological evaluation. Total nitrogen content was determined 
in both (A.O.A.C.,1986) to determine total protein (N× 6.25). Egg white 
contained 9.2%protein and egg yolk contained 15.7% protein.                                                                     
Animal feed and Management:    

A total number of 36 male albino rats (Sprague – Dawley strain) 2 
months age and weighting 111.5-115.9 gram were obtained and housed in 
the Biological Lab of Biochemistry Department , Faculty of Agriculture, Minia 
University .Rats were kept in polyethylene cages with controlled ambient 
temperature (23-25 oC) and lightening alternating 12hr period of light and 
dark for an adaptation period of 10 days. During the adaption period, the 
animals were allowed free access of balanced diet and water was provided 
ad libitum .After  that the animals were randomly assigned to six groups 
(each group contains 6 rats). The control group (6 rats) fed on a balanced 
diet containing 15% casein for 60 days  (composition of the diets is given in 
Table, 1).The other five groups were fed on one of the balanced diets for 30 
days containing 5% egg yolk (EY), 10% EY, 5% egg white (EW), 10 % EW 
and 10% EW containing 5% cholesterol to induce protein malnutrition. At the 
end of malnutrition phase (30days) all five groups were fed on diets with 15% 
protein corresponding to each group for 30 days as refeeding phase 
(Table,1). At day 30 of malnutrition feeding and at the end of refeeding period 
(60days), two animals from each group were bled from optical nerve plexus. 
Also; body weights of rats were recorded. The animals were scarified under 
light ether anesthesia. At the end of each phase: liver, kidneys, spleen, heart 
and testis were excised immediately and weighed. However, mean daily 
body weight gain daily feed intake and mean feed efficiency ratio (%) were 
recorded. Blood samples collected were placed in tubes which contain 
anticoagulant (EDTA) for complete hematological studies and determination 
of hemoglobin.                                                
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Table (1): Composition of the diets containing egg white  (EW) or  egg 
yolk     (EY) (%). 

Diets containing EW 
     5 % 10% 10 % 

Diets containing EY 
5%      10% 

control Ingredients 

(Malnutrition phase , 30 days  ) 
- - - - - 15 Casein 

50 55 60 55 60 50 Starch 
24 24 24 24 24 24 Cellulose 
5 5 5 5 5 5 Corn oil  
1 1 1 1 1 1 Vit. mix 
5 5 5 5 5 5 Min .mix 
5 - - - - - Cholesterol 

( Refeeding phase, 30 days) 
15 % 15 % 15 % 15 % 15 %   

- - - - - 15 Casein 
45 50 50 50 50 50 Starch 
24 24 24 24 24 24 Cellulose 
5 5 5 5 5 5 Corn oil 
1 1 1 1 1 1 Vit. mix 
5 5 5 5 5 5 Min. mix 
5 - - - - - Cholesterol 

 
 Hemoglobin concentration was determined according to 

recommendation of the ICSH: (International Committee for Standardization in 
Hematology, 1967). Blood parameters of Erythrocyte Count (RBCs) and total 
leucocyte Count (WBCs) were determind and calculated as reported by 
Dacie and Lewis, (1991). Packed cell volume (PCV), mean corpuscular 
volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) were also  calculated (Dacie and Lewis, 
1991).  

Statistical analysis were performed in triplicate, Values are the mean of 
six determinations ± SD (Kenney and Keeping, 1962 ) . 
  

RESULTS AND DISCUSSION 
 

Data presented in Table (2) show clearly that the diets of lower egg 
yolk (EY) or egg white (EW) percentage (5 and 10%) in the malnutrition 
phase affected severely and reduced  the final body weight , daily body 
weight gain and daily feed intake . Such effects were resulted in lower or 
negative feed efficiency ratio (FER%) and recorded – 5.18% to – 3.55% , as 
compared with control (rats fed diets with 15% casein) which had FER of 
4.47%. However, the diet of 10% EW enriched with 5% cholesterol reduced 
also FER (-4.84%). 

On the other hand, data presented in Table (3) show that the FER in 
the refeeding phase was improved markedly as the percentage of  EY or EW 
were raised to 15% in fed diets where FER of such diets ranged from 4.05 to 
4.42% as compared with control(4.03%) . 

The results showed also that the malnutrition of protein affected body 
weight of rats and FER during the whole experimental period (Table, 4). 
These groups, in spite of refeeding rats, still had lower body weight and they 
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did not quite reach control value. FER of diets of 5% EY or EW were 0.17% 
and 0.12 % (respectively) as compared with control (4.23%). 
 
 Table (2): Effect of diets containing egg yolk (E Y) or egg white (E W) 

on body weight and feeding efficiency ratio of rats 
(Malnutrition phase , 30 days  ) 

*Casein           **Cholesterol(5%)             All Values are means± SD of 6 animals. 
  

Table (3): Effect of diets containing egg yolk (EY) or egg white (EW) on 
body weight and feeding efficiency ratio of rats  ( Refeeding 
phase, 30 days) 

*Casein           **Cholesterol(5%)        All Values are means± SD of 6 animals. 
  

Table (4): Effect of diets containing egg yolk (E Y) or egg white (E W) on 
body weight and feeding efficiency ratio of rats during the 
experimental period  (Malnutrition phase , 30 days followed 
by Refeeding phase, 30 days). 

*Casein         **Cholesterol(5%)        All Values are means± SD of 6 animals. 
  

The present results are in good accordance with   Sarinsnerand et al, 
(1990) who reported that rats fed freely a diet low in protein had lower weight 
as compared to controls .They added that, a group that was fed on a diet 
very low in protein gained almost no weight. Mona (2002) reported that there 
was a significant decrease of body weight of malnutrition group than control 
rats. She added that refeeding failed to attain control group. Dip (1994) 

Mean Feed 
efficiency 
Ratio(%) 

Daily feed 
intake(g)

Mean Daily b. 
w. gain (g) 

Mean Final b. 
wt (g) 

Mean initial 
b .wt (g) 

Group 

4.47 12.7 0.57 131.0±17.1 113.9± 11.3 C* 15% 
-3.55 11.9 0.42 126.2±07.9 115.9±06.7 EY 10 % 
-4.92 10.5 -0.52 097.9±05.2 113.5±09.0 E Y 5% 
-3.42 11.1 -0.38 102.0±02.7 113.4±11.6 E W 10% 
-5.18 9.7 -0.50 096.4±10.1 111.5±12.3 E W 5% 
-4.84 10.4 -0.50 101.0±04.2 112.2±12.2 EW10%+CHLO** 

Mean Feed    
efficiency 
Ratio(%) 

Daily feed 
intake(g) 

Mean daily b. 
w. gain (g) 

Mean Final 
b.wt (g) 

Mean initial 
b .wt (g) 

Group 

4.03 12.9 0.52 146.5±08.6 131.0±17.1 C* 15% 
4.05 13.1 0.59 144.0±22.9 126.2±07.9 EY 15 % 
4.42 12.6 0.56 114.7±08.7 097.9±05.2 E Y 15% 
4.09 13.2 0.63 121.0±05.9 102.0±02.7 E W 15% 
4.29 12.8 0.55 112.9±12.6 096.4±10.1 E W15% 
3.72 12.9 0.48 115.4±10.7 101.0±04.2 EW15%+CHLO** 

Mean Feed 
efficiency 
Ratio(%) 

Daily feed 
intake(g) 

Mean Daily 
body weight 

gain (g) 

Mean Final b. 
wt (g) 

Mean initial 
b .wt (g) 

Group 

4.23 12.8 0.54 146.5±08.6 113.9±11.3 C* 15% 
3.74 12.5 0.47 144.0±22.9 115.9±06.7 EY 10 % 
0.17 11.6 0.02 114.7±08.7 113.5±09.0 E Y 5% 
1.45 12.2 0.13 121.0±05.9 113.4±11.6 E W 10% 
0.21 11.3 0.02 112.9±12.6 111.5±12.3 E W 5% 
0.46 11.7 0.05 115.4±10.7 112.2±12.2 EW10%+CHLO** 
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pointed that the severe protein malnutrition in early life can permanently 
change and form of the body. Presets- Carneiro et al. (2006) reported that 
rats fed on 9.5% low  protein diet (LPD)  had a significant reduction in food 
intake and body weight compared to those on the diet containing 23% 
protein. Moreover, Hudgens et al.(2004) demonstrated in newborns and adult 
animals as well as in humans, that protein-deficient diets impair protein 
synthesis .On the other side , David et al .(2005) mentioned that ,six week of 
eggs ingestion had no effect on body mass index (BMI).                                                                                
 
Growth and Organs development: 

Data presented in Table (5) showed clearly that weight of rats' organs 
i.e., liver, spleen ,kidneys, heart and testes in rats received  casein diet 
(control) were higher , in general , than in rats fed EY or EW during 
malnutrition phase .Results also show an increase in the weights of kidneys 
(1.97gram) and testes (1.54 gram) in rats fed on EY10% in refeeding phase, 
control rats recorded 1.93 gram and 1.54 gram for kidneys and testes 
respectively .Such results are in accordance with reports of others , Fashakin 
and Unokiwedi(1993) reported that the amount of food consumed by animals 
greatly influence growth response .Aoyama et al .,(2001) stated that liver 
weight was lower in rats fed on egg protein than in rats fed the casein diet . 
Kaynar et al.,(2006) showed that correlation between body weight and 
weights of organs and among organs may be useful to propose strategies to 
enhance health status  and body condition in animals and humans.                                                               

 
Table (5): Effect of Egg yolk (EY) and Egg white (EW) in malnutrition and 

refeeding phases on relative weight of liver, kidneys , 
spleen, heart , testis to total body weight of male albino rats                                                

Testes Heart Spleen Kidney Liver Group 
(Malnutrition phase , 30 days  ) 

0.96±0.03 0. 53±0.02 0.52±0.031 1. 23±0.10 3.72±0.30 C* 15% 
0.93±0.04 0. 51±0.05 0.44±0.023 1.05±0.20 3.24±0.43 EY 10 % 
0.83±0.06 0. 42±0.04 0.41±0.041 0.96±0.00 2.46±0.24 E Y 5% 
0.85±0.05 0.44±0.05 0.45±0.027 0.92±0.01 2.93±0.20 E W 10% 
0.84±0.03 0.42±0.04 0.33±0.017 0.83±0.01 2.87±0.41 E W 5% 
0.81±0.02 0.40±0.04 0.32±0.024 0.81±0.10 3.52±0.32 EW10%+CHLO** 

0.87 0.45 0.41 0.97 3.12 Mean 
Testes Heart Spleen Kidney Liver Group 

( Refeeding phase, 30 days) 
1.33±0.05 0. 61±0.03 0.56±0.03 1.93±0.04 3.94±0.21 C* 15% 
1.54±0.04 0.52±0.04 0.53±0.05 1.97±0.03 3.86±0.54 EY 15 % 
1.32±0.05 0.55±0.03 0.42±0.02 0.92±0.02 3.53±0.43 E Y 15% 
1.14±0.04 0.56±0.04 0.46±0.05 0.97±0.04 3.52±0.32 E W 15% 
1.12±0.04 0.57±0.03 0.42±0.03 0.95±0.03 3.31±0.34 E W 15% 
1.21±0.06 0.52±0.03 0.50±0.02 0.94±0.04 3.26±0.41 EW15%+CHLO** 

1.28 0.56 0.48 1.26 3.57 Mean 
*Casein 
**Cholesterol(5%) 
All Values are means± SD of 6 animals. 
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Hematological parameters: 
The blood hematological parameters that was considered in the study 

are shown in two phases i.e., malnutrition and refeeding (Table, 6). Results 
show that hemoglobin (HB) concentration in rats fed on casein (control) was 
to be in the range of 13.9 – 14.3 mg/ dl. There were marked reductions in HB 
concentrations in rats fed on EY or EW diets and ranged between 9.9 to 12.9 
mg / dl . Rats fed on diets of EW 5% had the lowest values (9.3 and 10.4 mg/ 
dl) .Results also show that RBCs counts ranged  between 8.8× 106 and 8.9× 
106 in blood of control rats .In refeeding phase , rats fed on diet of EY15% 
the counts of its RBCs (10.6 ×106) exceeded the control counts (8.8× 106). 
Such results are confirmed by the reports of Greengard et al., (1964) 
reporting that ninety – five percent of the iron in egg found in the yolk. Nys 
and Sauveur (2004) reported that EY contained 4.8 mg iron/ 100 gram while 
EW contained only 0.1 mg iron/100 mg.                             

The total WBCs count in animals fed casein (control) ranged between 
7.4 ×103 – 7.8 ×103  . WBCs counts in rats fed diets of EY 10% reached 
8.0× 103 – 9.5× 103 . Results show also that there was a reduction in WBCs 
counts in blood of rats fed on diets containing EW especially with EW 5%.     

Animals of various experimental diets containing  EY or EW had 
packed cell volume (PCV mg/ dl) or haematocrit values ranged between 31.3 
to 40.1 in malnutrition phase (Table ,7) and increased in refeeding phase 
38.9 – 45.1 (Table 7) . However, PCV values of control animals were 38.2 – 
40.8.                                                                                                                                 

In this respect , the present results  are in accordance  with the normal 
lab values reported by Exotic Animal Companion Medicine Hand book of 
Veterinarians (2003), where rat hematologic reference ranges were :RBC 
(6.76- 9.75× 106 mm3 ), PCV (37.6 - 50.6%), WBC(6.6 – 12.6 ×103 mm3) 
and hemoglobin (11.6 – 16.1 g / dl).                                                                                         

The obtained results concerning MCV, MCH or MCHC (Table 7) show 
indefinite trend during malnutrion or refeeding phases when rats fed various 
experimental diets using casein, EY or EW (with or without cholesterol). It is 
known that MCV indicates the average erythrocyte volume used for 
diagnosis of anemia's, MCH and MCHC are used as a part of standard in 
reporting hemogram. However , evaluation of red cell distribution size in 
combination with MCV may be useful to differtiate etiology of  hematopoetic 
diseases .Our results  may need more further studies especially of the 
biochemical blood parameters to support our findings. 
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التغيѧѧرات فѧѧي وزن الجسѧѧم وكفѧѧاءة معѧѧدل التغذيѧѧة وبعѧѧض مكونѧѧات الѧѧدم فѧѧي الفئѧѧران 
المغѧѧذاة علѧѧى صѧѧفار البѧѧيض أو بيѧѧاض البѧѧيض خѧѧلال مرحلتѧѧي سѧѧوء التغذيѧѧة وفتѧѧرة 

 التدعيم
  ھناء سالم صالحو  ، فوزي سليمان ھاتور ، عادل محمد ذكى محمد شعبان حسن

 مصر -المنيا  –ة المنيا جامع –كلية الزراعة  –قسم الكيمياء الزراعية 
 

ووزن   (FER)تم إعداد ھذا البحث لدراسة التغيرات في وزن الجسم وكفاءة معدل التغذيѧة 
بعض الأعضاء الداخلية وكѧذا بعѧض مكونѧات الѧدم علѧى ذكѧور الفئѧران البيضѧاء المغѧذاة علѧى بعѧض 

-٥ مضѧѧافات التغذيѧѧة مثѧѧل  صѧѧفار البѧѧيض أو بيѧѧاض البѧѧيض خѧѧلال مرحلتѧѧي سѧѧوء التغذيѧѧة (بمسѧѧتوى
 يوم لكل مرحلة.  ٣٠%) على مدى ١٥%) أو مرحلة الدعم (١٠

 ) وبيѧاض البѧيض  (EY )مستويات منخفضة من صفار البѧيضب التغذية أظھرت النتائج أن
EW)  لالѧأدت إلى نقص واضح لكل من وزن الجسم ومعدل استھلاك الغذاء وكفاءة معدل التغذية خ

لم تصل اى  و %١٥إلى  EWو   EYكل من  مستوىرفع تم فترة سوء التغذية. وفى مرحلة الدعم 
من ھѧذه التقѧديرات فѧي النھايѧة إلѧى مسѧتوى المجموعѧة الضѧابطة (كنتѧرول). وأدت وجبѧة مكونѧة مѧن 

كولسѧѧترول إلѧѧى نقѧѧص فѧѧي كفѧѧاءة معѧѧدل التغذيѧѧة  لفئѧѧران ھѧѧذه  % ٥ +) (EW بيѧѧاض البѧѧيض %١٠
أوزان   لنتѧѧائج نقѧѧص واضѧѧح فѧѧي وخѧѧلال مرحلѧѧة سѧѧوء التغذيѧѧة ومرحلѧѧة الѧѧدعم أظھѧѧرت ا المجموعѧѧة.

عنѧد مقارنتھѧا بمجموعѧة    بعض الأعضاء الداخلية مثل الكبد والكليتين والطحال والقلѧب والخصѧيتين
  ). casien %15(      الكنترول

أظھѧѧѧرت النتѧѧѧائج  انخفѧѧѧاض فѧѧѧي تركيѧѧѧز الھيموجلѧѧѧوبين خѧѧѧلال مرحلѧѧѧة سѧѧѧوء التغذيѧѧѧة لخلايѧѧѧا 
 )٦١٠× ١٠.٦( إلѧى زيѧادة عѧدد كѧرات الѧدم الحمѧراء صفار بѧيض %١٥الدم.وأدت التغذية بمستوى 

وفѧى مرحلѧѧة سѧوء التغذيѧة كѧѧان      )أثنѧѧاء مرحلѧة الѧدعم.٦١٠×  ٨.٨(     بѧالكنترول  مقارنتھѧا عنѧد 
  ھناك نقص في عدد كرات الدم البيضاء. 

%  ٤٥,١- ٣٨ ,٩%  في مرحلة سوء التغذية وبين٤٠,١-٣١,٣بين  (PCV)تراوحت قيم 
  .في مرحلة الدعم

لم تظھѧر النتѧائج اتجѧاه واضѧح  (MCV) و (MCHC) و (MCH)أما باقي التقديرات مثل 
  للتغيرات في محتواھا.
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