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Two trials were conducted to investigate the effects of short term exposure of layer-type breeder eggs 
to magnetic field (MF) of 7.5 Gauss (0.75 mT) at 50 Hz, for 0, 20, 40 and 60 min before incubation on the 
characteristics of egg contents, egg weight loss, embryonic growth and hatching time (Trial 1) and 
hatchability of eggs (Trials 1 and 2). 384 and 240 Leghorn and Baladi eggs were used in trials 1 and 2, 
respectively. Treatments were replicated 4 times in the two trials. Exposing Leghorn eggs to MF did not 
influence weight of egg contents, eggshell thickness, albumen and yolk heights, embryo weight, 
hatching time and hatchability of eggs. Eggs exposed to MF for 40 and 60 min had higher weight loss 
percentage and chick hatching weight when expressed on the basis of absolute value. It can be 
concluded that short term exposure of layer-type breeder eggs to MF of 7.5 Gauss (0.75 mT) at 50 Hz, 
for up to 60 min before incubation did not influence the characteristics of egg contents, embryonic 
growth, hatching time, and hatchability of eggs. MF exposure of eggs for 40 and 60 min increased egg 
weight loss during incubation, and chick weight at hatch day.  
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INTRODUCTION 
 
The use of electrical devices around us has resulted in a 
great interest in the biological effects of the 
electromagnetic fields (EMF) radiated from these 
devices. Magnetic field (MF) is part of the 
electromagnetic spectrum. All living organisms (almost) 
are exposed to MF from various sources. MF affects 
various biological functions of living organisms, for 
example, DNA synthesis and transcription (Phillips et al., 
1992), as well as ion transportation through cell 
membranes (Liburdy et al., 1993). The geomagnetic field 
on the surface of the earth is approximately 0.50  to  0.75  
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Gauss (0.05 to 0.075 mT) at 50 Hz in strength. The 
detectable limit of interaction between higher animals and 
a stationary MF is 80 to 100 Gauss (8 to 10 mT) (Ketchen 
et al., 1978).   

The body of birds is formed by many cells that 
communicate with the environment through information 
transfer carried out by electric impulses or chemical 
substances. The body EMFs from the biological 
structures are characterized by certain specific 
frequencies that can be interfered with by the EMF 
radiation, through induction and causing modification in 
their biological responses, and capable of morphological 
change and metabolism, growth and reproduction 
(Hyland, 2000). Animals exposed to the EMF can suffer a 
deterioration of health, changes in behaviour (Marks et 
al.,  1995;  L’oscher  and  K’as,  1998),  and  reproductive 
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success (Doherty and Grubb, 1996; Fernie et al., 2000). 
EMF exposure affected the reproductive success of 
kestrels (Falco sparverius), increasing fertility, egg size, 
embryonic development and fledging success but 
reduced hatching success (Fernie et al., 2000). Birds are 
especially sensitive to MFs (Liboff and Jenrow, 2000). 
Grigoriew (2003) reported a high mortality rate of chicken 
embryos subjected to the radiation from a cell phone 
when compared with those of the control group.  
Exposing chicken embryos to pulsed MFs increased 
mortality (Youbicier-Simo and Bastide, 1999) and 
morphological abnormalities, especially of the neural tube 
(Ubeda et al., 1983, 1994; Farrell et al., 1997). Recently, 
Shafey et al. (2011) found that exposing meat-type 
breeder eggs to MF of 18 Gauss (1.8 mT) at 50 Hz for up 
to 75 min did not influence the hatchability of eggs and 
chick weight at hatch. However, hatched chicks from 
eggs exposed to MF for 60 and 75 min had lower weight 
gain and feed intake than those of the non-exposed 
treatment at 39 days of age.  

There is lack of information regarding the effects of MF 
on the hatchability traits of layer type breeder eggs. The 
objectives of this study were to examine the effects of MF 
before incubation of layer-type breeder eggs on the 
characteristics of eggs, embryonic development, 
hatchability, hatching time and chick weight at hatch day.    
 
 
MATERIALS AND METHODS 
 
The effects of exposure of fertile eggs to MF before incubation on 
the characteristics of egg contents, embryonic growth and 
hatchability of layer-type breeder eggs were investigated in 2 trials. 
A total of 384 freshly laid eggs produced by a layer-type breeder 
flock (Leghorn, King Saud University), at 50-weeks of age were 
used in trial 1. Birds were fed a standard breeder ration (16% CP, 
2866 kcal/kg of ME per kg, 3.4% calcium, 0.45% available 
phosphorus) and reared under standard husbandry conditions. A 
photoperiod of 14 h commenced when the birds were caged at 22 
weeks of age and was maintained throughout the trials. Eggs were 
numbered, weighed individually, distributed into weight classes and 
assigned into 16 replicates of 24 eggs each. Four replicates were 
randomly assigned to each of the four experimental treatments. The 
treatments were non-exposed control (MF0) or exposed to MF of 
7.5 Gauss (0.75 mT) at 50 Hz for 20, 40 and 60 min (MF20, MF40 
and MF60) before incubation. Twelve eggs from each treatment 
were selected at random to investigate the effects of MF on the 
quality and characteristics of egg contents. Eggs were broken, 
albumen and yolk separated, weighed and then percentage of 
albumen and yolk were calculated (percent albumen = albumen 
weight/egg weight*100, and percent yolk = yolk weight/egg 
weight*100, respectively). Egg shells were washed with water, dried 
at room temperature of 25°C with paper towels, weighed and then 
percent eggshell was calculated (percent eggshell = eggshell 
weight/egg weight*100). Three eggshell thickness measurements 
were taken from each eggshell with a micrometer (Ames, Waltham, 
MA, USA). Measurements of eggshell weight and eggshell 
thickness were done with the membranes intact. The remaining 
eggs were incubated and four eggs per treatment were removed for 
egg weight loss and embryo weight measurements on day 7, 14, 
and  18   of   incubation.   Eggs  were  weighed,  broken  open,  and  

 
 
 
 
embryos were separated and weighed individually after removing 
the yolk sac and placing it on a paper tissue to dry. Percents of egg 
weight loss and embryonic weight were calculated (percent egg 
weight loss = (1-egg weight after incubation/egg weight before 
incubation)*100, and percent embryo = embryo weight/egg weight 
before incubation*100, respectively). Measurements were made of 
egg contents and characteristics (weight of albumen, yolk, and 
eggshell, eggshell thickness, and height of albumen and yolk), 
embryonic growth and egg weight loss during incubation, percents 
of hatchability and hatchability failures (pips with live embryos, pips 
with dead embryos, dead embryos), and hatching time. 

The incubation trial was repeated with different strain of eggs. A 
total of 240 eggs produced by a layer-type breeder flock (Baladi, 
King Saud University), at 53-week of age were used in this trial. 
Husbandry conditions of the flock were similar to those of the 
Leghorn flock. Eggs were evenly assigned into 16 replicates of 15 
eggs of equal weight per each replicate. Replicates were assigned 
to the four treatments as in trial 1. Measurements were made of 
percentages of hatchability and hatchability failures (pips with live 
embryos, pips with dead embryos, dead embryos). 
 
 
Magnetic field 
 
A homogenous MF was generated by four solenoids of 270 turns 
each of electrically insulated copper coil of 2.2 mm, wound around 
a parallel double walled cylindrical chamber from copper of 2 mm 
thick and internal and external diameter of 45 and 55 cm, 
respectively (Figure 1). The four coils are connected in parallel to 
minimize the total impedance of the wire and to get a homogeneous 
MF within the chamber volume. The coils are connected to a variac 
fed from the main power outlet (220 Vpp and 50 Hz). The strength of 
MF was controlled and varied by the variac. The MF inside the 
chamber is measured at different locations in order to find out the 
most homogenous zone inside the chamber. A hand-held 
Gauss/Tesla Meter Model 4048, with probe T-4048-001 (USA) of 
accuracy ± 2% is used to calibrate the MF. Homogeneity of MF 
under different field intensities is shown in Figure 2.  

The space between the double walled cylindrical chamber was 
sealed with an inlet and outlet to permit water flow between the two 
cylinders in order to keep the temperature of the chamber constant 
during the exposure period. The temperature of the flowing cooling 
water at the outlet of the jacket and the temperature inside the 
irradiation chamber were constantly measured through the use of 
thermocouple thermometer, which can give reading for the 
temperature variations within ± 0.1°C. There was no d ifference in 
temperature between the room and the chamber.  
 
 
Incubation of eggs 
 
Eggs were set in a Maino, force-draft incubator (Model II, Maino 
Enrico, Co., Rome, Italy) and incubated at 99.5°F (37. 5°C) and 55% 
relative humidity. Eggs were transferred to separate compartments 
in the hatching tray on 19 days of incubation, for chick identification 
at hatch. The hatching tray was divided into individual hatching 
compartments using thin sheets of wire mesh. Incubation 
procedures were similar to those published previously (Shafey et 
al., 2005b), in which eggs were examined by candling at days 6 and 
14 of incubation, and clear eggs and eggs containing dead embryos 
were removed. Early dead embryos were counted from days 1 to 14 
of incubation. The hatcher condition was 98.6°F (37° C) and 65% 
relative humidity until the end of day 21 of incubation, at which time  
chicks, pips (unhatched eggs with live or dead chicks) and late 
dead embryos (unhatched eggs with unbroken shell) were counted. 
Late dead embryos were counted from day 14 to the end of day 21,
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Figure 1. Magnetic field. 

 
 
 
when incubation ended. Percentage of hatchability was calculated 
on the basis of the number of hatched chicks as a per cent of the 
number of fertile eggs per treatment. Hatching time was recorded 
every 24 h in the first trial. Chicks were removed every 24 h 
intervals from 432 to 504 h of incubation and hatching weight were 
recorded by scale with 0.1 g accuracy. Percent of hatched chicks 
over each interval of 24 h was calculated as percentage of the total 
number of hatched chicks over the whole incubation period.  

Data on egg contents, and characteristics, and chick hatching 
weight (trial 1), hatchability (trials 1 and 2) were subjected to a one-
way ANOVA. Data on egg weight loss, and embryonic weight were 
arranged in 4 × 3 factorials with four levels of treatments [0 (non-
exposed eggs, control), 20, 40, and 60 min of MF] and three days 
of incubation (days 7, 14 and 18) as main effects and their two-way 
interactions fitted into the model. All percent data were transformed 
using arc sine square root percentage transformation before 
analysis. When significant variance ratios were detected, 
differences between treatment means were tested using the least 
significant difference (LSD) procedure. All statistical analysis was 
performed using the Statistical Analysis System (SAS Institute, 
1985). 
 
 
RESULTS 
 
The effects of exposing layer-type breeder eggs to MF of 
7.5 Gauss (0.75 mT) for up to 60 min before incubation 

on the characteristics of egg contents, weight of embryos, 
egg weight loss, hatchability and hatchability failures 
(early or late dead embryos and pips with live or dead 
chicks), chick hatching weight and length of incubation 
are shown in Tables 1 to 4, respectively (trial 1). There 
were no significant differences in the percentage of 
albumen, yolk, eggshell, and embryo weights in the egg, 
eggshell thickness, egg albumen, and yolk heights, and 
percentages of hatchability and hatchability failures, and 
incubation period. Eggs of MF40 and MF60 had 
significantly (P < 0.05) higher weight loss percentage 
during incubation and chick weight when expressed on 
the basis of absolute value (g) than those of MF0, whilst 
percent of egg weight loss and chick hatching weight (g) 
of MF20 were intermediate. Age of embryo significantly 
(P < 0.01) influenced percent of egg weight loss and 
embryo weight. Embryos at older age had higher percent 
of egg weight loss and body weight when compared with 
those of younger age (18 days < 14 days < 7 days). 
Percent of chick hatching weight of MF40 was 
significantly (P < 0.05) higher than those of MF0, whilst 
percent of chick hatching weight of MF20 and MF60 was 
intermediate. Percent of hatched chicks of MF40 and 



  

 

MF60 was higher at 456 h of incubation and lower at 480 
h of incubation than those of MF0 and MF20 (trial 1).  

The effects of exposing Baladi eggs to MF of 7.5 Gauss 
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Figure 2. Homogeneity of magnetic field (MF) inside the cylindrical chamber under different field intensities. 

 
 
 
 (0.75 mT) for up to 60 min before incubation on 
hatchability and hatchability failures are shown in Table 5 
(trial 2). Exposing Baladi eggs to MF did not significantly 
influence percents of hatchability and hatchability failures 
of eggs. 
 
 
DISCUSSION 
 
Results from this study indicated that exposing layer-type 
breeder eggs to MF of 7.5 Gauss (0.75 mT) for up to 60 
min before incubation did not influence the egg contents 
and its characteristics, embryonic growth, hatchability, 
hatchability failures and incubation period (trial 1). Eggs 
exposed to MF for 40 and 60 min had higher weight loss 
per cent during incubation and chick hatching weight 
when expressed on the basis of absolute value than 
those of the non-exposed treatment by approximately 
10.4 and 1.2, and 14.4 and 1.2%, respectively (trial 1). 
The effects of MF on the chicken embryo weight and 
chick weight at hatch day are in agreement with Koch 
and Koch (1991) who reported no effects for MF of 
pulsed waveforms and 50 Hz sinusoidal fields on 

embryos. Similarly, Cox et al. (1993) reported no effect 
on the development of chicken embryos when eggs  were 
exposed to MF of 10 µT, 50 Hz in the first 52 h of 
incubation. The effect of MF on chick weight was in 
agreement with Pierra et al. (1992) who reported an 
increase in chick weight at hatch day. In contrast, several 
studies reported that MF affected early development of 
chicken embryos, and increased malformation (Delgado 
et al., 1982; Juutilainen, 1986; Juutilainen and Saali, 
1986; Juutilainen et al., 1986, 1987; Farrell et al., 1997), 
and hatchability of chicken eggs exposed to MF before 
incubation, and reduced hatchability and chick weight 
from eggs exposed to MF during incubation (Toman et 
al., 2002), and had no affect on chick hatching weight 
(Veicsteinas et al., 1996; Shafey et al., 2011). These 
studies on the effects of MF on chicken embryos, 
hatchability and chick hatching weight have been 
reported in the literature, but evaluation of the 
consistency of the findings is difficult due to the varying 
methods, periods of exposures, approaches used in 
different studies and strain of bird.  

The increase in chick weight at hatch day in this 
experiment may have resulted, partly from the difference 



  

 

in egg weight loss during incubation. Shafey et al. 
(2005a, 2007) reported that incubation of eggs under the 

influence of electric field of 30 Kv/m at 60 Hz significantly 
increased the percentage of egg  weight  loss  and  chick- 
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Table 1. Egg contents, eggshell thickness and albumen and yolk heights of layer-type breeder (Leghorn) eggs exposed to magnetic field 
(MF) of 7.5 Gauss before incubation for up to 60 min (Trial 1) 1. 
 

MF treatment 
(min) 

Egg 
weight (g) 

Albumen 
weight (%)2 

Yolk 
Weight (%)2 

Shell 
weight (%)2 

Shell thickness* 
100 (mm) 

Albumen 
height*10 (mm) 

Yolk height 
*10 (m m) 

0 55.4 ± 1.80 59.7 ± 0.80 30.7 ± 0.91 9.5 ± 0.21 38 .7 ± 1.32 80.2 ± 2.27 53.0 ± 2.81 
20 55.9 ± 1.61 58.5 ± 1.46 31.9 ± 1.21 9.6 ± 0.45 3 7.4 ± 1.69 73.7 ± 2.85 52.3 + 3.50 
40 55.1 ± 2.02 59.5 ± 0.74 30.6 ± 0.68 9.8 ± 0.11 3 9.2 ± 0.25 76.7 ± 3.00 52.4 + 2.84 
60 55.7 ± 1.78 58.8 ± 1.51 31.8 ± 1.68 9.4 ± 0.26 3 9.0 ± 1.58 72.4 ± 6.53 52.4 + 3.42 

Probability NS NS NS NS NS NS NS 
 
1, Values are means ± SE of 12 eggs; 2, As a percentage of egg weight;  NS= Not significant (P > 0.05). 
 
 
 

Table 2. Mean percent of egg weight loss, and embryo weight of layer-type breeder eggs (Leghorn) exposed to magnetic field 
(MF) of 7.5 Gauss before incubation for up to 60 min (Trial 1) 1. 
 

Treatment Egg weight (g) Egg weight loss (%)2 Embryo weight (%)2 

MF (T) (min)    
0 (18) 55.24 ± 0.95 9.04 ± 0.72b 18.41 ± 3.76 
20 (18) 55.39 ± 0.83 9.64 ± 0.79ab 18.80 ± 3.88 
40 (18) 54.90 ± 0.82 9.98 ± 0.89a 18.73 ± 3.84 
60 (18) 54.34 ± 1.07 10.34 ± 1.06a 19.72 ± 3.80 

    
Embryonic age (day)    

7 (24) 55.33 ± 0.84 5.58 ± 0.17c 1.13 ± 0.04a 
14 (24) 54.3 ± 0.67 10.04 ± 0.28b 15.96 ± 0.31b 
18 (24) 55.32 ± 0.86 13.63 ± 0.45a 38.87 ± 0.74a 

    
T NS P < 0.05 NS 

Age NS P < 0.0001 P < 0.0001 
T × Age NS P < 0.05 NS 

 
1, Values are means ± SE of the number of replicates given in parentheses; 2, As a percentage of egg weight. a,b,c, Means within column 
followed by different superscripts are significantly different (P < 0.05);  NS= Not significant (P > 0.05). 

 
 
 
hatching weight of Baladi eggs by approximately 18.4 
and 1.7%, respectively. Egg weight loss during incubation 
is very important for embryonic growth and development 
(Rahn and Ar, 1974; Rahn et al., 1981), and 
consequently, hatchability (Meir et al., 1984). However, it 
seems that the increase in egg weight loss during 
incubation of MF treated eggs was not enough to 
influence hatchability and hatchability failures of eggs 
(Romanoff, 1930; Peebles and Brake, 1985). MF 
exposure of eggs for 20, 40 and 60 min reduced albumen 
height by approximately 8.1, 4.4 and 9.7% (Table 1), 
respectively, albeit non-significantly, may indicate that MF 
exposure of eggs before incubation tended to increase 
the liquefaction of albumen of eggs and consequently 
vital gas exchange. Meuer and Baumann (1988) and 
Brake et al. (1993) suggested that thick albumen might 

interfere with gas exchange during early incubation. In 
this study, eggs of comparable weights, contents, and 
eggshell thickness were used (Table 1). This finding  may 
suggest that MF exposure of eggs before incubation 
increased the evaporation rate of water from eggs and 
consequently increased egg weight loss. The 
improvement of evaporation rate of water from the 
incubated egg may improve the capacity of eggshell to 
vital gas exchange and consequently, support oxygen 
consumption of the embryo.  

Results indicated exposure of eggs to MF for 40 and 60 
min before incubation increased percent of hatching 
chicks within 456 h of incubation by approximately 85.7 
and 98.6%, respectively and reduced percent of hatching 
chicks within 480 h of incubation by approximately 29.7 
and 15.6%, respectively, without any significant effect on 



  

 

the length of incubation when compared with those of the 
control (Table 4). It appears that exposing layer-type 
eggs to MF for 40 and 60 min increased egg weight loss, 
chick hatching weight (g), and hatching rate of chicks 
at456 h of incubation and tended to increase chick weight 
percentage   and   liquefaction   of   albumin,   albeit  non- 
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Table 3. Mean percent of hatchability, hatchability failures, egg weight and chick hatching weight express on an absolute and percentage basis (chick hatching weight*100/egg weight) 
of layer-type breeder eggs (Leghorn) exposed to magnetic field (MF) of 7.5 Gauss before incubation for up to 60 min (Trial 1)1. 
 

MF treatment 
(min) 

Hatch of 
fertile (%)2 

Early dead 
embryo (%) 

Late dead 
embryo (%) 

Pipped with live 
embryos (%) 

Pipped with dead 
embryos (%) 

Egg weight 
(g) 

Chick weight 
(g) 

Chick weight 
(%) 

0 84.48 ± 2.04 1.39 ± 1.39 11.27 ± 0.16 1.47 ± 1.47 1.39 ± 1.39 55.44± 0.51 36.88 ± 0.37b 66.41 ± 0.28b 
20 87.17 ± 4.97 4.33 ± 2.80 8.50 ± 3.63 0.00 ± 00.00 0 .00 ± 00.00 55.33 ± 0.47 36.85 ± 0.32ab 66.63 ± 0.26ab 
40 80.15 ± 3.91 10.05 ± 5.03 8.41 ± 3.66 1.39 ± 1.3 9 0.00 ± 00.00 55.32 ± 0.49 37.31 ± 0.38a 67.45 ± 0.32a 
60 85.78 ± 2.45 5.71 ± 0.16 8.50 ± 2.61 0.00 ± 00.0 0.00 ± 00.00 55.46 ± 0.59 37.31 ± 0.50a 67.23 ± 0.41ab 

Probability NS NS NS NS NS NS P < 0.05 P < 0.05 
 
1, Values are means ± SE of 4 replicates with 21 eggs in each replicate. There was no significant difference in the percentage of fertile eggs (mean ± SE) between treatments (95.8 ± 1.39, 98.6 ± 
1.39, 97.2 ± 2.78, and 98.6 ± 1.39, for eggs exposed to MF for 0, 20, 40 and 60 min, respectively, NS= Not significant (P > 0.05). 

 
 
 

Table 4. Incubation period of layer-type breeder eggs (Leghorn) exposed to magnetic field (MF) of 7.5 Gauss before incubation for up to 60 min (Trial 1)1. 
 

MF treatment (min) Incubation period (h) 
Hatching distribution over the incubation period (%) 

Incubation period (h) 
456 480 504 

0 475.0 ± 2.99 21.0 ± 12.46b 79.0 ± 12.46a 0.0 ± 0.00 
20 475.5 ± 2.52 21.8 ± 9.01b 75.3 ± 7.60a 2.9 ± 1.71 
40 471.9 ± 0.86 39.0 ± 5.05a 55.5 ± 6.72b 5.4 ± 1.86 
60 472.7 ± 0.47 41.7 ± 4.81a 47.1 ± 11.35b 11.2 ± 6.57 

Probability NS P < 0.0201 P < 0.0031 NS 
 
1 Values are means ± SE of hatching hour; NS= Not significant (P > 0.05).  

 
 
 

Table 5. Mean percent of hatchability and hatchability failures of layer-type breeder eggs (Baladi) exposed to magnetic field (MF) of 7.5 Gauss before incubation for up to 60 
min (Trial 2)1. 
 

MF treatment (min) Hatch of fertile (%)2 Early dead embryo (%) Late dead embryo (%) Pipped with live embryos 
(%) 

Pipped with dead 
embryos (%) 

0 87.48 ± 3.41 6.39 ± 1.69 3.66 ± 1.63 2.47 ± 1.68 0. 00 ± 0.00 
20 85.17 ± 4.18 4.33 ± 1.91 6.50 ± 2.31 2.50 ± 1.25 1.50 ± 1.500 
40 83.15 ± 3.98 5.05 ± 3.09 8.41 ± 2.79 1.31 ± 1.31  2.08 ± 2.08 
60 86.78 ± 2.44 6.50 ± 1.96 5.51 ± 2.61 1.21 ± 1.09  0.00 ± 00.00 

Probability NS NS NS NS NS 
 
1 Values are means ± SE of 4 replicates with 15 eggs in each replicate. There was no significant difference in the percentage of fertile eggs (mean ± SE) between treatments (97.6 ± 
1.32, 98.4 ± 1.79, 96.9 ± 2.13, and 97.9 ± 1.89, for eggs exposed to MF for 0, 20, 40 and 60 min, respectively; NS= Not significant (P > 0.05).  



  

 

 
 
 
 
significantly. These results may suggest that exposure of 
eggs to MF for 40 and 60 min improved the 
characteristics of egg contents leading to increased 
eggshell conductance and gas exchange (Christensen et 
al., 1996), and increased the efficiency of transfer of 
nutrients from the eggs, and consequently enhanced 
nutrient utilization by embryos.  

It can be concluded that MF exposure of eggs to MF of 
7.5 Gauss at 50 Hz for up to 60 min for layer breeder 
eggs did not influence the characteristics of egg contents, 
hatchability and hatchability failures of eggs. MF of 7.5 
Gauss at 50 Hz exposure of eggs for 40 and 60 min 
increased egg weight loss during incubation, and 
hatching weight of chickens.  
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