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Abstract.  The effects of continuous white fluorescent light (WL) and dark-control (D) incubations of meat-type breeder eggs on the weight of liver, heart and tibia (as a proportion of body weight), plasma concentration of total calcium, phosphorus, electrolytes, and thyroid hormones (triiodothyronine (T3) and thyroxin (T4)) at d 1 of age and post-hatch performance of chickens from 1 to 35 d of age and carcass composition at 35 d of age were studied.  

Birds hatched from eggs incubated under WL had higher plasma T3 and lower plasma concentration of sodium and chloride at d 1 of age and feed consumption over the 35-d experimental period than those hatched from eggs incubated in the dark.  The WL incubation did not influence the weight of liver, heart and tibia, plasma concentration of potassium, total calcium, phosphorus, T4 and T3:T4 ratio at d 1 of age, and weight gain, feed conversion ratio over the 5-week experimental period and carcass composition of birds at 35 d of age.It is concluded that WL incubation altered thyroid function at d 1 of age without altering the growth of chickens and quality of chickens produced. 

Introduction

Investigations on the effects of illumination of incubated chicken eggs upon the growth rate of chickens have been inconsistent.  Coleman [1] found that exposing chicken embryos to white fluorescent light (WL) increased body weight gain of meat chickens, with the greatest increase in weight occurred at 4 weeks of age.  In contrast, Walter and Voitle [2] found that weight at 4, 8, 12, 16 or 20 weeks of age of White Leghorn 

chickens was not influenced by exposing embryos to incandescent light during incubation,  whilst Tamimie [3] found a reduction in body weight of chickens at 4 weeks of age from eggs exposed to incandescent light during incubation.  Conditions of lighted incubation and strain of birds may account for differences in the performance of chickens; however, no clear post hatch physiology has been offered.    

Recently, Shafey and Al-mohsen [4] found that the incubation of chicken eggs under WL, with the intensity of 1350 to 1800 lux increased the growth rate of embryos, hatchability per cent and reduced the incubation period of eggs and hatching weight of chicks.  Incubating eggs under light has been reported to increase the metabolic rate of embryos [5] and produce an early appearance of lung respiration [6]. A higher metabolic rate is associated with changes in the activity of thyroid gland [7-9].  The metabolism of thyroid hormones has been well linked to the growth of avian embryos [10].  Plasma triiodothyronine (T3) is an important growth promoter in chickens [7-9].  In addition, a variety of minerals are important for the enhancement of embryonic growth in lighted incubation.  However, little is known about the effect WL incubation of eggs on thyroid hormones and other blood constituents of hatched chickens.  Therefore, the objectives of this experiment were to examine the effects of WL incubation of chicken eggs on the thyroid hormones and blood constituents, weight of liver, heart and tibia at d 1 of age, performance of chickens over a 5-week experimental period and carcass composition at 35 d of age.  

Materials and Methods

A total of 266 eggs were obtained from a commercial meat-type breeder flock (Hybro, Al-Wadi Pty Limited, Riyadh, Saudi Arabia) at 41 weeks of age.  Eggs were numbered, weighed individually, and graded into different weight classes.  Eggs weighing between 55 and 58 g, 58.1 and 61 g, 61.1 and 64 g, 64.1 and 67 g, and 67.1 and 70g were separated into five different weight classes.  Eggs were assigned to fourteen replicates of nineteen eggs each.  Each replicate contained the same number of eggs from each weight class. The replicates were randomly assigned into two egg trays of seven replicates per each of the two treatments (dark-control and lighted incubations).  

Incubation of eggs: Eggs were set in Maino, force-draft incubator (Model II, Maino Enrico, Co., Italy) and incubated at 37.5oC and 55% relative humidity.  The incubator (85 cm deep, 50.5 cm width and 83.5 cm height) was divided into two compartments with black cloth for the dark-control and light treatments.  The black cloth was used to minimize any problems associated with air movement and temperature of the incubator.  Wall of the incubator was also covered with black sheet of paper to minimize any reflection of light.  In a pilot experiment, there were no differences in temperature and hatchability of eggs incubated in the two compartments of the incubator.  An egg tray was fitted with two day light 20-watt fluorescent 50-cm tubes, located 12 cm above the eggs in one compartment for the lighted treatment.  Light was turned on constantly during the first 18 days of incubation period.  Light availability at the surface of the eggs varied from 1350 to 1800 lux as measured with a luxmeter (model RS 203-013, Taiwan).  Eggs were turned every 2 hours and transferred to the hatching compartment in a separate hatching tray for each treatment at the d 19 of incubation.  The hatching compartment was dark and set at 37oC and 65% relative humidity until the end of incubation period in the morning of d 22. 

At d 1 of age, blood was sampled from 20 birds from each treatment.  Blood was collected in heparinised tubes from the wing vein and the plasma separated by centrifugation at 3000 X g for 15 minutes.  Plasma samples from 4 birds were pooled together and five pooled samples per diet were prepared and stored at –5oC prior to analysis. Plasma concentration of calcium was determined by atomic absorption spectrophotometry, sodium and potassium determined by flame photometry and phosphorus was measured spectroscopically following sample preparation according to the method of AOAC [11]. Plasma chloride concentration was determined using a selective ion electrode (Model 921-Corninel Eal).  T3 and thyroxin (T4) were measured by radioimmunoassay using commercial kits (T4 and T3 kits, Diagnostic products Corporation (DCP), Los Angeles, CA 90045-5597).  Seven birds of comparable weight per treatment were selected, weighed, then killed by cervical dislocation and livers, hearts, and the right tibias were removed and weighed.

A total of 112, one-d old chicks of comparable weight hatched under the dark-control (D) and white fluorescent (WL) treatments (56 birds per treatment) were weighed, wing banded and randomly distributed into eight replicates of 7 birds per treatment.  The birds were housed in electrically heated battery brooders and provided with commercial starter and finisher diets from 1 to 21 and 22 to 35 d of age, respectively.  The compositions of the starter and finisher diets are shown in Table 1.  Feed and water were available ad libitum.  At the end of the trial, birds were sexed and four birds from each sex per treatment were randomly selected and processed at King Saud University Plant to determine processing yields and carcass quality.  Measurements were made of the weight of liver, heart and tibia, plasma concentration of total calcium, phosphorus, electrolytes (sodium, potassium and chloride), T3 and T4 at d 1 of age and post-hatch performance of chickens from 1 to 35 d of age (body weight gain, feed consumption, feed conversion ratio) and carcass composition at 35 d of age.       

Data were subjected to analysis of variance [12].  Two sample t-tests were used to compare means of the two treatments (D and WL) for organ weight and blood constituents.  Body weight gain, feed intake and calculated feed conversion ratio data were arranged in 2 x 8 factorials with two levels of treatments (D and WL) and eight replicates.  No significant replicates and interaction of treatment and replicates were found for any variables; therefore only main effects are presented.  Data were subjected to analysis of variance [12] and student t-test to compare the means. Carcass composition data were arranged in 2 x 2 factorials with treatments and sex as factors.
Table 1.  The composition of the basal diets (g/kg)

	Ingredient
	Starter diet
	Finisher diet

	Ground corn
	596.1
	653.6

	Soy bean meal (48% protein)
	361.5
	297.5

	Liquid fat
	10.8
	17.9

	DL-Methionine
	1.40
	1.30

	Limestone
	9.5
	7.0

	Dicalcium phosphate
	14.9
	17.3

	Sodium chloride
	2.9
	2.9

	Cygro
	0.5
	----

	Choline chloride
	0.4
	0.5

	Premix1
	2.00
	2.00

	
	
	

	Analysis:
	
	

	Crude protein  (N% x 6.25)
	21.6
	19.0

	Fat %
	3.8
	4.6

	Calcium %
	0.90
	0.85

	Total phosphorus %
	0.70
	0.72

	Calculated available phosphorus2 %
	0.36
	0.39

	Calculated metabolizable energy3 (kj/g)
	12.4
	12.7


1       The composition of vitamins and minerals in the premix (per ton of diet)  :


Vitamin A, 6000,000 IU; vitamin D, 1500,000 IU; vitamin E, 20,000IU; vitamin K 1,000 mg; vitamin B1, 1mg; vitamin B2, 3000mg; vitamin B6, 2000mg; vitamin B12, 10mg; niacin, 20,000mg; folic acid, 500mg; pantothenic acid 5,000g; biotin, 50mg; antioxidant, 60.000mg; cobalt, 100ppm; copper, 5,000ppm; iodine, 500ppm; iron, 20.000ppm; manganese, 40.000ppm; selenium, 100ppm; zinc, 30.000. 

2     Available phosphorus was calculated on the basis of 30% availability of phosphorus in plant products.

3

Metabolizable energy was calculated from Evan (1985).

Results 

The effects of D and WL incubations on the relative weight of heart, liver and tibia expressed as a proportion of body weight and plasma total calcium, phosphorus, electrolytes, T3, T4 and T3:T4 ratio of chicks at d 1 of age are shown in Tables 2 to 3, respectively.  Birds hatched under the WL incubation had significantly (P<0.05) higher plasma T3 concentration and lower plasma sodium and chloride concentrations (P<0.01) than those found in birds hatched under the D treatment.  There were no significant differences in the weight of liver, heart or tibia expressed as a proportion of body weight and plasma concentration of potassium, total calcium, phosphorus, T4 and T3:T4 ratio between the D and WL groups of birds.

Table 2. Means of bird, heart, liver and tibia weights at d 1 of age of chicks hatched from meat-type breeder eggs incubated under dark-control and continuous white fluorescent  light (WL)1
	Treatment
	Bird weight

(g)
	Heart

(%)2
	Liver

(%)2
	Tibia

(%)2

	Dark-control 
	42.92 + 1.34
	0.75 + 0.05
	1.89 + 0.07
	0.81 + 0.03

	WL
	39.82 + 1.40
	0.73 + 0.05
	2.26 + 0.15
	0.85 + 0.03


1 Means ( standard error of mean.

2 As a proportion of body weight.

Table 3. Means of plasma concentration of total calcium (T.Ca), phosphorus (PO4), electrolytes (sodium (Na), potassium (K), chloride (Cl)), triiodothyronine (T3), thyroxin (T4) and T3:T4 ratio at d 1 of age of chicks hatched from meat-type  breeder eggs incubated under dark-control and continuous white fluorescent light (WL) 1
	Treatment
	   T.Ca            PO4                          Na                   K                     Cl 


---------------------------------  mg/dl  -------------------------------------
	          T3                   T4               T3:T4 ratio

 --------------------   ng/ml   --------------------

	Dark-control 
	8.3 ( 0.5
	5.2 ( 0.3
	305.0 ( 4.3
	12.7 ( 0.7
	374.5 ( 3.5
	79.0 ( 3.7
	1.18 ( 0.10
	   68.6 ( 7.4

	WL
	9.2 ( 0.2
	5.2 ( 0.1
	269.9 ( 7.0**
	14.3 ( 1.0
	315.7 (12.9**
	116.1 ( 10.1*
	1.31 ( 0.07
	 90.7 ( 11.1


1        Means ( standard error of mean.
*     Significantly different (P<0.05).

**    Significantly different (P<0.01).

The performance from 1 to 35 d of age and body composition at 35 d of age of the D and WL birds are shown in Tables 4 and 5, respectively.  The WL birds consumed significantly (P<0.01) lower amount of feed than those of the D birds over the periods from 22 to 35 and 1 to 35 d of age (P<0.01).  There were no significant differences in body weight gain and feed conversion ratio of birds over the periods of 1 to 21, 22 to 35 and 1 to 35 d of age and carcass composition at 35 d of age between the D and WL birds.  Male chickens had significantly (P<0.05) higher body weight gain and carcass proportion of thighs and drumstick and lower proportion of edible offal (liver plus heart plus gizzard) than female chickens. There was a significant interaction (P<0.05) between lighting system during incubation and sex of birds on the proportion of abdominal fat in the carcass.  Female birds hatched under the WL incubation system had a significantly (P<0.05) higher proportion of abdominal fat than those of male birds hatched under the same incubation system. Whilst there was no significant difference in the proportion of abdominal fat between sexes of birds hatched under the D control group.      

Table 4.  Body weight gain (BWG), feed consumption (FC) and feed conversion ratio (FCR=feed intake/weight gain) from 1 to 35 d of age of meat chickens hatched from eggs incubated under dark-control and continuous white fluorescent light (WL)1  

	Treatment


	Age (days)

	
	1-21
	22-35
	1-35

	
	BWG
	FC
	FCR
	BWG
	FC
	FCR
	BWG
	FC
	FCR

	Dark-control 


	782.1
	1128.9
	1.46
	981.0
	1857.2
	1.99
	1755.6
	2986.0
	1.74

	WL 
	774.6
	1111.8
	1.45
	934.3
	1771.2**
	1.98
	1716.3
	2883.0**
	1.71

	SEM1

	  12.9
	      6.6
	0.02
	  24.4
	12.4
	0.08
	    31.5
	 15.6
	0.03


1    Standard error of means.

**   Significantly different (P<0.01).

Table 5. Body composition at 35 d of age of meat chickens hatched from eggs incubated under dark-control and  continuous white fluorescent light (WL)1 

	Body composition

	Light system (L)
	Sex (S)
	SEM1
	Probability 

	
	Dark-control
	WL
	Male
	Female
	
	L       S     L * S

	Live body weight (g)
	1823.1
	1733.6
	1868.6*
	1671.2
	56.7
	NS      *     NS

	
	
	
	
	
	
	

	g/kg live body weight    
	
	
	
	
	
	

	Carcass weight 
	804.3
	806.4
	805.9
	804.9
	6.3
	NS      NS   NS

	Abdominal fat
	11.8
	14.7
	11.6
	15.3
	1.2
	NS      NS    * 

	Edible offal2
	40.6
	43.4
	39.7*
	44.8
	1.5
	NS      NS    NS

	Neck
	38.1
	42.9
	41.4
	39.8
	1.2
	NS      NS     NS

	Eviscerated carcass
	713.8
	705.3
	713.2
	705.0
	5.8
	NS      NS     NS

	
	
	
	
	
	
	

	   g/kg eviscerated carcass
	
	
	
	
	
	

	Thigh
	312.0
	301.7
	327.0*
	283.5
	10.5
	NS         *      NS

	Drums
	261.6
	252.2
	272.9*
	238.3
	9.2
	NS         *      NS 

	Wings
	226.6
	222.6
	233.0
	215.0
	8.0
	NS       NS     NS

	Breast
	554.2
	528.6
	564.0
	514.4
	7.2
	NS       NS     NS

	
         Back
	468.6
	428.5
	471.6
	420.1
	17.6
	NS       NS     NS


1         Standard error of means;                    2  Edible offal =liver + heart + gizzard.

*         Significantly different (P<0.05);       NS  Not significantly different (P>0.05).

Discussion

Results from this study showed that the WL chicks had lower plasma concentration of sodium and chloride and higher plasma concentration of T3 than those of the D group (Table 3).  The reduction in plasma sodium and chloride concentrations is probably attributed to a reduction in the transportation of sodium and chloride across the chorioallantois membrane into the blood during the late stage of incubation.  Sodium and chloride are actively transported from the allantoic fluid into the blood across the allantoic membrane [13-16].  These ions are removed continually and selectively from the allantoic fluid by an active transport mechanism.  The concentration of sodium and chloride in the allantoic fluid decreased prior to hatching [13, 17, 18].  This suggests that changes in the activity of the allantoic membrane or changes in the hormones that regulate the activity of the allantoic membrane may have occurred in the WL chicks.  Adrenal hormones are involved in the control of renal function.  Aldosterone aids in controlling electrolyte homeostasis by increasing sodium reabsorption [19].  The finding that T3 is a negative modulator of circulating corticosterone and aldosterone in the chickens supports this suggestion [20, 21].   

Incubating chicken eggs under light has been shown to increase growth rate of embryos [4, 22, 23] and metabolic rate [5].  It appears that a higher metabolic rate in the WL chicks is associated with an increase in the secretion of the hormone T4, which is deiodinated to T3 [7-9].  The finding that plasma T3 concentration of the WL chicks was higher than that of the D group supports this suggestion.  In addition, T3 appeared to be implicated in the pulmonary ventilation process of the avian embryo [24].  Lighted incubation produced an earlier appearance of lung respiration [6].  These findings may suggest a specific alteration in the metabolism of T3 such as reduced excretion or decreased catabolism to other products.  However, this metabolic alteration is unknown.

Lighting regimes are known to influence feed intake in meat chickens [25].  Feed intake of birds provided with a light regime of 23 h light:1 h dark was higher than those provided with 6 h light:18 h dark.  The reduction in feed intake was associated with a reduction in plasma concentration of T3 [26-28] and subsequent increased hepatic conversion of T4 to T3 [28].  In our study, the WL birds had higher plasma T3 concentration at d 1 of age and lower feed intake over the 5-week experimental period than those of the D birds.  In addition, body weight gain of birds was not significantly influenced by lighted incubation.  It is not clear whether the reduction in feed intake during the rearing period is attributed to the alteration in the activity of thyroid hormones during the embryonic stage.  Further work is needed to determine how lighted incubation affects thyroid function during the embryonic stage and performance of growing chickens.  This finding was in agreement with Walter and Voitle [2] who reported no effect for incandescent light incubation on the weight gain of White Leghorn chickens.  However, these findings were not in agreement with Coleman [1] and Shafey and Al-Mohsen [4] who reported that exposing chicken eggs to WL and green fluorescent light, respectively during incubation increased the weight of chickens, nor do they agree with Tamimie [3] who reported a reduction in body weight of chickens at 4 weeks of age from eggs exposed to incandescent light. Differences in the performance of birds between the two treatments are most likely caused by the influence of light on embryos during incubation.  It seems that source of light during incubation influences the post hatch performance of chickens.  However, the mechanism by which light influences the performance of chickens is not known. 

The lighted incubation did not affect the relative weight of liver (organ that supplied the stored energy) and heart (organ that required the energy for hatching) of birds (Table 2). This finding would suggest that supply organ such as liver did not limit the growth during the embryonic or post-hatch stage.  It is very well known that supply organs play an important role in determining the rate of growth of young animals [29].  Carcass composition and quality were unaffected by light treatment during incubation.  However, sex of the bird influenced carcass composition. These results were in agreement with Shafey et al. [30] who suggested that carcass composition of males and females is not entirely controlled by the same genes.  There are probably genes common to both sexes and gene specific for each sex.

It is concluded that the WL incubation of chicken eggs increased plasma T3 concentration and reduced plasma sodium and chloride concentrations at hatching and feed consumption of chickens during the 5-week experimental period.  Exposing eggs to WL during incubation did not influence body weight gain, feed conversion ratio of chickens and carcass composition at 5 weeks of age.
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تأثير الضوء الفلورسنتي الأبيض المستمر أثناء تفريخ بيض أمهات الدجاج اللاحم على هرمونات الغدة الدرقية و بعض مكونات الدم في الطيور الفاقسة وأداء وجودة ذبائح الطيور 

*طارق محمد شافعي ، عبدالله السبيل ، توفيق حسن المحسن ، حمد العبد العزيز البطشان ، محمد جعفر آل حسن و** مجدي محمد غنام

*   قسم الإنتاج الحيواني ، كلية الزراعة ، جامعة الملك سعود ، ص.ب 2460 ، الرياض 11451 المملكة العربية السعودية

**   قسم الفيزياء ، كلية العلوم ، جامعة الملك سعود ، ص.ب 2455 ، الرياض 11401 المملكة العربية السعودية

(قدم للنشر في 14/3/1423هـ ؛ قبل للنشر في 8/9/1424هـ)

ملخص البحث. أجريت تجربة لدراسة تأثير استخدام الضوء الفلورسنتي الأبيض أثناء تفريخ بيض أمهات الدجاج اللاحم على نسبة وزن الكبد والقلب وعظمة الساق ( وزن العضو / وزن الجسم ) وتركيز الدم من الكالسيوم الكلي والفوسفور والإلكتروليتات وهرمونات الغدة الدرقية ( الثيرونين الثلاثي والثيروكسين ) في الطيور الفاقسة وأداء الفاقس خلال الفترة من 1 حتى 35 يوم من العمر ومكونات الذبيحة في عمر 35 يوم. 

أدى استخدام الضوء الفلورسنتي الأبيض إلى ارتفاع في تركيز هرمون الثيرونين الثلاثي وخفض كل من تركيز الصوديوم والكلوريد في بلازما الطيور الفاقسة وإلى انخفاض العليقة المستهلكة خلال الفترة من 1 إلى 35 يوم عند مقارنتها بنتائج الطيور الفاقسة في الظلام . ولم تتأثر نسبة وزن الكبد والقلب وعظمة الساق وتركيز البلازما من البوتاسيوم والكالسيوم الكلي والفوسفور وهرمون الثيروكسين ومعدل هرموني الثيرونين الثلاثي و الثيروكسين  في الطيور الفاقسة وكذلك وزن الجسم والكفاءة الغذائية خلال الفترة من 1 إلى 35 يوم ومكونات الذبيحة عند عمر 35 يوم . 

ويتضح من الدراسة أن استخدام الضوء الفلورسنتي الأبيض أثناء التفريخ أدى إلى تغير في نشاط الغدة الدرقية بدون التأثير على نمو وجودة الطيور الناتجة.
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