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ABSTRACT  
 

A total number of 144 Japanese quails aged 10 weeks of age were distributed randomly into factorial 
experiment (2 sexes X 2 seasons) with 6 replicates 6 birds each. The experiment lasted for 9 weeks in each 
season. The objectives of the present study were to study effects of season and sex on Japanese quail and their 
interaction on energy metabolic profile which includes, partitioning the dietary energy, hepatic cellular oxygen 
consumption and plasma triiodothyronine. The results revealed that females had significantly higher energy 
intake and ME per bird compared to males at 15 weeks of age. They also significantly increased plasmaT3and 
hepatic cellular oxygen consumption compared to males.  After adjusting the values of ME to energy intake the 
significant difference in ME between males and females was not noticed. This led to speculate that the 
maintenance energy requirement of the females was considerably lower than that of males. The increase in 
plasma T3 and hepatic cellular oxygen consumption in laying birds may support this speculation. Differences in 
energy metabolism due to seasons were not clear enough to consider. No significant interaction was found 
between main effects of sex and seasons. 
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Introduction 
 

The Japanese quail is an important laboratory and productive bird because of its small body size, short 
period to reach sexual maturity (6 to 7 week of age), high rate of reproduction, ability to produce 3 to 4 
generations in a year and relative ease of maintaining the colony (Shim and Vohra, 1984). The nutritional 
requirements of Japanese quail for production are continually reviewed over time (Beane and Howes, 1966; 
Vohra, 1971) and NRC (1994). Shim and Vohra (1984) suggested that the Japanese quail body can be used as 
model for determining energy requirements as well as meat and egg production.  

However, some reports accounted differences between quail and chicken in metabolizing energy. 
Japanese quail are less efficient as converters of feed to body tissue than the broiler, but quail can utilize low 
energy diets more efficiently than fowl. (Shim and Vohra, 1984). It was also suggested that Japanese quail 
consumed metabolizable energy per Kg body weight higher than the chicken (Shoukry et al., 1993a). Prinzinger 
(1982) indicated that higher energy cost for egg production of Japanese quail is due to high losses of 
metabolizable energy from different avenues. These avenues could be the energy costs of thermoregulation 
where, the mature Japanese quail expended about 6-10% of its metabolic rate to adjust a new level of 
metabolism under temperature fluctuation condition. Another avenue is the calorific values of fat and 
carbohydrates as quail lays relatively high energy egg compared to chicken (Shoukry et al., 1993a). 
Furthermore, Japanese quail has larger metabolic body size than the chicken which could be considered as 
another avenue of losing high metabolizable energy. This implies that Japanese quail could be different than the 
chicken in the energy efficiency.   
        Liver plays a key role in nutrients metabolism and detoxification of toxins, biothenthesys and metabolism 
of hormones, vitamins and biochemical molecules. Therefore, energy metabolic activity in liver reflects energy 
metabolic activities of the body. Plasma level of triiodothyronine (T3) is another indication of energy 
metabolism of the body because the hormone is responsible for stimulating cellular metabolism.  
  These energy metabolic criteria are assumed to reflect different energetic status of the bird in different 
situations. These situations are the transition from summer to winter where, high environmental temperature 
decreases feed intake and growth rate (Geraert et al., 1992), energy intake and metabolizable energy (Daghir, 
1973), egg production and quality (Daghire, 1995). The changes due to different hormonal profiles in male and 
female are another situation affecting the energy metabolism. As the female exerts more physiological efforts 
such as synthesis of egg components, passage of the egg oviduct and egg oviposition.  
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The objectives of the present study were to study the effects of season and sex on Japanese quail and their 
interaction on energy metabolic profile which includes, Partitioning the dietary energy, hepatic cellular oxygen 
consumption, and plasma triiodothyronine. 

Materials and Methods 

Experimental birds and design.  
A total number of 144 adult quails at the beginning of 10th week of age were chosen randomly for the 

study from the random bred flock of quails in Al-Azhar experimental station in the faculty of agriculture. The 
birds were distributed into two groups one for each sex per season (summer and winter). This makes the group 
of birds used per sex per season 36 individuals.  Each group was divided into 6 replicates 6 birds each. The 
males and the females were reared in separate cages. Birds of each replicate were housed in a wired cage (60L X 
40W X 40H cm). All birds had free access to feed and water. The composition and calculated analysis of the 
experimental diet are show in  Table (1). Feeders and drinkers were put inside the cages. Birds were healthy and 
clinically free from diseases.   

The experiment in each season lasted for 9 weeks. It started in summer from 20th of June to 26st of 
August, while in winter it was started from 17th of January to 26th of March.  

    
Energy partitioning: 
Procedures of the digestion trial: 

Sample of 24 birds were randomly chosen per sex per season for the digestion trial. Birds were grouped 
in replicates 4 birds each. They individually housed in cages which designed and constructed to retain 
droppings. The digestibility experiment was performed according to Luiting, (1990) as follows: 

 
Preliminary period: 

The birds were feed ad libitum for 72 hours then the feed consumption was restricted to 0.90 of ad 
libitum for another 55 hours. 

 
Digestion trial:   

The trial lasted for 5 days and feed was offered as 0.90 of ad libitum, as illustrated in figure (1). 

 
Feed intake, body weight, egg mass, egg number-output and excreta weight were recorded per replicate (4 birds) 
on daily bases. The excreta were cleaned from feather and scattered feed before stored. The samples of diet and 
excreta were immediately stored at-20ºC in sealed aluminum dishes. The diet and excreta were oven-dried on 
80ºC for 48 hours.  
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Eggs of each replicate were mixed and homogenized with  sonicatore (MSE-England) at 28 db for 15 
minutes. Afterward the homogenized eggs were dried at 60ºC under vacuum for 6 hours until the weights were 
kept constant. The dried excreta, eggs and feed were ground to fine particles and preserved dried in labeled 
plastic bags, then stored in a deep freezer at approximately -20ºC until used to energy analyze. 
Gross energy values of feed, excreta and eggs were determined by adiabatic bomb calorimeter (Model 1261, 
PARR-England) at Regional Center for Food and Feed, Agricultural Researches Center, Ministry of 
Agriculture, Dokki, Giza, Egypt. 
 
Table 1: Feed formulation and analysis of experimental diets. 

1Each 3Kg of vitamins and minerals mixture contain: Vit. A 10.000.000 IU, Vit. D3 2.000.000 IU, Vit. E 10.000 mg, Vit. K3 1.000 mg Vit. B1 
1.000 mg, Vit. B2 5.000 mg, Vit. B6 1.500 mg, Vit B12 10 mg, Niacin 20.000 mg, Pantothenic acid 10.000 mg, Folic acid 1.000 mg, Biotin 50 
mg, Choline chloride 500.000 mg, Copper 4.000 mg, Iodine 300 mg, Iron. 30.000 mg, Manganese 60.000 mg, Zinc 50.000 mg, Cobalt 100 
mg and Selenium 100 mg. 
2 According to NRC (1994). 

 
Liver oxygen consumption  

A total number of 6 birds per sex per season (bird from each replicate) were chosen randomly from the 
experimental birds were used to measure liver oxygen consumption. Oxygen consumption was measured using 
constant volume manometer technique by Warburg apparatus.  

Birds were slaughtered then the apex of liver right lobe was excised. All tissue samples were kept in 
contact with ice until analyses. Afterwards the samples were kept in Hank’s media as described by (Wasly, 
1972). 

A total volume of 2.5ml from the tissue sample with the Hank’s media was placed in the flask of 
Warburg apparatus and strap of filter paper saturated with 30% KOH was put in the well of the flask then the 
reading of the manometer was recorded after one hour of the incubation on 30ºC to determine the O2 
consumption by the tested tissue, according to Umbreit, (1972).  The samples were then dried in vacuum oven at 
80 for 8 hours. All measurements were calculated on the basis of dry samples. 

  
Blood plasma triiodothyronine (T3). 

At the end of 15th and 18th week of experiment, 4 samples (2 males and 2 females) from each replicate were 
taken randomly for blood sampling. Birds were fasted overnight before bleeding via jugular vein in heparinzed 
tubes. The Blood samples were collected at 9:00 am then they were centrifuged at 2500 rpm to separate plasma. 
Plasma samples were stored frozen at –20O C until analyzes. Plasma T3 was determining using kits from 
Diagnostic Products Corporation, Los Angeles, USA (IM1699-IM3287). 

 
Statistical analysis 

Data were subjected to two-way analysis of variance for all variables tested except for the data of egg 
production and net energy of eggs were subjected to one-way analysis of variance. Statistical analysis were done 
using SPSS software program package (SPSS, 2001). Means were separated by Duncan’s multiple range test 
(Duncan, 1955) at 5% level of significance.  
Statistical models: 
Two- way analysis of variance model: 
Υi j k =µ+αi+βj+(αβ)ij +Єk 

Ingredients Quantity (Kg) 
Yellow corn  ( Ground) 8.5% 60.42 
Soybean meal 44% 21 
Corn gluten meal 60% 10.8 
Limestone 5.700 
Dicalcium phosphate 1.230 
Lysine % - Hcl % 0.170 
DL-Methionine % 0.08 
Salt 0.3 
Vitamins and minerals premix1 0.3 
Total (Kg) 100 
Calculated analysis 2 
Crude protein% 20.30 
ME (Kcal/Kg feed) 2903.27 
C/P ratio 143.02 
Ether Extract 2.734 
Crude Fibers 2.939 
Calcium% 2.54 
Available Ph.% 0.34 
Lysine% 1.00 
Methionine% 0.47 
Methionine + Cystin% 0.84 
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One – way analysis of variance model: 
Υik= µ+ αi + Єk 

Υi j k, Υik = Individual observation 
 µ = population mean  
αi= Effect of season 
βj= Effect of sex 

(αβ)ij= Interaction between season and sex 
Єk= Experimental error. 

 
 Results and Discussion 
 
Energy partitioning of laying Japanese quail  
Energy Intake   

Energy Intake of breeder Japanese quail during summer and winter at 15 weeks of age are given in 
Table (2). Energy intake was significantly (P≤ 0.05) differed between males and females in both seasons as 
main effect of sex. The results agree with the fact that the females exert more efforts to produce eggs, thence its 
energy requirements (maintenance and production) are significantly above than that of male (Hurwitz et al., 
1978 and Shalev and  Pasternak, 1998).  The increase in energy intake was not significant in winter than that in 
summer regardless of sex. In winter the organism consumes more feed to maintain its body temperature by 
producing more heat. In addition, feed intake increases in winter than that in summer no matter how the 
difference is significant or not (Makled et al., (2001). No significant interaction between effects of sex and 
seasons was noticed. 

 
Excreta Energy (EE):   

The main effect of sex on EE was significant (P≤0.05) at 15th week of age. Where, females deposit 
significantly more energy in feces than that of males as shown in table (2). This difference in EE could be due to 
the higher intake of energy by females than that of males as previously stated in table (2). However, data in table 
(2) did not show any significant differences in EE between summer and winter. No significant difference was 
found in interaction between sex and season in EE. 

 
Metabolizable energy (ME) 

Metabolizable energy as absolute figures at 15th weeks of age were significantly (P≤0.05) higher in 
female than that of male regardless of season. Meanwhile, ME was significantly (P≤0.05) higher in winter than 
that of summer regardless of sex (Table, 2). The interaction between sex and season was not significant.  These 
results may indicate that ME increases with the increase of physiological activity. The burden of laying effort in 
female may increase the ME than that of males. The decrease of ambient temperature in winter may also 
increase ME compared to summer, as the birds exert more activity to produce more heat to compensate for the 
sensible heat loss in winter. 

  
Egg Energy (EgE)   

Egg energy per bird per day was insignificantly higher in winter than that of summer at 15th week of 
age (Table, 3). The significant (P≤0.05) increase of egg output and insignificant increase in egg mass per bird 
per day in winter than that of summer at 15th week of age in table (3) could explain the increase of egg energy in 
winter. Birds layed less eggs in summer as high ambient temperature let bird to become partially dehydrated that 
leads it to conserve water by reducing egg number and/or egg mass. There was no significant difference in 
maintenance and physiological work energy between winter and summer (Table, 3). In the present study 
maintenance energy could not be separated from physiological work rather that egg energy. The increase in ME 
in winter compared to summer and constant EE in both seasons (Table, 2) may imply that maintenance energy 
may decrease to compensate for the increase in physiological work in winter. Thence, the resultant combined 
value of maintenance and physiological work are shown constant in table (3).  

 
Conclusion of metabolizable energy of feed: 
 No significant differences in ME and EE as percentages of GE between sexes or seasons (Figure, 2). 
Figure (2) shows also that no significant differences in maintenance and physiological work energy as 
percentages of ME between seasons in female. The same trend was found in EgE as percentage of ME between 
winter and summer. These results may indicate to, however, there are significant differences between sexes and 
seasons in absolute figures of ME, EE, EgE and maintenance and physiological work (Tables, 2 and 3), the 
changes in percentages are proportionate to the energy intake and ME, respectively. 

The results showed also that the net energy of eggs and the net energy of eggs as a percentage of 
metabolizable energy were insignificantly higher numerically in winter than that in summer. The results from 
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the current study suggested that the females of Japanese quail are not normally eating to physical capacity and 
have a remarkable ability to control energy intake when offered ad libitum diet or diet varying in energy content.  
These results can be interpreted as the energy requirement for maintenance was found to be affected by 
environmental temperature and basal metabolic rate (Luiting, 1990 and Chwalibog, 1991). Also, These results 
could be revered to that pattern of energy intake suggest that birds can adjusting its feed intake as reported by 
Payne, (1967) in Leghorn Leeson et al., (1996) in broiler. 

 
Table 2: Energy partitioning in summer and winter of Male and Female Japanesquail at 15th weeks of age 

Main 
effect of 
season 

Metabolizable energy 
(Kcal/bird/day) 

Main 
effect of 
season 

Excreta Energy 
(Kcal/bird/ day) 

Main 
effect of 
season 

Energy Intake 
(Kcal/bird/ day) Season 

Female Male Female Male Female Male 

70.78b 
±6.18 

88.74 
±4.51 

52.821 
±4.33 

19.90                 
±1.19 

23.56        
±1.56 

16.241      
±1.35 

90.69      
±7.45 

112.31                    
±5.39 

69.061                   
±5.30 

Summer 

79.50a  
±4.27 

90.46  
±2.64 

68.53 
±4.92 

21.02      
±0.78 

23.56         
±1.04 

18.47        
±1.79 

100.51     
±5.20 

114.02         
±3.39 

87.00          
±5.65 

Winter 

 
89.60A  
±2.50 

60.68B  
±3.95 

 
23.56A      
±0.89 

17.36B      
±1.09 

 
113.17A      

±3.05 
78.03B                  
±4.63 

Main effect of 
sex 
  A,B  Means having different letter exponents among rows are significantly different (P≤0.05). 
   a,b Means having different letter exponents among rows are significantly different (P≤0.05). 

 
Table 3: Egg energy, maintenance and physiological work energy, egg output and egg mass at summer and winter of female 

Japanese quail at 15th weeks of age 

Season 
 

Egg energy 
(Kcal/bird/day) 

Maintenance and 
physiological work 

energy 
(Kcal/bird/ day) 

Egg output 
(eggs/bird/ day) 

Egg mass 
(g/bird/ day) 

Summer 16.531 ±3.08 72.22 ±9.69 0.80b ±0.04 10.13 ±0.64 
Winter 18.15 ±1.92 72.31 ±5.99 0.91a ±0.01 11.09 ±0.37 

Mean ± SE  a,b Means having different letter exponents among rows are significantly different (P≤0.05). 

 
Fig. 2: Percentages of energy partitions in male and female Japanese quail in summer and winter 
 
Plasma triiodothyronine (T3) of Japanese quail during summer and winter at 15 and 18 weeks of age  
 The results of T3 in table (4) agreed with El-Daly (1994) who reported the average value of T3 of 
Japanese quail at 6 weeks of age fed on dietary energy level of 2960.3 Kcal ME/Kg Was 1.583 ng/ml. Values in 
table (4) show that female maintained significantly (P≤0.05) higher level of T3 than that of male at 15 weeks of 
age regardless of season effect. The same trend was noticed at 18 weeks of age but the difference was not 
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significant. Triiodothyronine is the physiologically active hormone of thyroid gland. This hormone is 
stimulating metabolism through its effects on mitochondrial energy metabolism as suggested by Buchanan et 
al., (1977) in rat liver, in addition, T3 alters gene expression in hypothalamus involved in the regulation of 
metabolic rate during energy demanding situations such as fasting (Anne McNabb and Darras, 2015). Egg 
production is a physiological process that activates the metabolism. Khalifa and Shoukry (1992) indicated that 
the values of plasma T3 in Lohmann Selected Leghorn were 1.44 and 1.19 ng/ml before and after sexual 
maturity, respectively; 1.41 and 1.01 ng/ml for the birds within and between ovulatory cycle, respectively and 
1.42 and 1.25 ng/ml in long and short egg laying cycle in chicken, respectively. The increase of plasma T3 in 
laying females compared to males could be due to the effort of egg production that needs more T3 to stimulate 
metabolism. These results are in accordance with the previous finding in the study as energy intake and ME 
which were significantly (P≤0.05) higher in laying females compared to males (Table, 2).   
 The effect of season regardless of sex was not significant at 15th and 18th weeks of age (Table, 2). 
However, there was a tendency of increasing T3 in winter compared to summer. This trend may be due to 
factors such as ambient temperature, feed intake, photoperiod and reproductive cycle (Wentworth and ringer 
1986).  In addition, T3 increased metabolic rate which could enhance the capability of metabolic heat 
production and thus improved survival in the cold winter (Zhao et al., 2010). The interaction between main 
effects of season and sex was not significant. 
 
Table 4: Plasma triiodothyronine of breeder Japanese quail during summer and winter seasons at 15 and 18 weeks of age 

Season 
 

Triiodothyronine (T3) (ng/ml) 
15 weeks Main effect of 

season 
18 weeks Main effect of 

season Male Female Male Female 
Summer 1.111 ±0.20 1.76 ±0.21 1.44      ±0.16 1.20 ±0.27 1.44  ±0.14 1.32      ±0.15 
Winter 1.13    ±0.11 1.97   ±0.23 1.55      ±0.15 1.45  ±0.19 1.60  ±0.22 1.53       ±0.14 

Main effect of sex 1.12B   ±0.11 1.87A   ±0.15  1.33  ±0.16 1.52  ±0.13  
A,B Means having different letter exponents among rows are significantly different (P≤0.05). 

 
Effect of sex and season on hepatic cellular oxygen consumption of breeder Japanese quail at 15 weeks of age. 

The results of hepatic cellular oxygen consumption of Japanese quail at 15 weeks of age are found in 
Table (5). The obtained results demonstrated that there were insignificant effects of season on hepatic cellular 
oxygen consumption. Meanwhile, females as main effect showed significantly (P≤0.05) higher hepatic cells of 
females oxygen consumption compared to male (Table, 5). The values were 5.54 and 14.68 (µl . h-1/100mg dry 
weight) for males and females, respectively. This finding indicates that the hepatic cells exert energy by 3 folds 
more than those of males. It can be suggested that the differences observed between males and females in 
hepatic cellular oxygen consumption may be due to the physiological effort of egg production that includes yolk 
protein and lipids synthesis in liver. In addition, other energy consuming processes such as proteins synthesis of 
egg white, calcium precipitation in eggshell against concentration gradient and muscles contractions for 
movement of ovum in oviduct and oviposition (Shoukry, 1987).No significant interaction was found between 
main effects of season and sex. 
 
Table 5: Hepatic cellular oxygen consumption of breeder Japanese quail during summer and winter seasons at 15 weeks of 

age 

Season 
Hepatic Cellular Oxygen Consumption    
                (µl . h-1/100mg dry weight) Main effect of season 

Male Female 
Summer  5.21 ±0.14 14.51 ±0.43 9.86  ±1.56 
Winter  5.86 ±0.20 14.85  ±0.53 10.36 ±1.52 

Main effect of sex 5.54B ±0.17 14.68A ±0.33  
1Least squares means ± pooled standard error.  

       A,B Means having different letter exponents among rows are significantly different (P≤0.05). 

 
Conclusions: 
 
 The present study revealed that laying Japanese quail is efficient in metabolizing dietary energy. 
Laying birds in the study had significantly higher energy intake and ME per bird compared to males at 15 weeks 
of age. High dietary energy utilization of laying quail is due to several energy consuming processes associated 
with egg production such as yolk protein and lipids synthesis in liver. In addition, proteins synthesis of egg 
white, calcium precipitation in eggshell against concentration gradient and muscle contractions for movement of 
ovum in oviduct and oviposition. Laying quail increased plasmaT3 to alter cellular mechanisms to utilize 
energy. This increased energy metabolism in the body is indicated by hepatic cellular oxygen consumption.   
 After adjusting the values of ME to energy intake the significant difference in ME between males and 
females was not noticed. This led to speculate that the maintenance energy requirement of the females was 
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considerably lower than that of males. The increase in plasma T3 and hepatic cellular oxygen consumption in 
laying birds may support this speculation. 
 Differences in energy metabolism due to seasons were not clear enough to consider. No significant 
interaction was found between main effects of sex and seasons. 
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	The experiment in each season lasted for 9 weeks. It started in summer from 20th of June to 26st of August, while in winter it was started from 17th of January to 26th of March. 
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	Gross energy values of feed, excreta and eggs were determined by adiabatic bomb calorimeter (Model 1261, PARR-England) at Regional Center for Food and Feed, Agricultural Researches Center, Ministry of Agriculture, Dokki, Giza, Egypt.
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