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ABSTRACT: A thirty-six weeks feeding trial was conducted to determine the effect of inclusion of varying levels of Gmelina 
arborea on egg characteristics, using two (2) weeks old Japanese quail (Coturnix coturnix japonica). Ninety-six birds were 
allocated to four dietary treatment groups with three (3) replicates of eight (8) birds each in a completely randomized 
design comprising of control (C) containing 0 g/kg; T1, 50 g/kg; T2, 100 g/kg and T3, 150 g/kg of Gmelina arborea leaf 
meal. Feed and water were provided throughout the experimental period. Egg characteristics were the response criteria 
that were monitored and subjected to a one-way anova. There were significant (p<0.05) differences observed between 
treatments for mean egg number and egg shell weight, while no differences (p>0.05) were observed between treatments 
for eggs composition, weight of eggs, egg shell thickness, egg length, egg width, albumen height, albumen width, albumen 
weight, yolk height, yolk width, yolk weight. From this study, the egg laying performance and characteristics of eggs laid 
by birds suggested that among the treatments, up to 50 g/kg of Gmelina arborea leaf meal could be successfully included 
in quails’ diets without any adverse effect. 
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INTRODUCTION
 
The problem of food deficiency in underdeveloped and 
developing countries has continued to worsen due to the 
perpetual increase in human population (Fatokun et al., 
2013). The Japanese quails (Coturnix coturnix japonica) 
have the potential to serve as an excellent and cheap 
source of animal protein for Nigerians (Babangida and 
Ubosi, 2006; Ani et al., 2009). Distinct characteristics of 
the Japanese quail include rapid growth thus enabling the 
quail to be ready for consumption at 5 to 6 weeks of age, 
early sexual maturity, short generation interval, disease 
resistance, less capital requirement, high rate of lay and 
much lower feed and space requirement than domestic 
fowl (Adeogun and Adeoye, 2004). 
Livestock farmers, especially those in Nigeria and 
neighboring countries are faced with the problem of 
continuous inadequacy of feed ingredients (Fatokun et al., 
2013). This arises from the ever-increasing needs of men 

for the same livestock feed ingredients for his food and 
industrial raw materials used in the production of other 
materials like maize, millet, sorghum, soybean, groundnut, 
cassava and other tubers (Fatokun et al., 2013). Gmelina 
arborea R.  is one of the such novel feed stuffs (Annongu 
and Folorunso, 2003). The potential of leaf meals from 
these tropical trees and shrubs to yield relatively higher 
levels of crude protein and minerals, and lower crude fiber 
levels than tropical grasses has also been recognized 
(Esonu et al., 2003; Fasina et al., 2004; Okagbare et al., 
2004a; Amata, 2010). The amount of research carried out 
with nonconventional feeding materials could have a major 
impact on livestock production but they continue to be 
unused, underdeveloped or underutilized. A critical factor 
in this regard has been the lack of proper understanding of 
the nutritional principles underlying their utilization (Amata 
and Lebari, 2011).  
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The poultry egg remains an excellent source of nutrients 
in the normal human diet and eggs are consumed annually 
throughout the world. The production of good quality egg 
is a major concern of producers (Nworgu et al., 2012). 
Evaluation of the external and internal egg traits will not 
only be useful as a selection criterion but will also enhance 
economic decisions for intending backyard and/or 
commercial producers in this region (Obike et al., 2011). 
Egg quality reflects those egg characteristics that 
determine its acceptability to consumers (Song et al., 
2000). Gmelina arborea leaf, a product of Gmelina arborea 
tree which is not in competition with man’s dietary needs 
and it has been reported to enhance weight gain of small 
animals (Okagbare et al., 2004b). The deciduous plant, 
Gmelina arborea R. is widely distributed in the tropics of 
Africa and warm temperature regions. Based on the 
above, this research work was conducted to evaluate the 
effects of varying inclusion levels of Gmelina arborea leaf 
meal on egg characteristics of Japanese quail birds 
(Coturnix coturnix japonica).  
 
 

MATERIALS AND METHODS  
 

This study was carried out from March to November 2019, 
at the Animal house of the Zoology Department of Nnamdi 
Azikiwe University, Awka in Awka South Local 
Government Area of Anambra State, South-East of 
Nigeria, West Africa. The leaves were collected from 
Awka, monthly and were washed, air-dried at room 
temperature for 7 days and then milled. A total of ninety-
six (96), two weeks old Japanese quail birds were used for 
the study. This study lasted for 36 weeks. The 
experimental cage was the colony closed cage housing 
system. Each of the 4 tiers had 3 partitions representing 4 
treatment and 3 replicates respectively. The animals were 
allocated into four groups with three replicates of eight 
birds each with the ratio of 1 male to 3 females (Momoh et 
al., 2014) on live weights. The housing groups were based 
on the level of Gmelina arborea leaf meals inclusions of C 
= 0 g/kg, T1

 = 50 g/kg, T2 = 100 g/kg and T3 = 150 g/kg. 
The feeds used during the study were formulated feeds 
with Gmelina arborea leaf meal as presented in Table 1. 
Feed and water were provided throughout the 
experimental period. The birds were fed twice daily 
(Morning and evening). Artificial lighting was used to 
provide the birds with 24 hours light and later, 16 hours 
until the experiment was over during the whole 
experimental period (Lima et al., 2016). 
 
 

Data collection  
 
The eggs laid by the birds were collected in labeled egg 
crates in the morning and were kept in baskets at room 
temperature daily. The number of eggs was recorded 
daily, and the other external and internal egg 
characteristics were obtained weekly. External eggs 
characteristics   such   as   the   number  of  the  eggs, egg  

 
 
 
 
weight, length, width, egg shell weight and thickness 
(Tuleun et al., 2013) and internal egg characteristics such 
as the albumen height, width, weight, yolk height, width 
and weight (Tuleun et al., 2013) were measured using 
three eggs per replicate. Phytochemical tests for the 
presence or absence of alkaloid, saponnin, flavanoid, 
tannin and steroid were carried out on the methanolic 
extract of Gmelina arborea leaves using the procedure 
outlined by Harbone (1998). The feed and egg samples 
from different treatments were analyzed for proximate 
composition (AOAC, 1990) for moisture content (MC), 
crude protein (CP), crude fat (CF), total ash (TA), crude 
fibre (F) and carbohydrates (C).  
 
 

Statistical analysis  
 
The data collected were subjected to the one-way Analysis 
of Variance (ANOVA) using SPSS (2007). The least 
significant difference (LSD) was used to separate mean 
significant differences between treatments at the 5% 
significant level.  
 
 

RESULTS AND DISCUSSION   
 
The feed with 150 g/kg of Gmelina arborea reveals the 
highest values for ash (13.70%), crude fat (6.10%) and 
crude protein (18.90%). The crude protein values are in 
line with the crude protein recommended by Murakami et 
al. (1993b) who recommended 18% crude protein and 
lower than 20% recommended by NRC (1994) and 
Babangida and Ubosi (2006) for production period of quail 
birds but are higher than the crude protein (17%) 
recommended by Bawa et al. (2011). The higher crude 
protein content with increasing inclusion levels is not 
surprising as Okagbare et al. (2004a), Amata and Lebari 
(2011) and Aye (2016) reported that the protein content of 
Gmelina arborea is high thus Gmelina arborea leaf meal 
may be an important source of dietary protein for both 
human and livestock judging from its proximate 
composition. This study agrees with Nieman et al. (1992) 
who reported that in animals, a Ca/P ratio above 2.0 helps 
to increase the absorption of Calcium in the small intestine. 
Food is considered "good", if the ratio Ca/P>1 and "poor" 
if Ca/P < 0.05 (Nieman et al., 1992) while Na/P ratio is 
0.06. The Ca/P values for all the treatments were all 
greater than 1 (Ca/P > 1) and their Na/P values were equal 
and less than 0.06 as seen in Table 2. 
 
 

Phytochemical composition of Gmelina arborea 
 
In this study, result of the phytochemical composition of 
the Gmelina arborea showed the presence of flavonoid, 
saponins, alkaloid, phenol and steroid with tannin, phenol 
and Saponin strongly present, flavanoid, steroid and 
alkaloid moderately present. This concur with the findings 
of   Aye    (2016)    and     Osakwe    (2003)     who    revealed  
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Table 1. Feed formulation for quail birds  
 

Ingredients C(0g/kg) T1 (50g/kg) T2 (100g/kg) T3 (150g/kg) 

G.arborea 0.00 5.00 10.00 15.00 

Maize 45.02 45.02 45.02 45.02 

Wheat offal 10.00 10.00 10.00 10.00 

Soya Beans 11.76 11.76 11.76 11.76 

Groundnut Cake 23.52 23.52 23.52 23.52 

Bone Meal 3.00 3.00 3.00 3.00 

Limestone 6.00 6.00 6.00 6.00 

Salt 0.20 0.20 0.20 0.20 

Methionine 0.15 0.15 0.15 0.15 

Lysine 0.10 0.10 0.10 0.10 

Premix 0.25 0.25 0.25 0.25 
 
 
 

Table 2. Nutrient composition of the layers feed with varying levels of Gmelina arborea fed to quail birds.  
 

Analysis C(0g/kg) T1 (50g/kg) T2 (100g/kg) T3 (150g/kg 

Moisture 3.70 4.20 4.70 4.90 

Crude Fat 4.80 5.60 5.80 6.10 

Ash 10.50 12.80 13.40 13.70 

Protein 17.30 17.80 18.40 18.90 

Crude Fibre 7.70 6.90 6.10 5.40 

Carbohydrate 55.90 52.70 51.60 50.90 

Ca/P 1.68 1.88 1.86 1.79 

Na/P      0.04 0.05 0.06 0.06 
 
 
 

condensed quantity of tannin and other anti-nutritional 
substances in their biomass which affect the optimal 
utilization by animals. This is in line with Okpara et al. 
(2016) who also revealed the presence of tannin, alkaloid, 
saponin, flavonoid and steroid depicting potential toxicity 
of the feed resources, thereby they adopted in their study 
that air-drying did not reduce the nutritive values but 
reduced effect of the anti-nutritional factors (ANF’s). This 
is also in line with the findings by Iswarya et al. (2017) who 
reported that Gmelina arborea is rich in phenol, saponin, 
alkaloid, tannis, flavonoid and steroid content revealing 
that it is appropriate to define that the presence of such 
phytochemicals which make Gmelina arboreaa potential 
plant for various pharmaceutical and medical purposes. All 
these could have attributed to the healthy status of the 
birds throughout the study, though it was observed that 
four birds died from the control diet treatment. This 
mortality was not associated to the dietary treatment of 
Gmelina arborea, so lack of mortality among the quail 
layers fed air-dried Gmelina arborea confirms that air-
drying was effective in detoxifying antinutritional 
constituents to a safety level. 
 
 
Proximate analyses of the eggs 
 
The result of the proximate composition showed  that  quail  

eggs contained crude protein, crude fat, ash, crude fibre 
content, moisture content and carbohydrate as the quails 
were fed with the dietary treatments as represented in 
Table 3. There was no significant difference (p>0.05) in the 
proximate composition of quail eggs from quails subjected 
to different dietary treatments with p-values = 0.975, 0.986, 
0.973, 0.192, 1.000, 0.913 respectively. The values of 
crude protein obtained were higher than the values as 
reported by Dudusola (2010) but lower than values 
reported by Tunsanrinkan et al. (2013) and Thomas et al. 
(2016). The result of this concurs with the findings of 
Saraswati et al. (2013) who reported that quails fed high 
protein ration had lower egg protein content as compared 
to those fed with high carbohydrate and low protein ration. 
This agrees with the findings of Amobi et al. (2014) that the 
proximate composition indices are the reflections of the 
effect of dietary treatment on the animals in terms of the 
type and amount of feed ingested. 
 
 
Effect of Gmelina arborea leaf meal on external 
characteristics of eggs 
 
The result of the external characteristics of eggs laid by 
quails subjected to the dietary treatments showed that 
there was a significant (p<0.05) difference in terms of egg 
number  and   eggshell  weight  of  the  quails  among  each  
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Table 3. Proximate composition of the eggs laid by quails fed with different inclusions of Gmelina arborea leaf meal. 
 

Analysis C(0g/kg) T1 (50g/kg) T2 (100g/kg) T3 (150g/kg) 

Moisture 72.09±1.99a 72.13±0.97b 72.18±2.95 c 72.22±2.87d 

Crude Fat 10.17±0.55a 10.03±1.25b 9.92±0.37 c 9.87±1.37d 

Ash 1.05±0.08a 1.04±0.03b 1.02±0.13 c 1.02±0.11d 

Protein 12.28±0.37a 12.35±0.72b 12.41±0.17 c 12.46±0.60d 

Crude Fibre 0.59±0.04a 0.56±0.03b 0.54±0.07 c 0.51±0.03d 

Carbohydrate 3.82±0.34a 3.89±0.16b 3.93±0.32 c 3.98±0.22d 
 

a,b,c,d; Means with different superscript on the same row do not differ, significantly (p>0.05). 

 
 
 

Table 4. Effect of Gmelina arborea leaf meal on external and internal characteristics of eggs laid by quails. 
 

Parameters C(0g/kg) T1 (50g/kg) T2 (100g/kg) T3 (150g/kg) 

Egg Number 30.78±0.35a 34.71±1.38a 26.50±0.93a 23.87±1.33a 

Egg weight (g) 9.72±0.08  9.65±0.22  9.44±0.10 9.60±0.61 

Egg Shell Thickness (mm) 1.10±0.04 1.12±0.02  1.11±0.02  1.12±0.04  

Egg Shell Weight (g) 0.92±0.01b 0.93±0.01b 0.92±0.02b 0.93±0.06b 

Egg Length (cm) 3.02±0.0  3.01±0.05  2.98±0.05  3.00±0.10  

Egg Width (cm) 2.34±0.03  2.36±0.03  2.34±0.02  2.39±0.04  

Albumen Height (cm) 0.53±0.02  0.52±0.01  0.51±0.00  0.53±0.04  

Albumen Length (cm) 4.56±0.15  4.41±0.05  4.37±0.08  4.50±0.30  

Albumen weight (cm) 4.48±0.13  4.61 ±0.08  4.31±0.20  4.40±0.29  

Yolk Height (cm) 1.03±0.01  1.02±0.02 1.01±0.01  1.04±0.05  

Yolk Weight (cm) 3.44±0.11  3.45±0.01  3.45±0.16  3.46±0.17  

Yolk Width (cm) 2.41±0.06  2.46±0.04  2.42±0.04  2.45±0.04  
 

a,b; Means with same superscript on the same row differ, significantly (p<0.05). 

 
 
 

dietary treatment while there was no significant (p>0.05) 
difference in the terms of egg weight, eggshell thickness, 
egg length and egg width of the eggs laid by quails among 
each dietary treatments. 

This result of egg number is also in line with the finding 
of Saraswati et al. (2013) who reported significant (p<0.05) 
effect of dietary treatment on egg production number as 
their study revealed that quails fed high carbohydrate 
ration had higher total number of production until 9 months 
of age as compared to those fed high protein ration and 
that the increase in total number of egg production did not 
decrease egg quality as indicated by egg weight of egg laid 
by quails. 

The 0 g/kg (C) of Gmelina arborea that produced the 
highest mean weight of quail birds still gave the highest 
mean egg weight which agrees with Lin et al. (2004) and 
Bawa et al. (2011) who reported that egg mass/weight can 
be used as criterion in assessment of nutritional status, 
especially if they are obtained from birds of the same age, 
breed and health status. Whereas the overall mean weight 
of eggs in all the treatments were higher than 9.3 g but 
lower than 10 g recommended by Yamane et al. (1979) 
and Hubrecht and Kirkwood (2010), respectively. 

The   result    of    egg    shell    weight    obtained   showed  

significant difference (p<0.05) (P = 0.000) among the 
dietary treatments. This result is in line with the finding of 
Hemid et al. (2010) who reported significant (p≤0.05) effect 
of dietary treatment on shell weight of egg laid by quails.  

The result of egg shell thickness obtained showed no 
significant difference (p>0.05) (P= 0.930) among the 
dietary treatments. No specific trend was observed among 
the treatments means so this supports the report of Salah 
Uddin et al. (1991) and Murakami et al. (1993b) which 
showed that shell thickness was not affected by dietary 
protein levels. This study is in line with the finding of Njoya 
(1995) and also Tuleun and Dashe (2010) who reported 
no significant (p>0.05) effect of energy intake on shell 
thickness. 

The result of egg length obtained showed no significant 
difference (p>0.05) (p = 0.930) among the dietary 
treatments. This result is not in line with the finding of 
Hemid et al. (2010) who reported significant (p≤0.05) effect 
of dietary treatment on egg length of egg laid by quails. 

The result of egg width obtained showed no significant 
difference (p>0.05) (p = 0.930) among the dietary treatments. 
This result is in line with the finding of Hemid et al. (2010) 
who reported insignificant (p>0.05) effect of dietary 
treatment on egg width of egg laid by quails. 



 
 
 
 
Effect of Gmelina arborea leaf meal on internal 
characteristics of eggs laid by quails 
 
The result of the internal characteristics of eggs laid by 
quails subjected to the dietary treatments showed that 
there was no significant difference (p>0.05) in terms of 
albumen height, albumen length, albumen weight, yolk 
height, yolk weight and yolk width among each dietary 
treatment. 

The result of albumen height obtained showed no 
significant difference (p>0.05) (P-value= 0.823) among the 
dietary treatments. This result is not in line with the finding 
of Hemid et al. (2010) who reported significant (p≤0.05) 
effect of dietary treatment on albumen height. This result 
is in line with the finding of Tuleun and Dashe (2010) who 
reported no significant (p>0.05) influence with dietary 
treatment of toasted mucuna on albumen height of egg laid 
by quails. But it is not in line with finding by Tuleun et al. 
(2013) who reported significant (p< 0.05) effect of dietary 
treatment on albumen height of eggs laid by quails. 

The result of albumen width obtained showed no 
significant difference (p>0.05) (p-value = 0.963) among the 
dietary treatments. This result is not in line with the finding 
of Tuleun and Dashe (2010) who reported significant 
(p<0.05) influence with dietary treatment of toasted 
mucuna on albumen width of egg laid by quails. 

The result of albumen weight obtained showed no 
significant difference (p>0.05) (p-value = 0.444) among the 
dietary treatments. This result is in line with the finding of 
Hemid et al. (2010) who reported no significant (p>0.05) 
change with dietary treatment on albumen weight of egg 
laid by quails. 

The result of yolk height obtained showed no significant 
difference (p>0.05) (p-value = 0.993) among the dietary 
treatments. This result is in line with the finding of Tuleun 
and Dashe (2010) who reported no significant (p>0.05) 
effect with dietary treatment of toasted mucuna on yolk 
height of quails. But it is not in line with finding by Tuleun 
et al. (2013) who reported significant (p<0.05) effect of 
dietary treatment on yolk height of eggs laid by quails.  

The result of yolk weight obtained showed no significant 
difference (p>0.05) (p-value = 0.738) among the dietary 
treatments. This result is not in line with the finding of 
Hemid et al. (2010) who reported significant (p≤0.05) effect 
with neither pre-hatch temperature nor dietary treatment 
on yolk weight. This result is in line with the finding of 
Tuleun and Dashe (2010) who reported no significant 
(p>0.05) effect with dietary treatment of toasted mucuna 
on yolk weight of quails. But it is not in line with finding of 
Tuleun et al. (2013) who reported significant (p<0.05) 
effect of dietary treatment on yolk weight of eggs laid by 
quails.  

The result of yolk width obtained showed no significant 
difference (p>0.05) (p-value = 0.387) among the dietary 
treatments. This result is in line with the finding of Tuleun 
and Dashe (2010) who reported no significant (p>0.05) 
effect with dietary treatment of toasted mucuna on yolk width 
of eggs laid by quails.  
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Conclusion 
 
The data obtained from the present study shows that 
Gmelina arborea is one of the trees with significant number 
and amounts of phytochemicals. Hence, the presence of 
rich secondary metabolite concentration can apparently 
make the plant a good source of nutrients. There was no 
observable negative effect on the health status of quails 
fed with the varying levels of Gmelina arborea indicating 
healthy effect of the Gmelina arborea for the birds since no 
medication was used throughout the period of study. The 
50 g/kg inclusion level of Gmelina arboreais comparable 
with 0 g/kg (control) diet, it can adequately be added in 
quails’ nutrition at the level without any negative effect.  
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