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Abstract 

In this study, it was aimed to determine the posibilities use of supplementing breeder diets with 

different level concentrations (C: 0, BPP1: 1, BPP5: 5, BPP10: 10, and BPP20: 20 g/kg feed) of the bee 

pollen powder (BPP) effect on performance and hatching egg quality characteristics in Japanese quails. 

The experimental animals consisted of 9-week-old Japanese quails, including 105 females and 45 

males, and the experiment continued for six weeks. The results showed higher than control group 

significant effects of the (BPP) supplementation to quail diets on yolk level (P<0.01), shell thickness, 

and Haugh unit (P<0.05), but not significant effects as raise or decrease were observed on live gain, 

consumption feed, feed conversion ratio, egg weight, shape index, yolk index, white index, and shell 

weight (P>0.05).Taken together, these results can be recommended BPP supplementation of quail diets. 
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1. Introduction 

Poultry meat and egg are animal protein sources that have an important effect on nourishment and 

antibiotics have been used as growth factors in poultry for many years because of their growth 

enhancement effects in poultry.  However, antibiotics, as well as the pathogenic microorganisms 

residing in the digestive tract of animals, prevent the proliferation of beneficial microorganisms. Turkey 

and European Union countries, the long-term use of antibiotics as feed additives has been banned 

against the risk of creating microorganism strains with high antibiotic resistance in animals as well as  

in humans consuming these products (Jensen, 1998; Anonim, 2002; Anonymous, 2003; Anonim, 2005; 

Nollet, 2005; Özen et al., 2005, Anonim, 2006). As a result of these developments; prebiotics, 

probiotics, essential oils, humates, and medicinal and aromatic plants are used as alternative feed 

additives against antibiotics because  they prevent sub-clinical infections, encourage growth and are not 

harmful, but rather benefical, to human health (Ball, 2000; Bach Knudsen, 2001; Yalçın et al., 2002; 

Güçlü, 2003; Güler et al., 2005; Islam et al., 2005). Bee pollen, which can be used as an alternative to 

antibiotics, is defined as the flower powder collected by bees.  

The pollen values of the plant species and varieties from which the pollen is collected are increasing in 

terms of human health (Doğaroğlu, 2008). For example, acer (Acer spp.), walnut (Juglans regia), 

mulberry (Morus spp.), ash (Fraxinus spp.), hazelnut (Corylus spp.), birch (Betula spp.), elm (Ulmus 

spp.), chestnut (Castanea sativa), alder (Alnus spp.), willow (Salix spp.), and boxwood (Buxus spp.) are 

important tree species from which the pollen is collected (Sönmez and Altan, 1992). Bee pollen is rich 
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in proteins, carbohydrates and lipids, as well as the major and minor elements found in plant tissues. In 

addition, it contains organic substances, such as amino acids, nucleic acids, enzymes, vitamins, 

minerals and hormones (Stanley and Linskens, 1985; Genç, 1993; Orzaez et al., 2002; Karataş and 

Şerbetçi, 2008).  

Bee pollen and pollen products contain significant amounts of polyphenol compounds with antioxidant 

potential. They are used in alternative medicine, treatment of some diseases and nourishment, because 

they have several properties, such as antimicrobial, antibacterial, anti-allergic etc., can regulate brain 

functions and metabolism, and are effective against stress and psychological problems (Sorkun, 1987; 

Genç, 1993; Schmidt, 1997; Çakmak, 2001; Basim et al., 2006; Medeiros et al., 2008). In this study, we 

aimed to investigate the effects of nutrient-rich bee pollen on performans and hatching egg quality 

characteristics in Japanese quails (Coturnix coturnix japonica). 

 

2. Materials and Methods 

2.1 Research Design  

In this study, 150 (105 female and 45 male) Japanese quails (Coturnix coturnix japonica) were used at 

9 weeks of age. The experiment was composed of five groups (including a control group), which were 

feed diets supplemented with bee pollen powder (BPP) at different concentrations (C: 0, BPP1: 1, 

BPP5: 5, BPP10: 10, and BPP20: 20 g/kg feed). Each group, had three replicates, with each replicate 

comprising 10 (7 female and 3 male) animals. The experiment was conducted according to protocol 

number (2018/01-01) of the University Committee on Animal Use.  

 

2.2 Research Instruments and Procedures  

The feed for control group was obtained from a private commercial company that sells quail feeds. The 

feeds of the pollen groups were constituted by supplementing their basal diet with the Uşak-region bee 

pollen, which was obtained from a company that sells bee products. In this study, the five-story three-

compartment group cages (width-97 cm, depth- 63 cm, height-189 cm) with an automatic drinker 

system were used. During the experimental period, 8-h of darkness and 16-h of light were applied. 

Feed and water were provided ad-libitum to the experimental animals that were subjected to group 

feeding. In the preparation of the experimental ration, the 30-and 0.1-kg weighing scale were used. 

In order to determine the internal quality characteristics of eggs, the white and yellow diameters, and 

white length were measured using a digital caliper, and the white and yellow heights were determined 

using a 1/100 mm sensitive tripod micrometer. In order to determine egg shell thickness, a micrometer 

was used, and to evaluate its yellow color, a DSM scale (1-16) was used. The present study was carried 

out at Uşak University, Faculty of Agriculture and Natural Sciences, Animal Husbandry Experiment 

Unit (geographical coordinates: 38ºº -40''-05.7''''-N, 29ºº-19''-40.0''''-E). The daily egg yields of quails 

were recorded from two weeks before the beginning of the experiment. At the end of the second week, 

the animals of similar live weights were randomly distributed to the experimental groups according to 

the design of the experiment. At the beginning and end of the experiment, the quails were weighed to 

determine their live weights (LW) and live gains (LG).  

During the experiment, an equal amount of pre-weighed feed was given to each replicate, and their 

average weekly and daily feed consumptions were determined by subtracting the residual feed 

collected at the end of the week from the total feed given during the week. The weekly feed 

consumption ratio (FCR), was calculated by using the formula FCR= kg feed/kg egg in order to 

determine the amount of feed consumed to obtain animal products. The quails were fed a basal diet 

supplemented with 1, 5, 10, and 20 g/kg BPP, whereas the quails in the control groups were fed with 

only the basal diet. The diets were formulated according to the National Research Council (NRC, 

2001). The ingredients and chemical analyses of the diets fed to the Japanese quails used in this 

experiment are given in Table 1.  

Throughout the trial, the daily egg yields and weights of the animals were recorded once a week and 

the internal (such as yellow color of scale, white and yellow heights, and white and yellow diameters) 

and external quality characteristics (such as weight, width-length, shell weight, shell thickness) of 10 

eggs (50 in total) from each group were determined every two weeks. The statistical analysis of the 

data was performed with one-way analysis of varience (ANOVA) using the SPSS package program, 

and the treatment group averages were compared using Duncan’s multiple comparison test (Düzgüneş 

et al., 1987). For the values determined as percentages, transformations were made to perform variance 

homogeneity tests. The data obtained at the end of the study were analyzed by the General Linear 

Model (GLM) method using the SPSS (ver: 16) package program.  
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Formula: 

Yij= μ + Pi + Σi,  

Yij=Observation value, 

µ= Population average,  

Pi= Effect of “ i’
st”

 pollen contribution group, 

Σij= Trial error 

 

Table 1. Ingredients and chemical analyses of the diets 

Feed Materials g kg
-1

 as fed 

Wheat 300 

Maize 350 

Soybean meal 165 

Sunflower seed meal 86 

Wheat bran 30 

Calcium carbonate 43 

Meat-bone meal 3 

Vegatable oil 15 

Monocalcium phosphate 1,5 

Vitamin* 2,5 

Mineral** 1,5 

Salt 2,5 

Total                                                      1000                                                                            

Metabolizable energy (kcal/kg) 2950 

Crude protein (g kg
-1

 as fed) 190 

*Each kg of vitamin mix. contains; 15.000.000 mg vit. A, 3.000.000 mg vit. D3, 30.00 mg vit. E  

**Each kg mineral mix. contains ; 60.000 mg Mn, 60.000 mg Fe, 50.000 mg Zn, 15.000 mg Cu, 250 mg Co, 850 

mg I, 500 mg Se. 

 

3. Results 

In this study; the supplementation of the basic diet with different concentrations of BPP had no 

significant effect on the live gain, feed consumption, feed conversion ratio, egg yields of the studied 

quails (P>0.05) (Table 2, 3, 4 and 5).  
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Table 2. Mean live gains of male and female breeder quails (g / bird) 

GROUPS 

 
C BPP1 BPP5 BPP10 BPP20 

Standard Error 

of Mean (SEM) 

Significance 

(SG) 

Number of 

quails for 

each group 

9 9 9 9 9 - - 

Male 

beginning of 

experiment 

179.13 183.46 180.80 179.68 182.98 2.693 0.983 

Ending of 

experiment  

(end of 6
th 

weeks) 

185.41 189.12 190.87 190.38 189.15 2.807 0.979 

 Number of 

quails for 

each group 

21 21 21 21 21 - - 

Female 

beginning of 

experiment 

203.08 199.71 200.17 210.51 204.17 2.119 0.508 

Ending of 

experiment 

(end of 6
th 

weeks) 

225.62 231.05 222.81 228.50 221.62 2.155 0.628 

     

 

Table 3. Daily average feed consumption of the experimental groups (g / day / bird) 

GROUPS 

WEEKS C BPP1 BPP5 BPP10 BPP20 SEM SG 

1. 27.68 26.51 27.39 26.09 26.47 0.333 0.571 

2. 23.42 24.14 25.07 25.01 24.45 0.356 0.635 

3. 25.01 25.69 27.10 25.31 24.54 0.403 0.354 

4. 24.54 26.47 25.24 24.36 24.94 0.508 0.765 

5. 23.85 25.96 25.14 24.79 23.99 0.393 0.468 

6. 24.18 25.49 25.18 24.77 23.98 0.296 0.489 
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Table 4. Feed conversion ratio of experimental groups (kg feed / kg egg) 

GROUPS 

WEEKS C BPP1 BPP5 BPP10 BPP20 SEM SG 

1. 4.10 3.24 3.90 3.50 3.26 0.166 0.398 

2. 2.96 2.45 2.42 2.80 2.74 0.119 0.612 

3. 2.62 2.35 2.43 2.66 2.69 0.086 0.721 

4. 2.68 2.49 2.34 2.53 2.75 0.078 0.544 

5. 2.80 2.23 2.26 2.46 2.58 0.084 0.153 

6. 2.75 2.30 2.41 2.42 2.78 0.087 0.288 

 

Table 5. Average daily egg yields of the experimental groups (%) 

GROUPS 

WEEKS C BPP1 BPP5 BPP10 BPP20 SEM SG 

1. 59.86 71.42 63.95 65.98 70.75 2.715 0.704 

2. 69.38 81.63 83.68 73.47 72.79 3.448 0.701 

3. 80.95 80.95 89.12 91.84 79.59 3.142 0.704 

4. 75.51 85.03 83.67 75.51 72.79 2.837 0.624 

5. 78.23 95.24 91.16 80.27 75.51 3.156 0.196 

6. 72.79 85.03 82.99 79.59 70.07 2.834 0.427 

 

Among the internal and external quality characteristics of eggs, while the egg weight, shape index, 

white index, and shell weight values were not found statistically significant in all three measurements 

(P>0.05), the yellow color value was found to be significant in all measurements except for the first 

one (P<0.01). However, the yolk index value was statistically significant only in the first 

measurement (P<0.05). The Haugh unit was found to be statistically significant in the first two 

measurements (P<0.01 ve P<0.05), but not in the final measurement (P>0.05). The egg shell thickness 

was found to be statistically significant at the end of the trial (P<0.01) (Table 6, 7 and 8).  
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Table 6. First measurement internal and external quality characteristic of eggs (2
nd 

week) 

GROUPS 

 

C BPP1 BPP5 BPP10 BPP20 SEM SG 

Egg weight 11.84 12.49 11.72 12.02 11.92 0.121 0.308 

Yolk color 

value 
7.90 8.80 8.90 8.70 8.50 0.148 0.224 

Shape index 77.46 78.76 77.68 78.43 77.67 0.335 0.708 

Yolk  index 46.16
c
 46.86

bc
 49.41

a
 46.98

bc
 48.83

ab
 0.363 0.013* 

White index 7.69 8.61 8.10 8.27 8.27 0.117 0.168 

Haugh unit 73.25
c
 79.00

a
 75.77

bc
 76.57

ab
 77.38

ab
 0.470 0.001** 

Shell thickness 0.197 0.197 0.19 0.194 0.189 0.001 0.295 

Shell weight 1.63 1.67 1.59 1.61 1.63 0.021 0.818 

 a, b, c: The difference between average values carrying different letters in the same order is 

statistically significant. (*): P<0.05, (**): P<0.01 

 

 Table 7. Second measurement internal and external quality characteristic of eggs (4
th
 week) 

GROUPS 

 
C BPP1 BPP5 BPP10 BPP20 SEM SG 

Egg weight 12.40 12.60 12.84 12.95 12.51 0.146 0.765 

Yolk color value 7.70
b
 9.40

a
 9.10

a
 9.60

a
 9.50

a
 0.174 0.001** 

Shape index 78.28 78.67 7979 79.57 78.98 0.464 0.847 

Yolk index 46.30 45.35 4799 46.70 47.44 0.380 0.217 

White index 7.21 8.64 8.64 8.39 9.06 0.212 0.062 

Haugh unit 72.69
b
 79.60

a
 77.51

 ab
 80.16

a
 80.93

a
 0.977 0.048* 

Shell thickness 0.189 0.192 0.187 0.192 0.181 0.002 0.473 

Shell weight 1.74 1.79 1.78 1.76 1.83 0.023 0.801 

a, b, c: The difference between average values carrying different letters in the same order is 

statistically significant. (*): P<0.05, (**): P<0.01 
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Table 8. Third measurement internal and external quality characteristic of eggs (6
th 

week) 

GROUPS 

 
C BPP1 BPP5 BPP10 BPP20 SEM SG 

Egg weight 12.42 13.13 12.65 12.98 12.32 0.11 0.072 

Yolk color value 7.80
b
 9.50ª 9.80ª 10.10ª 10.40ª 0.96 0.001** 

Shape index 75.53 77.31 77.96 78.13 78.49 0.46 0.259 

Yolk index 45.50 46.50 46.59 45.27 46.69 0.34 0.571 

White index 7.15 7.18 7.89 7.80 6.95 0.18 0.337 

Haugh unit 72.11 73.21 76.15 75.74 72.83 0.72 0.277 

Shell thickness 0.181
c
 0.196ª 0.190ª

b
 0.184

bc
 0.188

abc
 0.00 0.003** 

Shell weight 1.84 1.92 1.89 1.85 1.86 0.02 0.813 

a, b, c: The difference between average values carrying different letters in the same order is 

statistically significant. (*): P<0.05, (**): P<0.01 

 

4. Discussion and Conclusions 

In this study, the control and pollen groups showed no statistically significant differences in the LG 

and feed conversion ratio, and these results were similar to those of a previous study in which the 

propolis ethanol extract and pollen were added to the Japanese quail rations. In this study, the LG and 

FCR values of group C showed no statistically significant differences (P>0.05), and therefore, these 

results were found to support our study (Canoğulları et al., 2009). In  other studies on broilers and 

Japanese quails, LG and FCR values were reported to be statistically significant, and these results 

were not in agreement with our study (P<0.05 and P<0.01) ( Seven et al., 2011; Attia et al., 2014; 

Babaei et al., 2016). The emergence of such differences with our might be attributed to the age and 

origin of the animals used and the area and content of the pollen collected, etc.  

As a result of the studies on quails, it was reported that an average-sized quail egg weighed between 

9.00 and 13.00 g (Garip and İnal, 2013). In this study, although no statistically significant difference 

was observed between the groups in terms of average egg weight throughout the experiment, BPP 

addition at different ratios showed a favorable effect on the egg weight of the quails in the control 

group. The pigments xanthophylls and carotenoids provide yellow color which is one of the internal 

quality characteristics of eggs, and the natural and synthetic products are currently used for coloring 

eggs. Bee pollen can be evaluated as a good natural coloring agent because it contains carotenoids in 

its structure. The yellow color of eggs is an important criterion for their marketing, and it has been 

reported that the RCF (DSM) value generally preferred by consumers is 10 (Gürbüz et al., 2003). 

At the end of the trial, the desired RCF values were obtained, and these values were found to be 

higher in the BPP-supplemented groups compared to the control group. At the first measurement (at 

the end of the 2
nd

 week of the experiment), higher numerical RCF values were found in the BPP-

supplemented groups compared to the control group. The reason for this was that the coloring effect 

provided by the feeds begins from after the 2
nd

 day, and then, contiunes rising, reaching its highest 

levels after the 9
th 

-12
th
 days, as explained by (Kırkpınar and Erkek, 1999). The RCF values obtained 

at the 2
nd

 measurement (at the end of week 4
th
) were statistically significant in all BPP groups (P 

<0.01), with the highest values obtained at the end of the experiment (at the end of week 6
th 

) 

( (P<0.01). At the end of the experiment, it was found that the addition of BPP at different 

concentrations to quail rations- positively affected the RCF values; an increase in the RCF values was 

directly proportional to an increase in the concentration of BPP. 
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No significant differences were observed in shape index between different groups at the end of this six-

week trial. The shape index values obtained for the Japanese quails in this study were similar to those 

(79.54%) mentioned in a previous study performed to determine some internal and external quality 

characteristics of the quail eggs (Özçelik, 2002). During the experimental period it was found that the 

BBP-supplemented groups showed statistically higher yolk index values (P<0.05), in the first 

measurement, but no significant differences were observed in the other two measurements. Although 

the yolk index values obtained in the last measurement were different from the initial measurement 

results, they were found to be similar to those obtained in a previous study conducted to investigate the 

effect of selection for live weight on the reproductive performance of Japanese quails (45.01)  

(Türkmut et al., 1999).  The white index values, which are an important egg quality criterion, did not 

show any significant difference between groups, and it was observed that the BPP-supplemented 

groups generally showed higher white index values. These values, differed with a study conducted on 

Japanese quails (11.43) (Özçelik, 2002).  

While significant differences in the Haugh unit values were obtained between the groups in the first 

(P<0.01)  and second (P<0.05) measurements, no significant difference was observed between the 

groups in the final measurement (P>0.05). The Haugh unit values ranged between 72.11 and 76.15 on 

average at the end of the trial, and these values lied between  the value (88.930) obtained in study 

conducted to determine some yield and egg quality characteristics in Japanese quails and  the value 

(68.479) obtained in a study conducted on egg quality and characteristics in Japanese quails (Altınel et 

al., 1996; Nazlıgül et al., 2001). Previous studies suggested that an ideal shell thickness should be at 

least 0.33 mm in order to be resistant to breakage, but it has been emphasized that this value should 

range between 0.16- and 0.23 mm in quail (Rahn and Paganelli, 1989, Soliman et al., 1994; Şenköylü, 

2001).  

In the present study, the egg shell thickness was observed to lie between the indicated values. No 

remarkable difference was observed between the first and second measurements of the BPP-

supplemented groups with respect to the control group,  and a statistically significant difference was 

obtained in the third measurement (P <0.01). At the end of the trial, the average shell thickness was 

found to lie between 0.181 and 0.196 mm;  these values were similar to the values reported in a study 

on egg quality characteristics in Japanese quails (0.189), but were found to be different from the value 

(0.214) reported in study conducted to determine  the effects of different light sources on some 

production traits and phenotypic correlations among some production traits and egg quality 

characteristics in Japanese quails (Altınel et al., 1996; Fidan, 2005).  It has been reported that the shell 

that protects the egg by creating an outer layer constitutes approximately 11-12% of the egg weight, 

and the average shell weight of the standard quail egg is approximately 1-1.2 g (Altınel et al., 1996). In 

terms of the shell weight values, no significant difference was observed among the three measurements, 

and the values were comparable to each other, but were relatively high in the BPP-supplemented 

groups. (P>0.05). In the BPP-supplemented groups, shell weight was found to be higher than control 

group probably because the bee pollen contains certain important minerals, such as calcium, potassium 

and phosphorus. Based on the the results obtained in this six-week study, we recommend BPP 

supplementation of the Japanese quail diet, different concentrations of BPP could be used in quail 

rations because it has an enhancement effect on certain egg quality characteristics, such as natural 

coloring,  shell thickness, and it was thought that it could also be used in other poultry in future studies. 
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