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This study was conducted to determine the effect of increasing dietary inclusion of dry Caper (Capparis spinosa) fruit (DCF) 

on egg production and quality characteristics of laying hens between 20 and 32 weeks of age. Four groups of commercial 

hens (ATAK-S) were fed with diets containing 0, 5, 10 and 15 g DCF/kg. The results showed that final body weight, feed 

intake, shape index (SI) and morning hen–day egg yield were influenced by dietary supplementation of DCF (P<0.05). Hen–

day egg production (HDP) value of commercial hens groups was 73.47%, 56.67%, 54.18% and 51.72% respectively. The 

effect of increased the levels of DCF on egg weight, specific gravity, shell breaking strength, shell thickness, surface area, 

albumen pH, albumen index (AI), yolk index (YI), shell weight and haugh unit (HU) was not statistically significant (P>0.05) 

during the entire experiment. The lightness (L*) and redness (a*) values for egg shell color were similar (P>0.05) in the DCL 

supplemented groups as compared to the control group. The yellowness (b*), Hue angle (H), chroma (C*) and ∆E* values 

were lower (P<0.05) in 15 g DFC/kg group when compared with the control. Trolox equivalent antioxidant capacity (TEAC), 

ferric reducing antioxidant power (FRAP) and total phenolics amount of DCF were 43.75±0.680 mmol trolox/kg, 

60.03±3.710 mmol TEAC/kg and 3.16±0.060 g gallic acid equivalents (GAE)/kg, respectively. Based on the results from the 

current study, the dietary supplementation with dry DCF had adverse effects on productivity performance traits and egg 

quality. 
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INTRODUCTION 

 

Natural feed additives of plant origin are generally believed 

to be safer with less health hazards for humans and animals. 

One of the mechanisms underlying the health-related 

benefits might be associated with its antioxidant properties 

(Kim et al., 2011). Many plants and their parts or plant 

extracts have antimicrobial activities and antioxidant 

properties which make them useful as natural animal feed 

additives (Faixova and Faix, 2008). Numerous earlier 

researches focused on the clarification of the biochemical 

structures and physiological functions of various aromatic 

plants, their extracts and essential oils. There have been 

increased interests for using these plants having many 

appealing features (antioxidant, anti-stress, lowering 

cholesterol, cancer prevention, etc.) in dietary inclusion due 

to phenolic compounds in the composition of aromatic plant 

and their extracts (Yıldırım and Gürkan, 2010). Thus various 

alternative feeding strategies are being considered and 

incorporated in the diets of laying hen to improve the gut 

health of the birds, enhance productive performance, and 

improve egg quality (Olobatoke and Mulugeta, 2011).  

Caper belonging to Capparaceae family, are the fruits of 

perennial shrubs of the genus Capparis. It is a plant of 

tropical/subtropical and arid areas. Caper is one of the most 

common aromatic plants found in the Mediterranean Basin. 

The main producer of Caper plants are countries from the 

Mediterranean Basin such as Turkey, Morocco, Spain, 

Greece, France, Italy and Sicily where C. spinosa is 

predominant and the most important commercial species 

(Özcan and Akgül, 1998; Tlili et al., 2009). Caper flower 

buds, root, fruits and young shoots are used as foodstuffs 

and they have several uses for its especially medicinal and 

aromatic properties (Özcan et al., 1998; Özcan et al., 2010).  

Chemical experiments on caper have claimed that different 

parts of the plant are rich source of many beneficial 

chemical compounds particularly glucocapperin, rutin, 

spermidine, quercetin, kaempferol, stigmasterol, 

campesterol, tocopherols and carotenoids (Tlili et al., 2010). 

Glucosinolates were identified and quantified in young 

shoots whereas in the buds of C. spinosa the main 

component was glucocapperin (Matthäus and Özcan, 2002). 

Results from recent studies has reported that caper possesses 

antioxidant activities due to the high concentration of 
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phenolic compounds, tocopherols and carotenoids (Bonina et 

al., 2002; Germanò et al., 2002) and some medicinal 

properties such as immunostimulant (Ghule et al., 2006), 

antitumoral (Wu et al., 2003), anti-diabetic (Eddouks et al., 

2005), antisclerosis (Goyal and Grewal, 2003), antibacterial 

(Halkier, 1999). Caper fruit and its other parts such as buds, 

flower and root have not been used in laying hen even 

though it has a great potential to be used as feed additive in 

livestock diets due to its multifunction properties as 

mentioned above. 

Considering the above benefits, addition of different DCF 

levels may cause positive effects on the performance and 

egg quality in laying hens. However, there is still a lack of 

report whether the dietary supplementation with DCF would 

have the beneficial effects on productivity performance and 

egg quality of hens at the beginning of lay. Therefore, the 

aim of the present study was to investigate the effects of 

supplementing graded levels of DCF on egg production 

performance, egg quality and egg shell color of laying hens 

at 20 weeks of age. 

 

MATERIALS AND METHODS 

 

Animal and experimental design: The eighty commercial 

ATAK–S (Turkish native hybrid) brown layers at the age of 

20 weeks were randomly allocated to one of four treatments 

with four replicates each containing five hens in each group. 

The experiment was conducted with completely randomized 

design. Five birds were kept under wire cages (450 cm
2
 per 

bird) in a windowed poultry house at a light regimen of 16 h 

light and 8 h dark. Laying hens had ad libitum access to 

water and diets throughout the experimental period. All hens 

were healthy over the experimental period and there were no 

culled birds and medical intervention was not applied to any 

bird. Three portable temperature and relative humidity 

loggers (HOBO U12–012 T/RH logger, temperature ranging 

between -20ºC and 70ºC with ±0.35ºC accuracy; relative 

humidity (RH) ranging from 5 to 95% with ±2.5% accuracy) 

were used to monitor indoor temperatures and RH at a level 

equal to animal height. Data were recorded after every 60 

min and downloaded weekly throughout the experiment. The 

average temperature, RH and light intensity of the entire 

experimental period were 15.74±0.129ºC, 48.15±6.410% 

and 14.76±3.828 lux, respectively. 

The treatments were a basal diet as control and three levels 

of supplementation, 5, 10 and 15 g/kg diet of a DCF. 

Organically grown herb of caper (C. spinosa) was harvested 

in Tokat province, Turkey and the fruits were separated from 

the boughs. The raw material consisted of fruits that were 

distributed uniformly as a thin layer on the trays and dried in 

an oven at 40°C for 24 h. Dried plant material was 

mechanically ground with a laboratory mill to obtain a 

homogenous powder. 

The basal diets were isonitrogenous and isocaloric and were 

formulated to meet or slightly exceed the nutrient 

requirement of laying hens according to NRC (1994). The 

ingredients and calculated nutrient level of the basal diet are 

shown in Table 1. This study was approved by the Animal 

Experimentation Ethics Committee (Process no. 308/2011 

HADYEK– 040) of Gaziosmanpaşa University. Animals 

used in this experiment were cared according to the 

guidelines stated in the Guide for the Care and Use of 

ATAK–S brown hybrid laying hens in Poultry Research 

Institute, Ankara, Turkey. Prior to the experimental period, 

the birds were given a two week adaptation period before the 

trial began and the trial lasted 12 weeks. 

Egg production performance and egg quality 

characteristics: Hens were weighed individually at the 

beginning and the end of the experiment. Feed consumption 

was recorded weekly and calculated as g/hen/day. Viability 

were visually observed and recorded daily throughout the 

entire experimental period. The value of feed efficiency was 

calculated as feed (g)/egg (g). 

The first egg was obtained after 23 weeks age in all the 

groups. Eggs from each replicate were collected twice a day 

(morning time; 09:00–11:00 and afternoon time; 14:00–

16:00) and weighed using electronic balance at the same 

time every day to calculate HDP and HHP, egg weight and 

EM from 20 to 32 weeks of age. In addition, age at point–

of–lay, first egg weight, age (day) at 10, 20, 30 and 50% egg 

production were recorded. Thirty two eggs were randomly 

collected from each experimental group on the last day of 

every 2 weeks to assess egg quality. Immediately after 

sampling, eggs were assayed for quality. An average of three 

measurements (3 times) were taken at the equator, blunt 

edge and pointed edge of the egg in order to record the 

lightness (L*), redness (a*), and yellowness (b*) of the egg 

shell using a Minolta CR400 chromameter (Konica Minolta 

Sensing Inc., Osaka, Japan). Psychometric color terms 

involving H and C* over time were used to evaluate the 

color changes of the egg shell. The egg quality traits were 

specific gravity, eggshell breaking strength, shell thickness 

and albumen pH. Egg specific gravities were determined by 

using graded salt solutions ranging from 1.069 to 1.099 with 

gradations of 0.003 described by Hamilton (1982). After 

that, shell breaking strength was measured using shell 

strength device with a spiral pressure system (Fujihara, 

Saitama, Japan). Subsequently, the eggs were broken one by 

one on a glass plate with a waiting period of 5 min to 

measure the albumen and yolk heights using a tripod 

micrometer, the long and short diameters of albumen, and 

diameter of yolk were measured by using the digital caliper 

in sensitivity of 0.001 mm. The formulae of some egg 

quality traits are presented in Table 2. Shell thickness was 

recorded as an average of three measurements taken at the 

equator, blunt edge and pointed edge of the egg without 

membrane using the caliper.  
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Dry caper fruit antioxidant activity and total phenolics 

assay: Two methods were used in assessing the antioxidant 

activities in vitro because a single antioxidant activity test 

would present limited information about the potential of the 

antioxidant in question. Both TEAC and FRAP assay have 

been proved as a good parameters for the determination of 

antioxidant quality of dry C. spinosa fruit. Total antioxidant 

activity was investigated using Ferric Reducing Antioxidant 

Power (FRAP) assay according to the method described by 

Oyaizu (1986). Antioxidant capacity assay was carried out 

using a Perkin Elmer Lambda 35 UV/Vis spectrophotometer 

by the improved ABTS
•+

 method according to the procedure 

described by Re et al. (1999). A total phenolic constituent of 

DCF was performed employing the literature methods 

involving Folin–Ciocalteu reagent and gallic acid as 

standard (Slinkard and Singleton, 1977).  

Statistical analysis: Data in the tables are presented as 

arithmetic means and standard error of means (SEM). The 

data were analyzed by SPSS 16.0 software for Windows 

(Inc. Chicago, IL. USA). The differences between groups 

were determined by one–way ANOVA test. Duncan’s 

multiple–range tests were performed according to the 

following model: 

Yij = μ + Ti + eij  

where Y denotes the dependent variable, μ denotes the mean, 

T is the effect of treatment and e is random residual error 

term. All values were presented as means and standard error 

mean; the levels of significantly different were set at P<0.05. 

 

RESULTS AND DISCUSSION 

 

The total phenolic content, TEAC and FRAP value of DCL 

Table 1. Composition and nutrient content of basal diet (g/kg) 

Ingredients 18-20 weeks 20-32 weeks Calculated nutrients composition 

 18-20 weeks 20-32 weeks 

Maize 301  269 ME (MJ/kg) 11.3  11.7 

Wheat  254  255 Dry matter 880.0 890.0 

Soybean meal (47% CP) 64  92 Crude protein (CP) 160.0 172.0 

Sunflower meal (27% CP) 140  0  Crude fat 30.5 50.0 

Barley 100  30 Lysine 7.2  8.0 

Sunflower meal (36% CP) 0 80 Methionine 3.5 4.5 

Full-fat soybean  58  100 Methionine+Cystine 6.4  7.6 

Soybean oil 0 24 Tryptophan 2.0  1.9 

Sodium bicarbonate 2  1 Crude fibre 60.0 42.5 

Dicalcium phosphate 12  14 Calcium 10.0 36.0 

Marble powder 17  83 Available phosphorus 3.6  4.0 

Salt 2 2 Sodium 1.6 1.6 

Vitamin–mineral premix* 50  50    
* Each kg of vitamin–mineral premix contained: 4800000 IU vitamin A; 1200000 IU vitamin D3; 12000000 IU vitamin E; 1600 mg 

vitamin K3; 1200 mg vitamin B1; 2400 mg vitamin B2; 12000 mg vitamin B3; 4000 mg vitamin B5; 2000 mg vitamin B6; 20000 mg 

vitamin C; 6 mg vitamin B12; biotin; 400 mg folic acid; 120000 mg choline; 2000 mg Cu; 24000 mg Fe; 32000 mg Mn; 60 mg Se; 24000 

mg Zn; 200 mg Co; 800 mg I. 

 

Table 2. Formulas for measurement of egg quality traits 

Criteria Abbrev. Equation 
1
Hen–day production , % HDP (Number egg produced / Number live hens) x 100 

1
Hen–house production, % HHP (Number egg produced / Number live hens in initial of experiment) x 100 

2
Shape index, % SI (Egg width /Egg length ) x 100 

2
Yolk index, % YI (Yolk height/yolk diameter) x 100 

2
Albumen index, % 

AI 
[Albumen height/(long diameter of albumen+short diameter of albumen 

/2)×100] 
3
Egg surface area (cm

2
) ES 3.9782 × egg weight

0.70
 

4
Shell weight (g) SW (2.0341 x Egg weight) - [(2.1014 x Egg weight)/Specific gravity] 

5
Haugh unit (score) HU 100 log (Albumen height+7.57-1.7 W

0.37
) 

6
Egg mass (g/hen/day) EM (weekly egg number in replicate x average egg weight)/100 

Hue angle H tan
-1

 b*/a* 

Chroma C* √(a*
2
 + b*

2
) 

Color difference ∆E* (L
2
+a

2
+b

2
)

½
 

1North (1984), 2Doyon et al. (1986), 3Nordstrom and Ousterhout (1982), 4Harms et al. (1990) 5Roush (1981), 6Um and Paik (1999) 
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were 3.16±0.060 g GAE/kg, 43.75±0.680 mmol trolox/kg 

and 60.03±3.710 mmol TEAC/kg respectively. The 

productivity performance traits of treatment groups are 

briefly described in Table 3 and 4.  

Supplementation of diets with DCF had no significant 

effects on initial body weight, body weight gain, viability 

and feed efficiency when compared with the control diet 

(P>0.05). The addition of DCF to diets did significantly 

change measurements for final body weight, total feed intake 

and overall feed intake, because these values were higher in 

control group hens without any additives (P<0.05). As can 

be seen from the Fig. 1; it is clearly shown that the feed 

intake of all treatment groups were lower after fourth week. 

It may be understood clearly that when feed intake was 

evaluated together with egg weight, EM, morning hen–day 

egg yield, hen-house and hen-day egg production did 

undergo significant changes among the groups, especially in 

the 4-8 weeks (P<0.05). Overall, the DCF supplemented 

groups showed numerically decreasing as compared with the 

control group in terms of the aforementioned parameters.  

As it can observed from Table 4, no differences in age at 

point–of–lay, age at 10, 20, 30 and 50% egg production, first 

egg weight and egg weight according to oviposition time 

were observed in laying hens fed the different experimental 

diets (P>0.05). All parameters used for evaluation of 

external and internal egg quality are shown in Table 5 and 6. 

The result demonstrated that levels of DCF did not affect 

overall specific gravity, shell breaking strength, egg shell 

thickness, ES, albumen pH, AI, YI, SW and HU (P>0.05), 

except SI which was significantly (P<0.05) lower in eggs of 

hens fed diets supplemented with DCF. Table 6 reports the 

objective results of the egg shell color, L*, a*, b*, H, C* and 

∆E* of the egg shell in each group. Considering the data 

obtained herein, there were significant differences in terms 

of b*, H, C* and ∆E* values as was observed among all 

groups. The results indicated that adding DCF to diet, 

significantly (P<0.05) reduced the yellowness (b*), H, C* 

and ∆E* of the eggshell in comparison to control.  

The results from this study indicated that the C. spinosa fruit 

possess a strong antioxidant/free radical scavenging 

effectiveness and ferric reducing abilities, which is probably 

due to the presence of polyphenolic compounds. C. spinosa 

dry fruit might be a good candidate for functional animal 

foods as well as plant-based pharmaceutical products.  

Moreover when consumed as plant fruit, DCF may 

contribute to total intake of dietary antioxidants. 

The results of productivity performance implied that nutrient 

composition of diets was not same. It indicated that DCL 

could be used as an ingredient up to 10 g/kg in a diet without 

any adverse effect on production performance in laying 

hens. It is depicted from the Figure 1 that the feed intake of 

15 g DFC/kg group was lower compared to other groups 

until the twelfth week. On the other hand, a positive 

correlation of feed intake with feed efficiency and EM were 

noticed by Sterling et al. (2003). It might be understood 

clearly that when feed intake was evaluated together with 

egg production, egg weight and EM did undergo significant 

changes among the groups. Hens consuming the 5, 10 and 

15 g DFC/kg diets exhibited a significant depression in feed 

intake during 4-8 weeks; therefore this influence reflected in 

the hen-day egg production or egg weights. Given that 

higher levels of DCF supplement did yield similar 

depressions, it could be inferred that the effect was 

invariable and likely specifically related to the seed of the 

DCF. 

Although feed intake had significant effect between 

treatments in 4-8 weeks and overall, dietary DCF 

supplementation progressively decreased average daily egg 

weight for 10 and 15 g DFC/kg supplementation levels at 4-

8 weeks (P<0.05) and 0–12 weeks period when compared to 

the standard commercial diet. A continuously low feed 

intake of diets with DCF can cause a loss of appetite. The 

dry caper fruit seed containing biologically active substances 

may adversely affect utilization of dietary protein and 

energy and interfere with laying performance. The current 

study contributes to this limited database by providing new 

information on the responses of laying hens consuming diets 

containing DCF. It is clear from Table 4 that no differences 

in age at point–of–lay, age at 10, 20, 30 and 50% egg 

production, first egg weight and egg weight according to 

oviposition time were observed in laying hens fed the 

different experimental diets (P>0.05).  

 

 
Figure 1. Daily feed intake values on a weekly basis 
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Table 3. Body weight, feed intake, feed efficiency of laying hens during 20–32 weeks period 
Parameters DCF

1
 in diet (g/kg)  

0 5 10 15   
Initial body weight (g) 1312.40 1316.55 1315.90 1310.30   
Final body weight (g) 1793.32

a
 1704.16

bc
 1755.90

ab
 1672.65

c
   

Body weight gain (g) 476.84 387.31 440.00 362.35   
Viability (%) 95.00 95.00 100.00 100.00   
Feed intake (g/hen/day)       
0–4 week 86.24 84.04 85.32 82.53   
4–8 week 126.16

a
 92.98

b
 93.48

b
 77.28

b
   

8–12 week 140.29 140.81 142.51 123.58   
Overall 117.18

a
 105.42

ab
 107.10

ab
 94.47

b
   

Total Feed intake (g/hen)       
0–12 week 9843.3

a
 8855.19

ab
 8996.70

ab
 7935.15

b
   

Feed efficiency (g feed/g egg)       
0–4 week 16.15 17.43 21.24 15.39   
4–8 week 2.90 4.19 4.44 3.38   
8–12 week 2.60 2.64 2.96 3.53   
Overall 3.47 4.04 4.38 4.63   
Feed efficiency (g feed/dozen egg)       
0–4 week 4.63 5.00 6.21 4.66   
4–8 week 2.00 2.65 2.78 2.10   
8–12 week 1.89 1.94 2.19 2.49   
Overall 2.44 2.80 3.04 3.10   
 
Table 4. Effects of dietary caper fruit levels on egg productivity performance traits of laying hens during 20–32 weeks 

period 
Parameters DCF

1
 in diet (g/kg)  

0 5 10 15 SEM
2
 P value 

Age at point – of – lay (day) 160.75 159.25 160.00 160.50 0.625 0.869 
Egg production age (day)       
10% 159.50 157.00 159.50 159.50 0.789 0.708 
20% 160.50 160.50 161.00 162.00 0.926 0.962 
30% 162.00 164.00 163.00 163.00 1.086 0.964 
50% 166.50 170.50 166.50 164.50 1.102 0.306 
First egg weight (g) 46.70 46.74 44.05 43.12 0.82 0.302 
Egg weight (g)       
0–4 week 48.33 48.07 48.11 48.65 0.49 0.980 
4–8 week 57.77

a
 52.64

b
 52.16

b
 51.64

b
 0.79 0.005** 

8–12 week 60.52 61.22 61.77 59.75 0.51 0.581 
Overall 58.76 57.80 57.86 56.06 0.51 0.319 
Egg mass (g/hen/day)       
0–4 week 9.76 9.57 10.02 9.14 1.38 0.997 
4–8 week 45.15

a
 22.81

b
 22.47

b
 23.92

b
 3.01 0.003** 

8–12 week 54.03 53.41 48.61 42.25 2.59 0.372 
Overall 43.14 32.69 31.35 29.15 2.08 0.062 
Oviposition time       
Morning egg weight (g) 59.59 59.76 59.64 58.96 0.47 0.946 
Afternoon egg weight (g) 55.40 53.36 54.09 52.09 0.59 0.256 
Hen–house egg production (%)       
0–4 week 20.00 20.00 20.45 18.64 2.77 0.997 
4–8 week 78.04

a
 41.79

b
 43.04

b
 46.61

b
 4.97 0.010* 

8–12 week 85.36 82.86 78.57 69.82 4.13 0.608 
Overall 71.57 55.37 54.18 51.72 3.43 0.151 
Hen–day egg production (%)       
0–4 week 20.00 20.00 20.45 18.64 2.77 0.997 
4–8 week 78.04

a
 43.36

b
 43.04

b
 46.61

b
 4.91 0.011* 

8–12 week 89.32 87.23 78.57 69.82 4.11 0.341 
Overall 73.47 56.67 54.18 51.72 3.50 0.099 
Morning hen–day egg yield (%) 58.41

a
 38.83

b
 37.24

b
 31.27

b
 3.38 0.009* 

Afternoon hen–day egg yield (%) 15.06 17.84 16.94 20.45 1.47 0.674 
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Table 5. Effects of dietary dry caper fruit levels on the external and internal egg quality characteristics 

Parameters DCF
1 
in diet (g/kg) 

0 5 10 15 SEM
2
 P value 

Shape index (SI) 76.47
ab

 77.44
a
 75.77

b
 75.96

b
 0.22 0.037* 

Specific gravity (g/cm
3
) 1.09 1.09 1.09 1.09 0.00 0.815 

Breaking strength (kg/cm
2
) 2.21 2.04 2.42 2.06 0.09 0.430 

Egg shell thickness (μm) 347.80 349.80 352.90 341.10 3.45 0.696 

Egg surface area (cm
2
) 67.70 66.90 66.07 66.48 0.41 0.523 

Albumen pH 8.64 8.67 8.71 8.65 0.01 0.180 

Albumen index 12.31 12.96 13.00 13.77 0.22 0.127 

Yolk index 45.20 47.40 47.47 53.38 1.38 0.196 

Shell weight 6.10 5.96 5.88 5.85 0.08 0.699 

Haugh unit (score) 95.88 97.84 97.40 99.21 0.52 0.146 
1
Dry caper fruit; 

2
Mean of standard error; Means within a column followed by the different superscripts differ significantly. 

* P<0.05  

 

Table 6. The color values of eggs hells [Lightness (L*), redness (a*), yellowness (b*)]
1
 in dietary caper fruit levels 

(DCF) during 12 weeks the laying period  

Parameters DCF
2 
in diet (g/kg) 

0 5 10 15 SEM
3
 P value 

L* 65.02 65.37 63.97 64.61 0.26 0.275 

a* 13.89 13.11 14.13 13.52 0.17 0.160 

b* 24.99
a
 23.33

ab
 23.54

ab
 21.88

b
 0.34 0.015* 

Hue angle 60.93
a
 60.56

ab
 58.57

bc
 57.57

c
 0.41 0.009** 

Chroma 28.63
a
 26.81

ab
 27.56

ab
 25.88

b
 0.34 0.028* 

∆E* 71.16
a
 70.75

ab
 69.85

b
 69.75

b
 0.21 0.043* 

1
A higher L* value means lighter color; a higher a* value means a redder color; a higher b* value means a more yellow color. 

2 
Dry Caper Fruit; 

3
Mean of standard error; Means within a column followed by the different superscripts differ significantly. 

* P<0.05; ** P<0.01 

 

Egg weight and eggshell quality characteristics vary 

according to the oviposition time. These results are 

consistent with those of several previous studies indicated 

that eggs laid early in the morning were heavier than eggs 

laid during the later periods of the day (Ledvinka et al., 

2002; Tumová and Ebeid, 2005; Tumová et al., 2007).  

Egg weight was greater in the morning in comparison with 

eggs laid in afternoon. Similarly, it could be also indicative 

of the fact that morning HDP values were higher than that of 

afternoon HDP in all groups. Likewise, adding DCF to diet, 

significantly (P<0.01) reduced the morning hen–day egg 

yield in comparison to control. 

Egg shape index indicated a variation (P<0.05) in shape with 

all 10 and 15 g DCF/kg levels compared with the control. In 

the current study, specific gravity data correspond with the 

findings of Lim et al. (2003), who determined the medium 

specific gravity ranged from 1.085 to 1.095 in 21–wk–old 

ISA brown laying hens. There seemed to be little variation 

among the specific gravities of the eggs among groups. The 

reason for this lack of variation may be that the laying hens 

from which the eggs were obtained were of the same age, 

and that care and feeding were applied under the same 

environmental conditions. 

Albumen quality is an important indicator of egg freshness 

and also significant for the egg processing industry (Jin et 

al., 2011). Silversides and Villeneuve (1994) claimed that 

pH is a useful means for describing changes in albumen 

quality over time during storage. However, albumen pH is 

not affected by DCF groups and can be used to measure egg 

freshness. Overall albumen pH is ranged from 8.64 to 8.71 

which is also in agreement with previous data reported as 

8.72 for Atak laying hens by Sekeroğlu et al. (2010). It was 

higher than the values 8.29 to 8.39 for 30–wk–old Dekalb 

white laying hens reported by Olobatoke and Mulugeta 

(2011). 

Hens fed with diet supplemented with DCF had numerically 

highest values of HU score (P>0.05). Egg thickness, SW, AI 

and YI parameters were similar among all groups between 

20 to 32 weeks of age. Overall, the data from the current 

study supported the contention that laying hen diets can 

contain up to 15 g DFC/kg without affecting measures of 

hen productivity or specific measures of egg and eggshell 

quality. In fact, a possible explanation for the present results 

may be the lack of adequate research relevant to 

supplementation DCF in laying hens; therefore no 

comparisons could be made. There is a large volume of 

published studies describing the role of dried and fresh 

leaves, buds, flowers and roots of caper which possesses 
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substantial antioxidative and antimicrobial activity. 

Table 6 reports the egg shell color, L*, a*, b*, H, and C* of 

the egg shell in each group. Overall L* and a* parameters 

were similar (P>0.05) in DCF supplemented group, as 

compared with the control group. 

The measurements at three different points on the same egg 

were the averages of the overall measurements at three 

points were also very close to those of one point 

measurement. The results indicated a high uniformity of 

eggshell pigmentation. This finding is consistent with 

Odabasi et al. (2007) reported that a decrease in 

pigmentation was associated with a decrease in the amount 

of redness (a*) in the eggshell. Förster and Flock (1997) 

studied the eggshell color in commercial brown egg strains 

of 52 to 60 weeks. They found the range of average L*, a* 

and b* values among all strains was between 62.6 to 69.6, 

17.6 to 13.3, and 27.8 to 24.4, respectively. Li et al. (2006) 

determined the average L*, a* and b* values of brown 

eggshell from 31 weeks old hens ranged between 61.1 and 

66.9, 16.6 and 20.6, 23.9 and 26.9 for brown egg, 

respectively. In the present study, the same parameter values 

were 61.97~68.91; 11.20~15.20 and 19.45~27.78, 

respectively for Atak–S brown egg which was consistent to 

the previous results with minor age effect. It could be noted 

that the shell color is usually affected by genetic 

background, the season of lay, nutrition, diseases, all kinds 

of stimulus, and drug, and so on (Wei et al., 1992; Yang et 

al., 2009). 

In this study, an additional measure representing C*, 

however, indicated very similar trends for b* and C*, which 

implied little unique advantage of this attribute in 

characterizing eggshell color (Li et al., 2006). L* also is the 

most similar color index to total color, ∆E* (Ingram et al., 

2008) while significant effects of DCF did not observed on 

L* parameter. It was observed that there was decreased b* 

values in the DCF supplemented groups. It may be said that 

the color of the egg shell becomes less yellow as the level of 

DCF in diet.  

 

Conclusion: Results of this experiment showed that overall 

dietary supplementation of DCF to the laying hens’ diets had 

the potential to decrease body weight, feed intake and egg 

production without affecting egg quality. DCF with total 

phenolic compounds confirms its nutritional and medicinal 

value, however further studies are required to determine 

antinutritional factors of caper fruit and to use of caper fruit 

without seed and their seed products in the diets of laying 

hens.  
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