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Abstract 

The study was conducted at Grdarasha field in Salahaddin University –Erbil during the period 

from 23 November 2021 to 5 January 2022, to determine the effect of using different calcium 

sources in a broiler diet on growth performance, blood parameters, bone characteristics, and 

immunity organs. Three hundred (300) chicks have randomly distributed into three (3) 

treatments following a completely randomized design (CRD). Five replications for each 

treatment, each replicate contains 20 birds. The dietary treatments include T1: control (0% 

eggshell),   T2 and T3 increasing levels of eggshell powder as a replacement to limestone at 

50% and 100%, respectively. The results showed no significant (P> 0.05) differences in 

broiler live body weight, body weight gain (BWQ), feed intake, feed conversation ratio, and 

mortality % among different weeks of experiments and different treatments used. The results 

of blood parameters did not note any  significant variations  among different treatment groups 

(P > 0.05) in  TG, HDL, LDL and P, however, the significant differences (P < 0.01)was found 

in  the Cholesterol, VLDL, and Calcium . Bone ash mainly consists of calcium and 

phosphorous, and their level of them differ significantly (P < 0.01) among the different 

treatments. Also, the results of the effect of dietary treatments on the broilers' bone properties 

indicated that no significant differences in bone length (cm), diaphysis diameter (mm), Lateral 

wall thickness (mm), Medial wall thickness (mm), Medullary canal diameter (mm), 

Tibiotarsal index. However, the significance was found in bone weight and bone-breaking 

strength which is considered to affect bone fractures in poultry. Nevertheless, the results 

showed no significant differences in immunity organs, including spleen % and bursa %. 

Keywords: broiler, eggshell, production performance, blood parameters, bone, immunity 

organs. 
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Introduction 

Nevertheless, once the egg's 

contents have been extracted, the 

eggshells become waste that 

significantly contributes to 

environmental degradation. (33) estimate 

that the eggshell comprises about 11% of 

the egg's total mass. Due to limited 

dumping sites, high disposal costs, and 

environmental concerns, the massive 

quantity of eggshell waste contributes to 

the waste disposal problem in many 

nations (61). Consequently, transforming 

eggshells into valuable products will 

provide opportunities to address 

economic and environmental concerns. 

Eggshell is rich in calcium, other 

minerals, and particular proteins (4, 15 

and 20).  

The principal source of calcium 

in poultry diets is limestone, which is 

abundant and affordable (11). It has been 

observed that limestone in feed can 

supply more than fifty percent of the 

calcium in broiler diets (22). However, 

limestone has disadvantages such as 

poor solubility and, thus, poorer 

bioavailability due to the diet's more 

potent acid-binding properties (6). 

Limestone and oyster shells are essential 

sources of calcium in poultry feed, 

containing 380 mg Ca per kilogram (28). 

However, research indicates that the 

availability of calcium in broiler 

chickens varies considerably (6, 7 

and10). However, few studies have been 

conducted on the influence of eggshells 

on broiler chicken diets. Consequently, 

the objective of this study was to assess 

the performance, serum characteristics, 

bone qualities, and immunological 

organs of broiler chickens fed diets with 

increasing levels of eggshell powder as a 

calcium substitute for limestone.

Material and Methods 

The research was conducted at the 

Grdarasha field farm of the University of 

Salahaddin-Erbil/College Iraq's of 

Agricultural Engineering Sciences 

during the period from 23 November 

2021 to 5 January 2022. 300 one-day-

old, straight-run, commercial (Ross 308) 

broiler chicks obtained from a local 

hatchery were raised from day 1 to 42 

days old. The chicks were distributed 

randomly into three treatments arranged 

in a completely randomized design 

(CRD). Five replications for each 

treatment, each replicate contains 20 

birds. Chicks were reared under standard 

management practices (32)  

The research employed a two-phase 

feeding strategy (the starter and finisher 

began from 1 to 21 and 22 to 42 days of 

age, respectively). Diets formulated to 

meet the nutritional requirements of 

broiler chicks using the Feed LIVE 

software (Feed LIVE 1.52, Thailand). 

All of the experimental diets included 

the same amount of calories and 

nitrogen. The birds will be offered 

different diets comprising two calcium 

sources: eggshell, eggshell, and 

limestone.  

T1 is a diet of 100% Limestone (100 

LS). 

T2 is a diet of 50% Limestone and 50% 

Eggshell (50:50 LS-ES). 

T3 is a diet of 100% Eggshell (100 ES) 

(100 ES).  
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Erbil's Evan Hatchery provided the 

eggshell utilized in the diet. Before being 

ground with an electric miller, the 

eggshells were sun-dried for three days. 

Or the proximate analysis of eggshell 

powder, the (9) .In contrast, the sample 

preparation for calcium and phosphorus 

analysis was based on the (8) Official 

Methods of Analysis 

Vaccinated Programs: The vaccination program for broilers was used to protect the birds. 

Table -1: Ingredient’s composition and calculated nutrient analysis of 

experimental starter diets. 
       Dietary Treatments1  

  Item   

100 LS 

50:50 

LS-ES 

100 ES  

Corn  47.000 47.000 47.000 

Soybean oil    5.000 5.000 5.000 

Soybean meal 44 %            42.800 42.700 42.600 

L-Lysine  0.300 0.300 0.300 

DL-Methionine  0.300 0.300 0.300 

Monodicalciumphosphate21  1.850 1.850 1.850 

Calcium carbonate  2.000 1.000 -----  

Salt  0.300 0.300 0.300 

Vitamin Premix2  0.250 0.250 0.250 

Mineral Premix3  0.150 0.150 0.150 

Toxin Binder  0.100 0.100 0.100 

Choline Chloride  0.100 0.100 0.100 

Egg Shell                ----- 1.100 2.200 

Total   100.00 100.00 100.00 

Calculated Analysis  Unit    

ME. for Poultry Cal/Kg   2,997.480    2,995.230    2,992.980 

Protein %        23.050 23.062 23.073 

Fat % 7.070 7.070 7.070 

Fiber % 4.171 4.164 4.157 

Calcium % 1.199 1.183 1.167 

Total Phosphorus % 0.784 0.784 0.784 

Avail. P for Poultry % 0.447 0.448 0.448 

Salt %    0.318 0.318 0.318 

Arginine % 1.600 1.597 1.594 

Lysine % 1.505 1.502 1.499 

Methionine + Cystine % 0.981 0.980 0.978 

Methionine 

  Threonine 

  Tryptophan 

% 

% 

% 

 0.637 

 0.886 

 0.303 

0.636 

0.884 

0.302 

0.636 

0.882 

0.301 

1LS, 100% limestone (Control diet); LS-ES, 50% limestone + 50% eggshell; ES, 100% eggshell.  

2Vitamin premix provided the following per 1gm. diet: Vitamin A (retinal acetate) 2000 I.U.; Vitamin D3 500 I.U.; Vitamin E (DL-

tocopherol acetate) 400 mcg; Vitamin B1 200 mcg; Vitamin B2 400 mcg; Nicotinamide 1000 mcg; Folic acid 50 mcg; Ca-D-Pantothenate 

500 mcg.    

3Mineral premix provided the following per 1gm. diet: Nux Vomica 20 mg; Iron 40 mg; Gentiana 150 mg; Sod. Carbonate 400 mg; 

manganese 20 mcg; Zinc 25 mcg; Cobalt 20 mcg; Copper 100 mcg.  
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  Table-2: Ingredient composition and calculated nutrient analysis of 

finisher experimental diets. 
 
       Dietary Treatments1  

  Item 
 

 

100 LS 
50:50 

LS-ES 
100 ES  

Corn  52.450 52.450 52.450 

Soybean oil    5.500 5.500 5.500 

Soybean meal 44 %           37.150 37.000 36.900 

L-Lysine  0.300 0.300 0.300 

DL-Methionine  0.300 0.300 0.300 

Monodicalciumphosphate21  1.900 1.900 1.900 

Calcium carbonate  1.600 0.800 -----  

Salt  0.300 0.300 0.300 

Vitamin Premix2  0.100 0.100 0.100 

Mineral Premix3  0.150 0.150 0.150 

Toxin Binder  0.150 0.150 0.150 

Choline Chloride  0.100 0.100 0.100 

Egg Shell                ----- 0.950 1.850 

Total   100.00 100.00 100.00 

Calculated Analysis  Unit    

ME. for Poultry Cal/Kg   3,096.112    3,092.738   3,090.487 

Protein %        21.000 20.982 20.984 

Fat % 7.705 7.704 7.704 

Fiber % 3.912 3.901 3.894 

Calcium % 1.039 1.049 1.043 

Total Phosphorus % 0.772 0.784 0.771 

Avail. P for Poultry % 0.450 0.448 0.451 

Salt %    0.318 0.318 0.318 

Arginine % 1.436 1.597 1.428 

Lysine % 1.365 1.502 1.359 

Methionine + Cystine % 0.928 0.980 0.925 

Methionine 

Threonine 

Tryptophan 

% 

% 

% 

 0.613 

 0.804 

 0.271 

0.636 

0.884 

0.302 

0.611 

0.799 

0.269 

1LS, 100% limestone (Control diet); LS-ES, 50% limestone + 50% eggshell; ES, 100% eggshell.  

2Vitamin premix provided the following per 1gm. diet: Vitamin A (retinyl acetate) 2000 I.U.; Vitamin D3 500 I.U.; Vitamin E (DL-

tocopheryl acetate) 400 mcg; Vitamin B1 200 mcg; Vitamin B2 400 mcg; Nicotinamide 1000 mcg; Folic acid 50 
mcg; Ca-D-Pantothenate 500 mcg.    

3Mineral premix provided the following per 1gm. diet: Nux Vomica 20 mg; Iron 40 mg; Gentiana 150 mg; Sod. Carbonate 400 mg; 
manganese 20 mcg; Zinc 25 mcg; Cobalt 20 mcg; Copper 100 mcg.  

                          

Growth performance Weekly measurements included feed 

intake (FI), feed conversion ratio (FCR), 

body weight (BW), and body weight 
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gain (BWG) (BWG). Each day, 

mortality was monitored and recorded; 

all deceased birds were weighed, and the 

weight was used to adjust both FI and 

FCR. To calculate adjusted FCR, the 

total feed intake per replicate was 

divided by the weight gain of surviving 

birds and the weight of birds that died or 

were removed from the pen. (29). 

Sample collection for blood sampling  

On day 42 of the feeding test, birds 

fasted for 12 hours. Two birds per 

replicate (10 chicks per treatment) whose 

BW was closest to the replicate's mean 

BW were chosen, weighed, and 

slaughtered following Iraqi animal 

welfare laws. 

 Blood samples (3 mL) were collected 

following slaughter and centrifuged at 

3000 rpm for 10 minutes to separate 

serum. Serum samples were analyzed 

using commercial kits to determine 

blood levels of aspartate cholesterol, 

triglyceride, low-density lipoprotein 

(LDL), high-density lipoprotein (HDL), 

calcium (Ca), and phosphorous (P) 

(LDL-C) was determined by Abdulla et 

al. (2)'s Fried Ewald Equation: VLDL 

cholesterol is equal to triglycerides/5. 

Bone characteristics:  

After the carcass was evaluated, the left 

tibia was separated. The flesh and 

cartilage were removed to ensure that 

only tibia bones were utilized for further 

analysis. Before evaluation, thirty tibia 

bones were gathered and frozen. The 

drumsticks were then thawed, labelled, 

and submerged for 10 minutes in 100°C 

boiling water. After the drumsticks had 

cooled to room temperature, they were 

deflated by hand, and the bone cap and 

patella were removed. They were then 

air-dried at room temperature for 24 

hours. Using an electronic digital 

measuring device, the length of the 

tibiotarsal bones was determined, and 

the bones were weighed using a 

precision balance. Before breaking each 

bone, the midpoint was marked, and the 

external diameters were measured. 

 

 The tibia bone-breaking strength was 

determined using a universal testing 

machine (INSTRON® 4411 Universal 

Testing Machine, Buckinghamshire, 

UK) at a mechanical engineering 

college. Using 500 Newton load cells 

and a test speed of 10 mm/min, the 

maximum force (N) required to cause 

the initial fracture was determined. In 

order to account for differences in bone 

size, the maximum load (N) was 

converted into the maximum stress 

(MPa) required to fracture the bones. At 

the midpoint, the thickness of the medial 

and lateral walls was measured using a 

dial caliper. To determine the diameter 

of the medullary canal, the thicknesses 

of the medial and lateral walls were 

subtracted from the diameter of the 

diaphysis. The tibiotarsal index was 

computed with the following formula: 

Tibiotarsal index = [(diaphysis diameter 

− medullary canal diameter)/ (diaphysis 

diameter)] × 100 (1) 

Bone samples were oven-dried for two 

weeks and then soaked overnight in 

petroleum ether to determine tibia ash 

content. The samples were then placed back 

in the oven overnight. The samples were 

crushed with a mortar and pestle. Following 

(9) Official Methods of Analysis, the ash 

content of the ground tibia bones was 
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determined. The bone ash samples were 

prepared for calcium analysis following the 

Official Analysis Methods of the AOAC (8). 

The calcium content was determined using a 

graphite furnace-atomic absorption 

spectrophotometer (Shimadzu® AA-7000). 

Immune Organ Indexes  

Immune organ indexes were 

calculated according to the change in the 

immune organ weight. The spleen and 

bursa indexes were calculated. (6). 

Statistical Analysis  

Data were submitted to analysis of 

variance (ANOVA) according to a 

completely randomized design using the 

PROC Mixed procedure of SAS 

(Version 9.4, SAS Institute Inc.). 

Pairwise differences between means 

were determined using Duncan s 

multiple-range test. The main effects of 

the three treatments, with five 

replications on growth performance, 

bone quality, and blood parameters, were 

tested. The overall level of statistical 

significance was set at p<0.05 for 

performance traits, blood profile, and 

bone quality. 

A linear model was used to analyze the 

data: 

Yij =μ + Ti+ eij   

Where:  

Yij = the observed data of the ijth traits, 

μ = the overall mean, 

Ti= the effect of the ith treatments  

eij = the effect of random error 

Results and Discussion 

The effect of experimental diets on the 

production performance of broiler 

chickens is presented in Table 3. There 

were no significant differences (P > 

0.05) on all parameters, such as body 

weight (BW), body weight gain (BWG), 

and feed intake (FI) expected feed 

conversation ratio based on mean 

comparisons during the starter stage 

(days 1 to 21). A decreasing linear trend 

was also observed for body weight, 

weight gain, and feed intake as the level 

of eggshell substitution increased. 

Control treatment T1 recorded the 

highest value in the above traits. 

Otherwise, the minimum value was 

recorded by T3, and T2 was 

intermediate. 

Nevertheless, significant differences (P > 

0.05) were noted in FCR among 

treatments. The best value was recorded 

in the second treatment (50LS:50 ES). 

Researchers conducted several studies. 

One of them, (25) revealed the effect of 

experimental diets of eggshells on the 

production performance of broiler 

chickens in the starter stage (days 11 to 

24). No significant differences were 

observed on all parameters based on 

pairwise mean comparisons.  

 No significant differences (P > 0.05) 

were noted for the finisher stage (days 

22 to 42) on all production traits, 

including BW, BWG, FI, and FCR. The 

BW and FI linearly decreased with 

increasing dietary eggshell. Meanwhile, 

the control treatment recorded a high 

value in BWG and FCR. These results 

agreed with Adeyemo (3), who revealed 

no significant differences (P > 0.05) in 
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the production performance of broiler 

chickens at the finisher phase despite 

using increasing levels of fossil shell 

powder. Likewise, broiler chickens 

given finisher diets with increasing 

levels of gypsum did not differ in 

production performance (30). Group 

comparisons also showed that the broiler 

chickens under the eggshell treatments 

had lower (P=0.01) ADG and poorer 

(P=0.01) feed efficiency than the control 

group. The larger particle size of the 

eggshell powder used in the finisher 

diets could have been why the eggshell-

containing group had lower ADG and 

poorer Feed: Gain. Similarly, increasing 

eggshell levels as a replacement to 

limestone also did not affect the 

production performance of layer 

chickens and roosters (17 and 18). There 

were also no significant differences in 

the production performance of quails 

when increasing levels of cuttlefish 

bones, mussel shells, and quail eggshells 

were utilized (12 and 13). 

On the other hand, (25) indicated that 

significant differences (P < 0.05) were 

noted in ADG and Feed Gain at the 

finisher stage (day 25 to 35), while no 

significant differences or trends were 

observed for the BW35 and ADFI. Birds 

from 25:75 LS-ES treatment had 

significantly lower (P=0.02) ADG and 

higher (P=0.002) feed: Gain value than 

the birds fed with 100 LS. In addition, 

when the level of eggshell substitution 

increases, a decreasing linear trend in 

ADG (P=0.01) and an increasing linear 

trend in Feed: Gain (P=0.004) were 

observed.  

Overall, from the starter to the finisher 

stage (days 1-42), no significant 

differences (P > 0.05) or trends were 

observed in all parameters. Similarly, 

increasing eggshell levels as a 

replacement for limestone also did not 

affect the production performance of 

broiler chicks (25). There were also no 

significant differences in the production 

performance of quails when increasing 

levels of cuttlefish bones, mussel shells, 

and quail eggshells were utilized (12, 13 

and 26) 

The effects of dietary eggshell on 

triglycine total cholesterol, HDL, LDL, 

Ca, and P of broiler chicks at 42 days are 

presented in Table (4). The significant 

differences ( P< 0.05) among treatments   

in triglyceride (TG) which T1 recorded 

the highest value while the lowest was in 

the T2 treatment group ,however no 

significant differences ( P > 0.05)  was 

found in  cholesterol levels,. 

Furthermore, the broiler chicks in T3 

showed no significant differences (P > 

0.05) as compared with T1 and T2. 

Inspite of decreased TG and total 

cholesterol. On the other hand, none 

were significant among treatments in 

HDL and LDL. (24) conducted a study 

to compare the effects of feeding 

limestone, cockle shell, oyster shell, fine 

ES, and coarse ES as the sole Ca source 

on blood biochemical constituents in 

ISA-Brown laying hens. The results 

showed that no significant changes in the 

blood biochemical constituents among 

the dietary treatments (P>0.05) in LDH 

lactate dehydrogenase, TG triglycerides, 

TC total cholesterol, LDL low-density 

lipoprotein and VLDL very low-density 

lipoprotein, except for high-density 

lipoprotein (HDL) (%). The HDL 

proportion decreased in response to 

dietary ESC and OS supplementation 
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compared to LS, ESF, and CS treatments 

(P<0.01). 

Although T2 recorded the high values in 

Ca (p=0.0032) compared to T3, which 

recorded the low values and control 

treatment are intermediate, on the other 

hand there were no significant 

differences (p = 0.1121) among 

treatments in P Similarity. (19) found the 

same results in 2011 when he conducted 

a study with Rhode Island Red females 

to determine the effects of replacing 

limestone in the diet with the ground, 

sterilized eggshell. For Plasma Ca, he 

used three treatments include. Group 1 

(control) was provided with a layer 

ration that contained fine limestone. In 

contrast, groups 2 and 3 were placed on 

diets in which 50 and 100% of the 

limestone were substituted with ground 

eggshell. Results also showed no effect 

of treatment for total plasma P among 

the bird groups. However, the 

significance was found in Ca. Although 

(14) conducted a study by using seven 

dietary calcium (Ca) at different 

concentrations and two calcium sources 

(oyster shell and limestone) on broiler 

chicken from 1 to 21 days of age. 

Results indicated no significant 

differences (P > 0.05) in serum Ca 

concentrations at 21 days of age. 

 The effect of dietary treatments on the 

broilers' Bone properties is presented in 

table (5). The results showed no 

significant differences (P > 0.05) in bone 

length (cm), diaphysis diameter (mm), 

Lateral wall thickness (mm), Medial 

wall thickness (mm), Medullary canal 

diameter (mm), and Tibiotarsal index. 

However, the significance was found in 

bone weight and bone-breaking strength 

which is considered to affect bone 

fractures in poultry. Based on the results, 

bone weight (gm) and bone-breaking 

strength were higher in T3 birds fed 100 

ES (P=0.03) than in T1 and T2 

treatments. The tibia bones of the 

limestone-containing groups also tend 

(P=0.06) to break easily compared to the 

other group. With the substitution of 

limestones in the diet. (5) showed that 

the tibial breaking strength tended to 

increase with an increase in dietary Ca 

levels. This result is consistent with (21), 

who reported that the hens fed a diet 

with 4.4% Ca had similar bone density 

and strength compared to those with a 

diet with 3.7% Ca. 

Contrary to these results, a study has 

shown that increasing dietary Ca level 

linearly increased bone strength (31). 

Also, (23) also suggested that an 

increasing which decrease in bone 

strength increases the occurrence of 

fractures in the bone. Although (26), 

87.49% of the fine limestone particle 

size is less than 0.30 mm. In contrast, the 

eggshell used in the present study has 

78-97% of its particle size measuring 

greater than 0.38 mm. The larger 

particles of eggshell compared to 

limestone could be why the broiler 

chickens fed with higher levels of 

eggshell had lower bone-breaking 

strength. Although bone ash mainly 

consists of calcium and phosphorous and 

their level of them differ significantly (P 

< 0.01) among the different treatments. 

The higher calcium % observed in that 

fed diet T1 (0 % eggshell) followed by 

T3 that fed a diet of (replaced 100 % 

limestone) and the lower calcium 

observed in T2 (replaced 50 % 
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limestone). While the higher phosphorus 

% was observed in T1 fed diet (0 % 

eggshell) followed by T3 that fed a diet 

of (replaced 100 % limestone) and the 

lower calcium observed in T2 that, fed a 

diet (replaced 50 % limestone). This 

result agreed with the results of (1), who 

reported that the primary minerals 

constituent of the bone is calcium and 

phosphorus, which are responsible for 

the healthy one of the broilers. That 

content indicates bone strength and 

calcification (35). Therefore, some 

researchers suggested that diets should 

contain more Ca and nPP than the 

current recommendations of (28) to 

maintain skeletal integrity, especially 

during the finisher period for modern 

strains (34). 

Nevertheless, the results showed no 

significant differences in immunity 

organs, including the spleen and bursa 

presented in table (6).  

Table -3: Effects of different calcium sources on broiler growth 

performance at 42 days. 

 

Parameters 

Treatments1  

SEM 

 

P-value T1 T2 T3 

Body weight (g) 

Initial 

Week 3 

Week 6 

 

35.80 

565.50 

2232.68                     

 

35.90 

564.50 

2162.07 

 

36.00 

546.90 

2201.77 

 

0.18 

6.36 

25.93 

 

0.9184 

0.4372 

0.5727 

      

Body weight gain (g) 

Week 1-3 

Week 4-6 

Overall 

 

529.70 

1667.18 

2196.88 

 

528.60 

1597.57 

2126.17 

 

510.90 

1654.87 

2165.77 

 

6.38 

24.77 

25.85 

 

0.4335 

0.5067 

0.5697 

      

Feed intake (g/bird) 

Week 1-3 

Week 4-6 

Overall 

 

698.70 

2805.92 

3504.62 

 

691.00 

2777.21 

3468.21 

 

673.50 

2777.17 

3450.67 

 

9.73 

27.30 

33.51 

 

0.5909 

0.8991 

0.8221 

      

FCR (feed/gain) 

Week3 

Week6 

Overall 

 

1.320 

1.684 

1.596 

 

1.306 

1.746 

1.636 

 

1.318 

1.680 

1.594 

 

0.004 

0.026 

0.018 

 

0.3025 

0.5350 

0.6100   

      
 1T1: 100% Limestone (Control diet); T2:  50% Limestone + 50% Eggshell; T3: % 100 Eggshell.   

          Table- 4: Effects of different calcium sources on broiler blood parameters at 

42 days. 

 

Blood Parameters1 

Treatments2  

SEM 

 

P-value T1 T2 T3 
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TG1 (mg/dl) 187.17a 161.63b 170.42ab 4.27 0.0306 

CHOL (mg/dl) 214.62      210.77      198.46    3.39      0.1223 

HDL (mg/dl) 116.31      116.39      114.11      0.98      0.5935 

LDL (mg/dl) 60.87 62.05 50.27 3.47 0.3359 

VLDL (mg/dl) 37.43a 32.33b 34.08ab 0.85 0.0307 

Ca (mg/dl) 13.32a 13.83a 8.78b 0.77 0.0032 

P (mg/dl) 4.36             4.84      4.54     0.10      0.1121 

a-b Values in the same row with different letters are significantly different (p< 0.05).   1TG, triglyceride; CHOL, total cholesterol; HDL, 

high-density lipoprotein; LDL, low density lipoprotein; VLDL, very low density.  lipoprotein; mg/dl, milligram/decilitre.   2T1: 100% 

Limestone (Control diet); T2:  50% Limestone + 50% Eggshell; T3: % 100 Eggshell.   

 

Table -5: Effects of different calcium sources on broiler Bone 

characteristics at 42 days. 

 

Parameters 

Treatments1  

SEM 

 

P-value T1 T2 T3 

      

Length (cm) 

Weight (g) 

Diaphysis diameter (mm) 

Medullary canal diameter (mm) 

Lateral wall thickness (mm) 

Medial wall thickness (mm) 

Tibiotarsal index 

Bone-breaking strength, N 

Ash (%)                                                             

Ca (%) 

P (%) 

9.815 

7.89b 

7.82 

5.02 

1.53 

1.26 

35.75 

390b 

41.34 

26.51a 

12.92a 

9.819 

8.25b 

7.89 

5.03 

1.56 

1.30 

36.27 

409ab 

41.00 

21.18c 

9.04c 

10.01 

9.10a 

7.69 

4.91 

1.53 

1.25 

36.17 

450a 

40.48 

23.69b 

10.83b 

0.06 

0.17 

0.10 

0.08 

0.024 

0.023 

0.43 

10.08 

0.25 

0.61 

0.44 

0.3024 

0.0082 

0.7544 

0.8113 

0.8673 

0.6610 

0.8829 

0.0396 

0.4180 

0.0001 

0.0001 

 

                       a-b Values in the same row with different letters are significantly different (p< 0.05). 1T1: 100% Limestone (Control diet);  

                       T2:  50%         Limestone + 50% Eggshell; T3: % 100 Eggshell.   

 

 Table- 6: Effects of different calcium sources on broiler immunity organ at 

42 days. 

 1T1: 100% Limestone (Control diet); T2:  50% Limestone + 50% Eggshell; T3: % 100 Eggshell.   

Means within a column, row and their interactions followed with the same letters are not significantly different from each other according to 

Duncan multiple ranges test at significant level of 5%. 

immunity organ Treatments1      SEM    P-value 

 T1 T2 T3   

Spleen % 0.14 0.12 0.15 0.01 0.5531 

Bursa % 0.22 0.18 0.20 0.01 0.3164 

http://creativecommons.org/licenses/by/4.0/
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Conclusion 

The present study demonstrated that the 

use of eggshell as a source of Ca could 

be used instead of limestone without any 

negative effects on broiler performance, 

moreover it improves bone quality, 

broiler carcass and healthy bones 
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