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EFFECT OF INCREASING LEVELS OF EGGSHELL POWDER ON THE
PRODUCTION PERFORMANCE, CARCASS CHARACTERISTICS,
AND BONE PROPERTIES OF BROILER CHICKEN

Kevin Roland A. Maranan', Cristy M. Bueno!, Christine B. Adiova!
and Mariam C. Recuenco?

ABSTRACT

The study was conducted to determine the effect of increasing levels of eggshell
on the production performance, carcass characteristics, and bone properties of
broiler chickens. Two hundred fifty-six (256) chicks were randomly distributed
into four (4) treatments following a completely randomized design. Each treat-
ment was replicated eight (8) times with eight (8) birds per replicate. The di-
etary treatments include control (0% eggshell) and increasing levels of eggshell
powder as a replacement to limestone at 50%, 75%, and 100%, respective-
ly. Commercial booster feeds were fed to the birds from day 0-10 while the
experimental diets were given from day 11-35. At the starter stage (day 11-
24), birds fed eggshell-containing diets had higher ADG (P=0.04) compared to
the control group. An increasing trend was observed on BW24 (P=0.05), ADG
(P=0.01), and ADFI (P=0.04) as the level of eggshells was increased from 0 to
100%. However, birds fed 75% eggshell had lower ADG (P=0.02) and poorer
Feed:Gain (P=0.02) than the control group during the finisher stage (day 25-35).
For the overall performance (day 11-35), no differences were observed among
treatments on body weights, ADG, ADFI, Feed:Gain, and mortality. Birds fed
diets containing eggshells had a lower dressing percentage (P=0.03) compared
with the control group. For the bone properties, birds fed 100% eggshell had
lower bone breaking strength (P=0.03) compared with the birds fed 0% and
50% eggshell. Although birds fed diets with eggshells had higher tibia ash con-
tent (P=0.04), a quadratic trend (P=0.04) on bone calcium has been observed
as the level of eggshell in the diet increases. Replacing limestone with eggshell
powder resulted in similar overall production performance of broilers but low-
er dressing percentage and bone breaking strength. Further studies must be
conducted to establish the optimum level of eggshell powder in broiler diets.
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INTRODUCTION

Eggshell has significant functions in maintaining the quality of the egg as well as
the survival of the embryo. However, after utilizing the egg contents, eggshells no lon-
ger have value and become wastes that significantly contribute to environmental pollution.
According to Swamiappan and Vijayaraghavan (2006), about 11% of the egg’s weight
comes from the eggshell. In 2018 alone, approximately 63,800 metric tons of eggshell waste
were generated in the country which is based on the 580,000 metric tons of egg production
reported by the PSA (2019a, 2019b). The huge volume of eggshell waste contributes to the
waste disposal problem in various countries due to limited dumping sites, high cost of dis-
posal, and some environmental issues (Glatz and Miao, 2009). Thus, recycling the eggshell
into valued products will provide avenues in addressing economic and environmental issues
and concerns on its disposal.

Eggshell is composed of high levels of calcium and other minerals (Ali and Badawy,
2017) as well as some proteins (Gautron ef al., 2001; Hincke et al., 1995) making it possible
to utilize it in numerous applications. This includes electro-ceramics, cement replacement,
anti-corrosive component of paint, bio-filler for intumescent coating, catalyst for biodiesel
production, fertilizer, calcium supplement for human nutrition, bone graft substitute, and
material base for enamel mineralization and protection, among others. In the field of ani-
mal nutrition, several studies show the potential of eggshells as a calcium source for cock,
cockerels, and layer diets. The effects of using eggshells were observed on the production
performance, bone and blood properties, semen characteristics, and egg quality of the chick-
ens (Gongruttananun, 2011a; Lertchunhakiat ez al., 2016). However, limited studies were
reported on broiler chickens. Thus, the objective of this study was to determine the produc-
tion performance, carcass characteristics, and bone properties of broiler chicken fed diets
with increasing levels of eggshell powder as a substitute calcium source for limestone.

MATERIALS AND METHODS

The protocol used for the raising and handling of experimental animals was ap-
proved by the Institutional Animal Care and Use Committee (IACUC) of the University of
the Philippines Los Banos (UPLB), College, Laguna.

A total of 256 broiler chicks were distributed randomly into four (4) treatments
arranged in a completely randomized design. Eight (8) replicate cages were prepared per
treatment containing eight (8) birds each. The birds were given ad libitum access to feed
and water through the feeders and drinkers that were provided in each cage. For two weeks,
a source of heat was placed in the cages and electrolytes were added to the drinking water.
Newcastle Disease vaccine B1 Type, B1 Strain was administered on day 7 while La Sota
Strain was administered on day 21. The experiment concluded after 35 days.

A three-phase feeding strategy was employed in the study. The chicks were first fed
with a commercial chick booster diet for 10 days without treatment. This was followed by
starter and finisher diets that were given from day 11 to 24 and day 25 to 35, respectively.
For the starter and finisher phase, four experimental diets with different levels of eggshell
powder that are isocaloric and isonitrogenous were formulated to meet the nutritional re-
quirements of birds. The experimental diets include: 1) 100% Limestone, control (100 LS);
2) 50% Limestone-50% Eggshell (50:50 LS-ES); 3) 25% Limestone-75% Eggshell (25:75
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Table 1.Ingredient composition and calculated nutrient analysis of starter experimental

diets.
Dietary Treatments
Item 50:50 25:75

100 LS LS-ES LS-ES 100 ES
Yellow corn 58.78 58.78 58.78 58.78
Soybean meal 33.52 33.52 33.52 33.52
Coconut oil 4.30 4.30 4.30 4.30
MDCP 1.59 1.59 1.59 1.59
Limestone 0.90 0.45 0.23 0.00
Egg Shell 0.00 0.45 0.68 0.90
L-Lysine HC1 0.04 0.04 0.04 0.04
DL- Methionine 0.20 0.20 0.20 0.20
L-Threonine 0.02 0.02 0.02 0.02
Refined lodized Salt 0.25 0.25 0.25 0.25
Choline chloride 50% 0.15 0.15 0.15 0.15
Mineral Premix! 0.15 0.15 0.15 0.15
Vitamin Premix? 0.10 0.10 0.10 0.10
Antioxidant 0.01 0.01 0.01 0.01
Total 100.00 100.00 100.00 100.00
Calculated Analysis
ME, kcal/kg 3156 3156 3156 3156
Crude Protein, % 20.65 20.68 20.70 20.71
Calcium, % 0.84 0.83 0.82 0.81
Available P, % 0.45 0.45 0.45 0.45
Ash, % 2.98 2.98 2.98 2.98
Dig. Lysine, % 1.06 1.06 1.06 1.06
Dig. Met + Cys, % 0.82 0.82 0.82 0.82
Dig. Methionine, % 0.51 0.51 0.51 0.51
Dig. Threonine, % 0.72 0.72 0.72 0.72
Dig. Tryptophan, % 0.23 0.23 0.23 0.23
Crude Fiber, % 2.47 2.47 2.47 2.47
Crude Fat, % 7.10 7.10 7.10 7.10

TThe mineral premix contains 10,000 mg of Copper, 80,000 mg of Ferrous, 70,000 mg of Manganese, 80,000 mg
of Zinc, 200 mg of Cobalt, 800 mg of Iodine, 200 mg of Selenium and 20 g anti-caking carrier.

The vitamin premix contains 11,000,000 IU of vit. A, 5,00,000 IU of vit. D3, 75,000 mg of vit. E, 3,000 mg of
vit K3, 3,000 mg of vit. B1, 8,000 mg of vit. B2, 4,000 mg of vit. B6, 16 mg of vit. B12, 2,000 mg of Folic Acid,

60,000 mg of Niacin, 15,000 mg of Pantothenic Acid, and 150 mg of d-Biotin.
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Table 2. Ingredient composition and calculated nutrient analysis of finisher experimental

diets.
Dietary Treatments
Item 50:50 25:75

100 LS LS-ES LS-ES 100 ES
Yellow corn 61.90 61.90 61.90 61.90
Soybean meal 30.80 30.80 30.80 30.80
Coconut oil 4.32 4.32 4.32 4.32
MDCP 1.27 1.27 1.27 1.27
Limestone 0.85 0.43 0.21 0.00
Egg Shell 0.00 0.43 0.64 0.85
L-Lysine HC1 0.02 0.02 0.02 0.02
DL- Methionine 0.16 0.16 0.16 0.16
L-Threonine 0.01 0.01 0.01 0.01
Refined lodized Salt 0.25 0.25 0.25 0.25
Choline chloride 50% 0.15 0.15 0.15 0.15
Mineral Premix! 0.15 0.15 0.15 0.15
Vitamin Premix? 0.10 0.10 0.10 0.10
Antioxidant 0.01 0.01 0.01 0.01
Total 100.00 100.00 100.00 100.00
Calculated Analysis
ME, kcal/kg 3192 3192 3192 3192
Crude Protein, % 19.58 19.61 19.63 19.64
Calcium, % 0.76 0.75 0.74 0.73
Available P, % 0.38 0.38 0.38 0.38
Ash, % 2.85 2.85 2.85 2.85
Dig. Lysine, % 0.98 0.98 0.98 0.98
Dig. Met + Cys, % 0.76 0.76 0.76 0.76
Dig. Methionine, % 0.46 0.46 0.46 0.46
Dig. Threonine, % 0.68 0.68 0.68 0.68
Dig. Tryptophan, % 0.22 0.22 0.22 0.22
Crude Fiber, % 2.47 2.47 2.47 2.47
Crude Fat, % 7.21 7.21 7.21 7.21

"The mineral premix contains 10,000 mg of Copper, 80,000 mg of Ferrous, 70,000 mg of Manganese, 80,000 mg
of Zinc, 200 mg of Cobalt, 800 mg of Iodine, 200 mg of Selenium and 20 g anti-caking carrier.

The vitamin premix contains 11,000,000 IU of vit. A, 5,00,000 IU of vit. D3, 75,000 mg of vit. E, 3,000 mg of
vit K3, 3,000 mg of vit. B1, 8,000 mg of vit. B2, 4,000 mg of vit. B6, 16 mg of vit. B12, 2,000 mg of Folic Acid,

60,000 mg of Niacin, 15,000 mg of Pantothenic Acid, and 150 mg of d-Biotin.
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LS-ES); and 4) 100% Eggshell (100 ES). Table 1 and Table 2 present the composition of
the diets.

The eggshell used for the diet preparation was collected from a bakeshop in Los
Banos, Laguna. The eggshells were sun-dried for three days and pulverized using a ham-
mermill. Powdered eggshell samples were allowed to pass through a set of sieves to deter-
mine the particle size. For the proximate analysis of eggshell powder, the AOAC (1993)
Official Methods of Analysis was followed while the sample preparation for calcium and
phosphorus analysis was based on the AOAC (1984) Official Methods of Analysis.

The birds and feeds were weighed at the beginning and end of the starter and finish-
er phase to determine bodyweights, ADG, ADFI, and Feed:Gain. The number of mortalities
was recorded and data were adjusted for mortalities. For the diet economics, the feed cost
per broiler, the value of gain per broiler, feed cost per kg of gain, and margin over feed cost
were calculated for each treatment.

At the end of the feeding trial, two birds per replicate were randomly selected for
carcass evaluation. The birds were fasted for 12 hours prior to slaughter and the liveweight
was determined using a platform scale. The birds were dressed in the Animal Product Sci-
ence and Technology Division, IAS, CAFS, UPLB. The weights of the carcass, giblets, and
cut-ups were determined using a digital weighing scale. The cut-up parts include the breast,
leg quarters, wings, and back. Based on the weights obtained, the dressing, giblets and cut-
ups percentages were calculated.

After the carcass evaluation, the left tibia was separated. The flesh was removed
together with the cartilage to ensure that only tibia bones would be used for further analysis.
A total of 64 tibia bones were collected and placed in a freezer before evaluation. The tibia
bone breaking strength was determined using a universal testing machine (INSTRON®
4411 Universal Testing Machine, Buckinghamshire, UK) at the Agricultural, Food and
Bio-Process Engineering Division (AFBED), Institute of Agricultural and Biosystems En-
gineering, College of Engineering and Agro-Industrial Technology, UPLB. The maximum
load (N) necessary to incur first breaking was measured with 500 Newton load cell at a test
speed of 10 mm/minute. To take into account the difference in the sizes of bones, the maxi-
mum load (N) recorded was converted into maximum stress (MPa) which is the amount of
stress necessary to break the bones.

For the determination of tibia ash content, six tibia bones per treatment were ran-
domly selected. The bone samples were oven-dried for two weeks then soaked overnight
in petroleum ether. After which, the samples were again placed in the oven overnight. The
dried samples were ground using mortar and pestle. The ash content of the ground tibia
bones was determined following the AOAC (1993) Official Methods of Analysis. The bone
ash samples were then prepared for calcium analysis based on the AOAC (1984) Official
Methods of Analysis. The calcium content was determined using a graphite furnace-atomic
absorption spectrophotometer (Shimadzu® AA-7000).

The collected data were analyzed using the GLM procedure of SAS University
Edition with the cage as the experimental unit. The least-square means were calculated
for each independent variable. Tukey’s Honest Significant Difference Test was used for
pairwise mean comparison, except for bone breaking strength that used Duncan’s Multiple
Range Test. Orthogonal polynomial contrasts were performed to check the difference be-
tween the control group and the eggshell-containing treatments and to determine linear and
quadratic effects of eggshell level in the diet. The Pearson correlation procedure was used to
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determine the correlation between the bone characteristics parameters. The a-level of <0.05
was used to determine significant differences between means while the a-level of <0.10 was
used for tendencies.

RESULTS AND DISCUSSION

The particle size distribution of the powdered eggshell after sieving is shown in Ta-
ble 3 while the chemical composition of the eggshell used in the experiment is presented in
Table 4. The effect of experimental diets on the production performance of broiler chickens
is presented in Table 5. In the starter stage (day 11 to 24), no significant differences were
observed on all parameters based on pairwise mean comparisons. Adeyemo (2013) studied
the effect of using increasing levels of fossil shell powder on broiler chicken performance.
Similarly, no significant differences were found in the feed intake and feed:gain ratio of
broiler chickens at the starter phase. However, providing a high percentage of fossil shell
powder at 1.8% led to lower weight gain compared to a low percentage at 0.9%.

For the group comparison, it was revealed that the broiler chickens fed eggshell
containing treatments had higher (P=0.04) ADG and tended (P=0.09) to have heavier BW24

Table 3.Particle size distribution of the ground eggshell used in the experiment.

Amount (% by weight)

Sieve Opening, mm

Starter Finisher
>1.91 0.10 0.01
0.86-1.91 33.78 86.50
0.38-0.86 44.20 10.48
0.18-0.38 14.36 1.74
0.11-0.18 3.19 0.61
0.07-0.11 2.31 0.41
<0.07 2.06 0.25

Table 4. Chemical composition of the ground eggshell used in the experiment (as-fed basis).

Chemical Composition Amount (%)
Proximate Analysis
Moisture! 1.21
Crude Protein? 5.26
Crude Fiber! 1.02
Ether Extract! 0.30
Ash! 90.70
NFE! 1.52
Calcium® 40.67
Total Phosphorus* 0.66

TWeende method, 2Kjeldahl method, *Atomic Absorption Spectrophotometric method, "Molybdate method
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than the birds fed with 100 LS diet. An increasing linear trend was also observed for ADG
(P=0.01), ADFI (P=0.04), and BW24 (P=0.05) as the level of eggshell substitution in-
creases.

For the finisher stage (day 25 to 35), significant differences were noted on ADG
and Feed:Gain while there were no significant differences or trends observed for the BW35,
ADFI, and mortality. 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,
a decreasing linear trend in ADG (P=0.01) and an increasing linear trend in Feed:Gain
(P=0.004) were observed when the level of eggshell substitution increases. These results
contradicted that of Adeyemo (2013) wherein no significant differences were observed in
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 (Omole et al., 2005).

Group comparisons also showed that the broiler chickens under the eggshell treat-
ments 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
the factor why the eggshell-containing group had lower ADG and poorer Feed:Gain. The
proportion of coarse particles in the finisher eggshell powder is higher compared to the
proportions of coarse particles in fine limestone and starter eggshell powder. In the study
of McNaughton et al. (1974), broilers fed with larger particle sizes have lower body weight
gain. Similarly, the results obtained by Guinotte et al. (1991) suggested that larger particle
size leads to lower body weight gain and poorer feed efficiency while finer particle size
translated to more efficient broiler chickens with higher intake and weight gain.

Overall, from starter to finisher stage (day 11-35), no significant differences or
trends were observed in all parameters. Similarly, the use of increasing levels of eggshell as
a replacement to limestone also did not affect the production performance of layer chickens
and roosters (Gongruttananun, 2011a, 2011b). 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 (Bugdayci ef al., 2019, 2020; Moura et al., 2020).

Table 6 shows the effect of experimental diets on the carcass characteristics of
broiler chickens. No significant differences were observed on all parameters evaluated. This
is in accordance with the study of Omole ef al. (2005). In their study, broiler chickens were
fed with increasing levels of gypsum as a substitute for oyster shells. The results of carcass
analysis also yielded no significant differences among treatments.

However, the increasing levels of eggshell in the diet resulted in a linear decrease in
dressing percentage (P=0.02). Group comparison also revealed that birds fed eggshell-con-
taining treatments had a lower dressing percentage (P=0.03) as compared to the control
group. This can be attributed to the poor performance of the broilers fed eggshell-containing
diets during the finisher stage that could have also affected carcass quality. Compared to the
control group, these birds had lower weight gain and are less efficient at the finisher stage.
Meanwhile, a tendency for a quadratic trend (curving downward then upward) was observed
on % breast (P=0.06).

The effect of dietary treatments on the broilers’ bone properties is summarized in
Table 7. One of the bone parameters observed is the bone breaking strength which is con-
sidered to affect bone fractures in poultry. It was observed that the decrease in bone strength
increases the occurrence of fractures in hens (Bishop et al., 2000). Bone fractures are not
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only painful for the birds but also affect meat processing and the quality of processed
products (Gregory and Wilkins, 1989). Based on the results, the bone breaking strength of
birds fed 100 ES treatment was lower (P=0.03) compared to those fed 100 LS and 50:50
LS-ES treatments. The tibia bones of the eggshell-containing groups also have the tenden-
cy (P=0.06) to break easily compared to that of the control group. With the substitution of
eggshells in the diet, a linear decrease (P=0.01) in the maximum stress needed to crack the
bones was observed.

In the study of Guinotte et al. (1991), they found out that particle size is the factor
that affects the bone breaking strength and not the calcium source. They reported that the
bones of broiler chicks fed with fine particle size (80% of particles = 0.075 mm and lower;
20% of particles = 0.075 to 0.15 mm) had higher stiffness and yield stress while those fed
with coarse particle size (80% of particles = 1.18 to 2.36 mm; 20% of particles = 2.36 to
4.75 mm) needed lower ultimate force to break the bone. The difference in the particle size
of the calcium sources used in the present study could have also affected the bone breaking
strength. Based on the particle size provided by Molnar et al. (2017), 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 possibly the reason why the broiler chickens fed
with higher levels of eggshell had lower bone breaking strength.

Tibia ash content was also determined as one of the indicators of bone mineraliza-
tion in poultry (Hall ez al., 2003; Huff, 1980). Based on the results, the replacement of lime-
stone with increasing levels of eggshell had no significant effect on the tibia ash of broilers.
This is consistent with the results obtained for layers and roosters (Gongruttananun, 2011a,
2011b). In the case of quails that received increasing levels of cuttlefish bones and mussel
shells, the crude tibia ash percentage was also similar among treatments (Bugdayci et al.,
2019, 2020).

However, group comparison in the present study showed that the birds fed with
eggshells have higher (P=0.04) tibia ash content than the birds that received the control
treatment. There was also a tendency (P=0.09) for tibia ash content to increase linearly when
eggshell was added to the diet. In the study of McNaughton et al. (1974), lower tibia ash
percentage was measured on broilers fed fine particle size than medium particle size. It is
possible that the finer particle size of limestone compared to eggshells that were used in this
study may have contributed to the lower tibia ash content of the control group.

While tibia ash provides the estimated mineral content of the sample, separate
analysis can also be done to determine the specific mineral content of bones such as calcium
and phosphorus content (Skinner and Waldroup, 1995). In the present study, the calcium
content of tibia bones showed a quadratic trend (P=0.04) curving upward up to 50% ES
then downward as the level of eggshell was further increased. However, differences among
the treatments were not significant. Likewise, the different levels of fossil shell powder and
quail eggshell powder did not affect the bone calcium content of broilers and quails, respec-
tively (Adeyemo, 2013; Moura et al., 2020). This is in contrast with the results obtained by
Kismiati et al. (2018) in laying hens. Based on their study, replacing 7.5% of limestone with
eggshell flour led to a lower calcium percentage in tibia bones compared to 5% substitution.
The authors attributed this to the mobilization of calcium from the tibia to produce eggs.

Summary of Pearson’s correlation coefficient of the level of eggshell substitution,
maximum stress for bone breaking, tibia ash content, and tibia calcium content are presented
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in Table 8. The correlation of eggshell substitution level with maximum stress (r=-0.52) was
moderate and negative while it tends to have a weak and positive correlation with tibia ash
content (r=0.35). This suggests that higher levels of eggshell substitution reduce the amount
of stress needed to break the tibia but tends to increase tibia ash content. In addition, tibia
ash content also tended to have a weak and positive correlation with tibia calcium content
(r=0.39). This means that the tibia bones containing high ash content could also have high
calcium content.

Although bones are composed mainly of minerals, results showed that bone breaking
strength and tibia ash content are not significantly correlated. In the review of Rath et al.
(2000), they implied that the mineral content of bones is not the sole factor affecting bone
strength but also the organic matrix. Collagen is one of the components of the organic ma-
trix and according to Martin and Boardman (1993), collagen fiber orientation can influence
the bending of bones in bovines. With organic matrix also contributing to bone strength,
the correlation between bone breaking strength and tibia ash may not always be significant,
similar to the results of the present study.

Table 9 presents the effect of increasing the level of eggshell powder on margin over
feed cost. The highest value of gain per broiler was observed in the treatment with 100%
eggshell. However, the same group also had the highest feed cost per broiler and the highest
feed cost per kg of gain. The 100% eggshell group only ranked second to the control group

Table 8. Pearson’s correlation coefficient of the level of eggshell substitution and different
bone parameters in broilers.

) Eggshell Maximum . Calcium
Variables igevel Stress Tibia Ash Content
Eggshell Level 1 - - -
Maximum Stress -0.52%* 1 - -
Tibia Ash 0.35* 0.006 1 -
_Calcium Content 0.004 0.26 0.39%* 1
*P<0.10
*#P<0.05

Table 9. Effect of increasing level of eggshell powder on margin over feed cost.

Dietary Treatment

Parameters 50:50 25:75
100 LS® LS-ES" LS-ES¢ 100 ES!
Feed Cost Per Broiler, P 60.12 60.66 60.23 63.06
Value of Gain Per Broiler, P 161.13 160.24 155.91 162.90
Feed cost per kg of gain, P/kg 35.45 35.97 36.70 36.78
_Margin Over Feed Cost, P 101.00 99.57 95.69 99.84

Price per kg of starter diets — P 20.21%, P 20.20°, P 20.20, P 20.20°
Price per kg of finisher diets — P 20.71°, P 20.71°,  20.71¢,  20.71¢
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in terms of margin over feed cost. The control group still had the highest margin over feed
cost due to its lowest feed cost per broiler which is a function of feed intake and feed cost.

For the comparison of costs of the calcium sources, eggshells can be obtained for
free from the bakery. However, the rent for using a hammermill to pulverize the eggshells
must be considered. In this study, the computed price per kilogram of the eggshell is P 2.84
which is lower than the P 3.05/kg price of limestone.

In conclusion, the use of increasing levels of eggshell powder as a calcium source
had similar effects with limestone in terms of the overall production performance (day 11-
35). However, lower dressing percentage and lower bone breaking strength were observed
on broiler chickens fed eggshell powder. Further studies must be conducted to establish the
optimum level of eggshell powder in broiler diets. Different particle sizes must also be con-
sidered to determine the optimum particle size of eggshells suitable for broiler chickens.
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