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Abstract: Mineral deficiencies, particularly a lack of Calcium (Ca), can have
a detrimental effect on the performance of livestock, including dairy cows.
While commercial sources of Ca are commonly used in dairy cow feed, they
may not always be available or affordable. In this regard, introducing a new
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improve milk yield and quality but also reduce waste. Therefore, we
experimented to evaluate whether an eco-friendly eggshell meal could be a
viable alternative source of Ca for Holstein Friesian dairy cows and improve
milk yield and quality. We used 20 cows (ethical consideration No.
470/UN4.6.4.5.31/PP36/2023) that were experimented with different levels
of eggshell meal in a completely randomized design with five treatments and

four replications. The experimental diets were as follows; eggshell meal 0%+
commercial mineral 100% (EMO+ CM100); EM 25%+ CM 75%; EM 50%+
CM 50%; EM 75%+ CM 25%; and EM 100%+ CM 0%. The results showed
that the eco-friendly eggshell meal as a source of Ca increased the milk yield
by up to 100%. The intake of dry matter and milk quality, such as pH, density,
CP, and P, had a similar effect on commercial minerals. Therefore, eggshell
meal could effectively replace commercial mineral supplements in the diets
of Holstein Friesian dairy cows. Not only does this approach lead to
increased milk yield and Ca content in the milk, but it also has the potential
to reduce waste in eggshell production. By utilizing eggshell meal as a raw
material for mineral source feed, dairy farmers can promote environmental
sustainability and improve the efficiency of the dairy sector.

Keywords: Commercial Mineral, Eggshell Meal, Holstein Friesian Dairy
Cow, Milk Quality and Yield

(Burezq, 2021). Although the proportion of mineral use is
less than that of other feed raw material sources, the need
for this source should be addressed in the concentrate
feed. Minerals are additional feed ingredients

Introduction

Eggshell Meal (EM) is an eco-friendly Ca source and
the highest source with approximately 38% calcium
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indispensable for livestock in increasing body weight,
feed efficiency, resistance to disease and stress, and the
dairy cow's reproductive system so that the dairy cow can
reproduce according to their genetic potential. Mineral
deficiencies can cause several problems for livestock and
decrease its performance (Eltahir et al., 2024).

Lean and Golder (2023) stated that lactating cows
require minerals, particularly macro-minerals, including
Sodium Chloride (NaCl), Calcium (Ca), Phosphorus (P),
and Potassium (K). These essential minerals are necessary
to maximize milk production. Duplessis and Royer
(2023) showed that mineral imbalance can reduce Dry
Matter (DM) intake.

One of the mineral raw materials that can be utilized
comes from eggshells. Eggshells have considerable
potential in Indonesia. Although it is only a by-product,
this eggshell contains water, proteins, lipids, and organic
matter. Most of the organic matter consists of 98.5%
Calcium Carbonate (CaCOs) and 0.85% Magnesium
Carbonate (MgCOs) (Hunton, 2005; Hassan, 2015).
Utilization of chicken eggshells can be used as filler
material for cement or building materials (Sathiparan,
2021; Nandhini and Karthikeyan, 2022); Ca fortifier
(Gomez-Alvarez and Zapata Montoya, 2024; Yang et al.,
2022); fertilizers (Borges et al., 2021) and in reducing
severe joint pain (Aditya et al., 2021). Besides that, the
EM has also been used in animal feed as a feed
supplement for egg-laying hens (Sabir and Abbas, 2023).
However, eggshell meal has not yet been employed for
ruminants, particularly dairy cows. From an economic
standpoint, the nutritional content is significant, with high
levels of Ca (77%), P (0.42%), and Mg (0.52%) (Feed
Biochemistry Laboratory, 2022). Thus, the opportunity to
utilize it as a raw material for mineral source feed is
enormous. Therefore, we aimed to determine the effect of
the substitution of commercial mineral use with EM on
the milk yield and quality of Holstein Friesian cows. The
study introduces a novel approach to the utilization of EM
eggshell meal as a natural source of Ca to boost milk yield
and quality while simultaneously reducing waste in
eggshell production. This technique not only promotes
environmental sustainability but also offers a distinctive
way to improve the efficiency of the dairy sector.

Materials and Methods
Site Description and Experimental Diet

The study was conducted at a dairy farmer in
Enrekang Regency, South Sulawesi, Indonesia, from
August-November 2023. The twenty Holstein Friesian
cows were in the third-fifth lactation period. Feed
concentrate was fed once at 7:00 a.m. post-milking while
herbages, i.e., elephant grass, were fed twice daily at
08:00 a.m. and 05:00 p.m.
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The concentrates as an experimental diet consisted of
rice bran, coconut cake meal, fish meal, milled corn,
pollard, molasses, and minerals commercial/eggshell
meal. The experimental diet is presented in Table 1. The
experimental diet supplemented by EM has a Crude
Protein (CP) of 18% and a Total Digestible Nutrient
(TDN) of 70%, which meets concentrate feed for lactating
dairy cows (Azzumar et al., 2022)

The experimental diets were divided into five EM vs
CM (%) levels, as presented in Table 2.

Measurements

Dry Matter intake (DM) was obtained from the
amount of one-day consumption (24 h) and the adaptation
period lasted for seven days. Milk yield was measured by
the accumulation of milk yield produced in the morning
and afternoon milking.

The pH was measured using a digital pH meter and
density was measured using a lactodensimeter. CP
concentration was analyzed using the indirect Kjeldahl
method (International and Latimer Jr, 2005). Ca and P by
Atomic Absorption Spectrophotometric and Colorimetric
methods (International and Latimer Jr, 2005).

Data Analysis

The collected data were entered and organized in the
Excel spreadsheet and then analyzed using descriptive
statistics and GLM-Multivariate (SPSS, version 21.0).
The experiment was carried out according to a completely
randomized design with five treatments and four
replications and the difference among treatments was
tested by Duncan's Multiple Range Test (MRT).

Table 1: Composition and nutrition value of the experimental diet

Feedstuff Composition (%) DM (%) CP (%) TDN (%)
Rice bran 35 31.22 2.93 23.45
Coconut cake meal 15 13.29 3.20 12.15
Fish meal 15 13.46 735 9.22
Corn meal 15 13.02 162 1212
Pollard 15 13.18 2.60 10.50
Commercial mineral/ 1 1.00 0.00 0.00
Eggshell meal

Molasses 4 3.30 0.16 3.54
Total 100 88.47 17.85 70.98

Table 2: The treatment of eggshell meal as a Ca source for Holstein
Friesian dairy cows

Feedstuff of Ca source (%)

Treatments Eggshell Meal (EM) Commercial Mineral (CM)
EMO0+ CM100 0 100
EM25+ CM75 25 75
EM50+ CM50 50 50
EM75+ CM25 75 25
EM100+ CMO 100 0
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Results and Discussion

Effect of the Eggshell Meal as a Ca Source on DM
Intake and Milk Yield

The results of the study related to the DM intake of the
experimental diet during the study are presented in Table 3.

The treatment level of the EM as a Ca source had no
significant effect on total DM intake. The research
demonstrates that the type of Ca source does not impact
dairy cow appetite. However, it significantly influences
their digestive metabolism.

The results of the study related to the milk yield of the
experimental diet during the study are presented in Fig. 1.

At the same time, the milk yield was significantly
(p<0.05) higher in the treatment of EM100+ CMO than in
the other treatments. The utilization of eggshell meals
meets the mineral needs of dairy cows. Organic trace
minerals are considerably better absorbed than inorganic
forms, leading to better system absorption or tissue and
blood concentrations. As a natural source of Ca, eggshells
are easily digested and absorbed by the body due to their
balanced mineral content. This makes the eggshell a great
source of Ca for dairy cows, leading to higher milk yield.
According to Liu et al. (2023), the eggshell protein
attached to CaCOs; can enhance Ca transportation in the
body through the intestinal epithelial cell CaCO,. In
addition, Singh et al. (2021) discovered that eggshells
contain Calcium (Ca) as well as small quantities of other
microelements. Eggshell calcium is approximately 90%
bioavailable and it has become the most effective natural
source of calcium compared to limestone or coral sources.

The eggshell meal is a significant source of innate
antioxidants (Zhu et al., 2022) and bioactive substances
(Ahmed et al., 2021). These substances enhance the
synthesis of secondary metabolites in the body of dairy
cows, which promote the digestive process and the
assimilation of nutrients. Furthermore, eggshell meal
comprises an organic matrix consisting of proteins and
proteoglycans, which also contribute to the synthesis of
secondary metabolites (Balaz et al., 2021). Incorporating

EM into the diet of dairy cows can yield several health
advantages and enhance their overall welfare. The
findings of this study demonstrate that EM can effectively
replace commercially available minerals as a calcium
source in the feed for Holstein Friesian cows, increasing
milk production. Consistent with the findings of
Okpanachi et al. (2021), it has been determined that
eggshell meal consists of over 90% calcium macro
minerals and less than 5% phosphorus. In addition,
Hasniar et al. (2021) stated that eggshell powder is
primarily composed of mineral components (95.1%) and
protein (3.3%). In addition, other factors, apart from feed,
influence milk production (Dong et al., 2023). Furthermore,
eggshells can serve as a readily absorbable supply of calcium
for the body, as calcium absorption is enhanced when
derived from a natural source (Aditya et al., 2021).

Influence of Eggshell Meal as a Ca Source on Milk
Quality

The study results related to pH, density, CP, and mineral
value of milk during the study are presented in Table 4.
The treatment level of the eco-friendly EM as a Ca source
had no significant effect on the pH, density, CP, and P of
dairy milk. This revealed that the type of Ca source does
not affect dairy milk's pH, density, CP, and P content.
However, it does significantly impact the Ca content of milk.
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Fig. 1: Milk yield of Holstein Friesian cows fed by the eggshell
meal as a Ca source

Table 3: Mean values for DM intake of Holstein Friesian dairy cows fed by the eggshell meal as a Ca source

Parameters EMO0+ CM100 EM25+ CM75 EM50+ CM50 EM75+ CM25 EM100+ CMO SEM P
DM intake, kg/d

Elephant grass 7.56 7.52 6.73 6.50 6.93 0.56 0.08
Concentrate 2.64 2.61 2.64 2.64 2.64 0.32 0.88
Total DM intake 10.20 10.13 9.37 9.14 9.57 0.56 0.28
Description: Different superscripts in the same row indicate a significant difference (p<0.05)

Table 4: Mean values for milk quality of Holstein Friesian dairy cows fed by the eggshell meal as a Ca source

Parameters EMO+ CM100 EM25+ CM75 EM50+ CM50 EM75+ CM25 EM100+ CMO SEM P
pH 6.600 6.500 6.600 6.500 6.500 0.080 0.90
Density 1.020 1.020 1.020 1.020 1.020 0.007 0.28
Crude protein (%)  2.470 2.680 2.930 2.390 2.710 0.289 0.41
Calcium (%) 0.1282 0.1382 0.145% 0.139% 0.150° 0.007 0.05
Phosphorus (%) 0.061 0.071 0.071 0.069 0.065 0.004 0.16

Description: Different superscripts in the same row indicate a significant difference (p<0.05)
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In contrast, the Ca of milk had a significant (p<0.05) Ca
tended to increase with the increase of level substitution of
EM (Table 4). The highest Ca level was found in the
EM100+ CMO treatment due to the high input of the Ca
level of EM. This condition tended to increase the Ca level
of milk. This follows Aminah and Meikawati (2016), who
stated that EM has a Ca level of 20.50%. Gul et al. (2024)
added that the number of minerals consumed influences
the high Ca content in milk.

This study revealed that EM can substitute commercial
minerals as a Ca source in Holstein Friesian cow feed
because it increases the Ca of the dairy cow. In this study,
the value of Ca of milk is in a range with the research
conducted by Stocco et al. (2019). The EM can be used as
a source of Ca and easily absorbed by the body because the
absorbance of Ca is higher when it is from a natural source
(Singh et al., 2021; Aditya et al., 2021). Thus, eco-friendly
eggshell meals can be substituted for commercial minerals.

Conclusion

The results showed that the eco-friendly eggshell meal
as a source of Ca increased the milk yield by up to 100%.
The intake of dry matter and milk quality, such as pH,
density, CP, and P, had a similar effect on commercial
minerals. Eggshell meal can substitute commercial
mineral supplements in Holstein Friesian dairy cows'
diets. This approach increases milk yield and Ca content
while reducing eggshell waste. It promotes environmental
sustainability and improves the dairy sector's efficiency.
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