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Rece_zived: 06 June 2023 This research was carried out with the aim of improving the physical quality,
Revised: 05 Sept 2023 chicken eggs and the effect of optimum levels by adding fish oil calcium to the
Accepted: 22 Oct 2023 feed. The method was a completely randomized design with 4 treatments and 4

replications, namely PO as control; P1 added fish oil 0.2% in feed; P2 added
fish oil 0.4% in feed; P3 was added with 0.6% fish oil in the feed, each study
unit used 10 chickens; the total chickens in the study were 160 chickens. After
30 days of the treatment, then the analysis was carried out every week for six
weeks using an electric screw micrometer to measure the thickness of the
eggshell, the LIBS method used to determine the hardness index, the SAA
method used to measure the surface area and pore size. Barrett-
Joiner_Halenda method used to determine the pore diameter of the eggshell,
and the AAS method used to determine the concentration of calcium. The results
showed that the addition of calcium from fish oil in general can improve
physical quality of the eggshell compared to controls. The optimum level of fish
oil calcium in the feed to produce the best physical quality is 0.4%.
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1. Introduction

Eggs are a food that is widely consumed by the public (Zhang et al., 2020). In addition to being
affordable, eggs also contain a lot of protein and substances needed by the human body compared to
other protein sources (Idayanti et al., 2019; Miranda et al., 2015). Increasing egg production can be
supported by providing nutrition according to livestock needs (Gustira et al., 2015; Omer et al., 2022).
Maximizing the production of laying hens is to meet their energy needs as well as other nutritional
elements such as protein, minerals and vitamins (Alhotan, 2021).

With the nutritional content in eggs, nutritionists recommend that eggs be consumed by growing
children (Godbert et al., 2019). On the other hand the eggs produced do not last long under normal
conditions, so breeders need to improve the quality of their eggs, particularly in terms of their durability
and shelf life (McBride et al,, 2013; Nasri et al., 2020; 10. Poletti et al., 2021). Eggshell is the
main factor in maintaining egg quality (Carrillo et al., 2021). Good shell quality will be able to maintain
the quality of the eggs, especially the contents of the eggs (Carvalho et al., 2023). According to Jusuf
et al. (2021), the standard for consumption of chicken eggs based on the level of physical quality of
eggs is the condition of the shell, smooth, intact and clean. The pores per egg range from 7,000-17,000
which are used for gas exchange and are 0.01-0.07 pum in size and are scattered throughout the surface
of the egg (Kaye et al., 2016; Dai et al., 2022; Ligen et al., 2022). Chicken eggshell thickness ranges
from 0.330 - 0.350 mm. The shelf life of consumption chicken eggs at room temperature a maximum
of 14 days after laying, or at temperatures between 40 C — 70 C maximum 30 days after laying (Feddern
etal., 2017; Goliomytis et al., 2018).

Egg quality can be affected by shell quality such as composition, and eggshell thickness (Sekeroglu &
Duman, 2019; Saleh et al., 2019). The decline in egg quality, especially the quality of the contents is
strongly influenced by the size of the composition of the constituent elements of the shell due to the
interaction of the egg with air (Attia et al., 2021). The composition of the eggshell consists of 98.2%
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calcium, 0.9% magnesium and 0.9% phosphorus (Alam & Geleel, 2018). Eggshell quality is influenced
by internal and external factors including genotype, age, laying time, cage system, and balanced feeding
with adequate Ca, P and mineral supplements (Ketta & Ttmova, 2016). Calcium supplementation is
the key to eggshell quality, because each eggshell contains up to 3 g of Ca, so chicken feed must contain
Ca in sufficient quantities and be used efficiently (Bartter et al., 2018; Rayan et al., 2022). The physical
quality of the eggshell such as shell thickness, shell hardness index and shrinking the pores of the
eggshell so as to protect the egg contents (Alig et al., 2023). This study aims to analyze the addition
fish oil calcium in feed on physical quality (thickness, hardness and pore diameter of chicken egg
shells), and the optimum level with the addition of fish oil calcium in chicken feed.

2. Materials And Methods
Experimental Material:

The chickens used in this study were Lohmann Brown layers aged 54 weeks with average body weight
(1756 gr + 21.65 gr). The study was conducted in a completely randomized design (CRD) with 4
treatments and 4 repetitions with 10 individuals for each unit, so that the total number of chickens was
160. The four treatments were: feed without the addition of fish oil calcium as a control (P0) with a
feed composition of 30% PL.241; 10% concentrate; 10% PB1; 30% corn; 10% rice bran; 9.5% fish
meal and 0.5% minerals, feed composition (P1) is 30% PL.241; 10% concentrate; 10% PB1; 30% corn;
10% rice bran; 9.3% fishmeal; 0.5% minerals; and 0.2% calcium fish oil, feed composition (P2) is 30%
PL.241; 10% concentrate; 10% PB1; 30% corn; 10% rice bran; 9.1% fishmeal; 0.5% minerals; and
0.4% calcium fish oil, feed composition (P3) is 30% PL.241; 10% concentrate; 10% PB1; 30% corn;
10% rice bran; 8.9% fishmeal; 0.5% minerals; and 0.6% calcium fish oil.

Method:

The feed has been mixed (using a mixing machine) according to the composition, then given to the
chickens according to the treatment for 30 days. After 30 days the eggs were taken and the number of
eggs taken and analyzed was 40 eggs for each treatment so that a total of 160 eggs were taken, then
placed at room temperature. Several parameters were used to analyze the physical quality of the
eggshell, including thickness, hardness, calcium concentration, and pore diameter of the eggshell. The
thickness of the eggshell is measured using an electric screw micrometer. Egg shell hardness index was
measured by Laser Induced Breakdown Spectroscopy (LIBS) method. For this purpose in the first week
(the day after the eggs were taken) the steps taken were to take 1 egg at random for each treatment and
replicate both control eggs PO ((4 eggs) and eggs treated P1 (4 eggs); P2 (4 eggs); P3 (4 eggs), so the
number of eggs taken for analysis in the first week was 16 eggs. This analysis was carried out every
week with different eggs for 6 weeks. The pore diameter of the egg shell was measured using a Surface
Area Analyzer (SAA) with the Barrett-Joiner_Halenda (BJH) method is a method for determining the
diameter distribution of pore sizes.Calcium concentration in the shell was used with an Atomic
Absorption Spectrophotometer (AAS) (Ajala et al., 2018). Before analysis, the eggshells were crushed
with H2S04 and HNO; which aims to break the calcium bonds of the compounds, so that formed calcium
ions then analyzed with AAS.

3. Results and Discussion

The results of the analysis of the physical quality of eggshells are shown in Figure 1, Figure 3, Figure
4 and Table 1, which are the results of measurements of eggshell thickness, eggshell hardness, eggshell
pore diameter, and eggshell calcium concentration respectively. Figure 1, is the result of measuring the
thickness of the eggshell as measured using an electric screw micrometer. Measurements were made
every week for 3 treatments and one control. Each measurement was carried out by 4 samples as
repetitions whose results were averaged and shown in Figurel.

Table 1. Calcium concentration in eggshells

Calcium concentration in egg shells

P Concentration (mg/L)
PO 23.61
P1 25.49
P2 27.41
P3 25.42
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Figure 1 shows the relationship between the length of egg storage and the thickness of the eggshell.
Based on the data in Figure 1, chickens whose feed was not supplemented with fish oil calcium had the
lowest thickness from the first to the sixth week of storage. In contrast, for chickens that were given
feed with an additional fish oil calcium of 0.4% had the highest thickness of 0.36 mm until the fourth
week is higher than SNI standard. The thickening of the eggshell is caused by the formation of layers
of calcium carbonate (CaCQOs) crystals due to the addition of calcium from fish oil. The more addition
of fish oil calcium, the more layers of CaCOs are formed, until an equilibrium crystal structure is
reached. In this study, the crystal structure concentration equilibrium occurred when the feed was added
with fish oil calcium of 0.4% (P2). The addition of more than 0.4% calcium fish oil will cause
degradation of the CaCQOgs crystal layer, so that the thickness of the eggshell decreases as in P3.
According to Le Chatelier's principle, if there is a change in an equilibrium, a reaction will occur against
the change (Brown & MacKay, 1983).
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Figure (1): Graph of eggshell thickness function of storage time

Apart from that, Figure 1 shows that feed supplemented with fish oil calcium causes eggshell resistance
to be longer than without addition, namely until the third week for P1 and P3, and until the fourth week
for P2 and thereafter decreased. This thickness resistance is due to the fact that the CaCOs crystal layer
that is formed has a stronger bond than without the CaCOs crystal layer and is even stronger if the
crystal structure in the eggshell occurs at a concentration equilibrium such as in P2, while the decrease
in eggshell thickness is due to conditions or circumstances. The contents of the egg undergo changes
and result in a reaction between the inside of the egg shell and the liquid contents of the egg and erosion
occurs.

To find out the elements contained in the eggshell and to find out the hardness index of the eggshell
function of adding fish oil calcium oil, an analysis was carried out using Laser Induced Breakdown
Spectroscopy (LIBS) and the results are shown in Figure 2.
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Figure (2): Spectral graph of eggshell function of adding fish oil calcium concentration detected in the
first week

Figure 2 is the intensity spectra of the wavelength function of the eggshells of control PO and those fed
fish oil calcium (P1, P2, and P3) in the first week, which were analyzed by LIBS with laser energy (100
mJ). Based on the wavelength of the spectra, it was found that the egg shell contains elements including
Ca (A=422.6 nm), P(A =253.5 nm), Mg (A =285.2 nm). To find out the hardness index of the egg shell
function of adding fish oil calcium can be done by measuring the ratio of the intensity of ion calcium
(Ca II; A= 396.8 nm) to the intensity of neutral calcium (Ca I; A= 422.6 nm) as shown in Figure 2 and
Figure 3.

Figure (3): Graph of eggshell hardness from the first to the sixth week

Figure 3 shows that the addition of calcium fish oil to the feed causes the eggshell hardness to increase.
This is due to the formation of calcium carbonate (CaCOs) as an addition to the egg shell composition,
so that the higher the concentration of fish oil calcium added to the feed, the thicker the resulting egg
shell will be (Figure 1) and harder (Figure 3). Based on the research of Ajayan et al (2020) that the
amount of calcium carbonate is always associated with the hardness and strength of the eggshell. This
strength causes as shown in Figures 1 and 3, especially in P2, the stability of thickness and hardness
until the fourth week. However, the amount of calcium carbonate (CaCOs) formed in a compound only
reaches a certain equilibrium point (Gautron et al., 2021). It is proven that giving fish oil calcium 0.6%
will cause a decrease in the thickness of the eggshell (Figure 1) and also a decrease in the hardness
index (Figure 3), which is due to the decay of the formation of calcium carbonate in the eggshell. So
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based on the results in Figures 1 and 3, equilibrium occurs when the feed is added with fish oil calcium
of 0.4%.

To determine the physical condition of the pore of the eggshell, porosity is then analyzed, the results of
which are shown in Figure 4, giving fish oil calcium as much as 0.4 % causes pore diameter number
7.2956 nm (0.0072 um) smaller then SNI standard ( 0.01-0.07 um), and the smallest when compared
to the administration of fish oil calcium 0.2%; 0.6% and without fish oil calcium. The reduction in the
pore diameter of the eggshell is due to the increased concentration of calcium in the eggshell which
causes the distance between molecules to shrink. Apart from that the addition of calcium from fish oil
forms calcium carbonate (CaCQOsz) which forms regular long chain bonds (crystals) that resemble the
shape of layers and are arranged in a zigzag manner between layers, so that the pores in one layer are
covered with the next layer which causes a reduction in the number of pores in the layer. egg shell
surface. So with the addition of fish oil calcium will reduce the pore size and pore density per unit area.
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Figure (4): Graph of eggshell pore diameter

To prove the increased concentration of calcium in egg shells when chickens were given feed
supplemented with fish oil calcium, a calcium test was carried out on egg shells using an Atomic
Absorption Spectrophotometer (AAS) with the results as shown in Table 1.

In Table 1. Shows the effect of giving fish oil calcium to the concentration of calcium in egg shells. The
administration of 0.4% fish oil calcium resulted in the highest calcium concentration, namely 27.41
mg/L, while an increase in 0.6% fish oil calcium in the feed caused a decrease in the calcium
concentration in the eggshell. According to Gautron et al (2021) states, that egg shells with a certain
(optimal) concentration of calcium carbonate in the form of calcite, which interacts with protein can
form a hard shell structure, so as to protect the contents of the egg.

4. Conclusion
It Based on the research it can be concluded:

1. The addition of fish oil calcium to the feed can improve the physical quality (thickness, hardness and
reduce the pore diameter of the skin.

2. The addition of 0.4% fish oil calcium to feed is the optimal level to get the best physical quality.
3. Improving the physical quality (thickness, hardness and pore diameter) of the eggshell.
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