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Abstract: Yogurt contains bioactive peptides that serve as antioxidants.
These peptides can inhibit the production of free radicals in laying chicken
body cells, affecting egg quality. We aimed to evaluate the impact of the
antioxidant potential of Water-Soluble Peptide Extract (WSPE) yogurt on the
protein, lipid, and cholesterol levels in yolks from chicken eggs. We used a
completely randomized design (CRD) technique. The study involved three
treatments and twelve replicates. The treatments were PO: A basal diet; P1:
A diet with 4% WSPE B1 (Bifidobacterium spp. + Lactobacillus
acidophilus); and P2: A diet with 4% WSPE B2 (B. bifidum + L. Bulgaricus
+ L. acidophilus + S. thermophilus). The study used statistical analysis
including the analysis of variance (ANOVA) and Duncan's multiple range
test to examine the data. The result showed that WSPE yogurt significantly
increased egg yolk protein and reduced egg yolk lipid levels. However, it

Probiotic

Introduction

Eggs are high-quality animal protein essential for the
human body and contain various fatty acids, vitamins, and
minerals (Sanlier and Ustiin, 2021). The yolk contains most
of the egg's lipid and protein, 17.5 and 32.5%, respectively.
Most of the egg yolks' lipid and protein content is found in
lipoproteins and offers several benefits, such as antioxidant,
anti-inflammatory  properties, and  anti-microbial
(Sarantidi et al., 2023; Cui et al., 2020). The cholesterol
content of egg yolks is very high (275 mg). Cholesterol is
essential for synthesizing sex hormones, vitamin D, and the
proper functioning of nerves and the brain. Cholesterol is
required to produce sex hormones, vitamin D, and nerve
and brain function. However, excessive consumption
might lead to hypercholesterolemia and death over time
(Spence et al., 2010; Ohoilulin et al., 2023).

The health of the digestive tract and hepatocytes
influences the chemical quality of egg yolk. The nutrients
in eggs are absorbed and broken down by the digestive
tract, particularly the intestines. The bloodstream
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increases the cholesterol levels.
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transports these nutrients to the hepatocytes to produce
egg yolk nutrients and precursors. The liver synthesizes
egg yolk protein and cholesterol and is packaged as
Vitellogenin ~ (VTG).  Simultaneously, the liver
synthesizes lipids and cholesterol, which are then stored
in follicles via endocytosis mediated by Very Low-
Density Lipoprotein (VLDL) receptors. Substantial nutrients
are transported to the oocyte through VLDL and VTG which
plays an important role in follicular development within
the ovary. (Gloux et al., 2019; Hu et al., 2014). Hence, the
liver is essential in upholding the health and production of
laying hens.

Various factors, such as free radicals within the body,
can disturb the liver's normal functioning. They are
generated in laying hens during their daily ovulation,
which occurs when their production peaks. Oxidative
stress occurs when the generation of endogenous
antioxidants fails to counterbalance Reactive Oxygen
Species (ROS) formation. Unregulated oxidative stress
leads to protein oxidation, DNA damage, apoptosis, and
inflammation ~ (Adriani and  Mushawwir, 2020;
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Brouklogiannis et al., 2023). Oxidative stress induces
mitochondrial malfunction, injuring hepatocytes (Abd El-
Ghany and Babazadeh, 2022). This injury will adversely
affect the process of egg yolk synthesis in laying hens.
The generation of free radicals can diminish the
nutritional content of eggs by amplifying lipid
peroxidation in the egg yolk, decreasing egg quality
(Hasbullah et al., 2020).

Feed additives may be incorporated into the diet to
enhance the chemical composition of egg yolks. Feed
additives enhance the well-being and efficiency of
livestock and fulfill their nutritional requirements
(Sulistyoningsih et al., 2014). The poultry industry can
utilize probiotics as supplements in its feed. Probiotics are
live microorganisms that enhance immunological function,
decrease infections by harmful bacteria, enhance intestinal
health and digestibility, increase enzyme activity, and
improve intestinal morphology (Nabila et al., 2023).

Probiotics can be found in yogurt, which results from
milk fermentation by Lactic Acid Bacteria (LAB),
including  Lactobacillus,  Bifidobacterium,  and
Streptococcus. When the fermentation occurs, lactic acid
bacteria will produce peptides, most of which are
bioactive. This bioactive peptide serves multiple roles,
including functioning as an antioxidant (Yuan et al.,
2018). Numerous studies have indicated that antioxidants
can reduce enzyme activities in producing ROS, prevent
lipid peroxidation, and prevent free radicals from forming
by contributing electrons to oxidant substances (Lobo et
al., 2010; Hu et al., 2023). Our hypothesis suggested that
antioxidant peptides can enhance the chemical
composition of egg yolk. There are limited studies on the
antioxidant peptide in the laying hens, particularly
emphasizing chemical egg quality. Hence, this study
assessed to determine the effect of antioxidant peptides
derived from yogurt probiotics on the nutritive contents of
egg yolk such as protein, fat, and cholesterol.

Materials and Methods
WSPE Yogurt Purification

The research will take place at the Health and
Biomolecular Food Laboratory, Faculty of Mathematics
and Natural Sciences, between June and November 2023.
The purification process was conducted using gel
filtration chromatography, as described by Gao et al.
(2016), with minor adjustments. Gel filtration was used to
divide the proteins according to their molecular weight or
size using Sephadex G-25 as a matrix. The sample was
added to 2% of the total volume of the matrix. It was later
separated using a buffer of sodium acetate and natrium
acetate with a pH of 4.5 (Ren et al., 2019). The final
product was divided into fractions, each with a volume of
4 mL, and measured the absorbance using a
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spectrophotometer at 280 nm. The protein content of the
fractions was measured using the biuret test, which
allowed the identification of the fraction with the most
significant peptide and protein profile. The detailed
explanation of the gel-filtration chromatography
mechanism is provided in the Fig. (1).

Antioxidant Activity Analysis

The antioxidant activity of WSPE yogurt and the
peak of the purified fraction were evaluated with the 1,1-
Diphenyl-2-Picrylhydrazyl (DPPH) method, following
the method outlined by Jangnga et al. (2023), with minor
adjustments. 20 mL of ethanol was used to dissolve the
DPPH (1,5 mg) to make the solution. 1 mL of fraction
obtained from column chromatography purification was
combined with the DPPH solution. The mixture was then
placed in a test tube and undisturbed for 30 min without
light. The solution's absorbance was measured at a
wavelength  of 517 nm using a UV-Vis
spectrophotometer. DPPH solution combined with
distilled water was used as a control. The antioxidant
activity was determined by the percentage of Radical
Scavenging Activity (RSA) in the following equation
(Valko et al., 2007):

(Absorbance of blank — Absorbance of sample)
X

Absorbance of blank 100

RSA (%) =

Experimental Design

ISA Brown strain laying hens aged 31 weeks were
kept in a closed-house system for 42 days, including the
preliminary period. The experiment trial was carried out
according to the principles and safety protocols of the
Animal Husbandry Faculty of Universitas Padjadjaran.

This study used three treatments, with each replicated
twelve times, calculated using a Completely Randomized
Design (CRD). Each cage will house one chicken,
resulting in 36 chickens. The birds were given three
treatments: basal diet as control (T1), basal diet mixed
with 4% WSPE B1 (T2), and basal diet mixed with 4%
WSPE B2 (T3). The animals were given a mixture of feed
and WSPE yogurt twice daily, a total of 120 g/head/day.
Water was given ad libitum for drinking.
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Fig. 1: The mechanism of gel-filtration
(Prapulla and Karanth, 2014)
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Data Collection

Eggs were collected during the second and fourth
weeks, then separated and the yolk's nutrient content was
examined at the Physiology and Biochemistry
Laboratory, Faculty of Animal Hushbandry, Universitas
Padjadjaran. The protein levels were examined using the
Kjeldahl method, the lipid levels using the Soxhlet
method, and lastly, the cholesterol levels using the
Cholesterol ~ Oxidase—Peroxidase ~ Aminoantipyrine
Phenol (CHOD-PAP) method.

Data Analysis

The Duncan's multiple range test was performed after
analysis of variance (ANOVA) using IBM SPSS 22.0 to
examine the data. The data were considered significantly
different at p>0.05.

Results and Discussion
WSPE Yogurt Purification

This study has concluded that the fractions analyzed
with the gel filtration chromatography and the biuret
test yielded five peaks in each WSPE B1 and B2. This
result is higher than that of Yukalo and Datsyshyn's
(2019) findings, which only identified four peaks. It is
due to the Sephadex G-100 gel matrix's higher cutoff
of >10 kDa.

Peaks 1 and 2 represent proteins with large
molecular weights. Peak 3 is a long peptide with a high
aromatic ring concentration. Peak 4 is an unreactive
peptide that cannot undergo a reaction with biuret,
although it contains an aromatic ring. Peak 5 is an
amino acid with an aromatic ring bond. The aromatic
amino acids are tryptophan and tyrosine. On the other
hand, phenylalanine also absorbs but is not visible at
280 nm (Simonian, 2022).

Antioxidant Activity Analysis

The antioxidant activity of WSPE yogurts B1 and
B2 is shown in Fig. (2). The antioxidant activity
increases after the purification process. According to
Fig. (2), the highest antioxidant activity of B1 and B2
appeared at peak 3. Subsequently, the antioxidant
activity of WSPE yogurt B2 was higher than BL.
Compared to the previous studies, Aloglu and Oner
(2011) reported that peptides extracted from traditional
and commercial yogurt had 17.36 and 18.67%
antioxidant activity, respectively. Taha et al. (2017)
have also reported that WSPE yogurt made from
buffalo milk mixed with Lb. Acidophilus and Lb.
helveticus has very high antioxidant activity.
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Fig. 2: DPPH inhibition percentage of WSPE yogurt B1 and B2

Peak 3 contains tryptophan, tyrosine, and
phenylalanine, which act as antioxidants. This result
was similar to Mann et al. (2017) findings, who concluded
that tryptophan, tyrosine, and phenylalanine are
hydrophobic and have aromatic residues capable of
donating electrons to free radicals, converting them into
non-radical compounds. Zou et al. (2016) added that these
hydrophobic amino acids promote the transport of
antioxidant peptides to the organs via hydrophobic
interactions, preventing free radical damage.

Tryptophan, tyrosine, and phenylalanine are essential
amino acids that help to synthesize the major
neurotransmitters involved in numerous physiological
activities, including  serotonin, dopamine, and
noradrenaline. Tryptophan is essential in chicken feed due
to its involvement in the process of protein synthesis,
which leads to improved performance and the production
of hormone-like compounds. Studies indicated that these
amino acids can decrease malondialdehyde levels, a
compound resulting from lipid peroxidation that occurs
during oxidative stress conditions (Macelline et al., 2021;
Dong and Zou, 2017).

Egg Yolk Nutrient Levels

Table (1) illustrates the effect of WSPE yogurt on the
nutrient contents of egg yolk such as protein, lipid, and
cholesterol. The results indicate that WSPE yogurt can
enhance (p<0.05) egg yolk protein levels. The protein
levels in T1 and T2 were higher compared to the control
group. Meanwhile, no significant difference was observed
in egg yolk lipid levels between the control and treatment
groups. Although the change was not statistically
significant, egg yolk lipid levels in treated chickens were
lower compared to the control. No significant change was
observed in egg yolk cholesterol levels between the control
and treatment groups. However, the cholesterol levels were
higher in treatments T1 and T2 than in the control group.
Previous studies have indicated that probiotics enhance egg
yolk protein and cholesterol levels while reducing lipid
levels (Trani et al., 2016; Situemang et al., 2024). In
contrast, other studies have reported that probiotics
increased lipid levels and lowered cholesterol levels in
egg yolk (Ramasamy et al., 2009; Lokapirnasari et al.,
2020; Alaqil et al., 2020).
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Table 1: Protein, lipid and cholesterol levels in egg yolk

Diets
Parameters T1 T2 T3 p-value
Protein (%) 16.41+0.15? 16.92+0.25° 16.77+0.31° 0.014
Lipid (%) 31.08+1.592 28.92+2.12 28.47+2.082 0.11
Cholesterol (mg/dL) 255.58+17.082 271.10£23.552 260.28+28.24?2 0.58

@bDjfferent superscripts indicate a significant difference (p<0.05)

The increased egg yolk protein level indicates that the
antioxidants in WSPE yogurt can protect body cells from
free radicals, ensuring that nutrition absorption from the
digestive system to liver cells via the bloodstream flows
effectively. This was in line with Mishra and Jha (2019),
who stated that the antioxidant components in yogurt
probiotics prevent free radicals from damaging intestinal
cells and assist in maintaining intestinal mucosa health.
The intestinal mucosa plays an important role in digestion
and nutrient synthesis, whereas antioxidants sustain a
variety of microbiota in epithelial cells. Maintaining gut
health can improve nutrient absorption. Aside from
preserving intestinal health, antioxidants can protect liver
cells from oxidative stress. Allameh et al. (2023) stated
that by neutralizing ROS and sustaining the redox state at
physiological levels, antioxidants can protect liver cells
against oxidative damage. Antioxidants of WSPE yogurt
can improve the performance of antioxidant defense
enzymes in liver cells, such as superoxide dismutase,
glutathione peroxidase, and catalase. Maintaining liver
cell health promotes protein synthesis, increasing egg
yolk protein levels.

In this study, the lipid levels in egg yolks were reduced
due to the probiotics altering the gut flora. By maintaining
the health of the intestinal microbiota, probiotics can
increase the efficiency of lipid metabolism and reduce the
lipids presented to the egg yolk. This was in line with
Alagil et al. (2020), who stated that the gut microbiota is
critical in the metabolism of feed lipids and the creation
of lipid-derived signaling molecules, which can alter egg
yolk composition. Moreover, this study showed that
WSPE yogurt's antioxidants can prevent oxidative injury
to lipids. Omri et al. (2019) indicated that lipid
degradation in egg yolk may occur due to lipid oxidation
and the formation of lipid hydroperoxides, both induced
by free radicals. Antioxidants will neutralize free radicals,
increasing the quality of egg yolk lipids.

In this study, WSPE yogurt did not reduce cholesterol
levels in egg yolks. It is challenging to implement the
mechanism for cholesterol reduction because laying hens
at peak production will continue to produce endogenous
cholesterol to fulfill their nutritional requirements. This
was in line with Mushawwir et al. (2017), who stated that
endogenous cholesterol synthesis can increase egg yolk
cholesterol levels. Increased endogenous cholesterol
directed to ovarian follicles raises egg yolk cholesterol
levels. Faradillah et al. (2015) also mentioned that
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antioxidants can prevent lipid peroxidation while
increasing egg yolk cholesterol levels. This is because
antioxidants penetrate the membrane sac and convert into
lipoproteins, facilitating embryonic growth. Despite the
increase in egg yolk cholesterol levels, the egg yolk lipids
remained decreased. This indicates that cholesterol has
little effect on lipids, as Campos et al. (2016) stated that
the lipid profile consists of 66% triglycerides, 28%
phospholipids, and 6% cholesterol.

Conclusion

WSPE yogurts B1 and B2 produced five peaks upon
purification, with peak 3 having the highest antioxidant
activity. Further research on peptide purification using the
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) method is required to
precisely determine the peptide's size based on its
molecular weight.

WSPE yogurt 4% is recommended for inclusion into
Isa brown laying hens' diets, as it enhances egg yolk
protein and lipid levels. However, 4% WSPE yogurt did
not reduce egg Yyolk cholesterol levels. Therefore,
administering yogurt probiotics to laying hens is
recommended to enhance egg yolk protein levels while
reducing lipid levels.
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