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Abstract

Non-typhoidal salmonellosis is a globally prevalent zoonotic disease, often associated with the growing concern of
antimicrobial resistance (AMR). This persistent issue underscores the urgent need for novel strategies for prevention
and control. Although conventional approaches such as drug or vaccine development are widely explored, they are
often time-consuming, costly, and subject to potential bacterial resistance over time. As an alternative, egg-derived
antibodies (IgY) offer a promising solution. IgY can be produced in large quantities without the need for complex
infrastructure or environmental risk. Their production is characterized by a favorable safety profile, scalability, high
antibody yield per egg yolk, cost-effectiveness, and lack of cross-reactivity in mammals—attributes that collectively
make this technology highly advantageous. The present investigation aimed to establish a standardized protocol for
hyperimmunization, production, and isolation of IgY antibodies from the yolk of immunized hens targeting multidrug-
resistant (MDR) Salmonella enterica serovar Typhimurium. The study further focused on the characterization and
specificity assessment of the purified IgY. The findings suggest that the resulting IgY holds strong potential as a
therapeutic, prophylactic, or diagnostic agent against MDR S. Typhimurium.
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Introduction
Globally, Salmonella enterica serovar Typhimurium (S. Typhimurium) is recognized as a pathogen of significant public
health concern, primarily due to the emergence of antimicrobial resistance (AMR) resulting from the extensive misuse
of antimicrobials (Xu et al., 2020). According to the World Health Organization (WHO), Salmonella ranks among the
leading bacterial pathogens under AMR surveillance, and the Centers for Disease Control and Prevention (CDC)
classifies multidrug-resistant (MDR) Salmonella as a “Serious Threat Level” pathogen (Brunelle et al., 2017). Multiple
MDR strains of S. Typhimurium are now spreading globally in a pandemic-like pattern, affecting a wide range of
animal species (Serrano-Fujarte et al., 2024).

Salmonellae are Gram-negative, motile, non-endospore-forming bacilli belonging to the Enterobacteriaceae family.
Among their cellular components, outer membrane proteins (OMPs) play crucial roles in immune system interactions,
such as inhibiting and activating complement pathways (Dudek et al., 2016). OMPs are recognized as major
immunogens that can elicit protective immune responses and provide cross-protection. Due to these properties,
OMPs have been extensively studied as vaccine candidates, virulence factors, and diagnostic antigens (Isibasi et al.,
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1988).

The passive transfer of specific antibodies into hen egg yolks was first demonstrated by Klemperer in 1893.
Immunoglobulin Y (IgY) is the primary antibody transferred into the egg yolk via a pH-dependent receptor, conferring
immunity to the developing chick (Klemperer, 1893; Tesar et al., 2008). IgY has wide-ranging applications in
immunodiagnostics, therapeutics, prophylaxis, immunochemical assays, food supplements, and as biomarkers. It
offers multiple advantages: it can be obtained without the need to slaughter animals, as it is extracted from egg yolk; it
allows for the production of significant quantities at relatively low cost through a non-invasive process; it has minimal
interaction with rheumatoid factors and does not activate the mammalian complement system (Hadge & Ambrosius,
1984). Additionally, IgY exhibits a greater ability to recognize diverse epitopes on mammalian proteins, thus enhancing
immune response (Edzard et al., 2012), and can be effectively produced even against antigens that are poorly
immunogenic in mammals (Hodek et al., 2013). Furthermore, it remains stable for at least one year when stored at
4°C. These properties make IgY an attractive candidate for development as a therapeutic, prophylactic, or diagnostic
agent. Non-parenteral formulations—such as oral preparations, nasal sprays, and drops—could offer broad protection
against pathogens targeting the gastrointestinal and respiratory tracts (Lee et al., 2021).

Given the urgent need for alternative approaches to combat MDR S. Typhimurium, this study aimed to explore an IgY-
based intervention. Specifically, IgY antibodies were generated against the OMPs of MDR S. Typhimurium, due to
their established immunogenicity. The present research focuses on the production and characterization of these IgY
antibodies, with the goal of developing novel tools for targeting this highly resistant bacterial pathogen.

Material and methods

Bacterial strain and culture
A field isolate of Salmonella enterica serovar Typhimurium, originally recovered from poultry and maintained at the
Department of Veterinary Microbiology, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture
and Technology, Pantnagar, was used in the present study.

Hyperimmunization of layers
The outer membrane proteins (OMPs) of a multidrug-resistant (MDR) Salmonella enterica serovar Typhimurium field
isolate were purified following the method described by Choi-Kim et al. (1991), with minor modifications (Choi-Kim et
al., 1991; Tiwari et al., 2021). Six-month-old Rhode Island Red (RIR) layer hens, procured from the Instructional
Poultry Farm of the College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology
(GBPUAT), Pantnagar, Uttarakhand, were selected for hyperimmunization. The birds were housed in battery cages
and provided ad libitum access to feed and water throughout the study.

Table  I. Hyperimmunization schedule for Rhode Island Red layers. Outer membrane proteins (OMPs) were administered subcutaneously at 21-day
intervals with progressively increasing antigen doses.
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Prior to the experiment, all five hens were dewormed twice at 21-day intervals using 1 mL of oral piperazine. Their
Salmonella-free status was confirmed through cultural examination of cloacal swabs to ensure the absence of the
pathogen.

A water-in-oil emulsion was prepared by mixing the OMP solution (prepared in phosphate-buffered saline, pH 7.2) with
adjuvant in a 1:1 ratio. All immunization doses were administered subcutaneously, as outlined in Table I. Eggs laid
daily by the immunized hens were collected and stored at 4 °C until further use.

Purification of IgY from egg yolk
IgY was purified from egg yolk using the dextran sulphate precipitation method, with minor modifications, as previously
described in studies conducted in our laboratory (Rani et al., 2012). Briefly, egg yolk was carefully separated from the
egg white and diluted with phosphate-buffered saline (PBS, pH 7.2) to a final volume of 50 mL. The mixture was gently
homogenized to obtain a uniform suspension, which was then centrifuged at 8000 rpm for 10 minutes. The resulting
pellet was discarded, and the supernatant was retained.

To the supernatant, 3 mL of 10% (w/v) dextran sulphate solution (prepared in distilled water) was added and
incubated for 15 minutes. Subsequently, 7.5 mL of 1 M calcium chloride solution was added and the mixture was
incubated for an additional 30 minutes. After incubation, the suspension was centrifuged at 8000 rpm for 15 minutes,
and the clear supernatant was collected.

Solid sodium sulphate was then added to the supernatant at a concentration of 20 g per 100 mL, followed by
incubation for 20–30 minutes. The mixture was centrifuged again at 10,000 rpm for 10 minutes. The supernatant was
retained and 6.2 mL of 36% sodium sulphate solution was added, followed by centrifugation at 11,000 rpm for 20
minutes. The resulting pellet was resuspended in 1× PBS.

The final IgY solution was aliquoted into small volumes and stored at –20 °C until further use. All steps were
performed at room temperature.

Comparison of antibody titer in the serum and egg yolk during
hyperimmunization
An indirect enzyme-linked immunosorbent assay (ELISA) was performed weekly to evaluate the antibody titres against
the administered outer membrane proteins (OMPs), following the protocol described by Kumar et al. (2003), with
minor modifications. Serum samples from hyperimmunized hens and IgY extracted from their egg yolks were collected
weekly and stored at –20 °C until analysis. Pre-immunization serum and IgY samples served as negative controls,
and blank wells were included as an additional control.

For coating, 100 µL of OMP solution (1:50 dilution in coating buffer) was added to each well of a microtiter plate and
incubated overnight at 4 °C. The wells were then washed, and non-specific binding sites were blocked by adding 100
µL of blocking buffer (2% bovine serum albumin in PBS) per well, followed by incubation at 37 °C for 2 hours with
gentle shaking.

After washing, 100 µL of diluted serum (1:100) or diluted IgY (1:100) was added to the appropriate wells and
incubated for 2 hours at 37 °C with gentle shaking. After further washing, 100 µL of anti-chicken horseradish
peroxidase (HRPO)-conjugated secondary antibody (diluted 1:5000 in blocking buffer) was added to each well and
incubated for 1.5 hours at 37 °C. Plates were washed again, and the enzymatic reaction was initiated by adding 100
µL of substrate solution (o-phenylenediamine dihydrochloride [OPD] and 30% H₂O₂ in citrate buffer) per well and
incubated in the dark for 30 minutes. The reaction was stopped by adding 5 M H₂SO₄, and the optical density (OD)
was measured at 492 nm using a microplate reader.

The data were expressed as mean ± standard error (SE) of OD values. A line graph was plotted to visualize the
weekly variation in antibody titres. Statistical analysis was performed according to the method described by Snedecor
and Cochran (1994). One-way analysis of variance (ANOVA) was applied, and differences were considered
significant at p ≤ 0.05. Means were separated using Duncan's Multiple Range Test (DMRT), implemented through the
SPSS 26.0 statistical software package (Duncan, 1955).
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Characterization of the purified IgY
The purified IgY was subjected to a series of laboratory analyses to assess its purity, yield, and specificity against the
outer membrane proteins (OMPs) of multidrug-resistant (MDR) Salmonella enterica serovar Typhimurium.

SDS-PAGE and Western Blot analysis
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed using a 10% resolving gel
and a 4% stacking gel to determine the molecular size of the purified IgY antibodies. To evaluate the reactivity of the
purified IgY against the outer membrane proteins (OMPs) of MDR S. Typhimurium, a Western blot was carried out
following the protocol of Towbin et al. (1979).

Approximately 15 µg of OMPs were resolved on SDS-PAGE and subsequently transferred onto a nitrocellulose
membrane (NCM) using a semi-dry transfer apparatus. Prior to transfer, the gel, filter papers, and membrane were
soaked in transfer buffer for 15 minutes. The membrane was placed on the anode side, with the gel positioned above it
on the cathode side, and the assembly was sandwiched between filter papers. Protein transfer was conducted at a
constant voltage of 50 V, applying a current of 0.8 mA/cm² of gel area for one hour.

Following transfer, the membrane was carefully removed and incubated overnight at 4 °C in blocking buffer to prevent
non-specific binding. After blocking, the membrane was washed and incubated with the primary antibody (purified
IgY) diluted 1:500 in blocking buffer for 2.5 hours at 37 °C. After subsequent washes, the membrane was incubated
with a 1:2000 dilution of horseradish peroxidase (HRPO)-conjugated anti-chicken IgY secondary antibody (Sigma) in
blocking buffer for 2 hours at 37 °C. After final washes, the reaction was visualized using 3,3'-diaminobenzidine (DAB)
as the chromogenic substrate.

Quantification of IgY
The total protein concentration of the purified IgY preparation was estimated using the Lowry method. To quantify the
specific IgY fraction against the outer membrane proteins (OMPs), radial immunodiffusion (RID) was performed as
described by Rani et al. (2012).

For RID, antibody-containing agar diffusion plates were prepared by mixing 0.35 mL of rabbit anti-chicken IgY
antiserum with 1.65 mL of Tris-buffered saline (TBS, pH 8.2), followed by incubation at 56 °C. Separately, 70 mg of
agarose (Hi-Media) was dissolved in 5 mL of TBS and maintained at 56 °C. The agarose solution was then mixed with
the anti-chicken IgY solution and evenly poured onto clean, grease-free glass slides. After solidification, wells of 3 mm
diameter were punched at 15 mm intervals.

The wells were loaded with standard IgY solutions (ranging from 0.4 mg/mL to 6.5 mg/mL) and with the purified IgY
sample. The plates were incubated at 37 °C for 24 hours. Following incubation, a standard curve was constructed by
plotting the square of the diameter (d²) of the precipitin rings formed around each standard well against the
corresponding IgY concentration. The concentration of specific IgY in the purified preparation was then determined
using the regression equation derived from the standard curve.

Agarose gel immunodiffusion (AGID)
Agarose gel immunodiffusion was performed to detect precipitating antibodies in both the serum of hyperimmunized
hens and the purified IgY preparations obtained from egg yolk. The agarose gel was prepared by dissolving 1 g of Low
EEO agarose (HiMedia) and 9 g of NaCl in 100 mL of distilled water using a boiling water bath.

For the assay on glass slides, one central well was filled with serum from hyperimmunized birds, while two peripheral
wells were loaded with S. Typhimurium OMPs diluted 1:5 and 1:10, respectively. In a separate assay conducted in a
Petri plate, the central well was charged with the dialyzed purified IgY preparation, and the surrounding wells were
loaded with OMPs at serial dilutions of 1:2, 1:5, 1:10, and 1:20.

After loading the samples, both the slide and the Petri plate were incubated at 37 °C in a humidified chamber for 36
hours. Following incubation, the gels were transferred to 4 °C for additional 24 hours to enhance the development of
precipitin lines.
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Dot Enzyme Immunoassay
Dot ELISA was performed to evaluate the specificity of the purified IgY against the outer membrane proteins (OMPs)
of MDR S. Typhimurium. The OMPs were used as antigens at a 1:20 dilution from the original stock solution (7.28
mg/mL). The primary antibody—i.e., the purified IgY preparation—was used at a dilution of 1:500.

Nitrocellulose membrane (NCM) strips were first washed with sterilized triple-distilled water, air-dried, and then
spotted with the antigen solution (OMPs). After allowing the antigen to dry, the unbound sites on the membrane were
blocked by immersing the strips in 1% gelatin solution and incubating at 37 °C for 1 hour.

Following blocking, the strips were washed and incubated in the purified IgY solution for 1 hour at 37 °C. After
washing again, the strips were immersed in a 1:2000 dilution of anti-chicken IgY horseradish peroxidase (HRPO)
conjugate and incubated for an additional hour at 37 °C.

The detection was carried out by developing the strips using a substrate solution consisting of 0.5 mg/mL
diaminobenzidine (DAB) and 1 μL/mL of 30% (v/v) hydrogen peroxide in citrate buffer.

Analysis of stability of IgY at different temperatures
To evaluate the thermal stability of purified IgY, different aliquots were stored for six months at various temperatures:
37 °C, room temperature, 0 °C, 4 °C, –20 °C, and –40 °C. Following the storage period, the samples were subjected
to SDS-PAGE analysis (10% resolving gel) to assess protein integrity and potential degradation.

In addition, the antigen-binding activity of the stored IgY samples was evaluated using indirect ELISA. The assay
employed outer membrane proteins (OMPs) of MDR S. Typhimurium as the coating antigen at a 1:50 dilution, while
the IgY samples were used as primary antibodies at a 1:100 dilution. The ELISA results were used to determine the
retention of immunoreactivity of IgY after storage under different temperature conditions.

Results

Purification of IgY from egg yolk
IgY was successfully purified from egg yolk, resuspended in 1× PBS, and stored in 1 mL aliquots at –20 °C for further
use.

Comparison of antibody titre in serum and egg yolk
The mean optical density (O.D.) values obtained by indirect ELISA indicated dynamic changes in the antibody titres
over the course of immunization. In the serum, a progressive increase in antibody concentration was observed up to
the 4th week, followed by a decline in the 6th week. A slight fluctuation was noted at the 8th week, after which the titre
began to rise again. From the 10th week onward, serum antibody levels remained relatively stable, maintaining a
consistent titre through the 15th week. These observations suggest an initial robust immune response, followed by
minor dips, and a subsequent plateau phase of sustained antibody production.

In the egg yolk-derived IgY, the O.D. values showed a gradual increase up to the 4th week, followed by a more
marked rise in the 5th week. A decline was recorded in the 6th week, with a subsequent increase beginning in the 7th
week and a dip again at the 11th week. From the 12th week to the 15th week, IgY titres remained relatively constant.
These fluctuations in O.D. values reflect the variations in specific IgY levels produced in response to the OMP antigen.

The peak antibody titre in serum was observed at the 11th week, while the highest IgY concentration in egg yolk was
recorded at the 13th week (Figure 1). The rise and fall in the O.D. values across different time points underscore the
dynamic nature of the immune response and the kinetics of antibody deposition in egg yolk.
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Figure  1. Weekly variation in antibody titres in serum and egg yolk during the hyperimmunization of layer hens. The graph illustrates the gradual
rise and fall in optical density (O.D.) values of antibodies against the outer membrane protein (OMP) antigen of S. Typhimurium. The pattern of
antibody response in serum closely mirrors that observed in egg yolk. The peak antibody titre in serum was recorded at the 11th week, while the
maximum titre in egg yolk was observed at the 13th week.

Characterization of purified IgY

SDS-PAGE and Western Blot analysis
SDS-PAGE analysis of the purified IgY preparation revealed two distinct protein bands at approximately 63 kDa and
27 kDa, corresponding to the heavy and light chains of chicken IgY, respectively (Figure 2). These results confirmed
the successful isolation and purity of the IgY fraction.

Figure  2. SDS-PAGE analysis of purified IgY preparations. Lane M: Unstained protein molecular weight marker (ThermoScientific);Lanes 1–4:
Purified IgY samples loaded at concentrations of 214 µg, 85 µg, 43 µg, and 21 µg, respectively.Two major protein bands were observed at
approximately 63 kDa and 27 kDa, corresponding to the heavy and light chains of IgY, respectively, confirming the integrity and purity of the isolated
antibody fractions.

Western blot analysis was performed using OMPs of MDR S. Typhimurium (1:20 dilution) as the antigen and the
purified IgY as the primary antibody. Upon development with DAB, several protein bands were visualized on the
nitrocellulose membrane, indicating specific binding between the IgY and OMPs. Major immunoreactive bands were
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observed at molecular weights of approximately 11 kDa, 15 kDa, 19 kDa, 31 kDa, 33 kDa, and 37 kDa. Additionally,
several minor bands were detected at 49 kDa, 56 kDa, 66 kDa, and 90 kDa (Figure 3).

The presence of distinct bands at various molecular weights confirms the heterogeneity of the OMP antigen and the
broad reactivity of the IgY antibodies. Notably, the OMP bands were consistently detected across a range of IgY
dilutions, from 1:50 to 1:500, indicating high specificity and sensitivity of the antibody preparation.

Figure  3. Western blot analysis of outer membrane proteins (OMPs) of MDR S.  Typhimurium using purified IgY as the primary antibody. Lane M:
Pre-stained protein molecular weight marker (Genetix);Lane 1: OMPs (1:20 dilution).Major immunoreactive bands were detected at approximately
11 kDa, 15 kDa, 19 kDa, 31 kDa, 33 kDa, and 37 kDa, with additional minor bands at 49 kDa, 56 kDa, 66 kDa, and 90 kDa. The observed banding
pattern confirms the antigen-antibody specificity between the purified IgY and the OMPs of MDR S. Typhimurium.

Quantification of IgY
The total protein concentration of the purified IgY suspension, as determined by the Lowry method, was found to be
14.246 mg/mL. The final IgY pellet obtained from a single egg, containing approximately 15 mL of egg yolk, was
resuspended in 3.5 mL of 1× PBS. Based on this volume and concentration, the total yield of IgY from a single egg
was calculated to be approximately 49.861 mg.

To determine the concentration of antigen-specific IgY and assess the purity of the preparation, radial
immunodiffusion (RID) was performed. The specific IgY concentration was estimated to be 12.023 mg/mL, indicating
a purity of 84.40% in the IgY suspension. Accordingly, the total amount of specific IgY that could be recovered from a
single egg was calculated to be approximately 42.08 mg.

These results demonstrate that the employed isolation and purification protocol effectively yielded high concentrations
of specific IgY, with a high degree of purity suitable for downstream applications.

Agarose gel immunodiffusion (AGID) and Dot Enzyme Immunoassay
The IgY suspension demonstrated positive reactivity against OMPs in the agarose gel immunodiffusion assay, with
the formation of three distinct precipitin lines. This indicates the presence of antibodies with at least three different
specificities within the IgY preparation.

Further confirmation of specificity was obtained through Dot ELISA. When OMPs (1:20 dilution) were used as the
antigen and IgY at 1:50 and 1:500 dilutions as the primary antibody, a clear chromogenic reaction was observed. The
appearance of distinct brown-coloured dots confirmed the binding of the IgY to the OMP antigens of MDRS.
Typhimurium, indicating strong and specific antigen–antibody interaction (Figure 4).
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Figure  4. Dot enzyme immunoassay (Dot ELISA) demonstrating the interaction between outer membrane proteins (OMPs) of MDR S.  
Typhimurium and purified IgY antibodies. OMPs (1:20 dilution) were used as the coating antigen, and purified IgY was applied as the primary
antibody at 1:50 and 1:500 dilutions. The development of distinct brown-coloured dots indicates a strong and specific antigen–antibody reaction,
confirming the specificity of the IgY antibodies derived from the egg yolk of hyperimmunized hens.

Effect of temperature on the activity and stability of IgY
To assess the thermal stability of IgY, aliquots of the purified antibody were stored at various temperatures ranging
from –40 °C to 37 °C for a period of six months. Samples stored at –40 °C, –20 °C, and 4 °C were additionally
monitored for nearly one year. Following storage, the samples were evaluated for structural integrity and antigen-
binding activity using SDS-PAGE and indirect ELISA, respectively.

A very slight blackish discoloration was noted on the surface of the IgY samples stored at room temperature, possibly
indicating the onset of minor oxidative changes. However, the ELISA optical density (O.D.) values indicated that IgY
activity remained largely unaffected across all tested storage temperatures, with only minimal variation. This highlights
the robust thermal stability of IgY over extended storage periods. Notably, a slight reduction in ELISA reactivity was
observed in the sample stored at –40 °C (Table II), though the difference was not substantial.

These findings confirm that IgY is a remarkably stable molecule, retaining both structural integrity and
immunoreactivity across a wide temperature range, making it well-suited for long-term storage under diverse
conditions.

Table  II. Optical density (O.D.) values (Mean ± S.E.) obtained by indirect ELISA for IgY samples stored at different temperatures. Means bearing
different superscripts indicate statistically significant differences (p ≤ 0.05).
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Discussion
Salmonella enterica has emerged as a major zoonotic, foodborne pathogen, with S. Typhimurium being one of the
most prevalent serotypes exhibiting aggressive antimicrobial resistance (AMR) over the past few decades (Prestinaci
et al., 2017). The rising threat posed by AMR has spurred interest in alternative therapeutic approaches, among which
egg-derived antibodies (IgY) represent a promising, scalable, and cost-effective solution (Chala et al., 2015; Dixit et
al., 2016).

IgY production from hen's eggs is significantly more efficient compared to mammalian systems, with reported yields
approximately 300 times greater than those obtained from rabbit blood. Literature indicates that 100–200 mg of IgY
can be extracted from a single egg, with 2–10% of the total being antigen-specific (Munhoz et al., 2014), making this
approach particularly suitable for large-scale production. IgY antibodies have demonstrated stability under food
processing conditions and are already being applied in diagnostics, therapeutics, prophylaxis, immunochemical
assays, and as modulators in food and feed (Amro et al., 2018).

In this study, IgY antibodies were successfully generated against outer membrane proteins (OMPs) of a multidrug-
resistant (MDR) S. Typhimurium isolate. The specificity of the IgY was confirmed through various serological assays,
including agar gel immunodiffusion, dot ELISA, indirect ELISA, and Western blotting. These findings demonstrate the
potential use of IgY as a diagnostic or therapeutic tool for the management of MDR Salmonella infections.

Consistent with previous reports (Lee et al., 2021), our study showed that only two immunizations were sufficient to
elicit a strong humoral response in layer hens, with antibody titres persisting in the eggs for several weeks. Rhode
Island Red (RIR) layers were found to produce higher IgY concentrations compared to White Leghorn layers (Amro et
al., 2018), reinforcing their suitability for IgY-based biotechnological applications.

The dextran sulphate method used for IgY purification proved to be efficient, yielding high-purity preparations, as
evidenced by the presence of two major bands at 63 kDa and 27 kDa on SDS-PAGE, corresponding to the heavy and
light chains of IgY (Zhen et al., 2008; Malekshahi et al., 2011). Quantification by the Lowry method and radial
immunodiffusion (RID) confirmed a high concentration of total and specific IgY, supporting the suitability of this
method for bulk IgY production (Rani et al., 2012; Li et al., 2015).

The specificity of the IgY antibodies toward the OMPs was clearly demonstrated. Immunodiffusion revealed three
precipitin lines, suggesting the presence of antibodies with at least three distinct antigen specificities. Dot ELISA
further validated the antigen–antibody interaction by producing distinct brown-coloured dots, even at a 1:500 IgY
dilution, confirming high specificity and sensitivity.

Western blot analysis revealed strong reactivity of IgY against several OMP bands at molecular weights of 11 kDa, 15
kDa, 19 kDa, 31 kDa, 33 kDa, and 37 kDa, with additional minor bands at 49 kDa, 56 kDa, 66 kDa, and 90 kDa.
These findings confirmed the complementarity between the IgY and various immunogenic components of the OMPs,
consistent with previous studies such as that of Imberechts et al. (1997).

The temporal profile of antibody titres in serum and yolk showed a similar pattern, with serum titres peaking
approximately two weeks earlier than those in the yolk, aligning with previous findings on IgY kinetics (Shi et al.,
2017). Similar observations have been made for antibodies against E. coli Stx2e, with IgY titres stabilizing around 30
days and maintained for over 90 days post-immunization.

Stability testing of IgY revealed remarkable thermal resilience. Aliquots stored at –40 °C, –20 °C, and 4 °C for up to a
year maintained their immunoreactivity, as did those stored for six months at room temperature and 37 °C. While a
slight blackish discoloration was noted on the surface of samples kept at room temperature—likely due to microbial
contamination—their antigen-binding activity remained largely unaffected in ELISA and SDS-PAGE. Interestingly, our
results contrast with earlier findings that reported loss of activity at 37 °C after one month (Nilsson et al., 2012), as we
observed retention of functional activity even after six months.

Previous studies have also confirmed IgY’s thermal resilience, with some reporting no loss of antibody activity even
after cooking at 100 °C for six minutes (Losch et al., 1986). Our findings support these observations and further
demonstrate that IgY retains its structural and functional stability across a broad temperature range (30–70 °C), as
also noted by Pereira et al. (2019).

In conclusion, the present study confirms the successful production of specific IgY against OMPs of MDRS.
Typhimurium, its high yield and purity, as well as its specificity and stability under various storage conditions. These
results strongly support the application of IgY in the development of cost-effective diagnostic, prophylactic, and
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potentially therapeutic solutions targeting MDR bacterial pathogens.

Conclusion
In summary, the present study successfully demonstrated the production of antigen-specific IgY antibodies against
multidrug-resistant (MDR) Salmonella enterica serovar Typhimurium. The purified IgYs exhibited strong and specific
serological reactivity against the target bacterium, confirming their potential application as therapeutic, prophylactic,
and diagnostic agents. The ability to generate substantial quantities of specific IgY from the eggs of hyperimmunized
hens in a cost-effective and non-invasive manner highlights the scalability and feasibility of this approach for industrial
and biomedical applications.
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