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Introduction

One of the biggest risks to food safety, animal welfare, and public 
health is the global spread of antimicrobial resistance (AMR) (Khairul-
lah et al., 2025). The growth and spread of resistant bacterial infections 
have been accelerated by the extensive and frequently improper use of 
antimicrobial drugs in human health, veterinary practice, and livestock 
agriculture (Trinchera et al., 2025). Due to their capacity to acquire nu-
merous resistance determinants and cause a variety of illnesses in both 
humans and animals, Klebsiella spp. have drawn the most interest among 
Gram-negative bacteria (Li et al., 2025). Within the One Health perspec-
tive, which acknowledges the interdependence of human, animal, and en-
vironmental health, the spread of antimicrobial-resistant Klebsiella strains 
down the food chain is a serious concern (Al-Khalaifah et al., 2025).

Klebsiella spp. are members of the family that are opportunistic (The-
sia et al., 2025). Enterobacteriaceae are frequently found in soil, water, 
plants, animals, and human digestive tracts (Paz-Calvache et al., 2025). 
Despite being a natural component of the microbiota, these bacteria can 
cause serious infections, such as pneumonia, septicemia, urinary tract in-
fections, and wound infections, especially in immunocompromised peo-
ple (Paczosa and Mecsas, 2016). Klebsiella spp. have been linked to re-
spiratory infections, mastitis, and other opportunistic illnesses in animals 
raised for food (Wareth and Neubauer, 2021). Concerns about foodborne 
transmission and the transfer of antibiotic resistance genes to humans 
are raised by their presence in animal-derived foods (El Baz et al., 2026).

One of the most popular foods derived from animals in the world 
is chicken eggs (Caffa et al., 2025). Eggshells can become contaminated 
during manufacture, processing, transit, storage, and marketing, even if 
the inside contents of freshly laid eggs are typically sterile (Hsu et al., 
2023). Members of the Enterobacteriaceae family are among the bacterial 
infections that can be transported by contaminated eggshells (Hemeda et 
al., 2025). Eggshells’ porous shape makes it easier for bacteria to adhere 
to and survive on their surface, potentially contaminating areas used for 
food preparation (Chen et al., 2019). As a result, eggshell contamination 
is a significant food safety concern, especially in underdeveloped nations 
where hygienic handling procedures may be uneven (De Reu et al., 2006).

Antimicrobial-resistant bacteria can be isolated from retail eggs and 
chicken products, according to an increasing amount of evidence (Hinson 
et al., 2025). The rise of multidrug-resistant (MDR) Klebsiella spp., which 
are isolates resistant to at least one antimicrobial agent in three or more 
antimicrobial classes, is especially concerning (Drakul et al., 2025). MDR 
Klebsiella bacteria restrict available treatments and raise morbidity, death, 
and medical expenses (Riwu et al., 2022). Moreover, extended-spectrum 
β-lactamases (ESBLs), which can hydrolyze a variety of β-lactam medi-
cines, including third-generation cephalosporins, are produced by a large 
number of MDR isolates (Farizqi et al., 2023). blaSHV, blaTEM, and blaCTX-M, 
which are frequently found on mobile genetic elements that promote 
horizontal gene transfer between bacterial populations, are among the 
most widely documented ESBL-associated genes in Klebsiella spp. (Yartey 
et al., 2025).
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ARTICLE INFO ABSTRACT

Antimicrobial-resistant bacteria have become a global health and food safety problem due to their appearance 
and spread in animal-derived foods. Extended-spectrum β-lactamase (ESBL)-associated genes are among the 
several antibiotic resistance determinants that Klebsiella spp. are known to acquire, making them significant 
opportunistic pathogens. The purpose of this work was to discover multidrug-resistant (MDR) isolates, assess 
the antimicrobial susceptibility profiles of Klebsiella spp. on chicken eggshells sold in Surabaya, Indonesia, and 
find ESBL-associated resistance genes (blaSHV, blaTEM, and blaCTX-M). A total of 150 eggshell swab samples were 
gathered from five Surabaya administrative regions’ traditional and contemporary retail markets. Gram staining, 
biochemical testing, and standard culture techniques were used for isolation and identification. The Kirby-Bauer 
disk diffusion method was used to test for antimicrobial susceptibility to ampicillin, gentamicin, azithromycin, 
enrofloxacin, and tetracycline. Polymerase chain reaction (PCR) was used to further screen MDR isolates for 
ESBL-associated genes. 28 (18.7%) of the 150 samples that were analyzed were identified as Klebsiella spp. 
According to antimicrobial susceptibility tests, ampicillin had the highest resistance rate (71.4%), followed by 
azithromycin (39.3%) and tetracycline (25.0%). At 78.6%, gentamicin showed the highest susceptibility rate. Due 
to their resistance to three or more antimicrobial classes, two isolates (7.1%) were categorized as MDR. While 
blaTEM and blaCTX-M were not found, molecular analysis revealed that both MDR isolates carried the blaSHV gene. 
These results suggest that antimicrobial-resistant Klebsiella spp. and ESBL-associated resistance determinants 
may be present in chicken eggshells sold in Surabaya. To reduce the spread of antimicrobial resistance within 
a One Health framework, ongoing surveillance and better hygiene procedures are crucial across the chicken 
production chain.
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The prevalence of MDR and ESBL-producing Klebsiella spp. in retail 
eggs in Indonesia is still poorly understood, despite the growing rec-
ognition of foodborne AMR as a global health concern (Sulaiman et al., 
2025). One of Indonesia’s biggest cities, Surabaya, has a vast distribution 
network that includes both traditional and contemporary retail markets, 
which increases the risk of bacterial contamination and spread across the 
food supply chain (Keytimu et al., 2026). Therefore, monitoring antimicro-
bial-resistant bacteria in consumer-marketed eggs is crucial for evaluat-
ing possible threats to public health (Owusu-Doubreh et al., 2023).

The current study’s objectives were to identify and isolate Klebsiella 
spp. from chicken eggshells sold in Surabaya, Indonesia, ascertain their 
antimicrobial susceptibility profiles, find isolates that were resistant to 
multiple drugs, and look into the existence of ESBL-associated resistance 
genes (blaSHV, blaTEM, and blaCTX-M). The results of this study support ongo-
ing initiatives to improve food safety monitoring and antibiotic resistance 
surveillance within the One Health framework and offer useful baseline 
data on the prevalence of antimicrobial-resistant Klebsiella spp. in retail 
eggs.

Materials and methods

Study design and sample collection

A laboratory-based cross-sectional study was conducted to investi-
gate the occurrence of antimicrobial-resistant Klebsiella spp. on commer-
cial chicken eggshells marketed in Surabaya, Indonesia. The study was 
conducted from August to September 2025. A total of 150 eggshell swab 
samples were collected from five administrative regions of Surabaya, in-
cluding East, West, North, South, and Central Surabaya. From each region, 
30 samples were obtained, comprising 15 samples from traditional mar-
kets and 15 samples from modern retail markets.

Samples were selected using a purposive sampling approach, in 
which only eggs exhibiting visible dirt or surface contamination were 
included. Each egg was handled aseptically using sterile gloves, placed 
individually in sterile plastic bags, and transported in a cool box to the 
Veterinary Public Health Laboratory, Faculty of Veterinary Medicine, Uni-
versitas Airlangga, for microbiological analysis.

Isolation and identification of Klebsiella spp.

Eggshell surfaces were swabbed using sterile cotton swabs, and the 
swabs were inoculated into 1% Buffered Peptone Water (BPW; Merck 
KGaA, Darmstadt, Germany) as a pre-enrichment medium. The cultures 
were incubated at 37°C for 24h. Subsequently, enriched samples were 
streaked onto MacConkey Agar (MCA; HiMedia Laboratories, India) and 
incubated at 37°C for an additional 24h.

Presumptive Klebsiella colonies were identified based on their char-
acteristic colonial morphology on MCA, namely large, smooth, mucoid, 
pink-to-red colonies indicative of lactose fermentation. Representative 
colonies were selected for further phenotypic characterization (Putri et 
al., 2026).

Gram staining and biochemical identification

Presumptive isolates were subjected to Gram staining using crystal 
violet, Lugol’s iodine, 96% ethanol, and safranin. Microscopic examina-
tion was performed under oil immersion at 1000× magnification. Isolates 
appearing as short Gram-negative bacilli were further analyzed using 
conventional biochemical tests.

Biochemical characterization included Sulfide–Indole–Motility (SIM), 
Methyl Red (MR), Voges–Proskauer (VP), Simmons Citrate Agar (SCA), 
and Triple Sugar Iron Agar (TSIA) assays. Identification of Klebsiella spp. 
was based on a characteristic biochemical profile consisting of negative 
reactions for hydrogen sulfide production, indole production, motility, 

and methyl red tests, together with positive citrate utilization and Vo-
ges–Proskauer reactions. On TSIA medium, confirmed isolates typically 
exhibited an acid slant/acid butt (A/A) reaction with gas production and 
no hydrogen sulfide formation (Permatasari et al., 2020).

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was carried out using the Kirby–
Bauer disk diffusion method on Mueller–Hinton Agar (MHA; HiMedia 
Laboratories, India). Fresh bacterial colonies were suspended in sterile 
0.9% physiological saline and adjusted to the turbidity of a 0.5 McFarland 
standard, corresponding to approximately 1.5×10⁸ CFU/mL.

The standardized bacterial suspension was evenly spread onto MHA 
plates using sterile cotton swabs. Antimicrobial disks (Oxoid, United King-
dom) were placed on the inoculated agar surface and incubated at 37°C 
for 18–24 h. The antimicrobial agents tested were ampicillin (10 μg), gen-
tamicin (10 μg), azithromycin (15 μg), enrofloxacin (5 μg), and tetracycline 
(30 μg).

After incubation, inhibition zone diameters were measured using a 
digital caliper. The results were interpreted according to the Clinical and 
Laboratory Standards Institute guidelines (CLSI, 2020). Isolates showing 
resistance to at least one antimicrobial agent in three or more antimicro-
bial classes were categorized as MDR.

Detection of ESBL-associated resistance genes

Multidrug-resistant Klebsiella isolates were further analyzed by poly-
merase chain reaction (PCR) to detect ESBL-associated genes, including 
blaSHV, blaTEM, and blaCTX-M. These genes were selected because they rep-
resent the most frequently reported β-lactam resistance determinants in 
Klebsiella spp.

Genomic DNA was extracted from overnight bacterial cultures us-
ing a commercial bacterial DNA extraction kit according to the manu-
facturer’s instructions. PCR amplification was performed in a final reac-
tion volume of 25 μL consisting of 12.5 μL PCR master mix, 1 μL of each 
forward and reverse primers (Table 1), 2 μL DNA template, and 8.5 μL 
nuclease-free water.

The amplification protocol included an initial denaturation step at 
95°C for 5 min, followed by 35 amplification cycles consisting of denatur-
ation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 
1 min. A final extension step was performed at 72°C for 7 min.

PCR products were resolved by electrophoresis on 1.5% agarose gels 
stained with a nucleic acid dye and visualized under ultraviolet illumina-
tion. The presence of target genes was determined by comparing the 
observed amplicon sizes with the expected fragment lengths.

Data analysis

All data obtained from bacterial isolation, phenotypic identification, 
antimicrobial susceptibility testing, and molecular detection of resistance 
genes were analyzed descriptively. The prevalence of Klebsiella spp., an-
timicrobial susceptibility profiles, MDR occurrence, and distribution of 
ESBL-associated genes were expressed as frequencies and percentages. 
Results were summarized using tables and figures, while antimicrobial 

687

D.A. Permatasari et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 5, 686-691

Gene Primer sequence (5′–3′) Amplicon size Reference

blaSHV
F: GGTTATGCGTTATATTCGCC
R: TTAGGTTGCCAGTGCTC 867 bp Srimaryanto et 

al. (2025)

blaTEM
F: ATAAAATTCTTGAAGACGAAA
R:GACAGTTACCAATGCTTAATC 1086 bp Prayudi et al. 

(2023)

blaCTX-M
F: CGCTTTGCGATGTGCAG
R: ACCGCGATATCGTTGGT 550 bp Ansharieta et 

al. (2021)

Table 1. Primers used for amplification of ESBL-associated resistance genes.



susceptibility interpretations were based on CLSI criteria.

Results

Isolation and identification of Klebsiella spp.

A total of 150 chicken eggshell swab samples were collected from 
traditional and modern retail markets located in five administrative re-
gions of Surabaya (East, West, North, South, and Central Surabaya), In-
donesia. Primary isolation on MCA yielded 51 presumptive Klebsiella spp. 
isolates, representing 34.0% (51/150) of all samples examined. Of these 
presumptive isolates, 28 (18.7%) originated from traditional markets, 
whereas 23 (15.3%) were recovered from modern markets.

On MCA, presumptive Klebsiella colonies exhibited typical morpho-
logical characteristics, including large, smooth, mucoid, pink-to-red col-
onies resulting from lactose fermentation (Figure 1). Gram staining re-
vealed short Gram-negative bacilli when examined under oil immersion 
at 1000× magnification (Figure 2).

Further confirmation was performed using conventional biochemical 
tests, including SIM, SCA, MR-VP, and TSIA. Confirmed isolates showed 
biochemical profiles consistent with Klebsiella spp., characterized by neg-
ative reactions for hydrogen sulfide production, indole production, mo-
tility, and methyl red tests, while positive reactions were observed for 
citrate utilization and the Voges–Proskauer test. On TSIA medium, isolates 
produced an acid slant/acid butt (A/A) reaction with gas formation but 
without hydrogen sulfide production (Figure 3).

Following phenotypic confirmation, 28 isolates were identified as 
Klebsiella spp., corresponding to an overall prevalence of 18.7% (28/150). 
Among the confirmed isolates, 15 were recovered from traditional mar-
kets and 13 from modern markets. The confirmed isolates were distribut-
ed across the five administrative regions of Surabaya as follows: Tambak-
sari and Tenggilis Mejoyo (East Surabaya), Tegalsari and Genteng (Central 
Surabaya), Pabean Cantian, Pabean, and Bulak (North Surabaya), Wono-
colo (South Surabaya), and Tandes (West Surabaya) (Table 2).

Antimicrobial susceptibility profiles of Klebsiella spp.

The antimicrobial susceptibility of the 28 confirmed Klebsiella isolates 
was evaluated using the Kirby–Bauer disk diffusion method against five 
antimicrobial agents, namely ampicillin (AMP), gentamicin (CN), azithro-
mycin (AZN), enrofloxacin (ENR), and tetracycline (TE) (Figure 4).

Among the tested antimicrobials, ampicillin demonstrated the high-
est resistance rate, with 20 of 28 isolates (71.4%) classified as resistant. In 
contrast, gentamicin exhibited the highest level of activity, with 22 iso-
lates (78.6%) categorized as susceptible. Resistance to azithromycin and 
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Figure 1. Morphological appearance of presumptive Klebsiella spp. colonies on MacConk-
ey agar showing pink, mucoid, and circular lactose-fermenting colonies.

Figure 2. Gram staining of presumptive Klebsiella spp. isolates showing short rod-shaped 
Gram-negative bacilli under 1000× magnification.

Figure 3. Biochemical characterization of Klebsiella spp. isolate PT11: (A) SIM test; (B) 
Simmons citrate agar test; (C) Methyl red test; (D) Voges–Proskauer test; and (E) Triple 
sugar iron agar test.

Market type Location Positive isolates (n) Isolate codes

Traditional

Tambaksari (East Sura-
baya) 6 TT1, TT2, TT3, 

TT7, TT9, TT11

Tegalsari (Central Sura-
baya) 4 PT1, PT3, PT10, 

PT11

Pabean Cantian (North 
Surabaya) 5 UT1, UT3, UT9, 

UT11, UT12

Subtotal 15

Modern

Pabean (North Surabaya) 1 UM4

Genteng (Central Surabaya) 3 PM7, PM8, PM9

Tenggilis Mejoyo (East 
Surabaya) 5 TM2, TM3, 

TM4, TM5, TM6

Bulak (North Surabaya) 2 UM7, UM8

Wonocolo (South Sura-
baya) 1 SM3

Tandes (West Surabaya) 1 BM6

Subtotal 13

Total 28

Table 2. Distribution of confirmed Klebsiella spp. isolated from chicken egg-
shells marketed in Surabaya.

Figure 4. Representative Kirby–Bauer disk diffusion assay showing antimicrobial suscep-
tibility patterns of Klebsiella spp. isolates against ampicillin, gentamicin, azithromycin, 
enrofloxacin, and tetracycline.



tetracycline was observed in 39.3% (11/28) and 25.0% (7/28) of isolates, 
respectively, whereas only 10.7% (3/28) of isolates were resistant to en-
rofloxacin. Detailed antimicrobial susceptibility profiles are presented in 
Table 3.

Two isolates (7.1%) fulfilled the criteria for multidrug resistance 
(MDR), defined as resistance to at least one antimicrobial agent in three 
or more antimicrobial classes. Both MDR isolates originated from modern 
markets. Isolate TM2 showed resistance to ampicillin, azithromycin, and 
enrofloxacin (AMP–AZN–ENR), whereas isolate UM7 displayed a broader 
resistance profile involving ampicillin, azithromycin, enrofloxacin, and tet-
racycline (AMP–AZN–ENR–TE) (Table 4).

The high prevalence of resistance to ampicillin indicates widespread 
β-lactam resistance among Klebsiella spp. recovered from retail egg-
shells. Moreover, the detection of MDR isolates highlights the potential 
role of eggshell contamination as a source of antimicrobial-resistant bac-
teria within the food supply chain.

Detection of ESBL-associated resistance genes

To investigate the molecular basis of antimicrobial resistance, MDR 
isolates were screened for three ESBL-associated β-lactamase genes, 
namely blaSHV, blaTEM, and blaCTX-M. The two MDR isolates identified in this 
study (TM2 and UM7) were subjected to PCR analysis.

PCR amplification revealed the presence of the blaSHV gene in both 
isolates, whereas neither blaTEM nor blaCTX-M was detected (Table 5). Aga-
rose gel electrophoresis showed distinct amplification bands correspond-
ing to the expected size of the blaSHV amplicon (Figure 5). In contrast, no 
amplification products were observed for blaCTX-M or blaTEM (Figures 6 and 
7).

The exclusive detection of blaSHV among the analyzed MDR isolates 
suggests that SHV-type β-lactamase is the predominant genetic determi-
nant associated with β-lactam resistance in Klebsiella spp. recovered from 
chicken eggshells. The absence of blaTEM and blaCTX-M indicates that these 
ESBL-associated genes were not involved in the resistance phenotypes 
observed in the present study.

Collectively, these findings demonstrate the presence of blaSHV-har-
boring MDR Klebsiella strains within the retail egg distribution chain and 
reinforce the importance of continuous surveillance of antimicrobial re-
sistance in foodborne bacteria.

Discussion

Antimicrobial-resistant and multidrug-resistant isolates with ES-
BL-associated resistance genes were found in this investigation, which 
also showed that chicken eggshells sold in Surabaya, Indonesia, were 
contaminated with Klebsiella spp. The finding of Klebsiella spp. in retail 
eggshells emphasizes how poultry products may act as carriers and reser-
voirs for opportunistic pathogens and factors that contribute to antibiotic 
resistance in the food chain.

The total prevalence of confirmed Klebsiella spp. isolates was 18.7% 
(28/150), meaning that this bacterium was present in almost one-fifth of 

Antibiotic Susceptible n (%) Intermediate n (%) Resistant n (%)

Ampicillin (AMP) 4 (14.3) 4 (14.3) 20 (71.4)

Gentamicin (CN) 22 (78.6) 4 (14.3) 2 (7.1)

Azithromycin (AZN) 17 (60.7) 0 (0.0) 11 (39.3)

Enrofloxacin (ENR) 20 (71.4) 5 (17.9) 3 (10.7)

Tetracycline (TE) 21 (75.0) 0 (0.0) 7 (25.0)

Table 3. Antimicrobial susceptibility patterns of Klebsiella spp. isolates (n = 28).

Isolate code Market type Resistance pattern

TM2 Modern AMP–AZN–ENR

UM7 Modern AMP–AZN–ENR–TE

Table 4. MDR Klebsiella spp. isolates recovered from chicken eggshells.

Note: Ampicillin (AMP), Gentamicin (CN), Azithromycin (AZN), Enrofloxacin (ENR), 
Tetracycline (TE).

Figure 5. Agarose gel electrophoresis showing amplification of the blaSHV gene in MDR 
Klebsiella spp. isolates. Lane M: DNA marker; K−: negative control; K+: positive control; 
UM7 and TM2: MDR isolates.

Figure 6. Agarose gel electrophoresis showing PCR amplification results for the blaCTX-M 
gene. No amplification products were detected in MDR Klebsiella spp. isolates.

Figure 7. Agarose gel electrophoresis showing PCR amplification results for the blaTEM 
gene. No amplification products were detected in MDR Klebsiella spp. isolates.

Isolate code Market type blaSHV blaTEM blaCTX-M

UM7 Modern Positive Negative Negative

TM2 Modern Positive Negative Negative

Table 5. Distribution of ESBL-associated resistance genes among MDR Klebsi-
ella spp. isolates.

D.A. Permatasari et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 5, 686-691
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the eggshell samples that were tested. Laying, handling, transportation, 
storage, and marketing are just a few of the stages of manufacturing and 
distribution where contamination may occur and result in the presence of 
Klebsiella spp. on eggshell surfaces (Junaid et al., 2022). Because of their 
porous nature, which encourages bacterial attachment and persistence 
on the shell surface, eggshells are extremely vulnerable to bacterial 
contamination (Vale et al., 2024). Enterobacteriaceae can also be intro-
duced into eggshells through poor sanitation, environmental pollution, 
and direct contact with poultry excrement (Pace et al., 2025). Klebsiella 
spp. have been recovered from poultry products, eggs, and farm settings 
in similar studies, highlighting the bacterium’s extensive dissemination 
throughout poultry production systems (Deleza et al., 2025).

It’s interesting to note that verified Klebsiella isolates were found in 
both conventional and contemporary markets, indicating that contami-
nation is not limited to a particular retail setting. Bacterial survival may be 
encouraged by the open-air selling settings and inadequate refrigeration 
found in traditional markets (Vu et al., 2025). However, the discovery of 
Klebsiella spp. in contemporary retail marketplaces suggests that micro-
biological contamination cannot be totally eradicated by improved infra-
structure alone (Davis et al., 2015). These results imply that rather than 
starting only at the retail level, contamination most likely starts earlier in 
the production and supply chain (Junaid et al., 2022).

A high degree of ampicillin resistance was found by antimicrobial 
susceptibility testing; 71.4% of isolates were found to be resistant. Be-
cause Klebsiella spp. produce chromosomally encoded β-lactamases, 
they are inherently resistant to ampicillin, so this finding is not surprising 
(Zdarska et al., 2026). However, the high frequency of resistance found in 
this study might also be a result of ongoing selection pressure brought 
on by the extensive usage of β-lactam antibiotics in both human and 
veterinary contexts (Caneschi et al., 2023). There have been reports of 
similar patterns of increased ampicillin resistance in Klebsiella isolates 
from food-producing animals and food products all over the world (Kot 
and Witeska, 2024).

Conversely, 78.6% of isolates were still sensitive to gentamicin, which 
demonstrated the strongest antibacterial efficacy. Similarly, compared to 
ampicillin, resistance rates to tetracycline and enrofloxacin stayed com-
paratively high. These results imply that many Klebsiella isolates found 
in retail eggs may still be susceptible to the effects of aminoglycosides 
and fluoroquinolones (Chreim et al., 2025). The existence of resistant iso-
lates, however, suggests that resistance to these antimicrobial groups is 
already developing and necessitates ongoing observation. 39.3% of iso-
lates showed resistance to azithromycin, which could be linked to the 
development of macrolide resistance mechanisms including ribosome 
target alterations or efflux pumps (Chiou et al., 2023).

From the standpoint of public health, the discovery of two MDR iso-
lates (7.1%) is quite concerning. Both MDR isolates showed resistance to 
at least three antimicrobial classes and came from contemporary mar-
kets. While isolate UM7 showed an even more extensive resistance profile 
involving ampicillin, azithromycin, enrofloxacin, and tetracycline, isolate 
TM2 shown resistance to ampicillin, azithromycin, and enrofloxacin. The 
presence of MDR Klebsiella spp. in retail eggshells suggests that food 
items could operate as reservoirs of germs that, if spread to people, could 
restrict treatment options (Olakanmi et al., 2026). Despite the relatively 
low frequency of MDR isolates found in this investigation, their identifi-
cation shows that clinically significant resistance bacteria are circulating 
across the food supply chain (Glass et al., 2026).

MDR isolates were screened for the ESBL-associated genes blaSHV, 
blaTEM, and blaCTX-M in order to further explore the molecular basis of resis-
tance. blaTEM and blaCTX-M were not found, however PCR analysis showed 
that both MDR isolates harbored the blaSHV gene. Since SHV-type β-lact-
amases were first identified in Klebsiella pneumoniae and are still among 
the most common ESBL determinants in this genus, the identification of 
blaSHV is consistent with the biology of Klebsiella spp. (Hammond et al., 
2005). The presence of blaSHV indicates that SHV-mediated hydrolysis of 

β-lactam antibiotics is probably linked to the β-lactam resistance seen in 
the MDR isolates (Liakopoulos et al., 2016).

The lack of blaTEM and blaCTX-M in the isolates under investigation could 
be a sign of restricted spread of these resistance determinants among 
Klebsiella communities linked to eggshell contamination in Surabaya or 
geographical variations in the distribution of ESBL genes. blaCTX-M is the 
predominant ESBL gene among clinical Enterobacteriaceae isolates glob-
ally, according to numerous investigations (Eskandari-Nasab et al., 2018; 
Park et al., 2019; Zhang et al., 2021). The prevalence of blaSHV found in 
this study, however, raises the possibility that various ecological niches 
may have unique resistance gene profiles. The identification of a single 
ESBL-associated gene further suggests that the reported antimicrobial 
resistance traits may be influenced by other resistance mechanisms not 
examined in this investigation (Pishtiwan and Khadija, 2019).

Food safety and public health are significantly impacted by the pres-
ence of blaSHV-positive MDR Klebsiella isolates in retail eggshells. Antimi-
crobial resistance can spread throughout microbial communities because 
resistance genes on plasmids or other mobile genetic components can be 
horizontally transferred between bacterial species (Sulaiman et al., 2025). 
Therefore, infected eggshells may serve as repositories of transferable 
resistance determinants that can spread to other pathogens in addition 
to being carriers of resistant bacteria (Hinson et al., 2025).

This study has a number of limitations that should be noted. Initially, 
traditional phenotypic techniques were the main basis for bacterial iden-
tification without species-level genetic confirmation (Clarridge, 2004). 
Second, the reported resistance profiles may possibly be influenced by 
additional resistance determinants, however only three ESBL-associated 
genes were examined (Carvalho et al., 2016). Third, it was difficult to thor-
oughly assess the molecular epidemiology of resistance genes due to 
the very small number of MDR isolates (Rahman et al., 2022). A more 
thorough understanding of antibiotic resistance in foodborne Klebsiella 
populations might be possible with future research utilizing bigger sam-
ple numbers, whole-genome sequencing, and increased resistance gene 
screening (Huang et al., 2025).

Overall, our investigation shows that antimicrobial-resistant Klebsiel-
la spp., including MDR isolates with the blaSHV gene, are present in chick-
en eggshells sold in Surabaya. These results highlight the significance of 
expanding antimicrobial stewardship programs, improving surveillance of 
antimicrobial resistance in foods of animal origin, and putting appropri-
ate hygiene measures into place throughout the poultry production and 
distribution chain (Farrukh et al., 2025). In order to prevent the spread of 
resistant microorganisms and resistance genes in the food supply and to 
support One Health initiatives to fight antimicrobial resistance (Widodo 
et al., 2023).

Conclusion

This study showed that 18.7% of chicken eggshells sold in Surabaya, 
Indonesia, had Klebsiella spp. contamination. Gentamicin continued to 
be the most effective antimicrobial agent against the isolates, however 
antimicrobial susceptibility testing showed a high degree of ampicillin 
resistance (71.4%). There are clinically significant resistant bacteria in the 
retail egg supply chain, as evidenced by the identification of two isolates 
(7.1%) as multidrug-resistant (MDR). All MDR isolates had the blaSHV gene, 
according to molecular analysis, while blaTEM and blaCTX-M were not found. 
These results demonstrate how contaminated eggshells may serve as 
reservoirs for ESBL-associated resistance determinants and antimicrobi-
al-resistant Klebsiella spp. To promote food safety and One Health-based 
antimicrobial resistance reduction initiatives, ongoing surveillance of 
antimicrobial resistance in foods of animal origin, together with better 
hygiene procedures and cautious antimicrobial usage in chicken produc-
tion, is crucial.

D.A. Permatasari et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 5, 686-691

690



Acknowledgments

The authors would like to express their sincere gratitude to Prof. Dr. 
Mustofa Helmi Effendi, DTAPH for his generous financial support and 
valuable contribution to the completion of this research.

Conflict of interest

The authors have no conflict of interest to declare.

References

Al-Khalaifah, H., Rahman, M.H., Al-Surrayai, T., Al-Dhumair, A., Al-Hasan, M., 2025. A One-Health 
Perspective of Antimicrobial Resistance (AMR): Human, Animals and Environmental Health. 
Life (Basel) 15, 1598. doi: 10.3390/life15101598.

Ansharieta, R., Ramandinianto, S.C., Effendi, M.H., Plumeriastuti, H., 2021. Molecular identifica-
tion of blaCTX-M and blaTEM genes encoding extended-spectrum β-lactamase (ESBL) produc-
ing Escherichia coli isolated from raw cow’s milk in East Java, Indonesia. Biodiversitas 22, 
1600–1605. doi: 10.13057/biodiv/d220402.

Caffa, I., Proietti, E., Turrini, F., Borgarelli, C., Ferrando, M.R., Formisano, E., de Cassya Lopes Neri, 
L., Martini, D., Angelino, D., Tagliabue, A., Pisciotta, L., 2025. Nutritional Aspects of Eggs for a 
Healthy and Sustainable Consumption: A Narrative Review. Food Sci. Nutr. 13, e70285. doi: 
10.1002/fsn3.70285.

Caneschi, A., Bardhi, A., Barbarossa, A., Zaghini, A., 2023. The Use of Antibiotics and Antimicrobial 
Resistance in Veterinary Medicine, a Complex Phenomenon: A Narrative Review. Antibiotics 
(Basel) 12, 487. doi: 10.3390/antibiotics12030487.

Carvalho, A.C., Barbosa, A.V., Arais, L.R., Ribeiro, P.F., Carneiro, V.C., Cerqueira, A.M., 2016. Re-
sistance patterns, ESBL genes, and genetic relatedness of Escherichia coli from dogs and 
owners. Braz. J. Microbiol. 47, 150–158. doi: 10.1016/j.bjm.2015.11.005.

Chen, X., Li, X., He, Z., Hou, Z., Xu, G., Yang, N., Zheng, J., 2019. Comparative study of eggshell 
antibacterial effectivity in precocial and altricial birds using Escherichia coli. PLoS One 14, 
e0220054. doi: 10.1371/journal.pone.0220054.

Chiou, C.S., Hong, Y.P., Wang, Y.W., Chen, B.H., Teng, R.H., Song, H.Y., Liao, Y.S., 2023. Antimicrobial 
Resistance and Mechanisms of Azithromycin Resistance in Nontyphoidal Salmonella Isolates 
in Taiwan, 2017 to 2018. Microbiol. Spectr. 11, e0336422. doi: 10.1128/spectrum.03364-22.

Chreim, S., Hosseini, S.M., Medlej, A., Tarhini, M., 2025. The evaluation of antimicrobial resistance 
rates in infections caused by uropathogenic Escherichia coli strains collected from the south 
of Lebanon. Iran. J. Microbiol. 17, 261–267. doi: 10.18502/ijm.v17i2.18386.

Clarridge, J.E., 2004. Impact of 16S rRNA gene sequence analysis for identification of bacteria on 
clinical microbiology and infectious diseases. Clin. Microbiol. Rev. 17, 840–862. doi: 10.1128/
CMR.17.4.840-862.2004.

Clinical and Laboratory Standards Institute (CLSI), 2020. Performance Standards for Antimicrobial 
Susceptibility Testing, 30th ed. CLSI Supplement M100. CLSI, Wayne, PA.

Davis, G.S., Waits, K., Nordstrom, L., Weaver, B., Aziz, M., Gauld, L., Grande, H., Bigler, R., Horwinski, 
J., Porter, S., Stegger, M., Johnson, J.R., Liu, C.M., Price, L.B., 2015. Intermingled Klebsiella 
pneumoniae Populations Between Retail Meats and Human Urinary Tract Infections. Clin. 
Infect. Dis. 61, 892–899. doi: 10.1093/cid/civ428.

De Reu, K., Grijspeerdt, K., Messens, W., Heyndrickx, M., Uyttendaele, M., Debevere, J., Herman, 
L., 2006. Eggshell factors influencing eggshell penetration and whole egg contamination by 
different bacteria, including Salmonella enteritidis. Int. J. Food Microbiol. 112, 253–260. doi: 
10.1016/j.ijfoodmicro.2006.04.011.

Deleza, M., Chigwechokha, P., Mwale, P., Mthirakuwiri, L., Mwantoma, W., Nkunika, B., Batani, S., 
Redson, C., Njalam’mano, J., Taulo, J., Kadewa, W., Maluwa, A., Kainga, H., 2025. Antimicrobial 
susceptibility of Escherichia coli, Klebsiella pneumoniae, and Enterococcus species and the 
associated risk factors in poultry farms in Blantyre City: a wake-up call to the one health 
approach. BMC Vet. Res. 22, 73. doi: 10.1186/s12917-025-05189-7.

Drakul, D., Joksimović, B., Pejčić, A.V., Živković-Zarić, R., Marić, S., Mijović, B., Ivanović, T., Erbez, 
D., Sokolović, D., 2025. Rising Prevalence of Multidrug-Resistant Klebsiella spp. in Urinary 
Tract Infections: A Study from Doboj Hospital. Antibiotics (Basel) 14, 1234. doi: 10.3390/
antibiotics14121234.

El Baz, S., Eladl, A.H., El-Shafei, R.A., Elmorsy, M.A., 2026. Multidrug-resistant Klebsiella pneumo-
niae and Klebsiella oxytoca isolated from backyard broiler chickens and their contacts with 
antimicrobial resistance genes of Klebsiella pneumoniae. J. Antibiot. (Tokyo) 79, 50–60. doi: 
10.1038/s41429-025-00875-y.

Eskandari-Nasab, E., Moghadampour, M., Tahmasebi, A., 2018. Prevalence of blaCTX-M Gene among 
Extended-Spectrum β-Lactamases Producing Klebsiella pneumoniae Clinical Isolates in Iran: 
A Meta-Analysis. Iran. J. Med. Sci. 43, 347–354.

Farizqi, M.T.I., Effendi, M.H., Adikara, R.T.S., Yudaniayanti, I.S., Putra, G.D.S., Khairullah, A.R., Kur-
niawan, S.C., Silaen, O.S.M., Ramadhani, S., Millannia, S.K., Kaben, S.E., Waruwu, Y.K.K., 2023. 
Detection of extended-spectrum β-lactamase-producing Escherichia coli genes isolated 
from cat rectal swabs at Surabaya Veterinary Hospital, Indonesia. Vet. World 16, 1917–1925. 
doi: 10.14202/vetworld.2023.1917-1925.

Farrukh, M., Munawar, A., Nawaz, Z., Hussain, N., Hafeez, A.B., Szweda, P., 2025. Antibiotic resis-
tance and preventive strategies in foodborne pathogenic bacteria: a comprehensive review. 
Food Sci. Biotechnol. 34, 2101–2129. doi: 10.1007/s10068-024-01767-x.

Glass, J.C., Anil, G., Zehr, J.D., Ceres, K.M., Goodman, L.B., Cazer, C.L., 2026. Analyzing multidrug 
resistance patterns across the food supply chain using association rule mining. Prev. Vet. 
Med. 246, 106713. doi: 10.1016/j.prevetmed.2025.106713.

Hammond, D.S., Schooneveldt, J.M., Nimmo, G.R., Huygens, F., Giffard, P.M., 2005. bla(SHV) Genes 
in Klebsiella pneumoniae: different allele distributions are associated with different promot-
ers within individual isolates. Antimicrob. Agents. Chemother. 49, 256–263. doi: 10.1128/
AAC.49.1.256-263.2005.

Hemeda, S., Abdallh, M., Ibrahim, B., Ali, E., 2025. Assessment of bacterial contamination, physical 
quality, and internal pH (albumen and yolk) of table eggs in Khartoum North. Sci. Rep. 15, 
39663. doi: 10.1038/s41598-025-23273-8.

Hinson, C., Tonouhewa, A., Azokpota, P., Daube, G., Korsak, N., Sessou, P., 2025. Global prevalence 
and antibiotic resistance profiles of bacterial pathogens in table eggs: A systematic review 
and meta-analysis. Vet. World 18, 939–954. doi: 10.14202/vetworld.2025.939-954.

Hsu, S.C., Chen, H.L., Chou, C.F., Liu, W.C., Wu, C.T., 2023. Characterization of microbial contami-
nation of retail washed and unwashed shell eggs in Taiwan. Food Control 149, 109718. doi: 
10.1016/j.foodcont.2023.109718.

Huang, X., Yao, X., Hou, Y., Zhang, D., Xie, R., Shi, C., Shang, Y., Bi, H., Song, W., Hua, L., Li, C., Chen, 
H., Wu, B., Peng, Z., 2025. Global trends of antimicrobial resistance and virulence of Klebsi-
ella pneumoniae from different host sources. Commun. Med. (Lond). 5, 383. doi: 10.1038/

s43856-025-01112-1.
Junaid, K., Ejaz, H., Younas, S., Alanazi, A., Yasmeen, H., Rehman, A., 2022. Detection of Klebsiella 

pneumoniae antibiotic-resistant genes: An impending source of multidrug resistance dissem-
ination through raw food. Saudi J. Biol. Sci. 29, 3347–3353. doi: 10.1016/j.sjbs.2022.02.020.

Keytimu, M.O., Rahayu, U., Wibisono, F.J., Effendi, M.H., Kendek, I.A., Khairullah, A.R., Tang, J.Y.H., 
Wasito, W., Prihandani, S.S., Ahmad, R.Z., Rehman, S., Pratama, B.P., Yanestria, S.M., Kurniasih, 
D.A.A., 2026. Molecular identification of the blaTEM gene in Escherichia coli isolated from quail 
in Surabaya. J. Adv. Vet. Res. 16, 332–336.

Khairullah, A.R., Moses, I.B., Yanestria, S.M., Dameanti, F.N.A.E.P., Effendi, M.H., Tang, J.Y.H., Tyas-
ningsih, W., Budiastuti, B., Kusala, M.K.J., Kurniasih, D.A.A., Wardhani, B.W.K., Wibowo, S., 
Ma’ruf, I.F., Fauziah, I., Ahmad, R.Z., Latifah, L., 2025. Potential of the livestock industry envi-
ronment as a reservoir for spreading antimicrobial resistance. Open Vet. J. 15, 504–518. doi: 
10.5455/OVJ.2025.v15.i2.2.

Kot, B., Witeska, M., 2024. Review: Antimicrobial resistance of Klebsiella pneumoniae isolated from 
poultry, cattle and pigs. animal 18, 101345. doi: 10.1016/j.animal.2024.101345.

Li, J., Shi, Y., Song, X., Yin, X., Liu, H., 2025. Mechanisms of Antimicrobial Resistance in Klebsiella: 
Advances in Detection Methods and Clinical Implications. Infect. Drug Resist. 18, 1339–1354. 
doi: 10.2147/IDR.S509016.

Liakopoulos, A., Mevius, D., Ceccarelli, D., 2016. A Review of SHV Extended-Spectrum β-Lactamas-
es: Neglected Yet Ubiquitous. Front. Microbiol. 7, 1374. doi: 10.3389/fmicb.2016.01374.

Olakanmi, G., Nzomo, M., Pokharel, B., Mafiz, A., Kilonzo-Nthenge, A., 2026. Susceptibility Pro-
file and Multiple Antibiotics Resistance of Escherichia coli, Klebsiella spp., and Enterococci 
from Small-Scale Cattle Farms in Tennessee. Antibiotics (Basel) 15, 217. doi: 10.3390/anti-
biotics15020217.

Owusu-Doubreh, B., Ofori Appaw, W., Abe-Inge, V., 2023. Antibiotic residues in poultry eggs and 
its implications on public health: A review. Sci. Afr. 19, e01456. doi: 10.1016/j.sciaf.2022.
e01456.

Pace, A., Longobardi, M., Russo, T.P., Borrelli, L., Fioretti, A., Dipineto, L., Santaniello, A., 2025. Pres-
ence of Resistant Enterobacteriaceae in Poultry and Synanthropic Birds of an Urban Context 
of Social Farming in Southern Italy. Vet. Sci. 12, 961. doi: 10.3390/vetsci12100961.

Paczosa, M.K., Mecsas, J., 2016. Klebsiella pneumoniae: Going on the Offense with a Strong De-
fense. Microbiol. Mol. Biol. Rev. 80, 629–661. doi: 10.1128/MMBR.00078-15.

Park, H., Kim, J., Ryu, S., Jeon, B., 2019. Predominance of blaCTX-M-65 and blaCTX-M-55 in extend-
ed-spectrum β-lactamase-producing Escherichia coli from raw retail chicken in South Korea. 
J. Glob. Antimicrob. Resist. 17, 216–220. doi: 10.1016/j.jgar.2019.01.005.

Paz-Calvache, T.G., Merchancano, S.J., Nakazato, L., Dutra, V., 2025. Detection and character-
ization of multidrug-resistant Klebsiella spp. and Enterobacter spp. isolates in Colombian 
guinea pigs intended for human consumption. Vet. World 18, 3187–3196. doi: 10.14202/
vetworld.2025.3187-3196.

Permatasari, D.A., Witaningrum, A.M., Wibisono, F.J., Effendi, M.H., 2020. Detection and prevalence 
of multidrug-resistant Klebsiella pneumoniae strain isolated from poultry farms in Blitar, In-
donesia. Biodiversitas 21, 4642–4647. doi: 10.13057/biodiv/d211024.

Pishtiwan, A.H., Khadija, K.M., 2019. Prevalence of blaTEM, blaSHV, and blaCTX-M Genes among ES-
BL-Producing Klebsiella pneumoniae and Escherichia coli Isolated from Thalassemia Patients 
in Erbil, Iraq. Mediterr. J. Hematol. Infect. Dis. 11, e2019041. doi: 10.4084/MJHID.2019.041.

Prayudi, S.K.A., Effendi, M.H., Lukiswanto, B.S., Az Zahra, R.L., Benjamin, M.I., Kurniawan, S.C., Khair-
ullah, A.R., Silaen, O.S.M., Lisnanti, E.F., Baihaqi, Z.A., Widodo, A., Riwu, K.H.P., 2023. Detection 
of Genes on Escherichia coli Producing Extended Spectrum β-lactamase Isolated from the 
Small Intestine of Ducks in Traditional Markets Surabaya City, Indonesia. J. Adv. Vet. Res. 
13(8), 1600–1608.

Putri, L.R., Keytimu, M.O., Rahayu, U., Tyasningsih, W., Effendi, M.H., Tang, J.Y.H., Khairullah, A.R., 
Rehman, S., Kurniasih, D.A.A., Pratama, B.P., Afnani, D.A., Ahmad, R.Z., 2026. Detection of 
FimH gene of Klebsiella pneumoniae isolate from quail cloacal swab in Surabaya city market. 
J. Adv. Vet. Res. 16, 223–226.

Rahman, S.M.M., Rahman, A., Nasrin, R., Ather, M.F., Ferdous, S.S., Ahmed, S., Uddin, M.K.M., Kha-
tun, R., Sarker, M.S., Mahmud, A.M., Rahman, M.M., Banu, S., 2022. Molecular Epidemiology 
and Genetic Diversity of Multidrug-Resistant Mycobacterium tuberculosis Isolates in Bangla-
desh. Microbiol. Spectr. 10, e0184821. doi: 10.1128/spectrum.01848-21.

Riwu, K.H.P., Rantam, F.A., Effendi, M.H., Khairullah, A.R., Widodo, A., Kurniawan, S.C., Ugbo, E.N., 
2022. Molecular detection of extended spectrum β-lactamase producing Klebsiella pneumo-
niae from wild deer. Biodiversitas 23, 4256–4262. doi: 10.13057/biodiv/d230849.

Srimaryanto, L.R., Tyasningsih, W., Sulaiman, A.A., Budiastuti, B., Khairullah, A.R., Effendi, M.H., Kur-
niasari, P., Widodo, A., Yanestria, S.M., Moses, I.B., Ahmad, R.Z., Riwu, K.H.P., Afnani, D.A., 
Rehman, S., 2025. Detection of the mgtC gene in multidrug-resistant Salmonella sp. based 
on isolation of chicken eggshell swabs from traditional Surabaya markets. Open Vet. J. 15, 
2661–2670. doi: 10.5455/OVJ.2025.v15.i6.35.

Sulaiman, A.A., Effendi, M.H., Srimaryanto, L.R., Khairullah, A.R., Kurniasari, P., Tyasningsih, W., Mo-
ses, I.B., Ahmad, R.Z., Rehman, S., Budiastuti, B., Afnani, D.A., Yanestria, S.M., Riwu, K.H.P., 
Widodo, A., 2025. Molecular detection of blaSHV gene in multidrug resistance of Klebsiella 
pneumoniae isolated from chicken egg shell swab from a traditional market in Surabaya. 
Open Vet. J. 15, 2193–2205. doi: 10.5455/OVJ.2025.v15.i5.37.

Thesia, N.L.N., Khairullah, A.R., Effendi, M.H., Tyasningsih, W., Puspitasari, Y., Ahadini, S.N., Moses, 
I.B., Yanestria, S.M., Riwu, K.H.P., Wasito, W., Baihaqi, Z.A., Ahmad, R.Z., 2025. Detection of 
multidrug-resistant Klebsiella pneumoniae isolated from duck cloacal swab in Jombang, In-
donesia. Open Vet. J. 15, 300–306. doi: 10.5455/OVJ.2025.v15.i1.28.

Trinchera, M., De Gaetano, S., Sole, E., Midiri, A., Silvestro, S., Mancuso, G., Catalano, T., Biondo, C., 
2025. Antimicrobials in Livestock Farming and Resistance: Public Health Implications. Antibi-
otics (Basel) 14, 606. doi: 10.3390/antibiotics14060606.

Vale, I.R.R., Oliveira, G.d.S., de Jesus, L.M., de Castro, M.B., McManus, C., dos Santos, V.M., 2024. 
Sustainable Bacterial Control of Hatching Eggshells Using Essential Oils. Antibiotics 13, 1025. 
doi: 10.3390/antibiotics13111025.

Vu, T.T.T., Bounngeun, C.P.L., Hoang, T.T.H., Tran, H.H., Nguyen, T.T., 2025. Prevalence and anti-
microbial susceptibility of Escherichia coli and Klebsiella spp. isolated from retail seafood in 
Hanoi, Vietnam. Open Vet. J. 15, 5574–5582. doi: 10.5455/OVJ.2025.v15.i11.14.

Wareth, G., Neubauer, H., 2021. The Animal-foods-environment interface of Klebsiella pneumoniae 
in Germany: an observational study on pathogenicity, resistance development and the cur-
rent situation. Vet. Res. 52, 16. doi: 10.1186/s13567-020-00875-w.

Widodo, A., Lamid, M., Effendi, M.H., Tyasningsih, W., Raharjo, D., Khairullah, A.R., Kurniawan, S.C., 
Yustinasari, L.R., Riwu, K.H.P., Silaen, O.S.M., 2023. Molecular identification of blaTEM and blaC-

TX-M genes in multidrug-resistant Escherichia coli found in milk samples from dairy cattle 
farms in Tulungagung, Indonesia. J. Vet. Res. 67, 381–388. doi: 10.2478/jvetres-2023-0052.

Yartey, S.N., Kungu, F., Asantewaa, A.A., Donkor, E.S., 2025. Extended Spectrum Beta-Lact-
amase-Producing Bacterial Clones in West Africa: A Systematic Review and Meta-Analysis 
from a One Health Perspective. Sci. Rep. 15, 29625. doi: 10.1038/s41598-025-10695-7.

Zdarska, V., Arcari, G., Kolar, M., Mlynarcik, P., 2026. Antibiotic Resistance in Klebsiella pneumoni-
ae and Related Enterobacterales: Molecular Mechanisms, Mobile Elements, and Therapeutic 
Challenges. Antibiotics (Basel) 15, 37. doi: 10.3390/antibiotics15010037.

Zhang, Y.L., Huang, F.Y., Gan, L.L., Yu, X., Cai, D.J., Fang, J., Zhong, Z.J., Guo, H.R., Xie, Y., Yi, J., 
Wang, Z.S., Zuo, Z.C., 2021. High prevalence of blaCTX-M and blaSHV among ESBL producing E. 
coli isolates from beef cattle in China’s Sichuan-Chongqing Circle. Sci. Rep. 11, 13725. doi: 
10.1038/s41598-021-93201-z.

D.A. Permatasari et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 5, 686-691

691


