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ABSTRACT

Background: The use and abuse of antimicrobials in poultry products, dairy products, and beef cattle is a growing
global concern. Furthermore, with the rise of bacterial resistance to these drugs, an innovative approach is needed to
reduce antimicrobial doses and eradicate resistance.

Aim: This study aimed to investigate the antibacterial properties of gallic acid and its potential to enhance the efficacy
of tylosin.

Methods: This study morphologically, biochemically, and molecularly identified Staphylococcus aureus. The molecular
diagnostic approach relied upon the polymerase chain reaction (PCR) test to identify the Staphylococcus genus by
determining the main specific gene, 16s rRNA. Of the 30 isolates, 20 were positively identified by biochemical and
traditional methods. Furthermore, to ensure that all isolates were positively identified as S. aureus species, 10 random
samples were identified by PCR. The tube dilution method will then be used to determine the antibacterial minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of gallic acid and tylosin. The second
step assessed gallic acid and tylosin antibacterial synergy using checkerboard and Chou—Talalay techniques.

Results: The morphologically, biochemically, and molecularly PCR-identified S. aureus isolates were approved for
investigation. The MIC of gallic acid was determined to be 4 pg/ml, with a MBC of 8 pg/ml. The range of MIC and
MBC for tylosin was found to be between 8 and 16 pg/ml. In addition, synergistic interactions were reported when
gallic acid was coupled with tylosin, resulting in a record , fractional inhibitory concentration value of 0.357 against
the tested isolate.

Conclusion: Gallic acid synergises the antibacterial action of tyrosine against S. aureus in a sub-MIC concentration.
Keywords: Gallic acid, Tylosin, Antibiotic resistance, Synergistic, S. aureus.

Introduction used for growth promotion in the past, including
avilamycin and bambermycin, have co-selected with

At present, the growing resistance to antibiotics and ! !
antibiotics that are vital for human therapy (Kerek et al.,

the failure of treatments result in rising economic and

therapeutic expenses. In today’s world, the veterinary
and human health care industries are extremely
concerned about antimicrobial resistance (AMR)
(Murray et al.,2022). Numerous possible consequences
for animals, people, and our surroundings emerge from
the complicated concerns surrounding the development
and dissemination of antibiotic resistance because of
antibiotic usage in livestock. The use of antibiotics in
livestock necessitates a worldwide strategy to ensure
that measures implemented to mitigate the onset and
dissemination of AMR are sustainable (Vidovic and
Vidovic, 2020).

Antibiotics and their alternatives influence the
dynamics of AMR through direct and indirect impacts
on microbial populations (Brown et al., 2017). Due to
their association with bacterial resistance, antibiotics

2025). Evidently, the manner in which antimicrobials
are employed in chicken farming profoundly affects
public health concerns, particularly related to the spread
of antibiotic-resistant diseases and animal welfare.

Understanding how resistance develops requires
examining chicken commensal bacterial communities.
The environmental prevalence of Staphylococcus
species is extremely high, and chicken flocks
contain both coagulase-positive and coagulase-
negative isolates of this bacterium (Becker et al.,
2015). Joint inflammation (arthritis), respiratory
sickness (pneumonia), and infections of the yolk sac
(omphalitis) are some of the poultry illnesses attributed
to Staphylococcus aureus (Al-Ameedi and Nahi, 2019;
Park and Ronholm, 2021). Several studies have shown
that multidrug-resistant strains of Methicillin resistant
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staph. aureus (MRSA) may spread from humans to
poultry (Leonard and Markey, 2008; Kerek et al.,
2025).

Inventive strategies are required to impede the
advancement of bacteria that are resistance to
antibiotics and other microbes. Researchers are also
working to extend the efficacy of traditional antibiotics
(Minarini et al., 2020). Researchers have recently begun
considering the use of naturally occurring substances to
combat microorganisms’ resistance (Alvarez-Martinez
et al., 2020; Keyvani-Ghamsari ef al., 2020). Phenolic
compounds (PCs) are one of the secondary metabolites
found in plants. Their unique characteristics are the
presence of one or more aromatic rings that contain
hydroxyl groups. Currently, there is knowledge of
over 8,000 phenolic substances, including tannins,
flavonoids, ligands, and coumarins. A significant
number of PCs possess antimicrobial properties
(Muniyandi et al., 2019; Khorsandi ef al., 2020).
Gallic acid is one of the most significant natural
polyphenols. Carl Wilhelm Scheele first extracted
gallic acid from plants in 1786. Subsequently, research
began to look into the role and properties of this
polyphenol and the accompanying compounds (Yang
et al., 2020). It is a naturally occurring compound
produced by plants that has a wide range of biological
effects, including reducing inflammation, antimicrobial
action, and preventing ulcers, in addition to inhibiting
cancer cell growth (Wianowska and Olszowy-
Tomczyk, 2023). In recent years, researchers have
confirmed the positive in vivo safety profile of gallic
acid (Elmileegy et al., 2023; Sabbagh et al., 2024;
Dnan et al., 2025). The polyphenol gallic acid and its
associated compounds, either alone or in conjunction
with different medications, can inhibit the proliferation
of numerous bacterial biofilm and plankton forms
by several mechanisms (Subramanian et al., 2016).
Combining antimicrobial agents with phytochemicals
has shown promise in eliminating highly resistant
bacteria (Gould, 2008; Rajamanickam et al., 2019).
Combining phytochemicals with antimicrobials has
been proven to increase their effectiveness and slow
down the emergence of AMR. Tylosin, often known as
Ty, is a macrolide antibiotic that works by blocking the
protein synthesis pathway in Gram-positive bacteria
and Mycoplasma species. Veterinary primarily employ
it for the treatment of respiratory diseases in livestock

Table 1. PCR primer sequence.

(Dinos, 2017). Consequently, this study aims to assess
whether gallic acid possesses antibacterial properties,
enhances the antibacterial effectiveness of tylosin, and
decreases antimicrobial resistance to tylosin against S.
aureus pathogen.

Materials and Methods

Chemicals

The gallic acid and NaOH were obtained from Sigma-—
Aldrich Canada. Tylosin purchased from Vapco, Jordan.
Himedia, based in India, supplied all the cultural
media used in the identification and characterization of
bacteria.

Bacterial identification

Identification of S. aureus by morphological and
cultural characteristics

Thirty specimens were isolated from the nasal swabs of
symptomatic broilers in two farms in the Al-Nill area
of Babylon province at age 22-30 days. Morphological
characteristics and biochemical properties examination
performed for strain identification. These tests were
performed according to the methods of Benson
(2002), Harley and Prescott (2002), Kumar (2007),
and Nagoba (2019). Bacterial isolate activation and
maintenance: Slants containing 10 ml of brain infusion
agar were used to grow bacterial cultures in glass tubes
with screw caps for 24 hours at 37°C. Sub culturing
nutrition and brain heart agar once every 2 weeks and
storing at 4°C is performed for maintenance of isolate
viability (Quinn et al., 2004).

Molecular characterization

DNA extraction

In accordance with the instructions provided by the
Wizard® Genomic DNA Purification Kit ABIO pure,
USA, 10 bacterial growth samples were used to
isolate genomic DNA (Ahmed and Al-Daraghi, 2022).
A Quantus Fluorometer was employed to measure
the concentration and purity of the extracted DNA
to ensure that the samples were suitable for further
usage. The mixture contained 199 pl of diluted Quanty
Flour Dye for every 1 ul of DNA. The results for
DNA concentration were obtained after 5 minutes of
incubation at room temperature.

168 rRNA polymerase chain reaction (PCR) sequencing
The primers created to target the 16S rRNA and
medA genes in the DNA of the isolates are shown
in Table 1 (Alves et al., 2018; Shamkhi, 2019). The

Sequence of the primers (5'-3") Product size Annealing
Genes temperature Reference
(bp) C
©
16S rRNA-F GGTCTTGCTGTCACTTATAGATGG 133 bp 60 Alves et al.
(2018)

16S rRNA-R CGGAAGATTCCCTACTGCTG
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reaction mixture, which had a total volume of 20 1,
consisted of 13 1 of DNA, 1 1 of each primer, 10 1 of
master mix, and 5 1 of nuclease-free water. As indicated
in Table 2, the experiment was conducted according
to the following program: a 5-minutes denaturation
at 95°C, 30 cycles at 55°C and a final 7-minutes
extension at 72°C. The PCR results were examined
by electrophoresing on a 1.5% agarose gel and then
seeing the bands stained with ethidium bromide using
gel-imaging equipment (Liuyi Gel Document Imaging
System, China).

Gallic acid and tylosin solution

A stock solution of each antibacterial medicine was
generated by combining 0.1 mg of gallic acid and tylosin
with 10 pul of DW (for gallic acid, warmed DW at 50°C
with a tiny amount of NaOH to make a slightly alkaline
condition, which enhanced the solubility), resulting in
a concentration of 10 mg/ml (Pant ez al., 2019). Several
different concentrations were subsequently produced
by mixing a known volume of the stock solution with
distilled water.

Estimation of the antibacterial activity (MIC, MBC) for
tylosin and gallic acid

The broth dilution method is used to estimate the MIC
and then the MBC (NCCLS, 2000; Asgharietal.,20006).
Approximately 1.5 x 10° (CFU/ml) of standard bacterial
suspension was added to the previously prepared 9 ml
of nutrient broth tubes. Various concentrations of gallic
acid (64, 32, 16, 8, 4, 2, 1, and 0.5 pg/ml) and tylosin
(64, 32, 16, 8, 4, 2, 1, and 0.5 pg/ml) were prepared.
One tube of antibiotic and one tube of nutritious broth
were used as the negative control, and the other tube
was designated as the positive control (broth and
bacteria). Following a 24-hours incubation period at
37°C, the minimum inhibitory concentration (MIC) of
gallic acid was defined as the concentration at which

Table 2. Bacterial morphological investigations used to
identify S. aureus.

Morphological

q e Results
investigations
Gram stain Gram-positive cocci
Blood acar Golden, yellowish, round, and
g smooth colonies. B and a hemolysis
Motility test Non-motile

bacterial growth was inhibited. By spreading 10 pl of
gallic acid-treated bacterial cultures over the surfaces
of Muller—Hinton agar plates at a concentration equal
to or greater than the MIC, the minimum bactericidal
concentration (MBC) was obtained. After a 24-
hour incubation period, colony-forming unit (CFU)/
ml counts were taken, and the MBC, which is the
concentration at which 99.9% of bacteria are killed,
was recorded. Additionally, the same technique used
for gallic acid (MIC) and MBC was used for tylosin
determination.

Combination of gallic acid and tylosin to combat
S. aureus

The efficacy of combining gallic acid with tylosin to
combat S. aureus was evaluated using the checkerboard
method. The combination response was assessed by
calculating the fractional inhibitory index (X FIC) as
follows:

MIC of drug A, in combination
MIC of drug A, test alone
MIC of drug B, in combination
MIC of drug B, test alone

YFIC =

When the FIC value is less than 0.5, the interaction is
considered synergistic. When the FIC index exceeds 0.5
but is less than four, it is considered neutral. Finally, it
is considered antagonistic when the FIC index exceeds
four (Hall et al., 1983). Subsequently, the data resulting
from the checkerboard were analyzed using the software
isobolographic program for analysis of combinations
of gallic acid and tylosin of the experiment and
represented as synergism if the combination result < 1,
additives if = 1, and antagonism if > 1, and this method
is called the Chou—Talalay method (Chou, 2010).
Ethical approval

The Research Ethics Committee of Al-Qasim Green
University/Biotechnology College building, Al-Qasim,
Babylon, Iraq, 51013, approved the microbiological
experiment with the number QGEC/10/2024.

Results

This study was conducted on S. aureus isolate,
producing yellowish colonies on mannitol salt agar
(MSA) and hemolysis on blood agar Tables 2 and 3.

Table 3. Biochemical examinations for the identification of S. aureus.

Bio-chemical characteristics  Results

Mannitol-salt agar
Catalase test
Coagulase test
Oxidase test

Urease test

Changing the medium from a pinkish to a yellow color
gas bubble production

Agglutination developed.

The absence of a purple color was observed (-ve outcome).

Conversion of the medium from yellow to pink

159


http://www.openveterinaryjournal.com

160

http://www.openveterinaryjournal.com
Z. M. Ayad et al.

Open Veterinary Journal, (2026), Vol. 16(1): 157-164

Identification of S. aureus 16S rRNA gene

Figure 1 demonstrates that all 10 S. aureus strains have
a 133-bp 16S rRNA gene. Figure 1 was recognized by
prior methods, confirming the reliability of this study’s
test and genus identification procedure.

Determination of the MIC and MBC of gallic acid and
tylosin against S. aureus

The tube dilution technique determined that the MIC
of gallic acid was 4 pg/ml, with a MBC of 2 pg/ml.
The Tylosin antibiotic demonstrated efficacy against
the tested isolate, with a MIC90 (minimum inhibitory
concentration appropriate to stop the growth of 90%
of the isolate) value of 8 ug/ml and an MBC90 (MBC
required to kill 90% of the isolate) value of 16 pg/ml;
Figures 2 and 3.

Combination of gallic acid and tylosin to combat
S. aureus

The checkerboard technique was used to evaluate the
efficacy of the gallic acid and tylosin combination
against the selected S. aureus isolate. The combination
of gallic acid and tylosin resulted in synergistic activity
against the S. aureus isolate (Fig. 4). The results of the

/’/

Fig. 1. S. aureus isolate 16S rRNA PCR product gel
electrophoresis. Lane (M): 100-bp ladder, Lane (c): negative
control, Lane (4): positive result with 133-bp S. aureus
bands.
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Fig. 2. The minimum inhibitory concentration of gallic acid.

Chou-Talalay analysis are plotted in Figure 5, which
reveals the synergistic effect of the combinations of
gallic acid and tylosin.

Fig. 3. Tylosin minimum inhibitory concentration.
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Fig. 4. Checkerboard assay showing the concentrations of
gallic acid and tylosin.
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Fig. 5. The Chou-Chou plot for the non-constant ratio
combination design, which normalizes the isobologram.
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Discussion

The current investigation included the identification
of the S. aureus isolate, as accurately identifying the
targeted pathogen is essential for microbiological
diagnosis. Microbiologists have used multiple culture
media (selective and differential) to identify S. aureus.
MSA is a frequently used selective and differential
medium. MSA can detect the metabolic activity of
S. aureus, namely, its ability to ferment mannitol.
Additional secondary Dbacteriological tests are
necessary to identify the S. aureus isolate accurately.
Coagulase determination and B-hemolysis activities are
reliable methods for identifying S. aureus. Employing
both of these confirmatory tests in conjunction
with a selective medium significantly enhances the
S. aureus identification accuracy. Culturing S. aureus
on blood agar for B-hemolysis identification, along
with a secondary coagulase test, improved the identity
of selected isolates. Furthermore, MSA culture
exhibited significant specificity when combined with
other secondary identification tests. Our findings
complemented the conclusions of Bautista-Trujillo et
al. (2013) and Omwenga et al. (2021).

Conducting a thorough examination to differentiate
between organisms that cause disease and those that
do not is crucial. The staphylococci subjected to a
coagulase test using the slide technique. The findings
indicated agglutination particles after 90 seconds,
indicating a positive result. This test is used to estimate
the presence of cell wall-associated coagulase, also
known as clumping factor (Cheng ef al., 2010).

The oxidase test results were completely negative
for the tested isolate, and this negative outcome for
S. aureus is consistent with the findings of Subhankari
etal. (2011). On the other hand, the urease test recorded
a positive result due to the urease enzyme hydrolyzing
urea to carbon dioxide and ammonia, and giving a
positive result due to pH increases and the phenol red
indicator changing from yellow—orange to pink color.
This result agrees with that of Brink (2010).

The powerful technique utilized in the identification
and detection of bacterial strains by targeting
conserved regions of the 16S rRNA when amplifying
DNAs from phylogenetically divergent bacteria
(Greisen et al., 1994; Malik et al., 2022). From the
findings of the present study, the PCR technique
using 16S rRNA is considered an excellent method
for the detection of S. aureus isolates. Therefore, the
current results corroborate those of previous research
that demonstrated that this gene might be effectively
used to identify clinical isolates of S. aureus by
detection and sequencing (Shah et al., 2007; Ahmed
and Al-Daraghi, 2022). These are the findings of Al-
Alak and Qassim (2016). This method demonstrated
the capacity to molecularly identify Staphylococcus
clinical isolates using 16S rRNA and 23S rRNA genes;
this method was quick, precise, and had a high genomic
identification rate of 100%. Our findings corroborate

those of previous research showing that this gene may
be effectively used to identify clinical isolates of S.
aureus by sequencing and detection in poultry (Lu et
al., 2003; Jafarzadeh et al., 2023).

Bacterial antibiotic resistance is a persistent and
important global concern. The improper and excessive
use of antibacterial treatment of diseases and animal
nutrition has led to the development and prevalent
distribution of antibiotic-resistant bacteria. This has
led to the development of cross-resistance and Multi
drug resistance in bacterial pathogens (Rather ef al.,
2021; Upadhayay et al., 2023). This has hindered
the treatment of bacterial diseases, particularly those
affecting cattle and poultry. In addition, using untreated
animal and poultry manure as fertilizer might lead to
the spread of drug-resistant bacteria and their genes to
the soil, which is already a major problem (Larsson and
Flach, 2022).

The MIC and MBC of tylosin toward the S. aureus
isolate were 8 and 16 pg/ml, respectively. Similarly,
the MIC and MBC of gallic acid were four and eight
pg/ml, respectively. Tylosin is commonly used as a
prophylactic measure against various microorganisms
(Mycoplasma, S. aureus, Pseudomonas aeruginosa,
and S. suis) that cause respiratory infections (Qiu et al.,
2018). Our study agrees with Entorf ef al. (2014), who
reported different MICs of tylosin against S. aureus.
While disagreeing with Bahraminia et al. (2017), who
reported a 64 pg/ml MIC of tylosin against S. aureus
(Bahraminia et al., 2017). However, the MIC result of
this investigation is incompatible with that of Liu ez al.
(2017).

With the extensive prevalence of bacterial resistance
to current antibiotics, combination treatment is a very
successful approach to promoting the therapeutic effect
of existing antibiotics. Furthermore, the use of two or
more combination antibiotics leads to a decrease in the
proliferation of drug resistance by virtue of the diminished
administration of antibiotic dosages (Buchmann et al.,
2022). In the present study, the combination of gallic acid
and tylosin revealed obvious synergistic antibacterial
activity against S. aureus using the checkerboard method.
There are several mechanisms of antibacterial action
manifested by gallic acid to disrupt the bacterial cell
membrane, increase permeability, and release internal
components (Aldulaimi, 2017). Particularly, gallic
acid can block efflux pumps, which inhibit S. aureus’s
TetK and MepA transporters and decrease the bacteria’s
ability to evacuate antimicrobial chemicals, leading to
an increase in intracellular drug accumulation (Macédo
et al., 2022). In addition, gallic acid inhibits biofilm
development by lowering the levels of two important
regulators of polysaccharide intercellular adhesion,
SarA and IcaAD (Sang et al., 2024). Nevertheless, the
macrolide antibiotic tylosin binds to the 50S subunit
of the ribosome in bacteria (more precisely, to 23S
rRNA) and prevents peptide translocation, which in
turn stops protein synthesis (Lenz et al., 2021). In
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combination, gallic acid and tylosin probably work
better because gallic acid increases tylosin uptake via
membrane disruption and reduces efflux via pump
inhibition. Both membrane damage and efflux inhibition
are stressful enough without adding tylosin’s protein
synthesis blockage. When administered together, the
two substances have a multiplicative effect that makes
them more effective at lower concentrations compared
to when they are administered separately. Another
study observed a synergistic impact of gallic acid when
used with norfloxacin and gentamicin against S. aureus
(Lima et al., 2016). Another study demonstrated that
the combination of macrolide azithromycin and gallic
acid has a significant effect against methicillin-resistant
S. aureus and can be considered an effective treatment
option (Khoshi et al., 2025). Research has demonstrated
that gallic acid, a type of phenolic acid, can impede the
growth of different bacterial strains. Additionally, it
enhances the effectiveness of antimicrobial drugs (Fu
et al., 2016). Prior research has also shown that gallic
acid effectively suppresses efflux pump activity, which
is an essential factor contributing to the development of
antibiotic-resistant S. aureus and MDR E. coli (Abreu
etal.,2012).

Conclusion

From the outcomes of this study, we can conclude
that gallic acid potentiates the antibacterial effect of
tylosin in a sub-MIC concentration against S. aureus
bacteria. Therefore, we recommend further in vivo
studies to evaluate the efficiency of the gallic acid
and tylosin combination. Furthermore, the addition of
phyto-constituents, such as phenols, flavonoids, and
alkaloids, in combination with antibiotics broadens the
antibiotic spectrum and reduces bacterial resistance.
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