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Abstract: The emergence of Antimicrobial Resistant (AMR) poses a 
significant challenge to the poultry farming industry. This study investigated the 
potential of Lysozyme (Lys), modified Lysozyme (Lys 90), an herbal extract, 
and their combination (herbs + Lys 90) as alternative antimicrobial agents 
against Multidrug-Resistant Escherichia coli (MDR-E. coli). Lys 90 was 
prepared by heating Lys at 90 °C for 20 minutes. The herbal extract consisted 
of garlic (Allium sativum), lempuyang (Zingiber aromaticum), ginger (Zingiber 
officinale), and turmeric (Curcuma domestica) in a ratio of 4:2:1:1. 
Antibacterial activities of Lys, Lys 90, herbal extract, and their combination 
(herbs + Lys 90) against MDR-E. coli were evaluated using agar well diffusion 
method. Morphological effects of these treatments on MDR-E. coli cells were 
examined using Scanning electron microscopy (SEM). The results indicated 
that combination (herbs + Lys 90) produced a significantly larger inhibition 
zone against MDR-E. coli compared to Lys, Lys 90, and the herbal extract alone. 
The SEM analysis revealed that MDR-E. coli cells treated with Lys, Lys 90, 
the herbal extract, and combination (herbs + Lys 90) exhibited notable 
morphological changes, including cell elongation, pore formation, and 
structural damage. Combination of (herbs + Lys 90) represents a promising 
initial strategy for combating MDR-E. coli. However, this approach is limited 
to in vitro studies. Therefore, further in vivo investigations and comprehensive 
toxicity assessments are necessary to evaluate the safety and efficacy of this 
combination before it can be considered for application in the treatment of 
MDR-E. coli infections in poultry. 
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Introduction 

Antimicrobial Growth Promoters (AGPs) are 
commonly used in poultry farming; however, their use has 
raised public concern due to their contribution to 
Antimicrobial Resistant (AMR) in livestock-derived food 
products. The AMR can subsequently be transmitted to 
humans or the environment (Paul et al., 2022). Moreover, 
bacterial infections in poultry can lead to significant 

economic losses on chicken farms, primarily due to 
increased mortality rates and reduced productivity. 
Antibiotics are essential for the treatment of bacterial 
infections; however, their inappropriate or excessive use 
contributes to the rise of antibiotic-resistant bacterial 
strains (Sakr et al., 2020). 

The emergence of Anti Microbial-Resistant (AMR) 
bacteria presents a significant threat to public health. 
Consequently, there is an urgent need for novel and 
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effective strategies to combat AMR. Identifying viable 
alternatives to antibiotics is a crucial first step in 
improving livestock production. These alternatives must 
be practical, suitable for large-scale use in livestock 
populations, and non-toxic to humans. Anti Microbial 
Peptides (AMPs), derived from plants, probiotics, and 
bacteriophages, represent a promising and safe approach 
to combating AMR. This innovative strategy offers 
significant potential in addressing the growing challenge of 
antimicrobial resistance (Łojewska and Sakowicz, 2021). 

Natural antimicrobials, such as plant extracts, have 
been used for centuries to combat infections. Plants 
possess a remarkable ability to synthesize a wide range of 
secondary metabolites, including phenolics and 
polyphenols, alkaloids, terpenoids, essential oils, and 
various other bioactive compounds (Abdallah et al., 
2023). Spices, which are plant derived substances with 
aromatic or potent properties, play a pivotal role not only 
in enhancing food flavor but also in providing medicinal, 
preservative, and antioxidant benefits. The antimicrobial 
properties of spices, extensively documented in ancient 
literature, continue to attract significant research interest. 
Numerous spices, including clove, thyme, cinnamon, 
oregano, coriander, turmeric, star anise, garlic, and black 
pepper, exhibit notable antimicrobial activities (Khatri et 
al., 2023). 

Modified Lysozyme (Lys 90) has emerged as a 
promising antimicrobial agent. This naturally occurring 
enzyme, in its native monomeric form, targets Gram-
positive bacteria by cleaving β-(1-4) glycosidic bonds, 
thereby effectively killing them. However, Lys 90 induces 
a transformation into a dimeric form, which confers 
entirely new beneficial properties, including bacteriostatic 
effects against Gram-negative bacteria and enhanced 
medicinal properties (Leśnierowski et al., 2021). 
Strategies that increase lysozyme’s cationic charge and 
hydrophobicity have been shown to enhance its antibacterial 
efficacy. Furthermore, heat and enzymatic treatments have 
proven effective in broadening the antibacterial spectrum of 
hen egg white lysozyme (Nawaz et al., 2022). 

The use of herbal treatments for infectious diseases, 
particularly in poultry, has been increasing. This trend is 
largely driven by the emergence of Multidrug-Resistant 
Escherichia coli (MDR-E. coli), which exhibit resistance 
to multiple antibiotics. The combination of herbal extracts 
comprising garlic (Allium sativum), lempuyang (Zingiber 
aromaticum), ginger (Zingiber officinale) and turmeric 
(Curcuma domestica) with Lys 90 is hypothesized to be 
effective against MDR- 

E. coli. However, this approach has not been 
extensively studied or reported in the literature. 
Therefore, the present study offers a novel contribution 
compared to previous research. Accordingly, the aim of 
this study was to evaluate the antibacterial activities of 
Lys 90, herbal extracts, and their combination against 
MDR-E. coli. 

Materials and Methods 
Ethical Approval 

The Secretariat of the Research Ethics Committee of 
the National Research and Innovation Agency (BRIN) 
determined that ethical clearance was not required for this 
study, as the researchers did not have direct contact with 
human participants or animals. 

Bacterial Strains 
The study involved E. coli ATCC 25922, and an 

MDR-E. coli isolate associated with poultry disease, 
obtained from the BBlitvet Culture Collection (BCC) in 
Bogor, Indonesia. E. coli ATCC 25922 is commonly used 
as a standard reference strain in antimicrobial 
susceptibility testing due to its genetic stability, which 
ensures more accurate and reliable test results. Moreover, 
this strain has well characterized sensitivity to a wide 
range of antimicrobial agents, making it suitable as a 
positive control in antimicrobial susceptibility testing 
(CLSI, 2020). 

Lysozyme and Lys 90 
Commercial chicken Egg White Lysozyme (HEWL) 

(PC0710-5g, Vivantis Technologies Sdn Bhd, Revongen 
Corporation, Center, Malaysia) was used as the starting 
material for the preparation of Lys 90. To modify the 
lysozyme, a 1 mg/mL solution of HEWL in 10 mM 
phosphate-buffered saline (PBS) (w/v), pH 6.8, was 
heated at 90 °C for 20 minutes (Tomezyk et al., 2023). 
Following heating, the solution was centrifuged at 3000×g 
for 15 minutes to remove insoluble aggregates. The 
resulting supernatant contained Lys 90. 

Herbs 
Fresh rhizomes of garlic (A. sativum), lempuyang (Z. 

aromaticum), ginger (Z. officinale), and turmeric (C. 
domestica) were obtained from traditional markets in 
Bogor, West Java, Indonesia. The herbal materials were 
thoroughly washed with water to remove impurities, then 
drained and cut into approximately 1 cm pieces. 
Subsequently, the samples were dried in an oven at 40 °C 
for 24 hours. After drying, the materials were ground 
using a blender and sifted through a 60 mesh sieve. Based 
on the preliminary study, an herbal mixture consisting of 
garlic (A. sativum), lempuyang (Z. aromaticum), ginger 
(Z. officinale), and turmeric (C. domestica) in a ratio of 
4:2:1:1 was prepared, followed by extraction. The 
extraction was performed through maceration with a 96% 
ethanol solvent. One hundred grams of the herbal blend 
was combined with 300 mL of ethanol and allowed to 
macerate for 24 hours at room temperature. The solvent 
was replaced every 24 hours until the solution became 
clear, indicating that all active compounds had been 
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extracted. The supernatant was then filtered through 
Whatman No. 1 filter paper, and the filtrates were 
concentrated using a rotary evaporator at 40 

°C to obtain the crude extract. Screening of the herbal 
blend extract was conducted to identify the presence of 
alkaloids, hydroquinone, flavonoids, tannins, saponins 
steroids, and triterpenoids (Fasya et al., 2020; Haida et al., 
2021). A quantitative analysis of the content of alkaloids, 
hydroquinone, flavonoids, tannins, saponins, steroids, and 
triterpenoids in herbal blends was conducted using the 
UV-Vis spectrophotometry method. 

Antibacterial Activity 
The antibacterial activities of Lys, Lys 90, herbs, and 

combination of (herbs + Lys 90) against MDR-E. coli 
were assessed using the agar well diffusion method, as 
described by Scieuzo et al. (2023). MDR-E. coli isolate 
was cultured on Blood agar (CM 0055B; Oxoid Ltd., 
Basingstoke, United Kingdom), and incubated for 24 
hours at 37 °C. MDR-E. coli was standardized with the 
McFarland 0.5 turbidity, and was spread onto Mueller-
Hinton agar (CM 0337; Oxoid Ltd., Basingstoke, United 
Kingdom) using a sterile bacterial cell spreader. After a 
five minute period, four wells (0.5 cm in diameter) were 
perforated in the MHA using a sterile cork borer. Each 
well was filled with one of the following treatments, 
dissolved in dimethyl sulfoxide (DMSO) at 
concentrations of 0.1 mg/mL, 1 mg/mL, 10 mg/mL, and 
100 mg/mL: Lys, Lys 90, herbs, and (herbs + Lys 90). 
Each test was conducted in technical triplicate to ensure 
the reliability and reproducibility of the results. One 
hundred µL of each treatment was added to the 
corresponding well, and the plates were incubated for 24 
hours at 37 °C. Positive controls included penicillin (10 
U), enrofloxacin (5μg), streptomycin (10μg), colistin 
sulfate  (10μg), cefotaxime (30μg), and gentamicin 
(10μg), while DMSO was used as the negative control. 
The antibacterial activity of Lys, Lys 90, herbs, and 
combination of (herbs + Lys 90) against MDR-E. coli was 
assessed by measuring the diameter of the inhibition zone 
(mm) (CLSI, 2020). The largest zone of inhibition was 
considered to represent the most potent antibacterial activity. 

Scanning electron microscopy (SEM) 
Effects of Lys, Lys 90, herbs, and combination of 

(herbs + Lys 90) on the morphology of MDR-E. coli cells 
were evaluated using SEM, following the protocol 
described by Novikov et al. (2019). Bacterial suspension 
was standardized to a 0.5 McFarland turbidity standard. 
Bacterial cells were treated with Lys, Lys 90, herbs, and 
combination of (herbs + Lys 90) at a concentration of 1 
mg/mL, each in a 1:1 ratio. Untreated MDR-E. coli served 
as the negative control. Each treatment mixture was 
incubated for 2 hours at 37 °C. After centrifugation at 
2500× g, the bacterial pellets were washed with distilled 

water and dehydrated through a graded ethanol series 
(50% ethanol for 5 minutes). Following dehydration, the 
samples were rinsed with saline and fixed with a 2.5% 
buffered glutaraldehyde solution in 0.1 M Phosphate-
Buffered Saline (PBS) (pH 7) at 4 °C for 18 hours. The 
samples were then post-fixed in 2% tannic acid for 18 
hours, washed four times with cacodylate buffer (5 
minutes each), and rinsed with distilled water. 
Dehydration was continued with an ethanol series: 50% 
ethanol for 5 minutes (repeated four times), followed by 
70%, 85%, and 95% ethanol for 20 minutes each, and 
finally absolute ethanol for 10 minutes (twice). The 
samples were further dehydrated in tert-butanol for 10 
minutes (twice) and then freeze-dried. The dehydrated 
samples were mounted onto specimen stubs and coated 
with gold using an ion sputter coater. Imaging was 
conducted using a JSM IT200 SEM. 

Statistical Analysis 
The phytochemical composition of the herbal mixture, 

along with the antibacterial activities and SEM effects of 
Lys, Lys 90, the herbal extract, and their combination 
(herbs+Lys 90) against MDR-E. coli, are presented 
descriptively. 

Results 
Herbs 

The combination of garlic (A. sativum), lempuyang (Z. 
aromaticum), ginger (Z. officinale), and turmeric (C. 
domestica) in a ratio of 4:2:1:1 contains significant levels of 
bioactive compounds, including flavonoids (2.15 mg/mL), 
saponins (2.67 mg/mL), hydroquinone (2.79 mg/mL), and 
triterpenoids (1.28 mg/mL), as presented in (Table 1). 

Antibacterial 
Antibacterial activities of Lys, Lys 90, herbs, and 

combination of (herbs + Lys 90) were evaluated at 
concentrations of 0.1 mg/mL, 1 mg/mL, 10 mg/mL, and 
100 mg/mL by measuring diameter of the inhibition zones 
(mm) against E. coli ATCC 25922 and MDR-E. coli. At a 
concentration of 0.1 mg/mL, (herbs + Lys 90) 
combination produced a larger inhibition zone against 
both E. coli ATCC 25922 and MDR-E. coli compared to 
Lys, Lys 90, or herbs alone (Fig. 6). This trend persisted 
at concentrations of 1 mg/mL, 10 mg/mL, and 100 
mg/mL, where the combination consistently resulted in 
greater inhibition zones than any of the individual 
treatments (Fig. 7-9). 

SEM 
surface roughening, cytoplasmic morphological 

changes in MDR-E. coli were examined using electron 
microscopy following treatment with Lys, Lys 90, herbs, 
and combination of (herbs + Lys 90), as shown in Fig. 1-5. 
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Untreated MDR-E. coli cells exhibited smooth surfaces 
and normal morphology. In contrast, cells treated with 
Lys showed significant alterations, including leakage, cell 
elongation, and membrane damage. 
 

  
Fig. 1: Scanning electron microscopy (SEM) image of MDR-E. 

coli cells before treatment captured at 10,000 × 
magnification 

 

  
Fig. 2: Scanning electron microscopy (SEM) image of MDR-E. 

coli cells following treatment with herbs at a 
concentration of 0.1 mg/mL, captured at 3,000 × 
magnification 

 

  
Fig. 3: Scanning electron microscopy (SEM) image of MDR-E. 

coli cells following treatment with Lys at a concentration 
of 0.1 mg/mL, captured at 3,000 × magnification 

 
 
Fig. 4: Scanning electron microscopy (SEM) image of MDR-E. 

coli cells following treatment with Lys 90 at a 
concentration of 0.1 mg/mL, captured at 3,000 × 
magnification 

 

 
 
Fig. 5: Scanning electron microscopy (SEM) image of MDR-E. 

coli cells following treatment with (herb + Lys 90) at a 
concentration of 0.1 mg/mL, captured at 3,000 × 
magnification 

 
Discussion 

Lysozyme, an enzyme renowned for its antimicrobial 
properties, is widely distributed across the animal 
kingdom, serving as a natural bactericide (Nawaz et al., 
2022). Its importance extends beyond immune defense, as 
it plays a crucial role in protecting and supporting the 
growth of developing embryos. In hen egg white, a 
primary source of lysozyme, this enzyme comprises 
approximately 3.5% of the total protein content (Li et al., 
2022). Lysozyme also enhances the efficacy of 
antibiotics, thereby contributing significantly to the 
overall strengthening of the immune response. This 
multifaceted function underscores lysozyme’s pivotal role 
in both innate immunity and broader defense mechanisms 
within the organism. 

Lysozyme activity, which is influenced by pH, plays a 
critical role in its antibacterial function (Nawaz et al., 
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2022). Similarly, Khorshidian et al. (2022) emphasized 
that pH is a key factor in the formation of new lysozyme 
oligoforms, which in turn significantly impacts its 
antibacterial activity. Under normal conditions, native hen 
egg white lysozyme exists in a dimeric form at pH 7. 
According to Catalini et al. (2021), dimer formation may 
result from lysozyme denaturation induced by factors 
such as pH changes, variations in lysozyme concentration, 
duration of denaturation, and fluctuations in temperature 
and/or the surrounding medium. 

The bioactive compounds present in the herbal 
mixture used in this study are believed to possess 
antimicrobial properties that may contribute to combating 
AMR. Ajanaku et al. (2022) reported that bioactive 
compounds present in herbs possess considerable 
potential as natural therapeutic agents. Curcumin, a 
bioactive compound in turmeric (C. domestica), has been 
shown to be effective against Staphylococcus aureus (S. 
aureus) and E. coli (Hussain et al., 2022). Although 
curcumin demonstrates promising antibacterial potential, 
it also exhibits selectivity toward specific microorganisms 
(Adamczak et al., 2020). Ginger (Z. officinale) has been 
reported to contain a diverse range of phytochemicals that 
contribute to its broad-spectrum antimicrobial activity 
against various pathogens (Shalaby et al., 2023). 
Similarly, garlic (A. sativum) contains bioactive 
compounds such as allicin, and allyl sulfides, which 
exhibit notable antibacterial properties (Bhatwalkar et al., 
2021). Comparable antimicrobial constituents are also 
found in lempuyang (Z. aromaticum). 

Antibacterial activity of Lys 90 is enhanced compared 
to that of Lys. This increased efficacy may not be solely 
attributed to its enzymatic function, but rather to the 
involvement of an alternative mechanism of action. These 
insights provide new perspectives on the complex 
mechanisms underlying the enhanced antibacterial 
activity of Lys 90, highlighting structural adaptations as a 
critical factor in their increased efficacy. Our findings are 
consistent with those of Delbue et al. (2023), who 
reported that heat treatment can modify both the peptide 
sequence and composition of lysozyme derived products, 
thereby influencing their antimicrobial activity. It is 
noteworthy that the conventional understanding posits 
that heating lysozyme results in enzyme inactivation. 
However, several studies have intriguingly demonstrated 
that controlled heating at specific temperatures can 
enhance lysozyme’s antibacterial activity (Huang et al., 
2023; Khorshidian et al., 2022; Leśnierowski et al., 2021; 
Wang et al., 2020). 

Combination of herbs and Lys 90 enhances 
antimicrobial activity by facilitating improved penetration 
into bacterial cell walls. Additionally, antimicrobial 
properties of herbs are attributed to the presence of active 

compounds such as flavonoids, alkaloids, tannins, 
saponins, phenols, steroids, and triterpenoids (Table 1). 
Our findings are consistent with those of Wei and Yi 
(2023), who reported that combination of herbs and Lys 
90 significantly enhances antimicrobial efficacy. This 
formulation may represent a promising strategy for 
combating MDR E. coli infections. Antimicrobial 
properties of AMPs and combination of herbs and Lys 90 
can be compared from multiple perspectives. AMPs 
primarily exert their effects by disrupting microbial cell 
membranes, ultimately leading to cell death (Gagandeep 
et al., 2024). AMPs exhibit broad-spectrum activity and 
are effective against a wide range of microorganisms, 
including bacteria, viruses, and fungi. In addition to their 
potent antimicrobial effects, AMPs generally possess 
good stability, although they may be vulnerable to 
enzymatic degradation. In contrast, combination of herbs 
and Lys 90 exerts its antimicrobial action primarily 
through the hydrolytic activity of lysozyme on bacterial 
cell walls. The herbal components may enhance this effect 
through various mechanisms, including anti-
inflammatory, antioxidant, and direct antimicrobial 
activities (Nawaz et al., 2022). 

The antimicrobial spectrum of the herbs combined 
with Lys 90 at various concentrations was broader and 
more potent than that of Lys, Lys 90, or herbs alone (Fig. 
6-9). This enhanced activity is likely due to the additional 
bioactive properties of the herbal components. However, 
the overall stability of this combination is influenced by 
the intrinsic stability of both lysozyme and the specific 
herbal constituents used (Ferraboschi et al., 2021). It is 
also important to note that the efficacy and safety of both 
AMPs and the herbs + Lys 90 combination are affected by 
several factors, including the type of target 
microorganism, the concentration of the antimicrobial 
agent, and environmental conditions. Therefore, 
continued research is essential to comprehensively 
evaluate the effectiveness and safety of these 
antimicrobial strategies across diverse clinical and 
environmental contexts. For example, a study by Liu et al. 
(2020) demonstrated that Phylloseptin Peptide (PPV1), a 
potent AMP from the phylloseptin family, effectively 
inhibited S. aureus growth both in vitro and in vivo 
without inducing toxicity. These findings highlight the 
therapeutic potential of PPV1 and support its further 
investigation as a promising antimicrobial agent. 

 
Table 1: Phytochemical and level of herbs 

Phytochemical Present in extract Content (mg/mL) 
Flavonoids + 2.15 
Alkaloids - - 
Tanin - - 
Saponins + 2.67 
Hydroquinone + 2.79 
Steroid - - 
Triterpenoids + 1.28 
+ = Positive; - = Negative  
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Fig. 6: Diameters inhibition zones Lys,Lys 90,herbs,and 

(herbs+lys 90) against MDR-E. coli and E. coli ATCC 
25922 at concentration of 0.1 mg/mL 

 

  
Fig. 7: Diameters inhibition zones Lys,Lys 90,herbs,and 

(herbs+lys 90) against MDR-E. coli and E. coli ATCC 
25922 at concentration of 1 mg/mL 

 

 
 
Fig. 8: Diameters inhibition zones Lys,Lys 90,herbs,and 

(herbs+lys 90) against MDR-E. coli and E. coli ATCC 
25922 at concentration of 10 mg/mL 

 
This study was conducted under in vitro conditions; 

therefore, further in vivo research is necessary to validate 
the findings. Additionally, the herbal materials used were 
sourced from traditional markets and consisted of 
unidentified varieties, which may have influenced their 

phytochemical composition. As noted by Mwamatope et 
al. (2021), the phytochemical profile of medicinal plants 
is influenced by factors such as plant variety and seasonal 
variation. Furthermore, the antimicrobial activity of herbs 
and Lys 90 combination has thus far been evaluated only 
against MDR-E. coli, with no data currently available 
regarding its efficacy against multidrug-resistant Gram-
positive bacteria. Such information is crucial to determine 
whether the herbs and Lys 90 combination exhibits broad-
spectrum activity against both Gram-negative and Gram-
positive multidrug-resistant pathogens. Preliminary 
evidence suggests that this formulation may possess 
broad-spectrum antimicrobial potential, highlighting the 
need for further comprehensive studies. 

The SEM revealed distinct morphological changes in 
cells treated with Lys, including the formation of blisters, 
dimples, and slight cell elongation Fig. (1-5). In contrast, 
treatment with Lys 90 induced more pronounced features, 
such as wrinkling, tearing along the cell surface, and 
significant cell elongation. These observations are consistent 
with the findings of Mojsoska (2022) regarding the effects of 
peptoid treatment on E. coli cells. Cell elongation or 
filamentation is a well-documented bacterial stress response, 
often triggered by certain antibiotics like beta-lactams. Beta-
lactams induce filamentation by interfering with cell wall 
synthesis, binding to penicillin-binding proteins, and 
inhibiting peptidoglycan cross-linking, which results in 
biomass accumulation (Kim et al., 2023). Furthermore, 
bacterial filamentation can be initiated by the activation of 
the Save-Our-Soul (SOS) response, a mechanism involved 
in deoxyribonucleic acid (DNA) damage repair. The lack of 
cell division during elongation can lead to the accumulation 
of crosslink defects, forming pores that ultimately cause cell 
bulging and lysis (Mojsoska, 2022; Kim et al., 2023). 
 

 
 
Fig. 9: Diameters inhibition zones Lys,Lys 90,herbs,and 

(herbs+lys 90) against MDR-E. coli and E. coli 
ATCC 25922 at concentration of 100 mg/mL 
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Future research on herbs and Lys 90 combination 
should prioritize in vivo studies in poultry farms to 
evaluate its practical effectiveness under real-world 
conditions. In particular, challenge trials using MDR E. 
coli isolates are necessary to determine whether 
administration of the formulation confers protective effects 
against infection. Additionally, to maintain its antimicrobial 
efficacy, it is crucial to ensure the stability of herbs and Lys 
90 formulation, which may be enhanced through the 
application of nanoparticle-based delivery systems. 

Conclusion 
Combination of herbs and Lys 90 represents a 

promising strategy for combating MDR-E. coli, 
demonstrating greater potential than the use of either Lys 
90 or herbs alone. However, further research is necessary 
to assess the in vivo antimicrobial efficacy of this 
combination, particularly against both Gram-positive and 
Gram-negative multidrug-resistant bacteria. 
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