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ABSTRACT
Dilapidated buildings harbor microbes that contribute to deterioration and health risks. From walls in the University of Africa Toru-Orua, three bacteria (Bacillus subtilis, Pseudomonas aeruginosa, Escherichia coli) and two fungi (Aspergillus fumigatus, Penicillium chrysogenum) were isolated and identified using morphological, biochemical, and microscopic methods. The antimicrobial activity of neem (Azadirachta indica), garlic (Allium sativum), and scent leaf (Ocimum gratissimum) extracts was evaluated by agar well diffusion. All extracts showed concentration-dependent inhibition, with fresh preparations more effective. Garlic exhibited the strongest activity (23.5 mm against B. subtilis, 20.4 mm against E. coli, and 17.4 mm against fungi), neem showed moderate inhibition (up to 19.2 mm), while scent leaf was least active (≤12.6 mm). P. aeruginosa resisted lower doses but was inhibited up to 18.1 mm at higher concentrations. These findings indicate that garlic and neem possess strong antimicrobial potential and may serve as eco-friendly alternatives for controlling biodeterioration in built environments.
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INTRODUCTION
Microbiological contamination of dilapidated buildings constitutes an important health hazard. Very frequently, such areas hold various microorganisms, including bacteria, fungi, and moulds, which propagate on decaying surfaces like building walls. The presence of these microorganisms is usually attributed to organic material accumulation, moisture, and building material as the source of nourishment (Mekonnen and Asfaw, 2020). These microbial communities in building walls interact in many ways with mineral materials and their external environment. This complex phenomenon occurs in conjunction with many physical and chemical destructive processes (Mekonnen and Asfaw, 2020; Gonelimali et al., 2018). 
Microbial growth on dilapidated buildings can lead to significant deterioration of building materials, compromising structural integrity and aesthetic appeal (Magyar, 2024). Fungi, bacteria, and algae can colonize surfaces, exploiting nutrients and moisture to proliferate (Alves, 2020). This microbial growth can cause discoloration, staining, and degradation of materials, ultimately affecting the building's durability and safety (Magyar, 2024). Additionally, Microbial deterioration of dilapidated buildings occurs through various mechanisms, including enzymatic degradation, acid production, and biofilm formation. Microorganisms such as fungi and bacteria produce enzymes that break down organic and inorganic materials, compromising the structural integrity of buildings (Al-Hallak et al., 2023). For example, fungi can degrade cellulose, hemicellulose, and lignin in wood, while bacteria can solubilize minerals in stone and concrete. Acid production is another key mechanism of microbial deterioration, where microorganisms produce organic and inorganic acids that react with building materials, leading to their degradation (Al-Hallak et al., 2023; Ali et al., 2021). Sulfur-oxidizing bacteria, for instance, can produce sulfuric acid, which reacts with calcium carbonate in stone and concrete, causing dissolution and weakening of the material. Additionally, nitrifying bacteria can produce nitric acid, further contributing to the deterioration process. Examples of bacteria include Bacillus and Pseudomonas, which can produce pigments and enzymes that contribute to deterioration. Fungi like Aspergillus, Penicillium, and Cladosporium can degrade organic materials and produce mycotoxins. Algae, such as Chlorella and Trentepohlia, can form green or orange biofilms on walls, compromising aesthetic appeal. These microorganisms colonize walls by exploiting moisture, nutrients, and suitable surfaces, ultimately contributing to deterioration and damage (Di Vito et al., 2022; Apte and Manchanda, 2024; Kanamori, 2015). 
Biofilm formation is a critical factor in microbial deterioration, as it allows microorganisms to adhere to surfaces, resist environmental stresses, and persist in the building environment. Biofilms can also harbor a diverse range of microorganisms, creating a complex ecosystem that accelerates deterioration (Ghimire et al., 2025). Understanding these mechanisms is essential for developing effective strategies to prevent and mitigate microbial deterioration in dilapidated buildings and identifying the types of microorganisms present and the environmental factors contributing to their growth. Building owners and conservators can implement targeted interventions to mitigate microbial damage and extend the lifespan of dilapidated buildings (Macchia et al., 2022).
The growing concern of microbial deterioration of dilapidated building walls necessitates effective antimicrobial strategies to mitigate the risks associated with microbial exposure in dilapidated walls of building walls. Undoubtedly, antibiotics have been of great value in addressing this menace, albeit their indiscriminate use, coupled with factors such as biofilm formation and the activity of efflux pumps, which protect microorganisms from the action of antimicrobial agents, has led to a serious threat of antibiotic resistance (Khan, 2022). 
In response, this growing concern of antibiotic resistance has prompted us to explore our traditional knowledge in finding new and innovative antimicrobials from plants and use medicines of plant origin as a suitable alternative to combat bio-deterioration of walls. Phytochemical and biological studies have already been performed on a large number of plants by scientists all over the world (Nostro, 2018). The antimicrobial activity of various plant extracts against microorganisms isolated from environmental samples has been explored as a potential tool to combat biodeterioration of walls. Plant extracts have been shown to exhibit antimicrobial activity against a wide range of microorganisms, including those isolated from dilapidated building walls. The antimicrobial properties of plant extracts are attributed to the presence of bioactive compounds, such as phenolics and terpenoids, which can disrupt microbial cell membranes and interfere with essential cellular processes (Nostro, 2018). Studies have demonstrated that crude extracts from plants such as Acacia macrostachya and Bersama abyssinica exhibit significant antibacterial activity against various pathogens, including Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa. These findings highlight the potential of plant extracts in developing effective antimicrobial agents. The efficacy of plant extracts as antimicrobial agents is often influenced by various factors, including the type of solvent used for extraction, the plant part utilised, and the method of extraction. Different solvents can extract different sets of bioactive compounds, which may vary in their antimicrobial potency. Additionally, the method of extraction can affect the yield and concentration of these compounds. Therefore, a comprehensive evaluation of the antimicrobial activity of plant extracts requires standardized methodologies to assess their effectiveness against a spectrum of microorganisms (Rajak et al., 2023; Salvador, 2020).
Therefore, the present study was carried out to screen three crude plants extract for their antibiogram properties against microorganisms isolated from the walls of dilapidated buildings.   
[bookmark: _Hlk206672154]MATERIALS AND METHODS
Study Design 
This study employed an experimental laboratory-based design to assess the antimicrobial (antibiogram) activity of three types of crude plant extracts on microorganisms isolated from the walls of dilapidated buildings. This approach allowed for controlled comparison of the inhibitory effects of each extract on microbial growth under standardized laboratory conditions.
[bookmark: _Hlk206672182]Study Area and Sampling Site
The research was carried out at the University of Africa, Toru-Orua Campus, Bayelsa State, Nigeria, targeting abandoned or structurally compromised buildings that exhibited visible microbial growth. A minimum of five buildings were purposively selected based on their state of dilapidation and presence of discoloration, mold, or surface biofilms on walls.
[bookmark: _Hlk206672196] Sample Collection
Microbial samples were collected using sterile cotton swabs moistened with saline solution, which were used to swab the affected wall surfaces. The swabs were placed in sterile tubes and transported to the microbiology laboratory for immediate processing to preserve microbial viability. Additionally, three medicinal plants were chosen for their well-documented antimicrobial properties: Azadirachta indica (Neem), Ocimum gratissimum (Scent leaf), and Allium sativum (Garlic). Two classes of extracts, namely Fresh extracts and Dry extracts, were used for the study. 


[bookmark: _Hlk206672210]Isolation of Microorganisms from Dilapidated Building Walls 
[bookmark: _Toc24622531][bookmark: _Toc129286430][bookmark: _Hlk206672223]Samples were inoculated onto selective media, including Nutrient Agar, MacConkey Agar, Potato Dextrose Agar (PDA), and Sabouraud Dextrose Agar (SDA), depending on whether bacteria or fungi were suspected. Plates were incubated at 37°C for bacteria (24–48 hours) and 25–28°C for fungi (3–5 days). 
Characterization and Identification of Isolates 
Colonies of different bacterial and fungal species were then picked out using a sterile inoculating loop and subcultured for purification by streaking on plate count agar and incubated at 30 0C for 24 hours. Individual colonies were characterized based on their colony morphology and microscopic examination. Bacterial colonies were further subjected to biochemical tests. 
[bookmark: _Hlk206672555]Extraction of Crude Plant Extracts
Fresh and dry aqueous extracts were used for the study. For fresh extract preparation, the appropriate plant parts (leaves or bulbs) were washed and rinsed with sterile distilled water and ground into pastes using sterile grinders. For dry extracts, the appropriate plant parts (leaves or bulbs) were washed, air-dried at room temperature for 7–10 days, and ground into fine powder using sterile grinders.
Six types of extract were used in the study, each formulated into concentrations of 25%, 50%, 75%, and 100% as presented in the Table 1.
[bookmark: _Hlk206174752]


Table 1: Types of Plant Extracts used for Antimicrobial Susceptibility Tests
	Medicinal Plant
	Aqueous Extract

	Dry Extract

	Conc>>
	25%W/V
	50w/V
	75%W/V
	100%WV
	25%W/V
	50w/V
	75%W/V
	100%W/V

	Neem
	NFAE
	NFAE
	NFAE
	NFAE
	NDAE
	NDAE
	NDAE
	NDAE

	Garlic
	GFAE
	GFAE
	GFAE
	GFAE
	GDAE
	GDAE
	GDAE
	GDAE

	Scent Leaf
	SFAE
	SFAE
	SFAE
	SFAE
	SDAE
	SDAE
	SDAE
	SDAE


Key: 
W/V – Weight per volume; NFAE – Fresh Aqueous extract from Neem; GFAE – Fresh Aqueous extract from Garlic; SFAE – Fresh Aqueous extract from Scent leaf; NDAE – Dry aqueous extract from Neem; GDAE – Dry aqueous extract from Garlic; SDAE – Dry aqueous extract from Scent leaf.

[bookmark: _Hlk206672575]Two types of crude extracts—Fresh aqueous and Dry aqueous extracts were prepared. The concentrations of 25%, 50%, 75%, and 100% weight per volume (w/v) were prepared by dissolving measured amounts of either fresh or dry plant material in distilled water to reach a total volume of 100 mL. For 25% w/v, 25 g of plant material was homogenized in distilled water and adjusted to 100 mL. For 50% w/v, 50 g was used; for 75% w/v, 75 g; and for 100% w/v, 100 g of plant material was extracted in 100 mL of distilled water without dilution. This method was applied to both fresh aqueous extracts (FAE) and dry aqueous extracts (DAE) of neem (Azadirachta indica), garlic (Allium sativum), and scent leaf (Ocimum gratissimum), ensuring consistent preparation across all experimental concentrations.
Antimicrobial Susceptibility Testing (Antibiogram)
Antimicrobial susceptibility testing was assessed using the agar well diffusion method. Mueller-Hinton agar plates were prepared and inoculated with bacterial suspensions adjusted to a 0.5 McFarland standard. Wells of 6 mm diameter were aseptically bored into the agar, and 0.1 mL of plant extract was added to individual wells. Plates were incubated at 37°C for 18–24 hours. Zones of inhibition were measured in millimeters, and results were interpreted according to CLSI guidelines. All tests were performed in triplicate 
[bookmark: _Hlk206672587]Data Analysis
Statistical analysis was performed using appropriate tools in GraphPad Prism version 8. 




[bookmark: _Hlk206672602]RESULTS 
[bookmark: _Hlk206672625]Isolation and Identification of Isolates 
Plates 1- 5 show the bacterial and fungal isolates from dilapidated building walls obtained from the University of Africa, Tou-orua. Table 2 shows the morphological and biochemical features of bacterial isolates from the dilapidated building walls in Toru-Orua. Table 3 shows the microscopic and Macroscopic features of fungal isolates. Bacterial isolates were identified based on their morphological, Gram staining, and biochemical characteristics, while fungal isolates were identified based on their microscopic and macroscopic characteristics. 
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Plate 3:  Escherichia coli 
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	Isolate
	Catalase
	Citrate
	Oxidase
	Indole

	Lactose
	Glucose 
	Sucrose 
	MR
	VP
	TSIA
	Elevation
	Edge
	Shape
	Surfaces
	Pigmentation
	Cell shape
	Gram
	Probable Organism

	
	
	
	
	
	
	
	
	
	
	Butt
	Slant
	H2S
	Gas
	
	
	
	
	
	
	
	

	A
	+
	+
	-
	-
	-
	+
	+
	-
	+
	Y
	Y
	-
	+
	Flat
	Entire 
	Irregular 
	Rough 
	White 
	Rods
	+
	Bacillus subtilis

	B
	+
	+
	+
	-
	-
	+
	-
	-
	-
	Y
	Y
	-
	-
	Flat 
	Entire 
	irregular 
	Smooth 
	Greenish
	Rods 
	-
	P.  aeruginosa 

	 C
	+
	-
	-
	+
	+
	+
	_
	+
	-
	Y
	Y
	-
	-
	Flat
	Convex
	Regular 
	Smooth 
	White 
	Rods
	-
	E. coli 



Table 2 Morphological and Biochemical Features of Isolated Bacterial Strains



Table 3: Characteristics of Fungal Isolates 

	Microscopic   Colony
Morphology
	Growth
	Macroscopic 
Feature 
	Pigmentation
	Probable Organism

	
	
	
	
	

	
Septate hyphae with dichotomous branching  
	
3-5days 
	
velvety to powdery surface texture
	
Green 
	
Aspergillus fumigatus

	Septate hyphae with branched conidiophores
	3-5days 
	Smooth surface, blue-green colonies
	Blue-green
	Penicillium chrysogenum





[bookmark: _Hlk206672646]Antimicrobial Susceptibility 
Tables 4 to 8 present the antimicrobial susceptibility of both bacterial and fungal isolates from dilapidated building walls at Toru-Orua; similarly, figures 1 to 5 present a Bar chart representation of the antimicrobial susceptibility of isolates. Both bacterial and fungal isolates were susceptible to dry and fresh preparations of Neem, garlic, and scent leaves. Also, all extracts showed a greater antimicrobial activity at higher concentrations; however, the fresh preparation exhibited greater antimicrobial activity. Garlic showed higher antimicrobial activities, followed by neem, then scent leaf.

Table 4: Antimicrobial Susceptibility of Bacillus subtilis to Crude Plant Extracts (mean ± SD inhibition zone in mm, n = 3)
	[bookmark: _Hlk208322904]Plant Extract
	Extract Type
	25% w/v
	50% w/v
	75% w/v
	100% w/v

	

Neem
	
Fresh (NFAE)
	
6.5 ± 0.4
	
8.2 ± 0.5
	
1.5 ± 0.6
	
12.8 ± 0.6

	
	Dry (NDAE)
	6.1 ± 0.3
	7.9 ± 0.4
	10.8 ± 0.5
	11.5 ± 0.5

	Garlic
	Fresh (GFAE)
	12.0 ± 0.6
	16.0 ± 0.7
	19.5 ± 0.7
	23.5 ± 0.8

	
	Dry (GDAE)
	10.9 ± 0.5
	15.0 ± 0.6
	18.0 ± 0.6
	21.5 ± 0.7

	Scent Leaf
	Fresh (SFAE)
	6.3 ± 0.3
	7.9 ± 0.4
	10.0 ± 0.5
	12.6 ± 0.6

	
	Dry (SDAE)
	6.0 ± 0.3
	7.1 ± 0.3
	9.0 ± 0.4
	11.0 ± 0.5










[bookmark: _Hlk207278723]Figure 1:  Antimicrobial Susceptibility of Bacillus subtilis to Crude Plant Extracts 






Table 5: Antimicrobial Susceptibility of Pseudomonas aeruginosa to Crude Plant Extracts (mean ± SD inhibition zone in mm, n = 3)
	Plant Extract
	Extract Type
	25% w/v
	50% w/v
	75% w/v
	100% w/v

	Neem
	Fresh (NFAE)
	8.2 ± 0.5
	11.5 ± 0.6
	14.3 ± 0.5
	18.1 ± 0.7

	
	Dry (NDAE)
	7.5 ± 0.4
	10.2 ± 0.6
	13.1 ± 0.5
	16.4 ± 0.6

	Garlic
	Fresh (GFAE)
	8.8 ± 0.5
	11.8 ± 0.6
	14.0 ± 0.6
	17.4 ± 0.7

	
	Dry (GDAE)
	7.6 ± 0.4
	10.1 ± 0.5
	13.1 ± 0.5
	16.0 ± 0.6

	Scent Leaf
	Fresh (SFAE)
	7.3 ± 0.3
	9.9 ± 0.4
	10.0 ± 0.5
	13.5 ± 0.6

	
	Dry (SDAE)
	6.8 ± 0.3
	8.5 ± 0.3
	9.5 ± 0.5
	11.6 ± 0.5











[bookmark: _Hlk207278621]Figure 2: Antimicrobial Susceptibility of Pseudomonas aeruginosa to Crude Plant Extracts 





Table 6: Antimicrobial Susceptibility of Escherichia coli to Crude Plant Extracts (mean ± SD inhibition zone in mm, n = 3)
	Plant Extract
	Extract Type
	25% w/v
	50% w/v
	75% w/v
	100% w/v

	Neem
	Fresh (NFAE)
	9.3 ± 0.5
	11.5 ± 0.6
	13.4 ± 0.5
	19.2 ± 0.7

	
	Dry (NDAE)
	7.8 ± 0.4
	12.8 ± 0.6
	14.2 ± 0.5
	16.4 ± 0.6

	Garlic
	Fresh (GFAE)
	10.8 ± 0.5
	12.6 ± 0.6
	18.0 ± 0.6
	20.4 ± 0.7

	
	Dry (GDAE)
	8.8 ± 0.4
	10.1 ± 0.5
	13.1 ± 0.5
	16.8 ± 0.6

	Scent Leaf
	Fresh (SFAE)
	7.6 ± 0.3
	9.9 ± 0.4
	11.0 ± 0.5
	12.6 ± 0.6

	
	Dry (SDAE)
	6.9 ± 0.3
	8.8 ± 0.3
	9.9 ± 0.5
	11.6 ± 0.5









[bookmark: _Hlk207278555]Figure 3: Antimicrobial Susceptibility of Escherichia coli to Crude Plant Extracts 



	[bookmark: _Hlk207278022]Plant Extract
	Extract Type
	25% w/v
	50% w/v
	75% w/v
	100% w/v

	Neem
	Fresh (NFAE)
	7.5 ± 0.4
	8.1 ± 0.5
	10.2 ± 0.5
	12.8 ± 0.6

	
	Dry (NDAE)
	6.8 ± 0.3
	7.6 ± 0.4
	9.3 ± 0.4
	11.5 ± 0.5

	Garlic
	Fresh (GFAE)
	9.5 ± 0.5
	10.2 ± 0.6
	13.9 ± 0.6
	17.4 ± 0.7

	
	Dry (GDAE)
	7.6 ± 0.4
	10.1 ± 0.5
	13.1 ± 0.5
	16.0 ± 0.6

	Scent Leaf
	Fresh (SFAE)
	6.5 ± 0.3
	7.9 ± 0.4
	10.0 ± 0.5
	12.6 ± 0.6

	
	Dry (SDAE)
	6.1 ± 0.3
	7.6 ± 0.3
	9.2 ± 0.4
	11.5 ± 0.5


Table 7: Antimicrobial Susceptibility of Aspergillus Fumigatus to Crude Plant Extracts (mean ± SD inhibition zone in mm, n = 3)













[bookmark: _Hlk207278514]Figure 4: Antimicrobial Susceptibility of Aspergillus Fumigatus to Crude Plant Extracts 
[bookmark: _Hlk207278050]


Table 8: Antimicrobial Susceptibility of Penicillium chrysogenum to Crude Plant Extracts (mean ± SD inhibition zone in mm, n = 3)
	Plant Extract
	Extract Type
	25% w/v
	50% w/v
	75% w/v
	100% w/v

	Neem
	Fresh (NFAE)
	6.5 ± 0.4
	8.1 ± 0.5
	10.2 ± 0.5
	12.8 ± 0.6

	
	Dry (NDAE)
	6.1 ± 0.3
	7.4 ± 0.4
	9.3 ± 0.4
	11.5 ± 0.5

	Garlic
	Fresh (GFAE)
	8.4 ± 0.5
	11.2 ± 0.6
	14.0 ± 0.6
	17.4 ± 0.7

	
	Dry (GDAE)
	7.6 ± 0.4
	10.1 ± 0.5
	13.1 ± 0.5
	16.0 ± 0.6

	Scent Leaf
	Fresh (SFAE)
	6.3 ± 0.3
	7.8 ± 0.4
	9.9 ± 0.5
	12.6 ± 0.6

	
	Dry (SDAE)
	6.0 ± 0.3
	7.6 ± 0.3
	8.8 ± 0.4
	11.1 ± 0.5










[bookmark: _Hlk207278476]Figure 5: Antimicrobial Susceptibility of Penicillium chrysogenum to Crude Plant Extracts 



DISCUSSION 
The isolation of Bacillus subtilis, Pseudomonas aeruginosa, and Escherichia coli as bacterial contaminants and Aspergillus fumigatus and Penicillium chrysogenum as fungal isolates from dilapidated building walls at the University of Africa, Toru-Orua  is consistent with earlier reports that such organisms thrive in damp and deteriorated structures. Bacillus and Pseudomonas species are spore-formers and biofilm producers, respectively, which explains their survival under harsh wall conditions. Similarly, Aspergillus and Penicillium are well-documented airborne fungi that colonize moist building materials, corroborating findings by Samson et al. (2019), who reported similar fungal genera from decaying wall surfaces.
When the antimicrobial susceptibility results are compared across isolates, Garlic extracts (both fresh and dry) consistently produced the largest inhibition zones at all concentrations. For instance, fresh garlic extract against B. subtilis yielded 23.5 mm at 100% concentration, which was higher than neem (12.8 mm) and scent leaf (12.6 mm). A similar trend was observed with E. coli, where garlic showed 20.4 mm inhibition compared to neem (19.2 mm) and scent leaf (12.6 mm). These results align with the findings of Onyeagba et al. (2004) and Ankri and Mirelman (2016), who highlighted the broad-spectrum antimicrobial activity of garlic due to allicin and other sulfur compounds.
A comparison of fresh versus dry extracts revealed that fresh preparations were consistently more potent. For example, fresh neem extracts inhibited P. aeruginosa by 18.1 mm at 100% concentration, compared to 16.4 mm for the dry extract (Table 4). This pattern may be attributed to the degradation of active phytochemicals during drying, as earlier suggested by Ekwenye and Elegalam (2005).
Among the bacterial isolates, B. subtilis and E. coli were more susceptible overall than P. aeruginosa, which showed relatively smaller inhibition zones across all extracts. This observation is expected since P. aeruginosa is known for its intrinsic resistance due to efflux pumps and low outer membrane permeability, as documented by Poole (2011).
For fungal isolates, garlic again exhibited the strongest inhibitory effect. Against A. fumigatus, fresh garlic extract produced 17.4 mm inhibition, surpassing neem (12.8 mm) and scent leaf (12.6 mm) (Table 6). Similarly, P. chrysogenum recorded 17.4 mm inhibition with fresh garlic compared to neem (12.8 mm) and scent leaf (12.6 mm) (Table 7). These results support the antifungal efficacy of garlic reported by Arora and Kaur (1999), who demonstrated strong inhibition of Aspergillus and Penicillium species by fresh garlic preparations.
Comparing plant extracts, the overall order of antimicrobial potency across isolates was:
Garlic > Neem > Scent leaf. Neem extracts showed moderate activity, consistent with its reported azadirachtin and limonoid contents with antibacterial properties (Biswas et al., 2002). Scent leaf, though effective, was the least potent across all isolates, in line with previous studies that noted its antimicrobial effect is concentration-dependent and less broad-spectrum compared to garlic and neem (Akinmoladun et al., 2019).
In summary, the comparative analysis shows that garlic extracts, particularly in fresh form, exhibited the most potent antimicrobial activity against both bacterial and fungal wall isolates. Neem extracts demonstrated moderate activity, while scent leaf was the least effective. These findings align with prior studies on medicinal plant efficacy and highlight the potential application of crude plant extracts in controlling microbial growth on dilapidated building walls.
[bookmark: _Hlk206672687]
CONCLUSION 
The use of crude plant extract, as an alternative antimicrobial surface treatment, has gained widespread attention over the past decades owing to its promising preventive measure to limit microbial growth. Hence, this work has contributed to this body of knowledge by investigating three crude plant extracts as a promising alternative to the conventionally used antimicrobial surface treatment. The result of the investigation showed that the fresh aqueous solution of the three crude extracts of garlic (Allium sativum), neem (Azadirachta indica), and scent leaf (Ocimum gratissimum) had a greater antimicrobial effect on all five microbial isolates from dilapidated building walls. Albeit the greatest inhibitory levels were observed using fresh aqueous solutions of garlic. Based on the results obtained from this study, It is recommended that undiluted fresh aqueous extract of garlic could be explored as a sustainable alternative to conventional antimicrobial surface treatment agent.
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