



In vitro antibacterial activity of blue vitriol and alum against superficial surgical site infection pathogens
ABSTRACT
Surgical site infection (SSI) is a threat to global health security. The unending search and demand for effective, non-toxic and readily available raw materials to treat surgical site infections is ineluctable. The study aimed at assessing the in vitro antibacterial activity of blue vitriol and alum against superficial surgical site infection pathogens. Seventy surgical wound swab specimens were aseptically and carefully collected from patients with superficial surgical wounds after abdominal surgery at a University Teaching Hospital in Southeastern Nigeria. The bacteria isolates were identified based on their morphological, physiological, biochemical and molecular characteristics. The antimicrobial activity of blue vitriol and alumwas determined using the agar-well diffusion method; while their minimal inhibitory and bactericidal concentrations against the isolates were determined using the broth dilution method. The isolates include Staphylococcus xylosus, Pseudomonas aeruginosa, Staphylococcus aureus and Escherichia coli. The isolates showed varying sensitivity patterns to the test antimicrobials. The inhibition zones diameter (IZD) of the samples vary with concentration. Blue vitriol (200 mg/ml) gave the best inhibition (IZD 27.50±3.54 mm) against Staphylococcus aureus; while alum (200 mg/ml) exhibited the highest inhibition (IZD 25.00±0.00 mm) against Pseudomonas aeruginosa. The least inhibition was observed at 25 mg/ml; while no inhibition was observed at 12.5 mg/ml. Alum and blue vitriol exhibited similar MIC and MBC values (25 mg/ml) against all the isolates, though levofloxacin (positive control) gave a better MBC value of 12.5 mg/ml against all the isolates except E. coli (25 mg/ml). The study revealed that alum and blue vitriol showed good inhibition in vitro, against all the isolates. If clinically proven, they could serve as good alternative antibacterial agents in managing infections caused by these pathogens, especially surgical site infections.
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Introduction
The skin serves as a primary physiological barrier against infection. Despite the implementation of stringent aseptic precautions and protocols, any surgical intervention that compromises skin integrity carries an inherent risk of infection. Infections that occur within 30 days following surgery—or within one year in patients with implanted devices—and involve either the incision or deeper tissues at the operative site are defined as surgical site infections (SSIs) [1,2]. In many instances, the causative pathogens originate from the patient’s endogenous microbial flora, with the specific organisms varying according to the type of surgical procedure [3].

The incidence of SSIs ranges from 1% to 30%, depending on both the nature of the surgical intervention and patient-related risk factors [4]. SSIs contribute to approximately 11% of mortality observed in intensive care units and represent a leading cause of unplanned postoperative hospital readmissions [5]. Patients affected by SSIs typically experience prolonged hospitalisation, averaging an additional 10 to 11 days compared with non-infected individuals [6]. This extended duration of stay results in increased utilisation of healthcare resources, including antimicrobial therapy, wound management, and diagnostic investigations, thereby escalating overall healthcare expenditure [7]. SSIs are categorised according to the anatomical location and depth of infection into three principal types: superficial incisional, deep incisional, and organ/space infections [5,8]. A wide range of factors predispose patients to the development of SSIs. These may be broadly classified into patient-related, procedure-related, and extrinsic factors. Patient-related determinants include advanced age, immunocompromised status, smoking, obesity, diabetes mellitus, malnutrition, hypovolaemia, corticosteroid use, prior infections, prolonged preoperative hospitalisation, and inadequate preoperative skin antisepsis [9–11]. Procedure-related factors encompass the type and duration of surgery, open surgical approaches, use of surgical drains, presence of foreign materials, inappropriate hair removal practices, perioperative hypothermia, and abnormal fluid accumulation [12–14]. Extrinsic contributors include contamination of the surgical field, equipment, or personnel, inadequate sharpness of surgical instruments, suboptimal operating theatre ventilation, and excessive operating room traffic [8,9,11,15].

Management of SSIs typically involves a multimodal approach tailored to infection severity. Standard treatment strategies include antimicrobial therapy [16,17], surgical intervention where necessary, appropriate wound care, supportive measures, and adjunctive therapies such as hyperbaric oxygen treatment [18–21]. Prevention of SSIs remains a central objective in surgical practice. The implementation of evidence-based measures and adherence to established clinical guidelines have been shown to significantly reduce infection rates and improve patient outcomes. The World Health Organization has issued comprehensive recommendations encompassing 29 preventive measures spanning preoperative, intraoperative, and postoperative phases. Rigorous application of these strategies contributes to safer surgical care and enhanced clinical outcomes [22]. Antimicrobial agents have profoundly transformed modern medicine, enabling the effective treatment of infections that were once associated with high mortality. However, their continued efficacy is increasingly compromised by the rapid mutation rates of microorganisms and the consequent development of antimicrobial resistance. Addressing this challenge necessitates the discovery and development of novel antimicrobial agents with innovative mechanisms of action. Progress in this area has been limited due to reduced investment in pharmaceutical research and development, the depletion of readily identifiable drug candidates, and the diminishing availability of novel therapeutic targets [23].

Accordingly, there is a pressing need to investigate alternative strategies that either prevent infections or enhance the efficacy of existing antimicrobial agents while reducing the emergence of resistance. Such approaches may involve targeting distinct mechanisms of action or employing adjunctive therapies, thereby potentially decreasing reliance on conventional antibiotics, particularly in the management of community-acquired infections [24–26].

Copper(II) sulfate pentahydrate, commonly referred to as blue vitriol or bluestone, is a bright blue crystalline inorganic compound characterised by high water solubility and the formation of an acidic solution. It possesses a polymeric triclinic structure, a molecular weight of 249.69 g/mol, and a melting point of 110 °C. This compound is widely utilised as a fungicide, herbicide, and industrial reagent. In nature, it occurs as the rare mineral chalcocyanite, while its pentahydrate form is found as chalcanthite. Other naturally occurring copper sulfate minerals include bonattite (trihydrate), boothite (heptahydrate), and the monohydrate poitevinite. Additionally, more complex copper(II) sulfate minerals exist, including environmentally significant basic copper sulfates such as langite and posnjakite [27–29].
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Figure 1: Chemical Structure of Blue Vitriol [29]
Copper sulfate has long been employed in the management of algal proliferation in eutrophic freshwater systems, where it remains one of the most effective algicidal agents. Bordeaux mixture, a suspension comprising copper(II) sulfate (CuSO₄) and calcium hydroxide (Ca(OH)₂), is extensively utilised for the control of fungal diseases affecting crops such as grapes, melons, and other berries. This formulation is prepared by combining an aqueous solution of copper sulfate with a suspension of slaked lime. In aquaculture, dilute copper sulfate solutions are applied for the treatment of parasitic infections in fish, as well as for the removal of snails from aquaria and zebra mussels from water distribution systems. However, it is important to note that copper ions exhibit significant toxicity to fish, although most algal species can be effectively controlled at relatively low concentrations of copper sulfate [30–32]. Alum, commonly referred to as potassium alum with the chemical formula KAl(SO₄)₂·12H₂O, is a naturally occurring hydrated double salt valued for its antibacterial and astringent properties. It is traditionally sourced from volcanic regions and saline lakes and occurs naturally in minerals such as alunite. More broadly, the term “alum” encompasses a class of compounds sharing a similar structure and general formula, in which aluminium may be substituted by other trivalent metal ions, such as chromium(III), or sulphur may be replaced by other chalcogens, such as selenium. A well-known analogue is chrome alum, KCr(SO₄)₂·12H₂O [33,34].

Alum exhibits extensive applications across domestic, industrial, and biomedical sectors. It is widely utilised as a flocculating agent in water purification, as a styptic agent for the control of minor bleeding during shaving, in deodorant formulations, and in food processing, including its use in baking powder and pickling. Furthermore, it is employed in the fireproofing of textiles and paper, as well as a mordant in dyeing processes. In the biomedical domain, aluminium-based compounds—such as aluminium hydroxide, aluminium hydroxyl phosphate sulphate, and aluminium potassium phosphate—are among the most commonly used adjuvants in both human and veterinary vaccines. These compounds are known to elicit strong humoral immune responses, primarily by stimulating the production of antigen-specific antibodies, thereby conferring protection against diseases such as diphtheria, tetanus, and hepatitis B, where neutralising antibody responses are essential for effective immunity [35,36].

Against this background, the present study aims to evaluate the in vitro antibacterial activity of blue vitriol (copper(II) sulfate) and alum against pathogens associated with superficial surgical site infections.

Materials and Methods 
Study area 
This study was carried out at the Laboratory Unit of Department of Applied Microbiology and Brewing, Nnamdi Azikiwe University, Awka, Anambra State, South-East geopolitical zone of Nigeria. 
Sample Preparation

Blue vitriol and alum samples were hygienically selected after purchase from the Eke-Awka market in Awka South Local Government Area of Anambra State, Nigeria. The samples were transferred into sterile containers and transported immediately to the laboratory for further processing and analysis [37].
Surgical Wound Swab Specimens’ Collection

With the permission of the ethical committee of Chukwuemeka Odumegwu Ojukwu University Teaching Hospital, Awka,Seventy (70) surgical wound swab specimens were aseptically and carefully collected from patients with superficial surgical wounds after abdominal surgery at the University Teaching Hospital (COOUTH), Awka, Anambra State[38].
Isolation and identification of Microorganisms

Blood agar and nutrient agar plates supplemented with nystatin (100 U/mL) were inoculated with swab specimens using the spread plate technique. The inoculated plates were incubated aerobically at 37 °C for 24–48 hours and subsequently examined for microbial growth [39]. The resulting isolates were purified through subculturing on fresh nutrient agar plates and identified on the basis of their morphological, physiological, biochemical, and molecular characteristics. Identification procedures included assessment of colony morphology and macroscopic appearance, Gram staining reactions [40], and a series of biochemical tests such as citrate utilisation, catalase, coagulase, methyl red, hydrogen sulphide (H₂S) production, urease, indole, and oxidase tests [41]. Additional analyses included motility testing, the Voges–Proskauer (VP) test, and carbohydrate fermentation assays [37], alongside nucleic acid sequence analysis for molecular confirmation [39].

In-vitro Evaluation of the Antimicrobial Activity of Alum and Blue vitriol

This assay was done using the agar-well diffusion method as described by Clinical and Laboratory Standard Institute CLSI, [42] and Cheesbrough,[43]respectively.

Preparation of Stock Solution of Alum and Blue vitriol

Stock solutions of the test agents were prepared by accurately weighing 2 g of each agent using an electronic balance and dissolving the material in 10 mL of sterile water in test tubes, yielding a final concentration of 200 mg/mL for each extract. Subsequently, a twofold serial dilution of the stock solution was performed to obtain concentrations of 100, 50, 25, 12.5, and 6.25 mg/mL [39].

The Agar-Well Diffusion method
Plates of Mueller–Hinton agar were aseptically prepared and inoculated with bacterial suspensions standardised to 2 × 10⁵ CFU/mL, corresponding to the 0.5 McFarland standard. A volume of 0.1 mL of the standardised inoculum was dispensed onto the surface of each plate and evenly spread using a sterile bent glass rod. Wells of 6 mm diameter were aseptically created in the solidified agar using a sterile cork borer. Subsequently, 0.2 mL of the respective test solutions was introduced into each well using a sterile 1 mL glass pipette. Positive and negative controls were established by adding 0.2 mL of levofloxacin and sterile distilled water, respectively, into designated wells. The plates were then incubated at 37 °C for 24 hours under aerobic conditions. All experiments were conducted in triplicate, and the results were expressed as the mean of three independent determinations. Antimicrobial activity was evaluated by measuring the diameter of the zones of inhibition (in mm) following 24 hours of incubation. The results were reported as mean ± standard deviation [37,43].

MIC and MBC Determination using broth dilution method

From the stock solution (200 mg/mL), a range of concentrations of the test agents was prepared in nutrient broth through a twofold serial dilution, yielding concentrations of 100, 50, 25, 12.5, 6.25, 3.125, and 1.5625 mg/mL. Each dilution was inoculated with 0.5 mL of a bacterial broth culture standardised to the 0.5 McFarland turbidity. The inoculated tubes were incubated at 37 °C for 24 hours. The minimum inhibitory concentration (MIC) for each test organism was defined as the lowest concentration at which no visible microbial growth was observed.

For the determination of the minimum bactericidal concentration (MBC), 0.5 mL aliquots from tubes that exhibited no visible growth in the MIC assay were aseptically subcultured onto freshly prepared nutrient agar plates using the spread plate method. These plates were subsequently incubated at 37 °C for 48 hours. The MBC was identified as the lowest concentration at which no visible growth occurred on the agar plates [43].

RESULT AND DISCUSSION
Table 1: Morphological and biochemical characteristics of the isolates

	Isolates
	Shape
	Gram
	Catalase
	Oxidase
	Motility
	Citrate
	MR
	H2S
	Urease
	Isolate

	001
	Cocci  
	+
	+
	+
	-
	+
	+
	-
	+
	Staphylococcus xylosus



	002
	Rod 
	-
	+
	+
	+
	+
	-
	+
	+
	Pseudomonas aeruginosa



	003
	Cocci
	+
	+
	+
	-
	+
	+
	-
	-
	Staphylococcus aureus



	004
	Rod 
	-
	+
	-
	+
	-
	+
	-
	-
	Escherichia coli




+ Positive,- Negative
Table 2: Sugar fermentation test 
	Sugars
	S. xylosus
	P. aeruginosa
	S. aureus
	E. coli

	Fructose
	+
	-
	+
	+

	Sucrose      
	+
	+
	+
	+

	Lactose
	+
	-
	+
	+

	Glucose
	+
	-
	+
	+

	Maltose 
	+
	-
	+
	+

	D-xylose
	+
	-
	-
	+

	Galatose
	+
	-
	-
	+

	Cellebiose
	-
	-
	+
	-

	Dextrose
	+
	+
	-
	-

	Trehalose
	+
	+
	+
	+

	Raffinose
	-
	-
	-
	-

	Mannose 
	+
	+
	+
	-


+ Positive,- Negative
Table 3: Inhibition zone diameter of alum and blue vitriol against Staphylococcus xylosus using the agar-well diffusion method.
	Concentration 

(mg/ml)


	   Alum

    (mm)
	Blue vitriol 

    (mm)
	Levofloxacin 

(mm)

	200


	22.00±0.00
	25.00±0.00
	30.00±0.71

	100


	17.00±1.41
	24.00±1.41
	23.00±1.41

	50


	12.00±0.00
	14.50±0.71
	15.50±0.71

	25


	  9.50±0.71
	12.50±2.12
	0.00±0.00

	12.5


	   0.00±0.00
	 10.00±0.00   
	0.00±0.00


Table 4: Inhibition zone diameter of alum and blue vitriol against Pseudomonas aeruginosa using the agar-well diffusion method


	Concentration 

(mg/ml)


	    Alum 

    (mm)
	Blue vitriol 

    (mm)
	Levofloxacin

    (mm)



	200


	25.00±0.00
	25.00±1.41
	17.50±2.12

	100


	19.00±1.41
	19.50±0.71
	12.50±0.71

	50


	11.00±1.41
	13.50±0.71
	10.00±0.71

	25


	 0.00±0.00  
	11.50±0.71
	0.00±0.00

	12.5


	 0.00±0.00  
	  0.00±0.00   
	0.00±0.00


Table 5: Inhibition zone diameter of alum and blue vitriol against Staphylococcus aureus using the agar-well diffusion method

	Concentration 

(mg/ml)


	   Alum

    (mm)
	Blue vitriol

    (mm)
	Levofloxacin 

    (mm)

	200


	23.50±2.12
	27.50±3.54
	12.50±0.71

	100


	13.000±1.41
	21.50± 2.12
	0.00±0.00

	50


	12.00±0.00
	14.50±0.71
	0.00±0.00

	25


	10.00±0.00
	 10.00±0.00
	0.00±0.00

	12.5


	  0.00±0.00   
	   0.00±0.00
	0.00±0.00


Table 6: Inhibition zone diameter of alum and blue vitriol against Escherichia coliusing the agar-well diffusion method

	Concentration 

(mg/ml)


	    Alum

    (mm)
	Blue vitriol 

    (mm)
	Levofloxacin 

     (mm)  

	200


	20.00±0.00
	24.00±2.12
	15.50±0.71

	100


	15.000±0.00
	16.50±0.71
	10.50±0.71

	50


	13.00±0.00
	11.50±0.71
	0.00±0.00

	25


	11.50±0.71
	   9.50±0.71
	0.00±0.00

	12.5


	0.00±0.00
	    0.00±0.00
	0.00±0.00


Table 7: MIC of Alum and Blue vitriol against Staphylococcus xylosus using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin 

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

-

+

+

+


	-

-

-

-

+

+

+


	-

-

-

-

+

+

+


+ Presence of growth, - No visible growth

Table 8: MIC of Alum and Blue vitriol against Pseudomonas aeruginosa using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin  

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

-

+

+

+


	-

-

-

-

+

+

+


	-

-

-

-

+

+

+




  + Presence of growth,- No visible growth

Table 9: MIC of Alum and Blue vitriol against Staphylococcus aureus using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin  

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

-

+

+

+


	-

-

-

-

+

+

+


	-

-

-

-

+

+

+


  + Presence of growth, - No visible growth
Table 10: MIC of Alum and Blue vitriol against Escherichia coli using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin  

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

-

+

+

+


	-

-

-

-

+

+

+
	-

-

-

-

+

+

+


  +Presence of growth, - No visible growth

Table 11: MBC of Alum and Blue vitriolagainst Staphylococcus xylosus using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin  

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

-

+

+

+


	-

-

-

-

+

+

+


	-

-

-

-

+

+

+




+ Presence of growth, - No visible growth

Table 12: MBC of Alum and Blue vitriol against Pseudomonas aeruginosa using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin  

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

-

+

+

+


	-

-

-

-

+

+

+


	-

-

-

-

+

+

+




  + Presence of growth, - No visible growth

Table 13: MBC of Alum and Blue vitriol against Staphylococcus aureus using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin  

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

+

+

+

+


	-

-

-

+

+

+

+


	-

-

-

-

+

+

+


  + Presence of growth, - No visible growth

Table 14: MBC of Alum and Blue vitriol against Escherichia coli using broth dilution method.

	Concentration (mg/ml)
	Alum
	Blue vitriol
	Levofloxacin  

(control)

	200

100

50

25

12.5

6.25

3.125
	-

-

-

+

+

+

+


	-

-

-

+

+

+

+
	-

-

-

+

+

+

+


  + Presence of growth, - No visible growth
This study investigated the in vitro antibacterial activity of blue vitriol and alum against superficial surgical site infection pathogens, including Staphylococcus xylosus, Pseudomonas aeruginosa, Staphylococcus aureus and Escherichia coli. The isolates showed varying sensitivity patterns to the test antimicrobials.

The inhibition zone diameter of alum and blue vitriol against each isolate was dependent on the level of concentration. The highest concentration used was 200 mg/ml while the least concentration was 12.5 mg/ml. Blue vitriol gave the highest inhibition zone diameter against all the isolates, as shown in tables3 - 6. Also, Lamia [44] reported that blue vitriol has significant antibacterial activity against multi-drug resistant nosocomial pathogens. In the present study, alum(200 mg/ml) exhibited the highest inhibition (IZD 25.00±0.00mm) against Pseudomonasaeruginosa(table 4);while blue vitriol (200 mg/ml) gave the best inhibition(IZD 27.50±3.54 mm) against Staphylococcus aureus (table 5). The least inhibition was observed at 25 mg/ml; while no inhibition was observed at 12.5mg/ml, probably indicating resistance (tables 3 - 6). This observation agrees with Falah et al. [45] who noted in a study on antibacterial activity of alum, that a greater concentration of alum will lead to enhanced decrease in bacterial growth. Thus, the in vitro antibacterial activity of blue vitriol and alum has a direct linear relationship with concentration. Comparatively, alum and blue vitriol showed better inhibition in vitro, against all the isolates, than the positive control, levofloxacin. Thus, alum and blue vitriol could serve as good alternative antibacterial agents in managing infections caused by these pathogens, especially surgical site infections.

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of alum and blue vitriol against the isolates was also determined using the broth dilution method. Alum and blue vitriol exhibited similar MIC and MBC values (25 mg/ml) against all the isolates (tables 7 – 14), though levofloxacin gave a better MBC value of 12.5 mg/ml against all the isolates except E. coli (25 mg/ml) (table 14). The above findings agree with the work of Udemezue et al. [39] who stated that the MIC and MBC of alum against dental caries isolates ranges between 50 mg/ml and 12.5 mg/ml. The dental caries isolates were Streptococcus mutans, Staphylococcus aureus, Bacillus cereus, Lactobacillus spp and Candida albicans.
CONCLUSION
Natural compounds such as alum and blue vitriol have been used for a long time in treating human diseases and infections. Postoperative surgical site infection is a common problem that needs special attention. This study has established that alum and blue vitriol are potentially good alternatives to conventional antibiotics.
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