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The Antibacterial and Antifungal Effects of Cranberry Fruit (Vaccinium macrocarpon), and its Commercial Juices against Escherichia coli, Staphylococcus aureus, Proteus mirabilis, and Candida albicans
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ABSTRACT 

	Background Urinary tract infections are common bacterial infections, primarily caused by Escherichia coli, and increasing antibiotic resistance has driven interest in cranberry-derived phytochemicals as potential alternative antimicrobial agents.
Aims: To evaluate the antibacterial and antifungal activity of cranberry (Vaccinium macrocarpon) preparations, including aqueous extract, macerated fruit, and commercial cranberry juice cocktails, against Escherichia coli, Staphylococcus aureus, Proteus mirabilis, and Candida albicans using the Kirby–Bauer disk diffusion method.
 
Study design:  Laboratory-based true experimental study utilizing the Kirby–Bauer disk diffusion method.

Place and Duration of Study: Main Laboratory, College of Medical Sciences, University of Guyana, Georgetown, Guyana; conducted over a 12-week period between February 2024 and March 2024.

Methodology: Fresh cranberries were processed into aqueous extract and macerated fruit slurry, while three commercial juice brands (T, C, O) were used as additional treatments. Sterile 6 mm discs were impregnated with each preparation. Standardized microbial suspensions (0.5 McFarland) of the four test organisms were inoculated onto Mueller Hinton Agar. Positive controls included ciprofloxacin (5 µg) for Escherichia coli, tetracycline (30 µg) for Staphylococcus aureus, gentamicin (10 µg) for Proteus mirabilis, and ketoconazole (1%) for Candida albicans. Plates were incubated at 37°C for 24 hours (bacteria) or 48 hours (yeast). Zones of inhibition were measured in millimetres. Data were analyzed using one-way ANOVA with a significance threshold of α = 0.05.

Results: All cranberry preparations showed no inhibitory effect against Escherichia coli (all zones = 6 mm, equivalent to disc diameter). Against Staphylococcus aureus and Proteus mirabilis, cranberry treatments produced inhibition zones ranging from 6–11 mm, whereas tetracycline and gentamicin produced inhibition zones of 26 mm and 25 mm, respectively. ANOVA demonstrated significant differences among treatments (P < 0.001), with cranberry preparations exhibiting lower antibacterial activity than the antibiotic controls. Only the aqueous cranberry extract inhibited Candida albicans (10–13 mm). No significant difference was observed between the aqueous extract and ketoconazole under the conditions of the in vitro assay (F(1,10) = 0.87, P = 0.37).

Conclusion: Cranberry preparations exhibited selective antimicrobial activity. While ineffective against E. coli, several preparations showed mild antibacterial effects against S. aureus and P. mirabilis. The aqueous cranberry extract produced inhibition zones similar to ketoconazole under the conditions of this in vitro assay against C. albicans. Cranberry may serve as a complementary antimicrobial agent, warranting further investigation using standardized extracts and advanced antimicrobial assays.
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1. INTRODUCTION 
Urinary tract infections (UTIs) are among the most common microbial infections worldwide and are frequently caused by pathogenic microorganisms such as Escherichia coli, Staphylococcus aureus, and Proteus mirabilis (Flores-Mireles et al., 2015). Among these organisms, E. coli is regarded as the predominant causative agent of UTIs and has been reported to account for approximately 90% of cases (Cleveland Clinic, 2023). Fungal pathogens such as Candida albicans may also contribute to urinary tract infections, particularly in immunocompromised individuals or patients with recurrent infections (Malani & Kauffman, 2007). UTIs occur commonly in women, with approximately 20% experiencing at least one infection during their lifetime (Cleveland Clinic, 2023).
Although antibiotics remain the conventional treatment for UTIs, recurrent infections and increasing antimicrobial resistance (AMR) have created interest in alternative or complementary therapeutic approaches. Repeated exposure to antibiotics may contribute to resistant microbial strains, reducing the effectiveness of conventional pharmacological treatments (Guay, 2009). Consequently, plant-derived phytochemicals have gained increasing attention as potential antimicrobial agents.
Cranberry (Vaccinium macrocarpon) has long been recommended as a natural remedy for UTIs; however, conflicting findings exist regarding its antimicrobial efficacy. Some studies have demonstrated protective effects of cranberry products against UTIs and reductions in microbial colonization (Jensen et al., 2017), while other reports argue that insufficient evidence exists to conclusively support its clinical effectiveness (Guay, 2009). Sánchez et al. (2020) demonstrated that cranberry extracts exhibited antimicrobial activity against bacterial biofilms, supporting the potential antibacterial properties of cranberry phytochemicals.
The antimicrobial activity of cranberry is largely attributed to phytochemicals such as proanthocyanidins (PACs), anthocyanins, and other polyphenolic compounds. Cranberries are particularly rich in PACs and anthocyanins, which contribute to the fruit’s characteristic red pigmentation. Cranberry PACs, particularly those containing A-type linkages, have been associated with anti-adherence mechanisms that inhibit bacterial attachment to urinary tract epithelial cells (Howell et al., 2007). This mechanism is especially relevant to E. coli, whose pathogenicity is strongly linked to its ability to adhere to urinary tract surfaces. 
Studies on phytochemicals and their antimicrobial activities have become increasingly important in addressing antimicrobial resistance. Phytochemicals may enhance the effectiveness of existing antimicrobial agents through synergistic activity when combined with conventional antibiotics (Jeyaraj et al., 2023). Such synergistic interactions may improve the susceptibility of resistant microorganisms to antimicrobial treatments and provide an avenue for alternative therapeutic strategies.
Previous studies have also explored cranberry activity against fungal organisms. Rane et al. (2013) reported that cranberry-derived proanthocyanidins inhibited Candida albicans biofilm formation in artificial urine, whereas Swartz and Medrek (1968) observed antifungal effects against several dermatophytes but limited activity against C. albicans. These inconsistencies highlight the need for further investigation into the antimicrobial and antifungal properties of cranberry preparations.
To address these contradictions, this study will evaluate the antibacterial and antifungal effects of cranberry extracts and three commercial juices against key pathogens using the Kirby-Bauer Disc Diffusion method. Ultimately, findings from this study will potentially benefit women worldwide by providing a more accessible and natural intervention for UTIs. This can also make meaningful contributions towards the quality of life, reduction of hospital visits, and reducing healthcare costs for women who may have experienced recurrent UTIs.

2. material and methods
2.1 Study Design and Experimental Framework 
This study employed a true experimental in vitro design to evaluate the antibacterial and antifungal activity of cranberry (Vaccinium macrocarpon) extracts and commercial cranberry juice cocktails. Antimicrobial susceptibility testing was conducted using the Kirby-Bauer disk diffusion method in accordance with the 13th edition of the CLSI M02 document. All treatments were performed in triplicate (n = 3).  

Experiments were conducted at the Main Laboratory of the College of Medical Sciences, University of Guyana.

2.2 Microorganisms and Culture Conditions
Four (4) in-house strains associated with urinary tract infections were selected:
1. Escherichia coli
2. Staphylococcus aureus
3. Proteus mirabilis
4. Candida albicans
Microbial isolates were cultured on Mueller Hinton Agar (CRITERION, Hardy Diagnostics) and Colonies were transferred into Nutrient Broth (bacteria) or Dextrose Broth (yeast) and adjusted to 0.5 McFarland Standard (≈1×10⁸ CFU/mL) (Hardy Diagnostics).

2.3 Preparation of Cranberry Extracts
2.3.1 Fruit Collection and Pre-processing
Fresh cranberries were rinsed with 10% bleach solution prepared using autoclaved distilled water (121 °C, 15 min) to eliminate surface contaminants. 

2.3.2 Fresh Cranberry Aqueous (Water-Based) Extraction
Fresh cranberries (20 g) were washed with 10% bleach solution, rinsed thoroughly, and macerated in sterile distilled water at a ratio of 2 g per 10 mL.
The mixture was:
1. Left to stand for 15 minutes in the dark
2. Filtered using sterile Whatman No.1 filter paper
3. Re-soaked for an additional 15 minutes
4. Filtered again to maximize extraction
The resulting aqueous extract was used immediately.


2.3.3 Macerated Fruit Slurry (100% Cranberry Preparation)
An additional 20 g of fruit were macerated into a thick slurry using a sterile food processor. This preparation was treated as 100% cranberry fruit extract.
2.3.4 Commercial Cranberry Juices
Three commercially available cranberry juice cocktails (coded T, C, O) were obtained locally.
For each:
20 mL of juice was used to soak approximately 30 sterile discs for 30 minutes.
2.4 Disc Impregnation
Sterile 6 mm (Flinn Scientific Inc.) discs were soaked in each cranberry treatment for 30 minutes. Excess liquid was drained on sterile absorbent paper. 
Negative control: sterile distilled water.
Positive controls:
1. E. coli: Ciprofloxacin 5 µg
2. S. aureus: Tetracycline 30 µg
3. P. mirabilis: Gentamicin 10 µg
4. C. albicans: Ketoconazole 1%
2.5 Kirby-Bauer Disk Diffusion Procedure
1. Standardized microbial suspensions were spread evenly on Mueller Hinton Agar (MHA) plates using sterile cotton tip applicators. Mueller Hinton Agar was used to maintain consistency across antimicrobial susceptibility assays.
2. Two cranberry-treated discs were placed on each plate.
3. Plates were incubated as follows:
· Bacteria: 37°C for 24 hours
· Yeast: 37°C for 48 hours
4. Zones of inhibition were measured in mm using a ruler.
Zones ≤6 mm were interpreted as no inhibition.
5. All treatments were performed in triplicate and repeated independently to obtain six total observations per treatment group.
2.6 Statistical Analysis 
Data were analyzed using one-way ANOVA (α = 0.05).
ANOVA summary tables were generated in Microsoft Excel.

3. results and discussion

3.1 Antibacterial Activity 
3.1.1 Escherichia coli

All cranberry preparations—including aqueous extract, macerated fruit extract, and commercial cranberry juices (T, C, O)—produced inhibition zones of 6 mm, equivalent to the disc diameter, indicating no antibacterial activity. 

In contrast, the Ciprofloxacin control produced a mean inhibition zone of 40 mm, as summarized in Table 1. This demonstrates that E. coli was highly resistant to all cranberry treatments. Cranberry’s primary activity against E. coli is anti-adhesive rather than bactericidal; therefore, such effects are not detectable using agar diffusion assays (Howell & Foxman, 2002).




Table 1.	 Zone diameters (mm) of cranberry treatments against Escherichia coli
	Replicate
	Zone Diameter (mm)

	
	T 
	C 
	O 
	Fruit
	CW
	CIP 

	1
	6
	6
	6
	6
	6
	40

	2
	6
	6
	6
	6
	6
	40

	3
	6
	6
	6
	6
	6
	40

	4
	6
	6
	6
	6
	6
	40

	5
	6
	6
	6
	6
	6
	40

	6
	6
	6
	6
	9
	6
	40

	Mean ± SD
	6.0 ± 0.0 
	6.0 ± 0.0
	6.0 ± 0.0
	6.0 ± 0.0
	6.0 ± 0.0
	40.0 ± 0.0


*a. T, C, O = commercial cranberry juice brands
b. Fruit = 100% macerated cranberry extract
c. CW = aqueous cranberry extract
d. CIP = ciprofloxacin (5 µg, positive control)
e. Values are presented as mean ± standard deviation (n = 6)
3.1.2 Staphylococcus aureus

Table 2 summarizes the inhibition zones observed for Staphylococcus aureus. Findings indicated that cranberry treatments produced inhibition zones ranging from 6–11 mm, while the Tetracycline control produced 26 mm. A one-way ANOVA showed significant differences among treatment means (F(5,30) = 187.31, P < .001). Post-hoc comparison (Bonferonni) indicated that all cranberry treatments were significantly less effective than Tetracycline, though several cranberry treatments demonstrated mild inhibitory activity. 

The mild inhibitory activity observed against Staphylococcus aureus in the present study is consistent with previous findings demonstrating that cranberry phytochemicals possess antibacterial activity against Gram-positive organisms. Lian et al. (2012) reported that cranberry juice exhibited potent antimicrobial effects against S. aureus, likely due to the presence of phenolic compounds and proanthocyanidins capable of disrupting bacterial growth and adhesion mechanisms. Similarly, Bijarani et al. (2021) demonstrated that cranberry fruit extracts inhibited methicillin-resistant S. aureus (MRSA), with antimicrobial activity increasing at higher extract concentrations. The comparatively lower inhibition observed in the present study may be attributed to differences in extract concentration, phytochemical composition, or the use of commercially processed cranberry products, which may contain reduced concentrations of active compounds.

Table 2.	 Zone diameters (mm) of cranberry treatments against Staphylococcus aureus
	Replicate
	Zone Diameter (mm)

	
	T 
	C 
	O 
	Fruit
	CW
	TE

	1
	6
	6
	9
	7
	7
	26

	2
	8
	6
	7
	6
	6
	26

	3
	11
	6
	7
	7
	9
	26

	4
	6
	6
	7
	7
	7
	26

	5
	7
	6
	7
	6
	6
	26

	6
	10
	6
	6
	7
	7
	26

	Mean ± SD
	8.0 ± 1.9
	6.0 ± 0.0
	7.2 ± 1.0
	6.7 ± 0.5
	7.0 ± 1.2
	26.0 ± 0.0



*a. T, C, O = commercial cranberry juice brands
b. Fruit = 100% macerated cranberry extract
c. CW = aqueous cranberry extract
d. TE=Tetracycline (30µg, positive control)
e. Values are presented as mean ± standard deviation (n = 6)





3.1.3 Proteus mirabilis

All cranberry treatments demonstrated inhibition zones between 6–11 mm, while Gentamicin produced 25 mm, as outlined in Table 3. A one-way ANOVA revealed significant variation among treatment means (F(6,35) = 256.71, P < .001). Although less susceptible than S. aureus, P. mirabilis displayed similar mild inhibition, suggesting modest antibacterial effects across cranberry derivatives. However, activity remained substantially weaker than the antibiotic control.

The moderate inhibition observed against Proteus mirabilis aligns with previous studies reporting variable susceptibility of Gram-negative uropathogens to cranberry-derived treatments. Côté et al. (2011) observed that cranberry extracts demonstrated selective antibacterial activity against several bacterial species, although Gram-negative organisms generally exhibited greater resistance than Gram-positive bacteria. 

This reduced susceptibility may be associated with the outer membrane structure of Gram-negative bacteria, which limits penetration of phenolic antimicrobial compounds. Nonetheless, the measurable inhibition observed in the present study suggests that cranberry phytochemicals may exert modest antibacterial effects against P. mirabilis, particularly when concentrated extracts are used. 

Table 3. 	Zone diameters (mm) of cranberry treatments against Proteus mirabilis
	Replicate
	Zone Diameter (mm)

	
	T 
	C 
	O 
	Fruit
	CW
	GEN

	1
	7
	7
	7
	6
	6
	25

	2
	11
	7
	6
	6
	6
	25

	3
	7
	8
	7
	6
	9
	25

	4
	6
	6
	7
	6
	6
	25

	5
	8
	7
	6
	6
	6
	25

	6
	6
	7
	6
	6
	8
	25

	Mean ± SD
	7.5 ± 1.9
	7.0 ± 0.6
	6.5 ± 0.5
	6.0 ± 0.0
	6.8 ± 1.3
	25.0 ± 0.0


*a. T, C, O = commercial cranberry juice brands
b. Fruit = 100% macerated cranberry extract
c. CW = aqueous cranberry extract
d. GEN= Gentamicin (10µg, positive control)
e. Values are presented as mean ± standard deviation (n = 6)
3.2 Antifungal Activity Against Candida albicans
Commercial cranberry juices and macerated fruit extract produced no inhibition (all 6 mm). In contrast, the aqueous cranberry extract yielded inhibition zones of 10–13 mm. The aqueous extract demonstrated the highest variability and mean inhibition (9.8 ± 3.0 mm), indicating measurable antifungal activity compared to other cranberry preparations (Table 4). Ketoconazole produced 11 mm, as referenced in Table 4, and ANOVA showed no significant difference between the aqueous extract and the antifungal agent (F(1,10) = 0.87, P = .370).

These results indicate that cranberry’s antifungal activity is extract-dependent. Water extraction likely preserves polar phenolic compounds (PACs), flavonoids, and anthocyanins, which have established anti-yeast properties. The absence of inhibition by commercial juices is likely due to dilution, sugar content, and processing-related degradation of active compounds.

Table 4. 	Zone diameters (mm) of cranberry treatments against Candida albicans
	Replicate
	Zone Diameter (mm)

	
	T 
	C 
	O 
	Fruit
	CW
	KETO

	1
	6
	6
	6
	6
	6
	11

	2
	6
	6
	6
	6
	11
	11

	3
	6
	6
	6
	6
	13
	11

	4
	6
	6
	6
	6
	6
	11

	5
	6
	6
	6
	6
	11
	11

	6
	6
	6
	6
	6
	12
	11

	Mean ± SD
	6.0 ± 0.0
	6.0 ± 0.0
	6.0 ± 0.0
	6.0 ± 0.0
	9.8 ± 3.0
	11.0 ± 0.0


*a. T, C, O = commercial cranberry juice brands
b. Fruit = 100% macerated cranberry extract
c. CW = aqueous cranberry extract
d. KETO= Ketoconazole (1%, positive control)
e. Values are presented as mean ± standard deviation (n = 6)

This study demonstrates that cranberry preparations exhibit selective antimicrobial activity depending on the organism tested and extraction method used. Cranberry preparations produced no antibacterial activity against E. coli, mild antibacterial effects against S. aureus and P. mirabilis, and notable antifungal activity against C. albicans when extracted with water.
The lack of response by E. coli may be attributed to the structural characteristics of Gram-negative bacteria, whose outer membrane limits the diffusion of many antimicrobial compounds, including plant-derived phenolics (Nikaido, 2003). 
In contrast, Gram-positive bacteria such as S. aureus possess a more permeable peptidoglycan cell wall, which may allow greater interaction with cranberry phytochemicals including proanthocyanidins and organic acids (Cushnie & Lamb, 2005).
The most significant finding is the comparative activity of the aqueous extract against C. albicans, which produced inhibition zones similar to ketoconazole under the conditions of this in vitro assay against C. albicans. This highlights the potential of cranberry-derived compounds as complementary antifungal agents, particularly when extracted in water rather than commercial juice matrices.
Overall, cranberry preparations exhibited limited antibacterial activity but notable antifungal potential, with efficacy strongly influenced by extraction method and concentration.

3.3 Limitations of the Study
This study was limited to an in vitro disk diffusion model, which may not fully represent the antimicrobial behavior of cranberry preparations under physiological conditions. Additionally, variability in phytochemical concentration among cranberry products and the absence of compound quantification may have influenced antimicrobial activity. The disk diffusion method may also underestimate the activity of compounds with limited diffusion through agar media. Further in vivo studies and phytochemical analyses are recommended to validate the clinical relevance and therapeutic potential of cranberry-derived compounds.
4. Conclusion

Cranberry preparations demonstrated selective antimicrobial activity, with limited antibacterial effects but notable antifungal potential. While ineffective against Escherichia coli, cranberry treatments showed mild inhibition of Staphylococcus aureus and Proteus mirabilis. The aqueous cranberry extract produced inhibition zones similar to ketoconazole under the conditions of this in vitro assay against C. albicans.
These findings suggest that cranberry may serve as a complementary antimicrobial agent, particularly in antifungal applications, though its antibacterial efficacy remains limited. Further studies incorporating phytochemical quantification and advanced antimicrobial assays are necessary to validate and optimize its therapeutic use.



Abbreviations Used:
ANOVA : Analysis of Variance
CFU : Colony Forming Units
CIP : Ciprofloxacin
CLSI : Clinical and Laboratory Standards Institute
CW : Cranberry Water Extract (Aqueous Extract)
GEN : Gentamicin
KETO : Ketoconazole
MHA : Mueller Hinton Agar
PACs : Proanthocyanidins
SD : Standard Deviation
TE : Tetracycline
UTI : Urinary Tract Infection

T, C, O : Commercial Cranberry Juice Brands
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