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Abstract 

 
Candida species appear as a nosocomial fungal pathogen that 

causes infection predominantly in the individual having 

impaired immune system. It is the cause of invasive candidiasis 

with numerous cases reported among leukemia patients, after 

bone marrow transplantation. It naturally shows resistance from 

fluconazole, an antifungal agent which is prescribed frequently. 

The mortality rate caused by C. krusei is greater than the C. 

albican which is more common. Other Candida species that are 

similar to the profile of C. krusei are C. glabrata, C. 

parapsilosis, C. guillermondii, C. rugosa, and C. tropicalis. 

 
The collection of the samples (n=50) was made by using Hi 

Chrome Candida differential agar medium. The presence of 

biofilm formation was identified by 96-well microplates by using 

Congo red agar and the test tube method. The inhibition of 

biofilm was performed by using garlic, ginger, and vinegar with 

different concentrations. Biofilm formation by 96-well micro titer 

plate showed positive results. The inhibition of biofilm of C. 

krusei by using different concentrations of ginger and vinegar 

showed higher activity against the biofilm while the garlic 

showed lower activity. 

 
The purpose of the study is to check the capability of biofilm 

formation of C. krusei and other Candida species and analysis 

of the antifungal activity of natural products such as; garlic, 

ginger, and vinegar against the biofilm of Candida species. 
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Introduction 

The fungal infection is usually counted as opportunistic. It can 

reside in numerous parts of the body so it can exist as systemic or 

localized [1]. Fungi are the most common organism which can easily 

be found in the environment and it is the main cause of fungal 

infection [2]. The tropical region is the common place where fungal 

infections often occur. Few of them are severe and may cause the 

death of the individual. The risk factor of infection mainly depends on 

the immunological status of the patient and local factors such as 

trauma, moisture environment, or occlusive clothing that may increase 

the risk collectively within contact with the etiological fungi [3]. An 

individual having impaired immunity that has decreased the natural 

defense system or those who are heavily exposed to the fungus are 

more prone to infection [4]. The yeast is not usually causing any harm 

to humans unless the host's immunity, protective skin barrier, or 

normal flora of the body gets altered. Infection caused by Candida 

species mainly targets nails, skin, and also mucosal membrane. 

Clinically the superficial fungal infection can be diagnosed [5]. 

Candida is considered as normal flora of the body colonizing many 

anatomical parts such as the digestive tract, vagina, oral cavity, skin, 

and upper respiratory tract [6]. Globally the Candida species are the 

most common organism that is responsible for fungal infection. There 

are more than 17 various species of Candida that are identified as 

etiological agents of infection in humans. The genus is made of a 

heterogeneous group of organisms. More than 90% of invasive 

infections are occurred by different species of Candida like C. 

glabrata, C tropicalis, C. albican, C. krusei, C. parapsilopsis, C. 

lusitaniae, and C. dubliniensis. Yeast primarily invades and colonizes 

the body tissue by producing some pathogenic compound into the 

bloodstream that leads to symptoms like chronic diarrhea, lethargy, 

yeast vaginitis, muscles, and joint ache, infection in the bladder, cycle 

problems, the problem in passing stool, and anxiety or depression [7]. 

The principal-agent of candidiasis is C. Albicans, but other species 

are known generally as C. non-albicans (C. glabrata, C. tropicalis, C. 

krusei, C. parapsilosis, C. gullermondii) are also involved. C. Albicans 

and non-albicans species are closely related but differ from each other 

with respect to epidemiology, virulence characteristics, and fungal 

susceptibility, therefore Candida species identification is important for 

successful management of infection [8]. 

With time the candida spp. are associated with infection related to 

the biomaterial. The majority of manifestations of Candidiasis are 

linked with the development of biofilm either in  one way or another 

on the biological surfaces, and both mucosal and systemic site 

infection is linked with this phenotype [9]. Biofilm formation is the 

surface attachment by microbial communities which is of different 

habitat. Biofilm defines as the community of microbe encased in a 

matrix of Extracellular Polymeric Substance (EPS), the phenotype of 

their free-floating counterparts is different from the displayed 

phenotypic feature [10]. 

The resistance to antimicrobial therapy is the main consequence of 

biofilm formation, for that reason, the infections associated with 

biofilm formation is often refractory to conventional antibiotic therapy 

[11]. 

Nowadays plants are the most focused object for the production of 

various beneficial drugs. There are various approaches to find out new 

innovative biologically active compounds in higher plants. The 

discovery of novel effective compounds is a result of the resources 

that are folk medicine and systematic screening [12]. 

Alliums Sativum (also known as garlic), Zingiber Officinale (also 

known as ginger), and vinegar have also been reported to have 

antifungal activity [13]. Nowadays, at least a few hundred antibiotics 

are known, but this does not mean a sense of security. The discovery  

of the plant extract for the treatment of microorganism infections was 

one of the most significant medical achievements of the twentieth 

century [14]. 
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Materials and Methods 

Collection of isolates 

The sample collection for Candida species was made from different 

laboratories and hospitals of Karachi, Pakistan. The isolation of these 

strains was done by using standard microbiological techniques. These 

Candida strains were isolated from different clinical specimens which 

include blood, urine, vaginal discharge, and sputum pus as shown in 

(Table 1). 

All isolates were transported to the Jinnah University for women in 

a closed box with an appropriate transport medium. They were sub 

cultured immediately and stored in the refrigerator for further 

processing. 

 
Identification of isolates 

Primarily to confirm the isolate's type of species and for their 

identification, they were processed for purification. The experiment 

was initiated with streaking on Sabouraud Dextrose Agar (SDA) plate 

to get isolated colonies after incubation of 24 hours at 37°C. A 

distinguishing single colony was picked with the help of an 

inoculation loop and streaked on the SDA (Sabouraud Dextrose Agar) 

slant. Based on morphological and cultural characteristics all the 

samples were identified. 

 
Morphological characteristics 

The morphology of all Candida species was determined through 

gram staining. The morphological characteristics involve the shape, 

arrangement, presence, or absence of pseudohyphae (formed by 

budding yeast) and the gram reaction of the organism. On gram 

staining, gram-positive oval-shaped budding yeast is observed as 

shown in Figure 1. 

 
Differentiation and purification of species 

For differentiation and purification of the species, a differential 

medium is used which is Hi CHROM agar. 

 

Biofilm Formation 

Test tube method: The biofilm formation was qualitatively 

assessed by the TSB (10 ml) medium with loop full culture grown 

overnight after incubation of 24 hours at 37oC. On the next day, the 

tubes were decanted and washed with Phosphate Buffer Saline (PBS) 

(pH 7.2). The tubes were subjected to the process of drying. Crystal 

violet (0.1%) was used to stain the dried tubes. De-ionized water was 

used to wash off the excess stain. For the formation of biofilm, tubes 

were placed in an inverted position. 

Congo red agar method: For the screening of isolates for biofilm 

formation, an alternative method was applied in which Congo red agar 

containing Brain Heart Infusion (BHI) broth with sucrose was used. 

The CRA medium is constructed by mixing 0.8 g of Congored and 36 

g of sucrose to 37 g/L of Brain Heart Infusion (BHI) agar. After an 

incubation period that was 24 Hours at 37°C, the morphology of 

colonies that underwent different colors is differentiated as biofilm 

producers or not. 

96-Well micro plate: Yeast culture was primarily transferred into a 

tube by using an inoculation loop. The tube was containing 2 ml of 

Brain Heart Infusion broth with 0.25% glucose; afterwards, it was 

incubated at 37°C for 24 Hours. Dilutions of all the tubes were made 

of 1:20 by using Brain Heart Infusion broth prepared freshly. On 

micro titer plate final solution, 200 µl was placed which was then 

incubated for 24 hours at 37°C. Right after incubation, the microtiter 

plate was washed three times with the Phosphate Buffer Saline (PBS) 

and placed in an inverted position to blot. 1% of crystal violet 200 µl 

was also added to each well and then incubated for 15 mins. The  

micro titer plate was again rinsed with PBS thrice after the incubation. 

200 µl of ethanol solution was added to each well. Optical density was 

observed by using an Enzyme-Linked Immuno Sorbent Assay 

(ELISA) reader at 4500 nm. 

Biofilm inhibition by using natural products: For the inhibition 

of Biofilm natural products such as pure garlic, ginger, and vinegar or 

with dilution used. The dilution of these natural products was made by 

the serial dilution method (Nine test tubes with 9 ml distilled water 

was taken. Three sets of the tubes were made and labeled, three with 

garlic, three with ginger, and three with vinegar respectively. All the 

sets of the tubes were labeled for serial dilutions as follows: 10-1, 10-

2, and 10-3 respectively. 

Anti-biofilm activity of natural products: The wells in the micro 

titer plate were also labeled with the respective dilution and products. 

The final solution of 200 µl was transferred into each labeled well of 

the micro titer plate and incubated at 37°C for 24 Hours. After 

incubation, the micro titer plate was washed thrice with Phosphate 

Buffer Solution (PBS) and then placed in an inverted position to blot. 

Optical density was observed by the usage of an Enzyme-Linked 

Immuno Sorbent Assay (ELISA) reader at 4500 nm and results were 

compared before and after the inhibition of Biofilm. 

 

Results 

The results of the followings methods are depicted in the figures 

below (Figures 1-9). 
 

 

Figure 1: Gram reaction, microscopy of Candida species. 
 

Figure 2: Candida species colonies on Hi CHROM agar. 
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Figure 3: Biofilm formations by C. krusei and C. tropicalis. 
 

Figure 4: Biofilm formations by C. albicans and C. glabrata. 
 

Figure 5: Graphical representation of biofilm formation by 

Candida species. 
 

FGirgauprheica6l: representation  of  biofilm  inhibition  by  C. 

albicans. 
 

 

FGirgauprheica7l: representation  of  biofilm  inhibition  by  C. 

tropicalis. 

Figure 8: Graphical representation of biofilm inhibition by C. 

krusei. 
 

GFirgauprheica9l: representation  of  biofilm  inhibition  by  C. 

glabrata. 

 

Discussion 

Candida species are the normal flora of the human but sometimes 

they become opportunistic pathogen and cause severe infection when 

they get favorable conditions. Antifungal drugs are used for the 

treatment of Candidal infections. The most potent threat is Candida 

species are becoming resistant to antifungal drugs which are used for 

treating fungal infections. Many of the Candida species form a 

biofilm, which is considered a significant virulence factor of the 

Candida species. It has also been observed that very few antifungal 

showing activity against Candida biofilm. Moreover, these antifungals 

also have some toxic effects on the host body. The present study has 

been designed to observe in vitro antifungal activity of the garlic, 

ginger, and vinegar against biofilm of Candida species through a 96- 

well micro plate. 

From the isolates, four different species of Candida were identified; 

these species are C. albican, C. krusei, C. tropicalis, and C. glabrata. 

These species were identified based on the growth color on the Hi 

CHROM agar medium. Green, blue, pink, and purple color colonies 

have been produced by C. albican, C. tropicalis, C. krusei, and C. 

glabrata respectively. 

When we compared the biofilm formation, it has been observed that 

after 24 Hours C. Tropicalis produced a minimum amount of biofilm 

as compared to C. albicans whereas C. Glabrata produced a little less 

amount of biofilm as compared to C. albican. However, C. krusei has 

produced the maximum amount of biofilm as compared to the other 

species. 

According to reported researches regarding biofilm biomass 

production after 24 Hours C. albicans and C. glabrata produced a low 

quantity of biomass than C. tropicalis and C.krusei and C. krusei 

produced a higher quantity of biomass than C. tropicalis which shows 

a contradictory result in our study. 

However, according to the results of biofilm production by tube 

method, C. krusei formed a greater quantity of biofilm as compared to 

the C. tropicalis which is second higher while the C. albican and the C. 
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glabrata shows the minimum amount of biofilm production, which is 

similar to the standard result. 

The method of Congo red agar usage was reliable and was easy to 

perform to determine whether the isolates have the ability for the 

production of biofilm or not. It correlated with the study of Naveen 

Saxena reported in 2014. 

In our study, the detection of the biofilm by the Congo red agar 

method showed a negative result. Black colonies with a dry crystalline 

consistency indicated a positive result. 

Different concentrations of ginger, garlic, and vinegar were used 

against biofilm. All these natural products have antifungal activity and 

have also shown activity against the Candida biofilm. 

In the result of the biofilm production of C. albican in the case of 

the pure extracts used against the biofilm; the ginger showed the 

highest inhibition rate of biofilm, followed by the vinegar that showed 

these cond-highest activity while the garlic showed the lowest activity 

of inhibition of biofilm. When all the products were taken in the form 

of the pure extract, the concentration of 10-1 and 10-2 gave the same 

result, and the ginger showed the highest activity against bio-film. 

However, when these products were diluted with the concentration of 

10-3, the vinegar showed the highest activity followed by garlic and 

ginger respectively. 

In the result of bio-film production of C. tropicalis, when the pure 

extracts used against the bio-film; the vinegar showed the highest 

inhibition of bio-film, followed by ginger and garlic respectively. As 

the extracts were taken with the concentrations of 10-1 and 10-2, 

ginger showed the highest activity, followed by vinegar and garlic 

respectively. But when the product is diluted with a concentration of 

10-3, give the same result as a pure extract. 

In the result of bio-film production of C. krusei when the pure 

extracts were used against the biofilm; the vinegar showed the highest 

inhibition of bio-film, followed by ginger and garlic respectively. As 

the extracts were with the concentrations of 10-1 and 10-2 ginger 

showed the highest activity, followed by vinegar and garlic 

respectively. However, when the extracts were is diluted with 

concentrations of 10-3 give the same result as a pure extract. 

In the result of biofilm production of C. glabrata when the pure 

extracts were used against the biofilm; the vinegar showed the highest 

inhibition of biofilm, followed by ginger and garlic respectively. When 

the extracts were taken in the concentrations of 10-1 and 10-2, ginger 

showed the highest activity, followed by vinegar and garlic 

respectively. However, when the extract was diluted with a 

concentration of 10-3, gave the same result as a pure extract. 

 

Conclusion 

After performing this study it is concluded that the ginger, garlic, 

and vinegar showed positive results against the biofilm of Candida 

species isolates from the clinical sample. These natural products can 

be replaced by antifungal drugs as these antifungal drugs have some 

side effects on the host body. Further studies are necessary to explain 

conflicting results and to understand the anti-biofilm the activity of 

garlic, ginger, and vinegar. 

Moreover, the number of natural products was not so high, but still 

many spices and other products may show antifungal or anti biofilm 

activity. 

 

References 

1. Sanjay G, Revankar MD (2021) Overview of fungal infection. 

Fungal infections. Wayne State University School of Medicine. 

2. Fungal Diseases and Type of fungal infection (2017) Centers for 

Disease Control and Prevention. 

3. Narasimhalu CR, Kalyani M, Somendar S (2016) A cross- 

sectional, clinicomycological research study of prevalence, 

etiology, speciation, and sensitivity of superficial fungal 

infection in Indian patients. J Clin Exp Dermatol Res 7: 324-2. 

4. Gardner MB, Luciw PA (2008) Macaque models of human 

infectious disease. ILAR Journal 49: 220-255. 

5. Deepa K, Jeevitha T, Michael A (2015) In vitro evaluation of 

virulence factors of Candida species isolated from the oral 

cavity. J Microbiol Antimicrob 7: 28-32. 

6. Khater ES, Al-Nory MH (2014) Exoenzymes Activity and 

Biofilm Production in Candida Species Isolated from Various 

Clinical Specimens in Benha University Hospital Egypt. 

Microbiol Res J Int 654-667. 

7. Saranya S, Moorthy K, Vinodhini R, Bhuvaneshwari M, 

Kanimozhi C, et al. (2014) Prevalence and antifungal 

susceptibility pattern of Candida albicans from the low socio- 

economic group. Int J Pharm Pharmaceutical Sci 6: 158-62. 

8. Gandhi TN, Patel MG, Jain MR, (2015) Antifungal susceptibility 

of candida against six antifungal drugs by disk diffusion method 

isolated from vulvovaginal candidiasis. Int J Cur Res and  

Review 7: 20. 

9. Ramage G, Walle KV, Wickes BL, López-Ribot JL (2001) 

Standardized method for in vitro antifungal susceptibility testing 

of Candida Albicans biofilms. Antimicrob agents and chemother 

45: 2475-2479. 

10. Pathak AK, Sharma S, Shrivastava P (2012) Multi-species 

biofilm of Candida albicans and non-Candida Albicans Candida 

species on the acrylic substrate. J Appl Oral Sci 20: 70-75. 

11. Zago CE, Silva S, Sanitá PV, Barbugli PA, Dias CMI, et al. 

(2015). Dynamics of biofilm formation and the interaction 

between Candida albicans and Methicillin-susceptible (MSSA) 

and-Resistant Staphylococcus Aureus (MRSA). PLoS One, 10: 

0123206. 

12. Hamza HJ (2014) In Vitro antimicrobial activity of garlic, onion, 

garlic-onion combination (aquatic and oil) extract on some 

microbial pathogens in Babylon province Iraq. World J Pharm 

Pharm Sci 3: 65-78. 

13. Adejare OY, Oduyebo OO, Oladele RO, Nwaokorie FO, 

Ogunsola, FT, (2013). In-vitro antifungal effect of garcinia kola 

and garlic (alliums sativum) on vaginal isolates of candida. Afr J 

cln and exper microbiol 14: 140-145. 

14. Maroszyńska M, Kunicka-Styczyńska A, Rajkowska K, 

Maroszyńska I, (2013). Antibiotics sensitivity of  Candida 

clinical and food-borne isolates. Acta Biochimica Polonica, 60: 

719-24. 

https://www.msdmanuals.com/en-in/home/infections/fungal-infections/overview-of-fungal-infections
https://www.msdmanuals.com/en-in/home/infections/fungal-infections/overview-of-fungal-infections
https://www.msdmanuals.com/en-in/home/infections/fungal-infections/overview-of-fungal-infections
https://www.longdom.org/abstract/a-crosssectional-clinicomycological-research-study-of-prevalence-aetiology-speciation-and-sensitivity-of-superficial-fun-13274.html
https://www.longdom.org/abstract/a-crosssectional-clinicomycological-research-study-of-prevalence-aetiology-speciation-and-sensitivity-of-superficial-fun-13274.html
https://www.longdom.org/abstract/a-crosssectional-clinicomycological-research-study-of-prevalence-aetiology-speciation-and-sensitivity-of-superficial-fun-13274.html
https://www.longdom.org/abstract/a-crosssectional-clinicomycological-research-study-of-prevalence-aetiology-speciation-and-sensitivity-of-superficial-fun-13274.html
https://www.longdom.org/abstract/a-crosssectional-clinicomycological-research-study-of-prevalence-aetiology-speciation-and-sensitivity-of-superficial-fun-13274.html
https://www.longdom.org/abstract/a-crosssectional-clinicomycological-research-study-of-prevalence-aetiology-speciation-and-sensitivity-of-superficial-fun-13274.html
https://www.longdom.org/abstract/a-crosssectional-clinicomycological-research-study-of-prevalence-aetiology-speciation-and-sensitivity-of-superficial-fun-13274.html
https://academic.oup.com/ilarjournal/article/49/2/220/675289
https://academic.oup.com/ilarjournal/article/49/2/220/675289
https://academic.oup.com/ilarjournal/article/49/2/220/675289
https://www.journalmrji.com/index.php/MRJI/article/view/6692
https://www.journalmrji.com/index.php/MRJI/article/view/6692
https://www.journalmrji.com/index.php/MRJI/article/view/6692
https://www.journalmrji.com/index.php/MRJI/article/view/6692
https://www.journalmrji.com/index.php/MRJI/article/view/6692
https://www.journalmrji.com/index.php/MRJI/article/view/6692
https://www.journalmrji.com/index.php/MRJI/article/view/6692
http://ijcrr.com/uploads/525_pdf.pdf
http://ijcrr.com/uploads/525_pdf.pdf
http://ijcrr.com/uploads/525_pdf.pdf
http://ijcrr.com/uploads/525_pdf.pdf
http://ijcrr.com/uploads/525_pdf.pdf
http://ijcrr.com/uploads/525_pdf.pdf
http://ijcrr.com/uploads/525_pdf.pdf
http://ijcrr.com/uploads/525_pdf.pdf
https://aac.asm.org/content/45/9/2475.short
https://aac.asm.org/content/45/9/2475.short
https://aac.asm.org/content/45/9/2475.short
https://aac.asm.org/content/45/9/2475.short
https://aac.asm.org/content/45/9/2475.short
https://aac.asm.org/content/45/9/2475.short
https://aac.asm.org/content/45/9/2475.short
https://www.ajol.info/index.php/ajcem/article/view/91729
https://www.ajol.info/index.php/ajcem/article/view/91729
https://www.ajol.info/index.php/ajcem/article/view/91729
https://www.ajol.info/index.php/ajcem/article/view/91729
https://www.ajol.info/index.php/ajcem/article/view/91729
https://www.ajol.info/index.php/ajcem/article/view/91729
https://www.ajol.info/index.php/ajcem/article/view/91729
http://www.actabp.pl/pdf/4_2013/719.pdf
http://www.actabp.pl/pdf/4_2013/719.pdf
http://www.actabp.pl/pdf/4_2013/719.pdf
http://www.actabp.pl/pdf/4_2013/719.pdf
http://www.actabp.pl/pdf/4_2013/719.pdf
http://www.actabp.pl/pdf/4_2013/719.pdf
http://www.actabp.pl/pdf/4_2013/719.pdf

