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Introduction 
 

Candida is a genus of yeasts and is currently 

the most common cause of fungal infections 

worldwide (Manolakaki et al., 2002). Many 

species are harmless commensals or 

endosymbionts of hosts including humans; 

however, when mucosal barriers are 

disrupted or the immune system is 

compromised they can invade and cause 

disease (Kourkoumpetis et al., 2011). 

Candida is almost universal in low numbers  

 

 

 

 

 

 

 

 

 

 

 

on healthy adult skin and C. albicans is part 

of the normal flora of the mucous 

membranes of the respiratory, 

gastrointestinal, and female genital tracts. 

Fungi (mainly C. albicans) are the third 

leading cause of catheter-related infections, 

representing the second highest 

colonization-to-infection rate and the overall 

highest crude mortality (Crump J.A. and 

Collignon P.J., 2000). 
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Since biofilms have been considered as a virulence factor contributing to the 

Candidal infection, a reliable method for their diagnosis is necessary. In this study, 

we screened 100 clinical isolates of Candida spp. by Congo Red Agar Method, 

Test Tube method and Micro titer Plate Method. Biofilms have great significance 

in public health, because biofilm-associated Candida exhibit dramatically 

decreased susceptibility to antimicrobial agents. This susceptibility may be intrinsic 

(as a natural outcome of growth in the biofilm) or acquired (due to transfer of extra 

chromosomal elements to susceptible organisms in the biofilm). It is likely that 

biofilms evade anti microbial challenges by multiple mechanisms. In this study 

57% of the clinical Candida isolates showed Biofilm production by Test tube 

method. It was found that C. albicans had a little lower percentage of biofilm 

positivity (4/9 = 44.4%) as compared to non-albicans Candida spp. (53/91 = 

58.2%). Antifungal efficacy of Coconut oil and Eucalyptus oil was also tested in 

this study against all Candida isolates. Eucalyptus oil was observed to be a better 

antifungal agent than Coconut oil in the present study. When coconut oil was tested 

against all Candida albicans isolates, the sensitivity of biofilm non producers was 

higher in comparison to biofilm producers. 
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The formation of Candida biofilms carries 

important clinical repercussions because of 

their increased resistance to antifungal 

therapy and the ability of cells within 

biofilms to withstand host immune defenses. 

Also, biofilm formation on medical devices 

can negatively impact the host by causing 

the failure of the device and by serving as a 

reservoir or source for future continuing 

infections (Douglas L.J., 2002; Maki D.G. et 

al., 1997). 

 

The net effect is that Candida biofilms 

adversely impact the health of these patients 

with increasing frequency and severity and 

with soaring economic sequel. Hence 

detection of biofilms becomes necessary.   

 

Various methods are currently used in 

medical areas for the detection of biofilm 

production, such as the tube adherence test 

described by Christensen et al., (Christensen 

G.D. et al., 1982) and the Congo Red Agar 

(CRA) method described by Freeman et al., 

(Freeman D.J. et al., 1989) and quantitative 

methods such as the Tissue Culture Plate 

(TCP) assay described by Christensen et al., 

(Christensen G.D. et al., 1985 ) are used in 

routine laboratories. In this study, 

phenotypic detection of biofilms in Candida 

species isolated from various clinical 

samples was done by three different 

methods in this project. 

 

Yeast infections are typically treated with 

antifungal medications called antimycotics. 

While these types of medications are 

effective for many, some may experience 

side effects and a rebound infection (Ogbolu 

D.O. et al., 2007). 

 

To avoid side effects, one can use naturally 

occurring antifungals. Various researches 

have been done to detect any such natural 

product. One new research shows that 

eucalyptus oil and coconut oil has powerful 

anti-fungal properties and it may be an 

effective treatment (Ogbolu D.O. et al., 

2007).
  

This antifungal efficacy of eucalyptus oil 

and coconut oil on the clinical Candida 

isolates was also tested through this project. 

The present study aims at: 
 

1) Isolation of Candida spp. From various 

specimens  

2) Detection of biofilm forming capacity of 

these isolates by phenotypic methods 

3) Assessment of antifungal efficacy of 

plant oils on pathogenic Candida 

isolates. 

 

Materials and Methods 

 

This study was conducted over a period of 

one year (December 2013 to December 

2014) in the Department of Microbiology, 

MGM Medical College & Hospital, 

Kamothe, Navi Mumbai. A total of 100 

isolates of Candida recovered from clinical 

specimens like urine, pus, blood, body 

fluids, sputum, etc were included in the 

study. The clinical isolates recovered from 

both outdoor and indoor patients, 

irrespective of their age and gender, were 

identified by standard microbiological 

procedures.  

 

Phenotypic Determination of Biofilm 

Formation 

 

Congo Red Agar Method (CRA) (Dag I. et 

al., 2010). 
 
The medium is composed of BHI 

(37gms/L), glucose (80gms/L), agar no.1 

(10gms/L) and congo red stain (0.8gms/L). 

Congo red was prepared as concentrated 

aqueous solution and autoclaved at 121°C 

for 15min, separately from other medium 

constituents and was then added when the 

agar had cooled to 55°C (Freeman et al., 

1989). 
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Plates were inoculated and incubated 

aerobically for 24 to 48 hours at 37°C. 

Positive result was indicated by dark red 

colonies.  
 

Tube Method (TM) (Dag I. et al., 2010)
  

 

A loopful of organisms from the surface of 

SDA plate was inoculated into polystyrene 

tube containing 10ml of SDB supplemented 

with glucose. The tubes were incubated at 

35°C for 48hours. After incubation, the 

broth in tubes was aspirated gently. The 

tubes were washed once with distilled water. 

Then the tubes were stained with 1% 

safranin after media and yeast cells were 

discarded.  

 

Microtiter Plate Method (MTP) 

(Dhanasekaran D. et al., 2014)
 

 

Individual wells of sterile, polystyrene, 96 

well-flat bottom microtitre plates were filled 

with 100 μl aliquots of the cell suspension. 

The microlitre plates were incubated for 

72 h at 37 °C. After incubation content of 

each well was gently removed by tapping 

the plates. Plates were stained with crystal 

violet (0.1% w/v).  

 

Excess stain was rinsed off by thorough 

washing with deionized water and plates 

were kept for drying. Optical density (OD) 

of stained adherent Candida biofilm was 

determined with ELISA reader at 

wavelength of 492 nm. These OD values 

were considered as an index of Candida 

adhering to surface and forming biofilms. 

 

Antifungal Efficacy Testing of Eucalyptus 

Oil and Coconut Oil 

 

Preparation of Impregnated Paper Discs 

(Epka O.D. and Ebana R.U.B., 1996)
 

 

The commercially available extracts of 

Eucalyptus oil and coconut oil were used. A 

0.04 ml of 100% concentration of the 

Eucalyptus oil and coconut oil extracts was 

impregnated into the discs.  

 

The impregnated discs were left to dry for 

24 hours in the incubator at 37°C. After 

drying, the discs were transferred back into 

the sterile container and stored in the 

refrigerator at 4°C. 
 

Antimicrobial Sensitivity Test (Brauer, 

A.W. et al., 1996)
 

 

Antimicrobial experiments on Candida 

albicans were carried out on SDA plates. 

The test strain were streaked on the test 

plates using sterile wire loop and allowed to 

dry for 15 minutes. Sterile impregnated 

discs were applied onto the inoculated 

plates. The plates were then incubated at 

37°C for 24–48 hours. Zones of inhibition 

were assessed after the period of incubation. 

(Mean size-5mm).  

 

Results and Discussion 

 

In the present study, 100 Candida spp. 

isolated from clinical samples namely, urine, 

vaginal swab, sputum, pus, blood, etc. As 

depicted in Table 1, the highest number of 

Candida spp. were isolated from urine (41), 

followed by vaginal swab (26). The least 

number was found in throat swab (1), central 

line tip (1) and ear swab (1). It also shows 

the prevalence of C. albicans and non-

albicans Candida in these samples. Number 

of non-albicans Candida was much higher 

(91%) as compared to C. albicans (9%). 

This underlines the importance of 

pathogenic role of non-albicans Candida. 

Similar findings have also been reported by 

Golia et al., (Golia S)
 

 

In the present study, all the clinical isolates 

of Candida were tested by three in vitro 

screening tests for biofilm production, 

namely Congo Red Agar, Test Tube method 



Int.J.Curr.Microbiol.App.Sci (2016) 5(3): 47-56 

50 

 

and Microtiter Plate Method.  

 

It is known that, Congo red has interaction 

with various polysaccharides; however it 

shows high affinity to chitin and glucan 

(Roncero and Duran, 1985). Congo red not 

only binds to the carbohydrates of 

extracellular matrix (ECM) generated by the 

Candida but also to chitin and glucan 

present in the cell wall. Therefore, the 

interaction of Congo red with extracellular 

matrix and cell wall composition could limit 

its use in the evaluation of fungal Biofilm 

formation. Hence CRA test cannot be 

recommended as a general screening test for 

Biofilm formation of Candida spp.  

 

Microtiter plate procedure was used 

according to well-established protocols and 

can be modified for various Biofilm 

formation assays. However, because the 

polysterene plates may not reflect exactly 

the ability to form Biofilm in vivo, clinical 

decisions must be given carefully. 

 

Test tube method is fast, reliable, and 

reproducible method. Cerikcioglu et al 

(2004) evaluated biofilm production ability 

of seven Candida isolates with visual tube 

method and compared their results with the 

transmission electron microscope (TEM). 

They suggested that the use of Tube method 

was simple and reliable for early detection 

of Biofilm production and it correlated well 

with TEM. Gokce et al. (2007) studied 

biofilm production ability of 99 Candida 

strains isolated from blood cultures using 

both Tube method and spectrophotometric 

methods. Comparison of both methods 

displayed strong correlation. Similarly, 

Oliveira and Cunha stated that the tube 

method was reliable for determining of 

Biofilm production in routine use. (Oliveira 

and Cunha, 2010)  

 

Also the findings of present study show that 

it is the most sensitive method for detection  

 

of Biofilm in Candida as it could detect 

biofilm production in maximum number of 

isolates (57%).  

 

As shown in Table 2 (Figure 2), out of the 

three phenotypic methods used, the biofilm 

production was detected in 32% Candida 

isolates by CRA method, 34% by MTP 

method and 57% by Test Tube method. 

Thus, our data indicates that the Test Tube 

method is a more sensitive method for 

determining biofilm formation of clinical 

Candida isolates. Also this method is 

reliable, cheap and easy to use and does not 

require any specialized instruments or 

ingredients. Hence, this method was taken as 

the standard method for further inferences in 

this study. 

 

In this study 57% of the clinical Candida 

isolates showed Biofilm production by Test 

tube method. This can be considered to be 

an important finding because of the fact that 

biofilm production is a special feature of 

pathogenicity in Candida spp and more than 

50% isolates have the capacity to produce 

biofilm.  

 

In Table 3, prevalence of biofilm production 

in Candida spp. in various clinical samples 

(Test tube method) has been discussed. Out 

of total 100 Candida isolates, 41 were from 

urine. 25 out of 41 urine isolates i.e. 60.9% 

isolates showed Biofilm production. This is 

followed by vaginal swab samples that 

showed 46.1% Biofilm production (12/26). 

Out of 11 sputum samples, 5 were positive 

for Biofilm i.e. 45.4%. The other samples 

like pus (6), blood (5), stool (3), suction tip 

(3), and Foley’s tip (2) were less in number. 

We also obtained 1 isolate each of Candida 

from Central line tip, throat swab and Ear 

swab. All these three were positive for 

Biofilm production. Suction tip and central 
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line tip has shown 100% Biofilm production 

indicating prevalence of Biofilm in medical 

devices. But, the data size in this study is too 

small to get a significant conclusion, hence 

requires in depth study on Biofilm 

producing Candida from these specimens. 

 

As interpreted in Table 4 and 5, it was found 

that C. albicans had a little lower percentage 

of biofilm positivity (4/9 = 44.4%) as 

compared to non-albicans Candida spp. 

(53/91 = 58.2%). With this result, we can 

infer that biofilm production is prevalent 

both in C. albicans and non-albicans 

Candida spp. This finding co-relates with 

the studies of other workers like Tumbarello 

et al., 2007; Shin et al., 2002; Vinitha and 

Ballal, 2007. But, it is in contrast with the 

findings of Ilknur Dag et al., 2010 who has 

claimed that Candida albicans had slightly 

more percentage of Biofilm positivity 

(39.3%) with respect to non-albicans 

Candida spp. (37.7%) 

 

Table.1 Incidence of Candida spp. in Clinical Samples 

 

Serial 

No. 

Sample No. of clinical Candida 

albicans isolates 

No. of clinical non-

albicans Candida isolates 

Total 

1 Urine 2 39 41 

2 Vaginal swab 3 23 26 

3 Sputum 1 10 11 

4 Pus 1 5 6 

5 Blood - 5 5 

6 Stool 1 2 3 

7 Suction tip - 3 3 

8 Foley’s tip - 2 2 

9 Central line tip - 1 1 

10 Throat swab 1 - 1 

11 Ear swab - 1 1 

 Total 09 91 100 

 

Table.4 Biofilm Producers in Candida Albicans 

 

Specimen No. of Candida 

albicans isolates 

Biofilm (+) Biofilm (+) % Biofilm (-) Biofilm (-) % 

100 9 4 44.4 5 55.6 

 

Table.5 Biofilm Producers in Non Albicans Candida 

 

Specimen No. of non 

albicans Candida 

isolates 

Biofilm (+) Biofilm (+) % Biofilm (-) Biofilm (-) % 

100 91 53 58.2 38 41.8 
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Table.6 Effect of Coconut Oil on Candida albicans 

 

Specimen Sensitive to 

Coconut Oil 

Sensitive  Resistant to 

Coconut Oil 

Resistant  

Biofilm producers 1 25% 3 75% 

Biofilm non producers 2 40% 3 60% 

 

Table.7 Effect of Eucalyptus Oil on Candida albicans 

 

Specimen Sensitive to 

Eucalyptus Oil 

Sensitive Resistant to 

Eucalyptus Oil 

Resistant 

Biofilm producers 2 50% 2 50% 

Biofilm non producers 5 100% 0 - 

 

 

Table.8 Effect of Coconut Oil on Non albicans Candida 

 

Specimen Sensitive to 

Coconut Oil 

Sensitive Resistant to 

Coconut Oil 

Resistant 

Biofilm producers 8 15.1% 45 84.9% 

Biofilm non producers 12 31.6% 26 68.4% 

 

 

Table.9 Effect of Eucalyptus Oil on Non albicans Candida 

 

Specimen Sensitive to 

Eucalyptus Oil 

Sensitive Resistant to 

Eucalyptus Oil 

Resistant 

Biofilm producers   21 39.6% 32 60.4% 

Biofilm non producers 28 73.7% 10 26.3% 

 

 

Figure.2 Comparison of the Three Methods of Biofilm Detection in Candida Spp 
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Figure.3 Prevalence of Biofilm Production in Candia spp. in Various  Clinical Specimens  

(Test Tube Method) 

 

70%

46%45%

70%
60%

70%

0%

100%100%100%

57%

0%

20%

40%

60%

80%

100%

120%

%
 is

ol
at

es
 s

ho
w

in
g 

b
io

fi
lm

 p
ro

du
ct

io
n

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Int.J.Curr.Microbiol.App.Sci (2016) 5(3): 47-56 

54 

 

In view of various reports of infections 

caused by non-albicans Candida, this 

finding is very important (Ramage G. et al., 

2001; O'Toole G.A. et al., 2000). The role of 

Biofilm as a virulence factor should always 

be kept in mind if non-albicans Candida is 

isolated from clinical samples. 
 

 

Plant oils are increasingly claimed to have 

broad spectrum antimicrobial activity. 

Antifungal efficacy of Coconut oil and 

Eucalyptus oil was also tested in this study 

against all Candida isolates. Selected oils 

have been suggested to have potent 

antimicrobial activity against skin infection, 

insect bites, chicken pox, colds, flu, asthma, 

bronchitis and pneumonia, probably due to 

their phenolic, alcoholic and trepenoid 

constituents (Salari M.H. et al., 2006; Lu 

X.Q. et al.,  2004; Juergens U.R. et al., 

2003; Juergens et al., 2004; Serafino A. et 

al., 2008; Göbel H. et al., 1994; Hong et al., 

1991; Hideki N et al., 2008).
 

 

The disc diffusion assay is a standard 

method widely used for the rapid screening 

of natural products for antifungal activity. 

Plant oils were screened using this very 

convenient assay method. The results 

indicate that caution is needed, since 

different oils have different diffusion rates 

on agar plates. This may contribute to 

variations in the size of the inhibitory zones, 

leading to erroneous conclusions regarding 

their antifungal activity. Hence this assay 

was run in triplicate and the average zone 

size was considered for interpretation. Both 

the oils were effective and showed anti-

Candida activity at low concentrations, 

however Eucalyptus oil showed better 

antifungal activity as compared to coconut 

oil. 

 

When coconut oil was tested against all 

Candida albicans isolates, the sensitivity of 

biofilm non producers was higher in 

comparison to biofilm producers as shown 

in Table 6. Also, in the case of Eucalyptus 

oil 100% sensitivity was obtained against 

non biofilm producers and 50% against 

biofilm producers. This has been shown in 

Table 7. When coconut oil was tested 

against all non albicans Candida isolates, 

the sensitivity of biofilm non producers was 

twice as compared to biofilm producers. 

Whereas, in the case of Eucalyptus oil 

73.7% sensitivity was obtained against non 

biofilm producers and 39.6% against biofilm 

producers. The sensitivity and resistance 

pattern have been shown in Table 8 and 9.  

 

This indicates that Biofilm producers resist 

the antifungal activity of plant oils. This can 

be due to failure of oil to penetrate the full 

depth of the Biofilm. 

 

In a study conducted by Vishnu Agarwal et 

al (2007), 30 different plant oils were tested 

against Candida albicans. Majority of oils in 

their study showed anti-Candida activity. 

However, they have not tested the effect on 

biofilm producers. 

 

The results presented in this study clearly 

demonstrate the antifungal potential of the 

selected plant oils. Eucalyptus oil may be 

used as anti-biofilm agent at low 

concentrations. Both oils used in this study 

have a long history of use in food, 

confectionary and as components of 

perfume. 
 

However, before they are considered for use 

as topical preparations, a careful exploration 

of their undesirable effects needs to be 

undertaken. 

 

In conclusion, Biofilm is one of the known 

virulence factors of Candida, an important 

pathogen and commensal. Early detection of 

Biofilm production may be useful for 

clinical decision because of its suggestive 

property for potential pathogenic capacity of 

Candida isolates.  
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The results presented in this study further 

emphasize the role of biofilm in Candida 

albicans as well as non-albicans Candida as 

a virulence factor.  

It also encourages the need for further 

examination of the efficacy of plant oils 

against other forms of systemic and 

superficial fungal infections.  

 

It also encourages the exploration of their 

broad spectrum effects against other 

pathogenic manifestations, including 

malignancies, in the coming years. 
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