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ABSTRACT: Rhodotorula are environmental yeasts originally considered non-pathogenic in nature. However, over 
the last three decades, different species of this yeast have established themselves as pathogens in humans, causing 
systemic infections among the immunocompromised population. In this study, Rhodotorula species were isolated 
from dandruff samples using selective media by observing colony morphology and color. The isolates were later 
identified via biochemical tests and microscopic examinations. In addition, the sensitivity of the isolates to the three 
antifungal agents, namely ketoconazole, nystatin and fluconazole were tested by using the disk diffusion technique. 
On completion of the tests, only two species of Rhodotorula were identified from 35 dandruff samples and designated 
as R1 and R3. Both isolates displayed sensitivity towards ketoconazole and nystatin. No antifungal sensitivity was 
documented against fluconazole. This study gave preliminary indication of the presence of Rhodotorula species in 
dandruff samples, and its sensitivity towards antifungal agents.  
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INTRODUCTION 
 Rhodotorula species are saprophytic yeasts, 
ubiquitous in nature mostly as non-pathogenic 
strains. However, the species R. mucilaginosa, R. 
glutinis, and R. minuta of the genus have yet been 
documented to cause diseases in humans.1 Only a 
little scientific details can be found regarding the 
epidemiology, risk factors and outcomes of 
Rhodotorula-related mycoses in humans.2-4 Recent 
findings have identified Rhodotorula spp. as 
emerging opportunistic pathogens with the capacity 
to colonize and infect immunocompromised patients 
causing catheter-associated fungaemia, onychomy-
cosis, meningitis and peritonitis dermatitis, oral 
ulcers, aortic homograft endocarditis and 
lymphadenitis.5-10 Majority of these systemic 
infections are treated using antifungal agents such as 
amphotericin B and azoles viz. ketoconazole, 
fluconazole etc.11 
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 Unlike the systemic infections, dandruff is a 
common scalp condition targeting people of all ages 
and health status.12-14 The genus Malassezia is 
commonly associated with dandruff as opposed to the 
genus Rhodotorula.15,16 Nevertheless, Rhodotorula 
mucilaginosa has been detected on healthy scalps17 
and reported as part of skin microbiota responsible 
for atopic dermatitis in humans.18 Hence the 
possibility of Rhodotorula spp. being causative 
agents of dandruff is not completely improbable. 
Therefore, the objective of this study was to isolate 
and characterize species of Rhodotorula from 
dandruff samples and determine the efficacy of the 
three antifungal agents including ketoconazole, 
nystatin and fluconazole against it.  
 
MATERIALS AND METHODS 
 Material. Antifungal drugs which are 
ketoconazole, nystatin and fluconazole were provided 
by Incepta Pharmaceuticals Ltd. All other chemicals 
and reagents used were of analytical grade. 
 Sample collection. A total of 35 samples were 
collected from 20 male and 15 female students of 
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ASA University Bangladesh, ranging from 18 to 24 
years of age. The dandruff flakes were collected from 
the scalp by combing using a sterile comb within the 
period of the year 2018 and 2019. 
 Culture and isolation of colonies. All samples 
were enriched by inoculating in 5 ml Sabouraud 
dextrose broth (HiMedia, India) and incubated 
overnight with gentle shaking at 30°C. Enriched 
cultures were streaked on Sabouraud dextrose agar 
(SDA) containing chloramphenicol (0.05%) and 
incubated at 30°C for three days. The suspected 
single colonies were isolated by observing colony 
morphology and color. The isolates of Rhodotorula 
spp. were screened based on the texture and typical 
color exhibited by their colonies on SDA, as well as 
by their micromorphology. Rhodotorula spp. were 
able to produce carotenoid pigments conferring a 
salmon-pink to coral-red color to the colonies. 
Microscopic examination was performed by standard 
Gram staining to determine the cell shape and type of 
budding. Only spheroidal to oval budding cells 
without the rudimentary formation of hyphae were 
considered as these belong to the genus 
Rhodotorula.19,20 Isolates were stocked in yeast 
peptone dextrose (YPD) media with 30% glycerol in 
-20oC. 
 Biochemical tests. Following preliminary 
identification, the isolates were further characterized 
by biochemical tests such as catalase test, oxidase 
test, bile esculin test, sugar and nitrate assimilation 
tests and survivability in different temperatures. 
 Catalase test. The catalase test was done to 
detect the presence of catalase enzyme having ability 
to break hydrogen peroxide to release oxygen and 
water. The catalase test was performed by using a 
drop of 3% hydrogen peroxide placed on glass slide. 
A freshly prepared colony was transferred with loop 
and mixed well. The production of gas bubbles 
indicated catalase positive and the absence as catalase 
negative. C. albicans was used as the positive 
control.  
 Oxidase test. The oxidase test was performed to 
detect the presence of the terminal enzyme 
cytochrome C oxidase according to standard oxidase 

test protocol. 1% N,N,N′,N′-tetramethyl-p-pheny-
lenediamine (TMPD) solution  was used as oxidizing 
agent. A freshly prepared isolated colony was placed 
with a platinum loop onto filter paper soaked with 
TMPD. Result was recorded by observing color 
change to deep blue or purple. Dark purple color 
appeared within 10 to 30 seconds and indicated 
oxidase positive and no color change after 2 minutes 
indicated negative response for oxidase test.  C. 
albicans was used as negative control. 
 Bile esculin test. Bile-esculin test was 
performed by using bile-esculin agar slants. Freshly 
prepared colonies were inoculated onto the slant with 
an S-shaped motion, and incubated at 30°C for 3 
days. Slant without inoculation was used as control.  
Positive results indicated growth and blackening of 
the media compared with the control, while growth 
but no blackening of medium was counted as 
negative result. C. albicans was used as the negative 
control. All tests were done in duplicate.  
 Nitrate assimilation test. Modified nitrate 
assimilation agar test was performed using yeast 
nitrogen base media (YNB, Sigma-Aldrich) with 
potassium nitrate and bromothymol blue agar slants. 
Isolates were inoculated onto agar slants and 
incubated at 30ºC for 3 days. Potassium nitrate 
provided the nitrogen source and bromothymol blue 
as pH indicator that changes from green to blue 
causing nitrogen utilization. C. albicans was used for 
the positive control. Slant without inoculation was 
used as the negative control. Results were recorded 
by observing color change compared with control. 
Each test was done in duplicate. 
 Sugar assimilation test. Sugar assimilation test 
was performed by using YNB, with 1% sugar such as 
glucose, sucrose, fructose, lactose and xylose in agar 
slants. Freshly prepared isolates were inoculated and 
incubated at 30ºC for 3 days. A positive reaction was 
indicated by growth on the slant and change in color 
from purple to yellow, while no color changes of 
medium was considered as negative result.                
C. albicans was used as the positive control. Slant 
without inoculation was used as the negative control. 
Each test was performed in duplicate. 
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 Effect of temperature on the growth. Effects 
of temperature on isolates were determined in 
extreme temperature conditions. Isolates were 
inoculated on SDA plates and incubated at 5ºC, 40ºC, 
45ºC, 50ºC, 55ºC and 60ºC for 3 days.  Results were 
recorded every 24 hours for 3 days. The growth of 
colonies indicated the positive result. No growth was 
recorded as the negative result. Inoculation with C. 
albicans and without culture plates were used as the 
positive and the negative control, respectively. 
 Antifungal assay. Antifungal assay was 
performed by disk diffusion method using SDA 
agar.21 Ketoconazole, nystatin and fluconazole were 
used as antifungal drugs. Cell suspension (105 
cells/ml) was spread uniformly on agar plates. Each 
disk containing 50 µg drug was placed on the surface 
of isolate spreading SDA plate. The SDA plates were 
incubated in the upright position at 30°C for 3 days. 
Disk containing DMSO was used as the negative 
control. C. albicans was used as the positive control 
strain. Diameter of the zone of inhibition was 
recorded in millimeters and average was taken from 
the duplicate tests. 
 
RESULTS AND DISCUSSION  
 Fungal microbiota associated with dandruff and 
other dermatological infections can pose a threat to 
human health.22 Only a few studies have been 

reported to decipher the fungal microbiota in 
dandruff. From this particular study, two species of 
Rhodotorula, designated as R1 and R3 have been 
successfully isolated and identified from 35 dandruff 
samples by observing the colony color and 
morphology on SDA plate. The distinctive coral-red 
colony was found due to the presence of carotenoid 
pigments along with smooth, glistening and mucoid 
appearance on the agar plate as shown in figure 1 and 
the oval, budding cells were also found under 
microscopic observation in figure 2. Rhodotorula 
spp. varies from other yeasts by producing pink-to-
red colonies and lacking pseudohyphae.    
 In this study, Rhodotorula spp. were identified 
by observing results of biochemical tests as depicted 
in Table 1 and results were comparable with the 
control. By changing the color of media and showing 
growth, two Rhodotorula spp. were found positive 
for nitrate and sugar assimilation test as shown in 
Table 2. Positive results of sugar and nitrate 
assimilation tests were comparable to the expected 
patterns of Rhodotorula spp. in other studies. Yeasts 
have their ability to utilize carbohydrates for energy, 
both aerobically (assimilation) and in some cases 
anaerobically (fermentation). The patterns of 
carbohydrates assimilation and fermentation are 
characteristic of the different yeast species, as well as 
identifying characteristics of unknown yeast isolates.  

 

 
Figure 1. Colony morphology of Rhodotorula species (R1 and R3) on SDA plate. 
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Figure 2. Microscopic observation of Rhodotorula species (R1 and R3) by Gram Staining. 
 
Table 1. Biochemical tests of isolated Rhodotorula species. 
 

Isolate name Catalase test Oxidase 
test 

Bile esculin  
test 

Temperature 

5ºC 40 ºC 45°C 50°C 55°C 60°C 

R1 - - + + + + + + - 

R3 - - + + + + + + - 

C. albicans 
(Control) 

+ - - + + + - - - 

 

+ = positive result/growth, - = negative result/no growth 
 
Table 2. Sugar and nitrate assimilation test of Rhodotorula species. 
 

Isolate name Carbohydrate tests Nitrate test 

Glucose Sucrose Fructose Lactose Xylose 

R1 + + + + + + 

R3 + + + + + + 

C. albicans 
(Control) 

+ + + + + + 

 

+ = positive result. 
 

 
 

Figure 3. Antifungal susceptibility of Rhodotorula spp. a. plate showing sensitivity of the strain R3 to ketoconazole (K), fluconazole (F), 
nystatin (N) and DMSO, and b. corresponding zone of inhibition for both strain R1 and R3. 
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 Temperature effect is another characteristic 
property of yeast isolation. Rhodotorula spp. can 
survive at temperatures ranging from 5ºC to 42ºC and 
optimal temperature between 20ºC and 25ºC. In our 
study, Rhodotorula spp. was found to grow optimally 
at 30ºC and even survived at the extremes of 5ºC and 
55ºC, as shown in Table 1. Variation of these results 
may be attributed to diverse sources of isolation. 
Availability of fungi yeast in the environment varies 
among geographic areas, and its distribution is 
influenced by several factors such as temperature, 
humidity, seasonal variation and human activities.23 
 A few available data in the literature have been 
reported on the isolation and antifungal susceptibility 
of this yeast.  Antifungal agents such as 5-
fluorocytosine, amphotericin B, nystatin and azoles 
have found to be effective against clinically isolated 
Rhodotorula spp. A study24 tested 35 clinically 
isolated Rhodotorula strains against several 
antifungal agents and found that all the strains were 
sensitive to 5-fluorocytosine, amphotericin B, 
ketoconazole and itraconazole but resistant to 
fluconazole. In this study, both R1 and R3 strains 
were found sensitive to ketoconazole, and nystatin 
exhibiting zone of inhibition (> 27 mm) but 
fluconazole did not give zone of inhibition and 
shown in figure 3. Therefore, our result is consistent 
with others antifungal sensitivity studies performed 
in vitro against Rhodotorula. 
 
CONCLUSIONS 
 This study demonstrated that Rhodotorula 
species are present in dandruff in human scalp. 
Furthermore, these Rhodotorula species showed 
sensitivity toward ketoconazole and nystatin, two 
antifungal drugs. However, fluconazole was found to 
be inactive against Rhodotorula. From this study, it 
can be concluded that Rhodotorula spp. with other 
microbiota may contribute to serious dandruff 
problems in human. Further an extensive research is 
required to identify species level involving mass 
population and the development of effective 
antifungal agents for combating dandruff. 
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