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Abstract

The lipophilic unicellular yeast Malassezia furfur MTCC 1374 was stud-
ied for its growth parameters such as pH, Temperature, and Incubation
time in days. The growth media was formulated with four lipid substrates
to obtain four different lipid media such as M.furfur Corn oil media
(MfCM), M.furfur Coconut oil media (MfCcM), M.furfur Ghee media
(MfGM) and M.furfur Olive oil media (MfOM). The MfGM promoted
moral growth of M.furfur when subject to different pH (4.0, 4.5, 5.0, 5.6
and 6), temperature ranging from 20°C to 45°C and incubation period
from Day 0 to Day 20. In the entire M.furfur growth phase the stationary
phase was observed from Day13 to Day16 in the MfGM under the favor-
able parameters of pH 5.6 and temperature 37°C. The stationary phase of
the yeast M.furfur was observed for its enduring period. The range of op-
timum parameters promoting M. furfur upright growth was found to be the
condition comparable to the human skin pH 5.5-5.6 as well as temperature
36°C-37°C. Other lipid Medias also favored fair growth with different
stationary phase but not up to the level of MfGM.

Keywords: Malassezia furfur; Growth phase; Lipid media; Stationary

phase
Introduction

The cutaneous commensal and unicellular Malassezia fur-
fur is known for its clinical importance. The lipophilic fas-
tidious yeast M.furfur grows and thrives only in the lipid
environment and as a resident flora on the human skin rich
in sebum. The actual role of this opportunistic yeast in the
development of diseases and inducing infections in the skin
is not clear. Although it is a commensal microorganism
present on the stratum corneum of human skin, infection
results when the dimorphic yeast changes to its mycelial
form called YM shift. The YM shift during in vitro labora-
tory culturing is quite common in human fungi. A range of
different components and conditions to induce mycelia in
vitro by developing mycelial culture medium has already
been reported. The single filamentous fungal genome com-
bined with the historic number of sequenced genomes sug-

gests that the secondary metabolite wealth of filamentous
fungi is largely untapped. Identification of proper growth
phase in M.furfur will pave a new arena for the produc-
tion secondary metabolites in laboratory level. The pres-
ent study explores the optimal growth parameters of a li-
pophilic yeast Malassezia furfur MTCC 1374 in terms of
pH, Temperature and Incubation time in days as well as the
lipid substrate enhancing the optimal growth [1-4].

Materials and Methods
Revival of standard yeast culture

Pure culture of M. furfur (MTCC: 1374) was procured
from Institute of Microbial Technology, Chandigarh, India
and revived with Emmon’s modified medium-M286 (HI-
MEDIA). In brief, 4.7 grams of media was suspended in
100 mL of distilled water, boiled to dissolve the medium
completely, sterilized by autoclaving at 15 lbs pressure at
121°C for 15 minutes. Since the M.furfur is a lipophilic
yeast thrives in acidic pH (<7.0) the final pH of the medi-
um was adjusted to 5.6 (pH of Sabouraud Dextrose Agar
(SDA)) at room temperature so as to enhance the growth of
yeast. Prior to dispensing of the media in the petri plates, to
inhibit the bacterial contamination in the growth media one
vial of CC supplement-FD035 (CC-Cycloheximide: 200
mg Chloramphenicol: 25 mg) was rehydrated with 5 mL of
distilled water, mixed well and aseptically added to 100 mL
of sterile, molten, cooled (45°C-50°C) Emmon’s medium.
Both broth and agar media were prepared for the revival
and plating of yeast M. furfur respectively. The lyophilized
culture (4 granules) of M. furfur was inoculated into 100
mL of broth medium, incubated at an orbital cum shaker
maintained with 37°C at 150 rpm. The setup was observed
day to day for the visible growth and the day of turbidity in
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the media was recorded as yeast appearance [5,6].
Phenotypic and physiological characterization

The morphological characteristics of M. furfur colonies
were observed microscopically by adopting a method Tall-
form Coplin staining jars. Physiological characteristics
such as Tween assimilation (Tween 20, 40, 60, and 80),
utilization of Cremophor EL (Castor oil 2%, 4%, 6%, 8%)
at 30°C, 32°C, 35°C, 37°C and 40°C, catalase production,
and pigment production on tryptophan based medium were
assessed based on the reference cited. In brief, the SDA me-
dium (15 mL) at molten state was inoculated with 2 mL of
M. furfur broth culture (1 x 107 cells/mL), mixed well and
plated in petri dishes. Four wells were made by means of
a 2 mm diameter punch one in each quadrant, loaded with
5 uL of 2% v/v Tween 20, 40, 60 and 80 monitored un-
der incubation of plates for one week at room temperature.
Utilization of Tween was considered based on the degree
of yeasts growth around individual wells. Utilization of
Cremophor EL was carried out same as that of Tween test
where three wells are filled with 2%, 4% and 6% cremo-
phor and the plates were incubated at RT for observation.
The catalase production was confirmed by placing a drop of
3% hydrogen peroxide on a drop of broth culture placed on
the glass slide. The production of gas bubbles was consid-
ered as catalase positive. For the identification of pigment
production by M.furfur a tryptophan based medium with
3 mL of Tween 60, 0.05 g of Cychloheximide, 0.05 g of
Chloramphenicol, 0.01 g of DL-Tryptophan and 1.5 g of
agar in 100 mL of distilled water was prepared. The pH
of the medium before sterilization was adjusted to 5.6+0.2
and a loopful of M.furfur broth culture was streaked on the
pigment induction medium. The plates were incubated at
room temperature for 3 weeks and observed for the produc-
tion of pigment macroscopically and under UV light at 254
and 366 nm [7].

Selection of lipids enhancing M.furfur growth (Plate
method)

The method is a preliminary qualitative screening amended
for the selection of preeminent lipids promoting the M.fur-
fur growth. About four different lipid substrates viz. Corn
oil, Coconut oil, Ghee and Olive oil were incorporated in
the preparation of four lipid media. In brief, individual pe-
tri plates with 15 mL sterilized SDA medium was overlaid
by 0.1 mL of sterile lipids. A loop full of M.furfur broth

Table 1: M. furfur lipid media (MfLM) composition.

culture was inoculated on the individual lipid media plates,
incubated at room temperature and monitored for optimum
growth in minimum days. Among the four types of lipid
incorporated media, the medium with optimal perfect dis-
tinctive M.furfur growth was considered as M.furfur Lipid
Media (MfLM), where the lipids may be corn oil/coconut
oil/ghee/olive oil [8].

Determination of optimal growth parameter of M.fur-
Jur

Four different lipid broth media viz. M.furfur Corn oil
media (MfCM), M. furfur Coconut oil media (MfCcM),
M. furfur Ghee media (MfGM) and M.furfur Olive oil me-
dia (MfOM) were prepared using SDA as a base with an
addition of 2 mL of above mentioned sterile lipids (Table
1). About 10 mL of each medium was dispensed in 50 mL
conical flasks and the pH of the medium in the conical flask
was adjusted to obtain a pH range from 4.0, 4.5, 5.0, 5.6,
and 6.0 using 2M HCI (Hydrochloric acid) and 2M NaOH
(Sodium Hydroxide). The pH of the media was adjusted
and lipid substrates were added into the media before and
after sterilization at 15 1bs pressure (121°C) for 15 minutes
respectively. About 1 mL of revived broth culture (1 x 107
cells/mL) of M. furfur was transferred into the conical flasks
with different pH and incubated at different temperatures.
In brief, for each individual pH about eight broth dupli-
cates were prepared so as to expose a lipid broth culture
under different temperatures ranging from 20°C, 25°C,
30°C, 35°C, 37°C, 40°C, 42°C and 45°C. The flasks were
examined for yeast growth from the D, to D,. For every
24 hours about 2 mL of the sample was drawn from each
conical flask at different pH exposed to varied temperatures
and subjected to turbidity measurement under spectropho-
tometer at 600 nm with a path length of 1 cm. For each
set of pH measurement the controls were maintained for
the comparison and the absorbance readings were record-
ed to construct growth phase graph. The absorbance data’s
were recorded for the comparison of optimal yeast growth
and plotted in a graph, where the X axis holds time in days
and Y axis supporting absorbance of M.furfur growth in
the lipid media subjected to varied pH and temperatures.
Throughout the study period controls (Sabouraud Dextrose
broth without lipid source inoculated with 1 x 107 cells/mL
of M.furfur) were maintained for comparison and readings
were recorded [9].

Ingredients Gms/Litre
Dextrose (Glucose) 40
Neopeptone 10
Agar 15
Distilled Water 1000 mL

Final pH (at room temperature)

5.6 = 0.2 modified accordingly

Selective lipid substrate overlaid after sterilization of the media for the enhancement of Malassezia furfur growth

Lipid substrate- Ghee/Corn oil/ Coconut 0il/Olive oil

2 mL

MfCM

M. furfur Corn oil media
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MfCecM M. furfur Coconut oil media
MfGM M. furfur Ghee media
MfOM M. furfur Olive oil media

With exclusion of agar the broth media was prepared

Results and Disscusion

In the present study the Emmons medium was used in the
revival of M.furfur as per the procedure mentioned in the
MTCC catalog. The yeast M. furfur is a member of mono-
phyletic commensal habitually found on human and ani-
mal skin with lipid-dependent nature requires a strict sup-
plement of lipid substrate for enhanced growth. In order
to check the efficacy of the Emmons media in supporting
M. furfur growth deprived of lipid our media preparation
was made devoid of lipid substrate. In the Emmons media
the growth of M. furfir was found to be deliberate with less
turbidity only after 6th day under incubation. Similarly the
colonies on the plate media also required longer incuba-
tion >7 days proving the slow growing nature of the yeast
which may be due to the strict nutritional requirements
such as lipid substrates and natural environment similar to
the host skin. The sluggish nature of this fastidious yeast
has already been described that laboratory culturing can
be achieved only by specific growth substrates like lipids.
References state the inability of M. furfur to synthesize fat-
ty acids individually and hence colonize in the areas of the
skin rich in sebaceous glands with sebum lipids. We also
observed the addition of CC supplement is much mandate
to inhibit the bacterial contamination throughout the peri-
od of incubation.

Besides, the present work also focused on the phenotypic
and physiological characterization of the standard strain
M. furfur MTCC 1374. The Eastman tall form coplin meth-
ylene blue staining of cells under microscope were found
to be globose, oblong-ellipsoidal with a wide septum be-
tween mother and daughter cells. Unipolar broad based
budding were also observed after 6th day of incubation
specifically in broth culture, whereas in the plate culture
the budding was identified only on 7* day onwards (Figure
1). The colonies on the Emmon’s medium plates appeared
flat elevated, and entire with undulate margins. The colo-
nies are shiny with white to tan cream colored and smooth

pasty [10].

Plate 1: Microscopic observation of Malassezia furfur after staining in
Methylene blue dye.

The yeast M.furfur was also confirmed for its Tween as-
similation (2% of Tween 20, 40, 60, and 80), Cremophor
EL (Castor oil 2%) at 30°C, 32°C, 35°C, 37°C and 40°C,
catalase production, pigment production on tryptophan
based medium (Table 2). According to the method report-
ed by competence of Malassezia species to utilize different
tween compounds as a unique lipid supplement was eval-
uated [9]. The Tween dependent growth assay was tested
in SDA medium and the growth on Tween is indicative for
external lipases that release the fatty acid tail from the non-
ionic detergents. The 2% nonionic detergent Tween 20, 40,
60 and 80 used in biochemical characterization of M. furfur
confirmed the utilization and presence of polysorbate and
lipase activity respectively. The utilization of tween and
Cremophor (Plate 2) was observed on 7% day of incuba-
tion at RT in a growth medium with pH 5.6. Many studies
reported about different lipid assimilation phenotypes in
Malassezia genus and in the present study we assessed the
standard strain M.furfur MTCC 1374 assimilating Tween
20, 40, 60, and 80 in different degrees by liberating the
external lipases which could be an indication for the re-
lease of fatty acid tail from the tween compounds. Further
utilization of Tween 80 was found to slower when com-
pared to other Polysorbates. Several studies attribute the
characteristics of lipase activity related to the adaptation of
M furfur in the fatty acid rich regions of the host body fa-
voring the natural growing environment as well as the role
of extracellular lipases in cellular growth processes and
its relation in pathogenicity. However, there are atypical
strains that have been identified to assimilate only Tween
80 compounds and some strains that are reported to be lip-
id-independent [11].

Under hydrogen peroxide exposure the yeast M. furfur col-
onies were found to release catalase mediating the break-
down of hydrogen peroxide. The test for catalase enzyme
is evident when a drop of hydrogen peroxide was intro-
duced on the 7 days old colonies on the Emmons media
petri plates, followed by the rapid elaboration of oxygen
bubbles on the colonies to mitigate oxidative stress to a
considerable extent by destroying cellular hydrogen per-
oxide. Pigment production by M.furfur in the tryptophan
based medium was evident on longer incubation of three
weeks with an inferior red to brown color in the media.
Our trial by the addition of peptone in the medium did not
encourage pigment production by the yeast. Interestingly
the media with tryptophan without peptone encouraged
pigment diffusion around M.furfur colonies displaying
tryptophan was a substantial nitrogen source for pigment
synthesis. Characterization of pigment production by M.
furfur was dark brown but in the present work it was evi-
dent that the pigment was pale red to light brown in color
with lower quantity under UV light at 366 nm [12].
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Screening for lipids enhancing optimal growth of M. fur-

fur

In the present study the M.furfur Ghee media (MfGM) has
been focused in discussion to avoid too much of interpreta-

Table: 2 Biochemical and physiological characterization of M. furfur (MTCC: 1374).

Species Utilization of Tween (2%) Cremo- | Cat- Growth Growth and pigment production in | Growth in Dix-
p-agar on agar

phor alase in SDA
M. furfur EL reac- | without
(MTCC: 20 40 60 80 (2%) tion lipid 25°C 30°C 37°C 42°C 37°C 42°C

1374)
++ ++ ++ + ++ + + ++ ++ - ++
++: Good growth; +: Less growth; SDA: Sabouraud Dextrose Agar

tion. In the qualitative plate technique adopted for screen-
ing optimal growth promoting lipid substrates enhancing
M. furfur growth M. furfur Ghee media (MfGM) was found
to enhance a visible growth on 4th day at room tempera-
ture. Other three lipid media viz. M.furfur Corn oil media
(MfCM), M. furfur Coconut oil media (MfCcM), and M.
Sfurfur Olive oil media (MfOM) used in the screening were
also found encouraging the growth rate of M.furfur but not
up to the level of MfGM (Table 3). The method utilized Sa-

Table 3: Lipid media’s enhancing M.furfur optimal growth.

bouraud dextrose media composition as a base incorporat-
ed with lipid substrates since the Emmons media promotes
growth insufficiently in minimum period. Throughout our
study we maintained the pH 5.6 of similar to SDA for all
the four media [13].

The preliminary screened MfGM was subjected to broth
assay to standardize the growth parameters such as pH
(4.0,4.5,5.0,5.6,and 6.0 = 0.2), Temperature (20°C, 25°C,
30°C, 35°C, 37°C, 40°C, 42°C and 45°C) and Incubation

Lipids Abbreviation Growth rate
M. furfur Corn oil media MfCM ++
M. furfur Coconut oil media MfCcM +
M. furfur Ghee media MfGM +++
M. furfur Olive oil media MfOM ++
+++: Excellent growth, ++: Good growth, +: Fair growth

time in days (D0-D20 days). Comparatively the MfGM fa-
cilitated the M.furfur to proliferate favorably in ghee broth
measured spectrophotometer at 600 nm (Plate 3). The
growth phase of the yeast was exactly identified with mini-
mum lag phase and the log phase in the media starts most-
ly on the 4th day in almost all incubation temperature and
pH. Throughout the study each unique pH of MfGM was
maintained constant exposing to diverse temperature. Low-
er the pH<S5 promoted only inadequate growth and the pH
between 5-5.6 showed fortified growth specifically the pH
5.6 was found to be the optimum. Besides the temperature
<30°C did not encourage upright growth but the tempera-
ture between 30°C-37°C was found to be auspicious param-
eter for the growing M. furfur. Since the yeast M.furfur is a
normal flora as well as opportunistic pathogen of human
and other mammalian hosts, the body temperature of 37°C
was reputable to be the most optimum growth augmenting
temperature. Report from earlier studies publicized the op-
timum growth of M.furfur at pH 7 to 9, temperature 30+
2°C where the finding entirely contravenes with the present
study. The present report was entirely a parameter study
in lipids promoting optimal growth, temperature and pH
of the yeast M.furfur was exactly identified. Recent study
defines Malassezia species are fastidious and slow growing
yeasts in which isolation from polymicrobial samples and
selective culture media are needed [14].

Remarkably during the study period we identified the pro-
liferating M.furfur cells in MfGM exhausted and entered

into the stationary phase due to the unavailability of nutri-
ents (lipids) characterized by cell cycle arrest, morphologi-
cal, physiological, and biochemical changes. There was an
extended logarithmic phase followed by a stationary phase
under each pH subjected to variable temperature. The dura-
tion of stationary phase of M.furfur in MfLM was exactly
identified (Figures 2-6) which could be more constructive
for the isolation and identification of beneficial metabolites
liberated in the medium. In vitro cultivation for growth
curve based viable cell counts obtained with a fluorescent
viability test describes the 48 hour (2 days) lag phase fol-
lowed by 6 to 10 day logarithmic phase and decline phase
from 11th day. The study also elucidated the decrease of
cellular viability (5.2 x 107 viable cells/mL) on the 32" day
of incubation. The study does not disclose any retro per-
taining to the stationary phase of the yeast. The author also
enlightened the measurement of protein and carbohydrate
contents in the media obtained from the different phases of
M. furfur’s growth specifically on 2, 6, 10 and 28 days se-
lected on the basis of the growth curve data. The researcher
explicated the presence of highest protein and carbohydrate
concentrations on the 10" day (end of the log phase). Fur-
thermore at the end of 10" day in our study an adherent, or
sessile, type of growth was not observed rather planktonic
growth was detected. This might be the characteristic of
yeast elementary initial utilization of lipid in the medium
through its growth biochemical processes. The complete
dissolution of lipid source (ghee) in the medium was ob-
served at the end of the tenth day and this point could be the
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initial stage of stationary phase in M. furfur [15].
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Figure 2: Growth curve of Malassezia furfur (MTCC 1374) at pH 4.0 under variable temperature in °C.
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Figure 4: Growth curve of Malassezia furfur (MTCC 1374) at pH 5.0 under variable temperature in °C.
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Figure 6: Growth curve of Malassezia furfur (MTCC 1374) at pH 6.0 under variable temperature in °C.

Further there was a significant variation in the station-
ary phase of M. furfur based on the parameter (pH, Tem-
perature, and Incubation time in days) difference. At the
pH of 4 the optimum stationary phase the yeast in MfGM
was on Day14-16 at 37°C and there was a substantial de-
crease in extension of stationary phase with the increase
in temperature >40°C. Again the MfGM at the pH of 4.5
maintained under 37°C was found to exhibit the stationary
phase on Day14-15. We found that the most encouraging
environmental parameters for M. furfur in the MfGM were
pH 5-5.6, Temperature 30-37°C and the incubation time
days were Day13-16. Providing all above conditional pa-
rameters in MfGM the present fastidious yeast can have its
growth phase decided by cell cycle, morphological, phys-
iological, and biochemical changes, whereas this will not
ensue in condition of other media such as M. furfur Corn oil
media (MfCM), M.furfur Coconut oil media (MfCcM), and
M. furfur Olive oil media (MfOM). Subjected to the nature
of lipid substrates provided for the proliferation the M. fur-
fur can endure its growth phases which will be beneficial
for the production useful metabolites for the present day
research. The focused concept of this entire effort was to
identify the stationary phase of the yeast in a specific lipid
media so as to come out with beneficial secondary metabo-
lites of Malassezia furfur MTCC 1374 [16,17].

Gandra et al., in his research on M. furfur in vitro cultivation
for growth curve based viable cell counts obtained with a
fluorescent viability test describes the 48 hour (2 days)

lag phase followed by 6 to 10 day logarithmic phase and
decline phase from 11" day. The study also elucidated the
decrease of cellular viability (5.2 x 107 viable cells/mL) on
the 32" day of incubation. The study does not disclose any
retro pertaining to the stationary phase of the yeast [18].

Conclusion

The author also enlightened the measurement of protein
and carbohydrate contents in the media obtained from the
different phases of M. furfur’s growth specifically on 2, 6,
10 and 28 days selected on the basis of the growth curve
data. The researcher explicated the presence of highest pro-
tein and carbohydrate concentrations on the 10" day (end
of the log phase). Furthermore at the end of 10" day in our
study an adherent, or sessile, type of growth was not ob-
served rather planktonic growth was detected. This might
be the characteristic of yeast elementary initial utilization
of lipid in the medium through its growth biochemical pro-
cesses. The complete dissolution of lipid source (ghee) in
the medium was observed at the end of the tenth day and
this point could be the initial stage of stationary phase in
M. furfur.
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