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Decolourization of azo Lanasyn Navy M-DNL dye by
Trichothecium roseum toward green mycoremediation
Sally A. Ali 1✉

The treatment of azo dye effluent from the dyeing process, as well as the sustainable development of the environment, can all be
achieved through the use of green mycoremediation. In this in vitro study, Trichothecium roseum was isolated by the sedimentation
technique from the environment of an unplasticized polyvinyl chloride pipe manufacturing plant and used to decolourize and
optimise the biosorption percentage of Azo Lanasyn Navy M-DNL dye. T. roseum was also used to test the decolourization
percentage of the dyes Lanasyn Navy M-DNL, Isolan Black 2S-LDN, and Isolan Yellow 2S-GLN. The outcomes showed that Lanasyn
Navy M-DNL dye has the highest decolourization percentage (94%). Lanasyn Navy M-DNL dye was also found to be adsorbed onto
the surface of T. roseum using scan electron microscopy and Fourier-transform infrared spectroscopy investigations. Under ideal
optimisation parameters, the biosorption percentage of Lanasyn Navy M-DNL dye by beads of immobilised T. roseum cells was 96%,
97%, 96%, 97%, and 96%, respectively, for beads number 60, fresh weight 1 g, incubation temperature 25 °C, pH 6, dye
concentrations 10 mg/l, and sucrose concentrations 10 g/l. Langmuir and Freundlich adsorption isotherms show good agreement
between the Freundlich adsorption isotherm model and the adsorption process. Also, the elution cycle was found to be effective
enough to be employed for five cycles using sixty beads of immobilised T. roseum cells. The current study suggests that T. roseum is
an influencer of Lanasyn Navy M-DNL dye biosorption to create a successful green strategy for handling Lanasyn Navy M-DNL dye-
contaminated effluents.
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INTRODUCTION
Azo compounds are widely employed in several industries,
including the paper, carpet, and textile sectors. During the dyeing
process, approximately 10–15 per cent of azo dyes are released
into the water1,2. According to data, up until 1999, 50,000 metric
tonnes of azo dyes were dumped into the environment,
significantly polluting the ecosystem in the area3. According to
estimates, the amount of dye in wastewater significantly increased
in 2017 by 6.9 million tons4. When azo dyes are released into the
environment, several negative consequences follow. Azole dyes
have harmful effects on the aquatic ecosystem’s flora and fauna,
as well as reduced photosynthesis and depleted dissolved
oxygen5–7. Additionally, it has been demonstrated that the
conversion of azo dyes into colourless aromatic amines causes
cancer, is poisonous, and mutagenic8–10, while the presence of azo
dyes in the freshwater system makes water taste bad. Physical and
chemical methods have been developed to remove dyes. The
techniques include membrane filtration, ion exchange, adsorption,
chlorination, coagulation, and flocculation11, as well as sophisti-
cated oxidation procedures (such as the application of hydrogen
peroxide (H2O2), ozone (O3), and UV light). Evidence suggests that
the majority of approaches employed, i.e., treating only specific
types of dyes, are costly and time-consuming12–15. Further, from
the perspective of the environment, these methods are found to
be unsuitable as during the processes of dye removal, a high
amount of sludge is generated (a secondary pollutant), and
incomplete degradation of azo dyes occurs16; such as chlorination
of Disperse Red 81 dye, which results in the formation of para-
chloronitobenzine. The toxicity results of this newly formed
compound were found to be more toxic than Disperse Red 81.
Hence, chlorination has not been proven satisfactory in treating

azo dyes17. Over the last few decades, research has confirmed that
fungi have the unique quality of degrading dyes and removing
several contaminants18. The fungal biomass demonstrated good
adsorption capacity for Acid Blue 161 and Procion Red MX-5B19. The
fungal hyphae exhibit biosorption phenomena, and the rough and
porous topography of the fungal cell enhances the surface area for
the binding of the toxic dye20. Biosorption, defined as the process of
adsorption onto biological materials, both living and dead, has
recently received increased attention for pollutant removal.
The various kinds of functional groups on the fungal cell wall,

including carboxylic acids, carbonyl, hydroxyl, amides, and esters,
enable effective interaction between the fungus and the surround-
ing pollution due to their vast range of functional groups. Fungi are
good biosorbents that hold great potential for the removal of dyes
because of their cost, capacity to be used repeatedly in industrial
and food fermentation processes, and environmental friendliness21.
Fungal cultures are utilised in decolourization procedures in still or
agitated circumstances, either free or immobilised.
Fungal cells that have been immobilised have certain advan-

tages over free cells, including improved decolourization effi-
ciency, cell stability, and biomass reuse22–24.
Entrapment and attachment are the two main methods of cell

immobilisation that are employed. For the entrapment technique,
natural or synthetic polymers have been used for cell immobilisa-
tion. The microorganisms are entrapped in the agar, alginate, and
chitosan25–27. Attachment or adsorption of microbial cells utilises the
natural ability of cells to adhere to solid supports to form biofilms,
which can exist as a single layer or be several millimetres thick28,29.
In this study, the decolourization percentage of Lanasyn Navy
M-DNL dye that is used for carpet dyeing was tested by DyStar
Colours Distribution. The objective of this work was to isolate an
original fungus for the decolourization of Lanasyn Navy M-DNL dye
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in aqueous solutions by employing immobilised cells of the
filamentous fungus Trichothecium roseum with different parameters.
Also, the biosorption mechanism was detected via SEM and FT-IR
analyses. Moreover, the elution cycle was applied for Lanasyn Navy
M-DNL dye biosorption using beads of immobilised T. roseum cells.

RESULTS AND DISCUSSION
Identification of T. roseum
Under a 400-x magnification microscope, T. roseum was analysed.
The fungal isolates were discovered to be whitish, powdery
colonies reaching 90mm in diameter on PDA media after seven
days at 28 °C, as shown in Fig. 1a, fungal colony morphology on
PDA plates, and Fig. 1b, c, fungal conidia and conidiophore under
optical microscope examination. Conidia have smooth walls, are
ellipsoidal to pyriform, and are septate. Conidiophore is upright
and does not branch. Figure 1d shows a molecular identification
of T. roseum based on a phylogenetic analysis of T. roseum
AUMC15406, arrowed and aligned with closely related strains
accessed from the Gen Bank. It showed 99.15–100% identity and
96–100% coverage with several strains of T. roseum. Other species
of Trichothecium (Trichothecium ovalisporium and Trichothecium
symposia) appeared in a separate clade in the phylogenetic tree.

Screening the decolourization percentage of the used dyes by
T. roseum
This experiment aimed to determine the highest decolourization
percentage among the dyes using T. roseum. The data given in Fig. 2a
shows that decolourization percentages of Lanasyn Navy M-DNL,
Isolan Dark Blue 2S-GL, and Isolan Yellow 2S-GLN were 94%, 88%, and
85%, respectively, by T. roseum. So, Lanasyn Navy M-DNL was chosen
to carry out the biosorption processes with beads of immobilised T.
roseum cells. Also, results showed that the best decolourizing dye was
Lanasyn Navy M-DNL.
These may be caused by variations in chemical composition, the

quantity and arrangement of functional groups within the dye,
the lengths of the dye organic chains, and the molecular sizes of
the various dyes. Sandra et al. examined the adsorption of three
azo dyes produced in industrial effluents by Cunninghamella
elegans. They discovered that the adsorption removed 70% of
reactive orange II, 85% of reactive black, 93% of reactive red, and
88% of a combination of them30.

SEM analysis
SEM photomicrographs of Lanasyn Navy M-DNL dye and T. roseum
at three different magnification powers (500×, 1000×, and 2000×)
showed the morphological changes on the T. roseum surface after
dye decolourization. T. roseum hyphae surface morphologies in
solution medium at Lanasyn Navy M-DNL dye concentrations of
zero and 10mg/l are shown at low and high resolutions of SEM in
Fig. 3. Hyphae surfaces at zero dye concentration are normal
surfaces with no attached dye on the surfaces; I also noticed the
formation of conidia (Fig. 3a–c). However, at 10 mg/l Lanasyn Navy
M-DNL dye concentration, T. roseum surfaces with changes in
hyphae surfaces were observed to have more dark-coloured
hyphae due to the attachment of Lanasyn Navy M-DNL dye to
hyphae surfaces and reduced conidia formation compared to zero
dye concentration (Fig. 3d–f). Also, The SEM images of the T.
roseum surface at zero concentration of Lanasyn Navy M-DNL dye
and 10mg/l concentration of dye revealed a difference in cellular
morphology between zero and 10mg/l concentration, indicating
that the dyes were adsorbed onto the fungus hyphae.
Also, the pores on the surface of T. roseum became invisible

because the external biomass surface had been covered by the
superficial dye. The examination of SEM showed a high affinity of T.
roseum for the Lanasyn Navy M-DNL dye, confirming the biosorption

process; these results are in agreement with those of Danouche et al.,
who studied Mycoremediation of the Azo dye Acid Red 14 by
Wickerhamomyces Anomalus and observed that there was a difference
in cellular morphology between the control and AR14-loaded cells.
The yeast cells exhibited a regular morphology and a

translucent outer layer outside the cell surface31 before the

Fig. 1 Trichothecium roseum identification. T. roseum colonies
7 days growth at 28 °C on a PDA plate (a). T. roseum examination under
an optical microscope revealed conidia and conidiophore (b, c). Scale
bar= 10 µm. A phylogenetic tree showing the sequential relationship
between the dyes decolourizing the fungal strain of T. roseum (d).
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biosorption of AR14. However, the cell becomes smooth and
exhibits blurry textures after dye biosorption.

FT-IR analysis
The FTIR spectra were used to characterise the changes in
functional groups of the residual dye culture media before and
after inoculation by T. roseum. The FT-IR spectra are shown in

Fig. 4. For the control spectrum, as shown in Fig. 4a, the
absorption peaks were assigned at 3326.38 cm−1, which is
attributed to hydroxyl groups; 2122.86 cm−1, which is attributed
to allenes, ketenes, isocyanates, and isothiocyanates groups;
1635.54 cm−1, which is ascribed to the bend of the amide group;
and 1055.92 cm−1, which is attributed to the sulfoxides group.
Other absorbers with peaks at 411.10 cm−1, which are assigned
the bromide and the iodide groups after the inoculation of

Fig. 2 Screening the decolourization percentage of the used dyes. T. roseum decolourization percentage Error bars are the standard error of
the mean (a). Control of Lanasyn Navy M-DNL dye (b) and inoculated the Lanasyn Navy M-DNL dye flask after the incubation period (c).
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Lanasyn Navy M-DNL dye with T. roseum, as shown in Fig. 4b, had
peaks at 3326.38 cm−1, 2122.86 cm−1, 1635.54 cm−1,
1635.54 cm−1, 1055.92 cm−1 and 411.10 cm−1, which shifted to
peaks at 3326.50 cm−1, 2103.68 cm−1, 1636.04 cm−1,
1045.30 cm−1 and at 419.31 cm−1, respectively.
The FT-IR spectra before and after residual dye media solution

inoculation by T. roseum exhibited significant similarities in the
spectra, which could be identified based on the reports in
previous studies32. So, we can infer from this analysis that T.
roseum cells decolourized Lanasyn Navy M-DNL dye by biosorp-
tion. Moreover, the FT-IR results indicated the main functional
groups for biosorption of Lanasyn Navy M-DNL dye by T. roseum
are hydroxyl, amide, and sulfoxides. On the contrary, Almeida &
Corso observed alterations following Aspergillus terreus biodegra-
dation treatment. They found that the FT-IR spectra of the binary

solution exhibited significant changes after the biological treat-
ment; this peak indicated complete breakage of the chemical
bonds during biodegradation treatment; moreover, the breakage
of these bonds led to the formation of aromatic amino
compounds as intermediates19. Danoche et al. found that based
on the comparison of the spectra before and after biosorption, a
significant change was noticed in the transmittance of these
functional groups, which may be attributed to the dye molecule31.
A variety of functional groups, including amines, carboxyls, and
phosphate groups, are present in the fungal cell walls and can
bind dye molecules33. A terminal sodium sulphonate group, which
can ionise into sodium cations and sulphonate anions, is what
gives Lanasyn Navy M-DNL dye its distinctive properties. There-
fore, sulphonate anions can be attracted to and removed from the
fungus by its positively charged functional groups.

a b c 

d e f

Fig. 3 SEM analysis of the T. roseum. The surface morphologies of T. roseum in solution at Lanasyn Navy M-DNL dye concentrations of zero
(a–c) and 10mg/l (d–f). The magnification is 500x, 1000x, and 2000x, respectively.
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Effect of beads with immobilised cells of T. roseum on the
biosorption of Lanasyn Navy M-DNL dye
The results in Fig. 5a show that the optimum number of beads at
which the maximum biosorption percentage of 94% of Lanasyn
Navy M-DNL dye was achieved by immobilised T. roseum cells was
60 beads. It was shown that as the number of beads increased, the
biosorption percentage decreased. The present investigation
revealed the effect of bead numbers on the biosorption of
Lanasyn Navy M-DNL dye. Also, it was found that 60 beads of
immobilised T. roseum cells were the optimum number of beads at

which the maximum biosorption of Lanasyn Navy M-DNL dye was
achieved.

Effect of fresh weights of T. roseum cells on the biosorption of
Lanasyn Navy M-DNL dye
The results in Fig. 5b show that the biosorption percentage
increased with the increasing weight of T. roseum cells. Under the
experimental conditions, the highest biosorption percentage of
97% was observed when using 1 g of fresh T. roseum cells.

Fig. 4 FT-IR analysis of the residual dye media. Control (without T. roseum inoculation) (a) and after T. roseum inoculation (b).
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Fig. 5 Factors affecting Lanasyn Navy M-DNL dye biosorption by T. roseum. Bead numbers (a), fresh weight (b), temperature (c), pH (d),
initial dye concentrations (e), and sucrose concentration (f), error bars are standard error of the mean.
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Also, the results demonstrated that the biosorption percentage
increased with the increasing weight of T. roseum cells. These
results could be due to an attraction between dyes and
biosorbents during the biosorption process.

Effect of temperature on the biosorption of Lanasyn Navy
M-DNL dye
The results in Fig. 5c show that the biosorption percentage of
Lanasyn Navy M-DNL dye by immobilised cells of T. roseum was
96% at 25 °C, compared to other temperatures where the
biosorption percentage was less than 96%; so 25 °C was chosen
as the optimum temperature for biosorption of Lanasyn Navy
M-DNL dye. Incubation temperatures exhibited variable rates of
biosorption of Lanasyn Navy M-DNL dye.
Furthermore, it was discovered that 25 °C was chosen as the

maximum temperature at which the highest biosorption percen-
tage was obtained. Konicki et al. studied the effect of temperature
on the equilibrium adsorption of AO8 and DR23 onto GO for three
temperatures of 20 °C, 40 °C and 60 °C, at 10 mg l−1. They
observed that the adsorption of AO8 decreased as the tempera-
ture increased, illuminating the exothermic nature of the
adsorption mechanism. Contrarily, the adsorption equilibrium of
DR23 increased as the temperature increased, showing that this
dye attaches to GO through an endothermic process34.

Effect of pH on the biosorption of Lanasyn Navy M-DNL dye
The results in Fig. 5d show that pH 6 was the most effective in
terms of the biosorption percentage of Lanasyn Navy M-DNL dye
using T. roseum cells. pH 6, at which immobilised cells of T. roseum
achieved a biosorption percentage of 96%.
Many authors have studied the effect of pH on dye

decolourization, such as Mohamed et al., who observed that, as
the pH increased, the removal per cent of red azo dye from
aqueous solutions by Aspergillus niger increased and reached
maximum removal efficiency (99.69%) at pH 9.0. By increasing the
pH value, the decolourization decreased10. Also, Hema et al. found
that the optimum decolourization of Azo acid orange-10 dye by
Bacillus subtilis occurred at pH 8.535, and Shuhui et al. investigated
the effect of pH value on the biosorption of dried-weight fungus
pellets and showed that the colour change of three acid dyes
decreased with the decrease in pH value.
That is to say, a lower pH helped with the adsorption of the acid

anionic dyes36, since it was obvious that the colour was weaker
when the dye solution was at a lower pH. Additionally, the
biosorption of dyes is facilitated by changing the pH levels of dye
solutions and adding protonated amino groups to the fungal
biomass37.

Effect of initial Lanasyn Navy M-DNL dye concentrations on
biosorption percentage
Different concentrations of Lanasyn Navy M-DNL dye were tested
to determine the optimum concentration, which was supported
by the maximum biosorption percentage of Lanasyn Navy M-DNL
dye by immobilised cells of T. roseum. The results in Fig. 5e show
that the biosorption percentage reached 97% at a 10 mg/l
Lanasyn Navy M-DNL dye concentration. Increasing the dye
concentration resulted in a decrease in the biosorption percen-
tage. Our findings support Neeta and Chattopadhyay’s assertion
that at low initial dye concentrations, total removal of dye was
observed because there were enough adsorption sites available
for the dye molecules to bind. Reduced adsorption sites brought
about a decrease in colour removal efficiency due to the rise in
dye concentration38. Furthermore, Mohamed et al.‘s assertion that
the decolourization process becomes slower as the original dye
concentration is raised is also supported10. This could be a result

of the adsorption sites on the adsorbent surface becoming less
numerous.

Effect of sucrose concentration on the biosorption of Lanasyn
Navy M-DNL dye
The experiment aimed to study the sucrose concentration at
which the highest biosorption percentage of Lanasyn Navy M-DNL
dye could be achieved.
Results in Fig. 5f reveal that 10 g/l was the best sucrose

concentration at which immobilised cells of T. roseum achieved a
biosorption percentage of 96%. The sucrose concentration varies
from one fungal species to another due to each fungal species
having specific requirements for sucrose concentration for its
growth and decolourization ability. Also observed was the rapid
growth of the fungus in a C-limited medium with dye, which
indicated that the fungus could utilise the dye as the sole source
of carbon.

Biosorption characteristics of immobilised T. roseum cells
Langmuir and Freundlich’s adsorption isotherm models were used
to determine the biosorption behaviour of immobilised T. roseum
cells. The adsorption isotherm model for T. roseum is shown in
Fig. 6a, b. The outcome revealed that when dye concentration
increased, T. roseum’s dye adsorption capability appeared to trend
upward before reaching equilibrium in a saturated state. Based on
a study of the correlation coefficients (R2) of the two adsorption
models (Langmuir and Freundlich adsorption isotherm models),
Freundlich isotherms revealed high values of R2, suggesting that
the adsorption process appeared to be a good fit for the
Freundlich equation. This is explained by an increase in the
interaction between adsorbate and mycelia, as previously
reported by Abdolali et al.39. The Freundlich isotherm model
implies heterogeneous sorption sites with various sorption
energies. This model implies that the adsorption heat reduces
exponentially with increasing coverage40 and is based on the non-
uniform adsorption of the adsorbent surface.

Reuse of immobilised T. roseum cells for Lanasyn Navy M-DNL
dye biosorption
The current study aims to investigate the possibility of reusing T.
roseum living immobilised cells after elution with dist. H2O. The
reuse of immobilised T. roseum cells for Lanasyn Navy M-DNL dye
biosorption was tested by carrying out five successive elution
cycles using distilled H2O as eluent. It is clear from the results in
Fig. 7b that the ability of immobilised cells for biosorption of
Lanasyn Navy M-DNL dye decreased from 95% in the first cycle to
80% in the fifth cycle so that the immobilised cells of T. roseum
could be used several times. It could be due to the little
destructive effect of the eluent on the immobilised cells of T.
roseum. All applications that have been reported have demon-
strated that the original bead shape was spherical. The repeated
use, however, causes the alginate beads to degrade over time41.

METHODS
Chemicals
Lanasyn Navy M-DNL dye, Isolan Black 2S-LDN dye, and Isolan
Yellow 2S-GLN dye were provided by DyStar Colours Distribution,
Heliopolis-Cairo, Egypt.
While Sodium alginate was purchased from Sigma Aldrich.

Potato Dextrose Agar medium, Czapek’s Yeast Agar medium, and
Dox’s medium were provided by a mycology laboratory, Depart-
ment of Botany and Microbiology, Faculty of Science, Helwan
University, Cairo, Egypt.
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Isolation of microbiota from an indoor UPVC pipes factory
This study is to select a UPVC (unplasticised polyvinyl chloride)
pipe manufacturing plant, Misr El-Nour Company, in the tenth of
Ramadan City, El-Sharqiya governorate, Egypt, to obtain a
successful decolourizing microbiota. This microbiota culture was
obtained using the sedimentation or “settlement plates” techni-
que, in which a Petri plate containing potato dextrose agar
medium42 is exposed to the environment of UPVC for a
predetermined amount of time (typically 15–60min), then
covered and incubated at 25 °C43,44.

Identification of T. roseum
In addition to T. roseum isolation, bacteria and yeast were
obtained from an indoor UPVC factory. Firstly, the identification
of T. roseum was made through microscopic examination and
growth, according to Pitt and Hocking45 in the mycology Lab,
Department of Botany and Microbiology, Faculty of Science,
Helwan University, Cairo, Egypt. Then, using molecular identifica-
tion46, the following was done to confirm the identification:
growing cultures were delivered to the Molecular Biology
Research Unit at Assiut University, where DNA was extracted
using the Patho-gene-spin DNA/RNA extraction kit made available
by the Korean company Intron Biotechnology. The rRNA gene and
PCR (polymerase chain reaction) results on the fungal DNA
examined in Daejeon, South Korea, by SolGent Company. The
purified PCR result (amplicons) was sequenced with the incorpora-
tion of ddNTPs (Dideoxynucleotide triphosphate) in the reaction
mixture46. The obtained sequences were analysed using a basic
local alignment search tool from the NCBI website (National
Centre for Biotechnology Information). A phylogenetic analysis of

sequences was done with the help of MegAlign (DNA Star)
software version 5.05.

Screening the decolourization percentage of the used dyes by
T. roseum
This experiment was carried out in 250ml flasks containing fifty ml
of Dox′s medium47, to which the dyes Lanasyn Navy M-DNL, Isolan
Black 2S-LDN, and Isolan Yellow 2S-GLN were separately added at
an initial concentration of 10 mg/l, then inoculated with one
mycelium disc (8 mm in diameter), and incubated for 7 days at
25 °C under static conditions. Flasks not inoculated with T. roseum
were used as controls.
According to the decolourization assay, the percentage of

decolourization was calculated. Three copies of each treatment
were performed.

Decolourization assay
The optical density (absorbance) of the culture supernatant after
centrifugation at 6000 rpm for 10 min (Hettich Zentrifugen Mikro
22RD-78532 Tuttlingen) was measured using a T60 UV–VIS
Spectrophotometer to evaluate the degree of decolourization.
Equation (1) was used to calculate the decolourization percentage
according to48

%Decolourization ¼ ðA0� ATÞ
A0

´ 100 (1)

Where A0= absorbance at zero time without inoculation (control)
(Fig. 2b), and AT= absorbance (after inoculation and incubation)
(Fig. 2c). The maximum wavelength of the used dyes (Table 1)
was determined at the central lab of the Faculty of Science,

Fig. 6 The adsorption isotherm model of T. roseum. Langmnir model (a) and Freunlich model (b).
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Helwan University, Cairo, Egypt, using UV/Vis spectrophotometry
(Jasco-V-530).

SEM analysis
Lanasyn Navy M-DNL dye has the highest decolourization
percentage, according to the results of the experiment screening
the decolourization percentage of the used dyes.
The surface morphologies of T. roseum in solution with Lanasyn

Navy M-DNL dye concentrations of zero and 10mg/l were
monitored with a scanning electron microscope (SEM). Samples
for SEM were prepared according to Ozturk et al.49.

FT-IR analysis
After decolourization, the residual dye culture media (before and
after inoculation by T. roseum) were analysed using FT-IR (Perkin
Elmer Spectrum 10.5.4) in Cairo, Egypt. According to Chen et al.40,
with a slight modification, the supernatant was collected by
centrifugation, then evaporated and finally dried using an oven at
50 °C, followed by FT-IR analysis.

Optimisation of the biosorption of Lanasyn Navy M-DNL dye
by immobilised cells of T. roseum
To optimise the biosorption of Lanasyn Navy M-DNL dye, it was
first necessary to prepare the T. roseum cultures’ beads as
previously described50. For this, an inoculum of T. roseum was
taken from a seven-day Czapek’s yeast Agar51 slant culture, and

9ml of sterile distilled water was added to each slant before being
thoroughly shaken to create a T. roseum suspension. After shaking,
3 ml of the T. roseum suspension was inoculated into 50ml of
Dox’s broth medium in 250ml flasks. The flasks were incubated on
a shaker (150 rpm) for 48 h at 25 °C. After this period, T. roseum
cells were harvested by filtration from the growth medium and
washed several times with sterilised distilled water. Then,
immobilisation of T. roseum cells via entrapment was prepared
according to Arica et al.52 with appropriate modifications as
follows: Na alginate (3.0 g was dissolved in 100 ml of distilled
water) was used as a supporting material. The solution was
sterilised at 121 °C for 15 min. After cooling to 40 °C, they were
mixed with T. roseum cells (3% Na alginate, containing 0.25 g fresh
weight).
The mixture was introduced drop by drop into a sterilised 2.5%

anhydrous CaCl2 solution for 1 hour using a 3ml syringe. The
prepared beads’ diameter was determined using a micrometre,
and the result was 4.4 mm. After being cured in this solution for
two hours to ensure complete precipitation, the T. roseum-
entrapped beads were rinsed twice with 200ml of sterilised
distilled water to get rid of extra calcium ions and unentrapped
cells. The immobilised cells were then transferred to 50 ml of Dox’s
broth medium. After the incubation at 25 °C for 24 h, the Ca-
alginate beads with immobilised cells of T. roseum were removed
from the growth medium by a tea strainer and rinsed twice with
sterilised distilled water. The immobilised preparations were then
kept at 40 °C in a 5 mmol/l CaCl2 solution until they were used for
biosorption of Lanasyn Navy M-DNL dye.
Studying the impact of different parameters (beads

number, fresh weight, temperature, pH, dye concentration,
and sucrose concentration) on the biosorption of Lanasyn
Navy M-DNL dye by immobilised cells of T. roseum.

Effect of beads with immobilised cells of T. roseum on the
biosorption of Lanasyn Navy M-DNL dye
In this experiment, every 250ml flask was inoculated separately
with various numbers of beads (20, 40, 60, and 80 beads) that

Table 1. The maximum wavelength of the used dyes.

The used dyes λmax (nm)

Lanasyn Navy M-DNL 616

Isolan Dark blue 2S-GL 585

Isolan Yellow 2S-GLN 546

Fig. 7 Reuse 60 beads of immobilised T. roseum cells. Sixty beads were inoculated into a Lanasyn Navy M-DNL dye media flask (a). The
ability of immobilised T. roseum cells for biosorption of Lanasyn Navy M-DNL dye, error bars are standard error of the mean (b).
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contained fresh weights of T. roseum cells. After incubation,
biosorption (%) was calculated.

Effect of fresh weight of T. roseum cells on biosorption of
Lanasyn Navy M-DNL dye
The fresh weights of T. roseum (0.25, 0.5, 0.75, and 1 g) were mixed
separately with 3% of the Na-alginate solution, followed by
inoculation of each fresh weight into 50 ml of the dye media
solution, which was then incubated to calculate the biosorption
percentage of the Lanasyn Navy M-DNL dye.

Effect of temperature on the biosorption of Lanasyn Navy
M-DNL dye
Flasks were inoculated with 50 ml of Dox’s broth medium and
10mg/l of the Lanasyn Navy M-DNL dye, which were then
incubated for 7 days at temperatures of 20, 25, 30, 35, and 40 °C.
The dye biosorption was then calculated.

Effect of pH on biosorption of Lanasyn Navy M-DNL dye
Initial pH values of flasks containing the medium were set at
various values (5, 6, 7, 8, 9, and 11), to which Lanasyn Navy M-DNL
dye was added at a concentration of 10 mg/l. These flasks were
also incubated for 7 days at 25 °C.

Effect of initial Lanasyn Navy M-DNL dye concentrations on
biosorption percentage
Initial dye concentrations investigated were 5, 10, 15, 20, and 25mg/
l. The flasks were inoculated, and at the end of the incubation
period, the percentage of dye biosorption was calculated.

Effect of sucrose concentration on the biosorption of Lanasyn
Navy M-DNL dye
The medium was amended with different sucrose concentrations
(0, 5, 10, 15, 20, 25, and 30 g/l). The biosorption percentage (Q%)
was calculated after 7 days by the equations32

Q% ¼ C0� Ce
C0

´ 100 (2)

qe ¼ C0� Ceð Þ ´ V
m

(3)

Where C0 and Ce are the starting concentration and final
concentration of dye in the culture medium (mg l−1), qe is the
adsorption capacity of the adsorbent (mg g−1) at the adsorption
equilibrium, V is the broth volume (L), and m is the mass of the
adsorbent (g).

Adsorption characteristics of immobilised T. roseum cells
Langmuir and Freundlich adsorption isotherm models were used
to simulate Lanasyn Navy M-DNL dye adsorption by immobilised
cells of T. roseum under optimised conditions of pH 6, a
temperature of 25 °C, a concentration of 10 g l−1 fungal biomass,
and the isothermal adsorption process of immobilised T. roseum
cells at different Lanasyn Navy M-DNL dye concentrations
(5–25mg l−1). The Langmuir model (Eq. 4) and the Freundlich
model (Eq. 5) were expressed as follows:

qe ¼ qmKLCe
1þ KLCe

(4)

qe ¼ KFCe1=n (5)

Where qe is the equilibrium adsorption capacity (mg g−1), Ce is
Lanasyn Navy M-DNL dye concentration in the solution at
equilibrium (mg L−1), KL is the Langmuir equilibrium parameter
(L mg−1) and is related to the affinity at the binding site, and KF

and n are Freundlich constants, representing the adsorption
capacity and adsorption strength, respectively.

Reuse of immobilised T. roseum cells for Lanasyn Navy M-DNL
dye biosorption
In this experiment, the elution cycle was repeated 5 times to reuse
60 beads of immobilised T. roseum cells (Fig. 7a). The beads were
inoculated into Lanasyn Navy M-DNL dye media solutions, and
after incubation at 25 °C for 7 days, the biosorption percentage
was calculated after each elution cycle. Then, the beads were
removed and gently washed with sterilised distilled water several
times. After washing, those beads were re-suspended in flasks
containing 50ml of dye media solution and incubated at 25 °C for
7 days.

DATA AVAILABILITY
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