
corrected Proof

Downloaded from http
by guest
on 02 January 2022
Treatment of the Allura Red food colorant contaminated water by a novel

cyanobacterium Desertifilum tharense

Ülküye Dudu Gül a,*, Zeynep Mine Şenol b and Burcu Ertit Taştan c
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ABSTRACT

The biosorption properties of a newly isolated and identified cyanobacterium called Desertifilum tharense were investigated in the current

study. Following morphological and molecular identification (16S rRNA sequencing analysis), the food colorant removal potential of this new

isolate was determined. Moreover, the isotherm, kinetic, and thermodynamic studies were performed, and also the biosorbent characteriz-

ation was studied after and before colorant biosorption with Fourier transform infrared and scanning electron microscopy analysis.

Additionally, the changes in chlorophyll content of the biosorbent were examined after and before colorant treatment. The newly isolated

cyanobacterial biosorbent removed 97% of Allura Red food colorant/dye at 1,500 mg L�1 initial dye concentration successfully at optimal con-

ditions. Langmuir isotherm and pseudo-second-order kinetic models were fitted with the biosorption of the dye. The D-R model showed that

the biosorption process occurred physically. The chlorophyll-a content of the biosorbent was negatively affected by the biosorption. The

newly isolated and identified cyanobacterium seems to be a successful candidate for use to treat highly dye concentrated wastewaters.
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HIGHLIGHTS

• The food colorant removal performance of an isolated cyanobacterium identified with 16S rRNA sequencing as Desertifilum tharense was

investigated.

• The maximum colorant biosorption capacity of algal biosorbent was very high.

• The biosorption process occurred physically.

• The sorption of colorant negatively affected the chlorophyll-a content of the cyanobacteria.
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GRAPHICAL ABSTRACT
INTRODUCTION

Cyanobacteria are photosynthetic prokaryotes, also called blue-green algae, and at least 2,654 newly isolated species have

been reported all over the world, extensively living in the water systems (Kenne & Merwe 2013). Members of the Cyanophy-
ceae class have chlorophyll, which can convert sunlight energy into chemical energy (Barsanti & Gualtieri 2014). Recently,
there has been an increased interest in studies on the usability of aquatic microorganisms such as cyanobacteria as biosorbent

in environmentally friendly biological wastewater treatment technologies (Tastan et al. 2017; Kumar et al. 2019).
Allura Red (AR) is an extensively used colorant/dye in different industries such as food, medical, and cosmetics (Alkahtani

et al. 2017), as well as most of the food coloring applications such as coloring bakery products, meat, and fish products, soft

drinks, and jams (Al-Degs 2009).
Recent studies indicated that pollutants in wastewater released as a result of industrial activities harm aquatic organisms in

water environments (Töre et al. 2021). Since the wastewater of these applications contains a high amount of colorants, which

can be hazardous for aquatic organisms and eventually for humans, it is unavoidable to treat the colorant contaminated efflu-
ents (Nguyen et al. 2020; Majhi et al. 2021). Compared with chemical and physical treatment technologies, biological
treatment technologies are preferred because of their eco-friendly nature (Mnif et al. 2016; Tastan & Tekinay 2016).

The main purpose of the study is to identify newly isolated cyanobacteria using 16S rRNA sequencing analysis, and then, to

investigate the food colorant biosorption performance of newly isolated and identified cyanobacteria including isotherm, kin-
etic and thermodynamic studies. As a last objective, we intended to characterize the biosorbent before and after dye
biosorption by Fourier transform infrared (FTIR) and scanning electron microscopy (SEM) analyses. Unlike other biosorption

studies with the cyanobacterial originated biosorbent, the effect of the dye biosorption process on chlorophyll content was
examined in the present study. The cyanobacterium called Desertifilum tharense, which was newly isolated from water
samples in Turkey, was reported as the successful food colorant biosorption.
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MATERIALS AND METHODS

Chemicals

The synthetic food colorant called Allura Red (AR) and all other chemicals were obtained from Merck (Germany). The stock

solution was prepared by dissolving 200 mg of AR dye in 100 mL deionized water.

The isolation and cultural conditions of cyanobacteria

A novel cyanobacterium, which is used as a biosorbent to remove food colorant in water samples, was isolated from Denizli-
Buharkent geothermal province located in Central Anatolia Region (Turkey).

In order to isolate cyanobacterial species from the water samples, BG11 agar-medium in the petri dishes was used (Rippka
1988). The samples were spread on the dishes and incubated under cool-white fluorescent, 25 μmol m�2 s�1 (1750 lx) light
intensity at 25+2 °C temperature. The medial pH was adjusted to 8 using either the solutions of sulfuric acid or sodium

hydroxide (0.01 M and 1 M, respectively). The incubated microbial cells of the colonies were isolated with micromanipulation
from the Petri dishes. At the aseptic conditions, the purification of cyanobacterial cells was performed by proceeding with the
repeated inoculations on BG11 medium agar. After obtaining a pure culture, the cyanobacterial cells were inoculated into the
liquid medium.

Polymerase chain reaction (PCR) and sequencing

The molecular identification method was applied to determine the new isolate. The genomic DNA was extracted from the
cells harvested from an exponentially growing culture using GenJet Genomic DNA Purification Kit, according to the manu-
facturer’s protocol. 16S rRNA is the elucidative region for isolate identification. The forward primer (106F: 50-
CGGACGGGTGAGTAACGCGTGA-30) and the reverse primer (781R(a): 50-GACTACTGGGGTATCTAATCCCATT-30)
were used to amplify the 16S rRNA region (Burja et al. 2001). The sequencing was performed in Applied Biosystems Genetic
Analyzer 3130. The PCR reactions were carried out in a final volume of 50 μL containing 100 ng of purified DNA, 2.0 μL of
MgCl2 (2.0 mM), 1.5 U of Taq polymerase, and 0.3 μM of each forward and reverse primer. Amplifications were programmed

on the thermocycler (Applied Biosystems Gene AMP PCR System 9700), at the following conditions: denaturation at 95 °C
for 5 minutes, then 35 cycles of 1 minute at 94 °C, 1 minute at 60 °C, and 1 minute at 72 °C.

After all these processes the obtained sequences were compared to the reference sequences at National Center for Biotech-

nology Information (NCBI) by using an online program called The Basic Local Alignment Search Tool (BLAST 2020).

Preparation of cyanobacterial biomass

The pure culture of isolated Desertifilum tharense, a member of prokaryotic blue-green algae (cyanobacteria), was stored at
the Culture Collection of Microalgae in Vocational School of Health Services, Gazi University, Ankara, Turkey. BG 11 cul-

ture medium (100 mL) was used for microalgal (cyanobacterial) incubation (Rippka 1988) in the Erlenmeyer flasks.
With the intention of large-scale microalgal (cyanobacterial) biomass production, sterile plastic reactors (with 5 L volume)

containing BG11 were used. The application of dilute sodium hypochlorite and/or ethanol solutions was performed for ster-
ilization. The motors with 8 W working capacity and 2–4 outputs were also administered for ventilation in the reactor system

(Gül et al. 2019).
At the end of the exponential growth phase, the biomass was harvested using centrifugation (6,000 rpm, 5 min, 25 + 2 °C)

and dried at 70 °C overnight. The dried biomass was powdered by sieving with 0.5 mm pores and used in the biosorption

assays. The experiments were carried out in triplicate and Equation (1) was used to calculate the specific growth rate
(Ip & Chen 2005).

m ¼ ln x2 � ln x1=t2 � t1 (1)

where X2 and X1: dry cell weight concentrations (g/L) at time t2 and t1, respectively.

Biosorption experiments

The experiments were carried out as the batch scale method. The experimental systems are composed of solutions (deionized

water) containing 100 mg of cyanobacterial biosorbent and 1,500 mg L�1 AR dye concentration at natural pH 8.5, for 24 h
at 25 °C in polypropylene tubes (10 mL). The agitation speed of these systems was set up at 140 rpm at a thermostatic
water bath. The pH effect was determined by using pH values varying from 1 to 12. The effect of the biosorbent dosage
://iwaponline.com/wst/article-pdf/doi/10.2166/wst.2021.615/980672/wst2021615.pdf
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was tested at 2–20 g L�1 biosorbent dosage. The concentrations of AR in solutions were determined spectrophotometrically at

506 nm (Uzcan & Soylak 2020). The AR concentrations were detected using a UV-Visible spectrophotometer (Shimadzu, 160
A model, Kyoto, Japan). Biosorption % and Q (mol kg�1) were calculated by Equations (2) and (3).

%Biosorption ¼ [Ci � Cf=Ci]� 100 (2)

Q ¼ [Ci � Cf=m]� V (3)

where, Ci is the initial concentration (mg L�1), m refers to the adsorbent mass (g), Cf is equilibrium concentration (mg L�1),
and V is the solution volume (L).

Characterization of biosorbent

The surface zeta potentials (ZP) of biosorbents after and before biosorption were measured with the electrophoretic method
by the usage of Malvern Zetasizer Nano ZS (Phoenix, EDAX, Mahwah, NJ, USA). The dispersant was deionized water with

pH 8.5 (the pH value of experimental conditions). The biosorbent was characterized by analyses of FTIR and SEM. FTIR
spectra of the biosorbents before and after biosorption of AR were measured in a Perkin Elmer 400 spectro photometer.
SEM analysis was performed by using Leo 440 Computer Controlled Digital System.

Calculation of biosorption isotherms and kinetics

In this study, to gain detailed information about the biosorption mechanism, Langmuir, Freundlich, and Dubinin-Radushke-

vich isotherm models (Senol 2020) were used. The general equality of the Langmuir model is given in Equation (4).

Q ¼ XLKLCe=1þKLCe (4)

In this equation: Q (mol kg�1): adsorbed amount, Ce (mol L�1): equilibrium concentration, Xm: the maximum adsorption
capacity of the adsorbent, KL: dispersion coefficient

The equation of the Freundlich model is given in Equation (5).

Q ¼ KfC
b
e (5)

In this equation: Kf: a measure of adsorption capacity, β: adsorbent surface heterogeneity
The Dubinin-Radushkevich (D-R) model, which examines the adsorption from the energetic point of view is given in

Equation (6).

Q ¼ QDRe
�K
DR1

2 (6)

In the D-R equation, the amount of adsorbed Q (mol kg�1) is related to XDR, a measure of adsorption capacity, activity
coefficient KDR (mol2 KJ2), and Polanyi potential (ε). Polanyi potential is calculated using Equation (7).

1 ¼ RTln(1þ 1=Ce) (7)

R is the ideal gas constant (8.314 J mol�1 K�1) and T (K) is the absolute temperature. Adsorption energy (E) is calculated
with Equation (8).

E ¼ (2KDR)
�0:5 (8)

The value of E (kJ mol�1) indicates whether the adsorption mechanism is physical or chemical. If the adsorption energy is
8,E,16 kJ mol�1, the adsorption is chemically controlled, and E,8 kJ mol�1 indicates that the adsorption proceeds

physically.
Lagergren’s pseudo-first-order (PFO) kinetic model, pseudo-second-order (PSO) kinetic model, and intra-particle diffusion

(IPD) models were used to examine the biosorption kinetics. The equations were given as Equations (9)–(11) (Senol 2020) to
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calculate Lagergren’s pseudo-first-order model, pseudo-second-order kinetic model, and intraparticle diffusion model,

respectively.

Qt ¼ Qe(1� e�kt
1 ) (9)

Qt ¼ t=[1=k2Q
2
e]þ [1=Qe]t (10)

Qt ¼ kit
0:5 (11)

In these equations: Qt (mol kg�1) is the number of ions in the moment of t and Qe (mol kg�1) is the amount of ion in the

equilibrium. k1 (min�1) and k2 (mol kg min�1) show first- and second-order rate constants, respectively. The initial speeds for
the pseudo-first- and second-order models of adsorption are calculated by Equations (12) and (13), respectively (Senol 2020).

H1 ¼ k1Qe (12)

H2 ¼ k2Q
2
e (13)

Analysis of cyanobacterial morphology

In order to gain information about the cyanobacterial morphology, the living cyanobacterial biomass was viewed under a

microscope (Zeiss-Primo Star). The morphological properties of the cyanobacterium were investigated as well.

Analysis of the changes in cyanobacterial physiology

In the previous studies, chlorophyll a, chlorophyll b, and chlorophyll (aþ b) contents were frequently examined to evaluate
the change in the physiological state of lichen (a symbiotic lifestyle of a fungus as mycobiont and an alga or a cyanobacterium
as photobiont) under various environmental stress conditions (Boonpragob 2002). However, little is known about the effect

of textile dye on chlorophyll concentration in photosynthetic organisms such as algae (Copaciu et al. 2013; Rane et al. 2014).
D. tharense is a filamentous cyanobacterium (Oscillatoriales), with a trichome width size of 2–3.7 μm in diameter (Dadheech
et al. 2012). The chlorophyll concentration of D. tharense was determined according to the method developed by Porra et al.
(1989) at 646.6 nm for chlorophyll a. The chlorophyll concentrations were expressed in μg of chlorophyll per milliliter.

RESULTS AND DISCUSSION

A newly isolated blue-green alga (cyanobacterium) was identified by molecular techniques and then the food colorant

removal properties of this microorganism were investigated. The calculation of biosorption isotherms and kinetics, and
also biosorbent characterization studies such as ZP, FTIR, and SEM before and after the biosorption process were carried
out. Also, the changes in cyanobacterial physiology after the biosorption process were examined.

Identification and morphology of the new isolate

According to the information obtained from the BLAST program, the new cyanobacteria isolate was identified as Desertifi-
lum tharense from 16S rRNA sequencing. The classification of this species is also submitted in Supplementary material 1
(Dadheech et al. 2012).

The morphology of the cyanobacterium was observed under the light microscope and the micrograph of the cyanobacterium

is given in Figure 1. While the morphology of D. tharense was investigated, the cyanobacterial biomass had a multicellular
filamentous structure similar to other species belonging to the order Oscillatoriales (Martins & Branco 2016).
The morphological characteristics of the isolated cyanobacterium were observed as having thin thallus, densely entangled
filaments, agglutinated trichomes, and cylindrical cells having homogeneous content (Figure 1). The cell wall lies between

the plasma membrane and the mucilaginous sheet and the filaments were simple, which was previously explained for
the appearance of other cyanobacterial cells by Barsanti & Gualtieri (2014). Similarly, Dadheech et al. (2012) isolated
a cyanobacterium strain from Rajasthan, India, and identified this cyanobacterium as Desertifilum tharense. The cyano-

bacterium species newly isolated in this study showed a similar morphology identified by Dadheech et al. (2012). The
algae/cyanobacteria had a characteristic green color due to the pigment Chlorophyll-a, which was responsible for photo-
synthesis (Sinetova et al. 2017).
://iwaponline.com/wst/article-pdf/doi/10.2166/wst.2021.615/980672/wst2021615.pdf



Figure 1 | The microscobic image of Desertifilum tharense (400 x).

Water Science & Technology Vol 00 No 0, 6

corrected Proof

Downloaded fr
by guest
on 02 January
Effect of pH on biosorption of AR food dye

The effect of pH was examined via the variety of pH values from 1.0 to 12.0 and as seen in Figure 2. The decolorization rate
was not significantly changed from pH 4.0 to 8.5. The pHs at the point of zero charges (pHpzc) of blue-green algal strains
were reported in the range of 4.6–8.5 in the literature (Martinez et al. 2008; Mishra & Mukherji 2012; Dotto et al. 2013).
Similarly, the colorant biosorption rate was sharply decreased after pH 8.5 due to the pHpzc of the cyanobacterium strain
(Figure 2(a)). The optimal pH was selected as 8.5 in the present study.

Effect of biosorbent dosage on biosorption of AR food dye

The effect of cyanobacterial biosorbent dosage on food colorant biosorption was tested with a variety of biosorbent closes in
the range of 10–200 mg. The increase of biosorbent dosage caused the augmentation of the dye biosorption rate. Recently, Gül

et al. (2019) showed that acid red textile dye biosorption of another algal species called Phormidium animale was increased
by the increment of dye concentration. Similarly, Bayazit et al. (2020) reported that Remazol Black B textile dye removal by P.
Figure 2 | (a) Effect of pH on biosorption of AR food dye onto cyanobacterial biosorbent ([AR]0¼1,500 mg L�1, biosorbent dosage¼100 mg,
V¼10 mL, pH¼1.0–12.0, contact time: 24 h, temperature: 25 °C), (b) Effect of biosorbent dosage on biosorption of AR food dye onto cya-
nobacterial biosorbent ([AR]0¼1,500 mg L�1, biosorbent dosage¼10, 30, 50, 100, 200 mg, V¼10 mL, pH¼8.5, contact time: 24 h, temperature:
25 °C).
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animale biosorbent was raised with the increasing biosorbent dosage. These increasing patterns were explained by the raising

of available biosorption sites on the surface of the biosorbent (Saeed et al. 2010). The maximum AR biosorption was found
97% with 200 mg biosorbent dosage in a 10 ml working solution (Figure 2(b)).

Biosorption isotherm models

In order to obtain more detailed information about the biosorption of AR by cyanobacterial biosorbent, the biosorption iso-

therm models were derived from the biosorption experiments. The graphs of biosorption isotherm models are given in
Supplementary material 2.

The calculations of R2 values from Langmuir and Freundlich biosorption isotherm models showed that biosorption of food

colorant AR was fitted with the Langmuir isotherm model (Table 1). The maximum biosorption capacity was found to be
0.345 mol kg�1, and the biosorption energy was found to be 5.73 kJ mol�1, which indicated that the biosorption process
was physical.

Biosorption kinetics

The experimental data was used to understand the fitted kinetic model for biosorption (Supplementary material 3). In the
experimental series, it was observed that the biosorption process was stabilized after 420 minutes. According to the results
of kinetic calculations, the biosorption process was better adapted to the pseudo-second-order kinetic model due to the
correlation coefficients (Table 2).

At the same time, when the experimentally calculated Qt values and the theoretically calculated Qe values were compared,
the results found from the pseudo-second-order kinetic model were found to be closer to each other. These results indicated
that the biosorption process followed the pseudo-second-order kinetics.

Biosorption thermodynamic

The effect of temperature on the food colorant by cyanobacterial biosorbent was determined at 5 °C, 25 °C, and 40 °C. The
increasing temperature caused decreasing biosorption rate (Supplementary material 4), which was reported as a character-
istic phenomenon of physical adsorption (Aksu & Tezer 2005). And this situation also supported the results of D-R
Table 1 | Langmuir, Freundlich and Dubinin-Radushkevich isotherm model parameters

Langmuir Freundlich Dubinin-Radushkevich

XL KL R2 Kf β R2 XDR KDR�109 EDR R2

0.345 39690 0.956 1.36 0.200 0.870 0.381 1.52 5.73 0.929

XL (mol kg�1), KL (L mol�1), XDR (mol kg�1), KDR � 109 (mol2KJ�2), EDR (kJ mol�1).

Table 2 | Kinetic model parameters

Pseudo-first-order kinetic

Qt/(molkg�1) Qe/(molkg�1) R2 k1�103/(dk�1) H�103/(mol kg�1 min�1)

0.330 0.300 0.942 18.0 5.41

Pseudo-second-order kinetic

Qt/(molkg�1) Qe/(molkg�1) R2 k2�103/(mol�1kgmin�1) H�103/(mol kg�1 min�1)

0.330 0.338 0.982 69.2 7.91

Intraparticle diffusion

– – R2 ki�103/(mol kg�1 min�0.5) –

– – 0.927 30.0 –

://iwaponline.com/wst/article-pdf/doi/10.2166/wst.2021.615/980672/wst2021615.pdf



Table 3 | Adsorption thermodynamic parameters

ΔH0/kJ mol�1 ΔS0/J mol�1 K�1 ΔG0/kJ mol�1 R2

27.8 158 �19.3 0.999
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calculations derived in this study. The calculations of biosorption thermodynamics showed that the biosorption of food color-
ant by cyanobacterial biosorbent was endothermic, entropy increased, and spontaneous (Table 3).
ZP and SEM analysis

To have more detailed information about the colorant and biosorbent interactions, ZP and SEM analyses were performed.
The surface zeta potentials (Ezeta) of the cyanobacterial biosorbents before and after biosorption were measured as 0.226
and 0.140 mV at pH 8.5 (the pH of experimental conditions), respectively. After the AR biosorption process, the positively
charged value of the biosorbent was decreased due to the negative charge of the anionic dye. The change in the Ezeta indicated

the sorption of dye molecules onto the surface of the cyanobacterial biosorbent. In Figure 2(a), the colorant removal
decreased sharply after pH 8.5 due to the changes in surface charge of the cyanobacterial biosorbent. Similarly, the pH
values at the isoelectric point of Anabaena varialis and Prochlotrix hollandica, which were also filamentous cyanobacteria,

were measured as 8.4 and 8.1, respectively (Davis et al. 1980; Babu et al. 1999). It is known that pH is the most important
factor affecting the zeta potential of the cell surface (Martinez et al. 2008). It is assumed that while the pH increased from 8.5
to 12, the zeta potential was changed due to the isoelectric point of zero, which resulted in a decrease in decolorization.

The SEM micrographs of dried cyanobacterial biosorbent before and after the biosorption process are given in Figure 3(a)
and 3(b), respectively. Recently, Hussein et al. (2018) reported that the surface morphology of a filamentous blue-green alga
(Cyanobacterium) called Nostoc carneum was changed depending on the sorption of Methyl Orange dye after the biosorption
process. Similarly, in this study, the surface morphology of the cyanobacterial biosorbent of D. tharense seems different after

and before biosorption. The surface of cyanobacterial biomass was irregular and porous before biosorption (Figure 3(a)). After
Figure 3 | SEM micrographs of dried cyanobacterial biosorbent before (a) and after (b) biosorption.
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biosorption, the biomass particles were densely packed due to the presence of dye molecules that made a monolayer on the

surface. A similar situation was shown by Kumar et al. 2019, who studied the biosorption of Orange G dye by the dried pow-
dered algal biomass called Chlorella vulgaris. Also, Kiran et al. (2016) explained that the algal surfaces have a high affinity to
the pollutants to form monolayers, which caused aggregations of the algal biomass. The SEM results of this study fitted with

the recently published articles in the literature.
FTIR analysis

Fourier transform infrared (FTIR) analysis is a kind of vibrational spectroscopy, and the FTIR spectra reflect the changes of
functional groups on the surface of cyanobacterial biomass after the biosorption process. The changes on the peaks before
and after biosorption indicated the functional groups which were responsible for the colorant sorption (Figure 4). The

peaks observed at 2,917.24 and 2,919.02 cm�1 (before and after) corresponded to the C–H stretching vibration. The peak
that appeared at 1,625.95 cm�1 shifted to 1,620.39 cm�1 after colorant sorption, indicating the involvement of C-O stretching
in the biosorption process (Bhattacharya et al. 2014). The peak which appeared in the region of 1,546.92 cm�1 represented

protein amide II band (mainly δ(N-H) bending) on the surface of algal biomass (Theivandran et al. 2015), which disappeared
after biosorption. The new peak at 1,174.60 cm�1 occurring after biosorption, which was found in the frequency ranges of
1,250–1,020 cm�1, represented the C–N s stretching vibration presence of aliphatic amines (Mona et al. 2011b). Also simi-

larly, the peak at 1,024.48 cm�1 before biosorption shifting to 1,032.04 cm�1 after biosorption revealed the C–N s
stretching. These changes on the surface functional groups of algae or cyanobacteria showed that there were some inter-
actions between the surface of algal biosorbent and the colorant molecules after the biosorption process. The results of

FTIR showed that the functional groups like hydroxyl, amide, and carboxylate groups found on the surface of cyanobacterial
cells were mainly responsible for the biosorption of food colorant.

The ZP, SEM, and FTIR analysis indicated the adsorption of the colorant molecules on the surface of the biosorbent, and
the thermodynamic and D-R model results showed that the biosorption occurred physically.
Figure 4 | FT-IR spectrum of unloaded and AR loaded cyanobacterial biosorbent.
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Table 4 | The comparison of cyanobacterial or algal biosorbents among their decolorization performances (Co: Initial dye concentration (mg
L�1); BD: Biosorbent dosage; D%: Decolorization percentage)

Algal species Dye pH Co BD T D% Reference

Chlorella vulgaris Remazol Black B 2.0 86.3 1 gL�1 35 63.00 Aksu & Tezer (2005)

Chlorella vulgaris Remazol Red 2.0 75.1 1 gL�1 25 73.60 Aksu & Tezer (2005)

Nostoc linckia Crystal violet 8.0 200 0.2 g 35 72.00 Mona et al. (2011a)

Nostoc linckia HA 46 Reactive Red 198 2.0 100 – 35 94.00 Mona et al. (2011b)

Phormidium animale Acid red 2.0 100 4 gL�1 45 99.07 Gül et al. (2019)

Chlorella vulgaris Orange 6 5.0 5 50 mg 10 44.00 Kumar et al. (2019)

Phormidium animale Remazol Black B 2.0 93.16 4 gL�1 45 99.66 Bayazit et al. (2020)

Desertifilum tharense Allura Red 8.5 1,500 200 mg 25 97.00 in the present study
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Changes in cyanobacterial physiology

The cyanobacterial biomasses were used as biosorbents for the removal of dye molecules (Mona et al. 2011a, 2011b; Gül et al.
2019; Bayazit et al. 2020). According to our best knowledge, there is no study to determine the relationship between dye mol-
ecules and the chlorophyll content of cyanobacterium. The chlorophyll-a concentration of dried D. tharense culture was
3.7 μg mL�1 before AR colorant biosorption. This concentration decreased to 3.06 μg mL�1 after AR colorant biosorption

onto the cyanobacterium biomass. It is assumed that the decrease of chlorophyll-a content indicated the interaction of dye
molecules with chlorophyll-a on the surface of the cyanobacterium, and therefore the sorption of dye molecules affects
the amount of chlorophyll-a.

The comparison of cyanobacterial or algal biosorbents

In the last studies, the usage of cyanobacterial biomasses as the low-cost and eco-friendly biosorbents to remove a variety of
dye molecules from wastewaters was investigated. Some of these studies about cyanobacterial or algal dye biosorption were
reviewed and the results are given in Table 4. As seen in Table 4, our newly isolated cyanobacterial biomass called

D. tharense performed a very successful decolorization rate at the highest initial dye concentration of 1,500 mg L�1.
CONCLUSION

Industrial wastewaters contain varying concentrations of dyestuffs. Despite the high decolorization efficiency of some strains,
they may fail to remove dyes and some environmental problems may arise. The biosorbent originated from D. tharense
removed 97% of AR dye from an aqueous solution containing a high concentration of the dye (1,500 mg L�1). According
to our present knowledge, there isn’t any study focusing on the dye biosorption potential of D. tharense identified in this
study. The reviewed literature about dye removal by cyanobacterial or algal biosorbents (Table 4) showed that the identified
cyanobacteria D. tharense in the present study performed dye removal capacity at approximately 10 times higher dye concen-

tration than other biosorbents obtained from cyanobacteria or algae. The results of isotherm, kinetic, thermodynamic
calculations, and characterization studies (FTIR and SEM) supported that the food colorant molecules physically adsorbed
on the surface of biosorbent (D. tharense originated). It is concluded that the identified novel cyanobacterium was a useful

candidate to remove high concentrations of food colorants from wastewater according to this preliminary lab-scale study.
Further pilot-scale studies may show the utilization of this biosorbent in wastewater treatment plants.
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