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ARTICLE INFO ABSTRACT

Keywords: Turquoise blue dye is frequently used for industrial dyeing applications. But the release of un-
A_ZUdYe treated colored wastewater became an environmental and public health hazard. Microbial
Biolog remediation of Azodye is environmentally safe and an alternative to a physicochemical approach.
Biodecolorization . . . . . . . .

MALDLTOF The aim of this research is to isolate and characterize turquoise blue dye degrading microbes from
M - polluted environment. Microbial isolation and purification from soil and effluent sample was

ycoremediation

done on PDA and NA. Turquoise blue dye degrading test was investigated under optimized
conditions using -the definitive screening design method. UV-Vis spectrophotometer used to
measure the degradation percentage at 620 nm and 25 °C. The results revealed that 24 fungi and
6 bacterial species were identified from the contaminated site using Biolog Microstation and
MALDI-TOF. Among all identified microbial species Pencilium citrinum Thom BCA & Penicillium
heriquei show the highest percentage decolorization of turquoise blue dye up to 300 ppm with 90
% removal at pH4 and 87 % at pH 7 up to 400 ppm respectively. The azodye degradation ability
of these fungi species used in the development of mycoremediation technologies provide an
alternative option for Azodye removal after HPLC analysis, molecular characterization, and toxic
analysis.

1. Introduction

Industrial development and rapid population growth have a direct impact on environmental safety. The growth of the global
population demanding high quality textile products, thus Azodye containing wastewater, became a significant threat to the envi-
ronment and water quality [1]. In Ethiopia, the textile sector is the third-largest and fastest-growing manufacturing industry and one of
the primary top list source of water pollution [2,3]. According to Ref. [4] research conducted at the Bahir Dar textile industry in
Ambhara regional state, the liquid waste released from the factory causes significant harm to the aquatic ecosystem and disturbs the
downstream users of the Blue Nile River [5]. studied the environmental and health consequences of effluents from textile and garment
facilities in Gelan and Dukem of Oromia reginal states, revealing that factories are causing hazards that exceed the federal environ-
mental protection agency’s allowed limit (FEPA) for residents and the surrounding environment [6]. Conducted an evaluation of
industrial effluent pollution on the Borkena River in Kombolcha Textile, Ethiopia. Pollution levels were over the permitted limits of
ambient surface water quality set by the EEPA at the downstream site of the Borkena River (see Table 6).

Synthetic Azo dye was widely used in various industries such as textile, printing, paper, tannery, pharmaceutical, food, cosmetics
and manufacturing, accounting for more than 70 % of total dye usage with a global production of 1,000,000 tons [7-10]. During the
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dyeing process, up to 10-25 % of textile dyes are discharged into the environment without adequate treatment. The waste-containing
dyes can remain in the environment for a long period of time [10-16]. In addition, untreated textile sludge may pose threats to human
and animal health due to the leaching of hazardous heavy metals in agricultural lands, which has an impact on the quality and safety of
food. For instance, most industries in Ethiopia dispose of untreated sludge in unsafe areas and open landfills, with approximately 30,
000 tons annually from all industry parks [17] At extremely low quantities of Azo dyes, about 10-50 mg/L, even for some dyes less
than 1 ppm are water soluble and -cause visible color change in the water body. This has become a challenge for aquatic fauna and flora
due to the reduction of light penetration and inhibition of gas dissolution [18-21]. In Ethiopia, about 15milion kg of chemicals and
dyestuff are used, and the majority are reactive dye and among this Turquoise blue dye covers a large portion. It is a vibrant versatile
colorant that offers excellent color fastness and compatibility with various substrates due to its covalent bond [22]. It is easily applied
to a wide range of materials, including cotton; silk, as well as synthetic fibers like polyester and nylon. The dye can also be used on
non-textile substrates such as plastics and ceramics, making it more popular for various fields of applications. About 95 % of reactive
dyes are azo dyes covering an entire range of colors. In the Color Index (CI) system, Azo dyes are grouped with numbers ranging from
11,000 to 39,999 in correspondence with the chemical structure, particularly Turquoise Blue (#4DDOE1)- RGB 77, 208, 225 has color
information [23]. Due to one or more Azo (-N = = N-) bonds connected to benzene or naphthalene rings and linking with aromatic
amines, that Azo dyes are difficult to break and resist cleavage [24]. 50 % of textile effluent has residual Azo dye, which is very difficult
to remove by conventional physical and chemical treatments [25].In addition to that, physical and chemical treatment methods have
some disadvantages, such as high cost, toxic by-product residue formation, excessive energy consumption, and concentrated sludge
formation [26].Therefore, biological treatment techniques using microbes are an alternative good option [27]. Because of their
adsorbent properties, extracellular enzyme synthesis, their application’s in economic viability and environmental friendliness, both
live and dead fungal biomass has been employed currently to remove dyes including Aspergillus sp., Rhizopus sp., Candida sp, Pleu-
rotussp., verticullum and Sacchromyces sp. , Tichoderma sp, Penicillium sp, Geotricum candidum, Phanerochaete chrysosporium etc [28-32].
This study aims to isolate and characterize microbes from polluted sites and select potential Azodye (turquoise blue) degrader fungi
under optimized condition for bioinoculant formulation for bioremediation purposes.

2. Material and methods
2.1. Study area description and sample collection method

The study was conducted in selected urban agriculture site and rivers in Addis Ababa (9° 01' 29" N &38° 44’ 48" E, altitude 2355 m.
a.s.]) & central rift valley of Ethiopia particularly from, Zeway, koka, Arbaminch and Mojo (approximately between 38°15'E and
39°20°F, and 7°10'N to 8°30'N, altitude 1600 m.a.s.l). Currently, In Addis Ababa 106,280 urban vegetable producers are registered in
different site, and more than 300 ha who supply with rough estimates about 60 % of the city’s leafy vegetables consumption [33].The
reason both study area were selected, that urban vegetable farming activities were high and irrigated by a river that was connected to
textile and other several industry effluents and the pollution was high due to different industries. Regarding sample collection, 10 g of
vegetable rhizosphere soil from farm site and 10 mL of wastewater samples from effluent and polluted rivers were collected and stored
in a sanitized falcon tube (45 mL). Totally 150 falcon tube samples were gathered. The collected samples were transported to the Addis
Ababa University mycology laboratory.

2.2. Equipment, reagent and chemicals

The chemicals and solvents used in the experiment were all of analytical grade. Biolog Universal Agar (BUY), Potato dextrose agar
(PDA), and Nutrient agar (NA), were obtained from Sigma Aldrich Company, Biolog microstation, Turbidiometer (Biolog Inc., Hay-
ward, USA) product, MALDI-TOF (Bruker MALDI Biotyper Microflex LT, Bruker Daltonics, Bremen, Germany, Jenway 6405 Uv-Vis
spectrophotometer (U.K, jenway Ltd).

Fig. 1. Turquoise blue dye chemical structure [34].
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2.3. The dye

The turquoise blue textile dye (99 % purity) used in this study was obtained from Sigma Chemical Company. This dye has the
molecular formula C40H25CuN9 014S5 with a molecular structure, as shown in Fig. 1.

2.4. Microbial isolation and purification

Fifteen composite soil samples were pooled from 150 samples. Then 10 mL of waste water and 10 g of soil samples were transferred
into 90 mL distilled water for each pooled composite sample. Serial dilution techniques were conducted from 10! to 10 °mL. 0.1 mL
diluted sample from each test was spread on potato dextrose agar (PDA) and nutrient agar(NA) media and incubated for 24-48 h at
26 °C for fungi and 37 °C for bacteria. Microbes from mixed cultures were picked and sub-cultured twice on PDA and NA until a pure
colony appeared. Pure isolates were kept in PDA and NA slant agar at 4 °C.

2.5. Pre-screening of potential fungi decolorizes turquoise blue dye

Turquoise blue textile dye (C4oH25CuNgO14Ss5) was kindly obtained from the Kombolcha textile industry, where it is currently used.
PDA solid media amended with 300-ppm reactive Turquoise blue dye was used to screen fungi having the ability to decolorize due to
its clearing zone formation around the mycelia or colony.

2.6. Optimization of culture conditions using definitive screening design

A definitive screening design was used in the experiment to select significant operational factors that will provide the optimum dye
decolorization and fungal mycelia biomass. Definitive screening designs can work 2-48 factors. The design can be constructed with
categorical factors with 2 levels and continuous factors with 3 levels. This research has five parameters, consisting of four continuous
factors with three levels, these are temperature (25, 30, 35 °C), pH (4, 7, 10), dye concentration (300,400, and 500 ppm), inoculums
amount (0.5, 0.75, and 1 mL) and one categorical factor with two levels (Two fungi isolates) were set operational factors. Totally
fourteen base runs, and 3 levels of each continuous factor and 1 categorical factor with 2 levels were constructed for this investigation.
Mintab ver 19 software was used to construct the experimental design. The experimental design layout and measured response was
summarized in Table .3.

2.7. UV-Vis Spectrophotometer analysis

400 mL of Potato dextrose broth (PDB) was prepared in an Erlenmeyer flask and amended with 300, 400, and 500 ppm Turquoise
blue dye separately. In respective of inoculums amounts about 3 x 108 spores/mL, fungi was inoculated into each of the experimental
run flasks and kept on the shaker for 8 days at 130 rpm. At 48-h intervals, aliquots (5 mL) of culture broth were withdrawn and
centrifuged, at 10,000 rpm for 2 min, and the supernatant was used for dye analysis after appropriate dilutions. The PDB medium with
turquoise blue at different concentration was used to calibrate for absorbance measurements (Fig. 10.5.4) [32,35]. The Jenway 6405
UV-Vis Spectrophotometer was conducted at 25 °C temperature condition and 620 nm to measure absorbance to determine the dye
percentage of degradation at Addis Ababa University Mycology Laboratory. The ability of color decolorization was calculated as the
percentage ratio of the decolorized dye concentration to that of the initial one based on the following equation.1 [36].All experiments
were carried out in triplicate.

i—Cf
Degradation or Decolorization (%) = Ci CiC x100 eql

Where (Ci) and (Cf) are the initial and final dye concentrations (mg/L) respectively.

2.8. Fungi identification using Biolog Microstation

Fungi were grown for 24-48 h at 26 °C on Biolog Universal Agar (BUY). 15 mL of sterile FF inoculums fluid was used to create the
inoculums suspension. Pure filamentous fungi were placed into test tubes containing FF inoculums using a sterile cotton swab, and they
were adjusted to 75T =+ 2 using a biolog turbidiameter. Digital pipettes were used to add 100 pL of inoculums to each well of the biolog
FF microplate. 96 phenotypic tests make up the FF Micro plate, containing 71 carbon source utilization assays, 23 chemical sensitivity
assays, and two controls. The inoculated microplate was incubated at 26 °C for 24-96 h. The FF microplate produces both metabolic
product and turbidity growth in order to provide identifications. The FF microplates were read by the Microstation reader at a single
590 nm wavelength. Microstation reader reads the FF micro plate at 24-h to 72-h intervals. The Biolog software, Microlog3 version
4.20.05, compared the results obtained with the test strain to the database and provided identification based on the distance value of
the match and the separation score. The recommended and acceptable species identification result must have a similarity index value
> 0.5 and a probability >75 % [37]. Fungi species identification by Biolog Microstation was conducted at the Ethiopian Biodiversity
Institute, Microbial Biodiversity Directorate Laboratory, and Animal Health Institute, Sebeta; Ethiopia.
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2.9. Microbial identification using MALDI-TOF

Fungi, and bacteria species identification were carried out using matrix-assisted laser desorption/ionization-time of flight (MALDI-
TOF) mass spectrometry (MS) at the Animal Health Institute, Sebeta; Ethiopia. The fungal and bacterial extraction procedure used the
method from (Cultivation and sample preparation for filamentous fungi, revision, March 2019, Bruker Daltonics, Bremen, Germany)
[38] Bacteria colony and fungi mycelium were transferred into 1 mL double distilled water separately, and pellet by centrifugation.
The pellet was again dissolved in 300 pL of double distilled water. Then, 900-uL ethanol was added and after centrifugation, the
ethanol was removed and air-dried. Depending on the size, the pellet was re-suspended in 10-100 pL of 70 % formic acid. The same
amount of acetonitrile was then added and centrifuged again. Afterwards, 1 pL of the supernatant was pipetted onto the MALDI target,
overlaid with 1 pL of HCCA matrix, and analyzed with MALDI-TOF. The isolates were subjected to MALDI-TOF MS analysis using a
Bruker MALDI Biotyper microflex LT (Bruker Daltonics, Bremen, Germany). According to the Bruker recommendations, the level of
similarity between an unknown tested specimen and a reference sample is indicated by a log (score), which is referred to as a
score >1.7 indicates “highly probable species identification and secure genus identification, a score <1.7 indicates unreliable
identification.

2.10. Data analysis

The fungus mycelia dry biomass production and percentage of decolorization were analyzed using descriptive and inferential
statistics; these were percentage frequency, Mean, and ANOVA analyzed using the Minitab ver 19 statistical software package.

3. Results and discussion
3.1. Microbial identification at the species level

In this study, a total of 24 fungi and 6 bacterial species were identified using Biolog Microstation and MALDI-TOF (Bruker MALDI
Biotyper microflex LT, Bruker Daltonics, Bremen, Germany) from contaminated urban farming soil, effluent, polluted rivers from
Addis Ababa and central rift valley area (Table 1 and 2). In similar to this study many researchers have reported different species of
microbes identified from polluted sites in different agroecologies. According to Ref. [39] report representatives of the Actinobacteria,
Firmicutes, and Gamma proteo bacteria phyla were superior in contaminated soils, whose species are active degraders of xenobiotics in
nature [40]. identified 36 microorganisms from heavy metal-contaminated sites in Tangier, Morocco, belonging to the Aspergillus,
Penicillium, Fusarium, Alternaria, and Geotrichum genera that demonstrated high levels of resistance to all metals tested [41]. reported
that Aspergillus fumigates and Penicellium chrysogenum were identified from Azo dye contaminated soil. Ahmad, Ansari and Aqil [42]
reported Aspergillus flaves, Aspergillus niger, Fusarium oxysporium and Penicillium notatum are isolated fungi from textile contaminated
site. Certain bacterial species have been identified from textile waste; these are Pseudomonas sp. and Bacillus sp [43] Some of the

Table 1
Fungi identified from Addis Ababa urban farming site and central rift valley area in Ethiopia using biolog microstation.
Fungi species Probability ~ Similarity Distance Specific Area Identified Sample Type
Y.lipolytica 100 % 0.7 4.46 Addis Ababa, Kera Cabbage Rhizospher soil
C. luteolus 100 % 0.64/0.716 4.16/4.27 Addis Ababa, Kera Cauliflower/Cabbage Rhizospher
soil
R.aurantiaca A 100 % 0.62/0.510/ 5.80/4.37/ Addis Ababa,Saris/Kera& Rift Sald Rhizospher soil/Farm soil
0.585 6.47 valley
U.maydis 100 % 0.586 6.31 Addis Ababa,Saris Sald Rhizospher soil
T.beigeliiB 100 % 0.514 7.68 Ethiopia, Riftvalley Farm soil
C. terreus A 100 % 0.629 5.72 Ethiopia, Rift valley Forest soil
Z. bailii 98 % 0.65 5.12 Addis Ababa,Kera Swiss chard Rhizospher
N.fulvenscens 90 % 0.627 4.61 Addis Ababa, Kera Swiss chard farm
S. starkeyi-henricii 89 % 0.56 7.83 Addis Ababa, Saris Cabbage Rhizospher soil
E. vivi 84 % 0.619 4.03 Addis Ababa, Picock Polluted River
R. pustula - 0.591 4.88 Ethiopia, Rift valley Lake
C. curvatus A - 0.401 9.71 Addis Ababa, Saris Cabbage Rhizospher soil
R.acheniorum - 0.265 13.15 Addis Ababa, Kera Saldrhizospher soil
R.sphaerocarpum - 0.337 7.73 Addis Ababa, Kolfe Carrot Rhizospher soil
T. atroviride Karsten BGB 97 % 0.83 36.9 Addis Ababa, Kolfe Sald Rhizospher soil
E. meridianum 98 % 0.578 35.81 Addis Ababa, Beher Tsege River water
E.crustaceum Ludwig 99 % 0.58 22.86 Ethiopia, Mojo Effluent waste
P. roqueforti Thom BCG 99 % 0.701 31.71 Addis Ababa, Lafto Cabbage Rhizospher soil
P. lanosum westing 97 % 0.708 20.912 Ethiopia, Mojo Effluent Waste
A. niger v.Tiegham BGA 98 % 0.701 18.615 Ethiopia, Zewaye Effluent (Haile resort)
P. heriquei 96 % 0.622 19.66 Addis Ababa, Mekanisa Cabbage Rhizospher soil
P. citrinum ThomBCA 98 % 0.507 21.521 Addis Ababa, Goffa Germen Cabbage Rhizospher soil
P. janczewkinzi zaleskiBGB 100 % 0.588 29.21 Addis Ababa,Kolfe Cabbage Rhizospher soil
P.Thom Maire BCG 98 % 0.707 21.54 Addis Ababa, Mekanisa Salad Rhizospher soil
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Table 2

Bacteria and fungi identified from Addis Ababa urban farming site and central rift valley area using MALDI-TOF
Microbial species Score Value Rank Specific Area Sample Type
Enterobacter asburiae 2.17 +++ Kality Sald Rhizospher Soil
Serratia marcescens 2.32 +++ Rift valley Farm Soil
Serratia nematodiphila 2.43 4+ Rift valley Farm Soil
Lactobacillus paracasei 2.41 +++ Mekanisa Brewery Effluent
Klebsiella Aerogenes 241 +++ Kera Swiss chard Rhizospher soil
Geotrichum candidum 2.02 4+ Kolfe Swiss chard Rhizospher soil
Trichoderma longibranchiatum 2.24 +++ Goffa German Cabbage Rhizospher soil
Trichoderma orientale 1.9 + Goffa Germen Cabbage Rhizospher soil
Trichoderma koningii 2.18 +++ Saris Salad Rhizospher soil
Aspergillus niger 1.87 ++ Kality Cabbage Rhizospher soil

Score value > 1.7 indicates “highly probable species identification and secure genus identification, a score <1.7 indicates unreliable identification.

Table 3

DSD experimental design layout and observed response.
StdOrder ~ RunOrder  PtType Blocks Temprature/°C pH  Dye Conc/ Inoculums Fungal DryBiomass/ Decolorization

ppm amt/mL Isolates g (%)

1 1 2 1 30 10 500 1 P. heriquei 0.668 0
4 2 2 1 25 7 300 1 P. heriquei 0.579 5
6 3 2 1 25 4 400 0.5 P. heriquei 1.594 65
8 4 2 1 25 10 300 0.75 P.citrinum 0.53 70
5 5 2 1 35 10 400 1 P.citrinum 1.821 73
11 6 1 1 35 10 300 0.5 P. heriquei 0.676 1
3 7 2 1 35 7 500 0.5 P.citrinum 1.694 82
9 8 1 1 35 4 300 1 P. citrinum 1.714 8
10 9 1 1 25 10 500 0.5 P. heriquei 0.559 0
14 10 0 1 30 7 400 0.75 P.heriquei 1.792 87
13 11 0 1 30 7 400 0.75 P. citrinum 0.538 15
2 12 2 1 30 4 300 0.5 P. citrinum 1.716 90
7 13 2 1 35 4 500 0.75 P. heriquei 1.626 8
12 14 1 1 25 4 500 1 P.citrinum 1.802 57

commonly identified PAH-degrading bacteria are P. aeruginosa, P. fluoresens, Mycobacterium spp., Haemophilus spp., Rhodococcus spp.,
and Paenibacillus spp [44]. Fungi of the phylum Ascomycota and Mucoromycota such as Aspergillus, Penicillium, Fusarium, Trichoderma,
Acremonium, and Cladosporium, Mucor, have been isolated from PAH-contaminated soils, and have the ability to degrade PAHs [45,46].

3.2. Pre-screening of potential fungi decolorizes turquoise blue dye

Potato dextrose agar solid media amended with 300 ppm reactive dye is used to screen fungi that have the ability to decolorize due
to its clearing zone formation around the colony. Two filamentous fungi were positive in Turquoise blue dye decolorization among
twenty four fungi, and selected for further study these were Penicillium citrinum Thom BCA and Penicillium heriquei (Fig. 8. S.2).

3.3. Selection of variables using definitive screening design (DSD) for turquoise blue decolorization

DSD is an experimental design tool used to select the optimum variables that deliver a desired response using a minimum number of

Table 4

Screening Design Model: Percentage Decolorization % Versus Temprature®C, pH, Inoculums amt, Dye concentration & Fungal Isolates.

Analysis of Variance.

Source DF Adj SS Adj MS F-Value P-Value
Model 6 14826.1 2471.0 5.46 0.021
Linear 6 14826.1 2471.0 5.46 0.021
Temperature/°C 1 3702.7 3702.7 8.18 0.024
pH 1 2814.8 2814.8 6.22 0.041
Dye conc/ppm 1 589.3 589.3 1.30 0.291
Inoculum amt/mL 1 1988.6 1988.6 4.39 0.074
Fungal isolates 1 1739.3 1739.3 3.84 0.091
Biomass/g 1 8786.7 8786.7 19.41 0.003
**Error 7 3168.9 452.7

Total 13 17994.9




B. Gizaw et al. Heliyon 10 (2024) e32769

runs. The DSD run layout and output are summarized in (Table 3).Among the variables screened, the most influencing factors for
decolorization have a high significance level indicated by the Pareto chart and the analysis of variance indicates the significance value.
These were temperature (P, 0.024), pH (P, 0.041) and mycelia biomass (P, 0.003) where the p value is < 0.05 identified and selected as
significant factors for dye removal (Table 4 Fig. 2.5.1). P. citrinum and P.heriquei were able to decolorizing turquoise blue up to 90 %
and 87 % respectively. Different study indicate that the metabolic path of degradation of turquoise blue of the phthalocyanine ring
producing sulfophthalimide as the main degradation product, ammonium and Cu(II) ions (Fig. 12.5.6) [47]. In similar to this research
different scholars reported [48] Bacillus megaterium had good ability to degrade the turquoise blue dye up to 95 % in 10mM/10 mL
medium concentration within 48 h [34]. reported that the maximum color removal efficacy of the turquoise blue textile dye with a
concentration of 30 mg/L in an aqueous solution was achieved at 78.50 and 85.84 % at pH 6 for Microporus xanthopus and Ganoderma
applanatum, while the color removal efficiency was 82.17 % at pH 5 for Trametes hirsuta with seven days of incubation time.

3.4. Effect of temperature

Three-temperature conditions, 25, 30, and 35 °C were evaluated for two potential fungal isolates for their ability to decolorize
turquoise blue dye. The highest decolorization was 90 % at 30 °C for 300 ppm by Pencilium citrinum Thom BCA and 87 % at 30 °C, for
400 ppm by Penicillum herquei (Fig. 2) whereas the average mean decolorization of dye by both fungi recorded 48 % at 30 °C (Fig. 6).
There is no significant difference in mean biomass production and mean percentage decolorization within the temperature ranges
(Table 5). Different studies have been done for Azodye decolorization in different temperature ranges [49]. reported that the decol-
orizing rate of Turquoise Blue HFG by Lysinibacillus fusiformis B26 increased from about 36.02 % to 53.63 % when the temperature
increased from 40 °C to 50 °C, respectively. The optimum decolorizing activity for this dye was at 50 °C. Another report by [48], the
biodegradation of Turquoise Blue by B. megaterium the optimum temperature was 37 °C. Turquoise Blue dye maximum decolorization
of was achieved by Trichoderma harzianum 94 % at the temperature of 37 °C, a dye concentration of 50 mg/L and 0.4 g/L biosorbent
dose [50]. [51] conducted research on the decolorization of acid blue 29, disperse red 1, and congo red by several indigenous
Aspergillus fungal strains and optimal conditions dye decolorization was 86 % by A.flavus, A.fumigatus, A. niger, and A. terreus was
recorded at 30-35 °C at pH 7 [32]. studied the biodecolorization of an Azo dye, eriochrome black T by Penicillium citrinum. The results
showed that optimum decolorization was 98 % at a concentration of 10 mg/L, 35 °C and pH 6 for 5 days. However, there is an Azo dye
concentration difference in this study Penicillium citrinum able to decolorize up 90 % at 30 °C for 300 ppm of Turquoise Blue dye.
Another study by Ref. [52] on the third day of incubation, A. nomius and A. aculeatus demonstrated 98 % decolorization of CI Direct
Blue 201 textile dye (50 mg/L) with the addition of modified Kirk’s medium. In this study, both fungal strains were proven to be more
effective for dye decolorization at temperatures ranging from 25 °C to 35 °C.

3.5. Effect of pH

The effect of pH was evaluated at pH 4, 7 and 10 for percentage decolorization. The result revealed that Pencilium citrinum Thom
BCA recorded the highest decolorization of turquoise blue is 90 % at pH 4 and 87 % decolorization by Penicillum herquei at pH 7
(Table .3, Fig. 3) and Whereas average mean percentage decolorization was 47.2 % recorded at pH 7 by both fungi (Table, 6). Similar to
this study [48], reported that the maximum decolorization of turquoise blue dye by Bacillus megaterium species within 48 h at pH 7.
According to Ref. [49] the L. fusiformis B26 strain could decolorize turquoise blue within a broad pH range 6.0-10.0; the optimum pH
was 7.5. The Turquoise Blue dye maximum decolorization of was achieved by Trichoderma harzianum 94 % at pH 4, a dye
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Fig. 2. The effect of Temperature and pH on percentage of Turquoise blue dye decolorization.
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Table 5
The effect of Temperature (°C) for mean fungal biomass and Turquoise blue dye decolorization(%)
Temperature(°C) Fungal Biomass (Mean =+ Std. Error) Dye Decolorization(%)

(Mean =+ Std. Error)

25 1.013 + 0.287 39.40 + 15.27

30 1.179 +£0.33% 48.00 + 23.6"

35 1.506 + 0.21° 34.40 +17.72

*Superscript of the same letter not significant across column.

The effect of pH on mean fungal biomass and Turquoise blue dye decolorization(%).
(Decolorization (%)
Mean =+ Std. Error

Table 6
(Biomass/g)
Mean =+ Std. Error
45.600 + 17.581*
47.250 + 19.657%
28.800 + 17.581%

pH
4 1.690 + 0.219°
7 1.151 + 0.244%
10 0.851 + 0.2197
*Superscript of the same letter not significant across column.
concentration of 50 mg/L, and 0.4 g/L biosorbent dose [50]. According to Ref. [34] the optimal color removal efficiency of the
turquoise blue textile dye with a concentration of 30 mg/L in an aqueous solution was achieved at 78.50 and 85.84 % at pH 6 by

Microporus xanthopus and Ganoderma applanatum, respectively, while Trametes hirsuta achieved 82.17 % at pH 5 after seven days of
incubation. In this study, pH4 and pH7 were effective for Pencilium citrinum Thom BCA and Penicillum herquei for the decolorization of

turquoise blue up to 90 %.& 87 % respectively In one study, by Ref. [48] Bacillus megaterium species gave maximum decolorization of
turquoise blue dye within 48 h at pH 7 and 37 °C [53]. study on decolorization and biodegradation of reactive blue by Aspergillus sp.,
the result indicates that the highest color removal was detected in acidic pH 3 (98 %) when compared to neutral and basic pH [54]. also

carried out the study on degradation of crystal violet dye by Aspergillus niger. The decolorization process was effective (up to 84.6 %)
with the examined range of dye concentrations (10-40) ppm at pH 5.5 and dry mycelia biomass (0.47 g/100 mL). However, the pH

requirement depends on microbial species, in this study, for both fungi species pH 4 and 7 was recorded as the effective decolorization

point.
3.6. The effect of mycelia biomass
Fungal mycelia biomass grown in the potato dextrose broth (PDB) was harvested, and dry weight was measured. The highest
decolorization of Turquoise blue was recorded 90 % at 1.716 g fungal dry mycelia biomass production (Figs. 3 and 4). In this study, the
fungi were compared with other filamentous fungal biomass production study and the ability of azodye decolorization, its biomass

production is very good. According to Ref. [55] when complete decolorization of turquoise blue had occurred. Fungal biomass pro-
duction was found to increase up to a maximum of 2.2 g/L at day 6 after incubation. According to Ref. [56] study on Aspergillus niger

showed that 95.84 % efficient decolorization of yellow (PY-74) and reactive blue (RB-38) with 0.2-0.26 g/100 mL fungal dry biomass

production with 3-4 days of incubation, and Fusarium sp. and Rhizopus sp. were the second active fungi in decolorization, with growth
rates ranging from 0.11 to 0.16 g/100 mL. However fungi biomass production depends on different factors, the presence of chitin, and
melanin influences the ability of fungi to act as sorbents or sequesters [57]. Fungal biomass is very useful for sequestering or producing
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Fig. 5. Main effects plot for average mean percentage decolorization by the two fungi isolates (Pencilium citrinum Thom BCA and Penicillum herquei)
of enzymes involved in biodegradation/biotransformation [58].

4. Main and interaction effect of independent variables on turquoise blue dye decolorization
4.1. Graphical analysis of the model

A main effect is the effect of one independent variable on the dependent variable. Each variable (pH, T°, dye concentration and
fungi isolates) were evaluated separately for their effect on the percentage of decolorization and biomass production of both fungi
isolates, the result showed that average mean values of the two fungi together for each variables are summarized in Fig. 5. The
interaction effects include simultaneous effects of two or more variables on the process response. Interaction occurs when the effect of
one independent variable changes depending on the level of another independent variable. Interaction is a complex multivariable
effect which provides more precise information than a simplified main effect. Contour plots are used to display the relationship and
interaction between independent variables and a dependent variable. The contour plots, presented by two and three dimensional
graphs using color removal based on the simultaneous variation of strain composition from 0 to 100 % for each strain. The counter plot
also described the individual and cumulative effect of these two variables with Penicillum herquei and Pencilium citrinum ThomBCA)
their subsequent effects on the response of color removal (Fig.9.S.3) The result indicated in this study is that the interaction of pH and
temperature, above 80 % decolorization, occurred 25-30 °C and pH 4-7.The interaction of pH and fungal mycelia biomass, above 80 %
of color removal, was indicated at pH 7 and 1.7-1.8 Biomass/g. The interaction effect of temperature and pH for mycelia biomass
production was above 1.8 biomass/g is recorded at pH 4-7 and 25-35 °C (Fig. 6).
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Fig. 6. Interaction Effects of Independent Variables by contour plots graphical analysis (Temperature (°C)*pH, Temperature (°G)* Dye concen-
tration, pH* Dye concentration for Dye decolorization (%)

4.2. Response optimization

Response optimization helps to identify the combination of variables effect that jointly optimize a single response or a set of re-
sponses. This is useful when researchers need to evaluate the impact of multiple variables on a response. In this study, the optimal
values were obtained from the combined effect of three parameters (Temperature, pH and concentration of the dye).The optimum dye
decolorization result revealed that Temperature is 25 °C, pH, 4, inoculums amount, 0.5, and dye concentration 300 ppm(Fig. 11. S.5).

5. Conclusion
Environmental pollution due to the release of untreated Azo dye waste effluent from different industries is causing numerous health

and environmental damages. Due to some limitations of physicochemical treatment method alone did not solve the problem and
contemporary civilizations continue to strive in search for alternative treatment strategies for Azo dye contamination. This study was
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aimed at screening and identifying potential microbes from polluted environments for bioremediation purposes. In this study, 24 fungi
and 6 bacterial species were identified at species level from polluted sites of urban farming area, rivers, industry effluent, central rift
valley farm soil, and lakes in Ethiopia. Turquoise blue dye is one of largely used reactive dye for most textile industries and selected for
microbial degradation studies. In this work, two potential filamentous fungi were selected for Turquoise blue dye removal ability using
UV-Vis Spectrophotometer absorbance measurement only, these are Pencilium citrinum Thom BCA recorded 90 % dye removal at pH 4
and 30 °C and Penicillum herquei, have shown 87 %, Turquoise reactive blue dye decolorization ability at pH 7, and 30 °C.The highest
fungal mycelial biomass harvested, 1.716 g at 90 % dye removal by Pencilium citrinum Thom BCA. This helps to determine the fungi
biomass large production for inoculants production using different locally available substrate. The study limitation was microbial dye
decolorization research focusing only one type of Azo dye and microbial consortia study was not carried out due to availability high
technology facilities. Therefore, these two fungi are good candidates for Turquoise blue dye removal ability based on UV-Vis spec-
trophotometer absorbance measurements, in mycoremediation applications. I recommend further dye degradant analysis by using
HPLC, FTIR, GCMS are required according to the availability of the technology, as well as toxicity analysis at greenhouse and field
evaluation are needed for bioinoculant formulation on a large scale. Multiple Azodye degradation studies using concertina of microbes
are also required for full scale microbial remediation treatment strategies implementation.
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