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Abstract
Herein, we systematically reported the capability of T. harzianum RY44 for decolorization of Mordant orange-1. The fungi 
strains were isolated from the Universiti Teknologi Malaysia tropical rain forest. For initial screening, the decolorization 
was conducted using 50 strains of the fungi for 20 days incubation time and the best performance was selected. Then, the 
decolorization capability and fungal biomass were evaluated using different dye concentrations, namely, 0, 50, 75 and 
100 ppm. Effects of the carbon sources (fructose, glucose, and galactose), nitrogen sources (ammonium nitrate, ammonium 
sulfate and yeast extract), surfactant (tween 80), aromatic compounds (benzoic acid, catechol and salicylic acid), and pH 
on the decolorization efficiency were examined. This study has found that the employed carbon sources, nitrogen sources, 
and aromatic compounds strongly enhance the decolorization efficiency. In addition, increasing the surfactant volume and 
pH generally decreased the decolorization efficiencies from 19.5 to 9.0% and 81.7 to 60.5%, respectively. In the mechanism 
philosophy, the present work has found that Mordant orange-1 were initially degraded by T. harzianum RY44 to benzoic 
acid and finally transformed into salicylic acid.
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Introduction

Synthetic dyes have been widely used for various industries 
such as pharmaceuticals, cosmetics, foods, leathers, papers, and 
textiles for coloring their final products [1]. The dyes can be 
classified as an hazardous material and their direct discharge 
into the water bodies can damage the environment [2]. Presence 
of the dyes in the water system can diminish photosynthetic 
activities because of their ability to cut light access into the 

deeper layers resulting in lower water quality. In addition, their 
fate also can be toxic to the aquatic biota [3, 4]. Moreover, the 
contamination of the dyes in drinking water at even a concen-
tration of 1.0 mg L−1 is unsafe to be consumed [5]. Therefore, 
there is a growing body of literature that recognizes the impor-
tance of decolorization of the dyes from water [5–12].

Several methods to degrade dyes such as ozonation, pho-
tochemical membrane filtration, and ion exchange have been 
proposed and implemented [5]. The above-mentioned meth-
ods have been proven to have the capability to degrade the 
dyes depending on the employed dye types and procedures. 
However, these methods have several drawbacks such as the 
creation of a large amount of sludge that can continue leaching 
pollutants into the environment. In addition, these methods 
are costly and has the potential to produce hazardous materi-
als [13]. For a comprehensive overview, the advantages and 
disadvantages of the aforementioned methods for decoloriza-
tion of the dyes are summarized in Table 1 [5]. Therefore, to 
improve the decolorization philosophy, the use of microorgan-
isms is recently highly considered because it is environmen-
tally friendly, has a low cost, and the potential to produce less 
sludge compared to the above-mentioned methods [1, 14].
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Various microorganisms such as bacteria [15, 16], yeast 
[17, 18], algae [19], actinomycetes [20], and fungi [12, 21] 
have been used for decolorization of synthetic dyes. Although 
many decolorization methods are possible, most studies on 
the dye decolorization have focused on the bacteria and fungi. 
Bacteria demonstrated to have the capability to degrade the 
dyes because of their high activity, extensive distribution, 
and strong adaptability [22]. An apparent weakness using 
bacteria, however, is that the activity of bacteria is inhibited 
when they are employed for decolorization of products such 
as aromatic amines [23]. Otherwise, fungi were proven to 
degrade the considered complex organic compounds through 
catalysis with the extracellular ligninolytic enzymes such as 
laccase, manganese peroxidase, and lignin peroxidase [24]. 
In addition, an efficient system can be proposed when the 
fungi are employed due to their large surface area and easy 
solid–liquid separation, [25].

Dye decolorization mechanism by fungi can be divided 
into two categories namely the biosorption and biodegrada-
tion [24]. The mechanism of the biosorption which involves 
physio-chemical interactions such as adsorption, deposition, 
and ion exchange is commonly devoted for dead cells. Con-
trary to this, the biodegradation which involves the production 
of lignin-modifying enzymes, laccase, manganese peroxidase, 
and lignin peroxidase is frequently adopted for living cells. The 
relative contributions of the above products for the decoloriza-
tion of the dyes may be diverse according to the fungi types. 
Therefore, evaluation of other new fungal strains to degrade 
the dyes efficiently is an interesting study. Mordant orange-1 is 
a type of azo dyes characterized by the presence of at least one 
azo bond (–N=N–) bearing aromatic rings and has high photo-
lytic stability and resistance towards major oxidizing agents to 
avoid degradation of dyes [26]. It is widely used for coloring 
many industrial materials such as textiles, leathers, plastics, 
foods, and pharmaceuticals. By these facts, it is also potentially 
possible that the dye can be hugely released to the environment 

through the water effluent from the washing machine. There-
fore, the presence of the dye in the water environment becomes 
a serious problem, since it is also reported to be toxic to aquatic 
biota and the human health by contaminating the water. More-
over, it was also reported to cause inflammation when in con-
tact with human skin. Therefore, a reliable approach to remove 
this dye particularly from water is crucially needed.

Considering the aforementioned research necessity, the aim 
of the present work is to investigate the capability of newly 
isolated strain T. harzianum RY44 for decolorization of Mor-
dant orange-1. This work is highly beneficial to investigate and 
clarify another possible mechanism of the fungi for decolori-
zation of this dye efficiently. In addition, the effects of carbon, 
nitrogen, surfactants, aromatic compounds, and pH on the 
decolorization capability and fugal biomass are also evalu-
ated. Previously, decolorization of Mordant orange-1 has been 
investigated using two different bacteria namely Halobacil-
lus Trueperi MO-22 and Marinobacter algicola MO-17 [27, 
28]. The use of fungi in this work is due to their excretion of 
extracellular enzymes that are proven to degrade, though pos-
sibly not completely, structures that are difficult for bacteria to 
handle [29]. In addition, most of the fungi are robust organ-
isms that are more tolerant to high concentrations of pollutants 
compared to bacteria. Although the use of white rot fungi to 
degrade some dyes is also possible, the present work provides 
an alternative approach by employing the filamentous fungi 
that may have a different mechanism compared to the white rot 
fungi. Therefore, the findings of this study provide a framework 
using the presently employed fungi for future dye degradation 
development.

Table 1  Advantages and 
disadvantages of the existing 
methods for dye removal

Physical/chemical methods Advantages Disadvantages

Fenton’s reagent Effective decolourisation Sludge generation
Ozonation No change in effluent volume Short half-life (20 min)
Photochemical No sludge generation Formation of byproducts
NaOCl Initiate azo-bond cleavage Release of aromatic amines
Cucurbituril Good sorption capacity for dyes High cost
Electrochemical Non-hazardous end products High cost of electricity
Activated carbon Highly effective for various dyes Very expensive
Peat Good adsorbent Surface area is low
Silica gel Effective for basic dyes Side reactions in effluent
Membrane filtration Removes all dyes Concentrated sludge production
Ion exchange No adsorbent loss Not effective for all dyes
Irradiation Effective oxidation at lab scale Requires a lot of dissolved  O2

Electrokinetic coagulation Economically feasible High sludge production
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Materials and methods

Materials

In the present work, an azo dye, Mordant orange-1 was pur-
chased from Sigma Aldrich (St. Louis, USA). The proper-
ties of the dye are presented in Table 2. In addition, fructose, 
galactose, glucose, malt extract agar, and other chemicals 
were obtained from Merck (Darmstadt, Germany).

Microorganism and culture condition

The cultivation, screening, and decolorization in solid 
medium experiment were conducted in a petri dish (90-
mm in the diameter) with 20 mL agar medium contain-
ing (g L−1): glucose (20), malt extract agar (20), chlo-
ramphenicol (anti bacteria) (0.04), and ammonium nitrate 
(10). All medium and equipments employed in this study 
was previously sterilized using autoclave at a temperature 
of 120 °C for 25 min. In the preparation, each plate was 
first inoculated with one fungus having a size of 3 mm in 
diameter and about 1 g of weight followed by incubation 
for 20 days. The decolorization by the potential fungus 
was examined at a Mordant orange-1 concentration of 
50 ppm. The growth and zone of color changes were meas-
ured daily. For this initial screening, the decolorization 
of Mordant orange-1 was conducted in the solid medium 
using 50 strains of the potential fungi. This examination 
was performed in duplicate for each culture.

Identification and characterization of fungi

Identification was conducted on the petri dishes containing 
the potato dextrose agar (PDA) and malt extract agar (MEA). 
The basis of 18S ribosomal RNA (rRNA) variation was 
employed to identify RY 44 strain. Extracted DNA genome 
was amplified using the universal primers which are NSI 
and NS8. Polymerase chain reaction (PCR) was conducted 
according to the previous procedure [11]. Amplification 
products were cloned into pGEM-T Easy (Promega). Fur-
thermore, the results were sent to 1st BASE Laboratory Sdn. 
Bhd for sequencing. The DNA sequence was then read and 
edited using BioEdit and compared with other 18S rRNA 
gene sequences obtained from the National Center for Bio-
technology Information (NCBI) GenBank database.

Table 2  Properties of Mordant 
orange-1

Parameter Value

C.I name Alizarin yellow R
Commercial name Mordant orange-1
Functional group Azo
CAS number 2243-76-7
C.I Number 14,030
Mol. mass (g/mol) 287.23
Mol. formula O2NC6H4N = NC6H3–2–(OH)CO2H
Chemical formula

O2N OH

OH

O

N N

Lambda max (λ max) 385 nm
Purity (%) 70
Solubility 200 g/L in water at 80 °C
Manufacturer SIGMA–Aldrich
pH of the stock solution 5.5

Table 3  Parameters used in this work

Parameter Type

Carbon sources Fructose
Galactose
Glucose

Nitrogen sources Ammonium nitrate
Ammonium sulfate
Yeast extract

Surfactant Tween 80
Aromatic compounds Benzoic acid

Catechol
Salicylic acid

pH 3–6
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Biomass determination

Fungal biomass was determined by filtering 20 mL culture 
broth through Whatman no. 1 filter paper. It was then dried 
at a temperature of 105 °C and kept in desiccators until con-
stant weight was achieved. Therefore, the fungal biomass 
was expressed in grams per liter.

Decolorization by the fungi RY44 on liquid medium

Decolorization of Mordant orange-1 was carried out using a 
100-ml Erlenmeyer flask. The flask contains 20 mL nutrient 
media and dyestuff. Next, 3-mm plug (about 1 g) cut from 
the pure fungal culture was added into the flask. For compar-
ison purpose, a flask without fungi was prepared as a control 
case. This study was carried out using different dye concen-
trations ranging from 50 to 100 ppm. Then, the effects of 
other parameters such as carbon sources, nitrogen sources, 
surfactant, aromatic compounds, and pH on the decoloriza-
tion performance were examined as listed in Table 3. Spe-
cifically, the effects of surfactant and pH were examined 
using different mixtures varying from 0.1 to 1.5 mL and 3 
to 6, respectively. In this investigation, the decolorization 
was performed for 15–30 days at room temperature and at 
agitation speed of 120 rpm.

Then, the mixtures were sampled periodically, centri-
fuged at 4000×g for 20 min at a temperature of 15 °C. The 
supernatant was used to determine the rate of decolorization 
spectrophotometrically by measuring its absorbance in the 
UV–Vis Spectrometer DR 5000. The percentage of decolori-
zation was calculated using the following formula:

where D is the decolorization, Co is the absorbance of the 
dye as the initial experiment and C is the absorbance of the 
dye after decolorization.

Inspection of metabolites

The biodegradation products of Mordant orange-1 were 
inspected using samples of cell culture collected during and 
after decolorization. For GC-MS analysis, extract cultures 
were previously prepared by condensing using rotary evap-
orator and passed through a column. The GC-MS system 
(Agilent 5975E FID GC-MS) equipped with DB-1 capillary 
column was employed for this inspection. It was operated 
at an injector temperature of 260 °C with an oven tempera-
ture of 80 °C for 1 min, increased up to 160 °C with 18 °C 
 min−1, raised up to 320 °C with 20 °C  min−1, and then held 
at 320 °C for 15 min. In addition, it was then operated in full 
scan of m/z 50–500.

(1)D (% ) =

(

1 −
C

C
o

)

× 100%

Characterization

For FTIR observation, residue obtained after evaporation 
of solvent extract was mixed with the potassium bromide 
with a ratio of 1:100 to produce the specimen in a pellet 
form. The pellet was prepared by the hydraulic pressing 
(Specac model) at 10 tons in a pressure. The FTIR spec-
trometer (PerkinElmer Frontier-GPOB model) equipped 
with the PerkinElmer Spectrum software was employed for 
this characterization. It used the OptKBr (7800–400 cm−1) 
as a beam splitter and MIR TGS (15,000–370 cm−1) as a 
detector. Then, the characterization was carried out using 
a spectrum wavelength in the range of 650–4000 cm−1 at a 
resolution of 4 cm−1 and accumulation of 10 scans. In addi-
tion, surface morphology was characterized by means of 
the field emission scanning electron microscopy (FESEM 
ZEISS Supra 35VP). For this investigation, the samples were 
collected before and after decolorization.

Results and discussion

Screening the decolorization capability of fungi 
on solid medium

Table 4 provides the summary of certain fungal strains 
employed in this study for decolorization of the dye. It was 
apparent from the table that certain strains showed a good 
ability for dye colorization. From 9 to 14 days incubation, 
this study found that there were 16 strains that revealed very 
fast decolorization of Mordant orange-1. Specifically, this 

Table 4  Screening of fungi 
having the ability to decolorize 
Mordant orange-1 in solid 
medium

No. Decol-
orization 
(%)

Growth (%)

Ry 06 69.22 81.48
Ry 12 37.03 98.14
Ry 25 49.52 100
Ry 26 33.70 70.37
Ry 27 46.66 100
Ry 28 57.77 100
Ry 29 41.48 100
Ry 32 57.40 100
Ry 34 45.18 100
Ry 35 59.62 100
Ry 36 77.77 100
Ry 40 78 100
Ry 41 56 54
Ry 42 76 81.78
Ry 43 23 58
Ry 44 79 80
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study found only five strains namely fungi RY 06, 36, 40, 
42 and 44 having colorization capability more than 60%.

Therefore, this study considered fungi RY44 for decolor-
izing Mordant orange-1 for further investigation due to their 
performance. This work observed that fungi RY 44 decolor-
ized Mordant orange-1 from its color to very light yellow 
white. In this inspection showed by the mycelia growth and 
decolorization rate, a good advantage of the screening using 
solid medium is that the data can be measured and moni-
tored daily by visual without the requirement for compli-
cated instruments. In addition, the solid medium commonly 
contains carbon and nitrogen, so that it also supports the dye 
decolorization.

Characteristic and identification of fungi RY44

RY44 fungus considered in this work was isolated from the 
tropical rain forest. Description of the fungi are branched 
and hyaline. Their flask-shaped projection is phialide. The 
conidia are generally green, smooth or roughened, ranging 
in shape from globose to ellipsoidal and produced in slimy 
heads. They can be fruiting in row and tiers on fallen hard-
wood trunks and are very common in the soil. The colony 

is originally hyaline darkening to white with green tufts in 
most species. Texture of the colony is wooly. Based on the 
macroscopic morphological characteristic and the phylo-
genetic position, RY44 is classified as T. harzianum (see 
Fig. 1).

Decolorization in liquid medium

Decolorization of Mordant orange-1 by T. harzianum 
RY44 was examined for different dye concentrations 
namely 0, 50, 75 and 100 ppm. The effect of dye concen-
tration on percentage of the decolorization and fungal bio-
mass is shown in Fig. 2. This study revealed that for all the 
different concentrations, the decolorization and fungal bio-
mass increased with the rise of incubation time from 15 to 
30 days. That increasing is due to the increase in cell wall 
mass when the culture age was increased [30]. Maximum 
decolorization obtained in this work was 83%, achieved 
when T. harzianum RY44 were applied for 50 ppm of the Fig. 1  Phylogenetic tree of T. harzianum sp. RY44

Fig. 2  a Decolorization and b fungal biomass for different dye con-
centrations of 0, 50, 75 and 100 mg L−1



626 Bioprocess and Biosystems Engineering (2018) 41:621–632

1 3

dye concentration. In general, increasing the dye concen-
tration ranging from 50 to 100 revealed to decrease the 
decolorization capability from 83 to 53%.

In addition, this study also confirmed that the fun-
gal biomass decreased from 1287 mg L−1 in the control 
(0 ppm) to 934, 885, and 754 mg L−1 for the dye concen-
tration of 50, 75 and 100 ppm, respectively. These results 
are in line with the previous study by Yang and McGarra-
han [31] who also found that the decolorization efficiency 
of C.I. Reactive Black 5 by Debaryomyces polymorphus 
decreased from 100 to 80% when the dye concentration 
was increased from 200 mg L−1 to 400 mg L−1. By esti-
mating the biomass of fungal obtained from different dye 
concentrations, the results from this study can be used to 
evaluate the effect of dye toxicity on the fungal growth. 
Moreover, this study revealed that T. harzianum RY44 has 
the potential to survive and produce maximum biomass in 
highly toxic environmental conditions.

Effect of carbon sources

To investigate the effect of carbon sources on the decolori-
zation of Mordant orange-1 by T. harzianum RY44, several 
carbon sources such as fructose, galactose, and glucose were 
added to the culture liquid medium. Figure 3 shows the effect 
of these carbon sources on the decolorization and fungal 
biomass obtained for 15 and 30 d incubation. T. harzianum 
RY44 decolorized 58, 68.2 and 67.4% of Mordant orange-1 
with fungal biomass of 1530, 1310, and 2430 mg L−1 using 
fructose, galactose, and glucose for 15 days, respectively. In 
addition, for 30 days incubation, T. harzianum RY44 decol-
orized 71.9, 75.6, and 83.6% of Mordant orange-1 with fun-
gal biomass of 2735, 1985, and 2875 mg L−1 when fructose, 
galactose, and glucose were employed, respectively.

Obviously, this study found that the highest percentage 
of decolorization was achieved by additional glucose for 
15 and 30 days. In addition, the addition of glucose in the 
liquid medium also improved the fungal biomass. These 

Fig. 3  Effect of carbon sources on the a decolorization and b fungal 
biomass

Fig. 4  Effect of nitrogen sources on the a decolorization and b fungal 
biomass
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results are in agreement with the previous study conducted 
by Stajić et al. [32] and Hadibarata et al. [33]. Their study 
found that increasing the incubation time and addition of 
carbon sources gave a high enzyme production and decol-
orization rate. This is related to the fact that the decoloriza-
tion is mainly due to the extracellular enzyme activity [34]. 
Moreover, the enzyme formation can also be induced by 
various carbohydrates and their derivatives, including lac-
tose, sophorose, xylobiose, d-xylose, and l-sorbose [35, 36]. 
Alternatively, another related study reported that the pro-
duction of the main enzymes filamentous fungi related to 
degradation of lignocellulosic biomass is transcriptionally 
regulated and carbon source dependent [37].

Effect of nitrogen sources

The effects of nitrogen sources such as ammonium nitrate, 
ammonium sulfate, and yeast extract on the decolorization 
and fungal biomass are shown in Fig. 4. For 15 days incu-
bation time, this study found that T. harzianum RY44 has 
capability to decolorize 75.0, 59.3, and 67.3% of the dye 
with fungal biomass of 5303, 2430, and 2430 mg L−1 using 
additional yeast extract, ammonium sulfate, and ammonium 
nitrate, respectively. Then, 98.0, 66.9 and 83.9% decolori-
zations of Mordant orange-1 with fungal biomass of 6705, 
2960, and 2875 mg L−1 were achieved by the addition of the 
yeast extract, ammonium sulfate, and ammonium nitrate for 
30 days, respectively.

In general, the present work found that the highest per-
centage of the decolorization was obtained when yeast 
extract was employed. The results clearly indicate that 
decolorization of Mordant orange-1 by T. harzianum RY44 
is greatly affected by the addition of the nitrogen sources. 
These findings are consistent with those of Carliell et al. [38] 
who observed that the metabolism of yeast extract is highly 
beneficial to the regeneration of NADH that acts as the elec-
tron donor for the reduction of azo bonds. Also, the avail-
ability of nutrients, including a sufficient nitrogen source, 
is an important factor for the growth and development of 
many fungal species.

Effect of surfactant

Surfactant is also considered to affect the decolorization and 
fungal biomass. For this purpose, its effect on the Mordant 
orange-1 decolorization was examined by applying Tween 
80 at different volumes such as 0.1, 0.5, 1.0, and 1.5 ml. 
The use of this surfactant is due to their internal property 
to enhance the decolorization performance compared to 
another surfactant type such as Tween 20 [33]. Figure 5 
shows the effects of the surfactant on the decolorization and 
mass of fungal biomass. The present work found that the 
percentage of decolorization of Mordant orange-1 at 0.1, 

0.5, 1.0, and 1.5 ml of Tween 80 are 17.5, 8.9, 6.6, and 4.1% 
with fungal biomass of 2365, 3535, 5320, and 5950 mg L−1 
for 15 days, respectively. For 30 days incubation time, their 
colorizations become 19.5, 11.3, 10.2 and 9.0% with bio-
mass 3515, 3930, 5650, and 7335 mg L−1, for different vol-
umes of 0.1, 0.5, 1.0, and 1.5 mL, respectively. In general, 
this study exhibited that the presence of the surfactant in 
the liquid medium can decolorize below 20%. However, the 
mass of fungal biomass was increased for all considered vol-
umes of surfactant. The presence of surfactant might affect 
the growth of fungi during chemical reaction. Furthermore, 
these results confirmed that the addition of the surfactant 
was not effective for decolorization of Mordant orange-1.

Effect of aromatic compounds

A previous study found that the presence of aromatic com-
pounds such as benzoic acid, gallic acid, or tannic acid 
affected the growth and laccase production of fungi [39]. 

Fig. 5  Effect of surfactant on the a decolorization and b fungal bio-
mass
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Therefore, this study considers three aromatic compounds, 
namely, benzoic acid, catechol, and salicylic acid to evalu-
ate their effects on the dye decolorization. The effect of 
different aromatic compounds on Mordant orange-1 decol-
orization is shown in Fig. 6. For 15 days incubation by 
addition of benzoic acid, catechol, and salicylic acid, this 
study found that the percentages of the decolorization 
were 72.6, 56.53, and 78.3% with fungal biomass 660, 
550, and 685 mg L−1, respectively. The best performance 
was obtained when the benzoic acid was employed by 
achieving 89.9% decolorization and fungal biomass of 
1870 mg L−1 for 30 days incubation. There was a relation-
ship between aromatic compounds and laccase production 
[40]. The basis of the laccase-mediator concept is the use 
of low molecular weight phenolic compounds oxidized by 
the enzyme to stabilize radicals, act as redox mediators, 
and oxidize other compounds [41].

Effect of pH

pH is one of the important parameters affecting the decol-
orization. Figure 7 shows the effect of pH on the decolori-
zation and fungal biomass. It is apparent from this study 
that high decolorization was observed in acidic pH values. 
Specifically, this study found that about 73.8, 59.5, 63.4 and 
49.2% with biomass of 1850, 1595, 1145 and 875 mg L−1 
for 15 days incubation time were obtained when pH of the 
mixture was set to be 3, 4, 5, and 6, respectively. For 30 days 
incubation, pH at 3, 4, 5 and 6 were able to decolorize about 
81.7, 65.6, 65.2 and 60.5% with biomass of 2055, 1965, 
1375, and 1100 mg L−1, respectively. In general, T. harzi-
anum RY44 showed remarkable ability for decolorization of 
Mordant orange-1 at pH 3 and achieved for 15 and 30 days 
incubation time. In addition, results from this study revealed 
that T. harzianum RY44 can survive in extremely acidic 
environments. The high decolorization observed at acidic 
pH values can be attributed to the interaction of negatively 

Fig. 6  Effect of aromatic compounds on the a decolorization and b 
fungal biomass

Fig. 7  Effect of pH on the a decolorization and b fungal biomass
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charged dye molecules and positively charged binding sites 
on the decolorization surface [42].

Surface morphology

Figure 8a shows the morphological structure of T. harzi-
anum RY44 before decolorization of Mordant orange-1. It 
is apparent from this figure that T. harzianum RY44 has a 
perforated surface structure and rough surface in nature. 
For comparison purpose, Fig. 8b demonstrates the surface 
morphology of these fungi after decolorization. Obviously, 
there are significant changes of the surface morphology 
in terms of their structure and roughness. After decolori-
zation, their surface morphology becomes smoother and 
has an unperforated structure. This is because Mordant 
orange-1 was adsorbed by surface of the fungi and then it 
filled their pores.

FTIR characteristics

FTIR spectrum of Mordant orange-1 compared with 
degraded product is depicted in Fig. 9a, b. In case of con-
trol dye Mordant orange-1, several prominent peaks were 
observed around 665 to 860 cm−1 due to =C–H stretching. 
For a comparison purpose, noticeable change in these peaks 
has been defined for the FTIR spectrum of degraded prod-
uct, which are less intensify or disappear in the region. In 
addition, azo-bond vibration (N=N) identified at a peak of 
1528 cm−1 for control dye shifts to 1520 cm−1 and becomes 
less intense after decolorization. In addition, prominent 
peaks observed at regions of 1172–1464 cm−1 due to C–O, 
N–O, and –N=N–, respectively, also become less intense 
or disappear after decolorization. Moreover, several peaks 
at 1033, 2939, and 3707 cm−1 attributed to C–O, C–H, and 
O–H stretching, respectively, exhibit more intensity com-
pared to the control dye. Considerable difference between 
the FTIR spectra of the control dye and degraded product 
obtained after decolorization by T. harzianum RY44 con-
firmed the biodegradation of Mordant orange-1. These 
results are also confirmed by the previous studies such as 
decolorization of congo red dye by Alternaria alternata 
CMERI F6 [43].

Proposed pathway for decolorization mechanisms

The decolorization of Mordant orange-1 was previously 
investigated using Marinobacter algicola MO-17 [28]. 
Their study found that 76–78% of the dye can be removed 
by employing the bacteria type. Since fungi have been 
well-known to have a better performance compared to 
bacteria, this study then considers the use of T. harzianum 
RY44, which also has different decolorization mechanisms 
compared to the use of bacteria. Therefore, GC-MS was 
employed for identification of the presence of these inter-
mediates and the final transformation products of Mordant 
orange-1 after decoloration using T. harzianum RY44. 
Table 5 summarizes mass spectra analysis of the principal 
metabolites of Mordant orange-1 biodegradation. It is obvi-
ously from Table 5 that GC-MS chromatograms of samples 
from Mordant orange-1 biodegradation exhibits metabolite 
I with the molecular ion  (M+) at m/z 194 and the substantial 
fragment ions at m/z 179, 121, 105, and 77. These charac-
teristics can be correlated to the sequential losses of  CH3, 
 (CH3)3Si, OSi  (CH3)3, and COOSi  (CH3)3, respectively. The 
aforementioned mass spectral characteristics can be catego-
rized as benzoic acid confirmed by a standard sample and 
database in the library of GC–MS. In addition, metabolite II 
had major spectrum at m/z 282 and the significant fragment 
ions at m/z 267, 209, and 193 attributed to the sequential 
losses of  CH3,  (CH3)3Si, and OSi  (CH3)3, respectively. By 
comparing to the authentic compound, these characteristics 

Fig. 8  Morphological structure of T. harzianum sp. RY44 a before 
and b after decolorization
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can be related to salicylic acid confirmed by a standard sam-
ple and database in the library of GC–MS. These results 
indicated that enzymes secreted from T. harzianum RY44 
have the capability to degrade Mordant orange-1 into ben-
zoic acid and finally transformed into salicylic acid. Further-
more, a pathway of Mordant orange-1 biodegradation by T. 

harzianum RY44 was proposed in Fig. 10. In general, this 
study has confirmed that T. harzianum RY44 can be used for 
decolorization of Mordant orange-1.

Fig. 9  FTIR spectrum of a Mordant orange-1 compared with b degraded product

Table 5  Mass spectra analysis of the principal metabolites detected during the degradation of Mordant orange-1 by T. harzianum sp. RY44

Metabolites m/z of fragment ions (% relative abudance) Possible structures

I 194 (8,  M+-15), 179 (100), 105 (96), 77 (71), 135 (52), 51 (20), 180 (14), 73 (8), 121 (1) Benzoic acid-
TMS derivatives 
(confirmed with a 
standard)

II 282  (M+-15), 73 (100) 45 (29), 135 (16), 267 (16), 43 (15), 91 (10), 149 (6), 209 (4), 193 (3), 120 
(3), 105 (2) 179 (2), 39 (1)

Salicylic acid-
TMS derivatives 
(confirmed with a 
standard)
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Conclusions

This study aims to investigate capability of T. harzianum 
RY44 to decolorize Mordant orange-1. It was found that 
the carbon sources, nitrogen sources, aromatic com-
pounds, and pH greatly affected the decolorization and 

fungal biomass. On the contrary, the presence of surfactant 
did not significantly affect the decolorization of Mor-
dant orange-1 using T. harzianum RY44. The maximum 
decolorization and fungal biomass can be achieved when 
the glucose, yeast extract, benzoic acid, and pH 3 were 
applied. In the decolorization mechanism, it is approved 
that Mordant orange-1 was degraded by T. harzianum 
RY44 to become benzoic acid and it was finally trans-
formed into salicylic acid. In general, the present work 
successfully approved that T. harzianum RY44 was capa-
ble for decolorization of Mordant orange-1 depending 
on the environmental condition. This research provides 
a framework on the exploration of T. harzianum RY44 
as a dye decolorization agent for future water treatment 
applications.
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