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Abstract 
 
Nitrofurans (NFs) such as furaltadone (FTD), furazolidone (FZD) and nitrofurazone (NFZ) have been used as antibacterials and growth 
promoters for the poultry and aquaculture industry. These antibiotics have now been banned from use due to their carcinogenic 
properties; therefore there is an urgent need to remove or degrade NFs from contaminated areas. Aspergillus tamarii isolate TN-7 
isolated from antibiotic overexposed soil shows an ability to degrade the NFs antibiotics. After 5 days of incubating of Aspergillus 
tamarii isolate TN-7 with 500 µg/mL NF, the residual of the NF concentration was determined by High-Performance Liquid 
Chromatography-diode array detector (HPLC-DAD). Solid phase extraction was performed to clean-up the fermentation broth prior to 

HPLC-DAD analysis.  Antimicrobial of the NFs residues showed a decreased in the percentage of inhibition that FTD, FZD and NFZ 
were reduced to to 85.71 %, 75.86 % and 70.97 % after 96 hours of incubation. Quantification using HPLC-DAD showed, after 96 hours 
of incubation, Aspergillus tamarii isolate TN-7 reduced furaltadone, furazolidone and nitrofurazone to 86.73 %, 37.49 % and 29.17 % 
respectively. This finding shows that Aspergillus tamarii isolate TN-7 has the potential to be used as a bioremediation tool in removing 
NF antibiotics from the contaminated areas.    
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1. Introduction 

This Nitrofurans (NFs) such as furaltadone (FTD), furazolidone 
(FZD) and nitrofurazone (NFZ) are widely used in veterinary 
drugs for poultry and aquaculture. NFs are also used to treat 
disease related to gastrointestinal tract and common disease by 
bacteria and protozoa by inhibiting microbial enzymes that in-

volved in carbohydrate metabolism [1]. NFs have since been 
banned and prohibited from usage in poultry or livestock 
production. The U.S. Food Drug and Administration (FDA) ban 
imports that have NF residues in them. The European Union (EU) 
have banned the usage of NFs in livestock production since 1995 
because of their carcinogenic and toxic effects on humans [2]. NF 
parent drugs are unstable and are rapidly metabolized to their 
metabolites (NFMs), FTD (AMOZ; 3-amino-5-morpholino-
methyl-2-oxazolidinone), FZD (AOZ; 3-amino-2-oxazolidinone) 

and NFZ (SEM; semicarbazide). These NFMs maintain their 
stability when bound to tissue or protein which can cause toxic 
and carcinogenic effects. NFs administered on the poultry will be 
excreted through faeces or urine of the chickens. These will enter 
or will be introduced to soil  
environment and cause soil contamination. According to Yu et al., 
[3], administration of NF in aquaculture will also cause the fish to 
excrete the NFs or NFMs that then will enter the aquatic 

environment and cause antibiotic contamination. Agriculture of 

contaminated soil and aquatic environments exposed to these 
antibiotics will then take up the NFs and NFMs, which will then 
be transferred deleterious effects to humans. Continuous 
deposition of antibiotics into the environment can increase the 
resistance of bacteria towards these antibiotics. Thus, there is an 

urgent need to degrade these antibiotics that have been deposited 
into the environment. Aspergillus sp. is a species of fungus that 
can be commonly found in soil [4] that showed  great potential in 
degrading pollutant. Aspergillus tamarii were reported to have the 
ability to degrade endosulfan sulfate [5] and dyes [6]. The aim of 
this study is to determine the ability of the Aspergillus tamarii 
isolate TN-7 to degrade nitrofuran antibiotics.  

 

2. Experimental 

 
2.1 Reagents and chemicals 
 
Analytical grade ethyl acetate (EtOAc > 99.95 %), was purchased 
from Bendosen, HPLC grade methanol (MeOH > 99.90 %) from 
Systerm, water HPLC grade was purchased from Amresco, and 
acetonitrile (ACN > 99.90 %) was purchased from Merck. 
Nitrofurans antibiotics, furaltadone (C13H16N4O6), furazolidone 

(C8H7N3O5) and nitrofurazone (C6H6N4O4) were purchased from 
Sigma-Aldrich.  
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2.2 Materials 
 
The SPE clean-up column, HyperSep C18 SPE column, 3 mL 
with 500 mg bed weight was purchased from, Thermo Fisher Sci-
entific. The analysis was made using Agilent Technologies 1200 
series, with reverse phase C18 Agilent analysis column (ZOR-
BAX SB-C18, 5 µM, 4.6 x 250 mm) and the mobile phase consist-
ing of water and acetonitrile with detection at 365 nm. The 
ChemStation for LC 3D (Rev. A. 10.02) software was used to 
control the equipment and analyze the output data. 

 

2.3 Standard solution preparation  
 
FTD, FZD and NFZ stock standard solutions were prepared at a 
concentration of 1000 ppm using acetonitrile. The stocks were 
covered with aluminium foil and kept at 4 °C for a maximum of a 
1 month. Working standards were prepared freshly prior to analy-
sis.  

 

2.4 Soil sample collection 

 
The soil sample was collected at a soil plot where veterinary anti-
biotics have been used extensively from Ayu Farm, Meru, Klang 

with a GPS coordinate of N3.093219 E101.40269. A weight of 
500 g of soil was collected from a depth of 15 cm. Soil samples 
collected and preserved in sterile plastic bags and before being 
stored in an icebox to maintain the soil’s natural properties. The 
soil was then taken to the laboratory and stored at 4 °C. 
 

2.5 Identification of isolated soil fungi 

 
2.5.1 Morphological and molecular identification 

 
The isolated soil fungi were identified using morphological and 
molecular characterization. Morphological characteristics are 

based on microscopic and macroscopic observations. For micro-
scopic observation, fungi were stained with methylene blue solu-
tion and viewed using 1000X magnification under a light micro-
scope to observe for fungi features such as hyphae and conidia. 
Macroscopic characterization with the naked eyes was performed, 
to characterize based on colony growth including length and 
growth, presence or absence of mycelium, pigment production, 
colour and wrinkle furrow [8]. 

 

2.5.2 Molecular identification 
 
DNA was extracted using DNA extraction kit, innuPREP Plant 
DNA kit from Analytic Jena (Germany) as per the manufacturer’s 
instructions. The DNA extracted was amplified using 0.2 µM  ITS 
1  (5’-TTC GTA GGT GAA CCT GCG G-3’) forward primer and 
0.2 µM ITS 4 (5’-TCC TCC GCT TAT TGA TAT GC-3’) reverse 

primer [7]. PCR master mix was prepared using Top Taq DNA 
polymerase by QIAGEN which contained 10x TopTaq PCR buffer, 
Coralload concentrate, Q-solution, dNTP mix and TopTaq DNA 
polymerase. PCR conditions were initial denaturation (94 °C for 3 
minutes), 30 cycles of denaturation (94 °C for 30 seconds), an-
nealing (61.4 °C, 30 seconds), extension (72 °C, 1 minute) and 
final extension (72 °C, 5 minutes). 
 

2.6 Biotransformation assay 
 

Fermentation was performed according to Dong et al., [8] with 
some modifications using a Potato Dextrose Broth (PDB). The 
broth was divided equally (100 mL) into 4 different 250 mL Er-
lenmeyer flasks. A mycelia agar plug, 2 mm in size was inoculat-
ed into each culture bottle accordingly. PDB with culture only and 
PDB with nitrofurans only were used as controls. All culture bot-
tles were incubated and then agitated at a fixed 120 rpm at 25 °C 

log phase was reacted. All experiments were carried out in tripli-
cates. 
After the fungus growth has reached the respected exponential 
phase, 10 mL volume of nitrofuran antibiotics, furaltadone, 
furazolidone and nitrofurazone was added into the culture flask to 
give a final concentration of 500 µg/mL. The flasks were then 
incubated for another 96 hours at 120 rpm and 25 °C. Every 24 
hours, 6 mL of the medium is withdrawn as biotransformation 

products and the pH of fermentation broth recorded. All the bio-
transformation products were stored at 4 °C prior to extraction of 
the nitrofuran antibiotic residual. 
 

2.7 Liquid-liquid extraction (LLE) 
 
Every 24 hours of incubation, the biotransformation products are 
subjected to liquid-liquid extraction. This extraction technique was 
done according to Haller et al., [9] and was carried out in a sepa-
rating funnel. All samples were mixed with an extraction solvent, 

ethyl acetate (EtOAc). A volume of 25 mL of EtOAc and 25 mL 
of distilled water were added into the separating funnel together 
with 6 mL of the biotransformation products. Extraction of the 
nitrofuran antibiotic residual was carried out by shaking the sam-
ple with EtOAc and distilled water for two minutes with periodic 
venting out of the air. The phase separation process was then al-
lowed to take place. After 10 to 15 minutes, the lower organic 
layer was put through the same process twice by adding the same 

volume of EtOAc from the first extraction earlier for each process. 
All extractions collected were combined and concentrated using a 
rotary evaporator. 500 µL of DMSO was used to mix the concen-
trated nitrofuran residual and then stored in a microcentrifuge tube 
at 4 °C.  
 

2.8 Clean-up of antibiotics residual 
 
Solid-phase extraction (SPE) was done according to Jewell et al., 
[10]. A volume of 3 mL methanol and 3 mL water (HPLC grade) 

were used to condition the SPE column. A volume of 4 mL of the 
sample was added to the column cartridges. The samples were 
washed using 4 mL of HPLC grade water and then eluted with 4 
mL methanol. Samples (volume of 1 ml) were fractionally eluted 
for each tube. This is to ensure that dimethylsulfoxide (DMSO) 
and other contaminants were eluted and did not combine with the 
antibiotic compounds. Then the second tube and third tube of the 
eluted compound were optimized such that they showed the high-

est amount of nitrofuran antibiotics when injected into the HPLC-
DAD system. The second and third tube of the eluted compound 
were combined and used for the HPLC-DAD analysis. The eluted 
compound was then diluted with acetonitrile at a 1:10 dilution and 
filtered using a 0.45 µM syringe filter before being injected into 
the HPLC-DAD system 
 

2.9 Antimicrobial assay of nitrofuran residues 
 
The antimicrobial activity of the nitrofuran residual was screened 

against Escherichia coli ATCC 25922, Staphylococcus aureus 
ATCC 25923, Salmonella typhi ATCC 14028 and Streptococcus 
pyogene ATCC 19615 in triplicates. These bacteria were selected 
because they are normally susceptible to nitrofuran antibiotics. 
The antimicrobial assay of the selected bacteria was carried out by 
using well diffusion techniques [11] with some modifications [12]. 
Overnight cultures were prepared in a Mueller-Hinton broth and 
diluted to 108 CFU ml-1, which corresponds to 0.5 McFarland 

standards. Sterile cotton swabs were used to spread the culture 
over the surface of the Mueller Hinton agar plates in triplicates 
and allowed to dry. Five wells were made on agar plates using a 
sterile cork borer. One well was reserved for sterile DMSO as the 
negative control. Another well was reserved for a clindamycin 
antibiotic with a concentration of 40 µg/mL as the positive control 
and one well for the abiotic control. The zones of inhibition pro-
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duced by each well were measured in three directions around the 
well and the mean diameter was recorded.  
 

2.10 Quantification of nitrofuran residual by HPLC-

DAD 
 
The HPLC-DAD analysis was performed according to Wang and 
Zhang [13] which suggested that HPLC grade water and acetoni-
trile were the best mobile phase for the analysis of nitrofuran anti-
biotics. For this study, the mobile phase A consist of water and the 
mobile phase B is acetonitrile. The isocratic mobile phases A and 

B were combined at a ratio of 40 % and 60 %, respectively, for 
furaltadone, A flow rate of 1.0 ml/min was maintained and 10 µL 
of furaltadone residues injected into the system. For furazolidone 
and nitrofurazone, mobile phases A and B were combined with a 
ratio of 50 % and 50 %, respectively, at a flow rate of 1.2 ml/min 
and 20 µL of compounds injected into the system. The HPLC-
DAD analysis was carried out at 365 nm detection. 

 

3. Results and discussion 

 
3.1 Morphological and molecular identification of  

Aspergillus tamarii isolate TN-7  

 
Aspergillus tamarii isolate TN-7 is a yellow to green coloured 
colony. It was observed to be in circular and powdery form. The 
colonies diameter was 8.4 cm after four days of incubation. No 
colour change was observed after 14 days of incubation. Micro-
scopic showed long conidiophores, vesicle attached to phialides 
and the end of it was conidiospores. DNA sequence of the Asper-
gillus tamarii isolate TN-7 was analyzed using BLAST (NCBI) 
and the percentage identity to known fungal sequences in the 

GeneBank database (NCBI) was 99 % identity and accession 
number of KX610719.1. 

 
Fig. 1: Aspergillus tamarii isolate TN-7. A) Macroscopic view after 4 days 

of incubation. B) Microscopic view after 3 days of incubation at 1000X 

magnification. 

 

3.2 Antimicrobial assay of nitrofuran residual 
 
Percentage of inhibition was calculated by the diameter of the 
nitrofurans residues inhibition zone over the diameter of the abiot-
ic control inhibition zone. The diameter of abiotic control served 

as a control, where no degradation of nitrofurans antibiotic oc-
curred. Fig. 2 shows the antimicrobial activity of nitrofurans resi-
dues with selected bacteria.  

 

 
Fig. 2: Antimicrobial of nitrofurans residues. A. Furaltadone residues; B. 

Furazolidone residues and C. Nitrofurazone residues. The error bars repre-

sent standard error of the mean and run in triplicates with significantly 

reduced the antibacterial activity at (p < 0.05). 
 

Degraded or transformed antibiotic would lose its function as 
antibacterial as the chemical structure of the antibiotic was modi-
fied or degraded. Degradation of the antibiotics leads to a change 
in the antibiotic properties as antibacterial agents. Under certain 
conditions, the degraded compounds may have better antibacterial 

properties than the parent drugs. From the plotted graph in (Figure 
2), after 96 hours of incubation, the antibiotic residues showed a 
decrease in antibacterial activities towards the selected bacteria. 
Levison and Levison [14] reported that the low antibacterial activ-
ity of antibiotic residues was due to the low concentration of anti-
biotic residues degraded by Aspergillus tamarii isolate TN-7.  
 

3.3 pH of the fermentation broth 

 
After 96 hours of incubation, the pH of the fermentation broth 
containing Aspergillus tamarii and nitrofurans antibiotics was 
observed to increase (Fig. 3). Aspergillus tamarii isolate TN-7 was 

isolated from soil with a pH of 6.8. For Aspergillus tamarii isolate 
TN-7 as the mycelia mass increased the pH of the media also in-
creased. According to Dariush [15], changes in the pH medium 
can shift the metabolite particularly when the targeted product is 
an organic acid. High production of fungal mycelia mass signifi-
cantly found to decrease or increase the pH medium in some fungi.  

A B 

A 

B 

C 
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Fig. 3: pH value of fermentation media. FTD = furaltadone; FZD = 

furazolidone; NFZ= nitrofurazone; F4= Aspergillus tamarii isolate TN-7 

 

3.4 HPLC-DAD analysis 

 
FTD, FZD and NFZ standards were eluted at 3.86 min, 3.62 min 
and 2.46 min respectively. Standards curves of the NFs showed 
good linearity (R2 > 0.99) and can, therefore, be used to quantitate 
the NF residues. Initially, 20 µL of the FTD was injected into the 
system with A to B mobile phase ratio of  50:50 at 1.2 ml/min 
flow rate, resulting in a broad, fronting and split peak. This was 
then optimised such that the injection volume was reduced to 10 

µL, with a mobile phase ratio of 40 : 60 and a flow rate of 1.0 
ml/min that produced sharper peak and eluted faster. Increased 
acetonitrile caused the peak to elute faster. Wang and Zhang [13], 
reported that a higher ratio of organic solvents could also shorten 
the retention time.  
 

 

 
 

 
Fig. 4: HPLC chromatogram of the nitrofurans standards (50 ppm) with 

mobile phase composition of (water : acetonitrile). A) FTD, furaltadone, 

mobile phase (40 : 60) ; B) FZD, furazolidone, mobile phase (50 : 50) and 

C) NFZ, nitrofurazone, mobile phase (50 : 50). 

From the HPLC-DAD analysis, the concentration of NFs in Fig. 5 
reduced as the incubation time increased. Furaltadone was reduced 
to 86.73 % after being incubated for 96 hours with Aspergillus 
tamarii isolate TN-7. Single factor ANOVA conducted showed 
that the data obtained was significant as the p-value is p < 0.05. 
Aspergillus tamarii isolated TN-7 showed good degradation abil-
ity towards FZD and NFZ which were reduced to 37.49 % (p = 
0.024) and 29.17 % (p = 0.025), respectively. Chromatogram of 

nitrofurazone residues (Fig. 6) showed DMSO peak was eluted at 
retention time 1.611 min which supported in the standard that 
reported by Agilent Technologist, [16] DMSO that used in sample 
preparation eluted around retention time at 1.5 min. Peaks that 
were eluted at 1.93 min, 2.07 min and 3.35 min were most proba-
bly the metabolites formed. However, in this study, the metabo-
lites formed remained unknown as further analysis using LC-MS 
is required.  
 

 
Fig. 5: Percentage residues of nitrofurans antibiotics, FTD (furaltadone); 

FZD (furazolidone) and NFZ (nitrofurazone).  

 

 
Fig. 6: Chromatogram of nitrofurazone residues (NFZ) after 96 hours of 

incubation at a flow rate of 1.2 mL/min. 

 
According to Nouws et al., [17], there are two main degradation 
pathways of the nitrofuran (Fig. 7), one is in the 5-nitrofuran ring 
and the other is at the side chain R where the metabolites are 
bound. The side chain R is susceptible to deacetylation and oxida-
tion. At the nitrofuran ring, the NO2

- is more susceptible to reduc-
tion occur. Nitroreductase enzyme present in bacteria and 
nitroreductase-like proteins that are present in eukaryotes and 
archaea have the ability to reduce the nitrofuran ring. 5-nitrofurans 

may undergo one-electron and two-electron reductions the 
European Food Safety Authority [18]. There are two types of 
nitroreductases (Type I and II). Type I nitroreductase are ex-
pressed in bacteria and eukaryotes catalyse two-electron reduction 
while Type II mediates the one-electron reduction in most mam-
malian tissue.  
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Fig. 7: Nitroreduction of 5-nitrofuran ring. A) one-electron reduction and 

B) two-electron reduction [18]. 

 
The one-electron reduction was found to occur in aerobic 
condition where the nitro anion radical is formed. The nitro anion 

radical can be oxidised back to the parent compound to produce 
superoxide anion, which generates Reactive Oxygen Species 
(ROS) [19, 20]. Two-electron reduction further reduced to a more 
stable hydroxylamine group and further metabolized to form three 
compounds, 1) a stable amine group, 2) nitrenium ion and 
unsaturated and saturated open chain nitriles (Fig. 8). 
 

 
Fig. 8: Reduction of nitrofurans by Type I nitroreductase [21] 

 
Some of the factors that affect antibiotic degradation are pH, 
temperature and agitation rate. Different pH ranges produce 
different degradation products.  The nitrofurantoin structure that is 

also similar to the furazolidone structure and is more unstable as 
the pH increases and degrades into more compounds when 
compared to acid hydrolysis [22]. Besides, a high agitation rate 
creates an energy supply for mixing and transferring oxygen that 
grows and freely disperses [15]. The higher the agitation rate, the 
higher the mycelia biomass produced, as the mixed oxygen supply 
transfers sufficient oxygen for the growth. The higher the aeration 
in the fermentation media, the more mycelia mass will be pro-

duced. as the oxygen supply for growth and degradation are in a 
sufficient amount. However high agitation rate can damage the 
mycelia.  

 

4. Conclusion 

 
In conclusion, Aspergillus tamarii isolate TN-7 can be used as an 

application for treating soil or aquatic environments that have 
been contaminated with NF antibiotics. Further analysis using LC-
MS is required to determine the metabolites formed from the bio-
transformation activity. 
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