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ABSTRACT
Objectives: Paracetamol has emerged as an important environmental contaminant due to its extensive use. The purpose of this
work was toisolate, identify, and characterize fungal species able to degrade paracetamol from pharmaceutical wastewater effluent
at Sana'a City, Yemen.
Methods: The fungi were isolated and purified from wastewater samples using enrichment and selective media. The isolated fungi
were identified according to phenotypic characterization. Two species of isolated fungi were able to utilize the paracetamol as the
sole of carbon and energy sources. These fungi were designated as F1 and F2 and identified as Aspergillus niger and Fusarium
oxysporium, respectively. Optimum temperature and pH for growth of both species were 25˚C and 6.0, respectively. Also, the
biodegradation of paracetamol was influenced by glucose concentration.
Results: F1 and F2 were able to degrade 35.7% and 26.1% of 1000 and 2000 mg/l, respectively, paracetamol in 60 days. This is
the first report on the ability of Aspergillus niger and Fusarium oxysporium to degrade paracetamol.
Conclusion: The reported findings highlight the potential use of the isolated microorganisms for treatment of paracetamolcontaminated wastewater.
Keywords: Biodegradation, fungi, isolation, optimization, Paracetamol.
Article Info: Received 8 December 2018; Revised 11 January; Accepted 12 January, Available online 15 January 2018
Cite this articleEdrees WH, Abdullah QY, Naji KM, AL-Kaf AG. Biodegradation of paracetamol by native fungal species
inhabiting wastewater of a pharmaceutical factory in Sana’a, Yemen. Universal Journal of Pharmaceutical
Research 2017; 2(6): 32-37.
DOI: http://doi.org/10.22270/ujpr.v2i6.R7
Address for Correspondence:
Wadhah Hassan Edrees, Microbiology Division, Biology Department, Faculty of Science, Sana'a University, Yemen. Mobile00967-771673230, E-mail: edress2020@gmail.com

INTRODUCTION
Paracetamol or acetaminophen is a common analgesic
and an anti-inflammatory widely used as a nonprescription drug that is sold as over-the-counter
(OTC) worldwide1. The paracetamol consumption has
increased throughout the world in the past decades in
England, it was one of the top three drugs prescribed,
while in the USA, it was one of the top 200
prescriptions2,3 . In Kuwait, it ranked as the second
most-common prescription drug throughout 2008 4. In
Yemen, it was ranked first among the top ten drugs
manufactured by local industries, and one of the top ten
imported drugs5. Paracetamol is one of the most
common detected drug in the aquatic environment; at
0.298 μg/l in drinking water6, 6.5 μg/l in ground water7,
15.7 µg/l in surface water8, 1.367 mg/l in wastewater9,
and 0.246 mg/l in sewage water10. Therefore, the
potential risk and effects of paracetamol on the
ISSN: 2456-8058

environment and human health have become of
concern11. Previous efforts on the removal of
paracetamol from wastewater mainly focused on
chemical methods including oxidation processes such
as ozonation and H2O2/UV oxidation12 and TiO2
photocatalysis13. The major drawbacks of using these
methods are the high operational and energy costs, as
well as the generation of secondary pollutants due to
the use of excessive chemicals14. Biodegradation of
organic substances is being considered as an
environmentally friendly and low-cost option. This
process currently receives considerable attention due to
its efficiency and ability to degrade different pollutants
via the catalytic activity of microbial organisms. In the
past decades, biodegradation investigations of
paracetamol have largely focused on the use of
different bacteria4. The use of fungi as a method of
bioremediation provides an alternative to the cleanup
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of environmental pollutants. Fungi have recently
received signiﬁcant attention for their bioremediation
potential which is attributed to the enzymes they
produce15. To date, few studies have investigated the
potential degradation of paracetamol by fungi. In this
study, the isolation, identification, and characterization
of new paracetamol degrading fungi from paracetamolcontaminated waste water was performed. The isolated
fungi species were further investigated for optimization
of growth and paracetamol-degradation parameters.
The wastewater was from the Yemen Drug Company
for Industrial and Commercial (YEDCO) situated at
Sana'a City, Yemen. Since 1982, to data, this company
has been generating wastewater containing high
concentrations of paracetamol. Therefore, indigenous
microbes that were capable of treating various liquid
toxic wastes might be present at this site.
MATERIALS AND METHODS
Chemicals and cultivation medium
Chemicals used were paracetamol ultrafine powder
(Anqiu Lu'an Pharmaceutical Co. LTD., Chain), and
acetonitrile and methanol (Merck, USA). All
pharmaceutical standards were of high-purity grade
(>99%). The applied basal mineral salts medium
(BMSM) consisted of 3.0 g NaNO3, 0.5 g
MgSO4.7H2O, 0.5 g KCl, 3.5 g KH2PO4, and 0.5 g of
Na2HPO4 per liter of distilled water. The pH was
adjusted between 5.8 to 6.0 and the medium was
sterilized at 121oC for 20 min16. Paracetamol was
added as the sole source of carbon and energy at
different concentrations, then the medium was
sterilized by filtration (0.22 µm). For preparing solid
media, 1.5% w/v agar (Fluka, Bio Chemika,
Switzerland) was used.
Sampling, isolation, and purification of fungi
Wastewater samples were collected from the effluent
generated by YEDCO factory situated in Sana'a City,
Yemen. One milliliter of each sample was transferred
to a bottle containing 90 ml of Sabouraud dextrose
broth (SDB) media. Each bottle was incubated at 25˚C
for 5 days. Five milliliters of SDB media were
inoculated into BMSM containing 250 mg/l of
paracetamol and 0.8 g/l glucose (i.e. enriched medium),
and the medium was incubated at 25˚C for 14 days16,17.
Subsequently, 1 ml of enriched BMSM was transferred
to BMSM agar containing 250 mg/l of paracetamol,
and the medium was incubated at 25˚C for 15 days.
Plates showing growth were subjected to subculturing
on Sabouraud dextrose agar (SDA) to obtain pure
colonies. Next colonies were transferred several times
on BMSM agar containing paracetamol, and finally
confirmed to be pure by growth on SDA. Pure colonies
were tested for growth on a range of paracetamol
concentrations (250–2000 mg/l) in BMSM agar16,17.
Identification of isolated fungi
The isolated fungi were characterized by taxonomic
studies and identified as described by Moubasher18.
Identification of the isolated fungi was performed by
macroscopic examination of colony morphology on
pure cultures, and by microscopic examination with
Lactophenol cotton blue stain18.
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Optimization study
Parameters such as pH, temperature, carbon source,
and contact time, were optimized to enable the isolated
strains to utilize paracetamol effectively as a carbon
and energy source.
Effect of temperature and pH on paracetamol
biodegradation
The effects of the temperature and pH on paracetamol
biodegradation were evaluated individually for each
isolated fungi on BMSM (90 ml) containing 1000 mg/l
paracetamol. The isolated fungi were cultured
individually on the BMSM and incubated at different
temperatures (15, 20, 25, 30, and 35˚C) for 30 days.
The optimum pH for paracetamol biodegradation was
determined using BMSM having different pH levels (4,
4.5, 5, 5.5, 6, 6.5, 7, 7.5, and 8) that were incubated at
25˚C for 30 days. The pH values were adjusted using 1
N NaOH and 1 N HCl. Samples were withdrawn at
regular intervals and centrifuged at 12000 rpm for 15
min. The supernatant was collected in separate clean
test tubes and analyzed for measuring the residual
paracetamol concentration17,19.
Effect of glucose concentration on the paracetamol
biodegradation
The effect of glucose on paracetamol biodegradation
was evaluated utilizing different glucose concentrations
(0, 1, 2, 3, 4, and 5 mg/l). Each concentration of
glucose was added separately to BMSM (90 ml)
containing-paracetamol (1000 mg/l), that was
inoculated by each fungal species, and that was
incubated at 25oC for 60 days. Sampling was done at
regular time intervals to determine residual
paracetamol levels in medium20.
Effect of incubation period on the different
concentration of paracetamol
The effect of incubation period on biodegradation of
different concentration of paracetamol was carried out
in bottles containing 90 ml of BMSM. Each fungal
isolate was cultured individually on BMSM containing
different concentrations of paracetamol (250 – 2000
mg/l) and incubated at 25oC at different incubation
periods such as 10, 20, 30, 40, 50 and 60 days. After
each designated time, the medium was analyzed for
residual paracetamol levels.
Chemical analysis methods
Three hundred milligrams of paracetamol working
standard was weighed and dissolved in 70 ml of
methanol in a 100 ml volumetric flask. 5 ml of solution
was transferred to a 100 ml volumetric flask containing
47 ml of methanol and 53 ml of purified water and
mixed well. Next, 10 ml of this solution was filtered
through a 0.22 μm nylon membrane filter before use in
other experiments21.
Paracetamol level determination
The residual concentration of paracetamol was
determined using HPLC (Perkin Elmer, USA). The
mobile phase with a flow rate of 1.0 ml/min consisted
of acetonitrile:water (47:53 v/v). The separation was
performed at 30oC using a RP–8 column (5 μm,
4.6×250 mm). The injection volume was 20 μm,
retention time was 5 min, and detection wavelength
was fixed at 275 nm21
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Figure 1: F1 and F2 species growth on BMSM agar containing paracetamol
RESULTS
Identification and characterization of isolates
The YEDCO factory wastewater was chosen as the
source for isolating microorganisms in this project.
Two fungal species capable of degrading paracetamol
at different concentration were isolated from the
wastewater samples and designated as F1 and F2,
which were later identified as Aspergillus niger and
Fusarium oxysporium, respectively, according to
morphological characterization.
Figure 1 shows color change on the BMSM agar
containing paracetamol by F1 and F2. Figure 2 shows
the change in color of BMSM broth after several days
of incubation indicating the formation of paracetamol
degradation products.

The paracetamol biodegradation by F1 and F2 was
evaluated at different concentrations of paracetamol at
different incubation periods. F1 degraded 45.06% and
35.7% of 750 mg/l and 1000 mg/l, respectively, of
paracetamol in 60 days. Also, 100% and 52.4% of
paracetamol were degraded at an initial concentration
of 250 and 500 mg/l, respectively, at 50 days (Figure
5). F2 degraded 41% and 26.1% of paracetamol in 60
days at an initial concentration of 1500 mg/l and 2000
mg/l, respectively. At 750 and 1000 mg/l, 86.93% and
68.9% of paracetamol were degraded in 60 days,
respectively, (Figure 6).

Figure 3: Effect of different temperatures on
paracetamol biodegradation
Figure 2: Growth of F1 and F2 in BMSM broth.
Optimization study
Effect of temperature and pH on paracetamol
biodegradation
The effects of temperature and pH on the
biodegradation rate of paracetamol (1000 mg/l) were
determined after 30 days. The temperature range
selected for the biodegradation of paracetamol was 15
to 350C. Maximum biodegradation of paracetamol was
30.6% and 51.4% observed at 25oC by F1 and F2,
respectively, after 30 days. A decrease in paracetamol
degradation was reported at temperatures greater than
30oC or less than 20oC for both F1 and F2 (Figure 3).
The effect of pH on paracetamol degradation was
investigated at various initial pH values (4.0‒8.0). The
optimum pH for paracetamol degradation was 6.0 for
both species. F1 and F2 degraded 30.6% and 51.4% of
1000 mg/l paracetamol within 30 days, respectively.
However, degradation efficiency was relatively high
across a pH range of 5.5–6.5. The degradation rate
decreased at a pH greater than 7.0 or smaller than 5.0
(Figure 4).
Effects of incubation period on biodegradation of
different concentrations of paracetamol
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Effect of glucose on paracetamol biodegradation
The effects of different concentrations of glucose on
paracetamol biodegradation were investigated for F1
and F2 on BMSM containing-paracetamol (1000 mg/l)
at 25˚C for 60 days. Paracetamol biodegradation
increased with increasing glucose concentration for
both fungal species. At 5 mg/l of glucose, 100% and
91.3% of 1000 mg/l paracetamol were degraded by F1
and F2 species, respectively, after 60 days (Figure 7
and Figure 8).
DISCUSSION
Microorganisms play a significant role in biological
decomposition of hazardous compounds present in the
environment. Several fungi are known to degrade
persistent pollutants. The results of the present study
demonstrated that a site contaminated with
pharmaceutical wastewater efﬂuent containing
paracetamol is rich with variety microorganisms able to
utilize paracetamol as a sole source of carbon and
energy. Two fungal species signed as F1 and F2 were
isolated from the waste water efﬂuent contaminated
site and were identified as Aspergillus niger and
Fusarium oxysporium,
respectively. Similarly,
Mendonça et al.,22 isolated F. flocciferum from an
34
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industrial effluent containing phenol. Also, it was
isolated Penicillium sp. from a paracetamolcontaminated site16.

mixture by Aspergillus awamori was at pH of 5.5 and
25˚C. In contrast, to these results, Kamaraj et al.,25
found that the optimum pH for bisphenol A removal by
Aspergillus sp. was at pH 9.0. The carbon source of the
growth medium is an important factor for the growth
and metabolism of a microorganism. Selection of an
ideal and economical carbon source accelerates the
growth of the fungus as well as the biodegradation
process30. Glucose is a rapidly metabolized substrate by
fungi. Therefore, fungi appear to have a higher affinity
to glucose than other carbon sources28.

Figure 4: Effect of pH on paracetamol
biodegradation.
Fungi are applied in degradation of persistent organic
contaminants due to their general oxidative enzymatic
system, that includes ligninolytic extracellular enzymes
as laccase and peroxidases, as well as intracellular
enzymes as the cytochrome P450 system23,24. Kamaraj
et al.,25 isolated Aspergillus sp. from a tannery effluent
as a bisphenol A degrader. Also, it was isolated
Penicillium sp. CHY-2 from Antarctic soil that is able
to use some aliphatic and aromatic hydrocarbons as a
sole source of carbon and energy 26. Raaman et al.,27
isolated an Aspergillus sp. from the polythene polluted
sites around Chennai.

Figure 6: Paracetamol degradation curve by F2.
In this study, paracetamol biodegradation was
enhanced by increasing glucose concentration in the
culture medium. Similarly, it was reported that the
benzo(a) pyrene degradation by Fusariumsolani was
approximately 9% and 50% in presence of 1 g/l and 10
g/l of glucose, respectively31. It was evaluated the
effect of glucose on the removal of methyl parathion by
A. niger AN400, and found that the presence of 0.5
mg/l glucose increased the rate of removal of methyl
parathion 28. A study by Govarthanan et al.,26 indicated
that the addition of 5 g/l of glucose enhanced decane
degradation by about 1.8-fold at 20˚C, and reported
that glucose is the most suitable carbon source for the
growth of Penicillium sp. CHY-2. Also, Marinho et
al.,32 reported degradation of atrazine (30 mg/l) by A.
niger AN400 in presence of glucose32.

Figure 5: Paracetamol degradation curve by F1.
Temperature plays a vital role in biodegradation and
gives an understanding to degradation pathways for
paracetamol. Activities of the enzymes produced by the
fungi are influenced directly by temperature. In this
study, the optimum temperature for paracetamol
biodegradation was 25˚C for both isolated fungi.
Increasing or decreasing temperature from the
optimum 25˚C levels decreased rate of paracetamol
biodegradation. An important abiotic factor affecting
microbial metabolism is pH. The biodegradation of
paracetamol was affected by the initial pH of the
culture medium. The optimum pH for paracetamol
degradation was 6.0 for both fungal species. This result
is consistent with that by Marinho et al.,28 who
reported that the optimum pH for atrazine degradation
by A. niger was 5. Also, Govarthanan et al.,26 recorded
that decane degradation by Penicillium sp. CHY-2 was
high (at 81%) at pH 6.0 and 25˚C after 28 days.
Another study by Yemendzhiev et al.,29 reported that
the maximum degradation of a phenol and cresol
ISSN: 2456-8058

Figure 7: Effect of glucose supplementation to
medium on paracetamol biodegradation by F1
Fungi are used to degrade a wide variety of materials
and
compounds,
a
process
known
as
mycodegradation33. In this work, the ability of the
isolated fungal species was evaluated at different
concentrations of paracetamol with different incubation
periods. F1 was able to degrade 100% of 500 mg/l of
paracetamol at 50 days and 35.7% of 1000 mg/l in 60
days. Also, F2 degraded 86.93% and 26.10% of 750
35

CODEN (USA): UJPRA3

Edrees et al.

Universal Journal of Pharmaceutical Research 2017; 2(6):32-37

and 2000 mg/l, respectively, of paracetamol within 60
days. A similar study by Hart and Orr 16 first reported
the degradation of paracetamol by an isolated fungal
species identified as a Penicillium sp. This species
possessed the ability to utilize paracetamol as the sole
carbon source for growth. Also, Cruz-Morató et al.,34
experimented with the treatment of paracetamol using a
Trametes versicolor in a batch fluidized bed bioreactor
containing a concentration of paracetamol between
109.3 μg/l‒114.4 μg/l. Paracetamol was completely
removed by T. versicolor after 8 days.

Temperature and pH influenced the rate of paracetamol
degradation. Therefore, this work has provided a useful
guideline in estimating potential paracetamol degraders
isolated from the environment. An advanced study of
the metabolic pathways involved in paracetamol
degradation may increase our understanding on the
mechanisms involved in the biodegradation process.
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presence of paracetamol concentrations up to 1500
mg/l. The fungal species identified herein, are reported
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