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Diclofenac (DCF) is a non-steroidal anti-inflammatory drug and, as pollutant, it
represents a persistent residue hazard to health and to the environment. Trametes
versicolor was previously selected for its ability in diclofenac biodegradation (up
to 20%) during cultivation in submerged system under aerobic conditions at an
initial DCF concentration of 10 mg L. The influence of some factors such as
nitrogen sources glucose, MnSOs-H,0, CuSO4-5H,0, inoculum level, initial DCF
concentration and incubation time, upon the biodegradation potential was
examined by Plackett-Burman analysis. The parameters significantly influencing
the DCF biotransformation were found to be yeast extract, glucose, CuSO,-5H,0
and inoculum level. In these optimum conditions, the DCF biotransformation yield
was 80%. This result was 60% superior in comparison with the medium without
optimization. Analysis of variance exhibited a high coefficient of determination
(R?) value of 0.9987 and ensured that the polynomial model with the experimental
data was a satisfactory one. Optimal conditions obtained in this work led to a solid
foundation for further use of Trametes versicolor in biotreatment of high strength
DCF pollutant effluents in water wastes.

Keywords: biodegradation, diclofenac, Trametes versicolor, Plackett-Burman
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Introduction

In the last years, the presence of emerging micropolluants such as pharmaceuticals,
personal care products (PPCP) and endocrine disruptions chemicals in the
environment has received much attention (Nakada et al., 2006; Radjenovic et al.,
2007). The removal of many pharmaceuticals during municipal wastewater
treatment has been found to be incomplete. As a result, residual amounts of these
compounds have been detected ubiquitously in various environmental matrices in
concentrations typically ranging from pg L™ to ng L™ (Rodriquez et al., 2003;
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Carballa et al., 2004; Weigel et al., 2004). It is important to highlight the potential
impact of the release of pharmaceuticals into the environment because this type of
compounds may cause increased aquatic toxicity and endocrine disruption (Ikehata
et al., 2006; Jjemba et al., 2010). However, the real effect on the environment will
depend on their concentration as well as on other physicochemical factors such as
time of exposure, persistence, bioabsorption, bioaccumulation and
biotransformation rate (Esplugas et al., 2007).

Diclofenac (DCF) is a non-steroidal anti-inflammatory drug used in human medical
health as analgesic, antiarthritic and antirheumatic compound. This drug is a
xenobiotic compound and presents relative persistence especially in the aquatic
environments; its biodegradation depends on microbiota community, chemical
composition and physical-chemical environment conditions (Bendz et al., 2005).

Conventional treatment such as coagulation-flocculation and flotation, activated
sludge and nitrification-denitrification reached variable degradation yields from 20
to 40% (Hofmann et al., 2007; Klavarioti et al., 2009, Kim et al., 2009) but the
main limitation is the formation of undesirable and sometimes toxic by-products
(Negron-Encarcion and Arce, 2007). Nowadays there is still scarce information
about the presence and fate of its metabolites in the environment. The
biotransformation products can be generated by human metabolism or by
microorganisms present in wastewater treatment plant and in natural waters, soils
and sediments, which increases the probability to find them in the environment.
Metabolites may have higher toxicity and, can be present in different aquatic
bodies at higher concentration than parent compounds (Ferrando-Climent, et al.,
2012). The assessment of their fate is thus necessary in order to understand
degradation mechanisms during wastewater treatment and to evaluate their
potential environmental risk (Boxall et al., 2012).

Emerging technologies, such as those based on the use of white rot fungus or the
ligninolytic enzymes have provided promising results, with degradation yields
close to 100% (Marco-Urrea et al., 2010; Hata et al., 2010).

Trametes versicolor belongs to the category of white-rot fungi (WRF), a
cosmopolitan group of microorganisms with a high capability to degrade a wide
range of xenobiotic and recalcitrant pollutants due to the complexity of
extracellular (manganese and lignin peroxidase and laccase, versatile peroxidase)
and intracellular (cytochrome P450 system) enzymes production (Gadd, 2001;
Asgher et al., 2008).

Before fungi can be used for the bioremediation of contaminated sites and also for
bioaugmentation, their concentration and metabolic activity in naturally
contaminated sites, and the fundamental factors (environmental and nutritional
requirements) that affect biodegradation must be first studied in laboratory.
Mathematical modelling and statistical analysis methods are versatile techniques
for the investigation of multiple process variables because it makes the process
easily optimized with fewer experimental trials (Bajaj et al., 2009). The Plackett
Burman design method (PBD) is an effective screening design which considerably
diminishes the number of experiments and gives as much information as possible
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for the evaluation of the target factors. Only the most significant factors with
positive influence are selected for further optimization. The less significance or
high negative effect on response value would be omitted for further experiments
(Liu and Wu, 2007).

The objective of this study was to identify significant variables influencing the
diclofenac biodegradation by a selected strain of Trametes versicolor by optimizing
the biotechnological parameters in order to improve the rate of biotransformation.

Materials and methods

Chemicals and fungal strain

Analytical grade chemical reagents, diclofenac sodium salt, acetonitrile (HPLC
grade) and ingredients for culture media formulation were purchased from Sigma-
Aldrich (St. Louis, MO, USA).

The white-rot fungal strain Trametes versicolor was provided from the Cultures
Collection of the Faculty of Biology, Alexandru loan Cuza University of lasi. The
strain was maintained by subculturing on 2% malt extract agar slants (pH 4.5) at
4°C. Subcultures were routinely made every 30 days.

Fungal inoculum preparation

A mycelial suspension of white-rot fungal was obtained by inoculation of three
plugs (6 mm in diameter) of agar plugs, from the growing zone of fungal on plates,
in 150 mL of malt extract medium which was shaken (135 rpm) at 25°C for 4-5
days. Then the dense mycelial mass was aseptically blended with a homogenizer to
obtain homogenous mycelial inoculum. This mycelium was then aseptically
inoculated in basal liquid medium.

Diclofenac biodegradation

The biodegradation experiments were performed by submerged cultivation in basal
liquid medium (MM) containing (g L™): glucose 5, yeast extract 5, peptone 20,
MnSO4-H,0, 0.50; CuSO4-5H,0, 0.50, pH 5.5. The cultivation took places on
orbital shaker SI-300R Incubator Shaker (Jeio Tech, Korea) at 135 rpm and
temperature of 25°C, for many days.

For optimization studies, the following independent variables were chosen to be
studied: nitrogen sources (yeast extract and peptone), glucose, MnSQOs-H-O,
CuS04:5H2,0, the inoculum concentration, initial DCF concentration and
incubation time. These varied according to the design of experiments (as presented
in Table 1), and their effect on the DCF biodegradation yield (considered as
response) was analyzed. In all the biodegradation experiments, the samples were
taken at different time intervals and evaluated for biomass yield (expressed as dry
weight) and residual DCF concentration.

Mycelium dry weight

Mycelium dry weight was determined by vacuum filtering the cultures through
preweighed glass filters (Whatman GF/C, Maidstone, England). The filters
containing the mycelial mass were placed in glass dishes and dried at 100 °C
(Drying Oven Sanyo, Japan) at constant weight.
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Diclofenac quantification

The crude culture supernatants after biomass separation by centrifugation at 10000
rpm for 10 minutes were analyzed for quantification of residual DCF content.
Analysis was performed using an HPLC Agilent 1200 Series (Santa Clara, Ca,
SUA) equipped with a photodiode array (PDA) detector at wavelength of 278 nm.
The separation took place by a reverse phase BDS Hypersil C18 column (150 mm
X 4.6 mm, particle 5 um).

The DFC separation were performed under isocratic conditions with 70/30
acetonitrile/ultrapure water acidified with 0.1% (v/v) acetic acid. The retention
time was 2.6 minutes and the instrumental quantification limit (LOQ) for DCF was
<0.2mg L™

DFC concentration (expressed as mg L™) was calculated using the calibration
curve, which was carried out by using standard solution with known DCF
concentration (in the range of 10-30 mg L™).

Biotransformation yield of DFC was calculated as percentage of the target
compound concentration in crude supernatants at the tested cultivation time in ratio
with the initial concentration.

Mathematical modelling methodology

The Plackett Burman experimental design (PBD), an effective technique for

medium-component optimization (Li et al., 2008; Pan et al., 2008), was used to

study the influence of some biotechnological parameters (independent variables)

upon DFC biotransformation yield (response).

For mathematical modelling, a first-order polynomial model was used as follows:
Y= Pot2piyi 1)

where Y is the predicted response (DFC biotransformation yields, %), fo is the

model intercept, Bi is the linear coefficient and y; is the level of the independent

variable.

The experimental design (independent variables and tested range) used in this work

is shown in Table 1. All the variables were evaluated at two levels, considered as

low and high, which are denoted by (-1) and (+1), respectively.

All tests were performed in duplicates. Determination of DFC concentration was

carried out in triplicate and the average value was taken as the response.

The variables with confidence levels above 95% (P < 0.05) were considered to

have significant effect on DFC biotransformation and the variables with positive

influence were used for further optimization of biotechnological conditions.

Statistical analysis

Statistical analysis of the model was performed to evaluate the analysis of variance
(ANOVA). This analysis included the Fischer’s F-test, its associated probability p
(F), the correlation coefficient (R), and the determination coefficient (R?) which
measures the goodness of fit of regression model.

Results and discussion

The influence of the analyzed independent wvariables upon the DCF
biotransformation in submerged cultivation system of a selected strain of Trametes
versicolor was studied by using Plackett-Burman (PBD) experimental design. The
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PBD design for 12 trials with two levels of concentrations for eight different
variables was carried out according to the experimental matrix as shown in Table 2.
The response variables (Table 2) indicated a wide variation in DCF biodegradation
yields by selected fungus, in the range of 20-80%. The variation suggested that the
analysis was important for improving the efficiency of the DCF biodegradation.

Table 1. The Plackett-Burman design matrix for screening the important variables
for DFC biodegradation by Trametes versicolor

Levels of variation

Independent Units Symbol of the independent variable (y;
variables

-1 +1
Concentration of gL? A 5.0 10.0
glucose
Concentration of gL? B 1.0 5.0
yeast extract
Concentration of gL? C 10.0 20.0
peptone
CuS04.5H,0 gLt D 0.1 0.5
MnSO,-H,0 gLt E 0.1 0.5
Inoculum % viv F 0.5 2.0
concentration
Concentration of mg L? G 10.0 15.0
diclofenac
Incubation time days H 7.0 14.0

Table 2. The Plackett-Burman design matrix of independent variables for evaluating the
biotechnological factors with influence on DCF biodegradation by Trametes versicolor

Coded levels of variables Biodegradation
Run yield of DCF,
A B C D E F G H (%)

1 -1 1 1 1 -1 1 1 -1 40.00

2 -1 -1 -1 -1 -1 -1 -1 -1 50.00

3 -1 -1 -1 1 1 1 -1 1 70.00

4 1 -1 -1 -1 1 1 1 -1 30.00

5 1 1 1 -1 1 1 -1 1 80.00

6 1 1 -1 1 1 -1 1 -1 30.00

7 -1 1 -1 -1 -1 1 1 1 30.00

8 1 -1 1 1 -1 1 -1 -1 55.00

9 1 -1 1 -1 -1 -1 1 1 70.00

10 -1 -1 1 1 1 -1 1 1 35.00

11 -1 1 1 -1 1 -1 -1 -1 20.00

12 1 1 -1 1 -1 -1 -1 -1 30.00

The main effects consist in the possibility to determine the effect of each
constituent. A large contrast means, either positive or negative, indicates that a
factor has a large impact on DCF biotransformation; while a mean close to zero
means that the factor has little or no effect. As shown in Figure 1, the quantitative
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effect of peptone (C), MnSO4-H20 (E), the initial DCF concentration (G) and the
incubation time (H) have a negative influence on biodegradation process. Also, the
concentration of glucose (A), the yeast extract (B), CuSO4.5H,0 (D) and inoculum
(F) have a strong positive effect for pollutant biodegradation and will be included
in the next optimization experiments.
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Figure 1. Effect of independent variables on DCf biotransformation by Trametes versicolor
based on Plackett-Burman design results

Moreover, it can be noticed that the yeast extract concentration and the initial DCF
concentration are the parameters which shows the most significant effects (positive
and negative) on DCF biodegradation. A recent study by Popa et al. (2014) showed
the considerable effect of the initial pollutant concentration on the carbamazepine
removal; the carbamazepine removal decreased concomitantly with the increase of
the initial concentration of the pollutant.

Also, Suflita (1989) reported that increasing the concentration of a pharmaceutical
compound as residue pollutant may lead to a toxic effect, to the decrease of the
available oxygen, and water potential of the medium upon the physiologic activity
of the microorganisms, or to lowering the contact between the active biomass and
nutrients.

The results obtained were in agreement with previous results which showed that
glucose, yeast extract, inoculum size and volume of the medium have a significant
effect on carbamazepine biodegradation by selected strain Streptomyces MIUG
4.89 (Popa et al,. 2014).
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Zhou et al. (2011) reported that inoculum concentration was an important factor for
the xenobiotic compounds degradation. A similar result was observed by Ghanem
et al. (2012) for the chloroxylenol degradation by Aspergillus niger.

Nitrogen sources like yeast extract has been proved to support a rapid growth of
cells and metabolites biosynthesis, as well as extracellular enzymes production
(Suutari et al., 2002).

Based on the statistical analysis of confidence level of 8 variables (Table 3), yeast
extract and the initial DCF concentration had confidence levels above 95%
(p<0.05) and hence they were considered the significant parameters which
influence DCF biotransformation. The yeast extract concentration is the positive
significant variable affecting DCF elimination from liquid medium, while the
initial DCF concentration was the negative significant parameter in DCF
elimination.

Table 3. Statistical analysis of the independent variables for DCF biodegradation

Variables Effect Coefficient Standard p-value Confidence
error level (%)

Intercept - 45.00 - - -
Conceniration 1.20 417 0.48 0.013 95
of glucose
Concentration 2.00 5.00 0.68 0.018 975
of yeast extract
Concentration 11.33 0.28 0.56 0.667 68
of peptone
CuSO45H;0 1.33 472 0.56 0.013 95
MnSO4-H,0 -1.00 0.28 0.56 0.421 76.6
Inoculum 1.00 3.83 0.68 0.014 95
concentration
Concentration -2.30 472 0.56 0.656 53.3
of diclofenac
Incubation -2.00 417 0.68 0.393 60.7
time

C.V. % -3.70; R?-0.9987; adjusted R?- 0.9928

The R? values (multiple correlation coefficients) closer to 1 denoted high
agreement between the experimental and predicted responses and indicate that the
mathematical model is very reliable in the present study. The coefficient of
variation (CV) indicated the degree of precision in the comparison of experiments.
A lower reliability of the experiment is usually indicated by high value of CV; in
the present case the low value of CV (3.70) showed that experiments conducted
were precise and reliable.

After applying the ANOVA statistical test, the polynomial model equation was
established to describe the DCF biodegradation (Eq.2):

Y= 45.00+41.7 A+5.00B+4.72D+3.83F-4.72G 2
where Y was the predicted diclofenac biotransformation yield (%), A the
concentration of glucose (g L™), B the concentration of yeast extract (g L™), D the
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quantity of CuSO4.5H.0 (g L), F the inoculum concentration (%, v/v), G the
initial DCF concentration (mg L™?).

The parity plot (Figure 2) showed a satisfactory correlation between the
experimental and predicted values (obtained from Eq.2) of percentage of DCF
degradation, whereas the points cluster around the diagonal line indicated an
optimal fit of the model, since the deviation between the experimental and
predicted values was minimal.

Predicted vs. Actua

70 —

Predicted values

Actual values

Figure 2. Parity plot showing the distribution of experimental vs. predicted values of DCF
biotransformation

Conclusions

This paper investigated the effect of some biotechnological parameters on the
biodegradation efficiency of DCF by a selected strain of Trametes versicolor by
using a statistical analysis strategy of design experiments methodology to get the
maximum results with a minimum of experiments. The results show clearly that the
experimental conception is an appropriate method for screening the
biotechnological factors with significant influence on DCF biotransformation.

The applied design led to a first-order mathematical model whose statistically
significant coefficients are related to the most influential factors on the response.
The most influent factors with impact in bioremediation of aquatic media
contaminated with DCF, when Trametes versicolor is implied in biodegradation,
are the yeast extract, glucose, CuSO4-5H,0 and inoculum concentration.

Further, an experiments optimization strategy will be developed in order to
increase the bioremediation efficiency. Future experiments will target real systems
in multiple cultures, activated sludge and selected fungal cultures, under similar
conditions to those in wastewater treatment system.



C. Popa (Ungureanu) et al. / AUDJG - Food Technology (2015), 39(1), 25-35 33

Acknowledgments

This work was supported by the strategic grant POSDRU/159/1.5/S/133391 within the
project “Doctoral and Post-doctoral programs of excellence for highly qualified human
resources training for research in the field of Life sciences, Environment and Earth Science”
cofinanced by the European Social Fund within the Sectorial Operational Program Human
Resources Development 2007 — 2013”.

References

Asgher, M., Bhatti, H.N., Ashraf, M., Legge, R.L. 2008. Recent developments in
biodegradation of industrial pollutants by white rot fungi and their enzyme system.
Biodegradation, 19, 771-783.

Bendz D., Paxéus N.A.,, Ginn T.R., Loge F.J. 2005. Occurrence and fate of
pharmaceutically active compounds in the environment, a case study: Horje River in
Sweden. Journal of Hazardous Materials, 122, 195-204.

Boxall, A., Rudd, M.A., Brooks, B.W., Caldwell, D.J., Choi, K., Hickmann, S. 2012.
Pharmaceuticals and Personal Care Products in the Environment: What are the Big
Questions? Environ Health Perspect, 120, 1221-1229.

Carballa, M., Omil, F., Lema, J.M., Llompart, M., Garcia-Jares, C., Rodriquez, I., Gomez,
M., Ternes, T. 2004. Behavior of pharmaceuticals, cosmetics and hormones in a sewage
treatment plant. Water Resources, 39, 4797-4807.

Ferrando-Climent, L., Collado, N., Buttiglieri, G., Gros, M., Rodriguez-Roda, I.,
Rodriguez-Mozaz, S., Barcelo, D. 2012. Comprehensive study of ibuprofen and its
metabolites in activated sludge batch experiments and aquatic environment. Science of
the Total Environment, 438, 404-413.

Gadd, G.M. 2001. Fungi in bioremediation. Cambridge: Cambridge University Press.

Ghanem, K.M., Al-Fassi, F.A., Al-Hazmi, N.M. 2012. Optimization of chloroxylenol
degradation by Aspergillus niger using Plackett-Burman design and response surface
methodology. African Journal of Biotechnology, 84, 15040-15048.

Esplugas, S., Bila, D.M., Krause, G.T., Dezotti, M. 2007. Review article: ozonation and
advanced oxidation technologies to remove endocrine disrupting chemicals (EDCs) and
pharmaceuticals and personal care products (PPCPs) in water effluents. Journal of
Hazard Materials, 149, 631-642.

Hata, T., Shintate, H., Kawai, S., Okamura, H., Nishida, T. 2010. Elimination of
carbamazepine by repeated treatment with laccase in the presence of 1-
hydroxybenzotriazole. Journal of Hazard Materials, 181, 1175-1178.

Hofmann J., Freier U., Wecks M., Hohmann S. 2007. Degradation of diclofenac in water by
heterogeneous catalytic oxidation with H,O,. Applied Catalysis B: Environmental, 70,
447-451.

Ikehata, K., Naghashkar, N., EI-Din, M.G. 2006. Degradation of aqueous pharmaceuticals
by ozonation and advanced oxidation processes: a review. Ozone Science and
Engineering, 28, 353-414.

Klavarioti M., Mantzavinos D., Kassinos D. 2009. Removal of residual pharmaceuticals
from aqueous systems by advanced oxidation processes. Environment International, 35,
402-417.



34 C. Popa (Ungureanu) et al. / AUDJG - Food Technology (2015), 39(1), 25-35

Kim L., Yamashita N., Tanaka H. 2009. Performance of UV and UV/H,O- processes for
the removal of pharmaceuticals detected in secondary effluent of a sewage treatment
plant in Japan. Journal of Hazard Materials, 166, 1134-1140.

Li, Y.Q., Jiang, H.X., Xu, Y.Q., Zhang, X.H. 2008. Optimization of nutrient components
for enhanced phenazine-1-carboxylic acid production by inactivated Pseudomonas sp.
M18G using response surface method. Applied Microbiology and Biotechnology, 77,
1207-1217.

Li,u, Y.S., Wu, J.Y. 2007. Optimization of cell growth and carotenoid production of
Xanthophyllomyces dendrorhous trough statistical experiment design. Biochemical
Engineering Journal, 36, 182-189.

Levin, L., Papinutti, L., Forchiassin, F. 2004. Evaluation of Argentinean white rots fungi
for their ability to produce lignin-modifying enzymes and decolorize industrial dyes.
Bioresource Technology, 94,169-176.

Marco-Urrea, E., Perez-Trujillo, M., Blanquez, M., Vicent, T., Caminal, G. 2010.
Biodegradation of the analgesic naproxen by Trametes versicolor and identification of
intermediates using HPLC- DAD-MS and NMR. Bioresource Technology, 101, 2159 -
2166.

Negron-Encarcion, R., Arce, I. 2007. Light-induced transformation of aza-aromatic
pollutants adsorbed on models of atmospheric particulate matter: acridine and 9 (10H)
acridone. Atmospheric Environment, 41, 6771-6783.

Pan, C.M,, Fan, Y.T., Xing, Y., Hou, HW., Zhang, M.L. 2008. Statistical optimization of
process parameters on biohydrogen production from glucose by Clostridium sp. Fanp2.
Bioresource Technology, 99, 3146-3154.

Popa, C., Favier, L., Dinica, R., Semrany, S., Djelal, H., Bahrim, G., Amrane, A. 2014.
Potential of newly isolated wild Streptomyces stains as agents for the biodegradation of
a recalcitrant  pharmaceutical, carbamazepine. Environmental  Technology:
http://dx.doi.org/10.1080/09593330.2014.931468

Popa-Ungureanu, C., Favier, L., Bahrim, G., Amrane, A. 2014. Response surface
optimization of experimental conditions for carbamazepine biodegradation by
Streptomyces MIUG 4.89. New Biotechnology:
http://dx.doi.org/10.1016/j.nbt.2014.12.005

Radjenovic, J., Petrovic, M., Barcelo, D. 2007. Analysis of pharmaceuticals in wastewater
and removal using a membrane bioreactor. Analytical and Bioanalytical Chemistry, 387,
1365-1377.

Rodriquez, 1., Quintana, J.B., Carpinteiro, J., Carro, A.M., Lorenzo, R.A., Cela, R. 2003.
Determination of acidic drugs in sewage water by a gas chromatography-mass
spectrometry as a tert-butyldimenthylsilyl derivates. Journal of Chromatography A, 985,
265-274.

Suflita, J.M. 1989. Microbial ecology and pollutant biodegradation in subsurface
ecosystems, pp. 67-84. In: U.S. Environmental protection Agency, Seminar publication-
Transport and Fate Contaminants in The Subsurface, EPA.

Suutari, M., Lignell, U., Hyvarinen, A., Nevalainen, A. 2002. Media for cultivation of
indoor streptomycetes. Journal of Microbiological Methods, 51, 411-416.

Weigel, S., Aulinger, A., Brockmeyer, R., Harms, H., Loffler, J., Reincke, H., Schmidt, R.,
Stachel, B., von Tumpling, W., Wanke, A. 2004. Pharmaceuticals in the river Elbe and
its tributaries. Chemosphere, 57, 107-126.



http://dx.doi.org/10.1080/09593330.2014.931468
http://dx.doi.org/10.1016/j.nbt.2014.12.005

C. Popa (Ungureanu) et al. / AUDJG - Food Technology (2015), 39(1), 25-35 35

Zhou, J., Yu, X., Ding, C., Wang, Z., Zhou, Q., Pao, H., Cai, W. 2011. Optimization of
phenol degradation by Candida tropicalis Z-04 using Plackett-Burman design and
response surface methodology. Journal of Environmental Science and Health, 231, 22-
30.



