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ABSTRACT 
Laccases are multi-copper oxidases that can act as a catalyst the one-
electron oxidation of aromatic and non-aromatic compounds which 
include substituted phenols, several inorganic ions, and various non-
phenolic compounds with the concomitant reduction of O2 to H2O. 
This research aims to utilize laccase-functionalized graphene oxide 
(GO) as effective biodegradation of pharmaceutical industry waste: 
diclofenac and ibuprofen. In this study, Laccase enzyme was isolated 
from white oyster mushroom and immobilized with GO that was 
synthesized from graphite powder. Afterward, GO-laccase would be 
applied in degradation of diclofenac and ibuprofen. The experimental 
results indicated the GO-laccase had a good biodegradability to 
degrade pharmaceutical industry waste. Some of the compounds  

 
derived from diclofenac are N-(2,6-Dichlorophenyl) indolin-2-one, 2-
(2,6-Dichloro-phenylamino)-benzaldehyde, and 2,6-Dichloroaniline, 
and ibuprofen is 4-Isobutylacetophenone. 
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INTRODUCTION 
Waste is the residue of a product that is usually not used or 

desired anymore by humans. This waste comes from human 

activities, both individually and in groups such as 

commercial activities, industry, agriculture, and mining. This 

waste will become a problem when discharged into the 

environment without proper treatment first.1 Nowadays, the 

need for consumption and growth of the pharmaceutical 

industry is rapidly increasing and becomes one of the sources 

of world pollution.2 This is caused by several factors such as 

the high prevalence of chronic diseases, advances in science 

and technology, and increasing world population.3 In 

addition to the usefulness of advances in the pharmaceutical 

field drugs sewage disposal of liquid and solid waste into the 

environment (soil, rivers, and lakes) is an issue of growing 

concern.4 Propranolol, diclofenac, gemfibrozil, ibuprofen, 

and fluoxetine are examples of drugs that are known to have 

an influence on aquatic organisms at the level of laboratory 

experiments.5-6  

Wasted drug residues contain BOD, COD, volatile organic 

compounds (VOCs), antibiotics (PhACs), surfactants, toxic 

substances, and active compounds such as hormones. In large 

quantities, pharmaceutical waste poses a dangerous threat 

and requires special treatment.7 Diclofenac and ibuprofen are 

the most common substances found in the aquatic 

environment among non-steroidal inflammatory drugs. 

These drugs are usually used to fight pain, inflammation, and 

fever and can be used without a doctor's prescription. In one 

report, only 15% of the diclofenac excreted was able to be 

processed by the body after being used in therapy.8 Because 

of the large amount of diclofenac and ibuprofen in the 

aquatic environment, it causes ecological problems in the 

water. The results showed the influence of these drugs on 

invertebrate and vertebrate reproduction, genetic and 

systemic damage in several species of fish, shellfish, and 

cytogenetic properties in freshwater bivalves, and the growth 

of fungal and bacterial species. Diclofenac and ibuprofen are 

considered as pollutants which must be removed 

immediately.9-12 

Conventional wastewater treatment, usually not designed to 

eliminate or reduce drugs. These drugs can be eliminated in 

biological, chemical or physical (absorption) treatment 

systems.13 One treatment that can be done is by using 

enzymes to degrade these compounds into derivatives which 

are safer for the environment. Enzymes are biological 

catalysts that have catalytic properties that can be used very 

well in various fields. The enzyme chosen in this study was 

the Laccase enzyme. The laccase enzyme (p-diphenol: oxygen 

oxidoreductase E.C.1.10.3.2) is produced by various types of 

fungi and higher plants which are multi-copper oxidases. The 

most common laccase enzyme is extracted from white or red 

rot fungi, such as Trametes versicolor or Trametes vilosa that 

grows on dead/fallen tree trunks.14 This enzyme can catalyze 

one-electron oxidation of phenolic molecules to oxidize 

various aromatic and non-aromatic compounds which 

include substituted phenols, several inorganic ions, and 

various non-phenolic compounds by concurrent reduction 

of oxygen to water.15-16 

The development of compelling new approaches to 

immobilizing enzymes in multilayer systems through layer-

by-layer deposition is underway. Enzyme immobilization is 

the process of combining an enzyme with a solid physical 

matrix (support) so that it can be used continuously and 

repeatedly.17 In this study, graphene oxide was used to be 

functional in order to immobilize the Laccase enzyme. 

Graphene oxide (GO) is glimpsed because it has a surface 

filled with active groups. Besides its easy manufacturing, 

active functional groups such as carboxyl, hydroxyl, and 

epoxy are the main assets that are often used in various 

chemical reaction purposes. in addition, GO has a large 

surface, high adsorption capacity, excellent stability, and 

good biocompatibility.18 The enzyme immobilization process 

is carried out with the stages of carrier binding, cross-linking, 

physical adsorption, and covalent bonds.19 In this study, 

laccase immobilized with graphene oxide was synthesized 

and applied in the degradation of chemical compounds of 

pharmaceutical waste, diclofenac and ibuprofen. 

 

EXPERIMENTAL  

Tools and Materials 

All Chemicals and reagents in this research were obtained 

from Merck Chemical Company and used for an analytical 
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grade. The materials used in this study are NaNO3, H2SO4, 

KMnO4, ammonium sulfate, ethanol, ethyl acetate, BSA, Zn, 

amino antipyrine, graphite, Lowry reagent, acetate buffer, 

sodium phosphate buffer 7.0, vanillin, sodium diclofenac, 

ibuprofen, TLC silica gel, n-hexane, methanol, H2O2, distilled 

water. The equipment used is laboratory glassware as well as 

several instruments such as UV-Vis spectrophotometers, 

FTIR, and GC-MS. 

 

Laccase Extraction from White Oyster Mushroom 

(Trametes sp.) 

White oyster mushrooms (250 grams) were extracted with 

500 mL acetate buffer solution (pH 4.6) in a flask in a shaker 

for 1 hour. The solution and substrate are filtered and 

transferred into centrifugation tubes and cooled. 

Centrifugation was carried out for 15 minutes at 2000 rpm. 

The solids obtained are separated by decantation and stored 

in the refrigerator before use.20 

 

Partial Purification with Ammonium Sulfate 

The crude extract of the laccase enzyme is added distilled 

water. Then precipitated using ammonium sulfate. The 

amount of (NH4)2SO4 is added to the crude extract of laccase 

in the following order: 0-40%, and 40-70%. Salt is added 

slowly under cold conditions and while stirring. The solution 

is incubated for 12 hours at 4°C, then centrifuged for 30 

minutes. The formed sludge is separated and dissolved into 

0.5 M acetate buffer (pH 5.0) as much as 10% of the total 

volume obtained. Then the enzyme activity and protein 

content were determined.21 

 

Determination of Protein Content by Bradford Method 

Determination of protein content the crude laccase enzyme 

 

of Bradford reagent into the microplate and incubated for 10 

minutes. Furthermore, the absorbance of the enzyme 

solution was measured at max of 595 nm. The absorbance 

obtained is plotted in the linear regression equation of the 

protein standard curve. In determining the protein content 

of laccase, BSA is used as a standard.22 

 

Determination of Laccase Activity 

The determination of the laccase activity test was carried out 

mM the crude 

extract is added to the mixture. The mixture was measured 

for absorbance at a wavelength of 420 nm with UV-Vis 

spectrophotometer. One unit of laccase activity is defined as 

the number of enzymes needed to oxidize 1 mmol ABTS per 

minute.23 

 

Synthesis of Graphene Oxide (GO) and Enzyme 

Immobilization 

Synthesis of graphene oxide (GO) used 

which has been modified. 5 g of graphite powder and 125 mL 

H2SO4 98% in three-neck rounded flask were stirred slowly. 

Then 10 g of NaNO3 was added during the stirring process 

for 1 hour and 3 g KMnO4 was added slowly and stirring 

continued for 2 hours and keep the temperature at 20oC (the 

mixture will turn greenish-black). The stirring was continued 

for 24 hours at 35°C. After that, the mixture was washed with 

200 mL distilled water, continued with the addition of 20 ml 

H2O2 30% (the solution turned yellowish-green). The results 

obtained were cooled and centrifuged. Then the precipitate 

was washed with HCl, distilled water, and acetone. 

Subsequently, the mixture was dried at 110 ° C for 12 hours 

to obtain graphite oxide sheets. Then, 80 mg of graphite 

oxides were added with 80 ml of distilled water and stirred 

for 1 hour for homogeneous solution, then ultrasonically 

performed at 50/60 Hz ultrasonic waves for 120 minutes. 

Graphite oxide is reduced by adding 15 grams of Zn metal 

and 25 mL of 35% HCl, then stirring for 1 hour. After 1 hour 

of stirring, another 25 mL HCl 35% solution is added and 

followed by the stirring process for 5-30 minutes, then 

washed using distilled water and 5% HCl. After washing until 

neutral the precipitate in the washing process is put into the 

furnace and heated at 160°C for 12 hours.24 

The immobilization of the enzyme with graphene oxide was 

carried out by mixing the partially purified laccase enzyme 

with 70% ammonium sulfate with GO and adding 0.1 M 

phosphate buffer. The mixture was incubated for 1 hour with 

the help of a shaker in cold conditions. After completion, the 

mixture is decanted. The solid phase is GO-laccase and 

washed with the same buffer for 3 times. 

 

Biodegradation Reaction of Pharmaceutical Waste 

Solution Models 

0.1 g of the GO mobilized 

laccase enzyme was added 

with 10 mL of the aqueous 

solution: ethanol (1:1) for 

1000 ppm ibuprofen and 

sodium diclofenac 

respectively. Then 10 mL 

vanillin was added as the 

mediator reagent. The mixture is stirred with a magnetic 

stirrer at room temperature for 8 hours. After stirring, the 

mixture is transferred to a separating funnel and 10 mL ethyl 

acetate is added. The extraction is carried out, and the ethyl 

acetate phase is separated, and sodium sulfate is added then 

filtered. The filtrate of each sample was tested by UV 

spectrophotometer at 276 nm. Ibuprofen and sodium 

diclofenac solutions that have not been added to the 

mobilized laccase enzyme are determined the absorbance at 

the same wavelength. The degree of degradation is calculated 

using the equation:  
𝐶𝑜 − 𝐶

𝐶
 𝑥 100% 

Co = initial concentration; C = final concentration of the 

reaction 

 

RESULT AND DISCUSSION 

Isolation of Laccase Enzyme 

Laccase enzyme was isolated from white oyster mushroom 

(Trametes sp.) obtained from fallen dead trees (Fig. 1). 

Extraction of protein components (including enzymes) is 

carried out under acidic conditions by adding acetate buffer. 

Then, the enzyme is partially purified by the gradual addition 

of ammonium sulfate. The salt addition aims to make the 

instability of components of proteins that are stable in water. 

In this case, ammonium sulfate acts as salting-out in a 

homogeneous mixture. It will bind more closely to its water 

component, and material which is initially more soluble in 

water will be released. This condition will cause instability so 

that sediment will form. The precipitate formed from this 

step is thought to be a component of proteins. 
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Fig. 1. White oyster mushroom (Trametes sp.) and laccase 

enzyme structure 

 

From the results of this partial isolation, an identification test 

was carried out to identify the presence of enzymes (laccase) 

from the white oyster rot weathering fungus by analyzing its 

protein content. The results of testing protein contents by 

Bradford method will be obtained by the enzyme activities 

(Table 1).

 

Table 1. Chemical analysis of the material deposited by white oyster rot 

Stages Total 

protein  

(mg) 

Total 

activity 

total (U) 

Specific 

activity 

(U/mg) 

Purity 

level 

Yield 

(%) 

Crude extract 548,9 9 ,512, 100 16,878 1.00 100 

Ammonium sulfate 

70% 

52,15 4, 137, 123 72,626 3,86 35,88 

 
From Table 1, the initial extract of white oyster mushroom 

protein was found to be 548.9 mg. This stage is considered as 

the ability of the level of separation carried out in this study 

calculated the amount of mass obtained by 100%.  The second 

stage of purification is carried out by adding 70% ammonium 

sulfate. From this treatment, the non-enzyme protein 

component is reduced, which identifies that there is a protein 

that has been separated. The concentration of the protein-

enzyme component has increased marked by the result of 

higher enzyme activity. The results of theoretical calculations 

can be concluded that there is an increase in enzyme activity 

4 times, while the mass decreases to a third. This mass will be 

interpreted as laccase enzyme, which will be further 

investigated. 

 

Characterization of Graphene Oxide-Immobilized Laccase  

Graphene oxide (GO) has been synthesized using the 

 method. GO was obtained in the form of black 

powder (Fig.2a). Proving the formation of GO synthesized 

from graphite powder was analyzed using FTIR. The FTIR 

spectra of graphite (Fig. 2b) significantly represents the 

typical characteristic absorption peaks of graphite that only 

has three peaks. Namely peak at 3100, 2900, and 1600 cm-1 as 

absorption of the O-H, C-H, and C=C stretching functional 

groups, respectively. The presence of O-H group peaks in this 

spectrum is due to the absorption of air. The FTIR graphene 

oxide spectrum is different from the graphite spectrum, and 

there is some absorption shift. The absorption differences 

favor the formation of GO. The peak at the absorption of 

3100-3400 cm-1 that widens indicates the presence of O-H 

stretching vibration absorption as a result of the reaction of 

GO formation. This absorption is much broader than the O-

H absorption in graphite. Then, a new peak also appeared at 

1700 cm-1 which is the C=O vibration of COOH on GO 

followed by the vibration of the C=C group at 1600 cm-1 

which also appears on the graphite spectrum. The vibrations 

of C-O-C (epoxide) groups present at the absorption of 1100 

cm-1 also support that GO has been successfully synthesized.  

 

 
Fig. 2. Graphene oxide (a) and FTIR spectrum of graphite and graphene oxide (b) 

 

The GO structure that has a two-dimensional sp2-bonded 

carbon sheet and the presence of active groups such as -OH, 

-COOH, C-O-C, and C = O makes GO can be used for 

various purposes, including in immobilizing the laccase 

enzyme. [3, 4 iscpms]. The characteristic and structure of GO 

can be used as supporting material for enzymes. The surface 

of the graphene oxide sheet, which is rich in functional 

groups will interact with the active functional groups in 

enzymes. Enzymes are polymeric amino acids that are rich in 

organic functional groups such as carboxylic, hydroxyl, 

amine, and sulfhydryl. The presence of this group causes 

semi-permanent and electrostatic interactions between the 

surface of the graphene oxide sheet and the enzyme, without 

the need for cross-linking agents. Illustration of the proposed 

laccase-immobilized graphene oxide can be seen in Fig. 3. 

Interactions that occur do not affect the enzyme activity, 

because the catalytic performance of enzymes occurs in 

stereochemical aspects such as tertiary structures and 

quaternary proteins that produce a kind of active-side hole 

which later matches the specific substrate. 
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Fig. 3. Illustration of the proposed laccase-immobilized graphene oxide 

 

Biodegradation Ability of Pharmaceutical Waste Material 

Models 

Laccase has a function to reduce oxygen to H2O species, and 

at the same time after oxidation will be reduced again because 

of the presence of organic substrate that is ready to reduce it, 

so that laccase will be active as before. This phenomenon can 

be used as a mechanism for the biodegradation mechanism 

of organic compounds, which seems to act as an enzyme 

reducing agent or known as a substrate. For this reason, the 

active compounds of the drug diclofenac and ibuprofen were 

selected in this study. Description of the biodegradation 

mechanism as shown in Fig. 4.  

 

 
Fig. 4. Diclofenac and ibuprofen biodegradation reactions by laccase enzyme 

 

For the effectiveness of the reaction, from previous studies, it 

was reported that an intermediary compound (mediator) is 

needed to help the reaction rate. In this research, the vanillin 

compound was used as the mediator. In this study, the 

variation of reaction time functions was carried out in three 

stages, namely 30, 60 and continued to be 120 minutes, as well 

as variations in reaction conditions in acidic, neutral and 

basic conditions (pH 5.7, 7.0, and 11). From this design, the 

initial data was obtained by observing changes in pH values. 

Fig. 5 shows an analysis of the pH conditions of the ibuprofen 

and diclofenac reaction models. 
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Fig. 5. Analysis of the pH conditions of the ibuprofen and diclofenac reaction models 

 

Observations showed that the biodegradation process of the 

ibuprofen and diclofenac test model samples prepared under 

three conditions of pH values (5.0, 7.0 and 11.0), showed a 

decrease in pH values in all conditions of the variations 

prepared. This decrease is due to the formation of 

degradation results in the form of species of acids, namely 

hydrochloric acid, and carboxylic acids. This change in pH 

value indicates that the sample structure has changed and is 

characterized by a change in solubility and an increase in 

precipitation. 
The results of ibuprofen and diclofenac biodegradation can 

be analyzed by thin layer chromatography (TLC). In this 

analysis, it will be seen whether a new compound is formed 

after treatment or not by the appearance of new spots on the 

TLC plate. Elution of ibuprofen and diclofenac compounds 

was carried out with hexane: ethyl acetate (3:1) eluent and 

viewed under UV light. From observations using TLC (Fig.6), 

it appears that ibuprofen compounds are degraded into two 

derivative compounds (Rf=0.63 and Rf=0) and there are also 

intact ibuprofen compounds that are not degraded (Rf=0.87). 

This difference can be seen by comparing the results of 

Ibuprofen TLC before (Fig. 6a) and after (Fig. 6b) treatment. 

The same treatment is conducted for diclofenac compounds. 

The results of observations with TLC showed that there were 

two compounds resulting from diclofenac degradation 

(Rf=0.69 and Rf=0,82). Here also can be seen diclofenac 

compounds that are not degraded at Rf = 0.45. From this TLC 

analysis, it can be concluded that the laccase enzyme can 

degrade ibuprofen and diclofenac compounds into their 

derivatives but not completely degraded so that there are still 

residual compounds that can be seen in the same Rf. 

 

  
Fig. 6. TLC of ibuprofen and diclofenac before (I and D) and after (Id and Dd) degradation 

 

Characterization of functional group changes that occur in 

ibuprofen and diclofenac before and after being degraded by 

the laccase enzyme can be analyzed using FTIR (Fig. 7).  

Information obtained from this instrument is the vibrations 

of the ibuprofen and diclofenac functional groups that 

increase, shift, or disappear. These changes that identify the 

influence that occurs after treatment, in this case is degraded.  
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Fig. 7. TLC of ibuprofen and diclofenac before (I and D) and after (Id and Dd) degradation 

 

The spectrum of ibuprofen compounds (Fig. 7a) did not 

show much change in the absorption of functional groups. 

Ibuprofen before degradation there was absorption at 2952 

cm-1 (C-H), 1720 cm-1 (C=O), the peak broad around 3000 

cm-1 (O-H), and several peaks in the fingerprint area. After 

being degraded, the same peak between ibuprofen and its 

degradation compounds was still seen. The difference can be 

seen with the emergence of new peaks at the absorption of 

1603 cm-1. This small difference does not identify that there 

was no change in ibuprofen before and after degradation. 

However, the change in the structure of ibuprofen into its 

derivatives is estimated still contain the same functional 

groups as the ibuprofen compound, so the absorption is 

measured at the FTIR with the same shift. 

FTIR spectrum of diclofenac compound (Fig. 7b) shows 

several functional group vibrational peaks, including 

vibration secondary N-H stretching at 3389 cm-1, C-N 

stretching in secondary amines at 1200 cm 1, C=C stretching 

vibrations in the aromatic ring at 1578 cm-1, O-H vibration 

that broad from 3000-3600 cm-1, and several peaks in the 

fingerprint area. FTIR Spectrum of the diclofenac derivative 

compounds from the degradation results looks different from 

diclofenac. The vibration shift of the O-H stretching group is 

not as broad as the beginning. Then the secondary N-H 

group becomes sharper and shifts in the area of 3324 cm-1. 

The vibration of the C=O group is increasingly visible in the 

area of 1697 cm-1, and the vibration of the C=C group is 

shifted slightly from 1578 cm-1. Significant changes also occur 

in the fingerprint region, which supports that the compound 

is not just diclofenac compound. 

Calculation of laccase biodegradation capacity can be 

calculated from the measurement of the decrease in max value 

of each sample based on the amount of initial material (C) 

with the number of results of the material after reacting (Co). 

The C / Co ratio is the value of the ability of laccase to degrade 

model compounds. From the data (Fig. 8), it appears that 

ibuprofen after reacting for 30 minutes showed a decrease in 

sample quantity of about 0.3. As well as the reaction after 60 

minutes, the decline occurred up to 0.5. In the reaction with 

a time of 120 minutes, there was a decrease again by 0.47, but 

not too significant from the reaction time of 60 minutes. 

Similar data can also be observed in diclofenac samples and 

have a similar decrease in character. 

 

 
Fig. 8. Biodegradation of test model samples by laccase 

 

From the data, it is known that the pharmaceutical waste 

sample model that is ibuprofen and diclofenac with the 

addition of laccase treatment that has been immobilized with 

graphene oxide, shows the reaction. The ongoing reaction is 

thought to be an oxidation and reduction reaction because 

laccase is an oxidoreductase enzyme. Laccase will oxidize 

oxygen to H2O and vanillin (Laccase Reducer) will normalize 

and reactivate Laccase. The oxidized vanillin will be reduced 

(a) (b) 
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again by the model compound, ibuprofen and diclofenac. 

From the graph data (figure. 8), it can be seen that ibuprofen 

or diclofenac tends to decrease the graph. This indicates that 

there is initial material that is changing. The formed product 

can be observed with the amount of starting material which 

has decreased. Then it can be discussed that laccase under 

these reaction conditions can chemically change the material 

of ibuprofen and diclofenac.  
In order to find out the results of the biodegradation reaction 

with laccase, identification was made using Gas 

chromatography-mass spectrometry (GC-MS). In 

chromatogram of GC-MS ibuprofen compounds after 

degradation, there are four compounds that show at 

retention times 6.26; 8.127; 12.50; and 13.129 minutes (Fig. 

9a). On the chromatogram, there is one compound with a 

high concentration at a retention time of 8.127 minutes 

which is a non-degraded ibuprofen compound. The 

molecular weight of ibuprofen is verified by the MS spectrum 

which is read at m/z = 206 (Fig. 9b). The high concentration 

of ibuprofen indicates that this compound is only degraded 

in small amounts. One of the compounds derived from 

ibuprofen degradation shows its peak at the retention time of 

6.26 minutes. After further study with the MS spectrum (fig. 

9c), this compound is the result of a reduction which is 

thought to be a 4-Isobutylacetophenone compound or 1- (4-

Isobutylphenyl) ethanone (m/z = 176). The change that 

occurs is the reduction of carboxylic acids into ketone 

compounds. From the peaks formed on the chromatogram, 

the formation of these compounds is only in small quantities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Chromatogram ibuprofen after degradation (a), MS ibuprofen before (b), and after degradation (c) 

 

Measurement of diclofenac compounds degraded by GC-MS 

showed more varied results compared with ibuprofen. On the 

chromatogram (Fig. 10 a), there are at least six peaks whose 

concentrations are not much different from each other. The 

peak is read at retention time 4.728; 9.879; 11.016; 11.450; 

11.581; and 12.537 minutes. As with ibuprofen, the 

concentration of diclofenac compounds is the highest 

compared to its derivative compounds. The molecular weight 

of diclofenac compounds is 296 g/mol. Some diclofenac 

derivatives derived from degradation as measured by GC-MS 

have molecular weights m/z = 267, 162, and 277. The 

diclofenac degradation derivative compounds are N- (2,6-

Dichlorophenyl) indolin-2-one (Fig. 10b), 2-(2,6-Dichloro-

phenylamino) benzaldehyde (Fig. 10c), and 2,6-

Dichloroaniline (Fig. 10d)
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Fig. 10. Chromatogram diclofenac after degradation (a), MS diclofenac after degradation (b,c,d)  

 

CONCLUSIONS 
The results showed that the local fungus of white oyster rot 

(Trametes sp.) contained laccase enzyme with partial 

purification results obtained specific activity 72,626 U / mg. 

Laccase is immobilized in graphene oxide synthesized from 

graphite powder has the ability to biodegrade samples of 

pharmaceutical waste models, namely ibuprofen and 

diclofenac. Identification of the results of degradation of 

ibuprofen and diclofenac compounds using GC-MS is known 

that laccase can convert ibuprofen into smaller mass 

products, one of the compounds that can be identified is 4-

Isobutylacetophenone, which is a product of ibuprofen 

reduction. Whereas for diclofenac samples biodegradable 

products were N- (2,6-Dichlorophenyl) indolin-2-one (Fig. 

10b), 2-(2,6-Dichloro-phenylamino) benzaldehyde (Fig. 

10c), and 2,6-Dichloroaniline. 

 

REFERENCES 

1. Jaseem, M., Kumar, P., & John, R. M. (2017). An 

overview of waste management in pharmaceutical 

industry. 6(3), 158 161. 

2. Cucina, M., Tacconi, C., Ricci, A., Pezzolla, D., Sordi, 

S., Zadra, C., & Gigliotti, G. (2018). Evaluation of 

benefits and risks associated with the agricultural use of 

organic wastes of pharmaceutical origin. Science of the 

Total Environment, 613 614, 773 782. 

https://doi.org/10.1016/j.scitotenv.2017.09.154 

3. Silva, C. P., Jaria, G., Otero, M., Esteves, V. I., & Calisto, 

V. (2018). Waste-based alternative adsorbents for the 

remediation of pharmaceutical contaminated waters: 

Has a step forward already been taken? Bioresource 

Technology, 250, 888 901. 

https://doi.org/10.1016/j.biortech.2017.11.102 

4. Larsson, D. G. J., de Pedro, C., & Paxeus, N. (2007). 

Effluent from drug manufactures contains extremely 

high levels of pharmaceuticals. Journal of Hazardous 

Materials, 148(3), 751 755. 

https://doi.org/10.1016/j.jhazmat.2007.07.008 

5. Schwaiger, J., Ferling, H., Mallow, U., Wintermayr, H., 

& Negele, R. D. (2004). Toxic effects of the non-

steroidal anti-inflammatory drug diclofenac. Part I: 

Histopathological alterations and bioaccumulation in 

rainbow trout. Aquatic Toxicology, 68(2), 141 150. 

https://doi.org/10.1016/j.aquatox.2004.03.014 

6. De Lange, H. J., Noordoven, W., Murk, A. J., Lürling, 

M., & Peeters, E. T. H. M. (2006). Behavioural 

responses of Gammarus pulex (Crustacea, 

Amphipoda) to low concentrations of pharmaceuticals. 

Aquatic Toxicology, 78(3), 209 216. 

https://doi.org/10.1016/j.aquatox.2006.03.002 

7. Pal, P., & Thakura, R. (2017). Pharmaceutical Waste 

Treatment and Disposal of Concentrated Rejects: A 

Review. International Journal of Engineering 

Technology Science and Research, 4(9), 130 155. 

Retrieved from www.ijetsr.com 

8. Langenhoff, A., Inderfurth, N., Veuskens, T., Schraa, 

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

m/z-->

Abundance

Scan 488 (6.250 min): IBU PROFEN.D\DATA.MS
161.1

176.143.1

91.1 105.1
134.1

119.1

77.1
63.0

207.0147.1

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

2200000

2400000

2600000

2800000

3000000

3200000

3400000

3600000

3800000

Time-->

Abundance

TIC: DICLOFENAC.D\DATA.MS

 9.789

11.016

11.450

11.581

12.537
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

0

50000

100000

150000

200000

250000

300000

350000

400000

450000

500000

550000

m/z-->

Abundance

Scan 1112 (11.584 min): DICLOFENAC.D\DATA.MS

214.1

242.1

277.0

179.1

151.189.1

51.1

126.0
355.1

(a) 
(b) 

(c) 

(d) 

https://doi.org/10.1016/j.scitotenv.2017.09.154
https://doi.org/10.1016/j.biortech.2017.11.102


Yusnidar Yusuf / The Utilization of Laccase – Functionalized Graphene Oxide as an Effective Biodegradation of 
Pharmaceutical Industry waste: Diclofenac and Ibuprofen 

 

544                                                                                     Systematic Review Pharmacy                         Vol 11, Issue 1, Jan-Jun, 2020   

 

G., Blokland, M., Kujawa-Roeleveld, K., & Rijnaarts, H. 

(2013). Microbial removal of the pharmaceutical 

compounds ibuprofen and diclofenac from wastewater. 

BioMed Research International, 2013. 

https://doi.org/10.1155/2013/325806 

9. Fekadu, S., Alemayehu, E., Dewil, R., & Van der 

Bruggen, B. (2019). Pharmaceuticals in freshwater 

aquatic environments: A comparison of the African 

and European challenge. Science of the Total 

Environment, 654, 324 337. 

https://doi.org/10.1016/j.scitotenv.2018.11.072 

10. 

Giesy, J. P. (2010). Endocrine disruption and 

consequences of chronic exposure to ibuprofen in 

Japanese medaka (Oryzias latipes) and freshwater 

cladocerans Daphnia magna and Moina macrocopa. 

Aquatic Toxicology, 98(3), 256 264. 

https://doi.org/10.1016/j.aquatox.2010.02.013 

11. Pomati, F., Castiglioni, S., Zuccato, E., Fanelli, R., 

Vigetti, D., Rossetti, C., & Calamari, D. (2006). Effects 

of a complex mixture of therapeutic drugs at 

environmental levels on human embryonic cells. 

Environmental Science and Technology, 40(7), 2442

2447. https://doi.org/10.1021/es051715a 

12. Parolini, M., Binelli, A., & Provini, A. (2011). Chronic 

effects induced by ibuprofen on the freshwater bivalve 

Dreissena polymorpha. Ecotoxicology and 

Environmental Safety, 74(6), 1586 1594. 

https://doi.org/10.1016/j.ecoenv.2011.04.025 

13. Wang, Y., Wang, X., Li, M., Dong, J., Sun, C., & Chen, 

G. (2018). Removal of pharmaceutical and personal 

care products (PPCPs) from municipalwaste water 

with integrated membrane systems, MBR-RO/NF. 

International Journal of Environmental Research and 

Public Health, 15(2). 

https://doi.org/10.3390/ijerph15020269 

14. Jankowska, K., Ciesielczyk, F., Bachosz, K., Zdarta, J., 

Kaczorek, E., & Jesionowski, T. (2019). Laccase 

immobilized onto zirconia-silica hybrid doped with Cu 

2+ as an effective biocatalytic system for decolorization 

of dyes. Materials, 12(8). 

https://doi.org/10.3390/ma12081252 

15. Patila, M., Kouloumpis, A., Gournis, D., Rudolf, P., & 

Stamatis, H. (2016). Laccase-functionalized graphene 

oxide assemblies as efficient nanobiocatalysts for 

oxidation reactions. Sensors (Switzerland), 16(3), 1 14. 

https://doi.org/10.3390/s16030287 

16. Agrawal, K., Chaturvedi, V., & Verma, P. (2018). 

Fungal laccase discovered but yet undiscovered. 

Bioresources and Bioprocessing, 5(1). 

https://doi.org/10.1186/s40643-018-0190-z 

17. Nguyen, H. H., & Kim, M. (2017). An Overview of 

Techniques in Enzyme Immobilization. Appl. Sci. 

Converg. Technol, 26(6), 157 163. 

https://doi.org/10.5757/ASCT.2017.26.6.157 

18. Chatzikonstantinou, A. V., Gkantzou, E., Gournis, D., 

Patila, M., & Stamatis, H. (2018). Stabilization of 

Laccase Through Immobilization on Functionalized 

GO-Derivatives. In Methods in Enzymology (1st ed., 

Vol. 609). https://doi.org/10.1016/bs.mie.2018.05.014 

19. Chen, J., Leng, J., Yang, X., Liao, L., Liu, L., & Xiao, A. 

(2017). Enhanced performance of magnetic graphene 

oxide-immobilized laccase and its application for the 

decolorization of dyes. Molecules, 22(2). 

https://doi.org/10.3390/molecules22020221 

20. Han, M. J., Choi, H. T., & Song, H. G. (2005). 

Purification and characterization of laccase from the 

white rot fungus Trametes versicolor. Journal of 

Microbiology, 43(6), 555 560. 

21. Wingfield, P. T. (2016). Protein precipitation using 

ammonium sulfate. Current Protocols in Protein 

Science, 2016, A.3F.1-A.3F.9. 

https://doi.org/10.1002/0471140864.psa03fs84 

22. Tamayo, N. P. B. and P. R. (2012). C Hapter 19. In 

https://www.researchgate.net/publication/227021616 

Protein (pp. 305 333). https://doi.org/10.1007/0-306-

48057-3 

23. More, S. S., Renuka, P. S., Pruthvi, K., Swetha, M., 

Malini, S., & Veena, S. M. (2011). Isolation, 

purification, and characterization of fungal laccase 

from Pleurotus sp. Enzyme Research, 2011(1), 1 8. 

https://doi.org/10.4061/2011/248735 

24. Shahriary, L., & Athawale, A. a. (2014). Graphene 

Oxide Synthesized by using Modified Hummers 

Approach. International Journal of Renewable Energy 

and Environmental Engineering, 02(01), 58 63. 

https://doi.org/10.3390/ijerph15020269

