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ABSTRACT. The determination of heavy metal concentrations has been carried out using sophisticated instruments, and therefore
a simple and reliable alternative method is needed as a comparison. The study aimed to determine Cu and Pb concentration of
standard solution using the urease activity inhibition method of Durio zibethinus L. seeds. The research started with urease
extraction from D. zibethinus L. seeds. The activity of the obtained extract was determined using the Nessler method. The optimum
substrate concentration was also determined. Urease activity inhibition was carried out using various metal solution
concentrations, which continued by plotting a log graph of urea concentration vs. %inhibition. The obtained graph would then
determine the metal concentration in a synthetic water sample. The data was then compared to the measurement, determined
by the Atomic Absorption Spectrophotometry (AAS) method. Results of the study showed that the urease activity of D. zibethinus
L. seeds was 296.774 U/mL. Urease activity was optimum at a urea concentration of 0.3 M. The comparison Cu, and Pb
concentration determination using the urease inhibitory activity and AAS methods showed no significant difference at 95%
confidence level. This research showed that urease of D. zibethinus L. seed could be used to determine Cu and Pb's concentration
based on its inhibiting activity.
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INTRODUCTION
Heavy metals can cause environmental pollution,
and this is a big problem because they affect human
health. Even at low concentrations, heavy metals pose a
threat to the environment and human health because
they are not biodegradable, causing more severe
pollution problems (Gumpu, Sethuraman, Krishna, &
Rayappan, 2015).
Various methods have been developed to determine
the concentration of heavy metals, such as atomic
absorption spectrometry (Souza, Zanatta, da Silva, & da
Veiga, 2018), inductively coupled plasma mass
spectrometry
(Djedjibegovic,
Larssen,
Skrbo,
Marjanović, & Sober, 2012), anodic stripping
voltammetry (Bernalte, Sánchez, & Gil, 2011) and X-ray
fluorescence spectrometry (Aranda, Colombo, Perino,
De Vito, & Raba, 2013); (Ozer, Çimenoğlu, & Güçer,
2011). These tools are expensive and need a reliable
operator to operate. Therefore, fast and straightforward
detection of heavy metals at deficient concentration
levels is necessary.
In this study, heavy metal detection was carried out
using enzymes. In recent years, enzymes received

considerable attention in searching for simple, fast, and
inexpensive methods for determining compounds.
Enzyme as a catalyst has excellent properties due to their
selectivity and specificity. Molecules inhibit enzyme
reaction with the substrate called an inhibitor. The
inhibitor's binding stops the substrate from entering the
enzyme's active site or inhibit the enzyme from catalyzing
its reaction. Each enzyme has a specific inhibitor. The
inhibition of this specific enzymatic system has been
applied as an analytical method to detect toxic pollutants
such as heavy metals (Budnikov et al. 2015); (Ahmad,
2013); (Kaur, Kumar, & Verma, 2014); (Do, Lin, &
Ohara 2011) and pesticides (Gan, Yang, Xie, Wu, &
Wen, 2010); (Braham, Barhoumi, & Maaref, 2013).
The urease enzyme (urea amidohydrolase, EC
3.5.1.5) has been considered an enzyme model for
determining heavy metals in industrial waste, drinking
water, surface water, wastewater, groundwater, and soil
extract. Various studies have reported the inhibition of
urease by heavy metals such as cadmium, nickel, and
silver (Gumpu et al. 2015), cobalt (Jing et al. 2016),
copper (Pan et al. 2016), mercury (Do and Lin 2016),
and zinc (Wieczorek, Wyszkowska, & Kucharski, 2015).
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Urease sensitivity towards heavy metal ions caused by
several cysteine residues becomes the urease enzyme's
active sites (Pervin et al., 2013). Heavy metal ions inhibit
urease catalytic activity by binding to sulfhydryl groups
in the enzyme's active center (Upadhyay, 2012). After the
metal atoms are attached, the sulfhydryl groups cannot
function in catalysis resulting in a significant decrease in
the catalytic activity. At constant substrate concentrations
and varying metal ion concentrations, inhibition causes
the enzyme catalytic activity to decrease. The reduction
in enzyme catalytic activity is proportional to the number
of heavy metal ions as the sample's inhibitor (Hermanto,
Kuswandi, Siswanta, & Mudasir, 2019).
Urease is used for the hydrolysis of urea to carbon
dioxide and ammonia. Urease catalyzes urea's
hydrolysis reaction at a rate of 1014 times faster than
the reaction without enzymes (Krishna, Singh, Patra, &
Dubey, 2011). The urease enzyme can be found in
plants, animals, and microorganisms (Cantarella, Otto,
Soares, De, & Silva, 2018). Urease enzyme has been
isolated from various grains such as in green pea
bean (El-Hefnawi, Sakran, Ismail, & Aboelfetoh, 2014),
black-eyed pea bean (Zusfahair, Ningsih, Putri, &
Fatoni, 2018a), long bean seed (Zusfahair, Ningsih,
Fatoni, & Santri, 2018b), jackfruit seed (Chouhan, and
Gayathri, 2018), and bitter melon seed (Krisna et al.,
2011). D. zibethinus L. seed contains protein 2.6 g /
100 g (Nurfiana, Mukaromah, Jeannisa, & Putra,
2009). Protein in Durio zibethinus L. seed would contain
enzymes; one of them is urease. The use of D. zibethinus
L. seed as a source of urease can overcome
environmental pollution, increase the economic value of
D. zibethinus L. seed, and increase farmers' income.
To the best of the authors' knowledge, there is only
a little information about the interaction of heavy
metal ions with the urease enzyme from D. zibethinus
L. seeds.
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Urease Extraction from D. zibethinus L. Seed (Zusfahair
et al., 2018a)
Durio zibethinus L. seeds germinated for three days
were weighed as much as 20 g, then mashed using a
cold mortar and pestle. Mashed D. zibethinus L. seed
sprouts were soaked in an 80 mL cold phosphate buffer
solution of 0.2 M at pH 7 and then homogenized using
a stirrer for 3 hours. Stirring using a stirrer was carried
out in a cold state. The mixture results of the stirring
process were centrifuged at 4 oC for 15 minutes at a
speed of 12000 rpm. The supernatant obtained was a
crude extract of urease enzyme from D. zibethinus L.
seed used for activity testing.
Determination of Urease Activity (Magomya, Barminas,
& Osemeahon, 2017)
The urease activity was determined using a slightly
modified method in which the ammonia yield was
determined by spectrophotometry. For 0.5 mL test buffer
(0.2 M phosphate buffer, pH 7), 0.5 ml of the enzyme
extract was added to 0.5 mL of urea solution (0.25 M in
phosphate buffer), where the mixture was incubated at
30 °C. After 10 minutes, the reaction was stopped by the
addition of 0.5 mL of 0.1 M HCl. The reaction mixture
was made up to 25 ml with distilled water and added
with 0.5 mL of Nessler reagent. The absorbance of the
resulting solution was determined against the blank at
443 nm on a UV-Vis spectrophotometer. Urease activity
was estimated (as μM ammonia released) from a
standard ammonium sulfate curve. One enzyme unit is
defined as the amount of enzyme required to release
one μM ammonia per minute under test conditions. The
urease activity of the sample was calculated using the
equation.
Urease activity (U / mL) = A (sample) x dilution factor
Slope x T x v
Where: A (sample) = the absorbance of the sample
measured against the
T = incubation time (10 minutes for
standard test). V = sample volume

EXPERIMENTAL SECTION
Tools and Materials
The tools used are UV-Vis spectrophotometer
(Shimadzu
UV-1800),
Atomic
Absorption
Spectrophotometer (Perkin Elmer model 3110),
centrifuges (Quantum), cuvettes, incubators, analytical
balance (Ohaus), micropipette, tip, mortar and pestle,
rod stirrer, magnetic stirrer, pH meter (Hanna
Instruments), and refrigerator (LG). Materials used are
Durio zibethinus L. seeds locally purchased from
farmers Durio zibethinus L. in District Kemranjen
Banyumas, urea (Merck), Nessler reagent (Merck),
NaH2 PO4 (Merck), Na 2 HPO4 (Merck), HCl , ammonium
sulfate (Merck), CuCl2 (Merck), Pb(NO3)2 (Merck),
distilled water, and wrapping.

Effect of Substrate Concentration on Urease Activity
The enzyme activity was studied by varying the
amount of substrate (urea) of 0, 1; 0.2; 0.3; 0.4; and
0.5M at a constant enzyme concentration.
Inhibition Test of Urease Activity using Pb and Cu
(Magomya et al., 2017)
A set of solutions containing Pb2+ dan Cu2+ with
concentrations ranging from 0.001 - 10 mg / L was
prepared using serial dilutions from 1000 ppm stock.
The procedure was as follows: 0.2 mL metal ion
solution, 0.5 mL enzyme extract, and 0.3 mL buffer (pH
7) were incubated at 30 °C for ten minutes to allow
sufficient time for metal/enzyme interaction. A 0.5 mL of
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urea (0.3 M) was then added, and after 10 minutes, the
reaction stopped by adding 0.5 mL of 0.1 M HCl. The
reaction mixture was prepared to 25 mL with distilled
water, and 0.5 ml of Nessler's reagent was added. The
absorbance of the resulting solution was measured
against the blank at 443 nm on a UV-Vis
spectrophotometer. The level of inhibition for each metal
concentration tested was obtained using the equation as
follow:
% inhibition = [Ao – Ai)/Ao] x 100
Ao = absorbance without metal
Ai = Absorbance obtained after preincubation of
metal
The obtained data were plotted to a graphical log of
concentration against % inhibition for each metal.

et al., 2018). Urease will hydrolyze urea to ammonia
and carbon dioxide. Hydrolysis of one urea molecule will
produce two ammonia molecules and a carbon dioxide
molecule (Singh, Singh, & Verma, 2017).
Hydrolysis of urea by urease:
CO(NH2)2 + H2O

2NH3 + CO2

Nitrogen in the ammonia solution will be in two species
of (NH4+) and ammonia (NH3). The following is the
equilibrium reaction of ammonia in water:
2NH3 + 2H2O
(Ambarsari, Asriyani, & Ridlo, 2020)

2NH4++ 2OH-

2NH4+ + SO42-+OH-+ H+

The level of ammonium released is detected using
the Nessler method. The Nessler method's principle is
that the ammonia ion will give a yellowish-brown color
when reacting with Nessler's reagent (K2HgI4). The
produced color intensity will be directly proportional to
ammonia in the sample (Jeong, Park, & Kim, 2013).
The standard curve is obtained from the linear
regression equation results resulting from the
absorbance measurement of the standard solution of
ammonium sulfate. The ammonium ion produced by the
above reaction was measured by the Nessler method
using a UV-Vis spectrophotometer at a maximum
wavelength of 443 nm. The regression equation value
obtained is y = 0.0093x - 0.0589 with a value of R² =
0.9978. The slope value obtained is used to calculate
the value of enzyme activity.
The urease activity test is carried out using a crude
extract of urease from D. zibethinus L. seeds. The urease
enzyme's crude extract is prepared by growing D.
zibethinus L. seed sprouts with a germination time of 3
days. The germination process is carried out in dark
conditions, which functions to maintain the auxin
hormone. The auxin hormone is a growth hormone for
plants sensitive to sunlight intensity. Sprouts exposed to
sunlight with high intensity will cause stunting growth
and further death due to the auxin hormone has
interfered work, and therefore germination should be
done in dark conditions (Utami, 2018).
The D. zibethinus L. seed sprouts are then extracted
in cold conditions and centrifuged at cold temperatures,
preventing denaturation due to the centrifugation
process's hot temperatures. The supernatant obtained is
a crude urease extract, which then is tested for activity.
The urease activity of D. zibethinus L. seeds obtained in
this study was 296.774 U / mL.

Urease (EC 3.5.1.5 urea amidohydrolase) is a
hydrolase enzyme-containing nickel in its structure (You

Effect of Substrate Concentration on Urease Activity
The effect of the given substrate concentration on
urease activity is presented in Figure 1.

Determination of Pb and Cu Concentrations in Synthetic
Water Samples using the Urease Activity Inhibition
Method
Six water samples were prepared for each Cu2+ and
2+
Pb
by adding an unknown amount of the metal
solution to the distilled water. All samples were
prepared, and an inhibition test was performed using
the same procedures mentioned previously. The
concentrations of various metals in the sample were
estimated from each inhibition calibration curve's
regression equation.
Determination of Pb and Cu Concentrations in Synthetic
samples Using AAS
Analysis of Cu and Pb from water samples was
carried out using Atomic Absorption Spectrophotometer
(AAS).
Comparison between Inhibition Testing Method and
AAS Method
The synthetic water analysis results obtained by the
inhibition test of urease activity and AAS were compared
via a normality test preceded by a T-test.
RESULTS AND DISCUSSION
Urease Activity Test
The urease activity test initiation is the plot of a
standard curve for ammonium sulfate. The basis for
choosing ammonium sulfate as the standard solution is
that ammonium sulfate solution will produce the same
ammonium ion similar to the hydrolysis of urea. The
following is the reaction of ammonium sulfate in water:
(NH4)2SO4 +H2O
(Cheremisinoff, 2002)
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Figure 1. The effect of substrate concentration on the activity of urease enzyme in D. zibethinus L. seed
Figure 1 shows that the enzyme activity is low at the
substrate concentrations of 0.1 and 0.2 M. This happens
because the enzyme's active site only accommodates a
small amount of the substrate, so the product is also
small. Increasing the substrate concentration will
increase the enzyme activity until it reaches the optimum
condition or saturation point. The optimum activity
obtained from the D. zibethinus L. seed urease enzyme
is at a substrate concentration of 0.3 M, 246.237 U/mL.
This optimum condition indicates that all enzymes are
saturated with the substrate so that no active site of the
enzyme is free to obtain the product (Kumari, Jain, &
Malhotra, 2013). An excess concentration substrate,
such as a concentration of 0.4 - 0.5 M, will reduce
enzyme activity. Thi reduction occurs because the
substrate at a higher concentration inhibits the enzyme's
action (Pervin et al., 2013). The urease enzyme from
different sources has different optimum substrate

concentrations, such as 25 mM for green pea beans
(Cicer arietinum L) (Pervin et al.,2012) and 200 mM for
legumes (Pissum sativum L) (El-Hefnawy et al., 2014).
The Urease Activity Inhibition Test on Pb and Cu
The urease activity inhibition test uses various
concentrations of aqueous Pb and Cu solution. It aims
to obtain a curve of the relationship between variations
in metal concentration and percent inhibition. In this
study, the metal ions used are Pb2+ and Cu2+ obtained
from Pb(NO3)2 and CuCl2 with various concentrations of
0.001; 0.01; 0.1 ;. 1; and 10 ppm. Each metal
concentration was reacted with urease, after which the
urea substrate was added. The activity test was
calculated based on the produced ammonia by the
Nessler method. Data on the relationship between
variations in the concentration of Pb and Cu to %
inhibition is presented in Figure 2.

Figure 2. The relationship between urea log concentration and the inhibition of urease
activity from D. zibethinus L. seed by Pb and Cu ion.
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Figure 2 shows a linear relationship between log
urea concentration and the inhibition urease activity of
D. zibethinus L. seed by Pb and Cu ion. The regression
equation obtained is y = 2.0985x + 26.042 with R²
value of = 0.9933 for Pb ion. Meanwhile, the regression
equation obtained for Cu ion is y = 3.2934x + 29,903
with R² value of = 0.9972. The study results show that
the percentage of inhibition of the urease activity of D.
zibethinus L. seed increases with increasing metal ion
concentration. The addition of Pb and Cu ions has a
different effect on the urease activity of the D. zibethinus
L. seed. The inhibition of urease activity of D. zibethinus
L. seed by Cu ion was stronger than Pb ion. All tested
Cu concentrations showing a higher percentage of
inhibition. The same result is also obtained on the
inhibition of urease activity of watermelon seed
(Upadhyay, 2012). The reaction of heavy metals with
ligands containing N and O groups is why they inhibit
urease activity. Heavy metals such as Cu, Zn, Ni, and Pb
showed high affinity towards N and O groups
containing ligands (Gabrovska &
Godjevargova,
2009). The copper ion may coordinate with nitrogen(histidine) and oxygen- (aspartic acid and glutamic
acid), which present in the urease structure (Saboury,
Pourakbar, & Rezaei, 2010). The urease activity
decreases drastically with Cu addition, possibly due to
energy blockage in the urea transport process (Banerjee
& Aggarwal, 2012).
The inhibition of heavy metals against enzyme activity
results from the reaction between metal molecules and
the active part of the enzyme, namely thiol (-SH). The
inhibitor binds to the enzyme prevents the enzyme from
binding to the substrate on its active site (competitive
inhibitor). The competition that occurs depends on the
concentration of the substrate and inhibitor. The
inhibitor works to bind the enzyme's active site and other
parts of the enzyme, further change the threedimensional conformation of the enzyme-forming
protein. This condition causes the substrate-enzyme

complex not to form so that urease activity decreases
(Fopase, Nayak, Mohanta, Kale, & Paramasivan, 2019).
For this report, the type of inhibition is undetermined.
However, the inhibition of Cu and Pb ions on the urease
activity of Citrullus vulgaris seed showed a noncompetitive inhibition (Prakash and Vishwakarma,
2001). The same type of inhibition was also found on
the urease activity of jack bean by Cu ion (Mishra &
Bahadur, 2010).
Determination of Pb and Cu concentrations in synthetic
water samples using urease and AAS activity inhibition
methods
Determination of Pb and Cu concentrations in
synthetic water samples using the urease activity
inhibition method initiated by adding Pb and Cu with
unknown concentration to the urease extract, continued
by the incubation process. When the incubation process
is complete, urea addition takes place. At that time, the
possibility of Pb or Cu ions bound to the active site of
urease replaces the metal, which functions as a urease
activator (Pervin et al., 2013). An activator is a
compound or a metal that function to increase enzyme
activity. Metal ion replacement causes a change in the
urease active site's conformation, making it a mismatch
to the substrate. This conformational change decreases
the urease activity.
The measurement of urease activity inhibition is using
a spectrophotometer. The absorbance value obtained
from the measurement of urease activity inhibition was
then entered into the equation to calculate the
percentage of inhibition value. The inhibition percentage
value is then plotted in the linear regression equation as
obtained in Figures 2 and 3 to obtain the metal
concentration value. Metal concentrations obtained by
the urease activity inhibition method were compared
with AAS measurement data. Data from the
determination of Cu and Pb metal concentrations using
the urease and AAS activity inhibition method, as
presented in Tables 1 and 2.

Tabel 1. The concentration of Cu in synthetic water samples measured using the urease activity inhibition
method compared to AAS
Cu concentration measured using the urease
Cu concentration measured using
Sample No
activity inhibition method (ppm)
AAS (ppm)
1
0.135 ± 0.000
0.133 ± 0.016
2

0.744 ± 0.079

0.757 ± 0.024

3

1.262 ± 0.000

1.283 ± 0.027

4

2.525 ± 0.190

2.595 ± 0.024

5

4.120 ± 0.796

4.151 ± 0.024

6

1.977 ± 0.586

1.982 ± 0.047
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Tabel 2. The concentration of Pb in synthetic water samples measured using the urease activity
inhibition method compared to AAS
Sample No
1
2
3
4
5
6

Pb concentration measured using the
urease activity inhibition method (ppm)
1.718 ± 0.174
6.346 ± 0.000
14.917 ± 0.000
24.902 ± 0.000
33.203 ± 3.163
49.330 ± 0.000

Analysis data used to compare the determination of
Cu and Pb concentrations using the urease activity
inhibition method of D. zibethinus L. seeds and the AAS
method starting with a normality test analysis. The
normality test is carried out to see the level of normality
of the data used, whether the data is in a normal
distribution or not. The normality of the data is critical
because, in normally distributed data, the data is
appropriate as a representative of the population. The
test used is the Kolmogorov Smirnov test calculated by
the SPSS program. Based on the Kolmogorov-Smirnov
data normality test, it is found that the significance value
(p) is 0.782 (Cu) and 0.584 (Pb) (p> 0.05). The
significance value (p) signifies that the KolmogorovSmirnov results show that the data is normally distributed
(Dahlan, 2011). The data analysis continues with the Ttest (Marliani, Hasanuddin, & Nurmaliah, 2017).
Paired Sample T-Test shows whether paired samples
experience significant changes. Their significance value
determines the result of the Paired Sample T-Test. This
value then determines the decisions taken in the study.
The significance value (2-tailed) <0.05 indicates a
significant difference between the two methods. A low
significance value shows a significant influence on the
differences in the treatment given to each variable. The
significance value (2-tailed)> 0.05 indicates no
significant difference between the two methods. The
high significance value shows that there is no significant
effect on the differences in the treatment given to each
variable. The result of data analysis using the T-test
obtained the Asymptotic significance value. (2-tailed) of
0.081 (Cu) and 0.714 (Pb).
These results indicated no significant difference in the
95% confidence level for the determination of Cu and
Pb concentrations using the urease activity inhibition
method of D. zibethinus L. seeds using the AAS method
because of the Asymptotic significance value. Sig. (2tailed)) is greater than 0.05.

Pb concentration measured using
AAS (ppm)
1.726 ± 0.083
6.316 ± 0.068
14.326 ± 0.117
25.682 ± 0.541
32.949 ± 0.000
48.967 ± 0.895

and Pb standard solution (0.001 - 10 mg/L) using the
urease activity inhibition method and the AAS method
showed no significant difference at the 95% confidence
level.
ACKNOWLEDGMENT
We would like to thank the Universitas Jenderal
Soedirman University for supporting this research
through Riset Peningkatan Kompetensi grant No. 121 /
UN23.18 / PT.01.05 / 2020
REFERENCES
Ahmad, A. (2013). The development of a specific
inhibitive enzyme assay for the heavy metal
lead. Journal of Environmental Bioremediation
and Toxicology. 1(1), 9-13.
Ambarsari, H., Asriyani, L., & Ridlo, A. (2020). Isolasi
dan produktivitas bakteri ureolitik dari sedimen
Muara Sungai Citarum (Isolation and
productivity of ureolytic bacteria from citarum
river estuary sediments). Jurnal Teknologi
Lingkungan, 21(2), 147-156
Aranda, P. R., Colombo, L., Perino, E., De Vito, I. E., &
Raba, J. (2013). Solid‐phase preconcentration
and determination of mercury (II) using activated
carbon in drinking water by X‐ray fluorescence
spectrometry. X‐Ray Spectrometry, 42(2), 100104.
Banerjee, S., & A. Aggarwal. (2012). Isolation, partial
purification, characterization, and inhibition of
urease enzyme from the Cajanus cajan seeds.
Asian Journal of BioScience, 7(2), 203-209.
Bernalte, E., Sánchez, C. M., & Gil, E. P. (2011).
Determination of mercury in ambient water
samples by anodic stripping voltammetry on
screen-printed
gold
electrodes. Analytica
Chimica Acta, 689(1), 60-64.
Braham, Y., Barhoumi, H., & Maaref, A. (2013). Urease
capacitive biosensors using functionalized
magnetic nanoparticles for atrazine pesticide
detection in environmental samples. Analytical
Methods, 5(18), 4898-4904.

CONCLUSIONS
Cu and Pb ions inhibited urease activity. The higher
the levels of Cu and Pb ions, the percentage of inhibition
against urease activity increase. Determination of Cu
97

Molekul, Vol. 16. No. 2, July 2021: 92 – 99
Budnikov, S. R., Soldatkin, O. O., Kukla, A. L.,
Khomenko, I. I., Dzyadevych, S. V., & Soldatkin,
O. P. (2015). Investigation and optimization of
reactivation of urease biosensor for heavy metals
inhibition analysis. Biotechnologia Acta, 8(6).
Cantarella, H., Otto, R., Soares, J. R., De, A. G. & Silva,
B. (2018). Agronomic efficiency of nbpt as a
urease inhibitor. A Review. Journal of Advanced
Research. Cairo University. 13. 19–27. DOI:
10.1016/j.jare.2018.05.008
Cheremisinoff, N. (2002). Handbook of water and
wastewater treatment technologies, Woburn:
Butterworth-Heineman
Chouhan, S., V, P. V. & R, Gayathri. (2018). Extraction
and partial purification of urease enzyme from
jack fruit. International Journal of Research in
Pharmaceutical Sciences. 9(2), 438–441.
Dahlan, S. (2011). Statistik untuk kedokteran dan
kesehatan (Statistics for medicine and health),
Jakarta, Penerbit Salemba Medika
Do, J. S., Lin, K. H., & Ohara, R. (2011). Preparation of
urease/nano-structured
polyanilineNafion®/Au/Al2O3 electrode for inhibitive
detection of mercury ion. Journal of the Taiwan
Institute of Chemical Engineers, 42(4), 662-668.
Do JS, & Lin KH. (2016). Kinetics of urease inhibitionbased amperometric biosensors for mercury and
lead ions detection. J Taiwan Inst Chem Eng 63,
25–32.
Djedjibegovic, J., Larssen, T., Skrbo, A., Marjanović, A.,
& Sober, M. (2012). Contents of cadmium,
copper, mercury, and lead in fish from the
Neretva river (Bosnia and Herzegovina)
determined by inductively coupled plasma mass
spectrometry (ICP-MS). Food Chemistry, 131(2),
469-476.
El-hefnawy, M. E., Sakran, M., Ismail, A. I. & Aboelfetoh,
E. F. (2014). Extraction, purification, kinetic and
thermodynamic properties of urease from
germinating Pisum sativum L. Seeds. BMC
Biochemistry, 15(15). 1–8.
Fopase, R., Nayak, S., Mohanta, M., Kale, P., &
Paramasivan, B. (2019). Inhibition assays of free
and immobilized urease for detecting hexavalent
chromium in water samples. 3 Biotech, 9(4),
124.
Gan, N., Yang, X., Xie, D., Wu, Y., & Wen, W. (2010).
A disposable organophosphorus pesticides
enzyme biosensor based on magnetic composite
nanoparticles modified screen-printed carbon
electrode. Sensors, 10(1), 625-638.
Gabrovska, K., & Godjevargova, T. (2009). Optimum
immobilization of urease on modified acrylonitrile
copolymer membranes: Inactivation by heavy

metal ions. Journal of Molecular Catalysis B:
Enzymatic, 60(1-2), 69-75.
Gumpu MB, Sethuraman S, Krishnan UM, & Rayappan
JBB. (2015). A review of the detection of heavy
metal ions in water. An electrochemical
approach. Sensors and Actuators B. 213, 515533
Hermanto, D., Kuswandi, B., Siswanta, D., & Mudasir,
M. (2019). Inhibitive determination of hg (ii) in
aqueous solution using urease amperometric
biosensor. Indonesian Journal of Chemistry.19
(3), 786 - 795
Jeong, H., Park, J., & Kim, H. (2013). Determination of
NH4+ in environmental water with interfering
substances
using the
modified
Nessler
method. Journal of Chemistry.
Jing C, Wang C, Yan K, Zhao K, Sheng G, Qu D, Niu F,
Zhu H, & You Z. (2016). Synthesis, structures, and
urease inhibitory activity of cobalt(III) complexes
with Schiff bases. Bioorganic and Medisinal
Chemistry ????
Kaur, H., Kumar, S., & Verma, N. (2014). Enzyme-based
colorimetric and potentiometric biosensor for
detecting Pb (II) ions in milk. Brazilian Archives of
Biology and Technology, 57(4), 613-619
Krishna, B. L., Singh, A. N., Patra, S. & Dubey, V. K.
(2011). Purification, characterization, and
immobilization of urease from Momordica
charantia seeds. Process Biochemistry, 46(7).
1486–1491.
Kumari, N., Jain, V., & Malhotra, S. (2013). Purification
and characterization of extracellular acidophilicamylase from Bacillus cereus MTCC 10205
isolated from soil. African Journal of Microbiology
Research, 7(48), 5440-5448
Marliani, N., Hasanuddin, & Nurmaliah, C. (2017). The
effect of science, technology, society, environment
(STSE) model in critical thinking skill and student
achievement in matter environmental pollution at
mas jeumala 'amal. Jurnal EduBio Tropika, 5(1).
1-53
Magomya, A., Barminas, J., & Osemeahon, S. (2017).
Assessment of metal-induced inhibition of
soybean urease as a tool for measuring heavy
metals in aqueous samples. IOSR Journal of
Applied Chemistry, 10, 61-70
Mishra, N., Bahadur, A. (2010). Inhibition of urease
immobilized in alginate beads by heavy metals.
Biochemistry and Indian Journal, 5(3), 151-157
Nurfiana, F., Mukaromah, U., Jeannisa, V. C., & Putra,
S. (2009). Pembuatan bioetanol dari biji Durian
sebagai sumber energi alternatif (synthesis of
bioethanol from durian seed as an alternative
energy source). Presented in Seminar Nasional V
SDM Teknologi Nuklir. Yogyakarta: STTN-BATAN.
98

Determination of Cu and Pb concentrations based on urease activity inhibition
Ozer, E. T., Çimenoğlu, M. A., & Güçer, Ş. (2011).
Determination of cadmium, chromium, lead, and
mercury in polyethylene and polypropylene after
xylene treatment by energy dispersive X-ray
fluorescence
spectrometry. Instrumentation
Science & Technology, 39(4), 357-367.
Pan L, Wang C, Yan K, Zhao K, Sheng G, Zhu H, Zhao
X, Qu D, Niu F, & You Z. (2016). Synthesis,
structures, and Helicobacter pylori urease
inhibitory activity of copper(II) complexes with
tridentate aroylhydrazone ligands. Journal of
Inorganic Biochemistry. 159:22–28.
Pervin, S., MG, S. Jahan., Md, M. Rana. A., Sana, N. K.,
Rahman, H., & Shaha, R. K. (2013). Effects of
some environmental variables on urease in
germinating chickpea (Cicer arietinum L.)
Seed. Journal
of
Stress
Physiology
&
Biochemistry, 9(3).???
Prakash, O., & Vishwakarma, D. K. (2001). Inhibition of
urease from seeds of watermelon (Citrullus
vulgaris) by heavy metal ions. Journal of Plant
Biochemistry and Biotechnology, 10(2), 147149.
Sabouri, A., Pourakbar, E. E., & Rezaei, B. G. (2010). A
thermodynamic study of the interaction between
urease and copper ions. Journal of Sciences,
Islamic Republic of Iran 21(1): 15-20
Singh, A. K., Singh, M. & Verma, N. (2017). Extraction,
purification,
kinetic
characterization,
and
immobilization of urease from Bacillus sphaericus
MTCC 5100. Biocatalysis and Agricultural
Biotechnology, 12, 341–347.

Zusfahair, et al.

Souza, L. R. R., Zanatta, M. B. T., da Silva, I. A., & da
Veiga, M. A. M. S. (2018). Mercury determination
in soil and sludge samples by HR CS GFAAS
compares sample preparation procedures and
chemical modifiers. Journal of Analytical Atomic
Spectrometry, 33(9), 1477-1485.
Upadhyay, L. S. B. (2012). Urease inhibitors: A review.
Indian Journal of Biotechnology, 11, 381-388
Utami. (2018). Pengaruh hormone tumbuh terhadap
fisiologi tanaman (Suatu kajian pustaka) (Effect of
growth hormone on plant physiology (A literature
review)), Fakultas Pertanian Universitas Udayana
Wieczorek K, Wyszkowska J, & Kucharski J. (2015). The
sensitivity of soil urease to soil contamination by
zinc, copper, nickel, cadmium, and lead.
Fresenius Environmental Bulletin, 24:2496–2504
You, Z., Yu, H., Li, Z., Zhai, W., Jiang, Y., Li, A., Guo,
S., Li, K., Lv, C. & Zhang, C. (2018). Inhibition
studies of jack bean urease with hydrazones and
their copper(ii) complexes. Inorganica Chimica
Acta. 480, 120–126.
Zusfahair, Ningsih, D. R., Putri, D. & Fatoni, A. (2018a).
Partial purification and characterization of urease
from black-eyed pea (Vigna unguiculata ssp
unguiculata
L.).
Malaysian
Journal
of
Fundamental and Applied Sciences. 14(1), 20–
24.
Zusfahair, Ningsih, D.R., Fatoni, A. & Santri, D. (2018b).
Determination of urease biochemical properties
of asparagus bean (Vigna unguiculata ssp
sesquipedalis L.). In IOP Conference Series:
Materials Science and Engineering 349(1),
012073.

99

