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Abstract

In the study, metabolites of Euphorbia sanguinea were used as benign reducing and stabilizing agents to obtain zinc oxide
nanoparticles (ZnO-NPs). The nanoparticles were evaluated as dual agent for photodegradation of Malachite green dye and
tyrosinase inhibitior of mushroom tyrosine enzyme. Surface plasmon bands and energy band gaps of the ZnO-NPs were
within the range 356-378 nm and 2.72—4.37 eV respectively as obtained from the UV-Vis spectra. SEM/EDS elemental
mapping of the nanoparticles gave flower-like shape and even distribution of zinc and oxygen. XRD result revealed crystal-
lographic peaks assigned to hexagonal phase of zinc oxide. The metal oxide nanoparticles were used to achieve 53% percent-
age degradation of Malachite green dye solution in less than a minute of solar radiation, which increased to 92% in 60 min.
A first order kinetics with correlation coefficient R? of 0.937, rate constant of 0.0084 min~! and half-life of 82.52 min was
established for the photodegradation process. The ZnONPs exhibited good tyrosinase inhibition with IC50 of 49.016 pg/ml.
The mode of enzymatic inhibition was competitive with an inhibition constant (Ki) of 0.525 mM using Lineweaver—Burk

kinetic model.
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1 Introduction

In recent times, nano-biotechnology has become the focal
point of many scientific explorations because it is in tandem
with the principles of green chemistry [1]. Diverse plant
metabolites have been explored for biosynthesis of various
metal(oxide) nanoparticles [2, 3]. Biosynthesized nanopar-
ticles are mostly non-lethal and possess important phys-
icochemical properties such as: large specific surface area,
controlled surface activity, high surface interface, catalytic,
optical and volume effects. Hence, they have been applied
in water treatment, photocatalytic degradation of dyes, cos-
metics and medicine [4]. Remarkably, the rich heritage of
plant diversity offers great potential for bio-prospecting in
nanotechnology [4], biotechnology [5], Science [6, 7] and
engineering [8, 9].
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Organic dye pollutants pose a challenge to the environ-
ment due to their toxicity, non-biodegradability, kinetically
slow degradation process and carcinogenicity [10-12]. Sev-
eral techniques such as: adsorption, ion exchange, coagula-
tion—flocculation, membrane technology, direct chemical
oxidation, irradiation and advanced oxidation processes
have been employed in the treatment of wastewater contain-
ing dye molecules. However, advanced oxidation processes
(AOP) has gained more attention compared to other tech-
niques because it is cost effective, has good chemical oxygen
demand (COD) value and very efficient in the removal of
residual dye colouration from wastewater [13]. Photocata-
lytic degradation of organic dye pollutants using metal oxide
nanoparticles is a form of AOP that employs interaction
between dye molecules in wastewater and radicals generated
by the metal nanoparticles when photon energy is absorbed
on illumination from the sun or a UV-Vis source [14]. Pho-
tocatalytic degradation of organic dye pollutants using plant
mediated ZnO nanoparticles has been extensively reported
[15, 16]. However, there are no reports on the photocata-
lytic degradation of organic dyes using ZnO nanoparticles
obtained from aqueous leaf extract of Euphobia Sanguinea.
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In addition, kinetic study of photocatalytic degradation of
organic dyes and their mechanisms of action under illumina-
tion by sunlight are scarce.

Tyrosine enzyme is utilized by plants in the production of
phenolic polymers like tannins, lignin, flavonoids and for the
regulation of redox potential during plant cell respiration and
healing of wounds in plants [17]. It is also involved in the
conversion of monophenols to diphenols by monophenolase
activity and further conversion of diphenols into quinones by
diphenolase activity. Over expression of tyrosinase in plants
has been implicated in enzymatic browning of fruits and
vegetables, leading to loss of their nutritional values. This
has posed a huge challenge in food availability and storage
[18]. However, the use of biosynthesized metal nanoparticles
in tackling this challenge is scare and not reported in details.

Euphorbia sanguinea is a plant mostly found in the
tropical and subtropical regions of Africa. It is of the genus
Euphorbia, from the spurge family, Euphorbiaceae. Some
species of the genus have been reported to be used locally for
the treatment of skin diseases, migraine, and intestinal para-
sites [19]. Methanolic extracts of the stem sap of Euphorbia
sanguinea was reported to contain flavonoids and saponins
[20]. However, the biochemical components of aqueous leaf
extract of the plant is yet to be reported. Also, metabolites
of the leaf extract have not been explored in the synthesis
of metal oxide nanoparticles to the best of our knowledge.
Hence, in the present study, we report the evaluation of the
phytochemical properties of the aqueous extract of Euphor-
bia sanguinea. The plant extracts were explored in the syn-
thesis of zinc oxide nanoparticles. The nanoparticles were
evaluated for their tyrosinase inhibition activity using mush-
room tyrosine bioassay and their photocatalytic degradation
of Malachite green dye. The kinetics and mechanisms of
action of the two experiments were also discussed in details.

2 Experimental Section
2.1 Materials

Zinc chloride, sodium hydroxide, malachite green dye,
ascorbic acid, sodium phosphate dibasic heptahydrate,
sodium phosphate monobasic monohydrate, tyrosine enzyme
(from mushroom, 25KU) and 3,4-dihydroxyphenylalanine
(L-DOPA) were obtained from Sigma (USA). Euphorbia
sanguinea leaves were obtained from Calabar, Nigeria.

2.1.1 Apparatus and Instrumentation

Microscopic Characterization The surface morphology,
elemental composition and size of the AgNPswereana-
lyzed using scanning electron microscope (SEM) FEIXL
30, equipped with Energy Dispersive X-ray (EDS). X-ray

diffraction (XRD) patterns were measured on a Bruker s D8
Discover diffractometer, equipped with a Lynx Eyedetector,
under Cu-Ka radiation (1=1.5405 10\). Data werecollected
in the range from 20=10 to 90, scanning at 0.0101 min~!
and 192 s per step. The samples were placed on azero-
background silicon wafer slide. Optical characterization:
the Ultraviolet—visible spectra were analyzed with Agilent
Technologies Cary 60 spectrophotometer and the Fourier
transform-infrared (FTIR) spectra were recorded on Agilent
Technologies spectrophotometer.

2.2 Aqueous Extraction of the E. sanguinea Leaf

Euphorbia sanguinea leaves were freshly collected washed
thrice with deionised water and left to air-dry at room tem-
perature. The dried leaves were ground into fine particles
using a ceramic pestle and mortar. 4 g of the finely-divided
leaf particles was dissolved in 200 ml of deionized water. It
was heated in a water bath at 80 °C for 45 min. The aqueous
leaf extract was filtered using a Whatmann filter paper, put
into an amber bottle and stored in the refrigerator.

2.3 Phytochemical Characterization of the Aqueous
Leaf Extract of E. sanguinea

Qualitative and quantitative characterisations of the aqueous
leaf extract of E. sanguine were carried out using standard
procedures as reported in literature [21, 22].

2.4 Phytosynthesis of Zinc Oxide Nanoparticles

Zinc oxide nanoparticles were synthesized according to
methods reported in literature with little modifications [23,
24]. 1.34 g (0.1 M) of ZnCl, was weighed and dissolved
with 98 ml of deionized water. The mixture was poured into
a flat bottom flask and heated on a magnetic stirrer at 90 °C.
2 ml of the plant extract was added in drops to the stirred salt
solution. The pH of the mixture was altered to basic using
2 M NaOH solution. The mixture was stirred for 2 h after
which it was filtered under gravity and the residue was dried
at 60 °C in the oven for 48 h. The same procedure was also
carried out using 1 ml, 1.5 ml and 3.5 ml of the plant extract
added to the same concentration of zinc chloride salt.

2.5 Tyrosine Inhibition Activity

Tyrosinase inhibitory activity of the nanoparticles was car-
ried out using spectrophotometric method [25]. Briefly,
50 pg/ml of ZnO nanoparticles was added to 3.0 ml of a
reaction mixture containing 0.1 mM of L.-DOPA, 0.1 mM of
sodium phosphate buffer (pH 6.5) and 50 U/ml of mushroom
tyrosinase. The mixturewas incubated at room temperature
for 30 min. The formation of dopachrome was monitored
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at 475 nm with an UV-Visible spectrophotometer (Dou-
ble beam, Curry C60). The percentage of the inhibition of
tyrosinase activity was calculated using Eq. (1):

Tyrosinase inhibitory activity (%) = A — g X L:O €))
where A is absorbance of blank solution after incubation, B
is absorbance of sample solution after incubation.

The experiment was repeated for other concentra-
tions (500 pg/ml, 300 pg/ml, 200 pg/ml and 100 pg/ml)
of ZnONPs. The effect of the substrate was monitored in
the presence and absence of the ZnO nanoparticles with
different concentrations (0.5, 0.75, 1.25 and 1.5 mM) of
L-DOPA. The mode of inhibition and inhibition param-
eters: Lineweaver—Burk constant (Km), maximum velocity
(Vmax) and the inhibition constants were established using
Lineweaver—Burk plots.

2.6 Photocatalytic Degradation of Malachite Green
Dye

The photoctatalytic degradation experiment was done
according to methods in literature [26, 27]. 8 mg of the ZnO
nanoparticles was added to 1.5 mg/l of Malachite green dye
solution. The solution was stirred vigorously to ensure equi-
libration and incubated in the dark for 30 min. The reac-
tion mixture was exposed to illumination from sunlight and
monitored using a UV-Vis spectrophotometer at different
time intervals (0, 5, 15, 30, 45, 60 min). The percentage
degradation was obtained using Eq. (2):

Percentage degradation (%) = C — % X @ 2)
where C is absorbance of blank solution (dye solution) after
incubation, S is absorbance of sample solution (dye and
nanoparticles) after incubation.

3 Results and Discussion
3.1 Phytochemical Analysis

Results of qualitative and quantitative analysis of aqueous
extract of E. Sanguine leaves are presented in Tables 1 and
2 respectively. Qualitative analysis in Table 1 showed the
presence of polyphenols, steroids, terpernoids, alkaloids,
flavonoids, tannins, reducing sugars, carbohydrates and
glycosides.

Results of the quantitative analysis in Table 2 showed
high amount of total phenolics, carbohydrate, flavonoid,
alkaloids and reducing sugars. These plant metabolites
have been described as reducing and stabilizing agents in
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Table 1 Results of
phytochemical analysis of
aqueous leaf extract of E.

Phytochemicals Availability

Reducing sugars  ++

sanguinea Alkaloids ++
Flavoniod ++
Tannin ++
Total phenolics +++
Steriods +++
Terpernoids +++
Saponins -
Carbohydrate ++
Glycosides +

(+) present; (—) absent

Table 2 Quantitative phytochemical results of the plant extract

S.N Phytochemicals Quantity (STD)
(ml/100 g)

1 Glycosides 0.166 +0.004

2 Reducing sugars 107.59+1.199

3 Alkaloids 197.025 +2.466

4 Flavonoid 160.389 +1.802

5 Tannin 4.396 +0.083

6 Total Phenolics 2691.410+27.822

7 Terpernoids 19.793 +0.790

8 Saponin -

9 Carbohydrate 467.075 (£4.925)

Result expressed as Mean + standard deviation (SD)
n=3

biosynthesis of metal nanoparticles and have also been used
as antioxidants and tyrosinase inhibitors [5, 28].

3.2 UV-Vis Spectral Analysis

The normalized absorption spectra of the various ZnO nano-
particles obtained by varying the concentration of the plant
extract (1-3.5 ml) are shown in Fig. 1.

The intense surface plasmon absorptions bands for
all samples were observed between 350 and 400 nm cor-
responding the excitonic absorption of the ZnO-NPs and
were found to be within the same range of surface Plasmon
bands for ZnO nanoparticles obtained from plant extracts
of Turbinariaconoides (360 nm), Parthenium hysteropho-
rus (400 nm) and Catharanthus roseus (350 and 500 nm)
[28-30]. The surface plasmon bands becomes more pro-
nounced with the increase in concentration of the extract
which could be attributed to enhancement in reduction prop-
erties with concomitant increase in nucleation and size of
the nanocrystals arising from deficiency of oxygen, surface
defects, impurity centres and difference in band gap [14].
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Fig. 1 UV-Vis spectra showing
the surface plasmon bands of
ZnO nanoparticles with varia-
tion in volume of plant extracts
precursor from 1 to 3.5 ml
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Band gap of a semiconductor is the distance between the
valence band and the lowest empty conduction band. It is a
determinant of the amount of photon energy needed to be
absorbed by the semiconductor to cause photo-generation of
photoelectron and holes. The results of the absorption spectra
were used to determine the band gap energy of each of the
ZnO nanoparticles (Fig. 2) using Tauc’s equation in (Eq. 3)
for direct band gap material [14]:

500 600 700 800
Wavelength (nm)

where hv is the photon energy, E, is the band gap energy, k
is a constant and « is absorption constant.
Equation 3 can be further expressed as:

(2303 * A % 1240/2)* = k(1240/4 —E,) @)

where A and A are absorbance and wavelength respectively
obtained from the absorption spectra of the nanoparticles.
A plot of Eq. 4 gives an absorption curve whose tangent

(ahv)? = k(ho — Eg) (3)  expresses the energy band gap of the nanoparticles.
Biosynthesized ZnO nanoparticles have been reported
to show band gap energy of 2.88 eV and 3.10 eV [31]
Fig.2 Tauc’s plots for the 12 - 50 -
energy band gap of the ZnO
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3.28 eV [32] and 3.31 eV [33]. From the results in Fig. 2, 3.3 FT-IR Spectral Analysis

the band gap energy for the ZnO nanoparticles are within

the reported range. However, the ZnO nanoparticles  The plant extract and a representative sample of the ZnO

obtained using 1 ml of the plant extract precursor gave  nanoparticles (ZnO-NPs@1 ml) were subjected to FT-IR

the closest band gap energy to 3.37 eV, which is the theo-  analysis at room temperature to evaluate the functional

retical value for an undoped ZnO nanoparticle. groups of the plant metabolites that participated in the
reduction and stabilization of the nanoparticles. The FT-IR
spectra of the compounds are shown in Fig. 3a and b.
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Fig.3 FT-IR spectra for a plant extract and b ZnO nanoparticles (ZnO-NPs@1 ml)
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The significant functional groups of the plant extracts
gave vibrational bands as shown in Fig. 3a. The OH stretch-
ing band which could be from polyphenols, flavonoids,
reducing sugars, alkaloids and tannins was seen as a broad
at 3269 cm™!. The band was seen at a higher wave number of
3394 cm™! in the spectrum of the ZnO-NPs due to the par-
ticipation of the hydroxyl groups in stabilization of the metal
oxide nanoparticles [34].The band at 1638 cm™! in Fig. 3a
which was attributed to N—H bending of amines in alkaloids
or C=0 stretching in polyphenols, flavonoids, and reducing
sugars was also observed in Fig. 3b at lower wavenumbers
[35]. The presence of these bands in Fig. 3b is due to their
participation in the formation of the nanoparticles [36]. A
metal-oxygen bond vibration was observed at 693 cm™! in
the spectrum of the ZnO nanoparticles which is characteris-
tic to Zn—O vibrational stretching that further confirmed the
formation of ZnO-NPs [37].

3.4 Microscopy Analysis
3.4.1 Scanning Electron Microscopy

The morphological of the synthesized nanoparticles as
examined using scanning electron microscopy and presented
at Fig. 4a and b showed flower-like shape [38]. A petal-
like flower shape was observed when 1 ml extract was used,
which gradually changed to fusiform flower shape when 2 ml
extract was used. This could be attributed to increase in lat-
tice decomposition arising from higher concentration of the
extract.The average size of 34 nm was observed through
random selection of 50 clustered lumps of the nanocrystals
due to lack of monodispersity in shape of flower-like parti-
cles. The average thickness of the nanocrystals was found to
be 5 nm and 8 nm for the 1 ml and 2 ml extract respectively.

3.5 Energy Dispersive X-ray Analysis
The energy dispersive X-ray diffractive (EDX) study was

carried out for the synthesized ZnO-NPs to elucidate the

Fig.4 SEM of ZnO particles; a
(ZnO-NPs@1 ml), b (ZnO-
NPs@2 ml)

elemental composition. EDX study presented in Fig. 5 vali-
dates the presence of elemental Zn (zinc) and O (oxygen)
from the peak obtained thus confirming the formation of
the ZnO nanoflowers [38].The elemental mapping showed
evenly distribution of zinc and oxygen throughout the
nanoflowers indicating high crystallinity with no obvious
impurity.

3.6 X-ray Diffraction Analysis

The XRD pattern of the ZnO nanoflower is shown in Fig. 6.
The crystallographic peaks observed at 20 =32.09, 34.53,
36.33, 47.64, 57.69, 63.07 and 68.26 correspond to (100),
(002), (101), (102), (110), (103) and (112) crystallographic
phase of hexagonalzinc oxide (JCPDS card no. 36-1451)
[39]. The average crystalline diameter of the nanocrystals
determined using the Scherrer Eq. (5) was found to be 27 nm
and 33 nm, which are very close to the observed sizes using
SEM [40].

kA
" Bcosb ®)

3.7 Catalytic Degradation of Malachite Green Dye

The photocatalytic ability of the zinc oxide nanoparticles
was evaluated during the degradation of malachite green
(MG) dye in aqueous solution under sunlight illumination.
The results of time-dependent percent degradation of mala-
chite green (MG) was presented at Figs. 7 and 8. UV-Vis
absorption spectrum (blue) of malachite green (MG) solu-
tion gave two peaks: at 434 nm and 623 nm. Photo-degra-
dation of MG was portrayed by a decrease in blue-green
colour intensity of the dye with increase in irradiation time
and a reduction of the maximum absorption peak of the dye
[41, 42].
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Fig.5 EDX elemental mapping
showing that Zn and O is uni-
formly distributed in the ZnO
nanoflower

EDS Layered Image 10
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Fig.6 XRD of the ZnO nano-
particles

Intensity (a.u)

101
100
oozH
110 103 112
102
JCPDS No. 36—145|1 J I | |
! ! | | !
10 20 30 40 50 60 70 80

As shown in Figs. 7 and 8, the concentration of MG dye
decreased with respect to time of contact with the ZnO pho-
tocatalyst. It was found that in less than a min of illumina-
tion of the MG dye solution with ZnO nanoparticles, 53%
degradation of the MG dye was achieved. Afterwards, there
was a marked increase in percentage degradation of MG
from 53 to 87% as the contact time increased from 0—5 min;
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2Theta (degrees)

however, after 5 min, the degradation rate was gradual until
60 min when 92% degradation was achieved.

In 60 min, the degradation of MG dye solution was
almost complete. The MG solution, in the absence of the
ZnO NPs, did not show any degradation under solar irra-
diation. Thus, it was confirmed that the ZnO nanoparti-
cles were responsible for the degradation of MG under the
solar irradiation. The Photocatalytic degradation results
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Fig. 8 Percentage degradation of MG with time

obtained are significant improvement to those reported in
literature: Ma et al. reported 64% degradation of malachite
green using TiO, nanoparticles after 1 h [43], Wang et al.
recorded 68% degradation of malachite green using hybrid
of ZnO nanorods grown on three-Dimensional reduced gra-
phene oxide/Ni Foam [44] and Kaneva et al reported 89%
degradation of malachite green using undoped ZnO nano
particles [45].

3.7.1 Kinetics of the Photocatalytic Process

The experimental result of the photocatalytic degradation of
MG were further analyzed by using the pseudo first-order
and pseudo second-order kinetic models. The linear equa-
tions for the pseudo first and pseudo second order kinetic
models, as well as, their respective half-life equations are
shown in Egs. (6-9) respectively [46].

Ay
In— =kt
n a, 1 (6)
1 1
=yt
A, A, P (7
, _2
1 h K (¥
1
1, = 9
h kA

where A, is initial absorbance; A, is absorbance at time t;
k; and k, are rate constants for first order and second order
reactions respectively; t,, is half-life.

The kinetics of the degradation of process can be visu-
alised in Fig. 9a and b for first order and second order reac-
tions respectively. First order kinetic model gave the best fit
for the photo-degradation of MG with a correlation coeffi-
cient, R? of 0.937 which is higher than that of pseudo-second
order model with a correlation coefficient R? of 0.9034. A
linear relationship between —In(Ay/At) and reaction time
(t) further indicate that the photocatalytic reaction followed
the Langmuir-Hinshelwood model [41]. The rate constant
and half-life for the first order reaction are 0.0084 min~!
and 82.52 min while those of the second order reaction are
0.0592 min~! and 12.36 min respectively.

Fig.9 a first order kinetics for
. =0.0084x + 1.9517
degradation of MG, b second 3 Y RZ = 8(937 10 y =0.0592x + 4.2196
order kinetics for degradation - W‘-’—‘ 8 R?=0.9034
of MG <2 6
(=] (=]
< < 4
=, <
= <
< 2
0 + T T T ] — 0 + T T T )
0 20 40 60 80 0 20 40 60 80
Time (min) Time (min)
(a) (b)
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3.7.2 Mechanism of Photocatalytic Action

The photocatalytic degradation of dye molecules in water
can be ascribed to be an advanced oxidation process (AOP)
of dye remediation. Similar to the use of photo-Fenton
method in the degradation of dye molecules in which solar
radiation initiates the oxidation of Fe(Il) to Fe(IIl) caus-
ing the formation of a radical that interacts with the dye
molecule to mineralize the dye to CO, and H,O [47], the
photocatalytic process is initiated by placing the ZnO-NPs
and dye solution in the presence of solar radiation. The pho-
ton energy from the sun is absorbed by the semiconductor
ZnO-NPs causing electronic transition (or photoelectron
generation) from its valance band (VB) to the lowest empty
conduction band (CB). This transition creates conjugated
photo hole on the surface of the ZnO-NPs. The photon elec-
tron interacts with oxygen absorbed on the surface of the
photocatalyst to produce superoxide radical (-O, "), while the
hole reacts with H,O in the solution to generate a hydroxyl
radical (-OH) The radicals cause series of oxidation and
reduction of the organic dye molecules to their various inter-
mediates and eventually into their respective end products
of CO, and H,0 [48].

Photocatalytic degradation involves two main processes:
adsorption—desorption and photodegradation [49]. In the
first 5 min, the rate of adsorption of the dye molecules
on the surface of the photocatalyst was high and hence
high rate of degradation within 0-5 min of contact time
(53-83%) was recorded. The interaction of the dye with the
surface of the ZnO-NPs could be through hydrogen bond-
ing of the amine group of the dye or electrostatic interac-
tion between the positively charged surface of the photo-
catalyst and the anionic dye molecules. As the contact time
progresses, the adsorption sites on the surface of ZnO-NPs
are increasing loaded, therefore rate of adsorption will be
much slower as the saturation point is reached. Hence, a
decrease in the rate of degradation within 30—60 min of
contact time (87-92%) was observed. On the surface of
the ZnO-NPs, powerful oxidants -O, and -OH cause the
degradation of the dye molecules to end products (CO,

and H,0) and desorption occurs leading to adsorption of
more molecules.

3.7.3 Stability of Photocatalyst ZnO-NPs

A good photocatalyst must be stable for large scale processes
and should be able to be regenerated and reused. Hence, we
investigated the stability of the ZnO-NPs by carrying out
recycling experiments of the photocatalytic degradation of
Malachite green dye under irradiation from sunlight. The
results are presented in Table 3.

The photocatalyst was collected after each cycle by cen-
trifugation, then washed with distilled water and ethanol and
dried in an oven at 80 °C [50]. The sample was then reused
for subsequent degradation. As can be seen, the removal rate
of Malachite green dye decreased from 92 to 80% within
60 min of contact time after three cycles. The photocatalytic
activity of ZnO only minimally decreased, due to the una-
voidable loss of photocatalysts during the cycle processes.

3.8 Tyrosinase Inhibition Activity of ZnO-NPs

The antityrosinase activity of the synthesized ZnO-NPs was
represented in Fig. 10. The results depicted a dose depend-
ent activity with an IC50 of 49.016 ug/ml. The metal oxide
nanoparticles have higher tyrosinase inhibition activity com-
pared to the plant extract with 36% inhibition. The standard
drug, ascorbic acid gave 77% tyrosinase inhibition at 100 g/
ml.

The result obtained is an improvement to some literature
reports ie. tyrosinase inhibition activity of ZnO nanoparti-
cles obtained from brown seaweed-turbinariaconoides was
38% at a concentration of 50 pg/ml [51].

3.8.1 Enzyme Kinetic Study and Mechanism
of Anti-tyrosinase Action

The kinetics of the tyrosinase inhibition was studied using
Lineweaver—Burk plot and presented in Fig. 10. From the

Table 3 Result of different

. Name Time (min)  1st Photocatalytic 2nd Photocatalytic 3rd Photocatalytic ~4th Photocata-
runs of the p hotocgtalytlc experiment (%) experiment (%) experiment (%) lytic experiment
degradation experiments (%)

ZnO-NPs 0 53 53 49 45
ZnO-NPs 5 87 86 82 61
ZnO-NPs 15 87 86 84 70
ZnO-NPs 30 89 89 88 72
ZnO-NPs 45 90 89 90 76
ZnO-NPs 60 92 92 90 80
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Fig. 10 Tyrosinase inhibition activity of ZnO-NPs

plot, the kinetic parameters in the absence of ZnO-NPs
revealed that the maximum velocity (Vmax) of the enzyme
is 0.32 mM/min while the affinity of the enzyme for
L-DOPA (Km) is 1.071 mM. On the introduction of 50 pg/1
of the ZnONPs, the Vmax was found to be approximately
0.33 mM/min while the Km was calculated to be 1.59 mM.
The result clearly showed that the Vmax of the reaction was
not affected by the inhibitor but there was an increase in
Km (Fig. 11).

This observation is characteristic of a competitive mode
of inhibition where the inhibitor and substrate compete for
the active site of the enzyme [52]. In this type of inhibi-
tion, the double reciprocal plot of the two plots: catalysed
and inhibited plots, normally intercept at a point on the 1/V
axis. Hence the mechanism of tyrosinase inhibition by the

ZnO-NPs is proposed to involve the nanoparticles compete
for the active site of the enzyme with the substrate thereby
preventing the substrates from binding to the active site of
the enzyme. The inhibition constant Ki of the ZnO-NPs
which shows the affinity of binding of the inhibitor and the
enzyme was calculated as 0.525 mM. The initial velocity
(Vo) of the enzyme was calculated at the substrate concen-
tration of 0.1 mM to be 0.027 mM/min while in the presence
of the ZnO-NPs (inhibitor) the initial velocity was calculate
to be 0.0003 mM/min, thereby giving a relative activity of
0.011 and a percentage fractional inhibition of 98.8% show-
ing very high inhibitory effect on the enzyme [53].

4 Conclusion

We presented zinc oxide nanoflowers that were obtained
using a low cost and green method involving aqueous leaf
extract of E. sanguinea. The nanoflowers were used as pho-
tocatalysts in the degradation of Malachite green dye and
also as tyrosinase inhibitior for mushroom tyrosine enzyme.
The formation of the ZnO-NPs was confirmed by results
obtained from UV-Vis spectra, SEM, EDX and XRD. The
zinc oxide nanoflowers gave good photocatalytic efficiency
in the degradation of the Malachite green dye solution with
53% percentage degradation in less than a minute of solar
radiation which improved to 92% in 60 min of exposure. In
addition, ZnO-NPs exhibited competitive type of tyrosinase
inhibition with IC50 of 49.016 pg/ml.

Fig. 11 UV-Vis spectra of ZnO 25
nanocrystals with different ZnONPs-ES y =4.7953x + 3.0173
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