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Revised date In nanobiotechnology, synthesizing metal nanoparticles (NPs) using plant extracts has recently been
2 April 2024 increasing because of eco-friendly and low-cost methods. For this work, zinc oxide nanoparticles
Accepted date: (ZnO NPs) have been synthesized by biosynthesis process using water hyacinth extracts (WHE).
23 May 2024 The water hyacinth (WH) was chosen because the WH is fast-growing and the most toxic aquatic
plant in the world. Therefore, this work aims to apply these WHE to be a precursor in the biosynthesis
of ZnO NPs (ZnOgio-NPs) based on the research of a sustainable environment. The ZnO NPs synthesized
Keywords: by the WHE were investigated for their antibacterial and photocatalytic activities. An UV-Vis spectrum

Zinc oxide nanoparticles; showed a specific absorbance peak around 362 nm with an average band gap of 3.22 eV. As the result,

Biosynthesis process; TEM analysis revealed a triangle structure with an average size of about 64.05 nm. The peaks of XRD
Antimicrobial activity; analysis show a hexagonal wurtzite structure. The ZnO NPs synthesized by the WHE showed higher
antibacterial activity against S. aureus better than E. coli. It is interesting to note that the ZnOgio-NPs
synthesized from the WHE can have an anti P. acnes (JB7) with a minimum inhibitory concentration

MIC) and a minimum bactericidal concentration (MBC) equal to 50 pg-mL~"and 200 pg-mL!,
q ng ug

Dye removal;

Water hyacinth extracts

respectively. In addition, the ZnOBio-NPs also can effectively remove more than 90% of the malachite
green within 180 minutes with extremely high reuse.

extracts that can provide a variety of properties such as antimicrobial
activity, and catalytic and optical properties [5].

1. Introduction

Nanotechnology has played an important role in various fields
such as catalysis, pharmaceutics, cosmetics, and environmental
applications, etc. [1]. Zinc oxide nanoparticles (ZnO NPs) have been
paid attention in past decades due to a unique character that can be
applied in many industries [2]. Various approaches are used for ZnO
NPs syntheses, including chemical and physical methods. However,
these methods are not eco-friendly because of using toxic agents [3].
Therefore, green synthesis or biosynthesis is an alternative and low-cost
method due to reducing hazardous processes compared to physical
and chemical synthesis methods [4]. Among green processes, plant
extract-mediated synthesis of ZnO can be produced on a large scale
and without additional impurities. ZnO NPs are synthesized by plant
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Water hyacinth is fast growing and free-floating aquatic weed
which is the most toxic aquatic plant in the world because it can change
the chemical and physical structure of aquatic environments. In general,
the water hyacinth is unwanted and needs to be removed from the river
because of the above reasons. However, the water hyacinth can be
used as the mediator because it has bioactive compounds (alkaloids,
terpenoids, steroids, phenol, glycoside, and flavonoids) that can stabilize
the nanoparticle formation [6,7]. Thus, the water hyacinth could give
a potential application in the synthesis of ZnO NPs based on sustainable
development goals (SDGs).

There are many reports on the properties of ZnO NPs synthesized
from water hyacinths. Application for growth and seed production [8],
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antibacterial on plant pathogenic bacteria [9], and nano-fertilizer [10].
For this work, we aim to synthesize the ZnO NPs from water hyacinth
to investigate the antibacterial activity and the properties of cationic
and anionic dye removal.

2. Experimental
2.1 Materials

Zinc acetate dihydrate (Zn(CH3COO)2:2H20) (Kemaus, Australia),
sodium hydroxide (AR grade), ethanol (Liquor distillery organization,
Thailand), nutrient agar and nutrient broth (Himdia, India), 2,3,5-
Triphenyltetrazolium chloride (TTC) (DC Fine chemicals,Spain),
1,1-diphenyl-2-picrylhydrazyl (DPPH) (Sigma-Aldrich, Germany),
indigo dye (LOBA Chemie, India), malachite green dye (LOBA
Chemie, India)

2.2 Methods
2.2.1 Preparation of water hyacinth extracts

Fresh water hyacinth (collected from Udon Thani, Thailand)
was cleaned with tap water, and distilled water was rinsed in the
last step. The cleaned water hyacinth was dried in a hot air oven at
60°C for 48 h and finely ground using a grinder. Next, 5 g of the
dried powder were extracted in 200 mL of deionized water at 70°C
for 30 min. Finally, the aqueous extracts were filtered using filter
paper (Whatman No. 1) and then stored at 4°C for further use.

2.2.2 Biosynthesis of ZnO NPs using water hyacinth extracts

To synthesize ZnO NPs, 0.1 M of zinc acetate dihydrate was
stirred with 2 mL of water hyacinth extracts for 10 min. Next, the
mixture was adjusted to pH 12 with 2 M sodium hydroxide solution
and stirred continuously at different temperatures for 1 h to find the
optimum condition for the synthesis of ZnO NPs. Subsequently,
the white precipitate was suspended and separated by centrifugation
for 15 min at 12,000 rpm. The obtained precipitate was rinsed with
deionized water, followed by ethanol. Finally, the precipitate was dried
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Figure 1. Illustration of biosynthesis of ZnO NPs by water hyacinth extracts.
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in the hot air oven at 80°C for 24 h. All steps of synthesis are presented
in Figure 1.

2.2.3 Characterization of biosynthesized ZnO NPs

The suspended ZnO NPs in deionized water and water hyacinth
extracts were investigated for absorption spectra between 300 nm
and 600 nm using UV-Vis spectrophotometer. The band gaps were
calculated based on extrapolating the linear component using the
Tauc’s plot [11,12]. To identify the functional groups, the water hyacinth
extract and synthesized ZnO NPs were analyzed in the range of
4,000 cmi! to 500 cm™! using Fourier-transform infrared (FTIR) analysis.
The crystalline structure of ZnO NPs was determined by using X-ray
diffraction (XRD). The energy dispersive X-ray (EDX) is the technique
to analyze the elements of the ZnO NPs. The shape and size of ZnO
NPs were analyzed by using transmission electron microscope (TEM)
technique.

2.2.4 Evaluation of antioxidant activity by DPPH method

The free radical scavenging activity (SC) of the samples (water
hyacinth extracts and ZnOsgio-NPs) was tested by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) based on the method of Chen ez al. [13] with
some modifications. The 0.1 mM solution of DPPH in 99.9% ethanol
was prepared freshly before UV-Vis measurement. The concentration
of the samples was prepared in the range of 500 mg-mL~" to 3.906
mg-mL~" and 500 ug'mL" t0 3.906 ug-mL" for water hyacinth extracts
and ZnOgio-NPs solutions, respectively, using a serial dilution. Next,
0.1 mL of sample was added into 2.9 mL of the prepared DPPH with
shaking vigorously for 30 min in the dark. Then, the absorbance of
obtained mixtures was measured at 517 nm by UV-Vis spectro-
photometer. The ethanolic DPPH solution without the samples was
used as a control. Each absorbance was converted into percentage
SC (%SC) using Equation (1). The definitions of Ac and 4s are the
absorbance for the control and the sample, respectively. All tests
were performed in triplicate.
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2.2.5 Antimicrobial activity

In the present study, antimicrobial activity of ZnOgio-NPs was tested
against Gram-negative bacterium Escherichia coli and Gram-positive
bacteria Staphylococcus aureus [14] and Propionibacterium acnes
(JB7).

2.2.5.1 Antimicrobial activity against Escherichia coli and Staphylococcus
aureus

Determination of the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of the ZnOgio-NPs
was performed by broth micro-dilution method using 2,3,5-triphenyl
tetrazolium chloride (TTC) assay [9]. Concentrations of the ZnOgio-NPs
in nutrient broth (NB) were prepared in the range of 0.039 mg'mL™"
to 5.00 mg-'mL"". Each concentration of tested suspension was mixed
with the bacterial culture (0.5 McFarland standard). The mixtures were
incubated at 37°C for 24 h. before adding the TTC reagent (20 mg-mL™")
and further incubated at 37°C for 3 h. The MBC was assessed by
re-culturing 10 pL of the lowest concentration that bacterial growth
was not observed from the MIC assay onto the nutrient agar (NA)
plate by drop plate and incubated at 37°C for 24 h. All experiments
were performed in triplicate.

2.2.5.2 Anti-Propionibacterium acnes activity

The P. acnes strain JB7 was cultured in BHIA broth and incubated
at 37°C for 48 h. in an anaerobic condition. The 100 pL bacterial
culture was inoculated into each well of a 96-well microplate. The MIC
was determined in the ranges of 400 pg-mL~"to 1.56 pg-mL~! for
ZnOgio-NPs, and Erythromycin (positive control). The MBC was
assessed by subculturing 10 pL bacterial culture from 96-well plate
and dropped onto BHIA agar plates and incubated at 37°C for 96 h.
under anaerobic conditions.

2.2.6 Dye removal

The dye degradation activity of ZnOgio-NPs was assessed by
degradation of cationic dye (Malachite Green) and anionic dye
(Indigo) in the presence of UV-sunlight. To initiate photocatalytic
degradation, 25 mg of ZnOgio-NPs were first added into 50 mL of dye
solution, at a concentration of 20 ppm (20 mg-L™") and a neutral pH.
Next, the mixture solution was sonicated for about 15 min. Then the
mixture was shaken for 30 min in the dark condition to reach adsorption-
desorption equilibrium. After that, the mixture was reacted under UV-
sunlight for 10, 20, 30, 60, 90, 120, and 180 min. After that, 2 mL
of the irradiated solution was taken out, centrifuged and its absorbance
was measured using a UV-Vis spectrophotometer (300 nm to 800 nm).
Here without ZnOgio-NPs in dye solution was taken as a control dye.
The degradation efficiency of the dye was calculated using Equation (2).

. A=A
% Degradation = ( " £
1

) x 100 ©)

Aiis the absorbance of dye without ZnOgio-NPs (control) and 4, is
the absorbance of dye with ZnOgio-NPs reaction mixture at time ¢
[15,16]. In addition, the solution conductivity was investigated to
present the decrease of organic compounds based on dye degradation.
The reusability was reported for four cycles.

3. Results and discussion

3.1 Characterization of ZnOsi,-NPs synthesized by using
water hyacinth extract

3.1.1 FTIR analysis

To identify the functional groups of the water hyacinth extracts
and the ZnOgio-NPs, FTIR spectroscopy was applied and shown in
Figure 2. The broad peaks of the plant extracts and the ZnOgio-NPs
at 3240 cm™! indicate the existence of O—H stretching of complexes.
For the plant extracts, the peaks at 1595 cm™ show carbonyl stretching
(C-0) and the O-H group that agrees with the previous studies [9].
This peak also suggested that the carbonyl group is contained in
the polysaccharide ring of cellulose which was confirmed at the
wavenumber ~1325 cm™! as Pratama et al. [17]. In addition, the
wavenumber ~1058 cm™! shows the C—~O—C in the pyranose ring as
shown in the previous studies [17]. For the ZnOgio-NPs, the smaller
band vibration ~880 cm™! was referred from C-H stretching (alkane)
as shown in Figure 2(b-d). This indicates the successful synthesis
of Zn-O symmetrical bending of wurtzite ZnO. For the wavenumber
between ~440 cm™ to ~500 cn! in Figure 2(b-d), these wavenumbers
the different sizes of ZnO nanoparticles [18].

3.1.2 Morphological analysis

The morphological study of the ZnOgio-NPs was carried out by
TEM. The shape of the ZnOgio-NPs synthesized at 70°C is mainly
a triangle structure with the average size about 64.05 nm. The EDX
analysis presents the atomic weight of oxygen and zinc which are
52.81% and 47.19%, respectively, show in Figure 3(d).
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Figure 2. FTIR analysis of (a) water hyacinth and ZnOpg;,-NPs at (b) 30°C,
(c) 50°C, and (d) 70°C, respectively.
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Figure 3. TEM micrograph and size distribution and EDX of zinc oxide nanoparticles synthesized at 70°C, (a-b) TEM, (c) size distribution, and (d) elemental

composition.
3.1.3 X-ray diffraction analysis (XRD)

Figures 4(a-c) show the X-ray diffraction pattern of the ZnOgio-NPs
synthesized at different temperatures (30°C, 50°C, 70°C). These peaks
are potentially attributed to the crystallographic planes (100), (002),
(101), (102), and (110) of the hexagonal wurtzite structure (JCPDF
file no. 00-036-1451) of ZnO NPs as the previously reported [19].

Intensity (a.u.)

20 (degree)

Figure 4. XRD pattern of zinc oxide nanoparticles, (a) 30°C, (b) 50°C, and
(c) 70°C.
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3.1.4 UV-vis absorption characteristics

The plot of the UV spectra (Figure 5) confirms the formation of
ZnOgio-NPs with the wavelength of 362 nm [20]. The band gap of
the ZnOgio-NPs was performed by using UV-visible spectroscopy.
As the Figure 5, the band gap of the ZnOsio-NPs was 3.22 eV which
can explain whether the ZnOgio-NPs can be used in a photocatalytic
reaction. According to the reports [21], it explained that the small band
gap is easily excited from the valence to the conduction band.
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Figure 5. UV-Vis spectra and band gap energy of green synthesized ZnO NPs;
absorption spectrum synthesized and band gap energy of synthesis at 70°C.
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3.2 Antioxidant activity using DPPH assay

The DPPH scavenging assay was used to evaluate the free radical
scavenging activity of the ZnOsio-NPs and water hyacinth extracts.
The results show that there is a large number of phytochemicals in
the plant extracts which leads to a higher %6SC as shown in Figure 6(a).
This supports the fact that the phytochemicals groups can be a capping
agent for the biosynthesis of ZnOgio-NPs using the plant extracts [22].
When the ZnOgio-NPs appeared, the phytochemical groups decreased
as shown in the functional groups shown in FTIR analysis. As illustrated
in Figure 6(b), it is clearly shown that the %SC of Ascorbic acid,
a standard substance, is higher than the %SC of the ZnOgjo-NPs.
Despite an increase in the concentration of ZnOgio-NPs, the antioxidant
activity of ZnOgio-NPs does not substantially increase. This finding
is consistent with the previous studies [23], which found that the
antioxidant efficacy of the ZnOgio-NPs is reduced because of the lower
solubility of the ZnOsgio-NPs.

3.3 Antimicrobial activity

The ZnOBgio-NPs against S. aureus and E. coli as shown in MIC
and MBC values (Table 1). The MIC value of the ZnOgio-NPs against
E. coli was measured at 312.50 ug-mL~" and for S. aureus was
at 156.25 pg'-mL~!. The MBC of ZnOgio-NPs against E. coli was
5,000 pg-mL~" and for S. aureus was 2,500 pg-mL~!. These results
are supported by the previous studies [24,25] that the ZnOgio-NPs
can invade the peptidoglycan layer of the S. aureus. While it is difficult
to attack lipopolysaccharides of the E. coli. In addition, the ZnOgio-NPs
also against P. acnes were 50 and 200 pg-mL™!, respectively. Although,
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the antibacterial activities of the ZnOgi,-NPs are lower than the
standard substances (Chloramphenicol and Erythromycin), these
results show that the biosynthesized ZnO NPs can be used as an
antibacterial agent very well.

3.4 Dye removal activity

As the photocatalytic results, it appears that the ZnOgio-NPs from
the water hyacinth extracts can remove the malachite green (cationic
dye) and indigo (anionic dye) efficiently. It is clearly to see that the
absorbance of both dyes without the ZnOgio-NPs slightly decreased
compared with time as seen in the plots in Figure 7(a) and Figure 8(a).
Therefore, it implies that the degradation of both dyes is decreased by
the effect of adding the ZnOsio-NPs as catalysts. It found that the
malachite green was degraded in the first ten minutes with about 73.32%
degradation and reached about 95.15% degradation within 180 min
(Figure 7). For the indigo degradation (Figure 8), it was found that the
degradation gradually increased from 20 min (25.98% degradation)
to 180 min (83.17% degradation).

Degradation studies were carried out four times with the same
ZnOBio-NPs as described in the previous study [26] to investigate the
reusability of the ZnOgio-NPs. The results are presented in Figure 9.
It appears that the ZnOgio-NPs can be reused to remove malachite green
more efficiently than the indigo because the percent of degradation
efficiency slightly changes from the first (95.15%) to the fourth (94.74%)
time for malachite green. While, the percent of degradation efficiency
of indigo drops by almost 10% from the first (83.17%) to the fourth
(74.25%) time. These results show that the ZnOgio-NPs can be reused
extremely high for removing malachite green.
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Figure 6. % Scavenging of (a) plant extract and (b) ZnOg;,-NPs and ascorbic acid evaluated by DPPH assay.

Table 1. MIC value and MBC value of ZnOg;,-NPs.

Sample Bacterial species
E. coli S. aureus P. acnes
MIC* MBC* MIC* MBC* MIC* MBC*
Chloramphenicol 3.125 400 12.5 400 - -
Erythromycin - - - - 1.56 1.56
ZnOg;-NPs 312.50 5,000 156.25 2,500 50 200

* ug'mL"! of concentration
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Figure 7. Photocatalytic activity of ZnOg;,-NPs in degradation of malachite green: (a) UV-Vis spectra of malachite green dye with respect to irradiation (a*
is the spectra of malachite green without ZnOgj,-NPs at interval time) (b) % degradation of dye with irradiation time.
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Figure 8. Photocatalytic activity of ZnOgi,-NPs in degradation of indigo: (a) UV-Vis spectra of indigo dye with respect to irradiation (a* is the spectra of
malachite green without ZnOpg;,-NPs at interval time) (b) % degradation of dye with irradiation time.
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Figure 10. The solution conductivity of malachite green (black line) and indigo
(red line) versus times.

In addition, our work also shows the relationship between
conductivity and the percent degradation efficiency. This relationship
can reflect the removal of the total organic compounds (TOCs) because
the higher conductivity shows the lower amount of organic compounds
(higher amount of inorganic compounds). In Figure 10, the results
show that the solution conductivity is higher according to time increases
from 1 h to 3 h for both dyes. Therefore, this implies that the percent
degradation efficiency of dye is related to the decrease of the organic
compounds that are the source of the higher trend of conductivity.

4. Conclusions

This work is focused on the synthesis of the ZnOgio-NPs using
the WTE to investigate the antibacterial and photocatalytic. The XRD
and TEM analysis show the crystalline structure and the size of the
obtained ZnO NPs. The EDX shows the atomic weight of oxygen and
zinc which are 52.81% and 47.19%, respectively. The ZnOsio-NPs
shows the antibacterial activity for S. aureus, E. coli, and P. acnes.
In addition, the ZnOgio-NPs were also effective in the degradation
of malachite green and indigo. Our work shows the ZnOgio-NPs
can be reused extremely high for removing malachite green. Moreover,
the higher conductivity reflects the lower amount of organic compounds
which is consistent with dye degradation efficiency. This work can
show the ability of ZnOgio-NPs from using the WTE as a part of
the synthesis to be an alternative material for cosmetic, medicine,
and degradation dyes applications.
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