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Abstract

Green nanoparticles are receiving great attention due to their broad fields of application. Plant
extracts are promising sources, since the synergizing process is easy and cost-effective. Green synergism
offers safer nanomaterials for both human health and the environment. The antimicrobial application of
prepared nanoparticles is due to special capabilities at the nanoscale size. Green zinc oxide nanoparticles
(ZnONPs) from lemongrass and turmeric revealed good antibacterial properties. Antibacterial active
compounds were extracted from lemongrass and turmeric using methanol as a solvent. The extracts were
introduced to zinc oxide solution to create synergized green ZnONPs and tested for their antibacterial
properties. The samples were characterized by means of XRD, SEM, FTIR, and GC-MS. The zones of
inhibition of synergized green ZnONPs were successfully measured using the disc diffusion method. The
findings using gram-negative bacteria Escherichia coli. showed a higher antibacterial inhibition zone,
with a diameter of 1.6 cm. The gram-positive bacteria, Staphylococcus aureus., showed low antibacterial
inhibition. The addition of ZnO had positively revealed greater inhibition. Green ZnONPs synthesized
using plant extracts will be further tested for various applications.

Keywords: Metal oxide, Green synergism, Escherichia coli, Synergism, Green product, Active
Compound, Turmeric, Lemongrass, Bacterial inhibitor

Introduction

Nanomedicine involves the use of nanotechnology for the benefit of human health [1,2]. Drug
delivery, therapy techniques, diagnostic techniques, antimicrobial techniques, and cell repair are among
the examples it could be used for [3-5]. Synergistic combinations in nanomedicine exhibit increasing
importance in therapy, due to their ability to deliver the best quality therapeutic effects. Synergism refers
to the process of 2 or more agents combining to produce a greater effect compared to their individual
effects [6]. The opposite brings a weaker effect, known as antagonism and indifference, or additive to
those which bring almost similar effects. A synergistic process may lead to a new reaction, or develop
existing reactions, leading to significant industrial development. Allen and Macmillan suggested
synergism may produce a new and effective product and improve existing products [7]. Both oxidation
and reduction take place during the synergism of nanoparticles with plant extracts [8,9]. Plant extracts
contain very rich resources of biomolecules, and most of them are low in cost [10]. Plant extracts are
significant in reducing and stabilizing metallic ions. Lemongrass (Cymbopogon citratus) and turmeric
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(Curcuma Longa) have been extensively studied to enhance their antibacterial activity [11,12].

Zinc oxide is applied on skin to treat wounds and ulcers, stop acne, remove psoriasis, help against
eczema, heal skin, and relieve melasma [8,13]. Extensive research is leading to new antimicrobial
medicines which are isolated from different sources. Bacterial infections are a major source of various
infectious diseases [14,15]. Pure green antimicrobial agent is less effective compared to antimicrobial
chemical agents [16]. Thus, metal oxide is introduced into pure extracts to enhance their antimicrobial
abilities. The synergism of metal oxide and plant extracts allows the activation of metal ions from the
mono or divalent oxidation states to zero-valent states. The nucleation of reduced metal atoms then takes
place. Neighboring particles will accumulate to form larger nanoparticles that are thermodynamically
stable [17]. The current study focuses on the synergism of zinc oxide nanoparticles with 2 plant extracts.
The measurement of the zones of inhibition determines their effectiveness as antimicrobial agents.

Materials and methods

Samples of lemongrass and turmeric

Fresh lemongrass (Cymbopogon citratus) and turmeric (Curcuma Longa) were bought from
Serdang, Selangor. The species of plants were obtained from the same source and were verified as per
Tajidin et al. in 2012 and Alafiatayo ef al. in 2014 [18,19]. They were washed and rinsed with distilled
water to remove unwanted constituents. Then, they were cut into small pieces and dried at 50 °C for 48 h.
The dried samples were ground into powder form. The weights before and after drying were recorded to
obtain the results of moisture loss.

Extract preparation

The preparation of lemongrass and turmeric extracts was carried out using the method of
Balakrishnan et al. in 2014 with some modification. The active compounds from lemongrass and turmeric
were obtained by soaking 30 g of turmeric and lemongrass powder in 300 mL of methanol (99 %),
respectively. The suspensions were then stirred for 24 h by an orbital shaker at 250 rpm at room
temperature. The solution was then filtered using filter paper (Smith, 110 mm) prior to separation via a
vacuum pump evaporator. This step ensured that the methanol had been completely removed from the
active compounds. The solution was stored in 4 °C and away from sunlight to prevent any contamination
[20].

Synergism process

During the synergism process, 0.10 g of zinc oxide nano-powder were added into 1.00 mL of
deionized water. The solution was stirred using a magnetic stirrer to ensure the sample was homogenous.
The resulting zinc oxide solution was added into lemongrass and turmeric extract, respectively, in a 1:1
ratio mode. The suspensions were then probe sonicated to obtain homogenous antibacterial agents for
further use [21].

Sample characterizations

X-ray analysis was accomplished using PW 3040/60 MPD X’ pert Pro Panalytical Philips DY 1861
X-ray diffractometer. A Cu-Ka radiation source with A = 1.5406 A, which operated at 40 mA and 40 Kv,
was used. All samples were mounted on sample holders. The measurements were carried out over 26
scans over diffraction angles from 20° to 80° with a speed of 2.00%min. The step size for scanning was
0.03°. X-ray analysis was performed to further confirm the action of the pure zinc oxide phase of the
nanoparticles [22]. The significant peaks of the prepared nano-powder could be calculated by using
Scherrer’s formula:

D = K 1/(Bcos6) M

where D refers to the average crystallite size, f is the full width at half maximum (FWHM) line
broadening in radians, 0 is the Bragg diffraction angle, A is the X-ray wavelength used (1.54060 A), and
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K is the dimensionless shape factor approximately equal to 0.94 [23]. Fourier Transform Infrared (FTIR)
Spectroscopy (SHIMADZU IR-Tracer 100) was used to identify the functional groups in the plant
extracts and antibacterial agents [24]. The spectrums were scanned in the frequency range of 4,000 to 400
cm ' with spectra resolution of 4 cm ' under transmittance mode. After the background emission spectrum
of the infra-red source was recorded, the emission spectrum of the infrared source with the sample was
observed. The resultant absorption spectrum from the bond natural vibration frequencies indicated the
presence of the chemical bonds and functional groups present in the sample. A Scanning Electron
Microscope (SEM) (JEOL) was used to observe the shape of the zinc oxide nano-powder in this research
[25]. SEM images were seen in different magnification ranges, such as X65, X200, and X4500. Gas
Chromatography-Mass Spectrometer (GC-MS) was used to scrutinize complex organic matter in the pure
extract of lemongrass and turmeric [26]. This were analyzed by using a Shimadzu Gas Chromatograph
(Model GCMS-QP2010 Plus) coupled with a non-polar Rtx-MS capillary column 30 m in length, 0.25
mm in diameter, and 0.25 pL in thickness, using a mass spectrometer detector, and helium was used as
the carrier gas.

Antibacterial activity

The antibacterial activity was evaluated by using the disc diffusion method. Escherichia coli is
gram-negative bacteria, having a thin peptidoglycan layer with an outer membrane. Staphylococcus
aureus is gram-positive bacteria, having a thick peptidoglycan layer without an outer lipid membrane.
The presence of these bacteria in water is one of the roots of various diseases and infections [27].
Sterilized paper discs were immersed in the prepared antibacterial agent. Following air drying, samples
were then placed on the inoculated agar. The agar was inoculated with either Escherichia coli or
Staphylococcus aureus. Their findings revealed the respective effectiveness. The inoculated agar was
divided into 4 segments per petri dish. After incubation of 37 °C for 24 h, the levels of the zones of
inhibition of bacteria were measured. Three sets of replicates were done for each set to obtain average
results. The measurement of antibacterial activity was carried out as shown in Figure 1.

Control Zinc Nano- Control Zinc Nano-
powder powder
Lemongrass | Zinc Oxide Curcumin Zinc Oxide

Lemongrass

Curcumin

Figure 1 Design of antibacterial activities.

Results and discussion

Loss of moisture

Table 1 shows the weights of turmeric and lemongrass before and after the drying process. The data
revealed that, after the weighing process, there was a great decrease in the weights of both samples, due to
the loss of moisture content. This process was to ensure that the samples were completely dried. Then,
samples were ground into powder instead of paste. Apart from changes in weight, the colour of the
samples also changed following the drying process.
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Table 1 Mass of turmeric and lemongrass before and after drying.

Condition Mass of Turmeric (g) Mass of Lemongrass (g)
Before Drying 500.0 500.0
After Drying 472 54.4

The initial moisture content (%) for each plant was calculated by using Eq. (2). The results are
tabulated in Table 2.

MI-M2 % 100 % 2)

Initial moisture content (%) = T

where M1 is the mass before drying, while M2 is the mass after drying.

Table 2 Initial moisture content of turmeric and lemongrass.

Type of Antibacterial Agent Moisture Content
Turmeric 90.56
Lemongrass 89.12

From these findings, it was proven that the moisture in the plants had been lost. Moisture in the
plant extract may have led to oxidation, which would have caused the compound in the extract to become
unstable. In addition, higher water content would have promoted the growth of fungi [28].

Characterization of samples
Figure 2 shows the spectrum of as-received ZnO nano-powder. The diffraction pattern was found

with 26 from 20° to 80°.
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Figure 2 XRD spectra of as-received ZnO nano-powder.

40f 14 Walailak J Sci & Tech 2021; 18(11): 9652



Synergism of Zinc Oxide with Plant Extract Gee Een LAU et al.
http://wjst.wu.ac.th

The XRD spectra of ZnO nano-powder from Figure 2 shows that ZnO nano-powder is a metal
oxide with a pure hexagonal structure with a lattice parameter of a = 3.25 A and ¢ = 5.20 A. The peaks
revealed at 20 range of 31.41°, 34.14°, 35.77°, 47.22°, 56.30°, 62.66°, 67.75°, 69.01°, 72.09°, and 76.82°
correspond to pure ZnO. The highest intensity peak (101) plane of zinc oxide, was observed, with other
smaller intensity peaks of 100, 002, 102, 110, 103, 200, 112, 201, 004, and 202 [29]. There were no other
irrelevant peaks. The crystallite size was calculated based on Scherrer’s equation, as shown in Eq. (1).
The average calculated crystallite size was found to be 17.45 nm. The results obtained are in line with the
data reported by Zak et al. [30].

The FTIR spectrum for zinc oxide nano-powder and solution was in the range of 400 cm ™' to 4,000
cm'. As shown in Figure 3(a), the sharp transmittance peak at 434.33 cm™' shows the characteristic
stretching mode of the Zn-O bond [31]. The peak at 1,628.37 cm' represents the asymmetric and
symmetric stretching of acetate species. A strong peak was observed at 3,312.54 cm ™', which represents
the presence of water molecules in the sample. Since the zinc oxide nano-powder was diluted into zinc
oxide solution, the peak which indicates the O-H bond was shifted.
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Figure 3 FTIR spectra of (a) ZnO nano-powder and ZnO solution; (b) pure lemongrass powder, extracted
lemongrass, and synergism of extracted lemongrass with zinc oxide nano-powder; (c) pure turmeric
powder, extracted turmeric, and synergism of curcumin with zinc oxide nanopowder.
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Figure 3(b) shows that the FTIR spectra for pure lemongrass powder and extracted lemongrass
were almost the same. The only small difference was the observable peak at 1,661.45 cm™' in extracted
lemongrass, but this was not present in pure lemongrass powder. The peaks observed were at 3,337.18
cm ' in the spectrum of pure lemongrass powder and 3,326.73 cm ' in extracted lemongrass. These peaks
showed the stretching region of the hydroxyl group O-H. They indicated the presence of water in pure
lemongrass powder. A few bands of alkanes (C-H) were shown at 2,850 - 3,000 cm'. Generally, the
carbonyl group with C = O was in the range of 1,660 - 1,820 cm . The spectrum of extracted lemongrass
peak was at 1,661.45 cm . This peak revealed a cyclodextrin complex formation, with the molecules
possessing the carbonyl group. This peak also revealed that the active compound of lemongrass was
successfully extracted. The bands appeared at 1,000 to 1,260 cm ', indicating the presence of the ether
group C-O. These findings are in line with the results reported by Anvekar et al. [32]. The synergism of
lemongrass and zinc oxide nano-powder showed a peak of 1,603.23 cm™', which indicated the carbonyl
group C = O was shifted and became more intense. This indicated that the cyclodextrin complex between
the carbonyl group of lemongrass and zinc oxide nanopowder had occurred perfectly. The alkane bands
C-H were shown at 2,910.97 cm ', The bending bands at 675 to 1,000 cm ' indicated the presence of the
alkene = C-H group.

Figure 3(c) shows the FTIR spectra of pure, extracted turmeric, and the synergism of extracted
turmeric with zinc oxide nano-powder. Turmeric contains different fatty acids. One of the important
essential oils in turmeric is oleic acid in the range of 1,040 to 1,290 cm ' [33,34]. Spectra of pure and
extracted turmeric shared similar prominent peaks and functional groups. However, the bands of extracted
turmeric for alkanes C-H were more intense than in pure turmeric powder. This indicated that the
extraction process of turmeric produced similar components as those of the initial pure turmeric powder.
The turmeric extract was found to produce similar components as those of initial pure turmeric. Slight
differences observed may have been due to the increment of the oil chain. This process is known as
polymerization [35]. The results agreed with the previous research discovered by Araujo et al. in 2016.
These 3 spectra were associated with the stretching region of the hydroxyl group O-H. The spectra of
biofunctionalized curcumin and zinc oxide nanopowder was exhibited at 1,607.71 cm . This peak was
associated with the azomethine compound of curcuminaniline which interacted with zinc oxide
nanoparticles [36]. The characteristic peaks in the range of 1,350 - 1,520 cm ' revealed the aromatic
unsaturation C = C of stabilized curcumin system, and the C-O band presence was shown peaks at 985.20
and 1,221.07 cm™'. There were no bands occurring in the carbonyl region which laid between 1,650 to
1,800 cm™'. This indicated curcumin presence in keto-enol tautomeric form [37]. The peak at 523.16 cm™'
in the synergism of curcumin and zinc oxide nano-powder suggested the presence of an altered Zn-O
bond. This bond was due to its interaction with curcumin [38]. The functional group observed was
identical to the results as reported by Moussawi and Patra in 2016.
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Figure 4 Images of ZnO nano-powder under SEM in magnification range of (a) X4500; (b) X400; (c)
X65.

Figures 4(a) - 4(c) show the SEM images of ZnO nanoparticles. In Figure 2(a), the image was
under X4500 magnification. The ZnO nanoparticle size was too small and the grain size was not
measurable by using SEM images. However, the shapes of ZnO nanoparticles were observed; they were
in small spherical shapes and were well-crystallized. In Figures 4(b) and 4(c) the images were under
X400 and X65 magnification, respectively. These images showed the clustered appearance of ZnO
nanocrystals. This was clear evidence of the clustering phenomenon of nanocrystals [39].

GC-MS analysis for methanolic extract of turmeric and lemongrass is displayed in Tables 3 and 4,
and Figures 5 and 6, respectively. The results showed the constituents’ compounds in each of the
extracts. Figure 5 shows the GC-MS chromatogram of 99 % methanolic extracts of turmeric. From Table
3, it is discovered that the most abundant compounds in methanolic extraction of turmeric was [-
Turmerone, with 56.79 % and Ar-Turmerone, which occupied about 28.63 % was the most abundant in
the composition of turmeric extract. These 2 essential oils of turmeric displayed substantial antibacterial
activity. These essential compounds were documented by Negi et al. during extraction of turmeric oil
using hexane as a solvent [40].

Walailak J Sci & Tech 2021; 18(11): 9652 7 of 14



Synergism of Zinc Oxide with Plant Extract Gee Een LAU et al.

http://wjst.wu.ac.th

intensity
113,500,000 =
o A
10000000~ /( /
S
Ar-Turmerone
5000000
= i TIC*1.00
o = . .
- hiwI rﬁ\“wﬂ—m:f 2 RS ]
e L e et e s LB LSS
30 40 50 60 7.0 80 90 100 110 120 130 140 150 160 170 180 190 199

min

Figure 5 GC-MS chromatogram of 99 % methanolic extracts of turmeric.

Figure 6 shows the GC-MS chromatogram of 99 % methanolic extracts of lemongrass. Table 4
reveals that the main compound in methanolic extraction lemongrass was a-D-Methylglucoside. This
contributed to about 17.34 % of the total composition of the lemongrass. This compound was obtained by
using the acid-catalyzed reaction of glucose with methanol. This compound has antibacterial properties
and is widely used in skincare products. Chirumbolo, in 2010, stated that methyl-glucoside is the main
constituent for various plants, especially those rich with quercetin, and it has the function to act as an
antibacterial agent [41].

Table 3 Composition of essential oil in turmeric.

Compound Name Percentage (%)

B-caryophyllene 4.33
o-Curcumene 1.55
B-Turmerone 56.79
Gonane 0.71
Decalin 0.32
Hexamethylbenzene 1.46
(-)-isolongifolol 0.76
Perhydrotriphenylene 1.29
Butylated hydroxytoluene 0.32
Isoshyobunone 0.77
14-Beta-H-Pregna 0.70
cis-p-menth-2,8-dienol 0.60
Theaspirone 0.82
Pterosine B 0.94
Ar-Tumerone 28.63
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Figure 6 GC-MS chromatogram of 99 % methanolic extracts of lemongrass.

Table 4 Composition of essential oil in lemongrass.

R.Time Compound Name Compound Formula  Peak Area (%)
3.628 Trans-7-methyl-3-octene CoH g 0.39
3.861 Melamine C3HgNg 1.57
4.070 Maltol C¢HgO3 1.23
4.642 Ethyl levulinate C;H,0; 0.62
4.611 Glycerol C;HgO5 1.39
4.783 3,5-dihydroxy-6-methyl-2,3-dihydro4h-pyran-4-one CeHgOy4 12.05
5.331 5-hydroxy-2-hydroxymethyl-1, 4-pyrone CeHgO4 0.32
5.411 Citronellal CioH200, 0.12
5.562 Isopropyl 2-ethylhexanoate C11H»,0, 0.15
5.920 1-Octyn-3-ol CgH,4,0 9.47
6.123 Glycerol CsH (04 4.24
6.383 d-Glucoheptose C-;H 40, 2.33
6.641 Ethyl levulinate C;H,03 0.95
6.772 3-Isopropoxy alanine CeH3NO; 1.39
7.075 Undecylenic acid C1H,00, 0.65
7.176 Glutamine Ce¢H 1NOy4 1.11
7.288 Glycine CeH sNO,Si 0.72
7.753 Acetylcysteine CsHgNOsS 0.27
7.945 Octyl Ester C,4H,,0,S 222
8.168 Tetradecanedioic acid Ci4Hy604 2.25
8.346 4-Chloro-2-cresol C,H,Cl1O0 0.75
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R.Time Compound Name Compound Formula  Peak Area (%)
8.970 Capronic acid C¢H,0, 14.83
9.025 2-Hydroxyisocaproic acid CeH 203 12.38
9.386 Butyl dimethy] silyloxy cyclopentanein C;H,40Si1 1.21
9.635 Beta-D-Glucose CsH 1,04 3.82
10.045 Silane, trimethyl (1-methyl dodecyl oxy) C,6H360S1 0.60
10.713 a-D-Methylglucoside C7H,40¢ 11.40
11.067 Trimethylsilyl 5-methoxypentanoate CoH,005S1 1.01
11.105 D-Galactonic acid, y-lactone CeH 9Og 3.12
11.370 a-D-Methylglucoside C;H,404 3.59
11.648 a-D-Methylglucoside C7H,40¢ 2.35
11.742 Geranyl-Acetate C,HyO 1.20
12.586 Dihydrojasmone C1H;50 0.32

The antibacterial activity was tested via the disc diffusion method. Gentamicin (10 pg) acted as a
positive control due to its ability to treat infections with gram-negative and gram-positive organisms [42].
Distilled water was used as a negative control, since it does not show any antibacterial properties in any
condition. The results for the levels of zones of inhibition of both gram-positive and gram-negative
bacteria when tested with each antibacterial agent were placed into a table, as shown in Table 5 and
Figure 7 respectively. Figures 8 and 9 show the optimum zones of inhibition after the antibacterial
agents were added. It can be seen that the zones of inhibition got larger with the addition of ZnONPs.

Table 5 Assignments of the levels of zones of inhibition of gram-positive and gram-negative bacteria
when tested with each antibacterial agent (n = 3).

Samples
Organisms
L L +ZnO T T +ZnO ZnO Positive control
Staphylococcus aureus 0.6+0.3 0.6+0.1 0.5+0.0 0.6+0.0 0.5+0.2 25+0.5
Escherichia coli 1.2+£03 1.6 £0.1 0.5+0.1 1.6 £0.2 1.3+£0.2 1.9+£0.5
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Figure 8 Zones of inhibition of Staphylococcus aureus after testing with: (a) Synergism of ZnONPs with
turmeric extract; (b) Synergism of ZnONPs with lemongrass extract; (¢) ZnONPs; (d) Lemongrass
extract; (e) Turmeric extract.
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Figure 9 Zones of inhibition of Escherichia coli after testing with: (a) Synergism of ZnONPs with
turmeric extract; (b) Synergism of ZnONPs with lemongrass extract; (¢) ZnONPs; (d) Lemongrass
extract; (e) Turmeric extract.
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The inhibition zones measured for both bacteria were compared. Findings revealed that zones of
inhibition were higher than the results obtained by Jayandran ef al. [43]. The inhibition zone (Escherichia
coli) is higher in contrast to the previous research carried out by Jemal et al. in 2017 [44]. The addition of
zinc oxide increased the antibacterial property. This is obvious in the case of the extract of lemongrass
and turmeric alone. As soon as the zinc oxide nanoparticles came in contact with the bacteria cells, Zn*"
ions were released. The ions were then diffused into the bacteria and in turn, inhibited the growth of the
bacteria. This phenomenon happened due to extremely small size of the nanoparticles. The smaller the
size of the nanoparticles, the higher the efficiency of diffusion [45]. This is in agreement with the findings
by Jayandran and Haneefa [36]. The mixture of nanoparticles and biomolecules significantly increased
the antibacterial properties [36].

Conclusions

The synergism of zinc oxide nano-powder was successfully prepared from plant extract active
compounds. The antibacterial activity was evaluated using Staphylococcus aureus and Escherichia coli.
From X-ray diffraction, the crystallite size of zinc oxide nanoparticles was 17.45 nm. FTIR analysis
showed several prominent peaks for single extracts and the products of synergism. The essential peaks for
lemongrass lay in the range of 1,660 to 1,820 cm ', representing the carbonyl group with C = O bond. For
turmeric, the oleic acid, which is one of the contents of essential oil, was spotted in the region of 1,040 to
1,290 cm . Zinc oxide nanoparticles had spherical shapes under the observation of a Scanning Electron
Microscope. The synergism of zinc oxide nano-powder enhanced the antibacterial properties of plant
extracts revealed to be capable of killing the bacteria. To conclude, the synergism of zinc oxide and plant
extracts needs further investigation. Antibacterial activity revealed the potential applications of green
synergism of zinc oxide nano-powder. The treatment of contaminated water, medical applications, and
cosmetics are among the examples it could be used for. Further study will also include in vitro and in vivo
assay to test the toxicity of the samples.
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