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Abstract: Different chemo-physical methods are used to synthesise titanium oxide nanoparticles (TiO2 NPs), which are often
expensive, unfriendly to the environment, toxic, not biocompatible, with a small yield. To resolve these problems, the
researchers use green procedures to synthesise TiO2-NPs by plant extracts of Capsicum annum L. and Allium cepa (onion) and
characterise using atomic force microscopy, scanning electron microscopy, transmission electronic microscopy, X-ray diffraction,
ultraviolet (UV)–visible (Vis) spectra and Fourier transform infrared spectroscopy. The results indicate that most NPs
synthesised by the first and second procedures of onion had an average diameter of 95.7 and 89.1 nm, while NPs synthesised
by C. annum had an average diameter of 103.60 and 90.07 nm, respectively. In UV–Vis spectra, strong absorption was below
470 nm, and energy gap was 3.3 eV in each of the first procedure of A. cepa and the second procedure of C. annum compared
with 270 nm, 6.3 eV for each of the second procedure of A. cepa and the first procedure of C. annum. The antimicrobial
activities of NPs were evaluated and an attempt was made to enhance these activities by Eugenia caryophyllata plant's oil in
combination therapies. There were synergistic effects between NPs and plant's oil.

1Introduction
The Latin names of clove or Kabsh Qarunfil are Syzygium
aromaticum (L.) (Merr. & Perry), Eugenia caryophyllata (Thunb.),
and Eugenia aromatica (Kuntze.), and they belong to Myrtaceae
family [1].

Traditionally, Qarunfil is used as a carminative and anti-
inflammatory. Its aromatic bud flowers are used as anti-
inflammatory, an antiseptic and peripheral anti-nociceptive activity
[2], antiemetic, stimulant, treat dyspepsia, and gastric irritation. Oil
employed as a local analgesic for hypersensitive dentine's and
carious cavities; internally antispasmodic, topical anaesthesia [3].
Recently, an aqueous extract of E. caryophyllata (Qarunfil) was
found to be the most efficient against Salmonella typhi, compared
with Klebsiella pneumonia and Escherichia coli [4]. Essential oil
(0.4%) was antibacterial (Bacillus subtilis, E. coli, Staphylococcus
aureus and Pseudomonas aeruginosa), which are Gram-negative
and -positive bacteria [5, 6], and anaerobic bacteria Prevotella
nigrescens and Porphyromonas gingivalis [7], and anti-fungal
activities against 53 clinical isolates of Candida [8]. The main
chemical component in the buds’ oil, which was analysed by gas
chromatography–mass spectrometry, are eugenol (81.13–84.44%),
eugenyl acetate (11.60–15.02%) and β-caryophyllene (3.45–
4.60%), respectively, these compounds are present in leaves oil at
81.06–86.04%, 2.02–3.05% and 11.95–16.16%, and in stems oil
eugenol is 97.20–98.83% [9, 10]. These activities of oil are due to
eugenol. Eugenol and acetyleugenol exhibit cholagogue activity
and could inhibit arachidonate-, adrenalin- and collagen-induced
platelet aggregation. Qarunfil terpenes induced detoxifying
enzyme, glutathione-S-transferase in mouse liver and intestine and
could act as carcinogen detoxification. Whole qarunfils could
exhibit chemoprotective activity against liver and bone marrow
toxicity [3].

Nanoparticles (NPs; <100 nm) have unique properties
compared with their bulk particles. TiO2-NPs are very important
because they exhibit low cost, stability, high refractive index, high
optical properties, high ultraviolet (UV) absorbance, low toxicity,
and strong redox ability, TiO2 has a high energy gap (i.e. 3.2–5.2 
eV) [11], and has good electrical, optical and magnetic properties

[12, 13]. Different chemo-physical methods succeeded in
synthesising TiO2 NPs, which depends on the top down and down
top method [14–16]. They are often high cost, unfriendly to the
environment, toxic, biocompatible, with a small yield etc. [17].

To resolve these problems, the researchers tend to use
biosynthesis, bio-nanotechnology or green synthesis, which usually
refers to intersection between biotechnology and nanotechnology,
including biomolecules produced by the plant, bacteria, virus, fungi
etc.) to synthesise materials of nano-size, which are used in
different nanotechnological applications [18]. In other words, it
means, synthesis of nanomaterials by living organisms or
biological systems [19, 20]. Aloe vera leaves extract was
successfully used in synthesising TiO2-NPs with a tetragonal
structure, their crystallite size was 12 nm as per X-ray diffraction
(XRD) analysis and 30 nm (using a particle size analyser). The
absorption spectrum of the anatase phase of TiO2-NPs is around
393 nm with 3.2 eV band gap [21]. In addition, spherical titanium
dioxide NPs produced from nyctanthes leaves extract with a size
range of 100 and 150 nm [22]. Curcuma longa is a good TiO2-NPs
biosynthesising agent by two procedures. The average sizes were
76.36 and 92.6 nm, respectively, with good optical properties. The
crystals had the following shapes: anatase, rutile, and brookite
when the first procedure was used and was pure anatase when the
second procedure was used [23].

TiO2 NPs are used in different applications such as pigments,
adsorbents, catalysts, supports, paints, sunscreens, toothpaste,
ointments etc. [24, 25]. They also have biomedical applications
such as anti-parasitic properties [26], anti-cancer treatment [27],
reduce growth and sporulation of Fusarium graminearum and
reduce damping-off due to these fungi in two varieties of wheat
plants [23], with less effect on plant germinations [28]. TiO2 NPs
exhibit good antimicrobial activity, especially when exposed to
visible light they absorb photocatalysts which successful kill S.
aureus and E. coli [29], P. aeruginosa, Enterococcus hire and
Bacteroides fragilis. This antimicrobial feature of TiO2-NPs could
also be activated by UV light to kill bacteria in 60 min, so, it is
easy to be used as antibacterial coatings in the mixture with paint
in hospital [30, 31] and wastewater disinfection processes [32, 33]
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but these NPs had either no toxicity in the dark [34] or a small anti-
bacterial effect at 100 mg/ml when it is used alone, other studies
found that it could be stimulated using combination therapies of
mixing them (50  mg/ml) with 50 mg/ml of methanol extraction of
Citrullus colocynthis which showed synergistic effects in each of S.
aureus and E. coli [35].

The goals of the present study are to synthesise TiO2 NPs via
different green syntheses of Allium cepa and Capsicum annum
plant extracts and characterised their crystallinity, crystallite size,
band gap, functional group, and structural properties. The
antimicrobial activities of green-synthesised NPs alone and volatile
oil of E. caryophyllata alone and their combination therapy were,
also, evaluated to understand their biological properties and if there
are any synergistic effects between them.

2Materials and methods
2.1 Green synthesis of TiO2-NPs using plant extraction

2.1.1 Plant extraction: Leaves of A. cepa (onions) and C. annum
L were used for green synthesis. They were obtained from the
Herbarium of Iraqi Ministry of Health who identified plants by a
taxonomic method. Eighty grams of fresh parts of onion leaves
were mixed with 250 ml of distal water by homogenised blender
for 3 min. The extract was put on a hot plate with a magnetic stirrer
at 50–60°C for 4–5 h, filtered by Whatman number four filter
paper. The residue was removed. Ninety grams of fruit were mixed
with 250 ml of distal water by using a homogenised blender for 3 
min. The extract C. annum was put on a hot plate with a magnetic
stirrer at 50–60°C for 4–5 h and filtered as described above. The
filtrates were directly used for the green synthesis of NPs.

2.1.2 Synthesis: A. cepa: 50 ml of plant extract were mixed with
1 ml of (50 mg/ml) of bulk TiO2 particles (Sigma-Aldrich, China;
anatase crystal form, their size was >2 µm) in a flask, placed in a
magnetic stirrer hot plate at 50C° with 1000 rpm for 4–5 h, this
was the first procedure while in the second procedure, a magnetic
stirrer plate at 25 ± 3°C with 1000 rpm for 48 h.

C. annum: for the first procedure, 50 ml of plant extract were
mixed with 1 mm of (50 mg/ml) of bulk TiO2 particles in the flask,
placed in a magnetic stirrer hot plate at 50C° with 1000 rpm for 4–
5 h. In the second procedure, 50 ml of plant extract were mixed
with 200 µl of (100 mg/ml) of bulk TiO2 particles in the flask,
placed in a magnetic stirrer plate at 25 ± 3°C with 1000 rpm for 48 
h.

The supernatant was neglected. The precipitate was washed
with double distilled water, centrifuged at 1500 rpm for 10 min.
This was repeated three times. The obtained precipitate was dried
at 25 ± 2°C for 24 h. It is characterised as follows [23].

Characterisation: The following techniques were used for the
characterisation of NPs: atomic force microscopy (AFM),
(Shimadzu-Japan, AA3000), at the Center of Nanotechnology and
Advanced Materials, the University of Technology, Iraq [36]. A
UV–visible spectrum (Schimadzu 1601 spectrophotometer) in the
200–800 nm range [37]. Transmittance measurements, coefficients
of absorption and gap energy were calculated for the optical
properties and described according to [38]. XRD (Shemadzu,
Japan) was used to confirm crystal phases and sizes of each phase.
XRD analysis was performed using an X-ray diffractometer with
Cu-Kα crystal radiation (λ = 1.54056 Å) scanning at a rate of 5°/
min) for (2ș) range of 20°–70°. The samples’ diffraction peaks
were identified by comparison (00-021-1272 card, variable slit
intensity). The full width at half maximum (FWHM) and Scherer's
equation were used to determine the crystallite size [39], The strain
value Ș [40] and the dislocation densities δ values [41] were also
calculated. Scanning electron microscope (SEM) (Vega Tescan,
USA), at the University of Technology, the Centre for
Nanotechnology and Advanced Materials, Iraq, was utilised to
analyse NPs. To determine the size and morphology of NPs,
transmission electronic microscopy (TEM) analysis (Philips CM10
electron microscope operating at 60 kV) was used according to the
procedure of College of Medicine, Al Nahrin University. Fourier
transform infrared spectroscopy (FT-IR, Shemadzu, Germany) was

utilised to determine the various functional groups present in TiO2
in the Central Service Laboratory, University of Baghdad, College
of Education and Pure Sciences, Ibn Al-Haitham, Iraq.

2.2 Antimicrobial activities

2.2.1 Preparation: Volatile oil of E. caryophyllata was brought
from Al-Emad factory, Iraq. Tween 5% was used to dilute it.
Sterilised distilled water used to prepare several concentrations of
bulk particles of TiO2, standard NPs, green synthesis of
nanoparticles, which were synthesised by the second procedure of
A. cepa and C. annum plant extracts.

2.2.2 Experiments: The antimicrobial activities were estimated
against four species of bacteria: S. aureus, K. pneumonia,
Staphylococcus epidermidis, and E. coli and one isolate of Candida
albicans, which were obtained from the Department of Biology,
College of Science, AL-Mustainsiriyah University, Baghdad, Iraq.

The dilution broth susceptibility procedure was used for the
antimicrobial activity [42]. Six treatments were found, each
treatment deals with various concentrations. These were TiO2 bulk
particles, TiO2 NPs produced by the second procedure of A. cepa
alone, TiO2 NPs produced by the second procedure of C. annum
alone, volatile oil of E. caryophyllata alone, a combination therapy
of NPs synthesised by the second procedure of A. cepa with
volatile oil and finally combination therapy of NPs synthesised by
the second procedure of C. annum with volatile oil.

One drop of each tested culture strain was added to 10 ml of
nutrient broth, these were serially diluted five times. One drop
(from dilute 5) was added to solution A (which was made up of 1 
ml of nutrient broth and 1 ml sample), incubated at 37°C for 24 h,
then diluted seven times. The seventh dilution was seeded by
streaking the surface of nutrient agar medium and incubated at
37°C for 24 h. A negative control and three replicates of each
treatment were found. The percentage of reduction was calculated
by using the following equation:

IR% = A − B /A × 100, (1)

where R is the percentage of reduction of the number of colonies, A
is the colony number of bacteria in control treatment and B is the
number of colonies of bacteria after the transaction article NPs.

The determination of the synergistic effects of TiO2-NPs and
volatile oil of E. caryophyllata combination treatment was carried
out according to [43]. The Compusyn Computer Software (version
2011) was used for determining the combination index (CI) from
drug cytotoxicity and a combination of synergistic, additive, or
antagonistic was determined.

3Results and discussion
3.1 Green synthesis

AFM: the calculated TiO2 NPs’ sizes were calculated using the
software of the AFM. For the first and second procedures of A.
cepa, size particles ranged 20–170 and 20–160 nm with an average
diameter of 95.7 and 89.1 nm (Fig. 1a), while the size of NPs
produced by the first and second procedures of the C. annum plant
extract was 103.60 and 90.07 nm, respectively (Fig. 1b). Figs. 2a–d
show AFM topographic images of green synthesised TiO2-NPs.
Roughness averages (Ra) were 3.18 and 1.98 nm, root mean
squares (Sq) were 3.72 and 2.3 nm for the first and second
procedures of C. annum plant extract. SEM analysis found the
formation of agglomerates containing spherical nano-size particles
with an approximate diameter of ∼100 nm for the first and second
procedures of A. cepa (Figs. 3a and b) compared with 90 nm for
the second procedure of C. annum plant extract (Figs. 3c and d).
Figs. 4a and b show TEM images of green synthesised NPs by the
first procedure of A. cepa with an average particle size of 68.7 nm
compared with particle size around 20 and 40 nm by the second
procedure of A. cepa. Figs. 4c and d show TEM images of TiO2
produced by the first procedure (size: 15 and 46 nm) and second
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procedure (size: 38 and 108 nm) of C. annum plant extracts. All
particles were spherical 

The data of XRD of all samples indicated that the structures
were rutile and anatase. The XRD pattern of the first and second
procedures of A. cepa NPs showed six and five peaks, respectively.
Strong diffraction peaks were 25.305° (101), 48.052° (200), 55.09°
(323), 37.8° (004), 53.88° (105), which were anatase crystals and
36.2° (101), rutile crystals, for the first procedure of A. cepa
(Fig. 5a) and 25.217° (101), 47.946° (200), 37.684° (004), 37.8°
(004), 53.3° (105), for the second procedure of A. cepa which were
anatase and 36.04° (101), rutile crystals (Fig. 5b). 

Strong peaks produced by the first procedure of C. annum were
25.1103° (101), 37.5897° (004), 54.9° (105), 62.48° (204) which
were anatase crystals and 27.6° (101), 27.88° (101) for rutile
crystals (Fig. 5c). Strong peaks produced by the second procedure
of C. annum were 25.324° (101), 48.054° (200), 37.832° (004), and
55.08° (307), their crystal shapes were anatase (Fig. 5d). The
average crystallite sizes were 39.16, 44.54 and 43.164, and 54.867 
nm, respectively (Table 1). 

The data of UV–Vis spectra found that the absorption spectra
and optical band gaps of TiO2-NPs produced by the first procedure
of A. cepa were exactly the same in NPs produced by the second
procedure of C. annum, strong absorption below 470 nm, and
energy gap was 3.3 eV (Fig. 6a). There was another similarity
found between the second procedure of A. cepa and the first
procedure of C. annum, their strong absorption and energy gaps
were 270 nm and 6.3 eV respectively (Fig. 6b). 

In FT-IR spectra, samples exhibited absorption peaks at 528,
685, and 536, 685 cm−1 for the first and second procedures of A.
cepa, respectively, which indicates the presence a Ti–O stretching
bond. The 1637 and 1639 cm−1 for the first and second procedures
of A. cepa, respectively, indicated the presence of an O–Ti–O
stretching bond, in addition to 1458 and 1541 cm−1 (the second
procedure of A. cepa) which indicates the presence Ti–O–Ti
(Figs. 7a and b). 

In the first procedure of C. annum, the strong peak located at
509 and 671 cm−1 in addition to 1442 cm−1 indicated the presence
of Ti–O stretching while the peak at 1036 cm−1 corresponds to Ti–
O/Ti–O–C and 1647 cm−1 indicating O–Ti–O (Fig. 7c). In the
second procedure of C. annum, the strong peak located at 528 and
679 cm−1 corresponds to the Ti–O stretching bond. The peaks at
1043, 1076 and 1151 cm−1 indicated Ti–O/Ti–O–C; moreover, the
peak at 1647 cm−1 corresponds to the O–Ti–O stretching bond
(Fig. 7d).

The current study succeeded in synthesising TiO2-NPs by A.
cepa and C. annum plant extracts. The authors of [44] showed that
these NPs had a high energy gap and high absorption coefficient
than the traditional physiochemical procedure, they were around
351–362 nm and about 3.54–3.43 eV, which was prepared via two
different routes: (i) the sol–gel route and (ii) the hydrothermal
procedure, respectively [44], and compared with TiO2 fabricated
by the hydrazine procedure with an energy gap of 3.36 eV for
sample N, 3.32 eV for sample H, and 3.2 eV for sample C [45].
The band gap changes in the present results mainly due to the
presence of stress applied along the weak direction of the anatase
crystal [46].

TiO2-NPs were fabricated by different plant extracts, A. vera
leaves’ extract is an example of a synthesised tetragonal structure
with crystallite size of 12 nm in XRD analysis. The absorption
spectrum of the TiO2 sample was 393 nm with a band gap of the
anatase phase (∼3.2 eV) [21]. Moreover, C. longa succeeds in
biosynthesising TiO2-NPs by two procedures with average sizes of
76.36 and 92.6 nm, respectively, and crystal shapes were of three
forms: brookite, rutile, and anatase when the first procedure was
used and it was pure anatase when the second procedure was used,
their average sizes were 22.881 and 43.088 nm for colloidal
solution and nano-powder, respectively, in the first procedure and
45.808 nm for nano-powder in the second procedure while in the
current study, the average crystallite sizes were 39.16, 44.54 and
43.22 nm for the first and second procedures of A. cepa and C.
annum, respectively [23]. Similar observations were made on
spherical TiO2-NPs produced from nyctanthes leaves extract,
particles’ sizes in the range of 100–150 nm [22] and by Ailanthus
alttissima plant extract [47].

Onion (family: Amaryllidaceae) contains phenolic substances
especially quercetin, phenolic acids, sulphur, compounds (allicin),
alkaloids, flavonoids, terpenes, steroids, vitamins and minerals
[48], fructose, quercetin-3-glucoside, isorhamnetin-4-glucoside,
mannose, galactose, glucose, xylose, organosulphur, compounds,
thiosulphinates, S-alk(en)yl cysteine sulphoxides, flavonoids,
flavonols, selenium, cycloalliin, allylsulphides, seleno compounds
and sulphur [49–51]. It can reduce gold to NPs due to vitamin C in
onion extract [52]. Abdul Jalill and others in 2017 [53] had
reported using A. cepa and C. annum plant extracts, acting as the
reducing agent for fabricating ZnO NPs of well-defined
dimensions [53].

3.2 Antimicrobial activities

3.2.1 NPs and bulk particles alone: In this experiment, three
treatments were found: TiO2-NPs synthesised by A. cepa, TiO2-
NPs synthesised by C. annum and bulk particles of TiO2, each of
them was used alone. K. pneumonia was not affected by all
concentrations of bulk particles alone while bacteria were either
not affected or stimulated by NPs alone (Figs. 8a and b), while
there were good activities against S. epidermidis, S. aureus, E. coli
and C. albicans with significant differences (P ≤ 0.05) between the
means of NPs compared with control except for S. epidermidis
which had low reduction by the NPs synthesised by C. annum. All
concentrations of NPs synthesised by A. cepa were more reducer to
S. aureus compared with each of the bulk particles and NPs
synthesised by C. annum, while in E. coli these effects were seen at
lower concentrations (0.01–1 mg/ml) and the opposite was, also,
seen at higher concentrations (Fig. 8c). NPs synthesised by A. cepa
were more reducer to all tested organisms than bulk particles and it
was more reducer than NPs synthesised by C. annum. This might
be due to the presence of the rutile crystal in NPs synthesised by C.
annum and absence of NPs synthesised by A. cepa as seen in XRD
analysis. 

3.2.2 Volatile oil of E. caryophyllata alone: There were good
activities of all dilutions of oil alone against C. albicans and S.
epidermidis with significant differences (P ≤ 0.05) between the

Fig. 1 Granularity volume distribution chart of TiO2-NPs synthesised by the first and second procedures of
(a) A. cepa, (b) C. annum
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means of NPs compared with control. The inhibition rate ranges
from 79.74 to 93.16 and 79.07 to 86.3, respectively. K. pneumonia
was less effective with IR% ranging from 31.82 to 45.45. S. aureus
was reduced by most concentrations of oil except 12.5%, which
induced growth (Fig. 9). 

All dilutions of oil alone were more reducer to K. pneumonia, S.
epidermidis and C. albicans than NPs alone, while other bacteria

were more reducer in dose-dependent manner. The toxicity of this
plant alone is probably because of some components which were
found in oils, especially eugenol 81.13 to 84.44% and eugenyl
acetate (11.60–15.02%) or β-caryophyllene (3.45–4.60%) [10].

3.2.3 Combination therapy: In combination therapy, different
dilutions of volatile oils of E. caryophyllata were performed with

Fig. 2 AFM topographic images of TiO2 NPs synthesis by
(a) First procedure of A. cepa, (b) Second procedure of A. cepa, (c) First procedure of C. annum, (d) Second procedure of C. annum
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Fig. 3 SEM images of TiO2-NPs synthesised by
(a) First procedure of A. cepa (<100 nm), (b) Second procedure of A. cepa (<100 nm),
(c) First procedure of C. annum (<95 nm), (d) Second procedure of C. annum (<90 
nm)

 

Fig. 4 TEM of TiO2 produced by using
(a) First procedure of A. cepa plant extracts (68.7 nm) at 92,000× magnification, (b)
Second procedure of A. cepa plant extracts (20, 40 nm) at 130,000× magnification, (c)
First procedure of C. annum plant extracts (15, 46 nm), (d) Second procedure of C.
annum plant extracts (38, 108 nm) at 130,000× magnification
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various concentrations of NPs synthesised by A. cepa and C.
annum. Results proved statistically significant difference (P ≤ 0.05)
between all concentrations of combination therapies of NPs
synthesised by A. cepa with oil plants on all different organisms
under study compared with control (Fig. 10a). The same results

were obtained using combination therapy of NPs synthesised by C.
annum with volatile oil (Fig. 10b). 

3.2.4 Synergistic effect: In combination therapy between NPs
synthesised by A. cepa and volatile oil, the results found four
synergistic combination points in S. aureus, one synergistic

Fig. 5 X-ray pattern of TiO2-NPs synthesised by
(a) First procedure of A. cepa, (b) Second procedure of A. cepa, (c) First procedure of C. annum, (d) Second procedure of C. annum

 
Table 1 Summary of X-ray characterisation of green synthesised TiO2 NPs by the first and second procedures of A. cepa and
C. annum plant extracts
Sample Planes (hkℓ) 2θ, ° FWHM, ° D, nm Strain XE-4 DIS X1014
first procedure of A. cepa 101 25.305 0.225 36.027 38.471 7.704

200 48.052 0.193 44.791 30.944 4.985
323 55.094 0.243 36.671 37.796 7.436

second procedure of A. cepa 101 25.217 0.199 40.630 34.113 6.058
200 47.946 0.167 51.916 26.697 3.710
004 37.684 0.203 41.084 33.736 5.925

first procedure of C. annum 101 25.110 0.219 36.967 37.493 7.318
200 47.838 0.197 43.979 31.515 5.17
004 37.589 0.172 48.547 28.55 4.243

second procedure of C. annum 101 25.324 0.195 41.598 33.319 5.779
200 48.054 0.15 57.721 24.012 3.002
004 37.832 0.128 65.282 21.231 2.347

(hkℓ) planes: crystallographic plane; FWHM: full width at half maximum; D: dimension of crystal in nm; Ș × 10−4: strain value; δ × 1014: dislocation density.
 

Fig. 6 UV-vis study of green synthesis TiO2 NPs using the first and second procedures of A. cepa and the first and second procedures of C. annum plants
extracts.
(a) absorptions spectrum, (b) (ahv)2 versus photon energy and estimated optical absorption bandgap.
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combination point in E. coli and three synergistic combination
points in C. albicans, the combination was tested at the 50%
inhibitory concentration level. All combination points were located
in the antagonism area in K. pneumonia and S. epidermidis
(Table 2). While from the CI of combination therapy between NPs
synthesised by C. annum with volatile oil there was one synergistic
combination point in each of K. pneumonia, S. epidermidis, and S.

aureus while there were four synergistic combination points in
each of C. albicans and E. coli (Table 3). 

Combination therapy is the standard of care since it is a rational
strategy to raise responses and tolerability's and to reduce
resistance. Many different combination therapies are under
investigation to facilitate some synergistic interactions between
therapies which may permit lower concentration of agents to be
used to minimise both cost and toxicity.

Some studies found that these NPs had either no toxicity in the
dark [34] or a small anti-bacterial effect at 100 mg/ml when they

Fig. 7 FT-IR spectra of TiO2 produced by using
(a) First procedure of A. cepa plant extracts, (b) Second procedure of A. cepa plant
extracts, (c) First procedure of C. annum plant extracts, (d) Second procedure of C.
annum plant extracts

 

Fig. 8 Antibacterial activity of
(a) Bulk TiO2 particles alone, (b) TiO2 NPs alone synthesised by  A. cepa, (c) TiO2
NPs alone synthesised by the second procedure of C. annum. IR%: inhibition rate,
Con.: concentration. The numbers above the bars are standard errors

 

Fig. 9 Antibacterial activity of E. caryophyllata oil alone. IR%: inhibition
rate, Con.: concentrations. The numbers above the bars are standards
errors
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were used alone, but they could stimulate their antimicrobial
activities especially under visible light absorbing photocatalysts
which successfully kill E. coli and S. aureus [29], P. aeruginosa, E.
hire, E. coli, B. fragilis and S. aureus or by UV light to kill bacteria
in 60 min, so, it is easy to have antibacterial coatings mixed with
paint in hospital. Recently, Abdul Jalill and Alli [35] found that it
could be stimulated by the combination therapies of mixing them
(50  mg/ml) with 50 mg/ml of methanol extraction of C.
colocynthis which showed synergistic effects on E. coli and S.
aureus [35].

In the current study, combinations of TiO2-NPs with E.
caryophyllata oil showed four synergistic combination points in S.
aureus, one synergistic combination point in E. coli and three
synergistic combination points in C. albicans. This is the first time
that TiO2-NPs with E. caryophyllata oil have been used as an
antibacterial combination therapy.

Combination therapy is a common treatment for antimicrobial
treatments, such as bee venom, its components, melittin and many
plant’ secondary metabolites like benzyl isothiocyanate,
sanguinarine, carvacrol, and berberine, which are mixed with
antibiotics mostly more efficient than each of the treatment alone
[54, 55].

The data of [56] suggest that the plants (Emblica officinalis and
Nymphae odorata), which may be used with the antibiotic,
amoxicillin, against methicillin resistant S. aureus infection alone
or with combination [56]. Moreover, there was the highest and
strong synergism between Carica papaya methanolic extract in

combination with some antibiotics against bacterial strains [57].
Moreover, essential oils in addition to their combination with
antibiotics/plant extracts have novel antimicrobial agents against
multidrug resistant pathogenic microorganisms [58]. In addition, S.
aureus killed by was potentiate when enterocin AS-48 was used in
combination therapies with the phenolic compounds carvacrol,
geraniol, eugenol, terpineol, caffeic acid, p-coumaric acid, citral,
and hydro-cinnamic acid and these treatments were more efficient
than each of them alone [59]. Recently, there was the synergistic
activity of ZnO-NPs with some antibiotics to resist: fungi, negative
and positive gram bacteria [60].

4Conclusions and recommendations
TiO2-NPs could be produced by plant extracts of A. cepa and C.
annum, most of these particles (but not all) were smaller than 100 
nm, they had antimicrobial properties against some species of
microbes when they were used alone. There were different
antimicrobial activities of bulk particles and NPs alone in dose-
dependent manner against E. coli, S. aureus, C. albicans, and S.
epidermidis. In addition, K. pneumonia was not affected by all
concentrations of bulk particles alone while bacteria were either
not affected or stimulated by NPs alone. Most dilutions of volatile
oil of E. caryophyllata alone had antimicrobial activities.

Combination therapies reduced all studied organisms with
different inhibition rates. There were four synergistic combination
points of NPs synthesised by A. cepa with oil in S. aureus, one
synergistic combination point in E. coli and three synergistic points

Fig. 10 Antibacterial activity of combination therapy between oil of E. caryophyllata and each NP synthesised by the second procedure of
(a) A. cepa, (b) C. annum. IR%: inhibition rate, Con.: concentrations. The numbers above the bars are standards errors

 
Table 2 CI data for non-constant combination (oil plants with NPs synthesised by the second procedure of A. cepa) on
different bacteria species
Point Dose I.C.

NPs, mg/ml Plant oil, % K. pneumonia S. aureus S. epidermidis E. coli C. albicans
1 10 50 98.4767 85.3019 7.02 × 1043 1.54155 40,051.8

2 0.1 25 436,871 2.45 × 10−4 1.96 × 1045 115.284 38,626.1

3 0.01 12.5 166,536 1.89 × 10−6 4.42 × 1037 1.84991 2.11 × 10−9

4 1 6.25 1409.76 3.61 × 10−6 2.17 × 1029 1.50 × 1022 1.32 × 10−7

5 100 3.125 17,006 1.49 × 10−8 3.98 × 1044 0.08953 0.0013

Bold I.C. (<1): synergistic effect, I.C. (>1): antagonism effect, I.C. (=1): additive.
 

Table 3 CI data for non-constant combination (oil plant with NPs synthesised by the second procedure of C. annum) on
different bacteria species
Point Dose I.C.

NPs, mg/ml Plant oil, % K. pneumonia S. aureus S. epidermidis E. coli C. albicans
1 100 50 11,938.4 3.69 × 1013 4.54 × 1016 1.08 × 1010 0.02445

2 10 25 684.146 7819.84 3.47 × 1016 0.05994 6.00 × 10−13

3 1 12.5 525.967 339.669 144,690 0.02587 6.29 × 10−4

4 0.1 6.25 39.3592 0.00227 0.26187 0.00543 3.26 × 10−4

5 0.01 3.125 6.51 × 10−4 4.70 × 1031 5,302,729 7.90 × 10−4 1.20 × 10−10

Bold I.C. (<1): synergistic effect, I.C. (>1): antagonism effect, I.C. (=1): additive.
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in C. albicans. All points located in the antagonism area in K.
pneumonia and S. epidermidis. While in the combination therapy
of NPs synthesised by C. annum with oil, there was one synergistic
point in each of K. pneumonia, S. aureus and S. epidermidis and
four synergistic points in each of C. albicans and E. coli. In
addition, all points in S. aureus are located in the antagonism area.
Optimised other conditions for synthesising NPs such as charge,
pH, pressure, and light, the exposure time will be helpful and more
studies on detection of mechanical effects will be more beneficial.
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