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Abstract  

     Zinc oxide nanoparticles (ZnO NPs)  were prepared by green method using 

Zingiber officinale (G-ZnO) and Syzygium aromaticum extract (S-ZnO).  X-ray 

diffraction (XRD) investigations revealed that ZnO NPs have wurtzite hexagonal 

structures in extracts of Zingiber officinale and Syzygium aromaticum, with average 

crystal sizes of about 38.49 nm and  27.66 nm,   respectively. FTIR was performed 

to investigate the nature of functional groups in the active compounds responsible 

for the formation of ZnO NPs. The diffuse reflection spectroscopy (DRS) showed 

the direct bandgap energy of the as-prepared nanoparticles. The zinc oxide sample 

composition and purity  were confirmed using energy dispersive  X-ray 

spectroscopy (EDX). The morphological properties of ZnO NPs prepared from both 

plants were investigated using scanning electron microscopy (SEM).  G-ZnO and S-

ZnO nanoparticles appeared agglomerated of triangular, spherical and various other 

shapes, respectively. The average size of nanoparticles for  G-ZnO and S-ZnO NPs 

were  26.92 nm and 62.45 nm, respectively. In addition, the as-prepared ZnO NPs 

showed significant bactericidal effects against gram-positive and gram-negative 

pathogenic bacteria. 

 

Keywords: Green synthesis, Zinc oxide nanoparticles, Zingiber officinale, 

Syzygium aromaticum, antibacterial application.  

 

النانوية الصديقة للبيئة باستخدام مستخلصات الزنجبيل و القرنفل   اوكسيد الزنك تحضير جسيمات
 للتطبيقات المضادة للبكتيريا

 
 , ميسون فيصل احمد الياس *ةطعم ةمحمد جمع

 بغداد،العراق  ،، الجادرية سم الفيزياء ، كلية العلوم ،جامعة بغداد ق
 

 الخلاصة 
( بالطريقة الخضراء باستخدام مستخلص الزنجبيل  ZnO NPsتم تحضير جزيئات أوكسيد الزنك النانوية )       

والقرنفل . اوضحت فحوصات حيود الاشعة السينية أن جزيئات أوكسيد الزنك النانوية لها هياكل سداسية في  
تم إجراء    . نانومتر على التوالي  27.66و  38.49  حجم بلوري متوسط  ب المستخلص النباتي للزنجيل والقرنفل و 

مطيافية فورييه لتحويل الأشعة تحت الحمراء  للتحقق من طبيعة المجموعات الوظيفية في المركبات النشطة  
النانوية الزنك  الطاقة  كانت  المسؤولة عن تكوين جزيئات أوكسيد  فجوة  المنتشر أن  . أظهر طيف الانعكاس 

المحضرة.   النانوية  للجسيمات  و   تم  مباشرة  نقاوة  عينة    معرفة  لكل  الزنك  أكسيد  التحليل  محتوى  باستخدام 
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تم فحص خصائص   للطاقة.  المشتت  المحضرة من كلا  ل  المورفولوجيةالطيفي  النانوية  الزنك  أوكسيد  جزيئات 
-Gاظهرت تجمعات مع اشكال مثلثة وكروية  لكل من    حيثالنباتين باستخدام المجهر الإلكتروني الماسح  

ZnO    و S-Zn     نانومتر على التوالي  62.45نانومتر و   26.92وان معدل الحجم للجسيمات النانوية    ،
 .سالبة الجرامالموجبة و الأظهرت جزيئات أوكسيد الزنك النانوية المحضرة لها  تأثيرا ضد البكتيريا  

 
1. Introduction 

     Nanotechnology has extended the potential to provide innovative technology for the 

utilization of new nanomaterials in numerous industrial, biological and medical areas [1-4]. 

Nano particels (NPs) may be synthesized following physical-chemical methods  [5,6] but they 

are expensive, bad for the environment, and needs a lot of energy. Environmentally friendly 

processes were used to create different metal oxide nanoparticles [7]. Affordable and 

ecologically responsible methods for creating nanoparticles than chemical and physical 

processes have been suggested, known as the green syntheses. Green synthesis strategy 

combines plants with salts such as nitrates, chlorides, or sulfates in order to produce 

nanoparticles [8]. Plant extract contains phytochemicals that function as capping agents and 

reducing agents. Several plant components, including leaves, stems, fruits, seeds,  roots, and 

flower buds, have been employed to producte different nanoparticles [9]. Natural chemicals 

found in biological systems have a crucial and multifaceted function in creating nanoparticles 

and serve as capping agents to stabilize them. Using plants has significant benefits over other 

biological systems. Plants are readily available, safe to handle, and produce more stable 

nanoparticles than other sources of nanomaterials [10,11].  

 

     An area of nanoscience and nanotechnology that is expanding is the green production of 

metal and metal oxide nanoparticles (NPs) [12,13]. Zinc oxide nanoparticles are among the 

most important metal oxide nanoparticles because of their distinctive shape (size, shape, and 

crystalline structure), low toxicity, economic aspect, and biocompatibility [14,15]. 

Nanoparticles may exhibit antibacterial activity through various mechanisms, including the 

release of antibacterial metal ions from the surface of the particle and the antimicrobial 

activity associated with the physical properties of the nanoparticles related to cell wall 

penetration or membrane damage[16]. 

This research paper aims to prepare and characterize ZnO nanoparticles using Zingiber 

officinale and Syzygium aromaticum extracts by the green method and assess their 

antibacterial activity for human applications. 

  

2.  Experimental Part 

The ginger plant roots (Zingiber officinale) and  Syzygium aromaticum flower buds (clove) 

were purchased from the local market and washed thoroughly with triple distilled water. Zinc 

nitrate hexahydrate Zn (NO3)2.6H2O and (NH4OH) ammonium hydroxide were purchased 

from the Alpha Chemika India company,  and deionized water (DW) was used. With an 

electric grinder, Zingiber officinale roots and Syzygium aromaticum flower buds were 

ground, and their powder was stored in plastic containers. A regulated amount of distilled 

deionized water (1:10) was added to the plant powder, i.e. 10 mL of water per 1 gram of 

plant, and stirred vigorously for 30 min at 70 °C. Whatman filter No.1 paper was used to filter 

out the extracts, and the filtrate was then kept in a refrigerator at 4 °C [17]. Each extract was 

prepared separately, as shown in Figure 1. 
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Figure  1:  Steps involved in creating aqueous extracts of Z. Officinale ground root and   

                   Syzygium aromaticum flower buds. 

 

      ZnO NPs were produced utilizing a green method by adding zinc nitrate hexahydrate to 

100 ml DW to reach a concentration of (1M), adding 25 ml of plant extract, followed by 

(NH4OH) of 98% purity, and agitating the mixture on a magnetic stirrer at 70-80°C for 1h. 

The sediment was centrifuged for 15 minutes at 4,000 rpm. Several washings were done with 

DW to achieve a pH of 7 [18]. The resulting mixture was then put into a crucible and heated 

to 400 °C for two hours (see Figure 2) [1,19]. The green synthesis of ZnO NPs using root 

Zingiber officinale (G-ZnO) and Syzygium aromaticum (S-ZnO) was according to the 

following chemical reactions: 

𝑍𝑛(𝑁𝑂3)2 . 6𝐻2𝑂 + 𝑁𝐻4𝑂𝐻 + plant extract → Zn(OH)2 ↓ +𝑁𝐻4𝑁𝑂3 + plant extract 

Plant extract + Zn(OH)2  
400°C
→   ZnO NPs (caooed with phyto − molecules) + H2O 

 

 

Figure 2 : Production of Zno nanoparticles utilizing the green synthesis method 
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      The as-prepared ZnO nanoparticles were characterized using X-ray diffraction techniques 

to confirm their presence, structure and crystallite size. Fourier Transform Infrared (FTIR) 

spectroscopy was used to identify the functional groups in the plant extract involved in the 

bonding process with  ZnO NPs. In addition for the characterization and identification of 

organic and inorganic substances and biomolecules, the extract has emerged as a reducing 

agent and capping agent. 

       

      Diffuse reflection spectroscopy (DRS) was used to determine the optical properties, 

energy dispersive X-ray spectroscopy (EDX) was used to find the composition of the prepared 

samples, and scanning electron microscopy (SEM) was used to identify the morphological 

properties of the prepared nanoparticles. 

Microbial susceptibility to nanoparticles was determined using Mueller-Hinton agar. The 

antibacterial activity of G-ZnO NPs and S-ZnO NPs against Staphylococcus aureus (S. 

aureus), Escherichia coli (E. coli) , and Bacillus subtilis (B. subtilis) was tested as well as the 

agar spread technique. The Mueller-Hinton agar was prepared according to the manufacturer's 

instructions, sterilized at 121°C for 15 min in petri dishes, and was left to solidify. Using the 

standard Macckfer land technique, the nocturnal turbidity of S. aureus, E. coli, and B. subtilis 

growths was approximated to 108 CFU/ml. A cotton swab was soaked in each bacterial 

growth under investigation, wiped on the surface of Müller-Hinton agar, and left for 30 min at 

25 °C. 6 mm holes were punched with a needle using a cork borer and filled with 100 μl of 

(G-ZnO and S-ZnO) NPs at concentrations of 100 μg/mL. All plates were incubated at 37°C 

for 24-72 hours, and the radius of the inhibition zones in mm was recorded to examine which 

nanomaterials had better antibacterial efficiency. 

 

3. Results and Discussion  

Figure 3 shows the X-ray diffraction (XRD) patterns of G-ZnO and S-ZnO powders. The 

patterns indicated polycrystalline with hexagonal wurtzite structure for all the prepared 

samples. Table 1 gives the structural and geometric parameters. The XRD pattern for G-ZnO 

NPs (Figure 3A) has peaks at 2θ =  

31.76°,34.47°, 36.23°, 47.45°, 56.61°, 62.85°, 66.39°, 67.96°, 69.1°, 72.56°, and  

77.01°corresponding to (100), (002), (101), (012), (110), (013), (200), (112), (201), (004) and 

(202)  planes, respectively, which matched the data of JCPDS card: (96-901-1663). 

 
Figure  3:  XRD spectra of (A) G-ZnO NPs and (B) S-ZnO NPs 
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      The XRD pattern of S-ZnO NPs, shown in Figure 3B and Table 1, shows that Syzygium 

aromaticum extract has peaks at 2θ = 31.78°, 34.43°, 36.23°, 47.54°, 56.56°, 62.38°, 66.32°, 

67.92°, 69.02°, 72.57°, and 77.94° corresponding to planes (100), (002), (101), (012), (110), 

(013), (200), (112), (201), (004) and (202), respectively, which matched the data of  JCPDS 

card: (96-900-4182). The crystallite size of each of the G- ZnO NPs and S-ZnO NPs, given in 

Table 1, was obtained from the XRD study data[20], whereas the average crystallite size for 

G-ZnO  NPs and S- ZnO NPs  of 38.49 nm and 27.66 nm,  respectively were calculated using 

the Scherrer formula[20, 21]:  

 D = k λ /β cosӨ             1 

Where: D is the crystallite size of the crystal, k is Scherrer’s constant (0.9), λ is X-ray 

wavelength (0.15406 nm), ß is the width of the XRD peak at half height, and Ө is the Bragg 

diffraction angle [21]. The acquired XRD results for G-ZnO and S-ZnO nanoparticles are in 

good agreement with those that have been published in prior studies [22, 23]. 

 

Table : 1 G-ZnO and S-ZnO  NPs structure and geometric parameters characteristics. 

G-ZnO NPs 

2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) C.S (nm) dhkl Std.(Å) hkl 

31.76 0.2 2.815182269 41.29748594 2.8137 100 

34.47 0.15 2.599804223 55.45185093 2.603 002 

36.23 0.2 2.477444231 41.79293864 2.4654 101 

47.45 0.25 1.914515282 34.7106532 1.9109 012 

56.61 0.2 1.624539832 45.11565412 1.6245 110 

62.85 0.3 1.477419587 31.03274083 1.4772 013 

66.39 0.3 1.406965823 31.64505336 1.4068 200 

67.96 0.3 1.378234394 31.9342964 1.3782 112 

69.1 0.3 1.358253857 32.15146629 1.3581 201 

72.56 0.2 1.301772142 49.27394387 1.3017 004 

77.01 0.35 1.23726489 29.00499334 1.2377 202 

average crystaline size (nm) 38.491916 JCPDS card.(96-901-  1663)Hexagonal 

S-ZnO NPs 

2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) C.S (nm) dhkl Std.(Å) hkl 

31.78 0.2498 2.813456213 33.06608258 2.8174 100 

34.43 0.2498 2.602733018 33.29414544 2.8037 002 

36.23 0.2998 2.477444231 27.88054612 2.478 101 

47.54 0.3497 1.911100605 24.82316935 1.9122 012 

56.56 0.3497 1.625857236 25.79643076 1.6266 110 

62.38 0.4496 1.487416782 20.65531091 1.4778 013 

66.32 0.4496 1.408280967 21.10703979 1.4087 200 

67.92 0.4496 1.378948637 21.30346102 1.3795 112 

69.02 0.4496 1.359632709 21.44307786 1.3598 201 

72.57 0.1998 1.301617404 49.32642701 1.3018 004 

77.94 0.3997 1.224810935 25.56432025 1.239 202 

average crystaline size (nm) 27.66000101 JCPDS card.(96-900-4182)Hexagonal 
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     The solid phase ZnO samples were examined by FTIR within the range of 400-4000 cm-1  

and using the KBr pellet method to identify organic and inorganic biomolecule residues from 

the 

nanoparticles, which may come along via reducing agents on the surface of ZnO NPs. 

Furthermore, the plant extract's functional groups involved in the process of binding with ZnO 

NPs were discovered. Figure 4 and Table 2 compare the FTIR spectra of the Zingiber 

officinale plant extract with that of the biosynthesized ZnO NPs. Zingiber officinale also 

contains aldehydes, phenols, and ketone monomers [24] . 

 

     The effectiveness of Zingiber officinale extract as a reducing agent and a covering agent 

was confirmed by FTIR screening of G-ZnO NPs. Broadband coupling at 3439 cm-1 means 

broadband (OH) expansion vibrations. The peaks were observed at 2980, 1579, 1420, 1036, 

630, and 465 cm-1, and the wave numbers and their functional groups were assigned as given 

in Table 2. One can see from Figure 4, the presence of organic compounds, various types of 

polyphenols, carboxylic and aromatic acids, terpenes, and phenols. The peak at 1579 cm-1 has 

a significant effect due to aromatic components, and those at 630 and 465 cm-1, attributed to 

the stretching of the Zn-O bond, confirm the formation of G-ZnO NPs. It is the exact 

imprinting of the biological components of Zingiber officinale present on the surface of the 

nanoparticles [25,26]. 

 

 
 Figure  4:  FTIR spectra of Zingiber officinale before and after the formation of ZnO   

                              nanoparticles. 

 

      The FTIR analysis of Syzygium aromaticum extract was done as shown in Figure 5, and 

the wave numbers and their functional groups were set as given in Table 2. FTIR screening of 

pre-synthesized S-ZnO NPs validated the functions of Syzygium aromaticum extract as a 

reducing agent and covering agent. Figure 5  displays broadband coupling for OH expansion  

vibrations at 3448 cm-1. The peaks are observed at 2347, 1580, 1382, 1025, 650, and 470 cm-

1. One can note the presence of organic compounds, various types of ester, aromatic, methyl, 

and amino acid. The peak at 1580 cm-1 has a significant effect due to the aromatic 

components, and those at  650 and 470 cm-1 are attributed to the stretching of the Zn-O bond 
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and confirm the formation of S-ZnO NPs. It is the exact imprinting of the biological 

components of Syzygium aromaticum present on the surface of the nanoparticles[27,28]. 

     Figure 6 illustrates a slight difference in the positions of the peaks of the G-ZnO and that 

of the S-ZnO samples, which is due to the effect of the plant extract in each sample. It can be 

seen that the sample G-ZnO has peaks at 1420 cm-1 and 2980 cm-1, while the peaks for the S- 

ZnO sample are located at 1382 cm -1  and  2347 cm -1. This difference may be caused by the 

remaining chemical compounds of the plant and their effect on the matter. 

 

Figure 5:  FTIR spectra of Syzygium aromaticum before and after the formation of ZnO 

nanoparticles. 

 

 
 

Figure 6:  FTIR spectra of G-ZnO nanoparticles and S-ZnO nanoparticles. 
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Table 2: FTIR spectra of G (Zingiber officinale)  and S (Syzygium aromaticum) extract 

samples groups. 

Wavenumber (cm-1) Group Functional Groups Reference 

3445 OH stretch; H bonded OH [29,30] 

2983 OH stretch H-bonded 
Carboxilyc Acid 

(RCOOH) 
[30,31] 

1585 
C–H In-plane stretching  and 

deforming 

 

Aromatic skeletal 

stretching of lignin 
 

[32] 

1445 Ring aromatic stretch (4p) Aromatic C=C [24,29,30] 

932 C=C 

Terpenes like zingiberene, 

β-elemene, limonene 

present , camphene 

[32,33] 

648 O=H bond Phenol [29,30] 

577 C-Br  [2,34] 

S (Syzygium aromaticum) 

Wavenumber (cm-1) Group Functional Groups Reference 

3451 O-H carboxylic [27, 35] 

2970 CH stretch (sp3) carboxylic/phenolic [24, 27] 

2353 C-O ester group [27] 

1585 C=C Aromatic skeletal stretching of lignin [32, 36] 

1386 (CH3) methyl groups [27] 

1230 (CH3) methyl groups [27] 

1067 C-H amino acid [36] 

924 C-H Limonene [28] 

765 CH2 eugenol groups [27] 

 

      The optical properties of G-ZnO and S-ZnO NPs as powders produced by green synthesis 

were evaluated using diffuse reflection spectroscopy. Figures 7a and 8a showed the 

absorbance spectra at 300-800nm wavelength range for both prepared ZnO NPs samples. In 

general, one can note that the absorbance value of S-ZnO NPs is higher than that of G-ZnO 

NPs in all wavelengths. The absorbance of both is low at wavelengths more than 400 nm. The 

excitonic absorption peaks were between 300 and 400 nm ( 359 nm for G-ZnO and 361 nm 

for S-ZnO), typical characteristics of ZnO NPs peaks, thus confirming their presence. Figures 

7b and 8b show the sample reflectance spectra in the 350–500 nm spectral region. The 

reflectance of the S-ZnO NPs sample has a higher value than that of the G-ZnO NPs sample 

in the spectral region ( 400-500 nm). The reflectance of both is low at wavelengths less than 

375 nm. The recorded reflection can be transformed into absorption using the Kobelka-Munch 

equation[37]: 

                                                   𝐹(𝑅) =
k

s
=
(1−R)2

2R
                                                                 2 

Where: F(R) is the Kubelka–Munk function corresponding to the absorbance, K/S is the ratio 

of the absorption coefficient to the scattering coefficient, and R is the diffuse reflectance (%). 

The band gap energy (Eg) of the material and the type of optical transition between the 

valence band and conduction band were evaluated using the following modified K–M 

equation:  

                                               (𝐹(𝑅)ℎ𝑣) = 𝐴(ℎ𝑣 + 𝐸𝑔)𝑛                                                          3 
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Where: A is a constant that depends on the transition probability and measures the disorder of 

the material and band tailing, hν is the photon energy, and the exponent factor n is related to 

the nature of the optical transition. The value of n equals 1/2 for the allowed direct band gap, 

2 for the allowed indirect band gap, 3/2 for the forbidden direct band gap and 3 for the 

forbidden indirect band gap [38]. 

  The ultraviolet and visible diffuse reflectance spectra of G-ZnO NPs and S-ZnO NPs  

 

 

         

 

  

Figure 7: (a) Asorbance vs. wavelength (b) 

Reflectance vs. wavelength , (c) Variation 

of (F(R)hv)2 vs energy of G-ZnO.  

 

Figure 8: (a) Absorbance vs. wavelength  

(b) Reflectance vs. wavelength , (c) 

Variation of (F(R)hv)2 vs energy of S-ZnO.  
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are shown in Figures 7c and 8c. The energy gap for G-ZnO and S- ZnO samples was allowed 

a direct energy gap and nearly similar values ( 3.15 eV and 3.17 eV).   

 

 
 

 
 

Figure  9: SEM micrograph of the synthesized G-ZnO NPs and composition using EDX. 
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.  

Figure 10: SEM micrograph of the synthesized S-ZnO NPs and composition using   

                                EDX 

     The morphological characteristics of the nanoparticles prepared with Zingier officinale and 

Syzygium aromaticum were studied by scanning electron microscopy. G-ZnO and S-ZnO 

nanoparticles appeared to be agglomerated, triangular, spherical and of various other shapes, 

as shown in Figures 9 and 10, respectively. The average size of  G-ZnO and S-ZnO 

nanoparticles was calculated, which was about 26.92 nm (note that the particles range in size 

from 10 nm to 40 nm) and  62.45 nm (the particle size ranges from 40 nm to 80 nm), 

respectively, with microstructures of 200nm length. Purity  and composition of the prepared 

ZnO was checked by EDX. One can observe the three pure peaks for Zn and O, located from 

1 to 10 keV, which were also previously reported for the synthesis of ZnO nanoparticles [39]. 

 

Antibacterial Activity 

      ZnO NPs reduces the activity of a wide range of bacteria strains (mainly gram-positive 

and gram-negative) without antibiotics. Figure 11 and Table 4 show the effect of G-ZnO and 

S-ZnO on Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) , and Bacillus subtilis 

(B. subtilis). The statistical representation of the results is shown in Figure 12. It can be seen 

that the effect of G-ZnO on the bacteria is better than that of S-ZnO, as shown in Figure 12. 

This effect may be due to the difference in the size and shape of the zinc nanoparticles 

synthesised by the green method using both plant extracts. G-ZnO had an apparent effect on 

the bacteria (note that the nanoparticles ranged in size from 10 nm to 40 nm ) and that the 
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average size of nanoparticles was 26.92 nm. The S-ZnO nanoparticles ranged in size from 40 

nm to 80 nm, with an average size of 62.45 nm. Their effect was clear on the bacteria but less 

than the previous one. This may be due to the difference in the sizes of the nanoparticals, 

which is a major reason for the effect on the bacteria. The nanoparticles size easily penetrate 

the cell wall and reach the nucleus. This agrees with the results of Martínez-Castañón et al. 

[40]. Also, the different shapes of the nanoparticles, due to the active role of plant extracts and 

the chemical compounds, affects the biological efficiency; for example, the G-ZnO 

nanoparticles are of triangular shape while the S-ZnO nanoparticles are of spherical shape. 

The triangular-shaped nanoparticles show better interaction with the cell membrane of 

bacteria and hence increase toxicity compared to spherical-shaped nanoparticles[41]. The 

reason that nanoparticles target pathogenic bacteria is due to their large surface area relative 

to volume; the smaller the size of the nanoparticles, the greater the surface area of the zinc 

nanoparticles, which contributes to an increase in the charge on the surface, which leads to a 

higher killing or inhibition ratio towards bacteria due to the electrostatic attraction [40,42]. 

 
 

Table 4 : The bacteria used in the study and the effect of zinc nanoparticles on each type of 

bacteria. 

Bacterial G-ZnO S-ZnO Type 

S. aureus 30                    24 Gram-positive bacterium 

E.coli 31                    24 Gram-negative bacterium 

B. subtilis 28                    23 Gram-positive bacterium 

G-ZnO (S. aureus) G-ZnO (E.coli) G-ZnO (B. subtilis) 

S-ZnO (E.coli) S-ZnO (S. aureus) S-ZnO (B. subtilis) 

Figure 11: Antibacterial activity of G-ZnO and S-ZnO NPs against Staphylococcus 

aureus (S. aureus), Escherichia coli (E. coli), and Bacillus subtilis (B. subtilis)  
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4. Conclusions 

 Zinc oxide nanoparticles were synthesized successfully using an eco-friendly, simple and 

low-cost method from  Zingiber officinale and  Syzygium aromaticum extract with Zn 

(NO3)2,6H2O aqueous solution. The physical examinations of prepared G-ZnO and S-ZnO 

showed that the nanoparticle structures were different in shape and size, due to differences in 

the chemical composition of both plant extracts. The size and shape played a role in their 

effective antibacterial activity. ZnO nanoparticles showed significant bactericidal effects 

against both gram-positive and gram-negative, where G-ZnO showed a more significant effect 

than S-ZnO. 
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