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Abstract: The biosynthesis of zinc oxide nanoparticles (ZnO NPs) via an aqueous peel 
extract of Citrus sinensis represents a green and sustainable alternative to conventional 
synthesis methods, eliminating the need for toxic chemicals and diminishing energy 
consumption. Bioactive compounds present in the extract, such as flavonoids and 
polyphenols, serve as natural reducing and stabilizing agents during the nanoparticle 
formation process. Characterization via UV–VIS spectrophotometry confirmed the 
formation of crystalline and stable ZnO NPs. In this study, an aqueous orange-peel extract 
was employed as the biological reducing agent for the synthesis of ZnO nanoparticles from 
zinc nitrate as the precursor, and the influence of the precursor/extract ratio on the 
properties of the obtained particles was investigated. The antimicrobial activity of the 
synthesized ZnO NPs was tested against Escherichia coli and Staphylococcus aureus, with 
significant growth inhibition observed/particularly in the case of E. coli. The results 
obtained underscore the potential application of biosynthesized ZnO NPs in medicine, 
food preservation, and biodegradable packaging. This study confirms an efficient, eco-
friendly and straightforward approach to the green synthesis of ZnO nanoparticles using 
orange peel extract. 

Keywords: zinc oxide nanoparticles, orange peel extract, antimicrobial activity, green 
chemistry, Gram-positive bacteria, Gram-negative bacteria 

 

INTRODUCTION 

Nanotechnology, as one of the fastest-growing fields in contemporary science and 

engineering, has enabled the development of materials with exceptional physicochemical 

properties owing to structures of sub-100 nm dimensions. Nanomaterials manifest unique 

attributes in comparison to their macroscopic counterparts, rendering them applicable 

across a broad spectrum of industries - ranging from medicine, electronics and energy to 

food and environmental technologies (Kuzmec, 2017). Among them, zinc oxide nanoparticles 

(ZnO NPs) occupy a particularly significant role, characterised by high stability, chemical 

resistance and potent antimicrobial activity even at low concentrations. Unlike organic 

antibacterial agents, ZnO nanoparticles retain functionality under extreme conditions of 

temperature and pressure, which makes them suitable for applications in medicine, the 

food industry and environmental protection (Brkiš, 2021). 

 Traditional methods for the synthesis of ZnO nanoparticles frequently involve the 

use of toxic chemicals and demand high energy consumption, whereas green chemistry-
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based approaches offer an environmentally acceptable alternative. Plant extracts rich in 

polyphenols, flavonoids and terpenoids can function as natural reducing and stabilizing 

agents in the biosynthesis of nanomaterials. In this context, orange peel extract (Citrus 

sinensis) has proven particularly well-suited as a source of bioactive compounds for the 

synthesis of ZnO nanoparticles with pronounced antimicrobial properties. 

 The antimicrobial effect of ZnO nanoparticles is connected to their interaction with 

bacterial cell membranes, where structural differences between Gram-positive and Gram-

negative bacteria influence microbial susceptibility. Gram-positive bacteria, with their thick 

peptidoglycan layer, and Gram-negative bacteria, which possess an additional outer 

membrane rich in lipopolysaccharides, respond differently to the action of metallic 

nanoparticles (Steward, 2019). 

 

MATERIALS AND METHODS 

The investigation comprised four main stages: the preparation of orange-peel extract, the 

biosynthesis of ZnO nanoparticles, the characterization of the synthesized nanoparticles and 

the assessment of their antimicrobial activity. 

 

Preparation of Orange-Peel Extract 

Fresh oranges of the Bahia variety were purchased at a local market in Sarajevo. The orange 

fruits were washed, dried and peeled. The peels were finely chopped to accelerate drying 

and then dried for 24 h at 60 °C. The dried peels were ground to a fine powder. For extract 

preparation, 3 g of the powder was extracted in 150 mL of distilled water while stirring at 

60 °C for 2 h on a magnetic stirrer. The extract was subsequently filtered—first through 

qualitative filter paper and then through a blue-ribbon filter paper—yielding a clear extract. 

The extract was divided into three 50 mL portions. 

 

 
Figure 1: Citrus sinensis peel extract preparation 

 

Biosynthesis of ZnO Nanoparticles 

A 0.1 M solution of zinc nitrate hexahydrate was prepared. The zinc-nitrate solutions were 

mixed with orange-peel extract in volumetric ratios of 1:1, 1:2 and 1:4. The pH of the 

mixture was adjusted to 12 by addition of NaOH solution. The reaction mixtures were then 
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stirred for 2 h at 60 °C. The synthesis of nanoparticles is based on the bio-reductive 

properties of the orange-peel extract. 

 

Characterization of ZnO Nanoparticles 

The UV-Vis spectra of the prepared nanoparticle suspensions were recorded on a Varian Cary 

1E Spectrophotometer. The spectra were recorded in the range of 200–800 nm. Samples 

were measured in optical glass cuvettes with a 1 cm optical path length. Diluted orange-

peel extracts in equivalent ratios were used as blanks, wherein the zinc-nitrate solution was 

substituted by distilled water. 

 

Assessment of Antibacterial Activity  

The antibacterial effect of the synthesized ZnO nanoparticles was determined using the 

disk-diffusion (Kirby–Bauer) method against Gram-positive (Staphylococcus aureus) and 

Gram-negative (Escherichia coli) bacteria. Mueller–Hinton agar medium was prepared by 

dissolving 38 g of agar in 1 L of distilled water, heated to boiling and poured into sterilized 

Petri dishes, then cooled to room temperature. The bacterial cultures were incubated for 

24 h at 37 °C and standardized to 0.5 McFarland units. Sterile disks impregnated with 

nanoparticle suspensions were placed on the surface of the nutrient medium and incubated 

for 24 h at 37 °C. After incubation, the diameter of the inhibition zone around each disk 

was measured. 

 

RESULTS AND DISCUSSION 

Visual Confirmation  

The synthesis of zinc-oxide nanoparticles was first confirmed by visual observation, based 

on the appearance of turbidity in the reaction mixture, which directly indicates the 

formation of ZnO nanoparticles. In the figure shown, the most pronounced turbidity was 

exhibited by sample A (ratio 1:1), suggesting the formation of a larger quantity of 

nanoparticles. It was observed that the quantity of nanoparticles formed was inversely 

proportional to the amount of orange extract used in the synthesis. 

 

 
Figure 2: Visual confirmation of nanoparticle synthesis 
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Results of UV–VIS Spectrophotometry  

Following visual confirmation, the synthesis of zinc-oxide nanoparticles was further verified 

by UV–VIS spectrophotometric analysis in the wavelength range of 200 to 800 nm. The 

spectra of the synthesised ZnO nanoparticles exhibited well-defined absorption maxima that 

varied depending on the reagent ratio used during the synthesis. 

 For the sample with ratio 1:1, an absorption maximum was detected at 357 nm, 

whereas the samples with ratios 1:2 and 1:4 exhibited maxima at 402 and 405 nm. These 

results confirm the presence of ZnO nanoparticles, while the wavelength shift indicates 

differences in particle size between the samples. 

 
Figure 3: UV–VIS Spectra of ZnO manoparticles synthesized at different reactant ratios 

(1:1, 1:2, and 1:4) 

 

 The obtained absorption maximum of 357 nm for the 1:1 sample suggests smaller 

particle size. According to Chandrasekhar et al. (2016), ZnO nanoparticles synthesised 

without surfactant display an absorption maximum at 330 nm, which corresponds to a size 

below 10 nm. Given that in this investigation the maximum is somewhat higher, it is 

presumed that the particles are somewhat larger than 10 nm, yet still within the nanoscale. 

Similarly, Singh et al. (2019) report that a maximum at 380 nm corresponds to particles of 

size 30–40 nm. Therefore, this nanoparticle sample likely contains particles between 10 and 

20 nm. 

 The maxima at 402 and 405 nm for the 1:2 and 1:4 samples indicate larger particles, 

aggregation or the presence of more oxygen defects in the crystal lattice. The absorption 

peaks in the 400-410 nm range suggest that the formed particles are larger than 50 nm 

(Abebe, Zereffa and Murthy, 2020). 

 The blue shift of the absorption maximum in the 1:1 sample can be attributed to 

quantum confinement, which arises when particle size becomes comparable to the excitonic 

Bohr radius of ZnO (~2.34 nm). With increasing particle size in the 1:2 and 1:4 samples, a 

red shift occurs, which further corroborates changes in dimensions.  

 In addition to wavelength, the intensities of absorption peaks were analyzed. Higher 

intensities in the samples with larger reagent ratios indicate higher concentrations of 

synthesized particles, i.e. more efficient synthesis. The width of the absorption peak 

(FWHM) was more pronounced in the 1:2 and 1:4 samples, which suggests greater 

polydispersity and the presence of particles of varying sizes. It should be noted that UV–VIS 

spectrophotometry does not enable direct determination of nanoparticle size, but only 

indirect conclusions based on optical properties. Accurate determination of dimensions and 

morphology requires additional characterization techniques (e.g., TEM, DLS, XRD). 
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Antimicrobial Activity  

The results of the UV–VIS analysis indicated differences in the optical properties of the 

synthesised ZnO nanoparticles depending on the reagent ratio, which implies possible 

differences in biological activity. Accordingly, the antimicrobial activity of the samples was 

further investigated to assess their potential. 

 The largest inhibition zone for E. coli was shown by the 1:1 sample (average 26.5 

mm), indicating strong antimicrobial effect. Samples with ratios 1:2 and 1:4 exhibited 

smaller inhibition zones — 15.5 mm and 10.5 mm respectively — which by standards are 

classified as bacterial resistance to the tested samples. As a standard for comparison the 

antibiotic ceftriaxone (CTX) was used, with values above 21 mm considered to denote strong 

inhibitors. 

 In comparison with ciprofloxacin (CIP), a reference antibiotic, it was confirmed that 

the 1:1 sample display pronounced antimicrobial activity, while the 1:2 and 1:4 samples 

remain below the threshold of moderate activity (16–21 mm). 

 
Figure 4: E. coli - inhibition zones 

 

 No measurable inhibition zones were recorded for S. aureus, which indicates that 

the synthesised ZnO nanoparticles do not exert inhibitory action on the growth of Gram-

positive bacteria. 

 
Figure 5: S. aureus - inhibition zones 

 

 According to Doan Thi et al. (2020), examined ZnO nanoparticles exhibited strong 

activity against E. coli and S. aureus, which is partially consistent with the results of this 
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work for the 1:1 sample. Hirota et al. (2010) also demonstrated that ZnO NPs possess 

sustained antibacterial effect on E. coli even in the absence of light. These results suggest 

the presence of additional mechanisms, such as generation of reactive oxygen species (ROS) 

or direct interaction with the cell membrane. 

 On the other hand, Li et al. examined the antibacterial activity of ZnO NPs in relation 

to ROS production and the presence of Zn²⁺ ions. It was observed that Zn²⁺ concentrations 

around 1 mg/L do not inhibit E. coli growth, while increased ROS levels significantly reduce 

the growth rate, which suggests that the principal mechanism of action is associated with 

oxidative stress, rather than zinc-ion release. 

 

Table 1: Results of bacterial inhibition zone E. coli 

Disc 1:1 1:2 1:4 

D1 24 mm 13 mm 11 mm 

D2 27 mm 18 mm 9 mm 

D3 29 mm 18 mm 10 mm 

D4 26 mm 17 mm 10 mm 

D5 25 mm 15 mm 11 mm 

D6 28 mm 12 mm 12 mm 

Average 26,5 mm 15,5 mm 10,5 mm 

 

CONCLUSIONS 

Based on the conducted research, whose objective was the synthesis of zinc-oxide 

nanoparticles (ZnO) from orange-peel extract using the principles of green chemistry and 

the examination of their antimicrobial activity on bacterial species Escherichia coli and 

Staphylococcus aureus, it can be concluded that this approach successfully achieved an 

environmentally acceptable, non-toxic and chemically simpler method of obtaining 

nanoparticles. The phytochemicals present in the orange-peel extract played a key role in 

the synthesis process, acting as reducing and stabilizing agents. The change in solution color 

from transparent to pale-yellow-white and the appearance of turbidity at pH 12 confirmed 

the formation of ZnO nanoparticles, which was further substantiated by UV–VIS 

spectrophotometry. The obtained absorption maximum in the interval of 357–368 nm is close 

to literature values for ZnO nanoparticles, which indicates their successful synthesis and 

stability. Antimicrobial testing revealed that the synthesized ZnO nanoparticles possessed 

pronounced inhibitory activity against Escherichia coli, however did not exhibit measurable 

inhibition zones against Staphylococcus aureus. Comparison with standard antibiotics 

ceftriaxone (CTX) and ciprofloxacin (CIP) demonstrated that ZnO nanoparticles exhibit 

comparable antimicrobial activity against E. coli, thereby confirming their potential as 

alternative antimicrobial agents obtained by employing green technologies. 

 

Conflict of interest  

The data that support the findings of this study are available on request from the 

corresponding author. 



Scholar Publishing 

 

 
 

Page | 19  

 
Vol. 14 No. 03 (2026): Discoveries in Agriculture and Food Sciences 

 

Funding statement  

No funding.  

 

Acknowledgements 

I extend my gratitude to my mentor, Prof. Dr. Enisa Omanović-Mikličanin, assistant Ms. 

Chem. Amina Stambolić and laboratory technician Ms. Olgica Gmaz for their professional 

guidance, constructive advice and indispensable assistance during the preparation of this 

work. 

 

REFERENCES 

1. Abebe, B., Zereffa, E.A. and Murthy, H.C.A. (2020). Synthesis of Poly(vinyl alcohol)-Aided 

ZnO/Mn2O3 Nanocomposites for Acid Orange-8 Dye Degradation: Mechanism and Antibacterial 

Activity. ACS Omega, 6(1), pp.954–964. doi:https://doi.org/10.1021/acsomega.0c05597. 

2. Abou Baker, D. H., Ibrahim, E. A., & Salama, Z. A. E. (2021). Kore citrusa kao izvor bioaktivnih 

spojeva s industrijskom i terapijskom primjenom. IntechOpen. 

https://doi.org/10.5772/intechopen.99591 Pristupljeno 20.05.2025. 

3. Alrabayah, IN, Elhawary, SS, Kandil, ZA, El-Kadder, EMA, Moemen, YS, Saleh, AM i El Raey, MA 

(2023). Zeleno sintetizirane nanočestice cinkovog oksida na bazi Cestrum diurnum L. s 

potencijalnom antivirusnom aktivnošću protiv humanog koronavirusa 229-E. Molecules , 28 (1), 

266. https://doi.org/10.3390/molecules28010266 Pristupljeno 20.04.2025. 

4. Brkiš, I. (2021). Kemija cinka (Završni rad, Sveučilište u Zagrebu, Prirodoslovno-matematički 

fakultet). https://urn.nsk.hr/urn:nbn:hr:217:849492 Pristupljeno 15.04.2025. 

5. Chandrasekhar, P., Reddy, Y. A. K., & Reddy, K. R. (2016). Synthesis andcharacterization of 

ZnO nanoparticles using plant extract. International Journal of Nanoscience and 

Nanotechnology, 12(1), 1–6. Pristupljeno 15.04.2025. 

6. Dey, S., Mohanty, D. L., Divya, N., Bakshi, V., Mohanty, A., Rath, D., Das, S., Mondal, A., Roy, 

S., & Sabui, R. (2024). Kritički osvrt na nanočestice cink oksida: sinteza, svojstva i 

biomedicinska primjena. International Journal of Pharmaceutics: X, 10, 100234. 

https://doi.org/10.1016/j.ipha.2024.08.004 Pristupljeno 10.04.2025. 

7. Doan Thi, T. U., Nguyen, T. T., Dang Thi, Y., Ta Thi, K. H., Phan, B. T., & Pham, K. N. (2020). 

Green synthesis of ZnO nanoparticles using orange peel extract for antibacterial activities. RSC 

Advances, 10(51), 30551–30559. https://doi.org/10.1039/D0RA04926C Pristupljeno 22.04.2025. 

8. Gadewar, Manoj i ostali. „Otpuštanje potencijala prirode: Zelena sinteza ZnO nanočestica i 

njihova višestruka primjena – Sažet pregled“. Journal of Saudi Chemical Society , sv. 28, izd. 1, 

siječanj 2024., str. 101774. Science Direct ,https://doi.org/10.1016/j.jscs.2023.101774. 

Pristupljeno 11.05.2025. 

9. Gaur, V., & Kumar, A. (2010). Predtretman hesperidinom ublažava ozljeducerebralne 

ishemijske reperfuzije posredovanu NO-om i disfunkciju pamćenja. Neurochemistry 

International. https://doi.org/10.1016/S1734-1140(10)70321-2 Pristupljeno 17.04.2025. 

10. Glavan, V. (2020). Biološka aktivnost ekstrakata kore narandže pripravljenih eutektičkim 

otapalima [Diplomski rad, Sveučilište u Zagrebu, Prehrambeno-biotehnološki fakultet]. 

https://urn.nsk.hr/urn:nbn:hr:159:407109 Pristupljeno 17.04.2025. 

https://doi.org/10.5772/intechopen.99591
https://doi.org/10.3390/molecules28010266
https://urn.nsk.hr/urn:nbn:hr:217:849492
https://doi.org/10.1016/j.ipha.2024.08.004
https://doi.org/10.1039/D0RA04926C
https://doi.org/10.1016/j.jscs.2023.101774.%20Pristupljeno%2011.05.2025
https://doi.org/10.1016/j.jscs.2023.101774.%20Pristupljeno%2011.05.2025
https://doi.org/10.1016/S1734-1140(10)70321-2
https://urn.nsk.hr/urn:nbn:hr:159:407109


Scholar Publishing 
 

 
 

Page | 20  

 
Vol. 14 No. 03 (2026): Discoveries in Agriculture and Food Sciences 

11. Guidechem. (2024, December 25). Non-nano zinc oxide vs zinc oxide: What’s the difference? 

Retrieved May 29, 2025, from https://www.guidechem.com/guideview/cos/non-nano-zinc-

oxide-vs-zinc-oxide.html Pristupljeno 17.04.2025. 

12. Hydrothermal synthesis and characterization of Zinc Oxide nanoparticles of various shapes 

under different reaction conditions - IOPscience. (2020). Retrieved from 

https://iopscience.iop.org/article/10.1088/2632-959X/abc813 Pristupljeno 27.04.2025. 

13. Jiang, S., Lin, K. i Cai, M. (2020). Nanomaterijali ZnO: trenutni napredak u antibakterijskim 

mehanizmima i primjenama. Granice u kemiji, 8, 580. 

https://doi.org/10.3389/fchem.2020.00580 Pristupljeno 27.04.2025. 

14. Kuzmec, K. (2017). Nanočestice i uticaj na zdravlje (Završni rad, Sveučilište u Zagrebu, 

Fakultet kemijskog inženjerstva i tehnologije). https://urn.nsk.hr/urn:nbn:hr:149:787511 

Prostupljeno 28.04.2025. 

15. Lai, C., Liang, Y., Zhang, L., Huang, J., Kaliaperumal, K., Jiang, Y., & Zhang, J. (2022). 

Varijacije bioaktivnih fitokemikalija i antioksidativni kapacitet narančine kore pupka kao 

odgovor na različite metode sušenja. Antioksidansi, 11(8), 1543. 

https://doi.org/10.3390/antiox11081543 Pristupljeno 28.04.2025. 

16. Lallo da Silva, B., Abuçafy, MP, Berbel Manaia, E., Oshiro Junior, JA, Chiari-Andréo, BG, Pietro, 

RCR i Chiavacci, LA (2019). Odnos između strukture I antimikrobne aktivnosti nanočestica cink 

oksida: Pregled. International Journal of Nanomedicine , 14 , 9395–9410. 

https://doi.org/10.2147/IJN.S216204 Pristupljeno 30.04.2025. 

17. Maria Jose Martins Maldonado, Paula Cristhina Niz Xavier, Almir Sousa Martins, Durval Batista 

Palhares Hesperidinski flavonoidi iz narančine kore pokazuju dobrobiti za ljudsko zdravlje. Agri 

Res & Tech: Otvoreni pristup J. 2020; 25 (1): 556292. DOI: 10.19080/ARTOAJ.2020.25.55629 

Pristupljeno 30.04.2025. 

18. Mohamed, M. G., Fouad, D. M., & El-Sayed, M. E. (2011). UV–Visible spectroscopy study of ZnO 

nanoparticles. Materials Science in Semiconductor Processing, 14(1), 56–60. 

https://doi.org/10.1016/j.mssp.2011.01.006 Pristupljeno 03.05.2025. 

19. Mohammed, Y. H. I., Alghamdi, S., Jabbar, B., Marghani, D., Beigh, S., Abouzied, A. S., Khalifa, 

N. E., Khojali, W. M. A., Huwaimel, B., Alkhalifah, D. H. M., & Hozzein, W. N. (2023). Green 

Synthesis of Zinc Oxide Nanoparticles Using Cymbopogon citratus Extract and Its Antibacterial 

Activity. ACS omega, 8(35), 32027–32042. https://doi.org/10.1021/acsomega.3c03908 

Pristupljeno 03.05.2025. 

20. Murador, D. C., Braga, A. R. C., Martins, P. L. G., Mercadante, A. Z., & Rosso, V. P. de. (2019). 

Ionska tekućina povezana s ultrazvučno potpomognutom ekstrakcijom: Novi pristup za 

dobivanje karotenoida iz narančine kore. Food Research International, 126, 108653. 

https://doi.org/10.1016/j.foodres.2019.108653 Pristupljeno 04.05.2025. 

21. Ng, CT, Yong, L. Q., Hande, MP, Ong, CN, Yu, LE, Bay, BH i Baeg, GH (2017). Nanočestice 

cinkovog oksida pokazuju citotoksičnost i genotoksičnost kroz odgovore na oksidativni stres u 

ljudskim plućnim fibroblastima i Drosophilamelanogaster. Međunarodni časopis za 

nanomedicinu, 12, 1621–1637. https://doi.org/10.2147/IJN.S124403 Pristupljeno 04.05.2025. 

22. Ojha, P., Shrestha, A., Subedi, U., & Adhikari, B. (2021). Phytochemical and Functional 

Property Evaluation of Sweet Orange Peel Powder. U Proceedings of the Tenth National 

Horticulture Workshop, Lalitpur, Nepal: Nepal Agricultural Research Council. Preuzeto 

10.05.2025.s:https://www.researchgate.net/publication/379899072_Phytochemical_and_F 

unctional_Property_Evaluation_of_Sweet_Orange_Peel_Powder 

https://www.guidechem.com/guideview/cos/non-nano-zinc-oxide-vs-zinc-oxide.html
https://www.guidechem.com/guideview/cos/non-nano-zinc-oxide-vs-zinc-oxide.html
https://iopscience.iop.org/article/10.1088/2632-959X/abc813
https://doi.org/10.3389/fchem.2020.00580
https://urn.nsk.hr/urn:nbn:hr:149:787511
https://doi.org/10.3390/antiox11081543
https://doi.org/10.2147/IJN.S216204
https://doi.org/10.1016/j.mssp.2011.01.006
https://doi.org/10.1021/acsomega.3c03908
https://doi.org/10.1016/j.foodres.2019.108653
https://doi.org/10.2147/IJN.S124403


Scholar Publishing 

 

 
 

Page | 21  

 
Vol. 14 No. 03 (2026): Discoveries in Agriculture and Food Sciences 

 

23. Okpara, E. C., Fayemi, O. E., Sherif, E.-S. M., Junaedi, H., & Ebenso, E. E. (2020). Green 

waste-mediated zinc oxide nanoparticles: Synthesis, characterization, and electrochemical 

studies. Materials, 13(19), 4241. https://doi.org/10.3390/ma13194241Pristupljeno 10.05.2025.  

24. Padmavathy, N., & Vijayaraghavan, R. (2008). Enhanced bioactivity of ZnO nanoparticles—an 

antimicrobial study. Science and Technology of Advanced Materials, 9(3), 035004. 

https://doi.org/10.1088/1468-6996/9/3/035004 Pristupljeno 10.05.2025. 

25. Pavić, P. (2023). Svojstva i primjene cinkovog oksida (Završni rad, Sveučilište u Splitu, 

Prirodoslovno-matematički fakultet). https://urn.nsk.hr/urn:nbn:hr:166:686352 Pritupljeno 

20.05.2025.  

26. Pyrzynska, K. (2022). Hesperidin: Pregled metoda ekstrakcije, stabilnosti I bioloških aktivnosti. 

Hranjive tvari, 14(12), 2387. https://doi.org/10.3390/nu14122387 Pristupljeno 20.05.2025. 

27. Raghupathi, K. R., Koodali, R. T., & Manna, A. C. (2011). Size-dependent bacterial growth 

inhibition and mechanism of antibacterial activity of zinc oxide nanoparticles. Langmuir, 27(7), 

4020–4028. https://doi.org/10.1021/la104825u Pristupljeno 15.05.2025. 

28. Ramesh, M., Anbuvannan, M., & Viruthagiri, G. (2015). Green synthesis of ZnO nanoparticles 

using Solanum nigrum leaf extract and their antibacterial activity. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy, 136, 864–870. 

https://doi.org/10.1016/j.saa.2014.09.105 Pristupljeno 15.05.2025. 

29. Savić Gajić, I. M., Savić, I. M., Gajić, D. G., & Došić, A. (2021). Ultrazvučno potpomognuta 

ekstrakcija karotenoida iz kore narandže pomoću maslinovog ulja i njegova enkapsulacija u Ca-

alginatne kuglice. Biomolecules, 11(2), 225.https://doi.org/10.3390/biom11020225 

Pristupljeno 15.05.2025.  

30. Singh, G., Kumar, S., & Pandey, R. (2019). Size-dependent optical properties of ZnO 

nanoparticles synthesized using sol-gel method. Journal of Materials Science: Materials in 

Electronics, 30(10), 9540–9547. https://doi.org/10.1007/s10854-019-01146-5 Pristupljeno 

18.05.2025.  

31. Steward, K. (2019, August 21). Gram positive vs Gram Negative. Technology Networks. 

Retrieved May 31, 2025, from 

https://www.technologynetworks.com/immunology/articles/gram-positive-vs-gram- negative-

323007 Pristupljeno 30.05.2025.  

32. PMC. (2011). Synthesis and characterization of a narrow size distribution of zinc oxide 

nanoparticles - Retrieved from https://ncbi.nlm.nih.gov/pmc/articles/PMC3141867 / 

Pristupljeno 23.04.2025. 

33. Tiwari, AK, Jha, S., Tripathi, SK i dr. Spektroskopska istraživanja zelenih sintetiziranih 

nanočestica cinkovog oksida (ZnO NP): antioksidativna i antibakterijska aktivnost. Discov Appl 

Sci 6, 399 (2024). https://doi.org/10.1007/s42452-024-06049-z Pristupljeno 24.04.2025. 

34. UniProyecta. (n.d.). Razlike između Gram i Gram bakterija. Pristupljeno 31.05.2025., s 

https://hr.uniproyecta.com/razlike-izme%C4%91u-gram-i-gram-bakterija/  

35. Wang, X., Hasegawa, J., Kitamura, Y., Wang, Z., Matsuda, A., Shinoda, W., Miura, N., & 

Kimura, K. (2011). Effects of hesperidin on the progression of hypercholesterolemia and fatty 

liver induced by high-cholesterol diet in rats. Journal of Pharmacological Sciences, 117(3), 129–

138. https://doi.org/10.1254/jphs.11097FP Pristupljeno 24.04.2025. 

36. Wondmnew, E., & Tizazu, G. (2024). Effect of orange peel extract concentration on the 

synthesis of zinc oxide nanoparticles. Applied Nanoscience Advances. 

https://doi.org/10.1002/ansa.202400023 Pristupljeno 26.05.2025. 

https://doi.org/10.3390/ma13194241Pristupljeno%2010.05.2025
https://doi.org/10.1088/1468-6996/9/3/035004
https://urn.nsk.hr/urn:nbn:hr:166:686352
https://doi.org/10.3390/nu14122387
https://doi.org/10.1021/la104825u
https://doi.org/10.1016/j.saa.2014.09.105
https://doi.org/10.1007/s10854-019-01146-5
https://www.technologynetworks.com/immunology/articles/gram-positive-vs-gram-%20negative-323007%20Pristupljeno%2030.05.2025
https://www.technologynetworks.com/immunology/articles/gram-positive-vs-gram-%20negative-323007%20Pristupljeno%2030.05.2025
https://ncbi.nlm.nih.gov/pmc/articles/PMC3141867
https://doi.org/10.1007/s42452-024-06049-z
https://hr.uniproyecta.com/razlike-izme%C4%91u-gram-i-gram-bakterija/
https://doi.org/10.1254/jphs.11097FP
https://doi.org/10.1002/ansa.202400023

