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					ABSTRACT  

					ARTICLE INFO  

					Many nanomaterial compounds are known to possess inherent sun protection properties as well  

					as the ability to enhance the effectiveness of other sun-screening compounds. The current work  

					aimed to biologically synthesize zinc oxide nanoparticles (ZONPs) from zinc acetate dihydrate  

					using Vernonia amygdalina (V.amygdalina) leaf extract as the reducing agents and, thereafter use  

					the synthesized nanoparticles to formulate sunscreen creams. The extract, obtained by the Soxhlet  

					technique was subjected to quantitative phytocomponent analysis while the nanoparticles were  

					characterized for optical, morphological, size, and elemental composition analysis. The fusion  

					method was used to prepare six cream formulations containing varying proportions of the  

					nanoparticles and the creams were, thereafter evaluated for standard cream characteristics. The  

					nanoparticles showed maximum ultraviolet light absorption at 350 nm and a mean particle size of  

					49.75 ± 0.46 nm. The major elemental components consisted of zincites, smithsonite, sphalerite  

					and quartz. The nanoparticles consisted of both singlet and aggregate hexagonal components while  

					Fourier’s transform infrared spectroscopy indicated surface attachment of some biomolecules of  

					the V. amygdalina to the nanoparticles. The pH, viscosity, spreadability and sun protection factors  

					of the creams were in the ranges of 5.98 ± 0.18 - 6.87 ± 0.47, 12.03 ± 0.02 - 13.70 ± 0.73, 18.54  

					± 0.03 - 19.72 ± 0.89 and 11.35 ± 0.5 - 30.21 ± 0.2 respectively. The calculated sun protection  

					factor of the optimized formulation was comparable to that of the positive control. The current  

					procedure, therefore, represents a simple green-based approach for enhancing the sun-screening  

					property of zinc oxide compounds.  
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					Common superficial skin disorders associated with overdosing on  

					sunlight include; sunburn, skin tanning, skin depigmentation,  

					wrinkling, and premature aging among others. Higher and/or chronic  

					Introduction  

					The human skin may be rightly described as the natural “perimeter  

					fence” of the human body. It is situated between the internal body  

					organs and the external environment, performing barrier, protective,  

					sensory and excretory functions.1 Interestingly, whereas the skin  

					protects the internal body organs from direct sunlight, it relies heavily  

					on the supply of solar energy for its functioning, well-being, and other  

					physiological activities. However, overexposure of the skin to solar  

					radiation could harm the skin and some underlying body tissues and  

					organs.  

					exposure to ultraviolet (UV) radiations can cause more severe  

					dermatological and systemic disorders such as skin cancers, cataracts,  

					immunosuppression, collagen fiber diseases, and loss of skin elasticity.2  

					The sun-protective capability of the skin has been ascribed to the  

					presence of melanin within the cells while many of the damaging effects  

					of sunlight are due to the stimulation of reactive oxygen species (ROS)  

					that activate some collagen and tissue matrix-destroying enzymes by  

					solar radiations.3 Recent World Health Organization (WHO) reports  

					showed that over 300,000 diagnosed cases of non-melanoma skin  

					cancer (NMSC) diseases were due to chronic exposure to sunlight.4 The  

					electromagnetic part of the sunlight implicated in skin harmful effects  

					is the ultraviolet spectrum within the wavelength range of 290 – 400 nm  

					which is subdivided into three spectral ranges namely, UV-B (290 – 320  

					nm), UV-A2 (320 – 340 nm) and UV-A1 (340- 400 nm).5 The UV-A  

					portion is responsible for most of the sunlight associated superficial skin  

					disorders due to its low skin penetration while the UV-B range is  

					implicated in many deep-sited and systemic disorders due to its ability  

					to penetrate the skin tissue to a deeper level.6 Given the serious medical  

					importance of sun-induced skin disorders, more research efforts are  

					required to obtain products with improved sun protection potentials.  

					The primary objective of the current work was to biogenically  
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					synthesize zinc oxide nanoparticles for use in the formulation of topical  

					sun-screening creams. The utilization of nanomaterials for this purpose  

					is widely accepted since they exhibit good light absorbing and reflecting  

					properties when applied to the skin surface while also offering unique  

					skin surface coverage.7, 8 Many metallic materials such as zinc oxide,  

					silver, titanium dioxide, copper and some other inorganic compounds  

					protect the skin against direct sunlight by absorbing, reflecting and/or  

					scattering light beams away from the skin surfaces. On the other hand,  

					organic sun-screening materials such as ethylhexyl methoxycinnamate,  

					benzotriazole, sulisobenzone among others absorb light energy and then  

					undergo some conformational changes that result in the conversion of  

					solar energy to heat energy that is then emitted into the environment  

					(figure 1).9 The novelty in the current process is the use of nanoparticles  

					synthesized via a biomolecular facilitated process for the enhancement  

					of the sun protection efficacy of topical cream formulations.  

					Figure 1: Mechanisms of sunlight filtration by (a); organic sun screening agents and (b); inorganic sun screening materials. Reproduced  

					with written permission from Kiriiri et al.9  

					Synthesis of metal nanoparticles using plant extracts and other  

					biological materials whereby biochemicals serve as the reducing and  

					stabilizing agents offers a lot of advantages over the traditional physical  

					and chemical methods. Biological processes are generally simple,  

					environmentally friendly, utilize little or no toxic chemicals, and are  

					devoid of the formation of toxic by-products.10 Biologically synthesized  

					metal nanoparticles are also reported to exhibit sun protection effects  

					when incorporated into topical creams. Such creams leverage the  

					therapeutic safety profiles of ZONPs, the simplicity and cost-  

					effectiveness of the processes and the potential for good spreadability  

					and large skin coverage per unit mass of the cream.11 The possible  

					challenge to such formulation is the toxicity concerns associated with  

					chronic/overdose of nanomaterials12 and the generally low yields of  

					both the leaf extracts and the ZONPs during synthesis, a feature that  

					may limit the commercialization of current procedures and products.  

					Such challenges may, however, be overcome by efficient process scale-  

					up and adequate formulation optimization. A successful formulation of  

					good sun-screening creams using zinc acetate dihydrate-V. amygdalina  

					leaf extract-based nanoparticles, as targeted by the current work, will  

					bolster the industrial utilization of the leaves, which, due to lack of  

					research information, currently find use only as food vegetables, and  

					also support the economy of local communities that cultivate the V.  

					amygdalina vegetable plants. The question for answer in this work is  

					whether zinc oxide nanoparticles (ZONPs) synthesized using V  

					amygdalina leaf extract would exhibit enhanced sun protection  

					properties when utilized in the formulation of model topical creams.  

					7.466209o E), Enugu Ezike town, Enugu State, South Eastern Nigeria  

					in July 2021. The plant source was authenticated by Dr Obinna Onugwu  

					of the Department of Pharmacognosy, Enugu State University of  

					Science and Technology, who also issued a sample reference number  

					FP/COGN/04.23/0088 and retained the voucher specimen in the  

					Faculty of Pharmaceutical Sciences herbarium. The Disodium EDTA  

					(99.4%, ACS) was a product of BASF (Mumbai, India) while Cetyl  

					alcohol (98% w/w, USP), Cetomacrogol emulsifying ointment (70%  

					w/w USP) and carbomer (99%, USP) were products of Sigma Aldrich  

					(Massachusetts USA) purchased from a licensed vendor, Joechem  

					Chemicals Ltd, Nsukka, Enugu State, Nigeria. Ethylhexylcinnamate  

					(98% w/w, ACS), fennel fragrance (green), methylparaben (99%, USP)  

					and propylparaben (99%, USP) were products of FY Fragrances  

					(Guangdong, China) purchased from Cawnraw Chemical Suppliers Ltd,  

					Enugu, Nigeria. All other chemicals and reagents were of  

					analytical/reagent grades purchased from Joechem Chemicals Ltd and  

					were used as supplied except where otherwise indicated.  

					Extraction Procedure  

					Fresh and healthy leaves of the V amygdalina plant were washed under  

					running tap water for three times and then rinsed with distilled water  

					and, subsequently, shade-dried for 8 days. The fairly dried leaves were  

					mashed to a coarse powder and then extracted in a hot maceration  

					process using distilled water as the extraction solvent. For each  

					extraction batch, 40 g of the mashed leaves immersed in 500 ml of water  

					o

					was heated at 80 C for 20 min. A dark greenish extract was obtained  

					o

					and allowed to cool to 25 C before being filtered through a piece of  

					muslin cloth. The solution was then concentrated in a rotary evaporator  

					(Hei-Vap Core, Heidolph Instruments, Gmb Germany) and thereafter  

					dried to a soft mass in a laboratory oven (Infitek DOV-55PV, Shanghai,  

					China) set at 65 oC for 2 h.  

					Materials and Methods  

					Plant collection identification and other materials  

					Bitterleaf plant (V. amygdalina) leaves were harvested from a wild  

					variety plant species found in a location in Amufie (6.924264o N,  
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					Synthesis of zinc oxide nanoparticles  

					non-greasy and non-cloth-staining. The excipients for various  

					formulations were selected based on their known functionality and  

					stability in cream formations. Water was the main vehicle and solvent  

					for the aqueous phase materials. Methylparaben and propylparaben  

					were the preservatives added in the standard ratio of 9:1. Propylene  

					glycol (PG) was used as the primary solvent of the two parabens. It has  

					also been reported that PG prevents precipitation of the preservatives  

					from the creams during storage.9 Cetylalchohol served as the emollient  

					and the cream’s consistency builder. Cetomacrogol emulsifying  

					ointment was the primary emulsifier which has also been reported to  

					possess inherent mild sun-screening properties.17 Carbomer produced  

					gelling/stiffening effects needed for obtaining semi-solid creams. The  

					2-ethyl hexyl cinnamate is an organic sun screening material that is  

					reported to synergize with metallic sun screening agents.18 Disodium  

					EDTA served as the antioxidant and stabilizer of the cream system.  

					Fennel is an approved cosmetic fragrance. Table 1 shows the materials  

					utilized in the cream formulations.  

					A 100 mL volume of 0.1 M zinc acetate dihydrate solution was heated  

					to 80 oC for 10 min. Eight (8) mL of the leaf extract solution (10 mg/ml)  

					was introduced into the above solution in a dropwise manner on a  

					magnetic stirrer-heater equipment (DESCO Est. 026, Mumbai India)  

					maintained at a temperature of 80 oC and stirrer speed of 300 rpm. The  

					pH of the mixture was adjusted to 12 by a gradual introduction of 2.0  

					mol/dm3 potassium hydroxide (KOH) solution. A milky white  

					dispersion was obtained after 10 min, indicating the complete reduction  

					of the zinc acetate dihydrate to ZONPs.13 The nanoparticles were  

					recovered by centrifugation of the mixture at 1500 rpm for 15 min. The  

					precipitate was washed five times with distilled water and, thereafter  

					two times with ethanol to remove impurities. The wet sample was then  

					dried to nanoparticle powder in a laboratory oven (Infitek DOV-55PV,  

					Shanghai, China) set at 60 oC for 12 h.  

					Quantitative phytochemical analysis of the V. amygdalina extract  

					Phytochemical compounds present in plant extracts are believed to be  

					responsible for most of the bioactivities of such extracts.14, including the  

					reduction of metal salts to their pure metals or metal oxide  

					nanoparticles. We conducted quantitative analysis for various  

					phytochemical compounds, including alkaloids, phenolic compounds,  

					flavonoids, tannins and steroids, using various standard procedures  

					described by Harborne 15  

					Compounding of sunscreen products  

					The EDTA was separately dissolved in 50 % of the total volume of  

					0

					deionized water preheated to a temperature of 70 C. The oil-soluble  

					components were melted together at a temperature of 70 oC and  

					gradually introduced into the water phase with continuous stirring. The  

					parabens were separately dissolved in the propylene glycol which was  

					o

					also preheated to 70 C and the solution was added to the bulk  

					preparation. Other ingredients were incorporated sequentially as  

					described in Rowe et al.18 In brief,, the carbomer, which was previously  

					soaked in 500 mL of warm water for 6 h was stirred to a jelly solution  

					and added to the bulk preparations. The ZONPs and/or the 2-ethyl hexyl  

					cinnamate (depending on specific formulations) were dispersed in 50  

					mL of warm water and introduced into the bulk. The resulting mixture  

					was further blended on a magnetic stirrer-heater assembly set at 70 oC  

					and rotation speed of 150 rpm for 20 min and finally left to cool to room  

					temperature (25oC). The fennel fragrance was sprayed into the  

					preparation (3 sprays per 200 mL of final volume of cream) after which  

					the volume was made up to mark with warm deionized water.  

					UV spectral analysis of the synthesized ZONPs  

					A 1mg/mL solution of the ZONPs in ethanol was prepared as a standard  

					stock solution. One milliliter of this solution was diluted to 100 mL to  

					produce a 10 μg/mL working solution. The solution was scanned  

					through  

					a

					wavelength range of 200  

					–

					600 nm on  

					a

					UV  

					spectrophotometer (JENWAY 7305, United Kingdom) using ethanol as  

					blank. The UV spectrum and the wavelength of maximum absorption  

					(λmax) were obtained by plotting the absorbance values against the  

					corresponding wavelengths. The Beer-Lambart’s calibration curve was  

					constructed by plotting various dilutions (0.020, 0.025, 0.030, 0.035,  

					0.040, 0.045 and 0.050 mg/mL) of the ZONPs solutions against their  

					corresponding absorbance.  

					Physicochemical characterization of the sunscreen cream formulations  

					Organoleptic characterization of formulated sunscreen creams  

					About 10 g of each cream sample was placed in a glass crucible and  

					examined for colour, odour, texture and homogeneity.  

					Scanning electron microscopy (SEM) for morphological studies of  

					ZONPs  

					The morphological characteristics of the ZONPs was studied using a  

					scanning electron microscope (SU: 3500, Hitachi). In the procedure, an  

					ultra-thin film coating of the powdered ZONPs made on an aluminum  

					plate was examined under varied magnifications.  

					Rancidity test  

					The formulations were tested for rancidity using a modified version of  

					the procedure of Ilomuanya et al.3 In brief, 10 mg of each formulation  

					was placed in a test tube within a fume chamber. To this portion was  

					added 10 mL each of concentrated hydrochloric acid (HCl) and  

					phloroglucinol solutions. The mixture was then manually agitated for 1  

					min and observed for colour changes.  

					X-ray diffraction Analysis (XRD) and Fourier Transform Infrared  

					(FTIR) spectroscopy of ZONPs  

					The ZONPs powder was subjected to XRD analysis using a powder  

					diffractometer (Malvern Pananalytical X’Pert3 MRD) recording at the  

					range of 2θ from 0 oC to 65 oC. The FTIR spectral analysis was carried  

					out on a Perkin Elmer equipment (Perkin Elmer Model 1600, USA).  

					Briefly, a thin smear of the ZONP dispersion was sandwiched between  

					two sodium chloride crystal cells of the equipment and then scanned  

					through a range of 4000 - 400 cm–1.  

					Viscosity assay  

					The procedure described in Geoffrey et al.9 was used to determine the  

					viscosity of the creams Briefly, a Brookfield viscometer (AMATEK:  

					CAP2000+ Viscometer) attached with spindle number 7 rotating at a  

					speed of 50 rpm was used to measure the viscosity of ten-fold dilutions  

					of each formulation.  

					Determination of mean particle size distribution, polydispersity index,  

					and zeta potential of the nanoparticles  

					Determination of pH of formulated creams  

					The pH of a 10 % w/v dispersion of the creams in deionized water was  

					determined on a digital pH meter (Beckman model 72).  

					The mean particle size, polydispersity index, and zeta potential of a  

					0.005 % w/v dilution of the ZONPs solution were determined  

					concurrently using a dynamic light scattering (DLS) equipment, (Zeta  

					Sizer, Malvern Instrument Corps. UK.) following the procedure  

					described in Xiaoya et al.16 The process was conducted at room  

					Spreadability studies  

					o

					Cream spreadability was studied using a wooden board equipment  

					described in Dutra et al.19 In brief, 50 g of the cream was placed in-  

					between two glass slides of the equipment. A 100 g standard weight  

					was placed on the upper slide for 5 min to generate pressure and produce  

					uniform thickness of the cream in between the slides. A 250 g standard  

					weight was placed on the pulley pan of the equipment to cause sliding  

					of the upper glass slide. The time required for the two slides to  

					temperature (25 C) in triplicates and values obtained were expressed  

					as mean ± standard deviation.  

					Formulation of sunscreen topical creams  

					The formulation components, their relative proportions and  

					compounding procedures were selected to produce aqueous creams (oil-  

					in-water semi-solid emulsion) which are generally more spreadable,  
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					completely separate was noted. Spreadability was calculated according  

					to equation 1.  

					each formulation using ethanol as blank. Readings were obtained at  

					every 5 nm increase in wavelength within the test range. The SPF of  

					each formulation was finally calculated using equation 2. 20  

					Spreadability (S) = m ⁎ 퐼  

					--------------------------------- (1)  

					푡

					320  

					290  

					∑

					SPF = CF x  

					퐸퐸(λ) x I(λ) x Abs(λ) ----------------------------------(2)  

					where, m – weight tied to the upper slide, I – length of the glass slide  

					and t – time (s) required for the two slides to separate.  

					where, CF is a standard constant (correction factor) = 10. EE is the  

					erythema effect spectrum, I is the solar intensity spectrum and Abs is  

					the absorbance of the sunscreen formulation. The value of “EE x 1” is  

					a determined constant shown in Table 2.21 It was therefore possible to  

					determine the SPF of each formulation using the obtained absorbances  

					and substituting for the standard constants (CE and “EE x 1”).  

					Determination of the sun protection factors (SPF) of prepared creams  

					The procedure reported in Mansur et al.20 was used to determine the sun  

					protection factor of each formulation in triplicate procedures. Briefly, 1  

					g of the cream was placed in a 100 mL volumetric flask and made up to  

					volume with 70 % ethanol. The sample was then ultrasonicated (1500  

					rpm) for 5 min and filtered through a cotton wool pack rejecting the first  

					1 mL portion of the filtrate. A 5 mL aliquot of the filtrate was transferred  

					to a 50 mL capacity volumetric flask and the volume made up to mark  

					with ethanol. Thereafter 5 mL of this dilution was transferred to a 25  

					mL capacity volumetric flask and again made up to volume with ethanol  

					(70 %). An aliquot of this final dilution was then put into a 1 cm quartz  

					curvet of a spectrophotometer (JENWAY 7305, United Kingdom) and  

					scanned through 290 to 450 nm to obtain an absorption spectrum for  

					Stability studies of prepared creams  

					A 90-day (4th April – 3rd July 2024) accelerated stability studies were  

					carried out following the International Conference on Harmonization of  

					Technical Requirement for Registration of Pharmaceuticals for Human  

					Use (ICH) procedure as described in Ilomuanya et al.3 Briefly, 20 g of  

					each formulation was put in an amber-coloured wide-mouthed 50 mL  

					capacity glass bottle. The bottles were placed in an accelerated stability  

					test chamber (OTS Technik, XB-OTS-175C, Jinan, China) maintained  

					at a standard experimental condition of 40 oC/75 % RH.  

					Table 1: Sunscreen cream formulations showing proportions of materials used for each batch preparation  

					Percentage (w/w)  

					Material  

					SS 1  

					-

					SS 2  

					2

					SS 3  

					-

					SS 4  

					-

					SS 5  

					-

					SS 6  

					-

					Zinc acetate dihydrate  

					ZONPs  

					-

					-

					2

					3

					-

					2

					Cetomagrogol 1000  

					2-thylhexylcinnamate  

					Cetyl alcohol  

					68.44  

					-

					68.44  

					-

					68.44  

					-

					68.44  

					-

					68.34  

					1

					68.34  

					1

					20.75  

					10.55  

					0.01  

					0.02  

					0.18  

					0.05  

					qs  

					19.65  

					9.65  

					0.01  

					0.02  

					0.18  

					0.05  

					qs  

					19.65  

					9.65  

					0.01  

					0.02  

					0.18  

					0.05  

					qs  

					18.75  

					9.55  

					0.01  

					0.02  

					0.18  

					0.05  

					qs  

					18.75  

					11.65  

					0.01  

					0.02  

					0.18  

					0.05  

					qs  

					18.75  

					9.65  

					0.01  

					0.02  

					0.18  

					0.05  

					qs  

					Carbomer 940  

					Propylene glycol  

					Propylparaben  

					Methylparaben  

					Disodium EDTA  

					Fennel fragrance  

					Deionized water qs to  

					100  

					100  

					100  

					100  

					100  

					100  

					Footnote: SS1: Sun screening cream formulation 1 (No ZnO or ZONPs or organic sun screening agent); SS2: sun screening cream formulation 2 (contains  

					zinc acetate dihydrate but no ZONPs or organic sun screening agent; SS3: sun screening cream formulation 3 (contains 2 % ZONPs but no zinc acetate  

					dihydrate or organic sun screening agent); SS4: (sun screening cream formulation 4 (contains 3 % ZONPs but no zinc acetate dihydrate or organic sun  

					screening agent; SS5: sun screening cream formulation 5 (contains no zinc acetate dihydrate or ZONPs but contains 1 % organic sun screening agent);  

					SS6: (sun screening cream formulation 6 (contains 2 % ZONPs and 1 % organic sun screening agent but no zinc acetate dihydrate  

					During the storage period, samples of the creams were collected and  

					evaluated for some stability parameters such as organoleptic  

					characteristics, rancidity, viscosity, pH, spreadability and SPF on days  

					0, 30 and 90 of product storage.  

					to 100 mL of the 0.1 M zinc acetate dihydrate solution under continuous  

					stirring (300 rpm) at room temperature, the mixture suddenly turned  

					into a pale-white dispersion shown as Figure 2 B. After centrifugation,  

					recovery, washing and drying (12 h) of the precipitate, light green  

					nanoparticles were obtained (figure 2 C). Production of light green  

					ZONPs through biogenic processes has been reported in Sekar et al.13  

					and Gnanasangeetha.22 The formation of pale white dispersion was  

					evidence of bio reduction of the zinc acetate dihydrate to ZONPs in a  

					process mediated by the phytochemicals of the V. amygdalina extracts  

					Results and Discussion  

					Synthesis of zinc oxide nanoparticles  

					Figure 2A is the dark green extract obtained from aqueous maceration  

					of the V. amygdalina leaves. Upon addition of 8 mL of the liquid extract  
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					ZONPs ranging from spherical, rodlike, spindle, nanowire to nanotubes,  

					among others, had been reported by previous authors.23, 26  

					Table 2: Normalized formulation functions used in the  

					calculation of SPF  

					Wavelength (nm)  

					EE x 1 (constants)  

					0.015  

					290  

					295  

					0.0817  

					300  

					0.2876  

					305  

					0.3278  

					310  

					0.1864  

					315  

					0.0837  

					Figure 2: Products of the V amygdalina leaf extraction; (a) Dark  

					green coloured V amygdalina extract; (b) milky coloured  

					ZONPs dispersion obtained from mixing zinc acetate dihydrate,  

					leaf extract and 0.1 M KOH solution and, (c) dry ZONP powder.  

					320  

					0.180  

					Total =  

					1.000  

					Statistical analysis  

					Data reported were means of triplicate determination (n = 3) ± S.D. Data  

					analysis was conducted using one-way analysis of variance (ANOVA)  

					in GraphPad Prism software (version 9.5.1/2023, San Diego, CA, USA)  

					followed by Tukey’s post hoc test. Statistically significant values were  

					so adjudged at P = 0.05.  

					Results and Discussion  

					Synthesis of zinc oxide nanoparticles  

					Figure 2A is the dark green extract obtained from aqueous maceration  

					of the V. amygdalina leaves. Upon addition of 8 mL of the liquid extract  

					to 100 mL of the 0.1 M zinc acetate dihydrate solution under continuous  

					stirring (300 rpm) at room temperature, the mixture suddenly turned  

					into a pale-white dispersion shown as Figure 2 B. After centrifugation,  

					recovery, washing and drying (12 h) of the precipitate, light green  

					nanoparticles were obtained (figure 2 C). Production of light green  

					ZONPs through biogenic processes has been reported in Sekar et al.13  

					and Gnanasangeetha.22 The formation of pale white dispersion was  

					evidence of bio reduction of the zinc acetate dihydrate to ZONPs in a  

					process mediated by the phytochemicals of the V. amygdalina extracts.  

					Figure 3: (a) VIS/UV absorption spectrum, (b) calibration curve  

					of ZONPs solution  

					The shapes of ZONP are influenced by variables like nature of precursor  

					material, type of reducing agent, solvent, pH and processing  

					temperatures.25  

					Ultraviolet/visible light absorption spectroscopy of ZONPs  

					XRD analysis of zinc oxide nanoparticles  

					The VIS/UV spectrophotometry of the sample was carried out to  

					determine the wavelength of maximum light absorption (λmax) of the  

					synthesized nanoparticle solutions. The spectrophotometer wavelength  

					was set at the pre-determined λmax for the construction of the  

					calibration curve of the samples. Figures 3A and 3B show the UV light  

					absorption spectrum and the calibration curve, respectively (obtained  

					from triplicate readings) of the ZONP solutions. The λmax of the  

					spectral scan was 350 ± 0.23 nm while the trend line of the calibration  

					curve gave a regression equation of y = 1.0718x. This spectral peak  

					value suggested a high excitation binding energy.16 The 350 ± 0.23 nm  

					value obtained as the λmax was unique and comparable to previous  

					research results.23 However the standard λmax for pure ZnO compound  

					is known to be 385 nm.24, 25 The shift from this value to 350 ± 0.23 nm  

					in the case of our ZONPs was suspected to be due to the conjugation of  

					the nanoparticles with some phytochemical species of the extract and/or  

					the significant reduction in the particle sizes of the ZNOPs vis a vis the  

					pure ZnO powder.  

					The phase purity and elemental composition of the ZONPs were  

					examined by XRD spectroscopy. Typical XRD patterns of ZONPs were  

					gotten within the range of 20 – 80o, at a scanning step rate of 0.02.  

					Several Bragg reflections at 2θ values of 32.26o, 34.99o, 36.78o, 26.03o,  

					47.90o, 56.90o, 63.11o, 68.30o with *ICDD No.: 96230-0114 matching  

					the respective crystallographic planes (100), (002), (101), (012), (110),  

					(111), (013), and (200) were obtained. The average particle crystallite  

					size of the ZONPs was determined as 150.7 nm from the width of the  

					principal peak (101) reflection, using the Debye–Scherer formula in  

					equation 3.  

					0.89휆  

					. L =  

					--------------------------------------------------------- (3)  

					훽.푐표푠휃  

					where L is the crystallite size (nm), λ is the X-ray wavelength (λ =  

					1.5406Å), ꢀ is the half-width band of the diffraction band (FWHM)  

					measured in radian, K is the shape factor, usually taken as about 0.89  

					and ꢁ is the Bragg diffraction angle (peak position in radians). The peak  

					and relative intensities obtained for ZONPs tallied with literature  

					values.27 There were no characteristic peaks of impurities.  

					Scanning electron microscopy  

					Scanning electron microscopy was conducted to elucidate the surface  

					morphology and shapes of the ZONPs. The particles were observed to  

					be predominantly spherical in shape. Particles with tetrahedral,  

					hexagonal and rod shapes were also observed. Figures 4 (i - vi) show  

					the photomicrographs of the ZONPs under various scales and  

					magnifications including; I (100 µm; 600x; 15kv), II (100 µm; 400x;  

					15kv), III (200 µm; 400x; 15kv); IV (100 µm; 600x; 15kv); V(100 µm;  

					800x; 15kv) and VI (200 µm; 400x 15kv) There were both singlet and  

					aggregated particles in our samples. Varied shapes and morphology of  

					The XRD data also confirmed that the synthesized materials had  

					hexagonal crystal systems, a zincite phase, and a space group of 186:  

					P63mc. The hexagonal XRD description agreed with some of the SEM  

					micrographs seen earlier. The zincite group was composed of monoxide  

					minerals of zinc (ZnO), where Zn showed a strong preference for  

					tetrahedral coordination in oxygen minerals, with its divalent cation in  

					tetrahedral coordination with oxygen, and each oxygen in tetrahedral  
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					coordination to four divalent cations (Figure 5). Such zinc-oxygen  

					tetrahedral coordination of biologically synthesized ZONPs has been  

					reported in previous works.28 The crystal's lattice constant was a =  

					3.2342Å and c = 5.1772Å.  

					Table 3 shows the weight percentage composition of zinc and oxygen  

					in the zincites structure, while Figure 6 is a pie chart for the relative  

					elemental composition of the ZONPs. The multiple peaks in Figure 7  

					were suggestive of the high crystallinity of the ZONPs.29  

					Table 3: Elemental composition zincite group  

					Element  

					Zn  

					Amount (weight %)  

					Figure 5: Tetrahedral coordination of the zincite group28  

					80.3  

					19.7  

					100  

					O

					Total  

					FTIR analysis of ZONPs and zinc acetate dihydrate  

					Figure 8A shows the FTIR spectrum of the ZONPs synthesized through  

					reduction reactions between zinc acetate dihydrate and the  

					biomolecules of V. amygdalina leaf extract. The tentative assignments  

					of major vibration bands of the interactions between the chemical  

					moieties present in the nanoparticles and the ZONPs are marked for the  

					spectra. The very weak band at 3749.7 cm–1 corresponds to the  

					stretching vibration of the “free” O–H group.30 The broadband peak at  

					3347.1 cm–1 can be attributed to the characteristic absorption of the O-  

					H group. The absorption peak at 2284.9 cm–1 is assigned to the C-N  

					–1  

					Figure 6: Elemental composition of ZONPs  

					stretch, while that at 2165.6 cm is assigned to the C-C stretch. The  

					bands observed at 1397.8 and 1476 cm–1 were assigned Sp3 C–H  

					bending, while the absorption band related to the C–N bond can be  

					observed at 1103.3 cm–1. The stretching vibration of the C=C bond is  

					seen as a moderate band at 1640 cm-1, while the band at 834.9 cm–1 is  

					assigned to aromatic Sp2 C–H bending vibration. A terminal alkyne C–  

					H bending vibration is assigned to the absorption at 700.7 cm-1. Figure  

					8 B shows the FTIR spectrum for zinc acetate dihydrate alone. Two  

					prominent peaks were observed at 3268.9 cm–1, and 1623.1 cm–1. The  

					band at 3268.9 cm–1 is assigned to O–H bond stretching, and the band  

					observed at 1623.1 cm–1 represents the C=C stretching vibration of an  

					alkene group.  

					The presence of a multiplicity of absorption bands in the ZONPs  

					spectrum representing functional groups of compounds that were not  

					found in the pure zinc acetate dihydrate strongly suggested that there  

					were some interactions between the ZnO and the phytocompounds of  

					the V amygdalina extract. The ZONPs possessed broad bands in the  

					3000-3500 cm–1 region which is attributed to O–H stretching of  

					phenolic compounds and flavonoids, suggesting again that these  

					specific compounds played major roles in the reduction reactions.  

					Previous works had proposed that the phytochemical constituents of the  

					leaf extract reduced the zinc acetate dihydrate and stabilized the  

					resulting ZONPs by losing electrons to the Zn, which is in turn oxidized  

					to ZnO.23, 30, 31  

					Particle size distribution of ZONPs  

					The results of particle size distribution analysis using the dynamic light  

					scattering method (Figure 9) confirmed the presence of nanoparticles  

					with an average particle size (Z-Average) of 49.75 nm and  

					polydispersity index (PDI) of 0.519, confirming that ZONPs were  

					synthesized in the biogenic process. Nanoparticles have been defined as  

					particles with at least one external dimension less than or equal to 100  

					nm.32, 33 Although zinc oxide has been reported to possess inherent sun  

					filtration properties, nanosizing of the particles can significantly  

					enhance this sun-screening capability 7, 8, 9  

					Figure 4: SEM micrographs of ZONPs at different  

					magnifications including; (i) 100 µm, 600x, 15kv; (ii) 100 µm,  

					400x, 15kv; (iii) 200 µm, 400x, 15kv; (iv) 100 µm, 600x, 15kv;  

					(v) 100 µm, 800x, 15kv and (vi) 200 µm 400x, 15kv  

					Characteristics of formulated sun screening creams  

					Table 4 shows the physicochemical parameters and sun protection  

					factors of the six test formulations. The six products tested exhibited  

					desirable post-formulation organoleptic properties. All the products  

					were white in colour with characteristic fragrance and smooth texture.  

					The pH values ranged from 6.21 ± 0.52 to 7.10 ± 0.08 for various  

					formulations. This range was comparable to the pH of the commercial  

					sample, which was 6.73 ± 0.22, and that of the human sweat, which is  

					around 6.30.3. All the formulations, including the commercial sample,  

					showed moderate viscosities ranging from 12.03 ± 0.02 cP to 14.76 ±  

					0.42 cP. The creams were not free-flowing upon placement on a flat  

					glass surface but presented no resistance to manual discharge from  

					narrow-necked containers. With a spreadability value range of 15.23 ±  

					0.76 to 19.72 ± 0.89, all the formulations were considered to be  
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					spreadable. No signs of lumps, layering or friction were observed  

					during rubbing on the skin and in between the palms.  

					Figure 7: XRD spectral pattern of ZONPs showing multiple peaks indicative of high crystallinity.  

					Figure 8: FTIR Spectra of: (a) ZONPs showing the presence of additional peaks as a result of attached biological molecules from V  

					amygdala extract and (b) zinc acetate dihydrate with only two principal peaks  
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					Figure 9: Particle size distribution curve of ZONPs obtained by DLS analysis  

					The primary function of a sunscreen cream is to protect the skin from  

					the harmful effects of overexposure to sunlight, which it achieves by  

					filtering off part of the radiation. The effectiveness of such cream to  

					perform this role is measured in terms of the SPF. The SPF of the six  

					test formulations ranged from 05.23 ± 0.1 to 36.21 ± 0.20 while the SPF  

					of the commercial sample was 38.16 ± 0.70. Formulation SS1 which  

					did not contain zinc acetate dehydrate, ZONPs, or ethylhexylcinnamate  

					had the lowest value of SPF, suggesting that it was practically non-sun  

					protective. Formulation SS2 contained 2 % zinc acetate dihydrate but  

					no ZONPs or ethylhexylcinnamate while SS3 contained ZONPs but no  

					zinc acetate dihydrate or ethylhexylcinnamate. Their SPF values were  

					11.35 ± 0.5 and 20.38 ± 0.5, respectively, implying that both the zinc  

					acetate dihydrate and the ZONPs conferred some sun-screening  

					properties on the creams. However, the higher value of SPF shown by  

					SS3 over SS2 (P = .05) suggested that the ZONPs obtained by biogenic  

					reduction of zinc acetate dihydrate may have significantly boosted the  

					sun-protecting capability of the zinc compound. Introduction of a 1.5 %  

					proportion of ethyl hexyl cinnamate (a known organic sun screening  

					agent) into formulations SS2 and SS3 as shown in formulations SS5 and  

					SS6 increased their SPF values from 11.35 ± 0.5 to 19.23 ± 0.5 and from  

					20.38 ± 0.5 to 36.21 ± 0.2 respectively.  

					The observations suggested that the ZONPs and the ethylhexyl  

					cinnamate exhibited additive or synergistic sun screening effects.  

					Table 4: Physicochemical properties of various sunscreen cream formulations  

					Spreadability  

					(g/cm/sec)  

					Code  

					SS1  

					pH  

					Viscosity (cps)  

					14.76 ± 0.42  

					12.56 ± 0.12  

					12.03 ± 0.02  

					13.44 ± 0.17  

					13.70 ±0.73  

					12.13 ± 0.15  

					12.03 ± 0.02  

					Rancidity test  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					SPF⁎  

					7.10 ± 0.08  

					6.65 ± 0.01  

					6.21 ± 0.52  

					5.98 ± 0.18  

					6.56 ± 0.26  

					6.87 ± 0.47  

					6.73 ± 0.22  

					15.23 ± 0.76  

					19.13 ± 0.46  

					18.54 ± 0.03  

					19.72 ± 0.89  

					19.33 ± 0.61  

					18.69 ± 0.67  

					18.87 ± 0.77  

					05.23 ± 0.1  

					11.35 ± 0.5  

					20.38 ± 0.5  

					24.37 ± 0.4  

					19.23 ± 0.5  

					36.21 ± 0.2  

					38.16 ± 0.7  

					SS2  

					SS3  

					SS4  

					SS5  

					SS6  

					CSS⁎⁎  

					⁎Sun protection factor, ⁎⁎CSS – Commercial sunscreen cream sample containing zinc oxide, titanium dioxide and organic sun screening compound.  

					Three mechanisms of action of sunscreen creams have been proposed  

					and these include; (i) inorganic sunscreen formulations scatter and/or  

					reflect incident UV rays away from the skin surface, (ii) the sunscreen  

					materials form thin coating on the skin surface thereby blocking the  

					direct exposure of the skin and penetration of sunlight energy and (iii)  

					organic sun screening agents convert UV energy to heat energy that is  

					readily dissipated into the surrounding environment.14 Literature reports  

					show that metal nanoparticles preferentially absorb UV-A radiations  

					while organic sun screening agents absorb, to a greater extent UV-B  

					radiations.6 The presence of the two classes of sun screening materials  
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					in formulation SS6 must have enhanced its sunscreen effectiveness. It  

					was also noted that the sun screening effect of the ZONPs was dose-  

					dependent. Increasing the proportion of the nanoparticles from 2 % in  

					SS3 to 3 % in SS4 increased the SPF from 20.38 ± 0.5 to 24.37 ± 0.4.  

					SPF values obtained in the current work suggested that formulations  

					SS3, SS4, SS5, and SS6 having SPF values ranging from 19.23 ± 0.5 to  

					36.21 ± 0.2 exhibited good sun-protecting properties. A United States  

					Food and Drug Administration monograph.34 graded sunlight  

					protectiveness based on SPF values wherein SPF from 2 to 15 is  

					denoted as low, 15 – 30 as medium, while values between 30 and 50 are  

					graded as high. It has also been reported that “sunscreen products with  

					SPF value of 30 or more block 97% of incident UVB rays and allow  

					only 1/30th of rays to pass through the skin” (http://www.sun-  

					Seasonal variations (summer or winter) may also influence accepted  

					SPFs.35, 36  

					Product stability studies  

					The quality status of the various cream formulations at specific time  

					points during the stability studies is shown in Table 5. There were no  

					statistically significant changes (P = .05) in the values of viscosity, pH,  

					spreadability, and SPF of the formulations at day 0 with respect to days  

					30 and 90. Even where minor changes were observed, no specific trend  

					was exhibited to suggest any progressive quality deterioration. The  

					implication may be that the four formulations were very stable under  

					the study conditions, suggesting that the products are likely to remain  

					stable within their shelf-life periods. The use of the same excipients  

					with known functionality and the adoption of similar compounding  

					procedures may have contributed to the identical stability profiles of all  

					the formulations.  

					protection-and-products-guide.com/SPF.html).  

					In  

					a

					similar  

					classification, the Malaysian Food and Drug Regulatory Agency  

					(MFDRA) described SPF value of ≥ 15 as low, 15 - < 30 as medium, ≥  

					30 - < 50 as high, and ≥ 50 as very high. Ideal SPF has been noted to  

					depend on regional locations (latitudes), with hot climate regions  

					requiring higher minimal SPF values as compared to cold regions.  

					Table 5: Physicochemical properties of various cream formulations at three stability testing points (0, 30 and 90 days)  

					Observations/values at test points  

					Parameters  

					Organoleptic  

					assessment  

					Code  

					SS3  

					SS4  

					SS5  

					SS6  

					Day 0  

					Day 30  

					Day 90  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					White, soft, perfumery  

					Viscosity  

					(cP)  

					SS3  

					SS4  

					SS5  

					SS6  

					12.03 ± 0.02  

					13.44 ± 0.17  

					14.76 ± 0.42  

					12.13 ± 0.15  

					12.00 ± 0.01  

					13.07 ± 0.41  

					12.84 ± 1.13  

					12.16 ± 0.65  

					11.93 ± 0.06  

					13.00 ± 0.58  

					13.90 ± 1.77  

					12.87 ± 0.05  

					pH  

					SS3  

					SS4  

					SS5  

					SS6  

					6.21 ± 0.52  

					5.98 ± 0.18  

					7.10 ± 0.08  

					6.87 ± 0.47  

					6.29 ± 0.14  

					6.40 ± 0.87  

					6.43 ± 0.71  

					6.98 ± 0.32  

					6.76 ± 0.31  

					6.57 ± 0.52  

					6.00 ± 1.12  

					7.13 ± 0.67  

					Rancidity  

					SS3  

					SS4  

					SS5  

					SS6  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Negative  

					Spreadability  

					(g/cm/sec)  

					SS3  

					SS4  

					SS5  

					SS6  

					18.54 ± 0.03  

					19.72 ± 0.89  

					19.33 ± 0.61  

					18.69 ± 0.67  

					18.00 ± 0.34  

					17.88 ± 0.62  

					19.02 ± 0.17  

					19.28 ± 0.60  

					18.33 ± 0.77  

					19.16 ± 0.41  

					19.00 ± 0.47  

					18.87 ± 0.71  

					SPF  

					SS3  

					SS4  

					SS5  

					SS6  

					20.38 ± 0.5  

					24.37 ± 0.4  

					19.23 ± 0.5  

					36.21 ± 0.2  

					20.77 ± 0.2  

					24.02 ± 0.2  

					19.14 ± 0.8  

					34.64 ± 0.7  

					20.18 ± 0.8  

					24.11 ± 1.4  

					19.13 ± 0.9  

					35.17 ± 0.7  
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					Conclusion  

					V. amygdalina leaf extract exhibited good potential for mediating the  

					redox synthesis of ZONPs from zinc acetate dihydrate metal precursor.  

					The nanoparticles obtained in the process exhibited standard optical,  

					morphological, micrographic, x-ray diffraction and elemental  

					compositions characteristic of ZONPS. Incorporating the ZONPs into  

					some topical cream formulations enhanced the latter’s sun screening  

					properties as evidenced in the increased calculated sun protection  

					factors. Significantly, these findings provide great impetus for  

					exploring other safer biological resources that involve simpler  

					processes and are much more environmentally friendly in the search for  

					better sun screening formulations. These research findings have good  

					commercialization prospects as they align with the global drive for  

					greener, more sustainable, and environmentally friendly production  

					processes.  
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