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					ARTICLE INFO  

					Article history:  

					Dental caries is a multifactorial chronic dental disease impacting individuals across various ages.  

					Several studies have shown that cariogenic bacteria primarily cause this disease in the oral cavity,  

					notably Streptococcus mutans. Thus, this study aimed to characterize and develop toothpaste  

					formulations by incorporating nano-hydroxyapatite (nHA) and silver nanoparticles (AgNPs) as  

					active agents. The physicochemical properties of different formulations (F0-F5) were assessed,  

					including odour, colour, taste, texture, consistency, homogeneity, pH, spreadability, and foaming  

					ability. The antibacterial activity of the products obtained against Streptococcus mutans was tested  

					using varying nHA concentrations (0.75, 1, and 1.25%). The results showed that the toothpaste  

					formulation containing 1% nHA showed the most significant inhibitory effect, leading to an  

					inhibition zone of 15.58 mm in diameter. Based on these findings, toothpaste containing nHA and  

					AgNPs as active constituents was safe and efficacious in preventing dental caries.  
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					Instead, calcium phosphate-based treatments have emerged as a viable  

					alternative for dental caries prevention and remineralization  

					Introduction  

					Dental caries, also known as cavities, is a prevalent dental  

					and oral disease that poses a potential threat to individuals across all age  

					groups, particularly children.1 Furthermore, this condition is  

					characterized by persistent infections that induce the degradation of a  

					tooth’s hard tissues, including enamel, dentin, and cementum.2 Several  

					studies have shown that dental caries is typically caused by a complex  

					interplay of various factors, including cariogenic bacteria, the host’s  

					oral structures (including teeth and saliva), and dietary carbohydrate  

					ingestion.3 The primary cariogenic bacterium in the oral cavity is  

					Streptococcus mutans, which can metabolize carbohydrates into lactic  

					acid.4 This metabolic process typically reduces salivary pH to critical  

					levels (≤ 5.5),5 thereby triggering the dissolution of minerals in the  

					enamel.6 A practical method for preventing this condition comprises the  

					systematic control of plaque by consistently brushing teeth using  

					toothpaste formulated with fluoride as a key ingredient.7 Fluoride in  

					toothpaste is considered the gold standard or benchmark due to its well-  

					documented efficacy in preventing tooth caries.8 Nevertheless, there are  

					many constraints linked to its application, such as reduced effectiveness  

					in certain circumstances with a pH of ≤ 4.5, the need for calcium (Ca2+)  

					and phosphate (PO43-) ions from saliva are requisite for fluoride to  

					manifest preventive effects and high doses are required for optimal  

					outcome.9,10 Furthermore, continuous and excessive use of fluoride-  

					containing toothpaste, along with the potential risk of ingestion, has  

					been linked to a spectrum of health complications, such as dental and  

					skeletal fluorosis, compromised organ function, and impaired thyroid  

					and endocrine system functionality.  

					purposes.11–14  

					Hydroxyapatite (Ca10(PO4)6(OH)2) is widely recognized as the most  

					thermodynamically stable form of calcium phosphate crystal.15 This  

					increased stability makes it exceptionally suitable for biomimetic  

					materials due to its high bioactivity and biocompatibility.16  

					Furthermore, these properties can be attributed to its chemical structure  

					and morphology, resembling the enamel.17 Hydroxyapatite (HA)  

					exhibits non-toxic properties, ensuring safety even in cases of  

					ingestion,18 and functions as a remineralizing agent by elevating the oral  

					3-  

					pH to a neutral state and supplying calcium (Ca2+) and phosphate (PO4  

					) ions within the demineralization zone.14,19 Geeta et al. (2020) stated  

					that including 1% HA in toothpaste could enhance remineralisation. An  

					elevation in oral pH levels could be attributed to a decrease in the  

					population of cariogenic bacteria, specifically Streptococcus mutans.21  

					Compared to fluoride, which has a restricted capacity for remineralising  

					the outer layer of the tooth, nano-hydroxyapatite (nHA) particles can  

					fill in microscopic cavities on the enamel surface and penetrate deeper  

					layers of dental lesions.22–25 Moreover, it has been observed that HA an  

					impede the attachment of bacterial plaque to the enamel surface.10,26 HA  

					has also been identified as an abrasive substance that can effectively  

					whiten the tooth without causing adverse effects.27 Several studies have  

					also shown that it can alleviate tooth hypersensitivity by forming a  

					protective barrier over the dentin tubules.28 At the nanoscale, HA  

					crystals resemble natural apatite enamel crystals and manifest  

					heightened efficacy in controlling biofilms.26 Despite the extensive use  

					of HA, its antibacterial activity in toothpaste has been reported to be  

					relatively low.29 This challenge can be addressed by incorporating silver  

					nanoparticles (AgNPs) to increase activity.30 According to a study by  

					Yin et al. (2020), AgNPs show a significant antibacterial effect,  

					particularly against Streptococcus mutans. The small size of the AgNPs  

					facilitates their swift penetration into bacterial cells, allowing them to  

					interact with the diverse cellular components and cause cell death.32  

					AgNPs are known to infiltrate the demineralised area and form  

					precipitates to enhance the hardness and strength of tooth enamel when  

					faced with acid-induced deterioration.33 Therefore, this study aimed to  

					characterize and develop a toothpaste formulation by incorporating  

					AgNPs and nHA at concentrations of 0.75, 1, and 1.25% and evaluate  
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					their influence on the physicochemical properties and antibacterial  

					effectiveness against Streptococcus mutans.  

					the Brownian motion principle. In this method, smaller particles had  

					faster speed, while bigger particles moved more slowly.38,39  

					Characterization of nano-hydroxyapatite and silver nanoparticles by  

					XRD analysis  

					The crystal structure and phase purity of nHA were determined by X-  

					ray diffraction (X’pert PRO PANalytical) within a 2θ range spanning  

					20o to 80o.40  

					Materials and Methods  

					Chemicals  

					The chemicals used in this study included beef bone (Wonokromo  

					Traditional Market, Surabaya, Indonesia), distilled water with pH 7  

					(Botanica Asri Lp., Indonesia), demineralized water (Water One,  

					Onemed Ltd., Indonesia), H2O2 (Globalindo Mega Jaya Ltd.,  

					Indonesia), AgNO3 (99.98%, Merck Ltd., Germany), Na-CMC  

					(Wealthy, Changsu Wealthy and Technology Co., Ltd., China), Sorbitol  

					70% (Subur Kimia Jaya Lp., Indonesia), Na-benzoate (PuroxS Grains,  

					Emerald Kalama Chemical Llc., Holland), propylene glycol (Buana  

					Chem Lp., Indonesia), Peppermint oil (Naturalpedia Lp., Indonesia),  

					CaCO3 (Unicarb®, Niraku Jaya Abadi Ltd., Indonesia), and coco betaine  

					mild surfactant (Heppi Austin Lp., Indonesia).  

					Characterization of nano-hydroxyapatite and silver nanoparticles by  

					SEM analysis  

					The morphology, including particle structure and surface shape of nHA  

					and AgNPs, was analyzed using scanning electron microscopy  

					(SEM).41,42  

					Characterization of nano-hydroxyapatite and silver nanoparticles by  

					1H NMR analysis  

					The characterization of molecules in nHA-AgNPs was analyzed using  

					NMR Spectroscopy (1H – NMR, JEOL JNM-ECS400). Furthermore, a  

					total of 10 mg of nHA-AgNPs was dissolved in chloroform and  

					analyzed at 25 oC.43  

					Equipment  

					The equipment consisted of  

					(PerkinElmer Spectrum Two), PSA (BIOBASE BK-802N), XRD  

					(X’pert PRO PANalytical), SEM (HITACHI FLEXSEM 100), and  

					NMR (JEOL JNM-ECS400).  

					a

					pH meter (ATC 2011), FTIR  

					Plant collection and preparation  

					Fresh Carica papaya leaves were obtained from Surabaya City  

					(Indonesia) in June 2023.  

					Preparation of 100 g of toothpaste  

					The quantity of the ingredients required to prepare 100 g toothpaste is  

					presented in Table 1. In this method, the paste base, sodium  

					carboxymethyl cellulose (Na-CMC), was dispersed in hot water,  

					followed by sodium benzoate previously dissolved in sorbitol. After this  

					step, AgNPs and nHA were added, along with CaCO3 and peppermint  

					oil. The mixture was then stirred at a constant speed until homogeneity  

					was achieved. Subsequently, coco betaine was added to the mix as a  

					surfactant, and it was stirred gently to avoid excessive foam formation,  

					which could damage the texture of toothpaste.44  

					Preparation of Carica papaya aqueous extract  

					The papaya leaves were rinsed thoroughly with flowing and distilled  

					water before being sliced into smaller pieces. The sliced pieces (20 g)  

					were mixed with 100 mL of distilled water in a 200 mL beaker.  

					Furthermore, the mixture was heated to 90°C for 20 minutes and cooled  

					to room temperature. The sample was chilled and filtered using  

					Whatman No. 1 filter paper, and the filtrate was transferred to an opaque  

					container and kept at a temperature of 4oC for further use.34, 35  

					Determination of organoleptic properties  

					Preparation of nano-hydroxyapatite (nHA)  

					Sensory and visual inspections were used to assess the organoleptic  

					parameters (colour, taste, odour, and texture). The toothpaste taste was  

					tested manually, whereas ocular assessment was used for the toothpaste  

					colour. The product’s smoothness was further tested by rubbing it  

					between fingertips.45  

					The beef bones were fragmented and rinsed with distilled water. The  

					samples were then boiled for 6 hours to remove any remaining fat. After  

					boiling, the specimen was washed with distilled water and immersed in  

					a hydrogen peroxide (H2O2) solution for 5 hours. Subsequently, the  

					specimen was rinsed with demineralized water and air-dried in sunlight,  

					followed by mass measurement and calcination at 900oC for 6 hours.36  

					Determination of homogeneity  

					Homogeneity testing was performed visually by applying 1 g of  

					toothpaste between two object glasses. A visual examination was  

					conducted to identify the presence of larger granular particles, trapped  

					air bubbles, and colour differences.46  

					Preparation of Carica papaya aqueous extract  

					The papaya leaves were rinsed thoroughly with flowing and distilled  

					water before being sliced into smaller pieces. The sliced pieces (20 g)  

					were mixed with 100 mL of distilled water in a 200 mL beaker.  

					Furthermore, the mixture was heated to 90°C for 20 minutes and cooled  

					to room temperature. The sample was chilled and filtered using  

					Whatman No. 1 filter paper, and the filtrate was transferred to an opaque  

					container and kept at a temperature of 4oC for further use.35,36  

					Determination of pH  

					The pH test consisted of dispersing 1 g of toothpaste in 10 mL distilled  

					water with a pH of 7, and then the mixture pH was measured using a  

					digital pH meter.47  

					Green synthesis of silver nanoparticles  

					Determination of spreadability  

					A mixture of 1 mL of papaya leaf water extract and 9 mL of a 1 mM  

					AgNO3 solution was prepared. The mixture was then heated at 60°C for  

					20 minutes, and a colour change from yellow to brownish-yellow  

					indicated the formation of silver nanoparticles (AgNPs).34,35  

					The spreadability was evaluated by applying 0.5 g of toothpaste on a  

					scatter glass, then adding a load weighing 200 g and letting the mixture  

					stand for 1 minute. Furthermore, the diameter of the resulting spread  

					was measured.  

					Characterization of nano-hydroxyapatite and silver nanoparticles gel  

					by FTIR  

					Determination of foaming ability  

					The vibrational bands of bonds and functional groups in nano-  

					hydroxyapatite (nHA) and silver nanoparticles (AgNPs) were analyzed  

					using Fourier Transformed Infrared Spectroscopy (FTIR) in the wave  

					number range of 4000-400 cm-1, using the PerkinElmer Spectrum  

					Two.36,37  

					Characterization of nano-hydroxyapatite and silver nanoparticles by  

					particle size analyzer  

					The particle size of nHA and AgNPs was determined using dynamic  

					light scattering (DLS) with a BIOBASE BK-802 N instrument based on  

					The foaming ability was determined by adding 1 g of toothpaste and 10  

					mL of distilled water to a 25 mL measuring cylinder for evaluation. The  

					solution was agitated for 120 seconds at 600 rpm, and the foam quantity  

					obtained was measured.  

					Antibacterial activity  

					An in-vitro antibacterial study of the formulated toothpaste was  

					performed using the disc diffusion method with Mueller Hinton Agar  

					(MHA) media against the cariogenic bacterial strain Streptococcus  
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					mutans (ATCC. 35668). Streptococcus mutans bacteria were cultured  

					on MHA media and incubated at 37°C for 24 hours. Following  

					McFarland standards, a bacterial suspension was prepared, yielding a  

					1.5 x 108 CFU/mL concentration. The bacteria suspension was  

					uniformly spread onto media plates using a sterile cotton bud.  

					Subsequently, the disc dipped in the toothpaste was placed into bacterial  

					plates and incubated at 37°C for 24 hours. This was compared to a  

					commercial toothpaste containing HA as a positive control and a base  

					without active agents as a negative control. The zone of inhibition’s  

					diameter was measured in millimetres (mm).48  

					Table 1: Composition of toothpaste formulation (100 g)  

					Ingredients  

					Function  

					Quantity (% w/w)  

					F0  

					F1  

					F2  

					F3  

					F4  

					F5  

					nHA  

					AgNPs  

					Active agent  

					Active agent  

					Binding agent  

					Humectant  

					0

					1

					0

					0.75  

					1

					1.25  

					0

					1

					0

					1

					5

					5

					1

					5

					5

					1

					Na-CMC  

					1

					1

					Sorbitol 70%  

					Na-benzoate  

					Propylene glycol  

					Peppermint oil  

					CaCO3  

					15  

					0.5  

					5

					15  

					0.5  

					5

					15  

					0.5  

					5

					15  

					0.5  

					5

					15  

					0.5  

					5

					15  

					0.5  

					5

					Preservative  

					Emulsifiers  

					Flavoring agent  

					Abrasive agent  

					Foaming agent  

					Solvent  

					1

					1

					1

					1

					1

					1

					40  

					1

					40  

					1

					40  

					1

					40  

					1

					40  

					1

					40  

					1

					Coco betaine  

					Aquadest up to (%)  

					100  

					100  

					100  

					100  

					100  

					100  

					Note: F0 (Base), F1 (nHA), F2 (AgNPs), F3 (0.75% nHA), F4 (1% nHA), F5 (1.25% nHA)  

					groups of nHA, and the peak at 1636.67 cm-1 showed O-H bending,  

					which confirmed the absorption of water by nHA-AgNPs materials.63,64  

					Also, the nano-hydroxyapatite and silver nanoparticles were  

					characterized by a particle size analyzer. The particle size of  

					synthesized nHA and AgNPs, as shown in Table 2, was determined  

					through dynamic light scattering (DLS) based on the Brownian motion  

					of the particles.39 The results showed that the synthesized nHA and  

					AgNPs had sizes in the nanoscale ranges (1-100 nm).65 Although these  

					characterization results provided a rough overview of the sizes in the  

					sample, it was important to note that there was a significant variation,  

					as showed by a standard deviation value of 38.935 and a standard error  

					of 22.479.  

					Results and Discussion  

					The synthesis of nano-hydroxyapatite (nHA) was achieved through the  

					calcination method, which yielded a product with high crystallinity. The  

					washing and boiling processes of beef bones removed the residual meat  

					and fat present. The immersion of beef bones in hydrogen peroxide  

					(H2O2) solution changed their colour from yellowish-white to white.  

					Moreover, H2O2 had a dual role in oxidizing surface impurities on bones  

					and removing bacteria that could be attached to them.34 During the  

					calcination process, the residual water was evaporated as the  

					temperature reached 100℃. At temperatures less than 450oC, oxidation  

					of organic compounds occurred. MgCO3 decomposition occurred at  

					540oC, while CaCO3 was at 750oC. The remaining minerals in the beef  

					bones were observed when the temperature reached 900oC.49 The  

					synthesis of AgNPs was achieved using the green synthesis method, as  

					shown in Figure 1, because it produced biocompatible AgNPs suitable  

					for clinical use.50,51 The synthesis of silver nanoparticles using plant  

					extracts is the most adopted method because the plants are widely  

					distributed, readily available, much safer to handle, and more stable.52  

					The plant extract used in this study was a water extract made from the  

					Carica papaya leaves. Furthermore, the extract contained several  

					secondary metabolites, including phenolics, alkaloids, flavonoids,  

					tannins, saponins, and steroids.53 These compounds could act as both  

					reducing and stabilizing agents.54 During the synthesis process, the  

					phytochemical compounds in the aqueous extract from carica papaya  

					leaves facilitated the reduction of silver ions (Ag+) to nanoparticles  

					(Ag0).55,56 The AgNO3 precursor solution changed colour to yellow  

					when the extract was added.57 The change in colour of the solution  

					indicated the formation of AgNPs.35,36 Phytochemical compounds could  

					maintain the stability of AgNPs and prevent their agglomeration.38  

					The FTIR characterization of nano-hydroxyapatite and silver  

					Table 2: Size distribution by number of nHA, AgNPs, and  

					nHA-AgNPs  

					Material  

					Size  

					(nm)  

					5.37  

					Standard  

					Deviation  

					-

					Standard  

					Error  

					Nano-hydroxyapatite  

					(nHA)  

					-

					Silver nanoparticles  

					(AgNPs)  

					31.54  

					81.97  

					38.935  

					-

					22.479  

					-

					nHA-AgNPs  

					nanoparticle gel results are presented in Figure 2. Figure 2(a) showed  

					2- 58  

					that the typical functional groups of nHA were OH, PO34-, and CO3  

					.

					The peaks centred at 1058.07 cm-1 corresponded to the stretching  

					vibration of P-O bonds.59 While a small peak at 1420.80 cm-1 indicated  

					the presence of carbonate. The peak with the lowest intensity at 3695.08  

					cm-1 was attributed to the stretching vibration of O-H groups.60 The  

					spectra of AgNPs in Figure 2(b) showed that the peaks at 3318.85 cm-1  

					corresponded to O-H stretching vibration, indicating the presence of  

					alcohol and phenols.61 The strong, intense peak observed at 1636.29 cm-  

					Figure 1: Possible reduction mechanisms of Ag+ ions to  

					AgNPs by flavonols  

					The synthesized particles were also subjected to characterization using  

					XRD analysis. The nHA was characterized using an X-ray diffraction  

					(XRD) test at the wide angle of 2θ = 20 to 80o, as depicted in Figure 3.  

					The synthesized nHA in Figure 3(a) exhibited similarity to the nHA  

					found in the tissue bank. Furthermore, the product synthesized in Figure  

					1

					corresponded to the presence of C=C stretching cyclic alkene in the  

					extract.62 Figure 2(c) shows the spectra of nHA and AgNPs. The  

					presence of a small peak at 1058.07 cm-1 confirmed the P-O functional  
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					3(a) was predominantly composed of the hydroxyapatite phase, with the  

					highest peak observed at 2θ = 31.80o, and this was consistent with the  

					JCPDS data number 09-0432.66 The AKA type (A-type carbonate  

					apatite) with the molecular formula Ca10(PO4)6CO3, appearing at 2θ =  

					26.02o and 32.27o, was formed due to the replacement of OH- ions by  

					abundance of 0.25 indicated the presence of protons in methylene (CH2)  

					groups in organic compounds in the composite structure. The presence  

					of a peak at 1.625 ppm with an abundance of 0.2 and a chemical shift  

					similar to the peak at 2.175 ppm could indicate the presence of methyl  

					(CH3) groups in the sample. This peak could originate from different  

					components or represent variations in the chemical environment of the  

					proton-proton interactions. Several other peaks at 0.842 ppm, 0.825  

					ppm, and 0.877 ppm with varying abundances could also be associated  

					with water on the apatite surface associated with protons in methyl or  

					methylene groups. Meanwhile, the peaks at 3.733 ppm, 3.717 ppm, and  

					3.698 ppm, with varying levels of abundance, indicated the presence of  

					protons from water molecules. This suggested that the samples  

					contained water-soluble constituents in chloroform, which could be  

					important information in the context of the application of nHA-AgNPs,  

					particularly in medical or biomedical use.43,70,71  

					2-  

					CO3 ions within the nHA structure, with the respective intensities of  

					40.69 and 63.24%, as indicated by JCPDS data number 35-0180.29 The  

					AKB type (B-type carbonate apatite) with the molecular formula  

					Ca10(PO4)3(CO3)(OH)2, observed at 2θ = 28.34o, was formed due to the  

					substitution of PO43- ions by CO32- ions within the nHA structure, with  

					an intensity of 7.54, as corroborated by JCPDS data number 19-0272.58  

					The nano-hydroxyapatite and silver nanoparticles were also  

					characterized by SEM analysis, and the SEM results of nHA are shown  

					in Figure 4(a). The morphology of the nHA powder was characterized  

					by the presence of granular structures of various sizes, which were  

					densely packed close to each other.67 In Figure 4(b), the SEM results of  

					AgNPs dispersed in a gel base exhibited a smooth surface morphology  

					that seemed to be non-uniform quasi-spherical shapes with clustering  

					tendencies.68,69  

					The combination of nano-hydroxyapatite and silver nanoparticles  

					toothpaste was also evaluated. Sodium carboxymethyl cellulose (Na-  

					CMC) was a hydrogel binder for gel formation, water absorption, and  

					preventing phase separation between powdered and liquid components.  

					This led to the creation of toothpaste that maintained a consistently  

					smooth and stable texture during storage. Furthermore, sorbitol served  

					as a humectant in toothpaste, preserving its moisture and providing a  

					sweet taste without negative impacts on dental health.72 Na-benzoate  

					was a preservative used in toothpaste to prevent bacterial growth and  

					maintain its quality during production, storage, and use.73 Propylene  

					glycol acted as an emulsifier, helping to stabilize ingredients that did  

					not readily dissolve in each other and providing a pleasant taste.  

					Peppermint oil was an aromatic substance that provided a cooling and  

					refreshing sensation when applied. Calcium carbonate (CaCO3) was an  

					abrasive substance used for removing stains and plaque from the tooth,  

					while coco betaine was a natural surfactant for foaming agents.72–77 The  

					results of the sensory and physical assessments of the toothpaste, as  

					shown in Table 3, indicated that all formulations had the same attributes  

					regarding odour, colour, taste, texture, and consistency. This study  

					suggested that the specific types of nHA and AgNPs used in toothpaste  

					did not affect its sensory properties. Using the right amount of binder  

					could create a soft texture, reducing the chance of gum injury. The  

					toothpaste’s semi-solid texture provided a pleasurable sensation when  

					applied. Abrasiveness is the ability of toothpaste to clean the tooth  

					without causing damage to the enamel.78,79 Homogeneity is widely  

					recognised as a significant indicator of toothpaste quality. It indicates  

					that all constituent elements had been uniformly dispersed and blended  

					within the base, which served as the dispersion medium. This  

					characteristic ensured the achievement of the highest possible  

					therapeutic efficacy while minimizing the potential for irritation to the  

					oral mucosa upon application.80 pH is a crucial factor in toothpaste  

					formulation, and the test results showed that the level was below 10.5,  

					indicating that it was safe for oral use and would not cause irritation to  

					the oral mucosa.81 Using products with a low pH could irritate and  

					encourage the growth of cariogenic bacteria, particularly Streptococcus  

					mutans. Alkaline toothpaste could neutralize acidity in the mouth,  

					preventing bacterial growth. Excessive alkalinity often causes dryness  

					of the oral mucosa or the appearance of scale-like formations.82 The pH  

					test results showed that higher concentrations of nHA in the formulation  

					led to increased pH levels.  

					Figure 2: FTIR spectra of (a) nano-hydroxyapatite, (b) silver  

					nanoparticles, (c) nHA-AgNPs  

					Figure 3: XRD patterns of (a) nano-hydroxyapatite from beef  

					bone, (b) nano-hydroxyapatite standard (tissue bank, Dr.  

					Soetomo Hospital).  

					Spreadability measures how effectively toothpaste can distribute and  

					cover the teeth, gums, and surrounding areas during application.47 This  

					parameter is a key characteristic of toothpaste that affects how  

					effectively it delivers active ingredients to the desired area in the right  

					amount. Furthermore, it affected the ease of application, spread on the  

					teeth, and consumer acceptance.83  

					Figure 4: SEM image of (a) nano-hydroxyapatite (nHA) from  

					The addition of surfactants, such as coco betaine or other similar  

					substances, influenced the foam production of toothpaste. Surfactants  

					could reduce surface tension, emulsify lipids, and create foam, which  

					helped to remove oral plaque, debris, and food particles. Toothpaste  

					with high foaming capacity is likely to promote better dental hygiene.47  

					The antibacterial activity results of the formulated toothpaste in Table  

					4 indicated that all toothpaste formulations exhibited significant  

					antibacterial effects against Streptococcus mutans, the predominant  

					microorganism associated with dental caries within the oral cavity.84  

					beef bone and (b) silver nanoparticles (AgNPs)  

					Furthermore, proton NMR (1H NMR) analysis of nHA-AgNPs in  

					chloroform, as presented in Figure 5, provided insights into the  

					molecular characteristics and composition of the sample. A major peak  

					was located at 1.550 ppm with an abundance of 1.5, which could be  

					associated with the organic compounds attaching to the surface of  

					AgNPs or within the nHA matrix. The peak at 2.175 ppm with an  
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					The outcomes suggested that incorporating nHA and AgNPs as active  

					ingredients in toothpaste formulation exhibited antibacterial properties  

					against Streptococcus mutans. Sample F4, which contained 1% nHA,  

					had the most significant antibacterial activity, as evidenced by an  

					inhibition zone of 15.58 mm (Figure 6). Jarriyawattanachaikul et al.  

					(2016) stated that a clear zone with a diameter range of 15-19 mm was  

					included in the very sensitive category in inhibiting bacterial growth.85  

					The antibacterial activity of the formulated toothpaste was due to nHA  

					and AgNPs as the active ingredients.86 The small size of AgNPs allowed  

					them to penetrate bacterial cells quickly and interact with various  

					cellular components, thereby causing bacterial death.32 In toothpaste  

					formulation, hydroxyapatite could bind to microorganisms within the  

					mouth by interacting with bacterial adhesins, leading to the microbes’  

					agglutination and subsequent removal from the oral cavity.28  

					Table 3: Physicochemical characteristics of toothpaste  

					Formulation  

					Test Parameters  

					F0  

					F1  

					F2  

					F3  

					F4  

					F5  

					Odor  

					Colour  

					Mint  

					Mint  

					White  

					Fresh  

					Soft  

					Mint  

					White  

					Fresh  

					Soft  

					Mint  

					Mint  

					Mint  

					White  

					Fresh  

					Soft  

					White  

					Fresh  

					Soft  

					White  

					Fresh  

					Soft  

					white  

					Fresh  

					Soft  

					Taste  

					Texture  

					Consistency  

					Homogeneity  

					pH  

					Semi solid  

					Good  

					8.3  

					Semi solid  

					Good  

					9.47  

					Semi solid  

					Good  

					8.71  

					Semi solid  

					Good  

					9.02  

					Semi solid  

					Good  

					9.29  

					Semi solid  

					Good  

					9.37  

					Spreadability (cm)  

					Foamability (mL)  

					Abrasiveness  

					6.3  

					5.8  

					6.2  

					6

					5.9  

					5.7  

					16  

					18  

					16  

					19  

					20  

					20  

					Good  

					Good  

					Good  

					Good  

					Good  

					Good  

					Note: F0 (Base), F1 (nHA), F2 (AgNPs), F3 (0.75% nHA), F4 (1% nHA), F5 (1.25% nHA)  

					Table 4: Antibacterial activity of toothpaste formulation  

					Formulation  

					Zone of inhibition (mm)  

					Category  

					Average  

					0

					1

					0

					2

					0

					3

					0

					F0 (negative control)  

					Not sensitive  

					Sensitive  

					F1  

					10.02  

					11.07  

					14.85  

					15.57  

					13.52  

					19.33  

					10.04  

					11.03  

					14.9  

					10.06  

					11.05  

					14.89  

					15.56  

					13.47  

					19.36  

					10.04  

					11.05  

					14.88  

					15.58  

					13.50  

					19.33  

					F2  

					Sensitive  

					F3  

					Sensitive  

					F4  

					F5  

					15.61  

					13.51  

					19.3  

					Very sensitive  

					Sensitive  

					F6 (positive control)  

					Very sensitive  

					Note: F0 (Base), F1 (nHA), F2 (AgNPs), F3 (0.75% nHA), F4 (1% nHA), F5 (1.25% nHA), F6 (Positive control, commercial toothpaste)  

					Figure 6: Zone of inhibition test for antibacterial activity of F1  

					(nHA), F2 (AgNPs), F3(0.75% nHA), F4 (1% nHA), F5  

					(1.25% nHA), F0 (base or negative control), F6 (positive  

					control)  

					Conclusion  

					This study showed that toothpaste formulated with a combination of  

					nano-hydroxyapatite (nHA) and silver nanoparticles (AgNPs) possess  

					Figure 5:1H NMR spectra of nHA-AgNPs  

					good physicochemical characteristics and are safe to use. Furthermore,  

					adding nHA and AgNPs as active ingredients has been shown to  

					increase oral hygiene maintenance and prevent dental caries by  

					inhibiting the growth of cariogenic bacteria Streptococcus mutans. The  

					toothpaste formulation containing 1% nHA showed the most substantial  

					inhibitory effect against the test organism, with an inhibition zone of  

					15.58 mm in diameter, categorized as sensitive.  
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