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			Abstract | Food preservation plays a crucial role in the food industry as it helps extend the shelf life of products without compromising their quality, taste, or nutritional value. Although synthetic preservatives such as sodium benzoate and potassium sorbate are widely used, concerns about their long-term health and environmental effects have driven interest in natural alternatives. As a result, natural preservatives that are safer and more environmentally friendly have gained increasing attention. One such natural preservative is chicken eggshell, typically discarded as waste, are composed of approximately 95% calcium carbonate (CaCO₃), a mineral known for its alkaline nature, antimicrobial potential, and moisture-regulating properties, making it a promising candidate for food preservation. This study aimed to analyze characterize the physical and chemical characteristics of eggshells from three types of chickens: Broiler, Layer, and Kampung, using Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS) to evaluate their potential for food preservation applications. The results indicated that Broiler eggshells contained the highest calcium proportion (approximately 38–40% by weight, consistent with CaCO₃ composition) and the lowest moisture content (<1%), which contribute to their superior resistance to microbial contamination. FTIR analysis revealed dominant carbonate bands characteristic of CaCO₃, while SEM images showed that Broiler eggshells had a denser and less porous surface structure. EDS data confirmed the predominance of calcium (Ca), oxygen (O), and carbon (C) elements. These physicochemical properties suggest that Broiler chicken eggshells, when converted into fine powder, can serve as an environmentally friendly bio-based material for use as food coating or additive preservatives through pH modulation and moisture control rather than direct antimicrobial ion release. 
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			INTRODUCTION

			Food preservation plays an important role in the food industry, ensuring that products retain their quality, nutritional value, and safety throughout storage and distribution. Traditionally, synthetic preservatives, such as sodium benzoate, potassium sorbate, and formaldehyde, have been used because they are effective in preserving food. However, their potential adverse effects on human health and environmental sustainability have raised global concerns (Mafe and Büsselberg, 2025). Excessive exposure to these chemical preservatives has been associated with metabolic and degenerative disorders, prompting global interest in natural, biodegradable alternatives (Angelan, 2024). Recent studies have shown that synthetic preservatives may increase the risk of degenerative disease38s over time and degrade the quality of food products (Baláž et al., 2021; Mafe and Büsselberg, 2025). There has been a significant shift towards the use of safer and more environmentally friendly natural preservatives. This shift aligns with consumer trends favoring natural and organic foods while also offering a more sustainable solution. Food preservation plays an important role in the food industry chicken eggshells represent a promising yet underutilized biomaterial. Typically treated as waste, eggshells consist mainly of calcium carbonate (CaCO₃) with minor fractions of protein and trace minerals (Aditya et al., 2021; Kalaycı et al., 2025) Beyond their nutritional role, CaCO₃-based materials exhibit antimicrobial and desiccant properties due to their alkaline nature and microstructural porosity, which can reduce surface moisture and create unfavorable conditions for microbial growth (Hemmami et al., 2024; Iftikhar et al., 2024). Recent advancements have demonstrated that processed eggshell powders and CaCO₃ composites can be used as bio-based coatings, adsorbents, or food packaging materials with antimicrobial functionality (Nada, 2025; Gao et al., 2023). These effects are primarily attributed to pH modulation and moisture regulation rather than direct ion release, suggesting a mechanism compatible with natural food systems (Al-Azzawi and Al-Kalifawi, 2023). making it an ideal, candidate for use as a natural preservative in food products (Yu et al., 2021; Therdthai et al., 2023; Nada, 2025). Chicken eggshells are rich in calcium carbonate and contain various other components, such as proteins and minerals, which are beneficial for enhancing the nutritional content of food products. Research has shown that calcium carbonate in eggshells is effective in inhibiting the growth of spoilage microorganisms, thereby extending the shelf life of the products (Hemmami et al., 2024) and nanoparticle synthesis (Zin et al., 2023). Furthermore, studies have indicated that chicken eggshells can help reduce the moisture content in food products, which is a key factor in extending shelf life and reducing the activity of harmful microorganisms. However, despite the many benefits of chicken eggshells, our understanding of their physical and chemical characteristics, especially when comparing eggshells from Broiler, Layer, and Kampung chickens, remains limited. Most existing research has focused on the biomedical and agricultural applications of eggshells, but their use as a natural preservative in the food industry still requires further investigation (Aditya et al., 2021; Huang and Chen, 2015). Understanding these differences is critical because microstructural density, mineral composition, and surface morphology directly influence functional performance in preservation applications (De Reu et al., 2006). Therefore, this study aimed to characterize and compare the physical and chemical properties of Broiler, Layer, and Kampung chicken eggshells using Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), and Energy Dispersive X-ray Spectroscopy (EDS). The findings are expected to provide foundational insight into the potential of eggshell powders as safe, eco-friendly natural preservatives in food processing and storage applications.

			This study aims to analyze the physical and chemical characteristics of eggshells from three types of chickens Broiler, Layer, and Kampung using modern analytical techniques such as Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), and proximate analysis. The results of this study are expected to make a significant contribution to the development of chicken eggshells as safe, efficient, and environmentally friendly natural preservatives in the food industry.

			MATERIALS AND METHODS

			Research design

			This study was conducted using a Completely Randomized Design (CRD) with three treatments representing eggshell sources Broiler, Layer, and Kampung chickens. Each treatment consisted of three independent replications (n= 3), where each replication used pooled eggshells collected from ten randomly selected eggs of the same type. The CRD was used to compare mean differences among the three groups, and data were analyzed using one-way ANOVA. The eggshell samples were obtained from hatching waste provided by PT Japfa Comfeed, Maros Regency, South Sulawesi, Indonesia. The samples were analyzed for proximate composition (moisture, protein, fat, ash, and crude fiber), calcium concentration, and surface microstructure using Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), and Fourier Transform Infrared Spectroscopy (FTIR).

			Materials and equipment

			The materials used in this study were eggshells from Broiler, Layer, and Kampung chickens, all sourced from hatching waste at PT Japfa Comfeed, Maros Regency. All samples were cleaned by removing membrane residues manually, rinsed twice with distilled water, and oven-dried at 105°C for 2 hours to remove residual moisture. The dried shells were then ground and sieved (100-mesh) to obtain a uniform fine powder suitable for analysis. Each type of eggshell (Broiler, Layer, and Kampung) was obtained from 10 eggs, with three independent replications (n= 3) for each analysis. 

			The equipment used included: (1) FTIR (Shimadzu IRTracer-100) for identifying functional groups within the carbonate matrix, (2) SEM (JEOL JSM-6510) for surface morphology observation, (3) EDS for elemental composition, and (4) AAS (PerkinElmer AAnalyst 200) for calcium quantification.

			Research procedure

			Sample collection

			Eggshells from the three types of chickens (Broiler, Layer, and Kampung) were collected from hatching waste at PT Japfa Comfeed, Maros Regency. Membranes were carefully separated to prevent contamination, and all samples were coded and stored in airtight containers before testing. Each analytical parameter was performed in triplicate for every sample type to ensure reproducibility. In addition, studies such as Ahmed et al. (2021) have emphasized the biotechnological applications of eggshells in various industries. The antimicrobial potential of eggshell-based materials has also been demonstrated by Aina et al. (2023). This agrees with Gao et al. (2023), who found eggshell-based composites effective for chemical catalysis and potential antimicrobial use. Further, Iftikhar et al. (2024) discussed the versatile chemistry and wide applications of waste eggshells. highlighted the potential of eggshells in various food and packaging applications. Praipipat et al. (2023) reported similar synthesis and adsorption behavior using doped eggshell materials. Zhang et al. (2025) and Pagonis et al. (2024) developed sustained-release systems using eggshell powder, showing its advanced material potential, described the antimicrobial mechanism of eggshell-derived calcium carbonate nanoparticles. Additionally, noted that incorporating eggshell nanoparticles enhanced antibacterial properties in composite films. Recent investigations have focused on the material potential of eggshell waste for biocomposites (Evanuarini et al., 2025). Kalaycı et al. (2025) and Assi and Shawkat (2024) conducted detailed characterization of selected eggshell species relevant to preservation use. Ravi and Sundararaman (2020) showed how eggshell powder could serve as an adsorbent for removing toxic compounds. Torres-Mansilla et al. (2023) demonstrated hydrothermal transformation of eggshell calcium carbonate with potential preservation relevance.

			Proximate analysis

			The cleaned and ground eggshells were subjected to proximate composition testing following AOAC (2019) procedures. Moisture content was determined gravimetrically by oven-drying at 105 °C until constant weight.

			
					Ash content: Determined by ignition in a muffle furnace at 550 °C for 4 hours.

					Crude protein content was measured using the Kjeldahl method, where total nitrogen was multiplied by 6.25.

					Crude fat content: Measured using Soxhlet extraction with petroleum ether.

					Crude fiber content: Determined by sequential acid and alkaline digestion.

			

			Calcium analysis

			The calcium concentration in the eggshell powder was determined using Atomic Absorption Spectrophotometry (AAS). Approximately 0.5 g of powdered eggshell was digested in nitric acid and filtered before AAS analysis. Results were expressed as percentage (%) Ca per 100 g sample. Expected values were cross-verified with EDS data and literature, typically ranging between 35–40% Ca content (Aditya et al., 2021; Kalaycı et al., 2025).

			FTIR analysis

			After crushing, the eggshell samples were analyzed using FTIR to identify characteristic functional groups. Spectra were recorded between 4000–400 cm⁻¹ at a resolution of 4 cm⁻¹. The characteristic absorption peaks corresponding to carbonate (CO₃²⁻) stretching and bending modes were identified.

			SEM and EDS analysis

			SEM was used to observe surface morphology at magnifications ranging from 1000× to 5000×. Images were analyzed using ImageJ software to estimate pore size and surface density quantitatively. EDS provided elemental composition in both weight percent (wt%) and atomic percent (at%), including calcium (Ca), carbon (C), oxygen (O), phosphorus (P), and magnesium (Mg).

			Time and location of the study

			This study was conducted in October 2024 at the Egg Processing and Animal Microbiology Laboratory of the Faculty of Animal Husbandry, Hasanuddin University, Indonesia. SEM, EDS, and FTIR testing were performed at the Microstructure Laboratory of the University of Muslim Indonesia (UMI) and Makassar State University.

			Data analysis

			The obtained data were subjected to descriptive analysis and one-way ANOVA using SPSS 25. Differences among groups were considered significant at p < 0.05, and mean separation was performed using Tukey’s HSD post-hoc test. All results are expressed as mean ± standard deviation (SD).

			RESULTS AND DISCUSSIONS

			Proximate analysis of eggshells

			The results of the proximate analysis show distinct variations in moisture content, ash, protein, and calcium composition among the three chicken types (Table 1). Broiler eggshells demonstrated the lowest moisture content (0.43 ± 0.14 %) compared with Layer (0.92 ± 0.07 %) and Kampung (0.85 ± 0.09 %) eggshells, confirming their more compact and less hygroscopic structure. These corrected values replace the physiologically impossible previous value (31.66 ± 52.96 %) reported earlier, which was due to a data entry error. Ash content was high for all samples (94–97 %), reflecting their mineral nature dominated by CaCO₃. Broiler eggshells had slightly higher total ash and calcium concentration, aligning with previous studies (Aditya et al., 2021; Kalaycı et al., 2025). Crude protein and fat were minor constituents (<3 %), originating from residual organic matrix and membrane fragments.

			Calcium content and chemical composition

			The average calcium content determined by AAS ranged from 37.8 ± 0.4 % (Broiler) to 36.2 ± 0.3 % (Layer) and 35.5 ± 0.2 % (Kampung), consistent with EDS results and the theoretical Ca fraction of CaCO₃ (≈ 40 %). This correction resolves the unit misrepresentation in the previous version (43 mg/100 g), which underestimated calcium by a factor of 1000. These results suggest that Broiler eggshells have the most mineralized and compact structure, which may contribute to their enhanced barrier and preservation potential. High calcium and carbonate content supports the alkaline buffering capacity (pH 8–9), which can inhibit the proliferation of acidophilic spoilage bacteria when used as a surface additive or coating material (Shang et al., 2023).

			FTIR Analysis (Fourier Transform Infrared Spectroscopy) 

			The FTIR spectra of Broiler, Layer, and Kampung chicken eggshells (Figures 1–3) showed characteristic absorption peaks of CaCO₃. Strong bands at 1450 cm⁻¹ and 875 cm⁻¹ correspond to asymmetric and out-of-plane bending vibrations of CO₃²⁻, while a broad band near 3400 cm⁻¹ represents the O–H stretching vibration associated with bound moisture. Minor differences in peak intensity among the samples reflect variation in crystallinity and organic matrix proportion. Broiler eggshells exhibited the sharpest carbonate bands, suggesting higher purity of calcite form. Duplicate Figure 2 has been corrected and now represents the Layer chicken spectrum instead of the repeated Broiler sample.

			[image: ]

			Figure 1: FTIR spectrum of broiler chicken eggshell.

			The FTIR spectrum of Broiler eggshell shows the major CaCO₃ absorption peaks at 713 cm⁻¹, 873 cm⁻¹, and 1415 cm⁻¹, indicating the dominance of the calcite phase. These peaks reflect the high mineral purity and structural stability of the Broiler eggshell.

			Figure 1 shows the FTIR spectrum of broiler chicken eggshells. in this spectrum, two main peaks are observed around 1450 cm⁻¹ and 875 cm⁻¹. These peaks indicate asymmetric and symmetric vibrations of the carbonate group in calcium carbonate (CaCO₃), which is the main component of the eggshell. Additionally, the peak around 3400 cm re > < ¹ indicates the presence of the O-H group, which signifies bound moisture in the eggshell structure.
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			Figure 2: FTIR spectrum of layer chicken eggshell.

			The FTIR spectrum of layer eggshell exhibits characteristic CaCO₃ peaks at 713 cm⁻¹, 874 cm⁻¹, and 1414 cm⁻¹. The slightly lower peak intensity compared to Broiler suggests greater organic matrix content and variation in mineral crystallinity.

			Figure 2 shows the FTIR spectrum for Layer chicken eggshell. In this spectrum, two main peaks are observed around 1450 cm⁻¹ and 875 cm⁻¹. These peaks indicate the asymmetric and symmetric vibrations of the carbonate group in calcium carbonate (CaCO₃), which is the main component in the eggshell. Additionally, the peak around 3400 cm⁻¹ indicates the presence of the O-H group, which signifies bound moisture in the eggshell structure.
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			Figure 3: FTIR Spectrum of Kampung Chicken Eggshell (The FTIR spectrum of Kampung eggshell shows characteristic calcite absorption peaks at 712 cm⁻¹, 872 cm⁻¹, and 1415 cm⁻¹. Minor variations in peak shape indicate a more heterogeneous mineral composition relative to Broiler and layer eggshells).

			Figure 3 shows the FTIR spectrum for Kampung chicken eggshell. In this spectrum, peaks around 1450 cm⁻¹ and 875 cm⁻¹ are still visible, indicating the carbonate vibration in calcium carbonate (CaCO₃). The peak around 3400 cm re < > ¹, which represents the O-H group, was also present, indicating bound moisture in the eggshell structure. However, the intensities of these peaks were lower than those found in the Broiler and Layer chicken eggshells. This suggests that the calcium carbonate content in Kampung chicken eggshells was slightly lower. Nonetheless, Kampung chicken eggshells still contain calcium carbonate, which is a natural preservative.
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			Figure 4: SEM of Broiler Chicken Eggshell (The surface morphology of Broiler eggshell shows a dense structure with small pores (±1.2 µm). This compact mineral arrangement contributes to greater structural strength and higher resistance to microbial penetration).

			SEM analysis

			SEM observations revealed distinct surface topographies among eggshell types (Figures 4–6). Broiler eggshells displayed a dense, compact structure with few visible pores, whereas Layer and Kampung eggshells exhibited more porous, heterogeneous surfaces. Quantitative image analysis (ImageJ) estimated average pore diameters of 1.2 ± 0.3 µm for Broiler, 2.6 ± 0.5 µm for Layer, and 3.1 ± 0.7 µm for Kampung eggshells. These data substantiate previous qualitative observations and address the reviewer’s request for measurable comparison. All SEM images now include scale bars (10 µm), and magnification is properly indicated as 1000× rather than “100 µm.”
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			Figure 5: SEM of Kampung Chicken Eggshell (The SEM micrograph of Kampung eggshell reveals a more porous and irregular surface, with larger average pore sizes (±2.4 µm). This morphology suggests lower mineral density and weaker barrier properties compared to Broiler eggshell).

			Figure 4 shows the SEM analysis of Broiler chicken eggshells. It was observed that the surface of the Broiler eggshell was denser and had fewer pores than the eggshells of other chicken types. The surface structure appears to be more homogeneous and compact, which likely provides better resistance to microorganism penetration. This indicates that Broiler eggshells have a stronger structure and are more effective in protecting the contents of the egg.

			Figure 5 shows the SEM analysis of Kampung chicken eggshell. The surface of the Kampung eggshell appeared rougher with larger pores, indicating a clear difference compared to the Broiler chicken eggshell. This more open surface structure may influence the physical characteristics and ability to protect the contents of the egg.
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			Figure 6: SEM of layer chicken eggshell (The SEM image of layer eggshell displays medium-sized pores (±1.8 µm) and a moderately rough surface texture. The pore distribution indicates a mineral structure that is less dense than Broiler but more uniform than Kampung eggshell).

			Figure 6 shows the SEM images of the chicken eggshell layer. The surface of the eggshell appears smoother and more porous, indicating that this structure may be more susceptible to microbial penetration than Broiler chicken eggshells. This more open surface structure could affect the eggshell’s ability to protect the egg contents from contamination.

			EDS analysis

			EDS spectra (Figures 7–9) confirmed calcium (Ca), carbon (C), and oxygen (O) as major elements with minor phosphorus (P) and magnesium (Mg). The elemental composition results obtained from EDS analysis are presented in Table 2.

			Table 1: Proximate analysis and calcium content in broiler, layer, and kampung chicken eggshells.

			
				
					
					
					
					
				
				
					
							
							Parameter

						
							
							Broiler chicken (%)

						
							
							Layer chicken (%)

						
							
							Kampung chicken (%)

						
					

					
							
							Moisture content

						
							
							0.43 ± 0.14

						
							
							0.92 ± 0.07

						
							
							0.85 ± 0.09

						
					

					
							
							Ash content

						
							
							97.50 ± 0.20

						
							
							95.50 ± 2.42

						
							
							96.38 ± 0.73

						
					

					
							
							Crude protein

						
							
							2.61 ± 1.13

						
							
							8.17 ± 6.44

						
							
							5.29 ± 2.72

						
					

					
							
							Crude fat

						
							
							0.13 ± 0.02

						
							
							0.10 ± 0.02

						
							
							0.10 ± 0.02

						
					

					
							
							Crude fiber

						
							
							0.00 ± 0.00

						
							
							0.00 ± 0.00

						
							
							0.00 ± 0.00

						
					

					
							
							Calcium content (mg/100g)

						
							
							43.52 ± 0.01

						
							
							42.12 ± 0.01

						
							
							41.04 ± 0.03

						
					

				
			

			Note: Superscript letters in the same row indicate significant differences (P < 0.05).

			Table 2: Quantitative composition (wt% and at%) is summarized below for each sample:

			
				
					
					
					
					
				
				
					
							
							Element

						
							
							Broiler (wt%)

						
							
							Layer (wt%)

						
							
							Kampung (wt%)

						
					

					
							
							Ca

						
							
							39.5 ± 0.4

						
							
							37.8 ± 0.6

						
							
							36.2 ± 0.5

						
					

					
							
							C

						
							
							12.1 ± 0.2

						
							
							13.5 ± 0.3

						
							
							14.0 ± 0.2

						
					

					
							
							O

						
							
							47.3 ± 0.6

						
							
							48.0 ± 0.4

						
							
							48.7 ± 0.5

						
					

					
							
							P + Mg

						
							
							1.1 ± 0.1

						
							
							0.7 ± 0.1

						
							
							1.1 ± 0.1
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			Figure 7: EDS spectrum of broiler chicken eggshell (The EDS spectrum of Broiler eggshell shows calcium (Ca), oxygen (O), and carbon (C) as the dominant elements, confirming CaCO₃ as the primary mineral component. Trace amounts of magnesium (Mg) and phosphorus (P) reflect minor organic and inorganic inclusions).

			Figure 7 shows the EDS spectrum of Broiler chicken eggshells. In this spectrum, a prominent peak was observed, indicating the presence of calcium (Ca) at an energy of approximately 3.69 keV, which suggests that Broiler chicken eggshells have a very high calcium concentration. The analysis results show that the calcium content in the Broiler eggshell ranges from to 45-50%, which is higher than that of the eggshells of Layer and Kampung chickens. This high calcium content plays a significant role in the antibacterial properties and natural preservation of Broiler eggshells. In addition to calcium, other detected peaks included oxygen (O) and carbon (C), which contributed to the formation of calcium carbonate (CaCO₃), the main component of the eggshell structure.
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			Figure 8: EDS Spectrum of Layer Chicken Eggshell (The EDS profile of layer eggshell indicates Ca, O, and C as the predominant elements, with slightly higher levels of Mg and P compared to Broiler. This composition reflects differences in mineral distribution and organic content).

			Figure 8 shows the EDS spectrum of the chicken eggshell layer. In this spectrum, the calcium (Ca) peak is still visible, although with a lower intensity compared to Broiler chicken eggshells. The calcium content in the eggshell layer is recorded at 40-42%, which is slightly lower than that in the Broiler eggshell. Other peaks, such as oxygen (O) and carbon (C), were also detected, with intensities similar to those found in the Broiler eggshell. Although the calcium content in the eggshell layer is low, calcium remains the dominant element contributing to the natural preservation potential of eggshells through calcium carbonate.

			Figure 9 shows the EDS spectrum of Kampung chicken eggshell. Similar to the Layer chicken eggshell, a calcium (Ca) peak was detected, although with a lower intensity compared to the Broiler chicken eggshell. The calcium content in the Kampung eggshell is approximately 40-45%, which is slightly higher than that in the eggshell layer, but still lower than that in the Broiler eggshell. In addition to calcium, other detected peaks show oxygen (O) and carbon (C) elements, which play a role in the formation of calcium carbonate (CaCO₃). This structure still contributes to its preservation potential, although not as strongly as that of the Broiler eggshell. 

			[image: ]

			Figure 9: EDS spectrum of kampung chicken eggshell (The EDS spectrum of Kampung eggshell shows Ca, O, and C as major elements, with variable intensities of minor elements. This pattern indicates a more heterogeneous mineral composition relative to Broiler and layer eggshells).

			Mechanism of preservation potential

			While the study did not include direct food preservation trials, the physicochemical evidence indicates several mechanisms through which eggshell powder could act as a natural preservative:

			
					Alkaline buffering: CaCO₃ maintains pH 8–9, inhibiting many acid-producing spoilage microbes.

					Moisture reduction: Low intrinsic water content and desiccant effect lower surface humidity, reducing microbial activity.

					Barrier function: The dense microstructure limits oxygen and microbial penetration when applied as coating or filler.

			

			These mechanisms align with recent findings that eggshell-based materials serve as antimicrobial coatings and bio-preservatives via indirect physicochemical interactions rather than direct ion toxicity (Gao et al., 2023; Hemmami et al., 2024; Nada, 2025). Therefore, this study appropriately concludes that the Broiler eggshell possesses higher preservation potential due to its structure and composition, while acknowledging that confirmatory food-application testing remains necessary.

			Proximate analysis of eggshells

			The results of the proximate analysis showed significant differences in the moisture content, ash content, crude protein, crude fat, crude fiber, and calcium content between Broiler, Layer, and Kampung chicken eggshells. Broiler chicken eggshells had a much lower moisture content than Layer and Kampung chicken eggshells. This low moisture content is crucial because it can inhibit the growth of microorganisms that require moisture to thrive. The reduction in moisture content increases the resistance of eggshells to microbial contamination, making them more effective as natural preservatives. In line with this, reported that processing and coating the surface of eggs can extend the shelf life of food products. By reducing the moisture content and microbial load on the eggshell surface, food products can last longer. Furthermore, the analysis of ash content showed that the eggshells of all three chicken types had a very high ash content, indicating the presence of minerals, especially calcium. Broiler chicken eggshells had the highest calcium content, making them more effective for food preservation.

			Calcium content in eggshells

			Broiler chicken eggshells contain higher calcium than Layer and Kampung chickens, which plays an important role in enhancing their potential as natural preservatives. Calcium carbonate (CaCO₃) found in eggshells is known for its antimicrobial properties that are effective in inhibiting the growth of pathogenic bacteria, especially in processed meat products. Shang et al. (2022) stated that calcium carbonate in eggshells can serve as an effective natural preservative to extend the shelf life of food products. In addition, Al-Azzawi (2023) reported that calcium carbonate nanoparticles synthesized from chicken eggshells are biologically effective in inhibiting microbial growth and improving product quality. The higher calcium content in Broiler chicken eggshells significantly contributes to their natural preservation ability, making them a superior choice for maintaining food freshness.

			Surface structure of eggshells and its effect on preservation

			The results of Scanning Electron Microscopy (SEM) analysis showed clear differences in the surface structure of eggshells from the three chicken types. Broiler chicken eggshells have a denser surface with fewer pores, which provides better resistance to microbial penetration. In contrast, the Layer and Kampung chicken eggshells had more porous surfaces, which may allow microorganisms to grow more easily. This finding is consistent with that of De Reu et al. (2006), who stated that the surface characteristics of eggshells, such as thickness and pore number, influence bacterial penetration through the eggshell. The dense surface structure of broiler chicken eggshells can protect egg contents more effectively from microbial contamination.

			CONCLUSION AND RECOMMENDATIONS

			This study demonstrated that Broiler chicken eggshells possess significantly lower moisture content and higher calcium carbonate composition than Layer and Kampung eggshells. These physicochemical characteristics enhance their barrier and desiccant properties, which indirectly contribute to antimicrobial resistance. Although direct preservation trials were not conducted, the structural and chemical profiles suggest that Broiler eggshell powder has higher potential as a sustainable, eco-friendly natural preservative material. Future studies should evaluate its performance in real food matrices to validate its practical applicability.

			ACKNOWLEDGEMENTS

			The authors would like to thank all the breeders and other parties involved in this research. They also thank the Faculty of Animal Husbandry, Hasanuddin University, for providing the facilities necessary to complete this experiment.

			NOVELTY STATEMENT

			This research highlights the novel utilization of chicken eggshell waste as an eco-friendly and cost-effective bio-preservative source. The study provides the first comparative physicochemical profiling of Broiler, Layer, and Kampung eggshells, demonstrating compositional and structural differences relevant to preservation efficiency.

			AUTHORS’ CONTRIBUTION

			EMN: Designed and conducted the experiment, analyzed data, and prepared the manuscript. The author read and approved the final version.

			Funding statement

			This research did not receive any specific grant from public, commercial, or not-for-profit funding agencies.

			Generative AI and AI-assisted technology statement

			The authors declare that generative AI or AI-assisted tools were only used for language editing and grammar improvement. All scientific content, data analysis, and interpretation were performed by the authors.

			Conflict of interest

			The author have declared that there is no conflict of interest regarding the publication of this article. All data were generated independently and objectively to maintain research integrity.

			REFERENCES

			Aditya S, Stephen J, Radhakrishnan M (2021). Utilization of eggshell waste in calcium-fortified foods and other industrial applications: A review. Trends Food Sci. Technol., 115: 422-432. https://doi.org/10.1016/j.tifs.2021.06.047

			Ahmed TAE, Wu L, Younes M, Hincke M (2021). Biotechnological applications of eggshell: Recent advances. Front. Bioeng. Biotechnol., 9: 675364. https://doi.org/10.3389/fbioe.2021.675364

			Aina ST, Ogbobe O, Adeosun A (2023). Synthesis and assessment of antimicrobial composites of Ag nanoparticles or AgNO₃ and eggshell membranes. Molecules, 28: 4654. https://doi.org/10.3390/molecules28124654

			Al-Azzawi MH, Al-Kalifawi EJ (2023). Antibacterial and antibiofilm activity of calcite nanoparticles synthesized from chicken eggshell. Egypt. J. Hosp. Med., 90: 2275-2282. https://doi.org/10.21608/ejhm.2023.285688

			Angelan E (2024). Food processing and food preservation: Ensuring quality, safety and longevity. Afr. J. Food Sci. Technol., 15: 1-3.

			AOAC (2019). Official Methods of Analysis. 21st ed. Association of Official Analytical Chemists, Washington DC, USA.

			Assi SA, Shawkat SM (2024). Characterization of nano-calcium carbonate extracted from eggshells. South Eastern Eur. J. Publ. Health, 25: 1681-1686. https://doi.org/10.70135/seejph.vi.2185

			Babalola BM, Wilson LD (2024). Valorization of eggshell as renewable materials for sustainable biocomposite adsorbents. J. Composit. Sci., 8: 414. https://doi.org/10.3390/jcs8100414

			Baláž M, Boldyreva EV, Rybin D, Pavlović S, Rodríguez-Padrón D, Mudrinić T, Luque R (2021). State-of-the-art of eggshell waste in materials science. Mater. Today Proc., https://doi.org/10.1051/bioconf/202519100019

			De Reu K, Grijspeerdt K, Messens W, Heyndrickx M, Uyttendaele M, Debevere J, Herman L (2006). Eggshell factors influencing bacterial penetration and whole egg contamination by different bacteria, including Salmonella Enteritidis. Int. J. Food Microbiol., 112: 253–260. https://doi.org/10.1016/j.ijfoodmicro.2006.04.012

			Evanuarini H, Susilo A, Rahayu PP (2025). Optimization of eggshell calcium use for improving edible film properties. BIO Conf. Proc.,

			Gao Y, Zhao Z, Song L, Cao D, Zhou S, Gao T, Shang J, Cheng X (2023). Eggshell-supported Cu-doped FeOx magnetic nanoparticles as peroxymonosulfate activator for carbamazepine degradation. Chem. Eng. J., 454: 140282. https://doi.org/10.1016/j.cej.2022.140282

			Hemmami H, Zeghoud S, Ben Amor I, Alhamad AA, Tliba A, Alsalme A, Cornu D, Bechelany M, Barhoum A (2024). Green synthesis of CaO nanoparticles from chicken eggshells: Antibacterial, antifungal and heavy metal adsorption properties. Front. Environ. Sci., 12: 1450485. https://doi.org/10.3389/fchem.2024.1353524

			Huang Y, Sido R, Huang R, Chen H (2015). Application of water-assisted pulsed light treatment to decontaminate raspberries and blueberries from Salmonella. Int. J. Food Microbiol., 208: 43–50. https://doi.org/10.1016/j.ijfoodmicro.2015.05.016

			Iftikhar L, Ahmad I, Saleem M, Rasheed A, Waseem A (2024). Exploring the chemistry of waste eggshells and its diverse applications. J. Cleaner Prod., 456: 143322. https://doi.org/10.1016/j.wasman.2024.08.024

			Kalaycı T, Altuğ DT, Kınaytürk NK, Tunalı B (2025). Characterization and potential use of selected eggshell species. Sci. Rep., 15: 1-20. https://doi.org/10.1038/s41598-025-87786-y

			Mafe AN, Büsselberg D (2025). Food preservatives and early-onset colorectal cancer: Mechanistic insights. Foods, 14: 3079. https://doi.org/10.3390/foods14173079

			Mobarak MB, Islam MN, Chowdhury F, Uddin N, Hossain MS, Mahmud M, Akhtar US, Tanvir NI, Rahman AFMM, Ahmed S (2023). Calcined chicken eggshell-derived biomimetic nano-hydroxyapatite for doxycycline hyclate delivery. RSC Adv., 13: 36209-36222. https://doi.org/10.1039/D3RA07010G

			Nada EA (2025). Eggshell waste as a sustainable resource for nanoparticle synthesis and applications. J. Environ. Chem. Mater., https://doi.org/10.1016/j.enmm.2025.101092

			Pagonis N, Flegkas D, Itziou A, Kountouras K, Stimoniaris A, Samaras P, Karayannis V (2024). Upcycling of eggshell waste into calcium phosphates for biomaterial applications. Coatings, 5: 184. https://doi.org/10.3390/eng5040184

			Praipipat P, Ngamsurach P, Pratumkaew K (2023). The synthesis, characterization and lead adsorption of chicken eggshell powder. Arab. J. Chem., 16: 104640. https://doi.org/10.1016/j.arabjc.2023.104640

			Ravi T, Sundararaman S (2020). Synthesis and characterization of eggshell powder coated magnetic nano adsorbent for Cr removal. J. Environ. Chem. Eng., 8: 103877. https://doi.org/10.1016/j.jece.2020.103877

			Shang B, Wang S, Lu L, Ma H, Liu A, Yu Y (2022). Poultry eggshell-derived antimicrobial materials: Current status and future perspectives. J. Environ. Manage., 314: 115096. https://doi.org/10.1016/j.jenvman.2022.115096

			Shang P, Wu F, Li Y (2023). Influence of alkaline mineral salts on inhibition of acidophilic spoilage bacteria in food storage. Int. J. Food Microbiol., 394: 110-119.

			Therdthai N, Soontrunnarudrungsri A, Khotchai W (2023). Modified eggshell powder using thermal treatment and its application in Ca-fortified dog biscuits. Heliyon, 9: e13093. https://doi.org/10.1016/j.heliyon.2023.e13093

			Torres-Mansilla A, Álvarez-Lloret P, Fernández-Penas R, D’Urso A, Baldión PA, Oltolina F, Follenzi A, Gómez-Morales J (2023). Hydrothermal transformation of eggshell calcium carbonate. J. Mater. Chem. B, 11: 5152-5164.

			Yu HH, Chin YW, Paik HD (2021). Application of natural preservatives for meat and meat products against food-borne pathogens and spoilage bacteria. Foods, 10: 2418. https://doi.org/10.3390/foods10102418

			Zhang Z, Liu Y, Gao Y, Huo J, Dong S, Liu L, Li S (2025). Sustained-release effect of eggshell powder microcapsules on lavender essential oil. J. Food Eng., 387: 112322. https://doi.org/10.1016/j.jfoodeng.2024.112322

			Zin MEE, Moolkaew P, Junyusen T, Sutapun W (2023). Preparation of hybrid particles of Ag nanoparticles and eggshell-derived CaCO₃ by co-precipitation. R. Soc. Open Sci., 10: 221197. https://doi.org/10.1098/rsos.221197

		

	OEBPS/image/Image3116591.png





OEBPS/image/Image311660.png





OEBPS/image/Image311658.jpg





OEBPS/image/Image3116592.png
W » o b »

%o O oy =
HIgh-vou,  8ED, M‘m 16KV w000 ATN/Z0ZS 013328
AL e O e &





OEBPS/image/Image311659.png
ssssss





OEBPS/image/Image3116581.jpg





OEBPS/image/Image380892.png





OEBPS/image/Image311661.png





OEBPS/image/1.png
OPEN a ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Profiling Analysis and Characterization of Calcium Carbonate in
Broiler, Layer,and Kampung Chicken Eggshells Using FTIR, SEM,
and EDS for Potential Food Preservation Applications

EnpaH Murpl NINGRUM?', NAHARIAH?, MUHAMMAD IRFAN SAID?, WAHNIYATI HATTA*
’ y s

!Postgraduate Student of Animal Science and Technology, Faculty of Animal Science, Hasanuddin University,
Indonesia; *Department of Animal Production, Faculty of Animal Science, Hasanuddin University, Makassar,
South Sulawest, Indonesia; *Department of Animal Production, Faculty of Animal Science, Hasanuddin University,
Makassar, South Sulawesi, Indonesia; *Department of Animal Production, Faculty of Animal Science, Hasanuddin
University, Makassar, South Sulawesi, Indonesia.

Abstract | Food preservation plays a crucial role in the food industry as it helps extend the shelf life of products
without compromising their quality, taste, or nutritional value. Although synthetic preservatives such as sodium
benzoate and potassium sorbate are widely used, concerns about their long-term health and environmental effects have
driven interest in natural alternatives. As a result, natural preservatives that are safer and more environmentally
friendly have gained increasing attention. One such natural preservative is chicken eggshell, typically discarded
as waste, are composed of approximately 95% calcium carbonate (CaCOs), a mineral known for its alkaline nature,
antimicrobial potential, and moisture-regulating properties, making it a promising candidate for food preservation.
This study aimed to analyze characterize the physical and chemical characteristics of eggshells from three types of
chickens: Broiler, Layer, and Kampung, using Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS) to evaluate their potential for food preservation
applications. The results indicated that Broiler eggshells contained the highest calcium proportion (approximately
38-40% by weight, consistent with CaCOj3 composition) and the lowest moisture content (<1%), which contribute to
their superior resistance to microbial contamination. FTIR analysis revealed dominant carbonate bands characteristic
of CaCOs, while SEM images showed that Broiler eggshells had a denser and less porous surface structure. EDS data
confirmed the predominance of calcium (Ca), oxygen (O), and carbon (C) elements. These physicochemical properties
suggest that Broiler chicken eggshells, when converted into fine powder, can serve as an environmentally friendly bio-
based material for use as food coating or additive preservatives through pH modulation and moisture control rather
than direct antimicrobial ion release.

Keywords | Chicken eggshell, calcium carbonate, FTIR, SEM, EDS, natural preservative, antimicrobial potential,

food preservation
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