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			Abstract | An experiment using orange peel essential oil microcapsules (OPEOM) was added to the Sentul chicken feed to assess the effect of OPEOM on feed utilization, performance, and metabolite profiles in blood plasma. Two hundred two-month-old Sentul chickens were used, divided into five experimental groups, with the following treatments: MC0: Basal Ration, without OPEOM; MC1: Basal Ration + 100 mg OPEOM; MC2: Basal Ration + 150 mg OPEOM; MC3: Basal Ration + 200 mg OPEOM; MC4: Basal Ration + 250 mg OPEOM, respectively. All sample analyses were performed using standard procedures with the UV-VIS spectrophotometer and ELISA techniques based on reagent kit protocols were used in this research. The effects and differences in treatment responses were tested using analysis of variance based on a completely randomized design and Duncan’s test. The results showed that the chickens that received the MC2 treatment had the lowest malondialdehyde (P<0.05), at 0.04 mg/dL, compared to the other treatment groups (0.09 and 0.08 in MC0 and MC1). Similarly, this group showed the best results regarding feed utilization (73.68% DCP), performance (1473 g body weight), and blood biochemistry profile (8.27 mg/dL of total protein).
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			INTRODUCTION

			The livestock industry’s focus on zero waste and products free from synthetic materials has increased interest in researching the potential of natural plant-based materials as feed additives. Previous studies have been quite interesting because compounds from these natural materials can trigger immunity, modulate metabolism, and improve performance (Kamil et al., 2020; Mousapour et al., 2020). Further research and application in local chickens is fundamental and has not been widely reported.

			Plant-derived essential oils, such as orange-peel oil, have gained significant attention in animal nutrition studies because they contain diverse bioactive compounds like terpenes, terpenoids, and phenylpropene (Meligy et al., 2023). These compounds affect physiological and biochemical functions, boosting antioxidant defenses and promoting better growth in animal. Microencapsulation protects the volatile components of these oils from degradation in the digestive system (Mushawwir et al., 2021a), allowing for targeted and sustained release to maximize their effectiveness (Prachumchai et al., 2024). 

			Previous researchers have widely reported the application of essential oils to animals. For example, Mousapour et al. (2020) compared encapsulated and non-encapsulated essential oils. They reported that broiler performance appeared to be better with the encapsulation technique, while feed digestibility did not show an increase in the essential oil treatment group without encapsulation. Other studies have shown that unencapsulated garlic essential oil is ineffective due to polymer degradation before reaching the ileum. It inhibits glycogenolysis even at relatively high doses (Mushawwir et al., 2021a).

			This method tackles issues related to essential oils’ instability, like oxidation and volatilization, helping to maintain their bioactivity and therapeutic effects. Microencapsulation techniques, such as polymer shells or carrier materials (Rahmania et al., 2022), significantly improve these active ingredients’ stability, bioavailability, and controlled release (Li et al., 2022), shielding them from harmful environmental factors during feed processing and digestion. This increased stability ensures a more reliable delivery of active compounds, leading to better animal physiological responses (Muhammad et al., 2023; Prachumchai et al., 2024; Mushawwir et al., 2023). 

			Research on essential oils, including those from oregano and cinnamon, has demonstrated their ability to replace antibiotic growth promoters, primarily due to their antimicrobial, antioxidant, anti-inflammatory, and analgesic properties (Chen et al., 2023). Although their application does not always yield satisfactory results (Li et al., 2022), even excessive doses can cause a decline in performance (Prachumchai et al., 2024). Adding phytogenic feed additives, particularly essential oils, has improved feed efficiency in broiler chickens by modulating lipid and protein intermediate metabolic signalling pathways, ultimately enhancing growth performance and meat characteristics (Dorantes-Iturbide et al., 2023). While the application of orange peel, often reported as orange peel powder, has been studied in livestock by Purwanti et al. (2024), the results showed no significant difference compared to the control group without orange peel powder. Meanwhile, Purwanti et al. (2024) applied it to ruminant. However, research reports on using essential oils from orange peel in poultry remain sporadic.

			Phytogenic compounds from fruit peels have attracted much interest because they can improve ileum function, boost feed efficiency, and reduce environmental pollutants (Tanuwiria et al., 2023; Manin et al., 2024). Microencapsulation, particularly of citrus peel essential oils, offers an effective way to deliver these compounds specifically and enable sustained release in the digestive system, enhancing their benefits for animal metabolism and productivity. Such strategies are essential for sustainable livestock farming. 

			The strategic application of phytogenic microcapsules, such as this orange peel essential oil, is very important to study, as this technique is a new approach to improving the overall nutritional utilisation and health of animals. However, the specific mechanisms by which orange peel essential oil microcapsules affect nitrogen retention, energy metabolism, and growth hormone receptor expression in local chickens have not been extensively explored. It can be assumed that the administration of OPEOM can improve feed efficiency, stimulate metabolism, reduce oxidative stress, and enhance broiler performance.

			MATERIALS AND METHODS

			Animal samples, basal rations, and experimental design 

			Two-month-old Sentul chickens were used in this experiment. The chickens were randomly assigned to five treatment groups with four replicates. Each treatment group included forty chickens, with ten chickens per replicate. The chickens were housed in litter system cages measuring 2.5 meters each, equipped with feeding and drinking troughs. They were maintained for two months, with free access to feed and water. The temperature and humidity of the cage were recorded during the study, averaging 260C and 75%, respectively. The same applies to the temperature and humidity surrounding the experimental animal housing, which were 28 oC and 78%, respectively.

			Table 1: Nutrient and metabolisable energy content of the basal diet used in the experimental study.

			
				
					
					
					
				
				
					
							
							Description

						
							
							Amount

						
							
							Standard requirement

						
					

					
							
							Metabolic energy (kcal/kg)

						
							
							2918

						
							
							Minimum 2850

						
					

					
							
							Crude Protein (%)

						
							
							18

						
							
							17–18

						
					

					
							
							Crude Fat (%)

						
							
							8

						
							
							Min. 3

						
					

					
							
							Crude Fibre (%)

						
							
							6

						
							
							Max. 10

						
					

					
							
							Calcium (%)

						
							
							4.1

						
							
							3.25–4.25

						
					

					
							
							Phosphorus (%)

						
							
							0.6

						
							
							Minimum 0.55

						
					

				
			

			All experimental chickens were fed a basal diet throughout the study. OPEOM was administered at different levels as follows: MC0: Basal Ration without OPEOM; MC1: Basal Ration + 100 mg of OPEOM; MC2: Basal Ration + 150 mg of OPEOM; MC3: Basal Ration + 200 mg of OPEOM; MC4: Basal Ration + 250 mg of OPEOM.

			The basal feed used in this experiment consisted of a mixture of feed ingredients and their composition in the ration, namely corn (56%), rice bran (5%), soybean meal (11%), fish meal (10%), coconut meal (15%), bone meal (25%), and coconut oil (1%). The total nutrient content of the ration is shown in Table 1. 

			Preparation of OPEOM

			Essential oil from orange peel has been separated using steam distillation. Fresh orange peel, cut into small pieces weighing 350 g, is placed in a flask heated to 80 oC. Water was added to half the volume of the orange peel.

			Microcapsule production was carried out using a complex coacervation method with orange peel essential oil as the core, a gelatin-sodium alginate layer, cross-linked with glutaraldehyde, and a Tween 80 emulsifier based on a modified procedure by Julaeha et al. (2024). Essential oil was obtained by hydrodistillation. Gelatin (2.8 g) was stirred in distilled water using a magnetic stirrer at a temperature of 60±1°C. 

			Tween-80 (0.8 g) and 3.5 g of essential oil and 0.8 g of sodium alginate were added to 40 ml of distilled water and stirred again for 15 minutes at 60°C with a stirring speed of 600 rpm. Add 2.5% glacial acetic acid drop by drop until the pH reaches 3.75, then cool to 5–10°C. 1.25 mmol of glutaraldehyde was added to the previous solution at up to 35°C, stirring for 3–4 hours and cooling to room temperature. Filtration and washing using n-hexane were carried out at the final stage of this procedure, before drying. 

			The characterization of OPEOM, tested with a Particle Size Analyzer, showed an average particle size of 1.635 µm. Particle stability was measured with a Thermogravimetric Analyzer, showing a decrease in water mass and volatile compounds occurring at temperatures below 250°C, and the degradation process beginning at temperatures exceeding 420°C.

			Blood sampling and sample analysis

			Blood biochemistry testing used blood plasma samples from blood collected using 3 mL EDTA tubes. Blood was collected from the wing veins of each experimental chicken sample at 4 months of age. The blood samples were then centrifuged at 3500 rpm for 15 minutes. The clear yellowish upper portion was pipetted into plasma tubes and stored in a freezer at -70°C until the plasma was analysed. Spectrophotometry based on Biolabo and Randox analysis kits was used to determine the concentration of all blood biochemical parameters in this experiment. 100 µL of reagent (provided in the kit for each parameter) was pipetted into a cuvette containing 10 µL of plasma. Absorbance was measured at wavelengths of 450–550 nm.

			Energy utilisation was determined using the force-feeding method, a paste inserted through the oesophagus using a syringe, based on the procedure described by Abun et al. (2023). Similarly, digestibility was determined using an internal indicator (lignin), based on a modified method described by Abun et al. (2022).

			Data analysis

			All data were collected using Microsoft Excel, and the tabulated data were analysed using analysis of variance (ANOVA) based on a completely randomised design to determine the effect of treatment with α = 0.05. Differences between treatments were determined using Duncan’s multiple range test.

			RESULTS AND DISCUSSION

			Feed utilisation 

			The results shown in Table 2 measure feed utilisation efficiency during the study with OPEOM administration to Sentul chickens in the grower phase.

			Table 2: Effect of OPEOM on DDM, DOM, DCP, ME, MEn, and nitrogen retention.

			
				
					
					
					
					
					
					
					
				
				
					
							
							OPEOM level

						
							
							DOM

							(%)

						
							
							DDM 

							(%)

						
							
							DCP

							(%)

						
							
							Nitrogen retention (%)

						
							
							MEn (kcal/kg)

						
							
							ME (kcal/kg)

						
					

					
							
							MC0

						
							
							59.49a

						
							
							48.68a

						
							
							65.35a

						
							
							67.27a

						
							
							2439a

						
							
							2306a

						
					

					
							
							MC1

						
							
							68.84b

						
							
							65.87b

						
							
							70.73b

						
							
							71.52b

						
							
							2601a

						
							
							2576b

						
					

					
							
							MC2

						
							
							73.64c

						
							
							68.92c

						
							
							73.68c

						
							
							75.57c

						
							
							2773b

						
							
							2605b

						
					

					
							
							MC3

						
							
							65.58d

						
							
							64.28b

						
							
							64.43ac

						
							
							70.26d

						
							
							2561a

						
							
							2564b

						
					

					
							
							MC4

						
							
							50.37e

						
							
							60.59d

						
							
							63.25ac

						
							
							66.94a

						
							
							2342c

						
							
							2398a

						
					

				
			

			a,bDifferent superscript on the same row indicates significant differences (P < 0.05). DOM: digestibility of organic matter; DDM: digestibility of dry matter; DCP: digestibility of crude protein; MEn: metabolisable energy-nitrogen; ME: metabolisable energy.

			The current study shows that the administration of OPEOM is highly effective for Sentul chickens in utilising their feed intake. The MC2 dosage level (150 mg) showed the best dosage level (P < 0.05) of all OPEOM dosage levels. Microencapsulation is very beneficial because this technique can improve the stability and targeted delivery of active and sensitive compounds, such as essential oils, in animal feed. This process protects bioactive ingredients from degradation during processing and passage through the digestive tract, ensuring controlled release at specific locations. 

			Previous studies, for instance, have demonstrated that liposomal encapsulation significantly enhances the delivery and bioavailability of essential oils, resulting in improved growth, easier digestion, and better regulation of gut microbiota in broiler chickens. Additionally, microencapsulation methods such as core-shell or microdroplet techniques are vital for preserving the bioactivity of these volatile substances, especially when subjected to high temperatures or mechanical stress during feed processing. The microencapsulation’s protective matrix ensures a slow release, minimizes active compound loss, and prevents adverse effects on feed intake.

			Increases in DOM, DDM, DCP nitrogen retention, and ME at MC2 dosage levels demonstrate the ability of active compounds in essential oils to stimulate physiological and biochemical conditions in experimental chickens. Previous research results have also reported that microencapsulated essential oils significantly improve organic digestibility, as this formulation protects the active compounds from premature degradation, allowing them to provide optimal effects on digestive enzyme activity and nutrient absorption in the intestinal lumen. Regarding intestinal function, several studies have also reported (Aguiar et al., 2020; Mushawwir et al., 2021b) that it can effectively prevent pathogen proliferation and promote intestinal health. It has been shown that when microencapsulated, essential oil components, such as carvacrol and malondialdehyde (Rahmania et al., 2022; Meligy et al., 2023), have been proven to replace growth-promoting antibiotics by improving intestinal integrity and nutrient absorption. Other research results show that adding microencapsulated essential oils has increased nitrogen retention in poultry (Manin et al., 2024; Firmansyah et al, 2024; Aritonang et al., 2025). 

			Based on current research results (especially with MC1 and MC2 levels), the increase in ME can be stimulated by OPEOM’s ability to modulate the enzyme pathways involved in energy distribution, resulting in more efficient energy utilisation. Supported by research findings (Li et al., 2022), this enhanced energy metabolism can impact overall growth performance and animal productivity by optimising nutrient allocation for various physiological functions.

			Performance

			The active compounds in OPEOM appear to trigger growth and feed efficiency. Adding the MC2 level is the best dosage (P < 0.05) compared to the other levels. Figure 1 compares body weight and feed conversion during the study at 4 months of age.

			Figure 1 shows the superior performance of experimental chickens at the MC2 level. The experimental chicken group at this dosage level achieved the highest average body weight (1473 g) and the best feed conversion efficiency (3.53). Essential oils in microcapsule form stimulate increased nutrient absorption, directly contributing to superior zootechnical performance metrics, such as weight gain and feed conversion. Previous research reports (Flees et al., 2020; Mushawwir et al., 2021b; 2023; Purwanti et al., 2024) indicate that this method outperforms the control group of chickens that did not receive essential oil supplements.

			[image: ]

			Figure 1: The effect of OPEOM administration on body weight (4 months of age) and feed conversion.

			Additionally, the type and concentration of essential oils in the microcapsules significantly influence their biological activity, with specific compounds such as thymol and carvacrol exhibiting strong antimicrobial and anti-inflammatory properties (Mushawwir et al., 2021a; Meligy et al., 2023), which indirectly support growth performance. These active compounds can capture free radicals, thereby reducing fatty acid oxidation. This leads to decreased cell death, thereby improving and increasing the metabolic rate. Ultimately, cell proliferation and muscle mass increase. Similarly, when microencapsulated, combinations of active compounds in essential oils such as carvacrol, cinnamaldehyde, and oleoresin capsicum have shown increased weight gain and antioxidant status in broiler chickens (Adriani et al., 2015). This supports the idea that the protective matrix of microcapsules enhances the delivery of these bioactive compounds, maintaining their effectiveness throughout the digestive tract and optimising their systemic impact (Aguiar et al., 2020; Aritonang et al., 2025).

			Growth hormone receptor (GHR) concentration also appears to be closely related (r = 0.92) to weight gain, with an influence proportion (R2) of 0.8534, indicating that GHR concentration can influence body weight (Figure 2).

			Based on the regression analysis of the data collected in this study, the regression equation y= 255.39+178.26x was obtained. This mathematical model shows that every one ng/dL increase in GHR concentration causes a 178.26 g increase in body weight. The results of this study indicate that higher concentrations of GHR cause higher growth, or that there is a linear relationship between the two. This relationship suggests that increased expression of growth hormone receptors mediated by essential oil microcapsules may indicate a better endocrine response, which supports higher growth and metabolic efficiency. The reported research results (Meligy et al., 2023; Mushawwir et al., 2025) show that increased GHR optimises protein synthesis and nutrient partitioning towards muscle tissue accumulation and egg production (Nurfauziah et al., 2024). This enhanced anabolic signalling pathway can increase the systemic availability of insulin-like growth factor-1 (IGF-1), a key mediator of growth hormone action. IGF-1 promotes skeletal muscle development and overall growth (Amer et al., 2021).
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			Figure 2: Regression model of the relationship between plasma GHR concentration and body weight of Sentul chickens (at 4 months of age).

			Blood biochemistry

			Table 3 presents plasma blood biochemistry concentrations as effects of OPEOM administration, including markers of free radical activity and biochemical profiles.

			The OPEM levels were able to influence (P < 0.05) the free radical activity markers concentration and plasma metabolism in Sentul chickens. Overall, there was a decrease in free radical activity with the administration of OPEOM while simultaneously stimulating the physiological system in various tissues to regulate metabolism. Based on the results of the lowest average bilirubin level obtained in the MC2 treatment, which is 3.42 (P < 0.05), compared to the bilirubin concentration of Sentul chickens in the experimental group of essential oil microcapsule administration levels. The highest mean bilirubin level was obtained in the MC0 treatment, which was 4.25 (P < 0.05) compared to the other experimental levels. The same results were also observed with alkaline phosphatase. Conversely, the MDA level decreased dramatically with the administration of the MC2 level (0.04 mg/dL), which was lower (P < 0.05) than the MDA level in the other treatment groups.

			The decrease in MDA levels with OPEOM administration in this study is strong evidence that the active compounds in OPEOM can inhibit the activity of free radicals in oxidising fatty acids. This ability also reduces the risk of inflammation and damage to liver cells, resulting in a decrease in the release of bilirubin and alkaline phosphatase from liver cells into the body’s fluid circulation system, especially blood plasma. 

			Table 3: Effect of OPEOM levels on plasma concentrations of free radical activity markers and metabolic markers in Sentul chickens.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Level of OPEOM

						
					

					
							
							MC0

						
							
							MC1

						
							
							MC2

						
							
							MC3

						
							
							MC4

						
							
							P value

						
					

					
							
							Effect free radical activity (mg/dL)

						
					

					
							
							Bilirubin 

						
							
							4.25a

						
							
							3.98b

						
							
							3.42c

						
							
							3.66d

						
							
							3.73d

						
							
							0.003

						
					

					
							
							Alkaline phosphatase

						
							
							5.20a

						
							
							5.07a

						
							
							4.28b

						
							
							4.62bc

						
							
							4.59c

						
							
							0.011

						
					

					
							
							Malondialdehyde (MDA)

						
							
							0.09a

						
							
							0.08a

						
							
							0.04b

						
							
							0.05b

						
							
							0.05b

						
							
							0.003

						
					

					
							
							Total Antioxidant

						
							
							0.13a

						
							
							0.22b

						
							
							0.46c

						
							
							0.43c

						
							
							0.48c

						
							
							0.017

						
					

					
							
							Metabolic (mg/dL)

						
					

					
							
							Albumin

						
							
							4.21a

						
							
							5.16b

						
							
							5.89c

						
							
							4.64d

						
							
							4.66d

						
							
							0.001

						
					

					
							
							Uric Acid

						
							
							3.68a

						
							
							2.81b

						
							
							2.06b

						
							
							2.63c

						
							
							2.72c

						
							
							0.001

						
					

					
							
							Total Protein

						
							
							4.52a

						
							
							7.63b

						
							
							8.27c

						
							
							7.46b

						
							
							7.18b

						
							
							0.002

						
					

					
							
							Creatinine

						
							
							2.85a

						
							
							1.79b

						
							
							1.63c

						
							
							1.92d

						
							
							2.01d

						
							
							0.021

						
					

					
							
							Creatinine Kinase

						
							
							0.94a

						
							
							0.63b

						
							
							0.51c

						
							
							0.71d

						
							
							0.72d

						
							
							0.032

						
					

					
							
							Triglycerides (TAG)

						
							
							72.94a

						
							
							55.26b

						
							
							50.73b

						
							
							61.29c

						
							
							63.68c

						
							
							0.001

						
					

					
							
							Non-esterified fatty acids (NEFA)

						
							
							3.24a

						
							
							4.25b

						
							
							4.58c

						
							
							3.96d

						
							
							3.77ad

						
							
							0.002

						
					

					
							
							Glucose-6-phosphate

						
							
							1.28a

						
							
							2.37b

						
							
							2.83c

						
							
							2.33b

						
							
							2.31b

						
							
							0.004

						
					

				
			

			a,bDifferent letters on the same row indicates significant differences (P<0.05).

			Previous researchers have reported the strong antioxidant ability of orange peel essential oil, mainly due to its rich composition of d-limonene, β-myrcene, α-pinene, and linalool, which collectively contribute more than 94% of its total active compound content (Rahmania et al., 2022; Bortoluzzi et al., 2021). The high concentration of these monoterpenes and monoterpenoids contributes significantly to their antioxidant effectiveness (Purwanti et al., 2024), as these compounds can donate hydrogen atoms to neutralise free radicals, thereby inhibiting oxidative chain reactions, one effect of which is to reduce the oxidation product of fat, MDA (Chen et al., 2023; Mushawwir et al., 2021b; Flees et al., 2020).

			This reduction of malondialdehyde (MDA) content is highly effective as a critical biomarker for assessing lipid peroxidation. This process is often accelerated in biological systems and food products due to the reaction of free radicals with fatty acids (Mushawwir et al., 2023, 2024; Meligy et al., 2923). Its presence indicates oxidative damage, particularly in omega-3 and omega-6 fatty acids. The damage caused by free radicals can be measured through various indicators, including conjugated dienes and 4-hydroxynonenal, with MDA as the primary determinant of lipid peroxidation (Li et al., 2022; Chen et al., 2023). 

			The decrease in malondialdehyde (MDA) levels observed in various previous studies, as well as the reported decrease in MDA in pears treated with encapsulated savoury essential oil, further support the potential of critical oil microencapsulation in reducing lipid peroxidation, thereby preventing liver tissue damage and avoiding the migration of bilirubin and alkaline phosphatase into the blood circulation system (Tanuwiria et al., 2023; Prachumchai et al., 2024). Specifically, malondialdehyde, a stable and abundant secondary lipid oxidation product with reactive carbonyl groups, is readily involved in nucleophilic reactions that alter the chemical behaviour of nucleic acids, lipoproteins, and peptides. Therefore, measuring the concentration of malondialdehyde provides direct insight into the level of lipid peroxidation and the cellular damage that follows. The concentration of this biomarker can indicate oxidative damage, as seen in fat peroxidation (Faramarzidozein et al., 2024; Aritonang et al., 2024). Low levels indicate decreased free radical activity, reducing bilirubin, alkaline phosphatase, ALT, and AST (Rahmania et al., 2022; Amer et al., 2021).

			The inclusion of OPEOM in the feed to Sentul chickens effectively reduced free radical activity. However, the experimental group of chickens given the MC2 treatment also appeared to be generally able to regulate a more beneficial metabolism. The total protein expressed and circulating in the blood plasma was highest (P < 0.05) with the MC2 treatment (8.27 mg/dL) compared to the other experimental chicken groups. Similarly, the albumin level in MC2 (5.89) was higher (P < 0.05) than in the different groups. The same results were also seen with 6-phosphate glucose concentrations, which showed that the metabolic rate increased with the administration of MC2.

			Adding OPEOM to the diet protects active compounds like those in orange peel essential oil from degradation and directs their delivery to the digestive tract, enhancing their ability to regulate metabolic pathways (Tanuwiria et al., 2022; Chen et al., 2023). The strategy allows for the sustained release of bioactive compounds, increasing their interaction with the host’s physiological systems (Aritonang et al., 2024,2025; Faramarzidozein et al., 2024) and influencing vital metabolic markers (Mushawwir et al., 2011; Li et al., 2022). It also stabilizes essential oils against environmental factors, ensuring their biological availability, which improves nutrient utilization and overall animal health. 

			An increase in Protein synthesis and albumin and a decrease in catabolism indicate improved nutrient utilisation (Mushawwir et al., 2021a; Prachumchai et al., 2024). This can be attributed to the protective benefits of microencapsulation, which shield active compounds during feed processing and digestion (Flees et al., 2020; Adriani et al., 2024a). These results ensure that the active components can optimally express their biological activity in the lower digestive tract, influencing protein synthesis and overall metabolic efficiency (Adriani et al., 2024; Abdelli et al., 2021).

			On the other hand, lower TAG levels (50.73–63.68 mg/dL) (P < 0.05) observed with OPEOM administration compared to without it suggest that the active compounds can inhibit lipogenesis. This effect increases NEFA levels, serving as energy precursors for muscle tissue synthesis. Plasma triglyceride levels are a vital metabolic marker in chickens. Supplementing essential oils, especially from sources like orange peel, can influence lipid metabolism (Dudi et al., 2023; Muhammad et al., 2023). Studies indicate that these compounds may alter circulating triglyceride levels (Manin et al., 2024; Firmansyah et al., 2024), potentially affecting hepatic lipid synthesis or lipoprotein metabolism, key factors in determining plasma triglyceride levels (Meligy et al., 2023). 

			Other studies suggest that dietary essential oils can significantly alter triglyceride profiles (Kharazi et al., 2022; Mousapour et al., 2020; Mushawwir et al., 2025), leading to decreases associated with improved lipid utilization or reduced synthesis (Dorantes-Iturbide et al., 2022), which explains the increase in NEFA levels (Kamil et al., 2020; Flees et al., 2020; Kharazi et al., 2022). Conversely, some plant essential oil compounds may raise triglyceride levels in broiler chickens (Adriani et al., 2015; Bortoluzzi et al., 2021). These contrasting effects underline the complex regulation of lipid metabolism by external compounds, emphasizing the need for further research into how orange-peel essential oil microcapsules specifically impact these pathways. 

			CONCLUSION

			The results of this study indicate that the administration of OPEOM at a level of 125 mg/kg (MC2) of feed has the best potential for improving the productivity of Sentul chickens, including feed utilisation, performance, reducing radical activity. This confirms that the active compounds in OPEOM at this level are most optimal in supporting the productivity of Sentul chickens. These results can also serve as a basis for further research on the potential of OPEOM in increasing egg production, the expression of economically valuable genes, and as a nutrigenomic agent.
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Abstract | An experiment using orange peel essential oil microcapsules (OPEOM) was added to the Sentul chicken feed
to assess the effect of OPEOM on feed utilization, performance, and metabolite profiles in blood plasma. Two hundred
two-month-old Sentul chickens were used, divided into five experimental groups, with the following treatments:
MCO: Basal Ration, without OPEOM; MC1: Basal Ration + 100 mg OPEOM; MC2: Basal Ration + 150 mg
OPEOM; MC3: Basal Ration + 200 mg OPEOM; MC4: Basal Ration + 250 mg OPEOM, respectively. All sample
analyses were performed using standard procedures with the UV-VIS spectrophotometer and ELISA techniques based
on reagent kit protocols were used in this research. The effects and differences in treatment responses were tested using
analysis of variance based on a completely randomized design and Duncan’s test. The results showed that the chickens
that received the MC2 treatment had the lowest malondialdehyde (P<0.05), at 0.04 mg/dL, compared to the other
treatment groups (0.09 and 0.08 in MCO and MC1). Similarly, this group showed the best results regarding feed
utilization (73.68% DCP), performance (1473 g body weight), and blood biochemistry profile (8.27 mg/dL of total

protein).
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INTRODUCTION materials can trigger immunity, modulate metabolism, and
improve performance (Kamil ez a/.,2020; Mousapour ez al.,

he livestock industry’s focus on zero waste and 2020).Further research and application in local chickens is
products free from synthetic materials has increased ~fundamental and has not been widely reported.
interest in researching the potential of natural plant-based
materials as feed additives. Previous studies have been Plant-derived essential oils, such as orange-peel oil, have
quite interesting because compounds from these natural ~gained significant attention in animal nutrition studies
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