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Effect of Encapsulated Noni Fruit Extract and Trace Elements (Zinc and Copper) on Carcass Traits and Meat Quality in Broilers 
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ABSTRACT 

	
Aim: To evaluate the effect of dietary encapsulated noni (Morinda citrifolia L.) extract with zinc and copper (EENZnCu) on broiler carcass weight and meat chemical quality.
Study Design: The experiment utilized a completely randomized design (CRD) with four treatments and five replicates per treatment, each replicate consisting of ten birds.
Place and Duration of Study: The in-vivo experiment and laboratory analyses were conducted at the Faculty of Animal and Agricultural Sciences, Universitas Diponegoro, Semarang, Indonesia, from August 9 to September 14, 2024.
Methodology: We assigned 200 day-old Ross broiler chicks to four dietary groups: a control group receiving only the basal diet (T0) and three treatment groups receiving the basal diet supplemented with 0.06, 0.12, and 0.18% EENZnCu (T1, T2, and T3, respectively). Birds were reared for 35 days. At the conclusion of the experiment, carcass weight was recorded, and meat samples were analyzed for crude protein (Kjeldahl method), crude fat (Soxhlet extraction), and cholesterol (CHOD-PAP method). Data were analyzed using analysis of variance (ANOVA) followed by Duncan's Multiple Range Test.
Results: EENZnCu supplementation had a significant effect (P < 0.01) on all measured parameters. Post hoc comparisons indicated that the T3 treatment (0.18% EENZnCu) resulted in higher carcass weight (1,444.0 g) and meat crude protein content (19.84%) than the control group (1,288.6 g, 18.01%), respectively. This treatment also reduced crude fat in meat (4.10%) and cholesterol (66.04 mg/100 g) relative to control values of 6.54% and 139.12 mg/100 g, respectively. These results indicate measurable effects of EENZnCu supplementation on carcass and meat quality traits.
Conclusion: Dietary supplementation with 0.18% EENZnCu was identified as the most effective level for improving carcass yield and meat quality, including increased protein, reduced fat, and lower cholesterol content.
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1. INTRODUCTION

Broiler chickens are a critical global source of animal protein due to their rapid growth rate and high feed efficiency (Riber & Wurtz, 2024). However, modern consumers are becoming increasingly health-conscious. They now demand meat products with lower fat and cholesterol contents to mitigate human cardiovascular risks (Domínguez et al., 2019; Connolly & Campbell, 2023; Dong et al., 2024). To address this consumer demand, the application of functional feed additives has emerged as a vital nutritional strategy in the poultry industry (Nath & K, 2021; Shehata et al., 2022). Phytobiotics, such as noni fruit (Morinda citrifolia L.), are highly valued for their bioactive compounds. These include flavonoids, saponins, and tannins. These compounds actively modulate lipid metabolism through antibacterial action and the stimulation of bile secretion (Krismiyanto et al., 2023; Nguyen et al., 2024; Nascimento Júnior et al., 2025). Despite these benefits, the direct application of raw phytobiotics is often compromised by their low stability. They degrade rapidly in the upper gastrointestinal tract before reaching the target absorption sites (Zengin et al., 2025).

Encapsulation technology using micro-minerals such as zinc (Zn) and copper (Cu) helps overcome these limitations (Sugiharto & Ayasan, 2023). The addition of Zn and Cu acts as a catalyst. They stabilize chemical bonds through cross-linking. This process allows the encapsulation matrix to protect the bioactive compounds and ensure their slow, targeted release in the small intestine (Widjastuti et al., 2023). The use of encapsulated noni fruit extract with Zn and Cu (EENZnCu) has shown clear physiological benefits in recent internal studies. Baetavianti et al. (2025) found that EENZnCu increased lactic acid bacteria (LAB) populations and improved intestinal ecology. Rahma et al. (2025) reported enhanced immune status and better crude protein digestibility. These improvements in nutrient absorption and gut health are substantial. They suggest possible metabolic changes that could optimize tissue composition in birds.

The internal physiological and immunological benefits of EENZnCu are well documented. However, a research gap remains about its effect on final product quality. The impact of this encapsulated formulation on meat’s chemical characteristics and carcass yield needs more study. Addressing this gap will determine whether physiological improvements in live broilers result in better meat for human consumption. This study aimed to assess the effects of dietary EENZnCu on carcass weight and the chemical profile of broiler meat. The focus was on crude protein, crude fat, and cholesterol content.




2. material and methods 

2.1. Time and Location 

The in-vivo experiment was conducted from August 9 to September 14, 2024, at the Poultry House, Faculty of Animal and Agricultural Sciences, Universitas Diponegoro, Semarang, Indonesia. Sample analyses, including chemical analyses of meat quality, were performed at the Feed and Nutrition Science Laboratory of the same institution. 

2.2. Materials 

This study used 200 unsexed, eight-day-old Ross 308 broilers with an initial body weight of 233.69 ± 7.28 g. The birds were randomly allocated into 20 pens (1 m² each) at a stocking density of 10 birds per pen. Environmental temperature and relative humidity were kept at 28–32°C and 46–59%, respectively. The basal feed was formulated using yellow corn, soybean meal, fish meal, limestone, premix, lysine, and methionine. The composition and nutrient content of the basal feed for both the starter and finisher phases are shown in Table 1.

Table 1. Composition and Nutrient Content of the Basal Diet

	Feed Ingredients
	Composition (%)

	
	Starter (8-21 days)
	Finisher (22-35 days)

	Yellow Corn
	50.11
	53.41

	Rice Bran
	15.04
	16.74

	Soybean Meal
	24.00
	19.00

	Fish Meal
	10.00
	10.00

	Limestone
	0.30
	0.30

	Premix
	0.25
	0.25

	Lysine
	0.10
	0.10

	Methionine
	0.20
	0.20

	Total
	100.00
	Total

	
Nutrient Content:
	
	

	Metabolizable Energy (kcal/kg)*
	2,993.57
	3018.24

	Crude Protein (%)
	21.22
	19.33

	Crude Fat (%)
	4.45
	4.59

	Crude Fiber (%)
	5.24
	5.51

	Calcium (%)
	1.04
	1.07

	Phosphorus (%)
	0.61
	0.74

	1Based on the Bolton (1967) Formula = 40.81 [0.87(CP+2.25×CF+BETN)+k]
2Result of Analysis of Laboratory of Nutrition and Feed Science, Faculty of Animal and Agricultural Sciences, Universitas Diponegoro, Semarang (2024)




2.3. Preparation of Extract and Encapsulation 

The preparation of the noni fruit extract followed the method described by Gouda et al.(2021) with modifications. Noni fruits were sliced, oven-dried at 50°C, and ground into powder. The powder was macerated in 96% ethanol at a 1:10 (w/v) ratio, followed by sonication at 37°C (50 Hz) for 60 minutes. The solution was filtered and evaporated to remove the ethanol. Subsequently, 40 ppm of Zn and 5 ppm of Cu were added to the concentrated extract as catalysts to stabilize the short-chain organic acids through cross-linking.

The encapsulation process was conducted following Agusetyaningsih et al. (2022) using the freeze-drying method. Maltodextrin was dissolved in distilled water at a 1:3 ratio and homogenized. The noni extract, fortified with Zn and Cu, was then mixed with the maltodextrin solution at a 1:5 (v/v) ratio before being freeze-dried.


2.4. Experimental Design and Animal Management 

The study employed a completely randomized design (CRD) comprising four dietary groups, each with five replicates and ten birds per replicate. The groups were as follows:
T0: Basal diet without EENZnCu (Control) T1: Basal feed + 0.06% EENZnCuT2: Basal dfeed+ 0.12% EENZnCu T3: Basal dfeed+ 0.18% EENZnCCuu 

Before the chick-in period, 20 colony pens (1 x 1 m) were sanitized and fumigated with formalin and KMnO4. During the first week (days 1-7), all chicks were fed a commercial pre-starter diet (BS 11, PT. Charoen Pokphand). The experimental treatments were supplemented into the daily feed from day 8 to day 35 and administered every morning. Feed and drinking water were provided ad libitum. Pen temperature and humidity were monitored four times daily (06:00, 12:00, 18:00, and 24:00).


2.5. Data Collection

At the end of the rearing period (day 35), data were collected for the following parameters:
Meat Fat Content: Determined using 10 g of mixed ground meat (breast, femur, tibia) via Soxhlet extraction with n-hexane as solvent (AOAC, 2005).
Meat Protein Content: Measured using 10 g samples by the Kjeldahl method (AOAC, 2005).
Meat Cholesterol Content: Measured using 30 g samples by the cholesterol oxidase-phenol aminoantipyrine peroxidase (CHOD-PAP) enzymatic colorimetric method with a spectrophotometer (Nabila et al., 2023).
Carcass Weight: Obtained by weighing slaughtered birds after removal of the head, neck, feet, giblets (internal organs), and feathers using a digital scale.


2.6. Statistical Analysis 

The initial data tabulation was performed using Microsoft Excel, while the statistical analysis was conducted using IBM SPSS Statistics version 23. The data were analyzed using Analysis of Variance (ANOVA) at a 5% significance level. If a significant treatment effect was detected, the differences between treatment means were further evaluated using Duncan's Multiple Range Test (Steel et al., 1997). The mathematical model utilized was:
Yij = μ + τi + εij.
Where:
Yij is the observation in the ith treatment and jth replication;
μ is the overall mean;
τi is the effect of the ith treatment;
      εij is the random error.


3. results and discussion

3.1. Meat Fat Content

As shown in Table 2, the addition of encapsulated noni fruit extract enriched with Zn and Cu (EENZnCu) resulted in a significant (P < 0.01) suppression of fat deposition in broiler chicken meat. Specifically, the T2 and T3 treatments reduced meat fat content to 4.06% and 4.10%, respectively, demonstrating these levels as the most effective substitutions for lowering fat content.

Table 2. Effect of treatments on carcass weight and meat chemical quality of broiler chickens

	Parameters
	T0
	T1
	T2
	T3
	SEM
	p-value

	Carcass weight (g)
	1,288.6ᵇ
	1,315.6ᵇ
	1,417.2ᵃ
	1,444.0ᵃ
	16.816
	< 0.001

	Meat cholesterol (mg/100 g)
	139.12ᵃ
	125.34ᵇ
	93.21ᶜ
	66.04ᵈ
	6.687
	< 0.001

	Meat crude protein (%)
	18.01ᶜ
	18.58ᵇ
	19.76ᵃ
	19.84ᵃ
	0.184
	< 0.001

	Meat crude fat (%)
	6.54ᵃ
	4.92ᵇ
	4.06ᶜ
	4.10ᶜ
	0.262
	< 0.001


Note: Means in the same row with different superscripts differ significantly (P < 0.01). SEM = Standard error of the mean. T0 (control diet), T1 (T0 + 0.06% EENZnCu), T2 (T0 + 0.12% EENZnCu), and T3 (T0 + 0.18% EENZnCu). 
This drastic reduction is the result of modulation of intestinal ecology by optimally protected bioactive compounds. The encapsulation process ensures that flavonoids and saponins from the noni fruit reach the small intestine intact. Regarding the efficacy of this preparation in the gastrointestinal tract, Baetavianti et al. (2025) reported that EENZnCu supplementation significantly improved intestinal health and increased the Lactic Acid Bacteria (LAB) population. This increase in the LAB population directly stimulates the massive secretion of bile salt hydrolase (BSH). The BSH enzyme deconjugates primary bile acids, which are essential for emulsifying dietary fats. The deconjugation of bile acids reduces their ability to form lipid micelles, thereby inhibiting fat absorption and promoting its excretion in the feces. Furthermore, the presence of Zn and Cu micronutrients prolongs intracellular antioxidant bioactivity, suppressing oxidative stress that, in the control group (T0), triggers adipocyte hypertrophy.


3.2. Meat Crude Protein Content

Meat protein deposition in broiler chickens was inversely proportional to fat content, while EENZnCu supplementation showed a statistically significant increasing effect (P < 0.01). Peak protein accumulation was observed in treatments T3 and T2, which were significantly higher than in the control group (Table 1). These findings are consistent with previous research indicating that supplementation with encapsulated noni fruit extract, zinc, and copper enhances crude protein deposition in broilers (Rahma et al., 2025).

This increase in protein content is a direct manifestation of maximal nutrient-utilization efficiency. This finding aligns with Rahma et al. (2025), who reported synergistic effects of encapsulated noni phytobiotics with Cu and Zn minerals in significantly improving crude protein digestibility in broiler chickens. Improvements in intestinal morphometry, such as the increased villus height and crypt depth reported by Baetavianti et al. (2025), expand the functional absorption area, enabling optimal absorption and distribution of essential amino acids for myogenesis (muscle fiber formation). Additionally, the cofactor function of Zn is crucial for DNA transcription and cellular protein synthesis, ensuring that absorbed amino acids are not wasted but rather retained as meat protein (Zaghari et al., 2022).





3.3. Meat Cholesterol Content

The most dramatic effect of the EENZnCu intervention was observed in the remodeling of the meat cholesterol profile. The administration of T3 exponentially suppressed meat cholesterol levels to 66.04 mg/100 g, a reduction of more than half compared with the control group, which reached 139.12 mg/100 g (Table 1).

This hypocholesterolemic mechanism operates through two main pathways that are highly dependent on intestinal flora stability. First, the enteric elimination pathway is facilitated by LAB activity. As demonstrated by Baetavianti et al. (2025), positive modulation of the gut microbiome (including a decrease in coliforms and an increase in LAB) intensifies BSH enzyme activity. Because the bile salts deconjugated by this enzyme are excreted, the liver must synthesize new bile salts using cholesterol as the primary precursor. Consequently, the chicken's body actively depletes cholesterol from blood circulation and peripheral tissues (including meat) and delivers it to the liver. Second, this is consistent with the opinion of Cao et al.(2024) that the physical intervention of saponins, which bind cholesterol molecules in the intestinal lumen, prevents their reabsorption into the portopulmonary system.


3.4. Carcass Weight

This highly significant increase in carcass weight (P < 0.01) directly supports the experimental hypothesis that supplementation with EENZnCu enhances both carcass yield and overall meat quality in broilers. Specifically, administration of EENZnCu at T2 and T3 resulted in the highest carcass weights (Table 1), confirming that dietary supplementation at these levels effectively improves the measured production traits as postulated in the study's aims.

This increase in the percentage of end products indicates the effectiveness of supplementation in reducing maintenance energy. Rahma et al. (2025) found that EENZnCu increased the heterophil-lymphocyte (H/L) ratio and lymphoid organ weight, indicating improved immune status in poultry. Immunocompetent poultry do not need to expend dietary energy to respond to pathogenic gut inflammation. The saved energy is then fully diverted to growth performance, including the development of a dense carcass. It is suspected that the reduction in abdominal fat content, as a consequence of inhibiting fat absorption, also directly contributes to a higher carcass percentage. Abdominal fat is a non-carcass component that is removed during slaughter.

This study is limited to controlled in-vivo conditions using a mash diet. The thermal stability of the encapsulated matrix during commercial feed pelleting and its economic feasibility for large-scale poultry production have not been evaluated.


4. CONCLUSION

Dietary supplementation with encapsulated noni (Morinda citrifolia L.) fruit extract enriched with Zinc and Copper (EENZnCu) is an effective functional feed additive that modulates the metabolism of broiler chickens. The inclusion of EENZnCu at 0.18% is the optimal dosage to comprehensively improve production traits and meat chemical quality. This specific supplementation level significantly increases carcass weight and crude protein content of meat, while simultaneously causing a drastic reduction in fat and cholesterol accumulation, thereby providing a viable nutritional strategy to produce healthier poultry meat for human consumption. 
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