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ABSTRACT 
 

Local chicken breeds in Indonesia, such as Sentul chicken (Gallus domesticus), have gained attention for their unique 

taste and adaptability to local conditions. The use of noni fruit (Morinda citrifolia L.) in poultry feed, due to its 

antioxidant content, has the potential to improve meat characteristics. This study aims to evaluate the effects of adding 

microencapsulated noni fruit extract (Morinda citrifolia L.) as a feed additive on the physical, chemical, and 

microbiological properties of Sentul chicken meat. A total of 56 chickens were randomly assigned to six dietary 

treatments: P0 (basal feed without antibiotics), P1 (basal feed + 50ppm bacitracin), P2 (basal feed + 0.5% 

microencapsulated noni extract), P3 (1%), P4 (1.5%), and P5 (2%). Parameters measured included water-holding 

capacity (WHC), cooking loss, tenderness, moisture, fat, protein, ash content, pH, total bacterial count, and meat color 

(L*, a*, b*). The results showed that treatment P3 had the highest WHC (48.70%) and the lowest cooking loss 

(22.85%), indicating better water retention. Tenderness was highest in P2 (28.6mm/g/10s) and P3 (28.50mm/g/10s). 

The highest protein content was found in P1 (19.56%), while P2 and P4 had lower values. Total bacterial count was 

lowest in P2 (2.06 × 10⁵CFU/g) and highest in P4 (3.48 × 10⁵CFU/g). The meat color of P2 was characterized by the 

lowest L* (16.35) and highest a* (28.24), indicating redder meat. These findings suggest that dietary supplementation 

with 1% microencapsulated noni extract (P3) optimally enhances meat quality in Sentul chickens without 

compromising safety or composition. 
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INTRODUCTION 

 

 Sentul chickens are one of Indonesia's local poultry 

genetic resources that have a high adaptability to tropical 

environments, disease resistance and potential as a source 

of animal protein. However, the quality of local chicken 

meat, including Sentul chicken, is still considered 

suboptimal compared to fast-growing breeds, particularly 

in terms of texture, fat content, and shelf life (Mushawwir 

2022). Therefore, efforts to improve the quality of local 

chicken meat through feed manipulation have become one 

of the important strategies in the development of 

competitive local poultry. 

 The use of natural feed additives based on medicinal 

plants is increasingly being adopted as an alternative to 

antibiotic growth promoters (AGP), in line with growing 

concerns about antimicrobial resistance (Tri et al. 2021). 

The noni plant (Morinda citrifolia L.) is known to contain 

bioactive compounds such as flavonoids, saponins, and 

phenols that have strong antioxidant and antimicrobial 

activities (Daud et al. 2021; Orădan et al. 2024). These 

compounds can improve meat quality, including inhibiting 

fat oxidation, extending shelf life, and suppressing the 

growth of spoilage microbes (Fahman and Rugayah 2023). 

However, the active compounds from herbal plants like 

noni are unstable when in the digestive system or during 

storage. To address this issue, microencapsulation 

technology is used to better protect bioactive compounds 

and allow them to be released gradually in the chicken's 

digestive tract, thereby increasing their effectiveness (Niati 

et al. 2021). This technology has proven capable of 

maintaining the stability of active compounds while 

simultaneously increasing the bioavailability of active 

ingredients in the avian body. 

 The deleterious effects due to oxidation are the main 

factor that reduces meat quality, as it may lead to 

unpleasant odor, unappealing color changes, and a decrease 

in nutritional content; consequently, consumer interest in 

the product declines. The addition of noni fruit juice that 

has  been  coated  with  microencapsulation technology into 
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Sentul chicken feed is expected to strengthen the meat's 

resistance to oxidation processes. Bioactive compounds in 

noni fruit that act as antioxidants, when protected by 

microencapsulation, have been proven to be more effective 

in neutralizing free radicals and inhibiting the process of fat 

peroxidation, both during storage and cooking (Ma et al. 

2013; Tuti et al. 2023; Faisal et al. 2024). This method not 

only preserves the taste and appearance of the meat but also 

extends its shelf life. Thus, Sentul chickens can be more 

competitive in the market compared to commercial 

chickens that grow faster (Suprijatna 2010; Nurcahya et al. 

2022). 

Additionally, key physicochemical properties such as 

water-holding capacity and tenderness, which are critical 

determinants of consumer acceptance and overall meat 

quality, are positively influenced by the bioactive 

compounds, including rutin (3,3′,4′,5,7-

pentahydroxyflavone-3-rhamnoglucoside), a flavonoid, 

and scopoletin (6-methoxy-7-hydroxycoumarin), a 

coumarin derivative (Janbaz et al. 2003; Shaw et al. 2003; 

Issell et al. 2008). These enhancements contribute not 

only to improved meat texture and juiciness but also to 

better processing efficiency, increased storage stability, 

and elevated sensory quality—factors that are crucial for 

fulfilling consumer expectations and aligning with 

industry standards (Van Laack et al. 2000; Yosi et al. 

2011; Husein et al. 2022). This study aims to evaluate the 

effects of dietary supplementation with 

microencapsulated noni (Morinda citrifolia) fruit extract 

on the physicochemical (color, texture, water-holding 

capacity, pH, moisture content, protein, and fat) and 

microbiological (total microbial count) characteristics of 

Sentul chicken meat. 

 

MATERIALS AND METHODS 

 

Experimental design 

 Forty 14-week-old female Sentul chickens were kept 

until they were 24 weeks old. Their starting weight was 

785.6g on average, and their coefficient of variation was 

14.6%. Five treatments were given to the experimental 

chickens, and each was replicated four times with two birds 

in each replication. The study used 40 cages in all, each of 

which had dimensions of 40cm for length, 35cm for 

breadth, and 30cm for height. A combination of 

concentrate, maize, bran, and microcapsules of noni fruit 

extract (MFNE) made up the diet. 

 

Preparation of microencapsulated noni fruit extract 

(MFNE)  

 The thick noni fruit extract was diluted 1:1 with 

distilled water as part of a modified encapsulation 

procedure. Likewise, distilled water was used to dilute the 

maltodextrin coating at the same 1:1 ratio. Following 

dilution, the extract and maltodextrin coating were mixed 

until the mixture was homogeneous, using a 70% extract to 

30% maltodextrin ratio. With an intake temperature of 

125°C and an output temperature of 60°C, the resultant 

mixture was then dried using the spray drying method 

(Mishra et al. 2014). Table 3 displays the experimental 

diet's composition as well as the addition of zinc bacitracin 

and MFNE for each treatment. 

Treatment protocol 

 The treatments given were based on different doses of 

microcapsules containing noni fruit extract: P0: Basal diet 

(without antibiotics), P1: Basal diet + AGP bacitracin 50 

ppm, P2: Basal diet + 0.5% microcapsule of noni fruit 

extract (MNFE), P3: Basal diet + 1% MNFE, P4: Basal diet 

+ 1.5% MNFE, P5: Basal diet + 2% MNFE. 

 

Feed ingredient composition and nutrient content 

Table 1 and 2 provide information on the nutrient and 

metabolic energy content as well as the ration formulation. 

Table 3 provides the composition of feed ingredients in 

treatment rations. 
 

Table 1: Composition of basal rations (BR) 

Feed ingredients Quantity (%) 

Rice bran 25.00 

Yellow corn 50.00 

Laying chicken concentrate 25.00 

Total 100 

 

Table 2: Nutrient content and metabolic energy of basal 

rations (BR) 

Nutrient content Total 

Metabolic energy (kcal/kg) 2777 

Crude protein (%) 15.80 

Crude fat (%) 5.70 

Crude fiber (%) 6.25 

Calcium (%) 3.10 

Phosphor (%) 0.21 

Lysine (%) 0.86 

Methionine (%) 0.42 

 

Table 3: Composition of feed ingredients in treatment rations 

Nutrient Treatments 

P0 P1 P2 P3 P4 

Basal Ration (BR) (%) 100 100 100 100 100 

MFNE products (mg/kg) 0 0 75 150 225 

Zinc bacitracin (mg/kg) 0 50 0 0 0 

 

Chemical characteristics 

 The chemical characteristics of Sentul chicken meat 

were measured according to the methods of the Official 

Methods of Analysis (AOAC) International. The moisture 

content of weight loss was calculated after 12 hours of oven 

drying at 105℃ (Digital drying oven DOD-150, Raypa, 

Barcelona, Spain). The protein content was measured using 

the Kjeldahl method. Fat content was determined with the 

Soxhlet method using a solvent extraction system 

(SoxtecTM 2050 automated analyzer, FOSS Analytical, 

Hillerød, Denmark). A dry ashing method to determine ash 

content was conducted by incinerating the meat samples in 

a furnace (Thermolyne FD1410M, ThermoFisher 

Scientific, Waltham, MA, USA) at 550℃.  

 

Physical characteristics 

 Water holding capacity (WHC) was measured with the 

Hamm method, and 0.3g of meat was placed on 2 glass 

plates covered with filter paper, pressed with 35kg of load 

for 5 minutes, and the forming wet area was calculated, and 

the total water content of the sample was drained in an oven 

for 8-24 hours at 105oC. 

mg H2O =  
Wet Area(cm2)

0.0948
− 8.0 

WHC = Moisture Content (%) − (
mgH20

300
)  x 100% 
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 Cooking loss was determined as described by Honikel 

(1998). Broiler breast meat was weighed and placed into a 

sealed polyethylene bag before heating in a water bath at 

80°C. Samples were cooked until a defined internal 

temperature of 75°C. The breast fillets were cooled in an 

ice bath and cooled down to room temperature, reweighted, 

and the cooking loss was reported as a percentage and 

calculated as follows: 

% Cooking Loss =  
Weight before cooking − Weight after cooking

Weight before cooking
 x 100% 

 Analysis of tenderness was determined using a 

penetrometer (Dhana and Wikandari 2019). The 

penetrometer apparatus was first prepared, and the 

universal cone was securely attached. A weight was then 

added, and the combined weight of the universal cone, test 

rod, and additional weight (a) was recorded in grams. The 

meat sample was positioned beneath the penetrometer 

pointer, and the scale was set to zero. The penetrometer 

lever (clutch) was pressed for 10 seconds, after which the 

measurement was recorded and the meat tenderness value 

was calculated. 

 The color intensity test in this study was measured 

using the CS-10 colorimeter (8mm aperture), a high-

accuracy digital color difference analyzer. The measured 

color attributes of the Sentul chicken meat were indicated 

by the lightness level (L*), followed by redness (a*) and 

yellowness (b*). 

 

Determination of pH 

 The pH value of rabbit meat bekasam was measured 

using a pH meter (3510 Advanced Bench pH Meters, 

Jenway, Staffordshire, UK). 5g of Sentul chicken meat 

was blended with 20mL distilled water in a homogenizer 

for 60 seconds. 

 

Microbiological analysis 

 Twenty-five grams of Sentul chicken meat from each 

treatment was transferred into 50mL of sterile saline 

solution and homogenized for 90 seconds, and serial 

dilutions were prepared by mixing 1mL of the 

homogenized sample with 9mL of sterile saline solution. 

Total bacteria were enumerated by plating samples on 

nutrient agar (NA, M001, HiMedia) after aerobic 

incubation at 37℃ for 24 hours. The formed colonies were 

counted and expressed as colony-forming units of the 

suspension (CFU/g). 

 

Statistical analysis 

 The differences between the quality of Sentul chicken 

meat data were analyzed by analysis of variance 

(ANOVA), and significant differences between treatments 

were analyzed by Duncan’s multiple range test using the 

Statistical Package for Social Science (SPSS 10.0 for 

Windows, SPSS Inc., Chicago, IL, USA) 

 

RESULTS 

 

Chemical characteristics of Sentul chicken meat  

 The result of adding microencapsules of noni fruit 

extract as a feed additive on the moisture, fat, protein, and 

ash content of Sentul chicken meat is presented in Table 4. 

The analysis showed that the water content of Sentul 

chicken meat did not differ significantly (P>0.05) among 

treatments, ranging from 73.05 to 75.14%. The highest ash 

content was observed in P0, while P1 and P3 had the 

lowest. Fat content was highest in P4 and lowest in P1. 

Protein content was highest in P1, whereas P2 and P4 

showed the lowest values. These results indicate that the 

dietary treatments affected ash, fat, and protein contents, 

but had no significant effect on water content. 

 
Table 4: Chemical characteristics of Sentul chicken meat  

Treatment Water 

Content (%) 

Ash Content 

(%) 

Fat Content 

(%) 

Protein 

Content (%) 

P0 74.33a 4.94b 3.33b 17.32b 

P1 73.95a 3.98a 1.94a 19.56a 

P2 75.14a 4.39b 3.34b 16.58c 

P3 74.67a 3.97a 3.04 a 17.54b 

P4 73.05a 4.31b 5.63c 16.95c 

Mean values within a column with different superscripts are 

significantly different (P<0.05). 

 

Microbiological characteristics 

 The pH value is an important factor in determining the 

quality of meat. The pH value and total bacteria are 

presented in Table 5. The pH value of Sentul chicken meat 

under various treatments ranges from 5.93 to 6.20. There 

were no statistically significant differences among the 

treatments (P>0.05). The observation results showed that 

the highest total bacterial count was found in treatment P4 

(3.48 × 10⁵ CFU/g), while the lowest count was found in 

treatment P2 (2.06 × 10⁵ CFU/g). 

 
Table 5: Microbiological characteristics of Sentul chicken meat 

Treatment pH Total Bacteria (x 105CFU/g) 

P0 6.09a 2.36a 

P1 6.14a 2.92b 

P2 6.20a 2.06a 

P3 5.93a 2.26a 

P4 6.03a 3.48b 

Mean values within a column with different superscripts are 

significantly different (P<0.05). 

 

Physical characteristics of Sentul chicken meat  

 The physical characteristics of Sentul chicken meat 

with adding microencapsules of noni fruit extract as a feed 

additive are presented in Table 6. WHC is the ability of 

meat to retain water during processing. The treatment 

showed a significant difference (P<0.05), where the highest 

value was found in P3 (48.70%) and the lowest in P4 

(23.01%). Treatment P3 showed the lowest cooking loss 

value (22.85%), which means the least fluid loss during 

heating. On the other hand, P4 has the highest cooking loss 

(26.56%). Treatments P3 and P2 showed high tenderness 

values (28.50mm/g/10s and 28.67mm/g/10s, respectively), 

whereas treatment P0 had the lowest tenderness 

(24.33mm/g/10s). 

 
Table 6: Physical characteristics of Sentul chicken meat  

Treatment WHC 

(%) 

Cooking loss 

(%) 

Tenderness 

(mm/g/10s) 

P0 46.23c 25.75b 24.33a 

P1 44.07c 23.20a 27.00b 

P2 40.69b 23.80a 28.67b 

P3 48.70d 22.85a 28.50b 

P4 23.01a 26.56b 25.00b 

Mean values within a column with different superscripts are 

significantly different (P<0.05). 
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Physical characteristics – color measurement 

Color is one of the important indicators in assessing 

the visual quality and consumer appeal of meat. Color 

parameters are expressed on a scale of L* (lightness), a* 

(redness), and b* (yellowness). The color measurement of 

Sentul chicken meat is shown in Table 7. 

The highest brightness value (L*) was found in treatment 

P1 (19.02) and the lowest in P2 (16.35). 

 
Tabel 7: Colour measurement of Sentul chicken meat 

Treatments Brightness (L)* Redness (a)* Yellowness (b)* 

P0 18.22b 17.67a -1.32c 

P1 19.02b 20.50b -1.65b 

P2 16.35a 28.24c -1.92b 

P3 17.85a 18.11a -2.55a 

P4 17.64a 18.35a -2.64a 

Mean values within a column with different superscripts are 

significantly different (P<0.05). 

 

DISCUSSION 

 

 The chemical characteristics of Sentul chicken meat 

were evaluated to determine its nutritional profile and 

quality attributes. The data presented indicates that the 

addition of microencapsulated noni extract does not have a 

significant effect on the moisture content of the meat. HWC 

is generally associated with meat tenderness, but it can also 

accelerate microbiological spoilage if not balanced with the 

antimicrobial properties of additives (Fahman and Rugayah 

2023). Microencapsulation is suspected to help maintain 

the stability of active compounds without significantly 

affecting the tissue's water balance (Niati et al. 2021).  

 The increase in fat content in P4 may be due to the 

potential of active compounds in noni to modulate fat 

metabolism, especially when given in high doses. Previous 

research states that several bioactive compounds in noni, 

such as flavonoids and certain fatty acids, have varying 

effects depending on the dosage (Daud et al. 2021). The 

increase in protein content in P1 indicates the effectiveness 

of AGP in enhancing nutrient absorption efficiency and 

muscle tissue formation. Conversely, in P2 and P4, there is 

a possibility of interaction between polyphenolic 

compounds in noni extract and meat protein, which can 

form insoluble complexes, thereby reducing their 

availability (Niati et al. 2021). The ash content showed a 

decreasing trend with noni extract may be related to the 

mineral-binding properties of tannin and flavonoid 

compounds that inhibit the absorption of certain minerals 

(Daud et al. 2021).  

 Similarly, the microbiological characteristics were 

assessed to evaluate the safety and quality of Sentul 

chicken meat. From the data obtained, the decrease in pH 

in treatment P3 is suspected to be due to the activity of 

phenolic compounds in the noni extract, which are acidic 

and have a protective effect against muscle tissue 

oxidation. Phenolic and flavonoid compounds in noni 

extract have also been reported to inhibit the activity of 

spoilage microbes that can affect pH during meat storage 

(Kalogianni et al. 2020; Zhang et al. 2022). The pH value 

in the range of 5.8–6.2 is still considered safe and normal 

for fresh chicken meat and does not indicate excessive 

spoilage (Turc et al. 2014). 

 The treatment with microencapsulated noni extract (P2 

and P3) was able to suppress the total bacterial count 

compared to the control (P0) and antibiotics (P1).  

The decrease in the total number of bacteria in treatments 

P2 and P3 is closely related to the natural antibacterial 

compounds in noni extract, such as scopoletin, 

damnacanthal, and flavonoids, which have been proven 

effective in inhibiting the growth of both Gram-positive 

and Gram-negative bacteria (Lopes et al. 2023; Obeng-

Boateng et al. 2023). Microencapsulation also enhances the 

stability and gradual release of these active compounds in 

the avian digestive tract, thereby providing a more 

prolonged protective effect against microbial 

contamination (Lopes et al. 2023). On the contrary, the 

increased number of bacteria in P4 may be caused by an 

excessively high concentration of the extract, which could 

create an imbalance in the gut microflora and trigger the 

proliferation of opportunistic bacteria or resistance to 

active compounds (Appel and Vehreschild 2022). The use 

of microencapsulated noni fruit extract as a feed additive 

has been proven to have a positive effect on the 

microbiological and chemical stability of Sentul chicken 

meat.  

 The physical characteristics of Sentul chicken meat 

were analyzed to assess its quality and suitability for 

consumption and processing. From the data obtained, the 

increase in WHC in P3 is assumed by the stabilizing effect 

on muscle cell membranes by antioxidant compounds from 

moderate doses of noni extract, which can prevent 

structural protein damage (Niati et al. 2021). Conversely, 

the decrease in WHC in P4 can be attributed to the high 

dose of the extract, which actually causes tissue 

disintegration and water release (Daud et al. 2021). High 

concentrations of phenolic compounds also have the 

potential to form complexes with muscle proteins, reducing 

their water-binding capacity (Zhang et al. 2022). 

Structurally, WHC can be influenced by shrinkage of 

myofibrils, damage to cell membrane structure, integrity of 

the intracellular cytoskeleton, development of intercellular 

spaces that allow for fluid accumulation (Hughess et al. 

2014), and tissue development that traps water inside (Liu 

et al. 2016). 

 Cooking loss is an indication of the weight loss of meat 

after heating due to the evaporation of water and fat. 

Several factors influence meat cooking loss, one of which 

is muscle fiber characteristics. Shorter muscle fibers are 

associated with increased cooking loss in meat. 

Additionally, cooking loss tends to decrease with the 

advancing age of the animal. This parameter serves as an 

indicator of the temperature and duration of the heating 

process applied during cooking.  

 The correlation between WHC and cooking loss is 

apparent. Meat with high water-holding capacity (P3) tends 

to experience lower cooking shrinkage. According to 

Fahman and Rugayah (2023), the antioxidant content can 

strengthen the structure of muscle tissue, reducing fluid 

leakage during heating. Meanwhile, the use of excessive 

amounts of extract (P4) may cause tissue degradation, 

enlarge pores, and result in greater fluid release during 

cooking (Suwattitanun and Wattanachant 2017). The 

tenderness of meat is an important sensory characteristic. 

The increase in tenderness in the group given noni extract 

(especially P2 and P3) may be due to enzymatic activity or 

phenolic compounds that weaken the connective tissue 
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structure, making the meat texture more tender (Daud et al. 

2021). Noni is known to contain proxeronin and natural 

proteolytic enzymes that can help tenderize meat through 

the degradation of collagen proteins (Niati et al. 2021).  

 In this study, color measurement was conducted as part 

of the physical characterization of Sentul chicken meat. 

The data include values for lightness (L), redness (a), and 

yellowness (b*), which are important indicators of meat 

appearance and quality. The results of the study showed 

that the decrease in L* value in treatments with noni extract 

(P2–P4) indicates a tendency for the meat color to be 

darker, this phenomenon is suspected to be caused by the 

content of phenolic compounds and anthocyanins in the 

encapsulated noni extract, which can lead to color changes 

in muscle tissue due to the Maillard reaction or the 

interaction of bioactive compounds with meat proteins 

(Han et al. 2022). Microencapsulation with maltodextrin 

can preserve active compounds during feed processing, but 

it still affects meat pigmentation systemically (Pedraza 

Galván et al. 2024).  

 The highest a* value is found in P2 (28.24), indicating 

a higher intensity of red color compared to other 

treatments. This reflects the effect of phenolic pigments 

present in noni extract and the potential increase in the 

stability of unoxidized myoglobin. According to Su et al. 

(2024), antioxidant compounds can protect myoglobin 

from oxidation into metmyoglobin, thereby maintaining 

the bright red color of the meat. A study by Dimitrov et al. 

(2023) also showed that the administration of antioxidant-

rich herbs can increase the a* value in chicken meat. b* 

values are negative, indicating a tendency towards a bluish 

color. The lowest b* values (most blue) were found in P4 

(–2.64) and P3 (–2.55), while the highest (–1.32) was in P0. 

The significant decrease in b* value in treatments with high 

concentrations of noni is likely caused by the degradation 

of carotenoid pigments or the formation of complex 

compounds between phenolics and proteins that affect the 

perception of yellow color. In line with previous research, 

high amounts of herbal extracts can cause spectral color 

changes in meat due to the combined effects of polyphenols 

and flavonoids (Zhang et al. 2022).  

 

Conclusion 

The provision of microencapsulated noni fruit extract 

feed additives has a significant effect on the physical, 

chemical, color, and microbiological properties of Sentul 

chicken meat. Treatment P3 (medium dose) resulted in the 

best meat quality, indicated by the highest water-holding 

capacity, lowest cooking loss, optimal tenderness, and 

balanced protein and total bacterial content. On the other 

hand, a high dose (P4) tends to reduce meat quality. Thus, 

the appropriate dose of noni extract can significantly 

improve the overall quality of chicken meat. 
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