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Abstract | Attention to food safety and antimicrobial resistance has become crucial in livestock development. These 
factors are essential for ensuring consumer safety and promoting cultivation methods that avoid synthetic substances, 
especially growth stimulants, which can lead to residue buildup in liver tissue. Natural extracts are a promising alternative, 
and various herbs have been studied. In this study, noni fruit extract encapsulated in microbeads was evaluated in 400 
broilers to assess hematologic status, growth hormone levels, and performance. The birds were raised in litter-type 
cages and divided into four groups, each receiving 225 mg of noni extract microbeads (Minofe). The first group 
received no Minofe (Minofe-0), while the second, third, and fourth groups received Minofe at 8-21 days (Minofe-1), 
8-35 days (Minofe-2), and 22-35 days (Minofe-3), respectively. Blood samples were collected at the end of the study, 
and performance data were recorded weekly. Hematological levels were measured using a hematology analyzer, 
and growth hormone levels were determined via spectrophotometry (ELISA method). Data analysis employed the 
Kruskal-Wallis test to assess treatment effects, with Mann-Whitney tests for pairwise comparisons. Results indicated 
that Minofe-2 was the most effective application (P<0.01) in optimizing hematological parameters. The immune 
response increased, with a greater increase in the proportion of lymphocytes (72.406%) (P<0.01) across all treatment 
groups, and a decrease in the proportion of neutrophils (6.724%) (P<0.01), the lowest among all treatment groups. 
Growth hormone levels, including GH (10.92), insulin (12.17), T4 (5.99), and IGF-1 (5.85 ng/dL), were highest in 
the Minofe-2 group broilers, and followed by an increase in final body weight (2512.50 g), feed efficiency (1.38), and 
income over feed and chick cost (17,555 IDR).
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INTRODUCTION

Feed additives enhance broiler chicken growth, 
particularly in weight gain and feed efficiency. They 

also support nutrient absorption, reduce mortality, and 
promote faster growth. In Indonesia, antibiotics are 
widely used as feed additives for their dual role as growth 
promoters and antimicrobials, boosting productivity. The 
Indonesian government has officially banned the use of 
Antibiotic Growth Promoters (AGP) in poultry feed since 
January 1, 2018. This policy is set out in the Minister of 
Agriculture Regulation (Permentan) Number 14 of 2017 
on the Classification of Animal Drugs. However, the ban 
on antibiotic growth promoters (AGPs) in poultry feed 
has led to the adoption of alternative methods that focus 
on healthy, residue-free poultry production. As a result, 
herbal plants are being considered as natural alternatives 
to antibiotics.

The search for sustainable, plant-based alternatives 
to enhance growth without antibiotics is crucial for 
maintaining productivity and food safety in intensive 
poultry production systems (Obinna and Dim, 2026). 
Phytogenic feed additives, which include secondary 
metabolites such as flavonoids and isoprene derivatives, 
have been widely reported to have significant potential as 
natural anabolic agents that improve growth performance 
and physiological health (David et al., 2024; Olabode et 
al., 2025).

The physiological responses of broiler chickens vary across 
growth phases, so the effectiveness of feed additives can 
depend on the timing of addition. The starter phase is 
marked by rapid development of the digestive organs and 
metabolic system, whereas the finisher phase focuses more 
on muscle tissue deposition. Therefore, testing the addition 
of noni fruit extract microbeads at different growth stages 
is important to determine the optimal timing to support 
growth performance.

One feed additive that has not been widely explored in 
poultry practice is noni fruit (Morinda citrifolia L.). Noni 
fruit contains various bioactive compounds, including 
flavonoids, phenolics, scopoletin, and saponins, which act 
as antimicrobials. These compounds help maintain the 
digestive tract, allowing optimal nutrient absorption, and 
can boost broiler growth performance. These bioactive 
compounds must be obtained through extraction.

Noni fruit extract contains beneficial bioactive compounds, 
but these bioactive compounds are easily degraded by heat, 
oxidation, and digestive enzymes. Microbead technology 
has been developed to maintain the quality and effectiveness 
of noni fruit extract. This technology protects the active 
compounds in the coating material, thereby maintaining 

their stability and bioavailability.

Microbeads are small particles with a diameter of 0.5–1000 
μm that serve as carriers for active compounds. Microbeads 
not only protect a specific compound but also carry and 
stabilize multiple active compounds, enabling optimal 
release in the digestive tract (Chen et al., 2023; Li et al., 
2022). These particles are typically made from cationic 
polymers such as chitosan, anionic polymers such as 
sodium alginate, or binders such as gelatin and chondroitin 
sulfate, in specific ratios to ensure their effectiveness.

These active compounds in noni fruit optimize intestinal 
barrier function and modulate the gut microbiota, thereby 
facilitating more efficient nutrient absorption and systemic 
immune homeostasis (Liu et al., 2024; Aritonang et al., 
2025). Furthermore, other researchers have shown that 
integrating these bioactive compounds into poultry 
diets has been associated with modulation of various 
hematological indices and growth-regulating hormone 
secretion (Flees et al., 2020; Adu et al., 2020; Abdullahi 
et al., 2025). Stabilizing these biochemical pathways 
ensures the controlled release of antioxidants and anti-
inflammatory agents throughout the gastrointestinal tract, 
which is crucial for optimizing metabolic responses across 
various developmental stages (Lal et al., 2020; Li et al., 
2022).

Many researchers have reported the use of noni fruit 
extract, with highly variable results. A report by Lal et 
al. (2020) showed no difference in the growth of chicken 
groups given noni extract and those without. Meanwhile, 
another report showed that feed efficiency appeared to 
increase, although not significantly (Widjastuti et al., 2023; 
Alharthi et al., 2023). Studies on ileal histology by Lal et al. 
(2020) also showed that villus growth appeared to increase, 
although this did not translate into improved performance. 
Meanwhile, the administration of noni fruit flour at a 
dose of 450 mg/kg appeared to increase growth, although 
not significantly (Adeyeye, 2020; Lal et al., 2020). These 
research results show that presenting noni fruit extract 
without encapsulation technology resulted in inconsistent 
and unsatisfactory responses in chickens.

Although previous studies have noted some benefits, limited 
information exists on how protected bioactive delivery 
systems influence the endocrine and metabolic functions 
of broiler chickens across different growth stages (Choiri 
et al., 2017; Meligy et al., 2023; Mullenix et al., 2024). 
Additionally, data on administering these natural extracts 
at specific ages are scarce. Consequently, it is important to 
investigate how microbead forms of these extracts affect 
hematological and hormonal responses across age groups 
to improve growth efficiency.
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MATERIALS AND METHODS

Animal sample, housing, and feed 
Four hundred broiler chicks were used in this study and 
were intensively raised from 0 to 35 days of age. The 
chickens were divided into four treatment groups, each 
containing 100 individuals. The treatment consisted of 
Noni Fruit Extract Microbeads (Minofe) at 225 mg/
kg of feed (levels were determined based on preliminary 
research). The Minofe-0 group received only a basal ration 
without Minofe; Minofe-1: A group fed a basal ration plus 
Minofe at 225 mg/kg of feed from 8 to 21 days of age; 
Minofe-2: a group fed a basal ration plus Minofe at 225 
mg/kg of feed from 8 to 35 days of age; and Minofe-3: a 
group fed a basal ration plus Minofe at 225 mg/kg of feed 
from 22 to 35 days of age.

The cages were constructed from wood, with each cage 
measuring 3 x 3 x 1 m per treatment group. Each cage 
was numbered by treatment group to facilitate checking 
and data collection. The cages were equipped with round 
feeders and waterers and lined with rice husks.

The rations used consisted of a mixture of various feed 
ingredients with a total metabolizable energy content of 
3196 kcal/kg, while the total protein, crude fat, crude fiber, 
calcium, phosphorus, lysine, methionine, tryptophan, and 
threonine ratios were 20.00; 5.00; 5.00; 1.10; 0.50; 1.20; 
0.45; 0.19; and 0.75%, respectively.

Rations and drinking water were provided ad libitum 
(without restrictions). Rations were provided every 
morning and evening. No vaccinations or antibiotics were 
administered during the trial period to avoid the metabolic 
effects of these agents, which could suppress the treatment 
effects in this experiment.

Minofe preparation
Noni fruit extract microbeads (Minofe) were prepared by 
mixing a gelatin solution (0.25% w/v) and sodium alginate 
(1.75% w/v), then stirring with a magnetic stirrer at 600 
rpm for 5 minutes until homogeneous. Ethanol extract 

of noni fruit was then added and stirred until evenly 
distributed. The mixture was then dripped from a height 
of 16 cm using a 23-G syringe into a 2% (w/v) CaCl2 
solution. The entire microbead preparation procedure was 
adapted from Julaeha et al. (2024).

Blood sampling and sample analysis
Blood sampling was performed at 35 days of age in broiler 
chickens. From each experimental unit, 15 chickens were 
randomly selected for blood sampling, yielding a total 
of 60 samples. Blood samples were collected from the 
pectoral vein in the wing using a syringe, for a total of 3 
mL. The blood samples were collected in vacuum tubes 
containing Ethylenediaminetetraacetic acid (EDTA), 
labeled according to treatment, and stored on an ice pack 
to prevent sample damage. 

Sample analysis included hematology using a hematology 
analyzer and plasma growth hormone levels measured 
by the MyBiosource KIT via ELISA. Performance 
measurements were conducted in accordance with 
performance measurement research standards (Aritonang 
et al., 2025).

Data analysis
The data obtained were analyzed using Microsoft Excel 
and SPSS. The Kruskal-Wallis test was used to assess the 
treatment effect at the 99% significance level (α = 0.05). 
Differences between treatments were tested using the 
Mann-Whitney test. 

RESULTS AND DISCUSSION

Hematology and growth hormone level
Table 1 and Figure 1 present changes in hematological 
parameters and growth hormones induced by Minofe 
supplementation in broiler diets.

Based on recent research results, the use of Minofe appears 
very promising and could be an excellent alternative feed 
additive. Hematologic levels (Table 1) showed significant

Table 1: Effect of Minofe administration at different age periods on hematological levels in broilers.
Parameters Treatments p-value

Minofe-0 Minofe-1 Minofe-2 Minofe-3
Erythrocytes(106.mm3) 2.674±0.01a 2.860±0.01b 3.030±0.02c 2.854±0.01b 0.011
Hemoglobin (g/dL) 12.728±0.50a 12.970±0.35b 13.344±0.15c 12.902±0.50b 0.001
Hematocrit (%) 27.788±1.50a 30.396±0.50b 30.500±1.15b 30.380±1.25b 0.002
Leukocytes (103.mm3) 27.958±0.01a 28.748±0.02b 29.320±0.01c 28.690±0.03b 0.002
Lymphocytes (%) 67.554±2.13a 71.484±2.42b 72.406±2.05c 71.314±1.32b 0.013
Neutrophils (%) 10.614±1.03a 8.580±0.15b 6.724±0.14c 8.646±1.10b 0.011

a,bDifferent superscript notations on the same line indicate significant differences.
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Figure 1: Concentrations of growth hormones (GH, T4, insulin, and IGF-1) in broilers as a result of Minofe 
administration at different ages.

differences (P<0.01), although overall, hematologic values ​​
were within the normal range. Broiler blood biosynthesis 
appeared to be stimulated by administering Minofe at 
8 to 35 days of age (Minofe-2). Another very interesting 
result of this application is the potential to increase the 
immunomodulatory activity of the experimental chickens. 
Minofe-2 treatment appeared to stimulate lymphocyte 
counts by up to 72,406%, significantly higher (P<0.01) than 
with other Minofe administration methods, while reducing 
neutrophil levels by up to 6,724%, significantly lower 
(P<0.01) than with the others. Campbell (2015) reported 
that normal levels of broiler lymphocytes range from 40-75%

The effectiveness of Minofe-2 treatment is closely related 
to microencapsulation technology (microbeads), which 
helps maintain the stability of noni’s bioactive compounds, 
such as iron, vitamin C, and alkaloids, against digestion-
related damage. Controlled release ensures optimal 
absorption of these micronutrients in the small intestine, 
supporting hemoglobin formation. These results align with 
previous research reported by La et al. (2023), which found 
that the phytogenic components in noni fruit possess 
immunomodulatory properties that can improve the 
hematological profile of livestock. The use of encapsulated 
natural feed additives has been shown to increase the 
bioavailability of nutrients needed for blood protein 

synthesis (Zhang et al., 2024), resulting in superior health 
outcomes compared to conventional feeding (Zhao et al., 
2023; Mullenix et al., 2024).

Normal hematologic conditions are also closely associated 
with the resilience and increased function of extracellular 
fluids (Alharthi et al., 2023; Urban et al., 2024). This 
stimulation is related to the function of blood plasma as 
an oxygen transporter (So-In and Sunthamala, 2022), 
a nutrient transporter, and a hormonal transporter 
(Sirivibulkovit et al., 2018; Adeyeye, 2020). This condition 
can be a major factor in increasing metabolism, as indicated 
by improved anabolic hormone function (Chen et al., 
2023). Current research shows that stimulation of blood 
biosynthesis can enhance metabolic functions, including 
increased muscle synthesis and other anabolic processes. 
This condition can be demonstrated by elevated growth 
hormone levels (Figure 1).

Confirmation of the effect of Minofe administration in 
stimulating anabolism and supporting tissue growth is 
evident in the higher levels of growth hormones (Figure 1) 
in the experimental group of chickens supplemented with 
Minofe (1-3) in the ration, compared to the group without 
Minofe (Minofe-0). Growth hormone (GH), T4, insulin, 
and IGF-1 levels were higher in the broiler group receiving 
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Minofe-2, which was administered at 225 mg/kg of ration 
between 8 and 35 days of age.

Plasma growth hormone (GH) levels were closely 
monitored to assess the impact of encapsulated noni 
fruit extract on endocrine regulation of growth and 
development in broiler chickens. Specifically, GH 
concentrations varied with birds’ ages. These results provide 
insight into its potential to improve growth performance 
metrics. Significant fluctuations in somatotropin (GH) 
concentrations across treatment groups indicate that 
Minofe directly affects somatotropin, potentially mediating 
increased protein synthesis and nutrient distribution. This 
mechanism is possible because the active compound can 
stimulate transcription factors that signal the synthesis of 
GH and IGF-1 (Choiri et al., 2017) and somatotropin 
(Rajaei-Sharifabadi et al., 2017). 

This suggests that Minofe may act as a potent modulator 
of the hypothalamic-pituitary-somatotropin axis in broiler 
chickens (Ormilla et al., 2025). High somatotropin levels 
stimulate protein synthesis in skeletal muscle, GH, and 
IGF-1, and increase total body mass (Mullenix et al., 2024; 
Ormilla et al., 2025), although they may also stimulate fat 
cell growth (Chen et al., 2023; Wahed et al., 2023).

While these research results confirm a strong correlation 
between Minofe and growth hormone excretion, its 

effectiveness in modulating growth hormone secretion 
warrants further investigation, particularly given the fruit’s 
rich bioactive compounds, which are known to possess 
antioxidant and anti-inflammatory properties (Widjastuti 
et al., 2023), previous research has reported that compounds 
such as iridoids, polysaccharides, and scopoletin interact 
effectively through endocrine pathways, potentially 
influencing somatotropin and overall growth regulation in 
broiler chickens (Paredes et al., 2024; Rajaei-Sharifabadi et 
al., 2017).

This investigation may reveal how encapsulated extracts 
influence the complex interactions between growth 
hormones and other metabolic pathways, leading to more 
efficient nutrient utilization and improved physiological 
responses in broiler chickens (Ormilla et al., 2025). 
For example, improvements in erythrocyte profiles and 
hematocrit values ​​have been linked to the antioxidant 
properties of M. citrifolia, which contribute to increased 
oxygen transport and metabolic efficiency, which are 
crucial for growth (Paredes et al., 2026).

Perfomance
Table 2 and Figure 2 present differences in performance 
such as feed consumption, final body weight, feed 
conversion, and income over feed-to-chick cost due to 
Minofe supplementation in broiler diets.

Table 2: Broiler performance with Minofe supplementation at different age periods.
Parameters Treatments p-value

Minofe-0 Minofe-1 Minofe-2 Minofe-3
Feed consumption (g) 4149.6±45.53a 3572.00±45.53b 3437.60±45.53c 4274.80±45.53d 0.022
Final body weight (g) 2322.04±18.01a 2357.65±32.66a 2553.80±28.96c 2512.50±38.17d 0.011
Feed conversion 1.86±0.01a 1.56±0.12b 1.38±0.11c 1.74±0.13d 0.001
Income over feed and chick cost (IDR)* 3,162.34±1.44a 11,226.31±0.75b 17,555.06±1.84c 6,111.25±0.37d 0.001

a,bDifferent superscript notations on the same line indicate significant differences: *Income over feed and chick cost is calculated 
based on the difference in the selling price of live weight per kilogram with the price of DOC + the cost of the feed consumed.

Figure 2: Average feed consumption and weekly weight gain of broilers given Minofe at different age periods.
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The results of this experiment showed that the Minofe 
application to broilers was superior to that of the broiler 
group without Minofe (Minofe-0) (Table 2). Application 
at specific age periods also impacts broiler performance. 
Current research shows that the Minofe application 
between 8 and 35 days of age (Minofe-2) appears superior 
to applications between 8 and 21 days of age (Minofe-1) 
and between 22 and 35 days of age (Minofe-3). Production 
efficiency with the Minofe-2 application also appears to 
improve from the first to the fifth week (Figure 2).

Optimizing microencapsulation techniques, as in this 
study, increases the bioavailability of active compounds 
in noni fruit, ensuring their delivery to target cells and 
release, thereby maximizing their physiological impact on 
growth hormone regulation and overall broiler chicken 
development (Baetavianti et al., 2025). This modulation of 
Minofe can contribute to improved growth performance, 
as observed in this study (Table 2 and Figure 2). 

The results of this research confirm that administering 
Minofe during a specific age period is effective: the peak 
growth period, when Minofe is administered, improves 
feed efficiency and yields the highest growth, as seen in the 
Minofe-2 experimental group. Similar results have been 
reported, with noni extract increasing feed conversion and 
weight gain (Costa et al., 2020). 

For example, other reports suggest that certain 
phytochemicals in noni exert pleiotropic effects on cellular 
signaling, which may indirectly influence pituitary function 
and growth hormone release at specific ages, thereby 
optimizing muscle cell growth (Baetavianti et al., 2025). 
Previous research confirms that administering plant extracts 
can enhance intestinal villi growth (Alharthi et al., 2023). 
Given this potential, post-brooding supplementation 
appears to offer the best opportunity, as nutrient absorption 
can be effectively facilitated at an early age. These findings 
also reinforce previous research showing that good feed 
efficiency supports growth (Baetavianti et al., 2025).

Further research on the dose- and age-dependent 
responses to Minofe is needed to elucidate the mechanisms 
by which microencapsulated noni fruit extracts fully 
influence growth hormone dynamics and contribute to 
increased productivity in broiler chickens (Tanjung, 2024). 
Continuous administration of Minofe from 8 to 35 days 
consistently supports growth-related protein levels (such 
as hormones and enzymes), thereby stimulating muscle 
protein anabolism (Paredes et al., 2024). Furthermore, with 
demonstrated immune potential (as shown in this research), 
Minofe also directly supports higher growth. Research 
findings (Adu et al., 2020; Meligy et al., 2023; Zhang et 
al., 2024) indicate that robust immunity stimulates greater 
growth hormone and IGF-1 signaling. 

Further investigation into the molecular mechanisms 
underlying these hormonal effects, particularly those 
involving the IGF-1 signaling pathway, will clarify the 
precise regulatory cascade triggered by noni extract. 
Furthermore, the complex interactions between growth 
hormone and downstream effectors, such as IGF-1, are 
crucial for understanding how Minofe can influence cell 
proliferation and differentiation, ultimately affecting 
muscle gain and body mass.

CONCLUSION

Based on current research, it can be concluded that using 
Minofe in broilers from 8 to 35 days of age (Minofe-2) 
is optimal, as it improves hematologic parameters 
and effectively increases growth hormone levels and 
performance.

Further research should prioritize time-release studies 
to ensure consistent, targeted delivery of the active 
compounds in Minofe. This effort is crucial to maximizing 
in vivo effectiveness across diverse farming environments. 
Additionally, transcriptomic or proteomic studies of 
Minofe are needed to elucidate the molecular pathways 
underlying these phenotypic improvements.

ACKNOWLEDGEMENTS

The author thanks the Indonesian Ministry of Higher 
Education, Research, and Technology for awarding a 
research grant under the Regular Fundamental Research 
scheme, contract number 074/E5/PG.02.00.PL/2024. 
This support enabled the successful completion of this 
research under the specified contract. 

NOVELTY STATEMENT

This study shows that delivering microencapsulated 
Morinda citrifolia extract via microbeads significantly 
affects the somatotropic axis and hematological 
parameters in broiler chickens, with effects that depend on 
developmental stage. The results indicate that broilers react 
differently to the active compounds in Minofe. Additionally, 
this research offers a basis for understanding variations in 
growth response by measuring growth hormone levels.

AUTHORS’ CONTRIBUTION

All authors listed in this article provided full support and 
assistance during the research preparation, microbead 
production, in vivo testing, research evaluation, sample 
testing and analysis, and writing of this article. Therefore, 
all authors have contributed equally to the project in 
accordance with their respective duties and responsibilities.



Advances in Animal and Veterinary Sciences

July 2026 | Volume 14 | Issue 7 | Page 1490

Ethical approval
The entire planning and implementation process for 
this research has been submitted to the Animal Ethics 
Committee of the Directorate of Research Permit 
Management, Indonesia. It has been carefully evaluated 
and investigated, and it was determined that this research 
was feasible in accordance with the principles of animal 
welfare and research ethics, as reflected in decision number 
4941/KEP.11/SK/12/2025.

Generate AI And AI-assisted technology 
statement
The authors solemnly declare that during the preparation 
and writing of this article, no assistance or facilities from 
AI software or similar technologies were used in any form.

Conflict of interest
The authors have declared no conflict of interest related to 
the writing of this article, whether related to funds, data, 
patents, or any other aspect related to it, with any party.

REFERENCES

Abdullahi HS, Zaruwa MZ, Ukamaka IA, Nweze CC (2025). 
Comparative evaluation of selected medicinal plant 
extracts on health biomarkers and antimicrobial activity 
in broiler chickens. Int. J. Latest Technol. Eng. Manage. 
Appl. Sci., 14(10): 107–112. https://doi.org/10.51583/
IJLTEMAS.2025.1410000014

Adeyeye SA (2020). Wild sunflower and goatweed leaf meal 
composite-mix supplementation in broiler chickens: Effects 
on performance, health status, and meat. Acta Fytotech. 
Zootech. Acta Fytotechnica Zootech., 23(4): 205. https://
doi.org/10.15414/afz.2020.23.04.205-212

Adu OA, Gbore FA, Oloruntola OD, Falowo AB, Olarotimi 
OJ (2020). The effects of Myristica fragrans seed meal and 
Syzygium aromaticum leaf meal dietary supplementation on 
growth performance and oxidative status of broiler chicken. 
Bull. Natl. Res. Center, 44(1). https://doi.org/10.1186/
s42269-020-00396-8

Alharthi AS, Alruwaili NW, Al-Baadani HH, Al-Garadi MA, 
Shamlan G, Alhidary IA (2023). Investigating the effect of 
Pulicaria jaubertii as a natural feed additive on the growth 
performance, blood biochemistry, immunological response, 
and cecal microbiota of broiler chickens. Animals, 13(6): 
1116. https://doi.org/10.3390/ani13061116

Aritonang HN, Adriani L, Mushawwir A (2025). Effect of 
moringa leaves (Moringa oleifera) oil microcapsules (MOM) 
on growth and plasma inflammatory metabolites in Sentul 
chickens. Adv. Anim. Vet. Sci., 13: 835–842. https://doi.
org/10.17582/journal.aavs/2025/13.4.835.842

Baetavianti LN, Yunianto VD, Krismiyanto L (2025). Evaluation 
of body weight and intestinal health in broiler chickens 
supplemented with encapsulated Morinda citrifolia L. 
extract, zinc, and copper. J. World’s Poult. Res., 15(4):469-
477. https://doi.org/10.36380/jwpr.2025.45

Campbell TW (2015). Exotic animal hematology and 
cytology, 4th Edition. Wiley-Blackwell. https://doi.
org/10.1002/9781118993705

Chen X, Shang S, Yan F, Jiang H, Zhao G, Tian S, Chen R, 
Chen D, Dang Y (2023). Antioxidant activities of essential 
oils and their major components in scavenging free radicals, 
inhibiting lipid oxidation, and reducing cellular oxidative 
stress. Molecules, 28(11): 4559. https://doi.org/10.3390/
molecules28114559

Choiri Z, Dono N D, Hanim C, Ariyadi B, Zuprizal Z (2017). 
The use of nano-encapsulation of Morinda citrifolia fruit 
extract in drinking water as phytobiotic-based feed additive 
in laying hens. Int. Sem. Trop. Anim. Prod., pp. 235–239.

Costa NA, Duarte EF, Guimarães GS, Minafra CS, Souza L do 
P, Santos FR dos (2020). Extrato vegetal de noni (Morinda 
citrifolia) como promotor de crescimento para frangos de 
corte. Res. Soc. Dev., 9(7): 32-39. https://doi.org/10.33448/
rsd-v9i7.3608

David OA, Christiana N, Emmanuel OO, Noah O, Chibuzo A 
(2024). Growth performance and hematological profile of 
broiler chickens fed graded levels of Lemon grass leaf meal. 
Curr. Res. Poult. Sci., 14(1): 21–26.

Flees JJ, Ganguly B, Dridi S (2020). Phytogenic feed additives 
improve broiler feed efficiency by modulating signaling 
pathways related to intermediary lipid and protein 
metabolism. Poult. Sci., 100(3): 100963. https://doi.
org/10.1016/j.psj.2020.12.060

Julaeha E, Puspita WR, Permadi N (2024). Optimization of 
encapsulation of Citrus aurantifolia peel extract in alginate-
gelatin hydrogel microbeads for antibacterial wound-
dressing applications. Carbohyd. Polymer Tech. Appl., 7(6): 
100406. https://doi.org/10.1016/j.carpta.2023.100406

La AL, Feng Y, Hu D, Feng Y, Jin X, Liu D, Guo Y, Cheng G, Hu 
Y (2023). Enzymatically prepared alginate oligosaccharides 
improve broiler chicken growth performance by modulating 
the gut microbiota and growth hormone signals. J. Anim. 
Sci. Biotech, 14(1): 564-569. https://doi.org/10.1186/
s40104-023-00887-4

Lal PP, Diarra SS, Amosa F, Devi A (2020). Influence of stage 
of ripening and dietary concentration of Noni (Morinda 
citrifolia L.) powder on broiler performance. J. Agric. Rural 
Dev. Trop. Subtrop., 121(1): 57–62.

Li J, Wu J, Yu L, Kong F, Zhang R, Sun J, Liao W, Li Z, Shi J, 
Wang Y, Wei Y, Zhang K, Lei Z (2022). Oregano essential 
oils mediated intestinal microbiota and metabolites and 
improved growth performance and intestinal barrier 
function in sheep. Front. Immun., 13(10): 484. https://doi.
org/10.3389/fimmu.2022.908015

Liu M, Huang G, Lin Y, Huang Y, Xuan Z, Lun J, He S, Zhou 
J, Chen, X, Qu Q, Lv W, Guo S (2024). Effects of dietary 
Callicarpa nudiflora aqueous extract supplementation 
on growth performance, growth hormone, antioxidant 
and immune function, and intestinal health of broilers. 
Antioxidants, 13(5): 572–572. https://doi.org/10.3390/
antiox13050572

Meligy AMA, El-Hamid MIA, Yonis AE, Elhaddad GY, Abdel-
Raheem SM, El-Ghareeb WR, Mohamed MHA, Ismail 
H, Ibrahim D (2023). Liposomally encapsulated oregano, 
cinnamon, and clove oils enhanced the performance, 
antioxidant potential, and intestinal microbiota of 
broiler chickens. Poult. Sci., 102(6): 102683. https://doi.
org/10.1016/j.psj.2023.102683

Mullenix GJ, Greene ES, Ramser A, Maynard CJ, Dridi S 
(2024). Effect of a microencapsulated phyto/phycogenic 
blend supplementation on growth performance, processing 
parameters, meat quality, and sensory profile in male broilers. 

https://doi.org/10.51583/IJLTEMAS.2025.1410000014
https://doi.org/10.51583/IJLTEMAS.2025.1410000014
https://doi.org/10.15414/afz.2020.23.04.205-212
https://doi.org/10.15414/afz.2020.23.04.205-212
https://doi.org/10.1186/s42269-020-00396-8
https://doi.org/10.1186/s42269-020-00396-8
https://doi.org/10.3390/ani13061116
https://doi.org/10.17582/journal.aavs/2025/13.4.835.842
https://doi.org/10.17582/journal.aavs/2025/13.4.835.842
https://doi.org/10.36380/jwpr.2025.45
https://doi.org/10.1002/9781118993705
https://doi.org/10.1002/9781118993705
https://doi.org/10.3390/molecules28114559
https://doi.org/10.3390/molecules28114559
https://doi.org/10.33448/rsd-v9i7.3608
https://doi.org/10.33448/rsd-v9i7.3608
https://doi.org/10.1016/j.psj.2020.12.060
https://doi.org/10.1016/j.psj.2020.12.060
https://doi.org/10.1016/j.carpta.2023.100406
https://doi.org/10.1186/s40104-023-00887-4
https://doi.org/10.1186/s40104-023-00887-4
https://doi.org/10.3389/fimmu.2022.908015
https://doi.org/10.3389/fimmu.2022.908015
https://doi.org/10.3390/antiox13050572
https://doi.org/10.3390/antiox13050572
https://doi.org/10.1016/j.psj.2023.102683
https://doi.org/10.1016/j.psj.2023.102683


Advances in Animal and Veterinary Sciences

July 2026 | Volume 14 | Issue 7 | Page 1491

Front. Vet. Sci., 11(4): 34-39. https://doi.org/10.3389/
fvets.2024.1382535

Obinna LA, Dim CE (2026). Aqueous Extract from Gmelina 
arborea leaf as a functional water-based supplement for 
broiler chickens in the tropics: Integrated mechanistic 
framework for effects on growth performance and 
hematological health. Curr. Res. Poult. Sci., 17(32): 42-49. 
https://doi.org/10.21203/rs.3.rs-8501480/v1

Olabode AD, Okelola OE, Pius A, Onyishi P, Chioma AA, 
Augustina OA, Azodo LN, Irelen T (2025). Effects of 
supplemental Lemongrass and Pawpaw leaf meal on 
finisher broilers’ performance. Curr. Res. Poult. Sci., 15(1): 
1-7. https://doi.org/10.3923/crps.2025.01.06

Ormilla SG, Marcos MJL, Pamittan KM (2025). Performance 
of broiler chicken fed diets with Noni (Morinda citrifolia) 
leaf meal. Eur. J. Agric. Food Sci., 7(2): 20–25. https://doi.
org/10.24018/ejfood.2025.7.2.897

Paredes D, Huaynate RAR, Perales-Camacho RA, Alania-
Santiago CV, Aldava-Pardave U (2026). Ethanolic extract 
of Morinda citrifolia improves gut microbiota, intestinal 
morphology, and performance without adverse effects 
on hematological profiles in broiler chickens. Front. Vet. 
Sci., 12(3): 1686136-1686136. https://doi.org/10.3389/
fvets.2025.1686136

Paredes D, Huaynate RAR, Vásquez MRS, Perales-Camacho RA, 
Morales-Cauti S, Beteta-Blas X, Aldava-Pardave U (2024). 
Modulation of gut microbiota, and morphometry, blood 
profiles, and performance of broiler chickens supplemented 
with Piper aduncum, Morinda citrifolia, and Artocarpus altilis 
leaves ethanolic extracts. Front. Vet. Sci., 11(5): 1589033-
1589038. https://doi.org/10.3389/fvets.2024.1286152

Rajaei-Sharifabadi H, Ellestad LE, Porter TE, Donoghue 
AM, Bottje W, Dridi S (2017). Noni (Morinda citrifolia) 
modulates the hypothalamic expression of stress- and 
metabolic-related genes in broilers exposed to acute heat 
stress. Front. Gen., 8(3): 424-431. https://doi.org/10.3389/
fgene.2017.00192

Sirivibulkovit K, Nouanthavong S, Sameenoi Y (2018). Paper-
based DPPH assay for antioxidant activity analysis. 

Analyt. Sci., 34(4): 795-800. https://doi.org/10.2116/
analsci.18P014

So-In C, Sunthamala N (2022). The effects of mulberry (Morus 
alba Linn.) leaf supplementation on growth performance, 
blood parameters, and antioxidant status of broiler chickens 
under high stocking density. Vet. World, 2715. https://doi.
org/10.14202/vetworld.2022.2715-2724

Tanjung F (2024). The effect of adding microencapsulation 
products of noni fruit extract (Morinda citrifolia Linn) in 
the ration on the performance of the developer phase Sentul 
Chickens. J. Ilmu Ternak Universitas Padjadjaran, 24(2): 
334-350. https://doi.org/10.24198/jit.v24i2.57920

Urban J, Kareem KY, Matuszewski A, Bień D, Ciborowska P, 
Lutostański K, Michalczuk M (2024). Enhancing broiler 
chicken health and performance: The impact of phytobiotics 
on growth, gut microbiota, antioxidants, and immunity. 
Phytochemis. Rev., 34(23): 35-42.

Wahed N, Abomosallam M, Hendam BM, Shouman Z, 
Hashem NM, Sakr SA (2023). Economic and productive 
comparison of rutin and rutin-loaded chitosan alginate 
nanoparticles against lead-induced oxidative stress in cobb 
and arbor broiler breeds. Biol. Trace Element. Res., 202(10): 
4715–4734. https://doi.org/10.1007/s12011-023-04019-x

Widjastuti T, Komala I, Tanwiriah W, Nurlaeni L (2023). 
Application of Noni Fruit (Morinda citrifolia L.) Extract 
with Cu and Zn supplemented in the ration on performance 
chicken sentul of phase developer. Int. J. Adv. Sci. Eng. 
Inf. Tech., 13(5): 1934–1939. https://doi.org/10.18517/
ijaseit.13.5.19350

Zhang Y, Fu X, Wang L, Guo X, Dong B (2024). Sorption of 
phenols and flavonoids on activated charcoal improves 
protein metabolism, antioxidant status, immunity, and 
intestinal morphology in broilers. Front. Vet. Sci., 10. 
https://doi.org/10.3389/fvets.2023.1327455

Zhao W, Chen Y, Tian Y, Wang Y, Du J, Ye X, Lu L, Sun C (2023). 
Dietary supplementation with Dendrobium officinale leaves 
improves growth, antioxidant status, immune function, 
and gut health in broilers. Front. Microbiol., 14(8): 53-61. 
https://doi.org/10.3389/fmicb.2023.1255894

https://doi.org/10.3389/fvets.2024.1382535
https://doi.org/10.3389/fvets.2024.1382535
https://doi.org/10.21203/rs.3.rs-8501480/v1
https://doi.org/10.3923/crps.2025.01.06
https://doi.org/10.24018/ejfood.2025.7.2.897
https://doi.org/10.24018/ejfood.2025.7.2.897
https://doi.org/10.3389/fvets.2025.1686136
https://doi.org/10.3389/fvets.2025.1686136
https://doi.org/10.3389/fvets.2024.1286152
https://doi.org/10.3389/fgene.2017.00192
https://doi.org/10.3389/fgene.2017.00192
https://doi.org/10.2116/analsci.18P014
https://doi.org/10.2116/analsci.18P014
https://doi.org/10.14202/vetworld.2022.2715-2724
https://doi.org/10.14202/vetworld.2022.2715-2724
https://doi.org/10.24198/jit.v24i2.57920
https://doi.org/10.1007/s12011-023-04019-x
https://doi.org/10.18517/ijaseit.13.5.19350
https://doi.org/10.18517/ijaseit.13.5.19350
https://doi.org/10.3389/fvets.2023.1327455
https://doi.org/10.3389/fmicb.2023.1255894

