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Exploring the Potential of Moringa oleifera and Andrographis paniculata Leaves as Natural Growth Promoters in Broilers




ABSTRACT
	Comment by Francis Wekesa: Well written and executed
The broiler industry is presently experiencing a significant transformation, prompted by the global demand for antibiotic-free animal products and the prohibition of antimicrobial growth promoters (AGPs). This chapter examines the potential of Moringa oleifera and Andrographis paniculata as natural feed additives to address challenges related to productivity and health in broiler chickens. Recent research indicates that the bioactive compounds in these plants, including flavonoids, polyphenols, and andrographolides, have been demonstrated to enhance gut health and microbial populations. Notably, they reduce Escherichia coli and Salmonella counts while increasing lactic acid bacteria. Phytochemicals also contribute to improved feed efficiency, and weight gain. Experimental evidence suggests that supplementation with the nano-liquid extract at a concentration of 0.75% is highly effective in optimizing growth performance, feed conversion ratio, production index, and income over feed cost (IOFC). The incorporation of Moringa oleifera and Andrographis paniculata into broiler nutrition represents a viable, sustainable, and health-conscious alternative to synthetic feed additives, thereby supporting animal welfare and consumer safety.
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1. INTRODUCTION

The broiler industry is one of the most dynamic sectors in global livestock production and plays a crucial role in increasing demand for animal protein worldwide. Despite its remarkable expansion and contribution to food security, broiler farming continues to face multifaceted challenges that significantly affect production efficiency, animal health, and product quality at the farm level. These challenges arise from a complex interaction of internal factors such as feed quality, genetics, and husbandry practices as well as external pressures including environmental conditions and disease prevalence. The cumulative effects of these elements frequently hinder the realization of optimal broiler performance, thereby necessitating a critical reassessment of conventional management strategies, particularly those related to feed supplementation.	Comment by Francis Wekesa: No citation

Feed quality remains a fundamental determinant of broiler productivity. As evidenced by [1] the efficiency of nutrient utilization in formulated rations significantly influences growth rates, feed conversion, and overall flock performance. Nutritional imbalances whether due to inaccuracies in protein-to-energy ratios, deficiencies in essential amino acids, vitamins, or minerals, or the presence of anti-nutritional compounds can severely impair metabolic function, leading to stunted growth, reduced carcass quality, and elevated mortality. The selection of high performance broiler strains further compounds this issue. Although modern genotypes exhibit enhanced genetic potential for rapid growth, they are also highly sensitive to stressors and nutritional deficiencies. [2] emphasized that these genetic advancements can only be fully realized under optimal nutritional regimes and precise management systems tailored to the birds’ physiological demands.	Comment by Francis Wekesa: Can this start of a sentence? Consider revision by inputting the authors details then quote the reference number at the end of the sentence. 

Inclusion of AGPs in animal feed has raised profound concerns regarding food safety and public health, particularly in relation to antimicrobial resistance and residual contamination of meat products. Consequently in the numerous countries, including Indonesia, have enacted legislative bans on the use of AGPs. The Indonesian Ministry of Agriculture formally prohibited AGP usage under Regulation No. 14/Permentan/PK.350/5/2017, aligning national policy with the recommendations of international health authorities such as the World Health Organization (WHO) and the World Organisation for Animal Health (OIE) [3, 4]. This move reflects a growing consensus that indiscriminate antibiotic use in animal agriculture contributes to the global crisis of antimicrobial resistance and presents risks to both consumer health and environmental integrity.	Comment by Francis Wekesa: Consider citation to avoid plagiarism especially when quoting from very know previous authors

The implications of the AGP ban on broiler productivity have been substantial. While initial concerns pointed to possible reductions in performance, empirical evidence from several studies suggests that with strategic adjustments in management and nutrition, equivalent performance outcomes can still be achieved. [5] reported no significant decline in productivity when AGPs were replaced with therapeutic alternatives and improved biosecurity protocols. Nevertheless, the transitional period following the AGP ban posed practical challenges, particularly in systems lacking advanced health monitoring and environmental control. [6] highlighted that in such settings, feed conversion ratios and growth rates were adversely affected, demonstrating the necessity of adopting comprehensive health and welfare programs. The removal of AGPs has prompted a paradigm shift in broiler health and nutrition management. Without the antimicrobial shield provided by AGPs, producers are now compelled to implement more holistic strategies. [7] emphasized that in the absence of AGPs, broilers are increasingly vulnerable to intestinal disorders such as necrotic enteritis, thereby necessitating alternative feed additives with gut health-supportive properties. In this context, phytogenic compounds, organic acids, and probiotics have gained traction as viable non-antibiotic growth promoters.	Comment by Francis Wekesa: As earlier advised for consistency	Comment by Francis Wekesa: As earlier advised for consistency 

This transition has underlined the urgency of developing Natural Growth Promoters (NGPs) that can support broiler performance through mechanisms that are both biologically effective and environmentally responsible. NGPs present a multifaceted solution to the challenges posed by AGP withdrawal. Their efficacy stems from several key biological functions, including enhancement of digestive efficiency, modulation of gut microbiota, immunostimulation, and antioxidant activity. Bioactive compounds found in plant extracts and organic acids stimulate digestive enzymes such as amylase and protease, thereby improving nutrient assimilation and overall growth performance [8]. Moreover, NGPs play an essential role in shaping a favorable gut microbial environment. Additives like probiotics, prebiotics, and synbiotics are known to suppress pathogenic bacteria while promoting beneficial microbial populations, thereby enhancing gut integrity and immunity [9]. Beyond their influence on digestion and microbiota, NGPs also exert immunomodulatory effects. Phytogenic compounds can trigger cytokine production and improve mucosal immunity, resulting in greater resistance to infections and better resilience under intensive rearing conditions [10]. Their antioxidant properties, meanwhile, help mitigate oxidative stress a common issue in high density broiler farming thus preserving the structural and functional integrity of the gastrointestinal tract. Technological advancements such as microencapsulation further increase the efficacy of NGPs by protecting sensitive bioactive compounds from degradation during feed processing and digestion. These delivery systems ensure precise, targeted release within the gastrointestinal tract, optimizing bioavailability and improving consistency in performance outcomes. An equally important consideration in the selection of NGPs is their safety profile. Unlike AGPs, which are often associated with residual contamination in meat and adverse environmental effects, NGPs especially those derived from edible plants and naturally occurring microbes are widely regarded as safe. Their integration into feed formulations thus aligns with evolving consumer expectations and regulatory frameworks that emphasize food safety and sustainability.

Among the diverse range of botanical candidates explored for their growth-promoting potential, Moringa oleifera (commonly known as moringa) and Andrographis paniculata (commonly known as andrographis) have emerged as particularly promising. Moringa is noted for its high concentrations of protein, essential vitamins, minerals, and potent antioxidants, making it a valuable nutritional supplement in broiler diets. Moringa leaf powder supplementation improves carcass yield and giblet weight, contributing to enhanced production efficiency. Andrographis, on the other hand, possesses remarkable antimicrobial and immunomodulatory properties.[11] found that andrographis extract significantly reduces bacterial loads such as Escherichia coli in broiler meat, thereby improving product safety and compliance with food hygiene standards such as SNI 7388:2009.	Comment by Francis Wekesa: Consider citation	Comment by Francis Wekesa: As earlier advised for consistency

Moringa and andrographis offer considerable economic and logistical advantages. Their adaptability to tropical agroclimatic conditions, including those prevalent in Indonesia, ensures year round availability and supports sustainable local production systems [12]. The affordability and accessibility of these plants also make them attractive for smallholder farmers seeking cost-effective solutions to replace synthetic additives. The synergistic effects of combining andrographis with other herbal ingredients such as turmeric, ginger, and honey, resulting in improved health outcomes, reduced morbidity and mortality, and stabilized performance indicators across broiler flocks. These findings underscore the urgency and feasibility of developing NGPs from locally available herbal resources. The strategic adoption of moringa and andrographis in poultry nutrition represents not only a viable alternative to AGPs but also a forward looking approach that integrates animal health, food safety, environmental sustainability, and rural economic empowerment. As the broiler industry continues to evolve in response to growing consumer demand and regulatory scrutiny, the development and implementation of scientifically validated natural feed additives will be instrumental in shaping the future of sustainable poultry production.

2.	The Potential of Moringa oleifera and Andrographis paniculata as Natural Feed Additives

This subchapter examines the potential of Moringa oleifera and Andrographis paniculata as natural feed additives in poultry nutrition. The analysis is cantered on two primary aspects: the nutritional content and phytochemical composition of Moringa oleifera, and the phytochemical profile of Andrographis paniculata. Both sections offer a comprehensive review of the bioactive compounds and nutrient content that underpin the functional properties of these two plants, which are increasingly acknowledged for their antimicrobial, antioxidant, and growth-promoting effects. The information provided establishes a scientific foundation for understanding the mechanisms by which these plant-based additives enhance poultry health and productivity.

2.1 Nutrient Content and Phytochemical Profile of Moringa oleifera
The leaves of Moringa oleifera exhibit a noteworthy phytochemical profile and nutrient composition, rendering them suitable as additives in broiler feed. The phytochemicals present in Moringa leaves encompass significant compounds such as flavonoids, tannins, saponins, and alkaloids. These compounds not only possess antioxidant properties but also contribute to the health and growth of broiler chickens. Empirical studies have demonstrated that the antioxidant content in Moringa leaves can enhance the chickens' resistance to oxidative stress, thereby potentially improving their health and growth performance [13, 14]. The nutritional composition, mineral profile, and antioxidant activity of Moringa oleifera leaves, as detailed in Tables 1, 2, and 3, underscore their abundant content of proteins, essential minerals, and bioactive compounds [13].
Table 1. Nutrient Content of Moringa oleifera Leaf

	Parameters
	Mean Value (g/100g Dry Matter)

	Moisture
	7.23 ± 0.12

	Protein
	25.30 ± 0.27

	Lipid
	5.75 ± 0.21

	Ash
	9.95 ± 0.12

	Carbohydrates
	29.80 ± 4.55

	Dietary fiber
	24.97 ± 4.55



Table 2. Mineral Content of Moringa oleifera Leaf

	Minerals
	Mean Value (mg/100 g Dry Matter)

	Boron (B)
	3.54 ± 0.01

	Calcium (Ca) *
	1.48 ± 0.01 g

	Copper (Cu)
	0.45 ± 0.05

	Iron (Fe)
	25.14 ± 1.13

	Potassium (K) *
	1.75 ± 0.02 g

	Magnesium (Mg)
	301.11 ± 2.08

	Manganese (Mn)
	7.21 ± 1.03

	Sodium (Na)
	133.11 ± 20.09

	Phosphorus (P)
	352.39 ± 1.19

	Sulphur (S)
	982.49 ± 11.56

	Zinc (Zn)
	2.04 ± 0.85


Note: (*) Values are expressed in g/100 g DM.
Table 3. Antioxidant Activity and Total Phenolic Content of Moringa oleifera Leaf

	Method
	Mean ± SD

	Total phenolic content (mg GAE/g)
	32.90 ± 4.38

	Ferric Reducing Antioxidant Power (µmol TE/g)
	396.43 ± 17.12

	Oxygen Radical Absorbance Capacity (µmol TE/g)
	3197.24 ± 19.65

	ABTS Scavenging Activity (%)
	41.40 ± 8.66


The nutritional profile of Moringa is notably rich, encompassing a substantial amount of protein, minerals, and antioxidants. The phytochemical and nutrient composition of Moringa contributes to its efficacy as a feed additive. For instance, the saponins found in Moringa leaves can act as fat-binding agents, aiding in the regulation of fat in poultry diets [14]. Furthermore, flavonoids may enhance metabolism and nutrient absorption [13]. Incorporating Moringa leaves into broiler diets can meet the nutritional requirements essential for the growth and development of chickens, while also addressing malnutrition issues [15–17].

Research investigating the incorporation of moringa into broiler diets has demonstrated enhancements in body weight, feed efficiency, and overall health of the chickens [15]. The inclusion of moringa in these diets has been associated with notable growth improvements, as evidenced by enhanced feed conversion rates in chickens receiving moringa-supplemented diets compared to those on control diets without moringa [13, 18]. These findings underscore the potential of moringa to reduce reliance on synthetic additives in poultry feed. Moringa leaves offer a complex array of nutrients, functioning not only as a protein source but also as a health protector for broilers [19]. 

Despite the many benefits identified in the use of moringa as a chicken feed additive, it is important to continue further research to confirm the long-term effects and metabolic aspects of moringa consumption by broiler chickens. The understanding of these effects may vary depending on practical decisions in chicken rearing. More in-depth research is needed to evaluate the long-term effects of moringa use as a feed additive and to establish quality standards and standardized procedures for its use in the feed industry.


2.2 Phytochemical Profile of Andrographis paniculata
Andrographis paniculata popularly called the “King of Bitters,” has long been valued in Asian materia medica for treating fever, infections, and hepatobiliary disorders. Modern phytochemical investigations attribute much of this plant’s therapeutic breadth to a constellation of diterpenoid lactones and flavonoids, among which andrographolide is the pre-eminent bioactive molecule [20]. Understanding the chemistry, biological actions, and translational challenges of andrographolide is therefore pivotal to rationalising the evidence-based use of A. paniculata in contemporary pharmacotherapy.

Andrographis  paniculata its functional prominence in animal nutrition to a dense matrix of bioactive secondary metabolites supported by a modest yet valuable nutrient profile. The signature constituents are labdane type diterpenoids, among which andrographolide (AGL) predominates, accompanied by 14‑deoxyandrographolide and neoandrographolide [21]. These diterpenoids constitute 1.5 – 3.0 % of leaf dry matter and account for more than 60 % of total quantified bioactives in ethanolic extracts [22]. Structural analyses reveal a decalin core bearing a γ‑butyrolactone fused at C‑12/C‑16; polyhydroxy substitutions confer amphipathic characteristics that underpin both membrane interaction and redox modulation [23]. 

Andrographolide is a bicyclic diterpenoid featuring a labdane skeleton fused into a decalin system with a terminal γ-butyrolactone ring. Three hydroxyl residues positioned at C-3, C-14, and C-19 confer amphipathic characteristics that enhance solubility and facilitate partitioning into biological membranes [20]. These structural attributes not only underpin its broad pharmacodynamic profile but also allow meaningful interactions with intracellular signalling proteins and lipid bilayers. The pharmacological portfolio of andrographolide is remarkably diverse. Anti-inflammatory activity, arguably the most thoroughly characterized property, stems from suppression of nuclear factor-κB translocation and downstream cytokine transcription, thereby attenuating production of TNF-α, IL-1β, and IL-6 [24, 25]. Antimicrobial efficacy has been demonstrated for ethanolic extracts rich in diterpenes, which markedly inhibit Escherichia coli and other food-borne pathogens, highlighting potential applications in food safety stewardship [26]. Hepatoprotective effects emerge in chemically induced liver injury models, where andrographolide limits lipid peroxidation and restores antioxidant enzyme activities, safeguarding hepatocyte viability [27, 28]. Anticancer investigations reveal pro-apoptotic and antimitogenic actions across diverse tumour lines effects mediated by reactive oxygen species accumulation and mitochondrial membrane depolarization [29, 30]. Antidiabetic studies in rodent models document improved glycaemic control through enhanced insulin sensitivity and modulation of hepatic gluconeogenesis [31, 32].

At the mechanistic level, andrographolide acts as a pleiotropic modulator of cellular signalling networks. It interferes with Janus kinase/signal transducer and activator of transcription (JAK/STAT) cascades, curbing inflammatory gene expression and dampening aberrant immune activation [24]. Concurrently, its intrinsic antioxidant capacity directly scavenges free radicals while indirectly up regulating endogenous defences such as superoxide dismutase and glutathione peroxidase [25]. The molecule’s amphipathic nature promotes reversible insertion into phospholipid bilayers, subtly altering membrane fluidity and receptor microenvironment an effect postulated to modulate downstream signal transduction [27].
Despite these compelling bioactivities, among them is poor oral bioavailability attributable to limited aqueous solubility, presystemic metabolism, and rapid clearance. Nano encapsulation, liposomal delivery, and structural analogues are under active investigation to overcome these barriers [28]. Equally critical is the phytochemical variability driven by genotype, agro-ecological conditions, and extraction technology; rigorous standardisation and quality-control frameworks are required to guarantee consistent andrographolide content [32]. A. paniculata embodies a phytochemical arsenal whose flagship compound, andrographolide, manifests anti-inflammatory, antimicrobial, hepatoprotective, anticancer, and antidiabetic properties through multifaceted biochemical routes. Continued research aimed at optimising delivery systems, elucidating structure–activity relationships, and standardising botanical preparations will be indispensable for translating centuries of empirical use into reproducible, safe, and efficacious clinical interventions.	Comment by Francis Wekesa: Check on the spelling	Comment by Francis Wekesa: Check on spelling 	Comment by Francis Wekesa: Check on spelling 

3.	THE EFFECT OF LIQUID EXTRACT LEVELS OF MORINGA OLEIFERA AND ANDROGRAPHIS PANICULATA ON BROILER PERFORMANCE

This chapter presents and interprets the findings of the study investigating the effects of liquid extract supplementation of Moringa oleifera and Andrographis paniculata at varying levels (0%, 0.25%, 0.50%, and 0.75%) on broiler performance and gut microbiological characteristics. The discussion is structured into sub-sections based on observed production parameters and microbiological profiles, providing a comprehensive and critical analysis based on statistical evidence and relevant literature.

3.1. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Broiler Feed Intake
Feed intake in broilers refers to the total amount of feed consumed during a given period. Statistical analysis revealed that varying levels of the liquid extract used as a feed additive significantly affected broiler feed intake (P<0.05). The inclusion of liquid extract in the diet influenced feed efficiency in broilers. The mean feed intake across treatments was as follows: 3470.75 ± 71.76 g/bird (L2 = 0.5%), 3501.5 ± 68.36 g/bird (L0 = 0%), 3557.75 ± 58.76 g/bird (L3 = 0.75%), and 3587.25 ± 71.76 g/bird (L1 = 0.25%). The lowest average feed intake occurred at the 0.50% supplementation level.	Comment by Francis Wekesa: I want to assume that these are findings from your Laboratory, if not, then acknowledge the source
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Fig. 1. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Feed Intake

The trend indicates that higher supplementation levels were associated with decreased feed intake. This may be due to the presence of bioactive compounds such as andrographolide, saponins, flavonoids, and tannins in Andrographis paniculata, which are known to enhance immune response [33].

The main bioactive compounds in Moringa oleifera include flavonoids (quercetin, kaempferol), saponins, tannins, alkaloids, and glucosinolates. Andrographis paniculata is rich in andrographolide, flavonoids, and terpenoids. Flavonoids and alkaloids stimulate metabolism and appetite, while low concentrations of saponins and tannins may enhance digestive secretions. Despite their bitter nature, these compounds trigger salivary and gastric enzyme secretion, indirectly improving feed intake. These bitter phytochemicals stimulate taste receptors and digestive reflexes, increasing saliva and pancreatic enzyme secretion, which enhances digestive efficiency. Andrographolide also exhibits anti-inflammatory effects that support gut integrity, though high doses may suppress appetite due to antinutritional effects. 	Comment by Francis Wekesa: Consider a citation to reduce plagiarism 

Additionally, essential oils and phenolic compounds exert antimicrobial activity by interacting with bacterial cell structures [34]. Simple sugars like rhamnose, glucosinolates, and isothiocyanates in Moringa oleifera contribute to hypotensive, anticancer, and antibacterial effects [35]. Other compounds such as papain, alkaloids, and saponins enhance immune performance [36]. Essential oils and ethanol in Kaempferia rhizomes provide anti-inflammatory benefits [36].

Essential oils (e.g., eugenol, thymol) and phenolic compounds disrupt pathogenic bacterial membranes via protein denaturation and permeability alteration. This suppresses harmful bacteria and supports the growth of beneficial microbiota, leading to improved gut health and feed palatability. Furthermore, xanthorrhizol and curcuminoids in Curcuma xanthorrhiza possess cholagogue properties, promoting bile and pancreatic secretions. Antibacterial properties of phytochemicals in Moringa and Andrographis extracts, particularly those with hydroxyl groups (-OH), can disrupt bacterial membranes via hydrogen bonding, leading to cell lysis and protein coagulation [37]. This antimicrobial effect helps suppress pathogenic bacteria and favors the growth of beneficial gut microbiota, thereby improving nutrient digestion and absorption.

Analysis of variance showed that the 0.25% supplementation level was the most effective in improving feed efficiency. Body weight gains tended to increase with higher supplementation levels (0–0.75%). The bitterness of bioactives such as andrographolide, saponins, flavonoids, and tannins may stimulate salivary secretion, thereby enhancing feed intake. This bitterness is also linked to improved immune responses, including increased antibody production and inhibition of viral attachment [38].

Phenolic compounds like gingerol and shogaol from ginger act as antioxidants, with a positive correlation between total phenol content and antioxidant activity. Besides their antioxidative roles, phenolics exert strong antibacterial effects by disrupting both Gram-negative and Gram-positive bacterial cell walls [39]. A well-functioning immune system is essential for gut health, preventing inflammation and maintaining the integrity of the intestinal mucosa, which in turn supports nutrient uptake and feed utilization.

This is consistent with [40] who noted that the mechanism of antibiotic growth promoters (AGPs) includes protecting feed from microbial degradation, enhancing nutrient absorption via intestinal barrier stabilization, and reducing toxin production and infections in the gut. These mechanisms ultimately improve feed conversion efficiency through better nutrient absorption. Optimal feed intake enhances the availability of essential nutrients for growth and immune response. Nutrients like amino acids, vitamins, and trace minerals support tissue synthesis and antibody production. Additionally, phytogenic additives modulate immune function by increasing intestinal IgA production.

3.2. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Broiler Body Weight
Body weight in broilers refers to the live weight measured either during the rearing period or at market age. The statistical analysis presented in Table 4 shows that the inclusion of different levels of liquid extracts as feed additives significantly affected broiler body weight (P<0.05). The inclusion of Moringa oleifera and Andrographis paniculata extract enhanced body weight, indicating improved growth efficiency. The mean body weights observed were 2225.4 ± 68.22 g/bird (L0 = 0%), 2235.22 ± 36.79 g/bird (L1 = 0.25%), 2260.79 ± 30.26 g/bird (L2 = 0.50%), and 2300.82 ± 36.71 g/bird (L3 = 0.75%).	Comment by Francis Wekesa: Consider citation of the source unless you are the source
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Fig. 2. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Body Weight


The significantly higher body weight observed in the 0.75% treatment level aligned with the improved feed intake results. Body weight gain in broiler is strongly influenced by the amount of feed consumed. Feed protein provides essential amino acids required for tissue synthesis. Adequate feed intake ensures the availability of amino acids for muscle and tissue development. Flavonoids, saponins, tannins, alkaloids, and andrographolide are the main phytochemicals. Their antioxidant and anti-inflammatory activities enhance digestive health and nutrient utilization, which promotes body weight gain [36]. An intact mucosal layer ensures effective nutrient absorption and prevents endotoxin translocation. Damage from inflammation or infection reduces nutrient uptake and growth. Herbal supplements help restore mucosal integrity through their bioactive compounds.

Analysis of variance confirmed that the 0.75% inclusion level was most effective in increasing body weight. The positive growth trend observed at higher extract levels may be attributed to the bioactive compounds in the phytogenic extracts, including anti-inflammatory, antioxidant, antibacterial, and immunomodulatory properties. Flavonoids and terpenoids in Andrographis paniculata support intestinal mucosal integrity and reduce inflammation caused by pathogenic bacteria, thereby optimizing nutrient absorption.

Antioxidants such as tannins, phenols, and flavonoids help protect cells from damage caused by oxidative stress. Reducing oxidative stress can enhance the integrity of digestive tissues and support more efficient nutrient absorption, directly benefiting body weight gain. broilers are vulnerable to heat-induced stress, which negatively affects nutrient absorption, health, and survival rates, ultimately reducing productivity. Antioxidants play a vital role in mitigating oxidative stress and maintaining cellular oxygen balance.

Moreover, the antibacterial compounds in Moringa and Andrographis help maintain a healthy gut microbiota by suppressing pathogens. They work by damaging the bacterial cell wall and causing cell death, thus creating favorable conditions for beneficial bacteria to thrive, further improving nutrient utilization. Increased feed intake and efficient protein utilization from herbal supplementation led to better muscle development. Enzymes like papain also aid protein breakdown and absorption, promoting growth.

3.3. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Feed Conversion Ratio (FCR) in Broilers
The Feed Conversion Ratio (FCR) is a crucial indicator representing the amount of feed required by broiler chickens to gain one kilogram of body weight. Statistical analysis revealed that the application of various levels of liquid extract feed additives had a significant effect (P<0.05) on the FCR of broilers. This result indicates that the inclusion level of the Moringa and Andrographis liquid extract in feed influenced the efficiency with which broilers converted feed into body mass.
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Fig. 3. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Feed Conversion Ratio (FCR)

The lowest FCR was achieved at the 0.75% supplementation level, indicating superior feed efficiency at this dose. This significant difference is likely attributable to the direct relationship between feed consumption, body weight gain, and FCR. FCR values are determined by the balance between the feed intake and the resulting body weight gain. An increased feed intake without a corresponding increase in body weight will lead to a higher (poorer) FCR, while proportional weight gain will maintain or reduce FCR, signifying more efficient feed utilization.

Analysis of variance confirmed that the 0.75% extract level was the most effective in reducing FCR. This implies that increasing the extract level up to 0.75% can significantly enhance feed efficiency. This improvement may be attributed to the presence of bioactive compounds such as essential oils, phenolic compounds, saponins, tannins, and curcumin in the extract, which have been shown to possess strong antibacterial properties. These compounds help regulate the intestinal microbial population, particularly by reducing the presence of pathogenic bacteria that can compromise nutrient digestion and absorption.
Antibacterial compounds exert their effects by disrupting bacterial cell wall synthesis, altering membrane functions, and inhibiting protein and nucleic acid synthesis in pathogenic microbes [41]. Additionally, the phytogenic extract may contain beneficial actinomycetes (e.g., Streptomyces), which are known to produce antibacterial, antifungal, and antiparasitic substances. These metabolites support the growth of beneficial gut bacteria such as Bacteroidetes, which can hydrolyze undigestible polysaccharides like cellulose and produce organic acids (e.g., propionate and succinate) with anti-inflammatory and gut-protective functions [42].

Moreover, the presence of antioxidant compounds in the liquid extract helps neutralize free radicals and alleviate oxidative stress, particularly in gastrointestinal tissues. This supports nutrient absorption and utilization. Turmeric (a source of curcuminoids and essential oils) provides antioxidative, anti-inflammatory, and antibacterial effects, improves digestive enzyme secretion, and promotes tissue regeneration [43]. The essential oils in the extract are responsible for a broad range of biological activities, including antioxidant, antifungal, antiviral, antiparasitic, antibacterial, and anti-inflammatory actions, all of which contribute to lower FCR and better feed efficiency in broilers.

3.4. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on the Production Index (IP) of Broilers
The Production Index (IP) is a composite performance indicator that reflects the overall efficiency and productivity of broiler chickens. It encompasses key performance metrics, including growth rate, feed efficiency, survivability, and body weight. Statistical analysis demonstrated that the inclusion of liquid extracts at different levels significantly influenced (P<0.05) the IP of broilers.

The highest production index was obtained with a 0.75% inclusion level of the liquid extract. The significant differences in IP were closely related to the variations in body weight and FCR, which were also significantly affected by the extract supplementation. This confirms the close interrelation between growth performance, feed efficiency, and overall production output.
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Fig. 4. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Production Index (IP)

The higher the body weight achieved within a given time frame, the more favorable the IP value, reflecting better growth performance. Moreover, FCR efficiency directly affects production costs [44]. A lower FCR implies more efficient feed utilization, reducing the cost per unit of body weight gained and enhancing IP scores.

Analysis of variance further showed that supplementation with 0.25% and 0.75% extract levels was effective in improving broiler IP. The data suggests that increasing the extract concentration leads to better broiler performance across the production cycle. Typical IP values for broilers in open-house systems range between 260 and 370, while closed-house systems can achieve IPs of 400 to 420 [45]. In the present study, only the 0.25% and 0.75% extract levels exceeded the IP standard for closed-house rearing, confirming their effectiveness in enhancing broiler performance.

These improvements may be linked to the presence of papain, an enzyme known for its protein-digesting ability as well as its antimicrobial and antioxidant properties. Papain enhances nutrient absorption, supports intestinal health, and reduces infections, all of which contribute to increased body weight and feed efficiency. Papain at 2.5% concentration effectively inhibits Staphylococcus aureus by breaking down microbial proteins into simpler dipeptides and amino acids [46]. Thus, the bioactivity of the extract not only supports digestion but also protects gut health, enhancing overall productivity.

3.5. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on IOFC in Broilers
Income Over Feed Cost (IOFC) represents the net income derived from the sale of broilers after accounting for feed expenses. It is a key economic indicator in poultry production. Statistical analysis showed that the inclusion of different levels of liquid extracts significantly affected broiler IOFC (P<0.01). The findings suggest that varying the concentration of Moringa and Andrographis liquid extract in the feed can enhance the economic efficiency of broiler production.	Comment by Francis Wekesa: spacing

The highest IOFC was achieved at the 0.75% supplementation level. The highly significant increase in IOFC is likely due to the improvements observed in body weight gain and feed conversion, which were also significantly influenced by the treatment. IOFC is closely tied to FCR values. Efficient feed conversion translates to better economic returns, as it reduces the cost of producing each kilogram of broiler meat. Calculating IOFC requires considering feed cost, total feed intake, and the selling price of the chickens. Efficient feed utilization—achieved when feed is converted into body mass effectively—improves IOFC. Conversely, poor FCR leads to higher feed expenses and reduced income. Drop in IOFC directly reduces gross income.

[image: ]
Fig. 5. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Income Over Feed Cost (IOFC)

The analysis also indicated that the 0.75% extract inclusion was the most effective in enhancing IOFC. A linear improvement was observed across the range from 0% to 0.75%, suggesting that higher extract concentrations in the diet increase the bioactive content consumed, which in turn improves nutrient absorption, digestion, and body weight gain. IOFC improves when feed costs are minimized without compromising feed quality, and body weight gains are maximized. Higher extract levels increase the presence of functional phytochemicals, enhancing feed utilization efficiency. Similarly, a combination of red ginger, turmeric, and Phyllanthus niruri powders at 16 g/kg feed significantly improved protein digestion [47]. The essential oils in red ginger and turmeric stimulate pancreatic enzyme secretion (protease, amylase, lipase), which are vital for digesting proteins, carbohydrates, and fats.

In conclusion, enhancing IOFC through the addition of herbal extracts is feasible and economically beneficial, especially at the 0.75% inclusion level, which offers the highest return on feed investment without additional feed cost burden. 

4.	THE IMPACT OF MORINGA (MORINGA OLEIFERA) AND SAMBILOTO (ANDROGRAPHIS PANICULATA) ON GUT MICROBIOTA OF BROILER CHICKENS

This subchapter elucidates and interprets the findings regarding the impact of Moringa oleifera and Andrographis paniculata on gut microbiota composition. The discussion is organized into three subsections: the role of these phytogenic feed additives in modulating populations of Lactobacillus, Escherichia coli, and Salmonella spp. within the gastrointestinal tract. Each section is structured with a critical analysis supported by experimental findings and relevant scientific literature, highlighting the functional benefits of incorporating Moringa and Andrographis extracts into chicken feed.

4.1 Role in Gut Microbiota: Modulation of Lactobacillus, Escherichia coli, and Eimeria spp. Populations
Moringa and sambiloto exhibit significant potential as natural feed additives due to their capacity to modulate the gut microbiota composition in broiler chickens. These herbal additives can substantially influence the populations of key microbial groups, including beneficial bacteria such as Lactobacillus, opportunistic pathogens like Escherichia coli, and protozoan parasites such as Eimeria spp. By fostering the proliferation of probiotics and inhibiting harmful microorganisms, both plants contribute to enhanced intestinal health, improved immune responses, and increased disease resistance in broiler chickens. 	Comment by Francis Wekesa: spacing

The gastrointestinal tract of broiler chickens constitutes a complex habitat for diverse microorganisms that play critical roles in animal health and performance. The composition of the gut microbiota is affected by various factors, including feed type, additives used, and environmental conditions. The application of natural feed additives such as moringa leaves (Moringa oleifera) and andrographis (Andrographis paniculata) has been demonstrated to modulate the gut microbiota of broiler chickens, particularly impacting three major groups of microorganisms: beneficial bacteria (Lactobacillus), opportunistic pathogens (Escherichia coli), and protozoan parasites (Eimeria spp.). Lactobacillus, recognized as a probiotic, plays a crucial role in maintaining gut health and enhancing nutrient absorption, while E. coli and Eimeria spp. are identified as potential pathogens that can adversely affect poultry health.

Moringa leaves are abundant in bioactive compounds, including flavonoids, tannins, saponins, and phenolic acids, which possess antibacterial and antioxidant properties. These compounds inhibit the proliferation of pathogenic microorganisms through mechanisms such as the disruption of cell wall synthesis, alteration of membrane permeability, and inactivation of metabolic enzymes. Furthermore, complex polysaccharides and prebiotic compounds present in Moringa oleifera and Andrographis paniculata act as fermentation substrates for probiotic bacteria, thereby fostering the growth of lactic acid bacteria. 

Moringa oleifera extract has demonstrated antimicrobial activity that enhances gut health in broiler chickens. The plant's high phytochemical content, particularly flavonoids and polyphenols, supports the proliferation of beneficial microflora such as Lactobacillus while inhibiting the growth of pathogenic organisms like E. coli and Eimeria spp. Studies have indicated that the inclusion of moringa in poultry feed significantly increases Lactobacillus populations in the gut, correlating with a reduction in the prevalence of E. coli and Eimeria spp. [48–51]. 

Andrographis paniculata, commonly known as sambiloto, contains andrographolide, a diterpenoid lactone with recognized antiparasitic and immunomodulatory properties. In the context of Eimeria spp. infections—the primary cause of coccidiosis in broiler chickens—sambiloto extract has been shown to reduce oocyst counts in feces. Its anti-inflammatory and antimicrobial activities further enhance its positive effects on the gut microbiota [52]. These findings underscore the potential of sambiloto as a natural alternative to synthetic coccidiostats. 

The combined use of moringa and sambiloto fosters a healthier intestinal environment by increasing beneficial bacterial populations, suppressing enteric pathogens, and controlling protozoal infections. This phytogenic intervention not only supports gut health but also improves feed conversion efficiency and overall growth performance in broiler chickens. The integration of these herbal additives into poultry feed has been associated with enhanced intestinal health, better feed utilization, and improved meat quality, particularly during the growth and finishing phases [53, 54].


4.1.1 Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Escherichia coli Counts in Broiler Intestines
Escherichia coli (E. coli) is a rod-shaped bacterium belonging to the Enterobacteriaceae family. While E. coli normally exists as a commensal organism in the intestines of humans and warm-blooded animals, certain strains can act as pathogens, affecting poultry health and productivity. Statistical analysis showed that varying the levels of liquid extract supplementation significantly affected (P<0.01) E. coli populations in broiler digesta.	Comment by Francis Wekesa: spacing
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Fig. 6. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Escherichia coli Counts

The lowest E. coli population was observed at the 0.75% extract supplementation level, indicating a 19.2% reduction from the control. This significant decline in E. coli levels is likely attributable to the antibacterial properties of the phytogenic and probiotic compounds found in the extract. These compounds can disrupt bacterial cell membranes, cause leakage of intracellular contents, and ultimately lead to cell death.

Bioactive compounds such as eugenol and various terpenoids (e.g., seychellene, pogostol, pogostone) possess strong antibacterial and antifungal activity. These substances interact with membrane proteins and disrupt cell integrity, effectively suppressing bacterial growth. Probiotics such as EM-4—which contain Lactobacillus, yeast, actinomycetes, and photosynthetic bacteria (Rhodopseudomonas palustris)—support feed efficiency by enhancing the digestion of fats, crude fiber, and proteins while producing antibacterial metabolites that inhibit pathogenic microbes.

Analysis of variance confirmed that supplementation with 0.75% extract was the most effective in lowering E. coli counts. As the concentration of the extract increased, so did the availability of bioactive compounds such as curcumin, essential oils, phenolics, saponins, and tannins—all known for their antibacterial effects. 

Papain at a concentration of 2.5% inhibited Staphylococcus aureus by digesting microbial proteins into simpler peptides and amino acids. Additionally, curcumin has multiple bioactive functions, including antibacterial properties, with proven safety at high doses, low cost, and wide availability—making it a promising alternative to conventional antibiotics [54].

Moreover, lactic acid bacteria (LAB) produce lactic acid, which lowers intestinal pH and creates an inhospitable environment for pathogens like E. coli. Reductions in pH across the duodenum, jejunum, ileum, and cecum effectively suppress E. coli and Salmonella populations in broilers [55]. This acidic shift, driven by LAB activity, is a key mechanism in maintaining intestinal microbial balance and enhancing broiler gut health.

4.1.2 Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Salmonella sp. Counts in Broiler Intestines
Salmonella spp. are pathogenic bacteria belonging to the Enterobacteriaceae family and are well-known for causing infections in both humans and animals. In poultry, Salmonella can impair health, reduce productivity, and pose a significant risk of contamination in food products. Statistical analysis revealed that different levels of liquid extract supplementation significantly influenced (P<0.01) the population of Salmonella sp. in the digesta of broiler chickens.

The lowest Salmonella count was observed at the 0.50% supplementation level, indicating that intermediate inclusion was most effective in suppressing this pathogenic bacterium. The significant differences among treatment levels suggest a correlation with the increased presence of lactic acid bacteria (LAB), which was also observed in this study. LABs are known to produce lactic acid, lowering gut pH and creating an unfavorable environment for the growth of Salmonella sp.
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Fig. 7. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Salmonella sp. Counts

A decrease in gut pH—especially in the duodenum, jejunum, ileum, and cecum—can promote the growth of non-pathogenic bacteria such as Lactobacillus while suppressing Escherichia coli and Salmonella. An acidic gut environment inhibits pathogen proliferation, and LABs contribute to this by producing bacteriocins—antimicrobial compounds that inhibit or kill Salmonella spp.

The presence of LABs is vital due to the high pathogenic potential of Salmonella and E. coli. Antimicrobial activity against such pathogens is essential not only for improving poultry performance but also for preventing contamination in animal-derived food products [21]. Analysis of variance further confirmed that the 0.50% inclusion level of the herbal liquid extract was the most effective in reducing Salmonella populations. As the level of extract supplementation increased up to 0.50%, a clear decline in Salmonella counts was observed—from 4.36 ± 0.06 Log CFU/mL (L0) to 3.43 ± 0.06 Log CFU/mL (L2). This significant reduction was attributed to the increased concentration of antimicrobial compounds found in phytogenic and probiotic elements of the extract.

Flavonoids significantly reduce pathogenic bacteria in the broiler intestine [55]. Flavonoids disrupt bacterial function by coagulating cellular proteins, which undergo denaturation and subsequently lose their biological activity. Essential oils interfere with bacterial protein structures via denaturation and coagulation, impairing bacterial viability.

In summary, liquid extract supplementation at 0.50% was most effective in reducing Salmonella sp. levels in broiler intestines, likely due to the synergistic antibacterial actions of flavonoids, essential oils, and low pH from LAB activity.

4.1.3 Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Lactic Acid Bacteria (LAB) Counts in Broiler Intestines
Lactic Acid Bacteria (LAB) are beneficial microorganisms capable of fermenting carbohydrates—particularly glucose—into lactic acid. They are naturally found in organic-rich environments such as the gastrointestinal tracts of animals, fermented foods, and plants. In broilers, LAB contribute significantly to gut health and the suppression of pathogenic microbes. Statistical analysis demonstrated that supplementation with different levels of Moringa oleifera and Andrographis paniculata liquid extracts significantly influenced (P<0.01) LAB populations in the intestinal digesta of broilers.
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Fig. 8. Effect of Liquid Extract Levels of Moringa oleifera and Andrographis paniculata on Lactic Acid Bacteria (LAB) Counts

The highest LAB count was observed in broilers receiving the 0.75% extract supplementation level. The increasing trend in LAB populations with higher extract levels is likely attributed to the presence of nutrients and probiotic-supporting compounds in the extract—such as photosynthetic bacteria that provide nitrogen, a critical nutrient for LAB growth. Both organic and inorganic nitrogen sources are essential for the proliferation of LAB, along with carbohydrate substrates [56].

The variance analysis confirmed that the 0.75% inclusion level was the most effective for boosting LAB counts. This aligns with the findings of [57], who noted that supplementation with 1.5% Moringa leaf powder enhanced LAB populations in the gut. Antioxidants in Moringa can disrupt pathogenic bacteria by denaturing their membrane proteins, thereby reducing their metabolic activity and allowing beneficial bacteria like LAB to dominate.
Additionally, fermented fungi such as Aspergillus are known to produce weak organic acids like citric, oxalic, and gluconic acids [58]. These acids contribute to lowering intestinal pH by releasing hydrogen ions (H⁺) during short-chain fatty acid dissociation. This creates an acidic environment in the gut, which is favorable for LAB proliferation [59]. LAB growth is optimal in low pH conditions and is essential for non-ruminant animals like broilers, as it plays a critical role in pathogen suppression and overall digestive health. Importance of maintaining a large LAB population in the gut to outcompete and suppress harmful bacteria. As the LAB population increases, the presence of pathogens like E. coli and Salmonella tends to decrease, resulting in improved nutrient absorption and enhanced animal productivity. The higher LAB levels correlate with better poultry performance due to their role in enhancing gut integrity and immune function.

In conclusion, the supplementation of Moringa and Andrographis liquid extracts at 0.75% effectively increases LAB counts in the broiler gut, promotes a balanced microbiota, and supports better nutrient utilization and growth performance.


4. CONCLUSION

Moringa oleifera and Andrographis paniculata provide more than just essential nutrients for broiler chickens. The bioactive compounds found in these plants contribute to enhanced gut health, strengthened immune function, and improved meat quality. Supplements derived from these botanical sources lead to increased broiler performance, including feed intake, body weight, FCR, and IOFC. These plants offer a sustainable alternative to antibiotic growth promoters; however, further research is necessary to determine optimal dosages, feeding strategies, and to assess long-term effects.
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