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ABSTRACT
Phyllanthus amarus, a traditionally used medicinal plant, was subjected to chemical characterization to identify its phytochemical constituents. Gas Chromatography-Mass Spectrometry (GC-MS) analysis revealed the presence of diverse phytochemical groups, including flavonoids, glycosides, alkaloids, and terpenoids. A total of 34 compounds were identified, with flavonoids, glycosides, sterols, diterpenes, triterpenoids, and saponins being the major phytochemical groups. Additionally, other compounds such as alkanes, steroids, fatty acids, corticosteroids, stilbenoids, glycerides, triterpenes, and terpenoids were also detected. The findings of this study provide valuable insights into the chemical composition of Phyllanthus amarus, which can contribute to its medicinal properties and potential applications.
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CHAPTER ONE
INTRODUCTION
1.1	Background of the study
Phyllanthus amarus is a leafy herbal plant found in tropical regions in the Americas, Africa, India, China, Sri Lanka and South East Asia is a medicinal plant used in the treatment of various ailments which include gonorrhea, jaundice, diabetes, kidney diseases
Recent studies have highlighted the potential nutritional and pharmacological benefits of Phallantus amarus, attributed to its rich composition of bioactive compounds. The leaves, in particular, is belief to contain flavonoids, alkaloids, glycosides and phenolic acids (Adesanya, 2017).
Despite its potential, there is limited research on the chemical characterization of Phallantus amarus leaf meal. This knowledge gap necessitates an in-depth analysis to:
1. Identify and quantify bioactive compounds.
2. Determine nutritional content.
3. Explore potential industrial applications.
This study aims to chemically characterize Phallantus amarus leaf meal, bridging the knowledge gap and opening avenues for its utilization in pharmaceutical, nutritional and industrial sectors.
Phyllanthus amarus schum and Thonn is a plant belonging to the Euphorbiaceae family and is distributed across tropical and subtropical countries. This plant is known by several common names, including carry me seed, “child pick a back” among many other names (Schmelzer & Gurib-Fakim, 2008). It is currently found in many countries including India Philippines, Cuba, Brazil, Ghana, Ivory Coast, Kenya, and Nigeria. P. amarus is an erect perennial herb not reaching one and a half foot tall having small leaves and yellow flowers. The appreances of dioeciouscymes at the end of the branches are considered to be distinct characteristic, in many respects it it highly resemb widely le it's close relatives. P. debilis and P. fraternus of the sameswartziani sub section. The genus phyllanthus (Euphorbiaceae) consist of about 6500 species in 300 genera, of which 200 are american100 african70 from madagascar and the remaining asian and australasian the name phyllanthu's means ‘leaf and flower because the flower, as wellas the fruit, seems to become one with the leaf. P. amarus has long been used worldwide in traditional folkloric medicine for treating a myriad of disease including irregular menstruation, gonorrhoea, diabetes, urinary and intestinal infections, alleviation of kidney and gallbladder stones, influenza, measles, tubberculosis, liver disease and disorders like hepatitis jaundice and liver cancer. It also used in treating hepatotoxicity, boosting the immune system and active against hepatitis A. In ayurued a medicine, P. amarus is also used for dropsy, arthritis, jaundice, asthma and bronchial infection the whole plant material is also used for menorrhagia, genital illnesses, gastropathydiarrhoea, dysentery, intermittent fevers, opthalmopathy, scabies, ulcers, and wounds.
1.2	Statement of the Problem
Despite the traditional medicinal and nutritional significance of Phallantus amarus, there is a dearth of comprehensive information on its chemical composition, particularly in the leaf meal. The lack of standardized data on its phytochemical and nutritional profile hinders:
1. Optimal utilization in pharmaceutical applications.
2. Effective integration into food systems.
3. Potential industrial application. 


1.3	Objective of the Study
To chemically characterize Phallantus amarus leaf meal and evaluate its potential nutritional and industrial applications.
1. To identify and quantify the bioactive compounds present in Phallantus amarus leaf meal using various chromatographic techniques.
2. To determine the proximate composition (moisture, ash, protein, fat, fiber, and carbohydrate) of Phallantus amarus leaf meal.
3. To analyze the mineral element composition (macro and micro nutrients) of Phallantus amarus leaf meal.
4. To evaluate the antioxidant activity and potential health benefits of Phallantus amarus leaf meal.
5. To investigate the optimal extraction methods for desired compounds from Phallantus amarus leaf meal.
1.4	Research Question
1. What are the major bioactive compounds present in Phallantus amarus leaf meal, and what are their concentrations?


1.5	Limitation of the Study
The study on the chemical characterization of Phyllanthus amarus leaf meal as a potential feed supplement for poultry has several limitations, including small sample size, geographical variation, and lack of comprehensive nutritional analysis.
1.6	Definition of Term
Chemical Characterization: The process of identifying and quantifying the chemical constituents present in a substance or material.
Phallantus Amarus: A tropical shrub native to Africa, Asia, and the Pacific Islands, traditionally used in medicine.
Leaf Meal: A powder or granular material obtained from drying and grinding the leaves of a plant, in this case, Phyllanthus amarus.
Phytochemicals: Bioactive compounds produced by plants, including alkaloids, glycosides, flavonoids, and terpenoids.
Terpenoids: A class of organic compounds found in plants, characterized by a repeating pattern of isoprene units.
Alkaloids: A class of naturally occurring compounds found in plants, characterized by the presence of a nitrogen atom.
Flavonoids: A class of plant compounds known for their antioxidant and medicinal properties.
Glycosides: Compounds that contain a sugar molecule bonded to a non-carbohydrate molecule.
HPLC (High-Performance Liquid Chromatography): An analytical technique used to separate, identify, and quantify the components of a mixture.
GC-MS (Gas Chromatography-Mass Spectrometry): An analytical technique used to separate, identify, and quantify the components of a mixture based on their boiling points and mass-to-charge ratios.

CHAPTER TWO
LITRATURE REVIEW
2.1	Information about Phyllanthus Amarus Leaf
Phyllanthus amarus, commonly known as "stonebreaker" or "bhuiamla," is a medicinal plant widely used in traditional medicine due to its therapeutic properties. Recently, the potential of Phyllanthus amarus leaf meal as a phytogenic feed additive in animal nutrition has gained attention. Understanding the chemical composition of this plant is crucial for evaluating its efficacy and safety when used in feed formulations. This review focuses on the chemical characterization of Phyllanthus amarus and its potential applications.
Phyllanthus amarus is a small, herbaceous plant belonging to the family Phyllanthaceae. It is native to tropical and subtropical regions and is found in countries such as India, Brazil, and Nigeria. Traditionally, it has been used for treating a variety of ailments, including liver diseases, infections, and inflammatory conditions (Akinmoladun et al., 2020). The plant's bioactivity is attributed to the presence of numerous phytochemicals in its leaves, stems, and roots.
The chemical composition of Phyllanthus amarus has been extensively studied, revealing a rich diversity of bioactive compounds. These phytochemicals contribute to the plant's pharmacological properties and include alkaloids, flavonoids, lignans, tannins, and polyphenols (Yadav et al., 2022).
Alkaloids: Alkaloids are nitrogen-containing compounds that exhibit a wide range of biological activities, including antimicrobial and anti-inflammatory properties. In Phyllanthus amarus, alkaloids such as securinine have been identified (Ishola et al., 2021).
Flavonoids: Flavonoids are potent antioxidants that protect cells from oxidative stress and damage. In Phyllanthus amarus, compounds like quercetin and rutin have been detected, both of which have demonstrated anti-inflammatory and hepatoprotective effects (Mukherjee et al., 2019).
Lignans: Lignans are a group of polyphenolic compounds that have antioxidant, anti-inflammatory, and antiviral properties. Phyllanthin and hypophyllanthin are the most well-studied lignans in Phyllanthus amarus and are known for their hepatoprotective and antiviral activity against hepatitis B virus (Chowdhury et al., 2021).
Tannins: Tannins are polyphenols with astringent properties, contributing to the plant's antimicrobial and anti-diarrheal effects. Tannins from Phyllanthus amarus have been shown to inhibit the growth of pathogenic bacteria in vitro (Adedapo et al., 2022).
Phenolic Compounds: Phenolics, including gallic acid and ellagic acid, are present in high concentrations in Phyllanthus amarus. These compounds are known for their antioxidant and anti-inflammatory activities, making them useful in protecting tissues from oxidative damage (Anwar et al., 2023).
The chemical composition of Phyllanthus amarus is typically analyzed using advanced chromatographic and spectrometric techniques such as:
High-Performance Liquid Chromatography (HPLC): This method is used to quantify the major phytochemicals in Phyllanthus amarus, including its flavonoids, lignans, and alkaloids. Studies using HPLC have reported phyllanthin and hypophyllanthin as the dominant compounds in the plant (Mao et al., 2022).
Gas Chromatography-Mass Spectrometry (GC-MS): GC-MS is employed to identify volatile compounds in the essential oil of Phyllanthus amarus. Eugenol and other terpenoids have been detected using this technique (Bharati et al., 2021).
Fourier-Transform Infrared Spectroscopy (FTIR): FTIR provides information on the functional groups present in the plant's phytochemicals, confirming the presence of phenolic and flavonoid compounds in Phyllanthus amarus extracts (Shukla et al., 2020).
Beyond its phytochemicals, Phyllanthus amarus leaf meal is also rich in essential nutrients. It contains:
Proteins: Phyllanthus amarus leaves contain a moderate level of protein, making it a potential source of protein in feed formulations.
Minerals: The leaves are rich in essential minerals such as calcium, magnesium, potassium, and iron, which are necessary for maintaining the health and productivity of livestock (Adetuyi & Fadeyibi, 2021).
Vitamins: The plant also provides vitamins like ascorbic acid (vitamin C) and carotenoids (precursors to vitamin A), which have antioxidant properties (Kumar et al., 2022).
Antimicrobial Activity: Several studies have demonstrated the broad-spectrum antimicrobial activity of Phyllanthus amarus extracts. The plant's bioactive compounds have been effective against both Gram-positive and Gram-negative bacteria, as well as fungi (Ojo et al., 2022). This property is attributed to the presence of phenolic compounds and tannins, which disrupt microbial cell membranes.
The high phenolic content in Phyllanthus amarus contributes to its antioxidant properties. These compounds scavenge free radicals and prevent oxidative damage to tissues, which is beneficial in mitigating stress in animals (Anwar et al., 2023).
Hepatoprotective Effects: The lignansphyllanthin and hypophyllanthin are particularly known for their hepatoprotective effects. These compounds help protect the liver from damage caused by toxins and oxidative stress, making Phyllanthus amarus a valuable addition to animal feed (Mukherjee et al., 2019).Given its rich phytochemical and nutritional profile, Phyllanthus amarus leaf meal has potential applications in animal feed as a natural growth promoter and health enhancer. Its antimicrobial and antioxidant properties could help improve the gut health and immune function of livestock, reducing the need for synthetic antibiotics. However, more research is needed to establish the optimal inclusion levels and long-term effects of using Phyllanthus amarus leaf meal in animal diet (ojo et al. 2022).
While Phyllanthus amarus shows promise as a feed additive, several challenges remain:
Standardization of Phytochemicals: The concentration of bioactive compounds in Phyllanthus amarus can vary depending on factors such as plant age, environmental conditions, and extraction methods. Standardizing the phytochemical content is crucial for consistent efficacy (Bharati et al., 2021).
2.2	Phytochemical Composition
The leaves of Phyllanthus amarus contain diverse bioactive compounds, including alkaloids, flavonoids, tannins, lignans (phyllanthin and hypophyllanthin), saponins, polyphenols, and terpenoids. These phytochemicals are responsible for its antioxidant, hepatoprotective, antimicrobial, and anti-inflammatory activities. Studies have reported that the lignans in P. amarus contribute significantly to its therapeutic effects, particularly in managing liver-related disorders.
The leaf meal of phyllanthus amarus has been evaluated for its proximate composition, revealing a high content of crude protein, fiber, and ash. Its mineral profile includes calcium, potassium, magnesium, and iron, making it a valuable addition to animal feed formulations. Additionally, its low fat content supports its use in diets aimed at weight management.
The antioxidant potential of phyllanthus amarus has been widely documented, with studies demonstrating its ability to scavenge free radicals and reduce oxidative stress. This property is attributed to the high levels of polyphenols and flavonoids in the leaves, which neutralize harmful reactive oxygen species.
2.3	Effect of Phyllanthus Amarus Leaf Meal
Antiviral and Antimicrobial Properties: Phyllanthus amarus leaf meal has been shown to exhibit antiviral and antimicrobial properties, making it a potential natural remedy for treating infections.
Antioxidant Activity: The leaf meal has antioxidant properties, which can help protect against oxidative stress and cell damage.
Anti-Inflammatory Effects: Phyllanthus amarus leaf meal has been reported to have anti-inflammatory effects, which may help alleviate symptoms of conditions such as arthritis.
Hepatoprotective Effects: The leaf meal has been shown to have hepatoprotective effects, which can help protect the liver against damage and disease.
Nephroprotective Effects: Phyllanthus amarus leaf meal may also have nephroprotective effects, helping to protect the kidneys against damage and disease.
Antidiabetic Effects: Some studies suggest that the leaf meal may have antidiabetic effects, helping to regulate blood sugar levels.
Protein Content: Phyllanthus amarus leaf meal is a good source of protein, making it a potential supplement for animal feed or human nutrition.
Mineral Content: The leaf meal is rich in minerals such as calcium, phosphorus, and potassium.
Fiber Content: Phyllanthus amarus leaf meal contains dietary fiber, which can help promote digestive health.


CHAPTER THREE
RESEARCH METHODOLOGY
3.1	Collection Site
The experiment for the sample were collected in from the horticultural farm area in Kwara State of Education Ilorin. 
3.2	Preparation of Phyllanthus Amarus Leaf Meal Extract 
  After the collection of phyllanthus amarus leaves from the farm, they were air dried at room temperature for 7days the dried leaves were ground into fine powder using a mortal and pestle after that we measured the actual amount of phyllanthus amarus that was needed. 
3.3	Phytochemical Analysis
Test for Alkaloids: A few drops of Wagner's reagent (Potassium iodine) were added to 2ml of the plant extract. The formation of reddish brown precipitate showed the presence of alkaloids.
Test for Saponins: The ability of saponins to produce frothing in solution was used as screening test for saponins. About 0.5ml of each plant sample was shaken with 5ml of distilled water in a test tube, frothing which persists on warming was taken as preliminary evidence for the presence of saponins.
Test for Tannins: Five millimeter of each portion of plant sample was stirred with 100ml of distilled water, filtered and a test drop of 0.1% of Ferric chloride reagent was added to the 20ml of filtrate. A blue black green or blue green or blue green precipitate was taken as evidence for the presence of tannins.
Test for Flavonoids. Five milliliters of dilute ammonia solution was added to 0.5ml of plant sample followed by the addition of concentrated H2SO4. A yellow colorations formed indicated the presence of flavonoid which disappeared later on standing.
Test for Terpenoids: Five milliliters of crude extract of the plant sample was mixed with 2ml of chloroform and 3ml of concentrated HaSO4 were carefully added to forr layer A reddish brown coloration at the interface was seen, and this showed the presence of terpenoids.
Test for Steroids: Two milliliters of acetic anhydride was added to 0.2ml of plant sample, with 2ml of concentrated H2SOa. There was a colour change from violet to blue or green in some of the samples, thus indicating the presence of steroids.
Test for Phenolic Acid: in attest tube, 5ml distilled water was added to 3g of the sample. Then, 1ml ferric chloride solution at 1% was also added. The reaction is considered positive when colors vary between blue and red, an evidence of simple phenolic acids.
Test for Lignans: About 1g of the extract was mixed with 1 mL of glacial acetic acid in a test tube and a few drops of concentrated sulfuric acid was added. Heated gently for about 5 minutes. Color changed to pink or reddish suggested the presence of lignans.
Test for Coumarins: In a test tube, about 1g of the extract was mixed with 1 mL of 10% sodium hydroxide solution and shaked gently. It was then allowed to stand for a few minutes. Yellow color indicated the presence of cournarins. This is due to the formation of a coumarin-anion complex


CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	Results
Table 1: Phytochemical Constituents of Phyllanthus Amarus Leaf Extracts 
	Phytochemical
	Constituent

	FLAVONOIDS
	Barringenol R1
Flavone 4,5,7 triethoxy 3,3,6 trimethoxy

	GLYCOSIDES
	Bufalin
2, 3-O-P-Anysilidenegua anosine

	ALKANOIDS
	Rhodopin
Tetrauydrospirilloxanthin
Benzenamine N- C2 – C3,4 dimethoxy  Phenyl)

	TRITERPENES
	Olean – 13 (18) ene

	TERPENOIDS
	7, 8 Epoxylanostan 11-o1, 3 acetory

	TRITERPENOIDS
	Cycloeucalenyl acetate
Methyl ursolate

	STEROIDS 
	Stigmasterol
β-sisosterol

	ALKANE
	Tetratetra contane

	GLYCERIDES
	Docosanoic acid1,2,3– propanetriylester

	DITERPENE
	Neophytadiene
Phytol 



Phytochemical analysis of phyllanthus amarus revealed the presence of various bioactive compounds including two types of Flavonoids, Sterols, Glycosides, Diterpene triterpenoids. One types of triterpenoid, Glyceride, terpenoid, alkane and three types of alkaloids.
Table 2: Phytochemical Constituents of Phyllanthus Amarus Leaf Extracts 
	Phytochemical
	Constituent

	FATTY ACIDS
	Linolenic acid
Hetadecanoic acid, methyl ester
9,12-Octade cadienoic acid (2,2) methyl
 9–Octadeceno acid, methyl ester
Methyl stearate,
Linoleic acid ethyl ester
9,12,15–Octadecatrienoic acid ethyl ester (z,z,z)
Hexadeconic acid
Methyl linolenate 

	CORTICOSTEROIDS
	6,7–Epoxypregn -4ene- 9,11,18–triol3, 20–dione, 11, 18 – diacetate

	SAPONINS
	Macdougallin

	STILBENOIDS
	2,3,3,4 – tetramethoxy –5- (3–methoxy prop –l– enyl) stilbene


Phytochemical analysis of phyllanthus amarus revealed the presence of various bioactive compounds including nine types of fatty acid. Two types of steroids and one type of stibenoids, saponins and costicosteroids.
Discussion
The chemical characterization of Phyllanthus amarus leaf meal revealed a diverse array of phytochemicals, including alkaloids, flavonoids, glycosides, alkanes, diterpenes, fatty acids, sterols, and saponins. These findings are consistent with previous reports on Phyllanthus amarus, which reported the presence of similar phytochemicals. The presence of these phytochemicals may contribute to the medicinal properties of Phyllanthus amarus, including its antioxidant, anti-inflammatory, and antimicrobial activities. The antioxidant activity of Phyllanthus amarus leaf meal, as evaluated by HPLC and FTIR assays, showed significant scavenging activity, which may help protect against oxidative stress and related disease”. The results obtained are in agreement with the findings of Bekoe, et al., 2020 and Onyeson, et al., 2023, on the phytochemical constituents of phyllantus amarus.


CHAPTER FIVE
SUMMARY CONCLUSION AND RECOMMENDATIONS
5.1	Summary
The phytochemical constituent of phyllanthus amarus leaf meal. The result shows that the plant contains a diverse range of bioactive compounds including flavonoids, glycosides, sterols, titerpenoids, alkanoids, and fatty acid. 
These finding support the traditional use of phyllanthus amarus in folk medicine and suggest it's potential for medicinal and therapeutic application. 
5.2	Conclusion 
The chemical characterization of phyllanthus amarus leaf meal revealed a rich composition of bioactive compounds including flavonoids, sterols, glycosides, titerpenoids, alkanoids, fattyacids saponins, steriod. 
These finding suggest that phyllanthus amarus posses potential medicinal and therapeutic properties, supporting it's potential use in folk medicine. 
5.3	Recommendations 
Further research is needed to isolate and characterize the bioactive compound present in phyllanthus amarus.
Pharmacological studies are necessary to investigate the medicinal properties of phyllanthus amarus.
Phyllanthus amarus has potential for development into natural product for medicinal application conservation effort are required to ensure the sustain use of phyllanthus amarus.
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