


Maximum Tolerable Dose of the Hydro-methanolic leaf extracts, Some mineral Elements, Some Heavy metals Total/ Essential/ Non-Essential Amino acids, and Proximate analysis of the leaves of Carica papaya.
 
Abstract
Carica papaya (C. papaya Linn) is a Medicinal plant that is well-researched and documented for its many pharmacologic properties including anti-oxidant and anti-inflammatory etc., it is believed that it is rich in essential minerals, nutrients and food substances. In this study, the Maximum tolerable Dose of the Hydro-methanolic leaf extracts, some mineral elements, some heavy metals, total/ Essential/ Non-Essential amino acids and proximate analysis of the leaves of Carica papaya were determined. The leaves were harvested in triplicate that is from three (3) different farms from Rumuekini, Obio-Akpor Local Government Area, Rivers State, Nigeria, West Africa and the plant leaves were identified in Plant Science and Biotechnology Department, University of Port Harcourt, Rivers State. The Maximum Tolerable Dose- MTD was done using the Locke’s method as postulated by Enegiede et al., 2017, following the OECD Guideline 425. The Hydro-methanolic leaf extraction was done using the Soxhlet method as per standard method as postulated by Sofowora, 1981. Some mineral elements (Sodium, Potassium, Magnesium, Iron, Selenium, Calcium & Copper) and some heavy metals (Cadmium, Lead, Nickel, Chromium, Aluminum, Arsenic & Mercury) in the leaves of C. papaya were assessed using the atomic absorption spectrophotometer- AAS using the Agilent FS 240 AA. The total/ Essential and non-essential amino acids were determined using the Gas Chromatography Flame Ionization detection- GCFID- Agilent 6890 technologies. The proximate analysis was done using the AOAC method. The mineral elements/ heavy metals/ amino acids/ proximate analysis was done on the three (3) different leaves harvested from the farms. The results revealed that the MTD for the hydro-methanolic leaf extracts of C. papaya was 5,000 mg/kg b. wt. Some mineral elements in C. papaya showed that Sodium was 10.68 ± 0.62 ppm was the most concentrated, and other elements showed: Calcium- 8.23 ± 0.14 ppm, Potassium- 6.95 ± 0.18 ppm and Magnesium- 6.27 ± 0.14 ppm. Some heavy metals composition in the leaves of C. papaya revealed thus; Lead- 0.11 ± 0.00 ppm, Arsenic- 0.07 ± 0.00 ppm, and Cadmium- 0.02 ± 0.00 ppm. The heavy metals determined are within WHO permissible limit. The amino acids revealed a total amino acid level- 78.29 ± 1.18 mg/kg, and other amino acid fractions showed: Serine- 11.50 ± 0.06 mg/kg, Threonine- 10.15 ± 0.06 mg/kg etc. The Proximate analysis revealed thus: Carbohydrate- 41.39 ± 1.18 %, Protein- 24.78 ± 0.96 %, Crude Fiber- 14.74 ± 0.46 % and Crude fat- 7.26 ± 0.28 %. Hence, the leaves of Carica papaya are non-toxic, safe and non-lethal at 5,000mg/kg b. wt. The heavy metals are within WHO acceptable limits and it is a rich source of mineral elements, amino acids (Essential and Non-Essential), stable food materials (Carbohydrates, Proteins etc.). So, Carica papaya leaves could be incorporated as drug, supplement or nutraceuticals for human and mammalian use.
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1.0 Introduction
Carica papaya (C. papaya) is a tropical, ever-green, woody-like herb that usually grows as a single, unbranched stem, reaching heights of 2-10 meters. Carica papaya is mainly cultivated for its edible fruits, which are large, fleshy berries, often oval or peer-shaped with a yellow-green skin and orange-yellow flesh, weighing from 0.5 kg to several kilograms (Olas, 2026). C. papaya is a well-known medicinal plant reported for its antifungal (Dick & Wekhe, 2024), Cadmium/ heavy metal treatment (Akpan et. al., 2024), Wound-healing (Bakkar et. al., 2026), Anti-oxidant (Negreanu-Pirjol et. al., 2024) etc. Carica papaya has a great Economic benefit and its leaves, stem, roots, fruits and the seed of the fruits are useful across many cultures as medicine. 
Medicinal herbs are extensively used for therapy in many parts of the world. Herbs are normally considered to be safe and obtained from plants which are living species. However, many adverse cases have been reported especially on long-term cases (Bose et. al., 2021). Maximum Tolerable Dose, also known as Acute oral toxicity limit test is a safety procedure used to evaluate whether a substance exhibits toxicity at a high upper-limit threshold dose, typically employing 2,000 mg/ kg or in exceptionally 5,000 mg/kg b. wt. using a minimal number of animals to reduce animal usage (Mulder, 2020; Sewell et. al., 2024). Acute toxicity limit test aids in ascertaining the safety profile and non-toxic measure of a substance, in this case (Carica papaya). 
Mineral elements in plants are naturally-occurring inorganic ions absorbed mainly from the soil that are essential or beneficial for growth, development and metabolic functions. These mineral elements are crucial for completing the plant lifecycle as well as those that enhances crop quality and stress tolerance (Santa-Maria et. al., 2023). These mineral elements are mainly: macronutrients- (Required in large amounts; like nitrogen, phosphorus, potassium, calcium, magnesium and sulphur), and micro-nutrients (Required in trace elements; including Iron, Manganese, Zinc, Copper, Molybdenum, Chloride and Nickel) (White & Brown, 2010). 
Heavy metals in plants refer to the uptake and accumulations of elements like Cadmium, Lead and Mercury from contaminated or ordinary soils, which key indicators show stunted root growth, yellowing leaves and inhibited photosynthesis (Mohammed et. al., 2025). Cadmium (Cd), Lead (Pb), Mercury (Hg) and Arsenic (As) are considered as toxic non-essential, this is because they have no good use in plants or animals and cause harm easily. Human industrial uses include: Factories, mining and chemical factories are the high levels of these metals to get into the soil via bioaccumulations. (Ejaz et. al., 2023). The main uptake of these heavy metals in humans is via oral consumption of contaminated products and inhalation. This is why determining the level of heavy metals in plants is critical to human health.
Amino acids in plant leaves are organic building blocks of proteins that help optimize tolerance, nutrients uptake and chlorophyll production (Emerald Harvest, 2024). Amino acids are divided into Essential and Non-Essential amino acids; and the combination of both makes total amino acids. These amino acids include: Lysine, Leucine, Glutamate, Aspartate etc. Amino acids are main constituents that makes all proteins and the building blocks of all tissues/ organs.
Proximate composition of plants refers to the measurement of their major macro-nutritional components, such as moisture, ash, crude protein, crude fats, crude fiber and carbohydrates. This analysis helps determine the nutritional, beneficial and medicinal values of plants (Mohammed & Hamad, 2026). The proximate analysis gives the profile of essential food components in plants. It also provides an index of the energy store, proteins and fats content in plant leaves/ stem and roots. Assessing, the proximate content of plants provides details of the gross total of food materials in a plant. 
1.1 Objectives of this study
This study was designed to determine the Maximum Tolerable Dose, Some mineral elements (Sodium, Potassium, Magnesium, Iron, Selenium, Calcium, Copper and Zinc), Some Heavy metals (Cadmium, Lead, Nickel, Chromium, Aluminum, Arsenic and Mercury Levels), Total/ Essential/ Non-Essential amino acids and Proximate composition in the leaves of Carica papaya. This data will provide evidence for the possible medicinal properties, nutritional and scientific relevance of the use of Carica papaya. This data will give a scientific rationale of its many biochemical uses. This data will be of great benefit to Research/ Biomedical Institutes, Pharmaceutical Companies, Academicians and the general public. 
2.0 Materials and Methods
2.1 Experimental Animals
Thirty-six (36) Wistar rats were procured from the Department of Pharmacognosy, University of Port Harcourt, choba. These rats were used for the Acute Oral Toxicity limit test.
2.2 Plant Leaves (Study Preparation and Identification)
The leaves of Carica papaya were harvested from three (3) different farm sites in Rumuekini, Obio-Akpor Local Government Area, Rivers State, Nigeria, West Africa. 
The leaves of Carica papaya were identified by a Plant Scientist of the Department of Plant Science and Biotechnology, University of Port Harcourt, Rivers State. The reference and herbarium numbers are: UPH/ PSB/ 2024/ 007 & UPH/ P/ 450.
The three different plants harvested were assayed for mineral elements/ heavy metals/ amino acids and proximate analysis. Then, the mean and SD were calculated.
2.3 Acute Oral toxicity limit test of the Hydro-methanolic leaf extracts of Carica papaya
This test is also called the Maximum Tolerable Dose. This procedure was done based on the Lorke’s test as reported by Enegiede et. al., 2017. It was done on the OECD Guidelines 425. It was a three (3) phase procedure which entailed increasing the doses of the Hydro-methanolic leaf extracts of Carica papaya for every twenty-four hours. In the first phase, twelve (12) Wistar rats randomly divided into three (3) groups of four (4) rats per groups were given 500, 1000 and 1500 mg/ kg b. wt. of the Hydro-methanolic leaf extracts of Carica papaya respectively. At this phase, the rats were observed for signs of toxicity, weight loss or death for twenty-four (24) hours. At this phase, there was no weight loss, toxicity or mortality observed.
In the second phase, the procedure was repeated again as the first phase but with different set of rats and at increased doses. Four rats were randomly divided into three (3) groups were given 2000, 3000 and 4000 mg/kg b. wt. of the hydro-methanolic leaf extracts of C. papaya accordingly. These rats were also observed for signs of toxicity or mortality again for another twenty-four (24) hours. There were no signs of toxicity or mortality recorded in the second phases. 
At the third phase, the procedure was repeated again using four (4) rats randomly divided into three (3) groups and given 4500, 5000 and 6000 mg/kg b. wt. of hydro-methanolic leaf extracts of C. papaya. The rats were observed for noticeable signs of toxicity, weight loss, psychosomatic behaviors and mortality. At the high dose of 6000mg/kg b. wt., there was evidence of itchy, scratching of limbs/ mouth, loss of appetite and weight loss. This is the noticeable signs of psychosomatic behaviors. Hence, the Maximum Tolerable Dose of the Hydro-methanolic leaf extracts of Carica papaya is 5000mg/kg b. wt.
The results is displayed in table 3.1
2.4 Preparation of the Hydro-methanolic leaf extracts of Carica papaya
The method used was the Soxhlet method as per standard method as postulated by Sofowora et al., 1981.
The Carica papaya leaves were picked, washed in running water, allowed to air-dry, manually crushed and pulverized using a blender (Bardefu BF 5082). Then, fifty (50) grams of the pulverized Carica papaya leaves was weighed and put into a 1000ml beaker. The Hydro-methanol solvent was prepared in a ratio of 70:30, that is 700 ml of methanol and 300 ml of distilled water was poured into the 1000 ml beaker where the pulverized leaves were put. The mixture was carefully stirred using mechanical agitation and left to extract for twenty-four (24) hours at room temperature. After which, the mixture was filtered using a muslin cloth to remove all large particles or debris and the filtrate collected. Then, the Filtrate were further allowed to pass through a whatmann filter paper to obtain a clear filtrate, it was concentrated by evaporation in a water bath at a controlled temperature of 50oC until it condenses and all fluids evaporated to form a semi-solid/ hard mass. This is the crude/ standard solution and stored in a refrigerator at 2-8oC until needed for usage.
2.5 Dose Calculation of the hydro-methanol leaf extracts of Carica papaya
To prepare the stock concentration= Total weight of extracts needed
					      Volume required
Stock concentration= 5000 mg = 100 mg/ml.
			50 ml

That is 5,000 mg of the semi-solid hydro-methanolic leaf extracts of Carica papaya was measured using a weighing balance into a 100 ml beaker, and 50 ml distilled water was added.
To prepare the 100 mg/ ml:
A clean petri-dish was placed on a weighing balance. Then, the weighing balance was set at zero, hundred (100) grams of the semi-solid/ stock of the hydro-methanolic leaf extracts of Carica papaya were measured and placed in a 1000 ml beaker. Then, 1000 ml distilled water was added and stirred for it to dissolve.
To calculate the actual doses to accordingly (Average weight of rats: 200 g/ 0.2 kg) =
For 1000 mg/kg b. wt.  = Weight of rats (Kg) x Dose in mg/kg
                                             Stock concentration (mg/ ml)

1000 mg/kg b. wt. = 0.2 kg x 1000 mg/kg
                                        100 mg/ml
= 2 mls of the working solution of Hydro-methanolic leaf extracts of C. papaya administered
For 500 mg/kg= 1 ml C. papaya extracts.
For 1500 mg/ kg= 3 mls extracts administered
For 2000 mg/kg b. wt.= 4 mls extracts administered.
2.6 Determination of Some mineral elements (Sodium, Potassium, Magnesium, Iron, Selenium, Calcium, Copper and Zinc) and some heavy metals (Cadmium, Lead, Nickel, Chromium, Aluminum, Arsenic and Mercury) in the leaves of Carica papaya using the Atomic Absorption Spectrophotometer (AAS)- Agilent FS 240 AA.
2.6.1 Principle
The atomic absorption spectrophotometer (AAS) operates based on the samples aspirated into flame and atomized when the light beam of atomic absorption was directed through the flame into the monochromator, and then to the detector which measures the amount of light absorbed by the atomized elements in the flame. Each metal has its own characteristic wavelength and the amount of energy/ wavelength absorbed in the flame was proportional to the element in the Carica papaya leaves.
2.6.2 Procedure
The Carica papaya leaves were picked, washed in running water, allowed to air-dry, crushed manually and pulverized using a blender (Bardefu BF 5082). Two (2) grams of the pulverized leaves of C. papaya were weighed and put inside a digestion flask. A mixture of acidic solutions (650 ml concentrated HNO3, 80 ml perchloric acid and 20 ml conc H2SO4) was added to the digestion flask containing the pulverized leaves. Then, it was added until a clear digest was obtained, allowed to coo and diluted with distilled water till the 100 ml mark. A serial standard of the various metal solutions in their optimum concentration were prepared accordingly. Also, a refence solution was prepared by diluting the single stock element solution with distilled water and 1.5 ml concentrated nitric acid. The Calibration blank was prepared using the appropriate reagents. The Agilent FS 240 AA was used to determine the levels of the listed mineral elements and heavy metals. The results were taken from three (3) different leaves from the Rumuekini farm.
2.7 Determination of Total, Essential and Non-Essential amino acids in the leaves of Carica papaya using the Gas Chromatography Flame Ionization Detector (GCFID)- Agilent 6890 technologies
2.7.1 Principle
This works by the combustion of sample components eluting from the column in a hydrogen flame which produces ions. The ions are detected by an electrode, thus generating a current proportional to the concentration of amino acids in the leaves of Carica papaya.
2.7.2 Procedure: The leaves of Carica papaya were harvested, washed in water, allowed to air-dry, crushed manually and pulverized using a blender (Bardefu BF 5082). The sample proteins in Carica papaya leaves were hydrolyzed using 6N HCl in a clean 500 ml beaker. The hydrolysis was done thus: 0.1 gram of lyophilized sample in a Pyrex tube, 15 ml of 6 N HCl was added and the tubes flushed with Nitrogen (N2), capped and then placed in an oven at 110oC for twenty-four (24) hours. After the hydrolysis, the solution was allowed to cool and filtered using the whatmann filter to remove solid leaf particles and debris. The filtrate was made up to 25 ml with pyridine and the mixture was further filtered. A standard solution of 1.25Umol/ml of the acid mixture in 0.1 N HCl was created. A derivation procedure was done as stated by Elkins et al., 2018, and it was done using the methanol-water-phenyl isothiocyanate (PITC) mixture on the digested Carica papaya leaves left after the standard solution prepared. Finally, a nitrogen steam was used to remove the solvent and the Carica papaya solutions was stored at 4oC.
Chromatography was done at a temperature of 30oC in the solution of Carica papaya. While, the Agilent 6890 technologies was used to determine the total, essential and non-essential amino acids.
2.8 Proximate Composition of Carica papaya leaves
2.8.1 Protein determination using the Kjeldahl method
The leaves of Carica papaya were picked, washed in water, allowed to dry and pulverized using a blender (Bardefu BF 5082). The Crude proteins in the leaves of Carica papaya was determined by measuring the nitrogen content using the Kjeldahl method. In the procedure, fifteen (15) grams of potassium sulphate and Copper (II) sulphate was placed in 800 m Kjeldahl flask. Two (2) grams of the pulverized Carica papaya leaves was weighed and transferred into the flask. After which, 25 mls of concentrated sulphuric acid was added carefully and mixed by stirring. The flask content was heated in an inclined position until the solution becomes clear (digested). The content was allowed to cool to 40oC and 50 ml distilled water was added. Then, 50 ml of digested solution of C. papaya was transferred to a conical flask and 25 ml of 4% boric acid added. After which, 33 ml of 33% NaOH solution was added to the flask and heated to steam to distil for four (4) mins. 4 drops of indicator were added. The indicator was made up of 0.2gram methyl red and 0.1 g methylene blue in 100 ml ethanol), and titrated to gray colour with 0.1 M HCl. Also, a blank and standard solution were added. The % nitrogen was calculated and crude protein content level was also calculated by multiplying the % nitrogen by 6.25.
% nitrogen content= (ml of standard acid – ml of blank) x N of acid x 1.4007
			Weight of Carica papaya in grams (2 grams)

The results gotten were in triplicates and presented in the results column as Mean ± SD. The mean and SD calculated and so reported.
2.8.2 Determination of moisture content
The moisture content was determined by weighing the fresh weight of a newly harvested Carica papaya leaves in an analytical balance, noted and put in a porcelain crucible. Then, the leaves were heated in an electrical oven for six (6) hours at 105oC until the leaves were burnt-off to ashes, allowed to cool and the ashes dust weighed. The % moisture content was calculated by dividing the moisture weight of Carica papaya (fresh) and the weight of ash of the leaves (C. papaya) by 100.
% moisture content= Weight of moisture content obtained (grams) x 100
			Initial weight of fresh C. papaya leaves

2.8.3 Determination of Ash content
Fresh leaves of Carica papaya were harvested, washed, allowed to air-dry, measured using a weighing balance and noted in a ledger. A furnace was heated to 600oC and a dry crucible which was cleaned and weighed was placed inside the furnace oven. Then, the Carica papaya leaves were put into the furnace using the crucible, until the leaves were burnt-off and allowed to cool. The ash of the Carica papaya leaves were also measured using an analytical weight and recorded. The % moisture content was calculated by dividing the weight of moisture (in grams) from the weight of burnt Carica papaya leaves multiply by 100.
% Ash= Weight of ash (grams) x 100
	Initial weight of C. papaya leaves

2.8.4 Determination of Crude Lipids
The leaves of Carica papaya were harvested, washed in clean water, placed on a tile surface to air-dry, crushed and pulverized using a blender. Three (3) grams of pulverized Carica papaya leaves were measured using a weighing balance into a clean and dry filter paper. The filter paper was rolled, inserted in an extraction thimble and used to extract fat in a Soxhlet apparatus using ethanol as solvent. The extract mixture was transferred into another flask; the solvent was removed, placed inside a flask in a hot air oven which was maintained at 100oC for 30 mins to remove the residues from C. papaya leaves and residue transferred to a desiccator and allow to cool. With the aid of a weighing balance, the weight of the residue and the total fats was taken. The % fat was calculated thus; the weight of fat obtained in gram divided by weight of leaves used (gram) multiplied by100.
% Fat can be calculated thus:
% Fat= (Weight of fat/lipid obtained (grams) ×100
              (Weight of leaves (C. papaya) (grams))  


2.8.5 Computation of Carbohydrates
The Carbohydrate (nitrogen free extracts) was calculated by summing up the various nutrients assessed (Total protein, Moisture content, Ash content and Crude lipids), and the results obtained from 100. This is Carbohydrate value.
2.9 Statistical Analysis
Data collected in triplicates The data were analyzed using one-way analysis of variance (ANOVA). Data were presented as means ± Standard Deviation (SD).
3.0 Results
3.1 Maximum Tolerable Dose for Hydro-methanolic Leaf Extracts of Carica papaya
The Maximum tolerable dose of the Hydro-methanolic extract of C. papaya is presented below. The Table highlights the different phases, number of rats, doses given (mg/kg), rats alive, feeding habits and any toxic/ psychosomatic behaviors observed. The Maximum Tolerable Dose of the Hydro-methanolic extracts of Carica papaya is 5,000mg/kg b. wt. Based on the OECD 423 for Acute toxic class, the Hydro-methanolic leaf extracts of Carica papaya is safe and non-harmful.








Table 3.1 Maximum Tolerable Dose for Hydro-methanolic Leaf Extracts of Carica papaya
	Phase One 

	Groups
	No of rats
	Dose (mg/kg)
	Rats Alive
	Feeding Habits
	Toxicity/ Mortality/ weight loss/ Psychosomatic behaviors

	1
	4
	500
	Alive & Active
	Normal
	Stable

	2
	4
	1000
	Living & active
	Regular
	Stable

	3
	4
	1500
	Alive
	Normal
	Normal

	Phase two

	1
	4
	2000
	Alive
	Normal
	Normal

	2
	4
	3000
	Living
	Stable
	Normal

	3
	4
	4000
	Living & Active
	Regular
	Normal

	Phase three

	1
	4
	4500
	Alive & Active
	Regular
	Stable

	2
	4
	5000
	Living
	Normal
	Normal

	3
	4
	6000
	Alive
	Poor
	Severe itchy/sluggish movement/weight loss/ mouth scratching



Note: *-The Maximum Tolerable Dose of the Hydro-methanolic extracts of Carica papaya is 5,000mg/kg b. wt. Hence, Hydro-methanolic extracts of C. papaya is highly safe and non-lethal based on the Hedge and sterner safety range and the OECD Guideline 423 for acute toxic class.
3.2 Some mineral Elements Composition in the leaves of Carica papaya
The Composition of some Metal and Mineral Elements in the C. papaya leaves is presented below. The Mean and Standard Deviation (SD) of the Mineral Elements in the leaves of C. papaya were Sodium (10.68 ± 0.62 ppm), Potassium (6.95 ± 0.18 ppm), Magnesium (6.27 ± 0.14 ppm), Iron (1.02 ± 0.06 ppm), Selenium (0.95 ± 0.06 ppm) and calcium (8.23 ± 0.14 ppm), Zinc (0.77 ± 0.04 ppm). The Highest concentration is Sodium, while the lowest is Selenium.
[bookmark: _Toc225159492][bookmark: _Toc228203857]Table 3.2 Some mineral Elements Composition in the Leaves of Carica papaya
	Mineral
	Concentration (ppm) 
(Mean ± SD)

	Sodium
	[bookmark: _Hlk200805979]10.68 ± 0.62

	Potassium
	[bookmark: _Hlk200806009]6.95 ± 0.18

	Magnesium
	[bookmark: _Hlk200806040]6.27 ± 0.14

	Iron
	[bookmark: _Hlk200806074]1.02 ± 0.06

	Selenium
	[bookmark: _Hlk200806102]0.95 ± 0.06

	Calcium
	[bookmark: _Hlk200806141]8.23 ± 0.14

	Zinc
	0.77 ± 0.04

	Copper
	N/ A


Results are expressed as Mean ± Standard Deviation, n=3.
Note: N/A; means Not analyzed.



3.3 Some Heavy Metals Composition in the Leaves of Carica papaya
The amount of some heavy metals in C. papaya leaves is displayed below. The Mean and Standard Deviation (SD) in C. papaya leaves are presented thus. The concentrations (Mean ± SD) were Cadmium (0.02 ± 0.00ppm), Nickel (0.02 ± 0.00ppm), Chromium (0.01 ± 0.00ppm), Aluminum (0.02 ± 0.00ppm), Arsenic acid (0.07 ± 0.00ppm) and Mercury (0.01 ± 0.00ppm). The highest mean concentration was that of Arsenic, while the least concentration is that of Mercury
[bookmark: _Toc225159495][bookmark: _Toc228203860]Table 3.3 Some Heavy Metals Composition in the Leaves of Carica papaya 
	Heavy Metal
	 Concentration (ppm)
(Mean ± SD)
	WHO permissible limits (ppm)

	Cadmium
	[bookmark: _Hlk200806613]0.02 ± 0.00
	0.2-0.3

	Nickel
	0.02 ± 0.00
	1.5-5.0

	Chromium
	[bookmark: _Hlk200806712]0.01 ± 0.00
	1.3-5.0

	Aluminium
	[bookmark: _Hlk200806748]0.02 ± 0.00
	10.0-50.0

	[bookmark: _Hlk200806782]Arsenic
	0.07 ± 0.00
	1.0-20.0

	Mercury
	[bookmark: _Hlk200806832]0.01 ± 0.00
	0.05-0.5

	Lead
	[bookmark: _Hlk200806685]0.11 ± 0.00
	1-10


Results are expressed as Mean ± Standard Deviation, n=3.

3.4 Total and Essential Amino Acid Composition in the leaves of Carica papaya
The measure of total and essential amino acid (mg/kg) in C. papaya leaves is shown below. The Mean and Standard Deviation (SD) of Essential Amino acid composition of Carica papaya leaves, where total amino acid is 78.29 ± 1.18 mg/kg, Glycine (2.83 ± 0.08 mg/kg), Alanine (2.53 ± 0.04 mg/kg), Serine (11.50 ± 0.12 mg/kg), Proline (13.24 ± 0.08 mg/kg) and Valine (8.37 ± 0.16 mg/kg). Total amino acid has the highest mean concentration, while Serine is the next most concentrated and the least in amount is Alanine.


Table 3.4. Total and Essential Amino Acid Composition of the Leaves of Carica papaya
	Essential Amino acid
	Concentration (mg/kg)
(Mean ± SD)

	Total Amino acid	
	78.29 ± 1.18

	Glycine
	[bookmark: _Hlk200807218]2.83 ± 0.04

	Alanine
	[bookmark: _Hlk200807251]2.53 ± 0.02

	Serine
	[bookmark: _Hlk200807285]11.50 ± 0.06

	Proline
	[bookmark: _Hlk200807318]13.24 ± 0.04

	Valine
	[bookmark: _Hlk200807348]8.37 ± 0.08


Results are expressed as Mean ± Standard Deviation, n=3.
3.5 Non-Essential Amino Acid Composition in the Leaves of Carica papaya
The Composition of Non-Essential Amino acids in the leaves of C. papaya is presented below. The Mean and Standard Deviation (SD) of the non-essential amino acids were Threonine (10.15 ± 0.06mg/kg), Isoleucine (8.44 ± 0.04mg/kg), Leucine (5.50 ± 0.04mg/kg), Aspartate (1.97 ± 0.02mg/kg), Lysine (1.99 ± 0.04mg/kg), Methionine (8.03 ± 0.06mg/kg), Glutamate (1.86 ± 0.02mg/kg), Phenylalanine (2.09 ± 0.02mg/kg), Histidine (2.09 ± 0.02mg/kg), Histidine (9.40 ± 0.02mg/kg), (Arginine 5.49 ± 0.02mg/kg), Tyrosine (6.22 ± 0.02mg/kg), Tryptophan 1.27 ± 0.02mg/kg and Cystine (1.59 ± 0.02mg/kg).  Threonine shows the highest concentration, while Tryptophan shows the lowest concentration.
Table 3.5 Non-Essential Amino Acid Composition of Carica papaya leaves
	Non-Essential Amino acid
	 Concentration (mg/kg)
(Mean ± SD)

	Threonine 
	[bookmark: _Hlk200807674]10.15 ± 0.06

	Isoleucine
	[bookmark: _Hlk200807722]8.44 ± 0.04

	Leucine
	[bookmark: _Hlk200807755]5.50 ± 0.04

	Aspartate
	[bookmark: _Hlk200807793]1.97 ± 0.02

	Lysine
	[bookmark: _Hlk200807825]1.99 ± 0.04

	Methionine
	[bookmark: _Hlk200807859]8.03 ± 0.06

	[bookmark: _Hlk200807893]Glutamate
	1.86 ± 0.02

	Phenylalanine
	[bookmark: _Hlk200807924]2.09 ± 0.02

	Histidine
	[bookmark: _Hlk200808011]9.40 ± 0.02

	Arginine
	[bookmark: _Hlk200808049]5.49 ± 0.02

	Tyrosine
	[bookmark: _Hlk200808092]6.22 ± 0.02

	Tryptophan
	[bookmark: _Hlk200808147]1.27 ± 0.02

	Cystine
	[bookmark: _Hlk200808205]1.59 ± 0.02


Results are expressed as Mean ± Standard Deviation, n=3.
[bookmark: _Hlk236494168]3.6 Proximate Analysis of the Leaves of Carica papaya
[bookmark: _Hlk200799496]The Mean Proximate analysis in the leaves of C. papaya is shown below. The Mean and Standard Deviation (SD) of the proximate were Moisture content:6.36 ± 0.06g/dl, Protein: 24.78 ± 0.96g/dl, Ash content: 6.23 ± 0.58g/dl, Crude Fibre: 14.74 ± 0.46g/dl, Crude fat: 7.26 ± 0.28g/dl and Carbohydrate: 41.39 ± 1.18g/dl. The Carbohydrate content of the leaves of Carica papaya was highest whereas the Ash content was least.


Table 3.6 Proximate Analysis of the Leaves of Carica papaya
	Proximate
	Concentration (%)
(Mean ±SD)

	Moisture content
	6.36 ± 0.06

	Protein
	24.78 ± 0.96

	Ash content
	6.23 ± 0.58

	Crude Fibre
	[bookmark: _Hlk200799423]14.74 ± 0.46

	Crude fat
	7.26 ± 0.28

	Carbohydrate
	41.39 ± 1.18

	Total Proximate value
	100 ± 3.52


Results are expressed as Mean ± Standard Deviation, n=3.

4.0 Discussions
Carica papaya is an economic fruit tree whose Medicinal properties have been well-documented. Carica papaya are considered a potential reservoir for the discovery of new drugs and supplements. (Chaachouay & Zidane, 2024; Olas, 2025). Every part of the Carica papaya tree (leaves, root, stem, larva, fruits and flower) is useful and available either as food/ fruit or medicine. This study was aimed at determining the Acute Toxicity limit test (Maximum tolerable Dose) of the Hydro-methanolic leaf extracts of Carica papaya, some mineral elements, some Heavy metals, Total/ Essential and Non-Essential amino acids and proximate analysis of the leaves of Carica papaya. 
In this study, the Maximum Tolerable Dose (MTD) of the Hydro-methanolic leaf extracts of C. papaya was determined (Table 3.1). The MTD is defined as the highest dose that is tolerated and does not produce life-threatening toxicity for the study duration. The Maximum Tolerable Dose of the Hydro-methanolic leaf extracts of C. papaya was 5,000mg/kg b. wt. At this dose, C. papaya was considered highly safe and non-lethal based on the OEC Guideline for acute toxic class. This finding agrees with the report of Taychaworaditsakul et. al., 2024 who reported that utilizing a single dose of 5,000mg/kg b. wt. of C. papaya leaf extracts administered to female rats for twenty-four hours showed no behavioral aberrations. Also, Yamthe et al., 2012 reported no mortality in both male and female mice that were given aqueous and ethanol extracts of C. papaya leaf at a dose of 5g/kg b. wt. This report also agrees with the present study. However, Afzan et. al., 2012 reported that following oral administration of C. papaya extracts to both male and female rats at 0.01, 0.14 and 2g/kg b. wt. for 28 days. They noted no mortality, extracts-related effects on the behaviors or physical changes were observed. The MTD as reported by Afzan et al., 2012 & Ismail et. al., 2014 was 2g/kg which differed from the current study. The MTD of the present study shows that the Hydro-methanolic leaf extracts of C. papaya is non-toxic, safe and non-lethal.
In this study, some mineral elements composition in the leaves of C. papaya was determined using the Atomic Absorption Spectrophotometer (AAS) and shown in table 3.2. Mineral elements are necessary for the maintenance of certain physicochemical process which are essential to life. The result gotten from the current study shows that Sodium and Calcium were the two most concentrated, while Selenium and Zinc were the least in amount. The findings in the current study differs from the report of Idris et.al., 2025 who stated that Calcium and Magnesium are the most concentrated in the leaves of C. papaya. Hence, C. papaya is a rich source of essential, macro, micro, ultra elements and should be incorporated into drugs and supplements for medicinal use. Binesh et al., 2026 stated thus, “these minerals are needed in moderate levels; however, they are crucial to bone metabolism, fluid management, acid-base balance, homeostasis, metabolic and neuromuscular activity, and the prevention of chronic diseases”. These mineral elements are highly needed in both plants and animals for the maintenance of homeostasis.
In the current study, the amount of some heavy metals was determined and presented in table 3.3. The results shows that Lead and Arsenic are the most concentrated in the leaves of C. papaya. However, they are within the WHO acceptable limits for consumption. The findings in this research agrees with Taychaworaditsakul et al., 2024 who stated that the heavy metals- Arsenic, Mercury, Lead and Cadmium in the leaves of C. papaya are also within tolerable limits. However, the report in the present study doesn’t agree with the report of Eludoyin & Ogbe, 2017 who noted bio-accumulation of heavy metals in Carica papaya leaves around automobile workshop. They added that these heavy metals (Lead, Mercury and Cadmium) were above the permissible limits. This is due to the phyto-remediatory properties of C. papaya. Most plants have the ability to absorb heavy metals from the environment and soil Hence, plants such as C. papaya acts as purifier to absorb heavy metals (Tonelli et al., 2022). The number of heavy metals in a plant is proportional to the amount in the soil or environment where it grows, because of the phyto-remediatory work of plants including C. papaya. The level of heavy metals in C. papaya is within acceptable limits.
In this study, the total, essential and non-essential composition in the leaves of Carica papaya were determined and reported in table 3.4 & 3.5. The results gotten shows the total amino acid (74.29 ± 1.18 mg/kg- Mean ± SD), and the most concentrated Essential amino acid (EAA) is Proline (13.24 ± 0.04 mg/kg) and Serine (11.50 ± 0.06 mg/kg). While, the non-essential amino acid most concentrated are: Threonine- 10.15 ± 0.06 mg/kg, Histidine- 9.40 ± 0.02mg/kg and Isoleucine- 8.44 ± 0.04 mg/kg etc. This finding shows that the leaves of C. papaya is rich in essential and non-essential amino acid. This finding collaborates the study by Aremu et al. 2026 who stated that C. papaya leaves are rich in amino acids with Leucine as the most abundant. In addition, Osei et. al., 2022 noted that C. papaya leaves is a good source of Essential amino acid, especially Methionine and Cysteine. In summary, the leaves of Carica papaya are a stable source of total/ essential and non-essential amino acid that is adequate for protein synthesis and glutathione production. Glutathione is a molecule of three (3) amino acids- Glycine-Cysteine and Glutamate. Glutathione is strong anti-oxidant that has been reported to be beneficial for cell and tissue repairs and regeneration (Hait et al., 2024). Hence, the leaves of Carica papaya are a good source for the production of Glutathione since it is loaded with the amino acids and it could be incorporated as supplements for cell and tissue repairs.
Proximate analysis is a system of chemical test used to determine the major macro-nutrients and components in food or feed, breaking them down into moisture, crude protein and crude fats. It is also called Weende Proximate analysis (Olvera-Novoa, 1994). In this study, the proximate analysis of the leaves of Carica papaya was determined and reported in table 3.6. The results show an abundance of Carbohydrate- 41.39 ± 1.18 % and the carbohydrate content was the most concentrated. Also, the protein content was the second in amount in the leaves of C. papaya, with a concentration of 24.78 ± 0.96 %. Chukwuka et al., 2013 reported that C. papaya is a rich source of Carbohydrates, Proteins and moisture. In addition, Moses & Olarenwaju, 2018; Kumar et al., 2021 stated that C. papaya leaves, roots and flowers are rich sources of food and macro-nutrients that is adequate for energy and tissue build-up. These findings in the current study disagree with the study of Maisarah et al., 2014 where the moisture content was the most abundant. The order fractions in decreasing proportions are: Carbohydrates and crude proteins. 

Conclusion
The hydro-methanolic leaf extract of Carica papaya showed a maximum tolerable dose of 5,000 mg/kg body weight under the acute toxicity conditions used in this study. The leaves contained measurable levels of selected mineral elements, heavy metals, amino acids, and proximate nutritional components. Sodium, calcium, potassium, and magnesium were the main mineral elements detected, while lead, arsenic, cadmium, nickel, chromium, aluminium, and mercury were present at the measured concentrations. Carbohydrate and protein were the major proximate components. Overall, the findings provide baseline toxicological and compositional information on C. papaya leaves, but further studies are required before any human, therapeutic, or nutraceutical application can be proposed.
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