


Nutritional Evaluation of Carica papaya Leaves: Analysis of Mineral and Vitamin Composition


ABSTRACT
Carica papaya leaves, commonly known as paw-paw leaves, constitute a known folklore in traditional medicine, with varying nutritional and therapeutic values. This research was conducted to identify the mineral and vitamin constituents of the leaf, providing scientific validation for its nutritional value. Determination of vitamins A, B-complex, C, D, and E was done using spectrophotometric methods, while atomic absorption spectrophotometry was used to determine the mineral content. The results indicated the high contents of Vitamin C (69.837 ± 0.00)mg/100g, Vitamin A (15.035 ± 0.00) mg/100g, and Vitamin D (8.035 ± 0.00) mg/100g, and moderate amounts of Vitamin E (3.843 ± 0.00) mg/100g and B12 (2.040 ± 0.00) mg/100g. The mineral content includes Calcium (8.783 ± 0.00) mg/100g, Sodium (6.894 ± 0.00) mg/100g, and Potassium (5.278 ± 0.00) mg/100g, which were also detected in substantial amounts. These findings show that papaya leaves could be a rich source of essential vitamins and minerals; hence, they can be used as dietary supplements to eradicate nutritional deficiencies, boost the immune system, and promote general health and well-being.
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1.0	INTRODUCTION
The most often utilized dietary supplements by people all over the world are vitamins and minerals (Ford et al., 2014; Kang et al., 2014). They give the body plenty of the micronutrients it needs. Medicinal leaves contain significant levels of vitamins and minerals. Most rural and urban cultures in sub-Saharan Africa, especially Southern Nigeria, employ medicinal herbs as tinctures, extracts, or raw remedies (TMP, 2006). Complex carbohydrates, dietary fiber, and certain vitamins, minerals, and phytochemicals with particular health-protective qualities can all be found in abundance in vegetables (Ugo et al., 2019).
Papaya (Carica papaya L.) is a popular superfood rich in nutrients and bioactive substances beneficial to human health, which can help alleviate vitamin and mineral deficiencies (Matsuane et al., 2023). The Caricaceae family includes the pawpaw plant (Carica papaya L.). There are numerous nutritional and therapeutic benefits associated with the fruit, leaves, and seeds. The papain enzyme, which facilitates digestion, is produced by the fruit. Beneficial phytoconstituents and strong antioxidants with biological significance are abundant in the leaves (Patil, 2017). India, the Dominican Republic, Brazil, Mexico, Indonesia, and Nigeria are the top producers, with a global production estimated at 13,894,705 metric tons (FAO, 2020).
Papaya leaves have been identified to have more than fifty bioactive components and are therefore useful in the treatment of different human diseases (Mantok, 2015; McLaughlin et al., 2008). Carica papaya L., popularly known as pawpaw, is an economically important tropical herbaceous plant with numerous biological activities. In traditional medicine, various parts of C. papaya L. (including leaves, stems, roots, fruits, and seeds) are utilized to treat different diseases (Ugbogu et al., 2023).
Studies have revealed the existence of dietary fibers, B-complex vitamins like folate and pantothenic acid, magnesium, potassium, copper, and zinc. Additionally, papaya contains the enzyme papain, which lengthens the transit time through the gut and is used to treat skin lesions, allergies, and injuries (Amin et al., 2019). Proteolytic enzymes (chymopapain) with antiviral, antifungal, and antibacterial qualities have also been demonstrated by Santana et al. (2019). Papaya leaf extract has been used to cure a number of ailments, including fever, asthma, colic, beriberi, jaundice, and the viral disease dengue (Singh, 2020). Different parts of medicinal plants form a major part of human diet as they have been used to manage diseases such as diabetes (Iloanya et al., 2021, anemia (Ezeigwe et al., 2025a), toxicity (Achara et al., 2025) due to their health-promoting nutrients that could improve general well-being.
Papaya leaves contain vitamins, minerals, and amino acids that are very beneficial for enhancing the human body's overall hemoglobin, proteins, and immunity (Halim et al., 2011). According to traditional medicine, fresh papaya leaves are decocted and put to tea to treat malaria, while dried and cured leaves are smoked as cigars by those with respiratory conditions like asthma (Dharmarathna et al., 2013). Like other therapeutic plants, such as mistletoe leaves cultivated on cola trees, carica papayas are rich in vitamins, minerals, and phytochemicals that are essential for the body's nourishment (Enemchukwu et al., 2021; Enemchukwu et al., 2022).
Carica papaya leaves have been used in traditional medicine for thousands of years to cure blood-related ailments such as wound healing, tumors, warts, dermatitis, jaundice, and malaria (Bhatt, 2001). Papaya leaf juice has been identified as having potent antimicrobial (Callixte et al., 2020) and antisickling (Adetayo et al., 2020) properties in addition to its nephron protective (Gautam et al., 2021), hepatoprotective (Abdel-Halim et al., 2020), hypoglycaemic, and hypolipidemic effects (Agada et al., 2020) against toxins in the human system. Determining the mineral and vitamin composition of Carica papaya leaves is the aim of the research.
2.0	METHODS
2.1	Plant Collection and Identification
The Carica papaya leaves were gathered from Mrs. Edith Ezeigwe’s compound, Mgbakwu, Awka North Local Government Area, Anambra State, Nigeria. It was identified by a taxonomist in the Department of Botany, Faculty of Biosciewnces, Nnamdi Azikiwe University, Awka. The herbarium number as deposited in the herbarium of Botany Department is NAUH – 190A.
2.2	Mineral Analysis
The Agilent FS240AA Atomic Absorption Spectrophotometer was used to do heavy metal analysis in accordance with the American Public Health Association's (1995) methodology.

Principle of operation: 
When the light beam from the AAS is directed through the flame, into the monochromator, and onto the detector that detects the quantity of light absorbed by the atomized element in the flame, the sample is inhaled into the flame and atomized. This is the basic idea behind how an atomic absorption spectrometer operates. A source light made of that element is utilized since metals have their own unique absorption wavelength, which makes the technique comparatively free from spectral radiational interferences. The concentration of the element in the sample determines how much energy of the distinctive wavelength is absorbed in the flame.

Sample Digestion (Adrian, 1973)
· Approximately 2g of the dried sample was weighed out into a digestion flask and 20ml of the acid mixture (650ml concentrated HNO3; 80ml perchloric acid; 20ml conc H2SO4) was added.
· The flask was heated until a clear digest was obtained.
· The digest was diluted with distilled water to the 100ml mark.

Preparation of reference solutions
The reference solutions were made every day by diluting the single stock element solutions with water that included 1.5 milliliters of concentrated nitric acid per liter. This allowed for the preparation of a number of standard metal solutions in the optimal concentration range.  With the exception of the metal stock solutions, all of the reagents were used to create a calibration blank.
2.3	Vitamin Analysis
2.3.1	Estimation of Vitamin A
Vitamin A was estimated by the method of Bayfield and Cole (1980).
Principle
The assay was based on the spectrophotometeric estimation of the colour produced by vitamin A acetate or palmitate with TCA.
Procedure
To prevent light influence, all procedures were conducted in complete darkness. After combining one (1) gram of sample with one milliliter of saponification mixture, the mixture was refluxed for 20 minutes at 600 degrees Celsius in the absence of light. After cooling the tubes, 20 milliliters of water were added and thoroughly mixed. Ten milliliters of petroleum ether at 400–600 degrees Celsius were used twice to extract vitamin A. After being combined, the two samples were carefully cleaned with water. Excess moisture was eliminated by adding anhydrous sodium sulfate. A 1.0 ml aliquot of the sample was obtained, and it was dried at 600C by evaporation. One milliliter of chloroform was used to dissolve the residue. Standards (vitamin A palmitate) were pipetted into a number of test tubes in quantities ranging from 0 to 7.5 ml.
Chloroform was added to each tube until the volume reached 1.0 ml. After quickly adding and mixing 2.0 ml of TCA reagent, the absorbance was measured at 620 nm using a spectrophotometer (Genesys 10UV). The sample tubes likewise underwent the same process. The amount of vitamin A was stated as mg/kg.

2.3.2	Estimation of Vitamin E
Vitamin E was estimated in the sample samples by the Emmerie-Engel reaction as reported by Rosenberg (1992).
Principle
The foundation of the Emmerie-Engel reaction is the reduction of ferric to ferrous ions by vitamin E, which produces a red color when combined with 2,2'-dipyridyl. First, xylene is used to sample vitamin E and carotenes, which are then measured at 460 nm. After adding ferric chloride, they are corrected and measured at 520 nm.

Vitamin E Extraction
After homogenizing the 2.5g sample in 50ml of 0.1N sulfuric acid, it was left to stand for the entire night. After giving the flask a good shake, the contents were filtered through Whatman No. 1 filter paper. The estimate was done using aliquots of the filtrate.

Procedure
1.5 ml of the sample, 1.5 ml of the standard, and 1.5 ml of water were pipetted out separately into three stoppered centrifuge tubes. 1.5 ml of ethanol and 1.5 ml of xylene were added to each tube, well mixed, and centrifuged. Another stoppered tube was filled with the 1.0 ml layer of xylene. 1.0 ml of the dipyridyl reagent was added to each tube and thoroughly mixed. The extinction was measured at 460 nm after the mixture (1.5 ml) was pipetted out into a cuvette.

2.3.3	Determination of Vitamin C
Vitamin C was analysed by the spectrophotometric method described by Roe and Keuther (1943).
Principle 
Activated charcoal transforms absorbate into dehydroascorbate, which then reacts with 2,4-dinitrophenyl hydrazine to produce osazones. When dissolved in sulfuric acid, these osazones yield an orange-colored solution whose absorbance can be determined by spectrophotometry at 540 nm.
Extraction of Vitamin C
Using 4% TCA, vitamin C ascorbate was extracted from 1g of the material, and the resulting volume was increased to 10ml. After centrifuging at 2000 rpm for 10 minutes, the supernatant was agitated violently with a cyclomixer, treated with a pinch of activated charcoal, and left for 5 minutes. Centrifugation was employed to remove the charcoal particles, and aliquots were used for estimation.
Procedure 
Exactly 0.5 and 1.0 milliliters of the supernatant were collected, along with 0.2 to 1.0 milliliters of standard ascorbate. 4% TCA was added to bring the volume up to 2.0 ml. Two drops of a 10% thiourea solution were added to each tube after 0.5 ml of DNPH reagent. Osazane crystals were formed when the materials were combined and incubated for three hours at 370 degrees Celsius. 2.5 milliliters of 85% sulfuric acid were used to dissolve the crystals in cold water. After adding sulfuric acid, DNPH reagent and thiourea were applied to the blank alone. After cooling the tubes in ice, a spectrophotometer was used to measure the absorbance at 540 nm. An electronic calculator configured for linear regression was used to create a standard graph. The concentration of ascorbate in the sample was calculated and expressed in terms of mg/kg of sample.

2.3.4	Determination of vitamin B1 and B2
· 1g of sample was weighed into a conical flask
· This was dissolved with 100 ml of deionized water
· This was shaken thoroughly and heated for 5 minutes and allowed to cool, and filtered.
· The filtrate was poured into a cuvette and their respective wavelength for the vitamins was set to read the absorbance using a spectrophotometer
Vitamin B1 = 261nm
Vitamin B2 = 242nm

Calculations:
Concentration (mg%) = A x D.F x volume of cuvette (5)  
                                                         E
Where A = absorbance
	E  = extinction coefficient = 25 for B1 and B2
                    DF = dilution factor
2.3.5	Determination of vitamin B3 (Nicotinamide)
· 5g of sample was dissolved in 20ml of anhydrous glacial acetic acid and warmed slightly.
· 5ml of acetic anhydride was added and mixed.
· 2 -3 drops of crystal violet solution was added as indicator.
· Titrate with 0.1 M perchloric acid to a greenish blue colour.

Calculation:
Vitamin B3 = titre value x 0.0122  
                                   0.1

2.3.6	Determination of vitamin B6
· 5g of sample was dissolved in a mixture of 5 ml of anhydrous glacial acetic acid and 6 ml of 0.1mmercury II acetate solution.
· 2 drops of crystal violet was added as an indicator.
· Titrate with 0.1m perchloric acid to a green colour endpoint.`
· Calculation: each meal of 0.1M perchloric acid is equivalent to 0.02056g of C8H11NO3HCL
2.3.7	Determination of Vitamin B12
Sample preparation: 
A 0.1 ml sample was weighed and placed in a separator. Five milliliters of water were added, well mixed, then extracted using five milliliters of chloroform in a separator. After discarding the water layer, add chloroform to a dry 50 ml volumetric flask, filter it via anhydrous sodium sulfate, and then add more chloroform to reach 50 ml.
Procedure: A test tube was filled with two milliliters of the sample and blank solution. Two milliliters of a 0.2% phenyl hydrazine solution (in a 1:5 v/v ratio of alcohol to hydrochloric acid) were added to each test tube and thoroughly mixed. It was then allowed to cool at room temperature after being heated in the water bath until nearly dry. Each test tube was filled with 2 milliliters of the solution mixture (a 1:1 combination of ammonia and alcohol) and 1 milliliter of pyridine. At 635 nm, its absorbance was measured in comparison to a blank. Similar to the sample, standard cobalamine was likewise examined and handled. The concentration of the samples was extrapolated and the calibration curve was plotted.

2.3.8	Determination of Vitamin D
Vitamin D was assayed according to the method of Brockmann et al. (1974).
Principle
The principle is based on the formation of a yellow color by reaction of the vitamin with a chloroform solution of trichloroacetic acid,
Standard preparation
Weigh accurately 25 mg vitamin D working standard into 25 ml volumetric flask with solution mixture (chloroform and methanol in ratio 1:9) dissolved and diluted with solution mixture and made up to the mark mixed well. 
Sample preparation
Weigh precisely the same 0.1 ml sample into a 25 ml volumetric flask containing the solution combination (a mixture of methanol and chloroform in a 1:9 ratio) that has been dissolved, diluted, and well mixed to the appropriate level. 0.5 ml of 15.0% trichloroacetic acid (TCA), 1.6 ml of 0.25N HCL, and 0.5 ml of 0.375% thiobarbituric acid (TBA) were added. At 464 nm, the absorbance was measured in comparison to a blank.

2.4	Data Analysis
The Statistical Package for Social Sciences software for Windows version 25 (SPSS Inc., Chicago, Illinois, USA) was used to analyze the data collected for the study. Mean ± SEM was used to express all of the gathered data. Results were subjected to analysis of variance (ANOVA), and p<0.05 was considered significant.


3.0	RESULTS
3.1	Results of Mineral Analysis
The Result of Mineral Composition analysis is shown in figure 1. The Minerals present in detectable amount are arranged in decreasing order of their values as follows: Calcium > Sodium > Potassium >Magnesium > Iron > Zinc > Manganese > selenium >copper > Nickel > Lead > Molybdenum > Cadmium > Cobalt > Mercury >Aluminum > Arsenic > Silicon (figure 1). The results revealed that leaves of papaya contain notable amount of Calcium (8.783 ±0.00 mg/100g), Sodium (6.894 ±0.00 mg/100g), Potassium (5.278 ±0.00 mg/100g), magnesium (3.822 ±0.00mg/100g) and iron (2.7466 ±0.00 mg/100g).

Figure 1: Results of the Mineral analysis of leaves of C. papaya.

3.2	Results of Vitamins Analysis
Analysis of the vitamins revealed that Vitamin C in the papaya was (69.837 ± 0.00mg/100g), Vitamin A (15.035 ± 0.00mg/100g), and Vitamin D recorded 8. 035± 0.00 mg/100g. Vitamin E and B12 levels were 3.843 ± 0.00 and 2.040 ± 0.00mg/100g respectively in appreciable quantities with little content of Vitamin B3(0.598 ± 0.00mg/100g), B6 (0.265 ± 0.00mg/100g), Vitamin B2 (0.1203± 0.00mg/100g) and Vitamin B1(0.035± 0.00 mg/100g). These results are represented in figure 2.

Figure 2: Results of the Vitamin analysis of leaves of C. papaya.

4.0     DISCUSSION	
Generally speaking, plant-based diets are higher in fiber, vitamins, and minerals. Among the plants that help meet the recommended daily allowance (RDA) of essential elements, vegetables are also a great source of minerals (Mushtaq, 2009). Because papaya fruits and leaves contain a variety of proteins and alkaloids, they are vital for both industrial and medical applications. Carapine, an alkaloid found in papaya, is used as a cardiac depressant and to treat gastrointestinal disorders (Aravind et al., 2013). Carica papaya is known for its nutritional and antioxidant properties (Ezeigwe et al., 2025b).
Papaya leaves include vitamins, minerals, and phytonutrients that make it easier for other nutrients to be absorbed. The leaf extract is also said to have gastrointestinal protecting properties and anti-diabetic properties (Zhu, 2002; Ogundele et al., 2017). Carica papaya has also been shown to cause weight loss, but the leaf extract also possesses anti-cancer properties (Briones et al., 2017). To treat malaria, the green leaf extract is consumed as a beverage (Afzan et al., 2012). The extract's highest vitamin was C, which was closely followed by A, D, E, and B complex, in that order.

The proline and lysine hydroxylases, which maintain the tertiary structure of the collagen molecule and are crucial for wound healing, require vitamin C (ascorbic acid), which is abundant in the leaves (Ahlawat et al., 2019). Because of its effective antioxidative and radical scavenging properties, studies have demonstrated the value of vitamin A (beta-carotenoids) for humans as an anti-cancer agent and in avoiding cataracts (Amin et al., 2019). Additionally, it works with B complex vitamins to lessen the harmful effects of stress and with vitamin E, which is an antioxidant that helps shield your body from damage caused by free radicals (Muhammad et al., 2011). Foods high in vitamins aid in the regulation of bodily functions. Vitamins that belong to the B-group, are particularly essential in carbohydrate, fat and protein metabolism (Pamplona, 2000).
The results gathered showed that there were significant amounts of calcium, sodium, potassium, magnesium, iron, zinc, copper, and manganese. This rules out the possibility that the leaf could strengthen the immune system and be an excellent source of nourishment for bodybuilding. In certain biochemical cascade pathways, minerals serve as second messengers and are fundamental to the healthy operation of tissues (Antia et al., 2006). Minerals (like calcium) are essential for skeletal development, muscle function, and healthy growth. Iron supplementation can help prevent anemia and related conditions (Oluyemi et al., 2006).
While calcium is also necessary for the production of bones and teeth, sodium and potassium also control the body's fluid balance, which in turn affects cardiac output (Okwu et al., 2004). Manganese supports energy production and the immune system (Muhammad et al., 2011). Iron is crucial for erythropoiesis and numerous intracellular oxygen transport events, while magnesium is a necessary mineral engaged in a number of metabolic processes (Nishiura et al., 2005). It makes it easier for proteins, lipids, and carbs to oxidize. The osmotic equilibrium of bodily fluids, pH, muscle and neuron irritability, and glucose absorption are all dependent on sodium and potassium (Nwanjo, 2007).
Growth and development, immune system cell function, and the prevention and treatment of respiratory infections, malaria, pneumonia, and diarrhea all depend on zinc (Ghani et al., 2012; Deshpande et al., 2013). Many biological processes, including enzymatic and redox reactions, depend on copper, an important nutrient (McLaughlin et al., 1999).

Conclusion
The results of our research have demonstrated that papaya leaves are a rich source of vitamins and minerals that are essential for the body's metabolic processes. These nutrients can be used as a supplement for undernourished adults and children to help with infection prevention, wound healing, lowering blood pressure, diabetes, bone strength, and hormone regulation.
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Mineral Composition of C. papaya

Copper	Zinc 	Iron 	Manganese	Lead 	Molybdenum	Arsenic 	Cobalt 	Cadmium 	Magnesium 	Sodium 	Calcium 	Potassium 	Mercury 	Selenium 	Aluminum 	Nickel 	Silicon 	0.13800000000000001	0.78300000000000003	2.7465999999999999	0.26700000000000002	8.6999999999999994E-2	3.4000000000000002E-2	0	1.7000000000000001E-2	2.1999999999999999E-2	3.8220000000000001	6.8940000000000001	8.7829999999999995	5.2779999999999996	1.0999999999999999E-2	0.17799999999999999	1.0999999999999999E-2	0.10299999999999999	0	
Mineral composition (ppm)



Vitamin composition of C. papaya

1	1	Vitamin A	Vitamin E	Vitamin C	Vitamin D	Vitamin B1	Vitamin B2	Vitamin B3	Vitamin B6	Vitamin B12	15.035	3.843	69.83	8.0350000000000001	3.5000000000000003E-2	0.1203	0.59799999999999998	0.26500000000000001	2.04	
Vitamins composition (mg/100g)
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