Comparative Analysis of Minerals and Vitamins in Cajanus cajan and Chromolaena odorata leaves

Abstract
Minerals and Vitamins are key bioactive compounds found in medicinal plants that contribute to their therapeutic action in the treatment of diseases. They are essential for maintaining health, supporting immune function, and preventing oxidative stress. The study aims to compare the mineral and vitamin content of Cajanus cajan (pigeon pea) leaves and Chromolaena odorata (Siam weed) leaves, both known for their diverse medicinal properties. The mineral content was analyzed using Atomic Absorption Spectrophotometry (AAS) after acid digestion of the samples, while Vitamins were estimated using spectrophotometric methods. The results revealed that C. cajan leaves were richer in sodium, potassium, calcium, magnesium, zinc, selenium, copper, and manganese, whereas C. odorata leaves had higher iron, nickel, and cobalt content. Specifically, C. cajan had significantly (p<0.05) higher concentrations of sodium and potassium compared to C. odorata leaves. C. odorata leaves presented higher values of vitamins A, C, D, E, B1, B2, B6, and B12. Vitamin A content was very high in C. odorata compared to that of C. cajan leaves. The findings of the comparative analysis indicate that C. cajan leaves are richer in essential minerals, while C. odorata leaves contain significantly higher levels of vitamins. These findings would bring about potential implications for complementary use in nutraceutical and medicinal formulations to ensure maximum mineral and vitamin dietary intake from both plants. The higher vitamin content in C. odorata suggests its superior efficacy in improving antioxidant activity and various physiological functions.
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1.0	INTRODUCTION
Minerals, vitamins, amino acids, enzymes, and other nutrients are included in nutraceuticals. These substances are crucial for immune response regulation, oxidative stress prevention, and the preservation of normal physiological, biochemical, and homeostatic processes [1]. Global healthcare has historically relied heavily on the application of traditional and folklore medical systems, and mixtures of various plants known as polyherbal formulations are becoming more and more recognized for their potential medical and therapeutic benefits [2]. Chromolaena odorata (L.) is native to tropical America although it has also naturalized in many other tropical Asian, Austrian, and West African nations.
C. odorata leaves and flowers were found to contain toxic compounds, including pyrrolizidine alkaloids. These alkaloids of pyrrolizidine might function as defense mechanisms against their natural adversaries [3]. C. odorata is a traditional medicinal plant that is widely used for its wound-healing properties. Specifically, this herb's various parts have been used to heal burns, wounds, and skin infections. Furthermore, it has also demonstrated anticancer, antidiabetic, anti-hepatotoxic, anti-inflammatory, antimicrobial, and antioxidant properties (Anushika and Wannee, 2016). The plant decoction of C. odorata in combination with other medicinal plants, Ocimum gratissimum and Ficus capensis is used therapeutically as a treatment for coughs and colds or in baths to cure skin conditions. It has also been widely used as an efficient treatment for diarrhoea, malaria, fever, toothaches, diabetes, skin conditions, dysentery, and colitis [5,6]. It possesses insecticidal properties and is used as a green manure. It is also used for the preservation of dead bodies [7].
Cajan is well known for its folk medicinal uses to treat various disorders, such as toothache, dizziness, diabetes, stomachache, female ailments and chronic infections. These properties have been linked to the presence of several value-added nutritional and bioactive components. Different solvent extracts from C. cajan (leaves, root, stem and seeds) have been evaluated for their phytochemical and biological activities, namely antioxidant, antimicrobial, antidiabetic, neuroprotective, and anti-inflammatory effects [8]. Pigeon pea is a good source of minerals such as phosphorus, magnesium, iron, calcium, sulfur, and potassium but is low in sodium [9].
Vitamins A, C, and E are antioxidants because they contain carotenoids, ascorbic acid, and tocopherol, respectively [10]. Pigeon pea green leaves, roots, seeds, and pods are high in phenolic compounds, which have anti-inflammatory, antibacterial, antioxidant, anticarcinogenic, and antidiabetic properties, as well as the ability to cure diseases like measles, smallpox, chicken pox, sickle cell anaemia, fever, dysentery, hepatitis, and antimalarial medications for the body [11]. Pigeon pea is a tropical perennial pulse crop that includes a good amount of carbohydrates, proteins, vitamins, minerals, and vital amino acids, and its seeds can be eaten fresh (immature) or dried (mature) [12].
The plant also has ethnomedicinal uses. The infusion of leaves is used to treat anemia, hepatitis, diabetes, urinary infections, yellow fever, and genital and other skin irritations (especially in females). Floral decoctions are used for bronchitis, cough and cold, pneumonia, dysentery and menstrual disorders [13]. Cajan leaves have various bioactivities, including antioxidant, antiplasmodial, anticancer, hypoglycemic, insecticidal, neuroprotective and antimicrobial activities [14,15]. Hence, this study was designed to determine and compare the mineral and vitamin content of Cajanus cajan leaves and Chromolaena odorata leaves.
2.0	METHODOLOGY
2.1	Plant Collection and Identification
The leaves of Cajanus cajan and Chromolaena odorata were collected from Mgbakwu, Awka North Local Government Area of Anambra State. It was identified by a taxonomist from the Department of Botany, Nnamdi Azikiwe University, Awka. The herbarium number as deposited in the herbarium is NAUH – 43A and NAUH – 73D respectively.
2.2	Mineral Analysis
Heavy metal analysis was conducted using Agilent FS240AA Atomic Absorption Spectrophotometer according to the method of American Public Health Association [16].
Working principle: Atomic absorption spectrometer's working principle is based on the sample being aspirated into the flame and atomized when the AAS's light beam is directed through the flame into the monochromator, and onto the detector that measures the amount of light absorbed by the atomized element in the flame. Since metals have their own characteristic absorption wavelength, a source lamp composed of that element is used, making the method relatively free from spectral radiational interferences. The amount of energy of the characteristic wavelength absorbed in the flame is proportional to the concentration of the element in the sample.
Sample Digestion [17]
· 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
A series of standard metal solutions in the optimum concentration range was prepared, the reference solutions were prepared daily by diluting the single stock element solutions with water containing 1.5 ml concentrated nitric acid/litre.  A calibration blank was prepared using all the reagents except for the metal stock solutions.
2.3	Vitamin Analysis
2.3.1	Estimation of Vitamin A
Vitamin A was estimated by the method of Bayfield and Cole [18].
Principle
The assay was based on the spectrophotometeric estimation of the colour produced by vitamin A acetate or palmitate with TCA.
Procedure
All procedures were carried out in the dark to avoid the interference of light. One (1) gramme of sample was mixed with 1.0ml of saponification mixture and refluxed for 20 minutes at 600C in the dark. The tubes were cooled and 20ml of water was added and mixed well. Vitamin A was extracted twice with 10ml of (400-600C) petroleum ether. The two samples were pooled and washed thoroughly with water. Anhydrous sodium sulphate was added to remove excess moisture. An aliquot of the sample (1.0ml) was taken and evaporated to dryness at 600C. The residue was dissolved in 1.0ml chloroform. Standards (vitamin A palmitate) of concentrations ranging from 0-7.5ml were pipetted out into a series of test tubes.
The volume in all the tubes was made up to 1.0ml with chloroform. TCA reagent (2.0ml) was added rapidly, mixed and the absorbance was read immediately at 620nm in a spectrophotometer (Genesys 10UV). The same procedure was repeated for the sample tubes also. Vitamin A content was expressed 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 [19].
Principle
The Emmerie-Engel reaction is based on the reduction of ferric to ferrous ions by Vitamin Es, which, with 2,2'-dipyridyl, forms a red colour. Vitamin Es and carotenes are first sampled with xylene and read at 460nm to measure carotenes. A correction is made for these after adding ferric chloride and read at 520nm.
Extraction of Vitamin E
The sample (2.5g) was homogenized in 50ml of 0.1N sulphuric acid and allowed to stand overnight. The contents of the flask were shaken vigorously and filtered through Whatman No. 1 filter paper. Aliquots of the filtrate were used for the estimation.
Procedure
Into 3 stoppered centrifuge tubes, 1.5ml of sample and 1.5ml of the standard and 1.5ml of water were pipetted out separately. To all the tubes, 1.5ml of ethanol and 1.5ml of xylene were added, mixed well and centrifuged. The xylene (1.0ml) layer was transferred into another stoppered tube. To each tube, 1.0ml of dipyridyl reagent was added and mixed well. The mixture (1.5ml) was pipetted out into a cuvette and the extinction was read at 460nm.
2.3.3	Determination of Vitamin C
Vitamin C was analysed by the spectrophotometric method described by Roe and Keuther [20].
Principle 
Absorbate is converted into dehydroascorbate with activated charcoal, which reacted with 2,4-dinitrophenyl hydrazine to form osazones. These osazones produce an orange-coloured solution when dissolved in sulphuric acid, whose absorbance can be measured spectrophotometrically at 540nm.
Extraction of Vitamin C
Ascorbate was extracted from 1g of the sample using 4% TCA and the volume was made up to 10ml with the same. The supernatant obtained after centrifuging at 2000rpm for 10 minutes was treated with a pinch of activated charcoal, shaken vigorously using a cyclomixer and kept for 5 minutes. The charcoal particles were removed by centrifugation and aliquots were used for the estimation.
Procedure 
Standard ascorbate ranging between 0.2 – 1.0ml and 0.5ml and 1.0ml of the supernatant were taken. The volume was made up to 2.0ml with 4% TCA. DNPH reagent (0.5ml) was added to all the tubes, followed by 2 drops of 10% thiourea solution. The contents were mixed and incubated at 370c for 3 hours resulting in the formation of osazane crystals. The crystals were dissolved in 2.5ml of 85% sulphuric acid, in cold. To the blank alone, DNPH reagent and thiourea were added after the addition of sulphuric acid. The tubes were cooled in ice and the absorbance was read at 540nm in a spectrophotometer. A standard graph was constructed using an electronic calculator set to the linear regression mode. 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 100ml of deionized water
· This was shaken thoroughly and heated for 5 minutes and allowed to cool and filtered.
· The filtrate was poured into cuvette and their respective wavelength for the vitamins set to read the absorbance using 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 0.1M 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 5ml of anhydrous glacial acetic acid and 6ml of 0.1mmercury II acetate solution.
· 2 drops of crystal violet was added as indicator.
· Titrate with 0.1m perchloric acid to a green colour end point.`
· Calculation: each meal of 0.1M perchloric acid is equivalent to 0.02056g of C8H11NO3HCL
2.3.7	Determination of Vitamin B12
Sample preparation: Weigh equivalent 0.1ml of sample was taken into separator. In separator, 5 ml of water was added, mixed well and extracted with 5 ml chloroform. Discard the water layer then taken chloroform in dry 50 ml volumetric flask passed through anhydrous sodium sulphate and made up to 50 ml with chloroform.
Procedure: 2ml sample and blank solution was taken into test tube. In each test tube 2 ml of 0.2% solution of phenyl hydrazine (in hydrochloric acid and alcohol in ratio of 1:5 v/v) was added and mixed well. After that it was heated in the water bath until almost dry and cooled at room temperature. 2ml solution mixture (ammonia and alcohol in ratio of 1:1) was added in each test tube and 1ml pyridine was added. It’s absorbance was recorded at 635 nm against blank. Standard cobalamine was also analyzed and treated same as sample. Calibration curve was plotted and the concentration of samples extrapolated. 
2.3.8	Determination of Vitamin D
Vitamin D was assayed according to the method of Brockmann et al. [21].
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 accurately equivalent 0.1ml sample 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. 1.6ml of 0.25N HCL, 0.5ml of 15.0% trichloroacetic acid (TCA) and 0.5ml of 0.375% of thiobarbituric acid (TBA) was added. The absorbance was recorded at 464 nm against blank
2.4	Data Analysis
Data obtained in the research were analyzed using the Statistical Package for Social Sciences software for windows version 25 (SPSS Inc., Chicago, Illinois, USA). All the data collected were expressed as Mean ± SEM. Analysis of variance (ANOVA) was carried out on the results and significance was accepted at p<0.05.
3.0	RESULTS
3.1	Results of Mineral analysis of C cajan and C. odorata Leaves
The result of the mineral composition of Cajanus cajan and Chromolaema Odorata leaves revealed that C. Cajan leaf was richer in Sodium, potassium, calcium, magnesium, zinc, selenium, copper and manganese in relatively large quantities while C. Odorata leaf was richer in iron, nickel and cobalt although in moderately low concentrations (figure 1). However, these results showed that the leaves of C. Cajan had higher levels of all the minerals tested when compared to leaves of C. Odorata.


Figure 1: Results of the Mineral analysis of leaves of C. cajan and C. odorata.

3.2	Results of Vitamin analysis of C cajan and C. odorata Leaves
The results of the vitamin content of C. cajan and C. odorata revealed that the leaves of C. odorata was higher in vitamins A, C, D, E and some Vitamin B Complex such as B1, B2, B6 and B12 when compared with C. Cajan (Figure 2). Therefore, C. odorata contained higher amount of vitamins compared to leave extract of C. cajan.

Figure 2: Results of Vitamin analysis of leaves of C. cajan and C. odorata

4.0	DISCUSSION
Minerals play important roles in nutrition, metabolic pathways, acid-base balance, osmolarity, body homeostasis, improved intellectual performance, improved work capacity and increased resistance to infection [22]. Vitamins are vital nutrients needed for optimal overall health as well as physiological processes like growth, development, maintenance, and reproduction [23]. Compared to C. odorata, C. cajan had higher concentrations of copper, sodium, potassium, calcium, magnesium, and selenium (figure 1). According to Nwanjo [24], sodium and potassium are necessary to preserve the body's pH, the osmotic balance of its fluids, the control of muscle and neuron irritability, and the absorption of glucose.
The presence of potassium in the body can increase iron utilization and control hypertension through diuretics and for people who experience uncontrolled potassium excretion via body fluids [25]. Calcium is an important component for mineralization of bones and shells, blood-clot formation and muscle contraction [26], Lack of calcium ions in bones led to the deterioration of the skeletal structure and reduced bone strength [27]. Calcium in conjunction with magnesium is activator of many enzyme systems and maintains the electrical potential in the nerves [28]. Magnesium is an essential mineral involved in various metabolic reactions [29] and Magnesium was reported as an activator of many enzymes systems and maintains the electrical potential in nerves.
According to Swaminathan, [30], chronic magnesium deficiency can lead to diabetes, high blood pressure, and heart attacks. On the other hand, calcium is an essential macromineral for bone and tooth health as it promotes bone development and growth. Among microminerals, iron was the most abundant in pigeon pea. Iron plays a role in producing red blood cells in all body organs, including in the brain, and supports haemoglobin synthesis in developing foetuses and young children [31]. Iron is required for the production of hemoglobin, the transport of O2, and to increase the body’s immunity [32].
Zinc is essential for maintaining the immune system in the body. The zinc deficiency leads to a massive decrease in the adaptive and innate immune and promotion of inflammatory systemic [33]. Iron (Fe) helps in transportation and storage of oxygen and enhances protein metabolism, energy supply and processes of antioxidation and immunization inside the body [34]. Manganese plays an important role in bone development, growth, optimal egg shell quality, and perosis prevention [35]. El-Hack et al. [36] stated that Zn possesses many roles as an antioxidant agent, and associates in the hormone function including pancreatic (glucagon and insulin), growth and sex hormones. Selenium (Se) is an important trace nutrient for the maintenance of growth and health of humans and animals [37]. Intake copper of 0.6-3 mg/day can reduce the risk of cancer, cognitive decline, arthritis, and cardiovascular disease [38].
It was observed from comparative study of the vitamin composition of C. Cajan and C. Odorata leaves that C. Odorata leaves is richer in vitamins A, C, D, E, B1, B2, B6 and B12 whereas the leave extract of C. cajan contain little or low quantity of vitamins (figure 2). The high concentration of vitamins in C. odorata leaves might be responsible for its antioxidant activities mediated by the reversal of toxicity induced by continuous intake of acetaminophen [39]. However, it is generally accepted that the concentration of vitamin C intake of 10 mg per day is sufficient to avoid scurvy, a pathological disorder leading to the fragility of blood vessels, damage to connective tissues, weakness, and, eventually, death [40]. Vitamin C plays a major role in cellular antioxidant defenses [41]. Vitamin C (L-ascorbic acid) is a hydrosoluble organic compound that is necessary for the normal metabolic functioning of the human body, Vitamin C also participates in the metabolism of cholesterol [42].
In humans, β carotene is the primary precursor of vitamin A, and plays a role in preserving vision and inhibiting degenerative diseases. Vitamin A is necessary for the visual development, growth, reproductive physiology, and maintenance of the integrity of epithelia and the skeleton [43]. Vitamin E has been found to improve antioxidant defense, immune response and physiological functions of birds [44,45]. It may have an effect on gene regulation e.g., glutathione peroxidase (GSH-Px) gene [45]. Tocopherols are strong antioxidants because they can disrupt the process of unsaturated lipid peroxidation by entrapping intermediates of hydroperoxide [46] Riboflavin (Vitamin B2) catalyzes both oxidation and reduction reactions as well as electron transport and it plays a key role in protein and energetic metabolism, being involved in the biosynthesis and catabolism of carbohydrates, fatty acids, and amino acids. It is also implicated in the metabolism of other vitamins of group B, such as pyridoxin (vitamin B6), folate (vitamin B9), and cyanocobalamin (vitamin B12) [47].
5.0	CONCLUSION
The medicinal leaves evaluated in this research differ significantly in their mineral and vitamins compositions. Comparatively, C. cajan leaves have the highest mineral content, while C. odorata leaves contain vitamins in higher proportion. Cajanus Cajan and C. odorata leaves have been shown to have anti-inflammatory, antibacterial, antioxidant and anticarcinogenic effects. They can also be used to treat illnesses such as chicken pox, measles, smallpox, sickle cell anemia, fever, and dysentery Cajanus cajan and C. odorata have a wide range of potential applications in the manufacture of new drugs, nutraceuticals, and healthcare products, which could be because of their mineral and vitamin contents. 
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Vitamins

Cajanus cajan	Vitamin A	Vitamin B	Vitamin C	Vitamin D	Vitamin B1	Vitamin B2	Vitamin B3	Vitamin B6	Vitamin B12	1.0409999999999999	1.419	6.6580000000000004	0.42699999999999999	2.8000000000000001E-2	1.7999999999999999E-2	0.61	0.23	0.442	Chromolaena odora	Vitamin A	Vitamin B	Vitamin C	Vitamin D	Vitamin B1	Vitamin B2	Vitamin B3	Vitamin B6	Vitamin B12	56.319000000000003	8.7449999999999992	73.466999999999999	28.77	0.17899999999999999	0.153	0.48799999999999999	0.25700000000000001	2.5990000000000002	
Vitamin composition (µg/g)




Minerals

Cajanus cajan	Copper	Zinc	Manganese	Chromium	Cobalt	Aluminium	Sodium	Potassium	Calcium	Magnesium	Iron	Arsenic	Selenium	Lead	Molybdenum	Tin	Nickel	Cadmium	Mercury	Silicon	0.42299999999999999	1.954	0.59399999999999997	1.2E-2	4.4999999999999998E-2	8.0000000000000002E-3	10.454000000000001	8.5950000000000006	6.8940000000000001	6.0540000000000003	0.89300000000000002	1.7000000000000001E-2	0.38900000000000001	6.7000000000000004E-2	0.05	1.4E-2	1.2E-2	0	0	0	Chromolaema odorata	Copper	Zinc	Manganese	Chromium	Cobalt	Aluminium	Sodium	Potassium	Calcium	Magnesium	Iron	Arsenic	Selenium	Lead	Molybdenum	Tin	Nickel	Cadmium	Mercury	Silicon	0.158	0.56399999999999995	0.34300000000000003	0	5.6000000000000001E-2	0	7.6760000000000002	4.2670000000000003	5.0979999999999999	3.7869999999999999	1.4219999999999999	0	0.17799999999999999	0.02	6.7000000000000004E-2	0	0.11899999999999999	2.1999999999999999E-2	2.1999999999999999E-2	1.0999999999999999E-2	
Mineral composition (ppm)
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