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ABSTRACT
This study investigated the proximate, mineral composition, vitamin and anti-nutrient contents of Conoclinium coelestinum leaves. The proximate, mineral, vitamins and anti-nutrient analysis were carried out using standard procedures (AOAC methods, High performance liquid chromatography and Atomic absorption spectrometry). The results obtained were analysed using descriptive statistics and presented as Mean ± SD (Standard Deviation) of triplicate determinations. Proximate analysis revealed % moisture content (7.77 ± 0.03), carbohydrate (45.52 ± 0.03 g/100g), crude protein (28.71 ± 0.02 g/100g), ash (13.53 ± 0.04 g/100g), % crude fat (4.40 ± 0.01 g/100g) and crude fibre (11.66 ± 0.03 g/100g). Results of the mineral content analysis were; K (1.02 ± 0.05mg/kg), Zn (24.99 ± 0.05 mg/kg), Na (45.04 ± 0.04mg/kg), Ca (1.07 ± 0.02mg/kg), Co (0.10 ± 0.01mg/kg), Mg (0.01 ± 0.01mg/kg), Se (1.01 ± 0.10mg/kg), Fe (75.06 ± 0.04mg/kg), Mn (10.05 ± 0.04mg/kg), and P (0.12 ± 0.01mg/kg). The results also revealed the presence of thiamine (0.057mg/100g), niacin (0.148mg/100g) riboflavin (0.025mg/100g), ascorbic acid (00.150mg/100g) and vitamin A (0.681mg/100g). Anti-nutrients present in the leaf extract were cardiac glycosides, tannins and terpenoids. The results revealed that Conoclinium coelestinum leaf is a beneficial forb with high content of iron, zinc, sodium, manganese, calcium, potassium and appreciable content of moisture, ash, fiber, carbohydrates, protein and calorie crucial for healthy physiological function and immunity. Although minute quantities of anti-nutritional factors were found in the leaves (0.681mg/100g of Trypsin inhibitor, 2.12mg/100g Phytic acid and 0.101mg/100g oxalic acid), the nutritional benefits of iron in hemoglobin formation and oxygen transport makes the C. coelestinum a potential hit in the management of iron deficiency disorders and anemia.
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1.  Introduction
Plants have gained recognition globally as a source of micronutrients and macronutrients, due to their significant pivotal relevance in the field of medicine and health sciences [1]. Human civilization has always included the use of therapeutic and other purposes for medicinal plants [2]. By the close of the 20th century, it was projected that over two billion people worldwide relied mostly on medicinal plants for their medical needs [3]. 
Plant’s biomolecules such as phyto-minerals, vitamins, carbohydrates, proteins, lipids are grossly responsible for their nutritional and therapeutic roles [4-6]. Phyto-minerals are an essential class of micronutrients needed by the body for multiple health benefit which include regulation of chemical reactions and maintenance of healthy body structures. They are chemical elements with specific metabolic functions, cannot be produced by the human system, but are available in diverse quantities in medicinal plants [7-8]. A class of chemicals known as vitamins is required for healthy cell development, growth, and function. These are vital micronutrients needed for a wide range of physiological processes. According to Lawson et al. [9], they are essential for immune system performance, cellular metabolism, and the preservation of bone and skin health. These nutrients are present in the body in small amounts, so correspondingly lower levels ranging from a few grams to a few milligrams are required in the diet. It is of great importance to note that imbalances in the nutritional composition of the food consumed have significant effect on the health and wellbeing of an individual [10]. 
Over the recent years, medicinal plants have demonstrated various beneficial health effect such as antioxidant potential [11,12], antimicrobial [7], and hepatoprotective effects [13]. Nevertheless, anti-nutritional components found in plants also limit the body's ability to fully utilize nutrients including proteins, vitamins, and minerals. They lessen the food's ability to utilize its nutrients to their full potential and lower its nutritional value [14]. According to Egbune et al. [15], anti-nutritional factors include tannins, phytate, oxalates, and cyanogenic glycoside. Plants can only be as nutritious as possible if their anti-nutritional contents are identified and reduced [15, 16]. 
Given man’s heavy reliance on plants for food and medicine, phytochemical screening, nutrient and anti-nutrient profiling of plants is still being conducted to determine their phytochemical contents, prowess and methods of action [17,18]. Nonetheless. Conoclinium coelestinum is one of such plant, whose proximate, phyto-mineral, vitamin and anti-nutrient have not been reported.
C. coelestinum, a perennial herbaceous plant of the Asteraceae family, is also referred to as wild ageratum or blue mistflower [19] (Figure 1). This species is indigenous to North America, where it can be found in a variety of settings, such as forests, meadows, and the banks of streams [9]. C. coelestinum is distinguished by its upright, branching stems, which may grow to a maximum height of one meter. The leaves have a characteristic bluish-green coloring, are opposite, lanceolate to ovate in shape, and have serrated edges. 
Indigenous peoples have traditionally used blue mistflower as a traditional medicine, especially for infections, fevers, respiratory issues, wound healing, skin diseases, and hematophagous invertebrate control [20,21]. The plant's phytochemicals are thought to play a role in its medicinal qualities, despite the paucity of studies detailing the proximate, phytochemical, vitamin, and anti-nutrient contents of the plant. 
The increase in awareness of the relevance of medicinal plants use and the growing request for detailed information regarding the potency and side effects of plant extract employed traditionally in the treatment of diseases necessitate this study. By examining the phytochemical, vitamin, and anti-nutrient content of C. coelestinum leaves, the plant's potential as a source of naturally occurring substances that promote health and offer a scientific foundation for its traditional medical usage will be shown. Thus, this study looked at the proximate, mineral, vitamin and anti-nutrient content in the leaf of C. coelestinum grown in Nigeria because different soil types, textures, and exposure to environmental hazards can affect a plant's nutritional and phytochemical compositions [22, 23].  To the best of our knowledge, this is perhaps the first study detailing the proximate, mineral composition, vitamin and anti-nutrient contents of C. coelestinum.
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     Fig 1: Conoclinium coelestinum (L.) 

2. METHODS
2.1 Collection and Preparation of Plant Material
Conoclinium coelestinum (L.) DC (Asteraceae) leaves were obtained directly from Abraka, Ethiope East Local Government Area, Delta State, Nigeria. A taxonomist identified and verified the plant material, and a voucher specimen was placed in the Department of Botany's Herbarium at Delta State University in Abraka (DELSUN269). The fresh Conoclinium coelestinum plant material collected were weighed (initial weight), and allowed to air dry at 28–32°C for a duration of two weeks in a laboratory until a constant weight was achieved. To enhance surface area, the dried leaves were ground into a fine powder using a mechanical grinder. Final weight was obtained and then stored in a plastic container till further use. Portions were then immersed in 70% ethanol for 72 hours while being stirred occasionally. Whatman No. 1 filter paper was then used to filter the mixture. The filtrate was dried to produce a crude extract and concentrated under decreased pressure using a rotary evaporator at 40°C. The extract was then kept at 4°C until needed again.

2.2 Proximate Analysis
The proximate analysis of C. coelestinum leaves which entails content determination of moisture, ash, crude protein, crude ash and crude fiber was carried out according to the method of AOAC [24]. The method used for the determination of moisture content was the oven drying method, ash content was determined using the muffle furnace method, crude protein content was determined according to the Kjeldahl method, crude fat content was determined using the Soxhlet extraction method, crude fiber content was determined using the acid-base digestion method according to the method of AOAC (2000), while carbohydrate content was calculated with the formula; Carbohydrates (%) = 100 – (Moisture + Ash + Crude Protein + Crude Fat + Crude Fiber), in line with the method outlined by AOAC [24]. By adding the multiplied values for crude protein, crude fat, and carbohydrate, using the factors (4 kcal, 9 kcal, and 4 kcal, respectively), the calorific value of the leaf was calculated and expressed as kcal/100g.


2.3 Mineral analysis
Initially digested one gram (1g) of C. coelestinum in a digestion vessel at 60°C temperature with 10 mL of concentrated nitric acid on a low heat microwave digester (MA133-003, Milestone Ethos One Sorisole, BG, Italy). Also, 2 mL of hydrogen peroxide (H₂O₂) was added to assist in the complete oxidation of organic material. Heating continued until the solution became clear and allowed to cool. The resulted assimilated clear content of the sample was transferred into 50 mL volumetric flask and the volume was made up with deionized-double purified water to 5 ml, filtered and the filtrate was assimilated into a clean beaker. Standard solutions of known concentrations for the elements of interest were prepared. The AAS (SensAA Dual GBC Scientific, Australia) was calibrated with known concentrations of standard solutions for the elements of interest. The filtered sample solution was introduced into the AAS and the concentrations of each mineral were recorded and documented.

2.4 Vitamins Determination 
The vitamins in the leaves were examined using the HPLC technique outlined by Giorgi et al. [25]. The Agilent LC 1100 series HPLC equipment was utilized. A reversed-phase C18 column (Prontosil, 250 x 4.0 mm, 5 μm, Bischoff), a high pressure pump, a degasser, and an autosampler automatic injector make up the system. It was also connected to a Windows XP workstation and featured a UV/visible detector that could detect waves at various wavelengths. Trifluoroacetic acid (HPLC grade) and acetonitrile were employed in the analysis. The mobile phase consisted of 0.1% trifluoroacetic acid in acetonitrile (a binary gradient eluent) and 0.1% trifluoroacetic acid in water.  This solution was used to dissolve precisely 300 mg of the extract, which was then injected via the injection port into the HPLC apparatus. At 521 nm, the chromatograms were observed with a flow rate of 0.8 ml/min. The compounds in the extract's retention duration and UV-Vis spectral characteristics were then contrasted with available data and standards.
The presence and quantities of the following were determined: provitamin A carotenes, ascorbic acid (Vitamin C), tocopherol (Vitamin E), thiamine (Vitamin B), riboflavin (Vitamin B), niacin (Vitamin B), pyridoxine (Vitamin B), and cobalamine (Vitamin B).

2.5 Quantification of Anti-Nutrients 
The titration method, as detailed by Unuofin et al. [26] was used to determine the samples' oxalate content.  After weighing 1 g of the ground-up material into a conical flask, 75 mL of 3 mol/L H2SO4 was added, and the mixture was agitated for an hour using a magnetic stirrer. After filtering, 25 milliliters of the filtrate were gathered and heated to between 80 and 90 degrees Celsius. This filtrate was always maintained at or above 70 °C. The end point, indicated by a light pink color that lasted for 15 seconds, was attained after the heated aliquot was continually titrated with 0.05 mol/L of KMnO4. One milliliter of 0.05 mol/L KMnO4 was used to compute the oxalate content, which is equal to 2.2 milligrams of oxalate.
The phytic acid content of the sample was determined using the procedure described by Aina et al. (2012). The sample (2 g) was weighed into a flask, and then 100 mL of 2% HCl was added. It was then allowed to stand for three hours before being filtered. Five milliliters of an indicator solution containing 0.3% ammonium thiocyanate were mixed with 25 milliliters of the filtrate in a separate 250 milliliter conical flask. 53.5 mL of distilled water was added to achieve the desired acidity. This was then titrated with the standard iron III chloride solution (0.001 95 g of iron per mL) until a brownish yellow hue persisted for five minutes. Phytic acid = titre value × 0.001 95 × 1.19 × 100 was the formula used to compute phytotic acid.
Tannins were determined using the A.O.A.C. [24] method.  For one hour, the tannins were extracted in boiling distillation water.  Folin-dennis reagent and sodium carbonate solution were used to create the color.  At 750 nm, absorbance was determined using spectophotometry.  The tannic acid standard curve was used to determine the tannic acid content.

The method described by Soetan [27] was followed in order to determine the trypsin inhibitor. To do this, 0.2g of the samples was weighed and placed in a screw-cap centrifuge tube. After adding 10 milliliters of 0.1M phosphate buffer, the mixture was shaken on a UDY shaker for an hour at room temperature. The resulting suspension was filtered through Whatman No. 42 filter paper after being centrifuged for five minutes at 5000 rpm. Using phosphate buffer, the volume of each was brought to 2 milliliters. The test tube was kept at 37 °C in a water bath. One of the tubes was used as a blank, and six milliliters of a 5% TCA solution was added. All of the tubes, which had been stored at 37°C, received 2 milliliters of casein solution. 
For twenty minutes, these were incubated. After 20 minutes, 6 ml of TCA solution was added to the experimental tubes, and the tubes were shaken to halt the process. At room temperature, the reaction was permitted to continue for one hour. Whatman No. 42 filter paper was used to filter the mixture. At 280 nm, the absorbance of the filtered sample and the trypsin standard solutions was measured. 

A modified version of Nwokoro et al. [28]'s alkaline picrate impregnated filter paper strips method was used to determine the test samples' cyanogenic potentials. A stock solution of KCN (0.2 g%) is used to prepare standard KCN solutions in a range of concentrations (1 to 10 PPM).  The KCN solutions in glass bottles were then sealed right away with three strips of picrate-impregnated filter paper after being acidified with a 20% HCl acid solution in a 1:1 ratio to liberate the free cyanide as HCN. After 10 minutes of maintaining the setup at 80°C in a water bath, it was taken out of the bath and left at room temperature for 24 hours in the lab. Each glass bottle's red Picrate paper strips were taken out, rinsed in five milliliters of 50% ethanol solution, and left for half an hour. A spectrophotometer set to 510 nm wavelength was then used to test the solution's absorbance in comparison to a blank that was prepared in the same way but did not contain KCN solution. The cyanide concentration in the test samples was assessed using a standard calibration curve that plotted absorbance against cyanide concentration in PPM HCN equivalent.


2.6 Statistical Analysis
The results obtained were analysed using descriptive statistics and presented as Mean ± SD (Standard Deviation) of triplicate determinations [29]. Data analysis was conducted using Graph Pad Prism.


3. RESULTS
3.1 Proximate analysis of C. coelestinum leaves
The concentrations of moisture, ash, fiber, calorie, crude lipid, crude protein, and crude carbohydrate concentrations of C. coelestinum leaves are presented in Table 1. The crude carbohydrates had the highest concentration while the crude lipid had the lowest concentration. Moisture content of the leaf is 7.77mg/100g; Ash content is 13.53mg/100g and crude lipid content is 4.40mg/100g. C. coelestinum leaves contained carbohydrate content of 45.52mg/100g and a fibre content of 11.66mg/100g. the calculated caloric content of the sample is 336.86 kcal/100g. 



TABLE 1: Proximate analysis of C. coelestinum leaves 
	Parameters
	Composition 

	Moisture content (mg/100g)
	7.77 ± 0.03

	Ash content (mg/100g)
	13.53 ± 0.04

	Crude lipid content (mg/100g)
	4.40 ± 0.01

	Crude protein content (mg/100g)
	[bookmark: _gjdgxs]28.71 ± 0.02

	Carbohydrate (mg/100g)
	45.52 ± 0.03

	Calorie content (kcal/100g)
	336.86 ± 0.03

	Fibre content (mg/100g)
	11.66 ± 0.03


Values presented as mean ± standard deviation of three determinants


3.2 Mineral analysis of C. coelestinum leaves
The mineral composition of C. coelestinum leaves is presented in Table 2. C. coelestinum leaf contains nitrogen, phosphorus, calcium, magnesium, potassium, sodium, iron, boron, molybdenum, cobalt, selenium and manganese. The highest mineral content of C. coelestinum was iron, while the lowest was molybdenum. Results of the mineral content analysis were; K (1.02 ± 0.05mg/kg), Zn (24.99 ± 0.05 mg/kg), Na (45.04 ± 0.04mg/kg), Ca (1.07 ± 0.02mg/kg), Co (0.10 ± 0.01mg/kg), Mg (0.01 ± 0.01mg/kg), Se (1.01 ± 0.10mg/kg), Fe (75.06 ± 0.04mg/kg), Mn (10.05 ± 0.04mg/kg), and P (0.12 ± 0.01mg/kg).


TABLE 2: Mineral analysis of C. coelestinum leaves
	Mineral 
	Quantity (mg/kg)

	Phosphorus
	0.12 ± 0.01

	Calcium
	1.07 ± 0.02

	Magnesium
	0.01 ± 0.01

	Potassium
	1.02 ± 0.05

	Sodium 
	45.04 ± 0.04

	Iron 
	75.06 ± 0.04

	Zinc
	24.99 ± 0.05

	Boron
	0.36 ± 0.02

	Molybdenum
	0.01 ± 0.01

	Cobalt
	0.10 ± 0.01

	Selenium
	1.01 ± 0.10

	Manganese
	10.05 ± 0.04



Values presented as mean ± standard deviation of three determinants



3.3 Vitamin Content of Conoclinium coelestinum Leaves
Figures 2 and 3 shows output obtained after determining both the qualitative and quantitative Vitamin content of C. coelestinum leaves. Thiamine, niacin, riboflavin, ascorbic acid, vitamin E and vitamin A were detected in C. coelestinum leaves. The result revealed the presence of thiamine (0.057mg/100g), niacin (0.148mg/100g) riboflavin (0.025mg/100g), ascorbic acid (00.150mg/100g) and vitamin A (0.681mg/100g).
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Figure 2: Chromatogram of HPLC analysis of: (a) Standard Vitamins: peak 6 – vitamin; peak 15,
16 – vitamin B1; peak 20 – vitamin B3, peak 24 – vitamin B2; (b) C. coelestinum: peak 6 – vitamin C; peak 15, 16 – vitamin B1, peak 20 – vitamin B3; peak 24 – vitamin B2

Concentration (mg/100g)

Figure 3: Vitamin Content of C. coelestinum Leaf Extract
3.4 Anti-nutritional of Conoclinium coelestinum Leaves
The anti-nutritional of C. coelestinum leaf extract is presented in Table 3. Trypsin inhibitor, phyates, tannins, oxalates and cyanogenc glycosides were detected, although in minute quantities. 
The result showed that C. coelestinum leaf contain 0.681mg/100g of Trypsin inhibitor, 2.12mg/100g Phytic acid and 0.101mg/100g oxalic acid. 

Table 3: Anti-nutritional Content of C. Coelestinum Leaf Extract
	Parameter
	Concentration (mg/100g)

	Trypsin inhibitor
	0.681±0.03

	Phytic acid 
	2.12±0.51

	Cyanogenic glycosides)
	1.50±0.05

	Tannins
	0.110±0.02

	Oxalate
	0.101±0.01



4. DISCUSSION
The proximate analysis of C. coelestinum leaves as shown in Table 1, revealed a moisture content of 7.77% which is within the range of some herbs. The low moisture content indicates that C. coelestinum have reduced susceptibility to microbial infestation and allows for high storage capacity. This is due to the fact that food spoilage microorganisms thrive in plant with adequate moisture content [30]. This finding is in tandem with the moisture content of Oreganum vulgare leaves (7.33%) reported by Yusulf et al. [31]. This low moisture content could be due to the preliminary air drying of the leaves. Although higher moisture contents were reported in Icacina trichantha leaves (26.97%) by Alawode [32] and Maerua crassifolia leaves (62%) by Aletan and Kwazo [33]. This could be due to the difference in specie and method of processing. 
Ash content in a plant’s leaf is a reflection of the mineral content available in the plant. High ash content suggest great mineral content [31]. The ash content of C. coelestinum (13.53g/100g) obtained is comparatively lower than the values reported 12.17g/100g in Maerua crassifoia [33], 12.54g/100g in Cymbopogon citratus and 10.24g/100g in Oreganum vulgare [31]. 
The presence of high levels of calorie (336.86kcal/g), protein (28.70g/100g), Carbohydrate (45.60g/100g) and crude lipid (4.40g/100g) in C. coelestinum makes it a nutritionally significant forb. These values were comparable to the values reported for calorie (348.29kcal/g), crude protein (15.17g/100g), crude carbohydrate (64.83g/100g), crude lipid (3.17g/100g) reported in Maerua crassifolia leaves [33].  Although, Boradum et al. [34] reported a slightly lower values of calorie (220kcal/g), crude protein (19.0g/100g), crude carbohydrate (20.05g/100g) and crude lipid (6.70 g/100g) in Piper umbellatum leaves.  Fiber is a macro nutrient present in plant referred to as the indigestible carbohydrate and lignin [35]. The intake of high fiber diet can reduce the level of low-density lipoprotein (LDL) cholesterol, which can further reduce the risk of hypertension and cardiovascular disorders [36]. The recommended dietary fiber intake by the Food and Agriculture Organization (FAO), European Food Safety Authority (EFSA) and World Health Organization is 25 g/day for adults, 25 - 38g/day to prevent type 2 diabetes, cardiovascular disease, colorectal cancer, overweight, and obesity and 2 g/MJ for children from the age of 1 year [37]. The fiber content of C. coelestinum (11.66g/100g) obtained is comparatively higher than 9.85g/100g reported in Delonix regia leaf [30], although a higher fiber value (34.75g/100g) was reported in Piper umbellatum leaves [34]. 
The mineral analysis presented in Table 2, revealed Iron (75.06mg/kg), Sodium (45.04mg/kg), Zinc (24.99mg/kg), Manganese (10.05mg/kg), potassium (1.02g/kg) and Calcium (1.07g/kg) as the major minerals available in leaves. The obtained results were consistent with the mineral constituents of Rauvolfia vomtoria leafs report on by Onobrudu et al. [7]. However, the levels of iron, zinc, maganese C. coelestinum were higher when compared to iron (0.95mg/kg), zinc (1.25mg/kg) and Manganese (0.94mg/kg) reported in Cymbopogon citratus reported by Yosuf et al. [31].  Iron is essential mineral necessary for the formation of hemoglobin, myoglobin, ferritin, heme-enzymes and other iron containing enzymes involved in the transfer of electrons as well as oxidation-reduction reactions [38], Sodium is a significant cation in the extracellular fluid, while potassium is the major intracellular cation and they are pivotal to the regulation of extracellular fluid volume and electrolytes, although potassium also plays a key role in the regulation of cellular membrane potential and thus in the regulation of nerve and muscle activities [39]. The World Health Organization recommended a daily dietary sodium intake of 2g and potassium intake of 3.50g for the prevention of cardiovascular diseases [34, 40]. Zinc is an essential cofactor for most enzyme complexes, critical in the metabolism of lipid, protein, and carbohydrate, ribonucleic acids and immune functions [30, 41]. While, manganese is essentially required as components of metalloenzymes such as pyruvate carboxylase, arginase, and mitochondria superoxide dismutase, and as cofactor to some enzymes involved in metabolism such as hydrolases, transferases, kinases and decarboxylases [42]. Hence the high levels of iron and zinc in C. coelestinum makes forb a potential hit may improve lipid and carbohydrate metabolism, hormone synthesis, growth, skeletal defect, reproduction and anemia. The presences of these mineral is crucial for healthy physiological function and immunity.
Six different vitamins were found in the C. coelestinum leaf extract analysis, as shown in Figure 2: thiamine, niacin, riboflavin, ascorbic acid, vitamin E, and vitamin A. The plant's measured fat-soluble vitamin A content (0.681±0.03 mg/100g) is comparable to the average requirement (AR) of vitamin A recommended by the European Union (EU) for adult men and women with average body weights of 68.1 kg and 58.5 kg, respectively. The established ARs for these groups are 0.57 mg and 0.49 mg of retinol equivalent (RE) per day, respectively [43]. The ability of the plant to provide protection against oxidative stress is demonstrated by its fat-soluble antioxidant, which aids in preventing oxidative damage to cell membranes. Vitamin A is essential for healthy skin, immunological system, and vision. According to its vitamin profile, C. coelestinum may be a useful supplement or addition to functional foods meant to help with vitamin deficits. Specifically, the high content of vitamin A suggests that it may be used to build nutraceuticals that boost the immune system and promote eye health.
Another essential component that was measured in this study was vitamin C. Strong aqueous-phase antioxidant, it lessens oxidative stress and scavenges free radicals [44]. It is also necessary for maintaining good skin and preventing scurvy. The vitamin C concentration was less than that of Vernonia calvoana (11.33 mg/100 g) and Moringa oléifera and Ipomoea aquatica (2.17 mg/100 g) as reported by [45] and [46], respectively.
Niacin is necessary for DNA repair and the adrenal gland's ability to produce steroid hormones, whereas thiamine (B1) is necessary for energy metabolism and the healthy operation of the neurological system. The amount of vitamins found corresponds with the usual nutrient profiles found in a variety of therapeutic plants. For the synthesis of energy as well as for cellular growth, development, and function, riboflavin is essential. According to Smith et al. [47], the comparatively low content of riboflavin in C. coelestinum may be caused by the vitamin's unique extraction efficiency or intrinsic synthesis routes. It is well known that ascorbic acid has antioxidant qualities. It is essential for the production of collagen, iron absorption, and immune system upkeep. The presence of these vitamins in the leaf extract makes C. coelestinum a potential source of natural antioxidants [48]. Riboflavin (B2) concentration (0.025±0.01 mg/100 g) was higher than that of fruits (0.01-0.05 mg/100 g), common vegetables (0.01-0.3 mg/100 g), and most common cereals (0.11-0.18 mg/100 g) [48]. Vitamin B3 is essential for metabolism and DNA repair. The B3 concentration in C. coelestinum leaf is substantially greater than that observed by Hasan et al. [49] and that documented for fruits like Docynia indica (0.38 mg/100 g) and Myrica esculenta (0.46 mg/100 g) [50].
According to Alelign et al. [14], anti-nutritional factors limit the optimal utilisation of nutrients such as proteins, vitamins, and minerals, hence lowering the food's nutritional value and optimal exploitation of its components. Tannins have an impact on the bioavailability of non-heme iron, protein, and carbohydrate digestibility. As a result, they can cause inadequate protein supply, poor iron and calcium absorption, and a decrease in the energy value of diets high in tannin. However, since 1.5 – 2.5g is the maximum daily consumption of tannic acid that is tolerable for men, the tannin found in this study may not be hazardous or significant. The extract also included extremely small amounts of phytate and oxalates [51]. Low mineral absorption is caused by phytate and oxalates binding to certain key mineral elements, particularly calcium. Since calcium oxalate stones account for the majority of urinary stones that occur in people, oxalates and calcium can bind together to create kidney stones. While oxalate serves a variety of biological purposes in plants, such as controlling calcium levels, providing resistance to heavy metals, shielding plants from herbivores, and promoting plant growth, in humans, it can result in the formation of bigger kidney stones that can obstruct renal tubules [52].  However, the very low levels of phytate and oxalates present in the leaf under investigation, makes it safe. 

5. CONCLUSIONS
The study affirms that C. coelestinum leaves are good natural sources of minerals such iron, zinc, sodium, and manganese with appreciable content of moisture, ash, fiber, carbohydrates protein and calorie. The leaves also contain thiamine, niacin, riboflavin, ascorbic acid, vitamin E and vitamin A in appreciable quantities. Although minutes quantities of anti-nutritional factors were found in the leaves, the nutritional benefits of iron in hemoglobin formation and oxygen transport makes the C. coelestinum a potential hit in the management of iron deficiency disorders and anemia.  Assessment of the levels of antioxidant molecules (anthocyanins, flavonoids) present in C. coelestinum leaves as well as the effect of different cooking or processing methods on its nutrients and anti-nutrients levels are interesting areas that should be explored in further studies. 
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FIGURE 2: Chromatogram of HPLC analysis of plant extracts: (a) Standard Vitamins: peak 6—vitaminC; peak 15,
16—vitamin B1; peak 20—vitamin B3; peak 24—vitamin B2; (b) C. coelestinum : peak 6—vitamin C; peak 15,
16—vitamin B1; peak 20—vitamin B3; peak 24—vitamin B2.




