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EVALUATION OF NUTRITIONAL AND ANTI-NUTRITIONAL CONTENTS OF Capsicum annuum L. FRUITS


Abstract
Capsicum annuum L. is widely cultivated and consumed as food in Nigeria and is also used for medicinal purposes. This study evaluated the proximate composition, selected mineral elements, vitamin content, and anti-nutritional and flavonoid contents of the fruits. Fresh fruits obtained in Aliero, Kebbi State, Nigeria, were identified, dried at room temperature, milled, and analysed using standard analytical procedures. Selected minerals were determined by the reported titrimetric and Atomic Absorption Spectrophotometric methods, while proximate, vitamin, and anti-nutritional constituents were determined using the procedures described in the manuscript. Proximate analysis showed moisture of 36.00 ± 1.00%, crude fibre of 24.00 ± 1.00%, carbohydrate of 15.03 ± 2.84%, crude protein of 12.96 ± 1.38%, crude fat of 6.67 ± 1.44%, and ash of 5.17 ± 0.29%. Manganese had the highest concentration among the selected minerals at 51.00 ± 0.18 ppm, followed by magnesium at 15.27 ± 0.15 ppm, zinc at 14.93 ± 0.12 ppm, and calcium at 4.23 ± 0.15 ppm. Vitamin C was 22.89 ± 0.52 mg/100 g, vitamin A was 20.91 ± 0.35 mg/100 g, and vitamin E was 11.60 ± 0.90 mg/100 g. Phytate and oxalate were 4.76 ± 0.59% and 1.83 ± 0.21%, respectively, while flavonoids were 39.56 ± 0.77%. The findings show that the analysed fruits contain measurable nutrients, selected minerals, vitamins, flavonoids, and anti-nutritional constituents. Their nutritional value should therefore be considered together with the presence of phytate and oxalate.
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1.0 Introduction
In recent years, increasing attention has been directed towards maintaining good health through the consumption of foods with high nutritional value, bioactive compounds, and antioxidant properties. Fruits and vegetables are important sources of nutraceutical compounds, including vitamins, minerals, phenolic compounds, natural antioxidants, dietary fibre, and other bioactive constituents. Regular consumption of fruits and vegetables has been associated with beneficial health outcomes, including reduced risks of cardiovascular diseases, cancer, degenerative diseases, and age-related disorders (Chávez-Mendoza et al., 2015). Recent evaluations of pepper germplasm have also shown that nutritional composition can vary among genotypes, reinforcing the importance of direct measurement of proximate constituents and minerals when assessing dietary value (Pinar et al., 2023).
Pepper is an important horticultural crop cultivated in many parts of the world. Capsicum annuum L. belongs to the family Solanaceae and the genus Capsicum. It is widely consumed because of its characteristic taste, attractive colour, and distinctive biochemical composition (Soare et al., 2017).
Capsicum species constitute an important component of the Nigerian diet. In addition to their use in the preparation of stews and as flavour-enhancing ingredients, peppers are also used as preservatives and in traditional medicinal practices. Smallholder farmers, particularly women, are involved in pepper production for household consumption and local markets, especially in southwestern Nigeria. It has been reported that approximately 100,000–200,000 hectares of land are devoted to pepper cultivation annually in Nigeria (Omotayo et al., 2015).
The fruit of C. annuum L. is well known for its high content of bioactive compounds and antioxidant activity. It is a widely consumed fresh vegetable because of its combination of colour, flavour, and nutritional value. The species originated in North and South America and is well adapted to warm climates. It is currently cultivated and consumed as food and used for medicinal purposes in Africa and other parts of the world (Chávez-Mendoza et al., 2015). 
C. annuum L. is characterised by its intense red colour, characteristic sweet or pungent flavour, crispy texture, and thin waxy layer. The fruit is valued for its bioactive constituents, including carotenoids, flavonoids, polyphenols, and vitamins A, C, and E, as well as minerals such as zinc, iron, copper, potassium, calcium, and magnesium. These constituents contribute to the nutritional and antioxidant properties of the fruit. Bioactive compounds such as capsaicin and capsanthin have also been associated with the antioxidant characteristics of C. annuum fruits (Otulak-Kozieł et al., 2020). Recent phytochemical analyses further indicate that C. annuum fruits contain diverse phenolic, capsaicinoid, and related bioactive constituents whose abundance may differ among genotypes or cultivars (Karaman et al., 2023; Jang et al., 2024).
The consumption of C. annuum L. contributes to dietary nutrition and may enhance the palatability of meals, thereby improving food intake. The fruit can be consumed either raw or cooked, while the leaves may also be used in soups. Pepper production is influenced by several factors, including soil fertility and adequate nutrient availability, which are important for optimum growth and yield (Juroszek & Tsai, 2009). Recent soilless cultivation research likewise shows that fertiliser source can influence the growth and yield responses of C. annuum, further supporting the agronomic importance of nutrient management in pepper production (Edwige-Gwladys et al., 2026). In Nigerian-grown hot pepper, proximate composition, mineral content, and vitamin C have also been evaluated alongside production factors, reinforcing the value of direct compositional assessment of C. annuum fruits (Alabi & Ayodele, 2019).
However, the combined assessment of proximate composition, selected mineral elements, vitamins, and anti-nutritional constituents in C. annuum fruits remains insufficiently documented within the present study context.
Despite the nutritional and potential health benefits associated with C. annuum L., information on its combined nutritional and anti-nutritional composition remains important for assessing its dietary value. Therefore, this study evaluated the proximate composition, selected mineral elements, vitamin content, and anti-nutritional constituents of C. annuum L. fruits. [image: ]
Figure 1. Capsicum annuum L. fruits. 
[image: ]
Figure 2. Powdered Capsicum annuum L. fruits.

[bookmark: materials-and-methods]2.0 MATERIALS AND METHODS
[bookmark: sample-collection-and-identification]2.1 Sample Collection and Identification
Fresh fruits of Capsicum annuum L. were purchased from a local market in Aliero, Kebbi State, Nigeria (Figure 1). The samples were identified and authenticated by a botanist in the Department of Plant Sciences and Biotechnology, Kebbi State University of Science and Technology, Aliero. Taxonomic identification of the fruit was confirmed in the same department under voucher number (KSUSTA/PSB/H/VUCHER NO: S. N.).
[bookmark: sample-preparation]2.2 Sample Preparation
The fruit samples were thoroughly washed and thinly sliced before being allowed to dry at room temperature. The dried samples were subsequently ground into powder using a mortar and pestle, as shown in Figure 2. The powdered samples were stored in airtight containers until required for the determination of proximate composition, mineral elements, vitamins, and anti-nutritional constituents.
[bookmark: determination-of-proximate-composition]2.3 Determination of Proximate Composition
[bookmark: determination-of-moisture-content]2.3.1 Determination of Moisture Content
Moisture content was determined using the method described by the Association of Official Analytical Chemists (AOAC, 1990). The percentage moisture content was calculated using the following equation:
Moisture content (%) = [(W₃ − W₁) / (W₂ − W₁)] × 100
where W₁ is the weight of the empty crucible, W₂ is the weight of the crucible plus sample before drying, and W₃ is the weight of the crucible plus sample after drying in the oven.
[bookmark: determination-of-crude-protein]2.3.2 Determination of Crude Protein
Crude protein content was determined using the Kjeldahl method described by AOAC (1990). The percentage nitrogen was calculated from the titre value, molarity, sample weight, and aliquot volume using the following equation:
% Nitrogen = (TV × MA × 0.014 × 50 × 100) / (Weight of sample × Aliquot)
where TV represents the titre value and MA represents the molarity of the distillation solution.
The crude protein content was subsequently calculated using a nitrogen-to-protein conversion factor of 6.25:
% Crude protein = % Nitrogen × 6.25
[bookmark: determination-of-crude-lipid]2.3.3 Determination of Crude Lipid
Crude lipid content was determined using the Soxhlet extraction method described by AOAC (1990). The percentage crude lipid was calculated as:
% Crude lipid = [(W₂ − W₁) / W₀] × 100
where W₀ is the weight of the sample, W₁ is the weight of the empty receiving vessel, and W₂ is the weight of the receiving vessel plus extracted oil.
[bookmark: determination-of-crude-fibre]2.3.4 Determination of Crude Fibre
Crude fibre was determined according to the method described by AOAC (1990). The percentage crude fibre was calculated using:
Crude fibre (%) = [(W₁ − W₂) / W₀] × 100
where W₁ is the weight of the crucible plus sample after oven drying, W₂ is the weight of the crucible plus residue after ashing in a muffle furnace, and W₀ is the weight of the sample.
[bookmark: determination-of-ash-content]2.3.5 Determination of Ash Content
Ash content was determined using the method described by AOAC (1990). Exactly 2 g of the powdered sample was placed in a previously weighed crucible and ignited in a muffle furnace at 550 °C for 6 h. The crucible was subsequently cooled in a desiccator and weighed at room temperature. Ash content was calculated using:
Ash content (%) = [(W₃ − W₁) / (W₂ − W₁)] × 100
where W₁ is the weight of the empty crucible, W₂ is the weight of the crucible plus sample before ashing, and W₃ is the weight of the crucible plus ash after ashing.
[bookmark: determination-of-carbohydrate-content]2.3.6 Determination of Carbohydrate Content
Carbohydrate content was determined by difference according to AOAC (1990). It was calculated by subtracting the sum of the percentages of moisture, crude lipid, crude protein, crude fibre, and ash from 100:
Carbohydrate (%) = 100 − [Moisture + Crude lipid + Crude protein + Crude fibre + Ash]
[bookmark: Xb5adbd1c581ce29974c9f0d216867857ecb0e80]2.4 Determination of Anti-Nutritional Factors
[bookmark: determination-of-oxalate-content]2.4.1 Determination of Oxalate Content
Oxalate content was determined using the titrimetric method described by Nuhu et al. (2015). Exactly 1.0 g of the powdered sample was weighed into a conical flask, and 75 mL of 3 N H₂SO₄ was added. The mixture was stirred intermittently using a magnetic stirrer for 1 h and subsequently filtered through Whatman No. 1 filter paper. A 25-mL aliquot of the filtrate was heated to approximately 80–90 °C and titrated against 0.1 N KMnO₄ solution until a faint pink colour persisted for at least 30 s.
The oxalate content was calculated according to the procedure described by Nuhu et al. (2015), using the average titre value. One millilitre of 0.1 N KMnO₄ was reported as equivalent to 0.00450 g of anhydrous oxalic acid.
[bookmark: determination-of-phytic-acid-content]2.4.2 Determination of Phytic Acid Content
Phytic acid content was determined using the titrimetric method described by Nuhu et al. (2015). Exactly 2.0 g of the powdered sample was weighed into a 250-mL beaker and soaked in 100 mL of 2% HCl for 3 h. The extract was filtered through a double layer of hardened filter paper. A 50-mL aliquot of the filtrate was transferred into another 250-mL beaker and diluted with distilled water. Subsequently, 10 mL of 0.3% ammonium thiocyanate solution was added as an indicator. The solution was titrated against standard ferric chloride solution containing 0.00195 g iron per millilitre.
The titration was carried out in triplicate, and the average titre value was used for calculation. Phytic acid content was calculated as:
% Phytic acid = X × 1.19
where X is the product of the average titre value and the mass of iron per millilitre (0.00195 g).
[bookmark: determination-of-flavonoid-content]2.4.3 Determination of Flavonoid Content
Flavonoid content was determined using the ethyl acetate precipitation method described by Bohm and Koupai-Abyazani (1994). The percentage flavonoid content was calculated from the difference between the weight of the filter paper containing the precipitate and the weight of the empty filter paper relative to the sample weight.
% Flavonoid = [(W₂ − W₁) / Weight of sample] × 100
where W₁ is the weight of the empty filter paper and W₂ is the weight of the filter paper plus precipitated flavonoid.
[bookmark: vitamin-analysis]2.5 Vitamin Analysis
The vitamin contents of C. annuum L. fruits were determined using standard methods described by Cemeroğlu (2007).
[bookmark: determination-of-vitamin-a-content]2.5.1 Determination of Vitamin A Content
Vitamin A was determined according to the method described by Cemeroğlu (2007). Three clean, dry test tubes were labelled Test, Standard, and Blank. Appropriate quantities of sample, ethanol, standard solution, petroleum ether, and distilled water were added according to the analytical procedure.
The tubes were thoroughly shaken and centrifuged at 3,000 rpm for 5 min. The absorbance of the resulting supernatant was measured at 450 nm against the reagent blank.
The concentration of β-carotene was calculated using:
Concentration of β-carotene = (Absorbance of sample × Concentration of standard) / Absorbance of standard
[bookmark: determination-of-vitamin-c-content]2.5.2 Determination of Vitamin C Content
Vitamin C content was determined using the method described by Cemeroğlu (2007). The concentration of vitamin C was calculated from the absorbance of the sample relative to that of the standard:
Vitamin C concentration (mmol/L) = (Absorbance of sample × Concentration of standard) / Absorbance of standard
[bookmark: determination-of-vitamin-e-content]2.5.3 Determination of Vitamin E Content
Vitamin E content was determined according to the method described by Cemeroğlu (2007). The concentration was calculated using the relationship between the absorbance of the sample and that of the standard:
Vitamin E concentration = (Absorbance of sample × Concentration of standard) / Absorbance of standard
[bookmark: mineral-analysis]2.6 Mineral Analysis
Mineral analysis was conducted using the method described by AOAC (1990). Five grams of the powdered sample were digested with 10 mL of 5 N concentrated hydrochloric acid. The mixture was heated on a water bath and evaporated almost to dryness. The digest was allowed to cool, filtered into a 100-mL standard volumetric flask, and made up to volume with distilled water.
Selected mineral elements were subsequently determined using an Atomic Absorption Spectrophotometer (AAS) following acid digestion of the samples.
[bookmark: determination-of-magnesium-content]2.6.1 Determination of Magnesium Content
Magnesium content was determined by complexometric titration using EDTA according to AOAC (1990). The concentration of magnesium was calculated from the titre value obtained:
Concentration (mg/100 mL) = (TV × NE × AM × DF) / (WD × AT)
where TV is the titre value, NE is the normality of EDTA, AM is the atomic mass of magnesium, DF is the dilution factor, WD is the weight of the digested sample, and AT is the aliquot volume used for titration.
[bookmark: determination-of-calcium-content]2.6.2 Determination of Calcium Content
Calcium content was determined by complexometric titration using EDTA according to AOAC (1990). The concentration was calculated using:
Concentration (mg/100 mL) = (TV × NE × AM × DF) / (WD × AT)
where TV is the titre value, NE is the normality of EDTA, AM is the atomic mass of calcium, DF is the dilution factor, WD is the weight of the digested sample, and AT is the aliquot volume used for titration.
[bookmark: determination-of-zinc-and-manganese]2.6.3 Determination of Zinc and Manganese
The digested C. annuum L. samples were used for the determination of zinc (Zn) and manganese (Mn) using Atomic Absorption Spectrophotometry as described by Paul et al. (2014).
Atomic Absorption Spectrophotometry determines individual elements based on their characteristic absorption wavelengths. During analysis, the instrument directs light of a specific wavelength through the atomised sample, and the amount of light absorbed is measured by the detector. The absorbance is proportional to the concentration of the corresponding element in the sample.
[bookmark: results]3.0 RESULTS
[bookmark: X2103dc2071d35dd54df69ab9839c3d61f91718d]3.1 Proximate Composition of Capsicum annuum L.
The proximate composition of Capsicum annuum L. fruits is presented in Table 1. The fruits contained measurable amounts of moisture, ash, crude fibre, crude fat, crude protein, and carbohydrate. Moisture had the highest proportion (36.00 ± 1.00%), followed by crude fibre (24.00 ± 1.00%), carbohydrate (15.03 ± 2.84%), crude protein (12.96 ± 1.38%), crude fat (6.67 ± 1.44%), and ash (5.17 ± 0.29%).
Table 1. Proximate composition of Capsicum annuum L. fruits
	Parameter
	Composition (%)

	Moisture
	36.00 ± 1.00

	Ash
	5.17 ± 0.29

	Crude fibre
	24.00 ± 1.00

	Crude fat
	6.67 ± 1.44

	Crude protein
	12.96 ± 1.38

	Carbohydrate
	15.03 ± 2.84


Values are expressed as mean ± standard deviation (SD), n = 3.
[bookmark: X63917f9f4ea7c8b6047e0d2d2f8c70ca03b45a4]3.2 Mineral Element Composition of Capsicum annuum L.
The selected mineral element composition of Capsicum annuum L. fruits is presented in Table 2. Among the minerals analysed, manganese had the highest concentration (51.00 ± 0.18 ppm), followed by magnesium (15.27 ± 0.15 ppm), zinc (14.93 ± 0.12 ppm), and calcium (4.23 ± 0.15 ppm).
Table 2. Selected mineral element composition of Capsicum annuum L. fruits
	Mineral element
	Composition (ppm)

	Magnesium (Mg)
	15.27 ± 0.15

	Calcium (Ca)
	4.23 ± 0.15

	Manganese (Mn)
	51.00 ± 0.18

	Zinc (Zn)
	14.93 ± 0.12


Values are expressed as mean ± standard deviation (SD), n = 3.
[bookmark: Xee1e6cabad288413646d7fd92446be6471a8abb]3.3 Vitamin Composition of Capsicum annuum L. Fruits
The vitamin composition of Capsicum annuum L. fruits is presented in Table 3. Vitamin C had the highest concentration (22.89 ± 0.52 mg/100 g), followed by vitamin A (20.91 ± 0.35 mg/100 g) and vitamin E (11.60 ± 0.90 mg/100 g).
Table 3. Vitamin composition of Capsicum annuum L. fruits
	Vitamin
	Composition (mg/100 g)

	Vitamin A
	20.91 ± 0.35

	Vitamin C
	22.89 ± 0.52

	Vitamin E
	11.60 ± 0.90


Values are expressed as mean ± standard deviation (SD), n = 3.
[bookmark: X299db4e47c1eca9916db31078947a18e498a3bf]3.4 Anti-Nutritional and Flavonoid Contents of Capsicum annuum L. Fruits
The anti-nutritional and flavonoid contents of Capsicum annuum L. fruits are presented in Table 4. Flavonoids had the highest recorded value (39.56 ± 0.77%), followed by phytate (4.76 ± 0.59%) and oxalate (1.83 ± 0.21%).
Table 4. Anti-nutritional and flavonoid contents of Capsicum annuum L. fruits
	Constituent
	Composition (%)

	Oxalate
	1.83 ± 0.21

	Phytate
	4.76 ± 0.59

	Flavonoids
	39.56 ± 0.77


Values are expressed as mean ± standard deviation (SD), n = 3.
4.0 DISCUSSION
4.1 Proximate Composition
The proximate analysis of Capsicum annuum L. fruits revealed appreciable amounts of moisture, ash, crude fibre, crude fat, crude protein, and carbohydrate. The moisture content is an important quality parameter because water availability influences several biochemical, physiological, and microbiological processes in food materials (Onwuka, 2005). The moisture content recorded in this study suggests that the dried powdered sample has relatively good storage potential, since foods with higher moisture contents are generally more susceptible to microbial growth and deterioration (Ruberto & Baratta, 2000).
The ash content obtained in this study was relatively low. Ash represents the inorganic or mineral fraction of a food material and provides an indication of its total mineral content. The relatively low ash content observed may have implications for the mineral contribution of the fruit and may also be relevant to quality assessment of products derived from the sample (Ibanga & Ekpa, 2009).
The crude fat content of C. annuum L. was 6.67 ± 1.44%. This value is within the range reported for some commonly consumed legumes and was reported to be comparable with that of scarlet runner bean and higher than values reported for cowpea and Kersting groundnut (Aremu et al., 2006). Dietary fat is an important source of energy and also contributes to the absorption of fat-soluble vitamins. It therefore plays an important nutritional role when consumed as part of a balanced diet (Ogunlade et al., 2012).
The crude fibre content was 24.00 ± 1.00%, which was relatively high compared with values reported for some legumes, including cowpea and Bambara groundnut (Aremu et al., 2008). Dietary fibre is important for maintaining normal gastrointestinal function and may contribute to overall digestive health. However, excessive fibre intake may reduce the bioavailability of certain mineral elements by binding or interacting with them.
The crude protein content of C. annuum L. was 12.96 ± 1.38%. This value was higher than those reported by Esayas et al. (2011) for some Capsicum varieties, including Bako Local, Odaharo, and Marakofana. Although the protein content of the fruit is appreciable, it remains lower than that of some protein-rich oilseeds and legumes commonly consumed in Nigeria. Therefore, C. annuum L. should be considered mainly as a complementary source of dietary protein rather than a major protein source.
The carbohydrate content was 15.03 ± 2.84%. The relatively moderate carbohydrate content may partly reflect the moisture composition of the fruit. Previous comparative work has shown significant variation in carbohydrate content among pepper species (Emmanuel-Ikpeme et al., 2014). Carbohydrates are important dietary energy sources and contribute to the provision of readily available fuel for physiological activities. They also play important roles in the normal functioning of nervous tissues (Onwuka, 2005).
4.2 Mineral Element Composition
The mineral analysis showed that C. annuum L. fruits contain appreciable amounts of magnesium, calcium, manganese, and zinc. The observed order of abundance was Mn > Mg > Zn > Ca, with manganese having the highest concentration (51.00 ± 0.18 ppm), followed by magnesium (15.27 ± 0.15 ppm), zinc (14.93 ± 0.12 ppm), and calcium (4.23 ± 0.15 ppm).
Mineral elements are essential for normal growth and physiological functioning. They contribute to the development and maintenance of bones and teeth and participate in processes such as enzyme activity, muscle contraction, nerve transmission, and blood clotting. The relatively high manganese and magnesium contents suggest that C. annuum L. may contribute useful quantities of these minerals to the diet.
Manganese is involved in the activation of several enzymes and participates in metabolic processes associated with the synthesis and metabolism of carbohydrates, lipids, and proteins. Magnesium is also an essential mineral required for several physiological processes, including regulation of muscle and nerve function, blood glucose levels, and blood pressure, as well as protein, bone, and DNA synthesis (Farsinejad-Marj et al., 2016).
The zinc concentration obtained in this study indicates that C. annuum L. can contribute to dietary zinc intake. Zinc plays important roles in numerous biological processes, including enzyme activity, immune function, protein synthesis, and normal metabolic processes. The presence of zinc in the fruit therefore adds to its nutritional significance.
Calcium recorded the lowest concentration among the minerals analysed. Nevertheless, calcium remains an essential mineral because of its role in maintaining healthy bones and teeth. It also participates in blood clotting, muscle contraction, normal cardiac function, and nerve transmission (Farsinejad-Marj et al., 2016).
4.3 Vitamin Composition
The vitamin analysis showed that vitamin C had the highest concentration among the vitamins determined, followed by vitamin A and vitamin E. The concentrations recorded were 22.89 ± 0.52, 20.91 ± 0.35, and 11.60 ± 0.90 mg/100 g for vitamins C, A, and E, respectively.
Vitamins A, C, and E are important micronutrients that contribute to normal physiological functions and antioxidant protection. The relatively high vitamin C content observed in C. annuum L. highlights its potential contribution to dietary vitamin C intake. Vitamin C is involved in several physiological processes and also enhances the absorption of non-haem iron in the gastrointestinal tract.
Vitamin C can improve iron absorption by facilitating the conversion of ferric iron to the more readily absorbed ferrous form. This property may make vitamin-C-rich foods useful as part of diets intended to improve iron availability. Vitamin C also functions as an antioxidant and contributes to the protection of cells from oxidative damage.
Vitamin E is another important antioxidant nutrient that contributes to protection against oxidative stress. Its antioxidant function complements that of vitamin C and other antioxidant compounds present in plant foods. Vitamin A is essential for normal growth and development, immune function, and vision. In the visual system, vitamin A derivatives participate in the formation of rhodopsin, a light-sensitive pigment required for normal vision (Tanumihardjo, 2011).
The presence of vitamins A, C, and E therefore contributes substantially to the nutritional and potential health-promoting value of C. annuum L. fruits.
4.4 Anti-Nutritional and Flavonoid Composition
The analysis of anti-nutritional and bioactive constituents showed that flavonoids had the highest concentration (39.56 ± 0.77%), followed by phytate (4.76 ± 0.59%) and oxalate (1.83 ± 0.21%). The relatively high flavonoid content indicates the presence of considerable quantities of these bioactive compounds in C. annuum L.
Flavonoids are important secondary metabolites in plants and have been associated with antioxidant activity. Their ability to scavenge free radicals may contribute to the potential protective properties of plant-derived foods. Thus, the relatively high flavonoid content observed in the present study may contribute to the antioxidant potential of C. annuum L. fruits.
Oxalate was detected at a concentration of 1.83 ± 0.21%. Oxalates can interact with minerals, particularly calcium, and may consequently reduce their bioavailability when present at high concentrations. However, the oxalate level observed in this study was relatively low compared with the levels associated with toxic effects reported in previous studies (Pearson, 1976; Noonan & Savage, 1999). Akwaowo et al. (2000) also reported that high dietary oxalate may interfere with mineral metabolism and reduce calcium bioavailability.
Phytate content was 4.76 ± 0.59%. Phytic acid is commonly found in fibre-rich plant foods and has both nutritional and anti-nutritional implications. Although phytate has been associated with beneficial physiological effects and has been investigated for potential protective effects against some chronic diseases, it can also reduce the bioavailability of minerals because of its strong binding affinity for mineral elements (Norhaizan & Nor Faizadatul Ain, 2009; Ekholm et al., 2003). The phytate content observed in the present study indicates that this compound is present in C. annuum L.; however, its nutritional significance should be interpreted in relation to dietary intake and overall food composition.
Overall, the findings demonstrate that C. annuum L. fruits contain a combination of nutritional constituents, essential minerals, vitamins, and bioactive compounds, together with measurable anti-nutritional factors. The nutritional benefits of the fruit should therefore be considered alongside the levels of compounds such as phytate and oxalate.
[bookmark: _Toc95654730][bookmark: _Toc93998330][bookmark: _Toc93998081]5.0. CONCLUSION AND RECOMMENDATIONS	
The study revealed that Capsicum annuum L. fruits contain substantial quantities of minerals, vitamins, and anti-nutritional compounds. The findings suggest that Capsicum annuum L. varieties contain appreciable amounts of nutrients; however, the cultivation of Capsicum annuum L. and consumption of its fruit should be encouraged because of its nutritional and medicinal qualities. It was observed that Capsicum annuum L. alone is not rich in all nutrients; hence, consuming Capsicum annuum L. in combination with other pepper varieties is important. 
Based on the findings of this study, the cultivation and consumption of Capsicum annuum L. should be encouraged because of its appreciable nutritional and potential medicinal value. Consumers are encouraged to include C. annuum fruits as part of a balanced and diversified diet and to combine them with other varieties of pepper, vegetables, fruits, and other nutrient-rich foods to obtain a wider range of essential nutrients. Farmers should adopt appropriate cultivation, harvesting, drying, and storage practices to maintain the nutritional quality of the fruits. Further research should also be conducted on different varieties of C. annuum L. to compare their nutritional, mineral, vitamin, antioxidant, and anti-nutritional compositions. In addition, further studies are recommended to evaluate the bioavailability and nutritional significance of compounds such as phytate and oxalate and to investigate the potential health benefits of the bioactive compounds present in the fruits.

Limitations
This study was limited to the analysed Capsicum annuum L. fruit samples and the selected proximate components, mineral elements, vitamins, flavonoids, phytate, and oxalate measured using the reported methods. The study did not assess nutrient bioavailability, the effects of cooking or other processing methods, or differences among multiple varieties and growing locations. Consequently, the findings should be interpreted as compositional results for the analysed samples rather than as a complete representation of all C. annuum fruits.
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