


COMPARATIVE ASSESSMENT OF MINERAL AND VITAMIN COMPOSITION OF CANARIUM SCHWEINFURTHII PULP AND SEED



ABSTRACT
Background: Fruits are significant for human nutrition, even though they supply essential elements that the body needs to function correctly. Inadequate micronutrient intake and resulting micronutrient deficiencies are among the biggest threats to global public health. 
Aim: The study aimed to investigate the mineral and vitamin composition of C. schweinfurthii pulp and seed quantitatively and assess their nutritional value.
Methodology: Following acid digestion, atomic absorption spectrophotometry (AAS) was used to analyze minerals (APHA, 1995). Vitamin C was measured by titrimetry, whereas vitamins A, D, E, and B were measured by spectrophotometry. Data analysis was conducted using SPSS software version 27.
Results: The amounts of calcium (9.18 ppm), magnesium (5.15 ppm), iron (1.36 ppm), and selenium (8.23 ppm) were greater in the seed than in the pulp (5.01 ppm), (4.15 ppm), (0.47 ppm), and (0.05 ppm), respectively. However, the vitamin analysis revealed that the seed had higher vitamins A (56.94 mg/kg), C (110.88 mg/kg), B1 (1.65 mg/kg), B2 (1.64 mg/kg), and E (39.24 mg/kg) when compared with the pulp (14.06 mg/kg), (65.62 mg/kg), (1.12 mg/kg), (0.95 mg/kg), and (32.08 mg/kg). Additionally, the pulp has substantially more vitamin B6 (10.01 mg/kg) and vitamin D (34.18 mg/kg) than the seed (2.09 mg/kg and 10.09 mg/kg, respectively). The pulp contained barely 0.03 mg/kg of mercury.
Conclusion: The results suggest that C. schweinfurthii's pulp and seed are rich in nutritionally significant minerals and vitamins, making it a potential dietary supplement to address micronutrient deficiencies.
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1. INTRODUCTION
Medicinal plants provide ingredients for pharmaceutical medications (WHO, 2014). Many of the medicinal plants used by African rural populations are relatively affordable compared to the exorbitant cost of traditional medicines. Micronutrient deficiencies are among the most common causes of malnutrition in the globe (Stevens et al., 2022; Afshin et al., 2019). Nutritional deficits can lead to micronutrient deficiencies, which can have long-term consequences for human health. Deficits in iron, calcium, zinc, selenium, vitamins A, C, D, and the B-complex groups enhance vulnerability to infections, impact mental health, result in childhood blindness, and increase the risk of non-communicable diseases in Saharan Africa (WHO, 2023; Haug et al., 2007). 
Indigenous and wild-harvested plant foods are crucial for lowering such deficiencies in high-poverty settings because industrially fortified meals and pharmaceutical supplements are scarce (Kuete, 2017). Iron deficiency is the most common cause of anemia, which affects cognition and pregnancy outcomes (Camaschella, 2019). Vitamin A deficiency is the primary cause of preventable blindness, especially in infants and pregnant women (Stevens et al., 2015). Vitamin A and zinc are essential for maintaining immunity, especially in communities with high disease rates (Imdad et al., 2022). Research on the effects of micronutrient deficiencies, which lead to disease and death, has been scarce due to a lack of data (Brown et al., 2021). In this sense, dietary supplementation plans, food safety regulations, and nutritional policy all directly benefit from a comprehensive quantitative investigation of vitamins and minerals in locally consumed indigenous fruits.
A popular tropical fruit in West and Central Africa, Canarium schweinfurthii Engl. belongs to the Burseraceae family and is also known as African olive or African elemi (Olawale, 2012; Tabula et al., 2024). Numerous minerals, including calcium, sodium, potassium, and trace levels of copper, manganese, iron, and zinc, have been found in the pulp. The techniques suggested by Ayoade et al. (2017) and Eromosel et al. (2006) were used to measure these. Significant discrepancies between the results of several studies point to potential variances in sampling and analysis.  According to Dikwahal et al. (2025), the toasted seeds of Canarium schweinfurthii included phosphorus, potassium, magnesium, copper, and zinc. Heavy metal contamination of fruits in Nigerian urban markets, including levels of mercury and cadmium in agricultural products, has raised concerns about food safety that have not been evaluated (Akan et al., 2009). 
The pulp of C. schweinfurthii fruits from Nigeria was found to contain a variety of minerals, including the macro-minerals potassium (K), sodium (Na), calcium (Ca), magnesium (Mg), and phosphorus (P). Additionally, trace minerals, including copper (Cu), manganese (Mn), iron (Fe), and zinc (Zn), were found in the pulp (Ehirim et al., 2015; Ayoade et al., 2017; Agomuo & Amadi, 2018; Eromosel et al., 2006). However, there are still significant gaps in the research. The pulp and seed of C. schweinfurthii from the same sample, especially in Nigeria, have not been subjected to spectrophotometric vitamin assessment and AAS mineral analysis. We cannot determine appropriate consumption levels, assess the risks to food safety from heavy metal deposition, or determine which fruit component, the pulp or the seed, contributes most to mineral and vitamin intake without this comparative data. Therefore, this study aimed to evaluate the mineral and vitamin compositions of C. schweinfurthii pulp and seed, providing important nutritional information.

2. MATERIALS AND METHODS
2.1 Plant Material Collection and Identification
Mature fruit of C. schweinfurthii was purchased from Odegba New Market, Enugu North LGA, Enugu State, Nigeria. It was authenticated by a taxonomist in the Department of Botany, Faculty of Biosciences, Nnamdi Azikiwe University, Awka. The herbarium number was deposited in the  Department of Botany at Nnamdi Azikiwe University, Awka, with the voucher number NAUH-052 (Fruit) assigned to the plant.
2.2 Preparation of C. schweinfurthii Pulp and Seed Samples
Fruits of Canarium schweinfurthii were first sorted by hand to get rid of any that were bad. A sterilized stainless-steel knife was used to separate the pulp from the seeds. After that, it was taken out, cleaned, and dried to a consistent weight. Using a corona manual grinder, the dried pulp was reduced to a fine powder. The corona manual grinder was used to grind the seeds after they had been manually broken with a food-grade stainless steel hammer. A fine powder was made from the viable kernels removed. The pulp and seed powders were kept at 4°C in sterile containers. It was thereafter used for mineral and vitamin analysis.
2.3 Elemental Mineral Analysis
An Agilent FS240AA Atomic Absorption Spectrophotometer (AAS) was used for mineral analysis in compliance with the APHA (1995) standard procedures. A digestion flask containing 20 mL of the acid combination (650 mL of concentrated HNO3, 80 mL of perchloric acid, and 20 mL of concentrated H2SO4) was filled with around 2 g of the dried sample. Heat was applied to the flask until a clear digest formed. Distilled water was used to dilute the digest until it reached 100 milliliters. Daily, unique stock element solutions were diluted with water that contained 1.5 mL of concentrated nitric acid per liter to create reference solutions. All of the reagents, aside from the metal stock solutions, were used to create a calibration blank. 
2.4 Vitamin Quantification
2.4.1 Vitamin A
The colorimetric method of Bayfield and Cole (1980) was used to quantify vitamin A. The assay uses spectrophotometric determination of the color that vitamin A acetate or palmitate produces when TCA is present. To avoid light interference, all procedures were carried out in the dark. One milliliter (1.0 ml) of saponification mixture and one gram of sample were combined, and the mixture was refluxed for twenty minutes at 60 degrees Celsius (60°C) in the dark. After cooling the tubes, 20 milliliters (20 mL) of water were added and well combined. Ten milliliters (10 ml) of petroleum ether heated to between forty and sixty degrees Celsius (40 °C and 60 °C) were used to extract vitamin A twice. After mixing the two extracts, they were carefully cleaned with water. To get rid of extra moisture, anhydrous sodium sulfate was used. From the sample, a 1.0 ml aliquot was extracted and dried at 60°C. One milliliter (1.0 ml) of chloroform was used to dissolve the residue. Vitamin A palmitate standards were pipetted into test tubes at concentrations ranging from 0 to 7.5 g. Each tube's volume was set at 1.0 milliliters of chloroform. After swiftly adding and mixing 2.0 ml of TCA reagent, the absorbance at 620 nm was measured right away using a spectrophotometer (Genesys 10UV). The sample tubes underwent the same process. The unit of measurement for vitamin A content is mg/kg.
2.4.2 Vitamin C 
Kirk and Sawyer's (1991) titrimetric approach was used to analyze vitamin C. A 6% EDTA/TCA solution was used to homogenize one gram of the sample. The mixture that was left over after filtration was analyzed. After adding 20 milliliters of 30% KI solution, the mixture was titrated with 0.1 M CuSO4 solution until a black coloring appeared, signifying the endpoint. The sample's ascorbate concentration was determined and reported in milligrams per kilogram. 0.88 mg of vitamin C is equivalent to one milliliter of 0.1 M CuSO4.
Vitamin C (mg/kg) = 1 x 0.88 x Titre-Blank
Weight
2.4.3 Vitamins B1 and B2 
The method outlined by Kirk and Sawyer (1991) was used to assess vitamins B1 and B2. One gram of the sample was carefully weighed for this procedure and put into a conical flask. 100 milliliters of deionized water were added to dissolve it. After giving the mixture a good shake, it was cooked for five minutes. It was heated, let to cool, and then filtered to get rid of any particles. A cuvette was filled with the filtrate that was produced. The spectrophotometer was calibrated to measure the concentration of each vitamin at two different wavelengths: 261 nm for vitamin B1 (thiamine) and 242 nm for vitamin B2 (riboflavin).
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
2.4.4 Vitamin B3 
The method outlined by Kirk and Sawyer (1991) was used to analyze vitamin B3. Twenty milliliters (20 mL) of anhydrous glacial acetic acid were used to dissolve five grams of the sample, which was then gradually heated. After that, two to three drops of crystal violet solution were added as an indicator along with five milliliters (5 mL) of acetic anhydride. 0.1 M perchloric acid was added to the solution until it turned greenish-blue.
Vitamin B3 (mg%) = Titre value x 0.0122  
                                                                                                                   0.1
2.4.5 Vitamin B6
The method described by Kirk and Sawyer (1991) was used to analyze vitamin B6. Five milliliters (5 ml) of anhydrous glacial acetic acid and six milliliters (6 ml) of a 0.1 M mercury II acetate solution were used to dissolve five grams (5 g) of the sample. The mixture was titrated with 0.1 M perchloric acid until a green endpoint was attained after two drops of crystal violet were added as an indicator.
Concentration (mg%) = A x D.F x volume of cuvette (5)
			E
Where A= absorbance; E= extinction coefficient (25); DF = dilution factor

2.4.6 Vitamin B12
2.4.6.1 Spectrophotometric Determination of Cyanocobalamine in Serum Preparation by Coupling Reactions with Pyridine.
Sample Preparation: Weigh an equivalent of 0.1 ml of the sample into the separator. In a separator, 5ml of water was added, mixed well, and extracted with 5 mL of chloroform. Discard the water layer, then take chloroform in a dry 50 ml volumetric flask by passing through anhydrous sodium sulphate and making up to 50 ml with chloroform. 
Procedure: A test tube was filled with a 2 ml sample and a blank solution. Add two milliliters of 0.2% solution of phenyl hydrazine (in a 1:5 v/v mixture of hydrochloric acid and alcohol) to each test tube and mix well. After the solution mixture (ammonia and alcohol in a 1:1 ratio) and 1 milliliter of pyridine. At 635nm, the absorbance was measured in comparison to a blank. Similar to the sample, standard cobalamine was likewise examined and handled. The calibration curve was plotted, and the concentration of the sample extrapolated (AOAC, 2010).

2.4.7 Vitamin D
Vitamin D was measured using the method of Brockmann et al. (1974). Standard preparation: a 25 mL volumetric flask was filled with 25 mg of vitamin D3 working standard. The standard was dissolved and diluted using a 1:9 chloroform-methanol combination, which was then filled to the mark and thoroughly mixed. Sample preparation: A 25 mL volumetric flask was filled with 0.1 mL of the sample. To get the desired result, a 1:9 ratio of methanol and chloroform was quickly added, mixed, and then diluted with the same solution to reach the mark. The solution was then supplemented with 1.6 mL of 0.25 M HCl, 0.5 mL of 15.0% trichloroacetic acid (TCA), and 0.5 mL of 0.375% thiobarbituric acid (TBA). At 464 nm, the absorbance was measured against a blank.
Concentration of Vitamin D in sample = Absorbance of sample x Conc. of standard
Absorbance of standard
2.4.8 Vitamin E
The estimation of Vitamin E in the sample was performed using the Emmerie-Engel reaction, as reported by Rosenberg (1992).
2.4.8.1 Sample Preparation
After measuring the sample (2.5 g) in 50 mL of 0.1 N sulfuric acid, it was vortexed and allowed to stand for the entire night. Whatman No. 1 filter paper was used to filter the contents after they had been vigorously shaken. For the estimation, aliquots of the final filtrate were utilized. After properly filling a test tube with the 1.5 mL sample, it was centrifuged for a minute. After adding 1.5 mL of anhydrous ethanol, the mixture was thoroughly shaken. After adding 1.5 mL of xylene, the liquid was vigorously shaken. For a further ten minutes, the test tube was centrifuged. A second test tube was carefully filled with the xylene layer (1.5 mL). One milliliter of dipyridyl reagent was added to each of these tubes, and the contents were mixed thoroughly. The absorbance at 460 nm was measured after the mixture (1.5 mL) was transferred into a cuvette. 
Concentration of Vitamin E in sample = Absorbance of sample x Conc. of standard
Absorbance of standard
2.5 Statistical Analysis
Data obtained from the experiments were analyzed using the Statistical Package for Social Sciences software for Windows, version 27 (SPSS Inc., Chicago, Illinois, USA). All analyses were expressed as mean ± standard error of the mean (SEM) of triplicate determinations. One-way analysis of variance (ANOVA) was applied to test for significant differences between pulp and seed samples. The level of significance was set at P<0.05 for all tests.

3. RESULTS
3.1 Result of Mineral Composition of C. schwenfurthii 
Table 1: Mineral composition of C. schwenfurthii pulp and seed
	Minerals (ppm)
	C. schweinfurthii Pulp
	C. schweinfurthii Seed

	Nickel  
	0.01 ± 0.00a
	0.01 ± 0.00a

	Sodium  
	[bookmark: _Hlk210162450]6.45 ± 0.11a
	[bookmark: _Hlk210162463]6.23 ± 0.11a

	Potassium  
	[bookmark: _Hlk210163069]7.47 ± 0.13a
	[bookmark: _Hlk210163082]7.34 ± 0.13a

	Chromium  
	0.04 ± 0.00a
	0.04 ± 0.00a

	Magnesium  
	[bookmark: _Hlk210163115]4.15 ± 0.07b
	[bookmark: _Hlk210163100]5.15 ± 0.09a

	Mercury  
	[bookmark: _Hlk210163242]0.03 ± 0.00
	ND

	Manganese  
	0.19 ± 0.01a
	0.19 ± 0.01a

	Molybdenum
	0.03 ± 0.00b
	[bookmark: _Hlk210163305]0.27 ± 0.01a

	Cobalt  
	[bookmark: _Hlk210163468]0.03 ± 0.00a
	0.01 ± 0.00b

	Lead  
	0.03 ± 0.00a
	0.03 ± 0.00a

	Cadmium  
	0.01 ± 0.00b
	[bookmark: _Hlk210163377]0.07 ± 0.00a

	Zinc 
	0.17 ± 0.01a
	[bookmark: _Hlk210163391]0.19 ± 0.01a

	Silver 
	[bookmark: _Hlk210163258]0.02 ± 0.00
	ND

	Calcium  
	[bookmark: _Hlk210163150]5.01 ± 0.09b
	[bookmark: _Hlk210163134]9.18 ± 0.16a

	Iron 
	0.47 ± 0.01b
	[bookmark: _Hlk210163404]1.36 ± 0.02a

	Copper 
	[bookmark: _Hlk210163453]0.26 ± 0.01a
	0.03 ± 0.00b

	Vanadium 
	ND
	ND

	Selenium 
	0.05 ± 0.00b
	[bookmark: _Hlk210163421]8.23 ± 0.24a

	Aluminum 
	ND
	ND

	Arsenic
	ND
	ND


Values are expressed as mean ± SEM of triplicate measurements. Different superscript letters (a, b) within a row indicate significant differences between samples (P<0.05). ND = not detected.
The mineral composition data of C. schweinfurthii pulp and seed samples are shown in Table 1. Calcium was one of the important macrominerals that was significantly higher (P<0.05) in the seeds (9.18 ± 0.16 ppm) than in the pulp (5.01 ± 0.09 ppm). Additionally, the seeds have more magnesium (5.15 ± 0.09 ppm) than the pulp (4.15 ± 0.07 ppm). There was no significant difference (P˃0.05) between the pulp and seed with respect to the moderate levels of sodium, potassium, zinc, manganese, chromium, nickel, and lead. Iron was found in higher concentrations (P<0.05) in the seed (1.36 ± 0.02 ppm) compared to the pulp (0.47 ± 0.01 ppm). Compared with the seed, which contained 0.03 ± 0.00 ppm of copper, the pulp showed a slight increase (P<0.05) to 0.26 ± 0.01 ppm. Cadmium levels for heavy metal contaminants were marginally higher in the seed (0.07 ± 0.00 ppm) than in the pulp (0.01 ± 0.00 ppm). The pulp only contained 0.03 ppm of mercury. Vanadium, aluminum, and arsenic were not detected in either sample. The seed's selenium concentration was 8.23 ± 0.24 ppm, which is 165 times more than the pulp's at 0.05 ± 0.00ppm. 

3.1 Results of Vitamin Composition of C. schwenfurthii 
Table 2: Vitamin composition of C. schwenfurthii pulp and seed
	Vitamin (mg/kg)
	C. schweinfurthii Pulp
	C. schweinfurthii Seed

	Vitamin A 
	14.06 ± 0.41b
	56.94 ± 1.64a

	Vitamin B1 (Thiamine)
	1.12 ± 0.04b
	1.65 ± 0.06a

	Vitamin B2 (Riboflavin)
	0.95 ± 0.03b
	1.64 ± 0.06a

	Vitamin B3 (Niacin)
	6.88 ± 0.20a
	6.59 ± 0.19a

	Vitamin B6 (Pyridoxine)
	10.01 ± 0.29a
	2.09 ± 0.06b

	Vitamin B12 (Cobalamin)
	8.56 ± 0.17a
	5.40 ± 0.10b

	Vitamin C (Ascorbic acid)
	65.62 ± 1.53b
	110.88 ± 2.56a

	Vitamin D 
	34.18 ± 0.99a
	10.09 ± 0.29b

	Vitamin E (Tocopherol)
	32.08 ± 0.19b
	39.24 ± 1.13a


Values are expressed as the mean ± SEM of triplicate measurements. Different superscript letters (a, b) within a row indicate significant differences between samples (P<0.05). 
The vitamin composition of C. schweinfurthii pulp and seed samples is shown in Table 2. 
Vitamin B3 concentrations in pulp and seed were 6.88 ± 0.20 mg/kg and 6.59 ± 0.19 mg/kg, respectively, with no significant (P>0.05) difference. The concentration of vitamin A was four times higher in the seed (56.94 ± 1.64 mg/kg) than in the pulp (14.06 ± 0.41 mg/kg). Additionally, the pulp had 32.08 ± 0.19 mg/kg of vitamin E, whereas the seed had 39.24 ± 1.13 mg/kg, which was significantly greater (P<0.05). The pulp had 34.18 ± 0.99 mg/kg of vitamin D, which was significantly higher (P<0.05) than the seed's 10.09 ± 0.29 mg/kg. Among the water-soluble vitamins, vitamin C was significantly higher (P<0.05) in the seed (110.88 ± 2.56 mg/kg) than in the pulp (65.62 ± 1.53 mg/kg). Vitamin B6 concentrations were higher in the pulp (10.01 ± 0.29 mg/kg) than in the seed (2.09 ± 0.06 mg/kg). Additionally, the pulp's vitamin B12 level was significantly higher at (8.56 ± 0.17) than the seed's (5.40 ± 0.10). On the other hand, the seed showed higher concentrations of vitamin B1 (1.65 ± 0.06 mg/kg) and vitamin B2 (1.64 ± 0.06 mg/kg) when compared to the pulp (1.12 ± 0.04 mg/kg) and (0.95 ± 0.03 mg/kg), respectively. 

4. DISCUSSION
Mineral elements are crucial to human health and disease. Among the important macrominerals, the pulp had a much lower calcium level (5.01 ± 0.09 ppm) than the seed (9.18 ± 0.16 ppm). This is consistent with the tendency of seeds to accumulate phytate-bound minerals. For the formation of bones and teeth, children, pregnant women, and nursing mothers need nutrients that include calcium and phosphorus (Sodamade et al., 2013). For communities that eat this kind of fruit, this is a wise suggestion. Through signaling pathways and glucose metabolism, calcium contributes to wound healing (Subramaniam et al., 2021; Ozcan & Tabas, 2016). The findings suggest that C. schweinfurthii seeds and pulps can be used to meet the body's daily calcium needs because calcium is necessary for the growth of teeth and bones.
Compared to the pulp (4.15 ± 0.07 ppm), the concentration of magnesium in the seed (5.15 ± 0.09 ppm) was substantially greater. According to Uzoekwe et al. (2021), magnesium is necessary for bone formation, muscle and nerve activities, and the metabolism of carbohydrates, cholesterol, and amino acids. The seed's function as a tissue that stores minerals is reflected in its high magnesium content. The most prevalent mineral in the pulp and seed samples was potassium. The human body needs potassium, and getting enough of it guards against heart disease, hypoglycemia, diabetes, obesity, and malfunction. Both the pulp (7.47 K:6.45 Na) and the seed (7.34 K:6.23 Na) of C. schweinfurthii have positive K: Na balances, which promote vasodilation and mitigate the effects of salt on blood pressure. Consequently, these findings support the positive potassium: sodium balance observed in plant foods from West Africa (Ayoade et al., 2017; Solomon et al., 2025). According to Adeyeye (2002), the body uses iron more when potassium levels are high. Fruits are frequently suggested as a component of a reduced-sodium diet since they are naturally low in sodium.
The pulp had a much lower iron level (0.47 ± 0.01 ppm) than the seed (1.36 ± 0.02 ppm). The pulp and seed are modest sources of iron, which is necessary for the production of hemoglobin, the transportation of oxygen, and the metabolism of energy. Both pulp and seed samples contained trace amounts of zinc and manganese. At 0.17 ppm and 0.19 ppm, respectively, there was no significant difference in zinc levels between pulp and seed, which is substantially less than what Solomon et al. (2025) reported for the seed kernel. Zinc plays a significant role in building protein and healing damaged tissues. It acts as an antioxidant, thus reducing the effect of reactive oxidative species (ROS) produced in the body (Merrill et al., 2020).  Superoxide dismutase's antioxidant activity and bone formation both depend heavily on manganese (Taskozhina et al., 2024). Immune system development, cellular growth regulation, coenzyme functions in the metabolism of carbohydrates, proteins, and nucleic acids, blood sugar regulation, and energy production all depend on zinc and manganese (Sodamade et al., 2013). As a result, the pulp and seed of C. schweinfurthii have low Zn and Mn contents, suggesting that they can supply minimal concentrations of both minerals for basic enzyme activity.
The concentration of selenium in the seed was significantly higher (8.23 ± 0.24 ppm), 165 times greater than in the pulp (0.05 ppm), and significantly higher than the usual range of 0.01 to 0.50 mg/kg in plant-based diets. Glutathione peroxidase, an enzyme that lowers oxidative stress and is frequently associated with the treatment of diabetes, requires selenium as a cofactor.  Such a discovery could significantly reduce the selenium deficiency in communities, where soil selenium loss is well-documented (Haug et al., 2007). However, depending on serving size, eating the seeds could come close to or perhaps exceed the WHO Upper Tolerable Intake of 400 µg/day at 8.23 ppm.
The pulp only contained 0.03 ppm of mercury. It is noteworthy that this concentration is far higher than the standard limits for this contaminant in plant-based foods, even though this is atypical for the food matrix. According to Akan et al. (2009), irrigation with wastewater and adjacent industrial pollution sources were connected to similar patterns of contamination in market produce in Nigeria's urban marketplaces. Ni levels (0.01 ppm) and chromium levels (0.04 ppm) for both pulp and seed did not differ significantly in this study. The WHO/FAO permitted limit of 0.2 mg/kg was met by the Ni levels in both pulp and seed. The Ni level for Indian basil (0.067 mg/kg) reported by Divrikli et al. (2003) is in good agreement with the results of this investigation. Nonetheless, the Cr amount measured in pulp and seed was under the 0.1 mg/kg WHO/FAO permitted range. However, Ogunkunle et al. (2014) found that certain fruits and green vegetables from specific markets in Lagos, Nigeria, did not contain chromium. This demonstrates that long-term exposure to hazardous chromium concentrations through food may result in the chronic buildup of heavy metals in human kidneys and liver, interfering with many biochemical processes and causing diseases of the heart, nervous system, kidneys, and bones (Satarug et al., 2010). 
There was a substantial difference in vitamin concentrations between the pulp and the seed. Vitamins A, C, E, B1, and B2 are more abundant in the seed, but vitamins B3, B6, B12, and D are more abundant in the pulp. At 56.94 ± 1.64 mg/kg versus 14.06 ± 0.41 mg/kg, the content of vitamin A in the seed is four times higher than that of the pulp. This study is of great nutritional relevance because vitamin A is necessary for healthy eyesight, and a lack of it can result in blindness. According to Mukah et al. (2023), the pulp has a lesser concentration of vitamin A than the cola species, but the seed has a greater level at 56.94 mg/kg compared to Cola rostrata (32.8 mg/kg) and Cola parchycarpa (34.7 mg/kg). For populations that frequently eat these fruits, the levels of vitamin A in the pulp and seed have an impact on lowering vitamin A deficiency and improving vision.
The concentration of vitamin C in the seed is higher than in the pulp (110.88 ± 2.56 mg/kg versus 65.62 ± 1.53 mg/kg). One vitamin that prevents scurvy is vitamin C. The outer pericarp of tropical fruits typically contains a higher concentration of vitamin C. Scurvy is caused by a lack of vitamin C, which has an impact on blood vessels, skin, gums, connective tissues, red blood cells, and wound healing (Tamborlane et al., 2000). Given that the recommended daily consumption for adults is between 65 and 90 mg/kg, the vitamin C levels in the seed and pulp are of considerable nutritional importance in this study.  These results demonstrate that the pulp and seed contain sufficient amounts of vitamin C, which can be beneficial in cases of scurvy and antioxidant stress after exposure to environmental stressors.
The pulp has a much higher content of vitamin D (34.18 ± 0.99 mg/kg) than the seed (10.09 ± 0.29 mg/kg). It should be mentioned that vitamin D is essential for preserving normal plasma calcium and phosphorus levels, even if these values have significant nutritional ramifications. Furthermore, bone mineralization and immune response regulation depend on vitamin D (Hans & Jana, 2018). The seed had a substantially greater vitamin E level (39.24 ± 1.13 mg/kg) than the pulp (32.08 ± 0.19 mg/kg). According to Bramley et al. (2000), tocopherols are essential for preserving the integrity of cell membranes and shielding unsaturated fatty acids from oxidation, which results in the rancidification of lipids in the cell membrane and lipid droplets. The comparatively low lipid content of the seed and pulp may be the cause of the little variations in vitamin E levels. Vitamin E provides substantial protection against infections (Meydani et al., 2005). According to Mukah et al. (2023), the pulp of Cola rostrata (42.5 mg/kg) and Cola parchycarpa (31.6 mg/kg) contained considerably higher vitamin E than both pulp and seed in this study.
All fruit seeds contain significant levels of vitamin B6, which allows them to operate as cofactors for certain enzymes that support their distinct functions (Hellmann & Mooney, 2010). The pulp's vitamin B6 content was significantly higher (10.01 ± 0.29 mg/kg) than the seed's (2.09 ± 0.06 mg/kg). This could be due to the pulp's metabolic activity during fruit ripening, when pyridoxal phosphate-dependent enzymes are involved in amino acid metabolism and related biosynthetic processes. Vitamin B6 is also essential for the immune system and erythropoiesis (Marcelina et al., 2018). 
Furthermore, the pulp of C. schweinfurthii contained 8.56 ± 0.17 mg/kg of cobalamin, whereas the seed contained 5.40 ± 0.10 mg/kg. Vitamin B12 is necessary for pyruvate metabolism, muscular contraction, and nerve signal transmission (Bender, 2003). Certain enzymes and coenzymes that participate in metabolic processes and other specialized tasks depend on vitamins (Rahman et al., 2006). In addition to their nutritional advantages, several vitamins exhibit antioxidant activity when consumed (Robert et al., 2003). 
5. Conclusion
In this study, the pulp and seed of C. schweinfurthii provide distinct nutritional advantages. Each fruit component contributes to nourishment in a complementary way. The seed is richer with more vitamins and minerals than the pulp. Calcium, iron, vitamin A, vitamin C, vitamin B1, vitamin B2, and vitamin E are all adequate. It is therefore a possible remedy for micronutrient deficiencies. Therefore, these seeds are recommended because of their high nutritional content for both dietary and ethnomedical purposes. As a result, they can be eaten to supply the vital nutrients that pulp cannot.
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