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ABSTRACT
Beilchmiedia mannii (Meisn.) seeds are important sources of therapeutic compounds and edible foods. This study investigated the phytochemical and nutritional composition of Beilchmiedia mannii (Meisn.) seeds in the Montane Forest ecological zone of Taraba State, Nigeria. The objectives were to determine the proximate, vitamin, and mineral constituents of Beilchmiedia mannii (Meisn.) seeds. Matured, fresh, undamaged seeds of the sampled plant part were harvested, sun-dried, and ground into powder form for laboratory analysis. Completely Randomized Design (CRD) was used to replicate the samples three times. Data for this study were determined in the laboratory using standard procedures like the Kjeldahl digestion method. The data obtained were analyzed using quantitative (alkaloids, flavonoids, proximate, vitamins, and mineral contents) indices and qualitative parameters (frequencies, percentages, tables and bar charts, ANOVA, and LSD). The results revealed the presence of glycosides, saponins, and terpenoids with high (+++), moderate (++), and slight (+) proportions, respectively. This implies that Bielschmiedia mannii (Meisn.) seeds have potential health benefits, including anti-inflammatory, antimicrobial, and anticancer activities. The proximate composition of Bielschmiedia mannii (Meisn.) seeds showed high energy value (316.25±1.086 KJ), carbohydrates (78.77±0.249 %), moisture (19.84±0.266 %), crude fiber (0.63±0.026 %), ash content (0.58±0.012 %), potassium (823.3±26.03 ppt), and phosphorus (607.0±5.773 ppt), with low crude protein (0.09±0.009%), crude fat (0.09±0.006), calcium (6.30±0.265 ppt), as well as vitamins A (0.026±0.001 %), B1 (0.011±0.001 %), and C (0.096±0.003 %). This supports the claim of their remarkable nutritional composition, offering nutrient intake. Bielschmiedia mannii (Meisn.) seeds exhibit significant health advantages and the possibility of developing novel food, medicinal, cosmetic and binding products. This calls for the sustainable utilization of this plant part.
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1. INTRODUCTION
Beilschmiedia mannii (Meisn.) is a plant species belonging to the Lauraceae family, commonly found in tropical rainforests (Sahoré and Koffi, 2013; Gosline et al., 2023). It is a shrubby evergreen tree with rather big reaching size 35 m of top. The genus Beilschmiedia comprises about 250 species widely distributed in the inter-tropical region among which approximately 80 in tropical Africa (Sahoré and Koffi, 2013). Beilschmiedia mannii (Meisn.) seed is about 1.5 inches in length, ovoid in shape with dark purple color coated with a thin green seed coat (Akintimehin et al., 2022). Previous study showed that Beilschmiedia mannii (Meisn.) seeds contained phytochemicals, minerals, vitamins (Muhammad and Amusa 2005), and edible oil (Femi-Oyewo et al. 2009).
The seeds of Beilschmiedia mannii (Meisn.) are used in traditional medicine for various ailments, including fever, malaria, and skin infections (Akintimehin et al., 2022). They contain antioxidants that help prevent oxidative damage, and enhance the build-up of immunity in humans and animals (Ahoua et al., 2015). Recent studies have revealed the presence of various phytochemicals and nutrients in Beilschmiedia mannii (Meisn.), highlighting its potential as a valuable medicinal and nutritional resource (Sahoré and Koffi, 2013; Akintimehin et al., 2022). Phytochemicals and certain nutrients such as minerals, vitamins, proteins, and essential fatty acids found in the seeds and vegetable are necessary for maintaining balanced nutritional diets (Muhammad and Amusa 2005). Deficiency or imbalance of these nutrients could result to measurable adverse effect on body physiology such as reduced muscle functions, cardiac muscle mass, altered gastrointestinal functions, impaired immunity and delayed wound healing process (Bello et al. 2014; Khomdram et al. 2014).
Beilschmiedia mannii (Meisn.) seed is a popular a traditional food and non-timber forest products usually consumed by some populations of the forest regions and sold on the markets of West Africa (Sahoré et al., 2012; Sahoré and Koffi, 2013; Kouamé et al., 2017). They are roasted and crushed to be consumed before, and to add as condiment and complement in soups, rice and vegetables. The seeds of Beilschmiedia mannii (Meisn.) have remarkable nutritional composition, providing nutrients intake in the diet of people (Sahoré and Koffi, 2013). They are highly valued in local diets because of their high protein, carbohydrate, mineral and unsaturated fatty acid contents (Sahoré et al., 2012; Kouamé et al., 2017). Hence, the seeds are highly priced (Ogunbanjo and Aina, 2013) in Nigeria. They fall within the category of plant parts that have a high potential for socioeconomic significance with limited contributions to health and food security (Giuliani, 2007). This study evaluated the phytochemical, proximate and mineral constituents of Beilchmiedia mannii (Meisn.) seeds in Nigerian Montane Forest ecological zone.
2. MATERIALS AND METHODS
2.1 Experimental Design 
Completely Randomized Design (CRD) replicated three times was used for the study. The Analysis of Variance (ANOVA) model was fixed model while the treatments were the nutritional parameters. The linear statistical model for the experiment was:  
Yijk = µ + Tj + Eijk ……………………………………………………………………………….. (1)
Where:
Yijk = individual observation
µ = general mean
Tj = effect of the treatment (nutritional parameters)
Eijk = experimental error
2.2 Sampling Techniques
Purposive sampling technique was used to select a total of three (3) plots, characterized by high density of Bielschmiedia mannii (Meisn.) species at different locations in the western escarpment of the Mambilla Plateau in Tep village, Sardauna local government area of Taraba State, Nigeria. One standing tree of the Bielschmiedia mannii (Meisn.) was randomly selected for sample collection. 
2.3 Plant Materials and Preparation 
The matured, fresh, undamaged seeds of Bielschmiedia mannii (Meisn.), weighing about 1 kilogram, were harvested from the sampled standing trees. The harvest was done at the onset of the dry season, in November 2023. The samples were identified and authenticated with an authentication number, 2024003B, at the Department of Forestry and Wildlife Management, Taraba State University Jalingo, Nigeria. The seed samples were ground into a powder after being allowed to air dry for three weeks. The powdered samples were then sieved, bottled, and labeled for laboratory analysis at Biochemistry laboratory, Department of Biochemistry, Modibbo Adama University, Yola, Adamawa State, Nigeria.
Polar solvent (methanol and water) system was used by weighing a quantity (150 g) of the fine powder of Bielschmiedia mannii (Meisn.) seed samples into four 1000 mL capacity conical flask and adding about 500 ml methanol and distilled water. This was allowed to stand for 48 hours with constant shaking at regular intervals to facilitate extraction as adopted by Ojei et al. (2023). The percolates were then filtered and the resulting volumes on filtration were then collected and weighed for qualitative phytochemical analysis. Two grams (2g) of the samples were weighed in a crucible and ashed in a muffle furnace at 550°C for 5 hours until a white ash was obtained. The minerals found was filtered into a 100ml standard bottle and used for flame photometric and Atomic and absorption spectrophotometric (AAS) analysis as adopted by Nwakpa et al. (2015)
2.4 Laboratory Procedures
The Laboratory screening of the dried pulverized samples was conducted as follows:
2.4.1 Phytochemical screening
Alkaloids and flavonoids were screened according to the procedure outlined by Akenga et al. (2005), Olanrewaju et al. (2017) and Das (2019). Steroids, tannins, terpenoids, and phlobatannins were screened using the methods put forward by Harborne (1973) as described by Edeoga et al. (2005), Olanrewaju et al. (2017), and Wado et al. (2022). Cardiac glycosides, phenols, and saponins were conducted using the method developed by Harborne (1973) as described by AOAC (2010) and Abubakar et al. (2020). The phytochemicals found in the extracts of the Bielschmiedia mannii (Meisn.) seed samples were graded differently, with the following categories of symbols assigned: highly present was denoted by +++, moderately present by ++, slightly present by +, and absent by -.
2.4.2 Proximate composition 
Standard procedures were employed to determine the proximate composition of the dried pulverized Bielschmiedia mannii (Meisn.) seed samples. Crude protein was performed according to Kjeldahl digestion method as adopted by Langyan et al. (2022). Two grams (2g) of the pulverized samples were digested with 5cm3 conc. HNO3 and 5cm3 conc. H2SO4 (1:1) in a Kjeldahl apparatus according to Kjeldahl digestion method until a clear colorless solution was obtained. The solution was allowed to cool and then made up the top mark with distilled water in a 100 cm3 volumetric flask. The digested sample was transferred into the micro Kjeldahl distillation unit and made alkaline with 17 ml of 40% NaOH and then distilled into a receiver containing 10ml of boric acid indicator. The distillate was collected and then titrated against 0.1 N H2SO4 and a blank was made. The formula used is:
% Nitrogen =  …………………………………………………………………. (2)
Where:
A = Titre of sample
B = Titre of blank
0.1 = Normality of acid
N = 14.01 which is equivalent weighed nitrogen
0.2g = Weight of the sample in g
1000 x 0.2 = Conversion of gram to milligram. 
% Crude protein = % Nitrogen x 6.25 (protein factor of plant-protein) Where 6.25 = Factor use to multiply nitrogen to get crude protein
Using the Soxhlet extraction method as adopted by Ajetunmobi (2014), ten grams (10g) of the digest was extracted with n-hexane in a soxhlet apparatus at 600C and the extract was dried for 30 minutes at 1000C and then cooled to obtain the crude fat content and the percentage fat was calculated as follows:
 % crude fat =   × 100 ………………………………………...……………….………….. (3)
W2 = Weight of the beaker with the extracted oil
W1 = Weight of the empty beaker
W = Weight of sample.
Five grams (5g) of the residue from the heated digest in 150 ml of KOH solution was dried in an oven at 105° C for 12 hours and weighed to determine the crude fibre as adopted by Ajetunmobi (2014) and Hait et al. (2024). The amount of crude fiber in percentage was determined using the formula in equation 4 below: 
Crude Fibre =  …...……………………............... (4)
The ash content was determined by the standard method described by Association of Official Analytical Chemists (AOAC) (2012). According to this method, two grams (2g) of the samples were heated in a dry crucible and a muffle furnace for 8 hours at 550°C until all carbon will be removed. The ash content was calculated as follows: 
Ash Content (%) =  × 100 …..…..………...……………….…………………….... (5)
Total carbohydrate content was estimated by difference using the formula below, adopted by Greenfield and Southgate (2020) and Akintimehin et al. (2022).  
Total carbohydrates = 100% - [protein + fats + moisture content + ash + crude fibre ………..... (6)
Total energy value was calculated according to the following equation (Abulude and Folorunso, 2003; Akintimehin et al., 2022).
Energy value (KJ) = 4 × (% crude protein + % carbohydrates) + 9 × % crude fat ……………... (7)
2.4.3 Determination of vitamins 
Vitamins A, B1 and C content of the samples were determined using the official methods of AOAC (1990; 2005) as adopted by Nwankpa (2015) and final results were expressed in mg/100 g of sample.
Vitamin A (Retinol) Determination: Three different test tubes were prepared into which 0.2ml of alcoholic potassium hydroxide was added to sample, standard, and blank test tubes. Distilled water of 0.2ml volume was added to blank test tube alone. The mixture formed was mixed on the vortex for 10-20 sec with the tubes stoppered. The test tubes were then placed on a water bath at approximately 55-60°C for 20min. A prepared 0.2ml 1:1mixture of xylene: kerosene was added after 20min of cooling the samples to room temperature and mixed. Retinol was extracted by vigorous mixing of each tube on the vortex for at least 30 sec, and the tubes were centrifuged for 5 min at 600- 1000rpm. The xylene-kerosene supernatant formed was carefully withdrawn from the test tubes by a means of Pasteur’s pipette, and the extracted samples read at 328nm with the aid of a spectrophotometer. 
Vitamin B1 (Thiamine) Determination: Two grams of the powdered sample was weighed into a reagent bottle. This was homogenized with 50ml ethanoic sodium hydroxide. The mixture was shaken properly and filtered into a 100ml flask where 10ml of the filtrate was pipetted followed by 10ml of 1%potassium dichromate (this brought about development in colour of the solution). With the aid of a spectrophotometer, the absorbance of the analyzed solution was taken at 560nm against a blank and standard thiamine solution prepared.
Vitamin C (Ascorbic Acid) Determination: Two grams of the powdered sample was dissolved in 100ml of distilled water. The mixture was taken and shaken vigorously for about 30min and was filtered into a 250ml beaker where it was titrated with iodine solution using 10drops of starch indicator. The reading from the burette was noted for both the sample and standard solutions prepared as their end points developed.
2.4.4 Determination of mineral contents
The sample extracts were aspirated into the Buck 211gp atomic absorption spectrophotometer (AAS) through the suction tube as described by Nwakpa et al. (2015), Ahmed et al. (2017) and Albakaa et al. (2021). The Mineral contents were read at different wavelengths with hallow cathode camp using appropriate fuel and oxidant combination, different slit width, working range, sensitivity and flame type (air – C2H2). Calcium content of the samples were read at 422.7nm wavelength. Potassium and iron contents of the extracts determined at 404.4 nm and 248.3 nm wavelengths, respectively. Using Flame Photometric method, the sampled extracts were aspirated into the digital flame photometer (PFPF Model) using the filter corresponding to each mineral element. The meter readings were for two elements, 766.5nm wavelength for potassium and 589.0nm wavelength for sodium as described by Nwakpa et al. (2015). 
2.5 Data Analysis 
Data collected were analyzed using descriptive statistics like frequency and percentage. The analyzed data were expressed as mean ± standard error of mean and subjected to one-way analysis of variance (ANOVA) using SPSS version 20 software to test for the significant difference. Fisher’s Least Significant Difference (LSD) was used to separate means found to differ significantly.
3. RESULTS AND DISCUSSION
The results of phytochemical screening in Table 1 revealed that only three (glycosides, saponins, and terpenoids) of the nine examined phytochemicals were found. Cardiac glycosides were highly present (+++), followed by saponins with moderate proportion (++) while terpenoids were slightly detected. The presence of these phytochemicals implies that Bielschmiedia mannii (Meisn.) seeds are a plant part with high potential health benefits. According to Altamirano et al. (2006) and Osman et al. (2017), cardioactive glycosides have been used in medicine for centuries to treat heart failure and atrial fibrillation. Saponins exhibit a wide range of biological activities, such as anti-inflammatory (Jang et al., 2013), antimicrobial (Coleman et al., 2010) and anticancer (Tin et al., 2007). Akintimehin et al. (2022), in their finding in Ondo state, Nigeria, reported the presence of phenol, flavonoid, alkaloid, tannin, saponin and steroid in Bielschmiedia mannii (Meisn.) seeds. The disparities of their report and the present findings might be connected to the genetic variations and environmental conditions as affirmed by Wadood et al. (2013).
Table 1: Phytochemical Screening of Bielschmiedia mannii (Meisn.) Seeds
	Phytochemical Parameter
	Grade

	Total phenols
	-

	Alkaloids
	-

	Tannins
	-

	Saponins
	++

	Flavonoids
	-

	Cardiac glycosides
	+++

	Phlobatannins
	-

	Terpenoids
	+

	Steroids
	-


Key: +++ = Highly present, ++ = moderately present, + = slightly present, - = absent
Table 2 presents the proximate composition of Bielschmiedia mannii (Meisn.) seeds. Carbohydrate content was highest (78.77±0.249%), followed by moisture content (19.84±0.266%), crude fiber (0.63±0.026%), and ash (0.58±0.012%). The lowest amounts were 0.09±0.009% and 0.09±0.006% for crude protein and crude fat, respectively. The proximate composition values of this finding support the claim by Sahoré and Koffi (2013) that Bielschmiedia mannii (Meisn.) seeds have remarkable nutritional composition providing vegetable nutrient intake in the diet of people. The proximate results of this finding are lower than those reported by Akintimehin et al. (2022) in Nigeria (crude protein 10.46 ± 0.05%, moisture 15.92 ± 0.02%, crude fibre 2.49 ± 0.06%, ash 2.62 ± 0.05% and crude fat 4.25 ± 0.09%) and Sahoré et al. (2012) in Ivory Coast (protein content 17.010% ± 0.04%, moisture 81% ± 0.530%, ash 3.890 ± 0.24%, crude fat 0.610 ± 0.04% and carbohydrate 79.440% ± 0.24%). The energy value (78.77±0.249KJ) of the present finding in Table 2 is slightly below 337.11 ± 0.07 KJ and 379.610 ± 1.90 cal/100g d.m, reported by Akintimehin et al. (2022) and Sahoré et al. (2012). The significant mean differences at the 0.05 level reflect the diversity in the nutritional profiles of Bielschmiedia mannii (Meisn.) seeds.
Table 2: Proximate Composition of Bielschmiedia mannii (Meisn.) Seeds
	Nutrient
	Proportion

	Crude protein (%)
	0.09±0.009*

	Moisture content (%)
	19.84±0.266*

	Crude fibre (%)
	0.63±0.026*

	Ash (%)
	0.58±0.012*

	Crude fat (%)
	0.09±0.006*

	Carbohydrates (%)
	78.77±0.249*

	Energy value (KJ)
	316.25±1.086*


* Indicate the mean difference is significant at the 0.05 level
Seeds of Beilschmiedia mannii (Meisn.) in Table 3 contain lower level of Vitamin A (0.026±0.001 %), Vitamin B1 (0.011±0.001 %) and Vitamin C (0.096±0.003 %). These values are lower than 0.126±0.01 mg/100g, 0.301±0.02 mg/100g and 0.850±0.04 mg/100g reported by Akintimehin et al. (2022) for Vitamin A, B1 and C, respectively.
Table 3: Concentration of Vitamins in Bielschmiedia mannii (Meisn.) Seeds
	Vitamin
	Concentration (%)

	Vitamin A (Retinol)
	0.026±0.001

	Vitamin B1 (Thiamine)
	0.011±0.001

	Vitamin C (Ascorbic Acid)
	0.096±0.003


* Indicate the mean difference is significant at the 0.05 level

According to Table 4, the seeds of Bielschmiedia mannii (Meisn.) had a very high potassium concentration (823.3±26.03 ppt), followed by phosphorus (607.0±5.773 ppt), sodium (29.15±0.336 ppt), and iron (7.59±0.329 ppt). Calcium had the lowest concentration (6.30±0.265 ppt). This suggests that Bielschmiedia mannii (Meisn.) seeds are the excellent source of potassium and phosphorus which could be beneficial in controlling hypertension through body fluid balance and prevent muscle paralysis as opined by Bello et al. (2014). Besides this role, potassium has also been reported to play crucial role in the utilization of iron, regulate acid–base balance in the body, regulate blood pressure and improve muscle functions and nerve actions (Bello et al., 2014; Akintimehin et al., 2022).
Phosphorus plays vital role as energy intermediate, in synthesis and the overall architecture of DNA and RNA (Vance et al., 2003). The potassium and phosphorus concentrations in this study are below the values reported by Akintimehin et al. (2022) at 1617.10 ± 6.98% and 515.00 ± 2.08%, respectively. In contrast, Sahoré et al. (2012) found that the calcium, sodium, potassium, and iron concentrations in their study of physicochemical properties of some traditional vegetables in Ivory Coast [seeds of Beilschmiedia mannii (Meisn.)] were 104 ± 0.02%, 0 0.061 ± 0.01%, 0.872 ± 0.05 % and Fe 0.029 ± 0.00%, respectively. These values are lower than those found in the current finding. Significant difference was noticed in all the mineral elements except potassium and iron. This observation agrees with Akintimehin et al. (2022), who reported no significant difference for both potassium and iron.
Table 4: Mineral Characterization of Beilschmiedia mannii (Meisn.) Seeds
	Mineral Element
	Proportion (ppt)

	Iron (Fe)
	7.59±0.329

	Calcium (Ca)
	6.30±0.265*

	Sodium (Na)
	29.15±0.336*

	Potassium (K)
	823.3±26.03

	Phosphorus (P)
	607.0±5.773*


* = mean significant difference at the 0.05 level, ppt = parts per thousand 

4. CONCLUSION
The phytochemical screening of Bielschmiedia mannii (Meisn.) seeds revealed the presence of cardiac glycosides, saponins and terpenoids suggesting potential health benefits from the plant part. The presence of several proximate, vitamins and mineral compounds in the seeds of Bielschmiedia mannii (Meisn.) at varying degrees is an indication that this plant part has substantial contribution to the long-term creation of innovative food, medicine and cosmetic solutions.
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