


COMPARATIVE PHYTOCHEMICAL AND PROXIMATE ANALYSIS OF PULP AND SEED EXTRACTS OBTAINED FROM THE FRUITS OF CANARIUM SCHWEINFURTHII 



ABSTRACT
Background: Canarium schweinfurthii (Burseraceae) has been used in Traditional Medicine in Nigeria, and the fruits of this plant are widely used by the general public for their nutritional value.
Aim: This study aimed to provide a comprehensive comparative analysis of the phytochemical composition and proximate nutritional profile of pulp and seed extracts from the fruits of C. schweinfurthii.
Methods: Phytochemical analysis was conducted using GC-MS-FID, and proximate analysis was performed following standard AOAC (2004) methods. Data were analyzed using SPSS version 27.  
[bookmark: _Hlk210155018][bookmark: _Hlk210155246]Results: The pulp was notably rich in phytochemicals such as catechin (190.06 ± 3.29 ppm), kaempferol (58.97 ± 1.02 ppm), resveratrol (28.80 ± 0.50 ppm), isorhamnetin (29.68 ± 0.51 ppm), and tangeretin (42.42 ± 0.73 ppm), compared with the seed (10.65 ± 0.18 ppm), (0.00 ± 0.00 ppm), (0.55 ± 0.02 ppm), (0.29 ± 0.01 ppm), and (0.00 ± 0.00 ppm), respectively. Kaempferol, luteolin, and tangeretin were detected exclusively in the pulp sample. The seed contained significantly higher levels of quercetin (28.78 ± 0.50 ppm), baicalin (10.77 ± 0.19 ppm), and naringenin (8.94 ± 0.21 ppm), compared with the pulp sample (2.76 ± 0.06 ppm), (0.00 ± 0.00 ppm), and (2.99 ± 0.07 ppm), respectively. Baicalin, silymarin, and hesperetin were detected exclusively in the seed. The seed contained significantly higher crude protein (14.90 ± 0.22%), total carbohydrate (57.89% ± 0.50%), ash (9.35 ± 0.11%), and crude fibre (7.74 ± 0.11%), whereas the pulp sample contained higher moisture (28.37 ± 0.25%) and fat (6.65 ± 0.08%) contents. 
Conclusion: The results of this study demonstrate that C. schweinfurthii pulp and seed samples contain phytochemicals and proximate compositions that may support physiological processes and reduce the risk of diseases. While the seed sample is rich in macronutrients that support its role as a dietary protein and energy supplement, the pulp sample is rich in dietary polyphenolic antioxidants that may be valuable for the development of nutraceuticals.
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1. Introduction
Several diseases are intensified by nutritional deficiencies in essential vitamins, minerals, and dietary antioxidants, which weaken immune responses and heighten vulnerability to chronic and infectious diseases in the population (WHO, 2023). Native plant foods serve a dual function: they constitute the primary sources of micronutrients for rural populations experiencing food insecurity, and they provide pharmacologically active compounds that are crucial for managing inflammatory and oxidative disorders (Kuete, 2017).
The contribution of various plant species and their parts to human health cannot be overemphasized.  In Nigeria, a variety of plants have been used as sources of fats, carbohydrates, and proteins, and are considered important owing to the vital roles these nutrients play in the human body (Adegoke et al., 2006). Traditional medicine practitioners have also employed a wide variety of medicinal plants to treat various illnesses (Lawal et al., 2010). 
Indigenous populations frequently utilise Canarium schweinfurthii for its nutritional qualities and in the treatment of a variety of medical conditions. It is a member of the Burseraceae family, which is made up of the Burserae, Protieae, and Canarieae tribes (Rashid et al., 2021). Approximately 75 species of tropical and subtropical trees and shrubs distributed across tropical regions of Asia, Africa, and the Pacific Islands make up the genus Canarium (Weeks et al., 2015). Members of the genus Canarium L. are either shrubs or medium to large buttressed trees capable of reaching 40–50 meters in height (Mogana & Wiart, 2011). The fruit pulp contains 30–50% oil, which is utilised as an essential oil and is known to possess analgesic properties. C. schweinfurthii has long been employed in traditional medicine across many African nations to treat a range of human ailments. The root, bark, fruit, seed, leaf, flower, and gum are extensively used by rural communities in traditional medicine as treatments for various health conditions and as sources of food. Decoctions prepared from the plant are used in the management of anaemia, eye disorders, helminth infections, diarrhoea, goitre, hypertension, gastrointestinal disorders, toothaches, cardiovascular conditions, and yellow fever, and are also believed to ward off evil spirits (Ngbebe et al., 2008; Okullo et al., 2014).
C. schweinfurthii has been the subject of numerous scientific investigations aimed at elucidating its chemical composition, with nearly every part of the plant having been examined. Phytochemical screening of C. schweinfurthii has revealed the presence of bioactive compounds across its various parts: saponins, tannins, cardiac glycosides, steroids, and flavonoids in the leaves (Ngbebe et al., 2008); phenolic compounds in the fruit oil (Atawodi, 2010); triterpenes, steroids, saponins, lipids, and glycosides in the bark (Kouambou et al., 2007); triterpenoic acids in the resin (Yousuf, 2011); and tannins, balsams, cardiac glycosides, phenols, and flavonoids in the seed (Uzama et al., 2012). Okoli et al. (2015) also reported the presence of alkaloids, tannins, phenolic compounds, flavonoids, cardiac glycosides, saponins, and steroids in the leaf and stem bark of Canarium schweinfurthii.
The leaf and root extracts of Canarium bengalense Roxb. have been used in the treatment of asthma, cough, bronchitis, jaundice, and leprosy (Le et al., 2021), while the bark of Canarium ovatum Engl. has been used to treat fever and as an anti-rheumatic agent (Silalahi & Wakhidah, 2021). The use of Canarium schweinfurthii Engl. in disease management has been attributed to its numerous bioactive compounds, which are broadly classified into three phytochemical groups: terpenes and terpenoids, phenolic compounds including saponins, flavonoids, kaempferol, epicatechins, rutin, tannins, glycosides, phytates, and oxalates and alkaloids (Agomuo & Amadi, 2018; Anyalogbu et al., 2017; Ayoade et al., 2015; Ehirim et al., 2015).  This study, therefore, aimed to analyze the phytochemical composition and proximate nutritional profile of C. schweinfurthii pulp and seed samples.
2. Methods
2.1 Plant Collection and Identification 
Fruits of C. schweinfurthii were purchased from Odegba New Market, Enugu North Local Government Area, Enugu State, Nigeria, and were identified and authenticated by a taxonomist in the Department of Botany at Nnamdi Azikiwe University, Awka. A voucher number NAUH-052 (Fruit) was assigned to the plant.

2.2 Preparation of C. schweinfurthii Pulp and Seed Samples
Fruits of Canarium schweinfurthii were first manually sorted to get rid of any that were bad. The pulp and seeds samples were subsequently separated using a sterile stainless-steel knife. The pulp sample was carefully removed, cleaned, and dried until it reached a constant weight. The dried pulp sample was then ground into a fine powder using a Corona hand grinder. The seeds were manually cracked with a food-grade stainless steel hammer and subsequently ground with a Corona manual grinder. The viable kernels were carefully taken out and ground into a fine powder. The resulting pulp and seed powders were stored in sterile containers at 4°C and then used for analysis. 
2.3 Phytochemical Analysis
2.3.1 Extraction of Phytochemicals
One gram (1g) of each sample was weighed and transferred into a test tube, to which 15ml of ethanol was added. The mixture was incubated in a water bath at 60 ℃ for 60 minutes. Following the reaction time, the contents of the test tube were transferred into a separatory funnel. The tube was subsequently washed sequentially with 20 ml of ethanol, 10 ml of cold distilled water, 10 ml of hot distilled water, and 3 ml of hexane, all of which were transferred into the funnel. The combined extracts were then washed three times with 10 ml of 10%v/v aqueous ethanol solution. The resulting solution was dried over anhydrous sodium sulphate, and the solvent was allowed to evaporate. The residue was reconstituted in 1000 μl of hexane, of which 200 μl was transferred into a vial for subsequent analysis. 

2.3.2 Quantification by GC-MS and FID
The analysis of phytochemicals was performed using a BUCK M910 gas chromatograph equipped with a flame ionization detector (FID). Separation was achieved on a RESTEK 15-meter MXT-1 capillary column (15 m x 250 um x 0.15 um). The injector temperature was set at 280 ℃ with splitless injection of 2 ul of sample and a linear velocity of 30 cm s-1. Helium 5.0 pa.s was used as the carrier gas at a flow rate of 40 ml min-1. The oven temperature was initially held at 200 ℃, then ramped to 330 ℃ at a rate of 3 ℃ min-1 and maintained at this temperature for 5min. The detector was operated at a temperature of 320 ℃. 
Phytochemical concentrations were determined based on the ratio of the peak area of each identified compound to the mass and peak area of the internal standard. The concentrations of the identified phytochemicals are expressed in ug/g. 
2.4 Proximate Analysis
The crude fiber, crude protein, crude fat, moisture, and ash content of the pulp and seed samples of Canarium schweinfurthii were measured in triplicate following the AOAC protocol (2004).
2.4.1 Moisture Content 
Procedure: A clean petri dish was oven dried, after which approximately 1–2 g of the sample was placed into the dish. The combined weight of the sample and petri dish was recorded before drying. The sample was then heated in an oven at 105 °C for two hours, after which the weight was recorded. The heating process was continued for an additional hour, and the sample was reweighed to confirm the stability of the result. Drying and weighing were repeated until a constant weight was obtained.
% moisture content =      𝑊1−𝑊2 𝑥 100
   Weight of sample 
Where W1 = weight of petridish and sample before drying 
           W2 = weight of the petridish and sample after drying. 

2.4.2. Carbohydrate Determination 
The carbohydrate content of the pulp and seed samples was determined by the differential method as described by Nwinuka et al. (2005). The total carbohydrate content in the pulp and seed samples was calculated as follows:
Total Carbohydrate (%) = 100 - (% Moisture + % Ash + % Crude Fiber + % Crude Protein + % Fat).

2.4.3. Ash Content 
Principle: The ash of a foodstuff is the inorganic residue remaining after the organic matter has been combusted. However, it should be noted that some loss may occur through volatilization, and the resulting ash may not always have the same composition as the original mineral constituent. 
Procedures: After washing and drying the empty platinum crucible, its weight was recorded. Approximately 1–2 g of the sample was then weighed into the crucible and placed in a muffle furnace at 550 °C for 3 hours. Following ashing, the crucible was allowed to cool in a desiccator before the final weight was recorded.
Calculations: 
% Ash content =        W3 -W1 x  100 
W2 -W1     1 
Where 
W1 = weight of empty platinum crucible 
W2 = weight of platinum crucible and sample before burning 
W3 = weight of platinum and ash. 
2.4.4. Crude Fibre 
Procedure: If the fat content exceeds 10%, approximately 2 g of the sample should first be defatted using petroleum ether. A 200 ml solution containing 1.25 g of H₂SO₄ per 100 ml was then brought to a boil under reflux for 30 minutes, after which the mixture was filtered through linen and washed with boiling distilled water until the washings were no longer acidic. The residue was subsequently transferred to a beaker, where it was boiled in 200 ml of a carbonate-free NaOH solution containing 1.25 g per 100 ml for 30 minutes. The final residue was filtered through a Gooch crucible lined with a thin but tightly packed pad of cleaned and ignited asbestos. Once filtered, the residue was dried and weighed in an electric oven, then cooled, and incinerated.
The percentage of crude fibre is equivalent to the loss in weight upon incineration x 100. 
% Crude fibre =             Weight of fibre  x 100 
Weight of sample  
2.4.5. Crude Fat 
The crude fat content was determined by the Soxhlet fat extraction method following complete desiccation of the samples at 60°C to constant weight, to ensure complete lipid recovery. 
Procedure: Clean 250 mL boiling flasks were dried in an oven at 105–110°C for approximately 30 minutes, then transferred into a desiccator and allowed to cool before being weighed and correspondingly labelled. Approximately 300 ml of petroleum ether with a boiling point of 40–60 °C was then poured into the boiling flasks, after which the extraction thimble was lightly plugged with cotton wool. The Soxhlet apparatus was subsequently assembled and allowed to reflux for about 6 hours. Once refluxing was complete, the thimble was carefully removed, and the petroleum ether was collected from the upper reservoir of the apparatus and drained into a container for reuse. When the flask is almost free of petroleum ether, it is removed and dried at 105–110 °C for 1 hour, after which it is transferred from the oven into a desiccator, allowed to cool, and weighed.

Calculations: % fat = weight of flask + oil - weight of flask x 100 
                     weight of the sample 
2.4.6. Crude Proteins 
Principle:  The method involves the digestion of the sample with hot concentrated sulphuric acid in the presence of a metallic catalyst, where the organic nitrogen in the sample is converted to ammonia, which is retained as ammonium sulphate in solution. The solution is subsequently made alkaline, and the ammonia is liberated by distillation, trapped in dilute acid, and titrated.
Procedures: After carefully weighing precisely 0.5 g of the sample into a 30 ml Kjeldahl flask, ensuring it did not contact the side walls, the flasks were stoppered and shaken before adding 0.5 g of the Kjeldahl catalyst mixture. The mixture was then carefully heated in a digesting rack over a fire until a clear solution was produced, which was subsequently allowed to cool for thirty minutes. Once cooled, 5 ml of the solution was transferred into the Kjeldahl distillation apparatus, to which 5 ml of 40% sodium hydroxide and 100 ml of distilled water were added to prevent caking. A 100 ml receiver flask containing 5 ml of 2% boric acid and an indicator mixture consisting of 5 drops of bromocresol blue and 1 drop of methylene blue was placed beneath the condenser of the distillation apparatus, with the tip of the condenser positioned approximately 20 cm below the surface of the solution. Distillation commenced immediately and continued until 50 drops had collected in the receiver flask, at which point the contents were titrated to a pink endpoint using 0.01N hydrochloric acid.
Calculations: % Nitrogen = Titre value x 0.01 x 14 x 4 
           % Protein = % Nitrogen x 6.25 
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 data were expressed as mean ± standard error of the mean (SEM). One-way analysis of variance (ANOVA) was applied to test for significant differences between the pulp and seed samples. The level of significance was set at p<0.05.
Results & DISCUSSION
Table 1: Phytochemical compositions of C. schweinfurthii pulp and seed samples
	Phytochemical (ppm)
	Mean ± SEM

	
	C. schweinfurthii Pulp
	C. schweinfurthii Seed

	[bookmark: _Hlk210153624]Kaempferol
	[bookmark: _Hlk210153650]58.97 ± 1.02a
	ND

	[bookmark: _Hlk210153665]Catechin
	[bookmark: _Hlk210153697]190.06 ± 3.29a
	[bookmark: _Hlk210155034]10.65 ± 0.18b

	[bookmark: _Hlk210155298]Quercetin
	2.76 ± 0.06b
	[bookmark: _Hlk210155319]28.78 ± 0.50a

	[bookmark: _Hlk210153712]Luteolin
	[bookmark: _Hlk210153729]10.18 ± 0.18a
	ND

	[bookmark: _Hlk210153782]Artemetin
	[bookmark: _Hlk210153829]8.32 ± 0.19a
	[bookmark: _Hlk210155065]6.00 ± 0.14b

	[bookmark: _Hlk210153796]Retusin
	[bookmark: _Hlk210153841]11.46 ± 0.20a
	[bookmark: _Hlk210155094]6.31 ± 0.15b

	Ellagic acid
	3.74 ± 0.09a
	2.39 ± 0.05b

	Vanillic acid
	1.50 ± 0.03a
	0.82 ± 0.02b

	Naringenin
	2.99 ± 0.07b
	[bookmark: _Hlk210155357]8.94 ± 0.21a

	[bookmark: _Hlk210155372]Apigenin
	2.73 ± 0.06b
	[bookmark: _Hlk210155389]8.53 ± 0.20a

	[bookmark: _Hlk210153857]Hesperidin
	[bookmark: _Hlk210153979]12.79 ± 0.22a
	[bookmark: _Hlk210155114]4.16 ± 0.10b

	[bookmark: _Hlk210153873]Isorhamnetin
	[bookmark: _Hlk210153992]29.68 ± 0.51a
	[bookmark: _Hlk210155158]0.29 ± 0.01b

	Myricetin
	1.08 ± 0.03b
	[bookmark: _Hlk210155422]4.00 ± 0.09a

	Daidzein
	0.22 ± 0.01b
	1.00 ± 0.03a

	[bookmark: _Hlk210155442]Genistein
	0.24 ± 0.01b
	[bookmark: _Hlk210155460]5.11 ± 0.12a

	Linamarin
	[bookmark: _Hlk210154009]25.66 ± 0.44a
	[bookmark: _Hlk210155179]0.58 ± 0.02b

	[bookmark: _Hlk210153909]Gallocatechin
	[bookmark: _Hlk210154024]25.11 ± 0.43a
	[bookmark: _Hlk210155197]4.00 ± 0.09b

	[bookmark: _Hlk210153928]Resveratrol
	[bookmark: _Hlk210154878]28.80 ± 0.50a
	[bookmark: _Hlk210155231]0.55 ± 0.02b

	[bookmark: _Hlk210153942]Tangeretein
	[bookmark: _Hlk210154893]42.42 ± 0.73a
	ND

	[bookmark: _Hlk210168192]Epicatechin
	[bookmark: _Hlk210168217]6.06 ± 0.14a
	0.35 ± 0.01b

	[bookmark: _Hlk210167877]Naringin
	0.22 ± 0.01b
	0.45 ± 0.01a

	[bookmark: _Hlk210167891]Hesperetin
	ND
	0.12 ± 0.00

	[bookmark: _Hlk210155532]Silymarin
	ND
	[bookmark: _Hlk210155550]4.98 ± 0.11

	[bookmark: _Hlk210155566]Baicalin
	ND
	[bookmark: _Hlk210155585]10.77 ± 0.19a


The values are mean ± SEM of triplicate determinations. Different superscript letters (a, b) within a row indicate significant differences between fractions (p<0.05). ND = not detected.
Table 1 shows the results of the phytochemical constituents of C. schweinfurtii pulp and seed samples. C. schweinfurtii pulp sample possess high concentrations of Kaempferol (58.97 ± 1.02ppm), Catechin (190.06 ± 3.29ppm), Luteolin (10.18 ± 0.18ppm), Artemetin (8.32 ± 0.19ppm), Retusin (11.46 ± 0.20ppm), Hesperidin (12.79 ± 0.22ppm), Isorhamnetin (29.68 ± 0.51ppm), Linamarin (25.66 ± 0.44ppm), Gallocatechin (25.11 ± 0.43ppm), Resveratrol (28.80 ± 0.50ppm), Epicatechin (6.06 ± 0.14ppm) and Tangeretein (42.42 ± 0.73ppm), than the seed sample which has (0.00 ± 0.00ppm), (10.65 ± 0.18ppm), (0.00 ± 0.00ppm), (6.00 ± 0.14ppm), (6.31 ± 0.15ppm), (4.16 ± 0.10ppm), (0.29 ± 0.01ppm), (0.58 ± 0.02ppm), (4.00 ± 0.09ppm), (0.55 ± 0.02ppm), (0.35 ± 0.01ppm), and (0.00 ± 0.00ppm) respectively. By comparison, the seed sample contains higher levels of Quercetin (28.78 ± 0.50 ppm), Naringenin (8.94 ± 0.21 ppm), Apigenin (8.53 ± 0.20 ppm), Myricetin (4.00 ± 0.09 ppm), Genistein (5.11 ± 0.12 ppm), Silymarin (4.98 ± 0.11 ppm), and Baicalin (10.77 ± 0.19 ppm) than the pulp sample. Hesperetin, Silymarin, and Baicalin were not detected in the C. schweinfurtii pulp sample, while Kaempferol, Luteolin, and Tangeretin were absent in the C. schweinfurtii seed sample. 



Figure 1: Quantitative phytochemical analysis of C. schweinfurthii pulp and seed samples

3.2 Proximate Composition 
Table 2: Proximate analysis of C. schweinfurthii pulp and seed samples
	PROXIMATE (%)
	C. schweinfurthii Pulp
	C. schweinfurthii Seed

	Moisture
	28.37 ± 0.25a
	5.10 ± 0.06b

	Ash
	7.40 ± 0.09b
	9.35 ± 0.11a

	Fibre
	5.31 ± 0.08b
	7.74 ± 0.11a

	Fat and oil
	6.65 ± 0.08a
	5.03 ± 0.06b

	Protein
	2.18 ± 0.03b
	14.90 ± 0.22a

	Carbohydrate
	37.74 ± 0.33b
	57.89 ± 0.50a


Values are mean ± SEM of triplicate determinations. Different superscript letters (a, b) within a row indicate significant differences between fractions (p<0.05).
Table 2 presents the proximate composition results of C. schweinfurthii pulp and seed samples. The most notable difference was in moisture content, with the pulp (28.37 ± 0.25%) about 5.6 times that of the seed (5.10 ± 0.06%). The seed (14.90 ± 0.22%) had higher protein content than the pulp (2.18 ± 0.03%), as well as greater carbohydrate (57.89 ± 0.50% vs. 37.74 ± 0.33%), ash (9.35 ± 0.11% vs. 7.40 ± 0.09%), and crude fiber (7.74 ± 0.11% vs. 5.31 ± 0.08%). Conversely, the pulp sample exhibited a slightly higher fat content (6.65 ± 0.08%) than the seed (5.03 ± 0.06%). 

Figure 2: Proximate analysis of C. schweinfurthii pulp and seed samples

Phytochemicals serve as essential defense compounds in plants and mediate various interactions with their environment. When ingested, these bioactive compounds can confer substantial health benefits and are often concentrated in plant tissues that are most susceptible to environmental stress or predation, particularly in fruits, vegetables, nuts, seeds, and herbs (Yang & Ling, 2025). In the present study, the pulp and seed samples of Canarium schweinfurthii were subjected to a quantitative comparative phytochemical screening. The findings revealed that the pulp sample contained higher concentrations of several important phytochemicals, including kaempferol, catechin, isorhamnetin, linamarin, gallocatechin, resveratrol, hesperidin, retusin, and tangeretin, compared with the seed sample.
The abundance of flavonoids such as kaempferol, catechin, hesperidin, and resveratrol in the pulp sample suggests that C. schweinfurthii pulp may serve as a rich reservoir of antioxidant phytochemicals. Kaempferol and catechin are naturally occurring compounds widely distributed in plants, fruits, and spices, and are well known for their health-promoting biological activities, including anticancer, anti-inflammatory, and antioxidant properties, as well as their capacity to scavenge and neutralize free radicals produced by reactive chemical species (Olszowy, 2019; Xing et al., 2019; Faris et al., 2024). The elevated concentrations of these phytochemicals in the pulp sample indicate a compositional profile that may be reflective of the fruit's considerable antioxidant capacity and nutraceutical value.
Similarly, the presence of hesperidin and resveratrol further supports the therapeutic potential of the C. schweinfurthii pulp sample. Hesperidin, a glycosylated flavanone widely distributed in nature, has been associated with hepatoprotective, anxiolytic, antidepressant, antiepileptic, and antihyperlipidemic effects (Ramsha et al., 2024). The fruit's medicinal value may also be attributed to the substantial quantity of isorhamnetin identified in the pulp sample. Isorhamnetin, a flavonoid, has been reported to possess anti-inflammatory, antioxidant, anti-adipogenic, antiproliferative, and antitumor properties, and may contribute to the prevention of neurodegenerative disorders such as Alzheimer's disease, as well as cardiovascular diseases (Zhao & Liu, 2008; Li et al., 2011; Ishola et al., 2019; Khaled, 2020). 
The presence of linamarin and tangeretin in substantial quantities may enhance the biological value of the pulp sample, as flavonoids such as linamarin are currently being investigated for anti-cancer drug development, owing to their reported therapeutic anti-cancer capabilities (Iyuke et al. 2004; Yusuf et al. 2006; Idibie et al. 2007). Tangeretin, a flavonoid with remarkable anti-tumor properties, also demonstrates considerable potential in oncology (Yuan, 2025). Furthermore, tangeretin has been shown to induce apoptosis in lung cancer cells by modulating the expression of survival and pro-apoptotic proteins in a dose-dependent manner (Liu et al., 2017).
In contrast, the results revealed that the C. schweinfurthii seed sample contained higher levels of flavonoids and phenolic compounds, including quercetin, baicalin, naringenin, apigenin, genistein, and naringin, compared with the pulp sample. Quercetin has been shown to prevent and ameliorate pathogenesis by reducing oxidative stress and inflammatory responses, lowering inflammatory cytokine levels that are significantly elevated following exposure to lipopolysaccharides and modulating the intracellular antioxidant system through increased glutathione (GSH) concentration (Jia et al., 2021; Lv et al., 2024). Baicalin similarly exhibits potent antioxidant, anti-inflammatory, antiviral, and anticancer effects by scavenging reactive oxygen species and regulating the immunological response (Jiang et al., 2020; Ma et al., 2021). 
Furthermore, the presence of naringenin, apigenin, genistein, and naringin in appreciable amounts in the C. schweinfurthii seed sample suggests that this plant part may possess significant pharmacological and functional food potential despite its limited consumption. Naringenin has been linked to anti-inflammatory, anti-cancer, anti-atherosclerotic, and neuroprotective properties, among other positive beneficial effects on human health (Chung et al., 2019; Rashed, 2021). Similarly, genistein and apigenin are well recognized for their anticancer and immune-modulating properties (Kumazawa et al., 2006; Kaur et al., 2008; Choi & Kim, 2009). The high concentrations of these flavonoids collectively suggest that the C. schweinfurthii seed sample may serve as a compositionally rich source of bioactive compounds, warranting further nutraceutical and pharmacological investigation.
The proximate composition analysis of C. schweinfurthii pulp and seed samples revealed that both plant parts contain varying proportions of moisture, crude fat, crude fibre, protein, ash, and carbohydrate. The results shown in Figure 2 indicate that the pulp sample had higher moisture and crude fat contents than the seed sample.
The moisture content of a sample is a key determinant of its shelf life. Consequently, the low moisture content of the seed sample ensures long-term storage stability and reduced susceptibility to microbial deterioration, whereas the elevated moisture content of the pulp sample may contribute to its vulnerability to microbial spoilage and shortened shelf life.  The high moisture content recorded for the pulp sample (28.37%) in the present study is consistent with previously reported values for C. schweinfurthii pulp, which ranged from 25.62% to 32.25% (Maduelosi & Angaye, 2015; Onimawo & Adukwu, 2003), suggesting immediate refrigeration may be necessary to preserve the quality of the pulp. The crude fat contents of the pulp sample (6.65%) and seed (5.03%) recorded in this study were lower than those previously reported by Arthur et al. (2025), which ranged from 32.99–40.47% for pulp and 35.63–45.54% for the seed sample. Given that C. schweinfurthii is reported to contain essential oils with antibacterial and antioxidant properties, the moderate fat levels observed in both the pulp and seed samples are consistent with moderate fat levels as reported for related species (Koudou, 2005; Obame et al., 2007; Dzotam et al., 2015). These variations may be attributed to differences in geographic locations, soil compositions, and meteorological conditions.
In contrast, the C. schweinfurthii seed sample contained higher levels of ash, crude fiber, crude protein, and carbohydrates compared with the pulp sample.
The higher ash content in the seed sample relative to the pulp sample is supported by the elevated concentrations of various mineral elements, such as calcium, iron, and selenium, which were found to be higher in the seed than in the pulp sample (Iloanya et al., 2026), suggesting that the seed sample may significantly contribute to mineral intake. Nevertheless, the crude ash content reported in the present study was higher than the values of 3.14% to 3.31% previously reported for C. schweinfurthii seed and pulp samples by Maduelosi & Angaye (2015). Since the percentage of ash content of fruits reflects their inorganic mineral composition, these findings indicate that the C. schweinfurthii seed sample may serve as a significant mineral-rich food source.  Likewise, the crude fiber content of the seed sample is noteworthy, as dietary fiber is generally associated with benefits, including improved gastrointestinal function, reduced cholesterol levels, and regulation of blood glucose, among other recognized effects of high-fiber diets (Onimawo & Egbekun, 2003). The fiber levels observed here suggest that the seed sample could contribute meaningfully to dietary fiber intake, though such functional effects were not directly assessed in the present study.
The crude protein content of the seed sample was higher than that of the pulp sample, consistent with its potential relevance to high-protein dietary formulations. These findings differ from those reported by Arthur et al. (2025) for pulp extract (5.18–6.58%) and seed extract (18.47–21.89%), and the observed differences may be attributed to site-specific factors such as soil quality. The seed sample also contained a significantly higher carbohydrate content than the pulp sample, indicating its potential as a high-energy food source. This is consistent with earlier studies on the carbohydrate content of Cassia hirsuta seed (Akpabio et al., 2012) and jackfruit seed (Emaime et al., 2024). Taken together, the high fiber, protein, and carbohydrate contents of C. schweinfurthii seed suggest promising applications in the development of energy-rich foods and functional food products. The current work offers a fundamental characterization of the phytochemical and proximate content of C. schweinfurthii pulp and seed samples; however, the results must be considered in light of specific methodological limitations. Subsequent research utilizing multi-site sampling frameworks, seasonal replication, extensive solvent extraction methods, direct in vitro and in vivo bioactivity assays, and thorough toxicological assessments would significantly enhance the robustness and generalizability of these results.
5. Conclusion
The findings of this study suggest that C. schweinfurthii pulp and seed samples contain potentially beneficial phytochemicals and minerals with complementary functional properties that may support physiological processes and reduce the risk of disease. Compared with the seed sample, the pulp sample exhibited a richer profile of antioxidant-associated flavonoids, whereas the seed sample contained higher levels of minerals, fiber, protein, and energy-yielding nutrients. The proximate composition data suggest that both plant parts may have important applications in the nutraceutical, pharmaceutical, and functional food industries.
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Phytochemical Analysis of C. schweinfurthii Pulp and Seed

C. schweinfurthii Pulp	Kaempferol	Catechin	Quercetin	Luteolin	Artemetin	Retusin	Ellagic acid	Vanillic acid	Naringenin	Apigenin	Hesperidin	Isorhamnetin	Myricetin	Daidzein	Genistein	Linamarin	Gallocatechin	Resveratrol	Tangeretein	Epicatechin	Naringin	Hesperetin	Silymarin	Baicalin	58.97	190.06	2.76	10.18	8.32	11.46	3.74	1.5	2.99	2.73	12.79	29.68	1.08	0.22	0.24	25.66	25.11	28.8	42.42	6.06	0.22	0	0	0	C. schweinfurthii Seed	Kaempferol	Catechin	Quercetin	Luteolin	Artemetin	Retusin	Ellagic acid	Vanillic acid	Naringenin	Apigenin	Hesperidin	Isorhamnetin	Myricetin	Daidzein	Genistein	Linamarin	Gallocatechin	Resveratrol	Tangeretein	Epicatechin	Naringin	Hesperetin	Silymarin	Baicalin	0	10.65	28.78	0	6	6.31	2.39	0.82	8.94	8.5299999999999994	4.16	0.28999999999999998	4	1	5.1100000000000003	0.57999999999999996	4	0.55000000000000004	0	0.35	0.45	0.12	4.9800000000000004	10.77	
Phytochemicals (ppm)




Proximate Analysis of C. schweinfurthii Pulp and Seed

C. schweinfurthii Pulp	Moisture	Ash	Fibre	Fat and oil	Protein	Carbohydrate	28.37	7.4	5.31	6.65	2.1800000000000002	37.74	C. schweinfurthii Seed	Moisture	Ash	Fibre	Fat and oil	Protein	Carbohydrate	5.0999999999999996	9.35	7.74	5.03	14.9	57.89	
Proximate (%)







