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[bookmark: _Hlk176697776]Abstract
Thespesia garckeana, popularly known as “Gorontula” in Nigeria and mostly cultivated in the northern part of Nigeria is a medicinal plant and is used in different systems of medicine. It belongs to the Malvaceae family. Therefore, this study aimed to investigate and compare the phytochemical constituents and proximate compositions of the fruit pulp and seeds of T. garckeana.  Phytochemicals were measured using GC-MS-FID and Proximate analysis was carried out using standard AOAC methods. Data analysis was conducted using SPSS software version 25. The phytochemical constituents were relatively more abundant in the pulp compared to the seed. The pulp exhibited higher levels of flavonoids such as Butein (191.86 ± 0.00 ppm), Genistein (39.85 ± 0.00 ppm), Diadzein (28.82 ± 0.00 ppm) when compared with the seeds which has (0.60 ± 0.00 ppm), (0.97 ± 0.00 ppm) and (0.32 ± 0.00 ppm) respectively. However, the proximate analysis revealed that the pulp had higher moisture content (14.54 ± 0.00 %), crude protein (8.40 ± 0.00 %), and Carbohydrate content (57.18 ± 0.00 %) when compared to the seed, which had (13.14 ± 0.00 %), (7.00 ± 0.00 %) and (41.57 ± 0.00 %), respectively. Also, the seed contained more crude fat (24.41 ± 0.00 %), crude fibre (6.39 ± 0.00 %), and ash content (7.49 ± 0.00 %) when compared with the pulp which has (15.74 ± 0.00 %), (2.75 ± 0.00 %), and (4.14 ± 0.00 %), respectively. This study thus revealed that the pulp and seed of Thespesia garckeana possesses various nutritional and pharmacological components in considerable quantities and can provide the body with basic nutrients for its therapeutic needs as well as secondary compounds with tremendous phytomedicinal potential. The high crude fat and fibre contained in the seeds entail that they can be used as functional ingredients instead of being discarded.
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1.0	Introduction
Medicinal plants play a vital function in both the development and production of new drugs (WHO, 2018). This is also consistent with the World Health Organization's (WHO) research, which found that almost 80% of people worldwide in developing nations rely on natural products for their basic and main medical needs (Toiu et al., 2018). Moreover, the backbone of almost 20% of standardized and traditional medications is phytochemical (WHO, 2018). Medicinal herbs have been used to cure or manage almost all human ailments, including inflammatory, analgesic, diabetic, malarial, anemic, microbial, hepatorenal, and oxidative stress-related conditions due to there pharmacological properties made possible by their phytochemical constituents (Ani et al., 2020; Enemchukwu et al., 2021; Ezeigwe et al., 2020; Eneh et al., 2020). The pharmacological activities of medicinal plants have been attributed to the presence of phytochemicals including saponins, phenols, flavonoids, tannins, terpenoids and many more (Lawal et al., 2014, Igwilo et al., 2019; Enemor et al., 2020). Phytochemicals are plant-based bioactive compounds produced by plants for their protection. The potential of the phytochemicals has large scale pharmacological and biological activities such as antioxidant constituents, anti-carcinogenic and anti-mutagenic effects (Loliger, 1991, Ezennaya et al., 2025). 
Thespesia garckeana widely known as “Azanza garckeana”, and a member to the Malvaceae family is listed as a medicinal plant and is used in different systems of medicine. It is popularly known in Nigeria as “Goron Tula” and mostly cultivated in the northern part of Nigeria in a village called Tula village of Gombe state. Thespesia garckeana is a deciduous small tree or shrub that can grow up to 3-15m tall depending on environmental conditions. The fruit is 2.5–4cm in diameter, clearly divided into 5 segments, the fleshy gummy pulp which is generally eaten are a good source of proteins, minerals, fiber, vitamins, and contains five seeds inside with a seed in each segment. According to Orwa et al. (2009), Thespesia garckeana seed is hemispherical in shape, up to 10mm long, 7mm thick with brownish and woolly floss. It is a multipurpose edible fruit of tropical Africa. It is an important medicinal and food plant commonly used in Northern Nigeria as herbal medicines (Ahmed et al., 2016). 
Pharmacological studies on T. garckeana indicate that the species have a diverse range of pharmacological activities which include but not limited to anti-hyperglycemic, antimalarial, antioxidant, antibacterial, antifungal, and iron absorption (Maroyi, 2017; Ani et al., 2024; Nwobodo et al., 2025). According to Akinnifesi et al. (2004), T. garckeana has yielded several kinds of bioactive metabolites, such as amino acids, alkaloids, ascorbic acid, carotenoids, flavonoids, glucosides, phenols, lipids, tannins, and saponins. According to Ajayi (2014), alkaloids, flavonoids, phenols, tannins, and saponins have all been connected to or implied to have antiviral and antibacterial properties. This study focuses on the comparative phytochemical and proximate analysis of Thespesia garckeana pulp and seed.

2.0	Methods
2.1	Plant Collection and Identification
The Thespesia garckeana (Gorontula) seeds were sourced from Gombe old market Central Roundabout Jeka da fari, Gombe State. It was authenticated by a taxonomist in the Department of Botany, Faculty of Biosciences, Nnamdi Azikiwe University, Awka. The herbarium number as deposited I the Department of Botany was NAUH-69.
2.2	Sample Preparation
Thespesia garckeana seeds were dried at room temperature for a period of two weeks. It was thereafter pulverized using corona manual grinding machine and used for the phytochemical and proximate analysis. Thespesia garckeana pulp was separated from the fruit and ground using corona manual grinding machine. It was thereafter used for phytochemical and proximate analysis.
2.3	Phytochemical Analysis
2.3.1	Extraction of Phytochemicals
1g of sample was weighed and transferred in a test tube and 15ml of ethanol was added. The test tube was allowed to react in a water bath at 600 C for 60 mins. After the reaction time, the reaction product contained in the test tube was transferred to a separatory funnel. The tube was washed successfully with 20ml of ethanol, 10ml of cold water, 10ml of hot water and 3ml of hexane, which was all transferred to the funnel. These extracts were combined and washed three times with 10ml of 10%v/v ethanol aqueous solution. The solution was dried with anhydrous sodium sulfate and the solvent evaporated. The sample was solubilized in 1000ul of hexane of which 200ul was transferred to a vial for analysis.
2.3.2	Quantification by GC-MS and FID
 The analysis of phytochemical was performed on a BUCK M910 Gas chromatography equipped with a flame ionization detector. A RESTEK 15meter MXT-1 column (15m x 250um x 0.15um) was used. The injector temperature was 280oC with splitless injection of 2ul of sample and a linear velocity of 30 cms-1, Helium 5.0 pa.s was the carrier gas with a flow rate of 40 mlmin-1.  The oven operated initially at 2000C, it was heated to 3300 C at a rate of 30C min-1 and was kept at this temperature for 5min. The detector operated at a temperature of 3200C.
Phytochemicals were determined by the ratio between the area and mass of internal standard and the area of the identified phytochemicals. The concentration of the different phytochemicals expressed in ug/g.
2.4.0	Proximate Analysis
2.4.1	Moisture Content
Procedure
· A petri dish was washed and dried in the oven
· Approximately 1-2g of the sample was weighed into petri dish
· The weight of the petri dish and sample was noted before drying
· The petridish and sample were put in the oven and heated at 1050C for 2 hrs. The result noted and heated another 1hr until a steady result is obtained  and the weight was noted
· The drying procedure was continued 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
(Differential method)
100 – (%Protein + %Moisture + %Ash +  %Fat + %Fibre)

2.4.3	Ash Content
Principle: The ash of foodstuff is the inorganic residue remaining after the organic matter has been burnt away. It should be noted, however, that the ash obtained is not necessarily of the composition as there may be some from volatilization.
Procedures
· Empty platinum crucible was washed, dried and the weight was noted.
· Approximately 1- 2g of sample was weighed into the platinum crucible and placed in a muffle furnace at 5500c for 3 hours.
· The sample was cooled in a dessicator after burning and weighed.
 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:
1. Defat about 2g of material with petroleum ether (if the fat content if more than 10%)
2. Boil under reflux for 30 minutes with 200ml of a solution containing 1.25g of H2SO4 per 100ml of solution
3. Filter the solution through linen
4. Wash with boiling water until the washing is no longer acidic.
5. Transfer the residue to a beaker and boil for 30 minutes with 200ml of a solution containing 1.25g of carbonate free NaOH per 100ml
6. Filter the final residue through a thin but close pad of washed and ignited asbestos in a Gooch crucible
7. Dry in an electric oven and weigh
8. Incinerate, cool and weigh
The loss in weight after incineration x 100 is the percentage of crude fibre.
% crude fibre = Weight of fibre    x 100
		  Weight of sample

2.4.5	Crude Fat
Soxhlet Fat Extraction Method
This method is carried out by continuously extracting food with non-polar organic solvent such as petroleum ether for about 1 hour or more.
Procedure: 
1. Dry 250ml clean boiling flasks in oven at 105 - 1100C for about 30 minutes.
2. Transfer into a dessicator and allow to cool
3. Weigh correspondingly labeled, cooled boiling flasks.
4. Fill the boiling flasks with about 300ml of petroleum ether (boiling point 40 - 600c)
5. Plug the extraction thimble lightly with cotton wool
6. Assemble the soxhlet apparatus and allow to reflux for about 6 hours
7. Remove thimble with care and collect petroleum ether in the top container of the set – up and drain into a container for re – use.
8. When flask is almost free of petroleum ether, remove and dry at 1050C - 1100C for 1hour.
9. Transfer from the oven into a dessicator and allow to cool; then weigh.
% fat =   weight of flask  + oil  - wt of flask   x 100
   weight of sample
2.4.6	Crude Proteins 
Principle: The method is the digestion of the sample with hot concentrated sulphuric acid in the presence of a metallic catalyst. Organic nitrogen in the sample is reduced to ammonia. This is retained in the solution as ammonium sulphate.  The solution is made alkaline and then distilled to release the ammonia. The ammonia is trapped in dilute acid and then titrated.
Procedures
· Exactly 0.5g of sample was weighed into a 30ml kjehdal flask (gently to prevent the sample from touching the walls of the side of each and then the flasks were stoppered and shaken. Then 0.5g of the kjedahl catalyst mixture was added. The mixture was heated cautiously in a digestion rack under fire until a clear solution appeared.
· The clear solution was then allowed to stand for 30 minutes and allowed to cool. After cooling was made up to 100ml with distilled water was added to avoid caking and then  5ml was transferred to the kjedahl distillation apparatus, followed by 5ml of 40% sodium hydroxide.
· A  100ml receiver flask containing 5ml of 2% boric acid and indicator mixture containing 5 drops of Bromocresol blue and 1 drop of methlene blue was placed added under a condenser of the distillation apparatus so that the tap was about 20cm inside the solution and distillation commenced immediately until  50 drops gets into the  receiver flask, after which it was titrated to pink colour using 0.01N hydrochloric acid.
Calculations  
%  Nitrogen =Titre value x  0.01 x 14 x 4
% Protein  = % Nitrogen x 6.25

2.4	Statistical Analysis
[bookmark: _Hlk133497737]Data obtained from the experiments were analyzed using the Statistical Package for Social Sciences software for windows version 23 (SPSS Inc., Chicago, Illinois, USA). All the data collected were expressed as Mean ± SEM. Statistical analysis of the results obtained were performed by using ANOVA Tests to determine if a significant difference exists between the mean of the test and control groups. The limit of significance was set at p<0.05.

3.0	Results
3.1	Result of Phytochemical Analysis
Figure 1 shows the results of the phytochemical analysis carried out on the Thespesia garckeana seed and pulp. From the results, it is evident that butein, a phytochemical, is abundant in Thespesia garckeana pulp than in the seed followed by genistein, daidzein, and epicatechin.

Figure 1: Phytochemical analysis of Thespesia garckeana pulp and seed.
3.2 Result of Proximate analysis of Thespesia garckeana pulp and seed
Figure 2 shows the results of the proximate analysis carried out on the Thespesia garckeana seed and pulp. From the results, it is evident that the carbohydrate composition, moisture content and protein content of Thespesia garckeana pulp was higher than that of the Thespesia garckeana seed. Thespesia garckeana seed is higher in fat and oil, fibre and ash content compared to the pulp (figure 2).

Figure 2: Proximate analysis of Thespesia garckeana pulp and seed.

4.0	Discussion
Phytochemicals are termed as non-nutrient plant components and are present in various plant parts such as fruits, leaves, stem and roots. The consumption of medicinal plants with certain phytochemicals has been correlated with decline in the risk of major chronic illnesses (Saxena et al., 2013). In this study, comparative screening for the presence of phytochemicals was performed on the pulp and seed extract of Thespesia garckeana. The results revealed that the pulp had greater levels of several important flavonoids, such as butein (191.86 ± 0.00 ppm), epicatechin (25.66 ± 0.00 ppm), genistein (39.85 ± 0.00 ppm) and Diadzein (28.82 ± 0.00 ppm) when compared with the seed. These compounds are well-known for their antioxidant and disease-fighting properties. Butein (3,4,2′,4′-tetrahydroxychalcone), which was extremely abundant in the pulp (191.86 ppm) is a flavonoid found in extracts from many plants. Its pharmacological properties include antioxidants, anti-inflammatory, and antimicrobial activities (Jung et al., 2006; Jung et al., 2007). Butein has shown the ability to reduce ethanol-induced ROS production in hepatic stellate cells and nitric oxide production in pancreatic β cells (Szuster-Ciesielska et al., 2013). 
The potential role of butein as a therapeutic agent in cancers such as neuroblastoma and breast cancer has been examined as well (Chen et al., 2012; Mendonca et al., 2019). Hence, Butein presence in the pulp extract may be responsible for the antioxidant, anti-inflammatory and anti-microbial activities that has been reported for Thespesia garckeana fruit (Jung et al., 2006; Jung et al., 2007). Genistein is a non-steroidal phytoestrogen that shares structural similarities with estradiol-17β. This allows genistein to attach to estrogen receptors and sex hormone binding proteins, giving it anti-estrogenic and estrogenic qualities. Estradiol competes with genistein for estrogen receptors (Dixon and Ferreira, 2002; Albertazzi et al., 2005). Epicatechins are known to possess cardio-protective, antioxidant, anti-diabetic and anti-cancer activities (Kenneth et al., 2020).
In contrast, the results also revealed that the seed contained a broader diversity of flavonoids and phenolic compounds such as kaempferol, catechin, isorhamnetin, and naringin, many of which were absent in the pulp. These flavonoids are also important antioxidants and have been reported to help regulate blood sugar, improve cardiovascular health, and offer protection against neurological disorders. Kaempferol possesses various medicinal properties some of which are directly associated with bone-sparing effects (Wong et al., 2019. Naringin is a polymethoxylated flavonoid glycoside. It possesses several pharmacological effects, including bone-protective properties. Zhu et al., (2021) demonstrated that naringin exhibits anti-osteoporosis property in a fashion similar to estrogen, by binding to the estrogen receptors Naringin triggers osteoclast apoptosis by preventing the death receptor pathway (Fas, TNF) or mitochondrial apoptosis pathway from being activated. The ability of naringin to decrease the mRNA expression levels of the pro-apoptotic marker gene BCL-2 and the anti-apoptotic marker gene BAX was confirmed in the study by Li et al., (2014). Myricetin is known to possess antioxidant, anti-inflammatory, antimicrobial, anti-viral, antioxidative, anti-tumorigenic and antiallergic properties. This suggests that the seed, although often discarded, could be a valuable resource for developing natural health products.

Proximate composition analysis serves as an indicator of nutritional value and quality of food (Abdul-Hamid et al., 2020). The result of the proximate analysis of the pulp and seed extract of Thespesia garckeana fruit obtained shows that both the pulp and seed extract contain moisture, ash, crude fat, crude fiber, protein, and carbohydrate in varying proportion. The results showed that the pulp extract has higher moisture content (14.54 %), crude protein (8.40 %) and carbohydrate content (57.18 %) than that of the seed extract. The availability of higher crude protein content in food plays a crucial role in the natural synthesis of compounds necessary for maintaining enzymes, body tissues, and hormones (Hayat et al., 2014). Moisture content plays a crucial role in the shelf stability of food products. Foods which are low in moisture content tend to have longer shelf lives compared to those with higher moisture content. Based on the findings of this study, it is suggested that the edible pulp of Thespesia garckeana can be utilized for juice production, as it does not require extended storage durations to maintain its quality. The seeds of Thespesia garckeana contains easily absorbed and digested carbohydrates, serving as a quick source of energy. In contrast, the pulp contains complex carbohydrates, such as starch, which are more difficult to digest (Tayade et al., 2019). 
In contrast, the seeds of Thespesia garckeana showed higher levels of crude fat (24.41 %), ash content (7.49 %) and crude fibre (6.39 %) compared to its pulp. The higher fat content in the seeds provides caloric density, nutritional value, and serves as a source of energy and essential fatty acids (Petraru et al., 2021). Fat in the diet is crucial as it acts as carriers for fat-soluble vitamins, provides energy, regulates body temperature, and plays a significant role in various physiological functions. Crude fiber is essential for optimal health and well-being, preventing constipation, aiding in digestion managing weight, and minimizing the risk of chronic diseases (Hayyat et al., 2024; McRae, 2020). Additionally, it cleans the digestive tract by eliminating chemicals that cause cancer and excessive absorption of cholesterol (Gunness and Gidley, 2010; Soliman, 2019). This result is consistent with other research, such as that done by Abdualrahman et al., (2019), that compared the crude fiber content of the pulp and seeds of comparable wild edible fruits. 
Ash content represents the total mineral content remaining after the combustion of organic matter. The pulp had an ash content of 4.14 %, which was lower than the ash content of the seeds (7.49 %). This finding is consistent with the study of Prakash et al., (2022), which reported higher ash content in the seeds of Garcinia xanthochyma compared to its pulp. The difference in ash content could be attributed to the higher moisture content in the pulp compared to the seeds. Foods with higher moisture content tend to have lower ash content (Poji´c et al., 2015).

5.0	Conclusion
The result of the Phytochemical and proximate analysis of Thespesia garckeana fruit suggests that it has basic nutritional components, showing that there is something worthwhile in Thespesia garckeana's pulp and seed. While the seeds contain fiber, fats, and special compounds with their own health benefits, the pulp is notable for its abundance of phytochemicals like flavonoids and nutrients that provide energy. Perhaps it's time to start considering the seed as a valuable component of the fruit as well, rather than throwing it away. The presence of high moisture in the pulp of the fruit makes it convenient for juice production. Further studies are recommended to investigate and compare the functional properties and mineral contents of the pulps and seeds of Thespesia garckeana's fruit. These additional analyses would provide a thorough understanding of the fruit’s potential benefits and aid in optimizing its utilization for human consumption.
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Phytochemicals

Thespesia garcheana Pulp	Kaemferol	Catechin	Butein	Queretin	Luteolin	Artemetin	Daidezin	Retusin	Ellagic acid	Vanillic	Naringenin	Apigenin	Hesperidin	Isorhamnetin	Maricetin	Epicatechin	Diadzein	Genistein	Apigenin	Lumarin	Gallocatechin	Resveratrol	Tanqeretin	Epicatechin	Naringin	Hesperidin	Silymarin	Bicalin	Myricetin tanqeretein	Nobeletin	Myricetin	Isorhamnetin	Flavone	Ferulic acid	Sinapinic acid	0	0.164133	191.86198999999999	2.7601100000000001	11.1759	2.1523500000000002	3.4462799999999998	1.18391	12.79011	4.4688999999999997	0.18606900000000001	0.23633000000000001	0	0	0.34894500000000001	25.655470000000001	28.824619999999999	39.853819999999999	6.0523199999999999	0.228162	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Thespesia garcheana Seed	Kaemferol	Catechin	Butein	Queretin	Luteolin	Artemetin	Daidezin	Retusin	Ellagic acid	Vanillic	Naringenin	Apigenin	Hesperidin	Isorhamnetin	Maricetin	Epicatechin	Diadzein	Genistein	Apigenin	Lumarin	Gallocatechin	Resveratrol	Tanqeretin	Epicatechin	Naringin	Hesperidin	Silymarin	Bicalin	Myricetin tanqeretein	Nobeletin	Myricetin	Isorhamnetin	Flavone	Ferulic acid	Sinapinic acid	0.42369400000000002	1.12767	0.60045000000000004	0.46028000000000002	0.181482	0.25514500000000001	0.36105300000000001	0.30108499999999999	0.18280099999999999	0.45123200000000002	1.0094000000000001	0.42240100000000003	0.346003	1.3904700000000001	0.697739	5.4987000000000004	0.32402599999999998	0.96684400000000004	0.27209499999999998	1.41866	0.133635	0.25773499999999999	1.6571199999999999	0.31212299999999998	1.37941	0.24925900000000001	0.15515899999999999	1.1597999999999999	1.0953999999999999	1.0174799999999999	0.99133099999999996	0.76745699999999994	0.56266700000000003	0	0	
Pytochemicals(ppm)




Proximate Analysis of T. garckeana pulp and seed

Thespesia garcheana Pulp	Moisture	Ash	Fibre	Fat and oil	Protein	Carbohydrate	14.535	4.1420000000000003	2.75	15.742000000000001	8.4	57.180999999999997	Thespesia garcheana Seed	Moisture	Ash	Fibre	Fat and oil	Protein	Carbohydrate	13.135999999999999	7.492	6.3869999999999996	24.413	7	47.959000000000003	
Proximate (%)







