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Phytochemicals, Functional Properties and Nutritional Potential of Baobab (Adansonia digitata) Fruit Powder from Ghana Semi-Deciduous Forest Zone
 
[bookmark: _Toc144979549][bookmark: _Toc143117657]ABSTRACT
The study aimed to assess the intrinsic phytochemical constituents, functional properties, and nutritional composition of the underutilised baobab (Adansonia digitata) fruit powder sourced from the semi-deciduous forest zone of volta rgion, Ghana. The study employed acceptable methods and procedures for the determination of elemental mineral compositions, macro nutrients and functional properties of the baobab fruit powder. Statistical analysis were performed in R software, version 4.5.1; R Core Team, 2022 using Tukey’s HSD post-hoc test at the 5% level of significance. The protein, fat, and carbohydrate contents were found at 2.65±0.1%, 0.63±0.2%, and 78.55±0.2%, respectively. Also, the micro minerals were found at 2.39%, 0.42%, 0.16% and 0.08%, respectively for potassium, calcium, magnesium and phosphorus. The water absorption capacity of the baobab pulp was detected at 332.73±6.2% among other functional parameters studied. The mean total sugar (glucose) and vitamin C were 5.54 g/100 g and 55.5±0.22 mg/100 g, respectively. The pH of the pulp was detected at 2.97±0.01 and described as acidic.  The rich phytochemical profile, favourable functional properties and the great amount of micro- and macro-nutrients in the baobab pulp underscore its potential as a sustainable nutrient dense ingredient that can enhance diversity and contribute to food and nutrient security.
Keywords: baobab pulp powder, non-timber forest product, functional properties, oil absorption capacity, food security, nutritional composition.
 
 
[bookmark: _Toc144979550][bookmark: _Toc143117658]1. INTRODUCTION 
One of the most pressing issues of today is the lack of access to adequate nutritional food, which affects people all over the world. It is estimated that 805 million people worldwide suffer from severe malnutrition (FAO, 2017), with over 162 million children under the age of five having stunted growth (UNICEF, 2014). Sub-Saharan Africa has one of the worst rates of food and nutritional insecurity in the world. Global food and nutrition security issues have been addressed through a number of policies, thus the enactment of Sustainable Development Goals (SDGs).  SDG 2 is aimed at eradicating hunger, achieving food security, enhancing nutrition, and fostering sustainable agriculture by 2030. This policy is gradually becoming a mirage in most African countries due to food inadequacy and nutritional insecurity. Also, poor weather conditions and unpredictable rainfall in recent times have affected crop and animal production, leading to an insufficiency of food. In addition, substantial post-harvest losses and food waste in Africa are culminating to the inability of the continent to achieve objective 2 of the SDGs. 
In order to address the issue of nutrient deficiencies in developing nations, significant efforts are currently being made to find inexpensive food sources with good nutritional and functional qualities to augment the mainstream food systems. In Africa, the rural population relies on the African baobab (Adansonia digitata) for nutritional security and revenue (Chadare et al., 2008; Sidibé and Williams, 2002). 
 According to Dandago et al. (2016), the baobab fruit powder (fruit pulp) provides a nutritionally significant amount of vital elements like fibre, protein, minerals, and antioxidants. The pulp is a rich dietary source of fibre, potassium, calcium, magnesium, iron, and zinc, and can be thought of as a naturally dry and entirely organic food (Asogwa et al., 2021; Fatokun and Akanji, 2012). In comparison to regularly consumed fruits like guava, mango, berries, and bananas, the quantities of these micro-nutrients found in the baobab powder are significantly higher (Muthai et al., 2017). The fruit pulp could be consumed as a possible nutraceutical for the prevention of nutrient deficiency and disease prevention. Egbadzor et al. (2023) highlighted that the comparable phytochemical composition of the baobab products makes them potential complements to cocoa in food applications. Commercialization of this non-timber forest product (NTFP) through appropriate processing procedures will undoubtedly not only improve nutrition but also serve as a catalyst for wealth and job creation for the rural people where this fruit is grown (Ofori et al., 2023). According to the Global Market Insights Report (2018), the global market demand for baobab ingredients (pulp and oil) is projected to reach US$5.6 billion in 2024. Several nutritional studies have been conducted on baobab, but there is a great variation in the reported data depending on the source of the fruits and the analytical method used (Chadare et al., 2009; Stadlmayr et al., 2013). 
The baobab fruits found within the semi-deciduous agro-ecological zone of the Volta region of Ghana are underutilised. The fruit is sold in the open market, unpackaged, unprocessed with a lack of nutritional information. The low patronage of the fruit pulp could be a paucity of information on the inherent phytochemicals present. Also, a well-packaged product with nutritional details, uses, and instructions for food preparation would be necessary to promote and support the use of the baobab pulp found in this agro-ecological zone. Therefore, this study was done to assess the prevailing intrinsic phytochemical composition and functional properties of the baobab fruit pulp found in this location of the study area.
[bookmark: _Toc143117659][bookmark: _Toc144979551]2. MATERIAL AND METHODS
[bookmark: _Toc143117660][bookmark: _Toc144979552]2.1 Fruit Sampling and Preparation
Baobab fruits were harvested from different localities of the Volta region of Ghana (Figure 1). They were manually cracked open and emptied. Separation of the seeds, pulp, and fiber was done with a wooden pestle and mortar. The content was sieved to separate the seeds and fibre from the pulp using a 750 µmm sieve. The pulp was packaged in self-locking polyethylene bags and stored in a refrigerator at a temperature below 10 °C for further analysis. Figures 2a and 2b are samples of baobab pods and packaged pulp powder, respectively.
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Figure 1: Map of Volta region where the fruits were sampled for the study
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                      Fig. 2a                                   Fig. 2b
Figures 2a and 2b are samples of baobab pods and pulp powder, respectively.
 
[bookmark: _Toc144979553][bookmark: _Toc143117661]2.2 Determination of Proximate Composition 
The proximate composition of the pulp was determined using AOAC (2005) procedures. The moisture content was found by weighing 2 g of the sample differently before and after it had been dried in an oven (model 600; Memmert, Schwabach, Germany) for 3 hours at 105 °C. The macro-Kjeldahl technique was used to determine crude protein, which was subsequently estimated by multiplying the observed nitrogen by a factor of 6.25. The total amount of ash was estimated after burning the dry sample (2 g) at 550 °C for 6 hours in a muffle furnace (Gallenkamp, England). To determine crude fat, a sample (100 g) was extracted with n-hexane at 60 °C in a Soxhlet system. The defatted sample (2 g) was digested in 1.25 M HCl and 1.25 M NaOH to estimate the crude fiber content. The difference of [100 – (total sum moisture, crude protein, crude fat, and ash)] was used in the determination of carbohydrates.
 
[bookmark: _Toc144979554][bookmark: _Toc143117662]2.3 Determination of Metabolizable Energy
The method used by Akusu et al. (2019) was used to calculate the metabolizable energy of the baobab pulp. The macronutrients (carbohydrates, fats, and protein) obtained were multiply by factors 4 kcal/g, 9 kcal/g, and 4 kcal/g, respectively for carbohydrates, fats and protein. All the properties determined were in triplicate.
 
[bookmark: _Toc144979555][bookmark: _Toc143117663]2.4 Determination of Functional Properties
2.4.1 Swelling capacity
The method described by Suresh and Shamsher (2013) was adapted for the swelling capacity of the baobab flour. A 100 mL graduated cylinder was filled to 10 mL with baobab pulp. 50 mL of distilled water was added, and the top of the cylinder was tightly covered. The cylinder was inverted more times after 2 minutes and left to stand for a further 8 minutes. The volume occupied by the sample after 8 minutes was read and recorded as the swelling capacity.
2.4.2 Water absorption capacity
The method used by Buckman et al. (2018) was adapted for determination of water absorption capacity (WAC). An aqueous solution was made using one gram of baobab pulp and 10 mL of distilled water. The solution was vortexed using Fisher Scientific top-mix, FB15024, for 5 min, allowed to stand for 5 min, after which it was centrifuged for 10 min at 250 rpm with a centrifuge NEUZL43, MedGroup. The excess water found on the wet sample was drained for 5 min. The WAC was computed using equation 1.
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Where, WB  is the bound water and Sw is the weight of sample.
 
2.4.3 Solubility index
The method employed by Buckman et al. (2018) was adopted for the determination of the solubility index.
2.4.3 Oil absorption capacity
The oil absorption capacity (OAC) was determined similar to the water absorption capacity, however, with OAC refined soybean oil was used instead of water (Olawoye and Gbadamosi, 2020). 
[image: C:\Users\USER\AppData\Local\Temp\ksohtml8316\wps5.png] 
Where, OB  is the bound oil and Sw is the weight of sample.
 
2.4.4 Bulk density
A similar method described by Ratnawati et al. (2019) was adapted for the bulk density of the baobab pulp. Ten grams of sample were put into a 100 mL graduated cylinder and tapped to a constant volume. Bulk density was determined as a mass per unit volume of the flour (equation 3).
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[bookmark: _Toc143117664][bookmark: _Toc144979556]2.5 Determination of Elemental Mineral Properties
2.5.1 Manganese, copper, zinc, and iron
The mineral elements were determined using a method similar to Motsara and Roy (2008). A total of 2.0 g of samples were placed in crucibles and ashed for 2 hours in a cool muffle furnace at 500 °C. The samples were allowed to cool in the furnace. The ash samples were placed in 50 mL centrifuge tubes. 10 mL of distilled water and aqua regia were used to rinse the crucibles. The samples were vortexed for 5 minutes before being centrifuged at 3000 rpm for 10 minutes and transferred to a 100 mL volumetric flask, and made up to the mark. A clear supernatant digest was decanted into clean dried reagent bottles for manganese, copper, zinc, and iron estimation. Using the Buck Scientific 230 Automated Touch Screen (ATS) Atomic Absorption Spectrometry (AAS) model, a calibration curve was created for each of the elements to be examined using the stock standard. Each element's absorbance was calculated by comparing it to a standard linear regression curve produced from normal solutions.

The percentage (%) copper, zinc, iron and manganese were determined using equation 4.
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Where, Cv is the concentration recorded from the AAS (ppm or mg/L), Nv is the norminal value, Sw is the sample weight (g)
 
2.5.2 Determination of phosphorus 
Reagents: Standard solutions were prepared for vanadomolybdate and phosphate. Standard curve was prepared from the standard solution. The absorbance concentrations were measured on a Spectronic 20 Spectrophotometer at wavelength of 420 nm. Equation 5 was used to compute the phosphorus content. 
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Where, C is the concentration of P (µg/mL) read from the standard curve, and df is the dilution factor (100 x 10).
 
2.5.3 Determination of potassium (K)
Reagents: Potassium chloride (KCl) 
In 200 mL of deionized water, 1.908 g of KCl that had previously been dried for 4 hours at 105 °C was dissolved. The two solutions were combined and made up to 1000 mL. For potassium (K), a standard curve was prepared. Using the flame photometer, absorbance readings were taken. The flame photometer was used to measure the perchloric acid (HClO4) and nitric acid (HNO3) sample solutions. From the absorbance reading of the sample and the standard curve, the concentration of K was determined (equation 6).
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Where, c is the concentration of K (µg/mL) read from the standard curve, and df is the dilution factor (100 x 10).
 
2.5.4 Determination of calcium and magnesium
Preparation of reagents: 
Ethylene diamine tetra acetic acid (EDTA) solution preparation. A buffer solution was prepared from ammonium chloride and ammonium hydroxide. Potassium cyanide and potassium hydroxide were prepared for the determination of calcium ions. Calcon-red was used as an indicator for the presence or absence of calcium ions. Triethanolamine (TEA) was used to maintain the pH, and Eriochrome black T (EBT) was used as an indicator for determination of calcium ions and magnesium ions.

Calcium and magnesium standards were prepared from reagent grade.
5.0 mL each of the sample solutions was put into 100 mL Erlenmeyer flasks. Then, 1 mL of 30% TEA was added after adding 10 mL of 10% KOH solution. Three drops of 10% potassium cyanide (KCN) and a few drops of EBT indicator solution. The mixture was shaken to ensure homogeneity. A 0.02 N EDTA solution was added to the mixture to titrate it from a red to a blue endpoint. The percentage calcium and magnesium in milligrams was determined using equations 7 and 8, respectively (Motsara and Roy, 2008).

Calcium in mg = Titre value of EDTA x 0.4008
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Magnesium in mg = Titre value of EDTA x 0.243
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Where, mg C and mg Mg are concentrations of milligram of calcium and magnesium, respectively; Sw is the sample weight (g) and V is the volume (mL).
 
[bookmark: _Toc144979557]2.6 Determination of Total Sugar in Baobab Pulp
The total sugar was estimated by calculating the carbohydrate content of the pulp using the anthrone method with modification (Lam et al., 2021). One litre of concentrated sulfuric acid and 2.0 g of anthrone were dissolved. Varying quantities of glucose solution (200 g/mL) from the supplied glucose stock solution were pipetted into a series of test tubes, and distilled water was added to make the total volume to 1 mL. In each test tube, 4.0 mL of the anthrone reagent (supplied) was added and thoroughly mixed. The test tubes were cooled before being sealed with caps and incubated at 90 °C for 17 minutes. After cooling the tubes to room temperature, the optical density was measured at 620 nm with a spectrophotometer against a blank (made with 1 mL of distilled water and 5 mL of anthrone). The amount of glucose in the unknown sample was calculated by drawing a standard curve of absorbance and glucose (g). Equation (9) was used to determine the total sugar content in the baobab pulp.
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[bookmark: _Toc144979558]2.7 Determination of Vitamin C in Baobab Pulp
The vitamin C content of the baobab fruit pulp was considered in relation to temperature. 25 mL of Vitamin C standard solution was placed in a 250 mL beaker; 5 mL of each potassium iodide and 0.1M hydrochloric acid, and one mL of the starch indicator solution were added. The potassium iodide solution was filled into the burette and titrated against the sample in the beaker until a blue-black colour was observed. Also, 25 mL of each of the vegetable solutions was titrated. The procedure was done in triplicate, and the average titre value for each sample was obtained. 
[image: C:\Users\USER\AppData\Local\Temp\ksohtml8316\wps13.png] 
[bookmark: _Toc144979559]2.8 Determination of Power of Hydrogen (pH)
The pH of the baobab pulp was measured using the pH meter, model ST 3100, OHAUS Corporation, USA, with an accuracy of 0.01 and a measuring range of -2 to 16.
 
2.9 Determination of Total Phenolic Content 
[bookmark: _GoBack]The total phenolic content was determined by adapting the method employed by Kujala et al. (2000) using the Folin-Ciocalteau method. 0.5 g of the sample was dissolved in 100 mL of distilled water in a 100 mL volumetric flask. The mixture was swirled for 30 minutes and filtered. 2 mL were pipetted into different test tubes. Standard stock solution of gallic acid of 100 ppm was prepared, and out of it, 5 ppm, 10ppm, 20 ppm, 40 ppm, and 50 ppm were prepared. 2 mL of the prepared samples were pipetted into different test tubes and 1000 µL of 20% Na2CO3  was added. 20 µL of Folin-Ciocalteau was added to each test tube and incubated for 30 minutes at room temperature. The samples were measured spectrophotometrically at 760 nm using a UV-VIS Spectrophotometer (Compact V-760 ST). The TPC was determined based on the equation of the curve and the absorbance.
 
[bookmark: _Toc143117665][bookmark: _Toc144979560]2.10 Data Analysis
[bookmark: _Toc143117666][bookmark: _Toc144979561]The data was analyzed with R software, version 4.5.1; R Core Team, 2022. HSD Tukey's post-hoc test was used to determine whether there were significant differences between the mean treatments at the 5% significance level. The findings are presented as means from the current study and compared with results from different countries where appropriate.
 
3.0 Results and Discussion
Plants contain an abundance of all the nutrients that humans require. The use of medicinal plants for therapeutic purposes or as nutritional supplements dates back further than is known, but it has significantly increased in recent decades. Table 1 indicates the proximate composition of the baobab fruit powder observed in this study, as well as levels permitted by the European Union Commission and other countries. The mean moisture content (MC) of the pulp was 11.17±0.3%. A similar study by Aluko et al. (2016) and Osman (2004) found the MC of the baobab pulp at 9.94% and 10.4%, respectively. The MC found in this study is within the range established by European Union Legislation (EUL) for baobab pulp, which ranged from 11.1% to 12.0% (Vassiliou, 2008; Monteiro et al., 2022). Higher MC of the pulp is a recipe for mould and other microbial growth.
The protein content of the baobab fruit powder was found at 2.65±0.1%, which was higher than that reported by Erwa et al. (2019) and Dangago et al. (2016), who found values of the protein at 2.35% and 2.3%, respectively. In addition to meeting the protein needs of athletes, plant proteins can help lower cholesterol, maintain bone health, and increase muscle mass in older adults (George et al., 2020; Gavrilova et al., 2020). The inclusion of plant protein in the diet of humans has been found to maintain a balance of health needs for all age brackets (George et al., 2020). The established protein content for baobab pulp by the EUL is in the range of 2.03 – 3.24% (Vassiliou, 2008). The protein content in this study, as well as that found in literature was within the range established by the ECU legislation decision for baobab pulp content. 

[bookmark: _Toc143196472][bookmark: _Toc143175138] 
Table 1: Proximate compositions of baobab pulp powder found in this study, different countries, and EU approved range.
	Author and Country
	EU Approved range

	Property
	This study
	Aluko et al. (2016)
Tanzania
	Dandago et al. (2016)
Nigeria
	Osman (2004)
Saudi Arabia
	Erwa et al. (2019)
Sudan
	Vassiliou (2008)

	Moisture content (%)
	11.17±0.3
	9.94
	6.35
	10.4
	8.75
	11.1 – 12.0

	Protein (%)
	2.65±0.1
	3.23
	2.3
	3.2
	2.35
	2.10 – 3.24

	Fat (%)
	0.63±0.2
	1.98
	0.2
	0.3
	0.52
	0.4 – 0.7

	Ash (%)
	6.99±0.3
	4.87
	5.20
	4.5
	5.83
	5.5 – 6.6 

	Crude fibre (%)
	6.96±0.1
	6.29
	5.63
	NA
	5.05
	NA

	Carbohydrate (%)
	78.55±0.2
	83.58
	72.00
	76.2
	77.47
	78.3 – 78.9

	Energy (kcal/g)
	330.53±1.4
	NA
	NA
	320.3
	NA
	NA



The fat content in baobab pulp powder was found to be very low at 0.63±0.2%. Similarly, the fat content in African locust bean pulp powder was 0.85±0.06% (Akubor, 2023). The fat content in Sudanese baobab pulp powder was purported to be 0.52% (Dangago et al., 2016); Studies have shown that the fat contents of non-timber forest products are low (Osman, 2004; Aluko et al., 2016), however, the fat content found in this study commensurate with what is recommended by the EUC decision on fat content in baobab pulp which is 0.4 – 0.7% (Vassiliou, 2008). 


The ash content of food influences the amount of minerals present. Minerals can be either macro or micro-minerals. Food ash content is advantageous for nutritional quality, and microbiological stability (Bilge et al., 2016). In this investigation, the ash content was found to be 6.99±0.3%. Similar ash content values have been reported in baobab pulp powder from other countries (Aluko et al., 2016), Dandago et al., 2016), and Erwa et al. (2019). The ash concentration detected in this study was higher than the 5.5 - 5.6% range defined by the EUC decision for baobab pulp. Fiber content in food is vital for the prevention of constipation, maintaining a healthy weigh,t and other benefits. Studies have shown that the average intake of fiber is 14 grams for each 1000 calories for all ages (Madhu et al., 2017). The fiber content in this study was found to be 6.96±0.1%. Similar to this, Fatokun and Akanji (2012) found 5.7± 0.3% fiber content in the pulp of baobab fruit.

The carbohydrate and energy contents were found to be 78.55±0.2% and 330.53±1.4 kcal/g, respectively. Osman (2004) observed 320.3 kJ/100 g of energy in baobab pulp powder. The carbohydrate content in African locust bean was observed at 63.7% (Gernah et al., 2007), which is lower than what was found in baobab pulp in this study. Monteiro et al. (2022) found the energy level of baobab pulp ranging from 1208kJ/100 g to 1262 kJ/100 g. The difference in the proximate analysis obtained in this study and what was found in other countries could be due to provenance, age, variety, and sample pre-treatment and procedures before analysis. The study has revealed a potential proximate composition of the baobab pulp powder which can be harnessed and included in food as a nutrient supplement.
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[bookmark: _Toc143783126][bookmark: _Toc143783024]Figure 3 Elemental mineral composition of baobab pulp

The elemental mineral composition of the baobab pulp powder is shown in Figure 3. For this study, the macro minerals were found at 2.39%, 0.42%, 0.16% and 0.08%, respectively, for potassium, calcium, magnesium, and phosphorus.  The micro mineral contents were observed at 130%, 85.5%, 31.81%, and 2.6% for iron, zinc, copper, and manganese, respectively. Iron (130%) was found to have the maximum elemental mineral in the fruit powder of the baobab, whereas, phosphorus (0.08%) had the lowest. Iron and zinc contents are used in the fortification of food, and the presence of these trace elements found in the baobab pulp is important. However, high contents in ingested food can be detrimental to human health and must be regulated (Kohgo et al., 2008). The potassium and phosphorus in baobab fruit powder are required in the human body for muscular contraction, nerve impulse transfer, correct bone, and tooth maintenance and other physiological activities when consumed (Muthai et al., 2017). These nutrients are necessary in meals for a balanced diet to prevent shortages that could lead to mild problems, but they can also hinder some of the body's essential processes and lead to life-threatening illnesses such as anaemia or even death in people with severe nutritional deficiencies (Schmitt et al., 2014).

Functional properties describe the behaviour of food ingredients during preparation and cooking as well as how they affect the final products' appearance, texture, structure, and flavours. The constituents of the food material, particularly the carbohydrates, proteins, fats and oils, moisture, fibre, ash, and other substances or food additives added to the food (flour), as well as the structures of these constituents, influence the functional properties of foods and flours (Awuchi et al., 2019). In Table 2, the oil absorption capacity (OAC) and water absorption capacity (WAC) were found to be 419.3±0.2 and 332.73±6.2, respectively. The WAC and OAC of the baobab pulp are dependent on the protein content of the pulp. An increase in OAC is due to an increase in the protein content of the pulp (Awushi et al., 2019). The OAC and WAC of the protein in the pulp are affected by intrinsic factors such as protein conformation, amino acid composition, and surface polarity (Suresh and Samshar, 2013). The higher WAC of the pulp in this study is associated with an increase in amylose leaching and solubility (Chandra et al., 2015). The high WAC and OAC of the pulp in this study are due to the baobab pulp having high polar bonds, making it a hydrophilic constituent. Similar values for baobab pulp OAC and WAC from different countries have been reported (Ayobami et al., 2016; Adeyeye and Akingbala, 2015).
 
[bookmark: _Toc143175139][bookmark: _Toc143196473]Table 2 Functional properties of baobab pulp 
	Property
	Oil Absorption Capacity (%)
	Water Absorption Capacity (%)
	Swelling Power (%)
	Bulk Density (g/cm3)
	Solubility Index (%)

	Value
	419.3±0.2
	332.73±6.2
	4.9±0.1
	0.36±0.0 
	60.61±0.0


 
The swelling power (SP) of the baobab powder was found to be 4.90%, and its bulk density was 0.36 g/cm3. The swelling capacity reflects the strength of the associative forces present in the starch granules. It is an indication of the starch’s ability to absorb water and swell. According to Suresh and Samsher (2013), the swelling capacity (index) of flour is dependent upon the particle size, species diversity, and mode of processing. The starch composition of the baobab pulp also affects its swelling power, and the higher the starch content, the greater the swelling power. Makawi et al. (2019) observed a bulk density of 0.44 g/ml of baobab pulp. Adeyeye and Akingbala (2015) found the bulk density of wheat flour at 5.3 g/ml. Though the bulk density obtained in this study is lower than that found by Makawi et al. (2019), the bulk density of the pulp is significant during the packaging of the produce. A higher bulk density signifies that more produce will be packaged for a given volume of packaging material. The solubility index (SI) obtained in this study is an indication of the pulp dispensing into solution, giving a smooth mixture. The percentage solubility of 60.61±0.0% is ideal for viscosity. It is also an indication that could be due to high starch degradation gives rise to more soluble molecules in the powder (Kesselly et al., 2023).
In this study, the baobab pulp had an average of 5.54 g/100 g of total sugar (glucose). Figure 4 depicts an absorbance and dilution calibration curve used as a standard in total sugar assessment.  This study noticed less total sugar as glucose than reported by Phyto-trade Africa (2009) and Nour et al. (1980), which indicated 16.9-25.3 and 23.2 g/100g of total sugar (as glucose), respectively. However, the overall sugar concentration in this study is greater than the 2.52 g/100g reported by Ezeagu (2005). Ibraheem et al. (2019) reported that the sugar content (glucose) of baobab pulp from four Sudanese localities was 3.49, 5.32, 1.32, and 1.77 for Umm Ruwaba, El Obeid, Damazin, and Nyala, respectively. The variation in total sugar concentration could be attributed to varietal variances, sample preparation, method of analysis, and provenance. Monteiro-Alfredo et al. (2021) posit that natural sugars present in fruits, when consumed in moderation, are safe even for diabetics.
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Figure 4 Absorbance and dilution curve for total sugar determination 
 
[bookmark: _Toc143117667][bookmark: _Toc144979562]Vitamin C concentration in plant fruit is one of the most important dietary supplement ingredients due to the multiple benefits it provides to humans (Dwyer et al., 2006). Vitamin C concentration was found to be 55.5±0.22 mg/100g in this study. Though this was lower than what Phyto-trade Africa (2009) found, which was in the range of 74.00-163.00 mg/100g, it was within the range of 40-90 mg/100g of the daily recommended intake (DRI) of vitamin C for all ages of growth (NIH/ODS, 2023).  In their study, Abdulwaliyu et al. (2024) highlighted that the vitamin C content found in baobab pulp is approximately ten times more than that of oranges.  Monteiro et al. (2022) observed variability in Vitamin C concentration in baobab pulp from four distinct communities in Angola, ranging from 163.8±12.8 to 288.9±130.2 mg/100g. These discrepancies could be attributed to provenances, variety, experimental methodologies, and the period of storage prior to analysis, as vitamin C is susceptible to loss owing to light and heat (Stadlmayr et al., 2020). The average pH of the baobab pulp was determined to be 2.97±0.01 which indicates that the pulp is acidic. The lower the pH of the pulp, the better the natural preservative of the pulp against microbial growth (Ibraheem et al., 2019). The pH of the baobab pulp was found to be 3.3 by Nour et al. (1980). Stadlmayr et al. (2020) also found pH values of 3.15 and 2.94 at Kenya's inland Mtito Andei and coastal Diani, respectively. The total phenolic content was found at 4.4±0.16 mg GAE/g. This compound is essential to neutralize free radicals, anti-inflammatory, anti-cancer, and also regulates blood sugar levels in the body (Ogunkunle et al., 2020). Higher phenolic contents were reported by Cissé et al. (2013) and Lamien et al. (2008) from Madagascar and Burkina Faso, respectively.

4.0 Conclusion
The baobab plant, referred to as "Adido" in the locality, possesses significant nutrient potential for processing, utilization, and integrating it into the primary food supply for a nutritional supplement. The pulp has a significant quantity of naturally occurring macro- and micro-minerals, as well as macro-nutrients found in this study.  These nutrient components have the potential to meet the body's nutritional supplements needs. The functional properties of pulp, such as its significant water and oil absorption capacities, provide it as a suitable source of raw material for food preparation. Also, the presence of vitamin C, glucose and other nutrients makes the baobab pulp a dietary supplement to aid in nutritional supplements. The findings of this study have practical implications for adding value to the baobab fruit pulp found in the locality. The study offers valuable insights for healthcare professionals specializing in nutrition as well as regulatory bodies responsible for overseeing food safety for the inclusion of baobab powder in mainstream food products. The study has addressed by ascertaining the inherent nutritional composition of the underutilized baobab pulp powder found within the locality and the need for its valorization.
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