



Proximate Composition of Dried Leaf and Stem Bark Ethanol Extracts of Annona muricata for Therapeutic Applications
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Background 
Annona muricata, popularly known as soursop, is an evergreen plant in the Annonaceae family cultivated in the tropical and subtropical climates around the world. Their high proximate content makes them ideal food supplement that could be harnessed in the control of cholesterol absorption hence protect against coronary heart disease risks.  This study aimed to compare the proximate composition of the dried leaf and stem bark of Annona muricata to assess their nutritional suitability for therapeutic uses.
Materials And Methods
Fresh and healthy leaf and stem bark of Annona muricata was collected from Federal University of Technology Owerri, Imo State Nigeria and was identified by a plant taxonomist. They were examined, and the diseased leaves were discarded. The materials were washed up, dried in open air under the shade which is a preferred method of drying as this will prevent sample from losing its active component. Standard AOAC methods of proximate composition (fiber, lipid, protein, ash, moisture, carbohydrate) of plant analysis were used and result was obtained. 
Results
The dried leaf was found to have high significant moisture (9.67 ± 0.06), protein (16.04 ± 0.10), fat (7.4 ± 0.02), and ash content (9.59 ± 0.15), when compared to the stem bark, while the stem bark of A. muricata was significantly higher in fibre (40.29 ± 1.18) and carbohydrate (41.24 ± 0.76) content when compared to the leaf.
Conclusion
This study provides valuable information on the nutritional profile of Annona muricata leaves and stem bark, which can be exploited for various purposes such as food additive, feed, and pharmaceutical uses.
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Annona muricata, popularly known as soursop, is an evergreen plant in the Annonaceae family cultivated in the tropical and subtropical climates around the world, including Malaysia, America, Australia and Africa (Gajalakshmi et al., 2012). Fruits of this plant measure 15–20 cm in diameter, are succulent, heart-shaped and green in colour. The fruit pulp is white and creamy with some sweetness. 
Annona muricata has been attributed numerous health benefits most of which have been linked to its antioxidant potentials (Agu et al., 2017). Annona species like A. squamosa and A. reticulata are used in traditional medicine to manage some ailments (AbdulWahab et al., 2018). Although the bark, roots, and leaves of A. muricata have been used traditionally for medicinal purposes, it is the leaves that are most often used for a variety of ethnomedicinal purposes (AbdulWahab et al., 2018). The consumption of 100g of the fresh fruit has been reported to provide 13% of dietary fibre requirement of man per day. Soursop is the most versatile annona fruit for industrial purpose because it does not oxidize easily and there is a large recovery of pulp from the fruit during processing (Southampton, 2016).
Proximate analysis is a type of chemical analysis used to determine the nutritional value of food and feed materials (Sousa et al., 2014). It involves the identification and quantification of the major components in a sample, such as moisture, ash, protein, fat, and carbohydrates. These components are called proximate because they provide a basic understanding of the composition of the sample, which can be used to predict its nutritional value.
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Apparatus 
Soxhlet apparatus, Kjeldahl apparatus, oven, dessicator, moisture can, furnace incinerator, porcelain crucible, mushin cloth, timer/stopwatch, weighing balance, macklism distillation apparatus., fume cupboard. 
[bookmark: _Toc185878629]Reagents 
I.25% sulphuric acid (H2SO4) solution, 1.25% sodium hydroxide solution (NaOH), n-hexane, concentrated sulphuric acid (H2SO4, selenium (catalyst), 45% sodium hydroxide solution (NaOH), 0.02N H2SO4 solution, indicator  (bromoaressol green and methyl red).

Plant material
A. muricata leaves and stem bark samples were obtained from Federal University of Technology Owerri, Imo State Nigeria. The fresh and healthy leaf and stem bark of Annona muricata was identified by Mr. Francis from the Department of Forestry and Wildlife Technology in School of Agriculture and Agricultural Technology, Federal University of Technology Owerri, Imo state, Nigeria. The plant materials were washed, air -dried for few days and were finely crushed using a laboratory grinding mill and kept in glass vessels for further use.
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All analysis were performed according to Onuoha (2018)
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A measured weight 5g of each sample was put into a previously weighed moisture can and reweighed before putting it in the oven to dry at 105ºc for three hours. It was allowed to cool in a dessicator and weighed.  Thereafter, it was returned to the oven for further drying at the same temperature. As the drying progressed, the can and its sample content was repeatedly weighed (as described earlier) at hourly intervals until a constant weight was attained. The moisture content was calculated using the formula below.
Moisture content % =                  
           Where; W1 = weight of the empty can.
                         W2 = weight of the can + sample before drying.
[bookmark: _Toc185878632][bookmark: _Toc194913096]                         W3 = weight of can + sample after dried at constant weight.
Ash Content
An empty clean, dry porcelain crucible was weighed and the weight recorded (W1). Then a measured weight of 5g each of the samples was put in it and placed in an electric muffle furnace set at 500ºc. The sample was allowed to burn to grey ash for about two hours and allowed to cool to about 100ºc before it was carefully transferred to a dessicator and then reweighed. This process was done in triplicate for each of the samples. The formula below was used for the calculation of the ash content.
    Ash % =                        
         Where; W = weight of the sample analyzed (5g).
                      W1= weight of the empty crucible.
                      W2= weight of the crucible and ash from the sample.
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[
A weighed portion of each sample (5g) was mixed with 150ml of I.25% sulphuric acid (H2SO4) solution and boiled under reflux for 30 minutes. It was washed in several portions of boiling distilled water during which a mushin cloth was used to retain the particles quantitatively. The washed samples was quantitatively transferred back to the boiling flask and 150ml of 1.25% sodium hydroxide solution (NaOH) was mixed with it and was boiled for 30 minutes as before under reflux. The boiled sample was washed with hot distilled water as before and allowed to drain. It was then transferred to a clean dry porcelain crucible and dried in an oven at 105 ºc for 2 hours, and reweighed (W2). 
Thereafter, it was taken to the furnace and burnt to ashes as described for ash analysis. It was left to cool to room temperature in a dessicator and reweighed (W3).
The crude fibre content was calculated as follows
     Crude fibre % =                   
          Where; W = weight of the sample analysed (5g)
                       W2 = weight of the crucible and the boiled and dried samples 
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Fat Content 
[[
A measured weight, 5g of each sample was wrapped in a porous material. It was put in a soxhlet reflux flask and mounted on an extraction flask containing 200ml n-hexane. The upper end of the reflux flask was connected to a condenser. By heating the flask, the solvent in the flask will vaporize and condense back into the reflux flask enveloping the wrapped sample with what it stayed in contact until the flask was filled and reduced. This process was repeated as the oil solublized with the solvent and with each reflux, the extracted oil (fat) went down into the extraction flask containing the solvent. After about 14 refluxes, the deffated sample was carefully retrieved with the aid of a pair of forceps and dries in an oven at 80°c for 30minutes (to remove adhering solvent), cooled in a dessicator and reweighed. The fat content was calculated as shown below.
  Fat % =                  
      Where; W = weight of the sample analyzed
                   W2 = weight of the sample wrapped before oil extraction 
                   W3 = weight of the sample wrapped after oil extraction and drying 
               
[bookmark: _Toc185878635][bookmark: _Toc194913099]
Protein Content 

Exactly one gram each of the samples was digested by boiling 20ml concentrated sulphuric acid (H2SO4) with selenium as catalyst. The digestion was done under a fume cupboard and last until a clear solution obtained before it was allowed to cool. The digest obtained was diluted to 100ml in a volume flask and 10ml of it mixed with 45% sodium hydroxide solution (NaOH) in a macklism distillation apparatus. The mixture was distilled and the distillate received into 10ml 4% boric acid solution containing mixed indicator (bromo aerossol green and methyl red). A total of 50ml distillate was collected and titrated against 0.02N H2SO4 solution. A reagent blank was deposited, distillated and titrated as described for the sample. Titration was done from green to a deep red end point and the protein content was calculated as shown below 
   % protein = % N2 × 6.25
                    
Where; w = weight of the sample (1g)
             N = concentration of the titrant (0.02N H2SO4)
             Vf = total volume of digest (100ml)
             Va = volume of digest distilled (10ml)
              T = titre value for sample
              B = titre value for reagent blank
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This was calculated by the difference as shown in the formula below
  % CHO = 100 - (moisture + protein + fat + fibre + ash)             
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Results
Table 1: Proximate compostion of dried leaf and stem bark of Annona muricata 
	Sample
	Moisture %
	Protein %
	Fat %
	Fibre %
	Ash %
	Carbohydrate %

	Leaf
	9.67 ± 0.06a
	16.04 ± 0.10a
	7.4 ± 0.02a
	21.55 ± 0.65b
	9.59 ± 0.15a
	35.99 ± 0.83b

	Stem
	6.45 ± 0.10b
	4.14 ± 0.10b
	3.07 ± 0.08b
	40.29 ± 1.18a
	4.73 ± 0.47b
	41.24 ± 0.76a



Values are mean ± standard deviation of triplicate determinations. Values with different superscript letters per coloum are statistically significant (p<0.05).
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Table 1 shows the composition of dried leaf and stem bark of Annona muricata. The result shows significant differences in the nutrient concentration of the plant samples. The nutrient composition of this study revealed that Annona muricata leaf and stem contained protein, fiber, ash, fat, carbohydrate and moisture.
The leaf of A. muricata contained crude protein value of 16.04%, which is significantly higher than that of the stem bark (4.14%). High amount of protein is essential for animal growth and increased milk production. Plant proteins are a source of food nutrient especially for the less privileged population in developing countries including Nigeria (Faleye et al., 2018). Proteins are building block units and food protein is needed to make vital hormones, important brain chemicals, antibodies, digestive enzymes, and necessary elements for the manufacture of DNA. Some proteins are involved in structural support, while others are involved in bodily movement, or in defense against germs (Jimoh et al., 2019). Annona muricata leaf can thus be considered a good source of protein because they provide more than 12% of caloric value from protein. Therefore, the protein content of the Annona muricata leaf will go a long way in meeting the protein requirement of the local people.
The stem bark of Annona muricata contained crude fibre value of 40.29% which is significantly higher when compared to the leaf (21.55%). Fibre cleanses the digestive tract by removing potential carcinogens from the body and prevents the absorption of excess cholesterol. Fibre also adds bulk to the diet and prevents the intake of excess starchy food (Mensah et al., 2018) and may therefore guard against metabolic conditions such as hypercholesterolemia and diabetes mellitus. Dietary fibre has a positive effect in the management of diabetes by controlling post-prandial hyperglycemia. It delays gastric emptying or increase the viscosity of gastro-intestinal tract content thereby suppressing digestion of carbohydrate and delays its absorption. Fibre aids and speeds up the excretion of waste and toxins from the body (Jimoh et al., 2019), preventing them from sitting in the intestine or bowel for too long, which could cause a build-up and lead to several diseases. Both the stem and leaf of Annona muricata contain substantial amount of fibre but the amount of fiber in A. muricata stem is relatively higher. Adequate intake of dietary fibre can lower the serum cholesterol level, risk of coronary heart disease, hypertension, constipation, diabetes, colon and breast cancer (Leje et al., 2024).
Annona muricata leaf had ash value of 9.59% and the ash content is a reflection of the mineral contents preserved in the plants leaf. The ash content of A. muricata leaf was higher when compared to the stem (4.73%). The result therefore suggests a high deposit of mineral elements in A. muricata leaf.
 Annona muricata leaf had carbohydrate value of 35.99%, which is lower than reported values for A. muricata stem (41.24%). Thus the carbohydrate content contributes to the energy value in Annona muricata stem bark. Carbohydrates are essential for the maintenance of life in both plants and animals and also provide raw materials for many industries (Ebun-Oluwa and Alade, 2017). Carbohydrates produced by plants are one of the three main energy sources in food, along with protein and fat. When animals eat plants, energy stored as carbohydrates is released by the process of respiration, a chemical reaction between glucose and oxygen to produce energy, carbon dioxide, and water. Glucose is also used by animal cells in the production of other substances needed for growth (Westman, 2012).
Lipid content was highest in leaf (7.40%), followed by the stem bark (3.07%) in decreasing order, thus contributes to the energy value of Annona muricata. Dietary fat increases the palatability of food by absorbing and retaining flavours (Antia et al., 2016). The high lipid contents of the Annona muricata leaf corroborates the findings of (Kossouoh et al., 2017) considering that Annona muricata is very rich in annonaceous acetogenins which are derivatives of long chain fatty acids (C32 or C34) (Gupta et al., 2017). This partially suggests that Annona muricata possesses a high fatty acids and lipid synthetic and storage ability, especially in the fruit. 
Moisture content of fruits provide an enabling environment for growth of microorganisms. The moisture content of A. muricata leaf (9.67%) and stem (6.45%) are considered low. The low moisture content would therefore hinder the growth of microorganisms and enhance shelf life (Pinto et al., 2015). 
[bookmark: _Toc185878641]This study underscores the nutritional richness of Annona muricata leaf and stem bark, with each demonstrating unique attributes potentially beneficial in diet-based illness management.
Conclusion 
The proximate analysis of dried leaf and stem bark of Annona muricata revealed the difference in the nutritional content between the two. The leaf of A. muricata was found to be rich in moisture, protein, fat, and ash content which makes it a good source of dietary protein, fat, and other mineral element, while the stem bark of A. muricata was found to be rich in fiber and carbohydrate content which makes it a good source of energy. This study provides valuable information on the nutritional profile of A. muricata which can be exploited for various pharmaceutical and medicinal purposes. 
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