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Abstract 

The present study investigated the enhancement of the nutritional value of soursop fruit 

(SF) juice through biotin fortification (BFS). The characterization of biotin fortification was 

conducted through biochemical analysis of total protein, lipid, total sugar, and total 

carbohydrate content. The BFS with high protein content resulted in (0.3445mg/mL), which 

enhanced solubility, improved stability and increased sensitivity. The total sugar content of the 

SF sample was found to be (0.212 mg/mL), and SF has a high carbohydrate concentration (6.55 

mg/mL), ensuring efficient microbial fermentation. The DPPH assay showed 92% inhibition 

at 500 µg/mL, with an IC₅₀ of 83.70 µg/mL, indicating strong antioxidant activity and radical-

scavenging potential. Qualitative phytochemical screening confirmed the presence of tannins, 

flavonoids, saponins, alkaloids, and terpenoids. The effect of preservatives demonstrated that 

the combined treatment of Pasteurization (60℃ for 1 hour) and acidification with lime or 

benzoate (pH 6.21) significantly reduced the total microbial count, which was between 4.2 x 

106 and 27.2 x 106 cfu mL-1 to 2.9 x104 to 7.0 x 103 cfu mL-1 over 8 days of storage at room 

temperature. The study concluded that the juice made from this fruit contains an appropriate 

amount of protein, carbohydrates, and lipids, has high nutritional value, antioxidant properties, 

and microbial stability, and can be consumed by children and adults.  

Keywords: Soursop Fruit; Biochemical; Biotin; Fortification; Microbial Count, DPPH Assay. 
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1. Introduction 

Global reports highlight the necessity to minimize the dependence on animal-based 

foods and advance plant-derived diets, as certain livestock practices undermine environmental 

sustainability [1]. Unconsumed food is considered as food waste, that occurs at every stage of 

the food supply chain, from production and processing to retail and consumption [2]. Between 

one-third and half of the food produced worldwide was wasted [3]. Natural food production 

focuses on enhancing biological cycles within the scope of the farming system, sustaining and 

improving soil fertility, and reducing pollution in all forms, preventing the usage of synthetic 

fertilizers and pesticides, while safeguarding the genetic diversity, acknowledging and 

addressing broader social and ecological effects and producing high-quality food [4]. 

Our health and well-being depend on fruits and vegetables, which provide essential 

vitamins, minerals, fiber, and other phytochemicals that are beneficial to humans. A diet lower 

in calories, fat/sodium is preferred by the current generation of health-conscious people. Eating 

fruits every day has been shown to cut the risk of cancer in half. It may also lower the risk of 

heart disease, diabetes, stroke, obesity, birth defects, cataracts, osteoporosis, and many other 

conditions. In developed nations, consumption of fresh produce has increased over the last 20 

years [5]. A new agricultural paradigm, "nutrition-sensitive agriculture," motivates academics 

to focus more on the nutritional value of food. Nutrition-sensitive agriculture programs may 

help expand nutrition-specific interventions [6].  

Annona muricata, commonly known as soursop, is well known for its high nutritional 

content. It originated in warm regions of South and North America and is now widely 

distributed across Central and South America, Western Africa, and Southeast Asia [7]. The 

edible fruit known as soursop is a member of the custard apple tree family and is composed of 

the skin, pulp, and seed [8].  By weight, soursop fruit consists of 67% edible pulp, 8% seeds, 

20% skin, and 4% core. Calcium and potassium are more abundant in the pulp than in the peel 

or seeds, but magnesium and zinc are more abundant in the seeds. In addition, the seeds contain 

17.0 mg of calcium per 100 g, 0.2% water-soluble ash, and 0.79% titratable acidity [9].  

However, there seems to be a lack of market and public understanding of soursop's nutritional 

advantages. Herbal medicine has traditionally used phytochemicals that are present in soursop 

fruit.  
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Food fortification is a popular technique to improve a food product's nutritional status 

and help individuals address the symptoms of deficiencies associated with various illnesses. In 

many nations, foods and drinks fortified with micronutrients are becoming increasingly 

popular. According to a recent U.S. investigation, over 50% of participants reported drinking 

fruit juices or other beverages fortified with micronutrients [10]. Vitamins and minerals can 

also be added to foods to make up for losses that occur during processing, or to products 

considered substitutes (like margarines) because their nutritional content is comparable. Biotin 

plays an essential role in five types of carboxylases that include acetyl-CoA carboxylase-a and 

acetyl-CoA carboxylase-b, propionyl-CoA carboxylase, pyruvate carboxylase, and β-

methylcrotonyl-CoA carboxylase [11]. In recent years, consumption of biotin supplements has 

grown significantly. Reports of erroneous test results caused by a biotin supplement have raised 

questions about the security of immunoassays [12]. A proper intake of biotin is essentially 

guaranteed by a balanced diet free of calorie restriction [12]. Biotin and streptavidin, a protein, 

establish a non-covalent interaction. The binding is robust, develops rapidly, and is not affected 

by temperature or pH [8].  In the current study, soursop fortified with biotin can increase 

antioxidant capacity and serve as a health-promoting dietary supplement.  Soursop fruit juice 

is highly nutritious but contains only limited amounts of biotin, an essential nutrient that 

supports human growth and development, maintains the body’s integrity, and acts as a 

coenzyme in processes such as fatty acid and amino acid biosynthesis and gluconeogenesis. 

Biotin deficiency has been linked with chronic anticonvulsant therapy, inadequate parenteral 

nutrition, and genetic disorders that significantly affect biotin metabolism. In recent years, 

scientific reports have highlighted that biotin fortification could be a practical approach to 

increasing intake, particularly in populations vulnerable to deficiency [13]. 

The objectives of the study are to develop a biotin-fortified nutritional formulation for 

soursop fruit juice (SF) extract and to calculate the product's nutritional value to attract 

consumers. The following aims were undertaken in the current endeavor to solve the 

aforementioned objectives: (1) The soursop fruit extraction was fortified with biotin 

supplementation (BFS), (2) The biochemical characteristics such as proteins, lipids, sugars and 

carbohydrates of soursop fruit was determined, (3) To analyse the proximate composition in 

the SF sample, such as ash content, and the energy value was calculated, (4) Determination of 

free radical- scavenging activity in BFS is done by DPPH assay, and the IC50 value was 

estimated, (5) To perform phytochemical screening in BFS to identify the presence of bioactive 
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compounds, and (6)  Finally, to determine the effect of preservatives on pH analysis and 

calculate the total microbial count of BFS. 

2. Materials and Methods 

2.1   Materials Preparation 

In this investigation, soursop fruit used as a raw material was collected from a nearby 

market. The 50g of soursop fruit was peeled, and the pulpy flesh with seeds was separated from 

the outer skin. Then, the pulp is processed by pressing, grinding, and blending to extract juice, 

which is used in jams, desserts, and juices. The extraction technique attempts to preserve the 

natural flavours and nutrients of the soursop fruit while constantly maintaining sanitation and 

quality standards. Blend until smooth, then add water to adjust the consistency. The 40 µg of 

vitamin B7 (biotin) is fortified with soursop juice, a dietary supplement that meets the 

recommended intake. For the final juice concentration, the 50 g pulp extract, diluted in 1 L of 

distilled water, yielded a final fortified biotin concentration of 0.042 µg/mL. 

2.2   Biochemical Analysis 

The biochemical analysis of BFS was performed to estimate the total protein, lipid, 

sugar and carbohydrate content. The total protein content was estimated using the Bradford 

method using Bovine Serum Albumin (BSA) as a standard, and the OD was measured at 595 

nm [14]. The lipid was estimated by the sulfophosphovanillin method, and the OD was 

measured at 540 nm, whereas the total sugar was calculated by Benedict's Method and the OD 

was measured at 595 nm [15] and total carbohydrate was determined by the Anthrone Method, 

and the OD was measured at 620 nm [9]. 

2.3   Estimation of Total Ash 

The total ash content was determined gravimetrically by incinerating the soursop juice 

extract sample in a muffle furnace based on the standard protocol [16]. The silica incineration 

dish was heated in a furnace at 550°C for at least 30 minutes and then cooled in a desiccator. 1 

gram of the dried residue was placed on the preheated incineration dish. The sample was heated 

at 550°C until a light grey ash was obtained. 

                                  Total Ash (%) = (W3-W1 / W2- W1) x 100                                      (1) 
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W1 – weight of empty dish 

W2  - weight of dish + sample 

W3 – weight of dish + ash 

2.4   Anti-oxidant Assay by Using the DPPH Assay 

The free radical-scavenging activity in the BFS sample is determined by 2,2-diphenyl-

1-picrylhydrazyl (DPPH) radical. It is frequently used to determine antioxidant activity due to 

its simplicity and sensitivity. 100 μL of 0.1 mM DPPH in methanol was added to 300 μL of 

the sample at various doses (10, 50, 100, 250, and 500 μg/mL). After vigorously shaking the 

mixtures and allowing them to stand at room temperature for 30 minutes, the OD was measured 

at 517 nm, using ascorbic acid as the reference [17]. Higher free radical scavenging activity is 

shown by lower absorbance values. The antioxidant impact is indicated by analysing a decline 

in absorbance at 517 nm. The DPPH changes from purple to yellow when it donates a hydrogen 

atom. The IC50 is determined by using software such as GraphPad Prism 6.0, after the % 

inhibition is calculated using the following formula [18]. 

DPPH Scavenging Effect (%) = (
 Absorbance of Control − Absorbance of Reaction Mixture 

 Absorbance of Control 
) × 100      (2) 

2.5   Phytochemical Analysis 

The secondary metabolites and bioactive compounds in the BFS sample were extracted 

by a crude methanolic extract by steeping 30 g of BFS in 0.8 L of methanol. After stirring, this 

mixture was allowed to settle for 72 hours. It was filtered through a muslin cloth, and the filtrate 

was concentrated under reduced pressure to remove methanol. It was stored in sealed 

containers in a refrigerator at about 4°C until required for further phytochemical analysis results 

and in vitro antioxidant testing. The test was conducted in the phytochemical profiling of 

carbohydrates and sugars in the experiments of Molisch’s test, Barfoed’s test, Benedict’s test, 

Bial’s test (Pentose), Seliwanoff’s test (Ketoses), proteins and amino acids of Biuret test 

(Peptide bonds), Sakaguchi’s test (Arginine), Lead Sulfide test (Cysteine), Xanthoproteic test 

(Aromatic amino acids) and Millon’s test (Phenolic amino acids), and secondary metabolites 

of keller-killain test (Cardiac Glycosides), Tannins, Flavonoids, Saponins, Phlobatannins, 

Terpenoids, Anthraquinones and Alkaloids [19].  
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2.6   Effect of Preservatives in Fortified BFS 

The SF was surface-sterilized with 70% ethanol and rinsed with distilled water. 50 g of 

pulp was homogenised with 900 mL of sterile distilled water. 40µg of biotin was added and 

filtered through muslin fabric. 15 mL of the BFS was taken in 30 sterile bottle containers. Five 

containers of pure juice were used as a control group another set of five containers was sterilely 

filled with 0.05% (w/v) sodium benzoate. The ten containers were stored at room temperature 

(30-31°C) for 2 weeks. 

2.7   Pasteurisation and Acidification 

According to Agu et al (2017), five containers of pure juice were pasteurised for 1 hour 

at 60°C in a hot-water bath. For the duration of the trial, the product was kept at room 

temperature (30-31°C) after pasteurisation. Five additional containers were pasteurised, 

sterilely mixed with 0.05% (w/v) sodium benzoate, and then left at room temperature for two 

weeks. Lime juice was added to soursop juice to lower its pH to 4.03. After being surface 

sterilised with 70% ethanol, the lime fruits were peeled with a sterile knife. Using a second 

sterilised knife, the fruits were cut in half, and the juice was then squeezed into sterile 100 mL 

conical flasks while wearing sterile gloves. 2 mL of lime juice (pH 4.62) were added to five 

additional containers. 2 mL of lime juice was aseptically added to the remaining five containers 

of pure juice after they had been pasteurised for an hour at 60°C [16]. 

2.7.1   Total Microbial Count 

The nutrient agar was made in accordance with the instructions provided by the 

company and autoclaved for 15 minutes at 121°C to sterilize it. Every experiment was carried 

out twice.  After the juice was serially diluted, 0.1 mL of the corresponding dilution was applied 

to the agar plate using sterile 1 mL pipettes.  For every treatment, a separate sterile 1 mL pipette 

was used.  The cultivated plates were subsequently incubated for 48 hours at 37°C using the 

spread plate technique. The average number of colonies that developed on triplicate plates for 

each treatment after incubation was noted.  The colony-forming units per millilitre (cfu mL-1) 

were used to express the total microbial count [20]. 
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3. Results and Discussion 

3.1   Biochemical Analysis 

3.1.1   Total Protein Content 

The soursop (A. muricata) juice (SF) was fortified with biotin to produce biotin-

fortified soursop juice (BFS). The total protein content (TPC) of the BFS was estimated using 

the Bradford assay. The BSA standard was prepared, measured at 595nm and an R² = 0.954 

was obtained. The fruit juice is primarily made from the soursop mesocarp (pulp), which 

contains moderate amounts of protein and provides a low-quality dietary protein source. In 

contrast, the seeds and leaves have high protein content, it exhibits cytotoxic and antimicrobial 

properties, which can interfere with mitochondrial complex I inhibition [21]. Despite their 

toxicity, the protein content is useful for anticancer therapeutics and is used as a natural food 

preservative [22] 

The absorbance ranged from 0.148 at 0.039 mg/mL to 2.919 at 5 mg/mL, and the TPC 

in the sample was 0.344 mg/mL, which indicates high sensitivity for this BFS. TPC in soursop 

fruit is very low compared to other fruits, but adding biotin can enhance the daily protein 

requirement. The utilizable energy due to protein (UEDP%) of the BFS compared favourably 

with the recommended safe level of 8% for an adult man who requires about 55 g protein per 

day, with 60% utilization, while that of raw pulp was very low. The current investigation of 

BFS inhibitory enzymes, with the highest total phenol and flavonoid content, aligns enzyme 

inhibition with phenolic content [23]. 

3.1.2   Total Lipid Content 

Soursop extracts inhibited 𝛼-glucosidase more than 𝛼-amylase, which is important for 

preventing side effects associated with synthetic 𝛼-amylase inhibitors such as acarbose. 

Previous studies have also shown that lipid-rich extracts inhibit 𝛼-glucosidase enzyme activity 

more effectively than 𝛼-amylase activity [24]. The cholesterol molecules identified in the SF 

extract retain significant biochemical importance, contributing to the overall lipid profile rather 

than providing a direct nutritional benefit. As a crucial component of cell membranes, 

cholesterol helps maintain membrane stability and regulate the body's metabolism [25]. The 

direct linear relationship between colour intensity and lipid concentration, ranging from 0.521 

(0.078 mg/mL) to 1.879 (10 mg/mL), with an R² of 0.977, indicates high reproducibility with 

values ranging from 0.676 to 0.692 mg/mL (approx.) and a mean of 0.488 mg/mL. These 
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outcomes indicate a moderate level of lipid presence in the sample. The lipid fraction of oleic 

acid is the major component of soursop fruit, and its high percentage is favourable for nutrition 

and cooking, as it imparts stability to heated oils [26].  

3.1.3   Total Sugar Content 

Biofortification activities aim to increase the antioxidant capacity of soursop juice by 

genetically altering soursop plants to produce resveratrol, potentially providing consumers with 

nutritional benefits [27]. Resveratrol, which is naturally present in grapes and is well-known 

for its anti-inflammatory and antioxidant qualities, is biosynthesised when the stilbene synthase 

gene is added to SF Juice [28]. A stilbene polyphenol, resveratrol (RSV), is found in over 72 

plant species across 31 genera and 12 families, including peanuts, berries, and grapes [29].  

From the tested samples, the BFS extract showed quantifiable sugar content, with OD values 

ranging from 0.534 to 0.565, corresponding to 0.159 to 0.225 mg/mL. The measured total sugar 

content value of the BFS sample was found to be 0.212 mg/mL, and the standard Benedict’s 

method R² value is 0.94. An adult's daily energy needs range from 2500 to 3000 kCal (10455 

to 12548 kJ), depending on their physiological condition, whereas an infant's daily energy need 

is 740 kCal (3094.68 kJ). This suggests that an adult man's energy needs would be met by 599–

720 g of BFS juice (projected energy: 1430 kJ/100 g) [30]. The recommended daily intake for 

adults is about 30–60 µg, the slightly higher level used in this study was chosen to account for 

potential losses during processing, storage, and handling of the juice; additionally, the 

fortification level was chosen to ensure that the final product delivers an adequate amount of 

biotin to the consumer; thus, the chosen concentration falls within a safe range and is 

appropriate for a fortified functional beverage. So, biotin can normally be added at 80 µg per 

100 g of soursop pulp [31]. 

3.1.4   Total Carbohydrate Content 

Enzymes critical to gluconeogenesis, lipid metabolism, and amino acid catabolism that 

participate in carboxylation processes require biotin as a cofactor.  Acetyl CoA carboxylase 

(ACC) 1 and 2 (ACC2), methylcrotonyl CoA carboxylase (MCC), propionyl CoA carboxylase 

(PCC), and pyruvate carboxylase are the enzymes that require biotin.  The three conserved 

functional domains that make up each enzyme —biotin carboxyl carrier protein (BCCP), biotin 

carboxylase, and carboxyltransferase coordinate a series of actions to promote carboxylation 

[13]. The molecular composition of soursop fruit during maturity or ripening has not been well 
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studied, despite the fact that carbohydrates such as glucose, fructose, and sucrose are essential 

for metabolism and regulate numerous physiological and developmental processes in plants 

[26]. In this study, carbohydrate analysis was performed before and after biotin fortification of 

soursop fruit juice. Among the tested samples, the BFS showed considerable amount of 

carbohydrate content, as the estimated OD values ranging from 3.107 to 7.228, the linear 

regression trend R² value to be 0.982, with respect to the total carbohydrate concentrations 

ranging between the values of 5.367 and 7.228 mg/mL, the total carbohydrate content of the 

fresh BFS sample was obtained as 6.550 mg/mL. These outcomes suggest that the 

carbohydrates in the sample indicate microbial metabolism and support biological conversions 

within the system [32]. 

3.2   Estimation of Ash Content and Total Energy Value 

The quantitative analysis indicated a total ash content of 0.6g per 1g of the SF dried 

residue, highlighting a comparatively higher concentration of inorganic constituents, such as 

minerals and trace elements [33,34]. This high ash yield suggests that the BFS sample contains 

significant levels of physiologically essential minerals, which may enhance its nutritional and 

functional properties. Hydroxyl radicals are the most reactive oxygen species produced during 

aerobic metabolism and can cause cell damage in vivo [30]. It suggests that the mineral content 

and inherent stability of the BFS sample upon complete combustion are relevant for nutritional 

and industrial applications [30]. 

The energy value of a substance is determined by calculating the caloric contributions 

from its primary macronutrient components: proteins, carbohydrates, and fats. Each 

macronutrient provides a specific amount of energy per gram. Proteins and carbohydrates each 

yield approximately 4 kcal per gram, while fats yield 9 kcal per gram. These values are essential 

for determining a substance's overall energy content from its composition. 

     Energy (Kcal) = 4× (Proteins and Carbohydrates in grams) + 9 (Mass of fat in grams)     (3) 

= 4× (3.445+65.5) + 9(4.878) 

= 319.682 Kcal/mole. 

This estimation serves as a fundamental tool in nutritional and metabolic studies, 

providing insight into the energy potential of substances. Understanding the caloric value of a 

compound is critical for evaluating its role in diet formulation, energy balance, and its 
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subsequent utilisation in biological systems. The result of the calculation of the total energy 

value was 319.682 Kcal/mol. The final ash technique analysis revealed an ash content of 60%. 

According to our research, both adults and children can safely consume the fruit's juice because 

it has the right amounts of lipids, carbohydrate, and protein [35]. 

3.3   Antioxidant Estimation of Inhibition Using DPPH Assay 

The antioxidant capacity of the BFS sample was evaluated using the DPPH radical 

scavenging method, which measures the ability of compounds to donate hydrogen atoms and 

neutralize free radicals. The DPPH assay showed 92% inhibition at 500 µg/mL, the highest 

concentration tested. The percentage inhibition values were calculated to quantify the 

scavenging effect, and a marked increase in radical-scavenging activity was observed as the 

BFS extract concentration increased [7]. The IC₅₀ value, determined by non-linear regression 

analysis in GraphPad Prism 6.0, provided a robust measure of antioxidant activity (Table 1).  

Table 1. IC50 Value of the Tested Sample 

Category Parameter Value 

Best-fit values LogIC50 1.923 

Hill Slope -1.324 

IC50 83.7 

Std. Error LogIC50 0.04164 

Hill Slope 0.1742 

95% Confidence Intervals LogIC50 1.833 to 2.013 

Hill Slope -1.700 to -0.9475 

IC50 68.04 to 103.0 

Goodness of Fit Degrees of Freedom 13 

R square 0.9495 

Absolute Sum of Squares 878.9 

Sy.x 8.222 

Data Summary Number of points analyzed 15 

According to the data, the IC50 value of the DPPH assay was 83.70 μg/mL. These 

observations are consistent with previously reported studies showing that plant-derived extracts 
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exhibit enhanced radical scavenging activity in a dose-dependent manner. The results suggest 

that the BFS sample contains bioactive compounds, likely phenolics, flavonoids, or related 

secondary metabolites capable of donating protons to stabilize free radicals. Such antioxidant 

properties are crucial for mitigating oxidative damage and may support potential therapeutic or 

preservative applications. Due to its high phenolic content, the juice exhibited the strongest 

inhibitory effect against the DPPH radical. Polyphenolic compounds, which retain electrons to 

neutralize free radicals, may be the cause of soursop's potent inhibitory effect on the DPPH 

radical [30].  

 

Figure 1. Percentage of Inhibition of Antioxidant Activity (DPPH Assay) 

Acetogenic activity at complex I of the mitochondrial electron transport chain inhibits 

cancer cell growth by disrupting ATP production, which is necessary for cancer cell 

proliferation [17]. Then, the biotin-fortified SF extract increases the inhibition percentage, as 

shown in Fig. 1. ACE activity inhibitors are hypertension medications, but it has also been 

shown to lower the incidence of type 2 diabetes. ACE inhibitors increase bradykinin levels, 

improving insulin sensitivity in muscle fibres and adipocytes. The results showed a significant 

relationship between phenolic content and ACE-inhibitory effects in soursop fruit extracts 

fortified with biotin. Plant bioactive compounds, such as phenolics, can suppress ACE activity 

[36]. 

 3.4   Mechanism of Phytochemical Screening 

Consuming antioxidants in our diet that assist in neutralizing the free radicals is 

imperative since too many free radicals lead to oxidative stress that damages tissues, DNA, 

proteins, and lipids.  The occurrence of flavonoids and tannins, which are phenolic compounds, 

in the extracts from the soursop is imperative for its proposed free-radical scavenging action. 
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[37].  Alkaloids, coumarins, tannins, flavonoids, carbohydrates, phenols, terpenoids, and 

saponins, which possess antioxidant properties, are among the medicinal active ingredients 

found in BFS (Fig.2). Carotenoids are tetraterpenoids that are widely distributed in plant 

materials and are primarily responsible for the red, orange, or yellow colour of fruits [26]. It is 

also an essential precursor of vitamin A. Brightly colored substances called anthocyanins are 

mostly responsible for the red, blue, and purple hues of fruits. It is particularly prevalent in 

berries, including blackcurrants and blueberries. Marolo and soursop seeds were discovered to 

have low levels of monomeric anthocyanins. There were no anthocyanins found in soursop 

seeds, while the wastes of guava (Psidium guajava L.) and sapodilla sapota (Manilkara zapota 

L.) had very little of them (1.07 and 0.9 mg 100 g d.b., respectively) [26]. In this study, 

phytochemical analysis of soursop fruit was conducted using the 12-compound classification 

method, as detailed in Section 2.3.       

 

Figure 2. Mechanism of Phytochemical Screening of Total Microbial Count in 

Soursop Fruit 

 Fortified soursop fruit presented a variety of phytochemicals, including tannins, 

flavonoids, saponins, terpenoids, carbohydrates, and proteins. It also supports antioxidant, 

antimicrobial, and anti-inflammatory activities, as well as its energy-providing qualities. 

Monosaccharides, such as glucose and fructose, along with pentoses and ketoses, are found in 

fruits and provide quick energy. Arginine and cysteine are important amino acids in protein 

synthesis and detoxification. Phytochemicals, such as phlobatannins and cardiac compounds, 

are present at very low concentrations in both stages. Alkaloids are present in lower amounts 
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in fruits that taste bitter and have potential anticancer properties. The fruits of fortified soursop 

are rich in monosaccharides, arginine, cysteine, tannins, saponins, and other phytochemicals. 

Every vitamin has distinct health benefits and nutritional worth. It contributes to the nutritional 

content of the soursop [38] (Table 2). The polyphenolic chemicals known as tannins exhibit 

potent antioxidant properties. In fortified soursop, tannins help neutralise free radicals, 

preventing oxidative stress-induced damage to the body. Additionally, their antimicrobial and 

anti-inflammatory properties support immune function and gut health. Biofortified soursop 

(BFS) cultivars with higher vitamin A content can help alleviate vitamin A insufficiency in 

areas where soursop is a staple. Increasing the concentrations of vital minerals like iron and 

zinc is another facet of soursop biofortification [28]. In an effort to enhance the nutritional 

value of soursop fruits, genetic engineering techniques are being used to increase their mineral 

content. 

Table 2. Phytochemical Screening of the BFS 

S. No Phytochemical Screening Present (+) and Absent (-) 

1 Tannins + 

2 Flavonoids + 

3 Saponins + 

4 Phlobatannins _ 

5 Terpenoids + 

6 Carbohydrates + 

7 Cardiac glycosides _ 

8 Reducing sugar + 

9 Monosaacharides + 

10 Pentoses + 

11 Ketoses + 

12 Starch + 
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13 Protein + 

14 Arginine + 

15 Cysteine + 

16 Aromatic amino acid + 

17 Phenolic amino acid + 

18 Antraquinones _ 

19 Alkaloids + 

3.5   Effect of Preservatives on the Microbial Population and the pH of BFS 

This study examines the effects of preservatives on the microbial population and pH of 

soursoup fruit juice, as presented in Table 3. Microbial growth is determined by the number of 

microorganisms in the extracted juice layer during storage under six different treatments. The 

formation of microorganisms in the sample layer predominantly consisted of yeast and moulds 

[23]. The six treatments were used to assess microbial growth in the soursoup. The extracted 

juice has the highest value, 4.2×106 cfu mL-1, as shown in Table 3. Microbial growth increases 

over consecutive days, with the 8th day showing the highest growth at 7.2×106 cfu mL-1. 

Microbial growth in the soursoup layer (effects of physiological factors) is determined by 

microorganisms such as yeast and moulds, which are major organisms found in all samples. 

The juice extracted with lime juice, which controls microbial growth, shows lower microbial 

counts than the extracted juice, with a count of 1.9×106 cfu mL-1at the initial and final 8th day 

(9.5×106 cfu mL-1) of the storage period. The extracted juice with benzoate is an effective 

treatment method that shows the lowest microbial growth among all five treatments on both 

the initial day (0.9×106 cfu mL-1) and final day (5.2×106 cfu mL-1) of the storage period. The 

other three treatments involved the pasteurisation of extracted juice, lime, and benzoate. 

Microbial growth has been reduced from 4.2 cfu mL-1 to 1.9 cfu mL-1 during storage, from the 

initial to the final stage.  Pasteurisation of the lime juice with extracted juice results in the same 

microbial growth on the initial day but shows reduced growth on consecutive days compared 

to lime juice alone. The final storage day of pasteurised lime (7.9×106 cfu mL-1) has a lower 

lime juice count than the juice extracted from soursoup. The extracted juice with pasteurised 

benzoate has a higher benzoate level than the benzoate without pasteurisation on the initial day, 
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but shows lower microbial growth on subsequent days, except the final day (7.0×106 cfu mL-

1).  

Table 3. Effect of Preservatives on Total Microbial Count 

Treatment Days of Storage 

0 2 4 6 8 

Juice (control) 4.2 x 106 7.2x106 9.3x106 11.6x106 17.2x106 

Juice + lime 1.9x106 3.2x104 4.6x103 8.2x103 9.5x103 

Juice + benzoate 0.9x106 1.3x105 1.2x105 3.3x105 5.2x105 

Juice+ pasteurization 2.1x103 2.3x102 3.2x102 4.8x102 6.9x102 

Juice + pasteurization + lime 1.9x106 1.1x106 3.2x104 5.1x104 7.9x104 

Juice + pasteurization + benzoate 2.0x104 1.1x103 1.2x103 3.5x103 7.0x103 

The pH of the control (pure juice) is affected by relatively small fluctuations in storage 

time. The pH was 4.63 on day 0, then increased to 4.64 by day 4, then increased to 4.84 on day 

6, and finally decreased to 4.55 on day 8. These small changes do not affect the samples' value; 

the juice maintains its quality and acidity at room temperature, with no significant degradation. 

Then, Juice + Lime has a lower pH at the start of the test. On day 0, the pH is around 4.0; it 

increases slightly to 4.03 on day 6, and on day 8, it is 3.38. The pH of the juices has dropped, 

becoming more acidic over time, indicating a change in the neutralisation process. Juice has a 

lower pH, indicating the lime is more acidic. The treatment of Juice + Benzoate is estimated to 

have the most stable pH among other tested samples. The starting sample had a pH of 5.86 on 

day 0 and increased slightly to 6.19 on day 8. The pH is increased to avoid affecting microbial 

growth and activity, to prevent spoilage, and to prevent the typical acidification caused by 

fermentation. The pH of the storage period indicates that the preservatives stabilise the juices 

and prevent significant changes in acidity. Predominantly, the processes of juicing and 

pasteurisation at 60 °C for 1 hour affect pH (Table 4). The pH level was 4.77 on day 0 and 

changed to 4.96 by day 8. The slight increase in pH indicates pasteurisation processing and 

also reduces microbial growth. Lastly, Juice + pasteurisation + lime showed a lower pH during 

pasteurisation, at 3.29 on day 0. Lime became effective on day 2, increasing the pH to 3.45, 

and the table maintained a pH between 4.01 and 4.19 during the storage period. This treatment 

shows an improvement in pH during pasteurisation.   
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Table 4. Effect of Treatment on pH of BFS 

4. Conclusion 

Biotin-fortified soursop fruit juice (BFS) is an innovative approach to enhancing the 

nutritional profile of a traditional tropical beverage. The calculation yielded a total energy of 

319.682 Kcal/mol, and this estimation serves as a fundamental tool in nutritional and metabolic 

studies, providing insight into the energy potential of substances. The DPPH radicals are 

neutralised by hydrogen donation from the antioxidant constituents in the sample. The 

antioxidant activity of the fruit extract was examined, and the IC50 value of the DPPH assay 

was 83.70 μg/mL.  The phytochemical screening of alkaloids, coumarins, tannins, flavonoids, 

carbohydrates, phenols, terpenoids, and saponins, which possess antioxidant properties, is 

among the medicinal active ingredients found in soursop juice. The final storage day of 

pasteurised lime (6.2 ×106 cfu mL-1) has a lower lime juice count than that extracted from 

soursoup. According to our research, both adults and children can safely consume the fruit's 

juice because it contains appropriate amounts of lipids, carbohydrates, and protein. 
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