


Nutritional and Antioxidant Properties of Functional Ice Cream Enriched with Soursop (Annona muricata) and Zobo (Hibiscus sabdariffa) Juice Extracts.



ABSTRACT
Aims: The development of functional frozen desserts enriched with tropical plant bioactive is a strategy to enrich conventional indulgent products. The study investigated the effects of different levels of soursop (Annona muricata L.) and zobo (Hibiscus sabdariffa L.) juice extracts on the proximate, mineral, antioxidant, DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), and sensory acceptability of ice cream. 
Study Design: This original article used a completely randomized experimental design. A control (conventional ice cream) and four functional ice cream formulations (CM1-CM4), where CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract and CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract
Place and Duration of Study: Food Science and Technology Laboratory, Chukwuemeka Odumegwu University, Anambra State, Nigeria. Juice formulation, storage, and analysis were completed within 30 days, in May, 2025.
Methodology: Compositional, antioxidant, and hedonic sensory analyses were conducted using standard methods. 
Results: Addition of extract significantly (p<0.05) reduced crude fat (14.05-7.04%); increased dietary fiber (0.00-1.58%), moisture (60.80-68.16%), and mineral concentration in all formulations. CM1 showed the highest polyphenol content (3.65 mg GAE/100 ml) and magnesium (65.29 mg/100g), while CM2 showed superior vitamin C (1.72 mg/100 ml), calcium (40.78 mg/100g), and potassium (38.08 mg/100g). CM3 and CM4 received the highest sensory scores (7.00 on a 9-point hedonic scale), which were comparable to the control. DPPH inhibition and FRAP values were concentration-dependent and consistently higher in enriched formulations. Conclusion: Soursop-zobo enriched ice cream, particularly CM1, containing 15% of zobo juice extract and 5% of soursop juice extract demonstrated a favorable balance of improved nutrition, antioxidant activity and sensory acceptability.
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1. INTRODUCTION
Sugar- and saturated-fat-laden diets lacking in micronutrients and bioactive compounds have been implicated as a critical cause of the rising rate of metabolic diseases. The global burden of metabolic diseases such as obesity, type 2 diabetes, cardiovascular disease, and oxidative stress is projected at (WHO, 2023). This enormous health burden is felt more in low- and middle-income populations like Nigeria because of poor access to quality nutrition, health care and basic amenities. In this context, a healthy diet can play a major role in prevention. There is, therefore, a growing global consumer demand for functional foods (Chude et al., 2023). Functional foods are valued for their roles in providing both basic energy and disease-preventing nutrients, such as dietary fiber, micronutrients, and phytochemicals (Granato et al., 2020; Nwagbo et al., 2025).  Ice cream is one of the most desirable vehicles in the dairy dessert industry for functional food innovation, due to its high acceptability across age groups and geographic regions. Conventional ice cream, valued for its sensory appeal, contains excessive fat and sugar and limited micronutrients and bioactive components (Akajiaku et al., 2020). The enrichment of ice cream with plant bioactive materials is a commercially viable strategy to transform it into a nutritionally enriched product (Chude et al., 2023). 
Soursop and roselle (Hibiscus sabariffa L.) are plants with well-known bioactive compositions. They are also popularly consumed in Nigeria and Sub-Saharan Africa, not just for refreshment, but for associated functional properties. Soursop pulp and juice are rich in ascorbic acid, B-vitamins, dietary fiber, and acetogenins. Several in vivo and in vitro studies have shown that the pulp and juice of soursop possess cytotoxic, anti-inflammatory, and hypoglycaemic effects (Coria-Tellez et al., 2018). The leaves of Hibiscus sabariffa L. are exceptionally rich in anthocyanins, polyphenols, organic acids, and flavonoids. The major anthocyanins in Hibiscus sabariffa L are delphinidin-3-sambubioside and cyanidin-3-sambubioside. All these identified bioactive compounds in the leaves of Hibiscus sabariffa L are responsible for its known cytotoxic, antioxidant, antihypertensive, hepatoprotective, anti-inflammatory, and hypoglycaemic effects (Da-Costa-Rocha et al., 2014; Riaz and Chopra, 2018). 
Despite the potential and associated health benefits of these bioactive-rich plant materials, their combined use in functional ice cream production has not been documented in the literature. Studies have been done on the production of ice cream using moringa leaf powder (Idris e al., 2021), tigernut extract (Akajiaku et al, 2022), beetroot (Ozcan, 2019) and various fruit pulps. No work has been documented to date on the nutritional, mineral, and antioxidant composition of soursop-zobo ice cream blends at various concentrations. This research gap is important for functional dairy food research using affordable, readily available food materials. It is important to note that most nutrient-rich foods of Nigerian and West African origin are underreported in functional food research. This situation needs to be addressed, as the region has a diverse array of bioactive-rich plant materials that could help meet the growing consumer demand for functional foods. 
This study was designed to develop and characterize functional ice cream from soursop pulp and zobo juices at various blend ratios. The study was also designed to evaluate the proximate, mineral, vitamin C, and phytochemical composition, as well as the DPPH radical-scavenging activity and ferric-reducing antioxidant power (FRAP) of the formulated ice cream. The specific objectives were to: determine the effect of increasing soursop pulp proportions on the proximate and mineral composition; assess the antioxidant activity of the different formulations, and identify the blend ratio offering the most favorable functional profile for potential product development.  
2. MATERIALS AND METHODS
2.1 Raw Material Procurement and Preparation,
Fresh soursop fruits, Hibiscus sabdariffa leaves (zobo leaves) and ingredients for the vanilla ice cream base were purchased from Eke Awka market in Awka, Anambra State. The soursop fruits and Hibiscus sabdariffa leaves were authenticated in the Department of Crop Science and Horticulture, Chukwuemeka Odumegwu Ojukwu University, Igbariam Campus. Soursop juice was extracted by blending the carefully extracted pulp in a blender and straining through a muslin cloth. Zobo extract was prepared by boiling 50 g of dried leaves in 2,000 mL of potable water for 15 minutes, then filtering and cooling. Both extracts were stored at 4 0C and used within 24 hours. 
As shown in Table 1, five ice cream formulations were developed: a control (100% vanilla ice cream, no extract) and four functional ice cream blends. The four formulations consisted of 80% vanilla ice cream base and were as follows: CM1 (5% soursop + 15% zobo extract); CM2 (10% soursop + 10% zobo extract); CM3 (15% soursop + 5% zobo extract) and CM4 (20% soursop + 0% zobo extract. The extracts were blended into the softened ice cream and refrozen at -18 0C for 24 hours before analysis. 
Table 1: Formulation of Functional Ice Cream Samples (1 kg Batch)
	Ingredient (g/kg batch)
	Control
	CM1
	CM2
	CM3
	CM4

	Full cream milk
	500
	400
	400
	400
	400

	Fresh cream (35% milk)
	250
	200
	200
	200
	200

	Caster sugar
	150
	120
	120
	120
	120

	Skim milk powder
	60
	48
	48
	48
	48

	Egg yolk
	30
	24
	24
	24
	24

	Vanilla extract
	5
	4
	4
	4
	4

	Carragenean (stabilizer)
	5
	4
	4
	4
	4

	Soursop juice extract
	0
	50
	100
	150
	200

	Zobo (H. sabdariffa) extract
	0
	150
	100
	50
	0

	Total (g)
	1000
	1000
	1000
	1000
	1000


Control = 100% Ice cream; CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract; CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract
2.2 Proximate Composition Analysis
Proximate analysis of the ice cream was carried out as described by AOAC (2016). Moisture determination was performed by drying in an oven at 105 °C until a constant weight was achieved. Crude protein was analyzed by the Kjeldahl method, with a 6.25 conversion factor for nitrogen-to-protein. Crude fat was analyzed by Soxhlet extraction for 6 hours at 40-60 °C. Crude fiber was analyzed by digesting with 1.25% sulphuric acid (H2SO4) and 1.25% of sodium hydroxide (NaOH) followed by digestion and ignition. Crude ash was analyzed by the dry ash method in a muffle furnace (550 0C, 6 hours). The total carbohydrate content was determined by subtracting the other determinations from 100 as Carbohydrate (%) = 100 – (moisture + crude protein + crude fat + crude fiber + ash).
2.3 Mineral Composition Analysis
The mineral composition of the ice cream formulations was analyzed using an atomic absorption spectrophotometer with the wet ash method, as described by AOAC (2016). Potassium, magnesium, calcium and iron concentration of the ice cream samples (0.5 g) were weighed into a 100 mL digestion flask. A mixture of concentrated nitric acid (HNO3) and perchloric acid (HClO4) was added at a ratio of 3:1 (v/v) at a temperature of 120 0C. This was done to achieve a clear, colorless digest, which was cooled and placed into a 100 mL volumetric flask, and made up to volume with deionized distilled water. The concentration of the minerals was expressed as mg per 100 g by measurement in an atomic absorption spectrophotometer (AAS) (Shimadzu Corporation, Kyoto, Japan). All determinations were on a fresh-weight basis.
2.4 Antioxidant and Phytochemical Analysis
Vitamin C was quantified by the 2,6-dichlorophenolindophenol (DCPIP) titrimetric method. Total polyphenol content was determined by the Folin-Ciocalteu method. The result was expressed as mg gallic acid equivalent by per 100 ml (mg GAE/100 ml). The total anthocyanin content was measured using the pH-differential method and expressed as mg cyanidin-3-gluc0side equivalents per 100 ml (mg C3G/100 ml). DPPH radical scavenging activity was assessed at multiple concentrations (100-500 µg/ml). The result was expressed as a percentage inhibition. FRAP was measured using the method of Benzie and Strain (1996) and expressed as µmol Fe2+ equivalent per ml.
2.5 Sensory Acceptability Analysis
Sensory acceptability was evaluated by a semi-trained panel of 20 panelists from the Department of Food Science and Technology. The panelists assessed color, flavor, aroma, sweetness, tartness, and overall acceptability on a 9-point hedonic scale (1= dislike extremely and 9=like extremely). The samples were served at 2 0C in coded plastic cups with water provided for palate cleansing in-between sample tasting. 
2.6 Statistical Analysis
Data obtained were expressed as mean ± standard deviation of triplicate determinations. A one-way analysis of variance (ANOVA) was performed using SPSS version 26.0 (IBM Corp, USA). Means were separated using Duncan’s multiple.
3. RESULTS AND DISCUSSION
3.1 Proximate Composition
The proximate composition data are presented in Table 2 with significant differences (p<0.05) recorded in all the formulations. The protein content of the ice cream samples ranged from 2.62% to 5.62%, with the lowest and highest values observed in CM4 and the control, respectively.  The reduced protein value from 5.62% in the control with increasing hibiscus addition to 2.62% in CM4 is consistent with the displacement of the dairy-rich ice cream base by the fruit extracts of inherently lower protein density. Rodrigues et al. (2021) reported a reduction in protein content upon the enrichment of ice cream with passion fruit and acerola juice. This was attributed to the low protein density of fruit-based additions. Among the fortified ice cream samples, CM1 containing 15% zobo had the highest protein content (4.21%).  The red leaves of Hibiscus sabdariffa L. were found to have a moderate crude protein content of 5.7 % (Salami and Afolayan (2021).
Crude fat was reduced from 14.05% in the control to 7.04% in CM4. This could be attributed to the aqueous nature of the added extracts, which dilute the lipid fraction. This fat reduction is a nutritional advantage given the growing concerns about saturated fat intake and cardiovascular risk. Among the samples fortified with plants’ extracts, CM1, containing 15% zobo extract, had the highest fat content (10.18%). The red leaves of Hibiscus sabdariffa L.was shown to have an inherently low crude fat content of 1.16 % as observed by Salami and Afolayan, (2021).
Moisture content increased across all the formulations (60.80 – 68.16%), with the highest value in CM4 and the lowest value seen in the control. This reflects the high moisture content of added juice extracts. However, the dried red leaves of Hibiscus sabdariffa L. are inherently low in moisture (8.9 %) as reported by Salami and Afolayan, (2021). When brewed in hot water, it could further raise the moisture content of ice cream.
Crude fiber was absent in the control (0.00%), but was present in the extract-enriched formulation with a value of 1.08% (CM4) to 1.58% (CM1). This functional improvement is attributable to the soluble and insoluble dietary fiber fractions in both the soursop pulp and zobo leaves. The added dietary fiber in frozen desserts is important for maintaining gut health, improving satiety, and reducing the glycemic load (Granato et al., 2020). Oyeyinka and Oyeyinka (2018) reported fiber enrichment of dairy products with A. muricata pulp. The leaves of Hibiscus sabdariffa L.  leaves had a crude fibre content of 15.75 % in a study by Salami and Afolayan, (2021).
The ash content of the samples ranged from 0.65% in the control to 1.80% in CM1. Among the fortified samples, the CM4, which is the sample containing only soursop juice and no zobo juice, had the lowest ash content (1.10%). The ash content of Hibiscus sabdariffa L.  leaves was found to be in the range of 10.9 % in a study by Salami and Afolayan, (2021). Addition of zobo juice extracts, therefore, significantly (p<0.05) improved the ash and mineral content of the ice cream samples.
Carbohydrate content was highest in CM2 (21.70%). The control, conventional ice cream, had the lowest carbohydrate content (18.87%), while the sample with an equal proportion of zobo and soursop, CM2, had the highest carbohydrate content (21.70%). A study by Salami and Afolayan (2021) found the carbohydrate content of H. sabdariffa to be in the range of 26.93–54.13%,
Table 2: Proximate Composition of ice cream made from soursop and zobo leaf extracts
	Proximate
Composition (100%)
	Control
	CM1
	CM2
	CM3
	CM4

	Protein (%)
	5.62a±0.03
	4.21b±0.04
	3.20c±0.06
	3.06c±0.06
	2.62d±0.08

	Ash (%)
	0.65c±0.04
	1.80z±0.13
	1.30b±0.08
	1.18b±0.06
	1.10b±0.05

	Fiber (%)
	0.00e±0.00
	1.58a±0.03
	1.41b±0.04
	1.20c±0.23
	1.08d±0.04

	Crude fat (%)
	14.05a±0.07
	10.18b±0.80
	8.13c±0.01
	7.76d±0.17
	7.04e±0.06

	Moisture (%)
	60.80e±0.01
	63.06d±0.07
	64.27c±0.04
	66.58b±0.06
	68.16a±0.04

	Carbohydrate (%)
	18.87d±0.04
	19.18cd±0.02
	21.70a±0.13
	20.22b±0.38
	19.58c±0.34


Mean±SD across the same row having the same superscript are not significantly different.
Control = 100% Ice cream; CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract; CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract
3.2 Mineral Composition
The mineral composition is shown in Table 3. All the extract-enriched formulations had significantly higher concentrations of potassium, iron, calcium, and magnesium relative to the control. Potassium was highest in CM2 (38.08 mg/100g) and lowest in the control sample. Among the fortified samples, sample CM4, which contained no zobo had the least potassium content (30.38 mg/100g). Salami and Afolayan (2021) reported a high potassium content of 2265 mg/100g in the dried red leaves of zobo leaves. Potassium is responsible for the transmission of electrolytes within the body. (Okpalanma et al., 2024). It is also important for various healthy functions of the body, such as nerve health, body fluid regulation, heart rhythm maintenance, blood clotting, and muscle contraction. The addition of roselle juice extracts to ice cream may therefore be useful for good physiological processes in the body (Mlitan, 2014). 
Magnesium was higher in CM1, containing 15% of zobo juice extract (65.29 mg/100g), and lowest in the control (26.07 mg/100g). There were significant differences (p<0.05) in all the samples studied. The fortified samples also varied, with the sample that had no zobo juice extract, CM4, having the lowest magnesium content (29.37 mg/100g). This result is consistent with the rich magnesium content of Hibiscus. Da-Costa-Rocha et al. (2014) and Salami and Afolayan (2021) reported magnesium concentrations of 51-68 and 440 mg/100g, respectively, in dried zobo leaves, which aligns with the elevated magnesium recorded in the present study. Magnesium is crucial in the body for the transmission of nerve impulses and muscle contraction (Mlitan, 2014).
Sample CM3 had the highest calcium content (41.33 mg/100g), while the control had the lowest value (21.88 mg/100g). The sample that had no zobo, CM4, had the lowest calcium (33.61 mg/100g) among the fortified samples. This may reflect a synergistic contribution of calcium from both plant materials. The leaves of Hibiscus sabdariffa were found to have a high calcium content of 1675 mg/100g in a study by Salami and Afolayan (2021).
Iron content, though low in all formulations, was markedly elevated in CM1 (0.38 mg/100g) compared to the control (0.04 mg/100g) and the fortified sample that had no zobo juice extract, CM4 (0.05 mg/100g). This highlights the potential of zobo extract to contribute to iron in ice cream samples. This result is of public health importance in Nigeria, where iron-deficiency anemia is endemic and affects up to 67% of children under five years and 40% of women of reproductive age (WHO, 2023). Increased population-level mineral delivery can be achieved through commonly consumed desserts as a dietary public health intervention (Salami and Afolayan, 2021). 
Table 3: Mineral Composition of ice cream made from soursop and zobo leaf extracts
	Mineral Composition (mg/100g)
	Control
	CM1
	CM2
	CM3
	CM4

	Potassium
	17.76e±0.14
	32.39b±0.13
	38.08a±0.11
	31.53c±0.01
	30.38d±0.07

	Iron
	0.04c±0.00
	0.38z±0.02
	0.13b±0.03
	0.13b±0.05
	0.05c±0.01

	Calcium
	21.88e±0.02
	34.12c±0.08
	40.78b±0.06
	41.33a±0.14
	33.61d±0.10

	Magnesium
	26.07e±0.07
	65.29a±0.80
	53.53b±0.13
	48.23c±0.07
	29.37d±0.10


Mean±SD across the same row having the same superscript are not significantly different
Control = 100% Ice cream; CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract; CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract
3.3 Antioxidant Composition
As shown in Table 4, vitamin C content was significantly higher in all experimental formulations (1.44-1.72 mg/100g) than in the control (0.42 mg/100 ml). CM2 had the highest vitamin C concentration (1.72 mg/mL). This is consistent with the ascorbic acid contribution of soursop juice. Soursop juice has been reported to contain up to 20.6-23 mg/100 ml of vitamin C (Coria-Tellez et al., 2018). Vitamin C is important for (Okpalanma et al., 2025). The equal proportion blend in CM2 optimized the combined vitamin C delivery from both sources. Salami and Afolayan (2021) reported a vitamin concentration of 4.49 mg ascorbic acid/100 g DW in the dried red leaves of zobo. Vitamin C is crucial for immunity, and blood, teeth and bone formation. The vitamin C in zobo leaves was found to be higher than that in citrus fruits (Amin et al., 2006.  The vitamin C content of zobo leaves was associated with high antibacterial and antifungal functions (Salami and Afolayan, 2021), which could play a role in extending the shelf life of the ice cream samples.
Total polyphenol content was highest in CM1 (3.65 mg/100ml), which contained the highest proportion of zobo extract. This confirms that zobo extract is the dominant contributor to phenolic antioxidant capacity in the formulations. The leaves of H. sabdariffa (zobo) are among the richest sources of phenolic compounds in tropical Africa (Riaz and Chopra, 2018). The progressive decline from CM1 to CM4, as the zobo proportion decreased, also confirms the primary phenolic contribution of the roselle extract in these formulations. The observed polyphenol value in CM1 is consistent with the range reported by Riaz and Chopra (2018) for aqueous H. sabdariffa extracts (2.8-4.2 mg GAE/100 ml). Polyphenols are important in radical scavenging abilities and disease prevention (Olatunji T.L., and Afolayan, 2020).
Anthocyanin content showed an inverse relationship relative to zobo concentration, with the highest proportion in the control and the lowest in the sample. Anthocyanin levels also increased with increasing zobo concentration from C4 to C1 (4.07-7.03 mg GAE/100), while the control ice cream sample with no zobo or soursop juice had the least anthocyanin concentration (4.09 mg GAE/100g) with no significant difference. Anthocyanins are important antioxidants that are needed for disease prevention (Wallace & Giusti, 2015).
Table 4: Antioxidant Composition of ice cream made from soursop and zobo leaf extracts
	Antioxidant Composition 
	Control
	CM1
	CM2
	CM3
	CM4

	Vitamin C (mg/100ml)
	0.42c±0.01
	1.44b±0.04
	1.72a±0.06
	1.59a±0.08
	1.44b±0.06

	Polyphenol (mg GAE/100ml)
	1.57d±0.03
	3.65z±0.06
	2.10b±0.06
	1.83c±0.07
	1.54d±0.08

	Anthocyanin (mg GAE/100 ml)
	0.15e±0.01
	7.03a±0.01
	6.07b±0.01
	5.45c±0.02
	4.09d±0.07


Mean±SD across the same row having the same superscript are not significantly different
Key: Control = 100% Ice cream; CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract; CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract
3.4 DPPH Radical Scavenging Activity and FRAP
The DPPH radical scavenging activity, as shown in Fig 1, was concentration-dependent across all samples. Inhibition increased across all the 100-500 µg/ml. The formulations with added extracts showed the highest DPPH inhibition compared to the control at equivalent concentrations, with CM1 exhibiting the highest scavenging capacity, in line with its superior polyphenol content.
The FRAP assay results shown in Fig 2 corroborated the finding that CM1 and CM2 had the highest FRAP values. The antioxidant indices showed that the functional ice cream formulations, particularly those with higher zobo extract, can contribute to dietary antioxidant intake. This is clinically relevant given the growing body of evidence linking dietary polyphenol consumption with reduced risk of oxidative stress-related metabolic diseases (Scalbert et al., 2025).
The concentration-dependent DPPH scavenging and FRAP responses confirm the functional antioxidant effects of the formulations. CM1 and CM2 consistently demonstrated the highest radical scavenging and ferric reducing capacity, in accordance with their superior polyphenol and vitamin C levels. These findings are consistent with the established structure-activity relationships of galloyl and caffeoyl polyphenols as hydrogen-donating antioxidants (Scalbert et al., 2005). The FRAP assay also captures the reducing power of ascorbic acid, which partly explains CM2’s strong FRAP performance despite low polyphenol than CM1. 

Fig 1: DPPH Radical Scavenging Activity of Zobo and Soursop Ice Cream Samples at Different Concentrations
Key: Control = 100% Ice cream; CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract; CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract


Fig 2: Ferric Reducing Antioxidant Power (FRAP) Assay of Control and Zobo and Soursop Ice Cream Samples
Key: Control = 100% Ice cream; CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract; CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract.
3.5 Sensory Acceptability
The sensory acceptability results indicate that the addition of soursop and obo extracts did not significantly affect the sensory acceptability of the ice cream samples. The comparable colour, flavor, and aroma scores across all formulations suggest that the plant extracts contributed pleasantly familiar tropical sensory notes without introducing objectionable off-flavours at the levels studied. In addition to its high acceptability (7.00), CM3 posses strong nutritional and antioxidant profile, which positions it as the most optimum formulation. The lower overall acceptability of CM1 (5.80) may reflect the more astringent character imparted by the high zobo proportion. This is consistent with the sensory properties of H/ sabdariffa extracts reported by Da-Costa-Rocha et al. (2014). This is also reflected in the high acceptability of CM4 (7.00), which contained no zobo extract. This suggests that soursop juice alone, at 20% inclusion, delivers an agreeable flavor profile. This is important for product developers who may want the functional benefits without added zobo extracts
Table 5: Sensory Acceptability of ice cream made from soursop and zobo leaf extracts
	Acceptability
	Control
	CM1
		CM2
	CM3
	CM4

	Colour
	6.45a±1.10
	5.85a±1.60
	6.15a±1.46
	6.20a±1.44
	6.75a±1.83

	Flavor
	6.05a±1.23
	6.35a±1.39
	6.05a±1.54
	7.00a±1.62
	6.50a±1.67

	Aroma
	6.35a±1.63
	5.85a±1.18
	5.75a±1.77
	6.25a±1.62
	6.03a±1.53

	Sweetness
	6.80a±1.82
	6.45a±1.53
	6.45a±1.39
	6.90a±1.33
	6.45b±1.57

	Tartness
	5.70ab±1.56
	5.40b±1.64
	5.80ab±1.54
	6.55a±1.47
	5.30b±1.26

	Overall acceptability
	6.70a±0.98
	5.80b±1.03
	6.60a±1.31
	7.00a±1.07
	7.00a±1.21


Mean±SD across the same row having the same superscript are not significantly different
Key: Control = 100% Ice cream; CM1 = 80% ice cream, 5% soursop and 15% zobo juice extract; CM2 = 80% ice cream, 10% soursop and 10% zobo juice extract; CM3 = 80% ice cream, 15% soursop and 5% zobo juice extract; CM4 = 80% ice cream, 20% soursop and 0% zobo juice extract.
4. CONCLUSION
Substitution of soursop and zobo juice extracts up to 20% in conventional ice cream significantly improves its nutritional and antioxidant profile without deteriorating its sensory acceptability. The formulation with extracts contained reduced fat and increased dietary fiber, vitamin C, polyphenols, and mineral concentrations, exhibiting superior DPPH and FRAP antioxidant activities compared to the control. CM1 (80% ice cream + 5% soursop + 15% zobo) was optimal for polyphenol, iron and magnesium, while CM2 (80% ice cream + 10% soursop+10% zobo) had the best vitamin C and calcium contents. Further studies should investigate the effects of pasteurization on the storage stability, as well as the in vivo glycaemic and antihypertensive effects of the formulations with added extracts.  
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Standard	50mg/ml	75mg/ml	100mg/ml	200mg/ml	83.4	86.51	93	99.71	Control	50mg/ml	75mg/ml	100mg/ml	200mg/ml	22.89	27.51	34.01	40.65	CM1	50mg/ml	75mg/ml	100mg/ml	200mg/ml	32.83	39.22	45.77	50.43	CM2	50mg/ml	75mg/ml	100mg/ml	200mg/ml	28.94	34.39	40.229999999999997	47.06	CM3	50mg/ml	75mg/ml	100mg/ml	200mg/ml	27.7	32	38.450000000000003	43.09	CM4	50mg/ml	75mg/ml	100mg/ml	200mg/ml	28.83	34.21	40.11	46.83	Concentration, mg/ml


DPPH scavenging activity, % inhibition




Control	50mg/ml	75mg/ml	100mg/ml	200mg/ml	92.24	98.64	103.67	108.71	CM1	50mg/ml	75mg/ml	100mg/ml	200mg/ml	158.76	165.06	170.11	175.23	CM2	50mg/ml	75mg/ml	100mg/ml	200mg/ml	152.47999999999999	158.5	163	168.39	CM3	50mg/ml	75mg/ml	100mg/ml	200mg/ml	152.66999999999999	158.71	163.26	164.1	CM4	50mg/ml	75mg/ml	100mg/ml	200mg/ml	148.55000000000001	154.91	160.07	164.22	Concentration, mg/ml


Antioxidant activity µmol TE/g







