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ABSTRACT 
 

The escalating consumer demand for plant-based alternatives necessitates innovative product 

development that combines nutritional excellence with superior sensory characteristics. This study 

investigated the incorporation of different vegetable oils (palm, soybean, and canola) in plant-based dips 

formulated with soursop (Annona muricata) and spinach (Spinacia oleracea). A completely randomized 

design with four treatments was employed: control (oil-free), palm oil (T1), soybean oil (T2), and canola oil 

(T3). Physicochemical analyses included water activity, pH, instrumental color measurement, and 

rheological properties. Consumer acceptance was evaluated using a 9-point hedonic scale with 100 

untrained panelists. Proximate composition was determined following AOAC methods. Results indicated 

no significant differences in water activity (0.963-0.972, p > 0.05) and pH (3.856-4.128, p > 0.05) among 

treatments. Color parameters a* and b* showed significant variations (p < 0.001), while lightness (L*) 

remained unchanged. Viscosity differed significantly (p < 0.001), ranging from 6845.59 to 8354.44 cP. All 

sensory attributes demonstrated significant improvements (p < 0.001) with oil incorporation, with canola 

oil treatment achieving the highest overall acceptability (7.16 ± 1.71). Proximate analysis revealed 

substantial compositional differences, with T3 exhibiting the highest fat content (28.05 ± 1.42%) and energy 

density (374 ± 8.2 kcal/100g). Statistical analysis showed highly significant treatment effects for fat content 

(F₃,₈ = 289.45, p < 0.001, η² = 0.991), moisture (F₃,₈ = 156.78, p < 0.001, η² = 0.983), and energy density 

(F₃,₈ = 201.33, p < 0.001, η² = 0.987). The incorporation of vegetable oils significantly enhanced 

physicochemical stability and consumer acceptance while maintaining food safety parameters, with canola 

oil demonstrating optimal performance characteristics for commercial plant-based product development. 
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INTRODUCTION 

The future of food innovation lies in the 

strategic integration of underutilized tropical fruits 

with nutrient-dense vegetables, creating plant-

based alternatives that surpass traditional 

products in both nutritional value and sensory 

appeal. The contemporary food landscape is 

experiencing an unprecedented transformation 

driven by consumer awareness of health, 

environmental sustainability, and ethical 

considerations surrounding food production 

systems (Estell et al., 2021; Małecki et al., 2021). 

This paradigmatic shift has catalyzed the 

development of sophisticated plant-based 

alternatives that not only replicate traditional 

animal-based products but also offer enhanced 

nutritional profiles and novel sensory experiences 

(McClements & Grossmann, 2021). The plant-

based food sector, valued at approximately $29.4 

billion globally, continues to expand at a 

compound annual growth rate of 11.9%, indicating 

robust consumer acceptance and market potential 

(McClements & Grossmann, 2021). Recent 

market analysis indicates that the plant-focused 

dips market alone is projected to reach $15 billion 

by 2025, exhibiting a robust compound annual 

growth rate (CAGR) of 12% from 2025 to 2033, 

driven by increasing adoption of flexitarian diets 

and demand for convenient, healthy snack options 

(Archive Market Research, 2024). 

 The vegan spreads and dips market has 

demonstrated exceptional growth, with the US 

market valued at $27.09 million in 2023 and 

expected to grow to $67.48 million by 2035 at a 

CAGR of 7.916% (Market Research Future, 2024). 

This growth is attributed to rising consumer 

demand for healthier, more sustainable, and 

ethically sourced food options, coupled with 

growing awareness of the environmental impact of 

animal agriculture (Archive Market Research, 

2024). 

 In the Philippines, the growing health 

consciousness among consumers has created 

substantial opportunities for innovative plant-

based product development. The country's rich 

biodiversity offers access to numerous 

underutilized tropical fruits and nutrient-dense 

vegetables that can serve as functional ingredients 

for novel food formulations. The Department of 

Science and Technology's Food and Nutrition 

Research Institute has emphasized the 

importance of developing value-added products 

from indigenous ingredients to promote both 

nutritional security and economic development. 

Recent studies on soursop product development 

in the Philippines have demonstrated the 

successful formulation of alternative fruit syrups 

with acceptable microbial and physicochemical 

properties (Innspub Research, 2024). 

 Soursop (Annona muricata L.), a tropical 

fruit indigenous to Central and South America but 

widely cultivated in Southeast Asia, including the 

Philippines, represents an underutilized resource 

with exceptional potential for functional food 

applications. The fruit exhibits remarkable 

nutritional density, containing substantial 

quantities of ascorbic acid (20.6 mg/100g), dietary 

fiber (3.3 g/100g), and bioactive compounds 

including acetogenins, which demonstrate potent 

antioxidant and antimicrobial properties. Research 

demonstrates that soursop possesses significantly 

higher antioxidant capacity compared to other 

tropical fruits, with ORAC values reaching 4,095 

μmol TE/100g. The fruit's distinctive flavor profile, 

characterized as a complex amalgamation of 

tropical notes, positions it as an attractive 

ingredient for innovative product development. 

 Spinach (Spinacia oleracea L.) stands 

among the most nutrient-dense leafy vegetables, 

exhibiting exceptional concentrations of folate 

http://www.ioer-imrj.com/
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(194 μg/100g), vitamin K (483 μg/100g), and 

carotenoids including lutein (12.2 mg/100g) and β-

carotene (5.6 mg/100g). Contemporary research 

has established compelling evidence for spinach's 

cardiovascular protective effects, attributing these 

benefits to its high nitrate content (2.46 g/kg fresh 

weight) and antioxidant compounds. The 

synergistic combination of soursop and spinach 

presents opportunities for developing products 

with enhanced nutritional functionality and 

complex flavor profiles. 

 The incorporation of lipids in food matrices 

serves multiple critical functions beyond simple 

caloric contribution, fundamentally influencing 

textural properties, flavor release mechanisms, 

and overall consumer perception. Different 

vegetable oils exhibit distinct physicochemical 

characteristics that significantly impact emulsion 

stability, rheological behavior, and sensory 

attributes. Palm oil, characterized by its balanced 

saturated/unsaturated fatty acid composition 

(49.3% saturated), provides exceptional oxidative 

stability and contributes to desirable textural 

properties. 

 Despite extensive research on individual 

components, limited scientific literature addresses 

the systematic integration of tropical fruits with 

nutrient-dense vegetables in oil-stabilized 

emulsion systems. The complex interactions 

between fruit-derived pectin, vegetable proteins, 

and various lipid phases require comprehensive 

investigation to optimize product functionality and 

consumer acceptance. This study addresses this 

critical knowledge gap by providing 

comprehensive physicochemical, sensory, and 

nutritional characterization of innovative plant-

based dips that combine the exotic appeal of 

soursop with the nutritional powerhouse of 

spinach, stabilized with carefully selected 

vegetable oils. The findings reveal surprising 

interactions between these components that 

challenge conventional formulation 

approaches and offer unprecedented 

opportunities for creating commercially viable, 

consumer-preferred plant-based alternatives that 

could revolutionize the healthy snacking market. 

 

OBJECTIVES OF THE STUDY 

 This investigation aimed to develop 

innovative plant-based dips incorporating soursop 

and spinach with different vegetable oils, 

specifically (1) comprehensively evaluate 

physicochemical properties including water 

activity, pH, color parameters, and rheological 

characteristics, (2) assess consumer acceptance 

through systematic sensory evaluation, and (3) 

determine nutritional composition and adequacy of 

the developed formulations. 

MATERIALS AND METHODS 

Raw Materials 

 Fresh soursop fruits (Annona muricata) 

and spinach (Spinacia oleracea) were procured 

from certified vendors at Tarlac Public Market, 

Philippines, following established quality criteria 

for optimal ripeness and absence of physical 

defects. Refined vegetable oils, including palm oil 

(Elaeis guineensis), soybean oil (Glycine max), 

and canola oil (Brassica napus), were obtained 

from commercial suppliers and verified for 

compliance with international quality standards. 

Coconut cream (24% fat content), food-grade 

additives including xanthan gum (E415), sodium 

benzoate (E211), and citric acid (E330) were 

sourced from established food ingredient 

suppliers. All analytical-grade chemicals and 

reagents were procured from Merck KGaA 

(Darmstadt, Germany). 
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Product Formulation and Development 

 Formulation development is shown in 

Table 1, proceeded through systematic 

optimization trials following established protocols 

for emulsion-based products. The final 

compositions were determined based on 

preliminary sensory evaluation and 

physicochemical stability assessments. Oil 

incorporation levels were standardized at 88g per 

500g total formulation (17.6% w/w) to ensure 

consistency across treatments while maintaining 

emulsion stability. 

Table 1 

Optimized Formulations of Plant-Based Dips with Different 

Vegetable Oils 

Ingredients Control 

(g) 

T1 - 

Palm 

Oil 

(g) 

T2 - 

Soybean 

Oil (g) 

T3 - 

Canola 

Oil (g) 

Soursop pulp 160 160 160 160 

Blanched 

spinach 

20 20 20 20 

Coconut 

cream 

130 130 130 130 

Vegetable oil 0 88 88 88 

Lemon juice 10 10 10 10 

Dried parsley 1 1 1 1 

Onion leeks 

(dried) 

1 1 1 1 

Garlic powder 2 2 2 2 

White onion 

(minced) 

5 5 5 5 

Sodium 

chloride 

2 2 2 2 

Xanthan gum 1 1 1 1 

Sodium 

benzoate 

0.033 0.042 0.042 0.042 

Citric acid 2.5 2.5 2.5 2.5 

 

Processing Protocol 

 The processing methodology was adapted 

from established protocols for fruit-vegetable 

composite products with modifications to optimize 

emulsion formation and stability. Spinach 

underwent controlled blanching at 70°C for 2-3 

minutes in citric acid solution (0.1% w/v) to 

minimize enzymatic browning and preserve color 

integrity. Soursop fruits were processed according 

to standardized protocols, including washing, 

peeling, deseeding, and thermal treatment at 

100°C for 10 minutes to ensure microbiological 

safety while preserving nutritional components. 

 The emulsification process employed high-

speed homogenization at 8,000 rpm for 5 minutes 

to achieve uniform particle size distribution and 

optimal emulsion stability. Thermal processing 

was conducted at 80-90°C for 8 minutes, followed 

by hot-filling at 65-70°C into sterilized glass 

containers. Rapid cooling to 4°C was implemented 

using a controlled cooling protocol to minimize 

thermal damage and maintain product quality. 

 

 Physicochemical Analyses 

 Water Activity Determination 

 Water activity (aw) measurements were 

conducted using a calibrated water activity meter 

(AquaLab 4TE, METER Group, USA) following 

AOAC Method 978.18. Samples (2g) were 

equilibrated at 25.0 ± 0.1°C for 30 minutes before 

measurement. Three replicate measurements 

were performed for each sample, with the 

coefficient of variation maintained below 2%. 

 pH Analysis 

 pH determination employed a calibrated 

digital pH meter (Hanna HI-2020, Romania) 

following AOAC Method 981.12. Calibration was 

performed using certified buffer solutions (pH 4.01, 

7.00, and 10.01) before each measurement 

session. Sample preparation involved dilution with 

distilled water (1:1 w/v) and thorough 

homogenization for 2 minutes. 

http://www.ioer-imrj.com/
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 Instrumental Color Measurement 

 Color characterization utilized a calibrated 

tristimulus colorimeter (Konica Minolta CR-400, 

Japan) following CIE Lab* color space protocols. 

Instrument calibration was performed using a 

standard white tile (L* = 97.83, a* = -0.45, b* = 

+1.98). Measurements were conducted under 

standardized illumination (D65/10°) with five 

replicate readings per sample. 

 Rheological Properties 

 Viscosity measurements were performed 

using a Brookfield viscometer (DV-II+ Pro, USA) 

equipped with spindle #6 at 100 rpm rotation 

speed and 25°C. Samples (500 mL) were 

conditioned at measurement temperature for 15 

minutes before analysis. Apparent viscosity was 

expressed in centipoise (cP). 

Sensory Evaluation 

 Consumer acceptance testing was 

conducted following established protocols for 

hedonic evaluation. The study employed a 9-point 

hedonic scale (1 = dislike extremely, 9 = like 

extremely) administered to 100 untrained panelists 

recruited from the university community. Panelist 

selection criteria included age 18-65 years, 

absence of food allergies, and informed consent 

provision. 

 Sensory sessions were conducted in 

individual testing booths under controlled 

conditions (22 ± 2°C, 65% relative humidity, white 

fluorescent lighting). Samples (10g) were served 

at 4°C in coded plastic cups with plain tortilla chips 

as carriers. Panelists evaluated appearance, 

color, aroma, texture, taste, and overall 

acceptability using standardized scorecards. 
 

Proximate Composition Analysis 

 Proximate analysis was conducted 

following AOAC official methods at an accredited 

laboratory (INTERTEK Testing Services, 

Philippines). Moisture content determination 

employed oven-drying at 105°C (AOAC Method 

925.09), ash content by muffle furnace incineration 

at 550°C (AOAC Method 923.03), crude protein by 

Kjeldahl nitrogen determination (AOAC Method 

2001.11), and total lipids by acid hydrolysis 

followed by petroleum ether extraction (AOAC 

Method 922.06). Carbohydrate content was 

calculated by difference. 

RESULTS AND DISCUSSION 

1. Physicochemical Properties 

 The comprehensive physicochemical 

characterization revealed differential effects of oil 

incorporation on various product attributes, with 

significant implications for both food safety 

parameters and consumer acceptance potential. 

The statistical analysis demonstrated varying 

degrees of significance across the evaluated 

parameters, providing critical insights for product 

optimization and commercial viability, as reflected 

in Table 2. 

The physicochemical, sensory, and 

nutritional properties of plant-based dips 

formulated with soursop and spinach varied 

significantly depending on the type of vegetable oil 

used. Water activity (aw) values ranged from 

0.963 ± 0.004 to 0.972 ± 0.003, with no significant 

differences across treatments (p > 0.05). Despite 

being above the microbial safety threshold of 0.85, 

the low pH values (3.856–4.128) ensured safety 

as acidified foods (p < 4.6), offering protection 

against Clostridium botulinum growth, as 

emphasized by the FDA (2018). 

 Color analysis showed significant 

differences in redness (a*) and yellowness (b*) (p 

< 0.001). Soybean oil (T2) yielded the highest b* 

http://www.ioer-imrj.com/
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value (14.12 ± 0.65), likely attributed to its 

carotenoid content, aligning with results from 

Rodrigues et al. (2022) who found similar effects 

in oil-stabilized emulsions. The L* values, 

indicating brightness, remained statistically 

unchanged, consistent with Sharma et al. (2012), 

suggesting lipid addition did not interfere with light 

reflectance properties in a water-dominant matrix. 

 
Table 2 

Physicochemical Properties of Plant-Based Dips with 

Different Vegetable Oils 
Parameter Control T1 (Palm 

Oil) 
T2 

(Soybean 
Oil) 

T3 (Canola 
Oil) 

Water 
Activity 

0.963±0.004ᵃ 0.971±0.003ᵃ 0.970±0.004ᵃ 0.972±0.003ᵃ 

pH 3.856±0.076ᵃ 4.089±0.133ᵃ 4.042±0.148ᵃ 4.128±0.098ᵃ 

L* 
(Lightness) 

81.55±1.16ᵃ 82.42±1.92ᵃ 84.48±1.54ᵃ 83.22±1.88ᵃ 

a* 
(Redness) 

0.95±0.16ᵃ 0.81±0.11ᵇ 1.16±0.09ᶜ 1.38±0.12ᵈ 

b* 
(Yellowness) 

12.16±0.99ᵃ 13.42±0.77ᵇ 14.12±0.65ᶜ 12.82±0.89ᵇ 

Viscosity 
(cP) 

8354±182ᵃ 6846±97ᵇ 6922±187ᵇᶜ 7029±94ᶜ 

 
Note. Values represent mean ± standard deviation (n=9). 

Different superscript letters within rows indicate significant 

differences (p < 0.05).  

 

In terms of viscosity, the control 

formulation (no oil) had the highest viscosity (8354 

± 182 cP), while oil-containing samples displayed 

significantly lower values (p < 0.001), consistent 

with findings from Dickinson (2018), who 

demonstrated that dispersed lipid phases interrupt 

aqueous network structures, decreasing apparent 

viscosity. All values fell within the commercial 

range for dips (5,000–10,000 cP), according to 

Brookfield Engineering standards (2005). 

 

2. Consumer Acceptance and Sensory 

Characteristics 

 Comprehensive sensory evaluation 

revealed statistically significant differences among 

treatments for all evaluated attributes (p < 0.001), 

with oil incorporation consistently enhancing 

consumer acceptance across multiple sensory 

modalities, as exhibited in Table 3. 

Table 3 

Sensory Evaluation Scores for Plant-Based Dips Using a 9-

Point Hedonic Scale 
Attribute Control T1 (Palm 

Oil) 
T2 (Soybean 
Oil) 

T3 (Canola 
Oil) 

Appearance 6.93±1.42ᵃ 6.31±1.86ᵇ 7.66±1.08ᶜ 7.48±1.22ᶜ 

Color 6.97±1.38ᵃ 7.15±1.44ᵃ 7.63±1.15ᵇ 7.50±1.33ᵇ 

Aroma 6.47±1.59ᵃ 6.98±1.52ᵇ 7.16±1.48ᵇ 6.89±1.67ᵇ 

Texture 6.47±1.48ᵃ 6.95±1.39ᵇ 7.15±1.31ᵇ 6.92±1.55ᵇ 

Taste 5.89±1.71ᵃ 6.73±1.49ᵇ 7.14±1.44ᵇ 6.78±1.52ᵇ 

Overall 
Acceptability 

6.31±1.64ᵃ 6.89±1.58ᵇ 7.11±1.47ᵇ 7.16±1.71ᵇ 

 
Note. Values represent mean ± standard deviation (n=100). 

Different superscript letters within rows indicate significant 

differences (p < 0.05).  

 Consumer sensory scores improved 

significantly with oil incorporation. Canola oil (T3) 

showed the highest overall acceptability (7.16 ± 

1.71), reflecting its smooth mouthfeel and 

balanced flavor, supported by Lin et al. (2013), 

who reported favorable organoleptic profiles for 

canola oil due to its high oleic acid content and 

oxidative stability. This reinforces lipid’s 

multifunctional role in improving texture, flavor 

delivery, and consumer perception (Tarancón et 

al., 2013). 

3. Nutritional Composition and Adequacy 

Assessment 

 Proximate analysis revealed in Table 4, 

had substantial compositional differences among 

treatments, reflecting the significant impact of oil 

incorporation on nutritional profiles. The 

comprehensive statistical analysis demonstrated 

highly significant treatment effects across multiple 

nutritional parameters. 

http://www.ioer-imrj.com/
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Table 4 

Proximate Composition of Plant-Based Dips (g/100g fresh 

weight) 
Moisture Control T1 (Palm 

Oil) 

T2 

(Soybean 

Oil) 

T3 (Canola 

Oil) 

 71.61±2.18ᵃ 47.56±1.89ᵇ 52.34±2.12ᶜ 43.62±1.76ᵈ 

Ash 1.53±0.09ᵃ 1.25±0.07ᵇ 1.24±0.08ᵇ 1.20±0.06ᵇ 

Crude Protein 1.33±0.11ᵃ 1.36±0.09ᵃ 1.23±0.08ᵃ 1.19±0.07ᵃ 

Total Fat 5.99±0.34ᵃ 24.04±1.23ᵇ 26.46±1.35ᶜ 28.05±1.42ᵈ 

Carbohydrate

s 

19.54±1.12ᵃ 25.79±1.45ᵇ 18.73±1.08ᵃᶜ 25.94±1.38ᵇ 

Energy 

(kcal/100g)* 

125±3.2ᵃ 341±7.8ᵇ 352±8.1ᶜ 374±8.2ᵈ 

 

*Note. Values represent mean ± standard deviation (n=9). 

Different superscript letters within rows indicate significant 

differences (p < 0.05). Calculated using Atwater factors: 

protein = 4 kcal/g, carbohydrates = 4 kcal/g, fat = 9 kcal/g.  

Nutritional profiling revealed that oil type 

significantly influenced macronutrient distribution. 

Total fat content demonstrated dramatic variation 

among treatments, with highly significant 

treatment effects (F₃,₈ = 289.45, p < 0.001, η² = 

0.991), ranging from 5.99 ± 0.34% (control) to 

28.05 ± 1.42% (T3). The exceptionally large effect 

size (η² = 0.991) indicates that oil type accounts 

for over 99% of the variance in fat content, 

demonstrating the profound impact of oil 

incorporation on lipid composition. This substantial 

increase in lipid content fundamentally altered the 

nutritional profile and energy density of the 

products. T3 had the highest fat content (28.05 ± 

1.42%) and energy density (374 ± 8.2 kcal/100g), 

matching data trends in lipid-rich emulsions as 

described by Przybylski et al. (2013). 

 Moisture content showed equally 

significant treatment effects (F₃,₈ = 156.78, p < 

0.001, η² = 0.983), with the control having the 

highest moisture (71.61 ± 2.18%) and T3 the 

lowest (43.62 ± 1.76%). This inverse relationship 

between moisture and fat content is expected due 

to the displacement effect of oil incorporation 

in the matrix. Moisture content decreased 

significantly with oil addition (p < 0.001), indicating 

a displacement effect common in lipid-aqueous 

phase matrices (Fellows, 2016). 

 Energy density demonstrated highly 

significant differences (F₃,₈ = 201.33, p < 0.001, η² 

= 0.987), with T3 containing approximately three 

times the energy of the control formulation (374 vs 

125 kcal/100g). The large effect size confirms that 

oil type is the primary determinant of caloric 

density in these formulations. 

 Ash content showed significant variation 

(F₃,₈ = 12.45, p < 0.001, η² = 0.823), with the 

control having higher mineral content compared to 

oil-containing treatments, likely due to 

concentration effects. Protein content remained 

relatively stable across treatments (F₃,₈ = 

1.89, p = 0.167, η² = 0.415), indicating that oil 

incorporation does not significantly affect protein 

levels.  

 Carbohydrate content varied significantly 

(F₃,₈ = 34.67, p < 0.001, η² = 0.929), primarily 

reflecting differences in total solid content and 

moisture displacement rather than actual 

carbohydrate addition. The protein quality, while 

modest in quantity, derives from both plant 

sources, providing a spectrum of amino acids 

typical of plant-based formulations. 

 

CONCLUSIONS 

 This investigation successfully 

demonstrated the feasibility of developing 

innovative plant-based dips that combine the 

nutritional benefits of soursop and spinach with the 

functional advantages of different vegetable oils. 

The systematic evaluation confirmed that oil 

incorporation significantly enhanced sensory 

acceptability across multiple attributes while 

http://www.ioer-imrj.com/
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maintaining appropriate physicochemical 

characteristics for commercial viability. 

 Statistical analyses revealed that 

vegetable oil type substantially influences product 

characteristics, with canola oil demonstrating 

optimal performance in terms of overall consumer 

acceptance and nutritional profile. The 

comprehensive statistical analysis of proximate 

composition revealed highly significant treatment 

effects for most nutritional parameters, with effect 

sizes exceeding 0.90 for fat content, moisture, and 

energy density, indicating that oil type is the 

primary determinant of nutritional composition. 

 From a commercial perspective, these 

findings provide valuable guidance for formulating 

plant-based alternatives that meet consumer 

expectations for sensory quality while delivering 

enhanced nutritional benefits. The successful 

integration of underutilized tropical fruits like 

soursop with nutrient-dense vegetables 

represents a promising avenue for developing 

functional foods that address contemporary 

consumer demands for healthy, sustainable food 

options. 

 

RECOMMENDATIONS 

Based on the comprehensive findings of this 

study, the following recommendations are 

proposed: 

1. Commercial Development: Prioritize 

canola oil formulation (T3) for commercial 

production due to superior sensory 

acceptance and optimal nutritional profile. 

2. Process Optimization: Implement 

standardized emulsification protocols at 

8,000 rpm for 5 minutes to ensure 

consistent product quality and stability. 

3. Quality Assurance: Establish critical 

control points for pH monitoring (target: 

3.8-4.2) and water activity (target: <0.97) to 

ensure microbiological safety. 

4. Shelf-life Studies: Conduct comprehensive 

shelf-life evaluation under various storage 

conditions to determine optimal packaging 

and storage recommendations. 

5. Nutritional Enhancement: Investigate 

fortification opportunities with additional 

micronutrients to further enhance the 

functional food potential. 

6. Market Research: Conduct consumer 

preference studies across different 

demographic segments to optimize market 

positioning and acceptance. 

7. Scaling Studies: Develop pilot-scale 

production protocols to maintain quality 

consistency during commercial 

manufacturing. 
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