
ABSTRACT  

Vegetables are rich sources of bioactive compounds that support human health. However, zuc-

chini is often less preferred by children. This study aimed to develop a functional vegetable-

based jam from zucchini (Cucurbita pepo) and orange-fleshed sweet potatoes (Ipomoea bata-

tas L.)  to improve both composition and sensory appeal. Five jam formulations with varying 

zucchini to sweet potato ratios (100:0, 0:100, 75:25, 50:50, and 25:75) were prepared and ana-

lyzed for their chemical composition, mineral content, antioxidant activity, physicochemical 

properties, and sensory characteristics. All experiments were conducted in triplicate, and data 

were statistically analyzed using ANOVA and Duncan's multiple range test (p<0.05). Sweet 

potato exhibited higher phenolic (3.91mg GAE/g) and flavonoid (1.59mg QE/g) contents com-

pared to zucchini. The jam containing 100% sweet potato had the highest protein (4.80%) and 

crude fiber (2.42%) content, whereas the mixed jams (50:50 and 25:75) were richer in potassi-

um, zinc, and iron. All jam samples were sensorily acceptable, with only minor differences in 

color. The jams provided 21-23% of the recommended daily energy intake for children aged 4-

6 years. These findings demonstrate that combining zucchini and sweet potato in jam produces 

a nutritious, child-friendly product suitable for school feeding programs and functional food 

applications. 
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1. Introduction 

Regular consumption of fruits and vegetables is as-

sociated with a lower risk of chronic diseases due to their 

rich content of nutrients and phytochemicals (Liu, 2013). 

Jam is a semi-solid sweet spread produced by cooking 

fruits, vegetables, or a mixture of both with sugar (Codex, 

2009). Proper formulation with fruit, acid, pectin, and 

sugar ensures extended availability beyond seasonal har-

vests and provides optimal texture and shelf life. In     re-

sponse to growing health-conscious consumer demand, 

innovative products such as vegetable-based jams are 

gaining attention; however, their production and market 

presence remain limited. Zucchini (Cucurbita pepo), a 

member of the Cucurbitaceae family, is classified as        

a summer squash. Its skin color varies from light to dark 

green and may display fine white mottling or striped pat-

terns (Cagliani and Consonni, 2024). From a nutritional 

perspective, zucchini is a rich source of essential nutri-

ents, including vitamins, minerals, and bioactive com-

pounds. Moreover, it is abundant in antioxidants that con-

tribute to various health benefits (Zhang et al., 2023;    

Cagliani and Consonni, 2024; Jhanani et al., 2024). In 

Egypt, the total cultivated area of zucchini was approxi-

mately 24,923 hectares in 2016, yielding about 471,571 

metric tons, according to the Ministry of Agriculture     

and Land Reclamation (2016), as cited by Tolba et al. 

(2021). Sweet potato (Ipomoea batatas), a member of    

the convolvulaceae family, is recognized for its high     

nutritional value. Its roots are rich in starch, protein, die-

tary fiber, phenolics, vitamins and minerals, while              

being low in fat. Depending on the flesh color, sweet    

potatoes contain varying levels of bioactive compounds, 

including β-carotene, anthocyanins, and other 

antioxidants.  



Orange-fleshed varieties are rich in energy and β-

carotene a provitamin A compound making them an 

effective food-based strategy for combating vitamin 

A deficiency (Natocho et al., 2024; He et al., 2025; 

Kuyu et al., 2025). Additionally, sweet potatoes ex-

hibit beneficial physiological properties such as the 

regulation of blood glucose and lipids, immune en-

hancement, and antioxidant and anticancer effects 

(Hou et al., 2019). In Egypt, sweet potato is a major 

vegetable crop, with approximately 28,526 feddans 

cultivated in 2018, yielding an average of 11.77 tons 

per feddan (FAOSTAT, 2020). Both zucchini and 

orange-fleshed sweet potatoes are rich in dietary 

fiber, essential minerals, antioxidants, and carote-

noids. Therefore, this study aimed to develop inno-

vative jams using orange-fleshed sweet potatoes and 

zucchini, to evaluate their nutritional, physicochem-

ical, and sensory properties, and to assess their po-

tential contribution to children’s dietary energy re-

quirements, thereby addressing the limited availabil-

ity of vegetable-based jams in the market. 

2. Materials and Methods 

Materials 

Sweet potatoes (Ipomoea batatas L.), zucchini  

(Cucurbita pepo), pectin, citric acid, and sugar were 

purchased from a local market in Giza, Egypt. All 

other chemicals and reagents used were of analytical 

grade and obtained from Sigma-Aldrich (Germany/

USA) and Gomhouria Co. The Folin-Ciocalteu phe-

nol reagent was purchased from Fluka (France). 

Jam Preparation 

         The vegetable jam was prepared using a modi-

fied method described by Alqahtani (2020). Whole 

sweet potatoes and zucchini were washed and cut 

into small slices. For each batch, 500 g of zucchini 

and/or sweet potato were mixed with sugar and or-

ange peel (used as a flavor enhancer). The mixture 

was allowed to stand at room temperature (25±2°C) 

for 45 minutes. It was then slowly cooked with    

continuous stirring until the temperature reached 

100°C. At this point, pectin was added while stirring 

continued. Citric acid was added at the final stage of 

the cooking process. The mixture was cooked for 

approximately 35 minutes until the final product 

contained approximately 70% total soluble solids 

(TSS), as determined by a refractometer. The hot 

jam was poured into pre-sterilized glass jars and al-

lowed to cool. Five different formulations were   

prepared, as detailed in Table 1 and illustrated in 

Figure 1. All jam samples were stored at room tem-

perature (25±5°C) until analysis. 
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Table 1. Ingredients of vegetable-based jam 

Types of mixture 
Ingredients 

Zucchini 
(g) 

sweet  
potato (g) 

Sugar (g) 
citric  

acid (%) 
pectin  

powder (%) 
orange 
peel (g) 

T1:100% whole zucchini 500 - 500 0.5 1.5 1 

T2:100% whole sweet potato - 500 500 0.5 1.5 1 

T3:75% whole zucchini +25% 
whole sweet potato 

375 125 500 0.5 1.5 1 

T4:50% whole zucchini + 50% 
whole sweet potato 

250 250 500 0.5 1.5 1 

T5:25% whole zucchini +75 % 
whole sweet potato 

125 375 500 0.5 1.5 1 

Figure 1. Vegetable based jam samples 



 Methods of analysis 

Determination of phytochemicals in raw 

materials 

         The total phenolic content was determined us-

ing the Folin-Ciocalteu reagent according to the 

method of Franková et al. (2022). Results were ex-

pressed as milligrams of gallic acid equivalent per 

gram of sample (mg GAE/g). The total flavonoid 

content was determined by a colorimetric method as 

described by Barros et al. (2010), and the results 

were expressed as milligrams of quercetin equiva-

lent per gram (mg QE/g). The free radical scaveng-

ing activity of the extracts was evaluated based on 

the reduction in absorbance of a methanolic solution 

of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-

cal, following the procedure outlined by Brand-

Williams et al. (1995). 

Chemical analysis 

The samples were chemically analyzed for 

moisture, ash, protein, fat, and crude fiber using the 

standard methods described by AOAC (2019). The 

available carbohydrate content was calculated by 

difference [100 - (moisture + ash + protein + fat + 

crude fiber)%] as outlined by FAO (2003). Mineral 

contents (Fe, K, Ca, and Zn) were determined ac-

cording to AOAC (2019) using an Atomic Absorp-

tion Spectrophotometer (Perkin Elmer, Model 3300, 

USA). The contents of total sugars, reducing sugars, 

and non-reducing sugars were analyzed according to 

the methods described in AOAC (2019).The carote-

noid content in the samples was determined accord-

ing to the method described by Lee et al. (2001). 

Briefly, five grams of each sample were homoge-

nized with 30 mL of 85% acetone in amber bottles 

and kept at room temperature for 15 hours in the 

dark. The mixture was then filtered through glass 

wool into a 100 mL volumetric flask. The residue 

was washed, and the flask was made up to the mark 

with 85% acetone. The absorbance of the prepared 

extracts was measured using a spectrophotometer at 

wavelengths of 662, 644, and 440 nm. A blank was 

prepared using 85% acetone. The contents of total 

carotenoids and chlorophylls were calculated using 

the following equations: 

Chlorophyll A (μg/g) = (9.784×E662) – (0.99× 

E644). 

Chlorophyll B (μg/g) = (21.426×E664) – (4.65× 

E662). 

Chlorophyll A+B (μg/g) = (5.134×E662) + (20.436 

× E644).    

 Total carotenoids (μg/g) = 4.695×E440 – 0.268× 

(Chlorophyll A+B). 

Where E. = Optical density at the wavelength indi-

cated. 

Physicochemical Properties of Jam Sam-

ples 

       The physicochemical properties, including pH, 

total acidity, and total soluble solids (TSS), were 

determined according to the methods described by 

AOAC (2019). 

Determination of Viscosity 

      The viscosity of the jam was measured using a 

Brookfield Engineering Labs DV-III Ultra Rheome-

ter. The sample was placed in a small sample adapt-

er, and a constant-temperature water bath was used 

to maintain the desired temperature. The viscometer 

was operated at 10 rpm. Viscosity data, reported in 

centipoise (cP), were obtained directly from the   

instrument; the HA-07 spindle was selected for 

measurements conducted at room temperature (25± 

1°C), according to Salama et al. (2020). 

Water Activity 

      The water activity (aw) of the jam samples was 

measured using a water activity meter (AL 1823, 

Aqua Lab, USA). A small amount of each sample 

was placed in the sample cup, and the measurement 

was conducted at 25±0.50°C, following the proce-

dure described by Rongtong et al. (2018). After 

equilibration, the water activity value was recorded. 

Color Attributes 

        The color of the jam samples was measured 

instrumentally using a hand-held Chroma meter 

(model CR-400, Konica Minolta, Japan). The results 

were expressed in terms of  L* (lightness/darkness), 

  a* (redness/greenness) and  b* (yellowness/bluen- 

ess). The total color difference (ΔE) between jam 

samples was calculated using the following equa-

tion: ΔE = √[(ΔL)² + (Δa)² + (Δb*)²] 
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The detailed procedure is outlined in Francis 

(1983). All measurements were performed in tripli-

cate, and average values are reported. 

Texture Profile Analysis 

      The texture of the jam samples was determined 

using a universal testing machine (Cometech, B 

type, Taiwan). A flat-headed stainless steel cylindri-

cal probe with a diameter of 2 mm was used for the 

penetration test. The test commenced upon contact 

between the probe and the sample surface and con-

cluded when the probe had penetrated to 50% of the 

sample's height. The probe speed was set at 1 mm/s, 

as described by Bourne (2002). 

Sensory Evaluation 

       Sensory evaluation was performed by 15 

trained panelists from the Food Technology Re-

search Institute. The sensory attributes, including 

taste, color, odor, spreadability, appearance, and 

overall acceptability, were evaluated immediately 

after preparation. All jam samples were coded and 

presented randomly to the panelists. The degree of 

liking or disliking was assessed using a 9-point he-

donic scale with descriptive categories, ranging 

from "like extremely" (9) to "dislike extremely" (1), 

where "neither like nor dislike" (5) represented the 

neutral point. The scale categories were defined as 

follows: like very much (8), like moderately (7), 

like slightly (6), dislike slightly (4), dislike moder-

ately (3), and dislike very much (2), according to 

Akinlolu-Ojo et al. (2022).The estimated energy 

contribution of the jams for pre- and primary school 

children aged 4–12 years was calculated based on 

the recommended daily energy requirements (kcal/

day) according to the World Health Organization 

(2004). 

Statistical Analysis 

        All experiments were conducted in triplicate. 

Data were analyzed using SAS (2003) software 

(Version 9.1, SAS Institute, Cary, NC, USA). One-

way analysis of variance (ANOVA) was applied, 

and mean comparisons were performed using Dun-

can's multiple range test at a significance level of    

p < 0.05. Results are expressed as mean ± standard 

deviation (SD). 

3. Results and Discussion 

Phytochemical properties of raw materi-

als 

       The phytochemical composition of orange-

fleshed sweet potato and green zucchini is presented 

in Table 2. Sweet potato exhibited significantly 

higher levels of total phenolic content (3.91±0.13 

mg GAE/g) and flavonoids (1.59±0.09 mg QE/g) 

compared to zucchini (1.55±0.07mg GAE/g and 

1.34±0.12mg QE/g), respectively. Similarly, the 

DPPH radical scavenging activity of sweet potato 

(48.95±0.6%) was superior to that of zucchini 

(35.31±0.2%). These results demonstrate that or-

ange-fleshed sweet potato is a richer source of bio-

active compounds contributing to higher antioxidant 

capacity. Similar findings were reported by Huang 

et al. (2005), who observed that phenolic and flavo-

noid levels in sweet potatoes depend on genotype 

and processing. Although zucchini contains antioxi-

dants (Pandey et al., 2024), its total content is com-

paratively lower. Thus, incorporating sweet potato 

enhances the antioxidant potential of the developed 

vegetable-based jams. 
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Table 2. Bioactive properties in sweet potatoes and zucchini (on fresh weight basis) 

Sample 
Total phenolic 

(mg Gallic acid /g) 
Total flavonoids 
(mg quercetin /g) 

DPPH 
% 

Whole sweet potato orange 3.91a±0.13 1.59a±0.09 48. 95a±0.6 

Whole zucchini green 1.55b±0.07   1.34b±0.12 35.31b±0.2 

Nutritional qualities of raw materials and 

vegetable-based jam  

Table 3 presents the proximate composition of both 

raw materials and formulated jams. Sweet potato 

had higher contents of fiber (2.11%), protein 

(4.76%), fat (0.72%), and carbohydrates (18.25%) 

compared to zucchini, which exhibited higher   

moisture (90.45%). Among the jam samples, mois-

ture content ranged from 20.01% (T3) to 27.30% 

(T1). The jam containing 100% sweet potato (T2) 

The mean values (n=3 ± S.D) have different superscript letters at the same column, indicating a significant difference (P < 0.05). 
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Table 3. The chemical composition of the raw materials and vegetable-based Jam (on fresh weight 

basis) 

Item 

Contents (%) 

Moisture Ash Fiber protein Fat 
*Available  

carbohydrates 

Whole sweet potato 
orange 

73.60b±1.15 0.56a±0.012 2.11a±1. 15 4.76a±0.15 0.72a±0.20 18.25a±0. 15 

Whole zucchini 90.45a±1.26 0.52a±0.56 1.53b±1.18 1.51b±0.18 0.15b±1.18 5.84b±0.54 

               Types of mixture 

T1 27.30a±0.56 0.65a±0.78 1.74b±1.56 1.62d±1.23 0.16c±0.78 68.53c±0.18 

T2 24.0b±0.22 0.72a±0.45 2.42a±1.72 4.80a±1.12 0.75a±1.14 67.31d±1.78 

T3 20.01d±0.16 0.53ab±0.56 1.67b±1.78 2.32c±0.66 0.29c±1.56 75.18a±1.34 

T4 22.95c±0.78 0.54a±0.76 1.82ab±0.98 3.14b±0. 98 0.44b±0.98 71.11b±0.92 

T5 24.24b±0.96 0.55ab±0.85 1.96ab±0.78 3.44b±0.34 0.58b±1.14 69.23c±1.34 

Data are presented as mean (n = 3) with standard deviation. Mean values at the same column with different letters are signifi-
cantly different at p ≤ 0.05. *Available carbohydrates in the mixture was calculated by difference. T1:100% whole zucchini.   T2: 
100% whole sweet potato. T3: 75% whole zucchini +25% whole sweet potato. T4: 50% whole zucchini +50 % whole sweet po-
tato and T5: 25% whole zucchini +75 % whole sweet potato. 

Chlorophyll A, chlorophyll B and total ca-

rotenoids 

      As shown in Table 4, zucchini contained signifi-

cantly higher chlorophyll A (632.48µg/g) and chlo-

rophyll B (520.70µg/g) than sweet potato, whereas 

sweet potato exhibited significantly higher total ca-

rotenoid content (51.43µg/g). Among the jam sam-

ples, chlorophyll concentrations decreased with in-

creasing proportions of sweet potato, while carote-

noid levels increased concurrently. The jam made 

entirely from sweet potato (T2) exhibited the high-

est carotenoid content (83.00 µg/g). This pattern 

demonstrates that orange-fleshed sweet potatoes are 

an excellent source of β-carotene, while zucchini 

contributes chlorophylls to the product. These find-

ings are consistent with those of Adepoju and 

Adejumo (2015) and Salehi et al. (2019), who em-

phasized the nutritional and functional importance 

of carotenoids and chlorophylls in vegetables. 

 

Sugar Content in raw materials and vege-

table-based Jam 

       The total, reducing, and non-reducing sugars of 

raw materials and jams are shown in Table 5. Zuc-

chini contained slightly higher natural sugar content 

than sweet potato, which resulted in higher total and 

reducing sugar levels in the T1 jam (100% zucchi-

ni). After processing, all jam samples exhibited a 

substantial increase in total sugar content (>54%), 

attributable to the addition of sucrose. This elevated 

sugar level is consistent with the Codex Alimentari-

us standards for jam stability and quality (Codex, 

2009). The zucchini-rich jam (T1) had the highest 

reducing sugar content (52.11%), while the sweet 

potato-based jams (T2 and T5) contained higher 

levels of non-reducing sugars, reflecting the starchy 

nature of sweet potatoes. According to Bekele et al. 

(2020), the ratio between reducing and non-

reducing sugars strongly affects sweetness, color 

development, and texture during thermal processing 

exhibited the highest protein (4.80%) and crude fi-

ber (2.42%) levels, while the mixed formulations 

(T4 and T5) showed intermediate values. These dif-

ferences reflect the distinct compositional profiles 

of the raw materials. These trends are consistent 

with findings reported by Adepoju and Adejumo 

(2015) and Zhang et al. (2003), who highlighted the 

nutrient-dense profile of sweet potato and the char-

acteristically high water content of zucchini. In 

summary, the partial substitution of zucchini with 

sweet potato improved the nutritional quality of the 

jam by increasing its protein, fiber, and carbohy-

drate contents, while maintaining acceptable mois-

ture levels. 
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Table 4. Chlorophyll A, chlorophyll B, and total carotenoids (µg/gm) in raw materials and vegetable-

based jam  

Data are presented as mean (n = 3) with standard deviation. Data values of each parameter at the same column with different 
superscript letters are significantly different at p < 0.05. T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole 
zucchini +25% whole sweet potato. T4: 50% whole zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75 % 
whole sweet potato. 

Item Chlorophyll A Chlorophyll B Total carotenoids 

Whole sweet potato orange 238.00b± 1.23 393.21b± 1.45 51.43a±0.276 

Whole Zucchini green 632.48a±1.11 520.70a± 1.11 25.90b±1.45 

Types of mixture 

T1 511.64a ± 1.04 269.35a ± 0.2 42.29c ±1.23 

T2 197.52c ± 1.10 191.54c ± 1.07 83.00a±2.14 

T3 303.27b ± 1.11 245.41ab ± 1.10 48.28bc±1.45 

T4 243.41bc± 1.07 201.51b ± 1.34 69.83b±1.47 

T5 185.33d ± 1.05 133.67d ± 1.22 62.051b±1.11 

Table 5. Total, reducing and non-reducing sugars (%) in raw materials vegetable-based jam 

Item Total sugars Reducing sugars Non reducing sugars 

Whole sweet potato orange ±0. 17 a1.43 ± 0.23a0.120 ± 0.34a1.31 

Whole Zucchini green ± 0.23 a1.74 ± 0.16a0.240 ± 0.36 a1.50 

Types of mixture 

T1 ±1.10a57.35 ±1.15 a52.11 ± 1.40 b5.24 

T2 ± 1.15b54.98 ±1.25 b47.87 ± 1.12 ab7.11 

T3 ±1.12ab55.72 ±1.45 b47.94 ± 1.23 ab7.78 

T4 ±1.45ab56.31 ±1.33 b46.96 ± 1.12 a9.35 

T5 ±1.23b54.48 ±1.45 b46.07 ± 1.11 a8.77 

Data are presented as mean (n = 3) with standard deviation. Data values of each parameter with different superscript letters are 
significantly different at p < 0.05 T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole zucchini +25% whole 
sweet potato. T4: 50% whole zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75 % whole sweet potato 

Mineral Content in Vegetable-Based Jam 

      The mineral content of the raw materials and 

jam samples is presented in Table 6. Potassium was 

the most abundant mineral across all samples, fol-

lowed by calcium, iron, and zinc. Both sweet potato 

and zucchini provided valuable mineral contribu-

tions; however, the sweet potato-based jams (T2 

and T5) contained higher calcium levels, whereas 

the zucchini-rich formulations exhibited slightly 

higher iron content. Blending zucchini and sweet 

potato improved the overall mineral balance of the 

jams, particularly in treatments T4 and T5, which 

were richer in potassium and zinc. These findings 

are in agreement with Laurie et al. (2012) and Alam 

et al. (2020), who noted that mineral profiles vary 

with cultivar and growing conditions. The slight 

mineral loss observed may result from leaching dur-

ing heat processing (Xu et al., 2022). 

 

Physicochemical Properties of Jam Treat-

ments 

     The physicochemical parameters of the jam the 

ratio between reducing and non-reducing sugars 

strongly affects sweetness, color development, and 

texture during thermal processing. The pH values 

varied between 3.20 (T1) and 5.30 (T5), exhibiting 

the expected inverse relationship with titratable 

acidity, which ranged from 0.42% (T3) to 0.62% 

(T1).Viscosity ranged from 250cP in T1 to 500cP in 

T3. The general increase in viscosity associated 

with higher sweet potato ratios can be attributed to 

the higher starch and dietary fiber content of sweet 

potatoes. No significant differences were observed 

in water activity among the treatments. These     

results align with findings from previous studies 

(Jain et al., 2011 and Shen et al., 2021), confirming 

that sugar concentration, pectin content, and acidity 

are key factors determining jam texture and stabil-

Production and Evaluation of an Innovative Vegetable-Based Functional Jam from Zucchini and Orange-Fleshed Sweet Potatoes 

Food Technology Research Journal, Vol. 9, issue 2, 164-174, 2025 



Table 6. Minerals content of vegetable-based jam (on fresh weight) 

Item 
Minerals content (mg/100g) 

K Ca Zn Fe 

Whole Sweet potato orange 260a± 0.62 30a± 0.87 0.50a±0.24 0.60a± 1.45 

Whole Zucchini green 259a± 1.12 16b± 0.98 0.25b± 0.12 0.73a± 0.71 

         Types of mixture 

T1 229.12c±1.02 16.53e±0.97 0.26a±1.05 0.54ab±1.45 

T2 234.02b±1.07 24.8b±1.01 0.27a±1.05 0.44ab±1.26 

T3 239.23b±1.23 19.45d±1.45 0.24a±1.06 0.70a±1.14 

T4 249.31a±1.25 22.85c±1.17 0.28a±1.02 0.67a±1.11 

T5 249.75a±1.12 26.54a±1.23 0.29a±1.12 0.65a±1.45 

Data are presented as mean (n = 3) with standard deviation. Data values of each parameter with different superscript letters are 
significantly different at p < 0.05. T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole zucchini +25% 
whole sweet potato. T4: 50% whole zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75 % whole sweet potato 

Table 7. Water activity, total soluble solids, pH, acidity and viscosity in vegetable-based jam 

Type of mixture Water activity T. S. S (°Brix) pH Acidity (%) Viscosity( cP) 

T1 0.756a ±0.12 70.75c ±0.15 3.20c ±0.25 0.62a±0.71 250e±0.71 
T2 0.761a ±0.15 71.51b ±0.15 4.00 b ±0.10 0.47d±0.35 300d±0.34 

T3 0.708a ±0.12 75.30a ±0.15 4.59 b±0.23 0.42e±0.21 500a±0.56 

T4 0.730a ±0.17 74.75ab ±0.25 3.55c±0.12 0.61b±0.89 440b±0.78 
T5 0.791a ±0.12 70.53c ±0.45 5.30a±0.12 0.51c±0.25 316c±0.41 

Data are presented as mean (n = 3) with standard deviation. Data values of each parameter with different superscript letters are 
significantly different at p < 0.05. T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole zucchini +25% 
whole sweet potato. T4: 50%   whole zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75 %   whole sweet 
potato. 

Color Attributes of Vegetable-Based Jam 

    Color parameters (L*, a*, b*) are presented in 

Table 8. Lightness (L*) increased with higher sweet 

potato content, reaching the highest value of 26.03 

in sample T5. The redness (a*) value shifted from -

0.68 in T1 (indicating greenness) to 1.47 in T2 

(indicating redness), demonstrating a clear transition 

towards reddish-orange hues. Yellowness (b*) also 

increased with sweet potato content, peaking at 8.04 

in T5. The calculated total color difference (ΔE) 

confirmed significant visual variations among the 

different formulations. These results demonstrate 

that sweet potato contributes strong natural pig-

ments, enhancing the color intensity and consumer 

appeal of the jam. Similar color trends were reported 

for vegetable-based jams by Perumpuli et al. (2018).  

Table 8. Color attributes of vegetable-based jam 

Types of mixture L* a* b* ∆E 

T1 22.33bc ±0.24 -0.68e±0.15 6.32c±0.12 7.23c±0.24 

T2 23.29b ±0.10 1.47a±0.12 7.39b±0.14 8.61b±0.12 

T3 20.43c ±0.12 0.01d±0.15 4.77d±0.14 5.45e±0.23 

T4 21.55c ±0.35 0.90b±0.12 5.58c±0.14 6.38d±0.23 

T5 26.03a ±0.11 0.74c±0.11 8.04a±0.11 10.27a±0.21 

Data are presented as mean (n = 3) with standard deviation. Data values of each parameter at same column with different super-
script letters are significantly different at p < 0.05. T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole zuc-
chini +25% whole sweet potato. T4: 50%   whole zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75% whole 
sweet potato. 

Texture profile analysis (TPA) of vegeta-

ble-based jam 

       The textural profile of the jams are presented in 

Table 9. Firmness ranged from 0.93N in T1 (100 % 

zucchini) to 2.50N in T4, with sweet potato incorpo-

ration significantly increasing firmness and cohe-

siveness. The highest cohesiveness (0.49) and gum-

miness (0.81N) were recorded in T2, indicating 

stronger structural integrity. Springiness and chewi-

ness also improved with sweet potato content,      
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reflecting the influence of its starch and pectin on 

gel formation. These results align with findings 

from previous studies (Jain et al., 2011 and Shen et 

al., 2021), confirming that sugar concentration, pec-

tin content, and acidity are key factors determining 

jam texture and stability. 

Types of mixture Firmness, N Cohesiveness Gumminess, N Springiness, mm Chewiness, mj 

T1 0.93b ±0.17 0.30e ± 0.22 0.49d ± 0.12 0.50c ±0.241 0.23ab ± 0.23 

T2 2.26 a±0.13 0.49a ± 0.16 0.81a ±0.11 1.49a ±0.115 0.40a ±0.1 40 

T3 2.16a ±0.16 0.44b ± 0.17 0.36e ±0.12 0.63c ±0.071 0.36a ±0.351 

T4 2.50a ±0.22 0.37d ± 0.12 0.65b±0.11 0.93b ±0.124 0.20ab ±0.37 

T5 2.44a ±0.15 0.39c ± 0.24 0.55c±0.04 1.27a ±0.126 0.38a ±0.112 

Table 9. Texture profile analysis (TPA) of vegetable-based jam 

Data are presented as mean (n = 3) with standard deviation. Data values of each parameter with different superscript letters are 
significantly different at p < 0.05. T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole zucchini +25% whole 
sweet potato. T4: 50% whole zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75 % whole sweet potato. 

Sensory Evaluation of Vegetable-Based 

Jam 

The mean sensory scores of the jam samples are 

presented in Table 10. No significant differences (p 

> 0.05) were observed among the treatments for 

taste, odor, or spreadability. However, significant 

differences were detected in color, appearance, and 

overall acceptability. Jams containing higher pro-

portions of sweet potato (T4 and T5) received the 

highest overall acceptability scores, ranging from 

7.70 to 8.00 on the 9-point hedonic scale. These re-

sults demonstrate that the incorporation of sweet 

potato enhances both the visual appeal and overall 

sensory quality of vegetable-based jams. Although 

the sensory evaluation was conducted with a panel 

of 15 trained members, which is a relatively small 

sample size, the results provide a valid preliminary 

assessment of consumer acceptance and product 

liking. 

Table 10. Sensory evaluation of vegetable-based jam  

Overall acceptability Spreadability Appearance Odor Color Taste 
Types of  
mixture 

7.31 ab ±1.54 7.06a±1.44 7.00b±1.75 6.75a±1.73 6.63bc±1.75 7.63a ±1.26 T1 

6.94b ±1.29 7.25a±1.34 8.13a±1.09 7.38a±1.36 8.31a±1.078 7.67a±1.25 T2 

7.75 ab ±1.38 7.06a±1.39 6.63b±1.66 6.63a±1.71 6.19c±1.974 7.19a±1.64 T3 

7.70 ab ±1.20 7.13a±1.75 7.50ab±1.15 6.81a±1.60 7.38ab±1.31 7.00a±1.55 T4 

8.00a±1.27 7.69a±1.92 8.13a±0.95 7.44a±1.75 8.06a±929 7.88a±1.45 T5 

Values are means of 15 replicates ± SD, Data values of each parameter at same column with different superscript letters are    
significantly different at p < 0.05. T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole zucchini +25% 
whole sweet potato. T4: 50% whole zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75 % whole sweet potato. 

Contribution of vegetable-based jam to 

daily energy requirements 

      Table 11 presents the calculated energy contribu-

tion of the jams. Energy values ranged between 282 

and 313 kcal/100 g, representing 21–23% of the rec-

ommended daily energy intake for children aged 4–6 

years. Sample T3 (75% zucchini + 25% sweet pota-

to) provided the highest energy value (312.61 

kcal/100 g). These results confirm that the devel-

oped jams can serve as energy-rich, nutrient-dense 

foods suitable for school nutrition programs. Similar 

complementary nutritional benefits have been re-

ported by Zhang et al. (2003) and Martínez-

Valdivieso et al. (2017). 
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Table 11. Percentage contribution of vegetable-based jam (by fresh weight) to the recommended daily 

energy intake for pre- and primary school children aged 4–12 years. 

Types of mixture Total energy (kcal/100g) 
%Contribution to RDA*for children from energy(kcal/day) 

4-6 years 7-9 years 10-12 years 

T1 282.01 21.04 15.84 12.93 
T2 295.19 22.03 16.58 13.54 
T3 312.61 23.33 17.56 14.34 
T4 300.96 22.45 16.88 13.80 
T5 295.90 22.10 16.62 13.57 

Recommended daily energy requirements 1340 (kcal/day) 1780 (kcal/day) 2180 (kcal/day) 

T1:100% whole zucchini. T2: 100% whole sweet potato. T3: 75% whole zucchini +25% whole sweet potato. T4: 50%   whole 
zucchini +50 % whole sweet potato and T5: 25% whole zucchini +75 % whole sweet potato. RDA*= Recommended Dietary 
Allowances. 

4. Conclusion 

The present study successfully demonstrated that 

the combination of zucchini and orange-fleshed 

sweet potatoes in jam formulations yields a nutri-

tious and sensorily acceptable product with en-

hanced functional properties. Sweet potato signifi-

cantly contributed higher levels of protein, dietary 

fiber, phenolic, and flavonoid compounds. In con-

trast, zucchini enriched the final product with chlo-

rophyll and essential minerals, particularly potassi-

um and iron. All jam formulations exhibited good 

sensory acceptability, with the blends containing 

higher proportions of sweet potato (T4 and T5) be-

ing the most preferred. These findings indicate that 

vegetable-based jams can serve as a healthy and ap-

pealing alternative to traditional fruit jams. The de-

veloped formulations show promise for incorpora-

tion into school meal programs to bolster children's 

energy and micronutrient intake. It is recommended 

that future research focuses on evaluating the 

product's shelf stability, microbiological safety, and 

economic viability for large-scale production. 
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