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ABSTRACT 
Utilizing food processing by-products as functional food ingredients is an emerging perspective 
for sustainable food production. The present study was conducted to develop carrot sauce with 

enhanced nutritional profile and improved storage stability by utilizing tomato peel powder. The 

sauce formulations containing 5%, 10%, 15%, and 20% of tomato peels as a substitution of carrot 

pulp were developed and evaluated for physicochemical properties (pH, acidity, total soluble 
solids and color parameters), nutritional content (lycopene and β-carotene), microbial safety 

and sensory acceptability during 90 days of ambient storage. The carrot sauce supplementation 

with tomato peel powder significantly improved lycopene content, ranging from 102.41 to 131.54 

µg/g, with maximum retention of 85.37% in T4 (20% tomato peel powder) at the end of storage. 
T4 also exhibited improved storage stability in terms of pH (4.61 to 4.52), acidity (1.22 to 1.42%), 

and microbial count (<4 log CFU/g). This study reveals that tomato peel, a by-product of food 

processing can be valorized for developing shelf stable, value-added functional food products. 
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INTRODUCTION 

Fruits and vegetables sauces have become 

increasingly popular globally in recent years, due to 

their compatibility with everyday diets for improved 
flavor, texture and palatability. These sauces have 

distinct sensory characteristics which derive from a 

variety of ingredients, including food pulp, spices and 
other food additives (Kuliev, 2022). The fortification and 

enrichment of food products amid rising demand for 

nutrient-dense and health-promoting foods have grown 

interest in research based on food value addition and 
development of functional foods (Tsikritzi et al., 2015). 

Tomato (Solanum lycopersicum) is one of the most 

popular crops in the world commonly consumed as 
vegetable and valued for its round the year availability. 

It is consumed as fresh and in processed forms as 
pulp, pastes, purees, and sauces (Kiralan et al., 2022). 

The industrial processing of tomatoes generates by-
products like peels and seeds that are high in dietary 

fiber, polyphenols, lycopene, β-carotene, and vitamin 
C (Romano et al., 2020; Tchonkouang et al., 2025). 

These by-products can be used to develop functional 

food ingredients that can play role in enhancing 
nutrients availability and reduce malnutrition (Lu et al., 

2022). 

Carrot (Daucus carota) is a rich source of nutrients 

including phenolic compounds, carotenoids, 

particularly β-carotene, and dietary fiber (Varshney & 
Mishra, 2022). These compounds are involved in 

various health promoting activities such as improving 

the functions of cardiovascular and immune systems 
(Sharma, 2018; Haas et al., 2019). Considering their 

nutritional importance, carrots are widely processed 

into value-added products like juices, powders, and 

preserves for meeting the dietary requirements of the 
population (Motegaonkar et al., 2024). 

Different studies highlight the importance of blended 

sauce formulations. Carrot-based sauce containing 
60% carrot pulp in replacement of tomato pulp 

exhibited superior nutritional, sensory and textural 

characteristics compared to sauce developed with 
tomato pulp only (Javed et al., 2022). Similarly, 

whole-tomato sauce (containing peels and seeds) 

and tomato sauce enriched with other vegetables 

exhibited superior physicochemical properties and 
nutritional profile compared to traditional tomato sauce 
(Milito et al., 2025). However, the previous literature 

lacks studies on the use of tomato peels in carrot 
sauce, with particular emphasis on carotenoid retention 

and storage stability. Therefore, the present study was 
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designed to develop and evaluate nutrient-rich carrot 

sauce supplemented with varying levels of tomato peel 

powder. 

 
MATERIALS AND METHODS 

The raw materials required in this study were procured 

from local market of Faisalabad and brought to the 

processing area of Food Technology Section, Ayub 
Agricultural Research Institute, Faisalabad, Pakistan. 

The carrots were cored, blanched, and blended to a 

fine pulp. The tomato peels were dried in a dehydrator 

(PT-100, Pamico Technologies, Pakistan) at 55 ℃ to 

a constant moisture content and converted into a fine 

powder. The tomato peel powder was analysed for 
lycopene and beta carotene content. 

Table 1. Treatment plan for developing sauce 
 

Treatments Tomato peel powder % Carrot Pulp % 

To 0 100 

T1 5 95 

T2 10 90 

T3 
15 85 

T4 20 80 

 

The sauce was developed following the treatment 

plan given in the table 1, aseptically filled in glass jars 

and stored at room temperature (25±2 ℃) for further 

analysis. The quality characteristics of the sauce were 
assessed every month for up to 90 days. 
Physicochemical characterization 

pH: The pH of the sauce samples was determined 

using digital pH meter (IQ 150 Digital pH meter 
Spectrum Technologies, Inc., USA). 
Acidity (%): The percentage acidity was determined as 

acetic acid equivalent using standard titration method 
942.15 (AOAC, 2016). Briefly 5 ml of sample was 

diluted up to 100 ml and 10 ml of diluted sample was 

titrated against 0.1N NaOH using phenolphthalein. The 

percentage acidity was calculated using the formula: 

 

 
T=titer; N= Normality; V1= 100 ml (diluted volume); 
V2= 10 ml (Volume taken for titration); W= initial weight 
of sample taken 
Total soluble solids: The total soluble solid content 

was determined at 20 °C using digital refractometer 
calibrated for measurement of total soluble solid as 

°Brix (HI 96801 Refractometer, HANNA Instruments 

Inc., USA). 
β-Carotene determination: β-Carotene content was 

determined spectrophotometrically following solvent 

extraction. Sample (1 g) was weighed and homogenized 
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Fig. 1. Process flow diagram of carrot sauce development 
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in 10 mL of 1:1, v/v solution of acetone and n-hexane. 

The homogenate was filtered (Whatman filter paper 

no. 1) and 10 mL of 50% ammonium sulfate (NH
4
)

2
SO

4 

solution was added to the filtrate. The mixture 

was shaken vigorously and allowed to stand until 

phase separation occurred. The upper hexane layer 

containing β-carotene was carefully collected using 

separating funnel, and absorbance was measured 

at 450 nm using a single-beam spectrophotometer 

(Scitek UV 759, Scitek Global Co., Ltd., Jinan, China), 

with hexane used as the blank (Ishiwu Charles et al., 

2014). 
Lycopene determination: Lycopene content was 

quantified using a solvent extraction method used by 
Ali et al. (2013), with minor modifications. In short, 5 

mL of 0.05% butylated hydroxytoluene (BHT) solution 
in acetone, 5 mL of 95% ethanol, and 10 mL of hexane 

were combined with 0.6 g of the sample. The mixture 

was shaken in an ice bath for 15 minutes at 180 rpm 
to prevent oxidative deterioration of carotenoids. 

Then 3 mL of ice-cold distilled water added and the 

mixture was shaken for an additional five minutes to 

aid in phase separation. A UV-Vis spectrophotometer 
was used to record the absorbance of hexane layer at 

503 nm (Scitek UV 759, Scitek Global Co., Ltd., Jinan, 

China). 
 

 
Where X is the volume of hexane (mL), A is the 

absorbance reading at 503 nm, 3.12 is the extinction 
coefficient of lycopene and Y is the weight of sample 

(g). 
Total plate count: The total plate count of the sauce 

samples was determined at the end of 90 days 

of storage following the standard method 990.12 

(AOAC, 2016). Briefly, 10 g of each sauce sample 
was aseptically transferred into a sterile stomacher 

bag containing 90 mL of sterile peptone water (0.1%) 

and homogenized thoroughly to obtain a 10-1 dilution. 
Subsequent serial dilutions were prepared using 

the same diluent. The dilutions were pour-plated in 

duplicate onto nutrient agar and incubated at 35 ± 1 

°C for 48 h. After incubation, plates containing 30–300 
colonies were selected for enumeration. The total plate 

count of each sample was reported as (log CFU g⁻¹) 
logarithm of colony forming units per gram. 
Total color change (ΔE): The variations in lightness 

(L*), redness (a*), and yellowness (b*) were used to 

assess color changes at the end of storage period. 
These coloring parameters were determined using a 

handheld colorimeter (Chroma Meter CR-400, Konica 

Minolta Inc., Japan). The overall color difference (ΔE) 

was calculated using the following equation (Umeohia 

& Olapade, 2025). 

 

 
where L*, a*, and b* represent the initial lightness, 

redness-blueness, and yellowness-greenness values, 

respectively, and L, a, and b correspond to the 

respective values measured at the end of storage 
interval. 

Sensory evaluation: Sensory evaluation was 

performed to assess the consumer acceptability of 
the developed sauce. The samples were assessed by 

a panel of ten scientists on a 9-point hedonic scale, 

where 1 indicated extremely disliked and 9 indicated 
extremely liked. The samples were assessed for flavor, 

texture, and mouthfeel, then overall acceptability score 

was calculated as the mean of these sensory attributes 
(Meilgaard et al., 2007). 

Statistical analysis: The analytical measurements 

were performed in triplicate and analyzed by two-way 
analysis of variance (ANOVA). Tukey’s HSD test was 

performed for post hoc comparison of means. The 

results were presented as mean ± standard deviation 
(S.D) and graphs were developed using grammar of 

graphics package (ggplot2). All statistical analysis 

were performed in RStudio (Montgomery, 2017). 

 
RESULTS AND DISCUSSION 

pH: A gradual decrease was observed in the pH of carrot 

sauce supplemented with varying levels of tomato peel 
powder during storage, as presented in figure 2 (A). 

The sample (T0) containing 100% carrot pulp showed 

relatively greater reduction in pH, decreasing from 

4.52 ± 0.03 to 4.16 ± 0.01 after 90 days of storage. 

In contrast, the treatment (T4) containing 20% tomato 

peel powder as a replacement for carrot pulp showed 
a minor decline in pH from 4.61 ± 0.02 to 4.52 ± 0.01 

during storage. The pH stability in samples containing 

tomato peel powder may be attributed to the presence 
of more fiber, which is known to contribute to the 

chemical stability in food matrices (Navarro-González 
et al., 2011). The decrease in pH may be attributed to 

the breakdown and de-esterification of organic acid 
functional groups occurring during storage (Javed et 

al., 2022). 

Acidity (%): The titratable acidity measured as 

percentage acetic acid content of the developed sauce 
is illustrated in figure 2 (B). All treatments presented 

a statistically significant increase (p < 0.05) in acidity 

throughout the storage period. The treatment (T0) 
containing 100% carrot pulp presented the highest 

increase in acidity from 1.21 ± 0.03 to 1.93 ± 0.02. In 

contrast, the lowest increase in titratable acidity was 
recorded in treatment T4, in which 20% tomato peel 
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Fig. 2. A) pH of sauce during storage; B) % Acidity of sauce during storage. Data points with different lettering having significant 

differences from each other. T0=Contains 100% carrot pulp; T1=95% Carrot pulp and 5% Tomato peel powder; T2=90% Carrot pulp and 

10% Tomato peel powder; T3=85% Carrot pulp and 15% Tomato peel powder; T4= 80% Carrot pulp and 20% Tomato peel powder. 

 

 

Storage Days 

Fig. 3. Total soluble solids of sauce during storage. Data points with different lettering having significant differences from each other. 

T0=Contains 100% carrot pulp; T1=95% Carrot pulp and 5% Tomato peel powder; T2=90% Carrot pulp and 10% Tomato peel powder; 

T3=85% Carrot pulp and 15% Tomato peel powder; T4= 80% Carrot pulp and 20% Tomato peel powder. 

 

powder was used as a replacement for carrot pulp, 

acidity increased marginally from 1.22 ± 0.02 to 1.42 

± 0.02. Samples containing 5%, 10%, and 15% tomato 

peel powder showed intermediate increases in acidity, 

with final values ranging from 1.58 ± 0.01 to 1.77 ± 
0.07, 1.34 ± 0.04 to 1.52 ± 0.01, and 1.47 ± 0.03 to 

1.58 ± 0.02, respectively. The comparatively lower 

increase in acidity of samples containing tomato peel 

powder may be attributed to the buffering capacity 

of dietary fiber and antioxidant activity of phenolic 

compounds present in tomato peel (Valdez-Morales 
et al., 2014). The overall increase in titratable acidity 

during storage can be associated with the degradation 

of polysaccharides, sugars, and pectic substances into 
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organic acids, as well as possible enzymatic and non-

enzymatic reactions occurring in the product matrix. 

Similar trends have also been reported in vegetable-
based sauces and purees fortified with plant by-

products, where compositional changes, including 

degradation of organic acid and breakdown of complex 
carbohydrates, influence acidity over time (Kebede et 
al., 2015; Donega et al., 2015). 

Total soluble solids (TSS): The total soluble solids 

(TSS), expressed as °Brix (sucrose equivalents), of 

carrot sauce supplemented with tomato peel powder 
are presented in figure 3. The sauce containing higher 

amount of tomato peel powder had a greater degree of 

brix among the treatments. A significant (p < 5) decrease 

in soluble solids (°Brix) was observed during storage. 
The highest initial TSS value (38.41±0.01°Brix) was 

recorded by treatment T4 (20% tomato peel powder), 

which also showed a substantial decrease up to 31.70 

± 0.02 °Brix by the end of the storage period. Similarly, 

treatment T3 (15% tomato peel powder) showed a 
decrease from 32.60 ± 0.02 to 27.11 ±0.02 °Brix. The 

decreasing trend in remaining treatments T0, T1, and 

T2 was comparable i.e., 24.59±0.01 to 20.10±0.03, 

26.41±0.02  to  22.79±0.01,  and  28.71±0.02  to 

23.41±0.01, respectively. This decreasing trend of TSS 

during storage can be explained by the hydrolysis of 

complex polysaccharides and subsequent degradation 

of soluble carbohydrates in the presence of organic 
acids (Guo et al., 2022). The similar declining 

trend of TSS during storage (TSS decreased from 

34.14 to 19.64°) has been reported in tomato sauce 
supplemented with plant roots (Din et al., 2020). 

Lycopene  and  β-carotene:  The  lycopene  and 

β-carotene content of tomato peel powder was 

25.14±0.80 and 7.80±0.31 microgram/g, respectively. 

The lycopene and β-carotene concentrations of the 

sauce exhibited a gradual decrease over 90 days 

of storage as shown in table 2; however, substantial 

retention was observed at the end of storage across 

all treatments. In treatments (T0 to T4) the lycopene 
was increased from 102.41 ± 1.09 to 131.54 ± 0.92 

as the percentage of supplementation with tomato peel 

powder was increased from 0 to 20%. The maximum 

lycopene content (131.54 ± 0.92) was observed in T4 
containing 20 % tomato peel powder while minimum 

was in T0 (102.41±1.09) made with carrot pulp only. The 

retention percentage of lycopene ranged from 76.75% 
to 85.37% after 90 days in T0 to T4 respectively (figure 

3). Treatments containing higher levels of tomato 

peel powder showed significantly more lycopene 

retention compared to those with lower level. This can 
be attributed to the inherently high concentration of 

lycopene in tomato peel and its association with the 

fibrous matrix, which may limit oxygen diffusion and 
reduce oxidative degradation (Martínez-Hernández 
et al., 2016). Moreover, Lycopene is known to be 

relatively stable in thermally processed tomato 

products because of the formation of cis-isomers 
(Gupta et al., 2010). However, exposure to oxygen and 

light, and residual enzymatic activity during storage 

can promote oxidation of the polyene chain, leading 
to a gradual loss. The stabilization of lycopene during 

prolonged storage in this study may be attributed to 

the fibrous composition of the sauce matrix, combined 
with antioxidant compounds (phenolics and flavonoids) 
naturally present in tomato peel (Saini et al., 2019; 

Chabi et al., 2024). 

In contrast β-carotene exhibited a comparatively higher 
degree of degradation, with retention values ranging 

between 62.74% and 71.97% among treatments (T0 

to T4) after 90 days of storage (figure 4). This loss 
is consistent with the known chemical instability of 

β-carotene, which is more susceptible to oxidation 

due to the presence of β-ionone rings and its higher 
 

Table 2. Major antioxidant and carotenoid compounds in developed sauce 

 

 
Treatment 

Lycopene 

(microgram/g) 

Lycopene 

(microgram/g) 

β-Carotene 

(microgram/g) 

β-Carotene 

(microgram/g) 

0 day 90 day 0 day 90 day 

T0 102.41 ± 1.09e 78.6 ± 1.4e 23.75 ± 0.13a 14.9 ± 0.4a 

T1 120.77 ± 0.56d 94.8 ± 0.2d 18.01 ± 0.43c 11.7 ± 0.3c 

T2 
124.91 ± 0.74c 100.9 ± 1.1c 20.98 ± 0.39b 14.6 ± 0.5b 

T3 128.05 ± 0.35b 105.7 ± 0.9b 17.57 ± 0.22c 10.2 ± 0.4d 

T4 
131.54 ± 0.92a 112.3 ± 1.3a 20.98 ± 0.64b 15.1 ± 0.6b 

Values are mean±S.D with superscripts representing significant differences. T0=Contains 100% carrot pulp; T1=95% Carrot pulp and 

5% Tomato peel powder; T2=90% Carrot pulp and 10% Tomato peel powder; T3=85% Carrot pulp and 15% Tomato peel powder; T4= 80% 

Carrot pulp and 20% Tomato peel powder. 
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Fig. 4. Lycopene and β -Carotene retention in sauce at the end of storage 
 

 

Table 3. Sensory acceptability, microbial load, and total color change at the end of storage 

 

Treatment Overall acceptability TPC (log CFU/g) ΔE 

 

T0 
7.83 ± 0.06a 2.26 ± 0.08ab 12.67 ± 0.29a 

T1 7.93 ± 0.06a 2.06 ± 0.14cd 12.68 ± 0.51a 

T2 7.57 ± 0.12b 1.90 ± 0.02d 11.69 ± 0.29b 

T3 7.83 ± 0.06a 2.12 ± 0.30bc 10.97 ± 0.13b 

T4 7.07 ± 0.06c 2.47 ± 0.03a 13.06 ± 0.10a 

Values are mean±S.D with superscripts representing significant differences. T0=Contains 100% carrot pulp; T1=95% Carrot pulp and 

5% Tomato peel powder; T2=90% Carrot pulp and 10% Tomato peel powder; T3=85% Carrot pulp and 15% Tomato peel powder; T4= 80% 

Carrot pulp and 20% Tomato peel powder; TPC= Total plate count; ΔE=Total color change 
 

reactivity towards oxygen. The decrease in β-carotene 

can be attributed to oxidative reactions triggered by the 

presence of residual oxygen in the packaging material 
(Pénicaud et al., 2011). The treatments with a higher 

proportion of tomato peel exhibited improved β-carotene 

retention as observed in T4 (71.97% retention) indicating 

the antioxidant abilities of tomato peel constituents. 
Previous research studies have found that the product 

matrix composition and presence of antioxidants play 

a role in β-carotene preservation, which are in line with 

the findings of the current study (Atilgan & Bayraktar, 
2022; Gutiérrez-del-Río et al., 2021). Furthermore, the 

structural integration of dietary fiber imparts a thick 

consistency, which restricts the oxygen mobility in the 
product matrix due to an increase in internal resistance 
that enhances carotenoid retention (Trombino et al., 

2021; Juchniewicz, 2026). 

Total plate count (TPC): Total plate count (TPC) 

values, expressed as log CFU/g, ranged from 1.90 

to 2.47 log CFU/g across all treatments, indicating 

acceptable microbiological quality of the developed 

product at the end of 90-day storage (table 3). The 
values of total plate count for all treatment were below 

the normal value (≤4 log CFU/g) prescribed under 

different local and international regulatory standards 
for microbiological safety of processed fruits and 

vegetables products specifically sauces and ketchup 
(Anandsynal et al., 2018). The treatment T3 exhibited 

the lowest TPC (1.90 ± 0.02 log CFU/g), which was 
statistically significant (p < 0.05) compared to other 

treatments. The treatments T0 and T4 were recorded 

with comparatively higher TPC values of 2.26 ± 0.08 
and 2.47 ± 0.03 log CFU/g, respectively, but were 

below the permissible microbiological safety limits. 

The microbial count in food product depends on the 

processing and storage temperature, holding time as 
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well as the intrinsic factors related to the food product, 

such as water activity, and acidity or pH of the product 
(Kirse-Ozolina et al., 2019). 

Total color change (ΔE): The total color change of the 

samples recorded at the end of 90 days of storage period 

as the difference of L (lightness/darkness), a (redness/ 

blueness) and b (yellowness/greenness) values at 

first and last day of storage and presented in table 3. 
The ΔE values ranged from 10.97 ± 0.13 to 13.06 ± 

0.10 across the five treatments (T0 to T4). Treatments 
T

0 
(12.67 ± 0.29), T

1 
(12.68 ± 0.51), and T

4 
(13.06 ± 

0.10) exhibited significantly higher ΔE values and were 
statistically grouped together, suggesting greater color 

deviation compared to the other treatments during 

storage. In contrast, Treatments T3 (11.69 ± 0.29) and 

T4 (10.97 ± 0.13) showed significantly lower ΔE values, 
indicating relatively improved color retention and 

stability. The lower ΔE values are generally associated 

with reduced pigment degradation and consequently 
better color quality preservation. Food components like 

carotenoids, phenolics, and dietary fibers have been 

found to protect pigments from oxidative and thermal 

degradation. Nonetheless, exposure to environmental 
factors like oxygen and light influences the color 
changes in food products (Pathare et al., 2013; 

Martínez-Hernández et al., 2016). 

Overall acceptability: The sensory acceptability of 

the sauce was expressed as the mean score of mouth-

feel, texture, and flavor on a 9-point hedonic scale. 

The sensory score ranged from 7.07 to 7.93 among 

all treatments at the end of storage (table 3), indicating 

very good consumer acceptability of the products. 

The sensory scores of treatments T
0
, T

1
, and T

3 
were 

statistically similar. While the treatment T4 achieved the 

lowest but still very good sensory acceptability score 

(7.07 ± 0.06). This slight reduction in mean acceptability 

score may be attributed to changes in mouthfeel due 

to the addition of tomato peels that provide a thick 

consistency to the product (Navarro-González et al., 

2011). The addition of such food particles is known to 

influence textural perception and flavor release in food 

matrices (van Eck & Stieger, 2020). Similar reduction 

in sensory scores with increased fiber content have 

been reported in previous studies, where the presence 

of insoluble fiber negatively affected textural properties 

and overall palatability of food products (Elleuch et al., 

2011; Gómez et al., 2014). 

 
CONCLUSION 

The present study demonstrates that valorizing tomato 

peel powder as a functional ingredient significantly 
improved the nutritional value, physicochemical and 

storage stability of the product. The carrot sauce 

formulation with 20% tomato peel in replacement 

of carrot pulp exhibited elevated lycopene retention 

(85.37%), reduced oxidative degradation of carotenoids, 
stabilized pH and acidity, polysaccharides degradation 

and color variations. Moreover, the microbiological 

stability across all formulations remained under the 

acceptable limit (<4 log CFU/g). Lastly, sensory 
evaluation of all formulations resulted in acceptable 

scores in terms of mouthfeel, taste and texture. The 

results of the study validated that the tomato peel 
can be valorized as a functional food ingredient for 

reducing tomato processing waste and enhancing the 

nutritional profile of processed foods. Future research 
should focus on optimizing the particle size of powder 

for improved textural properties and bioavailability 

assessments of carotenoids enriched food products. 
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