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The aim of the study was to valorize tomato processing waste by incorporating tomato peel powder 

(TPP) into pancake formulations at 2.5%, 5%, 7.5%, and 10%. The effects of TPP enrichment on the 

physicochemical, textural and sensory properties of the pancakes were evaluated. The total phenolic 

content showed a significant increase from 33.52±1.86 mg gallic acid equivalent (GAE)/g (d.b.) in the 

control to 80.59±1.29 mg GAE/g (d.b.) at a 10% TPP level, while TPP itself showed the highest 

phenolic concentration of 157.05±9.06 mg GAE/g (d.b.). Antioxidant activity, indicated by percentage 

inhibition, showed an improvement, elevating from 27.98±0.63% (d.b.) in the control to 78.54±4.96% 

(d.b.) in the sample with 10% TPP. Color analysis revealed a significant decrease in L* values as TPP 

content increased, leading to darker pancake surfaces. Textural analysis showed a consistent decline 

in hardness, dropping from 19045±446.91 g in the control to 5213±545.16 g at the 10% TPP level. 

Sensory assessments indicated a tendency toward higher scores for appearance, color, texture, taste, 

and overall acceptability in TPP-enriched samples compared to the control.  In conclusion, the addition 

of tomato peel powder improved textural and sensory attributes of pancakes, demonstrating its 

potential as a natural ingredient and a sustainable method for reducing food waste. 
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Introduction 

Tomato (Solanum lycopersicum L.) is one of the most 

widely cultivated and consumed vegetables worldwide and 

is commonly used both for fresh consumption and for 

processing into products such as paste, sauce, and juice. 

Tomato processing generates substantial amounts of by-

products, accounting for approximately 3–5% (w/w) of the 

total raw tomato weight.These by-products include peels, 

seeds, and a minor quantity of pulp, referred to as tomato 

pomace, which represents a primary disposal challenge for 

the tomato processing industry (Eslami et al., 2022). 

Tomato peels, especially, serve as a by-product rich in 

nutrients and bioactive compounds, comprising 62.79–

78.56 g/100 g (d.b.) dietary fiber, 1.85–11.13 g/100 g (d.b.) 

protein and oil 1.63–5.50 g/100 g (d.b.) oil (Eslami et al., 

2022; Juric et al., 2019; Nour et al., 2018; Grassino et al., 

2016; Elbadrawy et al., 2016; Wang et al., 2016).  

Due to this valuable composition, tomato peel has 

gained increasing attention as a functional ingredient for 

food applications. In this context, the valorization of 

tomato processing by-products through their incorporation 

into food products offers a promising strategy to improve 

both sustainability and nutritional quality (López 

Bermúdez et al., 2022). 

Several studies have investigated the incorporation of 

tomato peels into various food systems. Karslıoğlu et al. 

(2024) successfully utilized tomato peel flour in hamburger 

patty production and reported its role in retarding lipid 

oxidation during cooking. Similarly, Akubor and Owuse 

(2020) incorporated tomato peel flour into biscuits and 

observed increases in thickness, weight, break strength, 

diameter, and spreading ratio. García et al. (2009) enriched 

beef hamburgers with dry tomato peels and achieved 

improved overall acceptability, while Donegà et al. (2015) 

demonstrated the technological functionality of dried 

tomato peel powder as a thickening agent in tomato purees. 

Although tomato peel has been extensively 

incorporated into products such as biscuits, pasta, and meat 

systems, limited information is available regarding its 

application in pancakes, which are widely consumed and 

offer a promising matrix for functional ingredient 

incorporation. Unlike oven-baked products, pancake 

cooking involves rapid and unilateral heat transfer from the 

pan surface, leading to pronounced temperature gradients 

and heterogeneous structural development. 

 

http://creativecommons.org/licenses/by-nc/4.0/
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Monitoring heat transfer between the pan surface and 

the batter is challenging due to the significant 

physicochemical changes occurring during cooking and 

the resulting alterations in thermal contact resistance. As 

heating progresses, the batter transitions from a viscous 

system into a heterogeneous structure (Cernela et al., 2015; 

Guibert-Martin et al., 2017). Concurrently, water migrates 

toward the surface in both liquid and vapor forms, 

indicating that flour functionality directly influences 

moisture transport. At the heated contact surface, proteins 

rapidly denature, while starch granules at this stage do not 

immediately gelatinize. In this composite-like structure, 

gelatinized starch granules act as reinforcing elements 

within a continuous protein matrix, where denatured 

proteins function as the “mortar” (Donovan, 1977). 

Since batter composition directly affects rheological 

behavior and structural evolution during pan cooking, the 

incorporation of tomato peel powder may influence 

moisture dynamics and matrix development in pancake 

systems (Lorento-Bailo et al., 2021). Therefore, evaluating 

tomato peel powder in a pancake matrix contributes to 

understanding its functional performance under rapid pan-

heating conditions and expands its application potential in 

this type of food system. 

Accordingly, the aim of the present study was to 

evaluate the effects of TPP incorporation at four different 

levels (2.5%, 5%, 7.5%, and 10%) on the physicochemical, 

textural, and sensory properties of pancakes. Parameters 

including moisture content, total phenolic content, 

antioxidant activity, color (L*, a*, b*), texture, and overall 

sensory acceptability were assessed. By integrating 

compositional, structural, and sensory analyses, this study 

provides a more comprehensive understanding of how 

tomato peel enrichment influences both technological 

performance and overall quality in pancake-type products. 

 

Materials and Methods 

 

Materials 

The tomatoes used in this study were purchased from a 

local market (Aydın, Türkiye) in a single batch. Tomatoes 

with similar size, color (fully red stage), and without 

visible defects were selected to ensure uniform ripeness 

and quality. The tomatoes were intended for domestic 

consumption rather than industrial processing. The raw 

materials used for pancake production were obtained from 

local markets (Aydın, Türkiye) and online suppliers. 

 

Methods 

Tomato peel powder production  

The tomato peels were first manually removed from the 

tomatoes and subsequently dried in a tray dryer at 60°C 

with an air velocity of 1 m/s. The drying process was 

continued until constant weight was achieved, defined as a 

weight difference of less than 0.01 g between two 

consecutive measurements taken at 30-minute intervals. 

The dried peels were then ground using a laboratory 

grinder (Fakir Hausgeräte, Germany), and the resulting 

powder was sieved through a 0.5 mm sieve to obtain a 

uniform particle size. The samples were then kept in 

aluminum polyethylene (ALPE) bags at +4°C. The dried 

and powdered tomato peels were presented in Figure 1. 

 

Pancake production 

For pancake production, the method described by Cho 

et al. (2019) and Erkoç et al. (2021) was adopted with 

minor modifications. The formulation details of the 

pancake samples are presented in Table 1. 

 

 
Figure 1. Dried tomato peels (left) and tomato peel 

powder after grinding and sieving (right). 

 

The tomato peel powder was incorporated into the 

formulation by replacing wheat flour at levels of 2.5%, 5%, 

7.5%, and 10% (w/w), based on the total wheat flour 

weight in the control formulation. Pancakes prepared with 

100% wheat flour served as the control group. In the 

formulation, the amounts of sugar, sodium bicarbonate, 

NaCl, oil, and water were kept constant, while only the 

level of tomato peel powder (TPP) was varied. This 

approach was adopted to enable a direct comparison of the 

effect of TPP incorporation on pancake properties under 

standardized conditions, as is commonly applied in 

formulation studies (Demirbuker Kavak et al., 2025). The 

dry ingredients were mixed with liquid ingredients and 

stirred for 45 seconds. For each replicate, 40 g of batter was 

cooked in a preheated and greased pan. All pancake 

samples were cooked under standardized conditions using 

the same pan and heating source. The pan was preheated 

before each batch, lightly greased, and the pancakes were 

cooked for 3 min on each side under constant heating 

conditions to ensure consistency among formulations. 
 

Table 1. Formulation of pancake samples with different levels of tomato peel powder (g per 100 g flour basis) 

Ingredient (g) Control 2.5% TPP 5% TPP 7.5% TPP 10% TPP 

Wheat flour 100.0 97.5 95.0 92.5 90.0 

Tomato peel powder 0 2.5 5.0 7.5 10.0 

Sugar 20.0 20.0 20.0 20.0 20.0 

Sodium bicarbonate 4.5 4.5 4.5 4.5 4.5 

NaCl 2.0 2.0 2.0 2.0 2.0 

Oil 6.29 6.29 6.29 6.29 6.29 

Water 110.0 110.0 110.0 110.0 110.0 
TPP: Tomato peel powder. Substitution levels are expressed as % (w/w) based on total wheat flour weight in the control formulation. 
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Figure 2. Pancakes prepared with different levels of tomato peel powder  

(0%, 2.5%, 5%, 7.5%, and 10% wheat flour substitution, w/w). 
 

Pancake production was carried out in three 

independent batches. For each batch, analyses were 

performed in triplicate. 

The pancakes prepared with varying concentrations of 

tomato peels were presented in Figure 2. 

Determination of moisture content 

Moisture content of tomato peels and pancake samples 

was determined according to the oven drying method of 

AOAC (2012). 

Determination of total phenolic content 

Phenolic compounds were extracted according to Alfeo et 

al. (2020). A 1 g of sample was mixed with 15 mL 

methanol/water/acetic acid (70:29.5:0.5, v/v/v), homogenized 

(8000 rpm, 1 min), ultrasonicated (BW-05G, Lab Companion, 

Jeio Tech) at 40 kHz for 40 min, and centrifuged (K241, 

Centurion Scientific Ltd., Chichester, UK) at 5000 rpm for 10 

minutes. The extraction was performed twice and the 

supernatants were used for analysis. For total phenolic content 

(TPC) determination, 0.5 mL of extract was mixed with 2.5 

mL of 10% Folin–Ciocalteu reagent and allowed to react for 

5 min. Subsequently, 2 mL of 7.5% sodium carbonate solution 

was added, and the mixture was incubated in the dark at room 

temperature for 30 min.  Absorbance was recorded at 760 nm 

(Shimadzu/Japan), with gallic acid serving as the calibration 

standard, and the results were expressed as mg gallic acid 

equivalents (mg GAE/g dry weight) . A calibration curve was 

constructed using gallic acid standard solutions in the range of 

0–700 mg/L (R² = 0.9951). 

Determination of antioxidant activity 

The % inhibition of the samples was determined 

spectrophotometrically (Shimadzu, Japan) using the 2,2-

diphenyl-1-picrylhydrazyl (DPPH) method as a reference, 

with minor modifications to the procedure described by 

Punfujinda et al. (2025). 0.1 mL of sample extract was 

mixed with 3.9 mL of freshly prepared DPPH methanolic 

solution. The mixture was vortexed and incubated in the 

dark at room temperature for 30 min. The absorbance was 

then measured at 516 nm using a spectrophotometer 

(Shimadzu, Japan). 

 

% Inhibition was calculated using the following 

formula: 

 

%Inhibition = 
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑥100 

 

Acontrol corresponds to the absorbance of the DPPH 

solution without the sample extract, whereas Asample 

represents the absorbance of the DPPH solution in the 

presence of the sample extract. 

 

Color Analysis 

The color characteristics of the tomato peel and 

pancake samples were quantitatively assessed using a 

colorimeter (Konica Minolta, Osaka, Japan) following 

thorough homogenization. The L*, a*, and b* values were 

measured in accordance with the method of Silav-Tuzlu 

and Tacer-Caba (2021). 

All analyses were performed in triplicate. The 

instruments were calibrated according to the 

manufacturer’s instructions prior to measurements. 

Standard calibration curves were prepared for 

spectrophotometric analyses, and the colorimeter was 

calibrated using a standard white reference plate before 

measurements. 

Texture Analysis 

The hardness values of the samples were determined 

using a texture analyzer (TA.XT2 Texture Analyzer, Stable 

Micro Systems Ltd., Surrey, UK) equipped with a 100 mm 

diameter compression platen (P/100). The pre-test speed 

was set at 2 mm/s, test speed at 2 mm/s, post-test speed at 

10 mm/s, and trigger force at 30 g (Yang et al., 2019; 

Beitane et al., 2014). The analysis was performed in strain 

(deformation) mode, with a target deformation of 40% of 

the sample’s original height. The maximum force (g) 

obtained during compression was taken as the hardness 

value. 

Sensory Analysis 

Sensory analysis of pancake samples was conducted 

following a modified version of the method described by 

Urgancı and Işık (2021). The pancakes were evaluated by 

panelists using a hedonic scale from 1 (extremely poor) to 

5 (excellent) based on appearance, color, texture, taste, and 

general acceptability. Sensory evaluation was conducted 

with 20 volunteer panelists (students and staff members, 

aged 20–35 years) who were regular consumers of bakery 

products. The panelists were not formally trained; 

however, a brief explanation of the evaluation procedure 

and the 5-point hedonic scale was provided prior to testing. 

A 5-point hedonic scale was used due to its simplicity and 

suitability for untrained consumer panelists, as shorter 

acceptance scales are reported to be easier to use while still 

providing adequate discrimination among samples 

(Waimaleongora-Ek and Prinyawiwatkul, 2021). The order 

of sample presentation was randomized for each panelist to 

minimize order effects. The evaluation was carried out 

individually under standard laboratory conditions, and 

samples were served at room temperature using randomly 

assigned three-digit codes. 
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Statistical Evaluation 
Statistical analyses were performed using SPSS 15.0 

software package.  All measurements were conducted in 
triplicate and results are expressed as mean ± standard 
deviation. Differences among group means were assessed 
using one-way analysis of variance (ANOVA). When 
significant differences were observed, Duncan’s multiple 
range test was applied as the post-hoc comparison 
procedure at a significance level of p < 0.05 (Jothi et al., 
2014).  

 
Results and Discussion 

 
The moisture content of the pancake samples ranged 

from 35.30±3.63% to 44.90±2.90%, depending on the level 
of tomato peel powder (TPP) incorporated (p < 0.05) 
(Table 2). As expected, TPP itself reported a low moisture 
content of 9.05±0.22%, in line with its dehydrated 
characteristics. The control pancake had a moisture level 
of 37.51±1.91%, while almost all formulations with TPP 
showed higher moisture values. Although moisture 
generally increased with higher TPP levels, peaking at 
44.90±2.90% at the 10% substitution level, the 2.5% 
sample showed a slightly lower value when competed to 
the control, likely due to insufficient fiber at low 
incorporation levels and competition with starch for 
available water, whereas at higher levels the cumulative 
water-binding capacity of TPP became dominant. The 
observed increase in moisture content with higher levels of 
tomato peel powder is consistent with the high water 
holding capacity of dietary fibers, which has been shown 
to enhance water absorption (Mudgil and Barak, 2013). For 
example, incorporation of high fiber fractions has been 
reported to increase water absorption in dough 
formulations due to abundant hydroxyl and hydrophobic 
within the matrix, leading to enhanced moisture retention 
in final products (Sreechithra et al., 2024). Similar trends 
of increased moisture content with fiber addition have also 
been documented in baked goods (Lebesi and Tzia, 2011), 
indicating that dietary fiber can influence water 
distribution and moisture levels in bakery matrices. Ajila 
et al. (2008) similarly reported that the moisture content of 
biscuits increased with the incorporation of mango peel 
powder, attributing this effect to the enhanced water 
absorption capacity of the dietary fiber present in the peel. 
In addition, increased water retention may also affect batter 
rheology by increasing viscosity and improving gas 
retention during cooking, thereby influencing the structural 
properties of the final product (Aydoğdu et al., 2017). It 
should be noted that the water content was kept constant 
across all formulations, and fiber-rich ingredients may 
influence water absorption capacity and, consequently, the 
physicochemical properties of the final product. 

Beyond its effect on moisture retention, the 
incorporation of tomato peel powder was further evaluated 
in terms of its impact on the bioactive properties of the 
pancakes. The incorporation of tomato peel powder (TPP) 
significantly enhanced the total phenolic content (TPC) 
and antioxidant activity of the pancakes (p<0.05) when 
compared to control sample (Table 3). As expected, TPP 
displayed exceptionally high levels of phenolics 
(157.05±9.06 mg GAE/g, d.b.) and strong antioxidant 
activity (58.87±5.83%, d.b.), indicating its abundance in 
bioactive compounds. In contrast, the control pancake 
exhibited the lowest total phenolic content (33.52±1.86 mg 
GAE/g, d.b.) and % inhibition (27.98±0.63%, d.b.), 
showing the limited natural antioxidant properties of the 
base recipe. The phenolic content increased from 
39.77±3.38 to 80.59±1.29 mg GAE/g sample (d.b.) as the 
substitution level increased from 2.5% to 10%. A parallel 
increase was observed in antioxidant activity 
(49.16±3.30% to 78.54±4.96%, d.b.). Comparable trends 
have been reported in heat-treated bakery products 
enriched with fruit and vegetable by-products. For 
instance, Ajila et al. (2008) reported significant increases 
in total phenolic content and antioxidant activity in biscuits 
supplemented with mango peel powder, even after baking. 
Similarly, incorporation of tomato paste waste–derived 
pomace powder into biscuit formulations resulted in a 
significant increase in total phenolic content and 
antioxidant activity compared to the control formulation 
(Özgören-Çapraz et al., 2025). The most pronounced 
increase was detected at the 10% enrichment level, 
indicating that higher incorporation of TPP maximizes the 
transfer of phenolic compounds from the peel into the 
pancakes. A similar pattern was observed for antioxidant 
activity, with the highest value also recorded at the 10% 
enrichment level, demonstrating that greater incorporation 
of TPP markedly enhances the antioxidant potential of the 
pancakes. These findings are in line with the well-
recognized positive correlation between phenolic 
concentration and free radical scavenging ability in by-
products derived from fruits and vegetables. Comparable 
enrichment-dependent increases have been reported in 
other bakery systems fortified with plant by-products. For 
instance, Tlay et al. (2023) reported that total phenolic 
content and antioxidant activity of biscuit samples 
improved with the addition of potato peel powder into the 
formulation. Similarly, Hussain et al. (2022) demonstrated 
that increasing levels of pumpkin seed powder led to 
progressively higher total phenolics and DPPH radical-
scavenging activity, highlighting the dose-dependent 
nature of phenolic enrichment. In line with our findings, 
Kadri et al. (2024) reported that tomato peel by-product 
significantly enhanced total polyphenols and antioxidant 
capacity in pasta. 

 

Table 2. Moisture content (%) of pancakes prepared with different levels of tomato peel powder (0–10% wheat flour 

substitution). 

 Moisture content (%) 

Tomato peel powder 9.05±0.22a 

Control 37.51±1.91bc 

2.5% 35.30±3.63b 

5% 40.03±2.46bcd 

7.5% 42.86±2.16cd 

10% 44.90±2.90d 
Different superscript lowercase letters in the same column indicate significant differences among samples (p ˂ 0.05). Values are expressed as mean ± 
standard deviation (n=3). 



Vardin and Taş / Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1528-1535, 2026 

1532 

 

Table 3. Total phenolic content (mg GAE/g, (d.b.) and antioxidant activity of pancakes prepared with different levels of 

tomato peel powder (0–10% substitution) 

 Total phenolic content (mg GAE/g, d.b.) Antioxidant activity (% inhibition, d.b.) 

Tomato peel powder 157.05±9.06d 58.87±5.83c 

Control 33.52±1.86a 27.98±0.63a 

2.5% 39.77±3.38a 49.16±3.30b 

5% 55.93±7.50b 55.01±2.27bc 

7.5% 69.90±5.27c 69.48±3.43d 

10% 80.59±1.29c 78.54±4.96e 
Different superscript lowercase letters in the same column indicate significant differences among samples (p ˂ 0.05). Values are expressed as mean ± 
standard deviation (n=3). 

 

Table 4. Color parameters (L*, a*, b*) of pancakes prepared with different levels of tomato peel powder (0–10% 

substitution). 

 L* a* b* 

Tomato peel powder 53.54±0.24e 21.86±0.69e 25.15±0.34d 

Control 33.19±1.28d 9.69±0.08a 20.60±1.61c 

2.5% 23.15±0.53b 15.09±0.92b 13.70±2.19a 

5% 24.69±0.53c 17.30±0.04d 20.91±0.87c 

7.5% 22.84±0.40b 16.51±0.08cd 19.40±1.98c 

10% 20.94±0.13a 15.60±0.09bc 14.87±1.48b 
Different superscript lowercase letters in the same column indicate significant differences among samples (p ˂ 0.05). Values are expressed as mean ± 
standard deviation (n=3). 

 

In addition to enhancing the bioactive properties, the 

incorporation of tomato peel powder also influenced the 

visual attributes of the pancakes. The color parameters (L*, 

a*, and b*) of the pancake samples were significantly 

influenced by the level of tomato peel powder (TPP) 

addition (p < 0.05) (Table 4). Increasing TPP levels led to 

darker and redder pancakes, while b* values showed minor 

variations. These instrumental color changes were 

reflected in sensory evaluation, as samples with moderate 

to high TPP levels (5–10%) received the highest scores for 

appearance, color and general acceptability compared to 

the control and 2.5% TPP (Table 6). This suggests that the 

enhanced redness and optimal darkness positively 

influenced visual appeal, highlighting the close 

relationship between color measurements and consumer 

perception. As tomato peel powder levels increased, there 

was a gradual decline in L* values, reaching the lowest 

lightness at the 10% substitution level (20.94±0.13). This 

darkening phenomenon may be due to the natural pigments 

found in tomato peel, such as carotenoids. The a* values, 

which indicate redness, ranged from 9.69±0.08 to 

17.30±0.04 and a* value showed a significant increase 

with TPP inclusion compared to the control (9.69 ± 0.08). 

The b* values, also showed considerable variation among 

the samples. The control pancake recorded a b* value of 

20.60±1.61, while the samples containing TPP displayed 

b* values between 13.70±2.19 and 20.91±0.87. These 

results align with earlier research that indicated tomato-

derived ingredients effectively change the color 

characteristics of different food products. In line, 

Messaoudi and Fahloul (2018) reported that the addition of 

tomato peel significantly increased all the color parameters 

of stirred yoghurts.  

Along with changes in bioactive composition, tomato 

peel powder addition also modified the textural properties 

of the pancakes. The hardness measurements of the 

pancake samples showed a significant reduction with 

higher amounts of tomato peel powder (TPP) inclusion 

(p<0.05) (Table 5). The control sample had the highest 

hardness value (19045.32±446.91 g), reflecting a firmer 

and denser texture due to the lack of added fiber. Even a 

minor addition (2.5% TPP) caused a considerable drop in 

hardness (10411.06±64.21 g), highlighting the softening 

effect of TPP. Similarly, Lyu et al. (2024) reported that the 

incorporation of 10% tomato peel powder gave the largest 

decreases in hardness and chewiness for meat analogues, 

and this situation was linked to the considerable amount of 

insoluble fibers in the tomato peel powder. As the level of 

substitution increased, an additional decline in hardness 

was recorded (Table 5). Pancakes with 5% TPP registered 

a hardness of 7133.60±106.72 g, while those with 7.5% 

and 10% TPP showed the lowest hardness values 

(6078.76±564.96 g and 5213.00±545.16 g, respectively), 

with no notable difference between these two percentages. 

Overall, TPP incorporation significantly reduced the 

hardness of the pancakes, indicating an improvement in 

textural softness, with the most favorable texture observed 

at substitution levels of 7.5% and above. A similar 

reduction in hardness was also reported in cakes 

formulated with potato peel powder (Jeddou et al., 2017), 

where wheat flour replacement significantly decreased 

cake hardness. These findings highlight the potential of 

TPP as a valuable ingredient for improving both the 

nutritional and textural properties of pancake formulations.  

Alongside the observed textural changes, sensory 

evaluation was conducted to assess their influence on 

product quality from a consumer perspective. The sensory 

qualities of the pancake samples were notably influenced 

by the addition of tomato peel powder (TPP) (p<0.05) 

(Table 6). The control sample received the lowest ratings 

across all assessed attributes, including appearance 

(2.10±1.14), color (1.80±0.87), texture (1.90±1.14), taste 

(1.50±0.67), and overall acceptability (2.00±0.63), 

indicating a less appealing sensory profile of the unfortified 

pancakes. The relatively low sensory scores of the control 

sample should be interpreted as lower panelist preference 

rather than inedibility.  
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Table 5. Hardness values (g) of pancakes prepared with different levels of tomato peel powder (0–10% substitution).  

 Hardness (g) 

Control 19045.32±446.91d 

2.5% 10411.06±64.21c 

5% 7133.60±106.72b 

7.5% 6078.76±564.96a 

10% 5213.00±545.16a 
Different superscript lowercase letters in the same column indicate significant differences among samples (p ˂ 0.05). Values are expressed as mean ± 

standard deviation (n=3). 

 

Table 6. Sensory properties of pancakes prepared with different levels of tomato peel powder (0–10% substitution).  

 Appearance Color Texture Taste General acceptability 

Control 2.10±1.14a 1.80±0.87a 1.90±1.14a 1.50±0.67a 2.00±0.63a 

2.5% 3.30±1.19b 3.10±1.04b 3.60±1.11b 3.10±0.70b 3.40±0.80b 

5% 4.60±0.49d 4.50±0.67c 4.10±0.83b 4.00±0.63c 4.20±0.60c 

7.5% 3.90±0.94bc 4.10±0.70c 4.00±0.77b 4.00±0.77c 4.20±0.40c 

10% 4.40±0.80d 4.10±0.70c 4.00±0.89b 4.10±1.14c 4.30±0.78c 
Different superscript lowercase letters in the same column indicate significant differences among samples (p ˂ 0.05). Sensory scores were evaluated 

using a 5-point hedonic scale (1 = extremely poor, 5 = excellent). Values are expressed as mean ± standard deviation (n=20). 

 

The relatively low sensory scores of the control sample 

may be attributed to its limited color development, weaker 

flavor profile, and less complex textural characteristics 

compared to TPP-enriched samples. In terms of 

appearance and color, the absence of natural pigments such 

as carotenoids likely resulted in a paler product, which is 

generally perceived as less appealing by consumers, as 

color is a key determinant of consumer perception and 

acceptance of food products (Pathare et al., 2013; Baker 

and Günther et al., 2004). From a flavor perspective, the 

control formulation lacks the organic acids and volatile 

compounds contributed by tomato peel, leading to a 

comparatively bland taste. Moreover, the lower texture 

scores may be associated with the absence of dietary fiber 

present in TPP, which is known to influence water 

retention, acceptability, and structural integrity in bakery 

products (Sempio et al., 2024). 

As shown in Figure 2, a clear visual difference was 

observed between the control and TPP-enriched samples. 

The control pancake exhibited a notably paler and less 

homogeneous surface, whereas increasing levels of TPP 

resulted in progressively darker and more reddish-brown 

coloration. This visual enhancement can be attributed to 

the presence of carotenoid pigments, in tomato peel. The 

pale appearance of the control sample likely contributed to 

its lower appearance and color scores, as visual cues are 

among the primary determinants of consumer acceptance 

of food products, with consumers often “tasting” food first 

with their eyes (Imram, 1999). In addition, the more 

uniform surface structure observed in TPP-containing 

samples may also have positively influenced texture 

perception. 

Additionally, contrast effects within the same 

evaluation session and the use of a 5-point hedonic scale 

may have amplified the perceived differences among 

formulations.  The addition of TPP significantly enhanced 

sensory attributes. The 5% TPP sample attained the best 

scores for appearance (4.60±0.49) and color (4.50±0.67), 

while texture, taste, and general acceptability were also 

markedly improved compared to the control. The 7.5% and 

10% TPP formulations exhibited similarly high ratings 

when compared to control, indicating that moderate to high 

levels of enrichment do not adversely impact consumer 

perception. These enhancements can be linked to the 

natural pigments and bioactive compounds found in tomato 

peel, which improve the visual attractiveness and flavor 

profile of the pancakes. Although samples were presented 

in randomized order, the evaluation of multiple 

formulations within the same session may have introduced 

comparison or contrast effects. Therefore, this potential 

bias should be considered a limitation of the study. It 

should also be noted that the use of a 5-point hedonic scale 

provides limited resolution.  

Overall, the sensory assessment suggests that the 

incorporation of TPP, especially at levels of 5–10%, 

significantly elevates the organoleptic quality of pancakes, 

validating its potential as a consumer-friendly ingredient. 

This result is also supported by Jeddou et al. (2017), who 

reported that moderate incorporation of a fiber-rich by-

product may improve sensory acceptance. 

 

Conclusion 

 

This research clearly indicated that tomato peel powder 

can be effectively integrated into pancake recipes to 

improve their physicochemical attributes and sensory 

qualities while offering a viable method for utilizing by-

products. The incorporation of tomato peel powder not 

only enhanced the visual attractiveness of the pancakes but 

also contributed to their antioxidant properties. Texture 

analysis revealed that higher levels of tomato peel resulted 

in a significant reduction in hardness, suggesting a softer 

and more tender product structure. This phenomenon is 

likely associated with the peel’s fiber-rich composition, 

which alters batter viscosity and weakens structural 

firmness during cooking. Sensory evaluation further 

showed that tomato peel–enriched formulations were 

generally preferred over the control, receiving superior 

scores for appearance, color, texture, taste, and overall 

acceptability. These results suggest that moderate 

incorporation not only enhances the nutritional value but 

also helps preserve the quality attributes preferred by 

consumers. In summary, tomato peel powder serves as a 

valuable component in the creation of innovative and 

sustainable pancake products. Its inclusion provides 

nutritional advantages, enhances specific quality 
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characteristics, and promotes circular food production by 

minimizing agricultural waste. From an industrial 

perspective, the inclusion of TPP could be used to tailor 

pancake properties for improved consumer appeal, while 

also adding nutritional value. Moreover, the positive 

sensory acceptance of pancakes with 5–10% TPP indicates 

feasibility for scaling up in commercial production without 

compromising palatability. 
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