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Abstract 

Eggplant peels (EPP) are the primary byproduct of eggplant, which is mainly produced by food manufacturers and restaurants and contains 

substantial quantities of bioactive compounds. This study aimed to assess the impact of using EPP as a dietary supplement for wheat flour to 

enhance its phytochemical and dietary fiber content. The study examined the effects of fortifying EPP at four different levels (2.5%, 5%, 

7.5%, and 10%) on the phenolic content, antioxidant activity, and rheological characteristics, baking quality, staling rate, texture, 

microstructure, and sensory qualities of the pan bread. According to the chemical profile analysis, EPP is a special source of phenolic 

compounds and dietary fiber. The peel of eggplant contained 48.76% total dietary fiber (11.04% soluble and 37.72% insoluble dietary fiber) 

compared to 2.89% total dietary fiber for wheat flour. Eleven phenolic compounds were identified in EPP. Chlorogenic acid was the abundant 

compound (311.77 μg/g), followed by chrysin (75.08 μg/g) and ferulic acid (29.95 μg/g). Water absorption of wheat flour (57.6%) increased 

gradually with increasing the EPP level to reach 64.2% for wheat flour containing 10% EPP. Specific volume of pan bread samples reduced 

as the concentration of EPP increased. The total color difference (∆E) exhibited a significant increase as the level of replacement increased. 

The hardness of fortified bread samples increased gradually with increasing addition levels of EPP. Cohesiveness recorded the highest value 

in EPP 10%, whereas EPP 2.5 and 5% bread samples recorded the lowest value. In general, the addition of EPP in pan bread affected how 

consumers evaluated the product. However, consumers still showed acceptance towards all processed products. Microstructure results reveal 

that the cell structure of bread containing 2.5 and 5% EPP was similar to the control sample. During a 72-hour of room temperature storage, 

eggplant peels showed significant effects in delaying the staling of baked pan bread. It can be concluded that EPP could be considered a 

functional ingredient in the food sector and added to either functional or enriched fiber foods.  

Keywords: Eggplant peel, bread, dietary fiber, phenolic compounds, rheology, microstructure, staling   

1-Introduction  

 

Nowadays, food manufacturers produce a considerable amount of by-products, which are not suitable for direct 

consumption. The by-products mentioned are derived from a range of sources and consist of different plant components, 

including stem, leaf, peel, kernel, seed, and more [1]. Production of these by-products is increasing every day and represents a 

growing problem. They are mostly susceptible to microbial spoilage, which limits their utilization [2]. Therefore, they are 

mainly removed as waste in landfill sites, leading to significant    economic costs and ecological problems [3].  

Eggplant (Solanum melongena L.) is a vegetable that is widely cultivated and known for its distinct   texture, flavor, and 

nutritional benefits. Approximately 50 million metric tons of eggplants are cultivated on over 1,800,000 hectares of land 

globally, as stated by Gürbüz et al. [4]. Nevertheless, eggplant processing results in a significant quantity of waste, 

specifically the peel, which is commonly disposed of as a byproduct. Eggplant peels (EPP) and calyx, which are the major 

waste products of eggplant, are mostly produced by food manufacturers, restaurants, and other food processing 

establishments. These by-products are affordable, easily accessible, and contain significant quantities of bioactive compounds.  

Eggplant peels are an excellent source of many bioactive components including dietary fibers, polyphenols, flavonoids, 

anthocyanins, minerals, and polysaccharides such as pectin and cellulose [5, 6]. Eggplant peels contain a high concentration of 
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polyphenols, including anthocyanins and phenolic acids. These two compound families are highly prevalent in eggplant and 

possess remarkable antioxidant, antimicrobial, and anticancer properties [7, 8]. Therefore, many studies have reported the 

possibilities of utilizing extracts or powders from EPP in various industries such as food, pharmaceuticals, and cosmetics [8] 

From the nutrition view, it is well stated that dietary fibers have the impact of lowering the risk of many types of diseases, 

such as gallstones, diabetes, obesity, hiatus hernia, appendicitis, constipation, and blood pressure [9, 10]. In addition, dietary 

fiber consumption is associated with weight loss and potentially enhancing immune function [11]. Furthermore, several 

studies have demonstrated that consuming sufficient amounts of dietary fiber is linked to a reduced likelihood of acquiring 

colorectal cancer, stroke, and cardiovascular disorders [12, 13]. Dietary Guidelines for Americans recommended 30.8-33.6 g 

and 25.2-28 g of total fiber as a daily intake for men and women, respectively based on age [14]. 

Unfortunately, modern lifestyles and eating habits have contributed to the spread of obesity and chronic diseases [15]. In 

addition, the rapid development in cereal processing, especially wheat grains, has led to highly refined flour which satisfies 

the consumer demands for better sensory quality. However, these refined flours are lack several essential nutrients such as 

vitamins, minerals, bioactive compounds, and dietary fibers which discarded with the bran fractions as by-products [16]. 

Fortifying meals with fiber sources, rich in bioactive compounds, provides consumers with additional dietary options such as 

functional bread, cereals, cookies, and pasta [17]. Despite these nutritional benefits, incorporation of non-wheat flour into 

wheat flour dough system disrupts gluten network,  starch-gluten matrix and alters the rheological properties of dough and, 

subsequently,  declines bread quality  [18] and tenacity, and smaller extensibility. Regarding the effect on bread properties, the 

fibre always decreased loaf volume from lowered gas retention, increase in crumb firmness value and gritty texture, darkening 

of crumb and unsuitable mouthfeel and taste [19]. The process of replacing wheat flour can be difficult and necessitates a 

thorough comprehension of how non-wheat flour affects the rheological qualities of dough, as well as the internal structure 

and staling process of bread [20].In this concern, the current study was done to assess the impact use of EPP as a dietary 

supplement for wheat flour to improve its phytochemical and dietary fiber content. The impact of EPP fortification at 4 levels 

(2.5 % 5 %, 7.5 and 10%) on the phenolic content and antioxidant activity as well as the rheological properties were 

investigated. Also, baking quality, staling rate, texture, microstructure, and sensory properties of the produced pan bread were 

evaluated. 

 

2-MATERIAL AND METHODS 

 

2.1. Preparation of eggplant peel flour 

 

Eggplant peels dried at 45°C for 48 hours in an oven. The dried EPP was ground using a kitchen blender (TORNADO 

MX-5200) and screened through a 60-mesh sieve, then packed and stored at 4°C. 

 

2.2. Chemical composition  

 

The moisture, ash, crude protein, fat, crude fiber, and dietary fiber contents of EPP were determined according to AOAC 

[21] 

 

2.3. Phytochemical and antioxidant activity estimation 

 

The Folin-Ciocalteu method was used to assess the total phenolic content, and the aluminum chloride method determined 

the total flavonoid content as described by Yousif et al. [22]. Free radicals scavenging activity was measured using a stable 

DPPH approach [23].  

 

2.4. Determination of phenolic profile  

 

Samples were hydrolyzed and the phenolic compounds were extracted and determined using an Agilent Technologies 1100 

series high-performance liquid chromatography according to Yaseen et al. [24]. 

  

2.5.Rheological properties of wheat flour and eggplant peel blends 

 

Mixing and pasting properties of wheat flour and wheat flour fortified with EPP at the levels of 2.5, 5, 7.5 and 10% were 

evaluated using the Mixolab (Chopin Technologies, France) according to using the ICC method No. 173 [25]. Chopin+ 

protocol running parameters were as follow: mixing rate (80 rpm), dough weight (75 g), water (as required to reach a torque 

of 1.11 Nm) and the initial temperature (30°C). Temperature was programmed to kept at 30 °C for 8 min, increased at the rate 
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of 4 °C/min to reach 90 °C in 15 min, held at 90 °C for 7 min, cooled at the rate of 4 °C/min to 50 °C in 10 min, and then kept 

at 50 °C for 5 min. Various mixing and pasting parameters like water absorption (WA), dough development time (DDT), 

stability, minimum consistency (C2), protein weakening (C1-C2), peak viscosity (C3), breakdown (C3-C4) and retrogradation 

(C5-C4) were recorded. Also, the angles of ascending and descending curves α, β and γ (Nm/min) were recorded as protein 

weakening rate, gelatinization rate, and cooking rate, respectively. 

 

2.6. Manufacturing of eggplant peels fortified pan bread samples 

 

The straight dough method for producing pan bread was conducted according to  AACC [26]. Wheat flour and wheat flour 

fortified with EPP at the levels of 2.5, 5, 7.5 and 10% were used for pan bread production. The components included wheat 

flour or wheat flour-eggplant formula (100 g), water (as reported in the Mixolab test), dry yeast (2 g), corn oil (2 g), and salt 

(0.5 g). The ingredients (except oil) were mixed for 4 minutes at a slow speed (30 rpm), followed by the addition of oil, and 

the dough was further mixed for 6 minutes at a rapid speed (60 rpm). The dough was proofed for 20 minutes at 28°C then 

formed and left to ferment for 60 minutes at 36°C in aluminum pans. Then pan bread samples were baked at 240°C for 20 

minutes in an electric oven. The bread loaves were let to cool at room temperature. 

 

2.7. Determination of baking quality of bread samples  

 

Weight, volume, and specific volume of pan bread were measured using the rapeseed displacement method as described in 

the AACC [26]. 

 

2.8. Determination of color attributes of bread samples 

 

Color parameters of bread samples [lightness (L*), redness (a*), and yellowness (b*)] were measured using the Hunter Lab 

method according to the CIELAB system. Each sample was measured multiple times and the average value was recorded for 

each color parameter. Total color difference (ΔE) was calculated for each sample using the following equation: ΔE = [(ΔL*)2 

+ (Δa*)2 + (Δb*)2]0.5[27]. 

 

2.9. Sensory evaluation of bread samples 

 

Sensory evaluation of pan bread samples was done as described in Yosif et al. [28] using twenty panelists of the members 

of Food Technology Department, National Research Center. Prior to the evaluation, the bread samples were sliced into 1 cm 

pieces, coded with random three-digit codes, and randomly presented at the same time to the panelists, along with water to 

cleanse the palate between samples. The panelists were asked to evaluate the symmetry of shape (5), break & shred (10), 

mouth feel (10), crust color (10), crumb color (10), crumb texture (15), aroma (20), and taste (20). Overall acceptability (100) 

was calculated as the sum of the previous parameters for each sample. 

 

2.10. Texture profile analysis of bread samples  

 

Texture parameters of fresh bread samples (hardness, adhesiveness, cohesiveness, gumminess, springiness, and chewiness) 

were measured using a Brookfield texture analyzer (Model TA-CT3, USA). A piece of the center of each bread sample 

(2×2×2 cm) was double compressed using the apparatus equipped with a cylindrical probe TA-AACC36 (36 mm diameter) 

and a 10000 g load cell according to the standard method 74-09 AACC [26].  

 

2.11. Staling properties of pan bread samples 

 

The freshness of pan bread samples was tested at room temperature during the storage period (0, 24, and 72 days) using the 

alkaline water retention capacity (AWRC) method according to Yamazaki [29], as modified and described by Licciardello et 

al. [30]. Staling of bread samples was calculated according to the following equation:  

 

Staling rate (%) = [(AWRCot-AWRCnt)/ AWRCot] x 100. 

 

Where: AWRCot = AWRC at zero time, and AWRCnt = AWRC at a specific period.  
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2.12. Microstructure 

 

Pan bread samples were cut into cubes (0.5×0.5 cm), and the microstructure of low-moisture bread samples was examined 

by sputtering them with a thin layer of gold. The microstructure of the sample was scanned with a Scanning Electron 

Microscopy (SEM) (QUANTA FEG250). 

 

2.13. Statistical analysis 

 

The experiment was done using a completely randomized design (CRD) with three replications. The experimental data 

were analyzed using one-way ANOVA and Duncan multiple comparisons at P≤0.05. The analysis was performed using SPSS 

15.0 for the Windows Software Package [31]. 

 

3. Results and discussion 

 

3.1. Chemical profiles and antioxidant activity of wheat flour and eggplant peels  

 

The results of the proximate analysis of wheat flour and EPP are shown in Table (1). The obtained data showed that EPP is 

composed of 11.73% moisture, 11.54% protein, 1.05% fat, 8.07% ash, and 12.00% crude fiber. These results are consistent 

with the findings of the earlier study performed [32, 33, 34]. Compared to wheat flour, EPP showed comparable protein and 

fat content, while it had very high ash and crude fiber contents. The peel of eggplant contained 48.76% total dietary fiber 

(11.04% soluble and 37.72% insoluble dietary fiber) compared to 2.89% total dietary fiber for wheat flour. Our finding was 

higher than those reported [34, 35] which recorded 43.31 and 39.19% total dietary fibers, respectively. Also, data in Table (1) 

show that the phenolic content of EPP was 307.14 mg GAE/100g, the flavonoid content was 69.84 mg CE/100g and the 

antioxidant activity was 253.73 mg TE/100g. Our findings agree with those demonstrated by Kadivec et al. [36]; however, 

higher total phenolic (900 mg/100g) and flavonoid (660 mg/100g) values were reported by Helmja et al. [37] 

Table (1): Chemical composition and antioxidant activity of wheat flour and eggplant peel flour 

Parameter 
Wheat  

flour 

Eggplant peel 

flour 

Moisture (%) 13.56±0.21 11.73±0.06 

Protein (%) 12.35±0.53 11.54±0.62 

Fat (%) 1.92±0.17 1.05 ±0.05 

Ash (%) 0.93±0.09 8.07 ±0.30 

Crude fiber (%) 1.06±0.12 12.00±0.99 

Soluble dietary 
fiber (%) 

1.16±0.26 11.04±1.06 

Insoluble dietary 

fiber (%) 
1.73±0.31 37.7±1.56 

Total dietary fiber 
(%) 

2.89±0.24 48.76±2.15 

Total phenolic  

(mg GAE/100g) 
4.04±0.12 307.14 ± 1.33 

Total flavonoids 
(mg CE/100g) 

ND 69.84 ± 0.48 

DPPH  

(mg TE/100g) 
18.06±0.28 253.73 ± 0.85 

ND = not detected 

The phenolic profile of wheat flour and EPP are presented in Table (2). Ferulic and sinapic acids dominated the phenolic 

profile of wheat flour. P-hydroxybenzoic and syringic acids recorded lower concentrations (4.11 and 1.55 μg/g, respectively). 

While trace amounts of protocatechuic and cinnamic acids were detected. On the other hand, eleven phenolic compounds 

were identified in EPP. Chlorogenic acid was the abundant compound (311.77 μg/g), followed by chrysin (75.08 μg/g) and 

ferulic acid (29.95 μg/g). Among the identified compounds, p-hydroxybenzoic and protocatechuic, gallic acids, and rutin 
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represented 9.61, 8.90, 5.13, and 5.16μg/g, respectively. Syringic, vanillic p-coumaric, and sinapic acids represented lower 

concentrations (1.13-3.46 μg/g).   

Several studies investigated the phenolic compounds of eggplant cultivars in different locations all over the world.  Up 

today, these reports demonstrated that chlorogenic and delphinidin are abundant phenolics in eggplant and a significant 

portion of these compounds are concentrated in the peels [3,6,8]. Furthermore, the therapeutic potential of eggplant phenolic 

compounds, especially those linked to the peels, against diabetes complications, dyslipidemia, and atherogenic cardiovascular 

diseases has been verified [35, 38]. 

 

Table (2): Phenolic compounds of wheat flour and eggplant peels flour 

Compound  
Wheat  

flour 

Eggplant peels 

flour 

Gallic acid 0.47 5.13 

Protocatechuic acid 1.55 8.90 

p-hydroxybenzoic 

acid 
4.11 9.61 

Chlorogenic acid ND 311.77 

Syringic acid 2.47 3.46 

Vanillic acid ND 3.29 

Ferulic acid 65.81 29.95 

Sinapic acid 20.02 1.13 

Rutin ND 5.16 

p-coumaric acid ND 2.76 

Cinnamic acid 0.21 ND 

Chrysin ND 75.08   

ND = not detected 

 

Although dietary fibers and antioxidants are separately discussed as different groups in the nutritional studies, however 

significant proportions of these antioxidants are linked to dietary fibers. Moreover, some of the stated advantages of 

consuming fiber could be related to these associated compounds [39]. Thus, it could be concluded that EPP may be utilized as 

a functional component in the food industry and incorporated into either functional or enriched fiber foods. 

 

3.2. Rheological properties of wheat flour as affected by eggplant peel  flour addition 

 

Mixing parameters (WA, stability, DDT, C2, protein weakening, and α), which describe protein behavior is shown in 

Table (3). When the amount of EPP increased, wheat flour's water absorption (57.6%) progressively increased to reach 64.2% 

for wheat flour containing 10% EPP. This result could be due to the high water-holding capacity of pectin substances in EPP 

[40]. The presence of hydroxyl groups in fibers makes them polar and liable for water binding [41] 

The value of DDT represents the time required to reach a consistency of 1.1 Nm, after the hydration of flour ingredients. 

The incorporation of EPP increased DDT up to 1.68 min, compared to wheat flour (1.28 min). During the mixing process 

(repeated extension and compression of dough), covalent and non-covalent bonds occur between the protein chains resulting 

in the formation of a gluten network [42].  The presence of fibers and phenolic compounds may disturb the formation of 

gluten via several complexations with wheat proteins [43]. The stability values of wheat flour dough incorporated with EPP 

decreased as the addition level increased. The stability of the control dough (9.60 min) decreased to 5.21 min for wheat flour 

incorporated with 10% EPP.  

Similar results were reported by Zhang and Moore [44] for bread dough systems incorporated with wheat bran fibers. They 

attributed this decrement to the disruption of gluten networks. 

During the over-mixing stage, dough systems incorporated with EPP at 7.5 and 10% showed lower minimum consistency 

(C2) values (0.45 and 0.38 Nm, respectively) compared to 0.49 Nm for the control sample. Consequently, the protein 

weakening values (C1-C2) of these samples were higher than the control. Also, these samples showed a faster protein 

breakdown rate (α) compared to wheat flour dough because of exposure to the dual mechanical shear and temperature 

constraint. While addition of EPP at 2.5 and 5% increased C2 values to 53 Nm, indicating that these dough systems were 
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more tolerant to mixing process. The negative effects of EPP could be due to the higher phenolic content which complicates 

with protein network and eliminates formation of disulphide bonds. 

Also, data in Table (3) show the pasting behavior parameters of the tested samples including peak viscosity (C3), 

gelatinization rate (β), breakdown torque (C3-C4), cooking rate (γ), and retrogradation (C5-C4). As heating proceeded, starch 

granules played the predominant role in dough systems rather than protein changes. The increase in viscosity is the result of 

the swelling of starch granules that occurs due to the uptake of water and the leaching of amylose chains into the aqueous 

intergranular phase [45].  

The addition of EPP at all levels to wheat flour increased C3 values. The maximum increase was recorded to EPP at the 

level of 7.5% (2.25 Nm) compared to 1.67 Nm for the control sample. However, wheat flour samples incorporated with EPP 

at 2.5 and 5% showed a lower gelatinization rate compared to the control sample. Samples incorporated with EPP at 7.5 and 

10% showed higher β values. Concerning the stability of hot gel (breakdown torque and γ values), both values increased as 

the addition level of EPP increased up to 7.5%, then decreased for the sample containing 10% EPP. The consistency of 

starch increases (C5 value) as it retrogrades during cooling (C5 value). Based on the obtained results, EPP 

addition increased the retrogradation value up to 7.5% and then decreased again.

Table (3): Rheological properties of wheat flour dough as affected by eggplant peels addition 

Parameter Control 
Eggplant fortified dough  

EPP 2.5% EPP 5% EPP 7.5% EPP 10% 

Mixing properties 

Water absorption (%) 57.6 59.8 61.12 62.8 64.2 

DDT (min) 1.28 1.53 1.53 1.63 1.68 

Stability (min) 9.60 8.88 7.11 5.67 5.21 

Minimum consistency (Nm) 0.49 0.53 0.53 0.45 0.38 

Protein weakening (Nm) 0.57 0.57 0.57 0.65 0.74 

α (Nm/min) -0.062 -0.060 -0.060 -0.065 -0.078 

Pasting behaviour 

Peak viscosity (Nm) 1.67 1.86 1.86 2.25 2.12 

Gelatinization rate (β) 

(Nm/min) 
0.406 0.364 0.364 0.588 0.423 

Breakdown torque (Nm) 0.07 0.08 0.08 0.08 0.01 

Cooking rate (γ) (Nm/min) -0.026 -0.042 -0.042 -0.078 -0.017 

Retrogradation (Nm) 1.01 1.34 1.34 1.48 1.04 

 

Similar results were reported by Wang et al. [46] for wheat starch mixed with insoluble dietary fiber of Kiwifruit. Also, 

Zhu et al. [45] studied the effect of 25 phenolic compounds on the pasting properties of wheat starch. They found that most of 

the tested phenolic compounds significantly affected the functional properties of wheat starch. Regarding the identified 

phenolic compounds in EPP (Table 2), except coumarin, all phenolic compounds increased the peak viscosity and breakdown 

viscosity. Chlorogenic acid, which represents about 68.3% of phenolic compounds in EPP, recorded the greatest effect. In 

general, they attributed these effects to pH differences and the functional groups that could interact with amylose and 

amylopectin through hydrogen bonding and van de Waals forces. Additionally, the competition of dietary fiber and phenolic 

compounds with starch in binding water molecules could be another worthwhile factor [48]. 

 

3.3. Physical properties of pan bread samples fortified with eggplant peels  

 

Baking quality and color attributes of the crust and crumb of the pan bread sample fortified with EPP are presented in 

Table (4). Addition of EPP slightly increased loaves weight, but overall, there were no significant differences (p > 0.05) 

among all samples. Control pan bread had the highest volume, and the volume reduction increased as the level of EGP 

increased. Consequently, the specific volume of pan bread decreased as the addition level of EPP increased. This could be 

attributed to the replacement of wheat proteins with EPP, which weakens the gluten network. As a result, the diluted gluten 

structure has a reduced ability to trap fermentation gases. In practice, the standard leavening time for the dough should be 

shortened, and the dough pieces should be placed in a preheated oven at the point of maximum volume [49]. 
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Color parameters of pan bread crust are presented in Table 4. It is observed that the replacement of wheat flour with EPP flour 

resulted in a lightness decrease with increasing the level of replacement with a significant difference (p<0.05). The color of 

the crust turned to a lighter brown in EGP samples. Additionally, the replacement led to an increase in the yellowness of the 

crust and a decrease in its redness. That may be due to the natural pigmentation of EPP flour or may be due to increasing the 

amount of protein can enhance the Maillard reaction which could make the crust browner [50, 51]. The crumb of pan bread 

samples fortified with EPP at 2.5, 5, 7.5, and 10% exhibited significantly (p < 0.05) decreased L* values compared to the 

control. The dark shade of the crumb exhibited a significant rise throughout all treatments as the content of EPP increased. 

The yellowness (b* value) of the crumb of bread samples also exhibited a significant increase as the level of EPP flour 

increased. This could be attributed to the natural pigmentation of EPP [51]. The darkness or brown color of EPP containing 

samples can be noticed in their crumb that appear more brownish compared to the control. Also, the total color difference 

(∆E) was significantly increased with increasing the level of replacement. Bread incorporated with 10% EPP showed the 

highest dissimilar in color (29.20).

 

Table (4): Physical properties of pan bread as affected by eggplant peels flour addition 

Parameter Control 
Eggplant fortified bread  

EPP 2.5% EPP 5% EPP 7.5% EPP 10% 

Baking quality of pan bread samples 

Weight (g) 89.4a±0.30 89.9a±0.42 90.1a±0.50 91.0a±0.46 91.7a±0.25 

Volume (cm3 ) 420a±3.61 405b±2.08 345c±2.52 325d±1.73 240e±2.65 

Specific volume (cm3/g) 4.70a±0.02 4.50b±0.01 3.83c±0.03 3.55d±0.02 2.62e±0.01 

Crust color of pan bread samples 

Lightness (L*) 39.2a ±0.01 37.2b±0.01 34.0d ± 0.01 32.5e ± 0.02 36.2c ± 0.11 

Redness (a*) 14.2a ±0.02 12.9b±0.01 12.4c±0.12 11.3e ± 0.03 12.1d ± 0.05 

Yellowness (b*) 

12.9a±0.1 18.0c±0.01 18.2b±0.03 17.9d± 0.03 17.1e ± 0.03 

Color differences (∆ E) 0 4.60 d±0.07 6.60b ±0.10 8.40a±0.21 6.01c±0.24 

Crumb color of pan bread samples1 

Lightness (L*) 72.7a ± 0.03 59.3b ± 0.20 53.3c ± 0.17 51.2d±0.03 43.9e±0.03 

Redness (a*) 0.08d ± 0.01 1.0c ± 0.02 2.4b ± 0.01 2.7b±0.34 4.2a±0.12 

Yellowness (b*) 14.7c ± 0.01 15.4b ± 0.02 15.4b ± 0.25 16.2a±0.02 16.1a±0.11 

Color differences (∆ E) 0 13.45d± 0.31 19.54c± 0.18 21.78b± 0.11 29.20a± 0.31 

Values with different superscript letters in the same raw are significantly different (P≤0.05). 

 

3.4. Texture analysis of pan bread samples fortified with eggplant peels 

 

Texture profile analyses of the control and pan bread samples fortified with EPP are presented in Table (5). The hardness 

of fortified bread samples gradually increased with increasing the addition level of EPP from 2.91 for the control sample to 

13.67 for EPP 10% sample. These results confirm the result of baking quality, which reveals that the increase in crumb 

hardness can be explained by the decrease in the bread volume.  Additionally, these findings agree with the findings of [52, 

53], who demonstrated that the lower hardness values are directly linked to the increased bread volume.  

The higher level of fiber changes the gluten structure, hence altering the structure of the bread [54], as well as its texture. 

This may be due to the lack of gluten hydration, which leads to reduced ability of the dough to retain gas. Thereby, these 

changes lead to a harder texture of the bread [55, 56].  The interna resistance of bread crumbs is evaluated through its 

cohesiveness, which is a property of the chewing process. 

 

Table (5): Effects of eggplant peels flour on the texture profile of pan bread 

Parameter Control 
Eggplant fortified bread  

EPP 2.5% EPP 5% EPP 7.5% EPP 10% 

Hardness (N) 2.91 4.08 6.98 10.06 13.67 

Cohesiveness 0.87 0.83 0.82 0.90 0.97 

Gumminess (N) 2.53 3.39 5.69 9.06 13.35 

Chewiness (g.cm) 252.27 329.72 531.07 883.48 1300.34 

Springiness (mm) 9.78 9.51 9.14 9.56 9.55 
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The measure of cohesiveness is determined by the product's ability to withstand a second deformation compared to its 

behavior during the initial deformation [57]. 

Cohesiveness appeared to be a better indicator of staling it ranged from 0.82 to 0.97. Cohesiveness recorded the highest 

value in EPP 10%, whereas EPP 2.5 and 5% bread samples recorded the lowest. High cohesiveness is generally preferred in 

bread because it allows the bread to form a bolus instead of disintegrating when masticating [58]. 

Concerning springiness, the results indicate that the control had the highest values of springiness (9.78   mm)   and EGP 

5% had the lowest springiness (9.14 mm). The chewiness and gumminess values followed a similar trend of hardness. The 

results presented here agree with the findings of Ibrahim [59], who indicated that chewiness and gumminess could be affected 

by hardness. 

 

 3.5. Sensory evaluation of pan bread samples fortified with eggplant peels flour 

 

The organoleptic properties of bread samples are presented in Table (6). It can be observed that, except for crust and 

crumb color, there were no significant differences between the bread sample fortified with 2.5% EPP and the control sample 

 Symmetry of shape scores of fortified bread samples decreased with increasing the level of EPP addition. Among the 

tested characteristics, the crust and crumb color of EPP fortified brad was the most affected character. Color scores confirmed 

the instrumental result of color parameters which reflect that with increasing EPP level the crust and crumb became darker. 

This could explain the decreased color score of fortified samples.  

Break & shred showed, and mouth feels characteristics a non-significant difference between bread samples fortified with 

EPP at 2.5, 5, and 7.5%, while bread samples fortified with 10% EPP recorded significantly lower scores for both characters. 

Crumb texture scores decline from 14 for the control sample to 10.43 for the bread sample containing 10% EPP. These results 

are in good accordance with the result of the texture profile analysis (Table 5), which indicated that the addition of EPP 

increased the hardness of the bread sample.  

All fortified samples gained acceptable scores regarding the taste and aroma characteristics. Our findings indicate that the 

addition of different percentages of EPP had varying effects on the sensory qualities of the pan bread. When 2.5% EPP was 

added, the acceptability was recorded at 90.64%. Similarly, when 5% EPP was added, the acceptability was slightly lower 

(85.87%). Finally, when 7.5% EGP was added, the acceptability decreased further to 80.15%. The acceptability of the EGP 

10% was found to be the lowest, with a recorded percentage of 70.87%. In general, the addition of EPP in pan bread affected 

how consumers evaluated the product. However, it is significant that even though this effect, consumers still showed 

acceptance towards all processed products.  

 

Table (6): Sensorial properties of pan bread fortified eggplant peels flour 

Parameter Control 
Eggplant fortified bread  

EPP 2.5% EPP 5% EPP 7.5% EPP 10% 

Symmetry of shape ( 5) 4.85a ± 0.08 4.79a ± 0.08 4.00b±0.12 3.00c±0.22 2.86c±0.22 

Crust color (10) 9.71a±0.10 9.00b±0.17 8.00c±0.24 7.43c ± 0.20 6.43d±0.29 

Crumb color (10) 9.86 a ±0.36 8.71b±1.01 7.86c±1.06 6.86d±0.85 6.00e ±1.22 

Break & shred (10) 9.29a±0.16 8.43b±0.26 8.16b±0.20 8.14b ± 0.19 7.00c± 0.12 

Crumb texture (15) 14.00a±0.24 13.14ab±0.35 12.57bc±0.23 11.71c±0.31 10.43d ±0.44 

Mouth feel (10) 9.43a ±0.51 8.86ab ±0.85 8.43b±0.93 8.29b±0.90 6.86c±1.49 

Aroma (20) 19.29a±0.90 18.57ab±1.21 18.14b±1.60 16.86c±2.41 15.29d±1.79 

Taste (20) 19.28a ±0.72 19.14a ±1.15 18.71ab±1.71 17.86b ±1.60 16c ±2.05 

Overall acceptability (100) 95.71a±2.43 90.64b±5.01 85.87c±4.22 80.15 d±5.88 70.87e ±5.78 

Values with different superscript letters in the same raw are significantly different (P≤0.05). 

 

3.6. Microstructure of pan bread samples fortified with eggplant peel flour 

Scanning electron microscopy (SEM) analysis of fortified pan bread samples at a magnification of 3000X are presented in 

Fig. (1). Photomicrographs revealed the bi-continuous system of gluten with embedded starch, where the gluten formed a 



 THE IMPACT OF EGGPLANT PEEL FORTIFICATION AS A POTENTIAL SOURCE OF DIETARY FIBERS... 

________________________________________________ 

Egypt. J. Chem. 68, No. 4 (2025)  

 

265 

fibrous, web-like structure in gluten bread. The control bread has a clear gluten structure and a uniform distribution of gluten 

matrix. The porous sponge-like microstructure indicates that the gluten structure takes a solid form. In addition, the control 

sample exhibited a well-developed gluten network, characterized by a limited number of noticeable starch particles.  

At the same time, while mixing, the gas battery initially introduces dough [60]. The cell structure of bread containing 2.5 

and 5% EPP was like the control sample. It was also observed that the integrity of gluten structure decreases with the increase 

in EPP level. These findings agree with the results of Tang et al. [61], who reported a decrease in both the volume and density 

of bread cells when incorporating 20% and 25% of lychee juice by-product dietary fiber. This may be due to the reduction or 

dilution in gluten concentration following the addition of fiber. Furthermore, the stability of the dough's aggregation network 

is significantly influenced by the secondary structure of the gluten protein. Dietary fiber will directly compete with gluten 

protein for water. Due to its superior hydration capability compared to gluten, dietary fiber attracts the water present in the 

dough, leaving insufficient water for gluten to form bonds. Over time, the secondary arrangement of gluten protein molecules 

becomes delicate, making the gluten matrix highly susceptible to breaking. Therefore, the cells of the bread get a reduction in 

size and an increase in density [62, 63]. 

It is observed that the air chamber of the bread in the control group had a consistent structure and a veil-like appearance 

[64]. The surface was slightly uneven, but the gluten protein created a smooth, continuous network structure where the starch 

particles were almost entirely gelatinized and hard to distinguish between the control and EPP 2.5 and 5%.   

 

Fig. (1): SEM images of control and fortified pan bread samples

 

 

The increase in dietary fiber content revealed the presence of numerous oval and spherical starch particles, some of which 

were non-gelatinized or partially gelatinized. 
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Furthermore, the bread's air chamber wall progressively became uneven and rough, and starch particles partially or 

partially aggregated the gluten matrix and perforated as indicated by the black arrows in Fig. 1D and E). 

 

3.7. Staling properties of pan bread samples fortified with eggplant peels flour  

 

Bread quality deteriorates with storage time after baking. Bread staling has been defined as a decrease in quality that is not 

due to microbial spoilage and is determined by consumer acceptability [65]. For over a century, it has been stated that bread 

staling is still causing significant economic losses for both the industry of baking and the consumer. Bread staling is a 

multifaceted procedure that goes on during the storage of bread. Despite bread, staling has been the subject of research for 150 

years, and the mechanism behind it remains unclear [66]. The alkaline water retention capacity (AWRC) of the pan bread 

loaves can be defined as an indicator of their rate of staling and freshness. Hence, the estimation was done for each sample at 

the initial time and after storage durations of 24 and 72 hours, as shown in Figure 2. The results illustrate that the control pan 

bread samples had the highest staling rate after 24h. While, all fortified pan bread samples showed almost the same staling 

rate at the same time. During a 72-hour of room temperature storage, eggplant peels shown significant effects in delaying the 

staling of baked pan bread. Furthermore, it was shown that increased levels of EPP resulted in a decrease in the rate of staling.  

  

Fig. (2): staling properties of fortified pan bread samples 

4. Conclusion  

The chemical profile analysis rated EPP as a unique source of dietary fiber and phenolic compounds. However, it had 

various impacts on the rheological, texture, and sensory characteristics. The specific volume of pan bread decreased 

significantly by increasing the addition of EPP level. The crust and crumb color exhibited a noticeable darkening when the 

level of EPP was increased, in comparison to the control. The increased fiber content altered the gluten structure, resulting in a 

higher level of hardness and chewiness. There were no notable variations in the aroma and taste of the control, EPP 2.5%, and 

EPP 5% samples. The findings suggest that the addition of varying amounts of EPP resulted in different impacts on the 

sensory characteristics of the produced bread. However, it is significant that even despite this effect, consumers still showed 

acceptance towards all processed products. During 72 h of storage at room temperature, EPP showed positive effects on 

delaying the staling of the baked pan bread.  
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