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Abstract

:

Fruit pomace is a highly valuable byproduct from a nutritional standpoint. The aim of this study was to determine the physicochemical and sensory properties of wheat bread enriched with freeze-dried and powdered chokeberry pomace in amounts of 1, 2, 3, 4, 5, and 6% relative to the flour weight. The influence of pomace addition on the physical properties of the wheat dough was analyzed, and the physicochemical properties and consumer acceptance of the chokeberry-pomace-enriched bread were determined. Based on the obtained research results, it was shown that the addition of pomace increased the water absorption of the flour but caused a decrease in stability and weakening of the dough, resulting in increased softening. Consequently, the volume of the bread decreased, and the crumb hardness increased. Furthermore, the addition of pomace significantly reduced the brightness and yellowness of the bread crumbs, while making them more red. Importantly, compared to the control bread, the pomace-enriched bread was characterized by higher contents of minerals, dietary fiber, phenolic compounds, and higher antioxidant activity. Sensory evaluation showed that the addition of freeze-dried chokeberry pomace to wheat bread should not exceed 3% in relation to the weight of the flour used. Additionally, a 3% addition of chokeberry pomace increased the dietary fiber content by 80.9%, ash content by 2.6%, fat content by 26.5%, and total phenolics content by 272%. It decreased the protein content by 1.2%, and reduced the carbohydrate content by 4% compared to the control sample.
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1. Introduction


Bread is one of the basic food products consumed widely in many regions of the world. In Europe, wheat bread is particularly popular, most often produced from low-extraction white flour. The advantages of such bread are a crunchy crust, soft, fluffy, and light-colored crumbs, and easy digestibility [1]. However, white wheat bread is characterized by a relatively low nutritional value, containing a high amount of carbohydrates and little dietary fiber, mineral components, vitamins, or other bioactive compounds, regular consumption of which is an essential element of preventive healthcare [2,3].



In recent years, a popular trend has been to enrich the recipe of food with additional ingredients to obtain a product with functional properties [4]. Bread, due to its frequent consumption, provides a good food matrix for introducing various recipe additives, such as oily plant seeds [5], flour from other types of grains or pseudocereals [6,7,8], flour from legume seeds [9,10], spices, herbs [11,12,13,14], and dried vegetable and fruit extracts [15,16], as well as waste products from the processing of plant raw materials, such as bran, brewer’s spent grain, or pomace [17,18,19]. It should be emphasized that waste products can be particularly valuable recipe ingredients for bread, as they are often characterized by a much higher content of valuable nutritional components than the raw materials from which they were processed [20]. The use of waste products is in line with the EU’s policy on waste-free food production and is one of the elements of the circular economy strategy [21].



A plant with exceptional chemical composition of its fruit is the black chokeberry (Aronia melanocarpa (Michx.) Elliott), a perennial deciduous shrub from the Roseaceae family. This plant comes from North America and is characterized by low soil requirements and high frost and disease resistance, and is currently widely cultivated in the northern and eastern parts of Europe. Aronia fruits are spherical in shape and are gathered in clusters. When ripe, they have a dark pomegranate to black color, are covered with a waxy coating, and are slightly shiny [22]. The dry matter content in aronia fruits is 17.9–26.0% [22,23], including 13.7–15.1% carbohydrates, 4.8–6.3% dietary fiber, 0.7% protein, and 0.2% fat [24]. Aronia fruits are characterized by an exceptionally high content of active substances that have a beneficial effect on the body, which is why they are called a superfruit or superberry [23]. These compounds include polyphenols, including anthocyanins, flavonoids, tannins, and phenolic acids. The total content of polyphenols in aronia fruits is 2000–8000 mg per 100 g of dry matter, including about 500 mg of anthocyanins [22,25]. The most important compounds from the group of anthocyanins are cyanidin glycosides (3-O-galactoside, 3-O-arabinoside, 3-O-xyloside, and 3-O-glucoside) [25]. Aronia fruits are also rich in phenolic acids, mainly chlorogenic and neochlorogenic acid [23]. They also contain flavonoid glycosides, with quercetin 3-O-galactoside and quercetin 3-O-glucoside being the most prevalent. Tannins are also included in the phenolic compounds, with a content of approximately 0.4% [22]. Together with organic acids, they contribute to the tart taste of the fruits. In addition, aronia fruits are a source of vitamins, especially vitamin C, as well as vitamins E, K, B1, B2, B3, B5, B6, and folic acid [24], and macro- and microelements, including magnesium, potassium, calcium, iron, iodine, molybdenum, and manganese [24,26,27].



Ripe aronia berries are characterized by a tart and bitter taste, and therefore are rarely consumed in their unprocessed form as a dessert fruit. They are widely used in processing as a raw material for the production of juices, jams, preserves, beverages, wines, liqueurs, and infusions, as well as fruit teas and jellies, and for obtaining food extracts and dyes [23,28]. During the processing of the berries, waste is produced in the form of pomace. Mayer-Miebach et al. [23] have shown that pomace has a much greater antioxidant activity than the fruit or juice.



The aim of this study was to determine the effect of lyophilized pomace on the properties of dough and the quality of wheat flour bread, as well as to determine the maximum level of this additive acceptable to consumers.




2. Materials and Methods


The scope of the conducted research is schematically presented in Figure 1.



2.1. Materials


The following chemical reagents were used for the research: sodium salicylate, gallic acid, ferrozine (3-(2-pyridyl)-5,6-bis-(4-phenyl-sulfonic acid)-1,2,4-triazone), and ABTS (2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)) in analytical purity. All reagents were purchased from Sigma-Aldrich (Poznań, Poland).



For the preparation of the bread dough, the following ingredients were used: commercial bread wheat flour type 750 (Polskie Młyny S.A., Warsaw, Poland), fresh pressed yeast (Lesaffre Polska S.A., Wołczyn, Poland), table salt (Cenos Sp. z o.o., Września, Poland), and freeze-dried pomace from black chokeberries. The pomace used in the study was a waste product obtained during laboratory juice extraction. Immediately after extraction, the pomace was frozen at −25 °C and then subjected to freeze-drying using an Alpha 1–4 LSC Plus freeze-dryer with shelf heating (Martin Christ Gefriertrocknungsanlagen GmbH, Osterode am Harz, Germany). The shelf temperature was set at 20 °C, the condenser temperature at −56 °C, and the pressure at 0.1 kPa. After drying, the pomace was vacuum-sealed in foil pouches. Prior to analysis, the pomace was ground to particles below 0.5 mm using an analytical mill A11 (IKA Works GmbH & Co., Staufen im Breisgau, Germany).




2.2. Basic Composition of Raw Materials and Bread


The basic composition of the raw materials (wheat flour, freeze-dried pomace from black chokeberries), as well as the bread samples, was determined using AACC methods [29]. Moisture content was determined using the gravimetric drying method (Method 44-15.02) using a SUP-65 W drying oven (Wamed, Warsaw, Poland). Total ash content was determined with the incineration method (Method 08-01.01) using an FCF S muffle furnace (Czylok, Jastrzębie Zdrój, Poland). Total dietary fiber content (Method 32-05.01) was determined using a Fibertec 2010 apparatus (Foss, Hillerod, Denmark). Total protein content was determined with the Kjeldahl method (Method 46-11.02) using a Kjeltec 8200 apparatus (Foss, Hillerod, Denmark). Total fat content was determined with the Soxhlet method (Method 30.10.01) using a Soxtec Labtec Line ST 243 apparatus with a Cu 2046 Control Unit Controller (Foss, Hillerod, Denmark). Carbohydrate content was calculated as the difference between 100 and the sum of the other components (water, ash, protein, fat, and fiber).




2.3. Properties of Flour and Dough


In wheat flour, the yield and quality of wet gluten were determined using the mechanical method (Method 38.12) on the Glutomatic 2200 device (Perten Instruments, Stockholm, Sweden), and the falling number was determined using the Hagberg–Perten method (Method 56-81B) on the Falling Number 1400 device (Perten Instrument, Stockholm, Sweden). The water absorption of the flour and the rheological properties of the dough were also evaluated using the Farinograph-E model 810114 (Brabender GmbH & Co. KG, Duisburg, Germany) according to AACC Method 54-21 [29]. Prior to the analysis, mixtures were prepared in which wheat flour was replaced with lyophilized pomace from black chokeberries in amounts of 1, 2, 3, 4, 5, and 6% relative to the flour weight. The control sample consisted of dough made from wheat flour. The water absorption of the flour mixtures was determined based on the amount of water added from a burette needed to achieve a dough consistency of 500 FU, and the rheological properties of the dough (development time, stability time, degree of softening after 12 min of mixing) were determined from the normal curve graph using the Farinograph v.5 computer program.




2.4. Baking Procedure


Bread dough was prepared using the direct method according to the methodology provided by Cacak-Pietrzak et al. [3]. The basic recipe for the bread dough (control sample (CP)) included 500 g of wheat flour, 15.0 g of fresh compressed yeast, 7.5 g of salt, and water in the amount necessary to achieve a dough consistency of 350 FU. This consistency is especially preferred for the process of bread production in molds [3]. The amount of water added was calculated based on the determined farinographic water absorption. Wheat flour was replaced with pomace from black chokeberries in the following amounts: 1, 2, 3, 4, 5, and 6% (CP1, CP2, CP3, CP4, CP5, and CP6, respectively) relative to the flour weight. The dough ingredients were mixed in an SP-800A mixer (Spar Food Machinery, Taichung, Taiwan) for 4 min at speed level 2. The dough was fermented in a fermentation chamber D-32 (Sveba Dahlen, Fristad, Sweden) for 90 min, with punching performed after 60 min for 1 min. After fermentation, the dough was divided into 250 g portions, shaped by hand, placed in molds, and subjected to proofing for 40 min in the fermentation chamber. Baking took place in the D-32 oven (Sveba Dahlen, Fristad, Sweden) at a temperature of 230 °C for 30 min. After baking, bread samples were removed from the molds, cooled, and then packed in polyethylene bags and stored for 24 h at a temperature of 20–22 °C.




2.5. Basic Properties of Bread


After 24 h of baking, the bread loaves were weighed, the bread yield was calculated, and the loaf volume and crumb density were determined. The loaf volume was measured using a 3D scanner (NextEngine, West Los Angeles, CA, USA) with computer software (MeshlLab 2016, ISTI-CNR Research Center, Rome, Italy) following the methodology described by Romankiewicz et al. [5], and then converted to 100 g of bread. The crumb density of the bread was determined according to the methodology provided by Belyaev et al. [30]. The procedure involved cutting cubes of known volume from the middle part of the crumb, weighing them, and calculating the crumb density.




2.6. Bread Texture


Texture profile analysis of the bread crumbs was conducted using a texture analyzer TA.XT2i (Stable Microsystem, Surrey, UK). The measurement was performed according to the methodology described by Armero and Collar [31]. Cylindrical samples (diameter 30 mm) were cut from bread slices with a thickness of 20 mm and subjected to compression using a probe with a diameter of 25 mm. The sample penetration was set at 40%, with a 45-second pause between the first and second compression, and a probe speed of 1 mm s−1. From the obtained curve, the following parameters were determined: hardness, elasticity, springiness, cohesiveness, and chewiness of the crumbs.




2.7. Color Coordinates


The color coordinates of the bread samples were determined using the reflective method in the CIE-Lab* color space, where L* represents lightness, a* indicates redness (+)/greenness (−), and b* indicates yellowness (+)/blueness (−). Measurements were performed using a CR-200 colorimeter (Konica Minolta, Osaka, Japan). From the average values of the Lab* color components, the absolute color difference (ΔE*) between the bread made from wheat flour (control sample) and the bread with the addition of freeze-dried black chokeberry pomace was calculated using the formula provided by Różyło et al. [32].




2.8. The Content of Total Phenolic and Antioxidant Activity


The total polyphenol content (TPC) and antioxidant activity (AA) were determined in the raw materials (wheat flour, freeze-dried black chokeberry pomace) as well as in the bread. The ability to scavenge DPPH free radicals and ABTS•+ cation radicals was assessed.



2.8.1. Extract Preparation for TPC and AA Evaluation


The extracts of the bread samples were prepared according to the methodology described by Gawlik-Dziki et al. [33]. Samples weighing 1 ± 0.0001 g were weighed on an analytical balance and extracted with 25 cm3 of PBS buffer (pH = 7.4) at room temperature for 60 min. The mixture was then centrifuged, and the supernatant was separated. The extraction process was repeated three times, and the supernatants were combined and stored in a dark place at a temperature of −20 °C.




2.8.2. Total Phenolic Content


The total polyphenol content was determined using the Folin–Ciocalteu spectrophotometric method, following the methodology described by Singleton and Rossi [34]. For the analysis, 0.5 mL of the buffer extract was taken, and 0.5 mL of distilled water, 2 mL of Folin reagent (diluted 1:5 with water), and 2 mL of a 10% Na2CO3 solution were added. The mixture was thoroughly mixed and left to stand for 60 min. The absorbance of the solution was measured using a UV Mini 1240 spectrophotometer (Shimadzu, Kyoto, Japan) at a wavelength of 720 nm against a blank sample (PBS buffer). The total polyphenol content was expressed in milligrams of gallic acid equivalents (mg GAE) per gram of dry matter (DM).




2.8.3. The Ability to Scavenge DPPH Free Radicals


The ability to scavenge DPPH free radicals was determined using a spectrophotometric method according to the methodology described by Brand-Williams et al. [35]. For the analysis, 0.01 mL of the buffer extract was taken, and 0.25 mL of an ethanol solution of DPPH was added. After thorough mixing, the mixture was left to stand for 15 min. The absorbance of the solution was measured using a microplate spectrophotometer (BioTek, Santa Clara, CA, USA) at a wavelength of 725 nm. The ability to scavenge DPPH free radicals was expressed as EC50, which represents the concentration at which the DPPH radicals were reduced by 50%.




2.8.4. The Ability to Scavenge ABTS•+ Cation Radicals


The ability to scavenge ABTS•+ cation radicals was determined using a spectrophotometric method according to the methodology described by Re et al. [36]. For the analysis, 0.04 mL of the buffer extract and 1.8 mL of the ABTS•+ radical were taken. After 5 min, the absorbance of the solution was measured using a UV Mini 1240 spectrophotometer (Shimadzu, Kyoto, Japan) at a wavelength of 734 nm. The ability to scavenge ABTS•+ cation radicals was expressed as EC50, which represents the concentration at which the ABTS•+ radicals were reduced by 50%.





2.9. Sensory Evaluation of Bread


The sensory evaluation of the bread was conducted according to the methodology provided by Garcia-Gómez et al. [37], 24 h after baking. The evaluation panel consisted of 46 assessors (employees and students of Warsaw University of Life Sciences) aged 21–56. The bread samples were assessed on a 9-point hedonic scale, where 1 represented very undesirable and 9 represented very desirable. The evaluation took into account the following quality attributes of the bread: loaf appearance, crust appearance, crumb properties, taste and aroma, and overall acceptability.




2.10. Statistical Analysis


All measurements were performed in a minimum of three parallel repetitions. Statistical analysis of the obtained results was conducted using Statistica 13.3 software (TIBCO Software, Palo Alto, CA, USA). Analysis of variance (ANOVA) was performed, and homogeneous groups were determined using Tukey’s test. Additionally, the Pearson’s correlation coefficients between variables were determined. All statistical tests were performed with a significance level of α set at 0.05.





3. Results and Discussion


3.1. Physical Properties of Dough


The physical properties of dough measured by the farinograph can help to adjust the bread recipe and consequently allow for the optimization of bread production [38]. Addition of CP into wheat dough resulted in a linear increase in water absorption of flour from 59.07% for the control sample to 60.97% for dough with 6% of CP flour (Table 1). This means that the dough can hold more water, which can affect the bread yield and texture. A strong and positive linear relation was found between the level of wheat flour replacement with CP and flour water absorption (r = 0.982, p = 0.001). Higher water absorption of enriched flour probably results from the high content of fiber in pomace. Similar effects on wheat flour water absorption were observed by others authors after the addition of powders rich in fiber [1,39]. Interestingly, incorporation of AP into wheat flour had no significant influence on the development time but significantly decreased the stability of dough during mixing. These parameters can vary depending on the type of flour and used additives [14]. Typically, higher values of these parameters result in a stronger gluten structure and a firmer dough, while a shorter development time and stability result in a weaker gluten structure and a softer dough [2]. The stability of the dough decreased linearly (r = −0.951, p = 0.001) from 5.83 (CD) to 2.13 min (CDP6). It indicated that AP considerably weakened the gluten structure. It was also confirmed by the linear increase in degree of dough softening with the increase in percentage of CP in wheat flour. The control dough was characterized by an approximately twofold lower degree of softening compared with the AP6 dough sample. A strong and positive correlation was found between this parameter and the level of CP in dough (r = 0.965, p = 0.001). Degree of softening is an important indicator of the quality of the flour. A high degree of softening indicates that the flour is weak and has poor gluten-forming ability, which can result in a low volume and dense crumbs. On the other hand, lower values of this parameter indicate that the flour has strong gluten-forming ability, which usually indicates a well-risen bread with a good crumb structure.




3.2. Basic Properties of Bread Samples


The addition of CP into wheat flour resulted in a linear decrease in baking loss (r = −0.971, p = 0.001). This loss decreased from 13.6% (C) to 10.7% (CP6) (Table 2). Baking loss refers to the reduction in weight that occurs during the baking process, primarily caused by the loss of water but also due to the evaporation of volatile substances such as carbon dioxide, alcohol, and volatile acids. This loss of weight can affect the texture, taste, and appearance of the final product, which is why it is important to understand the factors that contribute to baking loss and take steps to minimize it [40]. The decrease in baking loss with the increased percentage of CP in the bread recipe could have resulted from the higher water holding capacity of the CP. Similar results were obtained by other authors when potato flour was incorporated into wheat bread [41]. Importantly, CP increased the yield of bread from 137.8 to 144.1%. This is because CP is high in dietary fiber, which has the ability to absorb water and hold it in the bread dough during processing, leading to better dough consistency and less water loss during baking. On the other hand, bread volume decreased and, as a result, the density of the bread increased with the higher percentage of CP (r = −0.989, p = 0.001 and 0.988, p = 0.001, respectively). These changes usually have a negative influence on bread texture, leading to a more compact and harder crumbs [9].




3.3. Crumb Texture


The increase in the proportion of CP in the bread recipe resulted in a significant increase in the bread’s crumb hardness. This trend was observed after both 24 and 72 h of bread storage. However, storage itself had a relatively minor impact on this parameter. The crumb hardness of the bread changed from 7.77 to 21.36 N and from 8.43 to 22.54 N after one and three days of storage, respectively (Table 3). It should be noted that the addition of 6% CP caused an approximately threefold increase in this parameter compared to the control bread. These changes are attributed to a decrease in volume and an increase in crumb density due to the addition of CP, resulting in a more compact and harder crumbs. Enriching the bread had a similar effect on the chewiness of the crumbs. CP influenced the increase in these parameter, primarily due to the increase in crumb hardness. On the other hand, bread storage generally did not have a significant impact on gumminess or chewiness. However, the elasticity and cohesiveness of the crumbs decreased under the influence of CP, although the differences between the means were mostly insignificant. The highest values of these parameters were obtained for the control bread. After 72 h of storage, both the control and enriched bread showed significantly lower elasticity and cohesiveness compared to the values after 24 h since baking. The replacement of wheat flour with 6% CP addition, similar to storage, did not have a significant impact on the crumb springiness. Several authors have suggested that partial substitution of wheat flour with powdered fruits and other plant additives weakens the dough structure, resulting in decreased volume due to reduced carbon dioxide retention during dough fermentation [42], which consequently negatively affects the bread texture, particularly in terms of crumb hardness [3].




3.4. Color Coordinates


The color of food products is a crucial determinant of consumer acceptability, including for bread. The lightness values (L*) were the highest for the control sample, while those for bread enriched with 5 and 6% CP were the lowest and not significantly different from each other. Specifically, the L* value ranged from 72.00 for the control sample to 37.53 for the bread enriched with 6% CP (Table 4). The color of the bread gradually became darker with increasing levels of fruit supplementation, and the brightness was influenced by the extent of enrichment. Petković et al. [43] reported a significant decrease in bread brightness only at 10% chokeberry fruit powder supplementation, while concentrations of 1, 2.5, and 5% CP did not cause a significant change, compared to the control. The discrepancies in the results could potentially be attributed to variations in amount of used additive. Specifically, in the cited study, the fruits were subjected to convection drying, while in this research, freeze-dried CP was used. Furthermore, the addition of chokeberry led to a significant increase in redness (a*), which was dependent on the concentration of the additive. The sample containing 6% CP had the highest a* value, while the control sample had the lowest, with values of 12.74 and 1.92, respectively. In general, the decline in b* values was associated with the concentration of CP. However, there were no significant differences in b* values between breads enriched with 4 and 5% additive or between those enriched with 5 and 6% additive. Therefore, changes in yellowness were more evident at lower (1–3%) enrichment levels. The control and bread enriched with 6% CP exhibited the highest and lowest b* values, respectively, with values of 16.83 and 0.97. In another study by Petković et al. [43], it was observed that the b* value of bread decreased with the addition of powdered chokeberry fruit. However, the significant reduction was only observed at higher substitution levels (10% for powder dried at 50, 60, and 70 °C, and 5% for powder dried at 70 °C), indicating that the incorporation of freeze-dried chokeberry pomace in our study had a greater effect on the change in yellowness than the addition of convection-dried chokeberry fruits. The total color difference (ΔE) ranged from 15.22 to 37.88 for the control and the bread enriched with 5% CP, respectively. This demonstrates that the incorporation of CP into bread had a strong influence on the color of enriched bread. The red pigment fraction, composed of cyanidin derivatives, is mainly responsible for these color changes [44].




3.5. Basic Chemical Composition of Raw Materials and Bread


CP enriched the bread in terms of mineral, TDF, and fat content. In particular, TDF content increased almost threefold, from 3.56 (C) to 9.27% (CP6), whereas fat and ash content changed from 1.81 (C) to 2.56% (CP6) and from 0.928 (C) to 0.974% (CP6), respectively (Table 5). Conversely, increasing the percentage of CP in the bread tends to decrease the protein and carbohydrate content. However, the differences in protein content between the samples were small, and the addition of up to 3% CP was not statistically influential on this component. The correlation analysis revealed significant linear relations (p < 0.05) between pomace content in bread and ash, TDF, fat, protein, and carbohydrate content (r = 0.998; 0.972; 0.998, −0.975 and −0.998, respectively). Bread enriched with chokeberry pomace can be a valuable source of fiber and minerals. CP is an especially rich source of such macroelements (K, Ca, Mg and Na) and microelements (B, Cr, Cu, Fe, Mn, Ni, Se, Sr and Zn) [27]. Moreover, CP is a also abundant in insoluble dietary fiber, which makes up 76% of its total fiber content. It also contains about 20% of high molecular weight soluble fraction and 4% low molecular weight soluble fiber fraction [45].




3.6. Phenolics Content and Antioxidant Capacity


Chokeberry pomace is known to be abundant in phenolic compounds, especially anthocyanins, which have antioxidant properties and may provide various health benefits [46]. The content of TPC and AA of raw materials and enriched breads is presented in Table 6. CP contained the highest phenolics content with the strongest antioxidant activity. Most phenolic compounds are primarily found in the fruit skin. As a result, a considerable amount of these compounds are retained in the CP even after the extraction of juice from the fruit [47]. Kapci et al. [48] found about 63 mg GAE g DM−1 of TPC in chokeberry pomace. This effect was visible in the enrichment of bread. With the addition of 1% CP, the TPC doubled; with 6% addition, it was about 4.5 times higher compared to the control sample (Table 6). The relationship between the percentage of CP and TPC in bread samples was linear (r = 0.987, p = 0.001). Consequently, antioxidant capacity of enriched bread increased (decrease in EC50 index). Both ABTS and DPPH antiradical activity increased with the percentage of CP in the bread recipe. However, the relations were non-linear, and the highest decrease in EC50 was observed when wheat flour was replaced with 1% of CP from 552.47 to 202.33 mg DM mL−1 and from 194.37 to 115.89 mg DM mL−1, for ABTS and DPPH, respectively. Other authors also found that CP significantly increased TPC and antioxidant capacity of shortbread cookies [49].




3.7. Sensory Evaluation Results


The acceptance of food products by consumers is a very important element of their presence on the market. The final acceptability of bread depends on both the type and quality of the raw materials used, as well as the applied technological process. When evaluating the overall appearance of a loaf, consumers paid attention to the degree of its rising and shape, as well as the appearance of the crust surface. The picture of the control and enriched bread is presented in Figure 2. The addition of CP caused the crust color to become darker and gradually take on a purple hue. The control sample and bread with the addition of 1 to 4% pomace were characterized by a shiny crust, while the crust of bread with 5 and 6% CP addition was matte, with visible cracks and unevenness on its surface. The highest scores for appearance acceptability were given by evaluators to the control bread, which had the most uniform shape, was the best risen, and had no visible mechanical damage. The addition of CP caused the bread loaves to have a lower degree of rising and an irregular shape. The appearance of bread with more than 3% CP was generally not accepted by consumers, and all attempts with a higher content of this addition received a rating below 5 points on a 9-point hedonic scale (Table 7). Five points on the hedonic scale (neither like or dislike) can be considered as the threshold of consumer acceptability for a product [50]. However, it is worth remembering that the threshold of acceptability may vary depending on the context, product, or target group. The final assessment of consumer satisfaction depends on various factors such as expectations, preferences, and individual experiences. The taste and aroma of the control bread were rated the highest. The introduction of CP into the bread recipe up to 2% allowed for the production of products with good acceptability according to these indicators. A higher addition of CP was poorly accepted by consumers. Panelists found that, as the pomace content in the bread recipe increased, its taste became too acidic and tart, and the smell was unique. When evaluating the bread texture, evaluators observed that the crumbs were more compact and hard above 3% CP addition. As a result, all breads above this enrichment level were already unacceptable to consumers. In summary, the overall acceptability rating showed that the addition of dried and powdered pomace to wheat bread should not be higher than 3% relative to the amount of flour used. Many authors have shown that replacement of wheat flour with different powdered and dried plant materials in wheat bread production should not exceed a few percentage points [3,51], whereas, in the case of others cereal products such pasta or cookies, this level can be higher [52,53]. The main reason for this is the unfavorable effect of the plant additives used on the volume of bread. These additives weaken the structure of the gluten network, and as a result, the bread loses its ability to retain carbon dioxide, which often leads not only to a decrease in volume but also to deformation of the shape of the loaves.





4. Conclusions


The addition of powdered chokeberry pomace to wheat flour resulted in a deterioration in the bread’s quality. There was a decrease in volume and an increase in crumb hardness. Additionally, a decrease in consumer acceptance of the enriched bread was observed, especially when the wheat flour was replaced with pomace in a proportion higher than 3%. On the other hand, the chokeberry pomace enriched the bread with dietary fiber, minerals, and phenolic compounds, and increased its antioxidant activity. Notably, the total phenolic content in the CP3 bread increased by about threefold compared to the control bread. Future studies should focus on the possibility of improving the sensory characteristics of bread enriched with chokeberry pomace by testing different types of wheat flour, dough fermentation methods, and raw material selection in order to enhance its consumer acceptability at higher levels of pomace inclusion in the bread recipe.
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Figure 1. Graphic diagram of conducted research. 
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Figure 2. Picture of control and CP-enriched bread samples: C—control bread, CP1, CP2, CP3, CP4, CP5, CP6—bread enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder. 
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Table 1. Physical properties of control dough and dough enriched with chokeberry powder.
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	Sample
	Water Absorption [%]
	Development Time [min]
	Stability of Dough [min]
	Degree of Softening (FU) after 12 min of Mixing





	CD
	59.07 ± 0.35 a
	2.00 ± 0.10 a
	5.83 ± 0.25 e
	63.33 ± 1.15 a



	CDP1
	59.37 ± 0.78 ab
	2.23 ± 0.06 a
	5.00 ± 0.53 d
	64.67 ± 2.89 a



	CDP2
	59.47 ± 0.21 ab
	2.17 ± 0.15 a
	3.63 ± 0.15 c
	77.00 ± 2.65 b



	CDP3
	59.77 ± 0.49 abc
	2.17 ± 0.06 a
	2.93 ± 0.15 b
	89.33 ± 3.06 c



	CDP4
	60.23 ± 0.15 abc
	2.03 ± 0.06 a
	2.67 ± 0.15 ba
	94.67 ± 2.31 cd



	CDP5
	60.37 ± 0.59 bc
	2.00 ± 0.00 a
	2.27 ± 0.12 ba
	98.67 ± 2.89 d



	CDP6
	60.97 ± 0.06 c
	2.10 ± 0.10 a
	2.13 ± 0.12 a
	99.67 ± 1.53 d







CD—control dough, CDP1, CDP2, CDP3, CDP4, CDP5, CDP6—dough enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder, respectively; the values designated by the different letters a–e are significantly different (p < 0.05).
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Table 2. Basic properties of control and enriched bread samples.
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	Sample
	Baking Loss [%]
	Bread Yield [%]
	Bread Volume [cm3 100 g−1]
	Crumb Density [kg m−3]





	C
	13.6 ± 0.2 e
	137.8 ± 0.6 a
	349.0 ± 4.2 f
	0.32 ± 0.01 a



	CP1
	12.9 ± 0.3 d
	139.4 ± 0.6 ab
	338.3 ± 2.6 f
	0.38 ± 0.00 b



	CP2
	12.8 ± 0.2 d
	139.7 ± 0.8 b
	318.7 ± 3.8 e
	0.39 ± 0.01 b



	CP3
	12.4 ± 0.2 cd
	141.1 ± 0.8 b
	303.1 ± 3.7 d
	0.45 ± 0.01 c



	CP4
	12.2 ± 0.2 b
	142.2 ± 0.8 cd
	265.3 ± 6.2 c
	0.52 ± 0.01 d



	CP5
	11.1 ± 0.1 a
	142.9 ± 0.4 de
	252.6 ± 4.9 b
	0.53 ± 0.01 d



	CP6
	10.7 ± 0.1 a
	144.1 ± 0.3 e
	237.9 ± 4.7 a
	0.59 ± 0.01 e







C—control bread, CP1, CP2, CP3, CP4, CP5, CP6—bread enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder, respectively; the values designated by the different letters a–f are significantly different (p < 0.05).
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Table 3. Texture parameters of control and enriched bread samples.






Table 3. Texture parameters of control and enriched bread samples.





	
Sample

	
Time after Baking [h]

	
Hardness [N]

	
Elasticity [−]

	
Springiness [−]

	
Cohesiveness [−]

	
Chewiness [N]






	
C

	
24

	
7.77 ± 0.30 a

	
0.31 ± 0.09 e

	
0.94 ± 0.03 a

	
0.70 ± 0.11 e

	
5.08 ± 0.72 abc




	
CP1

	
9.33 ± 0.23 ab

	
0.30 ± 0.01 de

	
0.90 ± 0.02 a

	
0.68 ± 0.05 de

	
5.70 ± 0.34 abcd




	
CP2

	
11.80 ± 0.36 c

	
0.27 ± 0.06 cde

	
0.90 ± 0.02 a

	
0.62 ± 0.07 cde

	
6.65 ± 1.05 cde




	
CP3

	
12.59 ± 0.51 c

	
0.25 ± 0.03 bcde

	
0.89 ± 0.01 a

	
0.59 ± 0.03 bcde

	
6.60 ± 0.39 cde




	
CP4

	
16.78 ± 0.60 d

	
0.22 ± 0.05 abcde

	
0.85 ± 0.04 a

	
0.56 ± 0.06 abcde

	
8.03 ± 0.92 ef




	
CP5

	
20.51 ± 0.36 ef

	
0.24 ± 0.01 abcde

	
0.87 ± 0.03 a

	
0.60 ± 0.02 bcde

	
10.65 ± 0.78 g




	
CP6

	
21.36 ± 0.65 e

	
0.21 ± 0.01 abcde

	
0.81 ± 0.02 a

	
0.56 ± 0.01 abcde

	
9.56 ± 0.22 fg




	
C

	
72

	
8.43 ± 0.72 a

	
0.19 ± 0.04 abcd

	
0.86 ± 0.02 a

	
0.53 ± 0.04 abcd

	
3.84 ± 0.35 a




	
CP1

	
11.08 ± 0.31 bc

	
0.15 ± 0.02 abc

	
0.82 ± 0.04 a

	
0.45 ± 0.02 ab

	
4.10 ± 0.17 ab




	
CP2

	
15.47 ± 0.80 d

	
0.13 ± 0.02 a

	
0.87 ± 0.01 a

	
0.41 ± 0.02 a

	
5.50 ± 0.50 abc




	
CP3

	
20.12 ± 1.23 e

	
0.16 ± 0.05 abc

	
0.86 ± 0.02 a

	
0.45 ± 0.07 ab

	
7.80 ± 1.35 def




	
CP4

	
17.34 ± 0.71 d

	
0.13 ± 0.03 a

	
0.86 ± 0.03 a

	
0.42 ± 0.05 a

	
6.27 ± 0.61 bcde




	
CP5

	
20.71 ± 0.62 ef

	
0.15 ± 0.04 ab

	
0.87 ± 0.13 a

	
0.44 ± 0.08 ab

	
7.93 ± 1.38 def




	
CP6

	
22.54 ± 0.64 f

	
0.15 ± 0.02 abc

	
0.85 ± 0.11 a

	
0.48 ± 0.04 abc

	
8.99 ± 0.63 fg








C—control bread, CP1, CP2, CP3, CP4, CP5, CP6—bread enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder, respectively; the values designated by the different letters a–g are significantly different (p < 0.05).
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Table 4. Results of colorimetric measurements of control and enriched bread samples.






Table 4. Results of colorimetric measurements of control and enriched bread samples.





	Sample
	L*
	a*
	b*
	ΔE





	C
	72.00 ± 0.38 e
	1.92 ± 0.19 a
	16.83 ± 0.53 f
	-



	CP1
	59.67 ± 0.86 d
	5.39 ± 0.27 b
	8.63 ± 0.12 e
	15.22 ± 0.76 a



	CP2
	51.12 ± 1.11 c
	6.84 ± 0.04 c
	6.42 ± 0.26 d
	23.85 ± 0.87 b



	CP3
	44.31 ± 1.13 b
	9.59 ± 0.24 d
	4.12 ± 0.27 c
	31.43 ± 1.06 c



	CP4
	42.03 ± 1.63 b
	10.56 ± 0.10 e
	2.31 ± 0.59 b
	34.41 ± 1.66 d



	CP5
	38.81 ± 0.75 a
	11.77 ± 0.09 f
	1.47 ± 0.62 ab
	37.88 ± 0.41 e



	CP6
	37.53 ± 0.29 a
	12.74 ± 0.22 g
	0.97 ± 0.01 a
	36.84 ± 0.24 de







C—control bread, CP1, CP2, CP3, CP4, CP5, CP6—bread enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder, respectively; the values designated by the different letters a–g are significantly different (p < 0.05).
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Table 5. Basic composition [% DM] of raw materials and bread samples.
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	Sample
	Ash
	Protein
	Total Dietary

Fiber
	Fat
	Carbohydrates





	CP
	1.62 ± 0.010 B
	6.76 ± 0.01 A
	57.20 ± 0.24 B
	3.72 ± 0.02 B
	30.7 ± 0.08 A



	WF
	0.73 ± 0.001 A
	12.74 ± 0.02 B
	2.83 ± 0.10 A
	1.69 ± 0.02 A
	83.01 ± 0.12 B



	C
	0.928 ± 0.003 a
	12.98 ± 0.01 c
	3.56 ± 0.16 a
	1.81 ± 0.12 a
	80.73 ± 0.27 a



	CP1
	0.935 ± 0.002 ab
	12.91 ± 0.01 bc
	4.59 ± 0.09 b
	2.06 ± 0.05 b
	79.51 ± 0.11 b



	CP2
	0.942 ± 0.008 bc
	12.86 ± 0.02 bc
	5.69 ± 0.16 c
	2.22 ± 0.03 c
	78.30 ± 0.16 c



	CP3
	0.952 ± 0.003 cd
	12.82 ± 0.04 bc
	6.44 ± 0.07 d
	2.29 ± 0.03 cd
	77.50 ± 0.08 d



	CP4
	0.956 ± 0.002 de
	12.72 ± 0.02 ab
	7.37 ± 0.12 e
	2.42 ± 0.02 de
	76.52 ± 0.10 e



	CP5
	0.964 ± 0.002 ef
	12.61 ± 0.17 a
	8.52 ± 0.20 f
	2.48 ± 0.01 e
	73.43 ± 0.13 f



	CP6
	0.974 ± 0.003 f
	12.64 ± 0.09 a
	9.27 ± 0.11 g
	2.56 ± 0.02 e
	72.56 ± 0.16 g







CP—chokeberry pomace, WF—wheat flour, C—control bread, CP1, CP2, CP3, CP4, CP5, CP6—bread enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder, respectively; the values designated by the different letters A,B or a–g are significantly different (p < 0.05).
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Table 6. Phenolics content and antioxidant capacity of raw materials, control, and enriched bread samples.
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	Sample
	TPC [mg GAE g DM−1]
	EC50DPPH [mg DM mL−1]
	EC50ABTS [mg DM mL−1]





	CP
	54.04 B
	43.33 A
	26.07 A



	WF
	0.52 A
	585.60 B
	190.25 B



	C
	0.46 ± 0.03 a
	552.47 ± 24.93 d
	194.37 ± 3.30 f



	CP1
	0.86 ± 0.05 b
	202.33 ± 32.40 c
	115.89 ± 5.18 e



	CP2
	1.03 ± 0.05 bc
	187.03 ± 11.10 c
	90.24 ± 4.01 d



	CP3
	1.25 ± 0.08 cd
	140.42 ± 4.04 b
	62.64 ± 1.62 c



	CP4
	1.34 ± 0.06 e
	110.73 ± 4.36 ab
	51.67 ± 1.28 b



	CP5
	1.76 ± 0.06 e
	88.84 ± 8.08 a
	38.65 ± 1.52 a



	CP6
	2.07 ± 0.18 f
	75.31 ± 1.81 a
	35.62 ± 2.01 a







CP—chokeberry pomace, WF—wheat flour, C—control bread, CP1, CP2, CP3, CP4, CP5, CP6—bread enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder, respectively; the values designated by the different letters A,B or a–f are significantly different (p < 0.05).
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Table 7. Results of sensory evaluation of control and enriched bread samples.






Table 7. Results of sensory evaluation of control and enriched bread samples.





	Sample
	Appearance
	Smell
	Taste
	Texture
	Color
	OA





	C
	7.9 ± 0.6 d
	8.3 ± 0.4 e
	7.7 ± 0.5 e
	8.3 ± 0.2 d
	8.1 ± 0.5 e
	7.9 ± 0.5 g



	CP1
	7.5 ± 0.6 d
	7.5 ± 0.5 de
	7.2 ± 0.7 de
	7.8 ± 0.3 d
	7.3 ± 0.6 d
	7.6 ± 0.5 f



	CP2
	6.3 ± 0.4 c
	6.9 ± 0.4 d
	6.8 ± 0.4 cd
	7.4 ± 0.3 c
	6.5 ± 0.6 c
	6.8 ± 0.5 e



	CP3
	5.6 ± 0.6 c
	5.8 ± 0.4 d
	5.4 ± 0.6 bc
	6.3 ± 0.4 c
	5.7 ± 0.4 c
	5.7 ± 0.3 d



	CP4
	4.2 ± 0.7 b
	5.3 ± 0.3 c
	4.1 ± 0.4 b
	6.3 ± 0.2 b
	4.5 ± 0.3 b
	4.3 ± 0.3 c



	CP5
	3.3 ± 0.5 ab
	4.8 ± 0.2 ab
	4.2 ± 0.3 a
	5.2 ± 0.3 a
	4.1 ± 0.3 a
	3.8 ± 0.2 b



	CP6
	2.5 ± 0.4 a
	4.6 ± 0.2 a
	3.2 ± 0.2 a
	4.8 ± 0.3 a
	3.6 ± 0.2 a
	3.4 ± 0.2 a







C—control bread, CP1, CP2, CP3, CP4, CP5, CP6—bread enriched with 1, 2, 3, 4, 5, and 6% of chokeberry powder, respectively; OA—overall acceptability; the values designated by the different letters a–g are significantly different (p < 0.05).
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