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Abstract

:

Legume seeds, such as grass pea, yellow lupine, and narrow-leaf lupine, are highly nutritious and offer a wide range of health benefits. The objective of this research was to explore the possibility of partially replacing wheat flour (at levels of 10, 15, 20, and 25%) with flour derived from these legume seeds in sourdough wheat bread and examine its impact on the physicochemical and sensory properties of the bread. The physical properties of the dough were also assessed. The substitution of wheat flour with ground legume seeds resulted in increased water absorption (from 54.1 to 63.5%) and prolonged dough development time (from 2.0 to 13.5 min). Ground lupine seeds reduced the volume of the bread and increased its crumb density, consequently making the bread harder. The most significant increase in hardness was observed when narrow-leaf lupine flour was added to the wheat flour (from 8.4 to 22.5 N). Narrow-leaf lupine had the greatest impact on enhancing the protein content in the enriched bread (from 11.5 to 20%), while yellow lupine caused the highest increase in fiber content (from 1.9 to 6.9%). The proposed additives slightly but significantly (p < 0.05) increased the antioxidant activity and phenolic content in the bread samples. Importantly, for all legume seeds, replacing up to 15% of the wheat flour allowed the production of bread with high consumer acceptability.
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1. Introduction


Bread, a widely consumed grain product worldwide, is predominantly made from wheat flour [1,2] which primarily contains starch (60–85%) and proteins (9–12%) [3,4]. The content of nutrients varies depending on the extraction rate [4]. The production of wheat bread typically involves the use of refined flours, also known as low-extraction flours, which are characterized by low levels of dietary fiber, proteins, mineral components, and bioactive compounds [2,3]. Furthermore, the proteins present in wheat flour are incomplete, lacking certain essential amino acids (mainly lysine, which limits their digestibility) [3,5,6].



Enhancing the nutritional quality of wheat bread can be achieved by incorporating natural plant-based ingredients into the recipe. Research has validated the positive nutritional impacts of adding herbs and spices to the bread [2,7,8,9,10], pomace [11,12,13,14,15], and pseudocereal flours [16,17]. Valuable recipe additions can also include flours made from legume seeds [4,18,19,20,21].



Leguminous plants belong to the family Leguminosae (or Fabaceae), which encompasses over 18,000 different species. Their cultivation accounts for approximately 15% of the world’s agricultural land [22]. In 2021, the production of legume seeds reached 88.97 million tons [23]. Legume seeds are a valuable source of food for people worldwide [24,25,26,27,28,29]. They are a good source of protein, dietary fiber, minerals, vitamins, and bioactive phenolic compounds [30,31,32,33,34]. Legume seeds contain anywhere from 17% to even 50% protein [34,35,36] that has a significantly higher biological value compared to grain protein [26,32,34]. They also have a lower glycemic index compared to grains [30,33,37,38]. Consuming legume seeds is recommended for the prevention of type 2 diabetes and can help better control glycemia in individuals with diabetes [39]. Regular consumption of legume seeds can also contribute to the prevention of other chronic diseases, such as obesity, cardiovascular diseases, and certain cancers [30,33,40]. Some of the most popular and commonly consumed legume seeds include peas, beans, broad beans, chickpeas, and lentils. Others, such as cowpeas, lupines, vetches, lentil vetches, or white lupines, are still underappreciated [27,29].



Grass pea, which has been grown since ancient times, is used in human nutrition and as animal feed is likely the oldest plant in Europe [41]. Currently, interest in this plant is limited to a few species, including Lathyrus sativus [42,43] and Lathyrus maritimus [44,45,46], mainly cultivated in India, Bangladesh, Pakistan, Nepal, Ethiopia, and China [47]. Grass pea contains 20–36% high-quality protein [48]. Its positive effects in treating cardiovascular diseases, hypoxia, and hypertension have been demonstrated [47,49,50,51].



Lupine has been cultivated for over 2000 years in Europe and South America [52,53]. Three main species of lupine are primarily grown: narrow-leafed lupine (Lupinus angustifolius), yellow lupine (Lupinus luteus), and white lupine (Lupinus albus). Lupine seeds have the highest protein content among all legume species (29–52% dry weight) [54]. The main protein groups in lupine are albumins and globulins, which are characterized by their high biological value due to a significant amount of essential amino acids, particularly lysine [1,54]. Lupine seeds are also a valuable source of carotenoids, tocopherols, and lecithin [4,55]. Consuming lupine seeds is recommended for the prevention of conditions such as hypercholesterolemia, diabetes, and arterial hypertension [4,19,56].



Due to their high nutritional value and sensory qualities, both grass pea and lupine seeds can be used as ingredients in functional food products [20,55,57,58]. This study aimed to assess the suitability of grass pea and lupine seed flour as a component in sourdough bread recipes using organic wheat flour as a base.




2. Materials and Methods


2.1. Raw Materials


To prepare the bread dough, the following ingredients were utilized: commercially available white wheat flour (type 550, BIO from BioLife Sp. z o.o. located in Bielsk Podlaski, Poland); fresh pressed yeast sourced from Lesaffre Polska S.A. in Wołczyn, Poland; and salt supplied by Cenos Sp. z o.o. in Września, Poland. Additionally, flours obtained from grass pea (GP) of the Derek variety, narrow-leaved lupine (NL) of the Roland variety, and yellow lupine (YL) of the Salut variety were used. The legume seeds were obtained from an organic cultivation experiment carried out at the Institute of Soil Science and Plant Cultivation—State Research Institute in Puławy. These seeds were harvested in 2022, cleaned, and subsequently ground into particles measuring less than 1.0 mm using an A11 analytical mill (IKA Works GmbH & Co., Staufen, Germany).




2.2. Baking Properties of Wheat Flour and Physical Properties of Dough


The baking properties of the wheat flour such as the yield and quality of gluten (AACC, Method 38.12), the falling number (AACC, Method 56–81B), and the physical properties of the dough were determined using a Farinograph-E model 810114 (Brabender GmbH & Co. KG, Duisburg, Germany (AACC Method 54–21) according to the approved methods of the American Association of Cereal Chemistry (AACC) [59]. Prior to the analysis, blends were prepared by replacing wheat flour with legume seed flours (GP, NL, and YL) in amounts of 10, 15, 20, and 25% by weight of the flour. The control sample consisted of wheat flour dough.




2.3. Baking Procedure


The bread dough was prepared using a two-phase method with wheat sourdough. The sourdough was inoculated with cultures of Lactiplantibacillus plantarum and Levilactobacillus brevis bacteria obtained from the collection of pure cultures of the Department of Food Technology and Assessment, Warsaw University of Life Sciences, Warsaw, Poland. The sourdough had a yield of 200%. Fermentation of the sourdough took place for 7 days at a temperature of 25 °C. The sourdough was added in an amount equivalent to 10% of the total weight of the wheat flour. The basic recipe for the bread dough (control sample) included 700 g of wheat flour, 70 g of wheat sourdough, 21 g of fresh pressed yeast, 10.5 g of salt, and water added as necessary to achieve a dough consistency of 350 BU. The amount of water added was determined based on the calculated water absorption capacity of the farinographic flour/blends. In the blends, wheat flour was substituted with legume seed flours, GP, NL, and annual yellow lupine (YL) in varying proportions of 10, 15, 20, and 25%. The bread was prepared according to the protocol described by Cacak-Pietrzak et al. [2]. In Table 1, an explanation of the description of the abbreviations used for the bread sample analysis is presented.




2.4. Basic Composition of Raw Materials


The basic chemical composition (moisture (Method 44–15.02), ash (Method 08–01.01), protein (Method 46–10.01), and fat (Method 30–10.01)) of the wheat flour (WF), GP, NL, YL, and bread was determined using AACC methods [2,59]. Additionally, the amount of digestible carbohydrates was computed according to the difference [2].




2.5. Bread Yield, Volume, and Density


The bread loaves were weighed, and the bread volume, yield, and density were calculated [14,60]. The volume of the bread was measured using a 3D scanner (NextEngine, West Los Angeles, CA, USA) and calculated using computer software (MeshlLab, ISTI-CNR Research Centre, Rome, Italy). It was then converted to represent 100 g of bread. Additionally, the density of the bread’s crumb was also determined along with the ratio of the bread sample’s mass to its volume. The yield of bread (Y) was calculated as follows:


  Y =   a × w   b    



(1)




where b represents the weight of the dough portion before baking, c is the mass of the bread after cooling (in grams), and w is the dough yield. In addition, the baking losses were calculated [2].




2.6. Crumb Texture


The texture parameters of the crumb were determined using a TA.XT2i texture analyzer (Stable Microsystem, Surrey, UK). The analysis was conducted according to the methodology described by Romankiewicz et al. [60]. Briefly, circular samples with a diameter of 30 mm were obtained by cutting bread slices that were 20 mm thick. These samples were then compressed using a 25 mm diameter probe. The compression was set at 40% penetration with a 45 s delay between the first and second compressions. The probe speed was set at 1 mm/s. The texture parameters of the bread crumb were determined by analyzing the resulting curve using the Texture Expert Exceed v. 1.00 computer software.




2.7. Color of Raw Materials and Bread Samples


The color parameters of the raw materials and crumb samples (L*—lightness, a*—redness or greenness, and b*—yellowness or blueness) were determined using the reflectance method in the CIE-Lab* color space. The absolute color difference (ΔE) was also calculated [61].




2.8. Total Phenolic Content and Antioxidant Capacity


2.8.1. Extract Preparation


The hydroalcoholic extracts were prepared to determine the total phenolic content and antioxidant capacity of both the raw materials and bread samples. A total of 1 g of each type of raw material and bread was mixed with 50 mL of 50% (v/v) methanol. The mixture was allowed to extract for 30 min at room temperature and subsequently subjected to centrifugation at 9000× g for 15 min. The procedure was repeated three times, and the supernatants were collected for the analysis and stored at −20 °C until further analyses.




2.8.2. Total Phenolic Content


The total polyphenol content was determined using the Folin–Ciocalteu spectrophotometric method following the procedure described by Romankiewicz et al. [60]. The concentration of phenolic compounds was read from the standard curve determined for gallic acid (the linearity range was 10 µg/mL to 2000 µg/mL; R2 = 0.999) and expressed as the gallic acid equivalent (GAE) in mg/g DW.




2.8.3. Antiradical Activity against DPPH Free Radicals


The ability to quench free radicals of DPPH was determined using the spectrophotometric method [2,62]. The inhibition percentage of DPPH discoloration was calculated as in (1):


AA = (Ac − Ap)/(Ac)·100%,



(2)




where Ac—the absorbance of control and Ap—the absorbance of extract.



The antiradical activity was expressed as EC50 (efficient concentration), i.e., the concentration of sample (mg DW/mL) needed to obtain 50% of initial activity.




2.8.4. Antiradical Activity against ABTS•+ Free Radicals


The ability to quench cationic radicals ABTS•+ was determined according to the procedure described by Romankiewicz et al. [60] and Re et al. [63].



The results of antioxidant activity were expressed as the EC50 index (mg DM/mL) [2].





2.9. Sensory Evaluation of Bread


The sensory evaluation of the bread was conducted according to the methodology provided by Garcia-Gómez et al. [64] using a 9-point hedonic scale one day after baking. The evaluation team consisted of 52 panelists (employees and students of Warsaw University of Life Sciences, Warsaw, Poland) aged 20 to 58 years. The participants selected for the study were required to be regular bread consumers. Consumer evaluations were conducted in individual sensory booths within a sensory laboratory by utilizing a hedonic taste sheet. The bread samples were assessed at room temperature. Participants were instructed to rinse their mouths with water between samples to ensure a clean palate. The evaluations followed a sequential monadic test design employing a complete block design. The consumers were not provided any information about the samples and did not receive any monetary incentives to avoid bias in their participation.




2.10. Statistical Analysis of Results


The measurements were carried out at least three times, and the statistical analysis was conducted using Statistica 13.3 software from TIBCO Software (Palo Alto, CA, USA). The analysis involved performing an analysis of variance (ANOVA) and determining homogeneous groups using Tukey’s test with a significance level set at α = 0.05.





3. Results and Discussion


3.1. Water Absorption and Physical Properties of Dough


Conducting farinographic assessment is helpful in developing bread recipes and determining optimal parameters for the dough fermentation process [65]. The water absorption of the tested wheat flour was relatively low (54.1%) (Table 2) but typical for light wheat flours obtained from organic wheat grains [66]. The addition of flour made from legume seeds significantly increased the water absorption of the mixtures. The greatest changes in water absorption (increase up to 63.5%) occurred after adding YL at a 25% level (YLD25). This means that the dough with this additive could absorb more water, resulting in higher dough and bread yield in practice. The increased water absorption of the mixtures was probably due to the high protein and fiber content in the legume seed flours, as indicated by the research results of other authors [21,67,68]. The addition of flour made from legume seeds had a statistically significant effect on prolonging the dough development time from 2.0 min (CD) to 13.7 min (YLD15). The greatest increase in this parameter was observed with the addition of legume seed flour at a level of 10–15%, while further increasing the level of addition resulted in its decrease. Interestingly, the dough stability varied depending on the type and level of the additive, either increasing or decreasing. The dough stability of the control sample (CD) was 9.1 min. Significant prolongation of the dough stability was observed when adding YL at 10% and 15% levels (YLD10 and YLD15). On the other hand, a decrease in dough stability, indicating weakening of its structure, occurred when adding GP and NL at levels of 15% and above. The softening of the control dough (CD) was 35 BU. Changes in this parameter also depended on the type and level of the additive. The dough with GP and NL additives up to 15% (GPD10, GPD15, NLD10, and NLD15), as well as all dough with YL additives exhibited significantly less softening compared to the control sample (CD).




3.2. Basic Properties of Bread Samples


During the baking and cooling process of bread, there is a loss in its mass caused by the evaporation of water and other volatile substances, such as carbon dioxide, alcohol, and volatile acids. As a result, in addition to the decrease in mass, there is also a loss in bread aroma [69]. Substituting a portion of wheat flour with YL and NL wheat flour resulted in a statistically significant reduction in bread baking loss from 11.6% (CB) to 10.1% (YLB25) (Table 3). However, the addition of GP increased the baking loss of the bread, but only when used in quantities of 15% and 20% (GPB15 and GPB20). The bread yield of the control (CB) was 139.0%. There was a statistically significant increase in the bread yield after adding YL at 15% and above, and at a 25% level of this additive, the bread yield increased up to 147.1% (YLB25). This can be attributed to the high content of fiber and protein in the added ingredient. These substances had a high capacity for absorbing and retaining water in the dough, resulting in better dough consistency and reduced water loss during the baking process [1,19]. The bread volume made from wheat flour (CB) was 365 cm3 per 100 g, and the crumb’s specific mass was 0.26 g·cm−3. The addition of legume flour significantly reduced the bread volume, which led to an increase in the crumb’s specific mass. The values of these parameters changed linearly with the increasing level of substitution of wheat flour with legume flours. The reduction in bread volume after introducing ingredients with high fiber content into the recipe can be explained by the phenomenon of interrupting the continuity of the gluten network by these components. Additionally, the formation of the gluten network may have been hindered due to the presence of additional non-gluten proteins [60,65,70]. The formation of a weaker gluten network resulted in the loss of part of the generated carbon dioxide during fermentation and, consequently, the production of bread with a smaller volume [71].




3.3. Crumb Texture


The addition of flour made from legume seeds had a statistically significant impact on the increase in the hardness of bread compared to the control sample. The hardness of the control sample (CB) was 8.37 N (Table 4). As the level of legume flour addition increased, the values of this parameter increased linearly. The addition of GP at a level of 25% resulted in an almost twofold increase in bread hardness (13.04 N) compared to the control sample, while in the case of a 25% addition of YL and NL, the hardness of the bread increased almost threefold (21.19 N and 22.54 N, respectively). These changes were due to a decrease in loaf volume and an increase in crumb density, which made the crumb more compact and dense. Other texture parameters such as elasticity, springiness, and cohesiveness of the crumb gradually decreased with increasing levels of legume flour addition. These changes were generally statistically significant compared to the control sample except for bread enriched with up to 20% GP. Many studies [1,10,12,71] indicated that the addition of plant-based ingredients such as legume flour negatively affected the texture of wheat bread. These changes resulted from a weaker gluten network structure and reduced retention of carbon dioxide generated during dough fermentation.




3.4. Color of Raw Materials and Bread


Color is one of the key indicators of bread quality and plays a significant role in consumer acceptance [14,60]. The lightness values (L*) were significantly highest for the control sample (CB) and bread with 10% YL (YLB10) (Table 5). As the level of legume flour addition increased, the lightness of the bread crumb decreased linearly, which was due to the darker color of these added ingredients compared to wheat flour. Similarly, the values of the color parameters a* and b* changed with the increasing inclusion of legume flour in the bread formulation. Bread with a YL addition particularly exhibited high intensities of red and yellow colors, which corresponded to the color of this ingredient. The absolute color difference (ΔE) between the control bread and the bread enriched with legume flour ranged from 8.0 to 21.3. This indicated that even a 10% addition of legume flour had a significant impact on the color of the bread crumb, and the observed changes in terms of darkening were noticeable even to an inexperienced observer. Many studies [1,7,9,10,12,14,65] indicated changes in bread color resulting from enriching the composition with natural plant-based additives. These changes were caused by the presence of natural pigments in plant-based raw materials. Legume seeds, for example, contain carotenoids characterized by intense yellow-orange color. Lupine seeds, in particular, are rich in these compounds [4,55].




3.5. Basic Chemical Composition of Raw Materials and Bread


The parameters of wheat flour (WF) were as follows: total protein content—11.13% dry matter (DM), total ash content—0.59% DM, fiber content—1.83% DM, fat content—1.22% DM, and carbohydrate content—85.24% DM (Table 6). The wheat flour exhibited low enzymatic activity of amylolytic enzymes (falling number—310 s) and a low wet gluten yield of 23.3%, typical for light wheat flours obtained from organic grain milling [66]. It should be emphasized that the gluten showed good quality (gluten index 93). Flour from legume seeds contained significantly more total protein than wheat flour. The content of this component in the GP flour was 31.99% DM, while in the YL and NL flours, it was 34.01% and 48.0% DM, respectively. The high protein content in legume seeds has been indicated by the results of studies by many authors [18,21,22,41,58,68]. Flours from legume seeds also proved to be much better sources of fiber and, in the case of lupine flours, fat as well. The highest amounts of these components were found in the YL flour, namely 19.31% and 6.42% DM, respectively. The total ash content in the legume seed flours ranged from 3.31% to 3.83% DM, which means they contained 5.6 to 6.5 times more mineral components compared to the wheat flour.



The chemical composition of the control bread (CB) was as follows: total protein content of 11.45% DM, total ash content of 0.87% DM, fiber content of 1.90% DM, fat content of 1.29% DM, and carbohydrate content of 84.49% DM (Table 5). The moisture of the bread samples was between 37.1 and 38.2%. With an increase in the level of addition of flours from legume seeds, the total protein content, total ash content, crude fiber, and fat content increased significantly, while the carbohydrate content decreased compared to the control sample. This resulted in an increase in the nutritional value of the bread. Bread with the addition of flours from legume seeds can be a good source of complete protein mainly composed of albumins and globulins [41,54]. The protein content in the bread with 25% levels of GP, YL, and NL was as follows: 16.04% DM (GPB25), 16.89% DM (YLB25), and 20.00% DM (NLB25). Importantly, protein from lentils and lupines contains significant amounts of lysine [1,41,54], which is a limiting amino acid for the biological value of wheat protein [6]. Additionally, it is a good source of amino acids such as leucine and arginine [1,41,54]. The fiber content and mineral components increased when compared to the CB sample. The bread with 25% legume flour contained about twice as much dietary fiber (LSB25) or three times as much dietary fiber (LAB25 and LLB25) and about twice as many minerals.




3.6. Phenolic Content and Antioxidant Capacity


The total content of phenolic compounds in the raw materials ranged from 0.86 mg GAE g DM−1 in the wheat flour to 2.15 mg GAE g DM−1 in the YL flour. The extracts from these raw materials also exhibited the lowest and highest antioxidant activity, respectively (Table 7). Enriching bread with flour from legume seeds resulted in a slight but statistically significant increase in the phenolic content in the bread. The highest increase was observed in the bread enriched with NL (from 0.72 mg GAE g DM−1 (CB) to 1.12 mg GAE g DM−1 (NLB25)), while the smallest increase was observed in the bread with GP (from 0.72 mg GAE g DM−1 (CB) to 0.99 mg GAE g DM−1 (GLB25)). The values of the EC50 index were also significantly lower for the bread enriched with legume seed flour. This indicated higher antioxidant activity of the enriched bread. These relationships were observed for both antioxidant activities against DPPH and ABTS. The bread enriched with NL flour exhibited the highest activity against DPPH and consequently the lowest EC50 values, while the bread with GP flour showed the highest activity against ABTS. On the other hand, the bread enriched with YL flour had the lowest antioxidant activity against ABTS, and the bread with GP flour had the lowest antioxidant capacity against DPPH. The increase in the content of phenolic compounds and antioxidant activity in the enriched bread resulted from the use of whole grain legume seed flour as an additive. Most of the bioactive substances were present in the fruit-seed coat of seeds [31]. Many authors observed that flour enrichment with different additives plant additives increased the antioxidant activity of bread. This effect was especially visible when raw materials that were rich in fiber were incorporated into wheat flour [10,13,14].




3.7. Sensory Evaluation Results


Currently, customers are increasingly seeking bakery products with enhanced nutritional value that retain sensory appeal. The nutritional value and sensory properties of bread depend on the type and quality of ingredients used as well as the applied technological process [71,72]. In our research, we used flour from seeds of selected legume species as an additional ingredient in the recipes. Additionally, the bread dough was prepared using a two-phase sourdough method, which is rarely used in industrial wheat bread production. When assessing the overall appearance of the loaf, the panelists paid attention to its shape, the degree of rising, and the appearance of the crust surface. The evaluators awarded the highest scores for these characteristics (8.5 points) to the control bread (CB) (Table 8), which had the most significant rise (Figure 1). The bread with a 10% addition of GP, YL, or NL (GPB10, YLB10, and NLB10) as well as a 15% addition of YL or NL (YLB15 and NLB15) obtained comparable scores to the control sample. In general, the addition of legume seed flour primarily resulted in a reduction in the degree of rising of the loaf, which was particularly noticeable at the highest level of addition (25%). However, the evaluators had no major concerns regarding the loaves’ shapes and the appearance of the crust surface. Therefore, all bread samples received ratings above 5 points on a 9-point hedonic scale for overall appearance, indicating consumer acceptability. The bread was also highly rated in terms of aroma and taste. The control bread received the highest ratings in these aspects (8.6 and 8.7 points, respectively), as it was exceptionally aromatic and had a delicate taste with a slightly perceptible sour note. According to the evaluators, the bread with a 10% addition of GP, YL, or NL (GPB10, YLB10, and NLB10) as well as a 15% addition of GP or NL (GPB15 and NLB15) had comparable aromas to the control sample. Similarly, bread with a 10% addition of GP, YL, or NL (GPB10, YLB10, and NLB10) as well as a 15% addition of GP or NL (GPB15 and NLB15) received scores comparable to the control sample in terms of taste. With a higher proportion of legume seed flour, a characteristic aroma and an aftertaste described as “bean-like” or “pea-like,” were noticeable. According to some panelists, the bread with the highest proportion of legume seed flour (25%) had a slightly bitter aftertaste. Based on the scores given for the taste of the bread, the consumer acceptability threshold was set at a level of 15% inclusion of GP and NL and 20% YL. Klupsaite et al. [71] obtained higher scores for the taste and aroma of bread with the addition of lupine sourdough at levels of 3% and 6% compared to the control sample. According to the panelists, this bread was also characterized by a more pronounced acidic taste.



In terms of texture, the control bread received the highest rating (8.7 points) and was characterized by a uniform fine-pored structure of the crumb (Figure 2). The bread with a 10% addition of GP, YL, or NL (GPB10, YLB10, and NLB10) as well as a 15% addition of GP or YL (GPB15 and YLB15) obtained comparable scores for this characteristic. As the level of legume seed flour addition increased, the crumb became increasingly compact, and larger pores were also visible in the cross section. Therefore, the breads with a 20% proportion of GP or NL (GPB20 and NLB20) and a 25% proportion of YL (YLB25) were rated below the consumer acceptability threshold in terms of texture. The inclusion of legume seed flours in the recipe affected the color of both the crust and the crumb of the bread. The control bread had a light brown golden crust and a beige-colored crumb. As the proportion of legume seed flours increased, both the color of the crust and the crumb gradually darkened, with the crumb becoming more yellow in color. The consumer acceptability threshold for color was set at 15% for GP and YL and 20% for NL. A similar darkening of the crumb color was also observed by Klupsaite et al. [71] and Bartkiene et al. [58] when using lupine flour as an additive. In summary, the overall sensory evaluation scores indicated that the addition of GP and NL should not exceed 15%, while for YL, its maximum inclusion in the bread recipe could be 20%. On the other hand, Hall and Johnson [18] determined the maximum level of lupine flour addition to wheat bread accepted by consumers to be 10%.





4. Conclusions


The partial substitution of wheat flour with legume flour in the analyzed raw materials had several effects. It led to an increase in water absorption, the development time of the dough, and the bread yield. The highest flour water absorption and bread yield were found for bread with yellow lupine flour, whereas the lowest was for the grass pea flour bread. Legume flours positively influenced the bread composition, including higher contents of protein, fiber minerals, and phenolic compounds. These improvements were most pronounced when narrow-leaf lupine flour was added to the wheat flour. Moreover, the lightness of crumb decreased, while redness and yellowness increased as a result of bread enrichment with lupine and grass pea flour. Additionally, all the additives used increased the antioxidant activity of the bread against ABTS and DPPH radicals. However, there were some negative consequences of the bread enrichment as well. The volume of the bread decreased, and the bread crumb became harder. Furthermore, sensory properties like smell, taste, and texture were negatively affected, resulting in reduced consumer acceptance of the bread, especially when the legume raw materials were added in amounts exceeding 15% of the total flour weight.
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Figure 1. Appearance of obtained bread loaves. CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour. 
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Figure 2. Crumb of obtained bread samples. CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour. 
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Table 1. List of codes for analyzed bread samples.
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	Sample Code
	Wheat Flour (%)
	Grass Pea Flour (%)
	Yellow Lupine Flour (%)
	Narrow-Leaf Lupine Flour (%)





	CD
	100
	-
	-
	-



	GPD10
	90
	10
	-
	-



	GPD15
	85
	15
	-
	-



	GPD20
	80
	20
	-
	-



	GPD25
	75
	25
	-
	-



	YLD10
	90
	-
	10
	-



	YLD15
	85
	-
	15
	-



	YLD20
	80
	-
	20
	-



	YLD25
	75
	-
	25
	-



	NLD10
	90
	-
	-
	10



	NLD15
	85
	-
	-
	15



	NLD20
	80
	-
	-
	20



	NLD25
	75
	-
	-
	25
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Table 2. Water absorption and physical properties of dough and enriched dough samples.
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	Sample
	Water Absorption

(%)
	Development Time

(min)
	Stability of Dough

(min)
	Degree of Softening

(BU)





	CD
	54.1 ± 0.1 g
	2.0 ± 0.1 h
	9.1 ± 0.7 c
	35 ± 4.6 bc



	GPD10
	55.1 ± 0.1 f
	6.8 ± 0.2 e
	9.7 ± 0.1 c
	19 ± 1 fg



	GPD15
	55.0 ± 0.1 f
	6.2 ± 0.3 efg
	7.7 ± 0.3 d
	28 ± 5 de



	GPD20
	55.1 ± 0.1 f
	5.6 ± 0.2 fg
	6.1 ± 0.1 ef
	35 ± 0 bc



	GPD25
	55.0 ± 0.1 f
	5.7 ± 0.0 fg
	4.0 ± 0.1 g
	51 ± 2 a



	YLD10
	56.9 ± 0.1 d
	10.7 ± 0.1 c
	14.0 ± 0.1 a
	4 ± 1 i



	YLD15
	59.2 ± 0.2 c
	13.7 ± 0.1 a
	12.5 ± 0.1 b
	12 ± 2 gh



	YLD20
	62.0 ± 0.2 b
	12.6 ± 0.1 b
	9.5 ± 0.2 c
	8 ± 1 hi



	YLD25
	63.5 ± 0.1 a
	8.6 ± 0.6 d
	9.0 ± 0.1 c
	3 ± 0 i



	NLD10
	56.1 ± 0.1 e
	6.4 ± 0.1 de
	9.6 ± 0.3 c
	7 ± 0 hi



	NLD15
	55.9 ± 0.1 e
	6.4 ± 0.1 de
	6.9 ± 0.1 e
	22 ± 2 ef



	NLD20
	55.9 ± 0.1 e
	5.5 ± 0.1 g
	5.8 ± 0.1 f
	32 ± 2 cd



	NLD25
	55.9 ± 0.1 e
	5.6 ± 0.2 g
	3.8 ± 0.2 g
	41 ± 2 b







CD—control dough; GPD10-GPD25—dough with 10, 15, 20, and 25% of grass pea flour; YLD10-YLD25—dough with 10, 15, 20, and 25% of yellow lupine flour; NLD10-NLD25—dough with 10, 15, 20, and 25% of narrow-leaf lupine flour. The values designated by the letters a–i were significantly different (p < 0.05).
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Table 3. Basic properties of control and enriched bread samples.






Table 3. Basic properties of control and enriched bread samples.





	Sample
	Baking Loss

(%)
	Bread Yield

(%)
	Volume

(cm3 100−1 g)
	Crumb Density

(g cm−3)





	CB
	11.6 ± 0.1 bc
	139.0 ± 0.7 de
	365 ± 3.7 a
	0.26 ± 0.01 f



	GPB10
	11.9 ± 1.3 ab
	138.4 ± 0.5 de
	312 ± 2.1 b
	0.32 ± 0.00 e



	GPB15
	12.2 ± 0.1 a
	139.3 ± 0.4 d
	289 ± 5.8 c
	0.34 ± 0.01 de



	GPB20
	12.1 ±1.3 a
	139.1 ± 0.3 de
	272 ± 0.9 d
	0.37 ± 0.01 d



	GPB25
	11.3 ± 0.2 cd
	140.1 ± 0.8 cd
	262 ± 0.8 ef
	0.41 ± 0.01 c



	YLB10
	10.9 ± 0.2 def
	139.7 ± 0.5 d
	292 ± 2.6 c
	0.35 ± 0.01 e



	YLB15
	10.8 ± 0.1 ef
	142.0 ± 0.5 c
	273 ± 2.2 d
	0.37 ± 0.00 d



	YLB20
	11.1 ± 0.1 de
	144.0 ± 0.2 b
	257 ± 2.9 f
	0.42 ± 0.00 bc



	YLB25
	10.1 ± 0.2 e
	147.1 ± 0.3 a
	228 ± 1.7 h
	0.48 ± 0.01 a



	NLB10
	10.8 ± 0.1 ef
	137.3 ± 0.6 e
	311 ± 1.3 b
	0.33 ± 0.01 e



	NLB15
	10.6 ± 0.1 gh
	139.1 ± 0.3 de
	285 ± 0.5 c
	0.38 ± 0.01 d



	NLB20
	10.5 ± 0.2 gh
	139.5 ± 0.9 d
	270 ± 2.5 de
	0.39 ± 0.01 d



	NLB25
	10.3 ± 0.1 h
	139.8 ± 0.3 d
	245 ± 1.3 g
	0.44 ± 0.01 b







CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour. The values designated by the letters a–h were significantly different (p < 0.05).
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Table 4. Crumb texture of control and enriched bread samples.






Table 4. Crumb texture of control and enriched bread samples.





	Sample
	Hardness

(N)
	Elasticity

(-)
	Springiness

(-)
	Cohesiveness

(-)





	CB
	8.37 ± 0.15 h
	0.23 ± 0.01 a
	0.87 ± 0.01 a
	0.65 ± 0.01 a



	GPB10
	11.35 ± 0.41 g
	0.22 ± 0.02 ab
	0.84 ± 0.01 ab
	0.56 ± 0.01 bc



	GPB15
	11.73 ± 1.10 g
	0.19 ± 0.01 cde
	0.82 ± 0.02 abc
	0.48 ± 0.02 def



	GPB20
	12.08 ± 0.44 fg
	0.17 ± 0.01 efg
	0.82 ± 0.04 abc
	0.45 ± 0.02 ef



	GPB25
	13.04 ± 0.28 f
	0.14 ± 0.00 h
	0.79 ± 0.01 bcd
	0.41 ± 0.04 f



	YLB10
	15.38 ± 0.31 e
	0.18 ± 0.00 def
	0.82 ± 0.01 abc
	0.49 ± 0.01 cde



	YLB15
	17.21 ± 0.42 d
	0.18 ± 0.01 def
	0.81 ± 0.01 bcd
	0.51 ± 0.02 cde



	YLB20
	19.42 ± 0.40 c
	0.17 ± 0.01 efg
	0.81 ± 0.02 bcd
	0.52 ± 0.02 bcd



	YLB25
	21.19 ± 0.72 b
	0.15 ± 0.02 gh
	0.78 ± 0.02 cd
	0.49 ± 0.03 cde



	NLB10
	11.69 ± 0.07 g
	0.21 ± 0.01 bc
	0.84 ± 0.02 ab
	0.59 ± 0.07 ab



	NLB15
	15.77 ± 0.39 e
	0.20 ± 0.00 bcd
	0.78 ± 0.03 cd
	0.55 ± 0.02 bc



	NLB20
	17.97 ± 0.52 d
	0.19 ± 0.01 cde
	0.75 ± 0.02 d
	0.54 ± 0.04 bcd



	NLB25
	22.54 ± 0.27 a
	0.16 ± 0.01 fgh
	0.69 ± 0.01 e
	0.49 ± 0.00 cde







CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour. The values designated by the letters a–h were significantly different (p < 0.05).
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Table 5. Color of raw materials, control, and enriched bread samples.
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	Sample
	Lightness
	Redness
	Yellowness
	ΔE





	WF
	90.91 ± 0.11 A
	0.46 ± 0.03 D
	10.23 ± 0.25 D
	-



	GP
	86.68 ± 0.04 B
	0.76 ± 0.03 C
	17.18 ± 0.06 C
	-



	YL
	82.84 ± 0.21 D
	3.77 ± 0.12 A
	27.45 ± 0.17 A
	-



	NL
	83.80 ± 0.21 C
	1.86 ± 0.04 B
	24.25 ± 0.07 B
	-



	CB
	70.38 ± 0.78 a
	0.14 ± 0.02 h
	14.22 ± 0.24 f
	-



	GPB10
	63.77 ± 0.42 e
	0.28 ± 0.04 gh
	18.73 ± 0.68 e
	8.0



	GPB15
	62.90 ± 0.23 ef
	0.40 ± 0.02 g
	18.98 ± 0.09 e
	8.9



	GPB20
	61.73 ± 0.15 gh
	0.65 ± 0.04 f
	22.28 ± 0.83 cd
	11.8



	GPB25
	60.71 ± 0.17 hi
	0.98 ± 0.08 e
	23.46 ± 0.32 c
	13.4



	YLB10
	69.44 ± 0.46 a
	1.30 ± 0.02 d
	23.20 ± 0.20 c
	9.1



	YLB15
	67.78 ± 0.22 b
	1.73 ± 0.04 c
	26.13 ± 0.59 b
	12.3



	YLB20
	66.68 ± 0.39 c
	2.17 ± 0.05 b
	26.78 ± 0.27 b
	13.3



	YLB25
	65.23 ± 0.24 d
	3.07 ± 0.05 a
	29.17 ± 0.11 a
	21.3



	NLB10
	65.62 ± 0.05 cd
	0.79 ± 0.06 ef
	21.52 ± 0.29 d
	8.7



	NLB15
	62.62 ± 0.31 fg
	1.28 ± 0.03 d
	25.98 ± 0.19 b
	14.2



	NLB20
	60.90 ± 0.06 hi
	1.62 ± 0.03 c
	26.78 ± 0.76 b
	15.9



	NLB25
	60.23 ± 0.17 i
	2.32 ± 0.15 b
	29.36 ± 0.50 a
	18.4







WF—wheat flour; GP—grass pea flour; YL—yellow lupine flour; NL—narrow-leaf lupine flour; CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour. The values designated by the different letters A–D, or a–i were significantly different (p < 0.05).
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Table 6. Basic chemical composition of raw materials, control, and enriched bread samples.
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	Sample
	Protein

(% DM)
	Ash

(% DM)
	Fiber

(% DM)
	Fat

(% DM)
	Carbohydrates (% DM)





	WF
	11.13 ± 0.13 D
	0.59 ± 0.02 D
	1.83 ± 0.01 D
	1.22 ± 0.02 C
	85.24 ± 0.08 A



	GP
	31.99 ± 0.04 C
	3.31 ± 0.02 C
	6.09 ± 0.02 C
	0.32 ± 0.02 D
	58.29 ± 0.05 B



	YL
	34.01 ± 0.03 B
	3.66 ± 0.00 B
	19.31 ± 0.02 A
	6.42 ± 0.03 A
	36.60 ± 0.05 C



	NL
	48.18 ± 0.12 A
	3.83 ± 0.01 A
	16.68 ± 0.04 B
	4.73 ± 0.01 B
	26.58 ± 0.13 D



	CB
	11.45 ± 0.02 k
	0.87 ± 0.02 h
	1.90 ± 0.01 l
	1.29 ± 0.02 h
	84.49 ± 0.08 a



	GPB10
	13.70 ± 0.04 i
	1.41 ± 0.01 f
	2.21 ± 0.02 l
	1.20 ± 0,02 i
	81.48 ± 0.04 b



	GPB15
	14.42 ± 0.00 h
	1.49 ± 0.01 d
	2.50 ± 0.00 k
	1.10 ± 0.01 j
	80.59 ± 0.08 c



	GPB20
	15.12 ± 0.08 f
	1.53 ± 0.00 c
	2.72 ± 0.04 j
	1.08 ± 0.04 j
	79.55 ± 0.12 e



	GPB25
	16.04 ± 0.02 d
	1.60 ± 0.02 b
	3.59 ± 0.02 g
	0.99 ± 0.01 k
	77.78 ± 0.03 g



	YLB10
	13.42 ± 0.04 j
	1.34 ± 0.01 g
	3.41 ± 0.01 h
	1.82 ± 0.04 e
	80.01 ± 0.04 d



	YLB15
	14.95 ± 0.03 fg
	1.45 ± 0.02 e
	4.20 ± 0.02 e
	2.11 ± 0.02 c
	77.24 ± 0.02 h



	YLB20
	15.52 ± 0.04 e
	1.50 ± 0.01 d
	5.30 ± 0.04 b
	2.31 ± 0.04 b
	75.37 ± 0.04 i



	YLB25
	16.89 ± 0.12 c
	1.63 ± 0.00 b
	6.10 ± 0,00 a
	2.51 ± 0.02 a
	72.87 ± 0.04 k



	NLB10
	14.86 ± 0.06 g
	1.41 ± 0.02 f
	3.09 ± 0.06 i
	1.50 ± 0.05 g
	79.14 ± 0.05 f



	NLB15
	16.72 ± 0.02 c
	1.48 ± 0.01 d
	4.01 ± 0.00 f
	1.70 ± 0.02 f
	76.00 ± 0.01 h



	NLB20
	18.20 ± 0.03 b
	1.54 ± 0.02 c
	4.90 ± 0.05 d
	2.02 ± 0.04 d
	73.34 ± 0.04 j



	NLB25
	20.00 ± 0.08 a
	1.72 ± 0.00 a
	5.08 ± 0.02 c
	2.11 ± 0.05 c
	71.09 ± 0.05 l







WF—wheat flour; GP—grass pea flour; YL—yellow lupine flour; NL—narrow-leaf lupine flour; CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour. The values designated by the different letters A–D or a–k were significantly different (p < 0.05).
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Table 7. Phenolic content and antioxidant capacity of raw materials, control, and enriched bread samples.
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	Sample
	TPC (mg GAE g DM−1)
	EC50 DPPH (mg DM mL−1)
	EC50 ABTS (mg DM mL−1)





	WF
	0.86 ± 0.02 A
	217 ± 5 C
	188 ± 2 B



	GP
	1.72 ± 0.04 B
	169 ± 4 B
	178 ± 2 AB



	YL
	1.88 ± 0.04 C
	160 ± 9 AB
	169 ± 4 AB



	NL
	2.15 ± 0.05 D
	148 ± 4 A
	164 ± 5 A



	CB
	0.72 ± 0.02 g
	275 ± 5 k
	213 ± 18 f



	GPB10
	0.81 ± 0.02 ef
	241 ± 3 j
	186 ± 1 ac



	GPB15
	0.85 ± 0.01 e
	230 ± 2 i
	163 ± 2 e



	GPB20
	0.89 ± 0.03 bf
	218 ± 2 h
	148 ± 3 d



	GPB25
	0.99 ± 0.02 ad
	204 ± 3 g
	139 ± 3 d



	YLB10
	0.92 ± 0.02 bc
	186 ± 4 f
	199 ± 4 b



	YLB15
	1.00 ± 0.03 ad
	174 ± 2 e
	192 ± 3 ab



	YLB20
	1.03 ± 0.03 ag
	165 ± 4 d
	193 ± 3 ab



	YLB25
	1.09 ± 0.03 h
	154 ± 4 c
	191 ± 5 ab



	NLB10
	0.93 ± 0.02 bc
	158 ± 1 cd
	183 ± 7 ac



	NLB15
	0.97 ± 0.01 cd
	145 ± 3 b
	181 ± 3 c



	NLB20
	1.04 ± 0.01 ag
	140 ± 2 ab
	189 ± 2 abc



	NLB25
	1.12 ± 0.02 h
	136 ± 2 a
	168 ± 3 e







WF—wheat flour; GP—grass pea flour; YL—yellow lupine flour; NL—narrow-leaf lupine flour; CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour. The values designated by the different letters A–D or a–k were significantly different (p < 0.05).
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Table 8. Results of sensory evaluation of control and enriched bread samples (9-point hedonic scale).
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	Sample
	Appearance
	Smell
	Taste
	Texture
	Color
	OA





	CB
	8.5 ± 0.5 a
	8.6 ± 1.0 a
	8.7 ± 0.7 a
	8.7 ± 0.7 a
	8.1 ± 0.9 a
	8.5 ± 0.6 a



	GPB10
	7.5 ± 0.5 abc
	8.0 ± 0.8 a
	8.3 ± 0.7 ab
	8.0 ± 0.5 ab
	7.7 ± 0.7 a
	7.9 ± 0.5 abc



	GPB15
	7.0 ± 0.5 bcd
	7.6 ± 0.7 a
	7.6 ± 0.7 ab
	7.7 ± 0.7 ab
	7.4 ± 0.7 a
	7.5 ± 0.4 bc



	GPB20
	6.5 ± 0.5 cde
	5.2 ± 1.4 h
	4.7 ± 2.0 de
	4.3 ± 1.3 cd
	3.8 ± 1.6 bc
	4.8 ± 1.1 de



	GPB25
	5.1 ± 1.0 f
	4.8 ± 1.8 bc
	3.1 ± 1.5 f
	1.9 ± 1.0 e
	2.8 ± 1.1 c
	3.2 ± 0.7 f



	YLB10
	8.3 ± 0.5 a
	8.6 ± 1.0 a
	8.2 ± 0.6 ab
	8.6 ± 0.7 a
	8.1 ± 0.9 a
	8.4 ± 0.5 ab



	YLB15
	7.6 ± 0.5 ab
	8.2 ± 0.9 a
	7.0 ± 0.7 bc
	8.4 ± 0.7 ab
	8.0 ± 0.9 a
	7.3 ± 0.5 c



	YLB20
	6.5 ± 0.5 cde
	5.1 ± 1.1 b
	5.6 ± 1.1 cd
	5.3 ± 1.3 c
	5.1 ± 1.3 b
	5.5 ± 0.7 d



	YLB25
	6.2 ± 1.2 e
	2.9 ± 1.7 d
	3.4 ± 1.3 ef
	2.3 ± 1.1 e
	3.1 ± 0.7 c
	3.4 ± 0.7 f



	NLB10
	8.3 ± 0.5 a
	8.4 ± 0.8 a
	7.5 ± 0.7 ab
	8.3 ± 0.9 ab
	7.5 ± 1.0 a
	8.2 ± 0.4 abc



	NLB15
	7.5 ± 0.5 abc
	7.6 ± 1.0 a
	7.5 ± 0.5 ab
	7.0 ± 0.9 b
	6.8 ± 0.8 a
	7.4 ± 0.5 d



	NLB20
	6.0 ± 0.5 def
	4.6 ± 1.7 bcd
	4.2 ± 0.8 def
	3.9 ± 1.6 cd
	4.9 ± 1.0 b
	4.7 ± 0.6 de



	NLB25
	5.6 ± 1.2 f
	3.6 ± 1.6 bcd
	3.6 ± 1.2 ef
	2.9 ± 0.9 de
	4.2 ± 0.9 bc
	4.0 ± 0.7 ef







CB—control bread; GPB10-GPB25—bread with 10, 15, 20, and 25% of grass pea flour; YLB10-YLB25—bread with 10, 15, 20, and 25% of yellow lupine flour; NLB10-NLB25—bread with 10, 15, 20, and 25% of narrow-leaf lupine flour; OA—overall acceptability. The values designated by the different letters a–f,h were significantly different (p < 0.05).
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