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Abstract

:

Wheat flour is one of the most important food raw materials, with its quality determined by various indicators. One such indicator is particle size and granulometric distribution. In recent years, numerous studies have focused on the effect of flour and bran particle size on the properties of cereal products such as bread, pasta, noodles, and cookies. The aim of this review was to analyze the extent to which this parameter influences the properties of these cereal products. Additionally, the relationships between flour particle size and its chemical composition were presented. Key factors affecting the granulometric composition of flour, related to wheat grain properties and the grinding process, were also discussed. The study specifically focuses on research conducted in the last five years.






Keywords:


grinding; wheat hardness; particle size distribution; bread; pasta; noodles; cookies; texture; sensory acceptance












1. Introduction


Wheat is among the most important and vital agricultural crops worldwide. Global wheat production is estimated at approximately 770 million tons [1]. Throughout the world, wheat provides around 55% of the carbohydrates and 21% of the total calories consumed in the human diet [2]. Wheat grain is used mainly for food purposes, serving as a key ingredient in various cereal-based products such as bread, confectionery, pasta, groats, and flakes. It also serves as a valuable feed resource, particularly for poultry and pigs [3]. The consumption of wheat-based products provides mainly carbohydrates (about 72%) and proteins (from 10 to 18%), and in particular, wholegrain wheat products and wheat bran are a good source of dietary fiber and other bioactive compounds such as phenolic acids (with trans-ferulic acid accounting for more than 90% of the total phenolic acid [4]), flavonoids, vitamins (especially riboflavin, niacin, alpha-tocopherol, and thiamine), lignans, bioactive peptides, and alkylresorcinols [5]. Wheat is also a good source of minerals such as copper, magnesium, zinc, iron, and potassium [6]. Additionally, wheat is utilized in the production of starch, gluten, brewing malt [7], and bioethanol [8]. The technological value of wheat flour is determined by its physicochemical properties, particularly the protein content and quality, the presence of mineral substances, the content and activity of enzymes, the degree of starch damage [2] and grain hardness [9], and particle size (PS) distribution [10].



Size reduction is one of the fundamental processes in the processing of wheat grain. This process is significant both from a technological [11] and a nutritional perspective [12,13]. Grinding increases the surface area of the particles, facilitating a range of subsequent processing steps by enhancing the contact between the raw material and various factors [14]. Moreover, wheat flour grinding allows for the separation of bran from the endosperm and consequently affects the appearance and texture characteristics of the final products. This process is particularly complex during grain flour grinding, as it occurs in multiple stages and allows for the composition of flour that varies not only in granulometric composition but also in chemical composition [15,16]. Finer particles can influence the smoothness, softness, or crispness of the final product, which is crucial for products such as bread, pasta, cookies, and snacks [17]. On the other hand, reducing PS leads to increased energy consumption for grinding, and this relationship is not linear [18]. As PS decreases, it becomes increasingly difficult to further reduce the size, which leads to a non-linear increase in energy consumption, particularly for particles smaller than 1 mm [19]. Grinding often requires significant amounts of energy to reduce PSs to very small dimensions. Energy consumption in grain grinding can be reduced through various methods, including modifying the properties of the raw material, such as lowering its moisture content or wheat debranning [20,21]. Conversely, adding water to grains before grinding is commonly practiced due to the need to separate the bran layer from the endosperm via sifting. Hydrated bran is more pliable compared to the brittle floury endosperm and results in larger particles upon grinding, which can be relatively easily separated [22,23].



In light of advancements in the wheat grinding process, this paper aims to discuss the impact of wheat flour PS on the properties of final products. Key factors influencing the granulometric distribution of flour, related to wheat grain properties and the grinding process, are also discussed. In particular, publications from the last five years were considered, using databases such as Web of Science, Scopus, and Google Scholar.




2. Factors Influencing the PS Distribution of Wheat Flour


Both the grinding conditions and the properties of the grain being ground determine the wheat grinding process, influencing the PS distribution (Figure 1). The grain industry typically uses a sieve shaker as the primary method for analyzing the PS distribution of wheat flour. However, this method is inaccurate, especially for fine particles below 100 microns, as it causes sieving problems due to particle agglomeration resulting from the cohesiveness of small wheat flour particles and the clogging of sieve holes. This issue is particularly pronounced when flour from soft wheat is analyzed [24]. For the analysis and distribution of fine particles, the laser diffraction method is particularly suitable [25,26].



2.1. Wheat Grinding Process


In the grinding of cereal grains into various types of refined flour, the aim is to separate the bran and germ from the endosperm. This process is complicated and consists of several grinding stages, referred to as grinding passages. It enables the production of various types of refined flour, typically with PSs below 200 µm, which differ in chemical composition and properties, despite being made from the same wheat variety or batch [27]. While various types of grinders can be used for refined flour production, roller mills and stone mills are the most commonly employed. The stone grinding method, in particular, is suitable for producing wholegrain flour [28], as is the production of this type of flour using impact mills [29]. Both the PS distribution of the flour and its properties are influenced by grinding conditions [30], as well as the characteristics of the grain, particularly its mechanical properties [15]. Intensification of the grinding process leads to smaller PSs and requires significant energy input. The heat generated during this process, due to friction, may negatively affect the technological properties of the flour, causing protein denaturation, starch damage, and oxidation of unsaturated fatty acids [31]. This phenomenon occurs primarily during the grinding of grain using stone mills and high-speed impact mills. However, the surface temperature of rollers in roller mills can also rise to 60–80 °C during intensive grinding, which may negatively affect the properties of the flour [28]. Increasingly, in addition to classical methods of grinding plant materials, ultra-fine grinding is being applied [32,33]. This method is particularly recommended for grinding anatomical parts of cereal grains with high fiber content, such as bran [34]. During ultra-fine grinding, particles, typically flour, are produced with sizes below 50 μm [35], using equipment such as jet mills, ball mills, or hammer mills [36,37]. The objective of ultrafine grinding is to produce flour with significantly reduced PSs, thereby enhancing its functional properties and antioxidant properties [38,39,40]. For example, ultrafine wheat flour and bran can exhibit improved water absorption capacity [41], superior dough characteristics, and heightened nutrient bioavailability [34,42]. Additionally, this process can modify the texture, appearance, and sensory attributes of food products made from the flour [43]. This method allows for the production of flour with unique properties, which can be utilized in various technologies [32]. Nevertheless, similar to conventional grinding methods, ultrafine grinding poses a risk of heat generation, which, if not adequately controlled, may adversely affect the protein, starch, and lipid components of the wheat. Detailed information about this technique and the equipment used has been presented by Dhiman and Prabhakar [37].




2.2. Grain Hardness


Among the mechanical properties of wheat, kernel hardness plays a significant role in determining the size and granulometric composition of the particles produced during grinding. Kernel hardness is typically defined as the force required to crush a wheat grain. The hardness of the wheat endosperm is primarily influenced by the adhesion strength between the molecules constituting the endosperm, particularly the bond strength between starch granules and the surrounding protein matrix. As a genetic factor, kernel hardness accounts for over 60% of its variation [44]. The two genes responsible for the soft kernel phenotype in common wheat, Puroindoline a and Puroindoline b, located on the 5D chromosome, are absent in durum wheat, resulting in its hard-textured phenotype [45]. Puroindoline a (PINA) and Puroindoline b (PINB) together form a protein complex known as friabilin, which is responsible for grain softness. Wheat varieties containing this protein exhibit a softer endosperm and break into finer particles more readily during grinding, compared to varieties with a harder endosperm [46]. One of the indirect methods for assessing wheat grain hardness included in the standards of the American Association of Cereal Chemists (AACC) is the method based on the PS index (PSI) (method 55-30.01 Particle Size Index for Wheat Hardness). This method assesses the relative hardness of a wheat grain sample by measuring the PSI after grinding and sieving. PSI is expressed as a percentage, with lower values representing a harder kernel texture, while higher values indicate a softer texture of endosperm [47]. Typically, a sieve with a mesh size of 75 µm is used for this measurement [48]. The PS distribution, particularly for flour obtained from soft wheat, is bimodal, with the first peak occurring at particles sized 20–25 µm [49]. It is also important to note that wheat varieties with a hard endosperm produce a higher proportion of particles with damaged starch granules during grinding, compared to varieties with a soft endosperm [50]. Antoine et al. demonstrated that the hardness of wheat grain is primarily determined by the structure of the endosperm rather than the bran layer [51]. They did not find significant differences in the mechanical properties of the fruit-seed coat between durum wheat and soft common wheat. The bran layer is much harder to grind than the endosperm, which is why it can be easily separated from light flour particles through sieve separation.




2.3. Moisture Content, Grain Temperature, and Other Factors


The moisture content of the grain is a critical parameter that influences both the PS distribution of the flour and flour yield [52]. Kernel failure strength, brittleness, and Young’s modulus (modulus of elasticity) are strongly correlated with grain water content [53]. Moreover, different anatomical parts of the wheat grain (endosperm, bran, and germ) exhibit varying degrees of susceptibility to grinding [54]. Grain conditioning (tempering) prior to grinding, which involves moisture addition, further accentuates the mechanical differences between these parts, thereby significantly affecting the granulometric composition of the particles. The endosperm breaks down into much finer particles compared to the bran and germ. The moistened bran layers are more plastic than the brittle starchy endosperm and, as a result of grinding, produce larger particles that can be relatively easily separated from the endosperm [24]. To ensure optimal grinding conditions, and consequently the desired PS distribution and purity (absence of fine bran and germ fragments) of the endosperm particles, the moisture content of the grain destined for grinding should range between 15 and 17%. Higher moisture levels are typically applied to wheat varieties with harder endosperm [55]. Grinding grain with reduced moisture content in the range of 5–6% leads to an increase in the brittleness of the bran and germ, thus significantly facilitating the reduction of their PSs, which is particularly advantageous in the production of wholemeal flour [56]. Higher grain moisture content requires greater energy input for grinding and results in a lower degree of particle fragmentation [57,58]. For many raw materials and food products, water acts as a plasticizer. The addition of water affects the mechanical properties of the grain, increasing its plasticity, elasticity, and softness, while reducing its brittleness. Consequently, grinding becomes less efficient, as most of the energy supplied during the grinding process is used for plastic–elastic deformations of the material [59]. On the other hand, during the grinding of grain for white flour, grain moistening, known as conditioning or tempering, is beneficial because it significantly increases the plasticity of the fruit-seed coat, which, during grinding, is reduced to larger particles and can be easily separated by sieving from the brittle endosperm fraction. This enables the production of flour that consists primarily of endosperm particles [60]. Hemery et al. [61] demonstrated that as the moisture content of wheat grain increases (9–21%), the extensibility of the fruit-seed coat also increases, thereby reducing its susceptibility to grinding.



The temperature of the grain also affects the grinding process and especially the bran grinding pattern. In particular, the fruit-seed coat can be ground into finer particles if it is frozen prior to this process. Lowering the temperature of the coat below the glass transition temperature (−46 °C) decreases its elasticity and increases its brittleness, making it easier to grind into fine particles [62]. Furthermore, it has been established that wet grinding of wheat bran is more effective in reducing PS compared to dry grinding, while also producing a more uniform PS distribution [63]. An increase in the temperature of cereal grains during grinding leads to increased plasticity and reduced brittleness, especially of the bran and germ, which typically results in a lower degree of particle fragmentation [53]. This effect is particularly beneficial during grain grinding, as it allows for differentiation in the granulometric composition of the milled particles and facilitates the separation of the bran and germ from the white flour. However, it is important to note that during the grinding process, friction causes an increase in the grain’s temperature. This rise in temperature is particularly detrimental if the grain or flour temperature exceeds 50 °C, as it leads to a reduction in its nutritional properties and a loss of nutritional value [28]. On the other hand, preheating the grain prior to grinding through hot conditioning may have a positive impact on certain properties, improving the microbiological purity of the flour and reducing lipase activation, which beneficially affects the flour’s storage stability [64]. Steam explosion also effectively breaks down the dense structure of wheat bran tissues [65], reducing its grinding energy requirements and decreasing PS. As a result, both the yield and the rate of cell wall disruption in the wheat bran flour are increased [66].



The granulometric composition of flour is also influenced by grain characteristics such as the degree of endosperm filling in the kernels [67]. Shrunken kernels, in which the ratio of endosperm to bran is significantly lower than in well-developed kernels, are more difficult to mill, resulting in a smaller proportion of fine particles and a higher proportion of less-milled bran particles. Additionally, morphological traits of the grain, such as test weight and kernel density, show a positive correlation with the proportion of endosperm particles in the flour [68].





3. Effect of PS on the Chemical Properties of Flour


It is important to consider that sorting flour into different size fractions of wheat flour using sifter of air classification causes these fractions to differ not only in PS but also in chemical composition [69,70], which may lead to erroneous conclusions about the influence of PS on the technological and health-promoting properties of flour. Lin et al. [71] used sieving to divide flour obtained from a blend of three wheat varieties into eight size fractions with median PSs (d50) ranging from 13.6 to 42.4 µm. They demonstrated that as the PS of the flour decreased, the starch content and its degree of starch damage increased. Conversely, the lowest protein content was observed in the fraction with a d50 of 17.3 µm, while the highest protein content was found in the fraction with a d50 of 26.3 µm. Furthermore, the flours not only varied in protein content but also in protein type. The finest flour fractions exhibited the highest amounts of albumins, gliadins, and glutenins. Similarly, other researchers, employing sieve classification of white flour into different size fractions (<125, 125–150, and 150–180 µm), noted that flour with finer granulation (<125 µm) displayed the highest protein content [72]. They also found that this fraction showed the lowest ash content and amylolytic enzyme activity (as indicated by the highest falling number) compared to the other fractions. In contrast, other authors observed that in the case of wholegrain flour, sieve segregation into various size fractions yielded an inverse relationship, with the coarsest particles (ranging from 430 to 1180 µm) exhibiting the highest protein content, while the finest fraction (below 80 µm) showed the lowest protein content [16]. These differences arise from the varying susceptibility of different parts of the wheat endosperm to grinding, as well as the heterogeneous distribution of individual grain components within the endosperm. The ash content exhibited a similar trend in relation to flour granulation as observed in white flour, decreasing with increasing PS [16]. Thus, it can be concluded that subjecting flour to PS classification through sieving or air separation [34] results in fractions with differing chemical compositions and, consequently, varying technological applicability. A somewhat different scenario arises when producing size fractions of flour due to the intensification of the grinding process; in such cases, the differences in chemical composition among the flour fractions are minimal [70]. In this context, the influence of PS on the technological usability of flour is predominant.



Furthermore, the PS of flour influences the extraction rate of phenolic compounds within the flour. Memon et al. [16] used sieving to divide wholegrain wheat flour into various PS fractions ranging from below 80 µm to 1180 µm and found that the coarsest PS class (430–1180 µm) exhibited the highest content of phenolic compounds, particularly ferulic acid. Conversely, the fraction smaller than 80 µm was the least enriched in these compounds. The extractability of phenolic compounds increased with the degree of flour grinding. These differences are likely to be attributed to variations in the flour composition, especially regarding the content of fruit and seed coats rich in phenolic compounds, which, due to the grinding process, yielded the greatest quantity of coarse particles. In a different scenario, Brewer et al. [14] and He et al. [73] observed that when grinding wheat bran into different PS fractions, the content of bioactive compounds and antioxidant activity increased with the extent of grinding. A similar trend was noted by Bressiani et al. [54], who produced various PS fractions of wholegrain flour by intensifying the grinding process without sorting the flour into fractions. Similar relationships were reported by other authors [74], who also demonstrated that as the degree of grinding increased, the bioaccessibility of bran improved. Therefore, it can be concluded that the method of obtaining flour fractions with varying PSs significantly impacts their antioxidant properties and the extractability of phenolic compounds. Generally, the intensification of the grinding process leads to the production of finer flour particles with higher extractability of phenolic compounds. However, during ultrafine grinding, considerable heat generation may occur, potentially negatively affecting antioxidant activity and the content of these compounds in the flour [14].




4. Wheat Flour PS and Cereal-Based Product Quality


Many researchers have shown that the PS of flour or bran has a significant impact on the sensory acceptance and physical properties of different cereal products (Figure 2). This chapter discusses the influence of PS on the quality characteristics of the most popular cereal products.



4.1. Bread


Numerous researchers have demonstrated the relationship between the PS distribution of flour and the properties of bread, pasta, noodles, and cookies. In recent years, several studies have addressed this topic. These studies particularly pertain to wholegrain flour or flour obtained from ground bran [75]. Such flour is a valuable source of fiber and numerous bioactive compounds, which have been documented to exhibit health-promoting effects [76]. Bressiani et al. [54] analyzed the impact of wholegrain flour PS on the physicochemical properties of flour, dough, and bread. The authors used a laboratory impact mill with a cooled chamber to produce the wholegrain flour (Table 1). They found that wet gluten yield, starch damage, and flour water absorption increased with finer grinding. Additionally, the physical properties of the dough were weakened, with reductions in dough mixing tolerance, extensibility, and viscosity observed. The highest quality bread, in terms of volume and firmness, was produced using flour with a PS of 609.4 µm. Similarly, other authors have analyzed the baking properties and quality characteristics of wheat bread produced from wholemeal flour fragmented to varying degrees (average PSs of 199, 450, and 1315 µm) [77]. However, their results differed significantly from the data reported in the previous study [54]. Despite the fact that an increase in the degree of flour fragmentation also led to greater starch damage and water absorption, no weakening of the dough structure occurred during kneading. Furthermore, the highest volume and softest crumb were obtained from the finest flour particles, which is contrary to the findings of the study [54]. This indicates that, in addition to PS, other factors contribute to bread quality. One such factor could be the quantity and quality of wet gluten, which also has a fundamental influence on the characteristics of bread and is often used as a natural flour improver, increasing volume, improving texture, and reducing baking losses [78].



Other researchers [40] analyzed the impact of bran with varying degrees of PS on the quality characteristics of wheat bread. They demonstrated that the most finely ground bran (with a median PS of 11.3 µm) delayed the staling process of the bread. However, at all PSs, there was a reduction in loaf volume and an increase in crumb hardness. The smallest reduction in loaf volume was observed for the coarsest bran fraction (median PS of 362.3 µm). The reduction in bread volume was directly proportional to the bran content in the recipe. Moreover, bread enriched with the finest bran fraction received the highest ratings in consumer evaluations. The use of ultra-finely ground bran produced bread with better taste, texture, and overall palatability compared to bread with larger bran particles.



Lapčíková et al. [79] analyzed the baking properties of white flour with varying granulation, obtained directly from the mill. They found that, with a similar chemical composition, fine flour (in the range of 162 to 257 µm) exhibited higher water absorption compared to coarser flour fractions ranging from 162 to 360 µm (semi-coarse) and from 162 to 485 µm (coarse). Additionally, the finer flour showed greater dough elasticity. Moreover, white flour enriched with bran from the finest fraction of white flour (fine) showed the highest water absorption and similar extensibility to the other white flour fractions. However, this did not translate into the volume of the bread, which was greatest for bread made from the finest fraction of white flour (without bran addition). This bread also exhibited the lowest crumb hardness. Conversely, bread made from flour enriched with bran had the lowest volume and the highest hardness. This demonstrates that, for the same granulation of wheat flour, its chemical composition—particularly the bran content—plays a fundamental role in bread quality [92]. On one hand, bran enriches bread with fiber, minerals, and bioactive compounds. On the other hand, it adversely affects the gluten matrix, weakening and disrupting it [93]. This results in products with greater hardness due to a denser and more compact crumb structure, often stemming from the lower volume of the products [79,94].



The PS of flour also influences the properties of steamed bread. Pang et al. [80] used white wheat flour with varying degrees of PS (ranging from 52 to 109 µm) in the production of steamed bread. They demonstrated that smaller flour PSs had a favorable effect on increasing the disulfide bond content, which positively impacted the dough’s rheological properties, leading to better gluten development and strengthening. This, in turn, resulted in improved baking outcomes, such as higher loaf volume and softer crumb texture. However, consumer evaluations showed that products made from flour with medium PS (66 and 78 µm) were the most acceptable, primarily due to the highest ratings for crumb elasticity. Additionally, bread made from the finest flour, despite having the smallest loaf volume, exhibited the lightest color. On the other hand, other studies have shown that, in the case of whole grain flour, a higher degree of particle fineness is associated with a darker color of the crumb and the bread, primarily due to the dilution of the starchy endosperm [95]. These results are inconsistent with those obtained for conventionally baked wheat bread [79], where the highest loaf volume was achieved with the finest flour. This discrepancy is likely due to the much coarser granulation (average PS of 162–257 µm) of the flour used in traditional bread production compared to that used for steamed bread. It confirms that excessively fine flour PSs may negatively affect bread quality. In contrast, other researchers found that, in the case of flour made from stale bread and reused for bread production, PS had little impact on its baking properties [96].



To summarize this chapter, it should be noted that not only PS but also their composition and structural changes resulting from temperature increases during grinding collectively influence the quality characteristics of bread. Therefore, the granulation of flour cannot be the sole indicator of its suitability for baking.




4.2. Pasta and Noodle Quality


Pasta and noodles, alongside bread, are among the most fundamental cereal products. Typically, particularly in the case of pasta, these products are made from durum wheat grain particles with larger granulation, known as semolina, due to the superior sensory and culinary quality they provide [97,98]. Moreover, numerous pasta manufacturers suggest that semolina with PSs between 250 and 450 μm ensures uniform hydration [99]. However, pasta is also often produced from common wheat flour, which has a much finer granulation [82,100,101,102]. Ma et al. [81] observed that noodles made from finely ground flour exhibited higher water absorption and greater cooking losses compared to products made from coarse flour (Table 1). Similar results were obtained by Guan et al. [82]. It was found that that the starch granules released from noodles primarily account for the losses during pasta cooking [103]. Moreover, noodles produced from the finest particles of flour were firmer and less adhesive than those made from coarse flour, which were characterized by greater softness and elasticity [81]. Similar conclusions regarding noodle texture were reached by other authors [83]. Hatcher et al. [83] analyzed three different fractions of farina-type wheat flour (PS range: 85–193 µm) and their impact on dough and noodle properties. The best textural characteristics, indicated by the highest shear stress, the greatest work required to compress the noodles, and the highest firmness, were observed in products made from the finest particles. Additionally, Hatcher et al. [83] found that the cooking losses increased as the PS of the flour used in production increased. However, the PS of the flour had a relatively minor effect on the amount of water absorbed by the pasta during cooking. Instead, the degree of starch damage had a more significant impact on these characteristics. Higher cooking losses and lower weight gain were observed in products made with farina, exhibiting a greater degree of starch damage, confirming previous research that suggests the degree of starch damage in semolina should be kept as low as possible [104]. Further dependencies were identified by Wang in [86], who analyzed the properties of noodles made from wheat flour with varying degrees of PS reduction, with median PSs ranging from 62 to 224 µm. Similar to the findings in studies [81,103], an increase in the degree of PS reduction correlated with a higher extent of starch damage in the flour. However, they observed an inverse relationship between PS and the hardness of the noodles. In addition, noodles produced from flour with the coarsest granulation exhibited the lowest springiness, and this parameter increased with a decrease in the flour PS, ranging from 81 to 92%. Interestingly, they did not confirm the negative relationship between cooking losses of noodles and flour PS, as noted in the study [81]. The highest losses were recorded for products with the coarsest granulation (PS d50 = 225 µm), while the lowest losses were observed for noodles with median PSs of 68 µm and 80 µm. Furthermore, the water absorption capacity of the product in both studies [81,104] increased as the PS of the flour decreased. Thus, it can be concluded that, in addition to PS, other factors likely influence the culinary properties of noodles, stemming from differences in the chemical composition of the flour used, enzyme activity, or gluten properties.



Other researchers analyzed the quality characteristics of noodles made from three fractions of wheat flour ground to different PSs, expressed by the d90 parameter (90th percentile) [87]. The reduction in flour PS resulted in faster gluten structure formation, stronger dough compactness, and subsequently increased noodle hardness and springiness. Additionally, noodles made from finer flour particles exhibited lower cooking losses. Notably, the study [87] demonstrated that flour PS influences noodle quality characteristics to varying degrees depending on the degree of drying. Different relationships between PS and quality indicators were observed for semi-dried and fine-dried noodles. Other researchers analyzed pasta made from whole wheat flour and white flour derived from the same wheat variety but with different PSs [105]. These flours differed significantly in granulation, particularly in the proportion of the finest (<200 µm) and coarsest (>500 µm) particles. The findings of this study demonstrated wholegrain pasta exhibiting greater hardness and lower water absorption, swelling index, and optimal cooking time compared to pasta made from refined flour. However, there were no significant differences in cooking loss, cohesiveness, or chewiness between the two types of pasta. These results suggest that the presence of bran alters the pasta’s structure by disrupting the gluten–starch matrix. Moreover, the PS of wholegrain flour influenced cooking parameters, including cooking time and water absorption, suggesting that wholegrain pasta made from coarser particles may demonstrate improved quality.



In recent years, some studies have focused on analyzing the impact of adding bran with varying degrees of fineness to pasta or noodles. Steglich et al. [106] produced spaghetti enriched with wheat bran with different median PSs from 90 to 440 μm. They found that flour PS had no effect on the microstructure of cooked spaghetti. However, pasta made from coarser bran particles had a rougher surface. PS did, however, affect the texture of the pasta. Pasta made with the addition of finely ground bran was characterized by greater firmness, as measured by compression force, and it received higher scores in sensory evaluations. Similar findings were reported by other researchers [84], who ground wheat bran into seven fractions with average PSs ranging from <180 to 1497 μm, replacing semolina at levels of 1%, 5%, 10%, and 20% in spaghetti production. Their study observed that, as in the previous study [106], decreasing the PS resulted in increased firmness of the pasta, although this effect was not consistent across all size fractions of the bran. The firmest pasta was obtained by adding bran with the coarsest and finest granulation at a 1% level relative to wheat flour. However, a 20% inclusion of the coarsest bran fraction resulted in the lowest quality pasta, with the least firmness, highest stickiness, and greatest cooking losses. In contrast, pasta made with the same proportion of the finest bran fraction exhibited good culinary properties. The authors explained this trend using microscopic images, which showed that larger bran particles disrupted the gluten network structure, particularly when their proportion in the semolina exceeded 5%. Moreover, the addition of bran flour to semolina resulted in darker-colored pasta, with higher contents of phenolic compounds and phytosterols and increased antioxidant activity in the spaghetti. This increase was primarily proportional to the percentage of bran flour in the pasta. However, no significant influence of bran PS on the bioactive compound content of the pasta was observed. Similar findings were obtained by other researchers studying extruded pasta made from whole wheat flour [105]. Chen et al. [85] analyzed the potential for enriching Chinese noodles with bran of varying PSs. They observed an inverse relationship between the size of added bran particles and noodle hardness. Similarly, the gumminess and chewiness of the noodles decreased as the proportion of larger bran particles increased, which was attributed to the lesser disruption of the gluten structure by finer bran particles. However, the size of the added bran had little impact on noodle cooking time. Overall, the addition of bran to noodles resulted in lower sensory evaluation scores, although finely ground bran allowed for more acceptable products compared to those made with coarse bran, particularly in terms of taste, surface smoothness, and external appearance of the noodles [85].




4.3. Cookies


Another fundamental food product is shortbread cookies, whose popularity among consumers is steadily increasing, primarily due to the use of various health-promoting additives [107]. Barak et al. [88] found that wheat flour with a PS above 150 µm is particularly suitable for this type of product. Flour with finer PSs, in the range of 100–150 µm, as well as flour with particles smaller than 100 µm, exhibited a higher degree of starch damage compared to flour with PSs exceeding 100 µm. Additionally, the finest flour fraction showed the highest amylolytic enzyme activity (indicated by the lowest falling number values). This had a negative impact on the physical properties of the cookies. As flour PS increased, both the diameter and spread ratio of the products increased, while the hardness of the cookies decreased [88] (Table 1). Higher spread ratio values, combined with lower hardness, suggest poorer baking quality of the flour used for shortbread cookies [33]. The authors attributed these changes mainly to the higher water absorption of the finer flour, caused by the greater degree of starch damage. This resulted in a denser dough consistency and less expansion of precuts during baking [88]. Similar relationships were observed by other researchers [89], who found that coarser flour is more suitable for shortbread cookie production than finer flour. They also noted that cookies made from coarser flour exhibited lower starch susceptibility to in vitro digestion. In contrast, Boz reported different findings when analyzing the effect of wheat flour PS on the quality of shortbread cookies [91]. The lowest hardness was observed in cookies made from the finest flour (less than 150 µm), while the highest hardness was found in those made from flour with particles larger than 180 µm. However, the method used to obtain the different flour fractions in Boz’s study differed from that of Barak et al. [90], where wheat flour was ground into different PS fractions. In Boz’s study [91], the flour was sorted into size fractions, and the chemical composition of the flour was not specified. Therefore, the different cookie textures could be attributed to significant differences in the chemical composition of the flour, particularly the protein content. This study did not specify the basic composition of the flour [91]. Sorting flour particles into size fractions leads to particle classes that significantly differ in chemical composition and, thus, in functional properties [41]. Protonotariou et al. [90] investigated the potential use of micronized whole grain wheat flour for shortbread cookie production, with PSs ranging from 17 to 84 µm. They compared the results to a control sample using commercial white flour with an average PS of 67 µm. The control flour produced the highest quality products, characterized by the highest crispness and lowest density. In contrast, replacing wheat flour with micronized whole grain flour resulted in darker, harder products, with hardness increasing as the degree of micronization increased. This effect was particularly disadvantageous in products made entirely from whole grain flour, mainly due to the increased viscosity of the batter as the proportion of micronized whole grain flour in the recipe increased. Additionally, it was demonstrated that when cookies are enriched with other types of flour besides wheat flour, the PS of these flours also affects the quality of the final products, potentially leading to either an improvement or deterioration in their quality characteristics [108,109,110].





5. Conclusions and Future Perspectives


The degree of fineness of wheat flour plays a fundamental role in determining the quality characteristics of final products. Finer grinding not only alters the PS distribution but also affects flour properties such as the starch damage and the amount of free sulfhydryl groups. Furthermore, the intensification of grinding often leads to an increase in flour temperature, which frequently has a negative impact on its processing properties. These factors, along with the increased surface area of particles during cereal product manufacturing, influence both the physical properties of the dough—particularly gluten formation—and the biochemical reactions that occur during its production. These changes directly impact final product attributes such as appearance and texture, which are critical for consumer acceptability and the bioavailability of biologically active compounds. Moreover, dough production parameters are also influenced by flour PS. Both overly fine and overly coarse grinding can negatively affect the properties of cereal-based products. Additionally, finer grinding requires more energy input, leading to higher raw material costs. Therefore, in flour production, it is essential to achieve an optimal degree of grinding suited to the intended application. It is also important to recognize that PS distribution is only one aspect of flour’s technological suitability. A comprehensive analysis, including other properties such as protein content and water absorption capacity, is necessary to make informed decisions about directing specific flour types for particular cereal products. Notably, ultrafine grinding is a technique that can produce wheat flour or bran with unique properties and reduce the fruit-seed coat to very fine particles. Future studies are needed to evaluate the effects of ultrafine grinding on various wheat products and cereal products supplemented with bioactive components, as well as the bioaccessibility and bioavailability of bioactive compounds.







Author Contributions


Conceptualization, D.D.; methodology, D.D.; formal analysis, D.D.; resources, D.D.; writing—original draft preparation, D.D., A.K. and P.F.; writing—review and editing, D.D.; visualization, D.D.; supervision, D.D.; project administration, D.D.; funding acquisition, D.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Kheiralipour, K.; Brandão, M.; Holka, M.; Choryński, A. A Review of environmental impacts of wheat production in different agrotechnical systems. Resources 2024, 13, 93. [Google Scholar] [CrossRef]

	



Khalid, A.; Hameed, A.; Tahir, M.F. Wheat quality: A review on chemical composition, nutritional attributes, grain anatomy, types, classification, and function of seed storage proteins in bread making quality. Front. Nutr. 2023, 10, 1053196. [Google Scholar] [CrossRef]

	



Fradgley, N.S.; Gardner, K.A.; Kerton, M.; Swarbreck, S.M.; Bentley, A.R. Balancing quality with quantity: A case study of UK bread wheat. Plants People Planet 2023, 6, 1000–1013. [Google Scholar] [CrossRef]

	



Tian, W.; Zheng, Y.; Wang, W.; Wang, D.; Tilley, M.; Zhang, G.; He, Z.; Li, Y. A comprehensive review of wheat phytochemicals: From farm to fork and beyond. Compr. Rev. Food Sci. Food Saf. 2022, 21, 2274–2308. [Google Scholar] [CrossRef] [PubMed]

	



Saini, P.; Kumar, N.; Kumar, S.; Mwaurah, P.W.; Panghal, A.; Attkan, A.K.; Singh, V.K.; Garg, M.K.; Singh, V. Bioactive compounds, nutritional benefits and food applications of colored wheat: A comprehensive review. Crit. Rev. Food Sci. Nutr. 2020, 61, 3197–3210. [Google Scholar] [CrossRef] [PubMed]

	



Siddiqi, R.A.; Singh, T.P.; Rani, M.; Sogi, D.S.; Bhat, M.A. Diversity in Grain, Flour, Amino Acid Composition, Protein Profiling, and Proportion of Total Flour Proteins of Different Wheat Cultivars of North India. Front. Nutr. 2020, 7, 141. [Google Scholar] [CrossRef]

	



Gugino, I.M.; Alfeo, V.; Ashkezary, M.R.; Marconi, O.; Pirrone, A.; Francesca, N.; Cincotta, F.; Verzera, A.; Todaro, A. Maiorca wheat malt: A comprehensive analysis of physicochemical properties, volatile compounds, and sensory evaluation in brewing process and final product quality. Food Chem. 2024, 435, 137517. [Google Scholar] [CrossRef]

	



Nibin, M.; Varuvel, E.G.; JS, F.J.; Vikneswaran, M. Evaluation of wheat germ oil biofuel in diesel engine with hydrogen, bioethanol dual fuel and fuel ionization strategies. Int. J. Hydrogen Energy 2024, 59, 889–902. [Google Scholar] [CrossRef]

	



Pasha, I.; Anjum, F.M.; Morris, C.F. Grain hardness: A major determinant of wheat quality. Food Sci. Technol. Int. 2010, 16, 511–522. [Google Scholar] [CrossRef]

	



Tian, X.; Wang, X.; Wang, Z.; Sun, B.; Wang, F.; Ma, S.; Gu, Y.; Qian, X. Particle size distribution control during wheat milling: Nutritional quality and functional basis of flour products—A comprehensive review. Int. J. Food Sci. Technol. 2022, 57, 7556–7572. [Google Scholar] [CrossRef]

	



Islam, M.A.; Kulathunga, J.; Ray, A.; Ohm, J.B.; Islam, S. Particle size reduction influences starch and protein functionality, and nutritional quality of stone milled whole wheat flour from hard red spring wheat. Food Biosci. 2024, 61, 104612. [Google Scholar] [CrossRef]

	



Sissons, M.; Cutillo, S.; Egan, N.; Farahnaky, A.; Gadaleta, A. Influence of some spaghetti processing variables on technological attributes and the in vitro digestion of starch. Foods 2022, 11, 3650. [Google Scholar] [CrossRef] [PubMed]

	



Cañas, S.; Perez-Moral, N.; Edwards, C.H. Effect of cooking, 24 h cold storage, microwave reheating, and particle size on: In vitro starch digestibility of dry and fresh pasta. Food Funct. 2020, 11, 6265–6272. [Google Scholar] [CrossRef] [PubMed]

	



Brewer, L.R.; Kubola, J.; Siriamornpun, S.; Herald, T.J.; Shi, Y.C. Wheat bran particle size influence on phytochemical extractability and antioxidant properties. Food Chem. 2014, 152, 483–490. [Google Scholar] [CrossRef] [PubMed]

	



Joseph, M.; Alavi, S.; Adedeji, A.A.; Zhu, L.; Gwirtz, J.; Thiele, S. Adaptation of conventional wheat flour mill to refine sorghum, corn, and cowpea. AgriEngineering 2024, 6, 1959–1971. [Google Scholar] [CrossRef]

	



Memon, A.A.; Mahar, I.; Memon, R.; Soomro, S.; Harnly, J.; Memon, N.; Bhangar, M.I.; Luthria, D.L. Impact of flour particle size on nutrient and phenolic acid composition of commercial wheat varieties. J. Food Compos. Anal. 2020, 86, 103358. [Google Scholar] [CrossRef]

	



Wang, N.; Hou, G.G.; Dubat, A. Effects of flour particle size on the quality attributes of reconstituted whole-wheat flour and Chinese southern-type steamed bread. LWT-Food Sci. Technol. 2017, 82, 147–153. [Google Scholar] [CrossRef]

	



Dziki, D. Effect of preliminary grinding of the wheat grain on the pulverizing process. J. Food Eng. 2011, 104, 585–591. [Google Scholar] [CrossRef]

	



Stamboliadis, E.T. A contribution to the relationship of energy and particle size in the comminution of brittle particulate materials. Miner. Eng. 2002, 15, 707–713. [Google Scholar] [CrossRef]

	



Barroso Lopes, R.; Salman Posner, E.; Alberti, A.; Mottin Demiate, I. Pre milling debranning of wheat with a commercial system to improve flour quality. J. Food Sci. Technol. 2022, 59, 3881–3887. [Google Scholar] [CrossRef]

	



Krátký, L.; Bímon, V.; Jirout, T.; Dostál, M. Mathematical modelling of particle size characteristics and energy demand for mechanical size reduction of beech chips under different knife mill variables. Biomass Convers. Biorefin. 2024, 14, 14353–14364. [Google Scholar] [CrossRef]

	



Parrenin, L.; Danjou, C.; Agard, B.; Beauchemin, R. A decision support tool for the first stage of the tempering process of organic wheat grains in a mill. Int. J. Food Sci. Technol. 2023, 58, 5478–5488. [Google Scholar] [CrossRef]

	



Liu, Y.; Jia, Z.; Li, M.; Bian, K.; Guan, E. Heat treatment of wheat for improving moisture diffusion and the effects on wheat milling characteristics. J. Cereal Sci. 2023, 114, 103806. [Google Scholar] [CrossRef]

	



Dziki, D. The latest innovations in wheat flour milling: A review. Agric. Eng. 2023, 27, 147–162. [Google Scholar] [CrossRef]

	



Lyu, F.; Thomas, M.; Hendriks, W.H.; van der Poel, A.F.B. Size reduction in feed technology and methods for determining, expressing and predicting particle size: A review. Anim. Feed Sci. Technol. 2020, 261, 114347. [Google Scholar] [CrossRef]

	



Ahmed, J.; Mulla, M.Z.; Arfat, Y.A. Particle size, rheological and structural properties of whole wheat flour doughs as treated by high pressure. Int. J. Food Prop. 2017, 20, 1829–1842. [Google Scholar] [CrossRef]

	



Bala, M.; Tushir, S.; Garg, M.; Meenu, M.; Kaur, S.; Sharma, S.; Mann, S. Wheat milling and recent processing technologies: Effect on nutritional properties, challenges, and strategies. In Wheat Science, 1st ed.; CRC Press: Boca Raton, FL, USA, 2023; pp. 219–256. [Google Scholar] [CrossRef]

	



Cappelli, A.; Oliva, N.; Cini, E. Stone milling versus roller milling: A systematic review of the effects on wheat flour quality, dough rheology, and bread characteristics. Trends Food Sci. Technol. 2020, 97, 147–155. [Google Scholar] [CrossRef]

	



Carcea, M.; Turfani, V.; Narducci, V.; Melloni, S.; Galli, V.; Tullio, V. Stone milling versus roller milling in soft wheat: Influence on products composition. Foods 2020, 9, 3. [Google Scholar] [CrossRef]

	



Prabhasankar, P.; Haridas Rao, P. Effect of different milling methods on chemical composition of whole wheat flour. Eur. Food Res. Technol. 2001, 213, 465–469. [Google Scholar] [CrossRef]

	



Doblado-Maldonado, A.F.; Pike, O.A.; Sweley, J.C.; Rose, D.J. Key issues and challenges in whole wheat flour milling and storage. J. Cereal Sci. 2012, 56, 119–126. [Google Scholar] [CrossRef]

	



Guan, E.; Yang, Y.; Pang, J.; Zhang, T.; Li, M.; Bian, K. Ultrafine grinding of wheat flour: Effect of flour/starch granule profiles and particle size distribution on falling number and pasting properties. Food Sci. Nutr. 2020, 8, 2581–2587. [Google Scholar] [CrossRef] [PubMed]

	



Krajewska, A.; Dziki, D. Physical properties of shortbread biscuits enriched with dried and powdered fruit and their by-products: A review. Int. Agrophys. 2023, 37, 245–264. [Google Scholar] [CrossRef] [PubMed]

	



Silventoinen, P.; Kortekangas, A.; Ercili-Cura, D.; Nordlund, E. Impact of ultra-fine milling and air classification on biochemical and techno-functional characteristics of wheat and rye bran. Food Res. Int. 2021, 139, 109971. [Google Scholar] [CrossRef] [PubMed]

	



Lai, S.; Chen, Z.; Zhang, Y.; Li, G.; Wang, Y.; Cui, Q. Micronization effects on structural, functional, and antioxidant properties of wheat bran. Foods 2023, 12, 98. [Google Scholar] [CrossRef]

	



Protonotariou, S.; Ritzoulis, C.; Mandala, I. Jet milling conditions impact on wheat flour particle size. J. Food Eng. 2021, 294, 110418. [Google Scholar] [CrossRef]

	



Dhiman, A.; Prabhakar, P.K. Micronization in food processing: A comprehensive review of mechanistic approach, physicochemical, functional properties and self-stability of micronized food materials. J. Food Eng. 2021, 292, 110248. [Google Scholar] [CrossRef]

	



Lin, S.; Jin, X.; Gao, J.; Qiu, Z.; Ying, J.; Wang, Y.; Dong, Z.; Zhou, W. Impact of wheat bran micronization on dough properties and bread quality: Part I—Bran functionality and dough properties. Food Chem. 2021, 353, 129407. [Google Scholar] [CrossRef]

	



Rosa, N.N.; Barron, C.; Gaiani, C.; Dufour, C. Ultra-fine grinding increases the antioxidant capacity of wheat bran. J. Cereal Sci. 2013, 57, 84–90. [Google Scholar] [CrossRef]

	



Lin, S.; Jin, X.; Gao, J.; Qiu, Z.; Ying, J.; Wang, Y.; Dong, Z.; Zhou, W. Impact of wheat bran micronization on dough properties and bread quality: Part II—Quality, antioxidant and nutritional properties of bread. Food Chem. 2022, 396, 133631. [Google Scholar] [CrossRef]

	



Protonotariou, S.; Drakos, A.; Evageliou, V.; Ritzoulis, C.; Mandala, I. Sieving fractionation and jet mill micronization affect the functional properties of wheat flour. J. Food Eng. 2014, 134, 24–29. [Google Scholar] [CrossRef]

	



Jin, X.; Lin, S.; Gao, J.; Wang, Y.; Ying, J.; Dong, Z.; Zhou, W. How manipulation of wheat bran by superfine-grinding affects a wide spectrum of dough rheological properties. J. Cereal Sci. 2020, 96, 103081. [Google Scholar] [CrossRef]

	



Qin, Y.; Zhao, M.; Li, S.; Chen, Y.; Liu, Y.; Sun, D.; Chen, Q.; Yu, H. Preparation of potato granules powder by low temperature ultrafine grinding and its effect on the texture of bread. J. Food Process Eng. 2024, 47, e14693. [Google Scholar] [CrossRef]

	



Tu, M.; Li, Y. Toward the genetic basis and multiple qtls of kernel hardness in wheat. Plants 2020, 9, 1631. [Google Scholar] [CrossRef] [PubMed]

	



Murray, J.C.; Kiszonas, A.M.; Wilson, J.; Morris, C.F. Effect of soft kernel texture on the milling properties of soft durum wheat. Cereal Chem. 2016, 93, 513–517. [Google Scholar] [CrossRef]

	



Kaliniewicz, Z.; Markowska-Mendik, A.; Warechowska, M.; Lipiński, S.; Gasparis, S. Correlations between a friabilin content indicator and selected physicochemical and mechanical properties of wheat grain for processing suitability assessment. Processes 2024, 12, 398. [Google Scholar] [CrossRef]

	



Acar, O.; Sanal, T.; Köksel, H. Effects of wheat kernel size on hardness and various quality characteristics. Qual. Assur. Saf. Crop. Foods 2019, 11, 459–464. [Google Scholar] [CrossRef]

	



Pearson, T.; Wilson, J.; Gwirtz, J.; Maghirang, E.; Dowell, F.; McCluskey, P.; Bean, S. Relationship between single wheat kernel particle-size distribution and Perten SKCS 4100 hardness index. Cereal Chem. 2007, 84, 567–575. [Google Scholar] [CrossRef]

	



Germishuys, Z.; Delcour, J.A.; Deleu, L.J.; Manley, M. Characterization of white flour produced from roasted wheats differing in hardness and protein content. Cereal Chem. 2020, 97, 339–348. [Google Scholar] [CrossRef]

	



Ni, D.; Yang, F.; Lin, L.; Sun, C.; Ye, X.; Wang, L.; Kong, X. Interrelating grain hardness index of wheat with physicochemical and structural properties of starch extracted therefrom. Foods 2022, 11, 1087. [Google Scholar] [CrossRef]

	



Antoine, C.; Peyron, S.; Mabille, F.; Lapierre, C.; Bouchet, B.; Abecassis, J.; Rouau, X. Individual contribution of grain outer layers and their cell wall structure to the mechanical properties of wheat bran. J. Agric. Food Chem. 2003, 51, 2026–2033. [Google Scholar] [CrossRef]

	



Warechowska, M.; Markowska, A.; Warechowski, J.; Miś, A.; Nawrocka, A. Effect of tempering moisture of wheat on grinding energy, middlings and flour size distribution, and gluten and dough mixing properties. J. Cereal Sci. 2016, 69, 306–312. [Google Scholar] [CrossRef]

	



Chen, Z.; Wassgren, C.; Kingsly Ambrose, R.P. A review of grain kernel damage: Mechanisms, modeling, and testing procedures. Trans. ASABE 2020, 63, 455–475. [Google Scholar] [CrossRef]

	



Bressiani, J.; Oro, T.; Santetti, G.S.; Almeida, J.L.; Bertolin, T.E.; Gómez, M.; Gutkoski, L.C. Properties of whole grain wheat flour and performance in bakery products as a function of particle size. J. Cereal Sci. 2017, 75, 269–277. [Google Scholar] [CrossRef]

	



Fang, C.; Campbell, G.M. On predicting roller milling performance V: Effect of moisture content on the particle size distribution from first break milling of wheat. J. Cereal Sci. 2003, 37, 31–41. [Google Scholar] [CrossRef]

	



Hassoon, W.H.; Dziki, D.; Miś, A.; Biernacka, B. Wheat grinding process with low moisture content: A new approach for wholemeal flour production. Processes 2021, 9, 32. [Google Scholar] [CrossRef]

	



Jung, H.; Lee, Y.J.; Yoon, W.B. Effect of moisture content on the grinding process and powder properties in food: A review. Processes 2018, 6, 69. [Google Scholar] [CrossRef]

	



Cappelli, A.; Guerrini, L.; Parenti, A.; Palladino, G.; Cini, E. Effects of wheat tempering and stone rotational speed on particle size, dough rheology and bread characteristics for a stone-milled weak flour. J. Cereal Sci. 2020, 91, 102879. [Google Scholar] [CrossRef]

	



Pittia, P.; Sacchetti, G. Antiplasticization effect of water in amorphous foods. A review. Food Chem. 2008, 106, 1417–1427. [Google Scholar] [CrossRef]

	



Kweon, M.; Martin, R.; Souza, E. Effect of tempering conditions on milling performance and flour functionality. Cereal Chem. 2009, 86, 12–17. [Google Scholar] [CrossRef]

	



Hemery, Y.M.; Mabille, F.; Martelli, M.R.; Rouau, X. Influence of water content and negative temperatures on the mechanical properties of wheat bran and its constitutive layers. J. Food Eng. 2010, 98, 360–369. [Google Scholar] [CrossRef]

	



De Bondt, Y.; Liberloo, I.; Roye, C.; Windhab, E.J.; Lamothe, L.; King, R.; Courtin, C.M. The effect of wet milling and cryogenic milling on the structure and physicochemical properties of wheat bran. Foods 2020, 9, 1755. [Google Scholar] [CrossRef] [PubMed]

	



Rosa-Sibakov, N.; Sibakov, J.; Lahtinen, P.; Poutanen, K. Wet grinding and microfluidization of wheat bran preparations: Improvement of dispersion stability by structural disintegration. J. Cereal Sci. 2015, 64, 1–10. [Google Scholar] [CrossRef]

	



Chen, Y.X.; Guo, X.N.; Xing, J.J.; Zhu, K.X. Effects of tempering with steam on the water distribution of wheat grains and quality properties of wheat flour. Food Chem. 2020, 323, 126842. [Google Scholar] [CrossRef]

	



Zhao, G.; Gao, Q.; Hadiatullah, H.; Zhang, J.; Zhang, A.; Yao, Y. Effect of wheat bran steam explosion pretreatment on flavors of nonenzymatic browning products. LWT-Food Sci. Technol. 2021, 135, 110026. [Google Scholar] [CrossRef]

	



Pang, T.; Wang, L.; Kong, F.; Yang, W.; Chen, H. Steam explosion pretreatment: Dramatic reduction in energy consumption for wheat bran grinding. J. Cereal Sci. 2024, 117, 103893. [Google Scholar] [CrossRef]

	



Gaines, C.S.; Finney, P.L.; Andrews, L.C. Influence of kernel size and shriveling on soft wheat milling and baking quality. Cereal Chem. 1997, 74, 700–704. [Google Scholar] [CrossRef]

	



Wang, K.; Taylor, D.; Ruan, Y.; Pozniak, C.J.; Izydorczyk, M.; Fu, B.X. Unveiling the factors affecting milling quality of durum wheat: Influence of kernel physical properties, grain morphology and intrinsic milling behaviours. J. Cereal Sci. 2023, 113, 103755. [Google Scholar] [CrossRef]

	



Cammerata, A.; Laddomada, B.; Milano, F.; Camerlengo, F.; Bonarrigo, M.; Masci, S.; Sestili, F. Qualitative characterization of unrefined durum wheat air-classified fractions. Foods 2021, 10, 2817. [Google Scholar] [CrossRef]

	



Zhang, L.; García-Pérez, P.; Martinelli, E.; Giuberti, G.; Trevisan, M.; Lucini, L. Different fractions from wheat flour provide distinctive phenolic profiles and different bioaccessibility of polyphenols following in vitro digestion. Food Chem. 2023, 404, 134540. [Google Scholar] [CrossRef]

	



Lin, J.; Gu, Y.; Bian, K. Bulk and Surface Chemical Composition of Wheat Flour Particles of Different Sizes. J. Chem. 2019, 2019, 5101684. [Google Scholar] [CrossRef]

	



Mirza Alizadeh, A.; Peivasteh-Roudsari, L.; Tajdar-Oranj, B.; Beikzadeh, S.; Barani-Bonab, H.; Jazaeri, S. Effect of Flour PS on Chemical and Rheological Properties of Wheat Flour Dough. Iran. J. Chem. Chem. Eng. 2022, 41, 682–694. [Google Scholar] [CrossRef]

	



He, S.; Li, J.; He, Q.; Jian, H.; Zhang, Y.; Wang, J.; Sun, H. Physicochemical and antioxidant properties of hard white winter wheat (Triticum aestivm L.) bran superfine powder produced by eccentric vibratory milling. Powder Technol. 2018, 325, 126–133. [Google Scholar] [CrossRef]

	



Li, Y.; Li, M.; Wang, L.; Li, Z. Effect of PS on the release behavior and functional properties of wheat bran phenolic compounds during in vitro gastrointestinal digestion. Food Chem. 2022, 367, 130751. [Google Scholar] [CrossRef] [PubMed]

	



Cai, L.; Choi, I.; Hyun, J.N.; Jeong, Y.K.; Baik, B.K. Influence of bran particle size on bread-baking quality of whole grain wheat flour and starch retrogradation. Cereal Chem. 2014, 91, 65–71. [Google Scholar] [CrossRef]

	



Cheng, W.; Sun, Y.; Fan, M.; Li, Y.; Wang, L.; Qian, H. Wheat bran, as the resource of dietary fiber: A review. Crit. Rev. Food Sci. Nutr. 2022, 62, 7269–7281. [Google Scholar] [CrossRef]

	



Lin, S.; Gao, J.; Jin, X.; Wang, Y.; Dong, Z.; Ying, J.; Zhou, W. Whole-wheat flour influences dough properties, bread structure and: In vitro starch digestibility. Food Funct. 2020, 11, 3610–3620. [Google Scholar] [CrossRef]

	



Zeng, F.; Weng, Y.; Yang, Y.; Liu, Q.; Yang, J.; Jiao, A.; Jin, Z. Effects of wheat gluten addition on dough structure, bread quality and starch digestibility of whole wheat bread. Int. J. Food Sci. Technol. 2023, 58, 3522–3537. [Google Scholar] [CrossRef]

	



Lapčíková, B.; Burešová, I.; Lapčík, L.; Dabash, V.; Valenta, T. Impact of particle size on wheat dough and bread characteristics. Food Chem. 2019, 297, 124938. [Google Scholar] [CrossRef]

	



Pang, J.; Guan, E.; Yang, Y.; Li, M.; Bian, K. Effects of wheat flour particle size on flour physicochemical properties and steamed bread quality. Food Sci. Nutr. 2021, 9, 4691–4700. [Google Scholar] [CrossRef]

	



Ma, S.; Wang, C.; Li, L.; Wang, X. Effects of particle size on the quality attributes of wheat flour made by the milling process. Cereal Chem. 2020, 97, 172–182. [Google Scholar] [CrossRef]

	



Guan, E.; Pang, J.; Yang, Y.; Zhang, T.; Li, M.; Bian, K. Effects of wheat flour particle size on physicochemical properties and quality of noodles. J. Food Sci. 2020, 85, 4209–4214. [Google Scholar] [CrossRef] [PubMed]

	



Hatcher, D.W.; Anderson, M.J.; Desjardins, R.G.; Edwards, N.M.; Dexter, J.E. Effects of flour particle size and starch damage on processing and quality of white salted noodles. Cereal Chem. 2002, 79, 64–71. [Google Scholar] [CrossRef]

	



Alzuwaid, N.T.; Fellows, C.M.; Laddomada, B.; Sissons, M. Impact of wheat bran particle size on the technological and phytochemical properties of durum wheat pasta. J. Cereal Sci. 2020, 95, 103033. [Google Scholar] [CrossRef]

	



Chen, J.S.; Fei, M.J.; Shi, C.L.; Tian, J.C.; Sun, C.L.; Zhang, H.; Ma, Z.; Dong, H.X. Effect of particle size and addition level of wheat bran on quality of dry white Chinese noodles. J. Cereal Sci. 2011, 53, 217–224. [Google Scholar] [CrossRef]

	



Wang, J.; Zhang, T.; Guan, E.; Zhang, Y.; Wang, X. Physicochemical properties of wheat granular flour and quality characteristics of the corresponding fresh noodles as affected by particle size. LWT-Food Sci. Technol. 2024, 204, 116439. [Google Scholar] [CrossRef]

	



Wang, Y.H.; Zhang, Q.Q.; Guo, Y.Y.; Xu, F. Effect of flour particle size on the qualities of semi-dried noodles and fine dried noodles. J. Food Process. Preserv. 2021, 45, e15632. [Google Scholar] [CrossRef]

	



Barak, S.; Mudgil, D.; Khatkar, B.S. Effect of flour particle size and damaged starch on the quality of cookies. J. Food Sci. Technol. 2014, 51, 1342–1348. [Google Scholar] [CrossRef]

	



Mulargia, L.I.; Lemmens, E.; Gebruers, K.; D′udekem D′acoz, P.; Wouters, A.G.B.; Delcour, J.A. The particle sizes of milled wheat fractions affect the in vitro starch digestibility and quality parameters of wire-cut cookies made thereof. Food Funct. 2024, 15, 7974–7987. [Google Scholar] [CrossRef]

	



Protonotariou, S.; Batzaki, C.; Yanniotis, S.; Mandala, I. Effect of jet milled whole wheat flour in biscuits properties. LWT-Food Sci. Technol. 2016, 74, 106–113. [Google Scholar] [CrossRef]

	



Boz, H. Effect of flour and sugar particle size on the properties of cookie dough and cookie. Czech J. Food Sci. 2019, 37, 120–127. [Google Scholar] [CrossRef]

	



Hussein, A.M.S.; Ibrahim, G.E. Effects of various brans on quality and volatile compounds of bread. Foods Raw Mater. 2019, 7, 35–41. [Google Scholar] [CrossRef]

	



Li, X.; Wang, L.; Jiang, P.; Zhu, Y.; Zhang, W.; Li, R.; Tan, B. The effect of wheat bran dietary fibre and raw wheat bran on the flour and dough properties: A comparative study. LWT-Food Sci. Technol. 2023, 173, 114304. [Google Scholar] [CrossRef]

	



Ronda, F.; Perez-Quirce, S.; Lazaridou, A.; Biliaderis, C.G. Effect of barley and oat β-glucan concentrates on gluten-free rice-based doughs and bread characteristics. Food Hydrocoll. 2015, 48, 197–207. [Google Scholar] [CrossRef]

	



Both, J.; Biduski, B.; Gómez, M.; Bertolin, T.E.; Friedrich, M.T.; Gutkoski, L.C. Micronized whole wheat flour and xylanase application: Dough properties and bread quality. J. Food Sci. Technol. 2021, 58, 3902–3912. [Google Scholar] [CrossRef]

	



Guerra-Oliveira, P.; Fernández-Peláez, J.; Gallego, C.; Gómez, M. Effects of particle size in wasted bread flour properties. Int. J. Food Sci. Technol. 2022, 57, 4782–4791. [Google Scholar] [CrossRef]

	



Joubert, M.; Morel, M.H.; Lullien-Pellerin, V. Pasta color and viscoelasticity: Revisiting the role of particle size, ash, and protein content. Cereal Chem. 2018, 95, 386–398. [Google Scholar] [CrossRef]

	



Sacchetti, G.; Cocco, G.; Cocco, D.; Neri, L.; Mastrocola, D. Effect of semolina particle size on the cooking kinetics and quality of spaghetti. Procedia Food Sci. 2011, 1, 1740–1745. [Google Scholar] [CrossRef]

	



Andrea, B.; Maria, A.; Alessandra, M. Pasta-making process: A narrative review on the relation between process variables and pasta quality. Foods 2022, 11, 256. [Google Scholar] [CrossRef]

	



Gazza, L.; Galassi, E.; Nocente, F.; Natale, C.; Taddei, F. Cooking quality and chemical and technological characteristics of wholegrain einkorn pasta obtained from micronized flour. Foods 2022, 11, 2905. [Google Scholar] [CrossRef]

	



Niu, M.; Hou, G.G.; Wang, L.; Chen, Z. Effects of superfine grinding on the quality characteristics of whole-wheat flour and its raw noodle product. J. Cereal Sci. 2014, 60, 382–388. [Google Scholar] [CrossRef]

	



Biernacka, B.; Dziki, D.; Gawlik-Dziki, U.; Różyło, R.; Siastała, M. Physical, sensorial, and antioxidant properties of common wheat pasta enriched with carob fiber. LWT-Food Sci. Technol. 2017, 77, 186–192. [Google Scholar] [CrossRef]

	



Li, Y.; Zou, Q.; Song, S.; Sun, T.T.; Li, J.J.; Luo, Y.Y.; Ling, Y.; Wang, X.; Han, Y.; Zeng, X.; et al. Functional properties of chitosan-xylose Maillard reaction products and their application to semi-dried noodle. Carbohydr. Polym. 2013, 21, 1972–1977. [Google Scholar]

	



Sarkar, A.; Fu, B.X. Impact of quality improvement and milling innovations on durum wheat and end products. Foods 2022, 11, 1796. [Google Scholar] [CrossRef] [PubMed]

	



Vignola, M.B.; Bustos, M.C.; Pérez, G.T. Comparison of quality attributes of refined and whole wheat extruded pasta. LWT-Food Sci. Technol. 2018, 89, 329–335. [Google Scholar] [CrossRef]

	



Steglich, T.; Bernin, D.; Moldin, A.; Topgaard, D.; Langton, M. Bran particle size influence on pasta microstructure, water distribution, and sensory properties. Cereal Chem. 2015, 92, 617–623. [Google Scholar] [CrossRef]

	



Krajewska, A.; Dziki, D. Enrichment of cookies with fruits and their by-products: Chemical composition, antioxidant properties, and sensory changes. Molecules 2023, 28, 4005. [Google Scholar] [CrossRef]

	



Yang, L.; Wang, S.; Zhang, W.; Zhang, H.; Guo, L.; Zheng, S.; Du, C. Effect of black soybean flour on the nutritional, texture and physicochemical characteristics of cookies. LWT-Food Sci. Technol. 2022, 164, 113649. [Google Scholar] [CrossRef]

	



Korese, J.K.; Chikpah, S.K.; Hensel, O.; Pawelzik, E.; Sturm, B. Effect of orange-fleshed sweet potato flour particle size and degree of wheat flour substitution on physical, nutritional, textural and sensory properties of cookies. Eur. Food Res. Technol. 2021, 247, 889–905. [Google Scholar] [CrossRef]

	



Dayakar Rao, B.; Anis, M.; Kalpana, K.; Sunooj, K.V.; Patil, J.V.; Ganesh, T. Influence of milling methods and particle size on hydration properties of sorghum flour and quality of sorghum biscuits. LWT-Food Sci. Technol. 2016, 67, 8–13. [Google Scholar] [CrossRef]








[image: Processes 12 02480 g001] 





Figure 1. Factors influencing the PS distribution of wheat flour. 
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Figure 2. The influence of wheat flour PS on the key physical properties of cereal products. 
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Table 1. Influence of wheat flour PS on the quality of wheat products.
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Kind of Flour

	
Median Particles or Range of Class [µm]

	
Kind of Mill

	
Effect on Product Quality

	
Ref.






	
Bread




	
WG

	
195, 608, 830

	
Laboratory impact mill with cooling chamber

	
Bread with the greatest volume and the lowest crumb hardness was produced from flour with medium-sized particles (608 µm). Flour with the coarsest grinding resulted in the poorest baking quality.

	
[54]




	
WG

	
199, 450, 1315

	
Pulverizing machine

	
The highest quality bread was made from flour with the finest degree of grinding, resulting in the greatest volume and the softest crumb.

	
[77]




	
WF with BR

	
BR: 162–257,

162–360, 162–485, 162–257

	
Roller grinding (industrial mill)

	
The bread with the best texture and highest rise was made from flour with the finest PS, resulting in the greatest volume and softest crumb. However, the inclusion of finely ground bran led 