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Chinese steamed breads (CSBs) are long-established staple foods in China. To enhance the nutritional value, coarse cereals such as oats, buckwheat, and quinoa have been added to the formulation for making CSBs. This review presents the nutritional value of various coarse cereals and analyses the interactions between the functional components of coarse cereals in the dough. The addition of coarse cereals leads to changes in the rheological, fermentation, and pasting aging properties of the dough, which further deteriorates the appearance and texture of CSBs. This review can provide some suggestions and guidelines for the production of staple and nutritious staple foods.
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1. Introduction

Chinese steamed breads (CSBs) are traditional staple food in north China, also called “mantou.” CSBs are great energy supplement because of their simple recipe and easy availability of ingredients. The food industry has evolved over thousands of years, CSBs are still one of the most critical foods in China (1). Recently, CSBs have attracted the extensive attention of researchers. According to existing papers, the raw materials of traditional CSBs are mainly wheat flour (WF), water, and yeast or sourdough (2). Generally, the production process involves mixing the ingredients, kneading the dough, proofing it, and then steaming it (3).

As consumers’ dietary concepts gradually move toward low sugar and rich nutrition, traditional CSBs are increasingly considered not a portion of healthy food. It has a high glycemic index, which is not friendly to diabetics and consumers who need to lose weight (4). Considerable researches have emerged on how to improve the nutritional quality of the CSBs while maintaining their appearance (5). The most widely studies are adding coarse cereals flour to wheat flour so as to achieve the purpose of improving the nutritional properties of CSBs. While changing the nutrition of CSBs, phenomena in the production process deserve to be systematically analyzed. The interaction of different components with wheat flour affects the dough characteristics, and the change in dough characteristics also impacts the properties of the CSBs.

Coarse cereals have a variety of definitions in relevant studies. Some researchers believe that grain crops other than rice and wheat are counted as coarse cereals, such as corn, oats, sorghum, etc. (6). Some researchers think that coarse cereals refer to crops other than the five major crops of rice, wheat, corn, soybean, and potato, mainly include sorghum, millet, buckwheat, oats, etc. (7). This paper uses the former definition for the statistical analysis of these coarse cereals.

In this review, the nutritional components of coarse cereals were statistically analyzed, followed by the effect of the addition of various coarse cereals to wheat flour on the rheological, fermentation, and pasting characteristics of the dough, as well as the appearance and textural characteristics of the corresponding coarse cereals CSBs. Following these conclusions, the article discusses the trends and directions of the relevant industries.



2. Nutritional properties of coarse cereals

As shown in the Table 1 shown, compared to wheat, coarse cereals usually contain different types of proteins with good amino acid composition (10, 26). The fiber, unsaturated fatty acids, and bioactive substances in coarse cereals are also beneficial to the body (27–30), and from this perspective, the addition of coarse cereals to pasta products is similar to the development of whole-wheat flour foods, both of which are designed to provide consumers with nutrients that are less abundant in refined flours, such as dietary fiber, resistant starch, and polyphenols (31, 32).


TABLE 1    The unique nutritional value of various coarse cereals.
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Besides, many kinds of cereal contain higher levels of phytochemicals than wheat, especially polyphenols (14). Polyphenols can scavenge free radicals in the body to achieve the effect of antioxidants (33), polyphenols can also play a role in lowering blood pressure, blood lipids, and cholesterol, it has a preventive effect on cardiovascular and cerebrovascular diseases and atherosclerosis (34–36). These polyphenols may also promote the slow digestion of starch by inhibiting digestive enzymes (37). Polyphenols also contribute to health protection and antioxidant performance. These dietary antioxidants can prevent oxidative stress, oxidative damage caused by poor diet, and exposure to ultraviolet rays (38).

In addition, most coarse cereals contain higher dietary fiber content (39), which could promote the gastrointestinal tract peristalsis, accelerate the digestion and absorption of food, help the excretion of feces, and has a therapeutic effect on constipation (40). After entering the body, dietary fiber can also stabilize intestinal flora, thus regulating immunity (41). Dietary fiber can also reduce the rate of sugar intake, slow the rise of blood sugar, and control blood sugar concentration, suitable for diabetic patients (42), also dietary fiber has a strong sense of satiety, making it an ideal food for weight loss periods (43). Adding coarse cereals to flour reduces starch digestibility, increases vitamin and mineral content, lowers food GI, and improves nutritional function, all of which will bring more healthy food to consumers (44).



3. Interaction of specific components of coarse cereals in the dough

When coarse cereals and wheat flour are used to make CSBs, not only the nutritional value of steamed bread changed, but also many changes can be observed in the process of making CSBs. These interrelated changes are reflected in dough morphology, rheological indexes, and steamed bread properties (45–48).

In the traditional wheat flour dough, gliadin is a monomer protein with a small molecular weight (49). The components are connected by hydrogen bonds, and intramolecular disulfide bonds to form a compact three-dimensional structure, which provides adhesion and ductility for the dough (50). Gluten proteins contain glutenin and gliadin. During dough formation, disulfide bonds between protein peptide chains and within the molecule are held together by external forces to form macromolecules, creating a dough with ductility and elasticity (51). Gluten protein makes the dough water holding, adhesive and viscoelastic, which plays a decisive role in the quality of flour products. However, when coarse cereals flour is added to wheat flour to form a dough, coarse cereals will hinder the formation of gluten network structure and reduce the strength of gluten network structure (52–55).

Dough rheological properties and the properties of CSBs were affected when adding coarse cereals (28, 53, 56). The specific influence mechanism is mainly divided into the following aspects:


3.1. The interaction between phenols with other components in dough

Oats, purple potatoes, mung beans, and other crops contain a large number of polyphenols, and the molecular side chain of phenols has a large number of hydroxyl groups. Hydroxyl groups belong to hydrophilic groups, which will compete for water with substances such as starch and protein. Polyphenols rich in flour will increase the water absorption of dough, resulting in a series of changes in the process of making CSBs. It has been reported that the hydroxyl and carboxyl groups of dissolved phenolic compounds could interact with water and indirectly interact with the hydroxyl groups of starch through a hydrogen bond, to change the properties of water and starch (37). Water soluble phenolic compounds will significantly affect the gelatinization temperature and peak viscosity of starch. But some water-insoluble phenolic compounds, such as rutin, have no significant effect on the gelatinization performance of starch (57). Therefore, the solubility of phenolic compounds may be one of the factors affecting the gelatinization of starch when adding coarse cereals (58).

In addition to the binding effect with water, it has been shown that phenolic compounds could hinder the formation of disulfide bonds between proteins, which is detrimental to the formation of protein network structures, leading to the reduction of dough strength, gas holding capacity, and specific volume of products (59). In addition to affecting the rheological properties of dough, the nutritional value of phenols in food attracts the interest of researchers, plant phenolic compounds can inhibit α-glucosidase activity, slowing down starch decomposition, and significantly reducing starch hydrolysis rate (60). But some studies have found the interaction of proteins with phenols leads to changes in the total phenolic or flavonoid content, and a reduction in antioxidant activity, contrary to what the addition of cereals is intended to achieve (24, 60).



3.2. The interaction of enzymes with other components in dough

Enzymes often play a vital role in the food system. Normally we separate the enzymes in food into endogenous enzymes and added exogenous enzymes, both of them have an important effect on the quality of cereal foods (32, 61). Lipase, amylase, and xylanase are common enzymes in cereals. The amylase enzyme is rich in oats, buckwheat, quinoa, etc. (59, 62). For example, when flour is rich in α-amylase, the gelatinization and retrogradation characteristics of dough are considerably changed (44). Some researchers have found that the addition of amylase and enzyme combinations of α-amylase (6 and 10 ppm), xylanase (70 and 120 ppm), and cellulase (35 and 60 ppm) can improve the extensibility, softening, mixing tolerance index (MTI) and stickiness of bread dough (63).

In addition to this, the texture of the CSBs will be affected accordingly. During CSBs storage, the dextrinized starch (branched starch) network present in fresh CSBs gradually transforms into an extensive, partially crystallized branched starch network with original branched starch microcrystals acting as linkage zones (19, 64). In addition, as starch aging continues, water migration occurs in the starch grain structure and more and more water is immobilized in the branched starch microcrystals (65, 66). The overall class mobility of the CSBs decreases due to the reduced flexibility of the gluten network, which is closely related to the increased crumb stiffness and reduced crumb elasticity (67).



3.3. The interaction of non-starch polysaccharides with other components in dough

In the food system, non-starch polysaccharide (NSP) is mainly composed of cellulose, hemicellulose, pectin, and resistant starch. It can be divided into insoluble NSP and soluble NSP. In the process of making steamed bread, the non-starch polysaccharides that play a role mainly include dietary fiber, β-glucan (BG). Fiber is divided into soluble dietary fiber and insoluble dietary fiber. A large number of studies show that the addition of dietary fiber will increase the water absorption of dough (20).

Soluble dietary fiber will intercept digestive enzymes after water absorption and expansion, thus inhibiting carbohydrate digestion and reducing GI. Hydrocolloids can strongly affect the secondary conformation of proteins and the hydration properties of gluten. As a kind of hydrocolloid, BG is tightly bound with large amounts of water in the dough. BG competes with protein for water absorption, which is detrimental to the formation of the gluten network and affects the dough formation time and stability.




4. Effect of coarse cereals addition on characteristics of dough and CSBs

As mentioned above, the process of producing traditional steamed bread is mixing, kneading into a dough, proofing, and steaming (3). With the addition of coarse cereals, the properties of the dough and CSBs are affected accordingly due to the change of starch, protein and other components, and the key factors are shown in Figure 1. In order to improve the product quality to some extent, many researchers have also optimized the production process, such as changing the traditional primary fermentation to secondary fermentation and using the sour dough fermentation method to make CSBs (2).


[image: image]

FIGURE 1
Key factors and procedures in the Chinese steamed breads (CSBs) making process. (A) Summary of influencing factors. (B) Influencing factors and response strategies.



4.1. Effect of coarse cereals addition on characteristics of dough

Dough in pasta processing is a complex mixture of flour, water, yeast, salt, or other ingredients and is the essential transition form of wheat from flour to food (68). When wheat flour was watered to about 50% and kneaded, cohesive and elastic dough was obtained (69). The structure and properties of the dough, especially the rheological properties, are vital for the production of pasta for two main reasons: firstly, the property of the dough depends on the quality of the wheat flour. The structure of the starch and protein affects the flour properties, tensile properties, kneading and mixing properties, and the fermentation properties of the dough (70, 71). Secondly, the properties of the dough directly affect the quality of products such as steamed bread and noodles. The rheological properties of the dough determine the quality of the dough during mechanical processes such as dough proofing, dividing and rounding (72). By improving the recipe and adjusting the processing, the characteristics of the dough can be controlled to produce CSBs that meet specific quality requirements (73).

Therefore, the research on dough products cannot avoid relating all of these indicators. Most of the researchers use rheological indicators such as dough flouriness, stretching, kneading, and foaming as the leading quality indicators.


4.1.1. Effect of coarse cereals on rheological properties

Rheology is a subject that studies the flow and deformation of materials. In the load curve of dough, the relationship between stress, strain, and time and the resulting elasticity, viscosity, plasticity, and other properties are called the rheological properties of dough (69, 74).

In the process of kneading wheat flour into dough with water, the instruments used to reflect and test the rheological properties of dough mainly include the farinograph (75). The indicators tested by the farinograph are as follows: water absorption, dough development time, stability time, and breakdown time (54, 76).

Dough rheological properties are affected when coarse cereals flour is added, this may be caused by the weakening of protein cross-linking due to the high fiber content in coarse cereals competing for water. Similar effects have also appeared in other studies. Compared with wheat, millet have higher water absorption, water solubility, and oil absorption index (45). The water absorption of the dough is directly proportional to the dough development time and dough stability time. When the water absorption decreases, the dough development time is usually shortened due to the disruption of the continuous gluten network structure, which means that the dough strength decreases. Millet interacts strongly with water and oil, and considering this factor alone, adding millet flour seems to make the dough and CSBs properties better, but adding millet flour to the dough will dilute the concentration of gluten protein, which will lead to a decrease in the strength of the gluten structure in the dough and thus deteriorate the quality of the CSBs (77).

Researchers conducted numerous investigations into the mechanisms behind the change in dough properties. With the addition of oat flour and oat bran, the β-glucan content of the mixed flour dough increased significantly. As we have mentioned that β-glucan could interact with water and result in higher water absorption. As with many other indicators, water absorption is not influenced by one cause only (78, 79). Once coarse cereals flour was added to wheat flour, the water absorption of the dough increased and the gluten content decreased, and these changes occurred simultaneously. In general, the deterioration in quality due to the decrease in gluten content was more obvious.

This phenomenon can be corroborated by the breakdown values, as more flour was replaced, the content of gluten protein in the mixed flour became less, which gradually reduces the viscoelasticity of the dough. Therefore, in the viscosity measurement, the viscosity of the mixing system of flour and water became weaker and more prone to collapse. Thus, the breakdown value becomes larger.

As Table 2 shows, the addition of millet flour to wheat flour will reduce the dough development time which is similar to other cereals, which is due to the decrease of gluten content. After the addition of millet flour, it is observed that the dough stability and dough development time are positively correlated with the mixed wet gluten index (45, 80). When quinoa flour was added, the breakdown value decreased with the increasing amount of quinoa flour added, it represents that after the addition of buckwheat flour, the dough’s ability to resist shear and withstand heat was significantly higher than ordinary dough (46, 81).


TABLE 2    The influence of adding coarse cereals on the dough and Chinese steamed bread (CSB).
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The main effect should be attributed to starch, crops contain different starch, mainly reflected in starch particle size, starch type (amylose and amylopectin), and damaged starch content. As there are significant differences in starch particle size, crystallinity, fine structure, and straight chain starch content between sources, which can cause large differences in pasting parameters (64, 80, 82, 83). The thermodynamic properties of different types of starch are completely different, which can affect the viscosity and gluten strength of the dough during the processing stage, thereby affecting the final product quality; The appropriate size of starch particles can fill the pores in the three-dimensional network structure of the protein, thus enhancing the strength of gluten (17, 84). All these reasons lead to the changes in dough fermentation and rheological properties, which affect the quality of steamed bread. For the development of the coarse cereals flour products industry, it is essential for researchers to analyze and explore countermeasures.

Starch from various sources has different qualities, especially in gelatinization characteristics, crystal structure, particle size, chain length distribution, and anti-enzymatic hydrolysis characteristics. If there is a discrepancy between the indicators mentioned above, in the human body, the rate of digestion of starch changes as well (85, 86).

When analyzing the rheological properties of doughs, the indicators water absorption (WA), dough development time (DDT), and farinograph quality number (FQN) are interlinked. When researching on coarse cereals pasta products, it is essential not only to analyze the effects of the components of the cereal but also to link these indicators together and analyze the specific patterns that can be applied in future studies.



4.1.2. Effect of coarse cereals on gelatinization and retrogradation characteristics

The gelatinization characteristics of wheat flour were measured by running a heating-holding-cooling program with a viscometer and recording the torque magnitude. In this testing process, the pasting temperature, peak viscosity, peak viscosity time, breakdown value, holding viscosity, final viscosity, and setback value of flour or starch can be obtained through data processing (87).

As shown in Table 2, the addition of coarse cereals flour can significantly reduce the gelatinization enthalpy of the dough, which may be caused by irregular starch granules.

The analysis of a large number of articles showed that the type (corn, wheat, etc.) and characteristics (particle size, damaged starch content, etc.) of the starch have a significant influence on these indicators. when the starch particles are uniform, it seems that researchers easier to get a regular and characteristic result, when the size and shape of starch particles are different, their gelatinization and retrogradation characteristics will be more difficult to predict (38).



4.1.3. Effect of coarse cereals on fermentation characteristics

In addition to the kneading properties and stretching properties of the dough, the fermentation properties are also important when making bread and other fermented products. The dough produces CO2 gas during the fermentation process to obtain a loose and porous dough structure, and a good fermentation can significantly improve the quality of the bread (92). A high quality fermentation means that the proteins and starches should fully absorb water and cross-link with each other, which is macroscopically manifested by a dough that can be pulled into a thin film. In the experiment, Brabender’s rheological fermentograph was used to test the fermentation performance of the dough.

In general, the addition of coarse cereals had a negative effect on most of the characteristics of the dough. However, during the analysis, certain indicators showed a trend in favor of the dough. For example, the water absorption of the dough increased with the addition of most of the coarse cereals (88). Water holding capacity is usually used as a measure of protein and fiber absorption and water retention. High water holding capacity means high moisture content in the dough, which improves the taste and texture of the flour product (79).

However, all the previously mentioned factors should be considered as a whole, and observing and using these patterns to optimize the recipe is the purpose and focus of this study.




4.2. Effect of coarse cereals on the quality of CSBs

When making different types of CSBs, the quality of the final product is generally evaluated by texture indicators such as color, specific volume, aspect ratio, hardness, elasticity, resilience, and chewiness of the CSBs. The color of CSBs is the most intuitive indicator. Once the color of CSBs appears yellow or black, consumers will reduce their appetite and subjectively consider the quality of CSBs to be inferior.

When coarse cereals were added to enhance the nutritional value of the CSBs, the color of the CSBs will inevitably change, so how to mitigate the color deterioration is a priority when conducting related research.

In the texture properties of steamed bread, hardness, stickiness, and chewiness are negatively correlated with the quality of the steamed bread. When the values of these three indicators are large, the steamed bread will be hard, difficult to chew, and sticky when eaten. The quality of the steamed bread obtained, recovery, cohesion, and elasticity are positively correlated with the quality of the steamed bread.


4.2.1. Effect of coarse cereals on CSBs appearance

When measuring the quality of CSBs, the first thing people notice is the color of the Chinese steamed bread, and the second is whether the steamed bread is full. In actual experiments, the degree of fullness is not easy to measure, so researchers often use specific volume and height-diameter ratios to describe whether the steamed bread is full or not.

A colorimeter has usually been used when measuring the color of CSBs, and researchers can get three indicators through the instrument: lightness (L*), redness-greenness (a*), and yellowness-blueness (b*). For the darker crumbs, some researchers believe that this is since that they have more prominent particles, which produce larger and darker shadows in the structure of the CSBs. In a related study of buckwheat CSBs, when the substitution level reached 70%, the brightness was significantly reduced by 28%.

In terms of color, after adding coarse cereals flour, especially Tartary buckwheat flour, the b* was markedly higher, and the L* and a* were significantly lower than those of ordinary wheat flour products, which indicated that the addition of Tartary buckwheat would make the product darker and light green.

Another reason for the reduction in brightness may be that the added oat flour is rich in BG. As shown in Table 2, when buckwheat flour rich in beta-glucan was added to the flour to make steamed bread, the brightness of the steamed bread core was improved.



4.2.2. Effect of coarse cereals on CSBs textural characteristics

Texture analyzer is a kind of test for hardness, brittleness, elasticity, resilience, adhesiveness, cohesion, viscosity, bending ability, breaking/breaking force, brittleness, chewability, stickiness, tensile strength, elasticity, etc., these data were often used in experimental design to measure the quality of steamed bread.

Coarse cereals flour tends to have higher dietary fiber content, and as the level of addition increases, the textural properties of the steamed bread changed, Abundant studies have shown that the addition of coarse cereals flour changed the secondary structure of proteins and disrupts the network structure of gluten (28). This will result in increased hardness and decreased specific volume of pasta products (including but not limited to CSBs).

As mentioned earlier, the starch type is also an important factor, as shown in Table 2, with the addition of oat flour and the increase in dietary fiber content, the gluten network structure of the dough will be diluted, so the specific volume of steamed bread will drop significantly. When millet flour was added to the flour, the high content of branched chain starch and a large amount of starch dextrin dissociation when cooking was carried out reduces the strength of the protein network structure and made the CSBs less sticky. The addition of branched chain starch weakened the strength of the composite network of starch and protein and increased the air-holding capacity of the dough, and these changes led to a decrease in the hardness, viscosity and chewiness of the CSBs.

The addition of coarse cereals always leads to deterioration in the quality of CSBs, and this deterioration is usually related to the level of added cereals, some of which become unpopular with consumers because of their own anthocyanins and other substances, and some because the addition of coarse cereals dilute the gluten structure leading to a decrease in gas-holding properties, a decrease in CSBs specific volume and a darkening of color.



4.2.3. Effect of coarse cereals on CSBs digestion characteristics

The purpose of many researchers utilizing mixed grains in the production of pasta products is to lower the GI value of the food and create foods suitable for special populations such as diabetics (4). In vitro digestion is usually used to simulate the process of food digestion in the human body (93), and the addition of coarse cereals results in an effective reduction of the eGI value of the food.

When adding potato flour to make CSBs, the particle size of potato starch is larger than wheat starch. As particle size increases, the surface area exposed to digestive enzymes decreases, resulting in lower digestibility. The eGI value of CSBs with 35% potato flour added can be reduced to 65.35 (94).

In addition, polyphenols represented by rutin were found to interact with α-amylase, α-glucosidase, and starch to form complexes that reduced starch digestibility, leading to a lower eGI value of the product (46).





5. Conclusion and prospects

Adding coarse cereals to staple foods is a reliable way to improve the nutritional content of staple foods. However, the inclusion of coarse cereals adversely affects the dough quality, particularly in relation to CSBs, as evidenced by research highlighting the deterioration of its visual and structural attributes, including darker color, diminished specific volume, and heightened hardness.

Conducting a thorough investigation into the magnitude of the deterioration and its underlying causes, as well as devising strategies to mitigate or eradicate the deterioration, is of utmost importance. Previous studies have explored potential solutions, such as incorporating emulsifiers and enzymes that are either absent or present in limited quantities in coarse cereals and flours.

In some recent studies, it has been found that the addition of xylanase improves product quality (63). Xylanase breaks down the cell walls of raw materials and β-glucan in the brewing or feed industry (95), reduces the viscosity of the material, promotes the release of active substances, and reduces non-starch polysaccharides in food, promote the absorption and utilization of nutrients such as soluble lipid components (96, 97).

Some other enzymes, such as lipase, can also improve the quality of the CSBs (49). Numerous studies have shown that adding lipase in appropriate amounts can improve the gluten strength, prolong the stabilization time, reduce the degree of weakening, increase the dough elongation and tensile resistance, and improve the rheological properties of the dough (98). The specific volume, color, structure, and flexibility of CSBs are all improved to a certain extent. And the amount of lipase added is not the larger the better, too much added will have a negative impact on the CSBs (74).

Not only adding enzymes can improve the quality of coarse cereals CSBs, but also the treatment of raw materials, such as ultra-micro-grinding and low-temperature milling of coarse cereals, it has been reported that the special milling method can effectively retain the unique flavor components in the plant, and the total flavonoids and polyphenol substances after grinding to get a more comprehensive release (99, 100). Besides, superfine milling treatment can make part of the fiber from insoluble to soluble, thus increasing the proportion of soluble fiber (101, 102), and as we have already concluded, appropriately increasing the content of soluble fibers will improve the quality of CSBs.

As mentioned above, fermentation is also an important part of the CSB production process and many studies on sourdough have been published. During the prolonged fermentation of sourdough, microbial metabolism and endogenous enzyme biotransformation provide sufficient time in which the metabolism of lactic acid bacteria produces organic acids, and microbial metabolism, microbial, andendogenous enzyme biotransformation contribute to changes in arabinoxylan, proteins, and starch, which improves the volume and texture of bread (2, 103). The main reason for the deterioration of coarse cereals CSBs is due to the complex composition of the dough which leads to a decrease in gas production during fermentation and a reduction in dough strength, which can be effectively reduced by sourdough fermentation.

In addition to studying the mechanism of quality change in coarse cereals CSBs, Also worthy of further study are the benefits of coarse cereals CSBs on the human body. Specifically, factors affecting the expect glycemic index (eGI) of coarse cereals CSBs, and the effects of long-term consumption of coarse cereals CSBs on diabetes, hyperglycemia, hypertension, and other diseases. It is believed that these studies can promote coarse cereals CSBs as a staple food for sub-healthy people.

In conclusion, coarse cereals CSBs are a promising healthy staple food due to the unique nutritional value of each coarse cereals. With specific descriptions of human health benefits and superior product quality, it is believed that coarse cereals CSBs will occupy a unique position in the market.
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Name of cereals Main ingredients Addition levels Influence on the dough Influence on the CSB References
Corn Purple corn flour (different particle sizes) 100% PCF to make dough and CSB. Hardness increases (wheat dough: 0.2 N; Specific volume decreases (wheat CSB:3.27 mL/g; (88)
PCF dough: 48.30 N). PCF CSB:1.20 ~ 1.34 mL/g);
Hardness increases (wheat CSB:40.53 N
PCF CSB: 32.97 ~ 67.76 N).
High-amylose maize starch (HAMS) HAMS/WF at weight ratios of 0/100, 2/98, Water absorption increases. Specific volume decreases (from 2.01 mL/g to (89)
4/96, 6/94, 8/92, and 10/90. Decrease in extensibility. 1.59 mL/g), and rate of staling decreases (from
1.389 to 0.729); hardness increases (from 539 to
805 g).
Oat B-glucan from oat 0.0-5.0% Water absorption increases Specific volume increases then decreases (90)
(wheat flour basis). (from 57.0 to 69.0%). (0%:2.43 mL/g; 2%: 2.64 mL/g)
Peak viscosity decreases Hardness increases (0%:1078 g; 2%: 1562 g)
(from 487.9 t0 329.0 cp).
Ground oatmeal Wheat flour was replaced with 0, 10, or / Hardness increases (53,79)
30% of ground oatmeal (0%:1188.98 g; 30%:1705.08 g).
Aging rate reduces.
Buckwheat Tartary buckwheat bran flour (TBBF) TBBF-WF flour blend (Wy,,,, = 0, 10, 30, Water absorption decreases L* value decreases (from 81.88 to 38.49). 79)
50, 70, and 90%) (from 59.3 to 55.9%). Hardness increases (from 1651 to 19691 g).
Development time increases
(from 3.29 to 0.97 min)
Buckwheat flour 0,5, 10, 15% w/w based on wheat flour dry Water absorption increases Specific volume decreases (13)
weight (from 63.7 to 71.4%). (from 2.47 t0 1.69 mL/g).
Stickiness decreases Hardness increases
(from 46.22 to 27.59 g). (from 228 to 687 g).
Sorghum Whole grain red sorghum (WwhSorg), Sorghum flour: sourdough = 17:6 / L* value decreases (46)
Commercial red sorghum (ComRSorg) (Commercial wheat:77.83;
‘WwhSorg:64.47;ComRSorg:55.57)
Millet Millet flour (MF) 25% millet flour in substitution of wheat Water absorption decreases Hardness increases (45)
flour (from 56.8 to 52.0%). (from 1786 to 2764 g).
The FQN decreases
(from 107 to 85)
Dietary fiber 0, 2%, 4%, 6%, 8%, and 10% (w/w) Water absorption decreases Hardness increases (from 1786 to 5351 g).
(DF) from millet bran (from 56.8 to 51.9%). The FQN decreases The L* value decreases (from 92.32 to 91.76).
(from 107 to 83)
Quinoa Quinoa flour (QF) QF/WF: weight L* value decreases (from 81.24 to 75.6), L* value decreases (from 85.58 to 68.19) 91)
ratios of 85/15, 70/30, 55/45, 40/60, 25/75 AH increases (from 5.5 to 7.5) After adding more than 15% QF, the hardness and
and 10/90. chewiness increased.
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Name of cereals Nutritional ingredient References

Corn Dietary fiber, vitamin B, vitamin E, carotene, luteinizing hormone, phosphorus, magnesium, potassium, zinc 8,9)

Oat Essential amino acids, fatty acids, soluble dietary fiber, mixed beta-glucans (10, 11)
Buckwheat Resistant starch, dietary fiber, low soluble-insoluble dietary fiber ratio, amino acid balance (12,13)
Sorghum Phenolic compounds, sorghum protein, slow-digesting starch (14, 15)
Millet Phytochemicals, phenolic, phytic acid, dietary fiber, iron, calcium, vitamin B (16,17)
Quinoa Unsaturated fatty acids, vitamins (folic acid and tocopherol), minerals, dietary fiber, polyphenols (18,19)
Barley Soluble fiber, B-glucan, phenolic compounds. (20,21)
Potato Balanced amino acid composition, total vitamins, minerals, flavonoids, polyamines, carotenoids (22,23)
Sweet potato Dietary fiber, minerals, vitamins, polyphenols (anthocyanins and other polyphenols) (24, 25)
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