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ABSTRACT
Objective: To highlight the importance of wheat grain quality in the food industry, with emphasis on the 
presence of the disorder known as yellow berry (YB).
Design/Methodology/Approach: This review analyzes the importance of wheat grain quality, focusing on 
YB, its physiological and nutritional causes, and its relationship with nitrogen availability. It also addresses 
advances in genetics and breeding aimed at increasing the stability of grain protein content, along with 
potential value-added applications for affected wheat.
Results: Wheat (Triticum spp.) is a staple crop in the human diet and one of the most consumed cereals. Grain 
quality, especially its protein content, is a key attribute for nutrition and food security. However, the presence 
of YB represents a significant limitation, as it is associated with a reduction in protein concentration and an 
increase in starch content. This disorder has been primarily linked to nitrogen deficiencies in the soil. Affected 
grains exhibit a floury, opaque, chalky-looking endosperm, accompanied by a heterogeneous protein matrix.
Study Limitations/Implications: Genetic improvement strategies are needed to mitigate the effects of YB; 
nevertheless, studies on this topic are scarce.
Findings/Conclusions: Optimizing management practices, such as nitrogen fertilization, is essential to balance 
crop yield and grain quality. This contributes to ensuring economic viability and promoting environmental 
sustainability in wheat production.

Keywords: protein, starch, bread, durum, nitrogen.

INTRODUCTION
	 Wheat (Triticum L.), as the predominant staple crop, is essential for global food security, 
supplying more than 20% of calories and protein, and contributing more than 30% of 
the energy consumed by humans (Wan et al., 2023), in addition, it is one of the main 
cereals in the global economy due to its high productive potential and technological value. 
The most widely cultivated variety is Triticum aestivum, known as common wheat (Biel 
et al., 2021), considered one of the most consumed cereals in the world, along with rice 

211

mailto:pilar.espitia


212 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

and maize (Nardino et al., 2022). On the other hand, durum wheat (Triticum turgidum L. 
var. durum) is the tenth most prominent and cultivated cereal globally, with an average 
annual production of 40 million tons. Wheat plays a significant role in nutrition, as today 
wheat grains contribute greatly to the human diet by providing major nutrients such as 
carbohydrates, proteins, dietary fiber, minerals, vitamins and as well as phenolic acids 
known for their antioxidant potential (Mariem et al., 2020). 
	 Nonetheless, the quality of this important food can be compromised by various factors, 
and sometimes, the harvested grain may exhibit quality deviations, primarily due to a 
high incidence of the physiological defect known as yellow berry (YB), which prevents it 
from meeting industry standards (Solís Moya & Díaz De León Tobías, 2001), considered 
a serious disorder in the grains of bread wheat, durum wheat, and triticale. This problem 
arises mainly due to nitrogen (N) deficiency in the soil (Zárate Márquez et al., 2015) and 
is manifested by the appearance of areas with starchy spots in generally vitreous grains, 
which results in a less compact structure, with numerous open spaces and a physically 
variable protein matrix in the grains (Taranto et al., 2023); so that this character is closely 
associated with a reduction in the protein content in the grain (Rodríguez et al., 2011) 
significantly affecting the quality of flour in bread wheat and pasta in durum wheat (Zárate 
Márquez et al., 2015).
	 Although YB has been detected in both durum wheat and bread wheat; in the case 
of the manufacture of durum wheat products, large, vitreous grains with high protein 
content, yellow pigment, and strong gluten are needed. The physiological alterations 
associated with YB extend beyond the grain level; the reduction in vitreousness and 
protein content directly comprises both technological performance and commercial value. 
The proportion of vitreous grains is an indicator of quality, as it is related to semolina yield 
and protein content. In contrast, an increase in “YB grains” deteriorates quality, reducing 
protein content by up to 1% for every 10% of these grains (Solís et al., 2009). In this context, 
YB grain is characterized by its opacity and floury texture, which reduces the vitreous 
properties of durum wheat and results in a higher commercial penalty compared to bread 
wheat (Castro, 2022). In this regard, the amount of wheat grain protein sets up the price 
paid to producers and is subject to the amount of N in the canopy at anthesis and the 
absorption capacity of available N during grain filling (Longmire et al., 2023). 
	 The technological and nutritional quality of durum wheat semolina fundamentally 
depends on the type of proteins that constitute gluten and their quantity (Graziano et al., 
2019); the rheological properties of gluten are indispensable not only for the manufacture 
of bread but also for a wider variety of foods that are made exclusively from wheat, such as 
noodles, pasta, breads, cakes, cookies and other food products (Žilić et al., 2011). Quality 
is therefore a key factor in wheat improvement, as its genetic origin is less affected by 
the environment and has a significant impact on the commercial value of a cultivar. 
Consequently, if a cultivar has a specific combination of alleles at important loci, it is likely 
to present valuable qualitative traits with respect to the quality of the final product and this 
applies to both durum wheat and bread wheat germplasm (Varzakas et al., 2014). 
	 On the other hand, alternatives have recently been proposed for the potential use 
of wheat grain with YB, over its high starch content and low protein concentration. 
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Although this imbalance is undesirable in other industries, it can be unbelievably 
valuable in beer brewing, since starch is an essential substrate to produce of this beverage 
(García et al., 2023). 
	 Concerning the above-mentioned aspects, the content of this review aims to highlight 
the importance of wheat grain quality in the food industry, with special emphasis on the 
physiological defect YB and its impact on wheat grain quality, including protein content, 
technological properties, and nutritional properties. It synthesizes current knowledge on the 
genetic, physiological, and agronomic determinants of YB and outlines their implications 
for quality improvement and industrial valorization.

Importance of wheat crop
	 Wheat is the most widely cultivated cereal in the world in terms of grain yield and 
cultivated area. Today, the most important wheat varieties are hexaploid soft wheat 
(Triticum aestivum L.) and tetraploid durum wheat (Triticum durum Desf.) (Rossi et al., 
2024), which are two species strongly related with potentially different adaptations and 
few different technological properties that make semolina and wheat f lour destined to 
produce of pasta and bakery products, respectively (Mastrangelo & Cattivelli, 2021). 
Around 80 million farmers depend on wheat for their livelihood; between 90% and 95% of 
the wheat grown worldwide is common or bread wheat, which is used for the production 
of refined or whole wheat f lours in the production of a wide variety of bakery products 
(Giraldo et al., 2019). Of the total wheat production, 5% is represented by durum wheat, 
with a planting area of 16 million hectares worldwide (Beres et al., 2020). Foods made 
from durum wheat vary greatly between producing countries; although pasta is the 
most recognized product worldwide and an icon of Italian cuisine, couscous is the most 
common durum wheat-based food in North Africa. In southern Italy, Spain, Turkey, and 
the Mid-East Mediterranean regions, durum wheat breads have traditional importance 
(Laddomada et al., 2021).

Nutritional value of wheat
	 Wheat grain is essentially made up of starch, proteins, and cell wall polysaccharides, 
constituting approximately 90% of its dry weight. In addition, it contains other 
components in smaller quantities, such as lipids, terpenoids, phenolic compounds, 
B-complex vitamins, and minerals (Shewry et al., 2013). The Table 1 shows the main 
nutritional components of wheat.
	 Wheat is a carbohydrate-rich food composed mainly of starch, a main source of energy 
to maintain metabolic balance, which involves a complex linkage of several factors, such 
as nutrient intake, hormonal regulation, and metabolic processes (El Houssni et al., 2024). 
Starch granules hold approximately 30% linear amylose molecules and 70% branched 
amylopectin molecules. In these granules, amylopectin adopts a double helix structure, 
which gives the system a high capacity to retain water and a rapid expansion capacity 
(Hidalgo et al., 2016).  Likewise, cereals are a rich source of dietary fiber, such as non-starch 
polysaccharides, with the predominant components of wheat grain being arabinoxylans 
and -glucans (De Santis et al., 2018).
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	 Proteins are compounds of vital importance for the functioning of all cells (Sallam 
et al., 2019). Wheat grain proteins are divided into two categories: prolamins and non-
prolamins. Prolamins comprise gliadins and glutenins that make up approximately 75% of 
all grain proteins, while non-prolamins, such as albumin and globulin, represent about 25%. 
Albumins and globulins are soluble proteins that include various enzymes and inhibitors, 
playing essential structural and metabolic roles during the grain filling process (B. Zheng 
et al., 2021). On the other hand, the prolamin content and endosperm composition 
influence the quality of wheat flour (Khalid et al., 2023), in this context, gliadins contribute 
to the viscosity of the dough, while glutenins are responsible for providing elasticity and 
resistance (X. Wang & Liu, 2021), both proteins interact to form a viscoelastic gluten 
network in the dough, which is essential for determining the baking quality of products 
made from wheat flour (B. Zheng et al., 2021). Proteins are present throughout the grain, 
but their concentrations vary considerably between different compartments. The germ has 
approximately 7.5% of the total proteins, the aleurone layer contains 14.2%, the pericarp 
and the testa 3.8%, and the starchy endosperm presents 74.5%; considering the distribution 
of these compartments, the largest amount of proteins is located in the starchy endosperm 
(Wieser et al., 2020). 
	 Regarding lipid content, wheat germ is one of the main byproducts of wheat milling, 
with an oil content that varies between 5.2% and 15.5%. This oil is an abundant source 
of health-beneficial compounds, such as essential fatty acids and unsaponifiable lipids, 
including tocopherols, phytosterols, and policosanols (Harrabi et al., 2021).

Yellow berry in wheat grain
	 Yellow berry is a physiological disorder in the wheat grain that is characterized by 
having a high starch content, significantly affecting the protein content, which results in 
inferior quality bakery products and pasta production, generating penalties for wheat 
farmers (Rodríguez et al., 2014). Grains with YB are distinguished by a smooth (Serranti 
et al., 2013) and mottled appearance due to spots that range from white to yellowish-white 
(Figure 1), depending on the color of the outer layers of the seed (Solís & Díaz De León, 
2001). An insufficient amount of protein in the grain causes areas where the starch granules 

Table 1. Nutritional composition of wheat and nutrient reference values.

Macronutrients Content (%) Mineral Content 
(mg/100 g)

NRVs-R 
(mg/100 g) Vitamins Content (g/ g) NRVs-R 

(mg/100 g)
Carbohydrates 70-75 Ca 15-34 1000 Niacin (B3) 0.86 15

Proteins 10-18 K 141-431 - Riboflavin (B2) 1.0 1.2

Lipids 1.5-2.5 Mg 13-42 310 Thiamin (B1) 1.0-4.0 1.2

Fiber 1.6 Fe 3.6-6.8 22 Pyridoxine (B6) 1.89 1.3

Minerals 1.6 Se 33.9-70.7 60 Folate (B9) 0.56 400

    Na 2-3.8 -    

    Zn 0.7-4.2 14      

NRVs-R, nutrient reference values-requirements.
Source: FAO & WHO, 2011; Khalid et al., 2023; Marcotuli et al., 2020; Shewry et al., 2013; Wieser et al., 2020.
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are not properly cohesive. These areas with low protein are composed of gaps empty of air 
that appear as clear and mottled patches (Hare, 2017), and in grains normally these spaces 
are filled with a protein matrix. The gaps in the endosperm reduce translucency, which 
gives starchy grains an opaque appearance (López-Ahumada et al., 2010). This reduces the 
vitreous appearance of durum wheat grain, causing it to be more penalized in the market 
compared to bread wheat (Castro, 2022).
	 According to the specifications of the Official Mexican Standard NOM-FF-36-1984, 
YB grains are those grains that have at least a quarter of their surface with a floury 
appearance (DOF, 1984). In durum wheat, vitreous grains have a higher protein content 
and therefore higher grain quality than YB grains (Bnejdi & El Gazzah, 2008). In this 
regard, the minimum content of hard and vitreous grains in the marketing of durum wheat 
is a key parameter. YB grains are also known as non-vitreous kernels whose protein content 
is lower than that of vitreous kernels (Dexter & D’Egidio, 2012). Farmers do not typically 
obtain higher prices for high protein content in grains, but do face lower prices when more 
than 15-20% of durum wheat grains are affected by YB (Grahmann et al., 2014), because it 
can reduce the protein content in the grain between 2% and 4% (Ibarra et al., 2023).

Factors that contribute to the development of YB in wheat grain
	 Among the main biological processes associated with wheat yield is grain development, 
considered a complex process that is characterized by three fundamental stages: 
cellularization/differentiation, grain filling, and maturation. The main transformation in 
grain development occurs when essential storage components such as starch and protein 
begin to accumulate (Kaushik et al., 2024). During this stage, defects in commercial quality 
may arise due to environmental conditions, such as relatively low temperatures, low 
radiation, and high humidity, causing the formation of grains with YB, which are also 
influenced by genetic factors and low availability of N (Simón, 2022).
	 It has long been observed that YB grain disorder is mainly related to a limited presence 
of nitrates in the soil. Furthermore, N stress in the grain in its initial phase of development 
reduces the concentration of grain protein, and especially the proportion of gliadins 
(López-Ahumada et al., 2010); likewise, a significant reduction in N leads to a decrease in 
the number of grains per ear, and consequently affects grain yield in wheat (Zi-meng et al., 
2025). For that reason, increasing the availability and improving the efficiency of N uptake 

Figure 1. Grains of three durum wheat genotypes with YB expression.
Source: Own elaboration.
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is considered crucial to increase both wheat grain yield and protein content. However, 
one of the challenges in wheat production and breeding is to increase grain yield without 
compromising its protein content (Derebe et al., 2022).

Impact of N on yellow berry expression and protein content in wheat grain
	 The photosynthetic capacity of plants is essential during the growth of crops. 
Concerning N fertilizers, they are a key factor, since N is a critical component of plant 
amino acids, proteins, and chlorophyll in the photosynthesis process (Xiao et al., 2023). 
N yield comes from two sources: N is stored in the vegetative parts before f lowering 
and N is absorbed during the grain filling period (X. Zheng et al., 2020). Grain N is 
produced through two pathways: N remobilized from the canopy (leaves and stems) and 
up to 50% from the soil after anthesis (Zörb et al., 2018). Applying N during reproductive 
development increases protein synthesis and storage in the grain, while excessive delay in 
fertilization can limit the amount of N that is converted into quality protein (Blandino et 
al., 2015). 
	 Generally, durum wheat is more sensitive to N availability; its protein accumulation 
exhibits a stronger physiological response to N supply compared with bread wheat (Giunta 
et al., 2019). On the other hand, there is a negative correlation between grain protein 
content and grain yield because high transpiration limits the rate of N mineralization 
(Govta et al., 2022), since a high number of grains contributes to high performance and can 
establish an imbalance between the N source represented by the amount of N absorbed 
during anthesis and the N sink represented by the number of fixed grains (Giunta et al., 
2019). Additionally, a high yield reflects the starch content and, in the case of wheat, the 
gluten protein content. In this regard, starch represents approximately 80% of the grain, so 
protein content is expected to decrease with increasing yield, which is often attributed to 
yield dilution. Furthermore, mineral micronutrients, such as iron and zinc, may decrease 
because of yield dilution (Lovegrove et al., 2020). Therefore, as yield increases, there is a 
higher concentration of starch, consequently, it is possible to consider that YB does not 
affect crop yield (Ibarra et al., 2023).
	 The limited availability of N is the main cause that affects the prevalence of grains with 
YB (Akman, 2013; Sissons et al., 2012); so, by appropriately increasing the N fertilization 
rate, it can increase wheat production (Ma et al., 2015), improve grain protein content 
and alter wheat protein composition (Trevisan et al., 2022). Nevertheless, after applying 
increasing amounts of N fertilizer, the protein content in the grain reaches a maximum 
peak and then stabilizes, without the crop increasing the absorption or redistribution of 
N, which reduces the efficiency of fertilizer use (Barneix, 2007), in addition to increasing 
production costs and causing contamination of groundwater as N leaches into the soil 
(Ramírez-Wong et al., 2014).
	 Some studies have proved the effect of N on the expression of YB. Rodríguez et al. 
(2014) investigated three wheat genotypes and found that one of them presented a higher 
percentage of YB (2.31%); this phenomenon was attributed to the fact that said genotype 
also showed a higher grain yield compared to the other two; becoming to its tall habit, 
this genotype had higher N uptake demands, that resulted in a higher YB content and a 
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lower protein content compared to the other genotypes. Ibarra et al. (2023) reported that 
the presence of YB grains in durum wheat was only affected by fertilization doses, with the 
highest percentage (31%) observed in the lowest N doses of 0 kg N ha1, while at a high 
dose of 250 kg N ha1 obtained results of 0%. Mon et al. (2016) performed two years of 
experiments to evaluate the effects of N fertilizers on certain parameters in durum wheat, 
including YB. The results revealed that, in 2013, YB was expressed in 54 and 7% with N 
doses of 84 and 168 kg N ha1, respectively; in 2014, YB occurred in 71 and 37% with N 
doses of 84 and 168 kg N ha1, respectively; while at N doses of 252 kg N ha1 or more 
the YB content was insignificant. Furthermore, it has been shown that applying N at 150 
kg N ha1 has reduced the YB content in wheat grain by up to 1% (Ramírez-Wong et al., 
2014; Rodríguez-Félix et al., 2014).
	 Increasing the level of N fertilization from 150 to 200 kg ha1 significantly affects the 
increase in yield and certain grain quality parameters, such as total protein (8.0% increase), 
gluten content (9.9%), Zeleny sedimentation indices (15.9%), grain vitreous (7.3%) and 
falling number by 14.7% (Jańczak-Pieniążek et al., 2020). The Table 2 shows studies in 
various regions of the world that have focused on the application of different doses of N 
fertilization (0, 30, 50, 100-300 kg N ha1), with the aim of increasing the protein content 
in the grain, which have demonstrated a direct relationship: by increasing the doses of 
N, both grain yield and protein concentration increase. Hence, the application of N is 
essential as one of the main management factors that affect wheat production (Zhong 
et al., 2018), in the yield components (Wang et al., 2022), in the protein storage and the 
technological quality of the grain (Blandino et al., 2015).

Table 2. Influence of different N levels on the yield and protein content of wheat grain.

N rates (kg ha1) Grain yield                
(t ha1)  

Grain protein              
(%) Reference

0 - 288 1.69 - 9.08 9.35 - 14.08 (Godfrey et al., 2010)

100 - 10.43
(Chope et al., 2014)

350 - 13.34

0 - 270 0.69 - 3.80 7.50 - 11.50 (Assefa et al., 2023)

30 - 120 3.40 - 4.25 12.40 - 13.09 (Haile et al., 2012)

50 - 150 5.64 11.20 - 14.00 (Rossini et al., 2025)

0 - 270 4.88 - 9.13 9.92 - 15.05 (Meng et al., 2024)

120 (application in 
four split doses) 5.06 14.90 (Muhammad et al., 2018)

130 (application in two 
split doses) 6.10 - 6.20 13.30 - 14.40 (Blandino et al., 2016)

0 - 300 7.73 - 8.65 12.00 - 14.40 (Zheng et al., 2020)

170 7.00 11.50 (Zheng et al., 2021)

0 - 240 - 14.90 - 16.20 (Gerba et al., 2013)

75 - 250 - 14.28 (Rodríguez et al., 2014)

75 - 250 - 12.02 - 15.22 (Ramírez-Wong et al., 2014)

60 - 110 6.42 - 6.90 12.10 - 12.50 (Tsvey et al., 2021)
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Genetics of yellow berry disorder and grain protein content
	 Although several studies have focused on improving grain quality, particularly 
protein content, research aimed at identifying genes associated with the expression of 
the physiological disorder YB remains limited. In this context, Ammiraju et al. (2002) 
reported the association of two microsatellite markers, Xgwm174 and Xgwm190 (located 
on chromosome 5D). They also identified an inter-simple sequence repeat (ISSR) marker, 
UBC842600, and a randomly amplified polymorphic DNA (RAPD) marker, OPR81000, 
on chromosome 6B, all linked to YB tolerance. Prashant et al. (2011) mapped a major 
gene associated with YB tolerance to the short arm of chromosome 5D and also identified 
a minor locus on chromosome 2D that explained 6.9% of the phenotypic variance for 
this trait.
	 More recently, Taranto et al. (2023) evaluated 123 durum wheat samples by genome-
wide association study (GWAS) and revealed 28 reliable quantitative trait nucleotides 
(QTNs) related to plant morphological characteristics and grain-related traits, highlighting 
a strong association of YB on chromosome 6A (Q.Yb-6A), in a region containing the 
NADH-ubiquinone oxidoreductase subunit, a gene involved in starch metabolism.
	 Grain protein content, in particular, is determined by a complex genetic system and is 
strongly influenced by environmental factors and agronomic practices (Govta et al., 2022). 
Accordingly, several studies have focused on identifying molecular markers associated with 
grain quality traits, especially protein content.
	 Krystkowiak et al. (2017) examined the interaction between alleles at the Glu-1 and 
Glu-3 loci, identifying several quantitative trait loci (QTL) associated with key quality 
attributes in bread wheat. Specifically, the Glu-D1 locus was found to inf luence protein 
content, thousand-kernel weight, starch content, wet gluten, the Zeleny sedimentation 
index, the alveograph parameter W, and grain hardness. In contrast, the Glu-B1 locus 
was associated only with protein content, the Zeleny index, and wet gluten content; 
while the most important marker-trait associations were found on chromosomes 1D and 
5D.
	 In addition, seven QTLs influencing protein concentration have been reported on the 
chromosome arms 4BS, 5AL, 6AS (two loci), 6BS, 7AS, and 7BS (Blanco et al., 2002). 
Complementarily, Suprayogi et al. (2009) identified a QTL on chromosome 7A associated 
with increased protein content, while Gonzalez-Hernandez et al. (2004) reported three 
QTL with similar effects, all in durum wheat.
	 In a more recent study, Tian et al. (2025) conducted a GWAS on 341 bread wheat 
accessions, identifying 97 significant and stable single-nucleotide polymorphisms (SNPs) 
distributed across 43 loci associated with protein quality. The most relevant associations 
were found on chromosomes 1A, 1B, and 1D. The Figure 2 illustrates the most relevant 
genomic regions, facilitating an integrated representation that synthesizes the findings of 
some of the cited studies.
	 The identification of loci and molecular markers associated with these traits enables 
a more targeted selection approach aimed not only at increasing protein content but also 
at reducing the incidence of YB, a disorder that adversely affects the industrial quality of 
the grain.
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Impact of wheat quality on the food industry
	 Over time, rapid population growth and progressive decline in arable land have 
contributed to pressure on researchers to increase wheat productivity. High concentrations 
of chemical fertilizer application are generally used to promote wheat yield (Xu et al., 
2018). However, often, increases in wheat production are related to a decrease in grain 
quality (Mariem et al., 2020). 
	 Wheat grain quality, especially protein content and quality for human nutrition, is 
considered a fundamental aspect of food security, it has received limited attention, and it 
is often neglected in the need to improve crop production (Hu et al., 2022). Recently the 
market has paid special attention to the protein content of wheat grain, as farmers receive 
a higher price when the protein level exceeds 13%, equivalent to the 12% protein in ground 
semolina. Low protein content can result in significant economic losses for producers, 
given that protein is a key quality factor in the market (Melash & Ábrahám, 2022). 
	 Wheat quality varies widely due to differences in physiology, growing conditions, crop 
management practices, and grain storage; for this reason, grain quality control is of utmost 
importance throughout the world to guarantee a stable quality of wheat for marketing 
( Jayas et al., 2016), in such a way that it is possible to define it through its physical, chemical 
attributes, and technological. Wheat quality is quite complex, so it can be divided into 
processing quality including milling, flour yield, grain weight, grain hardness, f lour 
whiteness, f lour quality, dough quality, baking quality, baking speed, dough formation 
time, stability time, settling value, softening degree, etc.; edible quality referring to the 
flavor of the products during the baking, cooking and frying processes; nutritional quality 
and phytosanitary quality (Y. Wang et al., 2024).

Influence of yellow berry on grain composition and processing quality of wheat
	 Physical characteristics such as vitreousness, kernel weight, and test weight have 
a significant impact on the rheological properties and processing of wheat; as for the 
chemical characteristics, they include the content of proteins, ash, lipids, and gluten, all 
of which are determinants for the quality of the final product (Manai-Djebali et al., 2021). 
Several factors influence the quality of durum wheat, nonetheless, the three most crucial 
in determining its commercial value are the proportion of hard vitreous grain, protein 

Figure 2. Genomic distribution of QTLs, QTNs, and genes associated with yellow berry and grain protein 
content in wheat. Source: Ammiraju et al., 2002; Taranto et al., 2023; Blanco et al., 2002; Suprayogi et al., 2009; 
Tian et al., 2025.
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content (Xiao Fu et al., 2017), and the concentration of carotenoids, which are responsible 
for the yellowish color of semolina (Giannetti et al., 2023), and characteristics of the final 
product, such as color, aroma, and flavor (Menga et al., 2023), and also contribute to good 
human health on account of its antioxidant properties (Ma et al., 2021; Sai Prasad et al., 
2022). Likewise, in the world market, wheat must meet certain quality indicators, such as 
sedimentation value, percentage of yellow berry (YB), -carotene content, etc. (Ozberk et 
al., 2005).
	 Kernel vitreousness is the primary determinant of milling performance in durum 
wheat because it reflects protein-rich and compact endosperm structure (Wang et al., 
2023). Vitreous kernels generate higher semolina extraction rates and better cooking 
quality (Molfese et al., 2017), whereas non-vitreous (YB) kernels contain air spaces between 
starch granules, resulting in softer texture and lower semolina yield (Venora et al., 2009). 
To ensure adequate protein (12.5%) and acceptable extraction rates, industry standards 
typically limit YB content to less than 15% (Grahmann et al., 2014). Because YB grains 
also contain less protein, their presence reduces dough strength and compromises pasta 
firmness and resistance to breakage (Dexter & D’Egidio, 2012).
	 The content and composition of proteins in the grain not only defines the nutritional 
properties, but also the rheological characteristics (Nuttall et al., 2017) and the technological 
characteristics of the dough, impacting the quality of products such as pasta (De Vita & 
Taranto, 2019) and baking (Geisslitz et al., 2018). So, they can influence the properties 
of wheat flour during kneading (such as the water absorption rate), the formation of the 
gluten network, the characteristics of the dough (hardness, viscosity, elasticity, extensibility, 
plasticity, water retention, among others) and in cooking qualities (Lin et al., 2019). In this 
context, a higher protein content is linked to a higher proportion of gliadins and glutenins 
(Trevisan et al., 2022); when flour is mixed with water, a protein bond is formed because 
of the precipitation of these two proteins; on the one hand, glutenin polymerizes forming 
an elastic union, while gliadin is incorporated into an extensible sticky dough, entering the 
gluten nexus (Varzakas, 2016), so that the properties of these proteins provide viscoelasticity 
and extensibility to the dough. Furthermore, quantity plays a crucial role in determining its 
nutritional quality (Yiğit, 2023), given that high protein content, and consequently gluten, 
are parameters associated with the firmness of the pasta and limited cooking (Menga et 
al., 2023). Consequently, by decreasing the protein content due to the presence of YB, 
the cooking quality is also affected (Samson et al., 2005); because the proteins favor the 
hydration of the semolina particles during the mixing process and provide structure to 
the fresh or dry pasta. Furthermore, the union and resistance of the protein matrix that 
is formed during extrusion is essential to determine the texture properties in the cooked 
pasta, therefore, a high protein content is the essential requirement to obtain a high quality 
of pasta cooking (Fu et al., 2017).

Impact of yellow berry on wheat processing quality
	 Milling forms the initial phase of wheat processing. This process constitutes 
continuous crushing and sieving operations to separate the starchy endosperm from 
the external layers and the germ (Lullien, 2020). The starchy endosperm of the mature 
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wheat grain is made up of three classes of main cells, that include sub-aleurone cells, 
prismatic cells, and central cells, which differ in terms of their concentration of functional 
components: gluten proteins, starch, cell wall polysaccharides, and lipids (Shewry et al., 
2020). Semolina consists of a coarse fraction of the endosperm, which results from the 
first breaking down of the wheat grain before the particle size is reduced to obtain fine 
f lour. It is mainly used for the preparation of various forms of pasta, for which hard 
semolina is preferred, generally obtained from durum wheat rich in proteins (Miskelly 
& Suter, 2017), although it can also be produced from bread wheat (Bustos et al., 2015), 
nevertheless, pasta made from durum wheat exhibits a more intense yellow coloration, 
the texture of the pasta is denser and firmer and shows more elastic properties than 
pasta made from bread wheat (Nilusha et al., 2019). In this regard, durum wheat is 
more resistant to crushing, the endosperm structure is quite compact, the f lour is coarse 
textured with more damaged starchy and with the capacity to absorb more water than 
soft wheat f lour (He et al., 2023). In this sense, during the milling of durum wheat when 
it has YB there is an increase in the starch content (Prashant et al., 2011), disintegrating 
into smaller particles, which are incorporated into the finer f lour fraction of lower 
value (Hare, 2017). On the other hand, it is important to mention that in durum wheat, 
sedimentation values have been positively correlated with the yellow pigment content, 
percentage of YB, thousand-grain weight, glume color, color, and grain yield (Hailu & 
Merker, 2008).

Value-added applications of yellow berry affected wheat grain
	 Given the growing interest in soft wheat in the food industry, a viable alternative 
for the use of YB grains in this sector is their use as raw materials in the production of 
cookies and cakes. Specifically, grains with a low protein and gluten content are valued, 
as these characteristics are essential for obtaining high-quality products, especially in 
cookies production (Yang et al., 2022).  This is because the amount of protein in the grain, 
especially that stored in the seed, significantly influences the quality of the biscuits. Wheat 
with low gluten content and a poorly developed gluten network forms doughs that expand 
more easily, which favors the production of cookies with a wider diameter after baking (Wu 
et al., 2022). 
	 Furthermore, as previously noted, YB grains have a higher starch content, a compound 
that plays a key role in the textural properties of numerous foods. Starch is widely used in 
both the food industry and in industrial applications, where it acts as a thickener, colloidal 
stabilizer, gelling agent, bulking agent, and water retention agent (Lafiandra et al., 2022). 
Starch also has significant promise for the development of films aimed at preserving fresh 
fruits and vegetables. As a biodegradable, non-toxic, and edible material, it represents 
a sustainable alternative to conventional plastics, reducing both environmental impact 
and health risks associated with traditional packaging (Karnwal et al., 2025). In addition, 
starch presents considerable potential in the pharmaceutical industry for the production 
of nanofibers through the electrospinning process. Starch nanofibers obtained using this 
technique find applications in areas such as drug delivery, tissue engineering, and the 
development of wound dressings (Huang et al., 2021).
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	 High protein content is advantageous for farmers and bakers but problematic for the 
brewery industry, as it causes long filtration periods, fermentation issues, and reduced 
flavor stability (Faltermaier et al., 2014). The protein content is essential in cereal malting 
(Padilla et al., 2022); however, durum wheat contains more protein than barley (9.5-10.5% 
in barley vs. 11-13% in durum wheat), which may hinder fermentation and generate 
undesirable flavors (García et al., 2023). Thus, low protein levels are preferred for malting. 
The presence of YB in wheat decreases the protein content and increases starch; for this 
reason, YB grains could have the potential to produce brewing malts (Padilla-Torres et al., 
2022).  
	 On the other hand, ethanol production is influenced by the supply of starch-rich crops, 
among which wheat is one of the main contributors, on account of its price, availability, 
and conflicts in the use of crops as food or fuel. In the case of wheat, it has a starch content 
of 62-75% and is mainly used for food, while for the production of ethanol, is produced 
especially in the United States, China, and Canada (Li et al., 2022). In this sense, it is 
possible to consider starch-rich YB wheat as raw material to produce ethanol, nonetheless, 
further studies are still needed in this regard.

CONCLUSION
	 Nitrogen nutrition plays a central role in wheat quality, as deficiencies promote 
YB expression by reducing protein and vitreosity while increasing starch, negatively 
affecting both the nutritional properties and the rheological and technological 
characteristics of wheat f lour. This highlights the need for genetic improvement 
strategies aimed at enhancing tolerance to YB and stabilizing quality under variable 
N conditions.  At the same time, efficient N management remains essential to balance 
yield, grain quality, and environmental sustainability. YB-affected grains, with their 
elevated starch content, offer emerging industrial opportunities in brewing, biofilm, 
pharmaceuticals, and biofuel production. Future research should prioritize genetic 
mapping and agronomic optimization to transform YB-affected wheat into a value-
added bioresource.

ACKNOWLEDGEMENT
	 The author Pilar Espitia thanks SECIHTI (Secretaría de Ciencia, Humanidades, Tecnología e Innovación) 

Mexico and the national postdoctoral stay program for the financial support, with CVU number 815622. The 

authors thank the Department of Plant Breeding and the Department of Food Science and Technology of the 

Autonomous Agrarian University Antonio Narro.

DATA AVAILABILITY STATEMENT
	 The data collected in this research are available from the corresponding author upon request.

AUTHOR CONTRIBUTIONS
	 Espitia-Hernández: Writing – original draft, writing – review & editing manuscript, investigation, 

conceptualization. Velasco-López: Writing – review & editing manuscript, validation, conceptualization. 

Ruiz-Torres: Writing – review & editing, validation, conceptualization. Ruelas-Chacón: Writing – review, 



223 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

and editing manuscript, conceptualization. Lozano-del Río: Writing – review & editing, conceptualization. All 

authors read and approved the final manuscript.

REFERENCES
Akman, H. (2013). Effects on yield, yellow berry and black point disease of fertilization applications in 

hungarian vetch and durum wheat intercropping system. Journal of Selcuk University Natural and Applied 
Science, 839-847. https://www.researchgate.net/publication/321443144

Ammiraju, J. S. S., Dholakia, B. B., Jawdekar, G., Santra, D. K., Gupta, V. S., Roder, M. S., Singh, H., Lagu, 
M. D., Dhaliwal, H. S., Rao, V. S., & Ranjekar, P. K. (2002). Inheritance and identification of DNA 
markers associated with yellow berry tolerance in wheat (Triticum aestivum L.). Euphytica, 123(2), 229-
233. https://doi.org/10.1023/A:1014914101037

Assefa, A., Derebe, B., Gebrie, N., Shibabaw, A., Getahun, W., Beshir, O., & Worku, A. (2023). Grain yield 
and quality responses of durum wheat (Triticum turgium L. var. durum) to nitrogen and phosphorus rate 
in Yilmana Densa, Northwestern Ethiopia. Heliyon, 9(7). https://doi.org/10.1016/j.heliyon.2023.e17262

Barneix, A. J. (2007). Physiology and biochemistry of source-regulated protein accumulation in the wheat 
grain. Journal of Plant Physiology, 164(5), 581-590. https://doi.org/10.1016/j.jplph.2006.03.009

Beres, B. L., Rahmani, E., Clarke, J. M., Grassini, P., Pozniak, C. J., Geddes, C. M., Porker, K. D., May, W. 
E., & Ransom, J. K. (2020). A systematic review of durum wheat: Enhancing production systems by 
exploring genotype, environment, and management (GEM) synergies. Frontiers in Plant Science 11. 
https://doi.org/10.3389/fpls.2020.568657

Biel, W., Jaroszewska, A., Stankowski, S., Sobolewska, M., & Kępińska-Pacelik, J. (2021). Comparison of yield, 
chemical composition and farinograph properties of common and ancient wheat grains. European Food 
Research and Technology, 247(6), 1525-1538. https://doi.org/10.1007/s00217-021-03729-7

Blanco, A., Pasqualone, A., Troccoli, A., Fonzo, N. Di, & Simeone, R. (2002). Detection of grain protein 
content QTLs across environments in tetraploid wheats. Plant Molecular Biology, 48.

Blandino, M., Marinaccio, F., & Reyneri, A. (2016). Effect of late-season nitrogen fertilization on grain yield 
and on flour rheological quality and stability in common wheat, under different production situations. 
Italian Journal of Agronomy, 11(2), 107-113. https://doi.org/10.4081/ija.2016.745

Blandino, M., Vaccino, P., & Reyneri, A. (2015). Late-season nitrogen increases improver common and durum 
wheat quality. Agronomy Journal, 107(2), 680-690. https://doi.org/10.2134/agronj14.0405

Bnejdi, F., & El Gazzah, M. (2008). Inheritance of resistance to yellowberry in durum wheat. Euphytica, 163(2), 
225-230. https://doi.org/10.1007/s10681-007-9632-y

Bustos, M. C., Perez, G. T., & Leon, A. E. (2015). Structure and quality of pasta enriched with functional 
ingredients. RSC Advances, 5( 39), 30780-30792. Royal Society of Chemistry. https://doi.org/10.1039/
c4ra11857j

Castro, A. C. (2022). Trigo fideo. In M. R. Simón & S. I. Golik (Eds.), Cereales de invierno (1a., pp. 299-
317). Editorial de la Universidad Nacional de La Plata. https://sedici.unlp.edu.ar/bitstream/
handle/10915/154685/Documento_completo.pdf-PDFA.pdf?sequence=1&isAllowed=y

Chope, G. A., Wan, Y., Penson, S. P., Bhandari, D. G., Powers, S. J., Shewry, P. R., & Hawkesford, M. J. (2014). 
Effects of genotype, season, and nitrogen nutrition on gene expression and protein accumulation in 
wheat grain. Journal of Agricultural and Food Chemistry, 62(19), 4399-4407. https://doi.org/10.1021/
jf500625c

De Santis, M. A., Kosik, O., Passmore, D., Flagella, Z., Shewry, P. R., & Lovegrove, A. (2018). Comparison of 
the dietary fibre composition of old and modern durum wheat (Triticum turgidum spp. durum) genotypes. 
Food Chemistry, 244, 304-310. https://doi.org/10.1016/j.foodchem.2017.09.143

De Vita, P., & Taranto, F. (2019). Durum wheat (Triticum turgidum ssp. durum) breeding to meet the challenge 
of climate change. In J. M. Al-Khayri, S. M. Jain, & D. V. Johnson (Eds.), Advances in Plant Breeding 
Strategies: Cereals, 5, 471–524. Springer International Publishing. https://doi.org/10.1007/978-3-030-
23108-8_13

Derebe, B., Bitew, Y., Asargew, F., & Chakelie, G. (2022). Optimizing time and split application of nitrogen 
fertilizer to harness grain yield and quality of bread wheat (Triticum aestivum L.) in northwestern 
Ethiopia. PLoS ONE, 17. https://doi.org/10.1371/journal.pone.0279193

Dexter, J. E., & D’Egidio, M. G. (2012). Grading factors impacting durum wheat processing quality. Durum 
Wheat Chemistry and Techology Second Edition (pp. 235–250). https://doi.org/10.1016/B978-1-
891127-65-6.50018-0

DOF. (1984). Norma Oficial Mexicana NOM-FF-36-1984 Productos alimenticios no industrializados para uso 
humano cereales- trigo. (Triticum aestivum y T. durum). Especificaciones (Esta norma cancela la NOM-

https://doi.org/10.1039/c4ra11857
https://doi.org/10.1039/c4ra11857


224 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

FF-36-1982). Diario Oficial de La Federación. https://dof.gob.mx/nota_detalle.php?codigo=4660099
&fecha=23/03/1984&print=true

El Houssni, I., Zahidi, A., Khedid, K., & Hassikou, R. (2024). Nutrient and anti-nutrient composition of 
durum, soft and red wheat landraces: Implications for nutrition and mineral bioavailability. Journal of 
Agriculture and Food Research, 15. https://doi.org/10.1016/j.jafr.2024.101078

Faltermaier, A., Waters, D., Becker, T., Arendt, E., & Gastl, M. (2014). Common wheat (Triticum aestivum L.) 
and its use as a brewing cereal - a review. Journal of the Institute of Brewing, 120(1), 1-15. https://doi.
org/10.1002/jib.107

FAO, & WHO. (2011). Guidelines on nutrition labeling CAC/GL 2- 1985. Codex Alimentarius. https://www.
fao.org/ag/humannutrition/33309-01d4d1dd1abc825f0582d9e5a2eda4a74.pdf

Fu, B. X., Wang, K., Dupuis, B., Taylor, D., & Nam, S. (2017). Kernel vitreousness and protein content: 
Relationship, interaction and synergistic effects on durum wheat quality. Journal of Cereal Science, 78, 
2-9. https://doi.org/https://doi.org/10.1016/j.jcs.2017.07.005

García, C. A., Heredia, E., López, J. P., Dórame, R. F., Padilla, C. V., Rodríguez, F., & López, G. A. (2023). 
Use of durum wheat (Triticum durum L.) with “yellow berry” as an alternative to malts in the production 
of ale-type beer: Physicochemical, quality of malts, and sensorial análisis. Journal of Cereal Science, 
109(103613). https://doi.org/https://doi.org/10.1016/j.jcs.2022.103613

Geisslitz, S., Wieser, H., Scherf, K. A., & Koehler, P. (2018). Gluten protein composition and aggregation 
properties as predictors for bread volume of common wheat, spelt, durum wheat, emmer and einkorn. 
Journal of Cereal Science, 83, 204-212. https://doi.org/10.1016/j.jcs.2018.08.012

Gerba, L., Getachew, B., & Walelign, W. (2013). Nitrogen fertilization effects on grain quality of durum wheat 
(Triticum turgidum L. var. durum) varieties in central Ethiopia. Agricultural Sciences, 04(03), 123-130. 
https://doi.org/10.4236/as.2013.43019

Giannetti, V., Marini, F., Boccacci, M., & Livi, G. (2023). Accelerated solvent extraction for liquid 
chromatographic determination of carotenoids in durum wheat pasta: A chemometric approach using 
statistical experimental design. Microchemical Journal, 190. https://doi.org/https://doi.org/10.1016/j.
microc.2023.108650

Giraldo, P., Benavente, E., Manzano-Agugliaro, F., & Gimenez, E. (2019). Worldwide research trends on wheat 
and barley: A bibliometric comparative analysis. Agronomy, 09(7). MDPI AG. https://doi.org/10.3390/
agronomy9070352

Giunta, F., Pruneddu, G., Zuddas, M., & Motzo, R. (2019). Bread and durum wheat: Intra- and inter-specific 
variation in grain yield and protein concentration of modern Italian cultivars. European Journal of 
Agronomy, 105, 119-128. https://doi.org/10.1016/j.eja.2019.02.011

Godfrey, D., Hawkesford, M. J., Powers, S. J., Millar, S., & Shewry, P. R. (2010). Effects of crop nutrition on 
wheat grain composition and end use quality. Journal of Agricultural and Food Chemistry, 58(5), 3012-
3021. https://doi.org/10.1021/jf9040645

Gonzalez-Hernandez, J. L., Elias, E. M., & Kianian, S. F. (2004). Mapping genes for grain protein concentration 
and grain yield on chromosome 5B of Triticum turgidum (L.) var. dicoccoides. Euphytica, 139. Kluwer 
Academic Publishers.

Govta, N., Polda, I., Sela, H., Cohen, Y., Beckles, D. M., Korol, A. B., Fahima, T., Saranga, Y., & Krugman, 
T. (2022). Genome-Wide Association study in bread wheat identifies genomic regions associated with 
grain yield and quality under contrasting water availability. International Journal of Molecular Sciences, 
23(18). https://doi.org/10.3390/ijms231810575

Grahmann, K., Verhulst, N., Peña, R. J., Buerkert, A., Vargas-Rojas, L., & Govaerts, B. (2014). Durum 
wheat (Triticum durum L.) quality and yield as affected by tillage-straw management and nitrogen 
fertilization practice under furrow-irrigated conditions. Field Crops Research, 164(1), 166-177. https://
doi.org/10.1016/j.fcr.2014.05.002

Graziano, S., Marando, S., Prandi, B., Boukid, F., Marmiroli, N., Francia, E., Pecchioni, N., Sforza, S., Visioli, 
G., & Gullì, M. (2019). Technological quality and nutritional value of two durum wheat varieties 
depend on both genetic and environmental factors. Journal of Agricultural and Food Chemistry, 67(8), 
2384-2395. https://doi.org/10.1021/acs.jafc.8b06621

Haile, D., Nigussie, D., & Ayana, A. (2012). Nitrogen use efficiency of bread wheat: Effects of nitrogen rate 
and time of application. Journal of Soil Science and Plant Nutrition 12(3). https://doi.org/http://dx.doi.
org/10.4067/S0718-95162012005000002

Hailu, F., & Merker, A. (2008). Variation in gluten strength and yellow pigment in Ethiopian tetraploid wheat 
germplasm. Genetic Resources and Crop Evolution, 55(2), 277-285. https://doi.org/10.1007/s10722-007-
9233-6



225 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

Hare, R. (2017). Durum wheat: Grain-quality characteristics and management of quality requirements. Cereal 
Grains: Assessing and Managing Quality: Second Edition (pp. 135–151). Elsevier Inc. https://doi.
org/10.1016/B978-0-08-100719-8.00006-1

Harrabi, S., Ferchichi, A., Fellah, H., Feki, M., & Hosseinian, F. (2021). Chemical composition and in vitro anti-
inflammatory activity of wheat germ oil depending on the extraction procedure. Journal of Oleo Science, 
70(8), 1051-1058. https://doi.org/10.5650/jos.ess20317

He, X., Lu, M., Cao, J., Pan, X., Lu, J., Zhao, L., Zhang, H., Chang, C., Wang, J., & Ma, C. (2023). Genome-
Wide Association Analysis of grain hardness in common wheat. Genes, 14(3). https://doi.org/10.3390/
genes14030672

Hidalgo, A., Scuppa, S., & Brandolini, A. (2016). Technological quality and chemical composition of puffed 
grains from einkorn (Triticum monococcum L. subsp. monococcum) and bread wheat (Triticum aestivum L. 
subsp. aestivum). LWT, 68, 541-548. https://doi.org/10.1016/j.lwt.2015.12.068

Hu, N., Du, C., Zhang, W., Liu, Y., Zhang, Y., Zhao, Z., & Wang, Z. (2022). Did wheat breeding simultaneously 
improve grain yield and quality of wheat cultivars releasing over the past 20 years in China?. Agronomy, 
12(9). https://doi.org/10.3390/agronomy12092109

Huang, L., Tan, H., Zhang, C., Li, Q., & Liu, Q. (2021). Starch biosynthesis in cereal endosperms: An 
updated review over the last decade. Plant Communications, 2(5). Cell Press. https://doi.org/10.1016/j.
xplc.2021.100237

Ibarra-Villarreal, A. L., Villarreal-Delgado, M. F., Parra-Cota, F. I., Yepez, E. A., Guzmán, C., Gutierrez-
Coronado, M. A., Valdez, L. C., Saint-Pierre, C., & Santos-Villalobos, S. de L. (2023). Effect of a native 
bacterial consortium on growth, yield, and grain quality of durum wheat (Triticum turgidum L. subsp. 
durum) under different nitrogen rates in the Yaqui Valley, Mexico. Plant Signaling and Behavior, 18(1). 
https://doi.org/10.1080/15592324.2023.2219837

Jańczak-Pieniążek, M., Buczek, J., Jarecki, W., & Bobrecka-Jamro, D. (2020). Effect of high nitrogen doses on 
yield, quality and chemical composition grain of winter wheat cultivars. Journal of Elementology, 25(3), 
1005-1017. https://doi.org/10.5601/jelem.2020.25.1.1994

Jayas, D. S., Paliwal, J., Erkinbaev, C., Ghosh, P. K., & Karunakaran, C. (2016). Wheat quality evaluation. 
Computer Vision Technology for Food Quality Evaluation: Second Edition (pp. 385-412). Elsevier Inc. 
https://doi.org/10.1016/B978-0-12-802232-0.00016-5

Karnwal, A., Rauf, A., Jassim, A. Y., Selvaraj, M., Al-Tawaha, A. R. M. S., Kashyap, P., Kumar, D., & Malik, 
T. (2025). Advanced starch-based films for food packaging: Innovations in sustainability and functional 
properties. Food Chemistry, 29, 1-21. https://doi.org/10.1016/j.fochx.2025.102662

Kaushik, M., Mulani, E., Kumar, A., Chauhan, H., Ranjan S., M., Bharati, A., Yuvaraj I., G., Madhavan, 
J., Mithra S., A., & Kumar M., P. (2024). Starch and storage protein dynamics in the developing 
and matured grains of durum wheat and diploid progenitor species. International Journal of Biological 
Macromolecules, 267. https://doi.org/https://doi.org/10.1016/j.ijbiomac.2024.131177

Khalid, A., Hameed, A., & Tahir, M. F. (2023). Wheat quality: A review on chemical composition, nutritional 
attributes, grain anatomy, types, classification, and function of seed storage proteins in bread making 
quality. Frontiers in Nutrition, 10. https://doi.org/10.3389/fnut.2023.1053196

Krystkowiak, K., Langner, M., Adamski, T., Salmanowicz, B. P., Kaczmarek, Z., Krajewski, P., & Surma, M. 
(2017). Interactions between Glu-1 and Glu-3 loci and associations of selected molecular markers with 
quality traits in winter wheat (Triticum aestivum L.) DH lines. Journal of Applied Genetics, 58(1), 37-48.
https://doi.org/10.1007/s13353-016-0362-5

Laddomada, B., Blanco, A., Mita, G., D’amico, L., Singh, R. P., Ammar, K., Crossa, J., & Guzmán, C. (2021). 
Drought and heat stress impacts on phenolic acids accumulation in durum wheat cultivars. Foods, 10(9).
https://doi.org/10.3390/foods10092142

Lafiandra, D., Sestili, F., Sissons, M., Kiszonas, A., & Morris, C. F. (2022). Increasing the Versatility of Durum 
Wheat through Modifications of Protein and Starch Composition and Grain Hardness. Foods, 11(11). 
MDPI. https://doi.org/10.3390/foods11111532

Li, J., Zhao, R., Xu, Y., Wu, X., Bean, S. R., & Wang, D. (2022). Fuel ethanol production from starchy 
grain and other crops: An overview on feedstocks, affecting factors, and technical advances. Renewable 
Energy, 188. https://doi.org/10.1016/j.renene.2022.02.038

Lin, J., Gu, Y., & Bian, K. (2019). Bulk and surface chemical composition of wheat flour particles of different 
sizes. Journal of Chemistry, 2019. https://doi.org/10.1155/2019/5101684

Longmire, A., Poblete, T., Hornero, A., Chen, D., & Zarco-Tejada, P. J. (2023). Estimation of grain protein 
content in commercial bread and durum wheat fields via traits inverted by radiative transfer modelling 
from Sentinel-2 timeseries. ISPRS Journal of Photogrammetry and Remote Sensing, 206, 49-62. https://doi.
org/10.1016/j.isprsjprs.2023.10.018



226 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

López-Ahumada, G. A., Ramírez-Wong, B., Torres-Chávez, P. I., Bello-Pérez, L. A., De Dios Figueroa-
Cárdenas, J., Garzón-Tiznado, J. A., & Gomez-Aldapa, C. A. (2010). Physicochemical characteristics 
of starch from bread wheat (Triticum aestivum) with ‘yellow berry’. Starch/Staerke, 62(10), 517-523. 
https://doi.org/10.1002/star.200900245

Lovegrove, A., Pellny, T. K., Hassall, K. L., Plummer, A., Wood, A., Bellisai, A., Przewieslik-Allen, A., Burridge, 
A. J., Ward, J. L., & Shewry, P. R. (2020). Historical changes in the contents and compositions of fibre 
components and polar metabolites in white wheat flour. Scientific Reports, 10(1). https://doi.org/10.1038/
s41598-020-62777-3

Lullien-Pellerin, V. (2020). Both genetic and environmental conditions affect wheat grain texture: Consequences 
for grain fractionation and flour properties. Journal of Cereal Science, 92. https://doi.org/10.1016/j.
jcs.2020.102917

Ma, D., Sun, D., Li, Y., Wang, C., Xie, Y., & Guo, T. (2015). Effect of nitrogen fertilisation and irrigation on 
phenolic content, phenolic acid composition, and antioxidant activity of winter wheat grain. Journal of 
the Science of Food and Agriculture, 95(5), 1039-1046. https://doi.org/10.1002/jsfa.6790

Ma, D., Wang, C., Feng, J., & Xu, B. (2021). Wheat grain phenolics: a review on composition, bioactivity, and 
influencing factors. Journal of the Science of Food and Agriculture, 101(15), pp. 6167-6185. John Wiley and 
Sons Ltd. https://doi.org/10.1002/jsfa.11428

Manai–Djebali, H., Oueslati, I., Nouairi, I., Taamalli, A., Nait-Mohamed, S., Mliki, A., & Ghorbel, A. (2021). 
Chemical composition of durum wheat kernels: impact of the growing location. Euro-Mediterranean 
Journal for Environmental Integration, 6(1). https://doi.org/10.1007/s41207-020-00239-y

Marcotuli, I., Colasuonno, P., Hsieh, Y. S. Y., Fincher, G. B., & Gadaleta, A. (2020). Non-starch polysaccharides 
in durum wheat: A review. International Journal of Molecular Sciences, 21(8). MDPI AG. https://doi.
org/10.3390/ijms21082933

Mariem, S. Ben, González-Torralba, J., Collar, C., Aranjuelo, I., & Morales, F. (2020). Durum wheat grain 
yield and quality under low and high nitrogen conditions: Insights into natural variation in low-and 
high-yielding genotypes. Plants, 9(12), 1-19. https://doi.org/10.3390/plants9121636

Mastrangelo, A. M., & Cattivelli, L. (2021). What makes bread and durum wheat different?. Trends in Plant 
Science, 26(7), 677-684. Elsevier Ltd. https://doi.org/10.1016/j.tplants.2021.01.004

Melash, A. A., & Ábrahám, É. B. (2022). Barriers and levers to enhance end-use functional properties of 
durum wheat (Triticum turgidum L.) grain: An agronomic implication. Heliyon, 8(5). Elsevier Ltd. https://
doi.org/10.1016/j.heliyon.2022.e09542

Meng, F., Zhao, L., Li, W., & Zhao, C. (2024). Optimizing nitrogen application for enhanced yield and quality 
of strong-gluten wheat: A case study of Zhongmai 578 in the North China Plain. Agronomy, 14(6). 
https://doi.org/10.3390/agronomy14061301

Menga, V., Giovanniello, V., Savino, M., Gallo, A., Colecchia, S. A., De Simone, V., Zingale, S., & Ficco, 
D. B. M. (2023). Comparative analysis of qualitative and bioactive compounds of whole and refined 
flours in durum wheat grains with different year of release and yield potential. Plants, 12(6). https://doi.
org/10.3390/plants12061350

Miskelly, D., & Suter, D. (2017). Assessing and managing wheat-flour quality before, during and after milling. 
Cereal Grains: Assessing and Managing Quality Second Edition (pp. 607-634). Elsevier Inc. https://
doi.org/10.1016/B978-0-08-100719-8.00022-X

Molfese, E. R., Astiz, V., & Seghezzo, M. L. (2017). Evaluación de la calidad del trigo candeal (Triticum 
turgidum L. subsp. durum) en los programas de mejoramiento de Argentina. RIA Revista de Investigaciones 
Agropecuarias, 43(3), 303-311. http://www.redalyc.org/articulo.oa?id=86454121018

Mon, J., Bronson, K. F., Hunsaker, D. J., Thorp, K. R., White, J. W., & French, A. N. (2016). Interactive effects 
of nitrogen fertilization and irrigation on grain yield, canopy temperature, and nitrogen use efficiency 
in overhead sprinkler-irrigated durum wheat. Field Crops Research, 191, 54-65. https://doi.org/10.1016/j.
fcr.2016.02.011

Nardino, M., Perin, E. C., Aranha, B. C., Carpes, S. T., Fontoura, B. H., de Sousa, D. J. P., & de Freitas, D. 
S. (2022). Understanding drought response mechanisms in wheat and multi-trait selection. PLoS ONE, 
17(4), 1-22. https://doi.org/10.1371/journal.pone.0266368

Nilusha, R. A. T., Jayasinghe, J. M. J. K., Perera, O. D. A. N., & Perera, P. I. P. (2019). Development of 
pasta products with nonconventional ingredients and their effect on selected quality characteristics: 
A brief overview. International Journal of Food Science, 1-10. Hindawi Limited. https://doi.
org/10.1155/2019/6750726

Nuttall, J. G., O’Leary, G. J., Panozzo, J. F., Walker, C. K., Barlow, K. M., & Fitzgerald, G. J. (2017). Models 
of grain quality in wheat—A review. Field Crops Research, 202, 136-145. https://doi.org/10.1016/j.
fcr.2015.12.011



227 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

Ozberk, I., Atli, A., Pfeiffer, W., Ozberk, F., & Coskun, Y. (2005). The effect of sunn pest (Eurigaster integriceps) 
damage on durum wheat: Impact in the marketplace. Crop Protection, 24(3), 267-274. https://doi.
org/10.1016/j.cropro.2004.07.013

Padilla-Torres, C. V., Heredia-Olea, E., Serna-Saldívar, S. O., & López-Ahumada, G. A. (2022). Potential of 
bread wheat (Triticum aestivum) affected by the yellow-berry physiological disorder for the production of 
brewing malts. Journal of Cereal Science, 107. https://doi.org/10.1016/j.jcs.2022.103499

Prashant, R., Kulkarni, K., Kadoo, N., Kulkarni, K. P., Dholakia, B. B., Lagu, M. D., Kadoo, N. Y., Singh 
Dhaliwal, H., & Gupta, V. S. (2011). Molecular marker analysis reveals yellow berry tolerance loci on 
chromosomes 2D and 5D in bread wheat (Triticum aestivum L.). Journal of Wheat Research, 3(1), 33-36.
https://www.researchgate.net/publication/265104388_Molecular_marker_analysis_reveals_Yellow_
berry_tolerance_loci_on_chromosomes_2D_and_5D_in_bread_wheat_Triticum_aestivum_L

Ramírez-Wong, B., Rodríguez-Félix, F., Torres-Chávez, P. I., Medina-Rodríguez, C. L., Matus-Barba, E. A., 
& Ledesma-Osuna, A. I. (2014). Effects of nitrogen and irrigation on gluten protein composition and 
their relationship to ‘yellow berry’ disorder in wheat (Triticum aestivum). Pak. J. Bot, 46(5). https://www.
researchgate.net/publication/267028751_Effects_of_nitrogen_and_irrigation_on_gluten_protein_
composition_and_their_relationship_to_yellow_berry_disorder_in_wheat_Triticum_aestivum

Rodríguez, R. E., Ponce, J. F., Rueda, E. O., Avendaño, L., Paz, J. J., Santillano, J., & Cruz, M. (2011). 
Genotype-environment interaction to the yield stability in wheat in Mexicali, B.C. México Region. 
Tropical and Subtropical Agroecosystems, 14, 543-558. https://www.scielo.org.mx/pdf/tsa/v14n2/v14n2a15.
pdf

Rodríguez-Félix, F., Ramirez-Wong, B., Torres-Chávez, P. I., Álvarez-Avilés, A., Moreno-Salazar, S., Renteria-
Martínez, M. E., & Bello-Pérez, L. A. (2014). Yellow berry, protein and agronomic characteristics in 
bread wheat under different conditions of nitrogen and irrigation in northwest Mexico. Pakistan Journal 
of Botany, 46, 221-226. https://www.researchgate.net/publication/260908449

Rodríguez-González, R. E., Paz Hernández, J. J., Iñiguez Monroy, C. G., Rueda Puente, E. O., Avendaño-
Reyes, L., Cruz-Villegas, M., Ail-Catzim, C. E., Stoycheva, M., Koytchev Zlatev, R., Renganathan, 
P., & García López, A. M. (2014). Yield stability of wheat in the Mexicali Valley, México. Phyton-
International Journal of Experimental Botany, 83, 65-70. https://doi.org/10.32604/phyton.2014.83.065

Rossi, S., Gottardi, D., Siroli, L., Giordani, B., Vitali, B., Vannini, L., Patrignani, F., & Lanciotti, R. (2024). 
Functional and biochemical characterization of pre-fermented ingredients obtained by the fermentation 
of durum wheat by-products. Journal of Functional Foods, 116. https://doi.org/10.1016/j.jff.2024.106136

Rossini, A., Ruggeri, R., & Rossini, F. (2025). Combining nitrogen fertilization and biostimulant application in 
durum wheat: Effects on morphophysiological traits, grain production, and quality. Italian Journal of 
Agronomy, 20(1). https://doi.org/10.1016/j.ijagro.2025.100027

Sai Prasad, S. V., Singh, J. B., Ambati, D., Phuke, R. M., & Prakasha, T. L. (2022). Uniqueness of Sharbati 
and Indian durum wheat: Prospects for International Trade. New Horizons in Wheat and Barley 
Research: Global Trends, Breeding and Quality Enhancement (pp. 833-842). Springer Nature. https://
doi.org/10.1007/978-981-16-4449-8_32

Sallam, A., Alqudah, A. M., Dawood, M. F. A., Baenziger, P. S., & Börner, A. (2019). Drought stress tolerance 
in wheat and barley: Advances in physiology, breeding and genetics research. International Journal of 
Molecular Sciences, 20(13). MDPI AG. https://doi.org/10.3390/ijms20133137

Samson, M. F., Morel, M. H., Mabille, F., & Abécassis, J. (2005). Rheological behaviour, structural and 
physicochemical characteristics of vitreous and piebald durum wheat endosperm. Using Cereal Science 
and Technology for the Benefit of Consumers, 230-235. https://doi.org/10.1533/9781845690632.6.230  

Serranti, S., Cesare, D., & Bonifazi, G. (2013). The development of a hyperspectral imaging method for the 
detection of Fusarium-damaged, yellow berry and vitreous Italian durum wheat kernels. Biosystems 
Engineering, 115(1), 20-30. https://doi.org/10.1016/j.biosystemseng.2013.01.011

Shewry, P. R., Hawkesford, M. J., Piironen, V., Lampi, A. M., Gebruers, K., Boros, D., Andersson, A. A. 
M., Åman, P., Rakszegi, M., Bedo, Z., & Ward, J. L. (2013). Natural variation in grain composition 
of wheat and related cereals. Journal of Agricultural and Food Chemistry, 61(35), 8295-8303. https://doi.
org/10.1021/jf3054092

Shewry, P. R., Wan, Y., Hawkesford, M. J., & Tosi, P. (2020). Spatial distribution of functional components 
in the starchy endosperm of wheat grains. Journal of Cereal Science, 91. Academic Press. https://doi.
org/10.1016/j.jcs.2019.102869

Simón, M. R. (2022). Trigo: crecimiento y desarrollo etapa reproductiva y llenado del grano. In M. R. Simón 
& S. I. Golik (Eds.), Cereales de invierno (1a., pp. 34-59). Editorial de la Universidad Nacional de La 
Plata. https://sedici.unlp.edu.ar/handle/10915/154685



228 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

Sissons, M., Marchylo, B., Abecassis, J., & Cubadda, R. (2012). Methods used to assess and predict quality 
of durum wheat, semolina, and pasta. In M. Sissons, B. Marchylo, J. Abecassis, & M. Carceca (Eds.), 
Durum Wheat Chemistry and Technology (Second Edition, pp. 213-234). https://doi.org/https://doi.
org/10.1016/B978-1-891127-65-6.50017-9

Sohail, M., Hussain, I., Khan, S., Haider, S., Qamar, M., Shahzad, M., & Waqar, S. (2018). Effect of nitrogen 
fertilizer application methods on wheat yield and quality. Science, Technology and Development, 37(2), 89-
92. DOI: 10.3923/std.2018.89.92

Solís, E., Espinosa, E., Ramírez, A., Ríos, S. A., & Grageda, O. A. (2009). El carácter panza blanca del grano 
en trigo cristalino Factores que influyen en su control. INIFAP, 1-27. https://www.researchgate.net/
publication/319019357

Solís Moya, E., & Díaz De León Tobías, J. G. (2001). Effect of Controllable Production Factors on Grain Yield 
and Yellow Belly in Durum Wheat. TERRA Latinoamericana, 19, 375-383. https://www.redalyc.org/
pdf/573/57319410.pdf

Suprayogi, Y., Pozniak, C. J., Clarke, F. R., Clarke, J. M., Knox, R. E., & Singh, A. K. (2009). Identification 
and validation of quantitative trait loci for grain protein concentration in adapted Canadian durum 
wheat populations. Theoretical and Applied Genetics, 119(3), 437-448. https://doi.org/10.1007/s00122-
009-1050-1

Taranto, F., Esposito, S., Fania, F., Sica, R., Marzario, S., Logozzo, G., Gioia, T., & De Vita, P. (2023). 
Breeding effects on durum wheat traits detected using GWAS and haplotype block analysis. Frontiers in 
Plant Science, 14. https://doi.org/10.3389/fpls.2023.1206517

Tian, Y., Liu, P., Kong, D., Nie, Y., Xu, H., Han, X., Sang, W., & Li, W. (2025). Genome-wide association 
analysis and KASP markers development for protein quality traits in winter wheat. BMC Plant Biology, 
25(1). https://doi.org/10.1186/s12870-025-06171-z

Trevisan, S., Khorshidi, A. S., & Scanlon, M. G. (2022). Relationship between nitrogen functionality and wheat 
flour dough rheology: Extensional and shear approaches. Food Research International, 162. https://doi.
org/doi: 10.1016/j.foodres.2022.112049

Tsvey, Y., Ivanina, R., Ivanina, V., & Senchuk, S. (2021). Yield and quality of winter wheat (Triticum aestivum L.) 
grain in relation to nitrogen fertilization. Revista Facultad Nacional de Agronomia Medellin, 74(1), 9413-
9422. https://doi.org/10.15446/rfnam.v74n1.88835

Varzakas, T. (2016). Quality and safety aspects of cereals (Wheat) and their products. Critical Reviews in Food 
Science and Nutrition, 56(15), 2495-2510. https://doi.org/10.1080/10408398.2013.866070

Varzakas, T., Kozub, N., & Xynias, I. N. (2014). Quality determination of wheat: Genetic determination, 
biochemical markers, seed storage proteins - bread and durum wheat germplasm. Journal of the Science 
of Food and Agriculture, 94(14). https://doi.org/10.1002/jsfa.6601

Venora, G., Grillo, O., & Saccone, R. (2009). Quality assessment of durum wheat storage centres in Sicily: 
Evaluation of vitreous, starchy and shrunken kernels using an image analysis system. Journal of Cereal 
Science, 49(3), 429-440. https://doi.org/10.1016/j.jcs.2008.12.006

Wan, W., Li, L., Diao, M., Lv, Z., Li, W., Wang, J., Li, Z., Jiang, G., Wang, X., & Jiang, D. (2023). Border 
effects enhance lodging resistance of spring wheat in narrowing-row-space enlarged-lateral-space drip 
irrigation patterns. Agricultural Water Management, 287. https://doi.org/10.1016/j.agwat.2023.108409

Wang, K., Taylor, D., Ruan, Y., Pozniak, C. J., Izydorczyk, M., & Fu, B. X. (2023). Unveiling the factors 
affecting milling quality of durum wheat: Influence of kernel physical properties, grain morphology 
and intrinsic milling behaviours. Journal of Cereal Science, 113. https://doi.org/10.1016/j.jcs.2023.103755

Wang, X., & Liu, F. (2021). Effects of elevated CO2 and heat on wheat grain quality. Plants, 10(5). MDPI AG. 
https://doi.org/10.3390/plants10051027

Wang, Y. Jiao, Tao, Z. Giang, Wang, D. Mei, Wang, Y. Jie, Yang, Y.Shuang, Zhao, G. Cai, Shi, S. Bing, & 
Chang, X. Hong. (2022). An economic and viable approach to improve wheat quality in Qinghai–
Tibetan Plateau, China. Journal of Integrative Agriculture, 21(8), 2227-2240. https://doi.org/10.1016/
S2095-3119(21)63677-8

Wang, Y., Ou, X., He, H. J., & Kamruzzaman, M. (2024). Advancements, limitations and challenges in 
hyperspectral imaging for comprehensive assessment of wheat quality: An up-to-date review. Food 
Chemistry, 21. Elsevier Ltd. https://doi.org/10.1016/j.fochx.2024.101235

Wieser, H., Koehler, P., & Scherf, K. A. (2020). Chemical composition of wheat grains. Wheat - An Exceptional 
Crop (pp. 13-45). Elsevier. https://doi.org/10.1016/b978-0-12-821715-3.00002-2

Wu, H., Wang, Z., Zhang, X., Wang, J., Hu, W., Wang, H., Gao, D., Souza, E., & Cheng, S. (2022). Effects of 
Different Fertilizer Treatments, Environment and Varieties on the Yield-, Grain-, Flour-, and Dough-
Related Traits and Cookie Quality of Weak-Gluten Wheat. Plants, 11(23). https://doi.org/10.3390/
plants11233370



229 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/8776mk68

Xiao Fu, B., Wang, K., Dupuis, B., Taylor, D., & Nam, S. (2017). Kernel vitreousness and protein content: 
Relationship, interaction and synergistic effects on durum wheat quality. Journal of Cereal Science, 78, 
2-9. https://doi.org/https://doi.org/10.1016/j.jcs.2017.07.005

Xiao, X., Zang, H., Liu, Y., Zhang, Z., Liu, Y., Ejaz, I., Du, C., Wang, Z., Sun, Z., & Zhang, Y. (2023). 
Promoting winter wheat sustainable intensification by higher nitrogen distribution in top second to 
fourth leaves under water-restricted condition in North China Plain. Agricultural Water Management, 
289. https://doi.org/10.1016/j.agwat.2023.108551

Xu, H. Cheng, Dai, X. Long, Chu, J. Peng, Wang, Y. Chao, Yin, L. Jun, Ma, X., Dong, S., & He, M. Rong. 
(2018). Integrated management strategy for improving the grain yield and nitrogen-use efficiency 
of winter wheat. Journal of Integrative Agriculture, 17(2), 315-327. https://doi.org/10.1016/S2095-
3119(17)61805-7

Yang, T., Zhou, Q., Wang, Q., Wang, X., Cai, J., Huang, M., & Jiang, D. (2022). Effects of Nitrogen Fertilizer 
on Quality Characteristics of Wheat with the Absence of Different Individual High-Molecular-Weight 
Glutenin Subunits (HMW-GSs). International Journal of Molecular Sciences, 23(4). https://doi.org/10.3390/
ijms23042178

Yiğit, A. (2023). Variation of antioxidant activity, yield, quality, and flour color in durum wheat (Triticum 
turgidum L. var. durum) as a function of cultivar and nitrogen. In O. Doğanlar & İ. Tozlu (Eds.), 
International Academic Research and Reviews in Agriculture, Forestry and Aquaculture Sciences (pp. 
21-42).

Zárate Márquez, A., Ponce Medina, J. F., Partida Ruvalcaba, L., Ayala Tafoya, F., Yáñez Juárez, M. G., 
Velázquez Alcaraz, T. de J., & Medina López, R. (2015). Greenness, plant height and yellow berry of 
the wheat grain in response to paclobutrazol. Open Access Library Journal, 02(06), 1-7. https://doi.org/
http://dx.doi.org/10.4236/oalib.1101581

Zheng, B., Zhang, X., Wang, Q., Li, W., Huang, M., Zhou, Q., Cai, J., Wang, X., Cao, W., Dai, T., & Jiang, D. 
(2021). Increasing plant density improves grain yield, protein quality and nitrogen agronomic efficiency 
of soft wheat cultivars with reduced nitrogen rate. Field Crops Research, 267. https://doi.org/10.1016/j.
fcr.2021.108145

Zheng, X., Yu, Z., Zhang, Y., & Shi, Y. (2020). Nitrogen supply modulates nitrogen remobilization and nitrogen 
use of wheat under supplemental irrigation in the North China Plain. Scientific Reports, 10(1). https://
doi.org/10.1038/s41598-020-59877-5

Zhong, Y., Yang, M., Cai, J., Wang, X., Zhou, Q., Cao, W., Dai, T., & Jiang, D. (2018). Nitrogen topdressing 
timing influences the spatial distribution patterns of protein components and quality traits of f lours 
from different pearling fractions of wheat (Triticum aestivum L.) grains. Field Crops Research, 216, 120-
128. https://doi.org/10.1016/j.fcr.2017.11.016

Žilić, S., Barać, M., Pešić, M., Dodig, D., & Ignjatović-Micić, D. (2011). Characterization of proteins from 
grain of different bread and durum wheat genotypes. International Journal of Molecular Sciences, 12(9), 
5878-5894. https://doi.org/10.3390/ijms12095878

Zi-meng, L., Xi-dan, C., Rong, G., Nian, G., Yang-yang, T., Nangia, V., & Yang, L. (2025). Brassinosteroids 
alleviates wheat floret degeneration under low nitrogen stress by promoting the distribution of sucrose 
from stems to spikes. Journal of Integrative Agriculture, 24(02), 497-516. https://doi.org/https://doi.
org/10.1016/j.jia.2023.12.017

Zörb, C., Ludewig, U., & Hawkesford, M. J. (2018). Perspective on Wheat Yield and Quality with Reduced 
Nitrogen Supply. Trends in Plant Science, 23(11), 1029-1037. Elsevier Ltd. https://doi.org/10.1016/j.
tplants.2018.08.012


	_GoBack
	_Hlk211416929
	_Hlk183517932
	_Hlk166065663
	_Hlk213802917
	_Hlk213802982
	_Hlk209207104
	_Hlk209208597
	_Hlk133599378
	_Hlk201805809
	_Hlk202157196
	_Hlk202143430
	_Hlk194387121
	_Hlk194388278
	_Hlk203243458
	_Hlk201673656
	_Hlk201692763
	_Hlk196769430
	_Hlk203811214
	_Hlk211247359
	_Hlk211249820
	_Hlk199070329
	OLE_LINK1
	_Hlk205488628
	_Hlk205549355
	_Hlk205549369
	_Hlk205489009
	_Hlk205549231
	_Hlk205549302
	_Hlk205489103
	_Hlk205489634
	_Hlk205492595
	_Hlk181711833
	_Hlk185597877
	_Hlk185599040
	_Hlk189121572

