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Abstract

Wheat grain represents an important source of bioactive components that are
associated with different health benefits, notably: dietary fibers, micronutrients and
phytochemicals. However, despite the importance of these components, limited data are
available on their content and composition, especially in durum wheat. In this study, 82
durum wheat landraces from Iran and Mexico were analyzed for arabinoxylan, iron, zinc,
phytate and phenolic acids content. In general, wide variation was identified among landraces
for these traits. Specifically, values ranging from 1.4-2.7% and 0.3-1.0% were detected for
total and water-extractable arabinoxylans, respectively, in flour In the case of micronutrients
varied from 32.7 to 46.1 mg/kg (iron) and from 46.7 to 83.9 mg/kg (zinc) in grain. Phytate,
a major component limiting micronutrient bioavailability, varied from 0.7-1.1% in whole-
meal flour and the resulting phytate:iron and phytate:zinc molar ratios were 13.7-26.6 and
11.6-21.9, respectively, with more than 70% of the landraces exhibiting a relatively high Zn
bioavailability. Seven phenolic acids were identified, with a variation in total phenolic acid
concentration ranging from 279 pg/g to 845 pg/g in whole-meal flour. Overall, these results
indicate that the landraces analyzed here could serve as useful genetic resources for the

improvement of wheat nutritional quality in breeding programs.
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1. Introduction

Durum wheat (Triticum turgidum ssp. durum (Desf.) Husn.) is the most cultivated
and economically important tetraploid wheat species, adapted to Mediterranean climates and
regions. It is the primary raw material used in the production of diverse foods, including
pastas, couscous, and flat breads (Pefia-Bautista, Hernandez-Espinosa, Jones, Guzman, &
Braun, 2017). Some of these products have a global importance and provide an important
amount of calories and proteins to human diets. In addition, durum wheat represents an
important source of a wide range of bioactive compounds associated with different health
benefits. These bioactive components are mainly contained in the grain bran and germ
tissues, and include, among others, dietary fiber, phenolic acids and micronutrients.

Dietary fiber is the group of carbohydrates which are resistant to digestion and
absorption in the small intestine and thus reaches the large intestine or colon where they
promote gut health. They constitute between 11.5% and 15.5% of the dry wheat grain
(Shewry & Hey, 2015) and are mainly composed by non-starch polysaccharides (NSP).
Arabinoxylans (AX) constitutes 70% of the total NSP content (De Santis et al., 2018). Based
on their solubility, AX can be divided into two fractions: water-unextractable arabinoxylans
(WU-AX) and water-extractable arabinoxylans (WE-AX). Both fractions of AX have been
associated with positive human health effects. Specifically, the WU-AX have been associated

with reduced transit time and increased fecal bulk, greater frequency of defecation and with



binding and excretion of carcinogens. In contrast, WE-AX are more readily fermentable in
the colon and have been associated with prebiotic activity, stimulating the growth of the
intestinal microorganisms (Moore, Park, & Tsuda, 1998). Interestingly, from the analysis
conducted on different wheat varieties (Finnie, Bettge, & Morris, 2006; Gebruers et al., 2008;
Ciccoritti, Scalfati, Cammerata, & Sgrulletta, 2011), the content of AX can be highly variable
and highly influenced by the genotype, suggesting that improvement through selecting for
these polysaccharides, is possible.

Wheat grain is also a good source of micronutrients such as selenium (Se), iron (Fe)
and zinc (Zn), which are mainly located in the aleurone layer and the embryo and being
scarce in the grain endosperm These minerals are fundamental not only for the plant health
but also for human well-being. Specifically, Fe is an essential component of hemoglobin and
is fundamental to insure normal cellular and metabolism function and correct growth and
development of the body. Similarly, Zn is fundamental for the immune system, protein
synthesis and cell division and, among the others, to support the normal growth and
development during pregnancy, childhood, and adolescence (Jurowski, Szewczyk, Nowak,
& Piekoszewski, 2014). A minimum daily intake of Fe and Zn is necessary to maintain a
steady state of these micronutrients in the body. For these reasons, breeding biofortified
wheat with enhanced micronutrient concentrations has emerged as a long-term, sustainable
solution for micronutrient deficiency and, in the past years, several studies have been
conducted to identify and breed germplasm with increased Zn and Fe micronutrient content
(Velu et al., 2019). Significant amounts of anti-nutrients are present in the aleurone layer,
such as phytic acid which chelates with micronutrients such as Fe and Zn reducing their

bioavailability (Eagling, Wawer, Shewry, Zhao, & Fairweather-Tait, 2014). For this reason,



when breeding for enhanced micronutrient quantity, it is important also to select lines with
lower phytic acid content (Magallanes-Lopez et al., 2017; Ficco et al., 2009).

Phenolic acids represent the most abundant metabolites of whole wheat grain and the
most common form of phenolic compounds (Fernandez-Orozco, Li, Harflett, Shewry, &
Ward, 2010; Li, Shewry, & Ward, 2008). They occur in three forms: free, conjugated to low
molecular weight molecules (e.g. sugars, sterols), or bound to cell wall polysaccharides such
as arabinoxylans (Martini, et al., 2015; Fernandez-Orozco et al., 2010; Li et al., 2008). The
bound form is the most abundant in wheat, representing over 80% of total phenolic acids.
Recently, phenolic acids have received much attention, mainly due to their antioxidant, anti-
inflammatory and anti-carcinogenic properties (Laddomada et al., 2015). For this reason,
several studies have been conducted to analyze the variability in phenolic acids content across
different wheat varieties (Laddomada et al., 2015; Li et al., 2008; Martini et al., 2015;
Pasqualone, Delvecchio, Mangini, Taranto, & Blanco, 2014) revealing a wide range, albeit
with low heritability. A similar range of variation in the phenolic compound content was also
identified among a set of durum wheat varieties (Laddomada et al., 2017) where the
genotypic effect on the phenotypic variation seemed to be greater, suggesting the possibility
to improve the wheat grain phenolic acid content through breeding.

Wheat landraces represent a potentially useful genetic resource for the improvement
of modern wheat varieties and significant efforts have been made to identify landraces with
unique phenotypes to include in breeding programs (Alvarez & Guzman, 2018; Velu et al.,
2019). Few studies have thoroughly analyzed wheat landraces for nutritional quality, or the
studies were limited to a small number of accessions. Therefore, a wider screening of wheat
landraces may be required to more fully exploit the genetic potential for wheat nutritional

quality improvement. The International Maize and Wheat Improvement Center (CIMMYT)



Germplasm Bank holds approximately 48,600 bread and durum wheat landrace accessions.
Among these, 6,947 accessions are from Iran and 14,211 are from Mexico. In our study, a
subset of these Iranian and Mexican durum wheat landraces, was analyzed for arabinoxylan,
phenolic acids, phytic acid and micronutrient content. The results of this study should help
to identify genetic resources that may be exploited in wheat improvement programs to

develop cultivars with enhanced health benefits.

2. Materials and Methods
2.1 Plant material

Thirty-nine Iranian and forty-three Mexican durum wheat landraces obtained from
CIMMYT Wheat Germplasm Bank (Texcoco, Edo. de Mexico, Mexico) (Electronic
Supplementary Table 1) were evaluated in this study. These landraces were grown in
Mexicali, Mexico, during the 2015-2016 cropping season. All genotypes were planted
without replication in December 2015 and harvested in the beginning of June 2016. Plots

were managed following standard agronomic practices for the site.

2.2 Grain parameters

Thousand kernel weight (TKW) (g) and test weight (TW) (kg/hL) were estimated
with SeedCount digital image system SC5000 (Next Instruments, Australia). Grain protein
(GPRO, 12.5% moisture basis) was measured using near-infrared spectroscopy (DA 7200
NIR, Perten Instruments, Sweden), validating its calibration with method 46-12, 44-15A and
44-01 according to the AACC (AACC, 2010). Grain samples previously conditioned to 16%
moisture were milled into flour (farina) using a Brabender Quadrumat Senior mill (C.W.

Brabender OHG, Germany).



2.3 Arabinoxylan (AX) determination

The content of arabinoxylans was determined using the colorimetric method reported
by Douglas et al. (1981) with some modifications from Finnie et al. (2006). Specifically, 125
mg of flour were suspended in 25 mL of H20 in a 50 mL Falcon tube. The tubes were
vortexed and immediately after 0.5 mL of the sample suspension were transferred in a new
stoppered reaction tubewith 0.5 mL of distilled water. This tube was used to determine TOT-
AX content. Then, the Falcon tube was mixed for 30 min in a laboratory rocker. Two mL of
this suspension were transferred to a 2 mL Eppendorf type tube, centrifuged at 2,500 x g for
10 min and then 0.5 mL of the supernatant were collected in a stoppered reaction tube with
0.5 mL of distilled water. This fraction was used for the WE-AX analysis. Both the fractions
obtained for the TOT-AX and WE-AX analysis were then thoroughly mixed with 5 mL (5:1)
of freshly prepared extraction solution and placed in boiling water for 25 min to hydrolyze
sugars. During the 25 min the tubes were mixed every 8 min in vortex. One liter of extraction
solution contains 932 mL of acetic acid, 17 ml of concentrated hydrochloric acid, 42.4 mL
of phloroglucinol 20% (w/v) in ethanol, and 8.5 mL of glucose (1.75% wi/v). After, the tubes
were placed in ice-cold water and kept cool for about 2 min. Finally, 300 pL of the TOT-AX
and WE-AX solutions were placed into a 96-well microplate in duplicate and their
absorbance at 552 and 510 nm was measured using an Epoch microplate spectrophotometer
(BioTek, Winooski, VT, U.S.A.). The AX content was determined based on a calibration
curve generated with known quantities of xylose and using the following equation:

Arabinoxylan content (mg xylose/g of sample) = [(AAss2-510) / (Xylose equivalent

intercept, mg)] * 200



2.4 Zinc, iron, phytic acid and molar ratios determination

Grain iron (FeC, mg/kg) and zinc (ZnC, mg/kg) concentrations were determined by
using a bench-top, non-destructive, energy dispersive X-ray fluorescence spectrometry
(EDXRF) instrument (Oxford Instruments, UK). For phytic acid determination the protocol
described by Magallanes-Lépez et al., (2017) was used. To calculate the molar ratios of
phytic acid:iron (Phy:Fe) and phytic acid:zinc (Phy:Zn), the contents of phytic acid, Fe and
Zn, were converted into moles by dividing the concentrations by their respective molar mass

and atomic weight (660.04, 55.85 and 65.4 g mol, respectively).

2.5 Phenolic acids determination

Total phenolic acids (comprising soluble and insoluble fraction) were extracted from
250 mg whole-meal semolina and analyzed by HPLC analysis following the procedures
shown in Laddomada et al., (2017). Whole-meal samples were de-lipidated twice by adding
5 mL hexane per time, stirring for 15 min, and centrifuging at 6000 x g for 10 min. Internal
standard solution (10 mL of 1.5 mg/mL 3,5-dichloro-4-hydroxybenzoic acid in 80:20
methanol/water) was added to the residue prior to hydrolysis with 2 M NaOH for 2 h, with
continuous shaking, at 4 °C, in the dark. After hydrolysis, the supernatant was acidified to
pH 2 with 12 M HCI (2.4 mL) and submitted to extraction with ethyl acetate for three times.
The ethyl acetate extracts were combined, dried under nitrogen flux, redissolved in 100 pL
of 80:20 methanol/water and qualiquantitatively analyzed using an Agilent 1100 Series
HPLC-DAD system (Agilent Technologies, Santa Clara, CA, USA) equipped with a reversed
phase C18 (2) Luna column (Phenomenex, Torrance, CA, USA) (5 mm, 250 x 4.6 mm) at a
column temperature of 30 °C. A mobile phase consisting of acetonitrile (A) and 10 mL/L

water solution of H3PO4 (B) was utilized for the following elution program: isocratic elution,



100% B, 0-30 min; linear gradient from 100% B to 85% B, 30-55 min; linear gradient from
85% B to 50% B, 55-80 min; linear gradient from 50% B to 30% B, 80-82 min; and post
time, 10 min before the next injection. The flow rate of the mobile phase was 1 mL min-1,
and the injection volume was 20 pL. The column temperature was maintained at 30 °C. Peaks
were identified by comparing their retention times and UV-Vis spectra to those of authentic
phenolic standards: p-hydroxybenzoic acid, vanillic acid, syringic acid, p-coumaric acid,
sinapic acid and ferulic acid (Sigma-Aldrich, Gillingham, UK). All phenolic acids were
quantified via a ratio to the internal standard (3,5-dichloro-4-hydroxybenzoic acid) added to

every sample and using calibration curves of phenolic acid standards.

3. Results
3.1 General kernel characteristics and total and water-extractable arabinoxylans

Table 1 shows the averages and ranges of different kernel characteristics and
bioactive compounds analyzed of the durum landraces. Wide variation in TW, TKW and
GPRO was identified among and within the two sets of landraces. Regarding arabinoxylan
content, the landraces from Iran exhibited a slightly higher content of TOT-AX (1.9 g/100g)
compared to the landraces from Mexico (1.8 g/100g), but the same WE-AX mean content
(0.6 g/100g). In both populations, the majority of the cultivars showed a TOT-AX content
ranging from 1.60 to 2.25 g/100g and a WE-AX concentration between 0.50 to 0.89 g/100g
(Fig. 1). Among the landraces analyzed, the Iranian accession CWI56833 possessed the
greatest content of both TOT-AX (2.7%) and WE-AX (1%) across the two populations,

representing the best source of arabinoxylans (Supplementary Table 1).

3.2 Micronutrients and phytic acid content



Among the Iranian and Mexican landraces, similar Fe content was identified. Greater
differences were identified between the two populations for ZnC with the cultivars
originating from Mexico exhibiting a ZnC ranging between 50.7-83.9 mg/kg and a mean ZnC
of 64.1 mg/kg compared to the Iranian landraces, which exhibited an average ZnC of 58.4
mg/kg, with a range of 46.7 to 68.1 mg/kg. Similarly to FeC, the phytic acid concentration
did not vary much between the two sets of landraces and even if a greater phytic acid variation
was identified among the Mexican landraces, both populations exhibited a similar average
phytic acid content of 0.8% and 0.9% for the Iranian and Mexican landraces, respectively
(Table 1).

In order to estimate the potential bioavailability of both Fe and Zn in the two sets of
landraces, the molar ratio between phytic acid and Fe (Phy:Fe) and between phytic acid and
Zn (Phy:Zn) was calculated. In general, lower Phy:Fe values were identified among the
Iranian landraces (average 18.8) where more than 20 cultivars exhibited a Phy:Fe value lower
than 20 (Fig.1). The Mexican landraces exhibited lower values of Phy:Zn (average 14.2)
(Table 1) with more than 25 cultivars exhibiting Phy:Zn values lower than 15 (Fig.1).

The Iranian landrace CWI173342 represented the best source of Fe exhibiting a
relatively high FeC (46.1 mg/kg) coupled with a low concentration of phytic acid (0.7%) and
a moderate bioavailability (Phy:Fe = 13.7). In contrast, the Mexican landrace CWI152026
represented the best source of Zn, 83.9 mg/kg and a moderately high ZnC bioavailability, as

indicated by the Phy:Zn value of 11.9 (Supplementary Table 1).

3.3 Phenolic acids
Seven phenolic acids were identified, namely: p-hydroxybenzoic acid, syringic acid,

vanillic acid, caffeic acid, coumaric acid, ferulic acid and sinapic acid. As reported in table



1, the landraces from Iran possessed in general greater concentrations of phenolic acids, with
the exception of vanillic acid which was, on average, more abundant among the Mexican
landraces. Ferulic acid was the most abundant phenolic acid among both the Iranian and
Mexican landraces, contributing to 83.9% and 86.9% of total phenolic acids, respectively,
followed by sinapic and p-coumaric acids.

Between the two populations, the Iranian accessions CWI56690 and CWI172018
contained the greatest amount of total phenolic acids (845.4 and 828.51 pg/g, respectively)
even though variation in the concentration of each single phenolic acid were identified

between these two landraces (Supplementary Table 1).

3.4 Pearson correlation coefficients

In order to identify possible relationships present among the analyzed phenotypes, a
pairwise comparison between all the traits was performed separately for all the landraces
(Table 2).

In general, TOT-AX and WE-AX content appeared to be negatively correlated with
TW (r = -0.24 and -0.36, respectively). However, no significant association between TOT-
AX or WE-AX and either TKW or GPRO was identified.

Regarding the micronutrient content, both Fe and Zn did not appear to be associated
with either TW or TKW but highly positive associations were identified between these two
micronutrients and GPRO. Similarly, the concentration of phytic acid was significantly
associated with GPRO but it was also negatively associated with TKW. A positive correlation
between FeC and ZnC (r = 0.49) was identified indicating that the mechanisms regulating
the micronutrient accumulation (i.e micronutrients uptake by the roots, translocation of

micronutrients to the grain, etc.) are similar for both iron and zinc. However, increasing



quantities of Zn were also positively associated with phytic acid content, one of the main
component limiting micronutrient bioavailability suggesting that phytic acid and this
micronutrient concentration are, to a certain extent, dependent from each other.

Overall, total and individual phenolic acid concentration did not appear to be
influenced by either TW, TKW or GPRO. However, significant correlations were also
identified between total phenolic acids and each individual phenolic acid and, in general,
significant positive correlations were also identified between each individual phenolic acid.
Significant positive correlations were also identified between the total phenolic acids content,
p-coumaric acid, ferulic acid and sinapic acid, and arabinoxylans (both TOT and WE-AX) (r
from 0.36 to 0.21). These same phenolic acids, with the exception of p-coumaric acid, were
also significantly negatively associated with phytic acid content and with Phy:Fe molar ratio

(r from -0.37 to -0.24).

4. Discussion

Wheat landraces represent a potentially useful genetic resource for the improvement
of modern wheat varieties. As a matter of fact, in the past few years there has been renewed
interest in wheat landraces as they have been proposed to be rich sources of bioactive
components and hence suitable for the production of high value food products with enhanced
health benefits. However, limited data are available on the contents and composition of
bioactive components in durum wheat landraces and therefore, a wider screening of this type
of genetic material is needed in order to identify germplasm useful for the improvement of
wheat nutritional quality. In our study, the variability of different bioactive components in

durum wheat grain were investigated in 39 Iranian and 43 Mexican durum wheat landraces.



In general, the variation for TOT-AX found in this study (performed with durum
wheat flour) was greater than the one reported by De Santis et al., (2018) in semolina (1.4-
1.8 g/100g) but similar to the results reported by Gebruers et al., (2008) in bread wheat flour
(1.7-2.3%; 1.3-2.7% for TOT-AX and WE-AX, respectively). However, as expected, the
observed TOT-AX values were still lower than the values reported in whole meal (4.5-4.8%
reported by Ciccoritti et al., 2011, and 3.3-4.6 g/100g De Santis et al., 2018). Regarding the
WE-AX, the content found was comparable with the WE-AX content previously reported for
semolina and flour, and slightly lower than the WE-AX content reported in whole meal
(Gebruers et al., 2008; Ciccoritti et al., 2011; Marcotuli et al., 2016; De Santis et al., 2018).

Significant negative correlations were identified between either TOT-AX or WE-AX
and TW (r = -0.24 and -0.36, respectively), indicating that in the analyzed populations the
content of arabinoxylans is partially influenced by grain filling and by the different bran to
endosperm ratio, as also suggested by Shewry and Hey (2015). For example, the Iranian
landrace CWI57009 showed high values for TOT-AX (2.21%) and WE-AX (0.8%) but the
lowest TW (71.4 kg/hL), which is not desirable from the breeding point of view. However,
some exceptions were also found, such as the Mexican landrace CW152333 which presented
high values of AX (2.2% of TOT-AX and 0.73% in WE-AX) and TW and TKW values above
the average (76.7 kg/hL and 53.1 g, respectively). Similarly, two Iranian landraces
(CWI57719 and CWI157563) exhibited high TOT-AX (2.3 and 2.2%, respectively) and WE-
AX values (0.81 and 0.71%, respectively), associated with good grain characteristics
(Supplementary Table 1). In these three cultivars, the higher AX content does not appear to
be determined by a higher bran to endosperm ratio but rather by an intrinsic higher
concentration of AX in the endosperm indicating that these landraces could be exploited to

improve the dietary fibers content in flour.



When analyzing the results obtained for the micronutrient contents, the FeC found in
both sets of landraces was similar to the one reported by Magallanes-Lopez et al., (2017) in
reduced irrigation environment. ZnC was higher than the one reported in previous studies
(Velu et al. 2019; Magallanes-Lopez et al., 2017; Ficco et al., 2009), especially when
compared to the results obtained from the Mexican landraces, where values up to 80 mg/kg
were found. As reported in previous studies (Velu et al. 2016, 2019; Magallanes-Lopez et
al., 2017; Ficco et al., 2009), a strong positive correlation between FeC and ZnC was
identified in landraces analyzed here, corroborating the possibility to simultaneously improve
the concentration of both Fe or Zn. Among the analyzed landraces, the Mexican accession
CWI152059 exhibited higher than average concentrations of both micronutrients (43.3 mg/kg
of Fe and 78.1 mg/kg of Zn) coupled with TW of 77.2 kg/hL and relatively high TKW (47.5
g). Similarly, the Iranian accession CWI171580 presented values of 42.4 mg/kg of FeC and
64.3 mg/kg of ZnC, showing larger grain than the average. These accessions showing high
micronutrient concentrations and good grain morphological characteristics could be
effectively used in a breeding program to improve the micronutrient concentration in wheat
grain.

In order to improve the intake of micronutrients it is fundamental to know their
relative bioavailability. Phytic acid is the major component limiting the absorption of
micronutrients and, for this reason, one way to estimate their bioavailability is by calculating
the molar ratio between phytic acid and the micronutrients. Hurrell & Egli (2010) suggested
that the optimal Phy:Fe molar ratio should be < 1 or preferably < 0.4, in order to significantly
improve iron absorption, whereas Frontela, Scarino, Ferruzza, Ros, & Martinez (2009)
suggested that Phy:Fe values ranging from 1.4 to 3.8 are indicative of a reduced iron

bioavailability. In the present study, the minimum Phy:Fe value obtained was 13.7 which is



much higher than the values reported by either Hurrell and Egli (2010) or Frontela et al.,
(2009) indicating that even if some of the analyzed landraces exhibit a relatively high Fe
content, this mineral is poorly available for human absorption in durum wheat. Regarding
the Phy:Zn molar ratio, the International Zinc Nutrition Consultative Group (2004) divided
the obtained values into three groups: <5, 5-15, and >15, representing high, moderate and
low absorption levels, respectively. According to this classification, 69% of the Iranian
landraces and 77% of the Mexican landraces exhibited moderate Zn absorption
(Supplementary Table 1) indicating that some of the landraces analyzed here could be
effectively used by breeders to obtain varieties with improved Zn bioavailability. For this
activity, the positive correlation found between phytate and ZnC will be an inconvenient.
Strong selection would need to be applied to break the barrier of this association.

From the analysis of the phenolic acid contents obtained in the present study, in
general both the Mexican and Iranian landraces exhibited lower concentrations of phenolic
acids compared to previous studies. Specifically, Laddomada et al. (2017) reported an
average total phenolic acid content of ~ 800 pg/g in a set of tetraploid wheat accessions
whereas Shewry and Hey (2015) reported an average total phenolic acid concentration of 857
pg/g in 17 durum wheat lines and of 961 pg/g in a set of 44 emmer cultivars. Overall, these
results suggest that the landraces analyzed here do not exhibit an exceptional quantity of
phenolic acids and that wide variation of these compounds is typically identified across
genotypes and environments indicating the complexity of this trait. As reported in previous
studies (L.i et al., 2008; Dinelli et al., 2009; Fernandez-Orozco et al., 2010; Laddomada et al.,
2017) ferulic, sinapic and p-coumaric acids were, in order, the most abundant phenolic acids
identified in wheat. When analyzing the correlations between each phenolic acid and the AX

content, ferulic acid appeared to be positively associated with arabinoxylan content. Similar



results were also reported by Marcotuli et al., (2016) and are probably associated with the
disposition that exists to form covalent bonds between WE-AX and ferulic acid, which result
in the formation of feruloylated arabinoxylans. The presence of ferulic acid linked to AX has
been associated with antioxidant and prebiotic properties (Mendez-Encinas, Carvajal-Millan,
Rascon-Chu, Astiazaran-Garcia, & Valencia-Rivera, 2018) and, for this reason, durum wheat
lines with high levels of ferulic acid and arabinoxylans should be preferred in order to
improve the nutritional quality of durum wheat related products (Marcotuli et al., 2016).
Also, a strong positive correlation between either p-hydroxybenzoic, ferulic, p-coumaric,
sinapic acids and TOT-AX content was found. Similar correlations were previously
identified by Marcotuli et al., (2016) and are probably determined by the fact that cereal
arabinoxylans can include in their structure hydroxycinnamic acid substituents such as ferulic

and coumaric acids.

5. Conclusions

In the present study a set of Mexican and Iranian durum wheat landraces was analyzed
for arabinoxylan, iron, zinc, phytic acid and phenolic acids content variations. Wide variation
was identified for all the traits and specific accessions showing desirable combination of
values were found. The landraces identified in the present study could be a useful resource
for breeders who aim to improve the wheat nutritional quality and especially the content of

dietary fibers, micronutrients and their relative bioavailability.
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Figure captions

Figure 1. Number of landraces in each range of concentration of arabinoxylans,
micronutrients, phytate, and phenolic acids in Iranian and Mexican landrace sets. Dotted
lines indicates the average value for each of the traits.
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Table 1. Means and ranges of different kernel characteristics and bioactive compounds
concentrations analyzed in a set of Iranian and Mexican landraces.

Iranian landraces

Mexican landraces

Trait

Mean Range Mean Range
TW (kg/hL) 76.4 71.4-79.8 76.7 735-83.2
TKW (g) 48.1 38.9-56.8 45.6 41.2 -53.3
GPRO (%) 134 10.5-16.2 13.6 10.3-18.3
TOT-AX (g/100g) 1.9 1.4-27 1.8 14-25
WE-AX (g/100g) 0.6 04-1.0 0.6 0.3-07
FeC (mg/kg) 37.7 32.8-46.1 384 32.7-454
ZnC (mg/kg) 58.4 46.7 - 68.1 64.1 50.7-83.9
Phytic acid (%) 0.8 0.7-1.0 0.9 07-11
Phy:Fe 18.8 13.7-26.6 20.2 16.3-25.4
Phy:Zn 14.3 11.8-21.9 14.2 11.6-17.7
p-hydroxybenzoic acid (ug/g) 35 2.1-53 3.0 1.3-4.4
Syringic acid (ug/g) 5.0 2.4-8.6 4.6 19-104
Vanillic acid (png/g) 7.4 35-126 8.5 3.6-12.1
Caffeic acid (ug/g) 0.6 01-13 0.5 01-1.6
p-coumaric acid (1g/g) 18.6 7.3-33.6 15.4 9.2-23.3
Ferulic acid (ug/g) 516.9 304.1-728.0 474.2 246.9 - 613.7
Sinapic acid (ug/g) 63.9 29.5-104.1 40.3 16.2-65.4
Total Phenolic Acids (ug/g) 615.9 354.0 - 845.4 546.4 279.1-7185

TW: Test weight; TKW: Thousand kernel weight; GPRO: Grain protein; TOT-AX: Total
Arabinoxylans; WE-AX: Water Extractable Arabinoxylans; FeC: Iron Content; ZnC: Zinc

Content; Phy:Fe: Phytic acid:iron molar ratio; Phy:Zn: Phytic acid:zinc molar ratio.

Arabinoxylans and Phenolic acids traits were expressed in dry matter.
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Table 2. Pearson correlation coefficients (r) among different kernel characteristics and its bioactive components for durum wheat
landraces (n=82).

TW TKwW GPro 1OI- WE- FeC znc  PtC ppore PY s SsYR VAN CAF PCO FER  SIN
AX AX acid :Zn
T™W 1
TKW 0.17 1
GPRO 0417 0,01 1
TOT-AX -0.24* 0.17 0.10 1
WE-AX 036*  -0.01 001  051* 1
FeC -0.19 001  043*  -004  -0.05 1
ZnC 012 014 060 010  -007 049 1
Phytic acid 011 -027* 034 010 000 0.12 0.39%* 1
Phy:Fe 003 022 000 005 004  -056%  -0.01 0.75%* 1
Phy:Zn 0.01 -0.07 -0.27* 0.01 0.07 -0.37** -0.62** 0.47** 0.65** 1
PHB 001 -005  -009  022*  -0.13 0.06 017 024%  -024*  -0.04 1
SYR 010  -016  -003  -0.04  0.04 0.01 007 0.05 002 011 006 1
VAN 014 031 002 009  -0.03 0.15 0.13 0.18 003 002 038 043** 1
CAF 0.20 0.08 0.16 012 003 0.12 0.09 0.02 007 011 025 001 013 1
PCO 012 0.10 011 029¢  021* 0.06 -0.25% -0.18 018 011 035%  023*  029% 002 1
FER -0.08 0.15 003 034¢  027* 0.09 011 024%  -026%  -0.09 047**  0.32%  045% 014  0.61** 1
SIN -0.07 0.18 016 035 017 0.07 016 -0.37**  -034* 015 057%* 010 015  0.44* 047** 063%* 1
TPA -0.09 0.15 000  036*  0.26* 0.09 -0.13 028%  -029%  -0.10 053**  031*  0.44%  022%  0.64%  0.99%*  0.74%*

For each correlation are reported, in order, the Pearson correlation coefficients of the Iranian and Mexican landraces. TW: Test weight;
TKW: Thousand kernel weight; GPRO: Grain protein; TOT-AX: Totals Arabinoxylans; WE-AX: Water Extractable Arabinoxylans; FeC:
Iron Content; ZnC: Zinc Content; Phy:Fe: phytic acid:iron molar ratio; Phy:Zn: phytic acid:zinc molar ratio; PHB: p-hydroxybenzoic acid;
SYR: syringic acid; VAN: vanillic acid; CAF: caffeic acid; PCO: p-coumaric acid; FER: ferulic acid; SIN: sinapic acid. TPA: total phenolic
acids. *,** significant at 5% and 1% probability levels, respectively.
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