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ABSTRACT

Grain quality is well known as one of the mogeresting breeding objectives in
Mediterranean countries. It still hgseat importance in wheat nkats because

of the increasedhterest of theconsumers for lgh-quality staple foodsuch as
pasta, couscous andrious types of bread’he performance of many quality
characteristicslepends greatly on environmental conditians, in this context,
organic agriculture could guarantee a durum wheat material with hig
nutraceutical value for healthy food production and special dietary uses. Among
organic wheat production, KAMUTkhorasan wheafTriticum turgidumssp.
turanicum(Jakubz.))has attracted great attention due to its specific nutritional
and functional progrties (antioxidant, antinflammatory, and prebiotic
activities) The aim of this thesis was evaluate the environmental and climatic
effects on the nutritional and nutraceutical quality of organic durum and eurum
type wheat varietied.he work was subdided into three main sections aimed at
understanding the dynamic affecting the accumulation of nutritional and
functional compounds in wheat caryopsis of durum and durum type wheat
varieties.The first two section provide a complete characterizationAfIKIT®
khorasan grain. This is a distinctive studyst a collection of the same
organically growngenotype collected duringvo decades of cultivation was
characterized for nutritional and functional propertieen the investigain has
shifted to thesamecrop harvested in a&ast region (180000 kr), including
several different environmenti the third sectior24 old and modern durum
and durumtype wheat varieties, cropped in the same location and growing
season, were analyzeuh order to determine n@l compare the phenolic
composition Results obtainedjives a fundamental understanding of durum

wheat grains composition in terms of nutrient and bioactive compounds.






Table of contents

,,,,,,,,,,,,,,,,,,,,

"""""""""""""

Paper 1:
- Nutritional and nutreeutical aspects of KAMUY khorasan \weat

grown during the last two decades

,,,,,,,,,,,,,,,,,,,

Study of phytochemical profile of khorasan whedt furgidum ssp

turanicun): spatial analyses of KAMU%production

Paper 2:

- Quantification of fee and bound phenolic compounds in alt
moderndurum wheat varieties usingitra high performancdéquid

chromatography coupled tandemmass spectrometry

////////////////////////

rrrrrrrrrrrrrrrrr












INTRODUCTION

The recent attention to environmental, economical soxlal challengeshas
increased the need for an alternative to conventional agriculture. Conventional
or chemical agriculture involves a massive use of fertilizers and pesticides that
can contaminate the environment and damage the soil structure, leadioit
erosion, organic matter loss and reduced soil fert{litgrencia et al., 2008)
Organic agriculture is a viable altative to conventional farming armhe of

the key values is to maintain high yields and improve the quality utilizing
farming practices that have acceptable environmental impacts and take into
account the health of the consur{Murphy et al., 2007)

In the present work several organic durum wheat varieties have been analyzed.
Durum wheat Triticum turgidumssp.durum) has been chosen for the analysis
because it is one of the most important cereal crops used in the Mediterranean
type temperate zondsr the production of staple food, such as pasta, couscous,
and various types of bread. Durum wheat is also one of the most common crops
in ltaly with a cultivated area of 1.31 million hectares in 2015 and a production
of 4.38 million tongDatabase Eurostat) Furthermore organic wheat represents

an important nutraceutical raw material for healthy food production and special
dietary uses. Several epidemiological studies have evidenced that regular
consumption of whole wheat derived staple food has positiveteftem health,

as it contributes to proper regulation of blood glucose levels and the
management of obesity. It was also demonstrated that whole wheat consumption
helps to decrease cardiovascular mortality and the incidence of colorectal cancer
(Gil et al., 2011; Sahyoun et al., 2006; Truswell, 20@her studies recently
evidenced in humans that a replacement diet with KAfIWhorasan (an
ancient organic grain) products has positive effects in ciraylatdood
parameters in both a healthy population and in chronic disease populations. In a
similar study ancient grain significantly reduced symptoms of irritable bowel
syndrome (IBS)(Sofi et al., 2014, 2013; Whittaker et al., 2016, 2015)

Neverthelessiowadays, most of the wheat products we consume derive from

modern wheat varieties bred after thecsa | | e d ifGr een Revol

1960s). The introduction of dwarf genes led to new durum wheat cultivars straw
lines with high yield and improved technological qua({iDe Vita et al., 20074,
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2007b) In fact, the breeding programs have been focused on improving primary
metabolism and technological properties (i.e. gluten qualityusbim wheat

and, consequently, they have almost not taken into account the nutraceutical and
health promoting properties of wheat consumption in the human(klietzo et

al., 2004; Pecetti and Annicchiarico, 1998pnversely, KAMUT khorasan is

the trademdr of an ancient wheat cultivar, the khorasan whé&atti¢um
turgidum ssp. turanicum (Jakubz.)) derived from a natural hybrid betwden
durum and Triticum polonicum which occurred in the Fertile Crescent
(Khlestkina et al., 2006) Cultivation of KAMUT® khorasan wheat is
exclusively managed by a license agreement which requires organic certification
of the crop and several quality specifications related both to nutritional
characteristics and growing conditiof@uinn, 1999) In particular, the grain

must be the ancient khorasan variety of wheat, never hybridised or cross, grown
only as a certified organic grains, untouched by modern varieties of wheat to
99%, have a protein conteloétween 12 and 18%, be free of signs of disease at
98% and contain between 400 and 1000 ppb of selenium. So far these specific
standards are consistently satisfied only in the growing region of North America
and in particular in the Upper Great PlainsAdiferta, Saskatchewan, Montana
and North Dakota(Grausgruber et al., 2004Llimate change is nowadays
evident, pdicularly in terms of increasing temperature, increasing, CO
concentration, widespread melting of snow and ice and rising global average sea
level (Ceccarelli et al., 2010)in fact, over the past sixty years (192010)

there has been a significant alteration of the climatic conditlmrsexamplein
Canada the temperature has increased and the warming is slightly more evident
in the minimum temperature than in the maxim(Vincent et al., 2012)It is

known that wheat is a species adapted to different agriculturmbements and
enduses, and is exposed to variable environmental conditions, both within and
over several crop yeal&raybosch eal., 1995) The manifestation of those
environmental conditions in the developing kernel affects the quality of the crop
by influencing yield, grain characteristics and flour qua{#ytenbach et b,

2003) In particular, fibore components have been commonly considered as
inherent characteristics, although climatic conditions may have a certain effect

on the grain fibre quantityand quality, by influencing grain size and the



proportional amounts ofeach kernel tissue (endosperm, aleurone, germ)
(Gebruers ® al.,, 2008; Shewry et al., 2010Additionally, the growing
conditions are known to strongly influence the expression levels of plant
secondary metabolites such as polyphenols and, therefore, may affect the
accumulation of phenolic compounds during kédevelopmen{Mpofu et al.,

2006; Shewry et al., 2010These phytochemical compounds with antioxidant
activity are plant secondary metabolites belonging to the phenylpropanoid
pathway and contain one or more aromatic rings and one or several hydroxyl
groups, includig phenolic acids, such as feruliecpumaric, phydroxybenzoic,
vanillic, and syringic acids(Adom et al., 2005, 2003; Liu, 2004; Yu et al.,
2002) As per definition, antioxidant compounds, can delay or avoid the
oxidative damage of substrates as DNA, enzymes alidwvedd molecules,
neutralizing free radicals (e.g., ROS) that are the cause of many chronic diseases
(i.e. cardiovascular disease and cander)itro investigations of whole wheat
grains established that phenolic compounds possess high antiradicalgmolwer
contribute to most of the total antioxidant activiggdom et al., 2005, 2003;
Okarter et al., 2010; Yu et al., 200Bhenolic compounds in wheat are mainly
concentrated in the outer layers of the kernel, such as aleurone, pericarp, and
embryo cell wallfAdom et al., 2005)They are mainly present as soluble free
acids, soluble conjugates esterified to sugars and other low molecular weight
molecules, as well as insoluble forms bound to cell wall components, such as
polysaccharides andghin. The latter phenolic components contribute to- 70
80% of the total phenolic conteifddom et al., 2005; Dinelli et al., 2011;
Leoncini et al.,, 2012)Due to the fact that phenolic acids occur in the outer
layers of the grain, they may be lost during the refinement processes, thus
significantly affecting the nutritial and nutraceutical values of the final grain
products(Di Silvestro et al., 2014; Slavin, 2004)n the other hand, antioxidant
compounds asvell as dietary fiber, vitamins and minerals are preserved in
whole meal productgHirawan et al., 2010)Currently, few data about
nutritional and functional composition ofganically growrK AMUT ® khorasan
grains are available in the literature, especially regarding the changes as

function of cropping year and growing location.



The purpose of theesearch eported in this thesis was to evaluate the
environmental and climatic effects on the nutritional and nutraceutical quality of
organic durum and durwtype wheat varietiesThe work was subdivided into
three main sections aimed at understanding the dynamic affecting the
accumulation of nutritional and functional compounds in wheat caryopsis of
durum and durum type wheat varieti€be first two section of the present work
gives acomplete characterization of a durdype wheat variety: KAMU¥
khorasan grain. This is a unique stufigst a collection of the samarganically
grown genotype collected during twerbne years of cultivation was analyzed
(SECTION 1); then the researchéths shifted to the sanweop harvested in a
region of such broad extension (180000Pkrthat consequently includes several
different environments (SECTION 2). In the third section of this traiffesrent

old and modern durum and durttgpe wheat variet®e cropped in the same
location and growing season, were analyzed in order to determine and compare
the phenolic compositiorSBECTION 3). This last section aimed to contribute to
the understanding of wheat whole grain nutraceutical properties, fostering the
development of wheat varieties with high level of healthmoting
phytochemicals.

The specific of this thesis were:

f a completedescription of the quality of KAMUY khorasan grains
harvested in the last two decades (12832) on a specific farm in
Montara and therefore,an evaluatiorof the environmental effects on
phytochemical accumulatioihe project include the analysis of dietary
fibore components (both insoluble and soluble fractions), starch
compositions (total and resistant starch, amylose amglopectin
fractions) and the characterization of antioxidant properties through the
determination of polyphenol and flavonoid content (both free and bound
phenolic compoundg4SECTION 1).

1 the determination of thautrient, fibre and antioxidant compositiaf
KAMUT® grain as a function of the growing location in order to
understand the environmental dynamics affecting the phytochemical
profile. The study involved an area covering approximately 180060 km

(Canada and USA) which inclusleseveral different farsn and
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environments. The grain collection consisted of grain samples harvested
at 109 different locations in two cropping years, 2010 and 2011. Each
grain sample was analyzed for the antioxidant compounds (polyphenols,
flavonoids) and dietary fibore comporier(soluble and insoluble dietary
fibres, resistant starch) and results were elaborated using Geographic
Information System (GIS) to develoguality maps Moreover, the
elaboration of data concerning grain yield, test weight and protein
content allowed aamparison between the agronomic performance and
the nutritional/nutraceutical profile of KAMUTgrain (SECTION 2).

the determination and comparison of tpeenolic composition of
different durum and duruitype wheat varieties, including old and
modern gentypes, cropped in the same location and growing season. In
particular, the characterization and identification of individual
polyphenols was obtained usingiltra-high performance liquid
chromatographytandem  mass  spectrometry  (UHRMS/MS)
(SECTION3).



SECTION 1

Paper 1
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Nutritional and nutra ceutical aspects of KAMUT® khorasan wheat grown

during the last two decades

A. DI LORETO, R. DI $LVESTRO, S. BOSI, V. BREGOLAYV. STENICO,
R. E. SFERRAZZA, IMAROTTI, R. QUINN anp G. DINELLI

SUMMARY

Recently, organic farming system has attracted the attention of consumers
because of its low environmental impact. Organic agudeeltis a valid
alternative to conventional farming, and ancient wheat, such as KAMUT
khorasan wheat, has emerged as a leader in this category for its nutritional and
functional properties (anthflammatory, antioxidant and prebiotic). It is known

in literature that the environmental condition may affeictactive compound
composition of wheat kernels

The aim of the present study is to evaluate the environmental effect on the
quality of KAMUT ® khorasan grainkarvested in the last two decades (£989
2012)on one farm in Montana (USA), through the evaluatiophgftochemical
accumulationThe characterization of a collection of KAMOK&horasan wheat
collected during twentpne years of cultivation is a unique study and, as far as
we know, there are few sitar articles available in literature. Results evidenced
a great variability in the amounts of macronutrient and nutraceuticals. In
particularfrom 1989 to 2012it was observed a decreasfethe trend line in the
content of total starcfranging from 50.54: 1.31 to 70.87 + 1.61 g/100gnhd
amylose(from 41.48 + 1.01 to 31.46 £ 0.15 % of total starahd a slight
increase of insoluble dietary fiber (IDF) amount (fré&14 + 0.41to 17.75 +

0.44 g/100g)while the soluble dietary fibe(SDF) content varieémong the
years of cultivation even if the general trend remained constebit ¢ 0.12-

2.82 + 0.02g/100g) High variability of the total polyphenols contentas
observed among the investigated wheat samples free soluble fraction varied
between52.07 + 2.36mg/100g andl19.98 = 4.72mg/100g, while the range
observed for bound polyphenols is comprised betweep2 + 3.15and136.20

+ 11.07 mg/100g. Moreover an inverse correlatibetween free and bound



fractions ofpolyphenols was observdd = -0.528 ; p = 0.0139)The results
obtained in the present study evidenced that, under organic farming systems, the
influence of environmental conditions plays fandamental role on the
accumulation of primary and secondary metabolites in wheat keamsl

strongly modulates the nuttonal and nutraceutical value of flour.



INTRODUCTION

The recent attention to environmental, economical and social problems has
increased the need for an alternative to conventional agriculture. Conventional
or chemical agricultw involves a massive use of fertilizers and pesticidat

can contaminate the environment and damage the soil structure, leading to soil
erosion, organic matter loss and reduced solil fertiktgrénciaet al, 2008)
Organic agriculture is a viable alternative to conventional farmingoswedof

the key valueds to maintain high yields andimprove the quality utilizing
farming practices that have acceptable environmental im@aatstake into
accountthe health of theonsumerMurphy et al, 2007%. It raises a great deal

of interest that organic wheat represatimportant nutraceutical raw material

for healthy food production and special dietary uggsove all,the ancient
KAMUT ® khorasan wheatTgiticum turgidumssp. turanicum (Jakubz.) has
attracted great attention due to its specific nutritional and functional properties
(antioxidant,antrinflammatory,and prebiotic activitiesjBenedettiet al, 2012;
Carnevaliet al, 2014;Gianotti et al, 2011; Marottiet al., 2012 Valerii et al,

2015 Valli et al, 2015) In particular, KAMUT ® khorasan wheatontainsa
higherprotein contenthancommon wheatjn addition to greater variability in

the qualitative compositionf amino acids and a greater quantity of Igiahd

fatty acids(Grausgrubeet al, 2005; Angioloni & Collar 2011)Furthermore

other studies recently evidenced in humans that a replacement diet with
KAMUT® khorasan productshas positive effectsin circulatory blood
parametersn botha healthy poplation and in chronic disease populatiolmsa
similar study ancient grain significantly reduced symptoms of irritable bowel
syndrome (IBS) %ofi et al, 2013; Sofiet al, 2014; Whittakeret al, 2015
Whittakeret al., 2016).

KAMUT ® is a registered tramnarkusedin marketing foodstuffs of thancient
cultivated khorasan7Wwheawhivahiway rcadil £de
USDA in 1990. Cultivation ofKAMUT® khorasanwheat is exclusively
managed b license agreementhich requires organic certifation of the crop

and several quality specifications related both to nutritional charatitexriand

growing conditions Quinn, R.M., 1999) For example the grain mudescend



unmodified from the original seed stock first used under the KARMbf&Nd.
Additionally, the grain must have a protein content of betweenl12 and 18% and
must contain between 400 and 1000 ppb seleni8m.far thesespecific
standards areonsistentlysatisfied only in the growing region of North America
and in particulain the Upper Geat Plains ofAlberta, Saskatchewan, Montana
and North Dakota(Grausgruberet al, 2004. Climate change isxowadays
evident particularly in terms of increasing temperature, increasingg CO
concentration, widespread melting of snow and iceraily globd average sea
level (Ceccarelliet al, 201Q. In fact, over the past sixty years (193010)

there has been a significant alteration of the climatic conditions. In particular, in
Canada the temperature has increased and the warming is slightly moré eviden
in the minimum temperature than in the maxim(Wimcentet al., 2012). It is
known that vheat is a species adapted to differagyicultural environments and
enduses, and is exposed to variable environmental conditions, both within and
over several cropyears (Grayboshet al, 1995). The manifestation of those
environmental conditions the developing kernelffectsthe quality of the crop

by influencing yield, grain characteristics afidur quality (Altenbachet al.,
2003). In particular, fibre comporents have been commonly considered as
inherent characteristics, although climatic conditions may have a certain effect
on the grainfibre quantity and quality, by influencing grain size and the
proportional amounts of each kernel tissue (endosperm, aésumerm)
(Gebruerset al, 2008; Shewry et al, 2010). Additionally, the growing
conditions are known to strongly influence the expression levels of plant
secondary metabolites such as polyphenols and, therefore, may affect the
accumulation of phenolic cqmunds during kernel developmgMpofu et al.,
2006; Shewry et al., 2010¢urrently, few data aboututritional and functional
composition obrganically growrK AMUT © khorasargrains are available itne
literature especially regardinthe changes as fanction of cropping year and
growing location

The study aims gtroviding a description of the quality 8AMUT © khorasan
grains harvested in the last two decades (32832) on a specific farm in
Montanaand therefore evaluating the environmental eéits on phytochemical
accumulation.The project include the analysis of dietarfibre components
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(both insoluble and soluble fractionstarch compositions (total and resistant
starch, amylose and amylopectin fractionahd the characterization of
antioxdant properties through the determination of polyphenol and flavonoid

content (both free and bound phenolic compounds).

MATERIAL AND METHODS

Grain samples

The study was carried out usirgy collection of KAMUT® khorasan wheat
(Triticum turgidumspp.turanicum) harvested in North America for 21 growing
season (from 1989 to 201Z)he wheatsampleswere cropped n  tQuien i
Organic Farm located neaBig Sandy, MontangUSA) in accordance with the
strictly quality specifications required b¥amut Internatonal Ltd. Mean
temperatures and rainfall amounts recorded at the experimental field are
reported inFigure 1.Whole-grain samples ere ground to semolina using a
domesticstone mil (100% flour extraction)Billy 200, Hawos Mulini, Bad
Homburg, Germany)All determinations were replicated three times and results

expressed on a dry weight (DW) basis.

Chemicals

Folin-Ciocaltey gallic acid and catechin reagent were purchased from Sigma
Aldrich (St Louis, MO, USA). All other chemicals and soh@nvere of

andytical grade.

Macronutrients Analyses

The determination of the protein content was carried out according to the
Kjeldahl procedure (N x 5.7AACC, 1983. The determination ototal starch
contentwas carried outusing the Megazyme assay kit (Megazyme Ireland

Ltd., Wicklow, Ireland) based on the use of glucose oxig@sexidase reagent
(GOPOD)after hydrolytic digestion wittlamylase and amyloglucosidase. The
amountof amylose wasbtainedusing the Amylose/Amylopectin Megazyme
assay kit (Megazymént. Ireland Ltd., Wicklow, Ireland). Thenethod was
based on the use of lectin concanavalin A (Con A) for the precipitation and

11



removal of the amylopecti@on A complex. Afterwards, the amylose
molecules were hydrolyzed to-flucose withU-amylase/amiloicosidase and
spectrophotometrically quantified using GOPODreagent. According to
McCleary & Monaghan (2002resisant starclcontentwasdeterminedusing a
Megazyme assay kit. Adt an overnightdigestion wi t kamylase and
amyloglucosidase, soluble sth was removed with 95% and 50% ethanol
consecutive washes. Tmethe pellet was extracted with 2 mol' LKOH to
dissolve resistant starch, hydrolysed with amyloglucosidase and quantified using
aGOPODreagen{(Di Silvestroet al.,2012)

Dietary Fibre omponents

Insoluble (IDF) soluble (SDF) andotal (TDF) dietary fibre contents were
determinedollowing the enzymatic/gravimetric procedure describedPlysky

et al (1998)using the Megazyme assay kit (Megazyme Int. Ireland Ltd, Bray,
Ireland) The pr@edure was based on the sequermraymatic digested using
heat stable a-amylase, protease and amyloglucosidase, allowing the
determination of IDF, SDF and TDF amounts as previously described (
Silvestroet al, 2012).

The arabinoxylas (AX) content was determinestcording to the procedure of
the enzymatic assay kit -Rylose (Megazyme Internationdteland Ltd,
Wicklow, Ireland) with some modificationsWholegrain samples were
subjected to acid hydrolyzation in boiling water bath, followed by re
equilibration of pH with NaOH 1.3M. After the hydrolysis, samples were
clarified by treatment with solutions of hexacyanoferrate (ll) and zinc sulphate.
This assay kit allowed the indirect measurement ofyldse amount, through
the spectrophotometritetermination of NADH produced during the reaction of
b-D-xylose with NAD'i n t he p rxglese debydrogenfise. The AX
concentration was calculated by considering the estimategd3e content in
wheat flour arabinoxylasy62%).

The determination obetaglucans (BGgontentwascarried out on the basis of
the method described previously by our researcum Marotti et al, 2012)
usingthe Megazyme assay kit (Megazyme International Ireland Ltd, Wicklow,

Ireland).

12



Determination of phenolic compounds

Freeandboundphenoliccompoundsvere extracted as previously describey
Dinelli et al (2011).Whole-grain flours were extracted with cold 80% ethanol
to dissolve the free soluble compounds, followed by acid and alkaline
hydrolyses to release the bouridrms Extracts were anahked for the
polyphenol quantification following the colorimetric procedure based on the
Folini Ciocalteu reagent, as described Singletonet al. (1999). Furthermore,
extracts containing free and bound phenolic compounds welgzadafor
flavonoid content following the spectrophotonetrmethod previously
described (Dinellet al.,2011).

Statistical analysis

Oneway analysis of variance (ANOWA, Tukeybo
multiple comparison) was germedfor compaing the flour samples

Linear discriminateanalysis (DA) was performed on the standardised matrix

of the nutrient and phytochemical content of grain samples, including a total of

16 variables (protein, starch, amylose, amylopectin, RS, IDF, SDF, TDF, AX,

BG, FP, BP, TP, FF, BF, TF). All statistical analyses were conducted using

Statistica 6.0 software (2001, StatSoft, Tulsa, OK, USA).

RESULTS

Macronutrient composition

Macronutrient composition of the wheat grains analyzed is presented in Table 1
for protin starch, amylose, and amylopectin conté¢garding the protein
content, significantly differences were observed among wheat sample analyzed
in the present study. In particular, protein values ranged between 12.3 g/100g to
23.7 g/100g, respectively f@amples collected in 1993 and 2003 with a mean
value of 16.8 g/100g (Table Iptal starch content varied significantly among
the sample analyzed. KAMFTkhorasan grain harvested in 1993 has evidenced
the highest amount of starch, while samples collectetP99, 2003 and 2004
have showed the lowest starch content (Table 1). Besides total starch,

statistically significant differences were observed in the amylose and

13



amylopectin content. In particular, a reduction of the amylose percentage
fraction was obseed from 1989 to 2012 in KAMUT khorasan grains. The
opposite trend was observed in the amylopectin content. Total starch content is
in agreement with data reported in literature by Merenddhaal, (2006)
regarding durum wheat harvested in Italy, wipkrcentage fraction of amylose

is lower than observed in two durum wheat cultivars cropped in Spain by
Guzmaret al, (2011).

Dietary fibre and resistant starch content

The bran layer of the kernel is particularly rich in dietary fibre, including
insolude (IDF), soluble (SDF) and resistant starbietary fibre composition of

the investigated wheat samplés presented in Table 2. In our study, dietary
fibre content varied greatly among the 21 KAMUKhorasan samples. The
highest IDF amount was observadthe sample harvested in 1997, while the
lowest was in samples collected in 1989, 1993, 1994 and 1998 (Table 2). In
general, a positive trend in the IDF amounts was observed in the last two
decades.Regarding SDF, significant differences were observedngmthe
different years of cultivation. KAMUYT khorasan wheat harvested in 1989,
2000, 2003, 2005,2006 and 2009 had the highest level, while samples collected
in 1990, 1991, 1993, 1995, 2004, 2011 and 2012 showed the lowest amounts
However, the general tnd in the content of soluble dietary fibre has remained
stableduring the last twentpne years, although with some exceptions. The
arabinoxylan (AX) content of whole grains observed in the present study was
reported in Table 2. KAMUY khorasan wheat harsed in 1990, 1991 1992

and 1995 showedhé highest content of AX, while the grain collected in 1989
had the | owest ¢ o-glucans are oneof tbemst impottamt A X,
dietary fibre component-glucan @mogm iwére c an't
observed among samples of different crogpyear. From 1989 to 2012 the
tendency i n {glbcanremaned eonstant (Méble B). Resistant
starch represents the fraction of the starch escaping digestion and not absorbed
in the small intestine of healthy humans. In this study were obseiyeificant
differences among thKAMUT ® khorasanwheat samples analyzed (Table 2).

The trend of resistant starch content did not change during the taeatyears

14



of the study. The amounts of dgiueah ary
and resistanstarch, observed in the present study are significantly higher than
those previously reported for KAMUTkhorasan and closely related durum
wheat, w h i lglacanf aad resiStdahfstarchbtheerage amounts were
lower than reported in literaturen durum wheat cultivars and KAMUT
khorasan harvested in Italilerendinoet al, 2006 and Marottet.al, 2012) and

with respecto durum wheat varieties cropg in Hungary in 2004Gebruerset

al., 2009

Antioxidant components

Polyphenols are the most repentative class of antioxidant in wheat, mainly
concentrated in the bran layer of the kernel. They are for the most part made up
of phenolic acids and flavonoidDigelli et al,2009) In wheat, phenolic
compound exist in the soluble (free) and insolybleund) forms. The phenolic
composition of the investigated graingeéported in Table .3High variability of

the total polyphenols conterwas observed among the investigated wheat
samples, with the samplearvested in1992 showingthe highest amount.
Regading the free soluble fraction, higher amounts were obtained for sample
collected in 2008, 2009 and 201Phe lowest free phenolic accumulation was
observed for grain harvested in 199994, 1996, 1997 and 19¢Bable 3). An
inverse correlationbetween free and boundfractions of polyphenols was
observedr =-0.528 ; p = 0.0139)Moreover in the last twentyone years the
trend in the amount of the free fraction of polyphenols increased, while an
opposite tendency was evidenced for the bound fractiorpodyphenols.
Regarding the accumulation of total flavonoids in KAMURhorasan kernel,
samples collected in 1992, 1997, 2008 and 2012 have shown the highest
amount, while samples harvested in 1990, 1993, 1995 and 2006 were
characterized by the lowest d¢ent of total flavonoids (Table 3Yhe highest

free soluble flavonoid amount wasrecorded by sample collected in
1992whereas the highest bound flavonoid content was obtanyedrains
grown in 1997 and 1998 (Table 3).

15
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Linear Discriminant Analyses (LDA)

The multivariate technique of data analyses has been used to explain the
observed variability in nutrient and phytochemical content of wheat samples
harvested in Montana (USA) from 1989 to 2012. LDA allowed to obtain more
information as regards the varieb that mainly influenced the sample
similarities and differences (Rodrigud2elgadoet al.2002; Di Silvestreet al.,

2012). Figure 2 shows the scatterplot of the grain samples on the space defined
by the first two canonical functions.

KAMUT ® khorasangrains harvested in 2006, 2008, 2009, 2011 and 2012 are
clustered together in a separate group. A second cluster is identified by sample
collected in 1991, 1992, 1995, 1996, 1997, 1999, 2001, 2004, and 2005. A third
but less homogeneous cluster is ideetifiby KAMUT® khorasan wheat
harvested in 1989, 1990, 1993, and 1994. As revealed from the values of
canonical functions standardised within variances for each variable on root 1,
the described clusterisation of the cases seen were strongly influenced by
protein, betaglucans, insoluble and soluble dietary fibore and amylose content
(values of first canonical discriminant function (Root 1) equal to 1.38, 0.57,
0.52,-0.72 and-0.69, respectively). The clusterisation of the cases along second
canonical functio (Root 2) seen were strongly influenced by amylose, free
polyphenols, bound flavonoids, resistant and total starch and betaglucans
amount (values of canonical discriminant function 2 equal to 1.62 1.23, 1.25,
0.72,-1.29 and-0.68, respectively). Indeeduster A included grain samples
with the highest amount of amylose, free polyphenols and bound flavonoids,
whereas cluster C had the highest total starch content. Wheat samples grouped
together in cluster B are characterized by an highest average cohsehtble
dietary fibre and by the lowest protein content.

According to the results obtained, the year of cropping induced strong effects on
kernel composition and induced huge variation in the content of primary and

secondary metabolites.

16



DISCUSSION

Recently, reports in the literature evidenced the effects of genotype and
environment, as well as their interaction, on bioactive compound composition of
wheat kernelgMpofu et al, 2006;Shewryet al, 2010).However, the available
literature is quite scae on this topic and, as far as we know, the changes of
fibre components and antioxidants of the ancient KAMWHorasan grains as a
function of cropping year has never been investigaked. ancient grains may
constitute a rich genetic resourfte the lov-input and organic sector, as they
could guarantee a superior nitrogen (N) extraction inNoenvironments, good
competitiveness on weed control (due to higher plant height) and a general
higher resistance to biotic and abiotic stresses (Lammerts varerBeieal,
2011). Several minor cereals and ancient crops constitute valuable nutritional
grain ingredients for healthy food production, thanks to their better health
related compositianin organic wheat production, one of the most important
point is thegrain quality, particularly as regards the protein cont&dta
obtained in this study were higher than those recorded in literature by Rinelli
al., (2014), but Merendinet al., (2006) reported higher values in KAMOT
khorasan grains. Protein conteasulted positively correlated with temperature
recorded during the gradfilling stage (r = 0.536; p = 0.012). The effect of
environmental growing conditions on macronutrient accumulation was observed
comparing the amount of starch in wheat kernel. & wiaserved a decrease of
the trend line in the content of total starch from 1989 to 28%2previously
described by Hucl and Chibbar (1996), a negative correlation exists between
protein and starch content in the wheat grain. This statement was contiymed
the presence of an inverse relationship between protein and starch levels was
observed (r =0.582; p = 0.005). In additiont was also observed a negative
correlation (r =0.450 ; p=0.0407) between mean temperature during the grain
filling stage andhe lower ratio of starch in the endosperm. This is in accordance
with Labuschagnet al, (2009) and can be attributed to the heat inactivation of
starch synthase, the key enzyme in the starch biosynthesis reaction pathway.
Differently from what reportedn literature by Labuschagne et al. (2009), the
ratio amylose:amylopectin decreased with increasing temperature during the last
two decaded.iterature data report that durum wheat starch granules contain 25
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30% amylose (BeMiller & Whistler, 1996; Hansenal., 2010), while in the
present study a higher amylose percentage was observed. This divergence could
be related to the influence of agronomic growing conditions on starch granule
composition (Singhet al, 2010) or the limitation in comparing different
amylose/amylopectin analytical techniques, as previously reported bgtZtu
(2008).

Resistant starch and soluble dietary fibre (as-gkteans, arabinoxylans) are
characterized by high prebiotic activity, indeed they can resist digestion and
reach he colon where functioning as substrate for intestinal microbial flora
(Marotti et al, 2012). Usually, gositive correlation between dietary fibre and
mean temperature between heading and harvest is expected. (Seary
2010). In the present studihe content of dietary fibre was found to slightly
increase from 1989 to 2012 evidencing the strong effect of environmental
condition on its accumulation in wheat kernel, as previously described
(Gebruerset al, 2008; Marottiet al, 2012).

The bran layef wheat grains is relatively rich in antioxidants compounds.
Polyphenols are a large group of phytochemicals including flavonoids (the most
representative in wheat kernel), phenolic acids, coumarins, tannins, lignans and
stilbens. In wheat kernel polyphels exist in three forms: soluble, soluble
conjugated (linked to low molecular weight sugars) and bound to cell wall
components. All polyphenols present high antioxidant activity, arresting the
damaging oxidative chain reaction caused by free radicatexipe, Q), thus
preventing many degenerative human diseases (i.e. heart disease and cancer).
Especially bound polyphenols possess strong-camtcer properties as they
survive the digestion process and reach the colon, where the endothelial cells
may absrb phenolics and gain antioxidant protection (Krebral, 1997). The

free phenolic contents observed in the present study were higher than those
reported in literature for soluble compounds in durum wheat varieties harvested
in Italy during one year otultivation (Bellatoet al, 2013; Ciccorittiet al.,

2013), while were in line with those recorded by Faateal (2010), taking into
account the insoluble fractions. As reported in Table 3, a great variability was
observed in the amount of antioxidantngmounds during the twentne
cropping years of the present study. The only correlation observed was a
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positive correlation with total precipitation was observed for free and total
polyphenols and flavonoids (r = 0.576, p = 0.0062; r=0.947, p=0.0001;75;0.7
p=0.0001; r=0.729, p= 0.0002)The results were expected aghenolic
biosynthesis can be induced by various biotic stress and therefore the observed
variability among years of cultivation may also be related to plant pathologies
present at different \els of severity (Dixon and Paiva, 1995). Moreover it
wasn't observed any significant correlations between phenolic compounds and
temperature during the cropping years taking into account in this study.

The characterization of nutritional and nutraceutmalperties of wheat grains
harvested in Montana (USA) from 1989 to 2012 allowed the investigation of the
nutrient and phytochemical accumulation as a function of changing
environmental conditions in a long term experiment. The analyses showed great
variahlity among samples collected in different years of cultivation. In
particular, the greater environmental effects were observed for polysaccharides
(starch and some dietary fibre components) and for phenolic compounds. Due to
the major exposure of the crép climatic changes, lower nutrients availability
and pest diseases, the effects of the environmental conditions in agricultural
low-input systems may exert higher influence as compared to the conventional
ones. (Bilsborrovet al, 2013). More research ieeded to investigate the cause

of location effects, the correlations with soil samples and previous crops planted
in rotation, extend the study to several genotype, and determine the heritability
of the antioxidant properties. In conclusion, the prestady has a unique
value, because in literature are present very few work in which the same
genotype is cultivated during twentyie cropping years with the same

agricultural practice.
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Tables

Table 1:Protein,starch, amylose and amylopectin composition of the investigated wheat grains. Values are mean of three different

replications +stad ar d

devi

ati

on.

Me ans

foll

owed

by the

same

YEAR

Protein (g/100g)

Starch (g/100g)

Amylose (% Starch) Amylopectin (% Starch)

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2003
2004
2005
2006
2008
2009
2011
2012

20.9+ 0.14 (b)
17.7+ 0.16 (ef)
12.8+ 0.14 (1)
16.1+ 0.15 (hi)
12.3+0.14 ()
15.7+ 0.18 (ij)
17.3+ 0.12 (fg)
14.0% 0.13 (K)
16.3% 0.14 (h)
15.4+ 0.11 (j)
17.1+ 0.12 (g)
20.3+0.13 ()
16.0%0.14 (hi)
23.7+0.11 (a)
15.6+0.19 (ij)
17.9+ 0.19 (e)
18.5+ 0.14 (d)
15.3+0.21 (j)
16.5+ 0.15 (h)
15.7+ 0.17 (ij)
18.6+ 0.14 (d)

60.15 + 1.22 (d)
67.23 +1.44 (b)
65.88 + 2.38 (b)
61.85 + 2.20 ()
70.87 + 1.61 (a)
67.11 + 0.68 (b)
64.50 + 2.30 (bc)
62.59 + 2.97 (cd)
60.56 + 0.50 (d)
60.95 + 0.56 (£)
52.82 + 0.61 (jK)
54.67 + 0.23 (ij)
55.61 + 1.78 (§)
50.54 + 1.31 (K)
53.31 + 1.55 (jK)
54.90 + 0.51 (ij)
54.98 + 1.26 ()
58.80 + 2.23 ()
56.65 + 0.92 (§)
58.30 + 2.70 {)
59.40 + 2.32 (@)

41.48 + 1.01 (a)

37.69 + 2.85 (cd)
40.40 + 1.23 (ab)
35.20 + 1.96 (1)
35.48 + 1.24 (d))

36.97 + 1.16 ()
34.61 + 0.47 @)

35.13 + 1.66 ¢h)
37.67 + 0.02 ()
37.71 +0.81 (cd)
38.97 + 0.52 (bc)

32.61 + 0.53 (tj)
32.05 + 0.52 (ij)
32.72 £ 0.20 (%)
31.46 + 0.15 (j)
34.53 + 0.31 )

35.34 + 0.59 (¢h)

33.13 + 1.30 (§)
31.51 + 0.70 (j)
32.78 + 0.09 (#j)
31.96 + 1.50 (ij)

58.52 + 1.0 (j)

62.31 + 2.85 (gh)

59.60 + 1.23 (ij)
64.80 + 1.96 (€)

64.52 + 1.24 (g
63.03 + 1.16 ()
65.39 + 0.47 (i)
64.87 + 1.66 ()
62.33 + 0.02 (h)
62.29 + 0.81 (gh)
61.03+ 0.52 (hi)
67.39 + 0.53 (&)
67.95 + 0.52 (ab)
67.28 + 0.20 (&)
68.54 + 0.15 (a)
65.47 + 0.31 (i)
64.66 + 0.59 (g)
66.87 + 1.30 (a)
68.49 + 0.70 (a)
67.22 + 0.09 (&)
68.04 + 1.50 (ab)
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Tabl e 2:

different replications + standard deviation. Means followed by the same letter are not significantly differéntad i< ( Tuk ey 0 s

YEAR  IDF (g/100g) SDF (g/100g) AX (g/100g) BG (g/100g) RS (g/100g)
1989  12.14+0.41 (k) 4.16+0.14 (ab)  2.24 + 0.09(j) 0.24 + 0.02(®) 0.48 (bd)
1990 13.42+0.94 () 2.85+0.27 (g) 3.35 + 0.08() 0.25 + 0.02(a) 0.51 (ac)
1991  13.73+0.52 (§)  3.32 +0.48 (d) 3.54 + 0.16(a) 0.27 + 0.01(ab) 0.44 (bd)
1992  13.76 + 0.71 (§) 3.87 £0.31 (k) 3.39 + 0.17(ab) 0.26 + 0.01(al) 0.39 (d)
1993  12.13+0.98 (k)  3.24+0.34 (a)) 3.13+ 0.26(ke) 0.27 + 0.03(ab) 0.47 (bd)
1994  12.65+0.31 (k)  3.59 £0.07 () 2.67 + 0.05(hi) 0.21 + 0.01(e) 0.55 (ab)
1995  14.90+0.72 (d))  3.49 +0.56 (q)) 3.51 +0.25(a) 0.22+0.01(de)  0.46 (bd)
1996  13.39+0.65 (ij)  3.85+ 0.26 (k) 3.18+0.31(bd) 0.23 + 0.01(®) 0.54 (ab)
1997  19.65+0.49 (a) 3.62+0.20 () 2.61 + 0.01(j) 0.27 + 0.02(x) 0.63 (a)
1998  13.14+0.61{()  3.78 +0.44 (k) 2.88+0.01(ei) 0.25 + 0.02(a) 0.55 (ab)
1999  14.63+0.54 () 3.69 + 0.42 () 2.82 +0.01¢) 0.26 + 0.01(a) 0.42 (bd)
2000  16.15+0.39 (cd) 3.91 + 0.66 (al) 2.94 + 0.06(d) 0.22 + 0.01(de) 0.62 (a)
2001  14.90+0.51 (@) 3.67 +0.62 (&) 2.98 + 0.03(¢h) 0.24 + 0.01(ke) 0.44 (bd)
2003 1597+0.74(e) 4.53+0.11(a) 2.97 + 0.07(ch) 0.24 + 0.01(ae) 0.40 (cd)
2004  14.51 + 0.06 () 3.22 +0.13 () 2.94 + 0.05(d) 0.28 + 0.01(a) 0.44 (bd)
2005 14.60+1.53 () 4.57+0.12 (a) 3.00+0.03(cth) 0.24 + 0.01(ae) 0.44 (bd)
2006  16.87 +0.52 (bc) 4.04+0.13 (&) 3.05+0.12(cQ) 0.21 + 0.01(e) 0.54 (ab)
2008  16.50+0.62 (bc) 2.88 + 0.60 (fg) 3.01+0.06(dg) 0.24 + 0.04(ke) 0.52 (ac)
2009 15.87+0.06 () 3.91+0.73 (a) 2.72 + 0.10(d) 0.23 + 0.02() 0.49 (ad)
2011  16.42+0.18 (bc) 2.95+0.36 (@) 3.13+0.06(bf) 0.25 + 0.01(al) 0.53 (ac)
2012 17.75+0.44 (b) 2.82+0.02(g) 3.09 + 0.06(d) 0.24 + 0.01(e) 0.51 (ad)
Abbreviatons | DF, i nsolubl e dietary fibre; SHlkcanssol ubl e

RS, resistant starch
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Table 3:Free, bound and total polyphenol and flavonoid contents of the investigated wheat\(glias are mean of three different
replicat i ons N

standard

devi

ati on.

Me ans

f ol

| owe d

by

t he

YEAR

Free Polyphenols
(mg/100g)

Bound Polyphenols
(mg/100g)

Total Polyphenols
(mg/1009)

Free Flavonoids
(mg/1009)

Bound Flavonoids
(mg/100g9)

Total Flavonoids
(mg/1009)

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2003
2004
2005
2006
2008
2009
2011
2012

68.59 + 7.16 (gh)
59.91 + 4.57 (ij)
77.28 + 4.37 (ef)
104.64 + 8.36 (b)
67.15 + 5.64gH)
62.10 + 5.68 (1)
84.66 + 2.05 ()
57.96 + 5.59 (j)
58.75 + 0.79 (ij)
52.07 + 2.36 (j)
69.88 + 3.94 (h)
74.61 + 1.97 (@)
81.85 + 2.76 (de)
89.09 + 0.39 (cd)
92.70 + 3.94 (C)
76.28 + 3.54 (@)
104.39 + 5.51 (b)
119.98+ 4.72 (a)
112.19 + 7.87 (ab
108.01 + 6.69 (b)
111.63 + 1.57 (ab

97.55 + 7.39 (@)
100.88 + 4.69 (d)

116.15 + 4.18 (bc)

166.14 + 9.92 {h)
160.78 + 4.83 (h)
193.43 + 6.02 (bc)

136.20 £ 11.07 (a) 240.84 +13.12 (a)

125.28 + 3.83 (ab)

102.93 +12.31 (§
91.55 + 7.3 (eh)

112.07 + 17.78 (cd]
130.83 + 10.63 (ab

115.53 + 0.79 (i)
91.03 £ 3.15 (&)
89.09 + 0.39 (&)
88.81 + 3.15 )
83.80 + 1.57 (4)
106.90 + 1.97 ()
90.76 + 5.12 (6)
81.85 + 4.33 (hi)
73.22 + 3.15 (i)
82.96 + 5.90 (4)
73.22 + 315 (i)
87.14 + 4.72 ()

192.43 + 8.70 (i)
165.02 + 6.63 {h)
176.21 + 5.53 (h)
170.04 + 20.52 {f)
189.58 + 1.41 (be)
167.59 + 1.57 {h)
160.91 + 0.79 (gh)
163.70 + 2.36 (gh)
170.66 + 0.39 ()
172.88 + 1.18 (dh)
199.60 + 5.90 (b)
167.04 + 8.66 {h)
186.24 + 9.84 ()
193.20 + 1.57 (o)
195.15 + 13.78 (bc)
181.23 + 9.84 ()
198.77 + 6.30 (b)

29.90 = 4.11 (cd)
19.04 + 2.57 (fg)
26.28 + 1.39 (de)
46.62 + 4.66 (a)
13.83 + 1.46 (h)
27.27 + 4.19 ()
24.11 + 1.40 (ef)
23.01 + 5.92 (ef)
27.54 + 1.34 (€)
23.18 + 0.31 (ef)
25.65 + 010 (de)
26.16 + 0.01 (de)
24.34 + 0.31 (ef)
22.74 % 0.10 (ef)
24.56 + 0.41 (d)
23.69 + 0.41 (ef)
15.77 + 1.14 (gh)
38.00 + 0.72 (b)
33.35 + 0.31 (bc)
27.18 + 0.21 (€)
37.64 + 0.41 (b)

10.61 * 1.95 (de)
7.48 +1.00 (e)
12.22 + 1.62 (de)
13.14 + 1.57 ()
10.80 + 0.96 (de)
11.79 + 0.37 (de)
9.95 + 0.56 (de)
18.02 + 9.36 (bc)
27.54 + 1.34 (a)
23.18 + 0.31 (ab)
19.55 + 0.72 (bc)
16.64 + 0.92 (o)
14.90 + 0.0 (cd)
14.53 + 0.82 (cd)
12.93 + 0.41 (e)
15.91 + 1.13 (i)
16.49 + 1.54 (i)
14.17 + 1.13 (cd)
13.59 + 0.92 (€)
13.88 + 0.31 (e)
14.24 + 0.82 (cd)

40.51 * 4.20 (d)
26.51 + 3.8 (g)
38.50 + 1.03 (d)
59.77 +5.79 (a)
24.64 + 2.31 (g)
39.06 + 3.82 (d)
34.05 + 0.84 (@)
41.03 + 14.09 (d)
55.08 + 2.67 (ab)
46.36 + 0.62 (o)
45.20 + 0.62 (ie)
42.80 + 0.92 ()
39.24 + 0.41 (d)
37.28 + 0.92 (d)
37.49 + 0.0d-)
39.60 + 0.72 (d)
32.27 + 2.68 (d)
52.17 + 0.41 (&)
46.94 + 1.23 (i)
41.05 + 0.10 ()
51.88 + 1.23 (&)

same
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Figure 1: Heat maps showing the tempe{) and precipitation (B) recorded
for the trial site during the years of the study. Values are the means (A) and
totals (B) for a month periods.
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Figure 2: Scatterplot of the KAMUT khorasan grains collected during the tvogetyears of cultivatioaccording to the nuent and
phytochemical content defined by the first two canonical functions (Root 1and Root 2)
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SECTION 2
Study of phytochemical profile of khorasan wheat T. turgidum ssp

turanicum): spatial analyses of KAMUT® production

1. Introduction

The recent attention to environmental, economical and social problems has
increased the interest in organic food products. Several epidemiological studies
have evidenced that regular consumption of whole wheat derived staple food has
postive effects on health, as it contributes to proper regulation of blood glucose
levels and the management of obesity. It was also demonstrated that whole
wheat consumption helps to decrease cardiovascular mortality and the incidence
of colorectal cance(Gil et al., 2011; Sahyoun et al., 2006; Truswell, 2002)
KAMUT ® khorasan is the trademark of an ancient wheat cultivar, the khorasan
wheat {riticum turgidumssp. turanicum (Jakubz.)) derived from a naslr
hybrid betweerT. durumandTriticum polonicumwhich occurred in the Fertile
Crescent(Khlestkina et al., 2006)Cultivation of KAMUT® khorasan wheat is
exclusively managed by a license agreement which requires organic certification
of the ecop and several quality specifications related both to nutritional
characteristics and growing conditiof@uinn, 1999) In particular, the grain

must be the ancient khorasan variety of wheaver hybridised or cross, grown
only as a certified organic grains, untouched by modern varieties of wheat to
99%, have a protein content between 12 and 18%, be free of signs of disease at
98% and contain between 400 and 1000 ppb of selenium. So $ar gpecific
standards are consistently satisfied only in the growing region of North America
and in particular in the Upper Great Plains of Alberta, Saskatchewan, Montana
and North DakotaGrausgruber et al., 2004Purum wheat is produced in
virtually every region of the US, where in fact the main cereal grown, occupying
an area of about 240000 km? and showing charatics that vary from region

to region. 60% of the total US production of durum wheat is produced in North
Dakota, while the remaining 40% is divided among Montana, California, South
Dakota and Idaho, with a total production of about 58 million tonsyepar,
making the United States the third largest producer of durum wheat
(https://Iwww.ag.ndsu.edu/plantsciences/research/durum/production, 2012;
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"United States wheat Production”, 2002). In Canada, an area of about 100,000
square kilometers, produces ab@ut million tons of wheat a year, making the
country the seventh largest producer in the world, mainly due to agricultural
activity carried out in Alberta and Saskatchewan
(http://www.albertawheat.com/abewheat/canada/, 2013). It is known that
wheat is aspecies adapted to different agricultural environments andisesl

and is exposed to variable environmental conditions, both within and over
several crop yeargGraybosch et al., 1995)The manifestation of those
environmental conditions in the developing caryopsis may affects the quality of
the crop by influencing yield, grain characteristics and flour quéitienbach

et al., 2003)In particular, fibore components have been commonly considered as
inherent characteristics, although climatic conditions may have a certain effect
on the grain fibre quantity and quality, byfluencing grain size and the
proportional amounts of each kernel tissue (endosperm, aleurone, germ)
(Gebruers et al., 2008; Shewry et al., 2010) addition, the growing
environmental conditions are known to strongly influence the expression levels
of plant secondary metabolites and, therefore, may affect themadation of
phenolic compounds during kernel developm@mpofu et al., 2006; Shewry et

al., 2010) Currently, few data about nutritional and functional composition of
organically grownKAMUT ® khorasangrains are available in the literature,
especially regarding thehanges as a function of cropping year and growing
location. Moreover, this is the first study in which an organically grown crop is
investigated in a region of such broad extension, including several different
environments.

The research aimed at determmp the nutrient, fibre and antioxidant
composition of KAMUT grain as a function of the growing location and
understanding the environmental dynamics affecting the phytochemical profile.
The study involved an area covering approximately 180000 (kranadaand

USA) which included several different farms and environments. The grain
collection consisted of grain samples harvested at 109 different locations in two
cropping years, 2010 and 2011. Each grain sample was analyzed for the
antioxidant compounds (pgifenols, flavonoids) and dietary fibre components
(soluble and insoluble dietary fibres, resistant starch) and results were elaborated
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using Geographic Information System (GIS) to devejoality mapsMoreover,

the elaboration of data concerning grainlgjeest weight and protein content
allowed a comparison between the agronomic performance and the
nutritional/nutraceutical profile of KAMUY grain. The study, however, is in
progress and results obtained here will be integrated with the third year of
KAM UT® khorasan cultivation.

2. Material and Methods
Grain samples and chemicals

The study was carried out using a collection of KAMURhorasan wheat
(Triticum turgidumspp. turanicun) harvested in North America in 2010 and
2011. The collection consisted D09 samples for the first year and 109 for the
second. Each sample identified a KAMYRhorasan producer and was cropped

in accordance with the strictly specifications required by Kamut International,
Ltd. Wholegrain samples were ground to semolina gsaandomestic stone mil
(100% flour extraction) (Billy 200, Hawos Mulini, Bad Homburg, Germany).
All determinations were replicated three times and results expressed on a dry
weight (DW) basis. FoliCiocalteu, gallic acid and catechin reagent were
purchasd from SigmaAldrich (St Louis, MO, USA). All other chemicals and

solvents were of analytical grade.

Starch analysis

Starch was measured using a Megazyme assay kit (Megazyme International
Ireland Ltd, Wicklow, Ireland), as described By Silvestro et al., (2012
Resistant starch (RS) was determined with the Megazyme assay kit (Megazyme
International Ireland Ltd), as detailed previouslyNdgrotti et al., (2012)After

an aamylase and amyloglucosidase overnight digestion, soluble starch was
removed with consecutive washes of 95% and 50% ethanol. The pellet was
dissolved in KOH solution, hydrolysed with amyloglucosidase and

spectrophotometrically quantified usi@PPOD reagent.
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Dietary Fibre components

Total (TDF), insoluble (IDF) and soluble (SDF) dtary fibre contents were
determined following the enzynatic/gravimetric method described by Prosky

et al. (1988) using a Megazyme assay kit (Megazyme-Initional Ireland

Ltd) The procedure was based on the sequential enzymatic digested using heat
stablea-amylase, protease and amyloglucosidase, allowing the determination of

IDF, SDF and TDF amounts as previously descrii@dilvestro et al., @12).

Phenolic compounds

Free and bound phenolic compounds were extracted as previously described by
Dinelli et al., (2011) Whole grain flours were extracted with cold 80¢amol

(4°C) in order to dissolve the free soluble compounds, followed by acid and
alkaline hydrolyses to release the bound forms. Extracts were analysed for the
polyphenol gquantification following the colorimetric procedure based on the
Folini Ciocalteu ragent, as described I8ingleton et al., (1999)Furthermore,
extracts cataining free and bound phenolic compounds were analysed for
flavonoid content following the spectrophotometric method previously
described(Dinelli et al., 2011) The absorbance values were converted using

gallic acid anctatechin as standard for polyphenols and flavonoid, respectively.

Statistical analysis

Whole data set of 2010 and 2011 KAM®Tkhorasan production were

elaborated using open source QGIS 2:6Brighton software. Two different

type of maps were elaborateding two different geostatistical methods, the

circles around points and interpolation using the algorithms inverse distance to a

power. Oneway anal ysis of variance (ANOVA) i n
honest significant difference was performed for conmgathe flour samples.

Significance between means was determined by least significant difference

values for P < 0.05. Correlation analyses was performed on the standardised

matrix of the nutrient and phytochemical content of 2010 and 2011 data set

using Satistica 6.0 software (2001, StatSoft, Tulsa, OK, USA). -Qag

anal ysis of wvariance (ANOVA) in conjunct

difference was performed for comparing the flour samples. Significance
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between means was determined by least sogmf difference values for P <
0.05

3. Results and discussion

Yield and commercial quality

The main agronomic traits and commercial quality parameters recorded in the
present work are yield and protein content.(Table 1). Grain yield significantly
variedamong samples harvested in 2010 and ranged from 0.3 to 2.3 t/ha, with a
mean values of 1.3 t/ha (Table Data distribution is not in agreement with
normal distribution. Most of the farms (47%) had grain yield comprised within
1.0-1.5 t/ha. In 30 farmsui of 108 (28%) the grain yield was higher than the
mean value observed for the whole data K&MUT ® khorasan grains cropped

in 2011 showed a mean values of 1.1 t/ha, slightly lower than 2010. The range
of production was comprised between 0.1 and 2.2 thable 1).Data
distribution is in agreement with normal distribution. Most of the farms (70%)
had grain yield comprised within 05B5 t/ha. In 56 farms out of 109 (51%) the
grain yield was higher than the mean value observed for the whole data set.
Qudity mapsshowed a sort of gradient of yield grains moving from east to west
of the KAMUT® khorasan region of production (Figure 1). Grain yield recorded
in samples cropped in 2010 was positive correlated with total starch (r<0.3). In
addition a negativearrelation was observed between yield and free and total
polyphenols {0.3<r<0). Grain yield of 2011 showed a positive correlation with
altitude, protein content and test weight. As evidenced in literature, the
environmental conditions significantly affect the grain yield. In facts, the air
temperature during grain filling may affect translocation rates of carbon and
nitrogen compounds, determining the yield and the final protein concentration of
wheat kerne(Vaccari et al., 2007)

Protein contenof KAMUT® khorasan production in 2010 ranged from 11% to
16% with an average value of 13% (Table 1). Great variability was observed
among samples analysed. In 42 farms out of 108 (38%) the protein content was
higher than the mean value observed for theles data set. In 2011 the mean
protein content was 12% and ranged from 9% to 16% (Table 1). Data
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distribution was in agreement with normal distribution, and in the same way
observed in 2010 samples, there was a huge range for protein. In 52 farms out of
109 (48%) the protein content was higher than the mean value observed for the
whole data set. The protein accumulation was shown to be highly dependent on
genotype, soil fertility (available nitrogen) and environmental conditions
(temperature, water)Dupont et al., 2006; Giuliani et al., 201Generally a
negative correlation woulde expected between grain yield and protein content
(Blanco et al., 2012; Kibite and Evans, 1984#)the present study this statement
was confirmed only by 2011 production which evidenced a negative correlation
between protein content and grain yieldfdots, farms located in the East area
providing the lowest yield but the highest protein levels. Instead, the farms
located on the West margin provided the KAMUGrains richest in proteins
while maintaining high productivity (Figure 3, 4). Further studiss necessary

to fully understand the dynamics affecting the grain yield level and protein
content, also taking into account temperature, precipitations and soil structure.
Total and resistant starch

Starch is the most important polysaccharide in humah ahd is the major
component of wheat caryopsis, representing more than 70% of its dry weight.
Resistant starch (RS) is a starch fraction that cannot be digested in the small
intestine, and it ferments in the large intestine resulting in the produdtion o
hydrogen, carbon dioxide, methane and short chain fatty &ldan et al.,

2007) In the present studRS content observed for the 2010 was comprised
between 0.22 and 1.78 g/100g and data distribution was not in agreement with
normal distribution(Table 1).In 57 fams out of 109 (52%) the resistant starch
content was higher than the mean value (0.65 £ 0.21 g/100g) observed for the
whole data set. Samples harvested in 2011 showed a lower average content of
RS (0.55 g/100g) in comparison with 2010 samples. Data distibis not in
agreement with normal distribution and ranged from 0.18 g/100g to 2.15 g/100g
(Table 1).A huge range for RS was observed. In facts, 50 farms out of 109
(47%) showed a RS content higher than the mean value observed for the whole
data set. @mparing with other studies in literature, the obtained RS content was
lower (Di Silvestro et al.,, 2014; Marotti et al., 2012)he total starch (TS)
amount obtained in 2010 grains varied within a huge range (526219
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0/100g) but in most of the farms (56%) #tarch content aligned with the mean
value observed for the whole data set (63.6 + 2.9 g/100g) and only 36 locations
showed higher TS valug¢$able 1).This is reflected in thguality mapreported

in Figure 7, as the majority of the production area peWitkAMUT® grain

with starch levels comprised between 61.0 and 67.0 g/100g (green/blue colours).
The comparison between samples cropped in 2010 and 2011 showed significant
differences in the TS content. In particular, KAMYKhorasan production of
2011 showd an average content higher TS content if compared with the 2010
one (Table 1). As previously evidenced in literature a negative correlation exists
between protein and starch content in the wheat grain and this statement was
confirmed by the correlation nalyses in the 2011 KAMUY khorasan
production(Hucl and Chibbar, 1996Moreover, also GIS map confirmed this
statement, with the area of the region that was chaizeteby the lowest
protein content provided the highest starch amounts (Figures 6, 8).

Dietary fibre

Dietary fibre is the predominant bioactive component of whole wheat grain. Due
to its several health benefits, which include prevention of colon camebippc
activity and modulation of blood glucose and insulin levels, dietary fibre makes
a big contribution to the nutraceutical value of wHea$ed products
(Charalampopoulos et al., 200As regards dietary fibre content, there was a
significant difference (p<0.001) between the wheat varieties cropped in 2010
and in 2011 in terms of insolléfibre components (Table 1). Grain samples
harvested in 2010 ranged from 11.16 g/100g to 19.15 g/100g with a mean value
of 14.29 g/100g. KAMUT khorasan cropped in 2011 showed an average
insoluble dietary fibre (IDF) content of 16.13 g/100g, ranging betw10.76
0/100g to 23.05 ¢g/100g (Table 1). Great variability was observed among data
distribution in the year for what concern IDF amounts (Figure 9). In 60 farms
out of 108 (55%) the IDF content was higher than the mean value observed for
the whole dataet. Data distribution for the year 2011, instead is in agreement
with normal distribution. In 58 farms out of 109 (53%) the IDF content was
higher than the mean value observed for the whole data set. As regards the
soluble dietary (SDF) components, datatribution for samples cropped in
2010 was in agreement with normal distribution and the mean values was 3.27
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g/100g (Table 1). The SDF values were comprised within a huge range of
variation. In 42 farms out of 109 (38%) the SDF content was higher tiean th
observed mean value and they are located throughout the production area, from
East to West (Figure 11). Significant differences (p<0.001) were observed
comparing the two years of cultivation, with samples harvested in 2011 showing
a higher content of sable dietary fibre. This content ranged between 1.99
0/100g and 6.43 g/100g, with a mean values of 3.64 g/100g (Taldlbeljotal
dietary fibre (TDF) content of KAMUY khorasan harvested in 2010 varied
within a huge range of values (13-88.62 g/100g) ad data distribution was

not in agreement with normal distributidiiable 1).In 44 farms out of 109
(40%) the TDF amount was higher than the mean value observed for the whole
data set (17.58 g/100g). Once again significant differences (p<0.001) were
obseved comparing the two years of cultivation. Grain samples from 2011
showed a mean value higher (19.76 g/100g) than that of Cilfle 1).The
guality map obtained for TDF was highly influenced by the IDF contribution
and again evidenced the highest acclatmn of fibre components in the central
area of the region (Figures 13, 1Bata obtained in the present study however
were in line with previous studies for what concerns the year 2010, while data
from 2011 were highe(Gebruers et al., 2008; Marotti et al., 201Zhese
results again underline the important effect of climate and growing factors and
the need for irdepth investigationof the environment effects on the
accumulation of fibres in the caryopsis.

Antioxidant compounds

Polyphenols are the most representative class of antioxidant in wheat, mainly
concentrated in the outer layer of the kernel. They are for the most part made u
of phenolic acids and flavonoids and exert high antioxidant activity acting as
radical scavenger@®inelli et al., 2009) Moreover, their role in the prevention

of cancer and several chronic diseases were widely demonstraitstature
(Carter et al., 2006; Fardet, 201 wheat, phenolic compounds exist in the
soluble (free) and insoluble (bound) fornBoth phenolic fractions have been
shown to possess valuable alibi promoting properties, acting as radical

scavengers and preventing several chronic disease. In addition, the bound

41



fraction, which is crosslinked with cell wall components , may resist upper
digestive process and reach the colon where they are lithdrgtthe intestinal
microflora. The digested phenolics directly exert their health benefits reducing
the incidence of colon cancer; indeed, colonic endothelial cells may absorb the
liberated phenolics and gain powerful antioxidant protec(iéroon et al.,
1997) In the present work significant differences (p<0.001) were observed
between 2010 and 2011 samples in the free polyphenols (FP) content, with mean
values of 81.62 mg/100g and 68.57 mg/100g, respectively (BablEhe FP
content of 2010 varied within a huge range of values (3413D.72 mg/100g)

and data distribution was in agreement with the Gaussian normal distribution. In
58 farms out of 109 (53%) the free polyphenols content was higher than the
mean valueobserved for the whole set of data. The data distribution of FP
content in 2011, instead, was not in agreement with normal distribution with 72
farms out of 109 (64%) containing a FP content lower than the mean value.
Regarding the bound polyphenols conten2010 a huge range of variation was
observed and it was comprised between 56.59 and 115.33 md/lfiGlg 2).

65% of the farms (75 out of 109) showed bound phenolic amounts higher or
aligned with the mean values observed for the whole data set (84/290g).

In 2011, data distribution was in agreement with the Gaussian distribution. In 50
farms out of 109 (46%) the BP content was higher than the mean value observed
for the whole data set (88.32 mg/100g). The total polyphenol (TP) content in
samples haested in 2010 ranged from 117.24 to 223.38 mg/100g and data
distribution was not in agreement with normal distributjfdable 2).Since the

total polyphenol amount was given by the sum of the free and bound fractions
for which a normal distribution wadeerved, it is plausible that some locations
favoured the accumulation of both free and bound polyphenols. TP amount in
KAMUT® khorasan cropped in 2011 was significantly lower than 2010
production, with an average values of 156.90 mg/100g and 166.46 rgg/100
respectively(Table 2).In 2011 KAMUT® khorasan production, data distribution
was in agreement with Gaussian normal distribution. In 54 farms out of 109
(50%) the TP content was higher than the mean value observed for the whole
data set. Data obtained the present work were slightly lower than reported in
literature byDi Silvestro et al., (2014)ut higher than reported Iares et al.,
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(2010)and Dinelli et al., (2009) Considering theguality mapobtained for FP

and BP (Figures 15, 16, 17, 18), a sort of compensation between the two
phenolic fractions was observed. In particular, locations with high FP content
exhibited a general low BP amount and wegsa. Concerning flavonoids, the
range of vaation observed for the free fraction of 2010 samples was narrow
with respect to free polyphenols and ranged between 14.04 and 72.67 mg/100g
(Table 2).Most of the farms (51 out of 109) produced KAMUgrain samples

with free flavonoid amount comprised with20-40 mg/100g, while in 35
locations (32% of the total farms) the FF content was higher than the mean
value observed for the whole data set (27.59 mg/100g)quiakty mapclearly
shows that most of the investigated areas provide grain with medium free
flavonoids levels (Figure 21). In the map, some locations emerged for the
highest accumulation of soluble flavonoids and are mainly located in the central
area of the map. Significant differences (p<0.01) were observed comparing the
two years of cultivatin, with a higher accumulation of FF in 2010 samples with
respect to 2011 (Figures 21, 22). Data distribution is not in agreement with
normal distribution and ranged from 4.68 mg/100 to 51.67 mg/100, with a mean
value of 23.50 mg/100¢Table 2).In 41% offarms (45 out of 109) the FF
content was higher than the mean value observed. The bound flavonoid fraction
in 2010 samples ranged from 6.63 and 20.54 mg/10Caple 2). Data
distribution was in agreement with normal distribution, with a mean value of
11.22 mg/100g. In 39 farms out of 109, accounting for 36% of the total
locations, the bound flavonoid content was higher than the observed mean value.
KAMUT khorasan production in 2011 showed an average BF amount lower
than 2010 (14.85 mg/100gq), ranging fromM0to 39.10 mg/100¢Table 2). The

total flavonoid (TF) determination highlighted that in 2010 KAMUT
accumulates on average 38.81 mg/100g in the kernel. 47 farms out of 109 (43%)
showed total flavonoids values higher than the observed mean value. Most of
them provided grain samples with TF amounts comprised withis#936
mg/100g, that is the yellow, red/pale area of the map (Figures 25, 26). As
previously observed for polyphenols, there is a sort of compensation between
the soluble and insoluble flavondidhctions that results in a quite homogenous
distribution of total flavonoids values, with the exception of few farms
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corresponding to the locations with the highest free flavonoids levels. In 2011
KAMUT ® khorasan showed a total flavonoids amount similant2010, with a

mean value of 38.35 mg/100g. The range of the TF amounts was comprised
between 18.51 and 84.72 mg/100able 2).In addition 48 farms out of 109
showed a content higher than the mean value observed for the whole data set.
Data obtained irthe present work for TF were in line with those reported in
literature (Di Silvestro et al., 2014and higher than reported inelli et al.,

(2009)

4. Conclusion

It raises a great deal of recent interest that organic wheat constitutes valuable
nutraceutical raw material for healthy food production and special dietary uses.
In particular, khorasan wheaf.(turgidum ssp turanicum)has attraied great
attention because of its specific nutritional and functional properties
(antioxidant, antitumoral and prebiotic activitieFurrently, few data are
available in literature about fibre and antioxidant composition and the changes
of their amountsas a function of cropping year and growing location of
organically grownKAMUT ® khorasangrains. To the best of our knowledge,
this is the first study in which an organically grown crop is investigated in a
region of such broad extension (180000 ?kmincluding several different
environments (Canada, USA). The research aimed at determining the
productivity, nutrient and nutraceutic composition of KAMUTBrain as a
function of the growing location and understanding the environmental dynamics
affecting the pktochemical profile. The maps showed the variability of the
phytochemical amounts among North American farms and allowed the
identification of areas in which bioactive compounds had accumulated at a
higher level in the wheat grains. The research undertimedtrong influence of

the environmental factors on crop productivity and quality, in terms of
nutritional and nutraceutical value. According to the present results, the choice
of a growing location in which the accumulation of hegitbmoting
compounds (i.e. polyphenols, fibres) is stimulated by specific climatic
conditions emerges as a key factor for the production of organic wheat foodstuff

in the functional food scenario. However this is a 2 year study and further study
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are necessary to full undenstathe environmental factors which affected the

accumulation of nutrients and antioxidant compounds in wheat kernel.
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Tables
Table 1: Range of concentration and mean values of agronomical traits, starch and dietary fibore components. Diffenera letters

column indicate statistically different values.

Years of Yield Protein Total Starch Resistant Insoluble Dietary Soluble Dietary Total Dietary
production  (t/ha) (%) (9/1009) Starch Fibre Fibre Fibre
(9/1009) (9/1009) (9/1009) (9/1009)
2010 0.282.81 11-16 52.2269.19 0.221.78 11.1619.15 1.264.89 13.5822.62
(1.30) a (13) a (63.56) b (0.65) a (14.29) b (3.27) b 1757 b
2011 0.152.17 9-16 55.9471.98 0.182.15 10.7623.05 1.996.43 13.8626.09
(1.05) b (12) b (65.29)a (0.55)b (16.13) a (3.64) a (19.76) a

Table 2: Range of concentration and mean values of antioxcdampounds. Different letters in a column indicate statistically

different values.

Years of Free Bound Total Free Bound Total
production  Polyphenols Polyphenols Polyphenols Flavonoids Flavonoids Flavonoids
(mg/1009) (mg/1009) (mg/1009) (mg/1009) (mg/1009) (mg/1009)

2010 34.53130.72 56.59115.33 117.24 14.0472.67 6.6320.54 22.4583.60

(81.62) a (84.84) a 223.38 (27.59) a (11.22) b (38.81) a
(166.46) a
2011 41.21131.11 44.00143.64 98.57217.69 4.6851.67  0.4739.10 18.5184.72

(68.57) b (88.32)a  (156.90)b  (23.50)b (14.85) a (38.35) a
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Figures

Figure 1: GIS map obtained for grain yield of KAM®Tollection harvested in North

America in 2010 (red colour = low; blue colour = high).
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Figure 2: GIS map obtained for grain yield of KAM®Tollection havested in North
America in 2011 (red colour = low; blue colour = high).
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Figure 3: GIS map obtained for protein content of KAMU®ollection
harvested in North America in 2010 (red colour = low; blue colour = high).
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Figure 4: GIS map obtained for pristecontent of KAMUT® collection
harvested in North America in 2010 (red colour = low; blue colour = high).
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Figure 5: GIS map obtained for resistant starch content of KARtblection

harvested in North America in 2010 (red colour = low; blue colough)hi

110 108w 106w 100w 100w

Year 2011
RS (g/100g) i

108w 106w, 1000w

Figure 6: GIS map obtained for resistant starch content of KAReslection
harvested in North America in 2011 (red colour = low; blue colour = high).

54



Figure 7: GIS map obtained for total starch content of KANiLBllection
harvested in North Amrega in 2010 (red colour = low; blue colour = high).
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Figure 8: GIS map obtained for total starch content of KAMUWDllection
harvested in North America in 2011 (red colour = low; blue colour = high).
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Figure 9: GIS map obtained for Insoluble DietaifprE content of KAMUT
collection harvested in North America in 2010 (red colour = low; blue colour =
high).

Figure 10: GIS map obtained for Insoluble Dietary Fibre content of KARUT

collection harvested in North America in 2011 (red colour = low; bhleur =
high).
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Figure 11: GIS map obtained for Soluble Dietary Fibre content of KARMUT
collection harvested in North America in 2010 (red colour = low; blue colour =
high).
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Figure 12: GIS map obtained for Soluble Dietary Fibre content of KARMUT
collecion harvested in North America in 2011 (red colour = low; blue colour =
high).
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Figure 13: GIS map obtained for Total Dietary Fibre content of KAMUT
collection harvested in North America in 2010 (red colour = low; blue colour =
high).
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Figure 14: GIS m@ obtained for Total Dietary Fibre content of KAMBT

collection harvested in North America in 2011 (red colour = low; blue colour =
high).
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Figure 15: GIS map obtained for free polyphenols content of KARIUT
collection harvested in North America in 2016drcolour = low; blue colour =
high).

Figure 16: GIS map obtained for free polyphenols content of KARUT

collection harvested in North America in 2011 (red colour = low; blue colour =
high).
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Figure 17: GIS map obtained for bound polyphenols conterKAMUT ®

collection harvested in North America in 2010 (red colour = low; blue colour =

high).

Figure 18: GIS map obtained for bound polyphenols content of KARUT

collection harvested in North America in 2011 (red colour = low; blue colour =
high).
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Figure 19: GIS map obtained for total polyphenols content of KAMUT
collection harvested in North America in 2010 (red colour = low; blue colour =
high).

Figure 20: GIS map obtained for total polyphenols content of KARUT

collection harvested in North Ameriga 2011 (red colour = low; blue colour =
high).
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Figure 21: GIS map obtained for free flavonoids content of KAMdllection
harvested in North America in 2010 (red colour = low; blue colour = high).

Figure 22: GIS map obtained for free flavonoidsteahof KAMUT® collection

harvested in North America in 2011 (red colour = low; blue colour = high).
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