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ABSTRACT

Three different roller-milled fractions namely braniddlings, and flour of five commonly
grown lIrish barley varieties were investigatedtfoe presence gf-glucan, polyphenols, and
health-promoting lipophilic moleculess-glucan was predominantly located in barley
middlings. Polyphenols, as indicated by total ptienmontent and the antioxidant activities,
were abundant in the outermost bran fractions ofepa Similarly the health-promoting
lipophilic molecules including phytosterols, ungated fatty acids, and tocols were most
abundant in the barley bran fraction. However,distribution of individual polyphenols and
lipophilic compounds varied within the grain; foxaenple ferulic acid and procyainidin C
were not detected in flour fraction. Principal campnt analysis (PCA) clearly indicated a
higher distribution of most bioactive moleculeshiran as compared to middlings and flour
fractions. The PCA also established possible caticgls between the five barley varieties

and their fractions based on their clustering & plot.

KEYWORDS: roller milled barley; phytosterols; polyphenoiscols.
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1. Introduction

Barley is the fourth most produced cereal in theldvafter wheat, maize, and rice

(http://faostat.fao.org/). While most of the prodddbarley is used as animal feed or in the

brewing industry, only about 2% is used for humansumption: Recently, there has been a
considerable interest in the incorporation of badad its components in food produtts.
This interest is due to the identification of a rhen of health-promoting bioactive

compounds, besides nutrition, in barfey.

Barley has been heavily explored as a potentialcgoof dietary fibre in the past two
decades. The dietary fibore component of bageglucan has been approved by European
Food Safety Authority (EFSA) and United States ed~and Drug Administratio(lUS-FDA)
for its ability to maintain normal LDL cholesteri@vels in the body when consumed at the
recommended levefs' The polyphenol content of barley has been welblistl for its
antioxidant propertie3® The phenolic content of barley, and its associaatioxidant
activity, is reportedly higher than that of whédtlavanols have been identified as the most
influential contributors to the antioxidant activiof barley® Apart from its content of-
glucan and polyphenols, barley is also a sourderftional oil, which has been studied for
its cholesterol reducing propertied/arious components in the oil from barley, inchgli
phytosterols, polyunsaturated fatty acids (PUFAgopherols and tocotrienols (collectively
known as tocols or Vitamin E), are likely to impalis hypocholesterolemic property to
barley®® Barley oil is one of the richest sources of tocmsong cereals with a favourable
proportion of the biologically active homologu8sHuman studies have indicated the
absorption and bioavailability of tocotrienols ih fvom barley to be higher as compared to

palm oil, owing to the composition of the homologue the barley oil.



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

All the health beneficial bioactive components arlby are non-uniformly distributed
across the bran, endosperm and germ of the grahmleVkomponents such gbsglucan,
phenolic compounds and tocotrienols are locatetheénouter parts of the grain, tocopherols
are localised in the gerfl.Thus, fractionation of barley by milling or abmasican lead to
concentration of its components leading to genamadi bioactive-enriched fractions. Levels
of p-glucan, tocols and phytosterols in scarificatioacfions and pearling by-products of
barley have been determined in previous stutfitsA several fold enrichment of these
phytochemicals in the scarified/pearled fine fragé, compared to the whole grains was

observed.

Roller milling has been mainly used by the bakimduistry for milling cereals such as
wheat and oats. The flour and fibre-enriched miffagdtions of these cereals are incorporated
into baked and extruded snack proddétsiowever, unlike wheat and oats, barley is not
traditionally roller-milled on a commercial scate abtain bran and flour. Pearling is a more
commonly used fractionation technique for barlend the pearled barley kernel is often used
as the final product in food-related purposes. &athilling is a size-based fractionation
technique and three main fractions are generatmu the process; bran, middlings, and
flour.*? The bran is usually composed of the larger padiéh the outer layers of the grain.
The middlings consist of particles smaller than tran and larger than the flour. The
middlings of barley are often treated as a by-pcbdif the milling process, and used as
animal feed The endosperm, also known as the flour, includeallsparticles from the

kernel/endosperm of the grain.

On an experimental level, barley has been rolldiechifor determination of the
physicochemical properties (water-holding capacitgrdness, fibre, viscosity) of its
fractions>*** Roller-milled and fibre-enriched fractions of krlhave also been used to

some extent for the fortification of products suah bread and noodl&%'® However, a
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detailed evaluation of the major health-promotilmgnponents of the roller-milled fractions
of barley has not been undertaken to date. Thidysgiaimed at filling the knowledge gaps
on the potential compositional and bio-functiondlributes of the roller-milled barley
fractions, which would encourage the food industtie use roller-milling on a commercial

level for generation of barley fractions as funeéibfood ingredients.

2. Materials and methods

2.1 Materials

Five cultivars of two-rowed, previously dehulledish spring barley (Propino, Sanette,
Mickle, Taberna, Irina), grown in 2013 were provddey Seedtech (Waterford, Ireland). The
barley samples were tempered and dried to 16.5%tuarei content prior to milling. The
barley grains were milled through the break sideefo3 grooved rollers) and sifted via
centrifugal sifting using a CD1 roller mill (Chopihechnologies, Villeneuve-la-Garenne,
France). Three barley fractions were generated ftioengrains: bran, middlings and the
endosperm. The bran fraction was further groundh thne particle size using a Retsch
MM400 Mixer Mill (Haan, Germany). The mixed-linkegtglucan assay kit fop-glucan
determination was purchased from Megazyme Inteynali Ltd. Wicklow, Ireland. The
standards of polyphenols (catechin procyanidin Bl #&rulic acid), the reagents and
solvents for the assays including Folin-Ciocalteiteagent, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), ferrchloride hexahydrate, 2,4,6-tri(2-
pyridyl)-s-triazine, gallic acid, sodium carbonasedium acetate anhydrous, 98% sulphuric
acid, sodium nitrite (NaNg), sodium hydroxide (NaOH) and aluminium chloriddls)
were purchased from Sigma Aldrich (Co. Wicklow Jdred). For analysis of lipids, standards
of all the sterols, the fatty acid methyl esterANfE) standard mix (Supelco 37 component

FAME mix, Bellefonte, PA, USA), tocopherol homolagy m-cholestan-B-ol, tricosanoic
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acid as well as the reagents bis(trimethylsilyl)ifitoroacetamide with 1%

trimethylchlorosilane, potassium hydroxide, asoorécid, pyridine, acetyl chloride and the
solvents, heptane, pentane, dichloromethane, mathaexane, were purchased from Sigma
Aldrich (Wicklow, Ireland). The standards af, y-, J- tocotrienols were purchased from

Chromadex, Inc (Irvine, CA, USA).
2.2 Deter mination of g-glucan content

S-glucan content of the fractions was quantifiechgsihe Megazyme mixed-linkage
glucan kit. The concentration gfglucan is reported as percentage (%) or g-glucan/100

g of sample.
2.3 Extraction of polyphenols and mass spectrometry analysis

The free and bound polyphenols were extracted fitoenroller-milled barley fractions as
described previousl§/Briefly, 1g sample was used for the extractiothef polyphenols. Free
phenolics were extracted using 80% methanol, falbwy extraction of the bound phenolics
from the residual sample matrix using acid and eratic hydrolysis. The dried extracts of
the free and bound polyphenols were dissolved itham®l, and combined to get a total
polyphenol extract. The total polyphenol extractld fractions were subsequently used for

guantification studies using mass spectrometryyarsl

The polyphenols present in the extract were ideotifising the ultra-high performance liquid
chromatography coupled with tandem mass spectrgm@iHPLC-MS/MS) (Waters
Corporation, MA, USA), using the same protocol diest in the previous pap@iDetection
and quantification of the polyphenols were perfaidma the negative ion mode using
multiple reaction monitoring method. Standards olyphenols were prepared in 80%

methanol in the concentration range of 0.5-1@y0ml for catechin, and 1.0-10y&/ml for
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procyanidin B1 and ferulic acid, and the standandve of procyanidin B1 was used for

guantification of prodelphinidin B and procyanidn
2.4 Total phenol content (TPC) and Ferric reducing antioxidant power (FRAP)

The TPC and antioxidant capacity by FRAP assayhef methanolic extracts of
fractions were determined in triplicates accordinghe methods previously outlinéd:PC
of the fractions was expressedugsgallic acid equivalenug GA eq.)/ml and the antioxidant

capacity of the fractions was expressed as mM Xretp
2.5 Total flavonoid content (TFC)

A method by Liuet al.'” was used for the determination of TFC of the saspFor
the assay, 12pl of each extract was mixed with 62b of de-ionised water and 378 of
5% NaNQ solution. After 6 min, 7l of 10% AICk solution was added, and after another 5
min, 250ul of 1M NaOH was added to the reaction mixture.al@blume of all the mixtures
was made up to 1.25 ml. Following thorough mixinfgtlee solutions, absorbance of the
samples against the blank was determined at 510Anstandard curve of catechin in the
range of 10-50@wg/ml was plotted and TFC was expressegdg@satechin eq./ml extract. All

determinations were made in triplicate.
2.6 Fatty acids, sterols, and tocols

The previously described protocols were used feretktraction of lipophilic bioactive
components from barléy.In brief, fatty acids were extracted using a microwave-assist
extraction and derivatised to fatty acid methykeest{FAME). The FAME-derivatives were
analysed and quantified using gas chromatogra@mgdlionisation detector (GC-FID). Each
sample was extracted in duplicates for the FAMHyama For the analysis and quantification

of sterols, the samples were saponified beforeti®ls were silylated for their detection and
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quantification using GC-FID. As for the tocols, hee was used for their extraction. The
tocols in the extract were then detected and diiahtising reversed-phased HPLC analysis.
Fatty acid samples were analysed in duplicateslstvtiie sterols and tocols analysis were

performed in triplicates.

2.7 Statistical analysis

For duplicate and triplicate determinations, date eeported as mean + standard
deviation. ANOVA was performed using IBM SPSS statal software (v20, Chicago, IL,
USA). To analyse the variation in the content ajdatives, principal component analysis

(MATLAB R2009b, Mathworks Inc, Natick, MA, USA) waserformed.

3. Resultsand discussion

3.1 p-glucan
TheS-glucan content in the three milled fractions ofiégavarieties is illustrated in Figure 1.
The highest amount gkglucan was found in the barley middlings rangiegaeen 5.2% and
6.2%. This was followed by the bran, which had lesw3.9% and 4.7%-glucan, while the
flour fraction had the lowegi-glucan content ranging between 1.6% and 1.8%.abheunt
of f-glucan between the fractions varied significar({hx0.05), and middlings of all the
varieties had significantly highef-glucan compared to the bran and flour. Middlings
obtained from roller-milling barley could therefoserve as enriched sourcesfeglucan. In
general there was no significant difference inglgtucan content between the same fraction-
types of the five barley varieties. For example thedlings of Sanette, Taberna and Irina
were not significantly different from each other terms of theirp-glucan content. The
findings of high abundance gfglucan in the middlings reflect the higher concativn of 5-
glucan in the inner cell wall of barley grain asmgared to the outermost layers. The higher

S-glucan content in the middlings is in contrasatprevious study where it was reported that
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S-glucan is mostly located in the outer layers &f Itarley grairt? However in another study
by Panfiliet al., the authors have shown increasing levelg-gfucan in the inner layers of
the barley kernel with successive removal of theewolayers in the pearling process. The
highest value of-glucan (4.5%) was reported in the fraction VI ebgding, which is slightly
lower thang-glucan in the middlings (5.2%-6.2%) of roller-redl barley. In the present
study, the combineg@-glucan content of the bran and middlings amounte#.5%-10.6%,
which was about 2.5 times higher than the corredipgnwhole grain varieties that were in
the range 2.6%-3.3% dry weight.

3.2 Phenalics, Flavonoids and Antioxidant capacity

The total phenolic content (TPC) of the rollerdedl barley fractions measured as
gallic acid equivalents (GA eq.), could be rankedhe following order: bran > middlings >
flour (Figure 2a). The TPC levels of the bran wemgnificantly higher (p<0.05) than the
middlings and flour in all the five varieties. TA®C of the bran ranged between 125.9 and
152.9 pg GA eq./ml extract, and that in middlingsl dlour were between 63.3 to 71.1 and
12.9 to 20.1 ug GA eq./ml extracts, respectivellye Phenolic content of the bran was as
high as 12-fold more than that of the flour. Thislicates that the phenolic compounds in
barley are predominantly located in the outer layfethe barley grain, most likely occurring
as bound compounds attached to the cell wall nad$eThe amount of phenolic compounds
decreased towards the inner layers of the graid,tla® endosperm had the least amount of
phenolics. These findings are in good agreemertit aviprevious report, where a decrease in
TPC was observed when moving from the outermosirlaythe centre of the grain in barley

pearling fractiong®

The total flavonoid content (TFC) of barley fract®odetermined as pg epicatechin eq./ml
extract were significantly (p<0.05) higher in theam of the varieties, followed by the

middlings and flour (Figure 2b). Flavonoid conteatshe bran ranged from 85.8 to 105.4 pg
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epicatechin eq./ml, while that of the middlings athour ranged from 44.4 to 59.1 ug
epicatechin eq./ml and 8.9 to 16.4 ug epicatechimg, respectively. Though the mean TFC
values did not vary much between the varieties,otlter layers of the grain represented by
bran and middlings contributed as much as 93% eftdtal flavonoids of the whole grain.
This indicates the predominant location of flavatsoin the bran and outer layers of the grain
compared to the endosperm. To our knowledge, naque study has reported the TFC of
milled barley fractions. Flavonoids are importartyfpchemical components of barley
known to exhibit potent anti-oxidant activiti&&: and would potentially contribute to the

overall health benefits of fractionated barley.

TPC and TFC have often been found to positivelyatate with other antioxidant capacity
assays such as 2,2-diphenyl-1-picrylhydrazyl (DPBR) FRAP? Therefore as expected,

the bran of all the varieties were most efficienteducing the ferric ion in the FRAP assay,
followed by middlings, while the flour had the leastioxidant capacity (Figure 2b). In line
with the TPC and TFC values, the bran extracts weeemost efficient milled fractions in

reducing the ferric ion. The FRAP of the samplashier confirmed the marked localisation
of phenolic compounds in the outermost layers ef lbarley grain. Antioxidant capacities
measured by other methods like Trolox equivalerioaidant capacity and DPPH radical

have indicated similar results in a previous sttfdy.

3.3 Distribution of flavanols and ferulic acid in roller-milled barley fractions
In our previous studwe identified ‘flavanols’, a sub-group of polyptués, as the strongest
contributors to the observed antioxidant capacitywbole grain barley. The identified
flavanols included procyanidin B, prodelphinidin @@pcyanidin C and catechin. Along with
these flavanols, ferulic acid - a phenolic acid aB® identified as a potent contributor to the
antioxidant capacity of barley. Therefore, in thegent paper, levels of the above mentioned

four flavanols and ferulic acid were determinedha roller-milled barley fractions.
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Although TFC indicated barley bran to be the mdsunalant source of flavonoids, the
distribution of individual flavanols varied withitme grain (Table 1). The monomer catechin
was mostly distributed uniformly between the thfieections with no significant difference
(p<0.05) between the three fraction except in teety Mickle and Irina. The flour fraction
in Mickle had significantly higher catechin tharetmiddlings, while in Irina the bran had
significantly higher catechin than the flour. Thegtechin might not be more concentrated in
one particular location within the grain, and depeg on the genotype, any of the three

roller-milled fractions of barley could serve apaential source of catechin.

Unlike the monomeric catechin, the dimeric flavanptocyanidin B and prodelphinidin B
were mostly located in the outer layer of the badeain, and distributed in the following
decreasing order: bran > middlings > flour. ProdgianB and prodelphinidin B were the first
and second most abundant flavanols in the bramefsamples that ranged from 376.6 to
503.4 ug/g and 182.5 to 244.9 ug/g, respectivelyide variation in the distribution of these
flavanols between the samples was observed. Likalitmers, trimeric flavanol procyanidin
C was also most abundant in the bran followed leyntiddlings. This flavanol could not be
detected in the endosperm of the samples represbgtthe flour. The procyanidin C in the
bran ranged from 37.3 to 69.6 pg/g, which was b.33ttimes higher than that in the

middlings.

Ferulic acid in the bran ranged between 813.2 &id.1 pg/g, while that in the middlings
ranged between 352.3 and 1232.5 ug/g. The widahiaty in the amount of ferulic acid
between the samples indicated a genotype-depeadaitbility of this phenolic acid in the
grain of barley. Thus, ferulic acid was preferdhtibocated in the outer layers of the barley
grains. Ferulic acid could not be detected in tharfof barley, indicating its absence in the

endosperm. This result is in agreement with previstudies, which also have indicated the
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location of ferulic acid in the outer layers of tharley grain, most often as a bound cell wall

component> #*

To the best of our knowledge, this is the firstdsttio report the distribution of flavanols in
the milled fractions of barley. In earlier studf@s>the distribution of the common phenolic
acids in the pearled fractions of barley was regghrhowever the distribution of flavanols in

the grain was not considered.

3.4 Sterols

The total phytosterol content differed significgnt{p<0.05) between the bran,
middlings and flour of the samples (Figure 3a). Tilghest concentration of phytosterols was
found in the bran, ranging from 92.1 to 103.5 m@,ollowed by the middlings (68.4 to
72.5 mg/100g), while the flour had the least amafnphytosterols between 29.7 and 34.9
mg/100g. This indicated that the phytosterols wargely concentrated in the outer layers of
the grain, while their levels diminished toward® timner endosperm of the grain. This
observation concurs with other studie® which reported the majority of phytosterols to be
located in the outer pearling layers (pearlingsinef barley, which gradually decreased with
each pearling step and were lowest in the abradedgul kernels. Lampét al.® have
reported phytosterols as high as 2.8 mg/g in peaflnes from the first pearling step and 1.5
mg/g in the fifth pearling fines of barley, whicrasvmuch higher compared to 0.7 mg/g and
0.5 mg/g phytosterols in the whole grain and peagein of barley, respectively. Lamgi
al.® also observed a similar trend for rye-sterolshigirtstudy** In the present study, the bran
and middlings in combination had a total of 1.6 84 mg/g phytosterols, a 2-3 fold higher
than the corresponding whole grain barley varietibere the phytosterol ranged from 0.66
to 0.82 mg/g® This emphasises the importance of roller-millimg doncentrating the

phytosterols into specific fractions.
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The distribution of individual phytosterols in thalled fractions of barley has been provided
in Supporting Information, Table 1. The most aburidderol in all the barley fractions was
p-sitosterol. The quantity gf-sitosterol in the bran ranged between 0.44 to @60y and
was about 1.5 times higher than the middlings, &#dtimes higher than the flour. Three
other sterols including campesterol, stigmastemudi A-sitostanol were also present in
significantly (p<0.05) higher amounts in the brdrthe varieties, followed by the middlings
and flour. This indicated a non-uniform distributiof these sterol types across the barley
grain, highest at the grain’s surface and gradudkgreasing towards the endosperm.
However, brassicasterol has shown to be uniform$triduted across the grain as no

significant difference (p<0.05) between the braiddiings and flour was observed.

3.5Tocols

A previous study by Daneilsat al.'* on the level of tocols in pearling by-products of
barley reported the highest concentration of ttdabls (247.4ug/g) in the third pearled
fractions of barley. The third pearled fractionbairley corresponded to its aleurone layers. In
the present study, total tocols ) were present in significantly (p<0.05) higheramts in
the bran of all samples in the range of 26.8-24&) (Figure 3b). The bran of the variety
Sanette had the highest (54.6ug/g), which was almost twice that in the bran ob@ma
(26.8 ug/g). The wide disparity in tocols in the bran bése two varieties was most likely
due to variability in the level of one single predoant or multiple tocol homologues.
Middlings represented the next abundant souréelodmong the fractions ranging from 20.5
to 41.2ug/g, while flour represented the least abundantcgwanging from 1.2 to ig/g.
This indicated an abundance of tocols in the olagers of the grain as also suggested by
Panfili et al.*° Bran and middlings in combination contained 52-8@g/g total tocols which
was about 1.5 times higher than the correspondimgengrain varieties® The difference in

> T between the bran and middlings varied in diffenaarieties. For instance, in Propino and
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Taberna, the amount JIT in the bran was slightly higher than middlingslicating a very
small difference between the two fractions (FigBly. However, in Sanette, Mickle and
Irina, the}'T in the bran was almost twice or more higher ttia middlings, indicating a

larger difference.

The most predominant tocol homologue in bran amddiimgs of all the samples was alpha-
tocotreinol ¢T3), while in the flour the predominant homologuaried betweem T3 and
alpha-tocopheroloT) (Supporting Information, Table 2). In the bra,3 ranged between
16.3ug/g in Taberna to almost twice the amount, 3/ in Sanette. It therefore becomes
clear that the difference InNT between the bran of Taberna and Sanette obseaier
predominantly arises from the higher level of #iE3 homologue in the latter variety. In
Propino and Taberna T3 in the bran was slightly higher than the midgénhowever the
bran of the cultivars Sanette, Mickle and Irina 12a8 times morexT3 than the middlings.
This indicated that the homologu&3 was highly concentrated in the outer layersarhes
varieties, while it was more evenly distributedtle others, indicating a lack of consistency

in their distribution. The flour only contained mimum to noaT3.

The second and third abundant homologues in the d&md middlings of all but one variety
wereaT andy-tocotrienol ¢T3), respectively. With regard T, the middlings of varieties
Propino and Taberna had higher levels of this hogw# as compared to the bran, while the
vice-versa was observed for the other cultivargs Tidicated probable genotype-dependant
variability in distribution ofaT across the grains, as also observed:1@. The distribution
pattern ofaT andaT3 also suggests a genotypic similarity betweenviresties Propino and
Taberna with respect to the tocols. In termgTd, the bran of all varieties had significantly
(p<0.05) higher levels of this homologue as comghdcethe middlings, while flour had the

lowest levels. Other tocol homologues that wereated in minimum amounts in the roller-
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milled fractions of the varieties wergstocopherol {T), 3-tocotrienol ¢T3), 6-tocopherol

(oT) andp-tocopherol £T). The least abundant homologue detected in Haidms wagT.

The levels of phytochemicals presented in the afergioned barley-cultivars hold true for
the harvest of 2013 only, as the concentrationhytgrhemicals can differ from one crop
year to another as their biosynthesis are influgénmg climatic conditions amongst other
factors. The inter-sample variation within the malts was not tested, and the values are true

for the samples studied only.

3.6 Fatty acids

Barley is a rich source of unsaturated fatty a¢ld6As)® The total UFA content
ranged between 2033-2282 mg/100g in the bran, I53866.8 mg/100g in the middlings
and 366.4-545.8 mg/100g in the flour (Figure 3djhdugh the bran contained significantly
(p<0.05) more UFAs than the middlings, the differem absolute values of UFAs between
these two fractions was negligible. Besides braildhmgs could also serve as a potential
source of UFAs. In case of the saturated fatty sa€fflFAs), there was no significant
difference (p<0.05) at all between the bran anddimds (Figure 3d). The probable reason
for this is the inclusion of the germ portion oktlgrain in the middlings. The germ is the
primary lipid reserve of the grain, which explathe high levels of lipophilic components in
the middlings. The total UFAs in the combined baad middlings of the samples were in the
range of 3681.6 and 4120.5 mg/100g, which weretiga8s higher than their corresponding
whole grains (1200.2 and 1730.7 mg/108g)Although wholegrain barley might not be
considered a rich source of UFAs as compared teaterike buckwheat, or seeds and
legumes, the roller-milled bran or middlings cobkel deemed as an enriched source of these

fatty acids.
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While the level of fatty acids in whole grain barléas been reported befdr®, their
comprehensive distribution in the different fraosoof the grain has never been explored. A
total of 18 fatty acids (9 SFAs and 9 UFAs) wergedted in the fractions (Data not shown),
however for the sake of brevity only the seven nadsindant fatty acids including 2 SFAs

and 5 UFAs have been reported in Supporting InftionaTable 3.

Similar to whole grain barle$? the most abundant fatty acid in all the milledcfians was
the polyunsaturated fatty acid (PUFA) linoleic ac{€18:2n6). Linoleic acid was
predominantly located in the bran (1452.9-1649.31®@g). Palmitic acid (C16:0) was the
second most abundant fatty acid in the fractions its levels did not differ significantly
(p<0.05) between the bran and the middlings. Thel tmost abundant fatty acid in the
fractions was the monounsaturated fatty acid (MUAic acid (C18:1n9), which was
present in significantly higher amounts in the br@ihe fractions of barley were also a
reasonable source of the PUFA alpha-linoleic a€iti8(3n3). The amount of alpha-linoleic
acid in the bran of the cultivars varied betweeb a8d 147 mg/100g sample, which was 1.2
to 1.5 times higher than the middlings. This fatyd could not be detected in the flour of
most of the cultivars except Irina. It has beenawed and discussed the prospect of reduced
risk of coronary heart diseases in adults, on sgabnsumption of omega-3 (n3) fatty
acids?’ EFSA has recommended a daily dose of omega-3 dafts between 250 and 500
mg, for maintenance of cardiovascular he&fithhe regular recommended dietary sources for
omega-3 fatty acids are food items such as fishrand. Nonetheless, milled fractions of
barley such as the bran or middlings or their nmixtcan serve as additional sources of the
health-beneficial fatty acids since 100g bran anddimgs mixture on an average would

contain 230 mg of the omega-3 alpha-linoleic acid.
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3.7 Principal component analysis (PCA)
PCA was conducted to get an overview of the caigeiabetween the examined variables
and their distribution within the grain (Figure Z4% of the variability in the data could be
explained by the first component (PC1), while teead component (PC2) accounted for

9% of the variation in the data, thus cumulativekplaining 83% of the variation.

On the loading plot (Figure 4a), variables wereasaiged by PC1 and PC2 based on their
distribution in the grain. All the major variablegluding the dimeric and trimeric flavanols,
ferulic acid, UFA, majority of sterols and tocolggre clustered on the right side of PC1 with
loadings in the same direction. This indicated lnnalance of these variables in the bran of
the samples, followed closely by the middlings. fElwas a complete absence of loadings of
the variables on the left side of PC1, indicatingck of predominance of any of the variables
in the flour. However, three variables includingtecdin, T3, and brassicasterol were
clustered close to the origin of component 1 witthHoadings in the upward direction. This
proposed no difference in the amounts of theseabbas between the bran, middlings and

flour suggesting their uniform distribution acrals three fractions.

The score plot (Figure 4b) separated the barleietvas along PC1 based on their fractions.
In this plot, the bran of all the varieties weredted to the extreme right of the plot indicating
a similarity in their properties, as compared te thiddlings which were concentrated near
the origin of the plot. The flour of the samplesravkargely localised towards the extreme left
of the plot. The samples were also separated &@igand PC2 based on the composition of
phytochemicals in them. Samples with high scoresamy given direction would be
dominated by variables with large loadings in tdatction. For example, the bran and
middlings of Mickle represented by blue circles anasses respectively would be high in the
variablesdT andyT. On the other hand, bran and flour of Irina repréed by black circles

and crosses, respectively would be high in thealsdess-sitostanol ang-glucan. Thus, PCA
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also indicated a variation in the composition af tharley fractions which most likely arises

from the difference in genotypes of the varieties.

4. Conclusions

Barley, a cereal that is currently not utilized stalntially for human consumption,
contains a number of components which are poténtisneficial to human health. The
majority of these health-beneficial compounds aatied in the outer layers of the barley
grain. p-glucan, associated with lowering LDL-cholester@d, mostly located in the
middlings, while most polyphenols (flavanols, fécwdcid) are concentrated in the outermost
layers of the grain. The flavanol catechin is eyehstributed across the barley grain. Among
the lipophilic bioactives, most of the sterols, yurisaturated fatty acids, and tocols are
located in the outermost layers. A few exceptiarghsas the brassicasterol, linoleic acid, and
oT are evenly distributed between the outer andrimmelosperm cell walls of the grain.
Thus, the outer layers of the grain of barley, espnted by the bran and middlings would
impart greater health benefits when consumed astapthe diet. The endosperm portion of
the barley grain, represented by the flour frachad the least amount pfglucan, flavanols,
lipophilic components and antioxidant activity, amgothe three fractions. Some of the
phytochemicals like procyanidin C, ferulic acidJinoleic acid, and'T could either not be

detected at all or were detected in minimum amoumtise flour.

In summary, the findings here would encourage armnpte the consumption of
whole barley flour as opposed to the refined batfleyir among consumers. Physical
processes such as roller-milling allow a favouratikribution of these compounds, which
could be used to produce enriched fractions. THednfractions of barley such as the bran
and middlings are currently treated as by-produétshe roller-milling industry. Efficient

utilisation and increased incorporation of the baa middlings in food products will help
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redirect the use of these by-product fractions, alsd improve the biological and health-

promoting value of sustainable food products.
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FIGURE CAPTIONS

Figure 1. B-glucan content (%) of milled fractions: bran, nlidds, flour of barley varieties

(mean = SD, n=4). Bars with no letter in commonsagaificantly different from each other.

Figure 2: (a)Total phenol content of milled fractions (bramiddlings(semolina), flour) of
barley varieties (mean = SD, n=3), expresseggagallic acid eq./ml sample (b) Antioxidant
capacity of milled fractions of barley varietiesgam £ SD, n=3), expressed as mM Trolox
eg. (c) Total flavonoid content of milled fractiow$ barley varieties (mean £ SD, n=3),
expressed agg/ml epicatechin eq. Bars with no letter in comnawe significantly different

from each other.

Figure 3. (a)Total sterols content (mg/ 100g) of milledctrans: middlings (semolina), bran,
flour of barley varieties (mean + SD, n=3). (b) dlotocols (1g/g) in milled fractions of
barley varieties (mean + SD, n=3). (c) Total unssteed fatty acids (mg/ 100g) and (d) total
saturated fatty acids (mg/ 100g) in milled fractiaf barley varieties (mean £ SD, n=3). Bars

with no letter in common are significantly diffetdrom each other.

Figure 4: a) Loading plot of the variables on PC1 and PK)2Score plot of PC1 and PC2
from analysis of the fractions of five barley vaéies. The bran fractions have been
represented by circles, the middlings by crossad tlae flour by triangles. A colour code has

been given for each variety.



Table 1: Levels of flavanols and ferulic acid (ng/g) in the three fractions: bran,
middlings, and flour of roller-milled barley. The last column in the table provides the
sum of the four flavanols and ferulic acid identified in various fractions of the varieties.
In every column values followed by different alphabetical superscripts are significantly
different from each other.

Cultivar/ | Catechin Procyanidin | Prodelphinidin | Procyanidin | Ferulicacid | Sum of
Fraction B B C individual
phenols
Propino
Brans 103.1+5% | 376.6+25.3 | 191.9+4.8 37.3+1.3 813.2+29.7 | 1522.1
Middling | 66.1+4.2 231.6+39.1° | 117.8+10.% 19.4+4.5 489.6+50.8 | 924.5
Flour 99.2+7.9 43.9+7.7 22.2+4. 7 n.d. n.d. 165.3
Sanette
Brans 08.4+5% 426.4+57.9 | 244.9+24.8 61.9+1.5 1062.7+44.0 | 1894.3
Middling | 80.9+2.3 215.6+7.4 | 109.7+13.6° 20.4+4.0 865.9+15.8 | 12925
Flour 97.4+12.1 | 19.6+1.7 10.3+3.3 n.d. n.d. 127.3
Mickle
Brans 155.2+17% | 400.0+23.1 | 197.9+22.2 49.4+45.6 1510.1+56.1 | 2312.6
Middling | 133.0+22.86 | 189.7+4.4 | 91.7+12.7 24.3+5.7 1232.5+76.6 | 1671.2
Flour 188.5+5.5 | 16.6+1.% 13.7+3.7 n.d. n.d. 218.8
Taberna
Brans 97.6+32 376.9+17.3 | 182.5+10.2 43.4+4.4 902.4+45.4 | 1602.8
Middling | 92.5+17.6 [ 190.9+11.5 | 91.9+10.0 27.1+4.6 352.3+35.§ | 754.7
Flour 101.8+3.24 | 23.9+4.¢ 7.740.5 n.d. n.d. 133.4
Irina
Brans 58.1+1077 | 503.4+18.8 | 191.7+18.% 69.6+10.7 1108+58.9 | 1988.9
Middling | 46.4+2.7 254.8+25.2 | 132.9+12.4 46.4+4.9 827.4+32.8 | 1788.4
Flour 29.1+1.8 46.7+0.01 24.4+1.3 n.d. n.d. 100.2

n.d. — not detected
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Supplementary Material

Table 1: Distribution of sterols (mg/100g) in the bran, middlings and flour fractions of roller-
milled barley. In every column, values followed by different alphabetical superscripts are
significantly different from each other.

Cultivar/Fraction | Brassicasterol | Campesterol | Stigmasterol | B-Sitosterol | B-Sitostanol
Propino

Bran 8.23+1.3% 18.16+0.4%® | 4.83+0.1° 60.62+1.2% | 11.64+0.2°
Mlddlings 6.19+0.4¢ 12.13+0.04¢ | 1.95+0.1° 40.64+0.1" 7.55+0.1°
Flour 6.99+0.03% | 4.17+0.01" |0.44+0.019 | 15.7+2.9% [ 2.9+0.04
Sanette

Bran 6.06+1.3" 19.91+0.3° | 5.05+0.1° 55.29+0.5° | 15.55+0.2°
Mlddlings 5.57+0.6° 14.57+0.1° | 2.44+0.04% | 39.31+0.3° | 10.65+0.1f
Flour 5.1+1.1¢ 4.88+0.2' 0.4+0.03¢ 15.65+0.2' 3.75+0.03%
Mickle

Bran 8.73+0.82 18.99+0.9% [ 4.38+0.02° | 57.14+0.8° | 9.27+0.1°
Middlings 6.47+0.1¢ 12.96+0.1"7 | 2.02+0.03° | 40.81+0.4" | 6.16+0.01°
Flour 6.03+0.3% 4.47+0.1 0.35+0.01° | 17.87+0.3 2.4+0.04!
Taberna

Bran 7.06+0.3% 16.18+0.1° | 4.24+0.1° 48.61+0.5% | 15.97+0.2°
Middlings 6.94+0.9% 11.89+0.2% [1.97+0.1° 35.97+0.6° | 11.56+0.2"
Flour 7.55+1.2% 4.7420.1" 0.41+0.1¢ 16.87+0.3 | 5.34+0.1™
Irina

Bran 4.84+0.3° 15.76+0.3° | 4.39+0.2° 44.32+0.8° | 23.17+0.5¢
Middlings 4.51+0.62 12.8+0.5¢ 2.13+0.1°¢ 33.85+1.2" | 18.84+0.7'
Flour 4.0940.52 4.8610.1' 0.42+0.03% | 14.5+0.2' 7.81+0.1"
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Table 2: Distribution of tocols (ug/g) in the bran, middlings and flour fractions of roller-milled
barley. In every column, values followed by different alphabetical superscripts are significantly
different from each other.

Cultivar/ | 8T3 yT3 aT3 5T BT vyT aT
Fraction

Propino

Bran 1.15+0.08% | 5.49+0.08° | 30.39+0.3* | 0.91+0.1° | 0.40+0.04° | 2.28+0.1° | 7.93#0.3°
Middlings | 1.02+0.1° | 2.99+0.1" 26.3240.7° | 0.63+0.1° | 0.31+0.03° | 0.88+0.2° | 9.02+0.4°
Flour 1.22+0.1° | 0.47+0.01" | 4.51%0.6' 0.29+0.03" [ 0.18+0.01° [ 0.25+0.02° [ 2.06+0.2'
Sanette

Bran 1.4520.2° | 7.37%0.2° | 37.71+1.2° | 0.42+0.02° | 0.27+0.01° | 0.78+0.1° | 6.62+0.4°
Middlings | 1.2520.1%° | 2.39+0.1° | 11.93+0.9' | 0.35%0.03' | 0.23x0.04° | 0.23+0.01° | 4.08+0.5°
Flour 1.16+0.1* | n.d. n.d. 0.12+0.01' | n.d. n.d. n.d.
Mickle

Bran 1.6720.3° | 6.1240.3° | 33.61+0.7° | 0.90+0.02° | 0.39+0.1*° |1.51+0.1° | 6.95+0.3"
Middlings | 1.20+0.1° | 2.09+0.2° | 15.71+1.1° | 0.83+0.1° | 0.32+0.1° | 0.87+0.1° | 6.34+0.6"
Flour 1.17+0.1* | 0.27+0.01' | 0.73%0.2’ 0.29+0.04" [ 0.19+0.03° | 0.15+0.01" | 1.43+0.2°
Taberna

Bran 0.96+0.3" [ 4.0+0.3° 16.28+0.3° | 0.50+0.03° | 0.18+0.01° | 0.82+0.1° | 4.0620.3°
Middlings | 1.040.2° 2.36+¢0.19 [ 14.53+0.5% | 0.35#0.1' 0.21+0.03° | 0.46+0.02" | 6.23+0.4"
Flour 1.03x0.02% | 0.33+0.02' | 1.08+0.02° | 0.17+0.02' | n.d. 0.08+0.02' | 1.24+0.2°
Irina

Bran 1.0520.1° | 5.1440.1° | 31.39+1.1%° | 0.79+0.03° | 0.47+0.1° | 1.48+0.1° | 7.90+0.3°
Middlings | 0.99+0.1° | 2.830.1' 19.0+0.8" | 0.350.1 0.21+0.01° | 0.28+0.04° | 5.84+0.5"
Flour 1.33x0.1° | 0.4620.03" | 2.95+0.3' 0.14+0.01' [ 0.20+0.01° | n.d. 1.850.2'

n.d. — not detected
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Table 3: Distribution of fatty acids (mg/100g) in the bran, middlings and flour fractions of
roller-milled barley. For every variety, values followed by different alphabetical superscripts
are significantly different from each other.

Cultivar/ | C16:0 C18:0 C18:1n9 C18:1n7 C18:2n6 C18:3n3 C20:1n9
Fraction

Propino

Bran 634.85+68.1° | 43.75+4.5® | 430.5+33.4% | 26.25+2.3° 1573.4+142.6® | 131.8+11.9° | 22.25+1.7°
Middlings | 686.6+6.9° 45.95+0.2° 323.35+0.2° | 21.65+0.03° | 1386.4+4.8° 108.45+1.6° | 16.35+0.07°
Flour 227.8+23.2° 16.65+1.7° 88.55+9.1' 6.320.7' 445.95+43 .5' n.d. 4.35+0.5°
Sanette

Bran 694.9+42.1° 37.2+0.8° 363.3+19.1° | 25.4+1.6° 1649.5+101.2° 147.3+1.6° 24.3+1.5°
Middlings | 608.25+7.6° 33.840.3° 244.95+3.1" | 18.35+0.3° 1146.3+17.3° 96.2+1.5° 16.25+0.2°
Flour 192.1+9.6™ 12+0.6" 46.1+3.4 4.2+0.3% 312.75+21.3° n.d. 2.740.2¢
Mickle

Bran 663.7+14.7° 35.3+1.8% 396.5+9.6™° | 26.5+0.5° 1537.15+29.5° 128.55+2.6% | 23.2+0.6°
Middlings | 576.4+6.1° 32.05+0.5% | 258.85+1.29 | 19.25+0.057 | 1158.75+2.4° 96.5+0.5° 15.5+0.1°
Flour 185.85+8.4% 11.35+0.04' | 53.55+0.2% 4.7+0.1% 32745.19 n.d. 3.0+0.005°
Taberna

Bran 673+33.9% 43.65+1.3"° | 455.85+3.8° | 26.3+0.6° 1633.15+35.7" 127.140.2% | 24.05+1.2%
Middlings | 643.3+8.2° 38.95+0.6 324.842.1° 20.25 +0.2° 1364.5+24.2° 102.7 +4.6° 16.55 +0.04°
Flour 187.25+15.6" 13.4+2.0" 74.75+12.4' | 5.05+0.7° 375.6 +45.8" n.d. 3.840.5
Irina

Bran 656.2+9.6° 42.15+0.2° 393.6+2.4° 23.9+0.6% 1452.95+8.5° 125+ 0.6° 23.05+0.2°
Middlings | 597.5+64.4% 41.65+4.2"¢ h289.15120.4 17.95 +1.5° 1218.15+92.1° 96.25+6.1° 16.4+1.1°
Flour 187.3+10.9' 14.3+1.7%" 76.75+2.1' 4.3+0.1" 377.3+13.9" 22.35+1.3° 4.05+0.2°

n.d. — not detected




Highlights
1. First report on distribution of health-salutary moleculesin roller-milled fractions
in barley cultivars.
2. Polyphenoals, tocols and phytosterols were abundant bran fraction.
3. p-glucan was predominant in the middlings.
4. Bran and middling fractions, generally considered as by-products, are good

functional food ingredients.



