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Cereals, especially barley, are an important source of vitamins, minerals, dietary fibre and various
phytochemicals, such as alkylresorcinols (ARs). Cereal ARs are a group of phenolic lipids located
in the outer parts of grain, particularly in rye and wheat, but not found in refined flour or in refined
products from cereals. This study focuses on the comparison of different extraction procedures
applied for the determination of the content of ARs (C15:0 — C23:0) in grain of Latvian barley
genotypes. The content of ARs in 1 rye and 16 barley samples grown with different amounts of
fertilier was determined by High Performance Liquid Chromatography method with Photodiode
Array detection (HPLC-PDA) developed by us. Two different extraction methods were compared:
accelerated Soxhlet extraction and 24-hour extraction. Aside from validation of the extraction pro-
cedures, validation parameters for the HPLC-PDA based quantitation method were provided. The
coefficients of variation for repeatability and intermediate precision were < 9% and < 3%, respec-
tively. The content of ARs determined with the HPLC-PDA method in conjunction with accelerated
Soxhlet extraction was up to 1.5 times hiqher than using 24-hour extraction. AR content varied
from 2.11 + 0.04 to 3.80 + 0.10 mg-100 g ' for 24-hour extraction and from 2.66 + 0.06 to 5.70 +
0.20 mg-100 g'1 for accelerated Soxhlet extraction, indicating the increased efficiency of this pro-

cedure in analysis of ARs.
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INTRODUCTION

The consumption of whole grain foods is strongly associ-
ated in many epidemiological studies with a reduced inci-
dence of diet-related diseases, e.g. cardiovascular disease,
type II diabetes and certain cancer types (Montonen et al.,
2003; Munter et al., 2007; Gil et al., 2011).

Alkylresorcinols (ARs) are phenolic lipid compounds from
the bran fraction in cereals such as rye, wheat, triticale, and
barley (Zarnowski and Suzuki, 2004a; Ross, 2012a). ARs
are 3-dihydroxy-5-alkylbenzene derivatives with odd-
numbered, mostly saturated hydrocarbon side chains typi-
cally ranging from C15 to C25. More than 99% of ARs are
located in the intermediate layer of the grain (Landberg et
al., 2008). ARs have been suggested as potential biomarkers
for whole grain wheat, rye, triticale and barley in food prod-
ucts (Ross et al., 2012b) and have been used in multi-
analyte methods for determining the presence of different
cereal fractions in foods (Barron et al., 2011).
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The potential health benefits and biological activities of
ARs have generated significant scientific interest. For ex-
ample, ARs from wheat bran may contribute to colon can-
cer prevention, as indicated by in vitro and in vivo animal
studies (Ross, 2012b). These compounds can incorporate
into membranes and inhibit the activity of some enzymes
(Stasiuk and Kozubek, 2010). ARs have antigenotoxic and
antioxidant activity in protecting lipids against air-induced
oxidation under in vitro conditions (Korycinska et al.,
2009). Dietary ARs also regulate y-tocopherol and choles-
terol levels in rat liver (Ross et al., 2004). In addition, ARs
can be used as a method for checking contamination of
non-gluten containing cereals with gluten containing cereals
(wheat, rye, and barley) (Ross, 2012b). ARs are not de-
stroyed during food processing (Gunenc et al., 2013a) and
are well absorbed in humans (Ross et al., 2003).

ARs in cereal grain and products have been quantified using
high performance liquid chromatography HPLC-DAD
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(Geerkens et al., 2015), (HPLC)-Coularray-Based Electro-
chemical Detection (Ross and Kochhar, 2009), ultra-high-
pressure liquid chromatography (UHPLC) (Ross, 2012a),
gas chromatography (GC) (Ross et al., 2001; Landberg et
al., 2009; Athukorala et al., 2010; Gunenc et al., 2013Db)
and colorimetric method by using Fast Blue B BF, (Ko-
rycinska et al., 2009). Various extraction methods are used:
24-h extraction with acetone (Gunenc et al., 2013b) or ethyl
acetate (Ross et al., 2001; Landberg et al., 2008) and con-
tinuous stirring at room temperature, by soaking plant mate-
rial three times with the same amount of acetone for 24 h
each (Zarnowski et al., 2002), 48 h extraction with acetone
by continuous stirring at room temperature (Korycinska et
al., 2009), extraction using the Soxhlet apparatus (Zar-
nowski and Suzuki, 2004b); a two-step sequential super-
critical carbon dioxide (SC-CO,) extraction technique
(Athukorala et al., 2010) and a rapid ultrasound-assisted ex-
traction procedure was used recently (Geerkens et al.,
2015).

Barley grain was chosen for this study because of its grow-
ing popularity in human consumption, high content of fibre,
phenolic compounds and a low amount of ARs, which is
very useful for method validation. Rye grain was included
because of its high amount of ARs and for comparison of
recovery parameters with barley samples.

The main purpose of this work was to validate our devel-
oped accelerated Soxhlet extraction method for extraction
of ARs from cereals and to compare the results with the
24-h extraction procedure, which was conducted on a
shaker table. Also we sought to simultaneously verify the
applicability and efficiency of our HPLC-PDA method for
the quantitation of ARs homologues in the grain extracts,
including the most common validation parameters. To our
knowledge there have been no reports about validation of
the accelerated Soxhlet extraction method in conjunction
with HPLC-PDA.

MATERIALS AND METHODS

Chemicals. Authentic AR standards C15:0 (5-n-pentadecy-
Iresorcinol), C19:0 (5-n-nonadecylresorcinol), C21:0
(5-n-heneicosylresorcinol) and C23:0 (5-n-tricosylresorc-
inol) were purchased from Fluka (St. Louis, USA) and were
795% purity. All standards were prepared as 2.5 mg~m1’l
stock solutions in methanol/ethanol mixture and were stored
in a freezer at —21 °C. Methyl behenate (internal standard)
was purchased from Fluka (St. Louis, USA). All solvents
were of HPLC grade (Sigma-Aldrich, St. Louis, USA).
Deionised water was used throughout the analysis.

Raw material and sample preparation. Barley were culti-
vated both organically and conventionally, and rye only
conventionally. Organic field. The soil type was sod-
podzolic (PVv), sandy loam and loamy sand. Organic mat-
ter content in soil was 20.2-21.6 mg/kg, the soil pHy ) was
5.27-5.89, the content of plant-available phosphorus P,Os
138-164 mg/kg, and potassium K,O 130-175 mg/kg. The
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common agronomic practices for organic management were
used during the vegetation period. Conventional field. The
soil type in the conventional field was sod-podzolic (PVv),
sandy loam, content of organic substance 21-24 mg/kg, soil
pH KCl 5.4-5.8, available phosphorus P,O5 137.0-158.8
mg/kg, and potassium K,O 211.0-175.7 mg/kg. The experi-
mental treatment consisted of three N rates — N80, N120,
N160 in conventional growing conditions. Complex min-
eral fertiliser was used as a basic fertiliser at the rate 725
kg/ha (pure matter N — 80 kg/ha, P — 28.6, K — 112.4 kg/ha.
The N application was split, part of the N being applied at
the time of sowing and the remaining half at the end of til-
lering stage (growing stage/GS 29) of the crop. Ammonium
nitrate (N 34%) was used a top-fertiliser in the following
amount: 40 kg of N per ha (N120) and 80 kg of N per ha
(N160). The treatments were laid out in a randomised com-
plete block design; the plot size was 10 m2, four replicates.

Barley and rye genotypes were sown with a compact trial
drill ‘Hege 80’ in a well prepared seedbed at a rate of 500
germinating seeds per m2. The plot size was 10 m2, four
replicates.

Cereal grain samples (16 barley samples and one rye sam-
ple) harvested in 2013 were provided by the State Stende
Cereal Breeding Institute (SSCBI) (Latvia) (Table 1). All
grain samples were milled and sieved in order to obtain the
required particle size of 0.7 mm.

The 24-h procedure for extraction of ARs. According to a
slightly modified method of Ross ef al. (2001), ARs were
extracted from a 0.50 + 0.01 g samples of cereal grains with
20 mL of ethyl acetate for 24 h with continuous shaking on
a shaker table (B Braun Biotech Certomat SII 886252/4,
Germany) at 270 rpm and room temperature. The extract
was centrifuged at 4500 rpm for 10 min and the supernatant
(4 mL) was then evaporated to dryness. Methanol (0.5 mL)
was added and the samples were filtered through 0.2 pm
PES (Vivaspin 500, Sartorius Stedim Biotech GmbH, Ger-
many) filters and centrifuged for 5 min at 3000 rpm before
injection into the HPLC.

Accelerated Soxhlet extraction method (ASE). The ex-
traction was performed with a Soxtec™ 2055 Fat Extraction
System (FOSS Analytical, Denmark). Grain samples (2.0 +
0.1 g) were weighed into a cellulose thimble (33 x 80 mm)
together with glass wool to obtain a clear extract, which was
inserted into the extraction unit. Dichloromethane and hex-
ane as 1 : 1 mixture (75 mL) was added to the system. The
cups were heated on an electrical hot plate to 130 °C. The
four-step extraction procedure consisted of boiling (30
min), rinsing (30 min), recovery (10 min) and pre-drying
(3 min). The extracts were evaporated under slow nitrogen
stream and methanol (1.0 mL) was added. The samples
were shaken and ultrasonicated for 5 minutes, then centri-
fuged at 4500 rpm for 10 min. Portions of extract (200 pL)
were filtered through 0.2 um PES filters and centrifuged for
5 min at 3000 rpm before injection into the HPLC instru-
ment. Dichloromethane and hexane were chosen as more
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DESCRIPTION OF BARLEY AND RYE SAMPLES

Table 1

Coding system™ Lines Description Additional information
Cultivar/ Y\ Growing system
genotype
+
Barley
1185 > Grown organically: Simba/Wanubet hulless barley breeding line SSCBI** breeding material
Kornelija ‘+BIO’ 1C360 hulless barley breeding line bred at SSCBI, 2014
1165 Gainer/Freedom hulless barley breeding line SSCBI breeding material
Ansis Grown conventionally: - widely grown malting barley bred at SSCBI, 1999

/ variety
‘+80’-N supply 80 kg/ha

Rye ‘+120’-N supply 120 kg/ha
Kaupo ‘+160’-N supply 160 kg/ha Tulvi/ Vambo/CHD-181/Muro bred at PCBI**%*, 1998

* An example of coding system: 1185+BIO — barley genotype grown organically; 1185+120 — barley genotype grown conventionally with N supply 120
kg/ha; ** SSCBI, State Stende Cereal Breeding Institute; *** PCBI, Priekuli Crop Breeding Institute

appropriate solvents due to better compatibility with the
ASE apparatus.

All samples were extracted in duplicate, and the results are
reported based of fresh weight (FW). AR homologues
C15:0, C19:0, C21:0 and C23:0 were quantified using an
external standard method and were identified also according
to their spectra (Kulawinek and Kozubek, 2008). All quanti-
fications were performed using linear calibration curves
generated with authentic standards (from 0.5 to 600
pg-mL'l) and were based on peak area.

HPLC-PDA analysis. The analyses were carried out on a
Alliance 2695 HPLC (Waters, USA) with a Waters
Photodiode Array Detector 2996 scanning between 260 and
295 nm. Separation of AR homologues was achieved on a
Luna C18 column (4.6 x 150 mm, 5 pm) from Phenomenex
(USA). The gradient programme used was: flow rate of 1.00
mL-min" starting with a mobile phase of methanol/water
(80/20) for 5 min, followed by methanol/water (99.2/0.8)
for 25 min. The temperature of the column oven was set at
30 °C and 40 pL portions of each sample were injected into
the chromatographic column.

Validation parameters for HPLC-PDA method. Signal
linearity. Linearity of calibration curves was evaluated by
the coefficient of correlation (Rz), testing pure standards of
AR homologues (C15:0, C19:0, C21:0 and C23:0) in the
concentration range from 0.5 |vlg~mL'1 to 600 pg~ml'1.

Limit of detection (LOD) and limit of quantification (LOQ).
The LOD and LOQ values for C15:0, C19:0, C21:0 and
C23:0 homologues were obtained from the standard devia-
tion of ten replicates using 0.5 pg~mL'1 of authentic stan-
dard (the instrument LOQ/LOD) and ten replicates of barley
sample containing 0.5 pg-mL'1 for 24-h extraction and 5.0
pg~m1’l for ASE according to Magnusson and Ornemark
(2014), where LOD = 3 - S /n’>; LOQ = 10 - S /% (S, -
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estimated standard deviation of single results at or near zero
concentration; n — the number of replicates averaged in rou-
tine use).

Repeatability and intermediate precision. Repeatability was
ascertained by two different methods. In the first method,
repeatability was validated at three different concentrations
(0.5, 5.0 and 100 pg-mL'l) of the reference substances
C15:0; C19:0; C21:0 and C23:0 with three replicates ac-
cording to the International guideline (International Confer-
ence on Harmonisation, 2005). The parameter was ex-
pressed by the coefficient of variation (CV) of means.

In the second method, repeatability was validated by seven
independent determinations using two different concentra-
tions (0.5 and 5.0 pg~mL'l) of the reference substances
C15:0; C19:0; C21:0 and C23:0 with a two-day gap accord-
ing to The Fitness for Purpose of Analytical Methods
(2014). In addition, repeatability experiments with barley
and rye samples were conducted also with the standard ad-
dition method:

a) A 1 ml aliquot of 5.0 pg~ml’1 methanolic standard
(C15:0; C19:0; C21:0 and C23:0 ) was evaporated to dry-
ness in the extraction flask and 24 h extraction with HPLC
analysis were carried out as described above (in six repli-
cates).

b) Aliquots of 40 pl (100 pg-mL'l) and 160 pl (400
pg~mL'1) from 2.5 mg~ml'1 methanolic standards of C15:0
and C23:0 were added to barley and rye samples before ap-
plying the ASE method, respectively (in three replicates).

Repeatability was expressed by the coefficient of variation
(CV) of mean values.

Intermediate precision was ascertained by six independent
determinations with a two-week gap. This experiment was
conducted with authentic standards only by using 0.5
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pg~mL’1 concentration of the reference substances C15:0;
C19:0; C21:0 and C23:0, respectively. The parameter was
expressed by the coefficient of variation of mean values.

Recovery. (a) The 24-h extraction recovery for barley and
rye flour was determined by adding authentic standards
(C15:0, C19:0; C21:0 and C23:0), using concentrations in
the range of 5.0-100 pg'ml‘l. An aliquot of 1 mL metha-
nolic standard solution was evaporated to dryness in the ex-
traction flask followed by 24-h extraction and HPLC analy-
sis as described above; (b) accelerated Soxhlet extraction
recovery was determined by addition of authentic C15:0
and C23:0 standards at concentrations of 20 and 100
pg-ml‘1 for barley; 100 and 400 ;1g‘ml'1 for rye.

Recovery experiments were conducted in triplicate and
evaluated according to Causon (1997). The parameter was
expressed by the CV of mean values.

RESULTS

Method validation. All calibration curves of AR standards
C15:0, C19:0, C21:0 and C23:0 showed linearity (R2 >
0.99) of the PDA signal at 275 nm over a wide range of
concentrations: 0.5-600 pg-mL'l. Instrument LOD and
LOQ were the lowest for C15:0 with 0.67 and 2.2 ng on
column. Method LOD,,;, and LOQ,;, were the lowest for
C15:0 with 1.7 and 5.8 ng on column and method LOD g

and LOQ g were also the lowest for C15:0 with 13 and 45
ng on column (see Table 2).

Averaged recoveries varied from 91% to 95% for all ARs
tested, and for both extraction methods (Table 3) with CV <
3.7%. An exception was observed for C15:0 (88.5%) in a
barley sample and for C19:0 (89.3%) in a rye sample when
using the 24-h extraction method.

Coefficients of variation of repeatability for pure standard
experiments (according to two different international guide-
lines) were < 3.0%, with the best value for C15:0 (CV <
1.6%). The CV values for repeatability parameters when us-
ing the 24-h extraction method varied from 2.7% to 9.1%
for barley and rye samples, and from 0.8% to 5.0% for both
samples when using the ASE method. As shown in Table 2,
the obtained coefficient of variation for intermediate preci-
sion for all homologues of ARs was < 3.4%.

Application of the developed method for the quantifica-
tion of ARs in barley and rye grains. Sixteen barley sam-
ples and one rye sample were analysed by our developed
HPLC-PDA method in conjunction with accelerated Soxh-
let extraction system for quantification of AR concentration
in grains. The 24-h extraction method was used to compare
the results with ASE and also for validation. All data were
converted to a fresh weight (FW), considering that the
moisture content of cereals is expected to be > 14% accord-
ing to Commission Regulation (EC) 687/2008. The results

Table 2

LIMIT OF DETECTION AND QUANTIFICATION, COEFFICIENT OF CORRELATION (RZ) AND REPEATABILITY OF THE HPLC-PDA METHOD

Concen- |Interme- Repeatability, CV (%)
ARs |LOD In-|LOQ In-|LOD 24h| LOD |LOQ 24h| LOQ R2 tration |diate pre-
homolo- [strument,|strument,| method, | ASE | method,| ASE range of | cision,
gue ng ng ng method, ng |method, pure . CV (%)
ne ne Stan?na]l;% | Pure Pure Pure Barle¥ Barley Rye Rye
e standard |standard|standard®| flour' | flour® | flour’ | flour®
C15:0 0.67 2.23 1.73% 13.4% 577 44.8*' 09994 05-100; <1.7° <16 <32 2.7 0.8 73 2.1
400 <159
C19:0 1.14 3.80 3.04 16.0 10.2 532 09982 0.5-100 <2.1 <29 <3.0 6.1 - 9.1 -
<34
C21:0 1.76 5.85 2.31 18.0 7.70 60.0 0.9990 0.5-100 <2.0 <23 <3.1 55 - 6.3 -
<34
C23:0 0.86 2.87 2.79 13.6 9.30 453 09998 0.5-100; <2.5 <17 <1.7 32 2.7 7.1 5.0
400 <19

* Averaged recovery from ten replicates (barley samples) of C15:0, C19:0, C21:0 and C23:0 was 95.5%, when using the 24 h extraction method (0.5

ugmL™).

al Averaged recovery from ten replicates (barley samples) of C15:0, C19:0, C21:0 and C23:0 was 94.1%, when using the ASE extraction method (5.0

pg-mL™).

® for repeatability experiments different concentrations were tested (see Section 2.4.3.).

¢ CV of intermediate precision parameter

¢l CV of intermediate precision parameter after two weeks

d according to international guideline (International Conference on Harmonisation, 2005.)

¢ according to The Fitness for Purpose of Analytical Methods (2014).
24 h extraction method.

£ accelerated Soxhlet extraction method (ASE).
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RECOVERY OF ARS FROM BARLEY AND RYE FLOUR

Table 3

Food matrix Extraction AR homologue Concentration spiked, Recovery, % Averaged recovery, %
method pg-mL’l

Barley flour 24-h method Cl15:0 5.0 752 +2.7 88.5+3.6
25 939+42
100 96.4+4.0

ASE method C15:0 20 97.5+29 91.4+19
100 85.2+0.8

24-h method C19:0 5.0 97.4+6.1 953+3.7
25 954 +2.1
100 93.1+28

24-h method C21:0 5.0 91455 95.0+3.1
25 95227
100 98.4+1.0

24-h method C23:0 5.0 943+32 92.8+3.9
25 923 +3.6
100 91.9+5.0

ASE method C23:0 20 98.1+0.4 91.3+1.6
100 84.5+2.7

Rye flour 24-h method C15:0 5.0 88.0+7.3 93.7+4.7
25 948+ 1.6
100 983 +5.1

ASE method C15:0 100 94.7+58 94.1+£4.0
400 934 +2.1

24-h method C19:0 5.0 98.2+09.1 89.3+6.7
25 95.6 £2.7
100 74.1 84

24-h method C21:0 5.0 89.0 £6.3 923+4.0
25 97.7+2.0
100 90.2+3.8

24-h method C23:0 5.0 97.7+17.1 93.1+4.0
25 954 +3.0
100 86.1+1.9

ASE method C23:0 100 92.6 6.1 94.1+5.6
400 95.6+5.0

of AR analysis (Table 4) varied from 2.11 + 0.04 to 3.8 +
0.1 mg-100 g'1 FW in the case of 24-hour extraction and
from 2.66 + 0.06 to 5.7 = 0.2 mg-100 g'1 FW in the case of
accelerated Soxhlet extraction.

DISCUSSION

Method validation for analyses of ARs in cereals. Valida-
tion of the elaborated method demonstrated that all calibra-
tion curves of AR standards showed good linearity (R2 >
0.99) over a wide range of concentrations. Instrument LOD
and LOQ for C15:0 were 0.67 and 2.23 ng on column,
whereas Geerkens et al. (2015) reported a lower sensitivity
for C21:0 with LOD 1.2 ng and LOQ 3.6 ng on column.
Method LOD,,;, and LOQ,,;, for C15:0 were 1.73 and 5.77
ng on column and method LOD , g and LOQ 5 i for C15:0
were 13.4 and 44.8 ng on column, while Ross (2012a) re-
ported the best sensitivity of LOD = 0.5 ng on column and
LOQ = 1.25 ng on column by applying ultra-high-per-
formance chromatography with UV detection at 276 nm.

The elaborated method demonstrated an appropriate recov-
ery rate for all ARs tested, and for both extraction methods
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with CV < 3.7%. Repeatability was determined according to
international guidelines (Anonymous 2005) (Table 2) and
the obtained coefficients of variation of repeatability for
pure standard experiments were even below 3.0% and this
criteria indicated full appropriateness for determination of
ARs in grain samples.

Different CV values were obtained for repeatability parame-
ters when between the 24-h extraction method (from 2.7%
to 9.1%) and ASE method (from 0.8% to 5.0%). Therefore,
the procedure proposed within the current study demon-
strated clearly improved repeatability. In a previous study,
Ross and Kochhar (2009) showed improved repeatability
for decreased alkyl chain length from C25:0 to C21:0. In
our research, this tendency was observed when using the
ASE method (Table 2) — from C23:0 to C15:0 for both ce-
real samples.

Content of ARs in barley and rye grains. Low instrument
detection limit (<1.76 ng on column) and good repeatability
of authentic standards (CV < 3.0%) make an elaborated
HPLC-PDA method an appropriate choice for AR detection
in cereals. The results obtained with the HPLC-PDA
method in conjunction with accelerated Soxhlet extraction
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Table 4

ARS CONCENTRATIONS IN BARLEY AND RYE GRAINS OBTAINED BY THE APPLICATION OF TWO DIFFERENT EXTRACTION METHODS,

mg-100 ¢! FW
Genotype ARs homologue
C15:0 C19:0 C21:0 C23:0 Total
24 ha ‘ ASE® 24h ASE 24h ASE 24h ASE 24h ASE
Barley 1185+ 80 n.d. nd.  046+0.02° 049+0.03 1.08+0.03 130+0.04 083007 092%0.03 2.37+0.04 2.71%0.03
grains 1185+ 120 n.d. nd.  038+0.02 052x0.01 1.04+0.01 130+0.04 0.82x+0.02 096+0.03 224+0.02 2.78+0.02
1185 + 160 n.d. nd. 044+0.01 050x0.10 1.05+0.08 130+0.01 0.79+0.01 0.86+0.04 227+0.04 2.66=0.06
1185 + Bio n.d. nd.  052+0.01 050x0.10 1.08+0.08 1.29+0.04 0.87+0.01 090+0.07 247+0.03 2.69+0.08
Kornelija + 80 n.d. nd.  037x0.01 036x0.03 1.08+0.01 1.41+0.02 096+0.03 1.01+0.07 241+0.02 2.77+0.04
Kornelija + 120 n.d. nd. 026+£0.01 025+0.01 098+0.01 1.48+0.02 090+0.10 0.97+0.04 2.11+0.04 2.70+0.02
Kornelija+ 160  n.d. nd.  030x0.01 022x0.02 1.00+0.10 1.24+0.01 1.17+0.05 0.93+0.01 249+0.05 2.38=x0.01
Kornelija + Bio  n.d. nd. 037+£0.06 040x0.04 125+0.02 1.60+0.02 1.01+0.02 130+0.10 2.63+0.03 3.35+0.06
1165 + 80 n.d. nd. 0.72+0.10 0.76x0.05 1.55+0.10 1.94+0.07 0.80+0.10 1.15+0.05 3.10+x0.10 3.85+0.06
1165 + 120 n.d. nd. 073+£0.02 0.74+0.04 144+0.01 239+0.03 088+0.01 1.60+0.07 3.05+0.01 4.73+0.05
1165 + 160 n.d. nd. 0.76x0.01 0.75x0.02 152+0.08 190+0.10 1.00+020 120+0.02 3.31+0.09 3.88+0.05
1165 + Bio n.d. nd.  0.82+0.07 0.78x0.03 1.72+0.01 1.90+040 1.17+0.02 120+0.20 3.72+0.03 3.90+0.20
Ansis + 80 n.d. nd. 0.79+0.04 094x0.07 1.61+0.09 250+040 1.11+0.07 1.50+0.10 3.51+0.07 4.90+0.20
Ansis + 120 n.d. nd. 090+0.10 090x0.10 1.60+0.10 2.18+0.07 1.15+0.01 1.39+0.02 3.64+0.09 4.45+0.07
Ansis + 160 n.d. nd. 0.70x0.01 0.75+0.05 124+0.01 1.76+0.07 093+0.01 1.10+0.10 2.87+0.01 3.61+0.09
Ansis + Bio n.d. nd. 096+0.03 130+0.10 1.90+0.20 288+0.05 091+0.08 1.50+0.30 3.80+0.10 5.70+0.20
Rye Kaupo + 80 033+ 238+ 23.00+050 262+03 160+x20 160+05 9.10£0.70 9.40+050 48.0+x1.0 54.0x0.3
grain 0.01 0.05

# 24-h extraction method.
b ASE, accelerated Soxhlet extraction method.

¢ n.d., not detected.

4 Concentrations are expressed by the mean value of two replicates + standard deviation (CV 10%).

were up to 1.5 times higher than the results obtained using
24-hour extraction of barley samples (Fig. 1). Data obtained
for barley samples in the current study are in line with pre-
viously reported results: 3.9 mg-100 g'1 FW for C19:0,
C21:0 and C23:0 by Landberg et al. (2009), 4.6 mg-100 g'1
by Zarnowski and Suzuki (2004b) for C15:0, C19:0, C21:0
and C23:0 homologues, although higher than reported by
Bobere et al. (2013) (£ 1.67 mg-100 g'1 FW for C21:0 and
C23:0). However, such variations are probably due in part
to differences in analytical methods and also the AR content
of cereals appears to be highly variable, depending on
cultivar and environmental conditions.

The AR content in the rye sample was higher in the case of
using the accelerated Soxhlet extraction method: 54.0 = 0.3
mg-100 ¢! FW for ASE and 48.0 + 1.0 mg-100 g”' FW for
24 h, respectively. These values are comparable to those re-
ported previously: 50.9 mg-100 g'1 FW by Geerkens et al.
(2015), 57.3 mg-100 g_1 FW by Landberg et al. (2007), al-
though lower than reported by Bobere et al. (2013), where
the averaged content of C15:0, C19:0, C21:0 and C23:0 was
61.5 mg-100 ¢! FW.

Assessment of the AR content depending on barley geno-
type showed significantly higher concentration found in the
'Ansis' genotype (4.67 + 0.87 mg-100 g'1 FW, followed by
'"1165' (4.09 £ 0.43 mg-100 g'l FW), 'Kornelija' (2.80 + 0.40
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mg-100 g'1 FW) and '1185' (2.71 + 0.05 mg 100-g'1 FW)
genotypes. No statistically significant effect of growing
conditions on AR content was observed in the current study.

Not all laboratories have modern chromatographic and ex-
traction equipment available. The HPLC-PDA apparatus is
suitable and easy to use by an expert. The accelerated Soxh-
let extraction method developed in our study has only one
drawback — it requires 75 mL of solvent, although di-
chloromethane and hexane have relatively low toxicity and
low cost. The extraction time is only a little longer than one
hour, and the extracted amounts are higher compared to
24-h extraction, repeatability is < 5% for barley and rye
grains, and the average recovery is > 88% and > 93% for
barley and rye, respectively. Application of the ASE
method and dichloromethane/hexane extraction is useful, as
it is both a rapid and reliable preparative procedure. These
advantages make ASE an excellent alternative to other ex-
traction methods and will be also valuable as an extraction
method for food and feed analyses.

ACKNOWLEDGEMENTS

This research received financial support from the European
Social Fund project No. 2013/0072/1DP/1.1.1.2.0/13/APIA/
VIAA/032

187



A sl
o030
=
=
€
00
005
0014
0008
0,004
7.00 80 200 10,00 100 1200 130 1400 15.00 16.00 17.00 1800
C21:0 C25:0
B i
!
-
C19:0
i C23:0
G.040 i
3 LR
(18 Fig. 1. HPLC-PDA chromatograms
of AR homologues in barley Ansis
after A) 24-h extraction with ethyl
kil acetate and B) after accelerated
Soxhlet extraction with dichloro-
! : : : P : ; ; methane/hexane mixture. See Sec-
Tae 22 5. el L= 199 e 1399 ' = ees ree oo tion 2.3. for the HPLC conditions.
REFERENCES effects on cell viability of PC-12 AC cells. J. Agric. Food Chem., 59 (21),

Anonymous (2005). Validation of Analytical Procedures: Text and method-
ology Q2 (R1). International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human Use, 2005.
13 pp.

Athukorala, Y., Hosseinian, F. S., Mazza, G. (2010). Extraction and fraction-
ation of alkylresorcinols from triticale bran by two-step supercritical car-
bon dioxide. LWT-Food Sci. Technol., 43 (4), 660-665.

Barron, C., Samson, M. F., Lullien-Pellerin, V., Rouau, X. (2011). Wheat
grain tissue proportions in milling fractions using biochemical marker

measurements: Application to different wheat cultivars. J. Cereal Sci., 53
(3),306-311.

Bobere, N., Podjava, A., Meija, L., Jakobsone, I. (2013). Concentrations of
alkylresorcinols determined by high performance liquid chromatography
with UV in cereals bred in Latvia. Proc. Latvian Acad. Sci. Section B, 67
(4/5), 389-393.

Causon, R. (1997). Validation of chromatographic methods in biomedical
analysis: Viewpoint and discussion. J. Chromatogr. B. Biomed. Sci. Appl.,
689 (1), 175-180.

Geerkens, C. H., Matejka, E. A., Carle, R., Schweiggert, M. R. (2015). De-
velopment and validation of an HPLC method for the determination of
alk(en)ylresorcinols using rapid ultrasound-assisted extraction of mango
peels and rye grains. Food Chem., 169, 261-269.

Gil, A., Ortega, M. R., Maldonado, J. (2011). Wholegrain cereals and bread:
A duet of the Mediterranean diet for the prevention of chronic diseases.
Publ. Health Nutr., 14 (12A), 2316-2322.

Gliwa, J., Gunenc, A., Ames, N., Willmore, W. G., Hosseinian, F. S. (2011).
Antioxidant activity of alkylresorcinols from rye bran and their protective

188

11473-11482.

Gunenc, A., Tavakol, H., Seetharaman, K., Mayer, P.M., Fairbanks, D.,
Hosseinian, F. (2013a). Stability and antioxidant activity of alkyl-
resorcinols in breads enriched with hard and soft wheat brans. Food Res.
Int., 51(2), 571-578.

Gunenc, A., HadiNezhad, M., Tamburic-Ilincic, L., Mayer, M. P.,
Hosseinian, F. (2013b). Effects of region and cultivar on alkylresorcinols
content and composition in wheat bran and their antioxidant activity. J. Ce-
real Sci., 57 (3), 405-410.

Korycinska, M., Czelna, K., Jaromin, A., Kozubek, A. (2009). Antioxidant
activity of rye bran alkylresorcinols and extracts from whole-grain cereal
products. Food Chem., 116 (4), 1013-1018.

Kulawinek, M., Kozubek, A. (2008). Quantitative determination of
alkylresorcinols in cereal grains: Independence of the length of the
aliphatic side chain. J. Food Lipids, 15 (2), 251-262.

Landberg, R., Dey, E., Francisco, J. D. C., Aman, P., Kamal-Eldin, A.
(2007). Comparison of supercritical carbon dioxide and ethyl acetate ex-
traction of alkylresorcinols from wheat and rye. J. Food Comp. Anal., 20
(6), 534-538.

Landberg, R., Kamal-Eldin, A., Salmenkallio-Marttila, M., Aman, P. (2008).
Localization of alkylresorcinols in wheat, rye and barley kernels. J. Cereal
Sci., 48 (2), 401-406.

Landberg, R., Andersson, A. A. M., Aman, P., Kamal-Eldin, A. (2009).
Comparison of GC and colorimetry for the determination of alkyl-
resorcinol homologues in cereal grains and products. Food Chem., 113 (4),
1363-1369.

Proc. Latvian Acad. Sci., Section B, Vol. 69 (2015), No. 4.



Magnusson, B., Ormemark, U. (eds.) (2014). Eurachem Guide: The Fitness
for Purpose of Analytical Methods — A Laboratory Guide to Method Vali-
dation and Related Topics. 2" edn. Available at:
https://www.eurachem.org/images/stories/Guides/pdf/valid.pdf (accessed
12 May 2015).

Montonen, J., Knekt, P., Jarvinen, R., Aromaa, A., Reunanen, A. (2003).
Whole-grain and fiber intake and the incidence of type 2 diabetes. Amer. J.
Clin. Nutr., 77 (3), 622-629.

Munter, J. S. L., Hu, F. B., Spiegelman, D., Franz, M., Dam, R. M. (2007).
Whole grain, bran, and germ intake and risk of type 2 diabetes: A prospec-
tive cohort study and systematic review. PLoS Med., 4 (8), 1385-1395.

Ross, A. B., Kamal-Eldin, A., Jung, C., Shepherd, M. J., Aman, P. (2001).

Gas chromatographic analysis of alkylresorcinols in rye (Secale cereal L.)
grains. J. Sci. Food Agric., 81 (14), 1405-1411.

Ross, A. B., Kamal-Eldin, A., Lundin, E. A., Zhang, J. X., Hallmans, G.,
Aman, P. (2003). Cereal alkylresorcinols are absorbed by humans. J. Nutr.,
133 (7), 2222-2224.

Ross, A. B., Yan, C., Frank, J., Swanson, J. E., Parker, R. S., Kozubek, A.,
Lundh, T., Vessby, B., Aman, P., Kamal-Eldin, A. (2004). Cereal
alkylresorcinols elevate y-tocopherol levels in rats and inhibit y-tocopherol
metabolism in vitro. J. Nutr., 134 (3), 506-510.

Received 14 April 2015

Ross, A. B., Kochhar, S. (2009). Rapid and sensitive analysis of alkyl-
resorcinols from cereal grains and products using HPLC-Coularray-based
electrochemical detection. J. Agric. Food Chem., 57 (12), 5187-5193.

Ross, A. B. (2012a). Analysis of alkylresorcinols in cereal grains and prod-
ucts using ultrahigh-pressure liquid chromatography with fluorescence, ul-
traviolet, and coularray electrochemical detection. J. Agric. Food Chem.,
60 (36), 8954-8962.

Ross, A. B. (2012b). Present status and perspectives on the use of
alkylresorcinols as biomarkers of wholegrain wheat and rye intake. J. Nutr.
Metab., 2012, 1-12.

Stasiuk, M., Kozubek, A. (2010). Biological activity of phenolic lipids. Cell.
Mol. Life Sci., 67 (6), 841-860.

Zarnowski, R., Suzuki, Y., Yamaguchi, L., Pietr S.J. (2002). Alkylresorcinols
in barley (Hordeum vulgare L. distichon) grains. Z. Naturforsch. C., 57
(1/2), 57-62.

Zarnowski, R., Suzuki, Y. (2004a). 5-n-Alkylresorcinols from grains of win-
ter barley (Hordeum vulgare L.). Z. Naturforsch. C., 59 (5/6), 315-317.

Zarnowski, R., Suzuki, Y. (2004b). Expedient Soxhlet extraction of
resorcinolic lipids from wheat grains. J. Food Comp. Anal., 17 (5),
649-663.

HPLC-PDA PIEMEROSANA, IZMANTOJOT DIVAS EKSTRAKCIJAS METODES ALKILREZORCINU NOTEIKSANAI
GRAUDAUGOS

Graudaugi, 1paSi mieZi ir nozimigs vitaminu, mineralvielu, Skiedrvielu, ka ari dazadu fitoestrogénu, tai skaita alkilrezorcinu (AR), avots.
Graudaugu AR pieder pie fenolu savienojumu grupas, kur viena molekulas dala ir fenola atlikums, bet otra ir lipidu atlikums. AR atrodami
grauda ar€jos slanos galvenokart rudzu un kvieSu graudos, bet nav sastopami rafinétos miltos vai citos rafinétos graudaugu produktos. Si
pétijuma pamata ir alkilrezorcinu (C15:0 — C23:0) daudzuma noteikSana Latvija selekcionétos graudaugu genotipos. Tika noteikts AR
daudzums 1 rudzu un 16 mieZu paraugos, kas audzeti ar daZadiem méslojuma daudzumiem, izmantojot izstradato augsti efektivas Skidruma
hromatografijas metodi ar fotodioZzu matricas detektoru (HPLC-PDA). Tika salidzinatas divas ekstrakcijas metodes — paatrinata Soksleta
ekstrakcija un 24 stundu ekstrakcija. Papildus ekstrakcijas metozu validacijai tika iegiti validacijas parametri kvantitativai AR noteikSanai
graudaugos ar HPLC-PDA metodi. Metodes atkartojamibas variacijas koeficients un precizitate attiecigi ir < 9% un < 3%. Lidz pat 1,5
reizes lielaks AR daudzums tika noteikts ar HPLC-PDA metodi savienojuma ar paatrinato Soksleta ekstracijas metodi neka ar 24 stundu
ekstrakciju. Rezultati vari€ja no 2,11 = 0,04 lidz 3,80 + 0,10 mg-100 g'1 24 stundu ekstrakcija un no 2,66 + 0,06 lidz 5,70 + 0,20 mg- IOOg'l,
izmantojot paatrinato Soksleta metodi. Sie dati norada uz paatrinatas Soksleta ekstrakcijas metodes lielaku efektivitati AR noteikianas
analize.
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