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Summary

A need for food that contributes to individual nutrition and health status, and also to the sustainability of the planet, is rising as a con-
sequence of consumer s awareness of foods nutritional value and origin. This behaviour is mostly expressed through the preference toward
organically grown and wholesome food. Science to some extent supports this preference, giving more evidence supporting the benefit of whole
food, and indicating that organic might be more nutritious than conventional. However, the question that remains is - is it always better? Thus
in this study organic and conventional cereal milling products from Croatian market were randomly selected (namely wheat bran, whole grain,
semi-white and white wheat flour, and whole grain corn, oat and rye flour) in order to determine their antioxidant activity (AO), lignans, ferulic
acid (FA), total phenolic (TPC) and dietary fibre (DF) content. The research aimed to point out how cereals contribute to the diet with their fibres
and bioactives, and to see to what extent consumers can expect organic cereal products to be better source of bioactives than conventional ones
when buying from the market.

Wheat bran distinguished among chosen products with its high FA, TPC, lignan content, and the strongest AO, especially in case of organic
bran. Within whole grains organic corn flour exhibited the strongest AO and the highest TPC (2576 mg FAE kg-1), while organic oat flour was
the most abundant in lignans (10064 ug kg-1). Higher content of FA, TPC, and lignans in organic wheat bran and established difference in
bioactives between flours from the organic farming compared to conventional do not lead to firm conclusion that consumers can expect organi-
cally produced cereals to be superior in all nutrition aspects to conventional, as is often believed. Despite that, interestingly, among analysed
nutritional parameters lignans were in all cases higher in organic products and less strong correlated to fibre content, indicating that they could
be influenced by farming system. Obtained data highlight the benefit of consuming different wholegrain cereals as an important source of fibres
and bioactive compounds, which, with the exception of lignans, are strongly positively correlated to the insoluble fibre content. .
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INTRODUCTION In the organic farming system the absence of synthetic protec-
tors, such as fertilizers, could provoke plants to produce more
bioactives in response to stronger environmental stress which
occurs during organic production (Fares et al, 2012). Namely,
bioactive compounds are secondary plant metabolites with
protective role in plant (Liu, 2007). Consequently, consump-
tion of organic cereals could result in an increased intake of
diverse bioactive compounds, together with the reduced intake
of pesticides and fertilizers, as recent literature review and data
analysis by Baranski et al (2014) indicated.

However, studies specifically dealing with bioactive com-
pounds in cereals of different farming origin are scarce and
inconclusive, whereas to our knowledge the influence of cereal
farming system on lignan content has not been investigated.
Langenkémper et al (2006) established no difference in anti-
oxidant capacity and total phenolics level between organic and
conventional farming systems after the long term wheat field
experiment. Similarly, Dimberg et al (2005) analysed specific
phenolic compounds in oat and found no differences as a con-
sequence of the conventional or organic farming system used.

Cereals are fundamental component of a balanced diet
(Liu, 2007). In Europe the most consumed cereal is wheat,
mostly found in the form of bakery products made from refined
flour. Nowadays it is emphasized that whole grain cereals have
a protective role in human health, due to high content of fibres
and bioactive compounds such as phenolic acids and lignans
(Liu, 2007; Fardet et al, 2008). Their influence on human health
is expressed through different protective activities, e.g., solu-
ble fibres reduce the risk of cardiovascular diseases and diabe-
tes; both soluble and insoluble fibres promote positive status of
digestive system; phenolic compounds are believed to possess
antioxidant activity (Liu, 2007). Among other bioactives, cere-
al lignans distinguish with their structural similarity to endog-
enous oestrogens and oestrogenic and anti-oestrogenic effect
they can exhibit. It is also believed that lignans possess antioxi-
dant activity (Cotterchio et al 2008; Landete, 2012). However,
in order to better understand lignan activity and their exposure
through cereal intake there is a great need for a comprehensive

lignan database (Durazzo et al, 2013). Many previous studies A j¢ goes for consumers, they tend to believe that organically

concluded that the arpount of lignans and other bioactive com-  ,roduced food is more nutritious and pay higher price for the
pounds depends on different parameters, such as genotype, cli- .o (Baranski et al, 2014).

mate, soil, etc. (Smeds et al, 2009; Lv et al, 2013). Following,
it can be believed that the type of farming system influences on
a certain level the development of bioactives within the plant.

Thus, the aim of this study was to examine lignan, total
phenolics, ferulic acid and fibre content of different kind of do-

Corresponding author: e-mail: nikolina.cukelj@pbf.hr

CROATIAN JOURNAL OF FOOD TECHNOLOGY, BIOTECHNOLOGY AND NUTRITION



N. CUKELYJ i sur.: Croatian Journal of Food Technology, Biotechnology

24 and Nutrition 10 (1-2), 23-30 (2015)

mestic cereal milling products together with their antioxidant
activity. For the study white wheat, corn and rye flour as wide-
ly used in bread making were chosen, in comparison with less
common whole grain wheat, oat flour and wheat bran. Sam-
ples were of both conventional and organic origin randomly
selected from Croatian market as the interest was to see to what
extent consumers can expect organic cereal products to be bet-
ter source of bioactives than conventional ones.

MATERIALS AND METHODS

Chemicals and materials

Lignan standards of secoisolariciresinol, pinoresinol,
and lariciresinol were a gift from Oy Separation Research Ab
(Turku, Finland) and syringaresinol gift from School of Chem-
istry, University of St. Andrews, UK. Pentafluoropropionic
anhydride (PFPA), styrene glycol, ferulic acid, gallic acid, en-
zyme H. pomatia B-glucuronidase/sulfatase type H-1, DPPH
(2,2-diphenyl-1-picrylhydrazyl), TPTZ (2,4,6-Tris(2-piridil)-
s-triazin), and Folin-Ciocalteu’s reagent were purchased from
Sigma Aldrich (Taufkirchen, Germany).

Fourteen cereal milling products, from both organic and
conventional production were investigated: wheat bran and six
flour samples of which four were labelled as whole grain, one as
semi-white, and one as white. Organic wheat bran, corn, white
wheat, semi-white wheat, whole grain wheat, whole grain oat,
and whole grain rye flour were purchased from “O.P.G. Jaz-
bec”. Conventional corn flour was produced at “Poljodar tim”.
Conventional wheat bran, rye, white, semi-white and who-
legrain wheat flour were purchased from “Granolio”. “Advent
Pula” provided whole grain oat from conventional production.
Producers labelled flours as being white, semi-white or whole
grain, while we determined the ash content of samples (Table
1). In tables and figures of this paper, if not stated differently,

samples are whole grain. Prior to all analyses samples were
sieved through 500 pum sieve.

Determination of ash, insoluble and
soluble dietary fibre content

The ash content of flour was determined according to
AOAC 923.03 method (AOAC, 2006). Total (TDF), insoluble
(IDF) and soluble dietary fibre content (DSF) in flour was de-
termined by the AOAC method 991.43 (AOAC, 2006) accord-
ing to the Megazyme instructions (Bray, Ireland). All analyses
were done in duplicate.

Determination of ferulic acid, total phenolic
content and antioxidant activity

Total phenolic content (TPC) and ferulic acid (FA) was
extracted after an alkaline hydrolysis according to modified
Healthgrain method (Li et al, 2009). Flour (250 mg) was hy-
drolysed with 4 mL 2 mol L' NaOH for 4 h. After, the pH was
adjusted to 2 with concentrated HCI, 4 mL of ethyl acetate was
added, and sample was centrifuged 10 min at 4000 rpm. Ex-
traction was repeated three more times with 2 mL ethyl acetate.
Supernatants were pooled together and evaporated to dryness
under N,. Before FA, TPC and antioxidant activity analysis,
samples were redissolved in methanol and filtered through cel-
lulose 0.45 pm syringe filter (Chromafil RC, Macherey-Nagel,
Germany). Extraction of each flour type was done in triplicate.

TPC was determined spectrophotometrically (UNICAM
Helios B, England) according to Yu et al (2002) with modifi-
cations. To a 0.2 mL aliquot of the methanol extract, 500 pL
Folin-Ciocalteu’s reagent and 1.5 mL 20% Na,CO, was added,
and volume adjusted to 10 mL with distilled water. The re-
action mixture was kept in dark for 2 h. The absorbance was
measured at 765 nm. Calibration curves were constructed from
standards of ferulic and gallic acid. Results are expressed in

Table 1. Ash, insoluble, soluble and total dietary fibre content of wheat bran and flour samples, expressed as g kg™ dry basis, in
ascending total dietary fibre order. Means in columns followed by different letters are significantly different (p < 0.05)

ash IDF SDF TDF
Wheat white - C 6.68 £0.04 16.00* + 1.06 20.43*+3.19 36.42°+2.43
Wheat semi-white - C 7.79 £0.32 26.03*+ 3.39 20.95°+5.77 46.98* + 8.22
Corn - C 9.91+0.04 40.84°+2.86° 7.64*+1.82 48.48 + 4.67
Wheat semi-white - O 9.43 +£0.07 37.76°+ 1.79 20.07°+2.84 57.83% +1.06
Wheat white - O 7.98 £0.07 39.73+ 1.86 20.31°+4.67 60.04® + 5.41
Oat-O 13.49+0.09 44.58° + 6.66 29.24% £ 2.25 73.82° + 4.64
Corn - O 22.80+0.06 68.20° + 8.25 10.99*+ 1.13 79.20° + 8.78
Oat-C 18.81 £ 0.04 66.90° + 9.47 39.35¢4+2.52 86.57°+ 13.33
Wheat - O 14.49 + 0.08 96.02¢ + 1.55 22.96*+2.61 118.98<+ 1.53
Rye-C 11.71 £ 0.11 80.95¢+£3.42 48.839+2.42 129.78°+ 3.40
Rye-0O 12.16 £ 0.21 85.49¢+3.43 45.594+5.80 131.08°+ 8.76
Wheat - C 21.15+£0.07 117.02°+ 4.05 21.33°+£2.00 138.35¢+ 1.45
Wheat bran - C 46.43 £ 1.09 305.34"+2.53 27.79% + 1.46 333.214+3.68
Wheat bran - O 60.88 + 1.21 363.83¢+£15.39 34.60°+ 1.63 403.43°+£9.57

IDF - insoluble dietary fibre; SDF - soluble dietary fibre; TDF - total dietary fibre; O - organic, C - conventional
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Table 2. Total phenolic content of wheat bran and flour samples in ascending order, expressed as mg FAE kg’ and mg GAE kg™
dry basis. Values are means of three determinations. Means in columns followed by different letters are significantly

different (p <0.05)
FAE GAE

Wheat white - C 137.80° +9.10 165.30* £+ 8.30
Wheat white - O 294.20% £+ 47.50 279.00% £ 35.90
Wheat semi-white - O 293.20* +41.70 279.90° + 30.40
Wheat semi-white - C 348.90* + 40.80 320.60% £ 29.50
Corn - C 1061.00° + 44,90 845.40° + 34.70
Rye - O 1139.80° + 72.00 903.80" &+ 54.70
Rye - C 1210.60° + 108.80 955.60° + 82.20
Wheat - O 1274.60° = 300.90 1001.60° +222.30
Oat-C 1806.80° + 58.50 1397.10°+ 42.50
Wheat - C 2058.16¢ + 145.51 1453.85¢+93.71
Oat- O 2192.20% + 247.00 1680.70%¢ + 1.82.50
Corn - O 2575.80¢ £ 146.60 1966.90¢ + 110.50
Wheat bran - C 3672.50°+ 141.40 2776.70° £+ 104.40
Wheat bran - O 5252.10°+ 171.70 4003.70" + 128.30

FAE - ferulic acid equivalent; GAE - gallic acid equivalent, O - organic; C - conventional

two forms because ferulic acid is most abundant phenolic acid
in cereals, while most of previous studies report TPC as gallic
acid equivalents.

FA content was determined by HPLC-PDA (Agilent 1200
Series with G1315D photo diode array detector, USA), using
modified IOOC method (2009). The column used was Nucleo-
sil 5u C18, 100 A250 x 4.60 mm, 5 microns (Phenomenex,
USA). Elution was performed with 0.2% H,PO,, methanol,
and acetonitrile, with the flow 1.0 mL min’'. Antioxidant activ-
ity (AO) was determined by DPPH radical-scavenging capac-
ity and Ferric Reducing/Antioxidant Power (FRAP) assays as
described by Belscak et al (2009), with some modifications.
In order to assess the flour extracts DPPH radical-scavenging
capacity 0.05 mL of extract was added to 1.9 mL of 0.06 mmol
L' DPPH in methanol. The free radical scavenging capacity
was evaluated by measuring the absorbance at 517 nm using
a UV Vis spectrophotometer (UNICAM Helios B, England)
after 30 min reaction in dark. For FRAP assay, 0.025 mL of
methanol extract was mixed with 2.5 mL of FRAP reagent.
Absorbance was measured at 593 nm after incubation at room
temperature for 4 min. In both assays AO was expressed as
trolox equivalents (Bel$c¢ak et al, 2009).

Determination of lignan content

Prior to lignan extraction, all flours were pulverised in
a ball mill (MM 400, Retsch, Germany) to ensure proper ho-
mogenisation. Two hundred mg of flour was extracted with 5
mL of 70% methanol containing 0.3 mol L' NaOH at 60 °C.
After 60 minutes the samples were centrifuged at 2500 rpm for
15 min. The extraction was repeated once more. Supernatants
were pooled and pH was adjusted to ~5 using glacial acetic
acid and evaporated to dryness under a N, stream. Enzymatic
hydrolysis was performed with 2300 U of H. pomatia B glucu-
ronidase/sulfatase dissolved in 5 mL of 0.05 mol L' Na-acetate
buffer (pH 5). After incubation for 17 h at 37 °C the enzymatic
hydrolysate was applied to SPE cartridge (Varian, Bond Elut
- Certify 11, 50 mg, 3 mL) and lignans were eluted with 3 mL

of methanol. Lignans were quantified by GC-electron capture
detection method (Cukelj et al, 2011). All analyses were done
in triplicate.

Statistical analysis

Data were subjected to factorial analysis of variance
(ANOVA) for two independent variables: kind of milling prod-
uct and farming system, by using Statistica 8 (StatSoft Inc.,
Tulsa, OK, USA).

RESULTS AND DISCUSSION

Dietary fibre content

Table 1 shows IDF, SDF and TDF content of analysed
samples. Organic, followed by conventional wheat bran, had
the highest amount of TDF and IDF (> 300 g kg!), and in all
samples the content of TDF and IDF was highly correlated to
the ash content (r=0.955 and 0.972 respectively, p <0.001).
The highest amount of SDF was found in rye flour. On the op-
posite, the lowest amount of SDF was determined in corn flour,
both organic and conventional. In cereals, IDF dominates over
SDF (Vitaglione et al, 2008). SDF/IDF ratio in whole grain
flours was similar to the ratio reported by Picolli da Silva and
De Lourdes Santorio Ciocca (2005). In wheat samples soluble
fibres made bigger fraction of TDF in white and semi-white
flours (34 - 56%) than in the whole grain (19%) and in the
bran, which contained more than 90% IDF. SDF were more
abundant in rye and oat than in corn and wheat flour, which can
be attributed to a higher content of arabinoxylans in rye, and
beta-glucans in oat (Bunzel et al, 2001). Ragaee et al (2005)
reported little lower SDF content in white wheat flour (16 - 18
g kg!) than in our study (20.1 - 20.3 g kg!") and IDF 19 - 30
g kg!, which is in accordance to our results for conventional
samples. Similarly, Picolli da Silva and De Lourdes Santorio
Ciocca (2005), and Ragaee et al (2005) determined lower ratio
of SDF to IDF (37/141 g kg™') than we did, but they both ana-
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lysed whole grain cereals, while we had flours with incomplete
extraction rate.

When the same types of organic and conventional flour
were compared, all organic flours, with the exception of oat
flour, had higher levels of TDF and IDF fibre. The existing
difference could be most likely result of the differences in
the milling process, harvest year and genotype (Hansen et
al, 2003). Langenkdmper et al (2006) in field experiments on
wheat varieties noticed some significant increase of dietary fi-
bre in bio-dynamic system, but finally concluded that the rela-
tionship between dietary fibre levels and organic versus con-
ventional farming system cannot be established.

Total phenolic content

Table 2 shows TPC of different cereal products from or-
ganic and conventional cultivation. Values expressed as GAE
are in general lower that the ones expressed as FAE, but the
correlation between assays is strong (r = 0.999, p < 0.001).
Phenolic compounds are mostly located in outer layers of
grain (Fardet et al, 2008) so it was of no surprise that wheat
bran showed to be the richest in TPC. Organic wheat bran had
higher content of total phenolics compared to the conventional
wheat bran, which could be also attributed to the higher TDF
and IDF content. The detected total phenolic amount in wheat
bran in general is similar to the one published in study by Ver-
ma et al (2008) where it was found TPC in bran to be in range
3406 - 6702 mg GAE kg'.

Among flours, organic corn flour was richest in TPC, the
same as in the work by Adom and Liu (2002) who compared
phenolic content of corn, wheat, oat and rice. However, in our
study, conventionally produced corn flour had significantly
lower (p < 0.05) content of phenolics compared to its organic
counterpart, which could be explained by lower extraction rate
during processing. In opposite to Adom and Liu (2002) organic
oat, and not wheat flour, followed corn flour in TPC. Neverthe-
less, results of TPC are in accordance with Ragaee et al (2006)

who determined TPC in wheat to be 501 - 562, and in rye 1026
mg GAE kg

It is known that phenolic compounds are located in the
grain outer layers, especially aleurone layer (Fardet et al,
2008). Following current understanding of phenolics-fibre
relationship, in this study very strong positive correlation be-
tween the TPC and amount of IDF (r = 0.896, p <0.001) and
TDF (r=0.882, p <0.001) and no correlation with SDF was
found. This comes as no surprise since it is known know that
the content of analysed TPC extract contained phenolic ac-
ids with ferulic acid - the structural element of insoluble fibre
component (Bunzel et al, 2001; Vitaglione et al, 2008) - being
the dominant one. Unanswered still remains the proportion of
other types of cereal phenolics, such as carotenoids and alkyl-
resorcinols, in TPC extract; and how their content would relate
to the dietary fibre.

Ferulic Acid Content

In this work focus was on FA as being the main phenolic
acid in cereals (Adom and Liu, 2002; Zuchowski et al, 2009).
Indeed, FA and TPC showed a strong positive correlation (r =
0.903, p <0.001), and it was shown that both gallic and feru-
lic acid can be used as a calibration standard in total phenolic
assays. Content of FA is shown in Figure 1. Similarly to TPC,
content of FA in analysed milling products was the highest in
organic wheat bran (3015 mg kg'), and among whole grain
flour types, organic corn flour was the richest in FA. Similarly,
previous studies showed corn to contain more FA than other
cereals (Adom and Liu, 2002). Matilla et al (2005) reported
that ferulic acid and dehydrodimers accounted for 63 and 15%,
respectively, of phenolic acids in corn flour. Bound ferulic acid
makes up the greatest percentage (98%) of the ferulic acid in
corn (Matilla et al, 2005).

The lowest content of FA was determined in white and
semi-white wheat flour (< 200 mg kg ). The detected amounts
are in accordance with the study of Matilla et al (2005) who
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Figure 1. Ferulic acid content of organic (O) and conventional (C) wheat bran and flour samples, in ascending order, expressed
as mg kg dry basis. Bars represent means of three determinations = SD. Different letters indicate significant

difference between samples (p < 0.05).
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Table 3. Lignan composition of wheat bran and flour samples expressed as ug kg dry basis, in ascending total lignan order.
Values are means of six determinations. Means in columns followed by different letters are significantly different (p < 0.05)

SECO LARI PINO SYR TOTAL
Wheat white - C 25.10° £ 6.36 30.80° + 17.29 36.37° £ 10.58 2354204 118.23 | 327.70°+141.21
Wheat white - O 62.75°+3.19 | 201.40°+24.04 47.39* + 14.95 132.98* + 52.29 444.52° £ 53.46
Wheat semi-white - C | 33.81°+10.27 | 78.36*+45.35 59.332+£38.53 | 500.31®+118.87 | 671.80°+210.15
Wheat semi-white - O | 75.27*+8.51 213.45*+31.00 203.34% + 44.17 212.13%+22.66 704.39* £ 63.92
Corn - C 207.79* + 15.72 nd 74.42° £29.82 453.60® +60.12 | 735.81°+£97.80
Corn - O 232.53% + 70.33 nd 129.15% + 86.30 841.48>+97.58 | 1203.17°+163.34
Wheat - C 583.579+10.44 | 858.39°+38.91 | 981.28*+226.45 | 1130.71°+ 143.00 | 3553.96"+=252.98
Wheat - O 287.80°+39.21 | 1440.05¢ + 160.21 | 1010.39% + 163.36 | 1144.40¢ + 194.74 | 3882.64"+ 358.00
Rye - C nd 576950+ 91.14 | 692.66 + 183.41 |2576.52¢+434.85 | 3846.14°+500.31
Oat - C nd 918.58°+208.10 | 3271.10+ 553.31 | 983.86% + 169.33 | 5173.54°+908.32
Wheat bran - C 284.35°+23.83 | 1883.61°+266.91 | 1267.80°+99.39 | 3543.95¢+322.00 | 6979.71¢+=507.33
Rye - O nd 1832.57¢+ 174.22 | 2970.74¢ + 154.09 | 3526.57° + 389.94 | 8329.88°+ 681.15
Oat - O nd 2639.561+ 127.76 | 6845.43°+157.72 | 579.02°+42.00 | 10064.017+281.67
Wheat bran - O 1051.58° + 40.13 | 6416.88¢+226.74 | 2952.03¢+205.59 | 3255.35¢+237.26 | 13675.84¢ +572.99

SECO - secoisolariciresinol; LARI - lariciresinol; PINO - pinoresinol; SYR - syringaresinol; nd - not detected

O - organic; C - conventional

reported FA (mg kg™): 860, 890, 100 - 120; 3000; 250; 380 for
rye flour; wheat whole grain, wheat white flour; wheat bran;
oat and corn flour respectively; as well as with other studies
(Vitaglione et al, 2008).

Organic wheat bran (3015.2 mg kg') had a significantly
higher (p < 0.05) content of FA compared to its conventional
counterpart (2609.5 mg kg'), while the great difference be-
tween organic and conventional corn flour was probably re-
lated to different dietary fibre content. Gasztonyi et al (2011)
determined that FA content of wheat varieties was in range
230 - 550 mg kg'. Without fungicide treatment those levels
were little lower, but they finally concluded that climate fac-
tors could have stronger impact on phytochemical concentra-
tion than the production method itself. Similarly, Zuchowski et
al (2009) examined phenolic acid content in winter wheat and
concluded that organic agriculture leads just to a small insig-
nificant increase in phenolic acids content.

FA content, similarly to TPC, strongly positively corre-
lated with the amount of TDF (r = 0.965, p < 0.001) and IDF
(r=0.977, p < 0.001) while no correlation was established
with soluble fibre. This is in accordance with Bunzel et al
(2001) who investigated dimers of ferulic acid in cereals and
concluded that they are more abundant in IDF, that is, that they
contribute to the cross-linking of polysaccharides which prob-
ably results with production of insoluble fibres.

Antioxidant Activity

Phenolics such as ferulic acid exhibit antioxidant activity
both in vitro and in vivo (Fardet et al, 2008). Figure 2 shows
AO of extracted phenolics of different cereal samples analysed
with DPPH and FRAP method. Although both methods meas-
ure AQO, results are probably not consistent due to interference
of extracts with reaction systems and different action mecha-
nism; similarly as shown in previous study (Yu et al, 2002).

Nonetheless, with both methods the strongest AO activity for
wheat bran was observed. White wheat flour, mostly used in an
average everyday diet, had the lowest AO activity. Adom and
Liu (2002) determined AO activity of bound grain phenolics to
be highest in corn flour and decline in following order: corn >
wheat > oat. Similar order for organic whole grain flours was
established, but conventionally produced whole grain wheat
had stronger AO compared with the corn from the same farm-
ing system.

In this work two different assays to evaluate AO activity
were used. FRAP method showed organic wheat bran to pos-
sess stronger AO activity than conventionally produced ones,
whereas DPPH method showed the opposite - convention-
ally produced bran had slightly but insignificantly higher AO
activity. The biggest difference in results between these two
methods was found for organic oat flour. The reason for this
could derive from specific antioxidants in oat, such as avenan-
thramides and their reaction with antioxidant assay reagents. In
general, AO assays work on different chemical principles and
it is recommended to conduct multiple assays in order to cover
a wider range of action of present food antioxidants (Apak et
al, 2013), as well as not to make misleading conclusions since
antioxidant activity depends on the conditions of the used test.
Here, although strong correlation (r > 0.85, p <0.001) between
used antioxidant assays was determined, FRAP determined
AO activity had a stronger correlation with TPC and FA (r >
0.97, p <0.05), compared to of DPPH test (r > 0.85, p <0.001).
Similarly, FRAP results had a stronger correlation with insol-
uble fibre and ash content than DPPH results. It was shown
that antioxidant activity assay based on the scavenging of free
radical such as DPPH* does not use biologically relevant radi-
cal (Apak et al, 2013), while FRAP uses chelated ferric ion as
oxidising agent.
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Figure 2. Antioxidant activity of organic (O) and
conventional (C) wheat bran and flour samples
determined by DPPH and FRAP method, in
ascending order, expressed as umol trolox kg dry
basis. Bars represent means of three determinations
+ SD. Different letters indicate significant
difference between samples (p < 0.05).

Lignan Content

Analytical data on lignan content in food is crucial to de-
termine its exposure through diet. Table 3 shows lignan content
of analysed cereal samples. Detected lignans were secoisola-
riciresinol (SECO), lariciresinol (LARI), pinoresinol (PINO)
and syringaresinol (SYR) in different amounts, depending on
the sample analysed. Generally, SECO contributed the least to
overall lignan content. The highest amount of SECO and LARI
was found in wheat bran, both organic and conventional. Oat
flour was richest in PINO but did not contain SECO. SYR was
dominant lignan in rye flour.

White wheat flour had a very low total lignan content
compared to eight times higher amount in whole grain wheat

flour (Table 3), which is in accordance with previous studies
(Durazzo et al, 2013). The highest amount of total lignans in
flour was detected in organic oat and rye flour (Table 3). De-
tected amount of lignans is similar to results of previous studies
(Durazzo et al, 201; Smeds et al, 2009; Smeds et al, 2012) with
some discrepancy most probably caused as a consequence of
different varieties in agricultural and growth conditions (Smeds
et al, 2009). Most previous studies examined lignan content in
grains (Durazzo et al, 2013) while in this study lignan content
of different flours was determined, and as that the data can be
used to extend lignan database. It is interesting to notice that all
organics had higher total lignan content compared to their con-
ventional counterpart (Table 3). This was significant (p < 0.05)
for wheat bran, rye and oat flour. These results are worth to be
further examined since there are no studies comparing lignan
content in different organic and conventional grains (Baranski
etal, 2014).

Total lignans correlated significantly positively with
FRAP antioxidant activity but weaker than other bioactives.
Total lignan content was weakly correlated to TDF (r=0.738,
p <0.01) and IDF (r= 0. 0.703, p <0.01). On the other hand,
among all tested bioactive compounds only lignans, specifi-
cally SYR, showed some positive correlation with SDF con-
tent. To our knowledge there are no studies investigating direct
association between dietary fibre and lignans but it has been
shown that lignin, component of dietary fibre, could be pre-
cursor of dietary lignans. Nevertheless, gravimetric method
for dietary fibre analysis determines only fractions of lignin.
Studies have observed positive correlations between TDF and
lignan excretion in organism (Bartkiene et al, 2011), although
some of them showed weak correlation coefficients (0.46)
between intake of lignans and DF (Mileder et al, 2005). This
study indicates that lignans could have different relationship
patterns to DF compared to more investigated FA and TPC,
which further raises questions of their occurrence and metabo-
lism in digestive tract. Also it confirms conclusions of previous
study (Bartkiene et al, 2011) on the importance of knowledge
on possible correlations between lignans and DF composition
in cereal products.

CONCLUSION

In this study antioxidant activity, lignans, total pheno-
lics, ferulic acid and fibre content of different milling prod-
ucts were quantified, aiming to contribute to the cereal bioac-
tives databases. Focus of the research was also to see to what
extent consumers can expect organic cereal products to have
higher content of bioactives compared to conventional ones.
Finally the study tried to establish the relationship between
determined bioactives of milling products. Content of bioac-
tive compounds in whole grain flours or bran itself is higher
than in refined ones. Some differences in bioactives amount are
most likely related to the cereal specie and production process.
Chosen milling products cannot be with significance compared
from the point of farming system, as samples were randomly
taken from the market, but it is worth mentioning that consist-
ent difference favouring organic production was established
for lignans. It should be further investigated if lignan content
could be significantly related to the farming system, as there
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are no studies related to this topic. Other examined parameters
were higher only in some cases in organic milling products.

Antioxidant activity of milling products showed to be di-
rectly related to the contents of phenolic acids while lignans
weaker contribute to antioxidant activity, and are not strongly
related to fibre content as other phenolic compounds. Data
related to ferulic acid, antioxidant activity, and total phenolic
content were logical continuation of previous studies, show-
ing cereals to be rich source of phenolics and antioxidants, ant
that was especially shown for corn flour which is frequently
used for bread making in Croatia. Still, wheat flour is the most
popular cereal milling product, and the advantage should be
given to types with higher extraction rate. Whole grain oat and
rye flour usage should be recommended for their lignan and
soluble fibre content providing further health benefits, while
more advantage should be taken from bran, which is mostly
considered as a milling by-product.

Results from this study should give a push to further re-
search, as data on cereal bioactives from organic and conven-
tional production is still lacking, especially the one related to
lignans and their relation to dietary fibre.
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