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A b s t r a c t

The main objective of this study was to determine the effect of cultivation technologies (extensive
vs. high-input) on correlations between wheat grain quality parameters, such as falling number
value, wet gluten content and grain hardness, and the content of phenolic compounds, such as total
free phenolic compounds and alkylresorcinols. ąIt was found high values of correlation coefficient
between falling number value and wet gluten, and among analysed groups of polyphenols. Grain
hardness was associated with content of wet gluten and falling number values. Additional significant
correlations were observed inside each cultivar. Determined technological value indices (falling
number value, wet gluten content and grain hardness) were primarily dependent on the cultivation
technology, whereas the contents of the phenolic compounds and alkylresorcinols were mostly related
to the wheat genotype.
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A b s t r a k t

Głównym celem pracy było określenie wpływu technologii uprawy (ekstensywna
i wysokonakładowa) na korelacje między wskaźnikami jakości technologicznej ziarna (liczba
opadania, zawartość glutenu mokrego, twardość ziarna) a zawartością związków fenolowych ogółem
oraz alkilorezorcynoli w ziarnie pszenicy.

Wykazano wysokie wartości współczynnika korelacji między wartością liczby opadania
i zawartością glutenu mokrego oraz między badanymi grupami związków fenolowych. Twardość
ziarna była związana z wartością liczby opadania i zawartością glutenu mokrego. W obrębie
poszczególnych odmian zaobserwowano inne istotne korelacje tych wyróżników. Wyróżniki wartości
technologicznej ziarna były zależne głównie od technologii uprawy, podczas gdy na zawartość
związków fenolowych i alkilorezorcynoli większy wpływ miał genotyp pszenicy.

Introduction

The Falling Number (FN) is a quick and easy test used to evaluate the degree
of starch hydrolysis in wheat and rye grain samples. This index describes the
degree of dextrinisation of starch caused by amylolytic enzymes, mainly by
α-amylase. Increased activity of the enzyme is observed during the pre- or
post-maturity sprouting of grain (LUNN et al. 1998). Even a small increase in the
α-amylase activity results in a dramatic decrease in the viscosity of starch
(JOHANSSON 2002, MARES and MRVA 2008). Low FNs values (60–90 s) are the
indicator of sprouted grain, whereas numbers exceeding 300 s indicate that the
activity of α-amylase is low and in consequence that the viscosity of gel made
from the flour studied is high (LUNN et al. 2001). An increase in amylases
activity is accompanied by an increase in the activity of other hydrolytic enzymes
of cereal products (CORDER and HENRY 1989, KUBICKA et al. 2000). For example,
cereal carbohydrates are broken down also by xylanase, β-glucanase and
glycosidase (Corder and Henry 1989). However, endogenous hydrolytic enzymes
are not only enzymes affecting the quality of grain. Grain condition and/or flour
quality may be affected by the possible microbiological contamination, which can
take place during either cultivation or grain postharvest storage. It has been
shown that grain contaminated by the Fusarium spp. is more abundant in
enzymes able to penetrate to external barriers of caryopsis. These include for
example xylanases, which break down arabinoxylan structure of the cell wall
(SCHMIDT et al. 2016). Generally, the activity of hydrolytic enzymes can cause
degradation of biopolymers of the caryopsis (mainly starch and lignocelluloses)
(FAULDS et al. 2006, SCHMIDT et al. 2016). The transformation of grain macro-
polymers leads to release of low molecular bioactive components such as
phenolic compounds (KONOPKA et al. 2014).

Phenolic compounds are found almost exclusively in outer layer of grain.
These compounds comprise a complex of diverse components, with dominating
phenolic acids and phenolic lipids, called alkylresorcinols (ARs) or resorcinol
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lipids. Ninety percent of phenolic acids (FARDET 2010) and 99% of all ARs
(LANDBERG et al. 2008) in grain are found in the hyaline layer, testa and inner
pericarp of caryopsis. Ferulic acid is the main phenolic acid found in wheat
grain (VITAGLIONE et al. 2015). Its content can be as high as 500 μg g–1

of common wheat grain (Triticum aestivum L.) (OKARTER et al. 2010). Most
of ferulic acid is present in the form of stable polymers with non-starch
polysaccharides (ANSON et al. 2009, HEMERY et al. 2010). From the nutritional
point of view, monomers and dimers of this acid are more desirable, since they
are quickly and easily bioavailable from the alimentary tract. ARs are unique
amphiphilic polyphenols of the cereal grain. In terms of their structure, these
compounds consist of a benzene ring with two hydroxyl groups at the meta
positions and an alkyl chain at no. 5 carbon atom (KOZUBEK and TYMAN 1995,
KOZUBEK and TYMAN 1999). Cereal grain ARs occur as saturated, and mono-
and bi-unsaturated homologues with an odd (from 13 to 27) number of carbon
atoms in aliphatic chains (KOZUBEK 1984). The content of these compounds
changes within the broad range of ca. 200–1500 mg per kg of wheat grain
(HENGTRAKUL et al. 1990, ROSS et al. 2001, ROSS et al. 2003, CHEN et al. 2004).
Wheat grain ARs exist primarily as free form, and are easily extractable by
acetone (SAMPIETRO et al. 2009).

The kind of cultivation technology is one of “environmental” factors, which
is often considered as the primary factor influencing grain quality (DENČIĆ et al.
2011). However, it is highly dependent on the cultivar sensitivity. The aim of
this study was to determine the effect of cultivation technologies (extensive vs.
high-input) on FN value, wet gluten content and grain hardness and the
contents of total free phenolic compounds and alkylresorcinols in selected
population and hybrid cultivars of common wheat (Triticum aestivum L.) grain.

Materials and Methods

Materials

Four cultivars of common wheat (T. aestivum L.) were used in this study,
such as the common cultivars of Batuta and Bogatka and two hybrid cultivars
of Hybred and Hymack. All of the cultivars are bread class B winter cultivars
and are quite resistant to moulds and parasites (COBORU 2014). Grain
samples were produced with different cultivation technology in 2014. Exten-
sive and high-input cultivation technologies were applied (Table 1). Each
cultivation technology was conducted on three independent plots for four
cultivars. More details of the field experiment were presented by BUCZEK et al.
(2016).
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Table 1
Field experiment scheme

Sample number Variety Technology Plot number

1 1
2 extensive1 2
3

Batuta
3

4 1
5 high-input2 2
6 3

7 1
8 extensive 2
9

Bogatka
3

10 1
11 high-input 2
12 3

13 1
14 extensive 2
15

Hybred
3

16 1
17 high-input 2
18 3

19 1
20 extensive 2
21

Hymack
3

22 1
23 high-input 2
24 3

1 extensive technology – cultivation without the use of nitrogen fertilization and pesticides
2 high-input – cultivation with the use of 120 kg N ha–1, 2 x herbicide (Puma Uniwersal 069 EW,
Sekator 125 OD), insecticide (Karate Zeon 050 CS), fungicide 2x (Juwell TT 483 SE, Swing Top 183 SE)
and growth regulator treatments (Moddus 250 EC)

After harvesting, 500 g samples were manually cleaned from all foreign
materials and stored at 8 ± 2oC. A fraction of small and damaged grains were
separated from each wheat grain sample by sieving through a 2.2 mm sieve
mesh. Before milling, the grain moisture was standardized to 14%. The grain
samples were milled to wholemeal using IKA A11 mill (IKA-Werke, Germany)
and roller-milled using a 300 μm sieve (FQC-2000, Inter-Labor, Hungary).
Roller-milled flour was used to determine the content of wet gluten, whereas
wholemeal flour was used for the other tests.

Methods

Moisture content. Moisture content of wheat samples was determined
according to Cereals and cereal... ISO 712:2009.
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Wheat grain qualities. FN was determined according to Wheat, rye... ISO
3093:2010 on a Falling Number 1600 device; the content of wet gluten was
determined according to ISO Wheat and wheat... 21415-2:2015 on the gluten
testing line type SZ-1 (ZBPP Sp. z o.o., Bydgoszcz, Poland). Grain hardness
was determined by the NIR test on the NIR System InfratecTM 1241 Analyser
(Foss, Hillerod, Denmark). Samples were scanned from 570 to 1,050 nm with
2 nm intervals.

Alkylresorcinols content. The content of ARs was determined according
to the method of SAMPIETRO et al. (2009). Extraction was carried out with
acetone by ultrasonic bath (InterSonic, Olsztyn, Poland) for 15 minutes.
Subsequently, samples with the solvent were put aside to a dark place at room
temperature for 24 hours. Then, the 15-minute ultrasonic treatment was
repeated, after which the extract was separated in an Eppendorf centrifuge
(Hamburg, Germany) at 1,000 rpm for 10 minutes. The extracts were evapor-
ated to dryness on a vacuum evaporator (Büchi, Flawil, Switzerland). The
sample was re-dissolved in 1 ml of methanol. Colour reaction was carried out
using the Fast Blue RR reagent. After 20 minutes, the absorbance was
measured at 480 nm using a ATI UNICAM UV/Vis UV2 (Cambrige, United
Kingdom) spectrophotometer. The content of ARs was expressed as μg of
olivetol per 1 g of grain based on the calibration curve.

Total phenolic compounds content. Phenolic compounds were deter-
mined according to the method described by KONOPKA et al. (2015) as later
modified. The ground samples were extracted by the use of methanolic (80%,
v/v) solution. The extracts were subjected to reaction with the Folin-Ciocalteau
reagent. The absorbance of reaction mixture was measured after 60 minutes at
720 nm by using an Unicam UV/Vis UV2 spectrophotometer. The content
of phenolic compounds was expressed as μg of D-catechin per 1 g of grain based
on the calibration curve.

Statistical analysis. A statistical analysis was carried out with STATIS-
TICA v. 12.5 software (StatSoft, Kraków, Poland). The calculations were made
at the level of significance p ≤ 0.05. The analysis was carried out with Duncan’s
test for homogeneous groups and with a two-way analysis of variance. Pear-
son’s linear correlation coefficient was also calculated.

Results and Discussion

The results of analysed features are presented in Table 2. It has been
shown that FNs varied from 100 to 296 s and were, on average, nearly 1.5
times larger for wheat grain samples grown under the high-input cultivation
(224 s) than that for grain obtained by extensive cultivation (146 s). This was
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Table 2
The amount of wheat grain soluble phenolic compounds and the results of selected technological

quality parameters

Phenolic
compounds

[μg g–1]

FN
[s]

ARs
[μg g–1]

Grain hardness
(NIR)

Wet gluten
[%]

x̄ SD x̄ SD x̄ SD x̄ SD x̄ SD

Sample
number

1 159 3 345 6 317 30 59.40 6.89 17.60 0.28
2 165 2 335 11 316 30 20.25 0.67 18.45 0.35
3 177 5 359 17 321 29 64.25 1.47 17.75 0.35
4 207 4 333 15 271 28 64.10 5.66 20.60 0.28
5 245 1 311 11 256 29 61.05 2.05 24.55 0.07
6 264 4 303 14 290 29 72.15 3.18 25.30 0.28
7 172 5 339 4 284 29 36.70 6.58 18.25 0.07
8 182 2 344 6 316 29 18.35 4.28 20.05 0.07
9 191 1 358 1 308 29 53.65 6.89 18.50 0.14
10 228 3 328 4 286 27 46.35 7.85 22.50 0.14
11 247 3 318 31 305 27 51.10 0.35 24.40 0.71
12 296 3 364 22 324 26 59.80 0.88 27.25 0.07
13 101 3 316 3 263 22 33.84 1.26 16.60 0.42
14 106 4 313 7 269 23 13.05 0.74 16.55 0.07
15 125 1 313 3 249 24 54.35 7.81 16.25 0.35
16 182 1 300 6 224 24 51.16 7.39 20.50 0.14
17 198 4 309 9 251 20 55.50 1.85 23.30 0.28
18 216 6 299 6 249 19 71.60 0.64 24.05 0.21
19 108 4 335 13 267 17 34.02 1.48 16.45 0.49
20 175 1 296 48 291 16 7.45 3.61 19.55 0.21
21 100 1 330 23 295 17 54.05 1.81 16.15 0.35
22 174 1 329 5 267 10 51.18 1.18 19.75 0.21
23 196 1 305 5 272 12 59.80 2.14 22.40 0.14
24 238 4 307 1 274 4 72.05 1.54 24.65 0.49

Cultivar

Batuta 202 ± 42BC 331 ± 22BC 295 ± 29BC 56.9 ± 18.5A 20.71 ± 3.29A

Bogatka 219 ± 45C 342 ± 20C 304 ± 25C 44.3 ± 14.9A 21.83 ± 3.41A

Hybred 154 ± 48A 309 ± 8A 251 ± 17A 46.6 ± 20.4A 19.54 ± 3.41A

Hymack 165 ± 51AB 317 ± 23AB 278 ± 17B 46.4 ± 22.8A 19.83 ± 3.17A

Cultivation technology

Extensive 146 ± 35A 332 ± 22B 291 ± 29B 37.4 ± 19.5A 17.68 ± 1.31A

High-input 224 ± 35B 317 ± 21A 272 ± 28A 59.6 ± 9.0B 23.27 ± 2.18B

A–D – denotes statistically significant differences separately between cultivars and cultivation
technologies (p ≤ 0.05), n = 24

similar to the results of the study carried out by KINDRED et al. (2005), who
showed that the application of nitrogen fertilization increases the falling
number in two ways. First, kernels are filled more completely, which reduces
empty spaces inside, thereby decreasing the probability of a disruption be-
tween the endosperm and the testa. This reduces the amount of α-amylase
produced at the places of structure disruptions. Moreover, nitrogen fertilisa-
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tion delays crop maturity and extends its dormancy, which reduces the risk of
the kernels achieving the incipient or actual post maturity sprouting (KINDRED

et al. 2005). Considerable inter-cultivar differences (p ≤ 0.05) were also
observed, the greatest between Bogatka (219 s) and Hybred (154 s).

The values of wet gluten content varied from 16.15 to 27.25%, while the
grain hardness values were from 7.45 to 72.15 NIR units (Table 2). Both
features were significantly higher for grain cultivated using high-input tech-
nology: by ca. 60% and ca. 32%, respectively. According to the scale of relative
wheat grain hardness presented by HRUSKOVA and SVEC (2009), grain culti-
vated using extensive cultivation was classified as medium soft (37–48), while
that of high-input cultivation as medium hard (49–60). Variation of these both
features was insignificant among used cultivars.

The content of compounds extracted by an alcohol solution (usually
70–80%) and simultaneously reacting with the Folin-Ciocalteu reagent is
regarded as the equivalent of soluble phenolic compounds (PASQUALONE et al.
2014). However, it is worth remembering that it may be falsified by aromatic
amines, sugars and ascorbic acid which can interfere with this reagent
(AINSWORTH and GILLESPIE 2007). In present study content of these com-
pounds changed from 296 to 359 μg g–1 of grain (Table 2). These levels were
significantly lower (approx. 30%) than those found by KONOPKA et al. (2012)
for wheat grown under organic and mineral fertilization regimes. Cited
authors claimed that the fertilisation system can induce ca. 20% variation of
phenolic compounds content. It was confirmed by present study, since grain
from extensive and high-input technology significantly differed in accumula-
tion of soluble phenolic compounds (more abundant was grain from extensive
technology).

ARs ranged from 224 to 324 μg g–1 of grain (Table 2). Among cultivars, the
highest average content was determined in grain of the Bogatka (304 μg g–1)
and the lowest in grain of the Hybred cultivar (251 μg g–1). Determined
contents were close to the lower limits showed by ANDERSSON et al. (2008)
and SHEWRY et al. (2013), who found these compounds in range from 220
to 677 μg g–1. The relatively low amount of ARs in our study may suggest
favourable growing conditions, since ARs content is strongly affected by
environment stresses, which stimulate a plant to produce compounds with
defensive properties (ASAMI et al. 2003, WINTER and DAVIS 2006).

The results of present study indicated the significant differences (p ≤ 0.05)
in the content of the phenolic compounds and ARs between extensive and
high-input cultivation technologies. Generally, their concentration was the
highest when extensive technology was applied since the limited availability of
nitrogen favours the biosynthesis of carbon-containing secondary metabolites
(KONOPKA et al. 2012). The cultivation technology had a significant effect on
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differentiation of phenolic compounds, however differences between extensive
and high-input cultivation did not exceed 7% (ARs – 272 vs. 291 μg g–1; phenolic
compounds – 332 vs. 317 μg g–1). Studies carried out by SHEWRY et al. (2013),
ANDERSSON et al. (2010) and BELLATO et al. (2012) showed that both the
genotype (cultivar) and cultivation conditions (especially the climate) during
the phase of grain filling determines the content of ARs. According to ANDER-

SSON et al. (2010), a warm and dry climate favours the accumulation of ARs in
grain. Cited study also demonstrated that there was a negative correlation
between the content of ARs and the thousand kernel weight.

Table 3 shows the Pearson correlation coefficients between the parameters
under study. Taking into account the whole batch of the samples, no statisti-
cally significant correlation was shown to be present between the technological
indices (FN, wet gluten, grain hardness) and the content of phenolic com-
pounds and ARs. In contrast, it has been noted high values of correlation
coefficient between FN and wet gluten (r = 0.94), and among analysed group of
polyphenols (r = 0.59). We also found that grain hardness was associated with
content of wet gluten (r = 0.50) and FN (r = 0.51). It points that when
biopolymers in a kernel are degraded (lower FN and gluten values), endosperm
structure becomes looser, which is accompanied by physical changes (a de-
crease in hardness). Such process takes place, for example, during germina-
tion, which damages the endosperm and reduces its hardness (MIŚ and
GRUNDAS 2002). Phenolic compounds, released during these processes, may
modify grain starch and proteins through making a cross-links and physical
complexes, which may affect wet gluten formation (SIVAM et al. 2010) and/or
starch gelatinization (PALANI SWAMY and GOVINDASWAMY 2015).

Additional strong relationships were determined within individual cul-
tivars; however, they were not representative for all of the tested samples. For
example FN correlated strongly with polyphenols in Batuta (r = -0.81) and
Hybred cultivars (r = -0.76), whereas in the case of other two cultivars such
dependence was not observed. This inconsistency may be affected by two
contradictory mechanisms (MILDNER-SZKUDLARZ et al. 2011). On the one hand,
a higher activity of amylolytic enzymes (lower FNs) causes the release of bound
phenolic compounds while, on the other hand, phenolic compounds are capable
of inhibiting the activity of amylolytic enzymes. In a study by MILDNER-
-SZKUDLARZ et al. (2011), the authors showed that breads supplemented with
phenols were harder and more gumminess. They suggested that phenols can
restrict the activity of amylase, resulting in inadequate maltose for yeast
activity during proofing. In silico studies suggested that polyphenols may
inhibit active site of amylases through hydrogen bonds (WILLIAMSON 2013).
This means that, at some point, the increased concentration of these com-
pounds will inhibit further release, which will result in a lack of correlation
between the two distinguishing features.
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Table 3
Correlation (–) and variation [%] coefficients calculated for the studied parameters

Variation Phenolic Wet gluten
coefficient compounds content

Parameter FN ARs

All samples

FN 28.22 – – – –
ARs 10.65 0.16 – – –
Phenolic compounds 6.99 -0.01 0.59* – –
Wet gluten content 16.31 0.94* -0.01 -0.21 –
Grain hardness 38.13 0.51* -0.13 -0.01 0.50*

Batuta cv.

FN 20.58 – – – –
ARs 9.73 -0.70* – – –
Phenolic compounds 6.66 -0.81* 0.68* – –
Wet gluten content 15.89 0.98* -0.71* -0.88* –
Grain hardness 30.97 0.55 -0.33 -0.19 0.43

Bogatka cv.

FN 20.65 – – – –
ARs 8.37 0.27 – – –
Phenolic compounds 5.92 0.1 0.37 – –
Wet gluten content 15.62 0.97* 0.28 -0.01 –
Grain hardness 32.03 0.70* 0.08 0.17 0.55

Hybred cv.

FN 30.87 – – – –
ARs 6.88 -0.52 – – –
Phenolic compounds 2.59 -0.76* 0.55 – –
Wet gluten content 17.45 0.97* -0.37 -0.66* –
Grain hardness 41.69 0.81* -0.52 -0.57 0.72*

Hymack cv.

FN 30.67 – – – –
ARs 6.03 -0.19 – – –
Phenolic compounds 7.23 -0.48 -0.21 – –
Wet gluten content 15.99 0.98* -0.23 -0.46 –
Grain hardness 46.74 0.36 -0.24 0.12 0.48

Extensive cultivation technology

FN 23.84 – – – –
ARs 10.13 0.57* – – –
Phenolic compounds 6.78 0.4 0.45* – –
Wet gluten content 7.38 0.86* 0.49* 0.15 –
Grain hardness 51.06 0.01 0.13 0.48* -0.4

High-input cultivation technology

FN 15.62 – – – –
ARs 10.28 0.71* – – –
Phenolic compounds 6.56 0.36 0.64* – –
Wet gluten content 9.36 0.90* 0.55* 0.14 –
Grain hardness 14.71 0.33 0.01 -0.25 0.44*

* - statistically significant at p ≤ 0.05, n = 24
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It has been found a significant effect of a cultivar on the results of ARs, FNs
and the content of phenolic compounds (Table 4), with the greatest impact on
content of ARs (46.78% of explained variation). In contrast, the technology
of cultivation had the greatest effect on content of wet gluten (71.70%
of explained variation), the FNs (56.27% of explained variation), and grain
hardness (36.76% of explained variation). Generally, environmental variation
is often considered as the primary factor influencing grain end-use quality, but
it depends on the genetic variability of the tested genotypes (DENČIĆ et al.
2011). Determined in our study relatively low content of phenolic compounds,
accompanied by the low impact of cultivation technology imply that other
growth conditions (like climate) were suitable for plants and did not favour
accumulation of these compounds (KONOPKA et al. 2012).

Table 4
Results of two way analysis of variance

Cultivar x
Specification Cultivar Cultivation Others

technology

Cultivation
technology

ARs 46.78* 10.15* 8.65* 34.41
Phenolic compounds 32.50* 10.70* 4.33 52.47
FN 26.28* 56.27* 0.35 17.16
Wet gluten content 7.30* 71.70* 0.50 20.60
Grain hardness 7.11 36.76* 2.17 53.97

* – statistically significant at p ≤ 0.05, n = 24

In conclusion it was find that wheat grain produced using high-input
cultivation technology is characterized by higher FNs, wet gluten content and
hardness what suggest its better baking quality. On the other hand such grain
is less abundant in pro-health phenolic compounds compared to grain from
extensive cultivation technology.

Translated by JOANNA JENSEN
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