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Abstract: Triticale (x Triticosecale Wittmack), developed by crossing rye and wheat, is increasingly
applied in food production. The aim of this paper was to study the grinding process of eight new
triticale grain (TG) varieties harvested in 2020 and 2021. TG was tempered to 12% of moisture and a
knife mill was used for the size reduction. The following parameters characterizing the grinding
process of TG were determined: specific grinding energy, Sokotowski grinding index, particle size
distribution and average particle size. Additionally, the basic chemical composition, total phenolic
content and antiradical activity of TG were determined. The protein content of TG was strongly
influenced both by the variety and harvesting year, while other components were mostly affected
by the genetic factor. The strongest influence on the grinding indices has a variety of TG. Specific
grinding energy varied in the range of 14.0 k] kg'-17.8 k] kg™! and was positively correlated with
the size of ground particles. Especially, the grain of Belcanto required lower grinding energy re-
quirements and showed the strongest antioxidant capacity compared with other varieties of TG.

Keywords: triticale; grinding energy; particle size distribution; chemical composition;
antioxidant activity

1. Introduction

Triticale (x Triticosecale Wittmack x A. Camus) is a hybrid grain produced by crossing
wheat and rye. It is a cereal created to combine the high yield and quality of wheat with the
disease resistance and durability of rye [1,2]. This cereal is grown on approximately 3.5
million hectares of land worldwide [3]. The top producers of triticale are European coun-
tries (Poland, Germany, Belarus, France, and Russia) and China [4]. The majority of the
world’s triticale cultivation (70-80%) is taken up by Polish triticale varieties [3]. This cereal
is high-yielding, but with a lower flour milling extraction rate than wheat grain [5]. Due to
its beneficial effects on health and a good balance of essential amino acids, vitamins, and
bioactive components, triticale grain can contribute to the expanding market for healthy
foods [6]. Triticale production has been rising globally during the past few years [4].

Compared with wheat, triticale grain (TG) has a similar chemical composition,
however, with higher contents of total carbohydrates, ash, lipids, polyphenols, minerals,
vitamins and fiber [7,8]. Additionally, TG has a superior mineral balance and a higher
concentration of lysine when compared to wheat [9]. Ferulic, coumaric, protocatechuic,
sinapic and gallic acids are the main phenolic acids present in TG, and they were pri-
marily in bound form (>90%) [10,11].

Although TG is mainly used as animal feed, recently researchers and manufacturers
pay more and more attention to the usage of this cereal in various food-related industries.
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The use of triticale flour as a raw material in the place of wheat flour is promising. This
flour can be used to create a variety of food and beverage products including bread [12],
cookies [4], pasta [13], malt [14] cereal bars [15], ethanol [16] and edible films [17].

Grinding is a crucial unit operation in cereal processing. It has a major impact on the
properties and nutritional value of flour production. The functional properties of flour
depend both on the chemical composition of the grain and the milling technique [18].
Especially particle size distribution determines the functionality of the quality of the final
product [19]. Many papers focused on the grinding process of wheat. However, in rela-
tion to triticale, only a few works deal with this topic and these papers were mainly fo-
cused on roller milling of TG and white flour production. TG is rather preferred for
whole-meal flour production because the white flour yield of TG is significantly lower
(from 7.1 to 10.1%) compared with wheat. Especially, TG with hard endosperm had a low
white flour extraction ratio [20].

Warechowska et al. [21] found that increasing the level of fertilization caused a de-
crease in milling energy and an increase in the mean particle size. Other authors demon-
strated that the grain size of triticale is positively correlated with flour yield and particle
size distribution [22]. Whereas Dennett and Trethowan [20] found a negative correlation
between milling yield and the moisture content of triticale grain. This work aimed to
study the effect of variety and the year of harvesting on grinding characteristics, basic
composition and antioxidant activity of TG.

2. Materials and Methods
2.1. Raw Material

The research material consisted of eight Polish varieties of winter triticale. Five of
them came from the breeding company DANKO Plant Breeding Sp. z o0.0. (Choryn, Po-
land) and three from Plant Breeding Strzelce Sp. z 0.0. IHAR Group (Strzelce, Poland)
(Table 1). These varieties are collected in the Polish gene bank in a collection kept by the
Institute of Genetics, Breeding and Plant Biotechnology.

Table 1. Varieties of triticale used for the study.

The Year of Register in the

No. Variety Breeder Polish National List
1 Carmelo HR Strzelce * 2017
2 Octavio HR Strzelce 2017
3 Orinoko DANKO ** 2017
4 Porto DANKO 2017
5 Belcanto DANKO 2018
6 Toro HR Strzelce 2018
7 Dolindo DANKO 2019
8 Gringo DANKO 2019

* HR Strzelce—Plant Breeding Strzelce Sp. z o.0. IHAR Group, ** DANKO—DANKO Plant
Breeding Sp. z o.0.

The Polish varieties of winter triticale (xTriticosecale Wittm. x A. Camus) were ex-
amined in the years 2020 and 2021. The experiments were carried out on the experimental
fields of the University of Life Sciences in Lublin on the Lublin Upland in Czestawice
near Naleczéw (51 18’ N. 22 14’ E. alt. 210 m asl) in soil developed from loess according to
WRB (IUSS. 2006) classified as Haplic Luvisol. The forecrop for the winter triticale varie-
ties in both years was potatoes. Basic cultivation was conducted and the mineral fertili-
zation was applied in the amount of N: N: 60 kg ha™. P20s: 80 kg ha™ and Kz0: 100 kg
ha-'. The chemical weed control was also carried out using spring spraying with
Chwastox Extra 300 SC and additionally manual care of plots. Meteorological data on the
course of weather conditions in the growing season 2019-2020 and 2020/2021, giving av-
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erage decadal and average monthly air temperatures as well as decadal and monthly
rainfall totals in individual years of research in Czeslawice were collected. The distribu-
tion of average monthly air temperatures and rainfall totals in the analyzed growing
seasons was presented in the form of a climatogram (Supplementary Materials).

The varieties were sown in autumn 2019 and 2020 on individual 5-row and 2 m long
plots. Manual sowing was applied on 2 m? plots, with 20 cm row spacing and 2 cm plant
distance in a row. The sowing density was approximately 300 seeds per square meter. Due to
a partial allogamy of triticale, each year several spikes were isolated to preserve the identity
of the objects. The seed obtained from isolated spikes was sown in the next vegetation season.

2.2. Analitycal Methods
2.2.1. Basic Chemical Composition

Moisture content, ash content, protein content, crude fibre content and fat content
were determined using the AACC methods [23]: Method 44-15.02, Method 08-01.01,
Method 46-10.01 (Nx6.25) and Method 30-10.01, respectively, and expressed per gram of
dry mass (dm) of the sample. The content of available carbohydrates was calculated by
subtracting the sum of the other components from 100.

2.2.2. Grinding Process

TG was tempered by either drying at 35 °C or by adding water to adjust moisture
content to 12% (w.b.) and was then stored for 24 h prior to size reduction. The grinding
procedure was performed according to the method described by Hassoon et al. [18]. The
samples of triticale (50 g) were milled using the GRINDOMIX GM-200 mill (Retsch,
Haan, Germany) at a speed of 10,000 rpm. The mill was equipped with a digital multi-
meter (VC 870, VOLTCRAFT®, Wollerau, Germany) that measured the power of the
electric current with an accuracy of 0.1% (according to producer data). The multimeter
was connected to a computer that was equipped with a special program (VC870 Interface
4.2.6.,, VOLTCRAFT®, Wollerau, Germany) to record changes in electric power during
grinding (Figure 1). Firstly, the energy of idle running was recorded. Secondly, a sample
of grain was placed into the grinding chamber, and the total grinding energy (Et) was
recorded. The grinding time for each sample was set at 3 min.

Figure 1. Measuring stand for the recording of grinding energy of triticale grain.
The grinding energy (E;) was calculated as the difference between the total grinding
energy (E¢) and the energy lost during idle running (Ei):
Eg=E—Ei (D) @

The specific grinding energy (Es) was computed as a ratio of E; to the mass of ground
TG.
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After size reduction, the particle size distribution was determined using AS 200
sieve shaker (Retsch, Haan, Germany). The shaker was equipped with sieves with hole
sizes of 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mm. Based on the sieve analysis the particle size (ds)
of ground TG was calculated [24]:

dy= ) yd; (mm) &

where ® is the differential weight fraction of particles passing through the sieve size di.
Additionally, the grinding index (5i) was determined based on the grinding theory
described by Sokotowski [25]:

Er

Si = —= (J kg! mm®5) 3)

Vds Jdi

where di and ds represent the average particle size of TG before and after grinding, re-
spectively. di was calculated according to the procedure described by [26].

2.2.3. Phenolic Content and Antioxidant Capacity

To determine the total phenolics content (PC) and antioxidant capacity (AC) of TG
the methanolic extracts (methanol:water. 1:1. v/v) were prepared [27]. TPC was deter-
mined using the Folin—Ciocalteu method [28]. AC against ABTS radicals (antiradical ac-
tivity) was determined using a plate spectrophotometer (Model Epoch2TC, S/N
15120115, Aligent BioTek, Santa Clara, CA, USA). The antiradical activity was deter-
mined as described by Re et al. [29] with slight modification [27] and expressed as ECso
index (extract concentration necessary to obtain a 50% antioxidant effect) [30].

2.2.4. Statistical Analysis

All analyses were performed in three replicates. Comparisons among groups were
carried out using a two-way analysis of variance and homogeneous groups were com-
pared using Tukey’s test. Moreover, Pearson’s correlation coefficients were determined.
Statistical 13.1 program (StatSoft. Inc., Tulsa, OK, USA) was used to conduct all statistical
calculations. The significance level of a was established at 0.05.

3. Results and Discussion
3.1. Basic Composition

The protein content in grain was in the range of 9.70 to 12.77% (Table 2). This com-
pound is one of the most important parameters which determines about technological
quality of TG [31]. Both the variety and the year of harvest had a significant influence on
protein content. The lowest content of this compound was found in Orinoko and Dolindo
grains (9.5%) collected in 2020 and 2021, respectively. The highest protein content was ob-
served in the TG of Toro and Gringo varieties (12.77% and 12.73%, respectively) harvested
in 2020. Similar protein content in TG was found by other authors [32]. Moreover, they also
revealed the reverse correlation between protein content and the yield of grain. Other au-
thors also found that protein content in TG depends strongly on the year of harvesting and
nitrogen fertilization level [33]. According to Manley et al. [34] protein content in TG can
change in a wide range (from 7.5% to 16.2%) depending on a genotype. Moreover, the
study conducted by Navarro-Contreras et al. [35] demonstrated, that TG protein has simi-
lar contents of gliadin (from 11 to 26%), albumin (from 38 to 45%) and globulin (20 to 30),
and lower content of glutenin (from 7 to 10%) than wheat and rye proteins.
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Table 2. Basic composition of triticale grain (% dry mass).

Variety Year Protein Fat Ash Content  Total Dietary Fibre Available Carbo-
hydrates

Carmelo 2020 9.70 £ 0.26 a* 1.66 +£0.02 1.74 £0.03 a 15.73 £ 0.12 bc 72.90+0.20 5
Carmelo 2021 12.33+0.21°¢ 1.65+0.032 1.82 +0.04 ba 1453 +0.31 2 71.48 +0.52
Octavio 2020 10.37 +0.15¢" 1.74 £ 0.02 be 1.94 +0.02 16.33 + 0.25 feh 71.56 + 0.37 «f
Octavio 2021 11.20+0.10 4 1.73 £0.03 abe 1.97 £0.01 <fs 16.00 + 0.10 cde 71.07 £0.23 ed
Orinoko 2020 9.50+0.104 1.82+0.04 1.84 +£0.03 « 15.77 £ 0.15 bed 72.92+0.14 5
Orinoko 2021 11.93+025¢ 1.80 +£0.02 <« 1.83+£0.02¢ 15.43 +0.12 be 70.83 + 0.30 cde
Poroto 2020 11.13 +£0.06 4 1.96 +0.02 fsh 1.75+0.03 a 16.37 £ 0.21 &h 70.54 + 0.28 <«
Poroto 2021 10.77 £ 0.06 © 1.99 + 0.03 ¢h 1.77 +0.02 abe 16.13 £ 0.21 def 71.11 £ 0.24 de
Belcanto 2020 12.23 +0.15 1.88 +0.02 de 1.98 +0.03 s 15.47 +0.15 be 70.42 +0.02 @
Belcanto 2021 10.20 £ 0.20 1.90 +0.04 1.99+0.03 s 15.37 +0.15¢ 72.53+0.39 5
Toro 2020 12.77 +0.25 ¢ 1.97 £ 0.03 &h 2.04+0.018 16.37 +0.15 &h 68.90 +0.22 b
Toro 2021 10.13+0.21%" 1.99 +0.02 &h 2.00+0.01f 16.63 + 0.06 &h 71.25 £ 0.24 de
Dolindo 2020 12.47 +0.47 & 1.85 + (.03 de 1.80 +0.02 abe 15.67 +0.25 be 70.01+0.20 <
Dolindo 2021 9.50+0.104 1.92 +0.03 <fs 1.83+£0.03 ¢ 16.27 £ 0.21 ©fs 72.31+0.23
Gringo 2020 12.73+0.12 ¢ 2.02+0.02h 1.93 +£0.02 < 17.60 £ 0.35 & 67.64+0322
Gringo 2021 11.40+0.10 ¢ 2.00 +0.02 h 1.91 £ 0.03 de 1743 +0.15 & 69.17+0.15°

* The values designated by the different letters =™ are significantly different (p < 0.05).

The highest contents of fat and total dietary fiber were found in Gringo TG (2.00%
and 17.5%, respectively), whereas the lowest contents of these ingredients were found in
the Carmelo variety (1.65% and 15.1%, respectively). The year of harvesting had little or
no significant influence on the contents of these ingredients. Rakha et al. [6] found that
the dietary fiber of TG mainly includes arabinoxylan, fructan, cellulose (mean 2.1%), lig-
nin and B-glucan. The ash content in TG samples varied from 1.74% to 2.04% and de-
pended mainly on the genotype. Ash content is an indicator of TG milling value. The low
milling yield of triticale for food applications is a challenge [20]. Higher ash content in TG
usually results in a lower yield of flour and a lower milling effectiveness index expressed
as the ratio of flour extract to its ash content [36]. Carbohydrates in the studied TG varie-
ties ranged from 67.4% to 72.9% and depended on both variety and the year of the har-
vesting.

3.2. Particle Size Distribution

The particle size and particle size distribution (PSD) are very important indices of
ground TG which decide the properties of size-reduced grain and consequently, the
quality of the final products [37-39]. Fine particles are normally associated with increased
cell rupture and release of cellular components, whereas the large particles of milled
grain better preserve cellular integrity and limit the action of digestive enzymes [40].
Moreover, the solubility and availability of some microelements increased with de-
creased particle size [41]. The strongest influence on PSD had the genetic factor (Table 3).
In most cases, the year of harvesting had no significant influence on PSD. The ground TG
of the Porto and Gringo varieties contained the lowest parentage of fine particles (<0.1
mm), whereas grinding of the Toro variety harvested in 2021 resulted in the highest mass
fraction of these particles. The mass of fine particles after grinding is often taken as an
indicator of grain hardness [42]. Hard grain during size reduction gives a significantly
lower amount of fine particles compared with grain with soft endosperm [43]. The high-
est mass fraction of coarse particles (>1.0 mm) was found in the ground TG of Carmelo,
Dolindo and Octavio varieties. On the other hand, Dziki et al. [44] showed, that amount
of coarse particles in ground wheat samples positively correlated with the hardness of
grain.
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Table 3. Particle size distribution of ground triticale samples.
Variety ~ Year Range of Particles (mm)
>1.0 mm 0.8-1.0 0.6-0.8 0.4-0.6 0.2-0.4 0.1-0.2 <0.1
Carmelo 2020 17.0+0.6fh 15.1+0.2bcde 184 +(0.2ac 164+0.9defs  17.1+0.9de 7.3+0.24® 8.7+15a
Carmelo 2021 17.0+05fh 151+02b«de 181+04a 15.6+1.0cde 169+09cde 78+0.13a 95+1.5a
Octavio 2020 15.8+0.2fh 16.0+0.2¢8 19.0+0.3a«d 14,6+0.3bc 17.0+£0.3de 8.8 +£(0.2¢bc 89+0.2a
Octavio 2021 180+03h 159+04< 18.0+03a 145+0.3b 14.8+0.2¢2 8.7 £0.3 be 91+032
Orinoko 2020 95+0.4bc 13.8+0.64acd 198+02df 169+0.1 174+0.14df 11.3£0.1df 11.3+0.62
Orinoko 2021 10.7+0.1bcde 133 +(0.13bc 19,1 +0.6abcd 16.6+0.4defs 177 +0.4defs 11.3+0.1def 11.5+0.5a
Poroto 2020 135+0.1df 171+0.1fh 182+02a 151+0.0d 16902« 11.6+0.1df 76+0.22
Poroto 2021 143 +4.4es 153+1.8cdef 185+(0.5ac 155+1.1cde 172+06d 102+1.0cdde 90+29a
Belcanto 2020 11.9%02ce 155+(0.3def 197+ (0.1edefl 156+ (0.2cde 172 +(.2de 8.8+0.1bc 11.5+032
Belcanto 2021 10413 157+0.44defs 191 £05abcd 157+ (03 cdef 159+ 13bcd 1]2+22def 120+04 2
Toro 2020 6.6 0.2 13.2+0.1a  205+0.4 ¢ 176+02s 19.17+02h 129+02f 10.1+0.24a
Toro 2021 57+09a 120+092a 19.1+094ad 164+1.0dfs 189+058 123 +0.6¢ 15.7+4.77P
Dolindo 2020 17.6+03& 18.7+02h 194+03b«de 125+03a 14.1+0.2° 6.3+0.12 115022
Dolindo 2021 164+0.6f%h 174+1.08h 182+0.8a 134+05a 154+02ac 751+1.1a 11.8+054a
Gringo 2020 10502 154 +0.3cdef  20.7+0.1° 174+0.1f%6 17.8+0.2¢fs 1.0+£02d 8.3+02a
Gringo 2021 16.6+0.21fsh 16.4+0.3¢¢ 18.7+0.3acd 154+(03cde 162+05bd 84 +(.1Pbc 8.5+0.3a

The values designated by the different superscript letters * are significantly different (p < 0.05).

The average particle size (ds) of ground TG samples was in the range of 0.46-0.63

mm (Figure 2). The lowest value of this parameter was found for the ground TG of Toro
and Orinoko and the highest for Octavio and Dolindo. According to the obtained results
in most cases, the year of harvesting had no significant impact on ds. Only in the case of
Toro and Gringo varieties the significant difference between ds in different years of har-
vesting was observed. The analysis of variance showed that genetic factors had the
strongest influence on ds (the highest value of the F-Test). Additionally, the interaction
between the variety and the year of harvesting was statistically significant (Table 4).

Average particle size (mm)
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0.60 g e T be bed o & de e b g Pt
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0.00
AR EEEREEEEEEEE
o o o o o o o o o (@\] (@\] N (@\] N (@\] (@\]
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Year of harvesting and variety

Figure 2. Average particie size of ground TG samples: C—Carmelo, OC—Octavio, OR —Orinoko,
P—Poroto, B—Belcanto, T—Toro, D—Dolindo, G—Gringo. The values designated by the different
small letters (*8) show significant differences between the means
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Table 4. Variance analysis of average particle size of ground TG.
. Mean
Parameter Source of Variance Degree of Freedom F-Test  p-Value
Squeare

Year 0.00001 1 0.00001 0.03 0.863480
Variety 0.09462 7 0.01352  50.28  0.000000
Year x Variety 0.00951 7 0.00136 5.05 0.000661

E, [kJ kg'!]

20
18
16
14
12

—_
SR, O

O 2020

3.3. Specific Grinding Energy

Grinding energy is an indicator of grain resistance to size reduction. The results of
specific grinding energy (Es) were depicted in Figure 3, whereas the analysis of the vari-
ance of Es was shown in Table 5. According to the obtained results, Es was influenced by
variety, whereas the growing season had no significant effect on this parameter. Addi-
tionally, the interaction between the year of harvesting and the growing season was not
statistically significant. The lowest values of Es were recorded for Belcanto, Toro and
Orinoko varieties (14.6 k] kg on average). On the other hand, the TG of Carmelo, Oc-
tavio and Gringo varieties were characterized by the highest specific grinding energy
(17.8 k] kg™ on average).

d 4 4 ab od d
ab ab a 4 a a ab abc

—_ o = = O = = == OO | —

A aOa g0 g9 a O g9 a9 9 g9 g 9 9 A

[ e = T e e e I =T I T B e i O e I T e [ e B )

N AN AN N AN AN NN AN NN

'c oclocOR/OR P P B B T T D D G| G

Year of harvesting and variety

Figure 3. Specific grinding energy (Es) of TG samples; C—Carmelo, OC—Octavio; OR—Orinoko,
P—Poroto, B—Belcanto, T—Toro, D—Dolindo, G—Gringo. The values designated by the different
small letters (*-9) show significant differences between the means

Table 5. Variance analysis of specific grinding energy.

Parameter Source of Variance Degree of Freedom Mean F-Test p-Value
Squeare

Year 0.13 1 0.13 044 0.511644

Variety 87.74 7 12.53  42.06 0.000000

Yeason x Variety 1.12 7 0.16 0.54 0.798969

Many studies prove that grain hardness and moisture content are crucial factors that
have an influence both on the grinding energy requirements and grinding pattern
[44—46]. Therefore, in this study for the comparison of the different samples of TG, the
same moisture content was established. Higher moisture content cereal grain increases its
plasticity and consequently grinding effectiveness decreased as a result of higher grind-
ing energy requirements and a lower degree of fineness [18]. The study conducted by
Hassoon et al. [18] using the same kind of mill and measuring system showed that in the
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case of wheat grain, the specific grinding energy ranged from 13.2 to 25.3 k] kg™ de-
pending on the grain hardness and moisture content. Additionally, other authors [21]
found that the specific grinding energy of TG during flour milling ranged from 51.3 to
58.3 k] kg™ with higher values of Es for grain with a lower level of nitrogen fertilization.
Moreover, Warechowska et al. [22] found that when a roller mill is used for size reduction
the grinding energy depends on the thickness of TG. Additionally, the flour extraction
increased with increasing the size of TG. Based on correlation analysis we observed a
significant and positive correlation between the mass fraction of coarse particles (>1.0
mm) and Es (Figure 4A) and a negative correlation between the mass fraction of fine par-
ticles (<0.1 mm) and Es (Figure 4B). It shows, that TG which required higher grinding
energy requirements is also characterized by the higher size of ground particles. Conse-
quently, we found a positive and statistically significant correlation between the average
particle size and Es (r = 0.670, p = 0.004).

19 19
18 S 18 *e
17 * 0, 17 ‘\.‘{\
o
o 16 / T 16
& . 4
B e B e
14 . m 14 ¢
i =0.2385x +12.768 O
13 el 13 y = -0.5308x + 21.397
12 . , p UG 12 - = 0764, p =0.001
11 11
10 T T ! 10 T T T T T |
5 10 15 20 6 8 10 12 14 16 18

Perceantage of particles > 1.0 mm

Perceantage of particles < 1.0 mm

(A) (B)

Figure 4. Relationship between the percentage of coarse (A) and fine particles (B) and specific
grinding energy (Es) of TG.

For a more accurate description of the grinding process, in addition to Es, the indices
that take into account both grinding energy and the degree of fineness of the particles are
determined such as Bond, Kick, Rittinger, or Sokotowski's grinding index (Si) [18]. The
values of Si were presented in Figure 5. The lowest Si values were found for the Toro va-
riety (averaged 17.8 k] kg™ mm?.5), whereas, for the TG of Carmelio and Octavio varieties,
the values of this index were about 45% higher. Importantly, both the year of harvesting
and the interaction between the year and variety had no significant influence on this in-
dex (Table 6). Hasson et al. [18] used the same kind of mill and found that Si for wheat
grain ranges from 10 to 26 k] kg mm?.5, with lower values obtained for soft wheat grain
and with low moisture content. Other authors found higher values of Si for roller-milled
wheat. Depending on grain hardness Si was found from 22 to 54 kJ kg mm?.5 [47].
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Figure 5. Sololowski’s grinding index (Si); C—Carmelo, OC—Octavio; OR—Orinoko, P—Poroto,
B—Belcanto, T—Toro, D—Dolindo, G—Gringo. The values designated by the different small letters
(-8) show significant differences between the means

Table 6. Variance analysis of Sokolowski grinding index.

Parameter Source of Variance Degree of Freedom Mean F-Test p-Value
Squeare

Year 0.12 1 0.10 0.10  0.750952

Variety 427.10 7 61.01 53.13  0.000000

Year x Variety 13.81 7 1.97 1.72  0.141141

3.4. Phenolics Content and Antioxidant Capacity

Cereal grain contains many phytochemicals. Phenolic compounds play an important
role in health benefits [48], because of their high antioxidant capacity [49]. These phyto-
chemicals are mainly concentrated in the bran layers. Therefore, wholemeal flour com-
pared with white flour is a richer source of many bioactive compounds including phe-
nolics, flavonoids, folates, fibre, vitamins and carotenoids [50]. The content of PC in the
studied wholemeal TG ranged from 0.66 to 0.91 mg GAE/g dm The highest content of
phenolics was found in the grain of the Toro variety. Whereas the lowest values were
observed for the Belcanto and Dolindo varieties harvested in 2021 (Figure 6). The grain of
Toro from both years of harvesting was the most abundant in phenolics. Both the grow-
ing season and variety, as well as their interaction, significantly influenced TP content.
However, the strongest effect (the highest F-test value) had a genetic factor (Table 7). A
similar range of PC content was found by Straumite et al. [51] for other varieties of TG.
However, these authors found that the growing conditions had a stronger effect on PC
than variety. Other authors [8] found a higher level of phenolics in TG. The authors ob-
served that the content of phenolics was in the range 1.3-1.6 mg of GAE/g dm for
wholemeal flour of triticale and 0.7-1.1 mg of GAE/g dm for white triticale flour.



Processes 2023, 11, 1477

10 of 14

1.20 -+
fg 8 efg
g 1004 defg dedEfg bedef  gefg bedef
4s abed ¢ cdae abced
& 0.80 - ab a a
2
) 0.60 -
2 o040
€ 020 -
0.00
o — o — o — o — o — o — o — o
o o o o o o o o o o o o o o o
o o|lo|lo|lo|lo|o|loo/lcooclo ool o
(o] (o] (o] (o] (o] (] (o] (] (o] (o] (o] (o] (o] o N
¢l cloclocloROR P P B B T T D D G

Year of harvesting and variety

bcde

o 2021

Figure 6. Total phenolic content (PC) of ground TG samples; C—Carmelo, OC—Octavio;
OR—Orinoko, P—Poroto, B—Belcanto, T—Toro, D, Dolindo, G—Gringo. The values designated by

the different small letters (*8) show significant differences between the means.

Table 7. Variance analysis of total phenolics content.

Parameter Source of Variance Degree of Freedom Mean F-Test p-Value
Squeare

Year 0.15353 1 0.02193  13.31 0.000000

Variety 0.07442 7 0.07442  42.16 0.000000

Year x Variety 0.11616 7 0.01659 10.07  0.000001

The antioxidant activity (expressed by ECso index) of TG obtained from different
harvesting seasons is presented in Figure 7. Both the growing season and variety signif-
icantly influenced ECso, with the stronger effect of genetic factors (Table 8). The highest an-
tiradical activity (the lowest ECs0 values) was found for Carmelo and Belcanto varieties
harvested in 2020 (ECs0 = 50.1 mg dm/mL on average) and for Toro TG from both years of
harvesting (ECso = 53.0 mg dm/mL on average). Whereas the TG of Porto and Toro har-
vested in 2021 showed the lowest antiradical activity (ECso = 69.5 mg dm/mL on average).
The results presented in Table 8 also demonstrated that the interaction between the year of
harvesting and variety was statistically significant. Other authors also confirmed that both
the growing season and Triticale variety significantly changed the antiradical activity of TG

[51].
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Figure 7. Antioxidant activity (ECso) of ground TG samples; C-Carmelo, OC-Octavio; OR-Orinoko,
P-Poroto, B-Belcanto, T-Toro, D-Dolindo, G-Gringo. The values designated by the different small

letters (8) show significant differences between the means.

Table 8. Variance analysis of antiradical activity of TG.

Parameter Source of Variance Degree of Freedom Mean F-Test p-Value
Squeare

Year 67.81 1 96.9  27.17 0.000000

Variety 451.0 7 451.0 126.50 0.000000

Year x Variety 0.695 7 99.3  27.85 0.000000

4. Conclusions

According to the study, the protein content of TG samples varied from 9.5 to 12.7%
and was strongly influenced by the variety and harvesting year. Other TG components,
however, were most affected by the genetic factor. The size reduction findings showed
that distinct grinding patterns were produced by different TG samples with the same
moisture level. The average particle size of ground TG varied from 0.46 to 0.63 mm and
depended mainly on the genotype. Additionally, the specific grinding energy and
Sokotowski grinding index were mainly related to the TG cultivar and ranged from 14.0
k] kg to 17.8 k] kg™! and from 17.1 to 26.4 k] kg™! mm?°5, respectively. Moreover, there was
a significant and positive correlation between the specific grinding energy and particle
size of ground TG. The presented study revealed that especially the grain of Belcanto
required lower grinding energy requirements and showed the strongest antiradical ac-
tivity compared with other TG varieties. In this work, the basic nutritional and health
properties of the tested rye varieties were determined. Subsequent studies in this area
should focus more on a complete characterization of the phenolic compounds in the
tested varieties. Moreover, future research should concentrate on characterizing the
grinding process of the tested triticale varieties in order to obtain white flour, and also
assess the feasibility of using it for the production of various cereal products.
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