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Abstract. Several cereal species are grown in Europe, but wheat 
and maize have the largest acreage, followed by barley, oats and 
rye. Due to breeding improvements, cereal cultivars produce 
high grain yields. Improvement of cereals within a species and 
breeding of new cultivars is one of the main methods to improve 
yield and grain quality. However, the creation of interspecific hy-
brids, in which new types with better characteristics are obtained 
through introgression and genetic selection, is also worthy of at-
tention. The interspecific hybrids of cereals are not very popu-
lar, but triticale is the cereal that has gained the most popularity 
and is of increasing interest to farmers in Europe. It is the result 
of the hybridisation of wheat and rye. Having many beneficial 
properties, its cultivation should be popularised. The aim of this 
paper was to review scientific research concerning possibilities 
of increasing the acreage under cultivation of this cereal, taking 
into consideration its agronomic requirements and grain quality, 
as well as the potential of grain utilisation for food and fodder 
purposes. 

Keywords: Triticale, nutritional value, agronomic requirements, 
cultivar, feed value, amino acid profile, energetic use of grain

INTRODUCTION 

 Cereals occupy a significant area in Poland, estimated at 
75% of all arable land. In recent years, in terms of acreage 
under cereal cultivation in the EU, Poland ranked second, 
and in terms of grain production – third. Moreover, in the 
period 2018–2019, the share of total cereals in global ag-
ricultural production was 15–16%, and in crop production 
– about 33% (Augustyńska, Czułowska, 2021). Harvested 
grain is of strategic importance for human nutrition. This 
applies both to the direct use of grains for food, but also for 
the production of animal feed. Populations of poultry have 
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increased significantly in recent years (CSO, 2019). The 
production of feed for these animals covers a significant 
amount of the grain produced in Poland. Considerations 
of feed use and the better value of triticale grains have led 
to a significant increase in the area under this cereal. The 
determinant of production of particular grains in Poland 
is their adaptation to climatic and soil conditions and the 
demand for them on the market, which in turn, results from 
possible strategies for its disposal (food, fodder, industri-
al). The possibility to use produced grains for various pur-
poses significantly facilitates their sale. From the farmers’ 
point of view, production costs and labour input are also 
important. These factors affect farmers’ interest in growing 
a given cereal, which translates into the scale of cultivation 
in the country and grain production. A new cereal, namely 
triticale, was gradually introduced to cultivation in Poland 
at the beginning of the 1990s. This resulted from the fact 
that farmers were accustomed to cereals grown earlier, 
mainly rye. Gradually, farmers were persuaded to cultivate 
triticale, whose share in the total area under cereal crops 
increased from 5.6% at the end of the 1990s, to 10.7% in 
2005, and in the period of the next five years it increased 
to the level of 12.3%. At present, it accounts for 17% of 
the total area under cereals (Figure 1). This was done at 
the expense of reducing the acreage of rye, which has  
a lower feed value (Jaśkiewicz, Sułek, 2017). The develop-
ment of breeding new varieties that achieve higher yields 
brings with it the possibility of further increases in grain 
yield per hectare. This gives an opportunity for exports 
of grain outside Poland or to increase its use for food or 
energy purposes. According to the latest data, 4.3 million 
tonnes of triticale grain was harvested in 2019, which was 
slightly below the average of the last three years (4.4 mil-
lion tonnes in 2016–2018). The cultivation of this cereal 
involves mainly the winter form, which occupies about 
89–85% of the total sown area, with the remaining 11–15% 
by spring varieties. Increased interest among farmers in the 
winter form of triticale has resulted in an increased number 
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of these varieties (46) compared to spring varieties (16) 
entered in the national register of the Research Centre for 
Cultivar Testing (COBORU). Winter varieties yield better 
than spring ones. The protein content in grains of winter 
varieties is also higher by 2–4%, which translates into  
a higher protein yield per hectare (Table 1).

ance and have the highest predisposition for cultivation in 
Poland. Poland is the leader in triticale grain production 
among the European Union countries. In total, in 2017, 
the world produced 15.5 million t, including 5.3 million t 
in Poland. Large producers of triticale are also: Germany 
2.3 million t, France and Belarus about 1.6 million t each. 
(FAOSTAT, 2019). The cultivated area and the production 
of triticale grain place Poland as a leader in the production 
of triticale grains. Polish breeders of new triticale cultivars 
have made a very large contribution to the breeding pro-
gress of triticale. Polish triticale cultivars are also valued 
abroad and account for 70–80% of triticale cultivation area 
in the world (Jaśkiewicz, 2016a). Triticale currently plays 
a very important role in the total production and species 
structure of cereal grains, as its cultivation has largely re-
placed the cultivation of rye. Thanks to the involvement 
of breeders of this cereal species, as well as scientists in-
volved in the improvement of its agrotechnology and the 
transfer of knowledge to practical growers, it has resulted 
in its economic importance, mainly for use as feed grains. 
The annual harvest of triticale grains in Poland is used in 
85% for feeding by various animal species (Jaśkiewicz, 
2017). Certified seed represents a cost for the agricultural 
producer. According to the Central Statistical Office in Po-
land (CSO, 2019), triticale seeds saw the highest increase 
in sales by 8.2%. The area under triticale cultivation has 
been systematically increasing in recent years. It is a fod-
der cereal which, with the increased demand for its grains, 
will be cultivated on an increasing area. Among factors 
predisposing further growth of triticale cultivation are its 
soil requirements. It yields well and is recommended for 
cultivation on soils unsuitable for growing wheat, but too 
good for rye. Triticale yields quite well under conditions of 
cereal monoculture but requires, however, a plough system 
of cultivation (Jaśkiewicz, Jasińska, 2018). Another advan-
tage of spreading triticale cultivation in Poland is the high 

Table 1. Comparison of grain protein content and protein yield 
per hectare of different cereal species (Różewicz, 2019).

Cereal 
species Form Protein content  

of grains [%]
Protein yield  

[kg ha-1]

Triticale
spring 11.6 291.2
winter 15.2 498.5

Wheat
spring 13.8 434.5
winter 12.2 516.0

Rye winter 9.7 233.5

Barley
spring 11.4 336.3
winter 11.6 438.5

Maize 10.9 652.6
Oats 12.2 407.0

 The aim of the work is to review the knowledge of the 
importance of cultivating triticale in Poland and the pos-
sibility of using its grain for food, fodder and energy pur-
poses

CULTIVATION AND PRODUCTION OF TRITICALE 
IN POLAND 

 Triticale is a cereal species that has both spring and 
winter forms. In the national register of the Research Cen-
tre for Cultivar Testing in Poland (COBORU, 2019), 16 
spring and 46 winter cultivars of triticale are listed. These 
cultivars are characterised by high yield, disease resist-
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Figure 1. Percentage of individual cereals in the cultiva-
tion structure in Poland (own study based on Central 
Statistical Office, 2019).
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demand for fodder grains and the formation of a stable 
market where demand and supply will balance each 
other. This is favoured by a small, though system-
atic increase in poultry production, accompanied by  
a constant fluctuation in the stock of pigs. These two 
species have the greatest influence on the demand for 
grains from feed companies. Increased demand from 
the feed industry and the occurrence of droughts have 
resulted in a steady increase in the price of feed grains 
in recent years (CSO, 2019). 
 Individual growing seasons can be characterised 
by high yield variability, which is related to agro-
climatic conditions, as well as to changes in farm-
ing intensity. The occurrence of drought is the main 
factor limiting triticale yield, regardless of the tillage 
treatments applied (Jaśkiewicz, 2016b). Rainfall de-
ficiencies and droughts cause higher yield losses of 
spring cultivars of triticale. The period of develop-
ment stages from earing to wax maturity of grains is 
particularly critical. Rainfall deficiency in this period 
may cause yield losses of 10–20%, while in the peri-
ods of sowing-wax maturity and sowing-harvest by 
12–16 and 10–14%, respectively (Kalbarczyk, 2008). 
The areas in the south-eastern part of Pomerania are 
the most threatened by rainfall deficit in the critical 
period of spring triticale. Production volume of grain 
determines its unit price and economic usefulness for 
fodder. The higher the harvest, the cheaper the grain, 
which positively affects the economics of poultry pro-
duction (Koreleski, 1992). 
 The grain yield obtained depends on soil condi-
tions but also on the cultivar. The results of a study by 
Noworolnik and Jaśkiewicz (2018) showed that dif-
ferent cultivars grown on poorer soils responded with 
different degrees of yield reduction. Individual triti-
cale cultivars also show different responses to the till-
age system. According to a study by Jaśkiewicz and 
Jasińska (2018), under reduced and plough tillage, 
the cultivars Cerber and Alekto yielded higher than 
Fredro. With optimal rainfall, higher grain yields of 
winter triticale are obtained with plough tillage. Grain 
yield was then 15% higher than that under reduced 
tillage. Similarly, in spring triticale cultivars, a higher 
yield is obtained under ploughing cultivation. Then, 
fertilisation in the amount of 70 kg N ha-1 is sufficient 
to obtain a high yield, however weather conditions 
and adequate precipitation are important (Jaśkiewicz, 
2021). Cultivation in a crop rotation with a smaller 
share of cereals ensures higher yield of triticale com-
pared to winter triticale yields under monoculture 
(Jaśkiewicz et al., 2018). 
 Soil and climatic conditions and regional tradi-
tions determine the specialisation of production. The 
areas of central, eastern and northern Poland are dom-
inated by rye, cereal mixtures and maize. The great-

est concentration of triticale cultivation and the largest share in 
domestic triticale production are in Wielkopolska and Kujawy 
and in the central and eastern part of Poland. The large scale and 
acreage of triticale cultivation and production in these regions 
is associated with numerous animal populations (Jaśkiewicz, 
2016a), including the occurrence of large-scale poultry farms. 
Studies by Jaśkiewicz et al. (2019) also indicate a significant 
share in the national production of triticale grains of the areas 
of Wielkopolskie voivodeship and central and eastern parts of 
Poland.
 Triticale makes it possible to produce more fodder protein 
per hectare of area than do other cereal species. Winter culti-
vars have a higher protein content in grains and a higher yield 
(Table 1). Therefore, they are grown on a larger area. Under 
certain weather conditions and proper crop management prac-
tices, especially as far as fertilisation is concerned, it is possible 
to obtain very good results in the production of spring triticale 
grains as well. Knapowski et al. (2010) applying diversified ni-
trogen fertilisation (80 or 120 kg ha-1) and foliar zinc fertilisa-
tion obtained an average protein yield of spring triticale within 
the range of 555–750 kg ha-1. A three-year experience of the 
authors quoted showed that in favourable years protein yield 
could be as high as 896 kg ha-1 with 120 kg ha-1 N application 
and foliar zinc fertilisation in the amount of 0.3 kg ha-1. 
 Triticale protein is characterised by a very good amino acid 
profile. Compared to wheat, it contains more lysine, as well as 
many other important amino acids (Table 2). 

Table 2. Amino acid profile of grain protein of individual cereals  
[g/16 g N] (Biel et al., 2020).

Amino acid Wheat Triticale Barley Hulled 
oats

Naked 
oats

Lysine 1.89 2.56 3.59 2.73 2.76
Methionine 
+ Cysteine 2.77 3.43 3.11 4.08 3.66

Methionine 1.29 1.55 1.63 1.34 1.26
Cysteine 1.48 1.88 1.48 2.74 2.40
Threonine 2.25 2.99 3.10 2.46 2.59
Isoleucine 2.39 3.51 3.10 2.32 2.49
Tryptophan 1.02 0.90 1.23 1.15 1.18
Valine 3.30 4.71 4.45 3.20 3.31
Leucine 5.82 6.35 6.31 5.26 5.25
Histidine 1.90 1.99 2.11 1.74 1.76
Phenylalanine 
+Tyrosine 5.77 7.43 7.45 5.88 5.92

Phenylalanine 3.69 4.44 4.97 3.62 3.57
Tyrosine 2.09 2.99 2.48 2.26 2.35
Arginine 4.19 5.41 4.41 5.79 5.32
Aspartic acid 4.67 6.27 5.93 7.37 7.02
Serine 3.61 3.88 4.23 3.86 3.38
Glutamic acid 33.12 29.42 24.83 19.12 18.24
Proline 7.29 8.59 9.26 4.54 4.01
Glycine 3.36 3.91 3.99 3.81 3.93
Alanine 2.58 3.85 3.82 3.51 3.72
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NUTRITIONAL AND FEED VALUE OF TRITICALE 
GRAINS 

 Triticale is a cereal with high yield potential. In 2018, 
in Poland an average yield of 31.7 dt ha-1 was obtained 
and the overall grain harvest of this cereal was 4.1 mil-
lion tonnes (CSO, 2019). The high supply of grains and its 
lower price than that of feed wheat or maize, predisposes 
the use of triticale for poultry feed purposes economically, 
but also in terms of feed value. Triticale has the same meta-
bolic energy content as wheat. The main source of energy 
is starch, whose content in triticale grains is 50–85%. Such 
a big variation in the content of this compound results from 
the influence of many factors, among others, the varietal 
(genetic) factor and weather conditions during the veg-
etation and the applied cultivation technology. The crude 
fat content, which like the other nutrients, depends on the 
genotype (Table 3), is 0.86–1.98% (Langó et al., 2017). 
 Different triticale cultivars have different protein con-
tent in grains and give different yields of total protein 
(Jaśkiewicz, 2017). The maximum content of this com-
ponent can be as high as 20% in some triticale cultivars 
(Elangovan et al., 2011). Achremowicz et al. (2014) indi-

cate a proportional relationship between starch content and 
protein content in grains. There is always 5–6 times more 
starch than protein. In addition to the total protein con-
tent, the amino acid profile, and in particular the content 
of essential amino acids, is an important indicator of feed 
value. The protein amino acid profile in winter triticale is 
a genetically determined (Jaśkiewicz, Szczepanek, 2018). 
Another factor influencing feed value are the applied crop 
management treatments and weather conditions. The ratio 
of exogenous amino acids in the protein of triticale grains 
and their nutritional value (EAAI) are higher when inten-
sive technology is applied (when high rates of NPK ferti-
lization and intensive chemical plant protection are used). 
Jaśkiewicz and Szczepanek (2018) show that cultivar has 
an influence on protein amino acid profile. The authors also 
pointed out the great importance of adequate rainfall and 
water resources in the soil, as they cause an increase in the 
content of almost all essential amino acids (except valine). 
Considerable variability in the years of the study was ob-
served for the amount of precipitation and the amino acid 
composition of the protein and, according to the cited au-
thors, was particularly true of tyrosine. 
 The main amino acid limiting the quality of protein 
in triticale grains is lysine. Its increase in the amino acid 
profile of protein, as well as other essential amino acids 
(phenylalanine, histidine, arginine) under the influence of 
an adequate amount of precipitation in the Woltario cul-
tivar was found by Brzozowska et al. (2009). This amino 
acid showed high variability among years and cultivars, 
but a weak response to agricultural practices-related fac-
tors (production technology and percentage of cereals in 
the crop rotation) was observed. The amino acid composi-
tion of grain protein is affected by crop management tech-
niques, including sowing density, as well as weather condi-
tions (Stankiewicz, 2005). Therefore, the amino acid pro-
file of triticale grain protein of the same cultivar may differ 
in particular years (Table 4-5). Results obtained by Siegert 
et al. (2017) showed the effect of nitrogen fertilisation on 

Table 3. Chemical composition of triticale grains of various culti-
vars [% dry matter] (Alijošius et al., 2016).

Cultivar Crude 
protein

Crude 
fat

Crude 
fiber

Nitrogen 
free 

extract
Ash

Adverdo 9.81 ef 1.07 d 1.51 b 75.69 1.63 a
Grenado 10.17 de 1.18 c 1.02 e 76.33 1.43 f
Remiko 9.45 f 1.17 c 1.02 e 77.51 1.33 g
Sequenz 10.40 d 1.37 a 1.61 a 74.53 1.55 c
SU Agendus 11.89 b 1.34 b 1.39 c 73.26 1.58 b
SW Talentro 12.51 a 1.01 e 1.37 d 73.11 1.51 d
Toledo 11.31 c 1.17 c 1.38 cd 76.64 1.45 e

Means in the same column with different letters are significantly different 
at P < 0.05

Table 4. The content of exogenous amino acids (g kg-1) in winter triticale grains of the Pizarro and Pigmej cultivar depending on the 
year of harvest (Jaśkiewicz, 2018).

Year  of 
harvest 

Threo-
nine Valine Isoleu-

cine Leucine Phenyl-
alanine Histidine Lysine Arginine Methio-

nine
Trypto-

phan Sum

2011 3.84 a 5.01 a 4.07 a 7.69 a 5.47 a 2.83 a 3.95 a 5.44 a 2.29 a 1.13 a 41.82 a
2014 3.54 b 4.95 b 3.63 b 7.08 b 5.07 b 2.58 b 3.45 b 5.07 b 2.05 b 1.05 b 38.51 b

Means with different letters are significantly different at P < 0.05

Table 5. Content of endogenous amino acids (g kg-1) in winter triticale grains of the Pizarro and Pigmy cultivar depending on the year 
of harvest (Jaśkiewicz, 2018).

Year of 
harvest Serine Aspartic 

acid
Glutamic

acid Proline Glycine Alaninie Tyrosine Cysteine Sum

2011 5.54 a 8.10 a 31.65 a 10.86 a 4.75 a 4.89 a 3.06 a 2.25 a 71.10 a
2014 5.23 b 6.74 b 28.44 b 10.23 b 4.69 b 4.30 b 1.93 b 1.89 b 63.45 b

Means with different letters are significantly different at P < 0.05

 with pesticides
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the amino acid composition of triticale grain protein, but 
also the effect on amino acid digestibility for laying hens. 
Research by Muhova and Dobreva, (2020) also showed the 
effect of preceding crop and fertilisation on the amino acid 
composition of triticale grain protein, especially for lysine 
and methionine.
 The nutritional value of grain is also determined by 
the content of macro- and microelements. The results of 
a study by Brzozowska (2006) concerning the content of 
macroelements in dry matter of winter triticale grains, in-
dicate a dependence of the content of calcium, phosphorus, 
potassium and magnesium on weather conditions during 
the vegetation season. The content of nitrogen, phosphorus 
and potassium in grains increased with a decrease in pre-
cipitation, which in June and July amounted only to 49.4% 
of the mean sum over the multi-year period, and the mean 
temperature in those months was higher by 0.7 and 2.4 oC. 
In contrast, Gibczyńska et al. (2016) point to a varietal fac-
tor that differentiated potassium content in triticale grains. 
The cited authors point to the influence of the triticale cul-
tivation system on mineral nutrient composition. Grains 
from the organic system had higher iron, zinc, manganese 
and copper contents by several percent, compared to those 
from the conventional system. The applied mineral fertili-
sation also influenced the content of mineral components 
in grains. Kozera et al. (2015) found that the rate of 120 kg 
N ha-1 considerably decreased the magnesium content and 
increased the concentration of manganese in spring triti-
cale grains, compared to the rate of 80 kg N ha-1. The au-
thors also indicated a similar relationship for zinc. A more 
effective way of increasing the zinc concentration in grains 
was foliar application of zinc at the rate of 0.3 kg Zn ha-1, 
than soil fertilization.
 Cereal grains contain substances that reduce nutrient 
utilisation or negatively affect digestive processes and 
growth rates in poultry. Anti-nutritional compounds in-
clude: non-starch polysaccharides, alkylresorcinols and di-
gestive enzyme inhibitors. According to Yin et al. (2001), 
the variable nutritional value of cereals is mainly due to the 
presence of non-starch polysaccharides (NSP) contained in 
cell walls. The water-soluble fraction of non-starch poly-
saccharides increases the viscosity of the intestinal diges-
tive contents, which hinders the diffusion of digestive en-
zymes, thus decreasing nutrient absorption. Arabinoxylans 
in particular should be mentioned here, which have a high 
water absorption capacity, forming a viscous fraction in 
the intestines (Boros, 2015). The arabinoxylan fraction 
includes pentosans, whose content in triticale grains is 
similar to wheat, while much lower compared to rye grains 
(Boros, 2015). 
 Alkylresorcinols in the human diet are considered to be 
health promoting compounds. However, in animal nutri-
tion, including poultry, they have an anti-nutritional effect. 
Triticale grains contain less alkylresorcinols compared to 
rye, with a comparable content of these compounds with 
wheat grains (Boros, 2015). The content of alkylresorcinols 

is determined by genetic factors. The study of Skrzypek et 
al. (2007) shows that the level of alkylresorcinols in grains 
of triticale hybrid lines varies, regardless of their content in 
parental forms. Jaśkiewicz and Szczepanek (2016) point to 
the influence of factors such as mean air temperature and 
the sum of precipitation at particular stages of plant growth 
on the content of alkylresorcinols. The results of long-term 
studies of the cited authors showed that the increase in the 
concentration of alkylresorcinols is favoured by low tem-
perature in May and April. On the other hand, a shortage of 
precipitation in the period of tillering and the beginning of 
stem shooting (March and April) and earing (June) causes 
a decrease in alkylresorcinols content in grains. Also, cul-
tivar and cultivation technology affect alkylresorcinol con-
tent (Table 6).

Table 6. Alkylresorcinol content (mg kg-1) in winter triticale gra-
ins depending on the harvest year, production technology and 
cultivar (Jaśkiewicz, Szczepanek, 2016).

Year of 
harvest

Production technology Cultivar
Average

Integrated Intensive Pizarro Pigmej
2011 287 b         316 ab 277 b 326 ab 302 b
2014 327 ab     356 a 325 ab 358 a 342 a

Values with different letters are significantly different at P < 0.05

 Trypsin inhibitors are also an anti-nutritional factor 
contained in triticale grains. They are located mainly in the 
endosperm and embryo of the grains. Their antinutritional 
action consists in the formation of solid complexes with 
proteolytic enzymes secreted by the organism, forming 
inactive bonds with them. This worsens the digestibility 
of protein, so that it is not used effectively by the body. 
Studies by Makarska et al. (1999) show that the content 
of trypsin inhibitors in triticale grains depends on weather 
conditions during vegetation. The authors believe that this 
is related to a decrease in the weight of a thousand grains 
and worse grain filling, and an increase in the concentra-
tion of the inhibitors themselves.
 A problem in cereal cultivation is the occurrence of 
infestation with mycotoxin-producing fungi of the genus 
Fusarium. The mycotoxin content has a negative impact on 
the quality and feed value of the grains. If the mycotoxin 
content standards are exceeded, the grains are disqualified 
as feed material. The permissible levels for mycotoxin con-
tent in feed grains are: 
ochratoxin A 0.25 mg kg-1, 
aflatoxin B1 – cereals 0.02 mg kg-1, maize 0.05 mg kg-1,
zearalenone 2 mg kg-1,
deoxynivalenol 8 mg kg-1.
 As Gagiu (2018) points out, the problem of increased 
mycotoxin production in triticale grains may be a future 
challenge in the context of climate change. Góral et al. 
(2016) evaluating Fusarium resistance in 32 winter triti-
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cale and 34 winter wheat cultivars found a 9% lower infec-
tion rate in triticale (28% for wheat, 19.2% for triticale). 
Mycotoxin contents were different in both compared ce-
real species. The mean deoxynivalenol (DON) content in 
wheat was 11.65 mg kg-1 and was lower than in triticale,  
14.12 mg kg-1. The mean content of nivalenol was similar in 
both cereals: wheat 4.13 mg kg-1 and triticale 5.19 mg kg-1.  
The zearalenone content in grains was 0.60 mg kg-1 for 
wheat and 0.66 mg kg-1 for triticale.

POSSIBILITY OF FOOD USE OF THE GRAINS

 The significant supply of triticale grains and, at the 
same time, their lower price compared to wheat, predispos-
es their use for food purposes. Interest in the food use of 
triticale is growing, although it is still not as high as the use 
of wheat (Langó et al., 2017). Attempts have therefore been 
made to replace wheat flour with triticale flour. However, 
a hindrance is the protein in the grains, which is mainly lo-
cated in the outer endosperm layer, which is removed dur-
ing milling of the grains together with the aleurone layer 
and the fruit and seed coat (Jaśkiewicz, 2010). The gluten 
content in protein decreases, which significantly impairs 
the quality of baked bread. Therefore, it is more beneficial 
to bake mixed wheat-rye bread (Gambuś, 1995). It is also 
possible to bake mixed bread from flours of other cereals in 
combination with triticale flour. Triticale-oat bread is rich 
in fibre (Fraś et al., 2018). An alternative direction is to 
use triticale to make crispbread. It is produced by extrusion 
from triticale grains in a twin-screw extruder, which allows 
obtaining an attractive bread in terms of sensory and nutri-
tional characteristics (Obuchowski et al., 2015). National 
studies have shown that most cultivars of both spring and 
winter triticale have desirable quality and high suitability 
for the extrusion process and crispbread production (Obu-
chowski et al., 2010).
 It is possible to completely replace wheat flour in the 
recipe of wafer leaves with triticale flour, but the most fa-
vourable recipe variant is to use both flours in the propor-
tion of 35% wheat flour and 65% triticale flour (Sucharze-
wska, Nebesny; 2000).
 Triticale flour can also be used in the production of bis-
cuits. Trials carried out so far have shown that triticale can 
be a good alternative, replacing wheat flour as an ingredi-
ent for biscuit production (León et al., 1996; Arizmendi-
Cotero et al., 2020). The high activity of endogenous alpha-
amylase in triticale grain, results in sweeter tasting biscuits 
baked with its flour (Arizmendi-Cotero et al., 2020). This 
offers the chance to obtain a product with the desired taste 
and at the same time with a reduced sugar content com-
pared to traditional wheat biscuits. It is also possible to 
use triticale flour in the production of crackers. Both those 
made from wheat flour and those made from triticale flour 
are similar in crunchiness and taste (Pérez et al., 2003). 
An impediment to the wider use of triticale grains for food 

purposes is the wide variation in quality. Significant differ-
ences can be observed between cultivars. There is a clear 
need to classify cultivated cultivars in terms of suitability. 
The identification of cultivars that meet market needs in 
terms of high quality should significantly increase the use 
of triticale in the baking industry. The high starch content 
of triticale grains means that pure starch extract can be ex-
tracted for industrial use. It is widely used mainly in the 
food industry (as a thickener), but also in the pharmaceuti-
cal industry (as an envelope component and filler for drugs 
and pharmaceutical products) or in the textile industry 
(stiffening and starching of textiles). Due to the high starch 
content and alpha-amylase activity, attempts were made to 
use triticale grains as a raw material for the fermentation 
industry. This was especially true for the use of grains as 
malt for brewing and distilling. However, the results ob-
tained did not confirm the usability of triticale grains for 
these purposes (Achremowicz et al., 2015). 

EFFECTIVENESS OF USING TRITICALE IN FEED 
FOR POULTRY AND PIGS

 Studies on the possibility of using triticale in broiler 
chicken feeding have been carried out for decades and do 
not give unequivocal answers as to the maximum share of 
this cereal in the mixture and its influence on rearing indi-
ces and carcass quality. Some research results showed that 
triticale can be the only cereal in mixtures, because with the 
use of enzymatic preparations it does not cause decrease 
of birds production results (Matyka, Rubaj, 2004; Józefiak 
et al., 2007). According to Zarghi and Golian (2009), the 
introduction of triticale to the corn-soybean mixture in the 
amount of 40% does not negatively affect the final body 
weight of broilers and feed consumption per unit weight 
gain. The study by Osek et al. (2010) shows that the use 
of triticale in feed for broiler chickens as a substitute for 
wheat or maize decreases the cost of bird feeding, but has 
a negative effect on bird production results (body weight). 
However, the authors found a significant improvement in 
the fatty acid profile in a health-promoting direction, when 
feed based on wheat and triticale or triticale alone, was 
used. A study by Widodo et al. (2015) showed that broiler 
chickens fed some triticale cultivars (Bogong, Jackie and 
Tobruk) performed better than birds fed wheat-based feed. 
In contrast, Elangovan et al. (2011) used high-yielding trit-
icale cultivars containing more than 20% protein in grains 
for broiler chickens. In the conclusions of their research, 
they stated that triticale of the cultivars H55, H128, H431 
and H261 has the same feed value as wheat, because no 
differences in the production results of birds were found. 
According to the cited authors, these triticale cultivars can 
be used in the amount of 40% of the mixture composition 
without the use of enzymatic preparations due to the lower 
content of non-starch polysaccharides. Good effects in the 
use of triticale grains as fodder may be obtained in feeding 
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of laying hens. In this case, triticale grains may be used as a 
partial substitute for wheat and maize. The maximum pro-
portion of triticale grains in the feed for laying hens is 20% 
(30% after enzyme treatment) during rearing. However, 
during the laying period up, triticale grain share increases 
up to 40% of the feed share (Smulikowska, Rutkowski, 
2018). According to Grozina et al. (2018), triticale grains 
can be used at up to 30% of the mixture without any nega-
tive effect on laying performance. However, an increased 
share of these grains in the mixture up to 45% results in 
decreasing of laying performance (by 1.4%) and increased 
feed consumption in kg per kg of eggs laid (by 2.2%). Triti-
cale can also be used in the feeding of other domestic poul-
try species. When investigating the possibility of replacing 
maize grains with this cereal in duck feeding, no differenc-
es in production results were found (Arroyo et al., 2014). 
The results of this study confirm the effect of the varietal 
factor on the feed suitability of different cultivars of triti-
cale. Grains of this cereal are also used in feeding turkeys 
in the amount of up to 10% (20% when using an enzyme 
preparation) in the period up to 4 weeks of age. Older birds 
can be fed feed with 20% (40% after enzyme preparation) 
triticale in the feed (Smulikowska, Rutkowski, 2018). The 
use of triticale in turkey feed has no negative effect on 
growth rate, slaughter performance, and at the same time 
has a positive effect on the economic results of fattening 
(Konca et al., 2012). The use of 35–50% triticale in grover 
and finisher feeds for these birds does not negatively af-
fect turkey production performance (Zarghi et al., 2010). 
Triticale is also a valuable feed component for pheasants, 
but it can also be a separate additive to reduce the use of 
complete feed for these birds, without negatively affecting 
bird growth (Kokoszyński et al., 2018a). The use of whole 
grain triticale for pheasants has beneficial effects on meat 
sensory characteristics (Kokoszyński et al., 2018b). Triti-
cale can be a component of feed as administered as a sepa-
rate supplement for Japanese quail. Replacing wheat with 
triticale does not negatively affect the meat characteristics 
of these birds (Konca, Beyzİ, 2013). The results of the 
study indicate that the feed value of triticale for poultry is 
influenced by the predominance of wheat genome over rye. 
The predominance of the wheat genome in some triticale 
cultivars affects the reduction of anti-nutrients, especially 
in hexaploid triticale cultivars, and may increase the use of 
this cereal in poultry (Boros, 1999). 
 The lower content of anti-nutrients in triticale grains 
compared to rye offers the possibility of increasing the 
share in feed formulations. However, it is still necessary to 
determine the maximum proportion that can be used with-
out impairing the production performance of poultry and 
pigs. For pigs, this cereal can be used in the feeding of 
most production groups (piglets, fatteners, sows) together 
with barley. National research has shown that triticale can 
be used in mixtures for fattening pigs in the amount of 50% 
of cereal middlings and the rest can be barley (Tywończuk 

et al., 1994) Triticale outperforms cereals such as barley 
and rye in terms of nutrient digestibility in pigs (Schemmer 
et al., 2020). A maximum of 40% triticale grains is recom-
mended in feed for young pigs (Khimich et al., 2018)

USE OF TRITICALE GRAINS FOR ENERGY  
PRODUCTION

 Currently, there is no problem with selling triticale 
grains, however, the problem may be grains that do not 
meet the quality requirements for use in animal feed (es-
pecially in terms of mycotoxin content). Such examples 
are grains infested by diseases and pests during the stor-
age process and sprouting grains (Żabiński et al., 2011). 
Żabiński et al. (2012) showed that sprouted grains have 
lower heat of combustion values. However, in order not 
to waste the raw material grains, it is worth to eventually 
use it for energy purpose to produce bioethanol. Compared 
to products derived from crude oil, bioethanol is a more 
environmentally friendly fuel because its exhaust exhibits 
less toxicity compared to the exhaust produced by gasoline 
and diesel fuel (Hryniewicz, 2008). Ethanol can be used as 
a fuel on its own or in the form of an additive to gasoline, 
increasing its quality. One of the criteria of raw materi-
als for this purpose is a high activity of endogenous alpha-
amylase, of which triticale grains contain an increased 
amount. This enzyme causes decomposition of starch to 
monosaccharides, which positively influences fermenta-
tion processes. Higher content of alpha-amylase in triticale 
grains in comparison to rye grains, makes the mash ferment 
faster. The advantage of using triticale mash in comparison 
with rye mash is lower viscosity, which solves part of tech-
nological problems consisting in difficult mash mixing and 
incomplete starch hydrolysis (Dynkowska, Boros, 2009). 
This results in a higher ethanol production efficiency 
from ha of triticale cultivation, which is 1160 l of ethanol,  
a higher value by 26% than from the same area of rye cul-
tivation (Jaśkiewicz, 2010). The efficiency of the process 
of bioethanol production from triticale depends not only on 
the starch content in the grains, but also on the application 
of an appropriate method. The method of non-pressure liq-
uefaction of starch is more advantageous than the method 
of simultaneous hydrolysis and fermentation (Gumienna et 
al., 2008). It is possible to improve the efficiency of the 
process of bioethanol production from triticale also by ap-
propriate selection of cultivars and crop management tech-
niques (Obuchowski et al, 2008; Jaśkiewicz, 2010). Triti-
cale grains can also be burned. However, the efficiency of 
this process is much lower in triticale than in rye (Kasz-
kowiak et al., 2013).

CONCLUSIONS 

 The cultivation and use of triticale grains are currently 
focused on the feed purposes. It provides an adequate sup-
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ply of fodder grains, necessary for poultry and swine nutri-
tion. Taking into account a significant influence of genetic 
(varietal) factor on the fodder value of grains, it is neces-
sary to recommend for cultivation cultivars with a higher 
fodder value (higher protein content and more favourable 
amino acid profile and lower content of anti-nutritive sub-
stances). Further breeding work within this cereal spe-
cies should take into account increasing the fodder value 
of grains. The crop management techniques for triticale 
should aim at increasing fodder quality of triticale grains, 
especially in the aspects of cultivar selection and fertiliza-
tion. Food and industrial utilization is not practiced on a 
large scale. There is a potential to develop those types of 
triticale grain utilization, especially because the improve-
ment of quantity and quality of gluten proteins in grains 
may increase their utilization in baking. Triticale grains 
may also find application in energy production and provide 
feedstock for efficient bioethanol production. 

REFERENCES

Achremowicz B., Ceglińska A., Gambuś H., Haber T., 
Obiedziński M., 2014. Technological applicability of triti-
cale grain. Postępy Techniki Przetwórstwa Spożywczego, 1: 
113-120, available online at: http://yadda.icm.edu.pl/yadda/
element/bwmeta1.element.baztech-6525090f-f436-452a-
b688-4c8da8cc05d6

Achremowicz B., Puchalski C., Haber T., 2015. Use of triticale 
in the fermentation industry. Postępy Techniki Przetwórstwa 
Spożywczego, 1: 95-98, available online at: http://yadda.
icm.edu.pl/baztech/element/bwmeta1.element.baztech-a8b-
13b5a-d1cc-422a-993a-11ccf131764f

Alijošius S., Švirmickas G.J., Bliznikas S., Gružauskas R., 
Šašytė V., Racevičiūtė-Stupelienė A., Kliševičiūtė V., 
Daukšienė A., 2016. Grain chemical composition of different 
varieties of winter cereals. Zemdirbyste-Agriculture, 103(3): 
273-280, doi: 10.13080/z-a.2016.103.035.

Arizmendi-Cotero D., Bernal-Estrada M.A., Dominguez-
Lopez A., Díaz-Ramírez M., Ponce-García N., Villanueva-
Carvajal A., 2020. Endogenous enzymes of triticale used as 
natural sweeteners of wheat-triticale cookies. Cereal Chemis-
try, 97(5): 1075-1083, doi: 10.1002/cche.10330.

Arroyo J., Fortun-Lamothe L., Dubois J.P., Lavigne F., Bijja 
M., Molette C., 2014. The influence of choice feeding and 
cereal type (corn or triticale) during the finishing period on 
performance of mule ducks. Poultry Science, 93(9): 2220-
2226, doi: 10.3382/ps.2013-03669.

Augustyńska I., Czułowska M., 2021. Production efficiency of 
selected cereals in Poland in 2018-2020. Zagadnienia Do-
radztwa Rolniczego, 1(103): 5-22, available online at: htt-
ps://www.cdr.gov.pl/images/Brwinow/ZDR/ZDR_121103.
pdf#page=6.

Biel W., Kazimierska K., Bashutska U., 2020. Nutritional 
value of wheat, triticale, barley and oat grains. Acta Scien-
tiarum Polonorum, Zootechnica, 19(2): 19-28, doi: 10.21005/
asp.2020.19.2.03.

Boros D., 1999. Influence of R genome on the nutritional value of 
triticale for broiler chicks. Animal Feed Science and Technol-
ogy, 76(3-4): 219-226, doi: 10.1016/S0377-8401(98)00226-0.

Boros D., 2015. Alkilorezorcynole ziarna zbóż - ich znac-
zenie w żywności i paszy. Biuletyn IHAR, 277: 7-20, 
available online at: http://pw.ihar.edu.pl/wp-content/
uploads/2018/12/9bc3b947ff_PW-zad.-2.10-publikacja.pdf.

Brzozowska I., Brzozowski J., Hruszka M., 2009. Effect of 
various methods of weed control and nitrogen fertilisation on 
biological value of winter triticale grain protein. Fragmenta 
Agronomica, 26(2): 16-25, available online at: https://pta.
up.poznan.pl/pdf/2009/FA%2026(2)%202009%20Brzozo-
wska.pdf.

Brzozowska I., 2006. Wpływ herbicydów i sposobu nawożenia 
azotem na zawartość makroelementów w ziarnie pszenżyta 
ozimego. Pamiętnik Puławski, 142: 9-17.

COBORU, 2019. Rejestr Odmian Roślin Uprawnych. http://
www.coboru.pl/Polska/Rejestr/gat_w_rej.aspx 

CSO, 2019. Agriculture in 2018. Statistics Poland, available 
online at: https://stat.gov.pl/obszary-tematyczne/rolnictwo-
lesnictwo/rolnictwo/..

Dynkowska W., Boros D., 2009. Factors determining the uti-
lization of various cereal grains for production of renew-
able energy — a review. Biuletyn Instytutu Hodowli i Ak-
limatyzacji Roślin, 251: 67-81, available online at: https://
www.researchgate.net/profile/Wioletta-Dynkowska/publica-
tion/342720146_Czynniki_warunkujace_przydatnosc_zi-
arna_roznych_zboz_do_produkcji_energii_odnawialnej_-_
przeglad_literatury/links/5f0372e892851c52d61a0b4b/
Czynniki-warunkujace-przydatnosc-ziarna-roznych-zboz-
do-produkcji-energii-odnawialnej-przeglad-literatury.pdf.

Elangovan A.V., Bhuiyan M., Jessop R., Iji P.A., 2011. The po-
tential of high-yielding triticale varieties in the diet of broiler 
chickens. Asian Journal of Poultry Science, 5: 68-76, doi: 
10.3923/ajpsaj.2011.68.76.

FAOSTAT, 2019. fao.org/faostat/en/#data/QC 
Fraś A., Gołębiewski D., Gołębiewska K., Mańkowski D.R., 

Gzowska M., Boros D., 2018. Triticale-oat bread as a new 
product rich in bioactive and nutrient components. Journal of 
Cereal Science, 82: 146-154, doi: 10.1016/j.jcs.2018.05.001.

Gagiu V., 2018. Triticale crop and contamination with my-
cotoxins under the influence of climate change - Global 
study. Journal of Hygienic Engineering and Design, 23, 
30-45. Available online at: https://www.researchgate.net/
profile/Valeria-Gagiu/publication/326177925_Triticale_
Crop_and_Contamination_with_Mycotoxins_under_the_In-
fluence_of_Climate_Change_-_Global_Study_Review/
links/5b3cb52da6fdcc8506ef57f2/Triticale-Crop-and-Con-
tamination-with-Mycotoxins-under-the-Influence-of-Cli-
mate-Change-Global-Study-Review.pdf

Gambuś H., 1995. The usefulness of triticale grain in baking. 
Żywność Technologia Jakość, 4: 43-56. 

Gibczyńska M., Dawidowski A., Sobolewska M., Jaroszewska 
A., Lewandowska L., 2016. Analysis of influence farming 
systems on chemical composition of four variety of triticale 
winter (xTriticosecale Wittm. ex A. Camus) grain. Folia Po-
meranae Universitatis Technologiae Stetinensis, 326(38)2: 
37-46, doi: 10.21005/AAPZ2016.38.2.03. 

Góral T., Wiśniewska H., Ochodzki P., Walentyn-Góral D., 
2016. Higher Fusarium toxin accumulation in grain of win-
ter triticale lines inoculated with Fusarium culmorum as 
compared with wheat. Toxins, 8(10), 301, doi: 10.3390/tox-
ins8100301.



17

Grozina A. A., Egorova T. A., Lenkova T. N., Antipo A. A., 
2018. Triticale grain in diets for laying hens. In The XVth 
European Poultry Conference, pp. 440-440.

Gumienna M., Lasik M., Szambelan K., Czarnecki Z., Nowak 
J., 2008. Using of simultaneous saccharification and fermen-
tation in triticale mashing for bioethanol production. Apara-
tura Badawcza i Dydaktyczna, 13(4): 111-119.

Hryniewicz M., 2008. Estimating the economic efficiency of 
bioethanol production from cereal grain as a petrol compo-
nent, according to the Lurgi technology. Problemy Inżynierii 
Rolniczej, 2: 175-183, available online at: http://yadda.icm.
edu.pl/baztech/element/bwmeta1.element.baztech-article-
BAR0-0038-0123.

Jaśkiewicz B., 2010. Kierunki wykorzystania ziarna pszenżyta. 
Wieś Jutra 4: 25-26.

Jaśkiewicz B., 2016a. Regional diversification of triticale pro-
duction in Poland. Roczniki Naukowe Stowarzyszenia Ekon-
omistów Rolnictwa i Agrobiznesu, tom XVIII(1): 98-104.

Jaśkiewicz B., 2016b. Yield of some winter triticale cultivars as 
affected by the tillage system. Acta Scientiarum Polonorum, 
Agricultura, 15(1): 17-27, available online at: https://yadda.
icm.edu.pl/yadda/element/bwmeta1.element.agro-747946ea-
1fc3-4834-ad50-84496249bb0a.

Jaśkiewicz B., 2017. Czynniki kształtujące wartość paszową zi-
arna pszenżyta. Pasze Przemysłowe, 2: 65-76.

Jaśkiewicz B., 2018. Wartość paszowa ziarna pszenżyta w 
zależności od czynnika pogodowego. Studia i Raporty 
IUNG-PIB, Technologie produkcji roślinnej w warunkach 
zmieniającego się klimatu, 57(11): 23-36, doi: 10.26114/sir.
iung.2018.57.02.

Jaśkiewicz B., 2021. Effect of tillage system and nitrogen fer-
tilization on the yield of selected spring triticale varieties. 
Polish Journal of Agronomy, 46: 9-13, doi: 10.26114/pja.
iung.463.2021.46.

Jaśkiewicz B., Grabiński J., Ochmian I., 2018. Productivity of 
winter triticale depending on type of tillage in crop rotation. 
In: Proceedings of 17th International Scientific Conference 
„Engineering for Rural Development”, Jelgava, Latvia, pp. 
491-496.

Jaśkiewicz B., Grabiński J., Ochmian I., 2019. Intensity of trit-
icale production in different regions of Poland. In: Economic 
Science for Rural Development Conference Proceedings, 51: 
137-143. 

Jaśkiewicz B., Jasińska M., 2018. The impact of tillage system 
on the yields of selected winter triticale cultivars. Fragmenta 
Agronomica, 35(2): 61-70, doi: 10.26374/fa.2018.35.16.

Jaśkiewicz B., Sulek A., 2017. Directions of changes of grains 
production in Poland. Roczniki Naukowe Stowarzyszenia 
Ekonomistów Rolnictwa i Agrobiznesu, 19(1): 66-73, doi: 
10.5604/01.3001.0009.8340. 

Jaśkiewicz B., Szczepanek M., 2016. Crop management and vari-
ety have influence on alkylresolcinol content in triticale grain. 
Acta Agriculturae Scandinavica, Section B - Soil & Plant Sci-
ence, 66(7): 570-574, doi: 10.1080/09064710.2016.1201139.

Jaśkiewicz B., Szczepanek M., 2018. Amino acids content in 
triticale grain depending on meteorological, agrotechnical 
and genetic factors. Research for Rural Development, Agri-
cultural Sciences (Crop Sciences, Animal Sciences), 2: 28-
34, doi: 10.22616/rrd.24.2018.047.

Józefiak D., Rutkowski A., Jensen B. B., Engberg R. M., 2007. 
Effect of dietary inclusion of triticale, rye and wheat and xy-

lanase supplementation on growth performance of broiler 
chickens and fermentation in the gastrointestinal tract. Ani-
mal Feed Science and Technology, 132, 79-93, doi: 10.1016/j.
anifeedsci.2006.03.011. 

Kalbarczyk E., 2008. Precipitation deficiency limiting the yields 
of spring triticale in north-western Poland. Acta Agrophysica, 
11(2): 419-428, available online at: http://www.acta-agro-
physica.org/Precipitation-deficiency-limiting-the-yields-of-
spring-triticale-in-north-western,107557,0,2.html.

Kaszkowiak E., Kaszkowiak J., Szymczak M., 2013. Spala-
nie ziarna kukurydzy, pszenżyta i żyta uprawianych przy 
ograniczonym nawożeniu azotowym. Inżynieria i Apara-
tura Chemiczna, (2): 58-59, available online at: http://
inzynieria-aparatura-chemiczna.pl/pdf/2013/2013-2/InzAp-
Chem_2013_2_058-059.pdf.

Khimich O. V., Zdor L. P., Lapteev O. O., Semenova O. I., 
2018. Efficiency of the norms of triticale grain introduction 
in the diets of young pigs. Feeds and Feed Production, (85): 
125-131, available online at: https://fri-journal.com/index.
php/journal/article/view/160.

Knapowski T., Kozera W., Majcherczak E., Barczak B., 
2010. Effect of nitrogen and zinc fertilisation on chemi-
cal composition and protein yield of spring triticale grain. 
Fragmenta Agronomica, 27(4): 45-55, Available online at: 
https://www.researchgate.net/profile/Tomasz-Knapowski-2/
publication/261709959_EFFECT_OF_NITROGEN_AND_
ZINC_FERTILISATION_ON_CHEMICAL_COMPOSI-
TION_AND_PROTEIN_YIELD_OF_SPRING_TRITI-
CALE_GRAIN/links/0f3175352b912ad1f3000000/EF-
FECT-OF-NITROGEN-AND-ZINC-FERTILISATION-ON-
CHEMICAL-COMPOSITION-AND-PROTEIN-YIELD-
OF-SPRING-TRITICALE-GRAIN.pdf.

Kokoszyński D., Kotowicz M., Piwczyński D., Bernacki 
Z., Podkówka Z., Dorszewski P., Grabowicz M., Saleh 
M., 2018a. Effects of feeding whole-grain triticale and sex 
on carcass and meat characteristics of common pheasants. 
Italian Journal of Animal Science, 17(4): 1083-1093, doi: 
10.1080/1828051X.2018.1443028.

Kokoszyński D., Soroko P., Stręczny K., 2018b. Effect of 
diet dilution with whole triticale grain on body weight, car-
cass composition, physicochemical and sensory properties 
of meat in common pheasants. Food and Nutrition Report, 
2(1): 1-7, available online at: https://www.researchgate.net/
profile/Dariusz-Kokoszynski-2/publication/329778470_Ef-
fect_of_Diet_Dilution_with_Whole_Triticale_Grain_on_
Body_Weight_Carcass_Composition_Physicochemical_
and_Sensory_Properties_of_Meat_in_Common_Pheasants/
links/5c418d5f92851c22a37d80a1/Effect-of-Diet-Dilution-
with-Whole-Triticale-Grain-on-Body-Weight-Carcass-Com-
position-Physicochemical-and-Sensory-Properties-of-Meat-
in-Common-Pheasants.pdf.

Konca Y., Beyzİ S.B., 2013. Effect of free choice feeding based 
on emmer, triticale and wheat to Japanese quail (Coturnix 
coturnix japonica) on performance, inner organs and intes-
tinal viscosity. Scientific Papers, Series D. Animal Science, 
56: 113-119, available online at: https://www.cabdirect.org/
cabdirect/abstract/20133295084.

Konca Y., Kirkpinar F., Mert S., Atac C., 2012. Effects of 
mixed or separate feeding with whole barley or triticale on 
growth performance, gastrointestinal system, nutrient digest-
ibility and blood constituents in turkeys. Revue de Mede-

M. Różewicz – Yield, grain quality and potential use of triticale in Poland



18 Polish Journal of Agronomy, No. 49, 2022

cine Veterinaire, 163: 522-529, available online at: https://
d1wqtxts1xzle7.cloudfront.net/55660400/A10-with-cover-
page-v2.pdf?Expires=1640264658&Signature=bMCOO1X
g2VHejyKvZLC47fHZovadw7QZVdCcaQEliX2liXu36Dh
tvR9JCBqagTRPSnSGpwyKuq0R~FHoyUcOSElOhTXVS
GbGkDQ3zO6y4YYTh-ry7IQewSwN5JkttgK9cxTpItQ8q-
fouKIEqqxxWo0q8N6LMQgkn03zxmD6Oh3VFtV9cH~f-
mAP4uJ5EeCyCBkaxKDlOiSf-qEgbxYLj9w6B5i7fpXO
cQXFasaUWZ~GQgdbqcVpywZN50wzIzFkDHOgadzlp-
BQb1Q-CA32x2EyKnONnzCIhBkrK~-h3E5VTcT8eSbMy-
OQtIqCqrW25GF3bW8aqDlDWrMb6AJwngtqA__&Key-
Pair-Id=APKAJLOHF5GGSLRBV4ZA.  

Koreleski J., 1992. Żywienie drobiu w warunkach zmniejszonej 
produkcji zbóż na skutek suszy. Polskie Drobiarstwo, 2: 24-
25.

Kozera W., Knapowski T., Barczak B., Wszelaczyńska E., 
Pobereżny J., Mozolewski W., Świtkowski M., 2015. Ef-
fect of nitrogen and zinc fertilization on the magnesium and 
manganese content in grain of spring triticale. Ekologia i 
Technika, 23(5): 233-237.

Langó B., Bóna L., Ács E., Tömösközi S., 2017. Nutri-
tional features of triticale as affected by genotype, crop 
year, and location. Acta Alimentaria, 46(2) : 238-245, doi: 
10.1556/066.2017.46.2.14.

León A. E., Rubiolo A., Anon M. C., 1996. Use of triticale 
flours in cookies: Quality factors. Cereal Chemistry, 73(6): 
779-784, available online at https://www.cerealsgrains.org/
publications/cc/backissues/1996/Documents/73_779.pdf. 

Makarska E., Bubicz M., Wojciechowska M., Pawłowska J., 
1999. Aktywność antytrypsynowa i poziom alkilorezorcynoli 
ziarna pszenżyta ozimego w warunkach stosowania wybra-
nych herbicydów. Biuletyn IHAR, 212: 87-93.

Matyka S., Rubaj J., 2004. Wpływ zastosowania kompleksu 
enzymatycznego na wartość energetyczną pszenżyta w 
mieszankach dla kurcząt brojlerów. Roczniki Naukowe Zoot-
echniki, 20: 213-217. 

Muhova A., Dobreva S., 2020. Protein, lysine and methionine 
content in the grain of triticale grown under organic sys-
tem. Scientific Papers. Series A. Agronomy, LXIII(2): 158-
164, available online at: http://agronomyjournal.usamv.ro/
pdf/2020/issue_2/Art25.pdf.

Noworolnik K., Jaśkiewicz B., 2018. Influence of various soil 
conditions on yielding of winter triticale cultivars. Fragmenta 
Agronomica, 35(1): 62-71, doi: 10.26374/fa.2018.35.06.

Obuchowski W., Banaszak Z., Makowska A., Łuczak M., 
2008. Analiza czynników kształtujących zawartość skrobi w 
pszenżycie i przydatność tego zboża w produkcji bioetanolu. 
Aparatura Badawcza i Dydaktyczna, 13(4): 8-18.

Obuchowski W., Banecki K., Gutsche M., 2010. Characteristic 
of some triticale varieties as a potential raw material for crisp 
bread extrusion cooking technology. Aparatura Badawcza  
i Dydaktyczna, 15: 13-17, available online at: http://yadda.
icm.edu.pl/baztech/element/bwmeta1.element.baztech-arti-
cle-AGHM-0045-0031.

Obuchowski W., Szwengiel A., Kobus-Cisowska J., Kmiecik 
D., Łuczak A., 2015. Technology of production from triticale 
grain crisp bread as a carrier of bioactive substances. Inżynieria 
Przetwórstwa Spożywczego, 2: 24-30, available online at: 
http://www.ips.wm.tu.koszalin.pl/doc/2015/2_2015/pdf%20
na%20stron%C4%99/IPS_2_2015_OBUCHOWSKI.pdf.

Osek M., Milczarek A., Janocha A., Świniarska R., 2010. 
Effect of triticale as a partial or complete wheat and maize 
substitute in broiler chicken diets on growth performance, 
slaughter value and meat quality. Annals of Animal Science, 
10(3): 275-283, available online at: https://www.cabdirect.
org/cabdirect/abstract/20113025674.

Pérez G.T., León A.E., Ribotta P.D., Aguirre A., Rubiolo O.J., 
Añón M.C., 2003. Use of triticale flours in cracker-making. 
European Food Research Technology, 217: 134-137, doi: 
10.1007/s00217-003-0729-9.

Różewicz M., 2019. Triticale grain production in Poland and its 
feed value and use in poultry nutrition. Wiadomości Zootech-
niczne, 4: 121-132. [in Polish + summary in English]

Schemmer R., Spillner C., Südekum K.H., 2020. Phosphorus 
digestibility and metabolisable energy concentrations of con-
temporary wheat, barley, rye and triticale genotypes fed to 
growing pigs. Archives of Animal Nutrition, 74(6): 429-444, 
doi: 10.1080/1745039X.2020.1817695.

Siegert W., Boguhn J., Maurer H.P., Weiss J., Zuber T., 
Möhring J., Rodehutscord M., 2017. Effect of nitrogen 
fertilisation on the amino acid digestibility of different triti-
cale genotypes in caecectomised laying hens. Journal of 
the Science of Food and Agriculture, 97(1): 144-150, doi: 
org/10.1002/jsfa.7701. 

Skrzypek A., Makarska E., Kociuba W., Studziński M., 2007. 
Antioxidant activity and content of resorcinol of lipids in 
hybrids strain of winter triticale. Żywność Nauka Techno-
logia Jakość, 14(2): 51-59, available online at: http://yadda.
icm.edu.pl/yadda/element/bwmeta1.element.agro-article-
ecd4a44a-adbc-44e5-9d93-5a8d44deaa07.

Smulikowska S., Rutkowski A. (eds), 2018. Standards and Rec-
ommendations of Poultry Nutrition (2005). Recommended 
allowances and nutritive value of feedstuffs. In: Poultry Feed-
ing Standards, 4th edn. The Kielanowski Institute of Animal 
Physiology and Nutrition, PAS, Jablonna (Poland).

Stankiewicz C., 2005. Effect of the sowing density and herbi-
cides on the composition of amino acids and biological value 
of spring triticale protein. Acta Scientiarum Polonorum. Ag-
ricultura, 4(1): 127-139, available online at: https://agro.icm.
edu.pl/agro/element/bwmeta1.element.dl-catalog-805eb638-
7e1e-456b-88e5-7012ac2b4bdd.

Sucharzewska D., Nebesny E., 2000. Ocena przydatności 
mąki pszenżytniej do produkcji wafli. Żywność Tech-
nologia Jakość, 1(22): 82-91, available online at: https://
wydawnictwo.pttz.org/wp-content/uploads/pelne_zeszyty/
full_2000122.pdf#page=84.

Tywończuk J., Lipiński K., Lewicki C., Rapczyńska I., Gos-
chorski B., 1994. Zastosowanie zróżnicowanego udziału 
pszenżyta odmiany Grado w mieszankach pełnoporcjowych 
dla tuczników. Acta Academiae Agriculturae ac Technicae 
Olstenensis, Zootechnica, 42: 77-86. 

Widodo A.E., Nolan J.V., Iji P.A., 2015. The nutritional value 
of new varieties of high-yielding triticale: Feeding value of 
triticale for broiler chickens. South African Journal of Animal 
Science, 45(1): 74-81, doi: 10.4314/sajas.v45i1.9.

Yin Y., Baidoo S.K., Boychuk J.L.L., Simmins H.H., 2001. 
Performance and carcass characteristics of growing pigs and 
broilers fed diets containing micronized barley, ground bar-
ley, wheat and maize. Journal of the Science of Food and Ag-
riculture, 81: 1487-1497, doi: 10.1002/jsfa.964.



19

Zarghi H., Golian A., 2009. Effect of triticale replacement and en-
zyme supplementation on performance and blood chemistry of 
broiler chickens. Journal of Animal and Veterinary Advances, 
8(7): 1316-1321, available online at: https://www.research-
gate.net/profile/Heydar-Zarghi/publication/202542972_Ef-
fect_of_Triticale_Replacement_and_Enzyme_Supplemen-
tation_on_Performance_and_Blood_Chemistry_of_Broil-
er_Chickens/links/5847c87308ae61f75de16818/Effect-of-
Triticale-Replacement-and-Enzyme-Supplementation-on-
Performance-and-Blood-Chemistry-of-Broiler-Chickens.pdf.

Zarghi H., Golian A., Aghel H., 2010. Effect of triticale on 
performance and blood chemistry of commercial growing 
turkeys. Global Veterinaria, 4: 441-446, available online at: 
https://www.researchgate.net/profile/Heydar-Zarghi/publi-
cation/202543576_Effect_of_Triticale_on_Performance_

and_Blood_Chemistry_of_Commercial_Growing_Turkeys/
links/5847c76b08aeda696823e845/Effect-of-Triticale-on-
Performance-and-Blood-Chemistry-of-Commercial-Grow-
ing-Turkeys.pdf.

Żabiński A., Sadowska U., Wcisło G., 2011. Heat of combus-
tion of wheat grains from a gramineae subgroup. Inżynieria 
Rolnicza, 5(130): 307-312, available online at: http://yadda.
icm.edu.pl/yadda/element/bwmeta1.element.baztech-article-
BAR0-0061-0079.

Żabiński A., Sadowska U., Wcisło G., 2012. Heat of combustion 
of grains caryopses of lowered quality properties. Inżynieria 
Rolnicza, 2(136): 353-359, available online at: http://yadda.
icm.edu.pl/baztech/element/bwmeta1.element.baztech-arti-
cle-BAR0-0067-0061.

received – 17 March 2022
revised – 31 May 2022
accepted – 14 June 2022

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution-ShareAlike  
(CC BY-SA) license (http://creativecommons.org/licenses/by/4.0/).CC

SABY

Author ORCID
Marcin Różewicz 0000-0002-3281-5533

M. Różewicz – Yield, grain quality and potential use of triticale in Poland


