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„Development is the order of life. And triticale is a
development compared to rye, but it may be a
development compared to wheat as well.”
/Árpád Kiss, 1968/
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Introduction and aims
Cereals have played a fundamental role in human and animal nutrition for thousands of years.
The various consumer trends, the spread of conscious nutrition and the increasingly discovered
food-related diseases have brought new challenges to the food industry, and also to the agriculture1.
Because of the limited size of the cultivated area, we must strive to meet the growing food demand
through the sustainable use of available resources and new nutritious plants. For some of the above
challenges, the young cereal crop, triticale offers a good alternative2.
Triticale (x Triticosecale Wittmack) is the first man-made cereal hybrid by the crossing of
wheat (Triticum sp.) and rye (Secale cereale), which has been cultivated. Its history began in the
second half of the 19th century. The purpose of triticale plant was to combine the yield potential
and baking quality of wheat with resistance (biotic and abiotic stress tolerance) of rye3. The plant
become successful and it is now grown on more than 4 million hectares worldwide 4. From the
beginning, Hungary played an important role in the establishment of the triticale plant. Hungarian
botanist, Árpád Kiss produced the first two stabile and fertile cultivars in the world, called Triticale
No.57 and No.64, which were certified in 19685. In recent decades, the triticale breeding in
Hungary has risen again, 14 Hungarian varieties have been announced, and these are likely to use
in the growing area of about 100 thousand hectares. With this amount, Hungary is in the top 10
most important triticale producing countries in the world 6.
Triticale is basically used for animal feed because the nutritional composition and technological
characteristics of the first varieties were weaker than the expected average wheat quality. In recent
decades, the breeders have tried to improve those features affect usability, so research and product
development for food use has started again in many countries e.g. in Poland, Australia and in
Hungary as well. However, expanding the knowledge related to this subject, especially the
examination of nutritional and technological properties, the study of the factors influencing the
quality of the end product, and the understanding of the relationship between the composition and
function is necessary for further material and product development 2,7.
Based on the above, the objectives of the research on which the doctoral thesis is based are as
follows:
 characterisation and comparative evaluation of the grain physical and chemical properties
of the triticale breeding material of Cereal Research Non-profit Ltd, Szeged, Hungary
 detailed study on those macromolecules (carbohydrates, proteins) in triticale genotypes,
which influence both nutritional and technological aspects
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Shewry, P. R., Hey, S. (2015). The contribution of wheat to human diet and health. Food and Energy Security, 4, 3, 178-202.
Pena, R. J. (2004). Food uses of triticale. FAO Plant Production and Protection Paper, 179, 37-48.
3 Darvey, N. L., Naeem, H. and Gustafson, J. P. (1991). Triticale: production and utilization. In: Kulo K., Ponte J. G. Jr. (Eds.) Handbook of Cereal
Science and Technology. New York: Marcel Dekker. 257-274.
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5 Kiss, Á. (1968). Triticale, a homok új gabonája. Mezőgazdasági Kiadó, Budapest. 10, 179.
6 Bona, L., Kiss, J. (2002). Arpad Kiss (1916-2001). A brave man in tough times. Cereal Research Communications, 30, 217-218.
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2

3

Bernadett Langó – Thesis book





2019

determination of the technological characteristics of triticale genotypes, using rheological
(kneading and viscosity) and end-product tests
evaluation of the genotypic and environmental variability of the analysed parameters
comparison of compositional, nutritional, rheological and end-product characteristics with
the values of a selected representative of the parental species (wheat and rye)
studying the relationship between chemical characteristics and technological parameters,
interpreting the background of the experienced technological behavior.

Materials and methods
Materials
I used the hexaploid triticale breeding material of Cereal Research Non-profit Ltd., which was
arranged in 3 sample groups. The grain physical properties were investigated in a sample group of
155 genotypes including different genetic combinations as early crossing lines, advanced lines and
certified cultivars. In order to determine the compositional and technological properties, I created
a smaller sample group of 10 genotypes, which contained 7 advanced lines (Tc1, Tc2, Tc3, Tc4,
Tc5, Tc6, Tc7) from F4-6 generation and 3 registered cultivars (GK Rege, GK Idus and GK Szemes).
The Mixolab rheology test and the standard baking test were performed using only the 3 triticale
cultivars. As controls, I used Jubilejna-50 (J-50) wheat and Wibro rye varieties as they have
average quality and they already described in the literature.
The samples originated from location Kiszombor, Hungary. To study the effect of location,
the parallel sample set was also seeded at location Szeged-Kecskéstelep, Hungary. The
examination of the physical, compositional and technological properties was carried out on samples
from 2012 to 2017 crop years. The applied agrotechnics were the same every year. Fungicide
treatments adapted to the crop years provided a reliable health status for plants.
For the kernel’s physical analysis I used the whole grains. I prepared whole meal samples for
physico-chemical-, compositional-, carbohydrate and protein tests, also for the viscosity
measurement and for the micro-bread baking. I prepared white flour samples for the Mixolab
measurement and I used those for standard bread baking test as well.
Methods
Grain physical characterization
I measured hectoliter weight according to MSZ EN ISO 7971-3:2009. I used AACC 55-31.01
to analyse grain hardness, kernel diameter and thousand kernel weight.
Analysis of chemical composition
Crude protein content was detected by Dumas analysis (AACC 46-30.01), crude fat with
Soxhlet extraction (AACC 30-25.01), ash with gravimetric method (AACC 08-01.01), dry matter
was determined by fast drying method (AACC 44-19.01). The total and soluble dietary fiber was
measured according to an enzymatic-gravimetric method AACC 32-05.01 and total starch was
detected according to AACC 76-13.01 using Megazyme Total Dietary Fiber enzyme kit and
Megazyme Total Starch Assay enzyme kit (Megazyme International Ireland Ltd., Ireland). The
4
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mineral composition was determined by ICP-OES after microwave destruction in high purity nitric
acid.
Analysis of carbohydrates
The starch was separated by centrifugation8. The morphology of the starch granules after a thin
gold coating was examined using SEM at 520X, 990X and 5300X magnification. The starch
granule size distribution from starch suspension was measured by laser diffraction method9.
Amylose content was determined by SE-HPLC10. FACE was used to test the length of the
amylopectin chains11. GC method were used to measure arabinoxylans (AX) content.12. β-glucan
was determined by enzymatic-photometric method (AACC 32-23.01) using Megazyme β-Glucan
Assay enzyme kit (Megazyme International Ireland Ltd., Ireland). The kinetics of starch in vitro
enzymatic hydrolysis were investigated in the obtained starch and in the whole meal with the
modified AACC 32-40.01 method. Free sugars (glucose, fructose, sucrose) were detected by
HPLC13.
Analysis of proteins
Wet gluten was measured using hand washing method (MSZ EN ISO 21415-1:2007). Gliadin
and glutenin fractions were detected by RP -HPLC14.
Analysis of technological properties
Falling number was measured according to MSZ EN ISO 3093:2009 standard. Falling number
was also performed with blocked enzyme activity (in 10 mM AgNO3 solution). To determine the
complex viscosity profile, Rapid Visco Analyzer (RVA) test was performed according to Standard
1 method (AACC 76-21.01). I studied complex kneading and viscosity properties of flour samples
in a dough matrix with Mixolab (Chopin, France). Measurements were performed using the Chopin
+ protocol (AACC 54-60.01). Standard baking test was done according to MSZ 6369-8:1988.
Using whole meal, I baked 10 grams of micro breads based on the modified adaptation of ICC
Standard No. 13115. α-amylase activity was measured by spectrophotometric method using
Megazyme CERA-MPF kit (Megazyme International Ireland Ltd., Ireland), according to AACC
22-02.01. Solvent retention capacity (SRC) analysis were carried out as described in AACC 56-11
using distilled water, 50% sucrose, 5% NaCO3 and 5% lactic acid solutions.
8

Jaiswal, S., Chibbar, R. N. (2017). Amylopectin small chain glucans form structure fingerprint that determines botanical origin of
starch. Carbohydrate Polymers, 158, 112-123.
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11O’Shea, M., Samuel, M., Konik, C., Morell, M. (1998). Fluorophore assisted carbohydrate electrophoresis (FACE) of oligosaccharides: efficiency
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12 Gebruers, K., Courtin, C. M., Delcour, J. A. (2009). Quantification of arabinoxylans and their degree of branching using gas chromatography. In:
Shewry P. R., Ward J. L. (Eds.) Healthgrain Methods, Analysis of Bioactive Components in Small Grain Cereals. AACC International. St. Paul,
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13 Tihomirova, K., Dalecka, B., Mezule, L. (2016). Application of conventional HPLC RI technique for sugar analysis in hydrolysed hay. Agronomy
Research, 14, 5, 1713-1719.
14 Wieser, H., Antes, S., Seilmeier, W. (1998). Quantitative determination of gluten protein types in wheat flour by reversed-phase high-performance
liquid chromatography. Cereal Chemistry, 75, 5, 644-650.
15 Németh, R., Bánfalvi, Á., Csendes, A., Kemény, S., Tömösközi, S. (2018). Investigation of scale reduction in a laboratory bread-making
procedure: Comparative analysis and method development. Journal of Cereal Science, 79, 267-275.
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Statistical analysis
The results were analyzed with program STATISTICA 13 (StatSoft, USA). Post hoc Tukey’s
HSD test was used to determine differences between means. The effects of factors were analysed
with ANOVA. Homogeneity of variances were determined by Hartley-, Cohran-, és Bartlett test.
The correlations between the values were analyzed by correlation analysis. The inheritance of the
individual parameters was derived from the slope of the regression line 16. Significance level was
set to p < 0.05 and 0.01.

Results and discussion
Grain physical parameters
The physical characteristics of the examined 155 triticale genotypes are shown in Table I. In
the case of hectoliter weight, thousands kernel weight and kernel diameter, triticales are usually in
between the values of the comparative wheat and rye varieties. Grain hardness is characterised with
lower values than wheat and rye with the exception of two genotypes, so almost all lines have soft
or mixed grain structure.
Table I The values of the grain physical parameters in the triticale genotypes and in the control
wheat and rye (n=155 genotypes, average of 2 years and 1 location)
Hectoliter
Thousand
Kernel diameter Kernel hardness
weight
kernel weight
(kg/hl)
(g)
(mm)
(-)
Wheat
80
50.1
2.80
70
Triticale
71-77
30.0-57.0
2.54-3.23
13-56
Rye
71
35.8
2.09
45

In the case of the thousands kernel weights and kernel diameters, a strong genotypic effect was
observed in both years, while in the two other parameters (hectoliter weight, grain hardness) the
variability was not significant, here the renewal and broadening of the genetic background could
be required to satisfy different breeding goals. The effect of crop year was significant for all the
parameters, however, almost all of the examined 155 genotypes showed crop year stability at least
in one parameter, and almost half of them in more parameters. These genotypes can provide a good
selection and crossover basis for increasing the resistance of triticale against environmental effects.
The results of regression analysis show that the inheritance of grain hardness, kernel diameter and
thousand kernel weight in the triticale is similar, simplifying selection for these parameters.

16

Lush, J. L. (1940). Intra-sire correlations or regressions of offspring on dam as a method of estimating heritability of characteristics. Journal of
Animal Science, 1, 239-301.
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Chemical composition
Macro components
The chemical composition of the selected triticale cultivars and lines are similar to the parental
species, showing the values between wheat and rye (Table II). Cultivar GK Idus has a higher
content of crude protein, crude fat and dietary fiber, while GK Rege has a higher amount of crude
fat and soluble dietary fiber compared to other tested triticales. GK Szemes shows stable average
values for all the parameters which were studied. Breeding lines Tc2, Tc4, and Tc5 performed
outstandingly. Thus, the varieties are advantageous for food use, and the lines are well suited for
further breeding programs to develop genotypes with more favorable nutritional characteristics.
Table II Macro component composition (%) in the triticale genotypes and in the control wheat
and rye (n=10 genotypes, average of 3 years and 2 locations)
Crude protein
Crude fat
Ash
Starch
Dietary fiber
Wheat
13.6
1.37
1.39
61.6
9.7
Triticale
8.6-16.3
0.86-1.98
1.42-2.10
57.0-66.7
7.5-13.7
Rye
12.1
1.28
1.68
59.3
13.5
Beside the significant genotypic effects, macro components are also slightly depend on
environmental effects. Significant location effect can be observed for both crude protein and fiber
content. In contrast, the crop year was significant for all the measured parameters, with a
particularly strong effect on crude protein and starch concentrations. Moreover, several interactions
can be detected between the examined factors, so during the selection these effects should be also
considered by the breeders.
Carbohydrate composition
Starch characteristics
The triticale starch granules were characterised with bimodal size distribution, the proportion
of large granules (70.5-81.9%) being higher than that of control wheat and rye. Amylose content
in triticale starches ranged from 23.9 to 34.5%, the average amylose concentration was similar to
rye (28.9%) and significantly lower than in wheat (32.5%). Amylopectin chain length distribution
of triticale starch can be characterised as average of wheat and rye, some triticale genotypes (Tc1,
Tc2, GK Rege) are more similar to wheat, whilst in others (Tc5 and GK Idus) chain length
distribution is more similar to rye. Both triticale and control samples have a significant proportion
(~ 70%) of amylopectin chains in the region between 6 and 36 glucose units. In whole meal, the in
vitro enzymatic starch hydrolysis parameters of triticale genotypes showed similarity with wheat,
while in the isolated starch hydrolysis was more like rye, but in both forms most genotypes (except
GK Rege, Tc1) can be characterised with rapid, intensive degradation. Based on the correlation
studies, the starch hydrolysis in the isolated starch is slower due to the larger particle size, but this
effect is hidden by the higher starch content (more substrates available for hydrolysis). In higher
amylose-containing genotypes, the rate of resistant starch was also increased. The amylopectin
7
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chain length influenced hydrolysis, as chain length increases, starch hydrolysis slows down. The
slower starch hydrolysis measured in the meal, compared to the values obtained in the extracted
starch, besides the starch and fiber ratio, can be attributed mainly to matrix effects and the presence
of other ingredients.
Dietary fiber characteristics and composition
In the analysed triticale genotypes, the amount of soluble fibers ranged from 0.62 to 2.83%.
These values were significantly lower than in rye control (4.37%). Compared to wheat control
(2.25%), the ratio of soluble fibers was higher in Tc5, Tc6, Tc7 and in cultivar GK Szemes.
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Figure 1. Ratio of WEAX (water extractable arabinoxylans), TOTAX (total
arabinoxylans), resistant starch, β-glucan and other dietary fiber components in triticale
genotypes and in control wheat and rye
Figure 1. shows the fiber composition. Total AX content showed strong variation in triticale
genotypes ranging from 4.06 to 7.40%. This values were significantly higher than that of wheat
(4.14%), in some genotypes (Tc4, Tc5, Tc7 lines and GK Rege) it was even higher than that of rye
(6.02%). Less than 10% of the AX content is water soluble, varying in the range of 0.21 and 0.44%.
The β-glucan concentration in the triticales varied from 0.75 to 1.17%. Similarly to rye resistant
starch was present in 1.9-5.9%, except for Tc3 and Tc7 lines, which were higher than other
triticales. Triticale is more similar to the nutritionally advantageous rye in terms of the amount of
soluble dietary fiber and AX content. Thus, it can be said that its food use could be beneficial
compared to wheat. In addition, these two parameters could be used in breeding as selection
criterias, or develop a breeding program with these parameters to maintain or increase further the
proportions of these valuable components.
8
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Free sugar composition
Total free sugar content varied between 3.92 and 5.51% in the triticale samples. Similarly to
the rye control (4.30%) higher sugar concentrations were measured, significantly higher than in
wheat control (2.84%). This may affect the intensity of fermentation during the product
development. GK Idus and GK Rege showed the highest values. Glucose was the most important
sugar component in all three species, sucrose and fructose were present in less amount.
Protein characteristics
In the triticale genotypes wet gluten content ranged from 14.1 to 25.7%. As it was expected,
these values are lower than gluten content of control wheat (32.0%) and values of quality wheat in
general. The rye control is obviously acted different, as it was not possible to determine the quantity
with the wheat gluten determination methodology. I was able to wash the gluten, from all the
triticales, so I conclude that wheat gluten protein synthesis is determinant in these triticale cultivars
and lines, but because the genetic properties of wheat and rye appear differently, this causes
differences between the genotypes. The identification of protein fractions, based on the
methodology developed for wheat, the protein composition of triticale in both gliadin and glutenin
were found to be similar in many aspects to the wheat control. Among the triticale cultivars, GK
Szemes, while among the lines Tc1, Tc3 and Tc6 showed the greatest similarities with the
proportions of the fractions observed in wheat control.
Mineral composition
Six macro elements (Ca, Mg, K, Na, P, S) and four micro elements (Mn, Cu, Zn, Fe) were
investigated (Table III) in this study, the genotype effect was significant for all of the examined
elements. As it was expected, the variance analysis confirmed the significant location effect for all
elements, except for Na. The crop year itself was also significant, except for K. Despite to the
strong environmental effects, the triticale genotypes had significantly higher values in the mineral
composition of Ca, Mg, Cu and Zn, independently from the year and location of production,
compared to the wheat and rye controls. The other elements showed values between representatives
of the two parental species.
Table III The values of the tested macro- and microelements (mg/kg) in the triticale genotypes
and in the control wheat and rye (n=10 genotypes, average values of 3 years and 2 locations)
Ca
Mg
K
Na
P
S
Mn
Cu
Zn
Fe
Wheat
303
858
3205 13.0 2363 1079 28.6
4.0
29.7
17.2
263- 1018- 3705- 11.0- 2160- 935- 21.7- 4.4- 15.4- 23.7Triticale
399
1285 4995 19.0 3465 1275 35.5
7.8
30.5
38.1
Rye
322
1033 4340 10.5 2848 1145 23.2
5.1
30.3
21.4
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Technological characteristics
Solvent retention capacity (SRC)
The SRC values of the whole meal samples showed the following values: the water SRC
ranged from 73.5% to 83.4%, the lactic acid SRC values varied from 79.5 to 87.1%, the NaCO3
SRC rate was between 94.1 and 108.0%, and sucrose SRC values varied from 109.9 to 125.2%. As
graphed the result on a spider chart diagram I received the SRC profiles (Figure 2). Based on these,
the majority of triticale samples are characterised with a similar profile as wheat in terms of water,
NaCO3 and sucrose SRC values. Especially, cultivars GK Rege and GK Szemes and lines Tc4, Tc5
and Tc7 showed very similar characteristics to wheat. In the case of lactic acid SRC, the tested
triticales acted more like rye.
According to the correlation analysis, the lactic acid SRC method is suitable to indirectly
deduce certain properties of bakery products (bread weight and volume). The method is simple and
requires a small amount of sample, so even in the early breeding phase - when there is no large
amount of samples available to perform rheological and baking tests – applicable. That makes the
selection easier, the breeding period can be shortened, which is a great help in breeding.
WSRC %

WSRC %

A

NaSRC %

160
140
120
100
80
60
40
20
0

B

NaSRC %

SASRC %

SASRC %

LASRC %

LASRC %

GK Rege
GK Szemes
Wibro rye

160
140
120
100
80
60
40
20
0

Tc1
Tc4
Tc7

GK Idus
J-50 wheat

Tc2
Tc5
J-50 wheat

Tc3
Tc6
Wibro rye

Figure 2 SRC profiles of triticale cultivars (A) and lines (B) compared to control wheat
and rye
(WSRC= water SRC, SASRC= sucrose SRC, LASRC=lactic acid SRC, NaSRC= NaCO3 SRC)

Results of viscosity analysis
In the examined triticales, the falling number values changed in the range of 62 and 164 s.
These falling numbers are lower than those of wheat and rye and other triticales in the literature.
The only exception was GK Idus, where I measured falling number of 284 s. In AgNO3 solution,
as the enzymes were blocked, the change in viscosity was investigated. As I expected, I received
higher values in a much narrower range (262-285 s). Again, GK Idus was an exception, with a
significantly higher (341 s) falling number. This means that the differences between the genotypes
at the original falling number measurement were primarily due to different enzyme activities. By
10
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blocking the enzymes, the falling number values are connected to the differences in viscosity
characteristic of the starch structure. I measured the actual α-amylase activity of the samples and
values were between 0.17 and 1.49 CU/g. These activity values were lower in two cases (GK Rege,
GK Idus) than what I measured in wheat and rye, but in other triticale genotypes I proved the higher
enzyme activity. I found the same exponential relationship between falling number and amylase
activity in triticale as in wheat, but the correlation was weaker (R2 = 0.8217), especially in the
lower (<100 s) falling number range.
The rapid viscosity analyzer (RVA) measurement partially confirmed the results of the falling
number analysis. The triticale RVA curves are flat and have a lower viscosity range than the
controls. Typically, the diagrams for each genotype are well separated, with genotypic differences
in the shape of the curves and the direction of the changes. As blocking the enzymes, for this type
of measurement resulted in same viscous properties as controls, independently from enzyme
activity. When the enzymes were active, they affected the results of the measurement. In an
enzyme-blocked environment, I have proved the relationship to many grain physical, nutritional
(protein, sugars) and starch (particle size, length of amylopectin) parameters which were measured.
Furthermore, the defined intense starch hydrolysis profile explains the characteristics of triticale
viscosity.
It can be concluded, that the background of the results of conventional measurement method
is complex. Falling number target values in wheat should not be decisive for triticale classification.
This can also help resolve the dilemma associated with the low falling number in triticale. The
RVA measurement gave a more accurate picture about the viscous properties, so it may be
worthwhile to apply this during classification
Results of Mixolab analysis
Mixolab measurement is a combination of kneading and viscosity tests of the dough. From the
shape of triticale curves it can be seen that the analysed genotypes can be well separated (Figure
3.). There are no significant differences in the kneading characteristics between the examined
triticale varieties, they fall behind the wheat, but they proved to be acceptable compared to the rye;
after a fast dough formation, stability lasts only 2-3 minutes, then the dough softens. In the second
half of the curve, there were significant differences in the viscosity properties that were consistent
with the reduced gelling characteristics observed in RVA measurement. As a result of heating, the
triticales initially react like rye, the viscoelastic nature determined by the formed protein network
disappears and the effect of the viscous properties of the gelling starch prevails. In the examined
three triticale cultivars the degree of softening is more significant than that of comparative wheat
and rye.
Starch degradation due to heat retention is also typically low in triticale. This refers to less
retrogradation and greater structural stability. This predict a less friable, stable structure for the
product, so the consistency of the products made using triticale flour can be more favorable than
the controls. According to the statistical analysis, the behavior observed in the technological
properties and the differences observed between the genotypes can be attributed to the carbohydrate
11
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(water-soluble arabinoxylans, starch composition) and protein (gluten content, differences in
gluten proteins) properties.
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Figure 3. Mixolab curves of the three triticale and control wheat and rye cultivars
End product quality and results of baking tests
The properties of whole meal triticale micro breads are between the characteristics of wheat
and rye controls, and can be characterised with higher volume and lower weight, similarly to the
wheat control. The porous properties of the triticale breads were also between the comparative
wheat and rye samples. The Tc4 and Tc5 lines, as well as the GK Rege and GK Szemes cultivars
showed the greatest similarity to the wheat bread. However, the difference compared to wheat and
rye was less noticeable in the case of whole meal products. On the basis of the statistical results,
the presence of the fibers, thus the modification in composition, reduces the difference between the
properties influenced by proteins and starch which is well known.
Volumes of the triticale white, standard breads were between the values of rye and wheat
control. The weight of the breads did not differ significantly from the controls and there was no
significant difference between the triticales. Triticale breads did not show the characteristic of rye
as they kept their shape. The difference between the three triticale varieties and the control products
was more noticeable in the case of test breads made from white flour. GK Rege and GK Szemes
were similar to each other and to the wheat control. GK Idus bread was similar to the rye control.
This was an expected result, as GK Idus was similar to rye in almost all of the examined features,
presumably inheriting more properties from the rye parent. GK Szemes approached the
characteristics of wheat, which is connected to the investigated ratio of gluten proteins, as the role
12
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of these proteins in white flour is more significant than in whole meal flour. Furthermore, there
was a correlation with both gliadin and glutenin characteristics, but due to the low sample number,
its interpretation is difficult and uncertain, and further studies are needed to confirm them. At the
same time, I was unable to detect similar relationships with whole meal micro bread characteristics.

Novel scientific findings
1. Based on the analysed compositional, rheological and end-product characteristics, I have
identified cultivars (GK Szemes, GK Rege) and lines (Tc3, Tc4, Tc5) from Szeged which are
advantageous for human use. (2,3,6)
2. I was first to investigate and compare the enzymatic in vitro hydrolysis of triticale starch in
isolated starch and in whole meal, where it was found, that the average starch hydrolysis in case
of isolated starch is similar to that of wheat, whilst in whole meal it shows a hydrolysis profile
similar to that of rye, but in both forms the hydrolysis was characterized with rapid, intense
degradation. (1)
3. I have revealed, that the in vitro enzymatic hydrolysis of triticale starch is influenced by the
particle size, the amylose content and the amylopectin chain length distribution as well. In the
whole meal, the higher starch ratio (more available substrate) and the presence of other
ingredients together form the starch hydrolysis profile. (1)
4. I have found that viscous properties of triticale, especially the typically low falling number, are
not only caused by increased hydrolytic enzyme activity, but also by the properties of grain
physics, composition (crude protein, sugars) and starch characteristics (granule size,
amylopectin chain length, hydrolysis characteristics). I confirmed the suggestion that the
classification of triticale viscous properties, differently from wheat, should be done by
eliminating the enzymes. In addition, the quality criteria should not be based only on the results
of falling number measurement.
5. I have proven the applicability of solvent retention capacity method for prediction of bread endproduct properties in triticale whole meal. Using the SRC profiles of water, lactic acid, sucrose
and NaCO3, the difference between genotypes can be assessed in a complex way. Out of the
four tested solvents, lactic acid is seems to be suitable to deduce certain properties (weight and
volume) of bakery products using this fast method. (2)
6. I have found, that both triticale whole meal- and white flour can be used to produce end-products
(test breads) with good quality. In case of products made from white flour, the difference
between the genotypes was more noticeable, than products produced using whole meal flour.
(2)
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7. According to the results of the thesis, I have found that for human use dietary fiber content,
soluble fiber ratio and arabinoxylan content are those parameters, which can be incorporated
into the selection criterias during breeding, in order to maintain and increase further the existing
nutritional value in triticale. In addition, the modification of the gluten proteins and starch
composition is also proposed to achieve a targeted, advantageous technological quality. (1,3,5)

Potential application
As there is no such a comprehensive evaluation on triticale according to human use aspects,
the results of the thesis provide a good basis to develop a complex quality requirement system for
triticale. The results also provide valuable information about the nutritional properties and the
protein and carbohydrate background of the technological behavior of triticale, and about the
variability of these parameters depending on the genotype and environment, which are less known
so far. These results could help the industry to define the parameters of usability, thereby helping
to develop and expand food use potential of triticale. The results could be a good guidance for
further quality improvement during breeding. In the future, new varieties with improved nutritional
benefits and more favorable technological characteristics can be developed, which could help to
keep the position of Hungarian varieties in seed market.
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