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Abstract
Triticale is a promising agricultural crop. The increased content of protein, balanced by the amino acid composition, 

advantageously distinguishes triticale seed for peeled grains and food concentrates production. Seed cleaning is an important 
technological operation of food productions, but setting regimes of seed-cleaning equipment for processing triticale seed need 
specification today. 

The aim of this work is to study geometric and physical characteristics of four-type triticale seed and elaboration of rec-
ommendations as to its cleaning and fractionating. 

There was studied the fractional composition of four-type triticale seed. The comparative analysis of its length, width and 
thickness in samples of different sorts and fractions was realized. The dependence of geometric properties of triticale seed on sort 
is reliable. Fractionating reliably influences the change of the mass index of 1000 seeds, changing from 65,2 g to 25,8 g. The mass 
index of 1000 seeds essentially differs between studied sorts. 

Such properties are inherent to seed fractions, obtained by a sieve of 3,2–20 mm and 3,0–20 mm, that are recommended to 
be called big seeds. Fractions, obtained by a sieve of 2,0–20 and 2,2–20 are analogously similar. Properties of the middle fraction, 
obtained by sieves of 2,4–20; 2,6–20; 2,8–20 essentially changed, depending on sort. 
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The elaborated recommendations may be used at choosing cleaning regimes for triticale seed on sieve and sieve-air 
separators. 

Keywords: triticale, technological properties of seed, mass of 1000 seeds, seed fractions.
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1. Introduction 
Widening of the food products assortment is one of most priority tasks under conditions of 

the modern market environment. The increase of purchasing ability of consumers and intensive de-
velopment of technologies has favored the development of the competitive environment. New food 
products can be obtained as a result of using innovative techniques of raw material processing, able 
to minimize losses of nutritive and biologically active elements. At the same time it is expedient to 
use little-spread types of raw materials, especially triticale seed. 

The planting area of triticale seed grows annually. Although its ancestors (sp. Triticum, 
sp. Secale) are intensively used in the human food ration, a role of the crop itself remains un-
defined [1]. 

Intensification of the selection work with triticale seed is connected with its valuable agri-
cultural parameters [2, 3]. Triticale is able to form stable harvests on low-quality soils, including 
fields with uneven reliefs [4]. It is rich in healthy elements Ca, Mg, P, Cu і Zn [1]. 

Triticale seed occupies an intermediate position between wheat and rye by its technological 
properties, but its bakery qualities are low at the expanse of a low amount of cellulose [4]. An un-
satisfactory quantity and quality of cellulose in triticale seed testify to a low content of gluten that 
widens usefulness of processed products of triticale seed for humans and in such a way increases 
its potential profitability [5].

The improvement of bakery properties is possible at the expanse of formation of composi-
tional mixtures. High indices were fixed in triticale flour and one of hard mixtures of corn with 
non-transparent endosperm [6]. Triticale seed forms less particles comparing with soft and hard 
wheat at grinding that testifies to lower energy consumption for grinding [7].

Peeled grain products of triticale seed become also spread. Today there are known methods 
of triticale seed processing in shelled, comminuted, flattened peeled grains. Triticale is also a valu-
able ingredient of the wide assortment of food concentrates. 

But the main processing method of triticale seed is forage production [8, 9]. 
So, triticale seed is a promising raw material for making food products. An important stage 

of it is seed cleaning. Taking into account the forage directionality of triticale seed usage, the ques-
tion of its cleaning is urgent, so it is today expedient to study its properties deeply. 

2. Analysis of the literary sources and standing of the problem 
The seed mass contains admixtures of the organic and inorganic origin. An important quan-

tity of admixtures shortens the seed storage duration without losses of its quality. At that admix-
tures favor the decrease of the working resource of seed shelling and seed grinding, and their 
presence in ready food products is strictly regulated by quality and safety standards. 

A geometric characteristic of seed has an important value at corn cleaning. Seed release 
from admixtures, different by width, length and thickness is one of least expensive and most ef-
fective methods. That is why sieve and sieve-air separators are most spread in the seed processing 
industry, especially at initial seed processing. 

One of rational methods of seed processing is its fractionating. It is noted in works [10–12], 
that technological properties of different seed fractions reliably differ. The grain-unit of the big 
fraction is 757 g/l, middle – 746, small – 684 g/l, and the mass of 1000 seeds – respectively 44 g, 
33 and 21 g.
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The studies by G.A. Egorov [13] established that the content of endosperm in the big fraction 
is higher (83,5 %) comparing with the small one (72,5 %). The decrease of seed size essentially 
decreases the output of whole kernels as a result of the tunic number increase. 

It was established [14], that the economic expedience of seed fractionating is possible only 
at the optimal process of shelling and usage of high-effective spreaders. 

It was established, that fractionating of forage seed conditions obtaining up to 30 % of seed, 
better by 2–3 classes, that increases its total cost and raises the coefficient of expedient use, but 
fractionating is recommended to be conducted at the stages of bringing seed to basic conditions in 
elevators and centralized approach to this problem [15].

It was established, that separation of triticale seed in fractions and their separate processing 
in peeled grains conditions the efficiency increase of peeled grain production. But the question of 
purpose-oriented use of the fractional composition of triticale seed of new sorts at making peeled 
grain products of the high demand remains unsolved and needs complex studying [10–12].

The aim of the conducted studies was to specify geometric properties of triticale seed of 
different sorts that gives a possibility to set up the grain-cleaning equipment at primary processing 
effectively. 

The following tasks were set for attaining this aim: 
– to establish the change of geometric and physical parameters of triticale seed depend-

ing on sort; 
– to elaborate recommendations as to fractionating triticale seed. 

3. Materials and methods
3. 1. Raw material
The research object was seed of four-type triticale of sorts Alkid, Strateg, Taktik, line LP 

195 and Kharkiv Khlobodar. Triticale seed was cultivated in control identical conditions at the 
experimental plot of the Uman National University of gardening (Ukraine) under conditions of the 
Right-bank forest-steppe of Ukraine. The precursor – occupied fallow. Introduction of fertilizers: 
nitric – 120 kg/he, phosphoric and potassium – 60 kg/he. 

3. 2. Research equipment
Fractionating of flattening products was realized on the laboratory spreader RLU-1 (produc-

er – Olis LTD, Ukraine) (Fig. 1). For separating intermediate products, there were used stamped 
sieves with orthogonal orifices. Sizes of the orifices were 3,2–20 mm; 3,0–20 mm; 2,8–20 mm; 
2,6–20 mm; 2,4–20 mm; 2,2–20 mm; 2,0–20 mm.

                                               а                                                      b
Fig. 1. Laboratory spreader RLU-1: а – general outlook; b – technological scheme

3. 3. Statistical processing of the obtained data
The number of analytic reiterations is four. The results of analytic reiterations were pro-

cessed by the methods of descriptive statistics using the programs Microsoft Excel 2010 and  
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STATISTICA 10. The quality of the experiment was estimated by the value of the variation coeffi-
cient of samples, formed from the data of the analytic reiterations. The experiment was considered 
reliable at the unessential varying of the data of the analytic reiterations. The dependencies be-
tween the factors were determined by the method of dispersion and regression analysis. The choice 
of optimal processing methods was realized by interpolating samples of the experimental data, 
constructing a desirability function. 

The advantage of using desirability diagrams is a possibility of deducing reliable tendencies 
and recommendations. The essence of the correspondent analysis is in comparison of all results of 
the statistical processing of regularities between factors and improvement criteria, construction of 
a complex function and search for its extreme values. 

3. 4. Research program and methodology 
Triticale seed, stored under identical conditions, was used for the experiment. Its humidity 

was stable as 13,0±0,4 %. Mass of the sample for the analysis – 200 g. Fractionating was realized 
by the formula, presented on Fig. 1. The per cent content of fractions (x) was determined by 
formula (1):

                                                        
m 100

x ,
200
×

= 				    (1)

where m – fraction mass, g.

4. Results and discussion
Triticale seed had different sizes and evenness depending on sort. It can be explained by the 

studied genetic peculiarities of triticale seed. Seed of the line LP 195 had the width by 0,2–0,3 mm 
more, comparing with other sorts of triticale seed (Fig. 2). The more thickness indices (by 0,1–
0,2 mm) were inherent to the sort Khlibodar Kharkivsky. The longest was seed of the sort Alkid. 
That is why the difference of geometric sizes of triticale seed between sorts must be taken into 
account at the primary cleaning of raw materials and formation of triticale seed lines. 

            а                                            b                                                                 c 

Fig. 2. Change of geometric sizes of seed depending on sort: а – seed width; b – seed thickness; 
c – seed length

The change of geometric sizes of seed influenced the mass of 1000 seeds that essentially 
influences the technologic process at producing flour and peeled grains. It has been established, that 
the most mass of 1000 seeds was inherent to the sort Strateg, at that it had average statistical geo-
metric sizes comparing with the other sorts (Fig. 3). It can be explained by the wrinkled structure 
of triticale seed tunics that is its natural property. 
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а

b

Fig. 3. Change of the mass of 1000 seeds depending on sort and fractional composition:  
а – mass of 1000 seeds of different sorts; b – mass of 1000 seeds of different fractions 

The decrease of the mass index of 1000 seeds from 65,2 g to 21,8 g as a result of the seed 
size decrease was prognosticated. 

Taking into account peculiarities of the triticale seed construction, it was expedient to take 
into account the mass of 1000 seeds of еру correspondent fractions for searching the biggest and 
fullest seed (Fig. 4). Desirability criteria were the most length, width and thickness of seed and 
most mass of 1000 seeds. 

Fig. 4. Results of searching for the optimal sort by the parameter of size and fullness 

According to the results of the search of the variant by the set criteria, the line LP 195 was 
accepted optimal. But the satisfaction level of the set criteria was rather low (52 %), that confirms 
the difference of geometric properties of the studied samples. 
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The use of cluster analysis could help to classify sorts and fractions of triticale seed by the 
geometric signs. The most similar by the geometric properties and seed mass were the line LP 195 
and Kharkiv Khlobodar (Fig. 5). Analogously similar were Alkid and Taktik. Strateg essentially 
differed by the correspondent parameters. 

Fig. 5. Similarity of the sorts of four-type triticale by the geometric signs and mass of 1000 seeds

At studying the fractional composition of triticale seed of different sorts, there were revealed 
the similar properties in fractions, obtained by a sieve of 2,0–20 mm and 2,2–20 mm (Fig. 6). That 
is why it is recommended to combine the correspondent fractions for further processing. 

а                                             b

c                                              d

e

Fig. 6. Similarity of the geometric sizes of triticale seed of the different fractions:  
а – sort Alkid; b – sort Taktik; c – line LP 195; d – sort Strateg; e – sort Kharkiv Klibodar

Among four-type triticale seed, big seed is considered as obtained by a sieve 3,0–20 mm 
and 3,2–20 mm. The properties of the fractions, obtained by a sieve 3,0–20 mm and 2,4–20 mm 
essentially varied depending on sort. 
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5. Conclusions
The length, width and thickness of triticale seed essentially depended on sort. The mass of 

1000 seeds differed analogously depending on sort and was from 40,8 g to 44,4 g. As a result of 
fractionating there takes place the variation increase of the mass index of 1000 seeds from 21,8 g to 
65,2. The best geometric properties are inherent to the triticale line LP 195.

There has been scientifically grounded the expedience of triticale seed division in three 
fractions: big, middle and small. The big one includes seed, obtained by a sieve of 3,0–20 mm. The 
middle one consists of seed, obtained by sieve orifices of 3,0–20 mm and 2,2–20 mm. Small seed is 
from sieve orifices of 2,2–20 mm. It is expedient to eliminate the small fraction for using four-type 
triticale seed effectively. 

The obtained results are expedient to be used for intensifying flour-grinding and peeled 
grain production. It is promising to study technological properties of the fractional composition of 
four-type triticale. 
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