O o

Jocaidsceno eénaué 6000mensio6ozo
o0pobaenns (36050%cy6ans, 6i060J10-
JHCYBAHHS 3€PHA) MA MPUBATOCI TIYUleH-
HA HA 6UXi0 1 AKICMb KpYnu i3 3epHa nuie-
Huyi cnenomu. Bcemanosneno mexamizm
6nAUBY 00CHIOICEHUX YUHHUKIG HA YMBO-
PEHHS Kpynu i KYyJaiHapHy SKiCmb npo-
dyxmy. 3pobieno nopieHANbHUIL aHALI3
6UX00Yy ma AKOCMi Kpyn’aHux npooyk-
mié nicas npoéedeHHs 6000MEN06020
00pobnenns ma 3a paxmuunoi onozocmi
6i0 13,0 do 14,0 %. 3asosaxu npogeden-
H10 6000MENN06020 00POOAEHHA iICMOMHO
3MIHIOIOMbCSL BIACMUBOCME €HOOCNEPMY
ma o6oaonox. Ile npuzeooums 0o nideu-
wennsa miynocmi endocnepmy ma popmy-
BAHHIO 6UW020 BUX00Y 20M0B020 NPOOYK -
my. /locmosipnum € ennaue mpusanocmi
JYwieHHs. ma 2padicHma 360J10H4CY6aAHHS.
Ha euxio kpynu ma myuxu. Bnaue mpu-
eanocmi 6i08ON0NCYBAHHA 3epHA nuLe-
Huyui cnevmu Ha uell npouec 6ye meic-
MOMHUM. 3ACMOCYBAHHS 360T0IHCYBAHHS
3epna (6onozicmo 15,0-16,0 %) dozso-
€ nideuwgumu 6uxio xkpynu 6io 88,6 0o
91,7 %. Kyninapua sixicmo npu ybomy He
3MinI0eMbCSL.

Ompumani mamemamuuni mooeui
8NAUBY 360710HCYBAHHSL, 61080J10HCYBAH-
HA, IYWeHHs 3epHa Ha euxio ma axicmo
kpynu € ainisinumu. Ixus mounicmo nio-
meepodcena sucoxumu KoediyicHmamu
demepminauii (R’=0,97-0,98), siocym-
HICMI0 ABMOKOPeNIULi 3ATUWKIE.

Y mexnonoeii 6upodrnuymea xpynu i3
3epHa nueHUYi cnelbmu peKoMeH008aHU
cnocio npoeedenns 6000men06020 00po-
OJIeHHSL NOISAZAE 8 3600IHCYBAHHI 1020 00
6on020cmi 15,0 %, w0 00360151€ nidsuwyu-
mu euxio kpynu na 3,1 %. Biominnicmo
610 KAACUMN020 CnOCOOY nossieae y 6io-
cymuocmi emany 6i0601034CY6AHHS 3epHA
nepeo aywenuam. OnmumanoHum € 360-
JIOMHCYBAHHS 3ePHA NUWEHUU] CReibmu 00
eoqi0zocmi 15,0 % 3 mpueanicmio ywien-
na 160 ¢. 3anpononosanuii cnocié 00po6-
Jienns 00360as€ ompumamu 86,5 % xpynu
3 kyinapnoto axicmio 8-9 6ana.

Po3spobaeni pexomenoauii moxcymo
oymu euxopucmani nionpuemcmeamu
Xap1060i npomuc080cmi nio uac npose-
dennsa mapxemunzoeoi disnvrocmi ado
inmencuixauii upoonuymea

Kmouosi crosa: 6odomennose 006poo-
JIeHHSl, NUEHUYs Cneabma, KyJiHapHe
OUIHIOBAHHSA, KOMNEMeHYisl eKcCnepmis

u] =,
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1. Introduction

over the last decade was caused by the popularization of

Along with bakery products, cereals are traditional food
products. An increase in the popularity of cereals products

healthy eating and active development of biological plant
growing [1]. Priority directions of development of techno-
logies of food products include increasing their biological




values and reduction of production costs. In paper [2], an
effective technology of the directed power supply for the in-
tensification of heat and mass transfer during the processing
food raw materials was proposed. At that, it is inadmissible
to reduce the level of food product safety as a result of the
application of new methods of treatment.

Nanotechnologies, specifically, cryo-treatment of raw ma-
terials, are becoming increasingly popular [3]. It was proved
that during using the«shocking» modes of freezing, it is pos-
sible to achieve complete preservation of vitamins, phenolic
compounds and aromatic substances.

The health-promoting products that are high in chloro-
phyll, obtained as a result of innovative ways of steam and
heat treatment have high consumer properties[4].

It is possible to obtain the products with high content
of biologically active substances during processing fruit and
vegetable products. At that, cereal products contain the
minimum amount of water-soluble vitamins, but satisfy by
half the need of the human organism for vitamins of group B.
A considerable amount of biologically active substances
is contained in surface layers of grain, which are removed
during its processing into cereal products. That is why the
emergence of the products with elevated content of fiber is
substantiated and effective during the formation of the mar-
keting strategy of processing enterprises [5].

The extension of the range of finished products due to the
use of raw materials of higher biological value, in particular,
spelt wheat, deserve attention [6].

Spelt wheat grain has a long history. Asian spelt first ap-
peared on the Caspian coast of Iran and became the ancestor
of soft wheat. European spelt is the result of hybridization
of soft and tetraploid wheat [7]. Active use of spelt grain as
food raw material has begun quite recently [8]. This is due
to its low yield compared with traditional varieties of wheat.
However, the higher content of protein, balanced by amino
acid composition, advantageously distinguishes the spelt
grain for dietary products [9]. The great cost of the grain
and the demand for the products of its processing cause high
profitability of growing spelt grain.

Despite the similarity of spelt grain to soft wheat, the
shells of spelt have strong bonds with grain, not separated
during threshing [10]. This creates the need for additional
peeling of spelt grain. Taking into consideration the pecu-
liarities of the structure of the ear and the caryopsis of spelt,
it is necessary to substantiate scientifically the existing
modes of processing the grain of traditional kinds of wheat
into cereals.

Given the tendency of the increasing volume of produc-
tion of spelt wheat grain, there arises the necessity of finding
rational ways of its processing. The lack of information on the
properties of spelt wheat leads to a decrease in technical and
economic indicators of processing industries due to the im-
possibility of technology optimization. Cereal production at
a low investment risk is attractive for investors. That is why
the research in this field is relevant and has practical value.

2. Literature review and problem statement

An interest of consumers to bakery, pastry, pasta products
and cereals, made of flour eincorn (Triticum monococcum),
polba (Triticum dicoccum) and spelt (Triticum spelta) has been
growing in the European countries and in the USA for the
last decade [11].

Spelt wheat grain is of great value for selection and im-
provement of the quality of traditional wheat varieties [12].
Obtained hybrids enable the substantial expansion of the
range of food products and improvement of their quality [13].

Application of hybridization between non-spread lines of
wheat from the Swiss Bank of genes, in particular forms of an-
cient wheat varieties, made it possible to identify the samples
that differ significantly in terms of quality indicators from
modern varieties. This enables further improvement of food
properties of future hybrids and their quality control [14].

Revival of the interest in membranous wheats is due to
their high nutritional value, suitability for organic farming
and selection-genetic improvement of soft wheat. A consi-
derable interest in spelt is also due to higher yields compared
with other membranous kinds. The flour from spelt grain is
most similar to the flour from soft wheat by its technological
properties. In addition, membranous wheats absorb more
mineral elements from the soil, and therefore contain more
ash, compared to modern varieties of soft wheat [15].

Scientists pay great attention to diseases of gastrointestinal
tract, which is associated with the allergic reaction to protein
of cereal crops (celiac disease). Gluten — o-gliadin is conside-
red to be an allergen for patients with celiac disease. The spe-
cific feature of celiac disease is its difficult identification, since
there are no direct signs of disease. The main indirect mani-
festations of celiac disease include poly hypovitaminosis, pa-
resthesia, muscle cramps, tetany. Today, there are no effective
treatments for celiac disease. That is why it is recommended
for the sick patients to keep to a special diet that excludes the
use of crop products. Considering these traditional foods in the
diet, the diet may cause inconvenience for the patients. That is
why selectionists do research and improve existing varieties in
order to remove the corresponding allergens for spelt wheat to
become valuable raw material [ 16].

The effectiveness of using spelt grain in the diets of people
to prevent type 2 diabetes was proved. There are several known
factors influencing the flow of diabetes. Some of them are very
difficult to regulate, in particular, the age over 45, hereditary
predisposition to diabetes and related diseases. However, there
are important factors that can be controlled. Physical activity,
weight control, alcohol consumption level, smoking status and
level of consumption of meat products, vegetables and fruits de-
serve special attention. It was established that simple changes
in a diet may result in a substantial decrease in development of
type 2 diabetes. It is pointed out that foods with a high content
of membranes or whole grain products from spelt grain have
more effect in this kind of nutrition [17].

Bakery from spelt grain with addition of spicy-aromatic
raw materials, such as Amaranthus, has high nutritional
properties. It was proved that the quality of such products is
high during long storage term (up to 6 days) [18].

Low yields of spelt grain results in the high cost of its
cultivation, which significantly increases the price of ready
raw materials. However, despite this fact, the population of
Europe prefers this raw material, as its positive impact on the
immune system of the body was proven and there are recom-
mendations to its application for dietary nutrition [19].

Production volumes of spelt grain substantially increased,
so its processing in cereal products is promising. It is caused
by lesser material consumption of cereal plants in comparison
with wheat milling complexes, the possibility of efficient
grain processing at the enterprises of low productivity, lower
requirements for the technological properties of the raw
material. Given the qualitative properties of spelt grain, it is



possible to develop an effective marketing strategy of a cereal
plant of low and medium productivity.

One of the main processes of cereal production is hydro-
thermal treatment and grain peeling. In paper [20], a reliable
change of technological properties of the oats grain as a re-
sult of its water and heat treatment was proved. The energy
consumption for damping and steeping of grain is leveled
due to a substantial increase in the number of high-quality
nucleus. As a result, there is an increase of yield of cereals
that have greater value. This process occurs at the stage of
peeling that follows damping and steeping. However, the
studies that are presented in [20] refer to oats grain that has
the properties different from those of spelt grain. Similar
results were obtained during the study of the properties of
the wheat grain, which is shown in [21]. In paper [21], it was
stated that as a result of the use of hydrothermal treatment
and decrease in the duration of grain peeling, it is possible to
achieve an increase in the yield of cereals by 10—15 %, while
energy consumption is reduced by 50 %. The optimization
of modes of hydrothermal treatment of triticale grain and of
its peeling has a positive influence [22]. The research found
that the yield of the whole cereal from the triticale grain at
humidity of 9.0 % amounted to 47.4 %, and damping of grain
up to 15.0 % increased it up to 54.4 %.

During the wheat grain processing, an increase in the
duration of peeling causes gradual rubbing of surface layers
containing most fiber and dietary fibers. The application of
damping and steeping of the grain promotes a controlled
change in technological properties with the fixation at the
optimum level. The positive effect of hydrothermal treatment
during processing the grain of hard and soft wheat was proved
and corresponding processes are used in industry [23].

Papers [20—22] proved the importance of the stage of
hydrothermal treatment and peeling for the performance
of cereal production. An important point is a significant re-
duction of energy consumption by reducing the peeling sys-
tems. However, the issues related to the quality and safety of
obtained products remained unresolved. Culinary assessment
of a finished product is the most essential for a consumer
among a large number of indicators. This problem was par-
tially solved in article [24]. It is proved that the organoleptic
characteristics of cereal products may improve as a result of
frying or steaming due to the flow of irreversible processes
in raw material as a result of such treatment. However, these
changes occur under the influence of high temperatures,
which is uncharacteristic of the technology of production
of peeled cereals. That is why the influence of duration of
peeling during the formation of culinary quality of peeled
cereal is evident.

The anatomic structure of membranous wheats is diffe-
rent from the traditional ones. That is why the influence of
damping, steeping and peeling on the formation of quality of
cereal products demands specifying.

Now, the technical indicators of cereal production and of
quality of the finished products from spelt wheat grain have
been partially studied. In papers [25, 26, 29, 30], a reliable
impact of the modes of peeling on the yield and culinary
assessment of the cereal from spelt wheat grain was proved.
However, the effect of the parameters of the water and heat
treatment on these indicators was not established. In ad-
dition, the study of the peeling process was carried out using
the simplest ways of the correlation and trajectory dispersion
analysis, which does not enable creating mathematical mo-
dels of the process.

The problems of processing the spelt wheat grain of
different varieties were partially solved in paper [31]. Thus,
the priority was to describe the mechanism of the action of
repetitive rubbing of the spelt wheat grain in peelers of the
periodic action in conjunction with damping and steeping.
The dependences were established with the use of a compre-
hensive analysis and a more reliable organoleptic evaluation,
which minimizes the subjective factor. This makes it possible
to predict accurately the technical indicators of production,
depending on the selected modes of hydrothermal treatment
and grain peeling, to generate an idea of culinary quality of
the obtained products.

3. The aim and objectives of the study

The aim of this study was to improve the modes of dam-
ping, steeping and peeling of spelt wheat grain as for the yield
and culinary quality of the finished product. This makes it
possible to produce cereal from spelt wheat No. 1, which has
a high culinary quality. Mathematical models of the specified
processes will enable the producers of cereal products to pre-
dict accurately the performance of the company. The research
results will be especially valuable for enterprises with low
performance.

To accomplish the aim, the following tasks have been set:

— to reveal the impact of actual moisture content of the
spelt wheat grain on the yield of cereal, depending on the
duration of peeling;

— to establish the influence of the parameters of hydro-
thermal treatment and peeling of spelt wheat grain on the
output of cereal;

— to explore the culinary quality of cereals depending of
parameters of hydrothermal treatment;

—to substantiate the rational modes of hydrothermal
treatment and peeling during production of cereals.

4. Materials and methods for studying the influence
of hydrothermal treatment parameters on the yield
and quality of cereals

The research was conducted in the laboratory of the De-
partment of technology of storage and processing of grain at
the National University of Horticulture (Uman, Ukraine).

For the experiments, we used the grain of spelt of variety
Star of Ukraine, grown under conditions of the Pravoberezhny
forest-steppe of Ukraine. Previously it was fallow. Fertilizer:
nitrogen in the amount of 120 kg/ha, phosphate and potassium
in the amount of 60 kg/ha. Indicators of quality: vitrification —
98 % nature — 720 g/1, number of falling — 320s, gluten de-
formation index — 60 units p., protein content is 20 %, starch
content is 61 %, humidity content is 13.0£0.2 %.

The technological circuit of obtaining cereal products
under laboratory conditions was generated in accordance
with the requirements of the rules for organization and main-
tenance of the technological process at cereal mills [23].

Wetting was carried out using the drip method. Softening
was carried out in metal cylinders. Peeling was performed
on the laboratory peeler USZ-1 (circular rate is 3,000 rpm),
separation of peeling products was performed at the labora-
tory sifter RLU-1. The obtained products were weighed on
electronic scales with measurement accuracy of hundredth
of fractions.



Experiment No. 1 involved the study of the influence of
parameters of hydrothermal treatment and peeling on the
yield of cereals. Humidity range was from 13.0 % to 16.0 %
(interval of measurements — 0.5 %). The minimum and ma-
ximum duration of steeping was 30 and 120 min, respectively
(measurement interval was 30 minutes). The grains were
peeled from 20 to 180 s (measurement interval was 20 s).

Experiment No. 2 involved the study of the influence of
parameters of hydrothermal treatment and peeling on smell,
taste, color, consistency of the cereal, and cooked cereal con-
sistency during chewing.

Culinary assessment was carried out according to the im-
proved procedure that differs from the traditional by deter-
mining an additional indicator of cereal consistence during
chewing [25, 26]. The proposed procedure makes it possible
to identify more accurately the culinary quality by the higher
content of fiber.

Since taste estimation can have a subjective character, an
important factor is the indicator of competence of the Board.
To determine the competence of the Board, the procedure by
E. Golubkova [27] with modifications was used.

The essence of the procedure is that the maximum num-
ber of experts of the highest qualification, who specialize in
the research subject, are chosen to make assessment. The edu-
cation of an expert, his overall years of experience and years
of working at the studied problem are important (Table 1).
The degree of the expert’s participation in solving the prob-
lem is also taken into consideration.

The overall competence of the Board was determined
from formula:

B:&, points. 2)
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One of the most convenient ways of constructing a ge-
neralized response is the Harrington function of desirabi-
lity [28]. This function is based on transformations of natural
values into dimensionless scale of desirability [28]. Using the
standard marks of the Harrington scale, the interpretation of
general competence of the Board was proposed (Fig. 1).
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Fig. 1. Characteristics of competence of the Board

Given the standard marks on the Harrington scale of

Table 1 desirability, the recommendations for the evaluation of the
Determining the competence of an expert competence of experts were stated (Table 2).
ESt} mation Answer option Point Table 2
criterion
Competence of the Board
Doctor of sciences
Education | Candidate of sciences, Master 4 Harrington | Number of points of | Conclusion on competence
scale experts of the Board
higher education, Bachelor
0.80-1.00 60-100 very good
more than 10 years 10
Total duration 5 0.63-0.80 55-60 good
of working 10 years .
less than 5 years 0.37-0.63 38-55 satisfactory
Total duration | ™Ore than 10 years 10 0.20-0.37 31-38 bad
of working at | 5-10 years 8 0.00-0.20 17-31 very bad
the problem less than 5 years 6
expert specializes in the problem 10 Four experts were included to the Board that conducted
- the evaluation of cereal products. The general competence
expert takes part, but does not specialize 8 ¢ th q d ; hat i by i b
Degree gf in the problem of the Board amounted to 82 points. That is why it can be
participation to oroblom s olosaly rol — argued that the competence of the Board was very good.
in solving the | the problem is closely refates to specializa-| ¢ Using statistical processing with the methods of non-
problem tion of expert ; P
. — parametric statistics, it was proved that the statements of the
t}fle problem is not related to specialization | 4 experts coincided because p(0)<0.05. In addition, the state-
of expert ments were in agreement, since the concordation (0.99517)

Maximum number of points that an expert can gain is 36,
which corresponds to the competence of 100 %. To determine
the competence of each of the experts (y), the formula was
used:

= 10ga,point, 1)

where a is the total number of the points that an expert
gained according to Table 1.

was higher than its corrected value (0.99514). This creates
the possibility of subsequent statistical processing of the
results of the Board work.

The study had four analytical repetitions. The results of
the analytical repetitions were treated by the methods of de-
scriptive statistics using the programs Microsoft Excel 2010
and STATISTICA 10. The quality of the experiment was
estimated by the value of the coefficient of samples variation
that was formed from the data of analytical repetitions. The
experiment was considered reliable at an insignificant varia-
tion of the data of analytical repetitions. The relationships



between the factors were found by the method of dispersive
and regressive analysis. The choice of the optimal methods
for treatment was carried out by interpolating the samples
of experimental data with plotting the desirability function.

Statistical treatment of the obtained results was carried
out using add-in Experimental design (DOE) of Statistica 12
program. The choice of the model was carried out taking into
consideration the coefficient of determination (R?), the ab-
sence of autocorrelation of residues and confidence level (p).

The degree of influence of the factors was established
using Pareto diagrams as a promising method for statistical
processing [32].

The advantage of using desirability diagrams is the possi-
bility of deriving reliable trends and recommendations. The
essence of the corresponding analysis is comparison of all
results of statistical processing of the patterns between the
factors and criteria of improvement, plotting the complex
function and search for its extreme values.

5. Results of studying the influence of parameters
of hydrothermal treatment on the yield and culinary
quality of cereals

The samples of digital data on the yield of cereals and
middling, obtained without damping (at initial moisture
content of 12.0 % 13.0 %; 14.0 %) and as a result damping up
to moisture content of 15.0 % and 16.0 % at different dura-
tion of steeping, were processed using the add-in Descriptive
statistics (Statistica 12).

At different duration of peeling of spelt wheat grain (from
20s to 180 s) without water and heat treatment, the yield
of cereal No. 1 from 77.6 % to 97.5 % was obtained. This is
an average of 2.3-3.0 % less in comparison with the yield of
cereal after water and heat treatment (Table 3).

Table 3

Primary statistical processing of the yield of peeled
cereal No. 1 after using water and heat treatment
and without it

Parameter of sta- Cereal Middling Mechanical
tistical processing yield, % yield, % losses, %
Mean 88.587/97.71% | 11.217/8.08" | 0.20/0.19"
Median 88.67/91.6" | 11.219/8.15" | 0.24/0.2¢
Minimum 77.69/82.3" | 2.39/0.1 0.12/0.1>
Maximum 97.5%/99.8" 22.19/17.5 0.3%/0.3
Std. Dev. 5.427%/4.576" | 5.4329/4.575" | 0.079%/0.081°
Coef. Var. 6.129/4.98" | 48.35%/56.56" | 38.807/41.48"
Standard Error | 0.452/0.220 | 0.451%/0.220° | 0.006%/0.003

Note: a — indicators without conducting hydrothermal treatment;
b — indicators after conducting hydrothermal treatment

Variation of the data of the samples of yield of cereals, ob-
tained after hydrothermal treatment, was smaller compared
with the similar ones, obtained without it. This indicates less
deviation of the values of this parameter from the average
number of the sample. However, in both cases, the data varia-
tion was insignificant, because the coefficient of variation
was less than 10 %.

The use of hydrothermal decreased the yield of middling
on average by 3.13 %. Variation of the data of the samples of
this indicator was strong, regardless of the used mode of pro-
cessing (Coef. Var=48.35 and 56.56 for the samples without
hydrothermal treatment and after it, respectively).

Mechanical losses are an inseparable part of any produc-
tion and are associated with grain transportation, unaccoun-
ted drying, etc. Mechanical losses are regulated by the
current norms and must be up to 0.7 % [23]. During the
production of peeled cereals from spelt wheat grain, mechani-
cal losses ranged from 0.1 to 0.3 %, which corresponds to the
current standards.

Using the methods of variance analysis, a reliable im-
pact of hydrothermal treatment on the yield of cereals and
middling was proved (Fig. 2).
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Fig. 2. Results of dispersive analysis of dependence
between the application of WHT and technical indicators
of the cereal production (vertical bands designate 0.95 of

confidence intervals): ais the cereal yield; b is the middling
yield; c is the mechanical losses

There was no reliable relation between the amount of
mechanical losses and the use of hydrothermal treatment
(p=0.32). That is why this indicator was not used for mo-
deling later, and was equated with the research error.

In spite of better indicators of cereal production, which
were received after the hydrothermal treatment, it was ap-



propriate to examine the modes of grain processing at the
initial moisture content from 13.0 to 14.5 %.

Establishment of the relations between the initial mois-
ture content and the duration of peeling was carried out by
using analysis of the central compositional plan, the pitches
and levels of which are shown in Table 4.

Table 4
Pitches and levels of variation
Factor Lower level | Higher level | Mean value
Duration of peeling, s 20 180 80
Moisture content, % 13.0 14.5 0.75

The results of the experimental studies are shown in
Tables 5, 6. Because variation of the results of analytical repe-
titions was insignificant, we used mean values of the samples
for further analysis.

Table 5

Influence of duration of peeling on cereal yield at different
initial moisture content of grain

Duration of Moisture content, %
peeling, s 13.0 135 14.0 145
20 94.5+0.4* | 94.9+0.4* | 95.6+0.5% 96.1£0.2*
40 93.8+0.5*% | 94.240.3* | 95.0+0.3* | 95.8+0.4*
60 93.0+0.5*% | 93.740.3* | 94.240.3* | 95.2+0.5*
80 89.5+0.3* | 89.8+0.3* | 90.0+0.4* | 90.8+0.4*
100 86.9+0.3* | 87.3£0.6* | 89.3£0.5% | 90.1+0.4*
120 86.2+0.5* 87.9+0.3* | 88.1£0.4* 89.0+0.4*
140 83.0+0.3* 83.7+0.4* | 85.1+£0.5* | 86.1+0.2*
160 81.940.5*% | 82.1+£0.4* | 82.8+0.4* | 83.5+0.5*
180 79.0£0.4* | 79.7£0.4* | 80.1£0.3* | 81.0+0.4*

Notes: * — coefficient of variation of results of analytical repe-
titions is less than 10 %; ** — coefficient of variation of results
of analytical repetitions is 10-20 %; *** —coefficient of variation

of results of analytical repetitions is more than 20 %

Table 6

Influence of duration of peeling on yield of middling, taking
into consideration mechanical losses at different initial
moisture content of grain

Duration of Moisture content, %
peeling, s 13.0 135 14.0 145

20 5.5£0.4* 5.1£0.4* 4.440.5 3.9£0.2*
40 6.2+0.5* 5.840.3* 5.0£0.3* 4.2+0.4*
60 7.0£0.5* 6.3£0.3* 5.840.3* 4.840.5

80 10.5+0.3* | 10.2+0.3* | 10.0+0.4* 9.240.4*
100 13.1+0.3* | 12.7+0.6* | 10.7+0.5* 9.9£0.4*
120 13.8£0.5% | 12.1+0.3* | 11.9+0.4* | 11.0£0.4*
140 17.0+0.3* | 16.3+0.4* | 14.9+0.5* | 13.9+0.2*

160 18.1+0.5* | 17.9+0.4* | 17.2+0.4* | 16.5+0.5%

180 21.0£0.4* | 20.3£0.4* | 19.9£0.3* | 19.0£0.4*

Notes: * — coefficient of variation of results of analytical repeti-
— coefficient of variation of results of
— coefficient of variation

tions is less than 10 %;
analytical repetitions is 10-20 %;
of results of analytical repetitions is more than 20 %

* %

* % %

The processes can be described most accurately with the
help of linear models:

Yield of cereal=78.23889—-0.009917X,+

+1.47333X,, %, 3)
Yield of middling=21.76111+0.09926 X
—1.47346X,, %, (4)

where Xy is the duration of peeling, s; X» is the moisture
content, %.

Dependences 3 and 4 can be shown graphically (Fig. 3).

0/, R O PR
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Fig. 3. Influence of initial moisture content and duration
of steeping on technical indicators of cereal production:
a — cereal yield; b — middling yield

Duration of peeling made great impact on the yield of
cereals and middling (Fig. 4). An increase in initial moisture
content increased the yield of cereals and decreased the yield
of middling.

Since functions (3) and (4) are linear, the optimum area
for cereals and middling will be obtained at the shortest
duration of peeling (20s) and the highest initial moisture
content (14.5 %).

The best results of the yield of cereals were obtained
after damping and steeping. The minimum value of duration
of steeping (30 min) was experimentally substantiated and
is not contrary to the current requirements. Grain peeling
immediately after damping was ineffective. Pitches and levels
of variation are shown in Table 7.

The procedure of processing of experimental data is iden-
tical to the one on previous studies.

Results of experimental research are shown in Tables 8—10.
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Fig. 4. Pareto chart, which shows the influence of duration of peeling and initial humidity content on the yield

of cereals and middling: a — yield of cereals; b — yield of middling

Table 7
Pitches and levels of variation
Factor Lower level | Higher level | Mean value
Duration of peeling, s 20 180 80
Moisture content, % 15 16 0.5
Duration of steeping, min 30 120 45

The yield of cereals and middling can be described with
high accuracy (R?>=0.98) by linear dependences:

Yield of cereals =105.7951-0.0842X,—

-0.3583X,-0.0014X3, %, )

Yield of middling =—5.79514+0.8419X,+
+0.35833X,+0.00143 X5, %, (6)

where X is the duration of peeling, s; X5 is the moisture con-
tent, %; X3 is the duration of steeping, min.

Table 8

Influence of duration of steeping and peeling on the yield
of cereal after damping of grain up to 15.0 %

Table 9

Influence of duration of steeping and peeling on yield
of cereals after softening grain up to 15.5 %

Duration of Duration of steeping, min
peeling, S 30 60 90 120
20 97.9+0.4* | 97.8+0.4* | 98.0+0.4* | 98.2+0.5*
40 97.0£0.5% | 96.9+0.4* | 97.1£0.6* | 96.9+0.3*
60 95.9+0.4% | 96.0£0.4* | 96.2+0.3* | 96.0+0.4*
80 93.8+0.4* | 94.1+0.3* | 93.1£0.3* | 92.6+£0.3*
100 91.7+0.5% | 91.3£0.4* | 90.7x0.5* | 91.340.3*
120 89.9+£0.3* | 89.8+0.4* | 90.0£0.4* | 90.2+0.2*
140 87.9+0.4* | 87.9£0.4* | 87.9+0.4* | 87.540.5*
160 86.9£0.4* | 87.240.5% | 87.240.3* | 86.8+£0.3*
180 85.0£0.3* | 85.1+0.5* | 84.9+0.2* | 84.2+0.4*

Notes: * — coefficient of variation of results of analytical repeti-
tions is less than 10 %; ** — coefficient of variation of results of
analytical repetitions is 10-20 %; *** — coefficient of variation
of results of analytical repetitions is more than 20 %

Table 10

Influence of duration of steeping and peeling on the yield
of cereals after grain moistening up to 16.0 %

Duration of Duration of steeping, min Duration of Duration of steeping, min
peeling, s 30 60 90 120 peeling, s 30 60 90 120
20 97.8+0.5* | 98.0+0.3* | 97.940.5* | 97.7+0.4* 20 97.740.4% | 97.520.5* | 97.9+0.3* | 98.0+0.3*
40 96.94£0.4* | 97.14£0.5% | 97.1£0.4* | 96.7£0.3* 40 96.8£0.3* | 96.620.5* | 96.9+0.2% | 96.8+0.1*
60 96.0£0.4* | 96.3+0.3* | 96.2+0.3* | 95.9+0.5* 60 95.8+0.3* | 96.1+0.5* | 96.0+0.5* | 95.9+0.3*
80 93.5£0.4% | 93.740.5* | 93.8+0.4* | 93.7+0.4* 80 93.740.4* | 93.940.3* | 92.9+0.5% | 92.8+0.4*
100 91.6£0.3* | 91.8+0.4* | 92.0+0.4* | 91.8+0.3* 100 91.3+0.4* | 91.020.4* | 90.8+0.5* | 91.1+0.3*
120 89.8+0.3* | 90.040.3* | 90.3+0.3* | 90.0+0.4* 120 89.740.3* | 89.5+0.5* | 89.9+0.4* | 90.0+0.3*
140 88.2+0.3* | 88.440.3* | 88.6+0.5* | 87.7+0.4* 140 87.740.4* | 87.7+0.3* | 87.7+0.3* | 87.4+0.3*
160 87.3+0.3* | 87.040.3* | 87.4+0.4* | 87.2+0.4* 160 86.8+0.4* | 87.0+0.3* | 87.0+0.4* | 86.6+0.2*
180 85.140.3* | 85.3+0.4* | 85.5+0.3* | 85.3+0.5* 180 84.940.5% | 85.0+0.4% | 84.8+0.3% | 84.5+0.2%

Notes: * — coefficient of variation of results of analytical repeti-
tions is less than 10 %; ** — coefficient of variation of results of
analytical repetitions is 10-20 %; *** — coefficient of variation
of results of analytical repetitions is more than 20 %

Notes: * — coefficient of variation of results of analytical repeti-
tions is less than 10 %; ** — coefficient of variation of results of
analytical repetitions is 10-20 %; *** — coefficient of variation
of results of analytical repetitions is more than 20 %



According to the results of statistical processing, it is
possible to argue about the significant impact of duration of
peeling and gradient of damping on the yield of cereals and
middling.

The probability of the influence of the duration of stee-
ping on the corresponding process was low and amounted up
to 67 %. The mentioned hypothesis is proved by the Pareto
charts (Fig. 5).

Culinary evaluation was carried out for cereals that did
not undergo hydrothermal treatment and for the cereals
after hydrothermal treatment. The influence of duration of
steeping on culinary quality of cereals was not studied, using
its minimum possible value.

The probability of the influence of the initial moisture
content of grain before peeling on culinary evaluation of ce-
reals was low and made up 66 % (Fig. 6).

Almost all indicators of culinary assessment sig-
nificantly changed, depending on duration of grain

W _87.69 4 peel’i%gc(rl;iign.i;){lm evaluation of the experts (6.3—

@) N\\-2.95 1 6.8 points) by the smell parameter Waspgained.by

3 0.97 cereal, peeled for 20-80's. A further increase in the

duration of peeling up to 80 s or more led to signi-

p=0.05 ficant improvement of this indicator and its fixation
Standardized Effect Estimate (Absolute Value) at a high level.

a The taste of the cereal significantly improved

after increasing the duration of peeling up to 100 s.

(» [ o768 | 4 further neresse in duration of peeling 4id not n-

@) 2.96

3)

fluence reliably this indicator, which remained at the
high level (8.8-9.0 points).
The color of the obtained cereal products de-

p=0.05

Standardized Effect Estimate (Absolute Value)
b

Fig. 5. Pareto chart, which shows the influence of parameters
of peeling and hydrothermal treatment on the yield of cereals
and middling: a — yield of cereals; b — yield of middling;

1 — duration of peeling, 2 — moisture content,
3 — duration of steeping

It should be noted that the
weight of the influence of mois-

pended essentially on the duration of peeling. In
the range of the duration of peeling from 20s to
40's, the color was assessed as 5 points. Significant
improvement of this indicator was provided by
increasing duration of peeling up to 60s. Cereal
products that were peeled for 60—100 s had similar
color, which was estimated at 6.8-7.0 points. The
highest score (8.5-9.0 points) by the given indicator
was obtained by the products that were peeled for
more than 120 s.
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ever, but does not take its qua-

lity into account. That is why
it was appropriate to examine
the influence of processing pa-
rameters on culinary quality of
obtained products.

Fig. 6. Influence of initial moisture content of grain
before peeling on culinary quality of cereal:

a — smell assessment; b — flavor assessment; ¢ — color assessment;

d — consistency assessment; e — assessment of cereal quality during chewing;

f— indicator of general culinary assessment of cereal
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Fig. 7. Influence of duration of grain peeling on culinary quality of cereal:
a — smell assessment; b — flavor assessment; ¢ — color assessment; d — consistency
assessment; e — assessment of cereal quality during chewing; f— indicator of general

A reliable difference bet-
ween the samples with dif-
ferent duration of peeling in
terms of consistency of cereal
was not found. All the sam-
ples had a high corresponding
indicator that was rated at
8.3-9.0 points.

The duration of peeling
the grain influenced the con-
sistency of cereal during che-
wing most of all. The cereal
with a minimum duration of
peeling (20-40s) had an un-
satisfactory indicator of con-
sistency during chewing that
was 3.0 points. This indicator
increased by 1.5-2 points in
the samples that were peeled
for 60—100s. The following
substantial quality improve-
ment was at an increase in
duration of peeling up to 120—
140 s. The products received
by grain peeling for 160—180 s
had the highest score (8.8—
9.0 points).

It is possible to genera-
lize the organoleptic quality
indicators by determining the
general culinary assessment.
In accordance with this in-
dicator, the products that
were obtained after peeling
for 20-40s had the unsatis-

culinary assessment of cereal

factory quality. The products
that were peeled from 60 to
100s had satisfactory qua-
lity (3—5). The samples that
were peeled for 120 or more
seconds had high indicators
of culinary quality.

To establish the rational
mode of treatment, the desi-
rability function was plotted
(Fig. 8).

The limiting criteria were:
high indicators of cooked ce-
real, its smell, taste, color, con-
sistency, consistency during
chewing and maximum yield
of cereal. The minimum ac-
ceptable point of the speci-
fied indicators of the culinary
assessment was 5. The maxi-
mum was 9 points, the aver-
age satisfactory level corre-
sponded to 7 points.

The mode, under which
the wheat grain was damped
up to 15.0 % with steeping for
30 s and peeled for 160 s, met
the set requirements by 80 %.
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It is impossible to attain the mode that would reach the
maximum level of satisfaction because an increase in the du-
ration of peeling influenced culinary evaluation of cereal and
its yield in the opposite way.

The modes that had duration of peeling up to 100 s did
not meet the requirement set for the model.

6. Discussion of results of research into processing
of spelt wheat grain into peeled cereals

A comprehensive statistical analysis revealed the me-
chanism of the action of moisture on spelt wheat grain. The
yield of cereal substantially changed depending on duration
of peeling and, to a lesser extent, on the initial moisture con-
tent. The reason for this can be a rough rubbing action of the
abrasive surface of the peeling machine.

The low yield of the cereal obtained as a result of peeling
the grain that was not damped is caused by a large amount of
middling, which was formed as a result of rubbing not only
the shells, but also partially wheat endosperm.

An increase in the yield of cereal as a result of hydrother-
mal treatment can be attributed to the increased efficiency of
operation of a peeling machine due to more uniform removal
of shells and lower rubbing and destruction of the nucleus.
That is why a change in the technological properties of the
grain of spelt wheat and traditional wheat varieties that have
a naked structure is similar.

A decrease in the yield of cereal as a result of an increase
in gradient of damping is explained by the deep penetration
of moisture into the central part of the endosperm, which was
the reason of its excessive destruction.

The unlikely effect of duration of steeping indicates
excellent water absorbing ability of the spelt wheat grain.
This may be related to its anatomic structure. Usually, the
surface layers serve to protect the caryopsis from the action
of environmental factors. For moisture exchange, there is
a capillary network in caryopsis. However, the membranes of
spelt wheat are more sensitive to the influence of the envi-
ronmental factors compared with the traditional wheat va-
rieties, since ear membranes partially perform the protective
function. That is why the difficulty of peeling membranous
wheats may be compensated by lower expenses for carrying
out steeping. Such feature will be especially valuable for new
enterprises of low productivity, as the need for additional
capital expenditures for the construction of operational tanks
for grain steeping will disappear.

Peeling dry grain of spelt wheat is possible, albeit it is less
effective compared with peeling the grain after conditioning.
Dry grain does not change the parameters of peeling, al-
though the dust formation increases. However, in some cases,
this method is justified. It will be appropriate for the farms
that grow small portions of grain of spelt wheat to process
it using the set equipment without hydrothermal treatment.
Due to the low cost of such facilities, the risk of capital in-
vestments decreases.

The culinary quality of cereals is most of all influenced
by the duration of grain peeling. It is related to the removal
of surface layers that, having the greatest amount of fiber,
negatively affect the consistency of cooked cereal during
chewing. When the cold method of conditioning is used,
the influence of moisture content and the duration of stee-
ping on culinary quality of cereal products have not been
established yet.

It is impossible to transport biologically active substan-
ces to the central parts of caryopsis during cold conditioning.
The modes of hydrothermal treatment that make it possible
to increase the biological value of cereal products (free-
zing, germination, treatment with biopreparation) are quite
valuable and require the use of specialized technological
equipment.

The basic requirement for effective processing of spelt
wheat grain into cereal is removal of the required number of
membranes. The results shown in Fig. 7, 8 indicate the im-
possibility to produce whole-grain products from spelt wheat
grain, since the excessive number of membranes affects the
consistency of cooked cereal during chewing and negatively
affects physical indicators. However, despite the optimal va-
lue of desirability function at the duration of peeling of 160 s,
there is an insignificant decrease in the value of desirability
in the samples that were peeled for 120 and 140 s. That is
why it is recommended for manufacturers to use the range of
duration of peeling from 120 to 160 s.

High indicators of quality of the cereal from the grain
of membranous wheat varieties were also received by other
scientists. It was established that the cereals from grain of
spelt wheat had a very high culinary quality, especially in
terms of smell, taste and boiling capacity [33, 34]. How-
ever, the research dealt with the quality of cereal from polba
wheat, referred to the tetraploid, and spelt wheat, referred to
the hexaploidy group of varieties of wheat. It is known [33]
that technological properties of wheat varieties significantly
differ. Therefore, it is not rational to equate technological
properties and the quality of finished products of the two
varieties of wheat.

Limitations of the conducted studies concern grain pee-
ling machines. The results, presented in the paper, concern
machines of the periodic action (Golender). The peeling
machines of the continuous operation are more characteristic
of cereal production. However, despite the structural diffe-
rences between rosenznepis and peeling-grinding machines,
the principle of their operation is similar and therefore the
tendencies remain.

The use of one grade of spelt wheat grain can be re-
ferred to the shortcomings of the study. It is appropriate to
establish the change of cereal properties of the spelt wheat
grain, depending on the variety, growing conditions, and
agricultural technologies. However, the variety, selected in
this research, is most common in production. The specified
conditions of growing and processing have practical value for
small farms.

The research will be subsequently directed at the search
for new efficient ways of processing the spelt wheat grain
into cereal products and concentrated foods. The priority is
to establish the influence of the directed power supply on the
quality and safety of products of processing of spelt wheat
grain.

7. Conclusions

1. Duration of peeling has most influence of the yield of
cereal at actual humidity (13.0-14.5 %) of spelt wheat grain.
The influence of initial moisture content of grain before
peeling is significantly smaller, but reliable. During grain
peeling from 20 to 180 s, the yield of cereals is the highest at
the initial moisture content of 14.0 and 14.5 %, respectively,
80.1-95,6 % and 81.0-96.1 %.



2. The hydrothermal treatment of spelt wheat grain
before peeling increases the yield of cereals. Standardized
evaluation of peeling effect after the hydrothermal treatment
is thrice as high, compared to the indicator without damping.

3. The culinary quality of cereals substantially depends
on the duration of peeling. The parameters of hydrothermal
treatment insignificantly affect the culinary quality. The

cereals with the duration of peeling of 120—180 s have a high
score of culinary assessment (6.0-9.0 points).

4. During the production of cereal from the spelt wheat
grain, it is rational to damp it up to 15.0 %, steep up to 30 min
and peel up to 120-160s. The use of these parameters will
ensure the yield of cereal from 86.5 to 89.0 % and high culi-
nary qualities (8.5—-8.8 points).
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