Bueni sanucku THY imeni B.1. Bepnancpkoro. Cepisi: TexHiuHi Hayku

UDC 664.71-11:338.439
DOI https://doi.org/10.32838/2663-5941/2020.5/30

Liubych V.V,
Uman National University of Horticulture

Tretiakova S.O0.
Uman National University of Horticulture

Melnik D.S.
Uman National University of Horticulture

OPTIMIZATION OF GROATS PRODUCTION
AT PROCESSING OF SPELT GRAIN

Currently, the demand for high biological and nutritional value is increasing. This is due to popular meth-
ods of healthy nutrition distributed among consumers. The purpose of the article is to determine the optimal
mode of peeling and water-heat treatment of spelt grain during the production of cereal products. The process
of obtaining cereal products was simulated in laboratory conditions and included main processes of cereal
production: water-heat treatment, peeling, separation of peeling products and control of finished products.
Experiments were carried out in accordance with current requirements and standards. Statistical processing
of the experimental results and mathematical modeling were carried out using Excel and Statistica 10.

With a probability of 95% it can be argued about the reliable and positive effect of water-heat treatment
of spelt grain for the production of cereal products. The peeling duration determines the greatest impact on
cereal output and the overall culinary assessment. The low temperature modes of water-heat treatment dur-
ing cereal production are not able to change grain structure enough for a noticeable effect on the culinary
assessment. It is proved that the peeling time causes the greatest influence on the yield. Grain moisture before
peeling has less impact. The duration of softening influences the yield the least but its impact is true. The trend
of the influence of grain processing parameters for polished meal was similar to the groats output. The opti-
mum regime during cereal production should be grain moisture of 15.5-16.0%, the duration of softening for
60 minutes and the peeling time of 140 seconds. In the recommended mode, you can get a cereal product with
a total culinary assessment of 8.0-8.5 points. Groats output after the specified mode was 88.6%. It has been
proved by studies that moisture absorption processes of spelt grain change like moisture absorption processes
of traditional wheat. This leads to the possibility of using standard equipment and technological solutions in
the grain mills for the processing of peeled spelt grain. The slightest effect of the duration of softening causes
the expediency of additional research on processes of cereal production at factories of different productivity to
establish the economic feasibility of water-heat treatment.
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Formulation of the problem. Groats, as well as
bakery products, are traditional food. Due to cereals,
you can satisfy the body requirements with irreplace-
able amino acids, vitamins, micro-and trace elements.
The increase in the popularity of cereal products over
the last decade is due to the popularization of healthy
nutrition and the active development of biological plant
growing. Cereal products with high fiber and non-tra-
ditional raw materials are in great demand. Despite
the similarity of spelt grain to soft wheat, spelt shells
are connected strongly with grains which are not sepa-
rated during threshing. This necessitates the additional
peeling of spelt grain. Taking into account the peculi-
arities of ear structure and grains, the existing modes
of grain processing of traditional wheat into cereals
need to be scientifically substantiated.
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Analysis of recent research and publications. In
the countries of Europe and the United States, in the last
decade, consumers’ interest in bakery, flour confection-
ery, pasta and cereals made of Triticum monococcum,
Triticum dicoccum and Triticum spelta [1]. Spelt grain is
important for selection and improving the quality of tra-
ditional wheat [2; 3]. The obtained hybrids give an oppor-
tunity to expand significantly the range of food products
and improve their quality [4]. The use of hybridization
for less commonly used wheat strains from Swiss bank
of genes, in particular the ancient wheat forms, made
it possible to select samples that differ significantly in
terms of quality from the modern varieties. This pro-
vides an opportunity for more profound improvement
of food properties of future hybrids and the management
of their quality [5].



Texnosorisi xap4oBoi Ta JIerkoi NPOMHCIOBOCTI

The renewal of interest in aristulated wheat is due
to their high nutritional value, suitability for organic
farming and the selective and genetic improvement
of soft wheat. Significant interest in spelt wheat is also
due to higher yields, compared with other aristulated
wheat varieties. According to technological proper-
ties, spelt wheat flour is most similar to soft wheat
flour. In addition, aristulated wheat varieties absorb
more mineral elements from the soil, so they contain
more ash than modern soft wheat varieties [6].

Bakery products made of spelt grain with the addi-
tion of spiced aromatic raw materials, in particular
amaranth, have high consumer properties. It is proved
that the quality of such products is high for a long
shelf life (up to 6 days) [7]. The low yield of spelt
grain causes a high cost of its cultivation which sig-
nificantly increases the price of finished raw materi-
als. Despite this, the population of Europe prefers this
raw material, since it has proven its positive effect on
the immune system of the body and there are recom-
mendations for use in dietary nutrition [8].

The volumes of grain production in Ukraine
have increased significantly. Therefore, its process-
ing on cereal products is promising. This is due to
lower material content of cereal plants compared to
flour-grinding complexes, the possibility of efficient
processing of grain at low productivity enterprises
and lower requirements for technological properties
of raw materials. Taking into account qualitative
properties of spelt grain, one can develop an effec-
tive marketing strategy for a small and medium-sized
grain mill.

One of the main processes of cereal production
is water-heat treatment and grain peeling. During
the processing of wheat grain, increasing the duration
of peeling causes the gradual erosion of surface layers
containing the main amount of fiber and dietary fiber.
Grain moisture and softening contributes to the con-
trolled change in technological properties with fixa-
tion at an optimum level. The positive effect of water-
heat treatment during the processing of durum
and soft wheat grain has been proved and correspond-
ing processes are used in the industry [9]. The heat
effect on caryopsis is interesting when using hot air
conditioning. It is found that the organoleptic charac-
teristics of cereal products can be improved as a result
of roasting or steaming due to irreversible processes
in the raw material as a result of such treatment [10].

The purpose is to determine the optimal mode
of peeling and water-heat treatment during the devel-
opment of spelt whole cereal. Tasks are to analyze
the information about spelt grain; to specify the effect
of moisture, the duration of softening and peeling on

spelt cereal output and their quality; to substantiate
the mode of processing spelt grain for cereal products.
Research materials and methods. The research
was conducted in the laboratory of Department
of Technology of Grain Storage and Processing
of Uman NUH. Spelt grain of Zoria Ukrainy vari-
ety, grown under the conditions of Right Bank For-
est Steppe of Ukraine, was used for experiments. The
predecessor is full fallow. Fertilizer application is
nitrogen (120 kg/ha), phosphorus and potash (60 kg/
ha). Quality indicators are vitreousness (98%), grain
unit (720 g/l), falling number (320 s), gluten defor-
mation index (60 units), protein content (20%), starch
(61%) and humidity (13.0 = 0.2%). The technological
scheme of obtaining cereal products in laboratory con-
ditions was simulated in accordance with the require-
ments of the rules of organization and maintenance
of the technological process in cereal factories [11].
Softening was carried out in metal cylinders.
Peeling was on YIII3-1 laboratory peeling machine
(round speed 3000 rpm) and separation of peeling
products was in PJIV-1 laboratory sieve. Obtained
products were weighed on electronic scales with
accuracy of measurement to hundredths of particles.
The study was conducted in four repetitions that
were randomized in time. Statistical processing
of the experimental results and mathematical mode-
ling were carried out using Excel and Statistica 10.
During statistical processing, correlation and regres-
sion analysis were used. The obtained functional
dependencies were checked for the absence of auto-
correlation by the method of the Darbin-Watson sta-
tistics. Culinary evaluation was carried out in accord-
ance with methods. Since the tasting evaluation can
have a subjective character, an important factor is
the indicator of the competence of the commission.
Golubkov method with modifications was used to
determine the competence of the commission.
Results of the research and their discussion. The
variation of the output data of cereals was recorded as
a result of grain peeling at the moisture content from
13.0 to 14.5% without water-heat treatment which
was greater than the variation of the results of ana-
lytical repetitions (Coef. Var. = 0.18-1.14). Coeffi-
cients of the variation of cereal output depending on
the moisture (0.61-1.74%) were smaller in compari-
son with coefficients of cereal variation depending on
the duration of peeling (6.07-6.37%) (table 1).
Results of descriptive statistics show that
the change in the duration of peeling at the moisture
from 13.0 to 14.5% caused more variations in the data
relative to the average number compared with the ini-
tial humidity. Sometimes the variation was less than
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the variation of analytical repetitions. In addition,
there was a positive tendency to increase cereal out-
put as a result of an increase in moisture to 14.5%.

Therefore, it was advisable to investigate the effect
of additional moisture and the duration of its soften-
ing on the cereal output (table 2).

Coefficients of variation of obtained samples
at the moisture from 15.0 to 16.0%, the duration
of softening from 30 to 120 minutes and the same
peeling modes were from 0.05 to 0.79%. That is,
fluctuations of the output depending on water-heat
treatment were insignificant and smaller com-
pared to the corresponding fluctuations in mois-
ture of 13.0-14.5%. Also, output values varied to

lesser degree depending on the duration of peeling
(Coef. Var. = 4.7-4.9%). However, the tendency
to increase the output for increasing moisture from
15.5 to 16.0% was maintained. The positive trend
was due to an increase in the duration of softening.

Thus, with the help of primary statistical process-
ing, the influence of peeling parameters on cereal out-
put is determined. The difference in data fluctuations
relative to the average value obtained with and without
the use of water-heat treatment gives the possibility
of the assumption of the positive impact of water-heat
treatment on the production of spelt cereal products.
However, variations in all cases were insignificant
which makes it impossible for a reliable trend.

Table 1
Effect of moisture and peeling time on the yield of groats
e L. Humidity, %
Peeling time, sec 13.0 135 14,0 145

20 94.5+0,4 94,9+0,5 95,6+0,8 96,1+0,2

40 93,8+0,4 94,2+0,2 95,0+0,2 95,8+0,3

60 93,0+0,8 93,7+0,2 94,2+0,4 95,2+0,4

80 89,5+0,5 89,8+0,4 90,0+0,4 90,8+0,5

100 86,9+0,7 87,3+0,5 89,3+0,5 90,1+0,4

120 86,2+0,5 87,9+0,5 88,140,5 89,0+0,7

140 83,0£0,7 83,7+0,8 85,1+0,2 86,1+0,8

160 81,9+0,5 82,1+0,4 82,840,3 83,5+0,7

180 79,0£0,5 79,7+0,8 80,1+0,8 81,0+0,5
Table 2

Effect of moisture, duration of drip irrigation and the length of peeling on the output of groats

Peeling time, Humidity, % Peeling time, Humidity, %
sec 150 | 155 | 16,0 sec 150 | 155 | 16,0
The duration of the irrigation — 30 min The duration of the irrigation — 90 min
20 97,8+0,7 97,9+0,7 97,7+0,5 20 97,9+0,7 98,0+0,7 97,9+0,8
40 96,9+0,7 97,0+£0,4 96,8+0,2 40 97,1+0,8 97,1+0,8 96,9+0,8
60 96,0+0,6 95,9+0,5 95,8+0,6 60 96,2+0,8 96,2+0,8 96,0+0,6
80 93,5+0,8 93,8+0,8 93,7+0,8 80 93,8+0,8 93,1+0,7 92,9+0,5
100 91,6+0,7 91,7+0,8 91,3+0,5 100 92,0+0,7 90,7+0,7 90,8+0,5
120 89,8+0,4 89,9+0,4 89,7+0,6 120 90,3+0,7 90,0+0,7 89,9+0,5
140 88,2+0,4 87,9+0,4 87,7+0,2 140 88,0+0,2 87,9+0,4 87,7+0,7
160 87,3+0,5 86,9+0,2 86,8+0,7 160 87,4+0,8 87,2+0,8 87,0+0,5
180 85,1+0,8 85,0+0,4 84,9+0,7 180 85,5+0,2 84,9+0,7 84,8+0,3
The duration of the irrigation — 60 min The duration of the irrigation — 120 min

20 98,0+0,7 97,8+0,2 97,5+0,3 20 97,7+0,4 98,2+0,7 98,0+0,7
40 97,1+0,7 96,9+0,4 96,6+0,3 40 96,7+0,7 96,9+0,5 96,8+0,5
60 96,3+0,7 96,0+0,3 96,1+0,7 60 95,9+0,5 96,0+0,8 95,9+0,4
80 93,7+0,8 94,1+0,7 93,9+0,5 80 93,7+0,8 92,6+0,4 92,8+0,6
100 91,8+0,4 91,3£0,6 91,0+0,3 100 91,8+0,5 91,3£0,8 91,1+0,4
120 90,0+0,3 89,8+0,4 89,5+0,8 120 90,0+0,3 90,2+0,3 90,0+0,7
140 88,4+0,7 87,9+0,8 87,7+0,8 140 87,7+0,5 87,5+0,7 87,4+0,5
160 87,0+0,7 87,2+0,4 87,0+0,4 160 87,2+0,2 86,8+0,8 86,6+0,8
180 85,3+0,8 85,1+0,3 85,0+0,3 180 85,3+0,5 84,2+0,2 84,5+0,8
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In a regression analysis, the proportion of the fac-
tor’s influence on the target function is conveniently
determined using Pareto charts. The peeling duration
had the greatest effect on cereal output since the stand-
ardized effect estimation (SEE) was 94.90521 (fig. 1).

Optimization of the cereal production process was
carried out on the basis of functions 4, 5 and 6. The
level of cereal output was the maximum value and,
on the contrary, semolina output was the minimum
one. The overall culinary estimation was at the level
of more than 8 points which corresponds to the good
value. The optimum regime during cereal production
should be considered as follows: moisture grain content
of 15.5-16.0%, the duration of softening of 60 minutes
and the duration of peeling of 140 s (fig. 2).

In the recommended mode, you can get
the cereal product with a total culinary estimation
of 8.0-8.5 points. Cereal output under the specified
mode is 88.6%. It is obvious that the importance
of the influence of water-heat treatment on the param-
eters of cereal production will increase with increas-
ing productivity of the plant.

Conclusions. As a result of generalizing informa-
tion on spelt grain, its high biological value and safety
for a person has been proved. Taking into account
a number of valuable features, spelt grain is highly
recommended for processing on dietary foods. Cereal
production is recognized as the most competitive for
the processing of small batches of spelt grain.

With a probability of 95% it can be argued about
the reliable and positive effect of water-heat treatment
of spelt grain for the production of cereal products. The
peeling duration determines the greatest impact on cereal
output and the overall culinary assessment. The low tem-
perature modes of water-heat treatment during cereal
production are not able to change grain structure enough
for a noticeable effect on the culinary assessment.

The optimum regime during cereal production
should be considered as follows: moisture grain
content of 15.5-16.0%, the duration of softening
of 60 minutes and the duration of peeling of 140 s. In
the recommended mode, you can get the cereal prod-
uct with a total culinary estimation of 8.0—8.5 points.
Cereal output under the specified mode is 88.6%.

(2)Peeling time, sec(L) -94,9051
(2)Humidity, %(L) 16,76529 ]
(3)The duration of the irrigation, min(L) 7 5,049439 1
p=,05
Fig. 1. Standardized Effect Estimate (Absolute Value)
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JIwoouu B.B., Tpersikoa C.O., Measnuk /1.C. OIITUMI3AILIS TIPOUECY BUPOBHUIITBA
KPYIIM IIJIOI I3 3EPHA CIIEJIBTH

Humni 30inbuyemsca nonum Ha npooykmu XapuyeauHs uUcoKoi 0ionociynoi ma noxcusHoi yinnocmi. Ile
3YMOGIEHO NONYVIAPHUMU MEMOOUKAMU 300P0B020 XAPYYBAHHS, WO NOWUPIOIOMbCA MIdC CHONCUBAYAMU.
Mema cmammi nonseac y 6CmaHo81eHHi ONMUMANLHO20 PEHCUMY JVWEHH Ma 6000-MeENI08020 00pOOIeHHs
3epHa cnenvmu nio Yac eUPOOHUYMEAa Kpyn auux npoodykmis. Ilpoyec ompumanns Kpyn ssHux npooykmie 6y6
3MO0€bOBAHUT 8 IADOPAMOPHUX YMOBAX | 6KII0UAE OCHOBHT NPOYECU KPYN SIHO20 GUPOOHUYMEBA. 6000-MENN08e
00poOIeHHs, TyWeHHs, pOo30ileHHs: NPOOYKMIG JYUeHHs, KOHMPOib 20mo6oi npodykyii. Excnepumenmu
npoBOOUNU BIONOBIOHO 00 UYUHHUX 6uMoO2 ma cmanoapmis. Cmamucmuutne 00pOOIEHHA pe3Vibmamis
eKCnepuMenmis i mamemamuune MOOeNI08AHHs NPOBOOUNLU 3a O0NOMO2010 npoepamu Ecxel ma Statistica 10.

3 tmosipnicmio 95% mooicna cmeepodicyéamu npo 00CMOBIPHO NOZUMUBHULL 6NIUE B000-MENT0B020
00pobnents 3epHa cnelvmuy nid 4ac eUpOOHUYMEa 3epHoeux npooykmis. Tpusaricmv ayujenns enaugac
HaUOiIbUWUL 81U HA 8UXIO 36PHOBUX NPOOYKMIE I 3a2anbHy KVIIHAPHY OYiHKY. HuzbkomemnepamypHi pexcumu
8000-Meni08o20 00pOOIeHHA Ni0 4ac SUPOOHUYMBA 3ePHOBUX NPOOYKMIE He 30aMmHI 3MIHUMU CIMPYKIYPY
3epHa HACMIIbKUY, W00 iICIMOMHO 6NIUHYMU HA KYIIHAPHY OYIHKY. [lo6edeHo, wo Haubiibuuil 611U HA BUXIO
KpYnu 3yMOGII0E mpueaicms ayujenns. Bonozicmv sepna nepeo nywenusam mae menwiui enaus. Tpusanicmo
BI0B0N0JICY BANHHS BNIUBAE HA BUXIO KPYNU i3 3epHa cnenbmu Hatimenwe, npome ii 6naue docmosipruil. Tenoenyis
BNIUBY NApAMEempPI8 00podIeHHs 3epHa HA 6UXI0 MYyuKU Oyna nodioHow 00 euxody Kpynu. OnmumaibHUM
pedrcumMom nio 4ac sUpOOHUYMEA KPynu i3 cneabmu Cio esaxcamu eonocicms 3epua 15,5—16,0%, mpusanicms
8i0gonodicysants — 60 x8, mpusaiicms ayweHus — 140 c. 3a pekomMeHO08AHO20 PexNcUM) MONCHA OMPUMATIU
Kpyn sitHuil npoOYyKm 13 3a2aibHo0 KYIIHaApHOo oyinkor 8,0-8,5 6anu. Buxio kpynu 3a 6kazanozo pexcumy —
88,6%. Jlocnioscennamu 0o06edeno, wo npoyecu NOIUHAHHS 80A02U 3ePHOM CHEelbMU 3MIHIOIOMbCA HOOIOHO
npoyecam NonUHaHHs MpaouyiiHux nuieHuys. Lle 3yMo610e ModCIUBIicy BUKOPUCAHNSA CIMAHOAPTNHO20
00NIAOHAHHS MA MEXHONO2IYHUX PIlUeHb HA KPYN SIHUX 3a600aX OJisl NepepodiIeH s OUULeHO20 3ePHA CREeTbINU.
Hatimenwuii eniue mpusanocmi 8i080104CY8aAHHS 3yMOBTIOE OOYITbHICIb 000AMKOB020 O0CHIONHCEHHS NPOYECi8
BUPOOHUYMBA KPYNIE HA 3d600aX PI3HOI NPOOYKMUBHOCMI O/ 8CTMAHOBNIEHHS eKOHOMIYHOI OOYintbHOCMI
3ACMOCY8AHHS 8000 MENI08020 0OPOONIEHHA.

Knwuogi cnosa: 6000-menioge oopodiIeHns, cneivima nueHuys, JyueHHs, KyiiHapHe OYiHI08aHHs.
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