Grain Products and Mixed Fodder’s, Vol.18, 1.4 / 2018

\

UDC 663.4:663.031
0.S. KOVALOVA, PhD. of tech. Sciences, associate Professor
av Yu. O. CHURSINOV, Doctor tech. Sciences, Professor

D.D. KOFAN, Master's Degree

Dnipro State Agrarian and Economic University, Ukraine

RESEARCH OF HYDROTHERMAL PROCESSING OF
DRY BARLEY MALT

Annotation

Functional properties of food products with the addition of germinated grain raw materials have become the object
of increased attention of scientists and specialists in the food industry. In addition to the nutritional ingredients, food products
with the addition of grain raw materials contain functional ingredients that positively affect the human body that helps to
adapt to the effects of the external environment. Functional products with the addition of germinated grain are considered not
only as a source of plastic substances and energy but also as a nutritional complex that provides a healing effect.

The usage of germinated grain in the food and processing industries is very limited due to its short shelf life and the
characteristics of preparing malt for further processing. A relevant technological challenge is the selection of barley malt
moisture regimes.

The cycle of researches concerning hydrothermal processing of dry barley malt has been carried out. The purpose of
determining the optimal technological regimes of hydrothermal processing of dry germinated grain is the prospects for its
further use in various food technologies as a food additive or a component of the enrichment of products with biologically
active substances.

The work highlights the selection process and the main technological parameters of the process that can be used in
the industrial processing of barley malt. As a research object, dry germinated grain (malt) produced by a special technology
was used. In the course of research, an optimal hydro module was selected for humidifying barley malt, the temperature
regime of hydrothermal processing of germinated grain was determined, the degree of swelling of malted grain was
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determined, the optimum time of wetting of raw materials for its further processing was determined.

When analyzing the data obtained, it was concluded that the optimal hydro module for swelling barley malt is 1:4,
the optimum temperature is +65 °C and the duration of hydrothermal processing is 48 hours. The regimes of hydrothermal
processing of barley malt presented in the article will allow optimizing the technological process of malt processing.

Keywords: barley, malt, germinated grains, moisture, hydrothermal processing, the degree of swelling, the rate of I:l

swelling, hydro module.

Introduction

Functional properties of food products today have
become the subject of increased attention of food
industry  specialists.  Perspective is those food
technologies that allow not only meet the human needs
for essential nutrients, but also perform wellness
functions and have biologically active substances in their
composition. The derived raw material for the production
of various food products is a germinated grain of
different crops. Such a grain has in its composition a
sufficient amount of antioxidants, which have the ability
to reduce the rate of oxidative processes. In addition,
during the germination process, the enzyme systems are
activated in the grain and complex components are split
into simpler ones that are easily absorbed by the human
body [1-2].

Literature review

The usage of germinated grain in the food and
processing industries is very limited due to its short shelf
life. Storage of malt is possible only if it is dried to 4-6%
[3-4]. Dry storage of malt allows expanding the range of
its use in the production of various food products. Thus,
during further processing of malt, it must be moistened;
therefore, the study of the hydrothermal processing of
dry germinated grain and the selection of the optimal
parameters of this process is a very topical technological
task that needs to be studied more deeply.
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During the hydrothermal processing of barley
grain, the process of moisture distribution occurs in
accordance with the thermodynamic characteristics of
moisture transfer in the main anatomical parts of the
grain [5].

The porous structure of the fruit coat of a grain
has the ability to absorb moisture with which the grain
contacts quickly. However, the coat can not retain
moisture. This function is performed by the seed coat,
especially, the aleurone layer of the endosperm and the
embryo itself. So the water absorption capacity and the
rate of moisture absorption by grain are due to the factors
which are given in Fig. 1.

Firstly, the grain intensively absorbs water, and
then, as it is saturated with moisture, the rate of
penetration of moisture gradually decreases. The
endosperm of barley is rich in proteins, harder than the
endosperm in which there is more starch. The lower the
glassiness, the lower the density of the endosperm, which
causes an increase in the rate of water absorption. Barley
malt has a powdery structure; therefore, the rate of
moisture absorption by it is much higher than that of
barley grain.

Barley grain is a capillary-porous colloidal
body, which has a cellular structure and many macro-
and micropores, has sorption properties, that is, it is able
to absorb water and its vapor and desorption properties
(moisture return), that is, the malt grain is hygroscopic.
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components of the grain). As
a result of adsorption and
absorption, moisture under
the influence of diffusion-
osmotic forces penetrates
deep into the grain and forms solid solutions with
colloids, specifically, protein substances, starch, fiber,
pentosans, mucus and other high-molecular substances
and components of the grain. When swelling, protein
substances can absorb up to 250% or more, starch - 30-
35%, mucus up to 800%. Hydrophobic substances, fats
and other lipids, soluble in fats pigments, carotenoids,
chlorophyll, fat-soluble substances, and others do not
swell in water and do not dissolve in it. Some substances
of the grain are soluble in water (sugar, free amino acids,
phosphates, and others). Substances capable of swelling
in water contain 80-85% in grain [5-6].

Heat effects specifically on the grain, promotes
the expansion of capillaries coat and the acceleration of
water penetration, which can serve as a catalyst for some
phenomena that determine the structural and biochemical
changes in the grain and its constituent parts.

Soaking grain raw materials in water is the main
way to influence its structure; however, this process can
be limited by the destruction of only water-soluble
proteins, therefore, chemical solutions are used to break
the bonds of starch with other components of the raw
materials completely, the choice of the type of which
depends on the content of proteins in the grain. As a
result, a forced denaturation of proteins occurs, the
structure of protein substances changes, which promotes
the release of starch grains, and the influence of chemical
preparations makes cellular structures penetrated for the
diffusion transport of soluble substances in a liquid
medium, specifically, into water [7].

The purpose of the study was to determine the
optimal modes of hydrothermal processing of dry
germinated grains for its further use in the manufacture
of food products of the intended destination.

Objectives of the study:

1. Selection of an optimal hydro module for hu-

midifying barley malt.

2.Determination of optimum temperature regime

of hydrothermal malt processing.

3.The study of the degree of swelling of malted

grain, followed by the determination of the
optimal time of wetting.

fullness and grain
size
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variety and
cultivation area

Figure 1 - water absorption capacity of grain and the rate of moisture absorption

Materials and methods of research.

As a research object, dry germinated grain (malt)
produced using a special technology [8-10] according to
TU 30664090-001-2012 (MC Ukrsolod LLC) light
barley malt was used.

In the work, common methods of research of
physicochemical indicators: determination of dry
substances, the degree and rate of swelling were used
[11].

The degree and rate of swelling of dry germinated
grain were determined according to the method of the
Belarusian branch of the All-Union Research Institute of
Dairy Industry [6]. For this purpose, we took 1 g of a
sample of dry germinated grain, placed it in a centrifuge
tube, added distilled water in a ratio of 1:1-1:5. We set
temperature parameters and kept in paraconvection
apparatus for up to 60 hours. The following temperature
parameters were chosen: 25t1 °C; 35+1 °C; 45£1 °C;
55+1 °C; 651 °C; 75+1 °C; 85+1 °C. Further, the test
tubes were centrifuged for 5 minutes at 1000 rpm. The
centrifugate was carefully drained. Moisture content was
determined in the residue. The degree of swelling was
determined by the formula (1):

A=(m-mg)*100/m,,
where A — the degree of swelling,%;
m - a mass of grain after hydration, g;
m, — a mass of dry grain, g.
The mass of dry germinated grain after swelling
was determined by the formula (2):
m= my*(100-B)/(100-B) 2)
m-— the mass of the grain after swelling, g
B - mass fraction of dry grain moisture,%;
B, — a mass fraction of moisture of the hydrated
grain,%.
An optimal hydro module was also determined.

()

where

Results of researches of hydrothermal
processing of malt and their discussion

Since it was researched the hydrothermal
processing of malt, in other words, the grain that has
already undergone certain biochemical changes, we
should pay attention to the particular water absorption of
malt of the different biochemical composition. Table 1
shows the change in the degree of swelling of dry barley
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Table 1 - Change in the degree of swelling of malt, dependmg on the .hydro' module,
. . temperature regime and moisture time. >
dry germinated barley grain .. Ly
= At the beginning of the process, | J
;F’ Hydro Degree of swelling the malt is moistened independently of the | §
C | module | 1h || 3h || 6h || 12h || 24h || 48h || 60h | temperature. Despite the temperature | &
1 2 3 4 5 6 7 8 9 fluctuations, the amount of moisture %
1:1 12 13 26 35 47 53 50 contained in the malted grain is almost :
12 13 14 30 39 50 54 31 unchanged. Subsequently, the penetration o
5 T 7 > 2 of moisture, which is retained by the forces | O
5 :3 8 0 36 0 30 33 53 of surface tension, is characterized by an 6'
1:4 20 22 39 44 52 56 54 intensive absorption of moisture by the %
1:5 19 21 37 41 51 52 51 coats and internal parts of the malted grain. uOJ
11 30 43 55 67 ’4 92 ]8 At this stage, the effect of temperature is | k=
12 30 45 64 70 39 99 93 already more noticeable and the rate of 5
= water absorption is already increasing at a | g
35 1:3 33 48 68 73 95 105 96 temperature of 45 °C. %
1:4 35 || 50 72 78 98 112 99 All moisture in the grain is | ©
1:5 31 47 69 75 93 107 92 physically and chemically bound, this %
1:1 48 71 90 100 120 122 118 aspect has a great technological U‘DJ
12 3 75 38 90 122 125 121 significance. So, when the usual conditions 8
45 3 ) 73 30 o1 7 120 31 change, in our case this is a change in the | g
temperature regime, there is a change in the 01
1:4 52 7 89 o1 126 132 128 dynamic balance, as a result, more active E
1:5 49 || 73 83 89 121 || 127 || 125 | transport of moisture to the malted grain | W
1:1 53 75 | 112 ]| 126 | 132 [ 141 138 | occurs. An increase in temperature has %
1:2 56 31 118 130 142 156 151 pqrticular ir.nportance.: in this process, with
55 3 57 37 1 134 154 168 163 this there is a partial destruction of the
= bonds of adsorbed water molecules, and
1:4 60 93 123 138 157 176 170 some of them are desorbed, whereby free
1:5 55 || 87 J 117 | 131 || 152 || 173 | 168 | moisture is formed. Due to the structural
1:1 60 80 125 142 145 160 153 features of the malted grain, it is quite I:l
1:2 63 33 142 153 170 180 178 difﬁcult to release moisture into. the
65 | 13 | 65 | 110 || 145 | 160 | 185 | 191 | iss | cnvironment Weakly bound moisture
= affects the physical and chemical properties
1:4 66 100 || 146 168 189 194 189 of biopolymers, causes an increase in the
1:5 6l 93 141 163 184 193 187 flexibility and mobility of the protein
1:1 56 75 105 112 131 142 139 chains of their micromolecules. Along with
1:2 58 79 111 123 146 147 145 the expansion of intermolecular gaps, there
75 13 39 36 115 128 151 153 151 is a decrease in the density and hardness of
= malted grain, which affects the nature of its
1:4 60 93 118 || 131 154 158 153 deformation.
1:5 57 89 113 127 153 151 145 An important aspect is the amount
1:1 50 72 78 80 120 125 123 of water that is involved in the wetting of
12 52 74 79 38 124 128 124 the grain material, specifically, malt. So we
- studied the water absorption at five
85 L3 >3 /8 84 ol 130 142 135 different hydro modules. The data is shown
1:4 54 81 90 100 128 130 124 in Fig 2_6y '
1:5 51 75 84 95 121 127 121
m25°C 1 hour
200

35°C 25 oC
3 hours W45 °C 60 hours 3 hours 35 oC
. <
m55°C ) ' 4 W 45°C
65 °C v A 55 °C
6 hours 1 75 o 48 hours V / 6hours  mg5°C
85 °C ' 75 °C
I\ 85 °C

12 hours 24 hours 12 hours
Figure 2 - Hydro module 1:1 Figure 3 — Hydro module 1:2
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Figure 6 — Hydro module 1:5
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Figure 5 — Hydro module 1:4

volume of water spent on soaking the grain material
before its further use in the process.

The time of interaction with moisture during
hydrothermal processing has a great influence on all
processes occurring in grain. Over time, there is a change
in the intensity of moisture transport from the coat into
the endosperm. The diffusion coefficient of moisture
decreases, which has great practical importance for
increasing the efficiency of hydration.

Approvement of research results. All studies were
performed on the basis of the Scientific and Production
Laboratory for the determination of the quality of grain
and grain products of the Dnipro State Agrarian and

Economic University.

200 T e [ The optimal parameters
190 /L" of hydrothermal pro-
}?g / 2 cessing of barley malt,
160 ’/ which were selected in
150 pad - laboratory conditions,
«© 140 /)( // —e—250C can be introduced into
Lrj 130 7 = ] production at any en-
é 120 72 7 ==35°C  terprise specializing in
o 110 -~ . manufactured malt
% 188 /é/ z el /K- AEE food products.
o 7/ —=355°C
% §8 A 7 5 o0 Conclusions.
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s0 f’ /./ — 75°C analysis of the data
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20 A hydro module for
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. 1:4.
0 1 3 6 12 24 48 60 2. The opti-
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Figure 7 - Dependence of the degree of swelling of malt on the time of hydrothermal
processing at the optimal hydro module 1:4

Analyzing the data obtained, we can conclude
that the optimal hydro module is 1:4. In this mode, the
maximum values of the degree of swelling are observed.

Fig. 7 shows a graph which depicts the
dependence of the degree of swelling of the grain on the
time of hydrothermal processing, specifically, at the
optimum hydro module. The dynamics of changes in
water absorption activity at this hydro module has the
highest values, which indicates the correctness of the
selection of the ratio of the amount of malt and the
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mum temperature re-
gime of hydrothermal
malt processing was
+65 °C.

3. In the study of the degree of swelling of
malted grain, the duration of hydrothermal processing,
which was 48 hours, was determined,

Thus, it was proposed modes of hydrothermal
processing of barley malt for its further use in the
production of various food products. The regimes of
hydrothermal processing of barley malt presented will
allow optimizing the technological process of malt
processing.
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Jninposcvruii 0eparcasHuil azpapHo-eKoHOMIuHUY YHigepcumem, JJHINPo

JOCJIIKEHHS I'JIPOTEPMIYHOI OBPOBKU
CYXOIro AYMIHHOI'O COJIOaY

Anomauisn

DYHKYIOHATbHI 61ACMUBOCIE XAPHOBUX NPOOYKMIE 3 000ABAHHIM NPOPOCIOL 3ePHOBOT CUpOGUHU cmanu 06 'ck-
mom niosuweHoi yeasu euenux i gpaxisyie xapuoeoi npomuciosocmi. Kpim xapuogux inepedicumis, xapuogi npooykmu 3
000ABAHHAM 3EPHOBOI CUPOBUHU MICMAMb PYHKYIOHANbHI iHSpediCHMU, SIKI NOZUMUBHO GNAUBAIOMb HA OP2AHIZM TH0OU-
HU, WO 00noMazae adanmysamucs 00 6NIUGY 308HIUHbO20 cepedosuya. PYHKYIOHATbHI NPOOYKMU 3 000A8AHHAM NPO-
POWEHO20 3epHa PO32IA0AIOMbCSA He MINbKU AK 0JCepeno NIACMUYHUX PeHO8UH | enepeii, ane i sIK JHCUBUTbHUL KOM-
nieKc, wo 3abesnevye aiKysaibHull eQexm.

Buxopucmanus npopowenoeo 3epua 6 xapuogiti ma nepepooniti npOMUCIO80CMI € Jyoice 0OMeNCeHUM Yepes 1020
KOpOMKUU mepmin 30epieanHs ma Xapakmepucmuky npueomyeants co1oody 015 nooauvbuioi nepepooku. Bionosionum
MEXHOIO2IYHUM 3A60AHHAM € GUDIP PeXNCUMIE B0A020CHE AUMIHHO20 CON00Y.

3oiticneno yuxn docriodcenb w000 2iopomepmiunoi 0OPOOKU CYX020 AUMIHHO20 CON00Y. Memoto euznayeHms
ONMUMATLHUX TNEXHONOSIUHUX PENCUMIE 2IOpOmepMIuHOT 0OPOOKU CYX020 NPOPOWEHO20 3ePHA € NEPCNEeKMUBU 1020
HOOANLULO20 BUKOPUCMAHHSL @ PIZHUX XAPYOBUX MEXHONO02IAX K Xapuoea dobaska abo Komnonenm 36a2ayents npooy-
Kmig 6i010214HO AKMUBHUMU PEYOBUHAMU.

Y pobomi eucsimneno npoyec 6i0bopy ma 0CHOBHI MEXHOIO2IUHI NAPAMEMPU NPOYECY, KL MOACYMb OYIMU BUKO-
pucmani npu RPOMUCIO8itl nepepodYyi AUMIHHO20 cON00Y. HK 00'ckm 0oCiONCe s GUKOPUCIOBYBABCSL CYXULL NPopouje-
HUll 3¢pHO (CON00), BUPODNIeHUL 3a CREYIiaIbHOI MEXHON02IEN. B X001 docnioxcents Oyi0 00paHO ONMUMANbHULL 2i0-
POMOOYIb 015 360N0ICEHHS AUMIHHO20 CONOOY, BUSHAYEHO MEMNePAMYPHUL PeNCUM 2i0pomepmiunoi 0opodKu npopo-
WeHO20 3epHA, GUSHAYEHO CMYNIHb HADYXAHHS CON0006020 3ePHA, ONMUMATLHULL 4aAC 3MOYYBAHHS CUPOBUHU O/l 11020
noodanbuio2o 06PoOKyY GU3HAUATL.

Ipu ananizi ompumanux oanux 6y10 3p061EHO BUCHOBOK, WO ORMUMANLHUM 2I0POMOOYIeM Oisl HAOYXAHHS -
Minno2o conody € 1: 4, onmumanvna memnepamypa - +65 ° C, mpusanicmo ciopomepmiunoi 0opooku - 48 200umn.
Ilpedcmaeneni ¢ cmammi pexcumu 2iopomepmiunoi 06pobKuU AUMIHHO20 COI00Y 0038018Mb ONMUMIZYEAMU MEXHO02]-
ynUll npoyec nepepooxu con0oy.

Kniouosi cnosa: suminw, conoo, npopowere 3epho, 8oaoea, ciopomepmiuna oopooKa, cmynins HAOYXAHHS, WU~
OKicmb HAOYXanus, 2i0pomMooyib.
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PROSPECTS FOR THE USE OF GRAIN RAW
MATERIALS IN THE PRODUCTION OF
FUNCTIONAL PRODUCTS

Abstract

The development of new physiologically functional food products is a prospective direction for world food products market.
The inclusion of functional ingredients in food can increase the biological value of products that are already familiar to the consum-
er, as well as expand the range of products offered. Physiological activity of cereal’s ingredients varies widely, there are: anti-
cancer, antiallergic, antioxidant properties, prebiotic, immunostimulating effects, etc. Moreover, the cereal’s ingredients can im-
prove the organoleptic properties of bakery, dairy and confectionery.

Cereals can be used as a prebiotics: fermentable substrates for the growth of probiotic microbiota. It is scientifically prov-
en that grain’s nondigestible carbohydrates stimulate the growth of Lactobacillus acidophilus, L. casei, L. reuteri, L. rhamnosus, L.
johnsonii, L. plantarum, Bifidobacterium longum, B. breve, B. lactis.

Cereals contain water-soluble fibre, such as p-glucan and arabinoxylan, oilgosaccharides, such as xylo- and fructo-
oligosaccharides and resistant starch, which have a wide application as prebiotic preparations. Furthermore, cereals as wheat, rye
and rice contain polyphenols (benzoic and cinnamic acid derivatives) that are used both in the food industry as antioxidants, dyes,
flavors of natural origin and in the compositions of physiologically functional ingredients, as well as in the pharmaceutical and cos-
metic industries.

Thus using cereals as a raw material for functional ingredients obtaining is a perspective in biotechnology, food and
pharmaceutical industry.

The modification of cereals processing technologies also will allow produce insufficiently studied prebiotic compounds, the
functionality of which must be studied.

Keywords: cereals, probiotics, prebiotics, modified polysaccharides, functional products

Interest in the development of technologies for tion is one of the areas of the humanistic program of hu-

the production of functional products is growing due to man nutrition proclaimed by the UN [1, 2].

their high market potential, which is associated with a The use of biologically active additives (BAA)
number of their protective properties. Functional foods allows filling the shortage of essential nutrients, increas-
contain substances that have a positive effect on the hu- ing the nonspecific resistance of the organism to the ef-
man body, which makes them the subject of scientific fects of adverse factors, carrying out immune correction,
research. Special attention in the development of func- individualizing the most nutrition. Among the existing
tional products is paid to increasing their industrial pro- dietary supplements, widespread and rapid development
duction from various types of raw materials. This ap- are observed among probiotics and prebiotics.

proach allows the development of functional products Probiotic products are defined as products that
based on regional resources [1-3]. The term “functional contain a single or mixed culture of microorganisms that

nutrition” in the scientific literature appeared in Japan in positively affect the health of consumers and correct the
1989, the main approaches to the definition of which balance of the intestinal microbiota [20]. Their physio-

correspond to three characteristics: forming part of the logical effect has been widely studied by domestic and
daily diet; components must be natural (of natural foreign scientists both in vitro studies and through clini-
origin); along with the nutritional value should contribute cal animal tests, namely lactose metabolism, control of
to the regulation of any function of the body. The crea- gastrointestinal infections, suppression of cancer, reduc-
tion and introduction of functional products into produc- tion of serum cholesterol and immune stimulation

[19,24]. In probiotic preparations, mainly the following
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