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Introduction. This paper considered issue of the possibility of increasing the efficiency of the
extrusion equipment due to expanding the scope of its application, in particular, the production of
liquid and pasty feed mixtures. This is achieved by processing the grain component in an extruder
and then mixing it with liquid components using extrusion heat. This heat is not currently used in
production. During processing, it accumulates in the particles of the extrudate and is then lost to
the environment at the exit from it. It is proposed to use this heat in mixing to achieve sterilization
of all components of the mixture. The effectiveness of the proposed method investigated by
evaluating: the amino acid composition of the obtained mixtures, urease activity;, microbiological
indicator. The research conducted according to standard methods.

According to the results of research, the effectiveness of the proposed method has been
proven. In particular, this is confirmed by an increase in the amount of essential amino acids in the
paste when compared with granulated extrudate and untreated soy. It was proven that urease
activity in the paste decreased to 0.15 ApH, which is within the normal range. Data were obtained
on a slight increase in the microbiological index in the paste from 2 CFU to 14 CFU during
30 days of storage. The absence of enteropathogenic strains of E. coli, toxin-producing anaerobes
and Salmonella in the studied samples also indicates the sterilization of the mixture.

Therefore, the obtained data prove that the amount of heat accumulated during extrusion is
sufficient to achieve pasteurization of all components of the mixture. Obtained can be used in the
agricultural sector, in technologies for the production of pasty mixture and liquid feed.
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Introduction.

The implementation of effective technologies for the production of high-quality
feed, which meet modern energy efficiency of requirements, always remains an
important direction in the development of this industry. An important step for this is
the use of high-temperature extrusion technologies. Because they do not require
significant energy consumption and allow obtaining high-quality products of various

composition and purpose. However, despite all the listed advantages of extrusion, the
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next stage, which involves mixing the extrudate with other components, remains a
difficult issue. This 1s due to the fact that feeds are mostly multi-component mixtures.
Each of the components has a different nature, properties and consistency. For
example, vegetable and animal fats, dry milk substitutes and vitamins are added to
the mixture. It is allowed to add liquid milk products or milk whey [1]. As a result,
the complexity of organizing the process of mixing such components can
significantly affect the quality of the feed and the duration of its storage. Therefore,
an important task is not only the choice of raw materials and processing technology,
but also the choice of mixing method. Since it should not have a negative effect on
the stability of the product during storage.

In the case when the amount of moisture in the feed is less than 40 %, then
technologies of vacuum spraying of components are used. The process is considered
effective because the extrudate has a porous structure that retains liquid well.
Traditionally, such technological schemes include the following stages: preparation
of components, dosing, grinding, conditioning, extrusion, drying, vacuum spraying,
cooling. Some stages and their sequence may change. Among the leaders of
technology “Buhler AG”, “Amandus Kahl”, “Pegasus Vacuum Coater”, “Rotospray”,
“Amandus Kahl”, “Ottevanger”.

Domestic manufacturers prefer technologies of mixing components in mixers.
Mostly they are of horizontal or vertical type, periodic or continuous action.

In the case when the concentration of liquid components exceeds 40 %, then
equipment such as mixers is used. However, a number of difficulties arise when using
them. Among the main ones is the appearance of stagnant zones during the mixing
process. Also, the manufacturer is often forced to use heating element systems and
complex piping systems to supply each component. All this significantly complicates
the production process. However, the main reason remains the need for significant
initial investments and the lack of qualified personnel [2]. Despite all these
difficulties, the latest data have shown that entrepreneurs are still switching to
technologies for the production of liquid feed. The main reason is that liquid feed is
closer to the physiological needs of animals and gives higher rates of weight gain
than dry food [3].

On the basis of the analysis, the authors proposed to obtain granular, pasty and
liquid multicomponent mixtures on the basis of one extruder. The peculiarity of the
proposed method is the implementation of the mixing process after the extruder. It
involves mixing the components at the exit from the extruder using the heat of
extrusion, which accumulates in the extrudate particles to achieve pasteurization of
the entire mixture. According to the authors, this approach will solve a number of
problems. In particular, on the basis of existing equipment with minimal investment
and without the involvement of additional personnel, expand the range of products. It
will also improve the quality and extend storage time of the product.

For the research, soybeans were used, which today is the main source of protein
in most feed products [4]. The following modes are recommended for heat treatment
of soybeans: temperature 135...140 C and moisture content — 12...14 % [5].

However, it is known that there is a negative effect of high temperatures on the
protein structure, in particular, on the composition of amino acids. The most
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thermolabile amino acid of these is lysine. Therefore, the evaluation parameter was
the composition of essential amino acids in the final product. Since the product
involves long-term storage, the evaluation parameter was the determination of the
dynamics of the microbiological indicator during its storage.

To determine the effectiveness of the proposed method, a number of tasks were
formulated. These included studying the effect of the heat used to pasteurize the
components on: the composition of essential amino acids; microbiological index;
indicator of urease activity. For control, the data obtained were compared with
samples of extruded and untreated soybeans.

Materials and methods.

For the experiments, soybeans with an initial moisture content of 5 % were used.

The experiments were carried out on a laboratory bench, the scheme of which is
shown in Fig.1. It consisted of a grain humidifier 1, an extruder 2, a specially
designed device 3 for mixing components. According to the experimental method,
soybeans were pre-moistened to 13...14 % in humidifier 1. Then the moistened
soybeans were processed in extruder 2, where they were crushed under conditions of
high temperatures. The temperature reached maximum values of 135...140° C in the
die zone, i. e. before exiting the extruder. Mixing of hot extrudate particles with liquid
components occurred at the outlet of the extruder without contact with the medium in
device 3.

The object of research — soybean extrudate; pasty feed mixture (50%),
including extruded soybeans, water, liquid phosphate concentrate; control sample of
mechanically crushed soybeans

|

Figure 1 — Experimental stand
1 — grain moistening device; 2 — extruder; 3 — device for mixing extrudate with liquid
components

The evaluation of the efficiency of soybean processing in the extruder carried
out by determining the activity of the wurease enzyme accordance with
DSTU 8365:2015. The analysis performed for soybean extrudate and pasty feed
mixture. The composition of essential amino acids determined by ion-exchange liquid
column chromatography using an automatic amino acid analyser. Determination of
microbiological parameters carried out according to DSTU EN 12824:2004.

Results.

The urease activity determined in the samples after processing in the extruder
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and in the samples of the pasty feed mixture (Table 1). The results showed a decrease
in values to normal with a permissible limit of 0.3 pH units. That is, the processing
conditions in the extruder ensure the inactivation of anti-nutrients. The proposed
mixing method does not create a negative impact.

Table 1 - Physicochemical parameters of soybean and pasty feed mixture

Research Result
Parameter Pasty mixture Soybean extrudate
Mass fraction of moisture, % 50,87 8,5
Urease activity, A pH 0,15 0,12

Analysis of essential amino acids allowed to identify and quantify the
composition of 9 amino acids. In particular, lysine, threonine, valine, methionine,
leucine, isoleucine, phenylalanine, arginine, histidine, which is illustrated in Figure 2.

Comparison of unprocessed soybeans with samples after extruder processing
and paste showed that the composition of essential amino acids is fully preserved. At
the same time, some amino acids showed some growth. In particular, the amount of
histidine in the paste and extrudate samples increased by 10.3 %, threonine in the
paste by 10.0 % and 7.2 % in the extrudate. The amount of lysine also increased by
8.2 % in the paste and by 6.6 % in the extrudate, which is the most thermolabile
amino acid. The amount of methionine in the paste increased by 7.3 %, while it
remained unchanged for the extrudate. To a lesser extent, the share of isoleucine
increased by 6.2 % in the paste and 4.0 % in the extrudate, as well as leucine by
2.7 % in the paste and almost unchanged by 0.9 % in the extrudate.

The data on changes in the amount of arginine, valine, and phenylalanine were
analysed. The results indicate that the combined effect of the high temperature in the
extruder and the mixing conditions at the outlet do not have a significant impact on
the amount of these amino acids.

That is, the obtained results indicate that the complex effect of high temperature
in the extruder, as well as the conditions for mixing the components at the exit from
the extruder, do not create a noticeable effect on the amount of arginine, valine and
phenylalanine, the concentration of which in the paste and extrudate samples has not
changed. Their concentration in the paste and extrudate samples did not change.

The analysis of the microbiological indicator showed a slight increase for paste
samples from 2 CFU to 5 CFU in the first day and up to 14 CFU within 30 days of
storage. Comparison with samples of extruded soybeans also showed insignificant
dynamics, in particular, during the first day — 2 CFU and less than 10 CFU during the
next 30 days of storage. The analysis revealed the absence of enteropathogenic strains
of Escherichia coli, toxin-producing anaerobes and salmonellae in all the samples
tested. That is, the presented results indicate the effectiveness of the proposed mixing
method. This means that the amount of heat released with the extrudate is sufficient
to sterilise all components and thus ensure long-term storage of the product for
another 30 days.
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Figure 2 — Content of essential amino acids in soybeans and products of its
processing, %

Conclusion.

The effect of extrusion heat used for sterilisation of paste components on its
amino acid composition studied. The data obtained allowed us to identify 9 essential
amino acids. Their quantitative composition showed a 10.3 % increase of histidine in
the paste and extrudate samples, a 10.0 % increase of threonine in the paste and a
7.2 % increase in the extrudate. The amount of lysine increased by 8.2 % in the paste
samples and by 6.6 % in the extrudate. The study of the paste samples showed an
increase in the amount of methionine by 7.3 %, while this amount remained
unchanged for the extrudate. The data obtained showed a lesser increase in the
amount of isoleucine - by 6.2 % in the paste and by 4.0 % in the extrudate. The
amount of arginine, valine, phenylalanine in the paste and extrudate samples
remained unchanged. That is, the proposed method of mixing in combination with
extrusion processing allows to preserve, and in some respects improve the
composition of essential amino acids.

The study of urease activity in samples of pasty mixture showed a decrease in
the index to 0.15 ApH, which is within the normal range. For comparison, this
indicator determined in the extrudate to be 0.12 ApH.

The results of microbiological studies of pasty mixture showed a slight increase
from 2 CFU to 5 CFU in 1 day and up to 14 CFU after 30 days of storage. The
analysis revealed the absence of enteropathogenic strains of Escherichia coli, toxin-
producing anaerobes and salmonellae in all the samples tested.

Therefore, the expediency of using the proposed method of heat utilisation for
pasteurisation of all components of pasty mixture is substantiated. The data obtained
can be used in the production of pasty and liquid feeds.
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Anomauin. Y cmammi po3eisHymo MONCIUBICMb NiOGUWEHHS eheKmusHocmi pobomu
eKCmpY3itiHo020 00IAOHAHHA 34 PAXYHOK PO3UWIUPEHHs cghepu 1020 3ACmOCY8anHs, 30Kpemd,
BUPOOHUYMBA PIOKUX I NACMONOOIOHUX Kopmosux cymiutel. Lle docseaemuvces wiisixom o0O6poOKu
3epHOB020 KOMNOHEHMA 8 eKCmpyoepi 3 HACMYNHUM SMIULYBAHHAM 1020 3 PIOKUMU KOMNOHEHMAMU
npu 6UKOpUCMAHHI meniomu ekcmpysii. La menioma y eupobHuymei 3apas ne UKOPUCMO8YEMbCAL.
Bona nio uac ob6pobku akymynoemocs 6 yacmuHkax excmpyoamy i HA 6uxoli 3 HbO20 NOMIM
8MpPAYAEMbCS 8 HABKOIUWHE cepedosuuje. 3anponoHo8aHo ii UKOPUCMOBY8AMU NPU 3MIULY8AHHI
0Nl 00CsACHeHHs cmepunizayii  ycix KomMnowenmis cymiwi. Egexmuenicms 6ukopucmarHsi
3anponoOHO8AH020 CNOCOOY OO0CIONCYBANU ULIAXOM OYIHKU: CKAAODY AMIHOKUCIOM OMPUMAHUX
cymiweli;, aKmueHOCmi ypeasu, MIKpoOIioN02IuH020 NOKA3HUKA. []OCNiOJHCEeHH NPOBOOUNUCHL 3d
cmanoapmuumu  memoouxkamu. Ilo  pezyrbmamam — ananizy — 008e0eHO  ehekmusHicmy
NPONOHOBAHO20  Cchnocoby. 30Kpema, NIOMBEPONCeHO  3POCMAHHA — KIIbKOCMI  He3AMIHHUX
AMIHOKUCTIOM ) NACMI NOPIGHAHO 3 2PAHYILOBAHUM eKCmPYOamom ma co€i. J[06e0eH0 3HUINCEeHHs
akmusHocmi ypeaszu ¢ nacmi 0o 0,15 ApH, wo 6 mexcax nopmu. Ompumano 0aui npo He3HAYHUL
picm mikpobionociunoeo noxazuuxa ¢ nacmi 3 2 KYO oo 14 KYO npomseom 30 0i6 36epicanns.
Bcmanosneno gi0CymHicmy EeHMepPonamo2eHHUux wmamis KUUWKOBOT nanuyKy,
MOKCUHOYMBOPIOIYUX AHAEPODI8 I CATbMOHEN, WO MedC CEIOYUMb NPO O0CACHEeHH cmepunizayii
ycix komnonenmie cymiwi. Omoice ompumani O0ani 008005Mb, WO KLILKICMb Meniomu
AKYMYIbOBAHOI Ni0 yac ekcmpysii € 00Cmamuboi0 051 00CACHEHHs NACmepu3ayii ycix KOMNOHeHmis
cymiwi. Ompumani  0aHi  MONCYMb  3ACMOCOBYBAMUCL 68  MEXHON02IAX  BUPOOHUYMBA
0a2amoKoMNOHEHMHUX KOPMOBUX CYMILUEU.

Knrouogi cnoea: excmpyoep, smiuty8anus, nacmepusayis, cymiul, AMIHOKUCTIOMU.
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