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neuratotcst Ha 1,2% oT 3arpayeHHOro BpemeHu, nexat 54,4%, to ectb Ha 3,4% MeHbIe, YeM
komoubie (57,8%). XKBauka u coH ObUIH OOJee MPOAOHKUTEIbHBI Y KOMOJbIX Ha 1,9 u 1,2%.
[Ipu MHTEHCUBHOM BBHIpAIIMBAHUH TEJIOK I1€JIECO00pa3HO ciaydyaTh B Bo3pacte 14-16 mecsies no
JOCTH>KEHHUH skUBOM Macchl 340-360 Kr v Ha JBa MeCALlA paHbLIE.

Knrouegwle cnosa: KOMONbBIN, pOraThlid CKOT, Ka3axcKas 0eJ0royioBas, mopo/ia.
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RESEARCH EFFICIENCY EXTRUSION PROCESS FLOUR POLY-CEREAL MIXTURE

Annotation

Following the results of study of extrusion of poly-cereal flour mixture on commercial
twin-screw extruder dependencies of parameters, defining efficiency of the process, on variable
value of rotation rate of the extruder screw, n (min™) and humidity of extruded poly-cereal flour
mixture, W (%). Received dependencies adequately describe poly-cereal mixture extrusion
process management. The results of the research have practical significance when improving the
scheme of manufacturing of poly-cereal products of high degree of preparation.
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Introduction

The most important task of the food industry of the Republic of Kazakhstan is to develop
scientific, theoretical and practical basis to obtain new forms of food products, as a brand new
area for expansion of the line of grain-based food products. Implementation of such area
prospective for Kazakhstan’s economy is possible by means of development and improvement of
process for production of extruded poly-cereal food products using high-temperature extrusion
[1-4].

It should be noted, that the major component of the raw material, used in different
extrusion technologies, is starch, the high-molecular natural polymer, which occurs in large
amounts in almost all cereals and their derivative products, and in smaller amounts — in grain
legume crops with high content of protein. While, according to many scientists, extrusion
processing of starch-containing raw materials [5-7], is an eco-friendly, resource-efficient and
universal process, which provides an opportunity to obtain easy-digestible, thermally sterilized
food products with improved taste properties.

Within the last 5-7 years the market of extruded products transitioned from extensive to
intensive development, i.e. the growth of the market is maintained not by growth of production
of one certain type of product, but by development of new types of finished products [1-3, 6, 7].

Therefore, one of the priority areas in improving methods and technologies for production
of brand-new grain-based food products is to improve the degree of preparation and to extent
line by extruding poly-cereal flour mixture, which, in turn, is a relevant and appropriate task.

The results given in article are received during performance of research works on subjects:
"Developing the technology of production of highly prepared products from domestic poly-
cereal feedstock™ (# the state registration 0112PK01528) on grant financing of scientific
researches of Committee of science of the Ministry of Education and Science of RK.
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Materials and methods

Experimental manufacture of the preproduction lot of extruded poly-cereal food products
of high degree of preparation was performed on a commercial extruder, equipped with automatic
control board, cooling chamber, receiving bin with dosing machines, twin-screw pressing unit
(extrusion zone) and the device for release of finished products. Extruder design implements
modern engineering solutions, designed to improve product manufacturing process (Figure 1).

Figure 1 — A twin-screw extruder LT65L

The extruder is equipped with 45 KW electric drive and has a capacity of 250 kg/h. The key
feature of the plant design is an automated system for setting and control of thermal control
parameters, which includes pit-regulators, which ensure stability of thermal conditions in
extrusion zones. Specifically designed self-cleaning screws prevents ingress of carcinogens and
solid particles to finished products, which helps to avoid dismantling and cleaning extrusion
zone of the plant upon completion of work.

Methods for manufacture of preproduction lot of extruded products of high degree of
preparation consists in the following. We have defined optimal operation mode of the extruder
using automated system for setting and control of thermal control parameters via control board.
Pre-prepared poly-cereal mixtures (prepared according to science-based formula) were loaded
into receiving device of the twin-screw extruder with dosing mechanism. Next we extruded poly-
cereal flour mixture at fixed rates of rotation of the working member and humidity of mixture.

In the course of extrusion the poly-cereal mixture passed through pressing unit (extrusion
zone) and at the output from extrusion zone through outlet assembly we obtained finished
products in the form of extrudates. Further the finished products were cooled on the frame with
woven-wire-cloth sieve coating in order to avoid sticking of the products obtained. Thereafter
obtained products were transferred to the finished products reservoir.

During the experimental researches the efficiency of operation of the twin-screw extruder
was controlled by registration of the following variable parameters:

— pressure, built in pre-matrix zone (P, MPa);

— temperature of the finished products at the output from the working zone (t, °C);

— extruder output (Q, kg/h);

— power consumed by the electric drive during extrusion process (N, kW).

For the mathematical processing of the results of experimental studies with single and
multivariate experiments we used the approximation of the experimental data of cubic functions
by least squares, as a result, the optimal kinematic and technological parameters of technological
processes.
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Results and discussion

The findings of the experimental researches were entered into Microsoft Excel tables.
Based on data obtained we constructed graphs of dependency of pressure, built in the pre-matrix
zone (P, MPa), temperature of finished products at the output from the working zone (t, °C),
extruder output (Q, kg/h) and power consumption of the electric drive during extrusion process
(N, KW) on variable values of rotation rates of the extruder screw n, (min™) and humidity of the
extruded poly-cereal mixture, W (%).

Figure 2 shows 3D model, which describes dependency of pressure in the pre-matrix zone
of the twin-screw extruder on humidity of poly-cereal flour mixture and rotation rate of the
working member of the experimental plant.
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Figure 2 — Dependence of change in pressure in the pre-matrix zone of the extruder (P, MPa) on
humidity (W, %) and the rotation rate of the working member (n, min™)
Area, characterized by pressure in the pre-matrix zone:
1 —20-25 MITa; 2 — 15-20 MIla; 3 — 10-15 MPa

Analysis of behavior of the 3D surface demonstrated, that increase in rate of rotation of the
working member n from 80 to 250 min™ leads to increase in values of pressure in the pre-matrix
zone. At the same time humidity of the processed poly-cereal flour mixture reduces P values
during extrusion. Thus, for instance, at the 12 % humidity of a poly-cereal flour mixture and
rotation rate of the screw 80 min™ P value made up 11.0 MPa. At W = 13.5 % and n = 80 min™ P
value made up 11.7 MPa. Increase in humidity up to 15 % led to increase in P values up to 12.0
MPa. Further increase in humidity up to 18 % reduced pressure values down to 11.45 MPa.

Figure 3 shows the 3D model, which describes dependency of extrudate temperature at the
output of the working zone of the plant on variable value of humidity of poly-cereal flour
mixture and rotation rate of the working member of the experimental plant.

Analysis of behavior of the three-dimensional surface showed, that increase in the rotation
rate of the working member (screw) n from 80 to 250 min™ led to increase in values of extrudate
temperature at the output of the working zone of the plant (t, °C). At the same time the humidity
of the processed poly-cereal flour mixture changes t values during the extrusion process. Thus,
for instance, at 12 % humidity of the poly-cereal flour mixture and the rotation rate of the screw
=80 min™, t value made up 124.5 °C. At W = 13.5 % and n = 80 min™" t value made up 126.8 °C.
Increase in humidity up to 15 % led to increase in P values up to 130 °C. Further increase in

26



I3nenicrep, HoTmwkenep — McenenoBanus, pesynbrarsl. Nel(73) 2017
ISSN 2304-3334-01

humidity up to 18 % decreased extrudate temperature values at the output of the working zone of
the plant.

Similar dependences have been obtained when changing values of rotation rate of the
working member from 120 to 250 min™. Maximum values of t = 250 °C occurred when rotating
the working body at n = 250 min™.

Figure 4 shows a 3D model, which describes dependency of twin-screw extruder output on

variable values of humidity of poly-cereal flour mixture and the rotation rate of the working
member of the experimental plant.
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Figure 3 — Dependence of change in temperature of the extrudate at the output of the working
zone of the plant (t, °C) on humidity (W, %) and rotation rate of the working member (n, min™)
Area, characterized by extrudate temperature:

1-200-250 °C; 2 —150-200 °C; 3 - 100-150 °C
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Figure 4 — Dependence of changing extruder output (Q, kg/h) on humidity (W, %) and the
rotation rate of the working member (n, min™)
Area, characterized by extruder output:
1 —400-450 kg/h; 2 — 350-400 kg/h; 3 — 300-350 kg/h; 4 — 250-300 kg/h;
5 —200-250 kg/h; 6 — 150-200 kg/h; 7 — 100-150 kg/h
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Analysis of behavior of three-dimensional surface showed, that increase in rotation rate of
the working member (screw) n from 80 to 250 min™ led to increase in twin-screw extruder
output (Q, kg/h). At the same time humidity of the processed poly-cereal flour mixture changes
Q values during the extrusion process. Thus, for instance, at 12 % humidity of the poly-cereal
flour mixture and rotation rate of the screw = 80 min™, Q value made up 140 kg/h. At W = 13.5
% and n = 80 min Q value had increased and made up 142 kg/h. Increase in humidity up to
15% led to increase in Q values up to 144 kg/h. Further increase in humidity up to 18 % at n = 80
min™* reduced plant output values down to 135 kg/h. Similar dependences have been obtained
when changing values of the rotation rate of the working member from 120 to 250 min™.

At the same time the maximum Q value made up 450 kg/h at the rotation rate of the
working member n = 250 min™ and 15 % humidity of the poly-cereal flour mixture.

Figure 5 shows 3D model, which describes dependence of power, consumed by the electric
drive of the extruder (N, kW) on variable humidity values of poly-cereal flour mixture and
rotation rate of the working body of the experimental plant.

N =246.0047+32.4651w+0.5029n —0.0018wn —1.1293w* —0.0001n? 4)

Figure 5 — Dependence of power consumed by the electric drive of the extruder (N, kW) on
humidity (W, %) and rotation rate of the working member (n, min™)
Area, characterized by electric power consumption:
1-100-120 kW; 2 — 80-100 kW; 3 — 60-80 kW; 4 — 40-60 kW; 5 — 20-40 kW

Analysis of behavior of the three-dimensional surface showed, that increase in rotation rate
of the working member (screw) n from 80 to 250 min™* leads to increase in power consumption
by electric drive of the extruder (N, kW). At the same time humidity of the processed poly-cereal
flour mixture reduces N values during extrusion process.

Thus, for instance, at 12 % humidity of a poly-cereal flour mixture and rotation rate of the
screw = 80 min™!, N value made up 29.5 kW. At W = 13.5 % and n = 80 min™*, N value made up
29.0 kW. Increase in humidity up to 15 % led to reduction of N values down to 28.8 kW. Further
increase in humidity up to 18% at n = 80 min™ reduced power consumption by the electric drive
of the plant down to 27.0 kW. Similar dependences have been obtained when changing values of
the rotation rate of the working member from 120 up to 250 min™. At n = 120 min™ and W = 12
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% power consumption of the electric drive of the plant made up 45.5 kW. Increase in n values up
to 170 min™ led to increase in N values up to 64.5 kW. Further increase in n values up to 250
min™ led to increase in N values up to 102 kW. Maximum power consumption by the electric
drive made up 102.0 kW at the rotation rate of the working member n = 250 min™ and 12 %
humidity of the processed material.

Conclusions

Analysis of the obtained three-dimensional surfaces showed, that operational
characteristics of the extruder for all values of rotation rates of the screw are of the same form,
I.e. at first the pressure in the pre-matrix zone of the extruder grows alongside with increase of
output, and then after a certain Q value it decreases. It is clear that in the mode of the completely
closed output at Q = 0, the pressure in the pre-matrix zone continuously rises, while in the mode
of the open output at Q = Qmax it continuously drops. As for a real extrusion process, with a
growth of the output, the pressure of the products reaches a certain value, which is the highest for
such operating conditions of the extruder, and then consistently drops. Maximum at the curves
deflects towards increase of the output.

Dependences of pressure and temperature of the products in the pre-matrix zone of the
extruder on variable parameters of the extrusion process helps to forecast their changes within
the investigated range of factor values with an adequate accuracy. Analysis thereof results in the
conclusion that factors considered have dominant effect on temperature and pressure of the food
medium: design parameters of the extruder (values of diameter of flow-cross section of the
matrix) as well as a initial humidity of the mixture have the greatest impact on the melt pressure
of the products; geometrical characteristics of the working member, rotation rate (speed) of the
screw and the pressure of the products have the highest impact on the temperature in the pre-
matrix zone of the extruder. They help to determine dominant value for each investigated factor
(W, n) on Kkinetic parameters and describe kinetics of the process of extrusion of poly-cereal flour
mixture in the course of manufacture of products of high degree preparation with a sufficient
approximation. In addition opportunity to combine the composition of poly-cereal flour mixture
helps to extent the line of qualitive poly-cereal food products.
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Ocnanos ©.9., MycmimoB H.K., TumypoekoBa A K., XKymabekosa I'.b., Kam3zabekos C.b.
YHJIbI KOIT IoH/II KOCITAHBI DKCTPY3UAIAY YPAICIHIH TUIMAUIITTH 3EPTTEY

Anoamna

¥YHABl KON [oHAI KOCTalmapibl O3KCTPY3UsIIayIbl 3€pTTEY HOTHXKECIHAE, YPIICTIH
TUIMJUTITIH aHBIKTANTBIH, €K1 IIHEKTI KCTPYIep OJIIIEeM IEPiHiH aybICHallbl SKCTPYAEp LIHETIHIH
KBUIZAMJBIFEIHA, N (MHH') JKoHE OKCTPYAHPIGHICH KON IOHAI YH  KOCIACHIHBIH
puFanaAbUIbIFbIHA, W (%) Toyenainiri aHpIKTaNIAbl. AJBIHFAH TOYCNIUTIKTEp KOl JOH/II KOCIIaHbI
AKCTPY3UsIay YpIICiH OacKapylbl IoJIMe-AdN KepceTendl. 3epTTey HOTHKeNepl IalbIHIIBIK
JIOpEXKECi KOFapbl KON JOHII OHIMIEp OHIIPYAIH TEXHOJOTHSIIBIK CYJI0achiH JKETUIAipyie
TOKIPUOCITIK MOHTE HE.

Kinm ce30ep: xen IoHII KocTialap, SKCTPY3UOHIbI TEXHOJIOTHS, SKCTPY3HUSIIAY, €Ki IITHEKTI
AKCTPYIEP, bUIFAIABUIBIK, aifHATY JKbUIIaMIBIFbI.

OcnanoB A.A., MycnumoB H.)K., Tumyp6ekoBa A K., Ixxymabekosa I'., Kam3a6ekos C.b.

UCCJIEJOBAHUE S®OEKTHUBHOCTHU ITPOLIECCA AKCTPY3MH MYYHOIN
[TOJIN3JIAKOBOU CMECHU

Annomauus

[To pe3ynbraTtam HccileqOBaHUS HKCTPY3UH MYUHBIX MOJU3JIAKOBBIX CMECEH yCTaHOBJICHBI
3aBHCHMOCTH [apaMeTpOB JBYXIITHEKOBOTO JKCTpyAepa, omnpeaeisiomux 3h(HeKTHBHOCT
MpoILecca, OT 3HAYCHHS MEPEMEHHOH CKOPOCTH BPAIICHWS IIHEKA SKCTpyaepa, N (MuH') u
BJIQXXHOCTH OJKCTPYIUPOBaHHOM monuznakoBod MyuHoir cmecu, W (%). Ilomydennsie
3aBHCHMOCTH aJIeKBaTHO OTPAXXalOT YMPaBICHHS MPOLECCOM IKCTPY3UHU TOIHU3IAKOBONH CMECH.
PesynbpTathl WCCNIENOBaHHUS WMEIOT MPAKTUYECKOE 3HAYEHHE TPU COBEPIICHCTBOBAHUU
TEXHOJOTMYECKOW CXEeMbl M3TOTOBIIEHUS TOJU3JIAKOBBIX TMPOAYKTOB BBICOKOM CTENEHU
TOTOBHOCTH.

Knrouesvie cnosa: mONW3NAKOBBIE CMECH, SKCTPY3MOHHAs TEXHOJOTHUS, HKCTPY3Hs,
JIBYXIITHEKOBBIN AKCTPYEP, BIAKHOCTh, CKOPOCThH BPAIICHUSI.
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Kaszax ynmmuix acpapnvix ynusepcumemi, Aimamao K.,
«Kazax oineimu-3epmmey eemepunapus uncmumymor» KUIC, Aimamel K.

«BAVICEPKE-ATPO» XIIIC IIAPY AIIILUIBIFBIHJIAFBI IPI KAPAHBIH
HEKPOBAKTEPHUO3bIH BAJIAY )XOHE OHBIMEH KYPECY IIAPAJIAPBIH
YUBIMIACTBIPY

AHaaTna

Makanana «baiicepke-AI'PO» KIIC IapyabUIbIFbIHIAFbI ipi KapaHbIH
HEKpPOOAKTEPHO3bIH Oayiay >KOHE OHBIMEH Kypecy IIapajapblH YHBIMAACTBIPY OOMBIHIIIA
JKYPTi3UITeH 3epTTey KYMBICTAPbIHBIH HOTHKEC KenTipinreH. Ipi Kapa HeKpoOaKTEepHO3bIHBIH
Kac Maza aypy XKiti Typae 6oJca, ipi Maiga co3bUIMAITBI TYP/E ©TETiHI aHBIKTAJIIbI.
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