DOI: 10.31489/2019Ph2/101-107

UDC 621.7

B.R. Nussupbekovl, G.T. Kartbaeval, M. Stoevz,
AK. Khassenovl, D.Zh. Karabekoval, A.K. Muratova'

"Ye.A. Buketov Karaganda State University, Kazakhstan;
“Neofit Rilski South-West University, Blagoevgrad, Bulgaria
(E-mail: ayanbergen@mail.ru)

Electrohydroimpulse method of extracting bone grease

The extraction of fat is the most important stage of the technological process of production of animal fats. The
task of the study is to ensure the extraction of fat from fat cells of adipose tissue. Therefore, there are various
technological methods that allow to influence the adipose tissue in such a way as to separate the fat contained in
them from the fat cells. Electrohydroimpulse method of extracting bone grease for the production of gelatin was
developed. Electrohydroimpulse method of extracting greese from bone mass, characterized in that the bone
mass is not subjected to mechanical shock. In the mixture, a shock wave is formed, which is created by an
electrohydroimpulse installation. Tests of the experimental electrohydroimpulse installation for the extraction of
greese from the bone mass of cattle were carried out for various bones of cattle. The article shows a diagram of
the crushing host of electrohydroimpulse plants for the extraction of greese from bone mass. In laboratory
studies, the work on degreasing the crushed bone has been done at different values of the capacitor bank
electrohydroimpulse installation, the discharge voltage, the length of the discharge gap on the switching device,
the temperature of the mixture and set effective parameters for optimal degreasing of bone mass.

Keywords: bone greese extraction, crushing unit, electrohydraulic method, switching device, length of
discharge gap.

Introduction

Extraction of bone grease is the most important task of the technological process of edible animal
grease production affecting both the quantitative and qualitative characteristics of the grease processing
method. The grease contained in the bone is a great nutritional value, because of its highly digestibility, and
contains many unsaturated and polyunsaturated fatty acids and lecithin, and its latter is several times more
than in other animal greases.

Regardless of the using final products the technology of processing food bone material firstly provides
bone dehydration. The simplest way to extract grease from bone and bone residue is to heat it at atmospheric
pressure in open boilers. The degreasing process takes place at a temperature of 90—100 °C in an aqueous
medium. Contact with water eliminates the possibility of adsorption of grease on the surface of particles and
reduces its retention in the capillaries of the bone material [1, 2].

The boilers are heated with water or steam through the casing, since direct contact of the hot steam with
the bone promotes the formation of emulsion and increase in the loss of protein substances with the broths.
Removable baskets are provided for the mechanization of loading and unloading raw materials.

The raw material varies depending on the temperature and duration of heating. First of all this refers to
gluten which is formed from collagen, and its hydrolysis, which leads to the depletion of bone collagen.

The soft mode of sweating is caused by the need to preserve the mechanical strength of the tubular bone
as an ornamental material. In addition, high temperature and prolonged contact of grease with heated bone
lead to a deterioration in the organoleptic characteristics of the final product. This explains the moderate
temperature conditions not exceeding 90-100 °C of the bone heating in the open boilers.

Removing grease from the grease source by heating in the open boilers is not completely reached. The
greaves consisting of 30-35 % the mass of raw materials contains up to 20 % grease. Greaves degreased on
special equipment which requires certain material costs. Grease grade decreases during secondary degreasing
of greaves.

As sweating grease in batch apparatus, two thermal methods of obtaining grease are used: dry and wet.
The essence of grease extraction by the dry method lies in the fact that the moisture contained in the grease
raw material evaporates into the atmosphere or is removed under vacuum after unwelding and during the
dehydration process. In this case, the grease contained in the raw material is partially excreted by forming a
two-phase system: dry fatty greaves — grease [3, 4].
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For the final extraction of grease from the greaves we apply pressing or centrifugation. The dry method
is practiced when it is necessary to ensure a high yield of benign grease and greaves, and the taste and smell
of grease are secondary importance. The adipose tissue is in direct contact with hot water or live steam used
to heat the raw materials during the heat treatment process in the wet method of processing fat raw materials.
At the same time, most proteins mainly collagen are welded and hydrolyzed to form gluten (broth). The
grease released from the raw materials is also partially emulsified. As a result of heat treatment the three-
phase system is obtained: grease — greaves — grease.

However this method is quite complex in terms of hardware, and leads to loss of bone collagen during
grease extraction which leads to a decrease in yield and deterioration in the quality of glue and gelatin pro-
duced from skimmed bone. Owing to the duration of the process of draining, grease may acquire the taste
and smell of weakly roasted raw materials. At the dry method of grease draining requires a large consump-
tion of steam, cold water and electricity. Complete and thorough destruction of cells and tissue as a whole is
achieved only when the raw material is heated to temperatures above 100 °C and the quality of fat deterio-
rates sharply in this method. The main disadvantage of dry and wet methods is using equipment of large di-
mensions and metal with a small heat transfer surface, low heat transfer coefficient [5].

A particularly high degree of grease extraction from bone mass is necessary in case of its subsequent
use for the production of photogelatin: the residual grease content in the bone tissue should not exceed 1 %
by weight of the bone, therefore it is necessary to remove at least 95 % of the grease originally contained in
it. A given degree of grease extraction can be achieved by repeatedly passing the bone through
hydromechanical impulse devices, however as long as decrease of the greaset content in the aquatic
environment makes it difficult to allocate. The big disadvantage of the pulse hydromechanical method is the
strong grinding of the bone with rotating hammers. With a single pass through the apparatus about 30 % of
the bone mass is so crushed that it can no longer be used in gelatin production, and with repeated passing the
losses increase to 50 % [6, 7].

In this regard, electrohydroimpulse method of extracting greese from bone mass is developed in the la-
boratory of hydrodynamics and heat exchange of Y.A. Buketov Karaganda State University, differ from the
bone mass that is not subjected to mechanical shock. A shock wave is formed in the mixture which is created
using an electrohydroimpulse installation [8, 9].

Results and discussions

So far, it is not established which of the possible known methods (hydromechanical pulsed, extraction,
etc.) of raw bone degreasing ensures the achievement of the greatest economic effect. An experimental
electrohydroimpulse installation and the working part of the crushing unit were designed and assembled to
study the effect of the underwater spark discharge on crushing and extracting grease from the bone mass and
protein from the bone matrix.

Figure shows the diagram of the crushing unit of an electrohydroimpulse installation for extracting
grease from bone mass. Before carrying out laboratory work it is necessary to prepare the bone mass of
medium fatness. Preliminary preparation of the electrohydroimpulse installation for the performance of work
is carried out when disconnected from the network following the rules of safe operation. A negative
grounded electrode is connected to the body of the crushing and grinding unit by means of a tire, the cross
section of which (for copper) is at least 30 mm’, and the points of direct connection must have a good
contact. After that, the control panel of the electrohydroimpulse installation is grounded. Install protective
fences to prevent accidental contact with the voltage of workers in the workshop.

Tests of an experimental electrohydroimpulse unit for extracting grease from the bone mass of cattle
were carried out for various bones of cattle taken separately in the sausage shop of «Tulpar» JSC in Kara-
ganda. According to the technological estimates of the laboratory of the «Tulpar» JSC workshops, organic
compounds (bones) had a small and medium fatness.

Standard differential thermocouples calibrated by temperature, are mounted in the CGU (crushing and
grinding unit) to determine the temperature of the mixture. Before conducting the experiments, 20 kg of the
bone material obtained after pressing was crushed to the size of 5-10 mm, divided into certain fractions and
weighed on special electronic scales. Then the bone mass was placed in a special container with technical
water and left for 6 hours. After the treatment, the impregnated bones were weighed to determine the mass.
The bone mass connected to water and heated to a temperature of 32—50 °C enters the crushing and grinding
unit through a guide cone receiver. The mass is subjected to the impact of a shock wave arising from a spark
discharge after tightly closing the flap. The intensity of the degreasing process and the possibility of wide
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regulation directly in the course of the process being carried out is achieved by rotating the CGU case rela-
tive to the central electrode. The CGU housing is rotated by a motor with an angular speed of 15 rpm... In
this case, the working electrode is supplied with a specific energy equal to 2.0x10* J/m with a pulse repeti-
tion rate of 5...14 Hz. The defatted bone from the spark gap falls on the discharge conveyor, and the grease
floats up and is further processed through the drainage along with the water. The residual grease content in
the bone is about 1.0—-1.4 % in the process of a single treatment in the installation.

=
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1 — working capacity; 2 — organic mass; 3 — high voltage double electrode; 4 — negative electrode
Figure. Diagram of the crushing unit of an electrohydroimpulse installation for extracting grease from bone mass

When exposed to a pulse repetition rate of 7 + 15 Hz, shock waves arise in the aquatic environment, and
water penetrating into the bone contributes to the destruction of the structure of the grease source which con-
tains grease displacing it. In this regard, the effect of destruction of the bone structure and the transition of fat
mass in the solution. The frequency range is set on the basis of experimental studies.

The temperature in the range of 32-50 °C allows to destroy the grease and remove from it a valuable
component — fat. At temperatures below 32 °C, part of the grease is retained by the destroyed tissue (pits) as
a result of adsorption and capillarity. The viscosity and surface tension of the grease increase, and the extrac-
tion process slows down.

Studies of the electro-impulse method shows that impulses arising due to the electrohydraulic effect are
sufficient to destroy the bonds that keep fat cells in the tissue.

The impact of the underwater spark discharge on the degree of degreasing was investigated at a voltage
on the switching device of 10 kV; capacitor capacitance 0,1; 0.2; 0.25; 0.4; 0.5 puF. The experiments were
carried out with bones of cattle (Table 1) with the following parameters.

Table 1
The main parameters of bone mass

Bone name Components, %
grease | collagen | other proteins ash water
Spine 20 12 6 25 37
Chest bone 14 9 10 16 51
Pelvic bone 22 13 4 32 29

Bone degreasing occurs under the influence of an underwater spark discharge and cavitation of a gas
bubble, with a high-voltage discharge in water. The degree of extraction depends on the electrical parameters
of the electrohydroimpulse installation and the temperature of the mixture in the crushing and grinding unit.
Tables 2—6 present quantitative data on the effect of capacitor battery capacity on the degree of extracting
grease from bone mass at various values of voltage U, discharge gap length /» at the switching device, and
mixture temperature.
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Table 2

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone

(at U=10 KV, [, =7 mm, t,;,

=32°C)

Initial data of bone mass dg,.= 10 mm
Bone name % grease before % release of grease after processin,
processing 0.2 uF 0.25 uF 0.4 uF 0.5 uF
Spine 20 12.7 13.3 14.1 14.5
Chest bone 14 8.8 9.0 9.0 8.9
Pelvic bone 22 14.5 15.7 16.1 16.2
Table 3

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone

(at U=15kV, Ip =7 mm, t,,;,= 32 °C)
Initial data of bone mass dg,.= 10 mm
Bone name % grease before % release of grease after processin,
processing 0.2 uF 0.25 uF 0.4 pF 0.5 uF
Spine 20 14.6 14.6 16.3 16.5
Chest bone 14 9.7 10.0 10.3 10.6
Pelvic bone 22 16.6 17.5 18.2 18.2
Table 4

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone

(3t U=20 kV lp 7 mm, f,;ix

=32°C)

Bone name

Initial data of bone mass dg,.= 10 mm

% grease before

% release of grease after processin,

processing 0.2 uF 0.25 uF 0.4 pF 0.5 uF
Spine 20 15.0 15.1 17.1 17.2
Chest bone 14 10.2 10.4 11.0 11.3
Pelvic bone 22 17.2 18.0 19.0 18.2

Tabnuuma 5

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone

(3t U=10 kV lp 7 mm, fy,ix

=32°C)

Initial data of bone mass dj,.= 10 mm

% release of grease after processing

Bone name % grease before
processing 0.2 uF 0.25 uF 0.4 pF 0.5 uF
Spine 20 15.0 15.1 17.1 17.2
Chest bone 14 10.1 10.6 11.2 11.2
Pelvic bone 22 17.4 18.1 19.0 18.1
Table 6

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone

(at U=25KV, [, =9 mm, £,

=38°C)

Initial data of bone mass dg,.= 10 mm

% release of grease after processin,

Bone name % grease before
processing 0.2 uF 0.25 uF 0.4 pF 0.5 uF
Spine 20 15.3 15.5 17.4 17.2
Chest bone 14 10.4 10.8 114 11.3
Pelvic bone 22 17.8 18.4 19.0 18.7
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Table 7

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone
(at U=25kV, Ip =10 mm, #,,;,= 42 °C)

Initial data of bone mass dg,.= 10 mm
Bone name % grease before % release of grease after processing
processing 0.2 uF 0.25 uF 0.4 uF 0.5 uF
Spine 20 16.5 16.8 18.1 18.0
Chest bone 14 11.1 11.4 12.0 11.9
Pelvic bone 22 18.3 18.7 19.6 19.4

Table 8

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone
(at U=25KkV, Ip =12 mm, ¢,,;;= 44 °C)

Initial data of bone mass dj,.= 10 mm
Bone name % grease before % release of grease after processing
processing 0.2 uF 0.25 uF 0.4 pF 0.5 uF
Spine 20 17.0 17.3 18.5 18.4
Chest bone 14 11.7 11.9 12.4 12.3
Pelvic bone 22 19.1 19.3 20.0 19.8

Table 9

The effect of the capacitance battery of an electrohydroimpulse unit for the degreasing of crushed bone
(at U=30 kV, Ip =12 mm, ¢,,;,= 44 °C)

Initial data of bone mass dj,.=10 mm
Bone name % grease before % release of grease after processing
processing 0.2 uF 0.25 uF 0.4 pF 0.5 uF
Spine 20 17.1 17.3 18.6 18.7
Chest bone 14 11.8 12.0 12.4 12.4
Pelvic bone 22 19.5 19.3 20.1 19.9
Conclusion

From the obtained laboratory data it can be seen that the voltage on the switching device should be
U =25 kV, the length of the discharge gap, /» = 12 mm, and the mixture temperature #,,x = 44 °C, the optimal
value of the capaity of capacitor battery is about C = 0.4 pF for maximum greave extraction from the bone
mass. The repetition rate of the discharges was established from experimental data of 7 Hz for optimal defat-
ting of the bone mass.
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Cyijiek MalibIH AJIYyJbIH 3JIEeKTPrUAPOMMITYJIbCTIK dici

Maiiner Geminm axy TaraMABIK Mal MaiapblH ©HIIPYIIH TEXHOIOTHSJIBIK IPOIECIHIH MaHBI3bI CaTHICHI
6ot TaOBLTAAEL. 3epTTEYIiH MiHIETI Mall TIHIHIH XKacylIaJapblHaH MaiIbl aTy/IbI KAMTaMackl3 eTy OOJIbII
tabbutaael. COHIBIKTaH Mall JKacylIajgapblHaH eHiMAI Oelin aly YIIiH Maif TKaHAapbIHa dcep €TeTiH apTypii
TEXHOJIOTHSUIBIK  TOCUIAEp KONJAaHBUTYRl MYMKiH. JKematmH eHAipy YHIIH CyHeKk MaiblH —ayablH
ANEKTPrUAPOUMITYIIBCTIK dici a3ipienni. Cyliek MaccachlHaH Mail amyAblH AJIEKTPTUAPOUMITYIbCTIK SAici
CYHieK  MaccachlHBIH  MEXaHMKAJIBIK  COKKbICBIHA  YIIbIpamMayblMeH  epekuiesieHeni.  Kocnana
UEKTPTUIPOUMITYJIbCTI KOHIBIPFBIMEH KaJIBINTACAThIH COKKbI TOJIKBIHBI Maipa OGonansl. Ipi Kapa MaibiH
Cyiiek MaccachlHaH Mail ainy OOMBIHIIA TOHKIPUOENIK IMEKTPTUAPOUMITYIILCTIK KOHIBIPFBIHBI ChIHAY ipi Kapa
MaJBIH TYpJ CyHekrepi ymiH oOkyprisinmi. Makamaga cydek MaccachlHaH = Maif  amy  yIIiH
JNEKTPTUIPOUMITYIBCTI  KOHJBIPFBIHBIH ~YHTAKTay TOPAOBIHBIH CXEMachl KENTIPIIreH. 3epTXaHalbIK
3epTTeyaep Ke3iHJe SICKTPTUIPOUMITYIbCTI KOHIBIPFBIHBIH KOHAEHCATOp OaTapesichl CHIMBIMABLIBIFBIHEIH,
pa3ps KepHeyl MOHIEpiHIH, KOMMYTAIMSUIBIK KYPBUIFBIIAFBl Pa3psii apajbIKTHIH Y3BIHIBIFBIHBIH, KOCIIA
TEMIIEpaTypachIHbIH PTYPJi MOHIEPIHJAE YCAKTANIFaH CYHEKTI MaiChI3laHABIPY >KYMBICTAphl OPBIHIANBII,
Cy#ek MaccachlH OHTAMIIbI MAChI3AaHABIPY YIIIH THIM/II TapaMeTpiiep TaralblHIa/IbL.

Kinm ce30ep: cyliek MailblH ally, yCaKkTay TOpaObl, 3JIE€KTPTrHAPABIHKAIBIK d/iC, KOMMYTaLMsIIBIK KYPBUIFHI,
paspsiz apanbIFbIHBIH Y3bIHIBIFBI.

b.P. Hycyn6exkos, I'.T. Kapr6aesa, M. Ctoes,
A K. Xacenos, /I.)K. Kapabekosa, A.K. Mypartoa

3J'leKTp0Fl/II[pOl/IMl'Iy.]1]>CHBIﬁ METOA U3BJICYCHUA KOCTHOI'0 KUPa

W3BnedeHnue xupa ABIAETCS BaXKHEHIIEW CTaguedl TEXHOJOTMYECKOTo IMpoLecca MPOMU3BOJCTBA IMUILEBBIX
JKMBOTHBIX JKHUPOB. 3a7aua UCCIIEA0BAHNS 3aKII09AeTCsl B 00ECIEUEHNN U3BICUEHUS JKUPa U3 )KUPOBBIX KIIe-
TOK JKHPOBON TKaHHU. [103TOMy BO3MOXHBI Pa3IMUIHBIE TEXHOJIOTHUECKUE TPUEMBI, TO3BOJISIONINE BO3JIEHCT-
BOBAaTh Ha JKUPOBYIO TKaHb TaKUM 00pa3oM, YTOOBI BBIIEIHUTH M3 JKHPOBBIX KIETOK COAEPXKAIIMIICS B HHUX
xwup. Pa3spaboTaH 371eKTpOrHIpONMITYIIECHBIN METOJ M3BJIECUEHHS KOCTHOTO JKHpa Ul IPOM3BOJACTBA Kella-
THHA KOTOPBIN OTJIMYAETCsl TEM, YTO KOCTHBIE MacChl HE ITOJ[BEPraroTCsl MEXaHNUECKUM yrapaM. B cmecn 06-
pasyeTcs ylnapHas BOJIHA, KOTOpPas CO3JAeTCs ¢ IOMOLIBIO AJIEKTPOrUAPOUMITYIbCHON ycTaHOBKU. McnbITa-
HHS 9KCTIEPUMEHTAIBbHON 3JIEKTPOTUAPOUMITYIbCHOI YCTAaHOBKM IO M3BJIECUEHMIO KUpPA U3 KOCTHON MAaCCHI
KPYTHOTO POraToro CKOTa MPOBOIMINCH [UIS Pa3IMYHBIX KOCTEll KPYITHOTO poratoro ckora. B cratse npuse-
JIeHa cXeMa JPOOUIIBHOTO y37a 3JIeKTPOrHAPOUMITYIECHOW YCTAHOBKM JUIS M3BJICUEHMS XKHMPAa M3 KOCTHOU
Mmacchl. [Ipu 1abopaTopHBIX HCCIIEI0BAaHUSIX BBITOJIHEHBI paOOTHI MO 00E3KUPHBAHUIO N3METBYEHHOH KOCTH
NpH Pa3IMYHBIX 3HAYEHMUSIX EMKOCTH KOHJEHCATOPHOW Oaraper 31eKTPOrHApPOMMITYJIBCHON YCTaHOBKH,
3HAYCHUM HANpsKCHUS paspaja, JUIMHBL PaspsIHOrO IPOMEXYTKa Ha KOMMYTHPYIOLIEM YCTPOUCTBE,
TEeMIIepaTypbl CMECH M YCTaHOBIEHBI A(QeKTHBHBIE mapaMeTpsl U ONTHMAJIBHOTO 00E3’KHMPHBAHUS
KOCTHOU MacCBbl.

Knrouegvie crosa: M3BIeUeHUs KOCTHOTO KHPA, NPOOMIBHBIN y3€ll, SNeKTPOrHAPABIMYCCKUA METO, KOMMY-
THPYIOLLEE YCTPOHCTBO, JUIMHA Pa3PsIHOTO IPOMEXYTKA.
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