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BJINMAHUE HA NMPOLIECA
EKCTPY3UA BbPXY
®U3NKOXUMUYHUTE CBOUCTBA
HA OCHOBHU KOMIMOHEHTU HA
EKCTPYOUPAHU 3 bPHEHMU
CYPOBUHH

MBaH OumoB

Pe3rome: HanpaBeH e nperneg Ha
nuTepatypata  OTHOCHO  CbLIHOCTTA  Ha
NEpPCNeKTUBHUS U CbBPEMEHEH MeTog —
eKCTpyauMpaHe Ha 3bpHEHU CYPOBUHU U
NPOM3BOACTBO Ha  3bpPHEHW  eKCTpyaaTwu.

HanpaBeHa e kpaTka xapakTepucTuka Ha Tpute
OCHOBHWM MeTogda (xnagHa, Tonna wm ropeua
eKcTpy3uns), KOUTO ce npunarat 3a
eKCTpyaupaHe Ha  XpaHUTENHU  CYPOBUHMW.
OnucaHn ca xapaktepa u AabnbodnHata Ha
M3MEHEeHUsATa Ha PUNKOXMMUYHUTE CBOWCTBA
Ha OCHOBHUTE KOMMOHEHTW Ha eKCTpyaupaHute

CypOBUHUN — HULUECTE, OenTbuYMHK, Ma3HUHW,
uenynosa n BUTAMUHN. HuwecTeTo
Kne|7|CTepV|3|/|pa, 0enTbuYnHUTE aeHartypupar,
Ma3HUHUTE YaCTUYHO nonnMepusnpar,

Luenynosata e C noBuUWEHa pPa3TBOPUMOCT, a
BUTAMVWHUTE Ce 3anassaT B ronsMa CTeneH.
MpocneneHa e 1 peornorMyHaTa xapakTepucTyka
Ha eKCTpyaupaHUTe NPoayKTy.

KnouyoBu AOymu:  eKkcTpyausi, 3bpHEHU
CYpPOBUHM U  eKCTpyaaTu,  (OUIMKOXUMUYHM
CBOWCTBA, KAYECTBEHWN MOKa3aTenu, peonorus

1. YBog

Hanocnegbk o0cobeHO BHUMaHuMe ce
obpblWa Ha MuUHMManHata obpaboTka Ha
XpaHUTENHNTE NpPOAYKTW. B TOBa
OTHOLLEHME, eKkcTpy3usTa KaTo
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Abstract. A review of the literature
on the essence of the promising and
modern method — grain extrusion and
cereal extrudates - has been made. A
brief characterization of the three basic
methods (cold, hot and high
temperature extrusion) applied to the
extrusion of feedstocks is made. The
nature and depth of changes are
described in the physicochemical
properties of the main components of
extruded raw materials — starch,
proteins, fats, cellulose and vitamins.
Starch is clayed, the proteins denature,
the fats partially polymerize, the
cellulose is highly soluble, and the
vitamins are largely preserved. The
rheological characteristics of the
extruded products have been followed.
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materials and extrudates, physico-
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1. Introduction

Lately, particular attention has
been paid to minimal processing of
food products. In this respect,
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CpaBHUTENHO HOB MeToa 3a npepaboTka Ha
XpaHuTe, e ocobeHo nepcrnekTuBeH. Ypes
Hes mMoraT ga ce nonydyaBaT XpaHUTESHU
nNpoaYyKTH c HOBO Ka4yecTBoO.
EkcTpyaoupaHeTo e ,BUCOKO TeMnepaTypHa —
KpaTkoBpemeHHa” obpaboTka, npu KOATO OT
CENCKOCTONAHCKNTE CYpPOBUHWN, OBUKHOBEHO
B rpaHynuMpaHa dopma uvnu nog dopmarta
Ha npax, ce nofnyyaBaT TroToBM 3a
KOHCyMauuns XPaHUTENHU NpoAaYKTW.
EkcTpygatute MmaT HUCKO CbAbpXKaHue Ha
Bnara v ce pasrnexgar kaTto CTabunHu npwm
CbxpaHeHue npoayktn ([leHoB u cbaBeT.,
2012).

Smith (Smith, 1975) AeduHnpa
eKCTpyaAMpaHeTO KaTo Npouec, Mnpu KOWUTO
HaBNaXXHEHW, cCbabpXawuy ckopbsna unm
6entbun MmaTepuanu, nogdaBalln Cce Ha
eKkcnaHampaHe, ce obpaboTtBaT B Tpbba
ype3 KomMOumHauus OT Brara, HansraHe,
TOMAIMHA M MEXaHWYHO CcpsA3BaHe, B
pesyntaT Ha KOETO HacTbnBaT CreaHuTe
NPOMEHMU:

— MoBMLLaBaHe Temnepatyparta Ha

npoaykta B Tpbbara;

— XenaTuHusaums Ha ckopbsanaTta;

— [AeHaTtypupaHe Ha 6entbuunTe;

— MPECTPYKTypUpaHe Ha YyBCTBUTESHUTE

CbCTaBKy;

— €eK30TEPMMYHO  eKcnaHgupaHe  Ha
eKkcTpygarture.

Riaz (Riaz, 2000) onpeaens

eKCTpyampaHeTo KaTo npouec Ha
npuHyguTenHo n3byteaHe Ha maTepuanuTe
npes Martpuuata Ha ekcTpyaepa npwu
KOHTpOnuMpaHu ycnosma Ha obpaboTka.
Cnopen aBTOpa TOBa € yHMKanHa cucTema,
B KOATO ce npwunaraT MOBULLUEHM HUBA Ha
Bnara, TOMNMWHA W HansraHe, C LUen
nocTuraHe Ha U3NYHMU N XUMUYHN NPOMEHMU
Ha KOMMOHEHTUTE.

MpoTnyawmTe B npoueca Ha obpaboTka
CbLUECTBEHMU N3MEHEHNS, CNOXHUTE
XVIMUYECKMN, BMOXMMMYECKN,
MUKPOOMONornyHmu, cusmdeckm npouecu u

extrusion as a relatively new method
of processing food is particularly
promising. It can provide food with
new quality.

Extrusion is a "high temperature
— short term" treatment where ready
to eat food products are obtained
from agricultural raw materials,
usually in granular or powdered
form. Extrudates have a Ilow
moisture content and are regarded
as stable in storage products
(Penov et al., 2012).

Smith (Smith, 1975) defines
extrusion as a process in which
moistened starch or proteinaceous
materials  capable  of  being
expanded are treated in a pipe by a
combination of moisture, pressure,
heat and mechanical shear resulting
in the following changes:
increasing product temperature in
the pipe:
gelatinization of starch;
denaturation of proteins;

restructuring of sensitive
ingredients;
exothermic expansion of the
extrudates.
Riaz (Riaz, 2000) defines

extrusion as the forced extrusion
process through the extruder die
under controlled processing
conditions. According to the author,
this is a unique system that uses
elevated levels of moisture, heat
and pressure to achieve physical
and chemical changes to the
components.

The significant changes in the
process of processing, the complex
chemical, biochemical,
microbiological, physical processes
and phenomena make it possible to
obtain an extrudate with a regulated,
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ABNEHUSA, NpaBAT Bb3MOXHO NOSly4YaBaHETO
Ha ekcTpygaTr C perynupaHa, 3agageHa
CTPYKTYypa 1 KOMMAEKC OT (PUBNKOXUMUYHU U
dyHKuMoHanHm csonctBa (OcTpukoB U
cbasrT., 2004).

2. UanoxeHue

3a npou3BOACTBO Ha eKCTpyauvpaHu
nNpoayKkTn ¢ onpeaeneHn MU3NKOXMMUYHN ¢
JoyHKUMOHAMHM CBOUCTBA, Ce npunarat Tpu
OCHOBHM MeToda 3a eKcTpyauvpaHe Ha
XPaHUTENHW CYPOBUHMN:

- XnagHa eKkcTpysuss — npunara ce B
XpaHuTenHata npPOMULLUNEHOCT OTAaBHa,
npean BCUYKO NPW MNPOM3BOLCTBOTO Ha
MakapoHeHn wusgenuna ([leHoB M cbasT.,
2012). Bb3MOXHM Cca CcaMO MEXaHWUYHM
U3MeHeHns B MaTepuana BcCneacteue Ha
6aBHOTO My NpuABWXBaHE Mof HansraHe u
OPOPMAHETO Ha  TO3M  MNPOAYKT C
obpasyBaHeTo Ha npenBapuTEnHO
3agagern hopmu. MNMpu xnagHaTa ekcTpysus
Bnarata Ha cypoBuHute e W = 30 — 60 %
cnpsmo macata um (OCTpuKOB M CbaBT.,
2004).

- TONna eKCTpy3us MpuU HUCKO HansraHe
(Henpsika ekCTpy3usi) — N3MNon3Ba ce LUMPOKO
npy NpouM3BOACTBOTO Ha 3aKycknm Ha 0Gasa
3bpHeHn xpaHu (lMeHoB u cwvasT., 2012).
Cyxute KOMMNOHEHTM Ha CypoBMHaATa ce
cCMecBaT C ONpegerieHo KonvMyecTBO BoAa
W = 20 - 30 %) u ce nopaeatT B
eKkcTpyadepa, KbOeTo OCBEeH Ha MexXaHW4HO
ce nognarat owe W Ha TOMMAWHHO
Bb3gencteme. [lpogykTbT Cce  3arpsea
OTBbH. [Mony4yeHnAT ekcTpyaaTt ce oTnuyasa
C no-ronsiMa nNAbTHOCT, C HE3HAYMTEesTHO
yBenuyaBaHe Ha obema, Ha NIbTHOCTTA U
KNneTbyHUA CTPOEX. MoHsikora Ha
ekcTpydata e Heobxoguma AonbIiHMTENHa
obpaboTka — noacywasaHe (OCTpuKOB WU
cbasrT., 2004).

- ropewa eKkcTpyaus npu  BWUCOKO
HanaraHe W Temnepatypa (nNpska wunu
BMCOKOTEMMEepaTypHa KpaTKoBpeEMEHHa

defined structure and a complex of
physico-chemical and functional
properties (Ostricov et al., 2004).

2. Exposure

For production of extruded
products with certain
physicochemical and functional

properties, three basic methods of
extrusion of feedstocks are applied:
- cold extrusion — has been
applied in the food industry for a
long time, primarily in the production
of pasta (Penov et al., 2012). Only
mechanical changes are possible in
the material due to its slow
movement under pressure and the
formation of this product by the
formation of predetermined forms. In
cold extrusion the moisture content
of the raw materials is W = 30 — 60
% relative to the mass (Ostricov et

al., 2004).
- hot extrusion at low pressure
(indirect extrusion) - used

extensively in the production of
breakfast cereals based on cereals
(Penov et al, 2012). The dry
components of the feedstock are
mixed with a certain amount of
water (W = 20 — 30 %) and fed into
the extruder where, apart from being
mechanically subjected to thermal
impact. The product is heated from
the outside. The resultant extrudate
is characterized by greater density,
with a slight increase in volume,

density and cellular structure.
Sometimes the extruder needs
additional treatment —  drying

(Ostricov et al., 2004).

- high temperature extrusion at
high pressure and temperature
(direct or high temperature short-
term extrusion) — the process takes
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eKCTpy3us1) — NpoLeChbT NPOTUYa Npu BMCOKa
CKOPOCT W  HanaraHe, KbAeTo wMma
3HauuTeneH npexogq OT  MexaHu4vecka
eHeprusa BbB TOMMMHHA, KOETO AoBexaa [0
pasnuyHu no AbNboynHa WU3MEHEeHUs B
KayecTBeHUTE nokasaTtenn Ha maTepuana.
OcBeH TOBa MOXe pgfa ce perynupa
TONMMHATa, KakKTO HEeMnocpencTBEHO B
npoaykTa, Taka U Ype3 BbHLHUTE CTEHU Ha
ekcTpyaepa. BnaxHocTTta Ha cypoBuMHaTa
npu ropewata ekctpyams e W = 10 — 20 %
(OcTtpukoB n cbaBT., 2004).

MpoaykTbT ce noagnara Ha BUCOKa
TemnepaTtypa (120 — 190 oC) n HangaraHe o
20 MPa 3a Hsakonko cekyHau (lMeHoB wu
cbaBT., 2012) .

B xopma Ha npoueca nog OencTBMETO Ha
3HAYUTENHOTO MEXaHWYHO BbL3AENCTBME,
BMCOKaTa Temnepatypa W HansraHe, crtasa
npeBpbLUaHe Ha MexaHu4yeckaTa eHeprus B
TONSIMHHA, KOETO BOAW [0 pasfiMyHu Mo
AbnboyMHa W3MEHEeHUss B KayeCTBEHWUTe
nokasaTtenu Ha npepaboTBaHata CypOBMHA
(neHaTypaums Ha GentbuuTe,
Knemcrepusauua Ha HULIECTETO W Apyru
BMOXMMNYHU U3MEHEHMS).

N3cnepBaHeTo Ha Xapakrepa n
AbnboynHaTta Ha N3MeHeHnsTa Ha
PU3NKOXMMUYHUTE CBOMCTBA Ha OCHOBHUTE
KOMMOHEHTU Ha eKCTpyauMpaHuTe CYpPOBUHMU
(HMwecTe, GenTbk, Boga) B npoueca Ha
obpaboTka, no3BondBa Aa ce onpegenu
ONTUMArHUA PEXMM Ha ekcTpyaupaHe n fa
ce norny4at BMCOKOKaA4YeCTBEHW, FOTOBM 3a

ynotpeba XpaHUTENHU npoayKTH,
GanaHcupaHu no aMNHOKNCENNHEH,
BbrnexuapateH W BUTAaMWHEH CbCTaB

(OcTtpukoB n cbaBT., 2004).

* A3MmeHeHue Ha HULWeCcTeTo

HuwecTteTo e Han-BakHaTa CbCTaBka Ha
npoayKkTuTe, npousBeaeHn ypes
ekctygmpaHe. To e B oOcHoBaTta Ha
XpaHuTenHata um CTOMHOCT M JonpuHacs 3a
dopMUpaHeTo Ha TeKcTypaTa UM

place at high speed and pressure
where there is a significant transition
from mechanical energy to thermal,
resulting in varying depth changes
in the quality of the material. In
addition, heat can be regulated both
directly in the product and through
the outer walls of the extruder. The
moisture content of the high
temperature extrusion raw material
is W =10 — 20 % (Ostricov et al.,
2004).

The product is subjected to high
temperature (120 - 190 °C) and
pressure up to 20 MPa for a few
seconds (Penov et al., 2012).

In the course of the process, due
to the significant mechanical impact,
high temperature and pressure, the
mechanical energy is transformed
into heat, resulting in different depth
changes in the qualitative indicators
of the processed raw material

(protein denaturation, starch
cesterification and other biochemical
changes).

The study of the nature and
depth of changes in the
physicochemical properties of the
main components of the extruded
raw materials (starch, protein,
water) in the processing stage
allows to determine the optimal
extrusion regime and to obtain high
quality, ready-to-use food products
balanced on amino acid,
carbohydrate and vitamin
composition (Ostricov et al., 2004).

» Starch modification

Starch is the most important
ingredient in extrusion products. It is
the basis of their nutritional value
and contributes to the formation of
their texture (Cardinale, 1983). By
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(Cardinale, 1983). Ypes knencrepusaumnsa n
AenonumMepusaums B eKkcTpyaepa,
HUWecTeTo rybu  HexomoreHHata  cu
3bpHeCTa CTPYKTypa, MPOMEHS BUCKO3MUTETA
CM 1 ce NpeBpbLla B KOMMNAKTHA, aMOpdHa,
NEeCHO Tevalla, aMMHapHO OpWEHTMpaHa
npu HanyckaHe Ha ekcTpyaepa maca.

PUINKOXMMUYHUAT M BUMONOTMYEH Mogen
Ha M3MEHEHWE Ha HMLLIECTETO MOXe Oa ce
npeactasn Ha 6Gasata Ha peguua
n3cnenBaHns vYpes3 OUPEKTHU U UHANPEKTHU
mMeToau 3a aHanua n OLEHKa,
NPMBNM3NTENHO MO CNeAHUSA HAYWH:

- obpasyBaHe Ha Knencrepw — rpaHynurte
Ha HaTUMBHOTO HULLECTE Ca HEepa3TBOPMMU
BbB Boda. 1o, obaye, B KOHTAKT C Hes

yBenuyasa obema cu. XugpatauusaTa
3ano4sa OT amopHuTe My YacTu (HyBaxuH,
1986). Mpwn noBuLLIaBaHe Ha
Temneparypara, BCrneacTeme Ha

oTcnabBaHe Ha BOAOPOOHUTE BPbL3KU U
B3aMMOOENCTBUE Ha [MOKO3HUTE OCTaTbLM
C BOpaTa, XxwugpatauuaTa ce ycunBsa,
npoab/pkaBa HapacTBaHe Ha obema Ha
HUWwecTeHUTe 3bpHa (Te  HabbbBarT).
Kpucranuure y4yacTbum CbLLO ce
AesopraHusupar n xugpatupart. [lonyyasar
ce Kneucrepu, KOUTO ca HecTaburHu.
BuckosanteTbT Ha cycneHsudTa HapacTsa
(Mathionthi, 1992).

- XenaTuHu3upaHe Ha Knemctepute — npu
No-HaTaTbLIHOTO yBenuyaBaHe Ha
TemnepartypaTa, UsnocTTa Ha HULeCTeHuTe
3bpHa Ce Hapywasa, paspywasat ce
KNeTbYyHUTE CTEHW, KOeTo e MpuynHa 3a
necHata MM aTakyeMoCT OT €H3UMU U
noaaTnNUMBOCT Ha MEXaHW4YHO Bb3aencTeune
(Cardinale, 1983). Tewmnepatypata u
HanAraHeTo KatanuaupaTt paspyllaBaHeTo
Ha Knencrtepute. HuwecTteTo xenatnHusnpa
n obpasysa nosBevye UAM  NO-Marnko
€0HOPOdHW, BUCKO3HW KOMOWAHW pasTBOPW.
PaspywaBaHeTo Ha  CTpykTypaTa Ha
HULWECTEeHUTEe 3bpHa MNpU HapacTBaHe Ha
TemnepartypaTta npu 3arpssaHe oT 80 fo

cesterification and depolymerization
in the extruder, the starch loses its
inhomogeneous grain  structure,
changes its viscosity and becomes
a compact, amorphous, readily
flowing, laminar-oriented table when
leaving the extruder.

The physico-chemical and
biological model of starch
modification can be presented on
the basis of a number of studies
through direct and indirect methods
of analysis and evaluation,
approximately in the following way:

- formation of clays - the
granules of native starch are
insoluble in water. It, however, in
contact with it increases its volume.
Hydration begins with its amorphous
parts (Chuvahin, 1986). At elevated
temperature, due to weakening of
hydrogen bonds and interaction of
glucose residues with  water,
hydration increases, continuing
increase in volume of starch grains
(they swell). Crystal regions are also
disorganized and hydrated. Clays
that are unstable are obtained. The
viscosity of the suspension is
increased (Mathionthi, 1992).

- gelatinization of the clays — the
further increase in temperature, the
integrity of the starch grains is
disturbed, the cell walls are
destroyed, which leads to their easy
attack by enzymes and susceptibility
to mechanical impact (Cardinale,
1983). Temperature and pressure
catalyze the destruction of the clays.
Starch gelates and forms more or
less uniform, viscous colloidal
solutions. The destruction of the
starch grain structure when the
temperature increases with heating
from 80 to 250 °C during extrusion
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250 °C npu ekctygupaHe, ce ObIKM Ha
oTcrnabBaHe Ha BOLOPOOHNTE BPb3KMU.

B ekcTpygoepa 4actm Ha egHa u cblia
MosneKkyna ce ABwXaT C pas3nuyHa CKOpPOCT,
KOEeTO JoBexaa [0 HanpexeHusi, CnocobHu

Aa  paskbcaT  MOSEKYNHUTE  BPb3KK
(Cardinale, 1983). PaskbcBaHeTO MU
npenogpexgaHeTo Ha BOAOpOOHUTE

BPBb3KW, OCUrypsiBa NMOCTOSHHO OGpasyBaHe
Ha HOBW arpervMpaHu CTPYKTypWu, KOeTo e
CbMpOBOAEHO OT eAHO 6bp30, BPEMEHHO
HapacTBaHe Ha BWCKO3MTETa Ha MacarTa.
TakuBa npouecn ce 3apaxgaT B HSKOMU
KPUTUYHN TOYKM Ha eKCTpyaepa.

Mo Bpeme Ha EeKCTpyaupaHerTo,
OTAENHUTE  EH3UMM TMPOMEHAT  CBOSATA
aKTMBHOCT NpM pasfuMyHK TemnepaTtypu u
BCUYkK g 3arybeat Hag 100 °C. N3cnegsaHo
€ Bb3OENUCTBMETO TMpPU  MbIAHO3bPHECTU
WpPOTOBE OT pPbX, MNWeHuua, MNWeHNYHN
TpUUK, TMWEHNYEH Trpuc u OBpawHo oT
HEOTIOLLIEH OBEC C ABYLLUHEKOB EKCTPYAEpP B
TemnepaTypeH uHtepsan ot 40 go 170 °C.
YcTaHOBEHO €, 4e C nMoBMWAaBaHe Ha
TemnepaTtypata akTUBHOCTTA Ha €H3MMuUTe
HamansaBa C M3KNWYeHMe Ha anda-
amunasata npuM oOBeca, YUATO aKTUBHOCT
npu 90 °C e no-Bucoka, oTkonkoto npu 80
°C, HO Hag 90 °C oTHOBO Hamansea
(Kawkasangxwmes, 1987).

Bb3gencTBmMeTo Ha eH3MMHUTE CUCTEMU B
EeKCTPYAEepHUS UMAMHABP, € BaXHO 3a
CTPYKTYpoObpasyBaHETO Ha HOBUSA NMPOLYKT,
TbM KaTO BEpoOATHO JdonpuHacsa  3a
pa3KbCBaHe Ha IMOKO3NOHUTE BPBH3KN.

EKCTpyampaHOTO HULWECTEe € C NoBULLEHA

eH3UMHa aTaKyemocT, noBuLleHa
pa3TBOPMMOCT, MO-HUCHK BUCKO3UTET Ha
CTYyAEeHO 1 no-ronama CcTabunHOCT Mo
OTHOLIEHME Ha peTporpagaumstTa cu B
CpaBHeHue Hanpumep c BanuoBoO-
nacyweHoto HuwecTte (Cardinale, 1983).
Cnopeg nacrnegBaHusaTa npes
nocrnegHMTe  rOAWHKW,  eKCTpyaupaHuTe

XpaHu ca npegnoynMTaHn npu  AEeTCKOTO

is due to the weakening of the
hydrogen bonds.

In the extruder, parts of the same
molecule move at a different
velocity, which leads to stresses
capable of breaking the molecular

bonds (Cardinale, 1983). The
rupture and rearrangement of
hydrogen bonds ensures the
constant formation of new

aggregated structures, which s
accompanied by a rapid, temporary
increase in the viscosity of the
mass. Such processes originate at
some critical points of the extruder.

During the extrusion, the
individual enzymes change their
activity at different temperatures and
all lose it over 100 °C. The effect on
whole grains of rye, wheat, wheat
bran, wheat semolina, and flour of
unprimed oats with a twin screw
extruder was studied in the
temperature range of 40 to 170 °C.
It was found that with increasing
temperature the activity of the
enzymes decreases with the
exception of alpha-amylase in oats,
whose activity at 90 °C is higher
than at 80 °C but again decreases
above 90 °C (Kaskavaldzhiev,
1987).

The impact of the enzyme
systems in the extruder cylinder is
important for structuring the new
product as it probably contributes to
breakage of the glucosidic bonds.
Extruded starch has increased
enzyme attack, increased solubility,
lower cold viscosity, and greater
stability in retrograde compared to,
for example, rolled-dried starch
(Cardinale, 1983).

According to research in recent
years, extruded foods are preferred
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XpaHeHe B KbpMayecka Bb3pacT npea
BanuoOBO W3CylleHUTe unn obpaboTeHn ¢
napa ('noBuHKoBCKa 1 cbasT., 1987).

YcTaHOBEHO e, 4ye Npu eKkcTpyaumpaHeTo
HapacTBa 4acTumyHaTa Xxugponusa Ha
Bpb3KMTE OT BMaa Ha a—1,4, koeTo BOAM 00
nosiyyaBaHe Ha ManToOeKCTPUHW (Han-Beye
npy KapToPeHOTO HuwecTte), 0cobeHo
LeHHW 3a OeTCKOTO XpaHeHe.

* U3meHeHMe Ha 6enTbUynHUTE

B nsonunpaHo ekcTpygmpaHo HuwecTe (oT
pasnuyHu BMaoBe GpallHa u rpucoBe B YACT
BUO WM BbB BMA Ha CMECUM C MIIEYHU
6enTbunHM), € [OoKa3aHO CblLUEeCTBYBaHETO
Ha noBeye as30THM CbeauHEeHus B
CpaBHEHWe C U3XOOHWUTE CypOBWHW, NoBeYe
CBbpP3aHn NUNuan N MUHepanHW BeLlecTBa
(FnoBunHkoBCKa M cbaBT., 1987; Diosady,
1985; Harper, 1986). Ype3 xumnyHus
CbCTaB Ha eKcTpygatute npu  Apyru
n3crneaBaHus, € YCTaHOBEHO HamareHoTo
CbAbpXaHMe Ha HUWECTE N Ma3HUHU U
YBEMMYEHOTO CbAbpXaHWE Ha BenTbuMHM.
[okasaHo e, 4e npu eKkcTpyaupaHeTo ce
3anasBa 0enTbYHUAT KOMMMEKC U CTeneHTa
Ha TOBa CbXpaHeHWe 3aBWCKU OT YCroBuATa
Ha ekcTpyampaHe (Benues, 1986).
YCcTaHOBEHO e, Ye HaManeHneTo Ha nusnHa
npu [OBYLUHEKOBUTE eKcTpyaepu € no-
ronsiMo B CpaBHEHWE C eOHOLUHEKOBUTE W,
Jye 3arybute My pacrtaT C HapacTBaHe Ha
Bnarata (nosuHkoBCcka M cwvasT., 1987).
Tb KaTo §NU3NHBLT € HaW-peakTuBHaTa
aMuyHOKUCENMHa W € B OrpaHn4YeHo
KONMNYEeCTBO B 3bPHEHUTE XPaHU, TS € BaXeH
rnokasaTer 3a KayeCTBOTO Ha ekcTpygaTtuTe.
Bcuukn metogm gokaseaT no-Huckata My
GuonormyHa CTOMHOCT B eKCcTpygatute U
HenHaTa 3aBWCUMOCT OT EKCTPY3MOHHUTE
yCIoBuS.

Hsakon aBTOopm noco4Bat 3arybu Ha
nm3amHa ot 65 pgo 100 % npm
MbHO3bPHECTU eKkcTpyaatu, KaTo
nogyeprasaT OrPaHUYEHOTO BIIUSHUE Ha

for pediatric breastfeeding in front of
pre-rolled or steam treated
(Glovnikovska et al., 1987).

Extrusion has been shown to
increase the partial hydrolysis of a-
1,4-type linkages, resulting in
maltodextrins  (especially potato
starch), particularly valuable for
infant feeding.

* Protein change

In isolated extruded starch (from
various types of flours and meals in
pure form and in the form of milk
protein mixtures), the presence of
more nitrogen compounds than the
starting materials, more bound lipids
and mineral substances has been
proven (Glovinkovska et al., 1987
Diosady, 1985; Harper, 1986). By
the chemical composition of
extrudates in  other  studies,
decreased starch and fat content
and increased protein content were
found. It has been shown that the
protein complex is preserved during
extrusion and the degree of this
storage depends on extrusion
conditions (Velchev, 1986). It has
been found that lysine reduction in
double-screw extruders is greater
than single-screw extruders and that
its losses increase with increasing
moisture  (Glovinkovska et al.,
1987).

Since lysine is the most reactive
amino acid and is limited in cereals,
it is an important indicator of the
quality of extrudates. All methods
prove its lower biological value in
extrudates and its dependence on
extrusion conditions.

Some authors report lysine
losses of 65 to 100 % in whole grain
extrudates, highlighting the limited
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BUCOKMTE 0bopoTn. HamanaBaHeTo Ha
nn3nHa npu TEXKMN yCroBusi Ha
ekcTpyampaHe ce obsacHsBa C
XNOPONMUTUYHOTO pasnaraHe Ha HULIECTETO
n obpasyBaHe Ha aMMNHO-3axapHu
KOMMeKCu. 3arybute Ha apyru
aMUHOKUCENNHU e HEe3Ha4YnTEesHO.
Hamanenneto Ha OGuonorMyHata LEHHOCT
npy  MbIIHO3bPHECTUTE  MPOAYKTU  Cce
CbNpoBOXAa W OT  HamarneHne Ha
yCBOSIEMOCTTa, KakBoTO, oObave npu
HUcKonenenHuTe OpalluHa He e oTbens3aHo.
Hsikon nacnegosatenu gocturaT 4o M3Boaa,
4Yye NO BPeMe Ha eKCTpyaupaHe MIleYHuTe
NpoTenHW arpermpaT ¢ pacTuTenHuTe 4O no-
BMCOKA  MOMEKYNSPHN  CbeAWHEHUS 1
obpasyBaT XM3HEHOCNOCOOHN Buoarperatu.
Cuuta ce, Yye MneYHUTE NPOTEUHU BNUAAT
NOHWXXaBaLLo Ha ekcnaH3ndara n
oTpuvuaTtenHo Ha  ctabunHoctTa  Ha
CTPyKTypaTa n He BNNAAT Ha
pasTBopumMocTTa n HabbbOBaemocTTa Ha
HuwecTteTto. Cnopea Apyrm asTopu, ToBa
BNUAHME 3aBUCK OT MPOLIEHTHOTO y4acTue
Ha npoTteuHa B cyposuHaTta (Clextral and
Tayeb, 1988).

¢ A3mMeHeHne Ha Ma3HUHUTE

KoHcTaTupaHo e cnaboto BnusHWE Ha
eKCTpyaMpaHeTo BbpXy nMnuaHuTe
KOMMNMEKCU W MOYTU HenpoMeHeHaTa UM
XpaHuTenHa cTonHoct ([MOBMHKOBCKA U

cbaBT., 1987). Upes ekcTpaxupaHe, e
noslyY4eHo efHoO UM CbWOo  KOMUYecTBO
MasHWMHW OT CYpPOBMHU W eKCTpyaaTtwu.

W3cnepBaHuaTta, npoBedeHW C MNWEHWUYHO
HULWeCTe, a MO-KbCHO W C KapToeHo u
KOMMMAEeKCMTe MM C PasnuyHn  NUNUau
nokassar cneunduyHo BMCKO3HO
nosegeHne Ha ekctpygatute. [Npegnonara
ce, Ye MO BpeMe Ha eKCTpy3usTa HacTbnea
M 4YacTUyHa [eKoMmnnekcauus, a npu
HEeHacuTeHUTe nNUNMAN — NoNMMepM3aLms
(Hauck, 1981). UameHeHneTo Ha MasHUHUTE
npu ekcTpyaupaHe BoguM OO THAXHOTO

influence of high revolutions. Lysine
reduction under severe extrusion
conditions is explained by the
hydrolytic degradation of starch and
the formation of amino-sugar
complexes. Loss of other amino
acids is negligible. The decrease in
the biological value of whole grains
is also accompanied by a decrease
in digestibility, which, however, is
not noted for low-ash flour. Some
researchers conclude that during
extrusion, milk proteins aggregate
with plant to higher molecular
compounds and form viable bio-
aggregates. Milk proteins are
believed to affect expansion and
inhibit the stability of the structure
and do not affect the solubility and
swelling of the starch. According to
other authors, this influence
depends on the percentage of
protein in the raw material (Clextral
and Tayeb, 1988).

e Fat change

Weak influence of extrusion on
the lipid complexes and their almost
unchanged nutritional value was
observed (Glovnikovska et al.,
1987). By extraction, the same
amount of fat from raw materials
and extrudates is obtained. Studies
conducted with wheat starch and
later with potato and their
complexes with different lipids show
a specific viscous behavior of the
extrudates. It is assumed that during
partial extrusion there is partial
decomplexation and, in the case of
unsaturated lipids — polymerization
(Hauck, 1981). Fat change in
extrusion leads to their stabilization.

e Cellulose change
Simultaneously with the starch in
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ctabunusnpate.

¢ N3meHeHMe Ha uenyno3aTa

EQHOBpEMEHHO € HUMWECTETO  Mpu
eKCTpyaMpaHe ce W3MeHs W LenynosaTta,
KaTo ce noBuLLIaBa HelHaTa pa3TBOPMMOCT.
ToBa 49 npaBu no-nogatnvMea  Ha
GakTepuanHo pasrpaxgaHe B opraHusma (B
nebenoTto 4epso) (MOBWHKOBCKA U CbaBT.,
1987). ObsacHaABa ce C pasKbCBaHe U
XOMOreHM3MpaHe Ha  YacTUYKUTE  Ha
TpUUMTE, KOETO NpaBuM ANETUYHOTO BNAKHO
no-1M3non3eBaemMo, Tbil KaToO ce yBenu4yaBa
obLarta My NOBBbPXHOCT.

¢ 3mMeHeHMe Ha BUTAMUHUTE

BrnvsHneTo Ha ekcTpyaupaHeTo BbpXY
OTAENHUTE BUTAMUHUN € PasfnUnYHo. TAXHOTO
3anasBaHe 3aBMCU OO ronsiMa cTeneH oT
napameTpute Ha npoueca. Hakon
n3crnegBaHust nocodsaTr BuTamuH B1 kaTto
Han-HecTabwuneH, gpyrm — ButammHmute E n
C.

OueHknTe 3a cTabuUNHOCT Ha BUTAMUHNUTE
ca HanpaBeHW Ha 6a3a Ha CpaBHEHWE CbC
3arybu npu neyeHe Ha xnsb, KOUTO ca Haum-
ronemu B Kopata (Paton, 1982).

PesyntatbT OT TOBa CpaBHeHue e
OCHOBaHue, NpouecbT Ha eKkcTpyaupaHe ga
ce onpegenu OT wu3cnegoBaTenuTe KaTo
Laaau” npouec.

My6nunkyBaHute pesyntatu oT
nacnegBaHusTa nokassaT, 4e 3aryoute Ha
BUTAMUHN NPU EeKCTpyauMpaHe 3aBUCAT OT
napameTpute Ha npoueca, KOHCTpyKuuaTa
Ha CbOPBLXEHMATA W NpegBapuTenHarta
noarotoBka Ha cypoBuHuTe. WM3uckea ce,
obaye gonbnHUTENHa  NpoBepka  3a
ctabunHocTTa Ha  BUTAMUMHUTE  NpwU
KOHKpEeTHUTE ycrnosus Ha paboTa.

* PeonornyHa xapakrepucTuka Ha
€KCTpyaAnpaHUTe NPpoaAyKTHU
ObuyaeH wmeTOO 3a onpegensHe Ha

N3MEHEeHuATa, KOUTO  HacTbnMBaT B
CYPOBMHUTE MO BPEME Ha EKCTPY3MOHHUS
npoLec, € U3MepBaHEeTO Ha PeonornyHuTe

extrusion, the cellulose is changed,
increasing its solubility. This makes
it more susceptible to bacterial
degradation in the body (in the
colon) (Glovnikovska et al., 1987). It
is explained by rupturing and
homogenization of the particles of
bran, which makes the dietary fiber
more usable as its total surface
increases.

¢ Change of vitamins

The impact of extrusion on
individual vitamins is different. Their
preservation depends largely on the
parameters of the process. Some
studies indicate vitamin B1 as the
most unstable, others - vitamins E
and C.

Vitamin stability ratings are based
on a comparison of bread baking
losses that are greatest in the crust
(Paton, 1982).

The result of this comparison is
the reason why the extrusion
process should be determined by
the researchers as a "sparing"
process.

The published research results
show that the loss of vitamins in
extrusion depends on the process
parameters, the construction of the
equipment and the preliminary
preparation of the raw materials.
However, additional testing is
required for the stability of vitamins
under specific operating conditions.

¢ Rheological characteristics of

extruded products

A common method for
determining the changes occurring
in the raw materials during the
extrusion process is the
measurement of the rheological
properties of the resulting
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CBOMCTBA Ha MNOSyYeHUTE eKCcTpyaaTwu.
Bbnpekn HagexgHocTTa Ha MeToda 3a
n3cnegBaHe Ha NnacTUYHMTE CBOWCTBA Ha
eKcTpyaatute, Te Olle He ca Mpoy4veHu
nauyano (MnosuHkoBcka u cbasT., 1987;
Hauck, 1981).

B npoueca Ha ekcTpy3us, B npoaykra

npoTtuyar Abnboku CTPYKTYPHM
npeobpasyBaHus, wu3passBawm ce B
paskbCBaHe Ha  KNETbYHUTE  CTEHW,

AECTPyKUMs, Xuaponusa un ap.

[Npn MexaHM4YHOTO Bb3AENCTBMNE, BOAELLO
ao TaHreHumanHm HanpexeHus B
martepuana, HacTbnBar CTPYKTYPHO-
MonekynspHu  mogudumkaumm  (Mathionthi,
1992; Paton, 1982). AmunasHute u
aMUMONEKTUHHN BEPUTNM Ha HULLIECTETO O
AEecTpyKTypupaTt OO BellecTBa C MO-HUCKO
MOJSEKYITHO Terno, KoeTo BOAW A0 NPOMsHa
Ha peonornaTa Ha Knemcrepure.

Hay4Hn gokasaTencrBa 3a HuwecTeHaTta
N npoTeMHHaTa TpaHcdopmauma npu

eKcTpyampaHeTo aasart peavua
nscnegosatenn. C  andpaktomMetbp €
YCTAaHOBEHO MbISIHOTO paspyllaBaHe Ha

HaTMBHaATa CTPYKTypa Ha HULWIECTETO MU
obpasyBaHe Ha HOBa, B KOATO
nonusaxapuguTte nmat no-manka cTeneH Ha
nogpegeHoct ([NMoBMHKOBCKA W CbaBT.,
1987; Clextral and Tayeb, 1988; Mathionthi,
1992). C pacTtepeH enekTpoHEH MUKPOCKOM,
€ [oKasaHa nopectata CTpyKTypa Ha
ekcTpygata C BMOUMM Bb3LYLIHU MOpPM,
3a00MKONEeHM OT naMWHapHU CroeBe Ha
eKCTpyAMpaHu  HULWKW. YCTaHoBeHa €
CTeneHTa Ha paspyllaBaHe Ha CTpyKTypaTta
B 3aBMCMMOCT OT Brarata Ha maTepwuana,
KaTo eQHOBPEMEHHO C TOBa N Cb3[aBaHETO
Ha arnomepatu OT HenpeobpasyBaHO
HULIECTE NPU BUCOKO CbObpXKaHWE Ha Bnara
(CmoBuHKOBCKa 1 cbaBsT., 1987; Schneeweib
et al.,, 1983; Stanbley, 1986). JokasaHo e
NMOCTEMNEHHOTO M34Ye3BaHE Ha MOMEKynn wu
Cb3faBaHe Ha HOBa [IbCTa CTPYyKTypa
(Cardinale, 1983). C wmwukporpacunte, e

extrudates. Despite the reliability of
the method of examining the plastic
properties of extrudates, they have

not yet been fully investigated
(Glovnikovska et al., 1987; Hauck,
1981).

Deep structural changes occur in
the extrusion process, such as
breakage of cell walls, destruction,
hydrolysis, etc.

Mechanical effects resulting in
tangential stresses in the material
have structural and molecular
modifications  (Mathionthi, 1992;
Paton, 1982). Amylase and
amylopectin  chains of starch
degrade it into lower molecular
weight substances, resulting in a
change in the rheology of the clays.

Scientific evidence of starch and
protein transformation in extrusion is
provided by a number of
researchers. With a diffractometer,
the complete destruction of the
native starch structure and the
formation of a new one, in which the
polysaccharides have a lesser
degree of ordering (Glovinkovska et
al., 1987; Clextral and Tayeb, 1988;
Mathionthi, 1992). With a raster
electron microscope, the porous
structure of the extrudate with
visible air pores surrounded by
laminar layers of extruded filaments
was proven. The degree of
destruction of the structure in
relation to the moisture content of
the material, as well as the
formation of agglomerates of
unconverted starch at high moisture
content (Glovnikovska et al., 1987,
Schneeweib et al., 1983, Stanbley,
1986). The gradual disappearance
of molecules and the creation of a
new dense structure have been
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YCTQHOBEHO  HanMyneTo Ha
HuwecTeHun 3bpHa (Fornal, 1986).

3anas3eHun

3. 3aknro4eHune

Bb3 ocHOBa Ha CTPYKTYpHUTE NPOMEHU
Ha pasnuyHuTe KOMMOHEHTU B
eKCTpyAMpaHuTe CYpOBMHM U TAXHOTO
n3yyaBsaHe n [obpo no3HaBaHe, peauua

CYPOBUHWM, W3TOYHULM HaA EKCTpyanpaHu
XpaHUTENHW  MNpPOAYKTWM, Morat jJda ce
nons3eat KaTo oboratutenu.

TpaHcdopmauusaTa Ha HULLECTETO,
6enTbumHUTE n MasHUHUTE npu
eKCTPYAMpPaHETO, M NpaBun fIECHOYCBOSIEMMU,
a ekctpygata  — BMCOKOKA4YE€CTBEH,
©anaHcupaH no aMUHOKNCENNHEH,
BbrnexuapateH W BUTAaMUHEH CbCTaB.,

NPUATEH M NONEe3eH 3a KOHCYyMaLus.

HamaneHo e cbabpXaHMeTo Ha HuLlecTe
M Ma3HUHM B eKCcTpyaaTa, a CbObpXKaHWeTo
Ha 6enTbuMHM e yBenuyeHo. [pu
MbIIHO3bPHECTUTE EKCTpyAaTU € HamaneHo
CbObPXKaHMETO Ha Ha NU3UHA, PECNeKTUBHO
OvonormyHata UM LIEHHOCT, CbMNPOBOAEHO
OT HamarsiBaHe Ha YCBOSIEMOCTTA, KaKBOTO,
obaye npu HUCKoMenenHuTe ekcTpyaaTn He
ce KOoHcTaTupa.

N3meHeHneTo Ha Ma3HUHUTE npu

eKkcTpyanpaHe BOOM no TSXHOTO
ctabunmampate. MoBuwaea ce
pa3TBOpMMOCTTa Ha uenynosara.

3anasBaHeTo Ha BUTaMWHWUTE [O ronsma
cTerneH 3aBuMCM OT napameTpuTe Ha
npoueca.

4. llutepaTtypa

proven (Cardinale, 1983). With
micrographs, the presence of

preserved starch was found (Fornal,
1986).

3. Conclusion

Based on the structural changes
of the various components in the
extruded raw materials and their
study and good knowledge, a
number of raw materials, sources of
extruded food products, can be
used as fertilizers.

The transformation of starch,
proteins and fats in extrusion makes
them easy to use, and the extrudate
— a high quality, balanced amino
acid, carbohydrate and vitamin
composition, pleasant and useful for
consumption.

The content of starch and fat in
the extrudate was reduced and the
protein content increased. In the
case of wholegrain extrudates, the
lysine content or their biological
value is reduced, as well as the
decrease in digestibility, which,
however, is not found in the low-
melt extrudates.

Fat change in extrusion leads to
their stabilization. The solubility of
the cellulose increases. The
preservation of vitamins depends to
a large extent on the parameters of
the process.
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