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The technological parameters of obtaining product extruded from 
buckwheat flour and its mixtures with milk proteins, characterized by 
a high coefficient of expansion and different degrees of the structure's 
por-osity, were determined. 

INTRODUCTION 

Extrusion is one of the engineering variants of hydrotbie,rmal treat
ment, affe-cting changes in -the physi·oo-chemical properties of proteins aud 
st~ches and ha v,ing the greatest m,eaning in the modif1ca.tion -of their 
stru-cture [6, 18]. As a ~esult of these changes, thę quali~y of the finał 
P_rioducts is improved [1, 2, 5, 9], the utilization of :raw materiał in tradi
~onal techno1ogies is increased and the possibility of utiliz:ing ra.w mate
r1a1s of iinfertor quality arises [2]. There are numerous publjshed results 
of irese h · · .... the acr.-c studies conce:rning the application of extrusi1i0n m crea„mg 
tructu.re of P!'otein conoentrn. tes or isolates from .oil or pulse crop seeds 
221• Equally well known are the physico-chemical properties of these 
texiurates and the po.ssibili.ties ,of ,their utiłizatioo in the food industry [151• 

In reoont years, the extrus.iion methods, ap~t f~om the_ use of homoge-
~ ~ lted . . w substanoes, apply mixtures of severa! prioperly se ee raw 
J:na,terials which makes 'it poosible to -obtain so-call.ed "oo-ex:trud.ates", 
.P•rodu 4-- • tr· 
1 0 ~ cha1racterized by bette~ functional proper:ties and a higher nu 1-
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tive value [25]. In ,order to improve the structure of pl'loducts, lit is sug
gested to oombine seve["al types of pr,oteins, a-dding, among ,other things, 
gluten of wheat or hen egg albumins to the iia-w ma,teirial [22]. 

Extrusion of preparia,tions obtained wom plant proteins in oombination 
wiith pr,operly prepared miLk pr,oteins is mainly an object of home studies 
[20, 26, 27]. 

The maj,ority of studies ·conoernin.g appHcaltion of ·extrusion in obtain
ing ce-real exkuded products deal with the utilizatton of oorn grain ,oc its 
producU:> [23, 24]. Among cereals pr,0duoted iin Poland, buokwheat gradn 
is utilized ,only in the groats m,anufacturing industry. The chemical 1com
position of this gra.in as well as the tliliique piiopertd.es of star,ch ,aire a basis 
for studies on its application in obtai:ning other p;roduots [8]. For this 
reason, the aim of the present studies w.as to show rthe .possibilities of 
using buckwheat grai.n ,and its mixtures with milk proiteins to ,obtain ex
truded ptioducts. These pToducts, due to the quality .of buckwheat pro
teins may be classified as gluten fre.e products, hav,ing a specific applica
tion in diet. 

EXPERIMENTAL 

The raw materiał used in .the studies was buckwheat flo~ ,and a prepa
ra tion of milk ptioteins. 

PREPARATION OF BUCKWHEAT FLOUR 

Dry buokwhea.t grain, afiter separation •of -contaminati,ons fu-eely bound 
with grain, was dehulled in a Laboratocy huller. The hulls were separated 
fiiom endosperm par.ti-cles wilth the use of soreens and air stream. The iso
la ted endosperm was disintegr.a.ted and the obtained flour had a .granula
tiion •of 480 urn. The ,content of 1ash in f1our w.as 0.550/o DM. 

OBTAINING THE PREPARATION FR0M ALL AMILK PROTEINS 

The p•reparati,on ,of milk prote,ins was obtained from sikim milk, froill 
which calcium pair,a.caseinarte together wdth whey proteins w·ere isolated 
by the anzymatic method (aoc. to own method) [28]. Afrter washing with 
water the obtained coagulate w,as sepaTated in ,a press, disintegrated and 
dried ;to a humidity of 8-100/o. 

PREPARATION OF THE RAW MATERIAL FOR EXTRUSION 

The pr,ooess of extrusion was carł"ied out in the rtecłmolio.gioal vart~~: 
buckwheat Hour and buckwheat flouir with .a 25'0/o addition ,of milk proteiD 
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preparation. On the basis of earlier experiments [25] and 1iterat.ure data 
[14, 16, 26] moi.sture of the iraw maiterial was established within the range 
of 18-300/o by W€ight, by wetting it to the required level. 

EXTRUSION 

The raw materiał was extruded in a Wenger x-5 extruded [13] which 
was subje-cted to Tota.tion by means of a scriew of the feeding buckeit, 
using a ic~onstant number ,of rotabons, ie. 7,5 rad/s. The number of rota
Uons of the main screw w,as ,changed within the range of 20 to 60 r:ad/s. 
The inlet srteam pressure was 0.35 MPa. The extrusion temperiature mea
sured by the thermo-couple placed at the outlet nozzle was 100, 110, 120 
and 130°C. Durin.g the extrusicm process, an ,outlet noz.zle wd.th diameter 
4.0 mm, was used. 

The process. of extrusion was charaoterized depending ,on the humidi,ty 
of the r-,aw materiał, extrusiiion temperaturie and speed of Totati!ons ,of the 
main screw. The coefficient •of expansii0n was determined acc. to Cabrery 
[7] and a dens~ty acc. to Tariant [30]. Besides, an orr-,ganolepiti.c assessment 
of the ,obtained extruded iproducts was carried ,out. 

RESULTS AND DISCUSSION 

The funda-mental crite:rion for selecting optima! conditions of extrud
ing buckwheat fl.our was the value of the expansion ooefficienit, depending 
on the share ,of milk proteins, mo~stUTe •oontent of ~aw materiał, tempe-

. r.aiture ,of expansion and speed of rotations of the main screw. The speed 
of •r•oitations of the f eeding screw, diam,eter of nozz1e and steam pressure 
Were adop,t.ed on the basis of the technical ,cha:raoteristics of the equip
rnent [14] and the r,esults ,of own experiments [10, 26, 29]. 
. Within the range of moisture coilltent of buckwheat ilour, assumed 
in the experiment, the highest value of expalllSiion coefficient [3, 8) was 
n-oted f,oir p~oduct obtained from the raw materiał with a moisture level 
of 200/o, •the lowest •one (2.5) of 18°/o (Fig. 1). 

The product obtained f[rom a mixture of buckwheat Hour and 250/o 
s~·re of milk pirioiteins revealed the highest value of the expansion coef
ficient (2.4) at its 300/o modsture content. In case of pre.parations obta1ned 
frorn "'1-..,.,. ff· · ·- f raw mater~al with 20 and 250/o moisture ,oonitent ,w~ ooe 1e1ent. 0 

eJCp!l/1"\ ... · -~1-on was only 1.0 (Fig. 2) . 
. :he liteiratur,e of the subje·ct brings n,o univocal information ·deter-

, lnli.-nlllg the influence of the moistur•e of raw materiał ,cm, the effect of ex
tTiusion [4, 5, 17]. Ori -the basis •of 1own studies, it may -be believed ,tha,t 
Wa~r content in raw mate~.~al affoots to a high degree the rheol•ogical 
Properties of the extiruded piioduct. At humid.iity ·above 200/o, the viscosity 



3. 7 . -0.7 

~ 
\ 

3.5 \ 
X 

;:;, 0:6 
\ a, \ -o E C: \ -~ 3.3 u - \ Ol o \ .iii 2:-C: "iii ' o 

~ 3.1 ~ 0.5 
\ a, u 
\ 

29 \ 
~~ \ 

O.i. \ 
\ 

2.7 \ 
\ / 

2.5 0.3 t------' 
18 20 22 21. . 26 

moisture [%] 

Fig. 1. Dependence of expansion coefficient and density of extruded products on the 
moisture content of buckwheat flour; temperature ·of extrusion 130°C, speed of 

rotations of the main screw 50 rad/s; 1- expansion index, 2- density 
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of the texturized buckwheat flour was probably too low to allow the 
focces of a.nb-amolecular friction ,to sufficiently increase the temperature 
of the product and to ,change m structu["e. At moisture con.tenit below 
20°/o, the excessive for.ces of intramolecular friiction, induced by the high 
viscosit.y of the r.aw .ma,terial, caused a high accumulation of protein de
posiJt "on hot" dn heating ·heads, maiking diffusion of water fu-om •the pr,o
duct and formatton of a porous structure impossible. The optima! moisture 
of buckwheat flour established in the present experiment is similar to 
tha,t ,of the process -of extrusion ,of wheat~e grain [17] . Harper [12] and 
Naguoki [19] -obtained good quality pr-oducts extruded fuom a mixture of 
cereals with soya, with nioisture 28-300/o. In the case of the extrusion of 
plant protein preparations Aguilera and Kosikowski [3] stress the influen
ce ,of the humidity of raw materiał on the consistency, water a,bsorpti,on 
abiility and they suggest J:aw materials with humidiity not exceeding 300/o. 

The oonduoted experiments showed that the V1alue of exp.ansion ooe
fficient was dependent to a high degree on _ithe temperature of extrusion 
(Fig. 3). Togethe1r with an incre.ase ,of tempe;r.ature a rise occured of the 
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index, 2 - density 

Valu.e •of the pirOduots -expansion ooef:fiicient. In ,case ,of extrus1on of buck
Wheat f1our, the highest vaJue of expansiion coeffiicient ( 4.8) was noted ·!~l' P~Ucts ~xtruded at 13O°C (F'ig. 3). S~ly, pr,oducls with a s~'l"e 

llliłk pr,otems were ,characterized by the h1ghest value of expansion 
C-Oeff' · · · °C (F. 4) U 101ent 1,n the process iof exitrusion of r.a.w ma.terial at 130 1g. • 
· ndeir ,. these. oonditio.ns, both evaporation of water and changes in pro-
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teins and starch, leading to the formaition of a new structure were the 
most intensive. The acbon of the extrusion process tatking place at 130°C 
affected the solubility of Il!i.trogen ,oompounds in case of extruding buck
wheat Hour as well as in ,case of mixiture 'Wirth milk ~oteins [26, 29]. 
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Fig. 4. Dependence of expansion coefficient and density of extruded products ob· 
tained from mixture of buckwheat fl.our and 250/o milk proteins on the temperature 
of extrusion; moisture content of mixture 300/o, speed of rotations of the main screw 

50 rad/s; 1- expansion index, 2 - density 

The published results of the experiments conceming the extrusion of 
cereal raw materiał oonfiTm clearly the favouriable effecit of heating on 
the quality of the :fmal ptr,oducts [6, 9, 16]. Lt results from the studdes of 
Taran.to et al [30] that by the extrusiion of skun ,cotton flou.r art 149°C 
a product wiJth rthe lowest denstty (0.25 kg/dcm8) and the longest diameter 
(0.68 cm) was obtained. At ithis temperature· the raw materiał became 
flexible and when leaving the nozzle of the extruder, it expanded in the. 
highest degree, g1iving a product with rthe most faVlourable diameter. 

Investigations of the influence of speed of main screw rotat;iJons shoW
ed rthat at s1ow irotations (20 irad/s) of the main screw, a pT1oduct with et" 
pansion coefficient 0.25 was obtained whereas at a high number of ro~
tdons ,of the screw (60 r,ad/s) the p!r1oduct had a highe,r expansion coeffl" 
cient (3.93) (Fig. 5). This re1aHonship •was oonfirmed by Aquil&a and 
Kos1kowski [3) who assumed that aparl from heating and piressure ,me„ 
charu.Qal forces weire the most importainit fa,otars forming the struottlte 
during the extrusion. Rossem and Miller [21] irepor,t that mechanical e~
ergy sup.plied to the sc:rew is used for a displiacement of the roaterW 
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along the he.ads of the extruder and it partially changes into heat. Har
per [12] reports that about 300/o energy fed to the screw may be trans
fairmed into he.at wha.t leads to an inorease of the tempei:rature of the 
p~ocess. 
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Fig. 5. Dependence of expansion coefficient and density of extruded products ob
tained from buckwheat Hour on the speed of rotations of the main screw; m-oisture 
content of buckwheat flour 200/o, temperature of extrusion 130°C; 1- expansion 

index, 2 - density 

The additi:on of a prepara1tion from all milk priote1LJ1S to buckwhea t 
f1our before the extrusd·on affected to a high degree its density and value 
of_ expansion -ooefficient (Fig. 2 ,arui 4). Pr.oduct with the addit:i:on of 250/o 
milk pi:roteins ~evealed a density higher in the average by 0.2 g/cm3 than 
a p:r,oduct wiithou t the addition of milk proteins. The expansiion coeff icien t 
of product ,obtained f.r,om ra.w ma,t&ial without the .addition of milk prio-
teins · h . . , m case of -ext:rusion at 130°C wias about twi,ce hig er m comparnson 
With the expansion -coefficient of {he product obtained wi,th the addition 
of milk [P~oteiins. 

All P'roducts •obtained by the extrus1on me-thod from buckwhe<-,t Hour 
and W,ith the additdon of milk proteins were ,characterized by a J;"OOOUS 

sf;ructure and a fr.agile or slightly hard consistency (Table). Extrusion of 
;aw rnatena1s at 100°C alloiwed to obtain ,a prioduct wiith a dense struc
t Ure and low por.osiity. Inicrease ,of temper.ature of the extrusion process 
· ·o 1300c made 1t possible to obtain rtextura,te wd.th a mgh porosity aind :ater fra.gility, writh nurn.er,ous air bub1es st.l/lT1ounded with thin walls, in 
f1 e cr,oss-se-ction. Similarly, afte1r extrusion of mixture of buckwhea.t 

our and milk proteins, a text~aite with a high degree of porosiity and 
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T a b I e. Organoleptic assessment of axtruded products obtained from buckwheat flour or with 
the share of milk proteins 

Type of preparat i on 

roduct from buckwheat p 

f lour 

roduct from buckwheat 
lour with the addition of 

p 

f 
2 5% milk proteins 

Temperature 
of extrusion 

oc 

100 
110 

120 
130 

100 

110 

120 

130 

Organoleptic assessment of extruded products 
-

colour flavour structure and 
consistency 

grey typical of buckwheat porous, hard 
grey-brown typical of buckwheat porous, slightly bri-

ttle (fragile) 
grey-brown typical of buckwheat porous, fragile 
grey-brown typical of buckwheat porous, fragile 

grey-brown without flavour, tas- porous, hard 
telles 

grey-brown without flavour, tas- porous, slightly hard 
telles 

grey-brown without flavour, tas- porous, slightly hard 
telles 

grey-brown without flavour, tas- porous, fragile 
telles 

willth a mutual penetTation -of components of buckwheat flour and milk 
proteins, was -obtained [27, 29]. The share ,of milk proteins in formation 
of structure seems ibo have an influence on the formati,on of proitein
stairch complexes or theiT cl,osure in the structULL-e ,of gelatinized stairch. An 
explanation of the inte:nr-elatiionship of the compon.ent~ during ertrus~on 
are, am-ang -otheiI' ithings, the results of the studies ,on the structure of 
extruded JN"Oducts [11]. 

CONCLUSIONS 

1. The technological pariameterr-is determined in the experiments con
fiirm the possibility of utilizing buckwheat f1our for obtainin.g the ex
truded products. The most fav,our.able -condttions ,of extrusion of buck
wheat flow- ,and its mixture with md.Lk .proteins axe as foHows: humidiltY 
200/o f,oir buokwhea;t f1our and 300/o (for mixture ,wtl_th milk protei.nS), 
temper.aiture of the process 130°C and speed of rotaitions of the rnain 
screw-

2. Products extruded from buckwhe,at flow:- or w.ith the share o.f milk 
prioteins werie chaa:iaoterized by a porous structure ·wri.th vissible air bulJ.
bles and -caipillaries of various size and shape, of a ,grey ,or grey-brown 
colour and taste typtiical of buckwhe.at. 

3. Extrusion of buokwheat . flour or iJts mixtuxe with milk protei.I15 

allows to obtain products with new structural 1and physioo-chemical p,ro
per,ties which increases the possibi.Jruty of the utilization iof these ra'VI 
materi.als in food technology. 
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EKSTRUDOW ANE PRODUKTY Z MĄKI GRYCZANEJ I JEJ MIESZANIN 
Z BIAŁKAMI MLEKA. I. TECHNOLOGICZNE ASPEKTY EKSTRUZJI I ICH 
ZWIĄZEK ZE STOPNIEM EKSPANSJI I POROWATOŚCI STRUKTURY 

Instytut Inżynierii i Biotechnologii Żywności, AR-T, Olsztyn 

Streszczenie 

Ustalono parametry technologiczne otrzymywania produktów ekstrudowanych z mą
ki gryczanej i jej mieszaniny z białkami mleka. Stwierdzono, że wartość współ
czynnika ekspansji zwiększa ,się wraz ze wzrostem temperatury procesu (od 100-
1300C) i szybkości obrotów śruby głównej (20-50 rad/s). Natomiast zależność wartości 
współczynnika ekspansji od wilgotności surowca kształtuje się inaczej dla mąki 

gryczanej niż jej mieszaniny z białkami mleka. Ustalono zatem, że najkorzystniejsze 
warunki ekstrudowania są następujące: wilgotność 200/o (dla mąki gryczanej) i 300/o 
(dla jej mieszaniny z białkami mleka), temperatura procesu 130°C, szybkość obrotów 
śruby głównej 50 rad/s. Dla przyjętych warunków procesu stwierdzono najwyższą 
wartość współczynnika ekspansji (3, 8], dla produktu otrzymanego z mąki gryczanej 
oraz dla produktu z dodatkiem 25% białek mleka [2, 4]. Produ~ty ekstrudowane 
charakteryzowały się porowatą strukturą z widocznymi pęcherzykami i kapilarami 
o różnej wielkości i kształcie. U dział białek mleka wydaje się oddziaływać na two
rzenie struktury i powstawanie kompleksów białkowo-skrobiowych lub ich zamy
kanie w strukturze skleikowanej skrobi. 


