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The effect of extrusion on the chemical changes and physico-che
mkal properties of prote-ins and starch of buckwheat fl.our and its mix
ture wiith milk proteins was examined. It was found that the temperature 
of the process has an influence ,on the formatiron of starch-protein and 
starch-1.iiptd complexes. The solubility and swelling power of starch was 
also changed. 

IN'l'RonucTION 

' Th€ rpublished results .of the latest studies give a m-oce detailed cha
racteristiic ,of the extrusion priocess of cereal raw materia.Is, pointing to its 
effect on eh.ang.es in the physko-chemical pr,operties of proteins and star-eh, 
_havin_g an importanrt eff.ect on th,e formaUon ,of the structure, its stability 
· and the nutritive value of the p(I',oducts [3, 6]. 
, The action of heat and w.ate;r in this technoliogioal process may also 
:ca~ ·certadn chemical •chan.ges. In this fi.eld, particulair .attention is being :t1d t~ fonnation of starch-protein [4] aind stal'lch-li~id compl,exes ~13] and 
· an 1ncrease of the assimilability -of non-hydrolyz1ng polysaccandes .[1]. 
·h F:aa-Ji.er results ,of our experriments pointed to the possibility of utii.lizing 
\J.ckwheat flour and its mix,ture with milk proteins in obtaining extruded 
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products [20]. The aim of the present work ·was to deteirmme chemical 
changes and selected physico-chem,ical pr-operties of prote.ins and sta:rich 
in these products. 

EXPERIMENTAL 

MATERIALS 

The materiał foT the experiment was constituted by products extruded 
f["lom buckwheat Hour, buckwheat flour .a 250/o addilbon of milk prot:eins 
and disintegrated roasting buckwheat groats. The method of prepara
tion of r,aw materials and the conditions of ,extrusion have been desiaribed 
lin an earUer pubhcatiion [20]. 

In order to demonstrate the influence of the tiemper.atrure of extin1Sion 
on the chemical composition and changes in physico-chemical properties 
of prote1ns and starch, products extruded at 100, 120, and 13O°C were 
examined. It was also interesting to show whetheir the process of e:,ctru
sion intensifi.ed chemical changes eau.sed by hydriothermal treartment of 
buokwheiat gra:in. To this end, a p,roduct extruded iat 13O°C, ·obtain,ed frorn 
disinte,grated buckwheat groats w-as examined. 

ANALYTICAL METHODS 

Determination of moisture (water content) 

Moistlllre was -determined according to Polish standaird PN-70/l-740ll. 

Determination of nitrogen compounds content 

The content ,of total nitrogen and of nitrog,en soluble in water,. 50/o 
KCl, 7O0/o -ethanol and O.20/oKOH was determined by the Kj;eldahl rnethod 
[15]. 

Charasteristics of nitrogen compounds 

Proteins we~e chariact-erized by rthe m,ethod ,of column chromato.graphic 
sepair.at1on 0111 S.ephadex gel ,[17]. For the isolatiion of pr-oteins, a sodiua:r1 
chl,o!ride solutiion with ooncentir.aition 20/o and 1O0/o was 1a,pp.lied and theit 

sepal'lati,on w.as perf,ormed •on Sephadex gel G-1OO fine. 

Determination of hysteresis field of titration of protein suspensions (10) 

A suspension with concentrat.iJon of O.50/o protein in O.Ol n NaCl after 
homogenizattion, was titrated with 0.05 n HCl, the pH valu,e being rneas~-
ed every 0.2 wiits. Then, it was titraited with 0.05 n NaOH till reac~in~
the initial value of pH. Titiration ,cUJrVes were determined on the basJ.S 0 
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the quantity of a1cid or base used in a pH range fflom 4 to ,the i:ruitial value. 
Titration -curves served for a determination of the hysteresis loop, taking 
the total amount of the acid used as 10. 

Determination of carbobydrates content 

The red u ,ci n g sugar s weire determined directly in water ex
traots and oli;gosacchairides, after hycwolysis - by the method of Luff
B€rtrand ,[ 15]. 

C o n te n t o f s t a r c h was determined by the poJ..arimetric me
thod after previous extraction of the sample with wa ter and 800/o me
thanol [15]. 

Isolation and characterisation of starcb [11] 

Buckwheat flouT or the exam1ned e~truded ,pToducts were soaked in 
water with a supplement of toluene. After 20 h, the .residues were mixed 
in a mixer for 3 min and the suspension was rubbed through a 200 and 
220 mesh sieve. After centrifugation, the sediment ~s extraoted succes
sively with water and 0.20/o KOH. The.n it was wlashed with water and 
methyl alcohol with 1a concentr.ation increasing from 5 to 900/o. The sedi
ment was dried, disintegrated and sieved through a 80 mesh screen. 
Determin:ation of selected physico-chemical properties of starch 

S w e 11 i n g p 10 we r a n d s o I u b i I ii t y were determined on the 
hasis of the studies 9f Leach [ 11]. 

The de gr ee -0 f g e 1 at i n i z at i o n {2] was deterrnined by 
rneasuring the capacities of forming a col1ourful complex with iodine of 
starch chemically and thermally glued. 

Determination of free and bound lipids content [8] 

The conteillt of fre.e lipids were determ~ned after extraction wi th pe
troleum ether in a Soxhlet apparatus for 16 h. After extraction of free 
lipids, the samples were hydrolyzed with 2 n HCl and the bound lipids 
W~r.e extracted with the u.se of a methanol-chlorofoTm mixture (ratio 
2: 1 v/v) and its weight was determined. 

1>1scus10N OF THE RESULTS 

~~FECT OF EXTRUSION ON NITROGEN COMPOUNDS 

The obtained results of the experiments have shown that the total 
content of nitrogen compounds in buckwheat flour before and after ex
trusion was not changed (Table 1). A similar dependence was recoTded 
When extruding the mixture of buckwheat flour and milk proteins and 
of disintegrated buckwheat groats. No distinct influence of the tempe
l'ature of the process was found. Although quantitative changes were 
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T a b I e 1. Level of soluble nitrogen compounds 

Total Soluble N - % in relation to total N 

Product nitrogen 
%DM H2O 5% KCI C2H5OH 0.2% KOH insoluble 

Buckwheat flou.r 2.65 12.06 21.87 1.13 15.81 48.03 
extruded at 100°C 2.78 12.23 5.03 1.07 18.70 62.94 
extruded at 120°C 2.63 12.92 4.63 1.14 15.20 64.25 
extruded at l 30°C 2.54 17.71 6.61 1.57 14.96 57.08 

Buckwheat flour + 25% 
milk proteins 5.32 13.34 21.61 3.94 44.18 8.46 
extruded at l 00°C 5.27 11.00 19.16 3.79 41.36 24.66 
extruded at l 30°C 5.04 11.11 11.70 4.16 33.13 39.88 

Disintegrated buckwheat 
groats 2.22 18.46 4.50 1.35 24.32 51.31 

extruded at l 30°C 2.16 13.42 4.62 1.38 10.18 70.37 

not obse:rved; the results of solubility of nitr,og,en ,oompounds of pToducts 
extruded at 100 and 120°C from buckwheat flour revealed a lowering of 
their solubilirty in water and soluticm of hydToxide and an increase of the 
insoluble ni.trogen •oompounds oontent {Tabl,e 1). These chan.ges aire simil
air to ,those oaused by the action of heat and water dUTing toirrefaction of 
buckwheat grain [18]. Te:mperature 130°C du.ring the priocess caused an 
increase of so.Jubility of nitTogen oompounds in wateir in comparison to 
the Tiaw materiał. Other re1ahonships were indicated by the results ob-
tained for products extruded from the mixture of buckwhea t flour and 
milk proteins. A decrease of water-soluble n.itTiogen ,oompounds content 
and an in,crease of insoluble nilt!r,ogen ,compounds oontent was .observed; 
it w1as the greateir, the higher the tempe.rature i0f enrusion. 
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Fig. 2. Hystere.sits of titration of 0.5°/o solution of proteins of the extrude-d product 
obtain-ed from buckwheat f1our. Temperature of extrusion 130°C 

An ·equally strong eff.e,ct of the ex,tr:usion process (temp. 130°C) on the 
solubility -of nitrogen compounds w.as found in case of obtaining a pro
duct extruded fTom buckwheat groats. The .above results show cle.arly 
that an extrusiloo temper.ature ,of 130°C has the strongest effect on the 
solubility of nitrogen compounds of the mixture of buckwheat flour and 
mi1k proteins and intensifies changes caused by tOTirefactton -of buokwhe.at 
gr.ain if such grai-n is used to obtain extxuded products. 

The influence of the extrusion prooess on the pr:operties of proteins 
is als-o confiJrmed by the decrease (Figs. 1 and 2) or in<.:rease (Figs. 3 and 4) 
of the surface of hysteTesis fiel&. This depende1noe w.as moTe distinct, -the 
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Fig. 4. Hysteresis of titration of 0.50/o solution of proteins of buckwheat flour with 
250/o addition of mille pr·oteins, extruded at 130°C 

higher the temperature of the prooess (Tab.le 2). A-coording to KH"chmeier 
[10] titr.ahon curves may char.actetriz.e the degree ,of a.ggregation of par
ticles, accessibility of funcUonal ,gr,oups and buffering properties -of pro
teins. It may then be supposed that ,an extrusion of 100-130°C oauses an 
assodation of low-molecular nitrogen compounds and casein fracttons. 
Wiechen and Knoop [21] demonstx.ated that the addition iof a neghgible 

.amount of pliant proteins con.taining polair and inon-pola·r groups wi.th 
various charges m. the presence of calcium i•ons led to tihe forrmatton of 
polymers and protem aggregates. Also Śmietana [19] found an interac
tion of casein during heating not only with other mi,l!{ proteins but also 
with plant proteins. These staternents may e~plain the increase of hyste-
resis field. On the other hand, the--- reduction of hysteresis field of buck
wheat proteins may be an evidence of their thermolability, the conse-
-quence of which may be their degradation or participation in reactio,ns 
of forming complexes with carbohydrates and lipids. 

·Table 2. Value of quotient of surface of hysteresis field and surface of unitary field, d integral 
-of pH calculated for extruded products and raw materials 

Type of raw materiał 

Buckwheat flour 
.Buckwheat flour with an 

addition of 25% milk 
proteins 

before 
extrusion 

0.24 

0.53 

d integral of pH ----
after extrusion 
~ 100°c 110°c 120°c I 130 

0.09 0.09 

0.34 0.52 0.56 o.64 ----
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The chromatographic characteristic of proteins ,of the examined pro
ducts extruded at 130°C from buokwhe:at flour .and a mixture of flour 
with milk proteins is p:resented in Figs. 5, 6, 7 and 8. The proces.5 of 
extrusion did not affect in a signifi.cant degree the pattern of the fraction
at€d proteins. Among the buckwheat pr,oteins, an increase of the shaTe 
of fr.action III and low,ering of the oont,ent of :fi:riactions I , II and IV, was 
noted. The addition of milk prot€ins did not cause any significant chan.ges 
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Fig. 8. Chromatographic separation of proteins of extruded product obtained frorn 
a mixture of buckwheat flour and milk pr-oteins (Sephadex G-100) 

either. Differences wer,e -oinly found in quantities of protein of fraction 
I and III. 

Chromatogiraphic patterns, in spite ,of small differences, show tha~ iJ1 
the extrusion pTocess it is possible to combine oe:rtain protein fracti-ons 
with a simil,ar rno-Lecular weight .and a simi.lar dispersion in buffe1" solu
tions. 

Th . . t ·,-,.n doeS e smuar pa,ttern ·of faiactiona.tiion ,of pl'loteins after ex -rusiv.,... . 
not provide an univocal explanation -of the mutual inlteTactions o-f protein 
mol,ecules and influence on the physioo-chemical pr·operties of the pro--
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-duet. lt may be .presumed that the extruded pr:oduct obtained from a mix
ture of buckwheat proteins and milk proteins is a fairly stable systen1. 
~reated in the -environment of dissociated calcium-phosphate salts of milk 
a f.act which also confirm the results of earlier studies [19]. 

EFFECT OF THE EXTRUSION CONDITIONS ON CARBOHYDRATES 

In the examined products extruded from buckwheat flour and its 
mixture with milk proteins, the temperature of the pro,cess was found to 
have the .gre:atest influence on the l,ev,el of starch and olig,osacc.harides 
(Table 3). The reduction of starch content points to the possibility ,of 
therm.a1 dextrination whkh has been already c1early stated in studies on 
the influence of hydrothermal t1reatment ,of buckwheat grain [18] . In turn, 
it is probable that oligosacchaTides participated in reactions of forming 
complexes with amino acids. 

Tab Ie 3. Quantitative characteristics of carbohydrates 

-- - - - - --
Contcnt % DM 

--------- ·- ----- -
Type of product 

starch reducing sugars oligosaccharides ccllulosc 

- -----

Buckwheat flour 81.25 0.41 1.21 1.20 
extruded at IO0"C 75.45 0.56 0.66 1.18 
extruded at I 20°C 77.12 0.57 0.57 1.25 
extruded at I 30°C I 77.49 0.44 0.65 I. 15 

Mixture of 75% buckwheat flour i 
I 

and 25% milk protein I 61.00 0.75 1.25 1.05 
extruded at I 00°C I 57.93 1.11 0.56 1.18 
extruded at I 30°C 62.13 0.85 0.57 1.10 

Disintegrated buckwheat groats ' 82.74 0.56 1.05 1.45 
extruded at I 30°C 81.64 0.20 0.34 1.48 

In the chemical oomposition of starch isolated from the extruded p.ro
ducts, an increase was recorded in the oontent of total nitrogen, free and 
bound lipids (Table 4). The level of total nitrogen in isoLated siarch de
I>ended both -on the temperature of extrusion and type of raw materi.a l. 
These results may point to the fonnati:on of starch-protein oom,ple xes. 

Speoial attention is paid to studies on .the formation of lipid-siarch 
cornplexes during the extrusion of starch raw materials [3, 13). It is believ
ed that these complexes have a defined meaning in preventing the dezor
ganization of starch grains and they are something like a cementin.g m.o
teriaJ, preserving the structure of glued starch. 
. The results .given in Table 4 not only showed the possiibility a.f form 
lllg starch-lipid complexes but also that the latter are mO're easi )y forrm
ed in a lower extrusion temperatwre . It is addih onally interesting that 



Tab Ie 4. Chemical composition of starch isolated from the extruded products 

I 
Product 

total nitrogen I 

Buckwheat flour 0.24 

extruded at 100°C 1.79 

extruded at 120°c 1.27 
extruded at l 30°C 0.51 

Mixture of 75% buckwheat flour 
and 25% milk proteins 0.24 

extruded at 100°C 1.04 

extruded at 130°C 3.19 
Disintegrated buckwheat groats 2.05 

extruded at l 30°C 0.95 
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they are also f.ormed when the raw ,materiał for -exkusion is buokwheat 
g:rioats in which the deg!ree of starch gelatinization is about 800/o [18]. 

Ext:ru.sion of buckwheat flolllr .at 100°C caused .gelati.niization of starch 
in 840/o which corresponds to its ge1atinizabon afte:r steam t-orrefaction 
l()f buckwheat grain during the p:rocess of obtaining buckwheat g:roats ,[18]. 
Application of higher tempeT.atures ·of extrusion increased the degre,e of 
·gelatinization to 91 O/o. A high degree of gelatinization of starroh was also 
found in p:roducts obtained f:riom a mixturre of buckwheat fJ.ouT and milk 
prot,eins. Extruston of buckwheat g:r-oats did not have such an itnfluence 
•on the inc:rease of .gelatinization degree. 

The results of the degr·ee of staTch g,elatinization arre confirm-ed by 
-cuTves -of solubility and swelli.n.g power (Figs. 9, 10, 11, 12, 13, 14). The 
:solubility of star-eh isolated from the extruded products obtained from 
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buokwheat flouir with and without an add.itiJon of 250/o milk piioteins was 
the highest at 90-95°C and it w1as higher in oo·mparison with sta1rch is<>lat
ed from r,aw materiał and ,product ex:trruded from buckwheat gr.oats. In 
tu:rn, the sw,elling ca,pacity •of the examined starches w.as I-ower in cornpa
rison with the raw matelfial and ,the ohanges •cau:sed by the ex;trusion 
temperature wer-e m·ore marrked . 

. Effcct of cxtruslon condHlon1 on 1lpld1 

The level of fr ee and bound litpids i1n th extruded products depended 
-on the raw materiał and temperaturre ,of exttrusion (Table 5). It maY be 
:suppob'ed that the action of heat aind wiuterr ,oa,uses tw,o pheno-mena: release 
t0f ·certain giroups of lipids ,and -cxeutłon o-f bo,u·nded f·orms. 
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Tab Ie 5. Level of free and bound lipids in the extruded products 

Product 
Content, % DM 

free I bo und 

Buckwheat flour 2.56 1.28 
extruded at 100°c 3.61 2.19 
extruded at 120°C 4.62 2.34 
extruded at 130°C 4.53 2.83 

Mixture of 75% buckwheat flour and 
25% milk proteins 3.83 1.44 
extruded at I00°C 3.81 2.92 
extruded at 130°C 3.69 3.14 

Disintegrated buckwheat groats 2.81 0.56 
extruded at 130°C 4.25 3.69 

Similar de.pendences as a result of hydr.othermal steam treatment of 
buckwheat grialll were stated by Zalesskaya [22] and Yakovyenko [15) 
who concluded that the forma,tiion of bounded forims may favourably af
fect the stability •of the product during its storage. 

CON CL USIONS 

I. The applied paTiameters of ext.rusion affect the chemical chan.ges and 
Physico-chemical ,propertiies iof pr,oteins and staiich of buckwheat flour 
and its mixtures with milk prroteins. 

2. In respect to nitrogen compounds the total ,oontent of which was 
not changed in the exarnined p~oduots, .an influence of the process on the1r 
Physico-chern.i!oal pr,operti:es such as solubility and buffer capacity, was 
found. Chemioal changes consist in a higher share of nitrogen firaction 
With l,oweir molecularr weight. 

3. In resp€ct to carrbohydrates, the most important quantitative chan
ges include lo-wering o.f the level of star•ch and olig,osaocha~ides. Chemical 
composition of isolated starch as 1a result of higher content of nitro.gen 
~mpo~nds, free lipids, bound. lipids and ash points to the possibility of 
OiI'·Illahon ,of complexes with these compounds. 

4. Extrusion of buckwheat flour and its mixture with a 250/o addition 
~f lnilk proteins causes a high degree of starch gelatinization, increase of 
its solubility and reduction of its swelling pow~. 

5. The stated chemical changes and physico-chemical properties of 
:arch protei:ns are not unfavouirable, therefore it may be concluded that 
Uckwheat gr1ain is suitable in obtaining extruded products. 
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