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A b s t r a c t. The widely available on the market 
extruded snacks are produced mainly on the basis of 
starch raw materials, mostly corn semolina. This raw 
material as well as the produet it yields have got an un
balanced composition of amino acids. The excess of 
metionine and deficiency of lizyne significantly de
crease the feeding value of these products. So the in
vestigations were carried out on the improvement of 
the raw materials composition, resulting in inventing 
the technology of snack production based on the mix
ture of corn semolina and seeds of native pulses: peas, 
beans and Jentils. The analyses particularly concerned 
the influence of the moisture eontent in the raw materi
a!, the barrei temperature, compression ratio, die 
diameter, screw r.p.m. and of the raw materials mea! 
composition on the course of the extrusion-cooking 
process and the properties of the extrudate. In particu
lar, the properties significant for the crisps quality were 
tested: the expantion ratio, specific density, extruders 
yield, W Al and the texture. Also, t he organoleptic test 
was carried out. The analysis of the results of the inves
tigations showed that the extrusion of the mixture of 
corn semolina and pulse raw materials allows to yield 
the produet of very good quality, as good as the corn 
crisps, containing up to 20 % pulses mea! and with the 
texture similar to that of the corn crisps. Results of the 
investigations were statisticaly analysed. 

K e y w o r d s: extruded plant materials, corn se
molina, corn crips, pulses 

INTRODUCTION 

The technique of extrusion-cooking, 
widely applied in the west countries, for the 
last few years bas also become present in 
the native food processing industry. The nu
merous advantages of this metbod make it 
extremely attractive in the production of a 
variety of snacks, crisps, fancy breakfast ar
ticles etc. Corn semolina is the main raw 

material used for the production of these 
articles. lts wide application is due to both 
technological and technical reasons. From 
these reasons corn crisps are now the most 
popular extruded produet offered in a var
iety of shapes, colours and tastes. They are 
mainly starch products with low protein 
level and an unbalanced composition of 
amino acids. They are characterized by an 
excess of metionine and a significant defi
ciency of lysine. So, the investigations were 
carried out on the modification of the tech
nology and improvement of the composi
tion of amino acids in the extruded snacks. 
Meals of the native pulses seeds were added 
as the improving factors. The seeds contain 
a lot of lysine and little of metionine and 
thus they suit very well the task o f balancing 
the composition of the corn protein. The 
simultaneous application in the extruders 
barrei of tempereture, moisture, pressure 
and shear stress destroys most anti-nutri
tional factors in the seeds o f pulses and thus 
allows to yield the produet o f high value. 

MATERIALSAND METI-IODS 

Corn semolina from PZZ Włocławek 
and the seeds of pulses: peas, beans and len
tils, quality of sowing materiał, were used 
for the experiments, and their fraction com
position is presented in Table l. The pulses 
raw materialswe re added in the qantity o f O, 
5, 10, 15, 20, 25 and 30 %. The mixtures 
were moistened up to the moisture eontent 
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T a b l e l . Characteristics of raw materials 

Com 
semo- Peas Beans Lentils 

lina 

(~) 

Fraction (mm) 

>1,6 3.48 5.92 16.16 

1.6-1.0 7.54 24.60 30.96 41.32 
1.0-0.5 66.96 35.04 32.28 25.32 
0.5-0.4 13.12 8.60 9.32 4.28 
OA-0.265 8.70 7.76 16.16 3.84 
<0.265 3.68 20.36 6.72 9.08 

Bulk (kg/m~ 610.9 685.5 682.1 616.2 
densi!Y 

of 14 %, mixed in the drum mixer and eon
ditioned for 24 h. For the testing of the in
fluence of the raw materials degree of 
fineness on the produet quality, the mixture 
of peas and eorn semolina were applied. 
The fraction eomposition of these raw ma
terials is presen ted in Table 2. 

T a b l e l. Characteristics of peas meal 

Mix.A Mix.B Mix.C 
Fraction (mm) 

(%) 

>1.6 6 1.5 o 
1.6-1.2 17 8 1.5 
1.2-1.0 14 9 6 
1.0-0.5 31 32 37.5 
0.5-0.315 9 11 12.5 
0.315-0.1 9 12.5 13 
<0.1 14 26 29.5 

The sampies were extruded on the ex
trusion-eooker S-45 type using the follow
ing parameters: temperature 413/438/3831(, 
screw rpm 90, compression ratio 3:1, die 
diameter 3.5, 4, and 5 mm. The above pa
rameters were chosen on the basis of some 
earlier pilot tests. The sampies were taken 
for the testing of expantion ratio, specific 
density, W Al, crispiness and organoleptic 
test. The expantion ratio was measured in 
50 replications and calculated. from the de
pendence as the ratio of the extrudate cross-
-section area to the cross-section area of the 
die. The organoleptic test was calculated as 

~ 

the mean of 20 evaluations made by wor-
kers and studen ts. For the evaluation of the 
texture of the produet a new metbod and 
new tester were developed. They were de
scribed by Rzedzicki [6]~ The texture evalu
ations was eonducted for the test sampies 
with moisture eontent 8% (test a) and 10% 
(test b). 

RESULTS AND DISCUSSION 

The extrusion process of the pulses
com mixtures runs eorrectły for a wide range 
o f parameters. The best results are obtained 
when using: temperature 413/438/383 K, die 
diameter 3.5 and 4 mm, eompression ratio 
3:1, rpm. 90, and moisture eontent of the 
meal 14 %. The obtained yields range from 
23 to 27 kg/h (Fig. l). A significant rise in the 
extruders yield is observed along with the rise 
of the pulses ratio in the mixture. For the pul
ses ratio of about 20 %, again the yields fall is 
observed. This regułanty is valid for each of 
the investigated pulses. This phenomenon 
may probably result from the change in the 
viseosity of the processed mixture when a 
definite protein eontent has been obtained. 
It should be stressed that the yields ob
tained from mixtures were always higher 
than those obtained from corn semolina. 

The change in the raw material compo
sition hasa significant influence on changes 
in the extrudates basie physical properties. 
Along with the rise of the pulses content, 
the expantion ratio was falling for each raw 
material (Fig. 2). ~ higher expantion ratio 
can be noticed for test sampies extruded on 
the 3.5 mm die, the lower one for those ex
truded on the 5 mm die. Of course, this eon
cerns radial expansion.lt should be mentioned 
that there is also a longitudinal expansion, 
very difficult to measure. So that, in order 
to define the products expansion in a pos
sibly correct way, the measurement of the 
specific density were also taken (Fig. 3). 
The specific density rises along with the rise 
of the pulses eontent in the mixture and • 
ranges from 75 to 120 kg/mm3. All the kincis 
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of mixtures yielded produets with similar 
density patterns. 

The influence of the mixture eomposi
tion on the extrudates W Al was also inves
tigated (Fig. 4). 

The test sampies were also subjeeted to 
organoleptie test. They were evaluated 
using a scale from O to 5 points. First the 
look, taste and erispiness were evaluated 
and then the finał mark was given. The re
sults o f the finał evaluation are presented in 
Fig. 5. The highest marks, very similar ones, 
were given to the test sampies with peas and 
lentils, extruded on the 3.5 and 4 mm dies; 
definitely worse marks were given to the 
test sampies eontaining beans and the sam
pies extruded on the 5 mm die. It should be 
especially stressed that even the test sam
pies with 20 % peas and lentils eontent re
ceived marks above 4 points. So, it is a very 
good produet o f high eonsumable value. Ex
trudate eontaining beans is fair in eolour 
but ratber hard. When the beans eontent 
rises above 15 %, the taste of beans already 
appears. For possible produetion only test 
sampies eontaining not more than 10 % of 
beans can be reeommended. 

Extrudates eontaining peas are darker 
in eolour, they are erispy and tasty. The peas 
taste appears only in sampies eontaining not 
less than 25% of peas. The sampies ex
truded with the use of 3.5 mm die can be 
reeommended for praetical application in 
produetion. 

The test sampies eontaining lentils re
ceived very similar marks to those eontain
ing peas. This mixture deserves speeial at
tention as lentils is our most valuable native 
pulse. Lentil produets are very tasty and 
healthy. Extrudates eontaining lentils are 
darker than eorn erisps. Even at the lentils 
rate of 30 % the eharaeteristie pulse taste 
does not appear in the extrudate. 

Corn extrudates eontaining lentils sho
uld be especially reeommended for praetical 
application inproduetion. They will surely sell 
well to vegetarians and people Iimiting their 
meat eonsumption as lentils has got very 

valuable amino acid eomposition. The ex
trusion teehnique can also be used for the 
produetion of vegetarian dishes eontaining 
even up to 90 % of lentils. Without any ad
dition of eorn extrusion process of pulses 
on a single serew extrusion-eooker runs very 
poorly; this eoncerns as well peas, beans 
and len tils. 

Another very important snaek property 
is its texture. The influence of the process 
parameters on the texture quality was also 
examined. For most of the tested sampies 
the addition o f the pulses meal did not show 
any bad effect on their texture. One can 
even observe a slight lossof erushing energy 
value along with the rise in pulses eontent 
(Fig. 6). 

When the die is diminished and thus 
the expantion ratio raised, the texture also 
improves and the produet erushing energy 
value lowers (Fig. 7). The grinding ratio of 
the pulse raw material also has a signiCieant 
effeet on the texture quality. A finer raw 
material gives a more erispy produet with 
lower erushing energy (Fig. 8). Extremely 
valid for the texture quality is also the mois
ture eontent of the produet and hence the 
eonditions and period of storage (Fig. 9). 
The rise of the produet moisture eontent 
from 8% (in test a) to 10% (in test b) sig
nificantly impairs the texture and raises the 
erushing energy by over 20 %. 

CONCLUSIONS 

l. Corn-pulses mixture is a very valu
able raw material for snaek produetion. 

2. The reeommended bean eontent in 
the mixture is 10 %, peas eontent up to 20 % 
and lentils eontent even up to 25 %. 

3. The highest organoleptic evaluation 
was received by the tested sampies eontaining 
peas and lentils extruded on the die 3.5 mm. 

4. lt is necessary to keep within the abo
ve mentioned temperature, rpm., and mois
ture eontent as it leads to the browning of 
the produet 
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Fig. 7 ~ The influence o f the composition of t he mixture on the specific crushing energy. Die 3.5 mm (a). Die 4 mm (b). 
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5. The extrusion technique can also be 
used in the production o f vegetarian dishes 
containing even up to 90 % o f lentils. 

6. The addition of the pulses raw ma
teriał does not show any bad effect on the 
products texture. 

7. Greater fineness of the pulses meal 
has a positive effect on the products texture 
quality. 

8. Texture quality is extremely valid for 
lowering the moisture rise in the product. 
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