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A b s t r a c t. Wide application of extrusion-cook
ing in food and feed processing resulted in the creation 
of a completely new generation of products. Most of 
this are crispy products, the texture being their most 
important property. Thus, a simple and convenient me
thod is needed for the evaluation of the interna) micro
structure of crispy products. That is why investigations 
were startedin order to work out a newmetbod of tex
ture evaluation and a measurlog device. As a texture 
measure unit the quantity of energy was adopled 
needed to crush a mass unit of the produet (J/g). l t was 
named the specific crushing energy. The principle of 
the newmetbod is following: the tested sample of the 
product, placed on a special knife table, is hit by a knife 
pendułurn and ground. The energy used by the pendu
Jurn to crush the sample is the texture measure. 

The main design parameters of the knife table and 
knife pendułurn were also examined. In particular the 
constructive shapes of the knives of the table and the 
pendułurn were analysed. The best tested solutions 
were applied to the tester construction and subjected 
to verification in laboratory tests. The new tester and 
the new metbod were accepted as research metbod for 
the evaluating the texture of crispy products. 

. K e y w o r d s: extrusion, ~risp food, texture 
measurement 

IN1RODUCfiON 

The interna! microstructure and con
sistency of crispy articles produced by food 
and feed processing industries is often their 
most important property determining their 
taste and consumable value. These proper
ties are also extremely valid for the ability 
of absorbing the digestive juices, hence also 
for the feeding value of food stuffs and fod
ders. The quality of cellar microstructure of 
these articles is also crucial as they are often 

used as carriers of other valuable compo
nents, e.g., premixes, dyes, flavourings, etc. 
lt is necessary than, to work out a metbod 
for the evaluation of the texture of these 
products and a device for the measurement 
of this parameter. Once a reliable metbod 
for texture measurement is worked out, it 
will allow to define precisely which factors 
in particular technologies of production 
have got a significant effect on texture 
quality and to model the technological pro
cess so that the most suitable texture is se
cured for a given article. 

There are many other methods for the 
evaluation of the texture and interna! struc
ture of food articles. The most popular ones 
are: eramer Shear Press, Ottava Texture 
Ceel, Warner-Bratzler Shear Press, The 
Universal Crispiness Tester. However, they 
serve well for the static measurement, when 
we measure the power needed to destroy 
the tested sample. They found application 
in the evaluation of the parameters in pasty 
and elastic articles like pastries, gels, meat, 
meat-like articles, etc. Through the slow 
pressure of measuring elements they find 
the characteristics ·of the interna! structure, 
stickiness and to some extent of the shear 
resistance. Warner-Bratzler , Shear Press 
shears the sarople only in one piane. Thus it 
measures the sample resistance to shearing 
and can be applied for the evaluation o f bard 
articles, e.g., extrudates imitating bones for 
dogs. The above mentioned methods need a 
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very expensive apparatus as INSTRON, which 
ensures continuous motion of measuring 
elements and records the measuring pa
rameters. Some authors try to use Charpie•s 
Hammer for texture evaluation. However, 
this is a device for the me-asurement of im
pact strength. The hit sarople breaks at the 
weakest point and energy used does not tell 
anything of the interna! microstructure of 
the tested sample. With the heterogeneous 
interna! structure characteristics of organie 
materials, this metbod is quite useless. 

MATERIALSAND MEWODS 

The test sampies of the raw material 
moistened to the required moisture eontent 
and conditioned for the period o f 24 h were 
extruded on the single screw extrusion
cooker S-45. From each test sarople of the 
extrudate specimens were taken for the 
examination of p hysical properties. The tex
ture was tested on the testing stand worked 
out according to the assumptions o f the new 
method. l ts essence consists in giving up the 
static measurement and adopting the tech
nique in which the tested specimen is dy
namically affected by the measuring elements. 
In the proposed metbod the energy E is 
measured, which must be used in order to 
crush the tested specimen and its interna! 
structure and the specific crushing energy 
(J/g) is determined. 
· The working principle of the new pro
posed metbod of texture measurement and 
the working principle ofthe proposed measur
ing tester are presented in Fig. l. On the 
base l, levelled by means o f the regulating 
screws l O, two supports 2 and 3 are placed. 
To the support 2 bracket 4 is fiXed, on 
which the pendułurn 5 with shearing knives 
6 is placed on the axle with bearing. The 
pendułurn 5 is kept in the upper position by 
means of the catch 12. To the supports 2 
and 3 the bracket of the shearing table 9 is 
attached with the shearing knives of the 
table 7. The shearing table 9 is attached in a 
movable position both horizontally and ver
tically so that it is possible to place the ge-

ometric centre of the specimen 8 at the 
point of the passing of gravity centre 0 2 of 
the pendułurn 5. The shearing elements of 
the table are placed in the distance a calcu
lated from the dependence: 

a=b+2dk 
where a - gap between the shearing ele
ments of the table, b - the width of the 
shearing knife of the pendulum, d - the 
maximum diameter of the grains of the pro
cessed raw materiał, k - factor resulting 
from the extend to which the raw material 
bas been processed. 

The shape of the shearing elementsof 
the table and pendułurn is also strictly 
defined. The size of the angles a1 ~ O and 

a 2 ~ O depends on the kind of the proces

sed raw material in the tested sarople and 
on the interna! friction coefficient as well as 
on the material of which the shearing ele
ments were made. The angles a 1 and a 2 
must elimina te the use of energy needed to 
overcome the friction forces during the 
movements of the specimen crushed ele
ments, which happens in the methods used 
so far. Thus, on alreday known methods in
fluence an error resulting from the use of 
energy needed to move the crushed elements 
of the specimens among the shearing elements. 

In the construction of the texture tester 
the eonstan t length of the knife table, 80 mm, 
was assumed. Hence, the specimens pre
pared for testing cannot be shorter than 80 mm, 
but can be longer. The longer endsof a spe
cimen just stay uncrushed and do not affect 
the measurement results. This solution to 
the problem ensures explicit inter- preta
tion o f the research results. 

Detailed information describing raw ma
terials used in these experiments are given 
elsewhere [4]. 

RESULTS AND DISCUSSION 

The investigations carried out confirm
ed the usefulness of the metbod tested. The 
new metbod is sirople and reliable. The tests 
are carried out on a cheap tester of smali size 
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in which even a small workshop can be 
equipped. The measurements are taken very 
quicldy and ~nveniently. The evaluation of 
the method'was carried out on 62 test sam
pies of com-pulses extrudate and 46 test 
sampies of broad bean extrudate. The tests 
were to examine the influence of: the raw 
material composition, the raw material fine
ness, the barrei temperature, the raw ma
teriał moisture content, the die diameter, 
the produet moisture eontent and the de
sign parameters of the shearing elements of 
the pendułurn and the table on the specific 
crushing energy value (Figs 2-7). The test 
sampies extruded on 5 mm die bad greater 
crushing energy than the test sampies ex
truded on 4 mm and 3.5 mm dies (Fig. 2a ). 
The specific crushing energy value is also 
influenced by the raw material COJDposition. 
The highest crushing energy characterised 
the test sampies of corn extrudate contain
ing peas, a lower one belonged to those 
containing beans and the lowest one to 
those containing lentils. 1t must be men
tioned, however, that this is true for the 
sampies extruded in the identical conditions 
o f the process (Fig. 2a ). 

The tests were also carried out for the 
influence of the main parameter of the tes
ter, i.e., the width of the tables knives on the 
character of the received results and the 
course of investigations. The tester was exam
ined for the knives of 6, 5, 4, and 3 mm. The 
worst results were received for the knives 6 mm. 
In this case it often happend that the crushed 
sampies bloc~ •'1 between the knives of the 
table and therefore this solution should be 
recognized as useless. 

Far better results were achieved for the 
knives of 5 mm and 4 mm. Far less blocking 
of the sample material between the table 
knives oocurred. The best results were achieved 
for 3 mm knives. Here, the tested sample 
gets crushed into small pieces and does not 
block itself in the table. For 3 mm knives also 
the least results scan was achieved and this 
surely is the best recommendation for the 
adoption of this solution to furtber investi-

gations. lt should be emphasized here that 
each point of the diagrams is the mean of 
the 26 measurements. 

The change in the width of th knives 
and therefore the change in the size of the 
gap between the knives significantly affects 
the value of energy needed to aush the sam p l e. 
This is caused by the change in the working 
principle of the tester. For the 6 mm width 
of the table knives and 8.8 mm size of the 
gap between the knives basicaiły elear shear
ing of the specimen in 20 planes can be ob
served. The specimen gets cut into many 
discs and is little ground. We can observe 
here basicały multiplane shearing. Reduc
tion of the width of the table knives and 
therefore the enlargement of the gap be
tween the knifes also changes the character 
of the tester work. The specimen is not 
longer cut into discs and gets more ground. 
At the same time decreasing of energy 
needed to crush the specimen can be ob
served. Taking into account the principle 
that tester should possibly in the highest de
gree immitate the biting effect and correlate 
with the results of the organoleptic evalu
ation of texture, it is recommended to ac
cept the 3 mm width of the table knives as a 
standard one. 

CONCLUSIONS 

l. The worked out metbod of the dynamie 
measurement ot texture proved efficient in 
the testing investigations carried out 

2. The design tester for the measure
ment of crushing energy is small, cheap and 
can be used at any production site. 

3. The energy used for multiplane 
crushing of the specimen can be used as 
_ measure unit ·o f crispy material texture. 

4. It is proposed to introduce the ex
pression 'materiał crispiness' which could 
be measured by the value of energy used 
per mass unit. 

5. It is proposed to introduce the ex
pression 'specific crushing energy' (J/g) as 
the measure of the quantity of energy needed 
to destroy l g of the tested sam p Ie. 
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Fig. 2. The inOuence of thewidth ofthe knife tableon the specific crushing energy. Pulses rate 20% (a); Die 3.5 mm, 
mixture Na (b). 



666 

Ol 
c: 

Z. RZEDZICKI 

.70~----------------------------------------------, 

.66 

• eiZ 

a ._ __ 
................................... ~.~---~;::Ar!':':' .. ~.;::~~-~- ...................... . ·-·· ., 

••••••••••• r~· ...... , 

-~--- -----~ ... ............... 00 o ...... 00 ................ :'m\..-. o ... o. o. 000 00 0 00 00 00 o o"' o 00 o 00 o 00000 00 o 00 o ...... 00 00 o ... 00 o •• 00 ••• 

·,, 
.......................................................................................... ~., .......................... .. .... 
•••oooooooooooooo oooo•~•••••--·----••'·'•~:::::::::::::::::~·::·.-~ ... ;;,:••••oooo oo ooooo ooooooooooooooo '""' ' .... 

····· ....... 
............................................................................................................................ 

~ .-42 ...................... ~~-~~ .. :: .. :: .. :-:-... : .. ~ .. :: .. :: .. :-:-... : .. ~ .. ~ .. ~-.. ::": .. ":': .. ":':' .. ~ ... ~ .. ~ .. ---.... :,;.: .. .::":_:_"""'" ...................... .... . 

~ 

r--. 

.::se ··························································································································· 

.34 ..................................................................... .... ............................................. .... . 

. 30~--------+---------+---------~--------~------~ 

.70~------------------------------------------------~ 

b 
.66 ··················· ············· ····· ··· ···· ·· ···· ·························································· ···· ··········· 

.1!52 ········· ········ ············· ··· ················ ·· ····· ······ ····· ·· ······················· ······························· 

~.58 ......................................................................................................................... .. 

>. 
~.54 .......................................................................................................................... . 
c:: 
V 

. 38 

'· ....... ...................... :=~......... .-.4Vf.:::::~:;""""""""'""" ' 
,.. ...... - ..... .-.., ...... --- ·····-a 

...................... ~ ......... 00 00 o .... 00 :~::::::·:.:·.:~~~::::...:..:::: •• ~lo', .... o ...... . .. ........... 0000 ...... . 

...... '=:a ...... '-.. 
.34 

.30._--------+---------+---------+---------+-------~ 
6 mm 5 mm 4 mm 3 mm 
Wldth of the knifetoble [mm]. 

)( b/peo o" 

o b/pac 5~ 

D b/peo 10~ 

b/peo 15" 

b/pec 20~ 

)( o/peo o" 
o c/pac 5~ 

D o/peo 10~ 

o/peo 15" 

c/pac 20~ 

Fig. 3. The influence of the width of the knife tableon the specific crushing energy. Die 3.5 mm, mixture Alb (a); 
Die 3.5 mm, mixture B/a (b). 
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Fig. 4. The influence of the width of the knife tabłe on the specific crushing energy. Dic 3.5 mm, mixture Bib (a); 
Die 3.5 mm, mixture C/a (b). 
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Fig. S. The influence of the width of the knife tableon the specific crushing energy. Die 3.5 mm, mixture C/b (a); 
Die 4 mm. mixture Na (b). 



g' 

a 

)C 

.428 .................................................... ................................................................. . 

. 400~------~~------~--------~--------~------~ 

.eoo~~--------------------------------------------~ 
b 

l .... 25 

.... oo 

.375 ....................................................................................................................... . 

. 350._------~------~~------~-------+------~ 
e mm 5 mm 4 mm 3 mm 
Wldth of the knłfetoble [mm]. 

)C b/peo o" 
o 

a 

+ 

b/p•o s" 

b/pea 10X 

b/p•a 15" 

b/p•a 20" 

o a/p•a s,.; 

a o/pea 10X 

o/peo 15" 

+ o/p•a 20" 

Fig. 6. The influence of the width of the knife tableon the specific crushing energy. Die 4 mm, mixture Na (a); 
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Fig. 7. The influence of the width of the knife tableon the specific crushing energy. Die 4 mm, mixture C/a. 

6. For the evaluation of some articles 
it may prove useful to introduce a measure 
of energy consumption per cubic unit 

(J/cm3) . 

7. lt is proposed to adopt the standard 

testcr dimensions: the width of the tester 
knives 3 mm, the width of the gap between 
the table knives 12 mm, the width of the 
pendułurn knives 2 mm, the size of the gap 

between pendułurn knives 13 mm. 
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