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Abstract
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The new method of the evaluation of the mechanical behaviour of fats has been designed. This 
method is based on the evaluation of the fat response to dynamic loading. Dynamic loading has been 
rea li zed by fall of bar impact. Response function has been represented by the time history of the fat 
surface displacement. Response of the tested table fats have been evaluated both in the time and fre-
quency domain. Two factors aff ected rheology of the examined fat products: temperature of the mea-
surement and product origin. The infl uence of fat content can be described namely in the frequency 
domain. The results obtained between 14 and 20 °C showed signifi cant diff erences in the fat rigidity.

table fat, rheology, dynamic loading, surface displacement, spectral function

The hardness of a fat or fat-structured product 
is an important property that strongly infl uences 
the perceived texture of a food product. Many stu-
dies evaluating hardness of fats have focused on but-
ter, milk fat, shortenings, and spreads using both 
the small- and large-deformation mechanical testing 
(Dolby, 1941a, b; Haighton, 1959; Dixon, 1974; De-
Man, 1976; Rohm and Ulberth, 1989; Rohm, 1993; 
Rohm and Weidinger, 1993; Rousseau et al., 1996; 
Herrera and Hartel, 2000; Wright et al., 2001).

Mechanical testing of fats can be performed using 
large- or small-deformation techniques. Large-de-
formation methods such as cone penetrometry and 
parallel plate compression lead to irreversible struc-
tural breakdown of the network, and parameters 
such as yield force Fy and compression modulus (K) 
can be determined (Rohm, 1993). On the other hand, 
small-deformation methods, such as small-ampli-
tude dynamic shear rheology, do not lead to ir re ver-
si ble structural breakdown of the network (Wright 
et al., 2001). Parameters such as the storage modu-
lus (G`), loss modulus (G``), as well as tanδ=G``/
G` can be determined. These parameters are usual ly 
determined from the linear viscoelastic region (LVR) 
of the material. Both types of rheological measure-
ments can provide substantial information on 
the structure of the fat crystal network (Marangoni 
and Rousseau, 1998). Another kind of the testing 

uses the indentation technique. This procedure ena-
bles to obtain main parameters of the rheological 
models (Nedomová et al., 2008).

The present paper deals with a non-destructive 
experimental technique. This method consists in 
the use of dynamic excitation and response ana-
ly sis. Dynamic excitation and response analysis is 
an acceptable method for determination of physi-
cal properties for quality evaluation of fresh pro-
ducts. Their response to impact and sonic excita-
tion has been well documented in the literature for 
the last three decades. Many researchers have analy-
sed acoustic impulse responses in various kinds of 
products (Hayashi et al., 1995). This paper is focused 
on the study of the response of some table fats to 
the non-destructive impact loading.

MATERIALS AND METHODS
Following table fats have been used for the experi-

ments – see Table I.
The impact tests were carried out using an impact 

device specially designed and built for fat measure-
ments – see Fig. 1.

The impact set-up consisted of a free-falling cy-
lindrical bar (6 mm in diameter, 200 mm in height 
– made from aluminium alloy). The bar was in-
strumented by strain gauges. This instrumentation 
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enables to record the time history of the force at 
the interface between fat and bar. The surface dis-
placement as well as the surface velocity at the dis-
tance of 30 mm from the point of the bar impact are 
measured using the laser-vibrometer.

The fat response was picked up through an am-
plifi er and a commercial A/D PC board to the PC, 
which simultaneously served as the data acquisi-
tion system. An optical sensor was used to trigger 
the acquisition. The signal was sampled at a rate of 
200,000 samples/s for a period of 15 ms. Instead of 
time dependent response functions; the MATLAB 
computer program transformed the response from 
time to frequency domain by means of Fast Fourier 
Transform (FFT). The impact velocity of the bar has 
been kept constant (2.1 m/s).

Experiments have been performed at tem pe-
ra tu res well below the glass transition tem pe-
ra tu re. The fat F has been tested at the diff erent 
temperatures.

RESULTS AND DISCUSSION
In the Fig. 2 examples of the experimental records 

of the force versus time are displayed.
One can see a good reproducibility of the ex pe-

ri ments. The qualitative features of these functions 
are the same for nearly all tested fats. Fat H and I rep-
resent the exception – see Fig. 3.

The all functions force – time, F(t), can be charac-
terized by the three main parameters:

Maximum of the force F• m

Rise time of the force – time pulse, t• I

The time of the force pulse duration, • λ
The values of these parameters are given in 

the Tab. II.
The values of the maximum force are very diff  e-

rent for tested fats. The distribution of these forces is 
shown in the Fig. 4.

The force versus time curves is sensitive to the tem-
perature. This eff ect is shown in the Fig. 5.

One can see that increase of temperature leads 
to a change from the shape of F(t) curve shown in 
the Fig. 2 to the shape displayed in the Fig. 3. The in-
fl uence of the temperature on the maximum value 
of the force is shown in the Fig. 6.

Response of the fat to the impact loading is de-
scribed by the surface displacement versus time 
curves. Examples of these curves are given in 
the Fig. 7.

The leading part of this curve corresponds to 
the propagation of the surface wave. The qualitative 
features of these curves are the same for all tested 
fats. The infl uence of the temperature on these 
curves is shown in the Fig. 8.

The increase of temperature aff ects the initial part 
of the displacement – time curve.

The response analysis in the time domain can be 
also substituted by the analysis in the frequency do-
main. This procedure is based on the Fourier trans-
form (see e.g. Stein et Shakarchi, 2003). The function 
f(t) in the time domain is substituted by the spectral 
function F(ω).The transform into the frequency do-
main will be a complex valued function, that is, with 
magnitude and phase. The magnitude of the spec-
tral function of the force is shown in the Fig. 9.

I: The used fats

Fat Type of fat Fat content (%) Water content (%)

A Table BUTTER (Poland, producer 1) 84.25 14.12

B Table BUTTER (Belgium) 82.75 15.75

C FRESH BUTTER (Czech Republic) 84.53 14.74

D Table BUTTER (Poland, producer 2) 83.75 15.24

E Three-quarter-fat butter 62.29 34.53

F FRESH BUTTER (Czech Republic) 79.00 17.67

G Fat with 15 % milk fat, 85 % vegetable fat 74.77 23.24

H Vegetable fat 82.25 22.61

I Vegetable fat with olive oil 80.75 23.44

1: Experimental set up
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2: Experimental records of the force at the contact between fat and the striking bar

3: Examples of the experimental records force – time. Another type of the time history

II: Parameters of the force – time functions

Fat Temperature (°C) Fm (N) tI (ms) λ (ms) T (1)

A 14.4 56.3 0.412 1.418 0.076

B 14.6 34.9 0.468 2.07 0.08642

C 13.3 66.0 1.122 3.52 0.06212

D 19.4 50.0 0.592 1.344 0.1324

E 15.5 32.2 0.308 2.148 0.4256

F 13.9 39.7 0.348 1.6 0.09756

G 16.4 37.7 0.4 1.156 0.177

H 13.9 13.8 0.34 5.34 0.08807

I 14.2 11.8 0.196 5.4 0.09554
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4: Maximum of the force for different fats

5: The effect of the temperature on the force at the contact between fat and striking bar
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6: Maximum of the force at the different temperatures

7: Examples of the displacements of the fat surface
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8: The effect of the temperature on the displacement of the fat surface

9: Example of the frequency dependent amplitude of the spectral function
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10: Amplitude spectral function – displacement

Example of the magnitude of the spectral func-
tion of the displacement is shown in Fig. 10. This 
function is characterized by a maximum. The corre-
sponding frequency to the peak amplitude (Fig. 11) 
is a good estimate of the natural frequency. It is 
usual ly called as the dominant frequency. The half 
power method generates an estimate of the damping 
ratio, ξ. The damping ratio, ξ can be found using he 
following equation
  w2 − w1 ξ =  .
  2w

The dominant frequency as well as the damping 
ratio increases with the increase of the fat content – 
see Figs. 12, 13.

The knowledge of the spectral function of 
the force, F(ω), and the surface displacement X(ω) 
enables to defi ne the transfer function (frequency 
response function] as:
  S(w)
 T(w) =  .
  F(w)

Example of the amplitude of this function is dis-
played in the Fig. 14.

There are several local maxims. The mean value of 
the amplitude lies below one. The mean values are 
given in the Table I. This function is also dependent 
on the temperature. The Infl uence of the tempera-
ture is shown in the Fig. 15.

The mean values of the transfer function ampli-
tude are diff erent for the diff erent fats. This value 
can be thus used for the fat identifi cation.

CONCLUSSIONS
In the given paper the main characteristics describ-

ing the response of selected table fats to the dynamic 
loading have been found. These parameters have 
been evaluated not only in the time domain, but also 
in the frequency domain, using the Fourier trans-
form. The suggested parameters are very convenient 
for the description of the mechanical behaviour of 
diff erent fats. It has been found that the mechani-
cal behaviour of the tested fats was very sensitive to 

11: Peak picking on the amplitude of a frequency response func-
tion using the half power method
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12: The influence of the fat content on the dominant frequency

13: The influence of the fat content on the damping ratio

the temperature changes. This behaviour is also sig-
nifi cantly aff ected by the origin of the fat products. 
At the same time the infl uence of the fat content on 
the most of the response functions parameters has 
not been detected. The exceptions are the dominant 
frequency and the damping ratio. These parame-
ters describe the fat response in the frequency do-

main. It means the frequency analysis of the fat re-
sponse should be studied in more details. Generally 
the proposed method seems to be very promising 
for the study of the fat rheology. Namely the possi-
bility of the verifi cation of the validity of the consti-
tutive equations represents the main advantage of 
this method.
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14: Amplitude of the transfer function

15: Temperature dependence of the transfer functions
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SUMMARY
A new experimental method based on the dynamic excitation and response analysis has been used 
to description of the mechanical behaviour of selected table fats. The loading of the tubers has been 
performed by the impact of the free falling rod. The force at the bar – fat contact has been recorded 
using the laser vibrometer. The shape of the force pulse has been characterized by three parameters: 
maximum value of the force, time of the force maximum achieving and by the force pulse duration. 
The values of these parameters are dependent on the temperature. The parameters are also diff  e-
rent for the diff erent table fats. The response of the tuber has been described by the time history of 
the fat surface displacement. The displacement versus time functions exhibited a nearly sinusoidal 
shape typical for the surface wave propagation. Their parameters, e.g. maximum and minimum va-
lues have been also dependent on the temperature. The response of the potato tuber to the impact 
loading has been also described in the frequency domain using the Fourier transform. This trans-
form enables to substitute the function f(t) by a complex function dependent on the frequency. These 
functions have been evaluated both for the force – time pulse as well as for the displacement – time 
functions. The spectral functions corresponding to the surface displacement have exhibited a maxi-
mum. The corresponding frequency was denoted as the dominant frequency. This frequency plays 
dominant role at the evaluation of the mechanical stiff ness of many fruits and eggshell. Its value 
has been diff erent for diff erent table fats. The signifi cant infl uence of the temperature has been also 
reported. There is a chance to use this frequency also for the description of the mechanical be ha-
viour of the table fats. The frequency response functions (transfer functions) have been also eva lua-
ted. The frequency response function (sometimes called as transfer function) plays signifi cant role in 
the extracting of the modal parameters of the tested body. The corresponding procedure is strongly 
dependent on the model of the mechanical behaviour of the tested potato tuber. It has been found 
that the mean values of these functions are typical for the diff erent table fats. Dominant frequency as 
well as the damping ratio increased with the increase of the fat content.

The research has been supported by the Grant Agency of the Czech Academy of Sciences under Con-
tract No. IAA201990701.

SOUHRN
Chování vybraných stolních tuků při dynamickém zatěžování

V dané práci bylo zkoumáno reologické chování několika druhů másel a směsných tuků. Pro toto stu-
dium byla použita nová metoda založená na stanovení odezvy zkoumaného tuku na dynamické za-
tížení představovaném dopadem tyče kruhového průřezu. Tento postup umožňuje stanovit časový 
průběh síly v místě kontaktu tyč – tuk. Průběh závislostí síla – čas je v zásadě popsán třemi parametry, 
a to maximální hodnotou síly, dobou dosažení tohoto maxima a dobou trvání zatížení. Tyto parametry 
závisejí jak na druhu tuku, tak na teplotě. Odezva materiálu byla popsána časovou závislostí výchylky 
volného povrchu tuku. Výchylka byla stanovena pomocí laserového vibrometru. Tato výchylka má 
zhruba sinusovitý charakter a odpovídá šíření povrchové vlny napětí. Byly stanoveny základní para-
metry této odezvy, a to jak v časové, tak ve frekvenční oblasti. Ukazuje se, že v časové oblasti jsou para-
metry popisující odezvu, např. maximum výchylky apod., závislé na druhu tuku a rovněž na teplotě. 
Byly stanoveny odezvové funkce ve frekvenční oblasti, a to pomocí Fourierovy transformace. Získané 
funkce umožňují stanovit zejména přenosovou funkci, která popisuje vibrační vlastnosti zkouma-
ného materiálu. Z daných funkcí je pak možné stanovit i útlum jednotlivých frekvenčních složek. 
Ukázalo se, že navržené parametry jednoznačně charakterizují mechanické chování tuků a mohou 
tak sloužit k jejich indentifi kaci. Z výsledků vyplynulo, že toto chování je v prvé řadě určeno teplotou 
a původem tuku. Na druhé straně se neukázal výraznější vliv změn ve složení. Jedinou výjimkou jsou 
dominantní frekvence a útlum, tzn. parametry popisující odezvu tuků ve frekvenční oblasti. Obě tyto 
veličiny jsou jednoznačně rostoucí funkcí obsahu tuku. Navržená metoda je velice vhodná i pro ve-
rifi kace modelů reologického chování tuků, které byly stanoveny pomocí jiných, vesměs destruktiv-
ních metod.

stolní tuk, reologie, dynamické zatěžování, výchylka povrchu, spektrální funkce
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