Acta Agrophysica, 2007, 9(1), 79-90

INFLUENCE OF WATER ACTIVITY ON TEXTURE OF CORN FLAKES
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Abstract. Commercial corn flakes were equilibratied different water activities and
subjected to mechanical deformation. Breaking ehdtakes was done in a plastic tube in which
flakes were piled one over another. Sounds emitteihg breaking were detected by a piezoelectric
accelerometer and recorded after amplification obreétion curves were jagged and very irregular,
and their course depended on the water activitghef material. Crispness of corn flakes was
independent from water activity a}<0.3. At higher water activities crispness decrddast and at
a,~>0.639 that property was lost completely. An amatipicizing effect of water on corn flakes was
observed in the water activity range from 0.51®839. Acoustic activity of breaking corn flakes
was also dependent on water activity. The energyaagfustic signal decreased a}>0.516.
However, the number of acoustic events decreasegbtpin water activity range from 0.2 to 0.3.
Crunchiness index was introduced, combining botbhagical and acoustic measures of crispness
of the material. In the range of water activityrfr®.3 to 0.5 the crunchiness index for corn flakes
was constant. At lower water activities it decrelgéth increasing wetness of the material, but at
higher water activities it was close to zero.
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INTRODUCTION

Texture is an important quality attribute for comsus as well as for producers.
It affects eating habits, since the force which barexerted by jaws and teeth is
limited. Generally, tough products are not accepfedture is a property of sensory
and psychophysical nature, and it depends on tamichl composition, structure
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and rheological properties of the material (Suréwka 2002). Teiduaeproperty
created by many parameters and detected by human sensessstmirctg
eyesight and hearing, hence it is natural to analyse it bysetests. However,
sensory tests are burdened with many deficiencies whichoarencountered in
instrumental methods. Instrumental methods overpass sensoryytasigrt time,
lower cost and better reproducibility, and they are independerteopgycho-
physiological condition of panellists (Suréwka 2002).

Mechanical tests rely on deformation of the tested mateithl prescribed
force and velocity. Changes exerted on the material by thasables are
recorded and analysed. Interpretation of the relationship betweea &d
deformation is difficult because of the complexity of the produetpimology.
Moreover, a sensory property can be differently described bgllisis, as for
example ,,crunchy” or ,,crispy” considering the same product (Peleg 1994).

Texture can be also assayed by acoustic emissiamdlysing acoustic signals
emitted during material deformation or biting (Meczt al. 2005). The sound
generated during biting of food is characteristicdrispy products. Hence, the aim
of this work is to analyse the texture of corn fkising instrumental methods, and
to identify the relationship between the mechanéa acoustic properties of the
product.

MATERIAL AND METHODS

Corn flakes were equilibrated to different water actigitising desiccators with
sulphuric acid and saturated salt solutions inréhative humidity range from 0 to
75% at 28C. Water activity of corn flakes was measured Witlgroscope DT 2
(Rotronic AG).

Corn flakes piled up one over another
in a plastic tube with diameter of 20 mm
(Fig. 1) were deformed by a ball type device
with velocity of 1 mm 8 in texture meter |
TA-XT2i (Stable Micro Systems). r

The weight of corn flakes subjected tof
deformation was from 2 to 3 grams. Force
and acoustic emission was recorded during
the deformation test. Acoustic emission wag
detected by a contact method using pie -
zoelectric accelerometer type 4381 (Bruel&g. 1. Experimental stand for measurement
Kjeer). Acoustic signal was amplified byof texture properties of corn flakes
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40 dB and analysed in the frequency range from 0.01 Hz toH¥5 Acoustic
signal recording was done for 10 seconds, but only 7 seconds waseanaly
Breaking tests were repeated 10 times.

The crispness of the material was defined as the ford&eofirst distinct
break on the deformation curve of corn flakes. The hardness wagddsy the
maximum force on the deformation curve (Fig. 2). The work of defiiomavas
calculated as the area under the deformation curve (Matzak 2005) taking
7 seconds as the time of crushing of corn flakes. The number of iacenests
was calculated using software developed by Ranachoetski. (2005). The
crispness index was calculated as the ratio of the number ddtamcevents and
the work of deformation (Marzezt al. 2005).
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Fig. 2. Deformation curve of corn flakes af = 0.21

RESULTS
M echanical properties

Corn flakes, because of shape differences, surface irregdaaitd internal
structure variability, are a very heterogeneous fiahtier investigation. The flakes
responded very individually to the applied forced doroke continuously with
increasing force. Hence, the deformation curve yugged and very irregular.
Moreover, each measurement for the same wateitpgtiglded a different curve,
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and 10 repetitions resulted in 10 different jugged curves (Fig. 3.illustrated
very clearly the heterogeneity of the material under investigation.
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Fig. 3. Deformation curves for 10 samples of corn flaigs 0.21

The crispness of corn flakes was dependent on veatdrity present in the
material (Fig. 4). At water activities lower thar30crispness was not affected by the
wetness of the material. The average force ofitstedistinct break on the deformation
curve was 4.98).57N. At water activities higher than 0.3, a deseaat the force was
observed, and at, = 0.516 the crispness was equal to BIOD8N. Further decrease of
crispness was fast and @&p0.639 the deformation curves became smooth and no
break preceding the maximum force was observedcdjldhere was no crispness
detected as such according to the accepted dafini€rispness of cereal based
products was investigated by Peleg (1994) who shoee®0% of that property was
lost within a narrow water activity range fray= 0.47 toa, = 0.65.

The hardness of corn flakes, which was twice a& kg crispness, was not
affected by water activity in the range fray= 0.015 toa,,= 0.516 and was equal to
11.0@:0.59 (Fig. 5). Increase of water activity to 0.686reased hardness substan-
tially, and the average maximum force at that waielivity was 47.5¥9.20N.
The increase of deformation force was probably caused by antigiast effect
of water. Further increase of material wetness causeulassicization and de-
crease of deformation force.
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Fig. 4. Relationship between water activity and crisprigsorn flakes
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Fig. 5. Influence of water activity on hardness of coakéls
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Mechanical measurements made on corn flakes showed thasistarree of
the investigated material was strongly influenced by wattivity. Sorption of
water by cereal-based flakes determines their mechanical propEnestructure
of the material is either stiffened or plasticized duenteractions of water with
the protein-starch matrix.

Influence of water on the texture of cereal-based products is dotednia
literature (Lewickiet al. 2003, Liet al. 1998, Marzec and Lewicki 2006, Wollny
and Peleg 1994). The stiffening effect of water on the texafrcrisp bread
(crispness and hardness) was demonstrated by Marzec and LEQieg). The
loss of crispness is attributed to sorption of water and toeptiz@nge of carbo-
hydrates from amorphous to crystalline stateetial. (1998) investigated the
influence of water on the mechanical properties of cakeadban corn flour. It
was shown that cakes were crisp at water activitiegiddivan 0.4. Increase of
water activity above 0.5 caused progressive loss of crispness.

Acoustic properties

Amplitude-time characteristics of corn flakes showed thatstic activity of
the investigated material was affected by water acti{fig. 6). There was no
statistical difference in the energy of acoustic signaha water activity range
from a,= 0.015 toa,= 0.516. The energy of acoustic signal decreased at water
activities higher than 0.516, and at water activity of 0.713 it was closedo ze

Acoustic wave is generated in a material during its defoomalt is affected
by the size and distribution of air cells, cell wall thicknedsucture defects and
impurities (Alchakraet al. 1997). Frequency of generated waves is dependent on
the size, shape and kind of deformed material (Wavers 1997) ardagsa
affected by the way the material breaks and behalves under the aelfesd

Frequency-time records are easily interpreted @ ftitrm of acoustograms.
Acoustograms represent, in a graphical form, claoféhe acoustic intensity of the
material in relation to the frequency and time efodmation (Marzeet al. 2005).
Acoustograms presented in Figure 7 show that thesic@ctivity of corn flakes was
dependent on water activity of the material. This olaginv is supporting previously
discussed relationship between amplitude-time dscand water activity.

Analysis of the acoustograms showed that corn flakes ensitiedd in two
frequency ranges. One range was at frequencies from 6Ha @nd the second
range was from 12.5 to 15 kHz. At water activities frapr 0.015 toa,,= 0.516
corn flakes emitted sound in both frequency ranges during the t¢intigeof
deformation. The intensity of emitted sound was a little loater,= 0.516 than
that recorded aa, = 0.015. The difference was especially evident at the final
stages of deformation, when most flakes were alrbaaiken and debris was filling
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Fig. 6. Influence of water activity on amplitude-time cheteristics of sounds emitted during
deformation of corn flakes
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Fig. 7. Influence of water activity on acoustograms ofictiakes
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empty spaces and undergoing compactiona/At 0.639 a weak sound was still
emitted at both frequency ranges, but corn flakes were dideniost of the
deformation time. Most of the acoustic emission occurred betweenhtla@dGth
second of deformation. The acoustograms presented in Figure 7tisaiothe
frequency ranges at which the sound was emitted were not dep@mdevater
activity of corn flakes. However, the intensity of the eedtsound was affected
by water activity in a specific fashion.

Analysis of amplitude-time records shows that they are compaofsetort
dominant impulses with a similar amplitude and u8Guration. These impulses,
following in quick succession, create a characteristic sounceiped by the
consumer as crunchiness. The impulses were called acoustsicen@gents, and
their analysis gave information about the number and maxienengy distri-
bution within each event (Ranachowskial. 2005).

In investigated corn flakes the number of acoustic events aedsityt of
emitted sound decreased with increase of water activity (Fig. 8).
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Fig. 8. Relationship between water activity and numberaobustic events generated during
deformation of corn flakes

It is characteristic for corn flakes that the numié acoustic events changes
abruptly in water activity range from 0.2 to 0.3.léiv water activities, the number
of acoustic events per second was between 80 @hdiBat water activity higher
than 0.3 it was about 20 and gradually decreased to 0 withaging wetness of the
material. Lewickiet al. (2003) showed that the decrease of sound inteirsity
breakfast cereals, accompanying increase of watitityacis caused by variable
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distribution of stresses in dry and moistened ris$erSorption of water causes
dissipation of elastic energy and reduces the Ipiigsof brittle breaks (Poliszket

al. 1995). The number of acoustic events in biscuits aggayed by Chet al (2005)
and was related to the crunchiness of the inveéstigaaterial. The sound emitted by
biscuits was detected by a microphone, amplifiad, then analysed by an Acoustic
Detector AED which, depending on the sound intgnsibunted acoustic events of
250 ms duration. In this system of analysis, thee tof acoustic event duration could
be adjusted to the needs. Hence, products withreiif levels of crunchiness could
be analysed. Chegt al (2005) showed that analysis of the number of acousticsevent
was a sensitive method for the measurement ofitsisgunchiness.

Since sound is emitted during disintegration of the materialctiinchiness
index was introduced as the ratio of the number of acousticseteetiie work of
deformation. The crunchiness index decreased fast with incgeasiter activity
in the range of,, 0.015-0.299 (Fig. 9). The decrease was about 100 crunchiness
index units per unit of water activity. Then, in the range00.299-0.516, the
crunchiness index was constant at 4(853. At higher water activities, the
crunchiness index was close to zero. The crunchiness index wakatealcalso
for flat crispbread and crackers (Marztcal. 2005, Marzet al. 2006). It was
shown that the crunchiness index was a good measure of wavéy aange at
which a material was considered as crunchy. Moreover, it hawrsthat the
crunchiness index was well correlated with sensory assesshémtestigated
material (Gondek and Marzec 2006).
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Fig. 9. Relationship between water activity and crispriedex of corn flackes
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CONCLUSIONS

1. Water activity substantially influences texture of cornémkCrunchiness
and toughness measured mechanically were noteffégt water activity up to 0.5.
Further increase of water activity caused increasaghness, and aboeg= 0.63
a pronounced effect of plasticization was observed.

2. Analysis of sound emitted during corn flakes desgnation yielded different
information about the crunchiness of the investidahaterial. Frequencies at which
the sound was emitted were not dependent on wetteitya The sound was emitted
at two frequency ranges: 4-9 and 12-15 kHz. However, thasity of emitted sound
was very much influenced by water activity. Acoustvents of 10Qus duration
abruptly changed between water activities of 02-8.3imilar relationship between
the crunchiness index and water activity was olesenHence, acoustic measu-
rements showed that sorbed water caused redigiribahd relaxation of elastic
stresses in the material, and those events were detectmihg analysis much
faster in comparison with the mechanical measurementsnlteastated that
analysis of sound emitted during food material disintegratiomigh more
sensitive to changes caused in material structure by wargtion than analysis
of mechanical tests.
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WPLYW AKTYWNOSCI WODY NA WEASCIWOSCI TEKSTURALNE
PLATKOW KUKURYDZIANYCH
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Streszczenie. Handlowe ptatki kukurydziane byly mde@mdzone do rnych aktywndci
wody i poddane mechanicznemu niszczeniu. Ptatkiame w kolume w plastikowej tubie byty
tamane za pomackulistego prébnika. Emisjakustycza powstah w wyniku niszczenia prébek
rejestrowano za poma@kcelerometru piezoelektrycznego i wzmacniano dBOKrzywe tamania
byly nieregularne i postepione, a ich przebieg zals od aktywnéci wody materiatu. Chrupko
ptatkéw byta niezalina od aktywnéci wody przya,<0,3. Przy wyszych aktywnéciach wody
chrupka¢ szybko malata i przy,>~0,639 widciwos¢ ta kompletnie znikgta. Antyplastyfikugcy
wptyw wody byt obserwowany w badanych ptatkach vkreaie aktywnéci wody od 0,516 do
0,639. Aktywnd¢ akustyczna tamanych ptatkéw rowniealezata od aktywnéci wody. Energia
sygnatu akustycznego oligta sk przy a,>0,516. Jednak liczba zdafzekustycznych ulegta
gwattownemu obrieniu w zakresie aktywrsoi wody od 0,2 do 0,3. Wprowadzono wspoétczynnik
chrupkdaci taczacy w sobie wiéciwosci mechaniczne i akustyczne tamanego materiatuakvesie
aktywnaici wody od 0,3 do 0,5 wspotczynnik chrugkbptatkéw kukurydzianych byt staly. Przy
nizszych aktywnéciach wody ulegat on obigniu wraz ze zwkszajca sig wilgotnaoscia materiatu.
Natomiast przy wgszych aktywnéciach wody byt bliski zeru.

Stowa kluczowe: ptatki kukurydziane, aktywsdowody, emisja akustyczna, wspot-
czynnik chrupkéci, mechaniczne wigiwosci



