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Abstract. The aim of this work was to determine #féect of water activity on the
mechanical properties of cracker and corn-rye bré&éad and cracker were stored at water
activities in the range of 0-0.8. The mechanicalperties were measured by three-point loading
bending test. Water activity significantly influeemechanical properties of cellular snacks. At low
water activities product is crisp and brittle. Thighest values of ultimate stress and deformability
modulus were determined for crackersgt 0.306 and for corn-rye breadagt= 0.538. Increase of
water activity above these values caused softeamaigflowability of snacks.
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INTRODUCTION

Many cereal shack foods are cellular, brittle ansp¢cand these textural charac-
teristics contribute to the high popularity of thggoducts. Texture is an important
sensory attribute for many cereal-based foods.

The crispness is associated with pleasing textural coatatwith freshness
and quality, its loss is a major cause of consumer rejeddost low moisture
baked and extruded products, such as breakfast cereals, ,wWsAsetdts and
snacks, have a crispy texture. If the moisture of these prochucesases, due to
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water sorption from the atmosphere or by mass transport fronhhaoegigg
components, it results in a soggy, soft texture [10].

Water is a constituent of food which affects fotabgity, quality and physical
properties. Water activity &, [15] - a parameter representing the ‘water aviitigb
in material, is defined as the ratio of vapouriphpressure of water in food to the
vapour partial pressure of pure water at the sampdrature and total pressure.
Water influences the rheological properties of fontdquid and solid state alike. In
solid foods, water affects their response to fdrereasing water content can lead to
plasticizing or antiplasticizing effects [7]. Thdagticization of polymer chains
facilitates deformation, and brittle material beesnmore soft and flowable and
losses crispness. The antiplasticizing effect isvadl understood until now.

Katz and Labuza [4] have described the texturenatls foods such as crackers
and chips as a function of water activity. They determinaichifiked saltine crackers,
popcorn, and fried potato chips lost crispness whater activity exceeded 0.35 to
0.50 depending on the product. A slight decreaserispness of breakfast cereal
occurred at @< 0.5. Thereafter, a rapid decrease of crispness oserved until
a,= 0.8, at which the product lost its brittlenesmptetely [14]. Force-deformation
curves for an uniaxial compression test were rexbfdr crackers at various water
activity values &, = 0.14-0.80) [6]. The curves became smoother amdnzximum
force decreased with the increase in water activity

Roudautet al [12] studied texture properties of crispy bread as a funcfion o
water content using the compression test. They observed plastieifects of
water between 3 and 9%; then, up to 11%, there was an appadenihg of the
material. Beyond 11% of water content, the apparent stifineskiles decreased
and softening effect of water became dominant. In some cases, the acitpigsti
effect is observed. Adsorbed water adds some strength to theairetd reduces
its brittleness. Marzec [8] reported that failure stresBavfwheat and rye bread
increased as moisture was adsorbed and reached the peak, abiage between
0.5 and 0.6. Baked and extruded cereal products are generally ilaghg gfate
since cooking is accompanied by the disappearance of most angssatlictures
of native starch. Cereal products stored above their glasstimantemperature
undergo changes which are manifested, among others, by alternations of
mechanical properties. Cellular products may densify and thneichanical
strength can increase [13].

Brittle and crunchy foods are known to have very irregular aegrioducible
force-deformation relationships [11]. This seems to be due to themfmmmity
in internal structure and surface characteristics of fue of cellular materials.
Kim and Okos [5] investigated the mechanical propertiesratkers using a 3-
point loading beam bending technique. The coefficient of wmeeiain that
measurement of mechanical parameters was found between 12.8% &d 47.8
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This is not particular for cookies and crackers since Gorr2legi$o reported 24-
39% variation of the fracture force measured for five brandsed#m crackers.
For Dutch crispbakes, Mohamed al., [9] found the coefficients of variation
being 16.8%, 48.4% and 53.7% for the breaking force, fracture ratén@mdtio
of fracture work to the total work, respectively.

The aim of this work was to determine the effect of waigivity on the
mechanical properties of cereal-based snacks.

MATERIAL AND METHODS

Crackers with a water activity, = 0.413 and corn-rye crisp breas, € 0.281)
were materials purchased in a local market. The snacks parallelepipeds:
cracker with 63 x 48 mm base and 5 mm thickness, crisp brelad 20tx 54 mm
base and 8 mm thickness. Samples were equilibrated over Shtsalitsolutions
to water activity in the range from 0.01 to 0.80 at@2Wwater activity was
measured with the use of Hygroskop DT (Rotronic) with an accuraty.001

The mechanical properties were measured by three-point loadidmbeest.
Samples were placed on two supporting parallel bars situa@tedr(crackers) or
52 mm (crisp bread) apart. A loading bar connected with theheadsf Zwick
Machine 1445 (ZWICK GmbH) was used to deform samples to the nioofie
their breaking. The bending test for crackers was done vittading bar velocity
of 60 mm mirt and for crisp bread — 20 mm MirfThe measurements were repeated
7 times. Force versus time deformation curves were recondalgzad, and some
mechanical indices were calculated:

The ultimate stresg was calculated as follows:

_3FL

Tt = o (1)

where:L — distance between the supports (f)- force (N),b — width of the
sample (M)t —thickness of the sample (m).
The deformability moduluEg was calculated as follows:

(dF)( L
S = (EJ [E4vbt3 J @)

where: dF/dt — initial slope of the compression curve (straight part offéinee—
time curve)y —velocity of loading bar (M.

The work of bending was calculated as the area under the forcebéinuing
curve multiplied by crosshead velocity h s
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RESULTS AND DISCUSSION

The effects of water activity on the mechanical properties of cranklecan-
rye bread are demonstrated in Figures la, 1b, and 2a, 2b. The figurethehow
force versus time for different water activity valueghe range of, 0-0.8. The
low water activity results in jaggedness of the forogeticurves. It is strongly
evident for crackers at water activity in the range of 01010.306 (Fig. 1a) and
for corn-rye bread at am, range 0.283-0.458 (Fig. 2a).
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The first breaking peak occurred after 0.4, 0.8 @uids of the bending test at
water activities of 0.011, 0.215, and 0.306, retbypedg. The first breaking peak for
the bread is far less evident than that observeidgithe bending test of crackers.
Further increase in water activity of cracker ameald leads to smoothing of the
force-time relationship, and the breaking peakaisabserved at the early stages of
the test. At high water activity for corn-rye breatd,, > 0.651 and for cracker af,
> 0.519 the breaking is not longer observed. Salae under the applied force.

The appearance of the first breaking peak at thimfiag of the test after 0.4-0.8 s
and the characteristic jaggedness of the force-tianees indicate that at low water
activities snacks behave as crisp, brittle mageridie increase in water activity results
in smoothing of deformation curves, which indicatest less micro-breaking events
occur. Hence, it can be inferred that water plastcair cell walls in cellular materials.

The average and standard deviation values for atifiratress at different water
activities is presented on Figure 3 and 4 for @aekd corn-rye bread, respectively.
The ultimate stress generally describes the fracturegtrehproducts. The ultimate
stress of cracker and corn-rye bread is related to wadigityacThe increase of
water activity of cracker from 0.011 to 0.306 yielded an increase of ultstrates
by more than 32%. A similar increase in ultimate stresb$erved for corn-rye
bread but in the range of water activity from 0.283 to 0.538.
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Fig. 3. Effect of water activity on ultimate stress ofdtars
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Fig. 4. Effect of water activity on ultimate stress of waye bread

The fracture strength is the highest at water activity Of80&rackers and for
corn-rye bread at,= 0.503. The increase of water activity to 0.733 for crackers
decreases ultimate stress over 3 times. The ultimatessbf corn-rye bread
decreased by some 12% (which is within the experimental errorgddnysan
increase o#,, from 0.538 to 0.651.

Numerous authors studying different types of crisp foods found thétea
water activity increases the crispness decreasesswithitaneous hardening of
the material. Harris and Peleg [3], Duizer and Campafiglidefined hardness as
the force required to bite the sample. The ultimate stressured in this work
characterizes the strength fracture which can be takdme angasure of hardness.
The increase of water activity to 0.306 for crackers and to (f@r58orn-rye
bread was accompanied by an increase of ultimate stress.pfidsoof water
added some strength to the investigated materials, and reduced theirdss.

The increase in strength as the water activity increases explained by
Harris and Peleg [3] as a result of partial plastidambf air cell wall material
which increases the cohesion and hence the toughness of a prodcitirest
At very low water activity, the structure of cellular producbllapses rapidly and
its destroyed elements offer no resistance to deformationh®rother hand,
partial plasticization is accompanied by toughening because nesisstructure
does not disintegrate so easily.
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The effect of water activity on the deformability modulus ofickers is
similar to that obtained for the ultimate stress (Fig. 5). dfFexct of water activity
on the deformability modulus of corn-rye bread is presentedgar&i6 and is
similar to that for ultimate stress. Differences in tteformability modulus of
corn-rye bread observed in the range of water activity f0a@83 to 0.538 are
statistically insignificant. Moreover, as the water atfiicreased from 0.538 to
0.651, the deformability modulus decreased by about 25%.

The relationship between the work of bending and water acfivitgrackers
(Fig. 7) differed substantially from that for corn-rye breki)(8). The increase
of water activity of crackers caused the increase of thdibgrwork and the
value of work reached its maximumagi= 0.306, and after that the work decreased.
Nicholls et al [10] reported that the area under the force-dedtion curves is
associated with toughness (i.e., the absorbedndige gradual increase in bending
work of corn-rye bread is related to the increase of watifitg. The values of work
increased 3 fold in the range of water activityrfr0.283 to 0.651.

Seymour and Hamann [16] showed that as the water activity iesiethe
force level and mechanical work required to break the sampleases. The
results correlated strongly and inversely with crispneseeofmaterial assayed by
sensory panel. The relationship between work of bending and veditétyafor
crackers is substantially different than that for corn-byead. At low water
activities the work increases and reaches its maximum,at0.306. Further
increase of water activity slightly decreases work of bending.

At high water activities samples of corn-rye breaguired much more energy to
bend. Fibres of extruded bread lose brittlenesgtanihcrease of water activity adds
some resistance to deformation. The bending cafiawn-rye bread show that time to
reach peak force at high water activities is fagkr than that at low water activities.
However, there is not much difference in the foezehed (Fig. 3). On the other hand,
the time to reach peak force at high water aa#itif crackers is also longer than that
for low water activities, but force reached at higlis much smaller than that at lay.
This can be explained by differences in the mianosire of the products investigated
and in the chemical composition of snacks. Corrbrgad contains resistant cellulose
fibres, crackers contain fat which can be an ingmorfactor influencing mechanical
behaviour of the material. Fat may behave as dcartirat high water activities and
reduce the friction between surfaces, which regultsv strength.
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CONCLUSIONS

The changes of water activity influence and are responsiblthéomecha-
nical properties of crackers and corn-rye bread. At lowewactivities during
bending test, the first breaking peak was observed for crackbish charac-
terizes the crisp and brittle behaviour of these snacks. Théraking peak was
far less evident during bending of corn-rye bread than fokeraclt seems that
differences in the structure of snacks can play an impiortde in the formation
of a more crispy texture. The highest values of ultimaesstand deformability
modulus were determined for crackersagt=0.306 and for corn-rye bread
ata, = 0.538. Increase of water activity above these values caudedisgfand
fowability of snacks. The extruded corn-rye bread has highdstarse to
deformation than crackers, probably due to differences in tbesiructure and
chemical composition.
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Streszczenie. Celem pracy bylo dlerie wplywu aktywnéci wody na wiéciwosci mecha-
niczne krakersOw i chrupkiego pieczywa kukurydzigriowego. Prébki byly przechowywane w zakresie
aktywnaci od 0 do 0,8. Wiiwosci mechaniczne okéano na podstawie tréjpunktowego testu tamania.
Stwierdzono,ze niskie aktywnéci wody maj wplyw na chrupkét i kruchagé. Najwyzsze wartéci
parametrow mechanicznych: ngmmia kdicowego i modutu sztywroi uzyskano dla krakersow przy
a,= 0,306, zadla chleba chrupkiega,= 0,538. Przy aktywrigiach wody powsej tych wartéci materiat
stawat s plastyczny i zaczynat piyid pod wplywem przyteone;j sity.

Stowa kluczowe: krakersy, pieczywo chrupkie, re@pgktywnadé¢ wody



