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Abstract. The paper presents results of studieth@nnfluence of moisture on the relaxation
characteristics obtained during uniaxial compresib single wheat kernels. The Polish wheat cv.
Kobra, at six different moisture levels, i.e. 1@, 14, 16, 18, and 20%, was used in the researa. Th
experiments were made with the help of a Zwick Z02@rersal machine. Individual wheat kernels
were compressed with constant load value of 50tiden two flat plates. Relaxation time was equal
to 5 minutes. Values of the relaxation param#tg)y were established for the determined relaxation
time. Parameterk; andk, for a model presented by Peleg and Normand were cakulated. In-
crease of kernels moisture caused the load atatiextime as well as the relaxation paramatéy
to decrease. Coefficienks andk, decreased with the moisture rise. A linear relabetween the two
model coefficients was observed. The influence evhkl moisture on the analysed parameters was
described in the form of regression equations.
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INTRODUCTION

Stress relaxation represents the decrease in the valuees$ mecessary to
maintain the strain in a material at a constant levelh@&tsame time, it is an effect
of loaded material tendency to change its entropy. Therefarendtitutes an im-
portant feature that may be used to explain or describe aimhadection to exter-
nal loads (Vincent 1982). The way that the material readtset@bove is closely
related to its structure, hence studies of rheological phemajyrused to be more
frequently done with the help of relaxation tests, are velpfliefor identification
of its state and behaviour changes during preservation and gimacéBruji et al.
2005, Lewicki and Jakubczyk 2004, Lewicki and tukaszuk 2000, Telis-Rostero
al. 2004) and for material quality assessment, including interecto textural and
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sensory attributes (Bhattachamtaal 2006, Lewicki and Spiess 1995, Lewicki and
Wolf 1995).

In the case of biological materials, as generafigoelastic bodies, their rheologi-
cal characteristics depend on a lot of featureframxample the level and rate of de-
formation, temperature, moisture and others (Bargiahl. 1995, Khazaei and Mann
2004, Lewicki 2004, Lewicki and Wolf 1995). Manyediogical experiments are be-
ing done for small strain levels (Karieh al. 2000), however in real possessing condi-
tions large deformations (beyond the linear elastigon) take place, leading to ex-
pected material fracture or structural changegdP&hd Normand (Steffe 1996) dem-
onstrate that a material subjected to large defilwnga usually exhibits non-linear
viscoelastic behavior, therefore a different ansljylsan in the range of linear elastic
deformations is necessary. To overcome this, thggest stress data be calculated as
normalized stress (normalized force is also acbkpta

Knowledge of the rate of stress relaxation and of the ways in which this proces
takes place may be also advantageous in studies on thmeefragion process.
A material ability to change its stress pattern, or an etiergtate when the proc-
ess is regarded from the energetic perspective, afteetalisolute stress value or
energy available for crack initiation and propagation (Ebbal. 2001, Vincent
1982). The research undertaken by author constitutes a part iekstacthe inter-
faces between material properties and their grinding subitigytiThis paper fo-
cuses on the influence of wheat kernels moisture on their riealaparacteris-
tics.

MATERIAL AND METHODS

Polish wheat cv. Kobra was used in the experiments. Six varied tdJadsnel
moisture content, i.e.: 10, 12, 14, 16, 18, and 20% (wet basis) were appiied i
experimental plan. The above levels of moisture werenataby the addition of
necessary amount of water to samples for which the initialtaneisand weight
were pre-determined. These required water amounts were tadtalecording to
simple mass balance equations. The watered samples wersttined over 48
hours before mechanical testing.

Mechanical tests were done with the help of a universal maawick Z020.
An individual kernel was placed with the ventral side on theobomachine plate
and then loaded axially up to 50 N — the constant force value. Ttesgonding
kernel deformation was held constant for 5-minute period. The corstanpres-
sion rate during the loading at 1.25 mm-timas adjusted. For each individual
kernel force-time characteristics were registered with help of TestXpert soft-
ware by Zwick. The experiments were done in 10 replicationsafdr ef the mois-
ture levels. On the basis of the force decrease during testiedhg parametef(t)
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was determined according to the following equation (Bhattacheiryal. 2006,
Lewicki and Spiess 1995, Lewicki and Wolf 1995)

__ K
Y(t) = m (2)

where:F, — initial force at time t = 0 (N)F(t) — force at relaxation time t (N),
t — time of relaxation (s)

For the model presented by Peleg and Normand and presented inntinéa f@r
(Steffe 1996) constanks andk, were also determined.

F t

F—iolz(t) =k, +ht (2
0

The reciprocal ok; determines the initial decay rate dgds the hypothetical
value of the asymptotic normalized force (Bhattachatyal. 2006, Steffe 1996).
The constants were obtained from the intercept and slope célth@tion curves
by applying Excel software. Statistical analyses were dottethw help of Statis-
tica by Statsoft.

RESULTS

Examples of rheological characteristics of wheat at thereifit water content
levels are presented in Figure 1.
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Fig. 1. Examples of relaxation characteristics for whealifferent moisture content
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A change in the kernel moisture caused the force relaxbd atitial stage of the
test to change significantly as well. This speetbafe relaxation increased with the
rise in moisture. The moisture increase inducedgaifeant decrease in average
values of loads at the end of the experimentsr(&ftainutes). For the studied range
the average values of this residual force decrefsed 31.4 (+1.21) to 16.2 N
(x0.62). A higher decrease was observed for th&&PB-moisture domain.

Values of the decaying parametéft) decreased with the increase in kernel
moisture from 2.68 to 1.48 (Fig. 2). The significance of the levgraifi moisten-
ing ata = 0.05 was confirmed by the statistical analyses applyingy'tésts. The
observed relation between the decay paramétigrand the kernel moisture was
described by means of a square polynomial equation at a vergédtighmination
coefficient R= 0.996.
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Fig. 2. Relation of the relaxation parame¥t) to wheat kernel moisture content: a-e — homogene-
ous groups at = 0.05

Increase in the kernel moisture caused the Normand and et} parame-
tersk; andk, to decrease from 48.05 to 21.38 s, and from 2.61 to 1.43 s, respec-
tively. The post-hoc analysis applying Tukey teats(0.05) confirmed differences
between the average values of the two coefficients itiarlto the kernel mois-
ture. The differences were mostly observed for the lowestn@ levels and for
thek; coefficient, for which five homogeneous groups were identifiégl @&). For
the k; coefficient three homogeneous groups were observed, i.e. fer eattent
levels of 10%, 12 and 14%, as well as for 16, 18 and 20% (FigoBboth coeffi-
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cients, their relation to kernel moisture was described ¢8cand degree equation
at high determination coefficients equal to 0.982Kgerand 0.994 fok,. Higher
values of theé; parameter point also to the lower force relaxation ratkdorels at
lower moisture contents.
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Fig. 3. Relation of the relaxation parameterto wheat kernel moisture content: a-c — homogeneous

groups att = 0.05
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Fig. 4. Relation of the relaxation parametgerto wheat kernel moisture content: a-e — homogeneous

groups att = 0.05
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CONCLUSIONS

1. It was noticed that increase in wheat kernel moisture conteisedahe
average value of residual force (not relaxed) to decreagbeHincrease in the
force values was observed in the 10-16% moisture range. Lower values otthe for
and smaller relaxation time may be related to the higher plasticitpist kernels.

2. Increase in wheat moisture caused the coefficiknendk, of the model
presented by Peleg and Normand to decrease. Higiions to the level of kernel
watering were described in the form of regressiaragns of second degree at high
determination levels. This points to the statentleait the model used in the analysis
allowed the rheological characteristics of wheah&kto be well described.
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WPLYW WILGOTNOSCI NA CECHY REOLOGICZNE ZIARNA PSZENICY
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Streszczenie. W pracy przedstawiono wyniki iadatywu wilgotnaici ziarna pszenicy na
charakter krzywych relaksacji uzyskanych vcte osiowegdciskania ziarna. Do baflaizyto ziarno
pszenicy odmiany Kobra o wilgoté od 10 do 20%. Pomiary zrealizowano na maszyryiezyma-
tosciowej Zwick Z2020. Pojedyncze ziarna pszenicy ekamno do statej wartgi sity 50 N, a czas
relaksacji wynosit 5 minut. Wyznaczono waxtbparametrdy (t) w przyjgtym czasie relaksacji. Okre-
slono réwniez parametryk; i k, dla modelu przedstawionego przez Pelega i Normawfaz ze
wzrostem wilgotnéci ziarna malatasrednia warté¢ sity po pkciominutowym czasie relaksacji,
zmniejszaty si jednoczénie wartdgci parametru relaksacy (t). Ze wzrostem wilgotréei pszenicy
zmniejszaty si rowniez wartasci parametrovk; i k,. Wplyw wilgotnaici na analizowane parametry
opisano w postaci rowhaegresiji.

Stowa kluczowe: pszenica, charakterystyki reolaggczelaksacja, wilgotr§é



