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MECHANICAL PROPERTIES OF SINGLE KERNEL OF WHEAT
IN RELATION TO DEBRANNING RATIO AND MOISTURE CONTENT
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Abstract. The paper presents the results of irgegitins on the mechanical properties of wheat
kernels, obtained on the basis of uniaxial compessest. The results showed that both the
debranning ratio and the kernel moisture contedténhaignificant influence on the kernel mechanical
properties. Debranning caused a decrease of kdefietmation up to the rapture point. The kernel
moisture content also had an influence on thisrdedtion — as the moisture content increased from 12
to 16% the deformation increased. Debranning asised a decrease of rapture force and force at the
end of compression (average of about 43 and 23@%fpectively). The moisture content had no
significant influence on these forces. Only for eininned kernel the increase of moisture from 12 to
14% caused a decrease of rapture force. The charigesrnel loading force in the end of the
compression were described by the linear regressjoiation, where the kernel ash content and the
mass of individual kernel were taken as independanicbles (R= 0.914).
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INTRODUCTION

Many scientists are still interested in the meatanproperties of raw materials.
On the basis on these properties, the correct mgnarameters of harvesting and
processing machines can be selected. With refeterameal kernel, in particular for
wheat, we can also conclude about the end-usdamdilling properties.

The mechanical properties of cereal kernels depend on metaysiasuch as
genetic heritage, agro-technical methods or agro-environimesnditions [12].

They can also be modified during processing. With reference to wheat mechanical
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properties the most often described parameter isekehardness. But wheat

hardness has no universally accepted definitiomeSavorkers define hardness as
the mechanical property of the individual wheat kernelesistance to deformation

or crushing, whilst others define hardness as thpapty of mass of kernels [1,3].

Such a large amount of methods is caused by difésuwith wheat hardness

evaluation. These difficulties result from complazh kernel structure and shape,
small size, diversity in geometrical properties presence of crease in kernel.

The mechanical properties of kernel depend mainlyhe endosperm properties
and the bran layers (fruit and seed coat, nucelldisianirone) properties. During white
flour production the bran layers should be remofrech the endosperm. In the
conventional milling system the bran layers are neohoved prior to miling and
separation of bran form the endosperm is carrieédfter each stage of grinding mainly
by using sieving machines. In order to improve rtiing process the properties of
kernel bran layers can be modified [9]. Howeveg, tbmoval of the peripheral bran
prior to milling (PeriTec milling system) results higher extraction and higher quality
of the finished product and the milling break syst&an be shortened [8].

There are few works concerning the mechanical ptiepasf wheat kernel before
and after debranning. Therefore, the aim of thegmework was to determine the
influence of wheat debranning ratio and moisturatext on kernel mechanical
properties.

MATERIALS AND METHODS

The investigations were carried out on Polish spring whdtvamu(Triticum
aestivum, ssp. vulgare) Turnia collected in 2002. This cultivar belongs to class E
and flour obtained form this cultivar is characterized by wergd baking value.
Kernels were debranned using debranning machine Ekonos, courtespedifal
S.A. from Lublin. After the first stage of debranning, part of teenkls was
separated and the rest was taken in to the second stage. Kiinds of samples
were taken for the investigation: kernels without debranning, kernerslad first
and after the second stage of debranning. The kernels wdtmtedafor their
geometrical properties (length, width and thickness) [2ksvd kernels and ash
content [10]. The debranning ratio was calculated according to theaquat

d =2 o0 0
Am
Where:AmID — the difference between the kernel ash content before and afte

debranning (%)Am, — the difference between the total kernel ash content before
debranning and endosperm ash content (%).
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Samples were conditioned for 24 hours to 12, 14 and 16% moisture bgvels
the addition of distilled water. Subsequently, individual kermadse weighted
and placed on the bottom plate of universal testing machin€RV¥020/TN2S
(the kernel crease towards the bottom plate) and compressed wibhstant
speed of 10 mm mihuntil a constant distance of 0.5 mm between the plates was
achieved. Changes in the loading force in relation to the kerfahuktion were
recorded by means of a computer kit. On the basis of the obtzdngglession
curves (Fig. 1) the following parameters were determineatefof; and F,),
deformations4h; and4h,), values of work and individual work (work divided by
kernel mass) for the rapture point (1) and in the end of the essipn (2). The
strain ¢h,") was also calculatedify; divided by the kernel thickness).
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Fig. 1.Example of wheat kernel compression curve. 1 -uregtoint, 2 — the end of compression

Measurements were replicated thirty times for deattion. The data obtained
were subjected to statistical analysis. The evianstwere analyzed for variance
analysis. The significant differences among means eealuated by Duncan’s test.
The Pearson’s correlation coefficients and regoessijuations were also evaluated.
All statistical tests were carried out at significa level ofa = 0.05.

RESULTS

The results showed that debranning caused the highesteshanthe kernel
length. As the debranning ratio increased, the kernel length dedrbg 24% and
45% after the first and the second debranning stage, respgciitael changes of
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the kernel thickness and width were considerably lower (decfeas 3 to 9%).
The debranning ratio was 49% and 73% after the first and the seegedof
debranning, respectively.

The results showed that both kernel moisture content and debranning ratio had
a significant influence on kernel deformation up to the rapturet gdh;). An
increase of wheat moisture content caused an increaseés afelormation both
for undebranned and debranned kernels. Debranning caused a defrdase
from 55 to 71%, depending on wheat moisture content. However, fheedifes
between this deformation obtained for kernels after tisé dind the second stage
of debranning were not statistically significant (Tab. 1).

Table 1. Deformationsdh, andh; in relation to wheat kernel debranning ratio andstnce content

Deformation Kernel moisture Debranning ratio (%)

content (%) 0 49 73

i 12 0.24@ 0.13%% 0.152
1 (mm) 14 0.31% 0.20%° 0.2%"

16 0.47° 0.3¢°° 0.29°¢

e (% 12 7.2% 4.8 5.5

1 ( 0) 14 9.3Ab 6.58b 7.28b

16 14.2¢ 9.7%¢ 10.6*¢

*values designated by different capital letterthanlines of the Table are significantly differént 0.05).
*values designated by different small letterdia tolumns of the Table are significantly diffei@ert 0.05).

The increase of grain moisture content caused an incoéagain plasticity
and thus the higher values i, were observed.

A previous study showed that deformation of kemnelto the rapture point
depends on wheat kernel thickness, however nonlofeg@endencies were observed
[2]. Therefore the kernel straidllf;’) was also calculated. The relations obtained
were similar to those obtained fdh; (Tab. 1).

Table 2 presents the results of measurements of raptoeeff¢) and force at the
end of compressiori-§). The rapture force was always higher for the undebranne
kernels, regardless of the wheat moisture content. Debranningdcaudecrease
of F, from 30 to 70%. However, the values obtained for kernels aftdirshand
the second stage of debranning were not statistically significarfeyetit.

Kernel moisture content (range of 12-16%) has aiisttally significant influence
on rapture force for debranned kernels. With refezdo the undebranned kernels, an
increase of moisture content from 12 to 14% caasdetrease & (by an average of
about 30%). On the basis on these results we cariude that the undebranned
kernels, as a result of moisture increase, changediechanical properties to a higher
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extent than the debranned wheat kernels (Tab. 3. i§ probably caused by bran
layers properties. Mabillet al. [7] studied the mechanical properties of wheat see
coats. They found that the elasticity and plagtioft bran increased with increasing
kernel moisture content. By contrast, Glesral. [4] showed that as the moisture
content of wheat endosperm increases, the compressive strengticjtgland
energy to compressive failure all decrease.

Table 2.Forced~; andF, in relation to wheat kernel debranning ratio amistare content

Force (N) Kernel moisture Debranning ratio (%)

content (%) 0 49 73

F 12 1232 742 7

' 14 93° 66° 67

16 or® 7052 6482

12 14662 790% 503

F2 14 14532 7802 562

16 15732 8972 58de

*values designated by different capital letterthalines of the Table are significantly differént 0.05).
*values designated by different small letterdia columns of the Table are significantly differert 0.05).

Laskowskiet al. [5,6] found a positive correlation between the rapture force
and grinding energy of cereal kernels.

The results showed that debranning had a signifinlnence on the force at the
end of compression. As the debranning ratio inestake values df, decreased and
for the kernel after the second stage of debranning were tallnes times lower
than for the undebranned kernel. The wheat moisture content (rai@el6fo)
had no statistically significant influence on this force (Tab. 2).

The changes of forcé, were described by the use of a linear regression
equation, where the kernel ash contepgjt énd mass of the individual kerneh)(
were taken as independent variables:

F, = 626.8z, + 18990.6n-633.4 R=0.914 (2)

where:F, — force at the end of the kernel compression g\}; the kernel ash
content (%) m— the mass o the individual kernel (g).

Predicted values as related to observed valuggresented in Figure 2. It should
be noted that equation (2) is proper only for the Turnia whEa future
investigations will be extended onto other wheat cultivars r8dts showed that
both the moisture content and the debranning retiba significant influence on the
deformation work up to the kernel rapture pain}.(For all samples, as the moisture of
kernel increased the; decreased. Debranning caused a decrease of this the
highest when the kernel moisture content was 12%ue390%).
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Fig. 2. Predicted values df, versus observed values

However the differences betwekn obtained for kernels after the first and the
second stage of debranning were not statisticgihificant (Tab. 3). Other relations
were observed for the deformation work up to the end of timelkeompressiorL).
The moisture content had no statistically significafluence on the values of this
work for the debranned kernels. But for undebrarkeedels the highest valueslof
were obtained when the kernel moisture content 16886. Romaski and Niemiec
[11] showed nonlinear dependency between the wheature content and crushing
energy of kernel by the use of corrugated rollsyTbbtained the highest crushing
energy when the kernel moisture content was 16-17%.

Table 3.WorksL, andL, in relation to wheat kernel debranning ratio arasture content

Kernel moisture Debranning ratio (%)

Work (mJ)
content (%) 0 49 73
12 17.22 5.6 7.7
Ly 14 19.02 9.18 10.3°
16 29.7° 15.6*° 16.6*°
12 729° 392 252
L. 14 7082 3642 2782
16 796" 42182 2433

*values designated by different capital letterthalines of the Table are significantly differént 0.05).
** values designated by different small lettergtie columns of the Table are significantly differé. = 0.05).
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Debranning caused a high decreaséd pfaverage of about 190 and 280%
after the first and the second stage of debranning, respecihadly J).

The results showed that the mechanical properties of debr&ensel were
significantly different from the properties of undebranned kernel. Ttoesfstudy
should be extended onto other wheat cultivars and should be conducted for
mechanical properties of kernel with higher range of debranning ratio.

CONCLUSIONS

1. Debranning caused a decrease of deformation of kernel up taptiee
point. However, the differences between this deformation oloteiore kernels
after the first and the second stage of debranning were nisticdly significant.
The kernel moisture content also had an influence on this dafiorm as the
moisture content increased the deformation increased too.

2. Debranning also caused a decrease of rapture force and thatftine end
of compression (by an average of about 43 and 230% respectiviedyjndisture
of kernel had no significant influence on these forces. Onlyufatebranned
kernel the increase of moisture from 12 to 14% caused a decrease & fauier

3. The changes of the kernel loading force at the end of corigiressre
described by a linear regression equation, where the kashetontent (positive
correlation) and mass of kernel (positive correlation) waken as independent
variables (Iiz 0,914).

4. The results showed that both the debranning ratio and the kers&lin@oi
content had a significant influence on the kernel mechanicadepies. The
future studies should be extended onto other wheat cultivars.
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WPLYW STOPNIA OBLUSKANIA | WILGOTNGCSCI ZIARNA
NA WLA SCIWOSCI MECHANICZNE PSZENICY
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Streszczenie. Przedstawiono wyniki hadiotycace cech mechanicznych ziarna pszenicy
otrzymanych na podstawie testu jednoosiowg@igkania. Stwierdzonae zaréwno stopfeobtuskania,
jak 1 wilgotnas¢ ziarna miaty istotny wplyw na okdlane cechy. Obluskanie spowodowato spadek od-
ksztalcenia ziarna do momentu jeggkmiccia. Wraz ze wzrostem wilgotém wartdci tego odksztat-
cenia zwgkszaty st. Obtuskanie wplygto rowniez na spadek sity powodigej pekniecie ziarna oraz sity
na kacu procesu zgniatania (odpowiedtiednio o 43 i 230%). Wilgotrié ziarna nie miata istotnego
wplywu na wartéci tych sit. Jedynie w odniesieniu do ziarna nieskanego stwierdzonae wzrost
wilgotnosci z 12 do 14% spowodowat spadek sity powackjj pckniecie ziarna. Zmiany sity obgi
Zajacej ziarno na kicu proces zgniatania opisano rownaniem regresjiorym jako zmienne niezaiee
uwzgkdniono zawartét popiotu w ziarnie i maspojedynczych ziarniakéw = 0,914).

Stowa kluczowe: pszenica, wtawosci mechaniczne, obtuskiwanie, wilgotgo



