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Abstract. The objective of this study was to coraptiie mechanical properties of walnuts
roasted in hot air and in oil at different techrgidal parameters. It was found that the mechanical
properties of walnuts were dependent on temperatudetime of roasting. As roasting temperature
increased nut hardness decreased. The time ofngadtlower temperatures also affected hardness
alterations — the longer the roasting time, theelothe nut hardness values. There were recorded
dependencies between the moisture of roasted mastheir texture. Nuts of lower moisture
featured less hard and more crispy texture, whiak @xpressed by lower values of forces needed to
destroy the nuts. The kind of heatimgedium used (air or oil) did not significantly affethe
strength properties of walnuts.
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INTRODUCTION

Nuts are described as dried fruit in seeds, fruit with splishat edible seed
kernels of trees. Currently, over 1 min t of nuts are comnigrgieoduced all
over the world. The most common form used in food processing sector are shelled
nuts which undergo the following processes: blanching, dicimating, roasting
or grinding to meet product formulation needs or to add consumer appeal [3].

Roasting is one of the most important processes which psougkful features to
the product. One of the several objectives of aasting is to alter and significantly
enhance the flavour, texture, colour and appearahtiee product. Roasting gives
nuts a variety of textures and colours, increaigjy crispness and making them
more crunchy [1,2,4,5,7]. Roasted nuts are widely consasmed appetizer and used
as raw materials in sweets, confectionery, chogaelat biscuits.
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As a result of roasting, moisture level in nuts decreasestftermitial value
in the range 4-6% down to 1-3%. Moisture reduction helps create a desirgple cri
texture. Roasting improves the flavour of raw nutmeats frongrigen taste. If
nuts are heavily roasted, the sugars in hazelnuts cammasieened, therefore, exposure
to high temperatures for longer periods decredmeguality of nuts. The conditions
of roasting generally used by processors are 10818nd a residence time of 10-
60 min [4,6]. There are two types of nut roasting: dry and oil. D@asting
involves the heating of nuts using conventional or radiant maseheat. In the
oil method, raw nutmeats are immersed in boiling oil and thenettdo remove
oil excess [3]. Although there were analyses of the effedryfoasting on nuts
properties, it seems to be interesting to compare different methods aigoast

The objective of this study was to compare the imaichal properties of walnuts
roasted in hot air and in oil at different technological parameters

MATERIALS AND METHODS
Preparation of roasted nuts

The subject of this investigation were shelled wn200 g samples of walnuts
halves (initial moisture 4.5%) were roasted in &oflaboratory dryer) and boiled in
rapeseed oil (fryer). Roasting parameters werellasvs: 9 min./112C, 26 min./112C,
17min./176C, 17min./186C, 9min./176C and 26 min./17T. In roasted nuts the
following were analysed: moisture content — according to thergedsic method,
and texture parameters — by instrumental method. The data areresedis
obtained in two technological replications.

Mechanical tests

Strength examinations of walnuts were carried aith e use of an Intsron
Model 5544 Universal Texture Analyser outfittediwin extensometer head of the
range up to 2 kN. Single walnut halves were betitrge point support system (Fig. 1a)
and compressed between plates (Fig. 1b) at the sp&eaim mir'. Both tests lasted
until the examined sample was destroyed and thepleth determination of
maximum bending force Fgmax value and the maximampeessive force Fcmax
value. Each measurement was conducted on 10 weshal

Compressive strength examinations of walnuts in mass wefi@rmed using
a piston moving at the speed of 5 mm Tiim a cylinder of 60 mm in diameter
and the same height (Fig. 2). Stress value was calculated from the equation 1,

4Fc
o= (1)
where:o—- stress (MPa)c — compressive force (NJ,— cylinder diameter (mm).
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While true strain value was determined on the basis of equation 2:

= A_h (2)

where:e — true strain (mm mm), 4h — deformation (mm), h — cylinder height (mm).
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Fig. 1 Bending of a walnut half in three-point suppgdtem (a) and compression between plates (b)
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Fig. 2. Compression of walnuts in cylinder

Compression test lasted unfit = 1 kN force was reached and thus stress
amounted tar= 0.35 MPa. Compression force corresponded tortee lzelow the
compression diagram in the stress-strain systega & This area was determined
using the Excell programme, by summing up the acfaslementary trapezius
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determined by measuring points. Elasticity modulus was determiitboh the
range from 0.3 to 0.35 MPa (Fig. 4). In this range increase in grieseelation
to true straire could be described with the use of a linear function at ahigty
coefficient of determination. Tangent of the inclination angléhefstraight line
determined in this way corresponded to elasticity modulus.
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Fig. 3. Determination of compression work in cylinder
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Fig. 4. Determination of elasticity modulus in cylinder



THE EFFECT OF ROASTING ON THE TEXTURE OF WALNUTS 91

Statistical analysis

The results obtained in the experiment were sudajettd statistical analysis by
means of Excel and Table-curve programmes. In dodeompare the hardness of
roasted nuts with their moisture content viaueaiobt during roasting, as well as to
determine the significance and the character oéntdgncies between these features,
analysis of simple regression was performed. Tloseari models were characterized
by the lowest standard error.

RESULTS AND DISCUSSION

Moisture content values of walnuts roasted in hot air and irabdjfferent
temperatures and time, are presented in Table 1. Regardibsskarid of heating
medium, walnuts roasted at higher temperatures featured lower moisture.

Table 1. Moisture content of roasted walnuts

Roasting parameters

Type of . . .
roasting 9 min. 17 min. 26 min.
112C 170C 100C 180C 112C 170C
Oil 2.40 0.91 2.88 0.80 2.27 1.05
Dry 3.21 1.5 2.22 0.84 2.03 0.95

The decrease in moisture directly affected the amgichl properties of walnuts.
The results of the bending test are shown in FiguRRoasting at higher temperature
for the same time decreased walnut hardness, tegmrdf the roasting method
applied. The time of roasting, however, did nohiicantly affect walnut hardness.

Demir and Cronin [2], comparing hazelnut hardness dry-roastedfeitedif
temperatures and time, found that the temperature of roasting had arstftexje
on hazelnut texture, although both the parameters did significiafitience it.
The authors explained the considerable differences between thpbesarwith
differences in the stage of nuts ripening, as well as witbrgievnut shapes. Nut
texture was getting uniform in the course of roasting process.

Mechanical properties, i.e. nut hardness is connected to a higkedegh
water content in the product. Relation between hardness, dwstery the
bending test, and nut moisture is presented in Figure 6. As the raciftouts
decreased, their hardness also decreased.
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Fig. 5. Maximum bending forceFgmax) of walnuts roasted at different technologicalgmaeters
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Fig. 6.Effect of moisture content on the bending fofegn(ax) of walnuts roasted at different conditions

Similar relations were recorded by Sakdéhml. [7] when they compared the
mechanical properties of hazelnuts dry-roasted at diffeempdratures. Nuts
featuring lower moisture were of more crispy and crunchy texture.
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The nuts also underwent the compression test determining thenamaxi
force needed to destroy a sampkeniax). On the basis of temperature and
roasting time analysis, there were observed similar depeeslelncthe ones
recorded during the bending test. The nuts roasted at lewgretatures for the
same period exhibited higher hardness values (Fig. 7).
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Fig. 7.Maximum compressive forc&¢max) of walnuts roasted at different technologicabpaeters

The longer the time of roasting at lower temperatures, the leabees of nut
hardness were recorded, while no significant dependences in nut dsandee
observed for roasting at higher temperatures. Figure 8 shows tienited
relations betweerrcmax and roasted nuts moisture. Similarly to the findings
regarding the bending test, as nut moisture decreased in the abroasting, the
force needed to destroy a nut was also decreased.

The effect of the parameters related with roasting @mperature, air
velocity, roasting time) on the mechanical properties of harelwas investi-
gated by Saklaet al. [8]. They stated that crispness and nut crunch texture were
dependent on alterations in nut microstructure that took place ino#sting
process — as the roasting temperature increased, nut celustr was getting
loose. Due to the increase in volume of intracellular spaceshandetrease in
elasticity of walls, nuts lose their elasticity (chateamistic feature of raw nuts)
when roasted and become more crispy and crunchy.
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Fig. 8. Effect of moisture content on the compressive f@Faenax) of walnuts roasted at different
conditions

Although in the experiment carried out the cellictiire of walnuts was not the
subject to analysis, it is highly propable thatythmdergo the same alterations as
hazelnuts. This can be proved by the results ofysed strength parameters.
Regardless of the heating medium used — hot @ilrpthe results of the investigated
parameters resembled one another.

The results obtained after analysis of mechanicapasties of single nuts,
describing their texture, were proved by compresssts carried out in nut mass
placed in a cylinder. Evaluated work needed to cesgpa determined nut volume
showed similar relation to moisture of the analysesterial as compression or
bending forces (Fig. 9). As nut moisture decreased result of roasting, the work
done when bending them also decreased, especitiin wioisture range from 1.5 to
1%. Since roasted nuts became more crispy andriestigat alterations were also to
be found in their elasticity modulus (Fig. 10). Tlghler the moisture of roasted nuts,
the higher the modulus of elasticity.
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Fig. 10.Effect of moisture content on the modulus of etatsti(E) of walnuts roasted at different

conditions
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CONCLUSIONS

1. Mechanical properties of walnuts were dependent on temperatae
time of roasting.

2. As roasting temperature increased nut hardness decreasedméhef t
roasting at lower temperatures also affected hardnesstialtera- the longer
roasting time, the lower nut hardness values.

3. There were recorded dependencies between moisture of roasseand
their texture. The nuts of lower moisture featured lessl laaaid more crispy
texture, which was expressed by lower values of forces needed to destroy nuts.

4. The kind of heating medium (air or oil) did not significandffect the
strength properties of walnuts.
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Streszczenie. Celem pracy bylo poréwnanieseidgosci mechanicznych orzechéw wioskich
prazonych metod suchy w powietrzu oraz w oleju. Stwierdzong wiaciwosci mechaniczne orzechéw
uzalenione byly od temperatury i czasu j@aia. Wraz ze wzrostem temperaturyzpréa obniata s¢
twarddi¢ orzechéw. Czas prania w niszych temperaturach rowaieiptywat na zmiany twardgi — im
diuzszy czas tym mniej twarda konsystencja orzechowieRizono zalenosci pomigdzy wilgotngcia
orzechdw, a ich konsysteacfrzechy o riiszej wilgotndci charakteryzowaly simniej tward, i bardziej
kruchy konsystengj zobrazowas nizszymi wartdciami sit potrzebnych do zniszczenia. Rodzaj medium
grzejnego (powietrze lub olej) nie wptywat istotmia cechy wytrzymakziowe orzechow.

Stowa kluczowe: prgenie, orzechy wioskie, wilgotdé, tekstura



