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In this work, the roasting processes on some quality parameters and oxidation of lipid
fraction for a wild Turkish hazelnut (Corylus colurna) cultivar were studied and the sensiti-
vity to lipid oxidation of the hazelnut samples stored under the accelerated conditions were
determined. Changes in water activity, moisture content, oil content, colour values, free
fatty acids, peroxide value and specific extinctions (K., K,,,) were determined in the ha-
zelnuts with different roasting conditions. The results showed that the roasting conditions
significantly affected the fundamental characteristic parameters mentioned. In more detail,
the water activity and moisture content of hazelnuts were found to decrease while L*- and
b*-values of roasted hazelnut samples were observed to increase with roasting conditions.
The higher values in free fatty acids and specific extinctions were experimentally measured
in roasted samples at 165°C for the durations of 15 and 30 min. The fatty acid composi-
tions of oils extracted from the hazelnuts were obtained to change slightly with the roasting
process. The major fatty acid was determined as the oleic acid (ca. 80%). In accelerated
conditions, the rates of the increment in the PV, K., K., were noted to be significantly
higher in the roasted as compared to the enhancement rates of those in the unroasted ha-
zelnuts during the storage at 60°C. In the same conditions, the linoleic acid contents of oils
extracted from the hazelnuts decreased with the storage. All in all, the roasting of hazelnuts
led to decrease the oxidative stability throughout the storage in accelerated conditions. The
study showed the effect of roasting temperature and time on some quality parameters of
Turkish hazelnut cultivar.
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1. INTRODUCTION

Hazelnut is an important agricultural product for Turkey and consumed wor-
ldwide due to its aroma, nutrients, and phytochemicals [2]. The hazelnut is
an important ingredient of most food products such as snacks, chocolates,
cereals, bakery, dairy, salad, entree, sauce, ice creams, and other dessert for-
mulations, related to the organoleptic characteristics of the hazelnut. Besides,
it has been noticed that hazelnuts improve the flavour and texture of the pro-
ducts mentioned above [18]. In addition to the advantages, the hazelnut is rich
in important nutrients, including protein, oil, vitamins, and minerals [13, 19].
Within the nutritional components, the oil is important in terms of the quantity
and quality of hazelnuts. The average oil content of hazelnuts was 60%, most
of which is highly rich in oleic acid, contributing to human good health [3, 20].
Hazelnut kernels may be consumed raw (with skin) or roasted (without skin)
[15]. It was noticed that some quality parameters such as texture, colour, aro-
ma, oil, and fatty acid composition altered significantly during the roasting pro-
cess [3, 4, 17].
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A total of 18 hazelnut varieties are cultivated in Turkey.
Seven hazelnut varieties, namely, Tombul, Cakildak,
Fosa, Kara findik, Mincane, Palaz, and Sivri varieties
are considered as the major commercialised ones [3,
21]. Corylus colurna, a wild and less known hazelnut
variety, is a tree and reaches a height of up to 30 m.
It is native to Southeast Europe, the Caucasus, Asia
Minor, Iran, and the Himalayas. A major part of the
natural distribution of Turkish hazelnuts in Turkey is
located on the western Black Sea region [24]. Corylus
colurna is known as Turkish hazelnut or wood hazel-
nut in literature. In Turkey, Agac Findigi, Tark Findig,
Ayl Findigi, Balkan Findidi and Kaya Findidi could be
local names for the hazelnut cultivar [22].

Bolu, where the hazelnut species of Corylus colurna
is grown, is a city in the Western Black Sea region of
Turkey. After the roasting process, the hazelnuts with
the intrinsic aromatic nature may generally be used in
a local chocolate product, “Bolu Chocolate”.

To the best of our knowledge, there have only been
limited studies on Turkish hazelnuts (Corylus colurna).
In fact, there was no detailed information on the roa-
sting of this hazelnut variety. The aim of this work is to
assess the roasting processes on some quality para-
meters and oxidation of lipid fraction for the hazelnuts.
For this purpose, some qualities like the colour, water
activity, oil content, moisture content, free fatty acids,
peroxide value, conjugated diene and trienes, fatty
acid composition of raw and roasted hazelnuts were
evaluated and compared with one another. Besides,
this work enabled us to determine the sensitivity to
the lipid oxidation of hazelnut samples stored under
accelerated conditions.

2. MATERIALS AND METHODS
2.1 SAMPLES AND ROASTING

Raw shelled hazelnuts were obtained from the Bolu
province of Turkey and shelled before the roasting pro-
cess. Several roasting experiments were performed
on a laboratory scale using an oven (Memmert UN
160). Roasting temperature and time were adjusted
according to the method reported by Amaral et al. [4].
The following roasting conditions were tested: 125°C,
15 min; 125°C, 30 min; 145°C, 15 min; 145°C, 30
min; 165°C, 15 min; 165°C, 30 min; 185°C, 15 min;
and 200°C, 5 min.

2.2 INITIAL ANALYSIS OF RAW AND ROASTED HAZEL-
NUTS AND HAZELNUT OILS

2.2.1 Moisture content

Samples of raw and roasted hazelnuts were finely
ground in a grinder (IKA-Werke, M20). The moisture
of the ground hazelnuts was estimated using official
methods (no. 925.40-1925) consisting in drying in an

electrical oven at the temperature of 105°C up to rea-
ching a constant weight [5].

2.2.2 \Water activity

The water activity of all the ground hazelnut samples
was measured using Aqualab Series 3 TE (Decagon
Devices, Pulman, Washington, USA) water activity
analyser at the temperature of 25°C.

2.2.3 Colour measurement

The colour of hazelnut samples was determined by
using a Minolta CR-400 Chroma meter (Konica Minol-
ta Sensing, Inc., Osaka, Japan). Changes in L* (light-
ness), a* (red-green) and b* (yellow-blue) colour values
on the hazelnuts were determined during the roasting
process.

2.2.4 Lipid extraction and oil content

The lipid extraction from the ground hazelnuts was
performed with hexane in a Soxhlet apparatus. The ail
content was expressed as % [12]. This extracted oil
was used for the analysis of the fatty acid composition,
free fatty acid, peroxide value and conjugated diene
and trienes as described below.

2.2.5 Free fatty acid, Peroxide value, conjugated dine
and trienes

The free fatty acids content, peroxide, K,,, and K., va-
lues in the hazelnut oils were determined with respect
to AOCS Official Methods Cd 3d-63, Cd 8b-90 and Ch
5-91, respectively [6]. The acid value is the number of
milligrams of potassium hydroxide necessary to neu-
tralise the free acids in 1 gram of samples. The latter
method determines all substances, in terms of millie-
quivalents of peroxide per 1000 grams of test sample,
that oxidise potassium iodide under the testing con-
ditions. The third method describes the procedure to
perform a spectrophotometric examination of oils in
the ultraviolet.

2.2.6 Fatty acid composition

The fatty acid composition of oils was determined with
fatty acid methyl esters (FAME) by gas chromatography
(GC). FAME were prepared according to the official
method of IUPAC [11]. The fatty acid composition of
hazelnut oils was separated and identified by a Shima-
dzu GC-2010 chromatograph equipped with a flame
ionisation detector (FID) using an RTX-2330 fused-sili-
ca capillary column (60 m, 0.25 mm i.d., 0.20 pm fim
thickness, Restek, USA). Samples were introduced by
injection system split—splitless in the split mode (within
the ratio of 1:100). As the oven temperature was set
at 140°C (held for 5 min); a temperature increase rate
was adjusted to be 4°C/min up to the value of 240°C
(held for 20 min). Throughout the experiments, the
helium (1 mL/min) was the carrier gas. The tempera-
tures of the injector and detector were set at 250°C
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and 260°C, respectively. The FAME were identified by
comparison between their retention times and those
of the reference standards.

2.3 ACCELERATED OXIDATION STORAGE

Raw and roasted hazelnut samples were exposed to
the accelerated storage at 60°C in an oven. It is to be
mentioned here that the preferred technique was the
modified version of method firstly described by Alam-
prese et al. [1]. Here, the samples of 200 g were taken
in separate glass jars and stored for 28 days. The oils
were extracted separately every week to determine
the variation in the fundamental aspects of free fatty
acids content, peroxide value, fatty acid composition,

K,s, and K, parameters of hazelnut samples.

2.4 STATISTICAL ANALYSIS

All analyses in this study were carried out in duplica-
ted. Data were expressed in terms of the mean and
standard deviation. Significant differences were deter-
mined using ANOVA in combination with a Duncan
test with a significance level of a = 0.05.

3. RESULTS AND DISCUSSION

As seen in Table |, the water activity of raw and roa-
sted hazelnuts was noticed to vary slightly from the
value of 0.35 (for the raw sample) to 0.40 (for the sam-
ple roasted at 200°C for 5 min). It is to be stressed
here that the water activity values below such a value
of 0.6 for the hazelnuts are generally considered as
safe for the microbiological spoilage. Even the water
activity parameters deduced in this work were noticed
as in good agreement with the values reported earlier
in a scientific study available in literature [10, 28]. One
can observe all the total oil contents for the raw and
roasted hazelnut samples in Table I. It is visible from
the table that the oil content of samples is obtained
as ranging from 47.56% until the value of 67.36%.
Alasalvar et al. [3] reported that the roasting process
resulted in rather higher amounts of water activity in

the oils extracted from the Turkish hazelnut varieties.
Amaral et al. [4] and Shafiei et al. [28] declared that
the roasting process led to increase the oil content of
hazelnuts slightly. In this respect, many of our results
were clearly supported by the results of Alasalvar et al.
[3], Amaral et al. [4] and Shafiei et al. [28]. Conversely,
we realised in the study that the oil content decreased
in some samples due to the inhomogeneous distribu-
tion of heat transfer along with the hazelnuts depen-
ding on the nonstandard characteristics. As for the
moisture content parameters of hazelnuts, the slight
decrements (from 2.38% to 0.96%) in the parameters
emerged immediately for the roasted samples. Similar
observations (degradation trend in the moisture con-
tent with the roasting process) were also reported by
Saklar et al. [23]. (Tab |)

Additionally, L*-value, a*-value, and b*-value for the
measurements of control and roasted whole hazel-
nuts (without shell) are given in Table Il in detail. The
L*- and b*-values of roasted hazelnut samples were
found to be higher than those of raw samples. On the
other hand, a*-values for the roasting samples were
generally observed to be smaller as compared to tho-
se for the raw samples. In more detail, the higher ro-
asting temperature and longer exposure time for the
samples to be roasted, the greater a*-value (165°C,
30 min; 185°C, 15 min) was observed. The similar
results for colour measurements were observed for
the roasted hazelnuts [23]. Ozdemir and Devres [27]
researched the effects of wide range temperature and
time in the roasting processes on the colour of hazel-
nuts and confirmed the differentiation in the colourless
of samples studied. In our research for this paper, we
clearly examined the role of various temperatures and
time on the colour, and realised some differences re-
lated to the reasons given above. (Tab. Il)

Results of free fatty acids, peroxide value, K,,, and
K,,, parameters are depicted in Table lll. It is appa-
rent from the table that the free fatty acid contents of
oils extracted from the hazelnut samples (exposed to
the different temperatures and times) were observed
to range from 1.28% to 1.73%. Here, the maximum

Table | - Water activity, oil content and moisture content of hazelnut samples

Applications Water activity Oil content (%) Moisture content (%)
Control 0.40+0.01 63.1542.57% 2.38+0.162
125-15 0.39+0.00> 67.36+3.66° 1.50+0.21b
125-30 0.38+0.00° 54.37+3.55¢ 1.18+0.26°
145-15 0.38+0.00° 48.42+0.344 1.15+0.37°
145-30 0.39+0.00° 56.87+0.66 1.22+0.14>
165-15 0.3840.01> 47.56+2.35¢ 1.25+0.11>
165-30 0.36+0.01¢ 63.58+3.713 0.96+0.16°
185-15 0.35+0.00¢ 65.65+3.452 0.98+0.22>
200-5 0.35+0.00¢ 61.0445.4430¢ 1.22+0.36°

" Values are means + standard deviation of two measurements. Means with different superscript letters in the column are significantly different

(P<0.05)
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Table Il - Color values of hazelnuts during roasting

Applications L* a* b*
Control 56.37+2.96¢" 5.56+0.67° 15.94+0.36¢
125-15 70.68+1.412 1.56+0.21¢ 18.65+1.004
125-30 68.37+2.532 2.03+0.164% 20.31+0.99¢¢
145-15 68.83+0.862 2.51+0.48d 21.29+1.15¢
145-30 67.68+1.882 3.80+0.17¢ 24.15+0.95>
165-15 67.60+0.332 2.78+0.30% 21.73+0.64¢
165-30 62.76+1.24° 8.19+0.692 27.74+0.172
185-15 67.07+1.262 5.44+0.81° 24.94+0.21P
200-5 68.03+0.522 2.66+0.05% 21.33+1.21¢

"Values are means + standard deviation of three measurements. Means with different superscript letters in the column are significantly different

(P<0.05)

Table Il - Free fatty acids, peroxide value and spesific extinctions of hazelnut oils from raw and roasted hazelnuts

Applications Free fatty acids Peroxide value Kaz2 Kazo
Control 1.55+0.122b" 0.91+0.092 6.11+0.91b¢ 0.25+0.14°
125-15 1.73+0.072 0.81£0.01ab 5.38+0.78 0.16£0.165
125-30 1.48+0.182b 0.68+0.18abc 5.05+0.78¢%d 0.24+0.03°
145-15 1.49+0.032b 0.61+0.27abc 5.60+0.16% 0.22+0.07
145-30 1.57+0.172b 0.37£0.01¢ 5.04+0.61cde 0.19£0.04bc
165-15 1.56+0.382b 0.69+0.162bc 7.24+0.722 0.30+0.08%
165-30 1.67+0.052b 0.55+0.01b¢ 6.87+1.0720 0.42+0.06°
185-15 1.28+0.23b 0.44+0.15¢ 4.1240.19¢ 0.16+0.17%
200-5 1.3240.032b 0.52+0.05% 4.7840.11% 0.05+0.00¢

"Values are means + standard deviation of two measurements. Means with different superscript letters in the column are significantly different

(P<0.05)

differentiation was observed for the sample exposed
to the heat-temperature of 165°C and time of 15 min
whereas the minimum value of 1.28% was associa-
ted with the sample prepared at the temperature of
185°C and time of 15 min. On this basis, the depen-
dence of temperature on the free fatty acid content
is clear. Likewise, the experimental findings in Table
lll confirms the role of duration on the free fatty acid
content values of hazelnut samples. Besides, one
can encounter the changes in the peroxide value of
oil samples in the same table. It is obvious from the
table that the peroxide values were noted to be in a
range of 0.37-0.91 meq O,/kg oil. The measurement
results obtained were found to be consistent with tho-
se obtained by Ozdemir et al. [17] showing that PV of
Giresun hazelnuts decreased with the increase of roa-
sting temperatures. As seen in Table lll, PV of samples
was observed to decrease with the enhancement in
the duration at the same roasting temperature. Ya-
acoub et al. [25] stated that the PV reached to the
elevated values and but decreased immediately after
an induction time because of hydroperoxide decom-
position in case of the roasting of sesame seeds. It is
just this last descriptor that the decrement in the PV of

long roasted samples might be attributable to the hy-
droperoxide decomposition at the extended roasting
times. Moreover, the values of K., and K, for the
samples were obtained to change from 4.12 to 7.24
and 0.05 to 0.42, respectively. Except for two roasting
conditions (165°C-15 min and 165°C-30 min), the va-
lues each were found to diminish with the roasting
process compared to those of raw samples. Similar
results can be encountered for the argan oils in the li-
terature [7]. Like the findings of PVs, the values of K,
parameters were obtained to decrease generally with
the enhancement of roasting time. (Tab. lIl).

The fatty acid composition of hazelnut oils extracted
is shown in Table IV. Oleic acid (C18:1) was found
as the predominant fatty acid (ranging from 81.09 to
82.68%), followed by linoleic acid (C18:2) (ranging
from 9.64 to 11.11%), palmitic acid (C16:0) (ranging
from 4.93 to 5.05%). Some minor changes occurred
in the fatty acid compositions of roasted hazelnut in
comparison with those of raw counterparts. A similar
behaviour was already reported in previous works by
Alasalvar et al. [3] and Shafiei et al. [28]. Moreover,
levels of saturated fatty acids (7.19%), monounsatu-
rated fatty acids (81.49%) and polyunsaturated fat-

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL XCVIII - APRILE/GIUGNO 2021



o O O O O O] O O ©
2 % % % % % % % % % ty acids (11.25%) of raw hazelnut oil were in a well
NS5 g g g8 888 agreement with values (7.35%, 81.27% and 11.38 re-
B e i i o i spectively) determined by Shafiei et al. [28]. (Tab. IV).
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SHIHIIIFHE DATION AT ACCELERATED STORAGE
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meters with respect to roasting process showed simi-
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Figure 1 - Effect of roasting process on free fatty acids of hazelnut samples under accelerated storage at 60°C for 28 days. Each
value is the average of two replicates, and vertical bars represent the standard deviation of replicates
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Figure 2 - Effect of roasting process on PV of hazelnut samples under accelerated storage at 60 °C for 28 days. Each value is
the average of two replicates, and vertical bars represent the standard deviation of the replicates

larity with those results reported by Ozkan et al. [16]
who emphasised that the values of oils extracted from
the hazelnut samples were measured to increase with
the augmentation of roasting process.

Based on the findings of PV, K,,, and K, values du-
ring the storage, it can be discussed that the lipid oxi-
dation was noted to be faster for the roasted samples
than those of raw samples. This might be attributed
to the skin of raw samples which have some bioacti-
ve compounds inhibiting the free fatty acid hydrolysis
and lipid oxidation [26]. (Fig. 3, Fig. 4).

Table V shows numerically the major fatty acid com-
positions of hazelnut oil extracted from the hazelnuts
before and after the roasting process. It is apparent

from the table that the changes in palmitic (C, ) and
stearic acid (C,,) contents for the hazelnut samples
remained almost constant until 28 days. However,
the oleic acid (C,,,) content was recorded to incre-
ase at the end of the storage time while the linoleic
acid (C,,,) was detected to decrease regularly. The
changes in the oleic and linoleic acid parameters
discussed in the present work are found to show a
good agreement with the experimental evidence in
the works conducted by Ghirardello et al. [9]. In more
detail, the linoleic acid content was reported to de-
crease while the value of oleic acid was measured to
increase throughout the different storage conditions
for the hazelnut oil. In the same work, the reduction
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of linoleic acid might be attributed to the peroxidation
and subsequent loss during the storage. (Tab. V).

4. CONCLUSION

Turkish hazelnut (Corylus colurna) is wildly grown
in Turkey. The hazelnuts, being harvested from the
ground due to the tall of trees, are roasted and used
for the confectionary products. In this study, we exa-
mined experimentally the effect of roasting tempera-
ture and time on some chemical properties such as
water activity, moisture content, colour values, free
acidity, peroxide value, conjugated diene-triene va-
lue and fatty acid composition. The roasting process
was carried out in the electrical oven, so the homo-

genous sample is difficult to obtain. It is to be em-
phasised here that there seemed some fluctuations
in the chemical features provided above due to the
lipid extraction from the ground samples. Regard-
less, the experimental findings demonstrate that the
roasting process seriously affected some chemical
properties provided above. Moreover, most of results
showed that the higher roasting temperatures contri-
buted to increase in the free fatty acid, peroxide value
and conjugated diene-triene values. Besides, the roa-
sting temperature was found to affect slightly the fatty
acid composition. The linoleic acid content of roasted
hazelnuts was detected to decrease slightly while
the oleic acid content was recorded to much more
enhance as compared to those of raw samples. In
the accelerated storage conditions, the raw samples
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were noted to be more resistant to the lipid oxida-
tion in comparison with those of roasted samples. All
in all, the study including the scientific and especially
food sector area is a leader to determine the effect of
roasting temperature and time on some quality para-
meters (especially lipid oxidation) of Turkish hazelnut
cultivar.
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