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Abstract The roasting process plays a key role in hazel-
nut oil production. The optimal roasting conditions for Del-
isava and Kara Findik hazelnut cultivars were studied using
response surface methodology (RSM). The maximum oil
content and minimum values of peroxide value (PV), con-
jugated diene (K,s3,), conjugated triene (K,;,) values of
Delisava and Kara Findik hazelnut cultivars were used to
estimate the production of high-quality oils. The optimal
roasting temperature and time for Delisava and Kara Findik
hazelnuts were 114.24 °C for 27.21 min and 123.43 °C for
22.12 min, respectively. Optimal oils were subjected to
accelerated oxidation tests (Schaal oven test at 60 °C) and
photooxidation at daylight. Under thermal conditions, Kara
Findik oil possesses higher oxidative stability than Delisava
oil according to PV, K3, and K,,, values. Under photooxi-
dation conditions, an opposite trend was noted when Kara
Findik oil exhibited lower oxidative stability in comparison
with Delisava oil.
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Introduction

Hazelnut is one of the most important agriculture products
cultivated in a hilly region along the eastern Black Sea cost
of Turkey. The average hazelnut production during the last
5 years in Turkey was approximately 598.000 tons per year.
Turkey is by far the world’s biggest exporter for hazelnut
that accounted for between 70 and 75 % of the world’s
hazelnut production [1]. The hazelnut cultivars could be
clustered into three main groups: the round shape, the conic
shape and the almond shape. Delisava and Kara Findik cul-
tivars are a member of the round-shaped cultivars. Another
classification of hazelnuts can made based on quality, being
the Giresun and the Levant type, wherein Giresun type is
accepted as high-quality hazelnut. Hazelnuts have high
oil yield with easy processing and good flavor. The other
type of hazelnut, Levant, has lower oil yield compared to
Giresun type. Delisava and Kara Findik hazelnut cultivars
are assumed as the members of Levant type hazelnuts [2].
Kara Findik has taken part in high-quality hazelnut culti-
vars, whereas Delisava cultivar has been exhibited and con-
sumed in domestic market due to its some quality factors
such as moderate texture and taste [3].

Hazelnuts are used in confectionery, chocolate, biscuit
and pastry manufacture [4]. Besides usage in food prod-
ucts, the other widely consumed product from hazelnuts is
hazelnut oil [5]. The oil content of hazelnut is more than
50 % depending on the region, climate, soil and cultivar
[6]. Hazelnut oil could be used for different purposes such
as cooking, salad dressing, flavoring and cosmetic products
[7].

Hazelnut oil is extracted using chemical and physical
techniques from hazelnuts without shell. Raw and roasted
hazelnuts can be used in oil processing. Hazelnuts are
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roasted to give products with different aroma and color.
The roasted conditions could be changed according to the
manufacturer, wherein the roasting temperature and time
are generally applied between 100-160 °C and 10-60 min,
respectively [8]. Roasting parameters of hazelnuts were
previously studied using response surface methodology
(RSM). In these works [8, 9], the effect of roasting condi-
tions on the color [8], sensory and physical characteristics
[9] of roasted hazelnut were tested.

Hazelnuts are rich in mono- and polyunsaturated fatty
acids, especially oleic and linoleic acids. Oxidative stability
of hazelnut oils is stronger among vegetable oils including
high oleic acid content with tocols and phenolic substances
[10]. The investigation of oxidative stabilities in hazelnut
oil was carried out using accelerated oxidation experiments
such as thermal oxidation (60 °C) and photooxidation [11].

The aim of this work was to optimize the roasting tem-
perature and time for two hazelnut cultivars (Delisava and
Kara Findik) based on oil content, peroxide value (PV) and
UV characteristics (K53, and Kj;,) using RSM. This infor-
mation will contribute to the optimization of roasting con-
ditions for hazelnut oil extraction. After the determination
of optimum conditions, the extracted oils were subjected to
accelerated thermal oxidation and photooxidation. These
data could give valuable information about the shelf life of
these oils under thermal and photooxidation conditions.

Materials and methods
Material

Two different hazelnut cultivars, Delisava and Kara Findik,
were collected from trees cultivated in Sakarya province
of Turkey during the collection season of 2013. After har-
vesting, the fresh hazelnuts were dried naturally under the
sun and separated from leaves. Hazelnuts were kept in a
dark room until extraction. Before extraction, the hazelnuts
shells were removed.

Methods
Total oil content

Hazelnuts without shell were finely ground using a cof-
fee grinder (Sinbo, Turkey) to 2 um particle size. The oil
of hazelnuts was extracted using n-hexane in a Soxhlet
apparatus for 4 h. After the solvent was removed using
rotary evaporator, the extract was dried under nitrogen.
The extracted oils were kept in brown bottles, flushed with
nitrogen and stored at —18 °C until analyses.
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Characteristics of oils

Peroxide values (PV) of the oils were determined iodo-
metrically according to the Cd 8-53 method [12]. The oils
were analyzed for conjugated diene (K,3,) and conjugated
triene (K,5,) according to the Cd 18-90 method [12].

Experimental design for roasting

The roasting temperatures and times were selected as inde-
pendent variables used in experimental design created
according to a central composite design (CCD). The inde-
pendent variables, temperature (X1) and time (X2), varied
from 110 to 180 °C and from 6 to 34 min, respectively.
These ranges in roasting temperature and time reflect the
ranges commonly used in conventional roasting. Each inde-
pendent variable had five levels (—2, —1, 0, +1 and +2).
Thirteen combinations were randomly chosen according
to a CCD configuration for 2 independent variables. The
experimental design of the coded and actual levels of the
variables is given in Table 1. The effects of these variables
were analyzed on responses (dependent variables) includ-
ing total oil content, PV, K5, and K,,, values. The variance
in the experimental data of each response depending on the
independent variables was explained using a second-order
polynomial equation as shown below.

2 2 12
Z = po + Z,Bixi + ZﬂiiX? + Z Z BiiXiX;
i=1 i=1

i=1 j=i+1

Table 1 Central composite experimental design employed for the
roasting process

Run number Coded Actual

Temperature Time (min) Temperature Time (min)

(°C) °C)
1 —1.414 0 110.00 20.00
2 —1 1 120.00 30.00
3 1.414 0 180.00 20.00
4 0 0 145.00 20.00
5 0 0 145.00 20.00
6 0 0 145.00 20.00
7 1 1 170.00 30.00
8 0 0 145.00 20.00
9 0 0 145.00 20.00
10 —1 -1 120.00 10.00
11 0 1.414 145.00 34.00
12 0 —1.414 145.00 6.00
13 -1 170.00 10.00
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Table 2 PY’ K>3 and.sz Run no Independent variables Dependent variables

values of oil from Delisava

hazelnut cultivar under X1 (°C) X2 (min) Oil (%) PV K>3 K>y

different roasting conditions of

temperature (X1) and exposure 1 110.00 20.00 64.70 1.71 1.390 0.178

time (X2) 2 120.00 30.00 65.10 1.83 1.430 0.132
3 180.00 20.00 65.40 2.83 1.592 0.291
4 145.00 20.00 65.65 1.94 1.537 0.240
5 145.00 20.00 65.45 1.90 1.565 0.239
6 145.00 20.00 65.40 1.90 1.555 0.243
7 170.00 30.00 65.85 2.98 1.661 0.445
8 145.00 20.00 65.40 1.90 1.550 0.245
9 145.00 20.00 65.40 1.94 1.537 0.242
10 120.00 10.00 63.65 1.67 1.400 0.089
11 145.00 34.00 65.80 243 1.582 0.270
12 145.00 6.00 63.55 1.44 1.495 0.225
13 170.00 10.00 64.55 2.52 1.426 0.198

In this equation, B, is constant, 8, and B, are linear coeffi-
cients, 8, and S,, are quadratic coefficients, and f, is the
interaction coefficient.

Analysis of variance (ANOVA), a partial F test for indi-
vidual terms, and an analysis of residuals were performed.
ANOVA tables were generated, and the effects and regres-
sion coefficients of individual linear, quadratic and interac-
tion terms were determined. The degrees of significance
of all terms in the polynomial equations were determined
statistically by calculating the F value at a probability (p)
of 0.001, 0.01, or 0.05. The regression coefficients were
used to make statistical calculations to generate surfaces of
responses from the regression models. All statistical analy-
ses were performed using a statistical package (Minitab
16.1.1, USA). The hazelnuts were roasted in an air-forced
oven at given temperature and time given in Table 1.

Oxidation tests

After optimization of roasting temperature and time for
hazelnuts, one sample for each hazelnut cultivar was
selected and the hazelnut oil extracted from it. Afterward,
the oil samples were stored at thermal conditions (60 °C)
and photooxidation conditions. Oxidation was followed
by determination of PV, K,,, and K, for each experiment
condition.

Thermal conditions  Two grams of oil samples was accu-
rately weighed into Petri dishes and closed before being
placed in an air-forced oven in the dark and heated to 60 °C.
The samples were withdrawn every 2 days for PV, K3, and
K, analysis. Each sample in 2 separate Petri dishes was
subjected to oxidation.

Photooxidation conditions

Hazelnut oils (2.0 g) were

accurately weighed into Petri dishes, closed and placed in a
light box (Test 742, Turkey) equipped with two cool-white
fluorescent lights. The fluorescent radiation was at 3000 1x.
The samples were withdrawn every day for PV, K,;, and
K, analysis. Each sample in 2 separate Petri dishes was
subjected to oxidation.

Results and discussion
Delisava hazelnut oil

The experimental values of PV, K,;, and K, for Delisava
hazelnut are given in Table 2. The oil content changed
between 63.55 % (Run 12) and 65.85 % (Run 7). The pri-
mary oxidation indicator, PV, of samples was in the range
of 1.44 (Run 12) and 2.98 (Run 7). The K3, and K, val-
ues varied from 1.390 to 1.661 and from 0.089 to 0.445,
respectively.

The regression coefficients of the second-order polynomial
equations are given in Table 3. The linear and quadratic terms
were significant for oil yield, PV, K, and K,,,, whereas the
cross product only creates significant difference in K3, val-
ues. The correlation coefficient (RZ) values were 0.98, 0.92,
0.93 and 0.81 for oil yield, PV, K,3, and K5, from Delisava
hazelnut cultivar, respectively. These results indicate that the
regression models explained the changes in the responses of
interest depending on the roasting conditions well.

Response surface was used to illustrate the effect of
roasting temperature and time on each response. Figures 1,
2, 3 and 4 show the corresponding response surfaces for oil
yield, PV, K,3, and K, respectively.
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Table 3 Regression coefficients

. ; Coefficient® Responses
of predicted quadratic
polynomial models for oil Oil (%) PV Ky, K70
yield, PV, K3, and K5, of
Delisava hazelnut cultivar Bo 52.36%** B Viaaa 0.299%#%** —0.039%*%*
and corresponding analysis of B 0.121 %% —0.0895: 0.016%** 3.6 x 1073%*
variance B 0263+ —0.038: —0.019%* 0.024*
B —3.61 x 107** 3.47 x 1074 —6.2 x 107%%* 1.6 x 10730
Bas —4.17 x 107 3% 475 x 1074 —1.45 x 1074 3.5 x 107
By —1.5 x 1074 3.04 x 10730 2.05 x 1074 2.04 x 1074
MOdel Hsksk skoksk skoksk k
Linear ksksk skoksk skoksk ko
Quadratic *okek * N ns
Cross product ns ns wk ns
R 0.98 0.95 0.93 0.81
Adjusted-R? 0.97 0.91 0.88 0.68

* Significant at 0.05 level
** Significant at 0.01 level
**% Significant at 0.001 level

4 B, is a constant; 8, B;;, /3,-1» are constant coefficients of linear, quadratic and interactive terms, respectively

65 1

Yield (%) 64 1

81

30

Time (min)

100 Temperature (°C)

Fig. 1 Response surface for oil yield (%) of roasting temperature and
time for Delisava cultivar

The oil yield extracted from Delisava hazelnut culti-
var tended to increase with increasing roasting time. At a
definite roasting temperature, the oil yield increased with
increasing time; afterward, the oil yield almost remained
constant with further increases in time up to 30 min
(Fig. 1). Another roasting parameter, temperature, also
affected the oil yield. In the temperature range from 100 to
150 °C, there was a certain increase in oil yield, but further
rise did not create anymore change in this value (Fig. 1).
Being coincident with the presented ones, it was previously
shown that as roasting temperature and time increased, oil
yield was changed depending on the conditions of conven-
tional roasting of hazelnuts [13].
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Fig. 2 Response surface for PV of roasting temperature and time for
Delisava cultivar

The PV of Delisava hazelnut oil increased slightly with
the increase in roasting time when roasting temperature
was in between 100 and 150 °C; thereafter, an increase
in PV was intensified with increasing temperature up to
175 °C (Fig. 2). The increasing behavior observed in PV
with roasting time showed similarity with those results
reported by Harhar et al. [14] who emphasized that PV of
oils from argan oil increased with increasing roasting time.
Roasting temperature was seen to be more effective than
time on PV of hazelnut oil. For short roasting durations,
the effect of temperature appeared, when it exceeded the
value of 150 °C (Fig. 2). On the other hand, an increase
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Fig. 3 Response surface for K,;, of roasting temperature and time
for Delisava cultivar
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Fig. 4 Response surface for K,,, of roasting temperature and time
for Delisava cultivar

in PV was seen with rise throughout the studied tempera-
ture range, as roasting time was close to its highest levels
(Fig. 2). The similar trend was observed by Ozdemir et al.
[15] who reported a significant increase in PV after roast-
ing of Giresun hazelnuts at 158 °C.

The effect of roasting temperature and time on K3, and
K, values for Delisava hazelnut oil are shown in Figs. 3
and 4, respectively. For short time of roasting, temperature
did not show any significant effects on K,3;, and K,,, val-
ues. However, an increase in time changed this tempera-
ture trends wherein sharp increases in K3, and K,,, values
were seen (Figs. 3, 4). Similarly, roasting time was found to
cause a slight change in K3, and K,;, values, when lower
levels of temperature were selected. However, there were
clear increases in K,3, and K,,, values in case of tempera-
ture level higher than 130 °C (Figs. 3, 4). In order to verify
the predictive capacity of the model, an optimum condition
was determined using the maximum oil content and the
minimum PV, K5, and K,5,. The experimental values were
found to be in agreement with the predicted ones (Table 4).

Kara Findik hazelnut oil

Yield of oil extracted from Kara Findik and its PV, K3, and
K7, values are given in Table 5 for each corresponding run
specified in experimental design. Oil yield was found to be
changed from 64.7 % (Run 1 and 13) to 66.6 % (Run 11)
depending on the process parameters. Quality parameters
of oil, PV, K,3, and K,5,, were in the range of 1.36 (Run
12) and 8.58 meq O,/kg (Run 3), 1.247 (Run 1) and 1.610
(Run 3), and 0.080 (Run 1) and 0.301 (Run 3), respectively.
Experimental data of oil yield and its quality parameters
including PV, K3, and K,4, for Kara Findik hazelnut culti-
var under different roasting conditions of temperature (X1)
and exposure time (X2) are given in Table 5.

The regression coefficients of the second-degree poly-
nomial equation are given in Table 6. Model performance
parameters (significance of model, R*> and Ridj) indicated

Table 4 Feasible optimum condition and predicted and experimental values of responses for Delisava hazelnut at optimum condition

Optimum temperature (°C) Optimum time (min)

Predicted values

Oil content (%)

PV K232 K270

114.24 27.21

65.06 (64.65-65.48)

1.83 (1.40-2.26) 1.39 (1.30-1.48) 0.12 (0.02-0.27)

Optimum temperature Optimum time

Experimental values

Oil content (%)

PV K232 K270

114.24 27.21

65.11 £ 0.28

1.40 &+ 0.00 1.40 £ 0.07 0.07 £ 0.00
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Table 5 Oil yield, PV, K3, and

Run no Independent variables Dependent variables

K, for Kara Findik hazelnut

cultivar under different roasting X1 (°C) X2 (min) Oil (%) PV K>3 K>y

conditions of temperature (X1)

and exposure time (X2) 1 110.00 20.00 64.70 1.67 1.247 0.080
2 120.00 30.00 66.00 1.90 1.447 0.207
3 180.00 20.00 65.90 8.58 1.610 0.301
4 145.00 20.00 65.90 1.83 1.402 0.210
5 145.00 20.00 65.80 1.82 1.415 0.214
6 145.00 20.00 65.60 1.81 1.400 0.197
7 170.00 30.00 65.75 2.82 1.473 0.221
8 145.00 20.00 65.65 1.90 1.413 0.209
9 145.00 20.00 65.60 1.90 1.410 0.206
10 120.00 10.00 65.10 1.75 1.377 0.160
11 145.00 34.00 66.60 2.28 1.470 0.280
12 145.00 6.00 64.80 1.36 1.252 0.154
13 170.00 10.00 64.70 2.12 1.422 0.166

Table 6 Regression. coefficients Coefficient® Responses

of predicted quadratic

polynomial models for oil Oil (%) PV K>z, Ky

yield, PV, K,3, and K, of

Kara Findik hazelnut cultivar Bo 56.15%%** 8.59%** 1.419%** —0.495%#*

and corresponding analysis of 8, 0.112" —0.104%%% —5.8 x 1073* 7.29 x 1073*

vanance B, 0048+ —0.058%* 141 x 1072 1.9 x 1073
B —3.8 x 1074 3.7 x 10747 3.1 x 1075 —2.0 x 10730
B —3.3 x 10740 1.34 x 1074 —1.48 x 107% 1.1 x 10730
B 1.5 x 1074 5.46 x 1074 —1.9 x 1075 8.0 x 1076
Model * HHE ns ns
Linear kS sksksk * *
Quadratic ns wE ns ns
Cross product ns * ns ns
R? 0.79 0.97 0.69 0.67
Adjusted-R? 0.63 0.94 0.46 0.43

* Significant at 0.05 level
** Significant at 0.01 level
*#*% Significant at 0.001 level

* By is a constant; B, B;;, B;; are constant coefficients of linear, quadratic and interactive terms, respectively

that the developed equations for oil yield and PV values
were significant (p < 0.05) and they could explain the 79
and 97 % of variations in the corresponding experimental
data depending on process conditions, respectively. How-
ever, remaining models developed for K3, and K,;, were
nonsignificant (p > 0.05) (Table 6). Thus, further analysis
was continued for the models of oil yield and PV.

The changes in yield of oil extracted from Kara Findik
hazelnuts and in corresponding PV values depending on the
process conditions are shown in Figs. 5 and 6, respectively.
As seen in Fig. 5, oil yield linearly increases with roasting
time irrespective of the studied temperature range. Being
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coincident with the result of regression analysis (tempera-
ture terms were nonsignificant), temperature did not show
any significant effect on yield (Fig. 5). The highest oil yield
was achieved, when time of roasting was selected as the
longest one. Similar to the current results, in their stud-
ies, Chandrasekara and Shahidi [16] and Amaral et al. [13]
have reported the strong relation between oil yield and pro-
cess conditions.

One significant model was also developed for PV.
Using this equation, Fig. 6 is drawn to display its depend-
ence to roasting temperature and time. At lower tempera-
ture levels up to 130-135 °C, time did not change PV at its
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Fig. 5 Response surface for oil yield (%) of roasting temperature and
time for Kara Findik cultivar
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Fig. 6 Response surface for PV of roasting temperature and time for
Kara Findik cultivar

studied range, but its effects were being stronger on PV of
oil extracted from Kara Findik hazelnut roasted at tempera-
ture level higher than 130-135 °C (Fig. 6). PV increased
from 2.1 to 3.5 meq O,/kg oil with increasing the process
time from 6 to 34 min. Another studied process param-
eter was roasting temperature. Figure 6 displays that PV
of hazelnut oil extracted from Kara Findik increased with
roasting temperature, when its level exceeded 140 °C and
roasting time was around 6 min. However, this tempera-
ture effect on PV values was started with its level around

Table 7 Feasible optimum condition and predicted and experimental
value of responses for Kara Findik hazelnut at optimum condition

Optimum Optimum  Predicted values
temperature  time (min) -
o Oil content (%) PV
0
123.43 22.12 65.53 (64.63-66.44) 1.74 (1.47-2.01)
Optimum Optimum Experimental values
temperature (°C) time (min) -
Oil content (%) PV
123.43 22.12 65.66 1.48
60
M Delisava ' Kara findik
50
% 40
S
o
g 30 T
E
> 20 I I
a
I I I
10 -
0 - . - I
0 2 4 6 8 10 12 14

Storage time (days)

Fig. 7 Effect of storage under thermal oxidation at 60 °C on PV

Kara findik

7
6
5
I I
I
I I
I
I
II I
0
0 2 4 6 8 1 12 14

0

M Delisava

K232
N w S

[

Storage time (days)

Fig. 8 Effect of storage under thermal oxidation at 60 °C on K3,

110 °C and reached its highest level with the highest tem-
perature level of 180 °C in case of 30-min roasting. Addi-
tionally, the influence of interaction between temperature
and time (getting close to 180 °C and 30 min) on PV is also
seen in Fig. 6, which was shown in the regression analysis
of the developed model for PV. Similar to the present one,
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Fig. 9 Effect of storage under thermal oxidation at 60 °C on K,

Mariod et al. [17] reported the adverse effect of long-term
roasting on quality of safflower oil, where PV of oil was
seen to increase when safflower was roasted for long-term
process.

Optimal roasting conditions were found to be 123.43 °C
and 22.12 min. Oil yield was maximized, as PV was mini-
mized. The responses at these optimal conditions were cal-
culated as 65.5 % and 1.74 meq O,/kg oil for oil yield and
PV, respectively. In order to verify the predictive capacity
of the model, Kara Findik hazelnuts were roasted at opti-
mum conditions. The experimental results of yield of oil
and its PV were found to be in agreement with the pre-
dicted ones (Table 7).

Thermal oxidation of hazelnut oils

After examination of optimum conditions, the oil samples
extracted from each hazelnut cultivar were subjected to
thermal oxidation. The effect of thermal treatment on PV,
K53, and K,,, values of hazelnut oils during accelerated
oxidation is presented in Figs. 7, 8 and 9, respectively. The
PV reached up to 48.36 and 28.47 meq O,/kg oil for Del-
isava and Kara Findik oil after 14-day storage, respectively
(Fig. 7). Generally, PV values of more than 10 meq O,/kg
are not considered to be reliable. At the end of storage, K3,
and K,,, values were observed as 6.95, 0.142 and 4.34,
0.092 for Delisava and Karafindik oil, respectively (Figs. 8,
9). These results indicated that although both oil samples
from Delisava and Kara Findik cultivars had high oxida-
tive stabilities, the latter one was higher than the former
one. These results were consistent with those reported by
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Miraliakbari and Shahidi [11], in which solvent-extracted
hazelnut oils showed the highest oxidative stability, with
the lowest values for PV and conjugated dienes after
12-day storage at 60 °C. Differences in oxidative stabilities
among hazelnut oils from Delisava and Kara Findik could
be sourced from the minor components such as tocols at
thermal conditions [11].

Photooxidation of hazelnut oils

The effect of photooxidation on PV, K3, and K,;, values
for Delisava and Kara Findik oil is presented in Figs. 10,
11 and 12. Delisava and Kara Findik oil had PV of 45.08,
55.04 after 7 days, respectively. At the end of storage, K53,
and K, values were found to be 3.25, 0.064 for Delisava
oil and 2.92, 0.074 for Kara Findik oil, respectively.

The results showed similarity with hexane-extracted
hazelnut oils having the highest values with conjugated
diene levels of 15.910 after 72 h under photooxidation con-
ditions [11]. The differences on oxidation stability of Del-
isava and Kara Findik hazelnut oils could be related to pig-
ment transition (mainly carotenoids) [18].

Conclusions

According to the obtained results, the optimal roasting con-
ditions for both hazelnut cultivars were similar, but slight
differences were seen. Optimal temperature level for roast-
ing process applied to Kara Findik cultivar was higher than
that for Delisava one, whereas roasting time determined for
Kara Findik hazelnut cultivar was less than that value found
for Delisava. The thermal test displaying oxidative stabil-
ity of oil indicated that sensitivity of Delisava oil against
the conditions promoting oxidation was higher than Kara
Findik oil. However, the opposite situation was observed
for oxidative stability of these two hazelnut oils under pho-
tooxidation conditions. The results from optimization and
accelerated oxidation tests could be used as preliminary
experiments on roasting conditions which are useful for
large-scale manufacturing of hazelnut oil.
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