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Abstract

This study’s objective was to assess the fatty acid composition and oil oxidation traits of hazelnuts that were dried with a
drying machine (DM), on concrete ground (CG), and grass ground (GG) during 12-month storage (2014-2016) at 20-25 °C
and 70-90% relative humidity. The result showed that monounsaturated was the major fatty acid groups (83.56-85.03%)
in hazelnut, followed by polyunsaturated (9.36—11.17%) and saturated (5.61-6.60%) fatty acids. Furthermore, the minor
fatty acid contents found were approximately 0.5% that of the total fatty acids. However, none of the following were found
at detectable level: caproic acid (C6: 0), caprylic (C8: 0), capric (C10: 0), lauric (C12: 0), eicosadienoic (20: 2), erucic (22:
1), docosadienoic (22: 2) and lignoceric (C24: 0) acids. Consequently, the comparison showed that over 12-month storage,
drying hazelnut using DM provides products with a higher oxidative stability than those using sun-dried methods (i.e., CG
and GG). Therefore, DM seems to be suitable procedure for drying hazelnut.
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Introduction

Hazelnut is one of the most prominent nuts sold at inter-
national markets, and Turkey currently is the major world
producer and exporter of hazelnut. Unfavorable postharvest
processes can influence the quality of hazelnut and handicap
the development of its exports for several years. Moreover,
postharvest processes such as nut harvesting, blending, dry-
ing, and storage condition can variously affect the kernel
quality and, by extension, the hazelnut industry and its direct
consumption. Therefore, it is important to use suitable post-
harvest processes to obtain the highest yield and nut quality.

Turkish hazelnut oil’s most abundant fatty acid is oleic
acid (C18: 1), followed by linoleic (C18: 2), palmitic (C16:
0), and stearic (C18: 0) acids; furthermore, composition and
respective amount of fatty acids maybe affected by several
factors such as the nut variety, geography, growing condi-
tions, fertilizer type, seasonality, soil type, climate, latitude,
and the postharvest processes [1]. The quality of dried nuts,
however, is mainly affected by their drying and storage
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conditions [2]. In fact, the drying processes play an impor-
tant role in lipid oxidation during storage.

In Turkey, hazelnuts are conventionally harvested and
then sun dried on the grass ground (GG) or concrete ground
(CG) and stored at ambient temperatures for a minimum of
1 year [3]. Yet, the conventional drying process is time and
labor consuming and ultimately affects the hazelnut quality.
Moreover, the weather must also be taken into consideration
in hazelnut harvesting, since rains inhibit harvest and post-
harvest processes, and then it becomes much more difficult
to dry hazelnuts [4]. In response to the changes in light and
heat, lipid molecules are released to form free fatty acids,
which can affect the stability of nut oil [5]. Therefore, it
is important to maintain oil stability during the hazelnut-
drying process. Moreover, the rapid postharvest processing
of hazelnut, particularly drying, is an important parameter
in terms of the quality of the final product during the stor-
age phase. In sum, to ensure their long shelf life and to pro-
tect them from rancidification processes, hazelnuts must be
dried, immediately after harvest [6].

Protecting the overall traits of raw hazelnuts in the drying
process and during the first year of storage should be a major
concern for the hazelnut industry and market. Unfortunately,
in Turkey, little information is available currently in terms
of the drying process of raw hazelnut kernels. It is vital to
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understand the changes in fatty acid composition and oil
oxidation of hazelnuts that occur during their drying and
storage. Thus, detailed research into this topic will improve
our knowledge of Levant hazelnut cultivars and their appli-
cation to a variety of food and specialty products. To this
end, this research sought to determine the influence of three
drying processes (CG, GG and DM) and storage period on
the fatty acid composition and oil oxidation of Levant hazel-
nuts grown in the Ordu province of Turkey.

Materials and methods
Samples and drying methods

The experiments were conducted on Levant hazelnuts har-
vested from a single orchard, located in the Bayadi neighbor-
hood (1 40°54'06.99N, 37°53'36.07E, altitude 300 m) in the
Altinordu district, Ordu, Turkey. Levant quality hazelnuts
are composed of 44.5% Palaz, 34.0% Tombul and 21.5%
Kalinkara cultivars. When the husks had turned yellow, three
quarters of the nutshells were brown, and the cluster began
to fall, the nuts in the husks are harvested by hand by pick-
ing them up from the ground after shaking the branches.
The average kernel moisture content was approximately
25% at the time of harvest (August 06—August 10, 2014).
The clusters were spread on the GG and dehydrated for
4 days (August 11 to August 14, 2014) to allow moisture
loss (22.4%) [3]. Then, the nuts were separated from their
husks using huskers (Din¢ler Makine, FPHM 2500, Sam-
sun, Turkey), and divided into randomly three groups. The
first group was dried in the sun on GG: the grass had been
cut using a string trimmer (Oleo-Mac 440T, Italy), and a
canvas (TS 4739, TS 1534-2; EN ISO 2286-2, Kale Tente,
Istanbul, Turkey) lay on the ground upon which the samples
were placed and occasionally mixed. The second group was
dried on CG: these nuts were directly placed onto CG and
allowed to dry in the sun with occasional mixing. The drying
process continued 39 h for CG and GG (Table 1). It is men-
tioned that CG and GG methods were performed in similar
sunshine and environmental conditions (average of wind
velocity, ambient air temperature and relative humidity and
sunshine duration; 1.4 h km~!, 22.1 °C, 69.8% and 5.24 h,

respectively). The hazelnut on CG and GG methods was
dried every day from 8:00 a.m. to 8:00 p.m. continuously.
After 8:00 p.m., plastic cover (Metroplast, Istanbul, Turkey)
was used to prevent the samples from getting wet. The last
group was dried in a drying machine (DM): These nuts were
directly placed into the machine by conveyor belt (3000 kg),
and dried using hot air at 45 °C (FACMA ES 3000, 2013,
Italy). Namely, the desiccation was obtained by the forced
ventilation of hot air, which the heat-exchanger sends to the
ventilator, and at the same time pushes it inside the body of
the dryer. The sample, continuously ventilated, was mixed
by a central Archimedean screw and it can be ventilated
also with non-heated air. The dryer adjusted in temperature
was conditioned about 3 h each operation and 1.5 h cease.
Meanwhile, the Archimedean screw has continued circula-
tion for 1.5 h in every cycle. The drying process continued
until the moisture content was up to 6.8% and lasted for 23 h
(Table 1). Additionally, drying parameters and schematic
diagram (enthalpy decreases during the drying process due
to heat loss) are detailed in Figs. 1 and 2. Drying process
was carried out on 15 and 20th day of August 2014 in the
Karapinar neighborhood (1 40°58'17.53"N, 37°56'00.41"E,
altitude 10 m) in the Altinordu district, Ordu, Turkey (Ordu
OSB, Giirsoy Tarimsal Uriinler Gida Sanayi ve Ticaret A.S.
Entegre Tesisi). The shell and kernel moisture contents were
measured before and after dehydration, and again after dry-
ing and before storage and, the drying time (in hours) is
shown in Table 1. At the end of drying, the samples were
stored under ambient temperature conditions (20-25 °C
and 70-90% RH) in jute bags (10 kg) and analyzed every
3 months (Faculty of Agriculture, Ordu University, Ordu,
Turkey). Approximately, 1 kg shell (approximately 500 g of
kernels) samples were removed and total of 30 kg nuts were
used for the analysis.

Storage conditions

The dried nuts were stored in 10-kg jute bags in a store
room under conditions of 20-25 °C and 70%-90%
relative humidity (RH). The samples were stored for
12 months (2014-2015) and were analyzed every 12 weeks
(3 months).

Table 1 Moisture content of

hazel p ; Drying methods Initial moisture content Moisture content after ~ Final moisture (%) Drying
aze nut§ before and a ter. (%) dehydration (%) content, after drying time
dehydration, and after drying
. . (prestorage) (h)
before storage and drying time
Shell Kernel Shell Kernel Shell Kernel

Concrete ground 27.25 25.36 24.48 22.04 7.89 5.81 39

Grass ground 9.11 6.10 39

Drying machine 8.10 6.80 23
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Fig.1 Schematic diagram of the — Archirmedesn
dryer used for hazelnut drying
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Fig.2 Xx shows psychrometric process when the ambient air was 26 °C with 70% relative humidity (RH). a 26 °C, 70% RH, 14.8 g/kg air,
63.7 kl/kg enthalpy; b 45 °C, 24.5% RH, 14. 8 g/kg air, 83.3 kJ/kg enthalpy; ¢ 31 °C, 70%, 20 g/kg air, 82.2 kJ/kg enthalpy

Extraction of hazelnut oil (AISI3004, Ceselsan, Giresun, Turkey). The samples of
approximately 100 g kernel each were randomly selected
The hazelnut oil was extracted through a cold press (Pres-  and compressed. The recovered oil was separated by cen-

sure force: 10,000 kgf, pressure: 34.7 MPa, temperature:  trifugation at 4800 rpm for 5 min and the oil was stored
—5°C to +45 °C and capacity; 250 g kernel) method  at — 18 °C in freezer until analyzed.
using that used the Ceselsan’s nut oil extraction system
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Fatty acid composition

The fatty acid composition of the hazelnut kernel oils was
determined by gas chromatography (GC). The methyl
esters of fatty acids (FAMESs) were prepared according to
the method described by Ficarra et al. [7] with slight modi-
fications. In brief, the oil samples (0.1 g) were placed in
a screw-top vial with 10 mL of n-hexane and thoroughly
mixed in a dark tube. Additionally, 500 pL potassium
hydroxide and methanol mixture was added. The extract
was then transferred into a dark glass vial and immedi-
ately analyzed by Shimadzu GC-2010 (Shimadzu, Tokyo,
Japan). The FAMEs were analyzed using a GC equipped
with flame ionization detection. A capillary column DB-23
(30 mx 0.25 mm id X 0.25 pm film thickness; Agilent Tech-
nologies, J&W Scientific, USA) was used. The injector tem-
perature and detector temperature were set at 250 °C. The
split ratio was set as 1:8, and helium was used as the carrier
gas at a flow ratio of 1 mL/min. The column temperature
was 90 °C for 7 min, then increased to 240 °C increasing
by 5 °C/min; finally, it was held 240 °C for 15 min. The
injector and detector were 250 °C. FAMEs were identified
in comparison with retention times of authentic standards,
and quantified using the Agilent Chem-Station software. The
obtained fatty acid composition was used to calculate to the
sum of the saturated ()SFA), monounsaturated (> MUFA)
and polyunsaturated (Y PUFA) fatty acids and their ratio
(XMUFA +PUFA/Y SFA).

Oxidation parameters

To evaluate the oxidative stability of the samples, peroxide
value (PV; expressed as meqO, kg! oil), the ratio of oleic
to linoleic (O/L), and iodine value (IV) were determined.
To determine PV, 2-2.5 g of oil was weighed in a glass
vial and dissolved in 100 mL of acetic acid/isooctane (3/2,
v/v) and supplemented with 0.2 mL of potassium iodide [8].
This mixture was allowed to stand in a dark condition for
5 min, 50 mL of distilled water was later added, and titration
was performed. The IV value was determined according to
the percentages of fatty acids using the following formula:
(palmitoleic acid X 1.901) + (oleic acid X 0.899) + (linoleic
acid X 1.814) + (linolenic acid X 2.737) [9].

Statistical analysis

Experiments were performed in triplicates with a rand-
omized block design. Descriptive statistics were obtained
with SPSS v. 22.0 (Armok, New York: IBM Corp.). Sta-
tistical tests were performed using the SAS-JAMP v. 10.0
(SAS Institute Inc., Cary, North Carolina, USA). A one-
way ANOVA was conducted to assess significant differences
among levels and the least significance difference (LSD) test
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was used to compare multiple means. Results were consid-
ered to be significantly different at p <0.05.

Results and discussion
Fatty acids

In the examined hazelnut samples, the statistical test showed
a significant effect of drying and storage on the fatty acid
composition and the oxidative stability of the nuts. Table 2
shows the results for the effect on the fatty acid composition
of hazelnut oils in detail. The FAME:s of the Levant quality
hazelnut identified a total 13 fatty acids; of these, oleic acid
(C18: 1) was largely present, followed by linoleic (C18: 2),
palmitic (C16: 0) and stearic (C18: 0) acids.

Generally, the minor fatty acids were < 1% of the total
fatty acid content. However, caproic (C6: 0), caprylic (C8:
0), capric (C10: 0), lauric (C12: 0), eicosadienoic (20: 2),
erucic (22: 1), docosadienoic (22: 2) and lignoceric (C24:
0) acids were not present in the samples at detectable levels
(<0.001%). It is known that the fatty acid composition can
differ among and within the same hazelnut cultivars due to
interacting factors such as variety, geographic origin, grow-
ing terms, ripening, manuring, harvest timing, seasonality,
soil type, climate, latitude, and storage terms [10]. For exam-
ple, Tiifekci and Karatas [11] reported that hazelnut oil from
the Central Black Sea region contained high amount of total
fatty acids (8.45%), monounsaturated fatty acids (83.54%),
but less total polyunsaturated fatty acids (7.85%), whereas
that of the Eastern Black Sea region had high contents of
linoleic (9.10%) and linolenic (0.096%) acids. In addition,
Lane et al. [12] reported that American hazelnut (C. ameri-
cana Marshall) contained 3.1% palmitic (C16:0), 80.6%
oleic (C18:1), and 14.5% linoleic (C18:2) acids.

The major and minor fatty acids were considered in our
analysis for any changes in lipid composition as a function
of drying and storage time. The hazelnut oil composition is
dominated by unsaturated fatty acids (oleic and linoleic),
which amounts to >90% of the total fatty acids present [1,
13], thus making hazelnut highly vulnerable to spoilage-
driven lipid oxidation [14].

As shown in Table 2, the samples dried via DM had
less oleic acid (C18: 1) and more linoleic acid (C18: 2)
compared to those dried via the two sun-dried methods,
and there were significant differences among the DM, and
sun dried (CG and GG) (p <0.001). Unlike our study, Fu
et al. [5] and Qu et al. [15] reported no significant differ-
ences in the fatty acid profiles among their samples treated
using different drying methods. In addition, during the
storage period, contrary to the findings by Koyuncu et al.
[16] and Ghirardello et al. [6], we found that the oleic acid
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Table 2 Effect of drying methods on fatty acid composition of hazelnut during 1 year of storage periods

P M Storage periods (months) Significant level
0 3 6 9 12 Mean S M SxM
Cl4:0 (%) CG 0.04+0.0lab  0.04+0.01bc 0.02+0.00d 0.02+0.00d 0.02+0.01d 0.03+£0.01ab
GG 0.03+0.0lcd  0.03+0.01cd 0.02+0.00d 0.02+0.00d 0.03+£0.0Icd  0.02+0.01b ko
DM 0.05+0.00a 0.05+0.00a 0.02+0.01d 0.02+0.01d 0.02+0.00d 0.03+0.02a
Mean  0.04+0.01a 0.04+0.13a 0.02+0.03b 0.02+0.03b 0.02+0.01b
C16: 0 (%) CG 3.83+0.05ef  3.82+0.05ef 4.21+0.02a 4.02+0.17bc 4.11+0.05ab  3.99+0.18a
GG 3.72+0.02f 3.73+0.02f 3.91+0.05de 3.82+0.11ef 3.73+0.12f 3.78+£0.09b HwE ks
DM 3.97+0.0lcd  3.93+0.03cde  3.96+0.05cd 3.96+£0.07cd 4.10+0.06b 3.98+0.07a
Mean  3.84+0.11c 3.83+£0.09¢ 4.03+0.15a 3.93+0.14b 3.98£0.20ab
Cl6:1 (%) CG 0.08+0.01cd  0.09+0.01bc 0.09£0.00bc 0.08 £¢0.01d 0.09+0.00bc  0.09+0.01
GG 0.09+£0.00bc  0.08+0.01cd  0.09+0.00bc 0.07+0.01e 0.09+0.00bc  0.09+0.01 *** ns  **
DM 0.10+0.01a 0.09+£b0.01c 0.09+£0.01bc 0.08 £0.00de 0.08+0.00de  0.09+0.01
Mean  0.09+0.0la 0.09+£0.01ab 0.09 £0.00ab 0.09+0.01b 0.08+0.01c
C17: 0 (%) CG 0.03+0.0lab  0.03+0.01bc 0.02+0.0lcde  0.02+0.01e 0.02+0.0lcde 0.02+0.01b
GG 0.03+0.00bc  0.03+0.01ab 0.03 £0.00bc 0.03+0.01bcd  0.03+0.00bc  0.03+0.00a #** ** =
DM 0.04+0.00a 0.04+0.00a 0.03 £0.00bc 0.03 £0.00bc 0.02+0.00de  0.03+0.01a
Mean  0.03+0.01a 0.03+0.01a 0.02+0.00b 0.02+0.01b 0.02+0.01b
Cl17:1 (%) CG 0.05+0.00 0.05+0.00 0.04+0.01 0.03+0.00 0.05+0.00 0.04+0.01
GG 0.05+0.00 0.05+0.00 0.05+0.00 0.05+0.01 0.05+0.00 0.05+0.00 * ns  ns
DM 0.05+0.00 0.05+0.00 0.04+0.01 0.04+0.00 0.05+0.00 0.05+0.00
Mean  0.05+0.00a 0.05+0.00a 0.04£0.01ab 0.04+0.01b 0.05+0.00a
C18:0 (%) CG 1.73+0.01gh  1.73+0.01gh 1.90+£0.01de 1.97+£0.05cd 2.02+0.01c 1.87+0.13b
GG 1.73+£0.01gh  1.74+0.04fgh  1.69+0.00h 1.82+0.08efg  1.72+0.01gh  1.74+0.05¢c *¥* ks ik
DM 1.73+£0.01gh  1.74+0.01fgh  1.84+£0.02ef 2.20+0.22b 2.33+0.03a 1.97+0.27a
Mean  1.73+0.01c 1.74+0.02¢ 1.81+0.09b 1.99+0.20a 2.02+0.26a
C18:1 (%) CG 84.80+0.52a  84.10+0.09cde 84.12+0.09cde 84.30+0.23bc  84.20+0.21cd 84.30+0.35a
GG 84.63+0.09ab 84.60+0.09ab  84.12+0.11cde 83.96+0.06cde 83.80+0.26ef 84.22+0.37a *¥* Hxx &
DM 84.11+0.49cd 84.43+0.09fg  83.91+0.14de  84.04+0.19cde 83.31+0.15¢  83.76+0.40b
Mean 84.51+047a 84.04+0.52b 84.04+£0.15b 84.10+0.22b 83.77+0.43¢c
C18:2 (%) CG 9.73+0.06d 9.80+0.12d 9.28+0.10e 9.25+0.04e 10.07£0.05bc  9.62+0.33b
GG 9.34+0.14e 9.37+0.14e 9.80+0.05d 9.89+£0.06cd 9.93+£0.22cd  9.66+£0.29b sk ekl ek
DM 11.05+0.43a  10.32+0.05b 9.75+0.13d 9.24+0.07¢ 9.32+0.13e 9.93+0.72a
Mean 10.04+0.81a 9.82+0.42b 9.61+£0.26¢c 9.46+0.32d 9.77+0.37b
C18:3 (%) CG 0.11+0.01 0.12+0.01 0.12+0.00 0.11+0.00 0.10+0.01 0.11+0.01b
GG 0.12+0.00 0.11+0.01 0.12+0.00 0.12+0.01 0.12+0.00 0.12+0.0la ns * ns
DM 0.12+0.00 0.11+0.01 0.12+0.01 0.12+0.01 0.12+0.01 0.12+0.01a
Mean  0.12+0.01 0.11+0.01 0.12+0.00 0.11+0.01 0.12+0.01
C20:0(%) CG 0.08 +£0.00 0.08+0.01 0.08 +0.01 0.08 +£0.01 0.08+0.00 0.07+0.01b
GG 0.08+0.00 0.08+0.01 0.08+0.00 0.08+0.01 0.08+0.00 0.07+£0.03b ns * ns
DM 0.09+0.00 0.08+0.01 0.08+0.00 0.08+0.00 0.09+0.00 0.08+0.01a
Mean  0.08+0.01 0.08+0.01 0.08+0.00 0.08+0.01 0.08+0.01
C20:1 (%) CG 0.06+0.01 0.06+0.00 0.05+0.00 0.05+0.01 0.06+0.01 0.06+0.01
GG 0.07+0.01 0.08+0.02 0.07+0.01 0.06+0.01 0.07+0.01 0.07+£001 ns ns ns
DM 0.06+0.00 0.06+0.00 0.06+£0.01 0.07+0.00 0.07+0.00 0.06+0.01
Mean  0.06+0.01 0.06+0.02 0.06+0.01 0.06+0.01 0.06+0.01
C22:0(%) CG 0.03+0.0lcd  0.04+0.00bcd 0.04+0.00bcd 0.03+0.01de 0.03+0.01cde 0.03+0.00b
GG 0.04+0.00bc  0.04+0.00bcd 0.03+0.0lcde  0.03+0.01e 0.03+0.01de  0.03+0.01b ns  *** *
DM 0.04+0.00bc  0.04+0.00bcd 0.04+0.0labc  0.05+0.00a 0.04+0.0lab  0.04+0.01a
Mean  0.04+0.00 0.04+0.00 0.04+0.01 0.03+0.01 0.03+£0.01
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Table 2 (continued)

P M Storage periods (months) Significant level
0 3 6 9 12 Mean S M SxM
C24:1(%) CG 0.03+0.01 0.03+0.01 0.02+0.01 0.03+0.01 0.02+0.01 0.03+0.00
GG 0.03+0.00 0.03+0.01 0.02+0.01 0.02+0.01 0.02+0.01 0.04+001 ns ns ns
DM 0.05+0.01 0.05+0.01 0.05+0.00 0.04+0.01 0.05+0.01 0.05+0.01
Mean  0.04+0.01 0.04+0.01 0.03+0.01 0.03+0.01 0.03+0.02

Values are expressed as mean =+ standart deviation. Different letters in columns for each different drying, mean significantly different values
among storage time. Significant level; *, **, *¥* and “ns” mean significance at p* 0.05, 0.01, 0.001 and “not significant”, respectively, between

drying and storage time

P parameter, M drying, S storage periods, CG concrete ground, GG grass ground and DM drying machine

(C18: 1) content of hazelnuts slightly decreased, whereas
the linoleic acid (C18: 2) content increased, although with
some with fluctuations (p <0.001).

Regarding the saturated fatty acids, palmitic acid (C16:
0) was the main saturated fatty acid present, followed by
stearic acid (C18: 0) [13]. Drying via DM and CG led to a
higher palmitic acid (C16: 0) content than that via GG, and
there were significant differences among drying methods
(»<0.001); similarly, during storage, we found significant
differences among the drying methods in terms of stearic
acid (C18: 0) content (p <0.001; Table 2). During stor-
age, the palmitic acid (C16: 0) content ranged from 3.72 to
4.4.11%, whereas that of stearic acid (C18: 0) ranged from
1.73 to 2.33%. This trend agrees with that mentioned by
Koyuncu [13] and Ghirardello et al. [6] who reported that
these fatty acids slightly increased during the storage phase
of hazelnut postharvest processing.

In our study, the amounts of minor fatty acids were
approximately 0.5% of the total fatty acid content (Table 2).
These results are consistent with those reported by Turan
[3] who showed that the minor acids constituted < 1% of the
total fatty acid content. We deliberately chose these minor
fatty acids to evaluate any changes in hazelnut oil profiles
as a function of the drying methods and storage periods. As
shown in Table 2, there were significant differences in the
myristic acid (C14: 0) content among the samples treated by
the different drying methods (p <0.01). The highest myristic
acid (C14: 0) level was observed in the DM and CG groups
(0.03%), whereas the lowest level was observed in the GG
group (0.02%). During storage, the drying methods also
significantly affected the myristic acid (C14: 0) (p <0.05).

However, drying methods did not have a significant effect
on palmitoleic acid (C16: 1) level (p >0.05). By contrast, a
significant effect of the drying methods was found in term of
margaric acid (C17: 0) level (p <0.01), which had decreased
by the end of the storage. Heptadecenoic acid (C17: 1) level
was similar among all the methods (p > 0.05; Table 2). How-
ever, arachidic acid (C20: 0) content was significant differ in
terms of the method used (p <0.05).
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Moreover, the interaction effect of drying and storage
time was not found to be significant for eicosenoic (C20:
1), and nervonic (C24: 1) acids (p > 0.05). This result con-
trasts with that reported by Turan [3], in which an interac-
tion effect of drying and storage time was reportedly found
to be significant for the minor fatty acids. Nevertheless, in
our study, a significant difference was evident for behenic
acid (C20: 0) concerning the drying methods (p <0.05).
These differences possibly developed due to some key factor
such as cultivar, drying, storage terms, ecology and cultural
practices.

Table 3 shows the data on saturated (SFA), monounsatu-
rated (MUFA) polyunsaturated (PUFA), ratio of unsatu-
rated/saturated (MUFA +PUFA/SFA), ratio of oleic/linoleic
(O/L) fatty acids, and the PV of oils. As expected, MUFA
was the principal group of fatty acids (83.56-85.03%), fol-
lowed by PUFA (9.36-11.17%) and SFA (5.61-6.60%).
The results agree with those by Alagalvar et al. [1] and who
reported that raw hazelnut kernel oils have a lower propor-
tion of SFA (7.46-9.59%), an intermediate proportion of
PUFA (3.92-13.86%), and the highest proportion of MUFA
(78.10-87.26%). Similarly, our results are generally in
accordance with those reported by Moser [17]; SFA, PUFA
and MUFA; 7.4, 13.3 and 79.1%, respectively. In contrast to
our results, Amaral et al. [10] reported that although MUFA
was the principal group of fatty acids, SFA and PUFA pro-
portions were on par with it for dominance.

In relation to drying, significant differences were found
among drying methods (p <0.001), and such as SFA was
more abundant in the DM group (5.92%) than in the CG
(5.75%) and GG (5.63%) groups. Likewise, Ozdemir et al.
[14] and Delgado et al. [18] reported that drying methods
could significantly influence SFA content of nut oils, yet
some other studies have reported that the type of drying
method does not effect on SFA [5, 15]. During the storage
period, the SFA content in our study exhibited fluctuations
and variability, but had slightly increased overall (Table 3).
This result disagree with that mentioned by Koyuncu [19],
Ghirardello et al. [6], and Belviso et al. [20] who reported
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that the SFA content of hazelnut oil was lower at the end
when compared with that at the beginning of the storage
period.

MUFA mainly comprised oleic acid (C18: 1), followed
by palmitoleic (C16: 1), eicosenoic (C20: 1), heptadecenoic
(C17: 1) and nervonic (C24: 01) acids, and it was influenced
significantly by drying methods (p <0.001). These findings
agree with those by Delgado et al. [21] who also found vary-
ing effects among drying methods in terms of MUFA. As
anticipated, MUFA content decreased during the storage
period of our study (Table 3), a trend observed by Belviso
et al. [20].

Overall, linoleic (C18: 2) and linolenic (C18: 3) acids
were the principal acids among the PUFA [18, 22]. The
effect of the drying methods was significant for PUFA
(» <0.001), which had a higher content in the DM group
(11.17%) than in the CG (9.84%) and GG (9.46%) groups.
The results agree with those of Delgado et al. [18] who
also found that the drying methods considerably influenced
PUFA content. In our study, the PUFA content tended
to fluctuate as a function of the storage time (p <0.001;
Table 3). These fluctuations probably developed because
of the use of mixed hazelnut cultivars. Moreover, during
the storage period, drying via CG and GG groups similarly
increased the PUFA content (from 9.84 to 10.17% and from
9.46 to 10.05%, respectively), but it was decreased in the
DM group (from 11.17 to 9.44%). These results generally
agree with those reported by Belviso et al. [20].

The effects of the drying methods on the unsaturated/
saturated fatty acids in the hazelnut samples are shown in
Table 3. Unlike Qu et al. [15] and Juhaimi et al. [22], we
found a significant influence of drying methods upon the
unsaturated/saturated fatty acids. Specifically, the ratio of
unsaturated/saturated fatty acids fluctuated but had slightly
decreased by the end of the storage time (p <0.001); a trend
is also reported by Koyuncu et al. [16], Ghirardello et al. [6],
and Belviso et al. [20]. These changes were significant and
probably related to the peroxidation of the unsaturated fatty
acids that later lost.

Oxidation of oil

Linolenic acid is more likely to be oxidized than oleic acid
[5]. The O/L ratio is considered an acceptable standard to
estimate kernel quality [1]. A higher O/L value indicates
much better oxidative stability [20]. An interaction effect
between the drying and storage period was found in terms of
O/L (Table 3). When dried via GG (9.06%) group, the O/L
value exceeded that of CG and DM groups (8.71 and 7.62%,
respectively), and there were significant differences among
drying methods (p <0.001).

During storage, the ratio of O/L slightly increased from
7.62 to 8.94% for DM, but slightly decreased from 9.06 to

@ Springer

8.36% for the sun dried and all these changes are signifi-
cant (p <0.001; Table 3). A similar pattern was reported
by Belviso et al. [20] for O/L acid of hazelnut kernels
stored at 4 °C for 9 months in vacuum packages. Accord-
ing to Alasalvar et al. [23], O/L varies among hazelnut cul-
tivars. Moreover, O/L varied from 6.8 to 11.4%, indicating
different cultivars provide varying outcome [10].

IV is calculated using the unsaturated fats and oils, and
it expresses the amount of absorbed iodine [20, 24]. A
higher IV value indicates that the oil is more sensitive,
less stable, and more vulnerable to oxidation, whereas
low IV value indicates that the oil contains low levels of
unsaturated fatty acids. The IV was higher in DM group
than that in the CG and GG groups, but these differences
were not significant (p > 0.05). During storage, the IV
slightly increased from 93.82 to 94.72 for the sun-dried
methods. This result agrees with Belviso et al. [20], who
reported that the IV increased in Ordu and TGT hazelnut
cultivars during a 9 months of storage period. However,
we found that the IV slightly decreased in the DM group
during the storage period. Naz et al. [25] and Ajith et al.
[24] suggested that a decrease of IV is an indicator of oil
deterioration.

PV is one of the specifications adopted by the nut indus-
try to assess the storage period of marketable hazelnut [3,
6, 26]. It is also a reliable indicator of walnut oxidative deg-
radation that indicates the stage of oxidation [5]. The dif-
ferences among the drying methods were significant during
the storage period (p <0.001; Table 3). At the end of the
storage period, the highest values were recorded in the GG
and CG groups (0.32 and 0.30 meqO, kg™, respectively).
This result agrees with that reported by Qu et al. [15] and Fu
et al. [5], where the PV value of sun-dried walnut regularly
increased, attaining its highest value of 2.35 meqO, kg™!
at the end of the drying period. Moreover, the PV value of
the direct and intermittent oven-dried specimens was 1.94
and 1.82 meqO, kg~ ! respectively [5]. It is clear that when
hazelnut is subjected to long-term sun-drying and tempera-
tures, its oil deterioration is accelerated. Hence, a drying
period conducted over a short time, immediately after the
harvest is important for the long-term storage of hazelnuts.

In our study, as anticipated, the PV value dramatically
increased, particularly for the sun-dried methods, during the
storage (p <0.001), but such an increase was not constant
over time (Table 3). The PV value randomly peaked during
the storage period and then decreased [3, 26-28]. During the
storage period, peroxide generation and disintegration reac-
tions can simultaneously occur; hence, the PV value fluctu-
ates. However, Evren [29], Ghirardello et al. [6] and Raisi
et al. [30] reported a steady rise in the PV value during the
storage period. This discrepancy is possibly best explained
by external factors such as ripening, variety, drying method,
storage terms, and ecology and cultural practices.
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Conclusions

To the best of our knowledge, in Turkey, this is the first
method to study the effect of drying method and storage
period on fatty acid composition and lipid oxidation of
the Ordu Levant quality hazelnut. In general, during the
before- and after-storage period, significant differences
were detected among the three drying methods on some
major and minor fatty acids in hazelnut oil. Our study
shows that the DM method showed higher SFA and PUFA
and lower MUFA and MUFA + PUFA/SFA composition,
and that MUFA was the predominant group of fatty acids
(83.56-85.03%), followed by PUFA (9.36-11.17%) and
SFA (5.61-6.60%). Generally, SFA and PUFA were slightly
increased, whereas MUFA and MUFA + PUFA/SFA were
slightly decreased with evident fluctuations during storage.
Regarding O/L, the GG group had a higher O/L ratio com-
pared with that of the CG and DM groups, but, the DM
group comparatively had higher IV value. In conclusion,
this study shows that drying using DM can provide products
with a better oxidative stability over 12 months of storage
at an ambient temperature (20-25 °C) and a RH of 70-90%.
Overall, based on the results, we recommended the use of
DM for drying hazelnut.
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