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According to statistics of FAO, in Iran 19500 hectares the hazelnut, 18000ton
produced annually, and 923 kg is mean production for every hectare. There are some
genotypes of hazelnut that their growing areas are limited to Gilan, Aredbil, Mazandaran,
Golestan and Qazvin Provinces in Iran which are on the shores of the Caspian Sea.
Varieties, location, composition of soils, usage of fertilizer and irrigation affect the fatty
acid, mineral and vitamin composition of hazelnuts, and consequently influence the
nutritional value and quality of the product. Hazelnut (Corylus avellana L.)  samples
were collected during the during the 2015 harvest season (Harvest was performed during
the late August)  from 12 different distinguished cultivars of trees grown in a replicated
trial in an experimental orchard at Tarem ( zanjan province ) and Rudsar ( Gilan Province)
county farmlands County farmlands as two economically important provinces. All trees
under the study were of seedlings origin and are growing naturally and treating
traditionally. The order depending on the contents of elements (mg/100 g) in kernel of  C.
avellana samples in Rudsar studied regions was: K>P > Ca> Mg> Fe >Mn > Zn> Cu >
Na> Se >Li  whereas in Tarem farmlands the order is: : K>P > Mg> Ca> Fe > Cu >Mn >
Zn> Na> Se >Li  which shows that high levels of these elements in the soil of area, have
a great impact on the highness of Potassium  and  Phosphorous and Magnesium   in the
fruits. In the Rudsar variety, total MUFA was found as 87.048 %. In both varieties after
oleic acid, stearic acid, linolaidic acid, Butyric acid and palmitic acid contents were
followed.
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Hazelnut (Corylus avellana L.) is a shrub
of Betulaceae family and its fruit is one of the
important nut crop in the world1. In 2012, among
the worldwide production of tree nuts, hazelnuts
represented the sixth most relevant culture and
occupied the fourth place, in terms of global trade,
just behind pistachios, almonds and cashew nuts2.

It is mainly distributed along the coasts

of the Black Sea region of Turkey, southern Europe
(Italy, Spain, Portugal and France), and in some
areas of the United States (Oregon and
Washington). Hazelnut is also grown in New
Zealand, China, Azerbaijan, Kirgizstan, Georgia and
Iran. Turkey is the world’s largest producer of
hazelnut, followed by Italy, USA3.

According to statistics of FAO, in Iran
19500 hectares the hazelnut, 18000ton produced
annually, and 923 kg is mean production for every
hectare4. There are more genotypes of hazelnut in
iran such as Garche, Shastak, Paeezeh, Mahali,
Karaj, Tabestaneh, Rasmi, Shirvani, Pashmineh5.
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Hazelnut growing areas of Iran are limited to Guilan,
Aredbil, Mazandaran, Golestan and Qazvin
Provinces, whichare on the shores of the Caspian
Sea6 and have high rainfall and high relative
humidity (RH). Hazelnut prefers subtropical
climates with high relative humidity (75-80%). It
grows better in areas where the annual average
temperature is 13-14 ºC, the average temperature in
the coldest month is not more than 3.5-5.5 ºC, the
average temperature in the warmest month reaches
22-23 ºC, and annual rainfall is 1500-2000 mm (900-
1200 mm during the growth period)7. Nuts are
nutrient dense foods rich in unsaturated fatty acids
(PUFAs and MUFAs) and other nutritional
compounds such as protein, carbohydrate, fiber
and minerals. Nuts are highly beneficial to human
health because of their unique composition8-9.
Epidemiologic studies have indicated that nut
consumption associated with a reduced incidence
of coronary heart disease, gallstones and diabetes.
Different researches suggest beneficial outcomes
on cancer, hypertension, oxidative stress,
inflammation, vascular reactivity, Blood pressure,
visceral adiposity and the metabolic syndrome [10-
11]. Hazelnut kernels are consumed as natural,
blanched and roasted or their products, such as
pastry and chocolate industry. Hazelnut also add
flavor and texture to bakery, confectionery, cereal,
salad, ice cream, nougat, cookie, snacks, butter,
oil, sauce dairy, and dessert formulation2-3-12-13.
Hazelnut skin offers potential for utilization as a
coloring agent in foods with its natural brown
color12. As a consequence, hazelnuts along with
other tree nuts play an important role in economy
since they are a significant part of the human food
supply2.

Hazelnuts in Europe are considered a
widespread cause of food allergies among both
children and adults. Therefore the diversity of
processed foodstuffs containing hazelnuts is a
potential hazard tot allergic in some of humans14.
Nut and kernel size, nut and kernel shape, percent
kernel, shell thickness, low kernel defect, protein
and high content of fatty acids are among the main
characteristics considered in the evaluation of nut
and kernel quality in hazelnut15.

Potassium (K), phosphorus (P),
magnesium (Mg) and iron (Fe) are found in
significant quantities in the nuts [16]. Calcium (Ca),
sodium (Na), zinc (Zn) and Copper (Cu) also exist

modestly16-17. Iron (Fe) is an element in hemoglobin,
myoglobin, and a large number of enzymes;
therefore it is an essential mineral in daily diet18-19.
About 2% of total body weight of human body is
consisted of Calcium. Calcium (Ca) is the major
component of bone and assists in teeth
development17, 20-21. Potassium (K) is the third most
abundant mineral in human body which is acting
as an electrolyte. This mineral is needed for keeping
heart, brain, kidney, muscle tissues and other
important organs of human body in good state6,16.
Zinc (Zn), a constituent of enzymes involved in
most major metabolic pathways, is an essential
element for plants, animals, and humans18. Water
and soil of the cultivation regions have an
important role on quality and quantity of
micronutrient compounds (such as minerals,
vitamins, fatty acids and amino acids) in walnut.
The geographical conditions affect the nutritional
value of walnuts22.

Varieties, location, composition of soils,
usage of fertilizer and irrigation affect the fatty acid,
mineral and vitamin composition of hazelnuts, and
consequently influence the stability and quality
of the product23. Hazelnuts are rich in
polyunsaturated fatty acids, and essential for
human health24-26.    Hence, the objective of this
study is to determine the chemical composition of
different hazelnut varieties growing in Iran.

MATERIAL AND METHODS

Sampling Methods
Hazelnut (Corylus avellana L.)  samples

were collected during the during the 2015 harvest
season (Harvest was performed during the late
August)  from 12 different distinguished cultivars
of trees grown in a replicated trial in an experimental
orchard at Tarem ( zanjan province ) and Rudsar (
Gilan Province) county farmlands.
Study Area

Tarom farms in Zanjan province have the
highest acreage under hazelnut  cultivation. The
experimental field was located in a 320 hectare
irrigated hazelnut  orchard located in Tarom region,
of Zanjan Province in Iran (between 48° 562  and
50°52  E; and 36° 472  and 37° 362  N). Another area
of hazelnut sampling was Rudsar  which situated
in Gilan, Iran. Its geographical coordinates are 370

34’ 12 “ North, 49 0 9’ 53" East ( figure 1).
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Oil (Lipid) Content
The lipid contents of five grams of

hazelnut  kernel by petroleum ether in a Soxhlet
apparatus were extracted. The weight of the lipid
obtained after evaporating off the petroleum ether
from the extracts gave the weights of the crude fat
in the samples27-28.
Zinc, Manganese, Copper and Potassium
Determination

For Zinc, Manganese, Copper and
Selenium concentration hazelnut kernel samples
were dried in oven for 68-72 hours at a
temperature of 85°C. The samples were then
ground and sieved through 0.5 mm sieve. The
powdered samples then subjected to the acid
digestion using nitric acid (65% Merck,
Germany), Sulfuric acid (96.5% Merck, Germany)
and perchloric acid (70% Sigma- Aldrich). Two
gram of air-dried of each homogeneously
hazelnut kernel samples accurately weighed and
20.0 mL of the digestion mixture (3 parts by weight
of concentrated nitric acid: 2 parts of
concentrated Sulfuric acid & 3 parts by weight
concentrated perchloric acid) and heated slowly
by an oven and then rise the temperature. The
remaining dry inorganic residues were dissolved
in 25.0 mL of nitric acid and the solution used
for the determination of mineral elements. Blanks
and samples were also processed and analyzed
simultaneously. All the chemicals used were of
analytical grade (AR). Standardized international
protocols were followed for the preparation of
material and analysis of heavy metals contents29-

35. The samples were analyzed by Flame Emission
Spectrophotometer Model AA-6200 (Shimadzu,
Japan) using an air-acetylene flame, using at
least five standard solutions for each metal and
determination of potassium content was
followed by FDA Elemental analysis34( Ora
Laboratory Manual, 2013). Also, periodic testing
of standard solutions was performed in order to
verify of reliability of the measuring apparatus.
The accuracy was checked using quality control
test for fungi and their substrate samples to show
the degree of agreement between the standard
values and measured values; the difference was
less than 5%. The samples were analyzed by
Flame Emission Spectrophotometer Model AA-
6200 (Shimadzu, Japan) using an air-acetylene,
flame temperature: 2800°C, acetylene pressure:

0.9–1.0 bar, air pressure: 4.5–5 bar, reading time:
1–10 sec (max 60 sec), flow time: 3-4 sec (max 10
sec).
Iron Determination

The aliquot was passed through the
atomic absorption spectrophotometer to read the
iron concentration. Standards were prepared with
a standard stock of 10 mg/L using ferrous
ammonium sulphate where 3 - 60 ml of iron standard
solution (10 mg /L) were placed in stepwise volumes
in 100 ml volumetric flasks. 2 ml of hydrochloric
acid were added and then brought to the volume
with distilled water. The concentration of iron in
the aliquot was measured using the atomic
absorption spectrophotometer in mg/L. The whole
procedure was replicated three times.
Calcium, Sodium and Magnesium Determination

The contents of Ca, Mg and Na in
hazelnut kernels were measured by atomic
absorption spectrophotometer (AAS) (Model AA-
6200 Shimadzu, Japan) according to the method of
Hernandez36-37. A 5 g sample was placed in a
previously weighed porcelain crucible and heated.
The resulting white ash was weighed, dissolved in
12 ml of concentrated nitric acid, percholoric (3:2)
and diluted with nitric acid 10% in a 25 ml calibrated
flask. The solution then was used to determine Ca,
Na, and Mg. Standard stock solution of sodium,
magnesium and calcium was prepared from AAS
grade chemicals (Merck, Germany) by appropriate
dilution.
Selenium Determination

Stock standard solutions for selenium
were 1000 g /mL solution. All reagents and
standards were of analytical grade ( Merck,
Germany) .The palladium matrix modifier solution
was prepared by the dilution (10 g/ L) Pd(NO3)2
and iridium AA standard solution, 1000 g/ mL in
20% HCl , 0.1 % V/V nitric acid prepared by dilution
trace pure 65 % nitric acid and 0.1 % Triton X-100
were used. Doubly distilled water was used in all
operations. The samples were analyzed by Flame
Emission Spectrophotometer Model AA-6200
(Shimadzu, Japan). The analyze performed
according by Analytical Method ATSRD38-40.
Fatty Acid Determination

Determination of Fatty acid composition
for hazelnut samples were done by using a modified
fatty acid methyl ester method as described by
Hisi41-44. The oil was extracted three times for 2 g
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air-dried seed sample by homogenization with
petrolium ether. The oil samples (50-100 mg) were
converted to its fatty acid methyl esters (FAME).
The methyl esters of the fatty acids (1 ìl) were
analyzed in a gas chromotography (Shimadzu GC-
2011) equipped with a flame ionizing detector (FID),
a fused silica capillary column (60 m x 0.25 mm i.d.;
film thickness 0.20 micrometer).
Statistical analyses

All the data were analyzed using the SPSS
20 statistical software for analysis of variance
using ANOVA and Duncan’s least significant
difference (LSD at p < 0.05) for statistical
significance. 3 duplicates with a replicate were
considered in this research, and data was reported
as the mean ± standard error of the mean.

RESULTS AND DISCUSSION

Literally, the kernels contain many kinds
of essential and mineral elements; Phosphor,
Potassium, magnesium, and calcium were the major
elements. The mean content of mineral elements
(mg/100 g DW): Sodium, Selenium, Calcium, Iron,
Magnesium, Copper and Zinc in the Persian Persian
Hazelnut (Corylus avellana L.) samples are shown
in Table 1. The samples were analyzed by wet
digestion method and standardized international
protocols were followed for the preparation of
material and analysis of heavy metals contents and
analyzed by Atomic Absorption

Spectrophotometer in Research Laboratory in
Pharmaceutical Sciences Branch, Islamic Azad
University.

Due to historical surveys hazelnut is
considered as a good source of dietary miner-als
among common foodstuffs. Hazelnut almost
contains high quantities of minerals, especially
potassium and phosphor, which are present much
higher in Rudsar samples than Tarem population
in this study. Potassium, Calcium, Iron, magnesium
and Phosphor were found in significant quantities
in these studied nuts (Fig. 2).

In investigation on these two varieties,
the highest fatty acid had oleic acid with 85.026 %
in Rudsar ( Gilan) and 83.226% in Tarem samples.
After oleic acid, stearic acid, linolaidic acid , Butyric
acid and palmitic acid contents were followed as
7.152%, 1.798 %, 0.133 and 0.055%, respectively in
Rudsar variety. In this variety, total MUFA was
found as 87.048 % although total SFA and total
PUFA (Polyunsaturated Fatty Acid) were found as
15.599 % and 1.869 %, respectively (Table 2).In
Tarem variety the order of fatty acids are the same
while their levels showed  significantly differences.
The total PUFA in Tarem samples was found
2.846%.

The oil contents of kernels changed
among the location of farmlands to more than about
67% of each. However, because of economic value
of the oil, these kernels could be used as potential
sources of oils. Rudsar cultivars had more oil and

Table 1. The mean content of mineral elements (mg/100 g Dry Weight) in studied Persian Hazelnut

Minerals Mean content of Mean content of elements Mean Content of Persian
elements in 100 Rudsar   in 100 Tarem    samples Hazelnut  samples ± SD*

samples  ± SD*  (mg/100 g)  ± SD*  (mg/100 g)  (mg/100 g)

Na 3.01 ± 0.023a 3.26 ± 0.054a 3.14±0.038
K 1036 ± 10.22a 1011 ± 25.06b 1023±17.64
Ca 204.67 ± 9.27a 215.11 ± 8.34a 209.89± 8.80
Mg 203.47 ± 10.32b 244.21 ± 8.37a 223.84± 9.34
Fe 39.54 ± 1.44b 45.22 ± 6.87a 42.38± 4.16
Cu 3.14 ± 0.02b 8.74 ± 0.23a 5.94± 0.12
Se 0.002 ± 0.001a 0.004 ± 0.002a 0.003± 0.0015
Mn 10.40 ± 0.62a 7.23 ± 1.28b 8.82±0.95
Zn 3.22 ± 0.13b 6.78 ± 0.56a 5.00±0.34
Li 0.001 ± 0.001a 0.002 ± 0.001a 0.0015±0.001
P 344.23 ± 11.23a 306.78 ± 10.44b 325.50±10.84

*SD = Standard Deviation
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Table 2. Fatty acid composition of Hazelnut populations oils (%)

Hazelnut populations

Fatty Acids Rudsar Tarem

Butyric acid (C4:0) 0.133± 0.011b 0.201 ± 0.024a

Myristic acid (C14:0) 0.028 ± 0.021a 0.039 ± 0.003b

Pentadecanoic acid (C15:0) 0.004 ±0.002a 0.004 ±0.001a

Oleic acid (C18:1,c) 85.026 ± 2.008a 83.226 ± 2.018b

Palmitic acid (C16:0) 0.055±0.033a 0.048±0.039a

Stearic acid (C18:0) 7.152±2.008 b 7.830± 2.003 a

Linoelaidic acid (C18:2t) 1.798 ±1.182a 1.546 ±1.222b

SFA (Saturated fatty acid) 15.599 ±2.026a 15.056±1.989a

MUFA (Monounsaturated fatty acid) 87.048 ±1.524a 80.598±1.932b

PUFA (Polyunsaturated fatty acid) 1.869 ± 0.198b 2.846 ± 0.193a

SFA/MUFA (%) 17.920 ± 2.928a 18.680 ± 2.656a

SFA/UFA (Unsaturated fatty acid (%) 11.777±2.674b 17.554±2.678a

Fig. 1. Description of Hazelnut sampling

Fig. 2: Proximate composition and mineral
contents  in  Persian Hazelnut

(Corylus avellana L.) orchards kernel samples
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Fig. 3. Proximate composition and essential
mineral  contents  in  Persian Hazelnut

(Corylus avellana L.) orchards kernel samples

according to variance analyses, differences
between hazelnut  cultivars to  fatty acid contents
were found statistically important at p < 0.01 level.

CONCLUSION

A significant positive correlation (0.817)
between nut weight and kernel weight was
observed in this study which is as reported by
other researchers, but no relationship between nut
weight and kernel ratio (P ≤ 0.05) was found. Shell
thickness showed a negative correlation (-0.626);
however, nut weight showed a positive correlation
(+0.402) with shell thickness (P d”0.01). This means
that heavier nuts have thicker, heavier shells. In
conclusion, evaluation of 420  hazelnut  seedling
samples reveals that they could be not only very
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promising raw materials for various industries but
also would serves as useful dietary supplements.
The high protein and oil values of the kernels and
high levels of mineral elements indicate their
potentials usefulness in human animal and poultry
feed supplements  hazelnut  kernel oil can also be
recommended for cosmetics industries  due to and
for Anti-Aging, Moisturizing, Regenerative &
Toning Properties and these kernels should not be
overlooked anymore in pharmaceutical
technology.

The oil contents of hazelnuts were in the
range of 51.4% to 75.1% of dried weight of the
kernel. Combining the nut yield, percent kernel and
oil content of the kernel. The hazelnut oils were
unique in that only two fatty (oleic and linoleic)
acids accounted for 90% of their fatty acid content.
High oleic and linoleic acids contents and low
linolenic acid content improved the oils thermo
oxidative stability, while low levels of saturated
(palmitic and stearic) acids enhanced their
properties in cold environments.
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