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Abstract Nineteen cultivars of hazelnuts (Corylus avel-
lana L.) collected during the 2001 crop, from Vila Real,
Portugal, were analysed for chemical composition, includ-
ing moisture, total oil content, crude protein, ash, carbo-
hydrates and nutritional value. Fat was the predominant
component, ranging from 59.3 to 69.0%. Total oil was ex-
tracted and analysed for fatty acid and sterol compositions
and oxidative stability. Fatty acid and sterol compositions
were determined by Gas—Liquid Chromatography coupled
to a Flame Ionisation Detector (GLC/FID). Monounsatu-
rated fatty acids, particularly oleic acid, were predominant
(78.7-84.6%). Total phytosterol content ranged from 133.8
to 263.0 mg/100 g of oil. Among the nine sterols identi-
fied and quantified, B-sitosterol was the major one with
a mean percentage of 83.6%, while A’-avenasterol and
campesterol were the second and the third components of
the group with mean values of 6.1 and 5.8%, respectively.
Since hazelnut oil can be used in olive oil adulteration,
the values obtained were compared with published mean
values of olive oils from different geographical origins.
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Introduction

Populations from Mediterranean countries, when compared
with those from US and northern Europe, present lower
mortality rates from coronary heart disease (CHD) and
cancer, which could be related to the consumption of the
typical Mediterranean diet [1, 2]. This diet is low in meat
and higher in fish, fruits and vegetables, also having nuts as
valuable components. Although nuts are rich in fat, they are
generally low in saturated fatty acids (SFA) and high in mo-
nounsaturated (MUFA) and polyunsaturated (PUFA) fatty
acids. There is evidence that a MUFA rich diet can lower the
risk on CHD and also has preventive effects on atheroscle-
rosis [3-5]. There is also a growing interest in evaluating
nut’s role in a heart-healthy diet and several studies have
been made supporting a role for nuts in reducing CHD risk
[2, 6-8].

Among nut species, hazelnuts are widely appreciated.
Besides being consumed as a fruit they are mainly used as
an ingredient in confectionary products, as raw materials
for pastry and chocolate industry, and also add flavour and
texture to an increasing variety of sweet and savoury food
products such as bakery, cereal and dessert formulations
[9]. Hazelnuts are about 60% fat (fresh weight) with oleic
acid being the major fatty acid. Besides a favourable fatty
acid profile, hazelnuts are rich in phytosterols, which are
known for their ability in reducing blood cholesterol, but
have also been reported to have anticancer and immune
system modulating properties [10-13].

The possibility of using hazelnut oil in adulteration of
olive oil is another issue of current interest [14-22]. In
fact, adulteration of virgin olive oil with other cheap veg-
etable oils has frequently represented a problem for reg-
ulatory agencies, oil suppliers and consumers. Assess-
ment of authenticity of vegetable oils in the food in-
dustry involves many tests, being the analysis of fatty



acids and sterol compositions currently used [23-26].
Since hazelnut and olive oils have similar lipidic com-
positions, adulterations are difficult to detect. Fatty acids
[20], triacylglycerols [15, 20], sterols [15, 18], tocopherols
[15] and polar components [21] have already been used
with this purpose.

As the cultivar and geographical origin are important fac-
tors that can influence compositional values [27-30] it is
important to characterize (qualitatively and quantitatively)
hazelnut oil composition in order to draw up profiles that
will not only bring more information in what hazelnut oil
composition is concerned, but can also be used in future
works concerning virgin olive oil adulterations. As possi-
ble, comparisons of hazelnut and olive oils are discussed.

In this study, 19 cultivars of hazelnuts growing in the
same experimental orchard and subjected to the same agri-
cultural practices were analysed. In this way, any variability
found among the samples can be attributed to the influence
of the cultivar. Samples were analysed for total fat, mois-
ture, crude protein, ash, carbohydrates and oxidative sta-
bility. The chemical study was extended to 15 fatty acids
and 9 phytosterols. Some works have already been pub-
lished concerning some of the parameters studied in the
work herein, but some reported only mean values without
referring the cultivars under study [23, 26, 31, 32], other
works studied different cultivars [27, 28, 30, 33] and other
studied a reduced number of cultivars [34-38]. As far as
we know, this is the first report on hazelnut cultivars grown
in Portugal and nine of the cultivars were now studied for
the first time.

Materials and methods
Chemicals

The standard mixture of 37 FAMEs and the fatty acid isom-
ers cis-9-trans-12-octadecadienoate (C18:2wb6c¢t), trans-
9-cis-12-octadecadienoate (C18:2wb6tc) and cis-11-octa-
decenoate (C18:1w7) were all purchased from Supelco
(Bellefont, PA, USA). Betulin, cholestanol, cholesterol,
campesterol, stigmasterol, PB-sitosterol, PB-sitostanol, 1-
methylimidazole and boron trifuoride methanol solu-
tion, 14% (BF;) were all from Sigma (St. Louis,
MO, USA). N-methyl-N-(trimethylsilyl)-hepta-fluoro-
butyramide (MSHFBA) was obtained from Macherey-
Nagel (Diiren, Germany).

Samples

Nineteen hazelnut (Corylus avellana L.) cultivars (Butler,
Campanica, Cosford, Couplat, Daviana, Ennis, Fertille de
Coutard, Grossal, Gunslbert, Lansing, Longa d’Espanha,
Merveille de Bolwiller, Morell, Negreta, Pauetet, Round
du Piemont, Santa Maria de Jesus, Segorbe and Tonda
de Giffoni) were studied. An experimental plantation
was established in March 1984, in Vila Real, in the
northeastern region of Portugal (41°19'N, 7°44'W, 470 m
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elevation). The trees were planted at a 5x3 m spacing with
no pruning, in a completely randomised design for fruit
sampling. The hazelnuts were harvested in the crop year
2001 (September) and a final sample of about 2 kg was
randomly taken. After harvest, hazelnut fruits were dried
at ambient temperature in the dark. The fruits were stored
in shell, closed in plastic bags, flushed with nitrogen, and
frozen to —20 °C, until the analyses.

Sample preparation

Before chemical analysis the hazelnuts were manually
cracked and shelled, and then chopped in a 643 MX coffee
mill (Moulinex, Spain). Crude oil was obtained from finely
chopped nuts (ca. 15 g) extracted with light petroleum ether
(b.p. 40-60 °C) in a Soxhlet apparatus; the remaining sol-
vent was removed by vacuum distillation. The extracted oil
was stored at 4 °C in tubes with anhydrous sodium sulphate,
protected from light with aluminium foil and flushed with
nitrogen.

Chemical analysis

Moisture, total fat, ash and protein contents analysis were
carried out in duplicate. Moisture was determined at
100£2 °C (ca. 5 g test sample) using an SMO 01 in-
frared moisture balance (Scaltec, Goettingen, Germany).
Ash, crude protein (IVx5.3) and total fat contents were de-
termined according to AOAC Official Methods [39]. The
percentage of total carbohydrates was calculated subtract-
ing the total percentage of the other components from 100.
Energy was expressed as kcal, using the factors proposed
by Greenfield and Southgate [40].

Oxidative stability (OS)

The oxidation induction time was measured on a Rancimat
apparatus (Metrohm CH series 679, Herisau, Switzerland).
A flow of air (20 1/h) was bubbled through the oil
(ca. 3.0 ml) heated at 11040.2 °C. The volatile oxidation
products released were led into a conductivimetric cell
containing water, while the change of conductivity of the
solution was plotted on a graph. OS was determined as the
time taken to reach the conductivity inflection point, and
recorded as the induction time (IT).

Fatty acid composition

Fatty acids were determined by GLC/FID/capillary column
using the same methodology as Amaral et al. [41]. Fatty
acids were measured as their methyl esters after hydroly-
sis with a 11 g/l methanolic potassium hydroxide solution,
methyl esterification with BF;/MeOH and extraction with
n-heptane. The analysis was carried out on a Chrompack
CP 9001 chromatograph (Chrompack, Middelburg, The
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Netherlands) equipped with a split-splitless injector, a FID
and a Chrompack CP-9050 autosampler. The temperatures
of the injector and detector were 230 °C and 270 °C, respec-
tively. Separation was achieved on a 50 mx0.25 mm i.d.
fused silica capillary column coated with a 0.19 wm film
of CP-Sil 88 (Chrompack, Middelburg, The Netherlands).
The column temperature was 160 °C held for 1 min, and
then programmed to increase to 239 °C at arate of 4 °C/min
and then held for 10 min. Helium was used as carrier gas at
an internal pressure of 120 kPa. The split ratio was 1:50 and
the injected volume was 1.2 1. The results are expressed in
relative percentage of each fatty acid, calculated by inter-
nal normalization of the chromatographic peak area. Fatty
acids were identified by comparing the relative retention
times of FAMEs peaks from samples with standards.

Sterol composition

Sterol composition was evaluated by GLC/FID/capillary
column following the NP EN ISO 12228 method [42].
Briefly, after addition of 1.0 ml of internal standard solu-
tion (betulin 1.0 mg/ml) ca. 250 mg of oil was saponified
with an ethanolic potassium hydroxide solution; the un-
saponifiable fraction was isolated by solid phase extraction
on an aluminium oxide column and the steroid fraction was
obtained after TLC with n-hexane/diethyl ether 1:1 (v/v)
as developing solvent and a methanol spray to visualize
the band. The trimethylsilyl ethers were obtained by the
addition of 1-methylimidazole and MSHFBA. The sterol
profile was analysed on the same equipment used for fatty
acid analysis, with a 30 m x 0.25 mm i.d., 0.25 pm DB-
SMS column (J & W Scientific, Folsom, CA, USA) with

a maximum operating temperature of 325 °C. The temper-
ature of the injector and the detector were both 320 °C.
The column temperature was 250 °C and programmed to
increase at a rate of 2 °C/min to 300 °C and then held for
12 min. The carrier gas used was helium at an internal pres-
sure of 100 kPa. The split ratio was 1:50 and the injected
volume was 1.5 pl. Total sterol content was determined
considering all peaks of sterols eluted between cholesterol
and A’-avenasterol. Identification was achieved by com-
paring the relative retention times from samples with those
obtained with standards. Clerosterol, A’-avenasterol, A”-
stigmastenol and A”-avenasterol were tentatively identi-
fied by comparison with references [23, 26, 41] and with
samples of olive and sunflower oils. B-Sitostanol and AS-
avenasterol eluted very close and therefore were quantified
as A’-avenasterol.

Results and discussion

The proximate composition results and caloric value of the
studied samples are showed in Table 1. Fat was the predom-
inant component with a mean value of (64.0%) and ranging
from 59.3% in cv. Merveille de Bollwiller to 69.0% in cv.
Negreta. The cultivars grown in Portugal, generally pre-
sented higher values for fat content when compared to the
average values of hazelnuts grown in Spain (56.1%) [32], in
New Zealand (58.4%) [33] and in Turkey (59.8%) [9], but
identical values to hazelnuts grown in Italy (64.1%) [36].
As already pointed out, several factors can be responsible
for these variations, besides the nature of the cultivar. To
illustrate this, we can point the differences registered be-
tween the oil contents of cvs. Butler, Campanica, Ennis and

Table 1 Proximate chemical composition (g/100 g fresh weight) of 19 hazelnut cultivars grown in Portugal (mean+SD)

Cultivar Moisture Crude protein Lipid Ash Carbohidrates Energy (kcal)
Butler 4.36£0.04 11.27+£0.08 61.79£1.90 2.724+0.02 19.86£1.54 681
Campanica 4.684+0.09 10.8040.20 64.95+0.25 2.74£0.02 16.834+0.37 695
Cosford 4.52+0.23 10.20+£0.01 61.96+0.07 2.59+0.02 20.73£0.22 681
Couplat 3.75+0.09 9.90+0.07 67.00+0.22 2.44+£0.03 16.9140.38 710
Daviana 5.35+0.06 11.37£0.06 60.924+0.07 2.90£0.00 19.4740.07 672
Ennis 6.43£0.04 9.48+0.07 60.1940.08 2.80£0.09 21.114£0.07 664

F. Coutard 6.29+0.16 10.8940.09 62.67+0.23 2.69£0.08 17.46£0.37 677
Grossal 5.20+0.17 9.57+0.03 65.29+0.17 2.53+0.08 17.41£0.39 696
Gunslbert 5.85+0.19 12.6240.16 60.16£0.51 3.39£0.06 17.9940.82 664
Lansing 4.89+0.05 10.09£0.10 63.05+0.02 2.82+0.01 19.15£0.10 684

L. Espanha 3.79£0.08 10.2740.00 65.39+0.14 2.62+0.01 17.9340.06 701
M. Bollwiller 4.61£0.10 12.69+0.06 59.254+0.16 3.06£0.05 20.3940.02 666
Morell 4.1240.21 10.83+0.01 64.77+0.09 2.42+0.06 17.874+0.23 698
Negreta 3.46+0.20 10.584+0.03 69.03+0.19 2.43£0.01 14.50£0.28 722
Pauetet 5.6240.27 10.72+0.08 65.65+0.13 2.57+0.00 15.45+0.09 695

R. Piemont 4.1940.04 10.9340.06 66.69+0.01 2.40£0.02 15.7940.01 707
Segorbe 4.85+0.19 12.38+0.05 63.02+0.32 2.57+£0.01 17.19£0.31 685

St. M. Jesus 4.3940.09 12.4040.04 68.30£1.48 2.81£0.01 12.09+1.41 713

T. Giffoni 6.30+0.04 9.34+0.17 65.30+0.05 2.63£0.05 16.4440.18 691
Mean 4.87 10.86 63.97 2.69 17.61 689.57
Range 3.5-6.4 9.3-12.7 59.2-69.0 2.4-34 12.1-21.1 664-722




Table 2 Fatty acid composition (%) and oxidative stability (h) of oil extracted from analysed walnut samples (mean+SD)

Fatty acids
C14:0

Cultivar

YMUFA YPUFA O.. (h)

81.65
84.59

C20:1w9 C18:3w3 C22:0 C21:1w9 T SFA

C20:0

C18:2w6
9.11£0.01
7.27+0.01

C16:0 Cl6:1w7  C17:0 Cl17:1w7 C18:0 C18:1w9 Cl18:1w7

Cl15:0

153
9.7

9.20

0.044+0.00 9.15
0.0540.00
0.0540.00
0.0440.00
0.0440.00

0.0340.00
0.0340.00
0.0340.00
0.0240.00
0.0440.00
0.0340.00
0.034+0.00
0.0340.00
0.03+0.00
0.0340.00
0.0440.00
0.024+0.00
0.0340.00
0.02+0.00
0.02+0.00
0.0340.01
0.0240.00
0.0340.00
0.024+0.00

0.03

0.0940.00
0.1040.00
0.0940.00
0.0940.00
0.08+0.01
0.0840.00

3+0.00
640.00
640.00
61+0.02
740.01
3+0.00

0.

0.14 £ 0.00
0.1340.00

79.714+0.11
82.81+0.10
80.93+0.16
81.13+0.02
80.49+0.10
80.36+0.07
79.0940.11

3.05£0.00
2.7440.00
2.8140.00
2.87+0.00
2.69+0.01
2.8240.01
2.2040.00
2.76+0.01
3.70+0.00
2.774+0.00
2.08+0.00
2.2140.05
2.8140.00
2.59+0.00
2.4940.01
3.01£0.00
2.8240.01
2.96+0.00
2.46+0.00

2.73

0.204+0.00  0.04£0.00 0.0740.00
0.16+0.00 0.05£0.00 0.08+0.00
0.1940.00 0.05£0.00 0.0740.00
0.204+0.00 0.04+0.00 0.07+0.01
0.1840.00 0.04+0.00 0.0720.00
0.2240.00 0.05£0.00 0.08+0.01
0.214+0.00 0.04+0.00 0.08+0.00
0.244+0.00 0.04+0.00 0.0740.00
0.224+0.00 0.06+0.00 0.08+0.00

6.75+£0.02  0.25+0.00 0.05+0.01

+0.00 5.8440.01

+0.0

7.37

8.01
8.61
8.50
8.26

0.

5.0240.01

8.59 13.7

82.77
83.27
82.40
82.41

+0.00 5.554+0.03

14.5

8.20
9.34

0.

2+40.00
440.00
340.01

16.3

0.

16.2

8.48

0.04+0.00 9.11

0.

8.9
5.1
0.

11.48

7.30
10.00
.89
10.39

8.3
9.88
10.01
8.84
8
8.83
8.74
9.25

80.67
83.91
78.65
81.79
82.59
81.66
83.23
81.38
81.48
81.84
82.94
82.70
81.75
82.19

8.73
7.54

8.36
8.0
8.44

0.044+0.00 7.81

0.05

8.12
8.52

0.044+0.00 9.26
0.0540.00

0.05+£0.00 8.53
0.04+0.01

0.074+0.00 7.83
0.0640.00
0.074+0.00 9.97
0.044+0.00 9.79
0.0640.00
0.0610.01
0.074+0.00  7.90
0.06+0.00

0.1240.00
0.10+0.00
0.11+0.00
0.10£0.01
0.1240.00
0.11+0.01
0.10+0.00
0.100.00
0.1020.00
0.1140.00
0.1140.00
0.110.00
0.10+0.00
0.

740.00
440.00

0.1740.00
0.1610.01
0.

0.12+0.00
0.2040.02
0.1440.01
0.1840.01
0.1340.00
0.1340.00
0.

0.1840.01
0.1610.01
0.1540.01
0.

340.00

7.5-10.0 78.7-84.6 7.3-11.5 8.9-16.3

0.02-0.04  0.04-0.07

0.08-0.12

2-0.20

0.

1—0.17

0.

8.1240.00
9.254+0.02
8.41+0.01

.66+0.02

0.

45+0.13

0.03+0.00 0.0

Butler

0.03+0.00 0.0

Campanica
Cosford
Couplat

0.03+0.00 0.0

0.03+0.00 0.0

0.03+0.00 0.0

Daviana
Ennis

0.

6.05+0.0

0.03+£0.00 nd

0.1240.00
0.1540.00
0.1740.00
0.1540.00
0.1240.00
0.1140.01
0.

0.1240.00
0.1240.00
0.1340.00
0.1240.00
0.1440.00
0.1240.00
0.

11.37+0.01
7.2040.00
11.25+0.02
8.25+0.01
9.7640.00
9.9040.07
8.7440.00
10.40+0.01
9.9040.01
8.7840.01
8.7240.01
8.634+0.03
10.29+0.01

9.15

.05+0.12
33+0.10
.28+0.12
54+0.14
0.7140.03
1.16+0.05
.35

1

82.00+0.05
76.71+0.10
79.5440.12
80.87+0.03
80.02+0.07
81.44+0.10
79.80+0.29
79.254+0.03
80.03+0.11
81.53+0.06
80.14+0.10

80.94+0.15
80.36

0.07+0.00
0.08

0.054+0.00  0.1040.00

0.204+0.00  0.04£0.00 0.0940.00
0.05

0.2140.01
0.144+0.00 0.05£0.00 0.08+0.00

5.314+0.00 0.19£0.00 0.05+0.00 0.0840.00
0.2140.00  0.04£0.00 0.0740.00

0.034+0.00 0.01£0.00 6.02+£0.00 0.2640.00 0.05£0.00 0.0940.00
0.16+0.00 0.05+£0.00 0.0740.00

0.184+0.00 0.06+0.00 0.09+0.00

0.024+0.00 0.01£0.00 5.14+0.03 0.174+0.00 0.05+£0.00 0.08+0.00
0.20
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Tonda de Giffoni, that in this study showed values of 61.8,
64.9, 60.2 and 65.3%, respectively, while the same cultivars
collected during 1995 in New Zealand presented values of
57.1, 56.1, 54.6 and 63.2%, respectively [33]. The caloric
value of the studied cultivars was in average 690 kcal/100 g
of hazelnuts, confirming that these fruits are a good source
of energy.

Table 2 reports the results obtained for fatty acid compo-
sition, total saturated fatty acids (SFA), monounsaturated
fatty acids (MUFA), polyunsaturated fatty acids (PUFA)
and the oxidative stability of the studied cultivars. Fifteen
fatty acids were identified in Portuguese samples, among
which oleic acid (C18:1w9) was by far the predominant
one ranging from 76.7% in cv. Gunslbert to 82.8% in
cv. Campanica. The second, third, fourth and fifth acids
were always linoleic (C18:2w6), palmitic (C16:0), stearic
(C18:0) and vaccenic (C18:1w7) acids with mean values
0f9.2,5.6,2.7 and 1.4%, respectively. All other acids were
present in amounts lower than 1%. The individual fatty acid
content was, in general terms, in agreement with those al-
ready reported to occur in other hazelnuts cultivars [27-29,
31, 33-36]. As expected, MUFA was the main group of
fatty acids. PUFA and SFA contents were in the same or-
der of magnitude, although the percentages of PUFA were
slightly higher in almost all the studied cultivars. It has
been reported that the ratio of oleic to linoleic acid varies
among hazelnut cultivars and that their contents were in-
versely related [28, 34]. This is reasonably consistent with
the results herein reported, since the cvs. Campanica and
Grossal were the ones with higher oleic acid and lower
linoleic acid contents while c¢vs. Gunslbert and Fertille de
Coutard were the ones with lower oleic and higher linoleic
acid contents. However, this relation was not observed for
all the cultivars. The ratio oleic to linoleic acid varied from
6.8 to 11.4 and this can really point to different behaviours
for the several cultivars studied.

When comparing the fatty acid profile of olive oils from
different countries [43—45] with the one herein reported for
hazelnuts, they seem to be slightly different since in olive oil
the second and third major fatty acids are always palmitic
and linoleic acids, while in hazelnut oils this order is the
inverted one. Consequently, total SFA content in hazelnuts
is lower than in olive oils.

The values obtained for oxidative stability are listed in
Table 2 and ranged from 8.9 to 16.3 h. The induction times
(IT) obtained with the cultivars grown in Portugal, were
higher than those reported for cultivars grown in Spain by
Parcerisa et al. (2.8-10.0 h) [37] and by Bonvehi and Coll
(4.4-9.6 h) [38], what can be explained by the different
temperatures used on the apparatus. No matter what, on
comparing the values obtained with the now studied cul-
tivars Couplat (14.5 h), Morell (14.8 h), Negreta (11.9 h)
and Pauetet (12.7 h) with the values obtained by Bonhevi
and Coll [38] for the same cultivars (9.0, 8.8, 5.7 and 6.9 h,
respectively) in both studies cvs. Negreta and Pauetet were
the ones with lower stability, and this points to differences
in resistance to oxidation among cultivars. Research has
shown that IT is related mainly with two parameters: the
degree of saturation of the fatty acids present in the oil
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(the higher the degree of unsaturation the lower the IT and,
consequently, the shelf life), and the presence of natural an-
tioxidants and prooxidants in the oil. On analysing the IT of
the samples now studied it can be observed that the obtained
values are not strictly related with the PUFA amounts. This
may therefore be attributed to variations in the nature and
amounts of tocopherols or phytosterols which are known to
have some antioxidants properties. For instance, the high
IT obtained for cv. Daviana may probably be due, at least
in part, to an abnormally high amount of phytosterols.

The obtained values for total phytosterol contents in the
studied samples were in good agreement with the mean val-
ues described for hazelnuts [23, 27]. There were, however,
important differences among the studied cultivars, from the
lowest content in c¢v. Grossal (133.8 mg/100 g oil) to the
highest in c¢v. Daviana (263.0 mg/100 g oil). The identified
compounds are listed in Table 3. B-sitosterol was the major
sterol found in all cultivars, followed byA5—avenasterol and
campesterol, approximately in the same order of magni-
tude. Besides these compounds, cholesterol, stigmasterol,
clerosterol and A”-avenasterol were also found in all sam-
ples. The presence of cholestanol was also checked but it
was not detected. Qualitative differences among the studied
cultivars were only found for A”-stigmastenol that was not
detected in four of the cultivars.

Parcerisa et al. [32] studied 17 cultivars grown in USA,
and 7 of them (cvs. T. Giffoni, Segorbe, Negreta, F.
Coutard, Daviana, Butler and Ennis) were common with
the ones herein studied. In general, the individual and con-
sequently the total phytosterol content were lower (93.9—
153.9 mg/100 g of oil) in the cultivars grown in USA than
in the same 7 cultivars grown in Portugal and herein studied
(163.0-263.0 mg/100 g of oil). When comparing relative

percentages, the cultivars studied by Parcerisa et al. [29]
presented higher values for p-sitosterol (85.3-90.8%) than
those grown in Portugal (82.1-85.6%). This may be due
to the fact that only four sterols were detected and quan-
tified in that work (campesterol, stigmasterol, B-sitosterol
and A’-avenasterol).

The evaluation of the total sterol content and the sterol
profile have already been used as a tool to assess vegetable
oils authenticity [15, 16, 23-26, 31, 47, 49], and according
to some authors can be a useful tool methods for the control
of adulterations of olive oil with hazelnut oil [15, 16]. The
adulteration of olive oil with high amounts of hazelnut oil
can be checked by the study of the sterol profile. In fact,
when comparing hazelnut and olive oils sterol profiles
(Tables 3 and 4) important qualitative and quantitative
differences can be observed. When taking into account the
regulations established by the European Union, the Codex
Alimentarius of the FAO/WHO and by the International
Olive Oil Council, all of the hazelnut studied samples
exceeded the upper limit of 4% established by the EU
(Regulation 2568/91/EEC and later amendments) for
olive oil campesterol content; besides, hazelnut samples
exceeded the established upper limits of cholesterol (0.5%)
(except cvs. Daviana and Grossal) and of A”-stigmastenol
(<0.5%) (except cvs. Cosford, Daviana, Ennis, Lansing, L.
Espanha, M. Bollwiller and Segorbe). The European Union
also establishes that the apparent p-sitosterol content (sum
of clerosterol, PB-sitosterol, A3-avenasterol, B-sitosterol
and A5’24—stigmasten01) in olive oils should be >93%, but
in the studied hazelnut cultivars those values ranged from
90.0 to 93.5% and only four cultivars were within the limits
imposed for olive oils. From the results here reported it
seems that the sterol profile allows differentiating between

Table 3 Sterol content (mg/100 g of oil) of oil extracted from hazelnut samples (mean£+SD)

Cultivar Cholesterol Campesterol Stigmasterol Clerosterol B-Sitosterol  B-Sitostanol A’-Stigmastenol A”-Avenasterol Total
+A3-Avenasterol
Butler 0.91+0.01 7.83+0.12 1.41+0.01 1.504+0.01 132.054+0.14 10.23+0.10 0.96+0.02 0.66+0.04 155.5
Campanica  1.02+0.02 7.544+0.02 1.57£0.04 2.29+0.02 120.824+0.13 8.32+0.05 2.17+0.02 0.87+0.01 144.6
Cosford 2.38+0.01 15.9740.03 2.324£0.01 1.87£0.03 170.41£0.11 12.5440.02 nd 0.8240.06 206.3
Couplat 1.404+0.06 9.63+0.04 2.044+0.04 1.85+0.04 151.864+0.47 11.82+0.01 1.074+0.03 4.4440.04 184.1
Daviana 1.24£0.05 16.36+0.03 2.50£0.03 2.99+0.08 219.60+0.04 18.22+0.02 1.03+£0.06 1.10£0.02 263.0
Ennis 1.4240.01 8.074£0.06  1.994+0.02 1.624+0.03 152.364+0.09 12.14+0.02 nd 0.4740.02 178.1
F. Coutard 2.86+0.01 9.474+0.05 1.64+£0.06 1.74+0.06 135.85+0.10 9.41£0.11 1.19+0.00 0.87+0.03 163.0
Grossal 0.65£0.02 7.72+0.01 1.214+0.01 1.59+0.06 112.90+0.10 7.7740.01 1.40+£0.05 0.51+0.02 133.8
Gunslbert 1.014+0.04 10.544+0.04 1.684+0.01 1.93+0.05 146.214+0.27 10.57+0.03 1.4240.02 2.9440.01 176.3
Lansing 2.17£0.03 8.27+£0.10 2.264+0.03 2.48+0.07 149.844+0.08 11.03+0.01 nd 1.16+0.04 177.2
L. Espanha  1.71£0.01 9.944+0.07 2.06+£0.02 1.45+0.05 149.924+0.14 7.47+0.02 0.53+0.03 1.08+0.03 174.2
M. Bollwiller 1.69+0.01 12.98+0.03 1.93+0.01 2.05+0.04 156.62+0.11 112.3640.05 nd 0.7540.03 188.4
Morell 1.83+0.02 12.45+0.02 1.54+0.02 1.7940.02 155.50£0.06 11.85+0.07 2.96+0.03 1.424+0.03 189.3
Negreta 1.514+0.01 9.894+0.02 1.674+0.01 1.504+0.07 152.534+0.27 9.31+0.03 1.50+0.04 0.8740.01 178.8
Pauetet 1.654+0.03 10.954+0.15 2.33+0.06 2.2740.10 152.624+0.14 11.84+0.07 1.5840.01 2.724+0.00 186.0
R.Piemont  1.02+0.02 7.214+0.03  1.36+0.02 1.77+0.04 107.984+0.25 9.73+0.02 3.61+0.09 1.4840.03 134.2
Segorbe 1.164+0.02 12.354+0.03 1.594+0.04 1.9740.02 148.86+0.20 13.15+0.00 0.9840.07 1.2840.01 181.3
St. M. Jesus  1.174+0.01 8.044+0.01 1.62+0.01 1.5640.05 123.394+0.02 7.97+0.03 1.834+0.02 0.6740.03 146.3
T. Giffoni 1.4940.05 9.724+0.06  1.79£0.03 2.03£0.16 162.894+0.18 10.95+0.06 1.2940.11 1.194:0.06 1913
Mean 1.49 10.3 1.82 1.91 147.5 10.88 1.57 1.33 176.4
Range 0.9-2.9 7.2-16.4 1.2-2.5 1.5-3.0 108.0-219.6  7.5-18.2 nd-3.6 0.7-2.9 134-263

nd: not detected
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Table 4 Sterol content range (mg/100 g of oil) of olive oil (OO) samples from different geographical origins

Cultivar Cholesterol Campesterol Stigmasterol Clerosterol p-Sitosterol ~ A’-Avenasterol ~ A7-Stigmasterol ~ A”-avenasterol  Total
European OO? nr 25-114  0.5-6.7 nr 68.3-261.0  3.4-26.6 nr nr >100
North African OO*  nr 5.9-6.4 1.6-2.6 nr 154.5-185.1 15.8-21.4 0.1-0.4 0.8-1.4 180-230
Turkish OO* nr 33-74 1.5-1.7 nr 100.0-202.5 3.0-21.8 0.2-0.9 0.5-3.0 110-170
Spanish OOP 0.5-1.0 2.9-8.1 0.7-1.5 1.1-2.3 89.8-177.2 8.8%-21.9 0.2-0.5 0.2-0.7 111-203
“Ref. [43]

bRef. [54]

nr: not reported. *: 5—Silos1an01+A5—Avenaslerol

hazelnut oils and olive oils. However, adulterations with
low percentages of hazelnut oil may not be detected by this
method and several parameters must be evaluated to assess
the presence of hazelnut oil in olive oil as mentioned by
Christopoulou et al. [21] and Parcerisa et al. [15].

In conclusion, hazelnuts are a rich source of oleic acid
(about 80%), which have been associated with beneficial
health effects, and compared to olive oil has the advantage
of presenting lower contents of saturated fatty acids. Hazel-
nuts also contain several phytosterols generally in higher
amounts than most of the olive oil samples, which appears
to be important bioactive compounds since they can inhibit
intestinal absorption of cholesterol. Although some differ-
ences were noticed among cultivars, more data are needed
in order to confirm if the composition of hazelnut lipid frac-
tion differs enough to say if some of the cultivars are more
suited in what health is concerned. Results from other crops
and extending to other parameters, namely tocopherols and
triglycerides, will be useful for such purpose.
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