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Abstract

Hazelnuts are a well-known source of different healthy molecules. However, only few studies have investigated deeply
their amounts considering simultaneously the contribution of the cultivar, the pellicle and the effect of roasting. For such
purpose, peeled/unpeeled and raw/toasted samples of “Nocchione”, “Tonda di Giffoni”, “Tonda Gentile delle Langhe”
and “Tonda Gentile Romana” hazelnuts were investigated as regards to their fatty acid composition, tocopherols and total
phenolic compounds. Our results indicate that all four cultivars contain a high fraction of mono- and poly-unsaturated fatty
acids, about 110-210 mg/kg of tocopherols and, when unpeeled, 1250-2100 mg/kg of phenolic compounds. In particular,
unpeeled and toasted “Tonda Gentile delle Langhe” hazelnuts contain more than 2 g/kg dry weight of hydrophilic phenolics
and more than 200 mg/kg dry weight of tocopherols. The study confirms that the highest concentration of bioactive com-
pounds is contained in hazelnut’s pellicle. Accordingly, a principal component analysis (PCA) demonstrates that removal of
the pellicle is associated with reduced amounts of phenolic compounds and - and y-tocopherols. The PCA also indicates
that B-tocopherol, together with total fat, are the variables that most characterize the cultivar. Toasting, on the other hand,
induces the oxidation of monounsaturated fatty acids, but does not influence the presence of tocopherols and has a positive
impact on the presence of phenolic compounds whose concentration significantly increased regardless of kernel’s pellicle.
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Introduction

Nuts are an important source of a great number of healthy
bioactive molecules [1], that are recognized as acting in
reducing inflammation [2] and the risk for cardiovascular
diseases [3, 4], cancer [5] and type-2 diabetes [6].

Hazelnuts (Corylus avellana L.) are the second most
popular nuts worldwide (just after almonds) and are widely
consumed both raw and toasted or industrially transformed
in spreads, additives or oils.

The world global production of hazelnuts is around 1 mil-
lion tons per year, mainly produced in Turkey, whereas Italy
is the second largest producer [7]. Several hazelnut cultivars
exist in the world, only few are cultivated and commercial-
ized, mainly because of their well-established over the years
commercial features.

>4 Gianni Pastore
gianni.pastore @crea.gov.it

Council for Agricultural Research and Economics, Research
Centre for Food and Nutrition, Rome, Italy

Even so, some studies have been published on the chemi-
cal composition of different hazelnut cultivars [8—11], and,
for some cultivars, on the influence of environmental condi-
tions [12] and agronomic applications [13]. Moreover, it is
well known that the chemical composition of nuts is strongly
modified after harvesting by the technological procedures
employed before commercialization. This is true especially
for toasting that, besides leading to physical changes (dehy-
dration, colour modification), determines significant chemi-
cal modifications to bioactive substances [14], affecting also
organoleptic characteristics, due to the release of several vol-
atiles compounds (ketones, aldehydes, pyrazines, alcohols,
hydrocarbons, furans, pyrroles, terpenes) [15].

To our knowledge, hazelnuts still lack an exhaustive anal-
ysis of the roles of roasting and peeling and, on the other
hand, of their genetic background on the occurrence of a
number of bioactive molecules. To overcome this require-
ment, we focussed on four Italian hazelnut cultivars (“Tonda
di Giffoni”, “Tonda Gentile delle Langhe”, “Tonda Gentile
Romana” and the previously uncharacterized “Nocchione”),
taking into account the contribution of the pellicle and the
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effect of the toasting process on the presence of tocopherols,
fatty acids and phenols.

Materials and methods
Sampling

Samples of “Tonda Gentile delle Langhe” were collected in
the Piemonte region, in the north of Italy; “Tonda Gentile
Romana” and “Nocchione” in the Lazio one (in the centre
of Italy), whereas “Tonda di Giffoni” has been collected in
Campania, in the centre—south of Italy.

For each cultivar (“Nocchione”, “Tonda di Giffoni”,
“Tonda Gentile delle Langhe”, “Tonda Gentile Romana”),
two samples (2 kg each) were collected from two trees in
five different farms.

Preparation of the samples

For each of the four cultivars, the two samples coming from
the same farm were pooled, mixed thoroughly and split into
four aliquots. Two of them were toasted for 20 min at 180 °C
and, after cooling, one out of the two was manually deprived
of kernel’s pellicle. One of the remaining two aliquots was
kept unchanged, the second was peeled.

Thus, for each cultivar 5 samples were analysed for each
of the four treatments: raw with pellicle; raw without pel-
licle; toasted with pellicle and toasted without pellicle.

Each aliquot was immediately frozen and pulverized
in liquid nitrogen using an IKA A 11 Basic mill (IKA,
Staufen, Germany), and stored at — 80 °C until analyses
were performed.

Chemical analyses

Moisture was determined in 4 g of hazelnut powder dried in
oven at 105 +2 °C until constant weight (24 h).

The total fat content was determined as percentage of dry
weight (DW) using a Soxhlet apparatus, according to the
AOAC method 948.22 [16].

Tocopherols were analysed by HPLC-DAD (Agilent
1200 series, Agilent, Santa Clara, CA, USA). 1 gram of oil
extracted from kernels was solubilised in calibrated flask
with 10 ml methanol/chloroform (1:1). 20 pl aliquot was
directly injected into the HPLC after filtration using 0.2-pm
syringe filters (Phenex PTFE syringe filters; Phenomenex,
Torrance, CA, USA). HPLC was equipped with a Cosmosil
SPYE (Nacalai, Kyoto, Japan) reversed phase column (4.6
ID x 250 mm); the mobile phase was methanol/water (95:5
v/v) running isocratically at 30 °C at a flow of 1 ml/min.
DAD was set at 292 nm. Tocopherols were identified by
their retention times and spectra as compared to those of
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standards obtained from Sigma-Aldrich and ran at the same
conditions (St. Louis, MO, USA).

For the fatty acid composition determination, the methyl
esters were prepared by vortexing vigorously (30 s) a solu-
tion of oil in heptane (0.1 g in 2 ml) with 0.2 ml of metha-
nolic 2N potassium hydroxide and successively centrifuged
at 3500 rpm (3 min). Two pl of the supernatant were injected
into GC equipped with a FID detector (Perkin Elmer Auto-
system, Waltham, MA, USA). A BPX70 capillary column,
with 0.25 mm of ID, 0.25 pm of film thickness and 60 m of
length (SGE Analytical Science, Victoria, Australia) was
used. The carrier gas was helium, with a flow rate of 1 ml/
min. Injector and detector temperatures were set at 250 °C.
The temperature gradient of the oven was applied starting
from 130 °C and reaching 230 °C in 40 min. Fatty acids
were identified by their retention times as compared to those
of standards obtained from Supelco (Bellefonte, PA, USA).

Total phenols were extracted from about 2 g of hazelnut
powder that was weighted in a screw cone tube with 15 ml
of a methanol/water mixture (80:20). The mixture was vigor-
ously homogenized (orbital motion, 400 rpm, 25 mm orbital)
for 5 min on a Certomat MO II shaker (Sartorius, Gottingen,
Germany) and separated by centrifugation at 4000 rpm for
5 min. The procedure was repeated three times. The extracts
were blended and defatted three times with 15 ml of hexane.
The final extracts were then evaporated in a 50-ml flat-bot-
tomed flask by a rotavapor, diluted with 10 ml methanol and
filtered using 0.2-pm Phenex PTFE syringe filters (Phenom-
enex, Torrance, CA, USA). Total phenols were determined
using Folin—Ciocalteu method [17] at 765 nm using gallic
acid as reference standard.

Statistical analyses

Analytical variables were statistically tested for significant
factors’ effect by analysis of variance (ANOVA) (XLStat, v.
2012.1.01, Addinsoft). A Tukey’s post hoc test was applied
to compare means.

A principal component analysis (PCA) was applied on the
data sets from different cultivar, peeled or unpeeled and raw
or toasted hazelnuts using the mean value of the amounts
of phenolic compounds, total fat, a-, f— and y-tocopherol.

All statistical analyses were performed by XLStat, v.
2012.1.01, Addinsoft (France). Throughout all data analyses,
effects were considered to be significant at a level p <0.05.

Results and discussion
Fat content and fatty acid composition

Samples fat content ranged from 67.8% in “Tonda Gentile
Romana” to 72.4% in “Tonda di Giffoni” (Table 1), with
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Table 1 Fat content (%) and fatty acid composition (%) in the studied hazelnut cultivars (mean + SD)

Nocchione Tonda di Gif- Tonda Tonda Gentile Raw Toasted Kernel with Kernel without
foni Gentile delle Romana pellicle pellicle
Langhe

Total fat 69.0+2.05¢  724+1.2° 694+13%  67.8+1.9° 69.7+2.4 69.7+2.3 69.8+2.4 69.5+2.4
C16:0 (Pal- 7.52+0.394  7.18+0.318  7.72+0.29% 7.66+0.33% 7.55+038 749404 7.49+0.37 7.56+0.41
mitic)

C16:1 (Palmit- 0.25+0.03*® 0.21+£0.04®  028+0.06* 023+£0.06° 025+005 024+006 024+0.06  0.24+0.06
oleic)

C17:1 (Hepta- 0.03+£0.04  0.05+0.04 0.05+£0.04  0.04+0.04 0.05+0.04  0.04+£0.04  0.04+0.04 0.05+0.04
decenoic)

C18:0 3.01+024% 296+0.17%  2.55+0.19% 252+045% 2.8+0.36 269+036  2.68+0.35 2.8+0.37
(Stearic)

C18:1 (Oleic) 81.1+1.68% 81.6+1.14%  83.1+0.63* 81.5+2.07° 8223+1.51° 81.5+1.685 81.4+1.640 824+147°
C18:2 (Lin-  7.76+1.85% 7.54+13% 6.00x£0.61%8 77642274  682x+1.55% 750+1.87° 7.78+1.72F  6.67+1.626
oleic)

C18:3 (Lino- 0.06+£0.04  0.06+0.03 0.07+£0.04  0.06+0.05 0.06+0.05 0.07+0.03 0.08+0.03F  0.05+0.04°
lenic)

C20:0 (Ara-  0.13+0.01*B 0.13+0.01*  0.11+0.01¢ 0.12+0.025¢ 0.12+0.01  0.12+0.02  0.12+0.01 0.12+0.01
chidic)

C20:1 (Gado- 0.12+0.01 % 0.13£0.01*  0.11+0° 0.12+0.01®  0.12+0.01  0.12+0.01  0.12+0.01 0.12+0.01
leic)

3" SFA 10.66+0.4  10.28+0.3 1038+0.4  10.30+0.7 1047+1.49 1030+0.48 10.29+0.50  10.48+0.47
3 MUFA 81.50+1.7% 81.97+12%  83.54+0.6" 81.88+2.1®% 82.64+1.5° 81.88+1.71F 81.76+1.7° 8279+ 1.5F
3 PUFA 7.82+1.9%  7.60+1.3% 6.08+0.6°  7.82+23*  6.88+1.6° 7.72+19°  7.86+1.7" 6.72+1.65

Different letters within a row indicates significant difference (p <0.05) among

A-Ccultivars
D-EToasting
F.Gpresence of the pellicle of the kernel, by three-way ANOVA

amounts that are comparable to those reported for Turkish
[18, 19] and Portuguese [9] cultivars.

The fatty acid composition of hazelnut oil is character-
ized by a high content of mono- and poly-unsaturated fatty
acids (MUFA and PUFA) [10, 20]. Accordingly, the main
fatty acid in all cultivars (Table 1) was oleic acid (above
80%), whereas saturated fatty acids (SFA) accounted only
for values ranging 10.28 £0.3 to 10.66 +0.4%, predomi-
nantly palmitic and stearic acids.

Linoleic acid was the second most abundant fatty acid.
Amounts were lower than those previously reported for
Portuguese [20, 21] and Polish [10] cultivars, but com-
parable to those reported for Italian ones by Ghirardello
et al. [22], confirming the inter-cultivar linoleic acid vari-
ability reported by Amaral et al. [9]; in addition, our data
also showed a high linoleic acid intra-cultivar variability,
as indicated by a very high coefficient of variation found
between our four cultivars (10-29%), as compared to that
of oleic acid (1-2%).

The ratio between poly- and monounsaturated fatty
acids was quite similar among the cultivars grown in the
centre—south of Italy (“Nocchione” 10.4; “Tonda Gen-
tile Romana” 10.5; “Tonda di Giffoni” 10.8) but was

significantly higher (13.7) in the “Tonda Gentile delle
Langhe” cultivar, grown in the north.

Toasting affected the fatty acid composition of all sam-
ples, according to the fact that acids containing unsaturated
bounds are oxidized at high temperatures [23]. In particular,
oleic acid showed a slight but statistically significant drop
from 82.23 +1.51 to 81.5+1.68% in toasted samples. On
the other hand, toasting did not induce a reduction of the
theoretically more oxidizable linoleic acid that was instead
slightly increased, possibly because the relative drop of the
greater amount of oleic acid determines the rise of the rela-
tive levels of linoleic acid [21]. As expected, oxidation of the
unsaturated fatty acids during toasting was associated with
a significant decrease of the ratio between poly- and mono-
unsaturated fatty acids on the saturated ones, which shifted
from 12.0 in raw hazelnuts to 10.6 in toasted ones (Table 1).

Fatty acid composition was influenced also by the pres-
ence/absence of the kernel pellicle. In fact, elimination
of the pellicle was associated with a significant increase
of oleic acid (81.4-82.4%) in kernels and a simultaneous
decrease of linoleic acid (7.8—6.7% on average), indicat-
ing that the lower amount of fats in the pellicle (14.5%
as reported by Ozdemir et al. [14]) is composed by a
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significantly lower amount of oleic acid and a consequent  Tocopherols

higher relative presence of linoleic acid. In all samples, the

linoleic acid content varied inversely to that of the oleic ~ Concentration of a-, p- and y-tocopherols is given in
acid, in accordance with previous data from Koyuncu etal. ~ Tables 2, 3 and 4. These results were comparable to those

[24] and Amaral et al. [21].

found in other cultivars [8, 10].

Table 2 o-Tocopherol (mg/kg DW; mean + SD) in the studied hazelnut cultivars according to toasting and presence of the pellicle on the kernel

Cultivar Raw kernel with pellicle Raw kernel without Toasted kernel with Toasted kernel with- Mean®
pellicle pellicle out pellicle

Nocchione? 136 +108¢P 103 +14° 177 + 188 123 +278CP 135+32!

Tonda di Giffoni® 169 +29AB 110+£42P 17042748 161 +214BC¢ 153 +38!

Tonda Gentile delle Langhe® 211+18% 168 + 1348 205+15% 173 +6"B 189 +234

Tonda Gentile Romana® 163 +22ABC 109 +12¢P 147 +18B¢CP 132 +42BCP 138 +31!

Mean” 171 +33F 1244356 175 +28E 149 +32F

By three-way ANOVA

Interaction roasting vs pellicle p <0.05

“Different letters (A-D) within cultivars raw/toasted with/without pellicle indicate significant difference (p <0.05) among cells
"Different letters within the row (E-G) indicate significant difference (p <0.05) among cells

“Different letters within the column (H-I) indicate significant difference (p <0.05) among cells

Table 3 p-Tocopherol (mg/kg
DW; mean + SD) in the studied
hazelnut cultivars according

to toasting and presence of the
pellicle on the kernel

Table 4 y-Tocopherol (mg/kg
DW; mean + SD) in the studied
hazelnut cultivars according

to toasting and presence of the
pellicle on the kernel

@ Springer

Cultivar Raw kernel ~Raw kernel Toasted Toasted kernel ~ Mean®

with pellicle without pel-  kernel with without pellicle

licle pellicle

Nocchione® 0.8+0.5 1.7+0.7 1.3+1.7 0.8+0.0.9 12+1.18
Tonda di Giffoni® 14+1.1 2.2+0.6 23+14 1.9+0.6 2.0+1.04
Tonda Gentile delle Langhe® 1.9+0.8 23+0.6 1.6+0.6 1.7+0.8 1.9+0.748
Tonda Gentile Romana® 1.1+0.6 2.1+0.7 1.3+05 1.5+08 1.5+0.7A8
Mean® 1.3+08%  2.1+0.6" 1.7+1.148 1.5+0.848

By three-way ANOVA

Interaction roasting vs pellicle p <0.05

NS within cultivars raw/toasted with/without pellicle indicate significant difference (p <0.05) among cells
PDifferent letters within the row (A, B) indicate significant difference (p <0.05) among cells

“Different letters within the column (C, D) indicate significant difference (p <0.05) among cells

Cultivar Raw kernel Raw kernel Toasted Toasted kernel  Mean®

with pellicle without pel-  kernel with without pellicle

licle pellicle

Nocchione? 04+04¢ nd€ 2.8+0.78  0.7+07¢ 1.0+1.20H
Tonda di Giffoni® n.d.C n.d.c 0.4+0.5¢ n.d.t 0.1+0.3"
Tonda Gentile delle Langhe® 5.4+2.6*  0.6+0.6° 6.3+4.04 22+12C 3.7+3.3F
Tonda Gentile Romana® 22+08° ndS€ 29+128  0.6+0.8° 1.5+1.5¢
Mean” 21+252 02+05° 3.1+3.0° 09+1.18

By three-way ANOVA
Interaction cultivar vs pellicle p <0.001

“Different letters (A—C) within cultivars raw/toasted with/without pellicle indicate significant difference
(p <0.05) among cells

"Different letters within the row (D, E) indicate significant difference (p <0.05) among cells
“Different letters within the column (F-H) indicate significant difference (p <0.05) among cells
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a-Tocopherol accounted for about 96% of total toco-
pherols, and amounts were significantly higher in “Tonda
Gentile delle Langhe” hazelnuts (mean of raw and toasted
with and without pellicle samples 189 +23 mg/kg DW)
as compared to “Tonda di Giffoni”, “Tonda Gentile
Romana” and “Nocchione” ones (153 +38, 138 +31 and
135 + 32 mg/kg DW respectively).

Although it represents only a small fraction of the
entire kernel, the pellicle is the part that contains the
highest concentration of tocopherol, as its removal was
associated with a great and significant loss of both a- and
y-tocopherol (a-tocopherol from 171 +33 to 124 +35
and from 175 +28 to 149 +32 mg/kg DW in the raw and
toasted hazelnuts, respectively, Table 2; y-tocopherol from
21+25t00.2+0.5and 3.1+3.0t0 0.9+ 1.1 mg/kg DW
in the raw and toasted hazelnuts, respectively, Table 4),
whereas p-tocopherol was almost equally distributed
between pellicle and kernel (Table 3).

As regards the effect of the toasting process on
a-tocopherol, conflicting results have been reported in
the literature: Stuetz et al. reported a 20% a-tocopherol
decrease after 15 min toasting at 160/170 °C [25], Amaral
et al. described a 10% decrease after 15 min at 180 °C
[21], whereas no significant effects, even after longer times
(up to 30 min at 160 °C or 60 min at 130 °C), were found
by Mazzocchi et al. [15]. According to the latter, we did
not observe significant reductions of a-tocopherol amounts
in unpeeled hazelnuts, whereas we found a slight but sig-
nificant increase of a-tocopherol after toasting in peeled
hazelnuts (Table 2), which is consistent with the state-
ment that a-tocopherol can be stable during heath treat-
ment [26]. No major changes were observed by toasting on
both p- (Table 3) and y-tocopherol (Table 4) concentration
in hazelnuts.

Phenolic compounds

High variability in total phenolic compounds of unpeeled
raw hazelnuts was found among cultivars, ranging from
1252 + 150 mg/kg DW in the “Nocchione” cultivar to
1756 +346 mg/kg DW in the “Tonda Gentile delle Langhe”
one (Table 5). As previously described [27-29], phenolic
compounds are mainly localized in the pellicle of the hazel-
nut. Accordingly, pellicle removal determined a 59-79% loss
of total phenolic compounds in toasted and raw hazelnuts,
respectively (from 1516 +438 to 315 +44 mg/kg DW in
raw hazelnut; from 1702 +372 to 691 +77 mg/kg DW in
toasted hazelnut; Table 5). Like for a-tocopherol, contro-
versial data exist on toasting effects on total phenols: Pelvan
et al. [30] showed that the process determines a decrease
of total phenolic compounds, while Marzocchi et al. [15]
described a significant increase of total phenolics during the
heat treatment. Our data agree with results of the latter. In
fact, toasted samples showed on the average an increase of
total phenolic compounds of, respectively, 186 and 376 mg/
kg DW in unpeeled and peeled hazelnuts (Table 5, mean
values on all the cultivars). This increase can be explained
if we hypothesize that the chemical degradation of unsta-
ble phenolic compounds during heat treatment [31] may be
counterbalanced by the degradation of polymerized poly-
phenols (mainly hydrolysable tannins) and by the hydroly-
sis of various glycosylated flavonoids, whose evidence has
been described by Monagas et al. [32]. Moreover, molecules
found in toasted nuts could be a consequence of the Mail-
lard reaction, occurring between reducing sugars and amino
acids. Such products might, on the one hand artificially over-
estimate phenolics absorbance readings obtained using of
the Folin—Ciocalteu reagent [33], and, from the other, yield
sub-products that effectively enhance the antioxidant capac-
ity of hazelnut [34].

Table 5 Total phenolic compounds (mg/kg DW; mean +SD) in the studied hazelnut cultivars according to toasting and presence of the pellicle

on the kernel

Cultivar® Raw kernel with pellicle Raw kernel with- ~ Toasted kernel Toasted kernel with- Mean®

out pellicle with pellicle out pellicle
Nocchione 1252 + 1508¢P 295 +38E 1587 +43148 741 +86"E 969 + 549’
Tonda di Giffoni 1421 +6118¢ 374 + 408 1441+£2348 753 £31CPE 998 +553"
Tonda Gentile delle Langhe 1756 + 34618 304 +328 2095 +3104 678 +£51PF 1209 + 788!
Tonda Gentile Romana 1562 +496"8 295 + 8E 1608 + 15848 615+51PF 1020 + 638"
Mean® 1516 +438F 315+441 1702 +372F 691 +77¢

Interaction cultivar vs pellicle p <0.01

“Different letters (A—E) within cultivars raw/toasted with/without pellicle indicate significant difference (p <0.05) among cells

bDifferent letters within the row (F-H) indicate significant difference (p <0.05) among cells

Different letters within the column (I, J) indicate significant difference (p <0.05) among cells
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Principal component analysis

To obtain a comprehensive view of the effect of the techno-
logical approach (presence/absence of the kernel’s pellicle;
toasted/row hazelnuts) on the presence of bioactive mol-
ecules (total phenolic compounds, a-, f- and y-tocopherols
and total fats) in hazelnuts, a PCA was applied (Fig. 1).

The first two components (accounting for 79.9% of total
variance) indicate a clear different pattern that depends on
kernel’s pellicle and hazelnut’s cultivar (Fig. 1a). The score
plot (Fig. 1a) indicates that toasting has no particular effects
on sample distribution among the first two principal com-
ponents, as raw (“R” in the labels) and toasted (“T”") hazel-
nuts are almost randomly distributed in the four quadrants
of the plot. On the contrary, the first component (explaining
50.5% of total variance) clearly describes the role of the pel-
licle, as indicated by the distribution of peeled and unpeeled
samples, respectively, in the negative and positive quadrants
(Fig. 1a). As this component is mainly explained by the pres-
ence of phenolic compounds, a- and y-tocopherol (see load-
ing plot, Fig. 1b), the PCA confirms that the removal of
kernel’s pellicle is responsible of the observed significant
loss of these compounds.

The second principal component (explaining 29.4% of
the variance) is mainly explained by the content of total fat
and B-tocopherol (Fig. 1b). The score plot (Fig. 1a) clearly
indicates that this component describes the role of the cul-
tivar. In fact, as shown by the score plot (Fig. 1a), the two
cultivars cultivated in the central Italy Lazio region (“Noc-
chione” and “Tonda Gentile Romana”, underlined in Fig. 1a)

A F1/F2 (79,89 %)
3
@ 1G:T:UR
2
TQ:R:R TG:T:E
o o
1 ® TGR:Up
(o] @ TGL-R-UP
— TGL-R-P
x @ TGLT-UP
g‘: 0 1® TGL-T-UP
& [ J
g Noc-T-UP
~ IGRRP O NocT-UP
- Nocrp ©
-1 4 TGRT-P O NodR-P
a @ IGRT.UP
TGR-R-UP
2 4 Noc-T-P
'3 T T T
-4 -2 0 2 4

F1 (50,45 %)

Fig.1 Principal components analysis. a Scores plot. Label codes:
cultivar: Noc Nocchione, TG Tonda di Giffoni, TGL Gentile delle
Langhe, TGR Gentile Romana; Toasting: T Toasted, R Raw; Kernel:
UP Unpeeled, P Peeled; Color codes: Black dots: Unpeeled, white
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are localized in the negative quadrant of the second principal
component, whereas “Tonda di Giffoni” (dashed underlined
in Fig. 1a) and “Tonda Gentile delle Langhe” (not under-
lined in the figure) are, respectively, localized in the upper
and lower part of the positive quadrant of the second com-
ponent. Such data are in agreement with that reported by Tas
indicating a wide variability in the occurrence of bioactive
compounds in different hazelnut varieties [35].

Conclusions

Hazelnuts are characterized by high nutritional value, due to
a favourable fatty acid composition and the presence of high
amounts of tocopherols and phenolic compounds. Here we
demonstrate that skin is the kernel’s portion that contains
the higher concentration of phenolic compounds and a- and
Y-tocopherols. In fact, our analyses indicate that unpeeled
and toasted “Tonda Gentile delle Langhe” hazelnuts contain
more than 2 g/kg DW of hydrophilic phenolics and more
than 200 mg/kg DW of tocopherols. Moreover, the PCA
analysis indicates that the cultivar background has a major
role on P-tocopherol and total fat levels.

With respect to mono- and poly-unsaturated fatty acids,
representing about 90% of total fatty acids, our data confirm
that toasting induces oxidation of the formers and a slight
reduction of oleic acid. On the other hand, toasting does not
influence the presence of tocopherols, but has a strong posi-
tive impact on soluble phenolic compounds.

F1/F2 (79,89 %)

1
Total Fat
B-Tocopherol
0,5 a-Tocopherol
= Phenolic
X compounds
<
S 0 ——
<) .. e
N
-~ Y-Tocopherol
o
w
-0,5
-1
-1 -0,5 0 0,5 1

F1 (50,45 %)

dots: Peeled; underlined label: cultivar from Lazio (central Italy),
italic dashed underlined label: cultivar from Campania (south Italy);
non-underlined label: cultivar from Piemonte (north Italy). b Loading
plot
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Finally, as substantiated by a PCA analysis, our results

indicate that in “Nocchione”, “Tonda di Giffoni”, “Tonda
Gentile delle Langhe” and “Tonda Gentile Romana” hazel-
nuts’ higher concentration of bioactive molecules is achieved
by keeping kernel pellicles.

Acknowledgements The work was supported by grants from the Ital-
ian Ministero delle Politiche Agricole Alimentari e Forestali, Project
“Pochenos”. Kariklia Pascucci is acknowledged for her kind support
in the daily lab work.

Compliance with ethical standards

Conflict of interest The authors report no conflicts of interest.

Compliance with ethics requirements No humans nor animals were
involved in the study.

References

10.

11.

12.

13.

Alasalvar C, Bolling BW (2015) Review of nut phytochemicals,
fat-soluble bioactives, antioxidant components and health effects.
BrJ Nutr 113:568-S78

Liu JF, Liu YH, Chen CM, Chang WH, Chen CY (2013) The
effect of almonds on inflammation and oxidative stress in Chinese
patients with type 2 diabetes mellitus: a randomized crossover
controlled feeding trial. Eur J Nutr 52:927-935

Ros E (2010) Health benefits of nut consumption. Nutrients
2:652-682

Ros E (2016) Nuts: health effects. In: Encyclopedia of food
and health. Academic Press, Oxford, pp 111-118. https://doi.
org/10.1016/B978-0-12-384947-2.00496-7

Su X, Tamimi RM, Collins LC, Baer HJ, Cho E, Sampson 1,
Willet WC, Schnitt SJ, Connolly JL, Rosner BA, Colditz GA
(2010) Intake of fiber and nuts during adolescence and incidence
of proliferative benign breast disease. Cancer Causes Control
21:1033-1046

Jiang R, Manson JE, Stampfer MJ, Liu S, Willett WC, Hu FB
(2002) Nut and peanut butter consumption and risk of type 2 dia-
betes in women. JAMA 288:2554-2560

FAOSTAT (2014) Food and Agriculture Organization of the
United Nations. http://faostat.fao.org/site/567/default.aspx#ancor
Tas NG, Gokmen V (2015) Bioactive compounds in differ-
ent hazelnut varieties and their skins. J Food Compos Anal
43:203-208

Amaral JS, Casal S, Citova I, Santos A, Seabra RM, Oliverira BPP
(2006) Characterization of several hazelnut (Corylus avellana L.)
cultivars based in chemical, fatty acid and sterol composition. Eur
Food Res Technol 222:274-280

Ciemniewska-Zytkiewicz H, Verardo V, Pasini F, Brys J, Koc-
zon P, Carboni MF (2015) Determination of lipid and phenolic
fraction in two hazelnut (Corylus avellana L.) cultivars grown in
Poland. Food Chem 168:615-622

Koksal Al Artik N, Simsek A, Giineg N (2006) Nutrient com-
position of hazelnut (Corylus avellana L.) varieties cultivated in
Turkey. Food Chem 99:509-515

Amaral JS, Cunha SC, Santos A, Alves MR, Seabra RM, Oliveira
BP (2006) Influence of cultivar and environmental conditions on
the triacylglycerol profile of hazelnut (Corylus avellana L.). ]
Agric Food Chem 54:449-456

Ozeng N, Bender Ozeng D (2014) Effect of iron fertilization
on nut traits and nutrient composition of “Tombul” hazelnut

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

(Corylus avellana L.) and its potential value for human nutri-
tion. Acta Agric Scand Sect B Soil Plant Sci 64:633-643
Ozdemir KS, Yilmaz C, Durmaz G, Gokmen V (2014) Hazelnut
skin powder: a new brown colored functional ingredient. Food
Res Int 65:291-297

Marzocchi S, Pasini F, Verardo V, Ciemniewska-Zytkiewicz
H, Carboni MF, Romani S (2017) Effects of different roasting
conditions on physical-chemical properties of Polish hazelnuts
(Corylus avellana L. var. Katalonski). LWT Food Sci Technol
77:440-448

AOAC (2002) AOAC official method 991.25 calcium, magnesium,
and phosphorus in cheese. Off Methods Anal AOAC Int Chap
33:71

Singleton VL, Rossi JAJ (1965) Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents. Am J Enol
Vitic 16:144-158

Tas NG, Gokmen V (2015) Profiling triacylglycerols, fatty acids
and tocopherols in hazelnut varieties grown in Turkey. J Food
Compos Anal 44:115-121

Kanbur G, Arslan D, Ozcan MM (2013) Some compositional and
physical characteristics of some Turkish hazelnut (Corylus avel-
lana L.) variety fruits and their corresponding oils. Int Food Res
J20:2161-2165

Oliveira I, Sousa A, Morais JS, Ferreira IC, Bento A, Estevinho
L, Pereira JA (2008) Chemical composition, and antioxidant and
antimicrobial activities of three hazelnut (Corylus avellana L.)
cultivars. Food Chem Toxicol 46:1801-1807

Amaral JS, Casal S, Seabra RM, Oliveira BPP (2006) Effects of
roasting on hazelnut lipids. J Agric Food Chem 54:1315-1321
Ghirardello D, Contessa C, Valentini N, Zeppa G, Rolle L, Gerbi
V, Botta R (2013) Effect of storage conditions on chemical and
physical characteristics of hazelnut (Corylus avellana L.). Post-
harvest Biol Technol 81:37-43

Kirbaslar FG, Erkmen G (2003) Investigation of the effect of
roasting temperature on the nutritive value of hazelnut. Plant
Fodds Hum Nutr 58:1-10

Koyuncu MA, Islam A, Kii¢iik M (2005) Fat and fatty acid com-
position of hazelnut kernels in vacuum packages during storage.
Grasas Aceites 56:263-266

Stuetz W, Schlormann W, Glei M (2017) B-vitamins, carot-
enoids and a-/y-tocopherol in raw and roasted nuts. Food Chem
221:222-227

Seybold C, Frohlich K, Bitsch R, Otto K, Bohm V (2004) Changes
in contents of carotenoids and vitamin E during tomato process-
ing. J Agric Food Chem 52:7005-7010

Shahidi F, Alasalvar C, Liyana-Pathirana CM (2007) Antioxi-
dant phytochemicals in hazelnut kernel (Corylus avellana L) and
hazelnut byproducts. J Agric Food Chem 55:1212-1220
Locatelli M, Travaglia F, Coisson JD, Martelli A, Stévigny C,
Arlorio M (2010) Total antioxidant activity of hazelnut skin (Noc-
ciola Piemonte PGI): Impact of different roasting conditions. Food
Chem 119:1647-1655

Alasalvar C, Karamaé M, Kosiniska A, Ribarczyk A, Shahindi F,
Amarowicz R (2009) Antioxidant activity of hazelnut skin phe-
nolics. J Agric Food Chem 57:4645-4650

Pelvan E, Alasalvar C, Uzman S (2012) Effects of roasting on
the antioxidant status and phenolic profiles of commercial turk-
ish hazelnut varieties (Corylus avellana L.). J Agric Food Chem
60:1218-1223

Schmitzer V, Slatnar A, Veberic R, Stampar F, Solar A (2011)
Roasting affects phenolic composition and antioxidative activity
of hazelnuts (Corylus avellana L.). J Food Sci 76(1):S14-S19
Monagas M, Garrido I, Lebron-Aguilar R, Gomez-Cordovés MC,
Rybarczyc A, Amarowicz R, Bartolomé B (2009) Comparative
flavan-3-ol profile and antioxidant capacity of roasted peanut,
hazelnut, and almond skins. J Agric Food Chem 57:10590-10599

@ Springer


https://doi.org/10.1016/B978-0-12-384947-2.00496-7
https://doi.org/10.1016/B978-0-12-384947-2.00496-7
http://faostat.fao.org/site/567/default.aspx#ancor

1064

European Food Research and Technology (2018) 244:1057-1064

33. Yul, Ahmedna M, Goktepe I (2005) Effects of processing meth-
ods and extraction solvents on concentration and antioxidant
activity of peanut skin phenolics. Food Chem 90:199-206

34. Lin JT, Liu SC, Hu CC, Shyu YS, Hsu CY, Yang DJ (2016)
Effects of roasting temperature and duration on fatty acid com-
position, phenolic composition, Maillard reaction degree and

@ Springer

35.

antioxidant attribute of almond (Prunus dulcis) kernel. Food
Chem 190:520-528

Cristofori V, Ferramondo S, Bertazza G, Bignami C (2008) Nut
and kernel traits and chemical composition of hazelnut (Corylus
avellana L.) cultivars. J Sci Food Agric 88:1091-1098



	Effects of peeling andor toasting on the presence of tocopherols and phenolic compounds in four Italian hazelnut cultivars
	Abstract
	Introduction
	Materials and methods
	Sampling
	Preparation of the samples
	Chemical analyses
	Statistical analyses

	Results and discussion
	Fat content and fatty acid composition
	Tocopherols
	Phenolic compounds
	Principal component analysis

	Conclusions
	Acknowledgements 
	References


