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Abstract
Life sciences such as medical, nutritional, and those related to agrarian biotechnologies are experiencing a constant increase. Therefore, food consumption is today related to health state. Aiming to create an innovative spinneret
system that defines the tight correlation between high nutritional and nutraceutical value of foods and their beneficial effects on consumer’s health state,
we tested the effects related to the administration of 40 g of the Tonda Gentile
Romana Italian hazelnut cultivar (Viterbo, Italy). To this end, we enrolled 24
subjects for a period of 14 weeks, based on a crossover design. Although
several papers and reviews on hazelnut intake benefits are available, few studies have investigated the effects of hazelnut-enriched diet on plasma key parameters commonly used to ascertain the individual’s well-being status. The
primary endpoint of the trial was to assess LDL change related to hazelnut
administration, which resulted in significant beneficial effects on cholesterol
parameters (LDL dropped from 133.09 mg/dl to 119.18 mg/dl). Interestingly,
despite within the normal ranges, uric acid and serum creatinine mean values
significantly decreased after hazelnut intake. A significant increment was also
observed for ALT (from 30.9 U/L to 35.22 U/L, P = 0.01), while GGT significantly decreased from 38.04 mg/dl at T0 to 35.27 mg/dl at T1 (P = 0.001). No
significant changes were also observed in azotemia, serum iron, glycemia,
AST, total bilirubin, Hb, WBCs, RBCs, platelet count, and total plasma proteins. All the blood parameters analyzed appeared to be reversible after 6
weeks from the end of the treatment. Mann-Whitney U test did not show any
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significant differences in T0 - T1 Δ% LDL considering gender, age and baseline LDL. These findings may be of help in the development of strategies for
personalized nutrition and diseases management.
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1. Introduction
The rapid increase in nutritional sciences and in medical and agrarian biotechnologies knowledge enlarges the food concept to functional food. This is not intended to satisfy hunger and provide humans with necessary nutrients only, but
also to prevent nutrition-related diseases and increase physical and mental wellbeing of consumers.
Several epidemiological studies [1] [2] [3] [4] [5] and clinical trials [6]-[11]
demonstrated that dried fruit could have an important role on plasmatic lipids,
lowering morbidity and mortality related to cardiovascular diseases (CVDs). In
2011, the European Food Safety Authority (EFSA) allowed an Article 13 claim
that the consumption of 30 g of walnuts in the context of a balanced diet leads to
improvement of endothelium-dependent vasodilatation (available at
https://www.efsa.europa.eu/it/efsajournal/pub/2032).
Among tree nuts, hazelnuts (Corylus avellana L.,) plays also a major role in
nutrition and health as high energetic food, rich in fats and proteins; they are
valuable sources of fiber, phytonutrients, and antioxidants such as Vitamin E
[12] [13]. The lipid fraction is the main component of the hazelnut kernel, with a
unique fatty acids composition: high contents of mono-unsaturated fatty acids
(MUFA) and low amounts of saturated fatty acids (SFA). In addition to MUFA,
some other bioactive molecules such as tocopherols (in particular α-tocopherol)
have been reported to reduce plasma total and low-density lipoprotein (LDL)
cholesterol concentrations [5]. The authors suggested that the increased MUFA
content of LDL due to the increased vitamin E intake during hazelnut-enriched
diet period could be more effective in decreasing susceptibility of LDL to oxidation. Nevertheless, a beneficial blood lipid lowering effect was reported by the
same authors, for the soluble hazelnut dietary fiber supplementation (9.7 g/100g)
[5]. Among bioactive food components able to modulate metabolic processes, 18
phenolic compounds were identified and quantitatively determined in 57 hazelnut cultivars by Bacchetta and colleagues during the European AGRI GEN RES
068 SAFENUT project [12]. The main compounds identified belong to four
groups: flavan-3-ols (catechin, epicatechin, two procyanidin dimers and three
procyanidin trimers); flavonols (myricetin-3-Orhamnoside, quercetin pentoside
and quercetin-3-Orhamnoside); benzoic acids (gallic acid and protocatechuic
acid); and dihydrochalcones (phloridzin), epigallocatechin-3-gallate and proanthocyanidins were reported by Alavasar and Bolling [14]. In this context, hazel634
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nut mineral composition plays also a key role because of its beneficial anti-oxidant activity in lipid systems [15]. Hazelnut is a rich source of potassium (680
mg/100g), calcium (114 mg/100g), iron (4.7 mg/100g) [13], magnesium (163
mg/100g) phosphorus (290 mg/100g) and zinc (4.7 mg/100g) [13]. Raw hazelnut
may also provide a variety of constituents such as the cardio-protective arginine
and important B group vitamins, among them folate (113 µg/100g), being this
latter one of the major determinant of DNA methylation [17]. Although several
papers and reviews on hazelnut intake benefits are available, few studies have
investigated the effects of hazelnut-enriched diet on plasma key parameters
commonly used to ascertain the individual’s well-being status. This approach,
which is a pre-requisite to develop strategies for personalized nutrition and diseases management, could allow a better comprehension of hazelnut effects as
functional food model, thereby representing a useful investigation to promote its
wider and daily consumption. We aimed to investigate the effects related to hazelnut consumption in healthy subjects on several blood parameters.

2. Materials and Methods
2.1. Subjects
Fifty voluntaries were recruited from the staff of ENEA Casaccia Research Center and the clinical trial was completed in December 2015. Inclusion criteria included healthy subjects of both sexes, aged between 20 and 70 years old and with
a body mass index (BMI) > 19 kg/m2. The exclusion criteria were as follows:
history of coronary vascular disease, cerebrovascular or peripheral diseases, diabetes mellitus (both type-1 and -2), liver disease, autoimmune disease, AIDS or
malign neoplasm diagnosis. All subjects were required not to be obese and to
avoid alcohol consumption. Among participants, 24 voluntaries (10 females and
14 males) resulted eligible for the investigation; 25 subjects did not satisfy inclusion and/or exclusion criteria; one participant retired after the first stage. However, the enrollment process is summarized in Figure 1.

2.2. Study Design
The study was developed according to a crossover scheme. This experimental
scheme was created as a double sandwich control for a total of 14 weeks. Furthermore, three study periods were established: baseline (T0), six weeks hazelnut
daily administration (T1), and six weeks washout period (T2).
Considering that the standard diet is based on a daily intake of three main
meals (i.e., breakfast, lunch, and dinner) and using the indications provided by
eligible subjects during food anamnesis, the study was divided in three periods.
All diet records were analyzed using DIETOSYSTEM® software to provide an estimation of the daily average energy and nutrient intake. The timeline of the trial
was subdivided as follows: subjects were instructed to accomplish a standard diet
for the first two weeks (2140.36 kcal per day); after this period (T0), they consumed a 6-week diet enriched with hazelnut (T1); finally, they came back to the
standard diet for a final 6-week period (T2). We analyzed the following blood
635
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Figure 1. CONSORT flow diagram.

parameters at the end of each diet period: triacylglycerol, total cholesterol,
low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol
(HDL), glycemia, uric acid, serum creatinine, azotemia, alanine transaminase
(ALT), aspartate transaminases (AST), gamma-glutamyl transferase (GGT), serum iron, total bilirubin, hemoglobin (Hb), total plasma protein levels and white
blood cells (WBCs), red blood cells (RBCs), and platelets (PLTs) counts in
healthy voluntaries. The results were compared among the three considered periods. Each participant was provided a food diary to take note of any adverse effect during the trial. Subjects were individually trained on how to complete the
food diary. In addition, they were also instructed to maintain their usual level of
physical activity.
Hazelnuts, cultivar Tonda Gentile Romana, were provided by Producer Association of Coopernocciola in Vico Matrino (Viterbo, Italy). The daily hazelnut
supplement was provided to each participant as raw shelled hazelnuts in
pre-weighed vacuum packages of 40 grams, to be assumed as snack and according to subject’s preferences. All participants were asked to eliminate hazelnuts
and other nuts from their diet other than those provided by the study. The consumption of chocolate was forbidden, as well as the use of alcohol. The planned
nutrient profiles of hazelnut daily intake, equal to 251.2 Kcal/d, were determined at ENEA Casaccia PROBIO Laboratory. The study was discussed with
Italian National Institute of Health and according to Italian legislative decree
no. 211 of 24 June 2003 was carried out following the written informed consent
procedure.

2.3. Biochemical Blood Analyses
Biochemical blood analyses were carried out by Services and Infrastructures
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C. Santi et al.

Central Direction, Management Service and Registered Office at ENEA Casaccia
Research Center. Fasting venous blood samples were drawn at T0, T1, and T2 by
authorized personnel from the antecubital vein into vacutainer tubes, containing
beads coated with a clotting activator (silicate) (SARSTEDT, Germany). Tubes
were centrifuged at 3000 rpm for 15 minutes at 25˚C after 30 minutes from sampling. Plasma aliquots were stored at −80˚C until analysis. Glucose, uric acid,
creatinine, transaminases (both ALT and AST), HDL, and total cholesterol concentrations were determined with Ortho Clinical Diagnostics Vitros 250 (USA)
on separated serum samples. Glucose concentrations were measured by glucose
oxidase and peroxidase reactions; uric acid concentrations by uricase and peroxidase reactions; creatinine concentrations by creatine aminohydrolase, sarcosine oxidase and peroxidase reactions; ALT concentrations by latticodehydrogenase reactions; AST and GGT concentrations by oxaloacetate decarboxylase,
pyruvate oxidase and peroxidase reactions; total and HDL cholesterol concentrations by cholesterol ester hydrolase, oxidase and peroxidase reactions; triacylglycerol concentrations by lipase, glycerol kinase, L-α-glicerol phosphate oxidase, and peroxidase reactions; total bilirubin concentrations by dyphilline reaction. Finally, LDL cholesterol concentrations were assessed by the Friedewald
formula [16], as follows:

Total cholesterol − HDL cholesterol − ( triacylglycerol 5 ) 

(1)

The blood count analysis was performed with the XS-100i instrument of Sysmex company. Such tool works with the fluorescent flow-cytometry technology.
Hb determination was performed using the method of sodium lauryl sulfate
(SLS); serum iron concentrations were measured by Transferrin-Fe3 in pH 4,
according to the following reaction (whose result is readable with analyzer (Ortho Clinical Diagnostics Vitros 250, USA):

Transferrin + Fe3 + Ascorbic Acid + Fe 2 + colorant 

(2)

Total proteins were measured by dry plates containing Copper Tartrate,
which in presence of LiOH creates a colored compound readable with analyzer
(Ortho Clinical Diagnostics Vitros 250 USA). Table 1 shows the normal ranges
of biochemical indices.

2.4. Statistical Analysis
The sample size was estimated by the G*Power 3.0 Software [18]. A sample of 24
subjects allows the detection of a minimal effects size of 0.273 in the primary
outcome, in a Repeated Measures Analysis of Variance (Repeated Measures
ANOVA) with statistical power of 0.80 and significant level of 0.05. The same
number of subjects allows the detection of a minimum effect size of 0.287 in the
primary outcome using a non parametric Friedman Test with the same statistical
power and significance level [19].
The distribution of variables was tested by the Kolmogor of-Smirnov test. Biochemical parameters corresponding to the three periods studied were analyzed
with Repeated Measures ANOVA, followed by Bonferroni post hoc comparisons
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Table 1. Standard range of biochemical blood parameters at ENEA laboratory.
Blood parameter (unit)

Normal range

Total cholesterol (mg/dl)

140 - 240

LDL-cholesterol (mg/dl)

80 - 150

HDL-cholesterol (mg/dl)

35 - 85

Triacylglyerols (mg/dl)

45 - 170

Uric acid (mg/dl)

2.5 - 5.7

Serum creatinine (mg/dl)

0.70 - 1.20

Azotemia (mg/dl)

15 - 50

Serum iron (mg/dl)

37 - 170

Glycemia (mg/dl)

65 - 110

ALT (U/l)

9 - 70

a

AST (U/l)

14 - 59

GGTc (U/l)

8 - 78

Total bilirubin (mg/dl)

0.20 - 1.30

Hb (mg/dl)

12.2 - 16.2

WBCs (µl)

4600 - 10,200

RBCs (µl)

4,040,000 - 5,148,000

PLTs (µl)

142,000 - 424,000

b

d

e

f

g

Total protein (mg/dl)

6-8

Alanine aminotransferase; Aspartate aminotransferase; gamma-glutamyl transferase; dHemoglobin; eWhite blood cells; fRed blood cells; gPlatelets.

a

b

c

or by Friedman test followed by Wilcoxon test, in case of non-normal distribution of the variable. The value of the Partial Eta Squared was used as effect size
measure for Repeated Measures ANOVA [20]. The coefficient of concordance
Kendall’s W was used to estimate the effect size for the Friedman test. In order
to evaluate diet activity on lipid metabolism, the primary endpoint of the trial
was the assessment of absolute and relative LDL change between T0 and T1 (Δ%
LDL). We calculated the latter as follows:

100 × ( LDLT1 − LDLT0 ) LDLT0 

(3)

Moreover, we tested the possible role as effect modifier of age, sex and baseline BMI and LDL values. For that purpose those variables were categorized as
follows: baseline LDL ≤ 130 and >130 mg/dl; baseline BMI ≤ 25 and >25 kg/m2;
age≤ or >the median value of 55.5 years, males and females, and the mean Δ%
LDL was compared between each couple of the resulting subgroups, with the
Mann-Whitney U test. A P value <0.05 was considered as statistically significant
in all of the analyses. Data were analyzed by means of SPSS (version for Windows, 17.0).

3. Results
Twenty-four healthy subjects completed the trial, as detailed in the study protocol,
and the daily hazelnut consumption was well tolerated by all of them. Table 2
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Table 2. Plasma measurements during the three study periods.
Biochemical
parameter (unit)

Post hoc comparisons
across study periods***
T0a

T1a

T2a

P
value**

T0 vs
T2

T1 vs
T2

Total cholesterol
(mg/dl)

206.04 ± 40.33

189.43 ± 44.89

199.56 ± 37.91

0.004

6.13 0.358

0.01

0.04

0.72

LDL-cholesterol
(mg/dl)

133.09 ± 36.52

119.18 ± 36.66

128.95 ± 34.38

0.004

7.39 0.402

0.003

0.004

0.9

HDL-cholesterol
(mg/dl)

56.22 ± 15.34

53.21 ± 13.89

52.47 ± 14.01

0.11

2.33

-

-

-

LDL/HDL ratio

2.58 ± 1.07

2.35 ± 0.87

2.66 ± 1.04

0.003

6.87 0.384

Triacylglyerols
(mg/dl)

0.02

0.004

0.9

104.48 ± 38.44

106.00 ± 37.90

113.96 ± 46.69

0.43

0.86

-

-

-

Uric acid
(mg/dl)

4.66 ± 0.90

4.31 ± 0.73

4.66 ± 0.89

0.007

5.51 0.334

0.025

0.99

0.013

Serum creatinine
(mg/dl)

0.94 ± 0.18

0.93 ± 0.15

0.82 ± 0.18

<0.001 37.72

0.711

0.29

<0.001

<0.001

Azotemia
(mg/dl)

33.01 ± 9.96

32.13 ± 9.72

35.5 ± 12.19

0.10

2.84

-

-

-

-

Serum iron
(mg/dl)

100.68 ± 24.33

91.95 ± 33.66

83.78 ± 19.74

0.12

2.23

-

-

-

-

Glycemia
(mg/dl)

86.25 ± 5.90

85.82 ± 0.69

86.00 ± 6.69

0.82

0.19

-

-

-

-

ALTa (U/l)

30.09 ± 12.12

35.22 ± 9.52

31.52 ± 9.73

0.03

4.43 0.287

0.011

0.065

0.99

χ2

F

Effect T0 vs
size
T1

-

-

AST (U/l)

29.48 ± 7.08

30.30 ± 6.11

29.74 ± 5.55

0.54

1.22

-

-

-

-

GGTc (U/l)

38.04 ± 8.77

35.27 ± 6.30

36.26 ± 6.54

0.03

11.41

0.284

0.001

0.31

0.16

Total bilirubin
(mg/dl)

0.83 ± 0.28

0.76 ± 0.24

0.88 ± 0.30

0.45

1.60

-

-

-

-

Hbd (mg/dl)

14.54 ± 1.29

14.43 ± 1.30

14.46 ± 1.34

0.75

-

-

-

-

WBCs (µl)

5894.26 ± 1204.55

5961.30 ± 1660.25

5862.60 ± 1006.71

0.96

-

-

-

-

b

e

RBCs (µl)

0.09

0.37

0.83

-

-

-

-

PLTsg (µl)

214,913.04 ± 40,648.06

221,121.74 ± 47,352.44

226,000 ± 42,664.50

0.24

1.46

-

-

-

-

Total plasma
protein (mg/dl)

6.99 ± 0.30

6.91 ± 0.34

6.99 ± 0.37

0.50

0.70

-

-

-

-

f

4,786,698.70 ± 456,834.83 4,771,347.83 ± 422,856.39 4,749,173.91 ± 463,205.50

0.29

*Mean ± standard deviation. **Overall P value of Repeated Measures ANOVA or Friedman test. ***Bonferroni or Wilcoxon test post hoc pairwise comparisons.

shows the comparison of the differences in biochemical blood parameters at T0,
T1, and T2. Effect size estimates for the significant results are also reported.
Most of the biochemical parameters showed a distribution not significantly
different from normality as tested by the Kolnmogorov-Smirnof test, except for
creatininemia, AST, GGT, bilirubinemia and WBCs.
Regarding lipid metabolism, significant differences from baseline values were
found in total cholesterol, LDL fraction and LDL/HDL ratio. More precisely, total cholesterol, LDL cholesterol, and LDL/HDL ratio were significantly lower in
hazelnut-enriched diet period than during baseline period (P = 0.01, 0.03 and
0.02, respectively). In particular, 12 out of 24 voluntaries reached a relative re639
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duction of LDL above 10%; 6 showed a reduction below 10%, and only 6 presented an increment or no change from the initial value. However, all of these
parameters significantly increased during the last 6 weeks—those without hazelnut consumption. No significant differences were observed in HDL nor in
triacylglycerol contents among T0, T1, and T2. No significant changes were also
observed in azotemia, serum iron, glycemia, AST, total bilirubin, Hb, WBCs,
RBCs, platelet count, and total plasma proteins. Furthermore, hazelnut-enriched
diet appeared to decrease uric acid concentration as the mean value decreased
from 4.66 mg/dl (T0) to 4.31 mg/dl (T1) (P = 0.025), finally returning to the basal value at T2. A significant difference in this parameter was also found between
T1 and T2 (P = 0.013), while there was no difference in uric acid values between
T0 and T2. Significantly as well, creatinine decreased from 0.94 mg/dl (T0) to
0.93 mg/dl (T1), and finally dropped to 0.82 mg/dl (T2).
Within the normal ranges, a significant increment was observed for ALT during hazelnut-enriched diet (from 30.9 U/L to 35.22 U/L, P = 0.01), while GGT
significantly decreased from 38.04 mg/dl at T0 to 35.27 mg/dl at T1 (P = 0.001)
and no significant differences were found comparing T1 and T2 or T0 and T2
for AST. Table 3 shows T0 - T1 Δ% LDL between baseline LDL (lower or higher
than 130 mg/dl), BMI (higher or lower than 25 kg/m2), age (older or younger
than 55 years) and gender subgroups by Mann-Whitney U test. A higher decrease was observed in females vs males (−22.61 vs −8.37) and in the group with
higher vs lower baseline LDL values (−33.14 vs −20.02) but both differences were
not statistically significant. In addition, no difference was observed between age
and BMI subgroups. Furthermore no weight changes in voluntaries were observed as consequence of enriched-hazelnut diet.

4. Discussion
Considering the aforementioned potential, beneficial effects of dried fruit
consumption, this trial aimed to assess the implications of daily hazelnut supplementation on lipid metabolism in healthy subjects. The data obtained showed
Table 3. T0 - T1 percentage LDL variation compared to initial LDL, BMI, gender and age.
T0 vs. T1

Variable

Sex

Age

Basal LDL (T0)

Basal BMI (T0)

Na

Mean Δ% LDL ± SDb

Males

14

−8.37 ± 17.32

Females

10

−20.61 ± 18.91

<55.5 years old 12

−17.36 ± 22.51

>55.5 years old 12

−9.58 ± 13.67

≤130 mg/dl

10

−16.23 ± 23.64

>130 mg/dl

14

−11.50 ± 14.76

≤25 kg/m2

11

−14.17 ± 16.62

>25 kg/m

13

−12.88 ± 20.86

2

Number of subjects; bStandard deviation; cMann-Whitney U test.

a
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0.34

0.88

0.82
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that the use of hazelnuts in an amount of about 230 Kcal of total daily energy
intake might exhibit multiple complex effects on the general health status of
these subjects. The results appear to support our primary outcome, being the
confirmation of the beneficial effect of hazelnut assumption on cholesterol parameters and uric acid.

4.1. Plasma Measurements
Previous studies showed that hazelnut-enriched diets provide improvements on
plasma lipid and lipoprotein levels in subjects affected by hypercholesterolemia
[5] [21] [22]. Similar changes were also observed in clinical trials using other
nuts [8] [22]. The mean estimated reduction of total and LDL cholesterol at the
end of the enriched diet (−16.61 mg/dl or 8.19% and −13.91 mg/dl or 10.63%,
respectively) are of relevance. Indeed, it is noteworthy that these effects were
observed despite the relatively low baseline cholesterol levels of the voluntaries.
Although beneficial effects are generally attributed to nuts, each species has its
own specific nutrition and nutraceutical profile that may provide different kinds
and degrees of physiological effects on human metabolism. Hazelnuts (Corylus
avellana L.) has a significant place among dried nuts in terms of nutrition and
health, owing to the special composition of fat, protein, carbohydrate, vitamin,
minerals, dietary fibers, and phenolic antioxidants [23] [24]. Although there are
convincing evidences that fatty acids profile has favorable effect on blood lipid
profile [25], a MUFA-enriched diet tends to raise blood HDL cholesterol and to
lower triacylglycerol concentration [15]. The decrease in blood LDL oxidation
level could also be related to vitamin E intake from hazelnut. Hazelnut-enriched
diets increase vitamin E level and change the fatty acid profile of LDL particles,
leading to a reduced concentration of plasma oxidized LDL. In our study we
showed a lipid and lipoprotein lowering effects comparable to those achieved by
Orem et al. [5] who used 49 - 86 gr/day natural raw hazelnuts. Alpha-tocopherol
was the most dominant isomer in hazelnut, representing approximately 97.5% of
the total tocopherols identified [26] [27] [28] [29] [30]. Its estimated mean value
in cultivar Tonda Gentile Romana is about 240.00 ppm [11]. Among the three
major tocopherols identified (α-, β-, γ-tocopherols), α-tocopherol is the most active form in human and animal tissues [31] [32] due to the substitution pattern
of the methyl groups on the chromanol ring making the hydrogen of the C-6
hydroxyl group especially active, thereby facilitating the transfer of the hydrogen
to a peroxyl radical [28] [29]. Furthermore, the possible mechanisms whereby
hazelnut may improve lipid profile do not rely exclusively on the beneficial action of vitamin E in the kernel, but may include the effects of its concentration of
PUFA, folic acid, copper, magnesium, protein (e.g., arginine), sterols, and phenolic components [9]. Hence, there may be multiple small effects contributing to
the final result. No variations in triacylglycerol and glucose were observed because of hazelnut-enriched diet, as also reported in pistachio nut-based clinical
trials [23] [33] [34]. In the present study, no variations in AST, serum iron, azotemia, total bilirubin, Hb, WBCs, RBCs, platelet, total plasma protein content
641
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was found. Nevertheless, we observed that hazelnut intake can lower, serum
urate level (6.42 ± 12.6 Δ%). After the hazelnut-enriched diet, uric acid and creatininemia mean values significantly decreased. The uric acid is a very strong antioxidant of our body, which becomes pro-oxidant at higher concentrations. The
quantity and the quality of hazelnut pro-anthocyanidins (enriched in type A and
type B), which represent the most abundantly found class of polyphenols in Co-

rylus [14] [35] [36], could be involved in this process. As reported by Sorlimar
and Sarmalina, grape seeds intake in Gout-Animals Model were able to exert inhibitory effects on transcription factors like nuclear factor kappa b (NF-KB) or
activator protein-1 (AP-1), with consequent beneficial effects in preventing high
uric acid level and high blood pressure [37].
ALT and AST levels are two of the most important sensitive indicators of liver
dysfunction in clinical diagnosis. A beneficial effect of vitamin E supplementation in optimizing aminotransferase levels was showed in patients with chronic
liver diseases [38]. In this trial, we evidenced an unexpected significant increase
of mean ALT levels, even though within the normal range, with a return
to-initial values at T2 period. No patient reached values higher than 70 U/L,
which is the upper reference level of the laboratory where the analyses were performed. At the same time, no increase in ALT levels and a significant decrease in
GGT levels (another important parameter of liver function) were observed. In an
exploratory study like the present, it is difficult to postulate any physiological
mechanism involved in the latter change that should be verified and deepened in
a larger and more specific study. Based on the contemporary decrease in GGT,
the stationary levels of AST and the increase of ALT within the normality levels,
any liver damage should be excluded; nevertheless, these results encourage further studies on this topic opening new target in defying the role of hazelnut
functional food. Our future perspectives will be to plan in vitro experimental trials in order to throw light on molecular mechanism involved in these results.
All plasma measurements evaluated at T2 significantly incremented towards
the initial conditions (no significant differences were detected between T0 and
T2). Therefore, most of the beneficial effects seem to be reversible after 6 weeks
of a hazelnut-free diet as already demonstrated for the lipid profile [5]. None of
the variables considered, including baseline LDL values, age, sex and BMI,
seemed to influence significantly the change in LDL values observed between T0
and T1. Yet, considering also other possible confounding parameters, these outcomes should be analyzed on a larger scale study and with a higher statistical
power.

4.2. Strengths and Limitations
The trial was structured on a crossover design, which is a suitable choice since
the same experimental units (i.e., subjects) are given both treatments. This is
able to reduce intra-subject variability and to provide information about residual
effects after the conclusion of the hazelnut-enriched diet. So far, a very few
number of studies have investigated the effects of a hazelnut-enriched diet on
642

C. Santi et al.

healthy subjects. Nevertheless, the characteristic of the present research is the
multidisciplinary and exploratory approach that opens the way for a holistic interpretation of the individual’s metabolic and health status as a prerequisite towards personalized nutrition.
A limitation of the current study may be represented by a limited sample size
[39]. A randomized control study involving a larger group of participants could
be suggested as it would be able to control for potentially confounding factor(s)
that could interfere during the feeding periods.

5. Conclusion
Hazelnut intake improves blood lipid profile of healthy voluntaries. Although
within the normal standard ranges, the changes observed in acid uric, serum
creatinine, AST and GGT are useful to increase the knowledge on hazelnut functional food, possible unknown physiological mechanisms involved, as well as to
select key specific target pathways to be evaluated by genomic and biochemical
approaches. Our study confirmed also the reversibility of hazelnut-enriched diet
benefits.
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