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Abstract: Bergamot flavonoids counteract dyslipidemia and hyperglycemia but fail to induce a
significant weight loss. Here, we evaluated the efficacy of bergamot polyphenol extract complex
(BPE-C), a novel bergamot juice-derived formulation enriched with flavonoids and pectins, on several
metabolic syndrome parameters. Obese patients with atherogenic index of plasma (AIP) over 0.34
and mild hyperglycemia were recruited to a double-blind randomized trial comparing two doses of
BPE-C (650 and 1300 mg daily) with placebo. Fifty-two subjects met the inclusion criteria and were
assigned to three experimental groups. Fifteen subjects per group completed 90 days-trial. BPE-C
reduced significantly fasting glucose by 18.1%, triglycerides by 32% and cholesterol parameters by up
to 41.4%, leading to a powerful reduction of AIP (below 0.2) in the high dose group. The homeostasis
model assessment of insulin resistance (HOMA-IR) and insulin levels were also reduced. Moreover,
BPE-C decreased body weight by 14.8% and body mass index by 15.9% in BPE-C high group. This
correlated with a significant reduction of circulating hormones balancing caloric intake, including
leptin, ghrelin and upregulation of adiponectin. All effects showed a dose-dependent tendency. This
study suggests that food supplements, containing full spectrum of bergamot juice components, such
as BPE-C efficiently induce a combination of weight loss and insulin sensitivity effects together with a
robust reduction of atherosclerosis risk.

Keywords: atherosclerosis; metabolic syndrome; insulin resistance; bergamot polyphenol fraction
(BPF); body mass index; clinical trial; cardiovascular risk factors; obesity

1. Introduction

Metabolic syndrome (MetS) is a cluster of several cardiometabolic risk factors, including
hyperglycemia or glucose intolerance, high levels of triglycerides (TG) and low-density lipoprotein
cholesterol (LDL-C) and low levels of high-density lipoprotein cholesterol (HDL-C), hypertension,
abdominal adiposity and obesity [1,2]. It is diagnosed based on the presence of at least three metabolic
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alterations listed above, but insulin resistance and visceral adiposity are the most common features
of MetS pathophysiology [3]. MetS prevalence ranges from 10% up to 85% of general population
worldwide and is higher in industrialized countries. In Europe, the mean MetS incidence is 24.3%
and it increases with advancing age (from 3.7 in the group aged 20–29 years to more than 30% in
the subjects 70 years and older) [3]. Around 20–25% of Italians have MetS and reflect the European
mean [4]. The treatment of MetS is the main strategy to prevent cardiovascular complications, such
as atherogenesis [1]. Atherosclerotic lesions can form in the presence of an unfavorable plasma lipid
profile that can be characterized by atherogenic index of plasma (AIP). It is defined as logarithm [log]
of the ratio of TG to HDL-C plasma concentrations and thus it depends mainly on circulating fat levels.
AIP values over 0.21 indicate high risk of atherosclerosis and inversely correlate with cardiovascular
health [5,6]. AIP can be also considered as a strong and independent predictor for coronary artery
disease [5,7,8].

The energy homeostasis and, in particular body fat and food intake, are altered in MetS and
this is associated with abnormalities in circulating hormones with a pivotal role in the regulation of
energy balance in the body, such as adiponectin, leptin, and ghrelin. In fact, both the levels of these
hormones, as well their ratio are known to be altered in MetS patients [9]. Adiponectin is considered
cardioprotective since it improves lipid and glucose metabolism, increases insulin sensitivity [9].
Several observational studies have reported an inverse association between adiponectin serum levels
and body weight (BW), total cholesterol (TotChol), TG levels, blood pressure, and insulin resistance,
and a positive association with HDL-C levels [10]. On the contrary, there is a positive correlation of
MetS parameters, such as insulin resistance and adiposity with plasma concentrations of leptin [11]. In
fact, elevated plasma leptin is considered as an independent cardiovascular risk factor [12]. Ghrelin is
a meal-initiating, acylated peptide secreted primarily by the stomach an endogenous ligand for the
growth hormone receptor, which rapidly stimulates food intake when exogenously administered [13].
Plasma ghrelin concentrations correlate with appetite and food intake [14].

Overwhelming evidence suggests that many of the features of metabolic syndrome, including
hormonal imbalance can be efficiently treated with natural approaches, such as fiber and polyphenol-rich
diet and polyphenol-rich food supplements [15,16]. One of the most promising and effective food
supplements used for the management of metabolic syndrome is Bergamot Polyphenol Fraction (BPF).
BPF is a yellow powder extracted from bergamot (Citrus bergamia Risso et Poiteu) fruits, containing
high levels of flavonoids, including 38 ± 2% of flavanones such as naringin, neoericitrin, neohesperidin,
bruteridin and melitidin [17,18]. BPF was shown to counteract several features of MetS. In particular,
TG and TotChol levels were strongly reduced, both alone as well as in combination with statins [19–21].
In line with this property, BPF has a particularly strong effect on lipid metabolism in the liver [17,22].
Accordingly, it prevents non-alcoholic fatty liver disease (NAFLD) induced by cafeteria diet (CAF)
in rats [22], and in the same animal model boosts the therapeutic effect of the normocaloric diet on
CAF-induced non-alcoholic steato-hepatitis (NASH) [17]. There is also an evidence indicating that
BPF attenuates NAFLD and NASH in patients [23,24]. Hepatoprotective effects of BPF are associated
with its ability to induce autophagy [18,22,25]. The proautophagic activity of BPF suggests that it
may stimulate energy expenditure and prevent weight gain. Yet, little evidence has been collected on
weight-loss effects of BPF.

In addition, the experimental data suggest that non-flavonoid components of fruits, including
pectins, as well as other yet unidentified compounds, may enhance the pharmacological responses to
flavonoid phytocomplex [26,27]. This may depend on microbiota-mediated or microbiota-independent
mechanisms [28,29].

For this reason, we decided to evaluate the effect of the exsiccated bergamot juice extract containing
8% pectins, 8% vitamin C, enriched with BPF to increase the flavonoid content in a small-scale clinical
trial on MetS patients with moderate hyperglycemia. The first aim of the study was to evaluate changes
in serum lipid and glucose contents after 90 days treatment with two doses of BPE-C. The secondary
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aim was to evaluate a possible BW loss elicited by BPE-C treatment as well as its impact on serum
levels of adiponectin, leptin and ghrelin in the same group of patients within the 90 days study period.

2. Materials and Methods

2.1. Food Supplement Used in The Study

BPE-C also known with a proprietary name as BΠE-complexTM was developed and kindly
provided by Herbal and Antioxidant Derivatives (H&AD) S.r.l. (Bianco, RC, Italy). BPE-C contains
around 80% of BPE, which is a bergamot juice extract characterized by a reduced amount of
carbohydrates and citric acid and around 20% of BPFTM containing mainly bergamot juice flavonoids.
The latter is added to increase the amount of five main bergamot flavanones (neoeriocitrin, naringin,
neohesperidin, melitidin, bruteridin) to 38 ± 2%. BPE was obtained from a fresh bergamot juice by a
partial pulp and citric acid removal and essential oil evaporation followed by an enzymatic reduction of
carbohydrate content and a subsequent spray drying according to a proprietary procedure developed
by H&AD. BPE contains >8% pectins and >8% ascorbic acid (vitamin C) and appears as a yellow
powder. BPFTM was obtained from a clarified bergamot juice according to a patented procedure (No.
EP 2 364 158 B1) described also in Mollace et al. [20] Polyphenol content was routinely determined by
high-pressure liquid chromatography [18,20].

2.2. Subjects

Participants, males and females between 40 to 80 years old, were recruited from MetS patients of
San Raffaele IRCCS, Pisana, Rome, Italy and Villa dei Gerani Hospital, Vibo Valencia, Italy, who were
not originally receiving lipid-lowering therapy. Inclusion criteria were: obesity with BMI >26, high TG
>200 mg/dL, high TotChol >200 mg/dL, moderate glycemia: 130 >Glu > 100 mg/dL.

Exclusion criteria were gastritis, presence of other diagnosed malignancies, pregnancy or
breast-feeding, lack of compliance defined as not using the correct BPE-C dose or placebo for
>1 week), and inability to give informed consent. The study protocol was given approval by the
Institutional Ethics Committee and written informed consent was obtained from participants. This
trial was registered at the Magna Graecia University of Catanzaro (UNICZ) Clinical Trials Registry
(http://www.unicz.it/.../) under Trial No. 182/2016.

2.3. Study Design

This study was designed as a randomized, double-blind, placebo-controlled trial. Patients who
met the inclusion criteria were assigned to either BPE-C low, n = 17 (one capsule = 650 mg BPE-C) or
BPE high, n = 18, (2 capsules = 1300 mg BPE-C) treatment groups, or a matched placebo group (n = 17)
for a period of 90 days. Placebo capsules contained the same amount of maltodextrin. BPE-C dose
(650 mg once or twice daily) was established based on preliminary observations and the use of the same
dose in our previous trial in MetS individuals [20]. All the recruited patients were advised to follow a
healthy diet, rich in fruits and vegetables and poor in fats and carbohydrates (1200 Cal/day) during the
study and a qualitative compliance was assessed by an interview. The patients were seen every seven
days during the study. Serum aspartate aminotransferase, alanine aminotransferase, creatine kinase,
blood urea nitrogen and creatinine and blood cell counts were measured before and after therapy to
monitor for possible side effects.

2.4. Blood Sampling and Measurements

Blood samples were collected after overnight fasting at the beginning and at the end of study. The
serum was collected from the samples left to clot for about 30 min and then centrifuged at 750 g for
10 min. Sera were aliquoted and frozen at −80◦C until measurement.

TotChol, LDL-C, HDL-C, TG and glucose levels in serum samples of patients were determined
by commercial colorimetric and enzymatic assay kits (BioSystems S.A., Barcelona, Spain). Serum
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concentrations of insulin, leptin, adiponectin and ghrelin was determined by commercially available
ELISA kits (Millipore, Merck S.p.a., Milano, Italy). The sensitivity of detection of leptin were
0.78–100 ng/mL, 1.5–100 µg/mL for adiponectin and 50–5000 pg/mL for ghrelin.

Weight and height were measured according to standard procedures. BMI were calculated as
weight in kilograms divided by height in meters squared. The approximate insulin resistance (IR) was
calculated by HOMA-IR using the following formula: glucose(mmol/L) × insulin (µU/mL))/22.5 [17].
AIP was calculated as log value of the ratio between TG and HDL-C concentrations expressed in
mmol/L.

2.5. Statistical Analyses

Statistical analyses were performed using GraphPad Prism version 8.0.0 for Windows, (GraphPad
Software, San Diego, CA, USA). Data were expressed as a mean ± standard deviation (SD) or as a
median ± SD, as indicated. Bartlett’s test was performed on each set of data to ensure that variance of
the sets was homogenous. In case of homogenous set of data, one-way ANOVA with Bonferroni’s
multiple comparison test was performed as appropriate. In case of heterogenous data, Kruskal–Wallis
followed by Dunn’s tests were carried out. For groups comparison of categorical values, such as patient
sex, Pearson’s chi-square test was performed with Statistica software (Stat Soft, Tulsa, OK, USA).

3. Results

Fifty-two subjects met the inclusion criteria and were assigned to three experimental groups
BPE-C high (n = 18), BPE-C low (n = 17) or placebo (n = 17). Forty-five subjects completed the trial.
The total of seven subjects in the three groups did not complete the study due to lack of compliance.
The number of drop-outs was not different between the study groups. BPE-C was also well tolerated
during the study. However, similarly to our previous report [20] regarding pharmacological effects of
BPFTM, there were few reports of moderate gastric pyrosis in BPE-C low (n = 2) and BPE-C high (n = 1)
groups. Headache (n = 2) and constipation (n = 1) were reported adverse events in the placebo group.
However, none of the patients taking BPE-C interrupted the treatment due to the above adverse effects.

BPE-C and placebo groups were comparable at baseline with respect to age, sex, smoking habits
(Table 1), and with respect to all study parameters: BW (Figure 1A), BMI (Figure 1C) and serum levels
of TotChol (Figure 2A), LDL-C (Figure 2C), HDL-C (Figure 2E), TG (Figure 3A), and glucose (Figure 3C).
It was also true when treatment groups where compared for baseline parameters, except for BMI
that was significantly higher in BPE-C high when compared to BPE-C low group (Figure 1C). This
baseline difference should not influence significantly BMI reduction parameter, which is calculated as
a difference between BMI before and BMI after the treatment.

Table 1. The baseline characteristics of patients.

Variables Placebo
(n = 15)

BPE-C low
(n = 15)

BPE-C High
(n = 15)

p Value
(Placebo vs.
BPE-C low)

p Value
(Placebo vs.

BPE-C High)

p Value
(BPE-C low
vs. High)

Age (years) 55.6 ± 7.4 59 ± 7.6 56.1 ± 10.9 0.889 ≥0.999 ≥0.999
Weight (kg) 83.4 ± 9.5 82.5 ± 10 84.6 ± 9.7 0.443 0.661 ≥0.999
Sex (M/F) 8/7 7/8 9/6 0.715 0.713 0.464
Smokers

(Y/N) 0/15 0/15 0/15 - - -

Age and BW data sets were analyzed by one-way ANOVA and Bonferroni’s post-hoc test. p values for sex
distribution in three experimental groups were calculated using Pearson’s chi square test. High p values confirm
that the three patient groups were homogenously randomized.
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Figure 1. BPE-C reduces body mass (BW) in MetS patients. BW values for baseline (A) and (B) after
90-days intervention on MetS patients assigned to three experimental groups (Placebo, BPE-C low and
high). (C) percent reduction calculated for B. BMI values for baseline (D) and (E) after 90 days as in B.
(F) percent reduction calculated for E. The scatter plots represent 15 patients for each group. Horizontal
lines and vertical bars represent the mean ± SD, respectively. Statistical analysis was performed by
ANOVA followed by Bonferroni’s pos-hoc test. The analysis revealed significant differences compared
to Placebo at # p ≤ 0.05 or #### p ≤ 0.0001 and between BPE-C treatment groups at * p ≤ 0.05, *** p ≤ 0.001
or **** p ≤ 0.0001.

After 90 days of treatment all analyzed body and serum parameters were significantly changed in
BPE-C high groups, in contrast to the placebo group and in several cases also in BPE-C low groups.
Notably, BW decreased significantly only in BPE-C high group (Figure 1B), but when expressed as BMI
the change was significant for both low and high BPE-C groups (Figure 1E). Moreover, when compared
to the baseline, BW decreased significantly by 10% and 14.8% (Figure 1C) and BMI by 10% and 15.9%
(Figure 1F) in BPE-C low and high treatment groups, respectively.

The effect of BPE-C supplementation was particularly striking and significant in case of all
routinely measured cholesterol parameters, which appeared strongly decreased as in case of TotChol
and LDL-C (Figure 2B,E) or elevated when compared to Placebo as in case of HDL-C (Figure 2H). The
response to BPE-C was also strongly dose-dependent with p ≤ 0.01 for all three cholesterol parameters
(Figure 2B,E,H). Moreover, when compared to baseline TotChol changed significantly by −23.7%
and −28.4% (Figure 2C) and LDL-C by −30.4% and −41.4% (Figure 2F). This was associated with a
marked increase in HDL-C by 10.9% and 26.4% in BPE-C low and high treatment groups, respectively
(Figure 2I).

Patients’ TG also responded strongly and dose-dependently to BPE-C low and high doses when
compared to Placebo (Figure 3B) with mean reductions calculated from the baseline values such as
27.1% and 31.9%, respectively (Figure 3C). Finally, fasting serum glucose was significantly decreased
after BPE-C intervention, when compared to Placebo in both treatment groups (Figure 3B). In particular,
the mean changes, compared to the baseline glucose, were −12.1% and −18% in low and high treatment
groups, respectively (Figure 3F). In addition, the data supported a direct and significant dose-response
relationship with respect to low and high doses of BPE-C in case of TG and glucose endpoint values
(Figure 3B,E).
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Finally, when “percent changes from baseline” data sets were subjected to statistical analysis
we observed significant differences for BW and BMI (Figure 1C,F), LDL-C, HDL-C (Figure 2F,I) and
glucose (Figure 3D) between BPE-C high and low treatment groups. In all other comparisons of the
treatment groups a clear tendency to dose-dependence was observed, statistically significant according
to Bonferroni’s, but not to Dunn’s multiple comparisons tests.

Nutrients 2019, 11, x FOR PEER REVIEW 6 of 13 

 

and glucose (Figure 3D) between BPE-C high and low treatment groups. In all other comparisons of 

the treatment groups a clear tendency to dose-dependence was observed, statistically significant 

according to Bonferroni’s, but not to Dunn’s multiple comparisons tests. 

Figure 2. BPE-C reduces cholesterol levels in MetS patients. A) Blood total cholesterol (TotChol) 

before (baseline) A) and B) after 90-days intervention on MetS patients assigned to three experimental 

groups (Placebo, BPE-C low and high). C) percent reduction calculated for B. D) LDL-C levels for 

baseline and E) after treatment as in B. F) percent reduction calculated for E. G) HDL-C levels for 

baseline and H) after treatment as in B. I) percent change calculated for H. The scatter plots represent 

15 participants for each group. Statistical differences were analyzed by ANOVA (A, B, D, E, G and H) 

or by Kruskal–Wallis (C, F and I) followed by Bonferroni’s or Dunn’s post-hoc tests, respectively. The 

analysis revealed significant differences compared to Placebo at # p ≤ 0.05; ## p ≤ 0.01 or #### p ≤ 0.0001 

and between BPE-C treatment groups at * p ≤ 0.05; ** p ≤ 0.01 or **** p ≤ 0.0001. Horizontal lines 

represent the mean ± SD. 

Figure 2. BPE-C reduces cholesterol levels in MetS patients. (A) Blood total cholesterol (TotChol)
before (baseline) A) and (B) after 90-days intervention on MetS patients assigned to three experimental
groups (Placebo, BPE-C low and high). (C) percent reduction calculated for B. (D) LDL-C levels for
baseline and (E) after treatment as in B. (F) percent reduction calculated for E. (G) HDL-C levels for
baseline and (H) after treatment as in B. (I) percent change calculated for H. The scatter plots represent
15 participants for each group. Statistical differences were analyzed by ANOVA (A, B, D, E, G and H)
or by Kruskal–Wallis (C, F and I) followed by Bonferroni’s or Dunn’s post-hoc tests, respectively. The
analysis revealed significant differences compared to Placebo at # p ≤ 0.05; ## p ≤ 0.01 or #### p ≤ 0.0001
and between BPE-C treatment groups at * p ≤ 0.05; ** p ≤ 0.01 or **** p ≤ 0.0001. Horizontal lines
represent the mean ± SD.

Next, AIP was calculated to evaluate the risk of atherogenesis and its complications after the
treatment with BPE-C. The analysis revealed a significant AIP reduction (p ≤ 0.001), noticeable in
both low and high dose groups. In particular, the starting AIP mean values 0.45 and 0.46 ± 0.04
(Figure 4A) were reduced to 0.19 ± 0.03 and 0.27 ± 0.05 in patients treated with high and low BPE-C
dose, respectively (Figure 4B). In addition, the difference between low and high BPE-C groups was
statistically significant (Figure 4B,C).
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dependent at *** p ≤ 0.001 (B) or at * p ≤ 0.05, when % reductions were compared (C). 

Figure 3. BPE-C reduces triglycerides and fasting serum glucose levels in MetS patients. (A) TG levels
before (baseline) A) and (B) after 90-days intervention on MetS patients assigned to three experimental
groups (Placebo, BPE-C low and high). (C) percent reduction calculated for B. (D) Baseline fasting
serum glucose levels and (E) after 90 days as in B. (F) percent reduction calculated for E. Statistical
differences were analyzed by ANOVA (A, B, D and E) or Kruskal–Wallis (C and F) tests followed by
Bonferroni’s or Dunn’s post-hoc tests, respectively. The analysis revealed significant differences in
BPE-C treatment groups when compared to Placebo at ## p ≤ 0.01; ### p ≤ 0.001 or #### p ≤ 0.0001 and
between BPE-C treatment groups at * p ≤ 0.05; ** p ≤ 0.01 or **** p ≤ 0.0001. Horizontal lines represent
the mean ± SD.
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Figure 4. BPE-C reduces atherogenic index of plasma (AIP) in MetS patients. (A) AIP before treatment
and (B) after 90-days treatment with BPE-C or placebo. (C) Percent reduction of AIP after treatment.
Statistical differences were analyzed by ANOVA test followed by Bonferroni’s post-hoc test (A and B) or
Kruskal–Wallis test followed by Dunn’s test(C). Horizontal bars show the mean of 15 patients ± SD. The
analysis revealed a significant AIP decrease after the treatment with BPE-C when compared to Placebo
at ## p ≤ 0.01 or ### p ≤ 0.001 for both doses of BPE-C. The response to BPE-C was dose-dependent at
*** p ≤ 0.001 (B) or at * p ≤ 0.05, when % reductions were compared (C).

Next, we checked if the substantial reduction of hyperglycemia correlated with the improvement
in insulin sensitivity in the treatment groups, approximated as reduced insulin resistance (HOMA-IR
index). Between-group comparison revealed a highly significant and dose-dependent decrease
of HOMA-IR in the BPE-C low and high groups compared to Placebo group (Figure 5B), which
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corresponded to significant mean changes by −7.2% and −18.1%, with respect to the baseline values in
low and high dose groups, respectively (Figure 5C).
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Figure 5. BPE-C improves insulin sensitivity by a significant reduction of HOMA-IR index in MetS
patients. (A) HOMA-IR before treatment and (B) after 90-days treatment with BPE-C or placebo. (C)
Percent change of HOMA-IR with respect to baseline values. Statistical differences were analyzed by
ANOVA test followed by Bonferroni’s post-hoc test (A and B) and Kruskal–Wallis test followed by
Dunn’s test (C). Horizontal bars show the mean of 15 patients ± SD. The analysis revealed a highly
significant HOMA-IR decrease after the treatment with BPE-C at ## p ≤ 0.01 or ### p ≤ 0.001 for low
and high doses, respectively. The response to BPE-C was dose-dependent at * p ≤ 0.05.

As expected, a significant reduction was also observed in serum insulin concentrations (p < 0.001)
in BPE-C high patients (Table 2). Nevertheless, the response, was not significant in BPE-C low when
compared to Placebo group (Table 2).

Table 2. Plasma levels of energy balance hormones and insulin, before (baseline) and after 90 days
intervention on MetS patients assigned to three experimental groups (Placebo, BPE-C low and high).

Experimental Groups
Biomarker

Insulin
(IU/L)

Leptin
(ng/mL)

Ghrelin
(pg/mL)

Adiponectin
(mg/mL)

Baseline Placebo 20 ± 1.6 22.1 ± 1.1 619 ± 24 19.5 ± 1.3
Baseline BPE-C low 20 ± 1.5 22.6 ± 1.4 623 ± 19 19.3 ± 1.5
Baseline BPE-C high 19.6 ± 2.4 22 ± 2.3 624 ± 38 19.3 ± 1.4

Placebo 19.5 ± 2.6 22.3 ± 1.3 620 ± 22 18.6 ± 2.4
BPE-C low 16.6 ± 1.4 19.3 ± 2.0 581 ± 22 22.9 ± 2.5
BPE-C high 14.2 ± 1.2 17.3 ± 0.4 530 ± 21 23.5 ± 1.4

p values
Placebo vs. BPE-C low 0.067 KW 0.013 KW <0.001 0.003
Placebo vs. BPE-C high <0.001 KW <0.001 KW <0.001 <0.001

BPE-C high vs. BPE-C low 0.007 KW 0.046 KW <0.001 0.078

Change after treatment (%)
Placebo −2,5 ± 6.7 −0.5 ± 4 0.3 ± 2 −4.6 ± 11.6

BPE-C low −16.5 ± 6.5 −13.9 ± 11 −6.6 ± 2.4 18.1 ± 12.8
BPE-C high −26.4 ± 10.7 −20.5 ± 8.9 −14.9 ± 2.9 22.3 ± 9.6

p values
Placebo vs. BPE-C low 0.001 0.002 KW <0.001 <0.001
Placebo vs. BPE-C high <0.001 <0.001 KW <0.001 <0.001

BPE-C high vs. BPE-C low 0.006 0.490 KW 0.007 0.942

Statistical analysis was performed by ANOVA and Bonferroni’s post-hoc test (where not specified) or by
Kruskal–Wallis followed by Dunn’s post-hoc, where indicated by KW. The mean ± SD out of 15 patients is
shown for each parameter. Statistically significant p values (p < 0.05) are in bold.

Next, we analyzed the levels of energy balance hormones regulating fat mass and food intake.
There was also no significant difference between BPE-C groups and placebo group in terms of baseline
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serum adiponectin and leptin, as well as for insulin and ghrelin levels (p > 0.05, Table 2). Posttreatment
analysis revealed a significant decrease of serum leptin concentrations in both BPE-C groups (p < 0.05)
compared to the baseline and to the placebo groups (Table 2). Likewise, the serum ghrelin was
significantly reduced in the BPE-C high and low versus placebo group (p < 0.001) (Table 2). Finally,
there was an increase in serum adiponectin concentrations in both BPE-C low and high treatment
groups, which was statistically significant even in BPE-C low group compared to placebo group
(p = 0.003) (Table 2).

4. Discussion

The findings of this randomized, placebo-controlled trial suggest a significant amelioration of
dyslipidemia and insulin sensitivity after 90 days of BPE-C supplementation to a group of MetS patients
characterized by an elevated AIP (over 0.34) and moderate hyperglycemia (up to 130 mg/L). Compared
to previous clinical studies performed with BPF on a larger group MetS patients, the supplementation
of BPE-C yielded similar results with respect to the reduction of TotChol, LDL-C and TG and increase
of HDL-C [20]. In particular. they were slightly better for cholesterol parameters and weaker for TG.
For example, a potent mean decrease by 41.4 ± 2.3% in LDL-C levels were recorded in BPE-C high
group, which was a stronger response than in the previous study, in BPF high dose group (mean −36%).
This might be due to a longer treatment time (90 vs. 30 days), 30% larger dose of BPE-C used in the
present study as well as a specific and more homogenous profile of patients recruited for the present
study. For the same reason, it is difficult to evaluate the impact of the new formulation of BPE-C with
respect to the standard BPF used in the previous study [20]. Nevertheless, these data confirm that
BPE-C is an efficient remedy against dyslipidemia in MetS patients with moderately elevated glycemia.

The severity of dyslipidemia, such as high TG levels and low HDL-C, correlating with small size
of LDL particles, determine high AIP and thus atherogenic risk. The value of AIP as a predictive
biomarker for atherosclerosis and coronary artery disease has been confirmed in several recent studies
on men and post-menopausal women [6–8,30,31]. The presented here data indicate a strong reduction
of AIP to mean values 0.19 ± 0.03 and 0.27 ± 0.05 in patients treated with high and low BPE-C dose,
respectively. Since AIP below 0.21 is considered to correlate with a low cardiovascular risk [6] we
can conclude that the high dose of BPE-C is sufficient to switch the patients from high to low risk of
atherosclerosis and related cardiovascular complications.

Another important finding of this study is the dose-dependent reduction of BW and BMI by
10% to 16% in patients receiving low and high dose of BPE-C for 90 days, respectively. This is
the first clinical trial demonstrating a significant BW loss with bergamot derived nutraceuticals on
MetS patients. The previous clinical studies testing pharmacological effects of BPF either did not
examine BW/BMI changes [19–21,23,24] or reported not significant BMI reduction after 120 days of BPF
(1300 mg daily) supplementation [32] or found a positive preventive effect of BPF supplementation on
second-generation antipsychotic drugs-induced weight gain in psychiatric patients [33]. However, the
latter findings were not confirmed in a larger study [34]. In pre-clinical studies in rats, BPF effect on
body mass was reported in the prevention-type studies [22,35], but not in the parallel intervention-type
study on obese rats with CAF diet-induced NASH [17]. In addition, the prevention-type studies,
demonstrated only a modest 8% reduction in BW gain upon 14 weeks treatment with BPF, probably
due to a very aggressive type of obesogenic diet used to induce MetS with NASH, which is the CAF
diet in rats [22,35].

Lack of a significant changes in BMI in clinical and intervention-type preclinical studies with
flavonoid-only supplementation is not surprising. In fact, only one study out of 28 reviewed studies
addressing the effects of dietary polyphenols on BW reported a modest weight loss after very long
application of Mediterranean diet (two years) to MetS patients [16,36]. In another review, 10 out
34 papers reported on a modest weight loss induced by polyphenol extracts, in most of the cases
derived from green tea [37].
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Thus, dietary polyphenols rarely improve BMI parameters when applied to patients as purified
polyphenol extracts. In contrast, many clinical and preclinical studies with pectins and other dietary
fibers report on moderate, but significant BW loss in parallel with other health benefits related to pectin
consumption [26]. Pectins usually limit BW gain by reducing food intake in rodents [28,38,39]. In
humans, pectins lessen the appetite and their consumption is inversely associated with BW gain [40].
These observations indicate that body-weight loss effects of the reported here clinical study can be
attributed to pectin enrichment. However, we cannot exclude that other components of bergamot juice
present in BPE-C may also contribute to BW loss.

The protective effects against diet–induced obesity are largely attributed to pectin fermentation by
gut bacteria and the uptake of metabolites, such as short chain fatty acids (SCFAs) [41,42]. For example,
SCFA metabolism in the liver regulates glucose and lipid metabolism and energy homeostasis [43]. A
recent study demonstrates that several different types of dietary fibers reduce BW in laboratory animals
and largely different gut bacteria profiles can contribute to beneficial effects of dietary fibers [28], while
other studies suggest that probiotic effect of pectins depends not only on their chemical and physical
characteristics [44], but also on their source.

Energy homeostasis and, in particular body fat and food intake, as well as BMI are regulated by
a complex interplay of blood hormones such a as adiponectin, leptin and ghrelin. Accordingly, the
effects on BMI observed in this study were mirrored by a significant reduction in leptin levels in both
treatment groups and significant upregulation of adiponectin levels. These changes likely reflect a
possible reduction in body fat in patients at the end of the study.

Concurrent with a decrease in circulating leptin, plasma ghrelin concentrations increase following
weight loss from an energy-restricted diet [14]. However, ghrelin levels may also decrease reflecting
reduced appetite and food intake [13]. In fact, the patients in this trial experienced less appetite and
they had significantly lower levels of circulating ghrelin after 90 days of BPE-C treatment. Similar
observations were reported in a recent curcumin study. Daily curcumin and piperine supplementation
for 12 weeks, increased adiponectin and reduced leptin and ghrelin levels, although the mean reduction
in ghrelin was not significant in this study [45].

5. Conclusions

In conclusion, the present human study reports on a powerful reduction of AIP to a low risk value
in a selected sub-group of MetS patients after 90 days treatment with BPE-C. It also provides the first
evidence that bergamot juice-derived food supplements enriched with pectins and vitamin C, such as
BPE-C significantly stimulate weight loss, improve insulin sensitivity and reduce circulating insulin,
leptin, and ghrelin levels, while increasing significantly the levels of cardioprotective adiponectin. This
study also confirms previously reported robust improvement of dyslipidemia, i.e., reduction of TG,
TotChol and LDL-C by daily supplementation of bergamot flavonoids to the daily diet. Future studies
should be undertaken to ascertain the impact of pectin and ascorbic acid, as well as other components
of bergamot juice in this novel nutraceutical formulation on the observed beneficial effects.

Author Contributions: Conceptualization, E.J., S.R. and V.M.; Data curation, A.S.C., S.P., R.M. and V.M.; Formal
analysis, E.J., M.P. and T.S.; Funding acquisition, V.M.; Investigation, A.S.C., S.P., R.M. and V.M.; Methodology,
A.S.C.; Project administration, S.P. and V.M.; Resources, A.S.C.; Software, T.S.; Supervision, V.M.; Visualization,
M.P. and T.S.; Writing—original draft, E.J.; Writing—review & editing, E.J.

Funding: This research was funded by: “Magna Graecia University, Catanzaro; PON3a-00359 Research and
Competitiveness grant and Nutramed Consortium (PON03PE 00078); Herbal and Antioxidant Derivatives (H&AD)
S.r.l., Bianco (RC), Italy. T.S. was supported by KNOW consortium ‘Healthy Animal—Safe Food’ MS&HE No.
05-1/KNOW2/2015”.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.



Nutrients 2019, 11, 1271 11 of 13

References

1. Galisteo, M.; Duarte, J.; Zarzuelo, A. Effects of dietary fibers on disturbances clustered in the metabolic
syndrome. J. Nutr. Biochem. 2008, 19, 71–84. [CrossRef] [PubMed]

2. Walker, R.; Janda, E.; Mollace, V. Chapter 84—The use of bergamot-derived polyphenol fraction. In Polyphenols
in Human Health and Disease; Academic Press: San Diego, CA, USA, 2014; pp. 1087–1105.

3. Scuteri, A.; Laurent, S.; Cucca, F.; Cockcroft, J.; Cunha, P.G.; Manas, L.R.; Mattace Raso, F.U.; Muiesan, M.L.;
Ryliskyte, L.; Rietzschel, E.; et al. Metabolic syndrome across Europe: Different clusters of risk factors. Eur. J.
Prev. Cardiol. 2015, 22, 486–491. [CrossRef] [PubMed]

4. Forti, P.; Pirazzoli, G.L.; Maltoni, B.; Bianchi, G.; Magalotti, D.; Muscari, A.; Mariani, E.; Ravaglia, G.; Zoli, M.
Metabolic syndrome and all-cause mortality in older men and women. Eur. J. Clin. Investig. 2012, 42,
1000–1009. [CrossRef] [PubMed]

5. Dobiasova, M.; Frohlich, J.; Sedova, M.; Cheung, M.C.; Brown, B.G. Cholesterol esterification and atherogenic
index of plasma correlate with lipoprotein size and findings on coronary angiography. J. Lipid Res. 2011, 52,
566–571. [CrossRef] [PubMed]

6. Mazidi, M.; Katsiki, N.; Mikhailidis, D.P.; Banach, M. Association of ideal cardiovascular health metrics with
serum uric acid, inflammation and atherogenic index of plasma: A population-based survey. Atherosclerosis
2018, 284, 44–49. [CrossRef] [PubMed]

7. Cai, G.; Shi, G.; Xue, S.; Lu, W. The atherogenic index of plasma is a strong and independent predictor for
coronary artery disease in the Chinese Han population. Medicine 2017, 96, e8058. [CrossRef]

8. Wu, T.T.; Gao, Y.; Zheng, Y.Y.; Ma, Y.T.; Xie, X. Atherogenic index of plasma (aip): A novel predictive indicator
for the coronary artery disease in postmenopausal women. Lipids Health Dis. 2018, 17, 197. [CrossRef]

9. Francisco, V.; Ruiz-Fernandez, C.; Pino, J.; Mera, A.; Angel Gonzalez-Gay, M.; Gomez, R.; Lago, F.;
Mobasheri, A.; Gualillo, O. Adipokines: Linking metabolic syndrome, the immune system, and arthritic
diseases. Biochem. Pharmacol. 2019. [CrossRef]

10. Ghadge, A.A.; Khaire, A.A.; Kuvalekar, A.A. Adiponectin: A potential therapeutic target for metabolic
syndrome. Cytokine Growth Factor Rev. 2018, 39, 151–158. [CrossRef]

11. Berger, S.; Polotsky, V.Y. Leptin and leptin resistance in the pathogenesis of obstructive sleep apnea: A
possible link to oxidative stress and cardiovascular complications. Oxidative Med. Cell. Longev. 2018, 2018,
5137947. [CrossRef]

12. Oussaada, S.M.; van Galen, K.A.; Cooiman, M.I.; Kleinendorst, L.; Hazebroek, E.J.; van Haelst, M.M.; Ter
Horst, K.W.; Serlie, M.J. The pathogenesis of obesity. Metab. Clin. Exp. 2019, 92, 26–36. [CrossRef] [PubMed]

13. Collden, G.; Tschop, M.H.; Muller, T.D. Therapeutic potential of targeting the ghrelin pathway. Int. J. Mol.
Sci. 2017, 18, 798. [CrossRef] [PubMed]

14. Sahebkar, A. Dual effect of curcumin in preventing atherosclerosis: The potential role of
pro-oxidant-antioxidant mechanisms. Nat. Prod. Res. 2015, 29, 491–492. [CrossRef] [PubMed]

15. Vetrani, C.; Vitale, M.; Bozzetto, L.; Della Pepa, G.; Cocozza, S.; Costabile, G.; Mangione, A.; Cipriano, P.;
Annuzzi, G.; Rivellese, A.A. Association between different dietary polyphenol subclasses and the
improvement in cardiometabolic risk factors: Evidence from a randomized controlled clinical trial. Acta
Diabetol. 2018, 55, 149–153. [CrossRef] [PubMed]

16. Chiva-Blanch, G.; Badimon, L. Effects of polyphenol intake on metabolic syndrome: Current evidences from
human trials. Oxidative Med. Cell. Longev. 2017, 2017, 5812401. [CrossRef] [PubMed]

17. Parafati, M.; Lascala, A.; La Russa, D.; Mignogna, C.; Trimboli, F.; Morittu, V.M.; Riillo, C.; Macirella, R.;
Mollace, V.; Brunelli, E.; et al. Bergamot polyphenols boost therapeutic effects of the diet on non-alcoholic
steatohepatitis (nash) induced by “junk food”: Evidence for anti-inflammatory activity. Nutrients 2018, 10,
1604. [CrossRef] [PubMed]

18. Lascala, A.; Martino, C.; Parafati, M.; Salerno, R.; Oliverio, M.; Pellegrino, D.; Mollace, V.; Janda, E. Analysis
of proautophagic activities of citrus flavonoids in liver cells reveals the superiority of a natural polyphenol
mixture over pure flavones. J. Nutr. Biochem. 2018, 58, 119–130. [CrossRef]

19. Gliozzi, M.; Walker, R.; Muscoli, S.; Vitale, C.; Gratteri, S.; Carresi, C.; Musolino, V.; Russo, V.; Janda, E.;
Ragusa, S.; et al. Bergamot polyphenolic fraction enhances rosuvastatin-induced effect on ldl-cholesterol,
lox-1 expression and protein kinase b phosphorylation in patients with hyperlipidemia. Int. J. Cardiol. 2013,
170, 140–145. [CrossRef]

http://dx.doi.org/10.1016/j.jnutbio.2007.02.009
http://www.ncbi.nlm.nih.gov/pubmed/17618108
http://dx.doi.org/10.1177/2047487314525529
http://www.ncbi.nlm.nih.gov/pubmed/24647805
http://dx.doi.org/10.1111/j.1365-2362.2012.02688.x
http://www.ncbi.nlm.nih.gov/pubmed/22591032
http://dx.doi.org/10.1194/jlr.P011668
http://www.ncbi.nlm.nih.gov/pubmed/21224290
http://dx.doi.org/10.1016/j.atherosclerosis.2018.09.016
http://www.ncbi.nlm.nih.gov/pubmed/30875492
http://dx.doi.org/10.1097/MD.0000000000008058
http://dx.doi.org/10.1186/s12944-018-0828-z
http://dx.doi.org/10.1016/j.bcp.2019.03.030
http://dx.doi.org/10.1016/j.cytogfr.2018.01.004
http://dx.doi.org/10.1155/2018/5137947
http://dx.doi.org/10.1016/j.metabol.2018.12.012
http://www.ncbi.nlm.nih.gov/pubmed/30639246
http://dx.doi.org/10.3390/ijms18040798
http://www.ncbi.nlm.nih.gov/pubmed/28398233
http://dx.doi.org/10.1080/14786419.2014.956212
http://www.ncbi.nlm.nih.gov/pubmed/25190358
http://dx.doi.org/10.1007/s00592-017-1075-x
http://www.ncbi.nlm.nih.gov/pubmed/29151225
http://dx.doi.org/10.1155/2017/5812401
http://www.ncbi.nlm.nih.gov/pubmed/28894509
http://dx.doi.org/10.3390/nu10111604
http://www.ncbi.nlm.nih.gov/pubmed/30388763
http://dx.doi.org/10.1016/j.jnutbio.2018.04.005
http://dx.doi.org/10.1016/j.ijcard.2013.08.125


Nutrients 2019, 11, 1271 12 of 13

20. Mollace, V.; Sacco, I.; Janda, E.; Malara, C.; Ventrice, D.; Colica, C.; Visalli, V.; Muscoli, S.; Ragusa, S.;
Muscoli, C.; et al. Hypolipemic and hypoglycaemic activity of bergamot polyphenols: From animal models
to human studies. Fitoterapia 2011, 82, 309–316. [CrossRef]

21. Mollace, V.; Scicchitano, M.; Paone, S.; Casale, F.; Calandruccio, C.; Gliozzi, M.; Musolino, V.; Carresi, C.;
Maiuolo, J.; Nucera, S.; et al. Hypoglycemic and hypolipemic effects of a new lecithin formulation of
bergamot polyphenolic fraction: A double blind, randomized, placebo- controlled study. Endocr. Metab.
Immune Disord. Drug Targets 2019, 19, 136–143. [CrossRef]

22. Parafati, M.; Lascala, A.; Morittu, V.M.; Trimboli, F.; Rizzuto, A.; Brunelli, E.; Coscarelli, F.; Costa, N.; Britti, D.;
Ehrlich, J.; et al. Bergamot polyphenol fraction prevents nonalcoholic fatty liver disease via stimulation of
lipophagy in cafeteria diet-induced rat model of metabolic syndrome. J. Nutr. Biochem. 2015, 26, 938–948.
[CrossRef] [PubMed]

23. Ehrlich, J.; Gliozzi, M.; Janda, E.; Walker, R.; Romeo, F.; Mollace, V. Effect of citrus bergamot polyphenol
extract on patients with nonalcoholic fatty liver disease. Am. J. Gastroenterol. 2014, 109, S152–S153.

24. Gliozzi, M.; Maiuolo, J.; Oppedisano, F.; Mollace, V. The effect of bergamot polyphenolic fraction in
patients with non-alcoholic liver steato-hepatitis and metabolic syndrome. PharmaNutrition 2016, 4, S27–S31.
[CrossRef]

25. Janda, E.; Salerno, R.; Martino, C.; Lascala, A.; La Russa, D.; Oliverio, M. Qualitative and quantitative analysis
of the proautophagic activity of citrus flavonoids from bergamot polyphenol fraction. Data Brief 2018, 19,
1327–1334. [CrossRef] [PubMed]

26. Bozzetto, L.; Costabile, G.; Della Pepa, G.; Ciciola, P.; Vetrani, C.; Vitale, M.; Rivellese, A.A.; Annuzzi, G.
Dietary fibre as a unifying remedy for the whole spectrum of obesity-associated cardiovascular risk. Nutrients
2018, 10, 943. [CrossRef] [PubMed]

27. Skinner, R.C.; Gigliotti, J.C.; Ku, K.M.; Tou, J.C. A comprehensive analysis of the composition, health benefits,
and safety of apple pomace. Nutr. Rev. 2018, 76, 893–909. [CrossRef] [PubMed]

28. Drew, J.E.; Reichardt, N.; Williams, L.M.; Mayer, C.D.; Walker, A.W.; Farquharson, A.J.; Kastora, S.;
Farquharson, F.; Milligan, G.; Morrison, D.J.; et al. Dietary fibers inhibit obesity in mice, but host responses
in the cecum and liver appear unrelated to fiber-specific changes in cecal bacterial taxonomic composition.
Sci. Rep. 2018, 8, 15566. [CrossRef] [PubMed]

29. Lara-Espinoza, C.; Carvajal-Millan, E.; Balandran-Quintana, R.; Lopez-Franco, Y.; Rascon-Chu, A. Pectin and
pectin-based composite materials: Beyond food texture. Molecules 2018, 23, 942. [CrossRef]

30. Cai, G.; Liu, W.; Lv, S.; Wang, X.; Guo, Y.; Yan, Z.; Du, Y.; Zhou, Y. Gender-specific associations between
atherogenic index of plasma and the presence and severity of acute coronary syndrome in very young adults:
A hospital-based observational study. Lipids Health Dis. 2019, 18, 99. [CrossRef]

31. Ni, W.; Zhou, Z.; Liu, T.; Wang, H.; Deng, J.; Liu, X.; Xing, G. Gender-and lesion number-dependent difference
in “atherogenic index of plasma” in Chinese people with coronary heart disease. Sci. Rep. 2017, 7, 13207.
[CrossRef]

32. Gliozzi, M.; Carresi, C.; Musolino, V.; Palma, E.; Muscoli, C.; Vitale, C.; Gratteri, S.; Muscianisi, G.; Janda, E.;
Muscoli, S.; et al. The effect of bergamot-derived polyphenolic fraction on ldl small dense particles and non
alcoholic fatty liver disease in patients with metabolic syndrome. Adv. Biol. Chem. 2014, 4, 9. [CrossRef]

33. Bruno, A.; Pandolfo, G.; Crucitti, M.; Maisano, A.; Zoccali, R.A.; Muscatello, M.R.A. Metabolic outcomes of
bergamot polyphenolic fraction administration in patients treated with second-generation antipsychotics: A
pilot study. J. Nutr. Biochem. 2017, 40, 32–35. [CrossRef] [PubMed]

34. Bruno, A.; Pandolfo, G.; Crucitti, M.; Cacciola, M.; Santoro, V.; Spina, E.; Zoccali, R.A.; Muscatello, M.R.A.
Low-dose of bergamot-derived polyphenolic fraction (bpf) did not improve metabolic parameters in second
generation antipsychotics-treated patients: Results from a 60-days open-label study. Front. Pharmacol. 2017,
8, 197. [CrossRef] [PubMed]

35. La Russa, D.; Giordano, F.; Marrone, A.; Parafati, M.; Janda, E.; Pellegrino, D. Oxidative imbalance and
kidney damage in cafeteria diet-induced rat model of metabolic syndrome: Effect of bergamot polyphenolic
fraction. Antioxidants 2019, 8, 66. [CrossRef] [PubMed]

36. Esposito, K.; Marfella, R.; Ciotola, M.; Di Palo, C.; Giugliano, F.; Giugliano, G.; D’Armiento, M.; D’Andrea, F.;
Giugliano, D. Effect of a mediterranean-style diet on endothelial dysfunction and markers of vascular
inflammation in the metabolic syndrome: A randomized trial. JAMA 2004, 292, 1440–1446. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.fitote.2010.10.014
http://dx.doi.org/10.2174/1871530319666181203151513
http://dx.doi.org/10.1016/j.jnutbio.2015.03.008
http://www.ncbi.nlm.nih.gov/pubmed/26025327
http://dx.doi.org/10.1016/j.phanu.2015.11.003
http://dx.doi.org/10.1016/j.dib.2018.05.139
http://www.ncbi.nlm.nih.gov/pubmed/30229008
http://dx.doi.org/10.3390/nu10070943
http://www.ncbi.nlm.nih.gov/pubmed/30037123
http://dx.doi.org/10.1093/nutrit/nuy033
http://www.ncbi.nlm.nih.gov/pubmed/30085116
http://dx.doi.org/10.1038/s41598-018-34081-8
http://www.ncbi.nlm.nih.gov/pubmed/30349136
http://dx.doi.org/10.3390/molecules23040942
http://dx.doi.org/10.1186/s12944-019-1043-2
http://dx.doi.org/10.1038/s41598-017-13267-6
http://dx.doi.org/10.4236/abc.2014.42017
http://dx.doi.org/10.1016/j.jnutbio.2016.10.008
http://www.ncbi.nlm.nih.gov/pubmed/27846426
http://dx.doi.org/10.3389/fphar.2017.00197
http://www.ncbi.nlm.nih.gov/pubmed/28443024
http://dx.doi.org/10.3390/antiox8030066
http://www.ncbi.nlm.nih.gov/pubmed/30884780
http://dx.doi.org/10.1001/jama.292.12.1440
http://www.ncbi.nlm.nih.gov/pubmed/15383514


Nutrients 2019, 11, 1271 13 of 13

37. Amiot, M.J.; Riva, C.; Vinet, A. Effects of dietary polyphenols on metabolic syndrome features in humans: A
systematic review. Obes. Rev. 2016, 17, 573–586. [CrossRef] [PubMed]

38. Adam, C.L.; Gratz, S.W.; Peinado, D.I.; Thomson, L.M.; Garden, K.E.; Williams, P.A.; Richardson, A.J.;
Ross, A.W. Effects of dietary fibre (pectin) and/or increased protein (casein or pea) on satiety, body weight,
adiposity and caecal fermentation in high fat diet-induced obese rats. PLoS ONE 2016, 11, e0155871.
[CrossRef] [PubMed]

39. Adam, C.L.; Thomson, L.M.; Williams, P.A.; Ross, A.W. Soluble fermentable dietary fibre (pectin) decreases
caloric intake, adiposity and lipidaemia in high-fat diet-induced obese rats. PLoS ONE 2015, 10, e0140392.
[CrossRef] [PubMed]

40. Wanders, A.J.; van den Borne, J.J.; de Graaf, C.; Hulshof, T.; Jonathan, M.C.; Kristensen, M.; Mars, M.;
Schols, H.A.; Feskens, E.J. Effects of dietary fibre on subjective appetite, energy intake and body weight: A
systematic review of randomized controlled trials. Obes. Rev. 2011, 12, 724–739. [CrossRef] [PubMed]

41. Li, W.; Zhang, K.; Yang, H. Pectin alleviates high fat (lard) diet-induced nonalcoholic fatty liver disease in
mice: Possible role of short-chain fatty acids and gut microbiota regulated by pectin. J. Agric. Food Chem.
2018, 66, 8015–8025. [CrossRef] [PubMed]

42. Peng, X.; Li, S.; Luo, J.; Wu, X.; Liu, L. Effects of dietary fibers and their mixtures on short chain fatty acids
and microbiota in mice guts. Food Funct. 2013, 4, 932–938. [CrossRef] [PubMed]

43. Zhao, Y.; Liu, J.; Hao, W.; Zhu, H.; Liang, N.; He, Z.; Ma, K.Y.; Chen, Z.Y. Structure-specific effects of
short-chain fatty acids on plasma cholesterol concentration in male Syrian hamsters. J. Agric. Food Chem.
2017, 65, 10984–10992. [CrossRef] [PubMed]

44. Gomez, B.; Gullon, B.; Remoroza, C.; Schols, H.A.; Parajo, J.C.; Alonso, J.L. Purification, characterization,
and prebiotic properties of pectic oligosaccharides from orange peel wastes. J. Agric. Food Chem. 2014, 62,
9769–9782. [CrossRef] [PubMed]

45. Panahi, Y.; Khalili, N.; Sahebi, E.; Namazi, S.; Atkin, S.L.; Majeed, M.; Sahebkar, A. Curcuminoids plus
piperine modulate adipokines in type 2 diabetes mellitus. Curr. Clin. Pharmacol. 2017, 12, 253–258. [CrossRef]
[PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/obr.12409
http://www.ncbi.nlm.nih.gov/pubmed/27079631
http://dx.doi.org/10.1371/journal.pone.0155871
http://www.ncbi.nlm.nih.gov/pubmed/27224646
http://dx.doi.org/10.1371/journal.pone.0140392
http://www.ncbi.nlm.nih.gov/pubmed/26447990
http://dx.doi.org/10.1111/j.1467-789X.2011.00895.x
http://www.ncbi.nlm.nih.gov/pubmed/21676152
http://dx.doi.org/10.1021/acs.jafc.8b02979
http://www.ncbi.nlm.nih.gov/pubmed/29987933
http://dx.doi.org/10.1039/c3fo60052a
http://www.ncbi.nlm.nih.gov/pubmed/23669739
http://dx.doi.org/10.1021/acs.jafc.7b04666
http://www.ncbi.nlm.nih.gov/pubmed/29190422
http://dx.doi.org/10.1021/jf503475b
http://www.ncbi.nlm.nih.gov/pubmed/25207862
http://dx.doi.org/10.2174/1574884713666180104095641
http://www.ncbi.nlm.nih.gov/pubmed/29299989
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Food Supplement Used in The Study 
	Subjects 
	Study Design 
	Blood Sampling and Measurements 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

