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Abstract: This study aimed to assess the efficacy of a blood orange Citrus sinensis standardized extract
from “Moro” cultivar, on weight loss in overweight but otherwise healthy individuals. Anthocyanins
and particularly cyanidin 3-glucoside, found in a large variety of fruits including Sicilian blood
oranges, can help to counteract weight gain and to reduce body fat accumulation through the
modulation of antioxidant, anti-inflammatory and metabolic pathways. In this randomized, double
blind, placebo-controlled study, all participants (overweight adults aged 20–65 years old) were
randomized to receive either Moro blood orange standardized extract or a placebo daily for 6-months.
The primary outcome measure was change in body mass and body composition at the end of the
study. After 6-months, body mass (4.2% vs. 2.2%, p = 0.015), body mass index (p = 0.019), hip (3.4 cm
vs. 2.0 cm, p = 0.049) and waist (3.9 cm vs. 1.7 cm, p = 0.017) circumferences, fat mass (p = 0.012) and
fat distribution (visceral and subcutaneous fat p = 0.018 and 0.006, respectively) were all significantly
better in the extract supplemented group compared to the placebo (p < 0.05). In addition, all safety
markers of liver toxicity were within the normal range throughout the study for both analyzed
groups. Concluding, the present study demonstrates that Moro blood orange standardized extract
may be a safe and effective option for helping with weight loss when used in conjunction with diet
and exercise.

Keywords: cyanidin 3-glucoside; flavonoids; BMI; fat distribution; body mass; physical activity

1. Introduction

Obesity and overweight represent a major global health and societal concern. World-
wide, the prevalence of obesity has nearly tripled since 1975 with 39% of adults over
18 years of age, overweight and 13% obese [1]. It has been widely demonstrated that
many plant extracts exhibit weight loss properties and gives many health benefits due to
the presence of various polyphenolic compounds [2–4]. Although further research into
the use and effectiveness of such dietary supplements for the prevention of obesity is
required [5]. A body of literature data reported that anthocyanins, polyphenolic plant
secondary metabolites, polyhydroxy and polymethoxy derivatives of flavylium salts [6],
suppress lipid accumulation in adipocytes trough the modulation of transcription factors
regulating lipogenesis [7]. Studies by Tsuda and colleagues revealed the treatment of
human adipocytes with anthocyanins resulted in the modulation of gene expression of
adipocytokines, suggesting anthocyanins may play a role in regulating adipocyte func-
tion [8,9]. Therefore, recent studies demonstrated the anti-obesity effect and the healthy
properties of many polyphenolic compounds including anthocyanins present in citrus
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fruit [10–14]. The “Moro” orange cultivar Citrus sinensis Osbeck (Rutaceae) is native to
Sicily and cultivated only in a restricted area at the feet of the south side of Etna volcano
(Protected Geographical Indication, PGI), it is the most highly pigmented and with the
higher amount of anthocyanins among red oranges varieties [15–17], with deep red violet
flesh ripening from December to February. In blood o range cultivars, the production of
anthocyanins in the flesh and epicarp during fruit ripening is not due to particular agro-
nomic techniques other than those common to all citrus fruits but is strictly dependent on
the climate conditions and particularly by strong day-night thermal clines. The particular
district of Sicily (PGI), where blood oranges are cultivated is characterized by limited rain-
fall and not extremely cold winter but with a temperature variation between day and night
of more than 10 ◦C, conditions not found in any other orange-producing countries [18,19].
Moro orange is a rich source of active compounds such as hydroxycinnamic acid, flavone
glycosides and ascorbic acids, including anthocyanins with an average content of about
140 mg/L [18–21]. Evidence to date has shown that blood oranges demonstrate potent
antioxidant activity and cytoprotective effects that reflect their substantial role in preventing
chronic pathological conditions such as cardiovascular diseases and in many forms of can-
cers [21–25]. Moreover, a recent study showed that a red orange standardized extract is able
to inhibit 3T3-L1 differentiation, by downregulating adipogenic gene and enzymes together
with the modulation of adiponectin secretion and leptin release [26]. Red orange intake
(especially Moro juice) has also been found to limit body weight gain, enhance insulin
sensitivity, and decrease serum triglycerides and total cholesterol in mice [27,28]. Similarly,
a study by Titta and colleagues (2009) showed anthocyanin rich Moro juice inhibited fat
accumulation in obesity induced mice despite an increase in overall energy intake [28].
Salamone and colleagues also studied the effect of Moro juice on liver steatosis in mice
with diet-induced obesity over a 12-week period. Results revealed Moro juice exerted a
metabolic hepatoprotective effect due to changes in the expression of several enzymes
involved in lipid homeostasis [27]. Preliminary research in humans has shown 400 mg of a
Moro blood orange standardized extract (Morosil®) supplementation in overweight yet
otherwise healthy participants for 12 weeks induced a significant reduction in body weight,
body mass index (BMI), waist and hip circumference in comparison to placebo group [20].
As there has only been one human trial specifically on this extract of “Moro” orange cultivar,
the aim of this study is to further assess the effect of the above-mentioned standardized
extract at the same dose on weight loss and on all safety markers of liver toxicity in healthy
adult males and females aged between 20 and 65 years to better understand its action
in conjunction with a calorie-controlled diet and exercise over a 6-month period. It was
hypothesized that the supplementation with the standardized extract, in conjunction with
diet and exercise, would improve weight loss in overweight but otherwise healthy male
and female compared to placebo control group.

2. Materials and Methods
2.1. Clinical Trial Design, Registration and Ethical Approval

The present study was a single-site, double-blind, randomized clinical trial assessing
the effectiveness of a “Moro” orange standardized extract over a 6-month supplementation
period. The study was conducted by RDC Clinical (Brisbane, Australia), DXA scans
were performed by Physique Science (Brisbane, Australia) and pathology analysis by
Cardinal Bioresearch (Brisbane, Australia). The study utilized an active and a placebo
arm to investigate weight loss in overweight, yet otherwise healthy men and women
aged between 20 and 65 years. This trial was conducted in compliance with the current
International Conference on Harmonization (ICH) Guideline for Good Clinical Practice
(GCP), the Therapeutic Goods Administration (TGA) Note for Guidance on Good Clinical
Practice, and ethical guidelines outlined in Additional Ethical Considerations. It was
approved by Human Research and Ethics Committee Bellberry Limited, South Australia,
Approval Number 201804237 and also registered on the Australian and New Zealand
Clinical Trial Register (ANZCTR), Registration number ACTRN12618001215213.
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This study was conducted between November 2018 and June 2020 in Brisbane, Australia.

2.2. Trial Participants

Potential participants were recruited from databases and public media outlets. Follow-
ing preliminary screening via telephone, potential participants attended the clinic for an
information session and provided their consent for inclusion in the trial. Consenting partic-
ipants underwent a health assessment including lifestyle, current medication, medication
history (history of disease and illness), recent variations in weight, alcohol and nicotine
use, sleep patterns and allergies. All participants provided written informed consent prior
to starting the trial. A total of 180 overweight (25 < BMI <35 kg/m2) yet otherwise healthy
female and male volunteers aged 20 to 65 years were recruited from databases and social
media from the greater Brisbane area to take part in this 6-month study (Figure 1). Partic-
ipants were excluded if they had clinically significant medical conditions including, but
not limited to cardiovascular, neurological, psychiatric, renal, gastrointestinal, immuno-
logical, endocrine (including uncontrolled diabetes or thyroid disease) or hematological
abnormalities that were uncontrolled, significant variation in weight (more than 10%) or
participation in another weight loss clinical trial in the past 3 months, current use of weight
loss supplements or medications, current use of prescription medications with the excep-
tion of the oral contraceptive pill (if female), alcohol consumption of above 2 standards
drinks daily, illicit drug use, smokers, malignancy or treatment for malignancy within the
previous 2 years, elite or training athletes, shift workers or those with unusual sleep and/or
dietary patterns, excessive caffeine intake (>4 caffeinated drinks daily). Participants were
also excluded if they were found to have any allergic reactions to any of the ingredients in
the active or placebo formula or had participated in any other clinical trial during the past
month. Pregnant or lactating women were excluded from the study.

2.3. Extract Specification and Trial Product

The standardized extract (product batch number 02201901-06) called Morosil® (Active)
was provided by Bionap S.R.L. (Belpasso, Catania, Italy). It is obtained from the juice of
“Moro” a red orange cultivar of C. sinensis. Medicinal name has been unified using the
Kew Medicinal plant names service. The final composition of the standardized extract is
as follows: cyanidin 3-O-glucoside (0.635% w/w), cyanidin 3-O-glucoside and derivatives
(>0.699% w/w), hesperidin (2.13% w/w), narirutin (0.07%w/w), ferulic acid (1% w/w) and
ascorbic acid (4.5% w/w), qualitative and quantitative analysis were performed using
HPLC-DAD. Otherwise, UV spectroscopy quantification of total anthocyanin content was
of 0.9% w/w for this analytical method. The total polyphenols content determined by
HPLC is 4% (w/w), determined using calibration curves with the closest appropriate
standard. Plant materials were authenticated by DNA barcoding, molecular diagnostic
tests were performed by TRU-ID Ltd. (TRU-ID Ltd. Research, Guelph, ON, Canada).
Certificate of authentication (Supplementary Material), detailed product specification
and some parameters on purity are available on Supplementary Information. The trial
product was in capsule form, each capsule containing 400 mg of standardized extract,
taken with water after breakfast. This regime was selected based on current evidence
for the investigational product as directed by the manufacturer and on previous clinical
trials [20]. The product was stored in the trial product container at room temperature
and away from direct sunlight. The placebo product for this trial was maltodextrin in a
matching capsule and administered using the same procedure detailed above. Both the
investigational (active) and placebo products were enclosed in containers that are identical
in function and appearance.
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Figure 1. Participant Flow Diagram.

2.4. Trial Description (Intervention and Study Procedures)

Once enrolled in the study, participants were randomly allocated to either the placebo
comparator group (n = 90) or the active intervention group, “Moro” orange standardized
extract (n = 90). Participant dietary intake, body measurements (weight, height, hip
circumference, waist circumference, blood pressure and heart rate), blood parameters
(alanine transaminase, aspartate aminotransferase, gamma-glutamyl transferase, total
bilirubin, high density lipoproteins, low density lipoproteins, cholesterol, triglycerides,
glucose, insulin, creatine, ghrelin, leptin, adiponectin) and body composition (dual-energy
X-ray absorptiometry—DXA) were assessed at enrolment.

All participants received the same standard advice regarding physical activity. Specifi-
cally, participants were asked to undertake 30 min of walking 3 times per week and record
all physical activity in their diaries. Participants were also asked to follow a kilojoule-
controlled diet, with the daily kilojoules to be consumed by each participant calculated
using the basal metabolic rate score from the individual DXA scans. Participants recorded
their daily food intake in a kilojoule counter app and submit a 24-h food recall every
two months during the study. Data from the diet app (Calorie Counter by FatSecret) was
uploaded to FatSecret Professional software, allowing investigators to access participant
diary entries. Guidance in the form of example meal plans was provided. Participants
consumed a single 400 mg capsule of their allocated trial product in the morning with
water after breakfast. Participants then attended the study site 1, 2, 3, 4 and 5 months
after their baseline for a repeat of body measures, dietary intake and tolerance assessment.
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At the completion of the study (month 6), an assessment identical to that undertaken at
baseline was completed. Throughout the 6-month trial, all participants were monitored for
compliance with the protocol by a combination of telephone and email communications in
addition to each scheduled site visit. Compliance was measured regularly during the study
with participants returning the product containers at the end of the study.

2.5. Randomisation and Blinding

The randomization code for the products was generated by Random Allocation Soft-
ware V2018, sealed Envelope, London, UK (www.sealedenvelope.com, accessed on 6
October 2020), with participants allocated to one of the two trial arms at time of enrolment.
Arm 1—Active treatment, Arm 2—Placebo. All trial participants, investigators conducting
the trial and the biochemist analyzing the samples were blind to which product participants
were taking. The randomization code was broken upon completion of all sample analysis.

2.6. Outcome Measurements

The Primary outcome of weight loss and body composition included anthropometric
measures of weight, body mass index (BMI), Hip and Waist circumference. Dual-energy
X-ray Absorptiometry (DXA) scan measured lean muscle mass, total abdominal fat, visceral
fat, subcutaneous fat, and android versus gynoid fat. The Secondary outcome measures
included dietary energy intake (24-h food recall), physical activity type and frequency.
Plasma samples to evaluate metabolic plasma biomarkers inclusive of fasting glucose,
insulin, lipid profile and liver function were analyzed using a chemistry autoanalyzer
and reagents from Biobase (Jinan, China). Plasma leptin and ghrelin were analyzed using
ELISA kits from Bio-Rad (Hercules, CA, USA). Plasma adiponectin was analyzed using
ELISA kits from R&D systems (Minneapolis, MN, USA). Safety and tolerability included
gastrointestinal symptoms questionnaire to assess adverse reactions and gastrointestinal
tolerance, and through visual analogue scale to evaluate fatigue severity (VAS-F).

2.7. Statistical Analysis

A sample size of 120 was required to reach statistical power (80%) based on showing
a 5% difference in weight loss between groups. Due to the high drop-out rate commonly
seen in weight loss studies, 180 participants were allocated to a treatment group, however
44 did not complete baseline measures. 136 participants completed baseline measurements
and were included in the analysis on an intention to treat (ITT) basis where if missing data,
last observation was carried forward as per ICH statistical guidelines. Statistical analysis of
change from baseline between groups for each month was conducted for body composition,
and anthropometric variables such as waist and hip circumference and the delta values
compared between treatment groups using ANOVA, two-tailed t-tests or Mann-Whitney U
tests depending on distribution of data. Dietary energy intake, physical activity history,
metabolic plasma biomarkers and safety and tolerability of the product were compared
at each time-point between groups using ANOVA. Results were considered statistically
significant if p < 0.05. Gender and ethnicity data were analyzed as fixed effects, and age and
height as random effects, influencing the responses to the treatments (also a fixed effect)
for various outcome metrics, using fixed and mixed effects modelling. The ITT was also
followed by the per protocol (PP) statistical analysis. For PP analysis, subjects who had high
compliance with the protocol were judged as pass by the medical supervisor. In pp analysis,
subjects were divided to active group (n = 41) and placebo group (n = 48). Sub-group
participants (BMI > 25–30) were also divided to active group (n = 30) and placebo group
(n = 38). The statistical significance indicates significant difference between pp-groups.

3. Results

Of the 180 randomized participants, 44 participants (25 active and 19 placebo) with-
drew from the trial prior to completing all the baseline requirements. The most common
reason being participants found the daily calorie counting too time consuming and there-

www.sealedenvelope.com
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fore did not enter enough food diaries to meet the entry criteria. Of the 136 participants
who completed the baseline requirements, 98 completed (45 active and 53 placebo) the full
6-months. Of the 38 withdrawals, there were 20 in the active treatment group, and 18 in the
placebo treatment group (Figure 1). There were no significant differences between groups
for exercise or dietary intake throughout the study. Both groups were well matched, with
no significant differences between groups for any baseline measures (Tables 1–3).

Table 1. Baseline participant details.

Active (n = 65) Placebo (n = 71)

Female (n) 50 49
Male (n) 15 22

Age (years) 52.9 ± 8.4 51.9 ± 10.2
Asian Heritage (n) ˆ 8 8

Systolic Blood pressure (mmHg) 126 ± 16.2 128 ± 13.8
Diastolic Blood pressure (mmHg) 84.8 ± 10.3 83.8 ± 9.3

Resting heart rate (BPM) 69.9 ± 9 67.6 ± 9
BMI (Range) 25–32.9 m/h2 25–33.1 m/h2

Values represented as mean ± SD; BPM = beats per minute. ˆ All other participants Caucasian.

Table 2. Anthropometry data for all trial participants.

Active Placebo
Baseline Month 3 Month 6 Baseline Month 3 Month 6

WC (cm) 101.1 ± 9.9 98.5 ± 10.5 # 97.2 ± 10.7 *# 103.4 ± 11.0 101.3 ± 11.4 # 101.7 ± 11.7 #

HC (cm) 113.4 ± 6.9 111.0 ± 7.5 # 110.1 ± 7.5 *# 115.6 ± 7.2 113.6 ± 6.7 # 113.5 ± 7.2 #

Weight (kg) 88.4 ± 11.2 85.5 ± 11.5 # 84.7 ± 11.7 *# 90.8 ± 13.8 89.0 ± 14.1 # 88.8 ± 14.5 #

Weight loss (%) −3.2 ± 3.7 # −4.2 ± 5.0 *# −2.1 ± 3.3 −2.2 ± 4.2 #

BMI (kg/m2) 29.5 ± 1.6 28.6 ± 2.0 # 28.3 ± 2.2 *# 29.4 ± 1.4 28.9 ± 1.7 # 28.8 ± 1.9 #

Lean Mass (kg) 54.0 ± 11.3 52.5 ± 10.1 52.4 ± 10.2 # 56.1 ± 13.0 55.4 ± 12.8 55.6 ± 13.2 #

FM (kg) 32.1 ± 7.2 30.6 ± 6.4 *# 29.7 ± 6.7 *# 33.1 ± 7.5 31.8 ± 8.0 # 31.2 ± 8.2 #

FM Arm (kg) 3.9 ± 1.1 3.7 ± 0.9 3.6 ± 0.9 # 3.7 ± 1.0 3.6 ± 1.0 3.5 ± 1.0 #

FM Leg (kg) 11.9 ± 3.3 11.4 ± 3.2 11.4 ± 3.8 # 12.2 ± 3.8 11.5 ± 4.0 11.3 ± 3.6 #

FM abdominal
(trunk) (kg) 15.9 ± 3.3 14.6 ± 3.5 *# 14.1 ± 3.5 *# 16.3 ± 4.1 15.6 ± 4.4 # 15.3 ± 4.4 #

Android Fat (kg) 3.6 ± 1.8 2.7 ± 1.0 # 2.6 ± 1.0 # 4.0 ± 2.1 3.1 ± 1.4 3.0 ± 1.4 #

Gynoid Fat (kg) 7.0 ± 3.8 5.2 ± 1.5 # 5.1 ± 1.5 # 7.7 ± 4.0 5.9 ± 2.8 # 5.9 ± 2.8 #

Visceral Fat (g) 632.9 ± 223.5 588.6 ± 245.3 # 554.2 ± 232.4 *# 632.8 ± 249.6 581.5 ± 256.6 # 575.8 ± 254.9 #

Visceral Fat Area
(cm2) 131.4 ± 46.4 122.0 ± 51.0 115.6 ± 47.4 # 131.5 ± 52.0 120.1 ± 53.1 118.6 ± 52.6 #

Subcutaneous Fat
(kg) 15.2 ± 3.1 14.0 ± 3.4 # 13.5 ± 3.4 *# 15.7 ± 3.9 15.0 ± 4.2 # 14.7 ± 4.3 #

# Indicated significant decrease from baseline within group (p < 0.05); * indicates significant difference between
groups (p < 0.05) in ITT analysis; (DEXA measures baseline placebo n = 69, active n = 62; 3- and 6-month placebo
n = 56, active n = 46). WC = waist circumference; HC = hip circumference; BMI = body mass index; FM = fat mass.

3.1. Body Weight

Both groups had a significant reduction in body weight compared to baseline at the
completion of the study (6-months). Participants on “Moro” orange standardized extract
had a mean overall weight loss of 4.2% of starting body weight by month 6, and the placebo
group had a mean overall weight loss of 2.2% of starting body weight. The change in
body weight between groups was significantly different (p = 0.015). Additionally, 36%
of the participants in the active group had a weight loss of more than 5% vs. 22.5% of
the participants in the placebo group. The weight loss (kg) at the end of the study in
both groups was statistically significant from baseline values, and there was a significant
difference between groups at months 4 and 6 (Figure 2).
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Table 3. Pathology results for the active and placebo group for all participants.

Active Placebo
Baseline Month 3 Month 6 Baseline Month 3 Month 6

ALT (U/L) 25.9 ± 15.6 20.9 ± 7.9 23.3 ± 9.1 25.9 ± 11.5 23.6 ± 10.6 24.7 ± 10.0
AST (U/L) 23.7 ± 7.2 23.4 ± 8.2 25.8 ± 9.1 22.2 ± 9.8 22.3 ± 8.9 23.1 ± 10.4
GGT (U/L) 29.7 ± 15.3 26.3 ± 14.7 24.3 ± 13.9 36.4 ± 25.7 33.1 ± 28.2 32.7 ± 28.3

TBIL (umol/L) 11.9 ± 4.5 11.9 ± 4.7 12.3 ± 5.6 11.7 ± 5.0 11.1 ± 4.8 11.0 ± 3.9
Cholesterol (umol/L) 5.8 ± 1.1 5.7 ± 1.1 5.7 ± 1.2 5.8 ± 1.2 5.6 ± 1.1 5.7 ± 1.1

HDL (mmol/L) 1.8 ± 0.4 1.8 ± 0.5 1.9 ± 0.6 1.7 ± 0.5 1.6 ± 0.5 1.7 ± 0.4
LDL (pg/mL) 3.6 ± 0.9 3.5 ± 0.9 3.5 ± 0.9 3.7 ± 1.0 3.5 ± 1.0 3.5 ± 0.8
TRI (mmol/L) 1.0 ± 0.4 1.0 ± 0.5 1.1 ± 0.7 1.4 ± 0.7 1.3 ± 0.7 1.3 ± 0.7

Glucose (mmol/L) 5.6 ± 1.0 5.6 ± 0.8 5.5 ± 0.9 5.6 ± 1.0 5.6 ± 0.8 5.7 ± 0.8
Insulin (mU/L) 12.2 ± 8.1 13.0 ± 9.9 11.4 ± 7.9 11.2 ± 6.6 12.0 ± 7.8 12.7 ± 8.4

Creatine (umol/L) 92.4 ± 11.8 96.4 ± 21.8 94.0 ± 13.3 90.9 ± 18.1 94.2 ± 15.4 93.2 ± 14.6
Ghrelin (ng/mL) 0.41 ± 0.32 0.47 ± 0.51 0.49 ± 0.47 0.40 ± 0.36 0.39 ± 0.34 0.40 ± 0.38
Leptin (ng/mL) 5.71 ± 5.13 5.10 ± 5.72 5.51 ±7.11 4.77 ±4.10 4.06 ± 3.50 3.9 ±3.64

Adiponectin (ug/mL) 6.26 ± 3.77 6.43 ± 4.11 6.35 ± 3.62 5.22 ± 3.59 5.21 ± 3.50 5.54 ± 3.83

ALT = Alanine transaminase, AST = Aspartate aminotransferase, GGT = Gamma-glutamyl transferase, TBIL
= total bilirubin, GLU = glucose, TRI = triglycerides, HDL = high density lipoproteins, LDL = low density
lipoproteins. Values represented as mean ± SD.

Figure 2. Change in body weight over 6 months for all participants; * Indicates significant difference
between groups (p < 0.05) in ITT analysis (active n = 65, placebo n = 71). † Indicates significant differ-
ence between groups for sub-group participants (BMI > 25–30) in ITT analysis (active n = 48, placebo
n = 54); # indicates significant difference between groups for sub-group participants (BMI > 25–30) in
pp analysis (active n = 30, placebo n = 38).

3.2. Hip and Waist Circumference

Both the active and placebo group had a significant reduction in waist (3.9 cm
vs. 1.7 cm, respectively) and hip (3.4 cm vs. 2.0 cm, respectively) circumference from
baseline following 6-month of supplementation (Table 2, Figure 3). However, the active
group had a significant reduction in both hip and waist circumference at 6-months com-
pared to the placebo group (Table 2; p = 0.017 and 0.049, respectively).
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Figure 3. Change in waist (A) and hip (B) circumference (cm) at month 3 and 6 for all participants;
* indicates significant difference between groups (p < 0.05) in ITT analysis (active n = 65, placebo
n = 71); † indicates significant difference between groups for sub-group participants (BMI > 25–30)
in ITT analysis (active n = 48, placebo n = 54); # indicates significant difference between groups for
sub-group participants (BMI > 25–30) in pp analysis (active n = 30, placebo n = 38).

3.3. BMI

The average baseline BMI was 29.5 and 29.4 in the active and placebo groups, respec-
tively (Range 25–33). Both groups had a significant reduction from baseline in BMI after 3
and 6-months of supplementation (p < 0.05). However, at 6-months, the active group had
a significant reduction in BMI compared with the placebo group (p = 0.019) (Table 2 and
Figure 4).

Figure 4. Change in Body weight (A) and BMI (B) at month 3 and 6 for all participants; * indicates
significant difference between groups (p < 0.05) in ITT analysis (active n = 65, placebo n = 71);
† indicates significant difference between groups for sub-group participants (BMI > 25–30) in ITT
analysis (active n = 48, placebo n = 54); # indicates significant difference between groups for sub-group
participants (BMI > 25–30) in pp analysis (active n = 30, placebo n = 38).

A DXA scan was conducted every 3 months during the study, if a value was missing
at month 6, an intention to treat last observation carried forward imputation method was
used. Of the 136 participants, 102 participants completed the DXA measurement with
no significant differences between groups (p = 0.338). Both the active and placebo group
had a significant reduction in Fat mass after 3 and 6-months of supplementation (p < 0.05).
However, at both 3 and 6-months, the active treated group had a significant reduction in Fat
mass compared with the placebo group (p = 0.01 and 0.012) (Table 2). This was supported
by the Lean mass data that remained constant in both groups over the 6 months of the
study. The active group also showed a significant reduction in the amount of abdominal
fat at month 3 and 6 compared to placebo (p = 0.01 and 0.018). Additionally, visceral, and
subcutaneous fat were reduced significantly at month 6 compared to placebo (p = 0.018 and
0.006, respectively, Table 2).
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3.4. Pathology Data
3.4.1. Satiety Hormones

There was no significant difference in Ghrelin, Leptin or Adiponectin between groups
at either 3 or 6-months (Table 3).

3.4.2. Cardiometabolic Parameters

There were no differences either within or between groups for any cardiometabolic
parameter measured at any time-point.

3.4.3. Safety Data

All safety markers of liver toxicity were within the normal range at baseline and month
3 and 6 for both treatment groups indicating that the standardized extract is well tolerated
and has no safety concerns (Table 3).

3.4.4. Fatigue

There was no difference between participant groups for fatigue at any monthly time-
point as measured by Visual Analogue Scale.

3.5. Dietary Intake and Physical Activity

Participants were given a daily calorie target based on their basal metabolic rate and
starting weight. Participants completed a food tracker, and this was checked regularly
to ensure compliance. The daily calorie target was adjusted based on weight lost every
2 months. Compliance was similar in each group however based on review of calorie data,
participants in both groups did not comply well with the calorie limit with both groups
reducing their calorie intake on average by approximately 20–30% of what was required.
Both groups in the study reported approximately the same amount of exercise during the
6 months of the trial. The exercise is measured as number of 30-min sessions completed
each week. The average number of sessions per week at baseline was 2.0 in the placebo
group and 2.3 sessions in the active group, this increased to 3.5 (placebo) and 4.0 (active)
sessions at month 3 and remained constant at month 6 (3.3 sessions placebo and 4.0 sessions
active group).

3.6. Age and Gender Variations

There was no difference in effect between men and women, although it should be
noted that there was a higher proportion of women enrolled in the study. To account for
differences in pre and post-menopausal women analysis was conducted to determine if
there was a difference in effect between women under 50 and over 50. No difference or
correlations were seen.

3.7. Adverse Event Reporting

Participants completed adverse symptom questionnaires monthly. Five participants
in the placebo group reported symptoms including heartburn, diarrhea, constipation,
headache and nausea. Among them, two participants withdrew from the study. Two par-
ticipants in the active group reported symptoms including constipation, nausea, vomiting
and headache pain, with one participant withdrawing from the study.

3.8. Sub-Group Analysis

Of the 136 participants enrolled, 102 had a 25 < BMI < 30 kg/m2 and were included
in a subgroup analysis. All data presented in this section are for those participants with
a 25 < BMI < 30 kg/m2. Both groups were well matched, with no significant differences
between groups for any baseline measures (Table 4).
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Table 4. Baseline participant details for participants with a 25 < BMI < 30 kg/m2.

Active (n = 48) Placebo (n = 54)

Female (n) 41 40
Male (n) 7 14

Age (years) 53.1 ± 7.5 52.0 ± 10.1
Asian Heritage (n) 7 8

Systolic Blood pressure
(mmHg) 126 ± 16.2 124.2 ± 16.4

Diastolic Blood pressure
(mmHg) 84.8 ± 10.3 83.8 ± 9.8

Resting heart rate (BPM) 69.9 ± 9 69.9 ± 9.3
Values represented as mean ± SD; BPM = beats per minute.

After 6-months, the active group had a significant reduction in body weight from base-
line (4.2%, p < 0.05). After 6-months, the placebo group had a non-significant reduction in
body weight from baseline (2.3%, p = 0.37) (Figure 4A). The active group had a significantly
greater body weight loss compared to the placebo group at months 1,2,3,4 and 6 (p < 0.026;
Table 5, Figure 2). Additionally, 35% of the participants in the active group had a weight
loss of more than 5% vs. 24% of the participants in the placebo group.

Table 5. Anthropometry Data for Participants with a BMI > 25– < 30 kg/m2.

Active Placebo
Baseline Month 3 Month 6 Baseline Month 3 Month 6

WC (cm) 98.6 ± 9.0 96.1± 9.7 # 95.0 ± 10.2 *#† 101.8 ± 11.1 99.4 ± 11.1 # 99.8 ± 11.2#

HC (cm) 112.8 ± 7.2 110.5 ± 8.0 # 109.7 ± 8.1 *#† 114.7 ± 7.3 112.6 ± 6.8# 112.5 ± 7.05 #

Weight (kg) 85.5 ± 10.3 82.7 ± 10.5 *#† 81.9 ± 10.9 *#† 87.8 ± 13.4 86.1 ± 14.0 # 85.83 ± 14.02 #

Weight loss (%) −3.3 ± 3.7 #† −4.2 ± 5.2 #*† −2.1 ± 3.4 −2.3 ± 4.0 #

BMI (kg/m2) 28.8 ± 1.4 28.0 ± 1.8 #† 27.7 ± 2.1 *#† 28.9 ± 1.2 28.4 ± 1.6 # 28.3 ± 1.7 #

Lean Mass (kg) 51.0 ± 9.1 50.0 ± 8.0 50.1 ± 8.3 52.9 ± 11.6 52.7 ± 11.6 52.8 ± 11.7
FM (kg) 32.5 ± 6.3 30.6 + 6.7 # 29.9 ± 7.0 # 33.2 ± 8.0 31.5 ± 8.3 # 31.0 ± 8.5 #

FM Arm (kg) 3.9 ± 1.2 3.7 ± 0.9 3.7 ± 1.0 3.8 ± 1.0 3.6 ± 1.0 3.6 ± 1.0
FM Leg (kg) 12.2 ± 3.2 11.7 ± 3.1 11.8 ± 3.9 # 12.4 ± 3.9 11.4 ± 4.0 11.4 ± 3.7 #

FM abdominal
(trunk) (kg) 15.6 ± 3.5 14.4 ± 3.8 # 14.0 ± 3.8 *#† 16.2 ± 4.5 15.3 ± 4.6 # 15.1 ± 4.6 #

Android Fat (kg) 3.6 ± 2.0 2.6 ± 1.1 # 2.5 ± 1.0 # 3.8 ± 2.0 3.1 ± 1.5 3.0 ± 1.5 #

Gynoid Fat (kg) 7.3 ± 3.8 5.4 ± 1.5 # 5.3 ± 1.6 # 7.5 ± 3.7 6.1 ± 3.0 # 6.1 ± 3.0 #

Visceral Fat (g) 662.2 ± 207.6 641.6 ± 234.8 # 596.0 ± 229.8 *#† 686.3 ± 251.2 637.1 ± 261.4 628.9 ± 260.1 #

Visceral Fat Area
(cm2) 125.1 ± 41.6 116.3 ± 49.4 107.6 ± 43.6 124.7 ± 51.0 112.4 ± 47.9 111.4 ± 47.1

Subcutaneous
Fat (kg) 14.9 ± 3.4 13.8 ± 3.6 #† 13.5 ± 3.6 *#† 15.6 ± 4.3 14.8 ± 4.5 14.6 ± 4.5 #

# Indicates significant decrease from baseline (p < 0.05); * indicates significant difference in between groups in
ITT analysis (p < 0.05); † indicates significant difference between groups in PP analysis (p < 0.05); WC = waist
circumference; HC = hip circumference; BMI = body mass index; FM = fat mass.

Both the active and placebo group had a significant reduction in waist (−3.6 cm vs.
−2.1 cm, respectively) and hip (−3.2 cm vs. −2.2 cm, respectively) circumference from
baseline following 6-month of supplementation (Figure 3A, B, Table 5). However, the
active group had a significant reduction in both hip and waist circumference at 6-months
compared to the placebo group (Table 5; p = 0.033, 0.015, respectively). Compared to
baseline values, BMI was significantly reduced in both the active and placebo group
after 3 and 6-months of supplementation (p < 0.05). At 6-months, the active group had
a significantly greater reduction in BMI compared with the placebo group (p = 0.041,
Figure 4B, Table 5).

Both the active and placebo group had a significant reduction in Fat mass from baseline
after 3 and 6-months of supplementation (p < 0.05). At 6-months, the active group had a
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significant reduction in abdominal, visceral and subcutaneous fat mass compared with
the placebo group (p < 0.05) (Table 5). For the total fat mass there was a between group
difference trending toward significance (p = 0.06). There were no differences either within
or between groups for any pathology or fatigue measures at any time-point and exercise
and diet compliance was also the same between groups.

4. Discussion

To date, this is the second known study investigating the effects of a standardized
extract from “Moro” blood orange (Morosil®) on weight reduction in human participants.
A previous study supplemented 60 overweight but otherwise healthy adults with either
400 mg of standardized extract or a placebo for 12-weeks [20]. Following 12-week of
supplementation, Cardile and colleagues reported significant reductions (p < 0.05) in body
weight, BMI, waist and hip measurements. The study presented here, aimed to replicate
previous results and see if a continuation of the effects could be seen with a longer duration.
Subsequently it showed that supplementation over a 6-month period not only produced
similar results at the 3-month point, but it continued to provide beneficial effects for the
full 6-month trial. Following 6-months of supplementation, both the active and placebo
supplemented groups showed significant (p < 0.05) improvements in body weight, BMI
and waist and hip circumferences. However, after 6-months of supplementation, the active
group had a greater weight loss than the placebo. This was supported by the DXA results
which showed a significant decrease in fat mass, visceral and abdominal fat at 6-months
compared to placebo. These results translated to a significant reduction in BMI for both
groups at both month 3 and month 6, with the active group having a significantly lower
BMI than the placebo group at month 6. A significant reduction in BMI in the active group
was also shown by Cardile after 4 weeks, however in that study no significant reduction
was seen at any time points in the placebo group [20]. Weight loss findings were further
reflected in the waist and hip circumferences, these were also consistent with the findings by
Cardile and colleagues [20]. In the earlier study, participants in both the active and placebo
group had significant reductions in hip and waist measurements at 12 weeks (p < 0.05).
Following 6-months of supplementation in this trial, both groups had a significant reduction
in waist and hip circumference. However, the active group had a greater reduction in both
waist (p < 0.05) and hip (p < 0.05) circumference at 6-months compared to the placebo.
Sub-group analysis of participants in the overweight range only (25 < BMI < 30 kg/m2)
were similar to the total group analysis indicating the treatment works consistently in a
BMI range of 25–33 kg/m2. The above-reported results confirmed the experimental data
present in the literature on the role of the bioactive compounds present in Moro blood
orange extract in promoting weight management and preventing obesity through the
regulation of both lipolytic and lipogenic genes [29]. The Phytocomplex present in Moro
orange mainly composed of flavonoids such as anthocyanins, naringenin and hesperetin, is
able in adipocytes to reduce lipids accumulation and to modulate adipocytokines release
with a concomitant reduction of inflammation and oxidative stress [30]. Particularly,
Cyanidin-3-glucoside along with the aforementioned molecular effects was demonstrated
to improve also mitochondrial biogenesis, which is strictly involved in the modulation
of lipid metabolism [31]. The synergistic action exerted by the phytocomplex results in
a significant reduction in adipocytes size and a restoration of cellular homeostasis [30].
All safety markers of liver toxicity were within the normal range at baseline and month 3
and 6 for both treatment groups indicating that the Moro orange standardized extract is
well tolerated and has no safety concerns. Gastrointestinal symptoms were reported in a
small number of trial participants (placebo n = 5, active n = 1). These symptoms were not
reported in the 2015 trial [20] and the incidence is significantly below the current prevalence
of gastrointestinal symptoms in the healthy population [32]. The participant selection and
grouping criteria used in this trial suggest that the benefits of 400 mg orally daily of
the standardized extract will be experienced by the general ‘healthy’ adult population.
Participants were given a daily calorie target based on their Basal metabolic rate and
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starting weight. Participants also completed a food tracker, and this was checked regularly
to ensure compliance. The daily calorie target was adjusted based on weight lost every
2 months. However, both groups did not firmly adhere to the recommended diet and
exercise regime during the 6-month trial. This result however may not be too surprising.
While the participants recruited were interested in losing weight, they may not have
been psychologically ready to undertake such lifestyle changes. As such, the observed
compliance to the prescribed diet and exercise is likely the start of a lifestyle change that
may need to be made at a slower rate than introduced in this trial. Despite this, while
the reduced compliance may have affected the amount of weight the participants could
potentially have lost, as each group had an equivalence adherence to the prescribed protocol,
it can still be assumed that the additional benefits seen in the active group is due to the
supplementation and not an external factor confirming the effectiveness of Moro blood
orange extract when is associated with regular physical activity and a healthy balanced
diet. As with all studies, there were limitations with this study. First, there was a 30%
withdrawal rate of participants in the first 3 months of the study. This could be attributed to
the amount of baseline assessment data that was required to be collected and participants
not wanting to adhere to dietary and lifestyle advice. Second, participant exercise and diet
data were self-reported. Third, comparative to other weight loss trials, 6-months was a
relatively short period. Some studies range from 12 to 18 months. Last, there were limited
Moro blood orange studies on weight reduction in human participants for comparison of
our findings.

5. Conclusions

In the present study, “Moro” blood orange standardized extract, in conjunction with
diet and exercise, was shown to be safe and well tolerated. The secondary metabolites
present in the active ingredient by regulating lipid metabolism through fatty acid biosynthe-
sis and oxidation promoted increased weight loss and reduced waist and hip circumference
in overweight but otherwise healthy male and female participants compared to placebo.
As reported by the scientific literature, this effect is probably linked with the activity and
modulation at the gene level exerted by the phytocomplex in a combined way. Lastly,
further pre-clinical and clinical studies could be useful to prove the efficacy of “Moro”
blood orange standardized extract (Morosil®) supplementation in weight management.

In conclusion, results confirmed that the supplementation with the standardized extract
may significantly contribute as a complementary strategy in weight management programs.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu14030427/s1, Certificate of authentication, detailed product specification and some parame-
ters on purity.

Author Contributions: Conceptualization, D.B. and A.R.; methodology, D.B. and A.R.; formal
analysis, D.B. and A.R.; investigation, D.B.; resources, D.B. and A.R.; data curation, A.R.; writing—
original draft preparation, D.B. and G.A.M.; writing—review and editing, D.B., G.A.M. and A.R.;
visualization, D.B. and A.R.; supervision, D.B. and A.R.; project administration, D.B.; funding
acquisition, A.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Bionap S.R.L. Contrada Fureria Zona Industriale Ovest, 95032
Piano Tavola Belpasso, (CT) Italy.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Belberry Limited Human Research and Ethics Committee (protocol
code 201804237, 25th October 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study is available on request.

Acknowledgments: The authors would like to acknowledge Bionap s.r.l. for paying the Article
Processing Charges (APC) of this publication and for supplying all the supplements for this study.

https://www.mdpi.com/article/10.3390/nu14030427/s1
https://www.mdpi.com/article/10.3390/nu14030427/s1


Nutrients 2022, 14, 427 13 of 14

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

References
1. World Health Organisation. Obesity and Overweight. Available online: www.who.int/news-room/fact-sheets/detail/obesity-

and-overweight (accessed on 1 April 2020).
2. Shang, A.; Gan, R.Y.; Xu, X.Y.; Mao, Q.Q.; Zhang, P.Z.; Li, H.B. Effects and mechanisms of edible and medicinal plants on obesiy:

An updated review. Crit. Rev. Food Sci. Nutr. 2021, 61, 2061–2077. [CrossRef] [PubMed]
3. De Freitas Junior, L.M.; de Almeida, E.B., Jr. Medicinal plants for the treatment of obesity: Ethnopharmacological approach and

chemical and biological studies. Am. J. Transl. Res. 2017, 9, 2050–2064.
4. Mopuri, R.; Islam, M.S. Medicinal plants and phytochemicals with anti-obesogenic potentials: A review. Biomed. Pharmacother.

2017, 89, 1442–1452. [CrossRef]
5. Luo, S.; Lenon, G.B.; Gill, H.; Yuen, H.; Yang, A.; Hung, A.; Nguyen, L.T. Do the Natural Chemical Compounds Interact with the

Same Targets of Current Pharmacotherapy for Weight Management?—A Review. Curr. Drug Targets 2019, 20, 399–411. [CrossRef]
[PubMed]

6. Mondello, L.; Cotroneo, A.; Errante, G.; Dugo, G.; Dugo, P. Determination of anthocyanins in blood orange juices by HPLC
analysis. J. Pharm. Biomed. Anal. 2000, 23, 191–195. [CrossRef]

7. Lee, B.; Lee, M.; Lefevre, M.; Kim, H.R. Anthocyanins inhibit lipogenesis during adipocyte differentiation of 3T3-L1 preadipocytes.
Plant Foods Hum. Nutr. 2014, 69, 137–141. [CrossRef]

8. Tsuda, T.; Ueno, Y.; Yoshikawa, T.; Kojo, H.; Osawa, T. Microarray profiling of gene expression in human adipocytes in response
to anthocyanins. Biochem. Pharmacol. 2006, 71, 1184–1197. [CrossRef] [PubMed]

9. Tsuda, T. Regulation of Adipocyte Function by Anthocyanins; Possibility of Preventing the Metabolic Syndrome. J. Agric. Food
Chem. 2008, 56, 642–646. [CrossRef]

10. Park, J.; Kim, H.L.; Jung, Y.; Ahn, K.S.; Kwak, H.J.; Um, J.Y. Bitter Orange (Citrus aurantium Linné) Improves Obesity by
Regulating Adipogenesis and Thermogenesis through AMPK Activation. Nutrients 2019, 11, 1988. [CrossRef]

11. Ballistreri, G.; Amenta, M.; Fabroni, S.; Consoli, V.; Grosso, S.; Vanella, L.; Sorrenti, V.; Rapisarda, P. Evaluation of lipid and
cholesterol-lowering effect of bioflavonoids from bergamot extract. Nat. Prod. Res. advance online publication. 2020. [CrossRef]

12. Lo Furno, D.; Graziano, A.C.; Avola, R.; Giuffrida, R.; Perciavalle, V.; Bonina, F.; Mannino, G.; Cardile, V. A Citrus bergamia
Extract Decreases Adipogenesis and Increases Lipolysis by Modulating PPAR Levels in Mesenchymal Stem Cells from Human
Adipose Tissue. PPAR Res. 2016, 2016, 4563815. [CrossRef] [PubMed]

13. Karn, A.; Zhao, C.; Yang, F.; Cui, J.; Gao, Z.; Wang, M.; Wang, F.; Xiao, H.; Zheng, J. In-vivo biotransformation of citrus functional
components and their effects on health. Crit. Rev. Food Sci. Nutr. 2021, 61, 756–776. [CrossRef]

14. Ahmed, O.M.; AbouZid, S.F.; Ahmed, N.A.; Zaky, M.Y.; Liu, H. An Up-to-Date Review on Citrus Flavonoids: Chemistry and
Benefits in Health and Diseases. Curr. Pharm. Des. 2021, 27, 513–530. [CrossRef] [PubMed]

15. Fallico, B.; Ballistreri, G.; Arena, E.; Brighina, S.; Rapisarda, P. Bioactive compounds in blood oranges (Citrus sinensis (L.) Osbeck):
Level and intake. Food Chem. 2017, 215, 67–75. [CrossRef]

16. Kelebek, H.; Canbas, A.; Selli, S. Determination of phenolic composition and antioxidant capacity of blood orange juices obtained
from cvs. Moro and Sanguinello (Citrus sinensis (L.) Osbeck) grown in Turkey. Food Chem. 2008, 107, 1710–1716. [CrossRef]

17. Fabroni, A.S.; Ballistreri, G.; Amenta, M.; Rapisarda, P. Anthocyanins in different citrus species: An UHPLC-PDA-ESI/MSn-
assisted qualitative and quantitative investigation. J. Sci. Food Agric. 2016, 96, 4797–4808. [CrossRef]

18. Legua, P.; Modica, G.; Porras, I.; Conesa, A.; Continella, A. Bioactive compounds, antioxidant activity and fruit quality evaluation
of eleven blood orange cultivars. J. Sci. Food Agric. 2021. [CrossRef]

19. Giuffrè, A.M.; Zappia, C.; Capocasale, M. Physicochemical stability of blood orange juice during frozen storage. Int. J. Food Prop.
2017, 20, 1930–1943.

20. Cardile, A.; Graziano, A.C.E.; Venditti, A. Clinical evaluation of Moro (Citrus sinensis (L.) Osbeck) orange juice supplementation
for the weight management. Nat. Prod. Res. 2015, 29, 2256–2260. [CrossRef]

21. Grosso, G.; Galvano, F.; Mistretta, A.; Marventano, S.; Nolfo, F.; Calabrese, G.; Buscemi, S.; Drago, F.; Veronesi, U.; Scuderi, A. Red
Orange: Experimental Models and Epidemiological Evidence of Its Benefits on Human Health. Oxidative Med. Cell. Longev. 2013,
2013, 157240. [CrossRef]

22. Buscemi, S.; Rosafio, G.; Arcoleo, G.; Mattina, A.; Canino, B.; Montana, M.; Verga, S.; Rini, G. Effects of red orange juice intake on
endothelial function and inflammatory markers in adult subjects with increased cardiovascular risk. Am. J. Clin. Nutr. 2012, 95,
1089–1095. [CrossRef] [PubMed]

23. Magalhães, M.; Lima, L.C.; Lunguinho, A.D.; Rezende, D.A.; Ferreira, V.R.; Brandão, R.M.; Souza, J.A.; Souza, É.D.; Almeida,
K.J.; Nelson, D.; et al. Influence of Cold Storage on the Bioactivity Properties and the Quality of the Juice of Moro Blood Orange
(Citrus sinensis (L.) Osbeck). Am. J. Plant Sci. 2019, 10, 24–37. [CrossRef]

24. Magalhães, M.L.; de Sousa, R.V.; Miranda, J.R.; Konig, I.; Wouters, F.; Souza, F.R.; Simão, S.D.; da Silva Lunguinho, A.; Nelson,
D.L.; das Graças Cardoso, M. Effects of Moro orange juice (Citrus sinensis (L.) Osbeck) on some metabolic and morphological
parameters in obese and diabetic rats. J. Sci. Food Agric. 2021, 101, 1053–1064. [CrossRef] [PubMed]

www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://doi.org/10.1080/10408398.2020.1769548
http://www.ncbi.nlm.nih.gov/pubmed/32462901
http://doi.org/10.1016/j.biopha.2017.02.108
http://doi.org/10.2174/1389450119666180830125958
http://www.ncbi.nlm.nih.gov/pubmed/30173643
http://doi.org/10.1016/S0731-7085(00)00269-7
http://doi.org/10.1007/s11130-014-0407-z
http://doi.org/10.1016/j.bcp.2005.12.042
http://www.ncbi.nlm.nih.gov/pubmed/16483547
http://doi.org/10.1021/jf073113b
http://doi.org/10.3390/nu11091988
http://doi.org/10.1080/14786419.2020.1768085
http://doi.org/10.1155/2016/4563815
http://www.ncbi.nlm.nih.gov/pubmed/27403151
http://doi.org/10.1080/10408398.2020.1746234
http://doi.org/10.2174/1381612826666201127122313
http://www.ncbi.nlm.nih.gov/pubmed/33245267
http://doi.org/10.1016/j.foodchem.2016.07.142
http://doi.org/10.1016/j.foodchem.2007.10.004
http://doi.org/10.1002/jsfa.7916
http://doi.org/10.1002/jsfa.11636
http://doi.org/10.1080/14786419.2014.1000897
http://doi.org/10.1155/2013/157240
http://doi.org/10.3945/ajcn.111.031088
http://www.ncbi.nlm.nih.gov/pubmed/22492368
http://doi.org/10.4236/ajps.2019.101003
http://doi.org/10.1002/jsfa.10714
http://www.ncbi.nlm.nih.gov/pubmed/32767388


Nutrients 2022, 14, 427 14 of 14

25. Ribeiro, A.; Pereira, A.G.; Todo, M.C.; Fujimori, A.; Dos Santos, P.P.; Dantas, D.; Fernandes, A.A.; Zanati, S.G.; Hassimotto, N.;
Zornoff, L.; et al. Pera orange (Citrus sinensis) and Moro orange (Citrus sinensis (L.) Osbeck) juices attenuate left ventricular
dysfunction and oxidative stress and improve myocardial energy metabolism in acute doxorubicin-induced cardiotoxicity in rats.
Nutrition 2021, 91–92, 111350. [CrossRef]

26. Tomasello, B.; Malfa, G.A.; La Mantia, A.; Miceli, N.; Sferrazzo, G.; Taviano, M.F.; Di Giacomo, C.; Renis, M.; Acquaviva, R.
Anti-adipogenic and anti-oxidant effects of a standardised extract of Moro blood oranges (Citrus sinensis (L.) Osbeck) during
adipocyte differentiation of 3T3-L1 preadipocytes. ), Nat. Prod. Res. 2021, 35, 2660–2667.

27. Salamone, F.; Li Volti, G.; Titta, L.; Puzzo, L.; Barbagallo, I.; La Delia, F.; Zelber-Sagi, S.; Malaguarnera, M.; Pelicci, P.G.; Giorgio,
M.; et al. Moro orange juice prevents fatty liver in mice. World J. Gastroenterol. 2012, 18, 3862–3868. [CrossRef] [PubMed]

28. Titta, L.; Trinei, M.; Stendardo, M.; Berniakovich, I.; Petroni, K.; Tonelli, C.; Riso, P.; Porrini, M.; Minucci, S.; Pelicci, P.G.; et al.
Blood orange juice inhibits fat accumulation in mice. Int. J. Obes. 2010, 34, 578–588. [CrossRef] [PubMed]

29. Rupasinghe, H.P.V.; Sekhon-Loodu, S.; Mantso, T.; Panayiotidis, M.I. Phytochemicals in regulating fatty acid β-oxidation: Potential
underlying mechanisms and their involvement in obesity and weight loss. Pharmacol. Ther. 2016, 165, 153–163. [CrossRef]
[PubMed]

30. De Lima, L.P.; de Paula Barbosa, A. A review of the lipolytic effects and the reduction of abdominal fat from bioactive compounds
and moro orange extracts. Heliyon 2021, 7, e07695. [CrossRef] [PubMed]

31. Zhang, Q.; de Mejia, E.G. Protocatechuic acid attenuates adipogenesis-induced inflammation and mitochondrial dysfunction in
3T3-L1 adipocytes by regulation of AMPK pathway. J. Funct. Foods 2020, 69, 103972. [CrossRef]

32. Tielemans, M.M.; Jaspers Focks, J.; van Rossum, L.G.; Eikendal, T.; Jansen, J.B.; Laheij, R.J.; van Oijen, M.G. Gastrointestinal
symptoms are still prevalent and negatively impact health-related quality of life: A large cross-sectional population based study
in The Netherlands. PLoS ONE 2013, 8, e69876.

http://doi.org/10.1016/j.nut.2021.111350
http://doi.org/10.3748/wjg.v18.i29.3862
http://www.ncbi.nlm.nih.gov/pubmed/22876038
http://doi.org/10.1038/ijo.2009.266
http://www.ncbi.nlm.nih.gov/pubmed/20029381
http://doi.org/10.1016/j.pharmthera.2016.06.005
http://www.ncbi.nlm.nih.gov/pubmed/27288729
http://doi.org/10.1016/j.heliyon.2021.e07695
http://www.ncbi.nlm.nih.gov/pubmed/34409177
http://doi.org/10.1016/j.jff.2020.103972

	Introduction 
	Materials and Methods 
	Clinical Trial Design, Registration and Ethical Approval 
	Trial Participants 
	Extract Specification and Trial Product 
	Trial Description (Intervention and Study Procedures) 
	Randomisation and Blinding 
	Outcome Measurements 
	Statistical Analysis 

	Results 
	Body Weight 
	Hip and Waist Circumference 
	BMI 
	Pathology Data 
	Satiety Hormones 
	Cardiometabolic Parameters 
	Safety Data 
	Fatigue 

	Dietary Intake and Physical Activity 
	Age and Gender Variations 
	Adverse Event Reporting 
	Sub-Group Analysis 

	Discussion 
	Conclusions 
	References

