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Abstract: Fatigue, characterized by periods of exhaustion that interfere with normal activities and
negatively affect quality of life, can be classified as prolonged fatigue (or short-term fatigue, SF)
or chronic fatigue. Vitamin deficiency and chronic inflammation seem to be possible causes of
fatigue. Due to the unavailability of effective remedies that attenuate fatigue and provide consumer
satisfaction, the aim of this investigation is to assess whether a commercial food supplement consisting
of pomegranate extract with known anti-inflammatory activity, B vitamins, and vitamin C can help
fight SF. To this end, the chemical composition of whole fruit pomegranate dry extract was determined
through a RP-UHPLC–HRMS method, which indicated the presence of ellagitannins, gallotannins,
and organic and phenolic acids. In a survey of consumers of food supplements aimed at reducing
fatigue, 78 subjects (21 men and 57 women) were recruited for one month to evaluate the efficacy and
tolerability of this food supplement through validated questionnaires for assessing fatigue level and
quality of life. The consumers reported a significant improvement in their conditions without adverse
effects over this time period. Although further studies are needed, these preliminary data suggest the
capacity of a combination of pomegranate extract and hydrosoluble vitamins to alleviate SF.

Keywords: pomegranate extract; metabolic profiling; vitamin C; B vitamins; prolonged fatigue;
healthy subjects

1. Introduction

Fatigue can be defined as a state resulting from physiological and psychological stress
that leads to a transient reduction in physical or mental performance (i.e., mental fatigue
or physical fatigue) [1]. In general, fatigue is characterized by debilitating periods of ex-
haustion that interfere with normal activities [2]. The severity and duration of fatigue is
variable [3]. Fatigue may result from one or more pathological conditions, but it can also
be an entirely physiological condition linked to lifestyle, lack of sleep or bad sleep, stress,
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family and professional concerns, and environmental factors, making it difficult to identify
the actual cause [4–6]. One of the most common causes of fatigue is an increase in physical
work, leading to a disrupted energy balance due to worked muscle. Muscle fatigue appears
quickly and is short-lived. In this case, it has a protective role, warning the subject of the
need to rest and recover the body’s energy stores. It is traditionally linked to the inhibition
of skeletal muscle contraction mechanisms. In fact, the factors involved in fatigue resulting
from physical work are numerous and can act at various levels of the chain of command of
muscle contraction [7]. In addition to physiological causes, there are also many pathological
conditions associated with fatigue, including autonomic dysfunction, malfunctioning of
the hypothalamic-pituitary-adrenal axis, and neuroendocrine dysregulation. Moreover, au-
toimmune diseases (i.e., systemic lupus erythematosus, multiple sclerosis, type 1 diabetes,
celiac disease, chronic fatigue syndrome, and rheumatoid arthritis) can cause fatigue [5].

Fatigue can be classified as prolonged fatigue (or short-term fatigue, SF) or chronic
fatigue (CFS). SF is a non-pathological condition of fatigue that can be recognized by the
subject itself, which consists of persistent or repeated incidence of clinically unexplainable
fatigue events. It is an acute form, following physical, mental or infectious triggers, and
decreases as triggers recede [3]. The duration of the fatigue period may run from 30 days
to six months [1]. CFS, without underlying diseases explaining this symptom, is defined
as chronic fatigue syndrome\myalgic encephalomyelitis (CFS\ME). Differently from SF,
subjects with CFS are not usually able to restore an adequate energy level, even after a rest
or the elimination of the causes. Fatigue can be considered CFS if its duration is longer
than six months [8].

Short periods of fatigue occur in 10–33% of total population. SF is a universal symptom
expressed by the majority of the population, occurring in about 5–8% of the general
population, while CFS occurs in 3–4% of the general population. Fatigue is debilitating
and often has significant economic consequences. A Dutch study found that 21.5% of adult
workers reported prolonged fatigue, which may lead to lower productivity at work [4].
There are also affective consequences of fatigue, reported as mood swings and lack of
motivation and vitality [6]. Many studies reported that fatigue elicited by physical training
translates into worsened sport performance. For instance, cross-country skiers had reduced
double poling performance after a 25 min trunk fatiguing exercise sequence, compared
with a 25 min rest [9]. Fatigued ballet dancers showed reduced movement control, which
may increase the risk of injury [10]. Interestingly, impaired performance appeared to be
associated not only with physical and muscular sports, but also with mental factors. For
example, table tennis players hit the ball with lower attention and speed after completion of
a 90 min cognitive task [11]. In addition, many studies show that in Europe, overtiredness at
the wheel is the leading cause of death on the roads and that accidents related to drowsiness
are more serious and deadly than those in which sleepiness is not involved [12].

No pharmacological or alternative therapy has been proven effective to date for
subjects with CFS [8]. Although some treatments have been tested, such as cognitive
behavioral therapies and exercise, both seem to show many limitations. For fatigue caused
by pathologies such as multiple sclerosis, modafinil, amantadine, and methylphenidate
are used, but according to certain studies these do not have effects much higher than
placebo [13].

A detailed review of the literature published in 2000 by Werbach [14] suggests that
hydrosoluble vitamins and other macro- and micro-nutrients (i.e., essential fatty acids, L-
tryptophan, L-carnitine, coenzyme Q10, magnesium, sodium, and zinc) could be marginally
deficient in CFS patients, contributing to the clinical manifestations of the syndrome. More
recently, in 2020, Tardy et al. highlighted that vitamins (especially B and C vitamins) are
fundamental in most biological processes (i.e., energy metabolism, oxygen transport, and
brain functions), concluding that vitamin deficiency can be considered a cause of fatigue [6].
Moreover, growing evidence suggests a link between a pro-inflammatory status and the
occurrence of CFS. Haß et al. showed that a balanced diet based on vegetables with high
polyphenol or high omega 3 fatty acid content, or based on whole grains rich in fiber, can
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improve disease-related fatigue symptoms [15]. A recent meta-analysis evaluating the data
of 16 randomized controlled trials involving 572 subjects on the effect of pomegranate juice
on biomarkers of inflammation concluded that pomegranate supplementation exerts a
significant effect on hs-CRP, IL-6, and TNF-α in adults, confirming the large body of in vitro,
in vivo and human evidence that shows the anti-inflammatory activity of pomegranate [16]
In addition, recent studies have highlighted that pomegranate improves endurance and
performance after physical exercise [17]. In fact, dietary supplementation with pomegranate
extracts is recommended for physically active subjects, as it causes improvements in many
body functions due to its antioxidant and anti-inflammatory activities [18].

Therefore, assuming that fatigue can be improved through a nutritional interven-
tion [14] aimed at reducing marginal vitamin deficiencies and chronic inflammation, the
aim of this investigation is to assess whether a pomegranate extract, B vitamins, and vita-
min C-based food supplement can help to fight SF, measured through the administration of
questionnaires assessing fatigue level before and after the daily intake of the supplement for
one month, and additionally assessing if this food supplement is well tolerated. In addition,
the metabolic profile of the whole fruit pomegranate extract used as an ingredient in this
food supplement was analyzed using the latest generation of LC–MS instrumentation to
deepen knowledge on the chemical composition of the phytocomplex present in this food
supplement.

2. Materials and Methods
2.1. Food Supplement

The food supplement is a commercial product, the distribution of which was notified
to the Italian Ministry of Health (notification number: I.5.i.h.2/2021/139191), containing
vitamin C (ascorbic acid, 200 mg per 1 stick dose) and the following B vitamins: vitamin B3
(niacin, 16 mg per 1 stick dose), vitamin B2 (riboflavin, 7 mg per 1 stick dose), vitamin B5
(pantothenic acid, 6 mg per 1 stick dose), vitamin B1 (thiamine, 5.5 mg per 1 stick dose),
vitamin B6 (pyridoxine, 4 mg per 1 stick dose), vitamin B9 (folic acid, 200 µg per 1 stick
dose), vitamin B8 (biotin, 50 µg per 1 stick dose), and vitamin B12 (cobalamin, 12.5 µg per
1 stick dose); as well as the whole fruit pomegranate dry extract (PunicaPLUS®, Rome,
Italy, 500 mg per 1 stick dose). As far as PunicaPLUS® composition is concerned, it con-
sists mainly of carbohydrates (95%), followed by fat (1%), protein (1%), and minerals
(3%), with an energy value of 1711 KJ/100 g). According to the manufacturer’s specifica-
tions, this food supplement complies with European specifications for contaminants and
microbiological limits.

2.2. Pomegranate Extract Analysis by UHPLC–HRMS

An aliquot of pomegranate dry extract (250 mg) was solubilized in methanol/water
(1 mL, 30:70 v/v). The sample was then filtered through a cellulose acetate/cellulose nitrate
mixed esters membrane (0.45 µm; Millipore Corporation, Billerica, MA, USA) and analyzed
by RP-UHPLC–HRMS.

UHPLC–HRMS analysis was performed on a Shimadzu Nexera UHPLC system,
coupled online to a hybrid Ion Trap–Time of Flight Mass spectrometer (LCMS-IT–TOF,
Shimadzu) equipped with an electrospray source (ESI).

For RP-UHPLC analysis, a Kinetex Biphenyl 100 mm × 2.1 mm, 2.6 µm (L × I.D,
particle size, Phenomenex®, Bologna, Italy) column was employed with a flow rate of
0.5 mL/min. The mobile phases consisted of A) 0.1% CH3COOH in H2O and B) CH3CN
plus 0.1% CH3COOH. Analysis was performed to a gradient as follows: 0–25 min, 2–25% B;
25–28 min, 25–75% B; 28–31 min, 75–98% B. The column oven was set to 40 ◦C and a 2 µL
sample was injected. PDA detection parameters were sampling rate 12 Hz, time constant
0.160 s, and chromatograms were extracted at 280 and 330 nm. LC data elaboration was
performed by LCMS solution® software (Version 3.50.346, Shimadzu).

MS detection was performed in negative ESI ionization as follows: curve desolvation
line (CDL), 250 ◦C; block heater, 250 ◦C; nebulizing and drying gas, 1.5 and 10 L/min;
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capillary voltage ESI(-): −3.5 kV; MS range, m/z 150–1500; ion accumulation time, 30 ms;
ion trap repeat, 3. MS/MS was performed in a data dependent acquisition (DDA) mode;
precursor ion selection was based on a base peak chromatogram (BPC) intensity of 500.000.
Collision induced dissociation (CID), 50%, ion trap repeat. For analysis, the instrument
was tuned using sodium trifluoroacetate (NaTFA). Metabolite annotation was based on
accurate mass measurement, MS/MS fragmentation pattern, and comparison with in silico
spectra from MS database searches (mass bank of North America: https://mona.fiehnlab.
ucdavis.edu/ and Sirius: https://bio.informatik.uni-jena.de/software/sirius/ accessed on
20 December 2021). “Formula Predictor” software (Shimadzu) was used for the prediction
of the molecular formula using the following settings: maximum deviation from mass
accuracy: 5 ppm, fragment ion information, and nitrogen rule.

2.3. Evaluation of Efficacy and Tolerability
2.3.1. Survey Population

One hundred and fourteen volunteers aged 18 to 75 with self-reported fatigue who
turned to their pharmacist requesting a food supplement for fatigue relief were suggested
to try a commercial food supplement based on pomegranate extract, B vitamins, and
vitamin C. The initial interview was conducted by the pharmacist. The involved subjects
filled out the fatigue questionnaires (Fatigue Assessment Score—FAS, Fatigue Severity
Score—FSS, 11-point Numeric Rating Scales—NRS), and the questionnaire on quality of life
(Short Form 12 Health Survey—SF-12, subdivided into SF-12 mental and SF-12 physical)
in the presence of the physician. The inclusion of the subjects was then evaluated by the
physician, who assessed compliance with the inclusion and exclusion criteria. The criteria
for inclusion were: the subject must have a sensation of mild to moderate fatigue and
feeling of tiredness, the Fatigue Assessment Score (FAS) must be between 22 and 34, and
the Fatigue Severity Score (FSS) must be lower than 5. As far as the exclusion criteria are
concerned, subjects suffering from chronic diseases or comorbidities potentially explaining
the fatigue, malabsorption, anorexia, psychiatric disorders, liver pathologies, heart disease,
and kidney pathologies were excluded from this survey. Pregnant and lactating women
were also excluded. Subjects with known hypersensitivity to one or more components of
the food supplement or subjects using multivitamin supplements in the month before the
survey were also excluded. All subjects received oral and written information concerning
this survey before they gave their written consent to participate. Any data gathered within
this survey was treated in strict accordance with the European Data Protection Regulation
(GDPR) and used for research purposes only.

2.3.2. Survey Design

A real-life survey was performed to evaluate the effectiveness of a food supplement
already present on the market based on pomegranate extract, B vitamins, and vitamin C, in
healthy subjects as suggested by the pharmacist, through the evaluation of fatigue (FAS,
FSS, and NRS) and quality of life (SF-12 mental and SF-12 physical). The assessment of
the tolerability of the food supplement was performed through the evaluation of adverse
reactions (ARs) using a form based on that used by the Italian Phytovigilance System (IPS)
to report possible ARs after the ingestion of food supplements. Subjects who communicated
symptoms related to mild to moderate fatigue to the pharmacist were directed to a separate
room, where they received an exhaustive explanation of the survey by a pharmacist. The
participants underwent two interviews: at recruitment (i.e., at the baseline, t0) and after
28 days (i.e., after a month of treatment, t1). At recruitment, the inclusion of subjects in
the survey was evaluated by the physician, who validated their eligibility and health prior
to participation. After they signed written consent, in addition to the self-completion of
questionnaires administered by the physician (FAS, FSS and NRS, SF-12 mental and SF-12
physical), each subject was given a form to complete based on that used by the Italian
Phytovigilance System (IPS), to report possible ARs after the ingestion of food supplements.
These forms were collected at the end of the survey (t1). All subjects took one stick pack

https://mona.fiehnlab.ucdavis.edu/
https://mona.fiehnlab.ucdavis.edu/
https://bio.informatik.uni-jena.de/software/sirius/
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per day containing 500 mg of pomegranate extract, 200 mg of ascorbic acid, 16 mg of niacin,
7 mg of riboflavin, 6 mg of pantothenic acid, 5.5 mg of thiamine, 4 mg of pyridoxine, 200 µg
of folic acid, 50 µg of biotin, and 12.5 µg of cobalamin, for one month.

After they signed the written consent, the first questionnaire submitted to the partici-
pants at t0 was the Fatigue Assessment Score (FAS), which is a 10-item questionnaire that
explores how the subject usually feels. For each statement, the subjects answers one of
the five answers proposed (from “Never” to “Always”) [19]. The FAS evaluates overall
fatigue. Five questions (1, 2, 4, 5, and 10) reflect physical fatigue and five questions (3 and
6–9) reflect mental fatigue. The total FAS score was calculated by summing the scores for
all questions, with the total score ranging from 10 to 50. In short, the subjects were divided
broadly into two categories based on FAS score: FAS score 10–21: no fatigue (normal), and
FAS score 22–50: considerable fatigue. The considerable fatigue group was sub-grouped
into mild–moderate fatigue (FAS score: 22–34) or severe fatigue (FAS score: 35–50) [20,21].
Minimal Important Difference (MID) from baseline to the end of the treatment was at least
four points or a 10% change in the patients’ FAS score.

The second questionnaire submitted to the participants at t0 was the Fatigue Severity
Score (FSS). It is a questionnaire of nine items evaluating both physical and mental fatigue
symptoms. Subjects were asked to choose a number from 1 to 7 based on their symptoms
(1 indicated absolute disagreement with a statement, while 7 indicated full agreement) [22].
The answer to the questions referred to the previous two weeks. These two scales were
chosen because they provided self-completion and are easy to use and manage. In addition,
FAS was recently used as a questionnaire for the evaluation of post-COVID-19 fatigue [23],
and the FSS scale is the most common scale used, including for healthy subjects [24].

The third questionnaire submitted to the participants at t0 was the 11-point Numeric
Rating Scale (NRS). Fatigue NRS is a scale used for the evaluation of fatigue in common
clinical practice and clinical trials. It is a self-compilation, single-item, 11 point-horizontal
scale from 0 to 10, where 0 means no fatigue and 10 means severe fatigue [25].

Finally, the fourth questionnaire submitted to the participants at t0 was SF-12. It was
used to determine quality of life. The SF-12 questionnaire is a reduced version of the Short
Form-36 Health Survey developed in the USA in the 1980s. SF-36 contains 36 questions
in which the data are aggregated into eight scales to investigate physical activity, role and
physical health, physical pain, general health, vitality, social activities, role and emotional
state, and mental health. SF-12 contains only 12 items from the SF-36. It appears to provide
a good reproduction of the SF-36 and is in use in many countries. SF-12 is subdivided into
evaluations of physical health (PCS) and mental health (MCS), and both have subgroups.
For PCS, there are two items on Physical Functioning (PF), two items on Role-Physical (RP),
one item about Bodily Pain (BP) and one about General Health (GH). For mental health
(MCS), there is an item about Vitality (VT), one item about Social Functioning (SF), two
items about Role-Emotional (RE), and two about Mental Health (MH) [26]. To calculate
the final score, it is necessary to exclude values out of the range, and four of the items
need inverting so that a higher score consistently indicates better health. The indicator
variables are weighted using regression coefficients and are standardized by adding a
constant (regression intercept) [27].

All the data collected by the physician were categorized into nine sections: the first
section included the data of the subject and informed consent (obligatory for all the subjects
participating in the proposed survey); the second and third sections concern the inclusion
and exclusion criteria of the subjects, respectively; the fourth section summarizes any prior
infections contracted within “the last period”, and how these (if any) may affect the current
survey; in the fifth, sixth, seventh, and eighth sections, FAS, FSS, NRS, and SF-12 scores
were calculated for each subject, respectively.

The last section concerns the final evaluation of the subject by the physician based on
the data collected.

After 28 days of food supplement intake, the participants were contacted by the
physician for the collection of the final data, subdivided into nine sections. The first section
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included the subject data. The second section concerned the compliance of participants.
The third section investigated the presence of any adverse effects secondary to the intake
of the food supplement (if any). The fourth section investigated the level of satisfaction
with the food supplement by the subject. The fifth, sixth, seventh, and eighth sections
contained the FAS, FSS, SF-12, and NRS scores, respectively. The last section concerned the
final evaluation of the subject by the physician based on the data collected.

2.3.3. Evaluated Variables

As far as sociodemographic characteristics are concerned, the age of the participants
was considered to be a continuous variable and the gender of the participants a two-levels
factor. The primary endpoint was to investigate the efficacy of a one month daily dose
of food supplement to reduce mild/moderate fatigue and improve performance. This
evaluation was measured at the beginning (t0) and at the end of the supplement food intake
(t1) by the validated questionnaires FAS and FSS. The secondary outcomes considered
were the assessment of the quality of life of the subjects through the administration of the
quality-of-life questionnaire SF-12 at the baseline and at the end of the food supplement
intake, NRS, and tolerability measured as the occurrence of AEs.

Therefore, the endpoints expected were the following: less perception of fatigue and
improved quality of life after one month of food supplement intake, without any AEs.

2.4. Statistical Analysis

The sample size calculation was made using a 1-β power value of 0.95 and a signifi-
cance level α = 0.05. The sample size was determined to be 84 participants, allowing for a
10% drop out rate. The objective of the statistical analysis was to compare the score values
for the FAS, FSS, NRS, and SF-12 (in the two physical and mental components) scales,
measured at the beginning and at the end of the intake of the food supplement, and the
characteristics of the subjects recruited (sex and age). The most suitable statistical analysis
for this type of data is a linear mixed model with random intercept (LMM) in which the
score value of the scales is the dependent variable, while the measurements (t0 and t1), sex,
and age of the recruited subjects constitute the independent variables. The interaction sex
×measurement was been inserted to account for differential responses to measurements
between men and women. The identity of the subjects was entered into the model as
a random effect to control any differences due to the specific conditions of the persons
recruited in the experiment.

3. Results
3.1. Pomegranate Extract Chromatographic Analysis

RP-UHPLC–UV-HRMS analysis of the whole fruit pomegranate dry extract (PunicaPLUS®)
indicated the presence of 19 main compounds (Figure 1) belonging to different classes such
as ellagitannins, gallotannins, phenolic acids, and flavonol glycosides (Table 1). Among
ellagitannins, Peak 6 with molecular formula C34H22O22 and fragments at 600 m/z deriving
from loss of gallagic acid was assigned as punicalin. Peaks 9 and 15 with molecular
formula C34H24O22 and precursor ions at 783 m/z showed fragments at m/z 765 and
481 m/z deriving from the loss of water and hexahydroxydiphenic acid, respectively,
leading to their tentative identification as pedunculagin. Peaks 10–12, 13 were detected
as doubly charged ions with molecular formula C48H28O30 and fragments at 301 m/z
and 601 m/z deriving from ellagic acid and gallagic acid losses. For ellagic acid and its
glycosilated derivatives, Peaks 16–18, were all characterized by the fragment at 301 m/z.
Gallic acid (Peak 3) derivatives, Peaks 3–5, were characterized by the fragments at 169
m/z of gallic acid, deriving from hexose moiety cleavage. Peak 19, with the molecular
formula C20H16O12, showed a main fragment at 285 m/z deriving from hexose loss and
was assigned as kaempferol hexoside. Peaks 7 and 14 were characterized by fragments at
463, 301 and 169, deriving respectively from the losses of ellagic acid-hexose, ellagic acid,
and gallic acid, and were tentatively assigned as HHDP galloyl hexose, while Peak 11, with
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molecular formula C27H22O19 and similar fragmentation, was hypothesized as a galloyl-
HHDP-gluconate derivate. Ellagitannins, including two different derivatives of galloyl
(7.96%), hexahydroxydiphenoyl (HHDP) (12.28%), and punicalgin isomers (66%) were the
most abundant compounds, followed by small amounts of organic acids, represented by
citric (1.2%) and glycosylated flavonoids (1%) (Table S1).

1 
 

 

Figure 1. RP-UHPLC–UV-HRMS analysis of pomegranate dry extract (PunicaPLUS®).

Table 1. Compounds identified in pomegranate dry extract (PunicaPLUS®) according to their
retention time (RT), compound, molecular formula, m/z and MS-MS, and mass accuracy (∆ppm),
reported as part per million error.

Peak Tr Compound Mol.formula [M-H]-/[M-2H]2- [MS/MS] Error (ppm)

1 1,25 HHDP-hexose C20H18O14 481.0693 300, 275 6.9
2 1,51 Citric acid C6H8O7 191.0194 111, 173 0.85
3 1,6 Galloyl-hexoside C13H15O10 331.0577 211, 169 1.54
4 1,74 Gallic acid C7H6O5 169.0158 125, 107 0
5 2,6 Galloyl-hexoside # C13H15O10 331.0577 211, 169 1.54

6 2,85 Punicalin β C34H22O22 781.0593 721, 601, 575, 392, 298,
273, 0

7 3,3 HHDP galloyl hexose C27H22O18 633.0867 463, 300, 275, 249, 169,
125 −1.3

8 3,67 Citric acid derivative C17H12O11 391.0268 270 −4.35
9 4,03 Pedunculagin (di-HHDP-hexose) C34H24O22 783.0629 481, 300 275, 249 0

10 4,29 Punicalagin * C48H28O30 541.0266 * 301, 601, 275 −0.27
11 4,76 Galloyl-HHDP-gluconate C27H22O19 649.0617 301, 497, 626 −1.3
12 6,35 Punicalagin *# C48H28O30 541.0266 301, 601, 275 −0.27
13 10,08 Punicalagin *# C48H28O30 541.0266 301, 601, 275 −0.27

14 14,49 HHDP galloyl hexose # C27H22O18 633.0867 463, 300, 275, 249, 169,
125 −1.3

15 15,54 Pedunculagin (di-HHDP-hexose) # C34H24O22 783.0629 481, 300 275, 249 0
16 18,73 Ellagic acid-hexoside C26H32O13 551.1749 301, 389, 341 −4.92
17 23 Ellagic acid C14H6O8 301.0029 229, 284, 267 −4.35
18 23,81 Ellagic acid-pentoside C19H14O12 433.0413 301 0
19 24,26 Kaempferol hexoside C20H16O12 447.0167 285, 255 5.3

3.2. Survey among Consumers on the Evaluation of Efficacy and Tolerability of the Food
Supplement

The survey flow chart is reported in Figure 2.
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Figure 2. Flow diagram of the survey among consumers of the food supplement aimed at reliev-
ing fatigue.

The participants had similar sociodemographic characteristics, with no significant
difference from each other (Table 2).

Table 2. Demographic characteristics of the recruited subjects.

Demographic Characteristics

Man 21
Woman 57

Age in Men 42.5 ± 14.5
Age in Women 39.8 ± 13.8

In Table 3, the descriptive values (mean, standard deviation, and range of values) are
given for the score of each assessment scale measured in men and women at t0 and t1.
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Table 3. Observed values (mean, standard deviation, minimum and maximum) for fatigue (FAS, FSS,
and NRS scales) and quality of life (SF-12) observed in the involved subjects at the beginning (t0) and
at the end (t1) of the food supplement intake.

Scale
Woman Man

t0 t1 t0 t1

FAS 25.2 ± 3.7 17.8 ± 4.5 24.1 ± 2.2 16.2 ± 4.4
(10–33) (11–29) (22–30) (9–24)

FSS 3.2 ± 1 2.4 ± 0.7 3.3 ± 1.0 2.1 ± 0.7
(1.2–4.8) (1.2–4.6) (1.6–4.9) (1–3.8)

NRS 5.6 ± 1.8 3.9 ± 1.8 5.0 ± 1.5 3.0 ± 1.2
(1–10) (1–8) (2–8) (2–6)

SF12-physical 54.9 ± 5.8 56.0 ± 4.3 51.6 ± 8.3 54.9 ± 2.9
(35.8–65.8) (41.2–69.2) (36–64.6) (48.5–61.5)

SF12-mental 41.9 ± 10.6 51.1 ± 8.1 38.8 ± 11.2 50.7 ± 6.2
(15.7–58.8) (19–64.8) (19–58.7) (35.3–58.7)

3.3. Primary Outcomes: FAS, FSS, and NRST

The LMM model (Table 4) identified a statistically significant effect for measure-
ments and an effect near to the significance threshold for sex, while no significant effects
were identified for age or the interaction between measurements and sex. In detail, the
value of the FAS score decreased between t0 and t1 (Figure 3) in both men (−7.9 ± 1.2,
t76 = 6.665, p = 0.001), and women (−7.4 ± 0.7, t76 = 10.322, p = 0.001). Men seemed to
have lower values than women (t0: −1.04 ± 1.01, t150 = 1.027, p = 0.30; t1: −1.51 ± 1.01,
t150 = 1.492, p = 0.13). The random effect between the subjects was not statistically signifi-
cant (LRχ2 = 0.351, p = 0.55).

Table 4. Results of LMM models for FAS, FSS, and NRS fatigue scales and quality of life (physical
and mental SF-12).

Model F gdl p

FAS
Measurement 122.17 1.76 <0.001

Sex 2.960 1.75 0.089
Age 1.433 1.75 0.230

Measurement × sex 0.117 1.76 0.730
FSS

Measurement 85.694 1.76 <0.001
Sex 0.134 1.75 0.710
Age 1.881 1.75 0.170

Measurement × sex 1.507 1.76 0.220
NRS

Measurement 39.239 1.76 <0.001
Sex 6.119 1.75 0.016
Age 0.331 1.75 0.570

Measurement × sex 0.195 1.76 0.660
SF12-physical

component
Measurement 5.909 1.76 0.017

Sex 4.361 1.75 0.040
Age 0.029 1.75 0.860

Measurement × sex 1.323 1.76 0.250
SF12-mental
component

Measurement 39.029 1.76 <0.001
Sex 0.961 1.75 0.340
Age 0.188 1.75 0.670

Measurement × sex 0.620 1.76 0.430
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Figure 3. Variation in the intensity (average and 95% confidence intervals) of the fatigue (FAS,
FSS, and NRST scores) and quality of the life (SF12 in the physical component PCS12 and mental
component MCS12) observed in the subjects recruited, at the beginning (t0) and at the end (t1) of the
intake of the pomegranate extract, B vitamins, and vitamin C- based food supplement.

The LMM model for the FSS scale (Table 4) provided results similar and consistent
to those observed in the previous analysis for the FAS scale. The only statistically signifi-
cant effect was the measurement effect, while no significant effects emerged for sex, age,
and the sex × measurement interaction. In detail, the FSS score significantly decreased
from t0 to t1 (Figure 3) in both men (−0.87 ± 0.11, t76 = 7.737, p = 0.001) and women
(−1.14 ± 0.18, t76 = 6.132, p = 0.001). The random effect of the subject was statistically
significant (LRχ2 = 22.075, p = 0.001), suggesting that a portion of the variability in the FSS
score was due to subject variability not related to sex, age, and experimental measurements.

The LMM model (Table 4) for the NRS scale identified a statistically significant effect
for both measurement and sex, while no significant effect was identified for age or for the
interaction between measurement and sex. In detail, the NRS score significantly decreased
between t0 and t1 (Figure 3) with a similar pattern in women (−1.73 ± 0.31, t76 = 5.611,
p = 0.001) and men (−2.00± 0.51, t76 = 3.922, p = 0.001). Furthermore, here too, men showed
lower NRS scores than women; though the difference was not statistically significant at
measurement t0 (−0.67 ± 0.43, t150 = 1.515, p = 0.13), it was significant at measurement
t1 (−0.93 ± 0.44, t150 = 2.115, p = 0.036). The random effect between the subjects was not
statistically significant (LRχ2 = 0.753, p = 0.53).
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3.4. Secondary Endpoint: SF-12 Physical and SF-12 Mental

The LMM model (Table 4) for the physical component of the SF-12 scale identified
a statistically significant effect for both measurement and sex, while no significant effect
emerged for age or the interaction between measurement and sex. In detail, the value of the
SF-12 physical index increased from measurement t0 to measurement t1, but the response
was significant only for men (+ 3.34± 1.59, t76 = 2.095, p = 0.039, Figure 3), while for women
the variation was not significant (+ 1.19 ± 0.97, t76 = 1.234, p = 0.22, Figure 3). Women
showed higher values than men, although the difference was statistically significant only
at measurement t0 (t0: +3.23 ± 1.39, t150 = 2.321, p = 0.022, t1: +1.08 ± 1.39, t150 = 0.781,
p = 0.44; Figure 3). Finally, the random effect between the subjects was not statistically
significant (LRχ2 = 0.753, p = 0.39).

The LMM model (Table 4) for the mental component of the SF-12 scale identified a
statistically significant effect for measurements only, while no significant effects emerged for
sex, age, or the interaction between measurement and sex. In detail, the value of the SF-12
mental index significantly increased from t0 to t1 (Figure 3) in both women (+9.22 ± 1.75,
t151 = 5.261, p = 0.001) and men (+11.88 ± 2.89, t151 = 17.588, p = 0.001, Figure 3). As in the
previous analysis, the random effect was not statistically significant (LRχ2 = 0.001, p = 0.99).

3.5. Tolerance and Safety Assessment

For the evaluation of tolerance of the pomegranate extract, B vitamins, and vitamin
C-based food supplement, adverse events were monitored throughout the whole period
through spontaneous reporting of adverse events (AEs) by the participants to the physician.
During the one month of food supplement intake, no subjects reported adverse effects
(AEs) related to this food supplement and the physician judged that the food supplement
was considered well tolerated.

4. Discussion

Vitamin deficiency and chronic inflammation seem to be possible causes of fatigue,
and growing evidence suggests that fatigue can be improved through nutritional interven-
tion [14] aimed at reducing marginal vitamin deficiencies and chronic inflammation. Thus,
we investigated whether a commercial food supplement consisting of pomegranate extract,
which shows anti-inflammatory activity, B vitamins, and vitamin C can help fight SF.

The dry extract from the whole fruit of pomegranate, obtained through a hydroalco-
holic extraction and used as an ingredient for a food supplement in a hydrosoluble powder
dosage form, was analyzed through a chromatographic method coupled with a hybrid
Ion Trap–Time of Flight Mass spectrometer. The extract mainly consists of polyphenols
and organic acids. The four main polyphenolic families are ellagitannins (punicalagin,
ellagic acid hexose, ellagic acid-pentoside, punicalagin di HHDP hexose, punicalin β),
gallotannins (HHDP-hexose, galloyl-hexoside, galloyl-HHDP-gluconate, HHDP galloyl
hexose), phenolic acids (ellagic acid and gallic acid), and flavonol glycosides (kaempferol
hexoside). The identified compounds are in line with literature data, as pomegranate ex-
tract is rich in polyphenolic compounds, flavonoids, and phenolic acids, as well as tannins,
which are mainly represented by ellagitannins. In agreement with literature data, the main
ellagitannins found in the analyzed pomegranate extract were punicalagin and punicalin,
which are the prominent polyphenols isolated from pomegranate fruit [28]. Moreover, citric
acid is the most represented organic acid in the pomegranate extract.

After the chemical characterization of the pomegranate extract, a survey among
consumers of dietary supplements aimed at alleviating fatigue was conducted to obtain
preliminary results on the efficacy on prolonged fatigue and tolerability of a food sup-
plement based on a combination of the chemically characterized pomegranate extract, B
vitamins, and vitamin C in healthy consumers for an intake period of one month.

The method used to perform this survey consisted of: (1) power analysis calculation,
to determine the number of subjects involved in the survey; (2) definition of inclusion and
exclusion criteria, to accomplish the purpose of the survey; (3) the use of fatigue and quality
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of life questionnaires validated in the general population available in the Italian language;
and (4) the use of inferential statistics to analyze the obtained results.

The results of the survey clearly show that the daily intake of the food supplement
based on pomegranate extract, B vitamins (at doses ranging from 50 to 500 % of the daily
reference intake for vitamins in adults), and vitamin C (at a dose of 250 % of the daily refer-
ence intake for vitamin C) for a period of one month may yield a significant improvement
in fatigue and quality of life. In fact, after supplementation, FAS, FSS, and NRT scores
significantly decreased between t0 and t1, and quality of life was consequently improved,
as both SF-12 scores (in the physical and mental components) significantly increased. In ad-
dition, the food supplement was considered well tolerated by the physician, as no subjects
reported adverse effects (AEs) related to consumption of this food supplement.

While it is well known that vitamins, especially B vitamins, contribute to the reduction
of tiredness and fatigue [29], to the point that European legislation provides for the possibil-
ity for food products to claim to be a “source of [name of vitamin/s]” where this is the case,
as listed in the Annex to Regulation (EC) No 1924/2006 [30], no data are available regarding
the effect of pomegranate supplementation in prolonged or chronic fatigue, and this survey
reports promising preliminary data on this topic. In fact, as far as hydrosoluble vitamin
supplementation is concerned, there is a strong biological and physiological rationale that
supports the role of B vitamins in the improvement of fatigue through cellular energy
production, which, in turn, leads to beneficial effects, especially for muscle tissue and the
brain, which are the most energy-demanding organs in the body. In a recent review of
the literature, Tardy et al. showed that supplementation with B vitamins results in health
benefits in the areas of mental and physical fatigue [6]. In particular, the authors report that
a large body of evidence shows that an inadequate intake of hydrosoluble vitamins is a
frequent issue worldwide, albeit with variations according to age groups and country, and
inadequacies in B vitamins and vitamin C increase the risk of non-specific clinical symp-
toms including weakness, fatigue, loss of appetite, and apathy. The supplementation of
hydrosoluble vitamins can improve fatigue due to their role in a variety of basic metabolic
pathways that support energy-production systems, oxygen transport, and protection from
oxidative stress. Moreover, thiamine, pantothenic acid, folate, and vitamin C play a role in
the maintenance of brain structure, enabling intercellular connections, and in the synthesis
of neurotransmitters, leading to an improvement in cognitive and psychological function.

As far as pomegranate is concerned, due to the healthy properties of pomegranate
juice, it has been awarded the title of “super food” [31]. Although most pomegranate
products studied for their healthy properties are derived from the edible part of the fruit
(i.e., seeds and arils), the peel is rich in many health-promoting compounds (antioxidants
and anti-inflammatory and immunomodulatory agents), which are often discarded as
waste [32]. The extract used as an ingredient of this food supplement is obtained from the
whole fruit and thus contains the whole phytocomplex. It was found to be especially rich
in ellagitannins, to which many healthy properties are ascribed.

Although, to the best of our knowledge, no data are available on pomegranate supple-
mentation and prolonged or chronic fatigue, recent studies performed on a wide range of
athletes and physically active subjects showed that pomegranate juice and extracts improve
whole body strength, feeling of vitality, and sport performance during intensive exercise,
through an increase in vessel diameter and consequently in blood flow and O2 delivery
to muscular requirements [33–35]. In addition, pomegranate supplementation has the
potential to support recovery from exercise and relieve acute and delayed muscle fatigue,
through the attenuation of oxidative stress and inflammation via the reduction of free
radical production, lipid peroxidation, and inhibition of cellular inflammation transcripts
(i.e., TNF-alpha, COX-2, and NF-kB) [17].

The well-known anti-inflammatory activity of pomegranate could be one of the mech-
anisms of action through which this fruit contributes to the alleviation of fatigue. Several
studies showed that fatigue is associated with inflammation [36,37]. In a review of the
literature, Lee at al. reported that subjects with fatigue have higher levels of proinflam-
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matory cytokines (i.e., interleukin-1 and -6 and tumor necrosis factor alpha), supporting
the hypothesis that anti-inflammatory treatments could help in reducing inflammation
and somatic and phycological symptoms [15,38]. In 2019, Mastrogiovanni et al. showed
that the extract obtained from pomegranate peel exerts strong anti-inflammatory activity
both in vitro on Caco-2 cells stimulated by TNF-alpha, and ex vivo, using porcine colonic
tissue explants stimulated with lipopolysaccharide, by inducing the reduction of the pro-
inflammatory cytokine expression [39] Moreover, pomegranate juice and extracts were
active in decreasing levels of pro-inflammatory cytokines in clinical trials involving patients
with inflammatory diseases (i.e., hemodialysis patients, overweight and obese individuals,
type 2 diabetes) [40–42]. Thus, further studies are needed to confirm these results, both
in vitro with other cell model systems and in subjects with chronic inflammation as a risk
factor for developing prolonged or chronic fatigue.

Another mechanism of action that could justify the positive results of the intake of
pomegranate extract obtained against SF could be its ability to modify gut microbiota,
as shown by recent studies. The association between gut microbiome and fatigue has
been shown in many pathological conditions such as cancer patients, hematopoietic
stem cell transplantation survivors, and multiple sclerosis patients, including myalgic
encephalomyelitis/chronic fatigue syndrome patients [43]. In particular, subjects affected
by chronic fatigue have low levels of bifidobacteria [44] and a significant increase in lactic
acid produced by Enterococcus and Streptococcus in fecal samples [45]. Although no
studies have considered the anti-fatigue activity of pomegranate and its effect on the gut
microbiota composition, in 2020, Lu et al. showed that a pomegranate extract obtained
from peel reshapes the composition of the gut microbiota, increasing eubiotic bacteria
such as Lactobacillaceae, likely through polyphenolic components that are excreted un-
modified into the intestinal lumen by bile and are then concentrated into the colon, where
they are metabolized by gut colonic bacteria into low molecular weight substances such
as urolithins, which modulate the gut microbiota and exert systemic anti-inflammatory
activity [32].

5. Conclusions

In conclusion, this survey of consumers of dietary supplements aimed at alleviating fa-
tigue provides some promising data on the effects on prolonged fatigue and the tolerability
of a food supplement based on the combination of chemically characterized pomegranate
extract, B vitamins, and vitamin C in healthy consumers for one month of intake. These
preliminary results must be confirmed in a randomized double blind, placebo controlled
clinical trial, in which the effects of the food supplement on fatigue and quality of life are
not only assessed through questionnaires, but the expression of pro-inflammatory cytokines
and the composition of gut microbiota are also evaluated.
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//www.mdpi.com/article/10.3390/pr10020208/s1, Table S1: Compounds identified in pomegranate
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unit) and area percentage (%).
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