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Urinary track health benefits and phytochemical
characterization based on a narrative review on
cranberry and its innovative formulation in
phospholipids

Francesco Scaglione

Cranberry is rich in nutritional components and numerous bioactive compounds with properties useful in
a variety of physiological and clinical conditions. Both the American (Vaccinium macrocarpon) and
European (Vaccinium oxycoccus) species are rich in (poly)phenols, including flavonoids and phenolic
acids (anthocyanins, flavonoids, and polyphenols such as phenolic acids). Cranberry is one of the few
fruits with a high content of type A proanthocyanidins, associated with numerous health benefits, such as
reducing recurrent urinary tract infections (UTls). This review analyses information on the chemical com-
position of cranberry, the beneficial impact on human health, and disease prevention after cranberry con-
sumption. Specifically, the mechanism of action of its benefits against urinary tract infections (UTlIs), the
second most common type of infection worldwide, is explored. Finally, the review focuses on the charac-
teristics of new formulation technologies to increase bioavailability, such as new phospholipid-based
delivery systems capable of dispersing cranberry extract in sunflower lecithin, thus improving its stability,
solubility, absorption, and biological efficacy at lower doses. In conclusion, the available literature suggests
that cranberry products are widely supported for reducing recurrent urinary tract infections, especially in
women and children. Their mechanisms include anti-adhesion, anti-biofilm, and antimicrobial effects.
They are generally safe and well-tolerated, although some restrictions apply (drug interactions, pre-exist-
ing conditions). Innovative delivery systems (such as phospholipids, microcapsules, gel formulations) opti-
mize application, allowing for lower effective doses and lasting benefits, primarily improving safety.
Further large-scale, high-quality studies are needed, especially for uses in non-urological areas, to
confirm broader health impacts.

A brief history of cranberry

Cranberries belong to the Ericaceae family and are primarily
represented by two species: the American cranberry (Vaccinium
macrocarpon) and the European cranberry (Vaccinium oxycoc-
cos). The “large” American cranberry is mainly cultivated in
North America, especially in the northern United States and
Canadian provinces, as well as in Chile and in commercial
farms in parts of Europe."” The American variety is a low-
growing evergreen shrub with slender stems and small, ellipti-
cal leaves. Its berries ripen from pale pink to dark purple, typi-
cally from late summer through early autumn. In contrast, the
European cranberry is smaller, grows wild across parts of
Europe and Asia, and is better adapted to colder climates.>?
The term “cranberry” is thought to have originated from early
observations by Indigenous peoples of North America, who
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noted the resemblance of the plant’s floral parts to a crane’s
neck and beak." Because of their intense tartness, only about
5% of cranberries are sold fresh; the vast majority are pro-
cessed into juices, sauces, and dried products. In addition to
their culinary uses, cranberries have a longstanding history as
both a food and medicinal plant in North America, Europe,
and Asia.

Chemical composition

Cranberries have a complex and rich chemical composition,
with essential nutrients alongside a variety of bioactive com-
pounds. These chemical constituents can vary significantly
between species and cultivars, influenced by both genetic and
environmental factors.

Water is the predominant component of the fruit, compris-
ing approximately more than 80% of the mass. Carbohydrates
make up around 12%, primarily in the form of simple sugars
such as glucose, fructose, and sucrose, with glucose typically
being the most abundant.”> Large-fruited cranberries tend to
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contain higher concentrations of both monosaccharides
(ranging from 3% to 7%) and sucrose (3.9% to 5.3%) com-
pared to their smaller European counterparts (Vaccinium oxy-
coccos), which exhibit lower sugar levels (2% to 6% for mono-
saccharides and 0.01% to 0.5% for sucrose)."”
Oligosaccharides represent an important component that
could be responsible for some health benefits through prebio-
tic, anti-adhesive, anti-inflammatory and antioxidant activity.>
The perceived sweetness of cranberries is largely attributed to
these sugars, though it remains tempered by the fruit’s high
organic acid content. Among these organic acids, citric, malic,
and quinic acids are predominant, contributing to the fruit’s
notable acidity. Titratable acidity, primarily from citric acid,
ranges from 2.1% to 4.9% in smaller cranberries and is gener-
ally lower in larger varieties (1.9% to 2.4%)." These levels are
influenced by a variety of factors, including cultivar, ripeness,
climate, and soil conditions.

Cranberries are also recognized for their vitaminic profile,
particularly their high content of vitamins C, E, and K, which
underlie many of their antioxidant properties. The American
cranberry contains higher levels of ascorbic acid, with reported
values reaching up to 47.5%, compared to 15.3% to 30% in
European species. Additionally, although present in small
quantities, omega-3 and omega-6 fatty acids are also found in
cranberry fruit, contributing further to its nutritional value."?
Mineral content in cranberries is similarly notable. Potassium
is the most abundant micronutrient in both major species, but
trace elements such as manganese and boron can also be
found.®

Beyond their nutritional constituents, cranberries are par-
ticularly rich in phytochemicals, many of which have been
associated with potential health effects. Among the most pro-
minent are phenolic acids, triterpenoids, and flavonoids.”®
Phenolic acids in cranberries include both hydroxybenzoic
and hydroxycinnamic acids. Benzoic acid is especially abun-
dant, accompanied by smaller quantities of caffeic, ferulic,
p-coumaric, and chlorogenic acids.’ Triterpenoids, another
important class of cranberry phytochemicals, are found
mainly in the skin. These include ursolic acid, oleanolic acid,
and betulinic acid, with ursolic acid in particular garnering
attention for its anti-inflammatory activity.>*°

Flavonoids are a major group of compounds found in cran-
berries, classified into subgroups including anthocyanins, fla-
vonols, and proanthocyanidins (also known as flavan-3-ols
when referring to their monomeric forms).»® Anthocyanins,
the pigments responsible for cranberries’ vivid red coloration,
are found in much higher concentrations in the skin than in
the pulp. Their levels increase markedly as the berries ripen.
Major anthocyanins include cyanidin-3-galactoside, cyanidin-
3-glucoside, cyanidin-3-arabinoside, peonidin-3-galactoside,
and peonidin-3-arabinoside.>'" Flavonols, primarily quercetin
and myricetin derivatives, are present throughout ripening
and show a modest increase as the fruit matures. These
include compounds such as quercetin-3-O-galactoside and
myricetin-3-O-galactoside, which contribute to the fruit’s anti-
oxidant capacity.”'® Among the most studied cranberry flavo-
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noids are flavan-3-ols and their polymeric forms, proanthocya-
nidins (PACs). These compounds play critical roles in plant
defence and are widely recognized for their antimicrobial, anti-
oxidant, and anti-inflammatory properties.” Catechin and epi-
catechin are the principal flavan-3-ols identified in cranber-
ries, with epicatechin being a dominant constituent of PACs.
The concentration of these compounds tends to peak in early
ripening stages and diminishes as the fruit overripens.
Notably, American cranberries generally contain higher levels
of A-type PACs compared to European varieties.>”® It is known
that A-type PACs and oligosaccharides could act in a synergis-
tic way to enhance their beneficial properties.®

Cranberry health benefits

This rich source of bioactive compounds has been investigated
in studies as a potential supplementation for different urologi-
cal and even non-urological applications. Overall, cranberries
have also been shown health benefits as following: inhibit pro-
gression of degenerative unhealthy conditions and loss of
functionality as neural degeneration; promotion of cardio-
vascular health; promotion of gastrointestinal health; oral
benefits linked also to antiviral potentials; prevention and
inhibition of cancer; modulation of inflammatory responses,
antioxidant properties.>'* A diagram showed a summary of
potential cranberry benefits (Fig. 1).

The presence of antioxidants like flavonoids, anthocyanins,
and tannins, as well as vitamins C, E, and K has raised interest
for their activity in scavenging free radicals and neutralizing
reactive oxygen species, helping to protect cells from oxidative
damage.'® On the contrary, (poly)phenol antioxidant action
derives more from an indirect modulation of cellular signaling
pathways related to antioxidant defence.'* Their anti-inflam-
matory properties are also well documented and largely attrib-
uted to (poly)phenols and triterpenoids such as ursolic acid,
which can modulate inflammatory pathways by downregulat-
ing pro-inflammatory cytokines like TNF-a, IL-1p, and IL-6,
while promoting anti-inflammatory mediators."”

Cranberries may further exert cardioprotective effects by
improving lipid profiles,'® and lowering both systolic and dias-
tolic blood pressure, possibly through nitric oxide-mediated
vasodilation.'” Their positive effect on glycemia modulation
potential has been demonstrated through improvements in
insulin sensitivity, as well as other positive effects on metab-
olism in diet-induced obesity in mice.'8"2°

In the gastrointestinal tract, cranberry (poly)phenols modulate
the gut microbiota by promoting growth of beneficial species like
Lactobacillus and Bifidobacterium, suppressing harmful bacteria
and exerting prebiotic and anti-inflammatory effects.>"**

Additionally, cranberry-derived phytochemicals, particularly
proanthocyanidins (PACs) and flavonoids, have shown in vitro
anticancer activity through inhibition of tumor cell prolifer-
ation, invasion, and metastasis, and by inducing apoptosis in
various cancer cell lines.?*?*

Neuroprotective properties have also been observed, with
evidence suggesting cranberry intake may protect against neu-
rodegenerative processes seen in disease models.>**®
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Fig. 1 Cranberry health benefits.

Collectively, these diverse bioactivities underscore the
broad potential of cranberries in supporting human health
against chronic disease.

Focus on urinary tract: mechanism of action

Among the various applications of cranberry, its most well-
known and extensively studied role is in the management of
urinary tract infections (UTIs). This activity is attributed to
several complementary mechanisms involving different afore-
mentioned bioactive compounds.

A-type proanthocyanidins (PACs) are unique polyphenols con-
taining double linkages (A-type) that inhibit the adhesion of
P-fimbriated Escherichia coli (E. coli) to urinary tract cells,
helping to prevent urinary tract infections. These potent com-
pounds also exhibit antioxidative, anti-inflammatory, and poten-
tial anti-cancer activities.”” By preventing bacterial adhesion,
cranberries interfere with the critical first step of infection devel-
opment and progression.”®*® A previous clinical study in healthy
volunteers showed that administration of PAC-standardized cran-
berry powder (72 mg of PAC per day) may offer some protection
against bacterial adhesion and virulence in the urinary tract.*
These data were confirmed in a study where the phenyl-
y-valerolactone cranberry metabolites and their conjugated
forms (sulphated) were able to inhibit the adherence of uro-
pathogenic Escherichia coli in bladder T24 epithelial cells.**

4314 | Food Funct, 2026, 17, 4312-4330

Second, in addition to preventing adhesion, cranberry com-
pounds also demonstrate anti-biofilm properties. Flavonols
and (poly)phenols have been shown to contribute to biofilm
inhibition, with some showing synergistic effects with A-Type
PACs.?” (Poly)phenol-rich cranberry extracts have been shown
to reduce the formation and stability of polymicrobial biofilms
by decreasing biomass, acidogenicity, and the ratio of exopoly-
saccharide to microbial biovolume, as well as colony-forming
unit counts. These effects target bacterial adhesion and
biofilm development in its early stages.”***

Third, cranberries possess broader antimicrobial activity,
including bacteriostatic and bactericidal effects against
various human pathogens.*>*~# This is partly reinforced by the
presence of organic acids in cranberry juice, such as quinic,
malic, shikimic, and citric acid, which may act synergistically.
Some studies have suggested that combinations of these acids
improve antibacterial efficacy.’’

Furthermore, cranberry urinary metabolites [5-(3',4"-dihy-
droxyphenyl)-y-valerolactone and 4-hydroxybenzoic acid
(4-HBA)] showed inhibitory activity of Candida albicans biofilm
early-phase formation, possibly preventing genitourinary
Candida infections.***°

Lastly, cranberries may also impact microbial communities
beyond the urinary tract. Intake of cranberry juice has been
associated with a reduction in Proteobacteria, including E. coli,

This journal is © The Royal Society of Chemistry 2026
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Fig. 2 Effects of cranberry extracts on recurrent urinary tract infections (rUTI). It is well known that cranberry contributes to UTls prevention.
Additionally, it shows anti-inflammatory, antioxidant, antiadhesive, and prebiotic effects of its phytochemicals. Cranberry may act in an impaired
Nrf2/NF-xB system, mitochondrial dysfunction, and gut microbiota imbalance, alleviating oxidative stress and inflammation present in individuals
suffering from rUTI. NF-kB: nuclear factor-kappa B, Nrf2: nuclear factor erythroid 2-related factor 2; ROS: reactive oxygen species.

and an increase in beneficial Firmicutes within the urinary
microbiome of children.*" Similarly, cranberry juice has been
observed to lower levels of pathogenic Streptococcus species
and increase commensal bacteria in the vaginal microbiota,
suggesting a broader modulatory role in maintaining urogen-
ital health.*?

As summarized in Fig. 2, it is well known that cranberry
contributes to UTIs prevention. Additionally, due to the bio-
logical effects of its phytochemicals, cranberry may act on an
impaired Nrf2/NF-kB system, mitochondrial dysfunctions, and
gut microbiota imbalance, alleviating oxidative stress and
inflammation present in individuals suffering from recurrent
UTIs (rUTI).

Clinical use
EMA monography

Interestingly, the European Medicines Agency (EMA) has devel-
oped a monograph for Vaccinii macrocarpi fructus as a tra-
ditional herbal medicinal product.** It recognizes the tra-
ditional use of a preparation made from the expressed juice of
fresh cranberry fruits, administered orally in liquid form. This
herbal preparation is indicated for two uses: first, for the relief
of symptoms of mild, recurrent lower urinary tract infections
in women, such as dysuria and/or pollakiuria, after serious

This journal is © The Royal Society of Chemistry 2026

conditions have been excluded by a medical doctor; and
second, for the prevention of recurrent, uncomplicated lower
urinary tract infections in women, again following the exclu-
sion of serious underlying conditions by a physician.
Importantly, in both cases, the product is classified as a tra-
ditional herbal medicinal product, and its use is supported
exclusively by long-standing tradition, without the requirement
for pharmacokinetic or pharmacodynamic, in accordance with
Directive 2001/83/EC (Directive — 2001/83 - EN - EUR-Lex).
According to the monograph, the recommended dosage for
adult and elderly women is 50-60 mL of expressed juice, taken
two to four times daily for symptomatic relief, and 30 mL once
daily for prophylaxis.

Use in children and adolescents is not recommended.
Contraindications include hypersensitivity to cranberry and
use in patients with kidney disorders who have experienced
recurrent urinary tract infections, as these individuals require
medical supervision. Concomitant use with warfarin or tacroli-
mus is also contraindicated;*? in fact, cranberry juice has been
reported to reduce serum levels of tacrolimus,** and to potenti-
ate the effect of warfarin, increasing the risk of bleeding®>*®
although this last interaction has been discussed.*”

The use of cranberry preparations in men and in pregnant
women is not actually recommended, as lower urinary tract
symptoms in these populations require clinical evaluation.
Furthermore, cranberry concentrate has a high oxalate
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content, raising concerns about the potential risk of stone for-
mation in patients with a history of urolithiasis. Although no
severe toxicity has been reported, mild adverse effects such as
gastrointestinal discomfort, nausea, diarrhea, and dyspepsia,
as well as hypersensitivity reactions like urticaria and rash,
may occur.*?

Clinical evidence from meta-analysis

Non-urological outcomes. Main systematic reviews of cran-
berry use for non-urinary purposes are summarized in Table 1,
Panel A. These reviews assessed outcomes related to cardio-
vascular and metabolic risk factors (e.g, lipid profiles, glycae-
mic markers, blood pressure, inflammatory status) as well as
the efficacy of cranberry in Helicobacter pylori eradication. They
focused on RCTs involving adult populations and various cran-
berry formulations (juice, capsules, extracts, etc.).

Regarding H. pylori, some reviews reported a trend toward
improved eradication rates with cranberry supplementation,
although statistical significance was not consistently reached.
Overall, these findings suggest that standard cranberry formu-
lations/products may provide limited but potentially clinically
relevant effects in specific subgroups or outcomes. This war-
rants further investigation using standardized formulations
and adequately powered trials.

While some systematic reviews reported modest benefits for
certain outcomes, such as reductions in HOMA-IR, fasting
blood glucose, or systolic blood pressure, results are not always
consistent across different reviews. For some endpoints (e.g.,
LDL-C, TG), statistically significant positive effects have never
been observed.

Overall, cranberries show: inhibited progression of degen-
erative unhealthy conditions and loss of functionality as
neural degeneration; promotion of cardiovascular health; pro-
motion of gastrointestinal health; oral benefits linked also to
antiviral potentials; prevention and inhibition of cancer;
modulation of inflammatory responses, antioxidant
properties.>'>** However, further well-designed clinical
studies are needed to clearly define the non-urological effects
of cranberry.

Urological outcomes. As expected, most systematic reviews
have examined the efficacy of cranberry products in preventing
and managing UTIs across a broad range of populations. The
strength of evidence varies depending on patient character-
istics, formulation (juice vs. capsule), PACs content, and com-
parator. Summaries of the main reviews are reported in
Table 1, Panel B.

Overall, the reviews consistently show a benefit across
different populations, though the magnitude and certainty of
effect vary. In adults with prior UTIs or predisposing risk
factors, meta-analyses report significant risk reductions of
UTD’s rate with cranberry.*®*® Paediatric populations also
appear to benefit: two reviews’*' found cranberry to be as
effective as antibiotics or superior to placebo for preventing
recurrent UTIs. Both pregnant women® and non-pregnant
women®® have been studied, with positive results.

4316 | Food Funct., 2026,17, 4312-4330
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Finally, reviews in other high-risk groups, such as catheter
users, patients with spinal cord injury,>® and including also
those with neurogenic bladder,> suggest subgroup-specific
efficacy.

Very useful and interesting are the Cochrane meta-analyses,
updated on the assessments of the published clinical experi-
ences. The evolution of the Cochrane meta-analyses on cran-
berry products for UTIs prevention is particularly illustrative,
given its striking “up-down-up” trajectory (Fig. 3).

The first Cochrane review in 2000°® included four RCTs
assessing outcomes such as symptomatic and asymptomatic
UTlIs, side effects, and adherence. Data from three trials
suggested some benefit for at least one outcome, but the
review concluded that the small number and poor quality of
trials provided no reliable evidence. High dropout rates indi-
cated poor long-term acceptability of cranberry juice, though
capsules might be more acceptable; cranberry juice could not
be recommended for prevention. The 2001 update,’” which
added a fifth trial, reached the same conclusion.

In 2004,>® the review included seven trials, with two good-
quality RCTs showing a significant reduction in UTI incidence
at 12 months with cranberry products in women (RR 0.61,
95% CI 0.40-0.91). The authors concluded there was some evi-
dence that cranberry juice may reduce symptomatic UTIs over
12 months in women, though its effect in children, older
adults, and men was unclear; dropout rates again raised con-
cerns about long-term use. By 2008,>° 10 studies (n = 1049)
were included, showing that cranberry products reduced UTI
incidence at 12 months (RR 0.65, 95% CI 0.46-0.90) compared
with placebo/control, with greater benefit in women with
recurrent UTIs than in elderly adults or catheter users.
Evidence for other groups remained uncertain, and dropout
rates persisted.

The 2012 update changed this perspective.®® This version
expanded to 24 studies (n = 4473) and found no significant
reduction in symptomatic UTIs overall (RR 0.86, 95% CI
0.71-1.04) or in any subgroup, including women with recur-
rent UTIs, older adults, pregnant women, children, cancer
patients, or people with neuropathic bladder/spinal injury.
The addition of 14 new studies suggested cranberry juice was
less effective than previously thought and given high dropout
rates, mainly due to poor acceptability over long periods, and
the small observed benefit, the authors concluded it could not
be recommended.

By contrast, the 2023 update,”” which is the last available
version, included 50 studies (n = 8857) and found moderate-
certainty evidence that cranberry products reduced UTI risk
overall (6211 participants: RR 0.70, 95% CI 0.58-0.84; I” =
69%). Subgroup analyses suggested benefit in women with
recurrent UTIs (8 studies, n = 1555: RR 0.74, 95% CI 0.55-0.99;
P = 54%), children (5 studies, n = 504: RR 0.46, 95% CI
0.32-0.68; I* = 21%), and people susceptible due to an inter-
vention (6 studies, n = 1434: RR 0.47, 95% CI 0.37-0.61; I* =
0%), but no benefit in elderly populations, those with bladder
emptying problems, or pregnant women. The authors con-
cluded cranberry products probably reduce the risk of sympto-
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Fig. 3 Evolution of Cochrane meta-analyses conclusions on cranberry products for UTI prevention. Y-Axis: number of included studies per review.
Colours: yellow — no reliable evidence; red — no significant effect; green — probable effect.

matic, cell culture-verified UTIs in specific groups. Cochrane
has also addressed cranberries for UTIs. The 2000 review®>
found no RCTs or quasi-RCTs meeting inclusion criteria, and
the 2023 update® reached the same conclusion, highlighting
the persistent lack of high-quality, double-blind, placebo-con-
trolled trials assessing cranberry products for this indication.

In summary, Cochrane’s stance on cranberries for UTI pre-
vention has evolved from no reliable evidence (2000-2001), to
some benefit in women with recurrent UTIs (2004-2008), to no
significant effect (2012), and back to probable benefit in select
groups (2023), while for acute UTIs, robust RCT evidence
remains entirely absent. These findings are in line with
European Association of Urology 2025 Guidelines on
Urological Infections, which report that a highly standardised
cranberry extract formulated with phospholipids and high-
dose proanthocyanidins appears effective in preventing cystitis
recurrence episodes.®

Cranberry formulations

Several delivery systems are nowadays available. The most
studied in literature were developed by the need to improve
the bioavailability of active compounds related to cranberry
activities. The most common are represented by: microencap-
sulation using Whey Protein Isolate (WPI) developed to
improve bioavailability, liposomal/bile salt formulations where
cranberry extract loaded into bile salt activated liposomes
(BSALs) shows a sustained release pattern (61%-93% release);
chitosan-based gels or carboxymethylcellulose formulations
for a sustained and slower release of anthocyanins; phospholi-
pids formulations.®*"*® Cranberry extract was also microencap-
sulated in poly(lactide-co-glycolide) PLGA, to generate formu-
lations able to inhibit salivary biofilm.”® More research has
been performed on cranberry phospholipids (Anthocran™
Phytosome™) which is a rational formulation of cranberry
extract based on lecithin using Phytosome™ technology, an
innovative food-grade delivery system, which optimizes the
solubility, the absorption and biological properties of nutra-
ceuticals, such as cranberry extracts, by creating a solid dis-
persion of the botanical ingredient within a sunflower lecithin

This journal is © The Royal Society of Chemistry 2026

(phospholipid)-based matrix. This technology has been used
for various bioactive molecules and botanical extracts, includ-
ing quercetin, Berberis aristata extract, Coenzyme Q10,
Palmitoylethanolamide (PEA), bergamot, Melissa officinalis,
green tea from Camelia sinensis, Boswellia serrata extract and
curcuminoids from Curcuma longa L.”*7®

Natural compounds, and botanical extracts in general,
often have low solubility, poor stability, and complex chemical
structures that limit their diffusion through intestinal mem-
branes. Formulation with the phospholipids solid dispersion
was reported to prevent self-aggregation of phytochemicals
during gastrointestinal transit, to promote dispersion and
absorption in the small intestine, to optimize their tolerability
and interaction with biological membranes and the intestinal
microbiota.

This could pose an interesting rational, as a better absorp-
tion could lead to similar results by administering a lower
dosage, with consequent minimization of potential off-target
adverse events.

Regarding specifically cranberry formulated in phospholi-
pids, the rational of the formulation was mostly linked to the
target organ, thanks to the delivery of most of the active
metabolites in urine after cranberry intake. Cranberry phos-
pholipids contained the full bouquet of (poly)phenols pre-
sented in natural cranberry juice, thanks to a rigorous supply
chain from fruits harvest to manufacturing of the final health
food ingredient.>® From PACs to anthocyanins and organic
acids, cranberry in phospholipids mimics the composition of
natural cranberry juice that was the original ingredient con-
sumed in the traditional medicine of Native American for
urinary health and later investigated by modern science and
ethnopharmacology. This cranberry formulation is standar-
dized to contain 6-9% of PACs as measured by spectropho-
tometry using the DMAC method. Its pharmacokinetic profile
was studied in urines rather than human plasma, as urines are
the target for Vaccinium macrocarpon ingredient benefits for
urinary health (Baron et al, 2020%). This in-depth investi-
gation provided new insights into the absorption, metabolism,
and excretion of cranberry compounds when formulated with
phospholipids compared to the standard cranberry extract. In-
depth, that investigation allowed detection of up to 42 com-
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pounds in human urines after supplementation with cranberry
formulated with phospholipids, confirming that PACs are
almost absent in the urine after cranberry intake; on the other
hand, PACs metabolites were detected and identified.*® The
study tested urine samples from individuals who consumed
standardized cranberry extract formulated with phospholipids
and compared them to those who took unformulated cran-
berry extract, focusing on antimicrobial activity against
Candida albicans, which is key in determining infection out-
comes. The analysis revealed that urine fractions richer in
proanthocyanidins metabolites, derived from consumption of
cranberry formulated with phospholipids, were the most
effective in inhibiting Candida albicans adhesion and biofilm
formation, attributing the health benefits to PACs metabolites
rather than the parent PACs. This research contradicted the
belief that PACs themselves are the main active compounds for
health benefits, showing instead that intestinal microbiota
converts PACs into beneficial and active metabolites with sig-
nificant antimicrobial activity. Remarkably, the study showed
that cranberry phospholipids, containing ~9 mg of PACs in a
120 mg dose, demonstrated bioequivalence to 120 mg of

View Article Online
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unformulated cranberry extract (~36 mg PACs) in terms of
inhibiting Candida albicans adhesion. This highlights the
equivalence efficacy of cranberry phospholipids formulation to
cranberry extracts at 36% PACs, as it achieves the same effect
with a significantly lower PACs content, thus proving its opti-
mized bioavailability and effectiveness with high antimicrobial
activity, firstly described in human urines. Moreover, cranberry
formulated with phospholipids has been reported to allow to
reach active concentrations of phenyl-y-valerolactone in urine,
the active PACs metabolites, with a lower variability in absorp-
tion and an improved organ target accessibility, when com-
pared to unformulated cranberry extract.>® Furthermore, the
concentrations of phenyl-y-valerolactones in urine permitted
the inhibition of the adhesion and the biofilm formation of
Candida albicans and are in line with inhibitory concentrations
of Escherichia coli.*"** Human studies have demonstrated that
cranberry formulated with phospholipids is effective in alle-
viating symptoms associated with urinary tract infections
(UTIs), such as urinary frequency, urgency, dysuria, nocturia,
ache, and haematuria, and it has been shown to reduce the
recurrence of UTIs at dosages starting from 120 mg per day.”®

increases the
bioaccessibility of
bioactive
e phytochemicals ™~

o

i

is safe and tolerable
for long-term
supplementation

has been validated clinically as an
effective support for urinary health
reducing the risk of recurrent UTls

enhances the absorption
of PAC metabolites,
increasing their levels in
human urine

Cranberry formulation
with phospholipids

maintains the
(poly)phenol profile

characterizing

cranberry juice

~_| isan effective way to deliver | -~
PAC metabolites that are
active against pathogenic
Escherichia coli and Candida
albicans

Fig. 4 Main features of cranberry formulated with phospholipids.
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A randomized, double-blind, placebo-controlled study in post-
menopausal women taking SGLT2 inhibitors (antidiabetic
drugs linked to increased UTI risk) further confirms the efficacy
of cranberry formulated with phospholipids in reducing UTI
recurrence, positioning it as a beneficial supplement for those
at high risk for UTIs*® and included this as a valuable botanical
support in the European Association of Urology guidelines on
urological infections®® (2025). Furthermore, cranberry formu-
lated with phospholipids has been extensively studied and
proven to be safe for long-term use, without any serious side
effects reported.’>”®®® This formulation also respects the
natural balance of the intestinal microbiota, as demonstrated in
ex vivo studies. It maintains the physiological transformation of
(poly)phenols during microbial metabolism, supporting the
production of biologically active colonic metabolites like
phenyl-y-valerolactones.®" Hence, cranberry formulated with
phospholipids stands out for its dual advantage of supporting
urinary health and maintaining intestinal health without dis-
rupting the natural balance of gut microbiota. Taking into
account all the above evidence, the main features of cranberry
formulated with phospholipids are summarized in Fig. 4.

Conclusion

Urologists are increasingly recommending cranberry products
like juice or supplements for the prevention of recurrent
urinary tract infections (UTIs), particularly in women.
Cranberry is a rich source of bioactive compounds that exert
anti-adhesion, anti-biofilm, and antimicrobial effects against
uropathogenic E. coli, supporting its traditional and evidence-
based role in preventing UTIs. meta-Analyses indicate consist-
ent, although variable, efficacy across diverse populations,
including women, children, and high-risk groups, in prevent-
ing UTIs. Beyond urology, modest effects on glycaemic control,
blood pressure, Helicobacter pylori eradication, neural protec-
tion, antiviral potentials, cancer prevention, have been reported,
but evidence remains inconsistent and further studies are needed.

Cranberry is generally well tolerated, with gastrointestinal
discomfort the most common adverse event, though caution is
warranted in patients on warfarin, tacrolimus, or with a history
of oxalate stones. Cranberry extracts have shown to be effective
against recurrent urinary tract infections and in addition, their
lecithin-based formulation with an ameliorated urinary absorp-
tion, may present potential advantages compared to traditional
non-formulated extracts. Of note, cranberry formulated with
phospholipids is one of the few standardized cranberry ingredi-
ents with a rigorous characterization.*>®' Nonetheless, large,
well-designed randomized controlled trials of cranberry prep-
arations (including phospholipids-based formulation), are
essential to clarify its full potential on health benefits.
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