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Abstract: Plants belonging to the Ilex species are distinguished by their rich composition of diverse
phenolic compounds and various bioactive substances, which demonstrate dual functionalities in
therapeutic applications and health promotion. In recent years, these plants have garnered significant
interest among researchers. While the application scope of plant polyphenols (PPs) is extensive, the
exploration and utilization of holly polyphenols (HPs) remain comparatively underexplored. This
article reviews the research advancements regarding the predominant phenolic compounds present
in commonly studied Ilex species over the past five years and summarizes the application studies
of PPs across various domains, including pharmacological applications, food technology, health
supplements, and cosmetic formulations. The objective of this review is to provide insights into the
systematic research and development of HPs, offering references and recommendations to enhance
their value.
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1. Introduction

Plants belonging to the Ilex species within the Aquifoliaceae family are predominantly
found in temperate and subtropical regions, with an estimated total of approximately
810 species worldwide [1]. In China, more than 200 species have been identified, with the
majority distributed across the Yangtze River Basin and southern regions [2]. Notable Ilex
species, such as Ilex latifolia Thunb., Ilex cornuta Lindl. and Paxton, Ilex pubescens Hook.
and Arn., and llex kudingcha C.]. Tseng, are recognized for their considerable medicinal
value. These plants exhibit a range of beneficial properties, including antiviral effects, lipid-
lowering capabilities, anti-cancer activity, cardiovascular protection, and modulation of gut
and immune functions, which have contributed to their long-standing use in traditional
Chinese medicine [3-11].

In addition, in South American countries such as Argentina, Brazil, and Paraguay,
Yerba Mate, derived from the leaves of Ilex paraguariensis A.St.-Hil., has gained popularity
as a healthy alternative to coffee and tea. Its long-term consumption has been associated
with various health benefits, including anti-obesity and anti-diabetic effects, as well as
cardiovascular protection [12-17]. Similarly, beverages made from Ilex guayusa Loes. and
Ilex vomitoria Aiton are favored in the Amazon and the United States for their medicinal
and health-promoting properties [18-20].

Beyond their medicinal applications, Ilex species significantly contribute to landscape
architecture, providing benefits such as dust suppression, noise reduction, and the absorp-
tion of toxic gases [21-23]. Additionally, Ilex verticillata (L.) A. Gray and Ilex aquifolium
L. are commonly utilized for Christmas decorations in various countries, particularly in
Europe, due to their striking red fruits [24].

PPs are a class of common secondary metabolites with a polyphenolic structure,
predominantly found in various plant organs, including leaves, roots, fruits, stems, and
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bark. These compounds play a significant role in the growth, development, and defense of
plants [25,26]. The structure of PPs is intricate and diverse, with three primary subclasses
based on their chemical composition: flavonoids, phenolic acids, and other non-flavonoid
compounds [27]. The presence of phenolic compounds was first identified in tea leaves,
and to date, over 8000 phenolic compounds and their derivatives have been isolated and
characterized from natural sources [28,29].

PPs are abundant resources that are derived from environmentally sustainable sources
and are relatively easy to extract. These compounds exhibit a range of bioactive functions,
including antioxidant, anti-inflammatory, and antibacterial activities, as well as the potential
for disease prevention and treatment. In recent years, PPs have gained significant attention
within the medical, food, and industrial sectors, attracting interest from both researchers
and consumers. While Ilex species are known to contain polyphenolic compounds, their
potential for value utilization remains underexplored, with most of the existing literature
focusing primarily on their applications in medicine and food. Therefore, this paper aims
to review recent advancements in the research and application of PPs across various fields
to identify promising developmental pathways for HPs. This review seeks to provide
references for future development and systematic research, while also offering new insights
for enhancing the utilization of Ilex species resources.

2. Polyphenolic Compounds in Common Ilex Species

Most Ilex species contain a diverse array of polyphenols. The concentration of these
HPs can vary significantly due to several factors, including environmental conditions,
extraction methodologies, and the growth status of the plants. In China, the polyphenol
content in I. kudingcha is generally found to be higher than that in I. latifolia across nearly
all production areas [30]. The primary polyphenolic compounds identified in Ilex species
include chlorogenic acid and its derivatives, along with other minor compounds such as
neochlorogenic acid, rutin, and quercetin. These polyphenolic compounds are recognized
as key pharmacologically active molecules that impart anti-inflammatory, antibacterial,
and detoxifying properties to various plants (Table 1).

Table 1. The main polyphenols and their biological activity in common Ilex species.

Source The Main Polyphenols Biological Activity Literature

1-Caffeoylquinic acid,

L. latifolia dicaffeoylquinic acids

Antioxidant activity [31,32]

Chlorogenic acids,
L. cornuta, neochlorogenic acid,
I. kudingcha cryptochlorogenic acid,
isochlorogenic acid A, B, C

Preventing gastric injury,
antioxidant activity, [33-35]
antibacterial activities

3-caffeoylquinic acid, Antibacterial and antiviral
5-caffeoylquinic acid, activities,
. tannins, cardiovascular protective effect,
[ paraguariensis rutin, antioxidant activity, [36-39]
4-caffeoylquinic acid, anti-diabetes,
3,5-dicaffeoylquinic acid anti-obesity
1-Caffeoylquinic acid,
I. vomitoria dicaffeoylquinic acids, Anti-inflammatory activity [40,41]
rutin
Hydroxycinnamic acid, - .
I. guayusa quercetin-3-O-hexose, Antioxidant activity, [42-44]

. . anti-inflammatory activit
chlorogenic acids y y
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3. Application of PPs
3.1. Antibacterial and Anti-Inflammatory Effects

Inflammation is a defensive response initiated by the body in reaction to adverse
stimuli, including mechanical injury and microbial infection. However, prolonged inflam-
matory responses can lead to various pathological conditions. PPs have been identified
as safe and eco-friendly natural anti-inflammatory agents. For instance, polyphenols de-
rived from Tibetan tea effectively inhibit the elevation of inflammatory factor levels and
ameliorate the inflammatory response in mice subjected to a high-fat, high-sugar diet [45].
Additionally, green tea polyphenols exhibit strong inhibitory effects on the production of
pro-inflammatory cytokines and reactive oxygen species (ROS), as well as on the induc-
tion of the TLR4 signaling pathway, thereby demonstrating significant anti-inflammatory
properties [46,47].

In L. paraguariensis, polyphenol extracts have been shown to enhance the expression
levels of antioxidant-related genes and increase the activity of superoxide dismutase (SOD),
effectively mitigating oxidative damage in retinal pigment epithelium (RPE) cells. This
mechanism not only provides therapeutic and preventive benefits against age-related macu-
lar degeneration (AMD) and other retinal degeneration-related diseases but also modulates
the expression of genes associated with inflammatory immune cells, cell motility, and
intercellular interactions. Consequently, this contributes to the treatment and prevention
of inflammatory and cardiometabolic diseases [48,49]. Furthermore, the chlorogenic acid
and quercetin present in these extracts exhibit distinct neuroprotective effects in both the
forebrain and midbrain, demonstrating promising preventive capabilities against neuro-
toxic and inflammatory damage linked to lung cancer [50]. Polyphenols extracted from
I. rotunda and I. asprella have been shown to effectively inhibit the production of nitric
oxide (NO) in RAW264.7 cells, demonstrating potent anti-inflammatory activity [51,52].
Polyphenols derived from I. latifolia exert their effects by inhibiting the expression levels
of mitogen-activated protein kinases (MAPKSs), specifically extracellular signal-regulated
kinase (ERK) and c-Jun N-terminal kinase (JNK), as well as nuclear factor kappa B (NF-
kB). This inhibition leads to a reduction in the production of NO and pro-inflammatory
cytokines. Furthermore, these polyphenols play a regulatory role in the antioxidant en-
zyme system and possess potent antioxidant properties, which may help prevent diseases
associated with oxidative stress and inflammation [32,53].

Moreover, PPs are recognized as natural antimicrobial agents with extensive applica-
tions in inhibiting microbial growth. Phenolic compounds extracted from Ruta graveolens L.
significantly inhibit protein denaturation and the growth of Staphylococcus aureus, show-
casing considerable anti-inflammatory and antibacterial activities [54]. Future research on
the anti-inflammatory activity of HPs should reference the applications of other plants, with
the aim of further elucidating the mechanisms underlying anti-inflammatory and antibac-
terial effects, particularly the specific molecular signaling pathways involved. Additionally,
exploring the potential development of HPs into anti-inflammatory and antibacterial drugs,
functional foods, or dietary supplements will be of significant interest.

3.2. Anti-Aging and Anti-Fatigue Effects

Polyphenolic compounds present in highland barley tea have been demonstrated to
alleviate palmitic acid-induced mitochondrial damage in skeletal muscle in vitro, thereby
mitigating the effects of skeletal muscle aging [55]. Additionally, polyphenols derived from
A. grossedentata enhance the antioxidant capacity within the liver of mice, improve bone
metabolism during the aging process, and regulate gut microbiota, collectively contributing
to the attenuation of aging [56]. Furthermore, research indicates the potential of I. kudingcha
polyphenol extracts in aging prevention, as these extracts significantly alleviate organ
aging induced by D-galactose in mice. This is achieved through mechanisms such as
improving the morphology of aging liver, skin, and spleen tissues, reducing the production
of inflammatory cells and upregulating the expression of antioxidant-related genes and
proteins [57].
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Disruption of the body’s energy coordination can result in a heightened sense of
fatigue, with prolonged fatigue potentially precipitating related diseases. PPs exhibit
notable anti-fatigue properties, for instance, polyphenols extracted from Eleutherococcus
sessiliflorus (Rupr. and Maxim.) S.Y. Hu significantly prolong swimming endurance in mice
by increasing levels of liver glycogen, muscle glycogen, and lactate dehydrogenase activity,
while simultaneously decreasing concentrations of urea nitrogen, malondialdehyde (MDA),
and lactate [58].

The robust antioxidant capacity of PPs mitigates oxidative stress-induced cellular
damage, thereby delaying the onset of cellular aging. The anti-fatigue effects are primarily
mediated through enhanced energy metabolism, promotion of the clearance and recovery
of fatigue-related metabolites, and enhancement of immune function. Future research
should further elucidate the specific mechanisms through which HPs exert their anti-aging
and anti-fatigue effects while also exploring their applications in functional foods, dietary
supplements, cosmetics, and sports nutrition products, thus contributing significantly to
human health and quality of life.

3.3. Anti-Cancer Effects

Cancer represents a major threat to human health, with the quest for effective control
and prevention methods being a shared aspiration among patients and medical profes-
sionals alike. PPs have emerged as potent anti-cancer agents, exhibiting a range of effects
through diverse mechanisms, including the inhibition of cancer cell proliferation, sup-
pression of metastasis, and induction of apoptosis in malignant cells. For instance, green
tea polyphenols have demonstrated significant inhibitory effects on the proliferation of
breast cancer MDA-MB-231 cells, underscoring their potential as anti-cancer agents [46].
Additionally, dietary sources of PPs, such as spinosin-Na—a polyphenolic compound
extracted from Ziziphi Spinosae Semen—have shown considerable promise in inhibiting
the proliferation of colorectal cancer cells, suggesting its potential development as a dietary
preventive measure against colorectal cancer [59]. Currently, L. latifolia polyphenols have
been shown to suppress the proliferation of human lung cancer cells (A549) and promote
apoptosis through the modulation of the PI3K-Akt signaling pathway [7].

Advancements in scientific technologies are poised to enhance future research, allow-
ing the application of sophisticated methodologies such as molecular biology, genomics,
and proteomics. These approaches will facilitate a deeper understanding of the interactions
between HPs and cancer cells, ultimately providing substantial support for the develop-
ment of more effective and safer anti-cancer therapeutics. Given the successful cases of PPs
in the prevention and treatment of cancer, future research and applications of HPs in cancer
therapy are expected to lead to significant breakthroughs.

3.4. Regulation of Intestinal Health and Lipid-Lowering Effects

The gut microbiota plays a vital role in digestion, metabolism, and vitamin synthe-
sis within the human body. PPs can modulate the gut microenvironment by regulating
intestinal digestive enzyme activity, promoting lipid and glucose metabolism, and en-
hancing energy expenditure. These mechanisms collectively contribute to lipid-lowering
and anti-obesity effects, as well as reductions in blood glucose levels. For instance, green
tea polyphenols have been demonstrated to significantly downregulate the expression of
genes related to lipogenesis while upregulating genes and enzymatic activities associated
with lipid transport and catabolism, thereby alleviating obesity and decreasing blood lipid
levels [60,61]. Additionally, polyphenols derived from the leaves of Morus alba L. effectively
inhibit a-glucosidase activity and enhance the expression of genes implicated in lipid
metabolism, thus promoting glucose absorption and metabolism to exert hypoglycemic
effects [62]. Furthermore, polyphenolic compounds extracted from the leaves of Cycas
circinalis L. significantly lower blood glucose levels in diabetic mice and improve their lipid
profiles, indicating their potential for medicinal and nutritional food development [63].
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Enhancing the abundance of beneficial gut microbiota and maintaining microbial
diversity are effective strategies for promoting gut health and preventing intestinal diseases.
The polyphenols found in Fuzhuan brick tea regulate the gut microbiome by decreasing
the Firmicutes-to-Bacteroidetes ratio and increasing the abundance of Bifidobacteriaceae,
thereby significantly mitigating the onset of obesity [64]. Similarly, polyphenols from
red-osier dogwood have been recognized for their ability to promote gut health and
are frequently utilized as prebiotics in the animal and food industries [65]. Moreover,
polyphenolic compounds present in the leaves of Ceratonia siliqgua L. can diminish the
expression of pro-inflammatory cytokines in the colon, adipose tissue, and spleen of mice,
while also reducing NO production [66]. Additionally, polyphenols from A. argyi have been
shown to enhance the levels of beneficial bacteria and favorable metabolites, demonstrating
promising therapeutic effects against obesity and colonic inflammation induced by dextran
sulfate sodium (DSS) [67].

In I. kudingcha, polyphenol extracts have been shown to enhance the activities of
endogenous enzymes, including SOD and glutathione peroxidase (GSH-PX), in rats. These
extracts inhibit the production of lipid peroxidation products, such as MDA, as well as
serum lipopolysaccharide (LPS) levels and metabolic enzyme activity. Consequently, this
leads to a reduction in blood lipid levels and decreased absorption of fats and carbohydrates.
Additionally, these extracts may reduce the abundance of Erysipelothrix species, enhance
the diversity of the gut microbiota, and demonstrate lipid-lowering and weight-reducing
effects [64,68]. Given the increasing prevalence of obesity, hyperglycemia, hyperlipidemia,
and gut-related diseases attributed to irregular lifestyles and dietary habits, the applica-
tion of HPs in regulating gut health, lowering lipid levels, reducing blood glucose, and
preventing obesity offers considerable promise, particularly as public awareness of health
continues to grow.

3.5. Beauty and Whitening Effects

Long-term exposure to ultraviolet (UV) radiation is associated with substantial damage
to human skin, manifesting as sunburn, hyperpigmentation, moisture depletion, and a re-
duction in skin elasticity and firmness. Recent studies have demonstrated that polyphenolic
extracts from Moringa oleifera Lam. can effectively modulate oxidative stress in photo-aged
skin, thereby enhancing tissue morphology and collagen structure. This modulation confers
protective effects against photo-aging induced by UV radiation [69]. Similarly, I. kudingcha
polyphenol extracts play a critical role in mitigating UV-induced skin damage by lowering
serum MDA activity, reducing levels of inflammatory factors (IL-6, IL-13, and TNF-«),
and decreasing hydrogen peroxide levels in skin tissue, thereby protecting damaged skin
cells [70].

Tyrosinase, an enzyme that catalyzes the oxidation of tyrosine to produce melanin,
plays a critical role in various biochemical pathways, and dysregulation of this enzyme
can result in skin disorders. Notably, polyphenols derived from Rubus chingii Hu have
exhibited significant inhibitory effects on both intracellular and extracellular tyrosinase
activity, leading to a marked reduction in intracellular melanin synthesis [71]. Furthermore,
traditional whitening cosmetics often pose adverse effects on both health and the environ-
ment due to their production processes and raw materials. In contrast, safe and non-toxic
natural cosmetics formulated from PPs have garnered increasing attention in research, both
domestically and internationally. For example, hand creams enriched with polyphenols
from Pu’er tea are characterized by their non-irritating properties, distinctive tea fragrance,
appealing coloration, and superior moisturizing capabilities [72].

The unique chemical structure and biological activities of PPs underscore their con-
siderable potential for application in beauty and whitening cosmetics. These compounds
exhibit a range of beneficial properties, including antioxidant, anti-inflammatory, antibacte-
rial, whitening, and anti-aging effects, which collectively enhance skin quality and mitigate
damage from external stressors such as UV radiation. The cosmetics industry is witnessing
a discernible shift toward green and sustainable practices, with natural and eco-friendly



Plants 2024, 13, 3271

6 of 13

ingredients, particularly PPs, being increasingly incorporated into various beauty and
whitening products, including creams, serums, and masks. Anticipated trends suggest that
consumer acceptance and market demand for cosmetics containing PPs will continue to
grow. Future research should aim to elucidate the mechanisms underlying the antioxidant,
anti-inflammatory, and whitening effects of HPs, facilitating the development of more
targeted and effective beauty products that align with consumer preferences for natural,
safe, and efficacious skincare solutions.

3.6. Animal Husbandry and Breeding Field

The antioxidant and antibacterial properties, along with various other biological ac-
tivities of PPs, have increasingly positioned them as a focal point of research within the
livestock industry. These compounds are commonly utilized as feed additives, contribut-
ing to enhanced animal growth and improved production performance through their
anti-inflammatory and intestinal protective functions. For instance, the incorporation of
80 g-d~! of bamboo leaf polyphenol extract into the diets of beef cattle has been shown to
optimize gut microbiota composition and alter ruminal fermentation characteristics. This
modification subsequently enhances the metabolic utilization of feed and the digestibility
of fiber components, leading to increased daily weight gain in beef cattle [73]. Moreover,
the inclusion of Eucommia ulmoides Oliv. leaf polyphenol extract in pig diets significantly
increases muscle fiber density while concurrently reducing muscle fiber diameter, thereby
improving muscle fiber composition and enhancing meat quality [74].

In dairy cattle, the addition of green tea polyphenols during the early lactation period
has been demonstrated to positively influence lipid metabolism and mitigate reductions in
feed intake due to summer heat stress, ultimately resulting in increased milk production.
When included in dog food, these polyphenols effectively inhibit fatty acid synthesis
and transport, thereby modulating lipid metabolism and exerting a lipid-lowering effect
that aids in controlling body weight, which is particularly beneficial for the treatment
or prevention of obesity in pet dogs [75-77]. In the context of aquaculture, the addition
of 1% M. oleifera leaf polyphenol extract to the feed of Oreochromis niloticus significantly
enhances the activity of antioxidant enzymes in the liver and kidneys while upregulating
the expression levels of anti-inflammatory genes. This intervention effectively ameliorates
liver and kidney damage induced by abamectin [78]. Furthermore, the incorporation
of 500 mg/kg of I. chinensis leaf polyphenol extract into broiler diets has been found to
enhance intestinal digestion and absorption, improve gut health, increase serum SOD
activity, and decrease serum MDA concentrations. These effects collectively contribute
to improved antioxidant capacity and growth performance in broilers [79]. Moreover,
incorporating polyphenols from I. latifolia into the feed of piglets with intestinal injury
significantly enhances the antioxidant capacity of the intestinal mucosa, improves the
histological and functional characteristics of the intestinal lining, and alleviates damage to
intestinal epithelial cells caused by ferroptosis by regulating the expression of cell-related
genes and proteins [80].

In conclusion, PPs have significant potential in the livestock and aquaculture indus-
tries, as they can reduce feed costs while effectively improving animal performance and
product quality. However, appropriate inclusion levels should be carefully selected when
used as feed additives. Future applications of HPs in the livestock industry could draw
insights from the applications of other plant species, including the relevant fields and
animal species involved. Additionally, further experimental studies are required to provide
a stronger scientific foundation for the practical application of HPs in production.

3.7. Food Industry

In comparison to traditional chemically synthesized preservatives, PPs are increas-
ingly utilized in food preservation due to their environmentally friendly nature, safety,
and abundant availability, along with their high antibacterial and antioxidant efficacy.
However, it is crucial to recognize that the effectiveness of preservation and consumption
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is influenced by the concentration of added PPs. For instance, in a 20 °C environment,
a concentration of 0.4 g-L~! of Lycium chinense Mill. leaf polyphenol extract exhibited
superior preservation efficacy for Lycopersicon esculentum Mill. compared to concentrations
of 0.2 and 0.6 g-L~! [81]. Moreover, the judicious addition of Elaeagnus rhamnoides (L.) A.
Nelson leaf polyphenols to apple juice effectively mitigates browning, minimizes vitamin
C degradation, and achieves preservation while maintaining flavor and nutritional value.
However, excessive polyphenol incorporation may detrimentally impact the quality, taste,
and color of the juice [82].

The integration of PPs during food processing can enhance the quality, flavor, tex-
ture, and shelf life of food products. Specifically, the incorporation of 0.03% Zanthoxylum
bungeanum Maxim. leaf polyphenol extract in the processing of salted silver carp effectively
reduces lipid oxidation levels while imparting distinctive flavors, colors, and textures [83].
Additionally, the inclusion of Solenostemma argel (Delile) Hayne leaf polyphenols in chicken
meatballs can decrease mold counts, improve lipid oxidation status, and enhance an-
tioxidant activity without adversely affecting sensory characteristics, thereby effectively
prolonging shelf life [84]. In sausage production, the addition of PPs can improve color
quality, slow down oxidation rates, enhance microbial quality, and modify the microbial
community structure, ultimately extending the shelf life of the product [85,86].

In the beverage industry, adding 0.1% total polyphenol extract from dandelion tea
to plant-based beverage formulations has yielded positive feedback regarding taste, color,
clarity, and aroma, imparting a unique flavor to the drink [87]. By incorporating lotus
leaf polyphenols into traditional yellow wine brewing methods, a special yellow wine can
be produced that exhibits higher antioxidant capacity compared to conventional yellow
wine [88]. PPs also show significant potential in seafood preservation; for instance, adding
polyphenols from Platostoma palustre (Blume) A.J. Paton and Vaccinium sp. leaves during
the storage of shrimp and squid balls can effectively inhibit lipid oxidation and microbial
growth, slow down protein degradation, and reduce total bacterial counts, thereby delaying
spoilage and extending shelf life [89,90].

Recent studies have demonstrated that PPs can act as natural plant-based antioxidants
in edible oils, significantly enhancing the oxidative stability of fats. These compounds offer
several advantages, including high safety, non-toxicity, and potent antioxidant capabilities.
For instance, the incorporation of 0.07% Thymus vulgaris L. leaf polyphenol extract into
soybean oil markedly improves its oxidative stability [91]. Similarly, the addition of 0.01%
to 0.02% Psidium guajava L. leaf polyphenols into lard and peanut oils effectively reduces
the oxidation rate of these fats [92]. In conclusion, PPs have found extensive applications
within the food industry, functioning not only as natural antioxidants to prolong the
shelf life of food products but also in enhancing their taste, color, and nutritional value.
Furthermore, there exists significant potential for the development of functional foods and
dietary supplements tailored to address specific health needs in the future.

Food packaging made from PPs demonstrates notable antibacterial and antioxidant
properties, effectively inhibiting the proliferation of microorganisms and preventing the
oxidation of nutrients within food products. The incorporation of polyphenol extracts
derived from M. alba leaves into pectin-based edible films can significantly improve their
mechanical properties, as well as their antioxidant and antibacterial activities. Furthermore,
the natural preservatives, antioxidants, and antibacterial agents obtained from this extract
enhance the quality of fresh-cut fruits, exhibiting substantial effects in delaying fruit
softening and preserving color integrity [93,94]. Additionally, applications of HPs in the
food industry have been documented. For instance, the incorporation of polyphenol
extracts from I. paraguariensis into the fabrication process of corn starch films significantly
enhances the antioxidant properties, heat resistance, and mechanical strength of the films,
rendering them suitable as environmentally friendly packaging materials [95].
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4. Conclusions and Prospects

PPs are abundant in nature, readily accessible, cost-effective, and renewable, showcas-
ing a wide range of biological activities that underscore their substantial potential and value
for various applications. Presently, PPs are employed across multiple sectors, including
medicine, food, industry, and healthcare (Figure 1).

Medicine
Regulating intestinal health
Inhibit cancer cell proliferation
Bacteriostat

i Beaut industry
- o Made as hand cream
Relieve skin aging
Reduce melanin production

e

Breeding industry

Improve meat quality
Beneficial for animal health
Feed additive

JJ?
‘f)pl o )‘b
IT Supa° - -
AOHTE Food Science

"" T Food preservation
{ \ ”) . p_—
¢ ~ Food processing

\ Make beverages

Figure 1. Current status of PP development and utilization. The blue section indicates applications in
the field of medicine. The green section indicates applications in the field of beauty industry. The
yellow section indicates applications in the field of breeding industry. The gray section indicates
applications in the field of food science.

Recent advancements in the separation and purification techniques for HPs have
been achieved through various efficient extraction methods, including solvent extraction,
microwave-assisted extraction, and ultrasonic-assisted extraction. The favorable bioactivity
of HPs indicates substantial application potential across multiple fields, such as food,
pharmaceuticals, and landscaping. Notably, in the medical field, its diverse biological
activities, including antioxidant, anti-inflammatory, antitumor, and antibacterial effects,
hold promise for the prevention and treatment of a wide range of diseases. Nonetheless,
significant challenges persist that hinder the advancement of HPs, particularly concerning
the enhancement of their development, increased recognition, and broader application.
This paper delineates the obstacles faced in the development and utilization of HPs, while
exploring several avenues that may facilitate their future advancement and application,
informed by the current landscape of PP research and development.

First, concerning raw materials, Ilex species are widely distributed worldwide and en-
compass numerous species. However, current research on the extraction, characterization,
and subsequent studies of HPs is predominantly limited to a select few species, including L.
paraguariensis, 1. latifolia, and I. kudingcha. Future investigations should broaden their focus
to encompass a wider array of Ilex species. Such expansion not only has the potential to
enhance the sources of HPs but also facilitates the discovery of novel polyphenolic com-
pounds, thereby establishing a robust foundation for future development and utilization.

Second, with regard to quality, yield, and utilization rates, there remains considerable
potential for improvement in both the quality and yield of HPs. Strategies to enhance
the quality and yield of HPs may include the application of plant growth regulators [96],
regulation of light conditions [26], optimization of extraction processes [97-99], solution
treatments [100], and improvements in soil quality [101] (Figure 2). Furthermore, studies
have demonstrated that encapsulating PPs within microcapsules can effectively protect
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the active ingredients from degradation due to external conditions, thus facilitating im-
proved storage and transportation. This approach enhances the antioxidant properties and
controlled release of PPs. For instance, polyphenol nanoparticles derived from Eucalyptus
robusta Sm. leaves exhibited superior solubility and release rates in simulated in vitro
digestion experiments when compared to free E. robusta leaf polyphenols, significantly
improving the stability and bioavailability of the polyphenols [102]. The microencapsu-
lation of PPs offers high stability and utilization rates, positioning it as a focal point for
future research.

Salicylic acid Me th() d C/N ratio

Methyl jasmonate pH

L Extraction time “
‘ NaCl
o Extract solvent

Temperature

Soil quality

Solution processing

J Solid-liquid ratio Quaiity CaClz

= Production

Photoperiod v } (

= Light intensity
S 4

> -

Microencapsulation

Extraction process

Lighting conditions Light quality HO“y Polyphenols

Figure 2. Methods to enhance the quality, yield, and utilization rate of HPs. The blue section indicates
the use of plant growth regulators. The yellow section represents improvements in extraction
techniques. The gray section denotes alterations in light conditions. The orange section reflects
enhancements in soil quality. The green section signifies the application of solution treatments. The
brownish-yellow section indicates the utilization of microencapsulation technology.

Thirdly, with regard to bioactivity and future development trends, current research on
the bioactivity and functional characteristics of HPs remains limited. Consequently, Ilex
species have predominantly been explored in medicine and food science. Future research
should prioritize a deeper investigation into the composition and structural properties
of HPs, with the aim of uncovering additional bioactive components and elucidating the
underlying mechanisms of action. This will not only broaden the scope of HPs” potential
applications but also enhance their feasibility for development in diverse fields.

Fourthly, in the context of resource conservation and sustainable development, Ilex
species represent a valuable source of medicinal plant resources, highlighting the impor-
tance of their conservation and sustainable management. It is essential to intensify efforts
in monitoring and assessing these resources, alongside developing well-structured har-
vesting and cultivation strategies to ensure their long-term sustainability. Furthermore,
research on HPs should encourage interdisciplinary collaboration, facilitating the continued
advancement of both fundamental and applied research for HPs’ development.

Author Contributions: Writing—original draft preparation and editing, G.C.; writing—review, Y.Y,;
supervision, B.Z.; project administration and funding acquisition, D.Y. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the open project of Key Laboratory of Quality Control and Re-
sistance Breeding of Characteristic Horticultural Crops in Ningbo City, grant number NBYYL2023003.



Plants 2024, 13, 3271 10 of 13

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Kruessmann, G.; Warda, H. Manual of Cultivated Conifers; Batsford: London, UK, 1985.

2. Zeng,]. Contributions to the Aquifoliaceae of China. Bull. Bot. Res. 1981, Z1, 1-44.

3. Cui, M; Tian, J.; Sun, J.; Li, X,; Xu, Q.; Ma, J.; Liu, K.; Liu, K. Isolation, Structural Analysis and Anti-Inflammatory Activity of a
Polysaccharide from Ilex cornuta Fruits. Chem. Biodivers. 2022, 19, €202200084. [CrossRef] [PubMed]

4. Li, X,; Yuan, R.; Wang, Q.; Han, S.; Liu, Z.; Xu, Q.; Yang, S.; Gao, H. Rotundic acid reduces LPS-induced acute lung injury in vitro
and in vivo through regulating TLR4 dimer. Phytother. Res. 2021, 35, 4485-4498. [CrossRef]

5. Li, Y; Yang, X,; Yuan, J.; Lin, R.; Tian, Y.; Li, Y.; Zhang, Y.; Wang, X,; Xie, Y.; Wang, S.; et al. Ilex rotunda Thunb Protects Against
Dextran Sulfate Sodium-Induced Ulcerative Colitis in Mice by Restoring the Intestinal Mucosal Barrier and Modulating the
Oncostatin M/Oncostatin M Receptor Pathway. Front. Pharmacol. 2022, 13, 819826. [CrossRef]

6. Garcia-Lazaro, R.; Lamdan, H.; Caligiuri, L.; Lorenzo, N.; Berengeno, A.; Ortega, H.; Alonso, D.; Farina, H. In vitro and in vivo
antitumor activity of Yerba Mate extract in colon cancer models. J. Food Sci. 2020, 85, 2186-2197. [CrossRef]

7. Chen,],;Du,Y,; Long, Y.;; Tao, D.; Hu, M.; Jiang, Y.; Wan, Y.; Yang, D. Polyphenols in Ilex latifolia Thunb. inhibit human lung
cancer cell line A549 by regulation of the PI3K-Akt signaling pathway. BMC Complement. Med. Ther. 2022, 22, 85. [CrossRef]

8.  Chen, G,; Zhang, L.; Chen, L.; Chen, M.; Li, N.; Liu, X,; Feng, Y.; Han, Y.; Hu, Y. Rotundic Acid Regulates the Effects of Let-7f-5p
on Caco?2 Cell Proliferation. Anti-Cancer Agents Med. Chem. 2021, 21, 902-909.

9.  Yu, D, Zhu, Z; Wang, M,; Ding, X.; Gui, H.; Ma, J; Yan, Y,; Li, G.; Xu, Q.; Wang, W.; et al. Triterpenoid saponins from Ilex cornuta
protect H9c2 cardiomyocytes against H202-induced apoptosis by modulating Ezh2 phosphorylation. J. Ethnopharmacol. 2021, 269,
113691. [CrossRef]

10. Pachura, N.; Kupczynski, R.; Lewandowska, K.; Wlodarczyk, M.; Klemens, M.; Kuropka, P.; Nowaczyk, R.; Krzystek, K,;
BednarzMisa, I.; Sozanski, T.; et al. Biochemical and Molecular Investigation of the Effect of Saponins and Terpenoids Derived
from Leaves of Ilex aquifolium on Lipid Metabolism of Obese Zucker Rats. Molecules 2022, 27, 3376. [CrossRef]

11. Shi, Z; An, L.; Zhang, S.; Li, Z.; Li, Y.; Cui, ].; Zhang, ]J.; Jin, D.; Tuerhong, M.; Abudukeremu, M.; et al. A heteropolysaccharide
purified from leaves of Ilex latifolia displaying immunomodulatory activity in vitro and in vivo. Carbohydr. Polym. 2020, 245,
116469. [CrossRef]

12. Yue, Z.;Fu, H;Ma, H,; Ma, H,; Li, L,; Feng, Z.; Yin, Y.; Wang, F; Du, B.; Liu, Y.; et al. Exploration of the main active components
and pharmacological mechanism of Yerba Mate based on network pharmacology. Endokrynol. Pol. 2022, 73, 725-735. [CrossRef]
[PubMed]

13. Chase, W,; Erin, S.; Cali, W.; John, L.; Nicole, R.; Paul, R.; Jason, H.; Benjamin, B. Yerba Maté (Ilex paraguariensis) Supplement
Exerts Beneficial, Tissue-Specific Effects on Mitochondrial Efficiency and Redox Status in Healthy Adult Mice. Nutrients 2023, 15,
4454. [CrossRef] [PubMed]

14. Samoggia, A.; Landuzzi, P.; Vicién, C. Market Expansion of Caffeine-Containing Products: Italian and Argentinian Yerba Mate
Consumer Behavior and Health Perception. Int. J. Environ. Res. Public Health 2021, 18, 8117. [CrossRef]

15. Ceylan, H.; Aydin, A.; Pehlivanoglu, S. Yerba Mate Attenuates Oxidative Stress Induced Renal Cell Damage. J. Herb. Med. 2023,
42,100793. [CrossRef]

16. Baerley, V,; Itavo, C.; Itavo, L.; Nazario, C.; Nadai, B.; Dos, S.; Dos, S.; Melo, G.; Gurgel, A.; Melo, S.; et al. Antioxidant action of
yerba mate on carcass and meat characteristics and fatty acid profile in meat and fat of lambs finished in tropical pastures. Trop.
Anim. Health Prod. 2023, 55, 109. [CrossRef] [PubMed]

17.  Vereschuk, M.; Alvarenga, A.; Zapata, P. Fungal Diseases in Yerba Mate: Status and Management Strategies. Curr. Microbiol. 2024,
81, 190. [CrossRef]

18. Garcia, A.; Baenas, N.; Benitez, A.; Stinco, C.; Meléndez, A.; Moreno, D.; Ruales, J. Guayusa (Ilex guayusa L.) new tea: Phenolic
and carotenoid composition and antioxidant capacity. J. Sci. Food Agric. 2017, 97, 3929-3936. [CrossRef]

19. CadenaCarrera, S.; Tramontin, D.; Jacques, R.; Scapin, E.; Miiller, J.; Hense, H. Green-based methods to obtain bioactive
compounds from Ilex guayusa Loes. using polar solvent. Nat. Prod. Res. 2022, 37, 3103-3108. [CrossRef]

20. Negrin, A.; Long, C.; Motley, T.; Kennelly, E. LC-MS Metabolomics and Chemotaxonomy of Caffeine-Containing Holly (Ilex)
Species and Related Taxa in the Aquifoliaceae. ]. Agric. Food Chem. 2019, 67, 5687-5699. [CrossRef]

21. Gao, C. Research on Dust Retention Capacities and Physiological Properties of Different Typical Green Plants in Nanning City.
Res. Soil Water Conserv. 2016, 23, 187-192.

22. Liang, Y.; Li, Z,; Lei, S.; Zhang, X.; Zhang, Y. Evaluation on Plants for Noise Reduction in Yangling and Related Influencing Factor.
Shaanxi For. Sci. Technol. 2016, 6, 16-20+26.

23.  Zhang, H.; Wei, Q.; Tang, G.; Lu, Q. The physiological responds of seven Ilexs to benzene stress and their benzene resistance
capacity. J. Nanjing For. Univ. (Nat. Sci. Ed.) 2015, 39, 174-178.

24. Karlovi¢, K.; Mesi¢, A. Use of Holly (Ilex aquifolium L.) in urban landscape. Glas. Zastite Bilja 2020, 43, 4-10. [CrossRef]


https://doi.org/10.1002/cbdv.202200084
https://www.ncbi.nlm.nih.gov/pubmed/35484695
https://doi.org/10.1002/ptr.7152
https://doi.org/10.3389/fphar.2022.819826
https://doi.org/10.1111/1750-3841.15169
https://doi.org/10.1186/s12906-022-03568-3
https://doi.org/10.1016/j.jep.2020.113691
https://doi.org/10.3390/molecules27113376
https://doi.org/10.1016/j.carbpol.2020.116469
https://doi.org/10.5603/EP.a2022.0026
https://www.ncbi.nlm.nih.gov/pubmed/36059165
https://doi.org/10.3390/nu15204454
https://www.ncbi.nlm.nih.gov/pubmed/37892529
https://doi.org/10.3390/ijerph18158117
https://doi.org/10.1016/j.hermed.2023.100793
https://doi.org/10.1007/s11250-023-03521-7
https://www.ncbi.nlm.nih.gov/pubmed/36917307
https://doi.org/10.1007/s00284-024-03707-8
https://doi.org/10.1002/jsfa.8255
https://doi.org/10.1080/14786419.2022.2140802
https://doi.org/10.1021/acs.jafc.8b07168
https://doi.org/10.31727/gzb.43.6.1

Plants 2024, 13, 3271 11 of 13

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Zhao, Y;; Yu, T.; Zheng, Z.; Chen, W.; Gong, S.; Song, T.; Li, X.; Yu, H. Research progress on distribution and bioactivity of
polyphenols in plants. Chin. Tradit. Herb. Drugs 2023, 54, 5825-5832.

Li, Y; Xia, L,; Yang, X.; Xie, X.; Li, F; Yang, J.; Ning, Q.; Wu, M. Research Progress on Light-regulated Synthesis of Plant
Polyphenols. Curr. Biotechnol. 2024, 14, 509-518.

Yue, H.; Li, X.; Lang, Y. Research Progress on The Application of Polyphenolic Compounds in Aquafeeds. Feed Ind. Mag. 2024, 45,
70-77.

Jiang, Z.; Du, Z.; Zhao, X.; Tu, X.; Mao, P. Research progress of phenolics compound. . Shenyang Norm. Univ. (Nat. Sience Ed.)
2023, 41, 548-555.

Ren, Z.; Guo, Z.; Yi, L.; Yuan, Y. Research Progress on Bioactivity of Plant Polyphenols. Mod. Food 2023, 29, 108-110.

Li, Y;; Xu, X.; Wang, Q.; Yang, L.; Li, R.; Tao, Z.; Liu, Y.; Huang, S. Research Progress on Antioxidant Activity of Lrage-leaved
Kudingcha. J. Guangxi Acad. Sci. 2024, 40, 21-30.

Sun, Y. Extraction, Purification, Structure and Antioxidant Activities of Polyphenols and Polysaccharides in Ilex kudingcha. Ph.D.
Thesis, Nanjing Agricultural University, Nanjing, China, 2010.

Chen, Y,; Sun, X,; Fang, L.; Jiang, X.; Zhang, X.; Ge, Z.; Wang, R.; Wang, C. Optimization of Ultrasound-Assisted Extraction of
Polyphenols from Ilex latifolia Using Response Surface Methodology and Evaluation of Their Antioxidant Activity. Molecules 2022,
27,3999. [CrossRef]

Zhao, X.; Sun, P; Li, G.; Yi, R;; Qian, Y.; Park, K. Polyphenols in Kuding tea help prevent HCl/ethanol-induced gastric injury in
mice. Food Funct. 2018, 9, 1713-1725. [CrossRef]

Yu, X,; Zhai, D.; Hu, Z.; Teng, Y.; Zhu, W.; Li, S.; Bai, X. Study on Constituents of Ilex cornuta var. fortunei Fruit and Their Antioxidant
and Bacteriostatic Activity. For. Res. 2020, 33, 135-142.

Wang, L. Establishment of Ilex cornuta leaves Quality Standard and the Study of Antioxidant Activity of Polyphenols. Master’s
Thesis, Wan Nan Medical College, Wuhu, China, 2020.

Gan, Y.; Zhang, D.; Wang, M.; Harold, C. Health Benefits of Bioactive Compounds from the Genus Ilex, a Source of Traditional
Caffeinated Beverages. Nutrients 2018, 10, 1682. [CrossRef]

Raquel, M.; Gema, B.; Beatriz, S.; Laura, B. Improved LC-MS n characterization of hydroxycinnamic acid derivatives and flavonols
in different commercial mate (Ilex paraguariensis) brands. Quantification of polyphenols, methylxanthines, and antioxidant activity.
Food Chem. 2018, 241, 232-241.

Katarzyna, N.; Rafat, R.; Anna, S.; Ewelina, H.; Krzysztof, B. Changes in the Physicochemical and Bioactive Properties of Yerba
Mate Depending on the Brewing Conditions. Molecules 2024, 29, 2590. [CrossRef]

Pachura, N.; Wlodarczyk, M.; Bazanéw, B.; Pogorzelska, A.; Gebarowski, T.; Kupczynski, R.; Szumny, A. Antiviral and Cytotoxic
Activities of Ilex aquifolium Silver Queen in the Context of Chemical Profiling of Two Ilex Species. Molecules 2024, 29, 3231.
[CrossRef]

Noratto, G.; Kim, Y.; Talcott, S.; Mertens-Talcott, S. Flavonol-rich fractions of yaupon holly leaves (Ilex vomitoria, Aquifoliaceae)
induce microRNA-146a and have anti-inflammatory and chemopreventive effects in intestinal myofribroblast CCD-18Co cells.
Fitoterapia 2011, 82, 557-569. [CrossRef]

Kim, Y;; Talcott, S. Tea creaming in nonfermented teas from Camellia sinensis and Ilex vomitoria. J. Agric. Food Chem. 2012, 60,
11793-11799. [CrossRef]

Villacis-Chiriboga, J.; Garcia-Ruiz, A.; Baenas, N.; Moreno, D.; Meléndez-Martinez, A.; Stinco, C.; Jerves-Andrade, L.; Le6n-
Tamariz, E; Ortiz-Ulloa, J.; Ruales, J. Changes in phytochemical composition, bioactivity and in vitro digestibility of guayusa
leaves (Ilex guayusa Loes.) in different ripening stages. J. Sci. Food Agric. 2018, 98, 1927-1934. [CrossRef]

Robert, K.; Odete, M.; Shambhu, R.; Robert, M.; Richard, K. General and Genetic Toxicology of Guayusa Concentrate (Ilex guayusa).
Int. |. Toxicol. 2016, 35, 222-242.

Yasiel, A.; Matteo, R.; Luis, R.; Yudel, G.; Laura, S. Optimisation of ultrasound-assisted extraction of phenolic antioxidants from
Ilex guayusa Loes. leaves using response surface methodology. Heliyon 2020, 6, e03043.

Hao, J.; Guo, Y,; Xu, Q.; Zhao, D.; Zhang, L.; Li, F,; Xiong, Y.; Liu, X.; Wang, D. Improving effects of Tibetan tea polyphenols on
glycolipid metabolism. China Meas. Test 2024, in press.

Arpan, S.; Asheela, D,; Sijisha, K.; Anusha, R.; Tripti, M.; Siby, M.; Mathew, A.; Jagadish, R.; Priya, S. Comparative studies on the
antioxidant, anticancer and anti-inflammatory activities of green tea, orthodox black tea and CTC black tea. J. Food Sci. Technol.
2024, 61, 1315-1325.

Li, Y;; Sajid, U.; Huang, Y.; Zhang, Y.; Ming, P.; Zhu, L.; Chu, X; Li, J.; Feng, S.; Wang, X.; et al. Green tea polyphenols decrease
weight gain, ameliorate alteration of gut microbiota, and mitigate intestinal inflammation in canines with high-fat-diet-induced
obesity. J. Nutr. Biochem. 2020, 78, 108324. [CrossRef] [PubMed]

Tate, P.; Marazita, M.; Marquioni-Ramella, M.; Suburo, A. Ilex paraguariensis extracts and its polyphenols prevent oxidative
damage and senescence of human retinal pigment epithelium cells. J. Funct. Foods 2020, 67, 103833. [CrossRef]

Ruskovska, T.; Morand, C.; Bonetti, C.; Gebara, K.; Cardozo, J.; Milenkovic, D. Multigenomic modifications in human circulating
immune cells in response to consumption of polyphenol rich extract of yerba mate (Ilex paraguariensis A. St.-Hil.) are suggestive
of cardiometabolic protective effects. Br. J. Nutr. 2022, 129, 1-60. [CrossRef]

Cittadini, M.; Repossi, G.; Albrecht, C.; Di, P.; Miranda, A.; Pascual-Teresa, S.; Soria, E. Effects of bioavailable phenolic compounds
from Ilex paraguariensis on the brain of mice with lung adenocarcinoma. Phytother. Res. 2019, 33, 1142-1149. [CrossRef]


https://doi.org/10.3390/molecules27133999
https://doi.org/10.1039/C7FO01754E
https://doi.org/10.3390/nu10111682
https://doi.org/10.3390/molecules29112590
https://doi.org/10.3390/molecules29133231
https://doi.org/10.1016/j.fitote.2011.01.013
https://doi.org/10.1021/jf303555f
https://doi.org/10.1002/jsfa.8675
https://doi.org/10.1016/j.jnutbio.2019.108324
https://www.ncbi.nlm.nih.gov/pubmed/32004926
https://doi.org/10.1016/j.jff.2020.103833
https://doi.org/10.1017/S0007114522001027
https://doi.org/10.1002/ptr.6308

Plants 2024, 13, 3271 12 of 13

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Xing, J.; Du, B.; Feng, X.; Zhang, H.; Han, Z.; Gao, Z.; Tu, P.; Chai, X. Phenolic constituents from stems of Ilex asprella. China J. Chin.
Mater. Medica 2018, 43, 4267-4273.

Peng, S. Chemical Constituents and Pharmacological Activities of Ilex rotunda and Sapium discolor. Master’s Thesis, University of
Chinese Academy of Sciences, Beijing, China, 2022.

Zhang, T.; Hu, T;; Jiang, J.; Zhao, J.; Zhu, W. Antioxidant and anti-inflammatory effects of polyphenols extracted from Ilex latifolia
Thunb. RSC Adv. 2018, 8, 7134-7141. [CrossRef]

Mokhtar, M.; Youcefi, F,; Keddari, S.; Saimi, Y.; Elhao, S.; Cacciola, F. Phenolic content and in vitro antioxidant and anti-
inflammatory evaluation of Algerian Ruta graveolens L. Chem. Biodivers. 2022, 19, €202200545. [CrossRef]

Nie, C. Functional Study of Phenolic Substances in Highland Barley Tea on Alleviating Skeletal Muscle Agin. Ph.D. Thesis,
Jiangnan University, Wuxi, China, 2023.

Pan, J.; Hong, K.; Yu, L.; Zhang, C.; Zhang, Q.; Zhai, Q.; Tian, F. Effects of Ampelopsis Grossedentata Polyphenols on Bone
Metabolism and Gut Microbiota in Aging Mice. J. Food Sci. Biotechnol. 2024, 43, 46-53.

Mu, J.; Yang, F; Tan, F; Zhou, X;; Pan, Y,; Long, X.; Zhao, X. Determination of Polyphenols in Ilex kudingcha and Insect
Tea (Leaves Altered by Animals) by Ultra-high-performance Liquid Chromatography-Triple Quadrupole Mass Spectrometry
(UHPLC-QqQ-MS) and Comparison of Their Anti-Aging Effects. Front. Pharmacol. 2021, 11, 600219. [CrossRef]

Liu, Q. Study on the Purification of Polyphenols Extract from Acanthopanax sessiliflorus by Macroporous Resin and Its Anti-fatigue
Effect. Storage Process 2020, 20, 171-177.

Xie, Y. The Active Component Identification of Polyphenols from Ziziphi Spinosae Semen Against Colon Cancer and Its Molecular
Mechanism. Master’s Thesis, Shanxi University, Taiyuan, China, 2020.

Zhou, J.; Tang, L.; Shen, C.; Wang, J. Green tea polyphenols modify gut-microbiota dependent metabolisms of energy, bile
constituents and micronutrients in female Sprague-Dawley rats. J. Nutr. Biochem. 2018, 61, 68-81. [CrossRef]

Huang, J.; Zhang, Y.; Zhou, Y.; Zhang, Z.; Xie, Z.; Zhang, J.; Wan, X. Green tea polyphenols alleviate obesity in broiler chickens
through the regulation of lipid-metabolism-related genes and transcription factor expression. J. Agric. Food Chem. 2013, 61,
8565-8572. [CrossRef]

Zhan, P,; Chen, T.; Zhao, H.; Dong, X.; Feng, J.; Liu, Q.; Zhong, S.; Sun, Q. Study on The Mechanism of Hypoglycemic Effect of
Mulberry Leaf Polyphenols. Acta Sericologica Sin. 2024, 50, 242-251.

Arshad, M.; Chaudhary, A.; Waseem, M.; Raza, S.; Ahmad, M.; Mukhtar, H.; Bashir, R. Polyphenol fingerprinting and hypo-
glycemic attributes of optimized Cycas circinalis leaf extracts. J. Sci. Food Agric. 2020, 101, 1530-1537. [CrossRef]

Chen, G.; Xie, M; Dai, Z.; Wan, P.; Ye, H.; Zeng, X.; Sun, Y. Kudingcha and Fuzhuan Brick Tea Prevent Obesity and Modulate Gut
Microbiota in High-Fat Diet Fed Mice. Mol. Nutr. Food Res. 2018, 62, €1700485. [CrossRef]

Zheng, S.; Song, ].; Qin, X.; Yang, K.; Liu, M.; Yang, C.; Nyachoti, C. Dietary supplementation of red-osier dogwood polyphenol
extract changes the ileal microbiota structure and increases Lactobacillus in a pig model. AMB Express 2021, 11, 145. [CrossRef]

Aboura, I; Nani, A.; Belarbi, M.; Murtaza, B.; Fluckiger, A.; Dumont, A.; Benammar, C.; Tounsi, M.; Ghiringhelli, F.; Rialland, M.;
et al. Protective effects of polyphenol-rich infusions from carob (Ceratonia siliqua) leaves and cladodes of Opuntia ficus-indica
against inflammation associated with diet-induced obesity and DSS-induced colitis in Swiss mice. Biomed. Pharmacother. 2017, 96,
1022-1035. [CrossRef]

Zhang, H.; Hao, Z.; Zhang, R.; Tong, J.; Wang, X,; Liu, J.; Gao, Y.; Wang, X.; Su, Q.; Wen, H; et al. Artemisia argyi polyphenols
Attenuates DSS-induced colitis in mice by regulating the structural composition of gut microbiota. Phytomedicine 2024, 132,
155897. [CrossRef] [PubMed]

Zhang, W. The Study on Anti-obesity Efficacy of Polyphenols of Ilex Kudingcha C.J. Tseng. Master’s Thesis, Nanjing Agricultural
University, Nanjing, China, 2011.

Sun, L.; Li, P; Zhuang, Y.; Sun, Y. Protective effects of Moringa oleifera leaves polyphenol extracts on photoaging mice skin. Food
Ferment. Ind. 2020, 46, 67-71.

Yi, R.; Zhang, J.; Sun, P; Qian, Y.; Zhao, X. Protective Effects of Kuding Tea (Ilex kudingcha C.J. Tseng) Polyphenols on UVB-Induced
Skin Aging in SKH1 Hairless Mice. Molecules 2019, 24, 1016. [CrossRef]

Xia, W. Study on Extraction Technology of polyphenols from Rubi Fructus and its whitening effect. Master’s Thesis, Nanjing
Agricultural University, Nanjing, China, 2022.

Yang, T.; Duan, K,; Li, S.; Wei, J.; Yang, Q.; Wang, Q. A Comprehensive and Innovative Chemical Experimental Teaching:
Extraction and Identification of Tea Polyphenols from Pu ‘er Tea and the Application in Hand Cream Making. Univ. Chem. 2024,
39, 270-275. [CrossRef]

Cao, H.; Li, C.; Li, X.; Dai, E. Effects of bamboo leaf extract on production performance, rumen fermentation characteristics and
rumen microbial populations of beef cattle. Feed Res. 2022, 45, 15-19.

Zhou, Y;; Ruan, Z.; Li, L.; Mi, S,; Jiang, M.; Liu, W.; Yang, H.; Wu, X,; Jiang, G.; Yin, Y. Eucommia ulmoides Oliver leaf polyphenol
supplementation improves meat quality and regulates myofiber type in finishing pigs 1. J. Anim. Sci. 2016, 94, 164-168. [CrossRef]
Gessner, D.; Brock, C.; Hof, L.; Most, E.; Koch, C.; Eder, K. Effects of supplementation of green tea extract on the milk performance
of peripartal dairy cows and the expression of stress response genes in the liver. J. Anim. Sci. Biotechnol. 2020, 11, 57. [CrossRef]

Daddam, J.; Daniel, D.; Kra, G.; Pelech, I; Portnick, Y.; Moallem, U.; Lavon, Y.; Zachut, M. Plant polyphenol extract supplementa-
tion affects performance, welfare and the Nrf2-oxidative stress response in adipose of heat stressed dairy cows. J. Dairy Sci. 2023,
106, 9807-9821. [CrossRef]


https://doi.org/10.1039/C7RA13569F
https://doi.org/10.1002/cbdv.202200545
https://doi.org/10.3389/fphar.2020.600219
https://doi.org/10.1016/j.jnutbio.2018.07.018
https://doi.org/10.1021/jf402004x
https://doi.org/10.1002/jsfa.10771
https://doi.org/10.1002/mnfr.201700485
https://doi.org/10.1186/s13568-021-01303-8
https://doi.org/10.1016/j.biopha.2017.11.125
https://doi.org/10.1016/j.phymed.2024.155897
https://www.ncbi.nlm.nih.gov/pubmed/39032279
https://doi.org/10.3390/molecules24061016
https://doi.org/10.3866/PKU.DXHX202312040
https://doi.org/10.2527/jas.2015-9551
https://doi.org/10.1186/s40104-020-00465-y
https://doi.org/10.3168/jds.2023-23549

Plants 2024, 13, 3271 13 of 13

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Li, Y; Xu, Y;; Liang, T.; Tao, H.; He, K,; Hao, N.; Zou, S.; Feng, S.; Wang, X.; Zhou, Y.; et al. Lipid-Lowering Effect of Green Tea
Powder and Green Tea Polyphenols in Canines. Chin. J. Anim. Nutr. 2018, 30, 5107-5117.

Reda, R.; Helmy, R.; Osman, A.; Ahmed, F; Kotb, G.; ElFattah, A. The potential effect of Moringa oleifera ethanolic leaf extract
against oxidative stress, immune response disruption induced by abamectin exposure in Oreochromis niloticus. Environ. Sci. Pollut.
Res. Int. 2023, 30, 58569-58587. [CrossRef]

Zhong, Y.; Li, L.; Chen, W.; Xing, D.; Wu, X. Effects of Ilicis Chinensis folium extract supplementation on growth performance,
serum parameters, intestinal morphology, and antioxidant capacity of broiler chickens. BMC Vet. Res. 2023, 19, 94. [CrossRef]
[PubMed]

Xu, X.; Wei, Y.; Hua, H.; Jing, X.; Zhu, H.; Xiao, K.; Zhao, J.; Liu, Y. Polyphenols Sourced from Ilex latifolia Thunb. Relieve Intestinal
Injury via Modulating Ferroptosis in Weanling Piglets under Oxidative Stress. Antioxidants 2022, 11, 966. [CrossRef] [PubMed]
Si, B.; Wen, B.; Ge, B.; Zhang, N.; Li, Y.; Wang, Y.; Tian, N.; Jin, L. Effects of Chinese Wolfberry Leaf Polyphenols on Storage of
Cherry Tomatoes. Anhui Agric. Sci. Bull. 2019, 25, 52-53+83.

Tang, M. Application of Seabuckthorn Leaf Polyphenols in Apple Juice Preservation. Mod. Food 2022, 28, 93-95.

Li, J.; Liu, S; Liu, S.; Cui, B.; Cui, Y.; Peng, Z. Effect of Zanthoxylum bungeanum Maxim.leaf extract on the lipid oxidation and fat
acid composition of salted silver carp. Sci. Technol. Food Ind. 2015, 36, 109-113.

Al-Juhaimi, F; Shahzad, S.; Ahmed, A.; Adiamo, O.; Mohamed, A.; Alsawmahi, O.; Ghafoor, K.; Babiker, E. Effect of Argel
(Solenostemma argel) leaf extract on quality attributes of chicken meatballs during cold storage. J. Food Sci. Technol. 2018, 55,
1797-1805. [CrossRef]

Nowak, A.; Czyzowska, A.; Efenberger, M.; Krala, L. Polyphenolic extracts of cherry (Prunus cerasus L.) and blackcurrant (Ribes
nigrum L.) leaves as natural preservatives in meat products. Food Microbiol. 2016, 59, 142-149. [CrossRef] [PubMed]

Qian, F; Li, C. Antioxidant Effect of Tieguanyin Tea Polyphenols on Duck Fermented Sausage. Food Ind. 2015, 36, 33-35.
Zhang, S.; Wang, H.; Liang, D.; Chen, J.; Ma, R.; Zhang, X. Extraction of Total Polyphenols from Dandelion Tea and Its Preliminary
Application in Beverage. Food Sci. Technol. 2023, 48, 198-204.

Zhang, ]. Study on the Stability of Lotus Leaf Polyphenols and the Technology of Lotus Leaf Polyphenols Special Yellow Wine.
Master’s Thesis, Anhui Polytechnic University, Wuhu, China, 2018.

Du, Y;; Zhang, D.; Li, P; He, J. Analysis of the Composition and Antioxidant Activity of Polyphenol Extracts of Mesona chinensis
and Their Effect on Shrimp Preservation. Food Sci. Technol. 2024, 49, 208-215.

Li, Y; Yang, Z.;Yi, S.; Li, J.; Mou, W.; Deng, S. Effect of blueberry leaf polyphenols and garlic extracts on quality of squid balls
during refrigerated storage. Sci. Technol. Food Ind. 2017, 38, 331-336.

Mariola, K.; Eliza, G. Comparison of the oxidative stability of soybean and sunflower oils enriched with herbal plant extracts.
Chem. Zvesti 2018, 72, 2607-2615.

Chen, Z.; Zhao, Y.; Guo, J.; Chen, J.; Yang, C. Antioxidation of Guava Polyphenol in Oil. Acad. Period. Farm Prod. Process. 2014, 20,
12-13+18.

Shivangi, S.; Dorairaj, D.; Negi, P.; Shetty, N. Development and characterisation of a pectin-based edible film that contains
mulberry leaf extract and its bio-active components. Food Hydrocoll. 2021, 121, 107046. [CrossRef]

Yu, L.; Shi, H. Effect of two mulberry (Morus alba L.) leaf polyphenols on improving the quality of fresh-cut cantaloupe during
storage. Food Control 2020, 121, 107624. [CrossRef]

Polyanna, S.; Suelen, A.; Franklin, B.; Junya, L.; Gerson, L.; Rosemary, H.; Trust, B. Sustainable Use of Ilex paraguariensis Waste
in Improving Biodegradable Corn Starch Films’ Mechanical, Thermal and Bioactive Properties. J. Polym. Environ. 2020, 28,
1696-1709.

Zhai, X.; Li, X,; Guo, J.; Long, X.; Yang, Q.; Liu, G.; Peng, J. Effects of Three Plant Growth Regulators on Polyphenol Content in
Tobacco. Mol. Plant Breed. 2021, in press.

Zhang, R.; Fu, L.; Yang, Y.; Hu, X,; Guo, S.; Li, W,; Li, Y. Optimization of Microwave-Assisted Extraction of Polyphenols from
Moringa oleifera Leaves Using Response Surface Methodology. Food Res. Dev. 2024, 45, 144-149.

Zhou, W.; Wei, W.; Li, M.; Bao, N.; Yuan, W.; Zhai, K. Review on Green Extraction Technology of Plant Polyphenols. Farm Prod.
Process. 2023, 7, 74-77.

Liao, X.; Zhou, M.; Yang, Y.; Li, Q. Response Surface Methodology for Optimization of Polyphenols Extraction Process from
Dendrobium officinale and Anti-oxidant Activities Analysis. Res. Pract. Chin. Med. 2024, 38, 74-78.

Zhao, Q.; Tang, N.; Zhao, D.; Zhang, B.; Cheng, Y. Effects of NaCl stress and CaCl, supplemental on phenolic accumulation and
antioxidant activity in common vectch sprouts. Food Mach. 2022, 38, 47-56.

Jaroszewicz, B.; Stojek, K.; Bruelheide, H.; Ponette, Q.; Lorenzen, M.; Verheyen, K.; Kiss, A. Canopy openness, proportion
of deciduous trees and topsoil C/N ratio drive the yield, but their effect on the polyphenol content of medicinal plants is
species-specific. Eur. J. For. Res. 2024, in press. [CrossRef]

Meng, T.; Li, W,; Cao, Y.; Chen, Y. Preparation of Eucalyptus Leaves Polyphenol Nanoparticles and Stability Evaluation. Food Sci.
Technol. 2020, 45, 275-281.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s11356-023-26517-0
https://doi.org/10.1186/s12917-023-03667-4
https://www.ncbi.nlm.nih.gov/pubmed/37496032
https://doi.org/10.3390/antiox11050966
https://www.ncbi.nlm.nih.gov/pubmed/35624829
https://doi.org/10.1007/s13197-018-3094-1
https://doi.org/10.1016/j.fm.2016.06.004
https://www.ncbi.nlm.nih.gov/pubmed/27375255
https://doi.org/10.1016/j.foodhyd.2021.107046
https://doi.org/10.1016/j.foodcont.2020.107624
https://doi.org/10.1007/s10342-024-01724-7

	Introduction 
	Polyphenolic Compounds in Common Ilex Species 
	Application of PPs 
	Antibacterial and Anti-Inflammatory Effects 
	Anti-Aging and Anti-Fatigue Effects 
	Anti-Cancer Effects 
	Regulation of Intestinal Health and Lipid-Lowering Effects 
	Beauty and Whitening Effects 
	Animal Husbandry and Breeding Field 
	Food Industry 

	Conclusions and Prospects 
	References

