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Globally, the issue of antibiotic residues in agricultural products and their

environments is increasingly critical, with the spread of microbial resistance

becoming an urgent international challenge. Therefore, the development of

ecological health feed additives is of paramount importance for advancing

sustainable animal husbandry. Areca nut extract, derived from commonly

available food sources, has garnered attention due to its exceptional bioactive

properties. Its remarkable anti-inflammatory and antioxidant potential, along

with its outstanding performance in antibacterial, antifungal, and antiviral

activities, plays a crucial role in inhibiting various pathogens and protecting

cells from oxidative damage. This review aims to comprehensively explore the

biological activities of areca nut extract and delve into its practical application

potential in enhancing animal production efficiency and promoting sustainable

livestock development.

The pervasive presence of antibiotic residues—including tetracyclines,

sulfonamides, and quinolones—in agricultural products such as meat, milk, and

eggs has raised significant concerns due to their extensive use in animal

husbandry. This issue is not only a formidable challenge for food safety but

also exacerbates the global crisis of antimicrobial resistance (AMR). To address

these challenges, there is an urgent need for safe and sustainable alternatives to

antibiotics in animal production. Among these alternatives, plant extracts have

garnered considerable attention for their natural bioactive properties. Notably,

areca nut extract has emerged as a promising candidate due to its diverse

biological activities and potential applications in livestock production.

Areca nut, derived from the dried ripe fruits, seeds, peels, and flowers of Areca

catechu, is well-documented in traditional medicine sources such as the

Pharmacopoeia of the People’s Republic of China (2010 Edition) for its

medicinal properties, including antiparasitic effects, digestive support, and

antimicrobial activity. This review focuses on the biological activities of areca

nut extract, particularly its antioxidant, anti-inflammatory, antiparasitic,

antibacterial, and microbiota-modulating effects, which collectively contribute

to its potential role as a feed additive for enhancing animal health and

performance.Key findings indicate that areca nut extract can promote livestock

productivity by accelerating growth, enhancing immune responses, and

reducing disease incidence. Additionally, its biological properties show

potential for improving feed efficiency and mitigating the environmental

footprint of livestock operations. By exploring these activities, we aim to

provide theoretical insights and practical guidance for the application of areca

nut extract in animal husbandry.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fanim.2025.1495886/full
https://www.frontiersin.org/articles/10.3389/fanim.2025.1495886/full
https://www.frontiersin.org/articles/10.3389/fanim.2025.1495886/full
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fanim.2025.1495886&domain=pdf&date_stamp=2025-02-06
mailto:sfwlx8015@sina.com
https://doi.org/10.3389/fanim.2025.1495886
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://doi.org/10.3389/fanim.2025.1495886
https://www.frontiersin.org/journals/animal-science


Liu et al. 10.3389/fanim.2025.1495886

Frontiers in Animal Science
This review highlights the promise of areca nut extract as a natural, effective, and

sustainable alternative to antibiotics, offering solutions to the pressing issues of

antibiotic residues and AMR. Its potential contributions to sustainable livestock

production underscore the importance of further scientific exploration and

interdisciplinary collaboration in this field.
KEYWORDS

areca nut extract, antibiotic alternatives, natural bioactive compounds, antiinflammatory,
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1 Introduction

The widespread presence of antibiotic residues in agricultural

products and the environment poses a significant global challenge,

primarily driven by the escalating threat of microbial resistance.

This issue not only jeopardizes food safety and public health but

also undermines environmental sustainability. In response,

countries and regions such as China, the European Union, the

United States, and the United Kingdom have implemented

stringent regulations to restrict or ban the use of antibiotics in

animal feed. These policy shifts have prompted the agricultural

sector to seek safe, effective, and sustainable alternatives that ensure

food safety, environmental protection, and animal health.

Among the numerous alternatives explored, plant-based feed

additives have emerged as a promising solution. Notably, areca nut

extract has garnered considerable attention due to its diverse

bioactive properties, including antioxidant, anti-inflammatory,

antimicrobial, and antiparasitic activities (Anonymous, 1953;

Anonymous, 1977; Anonymous, 1999; Anonymous, 2010). These

properties not only enhance gut health and improve disease

resistance in animals but also align with global efforts to promote

green and sustainable livestock production systems. By reducing the

reliance on antibiotics, areca nut extract represents a natural and

effective strategy to address pressing challenges in animal husbandry.

Recent studies have revealed that areca nut extract exhibits a

wide range of pharmacological and biological effects, including

regulatory impacts on blood glucose and lipid metabolism, as well

as benefits to the digestive, nervous, and cardiovascular systems. For

livestock, it has demonstrated the ability to improve growth

performance, enhance immune responses, and reduce disease

incidence (Chandra et al., 2008; Anonymous, 1953; Anonymous,

1977; Anonymous, 1999; Tian et al., 2002; Gilani et al., 2004;

Anonymous, 2010; Li et al., 2010; Awais et al., 2011; Wang et al.,

2011; Lee et al., 2013; Liu et al., 2013; Kheirabadi et al., 2014; Li et al.,

2015; Li et al., 2016; Wei et al., 2016; Wang et al., 2018; Yao, 2023).

These multifaceted effects underscore its potential as a natural

feed additive that contributes to both animal health and

production efficiency.

To comprehensively evaluate its applicability, this study

systematically reviews the pharmacological activities and
02
biological properties of areca nut extract, focusing on its potential

applications in animal production. Data were collected from a wide

range of sources, including government reports, national and local

pharmacopeia, traditional literature, and authoritative scientific

databases such as PubMed, SciFinder, Scopus, and the Web of

Science. Through this analysis, we aim to elucidate the scientific

basis for utilizing areca nut extract in animal feed, providing

theoretical insights and practical recommendations for its

further development.

In summary, this study seeks to systematically assess the

biological activities of areca nut extract, its practical applications

in animal feed, and its broader implications for sustainable and safe

animal agriculture. By advancing research and application in this

field, we aim to contribute to the ongoing global efforts to reduce

antibiotic use and promote green agricultural practices.
2 Taxonomy of areca nut plant

The areca nut plant, scientifically known as Areca catechu L., is a

species of the palm family (Arecaceae). It is an economically and

culturally significant crop in many tropical and subtropical regions

(Jahns, 1888; Anonymous, 1953; Anonymous, 1977; Anonymous,

1999; Gilani et al., 2004; Anonymous, 2010; Wang et al., 2011; Liu

et al., 2013; Li et al., 2015; Wei et al., 2016). Below is the botanical

classification of the areca nut plant:

Kingdom: Plantae

Clade: Angiosperms

Clade: Monocots

Order: Arecales

Family: Arecaceae

Genus: Areca

Species: Areca catechu

Areca catechu is commonly referred to as “betel nut” or “areca

nut” in English and has various local names in different regions. The

plant is primarily cultivated for its seeds (areca nuts), which are

widely used in traditional medicines, food products, and cultural

practices. This taxonomic information establishes a foundation for

understanding the biological characteristics and the applications of

the areca nut discussed in this review.
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3 Methods for extracting bioactive
compounds from areca nut
after harvesting

Areca nut, as a significant tropical plant resource, contains

various bioactive compounds in its fruit, such as polyphenols,

alkaloids, and flavonoids. These active ingredients exhibit

potential biological functions, including antibacterial, antioxidant,

and immunomodulatory effects. Therefore, developing efficient and

eco-friendly extraction techniques has become a research focus. To

date, researchers have explored various methods for extracting

bioactive compounds from areca nuts, including organic solvent

extraction (Chunqin et al., 2013), reflux extraction (Qingqing et al.,

2013), ultrasound-assisted extraction (UAE) (Sun et al., 2023),

subcritical water extraction (Kang et al., 2016), and supercritical

fluid extraction (Chunjiang et al., 2008). This section elaborates on

the commonly used ultrasound-assisted extraction method as an

example (Sun et al., 2023).
3.1 Raw material preparation

Proper preparation of areca nuts after harvesting is essential to

ensure extraction efficiency and maintain the quality of

the compounds:

Cleaning: Remove dirt, dust, and other impurities from the

surface of the areca nuts.

Slicing or Grinding: Slice or pulverize the fruit to increase its

surface area and facilitate the penetration and dissolution

of solvents.

Drying: Use low-temperature drying methods, such as freeze-

drying or hot air drying, to remove moisture and avoid degradation

of thermolabile active compounds.
Frontiers in Animal Science 03
3.2 Selection of extraction solvent

The choice of extraction solvent significantly affects the yield

and purity of the bioactive compounds. Commonly used solvents

include ethanol, water, methanol, and their mixtures. Among these,

the ethanol-water system is widely employed due to its low toxicity,

high solubility, and sustainability. The solvent ratio (e.g., 70:30, v/v)

and pH can be optimized depending on the properties of the

target compounds.
3.3 Ultrasound-assisted extraction

Ultrasound-assisted extraction is a green and efficient extraction

technique. Its principle lies in the cavitation effect of ultrasound,

which enhances solvent penetration into the cell walls and releases

intracellular compounds. This method significantly improves

extraction efficiency, reduces extraction time, and minimizes

solvent consumption. To better illustrate this process, we have

prepared a visual diagram, as shown in Figure 1, to provide a

clear understanding of the extraction procedure.

Procedure:

Mix the pulverized areca nut samples with the extraction

solvent at a specific ratio (e.g., 1:10, w/v).

Place the mixture in an ultrasonic water bath, setting the

ultrasonic power (e.g., 200–500 W), temperature (e.g., 30–50°C),

and extraction time (e.g., 20–60 minutes).

After extraction, centrifuge (3000–5000 rpm) or filter the

mixture to remove residues and obtain the crude extract.

Advantages:

Simple operation and high extraction efficiency;

Reduced energy consumption and environmental impact;

Better protection of the stability of bioactive compounds.
FIGURE 1

Ultrasound-assisted extraction technology for extracting bioactive compounds from areca nut.
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3.4 Concentration and purification
of extracts

To enhance the concentration of bioactive compounds and

improve the usability of the extracts, further concentration and

purification steps are necessary:

Concentration: Use a rotary evaporator to remove excess

solvent and obtain a concentrated solution of active ingredients.

Purification: The following methods can be employed to isolate

and purify target compounds:

Resin Adsorption: Employ macroporous resin to adsorb and

elute polyphenols while removing impurities.

Liquid-Liquid Extraction:Use solvents with different polarities

to separate the desired compounds.

High-Performance Liquid Chromatography (HPLC):

Perform accurate separation and quantitative analysis of

the extracts.
3.5 Quality evaluation of extracts

The quality and content of the bioactive compounds in the

extracts can be assessed using modern analytical techniques:

Chemical Composition Analysis: Identify and quantify the major

active compounds using high-performance liquid chromatography

(HPLC) or gas chromatography-mass spectrometry (GC-MS).

Biological Activity Testing: Evaluate the biological properties of the

extracts through in vitro experiments, such as antioxidant capacity

assays (e.g., DPPH radical scavenging activity) and antibacterial activity

tests (e.g., minimum inhibitory concentration determination).
4 Bioactive effects of areca nut

4.1 Bioactive compound in areca nut

The chemical constituents of areca nut extract primarily

comprise alkaloids, flavonoids, polysaccharides, among others. To

date, over 59 compounds have been isolated and identified from this

botanical source, with pyridine-type alkaloids and condensed

tannins recognized as its characteristic components. These

chemical constituents confer diverse biological activities upon the

areca nut extract (Jahns, 1888; Jahns, 1890; Raghavan and Baruah,

1958; Nonaka et al., 1981; Anonymous, 1984; Kiuchi et al., 1987;

Saeed et al., 1993; Holdsworth et al., 1998; Zhang et al., 2009; He

et al., 2010; Yenjit et al., 2010; Zhang et al., 2010c; Wu et al., 2011;

Yang et al., 2012). The major constituents of areca nut are presented

in Table 1.
4.2 Revealing the pharmacological activity
of areca nut extract

The plant extracts are rich in polysaccharides, phenols,

flavonoids, and other bioactive compounds, exhibiting potent
Frontiers in Animal Science 04
TABLE 1 Bioactive compound in areca nut.

Classification Chemical component Reference

Alkaloids

Arecoline (Jahns, 1888)

Arecaidine (Jahns, 1888)

Arecolidine (Jahns, 1890)

Ethyl nicotinate
(Holdsworth
et al., 1998)

Ethyl N-methylpiperidine-
3-carboxylate

(Holdsworth
et al., 1998)

Ethyl N-methyl-l,2,5,6-
tetrahydro-pyridine-
3-carboxylate

(Holdsworth
et al., 1998)

Guavacine
(Raghavan and
Baruah, 1958)

Guavacoline
(Raghavan and
Baruah, 1958)

Homoarecoline

(Anonymous,
1984;

Anonymous,
1999)

Isoguvacine

(Anonymous,
1984;

Anonymous,
1999)

Methyl nicotinate
(Raghavan and
Baruah, 1958)

Methyl N-methylpiperidine-
3-carboxylate

(Raghavan and
Baruah, 1958)

Nicotine
(Raghavan and
Baruah, 1958)

Flavonoids

Chrysoeriol
(Zhang

et al., 2009)

Isorhamnetin
(Zhang

et al., 2009)

Jacareubin (Wu et al., 2011)

Luteolin
(Zhang

et al., 2009)

Liquiritigenin
(Yang

et al., 2012)

Quercetin
(Yang

et al., 2012)

4’,5’-dihydroxy-
3’,5’,7’-trimethoxyflavonone

(Zhang
et al., 2009)

5,7,4’-trihydroxy-3’,5’-di
methoxy flavanone

(Yang
et al., 2012)

Fatty acids

Fatty acids
(Kiuchi

et al., 1987)

Myristic acid
(Kiuchi

et al., 1987)

Oleic acid
(Kiuchi

et al., 1987)

(Continued)
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anti-inflammatory, antioxidant, immunomodulatory properties

among others (Jahns, 1888; Jahns, 1890; Raghavan and Baruah,

1958; Schamschula et al., 1977; Nonaka et al., 1981; Anonymous,

1984; Kiuchi et al., 1987; Scalbert, 1991; Saeed et al., 1993;

Kusumoto et al., 1995; de Miranda et al., 1996; Haslam, 1996; Ma

et al., 1996; Chung et al., 1998; Holdsworth et al., 1998; Xu, 2001;

Vermani and Garg, 2002; Lin et al., 2005; Jinxing, 2006; Taiping

et al., 2007; Badanaje, 2008; Xiaoyan et al., 2008; Anthikat and

Michael, 2009; Husvik et al., 2009; Pithayanukul et al., 2009; Zhang

et al., 2009; Bhandare et al., 2010; He et al., 2010; Huang et al., 2010;

Kurokawa et al., 2010; Lu et al., 2010; Surendiran and Yuvaraj, 2010;

Yenjit et al., 2010; Zhang et al., 2010c; Barman et al., 2011; Hung

et al., 2011; Wu et al., 2011; Liu, 2012; Yang et al., 2012; Chang et al.,

2013a; Chavan and Singhal, 2013; Chin et al., 2013; Pahadia et al.,

2013; Park et al., 2013; Sazwi et al., 2013; Amirkia and Heinrich,

2014; Anthikat et al., 2014; Boniface et al., 2014; Lee et al., 2014; Sari

et al., 2014; Aizad et al., 2015; Arathi et al., 2015; Brousseau et al.,

2015; Hazarika and Sood, 2015; Kim and Choi, 2015; Peng et al.,

2015; Quiroz-Castañeda and Dantán-González, 2015; Li et al., 2017;

Shen et al., 2017; Malika et al., 2018; Liu et al., 2020; Choi et al.,

2021; Jam et al., 2021; Machová et al., 2021; Ngwe Tun et al., 2022;

Yi et al., 2022). The main biological activities of areca nut are

presented in Table 2.

4.2.1 Anti-inflammatory activity
Areca nut extract has been reported to exhibit potent anti-

inflammatory properties, suggesting its potential as a therapeutic

agent for inflammatory diseases. Multiple in vitro and animal

studies have highlighted the significant anti-inflammatory activity

of areca nut extract (Anonymous, 1953; Anonymous, 1977;

Anonymous, 1984; Ma et al., 1996; Anonymous, 1999; Xu, 2001;

Gilani et al., 2004; Anonymous, 2010; Wu et al., 2011; Liu et al.,

2013; Kheirabadi et al., 2014; Li et al., 2016; Liu et al., 2020;
TABLE 1 Continued

Classification Chemical component Reference

Palmitic acid
(Kiuchi

et al., 1987)

Stearic acid
(Kiuchi

et al., 1987)

Tannins

Arecatannin A1
(Nonaka

et al., 1981)

Arecatannin A2
(Nonaka

et al., 1981)

Arecatannin A3
(Nonaka

et al., 1981)

Arecatannin B1
(Nonaka

et al., 1981)

Arecatannin B2
(Nonaka

et al., 1981)

Arecatannin C1
(Nonaka

et al., 1981)

Catechin
(Yang

et al., 2012)

Epicatechin
(Anonymous,

1984)

Procyanidin A1
(Anonymous,

1984)

Procyanidin B1
(Anonymous,

1984)

Procyanidin B2
(Anonymous,

1984)

Triterpenes and Steroids

Arundoin
(Yenjit

et al., 2010)

Arborinol (He et al., 2010)

Arborinol methyl ethe (He et al., 2010)

Cycloartenol
(Yang

et al., 2012)

Fernenol
(Yenjit

et al., 2010)

Stigmasta-4-en-3-one
(Yang

et al., 2012)

Ursonic acid
(Saeed

et al., 1993)

3b- acetyl ursolic acid
(Saeed

et al., 1993)

5,8-epidioxiergosta-6,22-dien-
3-ol

(Yang
et al., 2012)

b-sitostero
(Yang

et al., 2012)

Other compounds

Chrysophanol (He et al., 2010)

Cyclo-(Leu-Tyr) (Wu et al., 2011)

de-O-methyllasiodiplodin
(Yang

et al., 2012)

(Continued)
TABLE 1 Continued

Classification Chemical component Reference

Epoxyconiferyl alcohol
(Zhang

et al., 2010c)

Ferulic acid
(Yang

et al., 2012)

Isovanillic acid
(Zhang

et al., 2010c)

Physcion (He et al., 2010)

Protocatechuic acid
(Zhang

et al., 2010c)

p-hydroxybenzoic acid
(Zhang

et al., 2010c)

Resveratrol
(Yang

et al., 2012)

Vanillic acid
(Yang

et al., 2012)

4-[3’-(hydroxymethyl)oxiran-2’-
yl]-2,6-dimethoxyphenol

(Zhang
et al., 2010c)
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Machová et al., 2021). The immune system’s regulation of the

inflammatory response, which can be triggered by cellular

dysfunction or microbial infection (Quiroz-Castañeda and

Dantán-González, 2015), is a complex process controlled by

various mediators including transcription factors, pro-

inflammatory cytokines, and adhesion enzymes. Areca nut extract

is noted for its antibacterial, anti-inflammatory, and analgesic

properties, which may enhance immune function and resistance

against coccidia (Bhandare et al., 2010). This observation aligns

with the report of Xiaoyan et al. (2008) on the immunomodulatory

effects of areca nut extract in vitro against Coxsackievirus simplex

virus type 1.

Inflammatory mediators such as Cyclooxygenase-2 (COX-2),

Prostaglandin E2 (PGE2), and interleukin-1a (IL-1a) are often

implicated in the development of tumors, including oral squamous

cell carcinoma (OSCC) (Husvik et al., 2009). NF-kB, a transcription
factor protein, plays a critical role in the pathogenesis of many

diseases. Its role underscores the complexity of disease mechanisms

(Taiping et al., 2007). COX-2 is regulated by NF-kB, with PGE2 as a

metabolite of cyclooxygenase. Chang LY et al. observed that

frequent areca nut chewing might enhance the expression of pro-

inflammatory mediators by immune cells, creating a pro-

inflammatory oral microenvironment conducive to cancer

initiation (Chang et al., 2013a). Additionally, arecoline has been

reported to induce reactive oxygen species (ROS) production in

various cells (Hung et al., 2011), with NF-kB activation potentially

serving as the mechanism for ROS generation (Lu et al., 2010).

Thus, excessive consumption of areca nut may contribute to

oxidative stress, upregulation of inflammatory factor expression,

and prolonged inflammation.

Acetone extracts of the areca nut (AEAN), rich in procyanidins,

have been shown to downregulate TPA-induced COX-2 expression
Frontiers in Animal Science 06
at low concentrations (0.1-1 g/mL) by inhibiting ERK

phosphorylation in SAS cells. In rats studies (1 and 10 mg/kg/d,

p.o., for 5 days), administration of AEAN effectively reduced

carrageenan-induced inflammatory edema and PGE2 levels

(Huang et al., 2010). The anti-inflammatory efficacy of ursolic

acid from areca nut leaves has been demonstrated in a mouse

model of carrageenan-induced paw edema (Saeed et al., 1993). Lin

et al. discussed the activation of the NF-kB signal transduction

pathway and its role in COX-2 expression induced by areca nut

extract, which is rich in polyphenols (Lin et al., 2005). Conversely,

areca nut extract has also been reported to inhibit COX-2

expression. In the study conducted by Lee et al (Sari et al., 2014),

it was discovered that treatment with 3 mg/mL of ethanol extract

from betel nut leaves significantly inhibited the expression of

proteins such as NF-kB, inducible nitric oxide synthase (iNOS),

and cyclooxygenase-2 (COX-2), as well as the production of nitric

oxide (NO) in LPS-stimulated Raw 264.7 cells. This finding suggests

that the anti-inflammatory activity of the ethanol extract of betel

nut leaves is correlated with the suppression of the NF-kB/iNOS/
NO signaling pathway. Furthermore, the research indicated that the

polyphenol extract of betel nuts could dose-dependently (40 to 320

mg/mL) inhibit the phosphorylation expression of proteins involved

in the MAPK signaling pathway. These proteins include

extracellular regulated protein kinase 1/2 (ERK1/2), p38 mitogen-

activated protein kinase (p38 MAPK), and p-c-Jun N-terminal

kinase (JNK), along with upstream signaling proteins like

mitogen-activated protein kinase 1 (MAPKK1), MAPKK3, and

MAPKK4. This indicates that the anti-inflammatory efficacy of

betel nut extract is significantly dependent on its ability to inhibit

the MAPK signaling pathway (Yi et al., 2022).

In summary, areca nut extract exhibits notable free radical

scavenging capabilities and demonstrates antioxidant potential by
TABLE 2 Main biological activity of areca nut.

Revealing the pharmacological
activity of areca nut extract

Mechanism of action References

Anti-inflammatory activity

It exerts anti-inflammatory activity by inhibiting the
activation of immune cells and signaling pathways,
such as mitogen-activated protein kinase (MAPK)
and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB), thereby modulating
inflammatory responses.

(Anonymous, 1953; Anonymous, 1977; Anonymous, 1984;
Ma et al., 1996; Holdsworth et al., 1998; Anonymous, 1999;
Xu, 2001; Gilani et al., 2004; Anonymous, 2010; Wu et al.,
2011; Liu et al., 2013; Kheirabadi et al., 2014; Liu et al., 2020;
Machová et al., 2021)

Antioxidant activity

The extract of areca nut is rich in bioactive
compounds such as polyphenols, flavonoids, and
tannins, thereby exhibiting potent
antioxidant properties.

(Jinxing, 2006; Pithayanukul et al., 2009; Park et al., 2013;
Sari et al., 2014; Kim and Choi, 2015; Li et al., 2017; Yi
et al., 2022)

Antibacterial Properties Bacteriostastic activity

(Schamschula et al., 1977; Scalbert, 1991; de Miranda et al.,
1996; Haslam, 1996; Badanaje, 2008; Anthikat and Michael,
2009; Surendiran and Yuvaraj, 2010; Liu, 2012; Chavan and
Singhal, 2013; Pahadia et al., 2013; Anthikat et al., 2014;
Boniface et al., 2014; Hazarika and Sood, 2015; Shen et al.,
2017; Jam et al., 2021)

Antiviral activity Activity of inhibitory proteins
(Kusumoto et al., 1995; Anthikat and Michael, 2009;
Kurokawa et al., 2010; Moutasim et al., 2011; Choi et al.,
2021; Ngwe Tun et al., 2022)

Immunomodulatory properties
Areca nut extracts mobilize calcium and release pro-
infammatory cytokines from various immune cells

(Kusumoto et al., 1995; Anthikat and Michael, 2009;
Kurokawa et al., 2010)
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enhancing intracellular antioxidant enzyme activity or activating

the Nrf2 signaling pathway, thereby ameliorating oxidative damage

in the body. The antioxidant activities of areca nut extract are likely

associated with its rich content of polyphenols, flavonoids, and

tannins. However, the precise mechanisms underlying these effects

remain unclear and warrant further investigation.

4.2.2 Antioxidant activity
The extract of areca nut is abundant in bioactive constituents

such as polyphenols, flavonoids, and tannins, thereby

demonstrating potent antioxidant capabilities and the capacity to

ameliorate oxidative stress. Oxidative stress refers to a cascade of

stress reactions provoked by endogenous or exogenous stimuli,

characterized by a cellular imbalance between oxidation and

antioxidant systems, as well as the accumulation of free radicals

within cells (Jinxing, 2006; Pithayanukul et al., 2009; Barman et al.,

2011; Sazwi et al., 2013; Li et al., 2017).

The scavenging efficacy of areca water extract for oxygen free

radicals has been found to be on par with that of vitamin C, as

evidenced by an in vitro radical scavenging assay using 1,1-

diphenyl-2-trinitrophenylhydrazine (DPPH). The ferric ion

reduction capacity of areca nut extract is comparable to half the

dose of vitamin C, while its lipid peroxidation inhibition capacity is

fourfold greater than that of vitamin E. Furthermore, the

administration of areca nut extract has been shown to augment

the activity of antioxidant enzymes in animal models, including

superoxide dismutase (SOD), myeloperoxidase (MPO), and catalase

(CAT). Consequently, this intervention effectively mitigates organ

damage induced by aging or exposure to environmental compounds

(Jinxing, 2006; Pithayanukul et al., 2009; Li et al., 2017).

Research by Yi et al. (2022) reported that areca nut polyphenols

(ANP) attenuated reactive oxygen species (ROS) levels in LPS-

stimulated RAW264.7 cells and upregulated the expression of

nuclear factor erythroid 2-related factor 2 (Nrf2) and heme

oxygenase 1 (HO-1). RNA-seq analysis disclosed that ANP

downregulated the transcription of genes associated with cancer

pathways at a concentration of 160 mg/mL, as well as inflammatory

and viral infection pathways at a concentration of 320 mg/mL.

Moreover, cellular signaling analysis revealed that these gene

expressions were regulated by the MAPK pathway, which was

suppressed by ANP in response to LPS stimulation. Overall, ANP

inhibits the MAPK pathway while activating Nrf2/HO-1

antioxidant pathways to mitigate ROS generation induced by LPS.

Sustained LPS stimulation induces cellular inflammation, and the

MAPK pathway is implicated in the generation of inflammatory

responses; hence, ANP effectively suppresses both LPS-induced

oxidative stress and inflammation (Park et al., 2013; Kim and

Choi, 2015; Yi et al., 2022).

The acute oral toxicity test of areca extract was conducted in

Sprague-Dawley rats, revealing no significant adverse effects, thus

affirming its potential as a natural antioxidant suitable for

incorporation into Chinese herbal medicine additives (Sari et al., 2014).

After thorough analysis, the extract of areca nut exhibits

significant free radical scavenging ability and demonstrates

potential to enhance the activity of antioxidant enzymes or activate
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the Nrf2 signaling pathway, thereby exerting an antioxidative effect

and ameliorating oxidative damage in the body. The observed

antioxidant activity of areca nut extract is likely attributed to its

rich content of polyphenols, flavonoids, tannins, and other bioactive

compounds. Nonetheless, further investigation is warranted to

elucidate the precise underlying mechanisms.

4.2.3 Antibacterial properties
The areca nut exhibits, an element of profound interest in

medicinal research, exhibits a spectrum of remarkable antibacterial

and antifungal properties. Studies have consistently highlighted its

efficacy against a myriad of bacterial strains. The aqueous extract of

the areca nut, rich in natural polyphenols such as tannins,

demonstrates therapeutic potential against both gram-negative

and gram-positive bacteria, with minimum inhibitory

concentrations reported between 3.3 to 7 µg/ml for the former

and up to 16 µg/ml for the latter (Badanaje, 2008; Anthikat and

Michael, 2009; Surendiran and Yuvaraj, 2010; Liu, 2012; Chavan

and Singhal, 2013; Boniface et al., 2014; Hazarika and Sood, 2015;

Jam et al., 2021). Moreover, its protein molecules, particularly

peptides, have shown notable antibacterial properties, suggesting

their potential as alternatives to synthetic antibiotics (Surendiran

and Yuvaraj, 2010).

Research has further elucidated the superior efficacy of the

butanol extract over methanol, ethyl acetate, and water extracts,

particularly against strains such as Staphylococcus aureus and

Mycobacterium smegmatis , with minimum inhibitory

concentrations ranging from 62.5 to 250 µg/ml (Boniface et al.,

2014). The areca nut fruit extract excels in its inhibitory effects on

Escherichia coli, with a distinguished minimum inhibitory

concentration of 1.56 mg/ml (Anthikat et al., 2014).

In addition to its antibacterial capabilities, the areca extract

exhibits substantial antifungal activity. At a concentration of 50 µg/

ml, it effectively inhibits Candida albicans, while a concentration of

16.67 µg/ml results in an inhibitory region of 18mm (de Miranda

et al., 1996; Pahadia et al., 2013; Shen et al., 2017). Moreover, the

aqueous extract has shown profound effects against fungi such as

Mucor and Aspergillus niger, with concentrations as low as 16.67 µg/

ml proving effective (Schamschula et al., 1977; Anthikat and Michael,

2009; Yenjit et al., 2010). Notably, ethyl acetate extracts, rich in

tannins, exhibit the highest antifungal activity compared to other

solvent extracts (Scalbert, 1991; Haslam, 1996; Chung et al., 1998).

Furthermore, the combination of areca extract with nano silver

has been identified as a potent antibacterial agent, particularly

against multi-drug-resistant strains, offering a promising avenue

for developing novel antibacterial additives (Chin et al., 2013; Choi

et al., 2021). This culmination of findings underscores the areca

nut’s potential as a valuable resource in the development of new

medicinal therapies.

4.2.4 Other biological activities
Incorporating betel nut extract into chicken feed at dosages of

100, 200, and 300 mg/kg over a period of 9 days demonstrated

significant therapeutic effects against coccidial infections. This

treatment notably ameliorated cecal damage caused by the
frontiersin.org

https://doi.org/10.3389/fanim.2025.1495886
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Liu et al. 10.3389/fanim.2025.1495886
infection. Furthermore, the betel nut extract enhanced the immune

function of the chickens by increasing the concentrations of cytokines

such as interleukin-2 (IL-2), interferon-gamma (IFN-g), and

macrophage migration inhibitory factor (MIF) in the bloodstream,

thereby bolstering their disease resistance (Wei et al., 2016).

Following an extensive investigation, the antiviral efficacy of

areca nut extract has been rigorously examined. It has unveiled that

the extract exerts significant inhibitory effects on both Pediococcus

acidilactici (Arathi et al., 2015) and Colletotrichum gloeosporioides

(Aizad et al., 2015). Numerous scholars have meticulously reviewed

the potential of various plant-based therapies in managing Sexually

Transmitted Diseases (STDs) and Acquired Immune Deficiency

Syndrome (AIDS) (Vermani and Garg, 2002). Their findings reveal

that compounds derived from areca nut exert a potent inhibitory

effect on the lethal pathways associated with Human

Immunodeficiency Virus (HIV) and Herpes Simplex Virus (HSV-

1). This antiviral property is attributed to its active constituents—

plant tannins and alkaloids (Kusumoto et al., 1995; Kurokawa et al.,

2010; Malika et al., 2018). Using high-performance liquid

chromatography to assess enzyme activity, it was found that at a

concentration of 0.2 mg/mL, the betel nut extract inhibited HIV-1

protease activity by more than 70% (Kusumoto et al., 1995).

The areca nut extract has also shown inhibitory effects on the

replication of Newcastle Disease Virus (NDV) and Egg Drop

Syndrome Virus (EDS) (Anthikat and Michael, 2009). Areca nut

extract exhibits potent inhibitory activity against severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) in Vero E6

cells, with an IC50 of 1.2 mg/mL. This concentration is significantly

lower than the dosage required to exert toxic effects, as indicated by

the IC50 of 89.6 mg/mL for the viability of healthy Vero E6 cells

(Ngwe Tun et al., 2022).

In summary, the extract derived from areca nut exhibits notable

antimicrobial activity, including resistance against viruses and

pathogenic microorganisms. This observed activity may be attributed

to the presence of tannins within the extract (Aizad et al., 2015).
4.3 Toxicological properties of areca nut
and their implications

Areca nut extract, which has been extensively investigated for its

diverse toxicological effects, holds significant implications for

human health. Central to these concerns is its carcinogenic

potential, primarily attributed to its capacity to induce the

production of pro-inflammatory cytokines. These cytokines are

instrumental in fostering an environment conducive to tumor

growth (Husvik et al., 2009; Lu et al., 2010; Suqin et al., 2010;

Hung et al., 2011; Moutasim et al., 2011; Khan et al., 2012; Chang

et al., 2013b). Moreover, the extract amplifies the expression of pro-

inflammatory proteins, thereby exacerbating inflammatory

conditions that may lead to cancer development (Chang et al.,

2013b). Table 3 provides a comprehensive overview of the primary

toxicological effects of areca nut, highlighting its impact on health.

Beyond its carcinogenic properties, areca nut extract also

contributes to the onset of inflammatory diseases. This is

facilitated through the induction of protein kinases, which are key
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enzymes in signaling pathways that regulate inflammation (Lin

et al., 2005; Husvik et al., 2009; Hung et al., 2011; Moutasim et al.,

2011; Khan et al., 2012). Dysregulation of these pathways can result

in chronic inflammatory conditions, further complicating

health outcomes.

The mutagenic effects of areca nut extract are particularly

concerning, as it has been shown to cause damage to critical genetic

materials, including DNA and RNA. Such genetic damage can lead to

mutations, which are the underlying causes of various genetic disorders

and cancers (Yubin et al., 2007; Cuadrado et al., 2009; Wang et al.,

2010; Lee et al., 2011; Ji et al., 2012; Huang et al., 2016).

Moreover, areca nut extract poses significant reproductive and

genetic toxicity risks. It has been implicated in inducing apoptosis, a

process that can disrupt cellular homeostasis and adversely affect

reproductive health by interfering with normal cellular functions

(Kafle et al., 2011; Liu et al., 2016b; Liu et al., 2016a).

Research indicates that areca nut extract alters cellular signaling

pathways and hinders DNA repair processes, which can have

significant health implications. Specifically, it interferes with

proteins that regulate cell growth and affects normal cell division,

potentially leading to a range of biochemical and genetic issues

(Wang et al., 2010).

Arecoline has been shown to induce apoptosis and exhibit

significant cytotoxicity to a variety of normal cell types, including

endothelial cells, lymphocytes, hepatocytes, myocytes, splenocytes,

and epithelial cells. In various concentrations (0.1, 0.2, and 0.4 g/mL),

areca nut and its extracts were used to treat cell lines L929, MOE1,

and HSC-2 for 24, 48, and 72 hours, respectively. Compared to the

control group, these extracts significantly reduced the viability of the

cell lines (Al-Tayar et al., 2020). Stimulation of fibroblasts by

arecoline significantly upregulated the expression of interleukin-2,

interleukin-6, and interleukin-21, while downregulating transforming

growth factor-beta (TGF-b). When the supernatants containing these

cytokines were co-cultured with peripheral blood mononuclear cells,

there was an observed increase in the number of T helper 17 (Th17)

cells, while regulatory T cells (Treg) were significantly reduced.
TABLE 3 Major toxicological effects of areca nut.

Toxicological
effect

Mechanism of action References

Inflammation
Induce protein
kinase expression

(Lin et al., 2005; Lu
et al., 2006)

Mutagenicity
Cause damage to DNA and
RNA, disrupting their
structure and function

(Yubin et al., 2007;
Wang et al., 2010;
Huang et al., 2016)

Oncogenous

Induce the production of pro-
inflammatory factors

(Husvik et al., 2009;
Suqin et al., 2010;

Moutasim et al., 2011)

Induce the expression of pro-
inflammatory proteins

(Liu et al., 2005; Chen,
2009; Tsai et al., 2009;

Lu et al., 2011;
Sillarine et al., 2014)

Reproductive and
genetic toxicity

Protein involvement
in apoptosis

(Kafle et al., 2011; Liu
et al., 2016b; Liu
et al., 2016a)
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Additionally, the expression of RORgt was enhanced, while forkhead
box P3 (FOXP3) expression decreased. These findings suggest that

arecoline can influence the production of inflammatory cytokines by

fibroblasts and is closely associated with its modulatory effects on

immune cells Th17 and Treg (Wang et al., 2020). In studies on

normal liver cells (Clone-9 cells), arecoline displayed significant

cytotoxicity, capable of inducing apoptosis and causing cell cycle

arrest at the G0/G1 phase. At high concentrations, arecoline

significantly increased apoptosis in C2C12 myocytes and reduced

their viability by inhibiting the activation of signal transducer and

activator of transcription 3 (STAT3) (Juan et al., 2018).

We should not only be aware of the potential hazards of areca nut

but also critically examine its beneficial aspects. As research and

analysis of areca nut and its bioactive components expand, efforts

should be made to explore its effective applications, thereby better

harnessing and developing its potential value while minimizing risks.
5 Relevance of areca nut extract in
animal husbandry applications

5.1 Feed supplement

Areca nut extract and its active components, such as areca nut,

tannins, and polyphenols, possess remarkable antioxidant,

antibacterial, antiviral, and anti-inflammatory properties.

Additionally, they have the ability to regulate intestinal flora

dynamics and promote gastrointestinal peristalsis while modulating

the immune response. These multifaceted functions play a crucial

role in maintaining the equilibrium of intestinal microbiota and

REDOX homeostasis in animals, while alleviating stress responses

within the realm of animal husbandry. Such capabilities are essential

for enhancing animal performance (Haide et al., 2008; Hazarika and

Sood, 2015; Wei et al., 2016; Salehi et al., 2020; Mei et al., 2021).

The utilization of areca nut extract as a feed additive

demonstrates potential for improving animal performance.

Reactive Oxygen Species (ROS) levels can serve as an indicative

measure of oxidative stress and cytotoxicity in host cells following

coccidia infection, with ROS accumulation showing a positive

correlation with apoptosis in host cells (Sim et al., 2005).

Throughout the course of coccidia infection, elevated ROS levels

may facilitate the eradication of coccidia and influence signal

transduction pathways associated with inflammatory response,

cell proliferation, and immune response (Sareila et al., 2011).

Currently, research on the use of areca nut extract as a health

feed additive is limited. However, previous studies have shown that

areca extract can significantly improve feed intake and body weight

in Wenchang chickens infected with coccidia, while reducing fecal

oocyst levels compared to the negative control group. Moreover, its

anti-coccidian efficacy is considered moderate (Awais et al., 2011;

Kheirabadi et al., 2014; Li et al., 2016; Wei et al., 2016).

The supplementation of 1 g/L areca nut extract in the water of

Litopenaeus vannamei over a period of 14 days significantly enhanced

the immune function of the shrimp, thereby mitigating the weight loss

and performance decline induced by hepatocenterocytosis infection.

This beneficial effect may be attributed to the modulation of genes
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extract, elucidating its underlying molecular mechanism (Li, 2022).

In a study conducted by Wei et al. (2016), the incorporation of

areca nut extract into chicken diets at concentrations of 100, 200,

and 300 mg/kg for nine consecutive days exhibited significant

therapeutic efficacy against coccidia infection. Furthermore, it

effectively alleviated the cecum damage induced by the infection

(Ling and Kian, 2009; Wei et al., 2016; Salehi et al., 2020). Following

administration of a 1.5% aqueous extract of areca nut for 90

consecutive days, Kunming mice showed significantly enhanced

appetite, improved digestive and absorptive functions, as well as a

notable increase in body weight (Shuhua et al., 2015). Compared to

the control group, treatment with areca nut extract resulted in a

significant reduction in fecal oocyst counts, ameliorated intestinal

mucosal damage caused by coccidia infection, lowered circulating

Nitric Oxide (NO) levels, and enhanced interleukin-2 concentration

during post-treatment infection (Wang et al., 2018).

When assessing the impact of areca nut extract on serum

antioxidant indicators in coccidia-infected chickens, it was

observed that NO and nitric oxide synthase (NOS) concentrations

were higher in the negative control group compared to the blank

control group, whereas the treatment groups supplemented with

100, 200, and 300 mg/kg of areca nut extract, as well as the positive

control group, exhibited lower concentrations of NO and NOS

(Pinto et al., 2013). NO, a small, non-polar molecule, acts as a

crucial messenger and effector in chickens. It is synthesized by NOS

using L-arginine and molecular oxygen as substrates, resulting in

the production of NO and L-guanidine. Its multifaceted role

encompasses not only coccidia eradication but also interaction

with superoxide ions to generate toxic derivatives, thereby

effectively enhancing macrophage-mediated coccidia elimination

(Shen et al., 2001; Tizard, 2009). Upon coccidium infection in

chickens, the immune response transitions into the inflammatory

phase, wherein IFN-g binds to the membrane receptor of

macrophages, thus activating them to upregulate NOS production

and subsequently increase both NO concentration and NOS levels

(Ma et al., 2013).

Furthermore, areca nut extract has been shown to effectively

enhance gastrointestinal function and improve the overall health of

animals to a certain extent. This effect may be attributed to the

abundant presence of alkaloid active ingredients in areca nut.
Therapeutic potential of areca nut extract
in parasitic disease management

The extract derived from the areca nut manifests distinct

antiparasitic activity. Extensive research has corroborated that

arecoline, a pivotal component of the areca nut, functions as a

potent insect repellent by inducing paralysis in the insect’s nervous

system, thereby impairing its locomotor abilities and manifesting

antiparasitic properties (Awais et al., 2011; Kheirabadi et al., 2014;

Li et al., 2016; Wei et al., 2016). Cell-mediated immunity is

instrumental in the eradication of coccidia, with cytokines being

indispensable elements (Zhao et al., 2014). Besides Tumor Necrosis

Factor-alpha (TNF-a) and Tumor Necrosis Factor b (TNF-b), the
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influence of areca nut extract on serum cytokines in coccidia-

infected chickens was observed by the 9th day post-infection.

Furthermore, compared to the blank control group, the negative

control group exhibited lower serum concentrations of IL-2, IFN-g,
TNF-a, TNF-b, and MIF from the 3rd to the 9th day post-infection

(Park et al., 2007; Ma et al., 2013; Miska et al., 2013; Zhao et al.,

2014; Amer et al., 2015). This phenomenon is attributed to the

intricate life cycle of coccidia, which encompasses extracellular and

intracellular stages as well as both asexual and sexual reproduction.

Consequently, this complexity has engendered a multifaceted

immune response against coccidia, engaging both antibody-

mediated and cell-mediated immunity (Lillehoj, 1998; Dalloul and

Lillehoj, 2006). Cytokines, as low molecular weight soluble

polypeptides and glycopeptides secreted by diverse cells of the

immune system, play a pivotal role in immune regulation and

defense against intracellular parasites. As a class of signaling

molecules, cytokines significantly contribute to the mediation and

regulation of immunity, inflammation, and hematopoiesis,

concurrently exerting influence on physiological processes

through the modulation of cell proliferation, differentiation,

activation, and migration (Rahman and Eo, 2012; Hoan et al., 2014).

As early as 1956, Mr. Feng Lanzhou (1956) conducted a

systematic study on the pharmacological effects of areca nut and

pumpkin seed (Cucurbitae semina) in the treatment of tapeworms.

The results demonstrated that pumpkin seed induced paralysis in

the middle and posterior segments of the tapeworm, whereas the

areca nut exerted a paralytic effect on the head and immature

segments of the tapeworm. This effect is primarily attributed to

arecoline in the areca nut and cucurbitine in pumpkin seeds. Tian et

al. (2002) discovered through ultrastructural observation that the

combination of areca nut and pumpkin seed remains an effective

mechanism for the eradication of Taenia tapeworm infection due to

its numbing properties and non-injury to nerve tissue.

Areca nut exhibits a remarkable acaricidal effect against rabbit

mites, leading to complete eradication of the mite population within

60 minutes under experimental conditions (Song et al., 2002).

Jeyathilakan et al. (2010) evaluated the efficacy of areca hepatica

extract in vitro for the eradication of Fasciola Linnaeus. The

findings revealed that concentrations of 1%, 2.5%, and 5% of

areca extract exhibited a remarkable inhibition rate of 100%

against Fasciola hepatica, surpassing the effectiveness observed

with oxyclozanide bpv.

The utilization of areca nut extract presents significant promise

in the therapeutic management of coccidiosis in poultry and

lagomorphs (Lu et al., 2007). The inclusion of areca extract at

doses of 100, 200, and 300 mg/kg in the diet demonstrates a

significant control effect on coccidial infection in chickens,

thereby establishing it as an effective moderate anti-coccidial

treatment. Specifically, administration of the extract at a dose of

200 mg/kg significantly reduces the number of Eimeria oocysts

compared to other experimental groups at 8-11 days post-infection

(Wei et al., 2016).

The anti-coccidia effect of areca nut extract may be attributed to

the following mechanisms: Coccidia induces oxidative stress and

lipid peroxidation damage in chicken cecal epithelial cells, while
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areca nut extract displays potent antioxidant activity (Lin et al.,

2011), which can effectively scavenge oxygen free radicals and

alleviate oxidative stress, thereby protecting the organism from

harm. Moreover, areca extract contains alkaloids with cholinergic

effects that could potentially induce paralysis in Eimeria tender and

facilitate the expulsion of immature coccidium oocysts from cecal

epithelial cells. Additionally, the extract demonstrates antibacterial,

anti-inflammatory, and analgesic properties (Bhandare et al., 2010),

which can enhance immune function and bolster resistance against

coccidia. These findings align with a prior study by Xiaoyan et al.

(2008), who observed inhibitory effects of areca extract on

Coxsackie virus and herpes simplex virus type 1 infection in vitro,

suggesting a potential role in modulating immune responses.

Furthermore, Boniface et al. (2014) found that areca alcohol

extract exhibited notable antimalarial and antimicrobial properties.

In the exploration of the anti-malarial efficacy of areca nut

extract, it was observed that treatment with a daily dose of 150 mg/

kg butanol extract from areca nut significantly enhanced the survival

rate of infected mice by 60% after a four-day duration, as compared to

the control group (Jiang et al., 2009; Keshavabhat et al., 2016).

The areca nut, a natural Chinese herb, possesses extensive

repellent properties that effectively mitigate the risk of drug

resistance due to its safety, non-toxicity, and lack of residual

effects. Consequently, it can serve as an additive for the

prevention and treatment of animal parasitic diseases, showcasing

substantial potential across various applications.
6 Applications and future perspectives

Areca nut extract emerges as a compelling candidate for

revolutionizing sustainable livestock production, offering the dual

advantage of enhancing efficiency and mitigating antibiotic residues.

However, its future integration necessitates a meticulous evaluation of

potential limitations, including the assurance of consistent efficacy,

comprehension of long-term health implications for animals, and

consideration of any ecological ramifications.
7 Conclusions

Upon comprehensive analysis, areca nut extract demonstrates

strong potential as an innovative feed additive with notable

antioxidant, anti-inflammatory, antiparasitic, and antimicrobial

properties. These characteristics contribute to improved

gastrointestinal health in animals and enhanced disease

resistance, offering a promising alternative to traditional

antibiotics in addressing microbial resistance. However, the

potential toxicity of areca nut extract at high doses remains a

critical limitation that warrants further investigation. Future

studies should focus on determining safe and effective dosage

ranges to maximize its benefits while minimizing adverse effects.

Additionally, long-term studies are necessary to evaluate its safety

and efficacy, providing a solid foundation for its practical adoption

in sustainable agriculture and livestock management.
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