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Abstract: Avocado peel waste, a significant byproduct of the global avocado industry, represents an
underutilized resource rich in bioactive compounds, prompting growing interest in its potential
pharmacological applications. This review addresses the need to explore these compounds within the context
of sustainable waste management and natural therapeutic development, aiming to evaluate their chemical
composition and biological activities. A comprehensive analysis was conducted by synthesizing data from
peer-reviewed studies, focusing on phytochemical identification using advanced techniques such as UHPLC-
QTOF-MS, HPLC-DAD, and LC-DAD-ESI-MS, alongside pharmacological assessments via methods like
DPPH, TBARS, and in vitro assays. The findings reveal that avocado peels, particularly from the Hass cultivar,
contain diverse phytochemicals including phenolics, flavonoids, and organic acids, exhibiting antioxidant,
neuroprotective, antibacterial, antifungal, antiplatelet, antiaging, anti-inflammatory, and anticancer
properties. These activities are attributed to mechanisms such as radical scavenging, enzyme inhibition, and
apoptosis induction, with specific studies highlighting neuroprotective effects in Parkinson’s disease models.
The review concludes that avocado peel waste holds substantial promise as a sustainable source of bioactive
compounds for food and pharmaceutical applications, though challenges like bioavailability and cultivar
variability necessitate further research. Innovative extraction and formulation strategies could unlock its full
therapeutic potential, contributing to a circular economy and health innovation.
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1. INTRODUCTION

Avocado, a member of the Lauraceae family, is an evergreen dicotyledonous plant native to
Mexico, now widely cultivated and consumed globally due to its nutritional value and culinary
versatility [1], [2]. While the fruit’s flesh is highly prized, its peel, which constitutes a significant
portion of the fruit’s weight, is often discarded as agricultural waste [3]. This overlooked byproduct,
however, is rich in bioactive compounds such as phenolic compounds, flavonoids, and tannins,
which have garnered attention for their potential pharmacological properties [4]. The increasing
global production of avocados, coupled with environmental concerns over waste management,
underscores the need to explore avocado peel as a sustainable source of natural compounds with
therapeutic applications.

Avocado peel contains bioactive compounds with diverse pharmacological activities. These
include antioxidant, anti-inflammatory, antimicrobial, and anticancer properties [5], [6]. These
activities are primarily attributed to the presence of polyphenols, which neutralize free radicals,
reduce oxidative stress, and modulate cellular pathways associated with chronic diseases [7], [8].
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Additionally, compounds such as catechins, quercetin derivatives, and proanthocyanidins in
avocado peel have shown promising effects in inhibiting microbial growth and suppressing tumor
cell proliferation in preclinical studies [9], [10], [11]. The pharmacological potential of these
compounds highlights the possibility of repurposing avocado peel waste into value-added products,
such as nutraceuticals, functional foods, or pharmaceutical agents, thereby contributing to both
health and economic benefits.

Despite the promising pharmacological properties of avocado peel, its utilization remains limited
due to challenges in extraction techniques, compound stability, and large-scale processing. Current
research focuses on optimizing green extraction methods, such as ultrasound-assisted or microwave-
assisted extraction, to maximize the yield and bioactivity of these compounds [12], [13]. Furthermore,
the growing interest in sustainable practices and circular economies has spurred investigations into
transforming avocado peel waste into innovative products, aligning with global efforts to reduce
agricultural waste [14]. This review aims to elucidate the potential of avocado peel as a source of
bioactive compounds, explore their pharmacological activities, and discuss the prospects and
challenges of their application in food and pharmaceuticals. Throughout this review, the term
‘avocado peel' refers to the outer skin of the avocado fruit, which is often discarded as waste. Some
studies may use 'avocado skin,' but for consistency, 'peel’ will be used here.

2. MATERIALS AND METHODS

The literature search was performed using the Scopus database on June 12, 2025, using multiple
keywords and Boolean operators of "Avocado peel* OR "Avocado by-product” AND "bioactive
compound*" OR "secondary metabolite," resulting in 47 articles. Inclusion criteria in this review
included: publication years (2018-2024), document type (original article), language (English), source
type (journal), and publication stage (final). Only full-text relevant articles were included after the
screening of titles and abstracts, resulting in 19 articles contained in this review (Figure 1).
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Figure 1. Article inclusion flow diagram
3. RESULTS AND DISCUSSION

3.1. Phytochemicals of Avocado Peel

Avocado peels, often discarded as agricultural waste, are a rich reservoir of phytochemicals with
significant bioactive potential. The peel covers approximately 18% of the total fresh weight,
comprising higher phenolic content and antioxidant activity than the reported values in the other
parts (pulp and seed) [1], [15], [16]. The primary active pharmacological moieties of avocado peels


https://www.zotero.org/google-docs/?IwgN62
https://www.zotero.org/google-docs/?kl88MW
https://www.zotero.org/google-docs/?KMeNmb
https://www.zotero.org/google-docs/?fbDmy4

J.Food Pharm.Sci 2025, 13(3), 285-295 287

include chlorogenic acid, quercetin derivatives, and procyanidins, which are responsible for their
potent antioxidant, anti-inflammatory, antimicrobial, and anticancer properties [17], [18].
Chlorogenic acid (5-O-caffeoylquinic acid), an ester of quinic acid and cinnamic acid, is a
hydroxycinnamic acid (phenolic compound) abundant in avocado peel, significantly contributing to
its high antioxidant capacity [17], [19]. Among the identified flavonoids, quercetin and its derivatives,
primarily found in fruit peels, were the dominant compounds. These flavonols are well-known for
their potent antioxidant, anticancer, and anti-inflammatory properties [6], [10].

Previous studies have reported that avocado peel contains more than 30 phenolic compounds
that were divided into three groups, including hydroxycinnamic acids, flavonols, and flavan-3-ols
[6]. Advanced analytical techniques, such as high-performance liquid chromatography (HPLC) and
mass spectrometry (MS), have enabled precise identification and quantification of these compounds,
revealing their structural diversity [20]. These studies have identified a diverse array of compounds,
including phenolics, flavonoids, organic acids, fatty acids, terpenoids, pigments, and alkaloids,
within the peels of various avocado cultivars. These compounds are associated with several biological
activities such as antioxidant, anti-inflammation, prevention of cancer, and some chronic diseases [6].

The composition and concentration of phytochemicals in avocado peels vary depending on
factors such as cultivar, ripening stage, and environmental conditions [6], [21]. For instance, Hass
avocados exhibit higher levels of procyanidin B2 (48.38 + 0.04 mg/g) and epicatechin (40.21 + 0.24
mg/g) compared to Fuerte (28.34 + 0.23 mg/g and 30.40 = 0.28 mg/g, respectively) [15]. This difference
may contribute to the superior antioxidant capacity observed in Hass peels, as procyanidins are
known for their strong radical-scavenging abilities [22]. The efficiency of extracting phytochemicals
from avocado peels depends on the solvent and method used. Traditional techniques, such as
maceration combined with wet grinding, provide better yields and preserve compounds like
chlorogenic acid and epicatechin more effectively than other methods [13]. Other conventional
methods, such as solid-liquid extraction, exhibit superior extraction capabilities for phenolic
compounds, including p-hydroxybenzoic acid and vanillic acid, compared to modern techniques like
ultrasonic-assisted extraction [23]. Factors such as the extraction method, temperature, solvent type,
duration, and whether single or combined techniques are used all affect the outcome [13], [24].

Therefore, ongoing research is needed to test different conditions and technology combinations
to optimize the recovery of these bioactive compounds. Understanding the phytochemical
composition of avocado peels and improving their extraction is crucial for unlocking their potential
as a sustainable source of bioactive molecules for pharmaceutical and nutraceutical applications. To
ensure the quality and consistency of avocado peel extracts, chlorogenic acid and quercetin serve as
key marker compounds due to their abundance, detectability, and significant bioactivity. These can
be quantified using HPLC-DAD or UHPLC-QTOF-MS to monitor extract quality and standardize
formulations [24], [25].

Table 1. Phytochemicals of Avocado Peels Based on Their Cultivars

Topic Phytochemicals Cultivars Identification Method References
Antioxidant and neuroprotective Alkaloids, Organic acids,
effects of Hass avocado peel Pigments, Fatty acids, and  Hass UHPLC-QTOF-MS [25]
extracts Phenolic compounds

Effect of extraction process on
phenolic compounds of the Hass
avocado peel from industrial
by-product

Phytochemical characterization of ~ Phenolics and Flavonoid
Persea americana Mill. by-products compounds

Phenolic compounds Hass HPLC-DAD [24]

Hass LC-DAD-ESI-MS 1]



https://www.zotero.org/google-docs/?zjmlpk
https://www.zotero.org/google-docs/?S4KFhJ
https://www.zotero.org/google-docs/?6oN3V8
https://www.zotero.org/google-docs/?eyjL8W
https://www.zotero.org/google-docs/?yDq7qU
https://www.zotero.org/google-docs/?00JTPG
https://www.zotero.org/google-docs/?Cmyc84
https://www.zotero.org/google-docs/?mxVw30
https://www.zotero.org/google-docs/?JD8pi5
https://www.zotero.org/google-docs/?gai31p
https://www.zotero.org/google-docs/?wRfaRp
https://www.zotero.org/google-docs/?LRSkgj
https://www.zotero.org/google-docs/?opSOJm
https://www.zotero.org/google-docs/?u4yIAg
https://www.zotero.org/google-docs/?bAngp9
https://www.zotero.org/google-docs/?bczJtz

J.Food Pharm.Sci 2025, 13(3), 285-295 288
continued Table 1..
I Fication of bioacti
dentification of bioactive Organic acids, Phenolics, Duke and
compounds from avocado seed and . HPLC [26]
peel and Flavonoid compounds Fuerte
Avocado waste biological Organic acids, Fatty acids,
evaluation as a potential source of ~ Phenolics, and Flavonoid Hass HPLC-ESI-QTOF-MS [5]
bioactive compounds compounds
Organic acid,
Hydroxycinnamic acids,
Identification of phytochemicalsin ~ Hydroxybenzoic acids, Hass HPLC-DAD-ESI- 27]
avocado peel Phenolic alcohols, QTOFE-MS
Flavonoids, and Fatty
acids
ion of phenoli
Green extraction of phenolic Phenolic compounds Hass UPLC-DAD [9]
compounds from avocado peel
. Fatty acids, Organic acids,
Eifect of cultivars on avocado peel Pigments, and Phenolic Hass HPLC and GC-FID [28]
compounds
compounds
Bioactive i ification of Phenoli Fl i
10act1\./e identi 1caf10n o av.ocado enolics and Flavonoid Hass HPLC-TOF-MS [10]
peel using ultrasonic extraction compounds
Exploration of avocado waste
. Hass and
products as a natural source of Phenolic compounds Fuerte HPLC-MS/MS [15]
phytochemicals
Investigating the generation of . .
antioxidants and biogas from Organic ac%ds, Phenolic Creole UHPLC-MS [23]
and Flavonoid compounds
avocado by-products
Microwave-assisted extraction and L .
L. Organic acids, Phenolic HPLC-DAD-ESI-TOF-
characterization of compounds . Hass [29]
and Flavonoid compounds MS
from avocado peel
Avocado byproducts as a source of Organic acids, Fatty acids,
neuroprotective compounds via Phenolics, and Flavonoid Hass  UHPLC-ESI-QTOF-MS [30]
pressurized liquid extraction compounds
Organic acids, Fatty acids,
Metabolomic analysis of ripe Creole Terpenoids, Pigments, Hass,
HPL -FID 1
and Hass avocados Phenolics, and Flavonoid  Creole Cand GC [31]
compounds
Neuroprotective effects of Colinred Colinred,
avocado peel in transgenic Phenolics and Flavonoid =~ Hass,
HPLC-MS-DAD 32
knockdown Parkin Drosophila compounds Reed, CMS (521
melanogaster Fuerte
E . imization for th
Xtraction optimization for the Phenolics and Flavonoid HPLC-DAD-ESI-
recovery of bioactive compounds of Hass [33]
compounds TOF-MS
avocado peel
Phenolic extract fro.m avocado by-  Phenolics and Flavonoid i UPLC-ESI-MS/MS [11]
products as a functional food compounds
Phytochemical recovery from . .
avocado peel using microwave- Phenolics and Flavonoid Hass HPLC-ESI-MS [12]
. . compounds
assisted extraction
L. Organic acids, Fatty acids,
Extraction influence on the recovery Amino acids, Phenolics, Hass UPLC-ESI-MS/MS and [13]

of avocado peel compounds

and Flavonoid compounds

GC-MS

Table 1 highlights the rich phytochemical diversity in avocado peels, particularly from the Hass

cultivar, which is frequently studied due to its global prevalence. Key compounds identified include

alkaloids, organic acids, pigments, fatty acids, and phenolic compounds, as demonstrated by
UHPLC-QTOEF-MS in studies focusing on antioxidant and neuroprotective effects [25]. Other
research using HPLC-DAD and LC-DAD-ESI-MS has confirmed the presence of phenolic and
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flavonoid compounds, underscoring the peel’s potential as a source of bioactive molecules [1], [24].
The variety of extraction and identification methods, such as HPLC and advanced mass
spectrometry, reflects the complexity of these phytochemicals, with Hass peels showing a broad
spectrum of constituents that vary slightly across studies depending on the analytical approach.

The inclusion of other cultivars like Duke, Fuerte, Colinred, Creole, and Reed suggests that
phytochemical profiles may differ across avocado varieties, with organic acids, phenolics, and
flavonoids consistently identified in both seed and peel [34]. The use of sophisticated techniques like
HPLC-ESI-QTOF-MS and HPLC-DAD-ESI-QTOF-MS indicates a trend toward precise
characterization, revealing compounds such as hydroxycinnamic acids and hydroxybenzoic acids.
This variability highlights the need for standardized extraction methods to ensure consistent yields,
as factors like cultivar and processing conditions can influence the phytochemical composition of
avocado peels [35], [36], [37].

3.2. Pharmacological Activities of Avocado Peel Phytochemicals

The diverse phytochemicals identified in avocado peels, such as phenolics and flavonoids, are
not only structurally complex but also functionally significant. These compounds are known to
interact with biological systems in ways that can lead to various pharmacological effects, including
antioxidant, anti-inflammatory, and neuroprotective activities [38], [39]. Understanding these
interactions is crucial for exploring the therapeutic potential of avocado peel waste. Table 2 reveals a
wide array of pharmacological activities linked to avocado peel phytochemicals, with antioxidant
effects being the most extensively studied. Mechanisms such as radical scavenging (assessed via
DPPH, ABTS, ORAC) and metal chelation (FRAP) demonstrate the peel’s ability to reduce oxidative
stress, a key contributor to chronic diseases. The inhibition of -carotene degradation and lipid
peroxidation (TBARS) further supports this profile, aligning with the phenolic and flavonoid content
identified earlier.

The neuroprotective potential of avocado peel phytochemicals is highlighted by the moderate
inhibition of acetylcholinesterase (AChE) activity, assessed through in vitro methods, suggesting a
role in managing neurodegenerative conditions [25], [30]. A specific study on avocado (Persea
americana var. Colinred) peel extract demonstrated its ability to prevent locomotor impairment,
reduce lifespan, and elevate lipid peroxidation (LPO) in transgenic KD parkin Drosophila exposed to
paraquat (PQ), a model for Parkinson’s disease (PD) [32]. These findings indicate that polyphenols,
such as epicatechin in Colinred peel extract (CRE), may act as prophylactic agents in antioxidant
therapy for PD prevention. Collectively, these results emphasize the therapeutic promise of avocado
peel phytochemicals, warranting further research into their clinical applications.

Table 2. Pharmacological effects of avocado peel compounds

Activities Mechanism Methods References
Antioxidant Radical scavenging DPPH, ABTS, ORAC, NO-, [1], [5], [10], [11],
02, ROO-, HOC1 [12], [13], [15], [23],
(24], [25], [26], [29],
(301, [32]
Metal chelating FRAP [1], [5], [9], [10], [11],
[15], [26], [29], [32]
Inhibit degradation of (3- [B-carotene bleaching [1]
carotene
Lipid peroxidation TBARS [1], [32]
Neuroprotection Inhibition of AChE ACHhE in vitro [1], [25], [32]
Antibacterial Alteration of membrane Agar well diffusion, [1], [9]
fluidity microdilution

Antifungal - Microdilution [1]
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continued Table 2..

Antiplatelet Inactivate protein complexes Turbidimetric [5]
involved in platelet
aggregation
Antiaging Inhibition of MMP1, MMP2, MMP inhibitor profiling [29]
MMP3, MMP7 kit
Inhibition of tyrosinase Tyrosinase inhibitor [5]

screening kit
continued Table 2..

Inhibition of xanthine oxidase Cayman’s Xanthine
Oxidase Fluorometric
Assay Kit
Inhibition of elastase Hydrolysis of substrate
MeOSuc-Ala-Ala-Pro-Val-
pNa
Inhibition of HY Alase Turbidimetric
Inhibition of collagenase Colorimetric
Antiinflammation Inhibition of TNF-a and NO  LPS-stimulated RAW 264.7 [15]
production macrophage
Anticancer Induction of apoptosis and Caco-2, HeLa in vitro [10], [11]

oxidative stress

2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), oxygen radical absorbance capacity (ORAC), nitric oxide radical (NO- ), superoxide radical
(O2 ), peroxyl radical (ROO- ), hypochlorous acid (HOCI), ferric reducing antioxidant power
(FRAP), thiobarbituric acid reactive substances (TBARS), acetylcholinesterase (AChE), matrix
metalloproteinase (MMP), lipopolysaccharides (LPS), human colorectal adenocarcinoma (Caco-2),
human cervix epithelioid carcinoma (HeLa).

Beyond their antioxidant and neuroprotective benefits, avocado peel phytochemicals exhibit a
fascinating array of additional pharmacological activities that captivate scientific interest. These
include antibacterial and antifungal effects, achieved by disrupting microbial cell membranes and
halting growth, as well as antiplatelet action through the inactivation of protein complexes, which
could support cardiovascular health [40], [41]. The peels also demonstrate remarkable anti-aging
potential by inhibiting key enzymes, including tyrosinase, xanthine oxidase, elastase, hyaluronidase,
and collagenase, offering possibilities for innovative skin care [42]. These diverse effects highlight the
peel’s versatility as a natural therapeutic resource.

Further expanding its therapeutic promise, avocado peel extracts demonstrate anti-inflammatory
properties by reducing tumor necrosis factor-alpha (TNF-a) and nitric oxide (NO) production in
lipopolysaccharide (LPS)-stimulated macrophages, as well as anticancer activity through inducing
apoptosis and oxidative stress in Caco-2 and HeLa cancer cell lines. The wide range of experimental
methods employed underscores the robustness of this research, yet questions remain regarding how
efficacy varies across avocado cultivars and the need for clinical validation. Challenges such as poor
bioavailability and instability under physiological conditions may limit their practical use. Still,
ongoing studies are tackling these hurdles with innovative encapsulation techniques and advanced
formulation strategies, paving the way for enhanced therapeutic applications. Antioxidant activity is
the most promising for product translation, supported by extensive in vitro (DPPH, ABTS, FRAP,
TBARS) and in vivo evidence (e.g., reduced lipid peroxidation in Parkinson’s models) [23]. Its robust
mechanistic data and applicability in food preservation and nutraceuticals make it closest to
commercial application.
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3.3. Potential Uses of Avocado Peels in Food and Pharmaceuticals

The valorization of avocado peel waste offers exciting prospects for the food and pharmaceutical
industries, embodying the principles of a circular economy by transforming a common byproduct
into valuable resources (Figure 2) [43], [44]. In the food sector, extracts from avocado peels act as
natural antioxidants, effectively extending the shelf life of perishable goods while serving as eco-
friendly alternatives to synthetic preservatives like butylated hydroxytoluene (BHT) [45].
Additionally, their robust antimicrobial properties enable the development of active packaging
materials that combat microbial spoilage, as supported by studies [1], [9]. These properties have been
tested against key foodborne pathogens, including Gram-positive bacteria such as Staphylococcus
aureus and Streptococcus dysgalactize subsp. equisimilis, as well as Gram-negative strains like
Escherichia coli and Pseudomonas putida, which pose significant challenges in food safety.

Novel Drugs ? wl
P Cosmetics % J s
<!

| Supplements

—— Functional Food

©

Industrial Waste

Food Preservatives

Figure 2. Utilization of Industrial Avocado Skin Waste in Food and Pharmaceutical Industries.

Testing has revealed strong antibacterial activity, particularly in avocado peels extracted using
deep eutectic solvents (DES) or green extraction methods, highlighting the critical role of extraction
techniques in enhancing bioactivity [9]. This suggests that the choice of extraction method
significantly influences the peel’s antimicrobial potential, with optimized protocols showing promise
against a range of bacteria. Further refinement of these methods is essential to maximize antibacterial
efficacy, paving the way for innovative, sustainable applications in food preservation and beyond,
making avocado peel waste a compelling focus for future research and industry adoption.

Furthermore, integrating phytochemicals extracted from avocado peels into functional foods,
such as flour or dietary supplements, presents an exciting opportunity to deliver health-enhancing
compounds directly to consumers. The peels’ modest oil content enhances their suitability for use in
avocado peel flour, which positively influences the sensory qualities, such as texture and flavor, of
bakery products. This flour emerges as a promising ingredient to fortify industrialized goods with
bioactive compounds, potentially replacing a portion of wheat flour in baked items [28]. Such
substitution could significantly boost the phytochemical content of these products, offering
nutritional benefits and aligning with the growing demand for healthier food options. Avocado peel
has also been formulated into a tea beverage containing phenolics and has been demonstrated to have
superior antioxidant activity compared to apple tea, with good acceptability based on sensory
analysis, making it a promising product [46].

In the pharmaceutical industry, bioactive compounds derived from avocado peels show promise
for developing novel drugs or nutraceuticals that target oxidative stress-related diseases, infections,
and cancers. Stability evaluations indicate that avocado peel extract can be effectively incorporated
into both emulsion cosmetics, water-in-oil, and oil-in-water, where it functions as an antioxidant and
antibacterial agent, offering a viable alternative to synthetic preservatives like BHT. Notably, the
extract demonstrates greater efficacy and stability in oil-in-water emulsions, enhancing its potential
for commercial applications [47]. However, challenges such as scalability, cost-effective extraction,
and regulatory approval must be addressed to realize these applications fully. Emerging
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technologies, such as encapsulation techniques, can further improve the stability and bioavailability
of these compounds, facilitating their integration into commercial products. By transforming avocado
peel waste into value-added products, these applications not only mitigate environmental concerns
associated with agricultural waste but also contribute to sustainable innovation in food and
healthcare.

3.4. Future Outlook

Future research on avocado peel waste should prioritize advancements in analytical and product
development strategies to maximize its therapeutic and commercial potential. Developing
standardized UHPLC-QTOF-MS protocols will ensure consistent quantification of key marker
compounds, such as chlorogenic acid and quercetin, facilitating quality control of extracts. Scaling
up green extraction techniques, including the use of deep eutectic solvents, is essential to enhance
yield and cost-effectiveness while maintaining sustainability [48]. Exploring nanoencapsulation and
liposomal delivery systems will improve the bioavailability of bioactive compounds, particularly for
antioxidant and anti-inflammatory applications, enabling their integration into functional foods and
nutraceuticals [49], [50]. Conducting clinical trials to validate these pharmacological effects,
especially the well-documented antioxidant and neuroprotective properties, will bridge the gap to
commercial translation. Furthermore, integrating avocado peel valorization into circular economy
models through scalable industrial processes will support environmental sustainability and
economic growth, transforming this agricultural byproduct into a valuable resource for the food,
pharmaceutical, and cosmetic industries [44].

4. CONCLUSION

This review highlights the significant potential of avocado peel waste as a sustainable source of
bioactive phytochemicals, particularly phenolics and flavonoids, which exhibit diverse
pharmacological activities. These include antioxidant, neuroprotective, antimicrobial, and anticancer
effects, making the peels valuable for both food and pharmaceutical applications. However,
challenges such as bioavailability, cultivar variability, and extraction scalability must be addressed
through further research. Innovative approaches, including optimized extraction methods and
advanced formulation techniques, are essential for unlocking the full therapeutic potential of avocado
peels. Ultimately, valorizing this agricultural waste not only supports environmental sustainability
but also contributes to health innovation and economic growth. Avocado peel emerges as a promising
source of bioactive phytochemicals for pharmaceutical and food applications. However, further
studies are needed to address cultivar variability and enhance compound bioavailability for
industrial implementation.
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