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gz%zfgéﬁtgj?g ﬁ)ﬁcgﬁegci;tfr}ng, Mus, A large amount of avocado is produced every year, and processing of avocado results in the pro-
Turkey duction of large quantities of peel, which is usually disposed as waste without any further applica-
tion. Avocado peel is a rich source of diverse phytochemicals known as health-promoting compo-
unds, and these compounds can be used to produce high economic value products. However, the
amount and composition of phenolic compounds vary regarding different factors, such as level of
ripening and maturation, growing conditions and the country of origin. Phenolics within avocado
peel have been reported to exhibit antioxidant, antimicrobial and anti-inflammatory effects, and
associated with extensive health benefits. Thus, it is of great importance to recover these com-
pounds from the peel for usage in food and health industries. This review focuses on the phyto-
chemical compounds together with main factors influencing their types and amounts in avocado
peel, and the possible utilisation of this by-product in the food, pharmaceutical and some other
industries.
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Introduction

Avocado is a significant tropical fruit with high amounts of
bioactive components, and due to its health benefits, the con-
sumption of avocado is increasing worldwide (Araujo et al.,
2018; Migliore et al., 2018). The avocado has various con-
sumption types and commercial uses in many products such
as guacamole, chips, ice cream, frozen products, avocado
paste, avocado oil and cosmetic products (Colombo &
Papetti, 2019; Palma et al., 2016; Saavedra et al., 2017).
Nowadays, the usage of avocado as a functional ingredient
for foods has gained remarkable interest. This is principally
related with the bioactive compounds of avocado including
unsaturated fatty acids, dietary fibre, vitamin C, B and E, lu-
tein, pigments (carotenoids, chlorophylls, and anthocyanins),
and phenolic compounds (Kosinska et al., 2012; Lu et al.,
2005; Saavedra et al., 2017; Wang et al., 2010).

A great amount of avocado is generated every year and pro-
cessing of avocado produces a considerable amount of by-
products (peel and seed) which account nearly 30% of the
fresh weight of the fruit (Aratjo et al., 2018; Figueroa et al.,
2018; Melgar et al., 2018). Hereby, it produces by-products
that cause environmental problems and are generally dis-
carded without any additional applications (Arafjo et al.,
2018; Figueroa et al., 2018; Kosinska et al., 2012).

Avocado peel contains carbohydrates (62-73.3%), proteins
(4-8.3%), lipids (4.4-9.1%) and fibres (almost 50%) and also
it has great amount of bioactive compounds (Colombo &
Papetti, 2019). The peel is reported to contain high phenolic
content and antioxidant activity. Besides this, the peel has
been demonstrated to show effectual antimicrobial, antibiotic
and anti-inflammatory properties (Adikaram et al., 1992; Mo-
rais et al., 2015). Within this scope, it is a promising material
for the production of functional foods and pharmaceutical
products, and also it can be used as a bio-source for the pro-
duction of environment friendly adsorbents (Antasionasti et
al., 2017; Kosinska et al., 2012; Palma et al., 2016).

Phytochemicals are important secondary metabolic compo-
unds produced by plants and are present in large amounts in
avocado peels compared to other fruit products (Figueroa et
al., 2018; Morais et al., 2015). Polyphenols are the biggest
class of the phytochemicals, which are known with varied and
remarkable biological functions for human health (Sagar et
al., 2018). Phenolic phytochemicals have been linked with

multiple health benefits, such as antitumor, anti-aging, anti-
diabetic, antioxidant and anti-inflammatory properties
(Ahangarpour et al., 2019; Lin et al., 2016; Lu et al., 2005;
Saavedra et al., 2017). Due to their protective effects against
oxidation and colour deterioration, and prevention of the
growth of bacteria and moulds, they are extensively used in
the food industry (Kosinska et al., 2012; Rodriguez-Carpena
et al., 2011). Hence, the recovery of these bioactive products
from avocado peel may lead to produce new products with
added value and improve the usage of the by-products of av-
ocado processing industry. For the efficient exploitation and
valorisation of phytochemicals in avocado peel, it is im-
portant to understand the profile of chemicals (particularly in-
dividual phenolic compounds), factors influencing the
amounts of phenolics in the peel, and potential utilisation of
these compounds as food ingredients or other proposes. This
review inclusively points out the phenolic compounds of av-
ocado peel, highlights the uses in food industry and the po-
tential uses for some other products.

Botany and Production

Avocado belongs to the family of Lauraceae which is a di-
cotyledonous evergreen plant, indigenous to Mexico, but re-
cently produced and consumed worldwide (Alvarez et al.,
2015; Hurtado-Fernandez et al., 2018; Melgar et al., 2018).
The word avocado is used by the Aztecs and derived from
ahuacatl, while it is called by various names (aguacate,
cupandra, avocatier, cura, abacate and palta) in different
countries (Araujo et al., 2018; Yahia & Woolf, 2011). It is
also known as alligator pear, butter pear and vegetable pear
(Hurtado-Fernandez et al., 2018). Botanically, avocado is di-
vided into 3 groups, with different terms as Mexican (Persea
americana var. drymifolia), Guatemalan (Persea nubigena
var. guatemalensis), and West Indian (Persea americana var.
americana). The names are based upon the origins, the typi-
cal growing conditions and the properties of the fruit (Aratjo
et al., 2018; Yahia & Woolf, 2011). There are a vast number
of avocado varieties with the main cultivars such as Hass,
Fuerte, Bacon, Reed, Gwen, Edranol, Ettinger, Pinkerton,
Shepard, Zutano etc., among them, Hass and Fuerte varieties
are the most popular varieties (Hurtado-Fernandez et al.,
2018; Mardigan et al., 2018; Yahia & Woolf, 2011).
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Avocado is a berry, composed of a big seed at the central,
and pericarp which contains skin (exocarp), the edible part
(mesocarp) and the covering layer of the seed (endocarp) with
different weights range from 120 g and 2.5 kg, rough or
smooth surface, thick or thin skin, oval to round shape
(Aratjo et al., 2018; Hurtado-Fernandez et al., 2018). Avo-
cado has a specific feature of ripening as it does not ripen on
the tree; but ripening process starts after harvesting which
needs 5 to 7 days at room temperature. Avocado pread all
over the world especially in tropical and subtropical regions.
‘Hass’ variety, a Mexican strain, is the most important, well-
recognized and commercially important type (Wang et al.,
2010).

Avocado is known as a healthy product because of its high
nutritional and phytochemical content (Yahia & Woollf,
2011). Accordingly, its production in the world has been in-
creased continually between 1995 (2217521 million tonnes)
and 2018 (6407171 million tonnes) and it is produced by
more than 100 countries. Mexico has remained the main pro-
ducer because its production accounts for approximately 34%
of total production of avocados and it is also the leading ex-
porter (FAOSTAT, 2018). Americas is the largest avocado
producing continent with about 74% of the total production,
it is followed by Africa then Asia (Figure 1.). Recently, the
demand of avocado for food and nutraceutical industries has
been rising owing to its before-mentioned characteristics
(Hurtado-Fernandez et al., 2018). Avocado is getting more
attention also in Turkey. The plantation of avocado in Turkey
dates back to the beginning of 1970s with the trials of Hass,
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Fuerte, Zutano and Bacon varieties (brought from California
via FAO) in Antalya, Dalaman, Alata, Adana and Iskenderun
(Bayram, 2005). The production capacity of avocado in Tur-
key between 1995 and 2018 years has been scaled up from
153 tonnes to 3164 tonnes, and the production capacity has
been doubled between 2013 and 2018 (FAOSTAT., 2018). In
brief, as can be understood from the production statistics, av-
ocado production tends to increase in the future.

Phytochemicals of Avocado Peel

Avocado peel is a rich source of phytochemicals (Table 1)
regarding their total phenolic content range from 0.6 to 6.8
mg gallic acid equivalent/g sample (mg GAE/g sample) for
the fresh avocado peel, and between the interval of 4.3-120.3
mg GAE/g for the dry avocado peel with the inter-varietal
alterations. The peel, accounts for around 18% of the total
fresh weight, which contains higher phenolic content and an-
tioxidant activity than the reported values in the edible part
(pulp) (Melgar et al., 2018; Rotta et al., 2016; Tremocoldi et
al., 2018; Wang et al., 2010). When compared to other tropi-
cal fruit peels (banana, melon, passion fruit, papaya, pineap-
ple and watermelon), avocado dried peel has the highest total
phenolic content and the raw peel of the fruit presents the
highest flavonoid content. Furthermore, dried avocado peel
shows the highest antioxidant activity (FRAP assay) with the
comparison of the peels of other fruits (Morais et al., 2015).
The phenolic content and antioxidant activity of avocado peel
are several-fold higher than the values reported for raw blue-
berries for their high antioxidant activity (Kosinska et al.,
2012; Lopez-Cobo et al., 2016; Wang et al., 2010).

—o— World

—@— Africa
Americas

—0— Asia
Europe+Ocenia
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Figure 1. Avocado production of the world by years (FAOSTAT, 2017).
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Table 1. Total phenolic content and antioxidant activities of avocado peel
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Fresh or  Total pheno-

Cultivars Region drysubs- liccompo- DPPH! ABTS' ORACkK FRAP! Extraction method Reference
tance unds
Methanol (80%) extraction with -
Hass Australia Dry 25.32 - 161.0° 470.0°¢ - solid to solvent ratio 1:8 in a gllio%nlsé()a et
shaking water bath at 60 °C N
Shepard Australia Dry 15.6 - 112.0° 290.0° -
Extraction with ace-
Slimcado  Florida Dry 4.6° 39.74 - 5824 - tone/water/acetic acid via vortex %vfgag etal,
and sonication
Simmonds  Florida Dry 7.4° 84.9¢ - 226.8¢ -
Loretta Florida Dry 7.6° 38.0¢ - 92.6¢ -
Choquette  Florida Dry 13.9° 90.8¢ - 174.8¢ -
Booth 7 Florida Dry 13.2° 80.0¢ - 164.9¢ -
Booth 8 Florida Dry 8.1° 52.6¢ - 110.5¢ -
Tonnage Florida Dry 4.3b 51.9¢ - 187.6¢ -
Hass Mexico Dry 12.6° 189.8¢ - 631.4¢ -
(Rodriguez-
Hass Spain Fresh 90.0¢ 89000¢ - - - NR Carpena et
al., 2011)
Fuerte Spain  Fresh 60.8° 200000¢ - - -
. . ¢ Methanol extraction with solid (Morais et al.,
NR Brazil  Fresh 1.8 ) . ) 278 {5 solvent ratio 1:10 2015)
NR Brazil Dry 12.5¢ - - - 441.8f
Vinha et al.,
Hass Portugal Fresh 6.8° ) ; ; ; NR gollg)a eta
Extraction with ace- (Tremocoldi
Hass Brazil Dry 63.5° 310.0¢  791.5¢ - 1175.18 tone/water/acetic acid via vortex etal., 2018)
and sonication ”
Fuerte Brazil  Dry 120.3° 420.0°  1004.5¢ - 1881.4¢
NR Brazil  Fresh  0.6° 1610 - - 96"  NR g%‘;g;‘ ctal,
NR Brazil  Dry 10.8° 763.0¢ - - 422.8" NR

NR: not reported.

2mg catechin equivalent/g DM.

> mg GAE/g sample.

¢mg GAE/g DM.

4 umol TE/g.

¢umol TE/g DM.

fumol FeSO4/g DM.

2umol Fe?'/g DM.

" mol FeSO4.7H20/g DM.
12,2-Diphenyl-1-picrylhydrazyl.
12,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid).
koxygen radical absorbance capacity.
!ferric reducing antioxidant power.
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Previous studies have reported that avocado peel contains
more than 30 individual phenolic compounds and high poly-
meric compounds which can be extensively categorized into
3 groups; hydroxycinnamic acids (Table 2), flavonols (Table
2) and flavan-3-ols (Table 3). 5-O-caffeoylquinic acid, also
known as chlorogenic acid, is the ester produced from cin-
namic acids and quinic acid which is the main hy-
droxycinnamic acid in avocado peel. It exhibits anti-hyper-
glycaemic effects, greater DPPH activity than vitamin E, and
it is also effective for the prevention of oxidation and for-
mation of free radicals (Ahangarpour et al., 2019; Karasawa
& Mohan, 2018; Lopez-Cobo et al., 2016). Between the iden-
tified flavonols, the derivatives of quercetin were the domi-
nating compounds (Kosinska et al., 2012; Lopez-Cobo et al.,
2016; Melgar et al., 2018). Flavonols are one of the biggest
class of the flavonoids mainly gather in the peel of the fruits
and associated with the control of oxidation, inflammation
and protection against cardiac diseases (Figueroa et al.,
2018).

The leading group of phenolics determined in avocado peel
is flavan-3-ols ((epi)catechin derivatives) (Table 3) which
comprises monomers, dimers and polymers (Melgar et al.,
2018). Catechin, epicatechin, and A- and B-type dimers are
subgroups of procyanidins (Wang et al., 2010). The oligo-
mers and polymers, known as procyanidins, are one of the
largest phenolic compounds in the food products which have
been studied to propose prevention of cancer, inflammation
and some chronic diseases (Mark et al., 2019; Wang et al.,
2010). It is reported that the procyanidin level of avocado
peel is comparable to the one determined in natural cocoa
powder which have been declared to have great procyanidin
amount. The primary procyanidins in avocado peel are in
B-type. As avocado peel contains A-type procyanidins, it
may lead to have some other health benefits such as prevent-
ing the infections of urinary tract, and also procyanidins were
reported to be the main polyphenols that made contribution
to the antioxidant activity of avocado peel. Chlorophylls, the
pigments with potential antioxidant activities, are found in
avocado peel, but they are not the dominant antioxidant com-
pounds in avocado peel because of the weak correlation be-
tween pigment concentration and antioxidant activity (Wang
etal., 2010).

Review Article

Main Factors Affecting the Type and Amount of
Phytochemicals in Avocado Peel

The type and amount of individual and total phenolics in av-
ocado peel change according to some factors, such as the de-
gree of maturation and ripening, variety, conditions of culti-
vation and the country of plant growth (Golukcu & Ozdemir,
2010; Hurtado-Fernandez et al., 2018; Kosinska et al., 2012;
Ozdemir & Topuz, 2004). For instance, among 8 different
cultivars (Slimcado, Simmonds, Loretta, Choquette, Booth 7,
Booth 8, Tonnage and Hass), Hass variety is reported to have
the highest phenolic content (51.6 mg GAE/g) and ranked as
the third highest antioxidant activity by the ORAC assay
(428.8umol TE/g) in the peels with comparison to other vari-
eties (Wang et al., 2010). Kosinska et al. (2012) compared the
phenolic content and antioxidant capacities of 2 different va-
rieties (Hass and Shepard) of avocado peels and reported sig-
nificant variations among the varieties. To exemplify, (+)-
catechin and procyanidin dimers were not detected in the peel
of the Shepard cultivar, whereas they were found in the peel
of Hass cultivar. Caffeoylquinic acid and quercetin deriva-
tives were identified in the peels of both varieties. In another
study, the difference of total phenolic content among ‘Hass’
and ‘Fuerte’ varieties were investigated and the results re-
vealed that the peels of Fuerte variety has higher total phe-
nolic content (120.3 mg GAE/g of dry avocado) than Hass
variety (63.5 mg GAE/g of dry avocado) (Tremocoldi et al.,
2018).

The colour and texture of avocado peel alter during the mat-
uration stage, which cause changes in the types and amounts
of phenolic and anti-fungal compounds (Bowen et al., 2018;
Yahia & Woolf, 2011). The persin content of ‘Hass’ avocado
peel was found to decrease apparently throughout the matu-
ration stage, over ripened peel had nearly 30% less than total
persin (the sum of persin and persenone-A) when the persin
content was about 600 mg/kg at the early harvest period and
400 mg/kg at the late harvest period, almost 4 months later.
Whilst ripening and storage, the concentrations decreased as
well, however the degree of variation was depending upon
the harvest concentration. The epicatechin and total (epi)-cat-
echin (the sum of epicatechin and catechin monomers, epi-
catechin dimer B2, and (epi)-catechin oligomers) content re-
duced between the early and late harvest periods, while the
changes regarding maturation were greater than the ones in
storage and ripening (Bowen et al., 2018).
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Table 2. Identified hydroxycinnamic acids and flavonols in avocado peel of different cultivars

Phenolic compounds Cultivars Quantity Reference
Hydroxycinnamic acids:
5-O-caffeoylquinic acid Hass 81.8 pg/g DM (Kosinska et al., 2012)
Shepard 77.4 pg/g DM
Hass 22.7 mg/g extract® (Melgar et al., 2018)
Hass - (Lopez-Cobo et al., 2016)
4-0O-Caffeoylquinic acid Hass 20.2 mg/g extract* (Melgar et al., 2018)
quinic acid Hass - (Lopez-Cobo et al., 2016)
Flavonols:
quercetin-3,4'-diglucoside Hass 46.1 ng/g DM (Kosinska et al., 2012)
quercetin 3-O-rutinoside Hass 23.8 pg/g DM (Kosinska et al., 2012)
quercetin-3-O-arabinosyl-glucoside ~ Hass 80.4 ng/g DM (Kosinska et al., 2012)
Hass - (Lopez-Cobo et al., 2016)
quercetin-3-O-arabinoside Shepard 94.1 pg/g DM (Kosinska et al., 2012)
quercetin 3-O-galactoside Hass 31.2 pg/g DM (Kosinska et al., 2012)
Shepard 144.1pg/g DM (Kosinska et al., 2012)
quercetin-3-O-glucoside Shepard 54.6 pg/g DM (Kosinska et al., 2012)
Hass 1.2 mg/g extract®  (Melgar et al., 2018)
quercetin derivative (I) Shepard 63.7 pg/g DM (Kosinska et al., 2012)
quercetin derivative (II) Hass 62.5 ng/g DM (Kosinska et al., 2012)
quercetin derivative (III) Shepard 81.9 pg/g DM (Kosinska et al., 2012)
quercetin-diglucoside Hass - (Lopez-Cobo et al., 2016)
rutin Hass - (Lopez-Cobo et al., 2016)
quercetin-dihexoside Hass 1.4 mg/g extract®  (Melgar et al., 2018)
quercetin-pentoside-hexoside Hass 1.5 mg/g extract*  (Melgar et al., 2018)
quercetin-glucoronide Hass 1.2 mg/g extract*  (Melgar et al., 2018)
quercetin-hexoside Hass 1.1 mg/g extract*  (Melgar et al., 2018)
quercetin-rhamnoside-hexoside Hass 1.2 mg/g extract*  (Melgar et al., 2018)
quercetin-rhamnoside-pentoside Hass 1.0 mg/g extract®  (Melgar et al., 2018)
isorhametin-glucuronide Hass 1.1 mg/g extract®  (Melgar et al., 2018)

areported for ethanolic extracts.
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Table 3. Identified flavan-3-ols and pigments in avocado peel of different cultivars

Phenolic compounds

Cultivars

Quantity

Reference

Flavan-3-ol monomers:
catechin

epicatechin

catechin hydrate

Flavan-3-ol dimers:
procyanidin dimer B (I)
procyanidin dimer A
procyanidin dimer B (II)
B-type (epi)catechin dimer
Flavan-3-ol polymers:
B-type (epi)catechin trimer
B-type (epi)catechin tetramer
B-type (epi)catechin pentamer
Pigments:

Chlorophyll a

Chlorophyll

Hass

Hass

NR (raw peel)
NR (dried peel)
NR (raw peel)
NR (dried peel)

Hass
Hass
Hass
Hass

Hass
Hass
Hass

Slimcado
Simmonds
Loretta
Choquette
Booth 7
Booth 8
Tonnage
Hass
Slimcado
Simmonds
Loretta
Choquette
Booth 7
Booth 8
Tonnage
Hass

148.8 ug/g DM
46.5 mg/g extract?
1.8 ng/100g DM
1.3 pg/g DM
3.00 ng/100g DM
1.7 ug/g DM

135.4 pg/g DM
26.8 pg/g DM
55.1 ng/g DM
34.1 mg/g extract?

26.2 mg/g extract®
21.2 mg/g extract?
16.6 mg/g extract?

0.1 pg/g
0.5 png/g
0.4 pg/g
1.1 pgl/g
0.9 pg/g
0.9 pg/g
1.1 pg/g
21.0 pg/g
0.1 pg/g
0.8 png/g
0.7 ng/g
2.0 pgl/g
1.3 pg/g
1.7 png/g
1.9 ng/g
20.2 pg/g

(Kosinska et al., 2012)
(Melgar et al., 2018)
(Morais et al., 2015)
(Morais et al., 2015)
(Morais et al., 2015)
(Morais et al., 2015)

(Kosinska et al., 2012)
(Kosinska et al., 2012)
(Kosinska et al., 2012)
(Melgar et al., 2018)

(Melgar et al., 2018)
(Melgar et al., 2018)
(Melgar et al., 2018)

(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)
(Wang et al., 2010)

NR: not reported.
2reported for ethanolic extracts.
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Regarding drying as a pre-treatment method; different tem-
peratures, airflow rate and loading density in convective dry-
ing have differential effects on total phenolic content of avo-
cado peel. The increment in the drying temperature and air
flow rate gives rise to decrease in total phenolic content of
avocado peel (Saavedra et al., 2017). On the other hand, dif-
ferent drying methods such as oven drying and lyophilisation
have variable effects on the phenolic content of avocado peel.
Total phenolic content was found to decline with lyophilisa-
tion treatment, while it was increasing with oven drying pro-
cess. Further, both lyophilisation and oven drying lead to de-
crease in the flavonoid content of avocado peel when com-
pared to the raw samples. As regards to individual phenolic
compounds subjected to the same drying conditions, some of
them increased while others decreased (Morais et al., 2015).
Heat treatment may cause different reactions on the phenolic
compounds of avocado peel. Application of heat can be re-
garded as an effective technique in liberation of the bonds of
phytochemicals to the free forms, which may result in the in-
crease in the total phenolic content and antioxidant activity.

Nevertheless, the application of heat may also trigger de-
stroying of heat sensitive phenolic compounds resulting in the
loss of these compounds (Shodehinde & Oboh, 2013).

Potential Uses of Avocado Peel in the Food,
Pharmaceutical and Some Other Industries

Processing of avocado generates a huge amount of peel and
causes the loss of phytochemically rich materials of have high
economic value (Colombo & Papetti, 2019; Coman et al.,
2020; Permal et al., 2020). Avocado peel is traditionally used
for livestock feed (Figueroa et al., 2018). Nonetheless, avo-
cado peel contains important compounds for food, pharma-
ceutical and other industries as it has higher phenolic content
than the pulp and seed (Kosinska et al., 2012; Rotta et al.,
2016; Tremocoldi et al., 2018). For these reasons, recently,
avocado peel has been drawing more attention and being in-
vestigating more extensively. The research reported on the
valorisation of avocado peel are summarized in Table 4.

Table 4. Potential applications of avocado peel and its bioactive compounds in the food and pharmaceutical industries

The type of material

Functions

Usage/Potential usage

Reference

Dried avocado peel

Avocado peel extracted
with acetone/water
Lyophilised avocado
peel

Avocado peel extracted
with various solvents

Avocado peel extracted
with various solvents

Avocado peel

Dried avocado peel
Avocado peel
Avocado peel

Avocado peel

Strong antioxidant activity

Prevention of various oxida-
tion reactions

Strong antioxidant activity

Strong antioxidant activity

Strong antioxidant and anti-in-
flammatory activities

Strong antioxidant and antimi-
crobial activity

Strong antioxidant activity
Adsorption capacity
Adsorption capacity

Strong antioxidant activity

Production of phenolic compounds isolates
and concentrates

Protection of raw porcine patties against dif-
ferent types of oxidation reactions

Food preservative or an ingredient for func-
tional foods

Food preservative as an antioxidant

Food supplement and functional food

Food additive as antioxidant and antimicrobial

Usage in tea production

Production of avocado carbon peel
Production of carboneous material
Production of nutraceuticals and colouring
agents

(Saavedra et al., 2017)

(Rodriguez-Carpena et al.,

2011)
(Kosinska et al., 2012)

(Antasionasti et al., 2017)

(Tremocoldi et al., 2018)

(Ortiz-Viedma et al., 2018)

(Rotta et al., 2016)
(Devi et al., 2008)
(Palma et al., 2016)

(Wang et al., 2010)
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Dried peels of avocado were used to produce a novel func-
tional beverage. The tea produced from avocado peel was
similar to mate tea having a high level of phenolic compounds
with no significantly difference during the storage (Rotta et
al., 2016). The production of natural food preservatives is of
great interest because the demand of food consumers for
healthy products has been increasing (Mark et al., 2019). The
avocado peel extract has been used to inhibit lipid and protein
oxidation and to avoid colour deterioration of meat products,
which make the peel as a potential natural food grade preserv-
ative (Rodriguez-Carpena et al., 2011).

Avocado peel extract was used to inhibit the release of the
pro-inflammatory TNF-a and the inflammation mediator ni-
tric oxide, probably due to its much phenolic compounds and
antioxidant capacity (Tremocoldi et al., 2018). Furthermore,
avocado peel extract has been proved to have higher radical
scavenging and antioxidant activity than nisin, a natural anti-
microbial dipeptide. In addition to this, peel extract had a re-
markable antimicrobial effect on Listeria innocua (ATCC
33090), Escherichia coli (JMP101), Lactobacillus sakei,
Weissella viridescens and Leuconostoc mesenteroides. The
highest antimicrobial activity against L. innocua was reached
with 61% of peel extract and 39% of nisin (Calderon-Oliver
etal., 2016).

Some research proved that avocado peel has potential for the
production of activated carbon to reduce the chemical and bi-
ological oxygen demand of coffee processing wastewater.
Avocado peel activated carbon (APC) is reported to be a
promising cheaper alternative to high-priced activated carbon
as the adsorption capacity of APC was comparable to the
commercial ones. Additionally, the quality of water treated
with APC was convenient for irrigation and straight discharge
to the water sources (Devi et al., 2008). Avocado peel is also
studied to produce ecology-friendly adsorbents for the re-
moval of basic and acidic dyes as a promising alternative to
conventional activated carbons. The optimum conditions for
the process were determined using the application of factorial
design and response surface methodology as 900°C for car-
bonisation temperature at 65 min. Carbonised avocado peel
is a promising adsorbent for various dyes removal due to its
low cost and wide availability of the raw material along with
the satisfying adsorption capacity (Palma et al., 2016).

Review Article

Conclusions

Avocado is a worldwide cultivated and consumed fruit which
is popular because of its nutritious bioactive composition and
many health benefits. Avocado peel is a significant part of
avocado as it can be exploited to produce food ingredients
due to its rich content of high biological activity. The demand
for avocado, is increasing year by year. Processing of avo-
cado produces considerable amount of by-products, which
represents multiple environmental problems. As a cheap and
easily attainable raw material, avocado peel can be used for
production of natural food additives, pharmaceuticals, medi-
cines and nature-friendly adsorbents.

Future studies on avocado peel should be more comprehen-
sive to identify the individual phenolic components and de-
tect new compounds by application of more suitable extrac-
tion, isolation and characterisation techniques. Moreover,
health benefits and potential applications of individual com-
pounds obtained from avocado peel need additional in-depth
research. In brief, the usage of avocado peel as an inexpensive
and rich source of phytochemicals depends on 2 descriptive
further aspects: (a) cost-efficient and effective recovering
methods for phenolic compounds; (b) the potential usage of
phenolic compounds as functional ingredients in food, medi-
cine and pharmaceutical products.
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