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Abstract: Avocado seed and peel are the main by-products from avocado industrialisation, and
account for nearly 30% of fruit weight. Although they are usually discarded, their high phenolic
content has been deeply associated with several nutritional and functional benefits. Thus, for
a comprehensive analytical evaluation of both semi-industrial extracts, various steps have been
developed: tentative characterisation and quantification of the phenolic composition using HPLC-ESI-
qTOF-MS, determination of TPC and antioxidant activity by Folin–Ciocalteu, FRAP, TEAC and ORAC
methods, evaluation of scavenging capacity against different ROS and measurement of the enzymatic
inhibitory potential against potentially harmful enzymes. Finally, their bioactive potential was
tested in a human platelet model where antiaggregatory activity was measured. Hence, 48 different
compounds were identified, where flavonoids and procyanidins were the most representative groups.
The higher TPC was found in avocado peel extract (190 ± 3 mg/g), which showed more antioxidant
power and more capacity to decrease ROS generation than seed extract (60 ± 2 mg/g). In addition,
both extracts showed enzymatic inhibition, especially against hyaluronidase, xanthine oxidase
and acetylcholinesterase. Lastly, avocado peel was proven to inhibit platelet aggregation with
significant results at 1, 0.75 and 0.5 mg/mL, where the extract showed reducing effects on agonists’
expression such as p-selectin or GPIIb/IIIa complex. These results demonstrate that both semi-
industrial extracts—above all, avocado peel—have an interesting potential to be exploited as a
natural by-product with antioxidant properties with multiple applications for the prevention of
different pathologies.

Keywords: avocado by-products; phenolic compounds; HPLC-MS; reactive oxygen species; enzyme
inhibition; platelet aggregation

1. Introduction

The avocado (Persea americana Mill.) is an important Central American fruit belonging
to the Lauraceae family, produced mainly in tropical and subtropical areas, although it
is currently cultivated throughout the world. Approximately, about six million tons of
avocado are thought to be produced annually around the world [1], being the tropical fruit
with the greatest production growth in recent years.

An average avocado fruit is composed of pulp (among 65–73%), peel (among 11–15%)
and seed (among 16–20%) [2]. Recent studies have demonstrated that avocado fruit pos-
sesses high nutritional quality. The pulp is recognised for its high levels of vitamins,
minerals, proteins and fibers, as well as high concentrations of unsaturated fatty acids and
bioactive compounds such as carotenoids, hydroxybenzoic and hydroxycinnamic acids,
procyanidins, condensed tannins and flavonoids, especially flavonols [3]. Nevertheless,
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peels and seeds have been also identified as interesting matrices due to their high con-
tent of bioactive compounds such as carotenoids, tocopherols and especially phenolic
compounds [3]. Their main phenolics ever identified are derivatives of chlorogenic acid
(caffeoylquinic and coumaroylquinic acids) and flavonoids (catechins, quercetin glycosides
and procyanidins) [4]. Former studies have also demonstrated that avocado seed and peel
show even higher amounts of phenolics than the pulp [5].

Because of this, avocado by-product phenolic compounds have already been associ-
ated with a host of health-related benefits: antioxidant, anti-inflammatory, anticarcinogenic,
antiaging, antiaggregatory, antibacterial and antifungal activity, among others [6]. Due
to antioxidant and anti-inflammatory activity, related to their ability to eliminate free
radicals [7], these by-products are known to promote therapeutic effects against some
human degenerative diseases associated with the presence of reactive oxygen species
(ROS) and oxidative stress, including prevention and protection against neurodegenera-
tion, cardiovascular and gastrointestinal failures and cancer development [1,8,9], or even
against skin-aging-related issues, encouraging photoprotection from harmful UV sun rays,
increasing of the wound-healing process and mitigation of skin hyperpigmentation [10–12].

Despite their proven bioactivity, these nonedible parts are commonly discarded. An-
nually, at least 1.6 million tons of avocado seeds and peels are estimated to be thrown away
globally [1], turning them into a remarkable source of environmental contamination and
provoking a huge wastage of nutritional value. Instead, these residues could be a low-cost
onset to obtain a wide variety of phenolic acids and flavonoids with a high functional
potential for the formulation of foods, nutraceuticals or cosmetic products [13].

In this context, and being aware of high economic value of avocado production, a
comprehensive in vitro evaluation of the semi-industrial extract of P. americana Mill. by-
products was carried out with the aim of highlighting the potential of seeds and peels
as phytochemical sources, and their possible revalorisation from a preindustrial-scaling
point of view. For this purpose, a tentative analytical characterisation/quantification of
the phenolic composition was carried out, followed by an in-depth in vitro study eval-
uating parameters such as total phenolic content, antioxidant potential and free-radical
scavenging activity, as well as the affinity of its phenolics with several enzymes involved in
physiological phenomena by determining their inhibitory concentration (IC50). Finally, an
evaluation of platelet antiaggregatory activity was performed to determine the anticoagula-
tion capacity of avocado seed and peel, and thereby prove their cardiovascular benefits. In
the present work, for the first time, a comprehensive enzymatic study was carried out on
the main avocado by-products on a preindustrial scale, as well as their possible therapeutic
applications (platelet aggregation), thus addressing their potential for the development of
future nutraceuticals.

2. Materials and Methods
2.1. Chemical Reagents

For extractions and solutions, ultrapure water was obtained with a Milli-Q system
Millipore (Bedford, MA, USA) and absolute ethanol was purchased from VWR chemicals
(Radnor, PA, USA).

The following reagents were provided from the indicated suppliers: Sodium carbon-
ate, acetic acid, TPTZ (2,4,6-tris(2-pyridyl)-s-triazine), sodium hydroxide and hydrochloridic
acid were purchased from Fluka (Honeywell, NC, USA). Absolute ethanol and sulfuric acid
were purchased from Riedel-de-Haën (Honeywell, NC, USA). Sodium hypochlorite solu-
tion EMPLURA was purchased from Merck (Darmstadt, Germany). NOC-5 was purchased
from Chemcruz (Santa Cruz Biotech., Dallas, TX, USA). Gallic acid, Folin reagent, ABTS
(2,2′-azinobis (3-ethylbenzothiazoline-6-sulphonate)), potassium persulfate, Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid), sodium acetate, ferric chloride, heptahydrate
ferrous sulphate, fluorescein, AAPH (2,2’-azobis(2-amidinopropane) dihydrochloride), sodium
phosphate monobasic and dibasic, DHR (dihydrorhodamine), DMF (dimethylformamide),
potassium dihydrogen phosphate anhydrous, NADH (β-nicotinamide adenine dinucleotide),
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NBT (nitrotetrazolium blue chloride), PMS (phenazine methosulfate), DAF-2 (diaminofluores-
cein diacetate) tyrosinase inhibitor screening kit (colorimetric), Tris
(tri(hydroxymethyl)aminomethane), acetylthiocholine iodide, 5.5-dithiobis-(2-nitrobenzoic acid),
acetylcholinesterase from Electrophorus, Cayman’s xanthine oxidase fluorometric assay kit, neu-
trophil elastase colorimetric drug discovery kit, sodium chloride, hyaluronic acid, hyaluronidase
from sheep testes, tricine, 1-10 phenantroline, collagenase from Clostridium histolyticum, FAL-
GPA (N-[3-(2-furyl)acryloyl]-L-leucyl-glycyl-L-prolyl-L-alanine), adenosine diphosphate (ADP),
thrombin receptor activating peptide 6 (TRAP-6), sodium citrate 3.2% and phosphate buffer solu-
tion (PBS) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Collagen was purchased
from Havertown, PA, USA.

2.2. Extraction of Avocado Agroindustrial By-Products

Fresh dark avocado fruits of the variety ‘Hass’ were donated by the commercial
group La Caña, Miguel García Sánchez e Hijos, S.A. (Motril, Spain) to NATAC Biotech.
S.L. (Cáceres, Spain) in order to obtain a preindustrial extract from avocado by-products.
Complete avocado seeds and peels were manually separated and cleaned under continuous
flow of tap water. Then, a 3-cycle solid–liquid extraction (maceration) at 50–70 ◦C (seeds
and peels, respectively) using a hydroalcoholic mixture (EtOH 60%-peels and 70%-seeds)
was carried out. Ethanol/water is considered as a favourable solvent in the extraction of
polar substances such as phenolic compounds, which does not have toxic effects on humans
and is environmentally friendly (GRAS solvent) [7]. Each cycle was performed on 20 kg
of seeds or peels mixed with 200 L of extractant over 2 h. Subsequently to decantation,
microfiltration and liquid-extract concentration, a biconical rotary vacuum dryer was used
to obtain the final dry extracts at 50–60 ◦C (seeds and peels, respectively), with a certain
amount of silicon dioxide to promote peels (4%) and seeds (10%) drying. Once well-dried,
both extracts were ground and sieved, turning them into samples of an average size of
2 mm. The extraction efficiency from extracts obtained were 15.7 ± 0.9 g dry extract per
100 g of raw material for peel, and 14.6 ± 1.2 g dry extract per 100 g of raw material. The
material was stored at room temperature and protected from light until their analysis.

2.3. HPLC-ESI-TOF-MS Analysis

Avocado seed and peel extracts at 5000 mg/L were analysed using high-performance
liquid chromatography (HPLC), specifically an ACQUITY UPLC H-Class System (Waters,
Milford, MA, USA) coupled to an electrospray-quadrupole time-of-flight mass spectrometer
(ESI-qTOF-MS, Synapt G2, Waters Corp., Milford, MA, USA) working in negative-ion mode
over a range from 50 to 1200 m/z. The separation was performed in a ACQUITY UPLC
BEH Shield RP18 Column, 130 Å, 1.7 µm, 2.1 mm × 150 mm at a flow rate of 0.7 mL/min
using volume injection of 10 µL.

The mobile phases were (A) acidified water with 1% of acetic acid (v/v), and (B)
acetonitrile. The following multistep linear gradient was used in order to achieve efficient
separation: 0.0 min [A:B 99/1], 2.33 min [A:B 99/1], 4.37 min [A:B 93/7], 8.11 min [A:B
86/14], 12.19 min [A:B 76/24], 15.99 min [A:B 60/40], 18.31 min [A:B 2/98], 21.03 min [A:B
2/98], 22.39 min [A:B 99/1] and 25.0 [A:B 99/1]. To acquire mass spectrum, two parallel
scan functions were performed, switching among them rapidly. Of both scans, one was
operated at low collision energy in the gas cell (4 eV) and the other at an elevated collision
energy (MSE energy linear ramp: from 20 to 60 eV). Leu-enkephalin was injected for mass
calibration continuously. Other parameters were as follows: source temperature 100 ◦C;
scan duration 0.1 s; resolution 20,000 FWHM; desolvation temperature 500 ◦C; desolvation
gas flow 700 L/h; capillary voltage 2.2 kV; cone voltage 30 V; cone gas flow 50 L/h.

Finally, data obtained were processed and visualised using MZmine 2.53 open-source
software and Sirius 4.4.29. In addition, by contrasting information provided by the software
with the literature available for both avocado and other species belonging to Lauraceae
family, the compounds’ characterisation was achieved. Literature search for published
spectral information was carried out by using SciFinder®.
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2.4. Quantification of Individual Phenolic Compounds by HPLC-ESI-qTOF-MS

The phenolic compounds identified in the extracts were tentatively quantified using
calibration curves of the respective reference compounds, all of them obtained with a good
linearity (R2 > 0.99) by plotting the standard concentration as a function of the peak area
obtained from HPLC-ESI-qTOF-MS analyses [14]. For this purpose, a pattern mix was
prepared as from stock solutions (500 mg/L) diluted to concentrations of 0.488–31.25 mg/L
(catechin, procyanidin B, verbascoside, myricetin-3-glucoside, quercetin, quercetin gluco-
side and quinic acid). In the case that reference compounds were not relatable enough, the
quantification of some compounds was performed using structurally related substances,
provided that the phenolic compound standard had an aglycon moiety similar to those
present in the test sample. Table 1 summarises the analytical parameters for the different
phenolic compounds present in avocado extracts.

Table 1. Quantification data of identified phenolic compounds from avocado seed and peel.

Standard LOD
(µg/mL)

LOQ
(µg/mL)

Calibration Range
(mg/L) Calibration Equations R2

Quinic acid (1) 0.04 0.14 (0.977–7.813) y = 1099.56 x − 21.48 0.999
Quinic acid (2) 0.04 0.14 (3.906–31.25) y = 2155.60 x − 5059.59 0.99

Procyanidin B1 (1) 0.37 0.95 (0.977–3.906) y = 336.61 x − 39.08 0.999
Procyanidin B1 (2) 0.37 0.95 (3.906–15.625) y = 857.10 x − 1913.35 0.998

Catechin 0.46 1.43 (1.953–31.25) y = 857.50 x − 748.37 0.999
Quercetin 0.08 0.19 (0.488–31.25) y = 3177.80 x − 2495.07 0.997

Quercetin glucoside 0.09 0.29 (0.488–31.25) y = 2820.85 x + 688.34 0.993
Myrecetin-3-glucoside 0.18 0.48 (0.488–15.625) y = 1289.08 + 737.99 0.995

Verbascoside 0.09 0.29 (0.488–15.625) y = 2199.92 x − 213.06 0.998

Limit of detection (LOD) and quantification (LOQ), patterns used to quantify for each compound, linear equations
and the coefficient of variation (R2).

2.5. In Vitro Assays for Bioactive Determination of Phenolic Compounds in Avocado By-Products

All undermentioned assays performed were adapted to a 96-well polystyrene mi-
croplate, and the absorbance measurement was carried out on a Synergy H1 Monochromator-
Based Multi-Mode Micro plate reader (Bio-Tek Instruments Inc., Winooski, VT, USA).

2.5.1. Phytochemical Analysis and Evaluation of In Vitro Antioxidant Potential

(a) Total Phenolic Compound Content Assessment by Folin–Ciocalteu Method

Total phenolic content was determined following Folin–Ciocalteu (F-C) method, re-
ported by Gurrea-Cadiz et al., with some modifications, and using different proportions of
by-product extract (100, 200 and 500 mg/L) [15]. Total phenol content was expressed as mi-
crogram of gallic acid equivalent (GAE) per milligram of dry extract (DE) (µg GAE/mg DE).
Measurements were made in triplicate.

(b) Ferric Reducing Antioxidant Power (FRAP)

This method, carried out by Al-Duais et al., with some modifications, is used to
measure the reducing antioxidant power of the different proportions of avocado wastes
extracts (100, 200 and 500 mg/L) in comparison with a calibration curve constructed with
ferrous sulfate (FeSO4·7H2O). Results were expressed as µmol of iron equivalent per DE
(µM Fe (II)/g). Measurements were made in triplicate.

(c) Trolox Equivalent Antioxidant Capacity (TEAC)

TEAC was in vitro measured as the reducing activity of extracts at different concentra-
tions (100, 200 and 500 mg/L) against ABTS * +, a way of calculating antioxidant capacity
based on ability to scavenge that radical. As Re et al. reported, Trolox was used as the
standard at concentrations from 0.5 to 15 µM [16]. The results were expressed as mmol
Trolox equivalent per grams of DE. Measurements were made in triplicate.
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(d) Oxygen Radical Absorbance Capacity (ORAC)

To assay the capacity of the extracts to scavenge peroxyl radicals, a validated ORAC
method by Huang et al., was carried out [17]. ORAC values were calculated using a
regression equation between the Trolox concentration and the area under the fluorescence
decay curve. The results are expressed as µmol Trolox equivalents per grams of DE.
Measurements were made in triplicate.

2.5.2. Evaluation of Free Radical and ROS Scavenging Potential

All free-radical scavenging assays were performed and adapted according to Gomes et al.
and Pinto et al. [18,19].

(a) Scavenging Ability of Superoxide Anion Radical (O2 *)

Superoxide anions were generated by a nonenzymatic PMS-NADH system, and the
scavenging activity was evaluated using a colorimetric methodology in the microplate reader
based on the reduction of NBT into a purple-coloured diformazan as result of the reaction with
superoxide anions at 560 nm. The sample concentration providing 50% inhibition (IC50) was
achieved by interpolating this inhibition percentage against extract concentrations.

(b) Scavenging Ability of Nitric-Oxide Radical (NO *)

Nitric-oxide anions were generated by the presence of NOC-5, and 4,5-diaminofluorescein
(DAF-2) was used as the fluorescent probe applied [18,19].

An incubation at 37 ◦C was needed, and a fluorescence measure at 485–528 nm for excita-
tion emission was performed. Results are expressed as IC50 values obtained as aforementioned.

(c) Scavenging Ability of Hypochlorous Acid (HOCl)

The method was based on the fluorescent HOCl-induced oxidation of DHR to rho-
damine [18,19]. Results are expressed as the inhibition, in IC50, of this oxidation of DHR
inducted by HOCl.

2.5.3. Evaluation of Enzymatic Inhibition Potential

(a) Inhibition of Acetylcholinesterase (AChE)

AChE inhibitory activity was measured by using a photometric colour-based assay
described by Ellman et al., with certain modifications [20]. The reaction starts with acetylth-
iocholine (ATCI) acting as the substrate and being cleaved by AChE to form thiocholine,
which in turn reacts with DTNB to give the yellow 5-thio-2-nitrobenzoate anion. The
enzyme activity was measured by following the rate of production of thiocholine, thus the
increase in yellow colour produced.

The ratio of colour production was measured every minute at 405 nm. Tests were carried
out in triplicate, and the IC50 was calculated using different avocado-extract concentrations.

(b) Inhibition of Tyrosinase

The test was carried out utilizing the “Tyrosinase Inhibitor Screening Kit (Colorimet-
ric)” (Sigma-Aldrich, USA). Tyrosinase catalyses the oxidation of tyrosine, producing a
chromophore that can be detected at 510 nm. Thus, stablishing an inhibition control using
kojic acid and an enzyme control using only tyrosinase, every avocado sample tyrosinase
inhibition activity could be measured by calculating chromophores production.

Briefly, solvents were added to the microplate according to its role (sample, inhibitor
or enzyme control). Later, enzyme and substrate solution were added into each well and
the measurement took place at 510 nm. Tests were performed in triplicate, and the IC50
was calculated using different avocado-extract concentrations.

(c) Inhibition of Xanthine Oxidase (XO)

Avocado by-products’ XO inhibitory activity was measured using the kit “Cayman’s
Xanthine Oxidase Fluorometric Assay Kit” (Cayman Chem. Ann Arbor, MI, USA). The
method is based on the production of a highly fluorescent compound named resorufin as
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of oxidation of hypoxanthine by XO releasing H2O2. As the reaction takes place, resorufin
fluorescence can be easily analysed with an Ex/Em wavelength of 535/587 nm.

Two different buffers were used for this methodology: assay buffer, needed to prepare
the assay cocktail; and sample buffer, used for sample and enzyme dilutions. Once the
wells were loaded with enzyme/sample, the microplate was incubated for 10 min at 37 ◦C
and then the cocktail was added. Finally, the fluorescence measurement was performed,
taking data every 2 min over 20 min. All measurements were made in triplicate, and results
are expressed as IC50.

(d) Inhibition of Elastase

The elastase inhibition assay was performed according to the previously reported
method from Pinto et al., but considering several modifications [21]. This assay relies
on hydrolysis of substrate MeOSuc-Ala-Ala-Pro-Val-pNa by elastase in order to release
a certain amount of p-nitroaniline, which is determined with a maximum absorbance at
405 nm. In brief, the substrate, inhibitor (elastatinal) and enzyme were prepared in buffer
(pH 7.25). Subsequently, each well was refilled with the prepared reactives according to
whether it was a sample or not. After 30 min of incubation at 37 ◦C, the absorbance of
solutions was measured at 405 nm. All measurements were made in triplicate, and results
are expressed as IC50.

(e) Inhibition of Hyaluronidase (HYALase)

The HYALase inhibitory activity measurement was performed following—with some
adjustments—the method described by Nema et al. [22,23]. The procedure is based on
evaluation of intensity loss from transmitted light due to particles suspended in it to obtain
HYALase activity. These particles are derived from the enzymatic reaction of hyaluronic
acid (HYAL), which leads to di and monosaccharides and small HYAL fragments.

Consequently, absorbance was measured at 600 nm. Tests were carried out in triplicate,
and the IC50 was calculated using different avocado-extract concentrations.

(f) Inhibition of Collagenase

Finally, inhibitory effect against collagenase was measured following the methodology
conducted by Kumar et al., but also modifying certain parameters [22]. The assay requires
Tricine buffer (pH 7.5), substrate FALGPA, and collagenase from Clostridium histolyticum.
This colorimetric method is based on the measurement of the degradation of FALGPA after
incubation with the enzyme. Post-incubation, the absorbance was measured at 335 nm.
Tests were carried out in triplicate, and the IC50 was calculated using different avocado-
extract concentrations.

2.6. Evaluation of Platelet Antiaggregatory Potential

Extracts were lyophilised and dissolved in phosphate-buffered saline (PBS) for the
antiaggregatory studies as a pretreatment.

2.6.1. Obtaining Human Platelets

The blood was obtained from healthy volunteers, free of nonsteroidal anti-inflammatory
drugs (NSAIDs), who previously signed informed consent according to the protocol ap-
proved by the Scientific Ethics Committee of the University of Talca in accordance with
the Declaration of Helsinki [24]. Blood was collected by venepuncture of the forearm with
citrate tubes. The citrate tubes were centrifuged at room temperature for 10 min (240 g)
to obtain platelet-rich plasma (PRP). Subsequently, the blood was centrifuged again for
10 min at 800 g to obtain platelet-poor plasma (PPP), which is used to adjust the platelet
concentration of PRP (200 × 109 platelets/L) [25]. Platelet counts were performed on a
Haematology Counter (Mindray BC-3000 Plus Haematology Counter, Kobe, Osaka, Japan).
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2.6.2. Studies on Platelet Aggregation

The antiplatelet activity of the avocado extracts was evaluated by turbidimetry, using a
lumi-aggregometer (Chrono-Log, Haverton, PA, USA). The lyophilised extracts of avocado
peel and pit were diluted in phosphate-buffered saline and were incubated for 6 min at
room temperature with PRP (200× 109 platelets/L) at a concentration of 1 mg/mL first. The
negative control, 100% platelet aggregation, was obtained by incubating the PRP with PBS.
Platelet aggregation was stimulated by adding ADP (4 µM), TRAP-6 (10 µM) or collagen
(1 µg/mL), for 6 min at 37 ◦C. Results were obtained as mean ± SEM of 6 volunteers
provided by with AGGRO/LINK software (Chrono-Log, Havertown, PA, USA). Platelet
aggregation (PA) inhibition was calculated as [26]:

PA Inh. (%) = 100 − ((
PA of avocado extracts

PA of the negative control
) × 100)

Avocado seed and peel extracts were evaluated at different concentrations (1 mg/mL,
0.75, 0.5, 0.25 mg/mL and 0.1 mg/mL) on platelet aggregation induced by ADP, TRAP-6
and collagen.

2.6.3. Activation Markers and Platelet Secretion

Platelet purity was determined by flow cytometry. PRP was added to an Eppendorf
and anti-CD61-FITC was added. The expression of P-selectin and activation of GPIIb/IIIa
was assessed by flow cytometry (BD FACSLyric) as previously described with some mod-
ifications [27]. The PRP was incubated with avocado extracts (peel or seed) or control
(vehicle) for 10 min at 37 ◦C. Platelet aggregation was stimulated with ADP (4 µM), TRAP-6
(10 µM) and collagen (1 µg/mL) for 6 min at 37 ◦C. The samples were incubated with
CD62-PE (P-selectin) or PAC-1-FITC (GPIIb/IIIa) for 30 min at room temperature in the
dark. Platelet populations were selected according to cell size using scatter (FSC) versus
side scatter (SSC) and CD61 positivity to distinguish it from electronic noise, as described
by other authors [28]. Measurements were made on platelets from six healthy volunteers.

2.6.4. Statistical Analysis

The data obtained are presented as the mean ± standard error of the mean (SEM)
of the individual experiments and analysed using Prism 6.0 software (GraphPad Inc.,
San Diego CA, USA). Platelet-inhibition results were analysed by ANOVA and Tukey’s
post hoc test to determine significant differences between samples [29].

3. Results and Discussion
3.1. Characterisation of Avocado Seed and Peel Extracts by HPLC-ESI-qTOF-MS

In order to interpretate and identify to some extent the diversity of available bioactive
phenolic compounds from avocado seed and peel extracts, a preliminary analytical char-
acterisation by using HPLC-ESI-qTOF-MS was performed. Thus, the representative base
peak chromatograms (BPCs) from both extracts are shown in Figure S1. The compounds’
identification comprised interpretation of the accurate mass spectra provided by qTOF-MS
and the confirmation by using the information previously reported in literature [5,30–34].
All proposed phytochemical compounds were numbered according to their elution order
and gathered in Table 2, where different mass spectral data are recollected, such as their re-
tention time, m/z, molecular formula, compound name and quantification values expressed
as mean ± standard deviation in mg of analyte per gram of dry extract (DE).
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Table 2. Identification and quantification of phytochemical compounds in avocado seed and peel
extracts with ethanol/water by HPLC-ESI-qTOF-MS.

Peak RT (min) [M-H]− Mol. Formula Compound Content (mg/g DE)

Seed
1 0.46 343.0352 C14H16O10 Galloylquinic acid 4.0 ± 0.1
2 0.62 211.0805 C7H16O7 Perseitol NQ
3 0.68 191.0546 C7H12O6 Quinic acid 3.3 ± 0.4
4 0.78 191.0539 C6H8O7 Citric acid 1.8 ± 0.3
5 4.28 597.2170 C28H38O14 Picraquassioside C NQ
6 4.41 351.0695 C16H16O9 Chlorogenoquinone isomer 1 NQ
7 5.38 443.1907 C21H32O10 Penstemide NQ
8 6.05 351.0705 C16H16O9 Chlorogenoquinone isomer 2 NQ
9 6.38 387.1643 - Unknown NQ
10 8.66 441.1741 C21H30O10 Hydroxyabscisic acid glucoside NQ
11 8.81 863.1824 C45H36O18 Procyanidin A trimer isomer 1 NQ
12 9.87 863.1804 C45H36O18 Procyanidin A trimer isomer 2 2.5 ± 0.3
13 10.12 863.1821 C45H36O18 Procyanidin A trimer isomer 3 2.7 ± 0.5
14 11.29 472.1606 - Unknown NQ
15 12.11 461.2371 - Unknown NQ
16 15.07 329.2321 C18H34O5 Trihydroxyoctadecenoic acid NQ
17 16.01 329.2330 C18H34O5 Trihydroxyoctadecenoic acid NQ
18 17.68 315.2522 C14H20O8 Hydroxy salidroside NQ

Total phenolic amount 14 ± 1
Peel

1 0.46 343.0360 C14H16O10 Galloylquinic acid 3.1 ± 0.1
2 0.67 191.0544 C7H12O6 Quinic acid 5.7 ± 0.7
3 0.78 191.0542 C6H8O7 Citric acid 2.0 ± 0.3
4 0.83 545.0979 C14H20O7 Trigalacturonic acid NQ
5 5.37 443.1907 C21H32O10 Penstemide NQ
6 6.02 351.0711 C16H16O9 Chlorogenoquinone isomer 1 NQ
7 6.02 173.0445 C21H32O10 Shikimic acid NQ
8 6.27 351.0717 C16H16O9 Chlorogenoquinone isomer 2 NQ
9 6.80 289.0704 C15H14O6 (Epi)catechin 7 ± 2

10 7.19 577.4579 C30H26O12 Procyanidin B dimer NQ
11 7.89 865.1994 C45H38O18 Procyanidin B trimer isomer 1 2.1 ± 0.2
12 8.22 1153.2635 C60H50O24 Procyanidin B tetramer isomer 1 1.31 ± 0.10
13 8.55 865.1959 C45H38O18 Procyanidin B trimer isomer 2 NQ
14 8.64 441.1741 C21H30O10 Hydroxyabscisic acid glucoside NQ
15 8.85 863,1796 C45H36O13 Procyanidin A trimer 2.8 ± 0.3
16 8.97 1153.2576 C60H50O24 Procyanidin B tetramer isomer 2 2.1 ± 0.2
17 9.11 521.2003 C26H34O11 Isolariciresinol glucid derivative NQ
18 9.23 625.1390 C27H30O17 Quercetin diglucoside isomer 1 3.9 ± 0.3
19 9.33 625.1389 C27H30O17 Quercetin diglucoside isomer 2 0.7 ± 0.1
20 9.57 565.2265 C28H38O12 Quercetin derivative isomer 1 1.48 ± 0.09

21 9.81 595.1292 C26H28O16
Quercetin arabinosyl glucoside

isomer 1 3.4 ± 0.3

22 9.90 595.1311 C26H28O16
Quercetin arabinosyl glucoside

isomer 2 0.6 ± 0.2

23 10.00 609.1468 C27H30O16 Quercetin rutinoside isomer 1 1.79 ± 0.09
24 10.03 505.2083 C23H22O13 Quercetin acetylglucoside 1.10 ± 0.07
25 10.08 575.1190 C30H24O12 Procyanidin A dimer isomer 1 2.2 ± 0.2
26 10.33 575.1185 C30H24O12 Procyanidin A dimer isomer 2 2.0 ± 0.2

27 10.36 595.1302 C26H28O16
Quercetin arabinosyl glucoside

isomer 3 0.53 ± 0.07

28 10.49 463.0859 C21H20O12 Quercetin glucoside isomer 1 1.5 ± 0.1
29 10.62 463.0849 C21H20O12 Quercetin glucoside isomer 2 0.55 ± 0.07
30 10.73 579.1335 C26H28O16 Luteolin pentosyl hexoside 2.1 ± 0.2
31 10.93 565.1187 C28H38O12 Quercetin derivative isomer 2 0.52 ± 0.02
32 11.00 299.0178 C15H8O7 Norwedelactone NQ
33 11.08 609.1468 C27H30O16 Quercetin rutinoside isomer 2 9.6 ± 0.7
34 11.18 447.0891 C21H20O11 Quercetin rhamnoside isomer 1 0.52 ± 0.05
35 11.32 433.0750 C20H18O11 Quercetin arabinoside <LOQ
36 11.48 447.0919 C21H20O11 Quercetin rhamnoside isomer 2 <LOQ
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Table 2. Cont.

Peak RT (min) [M-H]− Mol. Formula Compound Content (mg/g DE)

37 11.72 447.0905 C21H20O11 Quercetin rhamnoside isomer 3 0.79 ± 0.09
38 11.77 285.0393 C15H10O6 Luteolin 0.36 ± 0.02
39 11.89 579.1340 C26H28O15 Quercetin xylosyl rhamnoside 1.96 ± 0.05

40 11.98 593.1517 C27H30O15
Kaempferol glucosyl

rhamnoside 1.89 ± 0.09

41 12.01 341.1376 C20H22O5 Obovatifol NQ
42 12.06 315.0488 C16H12O7 Isorhamnetin 1.1 ± 0.1
43 12,53 575.1195 C30H24O12 Procyanidin A dimer isomer 3 <LOQ
44 12,81 563.1403 C26H28O14 Apigenin glucoside derivative <LOQ
45 13.04 585.2366 C24H42O16 Glycosidic derivative NQ

46 13.70 697.2519 C36H42O14
Lariciresinol feruloyl

glucopyranoside 0.38 ± 0.02

47 14.37 327.2166 C18H32O5 Fatty acid NQ
48 14.54 383.1488 - Unknown NQ
49 14.57 285.0391 C15H10O6 Kaempferol 0.38 ± 0.07
50 15.03 329.2313 C18H34O5 Trihydroxyoctadecenoic acid NQ
51 15.97 329.2317 C18H34O5 Trihydroxyoctadecenoic acid NQ

Total phenolic amount 66 ± 2

RT: retention time; DE: dry extract.

The analysis allowed the tentative identification of a total of 49 different compounds,
among which 42 compounds were exclusively found in avocado peel. Organic and phenolic
acids, flavonoids, catechins, procyanidins, phenylpropanoids, lignans, sugars, fatty acids
and other polar compounds were identified during the characterisation.

In the present study, a total of 18 compounds were identified and characterised in avo-
cado seed extract. According to the phenolic structure, the classification consists of organic
acids, such as quinic and citric acids; phenolic acids derived from hydroxycinnamic acids,
such as chlorogenoquinone isomers or galloylquinic acid; proanthocyanins, specifically
procyanidin A trimer isomers, rare alcoholic sugars such as perseitol and penstemide, and
even an important phytohormone such as abscisic acid derivative, involved in regulation
of seed development [30,34]. The total phenolic amount calculated was 14 ± 1 mg per g of
DE for seed extract, taking into account that several phenolic compounds were impossible
to be quantified since calibration ranges excluded their results.

Avocado peel extract was composed mainly of monomeric, glycosylated and con-
densed flavonoids. This group is regarded as the major peel phenolic group (20 compounds),
mostly formed by glycosylated flavonol derivatives. Catechin/epicatechin were also iden-
tified, but it was impossible to be distinguished. Some other flavonoid subtypes were
found: flavanols such as isorhamnetin and kaempferol; flavones such as luteolin; and
flavonolignans such as isolariceresinol [32]. Almost every identified flavonoid was part
of a heteroside, constituting the nonglycosylated fragment conjugated to distinct glyco-
sylated moieties. Quercetin showed more glycosylated derivatives than any other, with
11 compounds, 17 taking into account isomers. [35].

On the other hand, several A- and B-type procyanidins, whose chemical structure is
based on the presence of (epi)catechin units linked by single bonds, were found. Thus,
peaks 10, 11 and 12 corresponded to B dimer, trimer and tetramer at m/z = 577.4579,
m/z = 865.1994 and m/z = 1153.2576, respectively, and peaks 15 and 25 corresponded to A
trimer and dimer at m/z = 863.1796 and m/z = 575.1190, respectively.

Organic- and phenolic-acid groups are comprised of almost the same as avocado seed:
quinic and citric acid, and chlorogenoquinone isomers. A phenylpropanoid was found for
the first time in this characterisation: lariciresinol feruloyl glucopyranoside. Finally, some
alcoholic sugars and glucosylated-acid derivatives were also found: perseitol, penstemide
and hydroxyabscisic acid glucoside. The total phenolic amount calculated was 66 ± 2 mg
per gramme of DE, almost 5 times more than the seed content.
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Several compounds have been tentatively identified for the first time in avocado
seed and peel matrixes, such as peaks 5, 6 and 8 from seed extract, and peaks 6–8, 32, 44
and 46 from peel extract. The majority of these compounds have been identified before
in other vegetal matrixes. In addition, it was checked that molecular formula and m/z
matched [36–38]. Quinones are structures known for being responsible for the brown
colour after an enzymatic oxidation of the fruit, so it could be thought that the avocado
fruit was starting to suffer these reactions from the presence of chlorogenoquinones [39].

Regarding the avocado colour, it has always been related to pigment concentration
and the ripening stage. While the green colour of non-Hass avocados are due to the high
presence of chlorophyll in the peel, the characteristic dark colour of Hass avocados are
highly caused by anthocyanins [40]. In turn, ripeness regulates phytochemical composition
of the fruit and its by-products, along with conditions of growth and variety of avocado [41].
Therefore, as the ripeness increases, phenolic content and antioxidant capacity in seed seems
to also increase, thus being also related with the fruit colour [42]. Moreover, the colour
and texture of avocado peel changes in types and amounts of phenolics, e.g., all structures
formed by (epi)catechin units decrease their levels at early maturation [43].

3.2. Evaluation of Total Phenolic Content

As a previous step to measure the antioxidant capacity of avocado by-products extracts,
the total phenolic content (TPC) was assessed. Methods used to its measurement are hard
to be compared due to the fact that all of them are commonly extremely dependent on
the reaction conditions and the substrates or products, so not all methods yield the same
values for activity [44]. In such circumstances, Folin–Ciocalteau was chosen as the method
to be performed. The procedure’s main disadvantage is a weak accuracy, since is based on
a quite generic reduction reaction, allowing a lot of molecules to interfere in the assay [15].
Nevertheless, is widely spread as an approximate assay for semiquantitative phenolic
compounds from plant extracts due to its simpleness, reproducibility and robustness [45].
Furthermore, it was performed using a 96-well microplate spectrophotometry methodology,
originally devised for food samples.

The obtained values for each extract are shown in Table 3. Avocado peel and seed
extracts were redissolved in an 80/20 (v/v) solution of ethanol/water. On the basis of the
DE, the total phenolic content in avocado-seed extract was 60 ± 2 mg GAE per g, while
avocado-peel extract was 190 ± 3 mg GAE per g. According to previous reports, avocado
seed and peel showed higher phenolic content than average pulp [46,47]. Likewise, seed
extract showed lower phenolic content than that observed in avocado-peel extract. Their
comparison has been scarcely addressed; a significantly higher content of bioactive com-
pounds in avocado peel extracts has been reported compared to that from its seed [4,7].
This difference in phenolic content could be attributed to distinct exposures to the environ-
mental stress factors [48]. As Oboh et al. reported, stress factors provoke intense synthesis
of phenolic compounds to prevent oxidative damage of plant cellular structures. The seed,
which is protected by the edible portion of the fruit, is less exposed to such stress factors as,
for instance, ultraviolet rays from sunlight, so the phenolic synthesis is lower.

In this work, TPC values for avocado extracts were compared to other studies previously
carried out: the peel extract exerted higher TPC than reported by Trujillo-Mayol et al. [49]
(92.5 mg GAE/g DE) and Rodríguez-Carpena et al. [50] (from 32.93 to 89.97 mg GAE/g DE)—
both also ‘Hass’ variety. This last study also reported TPC values for the seed, from 16.99
to 60.82 mg GAE/g DE, close to resulting values from this assay. On the other hand, higher
TPC from ‘Hass’ hydroethanolic extract was reported by Dibacto et al. (813 ± 12 mg GAE/g
DM) [51]. Differences among values are due to many factors, such as type of extractant,
extraction method, fruit size, ripening stage, etc. In comparison to other tropical fruit by-
products, results are uneven: Alañón et al., studied mango kernel seed and reported TPC
for different varieties from 78 to 80.5 mg GAE/g DM [52]. Lopes dos Santos et al., reported
for guava fruit TPCs from 0.81 to 34.14 mg GAE/g DM [53]. Cádiz-Gurrea et al., reported
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964.05± 82.29 mg GAE/g DM for grape seed though their extracts were commercial and 95%
enriched [14].

Table 3. Evaluation of total phenolic content, antioxidant capacity, radical scavenging and enzymatic
inhibition of avocado by-product extracts.

Methodology AS Extract AP Extract

TPC (mg GAE/g DE) 60 ± 2 190 ± 3
FRAP (mmol Fe2+/g DE) 0.393 ± 0.005 1.427 ± 0.002
TEAC (µmol TE/g DE) 496 ± 2 1510 ± 1

ORAC (mmol TE/g DE) 0.57 ± 0.02 1.78 ± 0.05
HOCl (mg/L) 1 2.3 ± 0.1 7.1 ± 0.2
·O2 (mg/L) 1 656 ± 4 380 ± 69
·NO (mg/L) 1 4.5 ± 0.6 1.90 ± 0.09

AChE (mg/L) 1 58.3 ± 0.8 67 ± 4
Tyrosinase (mg/L) 1 - 158 ± 7

XO (mg/L) 1 6.3 ± 0.7 4 ± 1
Elastase (mg/L) 2 790 ± 50 475 ± 2

HYALase (mg/L) 1 7 ± 1 8 ± 1
Collagenase (mg/L) 1 104 ± 8 81 ± 1

AS: avocado seed; AP: avocado peel; FRAP: ferric reducing antioxidant power assay; TEAC: Trolox equivalent
antioxidant capacity; ORAC: oxygen radical absorbance capacity; GAE: gallic acid equivalent; DE: dry extract; TE:
Trolox equivalent. Data are means ± standard deviation (n = 3). 1 Inhibitory concentration at 50%. 2 Inhibitory
concentration at 30%.

3.3. Evaluation of Antioxidant Capacity Using TEAC, FRAP and ORAC

Antioxidant potential is involved with the ability to protect a biological system against
the harmful effect of oxidative processes. These antioxidants are fundamental for the
preservation of the biological system from reactive species [54]. The intricacy in the
reactions that antioxidants exert to perform their activity hinders the determination of
its biological power in a sample. Moreover, since antioxidant capacity measured by a
specific assay only reflects the conditions applied in that assay, to use one type of reaction
would be inefficient at predicting every oxidative detail of a system [55]. Therefore, it is
usual to perform various methodologies based on different mechanisms through phenolic
compounds exerting their antioxidant power depending on their structure [44]. HAT
reactions are based on the transfer of a hydrogen atom, while the SET mechanism is based
on the transfer of a single electron. Regarding some of the most used methodologies, ORAC
tests the capacity of extracts to quench radicals through a HAT mechanism, and TEAC
and FRAP evaluate the ability of neutralise through SET reactions. Their combination
could offer more approachable results and a precise representation of the global antioxidant
capacity of avocado samples.

In agreement with a higher phenolic content, avocado peel also reported higher FRAP,
TEAC and ORAC values than avocado seed (Table 3). Phenolic compounds have been
reported as responsible for the antioxidant activity of herbal extracts [54], which could be
demonstrated by the existing correlation among TPC and antioxidant values in by-products
extracts: avocado peel stands out as a better antioxidant by electron-transfer-based and
hydrogen atom-transfer-based mechanisms. To understand this remarked antioxidant
activity, characterisation results from avocado peel were revised, showing major diversity
of phenolic molecules of high molecular weight and higher polymerisation than those
found in seed, such as procyanidins dimers, trimers and tetramers. These features have
been formerly related to significant antioxidant power [5,14,56].

In addition, antioxidant activity strongly depends on chemical structure: phenolic
category, arrangement of hydroxyl groups and other functional groups bound to aromatic
rings, as well as the conformation of the ring itself, affect their power [57,58]. Based on
this, and supported by TEAC results, Rice-Evans et al. stated that the most impressive
bioactive and antioxidant profile is provided by quercetin and its structural features [59,60].
Knowing that this compound was only identified in avocado peel in large quantities
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forming several types of glycosidic bounds, in addition to the presence of some phenolic
acids with ortho-diphenol skeleton and several highly polymerised procyanidins, could
confirm the quenching ability and reducing power of avocado peel.

The FRAP, TEAC and ORAC values in peel and seed of ‘Hass’ P. americana variety have
been extensively reported in the literature. Tremocoldi et al. reported FRAP and TEAC
values for Hass peel and seed (1175.1 and 656.9 µmol Fe/g DE; and 791.5 and 645.8 µmol
TE/g DE, respectively), which compared with ours showed a downward trend, especially
the peel sample [7]. The same occurred with Vieira Amado et al., with TEAC results of
313.46 and 17.28 µmol TE/g DE for Hass peel and seed, respectively; and Kosinska et al.,
with TEAC results of 161 and 94 µmol TE/g DE for Hass peel and seed, respectively, versus
1510 and 496 µmol TE/g DE reported in this study [46,61]. Even ORAC values for peel and
seed from Kosinska et al. were lower than results presented here (0.47 and 0.21 mmol/g
DE versus 1.78 and 0.57 mmol/g DE, respectively). Nevertheless, other studies reported
greater results, such as Segovia et al., who, using the same extraction conditions, noticed
TEAC and ORAC values of 645.8 µmol TE/g DE and 616.48 mmol/g DE for Hass seed,
successively [62]. These differences among antioxidant values are associated to a host
of factors that affect the recovering of bioactive compounds, most notably (I) the use of
different extraction techniques, one of the most important issues [30], (II) the use of solvents
with distinct natures and proportions, and (III) the differences in avocado by-products
extracts’ origins and supply sources.

Castañeda-Valbuena et al. reported TEAC values for mango seed and peel that ranged
from 1 to 5 mmol TE/g DE, and from 1 to 4.4 mmol TE/g DE, respectively [63]. Cádiz-
Gurrea et al. reported FRAP values of 6.47 ± 0.47 and 3.95 ± 0.21 mmol Fe2+/g DE, TEAC
values of 6.1 ± 0.8 and 4.19 ± 0.14 mmol TE/g DE, and ORAC values of 8.62 ± 0.73 and
6.99 ± 0.5 mmol TE/g DE for grape seed and Theobroma cacao, respectively [14]. Morais
et al., also performed FRAP on tropical samples, obtaining 0.0105 and 0.0895 mmol Fe2+/g
DE for papaya seed and peel, respectively, and 0.1193 and 0.0603 mmol Fe2+/g DE for
passion fruit seed and peel, respectively [64]. From revising literature, no extract—except
for those enriched—showed higher values than those exerted by avocado extracts.

In the present study, the avocado by-products’ extracts were provided from a semi-
industrial source, and all the results reviewed from literature were prepared on a laboratory
scale. Pilot plant processes are less efficient than laboratory processes, as they maintain
significant pureness and stability parameters. Therefore, in comparison, it would be
comprehensible that our avocado peel and seed extracts would offer lower values than the
laboratory-prepared samples [65].

3.4. Evaluation of Free Radical and ROS Scavenging Potential

In average corporal biochemical processes, the endogenous generation of free-radical
species is quite common, e.g., the superoxide radical is constantly produced by mitochondrial
and microsomal electron-transport chains or by reductions or certain enzymes such as xanthine
oxidase [7]. Therefore, radicals’ concentration in the organism should be considerably—
despite its toxicity—harmful to several biological compounds. An excessive generation of
these species, or a large exposure to exogenous oxidizing chemical agents promotes oxidative
stress, which has been closely related to various disease conditions such as cancer, asthma,
diabetes or cardiovascular pathologies, among others [66,67]. Free radicals are highly reactive
species capable of damaging even DNA, proteins and lipids in the cells.

The superoxide radical anion (O2
•−) is an extremely reactive compound triggered

by reduction of oxygen by a single electron produced during certain catalytic enzymatic
roles. Its scavenging is particularly important, due to the fact that it is ubiquitous in aerobic
cells, and despite its mild reactivity is a potential precursor of aggressive hydroxyl radical
(HO•) [7,68]. The nitric-oxide radical (NO•) is widely created by living organisms: endothe-
lial cells, macrophages, neurons, etc. [69]. It is involved in modulation and regulation of
certain physiological processes, reacting with singlet oxygen to produce, through interme-
diates, stable products of nitrate and nitrite related to blood and ‘haemo’ phenomena [70].
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However, nitric oxide is also regarded as an important mediator of acute and chronic in-
flammation, easily reacting with superoxide anion to form potent oxidizing molecules that
provoke cellular damage. Thus, an excess concentration is linked with corporal detriment,
displaying multiple cytotoxic effects that would trigger a host of different diseases such as
inflammation, cancer or atherosclerosis, among others [67,71]. Hypochlorous acid (HOCl)
is generated in neutrophils by reactions of chlorides with hydrogen peroxide. Its endoge-
nous production constitutes an important defence mechanism against microorganisms [7];
nevertheless, it also promotes haemolysis on erythrocytes, being associated with several
pathological processes such as atherosclerosis [58,72].

Table 3 shows the results of avocado by-product extracts obtained after evaluation
of the radical-scavenging capacity of three average endogenous reactive species whose
corporal excessive concentration develops serious physiological damage. Generally, avo-
cado peel resulted in the best ROS scavenger extract, with almost the lowest IC50 values,
although avocado seed exhibited more hypochlorous-acid-scavenging capacity than peel
(2.3 mg/L vs 7.1 mg/L, respectively). Table 4 also shows positive controls tested to compare
to our results: for radical neutralisation, gallic acid (GA) and epicatechin (EPI) were chosen
as positive scavengers. Avocado-peel extract showed worse results for O2

•− scavenging
(380 ± 69 mg/L vs. 50 ± 3 mg/L, GA, and 70 ± 5 mg/L, EPI) and almost the same results
for NO• scavenging (1.90 ± 0.09 mg/L vs. 1.4 ± 0.3 mg/L, GA, and 0.87 ± 0.02 mg/L,
EPI). Avocado seed showed better results than GA for HOCl scavenging (2.3 ± 0.1 mg/L
vs. 3.8 ± 0.3 mg/L, respectively), which brings interest to the extract. Except for O2

•−,
avocado peel exerted a significantly high antiradical activity, with similar magnitude to
those showed by GA and EPI.

Table 4. Positive controls from radical scavenging and enzymatic inhibitions.

Methodology GA EPI PHY PHE ELA KA

HOCl (mg/L) 1 3.8 ± 0.3 0.18 ± 0.01 X X X X
·O2 (mg/L) 1 50 ± 3 70 ± 5 X X X X
·NO (mg/L) 1 1.4 ± 0.3 0.87 ± 0.02 X X X X

AChE (mg/L) 2 X X 0.043 ± 0.004 X X X
Tyrosinase (% inh.) 3 X X X X X 49 ± 6

XOD (mg/L) 1 X 9 ± 1 X X X X
Elastase (% inh.) 4 X X X X 53 ± 5 X

Hyaluronidase (% inh.) 5 <10 <10 X X X X
Collagenase (% inh.) 6 X X X 83 ± 2 X X

GA: gallic acid; EPI: epicatechin; PHY: physostigmine; PHE: 1, 10-phenanthroline; ELA: elastatinal; KA: Kojic
acid; inh.: inhibition. 1 Inhibitory Concentration at 50%. 2 Inhibitory Concentration at 90%. 3 At 21.3 mg/L. 4 At
51.26 mg/L. 5 From 6 to 220 mg/L. 6 At 4500 mg/L.

Plant phenolics can act as antioxidant agents by different mechanisms. The first one,
radical scavenging, was formerly mentioned and evaluated, highlighting avocado peel’s
ability to neutralise free-radical species. Another antioxidative mechanism, metal chelation,
is also closely related to this matter [73]. Catechol-moiety flavonoids and phenolic acids are
also efficient at chelation of transition metals, which have the role of natural enhancers of
ROS formation in living organisms [68]. Andjelkovic et al. observed that hydroxycinnamic
acids (chlorogenic and caffeic acids) performed the best complex formation thanks to their
ortho-diphenol chelating domain [73].

Taking together metal chelation activity and the formerly mentioned radical scaveng-
ing ability, the antioxidant activity of avocado peel and seed is totally proven. The peel
is pointed out as a significant better source of antioxidant substances than avocado seed,
based on reported values and a wide-ranging diversity of phenolic compounds qualita-
tively determined by HPLC-ESI-qTOF-MS. However, both are practical and feasible options
in food, pharmacological and cosmetic industries [1].

After reviewing reported literature, almost nothing was found about testing the radical-
scavenging ability of ‘Hass’ avocado by-products’ extracts, specially about hypochlorous
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acid. Tremocoldi et al. addressed this issue and obtained, from Hass seed to peel, 52
and 70 mg/L for superoxide radical, and 5.2 and 6.7 mg/L for hypochlorous acid. In
comparison, although our avocado extracts displayed somewhat less superoxide radical-
scavenging capacity than reported, our peel extract exhibited nearly half the seed value.
On the other hand, both hypochlorous-acid-scavenging studies bore some similarity [7].
Other studies did exhibit lower results than ours, such as Alagbaoso et al., with antioxidant
activity against superoxide anion values between 1500 and 3400 mg/L for avocado seed, or
Kamaraj et al., which reported nitric-scavenging activity of 79.05 mg/L and superoxide-
scavenging activity of 103.05 mg/L for avocado peel [66,69]. However, the variety of
fruit was not specified in any of the latter two studies, and since no direct comparison
could be made among the different species, it is difficult to assess with the results reported.
Concerning the differences among experiments, it could be thought that the composition of
by-products is a determining factor in the total scavenging ability of the extract. Therefore,
observing the identification of phenolic compounds, quercetin is highlighted for being
located only in avocado peel, and for a remarkable bioactivity against species such as O2

•−

and NO• [74,75]. The higher presence of quercetin in avocado peel probably promotes its
ability for blocking radical species, making its IC50 lower than the seed one.

Regarding other tropical species, Limonia acidissima L. showed a range from 60 to 125
mg/L as IC50 of nitric-oxide-scavenging radical activity [76]. The stem bark of mango
showed an IC50 scavenging activity against HOCl of 400 mg/L [77]. In nontropical fruit
by-products, shells from Castanea sativa were tested for O2

•− and HOCl scavenging capacity,
showing 49.42 ± 0.41% at 500 mg/L, and 50% at 1.57 ± 0.10 mg/L, respectively [19]. In
conclusion, avocado extracts (especially peel) show excellent properties at scavenging
radical species in comparison to other fruit species.

3.5. Evaluation of Enzymatic Inhibition Capacity

ROS can be originated by intrinsic or extrinsic factors, with first referring to oxida-
tive/nitrosative stress and altered metabolism, and the second referring to long exposures
to exogenous harmful agents, e.g., UV radiation. In this sense, the excess of reactive species
leads to many detrimental conditions for human body, in which the activation of different
enzymes, such as acetylcholinesterase, tyrosinase, xanthine oxidase, elastase, hyaluronidase
and collagenase is closely linked [21].

Acetylcholinesterase (AChE) enzyme is responsible for acetylcholine (ACh) regulation,
a significantly important compound involved in nerve-impulse transmission between
cells (cholinergic synapses). In its presence, AChE rapidly breaks down ACh into choline
and acetate, thus promoting neurological disorders related to cholinergic transmission
deficit: Alzheimer’s disease, senile dementia, ataxia and myasthenia gravis. Tyrosinase
enzyme is responsible for the physiological synthesis of melanin, the production of which in
human skin is known as a primordial defence mechanism against UV radiation. However,
overproduction and unrestricted accumulation could lead to the formation of epidermal
pigmentation, considered the first sign to skin aging and some deleterious disorders related:
melasma, age spots, flecks, ephelides and sites of actinic damage. Xanthine oxidase (XO)
enzyme is a dehydrogenase responsible for catalysing hypoxanthine to xanthine, and
subsequently to uric-acid oxidation. However, under oxidative-stress conditions, XO is
transformed in an oxidase, responsible for dangerous superoxide-radical production and
causing many pathological diseases, such as gout, hyperuricemia, hepatitis, carcinogenesis
and aging. Elastase, hyaluronidase (HYALase) and collagenase enzymes are responsible for,
respectively, elastin, hyaluronic acid (HYAL) and collagen regulation, the main substances
in the extracellular matrix (ECM) and closely related in order to maintain its structural
organisation, structure integrity and elasticity. These enzymes, under ROS overproduction,
promote skin-aging phenomena through fibre-network depletion, leading to the loss of
skin elasticity, decrease in holding-water capacity and consequent skin disorders such as
skin sagging, wrinkle formation and eczemas, among others [78–82].
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Therefore, the coherent blocking of these key enzymes would improve their beneficial
state on human health. This effect can be induced by plant phenolics with strong antioxidant
power. Table 3 shows results obtained from the enzyme-inhibition assessment.

According to their IC50 or IC30 values, the peel exhibited a higher degree of inhibition
of XO and elastase, while the seed showed it for AChE and HYALase, in spite of the fact
that it showed the lowest degree of all inhibition values for elastase, and no inhibitory
effect at all on tyrosinase. Several assays previously carried out stated that hydroxyl groups
from flavonoids and phenolic compounds could interact with the backbone or with some
functional group of enzymes; or that interactions between the enzyme and the antioxidant
result in conformational changes that finally lead to unfunctional enzymes. Enzyme
inhibitory capacity is directly related to the existence of certain phenols and flavonoids
such as epicatechin, catechin or quercetin [82–84]. Hence, the inhibitory activity of avocado
by-products extracts could be explained again by their phenolic high concentrations. For
example, quercetin activity against collagenase has been reported before, and being aware
that only avocado peel harbours quercetin and derivatives, it could explain its lower
IC50 [85]. The power this flavonol exerts against tyrosinase and elastase activity has also
been noted [86]. Nevertheless, the slight anti-elastase potential from both extracts may
be due to the attachment between main flavonoids with sugars to positions 3 or 7, which
seems to downregulate the anti-elastase activity of the aglycone [87]. In the case of anti-
acetylcholinesterase activity, previous reports highlight avocado leaf extract as interesting
neuroprotector solutions; a quantification was performed and the levels of chlorogenic acid
stood out, which may be the reason why both our extracts showed cholinergic potential [88].

Comparing our results with controls from Table 4, some interpretations can be made:
positive controls from tyrosinase, elastase and AChE exerted higher inhibitory activity than
both avocado extracts. Drugs as positive controls, such as physostigmine, offer extremely
specific activity against certain targets, so the comparison among it and extracts could
be confusing. Nevertheless, the remaining enzymes were more inhibited by avocado
seed and/or peel than the controls: in the case of collagenase, knowing that 4500 ppm of
phenanthroline were needed to inhibit 83 ± 2%, avocado seed and peel needed 104 and 81
ppm, respectively, to inhibit a 50%. It could be thought that avocado extracts exert higher
inhibitory activity than the control. In the case of HYAL, once the IC50 value was known,
the final order was GA = EPI < AP < AS; both extracts highlighted as better HYALase
inhibitors than positive controls. Similarly, in the case of XOD, the order was EPI < AS < AP,
also offering higher activity than the chosen control. These studies confirm the possibilities
that both extracts offer depending on the target.

Concerning the industrial potential of these extracts to regulate enzyme production,
the quite limited number of studies published in literature is noteworthy. In the case of
AChE, Oboh et al. only reported avocado (unknown variety) leaf and seed extract values,
33.72 and 27.93 mg/mL, respectively, against our seed value of 0.0583 mg/mL (IC50) [48].
Tyrosinase was also found in literature only performed for avocado seed (unknown variety),
offering an IC50 of 93.02 mg/L, oppositely to our nonexistent result [12]; other inhibition
values were also reported by Fawole et al., from seven cultivars of pomegranate peel,
in ranges from 3.66 ± 0.11 to 98.66 ± 0.12 mg/L (IC50) [89]. XOD inhibition assay was
only found on Persea leaves, with a resulting IC50 of 63.39 mg/L [90]. In the case of
elastase and HYALase, no literature was found concerning avocado or its by-products.
Samejima et al. performed the anti-elastase and anti-HYALase assay on guava leaf extract,
another tropical fruit, with IC50 results between 17.7 and 42.5 mg/L for elastase; and
between 377 and 875.4 mg/L for hyaluronidase [91]. Finally, regarding anticollagenase
activity, Figueroa et al. reported an inhibition of 43.7% at 150 mg/L of avocado ‘Hass’ peel,
less active in comparison to our result (50% at 81 mg/L) [35]. Mangiferin obtained from
Mangifera indica leaves, peels and barks reported inhibition results against elastase (IC50
58.9 ± 3.9 mg/L) and collagenase (IC50 107.09 ± 3.19 mg/L) [92]. Comparisons highlight
avocado peel for its use inhibiting AChE, collagenase, HYALase and XO.
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3.6. Evaluation of Platelet Antiaggregatory Activity

Cardiovascular diseases (CVDs) are considered as the leading cause of death world-
wide, with ischemic heart disease and stroke being the two main causes of death, as pointed
out by the World Health Organization [93]. In addition, these pathologies have been
deeply associated with an increase in platelet function. Platelets are small anucleated blood
cells responsible for maintaining a balance between activatory and inhibitory signalling
pathways for haemostasis and thrombosis phenomena. Nevertheless, excessive platelet
activation is a decisive factor enhancer of CVDs disorders such as hypertension, diabetes
and atherosclerosis, among others [94].

The platelet activation process, composed of different cellular signalling pathways, al-
lows the involvement of a host of different substances and species, such as platelet agonists
or ROS. They act as second messengers by stimulating the arachidonic-acid metabolism
and phospholipase C pathway. Excessive production enhances oxidative stress, which
would regulate several components of thrombosis, including platelet activation. All this
cellular stress displays a critical role in CVDs [95]. Agonists such as collagen, von Willer-
brand factor (VWF), adenosine diphosphate (ADP), thrombin or thromboxane 2 (TXA2),
are platelet-activation stimulators. They are responsible for inducing signalling cascades
that result in conformation changes in αIIb3 integrin, creating an activated complex with
improved affinity to fibrinogen and enhanced adhesive properties [96].

In this sense, it is necessary to search for new strategies to modulate platelet activ-
ity. The consumption of fruits and vegetables with high phenolic-compound content
has formerly been profoundly reported because of their important role exerting platelet
antiaggregatory activity [27,97]. This effect on platelet function seems to be possible at
different levels: due to structure-dependent interferences (number of hydroxyl groups, C4
carbonyl substituted, C3 hydroxylated and a B ring with catechol moiety); inhibition of ROS
production, reducing oxidative burst, modulating certain pathways or blocking agonistic
substances [94]. Accordingly, platelet antiaggregatory assessments could be performed
through several mechanisms; in this study, the measure was carried out, in the first place,
using the inhibition of ADP, collagen and TRAP-6 technique in order to choose the most
significant powerful extract capable of inhibiting the action of these different thrombus
agonists. Subsequently, the inhibition of ADP, collagen or TRAP-6-stimulated P-selectin
secretion and GP IIb/IIIa activation were also evaluated, and both events related to platelet
activation and adhesion: the first one is a cohesive molecule released during the platelet
activation and promoted the thrombus formation, and the latter is an integrin complex
whose main function is the reception of different agonists that regulate the activation of
platelets [98,99].

In the first place, the antiplatelet activity of avocado seed and peel extracts was evaluated
by turbidimetry at 1 mg/mL. Platelet aggregation was stimulated with ADP (4 µM), TRAP-6
(10 µM) and collagen (1 µg/mL), as it is shown in Table 5. It was observed that avocado peel
and seed extracts inhibited agonist-stimulated platelet aggregation in study.

Table 5. Evaluation of platelet-aggregation inhibition of avocado seed and peel against thrombus-
formation agonists TRAP-6, ADP and collagen.

Extracts
TRAP-6 (10 µM) ADP (4 µM) Collagen (1 µg/mL)

PA (%) Inh. (%) PA (%) Inh. (%) PA (%) Inh. (%)

AS 85 ± 1 ns 0 89 ± 1 ns 3 ± 1 40 ± 6 *** 45 ± 2
AP 45 ± 1 *** 42 ± 1 20 ± 2 *** 78 ± 2 32 ± 6 *** 55 ± 2

Ctrl (−) 88 ± 1 0 94 ± 1 0 82 ± 3 0
Ctrl (+) 22 ± 3 79 ± 2 27 ± 4 69 ± 4 27 ± 1 59 ± 2

Results are expressed as mean ± SEM, n = 5. Data were analysed by one-way ANOVA. Post hoc analyses
were performed using Dunnet’s test, *** p < 0.001 denotes statistically significant differences compared to the
negative control (vehicle). ns: denotes nonstatistical differences with respect to the vehicle. ADP: adenosine
diphosphate, Inh: inhibition, PA: percentage of platelet aggregation, SEM: standard error, TRAP-6: thrombin-6
receptor-activating peptide.
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Avocado-peel extract showed greater antiplatelet potential than avocado-seed extract
against the evaluated agonists, TRAP-6, ADP and collagen. The antiplatelet activity of
avocado-peel extract was higher when platelet aggregation was stimulated with ADP and
collagen: 78 ± 2% and 55 ± 2%, respectively. This effect was less marked compared to
TRAP-6, 42 ± 1. Meanwhile, the avocado-seed extract only showed significant inhibition
of platelet aggregation against collagen, 45 ± 2%. Considering the positive control adeno-
sine (10µM), avocado peel stands out as a great antiaggregatory extract, especially when
promoted by ADP and collagen.

The extracts that showed higher antiplatelet potential were selected, with a percentage
of platelet inhibition above 50%. The concentration-dependent antiplatelet activity of
avocado-peel extract induced by ADP and collagen was also studied.

In this sense, the obtained results (Figure 1) show that the antiplatelet activity of
avocado-peel extract is concentration-dependent, being able to inhibit collagen-stimulated
platelet aggregation up to 0.5 mg/mL compared to the control. Nevertheless, when platelet
aggregation was induced with ADP, the antiplatelet potential remained significant at higher
concentrations, 1 mg/mL and 0.75 mg/mL, while at the lowest concentration the activity
decreased markedly. Actually, avocado peel showed higher anticoagulant activity than
adenosine, even at 0.75 mg/mL.
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Figure 1. Study of platelet aggregation of avocado peel and seed extract induced by collagen and ADP.
The PRP was previously incubated with vehicle or avocado extract (0.1, 0.25, 0.50, 0.75 and 1 mg/mL).
After 3 minutes of incubation at 37 ◦C, it was stimulated with the agonist to initiate platelet aggregation
for 6 minutes. The negative control is in the absence of the extracts. Bar graph indicates maximum
aggregation expressed as a percentage (mean ± SEM; n = 6). Differences between groups were analysed
by ANOVA using Dunnet’s post hoc test. *** p < 0.001 and ** p < 0.01, denote statistically significant
differences compared to the vehicle; ns: nonstatistical difference with respect to the vehicle (PBS).

On the other hand, other studies were conducted to determine the effect of avocado-
peel extract on platelet activation, p-selectin expression and activation of GP IIb/IIIa
(Figure 2). Platelet activation was stimulated with the agonists ADP and collagen, since
in these conditions relevant antiplatelet effects of avocado peel extract were observed.
When platelets were stimulated with ADP, only at 1 mg/mL p-selectin expression was
inhibited. However, when platelet activation was stimulated with collagen, the expression
of p-selectin was significantly reduced to a concentration of 0.25 mg/mL with respect to
the activated condition (maximum expression of p-selectin). Comparing to positive control,
the extract works better in a collagen-agonist model at concentrations from 0.5 to 1 mg/mL.
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Figure 2. Effect of avocado-peel extract on the expression of platelet-activation markers. (A) Effect
on P-selectin expression; (B) Effect on PAC-1 expression. Platelets were stimulated with ADP or
Collagen. Platelets were identified as a CD61 + population. Statistical analysis was performed by
ANOVA (Dunnet’s test). * p < 0.05, ** p < 0.01 and *** p < 0.001 vs. Vehicle (PBS) vs. activated control
(agonist) (n = 5).

Finally, the evaluation of the activation of GP IIb/IIIa showed that the avocado-peel
extract reduced the platelet activation induced by ADP and collagen (activated state),
with this effect being more powerful when activated with collagen. Activation of GP
IIb/IIIa decreased at higher concentrations of avocado extract, 0.75 and 1 mg/mL. These
results suggest that avocado-peel extract inhibits platelet activation by reducing P-selectin
secretion and GP IIb/IIIa activation.

4. Conclusions

The use of HPLC-ESI-qTOF-MS enabled the identification of 48 different compounds in
avocado seed and peel semi-industrial extracts—some of them never identified before in the
avocado by-products matrix—and the tentative quantification of 38 phenolic compounds
from different families. Glycosylated flavonols, hydroxycinnamic acids and procyanidins
are the most representative groups in both samples, mostly in avocado peel.

Avocado-peel extract showed quite greater antioxidant effects than avocado seed, in
terms of TPC, capacity to donate electrons (FRAP and TEAC) and transfer hydrogen atoms
(ORAC), and ability to scavenge reactive species (·O2 and NO). In addition, results of en-
zyme assay revealed that compounds from avocado peel were effective inhibitors for every
enzyme tested, especially for hyaluronidase, xanthine oxidase and acetylcholinesterase.
Regarding avocado-seed extract, it also shown significant phenolic content, antioxidant
capacity and enzyme inhibition (HOCl, hyaluronidase, xanthine oxidase).

Moreover, platelet antiaggregatory effect has been proven to be performed by avocado-
peel extracts, which means a reduction in thrombus formation and other cardiovascular
benefits. The mechanism through this effect is exerted must be studied more profoundly,
but it seems that phenolic compounds and other bioactives from avocado peel are able to
reduce the effect of agonists, inhibit adhesive molecules and inactivate protein complexes
closely involved in platelet aggregation. Therefore, due to differences among phytochemical
compositions and the biological potential, avocado by-products can be considered as an
excellent source of antioxidants that could be employed for therapeutical needs.

Regarding the extraction procedure, although emergent extraction techniques such
as ultrasound or microwave-assisted extractions are very popular for the obtainment of
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phytochemicals through environmentally friendly procedures, these methods have been
used almost exclusively on a laboratory scale. This study aims to provide new information
about how avocado wastes could be treated from a preindustrial scale-up point of view
for those industries that generate many tons of waste per year and want to invest on
revalorisation. The main disadvantage of emergent techniques for industry is that they
are very expensive and require rather high temperatures (> 130 ◦C) for their application,
which are major limitations for industrial equipment and make these methodologies not
very feasible to an industrial scale-up.

Consequently, in order to ease industrial application, SLE was chosen as the extraction
method. As a future perspective, knowing the high number of greener extraction techniques
than SLE that currently exist, research and studies must focus on applying them in a
practical way for industrial scale-up, thus reducing operation time and pollutant emission
without a disproportionate rise in costs.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antiox11061049/s1, Figure S1: (a) Best peak chromatogram of av-
ocado seed performed by HPLC-ESI-qTOF-MS. The main peaks are numbered as they appear on the ta-
ble. (b) Best peak chromatogram of avocado peel performed by HPLC-ESI-qTOF-MS. The main peaks
are numbered as they appear on the table. (c) Enlarged areas of the avocado-peel chromatogram.
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