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Abstract

Recently, a major interest in searching for phytochemicals with nutritional and 
pharmaceutical purposes has arisen. In this regard, it is known that polyphenols 
present antioxidant properties as well as an inhibitory effect against some kinds of 
microorganisms. The aim of this study was to obtain aqueous-ethanolic extracts from peels 
of avocado, cocoa bean, coconut and cactus pear by ultrasound-assisted extraction. The 
extracts were characterized in terms of phenolics (Folin-Ciocalteu reagent), antioxidant 
potential (ferric reducing/antioxidant power assay), radical-scavenging ability 
(2,2-diphenyl-2-picrylhydrazyl free radical assay), and antimicrobial activity against 
Staphylococcus aureus, Shigella dysenteriae and Candida albicans (disk diffusion test). The 
results revealed that the avocado peel extract had the highest phenol content (36.5 mg 
EAG g-1 dry weight), the highest antioxidant activity (141.2 mME Trolox g-1 dry weight) and 
the lowest IC50 value (59 ppm). Furthermore, avocado and coconut peels demonstrated 
an inhibitory effect against the tested microorganisms. 
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Resumen

En los últimos años se ha producido un gran interés en la búsqueda de fitoquímicos 
con fines nutricionales y farmacéuticos. A este respecto, se sabe que los polifenoles 
presentan propiedades antioxidantes, así como un efecto inhibidor contra algunos tipos 
de microorganismos. En este estudio se obtuvieron extractos acuoetanólicos de cáscaras 
de aguacate, cacao, coco y tuna mediante extracción asistida por ultrasonido. Los extractos 
se caracterizaron en términos de fenoles (reactivo de Folin-Ciocalteu), potencial antioxi-
dante (prueba del poder reductor férrico/antioxidante), capacidad secuestradora de 
radicales (prueba del radical libre 2,2-difenil-1-picrilhidracilo) y actividad antimicro-
biana contra Staphylococcus aureus, Shigella dysenteriae y Candida albicans (método de 
difusión con discos). Los resultados revelaron que el extracto de cáscara de aguacate 
presentó el contenido más alto de fenoles (36,5 mg EAG/g materia seca), la mayor 
actividad antioxidante (141,2 mME Trolox/g de materia seca) y el valor más bajo de IC50 
(59 ppm). Además, las cáscaras de aguacate y coco demostraron un efecto inhibitorio 
contra los microorganismos testados.

Palabras clave
cáscara de fruta • compuesto fenólico • actividad antioxidante • actividad antimicrobiana

Introduction

Traditionally, plants and fruits have 
been used for obtaining compounds with 
biological activity (21, 22, 25). Specifi-
cally, fruit hulls or peels have been listed 
as potential sources of compounds with 
antioxidant and antimicrobial properties. 
This part of the fruit is non-edible material 
discarded during the manufacturing 
processes (15). Although they are typically 
considered waste material, it has been 
reported that several of these materials 
are promising sources of valuable compo-
nents, such as phenolic compounds 
(polyphenols, flavonoids and tannins), 
and other bioactive components (8). Peel 
of many fruits has already been used for 
the extraction of phenolic compounds, 
for example kinnow (27), mango (1), 
melon (20), orange (11, 17), pear (15), 
pomegranate (29, 32), among others. It 
has even been reported that some peels 
obtained from fruits like apple, hawthorn, 

and pomegranate present a significantly 
greater amount of phenolic compounds in 
comparison with the pulp.

Polyphenols are secondary metabo-
lites that play essential roles in plant 
physiology and have beneficial properties 
for human health, mainly as antioxidants 
and antimicrobials (3, 4, 6). Polyphe-
nolic compounds display antioxidant 
activity through different mechanisms, in 
particular by free radical scavenging and 
by chelation of metal ions (12). On the 
other hand, the antimicrobial properties 
of polyphenols are related to their struc-
tural configuration, being the hydroxyl 
(-OH) group the responsible for inhibitory 
action (8). Recently, considerable interest 
in the use of natural compounds with 
antioxidant and antimicrobial activity 
has arisen, not only for food preservation 
and shelf life improvement, but also for 
increasing stability of fats and oils, and 
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for controlling microbial diseases in both 
humans and plants (7, 13, 19).

Fruits like avocado, cocoa, coconut and 
cactus pear are native and/or major crops 
in Mexico. However, little has been studied 
about the use of by-products like the peel 
of these fruits. Therefore, the aim of this 
study was to evaluate the antioxidant 
and antimicrobial activity of aqueous 
ethanolic extracts obtained from peels of 
avocado, cocoa, coconut and cactus pear.

Materials and methods

Chemicals
2,2-diphenyl-1-picrylhydrazyl (DPPH), 

gallic acid, Folin-Ciocalteu reagent, Tris-HCl 
Buffer, 2,4,6-Tris (2-pyridyl)-s-triazine 
(TPTZ) and ferric chloride hexahydrate 
were purchased from Sigma-Aldrich (USA). 
Acetic acid, ascorbic acid, sodium acetate, 
sodium chloride and sulphuric acid were 
obtained from JTBaker (Mexico). Mueller 
Hinton agar (Bioxon) and chloramphenicol 
(Sophia Laboratories, Mexico) were used 
for microbiological analysis. All the solvents 
used were analytical reagent grade.

Preparation of plant material
Avocado (Hass), cocoa (Forastero), 

coconut (Acapulco) and cactus pear 
(San Martin) fruits were purchased at a 
local market in Mexico City. The fruits were 
washed with water and sanitized with 
a solution of sodium hypochlorite 1%. 
Subsequently, their peels were removed 
and dried in an oven at 40°C for 48 h. In 
the cases of cocoa and coconut, the inner 
shell (endocarp) was selected. Finally, 
the peels were pulverized in a disc mill 
(Model 148-2, The Bauer Bros Co., USA) 
and stored.

Ultrasound-assisted extraction
In all cases, extracts were obtained 

using a sample-solvent ratio of 1:20. 
Aqueous ethanolic extractions (70:30) 
were performed under sonication 
(25 kHz) for 30 min in an ultrasonic 
bath (TI-H-5, Elma, Germany). Subse-
quently, the extracts were centrifuged at 
1750 rpm, filtered (Whatman no. 1), and 
concentrated (35°C) in a rotary evapo-
rator (RE-500, Yamato, Japan). Finally, 
all samples were dried in a vacuum oven 
(Precision, Thelco, USA) at 35°C.

Quantification of total phenols
Total phenolic content was calculated 

from the reduction capacity of Folin-
Ciocalteu using gallic acid as a standard 
(5). A 20-μL sample volume was added 
to 1.4 mL of distilled water, followed by 
100 µL of Folin-Ciocalteu reagent. The 
final solution was allowed to stand for 
5 min at room temperature. Subsequently, 
300 μL of a sodium carbonate solution 
was added (20% w/v). After resting for 
90 min in a dark room, absorbance was 
determined at a wavelength of 760 nm 
on a Cary 50 (Varian, USA) spectropho-
tometer. Results were expressed as mg 
gallic acid equivalents∙g-1 dry weight.

Ferric-Reducing Antioxidant Power 
(FRAP) Assay
Antioxidant capacity was deter-

mined using the FRAP (Ferric Reduction 
Antioxidant Power) test, modified (16). This 
assay determines the antioxidant capacity 
of the polyphenols to reduce TPTZ-Fe3 + 

complex. The FRAP reagent is prepared by 
mixing 25 mL of a 0.3 M acetate buffer (pH 
3.6), 2.5 mL TPTZ solution (0.01 M) and 
2.5 mL of a solution of FeCl3∙6H2O (0.02M) 
at 37°C. A sample of 150-µL extract was 
mixed with 2850 µL of FRAP solution and 
allowed to stand for 30 minutes in the dark.
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Absorbance was recorded at a 
wavelength of 593 nm. The results were 
reported in mM Trolox eq∙g-1 dry weight.

DPPH Radical Scavenging Ability
The antiradical capacity was deter-

mined by the DPPH (2,2-diphenyl-
1-picrylhydrazyl) assay (22). A 2-mL 
aliquot of extract was mixed with 500 μL 
of 0.1M Tris-HCl buffer by vortex mixing 
for 5 seconds. To this solution, 2 mL of a 
200-μM DPPH solution were added. After 
30 minutes, absorbance was determined 
at 517 nm. The control sample consisted of 
a solution of ascorbic acid. The percentage 
of DPPH reduction was calculated using 
(eq. 1).

(1)

The EC50 value was determined from the 
data contained in the DPPH reduction effect 
against the extract concentration graph. 

Antimicrobial activity
The antimicrobial activity was 

evaluated in vitro by disk diffusion 
assay, modified (28). Extracts were 
dissolved in distilled water at a concen-
tration of 200 mg mL-1 to evaluate their 
activity against Staphylococcus aureus, 
Candida albicans and Shigella dysenteriae. 
A standardized suspension of the 
microorganisms was spread on Mueller 
Hinton agar culture medium using 
swabs. Paper disks (6mm diameter) were 
impregnated with 20 µL of extract and 
placed on the inoculated agar. The petri 
dishes were incubated at 37°C for 24 h. 
The antimicrobial activity was evaluated 
by measuring the zone of inhibition test 
against microorganisms. Chloramphenicol 
and distilled water were used as positive 
and negative controls, respectively.

%
 

 − 
 

    1 100
 

absorbance of sampleDPPH inhibition x
absorbance of control

HPLC analysis
The two extracts with the best 

antioxidant and antimicrobial 
properties were analyzed by HPLC for 
phenolic identification. HPLC-analyses 
were carried out in an Agilent 1200 
chromatograph (Agilent Technologies, 
Germany) equipped with a multiple 
wavelength detector. Separations were 
conducted on a Zorbax Eclipse XDB-C18 
(3.5 μm, 100x4.6 mm). The mobile phase 
consisted of water/formic acid (99.9/0.1) 
as eluent A and methanol/acetonitrile 
(50/50) as eluent B. The system was run 
with a gradient program: 13- 17% B for 
21 min, 17-23% B for 14 min and 23-33% 
for 5 min. The Column temperature was 
set at 30°C, flow rate was 300 μL per 
min and the injection volume was 5 μL. 
Samples were previously dissolved in 
demineralized water/ethanol and filtered 
through a 0.45 μm membrane filter. Peaks 
of ascorbic acid, oxalic acid, ferulic acid, 
gallic acid, (+)- catechin, (-)-epicatechin, 
procyanidin B1 and procyanidin B2 were 
identified by comparing the retention 
times of samples with those of standards. 
Chromatograms were recorded at 
280 nm (26).

Statistical analysis
All the analyses were performed in 

triplicate, and the results were analyzed 
using ANOVA (Design Expert 8). 
Differences between means were detected 
by the Duncan multiple range test. 
Differences were considered significant at 
a significance level (α) of 0.05.
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Results and discussion

Total phenol content
Many phenolic compounds found in 

fruits and vegetables have generated 
much interest due to their antioxidant 
potential. The total phenolic contents 
studied in this work are presented in 
figure 1, which shows that avocado peel 
has the highest content of total phenols 
(36.5±0.5 mg GAE∙g-1 dry weight), 
followed by coconut (13.6±0.5 mg∙GAE g-1 
dry weight). However, no differences were 
detected between mean values obtained 
for cocoa and cactus pear extracts 
(P > 0.05). Phenolic contentsfound 
in this study resulted lower than 
those reported for mango peel  

Values are expressed as mean±sd (n = 3). Means with different letters were significantly different (P < 0.05).
 Valores expresados como media±de (n = 3). Medias con diferentes letras fueron significativamente 

diferentes (P < 0,05).

Figure 1. Total phenolic content of fruit peels extracts.  
Figura 1. Contenido fenólico total de extractos de cáscaras de fruta.
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(54-109 mg GAE∙g-1 dry weight) (1) and 
pomegranate (55-89 mg GAE∙g-1 dry weight) 
(28),   but    higher    than   those      reported      for      peels 
from different pear varieties (2.6-11.2 mg 
GAE∙g-1 dry weight) (15) and gac fruit   
(2.31-2.80 mg GAE∙g-1 dry weight) (14).

Antioxidant capacity
Antioxidant activity mainly rests on 

redox properties of various compounds, 
that  act as reducing agents or hydrogen 
atom donors (23). Phenolic compounds 
and pigments are the main groups of 
compounds that contribute to antioxidant 
activity in vegetables, fruits, cereals and 
other plant materials. 
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According to figure 2, the avocado peel 
extract showed the highest antioxidant 
activity (141.23 mM Trolox equivalents∙g-1 
dry weight), as measured by the reduction 
of Fe3+ to Fe2+, statistically different from 
the values obtained for the cocoa, coconut 
and cactus pear extracts (P < 0.05). These 
results could be positively correlated  with 
total phenol content (R2 = 0.98), indicating 
that the higher the phenolic content, the 
higher antioxidant activity. Nedamani 
et al. (2014) also reported a substantial 
relationship between total phenols 
and antioxidant activity in extracts of 
rosemary leaves and oak fruit.

Antiradical activity
The DPPH radical is a stable radical 

widely used to determine the ability 

Means with different letters were significantly different (P< 0.05).
Medias con diferentes letras fueron significativamente diferentes (P<0,05).

Figure 2. Antioxidant capacity of fruit peels extracts measured by FRAP. Values are 
expressed as mean±sd (n = 3).

Figura 2. Capacidad antioxidante de extractos de cáscaras de frutas medida mediante 
FRAP. Valores expresados como media±de (n = 3). 
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of plant extracts acting as free radical 
scavengers or hydrogen donors. Figure 
3 (page 366), shows radical inhibition vs 
concentration of the tested extracts. The 
avocado and coconut extracts showed 
inhibitory activity that increased rapidly 
in the range of 0-100 ppm, reaching 
inhibition values of up to 75% and 
remaining almost constant at higher 
concentrations. Meanwhile, cocoa and 
cactus pear extracts showed lower 
inhibitory response against the DPPH 
radical.

The EC50 is defined as the amount of 
antioxidant required to reduce the initial 
DPPH radical concentration by 50%. 
The lower the EC50 value, the greater the 
DPPH radical scavenging activity of the 
extracts (31).
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Values are expressed as mean±sd (n = 3).  / Valores expresados como media±de (n = 3). 

Figure 3. DPPH radical scavenging activity of fruit peels extracts. 
Figura 3. Actividad secuestradora del radical DPPH de extractos de cáscaras de frutas. 
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Table 1. EC50 values from fruit peels 
extracts.

Tabla 1. Valores de EC50 de extractos de 
cáscaras de frutas.

     - Not detected. / - No detectado.
     Means with different letters were significantly 

different (P < 0.05).
     Medias con diferentes letras fueron 

significativamente diferentes (P < 0,05).

Extract EC50 (ppm)

Cocoa 122.38±18.04b

Avocado 59.03±  5.86a

Coconut 64.60±  7.12a

Cactus pear -

Table 1 shows the EC50 values for the 
different extracts. The avocado peel extract 
had the lowest value, whereas it was not 
possible to determine an EC50 value for 
the cactus pear extract because of its poor 
activity as DPPH radical scavenger.

Antimicrobial activity
Table 2 (page 367), shows the 

inhibition zone diameters caused by the 
extracts tested against microorganisms. 
It can be observed that the avocado 
and coconut peel extracts showed the 
highest inhibition values against S. aureus, 
S. dysenteriae and C. albicans.

In the case of cactus pear peel extract, 
no inhibition was observed against 
S. dysenteriae, while the cocoa extract 
only showed antimicrobial activity against 
C. albicans. It is possible that the differences 
in antimicrobial activity among extracts 
are due to variations in phenolic content, 
as well as microorganism sensitivity. 
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Table 2. Antimicrobial activity from fruit peels extracts.
Tabla 2.  Actividad antimicrobiana de extractos de cáscaras de frutas.

- Not detected. / - No detectado.

Extract
Μicroorganism/inhibition zone (mm)

S. aureus S. disenteriae C. albicans

Cocoa - - 12.3±0.3
Avocado 11.3  ±0.2 10.6  ±0.2 15.3±0.1
Coconut 11.3  ±0.4 14.16±0.1 12.3±0.1
Cactus pear 8.33±0.2 - 11.0±0.1

According to several authors, the 
antimicrobial activity of phenolic 
compounds involves the reaction of 
phenols with cell membrane proteins 
and/or sulfhydryl protein groups, leading 
to bacterial death by precipitation of 
membrane proteins and inhibition of 
some enzymes (8, 9).

It should be noted that the extracts with 
higher antioxidant activity were also more 
active against the tested microorganisms, 
being this fact more evident for avocado 
extract. Jimenez et al. (2011) also reported 
a correlation between antioxidant capacity 
and antimicrobial activity in black cherry 
extracts (Prunus serotina subsp capuli).

HPLC
Typical chromatograms of avocado 

and coconut peel extracts obtained by 
sonication are shown in figure 4 (page 368).

The presence of oxalic acid, ascorbic 

acid, ferulic acid, gallic acid, procyanidin B1, 
(+)-catechin and caffeic acid were identified 
in the coconut chromatogram (figure 
4-A, page 368). Meanwhile, ascorbic acid, 
procyanidin B1, (+)-catechin, procyanidin 
B2 and (-)-epicatechin were confirmed in 
the avocado extract (figure 4-B, page 368). 
Flavonols, which were present in both 
extracts (catechin and epicatechin), could 
have an important role in the observed 
antimicrobial properties. Alonso-Esteban 
et al. (2019) reported important antimi-
crobial properties of (+)-catechin 
and (-)-epicatechin against B. cereus, 
L. monocytogenes, E. faecalis, E. coli, 
and S. typhymurium. Catechins can increase 
the content of reactive oxygen species 
in cells and cause endogenous oxidative 
stress in bacteria such as E. coli (18). 
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Figure 4. Chromatograms of coconut peel extract (A): (1) oxalic acid, (2) ascorbic acid, 
(3) ferulic acid, (4) gallic acid, (5 ) procyanidin B1, (6) (+)-catechin, (7) caffeic acid; 

and avocado peel extract (B): (1') ascorbic acid, (2') procyanidin B1, (3') (+)-catechin, 
(4') procyanidin B2, (5') (-)- epicatechin.

Figura 4. Cromatogramas de extracto de cáscara de coco (A): (1) ácido oxálico, 
(2) ácido ascórbico, (3) ácido ferúlico, (4) ácido gálico, (5) procianidina B1, 

(6) (+)-catequina, (7) ácido cafeico; y de extracto de cáscara de aguacate 
(B): (1') ácido ascórbico, (2') procianidina B1, (3') (+)-catequina, (4') procianidina 

B2, (5') (-)-epicatequina.
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Conclusions

Bioactive compounds from avocado, 
cocoa, coconut, and cactus pear peels 
were obtained by ultrasound-assisted 
extraction. The aqueous ethanolic extracts 
from avocado peel presented the highest 
phenolic content and the best antioxidant 
and antiradical activities.

The results showed positive 
relationships between total phenolic 
content and antioxidant activity in 

all extracts. Furthermore, avocado 
and coconut peels extracts presented 
important inhibiting action against 
S. aureus, S. dysenteriae and C. albicans. 
We conclude that fruit by-products such 
as peels, could represent an important 
source of bioactive compounds with 
antioxidant and antimicrobial properties, 
and potential use in the pharmaceutical 
and food industries. 
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