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INTRODUCTION

Persea americana Mill is a tropical fruit that 
is high in nutrients. It is a member of the Lau-
raceae family, and to the genus Persea, which 
has three species: Persea schiedeana, Persea 
parvifolia and Persea americana. Due to varying 
regional, climatic, genetic, and evolutionary cir-
cumstances, the latter exhibits a number of phe-
notypic variations (Shafer et al., 2015). Today, the 
avocado is recognized and cultivated throughout 
the world, mainly for the consumption of its fruits 
due to its nutritional as well as cosmetic benefits. 
In Morocco, its cultivation has experienced a re-
markable boom in recent years, especially along 

the coast between Larache and Rabat (Nasri et al., 
2022), with an abundance of Hass, Zutano, Fuerte 
and Bacon varieties. 

The avocado tree is considered in traditional 
medicine as a plant with a variety of therapeutic 
effects, in particular as a hypotensive and hypo-
glycemic agent, as well as for the treatment of 
cardiovascular diseases and ulcers (Anita et al., 
2005; Nayak et al., 2008; Anaka et al., 2009; 
Kosińska et al., 2012). Additionally, its analge-
sic and anti-inflammatory qualities are acknowl-
edged. (Adeyemi et al., 2002). Moreover, the fruit 
by-products (peel, seed) represent a high content 
of bioactive compounds, but their valorization is 
still insufficient.
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ABSTRACT
This study aims to study the phyto-chemical composition of the methanolic extracts of the fruit by-products (seeds 
and peels) of three varieties of Persea americana, in order to evaluate their antioxidant and antibacterial activities. 
The contents of total polyphenols, flavonoids and condensed tannins were determined respectively by the Folin-Cio-
calteu methods of the aluminum chloride reagent and vanillin. The antibacterial activity of the extracts was assessed 
using the diffusion technique on discs, and the antioxidant capacity was assessed using the free radical scavenging 
method DPPH. The results of phytochemical screening showed a richness in secondary metabolites on the seeds 
and peels of all the varieties studied, in particular polyphenols, free tannins, alkaloids, proteins, and saponosides. 
Regarding the quantitative analysis, the seeds of the Hass variety showed high TPC contents (108.026 ± 0.71 mg of 
GAE/g) in TFC (44.23 ± 0.91 mg of QE/g) and Tannins (357.59 mg of CE/g), for the peels, Zutano showed the high-
est TPC values (88.51 ± 0.36 mg of GAE/g) in TFC (39.856 mg of QE/g) and in tannins (216 ± 2.03 mg of CE/g), 
while Fuerte has moderate concentrations in both parts for all dosages. In terms of antibacterial activity, a marked 
effectiveness has been found against Gram-positive bacteria, and only against E. coli among Gram-negative ones. 
For antioxidant activity, the Zutano variety showed the best antioxidant activity (IC₅₀ = 21.268 µg/ml for the seed 
and IC₅₀ = 33.182 µg/ml for the peels). According to these results, methanolic extracts from seeds and peels repre-
sent a potential source of bioactive compounds that must be valued for use in different fields. 
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Indeed, the seeds have shown significant 
antibacterial activity (Rodríguez et al., 2011; 
Ekom et al., 2022) against several pathogens, 
especially Pseudomonas species, Staphylococ-
cus aureus, Bacillus cereus, Listeria monocyto-
genes and Escherichia coli. Moreover, they also 
have various pharmacological activities, such as 
anti-inflammatory, anti-cancer, antioxidant and 
analgesic actions (Alkhalaf et al., 2019) as well 
as anti-diabetic activity (Alhassan et al., 2012). 
However, the peels have also demonstrated 
properties such as antioxidant and antibacterial 
activities (Melgar et al., 2018). We opted for the 
analysis of the phytochemical profile, in particu-
lar the preliminary screening as well as quantify 
the total polyphenols, flavonoids and tannins, 
and also for the evaluation of the antioxidant 
and antibacterial activities of the methanolic 
extracts of peels and seeds of three varieties 
(Fuerté, Hass, Zutano) grown in Morocco. This 
approach aims to enhance these by-products as a 
natural source of bioactive agents, with a view to 
developing new ingredients for pharmaceutical, 
cosmetic or agri-food use. 

MATERIALS AND METHODS

Plant material

The ripe fruits of three varieties of Persea 
americana (Hass, Fuerte and Zutano) were har-
vested between October and November 2023 in 
the Rabat-Salé-Kenitra region, more precisely in 
Mnasra, located 15 km from Kenitra and known 
for its humid climate (Latitude: 34° 46’ 0” North, 
5° 31’ 0” West). The pulp was separated in order 
to recover the peels and the seeds. The latter were 
carefully cleaned with distilled water, then cut 
into pieces using stainless steel knives. They were 
allowed to dry at ambient temperature and in the 
dark until a constant weight was obtained. Once 
dried, the seeds and the peels were crushed sepa-
rately to obtain fine powders, which were kept in 
storage at +4 °C.

Preparation of extracts

Initially, an amount of 10 g was subjected to 
maceration in 100 ml of methanol for 48 hours, 
under cold and dark conditions. The macerates 
obtained were filtered using Whatman paper 
(8 µm). The extracts were then kept in flasks at 

4 °C after being concentrated using a rotary evap-
orator under vacuum at 40 °C. The following for-
mula is used to calculate the extraction yield.

	 EY (%) = (M ex / M 0) × 100	 (1)

where:	EY – stands for extraction yield (%),
	 M ex for extract mass (g), M 0 – for test 

sample mass (g).

Qualitative analysis

The phytochemical screening of the main sec-
ondary metabolites was carried out on vegetable 
powders using specific tests based on staining and 
precipitation reactions. The polyphenols and the 
tannins were determined by the FeCl3 reaction 
and Stiasny’s reagent (Alilou et al., 2014), the fla-
vonoids by the Cyanidine reaction (Daoudi et al., 
2016), the sterols and terpenes by Liebermann-
Burchard test, the reducing sugars by Fehling’s 
reagent, the saponosides by the foam test, the pro-
teins by the Biuret reaction. (Bekro et al., 2007) 
and the alkaloids by the Dragendorff reagent, 
(Iqbal et al., 2015).

Quantitative analysis

Total polyphenol content – the Folin-Ciocalte 
methodology was used to quantify the total poly-
phenols in the methanolic extracts of the seeds 
and peels of each variety under study (Nounah et 
al., 2019). After mixing 2.5 ml of diluted Folin-
Ciocalteu reagent (1:10 in distilled water) with 
0.5 ml of sample solution, 4 ml of 7.5%, w/v 
Na2CO3 was added. A UV-Vis spectrophotometer 
was used to detect the absorbance at 765 nm fol-
lowing a 30-minute incubation period at 45 °C in 
a water bath, using a white sample as a reference. 
Gallic acid’s calibration curve was performed 
with varying concentrations (Mg GAE/g DM) 
under identical circumstances.

Total flavonoid content – the following meth-
od was used to quantify the total flavonoid con-
tent (Elbouzidi et al., 2023). 1.25 ml of distilled 
water and 0.25 ml of extract solution were placed 
in a test tube. The mixture was then kept for five 
minutes after the addition of 0.075 ml of a 5% 
NaNO2 sodium nitrite solution. Following this in-
cubation, 0.5 ml of 1 M sodium hydroxide NaOH 
and 0.15 ml of 10% aluminum chloride are added 
six minutes later. After then, 0.275 cc of distilled 
water was added to dilute the mixture. At 510 nm, 
the mixture’s absorbance was promptly measured 



339

Ecological Engineering & Environmental Technology 2025, 26(9), 337–345

using a standard curve made using quercetin. In 
milligrams of quercetin equivalent (EQ) per gram 
of dry matter, the flavonoid concentration was re-
ported (mg EQ/g DM). 

Condensed tannin content – the acidified van-
illin technique, which was modified by (Haida et 
al., 2020), was used to quantify the condensed 
tannins. Three milliliters of a 4% vanillin-meth-
anol solution and 1.5 milliliters of hydrochloric 
acid were combined with 500 microliters of the 
extract solution. After letting the mixture sit for 
fifteen minutes, the absorbance at 500 nm was 
measured. The catechin equivalent (CE) per 
gram of dry matter (mg CE/g DM) was used to 
express the results.

Antioxidant activity

According to the procedure outlined by Aouji 
et al. (2023), the antioxidant activity was assessed 
using the trapping technique of the free radical 
DPPH (1,1-diphenyl-2-picrylhydrazyl), which is 
based on the antioxidants’ capacity to neutralize 
the free radical DPPH. This was accomplished by 
dissolving 500 µL of extract solutions in metha-
nol at various concentrations, and then adding 
2500 µL of DPPH solution (0.2 mM) to each con-
centration. The mixture was stirred and then al-
lowed to sit at room temperature in the dark for 
half an hour. At 517 nm, the sample’s absorbance 
was measured. A negative control (2500 µl of 
the DPPH solution and 500 µl of methanol) was 
made  in similar conditions, while the methanol, 
serving as a blank control, was processed simul-
taneously with the extract to be tested. A method 
based on absorbance was used to determine the 
percentage of antioxidant activity.

	 % Inhibition = (Abs control – Abs test /
	 Abs control) ×100	

(2)

Antimicrobial activity

Studied microorganisms

Six bacterial strains were chosen due to their 
high level of antibiotic resistance in order to as-
sess the antibacterial activity of the methanolic 
extracts under study. They include four Gram-neg-
ative bacteria: Escherichia coli (EC), Acineto-
bacter baumannii (Acineto), Klebsiella pneumo-
niae (Kleb), and Enterobacter cloacae (Entero), 
and two Gram-positive bacteria: Staphylococcus 

aureus (SA) and Staphylococcus epidermidis (SE). 
Nutrient agar was used to cultivate these strains.

Disc broadcasting

According to Oubihi et al. (2020) and Afqir 
et al. (2024), the disc diffusion method on Mu-
eller-Hinton medium was used to assess the an-
tibacterial activity of the extracts. A microbial 
suspension with an optical density equivalent to 
1 McFarland was prepared, then seeded by flood-
ing onto the surface of Petri dishes containing an 
agar medium. The methanolic extracts were dis-
solved in DMSO (dimethyl sulfoxide). The use of 
DMSO has been justified by its wide adoption in 
the scientific community. This solvent does not 
exhibit significant antibacterial activity (Gach-
kar et al., 2007). Whatman absorbent paper discs 
No. 1, with a diameter of 6 mm, were sterilized 
and then soaked with 15 µl of each extract. These 
discs were then placed on the surface of the inoc-
ulated agar in the center of each box. Reference 
antibiotics were used as positive controls, in par-
ticular amoxicillin (25 µg) AML25 and spiramycin 
(100 µg) SP100. For a whole day, every dish was 
incubated at 37 °C. The diameter of the inhibitory 
zones surrounding each disc, measured in millim-
eters, was used to assess the antibacterial activity.

Statistical analysis

Following three iterations (n = 3), the exper-
imental data were presented as a mean ± stand-
ard deviation (SD). To assess the differences, a 
one-way analysis of variance (ANOVA) was con-
ducted. When there were notable differences, the 
Duncan test’s post-hoc test was used to compare 
the means at the 5% significance level (α = 0.05). 
The SPSS program (IBM SPSS version 26) was 
used for all statistical analyses.

RESULTS AND DISCUSSION

Extract yield

The results of the yields are presented in Fig-
ure 1. The three varieties of P. americana show 
that the average yields of the extracts vary between 
9.01% and 15.34% for the peels, between 7.08% 
and 13.63% for the seeds. The Fuerté and Zutano 
varieties showed the highest values, while the Hass 
variety showed the lowest values in both fruit parts.
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Qualitative analysis

The results of the phytochemical screening 
tests (Table 1) revealed the presence of the var-
ious secondary metabolites with a high intensity 
in the two studied parts of these three varieties, 
these are polyphenols, free tannins and reducing 
sugars, and a moderate intensity of proteins in all 
varieties. In addition, alkaloids and saponosides 
were detected with a high intensity for the three 
varieties at the seed level and a moderate intensity 
at the bark level, while for sterols and terpenes 
they present a high intensity at the peels level and 
a moderate intensity for the seeds. As far as gallic 
tannins and flavanols are concerned, an absence 
of these products has been observed, these results 
confirm those found by Idriss et al. (2009). On 
the other hand, Munthe et al. (2023) confirmed 
that the ethanol extract of avocado seeds includ-
ed flavonoids, tannins, saponins, and alkaloids. 
Previous research on the methanolic extract of 
P. americana leaves by Ajayi et al. (2017) found 
that there were no steroids present and that bioac-
tive compounds such tannins, flavonoids, sapon-
ins, alkaloids, and terpenoids were present.

Content of total polyphenols, flavonoids and 
condensed tannins

The results of the TPC, TFC and TTC are 
illustrated in Table 2. In our study, we note that 
all the samples analyzed were relatively rich in 
polyphenols. The PTC contents of the seeds var-
ied between 81.233 ± 0.71 and 108.026 ± 0.71 mg 

of GAE/g DW, with the abundance of the Hass 
variety, while those of the peels ranged from 
75.23 ± 0.44 to 85.46 ± 0.26 mg of GAE/gDW 
with a maximum concentration observed in Zu-
tano. Whereas, the Fuerte variety has moderate 
TPC contents in both parts (seeds and peels) com-
pared to other varieties.

Several studies, including one by Wang et 
al. (2010), have reported high concentrations 
of phenolic compounds in avocado seeds and 
skins. These findings support our own research 
into the Hass variety, which revealed TPC con-
centrations of 51.5 mg GAE/g in the seeds and 
12.6 mg GAE/g in the peels. These results high-
light a greater accumulation of phenolic com-
pounds in the seeds, followed by the peels. Ac-
cording to Daiuto et al. In 2014, the Hass variety 
has concentrations of 63.5 mg GAE/g DM in the 
peels and 57.3 mg GAE/g DM in the seeds, from 
a hydroalcoholic extract (ethanol /water), these 
results differ from those of our study. This differ-
ence could be related to the type of solvent used 
for the extraction, although this cannot be stated 
with certainty. 

Rodriguez et al. (2011) analyzed the TPC of 
avocado by-products, specifically the Fuerte and 
Hass varieties, and demonstrated that the Fuerte 
variety has higher values than the Hass variety, 
both in seeds and in peels. In addition, they found 
that the peels contain higher concentrations than 
the seeds in the acetone and methanol-based ex-
tracts, which diverges from our study.

The total flavonoid measurements of the ex-
tracts varied depending on the part analyzed and 

Figure 1. Yields of methanolic extract from the seeds and the peels of three varieties of P. americana. a, b, c, d, e 
shows a significant difference (a > b > c > d > e; p < 0.05) 
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the varieties. For seeds, the results indicate that 
the Hass variety reached the highest level with 
44.23 mg EQ/g DM, followed by Zutano with 
40.65 mg EQ/g DM and Fuerte with 34.58 mg 
EQ/g DM. Regarding the peels, the Zutano variety 
has the highest value with 39.856 mg EQ/g DM, 
followed by Hass with 37.27 mg EQ/g DM and 
then Fuerte with 32.99 mg EQ/g DM (Table 2). 

These results are consistent with those of 
Vinha et al., (2013), where they found that the 
Hass variety grown in the Faro region, in the 
south of Portugal, has contents of 47.9 mg/100 g 
and 44.3 mg/100 g in fresh matter, respective-
ly for seeds and peels. Moreover, another study 
conducted by Ge et al., (2017) on the seed of 
the two varieties of avocado revealed flavo-
noid concentrations of 1636.25 mg/100g and 
936.60 mg/100 g of fresh matter.

The condensed tannin contents showed high-
er values in the seeds, with 357.59 mg/CE g DW 
for the Hass variety, compared to the peels where 
216 mg/CE g DW were noted for Zutano (Table 2). 
However, Ge et al., (2017) reported concentra-
tions of 2.02 ± 0.04 and 2.45 ± 0.09 mg/100 g in 
fresh seeds of the two varieties grown in China. 
Moreover, Lyu et al., (2023) reported a higher tan-
nin content in the peel of the ripe fruit of the Hass 
variety grown in Australia, reaching 148.98 mg 
CE /g, compared to other samples analyzed such 
as the peels of the Hass avocados and the seed 
and the peel of the other varieties (Reed, Wurtz). 
These results remain lower than those obtained in 
the present study.

Antioxidant activity

The analysis of the antioxidant activity of 
the extracts of the by-products of Persea amer-
icana revealed significant differences depending 
on the part and the varieties examined (Figure 2). 
The Zutano variety is distinguished by a notable 
antioxidant activity of the seeds with an IC₅₀ of 
21.268 ± 4.23 µg/ml, followed by the Hass vari-
ety which displays an IC₅₀ of 25.33 ± 0.415 µg/
ml and finally the Fuerte variety with 27.876 ± 
0.434 µg/ml. However, the peels showed a low 
free radical scavenging activity compared to the 
seeds, with IC50 values of 33.182 ± 1.521 µg/
ml, 37.872 ± 0.640 µg/ml, 44.607 ± 0.746 µg/ml, 
respectively for Zutano, Hass and Fuerte. Ascor-
bic acid showed a much lower IC₅₀ of 11.30 ± 
1.38 µg/ml, thus highlighting its exceptional ef-
fectiveness as a standard antioxidant.

The results showed a considerable correlation 
between the antioxidant capacity and the total 
amount of phenolic compounds in the seeds and 
peels. This correlation has been widely observed 
in other similar studies (Wang, 2010, Shan, et 
al., 2005). According to Vinha et al., (2013) the 
seeds demonstrated a higher antioxidant activity 
than the peels, which supports our results. Indeed, 
the seed contains a higher concentration of flavo-
noids and phenolic compounds, while the peel is 
more abundant in carotenoids. 

However, Lyu et al., (2023), stated that Hass 
peels have a higher antioxidant activity than 
seeds, which contradicts our findings, several fac-
tors could explain this difference, including the 

Table 1: Phytochemical screening of the three varieties of seeds and peels of P. americana

Tests

Parts

Seeds Peels

Hass Zutano Fuerte Hass Zutano Fuerte

Polyphénols +++ +++ +++ +++ +++ +++

Tanins
Tanins cathéchiques +++ ++ ++ +++ +++ +++

Tanins galliques - - - - - -

Flavonoides

Flavones + - - + + +

Flavanones ++ ++ ++ - - -

Flavonols, Flavanonols - - - - - -

Alcaloides +++ +++ +++ ++ ++ ++

Saponosides +++ +++ +++ ++ ++ ++

Protéines ++ ++ ++ ++ ++ ++

Sucres réducteur +++ +++ +++ +++ +++ +++

Stérols et terpènes ++ ++ ++ +++ +++ +++

Note: +++: Strongly positive test, ++: Moderately positive test, +: weakly positive test, -: negative test.
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choice of extraction solvent and the condition 
of the sample used (fresh or dried). On the oth-
er hand, a study by Kupnik et al. (2023) which 
analyzed the seeds extracted by different methods 
and using three different solvents revealed that 
the highest antioxidant activity was observed in 
the extract obtained by Soxhlet extraction, com-
pared to other extraction techniques.

Antibacterial activity

The antibacterial activity of Persea america-
na seeds and peels extracts was evaluated by the 
disc diffusion technique, by observing the inhibi-
tion zones created around the examined extracts. 
This approach is part of the current context of re-
search for new therapeutic alternatives, motivated 
by the alarming rise in antibiotic resistance and 
by the side effects associated with their use. The 
results of the antibacterial activity are indicated 
in the (Table 3). The seed extracts vary accord-
ing to the variety and the bacterial strain, it is 
found that the Zutano variety has shown maxi-
mum efficacy against S. aureus, with a diameter 

reaching 9.16 ± 0.76 mm followed by Hass and 
Fuerte, displaying respectively a diameter of 8.66 
± 0.57 mm and 7.33 ± 0.57 mm. For S. epider-
midis, the Hass variety has shown a diameter of 
inhibition zone of 7.83 ±0.28 mm and the Zutano 
and Fuerte varieties have shown a slightly worse 
efficiency, displaying respectively a diameter of 
7.5 ± 0.5 mm and 6.66 ± 0.57 mm. On the oth-
er hand, the peel extracts of the Hass, Fuerte and 
Zutano varieties showed inhibition zones of 8.83 
± 0.76 mm, 8.16 ± 0.76 mm and 7.83 ± 0.28 mm 
respectively against S. aureus, similarly the Hass 
variety demonstrated a significant inhibitory ac-
tion against Staphylococcus epidermidis with 
an inhibition zone diameter of 9.33 ± 0.57 mm 
against 7.5 ± 0.5 mm for Fuerte and 7.16 ± 0.28 
mm for Zutano which show less effective antibac-
terial activity. For Gram-negative bacterial strains 
such as Kleb. pneumonia, Acineto. baumannii and 
Entero. cloacae, the tested extracts showed lower 
efficiencies, we find the most effective inhibition 
zone reaching 6.83 ± 0.28 mm for the seeds of 
Hass and Fuerte against Acinetobacter bauman-
nii. For the E. coli bacterium, the seed extracts 

Table 2. Total polyphenol, total flavonoid and condensed tannin content

Assays
Avocado seeds Avocado peels

Hass Zutano Fuerte Hass Zutano Fuerte

TPC 108.02± 0.71a 88.51±0.36b 81.23±0.71 d 78.88±1.07e 85.46± 0.26 c 75.23±0.44 f

TFC 44.23±0.91a 40.65±0.91b 34.58±0.75d 37.27±0.91c 39.856±0.78b 32.99±0.89e

TTC 357.59±1.33a 338.52±2.03b 330.09±3.34c 88.32±2.03e 216.00±2.03d 86.99±2.03e

Note: Different letters indicate significant statistical differences (p < 0.05).

Figure 2. Inhibitory concentration (IC50) expressed in μg/ml of extracts of P. americana. A: Seeds; B: Peels
Duncan’s post hoc test revealed significant differences between the seed extracts 

and peel extracts (a > b > c, p < 0.05)
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showed inhibition zones varying from 7.86 ± 0.23 
to 8.16 ± 1.25 mm and for the peels from 7.16 ± 
0.28 to 8.16 ± 0.76 mm. On the other hand, the 
antibiotics tested, namely amoxicillin and spira-
mycin, showed contrasting results. Spiramycin 
has shown inhibitory effects against S. aureus 
(SA), S. epidermidis, E. coli and Entero. cloacae 
with diameters of inhibition zones estimated at 17 
mm, 10 mm and 8 mm respectively. Unlike amox-
icillin which has not proven effective against the 
same targeted bacteria. 

The extracts of our study showed a notable 
inhibitory power vis-à-vis Gram-positive bacte-
ria, while the majority of Gram-negative bacte-
ria were resistant to it, with the exception of E. 
coli. It should be emphasized that the increase 
in the resistance of Gram-negative strains can be 
attributed to the existence of an additional outer 
cell membrane, which serves as a barrier against 
the infiltration of active compounds (Burt and 
Reinders, 2003). These observations highlight 
the richness of the extracts in polyphenols and 
flavonoids, renowned for their potential to alter 
the structure of bacterial membranes. Their action 
consists in deteriorating the integrity of the cell 
wall, targeting specific membrane receptors, as 
well as lipid membranes and ion channels, which 
leads to irreparable damage and effectively slows 
down the multiplication of bacteria (Chen et al., 
2017). These findings are in agreement with those 
reported by Nasri et al., (2022) who demonstrated 
that the essential oils of the leaves of P. americana 
exhibit antibacterial activity against Gram-posi-
tive strains such as S. epidermidis and S. aureus. 

CONCLUSION 

Avocado residues, including peels and seeds, 
represent a crucial resource of secondary metab-
olites, such as flavonoids, tannins and polyphe-
nols. These substances not only exhibit strong 
antioxidant activity, but also recognized antibac-
terial properties. For the recent study the varie-
ties of P. americana studied showed interesting 
contents of phenolic compounds either for the 
seeds or for the peels with an abundance of the 
variety Hass, on the other hand Zutano showed 
an antiradical capacity more than the other vari-
eties (Hass, Fuerte), in addition all the varieties 
showed efficacy against Gram-positive bacteria 
and E. coli (Gram-negative). 

Valorizing these avocado by-products 
would provide a means of lowering agri-food 
residues considerably and investigating their 
uses in the pharmaceutical, cosmetic, and agri-
food industries.
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