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ABSTRACT

Background and aim: Opuntia stricta is belonging to the Cactaceae family. Its fruit is composed of around 69% peels, 
21% pulp and 10% seeds. Extracting bioactive compounds from the peels; the major part usually discarded, helps to 
reduce the cost and environmental concerns associated with their disposal. Many studies have been interested in extracting 
dyes and phenolics from O. stricta peels, showing their antioxidant properties, but no work was devoted to extract and 
characterize the non-polar compounds meaning hydrodistillation. Method: O. stricta fruits were collected at ripening, the 
peels, pulps and seeds were manually separated. Peels were then blended, hydrodistilled, and the non-polar compounds 
were extracted and identified using gas chromatography–mass spectrometry. Afterwards, the antioxidant and antibacterial 
activities of the extracted molecules were investigated. Results: The extracted non-polar compounds from O. stricta fruit 
peels were mainly terpene alcohols. The major components were trans-linalool oxide, cis-linalyl oxide and linalool with 
38.3%, 29.6% and 23.4%, respectively. The antioxidant activities showed high inhibition of the DPPH free radicals with 
84% at 50 mg/ml, higher reducing power than that of ascorbic acid, and high total antioxidant activity with 309 ± 37 µg 
ascorbic acid equivalent at 25 mg/ml. The antibacterial activities showed high growth inhibition against Staphylococcus 
aureus and partial inhibition against Enterococcus faecalis. Conclusion: Non-polar compounds extracted meaning 
hydrodistillation from O. stricta fruit peels exhibit high antioxidant activities and inhibit the growth of S. aureus. They 
represent thus a promising way for the valorization of this by-product.

Key words: Antibacterial activities, Antioxidant activities, Non-polar compounds, Opuntia stricta fruit peels, 
Solvent extraction.

INTRODUCTION

Opuntia genus belongs to the Cactaceae family and comprises 
from 200 to 300 species.1 Opuntia fruits are widely 
incorporated in confectionery specialities and cosmetics. 
However, for fruits, only the pulps and the seeds are usually 

used, and the thicky peels are generally discarded. Recently, 
extracting bioactive compounds from agro-industrial by-
products has drawing attention of many research groups, 
revealing thus a way, among others, to reduce the cost and 
the environmental concerns associated with their disposal.2–4 
Numerous Opuntia species have been characterized for 
their fruit’s peel bioactive compounds content, making 
them on the verge of commercialisation.5–7 Other works 
have been reported in leterature describing the extraction 
of volatile compounds from Opuntia species, and studying 
their antioxidant activities.8–11 Moreover, solvent extracts 
from some Opuntia species showed high antioxidant and 
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antimicrobial activities (e.g. extracts from dried stem of 
Opuntia dillenii,12 extracts from Opuntia ficus indica peels,13 
extracts from Opuntia humifusa stem,14 etc). O. stricta 
Haw., a spineless prickly pear, is widely growing in the 
Mediterranean countries. Recently, Kunyanga co-workers 
2015 evaluated the nutritional quality, phytochemical 
composition and health protective effects of O. stricta Haw. 
fuits, showing their benefits.15 In Tunisia, this plant is ranked 
as the second widespread cactus growing after O. ficus indica. 
Its fruit peels, representing around the 2/3 of the fruit’s 
weight, has taking attention for its valorization; e.g. the 
extraction and characterization of polyphenols, flavonoids, 

betacyanins,16 and dyes.17 In this line, this work has been 
conducted to analyze the phytochemical properties of 
solvent extracts from O. stricta Haw. (SEOS) fruit peels. For 
this purpose, non-polar compounds were extracted meaning 
hydrodistillation, and their composition has been assessed 
using gas chromatography–mass spectrometry. Afterwards, 
they were tested for their antioxidant activities through the 
DPPH free radical scavenging activity, the total antioxidant 
activity and the reducing power capacity. Moreover, their 
antibacterial activities were tested against eleven Gram + 
and Gram-pathogen strains.

Figure 1: Composition of  Opuntia stricta Haw. fruit. A. Fruit, B. Fruit peel, C. Fruit pulp, D. Seeds
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MATERIALS AND METHODS

Chemicals

Ammonium molybdate was purchased from NenTech Ltd 
(United Kingdom). Potassium ferricyanide was obtained 
from Loba Chemie (India). DPPH (2,2-diphenyl-1-
picrylhydrazyl), sodium phosphate, ferric chloride, and 
trichloroacetic acid were obtained from Sigma-Aldrich 
(France). Sulfuric acid and ethanol were obtained from 
Sharlab (Spain).

Plant material

O. stricta Haw. (O. stricta (Haworth) Haworth, Syn. Pl. 
Succ. 191. 1812.) fruits were collected on February 2014 in 
the suburb of Sfax city (Tunisia). All peels were manually 
separated from the pulps and the seeds (Figure 1), blended 
using a kitchen mixer until obtaining a viscous peel juice, 
then frozen at-20°C until analysis.

Non-polar compounds extraction

The method was adapted from Koubaa and co-workers 
(2015),18 with slight modifications. Hydrodistillation was 
performed during 3 h using 200 g of O. stricta peel juice, 
submerged in 500 ml distilled water and boiled in a round 
bottom flask using heating mantle. The condensed distillate 
(~250 ml), consisting of a mixture of water, polar and non-
polar compounds, was separated by adding 150 ml n-hexane 
in a separatory funnel. The solvent was then evaporated using 
a rotary evaporator system, under vacuum, at 30°C and the 
non-polar compounds extracted from O. stricta fruit peels 
(SEOS) were stored in glass vials at-20°C until analysis.

Chemical composition of  SEOS

SEOS composition was analyzed by gas chromatography-
mass spectrometry (GC-MS) using an Agilent Technologies 
(6890) instrument equipped with a capillary HP-5MS 
column (5% phenyl methyl siloxane, 30 m length, 250 μm 
diameter and 0.25 μm film thickness). The extracted SEOS 
was injected (1 μl) into the GC inlet and carried throughout 
the column using helium (1 ml/min) as carrier gas. The GC 
conditions were as follows: the initial oven temperature was 
set at 35°C, increased to 250°C at 5°C/min, and held for 6 
min, allowing the separation of the molecules. The injection 
temperature was set at 250°C and the injection mode was 
set to “Splitless”. The MS parameters were as follows: the 
interface temperature was set at 230°C with electron impact 
ionization and “full scan” modes between m/z 20 and 550. 
Peak’s identification was based on Wiley library.

Antioxidant activities

Free radical scavenging activity

This spectrophotometric assay uses the stable free radical 
DPPH as reagent.19 The antioxidant molecules are able to 
reduce the stable free DPPH radicals to a yellow colored 
1,1-diphenyl-2-picrylhydrazyl. Free radical scavenging 
activity of SEOS was assessed as described previously,20 with 
slight modifications. Briefly, 875 μl of SEOS, prepared in 
absolute ethanol, were mixed with 125 μl DPPH (0.02% in 
absolute ethanol) to get final concentrations ranging from 
2.5 mg/ml to 50 mg/ml. The hydrogen or electron donation 
abilities of SEOS were measured, after 1 h incubation in 
the dark, by means of the decrease of the absorbance at 
517 nm (Asample) resulting in a color change from purple 
to yellow. Blank solutions were prepared under the same 
conditions without DPPH, the absorbance was measured 
as Ablank. The control solution was prepared by mixing 875 
μl absolute ethanol with 125 μl DPPH and the absorbance 
was measured as Acontrol. The DPPH radical scavenging 
activity (percentage of inhibition) was then calculated as 
previously described.18

Total antioxidant activity

The total antioxidant activity of SEOS was performed as 
previously described,18,21 with slight modifications. Different 
amounts of SEOS ranging from 2.5 mg to 25 mg were 
prepared in 100 μl absolute ethanol and mixed with 1 ml 
of reagent solution (0.6 M sulfuric acid, 28 mM sodium 
phosphate and 4 mM ammonium molybdate). After 90 min 
incubation at 90°C, the absorbance was measured at 695 
nm. The total antioxidant activity was expressed as ascorbic 
acid equivalent. A blank containing 1 ml reagent and 100 
µl distilled water was prepared under the same conditions.

Reducing power capacity

The reducing power capacity of SEOS was determined as 
previously described,22 with slight modifications. Briefly, 1.25 
ml phosphate buffer (0.2 M, pH 6.6) and 1.25 ml potassium 
ferricyanide (1% in water, w/v) were mixed with 0.5 ml SEOS 
(from 2.5 mg/ml to 25 mg/ml). After 20 min incubation 
at 50°C, 1 ml trichloroacetic acid (10% in water, w/v) was 
added to the reaction mixture. After centrifugation for 10 
min at 3000 rpm, 1.5 ml were taken from the supernatant, 
then mixed with 1.5 ml distilled water and 100 µl fresh ferric 
trichloride (0.1% in water, w/v). The reducing power capacity 
was determined by measuring the absorbance at 700 nm 
against a blank (SEOS free). A higher absorbance is relevant 
of high reducing capacity. The ascorbic acid (ranging from 
0.01 mg and 25 mg) was used as reference.
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Antibacterial activities

The antibacterial activities of SEOS were determined using 
the disc’s diffusion method.18,23,24 Both Gram positive and 
negative bacteria were tested. In total, eleven strains were 
used: Escherichia coli (ATCC 25922), Salmonella typhimurium, 
Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis, 
Bacillus thuringiensis, Pseudomonas aeruginosa (ATCC 27853), 
Micrococcus luteus (ATCC 4698), Klebsiella pneumoniae (ATCC 
13883), Enterobacter sp and Actinomyces sp. Solid Luria Broth 
media (yeast extract; 5 g/l, NaCl; 10 g/l, tryptone; 10 g/l, 
and agar agar; 18 g/l) was prepared and inoculated with 100 
µl (10^6 UFC/ml) of each strain. Four sterile Whatman 
paper discs (6 mm) were placed on each plate; 2 of them 
were tested with 15 mg and 30 mg SEOS, respectively, 
the third one was used as negative control (20 µl hexane) 
and the last one was used as positive control with either 
0.25 mg ampicillin (E. coli, B. subtilis, S. aureus, E. faecalis, 
M. luteus, E. sp and A. sp.) or 0.25 mg ciprofloxacin (B. 
thuringiensis, K. pneumoniae, S. typhimurium, P. aeruginosa). 
After 18 h incubation at 37°C, the antibacterial activities 

were measured as the diameter (in mm) of the clear zone 
of growth inhibition as described previously.18

Statistical analysis

The obtained results were expressed as the average of 
three biological replicates ± standard deviation. Significant 
differences were determined at 95% confidence by 
Duncan’s multiple range test, using SPSS software 17.0.

RESULTS AND DISCUSSION

Solvent extract composition

The yield of solvent extract obtained by hydrodistillation 
of O. stricta Haw. fruit peels was 0.18% ± 0.06% (w/w). 
Although the low extraction yield of SEOS, this yield 
was higher than that found for other Opuntia species. In 
fact, for O. acanthocarpa; this yield was only 0.05% and 
0.07% for major and discata varieties, respectively.8 The 
GC-MS analysis of SEOS revealed the presence of 5 

Figure 2: Gas chromatography–mass spectrometry profile of  the extracted non-polar compounds from Opuntia stricta 
Haw. fruit peels

Figure 3: DPPH free radical scavenging activities of  butylated hydroxyanisole (BHA), ascorbic acid, and solvent 
extract from Opuntia stricta Haw. fruit peels (SEOS)
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components (Figure 2); which were identified according 
to the Wiley library associated with the GC-MS software. 
The most abundant compounds were trans-linalool oxide, 
cis-linalyl oxide and linalool with 38.3%, 29.6% and 23.4%, 
respectively. Similar compounds were found by Wright and 
Setzer (2014); who demonstrated that cis-linalool oxide and 
trans-linalool oxide were the most abundant components 
in O. littoralis cladodes, with 10.8% and 8.8%, respectively.8 

The presence of linalool at the post-flowering phase of O. 
stricta flowers, was previously reported by Ammar and co-
workers (2012), using hexane extract.25

Antioxidant activities

DPPH free radical-scavenging activity

Scavenging of DPPH free radicals is the basis of a common 
antioxidant assay.26 The DPPH free radical scavenging 
activities of SEOS, BHA and ascorbic acid are shown in 
Figure 3. The ability to scavenge the DPPH free radicals 
increased proportionally to the sample’s concentration. The 
obtained results (Figure 3) showed the potent scavenging 
activity of SEOS compared to the reference curves (BHA 
and ascorbic acid). In fact, it inhibits 84% DPPH free 
radicals at 50 mg/ml concentration. SEOS represents thus 
a strong electron donor and could react with free radicals 
to convert them to more stable products and terminate the 
radical chain reaction.

Total antioxidant activity

The total antioxidant activity was followed by the reduction of 
the phosphomolybdate by SEOS, determined by measuring 
the absorbance at 695 nm, and was expressed as ascorbic acid 
equivalent (AAE) (Figure 4). The obtained results showed 
a linear behavior between SEOS and ascorbic acid, with 
correlation coefficient R2 of 0.96. In fact, the antioxidant 
activity increases proportionally to the concentration of 
SEOS. 25 mg of SEOS were equivalent to 309 ± 37 µg 
ascorbic acid, in terms of total antioxidant activity.

Figure 4: Total antioxidant activity of  the non-polar solvent extract from Opuntia stricta Haw. fruit peels (SEOS), 
expressed as μg of  ascorbic acid equivalent

Figure 5: Reducing power capacity of  non-polar solvent extract from Opuntia stricta Haw. fruit peels (SEOS) 
compared to ascorbic acid

Figure 6: Growth inhibition of  Staphylococcus aureus 
using the non-polar solvent extract from Opuntia stricta 

Haw. fruit peels (SEOS). Amp; Ampicillin
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Reducing power capacity

The reducing power capacity reflects the presence of 
an antioxidant for the reduction of ferricyanide ions 
[Fe(CN)6]

3- to ferrocyanide ions [Fe(CN)6]
4-. This reducing 

property is generally associated with the presence of a 
reducer exercising an antioxidant action by breaking the 
free radical chains; yielding an hydrogen atom.27

The reducing power capacity of SEOS was determined by 
measuring the formation of Perl’s Prussian blue at 700 nm 
(Figure 5). The reducing power of SEOS was increasing 
proportionally to the sample’s concentration and was even 
higher than that observed for Ascorbic Acid (AA). In fact, 
at 25 mg/ml, the measured values at 700 nm were 0.96 ± 
0.12 and 0.50 ± 0.002 for SEOS and AA, respectively. The 
correlation coefficients R2 were 0.95 and 0.99 for SEOS 
and AA, respectively. These results reveal the high reducing 
power capacity of SEOS.

The obtained results through these antioxidant activities 
concur with several works describing the antioxidant 
activities of Opuntia extracts.16,17,28–32

Antibacterial activities

The antibacterial activities of SEOS were tested against 
11 pathogenic strains as described in the materials and 
methods section. The obtained results show that the most 
prominent activity was found against Staphylococcus aureus 
(Figure 6). Partial inhibition was found for Enterococcus 
faecalis and no activity was noticed for the remaining strains. 
This result is most probably related to the composition of 
the non-polar extract from O. stricta fruit peels. In fact, it 
has been reported that the extracts composed of either 
aldehydes or phenols showed the highest antibacterial 
activities, followed by those containing terpene alcohols.33 
According to the GC-MS profile (Figure 2), SEOS is mainly 
composed of terpene alcohols, demonstrating thus the low 
antibacterial activities against the tested strains; remaining 
although interesting against Staphylococcus aureus.

CONCLUSION

Non-polar compounds extracted from O. stricta fruit 
peels, meaning hydrodistillation, showed high antioxidant 
activities through DPPH free radical scavenging activity, 
total antioxidant activity and reducing power capacity. The 
antibacterial activities against 11 pathogenic strains showed 
a good inhibition only against Staphylococcus aureus. These 
results undertaken together show that O. stricta peels are 
promising feedstock for phytochemical compounds, and 
extracting these non-polar compounds constitutes a way 
among others for its valorization.
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ABBREVIATION

SEOS :  solvent extract from Opuntia stricta
GC-MS :  gas chromatography-mass spectrometry
BHA :  butylated hydroxyanisole
AA        :  Ascorbic acid
DPPH  :  2,2-diphenyl-1-picrylhydrazyl

Highlights of  the paper

• Solvent extract from Opuntia stricta fruit peels (SEOS) contains trans-linalool oxide, cis-linalyl oxide and linalool with 
38.3%, 29.6% and 23.4%, respectively.

• SEOS exhibits high antioxidant activities (DPPH free radical scavenging activities, total antioxidant activity, and 
reducing power capacity).

• The antibacterial activities of SEOS showed high growth inhibition against Staphylococcus aureus and partial inhibition 
against Enterococcus faecalis.
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