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ABSTRACT
Succulents are water-retainers, survive as indigenous plants in many parts of the world at 40-80oF. This study focused on
the phytochemical screening and antimicrobial activity of aqueous, ethanolic and chloroform extracts of three succulents
namely Opuntia dillenii (Ker Gawl.) Haw., Cereus pterogonus Lem. and Acanthocereus tetragonus(L.) Hummelinck .The
phytochemical analysis revealed that the ethanolic extracts of the succulents contain the large amount of
phytochemicals particularly alkaloids, phenols, flavonoids and glycosides. The antibacterial activity of all the extracts
was tested by agar well diffusion method, which showed a potent activity against all the tested organisms. Maximum
zone of inhibition was measured against Staphylococcus aureusand minimum inhibition was measured against
Klebsiella pneumonia by the ethanolic extracts of all the three samples. They also exhibited effective antifungal activity
against the selected fungal strains. Maximum inhibition was found against Fusarium oxysporum and minimum inhibition
was found against Candida albicans by the ethanolic extracts of all the three samples.Hence, this study proposed a
comparative antimicrobial efficacy of these three plants.
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INTRODUCTION
One of the biggest threats to the planet has been the infectious diseases for many decades. Infectious
diseases hold a predominant position among the top deadly diseases listed in the world. The rate of
evolution of new infectious diseases is on the rise, while hygiene, cleanliness and other preventive
measures were pursued. This evolution of novel diseases restricted the therapeutic options against many
microorganisms as they got adapted to it [1]. Antibiotics were produced in two means-bactericidal, those
that kill the bacteria and bacteriostatic, those that inhibit the growth of the bacteria.
Macrolides, tetracyclines, quinolones, sulphonamides, glycopeptides, aminoglycosides, oxazolidinones,
beta lactams, Carbapenems are the different classes of antibiotics discovered so far [2].Synthetically
produced antibiotics impose a major issue of resistance toantibiotics and a number of after effects. The
secondary metabolites of the plants often remain as the potential source of antibacterial, antifungal,
antioxidant, antipyretic, anti-inflammatory and even many other diseases [3]. One among them is the
succulents, the water-retaining plants.
Succulents are thick, sap-containing plants found commonly in arid environmental conditions. They
belong to different families and each of them has unique features that make a difference in them. Around
3-5% of all the flowering plants are known to be succulents. The unique role of these plants is to conserve
water for future remobilization. For this purpose, they have tailored a wide range of adaptations such as
thick, flat and smooth cuticles, low density of stomata, high sensitivity of stomata to environmental
stimuli and low hydraulic conductance. Aizoceae, Cactaceae, Amaranthaceae, Crassulaceae are some of
the families [4]. One of the most beneficial groups of plants is identified under the family Cactaceae.
Hence, the plants Opuntia, Cereus and Acanthocereus are chosen for this research.
Opuntia species are most predominant and widespread group of plants in Cactaceae family. These plants
are distinguished by the presence of shallow root system that allows for rapid absorption of water, a thick
waxy cuticle that prevents excessive loss of water and an alternative photosynthetic metabolism of
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crassulacean acid (CAM) pathway, which helps plants to absorb atmospheric CO2 during night due to
which the loss of water is minimized. Hence, these groups of plants are considered as great option to
grow in dry regions, as they tend to conserve large amount of water. Opuntia exist as variety of species
namely O. streptacantha, O. hyptiacantha, O. megacantha, O. albicarpa, O. dillenii, O. ficus-indica, O.
humifusa and so on[5].
Opuntia sp. are rich in nutrients including proteins, fibres, calcium, carbohydrates and other
phytochemical constituents. Nutritional values vary between various parts of the plant-stem, fruit, fruit
peel, cladodes, root and flower. Notably, the calcium was found to be exceptionally high in Opuntia sp.
than other plant species which helped in improving bone mineral density and calciuria in adult women
[6]. The presence of various nutritive constituents makes this plant a biologically prospective medicinal
plant. It has been documented that various extracts from parts of this plant are used to treat
atherosclerosis and other cardio vascular diseases, type-2 diabetes mellitus, obesity, cancer, skin wound
etc.,[7].
Cereus pterogonus and Acanthocereus tetragonus are also the members of Cactaceae family. Fewer
investigations are made on their medicinal utilities. Isolation of various enzymes such as xylose
isomerase[8], thermophilic xylanase [9] and thermophilic laccase[10] from Cereus pterogonus have been
documented. Acanthocereus tetragonus has been used as an natural coagulant for decolourization of
synthetic dye waste water[11].
Most of the beneficial properties of the plants owes to the presence of its chemical constituents named as
‘phytochemicals’. These are the secondary metabolites of the plants that are biologically active naturally
occurring compounds. They contribute to the colour, flavor and aroma of the plants and also in protecting
the plants from diseases and damages caused by drought, pollution, UV radiations, stress etc., More than
4000 phytochemicals have been identified so far. Type and concentration of these phytochemicals varies
with plants and also with different parts of a single plant [12].
Every phytochemical constituent has been identified to play a beneficial role. Phenols, alkaloids,
terpenoids are the large group of phytochemicals present in plants. They serve as the efficient inhibitors
of microbes. Alkaloids and terpenoids also act as effective antioxidants and neuropharmacological agents.
Flavonoids, Carotenoids, tocopherols, polyphenolic compounds and ascorbic acid are known to quench
the free radicals, inhibit lipid peroxidation, tumor inhibition and exhibit anti-metastatic activity.
Tocopherols, retinoids, phytosterols, indoles, coumarines, flavones act as detoxifying agents and
inhibitors of procarcinogen activation and tumourogenesis [13].Considering these properties of Opuntia
sp., the present comparative study was performed with the aim;
i. To extract the phytochemicals of the cladodes of three selected plants - Opuntia dillenii, Cereus
pterogonus and Acanthocereus tetragonus with 3 different solvents (water, ethanol, chloroform)
ii. To screen the presence of phytochemical constituents in all the extracts of the three selected plants
iii. To assess the antibacterial activity of all the plant extracts against 3 selected gram positive and 3 gram
negative bacterial strains
iv. To assess the antifungal activity of all the plant extracts against 6 selected fungal strains.
MATERIAL AND METHODS
Collection of plant samples:
Cladodes of the plants were collected from various localities in and around Chennai city. The plants were
randomly selected and their healthy cladodes were collected in sterile plastic bags. The taxonomic
identification of the plants has beendone using standard floras at Presidency College, Chennai- 05,
Tamilnadu,India.
Extraction with different solvents:
The collected plant materials were sun dried before processing. They were then chopped into pieces
using a sterile knife and were allowed to dry in sunlight. They were completely dried in vacuum
desiccators. The dried materials were then crushed using mortar and pestle into powder. 20g of this
powder were extracted with 500 ml of distilled water, ethanol and chloroform (37%) separately using
Soxhlet apparatus. The obtained extracts were filtered using 0.2µm syringe filters and the filtrate were
concentrated by evaporating the solvents by drying in vacuum desiccators[14].
Preliminary screening for Phytochemical constituents:
All the test for phytochemical screening were done by adopting standard protocols [15,16].
Test for Alkaloids:
a. Dragendorff’s test:
To 2ml of the extract, 2ml of hydrochloric acid (HCl) followed by 1 ml of Dragendroff’s reagent were
added. Formation of an orange/red coloured precipitate immediately after the addition of Dragendroff’s
reagent indicates the presence of alkaloids.
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b. Wagner’s test:
To 2ml of the extract, 2ml of hydrochloric acid (HCl) followed by few drops of Wagner’s reagent were
added. Formation of a yellow/brown coloured precipitate indicates the presence of alkaloids
c. Hager’s test:
To 2ml of the extract, few drops of Hager’s reagent were added. Presence of alkaloids was confirmed by
the formation of yellow coloured precipitate.
Test for phenols:
a. Ferric chloride test:
To 2ml of the extract, 0.5ml of ferric chloride (FeCl3) was added drop wise. Formation of intense violetpurple colour indicates the presence of phenols.
b. Ellagic acid test:
To 2ml of the extract, few drops of glacial acetic acid (5%) and NaNo2 (5%) were added. Formation of
brown coloured precipitate indicates the presence of phenols.
Test for flavonoids:
a. Alkaline reagent test:
To 2ml of the extract, few drops of dilute sodium hydroxide solution was added. The presence of
flavonoids was confirmed when the yellow coloured solution formed becomes colourless on the addition
of dilute acid.
b. Shinoda’s test:
To 0.5ml of the extract, few drops of dilute hydrochloric acid was added followed by a piece of
magnesium. Presence of flavonoids was confirmed when a pink/red/brown colour is formed
c. Ferric Chloride test:
To 2ml of the extract, few drops of ferric chloride was added. Formation of intense green colour indicates
the presence of flavonoids.
Test for triterpenoids:
a. Salkowaski test:
To 2ml of the extract, 1ml of chloroform was added for dissolving. Then 1ml of acetic anhydride followed
by 2ml of concentrated sulphuric acid was added. Presence of terpenoids was indicated by the formation
of reddish violet colour.
b. Liebermann-Burchards’test:
To 2ml of the extract, add few drops of acetic anhydride boil it and cool down. To this solution add 1ml of
concentrated sulphuric acid slowly along the sides of the tube. Presence of triterpenoids was confirmed
by the formation of violet-colour ring.
Test for Saponins:
a. Foam test:
To 5ml of the extract, small amount of sodium bicarbonate was added. The tube was then shaken
vigorously and left undisturbed. Presence of Saponins was indicated by the formation of froth having
honeycomb-like appearance after 3 minutes of shaking.
Test for Steroids:
a. Liebermann-Burchards’test:
To 2ml of the extract, add few drops of acetic anhydride boil it and cool down. To this solution add 1ml of
concentrated sulphuric acid slowly along the sides of the tube. Presence of steroids was confirmed by the
formation of green colour.
b. Salkowaskitest:
To 1ml of the extract, add 10ml of chloroform and shake the tube to dissolve the extract thoroughly. To
this slowly add concentrated sulphuric acid. Presence of steroids was confirmed by the formation of red
colour.
Test for tannins:
a. Gelatin test:
To 2ml of the extract, add few drops of 1% gelatin containing sodium chloride. Formation of white
precipitate indicates the presence of tannins.
b. Lead acetate test:
To 2ml of the extract, add few drops of 1% lead acetate solution. Presence of tannins was indicated by the
formation of yellow colour precipitate.
Test for glycosides:
a. Legal’s test:
To 2ml of the extract, add few drops of hydrochloric acid and keep it in water bath for few hours for
hydrolysis. To this hydrolysate, add 1ml of pyridine, few drops of sodium nitroprusside followed by
sodium hydroxide solution. Presence of glycosides was indicated by the appearance of pink to red colour.
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b. Keller-killiani test:
To 2ml of the extract, add few drops of ferric chloride and mix it. When concentrated sulphuric acid was
added two layers would be formed-an upper bluish green layer and a lower reddish brown layer. This
indicates the presence of glycosides.
Test for resins:
To 1 ml of the extract, add few drops of acetone to dissolve it. Pour this solution in distilled water.
Presence of resins was indicated by turbid formation.
Assessment of antibacterial activity of the extracts:
Agar well diffusion method was carried out to assess the antibacterial activity of aqueous, ethanolic and
chloroform extracts of Opuntia dillenii, Cereus pterogonus and Acanthocereus tetragonus. 25ml of Muller
Hinton Agar (MHA) was prepared and poured into sterile petri dishes. Plates were swabbed with grampositive strains-Bacillus subtilis (ATCC6051), Staphylococcus aureus (ATCC9144), Micrococcus luteus
(ATCC14452) andgram-negative strains-Escherichia coli (ATCC15223), Klebsiella pneumoniae
(ATCC15380), Salmonella typhi (ATCC10749). 200µl of solvent extracted samples were added to wells
punched in the plates in the concentration of 500µg/ml. Tetracycline (500µg/ml) was used as the
standard antibiotic. The plates were incubated at 37oC for 24 hours [17].
Assessment of antifungal activity of the extracts:
Agar well diffusion method was carried out to assess the antifungal activity of aqueous, ethanolic and
chloroform extracts of Opuntia dillenii, Cereus pterogonus and Acanthocereus tetragonus. 25ml of
Saubouraud dextrose agar medium (SDA) was prepared and poured into sterile petri dishes with the
fungus Candida albicans(ATCC2091), Fusarium oxysporum(ATCC52429), Aspergillus niger(ATCC9029),
Penicillium
chrysogenum(ATCC10106),
Trichoderma
harzianum(ATCC60850)and
Monilinia
fruticola(ATCC62880).200µl of the extracts were added into the wells. Amphotericin (500µg/ml) was
used as the standard antifungal drug. The plates were incubated at 28oC for 36 to 48 hours[17].
Statistical analysis:
All the experiments were performed as triplicates and the values were calculated as mean±SEM. The
differences between the samples were determined by Dunnett’s multiple comparison tests using
GraphPad Prism version 8.0.2.
RESULTS AND DISCUSSION
Collection and extraction of samples:
Three plants of the family Cactaceae were selected for the study and they were taxonomically identified
as - Opuntia dillenii(Figure 1), Cereus pterogonus(Figure 2), and Acanthocereus tetragonus(Figure 3),.
Opuntia sp. was one of the most recognized plants in the family Cactaceae. With many reported benefits
against many chronic diseases, Opuntia was a well-characterized succulent of this family [7].Less study
has been conducted on the positive effects of Cereus pterogonus. Many of the studies have only focused on
the enzymes in it and their respective functions8,9,10. Acanthocereus tetragonus has been widely studied
for understanding the Crassulacean Acid Metabolism (CAM) [18] and its anticoagulant properties
[11].These plants were therefore chosen for an in-depth study of their potential roles played against the
microbes. The dried and powdered cladodes of the selected plant samples weighed about 300g. The
weight of the concentrated yield was determined and stored in air tight container until further use to
prevent the loss of biological activity.

Figure: 1 Figure: 2 Figure: 3
Opuntia dillenii (Figure 1); Cereus pterogonus (Figure 2); Acanthocereus tetragonus (Figure 3)
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Preliminary screening for phytochemical constituents:
The phytochemical analysis revealed the presence of steroids, alkaloids, phenols, flavonoids and
glycosides in large amount whereas terpenoids, saponins and tannins are present in lower amount.
Resins were absent in all the extracts (Table 2). Comparatively, ethanol extracts have high level of
phytochemicals followed by chloroform and aqueous extracts respectively in all the three plant samples.
The presence of alkaloids, flavonoids , phenols and saponins in cladodes was also shown by
phytochemical examination of cladodes and leaves of Opuntia dillenii Haw, while terpenoids and steroids
were also found in fruits [15].Extracted phytochemicals found to vary with the solvents. Polar extracts of
Opuntia dillenii revealed the presence of flavonoids and phenols, while the non-polar extracts revealed
the presence of terpenoids and fatty acid derivatives [19]. Phytochemical constituents of Opuntia dillenii
was found to be similar to the phytochemicals reported in cladodes of Opuntia ficus-indica[20]. Aqueous
and ethanolic extracts of fruit skin of Opuntia streptacantha revealed the presence of trans ferrilic acid,
quinic acid and hyperoside. The presence of high concentration of the phytochemicals in the ethanol
extracts of the plant was also reported in this study [21].The presence of these phytochemicals tends to
many beneficial biological activities of these plants.
Table 2. Preliminary phytochemical screening in various extracts of Opuntia dillenii, Cereus
pterogonus and Acanthocereus tetragonus cladodes; + indicates ‘presence’ and - indicates
‘absence’.
Opuntia dillenii(Ker Gawl.) Haw.

Cereus pterogonusLem.

Aqueous
+
+
+
+
-

Aqueous
+
+
-

Constituent
Alkaloids
Phenols
Flavonoids
Terpenoids
Saponins
Steroids
Tannins
Glycosides
Resins

Ethanol
+
+
+
+
+
-

Chloroform
+
+
+
+
-

Ethanol
+
+
+
+
+
+
-

Chloroform
+
+
+
-

Acanthocereus
tetragonus(L.)
Hummelinck
Aqueous Ethanol Chloroform
+
+
+
+
+
+
+
+
+
+
+
-

Assessment of antibacterial activity of the extracts:
Antibacterial activity was tested by agar well diffusion method in Mueller Hinton Agar (MHA) medium. All
the three extracts of Opuntia dillenii, Cereus pterogonus and Acanthocereus tetragonus exhibited
antibacterial activity against all the tested organisms. Ethanolic extract of Opuntia dillenii, Cereus
pterogonus and Acanthocereus tetragonus exerted high activity when compared to chloroform and
aqueous extracts (Table 3). Tetracycline was used as the positive control. Maximum inhibition was found
against Staphylococcus aureus with the zone of inhibition measured as 18+1.15 for Opuntia
dillenii,12+0.58 for Acanthocereus tetragonus and 10+0.57 for Cereus pterogonus. Minimum inhibition was
found against Klebsiella pneumoniae with the zone of inhibition measured as 9+0.57 for Acanthocereus
tetragonus, 8+0.57 for Cereus pterogonus and 8+0.33 for Opuntia dillenii. Overall, Opuntia dillenii exerted
higher antibacterial activity followed by Acanthocereus tetragonus and Cereus pterogonus respectively
(Fig. 4).
Antibacterial activity of polar and non-polar solvent extracts of Opuntia dillenii were reported against
Bacillus subtilis, Klebsiella pneumoniae, E.coli and Micrococcus sp. with B. subtilis exerting higher MIC
values [19]. The polar solvents of dried stem of Opuntia dillenii exhibited effective inhibiting activity
against B. subtilis and S. aureus14 that was similar to the current findings. A new peptide named
opuntisine A was isolated from the fruit extracts of Opuntiastricta var. dillenii. This exerted antibacterial
efficacy against E.coli, a gram-negative bacteria but not against other strains [22]. This may give future
insight into the discovery of novel peptides in the currently studied plants.
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Table 3. Antibacterial activity of three different extracts of Opuntia dillenii, Cereus pterogonus and
Acanthocereus tetragonus cladodes against selected gram-positive and gram-negative
strains measured as zone of inhibition (mean±SEM); positive control-Tetracycline
(500µg/ml)

Aqueous

tetragonus(L.)

Positive
Control

8+1.15

11+0.57

9+0.57

7+0.57

9+0.33

8+0.33

7+0.33

10+0.33

9+1.15

23+0.57

Staphylococcus
aureus
Micrococcus
luteus

9+0.58

18+1.15

12+0.57

7+1.15

10+0.57

9+0.57

9+0.57

12+0.58

11+0.33

24+0.33

9+0.57

14+0.57

11+0.33

8+0.33

9+1.15

9+0.33

8+0.33

11+0.33

9+0.33

23+0.33

Escherichia coli
Klebsiella
pneumonia
Salmonella typhi

8+0.57
8+0.33

12+1.15
8+0.33

9+1.15
7+0.33

7+0.33
7+0.57

9+1.16
8+0.57

8+0.33
7+0.33

8+0.34
7+0.33

11+0.33
9+0.57

8+0.33
7+0.33

24+0.58
21+1.15

8+0.33

11+0.57

9+0.33

8+0.33

8+0.33

6+0.33

7+0.33

9+1.15

8+0.57

23+0.33

Chloroform

Chloroform

Acanthocereus
Hummelinck

Ethanol

Ethanol

Bacillus subtilis

Ethanol

Aqueous

Cereus pterogonusLem.
Aqueous

Opuntia dillenii(Ker Gawl.)
Haw.
Chloroform

Test
Organism

Fig. 4. Comparison of antibacterial activity of three different extracts of Opuntia dillenii, Cereus
pterogonus and Acanthocereus tetragonus cladodes against selected gram-positive and gramnegative bacterial strains; positive control-Tetracycline (500µg/ml).

Assessment of antifungal activity of the extracts:
Antifungal activity was assessed through agar well diffusion method in Saubouraud Dextrose Agar (SDA)
medium against six selected fungal strains. Amphotericin was used as the positive control. All the extracts
exhibited activity against all the tested organisms. Similar to antibacterial activity, ethanol extracts of all
the three samples exhibited the highest antifungal activity (Table 4). Maximum inhibition was observed
against Fusarium oxysporum with zone of inhibition of 21±0.57 for Opuntia dillenii, 20±0.33 for
Acanthocereus tetragonus and 19±1.15 for Cereus pterogonus. Minimum inhibition was observed against
Candida albicans with the zone of inhibition of 17±0.57 for Opuntia dillenii, 11±0.33 for Cereus pterogonus
and 16±0.33 for Acanthocereus tetragonus. Hence, Opuntia was found to be highly efficient as an
antifungal agent followed by Acanthocereus tetragonus and Cereus pterogonus (Fig. 5).
The methanolic fruit extract of Opuntia dillenii exhibited notable activity against six tested fungal strains
of which Aspergillus niger, Candida albicans, Monilinia fruticola showed the zone of inhibition of 10mm,
14mm, 12mm respectively at a concentration of 500µg/ml17. This was comparatively lower than the
efficacy of ethanolic cladode extracts of Opuntia dillenii observed in the present study. Another study was
conducted on the fungal black spot disease in Opuntia spp. caused by the fungus Pseudocercospora
opuntiaethrough mass selection, one of the Opuntia ficus-indica (L.) Mill. cultivars were found to be
immune to P. opuntiae colonization. Analysis of the ethanolic cladode extracts of the resistant plants
revealed the high levels of phytochemicals and the enzyme β-1,3-glucanase that has the ability to inhibit
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the respective fungal growth [23]. Apart from the phytochemical compounds found in the plants, some
actinobacteria were also found to be responsible for the antifungal activity. Such a strain Streptomyces sp.
SCA3-4 of rhizosphere origin of Opuntia stricta exhibited a broad-spectrum antifungal activity against
phytopathogenic fungi including Fusarium oxysporum [24]. These establish the finding that ethanolic
extracts of cladodes of O. dillenii were highly efficient in inhibiting the growth of fungi.
Table 4. Antifungal activity of three different extracts of Opuntia dillenii, Cereus pterogonus and
Acanthocereus tetragonus cladodes against selected fungal strains measured as zone of
inhibition (mean±SEM); positive control-Amphotericin (500µg/ml)

Ethanol

Aqueous

Ethanol

Aqueous

Ethanol

Gawl.)

Cereus pterogonusLem.

Acanthocereus tetragonus(L.)
Hummelinck

Positive
control

Candida
albicans
Fusarium
oxysporum
Aspergillus
niger

15±0.57

17±0.57

16±0.58

10±0.33

11±0.33

9±0.33

14±1.15

16±0.33

15±0.57

20±1.15

16±0.33

21±0.57

20±0.33

15±1.15

19±1.15

17±0.57

16±0.57

20±0.33

19±0.33

21±0.57

16±0.33

21±0.34

17±1.16

12±0.57

14±0.33

10±0.33

15±0.34

20±0.34

19±0.58

21±0.33

Penicillium
chrysogenum

18±0.57

20±0.33

18±1.16

13±0.33

18±2.31

12±0.58

16±0.57

19±1.15

17±0.33

23±0.58

Trichoderma
harzianum
Monilinia
fruticola

19±1.15

20±0.57

20±0.34

16±0.33

14±0.33

16±0.34

18±0.58

18±0.58

17±0.57

24±0.33

16±1.73

19±0.57

19±0.33

15±0.34

17±0.33

16±1.15

16±1.15

17±0.33

15±0.58

22±1.15

Chloroform

Aqueous

dillenii(Ker

Chloroform

Opuntia
Haw.

Chloroform

Test
Organism

Fig. 5. Comparison of antifungal activity of three different extracts of Opuntia dillenii, Cereus pterogonus
and Acanthocereus tetragonus cladodes against selected fungal strains; positive control-Amphotericin
(500µg/ml).

Fig. 5. Comparison of antifungal activity of three different extracts of Opuntia dillenii, Cereus pterogonus
and Acanthocereus tetragonus cladodes against selected fungal strains; positive control-Amphotericin
(500µg/ml).
CONCLUSION
Photochemical screening and in vitro antibacterial and antifungal potential of aqueous, ethanol and
chloroform extracts of cladodes of Opuntia dillenii, Cereus pterogonus and Acanthocereus tetragonus were
investigated. The study shows the presence of diverse phytochemicals such as phenol, flavonoids,
alkaloids, glycosides, terpenoids, steroids, saponins, tannins and glycosides. The study also confessed the
efficacy of the plants to act as a good antibacterial and antifungal agent. To highlight, the ethanolic
extracts of all the three selected plants were distinctly potential than the other solvent extracts and
Opuntia dillenii was on the top-notch. On the whole, the findings of the present study proposed a potential
antimicrobial agent from the extracts of the Opuntia dillenii, Cereus pterogonus and Acanthocereus
tetragonus. These finding pave the way for the discovery of the antimicrobial compounds and the
mechanism of inhibition of microbial growth in the potential plants.
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