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ABSTRACT

Opuntia dillenii and Aloe vera are used as medicinal plants. Opuntia dillenii belongs to Cactaceae and used for
treatment of cough and bronchial troubles. Aloe vera belongs to Aloaceae and it is well established for its different
medicinal uses ranging from treatment of skin burns to anti metastatic and antimicrobial activity. The aim of the
present study was to evaluate the antimicrobial activity of ethanol extracts and essential oils of Aloe vera and
Opuntia dillenii against selected human pathogens viz., Staphylococcus aureus, Streptococcus pneumoniae, Bacillus
spp., Klebsiella pneumoniae, Salmonella typhi and Shigella dysenteriae by disk diffusion method and Triphenyl
Tetrazolium Chloride (TTC) staining. The ethanol extract of Opuntia dillenni and Aloe vera showed good
antibacterial activity against all the pathogens tested. Lower Minimum Inhibitory Concentration (MIC) values were
obtained for ethanol extracts of both the medicinal plants against the bacterial pathogens except Shigella dysenteriae
which was not inhibited at lower concentrations. The essential oils of Opuntia dillenni and Aloe vera also exhibited
excellent antimicrobial activity against bacterial pathogens where Shigella dysenteriae was inhibited only at higher

concentrations.
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1. INTRODUCTION

Man has used plants since time immemorial to treat com-
mon infectious diseases and some of these traditional
medicines are still included as part of the habitual treat-
ment of various maladies. Herbal medicines form an inte-
gral part of healing practiced by the traditional healers

Plants contain a spectrum of second-
ary metabolites such as phenols, alkaloids, flavonoids,
quinines, tannins and their glycosides and their essential
oils. Importance of these substances as antimicrobial
agents against pathogens has been emphasized by several
workers. These are generally obtained from plant materi-
als by steam distillation or by extraction with organic
aqueous solvents and they are relatively low in molecular
weight generally less than 2000. Essential oil extracted
from a plant can be defined as any concentrated, hydro-
phobic and viscous liquid that may contain volatile aro-
matic compounds. They are also known as volatile or
ethereal oils, or simply as the "oil of" the plant material
from which they were extracted, such as oil of clove
(Vaijayanthimala et al., 2001).  Opuntia dillenii (Ker-
Gawl) Haw is a cactus belonging to the family Opuntiae
which usually grows in semi-desert regions in the tropics
and subtropics, including the Canary Islands (Reza et al.,

2019 and Zeb et al., 2015). Canarian folk medicine has
shown much evidence that the crude extract prepared
from fruits of Opuntia dillenii is useful in the treatment
of gastrointestinal and liver disturbances (diabetes, hepa-
titis, intestinal spasm, etc.) (Kedanath et al., 2013 and
Saket et al., 2017). Aloe barbadensis Mill. is an im-
portant medicinal plant belonging to the family Liliaceae.
Aloe vera treated diabetic rats showed a marked increase
in body weight, liver glycogen and decrease in blood glu-
cose, urine sugar levels and serum lipids when compared
to other groups. In wound healing experiment, the pro-
gress in the healing of the wound treated with phenolic
anthraquinones of Aloe vera sap was faster than the un-
treated control (Rajendran et al., 2007).

Antibiotic resistance in bacteria has become a global
threat and cause of concern for public health. To counter-
attack this danger, the search for new therapeutic agents
with novel modes of action from natural resources is in
full swing. Thus, these two medicinal plants were used
for the present study against bacterial pathogens with the
aim that the screening and further investigation into the
components of its extract for their antimicrobial activity
may reveal many interesting therapeutic properties.
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2. MATERIALS AND METHODS
2.1. Sample Collection

Healthy plant samples of Aloe vera and Opuntia dillenii
were collected in zip lock covers from different locations
of the village Koovanoor, near Natchiyar Kovil, Kumba-
konam, Thanjavur, Tamil Nadu, India. The plants were
identified by Dr. V. Mohan, Scientist G, Institute of For-
est Genetics and Tree Breeding, Coimbatore, Tamil Na-
du. The collected plant materials were immediately
transported to the Laboratory and maintained at 4°C.
The plants samples were processed within 12 hours to
maintain the freshness.

2.2. Preparation of Aloe vera essential oil

Fresh healthy leaves of plants were chosen. The leaves
were washed thoroughly 2-3 times with running tap wa-
ter and finally with sterile distilled water. Then these
were air-dried under shade. 300g of air dried leaves were
cut into small pieces and were macerated in mortar and
pestle. They were placed in 2L flask together with 1L
distilled water for steam distillation. After steam distilla-
tion, the 100% pure essential oil was collected, dis-
pensed into dark bottles and stored at 4°C until further
use (Nanasombat and Lohasupthawee, 2005).

2.3. Preparation of crude ethanol extracts

20g of dried leaves were soaked in 100ml of 95% etha-
nol and shaken at 150rpm for 4days at ambient tempera-
ture. The mixture was then filtered. The filtrates were
then evaporated and dried. Stock solutions of crude etha-
nol extracts were prepared by diluting it with 10% Di-
methyl sulfoxide (DMSO) solution to obtain a final con-
centration of 400mg/ml (Nanasombat and Lohasup-
thawee, 2005).

2.4. Collection and maintenance of bacterial stock
cultures

Six bacterial cultures were obtained from the culture
collections of the Srinivasa Ramanujan Centre, SAS-
TRA University, Kumbakonam, Thanjavur, Tamil Nadu,
India. The organisms were as follows: Klebsiella pneu-
moniae, Staphylococcus aureus, Streptococcus pneu-
moniae, Shigella dysenteriae, Salmonella typhi and Ba-
cillus spp. The bacterial cultures were maintained on
nutrient agar slants. They were sub cultured twice in a
month and subsequently stored at 4°C.

2.5. Preparation of McFarland Nephelometer
standard

Mcfarland tube number 0.5 was prepared by mixing
9.95ml of 1% sulphuric acid in Mueller Hinton broth
(MHB) and 0.05% ml of 1% Barium Chloride in dis-

tilled water in order to estimate bacterial density. The
tube was sealed and used for comparison of bacterial
suspension with standard (Saeed and Tarig, 2007).

2.6. Preparation and standardization of inoculum

Few colonies from pure culture of each test organism
were transferred to Sml of MHB. The broth was incubat-
ed at 35-37°C for 18-24 hours. The turbidity of the cul-
ture was checked with 0.5 McFarland Nephelometer
standards to get 150 x 106 cfu/ml, within 15-20 minutes
(Saeed and Tarig, 2007)

2.7. Minimum Inhibitory Concentration (MIC) of
ethanolic extract by disk diffusion test

Antibacterial activity of the ethanol extract and essential
oil was carried out by disc diffusion method. Mueller
Hinton (Hi Media Laboratories) agar plates were pre-
pared aseptically. Sterile antimicrobial discs of 6mm
diameter (Hi Media Laboratories) were loaded aseptical-
ly with 15ul of varying concentrations of the ethanol
extract (Sug/ml, 10pg/ml, 15pg/ml and 20pg/ml) or es-
sential oil (Sul/ml, 10ul/ml, 15ul/ml and 20ul/ml) and
left for 15 minutes for excess pre-diffusion of extracts/
oil. The inoculum suspension of each bacterial strain
was swabbed on the entire surface of the Mueller-Hinton
agar plates and the sterile discs impregnated with extract
or oil was placed. Discs saturated with 10pl/ml of chlo-
ramphenicol (Hi Media Laboratories) were used as posi-
tive control. A 15ul aliquot of 1% Dimethyl Sulfoxide
(DMSO) was used as negative control. Tests were per-
formed in duplicate. The plates were incubated at 37°C
for 24 hours. After incubation, the plates were observed
for zone of inhibition around the disc. The diameter of
inhibition zones was measured (Nanasombat and Lo-
hasupthawee, 2005)

2.8. Minimum Inhibitory Concentration (MIC) of
essential oil by TTC staining method

120 pl of bacterial culture was added into separate sterile
eppendorf tubes. 10 ul of various concentrations of the
oil (2, 4, 6, 8 and 10pl) from the stock concentration
(10pnl/ml) were added to the broth cultures. The tubes
were incubated at 37°C for 24 hours. 20 pul of 0.5% TTC
(Triphenyl Tetrazolium Chloride) aqueous solution was
added to detect the presence of live cells. MIC was de-
fined as the lowest concentration of oil that inhibited
visible growth as indicated by TTC staining. Alive cells
turn red on addition of TTC whereas white solution indi-
cates no growth. Negative and positive control was also
performed using 1% DMSO and 10ul/ml of chloram-
phenicol
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3. RESULTS

3.1. Minimum Inhibitory Concentration (MIC) of
ethanolic extract and essential oil by disk diffusion
method

The data pertaining to the antimicrobial potential of the
ethanolic extracts and essential oils of Aloe vera and
Opuntia dillenni is presented in Table I and 2. The eth-
anol extract of Aloe vera had a very strong inhibitory
effect on most of the pathogens tested. MIC of its etha-
nol extract was determined as Sug/ml for Bacillus spp.
and Klebsiella pneumonia whereas for Staphylococcus
aureus and Streptococcus pneumoniae, it was 10ug/ml
and for Salmonella typhi and Shigella dysenteriae, it
was 15pg/ml.

It was observed that ethanol extract of Opuntia dillenni
was effective against Staphylococcus aureus and
Klebsiella pneumoniae. It had no inhibitory effect on
Bacillus spp., Shigella dysenteriae, Salmonella typhi
and Streptococcus pneumoniae as evident from absence
of zone of inhibition. The MIC of the extract against
Staphylococcus aureus and Klebsiella pneumoniae was
determined as 10pg/ml.

Essential oil extracted from Aloe vera showed maxi-
mum inhibitory effect on Streptococcus pneumoniae at
MIC of 5ul/ml and on Staphylococcus aureus with MIC
of 10ul/ml. MIC for Bacillus spp., were determined as
15pl/ml and no effect was observed on the growth of
Klebsiella pneumonia, Shigella dysenteriae and Salmo-
nella typhi.

Essential oil extracted from Opuntia dillenni had only a
slight inhibitory effect on Staphylococcus aureus,
Streptococcus pneumoniae and Bacillus spp., whereas it
didn’t inhibit the growth of Klebsiella pneumoniae, Shi-
gella dysenteriae and Salmonella typhi. MIC for the
Staphylococcus aureus was determined as 10ul/ml, Sul/
ml for Streptococcus species and 15ul/ml for Bacillus

Spp.

3.2. Minimum Inhibitory Concentration (MIC) of
essential oil by TTC staining

A new modified method was used to determine MIC of
essential oil of Aloe vera and Opuntia dillenni against
bacterial pathogens. This method incorporates the use
of TTC (Triphenyl Tetrazolium Chloride) solution
which indicates the presence or absence of organism on
addition of oil. From Fig.1, it can be interpreted that oil
of Aloe vera was inhibitory against Staphylococcus au-
reus, Streptococcus pneumoniae, Bacillus spp. and Sal-
monella typhi were inhibited at lower concentration
itself. The growth of Shigella dysenteriae and Klebsiel-

la pneumoniae were inhibited only at 8ul/ml and 10pl/
ml respectively.

It was found that essential oil of Opuntia dillenni was
highly effective against Staphylococcus aureus, Strep-
tococcus pneumoniae and Klebsiella pneumoniae even
at a low concentration of 2ul/ml. The oil was also effec-
tive against Salmonella typhi at 4pl/ml, but it didn’t
inhibit the growth of Bacillus spp. and Shigella dysen-
teriae until a higher concentration of oil (10pl/ml) was
added (Figure 1). The inhibition of growth in this meth-
od is indicated by the absence of development of red
color on addition of TTC after incubation of culture
with oil. Alive cells turn red whereas white color indi-
cates growth inhibition.

4. DISCUSSION

The potentiality of Opuntia dillenii and Aloe vera were
tested for susceptibility against Staphylococcus aureus,
Streptococcus species, Bacillus species, Klebsiella spe-
cies, Salmonella species and Shigella species. Com-
pared to Opuntia dillenii, Aloe vera showed highest
degree of antibacterial activity. Leaves and roots of
many species in Aloe family have been used in many
traditional treatments. The leaf sap of this genus is
widely used by traditional healers and indigenous for
the treatment of wounds, burns, rashes, itches, cracked
lips and cracked skin. Antimicrobial effect of the crude
extract of both the plants was studied in attempts to val-
idate the use by traditional healers in the use of the latex
and gel exudates for wvarious medicinal ailments
(Coopoosamy and Magwa, 2007). Mexicans have used
Opuntia spp. leaves and fruits for their medicinal bene-
fits, such as for treating arteriosclerosis, diabetes, gas-
tritis, and hyperglycemia and ethanol extract of the stem
of Opuntia ficus - indica var. saboten (OFS) was as-
sessed to determine the mechanism(s) of its antioxidant
activity (Jeong-Chae Lee, 2002). Beena et al. (2009)
also reported the use of essential oil of Zanthoxylum
rhetsa against human pathogens Although work in es-
sential oils of the plants have been reported, work on
essential oil of Aloe vera and Opuntia dillenni are
scanty. Reports are available on the use of several
plants by-products, which possess antimicrobial proper-
ties, on several pathogenic bacteria and fungi. Modified
method of Sartoratto et al. (2004) using TTC to stain
bacterial cells was found to be effective in MIC deter-
mination. Data from the literature as well as our results
reveal the great potential of Aloe vera and Opuntia
dillenni for therapeutic treatment, in spite of the fact
that they have not been completely investigated. There-
fore, more studies need to be conducted to search for
new compounds from them. However before being used
in new therapeutic treatments, the extracts should be
studied for their toxicity in vivo.
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Table 1: Antibacterial activity of ethanol extract and essential oil of Aloe vera on human bacterial pathogens by
disk diffusion method

Zone of inhibition (mm) in different concentration

Ethanolic extract Essential oil (ml/ml) Chlorampheni-  Dimethyl
1 1 (10pul/ml Ifoxi
Test organism (mg/ml) col (10ul/ml) Sulfoxide
(1% DMSO)
5 10 15 20 S5 10 15 20
Staphylococcus aureus -+ + + - + ++ 4+ ++ .
Streptococcus pneumontae -+ + + +  + + + + -
Bacillus spp. + + - - + + o+ .
Klebsiella pneumonia + + - - - - ++ .
Salmonella typhi - - + + - - - - + B
Shigella dysenteriae - - + + - - - - ++ .

Key: (+ +) Inhibition zone between 11 to 15 mm (+) Inhibition zone between 6 to 10 mm (-) No inhibition

Table 2: Antibacterial activity of ethanol extract and essential oil of Aloe vera on human bacterial pathogens by
disk diffusion method

Zone of inhibition (mm) in different concentration

) Dimethyl

Ethanolic extract o Chloramphenicol Sulfoxid

Test organism Essential oil (ml/ml) ultoxiae
(mg/ml) (10ul/ml) (1% DMSO)

5 10 15 20 5 10 15 20

Staphylococcus aureus - + 4+ + -+ 4+ 4+ ++ .

Streptococcus pneumontae - - - - + + o+ + + .

Bacillus spp. - - - - - + + 44 .
- - - ++ -

Klebsiella pneumonta - + 4+ o+

Salmonella typhi - - - - - - - - + -

Shigella dysenteriae - - - - - - - - ++ -

Key: (+ +) Inhibition zone between 11 to 15 mm (+) Inhibition zone between 6 to 10 mm (-) No inhibition

14



Kristu Jayanti Journal of Core and Applied Biology, 1 (1): 11 — 16

Sangeetha Menon., 2021

12

4 - I

Minimum Inhibitory Concentration
(ul/ml)

1
m Opuntia dillenii
=~
Aloe vera
ol ol i
0 - T T T T T 1
1 2 3 4 5 6

Bacterial pathogens

Key: (1) Staphylococcus aureus; (2) Streptococcus pneumoniae; (3) Bacillus spp.; (4) Klebsiella pneumoniae;

(5) Salmonella typhi; (6) Shigella dysenteriae

Figure 1: Minimum Inhibitory Concentration (MIC) of essential oil of Aloe vera and Opuntia dillenni on human

bacterial pathogens

5. CONCLUSION

The present work corroborated with the ancient practice
of using medicinal plants for treatment of various diseas-
es. It was observed that the ethanol extract and essential
oil of Aloe vera and Opuntia dillenni showed excellent
antibacterial activity against all the human pathogens
tested. Antibacterial activity of ethanolic extract and es-
sential oil of plants revealed strong activity against im-
portant human pathogens. Minimum Inhibitory Concen-
tration (MIC) of Aloe vera and Opuntia dillenni essential
oil was low against the human pathogens. A new method
viz., TTC staining comparatively used less was found to
be very effective in determining MIC of essential oil.
The composition of oil of Aloe vera and Opuntia dillenni
extracts can be analyzed using Gas Chromatography -
Mass Spectrometry (GC-MS).
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