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Abstract
In the study except a strain of Dermatophilus congolensis isolated from a dog blood suffering from
pyrexia, all bacterial isolates from diseased animals
were resistant to discs containing 2 microL sage
oil. The only sensitive strain of D. congolensis also
showed narrow zone (8 mm) of growth inhibition
while the sensitive reference strain of E. coli-382 had
10-12 mm zone of growth inhibition around SEO
discs. The MIC for the reference E. coli strain was
0.64 microL/ ml while for D. congolensis strain it
was 1.28 l/ ml with all three methods (agar dilution, broth dilution and agar well methods) of MIC
determination. Sage oil MIC for four Streptococcus species strains was 2.56 l to 5.12 microL/ ml
while for three strains of Pasteurella canis and four
strains of Plesiomonas shigelloides was 5.12microL
/ ml. For screening purpose, disc diffusion assay
for antimicrobial activity appeared useful tool. The
study revealed that MIC of sage oil could be determined using any of the three (broth dilution, agar
dilution or agar well) methods without any significant variation among results.
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Introduction: Oils are synthesized in plants either as food reserves or as by-product of several biochemical synthesis pathways and stored
in or excreted from plant tissues. Most of the
plant oils are chemically complex having several
dozen compounds to hundreds of compounds as
constituents. Essential oils mainly contain terpenes consisting of variety of hydrocarbons, alcohols, aldehydes, ketones, esters, ethers, sulphur compounds, acetylene derivative, tropolons,
coumarins and organic acids [1, 2, 3]. More than
300 essential oils (EO) are produced on industrial scale and posses many pharmaceutical uses.
The strong antimicrobial activity has been reported in Salvia officinalis (sage) essential oil [4].
Biologically active ketones and alcohols in sage
EO (SEO) responsible for its antimicrobial activity include thujene (2.5-30%), camphor (2-46%)
and 1-8-cyneol (2-18%) (5, 6). Studies on antimicrobial properties of SEO revealed its activity against Klebsiella pneumonia, Escherichia coli,
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Pseudomonas aeruginosa, Yersinia enterocolitica,
Shigella flexneri, Listeria monocytogenes, Staphylococcus aureus, Staph. epidermidis, Enterococcus faecalis, Salmonella spp., Bacillus subtilis and
Aspergillus niger [7, 8]. Variation in composition
of the sage EO of different origin is well documented and might be responsible for variation in
the activity of SEO of different origin [8, 9, 14].
Further most of the studies on antimicrobial activity of SEO have been conducted on reference
strains [8-14]. Therefore, this study was planned
to evaluate commercially available SEO of Indian
origin for its antimicrobial activity on bacteria isolated either from samples from animals either suffering or died with different ailments.
Materials and Methods: A total of 60 isolates
of aerobically growing bacteria belonging to 29
species of 20 genera and isolated from clinical
samples or post-mortem samples of animals of
seven species (Table. 1) available in Epidemiology Section of Centre for Animal Disease Research and Diagnosis of the Institute were revived from glycerol stocks. All the cultures were
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rechecked for purity and identity [15, 16] and
maintained on nutrient agar (Hi-Media, Mumbai) slants throughout the study. All the strains
were tested for their sensitivity to sage EO using disc diffusion method (each disc contained 2
mg of Sage EO) as described earlier [17]. Besides, minimum inhibitory concentration (MIC) of
SEO for different bacteria was determined using
agar dilution, broth dilution and agar well methods. For agar dilution method Mueller Hinton
agar (MHA, Hi-Media) plates having 5.12, 2.56,
1.28, 0.64, 0.32, 0.16, 0.08, 0.04 and 0.02 microL
SEO / ml of MHA were used [17] and test strains
were spot inoculated from overnight broth culture with a sterile loop and incubated for 24 h
at 37oC. The growth of bacteria was determined
by formation of bacterial colony on the site of inoculation and on the SEO dilution plate at which
the inoculated bacteria did not grew was taken as
MIC of SEO for the test strain. For broth dilution method, SEO was first diluted (51.2 microL/
ml) in dimethyl sulphoxide (DMSO, Merck India
Ltd.) and then 200 microL of it was dispensed in
to the first tube having 1.9 ml of Mueller Hinton
broth (MHB, Hi-Media) to have final dilution of
5.12 microL of SEO/ ml. From the first tube one
ml was transferred to the second tube having one
ml of sterile MHB, and such two-fold serial dilutions were made up to 9th tube to have 5.12, 2.56,
1.28, 0.64, 0.32, 0.16, 0.08, 0.04 and 0.02 microL
SEO/ ml of MHB in first to 9th tube, respectively.
To each tube 10 microL of overnight grown test
culture was added and incubated at 37oC for 24
hr and observed for growth of bacteria. The highest dilution where growth was not observed (no
turbidity) was recorded as MIC of SEO for the
test strain.

For agar well method eight two-fold serial dilutions of SEO (102.4 to 0. 8 microL/ ml) were
made in DMSO while the 9th tube contained only
DMSO. Six mm diameter eight wells were cut in
MHA plate in a circle (1 cm inside to the periphery of the plate) and 9th well was cut in the
centre of the plates pretested for sterility through
36 h incubation at 37oC. Bases of wells were
sealed using 10 l of sterile molten MHA. Thereafter, MHA plates were inoculated using swabs
dipped in overnight test culture of bacteria grown
in MHB. After inoculation plates were allowed to
dry for 15 min at ambient temperature in laminar
flow before dispensing 50 l of diluted SEO from
well number one to eight and only DMSO in central well. The well with highest dilution showing
clear zone of growth inhibition was considered as
the MIC well and MIC was calculated by dividing
the SEO concentration dispensed in the MIC well
by 20, viz., if the MIC well was the 3rd well (Fig.
1) then MIC was equal to 1.28 microL/ml. All
tests were conducted in triplicate. A reference
strain of E. coli (E382), received from National
Salmonella Centre, IVRI, Izatnagar, Bareilly, India, sensitive to all antimicrobial drugs, was used
as control to determine the MIC of SEO.
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Fig. 1:

Results: In disc diffusion test for antimicrobial
action of SEO, except a strain of Dermatophilus
congolensis isolated from a dog blood suffering
from pyrexia, none of the remaining 59 bacterial
isolates from different disease conditions of animals was detected sensitive to SEO (Fig. 2). The
only sensitive strain of D. congolensis also showed
narrow zone (8 mm) of growth inhibition while
the sensitive reference strain of E. coli-382 had
10-12 mm zone of growth inhibition around SEO
discs. The MIC studies also corroborated with
disc diffusion test results. There was no difference
in MIC calculated for different strains with three
different methods. The reference E. coli strain
had MIC equal to 0.64 microL/ ml while D. con-
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golensis strain had MIC 1.28 microL/ ml with all
three methods of MIC determination. Sage oil
MIC for all four Streptococcus species strains was
determined to be 2.56 microL to 5.12 microL/ ml
while for three strains of Pasteurella canis and
four strains of Plesiomonas shigelloides was 5.12
microL/ ml.

Fig. 2:

Discussion: In the present study most of the
bacterial strains isolated from sick or dead animals were resistant to SEO and had MIC more
than 5.12 mg/ ml (Fig. 2). The observation at
first sight appeared to be contradicting the earlier observations on SEO reporting it as a good
antimicrobial substance [8-14]. However, the observations in the present study are not much different from the earlier observations on reference
strains. In an earlier study on antimicrobial activity of sage, rosemary, eucalyptus, melissa, lavender and thyme essential oils, sage was found to
have weak activity against Staphylococcus aureus
Bacillus subtilis E. coli and Pseudomonas aeruginosa [10-12). In another study [13] SEO had significant antibacterial effect against Staph. aureus
and B. subtilis, MIC ranging from 1.25 to 2.5 microL/ ml for Staph. aureus and 0.15 to 2.5 microL
ml for B. subtilis. However, Mitic-Culafic and coworkers [13] reported SEO ineffective against E.
coli and Salmonella enterica ssp. enterica serovar
Typhimurium even when 30 microL of oil was put
in each disc. Bernotien and co-workers [14] reported that most of the bacteria including Pseudomonas aeruginosa, E. coli, Klebsiella pneumoniae, Staph. aureus, Staph. epidermidis, Enterococcus faecalis and Salmonella bruneii were efficiently inhibited by sage oil to give good zone
around discs containing 20 microL of the oil, the
concentration 10 times of that used in our study.
No variation in MIC of three strains of Pasteurella
canis (isolated from an aborted foetus and its
dam) and four strains of Plesiomonas (isolated
from an aborted foetus and its dam) shigelloides
might be due to the possibility of their being from
single source. The study concluded that bacteria
isolated from diseased animals are mostly resis3

tant to sage oil and have MIC more than 5.12 microL/ ml except a few strains of Dermatophilus
congolesis, Pasteurella canis, Plesiomonas shigelloides and Streptococcus spp. For screening purpose disc diffusion assay for antimicrobial activity
is a useful tool but researchers have suggested that
instead of disc diffusion assay MIC determination
is better method to evaluate antimicrobial activity of herbal oils [13]. This study also support
this view because quantification of antimicrobial
activity is possible only with MIC determination
and without quantifying the antimicrobial activity of herbal oils and other antimicrobials their
utility cannot be explored. The present study also
revealed that MIC can be determined using any
of the three (broth dilution, agar dilution or agar
well) method at least for aerobic strains of bacteria without any significant variation among results
obtained using three methods.
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