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The present context was aimed to assess the impact of Mentha piperita L. stress at sub-inhibitory concen-
tration on some key functional traits of coagulase-negative Staphylococcus hominis strain MANF2.
Initially, the antibacterial activity of M. piperita L. leaves was determined against strain MANF2 and esti-
mated its minimum inhibitory concentration (MIC) and sub-MIC values using standard protocols. Results
showed promising antibacterial activity of M. piperita L. against strain MANF2 with MIC and sub-MIC val-
ues of 25 and 12.5%, respectively. Further, strain MANF2 growing under mild stress of M. piperita L. i.e.
stressed strain (SS) was tested for its prime functional properties using standard methodologies and com-
pared with the control strain (CS). The SS culture showed increased growth with respect to the CS culture
at regular interval of time. A significant (P < 0.05) decrement in the viabilities of SS culture were esti-
mated as compared to CS culture from pH 2.0 to 5.0. The survival potentialities of SS culture with respect
to CS culture were decreased too due to the supplementation of bile salt. The SS culture showed increased
hydrophobicity towards chloroform (64.3 + 1.2%), toluene (73.3 + 1.1%), and ethyl acetate (69.2 *+ 2.2%) as
compared to CS culture. Likewise, the auto-aggregation traits of SS culture (74.1 + 1.3%) were increased
with respect to CS culture (68.1 + 1.5%). The autolysis abilities of SS culture were increased too with
respect to CS culture up to 24 h. In addition, antibiotics such as penicillin G and chloramphenicol showed
increased activities against SS culture, while, gentamicin showed slight reduction in its activity against SS
culture. In conclusion, functional characteristics of strain MANF2 can be enhanced by supplementing
mild doses of M. piperita L. without altering the antibiotic susceptible characteristics of particular strain.
© 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

factors and to repair damaged organelles. Surprisingly, the sub-
lethal stress is known to alter the metabolic activities of the bac-

The ability of probiotic bacteria to resist sub-lethal stresses is
achieved mainly by inducing diversified adaptive mechanisms.
The exposure of such unfavourable conditions results into the
up- and down-regulation of certain genes, thereby triggering tran-
scriptional alterations in the cells and synthesizing new proteins
(Khusro, 2016). As a matter of fact, the main purpose of adaptive
mechanisms to the stress response is to protect cells against lethal
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terium by repressing and inducing specific groups of protein
(Khusro et al., 2014a).

The potentiality to resist acidic pH and bile salt, exhibiting cell
surface properties, showing susceptibility to antibiotics, and pro-
ducing bioactive components are the pivotal characteristics of pro-
biotic bacteria (Aarti et al., 2018). It is essential to maintain the
functional characteristics of probiotic bacteria after exposure to
disparate stress conditions. Probiotic bacteria are often exposed
to heat, cold, oxidative, osmotic, acid, and bile while determining
their promising probiotic and technological characteristics
(Amund, 2016). Bacteria adapt varied strategies to these stresses
response viz. protein folding, synthesis of oxygen-stress protective
proteins, synthesis of cold induced proteins, extrusion of protein by
Fo-F1-ATPase, bile efflux pumps, variations in energetic metabolism
etc. (Amund, 2016). Previously, Paradeshi et al. (2018) investigated
the impact of copper ions stress on functional traits of Lactobacillus
sp. In another study, Haddaji et al. (2015) determined the cell
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adhesion characteristics of Lactobacillus sp. under heat shock
treatment.

Despite the gastro-intestinal, metal ions, and physico-chemical
stresses, the influence of antimicrobials, particularly medicinal
plants at sub-lethal doses on the functional characteristics of pro-
biotic bacteria is very limited, probably unavailable in fermented
food associated coagulase-negative Staphylococcus spp. Hence, it
certainly emphasizes the necessity to investigate medicinal plant’s
stress effect on functional properties of bacteria. In fact, it is essen-
tial to maintain the biological properties of bacteria after its expo-
sure to stress environment for its colossal applications in various
industries.

In view of this, the present study was investigated to determine
the influence of Mentha piperita L. stress at sub-lethal concentra-
tion on growth and some key functional attributes of Staphylococ-
cus hominis. In order to provide new insight regarding the adaptive
strategies, hypothetical pathways for some of the functional prop-
erties studied under stress were also discussed.

2. Materials and methods
2.1. Medicinal plant of interest

Mentha piperita L. (Family - Lamiaceae), commonly called as
‘peppermint’ was purchased freshly from the local market of
Nungambakkam, Chennai, India and stored at 4 °C. Initially, the
fresh leaves of M. piperita L. were sterilized using 95% (v/v) ethanol
and washed with sterilized distilled water. Leaves were homoge-
nized using grinder, filtered through muslin cloth, and then cen-
trifuged at 6000 g for 15 min. The supernatant was collected and
filter sterilized using 0.2 pm syringe filter which was considered
as 100% (Khusro and Sankari, 2015).

2.2. Bacterium of interest

Staphlococcus hominis strain MANF2 isolated from fermented
food in our previous study (Khusro et al., 2018) was cultured in
de Man Rogose Sharpe (MRS) broth (HiMedia laboratories, Mum-
bai, India) medium at 30 °C and considered as control strain (CS).

2.3. Antibacterial activity of M.piperita L.

The antibacterial activity of M. piperita L. was determined
against strain MANF2 using disc diffusion method (Bauer et al.,
1966). In brief, strain MANF2 was cultured into sterilized MRS
broth aseptically, incubated at 30 °C for 24 h, and swabbed on
freshly prepared MRS agar medium. Sterile discs were soaked with
M. piperita L. and placed aseptically over previously prepared MRS
agar plate (seeded with the test bacterium). Plate was incubated at
30 °C for 48 h and observed for the zone of inhibition.

2.4. Determination of minimum inhibitory concentration (MIC) and
sub-MIC

The MIC and sub-MIC values of M. piperita L. were determined
against strain MANF2 using microdilution assay as per the method-
ology of Khusro and Sankari (2015). The lowest concentration of M.
piperita L. inhibiting the growth of strain MANF2 was determined
as MIC value. Half of the value of MIC was calculated as sub-MIC
of M. piperita L.

2.5. Preparation of stressed strain (SS)

M. piperita L. (1.5% v/v) was supplemented into log phase (8 h)
of strain MANF2 culture (data not shown) and incubated at 30 °C to

provide mild stress to the bacteria. Bacteria growing in the pres-
ence of M. piperita were considered as SS.

2.6. Growth profile of bacteria

The CS and SS cultures were prepared by growing into 50 mL of
MRS broth. Cultures were incubated at 30 °C for 48 h. One millilitre
of culture was withdrawn from each flask aseptically every 6 h and
the growth pattern was analyzed by reading absorbance at 600 nm
using UV-Vis spectrophotometer (Khusro et al., 2014b).

2.7. Morphological analysis

The variations in the cellular morphology were observed as per
the method of Khusro et al. (2014a). The CS and SS cultures were
grown up to 48 h and then centrifuged at 8000 g for 15 min. Pellets
were washed using sterilized distilled water. The suspension was
centrifuged again at 8000 g for 15 min and pellets were re-
suspended in 1 mL of sterile distilled water. An aliquot of each bac-
terial suspension was spread on clean glass slide and Gram stain-
ing was performed to observe the variations in the cellular
morphology of CS and SS cultures. The stained cells were observed
under light microscope at 100X magnification.

2.8. Acid tolerance

The acid resistance characteristics of CS and SS cultures were
assessed as per the method of Ramos et al. (2013). Viabilities of
cells were calculated as log cfu/mL.

2.9. Bile salt resistance

The resistivity of CS and SS cultures towards bile salt was eval-
uated according to the method of Kumar et al. (2011) and viabili-
ties of cells were calculated after 24 h.

2.10. Cell surface hydrophobicity

The adherence traits of CS and SS cultures to hydrocarbons were
analyzed as per the methods of Mishra and Prasad (2005). Cultures
were grown in MRS broth and centrifuged. Pellets were mixed with
phosphate buffered saline (pH 7.0) and the absorbance was read at
600 nm (A). The cell suspension was mixed with hydrocarbons
(chloroform, toluene, and ethyl acetate) in the ratio of 3:1 and vor-
texed for some time, followed by incubation at 30 °C for 1 h. The
reduction in absorbance was recorded at 600 nm (Ap). The
hydrophobicity percentage (%) was estimated as per following
formula:

% Hydrophobicity = [(A —Ap)/A] x 100 (1)

2.11. Auto-aggregation

Cell auto-aggregation traits of CS and SS cultures were esti-
mated as per the method of Juarez Tomas et al. (2005). A significant
reduction in absorbance represents the auto-aggregation charac-
teristic and it was calculated as per the equation mentioned below:

% Auto — aggregation = [(A — Ag)/A] x 100 (2)
2.12. Cell autolysis
Autolysis traits of CS and SS cells were determined as per the

method of Mora et al. (2003). The autolysis was estimated as the
reduction (%) in absorbance at 630 nm up to 24 h.
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2.13. Antibiotics susceptibility pattern

The sensivity of CS and SS cultures to conventional antibiotics
(streptomycin, penicillin G, chloramphenicol, kanamycin, gentam-
icin, nalidixic acid, and rifampicin), obtained from HiMedia labora-
tories, Mumbai, India was assessed using disc diffusion technique
as per the method of Aarti et al. (2017). The growth inhibition
was calculated in terms of millimetre (mm) after 48 h.

2.14. Statistical analyses

All the experiments were carried out in triplicate and values
were expressed as mean * standard deviation (SD). Analysis of
variance was implemented for validation and values with
P < 0.05 were reported significant.

3. Results
3.1. Antibacterial activity of M.piperita L. and sub-MIC determination

M. piperita L. exhibited pronounced antibacterial activity
against strain MANF2 with 20.3 + 0.03 mm of zone of inhibition
(Figure not shown). The MIC value of M. piperita L. against strain
MANF2 was calculated as 25%. Thus, the sub-MIC value of M. piper-
ita L. against strain MANF2 was estimated as 12.5% (Figure not
shown).

3.2. Growth profile of bacteria

The growth of CS culture varied with respect to SS culture. The
bacteria growing under mild stress of M. piperita showed increased
growth with respect to the CS culture at regular interval of time
(Fig. 1).

3.3. Morphological analysis

The variations in cellular morphology of strain MANF2 under
mild stress of M. piperita was observed under light microscope.
Light microscopic observation of SS cells confirmed the heteroge-
neous nature of the cellular suspension as compared to CS cells.
A drastic alteration in the morphology of SS cells was reported
when observed at 100X magnification. Cells were separated apart
with distortion in the shape from coccus to more or less round in
shape (Figure not shown).
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Fig. 1. Growth response of CS and SS cultures.

3.4. Acid tolerance

Table 1 shows the acid tolerance abilities of CS and SS cultures
at distinct pH values. A significant (P < 0.05) reduction in the via-
bilities of SS culture were estimated as compared to CS from pH
2.0 to 5.0. However, the viabilities of SS culture were slightly
increased as compared to CS culture at pH 6.5.

3.5. Bile salt resistance

The survival potentialities of SS culture with respect to CS
culture were decreased due to the addition of bile salt. Viabilities
of CS and SS cultures were estimated as 5.6 + 0.02 and
4.3 + 0.02 log cfu/mL, respectively at 24 h of incubation (Fig. 2).

3.6. Cell surface hydrophobicity and auto-aggregation

Under mild stress of M. piperita, the bacteria showed significant
increment in the hydrophobicity to chloroform (64.3 + 1.2%),
toluene (73.3 £ 1.1%), and ethyl acetate (69.2 + 2.2%) as compared

Table 1

Viable cell counts (log cfu/mL) of CS and SS cultures at various pHs.

pH Time period CS cultures (log cfu/mL)

SS cultures (log cfu/mL)

20 0 5.65 * 0.02% 5.6 + 0.03%
1 5.6 £ 0.022 5.51 £ 0.02°
2 5.46 + 0.022 5.32 + 0.02°
3 5.25 +0.01% 5.1 £0.01°
30 0 5.92 + 0.03* 5.88 + 0.03"
1 5.87 + 0.06° 5.8 +0.06°
2 5.77 + 0.03* 5.65 + 0.03"
3 5.57 + 0.01* 5.45 + 0.01°
40 0 6.0 +0.01° 5.98 + 0.01°
1 5.96 + 0.01% 5.84 + 0.01°
2 5.90 + 0.02° 5.80 + 0.02°
3 5.85 * 0,022 5.65 + 0.02°
50 0 6.04 + 0.03% 6.0 + 0.03%
1 6.0 £ 0.01? 5.86 + 0.01°
2 5.94 + 0,05 5.82 + 0.05"
3 5.93 +0.01° 5.73 £ 0.01°
65 0 6.21 + 0.05% 6.23 + 0.05"
1 6.21 + 0.032 6.25 + 0.03"
2 6.22 +0.01° 6.28 £ 0.01°
3 6.2 +0.01° 6.3 +0.01°

Values represent mean + SD of experiments carried out in triplicate (n = 3). **Means
with different superscripts are significantly different (P < 0.05).
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Fig. 2. Bile salt tolerance of CS and SS cultures. Values are represented as mean = SD
of experiments carried out in triplicate (n = 3). ®Values with different letters are
significantly (P < 0.05) different.
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to CS culture (Fig. 3a). Likewise, auto-aggregation of SS
culture (74.1 £ 1.3%) was increased with respect to CS culture
(68.1 + 1.5%) (Fig. 3b).

3.7. Cell autolysis

The autolysis abilities of SS culture were increased with respect
to CS culture. The SS culture showed autolysis percentage of
453 +£1.4,49.3 £ 1.5, and 66.6 + 1.5% at 6, 12, and 24 h of incuba-
tion, respectively (Fig. 4).

3.8. Antibiotics susceptibility assay

Fig. 5 shows the susceptibility patterns of CS and SS cultures to
conventional antibiotics. The CS culture showed sensitivity
towards the tested antibiotics in the order of penicillin G
(323 £ 0.3 mm) > gentamicin (31.3 * 0.4 mm) > rifampicin
(30.3 £ 0.5 mm) > kanamycin (22.3 + 0.6 mm) > chloramphenicol
(21.3 £ 0.5 mm) > streptomycin (13.3 £ 0.4 mm). The strain was
resistant to nalidixic acid. Likewise, SS culture showed more or less
similar pattern of sensitivity towards rifampicin (30.6 = 0.5 mm),
kanamycin (22.2 + 0.5 mm), and streptomycin (13.6 + 0.4 mm).
Penicillin G and chloramphenicol showed increased activities
against SS culture with zone of inhibition of 34.4 + 0.4 and 22.6 +
0.6 mm, respectively. On the other hand, gentamicin showed slight
reduction in its activity against SS culture with diameter of zone of
inhibition of 28.3 £ 0.5 mm. The SS culture was observed resistant
to nalidixic acid too, as similar to CS culture.
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Fig. 3. (a) Cell surface hydrophobicity and (b) auto-aggregation traits of CS and SS
cultures. Values are represented as mean + SD of experiments carried out in
triplicate (n = 3). *¢fyalues with different letters are significantly (P < 0.05)
different.
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Fig. 4. Autolysis abilities of CS and SS cultures. Values are represented as mean + SD
of experiments carried out in triplicate (n = 3). 3*®®®values with different letters are
significantly (P < 0.05) different.

4. Discussion

Stress is known to alter the growth and metabolism of bacteria.
In this context, strain MANF2 growing under mild stress of M.
piperita L. i.e. SS culture showed increased growth with respect
to CS culture at different time periods. Similarly, Khusro et al.
(2014b) exhibited increased growth of Bacillus sp. under mild
stress of metal ions as compared to the control strain. The
increased growth of SS culture indicated that strain MANF2
received stimulation after sensing M. piperita L. stress and the pro-
cess within them began working excess for neutralizing the stress.
Accumulation of active constituents of M. piperita L. in the bacterial
cells and in their cell wall may be one of the reasons for the bacte-
rial rapid growth compared to control because bacteria divide
more in order to release the toxicity (Khusro et al., 2020). In gen-
eral, M. piperita L. has been used as antibacterial agents since
ancient period. Phytocomponents such as flavonoids, phenols,
and terpenoids present in the leaves of M. piperita L. are mainly
responsible for antibacterial activities (Singh et al., 2015). In
another study, Paradeshi et al. (2018) demonstrated reduction in
the growth of Lactobacillus sp. under the mild stress of copper ions.

Variations in the morphology of microorganisms due to stress
are an indicator of their adaptation. The alterations in bacterial
morphology as a response to adverse situations have been demon-
strated in prior reports (Ritz et al., 2001; Khusro et al., 2014a). In
the present context, the cellular morphology of strain MANF2
under mild stress of M. piperita L. was altered with significant
reduction in size and distortion of their shape. The microscopic
image provided strong evidence that M. piperita L. at sub-lethal
concentration is stressful for the strain MANF2, thereby changing
their shape and size from cocci to more or less round shape as an
adaptive strategy. In general, morphological changes are induced
when the bacterial cells are incubated with sub-inhibitory concen-
trations of antimicrobials (Khusro et al., 2014a).

The ability to resist acidic conditions is the pivotal quality of
probiotics. In this study, CS and SS cultures showed survival poten-
tialities at low pH. However, the ability to resist acidic pH was
comparatively lower for SS culture with respect to CS culture. In
a like manner, Paradeshi et al. (2018) estimated reduced acidic
pH resistance ability of probiotic bacteria grown under copper ions
stress.

The low pH resistivity trait of gram positive bacteria indicates
constant gradient between extracellular and cytoplasmic pH.
Metabolic activities of cells are inhibited when the internal pH
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€ subunits for ATP hydrolysis and an integral membrane portion (Fo) including a, b,
and c subunits.

reaches a threshold value, and thus, bacteria lose the viability
(Kashket, 1987). Gram positive bacteria tolerate the acidic environ-
ment by stimulating FoF;-ATPase mechanism (Cotter and Hill,
2003). The FoF;-ATPase is a multiple-subunit enzyme that contains

a catalytic portion (F;) incorporating o, B, v, 8, and € subunits for
ATP hydrolysis and an integral membrane portion (Fp) including
a, b, and ¢ subunits (Fig. 6). It acts as a membranous channel for
the translocation of proteins (Sebald et al., 1982). The FoF;-
ATPase generates proton motive force by proton expulsion process
in organisms devoid of a respiratory chain. As a result, FoF;-ATPase
increases the intracellular pH (Fig. 7). Low pH induces FoF-ATPase,
and regulation occurs at the transcriptional state (Fortier et al.,
2003).

In this study, we suggested the plausible inhibition of FyF;-
ATPase due to M. piperita L. stress and thus subsequent reduction
in the viability of strain MANF2. In general, FoF;-ATPase was up-
regulated due to low acidic pH in CS culture. On the other hand,
the supplementation of M. piperita L. inhibited the FoF;-ATPase
by covalent modification, as a result, ATPase did not pump out pro-
tons, thereby preventing proton translocation and causing reduced
viability. Based on the outcomes of this study, it was hypothesized
that mild stress of M. piperita L. caused conformational variations
in the FoF,-ATPase, leading to alterations in its metabolic activities,
particularly disturbing the acid expulsion potentiality and thus,
reducing resistivity to acidic pHs. The ATP is essential for FoF;-
ATPase to remove protons from cells, which maintains pH home-
ostasis and cells viabilities. The ATP is accumulated due to glycol-
ysis. This hypothetical mechanism links glycolysis, ATP synthesis,
and inhibition of FoF;-ATPase activity due to M. piperita L. stress
(Fig. 8).
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The tolerance to bile salt is another pivotal functional property
of probiotic bacteria. In this study, the viabilities of SS culture
reduced significantly as compared to CS culture due to bile salt
supplementation, thereby indicating reduction in the bile salt
resistance potentiality of stressed bacteria with respect to non-
stressed bacteria. Likewise, Paradeshi et al. (2018) determined
reduced resistivity traits of metal ions-stressed probiotics toward
bile salt. The hypothetical mechanism behind the reduced viability
of SS cultures in bile salt availability is shown in Fig. 9. In a nut-
shell, the sub-lethal dose of M. piperita L. in the cytoplasm might
have affected the expression of varied membrane proteins that
may inhibit bile transporters representing ATP-binding cassette.

Stress alters the hydrophobicity traits of bacteria. Under mild
stress of M. piperita L., bacteria showed significant increment in
the hydrophobicity levels towards toluene. This might be due to
the weak attractions of stressed cells with toluene and compara-
tively weak repulsion with ethyl acetate and chloroform. Observa-
tions confirmed that changes in the hydrophobicity trait occurred
because of adaptative response of bacteria to M. piperita L. stress.
In previous study, Haddaji et al. (2015) estimated increased
hydrophobicity trait of probiotic bacteria under heat shock stress.

Auto-aggregation is a crucial factor to evaluate bacterial adhe-
sion characteristic to the intestinal cell line. In this study, the
auto-aggregation properties of SS culture were increased as com-
pared to CS culture. Results favour the study of Paradeshi et al.
(2018) who revealed enhanced auto-aggregation characteristic of
probiotic bacteria under copper stress. Likewise, the autolysis abil-
ities of SS culture were increased with respect to CS culture. There
is no study reported earlier assessing the role of any kind of stress
on the autolysis nature of probiotic bacteria. Hence, comparative
analysis of our results with previous finding is not discussed here.
However, Khusro et al. (2014c) suggested that bacteria under
stress adapt themselves by activating autolysis mechanisms.

The susceptibility of strain(s) to wide ranges of antibiotics is
essential in pharmaceutics. The lack of transferable antibiotic resis-
tance genes is a pivotal characteristics of probiotics. In the present
context, similar to CS culture, the SS culture was observed suscep-
tible to most of the antibiotics tested, thereby exhibiting its puta-
tive probiotic attributes. On the other hand, SS culture was
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Fig. 9. Hypothetical pathway mechanism revealing the viability of CS and SS
cultures in the presence of bile salt. The sub-lethal dose of M. piperita L. in the
cytoplasm might have affected the expression of varied membrane proteins that
may inhibit bile transporter mechanism of strain MANF2, representing ATP-binding
cassette.

resistant to nalidixic acid, similar to CS culture. Findings indicated
that despite the growth under sub-lethal concentration of M. piper-
ita L., the susceptibility nature of bacteria to tested antibiotics was
found to be unaltered. This might be due to the reason that the
mild stress of M. piperita L. did not induce antibiotic resistance
genes in SS culture. Similar findings were demonstrated by
Paradeshi et al. (2018) too.

5. Conclusions

Strain MANF2 growing under mild stress of M. piperita L.
showed increased growth with respect to the CS culture at varied
period of time. The cellular morphology of strain MANF2 was dis-
torted under mild stress of M. piperita L., as observed under light
microscope. The viabilities of SS culture were reduced as compared
to CS culture at low pHs. In like manner, the survival abilities of SS
culture with respect to CS culture were decreased too due to the
supplementation of bile salt. On the other hand, SS culture showed
significant increment in the hydrophobicity, auto-aggregation, and
autolysis properties as compared to CS culture. The SS culture
showed more or less similar pattern of sensitivity towards rifampi-
cin, kanamycin, and streptomycin. Penicillin G and chlorampheni-
col showed increased activities against SS culture. On the other
hand, gentamicin showed slight reduction in its activity against
SS culture.
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