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Mentha piperita L., as an aromatic culinary herb and a source of
variety of phytochemicals including effective antioxidants, is
overexploited by food industry. It demands rapid conservation by
means of in vitro propagation of improved clones. Here, we have
made an attempt to evaluate and augment the antioxidative potential
of M. piperita L. by additing a precursor to the tissue culture
derived clones and compared it with the in vivo plants so that tissue
culture derived plants can serve as an alternative source of drug.
M. piperita L. were analyzed for total phenol, flavonoids, total
antioxidant activity, free radical scavenging activity and lipid
peroxidase activity. Total phenol content in in vivo plants was lesser
than in in vitro. In case of total flavonoid content, it also varies
through the season where tissue culture derived plants showed
similar and continuous production of total flavonoids content. The
percentage inhibition of the in vitro plant extract of precursor fed
clone was higher than that of in vivo plant extract. Antioxidant
capacity of ascorbic acid was used as a reference standard from
which plant extracts with potential antioxidant activity were
compared. After addition of precursor, the in vitro mint plant
proved more efficient in inhibiting lipid peroxidation after one hour
than the in vivo plant, which has high absorbance value indicating
lipid peroxide formation.
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Mentha piperita L., (Fam. Lamiaceae), commonly
called Peppermint, is the aromatic culinary herb widely
used ancient time to flavour foods'. This herb is also a
source of various phytochemicals, including
polyphenols which are highly effective antioxidants
and less toxic than the well-known synthetic
antioxidants as BHA and BHT?. As all species of this
genus contain high amounts of secondary metabolites,
it is overexploited by the food and drug industries
making the natural resource threatened. In vitro rapid
propagation for production of improved clones is
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desirable for rapid conservation and commercial
exploitation of this economically important plant®.
Tissue culture techniques are used as alternative
methods for propagation and conservation of
germplasm of this medicinal plant in many countries.
Micropropagation technique provides new possibilities
for in vitro propagation and multiplication of plants and
also recognized as an efficient tool for rapid clonal
propagation”. In this context, application of plant tissue
culture has gained major industrial importance in three
main areas: (i) Inbreeding and genetics for
conservation’; (i) Model systems for plant
biochemistry and pathology to produce disease free
crops; and (iii) Production of secondary metabolites for
exploitation by food, drug and pharmaceutical
industries®. The growing demand for natural renewable
products has brought researchers’ attention to in vitro
plant materials as potential factories for secondary
phytochemical products, and has been driving research
focus on secondary product expression in vitro. The
deliberate stimulation of defined chemical products
under highly controlled microenvironment regimes
provides an excellent forum for in-depth investigation
of biochemical and metabolic pathways'.

In the present study, we have made an attempt to
conserve the medicinally important culinary herb,
Mentha piperita L. through in vitro propagation and
also evaluated the augmented antioxidative potential of
the tissue culture derived clones and compared the
values with that of in vivo field grown plants.

Materials and Methods
Collection of plant material

Mentha piperita L. was collected from NBPGR,
New Delhi bearing strain no 1C:54537. In vivo plants
were maintained in the medicinal garden of Lady
Brabourne College. The antioxidant potential of the
in vivo plants in four seasons, January (Juvenile stage),
May (4 months of age), July (6 months of age),
October (10 months of age) were taken into account
and an average was calculated and the average annual
productivity was compared with the in vitro
regenerates of same age maintained in the laboratory.
Multiplication of shoot buds

Apical and axillary buds of 2-3 cm length from
in vivo plants were taken as explants. Media used for
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in vitro culture was Murashige and Skoog (MS)
modified basal medium supplemented with 3% (w/v)
sucrose, 0.05 mg/L (w/v) ascorbic acid, 0.1 mg/L
(w/v) glutamine, 0.25% (w/v) Gelrite® and different
combinations of growth regulators®. Different growth
regulators, NAA: a-naphthaleneacetic acid and BAP:
6-benzylaminopurine  was added in different
combinations and concentrations in MS basal media.
The culture vessels containing media were autoclaved
at 121°C for 15 min. Explants were inoculated in
sterile nutrient media contained in culture vessel
under aseptic condition in a laminar air flow chamber.
All the cultures were maintained in a culture room at
24+1°C in a light intensity of 48 umol m™ s photo-
synthetic photon fluxes. Cultures were maintained by
sub-culturing the material after every four weeks
under aseptic condition.

Selection of control plants

Shoots collected from plants regenerated in vitro in
a medium with best response were sub-cultured in MS
basal medium for four weeks for elongation. Some
untreated tissue culture derived shoots were
considered as control and the rest were selected for
precursor treatment. Each experiment was carried in
5 replicates.

Addition of precursors in media

One biosynthetic  precursor responsible for
rosmarinic acid synthesis; phenylalanine is added as
additive during culture. Stock solutions were prepared
in distilled water and added at different concentrations
in same media®*°. In control media same volume of
water was added instead of precursor. A wide range of
concentrations were chosen (2, 4, 6, 8 and 10.0 mg/L
for clones P;-Ps, respectively) for phenylalanine in a
factorial arrangement for addition in media. The
control had no phenylalanine added. After collection
of in vitro regenerated shoots from different culture
media at two months interval, different parameters
were observed.

Preparation of the plant extract

The fresh leaves (5 g) was crushed with 50 mL 80%
methanol in a homogenizer (REMI) and filtered. The
content was decanted through a filter paper and the
residue was re-extracted again with 80% methanol. The
extracts were lyophilized (Hahntec Lyophilizer) till
free of solvents and crude extract was prepared.

Estimation of phenolics
The amount of total phenolics in extracts was
determined with the Folin-Ciocalteau reagent*. Gallic

acid was used as a standard and the total phenolics
were expressed as mg/g gallic acid equivalents
(GAE). About 1 mg/mL of plant extract was prepared
in methanol and 0.5 mL of each sample and
introduced into the test tubes. It was mixed with
2.5 mL of 10 fold dilute Folin-Ciocalteau reagent and
2 mL of 7.5% sodium carbonate. The reaction mixture
was allowed to stand for 30 min at room temperature
(25> C) and the absorbance was read at 760 nm in
UV-Vis spectrophotometer. The concentration was
calculated using gallic acid as the standard and the
results were expressed as mg gallic acid equivalents/g
of fresh weight (mg GAE/gFW).

Estimation of flavonoids

Total flavonoid content was measured by the
aluminium chloride colorimetric assay'?. In this
method, quercetin was used as standard and flavonoid
contents were measured as quercetin equivalent from
the standard curve (y=a*x, a= 0.001339+/-0.3133)
in mg/mL QE/g FW. About 1 mL of extract (500 pg/mL)
was added to a 10 mL volumetric flask containing 4 mL
of distilled water followed by 0.3 mL 5% NaNO..
After 5 min, 0.3 mL 10% AICI; was added. At 6™ min,
2 mL of 1 M NaOH was added and the total volume
was made up to 10 mL with water. The solution was
mixed well and the absorbance was measured against
prepared reagent blank at 510 nm by UV-Vis
spectrophotometer.

Total antioxidant activity

The total antioxidative activity was measured using
the method described by Prieto et al.”. Plant extracts
were dissolved in methanol to obtain a concentration
of 500 pg/mL and 0.3 mL of extract was placed in a
test tube; 3 mL of reagent solution (0.6M H,SO4+28 mM
sodium phosphate+ 4 mM ammonium molybdate) was
added. The reaction mixture was incubated at 95°C for
90 min. The mixture was cooled to room temperature;
the absorbance of each solution was measured using
Systronics UV-Vis spectrophotometer at 695 nm
against blank. The experiment was performed in
triplicate. A calibration curve was constructed, using
ascorbic acid (100-500 pg/mL) as standard and total
antioxidant activity of extract expressed as ascorbic
acid equivalents (mg/mL Asc AE/g FW).

Lipid peroxidation

The antioxidant potential of M. piperita L. was
measured by inhibition of lipid peroxidation of
linoleic acid*. About 0.5 mL (1 mg/mL) of mint
extract was taken and mixed with 2.0 mL of linoleic
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acid emulsion (pH 7.0) and the final volume was
made up to 3 mL by adding 0.5 mL of phosphate
buffer (0.2M, pH 7.0). The linoleic acid emulsion was
prepared by mixing 0.28 g of linoleic acid, 0.28 g of
Tween-20 as emulsifier and 50 mL of phosphate
buffer. The mixture was then homogenized. The
reaction mixture was incubated at room temperature.
Aliquots (0.1%) was drawn after every 30 min up to
4 hours to access peroxidation of linoleic acid using
thiocyanate method by sequentially adding ethanol
(4.7 mL, 75%), ammonium thiocyanate (0.1 mL,
30%), sample solution (0.1 mL) and ferric chloride
(0.1 mL, 0.02M in 3.5% HCI). After 30 min the
mixture was diluted using 1 mL of extract and 4 mL
of distilled water. The mixture was allowed to stand
for 3 min and absorbance was recorded by double
beam spectrophotometer at 500 nm. A negative
control was run in an identical manner where extract
is replaced by water. Ascorbic acid was used as a
positive control.

Free radical scavenging activity

The antioxidant activity of the extracts was
assessed by their ability to scavenge 2-2 diphenyl-
1picryl hydrazyl stable radicals (DPPH)™. 1 mL of
methanolic extract and 5 mL of freshly prepared
0.1 mM DPPH methanolic solution were thoroughly
mixed and kept in the dark for 60 min. The
absorbance of the reaction mixture at 517 nm was
measured by spectrophotometer. The blank set was
prepared by replacing the extract with methanol
(1 mL). The percentage of free radical scavenging
activity was calculated as follows:

Free radical scavenging activity (%) =
100 x (1'Asample/A blank)y

where Apank IS the absorbance of the control and A
sample is the absorbance of the extract or ascorbic
acid®. All the tests were run in triplicate and
averaged.

Statistical analysis

Data were analyzed statistically to determine the
least significant difference (LSD). Three replications
of each set of experiment were taken for study and an
average was calculated using Statistical software R.

Results and Discussion
In vitro culture

Apical buds were most suitable explant sources for
multiplication of Mentha. The bud break was observed
mostly between 8-11 days after culture in all cases. All

the cultures were maintained up to fifteen weeks. For
Mentha various combinations of different cytokinins
on shoot bud multiplication were used with one auxin
NAA (0.25 mg/L). The media containing 0.25 mg/L
NAA and 2.5 mg/L BAP produced highest number of
shoot buds (58.0 £ 0.82 shoot buds per explant). BAP
showed the highest potentiality for shoot bud
multiplication than the other two cytokinins tested.
Root formation started after fifteen days of culture.
Presence of auxin only gave a better response in root
production. After complete regeneration they were
transferred to the pre acclimation chamber (PAC). The
plants were maintained there up to 3 wk. The upper
half of the PAC was removed after 3 wk and kept in
the outer environment. It was seen that plants survived
with a good growth. The 8-wk old plants were taken
for further tests.

The present investigation on multiplication of
Mentha piperita L. revealed that the cytokinin BAP is
more efficient in shoot bud multiplication than other
cytokinins as reported by earlier authors in different
plants'’ ™ and in other plant species®. The requirement
of such different levels of cytokinins may be correlated
with the difference in its endogenous level in different
populations and species studied, that may also be
linked to its habitats. Chromosome analysis revealed
chromosome number stability in the regenerates. This
may indicate the efficacy of BAP and the culture
conditions in maintaining the genome stability of the
regenerates. As the principal importance of the
medicinal plants is being highlighted as the source of
natural antioxidant and functional food, the role of
clonal propagation attracts much attention®%,

Polyphenols have received much attention because
of their role in several degenerative and age related
diseases. Like other micropropagated medicinal plants
the levels of phytochemicals and the resultant
pharmacological potency such as antioxidant activity in
the micropropagated Mentha piperita are important.
Although there may not be always a positive
correlation between phytochemical content and
bioactivity of regenerated plants, it may provide vital
information in the critical assessment of the quality of
micropropagated plants®.

Total phenol content

The amount of total phenol varies in the four
seasons. For field grown plants with an average of
5.82+0.03 mg GAE/g FW of methanolic extracts
where tissue culture derived plants showed
continuous and constant production of total phenolics
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(6.24+0.03 mg GAE/g FW) which is 7% more than
the field grown plants. After addition of precursor the
production was increased significantly giving 1.7 time
augmentation in total phenol content (Table 1).

Total flavonoids content

In case of total flavonoids content, it also varies
through the season with an average production of
68.64+0.24 mg/mL QE/g FW where tissue culture
derived plants showed similar and continuous
production of total flavonoid content. After addition
of precursors the production was augmented by
91.54% (Table 1).

Seasonal variation of phenolic content had been
reported earlier. The total phenolic content of Mentha
piperita varies in each season. In summer the plant
growth was average. During monsoon a vigorous
growth was observed with a slight decrease in total
phenol content than in summer. During winter the
growth rate was declined. Similar results were also
observed in other plant species® where seasonal
variation of total phenolic content was observed. The
influence of environmental conditions on quantity of
active constituents in various plants has been reported.
It was observed that phenolic acid, flavonol and
anthocyanin contents and antioxidant activity in fruit
juice of Fragaria ananassa were considerably
influenced by day and night growing temperature
combinations®. It was observed by many researchers
that the physiological and biochemical changes are
synergistic effects of different biotic and abiotic
parameters. In most of the plants exposure to high and
low temperature than the optimum was regarded to be
the main cause®. It is difficult to determine which
environmental factor is mainly responsible for the
variations. In laboratory experiments factors can be set
and regulated exactly’’. So by providing tissue culture
approaches, a shoot based clonal line was tested here for

Table 1—Determination of total phenol and total flavonoid

Plant sample Total phenol Total flavonoid content
(mg GAE/g FW)*  (mg/ml QE/g FW)*

Field grown plants 5.82+0.03° 68.64+0.24 2
Control 6.24+0.83° 71.03+0.48"°

P1 6.76+0.87° 94.28+0.66 ¢

P2 7.68+0.66° 78.39+0.98 ¢

P3 4.960.08¢ 101.56+1.29°¢

P4 9.63+0.76° 118.26+0.32"

P5 8.60+0.34 136.10+0.43°9

LSD 1.03 1.44

[*Data expressed as Mean + S.E. from 3 replicates; P <0.0001.
Means followed by different superscript letters in the same
column present significant difference. P <0.05]

experimental purpose and it was observed that a
continuous stable production of total phenolics, total
flavonoids and rosmarinic acid content was synthesized
in shoot based clonal lines®. Tissue culture derived plant
had a higher content of phenol as compared to the field
grown plants. The reports mentioned by other authors®
also are in accordance with our results. The results
indicate that the phenolic compounds have a major
contribution to the antioxidative capacity of the herbs.

The antioxidative potential of in vitro and in vivo
regenerated plants was determined using the total
antioxidant capacity, free radical scavenging activity
and lipid peroxidation method.

Total antioxidant capacity

In the present study, the antioxidant activity in
different plant parts (both field grown and
micropropagated) were studied wusing different
antioxidant assays i.e. flavonoids, TAC, free radical
scavenging activity and lipid peroxidation and the
data obtained by these antioxidant assays revealed
that the methanolic extract of the micropropagated
plants showed highest degree of antioxidant activity.
Our results are in accordance with the results obtained
in Dendrobium nubile-an important medicinal orchid
used in herbal drugs.

Total antioxidant capacity of the methanolic
extracts was determined from regression equation of
calibration curve (y=ax, where a=0.001845) and
expressed as mg/ml Asc AE/g FW (Table 2).
The total antioxidant capacity of extracts of
field grown Mentha piperita plants was found to be
497.03+£0.08mg/mL Asc AE/g FW. 25.63% increase
in TAC activity was observed after addition of
precursor. Antioxidant capacity of Ascorbic acid has

Table 2 — Determination of total Antioxidant and free radical
scavenging activity

Total antioxidant Free radical Free radical

capacity (mg/mL  scavenging scavenging
Plant sample Asc AE/g FW)  activity (%) activity (%)

(500 pg/mL)  (Img/mL)

Field grown plants ~ 497.03+0.08%  5.82+0.09* 10.10+0.19°%
Control 531.29+0.67°  6.50+0.66° 11.59+0.94°
P1 573.11+0.33°  6.50+0.33° 11.28+0.82°
P2 595.80+0.19¢ 7.53+0.67° 13.92+0.13°
P3 608.86+0.48¢ 7.53+0.48° 13.27+0.22°
P4 617.73+0.96"  8.92+0.98° 15.24+0.17°
P5 624.40+0.24° 9.70+0.18Y 17.36+0.18°
Ascorbic acid 10.9+0.12° 22.60+0.48
LSD 1.008 0.86 0.76

[*Data expressed as Mean = S.E. from 3 replicates; P <0.0001.
Means followed by different superscript letters in the same
column present significant difference. P <0.05]
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been used as a reference standard from which plant
extracts with potential antioxidant activity are
compared®. The high antioxidant activity was
exhibited in in vitro regenerated plants compared with
the in vivo plants. The result of this study demonstrates
that the phenolic acid levels increased in in vitro
regenerated plants and directly influenced their
antioxidant potential®*. Our results are similar to the
results obtained from the extracts of Phyllanthus
niruri, where the in vitro plants had higher TAC value
than the samples obtained from the market®. There is
an interesting correlation in the samples between the
antioxidant capacity determined by the DPPH method
and the total phenolic content. Antioxidant activity
will probably depend mainly on the content of the
total phenolic compounds in the herbs. Our results are
in accordance because the higher the amount of total
phenolics, the higher the total antioxidant capacity
and the percentage inhibition of the free radical.

The DPPH radical scavenging activities

The DPPH radical scavenging activities of the
extracts increased by increasing the concentration of
the sample extract. This assay has been largely used
as a quick, reliable and reproducible parameter to
search for the in vitro antioxidant activity of pure
compounds as well as plant extracts. This manifested
in the rapid discoloration of the purple DPPH to light
yellow suggesting the radical scavenging activity of
the methanol extract of Mentha was due to its proton
donating ability. The percentage inhibition of the in
vivo plant extract is 5.82+0.09, while that of the
precursor feeded clone is 9.70+ 0.98, nearly 1.66
times higher than the in vivo plants. Ascorbic acid, the
well-known antioxidant has a percentage inhibition of
10.90+0.12.The results indicate that the in vitro
cultured plants contain a high concentration of
antioxidant compounds (Table 2). The present results
suggests extracts are apparently good free radical
scavenger and probably have the ability to inhibit auto
oxidation of lipids and could thus be beneficial in the
treatment of various diseases where lipid peroxidation
is an important mechanism for pathogenesis®.

Lipid peroxidation

Polyunsaturated fatty acids, such as linoleic acids
are easily oxidized in the presence of oxygen of the air.
During Linoleic acid oxidation, peroxides are formed.
Primary antioxidants react with lipid peroxy radicals
to convert them into stable products. Secondary
antioxidants, such as oxygen scavengers, reduce the

rate of chain initiation*. The FTC method measures
the amount of peroxidases in the beginning of lipid
peroxidation where ferric ion was formed upon
reaction of peroxide with ferrous chloride. The ferric
ion later unites with ammonium thiocyanate producing
ferric thiocyanide, a red coloured substance®. The
absorbance data of linoleic acid peroxidation after
adding plant sample with positive control ascorbic acid
is shown in Table 2. Thus, a high absorbance value was
an indication of high peroxide formation during
incubation. The results indicate that after addition of
precursor (Phenylalanine 8 mg/mL) the in vitro Mentha
piperita plant sample becoming more efficient in
inhibiting lipid peroxidation after one hour than filed
grown plants, which has high absorbance value
indicating lipid peroxide formation. The results are
comparable to the standard antioxidants used. Similar
values were established®?" for the aromatic plants of
Labiatae family. After the completion of the second
hour all the samples have shown a lower absorbance
value indicating inhibition of lipid peroxidation. The
positive control, ascorbic acid have also shown similar
results. Our results shows that all the peppermint
plants, both field grown and regenerated plants with
precursors can inhibit the formation of lipid peroxides.
After addition of precursors (phenylalanine 8 mg/mL),
the in vitro regenerated mint plant becomes more
efficient in inhibiting the lipid peroxidation after one
hour than the field grown plants which has a high
absorbance value indicating formation of lipid
peroxides (Table 3). The phenolic compounds present
in Mentha piperita may donate hydrogen and can
terminate the free radical reaction chain by changing
into stable compounds. Leaves of Lamiaceae, have
higher antioxidant activity compared to the plants
belonging to other families. Peppermint also has a
hepatoprotective effect through antiperoxidation. The
hydrophyllic fractions of the Lamiaceae plants in
which bitterness and lipophilic odorants were reduced
may be useful as foodstuffs for liver protection®.

Phenylalanine is the precursor of phenyl propanoid
pathway leading to the formation of phenolic acids,
flavonoids and other phenolic compounds. Most
natural phenolic compound in plants is derived from
Transcinnamic acid formed by deamination of
L-phenylalanine by Phenylalanine ammonia lyase
(PAL). Phenylalanine has been used to increase the
metabolite production in vitro in several different
plant cultures®. These metabolites might increase by
the stimulation of an enzyme Phenylalanine ammonia
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Table 3 — Determination of Lipid peroxidation activity

Time (h)
Sample 1 > 3 2
Asc Acid(+ve control)  0.156+0.06,%  0.80+0.12,%  0.120+0.12,®  0.159+0.134°
Field grown plants 0.265+0.08,2 0.121+0.19,* 0.165+0.11,2 0.18740.36,
Control 0.251+0.07,2  0.1260.03,® 0.140+0.09.>  0.166x0.184°
P1 0.226+0.12,2  0.141+0.23,® 0.162+0.06,%  0.225+0.12.°
P2 0.212+40.23,2  0.201£0.06,® 0.190+0.28,®  0.239+0.16,°
P3 0.202+0.16,2  0.212+0.18,2 0.145+0.16,®  0.248+0.07.°
P4 0.229+0.14,2  0.094+0.08,2  0.059+0.10,°  0.107+0.08,°
P5 0.230+0.06,2  0.208+0.03,°  0.255+0.20,°  0.301+0.10;°
Water (-ve control) 0.430+0.22,°  0.490+0.17,° 0.494+0.11,°  0.503+0.12,°
LSD 0.12 0.072 0.084 0.10

[*Data expressed as Mean + S.E. from 3 replicates; P <0.0001. Means followed by different
superscript letters in the same column present significant difference. P <0.05]

lyase by the addition of precursors®. Phenylalanine
ammonia lyase (PAL) is the first and committed step
in the phenyl propanoid pathway*’. Phenylalanine
used to increase the metabolite production in in vitro
clones here might be mediated by stimulation of phenyl
propanoid pathway.

The accumulation of monoterpenoids in the tissue
culture of different Mentha species and hybrids has
been reported by several workers*. Some studies have
emphasized the need for high levels of differentiation
to achieve the production of monoterpenoid by cell
cultures. Maximum accumulation of terpenoids has
been found in the late exponential phase of culture
cycle and is higher in cell suspensions than in callus
cultures®™. Terpenoid production was enhanced in cell
culture and callus culture of Mentha piperita but as no
reports were found on terpenoid production from shoot
culture it could be explored further.

Conclusion

In this study, we have proposed a simple and rapid
in vitro propagation protocol. Both the in vivo and
tissue culture derived plants have been shown to
possess  significant amount of  polyphenolic
components, expressed as gallic acid equivalents. The
content of rosmarinic acid, the phenolic compound in
Mentha piperita, was higher in the in vitro regenerated
plants. The results of antioxidant evaluation based on
two models, DPPH and TAC used in this study
revealed that the methanolic extract of both field grown
and tissue cultured M. piperita possess interesting
antioxidant activity, and hence, excellent free radical
scavenging capacity. Both the field grown and
regenerated plants were able to inhibit the oxidation of
lipids. It was observed that the antioxidative properties
of the field grown plants were well maintained in the
tissue culture as well as successfully augmented

suggesting in vitro regeneration as an alternative for
sustainable use of this medicinally important plant used
as a food preservative apart from pharmaceutical and
natural therapies for treatment of oxidative stress.

Acknowledgement

The authors are thankful for financial assistance from
DBT, under the DBT Star college scheme, Department
of Botany, Lady Brabourne College, Kolkata.

Conflict of interest
The authors declare no conflicts of interest.

References

1  Mehta J, Naruka R, Sain M, Dwivedi A, Sharma D & Mirza J,
An efficient protocol for clonal micropropagation of Mentha
piperita L. (Peppermint). Asian J Plant Sci Res, 4 (2012)
518.

2 Sreenivasan S, Ibrahim D & MohdJassim MJN, Free Radical
scavenging activity and total phenolic compounds of
Gracilaria changii. Int J Natural Eng Sci, 1 (2007) 115.

3 Roy D & Mukhopadhyay S, Enhanced rosmarinic acid
production in species of Mentha. Indian J Exp Biol, 50
(2012) 817.

4 Samanta D, Mallick B & Roy D, In vitro clonal propagation,
organogenesis and somatic embryogenesis in Bacopa
monnieri (L.) Wettst. Plant Sci Today, 6 (2019) 442.

5 Tisserat B & Vaughn S, Growth, morphogenesis and
essential oil production in Mentha spicata L. shoots in vitro.
In vitro Cell Dev Biol, 44 (2008) 40.

6 Bharati AJ & Bansal YK, In vitro production of flavonoids-a
review. World J Pharm Pharm Sci, 3 (2014) 508.

7  Thaweesak J, Seiichi S, Hiroyuki T & Waraporn P, Elicitation
effect on production of plumbagin in in vitro culture of
Drosera indica L. J Med Plants Res, 5 (2011) 4949.

8 Roy D & Mukhopadhyay S, Enhanced rosmarinic acid
production in cultured plants of two species of Mentha.
Indian J Exp Biol, 50 (2012) 817.

9 Dicosmo F & Neto AFG, Process for preparing taxane

compounds. EP Pat 0577274 (to Nippon Qil Co Ltd), 1994.

Phatak SV & Heble MR, Rosmarinic acid synthesis in shoot

cultures of Mentha arvensis Linn. Indian J Biotechnol, 1

(2002) 381.

10


https://en.wikipedia.org/wiki/Phenylpropanoids_metabolism
http://www.ncbi.nlm.nih.gov/pubmed/23305033

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

ROY et al.: AUGMETING ANTIOXIDATIVE POTENTIAL OF PEPPERMINT

Matthaus B, Antioxidant activity of extracts obtained from
residues of different oilseeds. J Agric Food Chem, 50 (2002)
3444,

Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Biological
activities of Mentha spicata. Pharmacologyonline, 1 (2010) 841.
Prieto P, Pineda M, Aguilar M, Spectrophotometric
quantitation of antioxidant capacity through the formation of
phosphomolybdenum complex: specific application to the
determination of VitE, Annal Biochem, 269 (1999) 339.
Takao T, Kitatani F, Watanabe N, Yagi A & Sakata K, A
simple screening method for antioxidants and isolation of
several antioxidants produced by marine bacteria from fish
and shellfish. Biosci Biotechnol Biochem, 58 (1994) 1780.
Shimada K, Fujikawa K, Yahara K & Nakamura T,
Antioxidative properties of Xanthan on the autooxidation of
soybean oil in cyclodextrin, J Agric Food Chem, 40 (1992)
945,

Brand Williams W, Cuveliar ME &Berset C, Use of a free
radical method to evaluate antioxidant activity, Lebensm
Wiss Technol. 28 (1995) 25.

Phatak SV & Heble MR, Organogenesis and terpenoid
synthesis in Mentha arvensis. Fitoterapia, 73 (2001) 32.
Ghanti K, Kaviraj CP, Venugopal RB, JabeenFTZ,Rao S,
Rapid regeneration of Menthapiperita L. from shoot tip and
nodal explants. Indian J Biotechnol, 3 (2004) 594.
Sunandakumaril C, Martin KP, Chithral M, SinilS, Odanan
PVM, Rapid axillary bud proliferation and ex vitro rooting of
herbal spice, Mentha piperita L. Indian J Biotechnol, 3 (2004)
108.

Dode LB, Bobrowski VL, Braga, EJB, Selxas FK, Schuch
MW, In vitro propagation of OcimumbasilicumL. (Lamiaceae),
Acta Scientia Biol Sci, 25 (2003) 435.

Vidya AD, Davasagayam TP, Current status of herbal drugs in
India- an overview. J Clin Biochem Nutr, 4 (2007) 1.

Bose B, Kumaria A,C houdhury H, Tandon P, Assessment of
genetic homogeneity and analysis of phytomedicinal potential
in micropropagated plants of Nardostachys jatamansi, a
critically endangered, medicinal plant of alpine Himalayas.
Plant Cell Tissue Org Cult, 2 (2016) 331.

Amoo SO, Aremu AO, Vanstaden J, In vitro plant
regeneration, secondary metabolite production and antioxidant
activity of Aloe arborescens. Plant Cell Tissue Org Cult, 111
(2012) 345.

Ravn H, Pedersen MF, Andray J, Borum C, Anthoni U,
Christophersen C, Neilsen PH, Seasonal variation and
distribution of two Phenolic compounds, rosmarinic acid and
caffeic acid, in leaves and roots-rhizomes of eelgrass
(ZosteramarinaL..). Ophelia, 40 (1994) 51.

Zheng W & Wang SY, Antioxidant activity and phenolic
compounds in selected herbs. J Agric Food Chem, 49 (2001)
5165.

Dixon RA & Paiva NL, Stress induced phenylpropanoid
metabolism. Plant Cell, 7 (1995) 1085.

Siatka T & Kasparova M, Seasonal variation in total phenolic
and flavonoid contents and DPPH scavenging activity of Bellis
perennis L. flowers. Molecules, 15 (2010) 9450.

Mallick B, Sinha S and & Roy D, Evaluation of antioxidant
potential of field grown and tissue culture derived Mentha

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

137

piperita L. plants. Int J Curr Microbiol Appl Sci, 5 (2016)
382.

Akash Deep, Rana P, Gosal S, Soni G, Antioxidant potential of
tissue cultured Mentha spicata, J Pharmacy Res, 1 (2013) 90.
Aliyu AB, Ibrahim MA, lbrahim H, Musa AM, Lawal AY,
Oshanimi JA, Usman M, Abdulkadir IE, Oyewate AO,
Amupitan JO, Free radical scavenging and total antioxidant
capacity of methanol extract of Ethulia conyzoides growing in
Nigeria. Rom Biotech Lett, 17 (2012) 7458.

Thiruvengedum M, Chung M, Phenolic compound production
and biological activities from in vitro regenerated plants of
Gherkin (Cucumis anguria L.). Electron J Biotechnol, 18
(2015) 295.

Gami B & Kaothari IL, Antioxidant and antimicrobial activity
of in vivo and in vitro grown plants of Phyllanthus niruri L. Int
J Pharm Biosci, 2 (2011) 78.

Aliyu A, Ibrahim M, Musa A, Kiplimo J, Oyewale A, Free
radical scavenging and total antioxidant capacity of root
extracts of Anchomones difformis Engl. (Araceae). Acta Pol
Pharm Drug Res, 70 (2013) 115.

Gordon MH, The mechanism of antioxidant action in vitro. In:
Food Antioxidants. (Ed. Hudson BJF, Elsevier Applied Food
Science Series. Springer, Dordrecht, Netherlands), 1990, 1-18.
Huda Faujan N, Noriham A, Norrakiah AS, Babji AS,
Antioxidant activity of plant methanolic extracts containing
phenolic compounds, Afr J Biotechnol, 8 (2009) 484.

Kintzios S, Papageorgiou K ,Yiakoumettes |, Bariceri D,
Kusar A, Evaluation of antioxidant activities of four Slovene
medicinal plants by traditional and novel biosensory assay,
J Pharm Biomed Anal, 53 (2010) 773.

Proestos C, Lytoudi K, Mavromelanidau O, Zoumpoulakis P,
Sinanoglou V, Antioxidant capacity of selected plant extracts
and their essential oils. Antioxidants, 2 (2016) 11.

Masuda H, Hirunaka S, Matsui Y, Hirooka S, Hirai M,
Hirata Y, Akao M, Kumagai H, Comparative study of
antioxidative activity of culinary herbs and spices and
hepatoprotective effects of three selected lamiaceae plants in
carbon tetrachloride induced oxidative stress in rats. Food Sci
Technol Res, 21 (2015) 407.

Kovacik J, Kron I, Repcak M and Backor M. Effect of feeding
precursors on phenyl alanine ammonia lyase activity and
coumarin accumulation in leaves of Matricaria chamomilla L.
Plant Growth Reg, (2007) 10.1007/s 10725-007-9172-917.
Fritz R R, Hodgins D S, Abell C W, Phenylalanine ammonia-
lyase, Induction and purification from yeast and clearance in
mammals. J Biol Chem, 251 (1976) 4646.

Tanaka Y, Matsuoka M, Yamanoto N, Ohashi Y, Kano-
Murakami Y, Ozeki Y, Structure and characterization of a ¢
DNA clone for phenylalanine ammonia-lyase from cut-injured
roots of sweet potato. Plant Physiol, 90 (1989) 1403.
Charlwood BV& Charlwood KA, The biosynthesis of mono-
and sesquiterpenes in tissue culture. Biochem Soc Trans, 11
(1983) 592.

Banthorpe DV, Mentha species (Mints): in vitro culture and
production of lower terpenoids and pigments. In: Biotechnol in
Agriculture and Forestry 37, (Ed. Bajaj YPS, Medicinal and
Aromatic Plants IX, Springer-Verlag, Berlin Heidelberg),
1996.



