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Abstract

In the present study, deep eutectic solvent (DES) was prepared by combining choline chloride
and glycerol and is used as a green alternative extraction media of detrimental organic solvents.
The DES and aqueous methanol were used for the ultrasound-assisted extraction (UAE) of bioactive
compounds from Mentha arvensis, which have remarkable medicinal values. The optimization of
extraction parameters during phytochemical evaluation was done by response surface methodology.
The extraction yield obtained with DES was significantly higher than that achieved using aqueous
methanol. The total phenolic contents (TPCs) 117 mg GAE/g, total flavonoids contents (TFCs), 80 mg
QE/g and 2, 2-diphenyl-1- picrylhydrazyl (DPPH) radical inhibition 94% was obtained using DES. The
antimicrobial activities of extracts were evaluated against S. aureus, E. coli (bacterial strains), F. solani
and A. niger (fungal strains) by well diffusion method. The extracts were characterized using LC-MS
and showed that chrysin, p-coumaric acid, naringenin, scopoletin, phenylpyruvic acid, pinocembrin,
hesperidin, carnosic acid and caffeic acid were the main bioactive components of Mentha arvensis. The
DES has shown considerable high extraction yield, which ultimately relates to the higher TPCs, TFCs
and DPPH assay compared to aqueous methanol. The DES with extensive hydrogen bonding is of vital
importance in the perspective of the environment than traditionally used solvents.

Keywords: deep eutectic solvent, Mentha arvensis, ultrasound-assisted extraction, response surface
methodology, LC-MS

Introduction eutectic-based mixtures actually consist of organic

compounds having lower melting points in contrast to

Volatile organic solvents (VOCs) have a detrimental their individual constituents [1]. The DESs are one of
influence on the environment and human beings. The the alternatives of organic solvents for the extraction

of bioactive compounds because of unique physico-
chemical properties. Characteristically, DES is defined
as a mixture of hydrogen bond donors (HBD) and
an acceptor system with extensive intermolecular
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hydrogen bonding. According to an investigation by
Abbott, the delocalization of charges between hydrogen
bond donor and halide anion is accountable for the
lowering of the melting point [2]. In comparison with
traditional organic solvents, DESs are more acceptable
at the pharmaceutical level due to non-volatility and low
toxicity [3].

In the pharmaceutical sector, medicinal plants are
familiar due to a wide range of secondary metabolites
that have enormous pharmacological activities [4].
The phenolic compounds of plants have an assortment
of biological effects, including antioxidant potential.
The antioxidant potential of phenolic compounds is
mainly endorsed to their redox properties, which allow
them to act as hydrogen bond donors, reducing agents,
and singlet oxygen quenchers [5]. Mentha arvensis
belongs to the family Lamiaceae and is famous for
its therapeutic and medicinal values since prehistoric
times. It has been reported in various studies that plant
extracts of Mentha have been found to possess bioactive
ingredients that showed antioxidant, antifungal and
antibacterial activities [6].

The process of optimization in the conventional
method is based on the study of one factor at a time,
which is time-consuming, and interaction among
various parameters cannot be studied. The response
surface methodology (RSM) facilitates to assess the
linear, quadratic and interactive effects of independent
variables on the response variables. Therefore, RSM is
supportive to find the linear and interactive effects of
several parameters simultaneously. In the present work,
choline chloride and glycerol-based DES was used for
the extraction of biologically active compounds from
Mentha arvensis. The extraction of phytochemicals was
carried out using the UAE method, and optimization
of the process was studied using RSM. The TPCs,
TFCs, antioxidant potential, antibacterial and antifungal
activities of plant extracts were also evaluated. The
identification of various bioactive compounds was done
using LC-MS.

Material and Methods
Reagents/Materials

Reagents/Materials include choline chloride (Dae-
Jung, 99%), glycerol (Dae-Jung, 99.50%), methanol
(PubChem, 99.85%) Folin-Ciocalteu reagent (Sigma-
Aldrich, 99.99%), DPPH (Sigma-Aldrich, 99.50%),
ethanol (Riedel-deHaen, 99.80%), aluminium chloride
(Sigma-Aldrich,  99.99%), Na,CO, (Riedel-deHaen,
99%), CH,COOK (Sigma-Aldrich, 99%), nutrient agar
(Himedia, 99%), potato dextrose agar (Tmmedia, 99%),
and Sabouraud dextrose agar (Applichem, 99%).

Mentha arvensis L. (pudina) was purchased from
a local market and valid identification was conceded
from the Department of Botany at the University of
Agriculture in Faisalabad, Pakistan. The whole plant

material was cleaned with tap water in order to remove
the dirt particles, and dried in shade for approximately
30 days. The dried material was ground using a
mechanical grinder and sieved to achieve mesh size of
250 um. The voucher sample was kept in an airtight
container, assigned a number and stored at ambient
temperature (25+£5°C) for further analysis.

Preparation of DES

The choline chloride and glycerol were dried in
a drying oven at 60°C for 24 hours before use [7].
These individual components (i.e., choline chloride and
glycerol) were weighed with specific mole ratios (1:2)
and placed in a bottle with a Teflon-lined stirring bar in
water bath below 80°C until a colorless, transparent and
homogenous liquid was formed.

Extraction of Phytochemicals

The extraction of bioactive compounds was
performed using an ultrasonic bath generating 40 KHz
frequency. For this purpose, 2 g dried plant material
was extracted with 20 mL of DESs and aq. MeOH
separately. The dried plant material along with
respective solvent was kept in an ultrasonic bath
2.5 L 250W DSAS50-SK2 Digital Ultrasonic
Cleaner) at different levels of time (15-60 minutes),
temperature (40-70°C) and biomass-to-solvent ratio
(0.5-2.0 g/10 mL) [8]. The extraction yield is evaluated
as:

weight of extracted product

Extraction yield =
onyt weight of plant material

Response Surface Methodology

The parameters like extraction time, temperature and
biomass-to-solvent ratio that influence the extraction
process of phenolic compounds were evaluated and
optimized by Box-Behnken design [9]. The ranges
of these independent variables were evaluated with
both solvents in preliminary experiments during
extraction yield determination. The 17 experiments
were conducted randomly to analyze the significance of
applied quadratic model against TPC, TFC and DPPH
inhibition responses. The coded levels of independent
variables used for BBD are given in Table 1.

Table 1. Coded levels of independent variables.

) Factor levels
Independent variables
-1 0 +1
Time (min.) 30 45 60
Temperature (°C) 50 60 70
Biomass (g/10 mL) 1 1.5 2
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The experimental data of dependent variables was
fitted in a 2"-order polynomial Equation (1):

3 3 2 3
Y =B +Zﬁoxi +Z.BiiXizz Z BijXiX;
i=1 i=1

i=1 j=i+1 (1)

Y = Predicted response
B, = Coefficient for intercept
B, = Linear coefficient
B, = Quadratic coefficient
B, = Coefficient for interaction terms

Analysis of variance (ANOVA) was applied
to examine the significance of statistical terms in
the regression equation [10]. The statistically non-
significant (p>0.05) terms were not considered in the
initial model and the experimental data was justified
only by significant (p<0.05) terms. The simultaneous
optimization of independent variables was obtained
and applied further for the validation of model.
The prediction power of the model was justified by
comparing the experimental values with the theoretical
(predicted) values. All experiments were performed in
triplicates and results were expressed as mean+standard
deviation (n = 3). RSM was performed using Design
Expert Software 7.0.

Evaluation of Phytochemicals

The Folin-Ciocalteau’s reagent method with some
modification was used for determining the TPC of
plant extracts by spectrophotometer [11]. The aluminum
chloride colorimetric method with slight modification
was used to analyze the TFC of plant extract [12]. The
free radical scavenging potential of plant extracts was
determined using DPPH radical assay as described
previously with some modification [13].

Antimicrobial Activities

The antimicrobial potential of M. arvensis extracts
was evaluated against two bacterial strains (S. aureus
and E. coli) and two fungal strains (F. solani and A.
niger) using the well diffusion method. Minimum
inhibitory concentration (MIC) for each extract was
determined by broth micro-dilution method [14].

Sterilized nutrient agar and potato dextrose agar
were used for antibacterial and antifungal tests,
respectively. 1000 pL of bacterial and fungal culture
were mixed into respective nutrient medium. Then
50 mL of media was transferred to each petri plate
and permitted to solidify. 100 pL of each extract
was poured in the wells. Rifampicin and Terbinafin
(100 pg/mL) were used as positive controls for
antibacterial and antifungal activities. These plates
were kept in an incubator at 37°C for 24 h (bacterial
activity) and 72 h (fungal activity). The antibacterial
activity was assessed by measuring the zone of
inhibition.

Minimum inhibitory concentrations (MICs) of
extracts were determined in sterile 96-well micro-
plates. The dilution was done with serially decreasing
concentrations with a final volume of 100 pL in each
micro-plate well. Then 10 pL of inoculum was added
to each well and plates were incubated at 37°C for
24 h for bacterial strains and 72 h for fungal strains
at 28°C. After incubation, 10 uL of resazurin solution
as an indicator was added to each well. Absorbance
was recorded at 620 nm (bacterial) and 520 nm (fungal),
kept in an ELISA reader. The least concentration with
no microbial expansion was taken as the MIC value.

Mass Spectrometry

The phenolics and flavonoids from the optimized
extracts were identified by mass spectrometer (LC-
ESI-MS, 8050 Shimadzu, Japan). The CI8 column
(2.1 mm x 150 mm) with RI detector RI830 was used
for separation. Methanol:water was used as mobile
phase. An isocratic elution was executed with a flow
rate of 0.2 mL/min by subsequent run conditions: (i)
65% of methanol from 0 to 30 min, (ii) 55%, from 31
to 40 min (iv) 35%, at 41-60 min of total run time.
20 pL of the sample was injected, and identification
of the compounds was carried out under the conditions
of negative and positive ion mode with mass range
of 50-2000 m/z, spray electric potential of 4 kV, at
325°C gas temperature with 40psi nebulizer pressure.

Results and Discussion

In this study, DES and aqueous methanol were
selected for the extraction of bioactive compounds
from M. arvensis using UAE. The optimization of
time, temperature, and biomass-to-solvent ratio was
achieved by RSM. The antioxidant and antimicrobial
activities were performed in addition to phytochemical
evaluation.

Extraction Yield
Effect of Time

The extraction of phytochemicals from M. arvensis
was carried out at 15, 30, 45 and 60 min. The extraction
temperature (60°C) and biomass-to-solvent ratio
(1 g/10mL) was kept constant during optimization
of time. The optimized time with DES and aq.
MeOH was 45 min., with 320 mg/g and 167 mg/g of
respective yields. The mass was transferred rapidly
with accelerated time from 15 to 45 min., and then
equilibrium was achieved up to 60 min. with no change
in yield with both solvents [15] as shown in Fig. la).
The cavitation effects increased with the increment of
time during sonication, which ultimately enhanced the
mass transfer and rate of extraction [16].
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Effect of Temperature

The optimization of temperature was carried
out at 40, 50, 60 and 70°C, keeping the biomass-to-
solvent ratio (1g/10mL) constant. The optimized level
of temperature with both solvents was 60°C, with
315 mg/g 170 mg/g respective yields. The viscosity of
DES was also reduced when temperature reached from
50°C to 60°C, which ultimately enhanced the rate of
diffusion of plant metabolites in the solvent. When
temperature increased up to 70°C, no appreciable
change in yield was observed with both solvents as
depicted in Fig. 1b). So the optimum level of 60°C
temperature was chosen to avoid the degradation of
phenolic compounds [17].

Effect of Biomass-to-Solvent Ratio

The effect of biomass-to-solvent ratio is also an
imperative aspect along with time and temperature in
UAE. The biomass-to-solvent ratios of 0.5/10, 1.0/10,
1.5/10 and 2.0 g/10  mL were chosen while sonication
time and temperature were selected according to each
solvent as optimized in previous experiments. The DES
solvent gave the utmost yield of 311 mg/g at 1.0 g/10 mL,
and yield was reduced at a higher ratio. The yield with
aqueous methanol was increased from 0.5 g/10 mL to
1.5 g/10 mL and then decreased at 2.0 g/10 mL as shown
in Fig. 1c). The rate of diffusion of solute molecules into
solvent is directly influenced by the biomass-to-solvent
ratio [18]. Generally, a small biomass-to-solvent ratio
can dissolve bioactive ingredients with more efficacy,
leading to an enhanced extraction yield. An extensive
hydrogen bonding network in DES is responsible
for higher extraction yields as compared to aqueous
methanol [19].

Response Surface Methodology

The optimization of extraction time, temperature
and biomass-to-solvent ratio (independent variables)
was examined comprehensively by BBD experiments
for the extraction of bioactive ingredients [20]. The
phenolic contents from M. arvensis were extracted

by DES at three different time intervals (45, 60 and
75 min.), temperatures (50, 60 and 70°C) and biomass-
to-solvent ratios (0.5/10, 1.0/10 and 1.5 g/10 mL). The
maximum recovery of antioxidant compounds and
hence antioxidant activity was observed at 60°C,
with 1 g/10 ml biomass-to-solvent ratio in 60 min. of
sonication. The DES gave higher amounts of phenolic
contents because this solvent has extensive hydrogen
bonding with lower viscosity, which enhances the
diffusion process from the matrix. In general, the high
temperature decreases the viscosity of solvent, and
ultimately the diffusion process of phenolic compounds
increased [21]. The close resemblance with the
experiment and predicted values was observed during
all 17 experiments for all three responses as shown in
Table 2.

The three responses for TPCs, TFCs and percentage
inhibition (DPPH) were evaluated by applying the 2™
order polynomial equation. The fitness of applied model
and statistical significance of linear, quadratic and
interaction terms was analyzed by analysis of variance.
The p-values (<0.0001) confirmed the significance of
each model term [22]. The fitness of model was verified
by R? value, which is the coefficient of correlation
between experimental and predicted values of dependent
variables. The fairly high R? values of TPCs, TFCs and
DPPH (0.9991, 0.9901, 0.9969) with least standard
deviations (0.89, 2.07, 1.12) described the significance
of the regression model. The range of dispersion of
data is described by the coefficient of variation (CV)
and it is a measure of standard deviation as percentage
of mean. The high value of CV represent the greater
variation in mean value, while lesser values of TPCs,
TFCs and DPPH (0.96%, 3.22%, 1.45%) gave improved
reproducibility of data. The ANOVA is given in
Table 3.

The results of DPPH activity show that plant extract
is potentially active. This suggests that M. arvensis
contains high concentrations of bioactive compounds
that are responsible for donating hydrogen to a free
radical. It is observed that DPPH activity is maximum
(94 %) when the TPC (115) and TFC (72) contents
are highest in the extract (Table 2, Run 2), and thus
a positive correlation has been found between TPCs,

a) 360
3304 | ——ChCl:Gly b) - —a— ChCl:Gly
—0—MeOHHO 1| —® MeOHHO

)
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Extraction yield (mg/g)
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Extraction yield (mg/g|
~
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C) 360
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Fig. 1. Effect of time a), temperature b) and biomass-to-solvent ratio ¢) on extraction yield during UAE.
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Table 2. Experimental and coded values of independent variables and experimental and predicted values of dependent variables using
the Box-Bhenken design.

X1 X2 X3 Y1 Y2 Y3
Runs
A B C Exp. Pred. Exp. Pred. Exp. Pred.
1 45(-1) 60(0) 0.5(-1) 69 70 56 58 56 55
2 60(0) 60(0) 1.0(0) 115 116 79 78 94 94
3 75(+1) 60(0) 0.5(-1) 71 70 45 43 64 65
4 45(-1) 70(+1) 1.0(0) 93 92 66 63 73 74
5 60(0) 70(+1) 0.5(-1) 66 66 49 49 59 59
6 60(0) 60(0) 1.0(0) 116 115 80 78 95 94
7 75(+1) 60(0) 0.5(-1) 91 90 76 74 75 76
8 45(-1) 50(-1) 1.0(0) 90 89 65 63 76 75
9 75(+1) 50(-1) 1.0(0) 84 84 48 50 86 84
10 60(0) 50(-1) 1.5(+1) 98 97 65 65 81 82
11 75(+1) 70(+1) 1.0(0) 78 78 62 64 74 73
12 60(0) 70(+1) 1.5(+1) 84 85 63 63 70 69
13 45(-1) 60(0) 1.5(+1) 110 109 72 74 78 77
14 60(0) 60(0) 1.0(0) 114 116 76 78 93 94
15 60(0) 50(-1) 0.5(-1) 57 56 34 33 58 59
16 60(0) 60(0) 1.0(0) 116 116 78 78 94 94
17 60(0) 60(0) 1.00) 117 116 77 78 93 94

X1 Time (min.), X2 Temperature (°C) , X3Biomass (g/10 mL), Y1 TPC (mg GAE/g), Y2 TFC (mg QE/g), Y3 DPPH (% inhibition)

Table 3. ANOVA statistics of quadratic model designed by Box-Behnken.

Y1 Y2 Y3
Source df F-value p-value F-value p-value F-value p-value
Model 9 895.10 <0.0001 77.97 <0.0001 251.57 <0.0001
A-Time 1 223.21 <0.0001 22.14 0.0022 28.74 0.0011
B-Temp. 1 8.93 0.0203 22.95 0.0020 62.14 0.0001
C-Biomass 1 2285.71 <0.0001 250.50 <0.0001 446.35 <0.0001
AB 1 28.65 0.0011 10.67 0.0137 17.95 0.0039
AC 1 140.00 <0.0001 13.17 0.0084 26.30 0.0014
BC 1 167.94 <0.0001 17.93 0.0039 31.07 0.0008
A? 1 560.37 <0.0001 16.38 0.0049 196.65 <0.0001
B? 1 1978.71 <0.0001 185.09 <0.0001 266.04 <0.0001
c? 1 2162.81 <0.0001 132.13 <0.0001 1044.86 <0.0001
Residual 7
Lack of Fit 3 1.39 0.3678 4.61 0.0869 5.19 0.0729
Pure Error 4
Cor Total 16

Y1 (TPC), Y2 (TFC), Y3 (DPPH), Significant<0.05, Non-significant>0.05
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TFCs and DPPH activity. The ability of plant extract to
scavenge DPPH may also reflect its potential to inhibit
the formation of free radicals. This implies that the
M. arvensis extract may be useful for treating radical

related pathological damage [23].

Quadratic model equations in terms of operating
parameters (A, B, C) for all three responses:

Quadratic model equation for TPC

TPC =-994.82500 + 6.79750A + 25.09125B + 301.900C
—0.015833AB — 0.7000AC — 1.1500BC
—0.045500A% — 0.19237B% — 80.4500C>

Std. Dev. (0.89), R-Squared (0.9991), Mean (92.26), C.V.

(0.96%), lack of fit (0.3678)
Quadratic model equation for TFC

TFC = —498.6750 + 0.0941A + 16.3150B
+ 138.3150C + 0.02250AB + 0.5000AC — 0.87500BC
—0.018111A% — 0.13700B— 46.3000C?
Std. Dev. (2.07), R-Squared (0.9901), Mean (64.09), C.V.

(3.22%), lack of fit (0.0869)

a
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The interaction between the independent variable

and their combined influence on the response values

was depicted by 3D response surfaces. The graphical
representation of a 3D response surface is a function
of two independent variables against one dependent
variable keeping the one independent variable at a

fixed level. These surfaces are helpful in understanding
the interaction effects of independent variables on

the responses [24]. The interaction effects between
independent variables on TPC, TFC and DPPH are
illustrated in response surfaces generated by the
quadratic model, as shown in Fig. 2(a-c). It can be

concluded that high and low levels of sonication
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Table 4. Antimicrobial activity of M. arvensis extracts against bacterial (S. aureus and E. coli) and fungal strains (F. solani and A. niger).

Staphylococcus aureus Escherichia coli
Inhibition zone (mm) MIC (pg/mL) Inhibition zone (mm) MIC (png/mL)
ChCLGly | MeOH:H,O | ChCL:Gly | MeOH:H,O | ChCLGly | MeOH:H,0 | ChCLGly | MeOH:H,0
Ftracts 40.5+1.4 20.0+0.4 25+1.5 2542.0 34.5+1.4 2540.8 2542.0 5042.5
Rifampicin 65+2.4 12.5+0.9 61+2.1 12.5+0.9
Fusarium solani Aspergillus niger
41.5+1.4 22+0.4 12.5£1.0 50+£2.5 39.5+1.4 29+0.8 12.5£1.5 254+2.0
Terbinafine 55+4.5 12.5+0.9 55+4.5 6.3+0.9

time, temperature and biomass-to-solvent ratio did not
give the valuable extraction of bioactive ingredients.
The medium levels of process variables preferential
for effective extraction were explained previously in
detail.

Antimicrobial Activities

The DES extracts showed a larger zone of
inhibition (40.5£1.4 mm and 34.541.4 mm) with
MIC (25.01.5 pg/mL and 25+£2.0 pg/mL) against
S. aureus and E. coli respectively. The DES extract
showed a larger inhibition zone (41.541.4 mm
and 39.5+1.4 mm) with MIC (12.541.0 pg/mL and
12.5£1.5 pg/mL) against F. solani and A. niger
respectively. In general, the results verified that all the
plant extracts showed the antibacterial and antifungal
activity, but less than standard Rifampicin and
Terbinafine respectively as shown in Table 4.

Identifying Bioactive Compounds
by Mass Spectrometry

The phenolics and flavonoids extracted from
M. arvensis using LC-MS with retention time and m/z

Table 5. Compounds identified through LC-MS of DES extract.

Rt m/z

Compound Formula (min.) [M+H]/ | Ref.

7| [M-HJ
Chrysin C,H,0, | 55 254 [28]
p-coumaric acid C,HO, 6.1 163 [28]
Naringenin CH) O, | 72 272 [28]
Scopoletin C,H0, 1.6 193 [29]
Phenylpyruvic acid | C,HO, 2.2 165 [29]
Pinocembrin CH,O, | 58 257 [30]
Hesperidin C,H, 0. 6.1 609 [31]
Carnosic Acid C,,H,0, 1.6 333 [31]
Caffeic Acid C,H,0, 34 181 [32]

are given in Table 5. The bioactive compounds play a
significant role in the defensive system against various
oxidative and microbial infections with no side effects
[25]. Hydroxycinnamic acid derivatives (p-courmaric
and caffeic acid) and flavonoids (chrysin, naringenin,
phenylpyruvic acid, pinocembrin and hesperidin)
have shown a wide range of various pharmacological
activities such as antioxidant, antimicrobial and anti-
inflammation activities, and are thought to exert
protective effects against major diseases such as
cancer and cardiovascular diseases [26]. Carnosic acid
possesses antioxidative and antimicrobial properties
[27].

Conclusions

The DESs are known as green alternative solvents
to conventional toxic organic solvents and can be used
as environmentally friendly extraction media. These
solvents have the ability to dissolve both polar and non-
polar metabolites of flora. Choline chloride and glycerol
binary solvent demonstrated better alternatives for the
extraction of bioactive compounds from M. arvensis as
compared to aqueous methanol. This solvent showed
better extraction yields of phytochemicals. The RSM
has been used as a valuable statistical approach for the
optimization of process parameters. It is evident from
the results that UAE is useful with higher extraction
yields at a shorter time. The DES extracts confirmed
effectual antibacterial and antifungal potentials against
different biological strains. The choline chloride and
glycerol based binary DES can be used as nontoxic
solvents for the efficient extraction of phytochemical
constituents from medicinal plants.
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