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ABSTRACT

Response surface methodology (RSM) has been employed to model and optimize the extraction
of oil from Mentha spicata a local leaf used for several microbial and insect activities. The
detailed effects of the solvents, weight of leaf (Xi) and time of extraction (X2) have been
studied. The interaction effects of these two (2) variables on the oil yield (X3) have been
investigated using Central Composite Design of experiments. The results were analyzed using
MINITAB 17 software. Soxhlet extraction method was used with three (3) different solvents
hexane, ethanol and petroleum ether. Petroleum ether gave the highest yield of oil using
Response Surface Methodology. The oil extract of the leaf was analyzed using Gas
Chromatography-Mass Spectrometry [GC-MS], about 15 components were discovered with
Carvone as the most abundant [27.68%.]. The antimicrobial activities of the oil extract against
some fungi and bacteria viz., Pseudomonas aeruginosa, Bacillus Subtilis, Staphylococcus
aureus, Aspergillus niger, Escherichia coli and Saccharomyces cerevisiae was evaluated. From
the microbial analysis the zone of inhibitions indicated that the extract had strong activity
against bacteria and fungi. Mentha spicata oil is rich in compounds with therapeutic activities
and several substances of industrial interest. Carvone, Neophytadiene, methyl ester, palmitic
acid and Linolenic were also discovered by the GC/MS analysis, presenting good microbial
activity performance. The aim of this work was to establish the antimicrobial claim of the
Mentha spicata oil extract.

Keywords: Mentha spicata, Soxhlet extraction, Response surface methodology, Yield, Design
of experiments.

INTRODUCTION

Plant essential oils have been widely used for many years due to their antimicrobial properties
in foods and pharmaceutical products (Laura et al., 2014). Mentha spicata has been used as a
medicinal (microbial treatment) and aromatic plant since ancient times. Its English name is
Spearmint which is 30—100 cm long and is characterized by its strong odor (Kordali ef al., 2005;
Thamarai et al., 2015; Alagesaboopathi, 2011). It is known for its distinctive smell which
makes it very useful as a flavoring for foods. It is also used commonly as a domestic herbal
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remedy e.g treatment of skin infections caused by microorganisms such as ring worm and
eczema. Its leaves are used for flavoring, tea infusions and spicing. In addition, mint oil is used
to treat several diseases (Kil ez al., 1995). Previous investigations have reported that various -
Mentha plant spp. extracts have displayed larvicidal effect on C. pipiens, C. quinquefasciatus,
A.aegypti A. stephensi and Aedes tesselatus (Ansari and Razdan, 1995). Many extracts and
essential oils isolated from these plants have been tested against different kinds of arthropods
(Ojewumi et al., 2017a).

It has long been observed that plants’ flowers, roots, leaves and seeds contain some active
ingredients which are known as Essential oil. Some are odoriferous, some are volatile and
Ethereal (being extractable with ether an organic solvent) (Ojewumi and Owolabi, 2012). N,
N-diethyl-3-methylbenzamide (DEET) is a synthetic chemical that is present in the most
common mosquito-repellent formulations in the market. DEET is the most effective and best
studied insect repellent currently in the market. DEET based synthetic mosquito repellent cause
irreversible damage to ecosystem since they contain chemicals which are non-degradable in
nature (Fradin, 1998; Klun et al., 2006). Synthetic insecticides are toxic and affect the
environment by contaminating the soil, water and air (Ojewumi et al., 2018a). Local leaves oil
extract especially Mentha spicata have been reported by various researchers as a good mosquito
repellant and possess antimicrobial activity (Ojewumi ef al., 2017a; 2012; Zaidi and Dahiya,
2015; Mirghani et al., 2012; Mgbemena et al., 2010; Bassole et al., 2011; Adeniyi and Ayepola,
2008).

Design of experiments (DOE) can be defined as the systematical method of determining the
relationship between factors affecting a process and the output of that process. DOE is an
advanced statistical tool to study efficiently the effect of a large number of variables with a
minimum effort in data collection (Sail and Nyoman 2003; Ojewumi et al., 2017b). This
investigates the effects of input wvariables (factors) on output variable (response)
simultaneously. It is majorly used to find the cause-and-effect relationships, which is needed to
manage process inputs in order to optimize the experimental outputs. In an experiment, one or
more process factors or variables are deliberately changed in order to observe the effect the
changes have on one or more response variables. The (statistical) design of experiments (DOE)
is an efficient procedure for planning experiments so that the data obtained can be analyzed to
yield valid and objective conclusions. An experimental design is the laying out of a detailed
experimental plan in advance of doing the experiment. Simple experimental design and
statistical tools for data analysis can provide much information about the system under
investigation after only a few experiments. Such information can be key in decision-making for
further experiments and can enable the development of robust and reliable protocols for
chemical synthesis, analytical methods or biological assays (Ojewumi ef al., 2017¢; Ojewumi
etal.,2018b).

MATERIAL AND METHODS

Plant material
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Fresh Mentha leaves were obtained commercially from a mall in Lagos State, Nigeria. The
leaves were washed with distilled water and air dried in a room for about two weeks. Figure 1
shows the picture of a freshly plucked leaf from Mentha plant. The plant was identified by an
Agronomist, Dr. Adebayo a Lecturer in Ladoke Akintola University of Technology,
Ogbomosho, Department of Chemical Engineering, Nigeria.

Fig. 1 Spear mint (Mentha spicata) (Source: leave search.net/gallery/521649.html)

Extraction process

The number of runs was determined by the design of experiment [DOE] using Central
Composite Design factional factorial method with Minitabl7 software. Soxhlet extraction
method was used to carry out the extraction process using equal volume (250ml) of the three
different solvents (hexane, petroleum ether and ethanol) (Ojewumi et al., 2017d).

Microorganisms

Clinical isolates of six microbes (four bacteria and two fungi) Pseudomonas aeruginosa,
Bacillus  Subtilis, Staphylococcus aureus, Aspergillus niger, Escherichia coli and
Saccharomyces cerevisiae were obtained from the Applied Biology and Biotechnology Unit of
the Department of Biological Sciences, Covenant University, Ota, Ogun State, Nigeria, using
method of Ojewumi 2018c.

Determination of Antimicrobial analysis

The determination of antimicrobial activities in the oil extract of Mentha spicata leaf was
carried out using Ojewumi et al., 2017¢ and 20184, e, f, g method.

Chromatographic analysis
This was carried out using method (Suttida et al., 2012).
Design of Experiment (DOE)

MINITAB 17 (PA USA) was used for the design of experiments (DOE), plotting of response
surfaces and optimization of % oil yield composition in M. spicata leaf. Central Composite
Design factional factorial design of experiments was used with the response surface method
(RSM) for the establishment of optimum conditions with two operating factors.
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Factors: 2 Replicates: 1
Base runs: 13 Total runs: 13
Base blocks: 1 Total blocks: 1

Two operating factors viz. X; (weight) and X (time) were taken into consideration, to yield 13
runs.

RESULTS AND DISCUSSION

Experimental Design for the Extraction Process

Response surface regression analysis was done using MINITAB 17 software. Responses were
generated as functions of two variables namely: X as weight [g] [dried M. spicata leaf] and X>
as time taken for the extraction to take place [hour.].

The response variable (% Oil yield) was fitted by a second-order polynomial in order to
correlate the design variables (X1 and X2) which is presented by the model below:

Y =00 + ouXi +oXo+ a1 XiX1 Fo,2XiXo T 02,0X0X2 e 1

The % Oil yield responses is represented by Y, which is associated with each factor level
combinations. oo, 0.1, 02, 01, 2 ..... 0, 2 are the regression coefficients: X; and X; are the factors.
X1X1, X1X2 and X2X, are the interactions of the variables.

Below are the best fitted models obtained from the regression analysis for the solvents used.
Regression Equation (coded variables): for Hexane

Equation 1 was decomposed and optimized with Minitab 7 software to obtain the optimum
condition by which Oil extract of this leaf can be obtained. This is shown in equation 2 and
applicable to the two remaining solvents.

% oil Yield = -5.54 + 0.634X; + 3.499X; - 0.01989X*X; - 0.1549X5*X> - 0.0111X1*X>

R-Sq. [R?] =96.23 %

The optimized result obtained is:

% oil Yield = 17.5023
Weight (g) = 12.8931
Time (hr) = 10.8141
Fit Desirability = 0.95516

The result of the optimization for hexane solvent shows approximately that 13 grams with time
of extraction 11 hours will be required to yield an optimum % oil yield of 18 %.
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Regression Equation (coded variables): for Petroleum ether

% oil Yield = -5.61 + 0.651X; + 3.754X; — 0.02267X*X; — 0.1750X>*X> — 0.0044X,*X>

R-Sq. [R2] = 96.66%

The optimized result obtained is:

% Yield = 18.5455
Weight (g) = 13.3216
Time (hr) = 10.5570

Fit Desirability = 0.96274

The result of the optimization for petroleum ether solvent shows approximately that 13grams
with time of extraction 11 hours will be required to yield an optimum % oil yield of 19 %.

Regression Equation (coded variables): for Ethanol
% oil Yield =-7.58 +0.612X; + 2.631X> — 0.01333X;*X; — 0.1111X2*X> — 0.0378X1*X> ... 4
R-Sq. [R?] = 80.34%

The optimized result obtained is:

% Yield = 8.6704
Weight (g) = 8.1790
Time (hr) = 10.4713
Fit Desirability = 0.9468

R? indicate the reliability of the model. The closer the R? value to 1, the stronger and better the
model prediction of the responses.

The result of the optimization for ethanol solvent shows that approximately 9 grams with time
of extraction 10 hours will be required to yield an optimum % oil yield of 9 %.

A 3-D (3 dimensional) response surface plots of Oil yield vs. (weight, Time) and an
optimization plot for all the solvent used were plotted below (figure 2-3). These plots show the
predicted effect of process variables (Xi, X2) on % oil yield as the response. The 3-D plot
represent graphically the regression coefficient in equation form in order to obtain the optimum
conditions of the variables within the design region. . The Figures shows the parabolic increase
of % oil yield with time. This means at higher time, more % oil yield is expected at minimal
weight (for all three solvents used). However at maximum weight for hexane solvent (figure
2), it was observed that beyond 10 hours, the % oil yield started reducing. The same feature as
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shown for hexane occurred when petroleum ether solvent was used (Figure 3). Figure 4 showed
that the % oil yield for ethanol can only be optimized below 9 hours at minimal weight (for
ethanol solvent).

It was also observed from Figures 2-4 that, the yield obtained from using hexane and petroleum
ether as solvents was higher compared to that obtained using ethanol. It was observed that there
were no significant difference in the yield of the extract from hexane and that of petroleum
ether. Ethanol on the other hand produced yield approximately half less than that of hexane and
petroleum ether which is relatively low. This corresponds with previous studies from literature
review that hexane and petroleum ether are very good solvents for extraction process but there
is no significant difference in the yield of extract obtained from both (Ogbunugafor ez al., 2011;
Anwar and Rashid, 2007; Sengupta and Gupta, 1970).

For each of the solvents used, the weight of the samples and time were varied for optimization
of the process. It was observed that the lowest yield of extract was recorded for 17.5grams of
the sample being extracted for 2hours for all the solvents, while the highest yield of extract was
recorded for 10grams of the sample being extracted for 10 hours for all the solvents.

Seyield

time (hr)

weight (g) 3

Fig. 2 % yield against time and weight for hexane solvent.
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S6YIELD

TIME (hr)

WEIGHT(g)

Fig. 3 % yield against time and weight for petroleum ether solvent.

Yield %

time (hr)

Fig. 4 % yield against time and weight for ethanol solvent

Table 1 explains the experimental result obtained with DOE analysis while tables 2, 3 and 4
shows the application of the process simulation for the oil yield when Hexane, Petroleum ether
and Ethanol were used as solvent respectively. Central Composite Design [CCD] of experiment
was used for this analysis with the two chosen variables [weight and Time].

Tables 5, 6 and 7 shows the Optimization analysis for Hexane, Petroleum ether and Ethanol
respectively.
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Table 1. Central Composite Design of experiments for the variables with % oil yield as the response

% Oil Yield

Run Order Weight [Xi] Time [X3] [Response]
1 25 4 8

2 17.5 7 15

3 17.5 7 15

4 10 4 11

5 17.5 7 15

6 17.5 7 15

7 10 10 18

8 28.1 7 12

9 17.5 11.2 17

10 17.5 7 15

11 25 10 14

12 17.5 2.8 6.9

13 6.9 7 13

Table 2. Central Composite Design of experiments for the application of the Process simulation for % Oil Yield

in hexane

Factors Notation

Weight X

Time X2

Experimental Predicted

Run Order Weight [X1]  Time [Xz] values values % Deviation
1 25 4 8 8.3 0.07
2 17.5 7 15 15.0 0.14
3 17.5 7 15 15.0 0.14
4 10 4 11 9.9 0.10
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5 17.5 7 15 15.0 0.14
6 17.5 7 15 15.0 0.14
7 10 10 18 17.2 0.17
8 28.1 7 12 11.3 0.11
9 17.5 11.2 17 17.0 0.16
10 17.5 7 15 15.0 0.14
11 25 10 14 14.6 0.13
12 17.5 2.8 6.9 7.4 0.06
13 6.9 7 13 14.3 0.12
Average value 174.9 174.9 1.739

Table 3. Central Composite Design of experiments for the application of the Process simulation for % Oil Yield

of petroleum ether

Factors Notation

Weight Xi

Time X2

Experimental Predicted

Run Order Weight [X1]  Time [X>] values values % Deviation
1 25 4 8.4 8.2 0.07
2 17.5 7 16 16.0 0.15
3 17.5 7 16 16.0 0.15
4 10 4 12 10.7 0.11
5 17.5 16 16.0 0.15
6 17.5 7 16 16.0 0.15
7 10 10 19 18.2 0.18
8 28.1 7 12 11.6 0.11
9 17.5 11.2 18 18.1 0.17
10 17.5 7 16 16.0 0.15
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11 25 10 15 15.4 0.14
12 17.5 2.8 6.8 7.6 0.06
13 6.9 7 14 15.3 0.13
Average value 185.2 185.25 1.842

Table 4. Central Composite Design of experiments for the application of the Process simulation for % Oil Yield

of Ethanol

Factors Notation

Weight X1

Time X2

Experimental Predicted

Run Order Weight [X1]  Time [Xz] values values % Deviation
1 25 4 4 4.4 0.03
2 17.5 7 7.4 7.4 0.06
3 17.5 7 7.4 7.4 0.06
4 10 4 6 4.4 0.05
5 17.5 7.4 7.4 0.06
6 17.5 7 7.4 7.4 0.06
7 10 10 9 8.6 0.08
8 28.1 7 6 4.7 0.05
9 17.5 11.2 8 7.2 0.07
10 17.5 7 7.4 7.4 0.06
11 25 10 3.6 5.1 0.02
12 17.5 2.8 2.8 3.6 0.02
13 6.9 7 5.8 7.2 0.05
Average value 82.2 82.18 0.812
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Table 5. Optimization table for hexane

Run %

Order Weight (Xi) Time (X») Yield Xi Xo XiXi X1Xz XoXo
1 25 4 8 25 4 625 100 16

2 17.5 7 15 17.5 7 306.3 122.5 49

3 17.5 7 15 17.5 7 306.3 122.5 49

4 10 4 11 10 4 100 40 16

5 17.5 7 15 17.5 7 306.3 122.5 49

6 17.5 7 15 17.5 7 306.3 122.5 49

7 10 10 18 10 10 100 100 100
8 28.1 7 12 28.1 7 790.0 196.7 49

9 17.5 11.2 17 17.5 11.2 306.3 196.7 126.4
10 17.5 7 15 17.5 7 306.3 122.5 49
11 25 10 14 25 10 625 250 100
12 17.5 2.8 6.9 17.5 2.8 306.3 48.3 7.6
13 6.9 7 13 6.9 7 47.5 48.3 49

Table 6. Optimization table for Petroleum ether

Run  Weight %

Order (X1) Time (X2) Yield Xy X2 XiX1 Xi1X2 XoX2
1 25 4 8.4 25 4 625 100 16

2 17.5 7 16 17.5 7 306.3 1225 49

3 17.5 7 16 17.5 7 306.3 1225 49

4 10 4 12 10 4 100 40 16

5 17.5 7 16 17.5 7 306.3 1225 49

6 17.5 7 16 17.5 7 306.3 122.5 49
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7 10 10 19 10 10 100 100 100
8 28.1 7 12 28.1 7 789.9  196.7 49
9 17.5 11.2 18 17.5 11.2 306.3  196.8 126.4
10 17.5 7 16 17.5 7 306.3 1225 49
11 25 10 15 25 10 625 250 100
12 17.5 2.76 6.8 17.5 2.8 306.3 483 7.603
13 6.89 7 15 6.89 7 47.5 48.3 49
Table 7. Optimization table for ethanol
Run Weight %
Order (X1) Time (X2) Yield X1 X2 XiXi  XiXa X2X>
1 25 4 4 25 4 625 100 16
2 17.5 7 7.4 17.5 7 306.3 1225 49
3 17.5 7 7.4 17.5 7 306.3 1225 49
4 10 4 6 10 4 100 40 16
5 17.5 7 7.4 17.5 7 306.3 1225 49
6 17.5 7 7.4 17.5 7 306.3 1225 49
7 10 10 9 10 10 100 100 100
8 28.1 7 6 28.10 7 789.9 196.7 49
9 17.5 11.24 8 17.5 11.24 3063 196.7 1264
10 17.5 7 7.4 17.5 7 306.3 1225 49
11 25 10 3.6 25 10 625 250 100
12 17.5 2.76 2.8 17.5 2.76 306.3  48.3 7.603
13 6.89 7 5.8 6.89 7 47.5 48.3 49
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GC/MS ANALYSIS

Figures 5 and 6 shows GC-MS chromatogram of M. spicata oil extracted with Hexane and
petroleum ether as solvent respectively while individual mass Spectrum of fragments of most
abundant chemical constituents of the Hexane and petroleum ether extract were shown in figure
7 and 8 respectively, while tables 8 and 9 summarizes the constituent found in the oil extract of
the leaf.

Figure 9 shows the structure of most abundant constituent found in the oil extract. Carvone is
known to be a member of a family of chemicals called terpenoids. Its preferred [IUPAC name
is 2-Methyl-5-(prop-1-enn-2-yl) cyclohex-2-en-1-one. Carvone was found to be the most
abundant component in the extract of M. spicata leaves with the area percentage of 27.68%.
Carvone has been suggested as a mosquito repellent in previous years and is currently under
review to be used as a pesticide commercially. Its antimicrobial activities have also been
reported by several researchers (Thamarai et al., 2015; Zaidi and Dahiya, 2015; Naseem et al.,
2011). Figure 9 shows the structure of Carvone as identified by GC-MS.

Abundance
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Fig. 5 GC-MS chromatogram of M. spicata oil extracted with Hexane solvent
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Fig. 6 GC-MS chromatogram of M. spicata oil extracted with Petroleum Ether solvent.
GC/MS Analysis using Hexane as solvent
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Fig. 8 Mass Spectrum of fragments of most abundant chemical constituent of the Petroleum ether extract
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Table 8. Chemical Constituents of the most abundant components in M. spicata oil using Hexane as solvent

Peak Retention Component Percentage in oil (%)
Number time (min)
1 6.142 Carvone 14.72
2 13.472 Neophytadiene, Dihexylcyclopropene 13.75
3 14.388 Hexadecanoic acid 17.49
4 13.924 9-Octadecyne 5.32
5 16.064 9,10,11,12,13,14-Octadecadienoic 5.97
acid
6 16.127 9,12,15-Octadecatrienoic acid 25.43
7 16.242 3,7,11,15-Tetramethyl-2-hexadecen- 1- 13.94

ol, 9-Octadecyne, Phytol

Table 9. Chemical Constituents of M. spicata most abundant components using Petroleum Ether as solvent

Peak Retention Component Percentage in oil (%)
Number time (min)
1 6.137 Carvone 27.68
2 13.472 Neophytadiene 10.39
3 14.394 Hexadecanoic acid 9.22
4 16.064 8,9,10,11,12,13,14-Octadecadienoic 6.99
acid
5 16.127 9,12,15-Octadecatrienoic acid 18.05
6 16.242 3,7,11,15-Tetramethyl-2-hexadecen- 1-ol, 13.19

9-Octadecyne
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&8

Fig. 9 Structure of Carvone

Antimicrobial analysis

Gentamicin 10um ml! was used as negative control, the antibacterial assay plates were
incubated at 37°C for 24 hours, and the diameters of the zone of inhibition were measured in
mm. The lowest value which is regarded as low is 20mm while values higher than 20mm were
regarded as sensitive, then further work on Minimum inhibition concentration (MIC) was
recommended.

Table 10 explains the activity of the oil extract of M. spicata leaf on selected microorganisms
using only the extract from Petroleum ether and Hexane.

This study showed that the leaf extract of M. spicata is an effective inhibitor of microbial
growth as they showed varying degrees of activity on microorganisms (Table 10).

It was observed that P. aeruginosa and B. Subtilis resisted both extracts. The growth of the
remaining two bacteria and two fungi were inhibited by the extract. The results also showed
that the extract from petroleum ether had the highest activity against Staphylococcus aureus
and A. niger followed by E. coli and lastly S. cerevisiae. The extract from hexane had the highest
activity against S. aureus and A. niger followed by E. coli and lastly S. cerevisiae. It was
observed that the activity of the two extracts were very similar as the measurements of the zones
of inhibition are very close as seen in the table of results. This shows that there is no significant
difference between the compositions of the extract from hexane and that of petroleum ether.

Table 10. Zone of Inhibition (mm)

S/N organisms H Pl C(H) C(P)
1 P. aeruginosa 14.5 16.5 - -
2 B. Subtilis 10.5 11.5 - -
3 E. coli 25 26.5 - -
4 S. aureus 25.5 26.5 - -
5 S.cerevisiae 23 24.5 - -
6 A. niger 25.5 26.5 - -
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H- Hexane

P- Petroleum ether
C(H)- Hexane control
C(P)- Petroleum ether control

CONCLUSION

The present study reveals that Hexane and Petroleum ether are better solvents for the extraction
of oil from M. spicata leaf than ethanol, with petroleum ether presenting the most abundant
component — Carvone. It can be concluded that oil yield was dependent on time and solvent
used. RSM analysis revealed that with Petroleum Ether as solvent; 19% oil yield will be
obtained with 13g of dried leaf for 11 hours which gave a very close results with Hexane. The
active component of the extract was discovered to be Carvone. The extracts also showed the
presence of various biologically active phytocomponents in GC-MS analysis. The presence of
these phytocomponents also contributes to the observed medicinal property in addition to the
antimicrobial activity of the plant.
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