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Abstract

The antibacterial effect of the essential oils of Sinapis alba L is known, since these contain mainly
allylisothiocyanate, with an inhibitory effect on a great variety of bacteria. This study was carried out to
known the antibacterial effects of Sinapis alba L. extracts to three different bacteria strains. The plates
and wells methodology was used.The results allowed to determine that all the vegetal organs of Sinapis
alba had an inhibitory effect to S. aureus, however, no evidence inhibitory effect against E. coli or
Pseudomonas. And the highest percentage of inhibition was with petroleum ether solvent.
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Introduction

Sinapis alba L is a plant belonging to the family
Cruciferaceae or Brassicaceae. Its Latin genus
"sinapis" which means mustard, and the Latin
species "alba" which means white, refers to the light
color of its seeds [1,2]. It is widely recognized as the
producer of mustard, however, in addition to its
culinary use has medicinal advantages. It’s seeds and
oil are consumed as palliative treatments for cancer,
bronchitis, pneumonia, among other diseases. In
addition, it is believed that the plant has emollient
and sedative properties, even narcotic [3]. The
antibacterial effect of the essential oils of Sinapis alba
L is also known, since these contain mainly
allylisothiocyanate, which contains an inhibitory
effect on a great variety of bacteria such as E. coli, P.
fluorescens, S. aureus, Bacillus subtilis, L. brevis, K.
pneumoniae, P. aeruginosad [4,5].

The method used for the extraction of Sinapis alba
L (Root, stem, leaves and flowers) was Soxhlet, in
which by boiling and an organic solvent, the oils
contained in the parts of the plant are extracted [6].

The  microorganisms  tested during this
experiment, both Gram positive and Gram negative,
are known to produce diseases such as
gastroenteritis, meningitis, pneumonia, among
others; that at present are controlled with medicines
elaborated from chemical synthesis; however, it is of
great interest to test the effect produced by Sinapis
alba L as a different alternative for the treatment of
these. In the present study it is proposed to
demonstrate that the extracts of the Sinapis alba L
plant have a bactericidal effect against the
aforementioned microorganisms.

Materials and methods
Obtaining the strains

The microorganisms used were obtained from the
bacterial strain collection of the Pontifica
Universidad Javeriana.

Preparation of culture medium

The assembly of the experiment was carried out
facing each part of the plant with each of the strains,
so 52 g/ L of BHI agar was prepared.

Preparation of the inoculum

A suspension of each microorganism was made in
BHI broth from each strain, this inoculum had a
concentration of 1x108 CFU [/ mL with reference to
pattern 1 of Mc Farland. Finally, for the control of the
inoculum, confirmation of the initial concentration
was made by plate count on BHI agar.

Extraction

The extraction process of the plant was carried
out in the same way for the four parts of the plant:
stem, root, leaves and flowers. A sample was taken
which was introduced in a thimble, then the Soxhlet
extraction process was started using first as
petroleum ether solvent, after finishing the process
and collecting the extract, the sample was allowed to
dry to repeat the Soxhlet extraction with ethanol and
finally with dichloromethane, the extracts were
finally obtained with a pasty consistency.

Determination of the inhibitory effect of each of the
extracts on agar plates

From the previously prepared inocula, each was
mixed separately with the BHI broth. In each
10o0x15mm petri dish approximately 27mL of
inoculated medium was served, then allowed to
solidify under refrigeration. Subsequently, to each
agar plate two central perforations were made with
an inverted pipette of 1omL. Finally, 100 uL of each
extract was added in triplicate. This procedure was
repeated in the same way for the 3 microorganisms
under study [7] (Table 1).

Incubation

All microorganisms were incubated at 37 ° C for 3
days.

Controls

Growth control of each bacterium in the culture
medium without perforation was carried out. To
perform  the blank  control, 1oouL  of
dimethylsulfoxide (DMSO) was used in duplicate, and
a commercial antibacterial was used as a positive
control (5.25% sodium hypochlorite) [7].

Measurement of relative antimicrobial activity

After the incubation, the measurement of the
halos of each assembly was carried out and the
relative antimicrobial activity with respect to the
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commercial antibacterial and DMSO was calculated
using the following formula [8].

% inhibition
diameter halo extract — white halo diameter

~ halo diameter positive control — white halo diameter
Diameter of the white halo (mm): DMSO

Diameter of the control (mm): 5.25% sodium
hypochlorite.

Results

Antibacterial activity of Sinapis alba L extracts on E.
coli

From the procedure carried out in the practical
stage of this work of degree, the results for E. coli
were obtained, in the Table 2 it can be shown that
they did not present inhibition halos with respect to
the total extracts of root, stems, leaves and flowers
with none of the extraction solvents.

In relation to the controls, haloes of inhibition of 5
mm with sodium hypochlorite and 2 mm with DMSO
were evidenced.

Antibacterial activity of extracts of Sinapis alba L on
P. aeruginosa.

In Table 2, the results of the inhibition of the plant
on P. aeruginosa are presented, where it is shown
that the microorganism was resistant to the effect of
the plant. Additionally, P. aeruginosa, where there
was growth inhibition only in the control with sodium
hypochlorite.

Antibacterial activity of the extracts of Sinapis alba
L onS. aureus

From the results obtained, it was observed that
Sinapis alba L has an inhibitory effect on the
microorganism, this can be seen in Table 2.

For S. aureus, the percentages of inhibition were
obtained from equation 1, where the extract that had
the highest percentage of inhibition was the stem
with petroleum ether in 5.3%, followed by root with
petroleum ether with 3.9%, leaves with petroleum
ether and flowers with dichloromethane with 3.8%; in
the cases of root with petroleum ether, root with
ethanol and leaves with dichloromethane there was
no inhibition.

In turn, halos of inhibition were presented against
the control with sodium hypochlorite, this being 5
mm and for the control with DMSO of 2 mm.

Analysis of diameters

As can be seenin Table 3a and Figure 1a and 23, the
stem extract shows that, on average, the diameter of
the highest haloes is due to the stem extract. The
above shows that the extract of the stem on average
presents better antibacterial activity.

As for the solvent, the Petroleum ether shows a
greater average growth in the diameter of the haloes
as can be seen in Table 3b and Figure 1b and 2b.
However, it is observed that, on average, the
petroleum ether solvent shows greater activity, since
its average is better bought with the extract.

In figure 1, we can see that the extracts with the
highest percentages of inhibition were stems and
flowers, where values of 33% and 31% were obtained,
respectively, compared to the root extract that only
has 15% inhibition. These results can also be observed
in table 2, where S. aureus had a greater inhibitory
effect with these extracts.

Discussion

The Sinapis alba L plant belonging to the
Brassicaceae family contains different types of
glucosinolates and / or degradation by-products that
have been known for a long time for their fungicidal,
bactericidal, nematicidal and allelopathic properties
[9]; the nature of these depends on the hydrolysis
conditions and the particular glucosinolate [10]. It
has been reported that these products of hydrolysis
are responsible for the inhibition of Gram positive
and negative bacteria such as E. coli, S. aureus, P.
aeruginosa, among other bacteria, however, their
action on microorganisms is unknown.

In a study conducted by Aliakbarlu (2013), where
Sinapis alba extracted from distilled water was used,
no type of inhibition against E. coli was obtained, this
is related to the results of this study, where this
microorganism was found to be resistant to all
treatments (Table 2), which could serve as evidence
to emphasize that the plant with or without solvents
is not efficient in the inhibition of the microorganism.
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On the other hand, according to a study conducted
by Das (2012) using an extract of Moringa oleifera, a
plant of the same order of Sinapis alba, showed that
the extract with petroleum ether had no
antibacterial activity against Gram negative bacteria
including P. aeruginosa , additionally Saadabi and Abu
(2011) reported in their study that the petroleum
ether extract showed no activity against E. coli. This
has a direct relationship with this study, since one of
the solvents used was petroleum ether, which for
these two Gram negatives had no effect on its
growth.

It is known that Gram negative bacteria, such as E.
coliand P. aeruginosa, have an intermembrane space,
as well as an outer membrane that protects them
against harmful agents [11]. This would indicate that
Gram-negative microorganisms may be less
susceptible to the action of antibacterials, thanks to
the outer membrane that surrounds the cell wall that
restricts the diffusion of hydrophobic compounds
through its lipopolysaccharide coating [12]. This can
be related to the results obtained for P. aeruginosa
and E. coli (Table 2), which showed that they were
resistant to the inhibitory effect of Sinapis alba. In
turn, S. aureus was the most sensitive to being
inhibited by the four evaluated extracts, this may be
due to the fact that Gram-positive bacteria have a
less complex outer cover than Gram-negative
bacteria and that they only have one layer of
peptidoglycan in mesh shape that makes them more
permeable to extracts [13].

In relation to S. aureus, according to a study
conducted by Peng (2014), they analyzed the
compositions of mustard seed essential oil to
determine its antimicrobial activity, focusing on allyl
isothiocyanate (AITC) where they reported that it
represented 71.06 % Sinapis alba essential oil. In this
study, they performed the extraction procedure with
DMSO as a solvent and, using the disc diffusion
technique, they determined that S. aureus had a
greater inhibition diameter, this being 15.57 mm; This
is consistent with the data obtained in this trial,
where S. aureus showed an inhibitory effect on the
plant, showing close values, since the extract with
the highest inhibition for this microorganism was 18
mm (Table 2); with this, it could be said that the AITC
are possibly related to the inhibition of the
microorganism since, in addition, they used a solvent

different from those used in this study, which would
show that the inhibitory effect of Sinapis alba on S.
aureus is not influenced by the type of solvent if not
by plant action, however, its structure-function
relationship, its comparative spectra of activity or the
mechanism of action of glucosinolates or their
byproducts are not experimentally identified and
does not allow deductions on the actual efficacy of
these chemical compounds [14].

It is known that Gram negative bacteria, such as E.
coliand P. aeruginosa, have an intermembrane space,
as well as an outer membrane that protects them
against harmful agents [11]. This would indicate that
Gram-negative microorganisms may be less
susceptible to the action of antibacterials, thanks to
the outer membrane that surrounds the cell wall that
restricts the diffusion of hydrophobic compounds
through its lipopolysaccharide coating [12]. This can
be related to the results obtained for P. aeruginosa
and E. coli, which showed that they were resistant to
the inhibitory effect of Sinapis alba. In turn, S. aureus
was the most sensitive to being inhibited by the four
evaluated extracts, this may be due to the fact that
Gram-positive bacteria have a less complex outer
cover than Gram-negative bacteria and that they only
have one layer of peptidoglycan in mesh shape that
makes them more permeable to extracts [13].

Conclusion

Regarding the extracts used, it was determined by
the percentage of inhibition that the extract with the
highest antibacterial spectrum on S. aureus, was the
stem extract with petroleum ether, followed by the
root extract with petroleum ether, leaves with ether
of oil and flowers with dichloromethane.

With the test, it was also possible to show that
based on the extract, stem and root had a higher
percentage of inhibition in all cases and that, in turn,
dichloromethane also had better results in
comparison with the other solvents.
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Table 1: Mounting model of each of the extracts

Sinapis alba L.
Microorganism
Rt | R2| R3[| R4
Escherichia coli BHI | BHI | BHI | BHI
Staphylococcus aureus | BHI | BHI | BHI | BHI
Pseudomona aeruginosa | BHI | BHI | BHI | BHI

Table 2: Measurements of inhibition halos (mm) and percentage of inhibition of root extracts, stem, leaves and flowers
against E. coli, S. aureus and P. aeruginosa

Inhibition halos

Inhibition halos

Inhibition halos

(mm) (mm)
Extract Solvent ESChé'r’?Cn’:i)a coli inhil:/()ition staphylococcus inhil:/oition Pseudqmona inhili/oition
aureus aeruginosa
R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4
Dichloromethane - - - - (0] 2 2 2 2 200 0,0 - - - - 0
Root Petroleum ether - - - - o] 15 15 15 10 13,75 3,9 - - - - 0
Ethanol = = = = 0 2 2 2 2 200 0,0 - - - - 0
Dichloromethane . - 0 10 12 9 9 10,00 2,7 - - . 0
Stem Petroleum ether . - 0 15 17 20 20 18,00 5,3 - - . 0
Ethanol - - ) w13 1 12 1,75 3,3 - - - - )
Dichloromethane . . . . 0 - - - - 0,00 0,0 - - - - 0
Leaves Petroleumether . . . . 0 15 13 12 13 13,25 3,8 - = = - 0
Ethanol = = = = 0 2 1 1 13 1,75 3,3 - = = = 0
Dichloromethane . - 0 12 14 12 15 13,25 3,8 - - - - o]
Flowers Petroleumether . - 0 10 11 11 9 10,25 2,8 - - - 0
Ethanol - - 0 14 13 11 13 12,75 3,6 - - - - 0
Positive Hypochlorite
control 5,25% 5 5 5 5 5 5 5 500 5 5 5 5
Nciiitzle DMSO 2 2 2 2 2 2 2 2 200 - - - -
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Table 3: Average diameter per extract (a), per solvent (b)

Extracto Promedio Diametro
Solvente .
halos Promedio
Root 5.92 Dichloromethane 6.31
Steam 13.25 Petroleum ether 13.8
Leaves 8.33 Ethanol 9.56
Flowers 12.08

Figure 1: Halos of inhibition by extract. A. Average halos of inhibition by extract, B. Sum of diameter by extract.
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Figure 2: Halos of inhibition by extract. A. Average inhibition diameter per solvent, B. Total diameter per solvent
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