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Abstract

This study characterized the essential oil of the leaves of Synsepalum dulcificum (Miracle berry) — a tropical taste modifying
plant - and investigated its antibacterial, antibiofilm, and antioxidant activities in vitro. The essential oil was extracted by
steam distillation and characterized by gas chromatography-mass spectrometry (GC-MS). The antimicrobial and antibiofilm
activities were assessed by the broth microdilution and crystal violet staining assays. Antioxidant activities were determined
using the phosphomolybdenum (PM), hydrogen peroxide scavenging, 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging, and inhibition of lipid peroxidation (TBARS) assays. Thirty-five compounds, representing 98.50% of the total
oil composition, were identified from the GC-MS analysis. n-Hexadecanoic acid (48.81%), linolenic acid (20.77%) and
octadecanoic acid (6.14%) were the most abundant compounds present. A broad-spectrum antimicrobial activity was
observed in the antimicrobial susceptibility assays with the minimum inhibitory concentrations ranging from 6.7 to 26.7 mg/mL
against a panel of Gram-positive and Gram-negative bacteria and a fungus. In the antibiofilm assay, the concentration of
essential oil required for half-maximal inhibition of biofilm formation (BICsy) was 1.9 mg/mL which is an indication of good
activity. The total antioxidant capacity of the essential oil was 75 mg/100 g ascorbic acid equivalent. The ICs, values obtained
from the DPPH, hydrogen peroxide, and TBARS assays were 0.7, 1.5, and 0.5 mg/mL respectively. The results obtained in
this study suggest that the essential oil of the leaf of Synsepalum dulcificum could find potential uses in the food, cosmetic

and pharmaceutical industries as preservatives, additives, or antimicrobial agents.
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Introduction

Synsepalum dulcificum (Schum. et Thonn.) Daniell, belong-
ing to the family Sapotaceae is a native African shrub with
a small berry fruit commonly called miracle fruit or miracle
berry (Achigan-Dako et al., 2015). The fruit is well known
for its taste modifying properties that are usually attributed to
the presence of the glycoprotein, miraculin. Miraculin mod-
ifies by attaching to the sweet receptor cells of the tongue,
and thus suppressing the central nervous system’s ability to
perceive sourness (Yamamoto et al., 2006). This taste mod-
ifying property has been routinely exploited for centuries in
many African countries for food and medicinal purposes. In
Ghana, the plant has been integrated into local dishes and
used for the preparation of beverages (Achigan-Dako et al.,
2015). Preparations from the fruit of the miracle berry are
used in the traditional management of diabetes. Extracts from
the leaves have been used in the treatment of malaria, diabetes,
hypothermia, and enuresis whereas the seed is used to treat
stomach-ache, anaemia, and obesity (Achigan-Dako et al.,
2015). The roots are used in preparations for the treatment
of tuberculosis and cough, and the bark of the plant is used
for maintaining prostate health (Achigan-Dako et al., 2015;
Oumorou et al., 2010). Despite the widespread utility of the
plant, there is a dearth of literature on essential oils from the

plant.

Essential oils are present in various plant organs such as
flowers, leaves, roots, and fruits. The oils possess broad-
spectrum biological effects due to the diverse compounds
present in their mixtures (Munda et al., 2018). Biological
effects such as antimicrobial (Chouhan et al., 2017; Geraci
et al., 2017), anti-biofilm (Nartey et al., 2021a,b; Pontes et al.,
2019), anti-inflammatory (Borges et al., 2019), anti-tumor
(Dahham et al., 2016), and antioxidant (Gyesi et al., 2019)
have been attributed to essential oils and their use in traditional
medicine has been in existence since antiquity. Some essen-
tial oils from plants possess antimicrobial activities against
multiple bacteria strains and could therefore find use as hu-
man and veterinary medicines (Swamy et al., 2016). Other
essential oils can inhibit the growth of food pathogens and
thus, could be utilized as food preservatives (Akarca, 2019).
Some antimicrobial agents effect their antimicrobial action by
inhibiting biofilm formation, removing pre-formed biofilms,
or by interfering with bacteria quorum sensing (Alibi et al.,
2020; Caceres et al., 2020). Essential oils that could inhibit
bacteria growth and interfere with biofilm formation could
therefore be particularly interesting.

Essential oils that are able to either interfere with free rad-
icals’ generation, or mop these free radicals up when they
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are produced in situ in various biological reactions could be
used to increase the shelf life of various foods. Lipid perox-
idation, which is initiated by free radicals, is implicated in
food spoilage and results in off-flavor and unwanted odour in
foods (Jacobsen et al., 2019). To maintain the organoleptic
quality of foods, some food industries use synthetic antioxi-
dants such as butylated hydroxyanisole or butylated hydroxy
toluene (BHT). The use of these synthetic antioxidants has
been met with negative consumer perception (Lanigan and
Yamarik, 2002; Sherwin, 1990). The social and economic
implications of this negative consumer perception have led to
a growing interest in exploring naturally derived antioxidants.
Free radicals have also been implicated in diseases such as
cancer, diabetes and degenerative eye diseases. Reactive free
radicals can cause homeostatic imbalance as well as oxidative
damages to important biological macromolecules such as nu-
cleic acids, proteins, carbohydrates, and lipids (Neha et al.,
2019). Several different essential oils are good scavengers
of reactive oxygen and nitrogen species and hence could be
useful as preservatives of food and animal feed. Essential oils
with particularly good antioxidant activities could be used
in the production of animal products (fat, eggs and meat)
that possess enhanced dietary values and longer shelf lives
(Perez-Roses et al., 2016). This work thus investigated the
chemical composition, antimicrobial, antibiofilm, and antioxi-
dant activities of the essential oil from the leaf of Synsepalum
dulcificum.

Materials and Methods

Plant material

Fresh leaves of S. dulcificum were collected from a farm on
the campus of Kwame Nkrumah University of Science and
Technology (KNUST), Kumasi. Identification and authentica-
tion of the plant material were carried out at the Department
of Herbal Medicine, Faculty of Pharmacy and Pharmaceutical
Sciences, KNUST, Kumasi where a specimen was deposited
and given a voucher number (KNUST/HM1/2018/ L004).

Essential oil extraction

Fresh leaves were washed under gently running water and
then subjected to steam distillation in a Clevenger-type setup.
After 4 hours of distillation, the essential oil was collected in
glass vials, and traces of water were removed with anhydrous
sodium sulphate. The oil was stored in a refrigerator at 4°C
before further analysis. The yield of the essential oil was
averaged over five different experiments and calculated based
on the fresh weight of the leaves used.

GC-MS analysis of leaf essential oil

The chemical constituents of the leaf essential oil of S. dulci-
ficum were analyzed on a Perkin Elmer GC Clarus 580 gas
chromatograph that was interfaced with a Clarus SQ 8 S mass
Spectrometer. The GC column used was a ZB-SHTMS (5%
diphenyl/95% dimethyl polysiloxane, DB-5) fused capillary
column with dimensions of 30 x 0.25 mm ID x 0.25 um DF.

The temperature program for the GC begun with an initial
isothermal run at 40°C for 2min, followed by an increase
of oven temperature at a rate of 10°C/min till 250°C, then
20°C/min to 280°C and a final hold for 10 min at 280°C. For
GC-MS detection, an electron ionization system operating in
an electron impact mode with ionization energy of 70 eV was
used. The carrier gas was helium (99.9999%) at a constant
flow rate of 1 mL/min, and a sample injection volume of 1uL
was employed. The injector temperature was maintained at
250°C and the ion-source temperature was 220°C. Mass spec-
tra were taken at 70 eV; a scan-interval of 1 s and fragments
from 50 to 4500 Da were collected. The solvent delay was
from O to 3 min, and the total GC/MS running time was 34.5
min.

Compound identification

Identification of the components of the essential oil was
achieved by matching the mass spectral peaks of the GC-MS
run with the National Institute of Standard and Technology
(NIST) and Wiley mass spectra databases as well as mass
spectra present in published data and confirmed by compar-
ison of their relative retention indices with literature values.
The retention indices, relative to C9-C40 n-alkanes were as-
sayed on GC-MS runs with the same conditions as that of
the essential oils. The retention index was calculated using
Equation 1.

RI =100, +100[(Trs — 1)) / (Tes 1) — Tn)] (1

where T, is the retention time of your target compound, 7;, is
the retention time of the n-alkane before your target compound
and T,y is the retention time of the n+ 1 alkane after the
target peak. The quantitative composition of each peak was
derived as percentages calculated by normalization of the peak
area (Adams, 2007; Babushok, 2015; Mottram, 2020).

Antimicrobial screening

The micro-broth dilution method was used to assess the antimi-
crobial activity of the essential oil. Eight bacteria and one fun-
gus were used for the susceptibility tests. All microbes used
in this study were obtained from the Pharmaceutical Microbi-
ology Section of the Department of Pharmaceutics, Faculty of
Pharmacy and Pharmaceutical Science, KNUST, Kumasi. The
microbes used were Staphylococcus aureus ATCC 29213 and
Staphylococcus pneumoniae ATCC 49619 (Gram positive),
Bacillus subtilis, Salmonella typhi, Pseudomonas aeruginosa
ATCC 27853, Klebsiella pneumoniae ATCC 700603 and Es-
cherichia Coli ATCC 25922 (Gram-negative bacteria), and
Candida albicans (fungus). Microbes were grown in sterile
double strength nutrient broth and inoculums were adjusted
to a 0.5 McFarland turbidity index and further diluted to ob-
tain approximately ~ 2 x 103 CFU/mL. Stock solutions of the
essential oils were prepared in 10% DMSO. Two-fold serial di-
Iution of the essential oil or standard antibiotic (ciprofloxacin)
was prepared with smaller volumes in a 96-well microtitre
plate. A 100 uL aliquot of double strength nutrient broth con-
taining an inoculum size of ~ 2 x 103 CFU/mL was added to
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the diluted solutions to a final volume of 200 uL. The mixture
was incubated at 37°C for 18-24 hours. After the incubation
period, 20 uL of 1.25 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) solution was added
to each well and further incubated for 30 min at 37°C. The
minimum inhibitory concentration (MIC) was recorded as the
lowest concentration to inhibit the growth of the microorgan-
ism and this was detected by the loss of the purple coloration
after the addition of MTT (Gasu et al., 2018).

Biofilm Inhibition

The antibiofilm activity of the leaf essential oil of S. dulcifi-
cum was assessed via the crystal violet stain method by the
standard procedure established by Gasu and team (Gasu et al.,
2019). The MIC of gentamicin was determined as described
in the previous section. Microtiter plates were first filled with
MIC and sub-MIC concentrations of essential oils and stan-
dard drug gentamicin. A control group was made by using a
solvent to replace essential oil. Afterward, double-strength
broth containing an inoculum size of ~ 2 x 10° CFU/mL was
added and incubated for 24 hours at 37°C. The content of the
wells was discarded, washed gently with deionized water, and
stained with 0.1% crystal violet. This was followed by the
elution of the crystal violet into a new plate for absorbance
readings at 595 nm. Biofilm inhibition was estimated from
Equation 2

Ac— At
% Inhibition = —>

x 100 ()

where Ac is the absorbance of the control and At is the ab-
sorbance of the treatment groups.

Antioxidant activities

The antioxidant activities of the essential oils were assessed
using different assays. These included the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging, hydrogen perox-
ide scavenging, phosphomolybdenum, and inhibition of lipid
peroxidation assay.

DPPH Radical Scavenging Assay

Assessment of the DPPH radical scavenging potential of the
essential oil was according to the standard procedures. Briefly,
a solution of DPPH (0.1mM) was prepared in methanol. To 40
UL of essential oil was added 160 uL of the prepared DPPH
solution. The reaction was incubated for 30 min at 37°C in
the dark, and absorbance was recorded at 517 nm. L-Ascorbic
acid was used as a standard drug. Solvent, instead of essential
oil, was used for the control experiment. The percentage of
DPPH radicals scavenged was calculated from the absorbance
of the control (Ac) and of the test (At) using Equation 2. The
IC50 (concentration of essential oil needed to scavenge 50%
of DPPH radicals) was computed using GraphPad (Nartey
et al., 2021b).

Hydrogen Peroxide Scavenging Assay

The hydrogen peroxide scavenging activity was evaluated
according to standard protocols. Gallic acid was used as a
standard in this experiment. The absorbance of the reaction
mixture was taken at 510 nm (Gyesi et al., 2019).

Phosphomolybdenum Assay

The total antioxidant capacity of the S. dulcificum leaf es-
sential oil was evaluated by the phosphomolybdate method.
Briefly, 0.5 mL of essential oil at various concentrations were
mixed with SmL phosphomolybdate reagent (0.6 M sulfuric
acid, 28mM sodium phosphate, and 4mM ammonium molyb-
date) in a test tube. The test tubes were covered and incubated
at 95°C for 90 min. After samples had cooled to room tem-
perature, absorbance was taken at 695 nm against a blank
solution. Ascorbic acid was used as a standard in this ex-
periment. The antioxidant capacity of the essential oil was
reported as mg of ascorbic acid equivalents (AAE) per 100 g
(Afu et al., 2020).

Inhibition of lipid peroxidation (TBARS Assay)

In this assay, egg yolk rich in lipids was used as a source
of an oxidable substrate. The egg homogenate was pre-
pared as a 10% solution in cold 1.5% KCI. A thiobarbituric
acid stock reagent was prepared by mixing 1.5mL of 20%
Trichloroacetic acid (TCA) and 1.5mL 0.8% (w/v) thiobar-
bituric acid (TBA) in 1.1% (w/v) sodium dodecyl sulphate
(SDS). An aliquot of 0.5 mL of the egg yolk homogenate was
added to 0.1 mL of various concentrations of essential oil
prepared in methanol. Thereafter, 0.4 mL of distilled water
was added to the test tube. To the solution in the test tube,
0.05 mL of FeSO, (0.07M) was added to induce lipid perox-
idation. The test tubes were incubated at 37°C for 30 min.
After this, 1.5 mL of 20% acetic acid (pH 3.5) and 1.5 mL of
the thiobarbituric acid stock reagent was added. The mixture
in the test tube was thoroughly mixed and then boiled for
one hour at 95 °C. The mixture in the test tube was cooled
to room temperature and n-butanol (SmL) was added to each
test tube. The mixture was stirred and centrifuged for 10
minutes at 3000 rpm. The butanol layer was transferred into
new test tubes and the absorbance was measured at 535 nm.
Methanol was used in blank control instead of essential oil.
Butylated hydroxytoluene and ascorbic acid were used as stan-
dard drugs. The percentage inhibition of lipid peroxidation
was calculated from the absorbances obtained using Equation-
1 (Nartey et al., 2021a). The ICs( (essential oil concentration
needed to achieve 50% inhibition of lipid peroxidation) was
then computed in GraphPad.

Data Analyses

Each experiment was conducted in triplicate and data shown
as meanzstandard deviation. All statistical analyses were
performed with GraphPad Prism 6.0 for Windows (GraphPad
Software, San Diego, CA, USA), with p < 0.05 considered to
be statistically significant.
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Results and Discussion

Results

The essential oil isolated from the leaf of S. dulcificum was
pale yellow. The percentage yield of the oil was 0.15%
based on the fresh weight of the leaves used. Fig 1 repre-
sents the total ion chromatogram (TIC) obtained from the
GC-MS analysis of the essential oil. A total of 35 compounds
representing 98.504% of the total oil constituent were identi-
fied from the GC-MS run by comparing the spectra obtained
with available NIST and Wiley spectra libraries. Confirma-
tion of the identified compounds was done by performing
GC-MS run on normal alkanes (C9-C40) under the same
conditions as the essential oils and computing the linear re-
tention index of each peak. The linear retention index was
compared to literature and available web-based sources for
confirmation of the identity of the peaks. The chemical com-
position of the essential oils has been tabulated in Table 1.
The main compounds present in the essential oil of S. dul-
cificum were n-hexadecanoic acid (48.811%), linolenic acid
(20.771%), octadecanoic acid (6.141%), c-ionone (2.825%),
9-octadecenamide, (Z) (1.329%), and santalene (1.225%).
Terpenoids such as linalool, L-a-terpineol, muurola-4(14), 5-
diene, trans-o-ionone, and geraniol were also present in low
quantities. The most abundant class of compounds present
in the essential oil of S. dulcificum was acids, which rep-
resented about 78.47% of the total oil composition. Other
classes of compounds identified were esters (~6.54%), ter-
penes (1.91%), and terpenoids (6.94%), as shown in Table
2.

Table 2 shows the results of the antimicrobial susceptibility
experiment. The minimum inhibitory concentration (MIC)
is the lowest concentration to inhibit the growth of the mi-
croorganism under investigation. The essential oils exhibited
broad antimicrobial activity against all test organisms with
MICs ranging from 6 to 27 mg/ml. The strongest activity
was observed for B. subtilis where an MIC of 6.688 mg/mL
was recorded. In general, better antimicrobial activities were
recorded against the Gram-negative bacteria in comparison
to the Gram-positive strains used in this study. The standard
antibiotic, ciprofloxacin was observed to be active against all
microorganisms tested.

In the biofilm inhibition assay, P. aeruginosa was used as
the model biofilm-forming microorganism. Evaluation of the
inhibition of biofilm formation by the essential oil was car-
ried out using the crystal violet stain method. The maximum
formation of biofilm was observed in the growth control. The
percentage inhibition of biofilm formation is shown in Table 4.
Dose-dependent inhibition of biofilm formation was observed
for the essential oil and the standard gentamicin. At MIC/4,
approximately 50% inhibition of biofilm was observed in the
essential oil treatment group whereas the gentamicin treat-
ment group recorded a 50% biofilm inhibition at MIC/8. The
highest biofilm inhibition was observed at the MIC of both
the essential oil and the standard antibiotic. Gentamicin was
superior in terms of biofilm inhibition activity as compared

Table 1. Chemical Composition of the Leaf Essential oil of
Synsepalum dulcificum as determined by GC-MS

S/N  Compound Name RT %C RI* RI”
1 Linalool 9.562  0.682 1070 1095
2 L-a-Terpineol 11.029 0472 1161 1192
3 cis-3-Hexenyl isovalerate 11.579  1.033 1196 1243
4 Geraniol 11909 0.348 1318 1255
5 Nonanoic acid 12.111 0550 1332 1271
6 Succinic acid, di(trans-hex-3-enyl) ester  12.899  1.116 1386 ni

7 n-Decanoic acid 13431 0474 1323 1358
8 Hexanoic acid, 3-hexenyl ester, (Z) 13.651 0.907 1339 1386
9 Hexanoic acid, hexyl ester 13.706  0.636 1343 1386
10 a-lonone 14.348  2.825 1389 142
11 trans-o-Ionone 15.118 0975 1448 ni

12 Santalene 15411 1.225 1471 1419

13 Ionone < 6-methyl-gamma-(E)- 15503 0.617 1478 1479
14 Olivetol 15576 0.822 1483 ni
15 Muurola-4(14),5-diene 15778 0.982 1499 1499
16 Dodecanoic acid 15925 0383 1511 1569
17 Ledol 16.402 0317 1550 1565
18  Apofarnesol < (E)-dehydro- 16.860 0338 1587 1587
19 B-Eudesmol 17.190 0378 1615 1646
20  Tetradecanoic acid 18.198 1.126 1702 1751
21 3,7,11,15-Tetramethyl-2-hexadecen-1-ol  19.042  0.335 1778 ni
22 Hexahydrofarnesyl acetone 19.115 0513 1784 1801
23 Pentadecanoic acid 19.243 0450 1796 1856
24 cis-3-Hexenylcinnamate 19.555 0355 1825 ni
25 17-Octadecynoic acid, methyl ester 19.904 0.386 1858 ni
26 cis-9-Hexadecenoic acid 20.087 0.892 1875 1958
27 n-Hexadecanoic acid 20.362

48.811 1901 1942
20.875 0.466 1953 ni
21.755  1.252 2042 2096

28 i-Propyl 14-methyl-pentadecanoate
39  Phytol

30  Linolenic acid 22.030 20.771 2071 2116
31 Octadecanoic acid 22.195 6.141 2088 2169
32 Methyl octadecanoate 22.507  0.786 2121 2128

23.167 0401 2193 ni
23.882  1.329 2275 ni
24707 0.853 2386 2388

33 ¢-Sitosterol
34 9-Octadecenamide, (Z)
35 Methyl strictate

S/N: Compound number in order of elution; %C - % composition of
compound in essential oil; RI: Retention index calculated from retention
times relative to C8-C40 n-alkanes on a DB-5 column; RI”: Retention
index from literature and web-based sources (Babushok, 2015; Babushok
et al., 2011; Kowalski, 2005; Mottram, 2020; Stein et al., 2002); ni-not
identified (compounds do not have their retention index reported for a
DB-5 column in literature; compound identified from the NIST or Wiley
database by comparing mass spectra with spectral similarity score of 70
and above)

to the leaf essential oil. This was evidenced in the BIC50
values where 1.854 &+ 0.54 mg/mL and 0.0016 £ 0.28 mg/mL
respectively were recorded for essential oil and gentamicin
(Table 4).

Discussion

Essential oils are the mainstay of aromatherapy, where these
essential oils are used in the treatment of various diseases such
as anxiety, chronic pain, insomnia, and some stress-related
disorders (Cooke and Ernst, 2000). Other applications of es-
sential oils stem from their antimicrobial, antioxidant, and
anti-inflammatory properties. Essential oils have been ex-
tracted from various organs of many plants where they play
critical roles as attractants of seed dispersals and flower pol-
linators, defense, and in abiotic stress management (Rubiolo
et al., 2010). Due to the many benefits derived from essential
oils, various plants have been investigated for the constituents
and potential biological applications of their essential oils.
In particular, wild plants are attractive as their essential oils
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Figure 1. GC-MS Total ion chromatogram of essential oil from the leaves of Synsepalum dulcificum. Compounds were
identified by comparison of MS spectra data with NIST and Wiley libraries as well as published literature. Chemical structures
of some of the peaks are shown and were drawn with ChemDraw (Version 12).

Table 2. Classification of compounds in the leaf essential oil
of Synsepalum dulcificum

Compound Class % Composition

Alcohol 1.157
Carboxylic acids 78.472
Esters 6.538
Ketones 0.513
Sterols 1.653
Terpenes 1.907
Terpenoids 6.935
Others 1.329
Total 98.504

provide another means of adding value to such underutilized
plants. The method of extraction of essential oils affects the
yield and quality of essential oils (Rubiolo et al., 2010). In the
essential oil industry, steam distillation is mostly employed
in the extraction process. Steam distillation usually produces
high quality and high yielding essential oils, relative to the
widely used hydro-distillation which is employed in many
studies. Steam distillation was thus utilized in this study to
obtain essential oils from the leaves of S. dulcificum. A pale-
yellow oil, similar to the product of a similar study in China
(Lu et al., 2014) was produced. The percentage yield in this
work (0.15%) was higher than the China study (0.1%), proba-
bly due to differences in the methods of extraction (Rubiolo
et al., 2010) or in the plant varieties (Viljoen et al., 2005).

The components of the essential oil were largely organic acids.

Table 3. Antimicrobial activity: minimum inhibitory concen-
trations of leaf essential oil of Synsepalum dulcificum against
test microbes

Microorganism  Minimum Inhibitory Concentration
(Gram status) y o.¢ Essential Oil  Ciprofloxacin
(mg/mL) (1g/mL)
S. aureus (+) 26.750 1.563
S. pneumoniae (+) 26.750 3.125
B. subtilis (-) 6.688 3.125
S. typhi (-) 26.750 1.563
P. aeruginosa (-) 26.750 1.563
E. coli (-) 13.375 3.125
K. pneumoniae (-) 13.375 1.563
#C. albicans 26.750 1.563

(+) — Gram positive bacteria; (-) — Gram negative bacteria; # - C.
albicans is a fungus

Long chains acids such as hexadecenoic acid, octadecanoic
acid, and linolenic acid were present in high amounts. Some
important terpenoids identified in the leaf essential oils in-
cluded linalool, B-eudesmol, terpineol, the ionones, santal-
ene, muurola-4(14),5-diene, and ledol (Table 1). Some plant
steroidal compounds were also present in the essential oil.
Sterols such as phytol and g-sitosterol were identified, albeit
in small quantities. Lu et al. (2014) however, identified spathu-
lenol, limonene and phthalates (diisooctyl and dibutyl) as the
major constituents of the leaf essential oil of the plant. in
addition to many of the compounds including, linalool, oc-
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Table 4. Biofilm Inhibition by the leaf essential oils of
Synsepalum dulcificum

. % Biofilm Inhibition

#Concentrations

Leaf Essential Oil *Gentamicin
MIC 73.94 £+ 0.19 88.42 + 0.86
MIC/2 55.15+£ 0.67 65.00 + 1.21
MIC/4 50.12+ 04 57.07 + 1.67
MIC/8 46.25 £ 0.75 56.43 +1.34
MIC/16 4240+£1.3 48.91 £ 0.89
MIC/32 40.02 £ 0.76 45.50 £ 1.10
**BIC50 (mg/mL)  **1.854 £ 0.54*  **0.00162 + 0.28°

Data presented as mean + standard deviation, n = 3; #- Concentrations
of essential oils or gentamicin used were based on their minimum in-
hibitory concentration (MIC) against P. aeruginosa; * - Gentamicin was
used for comparison purposes. **BICsy values computed from dose-
response curve. Different superscript letters (“”) indicate significant
difference in BICsg values (P<0.05)

tadecanoic acid, linolenic acid, geraniol, and phytol identified
this study. The relative compositions though, were different
and this could be due to geographical variations, differences
in plant breeds, as well as maturity stage and/or the age of
the plants (Hussain et al., 2008; Viljoen et al., 2005; Wannes
et al., 2009).

The use of essential oils as antimicrobial agents is well doc-
umented (Alibi et al., 2020; Chouhan et al., 2017; Elshafie
and Camele, 2017). The broth micro-dilution method was
employed to assess the antimicrobial potential of the leaf es-
sential oil of S. dulcificum. The essential oil demonstrated
broad-spectrum antimicrobial activity against all test organ-
isms as evidenced by activities against Gram-positive, Gram-
negative, and fungal strains of microbes used. There were no
distinct differences in action against the different classes of
microorganisms used, however, the essential oil appeared to
be marginally better at inhibiting the growth of Gram-negative
bacteria. This is probably due to differences in cell wall con-
struction. Lu et al. (2014) also investigated the antimicrobial
activity of the leaf essential oil of S. dulcificum against some
bacteria strains but found no activity against P. aeruginosa
as was observed in this study. Compounds such as linalool,
geraniol, L-a-terpineol, and a-ionone have been suggested
to possess antimicrobial activities (Liu et al., 2020; Park et al.,
2012). Additionally, linolenic acid is a known antimicrobial
agent (Obonyo et al., 2012). The antimicrobial activity of
the essential oil of S. dulcificum could probably be due to
the presence of these antimicrobial components which maybe
acting in a manner that is additive to produce the observed
antimicrobial effects.

Biofilm formation is a common survival strategy used by most
microorganisms and is implicated in the development of an-
timicrobial resistance. Due to the semi-impermeable nature
of the extracellular polymeric substances (EPS) of most bac-
teria biofilms, some antimicrobial agents are excluded from
the biofilm and this enables the microbes to escape the lethal
effect of antimicrobial agents. The antibiofilm capabilities of

the essential oil of S. dulcificum was thus investigated in P.
aeruginosa, which is a model biofilm-forming organism (Gasu
et al., 2019). To permit biofilm formation even in the presence
of drugs, it was important to expose P. aeruginosa to only sub-
inhibitory concentrations of essential oils and standard drugs.
This way, any reduction or abortion of biofilm formation will
be attributed to the action of the interventions, rather than
to the absence of normal growing cells. A dose-dependent
reduction in biofilm formation was observed in both the stan-
dard drug and essential oil treatment groups. At MIC/4, the
essential oils inhibited biofilm formation of P. aeruginosa by
>50%. The maximum inhibition of biofilm formation oc-
curred at the MIC, where over 70% inhibition was observed
(Table 4). The concentration at which half-maximal inhibi-
tion of biofilm formation (BIC5g) was determined to be about
1.9mg/mL. Essential oils from many aromatic plants have also
been shown to inhibit biofilm formation by various microor-
ganisms. The essential oils isolated from Lippia origanoides,
Thymus vulgaris and Cymbopogon martini were shown to
inhibit biofilm formation by over 50% when tested against
E. coli and S. epidermidis. Essential oils rich in carvacrol
and thymol were very effective as antibiofilm agents (Caceres
et al., 2020). This study is the first to report on the inhibition
of biofilm potential of the leaf essential oil of S. dulcificum.

In the evaluation of antioxidant potential, the essential oil of
S. dulcificum exhibited promising antioxidant activities in all
four different assays used. The processes by which antiox-
idants elicit their action vary and include mechanisms such
as disruption in the formation of the initiator radical needed
for oxidation or by the termination of the chain propagation
radicals needed to continue the reaction. Other mechanisms
identified include activation of enzymes needed to mop up
reactive species or induction in the expression of antioxidant
enzymes (Amorati et al., 2013). Thus, a variety of assays were
utilized to investigate the antioxidant activities of the essential
oil. In the phosphomolybdenum assay, the total antioxidant
capacity of the leaf essential oil was about 75mg/100g AAE,
which is very promising. The essential oil also exhibited very
good capabilities in mopping up radicals such as the DPPH
radical and hydrogen peroxide, a compound that could cause
oxidation of macromolecules. From Table 4, it can be seen
that the essential oil performs twice better in mopping up the
DPPH radical than it does in scavenging hydrogen peroxide.
Peroxidation of lipids in foods leads to food waste as food
loses flavor and experience a reduction in shelf life (Jacobsen
et al., 2019; Pateiro et al., 2018). Lipid peroxidation is char-
acterized by the formation of stable but toxic aldehydes and
ketones which could cause some human diseases (Romero
et al., 1998). Inhibition of lipid peroxidation in foods is thus
a very important property of potential food additives. In the
TBARS assay, the essential oil exhibited excellent lipid per-
oxidation inhibitory activity. The ICsy was about 500 g/mL.
Because essential oils are made up of a number of different
constituents, the observed antioxidant activities are usually
the result of the synergistic action of the various compounds.
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Table 5. Antioxidant activities of leaf essential oil of Synsepalum dulcificum from different assays

Sample Total Antioxidant Capacity Scille)rl:;nzailcct?\lfity HZOiitcii\i/g,ngmg **TBARS 0
(mg AAE/ 100g) IC50 (ug/mL) 1050 (ug/miy ~ \C° (He/mb)

Leaf 75.45 £ 0.45 722.30 £ 0.32 1468.00 + 0.45 4978 £49

Ascorbic acid nd 11.94 +1.90 nd 6.7+ 0.3

Gallic acid nd nd 87.51 £0.37

Butylated Hydroxy

Toluene (BHT) nd nd nd 8.0+04

Data represented as mean * standard deviation, n = 3; **TBARS — thiobarbituric acid reactive substance assay; nd — not determined

(compound not used in that experiment)

The challenges associated with synthetic antioxidants such
as (BHT) has led to a search for naturally derived agents that
could act in their stead. The essential oils from S. dulcificum
therefore shows promise in this regard.

Conclusion

After The major class of compounds in the essential oil of
the leaves of S. dulcificum are acids, esters, and terpenoids
with the major constituents being n-hexadecanoic acid and
linolenic acid. The essential oil showed broad-spectrum an-
timicrobial activity towards Gram-positive, Gram-negative,
and fungal strains. At a quarter of the MIC, the essential oil
inhibited biofilm formation in Pseudomonas aeruginosa by
over 50%. The leaf essential oil also proved to be a good
antioxidant agent. The promising antimicrobial, anti-biofilm
and antioxidant properties of the essential oil of the leaves of S.
dulcificum suggests potential applications in food processing,
cosmetics, and pharmaceutical industries.
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