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Abstract: Rhanterium epapposum, native to the Arabian Peninsula, is traditionally used to cure skin
infections. The objective is to screen the phytochemical content and antimicrobial activity of aqueous,
methanol and 80% methanol extracts of aerial parts of R. epapposum. The phytochemical screening
of aqueous, methanolic, and 80% methanol extracts of R. epapposum was conducted using gas
chromatographymass spectrometry. The antimicrobial activities of the extracts were assessed by well
diffusion and microdilution methods. Qualitative phytochemical analysis revealed the presence of
2-methoxy-4-vinylphenol in all three extracts, whereas ethanol, 2-methoxy-, acetate; n-hexadecanoic
acid; and 2,3-butanediol are present in higher amount exclusively in the methanol, 80% methanol and
aqueous extracts of the aerial parts of R. epapposum, respectively. The highest antibacterial activity
was shown by the aqueous extract S. aureus, P. aeruginosa, E. cloacae, and K. pneumoniae, methanolic
extract against S. aureus, methicillin-resistant S. aureus, and E. coli, and 80% methanol extract against
S. epidermidis, and S. paucimobilis. Interestingly, 80% methanol extracts showed the highest antifungal
activity against C. albicans, C. guillermondii, C. vaginalis, C. utilis, and C. tropicalis. The aerial parts of R.
epapposum showed broad-spread antimicrobial activity against bacteria and fungi. Especially, the 80%
methanol extract showed potent antifungal activity against all the tested fungal strains.

Keywords: Arfaj; plant extract; chemical content; antibacterial; antifungal

1. Introduction

Microbial infections and the emergence of drug-resistance microbes have become one
of the biggest challenges worldwide. Microbial infections cause millions of deaths every
year because of the limited number of effective drugs in the market and the side effects of
synthetic antibiotics [1]. For the management of microbial infections in humans, it is neces-
sary to find new antimicrobial substances directed at new drug targets. Medicinal plants
are rich in bioactive compounds, which have diverse phytochemicals and mechanisms of
action. Several phytochemicals have exhibited potent activities in combating microbial
infections [2—4]. Due to the extensive existence and minimum side effects, phytochemi-
cals are of the utmost interest to pharmaceutical industries [5]. Already some plants or
plant-derived chemicals are used commercially as antimicrobial drugs [1]. Although about
250,000 to 500,000 plant species exist on Earth [6], only a limited number of plants have
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been studied for their medicinal use. Thus, research focuses on identifying herbal-based
antimicrobial agents, and its phytochemical screening has accelerated in recent years.

In the Arabian Peninsula, about 150 plants were used traditionally for medicinal
treatments [7]. Rhanterium epapposum Oliv. (common name: Arfaj), a perennial dwarf
shrub, is native to the Arabian Peninsula. It is used in folk medicine to treat microbial
infections and gastrointestinal disturbances [8,9]. The essential oil of R. epapposum contains
107 volatile components, which are mostly terpenoids [10]. The essential oil is also reported
to have antimicrobial, insect-repellent, and anticholinesterase activities [11]. The ethanolic
extract is reported to have alkaloids, flavonoids, triterpenes, cumarins, and tannins [12].
Preliminary studies on the petroleum ether and methanol extracts of aerial parts of R.
epapposum in Sudan showed antibacterial activity [13]. This study also analyzed the class of
chemicals in the R. epapposum using colorimetric methods. The aerial parts of R. epapposum
are reported to have flavonoids, tannins, sterols, triterpenes, and essential oils [14]. In this
study, our aim is the in-depth analysis of the phytochemical content of the aerial parts of R.
epapposum (in the Kingdom of Saudi Arabia) using GC-MS and evaluate the antibacterial
and antifungal activities of aqueous, methanol, and 80% methanol extracts of R. epapposum
in vitro.

2. Materials and Methods
2.1. Plant Collection

Aerial parts of Rhanterium epapposum (plant parts that are above the ground, including
stems, leaves, and flowers) were collected from Ha'il region, Kingdom of Saudi Arabia, in
March 2021. Botanical identification was made, and a voucher specimen was deposited
at the herbarium in the Department of Biology, College of Science, University of Ha'il,
Kingdom of Saudi Arabia. The plant was dried at room temperature and stored in closed
containers in the dark until used.

2.2. Extract Preparation

For the preparation of extracts, the plant material was macerated in water, pure
methanol, or 80% methanol (ratio: 1:10, w/v). The extracts were filtered, and the solvents
were removed at 60 °C in the incubator chamber.

2.3. Phytochemical Screening

The chemical contents of the extracts were screened using gas chromatography and
mass spectrometery (GC-MS). The different parameters involved in the operation of the
Clarus 500 MS were standardized as follows: inlet line temperature 200 °C; ion source
temperature 230 °C. Mass spectra were taken at 70 eV; solvent delay time 5 min, acquisition
mode- scan 40-550 amu. The GC used in the analysis employed a fused silica column
packed with Elite-1 (100% dimethyl poly siloxane, 30 nm x 0.25 nm ID x 1um df), and the
components were separated using helium as carrier gas at a constant flow of 1 mL/min.
The 2 pL sample extract injected into the instrument was detected by the Turbo gold
mass detector (Perkin Elmer) with the aid of the Turbo mass 5.1 software. The oven
temperature program was 2 min at 45 °C, 1.5 °C/min to 100 °C, 2 °C /min to 200 °C during
the GC extraction process; split ratio 25:1. The injector temperature was set at 250 °C
(mass analyzer). The GC run time was 90 min. The interpretation of mass spectrum and
phytochemical identifications were carried out with the aid of a standard database of the
National Institute of Standards and Technology.

2.4. Microorganisms

For assessing the antibacterial activity of extracts, eight Gram-positive or Gram-
negative bacterial strains were used: Staphylococcus aureus (ATCC 29213), Staphylococcus epi-
dermidis (ATCC 12228), methicillin-resistant Staphylococcus aureus (MRSA-136), Pseudomonas
aeruginosa (ATCC 27853), Sphingomonas paucimobilis (clinical strain, 144), Enterobacter cloacae
(clinical strain, 155), Klebsiella pneumoniae (clinical strain, 220), and Escherichia coli (ATCC
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10536). For assessing the antifungal activity of the extract, five yeast strains were used:
Candida albicans (ATCC 20402), Candida guilliermondii (ATCC 6260), Gardnerella vaginalis
(clinical strain, 136), Candida utilis (ATCC 9255), and Candida tropicalis (ATCC 1362). The
strains were maintained on Tryptone Soya agar (Oxoid, Milan, Italy).

2.5. Well Diffusion Assay

The antimicrobial activities of various extracts were evaluated by the well diffusion
method. The agar plates were uniformly spread with 1 mL of the microbial strain (bac-
teria/fungi). Wells were made in the agar plate by puncturing the gel. A 100 uL aliquot
of the extract or standard drug was added into the respective wells. After incubation for
24 h at 37 °C, zones of inhibition were measured. For positive control, standard antibiotics
(ampicillin against bacteria and amphotericin B against fungus) were purchased from
Sigma-Aldrich, St. Louis, MO, USA and used.

2.6. Microdilution Assay

The microtiter broth dilution method was carried out to evaluate the minimum in-
hibitory concentrations (MICs) and minimum bactericidal concentration (MBCs) or mini-
mum fungicidal concentrations (MFCs) of various extracts [15]. Mueller-Hinton broth and
Sabouraud dextrose broth were used as the test medium for bacterial and fungal strains,
respectively. In a 96-well microtiter plate, 100 uL of microbial suspensions (bacteria/fungi)
were inoculated with various concentrations of the extracts (0.039 to 50 mg mL™1). After
incubation for 24 h at 37 °C, the lowest concentration of the extract, which did not show
any visual growth of tested organisms, was recorded as the MIC value (mg mL~!). The
MBCs/MFCs values are determined by streaking all wells after the MICs values on the
correspondent agar media of the tested microorganisms. The mechanism of action of the
extracts was interpreted by calculating MBC/MIC or MFC/MIC ratios [16].

2.7. Statistical analysis

All the experiments were performed in triplicate to get statistically significant data.
The results were expressed as mean (average value) + standard deviation (SD).

3. Results

The yields of extraction from the aerial parts of R. epapposum using chloroform, water,
methanol, and 80% methanol are 1.4%, 8.1%, 6.2%, and 10%, respectively (Figure 1). Due
to the low yield of chloroform extract, only the remaining three extracts were used for
phytochemical screening and antimicrobial experiments.

8
, N

Chloroform  Methanol Water Methanol
80%

Percentage vield (%)
(=

-

R. epapposum extracts

Figure 1. Percent yield of chloroform, methanol, aqueous, and 80% methanol extracts of R. epapposum.
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3.1. Phytochemical Composition

GC-MS analysis of R. epapposum extracts identified 16, 23, and 9 phytochemicals
present exclusively only in in the methanol extract (Table 1), 80% methanol extract (Table 2),
and aqueous extract (Table 3), respectively. Thirteen phytochemicals were present in at
least two extracts (Table 4). All the identified compounds were listed along with their
chemical formula, common name, and molecular weight.

All the tested R. epapposum extracts contain 2-Methoxy-4-vinylphenol at a higher per-
centage (29-40%). The methanol extract is dominated (>5%) by 2-Methoxy-4-vinylphenol;
phytol; 9,12,15-Octadecatrienoic acid, methyl ester and Hexadecanoic acid, methyl ester.
The 80% methanol extract is dominated by 2-methoxy-4-vinylphenol; 1,4-Dioxane-2,5-
dione, 3,6-dimethyl-; bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, (1.alpha.,2.beta.,5.alpha.)-;
n-Hexadecanoic acid; 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)-; Methyl 8,11,14-
heptadecatrienoate; Carbamic acid, N-phenyl-, 1-methyl-1-(4-methylcyclohex-3-enyl)ethyl
ester and heptacosane. The aqueous extract is dominated by 2-Methoxy-4-vinylphenol,
2,3-Butanediol; 1,4-Dioxane-2,5-dione, 3,6-dimethyl-; Glycine, N,N-dimethyl-, methyl es-
ter and Dimethylaminomethyl-isopropyl-sulfide. The chromatograms (Figure 2) showed
respectively major peaks indicating the presence of various phytochemical constituents.
Figure 3 shows the chemical structure of all the identified chemicals.

Table 1. Chemical composition of the compounds that are present only in the methanolic R. epapposum extracts.

Compound Name

o RT (mn) MW (g/mol) Chemical Formula

Methanol

1 Ethanethiol, 2-(dimethylamino)- 1.98 3.246 105.061 C4H11NS

2 Ethanol, 2-methoxy-, acetate 2.16 3.526 118.063 CsH19O3
3 Ethene, (2-ethoxy-1-methoxyethoxy)- 2.11 4.003 146.094 C7H1403

4 12-Crown-4 1.44 4.347 176.105 CgH1604
5 2-Propanone, 1-(dimethylamino)- 1.08 5.492 101.084 CsH11NO
6 3-Piperidinol, 1,4-dimethyl-, trans- 0.20 10.829 129.115 C;H15NO
7 endo-2-Methyl-2-norbornanol 1.53 11.224 126.104 CgHy140

2(5H)-Furanone,3-bromo-5-
8 ((dimethylamino)methyl)-4,5-dimethyl- 0-16 11.599 247.021 CoH14BrNO,
9 Naphthalene, 2,7-bis(1,1-dimethylethyl)- 1.07 12.204 240.188 CigHo4
Ethanone, 1-(6,6-
10 dimethylbicyclo[3.1.0]hex-2-en-2-yl)- 032 13.629 150.104 CioH140
11 6-Hydroxymethaqualone 1.80 15.556 266.106 C16H14N, O,
12 Thiazole, 4,5-dihydro-2-methylamino- 0.26 17.306 116.041 C4HgN,S
13 4-Cyclopropylmethylbenzonitrile 0.25 17.586 157.089 Cy1HiiN
Acetamide,

14 N-[(4.alpha.,5.alpha.)-cholestan-4-yl]- 072 20.621 429.397 C29H51NO
15 4-Methyl-1,4-heptadiene 1.78 20.792 110.11 CgHyy

16 Tetrahydrofuran-2-carboxylic acid, 075 23.795 281.105 Cy7HsNO;

dibenzofuran-3-ylamide
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Table 2. Chemical composition of the compounds that are present only in the methanol 80 % R. epapposum extracts.

%

Compound Name Methanol 80% RT (mn) MW (g/mol) Chemical Formula

1 Propanoic acid, 2-oxo-, methyl ester 2.051 4.028 102.032 C4HgO3
2 2-Propanol, 1-(2-propenyloxy)- 0.710 4.149 116.084 CeH1207
3 Phthalic acid, butyl 2-methoxyethyl ester 0.342 5.797 280.131 Cy5Hp005
4 beta.-Myrcene 0.271 7.928 136.125 CioHig

5 Triethylenediamine 0.588 8.189 1121 CeH1oN»
6 2-Methyl-1-nonene-3-yne 0.261 8.399 136.125 Ci0His

7 2-Propanol, 1-(dimethylamino)- 0.256 9.347 103.1 CsH13NO
8 N,N-Dimethylglycine 0.842 9.563 103.063 C4HyNO,
9 3afg§;°}z’;ir;e4ltg‘;$;;?l 1.001 11211 154.136 C1oH150
10 N,N,N’-Trimethyl-1,3-propanediamine 0.215 11.949 116.131 CeH16No
11 1,3,6-Heptatriene, 2,5,5-trimethyl- 0.471 15.785 136.125 CioHig
12 BiCYCl?iéé%bﬂ:fﬁagzégi;ﬁzi.r)r_lethyl" 5.009 20.792 138.141 CioHis
13 n-Hexadecanoic acid 6.665 22.255 256.24 Ci16H30,
14 Heptadecanoic acid, 10-methyl-, methyl ester 0.409 23.795 298.287 C19H350,
15 2,15-Hexadecanedione 0.652 25.246 254.225 C16H300,
16 Tricosane 0.475 25.335 324.376 Co3Hys

Carbamic acid, N-phenyl-,
17 1-methyl-1-(4-methylcyclohex-3-enyl)ethyl 5.590 26.632 273.173 C17H3NO,
ester
18 Pentacosane 2.486 26.976 352.407 CysHsp
19 Heptacosane 5.666 28.496 380.438 Cy7Hsg
20 Octadecane 0.826 29.215 254.297 C1gHsg
21 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl- 0.963 29.476 222.198 C15Hp60O
22 Nonacosane 2.908 29.902 408.47 Co9Hgo
23 dl-.alpha.-Tocopherol 0.745 31.938 430.381 Cy9Hsg
Table 3. Chemical composition of the compounds that are present only in the water R. epapposum extracts.
Compound Name W:/:er RT (mn) MW (g/mol) Chemical Formula

1 2,3-Butanediol 15.402 5.339 90.068 C4H100,
2 Glycine, N,N-dimethyl-, methyl ester dimSt.}(‘);?;\lT;}ji_na te 5.708 117.079 CsH11NO,
3 1,2-Cyclohexanedione 2.888 8.17 112.052 C¢HgOs
4 Dimethylaminomethyl-isopropyl-sulfide 7.391 11.294 133.093 CgH15NS
5 Hydroquinone 2.859 13.75 110.037 CeHgOn
6 Phenol, 2-methoxy-4-(1-propenyl)-, (Z)- 1.022 15.238 164.084 C10H120,
7 p-Menth-4(8)-en-9-ol 0.780 15.785 154.136 C10H180
8 Phenol, 2,6-dimethoxy-4-(2-propenyl)- 1.142 17.809 194.094 C11H1403
9 1H-2-Indenone,2,4,5,6,7,7a-hexahydro-3- 2629 22 745 192,151 Cy3HnO

(I-methylethyl)-7a-methyl
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Table 4. Chemical composition of the compounds that are present in two or three methanolic, methanol 80%, and water R.

epapposum extracts.

%

MW Chemical
Compound Name RT
P Methanol  Methanol 80%  Water (mn) (g/mol) Formula
1 1-Pyrrolidinylacetonitrile 0.27 2.023 - 7.566 110.084 CeHipoNy
2 cis-2,6-Dimethyl-2,6-octadiene 3.01 1.839 3.885 7.852 138.141 Cy1oH1s
3 Limonene 2.98 3.246 - 8.577 136.125 C1oHis
1,4-Dioxane-2,5-dione,
4 3,6-dimethyl- - 10.486 10.989 144.042 144.042 Ce¢HgOy4
5 2-Methoxy-4-vinylphenol 29.79 29.647 40.390 13.005 150.068 CoH100;
6 Phenol, 2,6-dimethoxy- - 0.493 3.061 13.521 154.063 CgH1903
2-Propenoic acid,
7 3-(4-hydroxy-3-methoxyphenyl)-, 1.19 2.223 - 21.002 208.074 C11H1204
methyl ester
8 Hexadecanoic acid, methyl ester 5.95 2.338 - 21.772 270.256 C17H340,
9 9/12-Octadecadienoic acid (Z,Z)-, 415 2.283 - 23,515 294256  CyoHzsO,
methyl ester
9,12,15-Octadecatrienoic acid,
10 methyl ester, (Z,Z,2)- 11.16 5.476 - 23.585 292.24 C19H3,0,
11 Phytol 21.69 2.541 - 23.706 296.308 CpoHyoO
12 9,12-Octadecadienoic acid (Z,Z)- 1.76 3.265 - 23.948 280.24 Cq1sH3,0;
13 Methyl 8,11,14-heptadecatrienoate 0.42 5.222 - 24.018 278.225 C18H300,
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Figure 2. GC-MS chromatograms of aqueous, methanol and 80% methanol extracts of R. epapposum.
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Figure 3. Chemical structure of the different compounds present in the aqueous, methanol and 80% methanol extracts of

R. epapposum.
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3.2. Antimicrobial Activities

The antimicrobial activities of various R. epapposum extracts against Gram-positive/Gram-
negative bacteria and yeast strains are shown in Table 5.

Table 5. Growth inhibition zone obtained for bacterial and fungal strains tested using well diffusion assay from aqueous,
methanolic and 80% methanol extracts of R. epapposum.

Mean Diameter of Growth Inhibition Zone (GIZ+SD) Expressed in (mm)

Microorganisms R. epapposum Oliv. Extracts Ampicillin (10 mg mL-1)
Water Methanol Methanol 80%
Gram + and Gram - bacteria
S. aureus (ATCC 29213) 44.67 +1.00 44.67 +£1.15 39.33 £ 1.15 28.00 £+ 1.00
S. epidermidis (ATCC 12228) 23.33 £ 1.15 22.33 £ 1.15 24.00 £ 0 22.67 +1.15
Methicillin Resistant-S. aureus
(MRSA-136) 33.00 + 0.58 42.00 + 1.00 41.67 £+ 0.58 31.67 £ 0.58
P. aeruginosa (ATCC 27853) 42.67 +1.15 37.33 £ 1.15 37.33 £ 1.15 8.67 £1.15
S. paucimobilis (clinical strain, 144) 16.00 £ 0.58 14.67 £ 1.00 18.33 £ 1.15 37.67 £ 0.58
E. cloacae (clinical strain, 155) 38.67 £ 0.58 35.00 +2.08 36.67 £ 1.15 7.67 + 0.58
K. pneumoniae (clinical strain, 220) 41.33 £1.53 25.67 £1.53 40.67 £1.15 32.67 £1.53
E. coli (ATCC 10536) 3533 + 1.15 41.00 + 0.58 3733 £ 1.15 25.67 £ 1.15
Yeasts Amphotericin B (10 mg mL~1)
C. albicans (ATCC 20402) 39.33 £ 1.15 36.33 + 0.58 39.33 £ 1.15 13.67 £ 0.58
C. guillermondii (ATCC 6260) 37.67 + 0.58 43.33 + 1.15 43.33 +1.15 9.67 £ 0.58
C. vaginalis (clinical strain, 136) 36.33 £1.15 35.00 £ 1.00 42.67 £1.53 11.33 + 0.58
C. utilis (ATCC 9255) 3733+ 1.15 37.67 + 0.58 4333 £ 1.15 12.67 £ 0.58
C. tropicalis (ATCC 1362) 37.33 £ 0.58 34.67 £ 1.15 39.33 £ 1.15 1200+ 0

* Inhibition zone around the wells filled with the tested extract (100 p/well) from a stock solution (100 mg/mL) expressed as mean of three
replicates (mm =+ SD).

The results revealed that the R. epapposum extracts exhibited a wide antimicrobial
spectrum, against tested bacteria and fungi with the inhibition zone diameter fluctuant from
14.67 to 44.67 mm. Methanol, 80% methanol, and aqueous extracts of R. epapposum showed
various degrees of inhibition. In comparison, the aqueous extract showed the highest
antibacterial activity against S. aureus, P. aeruginosa, E. cloacae, and K. pneumoniae. The
methanolic extract showed the highest antibacterial activity against S. aureus, methicillin-
resistant S. aureus, and E. coli. The 80% methanol extract showed the highest antibacterial
activity against S. epidermidis, and S. paucimobilis. The 80% methanol extract also showed
the highest antifungal activity than methanolic and aqueous extracts against all the tested
fungal strains.

The MBC/MIC ratios in Table 6 showed that aqueous extract of R. epapposum acts as a
bactericidal agent (MBC/MIC < 4) [17] against five tested bacterial strains (S. epidermidis,
methicillin-resistant S. aureus, P. aeruginosa, K. pneumoniae, and E. coli), whereas methanol
and 80% methanol extracts act as bactericidal agents against two (S. epidermidis and E. coli)
and four (S. aureus, S. epidermidis, K. pneumoniae, and E. coli) bacterial strains, respectively.
In addition, the aqueous, methanol, and 80% methanol extracts act as bacteriostatic agents
(MBC/MIC > 4) against three, six, and four tested bacterial strains, respectively. Against the
five tested fungi strains, the methanolic extract acts as a fungicidal agent (MFC/MIC < 4)
against all the fungi strains. The aqueous extract acts as a fungicidal agent against four (all
except C. albicans) fungal strains and a fungistatic agent (MFC/MIC > 4) against C. albicans.
The aqueous extracts act as a fungicidal agent against C. vaginalis and C. tropicalis, whereas
it acts as a fungistatic agent against C. albicans, C. guillermondii, and C. utilis.
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Table 6. MIC, MBC, and MFC values obtained for bacterial and yeast strains tested using microdilution assay.

Aqueous Extract Methanolic Extract Methanol 80% Extract
(mg mL—1) (mg mL—1) (mg mL—1)
Gram + and Gram - Bacteria
mic  MBc MBOMIC e mpe  MBOMIC hpe mpe  MBOMIC
Ratio Ratio Ratio
S. aureus (ATCC 29213) 12.5 >50 >4 12.5 >50 >4 25 50 2
S. epidermidis (ATCC 12228) 12.5 25 2 12.5 50 4 12.5 50 2
Methlc‘n(‘;‘/[lf{;is_tla;‘ét)'s - aurets 125 50 4 125 >50 >4 125 >50 >4
P. aeruginosa (ATCC 27853) 12.5 25 2 12.5 >50 >4 12.5 >50 >4
S. paucimobilis (clinical strain, 144) 12.5 >50 >4 12.5 >50 >4 25 >50 >4
E. cloacae (clinical strain, 155) 12.5 >50 >4 12.5 >50 >4 12.5 >50 >4
K. pneumoniae (clinical strain, 220) 12.5 50 4 12.5 >50 >4 25 >50 >2
E. coli (ATCC 10536) 12.5 50 4 12.5 50 4 25 >50 >2
Yeasts mic  mrc  MFO/MIC e ype MECMIC e vpe MFC/MIC
ratio ratio ratio
C. albicans (ATCC 20402) 125 >50 >4 6.25 25 4 125 >50 >4
C. guillermondii (ATCC 6260) 12.5 50 4 12.5 50 4 12.5 >50 >4
C. vaginalis (clinical strain, 136) 3.125 6.25 2 12.5 50 4 6.25 25 4
C. utilis (ATCC 9255) 25 50 2 12.5 50 4 12.5 >50 >4
C. tropicalis (ATCC 1362) 25 50 2 6.25 25 4 6.25 25 4

When comparing the effect of ampicillin, we observe that all three extracts showed
better antibacterial activity against S. aureus, methicillin-resistant S. aureus, P. aeruginosa, E.
cloacae, and E. coli. At least two extracts showed better activity than ampicillin against S.
epidermidis and K. pneumoniae. Concerning the antifungal activity, all three extracts showed
better activity than the standard antifungal antibiotic, amphotericin B, against all the tested
fungal strains.

4. Discussion

In the present work, we identified 61 chemical compounds in R. epapposum aerial parts
using the GC-MS technique. When comparing the phytochemicals in all three extracts,
16 chemicals were present only in the methanol extract, 23 compounds were present only
in 80% methanol extract, and 9 chemicals were present only in aqueous extracts. The
extraction of specific compounds by methanol, 80% methanol, and water are responsible
for the difference in the biological activity of various extracts. The essential oil of R.
epapposum is reported to contain five major chemicals (55.6%), namely, x-phellandrene,
linalol, geraniol, bulnesol, and (3-phellandrene [10]. However, none of these chemicals are
present in the aqueous, methanol, or 80% methanol extracts.

The water, methanol, and 80% methanol extracts of aerial parts of R. epapposum were
effective against all the tested bacterial and fungal strains. It showed that all three extracts
contain antimicrobial compounds. Previous reports also revealed the antibacterial efficacy
of R. epapposum methanol extract and essential oils [11,13]. Interestingly, the aqueous extract
of aerial parts of R. epapposum showed the highest antibacterial activity against many of the
tested bacterial strains, whereas Adam et al. [13] reported that the aqueous extract of aerial
parts of R. epapposum does not have any antibacterial activity. The discrepancy is due to the
difference in the extraction method. Adam et al. prepared the aqueous extract using the
residues after the sequential extraction using petroleum ether and methanol [13].

The water, methanol, and 80% methanol extracts showed the highest antibacterial
activity against four (S. aureus, P. aeruginosa, E. cloacae, and K. pneumoniae), three (S. aureus,
methicillin-resistant S. aureus, and E. coli), and two (S. epidermidis and S. paucimobilis)
bacterial strains, respectively. During the screening of 21 plant species in the Algassim
region, Saudi Arabia for their antimicrobial activity, it was found that the crude extracts
of R. epapposum have antibacterial activity [18]. The MIC values of the extracts ranging
from 12.5 to 25 mg/dL. MBC/MIC ratio indicates that the extracts act as bactericidal or
bacteriostatic. The reason for the selectivity and different mechanism of action of the
extracts could be the difference in the specific antibacterial compounds in the extracts.
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All the extracts (aqueous, methanol, and 80% methanol) of aerial parts of R. epapposum
showed potent antifungal activities, which are higher than amphotericin B. Out of the three
extracts, the 80% methanol extract showed the highest antifungal activity as compared to
aqueous and methanol extracts. In line with our finding, a previous study also reports that
n-hexane extract of R. epapposum showed antifungal effect against C. albicans [19]. The MIC
of aqueous extract ranging from 3.125 to 25 mg/mL, whereas the MIC of methanolic and
80% methanol extracts ranging from 6.25 to 12.5 mg/mL. It is interesting to note that the
highly active 80% methanolic extract act as a fungicidal agent (against C. vaginalis and C.
tropicalis) or fungistatic agent (against C. albicans, C. guillermondii, and C. utilis), whereas
both aqueous and methanolic extracts mostly act as a fungicidal agent (except the action of
aqueous extract against C. albicans). As about 150 million people are affected by serious
fungal diseases [20], the 80% methanol extract of R. epapposum aerial parts deserves further
research to explore an effective antifungal drug.

5. Conclusions

This study demonstrates the antibacterial and antifungal activities of aerial parts of
R. epapposum in vitro. The study also outlines the differences in the antibacterial activity
of aqueous, methanolic, and 80% methanol extracts. In the antifungal experiments, 80%
methanol extract showed potent and highest activity than the methanol and aqueous
extracts. Testing the antimicrobial activities of purified phytochemicals would be a future
perspective of this work in order to find the bio-active antimicrobial compound. In addition,
testing the antimicrobial activities of mixtures of major compounds present in extracts
(methanol, 80% methanol, and water) may reveal the synergistic effects of phytochemicals
in R. epapposum.
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