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Abstract: This study aims at evaluating the antimicrobial activity of the extracts derived from Acacia farnesiana and
Rosmarinus officinalis. The two medicinal plants are used traditionally in Al-Madinah Al-Munawarah for the
treatment of diarrhea. The bioassay-guided fractionation of the ethanol extract and further purification of the
most antibacterial active fraction led to the isolation and identification of carnosol from Roswarinus officinalis, O-
galloyl-D-glucopyranose, and 5, 6, 3', 5' tetrahydroxy 7,8, 4' trimethoxy flavones from Acacia farnesiana. The
ethanolic extracts and the three isolated compounds were screened against both Gram-positive bacteria, Bacillus
cerens and Staphylococcus anrens, and Gram-negative bacteria, Fscherichia coli. The crude extracts and compounds
showed antimicrobial activities against most of the strains with Gram-negative strains being more resistant. The
inhibitory effect of carnosol started at 500 pg/ml with an inhibition zone of 7.3 against S. awreus. Rosmarinus
officinalis extract and O-galloyl-D-glucopyranose inhibited B. cereus growth at a concentration of 250 ug/ml and 125
pg/ml with 10.1 and 11.3 mm inhibiton zones, respectively. Carnosol suppressed S. aurens and B. cereus at
concentrations of 500 and 125 pg/ml with 11.1 and 9.1 mm inhibition zones respectively. Acacia farnesiana extract
inhibited the growth of B. cereus, S. aurens, and E. coli at a concentration of 125 pg/ml with an inhibition zone of
10.5, 7.2 and 12.8 mm, respectively. The presented data show that Acacia farnesiana and Rosmarinus officinalis could
potentially use as an attractive alternative to control food poisoning bacteria and as a natural source of food
preservatives.
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Introduction

Food contamination is one of the most widely recognized reasons for death in the world (Sapkota et al., 2012).
Foodborne pathogens are opportunistic organisms that can cause infections and underlining serious damage to
food (Pandey and Singh, 2011) and they are one of the major public concerns of causing disease for humans and
animals (Mendez et al, 2012). Gram-negative bacteria and gram-positive bacteria are the most associated
organisms with food poisoning. Food pathogens are controlled in the food industry by synthetic preservatives and
antibiotics to increase the safety and stability of manufactured foods on their whole shelf-life. However, the
continuous use of synthetic preservatives resulted in their accumulation in food leading to an increase in microbial
resistance (Mostafa et al., 2018a) in addition to their harmful effect on human health. With the increase in
antibiotic resistance, there was a need for new effective, safer, and natural antibiotics. Therefore, the new interest
for safe food free of any synthetic preservative has been growing rapidly. Plants and their secondary metabolites
are natural sources of antimicrobial (Wallace, 2004) and antioxidants agents (Erhabor et al., 2022) making them an
attractive alternative to control food poisoning bacteria and a natural source of food preservatives. Various studies
have exhibited antimicrobial activity against food poisoning bacteria by plant products (Gonelimali et al., 2018a).
For example, the essential oils extracted from thyme, basil, coriander, rosemary, sage, fennel, spearmint, and
carraway exhibited considerable inhibitory capacity against all food organisms tested (Lixandru et al., 2010).

In this study, two plant species were selected based on traditional use in Al-Madinah Al-Munawarah for the
treatment of foodborne diseases such as diarrhea. A. farmesiana is a legume shrub plant and a member of the
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Leguminosae family (commonly named Sweet Acacia, Anbar, and futnah) grows throughout tropical and
subtropical regions, its flowers characterized by its fragrant scent (Erkovan et al., 2016). Parts of A. farnesiana have
been used for the treatment of diarrhea (Sanchez et al., 2013). R. officinalis, Lamiaceae), known as rosemary, grow
wild in Mediterranean countties and is often cultivated for its aromatic oil (Abdelhalim et al., 2015) and has been
used as an antioxidant (Okamura et al., 1994), anti-inflammatory, (Abdelhalim et al., 2017), and antiseptic (Al-
Sereiti et al., 1999).

This study aims to evaluate the activity of extracts from A. farnesiana and R. officinalis against several Gram-positive
and Gram-negative bacterial strains ## vitro and to isolate and identify the compounds responsible for such
antibacterial activity.

2. Materials and Methods
2.1 Plant Materials

Fresh Rosmarinus officinalis and Acacia farnesiana plants were collected from the garden of Taibah University, Al-
Madinah Al-Munawarah, Saudi Arabia, in the summer of 2019. Plant voucher specimens prepared, identified and
deposited in the herbarium of the biology department, Tiabah University.

2.3 Preparation of the Extracts and Solvent Fractionation

The collected samples were air-dried in shade for three weeks; the plant parts (pods in case of A. farnesiana and the
whole plants for R. officinalis) were then ground to a fine powder using a home grinder, then extracted as follow:

R. officinalis the powdered plant material was extracted with ethanol at room temperature. The crude ethanolic
extract was then extracted with ethyl acetate. The ethyl acetate was vaporized under reduced pressure to produce a
solid residue, which was then subjected to column chromatography on silica gel (70-230 mesh size). The column
was initially eluted with pure n-hexane and then the polarity was increased gradually with ethyl acetate. Seven sub-
fractions (F1-F7) were collected. Adding chloroform to sub-fraction F1 leads to the precipitation of impure solid
which was then recrystallize by methanol to give white crystals identified as carnosol (1) (Figure 1).

A. farnesiana 200 grams of the powdered plant was dissolved in 1L methanol at room temperature. The
supernatant was filtered through Whatman filter paper then evaporated under reduced pressure. The yield (12g)
was dissolved in water and a brown crystal has been found precipitatedthat which was identified as O-Galloyl-D-
glucopyranose (2) (Figure 1). The rest of the methanol extract after dissolving in water was partitioned with
chloroform and n-butanol, respectively. While partition with chloroform a yellowish powder has been precipitated
which was further purified using column chromatography to afford six sub-fractions (A1-A6). TLC spot under
UV showed one spot for fraction number (A6) which was identified as 5, 6, 3', 5' tetrahydroxy 7,8, 4" trimethoxy
flavones (3) (Figure 1).

2.4 Preparation of Inoculum

Both Gram-positive bacteria [Bacillus cereus, Staphylococcus anrens| and Gram-negative bacteria [Escherichia coli] able to
produce food poisoning diseases were used for the assessment of the antimicrobial activity of the plants’ extracts.
The bacterial cultures were obtained as pure culture from the Pharmaceutics and pharmaceutical technology
Department, Taibah University, KSA. They were pre-cultured overnight in Mueller Hinton broth (MHB) at 37°C
and their concentrations were adjusted to 0.5 McFarland standard (Bhalodia and Shukla, 2011, Gonelimali et al.,
2018b).

2.5 Antimicrobial Screening

Screening for the antibacterial activity of the plants’ extracts was performed by agar well diffusion method
(Gonelimali et al., 2018b) with minor modifications. Briefly, in a center of a petri dish; 1 ml of fresh adjusted
bacterial culture was added and mixed with molten Muller Hinton agar and left for solidification. A sterile cork
borer (5 mm in diameter) was used to pinch wells in these agar plates. Afterward, 50 ul of each extract (1000
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pg/ml) was added to cotresponding wells and the plates were kept in the refrigerator for 30 min to permit the
diffusion of the extracts into the agar. Then, the plates were incubated at 37°C for 18 h. The inhibition zone
diameters were measured using Caliber in mm. Ampicillin/ clavulanic acid (1000 pg/ml) served as positive control
while DMSO and distilled water were used as negative control separately. Three repeats were done for each
extract against the tested organisms

2.6 Determination of Minimum Inhibitory Concentration (MIC)

The plant extracts and the isolated purified compounds showed antibacterial activity at a concentration of 1000
pg/ml. So, this concentration was used to determine their MIC by agar well diffusion method (Mostafa et al.,
2018b). Two-fold serial dilution was used to prepare various concentrations (1000-15.6 pg/ml) of the effective
plants’ extracts. In a center of a petri dish, 1 ml of fresh adjusted bacterial culture was added, mixed with molten
Muller Hinton agar, and left for solidification. On each plate, four wells were made and 50 pL of the different
concentrations of each plant sample and the isolated compound were applied carefully to the corresponding wells.
Plates were kept in the refrigerator for 30min and then incubated in an upright position at 37°C for 18 h. The
MIC was calculated as the lowest concentration that inhibits the growth of the respective microorganisms. DMSO
was used as ethanolic extracts control and distilled water was served as water extracts control. All experiments
were done in triplicate.

3. Results and discussion
3.1 Physical and Spectroscopic Data of the Isolated Active Compounds

Carnosol (1): white crystals, ESMS /3 331.0; TH-NMR (DMSO-ds) 6 ppm: H 14 6.67 (s), H 5.54 (dd), H.15 3.22
(sept), Hoiy 2.62 (dd), Hog 2.4 (ddd), H, 2.11 (ddd), Heg 1.7 (m), Hs 1.69 (dd), Hog 1.52 (m), Hx, 1.41 (dd), H.
38 1.22 (ddd), H_1() 1.09 (d), H_1g 0.78 (S), H.19 0.76 (S); 13C—I\H\AR (DMSO-d(,) 0 ppm C.zo 175.9, C.11 14—2.7, C_12
142.5, C.13 133.9, Cs 131.9, Coo 122.1, C14 110.7, C7 77.5, C.10 48.2, C.5 45.3, C3 41.0, C4 34.5, C15 31.6, C 29.6,
C.129.1,C4526.5,C17 22.2, C.16 23.1, C.1919.7, C» 19.1.

O-Galloyl-D-glucopyranose (2): brown crystals, HRESI-MS 72/% 333.0; 'H NMR (MeOD) § ppm: Ho6 7.12 (s),
H. 5.65 (d), Hw 3.86 (dd), Hees 3.71 (dd), H.> 3.48 (d), H.3 3.47 (d), 2H .45 3.42 (m); 13C NMR (MeOD) ¢ ppm:
C7166.0, C4146.2, C55140.1, C4 122.2, C26 110.3, C1' 96.1, C5 78.1, C277.1, C3 73.1, C470.1, C¢ 61.1.

5, 6, 3', 5' tetrahydroxy7,8, 4' trimethoxy flavones (3): yellow amorphous solid powder, HRESI-MS 7/ z.
361.0; 'H-NMR (DMSO-d) § ppm: 5.0n 12.53 (s), 5-on 10.04 (s), 6.on 9.12 (s), H2g 7.58 (s), H3 6.98 (d), 7-ome
3.96 (s), 8-omc 3.93 (5), 4"onme 3.90 (s); BC-NMR (DMSO-ds) 6 ppm: C4 183.2, C» 164.4, C4 151.4), C; 148.6, C35
148.5, C5 143.7, C 1424, C 134.7, C 133.4, C1122.2, C2¢ 120.8, C.10 106.7, C5 103.3, 8.0mc 62.4, 7-one 61.5,
4'-one 56.4.

Figure 1: Constituents of A. famesiana and R. officinalis used in this study; carnosol (1), O-galloyl-D-glucopyranose
(2) and 5, 6, 3', 5' tetrahydroxy 7,8, 4' trimethoxy flavones (3).
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3.2 Antibacterial activity of plants extract

A. farnesiana, R. officinalis, and their isolated compounds were examined to estimate their antibacterial activity on
two strains of Gram-positive bacteria (B. cerens and S. aurens) and one strain of Gram-negative bacteria (E. cof)
using agar well diffusion method. Assessment of antibacterial activity was illustrated in Table 2. The results reveal
that the plant extracts and pure compounds were active in inhibiting the food poisoning bacteria growth with
variable strength. 4. farnesiana was the most active extract suppressing the growth of three pathogens (B. cereus, S.
anreus, and E. coli) at a concentration of 1000pg/ml. While R. officinalis extracts and compound 3 were effective
only against B. cerens. Carnosol showed antimicrobial activity against both B. cereus and S. anrens.

Table 2: Screening of antibacterial activity of two plants’ extracts, and three pure compounds
(1000pg/ml) against some bacterial strains of food poisoning diseases.

Plant extract Inhibition zones (mm)
Gram (+ve) bacteria Gram (-ve) c bacteria
B. cereus S. aurens E. wli

Compound 2 (O-Galloyl-D-glucopyranose) 0.0£0.0 144 £ 0.5774 | 0.0£0.0

R. officinalis crude extract 14.3+ 0.3333 0.0£0.0 0.0£0.0

Compound 3 (5, 6, 3', 5' tetrahydroxy 7,8, 4' | 15.6£0.3333 0.0£0.0 0.020.0

trimethoxy flavones)

Compound 1 (carnosol) 13.3£0.3333 16+0.3333 0.0+0.0

A. farnesiana crude extract 14.2+0.5774 13+0.5774 18+0.5774

These results propose that E. /i was the most resistant strain to plant extracts while S. aurens and B. cerens were
the most sensitive strains to the extracted plants. Furthermore, A. farnesiana extracts were the most active and
exhibit antibacterial activity against food poisoning bacteria. Accordingly, experiments were administered to
determine the plants’ extract minimum inhibitory concentration (MIC) against the bacterial strains.

3.3 Minimum inhibitory concentrations (MIC’s) of the effective plants’ extracts

The MIC of the active plants’ extracts and the pure compounds (R. officinalis, A. farnesiana, compounds 1, 2, and 3)
were determined by agar well diffusion method estimates their bacteriostatic activities. The concentration
influence of the activity was described in Table 3.

A. farnesiana crade extract inhibited the growth of B. cereus, S. anrens, and E. coli at concentration 125 pug/ml with an
inhibition zone of 10.5, 7.2 and 12.8 mm respectively. While the inhibitory effect of compound 2 started at
500pg/ml with inhibition zone of 7.3 against S. aureus. Duting the fractionation of the pods of Acacia farnesiana, it
showed a high percentage of hydrolyzable tannins which are mostly responsible for the antimicrobial activity of
the plant. Numerous studies have reported the antibacterial activity of tannins against food poisoning pathogens
and their mechanism of action. Tannins appear to influence bacterial growth in different ways, for example,
restraint of extracellular microbial enzymes, change of the substrates needed for microbial development, or direct
activity on microbial metabolism through suppression of oxidative phosphorylation (Sieniawska, 2015).
Lipopolysaccharide (LPS) on the external cell membrane of Gram-negative bacteria works as a barrier protecting
their cells. The compound's ability to disrupt the cell wall could be the main mechanism of action for their activity
since the cell wall is the main distinction between the two groups (Gram-positive and negative) (Dussault et al.,
2014).

For example, methyl gallate isolated from 4. farmesiana was found to affect the membrane activity of 1zbrio cholera,
by decreasing the pH in the cytoplasm and increasing membrane polarity (Sdnchez et al., 2013). While Gallic acid
caused a rupture in the cell membranes with consequent leakage of essential intracellular constituents (Anabela
Borges, 2013). Other studies suggest that they can work in the acidic stomach environment, without affecting the
survival of gastric epithelial cells (Wu et al., 1988). The activity of 4. farnesiana crude extract and compound 2 (O-
Galloyl-D-glucopyranose) could be attributed to the tannin content. The results appear to show that 4. famesiana
crude extracts might be more effective than purified compounds, this loss in activity with isolated compounds

423 I WWW.ijmssst.org Copyright © 2023 IJ]MSSSR All rights reserved m_


file:///G:/IJMSSSR%20Paper/2019%20volume%201%20issue%201%20january-february/7..........17.02.2019%20manuscript%20id%20IJMSSSR007/www.ijmsssr.org
file:///C:/Users/heman/Downloads/In-vitro%20antimicrobial%20activity%20against%20foodborne%20pathogens%20(1)%20(1).docx%23_ENREF_25
file:///C:/Users/heman/Downloads/In-vitro%20antimicrobial%20activity%20against%20foodborne%20pathogens%20(1)%20(1).docx%23_ENREF_8
file:///C:/Users/heman/Downloads/In-vitro%20antimicrobial%20activity%20against%20foodborne%20pathogens%20(1)%20(1).docx%23_ENREF_8
file:///C:/Users/heman/Downloads/In-vitro%20antimicrobial%20activity%20against%20foodborne%20pathogens%20(1)%20(1).docx%23_ENREF_23
file:///C:/Users/heman/Downloads/In-vitro%20antimicrobial%20activity%20against%20foodborne%20pathogens%20(1)%20(1).docx%23_ENREF_4
file:///C:/Users/heman/Downloads/In-vitro%20antimicrobial%20activity%20against%20foodborne%20pathogens%20(1)%20(1).docx%23_ENREF_4
file:///C:/Users/heman/Downloads/In-vitro%20antimicrobial%20activity%20against%20foodborne%20pathogens%20(1)%20(1).docx%23_ENREF_27

Intermational Journal of Management Studies and Social Science Research

suggests synergistic effects of crude constituents.

Table 3 MIC’s of the plants’ extracts against tested bacterial strains.

Plant extract Conc. Inhibition zones (mm)

ng/ml Gram (+ve) bacteria Gram  (-ve)

bacteria
B. cereus S. aureus E. coli

Compound 2 (O-Galloyl-D- | 1000 - 144+ 05774 | -
glucopyranose)

500 - 7.3%0.333 -

250 - 0.0£0.0 -

125 - 0.0£0.0 -

62.5 - 0.0£0.0 -
Rosmarinnus officinalis crade extract 1000 14.3+ 0.3333 - -

500 12.2£0.228 - -

250 10.1£1.1 - -

125 0.0£0.0 - -

62.5 0.0£0.0 - -
Compound 3 (5, 6, 3', 5' tetrahydroxy | 1000 15.6+0.3333 - -
7,8, 4" trimethoxy flavones)

500 14.4+0.43 - -

250 13.0%+.876 - -

125 11.3+0.37 - -

062.5 0.0£0.0 - -
Compound 1 (Carnosol) 1000 13.3+0.3333 1640.3333 -

500 11.4+0.37 11.1+0.65 -

250 10.3+0.65 0.0£0.0 -

125 9.1£.0.95 0.0£0.0 -

62.5 0.0£0.0 0.0£0.0 -
Acacia farnesiana crude extract 1000 14.2£0.5774 13+0.5774 18+0.5774

500 13.3+0.333 11.5+0.577 16.4£0.56

250 11.3+0.37 9.1£0.95 15.240.52

125 10.5%0.65 7.2£0.333 12.840.45

062.5 0.0£0.0 0.0£0.0 0.0£0.0

NMR for the R. officinalis showed that the plant contains a wide range of flavonoids and suppressed the growth of
B. cereus at a concentration of 250 pg/ml with inhibition zones of 10.1mm. Flavones have been found iz vitro to be
active antimicrobial substances against different microorganisms. Their activity is most likely to their ability to
complex with extracellular proteins which affect the bacterial cell walls (Cushnie and Lamb, 2005). According to
the literature, Flavones with different hydroxy and methoxy substitution patterns showed different ranges of
effect on tested microorganisms. Also, position 5 hydroxyl group in flavones is important for their activity against
MRSA (Kumar and Pandey, 2013).

According to (Farhadi et al., 2018), Flavones that have at least one hydroxy group in ring A (especially at C-7) are
important for antibacterial activity and the activity has been increased in a position such as C -5 and C -6. This
could be applied in the case of compound 3 (Fig.3), which has additional OH groups on 6, 3' and 5' positions and
inhibit the bacterial growth of B. cereus with inhibition zones of 11.3 mm at a concentration of 125 pg/ml.
Flavonoids and tannins are reported to have great good antioxidant activities which setve as protection against
various diseases, including cancer and cardiovascular diseases. Their free radical inhibition activities are credited to
their chemical structures (Lobo et al., 2010).
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Carnosol (1), isolated from Rosemary (Fig.1) found to suppress the growth of both B. cerens and S. aurens at
concentrations 125 and 500 nug/ml with inhibition zones of 9.1 and 11.1 mm respectively. Catnosol was first
isolated from Salvia carnosa and showed promising anti-inflammatory and anticancer activity in prostate and breast
cancer cells (Johnson, 2011). Rosemary extract is used as a natural antioxidant in food and confirmed as a natural
preservative in the food industry. Carnosol has been approved in the European Union (EU) as an antioxidant and
food preservative. In addition, in the United States, it has been approved as a Generally Recognized as Safe status
as a food additive (Authority, 2008).

Conclusion

The plant extract and isolated compounds have shown different levels of antimicrobial activity against foodborne
pathogens the activity was against Gram-positive bacteria than Gram-negative bacteria. This study indicates that
the crude extract could be a potential source of antimicrobials, effective against some food-spoiling pathogens,
accordingly could be used as a food preservative on itself or in combination with other treatments to increase the
effects. Rosemary now is commercially accessible on large scale as food additives. Further exploration is needed to
assess the toxicity of isolates in cell lines and/or in animals.
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