
Page 1/14

Rhus Coriaria L. (Sumac) Leaves as an Antibacterial Agent
Gili Joseph  (  gilijosephphd@gmail.com )

Hadassah Academic College https://orcid.org/0000-0002-2568-9751
Hinanit Koltai 

Agricultural Research Organization Volcani Center
Eliora Ron 

Tel-Aviv University George S Wise Faculty of Life Sciences
Naiel Azzam 

University of Haifa Faculty of Natural Sciences
Haim Hazan 

Hadassah Academic College
Ilya raskin 

Rutgers University School of Environmental and Biological Sciences
Galina Mengeritsky 

Hadassah Academic College
Moran Mazuz 

Agricultural Research Organization Volcani Center
Nurit Shalev 

Agricultural Research Organization Volcani Center
Dvora Biran 

Tel-Aviv University George S Wise Faculty of Life Sciences
Alexander Poulev 

Rutgers University New Brunswick
Bertold Fridlender 

Hadassah Academic College

Research

Keywords: R. coriaria L., Sumac, Leaf, Antimicrobial agent, Antibacterial

Posted Date: October 19th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-944666/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-944666/v1
mailto:gilijosephphd@gmail.com
https://orcid.org/0000-0002-2568-9751
https://doi.org/10.21203/rs.3.rs-944666/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract

Background
Rhus coriaria L. has various medicinal effects, exhibiting antidiabetic, anti-in�ammatory, anticancer, antioxidant, antiviral, anti-
ischemic, hypolipidemic and antibacterial activity. Its antibacterial activity has been extensively studied, revealing terpenoids,
�avonoids and hydrolysable tannins as the main active compounds. Most of these studies have been performed on fruit, and a
few on leaves and seeds.

Methods
Extract of R. coriaria leaves was fractionated into six fractions by high-performance liquid chromatography (HPLC). Two active
fractions (Rc1 and Rc2) were subfractionated into fractions Rs1–3 and Rs4–6, respectively. The active subfraction Rs5 was
subjected to LCMS analysis. Antibacterial activity of the extracts was assessed by well and disk-diffusion methods, and
minimal inhibitory concentration (MIC) by tetrazolium (TTC) test and minimal bactericidal concentration (MBC) by drop test
were determined. Subfraction Rs5 was further incorporated into an eye drop formulation and tested for antibacterial activity, and
leaf extract was also tested against the fungus Botrytis cinerea.

Results
Crude leaf extract, fractions Rc1 and Rc2 and subfractions Rs1–6 showed antibacterial activity, with MIC values ranging from
0.2–3.1 mg/mL and MBC values from 0.3–6.2 mg/mL, depending on the fraction and the bacteria. Subfraction Rs5 had the
strongest antibacterial activity with a MIC of 0.4 mg/mL and MBC of 0.6–2 mg/mL, depending on the bacterium being tested.
Rs5 incorporated into an eye drop formulation also showed antibacterial activity. The leaf extract further showed antifungal
activity against the agricultural pest Botrytis cinerea.

Conclusions
The crude leaf extract and its fractions exhibited antibacterial and antifungal activity. The antibacterial activity increased in the
fractions and subfractions of the leaf extract compared to the crude extract, suggesting enrichment of the active antibacterial
compounds during puri�cation. Leaves, which are much more readily available, and in greater quantities than fruit, throughout
the year, may therefore serve as an inexpensive and effective source for an antibacterial product that can be used in the food
and agricultural industries.

Introduction
A �eld survey was conducted from 2010–2014 in the Mediterranean region to identify plants with medicinal activity based on
knowledge derived from folk medicine. More than 1,100 plants were screened, and 20 of them were found to have potential
antibacterial activity (1). Of these, the plant Rhus coriaria L., family Anacardiaceae, common name Sumac, was selected for
further testing due to its strong antibacterial activity, and because it is an edible plant, widely used as a spice, that is endemic to
the Mediterranean region. The fruit is the main part of the Sumac plant used for human consumption (2, 3, 4). More than 200
compounds from the R. coriaria plant have been identi�ed and reported, many of them for their association to medicinal activity
(3, 5). The most common of these are �avonoids and tannins, but phenolic acids, conjugated phenolic acids, anthocyanins,
organic acids, terpenoids and many more have been found as well (4, 7, 8, 9, 10, 11, 12, 13, 14, 15). Most of these studies were
performed with fruit, but a few have investigated Sumac leaves and seeds as well. Those studies found terpenoids, �avonoids
and hydrolysable tannins as possible active compounds (4, 7, 9, 16). R. coriaria has a number of medicinal effects, exhibiting
antidiabetic, anti-in�ammatory, anticancer, antioxidant, antiviral, anti-ischemic, hypolipidemic and antibacterial activities (3, 5,
17). The antibacterial activity of R. coriaria was discovered using different fruit extracts: methanolic, ethanolic and water.
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Ethanolic extract showed antibacterial activity against Salmonella spp. (18), acne vulgaris (19), Staphylococcus aureus bio�lm
formation (20), and strains of Brucella (21). Nimri et al. (22) showed antibacterial activity of ethanolic fruit extracts against 14
different bacteria. Alwan et al. (23) showed antibacterial effects of water and ethanolic extracts of R. coriaria against three
strains of Pseudomonas aeruginosa and two strains of Escherichia coli isolated from human epithelial cells. Methanolic
extracts of R. coriaria also exhibited antibacterial activity against the bacteria Bordetella bronchiseptica, Bacillus pumilus,
Staphylococcus epidermidis, and Klebsiella pneumoniae (24), as well as E. coli, S. aureus, and Brucella spp. (25). Again, most of
those studies used extracts from the fruit of R. coriaria, whereas only a few addressed the antibacterial effect of its leaves (7, 9,
26). Here we focus on the antibacterial activity of this plant's leaves, with the rationale that the leaves are much more readily
available, and in greater quantities, than fruit throughout the year. Thus, leaves might serve as an available and effective source
for the preparation of antibacterial products to be used in the food industry, including food packaging.

Methods
Preparation of plant material

R. coriaria leaves (2 g), collected in the wild from the environs of Jerusalem and the Judean foothills, were cut with scissors and
then ground with a mortar and pestle with 4 mL of 60% ethanol and liquid nitrogen. The dry samples were weighed, and 60%
ethanol was added to the ground leaves to a �nal concentration of 50 mg/mL. The sample was then transferred  to a 15-mL
tube and centrifuged at 6000 rpm (10483 relative centrifugal force, RCF) for 10 min. The supernatant was �ltered through a
0.45-µm �lter into Eppendorf tubes and used as a stock solution for further separation and analysis. 

Analytical and preparative HPLC analysis and fractionation

The sample pro�le was obtained from an UltiMate 3000 HPLC system coupled with WPS-3000T autosampler, HPG-3400 pump,
and 3000 Rapid Separation Diode Array Detector (Thermo Fisher Scienti�c). Separation was performed on a Raptor ARC-18 LC
column, 2.7 µm, 150 x 4.6 mm (Restek), using water/methanol (25:75, v/v) as the diluent, and an injection volume of 5 µL. The
mobile phase consisted of Solution A (0.1% acetic acid) and then Solution B (100% methanol) at a �ow rate of 1.5 mL/min. Six
fractions were collected based on HPLC-detectable peaks. To obtain higher amounts of material in each fraction, preparative
HPLC (Agilent Technologies 1260 In�nity II LC Systems, with multiple wavelength detector 1260 MWD VL, and a Kinetex 5 µm
EVO C18 100A column, 250 x 21.2 mm from Phenomenex) was performed. The mobile phase consisted of Solution A followed
by Solution B, with an injected sample concentration of 5 mg/mL and injection volume of 10 mL. The pro�le was determined at
both 280 nm and 220 nm, and was found to be the same (only 220 nm is shown).

LCMS analysis of the fractionated extracts of R. coriaria leaves

Each of the samples of dried material was dissolved in 60% ethanol/water to 1 mg/mL, and 1 mL of sample was injected twice
into a Dionex Q Exactive Plus liquid chromatography- mass spectrometry system (LCMS) (Thermo Fisher Scienti�c) consisting
of a workstation with the Xcalibur v. 4.0 software package combined with Dionex SII LC control software, UltiMate SRD-3400
solvent rack and degasser, pulseless chromatography pump (UltiMate HPG-3400RS rapid separation pump), WPS-3000RS
autosampler, column compartment TCC-3000RS, and photodiode array detector DAD-3000RS. Eluent �ow was then guided to
the Q Exactive Plus Orbitrap high-resolution high-mass-accuracy MS. Mass detection was performed as a full MS scan with low-
energy collision-induced dissociation (CID) from 100 to 1500 m/z in either negative (�rst injection), or positive (second injection)
ionization mode with electrospray (ESI) interface. Sheath gas �ow rate was 30, auxiliary gas �ow rate was 7, and sweep gas
�ow rate was 1 (arbitrary units). Electrospray voltage was 3500 V (-3500 for negative ESI) with a capillary temperature of
275 °C. Mass resolution was set to 140,000. Samples were separated on a Kinetex C8 reversed-phase column, 100 x 2.1 mm,
particle size 2.6 mm, pore size 100 Å (Phenomenex). The mobile phase consisted of Solvent A (0.5% ACS-grade acetic acid in
LCMS-grade water, pH 3–3.5), and Solvent B (100% acetonitrile, LCMS grade), at a �ow rate of 0.20 mL/min. Gradient mode was
used for all analyses, starting at 95% A and 5% B, to 5% A and 95% B over 30 min, maintained for 8 min, and a return to the
initial ratio over 4 min. An 8-min equilibration interval was included between subsequent injections. The average pump pressure
using these parameters was typically around 2900 psi for initial conditions.
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Putative formulas of polyphenols and other compounds were determined by analysis of isotope abundance in the high-
resolution mass spectral data with Xcalibur v. 4.0 software and determining the best-�tting empirical formula. Quanti�cation
was based on external standards of commercially available compounds. Database searches were performed using Reaxys
(www.reaxys.com; RELX Intellectual Properties SA).

Antibacterial activity

The bacteria used in this study were: Escherichia coli ATCC 8739 DyoPak 4th pass, Escherichia coli K-12MG1655, Klebsiella
pneumoniae derived from CDC 1100192, Staphylococcus aureus ATCC 6538 DyoPak 4th pass, and Bacillus subtilis ATCC 6633
DyoPak 4th pass.

Materials

Antibiotic–antibacterial solution (100×) consisted of 10,000 U penicillin, 10 mg streptomycin and 25 μg amphotericin B per mL
(Sigma antibiotics mix). The following media were used: BBLTM Mueller Hinton II broth from BD (MH), Mueller Hinton agar
(MHA) plates (NOVAmed), Luria broth (LB), LB agar plates (hylabs), ATCC medium: 778 Davis and Mingioli glucose minimal
medium (MM), YPD broth (Sigma), and YPD agar with 2% glucose. 2,3,5-Triphenyltetrazolium chloride (TTC) was from Sigma,
CT0998B blank discs were from Oxoid.

Disk diffusion test

Well and disk diffusion methods were used as described in the literature (22). Brie�y, inoculum was suspended in MH broth and
standardized to match a 0.5 McFarland standard (corresponding to approximately 1.5 x 108 CFU/mL). The inoculum was
suspended overnight in MH and adjusted to a turbidity equivalent to OD600 = 0.5. Antibiotic mix and all antibacterial agents were
diluted to 3.1–100 mg/mL in the MH broth. Disks (6 mm diameter) were brought to room temperature for 1 to 2 h. Drops (10 µL)
from the speci�ed dilutions of antibacterial agents were applied to a disk and left for 10–15 min for absorption and
evaporation. MHA plates were warmed to room temperature and divided into sections. The bacterial suspension was swirled to
ensure thorough mixing, and a sterile cotton-tipped swab was inserted into the suspension which was then evenly inoculated
over the top of the MHA plates. The discs containing the test compounds at the speci�ed concentrations were placed on the
inoculated plates. The plates were placed for 3 h at 4 oC then incubated at 37 oC for 18–24 h. The next day, the zones of growth
inhibition were measured by caliper using re�ected light. All experiments were performed in triplicate and at least three
independent experiments were performed for each bacterium and each extract.

MIC and MBC tests

The MIC test was performed in 96-well plates. Bacterial suspension was grown on LB agar plates and incubated for 18–24 h at
37 oC. Three to �ve colonies were selected from the fresh agar plate and transferred using a sterile loop into a sterile tube
containing 5 mL LB broth solution. The tubes were incubated to a turbidity of 0.5 at OD600. Twofold serial dilutions of the
antibiotics mix, as well as of all antibacterial agents, corresponding to a �nal concentration range of 0.08–10 mg/mL, were
prepared in MM.TheMM solution was made up of Davis and Mingioli glucose minimal medium (K2HPO4, 7 g; KH2PO4, 3
g;sodium citrate·3H2O, 0.5 g; MgSO4·7H2O, 0.1 g; (NH4)2SO4, 1 g), distilled water to 1 L, 15 g agar, pH adjusted to 7.0. Filter-
sterilized glucose (10%) was added to the medium to a �nal concentration of 0.2%. The bacterial suspension, adjusted to 1 x
108 CFU/mL (OD600 = 0.5) was diluted 1:100. A 50-µL aliquot of each dilution of the antibacterial agents being tested was
distributed into wells of a 96-well plate according to the prepared plan, including a positive control (50 µL bacterial isolate + 50
µL sterile broth) and a negative control (100 µL sterile broth). Each well containing antibiotic solution was inoculated with 50 µL
of bacterial suspension. The �nal inoculum was about 5 x 105 CFU/mL. A 10-µL sample from the positive control well was
removed into a sterile Eppendorf tube holding 990 µL of the broth.   Plates were incubated for 18–24 h at 37 oC. MIC was
measured using the tetrazolium (TTC) test that measures cell viability (27), and MBC was measured using the drop test (28),
where 10 µL was transferred from the well to a LB plate, and MBC was de�ned as the �rst droplet in which no live bacteria were
found.
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Inhibition of Botrytis cinerea growth in the presence of R. coriaria crude leaf extract

The pathogenic fungus Botrytis cinerea, and the plant Vitis vinifera (grape vine) were chosen for this test. The developed
formulation was prepared for spray application to prevent secondary damage to the plant (such as burning). The ingredients of
the formula in which R. coriaria leaf extract was dissolved were: glycerol as the stabilizer, water, an emulsifying mixture of
mineral oil (surface) emulsi�ed at 4% + 94% water + 2% emulsi�er (glycerin monostearate), and 5% dimethyl sulfoxide (EOS).
Glycerin monostearate (500 mg), 2 g EOS oil and 1 g glycerol were stirred at 80 oC. The prepared R. coriaria leaf extract was
added with 5 g warm water. After 2 min of stirring, it was left to emulsify for 2 min while being chilled to 20 oC. The control
formula was made in the same way without the R. coriaria extract. 

The fungus Botrytis cinerea was grown on agar plates (standard PDA protocol). A disc-shaped leaf of Vitis vinifera was placed
in the middle of the plate. The formulation with and without R. coriaria extract was sprayed on the plated leaf. Fungal-growth
inhibition was observed after 24 and 72 h, compared to the control plate on which the fungus grew without the extract. 

Results
Activity and fractionation of R. coriaria leaf extract 

Initial analysis of the antibacterial effects of different parts of the R. coriaria plant showed that a crude extract of the leaves
inhibits bacterial growth by 51%, whereas with extracts of the fruit and �owers, inhibition was 40% (Table 1). We further
fractionated the leaf crude extract into six fractions (F10–F15, Fig. 1a).  Antibacterial test (Table 1) suggested that fractions 10
and 14 are most active, and they were designated Rc1 and Rc2, respectively. In the preparative HPLC, Rc1 was present in vials 3
and 4 and eluted at 5–10 min; Rc2 was present in vials 9–11 and eluted at 25–30 min (Fig. 1b, c). Rc1 was then
subfractionated into Rs1–3, and fraction Rc2 into Rs4–6 (Supplementary Fig. 1). 

Table 1 Inhibition of B. subtilis growth in the presence of crude extracts of R. coriaria fruit/�ower and leaves, and fractions of
the leaf extract 

Antibacterial
agent

0.5 mg/mL

Fruit/

�ower

crude
extract

Leaf crude
extract

Leaf

subfraction
10

(Rc1)

Leaf

subfraction
11

Leaf

subfraction
12

Leaf

subfraction
13

Leaf

subfraction
14 

(Rc2)

Bacterial
growth

(%)

60 46 38 49 54 39 1

 

Antibacterial activity 

The antibacterial activity of the crude leaf extract and its fractions Rc1 and Rc2 and subfractions Rs1–6 was determined by MIC
assay and disk diffusion test against the bacteria K. pneumoniae, E. coli, B. subtilis and S. aureus. All fractions showed
antibacterial activity, with MIC values ranging from 0.2–3.1 mg/mL, depending on the fraction and on the bacterium (Table 2).
Subfraction Rs5 had the strongest antibacterial activity with a MIC of 0.4 mg/mL. The MBC values were in the range of 0.3–6.2
mg/mL depending on the fraction and on the bacterium (Table 2), with subfraction Rs5 again showing the strongest
antibacterial activity against the four bacteria tested, with MBC of 0.6–2 mg/mL. Figure 2 shows bacterial viability by TTC test
in the presence of different concentrations of subfraction Rs5. All tests were performed with triplicates, at least three times, and
the averages are presented.

Table 2 MIC and MBC values (mg/mL) of R. coriaria crude leaf extract, fractions Rc1 and Rc2, and subfractions Rs1–6 
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Antibacterial agents Escherichia coli Staphylococcus aureus Bacillus subtilis Klebsiella pneumoniae

  MIC MBC MIC MBC MBC MBC

Crude extract 0.8 2.0 0.2 0.3 1.25 2.5

Rc1 0.8 4.5 2.1 2.0 2.5 5

Rc2 0.4 3.1 0.4 0.6 1.25 2.5

Rs1 1.6 4.5 3.1 3.1 1.25 2.5

Rs2 1.6 3.1 1.6 3.1   

Rs3 1.6 6.2 1.6 1.6   

Rs4 0.8 3.1 0.8 0.8   

Rs5 0.4 2.0 0.4 0.6 0.8 1.6

Rs6 0.8 6.2 0.4 0.4   

 

LCMS analysis of leaf subfraction Rs5 

The analysis was run four times and all four samples showed nearly identical qualitative composition, with the same peaks.
Detailed analysis was performed and the identi�ed compounds are presented in Table 3. All of the compounds had a carbon–
hydrogen–oxygen composition and some were found in the R. coriaria database. 

Table 3 Compounds identi�ed in R. coriaria subfraction Rs5

 

Development of an antibacterial formulation in eye drops

A formulation was developed with eye drops, enabling the use of high concentrations of subfraction Rs5 in low volumes, with a
negligible systemic effect. Subfraction Rs5 was added to 1 mL of commercial eye drops which did not contain antibacterial
compounds, at a �nal concentration of 200 mg/mL, and 10 µL were put on a disk. The effect of the eye drops on E. coli, B.
subtilis and P. aeruginosa, with and without the addition of subfraction Rs5, was examined. The bacteria were grown on nutrient
agar plates. Paper discs were placed on the plate and 10 µL of the eye drop solution, with or without Rs5, was dripped onto the
disc. A clear zone of inhibition could be seen around the discs with subfraction Rs5 (Fig. 3).

Inhibition of Botrytis cinerea growth in the presence of R. coriaria crude leaf extract

The initial formulation was designed to obtain a method for treating pathogenic microorganisms in agriculture. The activity of
the prepared formulation was tested on plant tissue for its ability to eliminate the pathogenic fungus Botrytis cinerea, which is
known to be harmful to agricultural crops, mainly tomato, melon, cucumber, zucchini, and grape vine. We selected grape vine for
the tests. The developed formulation, which was prepared for spray application, had to be stable, provide uniform distribution
over the plant, have emulsion capacity and cause no secondary damage to the plant (such as burning). None of the formula
ingredients at the used doses (i.e., glycerol, water, an emulsifying mixture of mineral oil and dimethyl sulfoxide), either
individually or combined, were toxic or damaging to the fungus when added without the leaf extract. In addition, the preparation,
with and without R. coriaria leaf extract, applied to grape leaf tissue without fungal infection, did not show any leaf damage or
burning, and the distribution was uniform. When the formulation with the R. coriaria extract was sprayed on the fungus Botrytis
cinerea, fungal growth inhibition was observed, compared to the control plate on which the fungus grew without the extract (Fig.
4).
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RemarksPossible structureName 

Not reported from genus
Rhus (reaxys.com)

 

 

 

Quercetin diglucoside (C27H30O17)

 

1

Reported from R. coriaria (reaxys.com)

 
 

Ethyl gallate (C9H10O5)

 

2

Reported from R. coriaria (reaxys.com)

 

 

Myricetin glucoside (C21H20O13) 

 

3

Reported from R. coriaria (reaxys.com)

 

 

Myricetin rhamnoside (C21H20O12) 

 

4

Reported from R. coriaria (reaxys.com)

 

 

Quercitrin (C21H20O11) 

 

5

Reported from Acer rubrum (reaxys.com)

 

 

Ethyl digallate (C16H14O9)

 

6

Reported from Arctostaphylos uva-
ursi (reaxys.com)

 

 

Ethyl digallate (C16H14O9) 

 

 

7

Reported from black tea leaves
(reaxys.com)

Thea�avin (C16H14O9)

   

8
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Reported from Sapium
baccatum and eucalyptus bark
(reaxys.com)

 

 

Baccatune (C16H14O9) 

 

9

Compound with molecular formula
C23H48O8

 Other possible composition could be 

C26H44O6  with either a sesquiterpene
glycoside, or a polyhydroxylated steroid

(less likely) structure

 

10

Masses of a compound with molecular
formula C25H36O4

 Mainly sesquiterpenes and

sesquiterpene lactones

 

11

Discussion
We evaluated and characterized the antibacterial activity of leaves of R. coriaria, as well as possible antifungal applications.
The antibacterial activity of R. coriaria fruit is well known, and many studies have recommended using the fruit extract as an
antimicrobial agent in food to extend its shelf life. Because R. coriaria leaves are abundant throughout the year, leaf extract may
provide an inexpensive and effective antibacterial substance for the food industry.

Antibacterial activity of the crude leaf extract, as well as of its fractions and subfractions—both analytical and preparative—was
observed. The antibacterial activity was higher in the fractions and subfractions compared to the crude extract, suggesting
enrichment of the active antibacterial compounds during puri�cation. This increase in antibacterial activity con�rms the
effectiveness of R. coriaria as an antibacterial herb and suggests the existence of new bioactive compounds in the fractionated
material that could be enriched by further puri�cation. The most active subfraction was Rs5, with MIC values of 0.4–3.1 mg/mL
and MBC values of 0.6–2 mg/mL, depending on the bacterium tested. These results are in accordance with other published
studies, such as Nimri et al. (22) who found MIC values of 1.95–31.25 mg/mL, and Raodah et al. (29) who reported a range of
0.5–20 mg/mL, depending on the bacterium tested; in the latter study, a higher concentration of the extract was needed for
inhibition of gram-negative bacteria. Nostro et al. (26) showed MIC values of 0.78–3.12 mg/mL, and suggested the advantages
of using the leaf extract as a natural antibacterial agent for controlling food-related bacterial infections.

The most active subfraction (Rs5) was analyzed by LCMS, revealing compounds with a phenolic skeleton that likely confer the
antibacterial activity of R. coriaria leaf extract. These compounds were either �avonoids, tannins, or antioxidants. In-vitro
antibacterial activity of R. coriaria extracts has been previously suggested to be due to the presence of tannins (30). While some
of the compounds identi�ed in R. coriaria had been reported in the literature (3, 5, 6, 7, 16, 17) and were in the reaxys.com
database, we identi�ed the presence of the compound quercetin diglucoside (C27H30O17) in R. coriaria for the �rst time. The
other major compounds found were: quercitrin, myricetin glucoside, myricetin rhamnoside, ethyl gallate, ethyl digallate,
thea�avin, and baccatune. In future work, this subfraction should be further puri�ed to pinpoint the compounds with
antibacterial activity.
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We developed a formulation for non-systemic use of Sumac leaf extract by humans, where the active fraction was dissolved in
eye drops. We also found subfraction Rs5 to be active against the fungal plant pathogen Botrytis cinerea, suggesting its
potential agricultural application for plant disease protection.

In conclusion, crude extract, fractions and subfractions of R. coriaria leaves exhibit strong antibacterial activity. This is the �rst
time that the leaves of R. coriaria have been extensively studied for this purpose. Comparing to the crude extract, the
antibacterial activity of the fractions and subfractions of the leaf extracts noticeably increased, suggesting enrichment of the
active antibacterial compounds following fractionation and subfractionation. Most compounds were either �avonoids, tannins,
or antioxidants. Quercetin diglucoside was reported in R. coriaria for the �rst time. Therefore, R. coriaria leaves may be a
promising ingredient for commercial antibacterial use in the food and agricultural industries.
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Figure 1

HPLC pro�le of R. coriaria leaves with the active fractions. (a) Analytical HPLC pro�le of leaf extract fractions F10–F15. (b)
Preparative HPLC fraction Rc1. (c) Preparative HPLC fraction Rc2
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Figure 2

Bacterial viability by TTC test in the presence of different concentrations (0.08–10 mg/mL) of leaf extract subfraction Rs5

Figure 3

Inhibition of bacterial growth by a commercial eye drop formulation containing subfraction Rs5. Inhibition zone with (+ Rs5)
and without (control) subfraction Rs5 (200 mg/mL) by disk diffusion test.

Figure 4
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Inhibition of Botrytis cinerea growth in the presence of R. coriaria crude leaf extract. (a) Plates with Botrytis cinerea at time zero;
on the left: in the presence of R. coriaria leaf extract, on the right: fungus only (control). (b) Plates with Botrytis cinerea after 24 h
of incubation in the presence of leaf extract (left), and alone (right). (c) Plates with Botrytis cinerea after 72 h of incubation in
the presence of leaf extract (left), and alone (right)
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