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Antimicrobial activity of Ribes nigrum L. and Ribes rubrum L. leaf extracts was
determined by disk-diffusion method as well as specific growth rate and generation
succeeding factor determination. Different Gram-positive (Bacillus subtilis WT-A,
Staphylococcus aureus MDC 5233, Enterococcus hirae ATCC 9790) and Gram-
negative (Escherichia coli ATCC 25922, Salmonella typhimurium MDC1754,
ampicillin resistant E. coli dhpa-pUC18 and kanamycin resistant E. coli pARG25)
bacteria and yeasts (Saccharomyces cerevisiae ATCC 9804 and S. cerevisiae
ATCC 13007) were used as test-microorganisms. 1,1-diphenyl-2-picrylhydrazyl
(DPPH) assay was applied to measure the radical scavenging capacity of extracts
obtained from Ribes spp. R. rubrum and R.nigrum extracts antiradical activity
expressed with ICso value of 91.2+1.69 ug-mL™' and 66.01£1.65 ugmlL™,
respectively. The total flavonoid content in plant extracts was determined
employing AICl; colorimetric assay, and the values were 34.71+0.63 and
49.9940.86 ug QE-mg! for R. rubrum and R. nigrum extracts, respectively. Total
phenolic content of studied extracts was investigated by Folin—Ciocalteu assay. The
contents for R. rubrum and R. nigrum extracts were 133.12+6.65 and 167.154+7.29
ug GAE-mg™!, respectively. Thus, these plants can be considered as potential
sources of biologically active substances.
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Introduction. Plants have the ability to synthesize different compounds
possessing biological activity [1-4]. Armenian flora is rich of plants with
pharmacological significance [4, 5]. Plants species of Ribes genus (Grossulariaceae
family) contain a wide range of secondary metabolic products with high biological
activity and are widely used in folk medicine [6, 7]. More than 160 species of this
genus are known and 6 of them are described for Armenian flora [8].

Ribes nigrum and Ribes rubrum are among the widely distributed plants of
this genus. The most important products of these plants are berries due to their
nutritional value and high contents of anthocyanins, flavonols, ellagitannins, vitamin
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C and other compounds. Some literature sources are describing the application of the
leaves and buds of these plants as sources of biologically active substances for food
and cosmetic industries. According to the number of authors, the main chemical
constituents of leaves of Ribes genus plants are flavonoids (kaempferol and
quercetin, myricetin and isorhamnetin glycosides, and proanthocyanidins), phenolic
acids, anthocyanins, lignoids, lipids and essential oil components [3, 6, 9—13]. The
leaf extracts obtained from Ribes spp. were reported to possess antioxidant,
antimicrobial, anti-inflammatory and anti-hypertensive effects [3, 6, 14-16].

The leaves of Ribes spp. are also popular for their therapeutic values. They are
useful also as flavoring agents in soups, tea blends as well as for food preservation.
Our previous investigations showed the influence of R. nigrum leave extract on the
activity of some of the main antioxidant enzymes [17].

R. nigrum leaves are known to be used in folk medicine for gastrointestinal
system disorders, rheumatism, arthritis, respiratory problems, urinary complaints.
Moreover, dried leaves have been used as a poultice for the healing of wounds, while
fresh rubbed leaves for the treatment of insect bites [14, 18].

Plant origin substances are also able to inhibit the growth of different
microorganisms via different mechanisms [19]. This feature is of great importance,
because of the nowadays challenges derived from the problem of antibiotic-
resistance [19, 20]. Despite our data stating the low antibiotic activity of R. nigrum
leaf extracts against Gram-negative bacteria, there was some literature concerning
other species of this genus possessing this activity [21].

The main aim of this study was to investigate some peculiarities of the
antimicrobial activity of leaf extracts of R. nigrum and R. rubrum, represented in
high altitude Armenian flora.

Materials and Methods.

Chemicals and Reagents. Folin—Ciocalteu (FC) reagent, ethanol, gallic acid,
1,1-diphenyl-2-picrylhydrazyl (DPPH), kanamycin, ampicillin, fluconazole,
Mueller-Hinton agar and catechin were purchased from Sigma-Aldrich GmbH
(Taufkirchen, Germany).

Plant Material Collection, Identification and Extraction. The plant material
was collected from Lori Province (Armenia, 1600-1650 m a.s.l.) during the fruiting
period (July 2019). The collected leafs were washed, dried in the shadow at room
temperature and subsequently crushed to obtain the powder, which was stored in a
dry and dark place until use. Plant material was extracted using ethanol, as described
[17]. The obtained dried extracts were stored at 4°C until further use.

Determination of Radical Scavenging Activity. Free radical scavenging
potentials were determined by 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. Catechin
was applied as standard. Sample solution contained 125 uL (1 mM) DPPH, 375 uL
ethanol and 500 uL of test-solution (extract and catechin with different
concentrations (1000, 500,100, 50, and 10 ug-mL™", respectively). Test-solution was
replaced by ethanol in the control sample. The absorbance was measured at the
wavelength of 517 nm using spectrophotometer Genesys 10S UV-Vis (“Thermo
Scientific”, USA).

The radical scavenging activity was calculated using the following formula:
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Radical scavenging activity (%) = CA ® % 100,
Cc
where A. is absorbance of control (DPPH without the addition of test solution), 4; is
sample absorbance.

ICso calculated denote the concentration of investigated samples required to
decrease the DPPH absorbance at 517 nm by 50% [22, 23].

Determination of Total Phenolic Content. The concentration of phenolics in
plant extracts was determined using Folin—Ciocalteu assay. The reaction mixture
consists of 0.5 mL of extract (1 mg'-mL™") and 0.1 mL of Folin—Ciocalteu reagent.
After 5 min, 1 mL of 7% sodium carbonate (Na,COs3) was added. The volume was
made up to 2.5 mL by adding distilled water. A set of standard solutions of gallic
acid (5-100 ug-mL™") were prepared in the same manner as described earlier. The
mixtures were incubated for 90 min at room temperature and the absorbance for test
and standard solutions was determined against the reagent blank at 765 nm with an
Genesys 10S UV-Vis spectrophotometer. Total phenolic content was expressed as
ug of GAE-mg™" of extract [24, 25].

Determination of Total Flavonoid Content. The total flavonoid content in
plant extracts was determined employing AlCls colorimetric assay. The extract was
dissolved in 80% ethanol to obtain a final concentration of 1 mg-mL™". 0.5 mL of this
extract solution was mixed with 0.1 mL of AlCl; (10%), 0.1 mL of sodium acetate (1
M) and 2.8 mL of distilled water. The sample was incubated for 15 min and the
absorbance of the samples was measured at 415 nm against a blank consisting of
distilled water utilizing a Genesys 10S UV-Vis spectrophotometer. Total flavonoid
content was determined employing a calibration curve of quercetin (Q), as a
reference flavonoid (0-1000 ugmL™") and results were expressed in terms of Q
equivalents (QE) per g extract dry weight [18, 26].

Investigation of Antimicrobial Activity. The antimicrobial activity of
R. nigrum and R. rubrum leaf ethanol extracts was determined by the disk-diffusion
method as well as specific growth rate (1) and generation succeeding factor (g)
determination [18]. Mueller—Hinton agar and LB broth (pH 7.5) medium were used.
Different Gram-positive (Bacillus subtilis WT-A, Staphylococcus aureus MDC
5233, Enterococcus hirae ATCC 9790) and Gram-negative (Escherichia coli ATCC
25922, Salmonella typhimurium MDC1754, ampicillin resistant E. coli dhpa-pUC18
and kanamycin resistant E. coli pARG2S5) bacteria and yeasts (Saccharomyces
cerevisiae ATCC 9804 and S. cerevisiae ATCC 13007) gwere used as test-
microorganisms. The following concentrations of ethanol extracts were used: 1000,
500, 250, 125 ug-mL™'. Microorganisms were grown on Mueller-Hinton agar for
24 h at 37°C temperature. Ampicillin (25 ug-mL™), kanamycin (25 ug-mL™") and
fluconazole (25 ug-mL™") were used as a positive control. Data were expressed in
minimal inhibitory concentrations (MIC) values.

A study of growth kinetics was also carried out by observing the growth
specificity of E. coli ATCC 25922 bacteria under the influence of R. nigrum and
R. rubrum extracts. The specific growth rate constant and generation succeeding
factor in the growth log phase (to = 0, ¢ = 1.5 k) were determined by the following
formulas:
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u=

)

where N is the number of cells.

Results and Discussion. The study showed that the extracts of R. nigrum and
R. rubrum have no expressed antimicrobial activity. We observed that in case of
ampicillin and kanamycin resistant E. coli, B. subtilis, S. aureus and E. hirae strains
both investigated extracts did not show any suppressing activity. Anyway, the
R. rubrum extract possess some inhibiting activity against Gram-negative bacteria.
So, the MIC value against S. typhimurium was 250 ug-mL™", but in case E. coli it was
twice higher (500 ug-mL™). The investigated extracts did not show any growth
inhibiting activity against tested yeast strains.
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Fig. 1. The u (h™") values for E. coli ATCC 25922 treated with of R. nigrum (p>0.05)
and R. rubrum (p=0.05) ethanol extracts.
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Fig. 2. The g (k) values for E. coli ATCC 25922 treated with of R. nigrum (p>0.05)
and R. rubrum (p=0.05) ethanol extracts.
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According to our investigation data, under the influence of R. nigrum extract
the specific growth rate of non-resistant E. coli strain decreased by 1.23 fold
(u=0.577 h', g=1.201 h), but these data were not statistically significant. These
results as well as data obtained from disk-diffusion assay can serve as a basis for
stating the absence of any antibacterial activity of R. nigrum leaf extracts against
Gram-negative bacteria (Figs. 1 and 2).

The opposite result we got with R. rubrum, where we observed that this plant
extract influences the specific growth rate of bacteria by decreasing it by 2.13 fold
(1=0.333 h!, g=2.08 h), compared to the control sample. In control medium
#=0.71 k' and g value was 0.977 & (see Figs. 1 and 2). This data again confirm the
statement, that plant origin products, even when they are extracted from the same
genus plants, can have different effects and influence on test-organisms’ metabolism
by different mechanisms. This is due to the differences between the chemical
composition of investigated extracts, as well as the interaction modes of these
components with each other [23].

Literature data suggest that in some cases plant-origin metabolites are able to
act as protecting agents for microbial cells against oxidative stress and even support
the growth of these organisms [27]. Based on this information it was meaningful to
test the antioxidant capacity of the tested plant extracts. DPPH assay is a widely used
and simple method for checking the ability of compounds to act as free radical
scavengers or active reducing agents. Our investigations revealed that the antiradical
activity of R. nigrum and R. rubrum extracts possess the ability to scavenge the
DPPH radicals in vitro. Although it is hard to extrapolate data obtained for in vitro
tests to in vivo conditions, anyway these investigation data allowed as comparing the
antioxidant capacity of the investigated plant extracts.

So, according to obtained results the ICso value for the positive control
(catechin) was determined to be 13.08 ug-mL™"' (R* = 0.93) (data not shown). In case
of R. rubrum and R. nigrum this parameter had the following values:
91.2+1.69 ug'mL™" (R* = 0.99) and 66.01+1.65 ug-mL™' (R*> = 0.98), respectively
(Fig. 3). These data indirectly support the known facts that antioxidant potential is
important in the manifestation of antimicrobial activity of plant metabolites [27].
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Fig. 3. The radical scavenging activity of R. nigrum and R. rubrum extracts.
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Both antioxidant capacity and antimicrobial activity of plant-origin meta-
bolites and their complexes can be connected to the quantitative and/or qualitative
compositions of phenolic compounds [6]. The results of total phenolic content of
R. nigrum and R. rubrum extracts expressed as ug of GAE-mg™! (see Table) (the
standard curve equation: y = 0.005x + 0.048, R*> = 0.979) (data not shown). The
results of total flavonoids content of R. nigrum and R. rubrum extracts expressed as
ug QE-mg! (see Table) (the standard curve equation: y = 0.002x + 0.070, R*>=0.989)
(data not shown). The qualitative composition of R. nigrum extract phenolic fraction
was represented in one of our recently published article [6], the R. rubrum extract
composition is now under investigation.

Total phenolic and the total flavonoid contents of R. nigrum and R. rubrum extracts

Extract Total phenolic content, ug of GAE-mg™ Total flavonoid content, ug QE-mg!
R. nigrum 167.15+7.29 49.99+0.86
R. rubrum 133.12+6.65 34.71+0.63

Conclusion. In conclusion, we can suggest the R. nigrum and R. rubrum
leaves as potential sources for biologically active substances.
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U. U. RULUBUY, U. 0. UUKTU3UL

RIBES NIGRUM G4, RIBES RUBRUM ENF3UGC Db SELEILE D
EFULNLUShL LOFOUU2JUORLLE P <UUUUULIEUShU
UuShdNrE8NruL

Ribes nigrum L.-h W. Ribes rubrum L.-h wmbtipliitphg unwugyud nidw-
dqyuodpttinh hmjudwbpbughtt wyumhynipyniap npnpyt) E ujujunwl-nhdni -
ghnit Utpennny, htvybu dwlb weh mbuwjupup wpugnipyub b utpnibnbtph
dhohti pmujh npnydwdp: Oputiu hnpabwljuit thjpnopquihqiitip oguwi-
gnpdoyty G wmwpptip gpud-npuiube (Bacillus subtilis WT-A, Staphylococcus
aureus MDC 5233, Enterococcus hirae ATCC 9790), gpui-puguuwuib
(Escherichia coli ATCC 25922, Salmonella typhimurium MDC1754, wdwyhghtht
Juynit £. coli dhpo-pUCI18 L Jubunihghtt yuynih E. coli pARG25) puljunb-
phwittp b fadnpuubtlytip (Saccharomyces cerevisiae ATCC 9804 WL S. cerevisiae
ATCC 13007): Ribes gtinh mwupplipn mbtuwjiiphg unwugyud nLowdqyuoptitinh
hujunuwnhuuyhtt wwmhynipniip gwhwntne hwdwp Gjhpundly £ 1,1-
nhdtlip-2-yhyphihhnpughp” bM< (DPPH): R. rubrum-h W R. nigrum-h
ndwdqyudphiinh hwjununhjupuyhtt wumhynipyniad wpmwhwyumyty E 1Cse-h
wpdtiplitipny, npnbp Yuqilty Gh 91,2+1,69 g W 66,01£1,65 g™,
hudwyunwuuwbwpwp:  dpudntinhnitiph pinhwinip wwupnibwlnieniip
npnpytp £ AICE gmibwsuthujut apmiodnipjubd dhengny, b wpdtipbbtpp
R. rubrum-h W R. nigrum-h hwdwptinty tb 34,714+0,63 W 49,99+0,86 g U< 1ig !,
hudwyunwuhuwbwpwp:  Nrunidbwuhpdud  nudwdquopttph pinhwbnip
dtilinquyhtt thwgnigynibitiph wupnibwynipyniip npnptine hwdwp Yhpunyt b
Onht—Qtnjuynbinth  dhpnnp: Chnhwimp $tbnuyhtt thwgnipynitbtph
wunniiwynipynitin R. rubrum-h W R. nigrum-h nudwdiquopttpnid Juquty ©
133,1246,65 W 167,15+7,29 iljq A-3< g !, hwdwwyunwuuwbwpun: Wjuughuny,
wyu pniyjubinp Juptih £ hudwnply jhuwpuwiuub wjuhy ynietiph wnntibghuy
wnpnipbbp:
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A. M. BABASIH, H. XK. CAAKSIH

AHTUMUKPOBHAST AKTMBHOCTb 3TAHOJIBHBIX SKCTPAKTOB
JIMCTBEB PACTEHUNU RIBES NIGRUM W RIBES RUBRUM

AHTHUMUKPOOHYIO aKTHBHOCTB SKCTPAKTOB JUCThEB Ribes nigrum L. u Ribes
rubrum L. onpenensmi TUCK-TUQQY3MOHHBIM METOJIOM, a TaKXe C TOMOIIBIO
OTIpEJICIICHHS Y ISIbHOW CKOPOCTH PocTa M (hakTopa MpeeMCTBEHHOCTH ITOKOJICHHUH.
Paznuunbie rpammnonoxkutensusie (Bacillus subtilis WT-A, Staphylococcus aureus
MDC 5233, Enterococcus hirae ATCC 9790) u rpamotpuniatensusie (Escherichia
coli ATCC 25922, Salmonella typhimurium MDC1754, aMOIUITIIIAH PE3UCTCHTHAS
E. coli dhpa-pUC18 u kanamuuuH pesucteHTHas E. coli pARG2S5) Gakrepuu n
npoxcoxu (Saccharomyces cerevisiae ATCC 9804 u S. cerevisiae ATCC 13007)
UCIIOJIL30BAIUCh B KA4eCTBE TECT-MHUKPOOPraHW3MOB. [l ompeneneHusl aHTH-
paavKanbHOW aKTUBHOCTH DKCTPAKTOB, MMOMYYCHHBIX M3 Pa3IHYHBIX BUIOB Ribes,
ucnonb3oBanu  1,1-mudenmn-2-nmukpunrugpazmwia  (DPPH).  AntupanukansHas
AKTUBHOCTb SKCTPaKTOB R. rubrum u R. nigrum Bbipaxaiach 3HadeHusMHU [Cs,
xotopele coctaBumu 91,2 £ 1,69 u 66,01 £+ 1,65 mxe-mn ! coorBercTBenno. O6mee
cojepxanue (HJIaBOHOMIOB B PACTUTEIBHBIX SKCTPAKTaX OMPEAEISUIA ¢ TIOMOLIBIO
konopumerpuueckoro ananmmza AlCls, nx 3nauenust cocraBwnu 34,71 + 0,63 u
49,99 + 0,86 mxe KD-me™! st okerpakToB R. rubrum v R. nigrum cOOTBETCTBEHHO.
Obmiee KonM4YecTBO (PEHONBHBIX COCTUHEHUH B MCCIEIYEMBIX SKCTPAaKTaxX omnpese-
s MetonoM Pomuna—Yeokanbrey. Mx conepkanue B R. rubrum u R. nigrum
coctaBwio 133,12 + 6,65 u 167,15 + 7,29 mxe TAE-mz™' coorBeTcTBEHHO. Takum
00pa3oM, 3TH pacTeHUs MOXHO PacCMaTpHUBaTh KakK MOTEHIMAIbHBIE NCTOYHUKH
OMOJIOTUYECKU aKTUBHBIX BEIIECTB.
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