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THE ANTIBACTERIAL ACTIVITY OF THE ETHANOLIC LEAF EXTRACT OF
FICUS PUMILA L. MORACEAE) AGAINST FISH BACTERIAL PATHOGENS

The aim of this study was to test the antibacterial properties of ethanolic extract prepared from Ficus
pumila L. leaves against fish pathogens, Aeromonas hydrophila, Citrobacter freundii, Pseudomonas fluo-
rescens, Yersinia ruckeri to evaluate the possible use of this plant in preventing infections caused by these
bacteria in aquaculture. The antimicrobial susceptibility testing was done on Muller-Hinton agar by disc
diffusion method (Kirby-Bauer disk diffusion susceptibility test protocol). Muller-Hinton agar plates were
inoculated with 200 and 400 uL of standardized inoculum (10° CFU/mL) of bacterium and spread with
sterile swabs. Aeromonas hydrophila (strain E 2/7/15) isolated locally from gills of rainbow trout (On-
corhynchus mykiss Walbaum) and Pseudomonas fluorescens (strain E 1/7/15) isolated locally from inter-
nal organs of rainbow trout with clinical features of furunculosis, Citrobacter freundii isolated locally
from gills of eel (Anguilla anguilla L.) with clinical features of disease, as well as Yersinia ruckeri col-
lected from clinically healthy fish and fish with clinical symptoms of yersiniosis were used as test organ-
isms. In our study, the A. hydrophila and C. freundii strain (200 and 400 ul of standardized inoculum)
revealed intermediate susceptibility to ethanolic extract obtained from leaves of F. pumila (inhibition zone
diameters ranged from 10 to 11 mm). Ethanolic extract derived from F. pumila leaves exhibited the high-
est antibacterial activity against Pseudomonas fluorescens causing a zone of inhibition, comprising at
least 13-14 mm for 200 uL and 9-10 mm for 400 uL of standardized inoculum (10° CFU/mL) of bacterium
strain. Y. ruckeri isolate (200 and 400 ul of standardized inoculum) revealed high susceptibility to ethano-
lic extract obtained from leaves of F. pumila (inhibition zone diameters ranged between 12 and 14 mm).
Further studies aimed at the isolation and identification of active substances from the ethanolic extracts
obtained from leaves of F. pumila could also disclose compounds with better therapeutic value. It is be-
lieved that screening of plants from Ficus genus for other biological activities including antimicrobial
activity is essential. Finally, it seems important not only to determine the substances involved in the activ-
ity against pathogens but also to establish the induced response in the fish physiology.
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AHTUMHUKPOBHAS DOPEKTUBHOCTDb D9TAHOJIBHOI'O DKCTPAKTA,
MNOJIYYEHHOI'O U3 JIMCTBEB FICUS PUMILA L. (MORACEAE)
OTHOCUTEJIbBHO BAKTEPHUAJIBHBIX IIATOI'EHOB PbIb

Lenvio smozco uccnedosanusi Oviia OYeHKA AHMUMUKDOOHOU DeKMUSHOCMU IMAHOILHO2O IKC-
mpaxma, nonyuenno2o uz aucmves Ficus pumila L. omHocumenbho OaxmepuanbHbIX NAMO2eH08 pulh
(Aeromonas hydrophila, Citrobacter freundii, Pseudomonas fluorescens, Yersinia ruckeri), u 6o3mooicnocmo
HPUMEHEeHUsl I1M020 PACMenus: Oisi NPeOOMEPAujeHUs. UHMEKYULL, 8bI36AHHBIX IMUMU DAKMeEPUSIMU 8 aK6d-
kyaemype. Jlucmos F. pumila 6viiu coopanst 6 Hayuonanvnom 6omanuveckom cady um. H.H. I puwuxo HAH
Yipaunwr (Kues, Yxpauna). Ceesicue aucmvs npomuleanu, UsMeibyaiu, 636eUuUsaIn U 20MO2eHU3UPOBATU
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6 96%-m smanone ons noayuenus 10 % sxcmpaxmos. Aeromonas hydrophila (wmamm E 2/7/15),
Pseudomonas fluorescens (wmamm E 1/7/15), a maxowce Yersinia ruckeri, evioenennvie uz 6HympeHHUX
opearos padycnot popenu (Oncorhynchus mykiss Walbaum) ¢ kiunuueckumu npusHaxamu QypyHKyie3a
u uepcunuosa, a maxace Citrobacter freundii, usonuposannviii u3 6HympeHHux opeanos yeps (Anguilla
anguilla L.) ¢ xiunuueckumu npusHaxamu 3a001e8anus, Mvl UCHOIb308ANU @ IMOM UCCIe008AHUU KAK
mecmosble WMmMammvl 8 OUCKoOudgysuonnom memooe Kupou-bayspa (1966). B yawxu c azapom Muller-
Hinton unoxynuposanu 200 u 400 mxn cmandapmusosantozo unoxyisma (10° KOE/un) 6axmepuil. B na-
wem uccneooganuu wmamm A. hydrophila u C. freundii (200 u 400 mxn cmandapmusupo8anHoco UHOK)-
JIMa) NPOOEeMOHCIMPUPOBATL CPEOHION BOCNPUUMYUBOCTL K IMAHONLHOMY IKCMPAKMY, NOIYYEHHOMY U3
aucmoes F. pumila (Ouamempul 301 uneubuposanus pocma wmamma sapvuposaiuce om 10 0o 11 mm).
Camas 8vlcokas anmubOaxmepuaibHas AKMUGHOCMb IKCMPAKMA NPOOEMOHCIPUPOBAHA OMHOCUMETLHO
wmamma Pseudomonas fluorescens (Ouamemp 30mbl uneubuposanus pocma wmamma cocmasisin 13—14 um
onst 200 mxn cmanoapmusupoganioco unoxynama u 9—10 mm — ons 400 mxn uHoxyama OaKmepuaibHo20
wmamma). Hzonsm Y. ruckeri (200 u 400 mxn nocesHo2o mamepuana) RPosiUll bICOKYIO 80CNPUUMYU-
80CMb K IMAHONLHOMY IKCMPAKMY, ROIYHEHHOMY U3 aucmves F. pumila (Ouamempsi 30H uHeUOUPOBAHUSL
cocmagnianu om 12 0o 14 mm). /laneretiuue uccie0o8anus, HANPasileHHvle Ha 8vbloeneHue U U0eHmupura-
YUI0 aKMUGHLIX 8eUieCME U3 IMAHOIbHBIX IKCMPAKIMO8, NOLYHeHHblX U3 aucmoes F. pumila, nomozym ye-
JIEHANPABILEHHO YAYUUUMDb MePanesmuyeckyio YeHHOCMb IKCMPakmos. Bajicno ne moavko onpedenums
seuecmaa, yuacmeyiowiue 6 akmugHOCHU OMHOCUMENbHO NAMO2EH08, HO U YCMAHOSUMb UHOYYUPOBAH-
HblL PU3UOTOSUYECKULl OMEem Pblh 8 UCCAeA08ANUSX i VIVO.

Knrouesvie crosa: Aeromonas hydrophila, Citrobacter freundii, Pseudomonas fluorescens, Yersinia
ruckeri, aHMUMUKpOOHAsL AKMUBHOCMb, OUCKOOUDDY3uonubli Memoo baviepa-Kupbu, smanonbHulll 9KC-
mpaxm.

Introduction

Infectious diseases in aquaculture are of major concern to the industry and are typically con-
trolled by eradication of the pathogen, treatment with antibiotic or chemotherapeutics [6]. Many
plants were shown to have potential for being effective herbal drugs against the fish and other
aquaculture pathogens [17]. Therefore, use of natural products has been considered as an alterna-
tive to antibiotics in fish health management to control bacterial infections in aquaculture. Addi-
tionally, it is an attractive method for increasing the protective capabilities of fish [15]. One of the
potential plants that can be used as antimicrobial to enhance survival and immune competence is
Ficus genus plants.

Among 37 genera of Moraceae comprising 1050-1100 species in total, Ficus L. is the largest
one with ca 750 species of tropical and subtropical distribution worldwide [4]. Ficus trees have
widely been used by humans over their history in a variety of industries and fields of activity.
Virtually all parts of their body are utilized by local people in various medicinal practices to cure
wounds, sores, stomach and eye problems, headaches and toothaches, and even tumours and can-
cer, etc. A number of species are known helpful in healing disorders of digestive and respiratory
systems, parasitic infections, and also as painkillers, tonics, and ecbolics [12].

Ficus L. is one of the largest genera of angiosperms, with about 750 species of terrestrial trees,
shrubs, hemi-epiphytes, climbers and creepers occurring in the tropics and subtropics of the world
[4]. Ficus trees have widely been used by humans over their history in a variety of industries and
fields of activity. Virtually all parts of their body are utilized by local people in various medicinal
practices to cure wounds, sores, stomach and eye problems, headaches and toothaches, and even
tumours and cancer, etc. A number of species are known helpful in healing disorders of digestive
and respiratory systems, parasitic infections, and also as painkillers, tonics, and ecbolics [12].

Ficus pumila L. is a (gyno)dioecious evergreen root-climber naturally occurring in continen-
tal southern and eastern Asia. Leaves are distichous, 1-10 cm long and 0.7-6 cm wide, elliptic to
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oblong or ovate. The species represents dimorphy of leaves and stems: sterile climbing stems
possess short adventitious roots and small asymmetric leaves, while the fertile non-climbing
stems without roots bear large symmetric coriaceous leaves. A separate plant may possess either
two or one stem (and leaf) type, with the fertile branches tenting to develop in mature plants
reaching the forest canopy. Figs are axillary or below the leaves, solitary, 3.5-6.5 cm in diameter,
pedunculate and obovoid, pubescent, purple to blackish at maturity [4].

Ficus (Moraceae) species are reported to have antimicrobial activity against several patho-
genic bacteria and have been used as traditional medicines for the treatment of human diseases [2,
19, 20]. Moreover, in line with the growing interest in the antibacterial properties of different
plants, in our previous researches, we have used ethanolic extracts derived from leaves of various
Ficus species to assess antibacterial activity against harmful fish pathogens, Aeromonas hydro-
phila, Citrobacter freundii, Pseudomonas fluorescens [21-26].

Therefore, the aim of this study was to test the efficacy of ethanolic extract prepared from F.
pumila leaves against fish pathogens, Aeromonas hydrophila, Citrobacter freundii, Pseudomonas
fluorescens, and Yersinia ruckeri to evaluate the possible use of this plant in preventing infections
caused by these bacteria in aquaculture.

Materials and methods

Collection of Plant Material and Preparing of Plant Extract. The leaves of F. mucuso
were sampled in M.M. Gryshko National Botanical Garden (Kyiv, Ukraine). The whole collec-
tion of tropical and subtropical plants at M.M. Gryshko National Botanical Garden (Kyiv,
Ukraine) (including Ficus spp. plants) has the status of a National Heritage Collection of Ukraine.
The sampled leaves of Ficus spp. were brought into the laboratory for antimicrobial studies.
Freshly crushed leaves were washed, weighted, and homogenized in 96% ethanol (in proportion
1:10) at room temperature, and centrifuged at 3,000 g for 5 minutes. Supernatants were stored at -
20°C in bottles protected with laminated paper until required.

Method of Culturing Pathological Sample and identification Method of the Bacteria.
Aeromonas hydrophila (strain E 2/7/15) isolated locally from gill of rainbow trout (Oncorhyn-
chus mykiss Walbaum) and Pseudomonas fluorescens (strain E 1/7/15) isolated locally from in-
ternal organs of rainbow trout (Oncorhynchus mykiss Walbaum) with clinical features of furuncu-
losis (kidneys were gray, liver was pale and fragile, enlarged spleen with exudate in the body cav-
ity), as well as Citrobacter freundii isolated locally from gill of eel (Anguilla anguilla L.) with
clinical features of disease were used as test organisms. Samples of internal organs (kidneys,
spleen, liver) weighting 2 g were taken and homogenized before preincubation in TSB broth
(Tripticase Soya Broth, Oxoid) for 24 hrs. After preincubation, bacterial culture was transferred
to two different cultivation media: TSA (Tripticase Soya Agar, Oxoid) and BHIA (Brain Heart
Infusion Agar, Oxoid) supplemented with 5% of sheep blood (OIE Fish Diseases Commission,
2000). After 48 hrs of incubation at 27°C, characteristic pink colonies were selected for further
examination.

The isolates of Y. ruckeri were collected from clinically healthy fish and fish with clinical
symptoms of yersiniosis. Internal organs (predominantly pronephros and gills) as well as intesti-
nal swabs were sampled. Tissue samples were homogenized and inoculated on nutritional agar
with 5% blood (Columbia Blood Agar, Oxoid). Following a 24 h incubation period at 25°C +
2°C, distinctive colonies were transferred onto TSA. Round, elevated, shining and whitish colo-
nies without haemolytic properties were considered typical of Y. ruckeri. After 24h-incubation at
25°C + 2°C, an oxidase test and Gram-staining were performed. Gram-negative and oxidase-
negative isolates were cultured on TSA medium and incubated for 24 h at 25°C + 2°C.
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Preliminary characterization of isolates. Bacterial species were identified with the use of
the oxidase test and API E test kit (Biomerieux, France). The results of the test were interpreted
in accordance with the manufacturer's protocol, after 24 hrs of incubation at 27°C. Codes ++V-V-
--+V+++---+-VV+ in API E test were identified as A. hydrophila. The strain was obtained from
Diagnostics Laboratory of Fish and Crayfish Diseases, Department of Veterinary Hygiene, Pro-
vincial Veterinary Inspectorate in Olsztyn (Poland).

For characterization of Y. ruckeri isolates, bacteria were Gram-stained and then morphologi-
cally evaluated. 24h bacterial culture was wet-mounted and a microscopic smear on the slide was
prepared. Following fixation over the flame, the slide was Gram-stained with a Gram colour set
(Merck) according to the manufacturer’s instructions. The shape of the bacteria was determined
by observing the microorganisms under a light microscope at 1000* with immersion oil [9, 28].
Motility was examined on a wet mount. A drop of distilled water was put on a cover slip and bac-
teria were mounted on it with drops of distilled water put on the corners of a slip. The slip was
then covered with a special microscopic slide with an indentation and the whole set was vigor-
ously turned. The motility of the bacteria was evaluated under a light microscope at 400x [9].

Oxidase test was performed according to manufacturer’s instruction (Merck). Biochemical
properties of individual Y. ruckeri isolates were investigated with the API 20E system
(BioMerieux). Tests were performed according to the manufacturer’s instructions. The results,
namely, the presence or a lack of reaction, were read based on the key featured in the operating
procedure provided by the manufacturer of the assay. The results were analysed with the Apiweb
software (BioMerieux) to identify the investigated bacterium.

Bacterial Growth Inhibition Test of Plant Extracts by the Disk Diffusion Method.
Strains tested were plated on TSA medium (Tryptone Soya Agar) and incubated for 24 hrs at
25°C. Then the suspension of microorganisms was suspended in sterile PBS and the turbidity ad-
justed equivalent to that of a 0.5 McFarland standard. The disc diffusion assay (Kirby-Bauer
Method) was used to screen for antibacterial activity [3]. Muller-Hinton agar plates were inocu-
lated with 200 and 400 pL of standardized inoculum (10° CFU/mL) of bacterium and spread with
sterile swabs.

Sterile filter paper discs impregnated by extract were applied over each of the culture plates,
15 min after bacteria suspension was placed. The antimicrobial susceptibility testing was done on
Muller-Hinton agar by disc diffusion method (Kirby-Bauer disk diffusion susceptibility test pro-
tocol). A negative control disc impregnated by sterile ethanol was used in each experiment. The
sensitivity of strain was also studied to the commercial preparation with extracts of garlic (in di-
lution 1:10, 1:100 and 1:1000). After culturing bacteria on Mueller-Hinton agar, the disks were
placed on the same plates and incubated for 24 hrs at 25°C. The diameters of the inhibition zones
were measured in millimeters, and compared with those of the control and standard susceptibility
disks. Activity was evidenced by the presence of a zone of inhibition surrounding the well.

Statistical analysis. Each test was repeated six times and the average values of antimicrobial
activity were calculated. All statistical calculation was performed on separate data from each spe-
cies with STATISTICA 8.0 software (StatSoft, Poland) [29]. The following zone diameter crite-
ria were used to assign susceptibility or resistance of bacteria to the phytochemicals tested: Sus-
ceptible (S) > 15 mm, Intermediate (I) = 11-14 mm, and Resistant (R) < 10 mm [21-26].

Results

Antimicrobial activity of ethanolic extracts obtained from F. pumila against Aeromonas hy-
drophila, Citrobacter freundii, Pseudomonas fluorescens, Yersinia ruckeri expressed as mean of
diameters of inhibition zone is presented in Figs 1-5.

23



ISSN 2222-4661. HayuyHbie mpydbi Hanbpbibemy3a. 2018. Ne 2 (m. 45)

14

12

10

Inhibition zone diameters, mm
=)

Aeromonas hydrophila Citrobacter freundii Pseudomonas fluorescens Yersinia ruckeri

0200 pL of standardized inoculum 0400 pL of standardized inoculum

Fig. 1. Antimicrobial activity of ethanolic extracts obtained from F. pumila against Aeromonas hydrophila,
Citrobacter freundii, Pseudomonas fluorescens, Yersinia ruckeri. Muller-Hinton agar plates inoculated
with 200 and 400 pL of standardized inoculum (10* CFU/mL) of bacterium

In our study, the A. hydrophila and C. freundii strain (200 and 400 pl of standardized inocu-
lum) revealed intermediate susceptibility to ethanolic extract obtained from leaves of F. pumila
(inhibition zone diameters ranged from 10 to 11 mm) (Figs 1-3).

Fig. 2. Antimicrobial activity of ethanolic extracts obtained from F. pumila (53) against Aeromonas
hydrophila. Muller-Hinton agar plates inoculated with 200 (A) and 400 pL of standardized inoculum
(10® CFU/mL) of bacterium (B)

Our results demonstrated that the C. freundii (200 and 400 pl of standardized inoculum) re-
vealed intermediate susceptibility to ethanolic extract obtained from leaves of F. pumila (inhibi-
tion zone diameters were ranged between 10 and 12 mm) (Fig. 3).
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A B
Fig. 3. Antimicrobial activity of ethanolic extracts obtained from F. pumila (53) against Citrobacter freundii.
Muller-Hinton agar plates inoculated with 200 (A) and 400 uL of standardized inoculum (10 CFU/mL)
of bacterium (B)

Ethanolic extract derived from F. pumila leaves exhibited the highest antibacterial activity
against Pseudomonas fluorescens causing a zone of inhibition, comprising at least 13-14 mm for
200 pL and 9-10 mm for 400 pL of standardized inoculum (10 CFU/mL) of bacterium strain. Y.
ruckeri isolate (200 and 400 pl of standardized inoculum) revealed high susceptibility to ethano-
lic extract obtained from leaves of F. pumila (inhibition zone diameters ranged between 12 and
14 mm) (Figs 1, 4, 5).

Fig. 4. Antimicrobial activity of ethanolic extracts obtained from F. pumila (53) against Pseudomonas
fluorescens. Muller-Hinton agar plates inoculated with 200 (A) and 400 pL of standardized inoculum
(10° CFU/mL) of bacterium (B)
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Y. ruckeri (200 and 400 pl of standardized inoculum) revealed intermediate susceptibility to
ethanolic extract obtained from leaves of F. pumila (inhibition zone diameters were ranged be-
tween 12 and 14 mm) (Fig. 5).

Fig. 5. Antimicrobial activity of ethanolic extracts obtained from F. pumila (53) against Yersinia ruckeri.
Muller-Hinton agar plates inoculated with 200 (A) and 400 pL of standardized inoculum (10* CFU/mL)
of bacterium (B)

Discussion

The antimicrobial activity profile of ethanolic extract obtained from leaves of F. pumila
against the tested pathogen strains indicated that Yersinia ruckeri was the most susceptible bacte-
rium (200 and 400 pl of standardized inoculum) among all the bacterial test strains (Figs 1, 5).
Similarly, P. fluorescens was found to be sensitive strain (13-14 mm for 200 pL and 9-10 mm for
400 pL of standardized inoculum of bacterium strain) although 4. hydrophila and C. freundii was
found to be least susceptible to ethanolic extract obtained from leaves of F. pumila (Figs 1-4). Of
all the bacterial strains included in the test, Y. ruckeri (200 and 400 pl of standardized inoculum
dilution) and P. fluorescens (200 pul) were found to be the most susceptible and C. freundii, which
is an isolate from gills of eel, was found to be the least inhibited bacterium (Figs 1, 3-5).

The comprehensive review of usefulness of some medicinal plants (herbal drugs) against fish
diseases has been presented by many researchers [5, 7, 8, 13, 19, 20]. In our previous studies,
therapeutic potential for the use of various plants of Ficus genus in the control of bacterial dis-
eases were evaluated against fish pathogens in in vitro study with promising results [21-26]. An-
tibacterial properties of plant extracts have been by far the most studied bioactivity with potential
application in aquaculture systems [18]. Castro and co-workers (2008) have revealed by agar dif-
fusion assay that 31 methanolic extracts of Brazilian plants presented antibacterial activity against
the fish pathogenic bacteria, i.e. Streptococcus agalactiae, Flavobacterium columnare and 4. hy-
drophila. F. columnare being the most susceptible microorganism to most of the tested extracts
[5]. Wei and Musa (2008) also studied the susceptibility by assay of minimum inhibitory concen-
tration (MIC) of two Gram positive bacteria (Staphylococcus aureus and Streptococcus agalac-
tiae), four Gram negative bacteria (C. freundii, Escherichia coli, Vibrio parahaemolyticus and
Vibrio vulnificus) and 18 isolates of Edwardsiella tarda to aqueous extract of garlic (500, 250,
125, 62.5 mg/mL), and found that all garlic extracts were effective against the tested pathogenic
bacteria [27].
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This investigation is in line with our previous works which have revealed a great potential of
Ficus species as plants with potent antimicrobial properties. In our previous study, the in vitro
antimicrobial activity of the ethanolic leaf extracts of various Ficus species against Citrobacter
freundii was evaluated. The results proved that the extracts from F. drupacea, F. septica, F. del-
toidea as well as F. hispida, F. mucuso, F. pumila, F. craterostoma exhibit a favorable antibacte-
rial activity against C. freundii (200 pL of standardized inoculum) [21]. Our results also proved
that the ethanolic extracts obtained from F. pumila, F. binnendijkii ‘Amstel Gold’, F. carica,
F. erecta, F. hispida, F. mucuso, F. palmeri, F. religiosa possess considerably sufficient antibac-
terial potential against C. freundii. Among various species of Ficus screened ethanolic extracts of
the leaves of ten Ficus species: F. hispida, F. binnendijkii, F. pumila, F. rubiginosa, F. erecta,
F. erecta var. sieboldii, F. sur, F. benjamina, F. craterostoma, F. lyrata, F. palmeri (the species
are listed in the order of effectiveness against pathogen tested) were the most effective against
P. fluorescens (200 pL of standardized inoculum) [22]. Moreover, previous investigation has
shown that the most effective against P. fluorescens (400 pL of standardized inoculum) were the
ethanolic extracts obtained from leaves of ten Ficus species: F. craterostoma, F. cyathistipula,
F. drupacea ‘Black Velvet’, F. hispida, F. macrophylla, F. mucuso, F. pumila, F. villosa. In our
study, most ethanolic extracts obtained from Ficus spp. proved effective against the bacterial
strain of Gram-negative 4. hydrophila tested, with 10-12 mm zones of inhibition being observed.
A. hydrophila demonstrated the highest susceptibility to F. pumila. The highest antibacterial ac-
tivity against A. hydrophila (200 pL of standardized inoculum) was displayed by F. benghalensis,
F. benjamina, F. deltoidea, F. hispida, F. lyrata leaf extracts. Among various species of Ficus
genus exhibiting moderate activity against A. hydrophila (400 pL of standardized inoculum), the
highest antibacterial activity was displayed by F. benghalensis, F. benjamina, F. deltoidea,
F. hispida, F. lyrata leaf extracts [23, 26].

In line with these general findings, there are copious evidences that various species of genus
Ficus exhibit antimicrobial properties against broad spectrum of microorganisms. The scientific
research on Ficus spp. indicated that these plants have received increasing interest in recent years.
It 1s well documented that various Ficus spp. have been used against Gram-positive and Gram-
negative bacteria [19]. For instance, Rajiv and Rajeshwari (2012) screened antimicrobial activity
of F. religiosa bark, leaf, stem, and fruit aqueous extracts against a number of major pathogens
(Aderomonas hydrophila, Enterobacter aerogenes, E. coli, Pseudomonas aeruginosa, Staphylococ-
cus aureus, Streptococcus pyogenes, Aspergillus niger, and Candida albicans) and conducted their
phytochemical analysis. All tested extracts appeared active against the pathogens at concentrations
25-100 mg/ml, the widest inhibition zone (15-16 mm) resulting from the highest concentration.
Fruit extract showed generally the weakest activity and only the leaf extract affected the whole set
of tested organisms at maximal concentration. Antibacterial properties of the extracts were gener-
ally better pronounced than untifungal ones. All extracts at all concentrations tested affected P.
aeruginosa, although the strongest inhibition showed the maximal concentration extracts from
leaves and stems (inhibition zone diameter 14 mm) and slighter effect was produced by bark (13
mm) and fruit (12 mm) extracts. Qualitative phytochemical analysis showed the bark extract to
have the richest chemical composition (sugar, alkaloids, phenols, and tannins present), being
poorer in fruits (phenols and flavonoids), stem (sugar and tannins), and leaves (only tannins). Gly-
cosides and terpenoids featured all extracts tested. Hence the most specific chemicals appeared to
be alkaloids (found only in bark) and flavonoids (only in fruits), while tannins were common for
the plant parts with the highest antimicrobial activity in general (i.e., bark, leaves, and stem) [16].

Al Askari et al. (2013) screened aqueous and ethanolic leaf extracts of F. carica from differ-
ent regions of Morocco against 16 bacterial strains (Acinetobacter baumannii, Escherichia coli,
Hafnia alveie, Klebsiella pneumonia, Proteus mirabilis, Pseudomonas aeruginosa, P. fluores-
cens, Salmonella arizonae, S. entericatyphimurium, S. enteritidis, Staphylococcus aureus,
S. aureus meticillin-resistant, S. epidermidis, Streptococcus pyogenes, S. sanguins, and Yersinia
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enterocolitica) and 8 yeasts (Candida famata, C. glabrata, C. parapsilosis, C. tropicalis, two
strains for each species). In general, aqueous extract was found more active against Gram-
positive bateria than Gram-negative ones and it was not active against yeasts. Ethanolic extract
demonstrated stronger inhibitory activity compared to aqueous extract and inhibited growth of
both bacteria and fungi. E. coli showed comparatively high susceptibility among all bacteria
tested. Aqueous extracts from plants collected in different regions affected E. coli with the inhibi-
tion zone diameter values of 0-11 mm (MIC 100 pg/ml), while ethanolic extracts showed zone
diameters of 13.3-18.7 mm (MICs 25-50 pg/ml) [1].

Nair and Chanda (2006) screened aqueous and ethanol extracts from 20 plant species, among
which were four species of Ficus (F. benghalensis, F. racemosa, F. religiosa, and F. tisela),
against seven Gram-negative (Pseudomonas aeruginosa ATCC27853, Pseudomonas testosteroni
NCIMS5098, Proteus mirabilis NCIM2241, Proteus vulgaris NCTC8313, Enterobacter aerogenes
ATCC10240, Escherichia coli ATCC25922, and Citrobacter freundii ATCC10787) and five
Gram-positive (Staphylococcus epidermidis ATCC12228, Bacillus cereus ATCC11778, Strepto-
coccus fecalis ATCC29212, Streptococcus cremoris NCIM2179, and Streptococcus agalactiae
NCIM2401) bacterial strains. Aqueous extracts generally showed less activity than ethanol ex-
tracts and Gram-positive bacteria were generally more affected than Gram-negative ones. The
examined Ficus species, of which bark extracts were used, showed low inhibition activity in gen-
eral. Among bacteria tested, E. coli appeared the most resistant. Neither Ficus extract acted
against E. coli [14].

Further studies focused on antimicrobial evaluation of methanolic extracts, hexane-ethyl ace-
tate and ethyl acetate-methanol extract fractions, and isolated compounds from stem bark of F.
ovata Vahl., testing a range of microbe clinical isolates, including Gram-positive bacteria (methi-
cillin-resistant Staphylococcus aureus LMP805, Streptococcus faecalis LMP806, and Bacillus
Icereus LMP716), Gram-negative bacteria (B-lactamase positive Escherichia coli LMP701, am-
picillin-resistant Klebsiella pneumoniae LMP803, carbenicillin-resistant Pseudomonas aerugi-
nosa LMP804, chloramphenicol-resistant Salmonella typhi LMP706, and chloramphenicol-
resistant Citrobacter freundii LMP802), and fungi (Candida albicans LMP709U and Micro-
sporum audouinii LMP725D) [11]. The crude extracts and certain fractions and compounds were
found active against all organisms tested. E. coli was most strongly inhibited (MIC 78 pg/ml) by
Hex—EtOAc 25% fraction and two compounds, namely taraxeryl acetate (terpenoid) and proto-
catechuic (phenolic) acid. Other compounds showed MIC values of 156 pg/ml, fractions 156 to
312 pg/ml, and crude extract 312 pg/ml against E. coli. Among all organisms tested, E. coli dem-
onstrated relatively high susceptibility to the evaluated antimicrobial agents. In general, the most
inhibitory-active compounds appeared to be 2'-hydroxyisoprunetin (isoflavonoid) and protocate-
chuic acid, affecting (nearly) all pathogens tested with relatively low MIC values. Antimicrobial
activity of flavonoids and isoflavonoids was suggested to come from their ability to complex with
bacterial cell wall, while that of terpenoids to cause membrane disruption, both resulting in the
microbial growth inhibition [10, 11].

Conclusions

In conclusion, ethanolic extract obtained from leaves of F. benghalensis investigated pos-
sessed activity against at least two strains of bacteria (Y. ruckeri and P. fluorescens). The data on
susceptibility patterns of pathogens responsible for fish diseases are very important for aquacul-
ture. The results also indicate that scientific studies carried out on medicinal plants having tradi-
tional claims of effectiveness might warrant fruitful results. Therefore, it seems a promising strat-
egy to apply plant-derived products to gain control of infections in fish used for aquaculture. Fur-
ther studies aimed at the isolation and identification of active substances from the ethanolic
extract obtained from leaves of F. benghalensis could also disclose compounds with better thera-
peutic value.
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