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The antibacterial activity of ethanolic and aqueous crude extracts from 36 plants in Turkey, including seven endemic
species, against fish pathogens was studied using the disc diffusion assay. The extract that was most active against all
microbial strains, except Aeromonas salmonicida, was that of Dorycnium pentaphyllum. Some of the extracts also showed
a very broad spectrum of potent antimicrobial activity. The extract of Anemone nemorosa showed the highest
antimicrobial activity against Vibrio anguillarum. V. anguillarum, a Gram-negative bacterium, appeared to be the most
susceptible to the plant extracts used in this experiment. To the best of our knowledge, this is the first report on the
antimicrobial activity of 11 of the studied plants. The preliminary screening assay indicated that some of the Turkish plants
with antibacterial properties may offer alternative therapeutic agents against bacterial infections in aquaculture industry.
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Introduction

The State of World Fisheries and Aquaculture reveals that
the sector produced a record about 122 million tonnes of
fish for human food, providing more than 4.3 billion peo-
ple with about 15% of their animal protein intake.[1,2] Of
this supply, almost half is derived from aquaculture pro-
duction. Although aquaculture has grown more rapidly
than all other animal food production sectors, it is
impeded by unpredictable mortality due to negative inter-
actions with high stocking rates and diseases caused by
pathogenic bacteria.

In modern large-scale fish farms, a wide variety of dis-
infectants and antibiotics are given preference as agents
used against pathogens. However, the environmentally
friendly and user-safe chemicals can be used as an alterna-
tive to replace these agents. For example, malachite green
has been banned in the European Union and the USA.[3]
The compounds with antibiotic activity are designed to
inhibit the growth and kill pathogenic bacteria in aquacul-
ture production. Romero et al. [4] indicated that the usage
of antimicrobial agents in aquaculture causes the develop-
ment and spread of antibacterial-resistant bacteria, resis-
tance genes and the presence of antimicrobial residues in
aquaculture products and the environment.[4]

The global concerns about bacterial antibiotic resis-
tance and antibiotic residues have increased. Recently, the
US Centers for Disease Control and Prevention published
a report of the threat that the country faces from the

antibiotic-resistant organisms.[5] Therefore, there is a
need for development of alternative therapies against bac-
terial pathogens in aquaculture production. Several alter-
natives to the usage of antibiotics have been applied
successfully in aquaculture.[4] One such alternative is the
use of probiotics to avoid bacterial infection in aquacul-
tures.[6,7] Other sources of alternative treatment are
essential oils [8,9] and plant extracts,[ 10—14] which have
been used in vivo as antibacterial agents to control bacte-
rial infections. These compounds may constitute alterna-
tive prophylactic and therapeutic agents in aquaculture
because of their antibacterial properties.

The use of plant extracts and other alternative forms of
medical treatment against pathogens is gaining great pop-
ularity based on scientific interest and public awareness.
[15] Traditional medicine has been used in some commu-
nities from Central Asia to Anatolia for thousands of
years. Herbal treatments are currently the most popular
form of traditional medicine, generating billions of dollars
in revenue, and are highly lucrative in the international
marketplace.[15,16] In some Asian, African and many
developed countries, 70% to 80% of the population
depends on traditional medicine for primary healthcare
and uses some form of alternative or complementary med-
icine.[17—21]

Turkey has rich plant diversity and the endemism ratio
is relatively high when compared with other European
countries.[22—24] In Turkey, 8988 native plant species
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have been described with 2991 endemic plant species and
the endemism ratio is about 33.3%.[13,24,25] In this rich
variety of plant species, their potential antibacterial activ-
ity needs to be explored and scientifically verified. There-
fore, the aim of this study was to evaluate the antibacterial
activity of alcoholic and aqueous extracts obtained from
36 Turkish plants on most frequently isolated bacteria in
aquaculture industry.

Materials and methods
Preparation of plant extracts

Plants were collected from the region of Bolu (Turkey)
and were identified according to [26]. The original speci-
mens were deposited at the Abant Izzet Baysal University
Herbarium, Bolu. All plant samples and collection num-
bers are listed in Table 1. All collected plants were oven
dried at 40 °C and water and ethanol (EtOH) extracts
were obtained. For aqueous extraction, 20 g from each
powdered plant sample were extracted with 200 mL of
water at 80 °C in a water bath for 12 h and then filtered.
Water was evaporated using a lyophilizator. For alcoholic
extractions, 20 g of plant sample were Soxhlet extracted
with 350 mL of EtOH at 60 °C for 12 h and the liquid por-
tion was evaporated under vacuum. For antibacterial
assay, each extract was dissolved in sterile distilled water
in order to obtain a final concentration of 100 mg/mL.
Plant materials, designation of treatments and yield (%)
for each extraction are summarized in Table 1.

Fish bacteria

Four Gram-negative (deromonas hydrophila, Aeromonas
salmonicida, Vibrio anguillarum and Yersinia ruckeri)
and three Gram-positive bacteria (Enterococcus faecalis,
Lactococcus garvieae and Streptococcus agalactia) were
used in this study. 4. hydrophila (ATCC 19570) and S.
agalactia (Pasteur Institute 55118) were purchased from
Refik Saydam Hygiene Center Culture Collection. V.
anguillarum, Y. ruckeri and L. garvieae were provided by
Dr Altiok, Stirmene Faculty of Marine Science, Karade-
niz Technical University, Trabzon, Turkey; E. faecalis by
Dr Koyuncu, Faculty of Fisheries, Mersin University,
Mersin, Turkey and A. salmonicida by Dr Kirkan, Faculty
of Veterinary Medicine, Adnan Menderes University,
Aydn, Turkey.

Antibacterial bioassay

The disc diffusion assay (Kirby—Bauer Method) was used
to screen for antibacterial activity.[27] A pure culture of
each bacterial strain was grown on tryptic soy agar
(Acumedia®) and incubated at 25 °C for 4. salmonicida
and Y. ruckeri, and at 37 °C for the other bacteria for two

days. The turbidity of each broth culture was adjusted
with saline to obtain turbidity visually comparable to that
of a 0.5 McFarland standard and then Mueller Hinton agar
plates (Acumedia®) were inoculated by using cotton
swabs. All extracts were sterilized by filtering through a
0.22 pm filter (Millex®) and sterile filter paper discs
(Glass Microfibre filters, Whatman®; 6 mm in diameter)
were impregnated with 13 L of the extract. There were
five replicates in every plate and two plates for each tested
extract, for each bacterium. Positive controls consisted of
five different antimicrobial susceptibility test discs
(Bioanalyse®): furazolidone (100 ug), oxytetracycline
(30 ng), tetracycline (30 ng), erythromycin (15 png) and
trimethoprim/sulfamethoxazole (1.25/23.75 pug). Four
antibiotic discs were used for each plate and run in dupli-
cate. Water was used as a negative control. Inoculated
plates with discs were placed in an incubator at 37 °C,
with the exception of A. salmonicida and Y. ruckeri,
which were incubated at 28 °C. After 16 to 18 h of incuba-
tion, the inhibition zone diameter (mm) was measured. All
experiments were repeated three times.

Statistical analysis

One-way analysis of variance and Duncan’s multiple
range tests were run to evaluate the differences between
the inhibition zones of the plant extracts, using the SPSS
software (Version 15, SPSS Inc., Chicago, IL, USA). The
means and standard errors were calculated for each treat-
ment. The accepted level of significance was 0.05.

Results and discussion

In line with the growing interest in the antibacterial poten-
tial of different plants, we examined the antibacterial
properties of 72 extracts obtained from 36 plants from the
flora of Turkey against seven fish pathogens. The results
from the screening study performed by the disc diffusion
method are shown in Table 2. The only extracts that did
not exhibit any activity against the fish pathogens were
the ethanolic extracts of Eryngium campestre and Mentha
longifolia; the aqueous extracts of Phlomis russeliana,
Phlomis armeniaca, Coronilla varia, Ptilostemon afer,
Daphne oleoides, Campanula glomerata and Campanula
olympica; and the ethanolic and aqueous extracts of
Viburnum opulus, Astrantia maxima, Onobrychis oxy-
donta, Astragalus brachypterus, Doronicum orientale,
Centaurea triumfettii, Rhinanthus angustifolius, Cyno-
glossum montanum, Echium orientale, Polygonatum ori-
entale, Fritillaria pontica, Arum euxinum, Hyoscyamus
niger and Asarum europaeum. The largest zone of inhibi-
tion was that of the ethanolic and aqueous extracts of
Anemone nemorosa, Fragaria vesca, Alchemilla mollis
and Sideritis taurica (endemic) against V. anguillarum.
The aqueous extracts of A. nemorosa showed similar



Table 1. List of the studied plant species, accession numbers, plant parts and extract yields.
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Family and plants species Collection number Part used Yield (%)*
Rosaceae
Crataegus monogyna Jacq. AUT-2035 Fresh fruits 0.6
4.1
Pyracantha coccinea Roemer AUT-2032 Fresh fruits 2.9
4.1
Fragaria vesca L. AUT-2037 Fresh fruits 7.0
7.1
Rubus caesius L. AUT-2033 Fresh fruits 2.7
4.4
Alchemilla mollis (Buser) Rothm. AUT-2019 Aerial 2.0
1.2
Caprifoliaceae
Viburnum opulus L. AUT-2029 Fresh fruits 1.6
4.2
Viburnum lantana L. AUT-2030 Fresh fruits 1.8
3.0
Apiaceae
Eryngium campestre L. AUT-2018 Aerial 1.7
var. virens 1.8
Astrantia maxima Pallas AUT-1949-Endemic Aerial 16.0
subsp. haradjianii (Grintz.) Rech. fil. 17.5
Lamiaceae
Mentha longifolia (L.) Hudson AUT-1937 Aerial 16.0
subsp. typhoides (Briq.) Harley var. typhoides 7.3
Lamium crinitum Montbret & Aucher ex Bentham AUT-1945 Aerial 213
12.0
Phlomis russeliana (Sims) Bentham AUT-1946-Endemic Aerial 6.24
8.6
Phlomis armeniaca Willd. AUT-1954-Endemic Aerial 4.4
8.9
Sideritis taurica Stephan AUT-1953 Aerial 12.8
154
Fabaceae
Dorycnium pentaphyllum Scop. AUT-2020 Aerial 2.2
subsp. anatolicum (Boiss.) Gams 5.6
Coronilla varia L. AUT-2022 Aerial 33
subsp. varia 7.0
Onobrychis oxydonta Boiss. AUT-2026 Aerial 1.6
2.4
Astragalus brachypterus Fischer AUT-1947-Endemic Aerial 8.6
7.6
Asteraceae
Doronicum orientale Hoffm. AUT-2021 Aerial 4.1
5.3
Senecio castagneanus DC. AUT-1952-Endemic Aerial 14.0
15.0
Centaurea triumfettii All. AUT-1940 Aerial 10.0
133
Ptilostemon afer (Jacq.) Greuter AUT-1948-Endemic Aerial 14.7
subsp. eburneus 7.0

(continued)



284 H. Turker and A.B. Yildirim

Table 1. (Continued)

Family and plants species Collection number Part used Yield (%)*
Scrophulariaceae
Rhinanthus angustifolius C.C. Gmelin AUT-2025 Aerial 2.5
2.5
Boraginaceae
Cynoglossum montanum L. AUT-1943 Aerial 7.6
14.1
Echium orientale L. AUT-1950-Endemic Aerial 8.2
4.6
Liliaceae
Polygonatum orientale Desf. AUT-1942 Aerial 10.4
6.3
Fritillaria pontica Wahlenb. AUT-2023 Aerial 2.8
1.9
Thymelaeaceae
Daphne oleoides Schreber AUT-1941 Leaves and flowers 33
subsp. oleoides 28.7
Ranunculaceae
Anemone nemorosa L. AUT-1955 Aerial 19.3
29.0
Araceae
Arum euxinum R. Mill AUT-1951-Endemic Aerial 9.7
30.8
Solanaceae
Hyoscyamus niger L. AUT-1944 Aerial 15.4
19.8
Aristolochiaceae
Asarum europaeum L. AUT-2024 Aerial 2.7
1.6
Campanulaceae
Campanula glomerata L. AUT-2027 Aerial 3.0
subsp. hispida (Witasek) Hayek 3.0
Campanula olympica Boiss. AUT-2028 Aerial 2.0
2.9
Hypericaceae
Hypericum perforatum L. AUT-1938 Aerial 14.3
18.7
Hypericum linarioides Bosse AUT-1939 Aerial 10.3
27.8

“Yield (%) = (weight of extract (g)/20 g of powdered plant sample) x 100.

activity to that of erythromycin against V. anguillarum.
The extracts that showed the broadest antibacterial poten-
tial were the ethanolic and aqueous extracts of Dorycnium
pentaphyllum (except for the aqueous extract, which did
not show inhibitory activity against Streptococcus agalac-
tiae). These extracts showed activity against all bacterial
strains tested in this study, except 4. salmonicida. V.
anguillarum was inhibited the most, followed by L. gar-
vieae, E. faecalis and S. agalactiae, while no zone of inhi-
bition was observed for A. salmonicida. The weakest
antibacterial activity was recorded against the Gram-

negative bacteria 4. hydrophila and Y. ruckeri. Since the
inhibiting activity was higher in ethanolic extracts, alco-
hol could be considered a better solvent for extraction of
antibacterial active substances, compared to water. The
largest inhibition zones against bacterial strains were
observed in positive controls (reference antibiotics), while
there was no inhibition zone in the negative control
(water).

In recent studies, hot ethanolic fruit extracts of Cra-
taegus monogyna, Pyracantha coccinea, V. opulus and
Viburnum lantana against Staphylococcus —aureus,



285

Biotechnology & Biotechnological Equipment

(panunuoo)

Y3 81°0 F 9°01 39I0FST6 SLTOFG6 - douwt 670 F 601 - - M wnv.ofiad [
- - - - n181'0 F 9°8 - - q
— — — — — — — M vordudjo -
- - - - wj 910 F 811 - - q
— — — — — — — M DIDL2UW0]3 )
- - - - 3610 F 0T - - a1
— —_ — — 2¢¢°0F S°¢C — —_ M vsolouou
- - - - - - - q
2670 F 101 - - - - - M RETA
- - - - noroF 8L - - q
- - - - - - - M 1mafuntdy D
- - - - wpL90F 811 - - a1
—_ - —_ —_ —_ —_ M pLia ;)
f6r'0Fs6 3(000F 06 ¥000F 08 Y1€0F 86 ¥STOF€PI - 38S0F I'01 q
- 1910 F 8L 1910 F €L 3LTOFO08 1810 F9°CI - Y8I'0F 9L M wnjjdydoyuad "
SLEOF €TI - - - JS6I0FSIT - - q
- - - Y3 670 F 1'61 - 3940 F S°01 M DOLIND] g
- - - - sadouus 91°0 F €01 - - q
— — — — — — — \K/ SUBNSNSEE Q
1g0F €6 - - - 184d 610 F 6 - - q
— — — — — — — M E:E.Qm%hxk ‘d
SOTOF€II - - - 014 1€°0 F €6 - - a1
- - - - noro+8L - - M WL T
- - - - - - - q
- - - - ¥ECOF ST - - M pijofiduo; ‘W
- - - - - - - q
- - - - [81'0F97I - - M apsoduvo g
- 2910F €01 S9T0F €01 - 154d0 91°0 F 8°6 - - q
n8I0F 6 M9T'0F €8 Y6I'0F S8 - n81'0F 9°8 - - M pubjuv] "4
- - - 3610 F S61 - - JOS0F 0p1 q
- - - J6T0F 601 M 6TOF6LI - 29%°0 F 91 M syjjout
- - - - Adount TH() F 9°01 - - q
- - - - U] 9p"0 F S'I1 - - M Snisovo "y
- - - - 3970 F+61 - - q
- - - - 3810 F 961 - - M DISaA ]
SETOF 16 MLTOFOOI  S6I0FS6 SETOF 16 1T7F0F 9Tl - - q
— — — — ddouwt w~O F QA: — — M U209 "
- Y3910 F 8'8 YOI'0F €8 - fOTTF 991 - - a1
— — — — ouut] SEOF I'T1 — — M puddouows *)
av1oVP3Y °§ av210.03 ] syvoavf g 142YoN4 °{ wnapjmduv DPIOIUOUIDS " pjydoapdy JUSWBAIL], saroads syuelq

(4S F ww) sauoz A1031qQIYUI JO JJOWRIP UBIIN

*AesSSse UOISNJJIP OSIP 9} U0 Paseq , s10enxd jue[d paIpmis oy Jo ANANOR [BLI0IOBANUY T d[qR],



286 H. Turker and A.B. Yildirim

S ~= NI . Staphylococcus epide@nidis anq Strept?coccug pyogenei
5188 h =S an z and Rubus caesius agalnst.S. epzq’e;.’mzdzs anq : pyogenﬁ
3 i j L j j j j i 3 showed strong antibacterial activity.[28] Similarly, the
¥l o w agaal § antibacterial activity of V. opulus and V. lgntana was
- SRIIA L«)a expressed against the Gram-negative bacteria, Escheri-
% chia coli and Acinetobacter baumanni.[29] However, V
v S = see s § lantana had no inhibitory effect on any of the fish bacteria
3128 Za=92 %Q tested in this study.
S j j S j j j 3 : 2 The aqueous extract of F.. vesca leaves ‘has bee)rfl
Tlg e P § reported as an antibacterial against 4. hydrophila and Y.
NE =EESE £ ruckeri.[13] In our study, fruits extracts of F. vesca in
rni“ both solvents only inhibited the growth of V. anguillarum.
2| ® » % a® oo “§: Mkaddem et al. [30] reporte_d that Li;ter{a.mongcyttg—
o § S S Sss3ea g genes and Klebsiella pneumoniae were 1nh115)1ted y (}
7 3’: R j ﬂ % essential oils of M. longifolia. The methanolic egtract 0
g S| A = ; § = d 3 M. longifolia is also effective against S.aureu.s, Micrococ-
= o h § cus luteus, E.coli and Pseudomonas aerugmosa.[S?] I.n
E NI 8 our experiment, the aqueous extract of M. 10;?ngolz;1
§ § 22222 § showed a strong antibacterial effect only ag;mst .
? § I j : j j i 5 0 anguillarum among the other ﬁsh‘pathogens b‘ceste}.l e
= ; e X e n £ The essential oils of P. fusselzqnq have een show
£ =aIas § S exhibit notable antibacterial activity agalr.lst comr.rlllon
% E § food-borne bacteria, such as A. hyc?rophzlag Bacillus
g S S cereus, L. monocytogenes, P aeruginosa, S. augetu};v,
: Sl s 5 § §= Salmonella typhimurium, Yersinia enterqcolltlca and the
5 S 2 E E Scasd 1“% E anaerobic pathogen Clostridrium. p?rﬁf?nfgens.[32] Th}fi
% §0 S 3 ! S233S3 E E) ethanolic extracts of the same spe@gs inhibited the growt
SREEE S £3 of V. anguillarum and S. agalactza? in our study.
HEEE 5 ; E % é §" § The extracts of P. armen.ia.ca in pe.troleurp ether. apd
=22 <~ 3 g‘ methanol seem to exert similar .antlbacterlal e}llctml'fy
3 §£‘ against S. aureus and E faecalzs.[3.3] .T.he et atriloltlc
.“:3) ST g‘? ”§§ extract of the same species showed inhibitory activity
5 22533 SE 2 only against V. anguillarum in our tests. ‘
I B 3 ol g3 5 While the ethanolic and aqueous extracts obtamgd
S’ SE24% ~§ § 4 from the aerial parts of H. niger did not exhibit any ant.1—
A TeeT Qg :“ = bacterial properties against the fish bacteria tested in this
S v O™ S S §§ E’ study, the methanolic extract obtained from the geedi .of
% Az =3 S E H. niger has been shown to[3e4>;h1b1t strong antimicrobia
< SI3F T S5 % roperties against S. aureus. .
:; e ﬂ g ﬂ i ﬁ § ;‘é <§ ’ I3Fhere arge reports on the antibacFerial potential of the
< Aa=aa E L: En alcoholic extract of Hypericum species from the Balkapsi
§§ ‘2 Pakistan and Turkey. Methanolic extracts of the aeria
o 8 §§ ; parts of H. linarioides and H I?erfo;jatum possess a vtel:gy
= gEE5 2E ‘:" g § 2 broad spectrum of strong antlmlgroblal activity ;gami .
5 8 é § % E '§, %% £ S E’ aureus, K. pneumoniae, P. aeruginosa, Sc_zlmone' a en 21”51—
g mE § £ E % g g 5 g §§°§ § tidis, E. coli, Aspergillus niger and andlda albicans.[35]
E = g 5 2 E g % 'EQ? E = Similarly, ethanolic extracts of'the aer.1a1 parts of H. perfo-
o I % % E ratum show considerable activity against S. au.reus and P
) g S% g aeruginosa [36] and methanolic extracts, agam'st K!gbsz-
§ 2 § § fé ella oxytoca, E. coli, P. aeruginosa, Proteus mlmbzlzs,d S.
§ E E % = é 5 aureus, L. monocytogenes and B. cereus.[37] In Qlir Stﬁ y%
S 8 "§ E § T.?“JU § i the ethanolic and aqueous extracts from th'e aeria .pat (1)/
\j é :§ § ° % g §§ H. perforatum were found to be .effectlve agallns. .
o 2 : E & g § %% anguillarum, L. garvieae, E. faecalis anq S. gg;z actz:reé
E § ; %D é Z8Es The ethanolic and aqueous extracts of H. linarioides w



effective against V. anguillarum and the ethanolic extract
only was effective against V. anguillarum, L. garvieae, E.
faecalis and S. agalactiae.

To the best of our knowledge, the antibacterial activi-
ties of 11 of the plants from Turkey examined by us (4.
mollis, Lamium crinitum, D. pentaphyllum, C.varia, D.
oleoides, A.nemorosa, C.glomerata, C. olympica, S.taur-
ica, P.afer and Senecio castagneanus, the last three of
which are endemics) have not been hitherto reported.

In the literature, thousands of plant derived compounds
have been screened and their inhibitory effects against all
types of micro-organisms have been confirmed. With such
a growing amount of data, Cowan [15] emphasized that
the methods of extraction and in vitro testing should be
standardized to facilitate the interpretation of the results.
After verification and evaluation of in vivo bioactivities,
isolation and identification of active components from vari-
ous crude plant extracts should be determined in this kind
of screening studies, so that the probability of discovering
new drug candidates in aquaculture industry may increase.
Further research needs to be focused on subjecting fish to
these compounds to determine their effectiveness, stability
and impact on the host and on the environment.

Conclusions

The results from the disc diffusion assay showed that 22
out of 36 plant species from Turkey possess antibacterial
activities against pathogenic fish bacteria. D.pentaphyllum
could be considered a promising source of new drug can-
didates in aquaculture industry. Further research needs to
include in vivo tests to determine the effectiveness, stabil-
ity and impact of the studied extracts (and particular com-
pounds) on fish and on the environment.

Acknowledgements

The authors are grateful to Dr Altinok (Karadeniz Technical
University), Dr Koyuncu (Mersin University) and Dr Kirkan
(Adnan Menderes University) for providing bacteria species and
also to Dr Arzu Turker (Abant Izzet Baysal University) for her
technical support.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by the Abant Izzet Baysal University
Research Foundation [grant number 2012.03.01.498].

References

[1] FAO (Food and Agriculture Organization). Global produc-
tion 1950-2012 [Internet]. Rome: Fisheries and

(2]

Biotechnology & Biotechnological Equipment 287

Aquaculture Department, Food and Agriculture Organiza-
tion of the United Nations; c2010—2015 [cited 2014].
Available from: http://www.fao.org/fishery/statistics/

Feidi IH. Financing and investing in the fisheries sector in
the Arab region, Seminar Report. Hammamet: Aquaculture
Investment Forum, The Ministry of Environment and
Water of The United Arab Emirates. Dubai, The United
Arab Emirates. 2013.

Roberts RJ. Disease impact with the ban of malachite
green. Aquaculture Magazine. 2002;28:51—52.

Romero J, Feijoé CG, Navarrete P. Antibiotics in aquacul-
ture — use, abuse and alternatives. In: Carvalho ED, David
GS, Silva RJ, editors. Health and environment in aquacul-
ture. Rijeka: InTech; 2012. p. 159—198.

Centers for Disease Control and Prevention. Threat report:
antibiotic resistance threats in the United States [Internet].
Washington, DC: Department of Health and Human Serv-
ices; c2013. Available from: http://www.cdc.gov/drugre
sistance/threat-report-2013/

Balcazar JL, de Blas I, Ruiz-Zarzuela I, Cunningham D,
Vendrell D, Muzquis JL. The role of probiotics in aquacul-
ture. Vet Microbiol. 2006;114:173—186.
Kesarcodi-Watson A, Kaspar H, Lategan MJ, Gibson L.
Probiotics in aquaculture: the need, principles and mecha-
nisms of action and screening processes. Aquaculture.
2008;274:1—14.

Yeh RY, Shiu YL, Shei SC, Cheng SC, Huang SY, Lin JC,
Liu CH. Evaluation of the antibacterial activity of leaf and
twig extracts of stout camphor tree, Cinnamomum kane-
hirae, and the effects on immunity and disease resistance
of white shrimp, Litopenaeus vannamei. Fish Shellfish
Immunol. 2009;27:26—32.

Randrianarivelo R, Danthu P, Benoit C, Ruez P, Raheriman-
dimby M, Sarter S. Novel alternative to antibiotics in shrimp
hatchery: effects of the essential oil of Cinnamosma fra-
grans on survival and bacterial concentration of Penaeus
monodon larvae. J Appl Microbiol. 2010;109:642—650.
Muniruzzaman M, Chowdhury MBR. Sensitivity of fish
pathogenic bacteria to various medicinal herbs. Bangla-
desh J Vet Med. 2004;2(1):75—82.

Abutbul S, Golan-Goldhirsh A, Barazani O, Ofir R,
Zilberg D. Screening of desert plants for use against
bacterial pathogens in fish. Isr J Aquaculture. 2005;57
(2):71-80.

Bansemir A, Blume M, Schroder S, Lindequist U. Screen-
ing of cultivated seaweeds for antibacterial activity against
fish pathogenic bacteria. Aquaculture. 2006;252:79—84.
Turker H, Yildirim AB, Karakas FP, Koyliioglu H. Antibac-
terial activities of extracts from some Turkish endemic plants
on common fish pathogens. Turkish J Biol. 2009;33:73—78.
Turker H, Yildirim AB, Karakas FP. Sensitivity of bacteria
isolated from fish to some medicinal plants. Turkish J Fish
Aquatic Sci. 2009;9(2):181—186.

Cowan MM. Plant products as antimicrobial agents. Clin
Microbiol. 1999;12:564—582.

Spratto G, Woods A. Delmar nurse’s drug handbook. Clif-
ton Park, NY: Delmar Cengage Learning; 2012.

WHO (World Health Organization). Traditional medicine
[Internet]. Fact sheet No. 134. [updated 2003 May]. Avail-
able from: http://www.who.int/mediacentre/factsheets/
2003/fs134/en/

McCracken K, Phillips DR. Global health: an introduction
to current and future trends. London: Routledge; 2012.
Ubani LU. Preventative therapy in complimentary
medicine: to liberate humankind from the pain and


http://www.fao.org/fishery/statistics/
http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.cdc.gov/drugresistance/threat-report-2013/
http://www.who.int/mediacentre/factsheets/2003/fs134/en/
http://www.who.int/mediacentre/factsheets/2003/fs134/en/

288

(20]

(21]

[29]

H. Turker and A.B. Yildirim

suffering of ill health. Bloomington (IN): Xlibris Corpora-
tion; 2011.

Chaudhary SA, Gadhvi KV, Chaudhary AB. Comprehen-
sive review on world herb trade and most utilized medici-
nal plant. Int J Appl Bio Pharm Technol. 2010;1(2):
510-517.

Nworu S, Vin-Anuonye T, Okonkwo ET, Oyeka CO, Okoli
UB, Onyeto CA, Mbaoji FN, Nwabunike I, Akah PA.
Unregulated promotion and sale of herbal remedies: a
safety and efficacy evaluation of twelve such commercial
products claimed to be beneficial and patronized for a vari-
ety of ailments in Nigeria. J Pharmacovigilance. 2014;
S1:1-9.

Ozbilgin S, Citoglu GS. Uses of some Euphorbia species in
traditional medicine in Turkey and their biological activi-
ties. Turkish J Pharm Sci. 2012;9(2):241—256.

Polat R, Satil F. An ethnobotanical survey of medicinal
plants in Edremit Gulf (Balikesir-Turkey). J Ethnopharma-
col. 2012;139:626—641.

Guner A, Ozhatay N, Ekim T, Baser KHC. Flora of Turkey
and East Aegean Islands. Vol. 11 (supplement 2). Edin-
burgh: Edinburgh University Press; 2000.

Turker AU, Koyluoglu H. Biological activities of some
endemic plants in Turkey. Rom Biotechnological Lett.
2012;12(1):6949—-6961.

Davis PH. Flora of Turkey and the East Aegean Islands.
Vol. 1-9. Edinburgh: Edinburgh University Press; 1965.
Andrews JM. BSAC standardized disc susceptibility test-
ing method (version 3). J Antimicrob Chemother.
2004;53:713—-728.

Turker AU, Yildirim AB, Karakas FP. Antibacterial and
antitumor activities of some wild fruits grown in Turkey.
Biotechnol Biotechnological Equipment. 2012;26(1):
2765-2772.

Yilmaz N, Yayli N, Misir G, Coskuncelebi K, Karaoglu S,
Yayli N. Chemical composition and antimicrobial

[31]

[36]

[37]

activities of the essential oils of Viburnum opulus, Vibur-
num lantana and Viburnum orientala. Asian J Chem.
2008;20(5):3324—3330.

Mkaddem M, Bouajila J, Ennajar M, Lebrihi A, Mathieu F,
Romdhane M. Chemical composition and antimicrobial
and antioxidant activities of Mentha (longifolia L. and
viridis) essential oils. J Food Sci. 2009;74(7):
M358—-M363.

Khan RA, Khan F, Ahmed M, Shah AS, Khan NA, Khan
MR, Shah MS. Phytotoxic and antibacterial assays of crude
methanolic extract of Mentha longifolia (Linn.). Afr J
Pharm Pharmacol. 2011;5(12):1530—1533.

Demirci F, Guven K, Demirci B, Dadandi MY, Baser
KHC. Antibacterial activity of two Phlomis essential
oils against food pathogens. Food Control. 2008;19(12):
1159—1164.

Ozcelik B, Orhan I, Kartal M, Konuklugil B. In vitro test-
ing of antiviral, antibacterial, antifungal effects and cyto-
toxicity of selected Turkish Phlomis species. Acta
Alimentaria. 2010;39(2):119—125.

Dulger B, Goncu BS, Gucin F. Antibacterial activity of the
seeds of Hyoscyamus niger L. (Henbane). Asian J Chem.
2010;22(9):6879—6883.

Radulovic N, Stankov-Jovanovic V, Stojanovic G, Smelcer-
ovic A, Spiteller M, Asakawa Y. Screening of in vitro anti-
microbial and antioxidant activity of nine Hypericum
species from the Balkans. Food Chem. 2007;103(1):15—21.
Ali M, Arfan M, Ahmad H, Zaman K, Khan F, Amarowicz
R. Comparative antioxidant and antimicrobial activities of
phenolic compounds extracted from five Hypericum spe-
cies. Food Technol Biotechnol. 2011;49(2):205—213.
Maltas E, Uysal A, Yildiztugay E, Aladag MO, Yildiz S,
Kucukoduk M. Investigation of antioxidant and antibacte-
rial activities of some Hypericum species. Fresenius Envi-
ron Bull. 2013;22:862—869.



	Abstract
	Introduction
	Materials and methods
	Preparation of plant extracts
	Fish bacteria
	Antibacterial bioassay
	Statistical analysis

	Results and discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	References

