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Abstract: The antimicrobial effect of honay was evaluated by an in vifro study testing the growth of various Gram-nsgative
and Gram-positive bacteria and a ysast in media containing varying concentrations of honsy. It was found that most of the
honey samples at a concentration of 50% and above exerted inhibitory effects on bacteria but not on the yeast. Honey
collected from Rize-Anzer region was found to be the most effective honey on clinically isolated bacteria.
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Introduction

Honey is a nutritionally rich Tood product that is consumed by
human populations throughout the world. It also contains
antibactarial agents with different Tloral activity. It was rsported
that honey had antimicrobial activity, against a number of
Gram positive and Gram negative bacteria (Subrahmanyam, 1991;
Willix et al, 1992; Farouk et al, 1988; Russel et al, 1990;
Bogdanov, 1984; AlSomai et al, 1994) and Candida albicans
(Haspolat et al., 1990).

The antibacterial activity of honey has besn attributed both to
physical factors: osmolarity {Molan, 1992; Bogdanov, 1997;
Woeston, 2000) and acidity { Bogdanov, 1997; Mato et ai., 2000;
Waeston et al, 2000) and chemical factors: hydrogenperoxide
(AlSomai et al, 1994; Waston, 2000), cecropin-A and mellitin,
met hyl 3.5 -dimet hoxy-4-hydroxy benzoate, methyl-3,4,5-
trimethomoybenzoatse, 3,4,5-trimsethooybenzoicacid, 3,5-dimst hosxy-
4 hydroxybenzoic acid {syringic acid), tetracyclin, nectar, volatiles,
propolis and unidentified substances from certain floral sources
(Bogdanov, 1984; Molan and Russell, 1988; Boman, et al., 1989;
Russel ef al.,1990; Allen ef al, 1991; Andreu ef al., 1992; Willix, ef
al, 1992; Waston et al., 2000).

The purposs of the pressnt study was to tsest the antibacterial
effects of different honey samples on clinically isolated bacterial
species and evaluate the antimicrobial effect of honey.

Materials and Methods

Collection of honey: Honsy samples, which were collected during
the flowering seasons, weare obtained from apiarists throughout
Turksy and stored in airtight boitles at 10 °C in dark. Assaysd
samples might be stored as well as for 2 years (Allen et af, 1991).

Preparation of honey samples: All honey samples were prepared
aseptically and kept away from direct sunlight. Honey samples
were diluted serially from 50 to 10%.

Assay of antimicrobial activity: Clinically isolated bacterial species
such as Escherichia coli, Klebsiella prreumoniae (Gram negative),
Staphylococcus aureus (Gram positive), and Candida albicans
(yeast) were used.

Thess species ware kindly provided from Bacteriology Depart ment
of Ankara Numune Hospital. The antimicrobial activity of the
honey samplas was assayed using the agar well diffusion method
(Farouk et ai., 1988; Molan and Russell., 1988, Allen et ai.,, 1991).
Bacteria were cultured in liquid Tryptic Soy Broth (Difco 30 g/L)
and the measurements of the bacterial growth were calculated
using Mg Farland 0.5 method {Jeddar ef af, 1985). Following the
calculation 1mlL of bacterial samplas wars diluted 100x with sterile
nutrient agar medium {Difco 28 g/L) (Farouk ef al., 1988; Russel ef
al., 1990), mixed thoroughly and poured into the petri plates.
Sabouraud Dextrose Agar {Difco, 65 g/L) was used for Candida
albicans (Brooks ef al., 1995).
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The prepared petri plates were kept at 4 °C until needed. Six wells
with diameters of 8 mm were punctured and filled up with honey
samples {(10% up to B0%). One out of 6 wells was filled with
undiluted honey sampls. Thase plates were then incubatsed at
37C for 18 h. {Jeddar et al., 1985., Allen et al, 1991, Farouk et
al, 1988, Molan and Russell, 1988). Antibacterial activity was
assumed if a zone formation around a well present.

Control plates were prepared for the antibacterial activity test.

Results and Discussion

Our study confirms the antibacterial effect of honey on various
Gram-negative and Gram-positive bacteria. In particular, purs
honey is a very potent inhibitor of growth of bacteria such as
clinical isolates of £. coli K. pneumonia and S. aureus.

All bacterial pathogsns failed to grow in honsy at different
concentrations depending on the honeay samples (Tables 1,2,3).
However, none of the honey samples had any effect on C.
albicans in this respect {(Data are not shown).

Escherichia cofi: Rize-Anzer A, B, C and D samples were more
affactive (at concentrations 30% and abowva) on F. coli bacteria
than the other honey samples. However, cther group that
consists of samples from Bayburt-Armutiu, Eskisehir-Merkez,
Kutahya-Domanic, Nigds-Ulukisla and Sivas-Gokluce prevented
bacterial growth at concentrations of 40% and above (Table 1}.
Honey samples collected from Ankara-Cubuk Karagol, Bolu-
Omerler, Cankiri-Eskipinar, Erzincan-Ballikoy, Konya-Altinoba, Sivas-
Yilanlikaya and Yoegat-Kocak Kumuk failed on E coli even at a
concentration of 50% (Tabla 1). Howaver, most of the honey
samples analyzed were inhibitory at 50% and above
concentrations {Table 1).

Klebsiella pneumonia: Afyon-Anitkaya, Ankara-Cubuk Akkuzular,
Bayburt-Armutlu, Bolu-Mudurnu-A, Erzincan-Ahmediye, Karaman-
Sariveliler, Kayseri-Pinarbasi, Konya-Karapinar, Rize-Anzer-A, B, C,
D and Sivas-Yildizeli-C honsy samples exhibited antibactsrial
activity at concentrations of 40% and above (Table 2), whereas
honeys collected from Artvin-Borcka, Bolu-Mudurnu-B, Erzincan-
Ballikoy, lzmir-Bergama, Kahraman Maras-Goksun, Kirsehir-
Horozgedigi, Konya-Altinoba, Konya-ligin, Kutahya-Tavsanli, Sivas-
Gokluce and Tokat-Ugrak inhibited the growth of K. pneumonia at
only undiluted concentrations (Table 2).

Apart from these two groups, all the other honey samples
showed same results that 50% and above concentrations
preventad the growth of K. pneumonia {Table 2).

Staphylococcus aureus: S. aureus failed to grow at a
concentration of 40% and above in honays collected from Afyon-
Cayderesi, Ankara-Cubuk Akkuzular, Ankara-Polatli, Bayburt-
Demirozu-A, Bolu-Mudurnu-A, Cankiri-Ortahoyuk, Erzincan-Kemah,
Eskisehir-Merkez, Gumushans-Kslkit, Gumushans-Kossseminli,
Gumushane-Saricicek, Kastamonu-Merkez, Konya-Beysehir, Konya-
Beleren, Rize-Anzer-A, B, C and Tekirdag-Cevrimkaya {Table 3).



Table 1:

Growth of Escherichia coli on plates containing varying
concentrations of honey

Table 2:
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Grawth of Klebsiella pneumonia on plates containing varying
concentrations of honey
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Adapazari-Memnuniye
Adapazari-Pamukova
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Ankara-Gubuk Akkuzular
Ankara-Gubuk Karagal
Ankara-Polatli
Artvin-Borgka
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Balikesir-Susurluk
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Bayburt-Demirdzdi-A
Bayburt-Demirtzii-B
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Erzincan-Kemah
Erzincan-Ahmediye
Erzurum-Kandilli
Eskisehir-Merkez
Eskisehir-Yakakayik
Guimtishane-Kelkit
Giimtishane-Kdseseminli
Giimtishane-Sarigigek
lzmir-Bergama
lzmir-Menemen
Kahraman Maras-Géksun
Karaman-Adiller
Karaman-Sariveliler
Kastamonu-Merkez
Kayseri-Pinarbasi
Kayseri-Yesilkent
Kirsehir-Horozgedigi
Kaonya-Altinoba
Konya-Beysehir
Konya-Bozkir-A
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Konya-Beleren
Konya-Cumra
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Table 3:  Growth of Staphylococcus aureus on plates containing varying

concentrations of honey

Only undiluted honey obtained from Erzincan-Ballikoy inhibited the
growth of 8. aureus (not 50% and below) (Table 3).

E;’gqiolgss of collected honey ;/0 ;0 30 ;1/0 30 ;/00 Control Depending on the tested bacterial strains, the degres of efficiency
Adagazari-Memmniye . . . +ﬂ _o _D of tested honey s.amples collsctad from Rize-Anzer region wsra
Adapazari-Pamukova " o found more effective than the other honey samples.
Afyon-Anitkaya + - - On the contrary to that of Rize-Anzer, honey from Erzincan-
i:vonfﬁqﬂvkdﬂes' - - - Ballikoy exhibited rather weak antibacterial activity on all three
Yyon-Nierkez + - - . . . . o
Ankara-Gubuk Akkuzular ) o bacter.lal speciss. This h;)ney sample.lnhlblted the growth of
Ankara-Cubuk Karagal P bacterial cells only at 100% concentration (Tables 1,2,3).
Ankara-Polatli - - - However, none of the honey samples had any effect on C.
Artvin-Bargka + - - albicans in this respect {data are not shown).
AydinStke - Contents of honey are determined by many factors such as bee
Balikesir-Susurluk + - - . L .
Bayburt-Armutlu + o species and Tlora containing the nectar. Sugars, pollens, minerals,
Bayburt-Demirézii-A - .. enzymes and antibacterial substances called inhibine constitute the
Bayburt-Demirszii-B + - - structure of honeys.
Easz”'gﬁgiﬂUk + - - Honeys collected from Rize-Anzer region was more effective to
odrum-Camli + - - . .

Bolu-MudurnuA ) o |mpede the growth of pacterla than t.he other. honey samples,
Bolu-Mudurmu-B P which are very famous in Turkey. This honey is used as a folk
Bolu-Omerler + - - medicine and sold in natural health product centers in Turkey.
Burdur-Gakgebag + - - In this study we investigated the antimicrobial activity of honey
Gankiri-Eskipinar - samples collected from various regions of Turkey. It was
Cankiri-Kursunlu + - - . .
Cankiri-Ortahdytik B o determined that some honeys prevent the growth of bacteria at
Cankiri-Sabanéz(i + - - a concentration of 30% and above, some 40% and above, soma
Erzincan-Ballikdy + o+ - 50% and above depending on bacterial isolates. Our data are
Erzincan-Kemah - -C supported by Jeddar ef al (1985) who reported that most
Erzincan-Ahmediye + - - . . . . .

- pathogenic bacteria failed to grow in honey at a concentration of
Erzurum-Kandilli + - - o
Eskisehir-Merkez , oL 40% and above.
Fskisehir-Yakakayik + - - A remarkable Teaturs of present data is a range of wariation in

Guimtishane-Kelkit
Giimtishane-Kdseseminli
Giimtishane-Sarigigek
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antibacterial activities among the honey samples from different
collection sites.
The antibacterial activity of honey has both physical and chemical

lzmir-Bergama + -
lzmir-Menemen + - factors, such as acidity, osmolarity, hydrogsn pseroxide, volatiles,
Kahraman Maras-Goksun + - - besswax, nectar, pollen and propolis (Gil et af., 1995; Mato et af.,
Earama”"g‘d'!'erl_l oo 2000; Weston et af, 2000). In most cases these factors can be
araman-sarwvelller + - - . . .
Kastamonu-Merkez B o related to different floral sources and bess of dlf.ferent origin
Kayseri-Pinarbasi + - - (Russel ef al, 1990, Waston ef al., 1999, 2000). In this respect our
Kayseri-Yesilkert + - - results may indicate differsnces in floral distribution and bee typss
Kirsehir-Horazgedigi + - - in our collection sites. However, it should be noted that we have
ngg”é‘g';‘gﬁi + o not identifisd particular sources and do not give any obsenvation
Ko?ryya-Bozkir-A + o in rslation to the rslative weight of a floral or a bes-type origin Tor
Korya-Bozkir-B + - - our sample sites. After a detailed source analysis this issue would
Kanya-Beleren - - have been resolved in reference to particular phenomena.
Konya-Cumra + - -
Konya-llgin + - -
Kanya-Karapinar + - - References
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