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Abstract

Organic honey is produced by non-genetically modified bees, does not contain colorants, sweeteners,
odorants, heavy metals, pesticides or other organic pollutants. The aim of the investigation was to study the
antibacterial properties of polyflower and honeydew organic honey. Four organic honey samples originated
from different regions in Bulgaria: two samples of Sofia vicinity (Lozen and Negushevo), one from the
fields near the town of Kubrat, North-Eastern Bulgaria, and the fourth one from Belogradchik, North-West-
ern Bulgaria. The honey samples did not contain any food additives and were free of pollutants. Antibac-
terial activity was examined on nutrient agar with paper discs swollen with concentrated honey. The test
microorganisms were Gram-negative Escherichia coli NBMCC No8751 and Gram-positive Bacillus subti-
lis NBMCC No8752. Our results demonstrated that both polyfloral and honeydew samples possess antibac-
terial activity towards the examined test bacteria. The strongest inhibition inhibitory effect was exerted by
the Kubrat polyfloral honey sample (M3), followed by the polyfloral sample of Belogradchik (M4)and the
honeydew honey sample of Negushevo (M2). Almost no antibacterial activity was shown by the polyfloral
honey sample delivered from Lozen Mountain (M1). Out of all four, three organic honey samples exhibited
antibacterial properties. The polyfloral honey samples were more effective than the honeydew sample.
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Pesrome

OpranuyHHAT MYEJIeH MEJ CE MPOM3BEXJa OT MYETH, KOUTO HE ca TeHHO-MOAU(DUIMpPAHU U HE
ChIbp)Ka OLBETUTENH, MOJCIAJUTENH, APOMAaTH, TEKKH METalH, MECTHULMIU WU APYTd OpPraHu4YHH
3ambpeuTenu. Llenara Ha HacTOAIIOTO M3ciieABaHe Oelle Ja ce U3y4yd aHTHOAaKTepuaaHaTa aKTHBHOCT Ha
MHOTOI[BETEH ¥ MAaHOB OpraHnueH Mell. bsixa u3cneBanu 4eTupu npoou, KOUTO Osixa ChOpaHu OT pa3IMuHU
obnactu Ha bearapus — aBe mpoou ot paitona Ha Codus - Jlozen u Herymeo, efHa — OT mossiTa Kpait rpaj
Ky6par, CeBepousrouna bearapus u eqna npoGa ot paiiona Ha benorpaguuk, CeBeposanaana bearapusi.
[Ipobute He chabpikaxa N00ABKM U 3aMbpCUTENN. AHTHOAKTEpUaIHAaTa aKTUBHOCT Oellle M3cliieABaHa
BBbPXY MECONENTOHEH arap ¢ MOCETH TeCTOBH IIaMOBE OaKTepuH, BbpXy KOWTO OsXa MOCTaBEHU XapTHUEHU
JIMCKOBE, HAIIOEHH ¢ MpoduTe oT muesneH men. Karo TectoBU MUKpOOpraHu3Mu Osxa m3noi3BaHu [pam-
orpunarenHusT Escherichia coli NBMCC No8751 u I'pam-nonoxurennust Bacillus subtilis NBMCC
No8752. Hammmre pe3ynraru mokasaxa, 4e 1 MHOTOLBETHUSIT U MAHOBUSIT MeJI IPOSIBSIBAT aHTUOAKTEpHUAaIHA
aKTHUBHOCT CIIPsIMO nocoueHute Oaxkrepun. Haiif-cuiien antubaxkrepuaneH eekt ynpakHsBaiie mpobdata
ot MHoronBeetreH men ot Kyopar (M3), cnenBana ot mpobata ot benorpamunk (M4) u Ha TpeTo MsCTO -
oT mpobara oT MaHOB MeJ| OT paiioHa Ha c. Herymeso, Codus (M2). CbriiacHO MOJy4eHUTE pe3ylTaTH,
€IMHCTBEHO Mpo0aTa OT MHOTOIIBETEH M1 OT paiioHa Ha c. JIozeH kpaii Codust He moka3a aHTHOAKTepHaTHa
aKTHBHOCT. B 3aKirtoueHue, OT U3CIIeIBAHNTE YETHPU IPOOU TPH MOKa3zaxa aHTHOAKTepuaieH e(ekT, KaTo
MpoOUTe OT MHOTOIBETEH MEJl MMaxa MO-BHCOKAa aKTUBHOCT B CpaBHEHHE C Mpodara OT MaHOB Me[,a
aKTBHOCTTa Ha mpobure Oemie mo-Bucoka KbM [pam-monoxurenHure OakTepuu, OTKOIKOTO KbM [pam-
OTpHULIATEITHUTE.
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Introduction

For centuries honey has attracted the attention
of peoples and scientists, and has been intensively
studied for its content and health benefits (Mavric
et al., 2008; Jaganathan and Mandal, 2009; Pan-
dey and Rizvi, 2009; Khalil and Sulaiman, 2010;
Petrova et al., 2010; Trusheva et al., 2010; Matzen
et al., 2018). The oldest document about its use is
a painting in a Valencian cave, Spain, dated 8 000
years ago. It has been accepted both as food and
medicine by all generations and civilizations. In
2016, the worldwide production was approximately
1.8 million tons, the largest honey producers being
China, Turkey and the USA. Three honey types are
known worldwide: blended, polyfloral and mono-
floral. Most of the commercially available honey is
blended i.e. a mixture of a few different types of
honey of different source, color and geographic or-
igin. Polyfloral honey is produced from the nectar
collected by honeybees from several different flow-
ers while monofloral honey derives from the nectar
of only one flower. A special variety of honey is
the honeydew — produced when the honeybee col-
lects not nectar but the honeydew excreted by some
insects (aphids) while they feed on the plant sap.
Trees of the Pinaceae family are the most common
site visited by those insects, but also broad-leaved
trees (Somova et al., 2012).The honeydew liquid
contains high sugar concentration and, besides in-
sects, it can be produced also by some fungi such
as ergot.

Clinical studies on the antimicrobial prop-
erties of honey cover a long list of pathogens as
bacteria, viruses, fungi and mycobacteria. The an-
timicrobial effect is believed to be due to the hon-
ey acidity, osmotic effect, high sugar concentration
and abundance of bacteriostatic and bactericidal
substances as hydrogen peroxide, antioxidants, ly-
sosime, polyphenols, phenolic acids, flavonoids,
methylglyoxal and bee peptides (Al-Waili et al.,
2011, Israili, 2014, Matzen et al., 2018). Despite
antibacterial effect, the honey possess proven an-
tiviral activity against influenza virus and herpes
virus (Serkedjieva, 2006). Although the antibacte-
rial activity of honey has been extensively studied,
data on the antibacterial effect of organic honey are
scarce.

The aim of our study was to investigate the
antibacterial activity of polyfloral and honeydew
organic honey samples, collected from different
geographical regions in Bulgaria.
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Materials and Methods
Sampling

The organic honey samples were collected as
follows: M1 — polyfloral honey from Lozen Moun-
tain, near the town of Sofia, Central-West Bulgaria;
M2 is the single sample of honeydew type which
was collected in the fields of the village Negushevo
at the foot of the Balkan Mountains, near the town
of Sofia; M3 — polyfloral honey from the meadows
of the village of Zavet, near the town of Koubrat,
North-East Bulgaria; M4 - polyfloral honey from
the area of Belogradchik, North-West Bulgaria
(Fig. 1). The honey samples did not contain any
food additives and were free of pollutants. In Fig.1
,the darker color of the honeydew sample (M2) is
clearly visible.
Test bacteria

Antibacterial activity was examined on nutri-
ent agar with paper discs swollen with concentrated
honey. Disc diameter according to the manufacturer
(National Center of Infectious and Parasitic Diseas-
es, Sofia, Bulgaria) was 0.6 cm. The test microor-
ganisms applied were Gram (-) Escherichia coli
NBMCC No8751 and Gram (+) Bacillus subtilis
NBMCC No8752 (Bulgarian National Collection
for Microorganisms and Cell Cultures, Sofia, Bul-
garia).
Assessment of antibacterial activity

The antimicrobial activity of the honey sam-
ples was evaluated using the standard agar diffu-
sion method. Bacteria were inoculated on plates at
a concentration of 1x10° CFU/ml and cultivated for
48 °h at 37°C.

Results and Discussion

Organic honey is produced by non-genetical-
ly modified bees, does not contain colorants, sweet-
eners, odorants, heavy metals, pesticides or other
organic pollutants. Our investigation was conduct-

Fig. 1. Studied honey samples



ed with four honey samples of organic origin, both
polyfloral and honeydew honey, originating from
different geographical regions across Bulgaria.

Table 1 presents the antibacterial activity of
the honey samples towards E. coli and B. subtilis.
As shown in the table, both polyflower and hon-
eydew honey samples display higher antibacterial
effect against Gram (+) bacteria - B. subtilis and a
lower one - to the Gram (-) E. coli.

Of the four samples studied, the polyflower
honey M3 collected in North-East Bulgaria was the
most active and showed consistent antibacterial ef-
fect against both B. subtilis and E. coli, forming 1.4
and 1.0 cm inhibition zones, respectively. The sec-
ond most active sample was the M4 organic honey
sample from Belogradchik, which was powerful
against both Gram (+) and Gram (-) bacteria, but to
a lower extent compared to the M3 sample. The M4
sample inhibition zones were smaller than those of
M3 polyfloral honey — 1.1 against B. subtilis and
0.9 — towards E. coli. Similarly to the M3 sample,
it preferentially affected the Gram (+) bacteria. M2
(honeydew sample) activity towards B. subtilis was
equal to that of M3 (1.1 cm zone). Only the M1
polyfloral sample from Lozen Mountain showed al-
most no antibacterial activity, as seen from Table 1.

Some reports (Matzen et al., 2018), compar-
ing the antibacterial effect of commercial and or-
ganic honey, described that all organic honey sam-
ples showed antibacterial effect in contrast to the
commercial ones. Among the test bacteria in these
studies were E. coli and P. aeruginosa as well as
S. aureus and S. epidermidis. Najdenski (20006) re-
ported as well an activity of honey against S. au-
reus. Several research groups as those of Mavric et
al. (2008) and Israili (2014), reported the substance
methylglyoxal (Fig. 2) as the dominant antibacterial
constituent in honey along with hydrogen peroxide,
lysosime, polyphenols, phenolic acids, flavonoids,
and some bee peptides.
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Fig. 2. Structural formula of methylglyoxal

In recent years, another honey substance -
5-Hydroxymethylfurfural (HMF) was reported by
Shapla et al. (2018) as a new suitable indicator of
honey quality (Fig. 3).
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Fig. 3. Structural formula of 5-Hydroxymethylfur-
fural
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HMF is beneficial to human health by provid-
ing anti-oxidative, anti-allergic, anti-inflammatory,
anti-hypoxic, and anti-hyperuricemic effect. It is
produced by reducing sugars in honey under acidic
conditions. HMF is converted to 5-sulfoxymethyl-
furfural and then can exert a genotoxic effect and
can become non-excretable. Further investigations
on HMF in the organic honey samples analyzed in
this study will be performed.

Table 1. Antibacterial activity of organic honey samples

Organic honey sample

Inhibition of
B. subtilis NBMCC No8&752
(d of zones in cm)

Inhibition of
E. coli NBMCC No8751
(d of zones in cm)

1. | Polyflower honey M1 0.6 0.7
2. | Honeydew honey M2 1.1 0.7
3. | Polyflower honey M3 1.4 1.0
4. | Polyflower honey M4 1.1 0.9
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Conclusions

Three out of four organic honey samples
have shown antibacterial properties against both
Gram-positive and Gram-negative bacteria. The
polyfloral honey samples were more effective than
the honeydew ones. Investigated samples were
more powerful against Gram (+) bacteria compared
to the Gram (-) ones.
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