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Abstract: Honey, a natural healing agent and a sweet food, has been used since ancient times. A honey sample could
possess many biological activities depending on its chemical composition. The amount and the diversity of these minor
components of honey mainly depend on the floral sources. That is why the biological activity of the honey sample ob-
tained in a region should be determined. In this study, total phenolic and flavonoid content, antioxidant activity, melis-
sopalynological analyses and antimicrobial activity of twenty honey samples obtained from Doganyol, Malatya, Turkey
were examined. In order to determine the in vitro antibacterial activity of honey samples, the agar well diffusion (AWD)
method, minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) assays were used.
For this purpose, ten Gram-positive bacteria and eight Gram-negative bacteria were used. Total phenolic content was
found in the range from 9.68 + 0.72 to 29.40 + 1.03 mg GAE g~! sample. Antioxidant activity of honey samples varied
from 2.21 + 0.46 to 6.03 £ 1.11 pmol FeSO, 7H,0 g~!. Honey samples showed moderate antimicrobial activity against
tested microorganisms, especially against Gram-positive bacteria. It could be concluded from our findings that there

is a good correlation between total phenolic content and the biological activity of honey samples.
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Honey, a sweet food consumed by humans, is pro-
duced by honey bees by collecting the secretion
of plants and flowers as nectar. After that, nectar
is processed by the bees and stored in the honeycomb
cells (Keskin et al. 2020). Honey bees can collect not
only the secretion of flowers as nectar sources but also
the secretion of some insects living on certain plants.
Honey can be classified as blossom honey or honey-
dew honey according to nectar sources. Turkey has
a potential for the production of blossom honey de-
pending on its rich floral sources (Keskin et al. 2020;
Kolayl: et al. 2020). The composition of honey varies
according to the nectar sources. Besides the nectar

sources, climatic conditions have an important effect
on the composition of honey (Kolayli et al. 2020). Hon-
ey is the concentrated solution of glucose and fructose.
Apart from these monosaccharides, there are some
carbohydrates in honey composed of disaccharides
and oligosaccharides. Along with these main contents,
there are some minor components in varied concen-
trations such as phenolic acids, flavonoids, vitamins,
enzymes, peptides, royal jelly proteins and minerals
(Keskin et al. 2020; Kolayl et al. 2020).

The antioxidant and antimicrobial activity of honey
strongly depends on the types and concentration of these
minor components. The type and amount of these mi-
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nor ingredients vary depending on the source of nec-
tar (flora) and the geographic origin of honey. Studies
have shown in general that dark coloured honeys have
more phenolic components and hence better anti-
oxidant activity (Bertoncelj et al. 2007; Keskin et al.
2020; Kolayl: et al. 2020). The nutritional and health-
promoting value of honey has been known since an-
cient times but it has been stated recently that there
is a correlation between antioxidant activity and
the health-supporting effect of honey. Honeys hav-
ing higher antioxidant activity are reported as bet-
ter for the prevention of aging, in degenerative heart
and nervous system diseases and in wound healing
property (Kolayl: et al. 2020).

Identification and determination of the ratio of the
above-mentioned minor components in honey samples
of a region are still an attractive research area. For this
purpose, in this study total phenolic content, antioxi-
dant activity and antimicrobial activity of twenty hon-
ey samples produced in Malatya (Doganyol), Turkey,
during the summer season of 2019, were determined.
As a result of this study, it was ensured that the data
required for the geographical indication of honey pro-
duced in Doganyol were obtained.

MATERIAL AND METHODS

Material

Honey samples were obtained from the local bee-
keepers of Malatya (Doganyol) city, Turkey, in the sum-
mer season of 2019. Ethanol, methanol, gallic acid,
quercetin, fuchsin, glycerol, acetonitrile, sodium car-
bonate, FeCl,, FeSO, 7H,0O and Trolox were obtained
from Sigma Aldrich Chemie GmbH (Germany). Folin-
-Ciocalteu phenol reagent was purchased from Fluka
Chemie GmbH (Switzerland). All other reagents were
of analytical grade.

Palynological analysis

Melissopalynological analyses were conducted to de-
termine the botanical origin characteristics of honeys
(Wodehouse 1935; Louveaux et al. 1978). For this,
10 g of honey sample was added to 20 mL of distilled
water and made completely homogeneous and centri-
fuged at 3 000—4 000 rpm for 30—40 min (Micro 220;
Carl Roth, France). After centrifugation, the super-
natant part was separated from the pellet part on the
bottom. With a dissection needle, a piece of glycerin
gelatin was taken and the bottom of the tube was
touched to the settled part, the precipitated glycerin
was placed on a gelatin slide, a coverslip was closed and
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counted under the microscope (E400; Nikon Eclipse,
Japan) (Malkog et al. 2019). Various literature sources
and reference pollen preparations from the collection
of Hacettepe University Biology Department were
used in pollen diagnosis (Ozkok 2019; Mayda and
Ozkok 2021). According to the census results, the ra-
tios of pollen were determined and the rates were clas-
sified as dominant pollen (45% and more), secondary
pollen (16—44%), minor pollen (3—15%), trace pollen
(3% and less). Samples with pollen grain frequencies
of a given plant above 45% were called as monofloral.

Determination of total phenolic content

The total phenolic content of honey samples was de-
termined by using the Folin-Ciocalteu method, gallic
acid as standard. The absorbance of test tubes was re-
corded against a blank solution at 760 nm. The blank
contained pure water instead of phenolic compounds.
Results were expressed as mg GAE per 100 g of sample
(Singleton and Rossi 1965; Singleton et al. 1999).

Determination of antioxidant activity

The antioxidant capacity of the samples was deter-
mined by using a ferric reducing antioxidant power
(FRAP) assay (Benzie and Strain 1999). The absorbance
of the samples was recorded at 593 nm against distilled
water blank. Results obtained by the FRAP assay were
given as umol FeSO, 7H,O per 1 g of sample.

Antibacterial activity assays

Preparation of honey samples for antibacterial ac-
tivity assays. Initially, a 2-g honey sample was weighed
(ATX 224; Shimadzu, Japan) and transferred to a 15 mL
sterile Falcon tube (Isolab, Turkey). After that, sterilised
distilled water was added to the weighed honey samples
and the total volume was completed to 4 mL. Then,
honey samples were vortexed and mixed thoroughly;
in this way honey samples were diluted to 50% (w/v).
Prepared honey samples (50% w/v) were kept in a wa-
ter bath at 40 °C for 30 min and thus honey samples
were made more fluidic for antibacterial activity tests.
At the end of these processes, honey samples were
used for the determination of antibacterial activity,
minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) values (Ecem-
Bayram et al. 2019).

Microorganisms and growth conditions. Eigh-
teen different bacterial strains (10 Gram-positive and
8 Gram-negative) were used to determine the in vi-
tro antibacterial activities of honey samples. Initially,
these pathogen strains were cultured in Mueller Hin-
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ton Broth (MHB) (CM0337; Oxoid, USA) at 37 °C for
24 h. At the end of this incubation period, bacterial
suspensions were adjusted to McFarland 0.5 turbid-
ity standard (10° CFU mL™) and used as inoculum
(Sherlock et al. 2010). The microorganisms were ob-
tained from the Department of Medical Services and
Techniques, Bayburt University Vocational School
of Health Services, Turkey.

Determination of antibacterial activity. Agar
well diffusion (AWD) method was used to determine
the in vitro antibacterial activity of honey samples.
After the incubation period, observed inhibition
zones around the wells were measured with a ruler
(KINEX 6001 mechanical ruler; KINEX, Czech Repub-
lic) and recorded (Osés et al. 2016). Each assay was car-
ried out in duplicate.

Determination of minimum inhibitory concen-
tration (MIC). Microbroth dilution method was
used to determine MIC values of honey samples,
and for this purpose, polystyrene 96-well microtiter
plates were used (SPL Life Sciences; Gyeonggi-do,
Korea). Initially, using a multichannel pipette, 95 pL
of sterile MHB medium was added to all wells and
then 5 pL of inoculum was added to all wells. Then,
100 pL of previously diluted honey samples (50% w/v)
were added to all the first wells and mixed thor-
oughly by pipetting. After these processes, 100 pL
of the sample was taken from the first well and trans-
ferred to the second well with a micropipette. This
procedure was repeated to the 8" well, respectively,
and the concentrations of honey samples in each
well were serially diluted. After that, using a plate
reader (Multiskan GO, Thermo scientific, USA) 96-
well microtiter plates were measured and recorded
at 600 nm wavelength. After this spectrophotometric
measurement, the microplate was incubated at 37 °C
for 24 h. At the end of this incubation period, the mi-
croplate was measured again at 600 nm wavelength,
and the results were recorded. At the end of all these
processes, the lowest concentration that inhibited
pathogenic microorganisms was determined as MIC
(Sherlock et al. 2010).

Determination of minimum bactericidal concen-
tration (MBC). MBC assays were carried out with
minor modifications as previously described by Sher-
lock et al. (2010).

MBC was determined by transferring 5 puL suspension
of MIC assay samples to the Petridishes separately. Later,
the Petri plates were incubated at 37 °C for 24 h. MBC
was determined from the corresponding plates where
no bacterial colony was formed (Sherlock et al. 2010).

RESULTS AND DISCCUSION

Asaresult of the palynological examination of 20 hon-
ey samples used in the study, 10 of the honeys were
found to have monofloral properties (the lowest 46.51%
Berberidaceae, the highest 78.95% Asteraceae). Except
for honeys such as chestnut, eucalyptus, linden, thyme,
and lavender, for a honey to have a monofloral quality,
it must contain a minimum of 45% major pollen (Mayda
etal. 2019). An amount of 5.62% of the pollen belonging
to honeys used in the study was determined as domi-
nant pollen, 13.48% secondary pollen, 33.71% impor-
tant minor pollen and 47.19% minor pollen. Results
of the palynological analysis of honey samples are sum-
marised in Table 1.

The total phenolic content of honey samples was de-
termined by the Folin-Ciocalteu method and results
and antioxidant capacity are summarised in Table 2.
Total phenolic amounts of honeys were determined
spectrophotometrically as GAE. Total amounts of phe-
nolic compounds were found between a minimum
of 9.68 + 0.72 mg GAE 100 g™! and a maximum of
29.40 + 1.03 mg GAE 100 g! (Table 2). It was found
for the total antioxidant capacity of honey sam-
ples that they possessed antioxidant capacity vary-
ing between 2.21 + 0.46 pmol FeSO, 7H,0 g™ and
6.03 + 1.11 umol FeSO, 7H,0 g™".

The amount of compounds varies depending on the
honey's flora and geographical origin. The antioxi-
dant capacity of honey is dependent on the flavonoid
and vitamin C content, which are the plant-derived
polyphenolic compounds it contains. Studies have
shown that dark honeys have high phenolic content
and antioxidant activity (Bertoncelj et al. 2007; Kolayh
et al. 2020). The concentration and type of pheno-
lic compounds depend on the flower source where
the nectar is collected and is mainly responsible for
its biological activities (Malko¢ et al. 2019). Total
amounts of phenolic compounds are determinative
for honey's antioxidant capacity (Malkog et al. 2019).
In one study, the total phenolic content of honeys like
chestnut (52.4-105.0 mg GAE 100 g!), agave (42.0—
75.1 mg GAE 100 g™Y), pine (58.6-74.6 mg GAE 100 g )
and acacia honey (9.80-12.20 mg GAE 100 g') was re-
ported (Kaygusuz et al. 2016). Bertoncelj et al. (2007)
reported that the phenolic content was 44.8 mg kg™!
in acacia honey, up to 241.4 mg kg in fir honey, as GAE.
Meda et al. (2005) revealed that the total phenolic con-
tent of honeydew honey was found to be the highest
in their study with different honeys. Malkog et al. (2019)
calculated the amount of total phenolic matter of honey
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interms of gallic acid spectrophotometrically and stated
that it was between a minimum of 32 mg GAE 100 g™!
and a maximum of 85.35 mg GAE 100 g™". In our study,
it is seen that Doganyol honey contains higher pheno-
lic content than acacia honey. Al-Mamary et al. (2002)
examined the total phenolic content of five different
Yemen honeys by the Folin-Ciocalteu method and re-
ported that the values were between 56.32 mg 100 g~!
and 246.21 mg 100 g'. The total antioxidant activity
of five Yemen honey samples was reported between
6.48% and 65.44% (Al-Mamary et al. 2002).

Total phenolic content differs among honey species.
One study found that the average phenolic content
of honey samples was 462 + 53 mg kg™'. A high pheno-
lic content for monofloral honey samples like oregano

Table 1. Palynological analyses of Doganyol honey

https://doi.org/10.17221/38/2021-CJES

(538 + 41 mg kg™!) and jujube (609 + 60 mg kg™!) was de-
termined (Zarei et al. 2019). The total phenolic content
of 30 samples of acacia honey from the Croatian terri-
tory was analysed. The total phenolic content ranged
from 31.72 mg kg™ to 80.11 mg kg™ (Krpan et al. 2009).

Antioxidants are compounds that prevent free radical
oxidation of organic compounds at low concentrations.
In recent years, the interest of food chemistry and pre-
ventive medicine in natural antioxidants of plant origin
has increased. The therapeutic role of honey is partly
due to its antimicrobial effect and partly to its antioxi-
dant content (Sar1 2014).

In a study, antioxidant activity of chestnut, sunflower,
citrus, rhododendron and polyfloral honey was found
between 73.20-128.21, 78.09-118.68, 79.77-113.95,

H1 H2 H3 H4 H5 Hé6 H7 H8 H9 H10
Asteraceae 3.17 19.35 50.00 3.33 77.86 5.38 7.61 6.38 2.78 -
Astragalus sp. - 3.23 - 66.67 - 3.23 3.26 2.13 38.89 4.38
Apiaceae 1.59 3.23 0.67 - - - 1.09 - - -
Anchusa sp. - - - - - - - - - -
Berberidaceae - 6.45 33.33 - 0.71 43.01 18.48 8.51 - 53.28
Brassicaceae 1.59 - - 3.33 0.71 - 2.17 - - -
Cistaceae - - - 3.33 - - - - - -
Cichorium sp. - - - - - - - - - -
Caryophyllaceae - - - - - - - - - -
Centaurea sp. - - - - - - - - - -
Campanula sp. - - - - - - - - - -
Echium sp. - - - - - - - - - -
Fabaceae 15.87 19.35 1.33 - 3.57 8.60 15.22 4.26 19.44 5.84
Geraniaceae - - - - - - - - - -
Hedysarum sp. - - - - - - - 2.13 - -
Lamiaceae 1.59 - 0.67 - - - 1.09 - - 0.73
Liliaceae - - - - - - 1.09 - - -
Malvaceae - - - - - - - - - -
Mpyosotis sp. - - - - - 1.08 - - - -
Onobrychis sp. - - - - - - - - - -
Poaceae - - - - - - - - - -
Plantago sp. - - - - - 1.08 - 2.13 - -
Rumex sp. - 3.23 - - 0.71 - - 2.13 - -
Ranunculaceae - - - - - - - - - -
Rosaceae - 3.23 - 1- - 1.08 1.09 2.13 8.33 -
Sanguisorba sp. 7.94 - 2.67 - 2.14 2.15 14.13 8.51 - 0.73
Salix sp. - - - - - - 2.17 - 5.56 -
Scabiosa sp. - - - - - - - - - -
Teucrium sp. 19.05 19.35 3.33 - 5.00 11.83 25.00 - - 7.30
Trifolium sp. 47.62 16.13 6.00 - 5.71 16.13 - 44.68 - 20.44
Total pollen score 39718 47041 53 684 5 365 88190 167001 59675 16618 26908 10530
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Table 1. to be continued

HI11 H12 H13 H14 H15 Hl16 H17 H18 HI19 H20
Asteraceae - - 31.84 6.98 12 78.95 447 - 46.88 17.24
Astragalus sp. 291 10.64 1.12 4.65 - - 9.50 0.88 13.54 4.31
Apiaceae - - 1.68 0.58 - 0.48 - - 2.08 0.86
Anchusa sp. - - - - - - - - - -
Berberidaceae 51.46 14.89 8.94 46.51 6 0.48 17.32 44.74 3.13 6.90
Brassicaceae - - 0.56 0.58 - 0.48 0.56 1.75 - 0.86
Cistaceae - 2.13 2.23 0.58 - - 1.68 - 12.50 0.86
Cichorium sp. - - - - - - - - - -
Caryophyllaceae - - - - - - - - - -
Centaurea sp. - - - - - - - - - -
Campanula sp. - 2.13 - - - 0.48 - - - -
Echium sp. - - - - - - 0.56 - - -
Fabaceae 1.94 - 24.02 7.56 65 2.39 - 9.65 - 6.03
Geraniaceae - - - 0.58 - - 0.56 - 1.04 -
Hedysarum sp. - - - - - 0.48 0.56 - - -
Lamiaceae - 6.38 5.59 1.74 - 0.48 0.56 - 1.04 -
Liliaceae - - 0.56 - - - - - - -
Malvaceae - - - - - - - - - -
Myosotis sp. - - - - - - 0.56 - - -
Onobrychis sp. - - - 0.58 - - - - - -
Poaceae - - 0.56 - - - - - - -
Plantago sp. - - - - - - 2.79 - - -
Rumex sp. - - 0.56 0.58 - - - - - -
Ranunculaceae - - - - - - - - - -
Rosaceae 0.97 - 391 2.33 - 1.44 1.12 0.88 - 6.03
Sanguisorba sp. 1.94 8.51 - 0.58 - - 0.56 - - 12.93
Salix sp. - - - - - - - - - 0.86
Scabiosa sp. - - - - - - - 0.88 - -
Teucrium sp. 6.80 2.13 391 6.40 2 0.96 32.96 10.53 - 6.03
Trifolium sp. 23.30 27.66 7.26 11.63 - 5.74 16.76 14.91 - 19.83

Total pollen score 11 736 6787 110891 217686 54941 183110 127906 241133 54129 56523

Table 2. Total phenolic content and antioxidant capacity of honey samples (n = 3)

Sample Total phenolic content ~ Antioxidant capacity = Sample Total phenolic content ~ Antioxidant capacity

No. (mg GAE 100g™) (mol FeSO, 7H,0 g™")  No. (mg GAE 100g™) (mol FeSO, 7H,0 g™')
H1 12.82 + 1.18 2.78 + 0.88 H11 12.46 £ 1.21 2.69 + 0.23
H2 14.98 + 0.83 3.66 £ 0.21 H12 17.51 £ 1.56 5.16 £ 1.04
H3 20.05 +1.12 5.40 + 0.42 H13 2498 + 1.61 5.80 + 0.96
H4 10.34 + 0.74 2.31 £0.51 H14 29.40 + 1.03 5.93 £ 0.85
H5 9.68 + 0.72 2.21 £ 0.46 H15 10.94 + 0.92 2.37 £ 047
Hé6 14.61 + 1.15 3.63 + 0.62 H16 17.63 £ 0.76 5.15+0.28
H7 20.83 + 1.34 5.51 £0.17 H17 29.11 + 1.47 6.03 +1.11
HS8 18.73 + 1.44 5.27 £ 0.33 H18 23.44 + 1.66 5.65 £ 0.77
H9 25.84 + 1.61 5.88 +0.76 H19 20.41 + 1.09 548 + 047
H10 12.36 + 1.07 2.73 +0.15 H20 21.79 + 0.88 5.52 £ 0.39

277



273-280

Czech Journal of Food Sciences, 39, 2021 (4)

Original Paper

//doi.org/10.17221/38/2021-CJES

https

- - - 0SS - - - - - - - - = = -/ - - - = -/0S DIN/DIN 1006 DLON

— — — 6 - - - - - - - - - - 6 - - - - - azi 1702 D1YO14YIST

- -/os - - - - - - - - - - 0§/08 - - - - - - - DIIN/DIN €T-STVVI DDILVY

— 6 — — — — — — — — — — 6 — — — — — — — azi 1700 D1YO149YIST

- - - - S - - - - - - - - = = = 080 - -/0s - DIN/DIN 6091V DDLV

— — — — — - — — - — — - — — - - 6 — — — azi NMUUDPUUND G 419]0DG0JIUIDTY
JAneSau-urein

05/0S - 0S/05 0S/0S - - - - = = 0S/0S —/0S — 0S/0S0S/0S - - = 0S/0S - DIW/DIN 6THET DDV
6 — - 6 — — — — — — 6 6 — 01 01 — — — 6 — azi SNAvAIDS w&ubooeu&@&u%

- 0S/0S - 0s/0S - -—/0S - o0s/0s - - - —/0s0s/0S - - -~ /05 ~ 0S/0S5DIN/DIN 8995€ DDLY

- 6 — 71 — 6 — o1 — - — — 6 — — — — 6 — 6 azi suvinu m.SUUDUQM&%&NW

- = 08/0s - 0S/0S - —/0S - 0S/0S —/0S —/0S — ST/ST — 0S/0S -~ ST/ST — 0S/0S — DIN/DIN 1€2L D4
- - 6 - 1 - 6 - O 6 - - T - o - 1 - o - az sna.4np $120001dvig

- 0S/0S - 0S/0S - —/0S ~— 0S/0S —/0S ~— —/0S 0S/0S ~—  — 0S/0S 0S/0S — 0S/0S 0S/0S — DIN/DIN 8801 DLON
-6 - 1T - - - o - - 6 0 - - II 6 -~ O Il - azi sna.np $12000)ydvig
0s/0s - - - 0S/0S - &T/ST0S/0S ~— 0S/0S - - 0S/0S - - - 0S0S - -  — DIW/DIN €265C DDV
6 — - — 6 - 1 6 - o1 - - 6 - - — 6 - _ - azi SNaANp $M2020]AYdvIS

- 08/0S - 0S/0S - - 0S/0S - 0S/0S - - 0S/0S0S/0S0S/0S - - - = = 05/0S DIN/DIN 112004 DDLY
- 6 — 6 - — - - o1 - — 6 o1 6 — - - — — — azi §EN0&§.\AWEOQQQOX&“SM
05/0S — 0S/0S ~— 0S/0S 0S/0S 0S/0S 0S/0S — 0S/0S - - 0S/0S - - = 0S/0S —/0S 0S/0S ~— DIW/DIN £69TT DION
6 - o0 - 6 O O OO - 6 - - 0 - - - 0 6 0L - azi $1poorf sn20030.27U7

— 0S/0S 05/0S 0S/0S = 0S/0S 0S/0S ~— - = 0S/0S ~— 0S/0S = 0S/0S 0S/0S 0S/0S — 0S/0S 0S/0S DIN/DIN TSH6¥ DLV
- o - g - 1 6 - - - I - g - I I T - oI II azi SipoaRf 12002040147
0S/0S 0S/ST = ST/ST 0S/0S =  —/0S 0S/0S 0S/0S 0S/ST —  0S/0S ST/ST 0S/0S 0S/0S —/0S ST/ST 0S/0S —  0S/STOIN/DIN 0£89 D4
or € - ¥ oI - 6 O I T - 6 ¥ - T 6 €& 6 — T azi §ToA29 STIIOPY
= 0S/0S 0S/0S ST/ST 0S/0S 0S/SC  — ST/ST  — 0S/0S 0S/0S —  ST/ST 0S/0S ST/ST  — ST/ST = 0S/0S 0S/0S DIN/DIN 6LS%T DDLY
- I 6 € o0 ¢ - ¥ - I o - ST 6 € - ¥ - Tl Ol azi $T2429 SHI1PVE

aanisod-wreln

0¢cH 6IH 8TH AZIH 9TH SIH ¥%IH €IH ¢IH TIIH OIH eH 8H /H O9H SH ¥%H €H <¢H TIH

skessy SwISTUBSIOOIOTIA
sojdures Louoy

(A/M %) (DFIN) UOTIRIIUSDUOD [BPIDLIIOR( WNWIUTW pue (DIIA)
UOTIBIJUIDUOD AIONIYUT WNWIUTW £((A\Y) POYIoW uoIisnyrp [[om rede £q (Z]) 1939urerp auoz uoniquyuy :sajdures £oUoy jo AJIATIOR [BLISIORAIIUR 0714 U] '€ J[qR,

278



Czech Journal of Food Sciences, 39, 2021 (4): 273-280

Original Paper

https://doi.org/10.17221/38/2021-CJFS

Table 3. to be continued

H12 H13 H14 H15 H16 H17 H18 H19 H20

Honey samples
H10 HI11

H2 H3 H4 H5 H6 H7 H8 H9

H1

Assays

Microorganisms

1ZD
MIC/MBC

Escherichia coli
BC 1402

50/50

50/50

1ZD -

MIC/MBC

Pseudomonas aeruginosa

ATCC 9070

50/-

1ZD
MIC/MBC

Pseudomonas aeruginosa

NCTC 12924

50/-

1ZD
MIC/MBC

Salmonella typhimurium

RSSK 95091

50/-

50/—

1ZD
MIC/MBC

Yersinia enterocolitica

ATCC 27729

(=) Immeasurably low activity

75.80-114.33 and 63.44—98.00 mg ascorbic acid equiva-
lent per 100 g, respectively (Sar1 2014). In an earlier
study, antioxidant activity was found to be the lowest
in acacia and lime honeys that are light coloured, while
the highest was found in fir, spruce and forest dark hon-
eys (Bertoncelj et al. 2007). The antioxidant capacity
of honey varies depending on the plant species. In an-
other study in which blackthorn honey samples were
examined, it was emphasised that the antioxidant capac-
ity ranged between 560 pmol FeSO, 7H,0 100 g and
1841 pmol FeSO, 7H,0 100 g™" and the mean value was
1014.91 + 470.99 pmol FeSO, 7H,0 100 g™*. According
to the results, it was stated that Paliurus spina-christi
Mill. honey has a much higher antioxidant capacity than
other monofloral honeys (Malkog et al. 2019).

In this study, the in vitro antibacterial activity of hon-
ey samples against selected pathogenic bacteria was
determined using AWD, MIC and MBC assays. Re-
sults of AWD, MIC and MBC assays are given in Ta-
ble 3. Obtained results showed that among the target
microorganisms, Gram-negative bacteria were more
resistant compared to Gram-positive bacteria at a con-
centration 500 mg mL". As a result of the AWD assay,
inhibition zone diameters were measured with a Verni-
er calliper and it was noted that inhibition zone diam-
eters varied between 9 mm and 15 mm. These results
are consistent with the results of the study previously
performed by Ecem-Bayram et al. (2019).

In MIC and MBC assays, it has been observed that
the majority of the selected target bacteria were not
inhibited. In addition, inhibitory concentrations for
susceptible strains in MIC and MBC assays were re-
corded to vary from 25% to 50% (w/v). During this
process, especially Gram-negative bacteria were much
more resistant against honey samples. In the MIC and
MBC assays, the inhibitory concentration and bacteri-
cidal concentration values were generally the same.

CONCLUSION

In this study, total phenolic content, antioxidant ac-
tivity and antimicrobial activity of 20 honey samples ob-
tained from the Doganyol district of Malatya (Turkey)
were determined. Honey samples showed moderate
antimicrobial activity especially against Gram-positive
bacteria. Total phenolic content and hence the anti-
oxidant activity of the samples were found compat-
ible with literature data. It is seen that honey samples
obtained from the Doganyol region are rich in pollen
types and the district is suitable for bee breeding and
honey production. The results of the study revealed
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that Doganyol has a highly qualified monofloral and
polyfloral honey production potential.
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