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ARTICLE INFO

ABSTRACT

In this study, we aimed to determine the therapeutic value of local Yigilca honeys by examining
their physicochemical characteristics, phenolic content, radical scavenging activity, and
antimicrobial properties by underlining some overlooked parameters. Honey samples ware divided
into two main groups as CH and FH based on melissopalynologycal analysis. Antimicrobial activity
of collected honey samples were investigated on important hospital-acquired infections bacteria
strains; MRSA (Methicillin-resistant Staphylococcus aureus), MSSA (Methicillin-sensitive
Staphylococcus aureus), Escherichia coli, and Acinetobacter baumannii. Although CH’s
antimicrobial activities were found slightly higher than the FH’s, there isn’t statistically significant
differences between two type honeys. However, the antioxidant activity of CH was found
significantly higher than FH. Surprisingly, a higher amount of isomaltose was determined in
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An)t/imicrobial addition to the total phenolic content in CH compared to FH. There has been found positive
Antioxidant correlation between isomaltose amount and zone diameters for MRSA and A. baumannii. We would

like to draw attention to isomaltose for its health benefit structure since these parameters may be
influence honey’s therapeutic value. We recommend that isomaltose and invertase enzyme should
be included in to the honey codex standards suitably depending on the monofloral and multifloral
honey’s specific structure, to sensitively standardize and control their quality and therapeutic value.
Our data revealed a positive correlation between antioxidant and antimicrobial activity and total
phenolic content and higher isomaltose amount.
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Introduction

The special features of honey were recognized by our
ancestors, and it has an important place among human
nutrients since then. According to the earliest rock
drawings in Bicorp near Valencia in eastern Spain, the
honey collection has an ancient, 8000-year-old history and
having been consumed during the Prehistoric Periods
(Crane, 1997). In addition to its historical nutritional use,
honey also has been applied as a treatment for burns, skin

structure, Turkey is quite rich in unique floral sources to
produce a great variety of monofloral honeys (sunflower,
chestnut, astragalus, cotton honeys, etc.). Chestnut honey
is one of the high-quality monofloral honeys from Turkey
and it is mostly produced on the north-facing slopes of the
Black Sea region, where the humid-temperate climate can
meet the needs of the Castanea sativa trees. Due to its
antioxidant properties, dark color, and unique flavor, it has

diseases, stomach ailments, etc. (Kuropatnicki, et al., 2018;
Ozkok et al., 2018).

Turkey has a varied climate diversity incurred by its
special geographical position and features. This situation
has led to the existence of a variety of plant forms such as
forests, shrubs or bushes, and grasses in the natural
vegetation (Giinal, 2013). Owing to its phytogeographical

been attracted the attention of customers in the domestic
market (Omiir, 2015; Giinal, 2013; C61 Ayvaz et al., 2018).

Plant diversity has a direct effect on honey, and this
varies mainly according to geographic location, sources,
and climate zone. Its phytogeographical origin makes
honey a unique and valuable product. The pollen and nectar
of each plant around the hive have their own special
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ingredients and when processed with honeybee enzymes
such as invertase, diastase, glucose oxidase and
glucosidase, they converted to honey (Valentini, et al.,
2010; Chauhan, et al., 2017).

The pollen content contributes to the phenolic
component of the honey. The phenolic component is one
of the reasons for the antioxidant activity of honey since
the antioxidant substances contain molecules that delay
cellular damage and inhibit oxidative stress and free radical
reactions that could cause many diseases when the body
exceeds a certain ratio (Frankel, et al.,1998; Taormina, et
al., 2001; Young and Woodside, 2001; Beretta et al., 2005;
Holderna-Kedzia and Kedzia, 2006; Bertoncelj et al.,
2007; Lobo et al., 2010; Liu et al., 2012; Cimpoiu et al.,
2013; Moniruzzaman et al., 2014; Nayik and Nanda, 2015;
Nimse and Palb, 2015; Boussaid et al., 2018; Col Ayvaz et
al., 2018). The increasing bacterial resistance to antibiotics
has become an important problem in recent days. For
example, semi-synthetic penicillin  resistance has
developed due to the p-lactamase formation of
Staphylococcus aureus strains, which are one of the major
causes of the wound and burn infections. Encountering
these findings raises the need for the development of new
antibiotics. To solve this problem, scientists began to focus
on active natural antimicrobial resources such as honey.
The antimicrobial property of honey has been known since
ancient times. To determine honey’s antimicrobial effect,
in vitro studies carried out by using S. aureus, E. coli,
Acinetobacter spp. and many other bacteria strains. And
these studies determined that honey inhibits these bacteria
strains. However, different inhibition zone results were
obtained according to the floral sources and different
structure of the honey samples (Bravo et al., 1998;
Basualdo et al. 2007; Estevinho et al., 2008; Almasaudi et
al., 2017). Escherichia coli is a Gram-negative bacterium
with a wide range of antibiotic resistance mechanisms,
particularly the extended-spectrum beta-lactamase and
AmpC type beta-lactamase, which can be encountered in
many infections, especially urinary tract infections
(Bayram, et al., 2012). Acinetobacter baumannii is also an
important Gram-negative bacterium for which a new
antibiotic should be developed as it is a frequent cause of
hospital infections and multiple-drug resistance (Al
Bshabshe et al., 2016).

There is plenty of ingredient which providing the
antimicrobial properties of honey and all these ingredients
are directly and indirectly related to each other. Lack of an
enzyme in honey may cause changes in the ratio of
substances in honey and a decrease in its quality. For this
reason, all substances in honey should be carefully
examined and should not be ignored. One of them is sugar
profile. When we examined the possible antimicrobial
activities of honey sugars, isomaltose caught our attention
for its biodegradability, antimicrobial activity, non-toxic
structure, usage in foods as a low-calorie sweetener, and
boosting of intestinal microflora, as well as its being safely
categorized as a prebiotic, precursor metabolite. It has also
been found to improve the well-being of humans and
animals when ingested orally on a daily dosage basis (Lee
et al., 2008; Gerschenson et al., 2017; Fatoki et al., 2018).
The other ingredient is Invertase enzyme which is one of
the most active enzymes found in the natural compound of
honey. Invertase catalyzes the hydrolysis of sucrose into

fructose and glucose (Derebasi et al., 2014). Invertase
activity is generally sensitive to storage conditions, and due
to this sensitivity, it has been used as a freshness indicator.
Hence, the invertase enzyme is more sensitive to heat than
diastase enzyme and it is considered as a better indicator of
freshness than diastase (Oddo, et al., 1999; Machado De-
Melo and Almeida-Muradian, 2018). Although invertase is
a sensitive heat indicator, it is not included in the Codex
standards and Turkish Food Codex although it has been
used as a honey standard by beekeeper associations in
Belgium, Spain, and Germany and also by private
companies (Bogdanov et al., 1999). It has been stated that
the invertase value of fresh and untreated honey should be
higher than 10 (Duisberg and Hadorn, 1966; Bogdanov et
al., 1999; Oddo, Piazza and Pulcini, 1999).

As stated before, all ingredients vary depending on
phytogeographical origin and they are bound by a natural
balance, thus affecting the therapeutic value
(antimicrobial, antioxidant, phenolic content) and
physicochemical properties of the honey. As stated before,
all ingredients vary depending on phytogeographical
origin, and they are bound to each other by a natural
balance, also they are affecting the therapeutic value
(antimicrobial, antioxidant, phenolic content) and
physicochemical properties of the honey. Therefore,
through comprehensive studies should be possible to base
these monofloral honeys on their phytogeographical origin
and to determine which honey is useful for each specific
disease. Our aim in this study; to compare and clarify the
therapeutic value through physicochemical properties and
antimicrobial activities of chestnut and flower honey
produced in Turkey and to emphasize important
overlooked parameters for determining the therapeutic
value and quality, such as Isomaltose and Invertase enzyme
content.

Materials and Methods

Honey Samples

Twenty-three honey samples were collected from local
beekeepers of Yigilca district of Diizce city in Western
Black Sea of Turkey. Honey samples were kept in sterile
glass jars and stored at 20°C in the dark pending analysis.

Melissopalynologycal Analysis

Microscopic analyses were performed using the
internationally recognized method (Maurizio, 1951;
Louveaux, et al., 1970) modified by Kambur, et al. (2015).

After the pollen analysis, the pollen counts percentage
of each sample were determined as dominant pollen
(=45%). Since chestnut honey was overrepresented in the
monofloral honey category (chestnut pollen concentration
>70 %), we divided the honey samples into two main
groups as chestnut honey and flower honey (Terrab et al.,
2003; Turkish Food Codex, 2020).

Physicochemical Analysis

The moisture content of the honey was determined
based on the AOAC 969.38 method, using the Lega also
Refractometer HB90. A pH meter VWR pH 1000 L was
used to measure the pH of a 75 ml solution of 10 g honey
prepared in Milli-Q water (Millipore Corporation,
Billerica, Massachusetts, USA) (Bogdanov, 2009).
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Hydroxymetilfurfural (HMF) was made according to the
IHC (2009) method adapted from the Winkler (1955).
Invertase and proline content analyses were also made
according to IHC (2009). The absorbance of the solutions
was measured at 400 and 510 nm using a UV-vis
spectrophotometer (VWR  spectrophotometer  UV-
3100pc). Diastase activity was analyzed according to the
modified TS 3036:2002. Honey (5 g) was poured into a 50
mL beaker and dissolved by adding 30-40 were mL of
water and then transferred to a 50 mL flask to which
distilled water was added to make up 50 mL. A total of 57
separate incubation mixtures were used and the resulting
honey-pure water-starch buffer mixtures were prepared.
These were kept in a 48°C hot-water bath for 1 h, after
which 40 pL of 0.1 N iodine solution was added to the test
tubes and mixed. The first tube showing light blue was
taken as the limit and the number of diastases
corresponding to this test tube was read and saved digitally
after the last point. The sugar profile was determined by
high-pressure liquid chromatography (VWR-Hitachi
Chromaster HPLC-RID) based on the method DIN 10758.

Total Phenolic Content

The total phenolic content of the 24 different honey
samples was determined quantitatively using Folin
Ciocalteu reagent (Chua et al., 2013). A gallic acid solution
prepared with dH,O at a ratio of 1: 1 was used as the
standard. The results of the reaction to the Folin-Ciocalteu
reagent of six different concentrations (ranging from 10 to
500 pg/uLl) of the standard solution were evaluated by
spectrophotometric measurement at 765 nm as performed
by Chua et al. (2013). The graph was then drawn of the
equation between the absorbance values and the
concentrations. Similarly, the absorbance values of the 23
different honey samples were measured and the results
were evaluated using the standard (gallic acid) graph (Chua
etal., 2013).

Radical Scavenging Activity

The DPPH (2,2-diphenyl-1-picrilhydrazil) radical
scavenging activity was determined using the DPPH free
radical (Brand-Williams, et al., 1995). A methanol solution
of freshly prepared DPPH radical was used in the study,
and 1500 pL of this solution was added to 750 pL honey
samples prepared at 1- 100 mg / mL concentrations. The
absorbance values at 30 min at 517 nm were measured on
the spectrophotometer. Butyl hydroxy anisole (BHA) was
used as the positive control (standard). A mixture of 750
pL methanol and 1500 uL DPPH was used as the negative
control and methanol was used as the blank (Chua et al.,
2013). The experiments were repeated twice. The DPPH
radical scavenging activity was calculated using the
formula below. In addition, the half maximal inhibitory
concentration (IC50) values were determined for the honey
samples.

DPPH Radical Scavenging Activity = [(A0-Al) / A0] x 100

Here,
AO0= Absorbance value of the negative control
Al= Absorbance value of the standard and the sample
(Chua et al., 2013).

Antimicrobial Activity

The methicillin-sensitive ~ Staphylococcus — aureus
(MSSA), Methicillin-resistant  Staphylococcus —aureus
(MRSA), Escherichia coli, and Acinetobacter baumannii
strains were isolated from various patient samples obtained
from the Diizce University Medical Microbiology
Laboratory.

Before each trial, fresh passages of the strains were
grown on blood agar (Oxoid, England). The sensitivity of
the honey samples and comparative antibiotics was
determined via the disc diffusion method. The bacterial
suspensions prepared in 0.5 McFarland turbidity standards
were spread on the surface of Mueller Hinton agar (Oxoid,
England). After incubation at 37°C for 24 h, the zone
diameters were measured and evaluated (Rani, Budumuru
and Bandaru, 2017).

Antibiotic discs (Oxoid, UK) for the antibiotic’s
penicillin (1 pg), cefoxitin (30 pg), erythromycin (15 pg),
clindamycin (2 ug), vancomycin (30ug), teicoplanin (30
ng), linezolid (10 pg), tetracycline (30 pg), ciprofloxacin (5
pg), SXT (1.25 /23.75 pg), ampicillin (10 pg), AMC (20 /
10 pg), piperacillin (30 pg), ceftriaxone (30 ng), ceftazidime
(10 pg), cefepime (30 pg), imipenem (10 pg), and
tigecycline (15 pg) were placed on the isolated bacterial
strains. After incubation at 37°C for 24 h, zone diameters
were measured and evaluated in accordance with the
European Committee on Antimicrobial Susceptibility
Testing.

For the honey samples, honey suspensions were
prepared in two different concentrations. First, 50 pL of
untreated-pure honey samples were taken and 6-mm
diameter antibiotic-free discs (Oxoid, UK) were added.
These were kept under sterile conditions to enable the honey
to be fully absorbed by the disc. Second, the honey samples
were diluted with 50% distilled water in the same manner as
after the impregnation and in 0.5 McFarland turbidity
standards. The bacterial suspension was then placed on the
inoculated Mueller-Hinton agar using a sterile pen set. After
incubation at 37°C for 24 h, zone diameters were measured
and evaluated (Rani, et al., 2017).

Statistical Analysis

Statistics were performed using SPSS (15.0). We applied
a normality test (Shapiro-Wilk Test) to our data and the
results were non-parametric. The Mann Whitney U Test was
used to compare the chestnut and flower honey group
variables (P<0.05 or P<0.01). The Spearman Correlation
Test was used to determine the correlation between the
properties of the studied honey samples (P<0.05 or P<0.01).

Results

Melissopalynologycal Analysis

We divided the honey samples into two main groups
according to melissopalynologycal analysis: chestnut honey
(chestnut pollen concentration >70, n = 12) (Terrab et.al.,
2003; Turkish Food Codex, 2020) and flower honey (n = 12)
(Table 1).

Physicochemical Analysis

The physicochemical characteristics of the honey
samples are summarized in Table 1 and 2. They were
examined based on Codex Standards (CS) and Turkish
Food Codex (TFC) Honey limits.
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Table 1. Location and melissopalynologycal analysis results of the studied honey samples.

Sample Number FSHS Dominant P (>45%)Secondary P (16-44%)Important Minor P (3-15%) Minor P (<3%)
1 %95 Fagaceae - %3 Fabaceae %2 Asteraceae
4 %95 Fagaceae - %3 Poaceae %2 Lamiaceae
5 %95 Fagaceae - %3 Asteraceae %2 Fabaceae
6 %75 Fagaceae %20 Ericaceae %5 Fabaceae -
%13 Poaceae
7 %77 Fagaceae - %7 Fabaceae -
%3 Ericaceae
0, - 0,
9 Chestnut Honey %99 Fagaceae %1 Other
11 Samples %84 Fagaceae - %11 Fabaceae %1 Ericaceae
%4 Asteraceae
12 %96 Fagaceae - %4 Fabaceae -
13 %95 Fagaceae - %5 Lamiacae -
23 %99 Fagaceae - - %1 Other
19 %92 Fagaceae - %8 Poaceae -
%10 Fabaceae
20 %80 Fagaceae - %5 Asteraceae -
%5 Apiaceae
,%10 Brassicaceae
2 %70 Fabaceae %5 Poaceae -
%15 Apiaceae
0,
3 %85 Fabaceae - /08 P(_)aceae %3 Rosaceae
%4 Ericaceae
%20 Asteraceae %8 Poaceae .
0, 0,
8 %48 Fabaceae %17 Fagaceae 05 Ericaceae %2 Lamiaceae
%35 Fabaceae
10 %645 Fagaceae %20 Ericaceae i i
%11 Apiaceae
0, 0,
14 0457 Fabaceae %17 Asteraceae %7 Poa_ceae )
%4 Araliaceae
%4 Tiliaceae
0 o
15 Flower Honey %62 Ericaceae %27 Fabaceae /08 T_|I|acaeae -
Samples %3 Pinacaceae
0,
%41 Ericaceae %12 F_a_gaceae %?2 Asteraceae
16 - %6 Tiliaceae :
%33 Fabaceae %?2 Pinaceae
%4 Poaceae
%36 Ericaceae
0, - -
17 %45 Fagaceae 9419 Fabaceae
. %15 Fagaceae
0,
18 %50 Fabaceae %25 Tiliaceae %6 Ericaceae -
%4 Asteraceae
%14 Asteraceae
0
21 %62 Fabaceae - /011 Ros_aceae -
%9 Lamiaceae
%4 Apiaceae
24 %55 Lamiaceae %35 Asteraceae %10 Fabaceae -

FSHS: Floral Source of Honey Samples, P: Pollen

Total Phenolic Content and DPPH Radical Scavenging Activity (Antioxidant Activity)

In the present study, the highest phenolic content
(30.363 mg GAE / 100 g) was determined in chestnut
honey and lowest phenolic content (4.958 mg GAE / 100
g) was in flower honey sample. The total phenolic content
was positively correlated (P<0.01) with the conductivity
and color. In addition, significant differences were
determined between the floral and chestnut honey groups
on phenolic contents, chestnut honey group’s phenolic
content found higher than the flower honey group
(P<0.01).

The DPPH radical removal activity was identified by
the determination of the 1C50 (half maximal inhibitory

concentration) value (Table 4). The IC50 value is inversely
proportional to the radical scavenging activity; thus, when
the IC50 value increases, the radical scavenging activity
decreases accordingly. The lowest IC50 (9.578 mg / mL)
was determined on chestnut honey group and the highest
IC50 value 68.002 mg / mL on the flower honey group. As
expected, our data revealed a negative correlation (P<0.01)
between 1C50 value, total phenolic content, and color. We
determined significant differences between the flower and
chestnut honey groups on DPPH radical scavenging
activity (P<0.01), which was found higher in the chestnut
honey group.

302



Kekegoglu et al. | Turkish Journal of Agriculture - Food Science and Technology, 10(2): 299-308, 2022

Table 2. Physicochemical analysis of chestnut honey samples. ("TFC=Turkish Food Codex Limits,2020)

Chestnut Honey Samples

Sample Number 1 4 5 6 7 9 11 12 13 23 19 20 MEAN  “TFC
Colour (mm) 91 109 114 94 91 137 80 150 68 138 103 140 109.5+£16.49 -
Humidity (%) 183 212 212 184 20 186 18 19.6 16,5 22.1 18.8 17.7 19.20+1.65 20(mex)
HMF (mg/kg) 20.2 109 115 6 278 54 401 34 207 9 144 146 15.3+10.55 40(mex)
Diastase Number (DN) (11.4 156 16.1 147 6.5 16.7 16.1 16.7 11.4 10.9 109 16.7 13.6+3.32 8(min)
Invertase (U/kg) 236.8 193.7 191.9 227.3 81.1 292.3197.1 188 213.9128.7 88.4 149.1 182.36+6.50 -
Prolin (mg/kg) 808.91001.71042.71033.51061.4600.21228.3663.9985.8731.4687.7709.6879.59+20.90500 (min)
Acidity (m.qg. g/kg) 38 32 30 22 34 26 38 30 26 22 28 30 29.67+5.31 50(mex)
C. (uS/cm) (20°C) 684 1508 1512 1591 965 1622 683 1953 215 2170 870 17521293.75+5.30 -
Fructose (%) DIN 388 371 382 37 373 34 381 328 38 355 354 36.2 36.53+1.82 -
Glucose (%) DIN 196 221 228 19 26.8 16.7 27.1 16.4 265 205 254 19 21.83+3.89 -
Fructose + Glucose (%) [58.4 59.2 61 56 64.1 50.7 65.2 49.2 645 56 60.8 55.2 58.36+5.17 60(min)
Fructose / Glucose (DIN) [1.98 1.68 1.68 1.95 139 204 141 2 143173 1.39 1.91 1.72+0.26 1-1,85
Glucose / Water (DIN) (1.07 1.04 1.08 1.03 134 09 151 0.84 1.61 0.93 1.35 1.07 1.15+0.25 -
Saccarose (%) DIN 03 01 01 01 01 02 02 02 01 01 0.2 02 0.160.06 5(max)
Turanose (%) DIN 24 2 2 23 14 22 18 21 23 19 22 23 2.08+0.28 -
Maltose (%) DIN 3 25 26 39 18 44 17 4 28 34 27 46 3.12+0.95 -
Isomaltose (%) DIN 11 05 05 13 03 18 05 2 06 09 07 15 0.98+0.56 -
Erlose (%) DIN 0 0 02 01 01 04 01 01 03 01 01 0 0.13£0.12 -
Melezitose (%) DIN 05 01 02 02 01 01 01 08 04 01 01 03 0.25+0.22 -
Maltotriose (%) DIN 04 01 0 0 01 0 03 0 03 0 01 01 0.1240.14 -
C.: Conductivity
Table 3. Physicochemical analysis of flower honey samples. ("TFC=Turkish Food Codex Limits,2020)

Flower Honey Samples
Sample Number 2 3 8 10 14 15 16 17 18 21 24 MEAN “TFC
Colour (mm) 73 56 96 55 77 32 48 48 82 41 40 58.18+10.81 -
Humidity (%) 16,5 205 16.6 182 17.8 17.7 17.8 17.8 16.3 16.4 18.6 17.69+1.24 20 (max)
HMF (mg/kg) 193 1751002 29 59.1 19 184 184 10.6 32.8 38.2 33.43+5.81 40 (max)
Diastase Number (DN) 143 139 98 143 59 78 59 59 114 78 75 9.67£3.28 8 (min)
Invertase (U/kg) 188.5 196 38.3 153.2 61.7 73 250.2250.2270.2 71.2 7.8 131.75+8.85 -
Prolin (mg/kg) 600 683.7596.3856.6 755.3329.9455.2 455.2576.4566.5 683.7 602.77+14.13 300 (min)
Acidity (m.g. g/kg) 40 34 28 32 28 18 30 30 30 20 24 27.82+6.48 50 (max)
C. (uS/cm) (20°C) 812 528 459 431 433 525 536 536 683 248 231 488.55+17.04 -
Fructose (%) DIN 278 36.1 352 36.4 40.6 37 375 384 342 36.7 39.3 36.29+3.35 -
Glucose (%) DIN 20.3 27.4 30.8 26.6 23.8 26.2 29.4 27.7 27.1 29.1 32.8 27.38+3.37 -
Fructose +Glucose (%) | 48.1 635 66 63 644 63.2 66.9 66.1 61.3 65.8 72.1 63.67+5.89 60 (min)
Fructose / Glucose (DIN)| 1.37 132 1.14 137 171 141 128 139 126 126 1.2 1.34+0.15 0.9-14
Glucose / Water (DIN) | 1.23 1.34 1.86 146 134 148 1.65 152 1.66 1.77 1.77 1.55+0.20 -
Saccarose (%) DIN 01 02 04 02 04 01 01 01 02 05 05 025+0.16 5 (max)
Turanose (%) DIN 710 18 16 21 23 18 18 21 2 19 1 2.32+1.62 -
Maltose (%) DIN 28 15 18 23 23 19 15 18 27 41 22 226+0.75 -
Isomaltose (%) DIN 12 05 04 06 04 04 04 03 09 02 01 0.49+0.31 -
Erlose (%) DIN 0 0 0 01 01 09 01 01 0 16 05 031+0.51 -
Melezitose (%) DIN 03 01 01 07 02 05 01 03 07 13 01 0.40+0.38 -
Maltotriose (%) DIN 03 02 02 04 03 05 02 02 0 01 02 0.24+0.14 -

C.: Conductivity

Antimicrobial Properties

It was seen that the pure honey samples in the study
formed a larger zone diameter against the bacteria than the
50% dilution versions.

A. baumannii was resistant to all antibiotics, while only
Tigecycline (=19 susceptible) showed a zone diameter of
15 mm, although this was not within the limits of
susceptibility. Considering this information, it was found
that two chestnut honey samples formed a 13-mm zone
diameter against the A. baumannii strain.

One sample form each honey groups formed a 22-mm
and 21-mm zone against the MSSA strain. These values are
larger than the zone diameters of penicillin, erythromycin,

vancomycin and teicoplanin against the MSSA strain.
Interestingly it was determined that honey samples having
higher antimicrobial activity include lower moisture
content, which means that when the moisture rate
increased, antimicrobial activity of the studied pure honeys
against MSSA decreased accordingly. Zone diameters
were observed on eight chestnut honey samples and six
flower honey sample against the MRSA strain. However,
it was found that three chestnut honey samples formed the
largest zone diameter (20 mm), which was wider than that
of penicillin and erythromycin and similar to the
vancomycin zone diameter (Tables 5 and 6).
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Table 4. Determination of total phenolic content and DPPH radical scavenging activity (antioxidant activity study) of

honey samples.

FSHS Sample Number | Total Phenolic Content (mg GAE /100g Honey) Radical-scavenging activity (IC50) mg /ml

C1 19.150 24.454

4 26.504 26.489

5 25.106 18.572

6 18.533 16.477

7 19.100 18.679

Chestnut Honey 9 29.514 13.962
Samples 11 12.197 30.298
12 27.109 13.803

13 9.925 34.416

23 30.363* 13.056

19 18.467 16.757

20 27.661 9.578*

Mean 21.97+6.72 19.71 +£7.59

F2 11.605 33.137

3 10.604 48.374

8 11.154 27.572

10 7.140 48.892

Flower Honey 14 9.444 32.067
Samples 15 4.958 51.423
16 6.453 56.657

17 6.198 48.754

18 10.331 25.283

21 7.302 68.002

24 5.916 56.341

Mean 8.2842.38 45.14+9.70

FSHS: Floral Source of Honey Samples, P: Pollen

Table 5. Inhibition zone diameters (mm) of clinically important antibiotics against studied bacteria strains.

I S. aureus . .
Antibiotics MISSA MIRSA E. coli A. baumannii
Penisilin (1ug) 11 0 - -
Sefoksitin (30pg) 30 10 - -
Eritromisin (15ug) 14 0 - -
Klindamisin (2pg) 25 26 - -
Vankomisin (30pug) 20 20 - -
Teikoplanin (30pg) 19 18 - -
Linezolid (10png) 28 28 - -
Tetrasiklin (30ug) 27 28 - -
Siprofloksasin (5ug) 25 28 34 0
Gentamisin (10pug) 24 24 22 0
SXT (1.25/23.75ug) 33 32 30 0
Ampisilin (10pg) - - 24 0
AMC (20/10ug) - - 25 0
Piperasilin (30ug) - - 28 0
Seftriakson (30pg) - - 27 0
Seftazidim (10ug) - - 24 0
Sefepim (30ug) - - 34 0
Imipenem (10ug) - - 34 0
Tigesiklin (15ug) - - 21 15
When we compared the honey groups, Chestnut honey  Discussion

samples tented to formed larger zone against studied bacteria
strains than flower honey; but these differences did not show
statistically significant distinction P>0.05). According to
physicochemical characteristics were 1somaltose content
was higher in chestnut honey samples. Additionally,
Isomaltose content of honey samples was positively
correlated with inhibition zone diameters, accordingly,
antimicrobial effect on MRSA and A. baumanni (P<0.01)

Hospital-acquired infections (HAI) have usually
acquired and manifest after hospitalization and showed and
can cause serious complications (Boev and Kiss, 2017).
Since increasing of the bacterial resistance to antibiotics
become an important problem, scientists started to focus on
natural products such as honey.
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Table 6. Inhibition zone diameters (mm) of honey samples against studied bacteria strains.

S. aureus E coli Ab ~
Honey types Sample Number MSSA MRSA . coli . baumannii
PH %50 diliisyon PH %50 dilution PH %50 dilution PH %50 dilution
1 11 7 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 13 10 18 11 0 0 13 8
7 13 8 12 0 15 0 0 0
9 21 15 20 12 14 8 10 8
Chestnut Honey Samples 1 20 18 5 ; e : ” 8
12 22 20 18 9 13 0 8 0
13 22 11 16 12 0 0 13 9
19 16 9 15 10 0 0 7 0
20 21 10 20 10 0 0 7 0
23 12 0 0 0 0 0 0 0
2 21 17 15 13 0 0 9 8
3 0 0 11 0 0 0 0 0
8 10 8 0 0 13 0 10 0
10 22 10 15 9 14 0 11 0
14 20 15 14 13 0 0 0 0
Flower Honey Samples 15 14 0 0 0 0 0 0 0
16 14 12 9 0 0 0 0 0
17 14 10 0 0 0 0 0 0
18 20 14 15 13 0 0 0 0
22 0 0 0 0 0 0 0 0
24 11 0 0 0 0 0 0 0

PH: Pure Honey

The most important factors which determine the
therapeutic value of the honey are antimicrobial and
antioxidant activities and both activities inflicting from
honey’s chemical contents (Gheldof, et al., 2002; Masalha
et al., 2018; Aikaterini, 2019). In the current study we
identified their antimicrobial and antioxidant activity of
honeys which were identified the botanical origin and
chemical contents. In this study we focused on chestnut and
flower honey’s effect on four of the common pathogens
that are known to cause HAI; Escherichia coli,
Staphylococcus aureus (MRSA-MSSA), Acinetobacter
baumannii. (Young and Khadaroo 2014; Boev and Kiss,
2017). Two chestnut honey of studied samples showed
similar zone diameter on A. baumannii strain as tigecycline
which is the drug in the glycylcycline class of antibiotics.
Chestnut honey samples tented to formed larger zone
against studied bacteria strains than flower honeys, but
these differences did not show statistically significant
distinction. Also 5 chestnut honey samples showed wider
zone than that of penicillin and erythromycin and similar
to the vancomycin zone diameter on MRSA and MSSA but
4 flower honey samples showed the same performance
only on MSSA strain. Consistent with our findings,
Sherlock et al. (2010) reported a 17-24-mm zone diameter
for Manuka honey which are well known around the world
for their antimicrobial activity and one of 23-34 mm for
Ulmo honey. Also, Kolayli et al. (2020) determined
antimicrobial activity of Turkish honey samples and four
different Manuka honey samples; according to their
findings Manuka honey samples did not show any
inhibition zone for E. coli and showed 8 mm zone diameter
for S. aureus while Chestnut honey samples showed 8mm
for E. coli and 10 mm for S. aureus. In our study five

chestnut honey’s inhibition zones for the MRSA strain
were higher than that of Manuka honeys. In addition to
botanical origin significant correlation was determined
between antimicrobial activity and some chemical
parameters. One of these parameters is Isomaltose. The
amount of isomaltose and zone diameters of honeys for
MRSA and A. baumannii showed linear correlation with
each other. Isomaltose content appeared to be distinctively
higher in chestnut honey samples. We determined
Isomaltose content of chestnut honeys between; 2.0-0.3 (x:
0,98) and in flower honeys 0.1-1.2 (x: 0,49). Cotte, et al.
(2003) determined the sugar profiles of some honeys and
reported the average isomaltose percentage values of
acacia, chestnut, and lavender honeys, respectively, as
0.89, 1.80, and 0.87%. Also, Xu et al. 2020 shared some
Japanese and Chinese commercial honey’s isomaltose
contents respectively between; 0,2-3,6 and 0-0,4. Mateo
and Bosch-Reig (1997) detected isomaltose in some
unifloral Spanish honeys in the range of 0.13— 1.39%.
When we consider all the correlation data of our results, we
can conclude that; the isomaltose contents were increased
by the percentage of chestnut pollen in the honey.
According to our results Isomaltose could be a new
criterion for chestnut honey which is suitable in terms of
honey standards’ criteria. Recently in the literature,
researchers focused on Isomaltose, for its biodegradability,
antimicrobial activity, and boosting of intestinal
microflora, as well as its being safely categorized as a
prebiotic, precursor metabolite (Lee et al., 2008;
Gerschenson, et al., 2017; Fatoki et al., 2018). Also,
excitingly Xu, et al. 2020 determined that; isomaltose
content of honey contributes to the induction of
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granulocyte-colony stimulating factor (G-CSF) secretion
in the intestinal epithelial cells following honey heating.

Another important factor which determines the
therapeutic value of honey is antioxidant activity. The
antioxidant activity of honey determined by its DPPH
radical scavenging activity (Sharma and Bhat, 2009).
Antioxidant activity of honey correlates with different
properties of honey. Previous studies on different regional
honey samples have shown that a positive correlation with
phenolic content and the antioxidant activity of honey.
(Beretta et al., 2005; Holderna Kedzia et al., 2006;
Bertoncelj et al., 2007; Moniruzzaman et al., 2014; Nayik
and Nanda, 2015; C6l Ayvaz et al., 2018). These findings
also consistent with ours. According to our results when
the colour of the honey darkens, the phenolic content and
connectedly antioxidant activity of honey increased. In our
study most of the chestnut honey samples which has the
highest phenolic content and darker color has shown the
highest antioxidant activity.

When we consider all samples of the study, local
chestnut and flower honeys of Yigilca district showed no
significant differences in terms of antimicrobial properties,
although four flower and eight chestnut honeys from Yigilca
have higher antimicrobial activities than Manuka and other
chestnut honeys from Turkey (Sherlock et al., 2010; Kolayli
et. al., 2020). However, when antioxidant properties were
evaluated, chestnut honeys showed higher antioxidant
activities than flower honeys due to higher phenolic content.
At this point, the health benefit index suggested by Masalha
et al. (2018) could be a model for the future determination
of the therapeutic values of the honey released to the market.
The various types of honey, CH and FH, demonstrated
variable antioxidant and antibacterial activities. Types of CH
were found to have a wide range of medicinal properties,
probably due to their containing different nectar
contents/phytochemicals. Additionally, we would like to
emphasize two considerably overlooked parameters for the
therapeutic honey samples. Under the light of these
information, Isomaltose content for chestnut honey samples
because of its antimicrobial activity and its potential to be a
marker for chestnut honey quality. And invertase enzyme
due to its sensitivity to heat and storage condition as a
freshness indicator for both honey samples. These two
parameters should be added to the codex as freshness and
therapeutic value agents to classify and detect the medicinal
value of honey.
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