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Abstract: Honey is an important functional food for human health and nutrition that is collected by honey bees and 
stored in the honeycombs. In this study, total phenolic content, antioxidant activity and volatile compounds of 13 di-
fferent honey samples collected from various districts of Malatya province were investigated. As a result of this study, 
it was determined that the  total phenolic content varied between 8.50 mg GAE 100 g–1 and 73.90 mg GAE 100 g–1 

and it was observed that the honey samples were rich in aldehydes, aliphatic acid and esters, alcohols, hydrocarbons, 
carboxylic acid esters, ketones, terpenes, fatty acids and esters. In addition, the antibacterial effects of honey samples 
were determined against 18 different pathogenic bacteria using agar well diffusion (AWD) method, minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC). In AWD assay, it was recorded that inhibition 
zone diameters varied between 9 mm and 14 mm and honey samples were found to have a partial inhibitory effect 
against selected target pathogens.

Keywords: minimum bactericidal concentration; phenolic compounds; minimum inhibitory concentration; antioxidant 
activity

Honey is a bee-derived natural food item and the nutri-
tive value of this supersaturated natural product as well 
as its prophylactic medicinal value have been known for 
many years (Kassim et  al. 2010; Mohamed et  al. 2010). 
This unique food product is  rich in  minerals, carbohy-
drates, organic acids, phenolic acids, flavonoids, vita-
mins, enzymes and other proteins (Pyrzynska and Biesaga 
2009; Lachman et al. 2010). Its phenolic acids and flavo-
noids act as natural antioxidants (Pyrzynska and Biesa-
ga 2009; Lachman et  al. 2010). Due to  its composition, 
honey is  important for human nutrition and traditional 
medicine (Al-Mamary 2002). It  is  reported that honey 
is effective in the treatment of many diseases such as gas-

trointestinal disorders, treatment of wounds and burns, 
and providing stomach protection against acute and 
chronic gastric lesions (Al-Mamary 2002). The composi-
tion of honey differs primarily depending on the herbal 
source from which the nectar was collected. Therefore, 
in  this study, honey samples were collected in Malatya. 
It is a city located in the east of Turkey and rich in botani-
cal sources. The districts of Malatya are presented in Fig-
ure 1. The total phenolic content, antioxidant activity and 
chemical profile of different honey samples from different 
locations of Malatya were investigated. Effects of honey 
samples on 18 different microorganisms were determined 
(10 gram-positive bacteria and 8 gram-negative bacteria).
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MATERIAL AND METHODS

Honey samples were obtained directly from bee-
keepers in Malatya (Turkey) in 2019. The honey sam-
ples were stored in a dark place at room temperature 
until they were analysed.

Determination of  botanical origin. Samples were 
prepared for analysis by making a slight modification 
of  the Sorkun (2008) method for botanical origin de-
termination that was used for sample preparation. 
Microscopic slides were examined with Nikon Eclipse 
E400 microscope (Nikon, Japan).

Determination of total pollen grains. Microscopic 
preparations started to  be  examined from the  upper 
left corner, and the  whole preparation was scanned 
and the pollen and Lycopodium sp. spores were count-
ed. The total number of pollen grains was determined 
by calculating the obtained values (Sorkun 2008).

Determination of  total phenolic content. Total 
phenolic content of honey samples was determined ac-
cording to the Folin-Ciocalteu method (Singleton and 
Rossi 1965; Singleton et al. 1999).

Determination of antioxidant activity. Antioxidant 
capacity of honey samples was measured by using fer-
ric reducing antioxidant power (FRAP) (Benzie and 
Strain 1999).

Determination of  chemical composition by  gas 
chromatography-mass spectrometery (GS/MS). 
To determine chemical composition of honey samples, 
the Barcarolo et al. (1998) method was used with minor 
modifications. Analysis was performed using Agilent 

brand 5973N Selective Mass Detector, 6890N Network 
GC  System (GC-MS; Agilent, USA). DB-5MS  col-
umn (30 m × 25 mm and 0.25 µm film thickness) was 
used. In  the gas chromatography section, after keep-
ing the  temperature at 50  °C for 1 min, the  tempera-
ture was increased to 150  °C with the  increasing rate 
10  °C  min–1 and after this period it  was kept at  this 
temperature for 2 min. Finally, the temperature was in-
creased to 280 °C with the increasing rate 20 °C min–1, 
the  injection temperature was determined as  280  °C 
and the analysis time was 49.5 min.

Determination of antibacterial activity. Honey was 
weighed (1 g) (ATX 224; Shimadzu, Japan) and trans-
ferred to 2 mL sterile Eppendorf tube (Isolab, Turkey). 
Sterilized distilled water was added to  the weighed 
honey and the total volume completed to 2 mL. After 
that, diluted honey samples were vortexed and mixed 
thoroughly (REAXtop; Heidolph, Germany), resulting 
in a concentration of 50% (w/v). Diluted honey samples 
(50%  w/v) were used for determination of  antibacte-
rial activity, minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC) values 
(Ecem Bayram et al. 2019). To determine the in vitro an-
tibacterial activity of honey samples, agar well diffusion 
(AWD) method was used (Sherlock et  al. 2010; Osés 
et al. 2016). Each assay was carried out in duplicate.

Determination of  minimum inhibitory concen-
tration (MIC). In  order to  determine MIC  values, 
microbroth dilution method was used and for this 
purpose, 96-well microtiter plates (SPL Life Sciences; 
Gyeonggi-do, Korea) were used (Huttunen et al. 2013). 
At  the end of processes, the  lowest concentration in-
hibiting pathogenic microorganisms was determined 
as MIC (Sherlock et al. 2010).

Determination of minimum bactericidal concen-
tration (MBC). MBC  values were determined with 
small modifications as  previously described by  Sher-
lock et  al. (2010). After determining the  MIC  values, 
5  µL  suspension samples were taken with a  micropi-
pette from each well of 96-well microplate and trans-
ferred to  the Petri dishes in  sequence. After these 
procedures, the  Petri plates were incubated at  37  °C 
for 24 h. At the end of the incubation period, the lowest 
concentration that did not form any bacterial colony 
was accepted as MBC (Sherlock et al. 2010).

RESULTS AND DISCCUSION

In this study, botanical origin of honey samples was 
determined and the  results are given in Table 1. Fol-
lowing the results, it is clear that nine honey samples 

Figure 1. Districts of Malatya province where samples 
were obtained
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Table 1. Pollen type and frequency of honey samples

Sample 
No.

Predominant pollen
(≥ 45%)

Secondary pollen
(16–44%)

Minor pollen
(3–15%)

Trace pollen
(< 3%)

TPN
scientific 

classification
value 
(%)

scientific 
classification

value 
(%)

scientific 
classification

value 
(%)

scientific 
classification

value 
(%)

H1 Fabaceae 49.50 Ranunculaceae 27.72 Hedysarum sp.
Rosaceae

11.88
9.90 – – 19 539

H2 – – Fabaceae
Teucrium sp.

32.71
35.51

Berberidaceae
Rosaceae

Sanguisorba sp.

11.21
10.28

5.61

Brassicaeae
Cistaceae
Lamiaceae

0.93
0.93
0.93

136 998

H3 Teucrium sp. 46.59 Fabaceae 30.68 Brassicaceae
Rosecae

14.77
3.41

Lamiaceae
Rumex sp.

Sanguisorba sp.

2.27
1.14
1.14

275 604

H4 Teucrium sp. 78.81 – – Fabaceae
Berberidaceae

6.78
8.47

Asteraceae
Onobrychis sp.

1.69
0.85 125 656

H5 Berberidaceae 45.87 – –

Asteraceae
Fabaceae

Caryophyllaceae
Campanula sp.

Lamiaceae
Onobrychis sp.

10.09
4.59
3.67
5.50

15.60
8.26

Cichorium sp.
Rosaceae

Sanguisorba sp.
Scabiosa sp.

0.92
2.75
0.92
0.92

176 301

H6 Fabaceae 52.58 Berberidaceae 16.50
Plantago sp.

Rosaceae
Teucrium sp.

6.19
10.31

8.25

Asteraceae
Lamiaceae
Liliaceae
Poaceae

Rumex sp.

1.03
1.03
1.03
1.03
2.06

209 624

H7 Fabaceae 45.75 Asteraceae
Teucrium sp.

17.56
21.28 Rosaceae 5.32

Brassicaeae
Cistaceae
Liliaceae

Plantago sp.

1.06
1.06
6.38
2.13

98 555

H8 Fabaceae 57.00 Berberidaceae
Teucrium sp.

18.87
16.88 Rosaceae 3.12 Asteraceae

Lamiaecae
1.00
1.03 67 802

H9 Fabaceae 43.69 Berberidaceae 30.10 Asteraceae 11.65

Apiaceae
Plantago sp.
Teucrium sp.

Rosaceae

1.94
0.97
2.91
1.94

243 153

H10 Fabaceae 44.30 Ranunculaceae
Rosaceae

18.99
17.72

Anchusa sp.
Berberidaceae

3.80
7.59

Asteraceae
Salix sp.

2.53
1.27 163 967

H11 Fabaceae 46.34 Berberidaceae 19.51

Anchusa sp.
Lamiaceae

Ranunculaceae
Salix sp.

12.20
4.88
9.76
4.88

Rosaceae 2.44 87 937

H12 Fabaceae 41.82 Asteraceae
Rosecaeae

27.27
20.00 Ranunculaceae 5.45

Brassicaeae
Poaceae

Plantago sp.

1.82
1.82
1.82

208 129

H13 Fabaceae 76.92 – – Berberidaceae
Roseceae

7.69
15.38 – – 37 166

TPN – total pollen number; dominant (D) (≥ 45%), secondary pollen (S) (16–44%), minor pollen (M) (3–15%) and trace 
pollen (T) (< 3%)
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are monofloral honey samples. The  amount of  total 
phenolic content and iron reduction capacity are doc-
umented in Table 2 and GC-MS analysis results were 
shown in Table 3. It was found that honey samples are 
rich in aldehydes, alcohols, carboxylic acids and esters. 
When we compare the results, it is clear that the fami-
lies Fabaceae and Berberidaceae, and Teucrium sp. had 
dominant pollens. Total phenolic content of  honey 
samples ranged between 73.90  mg  GAE  100  g–1 and 
11.88  mg  GAE  100  g–1. Thus, sample No.  H3 had 
the  highest antioxidant capacity. Another observa-
tion was that honey samples had a  more effective 
antibacterial effect against gram-positive bacteria 
compared to gram-negative bacteria (at 500 mg mL–1 
concentration). In  the AWD  assay, it  was recorded 
that inhibition zone diameters varied between 9 mm 
and 14  mm. In  addition, honey samples were found 
to  have a  partial inhibitory effect against selected 
target pathogens. As  a  result of  antibacterial activity 
tests, no  honey sample was found to  inhibit all tar-
get pathogens. In  the MIC and MBC  assays, it  was 
observed that the  majority of  pathogenic microor-
ganisms were not inhibited. However, for sensitive 
bacteria, it  was observed that the  inhibitory concen-
tration and bactericidal concentrations varied between 
~125 mg mL–1 and 250 mg mL–1 (25–50% w/v). It was 
also observed that the  inhibitory concentrations and 
bactericidal concentrations of the honey samples were 
generally the  same but, in  some samples, it  was re-
corded that the MBC concentrations were higher than 
the MIC value. The results of in vitro antibacterial ac-
tivity assays (AWD, MIC and MBC) are given in Ta-

ble  4. Bobiş et  al. (2013) reported that antimicrobial 
activity of unifloral honey samples lies between 0 mm 
and 12  mm for Escherichia coli. The  analysis of  pol-
len types can be helpful in determining the flower and 
geographical origins of honeys (Pyrzynska and Biesaga 
2009). In  another study with 24  honey samples col-
lected from the Siirt region, the average pollen value 
was found 22 506 and the total pollen number between 
2 086 and 55 710, and the pollen composition of  the 
honey samples was defined as  relatively rich (Gür-
büz et al. 2019). Total phenolic content of  the honey 
samples collected from various cities in Turkey ranged 
from 25  mg  GAE  100  g–1 to  125  mg  GAE  100  g–1 
(Mayda et  al. 2013). In  a  study, total phenolic con-
tent of  different Czech honey samples was deter-
mined. It  was reported that total phenolic content 
of honey samples ranged between 89.9 mg GAE kg–1 
to  215.2  mg  GAE  kg–1 (Lachman et  al. 2010). It  was 
reported that total phenolic content and FRAP  val-
ues of different Polish honey samples ranged between 
121.6  mg  GAE  kg–1 and 1  173.8  mg  GAE  kg–1 and 
from 0.6  mmol  Fe2+  kg–1 to  5.7  mmol  Fe2+  kg–1, re-
spectively (Kuś et  al. 2014). Dezmirean et  al. (2015) 
reported that total phenolic content of heather honey 
samples varied between 59.46  mg  GAE  100  g–1 and 
72.13 mg GAE 100 g–1. It was found that total phenolic 
content of different Romanian honey samples ranged 
from 20.01 mg GAE 100 g–1 to 274.65 mg GAE 100 g–1 
(Tamas-Krumpe et al. 2019). It was stated in another 
study that honey samples contained groups of  com-
pounds like aldehydes, aliphatic acid and esters, alco-
hols, hydrocarbons, carboxylic  acid esters, ketones, 

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

Sample No. Total phenolic content (mg GAE 100 g–1) Antioxidant capacity (µmol FeSO4.7H2O g–1)

H1  23.69 ± 0.76  1.52 ± 0.02
H2  20.48 ± 0.68  1.34 ± 0.02
H3  73.90 ± 1.66  3.76 ± 0.08
H4  16.01 ± 0.13  0.78 ± 0.02
H5  23.86 ± 0.58  1.55 ± 0.46
H6  17.53 ± 0.27  0.88 ± 0.02
H7  16.90 ± 0.22  0.80 ± 0.02
H8  46.84 ± 0.61  2.17 ± 0.11
H9  17.02 ± 0.33  0.84 ± 0.05
H10  22.12 ± 0.39  1.48 ± 0.06
H11  8.50 ± 0.11  0.27 ± 0.01
H12  11.88 ± 0.14  0.36 ± 0.02
H13  16.79 ± 0.35  0.81 ± 0.02
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terpenes, fatty acids and esters (Keskin et  al. 2020). 
Mădaş et al. (2019) reported that honey samples are rich 
in  alcohols, aldehydes, esters, ketones, sulphur com-
pounds, aliphatic hydrocarbons, nitrogen compounds, 
carboxylic acids, aromatic acids and ethers. It is clear 
that our results are consistent with the literature.

CONCLUSION

Honey is  an  important bee product with the  high 
nutritional value. It shows antioxidant and antimicro-
bial properties thanks to  the components it contains. 
In  this study total phenolic content, antioxidant ac-
tivities and antimicrobial activities of different honey 
samples were compared. It  has been observed that 
gram-negative bacteria are highly resistant to  honey 
samples and gram-positive bacteria are more sensi-
tive compared to gram-negative bacteria. These results 
support the hypothesis that the minor components like 
phenolics, aliphatic acid and esters, ketones, terpenes, 
fatty acids and esters contribute greatly to  the nutri-
tional value of honey.

Acknowledgement. We would like to thank to head 
of  Malatya beekeepers union for supplying honey 
samples.
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