
Journal of Advances in VetBio Science and Techniques                                              J Adv VetBio Sci Tech, 2021, 6(2), 82-89 

 
82 

Chestnut Honey as a Complementary Medicine: 

Determination of Antibacterial Activity, Heavy Metal 

Residue and Health Risk Assessment 

ABSTRACT 

In this study, residue levels for heavy metal content and antimicrobial effects of 27 

chestnut honey samples obtained from member beekeepers of Yalova Bee Association 

are examined. Honey samples are digested under high temperature and pressure in a 

microwave oven and Arsenic (As), Lead (Pb), Cadmium (Cd), Mercury (Hg) limits are 

determined using ICP-OES. Using Agar gel diffusion method, 19 of the honey samples’ 

antibacterial activity was tested on strains of Staphylococcus aureus (ATCC 25923), 

Escherichia coli (ATCC 25922), E. coli O 157: H7, Bacillus cereus (ATCC 6633), 

Salmonella Typhimirium (NCTC 12416) and Listeria monocytogenes (ATCC 7644). As, 

Pb, Cd and Hg residue levels in all honey samples were below the designated limits by 

Turkish Food Codex Regulation. The non-carcinogenic health risk associated with heavy 

metal contamination in honey is found to be very low. None of the 19 honey samples 

show antibacterial effect on L. monocytogenes strains. At 100% honey concentration, in 

18 out of 19 honey samples, antibacterial effect is observed on strains of S. Typhimirium, 

E. coli O 157: H7 while all 19 samples show antibacterial activity on strains of E. coli 

and B. cereus. The antibacterial activity on these bacteria is recorded to be maintained at 

50% honey concentration. At 25% honey concentration, the antibacterial effect show a 

decline in most of the honey samples. 
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NTRODUCTION 

Chestnut honey produced in Turkey is rich in bioactive substances 

(Küçük et al., 2007). Chestnut honey forests are located across 

Black Sea, Marmara and Aegean regions (Sarıkaya et al., 2009). 

With its dark color and strong aromatic flavor chestnut honey is 

rich in glucose oxidase, catalase, ascorbic acid, carotenoid derivatives, 

organic acids, Maillard reaction products, amino acids and proteins, 

phenolic compounds, flavonoids and minerals such as tannin, potassium, 

magnesium, manganese and barium (Dağ et al., 2017). In different studies 

conducted on Anatolian chestnut honey, significant antioxidant 

compounds with high antibacterial activity are reported (Ayvaz et al., 

2018; Güneş et al, 2017; Sarıkaya et al., 2019).  

Honeybees are exposed to environmental pollutant as they gather plant 

nectar, pollen and water (De Oliveira et al. 2016). Bee products are 

important not only for their rich nutritional value but also together with 

the bees for being significant agents in monitoring environmental 

pollution (Yarsan et al., 2007).  
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Metals such as arsenic, cadmium, lead and 

mercury may be present in soil, water and 

atmosphere at certain levels. In addition, metals 

may contaminate food products as a result of 

pollution by human activities such as vehicle 

exhaust, industrial waste, or irresponsible 

farming. Individuals may be exposed to such 

heavy metals through the environment, 

consumption of contaminated products and/or 

water. Accumulation of metals in the body may, 

in time, lead to several health issues and risks 

(Tolgahan et al., 2018). 

In this study, residue levels for heavy metal 

content and antimicrobial effects of 27 chestnut 

honey samples obtained in 2014 from member 

beekeepers of Yalova Bee Association are 

examined. 

MATERIAL and METHOD 

Honey samples 

Locations where honey samples are collected: 27 

raw honey samples are collected from 7 different 

spots where the bee yards of Yalova Beekeepers 

Association members are commonly located. 

The collected samples are stored in glass jars in 

a dark and cool environment.  All 27 samples are 

assessed in terms of their heavy metal profiles. 

Although no crystallization was expected for 

chestnut honey, 8 of the 27 samples were 

crystallized, therefore antibacterial activity is 

tested for the 19 non-crystallized honey samples.  

Antimicrobial analysis  

In this study, antibacterial activity is assessed on 

strains of S. aureus (ATCC 25923), E. coli 

(ATCC 25922), E. coli O 157: H7, B.cereus 

(ATCC 6633), S.Typhimirium (NCTC 12416) 

and L.monocytogenes (ATCC 7644). Agar-well 

diffusion method was used to assess antibacterial 

activity (Perez et al.,1990). Standard strains 

enriched in Mueller Hinton Broth are adjusted to 

0.5 McFarland and cultivated into 1 ml. Mueller 

Hinton agar (Oxoid, CM 0337). Samples with a 

concentration of 100%, 50%(v/v) and 25% (v/v) 

are prepared from all 19 honey samples. Parallel 

honey samples of 50 µl at each concentration 

level are added into holes with a diameter of 6 

mm on the Petri dish. Plates are incubated at 

37°C for 24 hours. The average of the inhibition 

zone diameters formed at the end of the 

incubation period is recorded. Zone diameters of 

<5.5 – 9 mm, 9 – 12 mm, 12 – 15 mm and > 15 

mm indicate very low, low, average and high 

inhibition respectively (Küçük et al., 2007). All 

analyses are carried out two times as parallel 

processes.  

Heavy metal analysis  

Crystallized honey samples are kept in a water 

bath at 70ºC to dissolve. 10 ml HNO3 (65%, 

Merck) and 1 ml H2O2 (30%, Merck) are added 

on samples of 0.5 gr and resulting samples are 

burned in a microwave oven (Berghof MWS-3+ 

/ Germany) with gradually increasing 

temperature (160-200 C/max. 53 min). At the 

end of the combustion, 5 ml of ultrapure water 

(18.3 MΩ ultrapure water - Human, Korea) was 

added to each sample. Then, the concentrations 

of Pb, Cd, As and Hg are determined with a 

calibrated Plasma Optical Emission 

Spectrometer (ICP-OES-Perkin Elmer Optima 

2100DV). Heavy metal analyses are conducted 

in the Food Research laboratory of Turkish 

Ministry of Agriculture and Forestry. The 

settings of the ICP-OES device are presented in 

Table 1. 

Potential health risk assessment of the honey 

samples 

Health risk of honey samples collected from 

Yalova province is determined by Target Hazard 

Quotient (THQ) analysis. THQ indicates the 

ratio between heavy metal exposure and the 

reference exposure dose. The potential health 

risk resulting from a daily consumption of 3.3 g 

(FAO, 2017) of honey is calculated for a 

seventy-year-old adult weighing seventy kg 

(Magna et al., 2018). 
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Tablo 1. Operating Conditions of the ICP-OES (Perkin Elmer Optima 2100 DV). 

Parameter  

RF power 1450 watts 

Plasma gas flow 15 L/min 

Auxillary gas flow 0.2 L/min 

Nebulizer Flow 0.65 L/min 

Sample Pump Flow 1.5 mL/min 

Plasma Viewing Dual View 

Elements Wavelenth (nm) 

Pb 220.353 

Cd 228.802 

As 193.696 

Hg 253.652 

𝑇𝐻𝑄 = [
(𝐸𝐹𝑟 . 𝐸𝐷𝑡𝑜𝑡 . 𝐼𝐹𝑅 . 𝐶)

(𝑅𝑓𝐷𝑜 .  𝐵𝑊𝑎 . 𝐴𝑇𝑛)
] . 10−3 

Formula variables are as follows; EFr, 

indicates the exposure frequency (365 

days/year); EDtot, the exposure duration (70 

year); IFR, the food ingestion rate (g day-1); C, 

the concentration (µg g-1); RfDo, the oral 

reference dose (µg g-1 day-1) (Cd: s 0.001; Pb: 

0.004; As: 0.003, day-1, Hg: 0,0016 mg/kg-

1/day declared by US-EPA, 2009; BWa, the 

adult body weight (70 kg) and ATn, is the 

average time for non-carcinogens which is equal 

to EFr multiplied by EDtot.  

RESULTS 

Antibacterial effects on selected Gr (-) and Gr 

(+) bacteria are presented in Table 2. None of the 

19 honey samples show antibacterial effect on 

strains of L. monocytogenes. 

 

Tablo 2. Heavy Metal Levels of Honey Samples (µg/kg), Health Risk due to intake (THQ) and tolerable daily intake 

limits (% PTDI) 

µg/kg Pb (ppb) Cd (ppb) As (ppb) Hg (ppb) 

Lowest 0.096 0.076 0.032 0.240 

Highest 39.067 1.198 0.950 44.546 

Average 21.301 1.183 0.516 21.490 

Measurement uncertainty ±0.004 ±0.001 ±0.001 ±0.003 

THQ 2.5x10-4 5.56x 10-5 8.1x10-5 6.45x10-4 

PTDI (%) 4.4                           15.4    4.71     4.4 

One hundred percent concentrations of all 

honey samples are recorded to have high 

antibacterial activity with wide zone diameters 

on strains of S. Typhimirium. Except for one 

sample, at 100% concentration level, all samples 

show antibacterial effect on strains of E. coli and 

B. cereus. Nevertheless, only 15 samples form 

antibacterial effect zones on S. aureus strains. 

The antibacterial activity of samples at 50% 

concentration level is found to be in line with that 

of 100% concentration. However, partial 

decreases in activity zones are recorded. When 

the concentration of honey samples is reduced to 

25%, a decline and even loss of antibacterial 

activity has been detected in many samples. At 

this concentration level, 8 samples are observed 
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to show no antibacterial effect on S. 

Typhimirium strains while only 10 samples 

achieve to form activity zones on S. aureus and 

E. coli O 157:H7 strains. The number of samples 

with activity zones at 25% concentration 

decreases to 7 samples on E. coli (ATCC 25922) 

and 3 samples on B.cereus strains. At all 

concentration levels, the highest antibacterial 

activity is detected on strains of S. Typhimirium. 

This is followed by E. coli O 157: H7 and E. coli, 

S. aureus and B. cereus, respectively. 

Levels of Lead (Pb), Cadmium (Cd), Arsenic 

(As), Mercury (Hg) in honey samples are 

determined by ICP-MS. Heavy metal contents of 

samples are recorded as x̄ 21.301348 ppb for Pb, 

x̄ 1.18381 ppb for Cd, x̄ 21.4909 ppb for Hg and 

x̄ 0.51687 ppb for As (Table 3). 

When the potential health risk associated with 

heavy metal residue levels in Yalova chestnut 

honey samples are examined, exposure values 

are determined to be 2.5 x 10 -4 for Pb, 5.5 x 10-

5 for Cd, 8.1 x 10 -5 for As and 6.45 x 10-4 for 

Hg. It is noted that the recorded levels are below 

the designated reference limits of daily 

consumption. (US-EPA 2009) Daily tolerable 

level of heavy metal intake (PTDI) determined 

by European Food Safety Authority (EFSA-

2012) and FAO/WHO Expert Committee on 

Food Additives (JEFCA 2011) are 0.357; 2.1; 

0.185; 0.357 mg/kg/day for Cd, As, Hg, Pb 

respectively. Taking these limits in 

consideration, a 70 kg adult’s 3.3 gr of Yalova 

honey consumption per day corresponds to 

%15.4 Cd > % 4.7 As >%4.4 Pb >% 4.3 Hg of 

the daily tolerable intake limits per each heavy 

metal. (Table 3) 

Tablo 3. Heavy Metal Profiles of Yalova Honey and Samples in Previous Literature (mg/kg) 

Origin of Samples Pb (ppm) Cd (ppm) As (ppm) Hg (ppm) Literature 

Yalova  0.021 0.0011 0.0005 0.0214 Our values 

Anatolia 0.0003 0.000038   Altunatmaz, 2018 

Tokat  0.0018  0.000041    Arıkan, 2010 

Elazığ  0,409   337.9  4.8   Aygün, 2020 

Bingöl  Nd nd nd nd Bengü, 2020 

Trakya Bdl- 0,48 Bdl-0,01   Citak, 2012 

Mid-Anatolia 1.5  0.242    Leblebici, 2008 

China 0.033 0.001 0.013 0.0016 Mei-ru, 2013 

Sicily 0.170 0.0153    Naccari, 2014  

Karadeniz  0.04- 0.73  nd- 1.28   Nisbet, 2013 

Muğla  0.005-0.016 Bdl   Silici, 2013 

Comercial 1.101 0.343   0.618 Şireli,2015 

Anatolian 0.008-0.106 0.9-17.9   Tuzen, 2007 

Hatay  0.39  0.03     Yücel, 2013 

 

DISCUSSION 

It was first suggested in 1892 by Van Ketel et al. 

(1892) that honey may have antibacterial effects 

(Dustman, 1979). The antibacterial activity of 

honey was first described in 1937, by Duo and 

Dziao (1937) and the substance in honey 

enabling for bacteria inhibition was named as 

inhibin. It is later argued that the antibacterial 

efficacy may also be influenced by the floral 

sources from which the honey is obtained 

(Molan et al., 1988).  

In a study focusing on honey samples from 

Turkey, the antimicrobial activity of chestnut, 

rhododendron, and multifloral honey samples is 

examined against the strains of Helicobacter 

pylori, S. aureus, B. subtilis, C. tropicalis and C. 

albicans and the highest antimicrobial activity is 
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recorded for chestnut honey (Küçük et al., 2007). 

Results of the studies referring to a correlation 

between the antibacterial activity of chestnut 

honey and its antioxidant capacity have shown 

that the types of honey with high antioxidant 

content, especially chestnut honey, also exhibit 

significantly high antibacterial efficacy (Ayvaz 

et al., 2018; Güneş et al., 2016; Yıldız et al., 

2013). 

S.aureus is the most vulnerable and sensitive 

bacteria against the antibacterial effect of honey. 

Güneş et. al. (2017) recorded antibacterial 

activity of chestnut honey at 100%, 50% and 

25% concentrations on strains of S.aureus. In this 

study, strong antibacterial activity against S. 

aureus strains is determined for chestnut honey 

samples from Yalova province.  

Ayvaz et al. (2018) reported that the most 

sensitive microorganisms to chestnut honey 

samples from the Black Sea region are C. 

albicans, S. aureus and E. coli, while the most 

resistant microorganism is B. subtilis. The 

antibacterial activity of honey samples from 

Yalova province on E. coli strains is in line with 

this study. Combarros-Fuertes et al. (2020) 

investigated the chestnut, avocado and polyfloral 

honey samples’ mechanism of action on E. coli 

and S. aureus strains and pointed out that all 

honey types caused significant alterations on the 

cell structures of E. coli and S. aureus. The study 

especially highlighted the remarkable metabolic 

deformations caused on S. aureus by honey 

samples’ antibacterial effect.  

In their studies on chestnut honey and its 

antibacterial and antifungal activity on strains of 

E. coli ATCC (25922), Yersinia 

pseudotuberculosis ATCC (911), Pseudomonas 

aeruginosa ATCC (43288), S. aureus, ATCC 

(25923), Enterococcus faecalis ATCC (29212), 

B. cereus (709 Roma), Mycobacterium 

smegmatis (ATCC607), Candida albicans 

ATCC (60.193) and Saccharomyces cerevisiae  

(RSKK 251), Kolaylı et al. (2016) recorded the 

highest inhibition levels against S. aureus, E. 

faecalis, Y. pseudotuberculosis and E. coli 

strains.  

The antimicrobial properties of honey are due 

to its acidity, osmolarity, H2O2, low water 

activity (aW), aromatic acids, different chemical 

compounds; phenolics and flavonoids content 

(Bogdanov et al., 2008). Chestnut honey is rich 

in terms of mineral content and phenolic 

compounds (Güneş et al., 2017; Kolaylı et al., 

2016). The highest antibacterial activity for 

honey samples from Yalova province is 

observed on S.Typhimirium followed by E. coli 

O 157:H7 and E.coli, S.aureus and B.cereus, 

respectively. Studies have shown that chestnut 

honey accelerates the treatment of wound 

infections and, especially, shortens the healing 

process of open wounds caused by diabetes 

(McLoone et al., 2020). The therapeutic efficacy 

of Yalova chestnut honey should be considered 

and utilized for the same purpose.  

Heavy metals such as lead, cadmium, arsenic 

and mercury are taken into the human body 

through food products, drinking water and 

respiration. Such metals cannot be excreted 

through the body's excretory system and 

accumulate in the soft tissues of the body. 

Accumulation of each metal at levels above the 

effective doses for children and adults may cause 

organ poisoning, and several other severe health 

issues (i.e. thyroid, neurological, autism and 

infertility) and even death (Özpolat, 2016). 

Yalova province is surrounded by the regions 

where heavy industrial organizations operate. In 

the study, pollution levels and potential health 

risks are revealed by the heavy metal profiles of 

honey samples obtained from the region.  

The average lead level of 27 honey samples 

analyzed in the study is found to be 0.021 ppm. 

This is below the levels recorded in all previous 

studies mentioned above. (Table 4) However, the 

lead levels of honey samples from Yalova are 

found to be above the levels recorded by Tuzen 

et al. (2007) for honey samples from different 

cities in Anatolia, Arıkan (2010) for samples 
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from Tokat province, Silici and et al. (2013) for 

samples from Muğla, Nisbet et al. (2013) for 

samples from Black Sea region, Altunalmaz et 

al. (2018) for samples from Anatolia and Bengü 

(2011) for samples from Bingöl province.  

Tablo 4. Antimicrobial Activity of Chestnut Honey from Yalova 

Con. 

v/v 

(%) 

Bacteria Honey Samples (Inhibition zone diameter mm) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

100% 

B.cereus 27 28 27 31 26 29 26 - 28 29 30 32 28 27 27 29 26 30 33 

S.aureus 20 - 15 21 18 - - - 14 15 17 15 13 15 15 19 18 14 14 

E.coli 29 29 28 33 32 30 - 30 32 31 35 33 30 31 34 30 31 31 32 

E.coli O157 H:7 29 33 30 - 32 28 29 26 30 30 30 32 31 30 31 31 30 32 32 

S. Typhimirium 30 32 30 38 30 28 36 41 32 34 32 36 36 40 35 32 28 38 32 

50% 

B.cereus 23 24 19 - 20 23 23 - 24 26 24 25 26 22 19 25 - 24 24 

S.aureus 12 - 13 14 14 - - - 11 13 14 11 - 14 - 14 15 12 11 

E.coli 25 24 26 28 20 24 - 22 27 23 29 24 24 22 27 28 29 24 27 

E.coli O157 H:7 26 23 27 - 25 27 27 22 27 25 23 28 28 27 28 23 26 29 26 

S. Typhimirium 23 18 22 26 20 19 18 21 23 20 20 18 23 24 19 22 22 20 27 

25% 

B.cereus 15 - - - 14 - - - - - - 20 - - - - - - - 

S.aureus 10 - 10 12 11 - - - - 11 11 - - - - 12 11 9 - 

E.coli 22 - - 24 - 19 
 

20 - 19 - 19 - - - - - 19 - 

E.coli O157 H:7 22 - 24 - - 22 - 18 23 - 16 - - 15 - - 19 23 - 

S. Typhimirium 18 17 19 22 18 - - 19 22 - 17 - - - - 18 18 16 - 

The average cadmium level of honey samples 

from Yalova is recorded to be 0.0011 ppm. 

Considering the previous literature, a higher 

cadmium level is observed compared to honey 

samples collected from Tokat (Arıkan, 2010), 

Trakya (sunflower honey samples) (Çıtak, 

2012), Muğla (Silici, 2013), Anatolian region 

Altunazmaz, 2018) and Bingöl (Bengü, 2020). 

Compared to the previously published studies, 

lower cadmium levels are observed. In a study 

conducted by Naccari et al.(2016) on 3 different 

monofloral honey samples in Sicily, higher lead 

and cadmium levels were recorded compared to 

the present stud 

The average arsenic residue levels for honey 

samples collected from Yalova is determined to 

be 0,0005 ppm. This is a lower level compared 

to honey samples for Elazığ (Aygün, 2020). 

In the study, the average mercury residue 

level of 30 chestnut honey samples is found to be 

0.0214 ppm. The observed level is much lower 

compared to the residue limits recorded by Şireli 

et al. (2015) for commercial honey samples. The 

mercury residue level obtained by Ru et al. 

(2013) in their study on 48 monofloral honey 

samples is lower than that of Yalova honey. The 

cadmium values recorded in the same study are 

similar to the findings of this study while the lead 

and arsenic levels are higher than the values 

observed for chestnut honey samples from 

Yalova. 

There is no designated maximum limit on the 

heavy metal contamination of honey in the 

Turkish Food Codex Regulation (TGK-

29.12.2011). It is concluded that the target 

hazard quotient and health risk factors associated 

with lead, cadmium, arsenic and mercury 

residues in honey calculated for a seventy-year-

old adult, weighing seventy kg with a 3.3 g of 

daily honey consumption, is below the reference 

limits set by US-EPA (US-EPA 2009). When the 

level of heavy metal residues in the honey 

samples are evaluated for consumer health and in 
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terms of tolerable weekly intake limits (EFSA 

2012, JEFCA 2011), it is determined that a 70 kg 

adult’s 3.3 gr of Yalova honey consumption per 

day corresponds to 15.4%, 4.7%, 4.4%, 4.3% of 

the daily tolerable intake limit for Cd, As, Pb, 

Hg, respectively. Adjusting for individual 

differences, potential health risk factors 

associated with a daily consumption of even 15 

g of honey collected from Yalova province 

would be below the designated reference limits. 

CONCLUSION 

In conclusion, pure chestnut honey has a 

potential to be a complementary product in 

protective and therapeutic applications for 

human health. It has been concluded that honey 

samples obtained from Yalova region is a 

valuable source in terms of their potential use in 

treatments of both traditional and 

complementary medicine (apitherapy). period. 
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