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Abstract

The aim of this study was to examine the correlation of the obtained results and the overall quality of honey by testing some physico-chemical and
microbiological parameters of honey quality. The quality of honey is determined by it s organoleptic, biological, physicochemical and microbiological
properties. The purpose of this study was to evaluate the relationship between physico-chemical properties and microbiological properties and for
the purpose of determining honey quality.

Samples were submitted by honey producers in Bosnia and Herzegovina (B&H) in 2018. A total of 14 samples of various categories of honey
from different geographical areas of B&H were taken for testing. Microbiological analysis was performed for recommended microorganisms:
aerobic mesophilic bacteria, bacteria from the family Enterobacteriaceae, sulfite-reducing clostridia and yeasts and molds from the guidelines
Sfor microbiological criteria for food in B&H (FSA B&H 2013), which is adapted to EU regulations. Of the total number of samples examined,
all complied with the regulations. In 50% of the examined honeys, the presence of predominant microorganisms within the permissible deviation
was recorded. The presence of yeasts and molds was found in 35% of honey samples at a concentration of 10 to 100 cfu/g, while the presence of
aerobic mesophilic bacteria was recorded in 15% of the sample over a concentration of 100 cfu/g and in them 15% at a concentration of 10 to 100
cfu/g, Enterobacteriaceae and sulfito-reducing clostridia were not isolated and counted. From the physico-chemical parameters, the following were
examined: the content of reducing sugars, sucrose and total sugars, electrical conductivity, the content of mineral substances, the content of free
acids and the content of moisture (dry matter). All physico-chemical parameters are in accordance with the required quality of the Rulebook on
honey quality (Official Gazette of B&H, 37/09).

Given the very diverse complexity of honey composition, it is very difficult to say the actual source of microbiological activity of the honey samples
tested in this study. Considering that the parameters of possible antimicrobial activity have not been examined and considering the obtained results,
it is not possible to say with certainty whether and which of the tested physicochemical parameters affects the total microbiological activity of honey.
The microbiological presence in the samples indicates the necessity of production, handling and storage of honey, according to the rules of good
hygienic practice.
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Introduction

Natural ingredients in honey, such as phenols, flavonoids, aromatic acids and others, are responsible for a wide range of antimicrobial (antibacterial,
antifungal and antiviral) effects. Honey generally has two basic groups of mechanisms by which it exerts antibacterial activity. The first group includes
mechanisms (osmolarity, viscosity, pH value) of antibacterial activity based on its physico-chemical properties (Abeshu and Geleta, 2016; Kis et al.,
2019). The second group of mechanisms of antibacterial activity of honey is based on the chemical substances that are present in it (hydrogen peroxide,
methylglyoxal and antimicrobial peptide bee defensin-1). Hydrogen peroxide is one of the most important antimicrobial components of honey along
with methylglyoxal and the antimicrobial peptide bee defensin-1 (Gobin et al., 2014). Natural honey shows great variability in antimicrobial activity
against pathogenic bacteria, because the composition of active ingredients in plants depends on various factors, especially on plant species and chemo
type, and on climatic conditions (Gradvol et al., 2015). Despite a number of inhibitory factors, some microorganisms are still able to survive in honey
and can be transmitted through consumption to consumers. Honey can be contaminated by microorganisms through primary and secondary sources.
Primary sources (during harvest) include pollen, digestive apparatus of bees, dust, air, soil and nectar which is very difficult to control in natural
conditions. Secondary sources (after harvest), are packaging filling, handling, during feeding, cross-contamination, equipment and storage (Borum
Ayse E., et al 2018). Bacillus, Clostridium, Penicillium, Mucor, Saccharomyces, Schizosaccharomyces and Torula are microorganisms of interest for
contamination in honey.

Sulfite-reducing clostridia is an indicator of microorganisms, whose presence in honey is evidence of contamination. The presence of Clostridium spp
spores is especially dangerous for infants and young children. Pediatric botulism is mainly caused by the consumption of honey contaminated with
C. botulinum (Erkan ML.E., et al. 2015). The interest is mainly based on anti-pathogen activities and its use as a natural remedy (Gomes et al., 2010).

Today, there is much evidence of the clinical effectiveness of honey in wound healing therapy. The conclusions are quite unanimous regarding the
fact that honey therapy is effective, safe and has an outstanding price-benefit ratio. However, not all authors agree on whether honey therapy gives
better results than conventional therapy (Bijeli¢ et al., 2010). Health research on honey is mostly focused on bacterial contamination. As a source of
free amino acids, sugars and minerals, honey is a suitable medium for the development of yeasts and molds, especially due to inappropriate handling
during production and unfavorable storage conditions. (Carvalho et al., 2005; Ki$ et al., 2019). The quality of honey depends on the influence of
various factors, primarily on factors related to geographical origin, seasonal production conditions, type of honey plants, processing conditions,
method of packaging and method of storage of honey (Marghitas et al., 2009). The composition of honey is strongly related to its geographical origin,
which is related to the area from which the honey originates (Kurtagi¢ et al., 2016). Due to its complex chemical composition, honey is an unfavorable
medium for the growth of microorganisms. High sugar concentration, low pH value, low water activity, the presence of hydrogen peroxide and other
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specific substances in honey, have an inhibitory effect on the growth and
reproduction of microorganisms. Microorganisms that can survive in
these conditions in honey are primarily yeasts and molds and sporoform
bacteria (Gradvol et al., 2015). Aerobic mesophilic bacteria are common
causes of food spoilage and are used as an indicator of age and reduced
microbiological quality. They are part of the normal flora of the digestive
system of bees, and honey contamination can also occur during the
production and storage of products (Kacaniova et al., 2009, Kis et al.,
2019). The aim of this study was to examine the correlation of the
obtained results and the overall quality of honey by testing some physico-
chemical and microbiological parameters of honey quality. The quality of
honey is determined by its organoleptic, biological, physicochemical and
microbiological properties. The purpose of this study was to evaluate the
relationship between physico-chemical properties and microbiological
properties and for the purpose of determining honey quality.

Material and methods

During 2018, 14 honey samples were collected from the area of six cantons
of Bosnia and Herzegovina (B&H), mainly of continental geographical
origin; Una - Sana Canton - 6 samples, Tuzla Canton - 1 sample, Zenica -
Doboj Canton - 1 sample, Sarajevo Canton - 3 samples and the Bosnian -
Podrinje Canton - 2 samples, and one from the sub-Mediterranean region
(Herzegovina-Neretva Canton - 1 sample). Samples were delivered in
sterile glass containers in which they were stored at room temperature
until the moment of testing. First, microbiological and then physico-
chemical testing was performed. Samples were collected from honey
producers from the above areas at the time of vomiting.

Chemicals, accessories and equipment

All chemicals used were p.a. purity. The producers of the chemicals are
Carlo Erba and Fisher Chemicals. Equipment, accessories and other
resources were used within the laboratory.

Test methods

Physico-chemical tests were performed according to the standard
methods from the Ordinance on methods for control of honey and other
bee products (Official Gazette of B&H, 2009).

Determination of sugar was performed by the Luff-Schoorl method. The
method is based on the principle that under certain conditions, reducing
sugar (natural invert) converts Cu2+ ions into Cu+ ions. Unused amount
of Cu2+ ions is re-titrated with standard sodium thiosulfate solution.
From the difference between the consumption for the blank test and the
test, the amount of sugar can be seen from the table, which shows the
correlation between the consumption of the reagent and the amount of
sugar.

The determination of sucrose was performed according to the Ordinance
on methods for the control of honey and other bee products (Annex II,
section D), and is calculated as the difference in the content of reducing

Table 1. Microbiological methods of isolation and identification

sugars before and after hydrolysis, multiplied by a factor of 0.95.

Free acidity was determined by titration with a standard solution of
sodium hydroxide with phenolphthalein as an indicator. The moisture
content was determined gravimetrically by drying at 100°C - 105°C.
The electrical conductivity at 20°C was determined using a conductometer
(Eutech Instruments Con 110), using an aqueous solution of honey (the
amount of honey equivalent to 20 g of dry matter of honey dissolved in
100 ml of distilled water).

Microbiological tests were conducted according to the guidelines
on microbiological criteria for food in B&H (FSA B&H, 2013).
Microbiological analyzes were performed on aerobic mesophilic
bacteria, Enterobacteriaceae, sulfite-reducing clostridia, and yeasts
and molds. Chemical manufacturers are Himedia, Merck. Standard
ISO microbiological methods of growing on rootstocks were used for
counting and identification of microorganisms in honey (Table 1). All
analyzes were performed in the laboratory of the Federal Institute of
Agriculture Sarajevo, which is accredited according to ISO standard
17025.

Results and discussion

Results of microbiological testing

During microbiological analyzes of honey from a total of 14 samples, the
presence of aerobic mesophilic bacteria as well as the presence of yeasts
and molds was determined in 50% of them, in samples 790, 824, 852,
868, 872, 881, 888 (Table 2). All samples meet the recommendations of
the Guidelines on Microbiological Criteria for Food in B&H (FSA B&H,
2013), which is adapted to EU regulations. In 50% of different types of
honey, the presence of the number of predominant microorganisms was
within the permitted limits (790, 824, 852, 868, 872, 881, 888).

Of the total number of tested samples, the presence of yeasts and molds
was found in 5 of them in a concentration of 10 to 102 cfu/g (sample
codes: 824, 852, 868, 872, 881) while the presence of acrobic mesophilic
bacteria was recorded in 2 samples or 15 % of the sample over a
concentration of 102 cfu/g (sample codes: 852, 888) and in two samples
at a concentration of 10 to 102 cfu/g (sample codes: 790, 872). The
results are presented in such way that the finding for aerobic mesophilic
bacteria in honey in accordance with the provisions of the regulations
is presented as negative (<10 cfu/g), acceptable (up to 103-104 cfu/g)
or unsatisfactory (> 104 cfu/g), for yeasts and molds as negative (<10
cfu/g), acceptable (10-102 cfu/g) and unsatisfactory (> 102 cfu/g).
Enterobacteriaceae and sulfite-reducing clostridia were not isolated nor
were their numbers determined in this study (Table 2).

The obtained results of microbiological parameters are correlated with
studies conducted across Europe (Kacaniova et al., 2009; Rozanska,
2011; Felsociova et al., 2012; Sinacori et al., 2014; Gradvol et al., 2015;
Erkan M.E.,el.al 2015; KiS$ et al., 2019.

In our study, the obtained results are correlated with research conducted
by a number of researchers across Europe. Thus (Gradvol et al., 2015),

Microorganisms Nutrient medium Incubation conditions Method
Aerobic mesophilic bacteria | Plate Count agar (PCA-agar ) 30°C during 72 h BAS EN ISO
4833-1:2014
Enterobacteriaceae Violet Red 37°C during 24+2h BAS EN ISO
Bile Glucose agar (VRBG-agar) 21528-2:2018

Sulfite-reducing clostridia Iron sulphate agar

(ISA-agar)

37 °C during 24-48 h BAS ENISO 15213:2008

Dichloran 18%
mass fraction glycerol agar (DG 18

agar )

Yeasts and molds

BAS EN ISO
21527-2:2009

25°C during 7 days

CROATIAN JOURNAL OF FOOD TECHNOLOGY, BIOTECHNOLOGY AND NUTRITION



74 Landeka et al.: 72-77

Croatian Journal of Food Technology, Biotechnology and Nutrition vol.16 (1-2), 2021

Table 2. Results od microbiological testing

S(E)I(I;;ple Honey tipe Microorganisms

Acrobic mesophilic Enterobacteriacae Sulﬁt?_?educmg Yeasts an molds

bacteriain 10 g inl0g f:lostrldla inl0g

in 10g

761 honeydew <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
790 chestnut 1x102 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
824 forest <10 cfu/g <10 cfu/g <10 cfu/g 1x10*cfu/g
825 acacia <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
842 acacia <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
852 meadow 2,7x10° cfu/g <10 cfu/g <10 cfu/g 1x10*cfu/g
868 acacia <10 cfu/g <10 cfu/g <10 cfu/g 1x10%cfu/g
872 acacia 1x10%cfu/g <10 cfu/g <10 cfu/g 1x10% cfu/g
881 chestnut <10 cfu/g <10 cfu/g <10 cfu/g 1x10*cfu/g
885 floral <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
886 forest <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
887 chestnut <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
888 meadow 5x10% cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
893 floral <10 cfu/g < 10 cfu/g < 10 cfu/g <10 cfu/g

in its large study conducted in Croatia on 72 samples did not find the
bacteria Enterobacteriaceae and Clostridium spp. In honey samples,
aerobic mesophilic bacteria were found in all types of honey within
acceptable limits.

This authors states that chestnut honey showed the strongest inhibitory
effect on the tested bacterial species, while the lowest inhibition was
shown by linden honey.

In Italy (Sinacori et al., 2014) in their study of 38 samples indicate the
presence of yeasts and molds in 3 samples, but no higher concentrations
than 102 cfu/g, as Enterobacteriaceae were found in only two samples.
The presence of clostridia was found in 15 samples, with the highest
estimated value (0.92 MPN/g). In a study conducted on 40 samples from
the area of northwestern Croatia in 2018., the presence of the number
of aerobic mesophilic bacteria and the number of yeasts and molds
was determined in 16 samples (or 40%) of samples. The presence of
the number of aerobic mesophilic bacteria below the concentration of
103cfu/g was found in 13 samples (or 32.5%), above the prescribed
maximum concentration was found in 3 (or 7.5%) samples, while
concentrations above 103cfu/g, the presence of yeast was determined
in 10 (or 25%) samples of honey, while in 11 (or 27.5%) samples the
presence of the number of molds in the concentration from 10 to 102
cfu/g was determined. Simultaneous contamination with yeasts and
molds was found in 5 (or 12.5%) samples (Kis et al., 2019). Likewise,
the characterization of molds and yeasts from honey samples from
Poland showed that the yeast and mold concentration was less than
102 cfu/g (Felsociova et al., 2012). In a large study in Poland on 245
samples of different plant species of Polish honey have different levels of
bacteria and low levels of yeast and mold. The samples showed different
levels of microbiological contamination. The total number of aerobic
bacteria varied from 1.0 x 101 cfu/g to 7.5 x 104 cfu/g. Salmonella spp.
was not detected in any of the 25 honey samples. Anaerobic bacteria
form spores in 14.3% to 36.4% of samples, depending on the type of
honey. The number of yeasts and molds was low and only occasionally
exceeded 1.0 x 102 cfu/g (Rozanska, 2011). Bacteria, such as coliforms,
enterococci, bacilli, as well as fungi belonging to the genera Penicillium,
Cladosporium, and Alteraria have been identified in Slovak honey
(Kacaniova et al., 2009).

In a study in Turkey on 50 samples collected from all over the country in
retail, 43 of them were found to have the number of aerobic mesophilic
bacteria in a concentration of 1x101 - 9.6x106 cfu/g, the number of

yeasts was found in 26 samples in a concentration of 1x102-1.2x103
cfu/g and mold in 46 concentration samples of 7.4x103 - 1.4x105 cfu/g.
In the same study, B.cereus with a concentration of 1x101-1.2x102 cfu/g
was found in 4 samples (Erkan et al., 2015).

Results of physico-chemical testing

According to the national regulation of B&H as well as international
regulations (Official Gazette of B&H, 2009; EU Council Directive,
2002), the results of all tested physico-chemical parameters (Table 3)
of honey samples were in accordance with the criteria (Table 4). Some
previous studies of physico-chemical parameters have shown similar
results, however, they recorded wrong declaration of honey type
(Kurtagi¢ and Skenderovi¢, 2017). Total dry matter content in honey
samples (Table 3, Table 5); forest honey samples (761, 824, 886), acacia
samples (825, 842, 868, 872), chestnut samples (790, 881, 887), meadow
samples (852, 888) and flower honey samples (885, 893), have a dry
matter content in the range of 80.8% (chestnut honey) to 85.1% (forest
honey).

All three chestnut samples have an approximate dry matter content,
satisfactory other parameters and a relatively low free acid content.
No sucrose was detected in sample 790. Acacia samples have similar
characteristics except for sample 825, which has slightly higher dry
matter content. All other tested samples, regardless of geographical
or biological origin, have similar and satisfactory characteristics of
physico-chemical parameters.

Dry matter content in honey samples other than sugar (Table 5): When
observing the dry matter content in honey samples other than sugar, it
can be seen that it ranges from 0.5% (sample 881 - chestnut) to 19.8%
('sample 761 - forest honey). Forest honey samples showed the highest
content (761, 886) and the lowest content was found in chestnut honey
(881).

The sample of flower honey (893) had eight times higher content of
dry matter components in honey than in sample 881 (chestnut honey).
Approximate value of dry matter content other than sugar in the sample
of forest honey 761 had the sample 886 (forest honey). Other tested
honey samples had relatively approximate contents of other dry matter
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Table 3. Results of physico-chemical testing

. Electrical . .
Szctgzile Sugar (%) Dry((r)z;ttter M(z:ys;)t)ure C(E Ilféls Iill‘zl)ty Mineral matter (Iljlr;cz) ﬁ:;) Honey type
Reducing Total Sucrose
761 57,8 62,2 4,2 82,0 18,0 1,11 0,55 39 forest
790 75,4 75,4 0,0 81,1 18,9 111 0,56 18 chestnut
824 63,3 73,5 9,7 82,9 17,1 0,97 0,49 38 forest
825 74,6 76,9 2,2 84,3 15,7 0,21 0,11 18 acacia
842 75,2 76,2 1,0 83,6 16,4 0,22 0,11 16 acacia
852 74,1 75,7 1,5 82,1 17,9 0,30 0,15 30 meadow
868 70,9 73,6 2,6 82,4 17,6 0,29 0,14 26 acacia
872 72,5 73,5 1,0 81,7 18,3 0,50 0,25 21 acacia
881 76,4 80,3 3,7 80,8 19,2 1,34 0,67 13 chestnut
885 74,2 75,3 1,1 83,0 17,0 1,06 0,53 23 floral
886 63,3 67,1 3,6 85,1 14,9 1,46 0,73 26 forest
887 72,5 73,1 0,5 82,2 17,8 1,77 0,89 13 chestnut
888 70,9 73,6 2,6 83,1 16,9 0,60 0,30 20 meadow
893 77,5 78,6 1,1 82,7 17,3 0,32 0,16 35 floral
average 71,3 73,9 2.5 82,6 17,4 0,8 0,4 24,0 All sam-
ples
stdev 5,8 4,6 2.4 1,2 1,2 0,5 0,3 8,7
average 74,8 76,3 1,4 81,4 18,6 1,4 0,7 14,7 chesnut
stdev 2,0 3,7 2,0 0,7 0,7 0,3 0,2 2,9
average 61,4 67,6 5,8 83,3 16,7 1,2 0,6 34,3 forest
stdev 32 5,7 34 1,6 1,6 0,3 0,1 7,2
average 73,3 75,1 1,7 83,0 17,0 0,3 0,2 20,3 acacia
stdev 2,0 1,8 0,8 1,2 1,2 0,1 0,1 43
average 72,5 74,6 2,0 82,6 17,4 0,5 0,2 25,0 meadow
stdev 2,3 1,5 0,7 0,7 0,7 0,2 0,1 7,1
average 75,8 76,9 1,1 82,8 17,2 0,7 0,3 29,0 floral
stdev 2,3 2,3 0,0 0,2 0,2 0,5 0,3 8,5
Table 4. Review of limit values of physico-chemical parameters of honey quality
. o . Electrical .
P Parameter: Totalosugars Reducing Sucrose Free acidity Moisture conductivity Mineral content
(%) sugars (%) (%) (mmol/kg) (%) (mS/em) (%)
Limit values | Not given Nectar honey: | Generally: Generally: Generally: Nectar honey: | Generally:
according to >60% <5% <50 mmol/kg <20% <0,8mS/em [ <0,6%
Regulation
[91: Honeydew, Acacia and Industrial Heather and Honeysuckle | Honeydew:
mixed honey: | honeysuckle: [ honey: industrial honey: | and chestnut <1,2%
> 45% <10 % <80 mmol’kg |<23% honey:
Industrial heather | > 0,8 mS/cm
honey:
<25%
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Table 5. Content of all other components of dry matter in honey except sugar

Sample mark 761 790 | 824 |[825 | 842 |852 | 868

872 | 881 | 885 | 886 |887 | 888 |893

Dry matter - sugar | 19,8 57 |94 |74 |74 |64 |88

(%)

82 (05 |77 |18 9,1 195 |41 |87

—medium value

in honey other than sugar and are relatively close to the medium value
of 8.7% (Table 5). Statistically speaking, expressed over average and
standard deviation, all data are in accordance with regulations regardless
of the type of the honey, but there are some specific ones (Table 3). The
highest amount of sugar was found in floral type of honey, but it’s very
close to chesnut where the highest amount of sucrose was determined.
The best data fit of sugar are in acacia (4 samples) and meadow (3
samples). In all types of samples the amount of dry matter are similar,
but it was highest in forest honey, moisture content was similar but the
highest was in chestnut, while free acid was the highest in forest honey,
then in floral type of honey (Table 3).

Samples 824, 852, 868, 872, 881 contained yeasts and molds. Samples
852 and 872 contained, in addition to yeasts and molds an aerobic
mesophilic bacteria. Sample 888 contained only aerobic mesophilic
bacteria. In all other samples all tested microorganisms were <10
cfu/g. It is evident that the obtained results of microbiological and
physicochemical tests cannot lead to a direct correlation (Table 2, Table
3). Namely, in all samples in which aerobic microorganisms were found,
yeasts and molds (824, 852, 868 and 872) have a total dry matter content
between 82 and 83%, which does not differ significantly from the results
in samples in which no microorganisms were found (Table 3). In the
samples with the highest dry matter content except sugars 761 and 886
(Table 3), the tested microorganisms were not detected, although it
could theoretically be expected. Thus, it can be said that according to the
obtained results, the content of total dry matter or dry matter other than
sugar is not in direct correlation with the presence or absence of tested
microorganisms.

Samples of meadow honey 852 and 888 (Tables 2 and 3) in which an
increased number of aerobic mesophilic bacteria was recorded in the
permitted concentration, and it’s tested chemical parameters are all
within the permissible deviation. The microbiological presence in the
samples indicates possible external contamination and the necessity of
production according to the rules of good hygienic practice with the
systematic implementation of microbiological control of honey.

Given the very diverse complexity of honey composition, it’s
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