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Abstract

Honey is one of the most valuable food products, which, in addition to its nutritional value, also has therapeutic properties.
In our study, the physicochemical (Brix, viscosity, free acid content, pH, moisture, diastase activity, 5-hydroxymethylfurfural
(HMF), proline content, sugars content, and reducing sugars content) and microbial (mold and yeast content) characteristics and
15 element contents (As, Cd, K, Al, Pb, Hg, Ba, Ni, Na, Ca, Mg, Fe, Mn, Zn, and Se) of the samples were evaluated. Among the
essential elements, the maximum mean was related to K (630 +50.8 mg/kg), and the minimum mean was related to Se that was
lower than the limit of detection. Also, among all toxic elements, the maximum mean was related to Ni (234 +54.7 pg/kg), and
the minimum mean was related to Hg that was lower than the limit of detection. Furthermore, the mean of free acidity, pH, °Brix,
moisture, diastase content, HMF, and proline content was 35.4 +1.27 meq/kg, 4.61 +£0.21, 82.2 +3.08, 16.3+0.33%,9.10+1.14
DN, 21.1+2.65 mg/kg, and 482 + 18.1 mg/kg, respectively. Also, the mean percentage of fructose, glucose, and sucrose was
32.4+1.07% (27.5-40.0%), 27.2 +£0.85% (23.5-31.7%), and 2.28 +0.70% (0.72-4.11%), respectively. Finally, the mean of mold
and yeast in all samples was 14.2 +0.37 CFU/g. Also, the principal component analysis and heat map allowed us to determine a
more accurate distinction between the physicochemical characteristics of bee honey. The results of our findings showed that in
most cases, the results obtained were within the standard range, which indicates the good quality of Iranian honeys.

Keywords Honey - Toxic elements - Essential elements - Physicochemical properties - Microbial properties

Introduction

Foodstuff such as honey can be polluted with many chemi-
cals in diverse ways, and the existence of these contaminants
in foodstuff can cause several sicknesses in people. Chemical
pollutants can be categorized based on how they enter food-
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stuff and their source. Regarding residues of metal in food-
stuff, the most pollution happens through activity of human
and industrial during storage and processing of foodstuff.
Essential elements are obligatory for human beings but, if
consumed in excess, may cause poisoning; these elements
comprise iron (Fe), chromium (Cr), zinc (Zn), manganese
(Mn), copper (Cu), calcium (Ca), cobalt (Co), magnesium
(Mg), and sodium (Na). Toxic elements (even in very small
amounts) can cause poisoning; these elements comprise
nickel (Ni), lead (Pb), cadmium (Cd), aluminum (Al), arse-
nic (As), and mercury (Hg) [1-5]. These metals can be pre-
sent in any amount in honey samples.

Honey is a viscous and sweet substance that is prepared
from the nectar of plants (by the honeybee). This simple
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description ignores honeydew honey that is made by the bee
from honeydew excreted by several insects of plant-sucking.
The honey bee collects, transports, and processes the nectar
and turns it into honey and packs and stores it in the comb.
Processing comprises of decreasing (simultaneously) the
content of moisture from the 30 to 60% common to nectars
to the range of self-preserving of 15 to 19%, inverting the
sucrose (considerable proportion) by the invertase enzyme
addition, maintaining it meantime by adding an enzyme of
glucose oxidase that produce very little of hydrogen per-
oxide and acidity. In the comb open cells, ripening takes
place, which when the bee honey reaches full density, are
sealed [6-8]. Honey is a main food that is applied as a medi-
cine (complementary). From the past to now, it is applied
as a supplement of nutritional, and in some beliefs of reli-
gious, honey for many diseases is an efficacious medicine,
which this is confirmed by many researches. Today, honey is
broadly applied in wound treatment, based on a many stud-
ies. Honey has the characteristics of antioxidant, antimicro-
bial, and also anti-cancer. The honey unequaled characteris-
tics are related to its ingredients of complex. Natural honey
comprises biomolecules, vitamins, carbohydrate (fructose,
glucose, maltose, and saccharose), and water [9—11].

Honey should contain at least 60% of the reducing sugars,
and its moisture should not be more than 21%. Honey con-
tains 10-60% glucose and fructose as major monosaccha-
rides, 7-10% of sucrose and maltose as the most main disac-
charide, and the chief trisaccharide is the methallenestril,
as well as other low molecular weights. In natural honey,
biological molecules include enzymes (invertase, diastase,
acid phosphatase, glucose oxidase, protease, esterase, and
catalase), amino acids, proteins, and other substances such
as flavonoid and phenolic compounds [12-15].

Combinations of natural honey are affected by vegetation
cover and conditions of climatic and region. Owing to many
variation of honey types in all over the world, in 1990, the
International Honey Commission (IHC) was established, to
create a harmonized world standard of honey that contains
many parameters such as biological, chemical, and physi-
cal characteristics. In some studies, since the biological
parameter assessment needs careful experiments (labora-
tory), the honey quality types have been solely compared
based on parameters of chemical and physical. Although the
honey’s nutritional value is mostly owing to the existence
of combinations of biological that pull out from honeybees
or herbs, this mentioned neglect can leads to mistaken out-
comes [16-19].

With these explanations, since there has been no compre-
hensive and extensive study of different variables in Iranian
honey, and on the other hand, given the high consumption
of honey in Iran, this study seemed necessary. The present
study investigated the physicochemical (Brix, viscosity, free
acid content, pH, moisture, diastase activity, HMF, proline
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content, sugar content, and reducing sugar content) and
microbial (mold and yeast content) characteristics and 15
element concentrations (As, Cd, K, Al, Pb, Hg, Ba, Ni, Na,
Ca, Mg, Fe, Mn, Zn, and Se) of the 160 samples of Iranian
bee honeys based on international standards of honey.

Materials and Methods
Reagent and Standards

From Sigma-Aldrich Co. (USA), formic acid, hydroxylamine
hydrochloride, starch, hydroxymethylfurfural (HMF), glu-
cose, hexamethyldisilazane (HMDS), fructose, pyridine, tri-
fluoroacetic acid (TFA), ethylene glycol monomethyl ether,
ninhydrin, iodide, nitric acid (65%), potassium iodide, pro-
line, deionized water (with analytical grade), sucrose, man-
nitol, and other reagents were purchased.

Sample Collection

One hundred sixty samples of honey (with different brands)
were obtained in 2021 from supermarkets in Tehran (prov-
inces of West Azerbaijan, Ardabil, Isfahan, Mazandaran,
Gilan, Kohgiluyeh Boyer Ahmad, [lam, Lorestan, Alborz,
and Tehran), Iran. The honey samples were stored in glass
jars and kept at room temperature (25 °C) until they were
analyzed.

Determination of 15 Element Contents

In this study, 15 element concentrations (As, Cd, K, Al,
Pb, Hg, Ba, Ni, Na, Ca, Mg, Fe, Mn, Zn, and Se) were
evaluated in all honey samples. To minimalize the impacts
of the organic matrix, losses of analytes, and avoid the
possibility of sample pollution, in our study, closed ves-
sel and acid decomposition was applied in the system of
microwave oven. All steps and conditions were carried out
according to previous studies [3-5]. In this study, ICP-OES
(Spectoro, Arcos, Germany) was used with Torch type of
flared end EOP Torch 2.5 mm. All conditions, times, and
temperatures used in this study were in accordance with
previous studies [3-5].

In current research, to assess the validity of the ana-
lytical method, the LOD, selectivity, LOQ, linear ranges,
reproducibility (precision), and repeatability were evaluated
(Table 1S). For this purpose, the mixed standard (mix stand-
ard CRM: 92,091 Supelco LOT BCCB9855, TraceCERT®,
33 elements, 10.0 mg/L in nitric acid, Hg standard
CRM:28,941 Supelco, LOT BCCB8927, 1000 mg/L, Hg in
nitric acid) solutions (200 pL) were added to the original
samples. The calibration carves (LOD to 5.00 mg/kg) for
the 15 metals were ready from the solutions of standard at
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5 points. According to Table 1S, LOD, LOQ, recovery, and
r* value were ranged from 0.043 to 2.128, from 0.146 to
6.498 pg/kg, from 95.0 to 104.7%, and from 0.988 to 0.996,
respectively.

Physicochemical Parameters of Honey
Determination of °Brix

By using a Mettler Toledo RM40 refractometer (Schwer-
zenbach, Switzerland), the °Brix parameter were evaluated.
After waiting for equilibration of cell, all the experiments
(at 20.0 °C) were performed [10].

Free Acidity Determination

By using an Easy Pro Mettler Toledo Titrator (Schwerzen-
bach, Switzerland), the honey acidity was evaluated, and the
results were reported as meq/kg of honey samples [10]. Free
acidity was assessed by the method of titrimetric. Ten grams
of sample was dissolved in deionized water (75.0 mL), and
the mentioned solution with solution of NaOH 0.10 M was
titrated until the pH value reached 8.50.

Determination of Proline Content

The content of honey proline was assessed according to
the study of Nabati et al. [20]. The content of proline was
assessed by using of the AOAC standard technique. Honey
sample (5.00 g) was transferred in a beaker and in distilled
water (50.0 mL) was dissolved. After that, the mentioned
solution was conveyed (quantitatively) to a volumetric flask
(100 mL) and was diluted by water (distilled) and shaken.
Next, the solution of sample (0.50 mL) was poured into a
tube with solution of ninhydrin (1.00 mL, 3.00% in ethyl-
ene glycol monomethylether) and formic acid (1.00 mL,
98-100%). The tubes were capped and vigorously shaken.
Also, in a bath of boiling water, they were placed for 15 min
and to a bath of water conveyed for 10.0 min at 70.0 °C.
Afterward, to each tube, 2-propanol (5.00 mL) was added.
Then, they were removed for 45.0 min, and the absorbance
was assessed at the room temperature at 520 nm. The color
of honey was modified by assessing the absorbance of the
solution comprising 2-prppanol (5.00 mL), distilled water
(2.00 mL), and solution of sample (0.50 mL).

Moisture Content

By using the refractometric method, the content of mois-
ture in honey samples was evaluated. In this study, by using
refractometer, the honey samples’ indices of refractive were
assessed at temperature of ambient, and all experiments were
done at 20.0 °C by adding a factor of correction to achieve

the moisture % from the index of refractive by referring to
AOAC (1990) standard method [20].

Determination of pH

By using a pH meter (Metrohm 914), the pH value of honey
samples (adding 75.0 mL of distilled water in 10 g honey)
was evaluated [10, 20].

Determination of Hydroxymethylfurfural (HMF)

In this study, HMF parameter was evaluated according to
the previous studies [10, 20]. To assess the HMF, a C18
column of reversed phase and isocratic elution with water/
methanol (90:10) was applied, at a rate of flow of 1.00 ml/
min and at 280 nm UV detection. The preparation of sample
only involved dissolution in water (deionized) and filtration
through filter paper of Whatman 42.0 and 0.20 mm.

Diastase Activity Assay

According to the previous studies [10, 20, 21], the parameter
of diastase activity (by a buffered soluble starch solution)
was evaluated that fulfills the technique requirements, and
samples in a bath were incubated at 40.0 °C. Reducing color
of blue absorbance that was made in the presence of solu-
tion of iodine was followed by using the spectrophotometer
(Human crap XMA 2000 UV/VIS) at 660 nm. By using the
regression, lines were fitted to the absorption data, and the
number of diastase was calculated from the taken of time for
the absorbance to reach 0.235.

Determination of Sugar Content

Sugars were determined by gas chromatography (Agi-
lent 6890, USA) as their trimethylsilyl-oxime derivatives.
The standards of sugar (0.25 g sucrose, 2.00 g fructose,
and 1.50 g glucose) were added in a beaker and, in about
40.0 mL methanol, were dissolved. Then, the solutions were
transferred (quantitatively) to a volumetric flask (100 mL)
and by water (distilled) were diluted and shaken. Honey
sample (0.60 g) was dissolved in water (distilled) and trans-
ferred to a volumetric flask. For the next step, 1 mL of man-
nitol solution (10% (W/V)) (as an internal standard) was
added and then with water (distilled) adjusted 100 mL [10,
20]. One hundred microliters of solution was moved to a test
tube and dried in an air stream. Afterward, 200 pL oxime
reagents (solution of pyridine comprising 12.0 mg/mL
hydroxylamine hydrochloride) was added and then sealed
and mixed and heated for 30 min at 70.0-75.0 °C. The honey
sample was cooled at room temperature, and then 10 pL
trifluoroacetic acid was added and the solution maintained
for 30.0 min. One microliter of solution was injected into
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the BP5 column of capillary (30 m and 0.25 mm id). In this
study, as a carrier gas, helium gas was applied at a 1.00 mL/
min~! flow rate. Also, detectors and injector were set at
250 °C. The oven temperature was programmed to increase
from 70.0 to 140 °C at 50.0 °C/min and to 300 °C at 6.00 °C/
min. Finally, the curve calibration was obtained for glucose,
fructose, and sucrose and was used for quantification [10,
20]. By the method of dinitrosalicylic acid, reducing sugar
was evaluated, according to study of Thi Le et al. [15].

Evaluation of Microbial Parameters of Honey
(Measurement of Mold and Yeast)

For this purpose, a selected culture medium was determined,
and according to the number of hypothetical colonies, a cer-
tain amount of the sample was cultured on the surface of
the precast plates. Yeasts and molds were enumerated on
standard yeast extract—glucose—chloramphenicol (YGC) agar
and incubated for 3 to 5 days at 22.0-25.0 °C. The counts of
microbial were reported as cfu/g of honey [21, 22].

Statistical Analysis

The measurement of all data was analyzed by the SPSS
statistical packages (version 22.0). The outcomes were
indicated in three repetitions and were indicated as
mean + standard deviation (M + SD). Due to the non-nor-
mality of the data, the Mann—Whitney test was employed
to evaluate the statistical significance of samples. The sig-
nificance level was considered at p <0.05. A heat map was
employed to determine a more accurate distinction between
the physicochemical of Iranian bee honey [23, 24]. In addi-
tion, principal component analysis (PCA) was used to study
the relations between the physicochemical variables in the
examined Iranian bee honeys by the SPSS statistical pack-
ages (version 22.0). Heat map structure (average linkage;

Pearson) was employed to explain the relationship between
characteristics online at https://biit.cs.ut.ee/clustvis/.

Results and Discussion
Evaluation of 15 Elements of Bee Honey

Organic acids (such as citric acid), amino acids, and minerals
present in honey samples form ionic forms in aqueous solu-
tions of honey, which subsequently affect electrical current
conductivity and a measurable parameter called electrical
conductivity. The content of elements is influenced by the
origin of honey. Determining these toxic elements levels in
bee honey samples may be useful as a bio-indicator of pollu-
tion of environmental [9, 13]. According to Table 1, among
all essential elements, the maximum mean was related to K
(630+50.8 mg/kg), and the minimum mean was related to
Se that was lower than the LOD. Also, the mean of Na, Ca,
Mg, Mn, Ba, Fe, and Zn was 72.7, 310, 50.6, 0.07, 0.91,
0.60, and 15.3 mg/kg, respectively. The type and flora of the
plants used by the bees, the climate, the geographical area
where the honey is harvested, and even the species of bee
affect the amount of essential elements in honey [25-28].
Furthermore, according to Table 2, among all
toxic elements, the maximum mean was related to Ni
(234 +£54.7 pg/kg), and the minimum mean was related
to Hg that was lower than the LOD. Also, the mean of
Al, Pb, Cd, and As was 83.20 17.8, 2.45, and 12.4, pug/kg,
respectively. Based on the results of this study, the amount
of metals in all samples was lower than the existing stand-
ards [3, 5] (Al=500, As=140, Cd=10.0, Hg =20.0,
Pb=20.0 pg/kg, Fe=2700 and Mn =100 ug/kg), which
can be due to the good quality of honey produced in Iran
and the compliance of the existing standards by the pro-
ducers [3, 25-28]. Industrial wastes of geographical origin,

Table 1 Results of essential

K Na Ca Mg Mn Ba Fe Zn Se

element content of honey

samples (mg/kg) Max 1131 105 531 79.7 0.09 1.43 0.90 2243 <LOD
Min 245 38.7 185 25.5 0.05 0.55 0.43 11.06 <LOD
Mean 630 72.7 310 50.6 0.07 0.91 0.60 15.30 <LOD
SD 50.8 12.5 42.60 9.76 0.0l 0.06 0.07 0.21 -

Table 2 Results of toxic Ni Al He Pb cd As

element content of honey

samples (pg/kg) Max 313 93.5 <LOD 19.8 4.06 18.4
Min 185 53.7 <LOD 132 1.22 9.62
Mean 234 83.2 <LOD 17.8 2.45 12.4
SD 54.7 12.3 - 2.65 0.23 2.05
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environmental pollution (water, air, and soil), chemicals
used as pesticides, and incorrect practices in the process-
ing of honey (by producers) are the factors that affect the
quality of honey and amount of toxic elements [25-28].

Mahmoudi et al. analyzed three metals (Pb, Zn, and
As) in honey samples and reported the mean of these
metals was 0.08 +0.04, 4.40+3.40, and 0.11 +0.04 mg/
kg, respectively [26]. Dhahir et al. assessed elements
(Pb, Cd, Ni, Fe, Se, Mg, Cu, Na, K, Ca, and Mn) in
honey samples and expressed the mean of these met-
als ranged from 0.10 +0.00 to 0.730 +0.0224, from
0.108 +0.0084 to 0.8200+0.0158, from 0.210+0.01517
to 0.894 +0.0114, from 0.117+0.014 to 0.440 + 0.0200,
from 0.0010+0.0001 to 0.0348 +0.0013, from 0.26 to
0.721, ND, from 51.0 to 120.8, from 93.8 to 712.8, from
143.8 to 240.8, and from 0.0116 to 0.0632 mg/kg, respec-
tively [25]. Biluca et al. measured these minerals in honey
samples and reported K was ranged from Nd to 449, Na
was ranged from 0.78 to 30.5, Ca was ranged from 1.12
to 35.20, Mg was ranged from 0.41 to 13.70, and Mn was
ranged from ND to 1.12 mg/100 g, which were somewhat
similar to our findings [9]. Saghaei et al. analyzed metal
contents (Pb, Co, Mn, Fe, Cr, Zn, As, and Ni) of natural
honey samples and stated the mean of these metals were
0.07 £0.04 (0.383-0.253), 0.002 +0.001 (0.0003-0.005),
0.10+0.05 (0.018-0.305), 0.70 +0.20 (0.378-1.935),
8.10+5.30 (3.369-33.765), 19.9 +15.1 (0.702-68.49),
0.0011 +0.00105 (0.0000264-0.0038), and 0.006 +0.01
(0.0015-0.068) mg/kg, respectively [28]. Pisani et al.
mesured elements (Na, Mg, K, Ca, Fe, Mn, Zn, Sr, Ba,
Cu, Co, Ni, As, Cd, Sb, and Pb) in different honey samples
and expressed the mean of these metals in all samples was
96.60, 56.70, 1195, 257, 3.07, 1.54, 1.82, and 1.43 mg/kg
and 906, 906, 11.00, 308, 6.96, 3.91, 3.76, and 76.0 pg/
kg, respectively [27].

Physicochemical Parameters of Honey

In this study, Table 3 shows the seven parameters of phys-
icochemical (free acidity, Brix, viscosity, pH, moisture,
diastase content, HMF, and proline content) results of 160
samples of honey.

Parameters of pH and Free Acidity

The mean of free acidity (Table 3) was 35.4 +1.27 meq/
kg (10.1-82.2 meq/kg) which the mean level was lower
than standard levels (should be lower than 50 meq/kg), and
the one sample acidity (82.20 meq/kg) was higher than the
standard level. In Brazil, F.C. Biluca et al. analyzed free
acidity in honey samples and reported that this parameter
ranged from 21.4 to 139 meq/kg, which is higher than our
findings [9]. E.-I. Geand et al. measured this parameter in
honey and reported that the mean level of free acidity was
19.7 meq/kg, which was lower than our results [10]. Accord-
ing to Table 1, our results showed that the mean of pH was
4.61+0.21 (4.35-4.78), which was in the standard range
(>3.50). Our results were somewhat similar to other studies
[9, 10, 13, 20]. The amount of acidity in honey is related to
the balance of organic acids that is different according to the
species of bee and the composition of floral or maybe owing
to fermentation (by some bacteria and additional oxidation
to carboxylic acids) of sugars to alcohol [7, 9, 12].

°Brix

In this study, the °Brix parameter was ranged from 79.5 to
85.1 with a mean of 82.2 +3.08, which is lower than the
existing standard levels (70.0-88.0) in all samples (Table 3).
In 2016, F.C. Biluca et al. measured °Brix in honey sam-
ples, and this value was ranged from 55.2 to 76.1, which
was lower than our results [9]. In other study, Geand et al.
measured this parameter and reported that the mean of °Brix
was 82.4, which was similar to our findings [10]. The soluble
solids act as a rate indicator parameter in solution solids
like minerals, organic acids, and sugars; nevertheless, it is
directly associated to the levels of water and sugars in the
samples. In honeys made by Apis mellifera, the °Brix’s value
is always higher than the stingless bee honeys and is related
to the high content of water, which subsequently reduces the
content of sugar.

Moisture

In general, the honey water content belongs on the sources of
plant, the ripening degree in the hive, the season of harvesting,

Table 3 Physicochemical

Free acidity ~ °Brix pH Moisture  Diastase HMF Proline
parameters of honey samples

Unit meq/kg - - % Diastase number mg/kg  mg/kg
Max 82.2 85.1 4.78 17.3 16.2 348 664
Min 10.1 79.5 435 15.8 2.76 1.89 183
Mean 354 82.2 4.61 16.3 9.10 21.1 482
SD 1.27 3.08 0.21 0.33 1.14 2.65 18.10
Standard level ~ <50.0 70.0-88.0 >3.50 <20.0 >8.00 <40.0 >180
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climatic conditions, geographical conditions, and the composi-
tion of honey. During storage of bee honey, this parameter is
important (significantly) for the honey’s shelf life and also for
its processing characteristics. In fresh honey, the water content is
an indicator of the degree of maturation and its storage method.
In general, high levels of moisture in honey cause fermentation,
spoilage, loss of taste, and decrease in honey quality [7, 9, 13,
17, 18, 20]. According to Table 3, our results showed that the
mean of moisture was 16.3 +0.33% (15.8-17.3%) which was in
the standard range (<20.0). In 2016, F.C. Biluca et al. (in Brazil)
reported the content of honey’s moisture ranged from 23.10 to
43.50%, which was lower than our findings [9]. In Iran, Nabati
et al. assessed this parameter in honey and ranged from 14.8 to
16.5% which was somewhat similar to our findings [20].

Diastase Content

Honey contains many enzymes like glucose oxidase, cata-
lase, invertase, and amylase (diastase). The content of enzy-
matic of bee honey samples proves the conditions of stor-
ing, proper heating, and the freshness of honey [9, 13, 17,
20]. The result of diastase contents was shown in Table 3.
According this table, the mean of this parameter was
9.10+1.14 DN (2.76 to 16.2 DN), which all samples were in
the standard range (> 8.00) except 23 samples. Nabati et al.
measured that this parameter in Iranian honey and reported
that this enzyme was ranged from 0.20 to 12.2 DN, which in
some samples were out of standard range [20]. Biluca et al.
reported that this enzyme in honey samples was ranged from
4.34 to 49.6 DN, which was higher than our results [9].

Hydroxymethylfurfural (HMF)

HMF content may be affected by climate; therefore, sam-
ples of bee honey from tropical regions exposed to high
temperatures for a long period of time may provide HMF
[9, 13, 20]. In our study (Table 3), the mean of HMF was
21.1+2.65 mg/kg (1.89-34.8 mg/kg), which was in the
standard range (<40.0). In Biluca et al. study, this param-
eter was not detected, which was lower than our results [9].
In study of Nabati et al., HMF parameter was ranged from

1.37 to 74.3 mg/kg that in some samples were out of stand-
ard range [20], which can be a sign of poor quality of their
honey. Geand et al. also measured this parameter in honey
samples and ranged from 1.07 to 17.14 mg/kg, which was
somewhat similar to our findings [10].

Proline Content

In bee honey, the major amino acid is proline, constitut-
ing 59.0% in honeydew honey and 49.0% in nectar honey of
the total content of amino acid. To confirm the authenticity
of bee honey, the amount of proline in the samples is deter-
mined [8, 13, 20]. According to Table 3, the mean of proline
content in this study was 482 +18.1 mg/kg, which was in the
standard range (> 180), which can be a sign of good quality of
honey samples in Iran. Nabati et al. measured proline content
in Iranian honey, and this parameter was ranged from 177 to
1233 mg/kg, which was higher than our findings [20]. Czipa
et al. also measured this parameter in Hungarian honey, and the
mean proline content was ranged from 252 to 2283 mg/kg [8].

Analysis of Sugars in Honey

The natural carbohydrate composition of bee honey can be
one of the main parameters in determining its plant origin and
indirectly its proper classification. By trans-glycosylation and
enzymatic sucrose hydrolysis, sugars are formed in bee honey.

Glucose (G) and fructose (F) are the most dominant sug-
ars in honey, and in most honey samples, the amount of F is
higher compared to G.

Glucose (G) and fructose (F) are the most predominant
sugars in honey, with a high content of F compared to G,
for most honey samples [9, 12, 20]. According to Table 4,
the mean percentage of fructose, glucose, and sucrose were
32.4+1.07% (27.5-40.0%), 27.2+0.85% (23.5-31.7%), and
2.28+0.70% (0.72-4.11%), respectively. Also, our result
showed that the mean ratio of fructose/glucose was 1.27 +0.22
(0.90-1.70), which was in the standard range (>0.90), and the
mean of reducing sugar in all samples was 76.5+7.18 g/100 g
(54.2-99.2 ¢/100 g), which this parameter was also in the
standard range (> 65 g/100 g). Geand et al. measured fructose,

Table 4 Sugar contents of

. Fructose Glucose Sucrose Fructose/glucose Reducing sugar
Iranian bee honey samples ratio (F/G)
Unit % % % - g/100 g
Max 40.0 31.7 4.11 1.70 99.2
Min 27.5 235 0.72 0.90 54.2
Mean 324 27.2 2.28 1.27 76.5
SD 1.07 0.85 0.70 0.22 7.18
Satisfactory limit — - <5.00 >0.90 >65.0g/100 g
by EU
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glucose, and sucrose in samples of bee honey and reported
the mean of these sugars was 34.5-41.9%, 25.7-39.1% and
ND (non-detected)-0.06%, respectively [10]. Nabati et al.
evaluated these sugars in Iranian honey and reported the per-
centage of fructose, glucose, and sucrose were 26.6-41.9%,
21.1-34.3%, and 0.70-4.70%, respectively, which was also
somewhat similar to our findings. Also, they reported the F/G
ratio was ranged from 1 to 1.3 [20]. Biluca et al. (in 2016) also
reported the percentage of fructose, glucose, and sucrose in
Brazilian samples of honey were 30.4-40.5%, 8.21-31.3%,
and ND (non-detected), which were lower than our results [9].

Evaluation of Microbial Parameters of Honey
(Measurement of Mold and Yeast)

Water content and acidity level are factors that affect the
amount of mold and yeast in bee honey samples [13, 21].

Table 5 Results of mold and

Mold and yeast
yeast honey samples

Unit CFU/g

Max 27.0

Min 6.00

Mean 14.2

SD 0.37
Satisfactory <100

limit by EU

Fig.1 PCA regarding the
physicochemical of Iranian bee
honeys

1.0

0.0

Component 2 (21%)

/ 

According to our results (Table 5), the mean of mold and
yeast in all samples was 14.2 +0.37 CFU/gr (6.00-27.0 CFU/
gr), which was in the standard range (<100 CFU/g). Iurlina
et al. assessed mold and yeast in commercial honey sam-
ples and reported the mean of these microorganisms (M.O)
was 34.0 CFU/gr, which was higher than our findings [22].
Also, Gomes et al. reported these M.O. ranged from < 10.0 to
22.0 CFU/g, which somewhat similar to our results [21].

Multivariate Analysis

Principal component analysis (Fig. 1) in terms of the honey
kinds including sugar content, reducing sugar before hydro-
lyzing sucrose hydroxymethyl furfural, diastase, fructose-
to-glucose ratio, proline, Brix, F/G, as functional remarks,
was conducted, and the three primary components covering
67.2% of the variability were specified, whereas components
1 and components 2 showed a value of 57.2%. These statisti-
cal analyses are displayed in Fig. 1. It can be regarded that
hydroxymethyl furfural, proline, and sucrose have similarities
in results, meaning that they have a higher value of correlated
to the honey than other parameters. In order to supply a better
intuitive honey physicochemical among the different samples
studied, a heat map was drawn up (Fig. 2). The considerations
previously reported are clearly highlighted. To compare compo-
sition differences between samples and to achieve a demonstra-
tion of the abundance, distribution across samples was carried
out using an abundance clustering heatmap on bee honey. The

Diastase
\ fructose/zuﬁgucise

sucrose
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heat map visualizes a very clear picture of the smallest and larg-
est variables according to the clustering of rows and columns
of similar variables. The bee honey samples heat map clustered
samples into two clusters and four sub-clusters, according to
Fig. 2. The first cluster has two sub-clusters (first, fructose and
glucose, second, diastase content of bee honey) that express a
correlation between diastase content and fructose and glucose.
The second cluster comprises two subgroups (first, pH; second,
Brix, sucrose, HMF, and proline content), which depicts the
existence of a correlation between Brix, sucrose, HMF, and
proline content.

Conclusion

Honey is classified as a valuable food, so its quality con-
trol is essential. In this research, 15 element contents
(including As, Cd, K, Al, Pb, Hg, Ba, Ni, Na, Ca, Mg,

Fe, Mn, Zn, and Se) in honey samples consumed in Teh-
ran, Iran, were measured along with the physicochemi-
cal (free acidity, pH, Brix, moisture, diastase content,
HMF, proline content, and also percentage of fructose,
glucose, and sucrose) and microbial properties (mold
and yeast) of honey. Our finding outcomes exhibited in
most cases the results were within the standard range,
which indicates the good quality of Iranian honeys. Also,
toxic metals were lower than the existing standards, and
the amount of essential elements has an acceptable level
for honey, which shows the similarity compared to other
studies. The heat map and the principal component anal-
ysis allowed us to determine the distinction between the
physicochemical of bee honey, representing a worthwhile
procedure for the characterization of samples. Finally, it
is suggested that, if possible, the honeys of other regions
of Iran should also be measured in commercial and wild
conditions.

asejselq
Hd
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Fig.2 Heat map regarding the physicochemical of Iranian bee honeys
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