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Abstract

There are many studies that compare the quality and biological characteristics
of honey with distinct geographical and botanical origins. However, the phy-
sico-chemical and biological properties of different types of honey in the
same production regions are rarely mentioned. The honey used in this study:
sunflower honey, rapeseed honey, manna honey and polyflora honey, came
from GT “Malai C” in Taraclia village, Causeni district in the southern part of
the Republic of Moldova and belonged to the flowering season of year 2020.
Following the polynecological analysis, it was found that two types of honey
are monofloral with a dominant pollen content of Helianthus spp. (49.15% -
93.12%) in sunflower honey and Brassica spp. (52.17% - 70.11%) in rapeseed
honey. Mana honey and polyflora contain several types of pollen. Thus, four
types were identified in manna honey, including: Acer platanoides (29.11% -
30.11%), Quercus robur (28.67% - 29.99%), Rubus idaeus (21.55% - 28.78%),
Taraxacum officinale (22.21% - 28.76%). Polyflora honey contains: Helian-
thus annuus (24.91% - 31.11%), Brassica napus (23.45% - 29.18%), Tilia
(28.95% - 31.92%). Based on a Pfund scale, it was found that the color of the
honey varied from a lighter shade for rapeseed honey (water amber 7.66 +
3.002 mm) to a darker color for sunflower honey and polyflora (extra light
amber 34.366 + 21.01 mm and 36.04 £+ 1.115 mm respectively). Spectropho-
tometric determination of phenolic compounds in honey samples showed
that their content ranged from 38.18 mg GAE/kg honey for rapeseed honey to
831.09 mg GAE/kg honey for manna honey. At the same time, the flavonoid
content ranged from 28.41 mg QUE/kg honey for rapeseed honey to 151.72
mg QUE/kg honey for manna honey. Mana honey showed a better antioxi-
dant activity than the other honey samples in the study (72.03%). The re-
ported results suggest that manna honey has the best potential and its con-
sumption in the human diet as food with valuable biological properties can be

DOI: 10.4236/fns.2021.129065 Sep. 8, 2021 874

Food and Nutrition Sciences


https://www.scirp.org/journal/fns
https://doi.org/10.4236/fns.2021.129065
https://www.scirp.org/
https://doi.org/10.4236/fns.2021.129065
http://creativecommons.org/licenses/by/4.0/

A. Chirsanova et al.

encouraged, despite the fact that in the Republic of Moldova it is in a small
amount.
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Compounds, Flavonoids

1. Introduction

Honey is a sweet, viscous substance produced by honey bees (Apis mellifera L.)
[1]. The food is the only natural sweetener that people can use without
processing [2] [3]. From ancient times, honey is considered an important food
for Homo sapiens, and the relationship between bees and humans began in the
Stone Age [4] [5]. During the evaluation of mankind, honey became an impor-
tant commercial currency with which to pay for certain taxes [6] [7]. There has
always been a strong link between humans and bees, and this relationship is
largely based on the fact that 80% of plants are pollinated by bees [8] and today,
beekeeping is becoming a key occupation for income generation, especially in
countries developing [9] [10].

At the same time, the increased interest in honey is argued, in particular, by
its therapeutic properties [11] [12] [13], including wound healing [14], treat-
ment gastric ulcer [15], in preventing and combating cancer [16] [17] [18], and
other. The anti-inflammatory properties of bee honey reduce the severity of lung
manifestations in COVID-19 infections, which is quite important in the current
context [19] [20] [21].

The Republic of Moldova has a rich tradition in terms of honey production,
with an average of 4.000 tons per year, but which is mostly exported to the Eu-
ropean Union [22]. The surfaces of the fruit plantations from the agricultural
enterprises and the peasant households represent 44.323 ha, and for their polli-
nation approximately 132.969 bee families are necessary.

At the same time, in the period 2008-2017 a slight increase in the number of
bee families was reported, from 98.3 thousand in 2008 to 148.1 thousand in
2017. The cost of producing one kilogram of honey in the Republic of Moldova
depends largely on the amount of honey obtained, which is closely related to
climatic conditions and is in the range of 1.65 - 1.80 US dollars in the case of a
“normal” year [23].

Studies that highlight the quality of local honey in geographical areas of the
Republic of Moldova, at the moment, are not enough. The purpose of this study
was: to perform pollen analysis of four types of honey from the southern part of
the Republic of Moldova; to determine chromatic and physico-chemical indices:
pH, free acidity, humidity, electrical conductivity, hydroxymethylfurfural (HMF)
content; to determine the content of polyphenols, flavonoids and DDPH and to

compare results obtained with data from the literature.

DOI: 10.4236/fns.2021.129065

875 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2021.129065

A. Chirsanova et al.

2. Materials and Methods

All chemicals and reagents used for the analyses were of analytical quality. Rea-
gents used for the analysis of total phenolic compounds and antioxidant tests
were purchased from Sigma-Aldrich (Deisenhofen, Germany). All physico-
chemical methods were performed in accordance with the harmonized methods
of the International Honey Commission.

Samples

The honey samples used in this study are from the following botanical origins:
sunflower honey, rapeseed honey, manna honey and polyflora honey. All sam-
ples were provided from GT “Malai C” from Taraclia village (latitude:
46.5702781677246100, longitude: 29.1155548095703120, altitude: 91 m), Causeni
district, Republic of Moldova (Figure 1).

Samples were collected during the flowering season of 2020. During the re-
search, the honey samples were kept in laboratory conditions, packed in sealed
glass jars at a temperature of 21°C £ 2°C.

Palynological analysis

It was performed by microscopic analysis according to the method of Lutier
and Vaissiére (1993) [24].

Color analysis

The honey samples were dissolved in water (1:1; w/v) and the color was de-
termined by spectrophotometric measurement of the absorbance of honey solu-
tion at 635 nm. The honey was classified based on color using Pfund scale after
conversion of the absorbance values: mm Pfund = —38.70 + 371.39 x Abs [25].

Humidity

Mass fraction of water was determined using Honey humidity refractometer
ATAGO 4422 PAL-22S, 12.0% to 30.0%, acc. £0.2%.

pH measurements

The pH of the samples was measured potentiometrically at 20°C using a
pH-meter (HANNA 2211-02 pH/MV/C) bench meter with electrode holder.

Acidity

Acidity was determined by the titrimetric method. It is based on the titration
of the honey sample diluted with water, with 0.1 n sodium hydroxide in the
presence of phenolphthalein as indicator.

Figure 1. Geographical origin of honey samples.
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Determination of diastase index

The basis of this analysis is the determination of amylase activity. The diastase
index is defined as the number of milliliters of 1% starch solution which has
been converted to dextrin for one hour at 45°C at the optimum pH of amylase
containing 1 g of honey.

Hydroxymethylfurfural content

The Fiehe reaction is based on the fact that the hydroxymethylfurfural forms
with the resorcinol, in hydrochloric acid medium, a complex colored in red,
whose color intensity is proportional to the quantity of the respective com-
pound. When the Fiehe reaction is positive, the honey is considered suspicious
and the deconfirmation test is further performed by determining the hydrox-
ymethylfurfural content.

Polyphenols

Total polyphenol contents in each sample were determined using the Fo-
lin-Ciocalteu colorimetric method. The sample solution (0.1 mL) was mixed
with 0.5 mL of Folin-Ciocalteu reagent and 0.4 mL of 7.5% Na,CO;, and the ab-
sorbance was measured at 765 nm after 10 min at 37°C. Total polyphenol con-
tents were expressed as mg gallic acid equivalents GAE/kg honey.

Flavonoids

The total flavonoid content was measured using the colorimetric method [26].
Honey samples in the amount of 1 mL were mixed with 4 mL distilled water. At
the baseline, 0.3 mL NaNQO, (5%, w/v) was added. After 5 min, 0.3 mL AICl;
(10% w/v) was added followed by the addition 2 mL of NaOH (1N) 6 min later.
The volume was then increased to 10 mL by the addition of 2.4 mL distilled wa-
ter. The mixture was vortex-mixed (VORTEX V-1 plus, BioSan), to ensure ade-
quate mixing, and the absorbance was read at 510 nm. The results were ex-
pressed as mg catechin equivalents (CEQ) per kg of honey.

DPPH radical scavenging activity

For the study, 0.75 ml of a honey solution (0.1 g/ml) was mixed with 1.5 ml of
warm water (25°C) and 0.09 mg/ml of DPPH in methanol. The mixture was
then incubated at temperature 25°C in a water bath for 5 minutes after which the
absorbance was measured at wavelength 517 nm against a blank sample consist-
ing of honey solution with distilled water. The absorbance of a radical blank was
also measured using 0.75 ml of distilled water.

The radical scavenging activity (RSA) of honey was expressed in terms of
per-centage inhibition of DPPH radical by honey and was calculated according
to the method described Batrusaityté et al, 2007 [26].

Statistical Analyses

All analyses were carried out in triplicate, and the data were expressed as
mean + standard deviation (SD). Analysis of variance (ANOV A) was used to test
for statistical significance difference between phenolic and flavonoid contents.
Differences at a 95% (p < 0.05) confidence level were considered statistically sig-
nificant. Correlations between the parameters evaluated were obtained using

Pearson’s correlation coefficient (r).
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3. Results
3.1. Pollen Analysis

The results of the analysis of the pollen profile of honey allow us to determine
the floral origin of honey and to confirm the identity of the honey source de-
clared by beekeepers. The International Melisopalinological Nomenclature re-
commends the use of four different terms to report a spectrum of pollen, name-
ly: dominant pollen, accompanying pollen, important minor pollen and minor
pollen [27] [28].

The dominant pollen is the pollen present in at least 45% of the number of
counted granules, the accompanying pollen is found in smaller quantities (15% -
45%), the important minor pollen is the pollen that varies in the range of 3% -
15% and the pollen that is present in the smallest amount (>1%) is minor pollen
[29] [30].

The identified pollen grains and their frequency in the analyzed honey are
presented in Table 1. The size of the pollen grains in the four types of honey va-
ried in the range 11 - 46 um, with an average of 36 pm. Two types of honey (sun-
flower and rapeseed) are considered monofloral. For sunflower honey the do-
minant pollen is Helianthus spp. (49.15% - 93.12%) but can also be found 7i/ia
pollen, Brassica napus (26.99% - 30.01%). For rapeseed honey the dominant
pollen is Brassica spp. (52.17% - 70.11%). Mana honey and polyflora honey con-
tain several types of pollen. Thus, four types were identified in manna honey, in-
cluding: Acer platanoides (29.11% - 30.11%), Quercus robur (28.67% - 29.99%),
Rubus idaeus (21.55% - 28.78%), Taraxacum officinale (22.21% - 28.76%). Po-
lyflora honey contains: Helianthus annuus (24.91% - 31.11%), Brasssica napus
(23.45% - 29.18%), Tilia (28.95% - 31.92%) (Table 1). It seems that data on the
polynological analysis of honey in the Republic of Moldova are not available.
The results obtained in this study are intended to confirm the botanical origin of
the honey declared by beekeepers and, therefore, we can assume that the honey

was filtered and processing correctly.

3.2. Physico-Chemical Parameters

Physico-chemical parameters were determined such as: color, moisture content,

pH and free acidity.

3.2.1. Color

According to the results obtained for the analyzed honey samples, an obvious
difference in their color intensity was observed. The color shade ranged from a
lighter shade for rapeseed honey (water amber 7.66 + 3.002 mm) to a darker
color for sunflower honey and polyflora (extra light amber 34.366 + 2.101 mm
and 36.04 + 1.115 mm). The manna honey had the darkest color (dark amber
36.04 + 1.115 mm). The color of polyflora honey in the Republic of Moldova and
Romania is quite close given that the climatic and geographical conditions are
quite close considering that they are neighboring countries [31]. For sunflower

honey, the value of 58.11 mm (light amber color) is reported. For this type of
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Table 1. Botanical origin and color of the honey samples.

Honey samples Pollen type Pfund scale (mm) Color

Dominant: Helianthus spp.
(49.15% - 93.12%)
Other types: 34.366 + 2.101 Extra light amber
Tilia, Brassica napus
(26.99% - 30.01%)
Dominant: Brassica spp.
(52.17% - 70.11%)
Other types: 7.66 + 3.002 Water amber
Helianthus anuus
(19.41% - 28.91%)

sunflower honey
(n=6)

rapeseed honey
(n=5)

Dominant: have not found
Other types:
Acer platanoides
(29.11% - 30.11%)
manna honey Quercus robur
(n=7) (28.67% - 29.99%)
Rubus idaeus
(21.55% - 28.78%)
Taraxacum officinale
(22.21% - 28.76%)

136.07 + 6.05 Dark amber

Dominant: have not found
Other types:
Helianthus annuus
polyflower honey (24.91% - 33.11%)
(n=10) Brasssica napus
(23.45% - 29.18%)
Tilia
(28.95% - 31.92%)

36.04 £ 1.115 Extra light amber

honey from Romania, a value of 51 mm and a value of 66.7 mm are reported
[32] for the one from Spain [33].

Based on a Pfund scale, honey can be classified by color [34]. It depends on
the type of honey and certain chemical characteristics such as mineral content
[35]. The transition elements in honey may form complexes with organic honey
compounds that tend to be very colored and therefore affect the color of honey
[36]. Changes in the color of honey occur slowly during storage or rapidly dur-
ing heat treatment, as a result of the Maillard reaction [37] [38].

3.2.2. Moisture Content

The moisture content of all honey samples was below 20%, which is in line with
the standard prescribed by Council Directive 2001/110/EC. All honey samples
examined had a moisture content. Mana honey contains the lowest humidity
(18.0%) while the highest humidity was observed in polyflora honey (19.4%)
(Table 2). The higher moisture content of honey can be observed when honey is
harvested at the beginning of the season. The low moisture content of honey can
have a protective effect against microbes, especially during long-term storage,
while a higher water content can cause honey to ferment and acetic acid to form.
No significant correlation was found between the moisture content and other

determined properties of the analyzed honey samples.
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Table 2. Physicochemical parameters of honey samples.

Honey samples Sunflower honey Rapeseed honey = Manna honey  Polyflora honey

(n=6) (n=5) (n=7) (n=10)
pH and free acidity b b b
3.92+11.21° 4.20 £ 4.37 4.23 £4.03 4.18 £ 11.51*
(mM/kg)
Moisture content b ab b .
19.2 + 1.44* 18.9+0.81* 18.0 £ 1.11* 19.4 +1.71*
(g/100g)
Electrical conductivity b b b b
371 £51.01>° 161 £ 31.29 775 = 11.06 355 + 41.60*>¢
(uS/cm)
HMF (mg/kg) 8.13+3.99° 129 +11.10° 42.11 + 13.09¢ 11.2 £7.01°
F value 221" 231" 2.28™ 0.71™

Note: im: insignificant (p > 0.05), a-d in each column different letters mean significant differences (p <
0.001).

3.2.3. pH and Free Acidity

The results obtained with reference to pH and free acidity are in the range of
3.92 (for sunflower honey) to 4.23 (for manna honey) which is consistent with
the reported data [39].

The organic acids in the composition of honey are responsible for pH values
between 3.5 and 5.5, the acidic environment providing protection against mi-
crobial contamination [40]. The pH of honey is an important parameter because
an acidic pH inhibits both the presence and growth of microorganisms and can
also influence the texture of honeys, its stability and shelf life [41]. If the pH value
increases above 7.2, then the microorganisms have a favorable environment for
development and, therefore, the pH can be considered an indicator of microbial
growth [42]. pH values help identify the botanical origin of honey [43]. Free
acidity analysis is useful for assessing the freshness of honey. With the alteration
of honey, the value of free acidity increases as a result of the fermentation of su-
gars into organic acids [44]. Thus, the free acidity depends directly on the or-
ganic acids present in honey, but also on the harvesting season, as well as on the

geographical origin [45] [46].

3.3. Electrical Conductivity

The electrical competitiveness of the honey samples ranged from 161 to 775
uS/cm. Electrical conductivity is a parameter that provides information about
the botanical origin of honey. The analysis of this parameter is very often used,
being considered a good criterion to be able to identify the botanical origin and
implicitly the purity of honey [47]. Electrical conductivity is positively correlated
with ash content and acidity due to the presence of ions, acids and organic pro-
teins [48]. The limits of this parameter specified by the standards are 500 - 800
uS/cm for polyflora honey and below 500 uS/cm for monofloral honey, with
many exceptions [49], and values higher than 800 uS/cm are specific to manna
honey [50]. It has been observed that floral honey has a lower electrical conduc-
tivity than manna honey, confirming that this parameter is a quality indicator

that can be used as a means to distinguish manna honey from floral honey [51].
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3.4. Hydroxymethylfurfural (HMF)

As shown in Table 2, the HMF content of the honey samples analyzed in this
study ranged from a minimum of 8.13 mg/kg (sunflower honey) to a maximum
of 42.11 mg/kg (manna honey). The botanical origin had a significant influence
(p < 0.001) on this parameter. The hydroxymethylfurfural (HMF) content is a
parameter that indicates the degree of freshness of the honey and consequently
its degree of deterioration [52]. The causes of honey spoilage could be strong or
prolonged by heat treatment and inadequate storage conditions [53]. In avocado
honey, the hydroxymethylfurfural content (5-HMF) meets the legal criterion (40
mg/kg) for all samples, which has a maximum value of 27.1 mg/kg [54]. In a
study of honey samples from the state of Rio Grande do Sul (Brazil), the HMF
content ranged from 0.47 - 22.72 mg/kg which shows that these samples were
fresh because the HMF content was much below the maximum limit set in Brazil
(upper limit of 60 mg/kg) and below international standards (Codex, 2001 limit
of 40 mg/kg) [55]. In monoflare honey from Romania, it was reported that all
samples analyzed were fresh and had an HMF content below 40 mg/kg [56].

3.5. Total Phenolic and Flavonoid Contents

The polyphenol content in the analyzed samples ranged from 38.18 mg GAE/kg
honey for rapeseed honey to 831.09 mg GAE/kg honey for manna honey (Table
3). The functional properties of honey are related to the amount of natural anti-
oxidants in bee pollen and floral nectar [57].

The antioxidant effects of honey are attributed to the presence of phenolic ac-
ids, flavonoids, ascorbic acid, carotenoids, catalase, peroxidases, as well as Mail-
lard reaction products in the composition of honey [58]. In the case of Irish po-
lyflora honey, the total polyphenol content ranged from 2.59 to 81.10 mg
GAE/100 g of honey [59]. The variation of TPC in different types of honey de-
pends on their floral origin. In black grass honey has a higher average value for
TPC (20.12 + 0.55 mg/100g) compared to rapeseed honey [60]. The difference in
values is influenced by several factors, including the geographical origin, the
“purity” of the honey and the storage conditions [61].

Table 3. Total phenolic and flavonoid contents and antioxidant activity of three honey
samples.

Total phenolic content Total flavonoid content DPPH scavenging

T fh
ypes of honey (mg GAE/kg honey) (mg QUE/kg honey) activity %

sunflower honey

42.81 + 11.06* 134.19 + 8.11° 18.16 + 1.02°

(n=6)
rapeseed honey
38.18 £ 3.27* 28.41 +11.72° 16.03 + 0.91°
(n=>5)
manna honey b a b
831.09 + 21.19 151.72 + 11.05° 72.03 £ 1.17
(n=7)
I h
po yﬂora oney 89.99 +9.12* 41.31+1.18° 17.07 £ 0.47*
(n=10)
Note: a-d:in each column different letters mean significant differences (p < 0.05).
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The flavonoid content in the analyzed honey samples ranged from 28.41 mg
QUE/kg honey for rapeseed honey to 151.72 mg QUE/kg honey for manna ho-
ney (Table 3). Honey flavonoids can come from pollen, nectar or propolis [62].
They have a low molecular weight and are vital components for the aroma of

honey and its antioxidant properties [63].

3.6. DPPH

The values of the antioxidant activity obtained in the analyzed honey samples
were between 16.03% (for rapeseed honey) and 72.03% (for manna honey). The
DPPH method with the stable organic radical 1,1-diphenyl-2-picrylhydrazyl is
used to determine the free radical scavenging activity. DPPH radical inhibition
activity is a parameter that varied significantly (p < 0.001) depending on the bo-
tanical origin of the analyzed honey samples. In the case of honey samples from
other geographical regions, values of 33.4% - 85.5% were reported for honey
from Tabasco [64]; for honey in Lithuania, the DPPH values are between 31.1%
and 86.9%. It is worth mentioning that high values are characteristic for honey
in Romania. Serbian sunflower honey has values between 33.18% and 40.18%
[65]. The activity of inhibiting DPPH radicals in rapeseed honey from Slovakia
was reported by 11.76%, and in the same type of honey from Poland it was
21.21% [66].

3.7. Correlation between Parameters

In order to establish the possible relationship between the studied parameters, a
correlation matrix was created presented in Table 4.

According to the Pearson correlation coefficients (Table 4), an extremely high
correlation was observed between TPC and DPPH, suggesting that TPC had the

greatest influence on the antioxidant activity of the examined honey samples.

Table 4. Pearson’s correlation coefficients for color and physico-chemical parameters,
antioxidant activity, flavonoids, phenolic compounds in honey samples.

Color HMF MC FA pH EC DPPH TFC TPC

Color 1
HMF -0.562591 1
MC 0.026051 -0.185017 1
FA 0.998361 0.712842 0.058919 1
pH 0.998244 -0.52899 -0.02219 0.987711 1
EC 0.999411 -0.62307 -0.00861 0.989674 0.999001 1
DPPH 0.996113 -0.62111 —-0.065156 0.969611 0.999510 0.999233 1
TEC 0.997743 -0.61302 0.0948  0.95567 0.999831 0.989001 0.999933 1

TPC 0.997511 -0.50011 -0.04084 0.99997 0.999003 0.997103 0.99602 0.99121 1
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Pearson’s correlation between color, hydroxymethylfurfural (HMF), moisture
content (MC), free acidity (FA), pH, electrical conductivity (EC), antioxidant ac-
tivity (DPPH), total flavonoid content (TFC), total phenolic content (TPC).

4. Conclusion

Each type of honey has a distinct taste and aroma and the presented results of
the physico-chemical analyses show a great variability between the types of ho-
ney analyzed. Monofloral honeys are considered a more valuable class of honey,
often obtaining higher prices than honey mixtures. In European countries, 30%
to 50% of marketed honey is mono-floral. Polynomial analysis showed that all
types of honey correspond to the declared type. However, the physico-chemical
and biological parameters of manna honey activity showed that it should not be
neglected. The results presented also showed that manna honey possesses an
important content of phenolic compounds compared to the other honey samples
investigated. Based on the results, sunflower honey, rapeseed honey, manna ho-
ney and polyflora honey have a valuable potential and can be recommended for
use in the human diet as foods with valuable biological properties. The research
found that honey from the south of the Republic of Moldova corresponds to the
European current requirements and norms. At the same time, the analyzed
manna honey has an increased biologically active value and can be included in

the list of recommended honey types for export.
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