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Abstract. Three types of monofloral honey (rapeseed honey, buckwheat and lavender) from 
the Republic of Moldova were analyzed. The results of the palynological analysis showed 
that the samples had a dominant type of pollen (at least 45%). In the case of lavender 
honey, the pollen of the plant Lavandula angustifolia is present in an average value of 74.83 
± 0.3; in rapeseed honey - Brassica napus and for buckwheat honey -Fagopyrum esculentum 
in average values as follows: 56.07 ± 0.3 and 68.08 ± 0.2% respectively. The study of the 
content of biologically active substances showed that buckwheat honey is the richest in 
polyphenols (9.00 ± 0.11 mg gallic acid / kg) and carotenoids (4.24 ± 0.57 mg βcarotE / kg), 
and maximum content of flavonoids is in rapeseed honey (4.52 ± 0.28 mg catechin / kg). 
Thus, the obtained results confirm that the honey from the Republic of Moldova falls 
within the limits recommended by the international regulation assuming adequate working 
conditions, handling, collection and storage of honey by beekeepers from the Republic of 
Moldova. 

Keywords: honey, palynological analysis, physico-chemical properties, biologically active 
substances. 

Introduction 
The importance of beekeeping 
For many years, honey was the only sweetener available, being an important food for 

Homo Sapiens since its inception [1], but the relationship between bees and human began in 
the Stone Age. During the evolution of mankind, bee honey was a valuable food product. Very 
often it was a commercial currency and had a high price. Some taxes could be paid with bee 
honey [2]. There has always been a strong connection between humans and bees. This 
relationship is largely based on the fact that 80% of the world's plants are pollinated by bees 
[3]. Beekeeping is becoming a key occupation for generating additional income for rural 
people, especially in developing countries [4]. It does not take a lot of capital to practice 
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beekeeping. This form of activity has a low maintenance and generates good income in a 
short period of time. [5, 6].  

Beekeeping has the unique ability to contribute to the achievement of 15 of the 17 
goals mentioned by the United Nations Sustainable Development Goals and among the most 
important goals are: eradication, poverty and hunger, contributing to maintaining health and 
a healthy lifestyle, achieving sustainable production and consumption systems, developing 
entrepreneurship, gender equality and others [7]. 

Characteristic of the beekeeping sector in the Republic of Moldova 
Agriculture is one of the vectors of image of the Republic of Moldova and is a strategic 

sector of national importance, whose operation takes place under the social, climatic and 
economic impact, but also other specific factors, which determine the uniqueness of this 
sphere [8, 9].  

In the context of its aspirations to become a member of the European Union, reforms 
in the agri-food sector must comply with EU regulations, which will allow it to adapt to the 
demands of international markets, especially in the field of food safety, security and 
authenticity. In this context, the report entitled "Evaluation of the National Food Control 
System of the Republic of Moldova [10] presented by the FAO [11] shows that in the agri-
food sector, it is necessary to strengthen relations between producers, processors, exporters, 
representatives of academia and institutes. research to ensure the sustainability and 
authentication of food.  

Among the agricultural crops that provide bees with nectar and pollen are sunflower, 
rapeseed and buckwheat, which are grown on large areas, so bees participate in their 
pollination by influencing the quality and quantity of seeds obtained.  

The surfaces of the fruit plantations from the agricultural enterprises and the peasant 
households represent 44,323 ha, and for their pollination approximately 132,969 bee families 
are necessary. 

In the Republic of Moldova during the years 2008 - 2017 was reported a slight increase 
in the number of bee families, their number ranging from 98.3 thousand in 2008 to 148.1 
thousand pieces, in 2017, 1.51 times higher. Currently, over 5,250 apiaries have passports. 

Honey on the market of the Republic of Moldova 
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.  

According to a study conducted by the Organization for Investment Attraction and 
Export Promotion of Moldova in 2012, the annual costs of operating a hive are around US $ 
58. The honey-commodity productivity of bee families is around 24 kg / season, being closely
dependent on the annual climatic conditions [12].

Compared to neighboring countries, the volume of exports to the European Union of 
the Republic of Moldova is relatively small. 

At the same time, the quality of local honey is high (especially the glucose / fructose 
ratio), although its price is not highly competitive compared to the main competitors - 
Ukraine, China and Argentina. Thus, for the Republic of Moldova the opportunity to access 
the market is the sale of quality honey, including organic [13].  
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Honey export from Republic of Moldova 
Maximum 15% of the total volume of honey produced in the Republic of Moldova is 

consumed locally. The main distribution channel consists of friends, neighbors and relatives 
of beekeepers. 

The price of honey sold to individuals is twice as high as the wholesale price offered 
by large intermediaries. However, low wholesale prices as well as high production costs stop 
investment in the honey production sector. 

The remaining about 85% of production volume is currently exported. For our country, 
the main market is that of the European Union, which assimilates over 90% of exported 
honey, and in 2015 the ratio was 98%. The main destinations of local honey are Italy, 
Germany, France, Slovakia, as well as some smaller, but still considerable markets such as 
Romania, Poland, Denmark, etc. (Table 1) [14]. 

Tabel 1 
Export of honey from the Republic of Moldova in tons and thousands of US dollars [9] 

Destination 2016 2017 2018 2019 
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Total 3 160,3 8 
844,7 

5 
010,5 

14 049,9 94 123,5 11 740,8 3 
888,9 

11 584,5 

Including EU countries: 
Italy 632,5 1 

887,0 
867,7 2 680,4 784,2 2 523,5 923,8 3 055,6 

Germany 535,9 1 
370,1 

445,3 1 176,4 424,8 1 090,5 264,7 705,0 

France 336,0 1 
106,8 

756,0 2 205,5 546,0 1 601,7 525,0 1 651,0 

Slovakia 251,1 700,5 468,9 1 439,7 471,8 1360,2 660,1 1 794,9 
Romania 822,5 2 

304,9 
1 
490,9 

3 928,1 619,9 1 671,3 645,9 1 893,5 

Poland 46,9 122,2 181,9 487,1 442,7 1 391,7 129,0 541,0 
Danemark 60,3 140,4 - - - - - - 
Austria 121,2 288,5 80,0 153,1 - - 21,0 55,5 
Belgium 102,3 226,3 - - - - 21,0 53,2 
Other countries of the world: 
Macedonia 126,0 319,5 168,0 417,1 252,0 604,6 63,0 151,3 

The Republic of Moldova exported a record amount of honey worth $ 14.0 million in 
2017. Exports increased from 245 tons in 2006 to 5010 tons in 2017. Honey is the only animal 
product that is exported to the EU, as it meets import requirements from EU third countries 
for products of animal origin. To achieve this, it is necessary to demonstrate that the country 
has a "residue monitoring mechanism" established for the analysis of honey for residues of 
antibiotics, sulphonamides, pesticides and heavy metals, as defined in the veterinary standard 
on measures for the supervision and control of certain substances and their residues in live 
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animals and their products, as well as of residues of veterinary medicinal products in products 
of animal origin, approved by Government Decision no. 298/2011 (harmonized with the 
provisions of Council Directive 96/23 / EC of 29 April 1996 on measures to monitor certain 
substances and their residues in live animals and animal products (EU OJ of 23 May 1996, L 
125 , p. 10). 

 

Adulteration and physico-chemical characteristics of honey 
Adulteration of honey is generally a major concern of consumers but also of honest 

producers. Honey adulteration has been a challenge for analysis for decades. Adulteration 
has been used to increase economic benefits by adding honey or sugars at reduced prices 
during production or processing. In addition, these food adulterants are often unique, so they 
avoid being detected by routine tests [15]. In previous studies, various methods have been 
used to test the authenticity of honey, such as near-infrared spectroscopy, anion exchange 
chromatography coupled with pulsed amperometric detection [16], nuclear magnetic 
resonance [17, 18] high performance liquid chromatography [19, 20] Fourier transform 
infrared spectroscopy [21] and the 13C / 12C isotope ratio analysis method [22, 23]. 

The composition of bee honey represents is a natural, very complex mixture 
containing various chemical compounds. These compounds give bees honey important 
biological properties, such as the ability to promote wound healing [24], antimicrobial and 
anti-inflammatory capacity [25]. Antioxidant capacity is associated with its content of 
antioxidant compounds, such as polyphenols [26]. 

  Its antimicrobial properties are associated, in particular, with the osmotic properties 
of bee honey, as well as with the presence of hydrogen peroxide and other minor compounds 
without peroxide, such as polyphenols and a special protein known as defensin-1 [27, 28]. 

The purpose of this study was to demonstrate the authenticity of honey by 
palynological analysis and to highlight the physico-chemical composition and biologically 
active compounds of some types of honey in the Republic of Moldova. 

 

2. Materials and methods 
This study was conducted using honey declared by beekeepers to be buckwheat, 

rapeseed and lavender purchased from local producers in Chisinau. The research was 
conducted between November 2020 and January 2021 in the laboratories of the Department 
of Food and Nutrition of the Faculty of Food Technology of the Technical University of 
Moldova. During the research, the honey samples were kept in laboratory conditions, packed 
in sealed glass jars at a temperature of 21 ± 2 ° C. 

Palynological analysis 
It was performed by microscopic analysis according to the method of Lutier and 

Vaissière (1993) [29,30]. 
Humidity 
Mass fraction of water was determined using Honey humidity refractometer ATAGO 

4422 PAL-22S, 12.0 to 30.0 %, acc. ±0.2%. 
Determination of pH 
The pH of the samples was measured potentiometrically at 20 ° C. The pH meter was 

used (HANNA HI9124, Germany). The research solutions were prepared by dissolving 1 g of 
bee honey in 10 ml of distilled water. 
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Determination of Acidity 
Free acidity was determined by titrimetric method. It is based on the titration of the 

honey sample diluted with water, with 0.1 n NaOH in the presence of phenolphthalein as 
indicator. 

Diastase index 
The basis of this method is the determination of amylase activity. The diastase index 

is defined as the number of milliliters of starch solution (1%) which has been converted to 
dextrin for one hour at temperature 45 ° C at the optimum pH of amylase containing 1 g of 
sample. 

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 compound. When the Fiehe reaction is positive, 
the honey is considered suspicious and the deconfirmation test is further performed by 
determining the hydroxymethylfurfural content. 

Determination of total sugar content 
The honey bees were dissolved in distilled water to obtain a 25% (w / v) solution. The 

total sugar content of the honey samples was determined using the refractometric method 
(portable refractometer ATAGO PAL-22S, Japan). The sucrose content was expressed in g / ml 
of honey. 

Reducing sugar 
To determine the reducing sugar (by the Elser method) it was taken into account that 

glucose and fructose, in the free state, have the ability to reduce copper sulfate in an alkaline 
and hot environment, which it transforms into copper oxide. The amount of copper oxide that 
is formed under specific working conditions is proportional to the concentration of the two 
reducing sugars in the solution to be researched. 

Sucrose content 
For the determination of sucrose (by Elser method) the direct reducing sugar was 

determined before and after inversion (acid hydrolysis), and from the difference sucrose is 
calculated. 

Determination of flavonoids 
The total flavonoid content was determined using the colorimetric method [31]. 

Sample of 1 ml bee honey was mixed with 4 ml of distilled water. 0.3 ml of NaNO2 (5%, w / 
v) was added. After 5 min, 0.3 mL of AlCl 3 (10% w / v) was added. This was followed by the
addition of 2 mL of NaOH (1N) 6. The volume of the mixture was adjusted to 10 ml by the
addition of 2.4 ml of distilled water. The composition was stirred (VORTEX V-1 plus, BioSan)
to ensure a homogeneous mixture. The absorbance was read at 510 nm. Results were
expressed as mg equivalent of catechin (CEQ) per kg of honey.

Determination of total polyphenol contents 
Total polyphenol contents were determined using the Folin-Ciocalteu colorimetric 

method [40]. The honey sample solution (0.1 mL) was mixed with Folin-Ciocalteu reagent 
(0.5 mL) and Na2CO3 (0.4 mL of 7.5%), and the absorbance was measured at wavelength 765 
nm after 10 min at temperature 37°C. Total polyphenol contents were expressed as mg GAE 
gallic acid equivalents /100 g honey.  
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Determination of total carotenoid content 
The total carotenoid content was determined spectrophotometrically a previously 

published method [32]. The absorbance was determined at wavelength 450 nm. The results 
were expressed as mg of β-carotene equivalents (βcarotE) per kg of honey (mg βcarotE / kg 
of honey). 

 

Statistical Analyses  
All analyzes were performed in triplicate, and the results were expressed as mean 

values with standard deviations (SD).  
The significant differences represented by letters were obtained by a one-way analysis 

of variance (ANOVA) followed by Tukey’s honestly significant difference (HSD) post hoc test 
(p < 0.05). Correlations were established using Pearson’s correlation coefficient (r) in bivariate 
linear correlations (p<0.01). These treatments were carried out using Microsoft office Excel 
2007 and SPSS v. 18.0 program. 

 

3. Results 
Palynological analysis of honey 
One of the fundamental criteria for the quality of honey that influences its commercial 

value is the declaration of botanical and geographical origin.  
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 indicated by beekeepers. 
The pollen grains identified and their frequency in the three types of honey analyzed are 
shown in Table 2. 

The results of the quantitative pollen analysis showed that the samples always had a 
dominant pollen type (at least 45%) and can be classified as monofloral thus confirming the 
name declared to the consumer as follows: buckwheat honey, rapeseed honey and lavender 
honey.  

Monofloral status usually means the presence of pollen of the same type in the amount 
of more than 45% of the total pollen content in the sample. 

We notice that in the analyzed samples the content of a single type of pollen is much 
higher than: the minimum figure in the case of lavender honey is present the pollen of the 
plant Lavandula angustifolia in average value of 74.83 ± 0.3; for rapeseed honey - Brassica 
napus pollen and for buckwheat honey the dominant pollen Fagopyrum esculentum is present 
in average values as follows: 56.07 ± 0.3 and 68.08 ± 0.2%. 

 

Table 2 
Palynological characteristic 

The type of 
honey 

declared 

Pollen type Examples 
of images 

of 
dominant 

pollen 

Sunflower 
(Helianthus 

annuus) 

Acacia 
(Robinia 
pseudo 
acacia) 

Rapeseed 
(Brassica 
napus) 

Buckwheat 
(Fagopy 

rume 
sculentum) 

Lavender 
(Lavandula 

angustifolia) 

Buckwheat 
(n=5) 
Presence 
% 
average± SD 

 
 
3 S, 2 IM 
53.5, 46.7 
22,4±0,1 

 
 
2 IM, 3 S 
13.3, 86.7 
8,47±0,3 

 
 

 
 
5 PM 
100 
68,08±0,2 

 
 
5 M 
100 
1,05±0,1  
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Continuation Table 2 
Rapeseed 
(n=5) 
Presence 
% 
average± SD 

3 IM, 2 M 
53.5, 46.7 
24,31±0,3 

2 IM, 3 M 
13.3, 86.7 
19,62±0,2 

5 PM 
100 
56,07±0,3 

Lavender 
(n=5) 
Presence 
% 
average± SD 

2 IM, 3 M 
13.3, 86.7 
13,01±0,1 

2 M 
100 
10,11±0,1 

1 M 
100 
2,05±0,2 

5 PM 
100 
74,83±0,3 

Note: predominant pollen (>45%) - P; secondary pollen, (16–45%)-S; important minor pollen, (3–15%)-IM; minor 
pollen, (1–3%)-M.  
n = sample size 

It should be noted that the pollen Helianthus annuus and Robinia pseudoacacia is 
present in all three types of honey analyzed, either as secondary pollen, as important minor 
pollen or as minor pollen. At the same time, the variations of the nectar content, together 
with other factors such as climatic and geographical conditions, soil type, practices applied 
by beekeepers and others, contribute to the existence of different types of honey and imprint 
their botanical origin [33 - 35]. 

Physico-chemical characteristics of the samples 
Table 3 presents the physico-chemical parameters of the types of honey from the 

Republic of Moldova under study. Depending on the borane origin of honey, significant 
differences were observed in some of the physico-chemical parameters (p <0.05). 

The moisture content of Apis mellifera honey is well defined by international quality 
standards [36]. A high moisture content in honey can affect both its quality and its biological 
activity and organoleptic properties [37]. According to the results obtained, all honey samples 
examined were within acceptable limits. It is known that the moisture content of honey also 
depends on the ecological and geographical conditions, the maintenance of the apiary and 
the storage of the finished product [38, 39]. Thus, the results obtained suggest adequate 
working conditions, processing, collection and storage of honey by beekeepers from the 
Republic of Moldova. 

Table 3 
Physico-chemical parameters 

Rapeseed 
(n=5) 

Buckwheat 
(n=5) 

Lavender 
(n=5) 

Mean 

Humidity % 22,0±0,01 15,60±0,02 17,00±0,01 18,2± 0,03 
Ash, % 0,9±0,03 1,1±0,06 0,17±0,02 0,72±0,04 
pH 3,32±0,10 3,48±0,11 3,68±0,04 3,49±0,08 
Total acidity, cm3 9,98±0,03 22,09±0,01 7,11±0,01 13,06±0,17 
Hydroxymethylfurfural 
(mg/kg of honey) 

70,81 ± 0,06 13,78 ± 0,04 27,16 ± 0,03 37,26±0,04 

Diastase index (cm3/g) 22,13 ± 0,01 19,12 ± 0,03 14,11 ± 0,02 28,45±0,02 
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Continuation Table 3 
Water insoluble matter:     
Cereal flour Lack Lack Lack 
Gelatin Lack Lack Lack 
Starch Lack Lack Lack 

 

It is known that honey is acidic nature. The values of pH obtained in the honey samples 
varied between 3.32 and 3.68 and fall within the previously reported values [40, 41]. 

Hydroxymethylfurfural (HMF) is used as an indicator of honey freshness [42]. In fresh 
honey, HMF may be absent or in small amounts, while high levels of HMF (> 80 mg / kg) 
indicate that honey may have been stored and handled in inappropriate conditions, such as 
abuse of high temperatures [43]. In the three types of honey analyzed, the HMF content was 
13.78 ± 0.04 mg / kg for buckwheat honey, 27.16 ± 0.03 mg / kg for lavender honey and 70.81 
± 0.06 mg / kg for rapeseed honey. According to the presented results, all samples from the 
three types of monofloral honey analyzed were within the recommended limits and were in 
accordance with international regulations for this type of honey. 

The diastatic index ranges from 14.11 ± 0.02 for lavender honey to 22.13 ± 0.01 for 
rapeseed honey. At the same time for buckwheat, this index is 19.12 ± 0.03. The mean for the 
samples under study was 28.45 ± 0.02. It should be noted that water-insoluble substances 
(cereal flour, gelatin or starch) were not detected. The presence of impurities in the end 
product of beekeeping can be introduced during preparation, process of centrifugation or 
process of packaging. An improper honey filtering process can be a source of insoluble 
substances in the finished product. Therefore, during this process, honey passes through 
several sieves [42]. No water-insoluble substances were detected in the analyzed honey. At 
the same time, the water-insoluble ingredients (at temperature +80°C), present in honey, 
constitute the residue left after filtering the honey solution. High-quality honey should not 
contain more than 0.1g/100g of insoluble ingredients, except for pressed honey (norm: not 
more than 0.5g/100g) [44]. 

 

Total Sugar Content 
None of the samples examined exceeded the maximum sugar content set for the total 

sugar content (Table 4) by the European Community Directive [44]. 
Means obtained are compared by using One-way ANOVA. In column, values with 

different superscripts letters indicate significant differences (p< 0.05) 
 

Table 4 
Total Sugar Content 

 Rapeseed 
(n=5) 

Buck wheat 
(n=5) 

Lavender 
(n=5) 

Mean 

Total sugar 
content mean ± 
SD% (g/mL) 

69,82±1,04a 66,61±0,42b 61,09±0,40a 65,84±0,62 

Reducing sugar 
mean ± SD (%) 
g/g 

61,12±0,61a 62,14±0,51b 67,07±0,47a 62,44±0,53 

Sucrose mean ± 
SD (%) 

2,32±0,61 1,92±0,76 2,52±0,21 2,25±0,53 
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From the above we can see that the total sugar content is the highest in the samples 
of rapeseed honey and is 69.82 ± 1.04 g / ml, followed by buckwheat honey with a content 
of 66.61 ± 0.42 g / ml and then lavender honey with 61.09 ± 0.40 g / ml. Thus, the average 
total sugar content in the 15 samples analyzed was 65.84 ± 0.62 g / ml. 

Bioactive compounds 
Polyphenols, flavonoids and carotenoids were present in all samples subjected to the 

study (table 5). 
Table 5 

Content of bioactive substances 
Rapeseed 

(n=5) 
Buckwheat 

(n=5) 
Lavender 

(n=5) 
Mean 

Polyphenols  
mean ± SD 
(mg gallic acid/kg) 

6,20±0,17a 9,00±0,11a 5,20±0,08b 6,8±0,12 

Flavonoids 
mean ± SD 
(mg catechin/kg) 

4,52 ± 0,28a 2,09 ± 0,14b 0,81 ± 0,19c 2,47 ± 0,21 

Carotenoids  
mean ± SD 
(mg βcarotE/kg) 

2,60 ± 0,23a 4,24 ± 0,57b 0,70 ± 0,31c 2,51± 0,37 

Means obtained are compared by using One-way ANOVA. In column, values with 
different superscripts letters indicate significant differences (p< 0.05) 

The average polyphenol content was 6.8 ± 0.12 (mg gallic acid / kg), and for buckwheat 
honey the amount of 9.00 ± 0.11 (mg gallic acid / kg) was identified. The average content of 
flavonoids was 2.47 ± 0.21 (mg catechin / kg), and for rapeseed honey it was the highest 
content - 4.52 ± 0.28 (mg catechin / kg). Phenolic acid (non-flavonoids) and flavonoids are 
responsible for inhibiting oxidation and destroying free radicals. Them identification and 
classification are based on their chemical structures, which consist of one or more hydroxyl 
groups which are fused to a closed ring structure and that way produce an aromatic ring 
containing 6 carbon atoms with hydrogen atoms [45]. The color tone of honey is influenced 
by both physical and chemical indicators and the botanical origin of honey, which contributes 
to the diversity of its assortment. Such compounds as polyphenols, carotenes and minerals 
also affect color of honey [46, 47]. Flavonoids are considered substances with a major effect 
on chromatic parameters [48, 49]. While collecting nectar, bees transfer these biologically 
active compounds from plants to honey [50]. 

Conclusions 
This study showed following the palynological analysis that the three types of honey: 

rapeseed honey, buckwheat and lavender can be classified as monofloral thus confirming the 
name declared to the consumer. At the same time, the identification of the botanical origin 
of honey could be a useful tool for differentiating the product, in order to guarantee a better 
qualitative characterization and its traceability in itself. 

It was demonstrated that the physico-chemical properties of the samples under study 
were within the recommended limits and were in accordance with international regulations 
for these parameters. The content of biologically active substances: polyphenols, flavonoids 
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and carotenoids in the studied samples is of great importance, therefore, these types of 
product can be used as a natural food ingredient, as well as a rich source of antioxidants in 
the diet of the population. 
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