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Abstract: The aim of this paper was to conduct a comparative analysis of rapeseed honeys enriched
with various bee products: propolis (1%), bee bread (2%), and bee pollen (5%). The parameters
examined included water content, electrical conductivity, pH, free acid content, brown pigment
content, color analysis, total polyphenol content, sugar content, and antioxidant activity using the
DPPH method. The results demonstrated compliance with Polish requirements for commercial honey
quality, with one exception: honey containing 1% propolis, which had a water content of 21.15%. The
analysis results indicated that the tested bee products exhibited strong antioxidant properties, with
rapeseed honey enriched with 5% bee pollen showing the highest antioxidant activity and content.
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1. Introduction

Honey is a sweet substance produced by Apis mellifera bees from floral nectar, flowers,
or floral secretions [1]. Collected substances are mixed with specific compounds from
bees and then deposited by insects in beeswax honeycombs, where they mature [2]. This
product is consumed by humans for its unique organoleptic properties and nutritional
value, but also for its high functional properties and health benefits [3]. The characteristics
of honey vary depending on its botanical origin, geographical location, climatic conditions,
as well as processing and storage [4].

The carbohydrate composition of honey is primarily influenced by the type of flowers
used by bees for its production, the climate, geographical origin, processing, and storage.
Monosaccharides make up approximetely 75.00% of the sugars in honey, with 10.00-15.00%
composed of disaccharides and trace amounts of other sugars. These carbohydrates con-
tribute to energy value, hygroscopicity, viscosity, and granulation [5]. Fructose is the
dominant sugar in honey, but glucose is found in higher concentrations in certain varieties
such as rapeseed and clover honeys, which leads to faster crystallization [6].

Polyphenols found in honey include flavonoids, phenolic acids, and their derivatives,
conferring honey with its antioxidant and antibacterial properties [7,8]. Honeys may
contain various aromatic and aliphatic carboxylic acids, mainly hydroxy and methoxy
derivatives of cinnamic and benzoic acids, contributing to their sensory properties [8].

The classes of flavonoids present in honey include flavonols, flavones, and flavanones [9].
Common flavonoids found in honey are apigenin, kaempferol, quercetin, apigenin, hes-
peridin, pinocembrin, and isorhamnetin [10]. The most common phenolic acids in honey
include benzoic, caffeic, vanillic, coumaric, p-coumaric, salicylic, gallic, p-hydroxybenzoic,
phelluric, chlorogenic, and protocatechuic acids [8].

Bee pollen is popular for its nutritional components, comprising carbohydrates
(13.00-55.00%), lipids (1.00-13.00%), proteins (10.00-40.00%), fatty acids, enzymes, vita-
mins, flavonoids, and macro- and microelements. Phenolic compounds, comprising 1.60%
of bee pollen composition, are significant, including catechins, flavonoids, and phenolic
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acids. Among flavonoids, accounting for 1.40%, the main ones are quercetin, kaempferol,
and isorhamnetin, while in phenolic acids (0.20%), chlorogenic acid is predominant [11].

Bee bread is obtained from pollen, with the addition of bee digestive enzymes, honey,
nectar, and beeswax. The use of bee bread in food formulations is not only attributed
to its diverse range of bioactive compounds but also to its ability to control certain food
pathogens. It is anticipated that the utilization of bee bread will continue to grow due to its
antioxidant properties [12].

Propolis contains higher amounts of phenolic compounds than honeys, exhibiting
significantly higher antibacterial and antioxidant activity due to its constituents such as
flavonoids (kaempferol, galangin, quercetin), terpenes, and enzymes [13,14]. Propolis
is employed as an ingredient in candies and bio-pharmaceuticals, gaining popularity
as a natural preservative and source of bioactive compounds for food and beverages,
contributing to the improvement of shelf life and consumer health [13].

The addition of bee products to honey has become one way of introducing new prod-
ucts, such as functional food. Several experiments have been conducted to demonstrate the
advantages of such products. The findings indicate that incorporating propolis extract into
honey significantly increases the concentration of polyphenolic compounds, particularly
flavonoids and phenolic acids. Chrysin, pinocembrin, p-coumaric acid, and ferulic acid
were identified as the most abundant compounds. The addition of propolis extract, along
with an increase in polyphenolic compounds, resulted in enhanced antioxidant, antiradical,
and reductive activities. The obtained results suggest that honey enriched with propolis
extract can be an excellent source of antioxidants; however, the usefulness of this additive
depends significantly on changes in sensory characteristics and consumer acceptance [15].

The incorporation of both propolis and bee bread into lime honey improved its ability
to scavenge free radicals, attributed to the interaction between these bee-derived products.
Consequently, honey enriched with other bee products may be considered functional
food supplements with potent antioxidant properties and robust antibacterial activity,
particularly against E. coli [12]. In a study by Milek et al. 2023 [16], the bioactivity and
nutritional value of rapeseed honey enriched with a 10% addition of natural bee bread and
its substitutes obtained by bee pollen fermentation in laboratory conditions were compared.
Researchers reported a significant increase in antioxidant activity and polyphenol content in
the enriched honey samples. Furthermore, all tested honeys demonstrated genoprotective
potential against yeast DNA damage. The obtained results affirm the benefits of combining
honey with both bee bread and its substitute [16].

The aim of this study was to conduct a comparative analysis of the quality of rape-
seed honeys enriched with various bee products: propolis (1%), bee bread (2%), and bee
pollen (5%).

2. Materials and Methods
2.1. Test Materials

All four honeys were purchased from a Polish market in February 2022. The materials
used for the research were honeys from a single producer—Pogorze Family Apiary of
the Gatuszka Family. All products were rapeseed honey (base honey), and according
to the producer declaration, the same rapeseed honey was enriched with the addition
of 1% of propolis (powdered form), 2% of bee bread, and 5% of bee pollen. The prod-
ucts were purchased through the website of the store (https://pogorzanska-pasieka.pl/)
on 15 December 2022. According to the manufacturer’s declaration, the rapeseed honey
(base) did not contain any other ingredients, and its shelf life was until 30 June 2025.
The next honey was rapeseed honey enriched with 1% propolis (99% rapeseed honey),
with a shelf life until 28 February 2024, and it was produced based on the so-called base
honey. Subsequently, the rapeseed honey enriched with 2% bee bread had a shelf life until
30 August 2025, and it was also produced based on the base honey. The last product was
rapeseed honey with the addition of bee pollen (5%) and a shelf life until 24 February 2024,
which was also produced based on the base honey.


https://pogorzanska-pasieka.pl/
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2.2. Determination of Water Content in Honey by the Refractometric Method [17]

Approximately 5 & 0.001 g of honey was weighed into a test tube. The sample was
then placed in a water bath and heated to a temperature of 35-45 °C to achieve a liquid
consistency. Subsequently, measurements were taken by placing a few drops of honey on
the refractometer prism and reading the refractive index on the scale. The water content in
the sample was determined from a table expressed in weight percentages, corresponding
to the measured refraction, taking into account the ambient temperature other than 20 °C.
To obtain a temperature higher than 20 °C, 0.00023 was added to the result for each degree,
and in case of temperatures below 20 °C, this value was subtracted. The analysis was
conducted in three repetitions.

2.3. Determination of Specific Electrical Conductivity of Honey [17]

An appropriate amount of honey was weighed in a 250 mL beaker, and it was con-
verted to dry mass according to the formula:

M— 20 g * 100
mS

where:

M—honey weight [g],

MS—the content of dry matter, which is 100%, minus the water content.

The prepared sample, accurately measured to 0.0001 g, was dissolved in a small
volume of distilled water in a 100 mL measuring flask and filled to the mark. Before taking
measurements, the conductivity cell constant was determined by placing an electrode and
thermometer in a 40 mL solution of potassium chloride 0.1 M. When the solution reached
20 degrees Celsius, the electrical conductivity result was recorded in mS. The cell constant
K was calculated using the formula.

11.691 % 1
K=—""""
G

where:

K—cell constant [em 1],

G—electrical conductivity [mS], measured using a conductivity cell,

11.691—the sum of the average electrical conductivity value of freshly distilled water
expressed in mS x cm~! and the electrical conductivity of a 0.1 M solution of potassium
chloride at 20 °C.

Then, the electrode was rinsed with distilled water. The specific electrical conductivity
of honey was determined by placing the conductivity cell electrode in a 40 mL previously
prepared sample and calculated using the formula.

SH:K*G

where:
Sp—electrical conductivity of the honey solution [mS X cm1;
K—cell constant [cm™1];
G—conductivity [mS].
The analysis was conducted in three repetitions.

2.4. Determination of pH and Free Acids in Honey [17]

About ten grams of honey was dissolved in 75 mL of carbon dioxide-free distilled
water in a 250 mL beaker. To ensure thorough mixing, a magnetic stirrer was used, and
the pH electrode was immersed in the solution, and the reading was taken. In order to
determine the free acidity, a 0.1 M NaOH solution was prepared by dissolving it in a
1000 mL volumetric flask. Such a solution was then titrated with previously prepared basic
rapeseed honey samples, and rapeseed honey samples enriched with propolis, bee bread,
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or bee pollen until a pH of 8.3 was achieved. Free acidity [N] expressed in mval/kg of
honey was calculated from the formula:

N = Voam Naon * 10
The analysis was conducted in three repetitions.

2.5. Determination of Brown Pigments in Honey Using the Spectrophotometric Method [18]

About one gram of honey was weighed using a technical scale. The sample was
then dissolved in 5 mL of distilled water and mixed. Subsequently, the sample was
transferred to a cuvette, and the absorbance was measured using a Shimadzu UV mini-1240
spectrophotometer (Shimadzu™, Kyoto, Japan)at a wavelength of 420 nm. The analysis
was performed in three repetitions.

2.6. Analyzing the Color of Honey Using the Spectrophotometric Method [19]

About five grams of honey was weighed using a technical scale. The sample was
then dissolved in 10 mL of distilled water, mixed, and filtered through a fluted filter. The
absorbance was measured at a wavelength of 635 nm using a Shimadzu UV mini-1240
spectrophotometer. The color of the honey was expressed in Pfund units, calculated using
the formula:

mm Pfund = —38.70 + 371.39 x Abs

where:
mm Pfund—honey color intensity in Pfund units;
Abs—sample absorbance.
The analysis was performed in three repetitions.

2.7. Determination of the Total Polyphenol Content Using the Folin—Ciocalteu
Method—Microplate Method [20]

Preparation of honey extract: 3 £ 0.001 g of honey was weighed into a 50 mL conical
flask and dissolved in 30 mL of methanol. In a microplate, using an automatic pipette,
the following extracts and reagents were added sequentially: 20 uL of honey extract (in
3 repetitions), 100 pL of Folin—Ciocalteu reagent diluted in a 1:10 ratio, and 75 pL of sodium
carbonate 20% (m/v) solution. The prepared samples were then left in the dark at room
temperature for 2 h. After the specified time, the absorbance was measured at a wavelength
of 740 nm using a microplate reader (SPECTROstar Nano by BMG LABTECH, Offenburg,
Germany). A solution of gallic acid was used as a standard to prepare the standard curve (in
the range of 0.1-2 1g/100 cm?), and only the reagents used to prepare the proper samples
and the standard curve were used for the blank sample. The total content of phenolic
compounds was expressed in mg of gallic acid equivalent (GAE) per 100 g of the sample.
The analysis was performed in three repetitions.

2.8. Determination of the Antioxidant Capacity of Honey Using the DPPH Free
Radical—Microplate Method [21,22]

Preparation of honey extract: 3 £ 0.001 g of honey was weighed into a 50 mL conical
flask and dissolved in 30 mL of methanol. Specific determination: In a microplate, using
an automatic pipette, the following were added sequentially: 20 puL of honey extract (in
3 repetitions) and 180 pL of DPPH solution in methanol at a concentration of 0.1 mmol/L.
Methanol and DPPH solution were used as a control, while methanol was used as a blank
sample. The prepared samples were left at room temperature in the dark for 60 min.
After the specified time, the absorbance was measured at a wavelength of 515 nm using a
microplate reader (SPECTROstar Nano by BMG LABTECH). The antioxidant activity was
expressed as AA [%] of the DPPH+ radical and calculated using the formula:

Ap— A
AA [%] = 100% s (A= 4p)
Ak
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where:
Ax—absorbance of the control sample;
Ap—absorbance of the proper sample.

2.9. Determination of Sugar Content by HPLC Method [23]

Stock standard solutions of fructose, glucose, and sucrose (Sigma Aldrich, St. Louis
and Burlington, MA, USA) were prepared in distilled water to achieve a final concentration
of 1 mg/mL. For the honey sample solution, 1 g of honey was diluted with water to prepare
a 10 mL solution. The honey extract was then vortexed to ensure complete dissolution.
Both standards and samples were filtered using a syringe nylon filter before HPLC analysis.
HPLC analysis was performed on a Shimadzu LC-40DXR Nexera system equipped with an
SCL-40 system controller, SIL-40CXR autosampler, CTO-40C column oven, and ELSD-LT
II detector. Chromatographic separations were conducted on a Phenomenex Luna NH2
column (5 um particle size, 250 mm x 4.60 mm, 100 A) (Phenomenex, Torrance, CA, USA)
with isocratic elution of acetonitrile-water (78:22, v/v). The column oven temperature was
set at 30 °C, and the injection volume was 10 uL. The mobile phase was pumped through the
HPLC-ELSD system at a flow rate of 1.5 mL/min. Each run was completed within 12 min.
The temperature of the evaporative drift tube was set at 40 °C, and nitrogen pressure was
regulated to 350 kPa, while the gain and filter values were set at 7 and 10, respectively.
Identification of sugars was achieved by comparing the retention times of obtained peaks
with the retention times of their chromatographic standards. Triplicate injections were
performed, and average peak areas were used for peak quantification. Fructose, glucose,
and sucrose were quantified using external standards and their calibration curves.

2.10. Determination of Phenolic Compounds by HPLC Method [23]

Stock standard solutions of 7-hydroxyflavone, gallic acid, quercetin, catechin, and
epicatechin gallate (Sigma Aldrich) were dissolved in methanol, the final concentration
was 1 mg/mL. Each sample (1 &£ 0.2 g) was dissolved in 10 mL methanol-water (80:20, v/v)
in a volumetric flask. Extraction was performed on a vortex at room temperature for 1 h.
Extracts were filtered through nylon syringe filters with a pore size of 0.45 um directly into
chromatography vials.

HPLC analysis was performed on a Shimadzu LC-40DXR Nexera system equipped
with an SCL-40 system controller, SIL-40CXR autosampler, CTO-40C column oven, and
an SPD-M40 photo diode array detector (Shimadzu Scientific Instruments, Kyoto, Japan).
Chromatographic separation was performed using a Phenomenex Kinetex C18 column
(5 pm particle size, 150 mm x 4.60 mm, 100 A (Phenomenex, USA) with isocratic elution
of acetonitrile-0.1% acetic acid (87:13, v/v). The column oven temperature was 22 °C,
and the injection volume was 20 pL. The mobile phase was pumped through the HPLC-
DAD system at a flow rate of 1 mL/min. Identification of phenolic compounds was
performed by comparison of the retention times of obtained peaks with retention times of
their chromatographic standards at wavelengths of 272 and 330 nm. Triplicate injections
were performed, and average peak areas were used for the peak quantification. Phenolic
compounds were quantified with external standards and their calibration curves.

2.11. Statistical Analysis

The obtained results were statistically analyzed using STATISTICA 13.0 software by
one-way analysis of variance ANOVA. To determine the significance of the differences
between the mean values for example polyphenol content, in particular samples, Tukey’s
test was used with a significance level of p = 0.05. Differences at a confidence level of 95%
(p < 0.05) were considered statistically significant.
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Water content [%]

25
20
15
10

3. Results and Discussion
3.1. Water Content in Honeys

The measured water content, depicted in Figure 1 in the examined samples fluctuated
within the range of 16.99% to 21.15%. The average water content in the products was
17.88%. Polish legal requirements stipulate that the water content in honey should not
exceed 20.00%, with the exception of honeydew and heather honey. Rapeseed honey
enriched with 1% propolis exhibited the highest water content, while the lowest was
observed in pure rapeseed honey. The elevated water content in honey, attributed to
the addition of 1% propolis, may be influenced by the quality of the added propolis, as
indicated by Sauri-Duch et al. 2021 [24]. The moisture content in raw propolis, as reported
in their study, ranged from 1.96% to 8.26%. Milek et al., 2023 [16], described that water
content in rapeseed honey with 10% of bee bread was between 17.4 and 17.8%, and in
honey with 10% bee pollen, it ranged from 16.45% to 17.85% [16].

21.15
16.99 !-I— 17.84
T 15.53
b
a a a

Rapeseed honey Rapeseed honey Rapeseed honey Rapeseed

+1% propolis +2% beebread  honey+5% bee
pollen

Figure 1. The water content in the investigated rapeseed honeys. a,b—groups statistically significant
at the significance level p < 0.05.

3.2. Determination of the Specific Electrical Conductivity of Honeys

The specific electrical conductivity of honeys primarily depends on the quantity of
acids and mineral compounds present in the product. This parameter is used to determine
the commercial quality of the analyzed honey [25]. According to this regulation, the specific
electrical conductivity of edible honeys should not exceed 0.8 mS/cm, with exceptions
for honey mixtures (honeydew honey, chestnut honey, chestnut honeydew honey). In all
samples of rapeseed honey and rapeseed honey with additives, this value ranged from
0.15 mS/cm (rapeseed honey) to 0.33 mS/cm (rapeseed honey + 5% bee pollen) (Figure 2).

The results obtained from the conducted analyses, show that all of the products met the
specified requirements for honey [25]. In samples from China, the electrical conductivity
ranged from 0.13 mS/cm to 0.23 mS/cm, with an average value of 0.17 mS/cm [26].
Majewska and Kowalska 2011 [27], in their study of honey from Warsaw retail stores and
directly from beekeepers, obtained a result of 0.10 mS/cm for rapeseed honey [27]. A
similar analysis was conducted by Chomaniuk et al. 2016 [28], resulting in the following
specific electrical conductivity values for rapeseed honeys: 0.22 mS/cm, 0.17 mS/cm,
0.19 mS/cm, and 0.3 mS/cm [28]. According to Habryka et al. 2020 [15], the addition
of 1% of propolis to multifloral honey did not change the specific conductivity value
(0.493 mS/cm) in comparison to multifloral honey without propolis (0.500 mS/cm). The
specific conductivity in rapeseed honey with a 10% addition of bee pollen was in the range
0.424-0.665 mS/cm, and in honey with a 10% addition of bee bread, it was lower and in
the range 0.528-0.537 mS/cm [16].
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Specific Electrical
Conductivity [mS/cm]

4.4
4.2
4.0
- 38
36
3.4
3.2
3.0

0.40

0.35

0.30 0.26
0.25

0.20 0.15 0.16 1
0.15

0.10 b
0.05
0.00

0.33

Rapeseed honey Rapeseed honey Rapeseed honey = Rapeseed
+1% propolis  +2% bee bread honey+5% bee
pollen

Figure 2. The specific electrical conductivity of honeys. a—d—groups statistically significant at the
significance level p < 0.05.

3.3. Determination of pH and Free Acids in Honey

Based on the data presented in Figure 3, it can be observed that rapeseed honey
exhibited the lowest pH value at 3.6, while the highest, equally, was observed in rapeseed
honey with the addition of propolis (1%) and bee pollen (5%)—both at 4.2. In rapeseed
honey with addition of bee bread (2%), the pH value was 4.0. Analyzing the literature data
related to rapeseed honey, similar pH values can be reported. In Popek’s research [29] on
the acidity of various types of honey, rapeseed honey had a pH level of 3.7. Molenda and
Sowiriska 2020 [30] obtained a result of 3.6. On the other hand, in a study by Kaczmarek
et al. 2019 [31], a greater difference in pH was noticed in the analyzed samples, with a
result of 4.22. Zhang et al. 2021 [32] investigated the maturity index of raw rapeseed honey
from 29 March to 13 April 2019, obtaining a pH value ranging from 3.5 to 3.7. According
to Costa et al. 2017 [33], the pH for bee pollen ranges from 3 to 4. Mitek et al. 2023 [16]
reported that after the addition of 10% bee pollen to rapeseed honey, the average pH of
the product was lowered and reached 4.35. Moreover, the addition of 10% bee bread to
rapeseed honey lowered its pH from 4.25 to 3.96 [16]. These differences can be caused by
the quality of the used bee products, e.g., propolis, bee bread, and bee pollen.

in 42
r— 4.0 F
3.6
C C
b
a

Rapeseed honey Rapeseed honey Rapeseed honey Rapeseed
+1% propolis +2% beebread  honey+5% bee
pollen

Figure 3. The pH level in rapeseed honey. a-c—groups statistically significant at the significance
level p < 0.05.

The acidity of honey is associated with the amount of free acid present in it and
is considered one of the fundamental parameters determining the origin of honey [34].
According to Council Directive 2001/110/EC, dated 20 December 2001, the amount of free
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acid in honey should not exceed 50 mval/kg [35]. The conducted analysis did not reveal
any exceedances, as can be observed in Figure 4. The difference between the free acidity of
rapeseed honey with the addition of 2% of bee bread and 5% of bee polen can be caused
by the amount of added bee product. Habryka et al. 2020 [15] investigated multifloral
honey with the addition of 1% of propolis and found that the free acidity in enriched honey
was elevated from 22.87 mval/kg to 30.93 mval/kg (honey + 1% of propolis). Milek et al.
2023 [16] reported that free acidity in honey with the addition of 10% of bee bread was
high, ranging from 99.26 to 97.25 mval/kg. Similarly, high acidity was found in rapeseed
honey with the addition of 10% bee pollen, varying from 62.20 to 90.00 mval/kg [16].

40.27
31.23

13.24 14.23 d

OO O

Rapeseed honey Rapeseed honey Rapeseed honey Rapeseed
+1% propolis ~ +2% beebread  honey+5% bee
pollen

Figure 4. The content of free acids in honey. a-~d—groups statistically significant at the significance
level p < 0.05.

Among the examined honeys, rapeseed honey enriched with bee pollen (5%) exhibited
the highest acidity, reaching a level of 40.27 mval/kg, while the lowest acidity was found
in pure rapeseed honey at 13.24 mval/kg. Rapeseed honey enriched with propolis (1%)
recorded a value of 14.23 mval/kg, and with the addition of bee bread (5%), it reached
31.23 mval/kg. The introduction of additional components such as propolis (1%), bee
bread (2%), and bee pollen (5%) significantly influenced the acidity of the respective honey.
Consequently, these additives may affect the shelf life of rapeseed honeys, as their acidity is
significantly lower than that of pure rapeseed honey, also known as the “base” honey. The
expiration date for consuming pure rapeseed honey was determined to be 30 June 2025.
Rapeseed honey enriched with propolis (1%) exhibited stability until 28 February 2025,
while honey with bee pollen (5%) had a consumption expiration date of 24 February 2024.
On the other hand, the expiration date for rapeseed honey with the addition of bee bread
(2%) was 30 August 2024.

3.4. The Content of Brown Pigments in Honeys and the Color of Honeys

Brown pigments in honey largely contribute to its color. Analyzing the results of the
aforementioned indicator, as illustrated in Figure 5, it can be observed that pure rapeseed
honey contained the least, with a value of 0.247 AU. On the other hand, rapeseed honey
with the addition of bee pollen (5%) had the highest amount of brown pigments, reaching
2.629 AU. This aligns with the observations made in this study, as the sample of pure
rapeseed honey appeared to be visually the lightest, while the sample with the addition
of bee pollen (5%) appeared to be the darkest. The values of brown pigment content in
the remaining samples, namely rapeseed honey with the addition of propolis (1%) and
bee bread (2%), fell in the ranges mentioned above. Rapeseed honey with the addition
of propolis (1%) achieved a result of 1.309 AU, while rapeseed honey with the addition
of bee bread (2%) recorded a result of 2.192 AU (Figure 5). These observations lead to
one conclusion: the higher the amount of bee product added, the higher the value of
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brown pigments. Bath and Singh 1999 [36], analyzing eucalyptus and sunflower honeys,
obtained brown pigment content levels of 0.611 AU and 0.683 AU, respectively. In the
honeys examined by Boonchiangma et al. 2011 [37] from Thailand, the results ranged from
0.192 AU to 0.675 AU. Factors influencing the observed variations in results include the
botanical origin of the honey, its country of origin, geographical region, climatic conditions,
harvest time, and the content of pigments imparting color, such as carotenoids [37].

2.629
2.192 P
1.309
C
C
0.247 b
ra

Rapeseed honey Rapeseed honey Rapeseed honey Rapeseed
+1% propolis  +2% bee bread honey+5% bee
pollen

Figure 5. The content of brown pigments in honey. a-c—groups statistically significant at the
significance level p < 0.05.

The color index of the examined honeys, presented in Figure 6 on the Pfund scale,
ranged from 10.6 mm for pure rapeseed honey to 403.0 mm for rapeseed honey with the
addition of bee pollen (5%). For the remaining honeys, namely rapeseed honey with the
addition of bee bread (2%) and rapeseed honey with the addition of propolis (1%), the color
index was 251.6 mm and 327.1 mm Pfund, respectively (Figure 6). These values indicate
significant variations in color, with the addition of bee pollen resulting in the darkest hue
among the examined samples.

403.0
327.1 i
251.6
c
c
b
10.6
+

Rapeseed honey Rapeseed honey Rapeseed honey Rapeseed

+1% propolis +2% beebread  honey+5% bee
pollen

Figure 6. The color of the honey. a—c—groups statistically significant at the significance level p < 0.05.

In the study by Puscion-Jakubik et al. [38], rapeseed honey yielded results ranging
from 17.5 to 125.6 mm Pfund. Popek et al. 2003 [29] obtained a value of 59.3 mm Pfund
for rapeseed honey. Bodor et al. 2021 [39] investigated six samples of rapeseed honeys
from the European Union and obtained Pfund values ranging from 2.1 to 138.6 mm. These
findings highlight the variability in color among different rapeseed honey samples. The
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obtained results of the statistical analysis indicate that the addition of both bee pollen at a
concentration of 5%, propolis at a concentration of 1%, and bee bread at a concentration of
2% to rapeseed honey resulted in a significant change in the color of the respective honey.

3.5. The Total Polyphenol Content (Microplate Spectrophotometric Method)

The determination of total polyphenol content in the examined products revealed that
their values varied between 11.73 mg GEA /100 g honey (rapeseed honey) and 62.42 mg
GEA/100 g honey (rapeseed honey with 5% added bee pollen). The other samples on the
graph (Figure 7) exhibited a similar amount of polyphenols, namely 40.24 mg GEA/100 g
honey (rapeseed honey with 2% added bee bread) and 41.04 mg GEA /100 g honey (rape-
seed honey with 1% added propolis). Similar observations were presented by Habryka
et al. 2020 [15]. The addition of 1% of propolis to multifloral honey led to a fourfold
higher concentration of total polyphenols in fortified multifloral honey—133.6 GEA /100 g
(while in honey without propolis, the content was 30.75 GEA /100 g). In rapeseed honey
with the addition of 10% of bee bread, the total polyphenol content ranged from 80.43 to
88.91 GEA /100 g, and was about five times higher than in control samples. In rapeseed
honey with the addition of 10% of pollen the total polyphenol content was between 97.92
and 124.37 GEA /100 g, and about seven times higher than in control samples [16]. Kowal-
ski and Makarewicz 2017 [12] reported the influence on antioxidant properties of bee bread
and/or propolis to lime honey. After the addition of 5% of bee bread to lime honey, the total
content of polyphenols was 42.94 mg GEA /100 g, and in the sample with addition of 1% of
propolis, the TPC was 115.51 mg GEA /100 g (control samples was 36.00 mg GEA /100 g). It
was stated that the most significant influence on antioxidant properties was bee bread [12].

62.42
*
41.04 40.24
c
11.73 b b
I a
Rapeseed honey =~ Rapeseed honey  Rapeseed honey Rapeseed
+1% propolis +2% bee bread honey+5% bee

pollen

Figure 7. The total polyphenol content determined in honey. a—c—groups statistically significant at
the significance level p < 0.05.

The total polyphenol content in multifloral honeys enriched with bee bread, examined
by Socha et al. 2018 [40], ranged from 73.51 to 138.15 mg GEA /100 g honey. In contrast,
the same honey without enrichment exhibited polyphenol contents ranging from 41.66
to 55.54 mg GEA/100 g honey. This emphasizes the substantial impact of bee bread
enrichment on the polyphenol content, aligning with findings in our study where rapeseed
honey enriched with 2% bee bread showed an increased total polyphenol content of 40.24
mg GEA /100 g honey.

3.6. Antioxidant Capacity of Honeys

The extract from plain rapeseed honey exhibited the lowest ability to scavenge 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radicals among all extracts prepared from the analyzed
honeys, reaching only 4.95%. Extracts from rapeseed honey enriched with bee bread
(2%) showed a 22.31% ability to scavenge free DPPH radicals, while extracts based on
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rapeseed honey with the addition of 1% propolis reached a level of 30.55%. The highest
value was observed in the extract from rapeseed honey with added bee pollen (5%),
showcasing a remarkable ability to scavenge DPPH radicals at 52.53%, as depicted in
Figure 8. Unfortunately, the least effective product in terms of scavenging free radicals, in
this case, DPPH radicals, was plain rapeseed honey without any additives.

52.53
P
30.55
2231 q
495 . b
ma™ :

Rapeseed honey Rapeseed honey Rapeseed honey Rapeseed
+1% propolis ~ +2% bee bread = honey+5% bee
pollen

Figure 8. Antioxidant activity against DPPH radicals determined in the honey[%]. a-d—groups
statistically significant at the significance level p < 0.05.

In a study by Tomczyk et al. 2019 [41], examining rapeseed honeys from both Poland
and other European Union member countries, the ability to scavenge DPPH radicals extracts
from Polish honeys reached values of 21.21%, while for Slovak samples, it was 11.76%.
Puscion-Jakubik et al. 2022 [38], using water extracts of rapeseed honeys, obtained a result
of 48.00% for determining the inhibition of DPPH radicals. Similar values for the ability to
scavenge DPPH radicals for extracts obtained based on rapeseed honeys were obtained
by Wilczyniska 2013 [42], ranging from 27.00% to 82.20%. Socha et al. 2016 [43] conducted
analyses to investigate the effect of propolis addition on antioxidant capacity against DPPH
radicals, using multifloral honeys and multifloral honeys enriched with propolis in amounts
of 0.88% and 1% [43]. The values obtained for multifloral honey ranged from 5.56% to
24.41%. For samples enriched with propolis, the following values were obtained: addition
of 0.88% of propolis—26.50%, addition of 1% of propolis—88.33%. Enriching multifloral
honey with propolis significantly increased the antioxidant activity of the tested honeys. A
similar study conducted two years later by Socha et al. 2018 [40] investigated multifloral
honeys with the addition of bee bread in amounts of 10% (producer 1) and 20% (producer 2).
The tested samples exhibited the following results regarding the ability to reduce free DPPH
radicals: producer 1—plain multifloral honey 17.71%, enriched multifloral honey (10%)—
77.50%, producer 2—plain multifloral honey 5.65%, and multifloral honey with bee bread
(20%) 51.39%. After enriching the honeys, their antioxidant activity increased fivefold for
the honeys from producer 1 (similar to the analyzed samples in this study), and tenfold for
the honeys from producer 2.

3.7. Sugar Content in Honeys

The concentrations of fructose, glucose, and sucrose in all honeys are presented in
Table 1. Among the analyzed samples, glucose and fructose emerged as the predominant
carbohydrates. The mean glucose content ranged from 31.7% (rapeseed honey + 5% of
bee pollen) to 34.3% (rapeseed honey + 2% of bee bread), with no significant differences
observed (p < 0.05). The fructose content in samples varied from 36.4% (rapeseed honey)
to 37.5% (rapeseed honey + 1% of propolis). This variation is likely attributed to the sugar
composition in propolis. According to Qian et al. 2008 [44], the sucrose, glucose, and
fructose content in Bulgarian propolis was reported as 11.32%, 13.49%, and 16.36%, respec-
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tively. Another sugar composition is reported for bee pollen; for example, in Romanian bee
pollen, the content of sucrose, glucose, and fructose was as follows 17.8; 11.0, and 16.0%,
respectively [43].

Table 1. The sugar content in honeys.

Fructose Glucose +(1;31?1Cc(t)s:e Sucrose Fructose/
[g/100 gl [g/100 g] [¢/100 g] [g/100 g] Glucose Ratio
Rapeseed honey 338 +0.72 3644112 701 +1.72 214012 0.93 + 0.01°
Rapeseed honey 33340232 375+ 053 70.9 + 0.6 214012 0.88 £ 0.01 2
+ 1% propolis
Rapeseed honey 3434092 3714032 715 +1.02 214012 0.92 + 0.03 b
+ 2% bee bread
Rapeseed honey 317+ 042 36.6 +0.32 68.3 +0.72 214002 0.87 +0.012
+ 5% bee pollen

The same letters in the same line are significantly different at the 95% level (p < 0.05) Tukey test.

Pauliuc et al. 2020 [23] reported a contrasting trend, discovering fructose content in
rapeseed milk at 35.26% and glucose content at 31.78%. The combined glucose and fructose
content ranged from 68.3% in rapeseed honey with the addition of 5% of bee pollen to
71.5% in rapeseed honey with addition of 2% of bee bread. No significant differences
were observed in the values of fructose, total glucose, and fructose among the investigated
samples. All honeys exhibited a total content of glucose and fructose values exceeding
60 g/100 g, complying with EU regulations Council Directive 2001/110/EC [35]. The
fructose-to-glucose ratio ranged from 0.87 (rapeseed honey with the addition of 5% of
bee pollen) to 0.93 (plain rapeseed honey). According to Kedzia, propolis has a negligible
sugar content. This characteristic, combined with a minimal propolis addition, results
in an absence of significant alterations in saccharide content with an increasing propolis
addition [45]. Alvarez-Suarez et al. [46] noted that the fructose/glucose ratio could impact
honey’s flavor, as fructose is sweeter than glucose. Higher F/G ratios result in more fluid
honey that remains liquid for a longer duration [47]. The sucrose content in all tested
honeys was 2.1%, adhering to the UE legislation limits of 5 g/100 g for honeys [35]. Other
researchers [23] similarly reported values below the established limits for rapeseed honey.
In summary, the conducted research indicates that the addition of bee pollen, propolis, or
bee bread did not increase the sugar content in rapeseed honey.

3.8. Phenolic Compounds Content

The HPLC analysis of the investigated products, as presented in Table 2 and Figure 9,
revealed the presence of five different phenolic compounds as follows: kaempferol, gallic
acid, quercetin, catechin, and epicatechin. In all rapeseed honey samples with the additon of
bee product, the total content was elevated approximately threefold. Phenolic compounds
in honey significantly contribute to its overall bioactivity, reflecting the honey’s quality and
influencing its color, sensory characteristics, and antioxidant activity [48].

Among the compounds studied, kaempferol, gallic acid, and quercetin were identified
in all the samples. Notably, kaempferol exhibited a higher concentration in honey with an
added 5% of bee pollen, while the lowest value was identified in base rapeseed honey. Gallic
acid content was the lowest in pure rapeseed honey, with the highest observed in honey
with an added 5% of bee pollen. Gallic acid is frequently identified in natural honeys [49],
with studies by Yao et al. 2005 [50] emphasizing its prevalence as the predominant acid in
natural honey and its potential as a marker for honey origin.

Quercetin, a widely distributed flavonoid in food and natural honeys, displayed the
highest level in rapeseed honey with added propolis, while the lowest value was identified
in pure rapeseed honey. Although the quercetin values in the studied honeys were higher
than those reported by Pauliuc et al. 2020 [23], they were consistent with values reported
by Socha et al. 2011 [51]. Habryka et al. 2020 [15] also found high amounts of quercetin
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in multifloral honey with the addition of 1% of propolis (0.217 mg/100 g) and gallic acid
(2.494 mg /100 g), while in honey without the addition of propolis, the amounts were 0.04
and 0.217 mg/100 g, respectively [15].

Table 2. Contents of phenolic compounds [mg/100 g] in honeys.

Rapesedd Hone Rapeseed Hone Rapeseed Hone
Rapeseed Honey +pl% Propolis Y + 2p% Bee Bready + 51')’/0 Bee Poller?
Kaempferol 1.519 4+ 0.001 2 2.488 4+ 0.001 ¢ 3.192 + 0.002 4 4.021 £ 0.000 b
Gallic acid 0.001 + 0.000 2 0.002 4 0.000 © 0.004 + 0.000 ¢ 0.006 £ 0.000
Quercetin 0.695 + 0.002 2 2.576 + 0.000 © 2.319 + 0.000 ¢ 1.952 + 0.001 °
Catechin nd. nd. 0.395 + 0.002 b 0.175 + 0.000 2
Epicatechin nd. 1.059 + 0.002 nd. nd.
gallate
Sum of
phenolic 2.216 + 0.004 2 6.126 + 0.002 b 5.910 + 0.005 © 6.155 & 0.001 b
compounds

The same letters in the same line are significantly different at the 95% level (p < 0.05) Tukey test. nd.—not detected.
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Figure 9. Results of HPLC of phenolic compounds detected in honeys (272 nm): (1) kaempferol =
1.43 min, (2) gallic acid = 1.76 min, (3) quercetin = 2.26 min, (4) catechin = 3.28 min, (5) epicatechin =
5.12 min.

Also, the kaempferol content increased in honey after the addition of propolis; in
honey with the addition of 1% of propolis, kaempferol content was 0.336 mg/100 g and
was sevenfold higher than in pain multifloral honey [15]. In our study, the addition of 1%
of propolis to rapeseed honey caused a twofold increase in the concentration of kaempferol.

Catechin was found exclusively in two types of honey: rapeseed honey with an added
5% of bee pollen and 1% of bee bread. Epicatechin was identified solely in rapeseed honey
with an added 1% of propolis.

Phenolic phytochemicals in honey are vital aromatic secondary metabolites derived
from plants, including nectar or honeydew collected by bees, as well as pollen or propo-
lis [50]. Based on the conducted research, it can be concluded that the addition of other
bee products (bee pollen, propolis, and bee bread) to honey increases the content of pheno-
lic compounds.

Comparing the total polyphenol content determined by the spectrophotometric method
and the content of phenolic compounds determined by the HPLC method, it can be ob-
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served that in the first method, the highest content of polyphenols was reported in rapeseed
honeys with the addition of 5% of bee pollen, while the results of the second method do
not confirm such high amounts of phenolic compounds. Such an observation can be seen
due to the fact that the Folin—-Ciocalteu method is known as a method for determining the
total amount of polyphenols in a sample; however, many compounds such as reducing
sugars, aromatic amines, thiols, SO,, ascorbic acid, some organic acids, polyhydric alcohols,
ions of iron, manganese, and copper cause numerous interferences. It suggests that the
above-mentioned compounds can be mainly found in bee bread. Therefore, the method
should be considered as another approach for determining the reducing capacity of the
sample [52].

4. Conclusions

A comparative analysis of rapeseed honeys enriched with 1% propolis, 2% bee bread,
and 5% bee pollen indicates that the aforementioned additives do not exert a statistically
significant influence on characteristics such as water content (with the exception of the 1%
propolis addition) and sugar content in the investigated rapeseed honeys. However, these
additives significantly impact qualitative attributes of honeys, including electrical conduc-
tivity, pH, free acid content, pigments, color, total polyphenol content (Folin—Ciocalteu
method), and the ability to scavenge free DPPH radicals.

The addition of bee products results in a substantial increase in polyphenolic com-
pound content in the honeys (the highest amount of polyphenols characterizes rapeseed
honey enriched with 5% bee pollen, followed by rapeseed honey with 1% propolis, and then
rapeseed honey with 2% bee bread). Rapeseed honeys enriched with bee products exhibit
an enhanced capacity to scavenge free DPPH radicals (the highest activity is observed in
rapeseed honey with 5% bee pollen, followed by rapeseed honey with 1% propolis and
rapeseed honey with 2% bee bread).

In summary, rapeseed honeys enriched with bee products, particularly with 5% bee
pollen, should be recommended for more frequent consumption than rapeseed honeys
without additives, especially when compared to plain rapeseed honey.
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