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Abstract: In recent time, it has become a common practice to use different kinds of starch syrups
available on the market as a winter food for bees. However, the physicochemical composition of these
syrups and their suitability for winter feeding of honeybee colonies are still insufficiently investigated.
Therefore, our study analyzed the composition of three commercially available starch syrups, inverted
saccharose syrup and homemade saccharose syrups, and tested winter stores processed by bees
from these syrups. The following physicochemical parameters were investigated: water, sugars
composition, maltodextrins (DP4–DP7) and 5-hydroxymethylfurfural (HMF) content, pH and free
acidity, as well as electrical conductivity. We found that the sugar composition of starch syrups
ensures the suitable sugar composition of winter stores processed by the bees from these syrups.
Winter stores compared to fresh syrups had a high content of total fructose and glucose (50 g/100 g),
and some amounts of maltose (15 g/100 g), maltotriose (4 g/100 g), and maltodextrins (4 g/100 g).
The small percentage of maltodextrins is responsible for maintaining the liquid consistency of the
winter stores in honeybee combs during storage. Water content not exceeding 17.2% and adequate
pH value (around 4.00) guarantee the stability of winter stores during storage in honeybee combs. A
HMF content of up to 50 mg/kg was safe for bee colonies during wintering.

Keywords: honeybee colony; physicochemical composition; saccharose syrup; starch syrup;
winter stores

1. Introduction

Appropriate nutrition plays an essential role in the development and maintenance of
healthy and strong bee colonies. Pollen is a natural source of protein (especially essential
amino acids), lipids (sterols), vitamins, and minerals for adequate growth and development,
while nectar, honeydew, and honey are natural carbohydrate foods—essential energy
sources for all activities of bees [1,2].

It is common in beekeeping practice to use not only saccharose syrups for the winter
feeding of honeybees but also different kinds of carbohydrate products available on the mar-
ket, such as: inverted sugar syrups, starch syrups, and high fructose corn syrups (HFCSs)
[3–15]. The physicochemical composition of these products should guarantee appropriate
composition and liquid consistency of the winter stores. According to Konopacka [16],
water content should not be higher than 20%. A syrup with a higher water content may
start to ferment before bees feed on it. Dry matter should mainly consist of glucose, fruc-
tose, and sucrose. Sucrose content should be kept below 30%. The invertase enzyme
produced by bees hydrolyzes some amounts of saccharose—its concentration in winter
supplies should not exceed 10%. Syrups with a predominance of glucose over fructose
content pose a potential risk of crystallization in honeybee combs during winter. The
critical point at which a solution becomes saturated with glucose is 32 g/100 g [3]. Other
sugars (disaccharides, trisaccharides) should not be present, though, they might occur in
low concentrations. Syrups made from starch usually contain high levels of maltose and
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maltotriose, from which glucose is formed due to the activity of bee enzymes [9]. The
hydrolysis of these two sugars increases glucose content in winter stores. The content of
mineral substances should not exceed 0.3% of dry matter [16]. Higher content of mineral
substances and other components (e.g., oligosaccharides and polysaccharides) may be
difficult to digest by the bees’ digestive tract [8]. A long and cold winter with no possibility
to fly may lead to cases of colony loss due to excessive load in bees’ recta.

5-hydroxymethylfurfural (HMF) was noted to be toxic for honeybees [10,17]. This
compound is also considered potentially carcinogenic to humans or might be metabolized
by humans to potentially carcinogenic compounds [18]. HMF is a furanic compound
formed in the Maillard reaction (nonenzymatic browning) as an intermediate, and in the
dehydration of hexose, especially fructose, during the heat treatment of sugar-containing
food products. The formation of HMF is facilitated by acidic conditions. So far, the
permissible content of this compound in syrups recommended for the safe feeding of
bees has not been established. Fresh honey usually contains no or very small amounts of
HMF [19]. HMF concentration in honey increases during its processing by heat treatment
and throughout storage [20,21]. According to Bailey [22], honey with a high HMF content
increases the mortality of bees.

The effect of HMF on honeybee mortality is still being discussed and investigated.
Some reports on HMF toxicity indicate that it’s harmfulness depends on the time of
exposure and HMF concentration [2,10,14,17,22–25]. Based on the presented results, it
can be concluded that there is still insufficient knowledge of HMF toxicity and that it is
impossible to establish a maximum level of HMF content safe for bees in syrups used
as winter food. Capuano and Fogliano [17] suggested that HMF content not exceeding
30 mg/kg can be considered safe for bees.

Unlike starch syrups, the physicochemical composition of inverted sucrose syrups and
their suitability for the winter feeding of bees is relatively well known [6,7]. Early studies
on the suitability of starch syrups in beekeeping were conducted in the Netherlands [3]
and in Germany [26]. Preliminary results showed that these types of syrups are useful for
the winter feeding of bee colonies. However, the physicochemical composition of these
products, and therefore, their suitability and safety for bees, are still insufficiently studied.

A Polish study on the winter feeding of bees with starch syrup indicated that it carries
a risk to bee colony losses, especially in the case of a long and cold winter [8]. The study
found a high glucose content (38 g/100 g) with a relatively low content of fructose (22%) in
the winter stores of bee colonies fed with starch syrup—fructose/glucose ratio (F:G) = 0.58.
Such high glucose content explains the crystallization of winter supplies in honeycomb
cells. In addition, maltodextrins in starch syrup (3.3%, on average) and in winter stores
(2.0%, on average) were found. Maltodextrins present in winter stores during a long
winter can overload bees’ simple intestines. This might explain the bee colony losses that
happened in Poland during the winter of 2005/2006 [8].

Other studies showed the crystallization of winter supplies produced by bees from
three kinds of starch syrups with very high glucose concentrations (an average of
39 g/100 g) [8]. This phenomenon was explained by a high content of maltose (20%)
in fresh starch syrups which, due to the relatively early winter feeding of bees and favor-
able weather conditions, has been hydrolyzed to glucose causing a significant increase of
this simple sugar in winter stores, accounting for the crystallization of the winter supplies
in honeycomb cells.

Although the market offers a wide variety of starch syrups recommended for the
winter feeding of bees, complete data on their physicochemical composition and suitability
as winter food are lacking. Therefore, the aim of our study was to analyze the physic-
ochemical composition of starch syrups and winter stores produced by bees from three
commercially available starch syrups.
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2. Materials and Methods
2.1. Materials

Laboratory studies were conducted in 2012–2013 in the Bee Products Quality Testing
Laboratory of the National Institute of Horticultural Research, Apiculture Division, Puławy,
Poland, simultaneously to the field experiment performed by Semkiw and Skubida [12].
Three commercially available starch syrups: starch syrup I (Apifortune, manufactured in
France, ICKO Apiculture, Bollène), starch syrup II (Apikel 20, manufactured in Germany,
Kellman Produktions GmbH, Stendal), and starch syrup III (Apifood, manufactured in
Poland, PPHU Orion—Jarosław Kasprzyk, Miedźno) were analyzed. In addition, home-
made saccharose syrup which we prepared from beet sugar (sugar to water ratio 5:3)
and inverted saccharose syrup (Apiinvert, manufactured in Germany, Südzucker AG,
Mannheim) were also tested and used as references. Each year the studied syrups came
from the same manufacturers. These syrups were used for the winter feeding of honeybee
colonies of experimental apiaries of the National Institute of Horticultural Research, Apicul-
ture Division, Puławy, Poland, over two consecutive seasons (2012 and 2013) twice: during
the early feeding (from the middle of August to the end of the first decade of September)
and the late feeding (from the first or the second decade of September to the end of the
first decade of October). The methodology of the field experiment has been described in
detail by Semkiw and Skubida [12]. Samples of the studied syrups used to feed the bee
colonies and five samples of winter stores produced by the bees in each feeding period
(early and late) from each of these syrups were used in the physicochemical analysis. In
total, 10 samples of fresh syrups and 100 samples of winter stores produced by bees from
these syrups were collected and analyzed in the laboratory.

2.2. Methods

The following physicochemical parameters were determined in the syrup and winter
store samples: water, sugars (fructose, glucose, saccharose, turanose, maltose, trehalose,
izomaltose, erlose, and maltotriose), 5-hydroksymethylfurfural (HMF), pH, free acidity,
and electrical conductivity. The above-mentioned parameters were tested according to
analytical methods established by the International Honey Commission [27] and modified
by Szczęsna et al. [28] for honey quality assessment.

The water content was determined by a refractometric method using a thermostated
Atago RX-5000α digital refractometer (ATAGO CO., LTD., Tokyo, Japan). Water measure-
ments were performed at 20 ◦C.

Sugars including monosaccharides (glucose and fructose), disaccharides (saccharose,
turanose, maltose, trehalose, and isomaltose), and trisaccharides (rafinose, erlose, and
maltotriose) were determined using a high-performance liquid chromatography technique
with a refractometric detector (HPLC-RI). A Shimadzu HPLC system (SHIMADZU CO., Ky-
oto, Japan) consisting of an LC-10ADVP pump, CTO-10ASVP column oven, SIL-10ADVP
auto injector, RID-10A refractive index detector, and PhenoSphere LC column, NH2 80 Å,
250 × 4.6 mm (Phenomenex Inc., Torrance, CA, USA) were used for this analysis. The
HPLC system was run using computer software in the following conditions: flow rate
1.5 mL/min, mobile phase acetonitrile:water (80:20 v/v) column and detector temperature
30 ◦C; and injection volume 20 µL. The sugars were identified through the comparison of
individual sugars’ retention times of the reference and the analyzed solution. The quantita-
tive assays were done by the external standard method comparing the peak surfaces of
these sugars. The results are expressed as g/100 g to one decimal place.

HMF content was determined by a high-performance liquid chromatography tech-
nique with a UV detector (HPLC-RI). A Knauer HPLC system (KNAUER GmbH, Berlin,
Germany) consisting of HPLC K-501 and K-1001 pumps, a degasser, dynamic mixing
chamber, 3800 autosampler and UV K-2501 detector, and Eurospher 100 Å, 5 µm C18 vertex
plus column (BGB Analytik Vertrieb GmbH, Lörrach, Germany) were used for this analysis.
An external standard method for the quantitative analysis of HMF was applied.
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Free acidity was determined by the potentiometric titration method and pH was
determined by the potentiometric method using a DL50 Titrator equipped with a Rondolino
autosampler (Mettler-Toledo GmbH, Greifensee, Switzerland).

Electrical conductivity was determined by the conductometric method using a WTW
inoLAB Cond 700 conductometer (WTW, Weilheim, Germany). The results for electrical
conductivity were calculated using a temperature correction factor of 2.6%/◦C.

The analyses of maltodextrins were performed with high-performance liquid chro-
matography using a refractometric detector (HPLC-RI) following the method elaborated by
Rybak-Chmielewska et al. [8]. Maltodextrins composed of 4 to 7 glucose molecules (maltote-
traose (DP4), maltopentaose (DP5), maltohexaose (DP6), and maltoheptaose (DP7)) were
determined. Chromatographic separation was performed using the Shimadzu HPLC sys-
tem (the same as for sugar analysis) and the Luna column, 5 µm NH2 100 Å, 250 × 4.60 mm
(Phenomenex Inc., Torrance, CA, USA). The mobile phase acetonitrile:water (65:35 v/v),
flow rate 3 mL/min, and temperature of column and detector 40 ◦C were applied for
maltodextrins separation. The quantitative analyses of maltodextrins (DP4–DP7) were
performed by the external standard method.

2.3. Statistical Analysis

Statistical calculations were done using one-way ANOVA. The mean values of the
physicochemical parameters of winter stores produced from different syrups and at dif-
ferent feeding periods in the two beekeeping season were compared using the Duncan
test. The data for the water content were transformed using the ArcSin(x) function. Value
p < 0.05 indicated statistically significant differences. All the statistical calculations were
done using the Statistica ver.10 software [29].

3. Results
3.1. Physicochemical Composition of Fresh Syrups

Some of the physicochemical parameters of the starch syrups (Apifortune, Apikel 20,
and Apifood) and inverted saccharose syrup (Apiinvert) recommended as winter food for
bee colonies used in our study (Tables 1–4) slightly differed from the values declared by
the manufacturers on the product labels, as described by Semkiw and Skubida [12]. The
studied syrups were characterized by a slightly lower water content. These differences
were also found in the composition of sugars, maltose, and maltotriose in the starch syrups,
and in saccharose for inverted sucrose sugars. The starch maltodextrins (DP4–DP7) were
identified in starch syrups in amounts of 4.0 g/100 g, on average. Manufacturers had not
declared maltodextrin amounts in starch products recommended as winter food for bees.

3.2. Physicochemical Composition of Winter Stores Produced by Bees from Starch Syrups

Physicochemical parameters of winter stores were significantly different in compar-
isons to the composition of starch syrups from which these stores were produced by bees
(Tables 1–3).

In comparison to the fresh product, the winter food stores processed in the 2012 season
with Apifortune syrup had a water content 31% lower in stores originating from the early
feeding and 25% lower in stores from the late feeding, on average (Table 1). In the season
of 2013, a similar decrease in the water content was also observed. The total of fructose
and glucose content in 2012 increased by 16% (early feeding) and by 19% (late feeding),
on average, and by 22% in 2013 (early and late feeding), on average. The ratio of fructose
to glucose content (F:G) ranged on average from 0.75 (early feeding) to 0.77 (late feeding)
in 2012 and from 0.73 (early feeding) to 0.78 (late feeding) in 2013. The mean F:G ratio of
winter stores (0.76) was at the same level as in the fresh syrup (0.77). The maltose content
decreased on average by 23% (early feeding) and by 19% (late feeding) in 2012, and by
25% and 27%, respectively, in 2013. The maltotriose content decreased on average by 60%
(early feeding) and by 15% (late feeding) in 2012, and by 18% and 8%, respectively, in
2013. The higher decrease in maltotriose content was noticed after the early feeding in
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both years of the study. Maltodextrins were also detected; their content averaged around
4.5 g/100 g (in stores from the late feeding) and around 4.9 g/100 g (in stores from the early
feeding) in both experimental seasons. The average HMF content was lower by 80% (early
feeding) and by 73% (late feeding) in the 2021 season. A slightly higher decrease in the
HMF concentration was found in 2013, by 86 and 80%, on average, in the stores produced
from the early and late feeding, respectively. The mean value of electrical conductivity
was 5–7 times higher than that of fresh syrup (0.02 mS/cm). Free acidity increased from
4.9 mval/kg (in the fresh syrup) to 11.7 mval/kg (early feeding) and to 14.3 mval/kg (late
feeding), on average, in the winter stores from 2012; and from 1.2 mval/kg (in the fresh
syrup) to 8.5 mval/kg and to 6.3 mval/kg, on average, respectively, in the winter stores
from the early and late feeding in 2013. The pH value decreased from 4.11 (in the fresh
syrup) to 3.95, on average, in the winter stores from 2012 and from 4.53 (in the fresh syrup)
to 3.90 (early feeding) and to 4.16 (late feeding), on average, in the winter stores from 2013.

Table 1. Physicochemical composition of winter stores produced by bees fed with starch syrup I (Apifortune).

Physicochemical Parameter

Feeding Period in 2012 Feeding Period in 2013

Fresh
Syrup

Early (n = 5) Late (n = 5) Fresh
Syrup

Early (n = 5) Late (n = 5)

From–to Mean From–to Mean From–to Mean From–to Mean

Water (%) 22.9 15.4–16.7 15.8a ** 15.6–18.6 17.2b ** 22.7 14.4–16.9 16.1ab ** 15.2–16.0 15.6a **
Electrical conductivity (mS/cm) 0.02 0.08–0.13 0.10a 0.10–0.22 0.13a 0.01 0.10–0.20 0.14a 0.09–0.16 0.13a

Free acids (mval/kg) 4.9 10.4–14.2 11.7bc 10.8–21.5 14.3c 1.2 6.4–10.7 8.5ab 5.5–6.7 6.3a
pH 4.11 3.87–4.05 3.94a 3.94–3.98 3.96a 4.53 3.75–4.02 3.90a 4.05–4.29 4.16b

Fructose (g/100 g) 18.2 20.2–23.4 21.5a 20.7–23.6 21.6a 18.2 20.5–22.3 21.6a 21.0–23.9 22.4a
Glucose (g/100 g) 23.5 28.1–29.1 28.7ab 26.9–29.2 28.1a 23.6 28.6–30.8 29.5b 28.1–29.4 28.6ab
Sucrose (g/100 g) n.d. * n.d. *–1.8 - n.d. * - n.d. * n.d. * - n.d. *–2.7 -
Maltose (g/100 g) 16.5 10.9–14.3 12.7ab 12.2–14.0 13.3b 15.8 11.2–12.7 11.9ab 10.0–13.4 11.6a
Erlose (g/100 g) n.d. * n.d. *–0.6 - n.d. * - n.d. * n.d. * - n.d. *–1.6 -

Maltotriose (g/100 g) 5.5 1.7–3.1 2.2a 4.1–5.1 4.7c 4.9c 3.6–4.3 4.0b 3.9–5.2 4.5bc
Total of fructose and glucose

(g/100 g) 41.7 41.5–51.1 48.2a 48.1–52.8 49.7a 41.8 49.3–52.3 51.2a 49.5–52.6 50.9a

Fructose to glucose ratio (F:G) 0.77 0.69–0.83 0.75a 0.74–0.81 0.77a 0.77 0.67–0.78 0.73a 0.71–0.83 0.78a
Total of determined sugars

(g/100 g) 63.7 63.1–68.2 65.6a 66.7–69.1 67.6a 63.0 66.3–68.2 67.4ab 68.4–71.8 69.6c

Maltodextrins (DP4–DP7)
(g/100 g) 4.9 4.4–5.3 4.9a 3.9–4.9 4.5a 4.8 4.5–5.3 4.8a 3.7–5.0 4.4a

5-hydroxymethylfurfural (HMF)
(mg/kg) 43.3 5.2–11.5 8.7b 10.1–15.1 11.7c 39.5 2.4–7.1 5.6a 6.0–9.5 7.9ab

* not detected at limit of detection 0.2 g/100 g; ** data for water content were transformed with ArcSin(x) function; n: number of samples in
a group of winter stores produced by bees in each feeding period (early and late) from each type of syrup; one-way analysis of variance
(ANOVA) with Duncan’s test were used. Different letters (a, b, c) at mean values indicate statistically significant differences at p ≤ 0.05.

Table 2. Physicochemical composition of winter stores produced by bees fed with starch syrup II (Apikel 20).

Physicochemical Parameter

Feeding Period in 2012 Feeding Period in 2013

Fresh
Syrup

Early (n = 5) Late (n = 5) Fresh
Syrup

Early (n = 5) Late (n = 5)

From–to Mean From–to Mean From–to Mean From–to Mean

Water (%) 23.7 15.7–17.1 16.7b ** 16.4–18.4 16.9b ** 23.6 15.0–17.0 15.6a ** 16.1–17.7 16.9b **
Electrical conductivity (mS/cm) 0.01 0.07–0.12 0.09a 0.09–0.29 0.16ab 0.02 0.01–0.13 0.09a 0.10–0.22 0.17b

Free acids (mval/kg) 5.5 9.8–12.4 10.9a 11.2–28.4 16.4b 1.2 5.3–7.9 6.8a 6.6–8.5 7.8a
pH 4.35 3.91–3.99 3.97b 3.90–4.06 3.93b 4.89 3.73–3.86 3.80a 3.98–4.39 4.20c

Fructose (g/100 g) 11.7 12.7–14.6 13.7a 14.7–24.6 18.3bc 13.5 15.6–16.6 16.0ab 17.1–22.1 20.0c
Glucose (g/100 g) 16.3 25.3–27.4 26.4a 22.9–30.8 27.0a 21.6 27.0–30.9 29.1a 25.5–30.0 27.7a
Sucrose (g/100 g) n.d. * n.d. * - n.d. * - n.d. * n.d. * - n.d. *–7.8 -
Maltose (g/100 g) 34.6 22.2–24.3 23.1b 14.7–29.1 21.1b 21.7 16.8–21.1 18.4ab 11.0–16.0 13.9a
Erlose (g/100 g) n.d. * n.d. * - n.d. * - n.d. * n.d.. * - 1.0–3.3 1.7

Maltotriose (g/100 g) 8.8 2.9–3.3 3.2a 2.9–7.3 6.0b 7.6 6.4–7.4 6.7b 4.2–6.9 5.7b
Total of fructose and glucose

(g/100 g) 28.0 38.6–41.4 40.2a 38.4–54.6 45.3ab 35.1 42.6–46.6 45.1ab 47.1–48.0 47.7b

Fructose to glucose ratio (F:G) 0.72 0.47–0.55 0.52a 0.56–0.82 0.67b 0.63 0.51–0.58 0.55a 0.57–0.87 0.72b
Total of determined sugars

(g/100 g) 71.4 64.3–69.0 66.4a 75.7–80.2 77.9c 68.3 69.1–71.1 70.5b 77.0–74.4 72.3b

Maltodextrins (DP4–DP7)
(g/100 g) 3.6 3.7–3.8 3.7ab 2.2–3.6 3.3a 3.9 4.1–4.4 4.2b 2.4–3.9 3.2a

5-hydroxymethylfurfural (HMF)
(mg/kg) 14.6 2.0–4.2 3.2a 3.2–5.7 4.3ab 30.1 4.8–7.6 5.7b 6.6–9.9 8.3c

* not detected at limit of detection 0.2 g/100 g; ** data for water content were transformed with ArcSin(x) function; n: number of samples in
a group of winter stores produced by bees in each feeding period (early and late) from each type of syrup; one-way analysis of variance
(ANOVA) with Duncan’s test were used. Different letters (a, b, c) at mean values indicate statistically significant differences at p ≤ 0.05.
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Table 3. Physicochemical composition of winter stores produced by bees fed with starch syrup III (Apifood).

Physicochemical Parameter

Feeding Period in 2012 Feeding Period in 2013

Fresh
Syrup

Early (n = 5) Late (n = 5) Fresh
Syrup

Early (n = 5) Late (n = 5)

From–to Mean From–to Mean From–to Mean From–to Mean

Water (%) 19.8 16.6–17.4 17.1b ** 15.6–16.9 16.2a ** 20.9 15.8–17.5 16.6ab ** 15.6–17.5 16.5ab **
Electrical conductivity (mS/cm) 0.01 0.07–0.09 0.08a 0.10–0.15 0.12ab 0.01 0.08–0.30 0.15ab 0.06–0.28 0.17b

Free acids (mval/kg) 4.0 8.7–10.6 9.8ab 9.5–14.7 12.0b 1.3 5.5–18.8 9.9ab 4.2–9.4 7.2a
pH 4.21 3.90–4.06 3.98a 3.85–4.07 3.98a 4.46 3.80–3.95 3.88a 4.02–4.45 4.25b

Fructose (g/100 g) 20.1 20.9–21.6 21.3a 17.7–23.2 20.9a 21.0 21.9–28.1 24.2b 22.5–26.3 24.7b
Glucose (g/100 g) 25.2 28.8–31.9 30.3ab 24.0–30.5 28.2a 27.3 28.6–32.3 30.9b 28.0–30.3 29.6ab
Sucrose (g/100 g) n.d. * n.d. *–1.3 - n.d. * - n.d. * n.d * - n.d. *–3.2 -
Maltose (g/100 g) 23.1 13.5–6.3 14.8ab 15.2–25.9 18.5b 15.9 8.1–15.0 12.0a 9.7–14.7 11.5a
Erlose (g/100 g) 1.6 n.d. * - n.d. * - n.d. * n.d. * - n.d. *–1.4 -

Maltotriose (g/100 g) 7.2 2.0–2.5 2.3a 3.7–6.3 5.1bc 6.6 4.6–6.6 5.8c 3.5–6.0 4.5b
Total of fructose and glucose

(g/100 g) 45.3 50.4–53.1 51.6ab 41.7–53.7 49.2a 48.3 50.5–60.4 55.1b 52.0–56.3 54.3b

Fructose to glucose ratio (F:G) 0.80 0.66–0.75 0.70a 0.70–0.76 0.74ab 0.77 0.73–0.87 0.78bc 0.75–0.88 0.84c
Total of determined sugars

(g/100 g) 77.2 67.7–69.7 69.1a 71.3–74.9 73.1bc 73.4 72.1–73.6 72.9b 73.3–75.6 74.4c

Maltodextrins (DP4–DP7)
(g/100 g) 3.4 3.1–3.6 3.4b 3.2–3.7 3.5b 3.2 2.3–3.3 2.9a 2.4–3.3 2.7a

5-hydroxymethylfurfural (HMF)
(mg/kg) 27.2 2.8–4.8 3.6a 3.2–8.1 5.7a 51.2 6.1–11.8 10.2b 5.1–19.8 14.3b

* not detected at limit of detection 0.2 g/100 g; ** data for water content were transformed with ArcSin(x) function; n: number of samples in
a group of winter stores produced by bees in each feeding period (early and late) from each type of syrup; one-way analysis of variance
(ANOVA) with Duncan’s test were used. Different letters (a, b, c) at mean values indicate statistically significant differences at p ≤ 0.05.

Table 4. Physicochemical composition of winter stores produced by bees fed with homemade saccharose syrup.

Physicochemical Parameter

Feeding Period in 2012 Feeding Period in 2013

Fresh
Syrup

Early (n = 5) Late (n = 5) Fresh
Syrup

Early (n = 5) Late (n = 5)

From–to Mean From–to Mean From–to Mean From–to Mean

Water (%) 3.93 17.1–18.7 18.1b **** 17.1–19.6 18.5b **** 37.8 15.7–16.8 16.2a **** 16.0–17.5 17.0a ****
Electrical conductivity (mS/cm) 0.07 0.15–0.28 0.22a 0.18–0.22 0.20a 0.06 0.18–0.31 0.20a 0.10–0.31 0.20a

Free acids (mval/kg) 0.5 12.3–24.2 18.5c 17.8–21.5 19.8c 0.2 9.3–17.1 12.0b 4.4–11.1 7.6a
pH 7.67 3.90–4.08 4.00a 3.92–4.01 3.96a 7.75 3.82–4.06 3.96a 4.19–4.45 4.29b

Fructose (g/100 g) n.d. * 30.6–33.9 32.5b 30.8–32.9 32.1b n.d. * 32.2–34.5 33.5b 24.9–30.7 29.1a
Glucose (g/100 g) n.d. * 24.9–28.3 26.7b 26.5–28.6 27.7b n.d. * 25.5–27.6 26.7b 20.6–25.1 23.7a
Sucrose (g/100 g) 62.7 7.2–17.2 10.1ab 7.4–12.2 9.4ab 64.6 5.7–11.0 8.3a 10.3–22.4 13.9b
Maltose (g/100 g) n.d. * 3.3–3.9 3.6a 2.5–2.8 2.7a n.d. * 3.8–4.3 4.0a 2.6–3.4 3.2a
Erlose (g/100 g) n.d. * 4.2–5.8 4.9a 5.3–6.8 6.0b n.d. * 5.5–6.5 6.1b 4.3–6.3 5.4ab

Maltotriose (g/100 g) n.d. * n.d. * - n.d. * - n.d. * n.d. * - n.d. * -
Total of fructose and glucose

(g/100 g) n.d.. * 55.5–62.2 59.2b 57.3–61.5 59.9b n.d. * 58.0–61.9 60.2b 45.5–55.4 52.8a

Fructose to glucose ratio (F:G) - 1.20–1.23 1.22b 1.15–1.16 1.16a - 1.24–1.27 1.25c 2.19–1.25 1.22b
Total of determined sugars

(g/100 g) 62.7 77.0–83.9 79.2ab 78.5–80.2 79.5ab 64.6 79.2–82.0 81.0b 76.6–79.0 77.7a

Maltodextrins (DP4–DP7)
(g/100 g) n.d. ** n.d. ** - n.d. ** - n.d.

** n.d. ** - n.d. ** -

5-hydroxymethylfurfural (HMF)
(mg/kg)

n.d.
*** 0.5–1.6 1.1 0.4–6.3 1.9 n.d.

*** 0.3–3.8 1.4 n.d. *** -

* not detected at limit of detection 0.2 g/100 g; ** not detected at limit of detection 0.05 g/100 g; *** not detected at limit of detection 0.2
mg/kg; **** data for water content were transformed with ArcSin(x) function; n: number of samples in a group of winter stores produced
by bees in each feeding period (early and late) from each type of syrup; one-way analysis of variance (ANOVA) with Duncan’s test were
used. Different letters (a, b, c) at mean values indicate statistically significant differences at p ≤ 0.05.

Trends in the changes of physicochemical parameters of winter stores produced
by bees from Apikel 20 and Apifood syrups were similar to the stores made from the
Apifortune syrup. These results are presented in Table 2 (starch syrup II) and Table 3
(starch syrup III).

There were no statistically significant differences in the total of fructose and glucose
content and maltose content in the winter stores produced from each kind of starch syrup
between different feeding periods (early and late) in both years of the study. In the case
of other tested parameters, significant differences between different feeding periods were
found, but they were not confirmed for all of the analyzed starch syrups in both years of
the study.
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3.3. Physicochemical Composition of Winter Stores Produced by Bees from Saccharose Syrups

The results of our study confirmed that the sugar composition of the winter stores
processed by bees fed with homemade saccharose syrup assured the liquid consistency of
the stores during storage in honeybee combs (Table 4). These stores were characterized
by adequate water content (not higher than 18.5%), a high content of monosaccharides
expressed as a total of fructose and glucose content (58.0 g/100 g, on average), an adequate
quantitative composition of these monosaccharides expressed as the ratio of fructose
to glucose content (F:G = 1.21, on average), and a low content of other disaccharides
(saccharose, maltose) and the trisaccharide erlose, in total not exceeding 20 g/100 g. The
HMF content was below the detection limit (0.2 mg/kg) or on a very low level (no higher
than 2.0 mg/kg).

There were no statistically significant differences in the water content as well as in
the electrical conductivity of the winter stores processed by bees fed with homemade
saccharose syrup between the feeding periods in both years of the study. In the case of
other tested parameters, significant differences between the feeding periods were found,
but they were not confirmed in both years of the study.

Similarly, the winter stores made from inverted saccharose syrup (Apiinvert) had
an adequate water content (no higher than 18.6%), monosaccharides content (the total
of fructose and glucose content) (68.0 g/100 g, on average), a proper ratio of these two
monosaccharides (F:G = 1.22, on average), and other disaccharides (sucrose and maltose)
(Table 5). These winter stores had a relatively low content of HMF, from 4.7 (2013) to
12.1 mg/kg (2012), on average.

Table 5. Physicochemical composition of winter stores produced by bees fed with inverted saccharose syrup (Apiinvert).

Physicochemical Parameter

Feeding Period in 2012 Feeding Period in 2013

Fresh
Syrup

Early (n = 5) Late (n = 5) Fresh
Syrup

Early (n = 5) Late (n = 5)

From–to Mean From–to Mean From–to Mean From–to Mean

Water (%) 26.5 17.4–20.3 18.2ab *** 17.8–19.0 18.6b *** 26.9 15.0–18.1 16.3a *** 15.0–17.5 16.6a ***
Electrical conductivity (mS/cm) 0.05 0.11–0.22 0.20a 0.09–0.15 0.11a 0.01 0.09–0.19 0.15a 0.05–0.28 0.12a

Free acids (mval/kg) 5.9 12.6–22.4 16.1c 11.5–15.4 13.3bc 0.9 6.3–12.3 10.1b 3.6–9.8 5.7a
pH 3.80 3.88–4.04 3.96ab 3.78–3.95 3.89a 4.52 3.81–4.42 3.98ab 3.95–4.43 4.11b

Fructose (g/100 g) 35.5 38.4–40.3 39.5b 36.3–39.6 38.2b 28.0 32.9–39.3 37.4b 33.0–35.1 34.4a
Glucose (g/100 g) 29.8 30.9–32.8 32.0c 31.4–34.6 32.9c 22.7 29.4–30.8 30.1b 26.4–27.8 27.3a
Sucrose (g/100 g) 4.3 1.8–2.9 2.3a 1.8–2.3 2.1a 20.2 5.8–9.4 7.3b 10.5–14.9 11.7c
Maltose (g/100 g) n.d. * 0.5–1.1 0.8a 0.8–3.1 1.8b n.d. * 2.3–2.8 2.6b 0.8–3.0 1.7ab
Erlose (g/100 g) n.d. * n.d. * - n.d. * - n.d. * n.d. *–0.5 - n.d. *–2.3 -

Maltotriose (g/100 g) n.d. * n.d. * - n.d. * - n.d. * n.d. * - n.d. * -
Total of fructose and glucose

(g/100 g) 65.3 69.3–73.0 71.6c 68.4–72.8 71.2c 50.7 62.7–70.1 67.4b 59.4–62.8 61.7a

Fructose to glucose ratio (F:G) 1.19 1.22–1.26 1.23b 1.05–1.23 1.16a 1.12 1.10–1.29 1.24b 1.24–1.27 1.26b
Total of determined sugars

(g/100 g) 69.6 72.7–76.7 75.0a 74.4–76.4 75.7a 70.9 71.7–81.7 78.2b 75.1–80.9 77.0a

Maltodextrins (DP4-DP7)
(g/100 g) n.d. ** n.d. ** - n.d. ** - n.d.

** n.d. ** - n.d. ** -

5-hydroxymethylfurfural (HMF)
(mg/kg) 47.4 8.8–14.0 11.9b 10.1–17.2 12.3b 25.7 1.9–6.9 4.2a 2.7–8.2 5.1a

* not detected at limit of detection 0.5 g/100 g; ** not detected at limit of detection 0.05 g/100 g; *** data for water content were transformed
with ArcSin(x) function; n: number of samples in a group of winter stores produced by bees in each feeding period (early and late) from
each type of syrup; one-way analysis of variance (ANOVA) with Duncan’s test were used. Different letters (a, b, c) at mean values indicate
statistically significant differences at p ≤ 0.05.

There were no statistically significant differences in the water content and electrical
conductivity of the winter stores produced by the bees fed with inverted saccharose syrup
between the comparable feeding periods in both years of the study. In the case of the other
tested parameters, significant differences between feeding periods were found, but they
were not confirmed in both years of the study.

3.4. Comparison of Physicochemical Parameters of Winter Stores Produced by Bees Fed with
Different Types of Syrups

The water content did not exceed 17.2% in the winter stores produced by bees fed
with starch syrups and 18.6%, on average, in the winter stores produced by bees fed with
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saccharose syrups (inverted sucrose syrup, homemade sucrose syrup) in both years of the
research (Table 6). Electrical conductivity did not exceed 0.17 and 0.22 mS/cm, pH 4.29 and
4.00, and free acidity 16.4 and 19.8 mval/kg, on average, in the stores made from starch
and sucrose syrups, respectively. HMF concentration in the winter stores was much lower
in comparison to the initial content of this compound in fresh syrups and did not exceed
14.3 mg/kg. HMF content in the stores produced from starch syrup III after the early and
late feeding of bees in 2013 was statistically higher compared to stores made from two other
starch syrups and inverted saccharose syrup. It needs to be highlighted that concentration
of HMF in the fresh starch syrup III (Apifood) was also higher (51.2 mg/kg) in comparison
to its concentration in other starch syrups (39.5 and 30.1 mg/kg) as well as in saccharose
inverted syrup (25.7 mg/kg).

Table 6. Comparison of physicochemical composition of winter stores (n = 5) produced by bees fed with different types of
syrup in 2012 and 2013.

Season Feeding
Period

Type of Syrup

Physicochemical Parameter (Mean Value)

Water *
(%)

Electrical
Conductivity

(mS/cm)
pH

Free
Acidity

(mval/kg)

HMF ***
(mg/kg)

2012

Early

Sucrose syrup 18.1c 0.22c 4.00 18.5b 1.1a
Inverted sucrose syrup 18.2c 0.20b 3.96 16.1b 11.9d

Starch syrup I 15.8a 0.10a 3.94 11.7a 8.7c
Starch syrup II 16.7ab 0.09a 3.97 10.9a 3.2ab
Starch syrup III 17.1bc 0.08a 3.98 9.8a 3.6b

Late

Sucrose syrup 18.5b 0.20b 3.96ab 19.8b 1.9a
Inverted sucrose syrup 18.6b 0.11a 3.89a 13.3a 12.3c

Starch syrup I 17.2a 0.13a 3.96ab 14.3a 11.7c
Starch syrup II 16.9a 0.16ab 3.93ab 16.4ab 4.3ab
Starch syrup III 16.2a 0.12a 3.98b 12.0a 5.7b

2013

Early

Sucrose syrup 16.2a 0.20b 3.96ab 12.0b 1.4a
Inverted sucrose syrup 16.3a 0.15ab 3.98b 10.1ab 4.2b

Starch syrup I 16.1a 0.14ab 3.90ab 8.5ab 5.6b
Starch syrup II 15.6a 0.09a 3.80a 6.8a 5.7b
Starch syrup III 16.6a 0.15ab 3.88ab 9.9ab 10.2c

Late

Sucrose syrup 17.0b 0.20a 4.29a 7.6a n.d. **
Inverted sucrose syrup 16.6ab 0.12a 4.11a 5.7a 5.1a

Starch syrup I 15.6a 0.13aa 4.16a 6.3a 7.9a
Starch syrup II 16.9b 0.17 4.20a 7.8a 8.3a
Starch syrup III 16.5ab 0.17a 4.25a 7.2a 14.3b

* data for water content were transformed with ArcSin(x) function; ** not detected at limit of detection 0.2 mg/kg; n: number of samples of
winter stores produced by bees in each feeding period (early and late) from each type of syrup; one-way analysis of variance (ANOVA)
with Duncan’s test were used. Different letters (a, b, c, d) at mean values indicate statistically significant differences at p ≤ 0.05; ***
5-hydroxymethylfurfural (HMF).

The total content of monosaccharides (the total of fructose and glucose) and the ratio of
fructose to glucose content (F:G) of the winter stores produced by bees from starch syrups
was statistically lower than in the winter stores produced by bees from sucrose syrups after
the early and late feeding period in both years of the experiment (Table 7). Disaccharide
sucrose was determined in saccharose syrups. In 2012, the content of sucrose in winter
stores produced by bees fed with homemade saccharose syrup was statistically higher than
that in the winter stores produced by bees fed with inverted sucrose syrup in both feeding
periods, regardless of the feeding period. There were no statistically significant differences
in the content of sucrose between the comparable feeding periods in 2013.
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Table 7. Comparison of sugars composition in winter stores (n = 5) produced by bees fed with different type of syrups in
2012 and 2013.

Season Feeding
Period

Type of Syrup

Sugar (Mean Value) (g/100 g)

Fructose Glucose Sucrose Maltose Erlose Malto-
triose

Total of
F + G

Glucose to
Fructose

Ratio (F:G)

Total of
Determined

Sugars

Maltodextrins
(DP4–DP7)

2012

Early

Sucrose syrup 32.5c 26.7a 10.1b 3.6b 4.9 n.d. * 59.2d 1.22c 79.2e n.d. **
Inverted sucrose

syrup 39.5d 32.0d 2.3a 0.8a n.d. * n.d. * 71.6e 1.23c 75.0d n.d. **

Starch syrup I 21.5b 28.7b n.d. * 12.7c n.d. * 2.2a 48.2b 0.75b 65.6a 4.9c
Starch syrup II 13.7a 26.4a n.d. * 23.1e n.d. * 3.2a 40.2a 0.52a 66.4a 3.7b
Starch syrup III 21.3b 30.3c n.d. * 14.8d n.d. * 2.3a 51.6c 0.70b 69.1c 3.4a

Late

Sucrose syrup 32.1c 27.7a 9.4b 2.7a 6.0 n.d. * 59.9b 1.16c 79.5d n.d. **
Inverted sucrose

syrup 38.2d 32.9b 2.1a 1.8a n.d. * n.d. * 71.2c 1.16c 75.7c n.d. **

Starch syrup I 21.6b 28.1a n.d. * 13.3b n.d. * 4.7a 49.7a 0.77b 67.6a 4.5b
Starch syrup II 18.3a 27.0a n.d. * 21.1c n.d. * 6.0a 45.3a 0.67a 77.9c 3.3a
Starch syrup III 20.9ab 28.2a n.d. * 18.5c n.d. * 5.1a 49.2a 0.74ab 73.1b 3.5a

2013

Early

Sucrose syrup 33.5d 26.7a 8.3a 4.0a 6.1 n.d. * 60.2d 1.25d 81.0d n.d. **
Inverted sucrose

syrup 37.4e 30.1bc 7.3a 2.6a n.d. * n.d. * 67.4e 1.24d 78.2d n.d. **

Starch syrup I 21.6b 29.5bc n.d. * 11.9b n.d. * 5.0a 51.2b 0.73b 67.4a 4.8c
Starch syrup II 16.0a 29.1b n.d. * 18.4c n.d. * 6.7c 45.1a 0.55a 70.5b 4.2b
Starch syrup III 24.2c 30.9c n.d. * 12.0b n.d. * 5.8b 55.1c 0.78c 72.9c 2.9a

Late

Sucrose syrup 29.1d 23.7a 13.9a 3.2a 5.4 n.d. * 52.8bc 1.22c 77.7c n.d. **
Inverted sucrose

syrup 34.4e 27.3a 11.7a 1.7a n.d. * n.d. * 61.7d 1.26c 77.0c n.d. **

Starch syrup I 22.4b 28.6ab n.d. * 11.6b n.d. * 4.5a 50.9b 0.78ab 69.6a 4.4a
Starch syrup II 20.0a 27.7a n.d. * 13.9c n.d. * 5.7b 47.7a 0.72a 72.3b 3.2a
Starch syrup III 24.7c 29.6b n.d. * 11.5b n.d. * 4.5a 54.3c 0.84b 74.4b 2.7a

* not detected at limit of detection 0.5 g/100 g; ** not detected at limit od detection 0.05 g/100 g; F: fructose, G: glucose; n: number of
samples of winter stores produced by bees in each feeding period (early and late) from each type of syrup; one-way analysis of variance
(ANOVA) with Duncan’s test were used. Different letters (a, b, c) at mean values indicate statistically significant differences at p ≤ 0.05.

Irrespective of the feeding period, in both years of the study, the winter stores pro-
duced by bees fed with starch syrups had statistically higher contents of maltose compared
to the stores made from saccharose syrups. Trisaccharide maltotriose was determined in the
winter stores produced by bees fed with starch syrups, while this sugar was not detected in
the winter stores produced by bees fed with saccharose syrups. In 2013, depending on the
feeding period as well as the type of starch syrup used, maltotriose content in the winter
stores produced by bees fed with starch syrups was statistically different.

Maltodextrins were determined in starch syrups and winter stores produced by bees
fed with these syrups; however, these components were not found (with a detection limit
of 0.05 g/100 g) in the winter stores produced by bees from saccharose syrups. Moreover,
quantitative results for maltodextrins in the winter stores produced by bees from starch
syrups statistically differed between feeding periods in both years of the study.

4. Discussion

It is commonly known that different types of ready-to-use syrups (inverted saccharose
syrups, starch syrups, and HFCSs) recommended for the winter feeding of bee colonies
have to comprise a proper physicochemical composition. This is important for the assur-
ance of the liquid consistency of winter stores, as this guarantees the proper overwintering
and dynamic spring development of honeybee colonies [5–9,16]. There are several im-
portant physicochemical parameters of syrups that should be taken into consideration
before feeding the bees: water content, sugars composition, HMF content, pH, free acidity,
and mineral contents. When fructose predominates over glucose in the monosaccharides
composition, the winter stores do not crystallize in the cells of honeybee combs. From this
point of view, the ratio of fructose to glucose content should be higher than 1.00 and the
most beneficial value of this parameter is around 1.26 [16].

The results from our laboratory are compared with our previously published field
results [12] and with the results received by other authors [8–10,17,23,24,30]. Our study
included the physicochemical composition of syrups which were investigated also for
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their suitability for the winter feeding of honeybee colonies under field conditions [12].
The laboratory studies showed that the physicochemical properties of the winter stores
is different from the composition of the syrups from which winter stores were made.
Moreover, the composition of the winter stores depended on the composition of the fresh
starch syrups, as well as on the weather condition during the feeding of the bee colonies.

Considering the shelf life of the winter stores, water content and pH seem to be very
important. The average water content determined in our winter stores produced by the
bees fed with starch and saccharose syrups did not exceed 18.6% and the average pH was
around 4.00, guaranteeing the stability of the winter stores in honeybee combs during
overwintering and the spring development of the bee colonies.

Apart from the quantitative share of fructose and glucose, the crystallization of winter
stores in the cells of honeybee combs depended on the malto-compounds (maltodextrins)
content. Regarding crystallization, studies conducted by Rybak-Chmielewska [9] showed
that the winter stores produced by bees from starch products in which crystallization
occurred had a significantly lower content of fructose compared to glucose (F:G = 0.50, on
average). In our study, a low fructose content compared to glucose in the winter stores
produced by bees from starch syrups (F:G from 0.52 to 0.84) might suggest the crystal-
lization of the winter stores in the honeybee combs during wintering. The high content
of maltose and maltotriose in starch syrups can also be an additional factor contributing
to the crystallization of the winter stores. These two sugars were partially hydrolyzed to
glucose by bees’ enzymes, resulting in an increase in glucose content. In our study, the
glucose content in the winter stores averaged as much as 31 g/100 g. According to Ohe
and Schönberger [3], the critical point at which a solution becomes saturated with glucose
is 32 g/100 g.

The liquid consistency of starch products also depends on the malto-compounds
content preventing the unwanted crystallization of glucose [31–33]. Enzyme α-amylase
hydrolyzes very long chains of amylose and amylopectin into glucose [34]. Amylose (a
non-ramified form of starch) is made up of glucose subunits which are bound together
with α-1,4-glycoside bonds. Amylopectin is a ramified form of starch containing one
α-1,6-glycoside bond per ca. thirty α-1,4-glycoside bonds. Intermediate products of this
reaction are malto-compounds consisting of a few glucose molecules. In starch syrups, we
identified maltodextrins containing from 4 to 7 glucose molecules (DP4-DP7) at a level of
4.0 g/100 g, on average. Based on the comparison of the data for starch syrups before and
after processing by bees, it can be said that there was a slightly lower content of maltodex-
trin (DP4-DP7) in the winter stores produced by bees from these syrups (2.7–4.9 g/100 g).
Despite the unfavorable ratio of fructose to glucose content (below 0.80) and the high
glucose content (especially in stores from starch syrup III in which the concentration of
this sugar averaged between 30 and 31 g/100 g in the early feeding period in both years of
the study) it seems that the presence of maltodextrins prevented the crystallization of the
winter stores in honeybee comb cells. The liquid consistency of the winter stores ensures
that bees can use the food accumulated in the honeybee comb cells, having a beneficial
effect on overwintering and the spring development of bee colonies.

Our field experiment confirmed that the problem of crystallization of winter stores
produced by bees from starch syrups did not occur during and directly after overwinter-
ing [12]. Only in May 2013 was a low amount of crystallized syrups (<0.2 kg) as residues
of winter food in bee colonies fed with starch syrups and in the control groups (fed with
inverted saccharose syrup and homemade saccharose syrup) found.

However, it should be noted that some authors indicate that longer oligosaccharides
in starch syrups may have a negative impact on overwintering of bees, especially in the
case of a long and cold winter [7]. Worker bees can use soluble starch as an energy source
for flight. The α-amylase enzyme is also present in the gland secretions of older worker
bees and those bees are capable of using it to generate energy [30]. Nonetheless, after
analyzing the data of Rybak-Chmielewska et al. [8] it becomes evident that the individual
malto-compounds underwent a significant reduction in the stores (by ca. 1/3). However,
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some of these compounds might overload bees’ simple intestines during the long winter,
possibly causing the colony losses during the difficult conditions of the winter of 2005/2006.
The weather conditions during the winter of 2005/2006 differed significantly from the
weather conditions of the two consecutive seasons (2012 and 2013) in which we performed
this experiment [12]. The average temperature in winter of 2012/2013 was −0.7 ◦C, and
in the winter season of 2012/2014 + 1.4 ◦C, while during the winter of 2005/2006 the
temperature dropped below −20 ◦C.

A very important issue concerns HMF, which is considered to be harmful to bees
[10,17,23,24]. Experiments on HMF toxicity to bees have been conducted under laboratory
conditions. Although we have not studied the effect of HMF on bees directly, based
on laboratory results we found that the concentration of HMF in some syrups used to
feed the bees in our study was quite high. Therefore, there was a potential risk to the
bees related to the toxicity of HMF. Some manufacturers declare wide range of HMF
content (20–40 mg/kg) in products recommended for the winter feeding of bees (Apikel
20, Apifood), however, some of them do not specify values for this parameter (Apifortune,
Apiinvert). An HMF level of 30 mg/kg can be considered as safe for bees [17]. The
HMF content determined in the starch syrups used in our experiment ranged on average
from 14.6 to 51.2 mg/kg, and in the inverted saccharose syrup from 25.7 to 47.4 mg/kg.
Concentrations of this component in the winter stores was much lower, on average ranging
from 3.2 to 14.3 mg/kg in the stores made from starch syrups and from 4.2 to 12.3 mg/kg
in the stores made from inverted saccharose syrup. Although the initial HMF content in
some of syrups was high, we did not notice any harmful effects on the bees.

Both the electrical conductivity value and the ash percentage are related to the mineral
contents in the products used by bees as carbohydrate foods. In our studies, the electrical
conductivity of the analyzed fresh syrups and winter stores produced by bees from those
syrups was at a low level, not exceeding 0.2 mS/cm. This value is comparable with
values for monofloral honeys such as acacia, rape, citrus, Hedysarum, Lavandula, Phacelia,
Rhododendron, and Rosmarinus honey [19,28,35]. According to some authors, mineral
contents in the nectar honey used by bees as a carbohydrate food are at a safe level for
bees [2,16]. Therefore, we can conclude that the winter stores for which the electrical
conductivity does not exceed the value of 0.2 mS/cm are safe for bees.

Despite the low ratio of fructose to glucose content (F:G), the high content of HMF, and
the low percentage content of maltodextrins (DP4–DP7) in the winter stores produced by
bees from the tested starch syrups, the condition of the bee colonies (measured by strength:
number of combs covered by bees and brood area after the end of supplementation), was
similar to the condition of bee colonies fed with inverted sucrose syrup and homemade
sucrose syrup [12]. Additionally, no statistically significant differences in the bee colony
conditions were found when comparing feeding periods in the two consecutive seasons
(2012 and 2013). The number of dead bees after overwintering in the bee colonies fed
earlier (from the middle of August to the end of the first week of September) and later
(from the first to second week of September to the end of the first week of October), as well
as the consumption of syrups, did not differ statistically depending on the type of syrup
used for feeding. The spring development of bee colonies assessed based on the increase in
brood area between two measurements (taken at three-week intervals) was similar in all
the compared groups and there was no significant differences between different foods and
feeding periods.

Comparison of the data of the winter stores with natural honey allowed us to under-
stand the differences between the honey obtained from natural sources [35–40] and from
saccharose and starch syrups. Some authors showed that the products processed by bees
fed with inverted (acid and heat treatment) saccharose syrups had a higher HMF content
and a lower diastase activity, lower moisture content, and lower free acidity than natural
honey and honey produced by the supplementary feeding of bees by saccharose syrup [36].
Saccharose content in two kinds of honey studied by these authors was higher than in
natural honey. Our study showed that winter stores processed by bees from saccharose
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and inverted saccharose syrups contained a much higher content of saccharose compared
to the results achieved by other authors for natural honey [19,35–40]. The winter stores
processed by bees from starch syrups were characterized by a higher content of maltose
and maltotriose and a lower content of simple sugars (fructose and glucose). Among the
simple sugars, glucose was the dominant sugar, whereas in most samples of monofloral and
multifloral honey fructose was the dominant sugar [19,35–40]. The winter stores processed
by bees from starch syrups also contained starch maltodextrins, which are not natural
ingredients of honey. It should be noted that the presence of maltodextrins in spring honey
obtained from the colonies fed with starch syrups indicates that this honey may contain
residues of the winter stores processed by bees from starch syrups [41]. Therefore, the
collection of the first spring honey must be carried out following the art of beekeeping.
Maltodextrins can be an indicator of honey adulteration with winter stores produced by
bees fed by starch syrups, or even with the starch syrups themselves.

In conclusion, our studies confirmed that starch syrups can be recommended as
winter food for bees. These are products of incomplete enzyme hydrolysis of starch
containing, in addition to glucose and fructose, some amounts of maltose, maltotriose,
and maltodextrins (DP4–DP7). The sugars composition of the tested starch syrups ensures
the correct composition of the winter stores produced by the bees. The lower percentage
content of starch maltodextrins (DP4–DP7) in these syrups guarantees the liquid consistency
of the winter stores. A water content not exceeding 17.2% and a low pH value (about 4.0)
ensure the stability of the stores in honeybee combs during overwintering and the spring
development of bee colonies. We did not find significant differences in the physicochemical
parameters of the winter stores depending on the feeding period over two consecutive
seasons (2012 and 2013).

The results of our study show that the presence of malto-compounds (DP4-DP7) at
a relatively low level (no higher than 5 g/100 g) and HMF content of up to 50 mg/kg, in
winter stores does not have negative impact on overwintering and the spring development
of honeybee colonies.
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