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Effect of supplementary honey and artificial sugar feeding of bees on the composition of
royal jelly
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Abstract. The purpose of this study was to assess the effect of supplementary honey and artificial sugar feeding of bees on the composition of royal jelly. A total
of 29 royal jelly samples were harvested and analyzed from May to August 2012. The results obtained show the following values for royal jelly samples
harvested from bee colonies fed with sugar solution: water content (58.30–63.50%), proteins (15.04–18.79%), fructose (4.30–6.91%), glucose (2.87–4.43%),
sucrose (1.39–4.19%), pH (3.65–4.18), total acidity (3.69–4.46 ml 0.1 N NaOH/g), electrical conductivity (166.00–214.00 μS/cm). The respective physicochemical parameters in royal jelly samples produced by feeding with honey were: water content (59.70–63.70%), proteins (15.28–18.53%), fructose
(3.96–6.74%), glucose (2.64–4.49%), sucrose (1.40–3.87%), pH (3.76–4.19), total acidity (3.69–4.66 ml 0.1 N NaOH/g), electrical conductivity
(174.00–191.00 μS/cm). Statistical analysis showed no significant differences between the physico-chemical parameters (water content, proteins, fructose,
glucose, sucrose, pH, total acidity, electrical conductivity) in the feeding experiment. These data show that the studied types of feeding do not influence the
royal jelly composition. These results, however, are not only essential from scientific point of view. They have also practical purposes and are important for
beekeepers who produce royal jelly.

Keywords: royal jelly, bee feeding, physico-chemical characteristics

Introduction
Recently, there has been an increasing interest in the use of
natural food additives and incorporation of health-promoting
substances into diet. In this context bee products are some of the
most popular natural food products because they have many health
benefits (Bankova et al., 2012). Honey bees depend on flowers to
collect nectar and pollen which provide them sugars, proteins, lipids,
vitamins and minerals. Honey bees produce royal jelly by
transforming nectar and pollen. Royal jelly is the food for all bee
larvae during the first 3 days. After that only the queen larvae
continue to receive royal jelly as food (Townsend and Lucas, 1940;
Lercker et al., 1981). Royal jelly is a secretion from the hypofaringeal
and mandibular glands of worker bees Apis mellifera L. It mainly
consists of water (60–70%), proteins (9–18%), sugars (7–18%),
lipids (3–8%) and small amounts of amino acids, vitamins and
minerals (Palma, 1992; Sabatini et al., 2009; Balkanska et al., 2010;
Mărghitaş et al., 2010).
The European regulation on organic agriculture does not allow
artificial nutrition of bee colonies (European Commission, Council
Regulation (EC) N.1804/1999). However, very often for royal jelly
production it is necessary to supply bee colonies with sugar and
protein supplements. Currently, it is possible to produce organic
royal jelly commercially without sugar feeding. Feeding the bee
colonies with honey for royal jelly production in some circumstances
is possible but it may be better financially for the beekeeper to sell
the honey and buy sugar. Feeding sugar in syrup form is the most
popular and probably the most effective method for high production
of royal jelly. To date, data on royal jelly enhancement production
and the effect on composition by adding different supplements used
for bee feeding are limited. There are a few studies which describe

the influence of different feedings on the sugar composition of royal
jelly (Sesta et al., 2006; Wytrychowski et al., 2012).
The present study was carried out to investigate the effect of
honey and sugar feeding of bee colonies on royal jelly composition
during the whole period of production of royal jelly from May to
August in Bulgaria.

Material and methods
The study was conducted at the Institute of Animal Science from
May to August 2012. Six honeybee colonies were classified into two
groups (3 colonies per each group) and these groups were used as
royal jelly production colonies. The first experimental group was
exposed to routine work such as feeding with sugar solution
(sugar/water 1:1) 3 times weekly and 15 royal jelly samples (group I)
were obtained. The second experimental group was fed with honey.
Fourteen royal jelly samples (group II) were collected from this type
of feeding. Other ten honeybee colonies were considered as donor
colonies that were used for providing royal jelly production colonies
with young larvae (24 hours old) and with bee brood. A total of 29
royal jelly samples were harvested. Each month two to five samples
were obtained.
The analysis of royal jelly samples was essentially performed
as described in Balkanska et al. (2012). In brief, the following
parameters were determined: proteins by Folin-Ciocalteu reagent;
sugars (fructose, glucose, sucrose) by HPLC; water content by
refractometer; pH – potentiometrically; total acidity – titration with 0.1
N NaOH; electrical conductivity by conductimeter. Statistical
analysis was performed using MS Excel 2007 and was expressed as
mean ± standard deviation. The differences in parameters between

* e-mail: r.balkanska@gmail.com
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the royal jelly samples produced from group I and II were evaluated
using Student's t-test. Values of p<0.05 were considered statistically
significant.

Results and discussion
The results of the water content, proteins, pH, total acidity and
electrical conductivity of royal jelly are listed in Tables 1 and 2. In
June the mean water content values between the royal jelly samples
(group I) collected from sugar syrup-fed bee colonies and royal jelly
samples (group II) from honey-fed bees are very similar. In the other
months of investigation the mean water content values are also
similar. The effect of month and type of feeding was not
demonstrated in this study. The difference between samples from
group I and II was not significant for this parameter (p>0.05). The
range of royal jelly water content obtained in the present study was
similar to those reported in other studies (Pamplona et al., 2004;
Bobiş et al., 2010). For water content the range of 60–70% may be
internationally accepted (Sesta and Lusco, 2008; Sabatini et al.,
2009). In some countries royal jelly production continues for 9
months. The water content of royal jelly slightly decreased in the hot
season and increased in the rainy season (Wongchai and
Ratanavalachai, 2002). In Bulgaria the period of royal jelly
production is very short – four months (from May to August). In this
period water content of royal jelly does not vary in large ranges.
Protein contents did not vary widely within the period May –
August and were not influenced by the type of feeding. Royal jelly
samples produced by feeding with sugar solution and honey contain
proteins in the range of 15.04–18.79% and 15.28–18.53%,

respectively. These differences may be due to the different
characteristics of honeybees for royal jelly production. Furthermore,
the slight differences in protein content between the samples from
the same type of feeding suggest that in different stage of
development bee larvae need different quantity of protein.
Our pH and total acidity results are in agreement with other data
available in literature. There are no variations between different
reports (Serra Bonvehi, 1992; Takenaka and Takenaka, 1996). The
pH values were 3.65–4.18 and 3.76–4.19 for royal jelly samples from
bee colonies fed sugar solution or honey (Tables 1 and 2).
Comparing the average total acidity values it can be mentioned that
almost the same values were obtained in the feeding experiment.
The minimum and maximum values were 3.69–4.46 and 3.69–4.66
ml 0.1 N NaOH/g for group I and II, respectively.
The electrical conductivity of royal jelly may be explained by
taking into account the protein content, amino acids and mineral
content of royal jelly. The electrical conductivity reflects the presence
of ions and organic acids. In the present study we did not find a linear
correlation between the electrical conductivity of royal jelly samples
and their protein content. A slight increase in the maximum values of
electrical conductivity on royal jelly occurred when bee colonies
were fed sugar solution (166.00–214.00 μS/cm), but the levels of this
parameter were not significant in comparison to the samples
obtained for group II (174.00–191.00 μS/cm).
Figure 1 presents the sugar composition of royal jelly samples
collected from May to August. The sugar content of royal jelly for both
groups of samples in this study could be compared to the different
bee feeding experiments with commercial product containing
fructose, glucose, sucrose and proteins (Sesta, 2006). The average
fructose content for samples for group I fed with sugar solution

Table 1. Chemical parameters on royal jelly samples harvested from bee colonies fed with sugar solution (group I)

Parameters
Water content, %
Proteins, %
pH
Total acidity, ml 0.1 N NaOH/g
Electrical conductivity, μS/cm

May

June

July

August

All samples from
May to August

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD*

62.55 ± 0.92
18.17 ± 0.52
4.12 ± 0.09
3.73 ± 0.07
171.50 ± 7.78

61.08 ± 1.75
16.04 ± 1.23
3.87 ± 0.10
4.12 ± 0.13
179.50 ± 8.19

62.40 ± 0.91
17.18 ± 1.16
3.83 ± 0.12
4.15 ± 0.22
182.00 ± 6.48

60.10 ± 1.57
17.90 ± 0.80
3.90 ± 0.09
4.23 ± 0.25
197.60 ± 10.81

61.30 ± 1.64
17.25 ± 1.23
3.90 ± 0.13
4.11 ± 0.24
185.13 ± 12.45

*The differences between all samples harvested from bee colonies fed with sugar solution and honey are not statistically
significant (P > 0.05).
Table 2. Chemical parameters on royal jelly samples harvested from bee colonies fed with honey (group II)

Parameters
Water content, %
Proteins, %
pH
Total acidity, ml 0.1 N NaOH/g
Electrical conductivity, μS/cm

May

June

July

August

All samples from
May to August

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD*

61.55 ± 0.21
15.66 ± 0.54
4.06 ± 0.06
3.93 ± 0.07
177.50 ± 3.54

61.37 ± 1.53
17.35 ± 1.04
4.04 ± 0.17
4.11 ± 0.25
180.67 ± 2.08

61.68 ± 1.51
17.13 ± 0.61
3.85 ± 0.08
4.27 ± 0.29
178.50 ± 3.70

61.40 ± 1.60
17.33 ± 1.12
3.98 ± 0.11
3.98 ± 0.24
180.60 ± 6.80

61.49 ± 1.30
17.04 ± 1.00
3.96 ± 0.13
4.08 ± 0.25
179.57 ± 4.55

*The differences between all samples harvested from bee colonies fed with sugar solution and honey are not statistically
significant (P > 0.05).
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Figure 1. Average sugar content of royal jelly samples from bee colonies fed with sugar solution and honey
from May to August (A – D).

(5.55±0.73%), glucose content (3.60±0.47%), sucrose
(2.36±0.78%) and total sugars (11.51±0.92%) were also similar to
those presented by Sesta (2006) where the same type of feeding is
used. Similar results were obtained for the second group of samples:
fructose (5.34±0.70%), glucose (3.34±0.59%), sucrose
(2.43±0.79%) and total sugars (11.12±1.44%). The ranges found for
the main royal jelly sugars are: fructose (4.30–6.91%), glucose
(2.87–4.43%) samples from sugar solution-fed bee colonies and
fructose (3.96–6.74%), glucose (2.64–4.49%) samples from honeyfed bee colonies. It was observed that all the samples contain
sucrose, although the results did not vary considerably (around 2%)
in each group of samples. Sucrose content was between
1.39–4.19% and 1.40–3.87% when the bees were fed with sugar
solution and honey, respectively. The amount of total sugars
(glucose, fructose and sucrose) in all royal jelly samples varied from
8.43 to 14.08% for the whole period (May – August), with the highest
average value in June (12.33%). No significant differences in sugar
content were observed between royal jelly samples obtained from
sugar solution-fed bee colonies compared to those fed with honey.
The effect of month and type of feeding on the physico-chemical
parameters of royal jelly (water content, proteins, fructose, glucose,
sucrose, pH, total acidity, electrical conductivity) was not
demonstrated in this study. If there are large differences in royal jelly
sugar composition in individual bee colonies, even in the same
apiary, they are incidental. They can be explained by variation of
different complicated factors. For bee colonies, breed, the amount of
nectar, different types of supplementary feeding, atmospheric
conditions, season are factors influencing the composition of royal
jelly in some directions, but amongst all these factors it is not clear

which appears to be the most important. The range of royal jelly
physico-chemical parameters, obtained in the present study, was
similar to those reported in other studies.

Conclusion
Statistical analysis showed no significant differences between
the physico-chemical parameters of royal jelly (water content,
proteins, fructose, glucose, sucrose, pH, total acidity, electrical
conductivity) in the feeding experiment (p>0.05). This data shows
that the period of collection and the studied types of feeding do not
influence royal jelly composition. These results, however, are not
only essential from a scientific point of view. They also have practical
value and are important for beekeepers who produce royal jelly.
Based on the above data, a new royal jelly production method for
organic bee feeding is proposed. The next step is to test organic
royal jelly produce from bee colonies fed with organic sugar and to
see if it corresponds to the quality criteria established for
conventional royal jelly.
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