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Abstract
One of the main practices followed by beekeepers during the production of
royal jelly (RJ) is the artificial sugar feeding. In this study, the effect of carbohydrate supplementary feeding on the composition of the three main sugars
(fructose, glucose, sucrose) and on the final quantity of the product was explored using one-way ANOVA and non-parametric tests. Also, the correlations among the parameters were examined. The average yield per colony for
non-supplemented colonies (Group A) was 12.8 g, while the average content
of fructose, glucose and sucrose was 4.32%, 3.78%, and 0.04%, respectively.
For the colonies fed at the grafting day one time (Group B), these values were
12.76 g, 3.11%, 3.19% and 3.71%, and for the colonies fed from the insertion
until the collection day (Group C), 12.81 g, 3.05%, 3.12% and 3.54% respectively. It should also be noted that the sucrose content in all samples from
supplemented colonies was found greater than 1.97%. The statistical tests highlighted the impact of artificial feeding on fructose and glucose contents,
while the produced quantity remained uninfluenced. Finally, the Spearman
(rho) coefficient test showed statistically significantly negative correlation
between the monosaccharides (fructose, glucose) and sucrose.
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1. Introduction
Royal jelly (RJ), named by the Swiss botanist Francois Hubber in 1788 [1], is a
creamy, white and viscous natural secretion from hypopharyngeal and mandiDOI: 10.4236/ojapps.2018.84011
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bular glands of honeybees [2]. It is secreted by young worker bees [3] [4] [5] to
feed the queen throughout her life and the sexually immature females for only
the first three days. It contains about 60% to 70% moisture [6] [7] [8], 9% to 18%
crude protein, 10% tο 19% main sugars [9] [10] [11], 2.2% to 8.0% total lipids
[7] [11], 0.8% to 3% ash [9] [12] and varieties of other nutrients including amino
acids, minerals and vitamins [13].
Besides honey, RJ can greatly enhance the beekeeper’s income. Its price is
high, the yield is relatively stable even under adverse climatic conditions and the
consumers’ interest in the product is increasing. Although the future prospectus
of RJ trade is growing, problems appear in its marketing mainly because no legislative framework exists to support its authenticity and quality [14]. The adoption of RJ legislation requires knowledge about the chemical synthesis of the
product and the factors that may affect its composition. According to Sabatini et

al. [12], the chemical synthesis of RJ varies considerably due to the different
sampling procedures, the production conditions and the diversity of the analytical methods. Furthermore, Takenaka et al. [15], Chen & Chen [16] and Kanelis
[17] noted other factors as well, such as the storage conditions, which considerably alter the sugar composition of RJ.
Not only the storage conditions but also the beekeeping practices are mentioned to affect RJ’s carbohydrate composition [18]. Yet, the scientific findings
do not clarify whether feeding affects the chemical synthesis of the product because some authors claim that it causes changes [19] [20] [21] and some others
that it does not [22] [23]. Beekeepers believe that the feeding of bees during RJ
production, stimulate workers to increase the quantity of RJ [20] [21] but this
notion has not been scientifically proved [21].
The aim of the present study was to investigate through analysis of variance
(ANOVA) the impact of the feeding practice that is commonly used by the beekeepers during the production of RJ, on its final quantity and main carbohydrate
composition. The results deriving from this useful statistical tool will provide
eventually sufficient information about the practices during RJ’s production.

2. Materials and Methods
2.1. Sampling and RJ Production
Sixty artificial queen cells were grafted with 48-h-old larvae and were placed in
queenless colonies sited at the University farm of Aristotle University of Thessaloniki, Greece. The sample production started at June of 2016 and it lasted almost seven weeks. The 48-h-old larvae were obtained from unsealed brood of
other bee colonies from the same apiary. Every third day, the grafted cells were
removed, replaced by another 60 cells, to complete four consecutive graftings
and the RJ was collected. The RJ from the accepted cells of each grafting was
mixed to form the experimental samples. The queenless colonies received one
comb of sealed brood every six days to discourage the development of ovaries of
worker-bees. The RJ samples were stored at −18˚C until their analysis.
DOI: 10.4236/ojapps.2018.84011
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Feeding Experiment
Royal jelly samples were produced from six queenless bee colonies that were divided into three equal groups that received the following treatments:
Group A: The colonies were not provided with any syrup before or during the
study.
Group B: The colonies were provided with 500 mL sugar syrup (1:1) only the
grafting day.
Group C: The colonies were fed every day, from the grafting day until the collection day with 500 mL sugar syrup (1:1).
Feeding of groups B and C started ten days before the main experiment and
involves everyday provision of 500 mL sugar syrup (1:1), which contained 1 kg
of sugar and 1 L of water. Totally 72 samples were produced, 24 in each group.

2.2. Carbohydrate Determination
Glucose, fructose and sucrose of RJ were determined using the HPLC-RID technique. Samples of RJ were mixed with the solutions Carrez I (150 mg·mL−1)
(C6FeK4N6*3H2O) (Fluka, Germany) and Carrez II (300 mg·mL−1)
[(CH3COO)2Zn*2H2O] (Merck, Germany) and transferred in volumetric flasks.
The flask was filled with mixture of methanol (Chem-Lab, Belgium)/water
(25:75, v/v) until the final volume of 5 mL. The solution was filtered through a
disposable syringe filter (0.45 μm) before the injection. The sugars were separated on a Zorbax Carbohydrate Analysis Column (4.6 mm ID × 150 mm × 5
μm) using as mobile phase a mixture of acetonitrile (Sigma-Aldrich, USA)/water
(80:20, v/v) at a flow rate of 1.3 mL·min−1 and injection volume at 10 μL. The
detection was achieved using a refractive index detector (RID).

2.3. Statistical Analysis
The comparisons among the different groups regarding the quantity of produced RJ and carbohydrate composition were completed by using the one-way
analysis of variance (ANOVA) for normal populations and the non-parametric
test Kruskal-Wallis for the parameters that did not have a normal distribution.
The normality of the data was checked by creating probability plots. Finally, in
order to examine the correlation among the parameters, for normal populations,
the parametric correlation coefficient of Pearson (r) was calculated while for
non-normal populations the non-parametric coefficient of Spearman (rho) was
used. The statistical analyses were performed using the Minitab Ink statistics
software (ver. 17) and the level of significance was set at α ≤ 0.05.

3. Results and Discussion
Analysis of variance (ANOVA) is a statistical procedure used in this research to
determine whether there are significant differences between the three group
means. The probability plots showed that all the parameters except sucrose followed a normal distribution (Figure 1). Thus, for fructose, glucose and RJ quantity the one-way ANOVA was considered as appropriate for the statistical
DOI: 10.4236/ojapps.2018.84011
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Figure 1. Probability Plots of main sugars and final quantity of RJ in all groups.

process of the data. On the contrary, in case of sucrose, which did not follow the
normal distribution, the nonparametric test Kruskal-Wallis was applied. For the
above reason, the means for fructose, glucose and RJ quantity were separated by
Duncan’s multiple range test, while the means regarding the sucrose parameter
were separated by Mann-Whitney’s Test, at the same significant level (Table 1
and Table 2).
Both tests showed statistically significant differences among the groups for all
the studied parameters (pmax = 0.000), except the RJ’s quantity per colony (p =
0.990) (Table 1). Indeed, the group without artificial sugar feeding (Group A)
compared with the other two (Groups B and C), had statistically significantly
higher concentrations of fructose and glucose and statistically significantly lower
sucrose content (Table 2 and Figure 2). Consequently, the statistical analyses
suggest that sugar feeding affects the carbohydrate composition of the final
product, whereas the quantity seems to be independent. Additionally, regarding
the correlation among the parameters, it was found a statistically significant positive correlation between fructose and glucose (r = 0.661, p = 0.000), while between fructose or glucose and sucrose, the correlation was statistically significant
negative (rhomin = −0.595, p = 0.000) (Table 3). Indeed, in low concentrations of
sucrose, the concentrations of glucose and fructose were high and the opposite.
The findings of this study are in agreement with those of Daniel and Casabianca [18], who referred that fructose and glucose contents decreased in the
presence of artificial feeding, while sucrose increased. On the other hand,
DOI: 10.4236/ojapps.2018.84011
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Table 1. The one way ANOVA and the Kruskal-Wallis table presenting sum of squares,
degrees of freedom (df), mean square and F-test for the parameters fructose, glucose and
RJ quantity.
One way ANOVA

Kruskal-Wallis

Parameter

Sum of Squares
(Between groups)

df

Mean
Square

F

Sig.

Fructose

24.827

2

12.414

30.244

0.000

Glucose

6.350

2

3.175

10.758

0.000

RJ Quantity

0.028

2

0.014

0.010

0.990

Parameter

Chi-Square

df

Asym.
Sig.

Sucrose

48.288

2

0.000

Table 2. Mean values and standard deviations of fructose, glucose, sucrose and RJ quantity per colony.
Group (n = 24)

Fructose*
(%)

Glucose*
(%)

Sucrose**
(%)

RJ
quantity/colony* (g)

Unfed colonies (A)

4.33 ± 0.89a

3.78 ± 0.59a

0.04 ± 0.08b

12.78 ± 1.10a

Colonies fed during
grafting (B)

3.11 ± 0.50b

3.19 ± 0.54b

3.71 ± 1.12a

12.76 ± 1.16a

Colonies fed every day (C)

3.05 ± 0.43b

3.12 ± 0.49b

3.54 ± 1.18a

12.81 ± 1.29a

*In each column, values followed by different letters were significantly different (α = 0.05, Duncan’s multiple range test). **In each column, values followed by different letters were significantly different (α = 0.05,
Mann-Whitney’s multiple range test).

Table 3. Pearson (r) and Spearman (rho) correlation coefficients among sugars and
quantity parameters.

Fructose1
Glucose

1

Sucrose2
RJ quantity per colony

1

Fructose

Glucose

Sucrose

RJ quantity
per colony

-

0.661*

−0.595*

0.027

0.661*

-

−0.488*

0.108

−0.595*

−0.488*

-

0.011

0.011

-

0.027

0.108

*Correlation is significant at the 0.05 level (2-tailed). Pearson correlation. Spearman correlation.
1

2

Sesta et al. [24] and Balkanska et al. [25] reported that there was not any effect of
supplementary sugar feeding on the content of RJ’s three main sugars. Despite
their decrease, the concentrations of fructose and glucose determined in the
present research were in the same levels with the respective concentrations
found by other authors [18] [24].
In the study of Daniel and Casabianca [18], the lower value of sucrose concentration in the samples produced under feeding conditions was 0.1% and the
higher 5.1%. However, over the half of their samples derived from the feeding
experiment, had sucrose concentration between 0.1% and 0.5%, which is the
same with the sucrose concentration range found in the samples that we produced from colonies without sugar feeding. In another study, the range of sucrose
DOI: 10.4236/ojapps.2018.84011
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Figure 2. Chromatograms of the three main sugars of the three different groups.

in RJ from colonies supplied with syrup was between no detectable and 2.1%
[24]. In our research, the range of sucrose in RJ from every day feeding experiments was 2.13% to 6.90% and from one-day feeding (only the day of grafting)
was 1.97% - 5.94%. The RJ samples from unfed colonies had maximum sucrose
0.29%. Thus, this experiment supports stronger the notion that the artificial
sugar feeding affects the concentration of sucrose.
The majority of authors and the general opinion of beekeepers support that
supplementary feeding increases the final quantity (yield) of the produced RJ per
grafting. According to Şahinler et al. [26], the acceptance of artificial queen cells
and the produced quantity were increased using feeding supplements. On the
other hand, Weiss [21] noted that stimulative feeding does not influence the
DOI: 10.4236/ojapps.2018.84011
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acceptance or the quantity when given just before and during the period of RJ
production. The results of this study are in agreement with the findings of Weiss
[21], as we proved that the final quantity of the produced RJ was unaffected.
However, as mentioned above, the stimulative supplements are necessary in order to stimulate the queen’s egg laying. Moreover, in this way, many young
workers, which are responsible for the RJ production, are hatched and the final
quantity of RJ can be kept stable.

4. Conclusion
Feeding sugar in syrup form is the most popular method in the production of RJ
because it helps the queens to lay eggs at high levels. According to the results of
this study, the quantity of the produced RJ does not increase due to artificial sugar
feeding, instead, it remains stable. We also found that the composition of the
three main sugars in RJ changed significantly in the presence of artificial sugar
feeding in the bee colony, during the production. The ANOVA and the coefficient tests were used to compare the results. Specifically, fructose and glucose
decreased in the samples produced from fed colonies whereas sucrose increased.
These findings have a practical value and are important to beekeepers that produce RJ. However, further research should be done on feeding experiments with
the purpose to minimise the impact of the artificial feeding on the product of RJ.
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