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Royal jelly is a natural viscous, milky-white product which is secreted from special glands of young worker
honey bees (Apis mellifera L.) used to feed queen larvae and the queen bee throughout its life. It can be used
as a dietary complement because of its composition, and also it contains a large number of bioactive substances
such as peptides, flavonoids, fatty acids and also 10-hydroxy-2-decenoic acid (10-HDA). The variation in
chemical compounds of royal jelly depends on some factors such as floral sources, queen cup types and
harvesting time. In this study, the effect of harvesting period (April, May, June, July and August) on
physicochemical properties and 10-HDA content in royal jelly collected from different producers in Turkey.
The total solid contents as well as protein contents of royal jelly significantly changed depend on the harvesting
period, but no alteration in pH value. The maximum means of total phenolic content and antioxidant activity
were found in samples harvested in July. 10-HDA content varied from 0.91% to 2.05%, with a mean of 1.38%.

A significant effect of month in 10-HDA content was found, and the highest mean value observed in June.

1. Introduction

Recently, consumer demand for natural products with health-
promoting effects has been increased. Among the natural products,
royal jelly has been most widely accepted beehive product, which is
mainly composed proteins, lipids, carbohydrates, vitamins, and
minerals (Balkanska, Marghitas, & Pavel, 2017). It is one of the most
attractive bee product due to rich source of bioactive components. It is
secreted from the cephalic glandular system (hypopharyngeal and
mandibular glands) of young worker bees (Apis mellifera L.) and is
used to feed the larvae for only 3 days and the queen throughout larval
and adult stages (Kolayli et al., 2016; Yavuz & Giirel, 2017). Royal
jelly is a strongly acidic (pH 3.1-3.9) and milky-white colored product
that is a thick and viscous substance because of the presence of varying
sizes and insoluble protein granules (El-Guendouz et al., 2020;
Kamyab, Gharachorloo, Honarvar, & Ghavami, 2019).

Studies have shown that royal jelly comprises water (50-60%),
proteins (18%), carbohydrates (15%), lipids (3-6%), mineral ash
(1.5%) and vitamins, with a large number of bioactive substances such
as 10-HDA, fatty acids, peptides and flavonoids (Alu'datt et al., 2015).
So that, today royal jelly is widely consumed as a dietary supplement
and has been used in foods, pharmaceutical and cosmetic industry (El-
Guendouz et al., 2020; Emir 2017; Zhu et al., 2019). It has various
beneficial effects, including anti-bacterial, antioxidant, anti-fatigue,
anti-allergic, antitumor, anti-hypercholesterolemic, antihypertensive,
life-spanelongating, antiinflammatory, DNA-protective,
hepatoprotective effects, and insulin-like (Bincoletto, Eberlin,
Figueiredo, Luengo, & Queiroz, 2005; El-Nekeety et al., 2007; Emir
& Emir, 2017; Inoue, 2003; Kamakura, Mitani, Fukuda, & Fukushim,
2001; Kohno et al., 2004; Okamoto et al., 2003; Park et al., 2019;
Vittek, 1995; Zimmermann, 2002).

Natural royal jelly is produced by the transformation of nectars and
pollens collected in the environment of the hives during the foraging
activities of the honeybees (\Wytrychowski et al., 2013). Therefore, the
chemical composition of royal jelly is affected by several factors such
as floral variety and geographical and environmental conditions as
well as harvesting time, which has been proven some studies (Jie et al.,
2016; Kolayli et al., 2016; Ramadan & Al-Ghamdi, 2012; Zheng, Hu,
& Dietemann, 2011). However, there is limited number of studies

focusing the effect of different harvesting period or season on the
chemical composition of royal jelly. Therefore, the aim of this work
was to evaluate the effect of different harvesting periods (April, May,
June, July, and August) on the physicochemical and bioactive
properties of royal jelly samples collected from Turkey.

2. Materials and Methods

2.1. Materials

Fresh royal jelly samples (20 g) produced from different regions
of Turkey, in particularly Aydin, Balikesir, Bursa, Canakkale,
Gaziantep, Yalova and Zonguldak, were collected from beekeepers.
Royal jelly samples were collected in two replicates for each period.
The samples had been collected in the middle of production months
since April to August 2016. A total of 39 royal jelly samples were
obtained from beekeepers between April and August. The samples
were freshly harvested on the 15" of every month and transported to
the laboratory in an icebox (approximately 4 °C) placed into 25 mL
glass bottle just harvesting.

2.2.Chemical analysis

The total solid contents of royal jelly samples were determined
by oven drying at temperature of 105 °C until a constant weight was
obtained. The total protein contents of royal jelly samples were
determined using the Kjeldahl method and the quantity of crude
protein was calculated using the factor of 6.25 for conversion to
protein content. The pH values of royal jelly samples were read
directly from the calibrated pH meter (Eutech Cyberscan pH 2700,
Ayer Rajah Crescent, Singapore). The pH of samples was measured in
solution of 1 g royal jelly in 10 mL of milli-Q water.

2.3.10-Hydroxy-2-decenoic acid (10-HDA) analysis

Determination of 10-HDA was performed using high-performance
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liquid chromatography (HPLC) (Agilent 1260 infinity, CA, USA)
system coupled with a UV detector set at 225 nm. The separation of
10-HDA was carried out using a Shimadzu column (150 mm x 4.0 mm
X 5 um) adjusted to 35 °C as column temperature. The elution solvent
was composed of 45% methanol in water with 0.1% phosphoric acid
(pH 2.5). The flow rate was set at 0.5 mL/min and the injection volume
was 20 pL. Comparing a retention time obtained by 10-HDA standard
(Sigma-Aldrich) was identified the sample peak. Seven standard
solutions in a concentration range of 10 - 1000 pg/mL were used for
the preparation of the calibration curve. The regression coefficient of
the calibration curve was 0.9999.

To extraction of 10-HDA, approximately 1 g of royal jelly sample
was dissolved by sonication at room temperature for 30 min in 50 mL
of solvent (methanol and ultrapure water, 50:50, v/v) adjusted at pH
2.5 with phosphoric acid. After the sonication, the sample was filtered
through 0.45 pm Millex syringe filter (Millipore, Carrigtwohill, Co.
Cork, Ireland) and the filtrate was transferred to a vial for analysis
(Antinellia et al., 2003).

2.4.Bioactive properties

Extraction was carried out as the procedure described by Kolayli
etal. (2016) with some modification. Approximately 1 g of royal jelly
sample was mixed with 9 mL of 80 % methanol solution and vortexed
(MX-S model, Dragon lab, Beijing, China) for 1 min. The resulting
solution was centrifuged at 6800 g for 10 min at 4 °C and supernatant
was collected. The extracts were stored at 4 °C for total phenolic
content and antioxidant capacity analysis.

Total phenolic content (TPC)

The TPC was determined by Folin-Ciocalteu colorimetric method
described by Singleton and Rossi (1965). The extract (0.5 mL) was
mixed with 2.5 mL of Folin Ciocelteau’s phenol reagent (0.2N) and 2
mL of sodium carbonate (7.5%) and incubated at dark conditions in
room temperature. After 1 hour of the incubation, the absorbance was
measured at 760 nm using a UV/VIS spectrophotometer (Agilent
Technologies, Cary 60 Model, Victoria, Australia). The results were
expressed as ug gallic acid equivalents (GAE) per gram of sample
(calibration curve linearity range: R?= 0.997).

Antiradical scavenging activity

2,2-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
activity of the extracts was determined according to the procedure of
Silici, Sagdic, and Ekici (2010) with some modification. An aliquot of
0.1 mL of extract was mixed with 4.9 mL of DPPH solution (0.1 mM
in methanol) and vortexed. The mixture was incubated for 1 h at dark
conditions in room temperature and then the absorbance was measured
at 517 nm by a spectrophotometer (Agilent Technologies, Cary 60
Model, Victoria, Australia). Methanol was used as a control instead of
extract. Antiradical activity (%) was calculated using the equation
shown below:

Antiradical activity (%)
_ (Absorbance of control — Absorbance of sample

x 100
Absorbance of control )

2.5.Statistical analysis

Data analysis was performed with the software IBM SPSS
Statistics 21 (IBM SPSS, USA). All the results obtained in this study
were expressed as mean + standard deviation (SD). ANOVA and
Duncan's multiple range test was applied to finding significant
differences among the means of normally distributed samples at a
significance level of 0.05. Bivariate correlations were used between
total phenolic content and antioxidant capacity, determined by
Pearson’s correlation coefficient.

3. Results and Discussion

3.1.Chemical properties

The chemical properties of royal jelly samples collected at
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different harvesting periods were presented in Table 1. The total solid
contents of samples were determined between 28.84% and 34.67% and
there was no statistical difference between the results obtained
different harvesting periods (P>0.05). The mean total solid contents of
samples was found as 31.98% and our results were in accordance with
the findings of Kolayli etal. (2016) and Yavuz and Giirel (2017). Anna
Gloria Sabatini, Marcazzan, Caboni, Bogdanov, and de Almeida-
Muradian (2009) stated that proteins (27-41%), carbohydrates (near
30%) and lipids (8-19%) represent the important portion of the total
solid contents of royal jelly. The total solid contents of royal jelly
samples harvested in April and May were higher than other samples
harvested in June, July and August. Similar result obtained by
Wongchai and Ratanavalacha (2002), who reported that the
carbohydrate content maximally increased in rainy season and also
lipid and protein contents of royal jelly slightly changed depending on
the season.

The royal jelly under investigation had a protein content between
11.25% and 14.56%, in accordance with limit (ranging from 9 to 18%)
allowed by ISO 12842 (1SO, 2016). This results show similarity with
Yavuz and Giirel (2017), who are reported crude protein in royal jelly
samples ranged from 9.76-12.57%. Similarly, Kolayli et al. (2016)
found 11.4% and 15.1%, with a mean protein value of 14.1% of protein
in royal jelly samples from Turkey. In another study, Kamyab et al.
(2019) found a total protein content in Iranian royal jelly between 11.5-
14.5%. The proteins in royal jelly are mostly soluble in water (80%)
and eight major protein components of royal jelly have been
characterized until now: named as apalbumine, and apart from these
proteins, royalactin, royalisin, jelleines, apimisin, glucose oxidase and
apalipophorin 111 like proteins (Cakir, Sirin, & Kolayli, 2019; Kolayli
et al., 2016). The protein content changed only slightly depending on
the harvesting period. Samples harvested in May presented the highest
amount of total protein content (mean value as 13.54%), while samples
harvested in July showed the lowest amount (12.33%). These finding
are in agreement with \Wongchai and Ratanavalacha (2002), who
stated that the protein contents of royal jelly slowly decreased during
verging into the hot season and it increased to the former level in the
rainy season.

The pH values of royal jelly samples were ranged from 3.71 to
4.01 and harvesting period had a little effect on the pH values of royal
jelly (P>0.05). This is in agreement with previous studies in the
literature, with values between 3.4 and 4.5 (Anna Gloria Sabatini et
al., 2009; Kolayli et al., 2016; Saricaoglu, Cinar, Demircan, & Oral,
2019; Yavuz & Gurel, 2017). The pH values of samples harvested
after June was increased and the highest pH value (3.94) was
determined for August samples. \Wongchai and Ratanavalacha (2002)
reported that the pH values of royal jelly (between 3.40-3.60) were
constant throughout the year.

3.2.10-Hydroxy-2-decenoic acid (10-HDA)

10-HDA is the most important fatty acid in royal jelly, because it
has only been found in royal jelly, and so it is an important quality
marker for assessing the royal jelly adulteration (Yang et al., 2019).
As shown in Table 2, 10-HDA levels determined in royal jelly samples
varied between 0.91% and 2.05%. These values showed similarity
with the other authors’ findings. EI-Guendouz et al. (2020) found the
range of 10-HDA content from the Mediterranean area to be 0.9% to
1.2%. Balkanska (2018) described that the content of 10-HDA in the
royal jelly samples from Bulgaria ranged from 1.64% to 2.73%, with
a mean value of 1.97%. Also, previous studies have reported that the
amount of 10-HDA in royal jelly samples obtained from Tukey shows
great variability (0.57-3.11%) (Kolayli et al., 2016; Yavuz & Giirel,
2017).

The amount of 10-HDA in pure royal jelly samples significantly
varies depending on the harvesting period (P<0.05). The 10-HDA
content of royal jelly markedly increased the transition from April to
June and then decreased during the hot season. The highest and lowest
mean value of royal jelly harvested in June and April was determined
as 1.84% and 1.03%, respectively. It is related with the lipid content
of royal jelly and Wongchai and Ratanavalacha (2002) reported that
the lipid content increased during the transition from cool season to
hot season. Kamyab et al. (2019) found that the royal jelly obtained
from Mashhad (hot and dry) and Ardebil (cold and dry) had better
quality than Amol (moderate and wet) in terms of 10-HDA content.
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Table 1. Chemical properties of royal jelly samples harvested in April (h=6), May (n=16), June (n=6), July (n=6) and August (h=5)

Months Total solid (%) Protein (%) pH
Min-max Mean = SD Min-max Mean = SD Min-max Mean = SD

April 30.6 — 33.99 3232+1.272 12,55 -13.94 13.25+0.522 3.79-3.93 3.85 +0.04b
May 30.85 - 34.67 32.25+0.872 12.96 — 14.56 13.54 +£0.372 3.71 -3.99 3.84 + 0.06°
June 29.93 - 32.53 31.39+£0.742 11.97 -13.01 12.56 +0.29b 3.76 — 3.86 3.81 +0.03P
July 28.84 — 33.63 31.62+1.72 11.25-13.12 12.33 £ 0.66° 3.82 -3.97 3.89 +(.052
August 30.98 — 33.36 31.79 £ 0.812 12.08 - 13.01 12.4+0.31° 3.9-4.01 3.94 +0.042
Total 28.84 — 34.67 31.98+1.11 11.25 - 14.56 13.02 £ 0.67 3.71-4.01 3.86 +0.06

Different letters within a column denote significant differences (P<0.05) between means according to Duncan’s multiple range test.

Table 2. Bioactive properties of royal jelly samples harvested in April (n=6), May (n=16), June (n=6), July (n=6) and August (n=5)

10-HDA (%)

TPC (mg GAE/100 g)

DPPH (% inhibition)

Months Min-max Mean + SD Min-max Mean + SD Min-max Mean + SD
April 0.91-1.21 1.03+0.19 28.42 - 32.64 29.96 +1.33¢ 3.28 -6.47 5.44 +0.462
May 0.91-1.66 1.28 £0.19¢ 27.1-31.12 29.95 +£0.94¢ 4.1-6.83 5.61 £0.452
June 1.56 —2.05 1.84 £0.172 27.63-325 30.07 £1.57¢ 4.33-6.93 5.13+£0.392
July 1.39-1.97 1.67 +0.18° 29.96 — 36.48 3487 £2.282 4.35-6.8 5.69 +0.462
August 0.93-1.69 1.21 £0.26° 30.14 - 33.39 31.64+1.13b 3.96 - 4.84 443 +0.37°
Total 0.91-2.05 1.38 £0.33 27.09 - 36.48 30.53 £2.46 3.96 - 6.93 5.29+1.06

10-HDA: 10-Hydroxy-2-decenoic acid; TPC: Total phenolic content.

Different letters within a column denote significant differences (P<0.05) between means according to Duncan’s multiple range test.

Based on the standards of the SO and Turkish, the amount of 10-
HDA should not be at less than 1.4% for pure royal jelly to attend
quality control parameters (ISO, 2016; Turkish-Standard, 2000). The
comparison of the values obtained for the content of 10-HDA against
the limit value showed that the 10-HDA contents in 22 royal jelly
samples were lower than the limit of standard. Yavuz and Giirel (2017)
reported that 6 out of 13 royal jelly samples have lower 10-HDA level
than the limit of 1.4%. The 10-HDA contents of royal jelly harvested
in April were not found in accordance with the standard, while the
amounts of 10-HDA for samples harvested in June were higher than
the limit value.

3.3.Bioactive properties

Folin-Ciocalteu method was used to determine the total phenolic
content (mg GAE/100 g of royal jelly) of the royal jelly samples. The
results obtained showed that the total phenolic content varied greatly
among the royal jelly samples, as was shown from Table 2. The royal
jelly samples contained from 27.09 to 36.48 mg GAE/100 g of
phenolic compounds, with the mean value being 30.53 mg GAE/100
g. The values obtained are higher than those reported by Kolayli et al.
(2016), who found the total phenolic contents of royal jelly samples
obtained from between 91 and 301 mg GAE/kg. Ozkok and Silici
(2017) reported higher amount of total phenolic in royal jelly samples
from Turkey (59.16 mg GAE/100 g). Other authors found higher
amount of total phenols in royal jelly samples from the Mediterranean
Area (14.6-39.9 mg GAE/g) (El-Guendouz et al., 2020), Bulgaria
(11.66-36.73 mg GAE/g) (Balkanska et al., 2017) and Romania (10.7
mg GAE/qg) (Ceksteryté et al., 2016). This difference may result from
the methods used for extraction because several authors determined
total phenolic content in methanol, ethanol or water extracts of royal
jelly. Royal jelly exhibits much lower phenolic content than other bee
products (like honey, propolis and pollen) because it is secreted by
young worker bees, and phenolic contents in royal jelly can only derive
from young bees mixing small quantities of other bee products in with
royal jelly (Kolayli et al., 2016).

For determination of the antioxidant capacity, we used the 2,2-
diphenyl-2-picrylhydrazyl (DPPH) assay due to an easy, precise, and
accurate method that is widely used for antioxidant activity in many
different samples, including bee products (Balkanska et al., 2017;
Ceksteryté et al., 2016; Kolayli et al., 2016). According to the
Amarowicz, Pegg, Rahimi-Moghaddam, Barl, and Weil (2004), the
DPPH has the advantage of being unaffected by certain side reactions,
such as enzyme inhibition, metal ion chelation. Results of the
determination of antiradical activity of royal jelly samples were
presented in Table 2. The antiradical activity of royal jelly samples
varied from 3.96% to 6.93%, with the mean of 5.29%. All the tested
samples possessed the lowest radical scavenging activity due to less
than 50% DPPH. These findings are in agreement with those has
mentioned by Ozkok and Silici (2017), showing free radical

scavenging activity 5.72% for royal jelly samples. On the contrary,
Balkanska et al. (2017) and Pavel et al. (2015) found the higher free
radical scavenging activity for Bulgarian and Romanian royal jelly
samples with the means of 24.23% and 37.23%, respectively.

The harvesting period had a significant affect on the total phenolic
contents of samples (P<0.05). The highest mean value was obtained
from the samples harvested in July while the lowest mean value was
obtained in August samples. Antioxidant capacity of the samples
unchanged transition from April to July (P>0.05), but then
significantly decreased (P<0.05).

Pearson correlations were performed between the phenolic and
antioxidant capacity from both all and groups of royal jelly samples.
When considering all the examples, total phenolic was negatively
correlated with antioxidant capacity, but this was not of statistical
significance (r=0.427), indicated that antioxidant capacity of samples
was not due to total polyphenols exclusively. These findings are in
agreement with those has mentioned by Kolayli et al. (2016) reported
that a negative correlation is observed between royal jelly DPPH
radical scavenging capacity values and total polyphenol contents
(R?=0.41, P>0.05). Balkanska et al. (2017) stated that antioxidant
activity might also result from the presence of other antioxidant
secondary metabolites from pollen grains in royal jelly and the
antioxidant activity of phenolic compounds is mainly due to their
redox properties, which allow them to act as reducing agents, hydrogen
donors and singlet oxygen quenchers. On the other hand, significant
linear correlations were found between the total phenolic content and
antioxidant capacity of samples harvested in June (r = 0.67, P<0.01)
and in August (r = 0.887, P<0.01). Literature data confirm the
existence of such relationships (Pavel et al., 2015).

4. Conclusion

The results obtained in this study indicate that the harvesting
periods (April, May, June July, August) of royal jelly provided from
Turkey caused a change in chemical composition as well as bioactive
compounds like 10-HDA. The total solid contents with the amount of
protein were the highest in the rainy harvesting period. However, pH
values of samples were constant throughout the harvesting periods.
Although the total phenolic contents of royal jelly samples harvested
until July increased, but antioxidant activity was not affected by
harvesting period except August. The maximum mean value of 10-
HDA content were found in samples harvested in June, and in terms
of 10-HDA, all samples harvested in June and July meet the limit value
permitted by Turkish royal jelly standards.
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