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Abstract.  This paper contains a summary about determination 10-HDA of fresh Royal Jelly. 
The 10-HDA content in Transylvania samples of RJ were analyzed using an HPLC-PDA method. The 
chromatographic conditions were: isocratic system, reverse phase C18 column, autosampler, diode 
array UV-VIS detector adjusted to 210 nm, mobile phase composed by methanol/water (60:40) at 
pH=2.5 adjusted with phosphoric acid. The 10-HDA content of the samples analyzed seems to have 
two ranges 0.75-3.8%. This is the first data regarding 10-HDA content of Romanian RJ. 
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INTRODUCTION 

 
Royal Jelly is a viscous substance secreted by the mandibular hypopharingeal glands 

of the young worker bees and serves as food for the developing larva and for the queen bee 
during its entire life. RJ is composed by aminoacids, carbohydrates, lipids, vitamins, minerals 
and a characteristic compound, that is always present: trans-10-hydroxy-2-decenoic acid (10-
HDA), was description made by (Liu et al., 2008). Considered as the major cause for 
difference between queen and bee workers, royal jelly (RJ) is appreciated as a dietary 
complement because of its composition. For economic reasons and concerns for human 
health, the composition of RJ has been extensively studied in order to find appropriate 
composition criteria. (Antinelli et al., 2002) 

Properties of royal jelly could be related to a particular fatty acid present in ether-
soluble fraction of royal jelly called trans-10-hydroxy decenoic acid (Genc and Aslan, 1999; 
Kitahara et al., 1995ş Barker et al., 1959; Blum et al., 1959; Lerker et al., 1981; Howe et al., 
1985). The contents of 10-HDA, a bioactive component of royal jelly, and several vitamins 
did not change during storage at 40oC for 7 days. This substance has the chemical formula 
C10H8O3 and represents 10% of the total weight of royal jelly (Budavari et al., 1995; Parfitt, 
1999; Genc and Aslan, 1999). 

Sugar composition, humidity, protein and lipid contents are the most common 
criteria used for characterizing RJ quality (Pourtallier et al., 1990). More recently, 10-HDA 
content tends to be accepted by beekeepers and manufacturers as a freshness indicator: royal 
jelly with 10-HDA content greater than 1.8% have been then considered to be fresh and 
authentic samples. However, the variation of 10-HDA according to the storage conditions 
remains poorly investigated.  

The quantification of trans-10-Hydroxy-2-Decenoic acid or 10-Hydroxy-2-E-
decenoic acid (10-HDA) is very important, because it has been used as a chemical marker to 
detect royal jelly in commercial products declared to contain it, and it also reveals the quality 
of royal jelly (Antinelli et al., 2003; Bloodworth, et al., 1995; Koshio et al., 2003), since 
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quality control of commercial products containing royal jelly is made through the 
quantification of 10-HDA. 

Identification and quantification of 10-HDA content from RJ is determined either by 
high performance liquid chromatography (HPLC), or by gas-chromatography (GC)( 
Wytrychowski et. al. 2013; Garcia-Amoedo and de Almeida-Muradian, 2003; Ferioli et al., 
2007; Zhou et al., 2007).  

The amount of 10-HDA in pure royal jelly varies depending on the origin of the jelly 
(Ferioli et al., 2007). Since other bee products do not contain 10-HDA, the presence of 10-
HDA can be used as a marker to validate the quality and authenitcity of royal jelly from other 
bee products (Weaver and Law, 1960; Antinelli et al., 2003). 

Wytrychowski et al. (2013) determined in French royal jelly of 500 samples 10-HDA 
content using. 

The objective of this study was to evaluate the 10-HDA content for RJ from 
Transylvania, using HPLC method. 

To the best of our knowledge, no studies were made so far in our country to 
characterize RJ upon this parameter, identification and quantification using high performance 
liquid chromatography (HPLC). This method was adapted from to Liu et al. (2008), with 
some modifications.  
 

MATERIALS AND METHODS    
 

Samples. Seven samples of RJ were selected from beekeepers in 2011-2012. All 
samples were kept frozen at -18ºC and protected from light from the receiving time to the 
analysis procedure. Each sample corresponds to a different beekeeper and a different batch of 
production (LM1–LM7). 

Chemicals and standards. The reference standard of 10-hydroxy-2-decenoic acid 
was acquired from Larodan Fine Chemicals, Sweden. Ultrapure water was used in the 
preparation of samples, standard solution and mobile phases for chromatographic analysis. 
Methanol were purchased as HPLC purity and used after filtration on vacuum system and 
nylon 0.45 µm membrane filters (Teknokroma). 

Method. HPLC analysis for 10-HDA identification and quantification from fresh RJ 
samples was performed on a SHIMADZU system, LC–10AD VP model, equipped with 
degasser, binary pumps, autosampler, column oven, controller and photodiode array detector 
following an optimized method of Liu et al. (2008). Optimization concerned the flow rate of 
separation, wavelength of quantifying the content of 10-HDA and heating of column 
separation. 

Chromatographic separation was made using a RP LC-18 Supelcosil column (250 x 
4.6 mm) and guard column, adjusted to 40°C as column temperature for separation.  

The mobile phase was a mixture of methanol: water (60:40 v/v) adjusted to pH 2.5 
with phosphoric acid. Separation data parameters were: flow rate 0.8 ml/min, column 
temperature 40°C, injection volume 20 µl and detection at 210 nm.  

Sample preparation. 150 mg RJ were weighted in a volumetric flask of 50 mL, 
diluted with mobile phase, sonicated for 15 min and the volume was completed with mobile 
phase up to 50 ml. The prepared sample was than centrifuged 10 min at 3000 rpm. The 
solution was filtered through a 0.22µm membrane, and 20 µl were injected in the 
chromatographic system. 

Standard solutions and calibration curve. Calibration curve of 10-HDA was made 
by 8 successive dilutions of a 200 µg/ml stock solution, in the range of 0.5–200 µg/ml. 
Solutions were injected into HPLC system, and according to peak area, a calibration curve 
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was constructed, having the coefficient R2=0.9999. Recovery studies as well as detection limit 
and quantification limit were established. Known concentrations of standard were added to 
RJ, subjected to previous sample preparation and injected for recovery test. A very good 
percentage of recovery was obtained (99.28%). 

Limit of detection (LOD), as well as limit of quantification (LOQ), were estimated 
evaluating the baseline noise of chromatograms as a signal to noise ratio. Following the 
experimental conditions of this study, LOD was estimated as 0.1 µg/ml and LOQ as 0.14 
µg/ml, comparable with previously reported studies (Ferioli et al., 2007). 

 

 
y=ax+b; a=1.223135e-0.05; b=0.0; R2=0.9999 

 
 Fig. 1. Calibration curve for 10-hydroxi-2-decenoic (10-HDA) determination 

 
Statistical analysis. The statistical analysis was made using Microsoft Excel and 

Minitab1.6. 
 

RESULTS AND DISCUSSIONS     
 

Concentration of 10-HDA in pure RJ ranged from 0.75 to 3.8 %. Figure 2 show the 
levels of trans-10-hidroxy-decenoic-acid (10-HDA) found in pure Royal Jelly from 
Transylvania.  

 
 

 
Fig. 2. The content of 10-HDA in RJ samples 
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Overlapped chromatograms of 10-HDA standard and a RJ sample (LM1) are 
presented in Figure 3, obtained by monitoring absorbance at 210 nm.  

As it can be observed from the chromatogram, the retention time of standard of 10-
HDA was found to be 5.28 min, similar with 10-HDA from all the RJ samples. Small 
insignificant interferences were noticed, but no overlapping with interest compound was 
observed. 
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Fig. 3. Comparative chromatogram of 10-HDA standard and Royal Jelly (LM1) sample  

 
For a better visualization of obtained results, a graphic representation was performed. 

According to the histogram results produced by Minitab 1.6., distribution of 10-HDA in royal 
jelly samples is normal, except one sample which have maximum 3.8% (LM3) (Fig. 4). 
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Fig.  4. Histogram obtained by Minitab 1.6. Statistical Software 
 

Our results show that the concentrations of 10-HDA in fresh pure royal jelly were 
comparable to those from China (1.26–2.21%) (Zhou et al., 2007), Turkey (1.02–2.38%) 
(Genc and Aslan, 1999), Italy or other European countries (0.8–3.2%)(Ferioli et al., 2007), 
and Brazil (1.58–3.10%)(Garcia-Amoedo and de Almeida-Muradian, 2003). 
 

CONCLUSION    
 

The method used, adapted from Liu et al. (2008), was good enough for the 
quantification of 10-HDA in Transylvanian samples of RJ, with a recovery of 99.28%, and a 
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detection limit of 0.14µg/ml, which is considered a satisfactory limit as the compound appear 
in the sample of mg level. Optimized experimental conditions including the mobile phase and 
chromatographic column, allowed the determination of 10-HDA concentration with enhanced 
sensitivity and reliability. The 10-HDA content of the analyzed samples lies between 0.75% 
and 3.8%.  

The 10-HDA content of French RJ samples ranges from 1.4 to 3.7%, with a mean of 
2.3% (Wytrychowski et al., 2013). 

Our results are in accordance with previously published data (Sabatini et al., 2009; 
Garcia-Amoedo and de Almeida-Muradian, 2007; Lercker et al., 1992; Ferioli et al., 2007; 
Bloodworth et al., 1995) and with the limits recommended by some countries. These are the 
first data regarding 10-HDA content of Transylvanian RJ. 
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