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Fifteen commercial samples of royal jelly, consisting of 10 imported samples, and 5 samples of known
origin obtained freshly harvested from beekeepers, were analyzed for protein, lysine, and furosine
content. In addition, a commercial sample of royal jelly, at the beginning of its commercial shelf life,
was stored for 10 months both at 4 °C and at room temperature in order to assess the development
of the Maillard reaction (furosine) and relative nutritional damage (blocked lysine). The commercial
royal jelly products contained different amounts of furosine, ranging from 37.1 to 113.3 mg/100 g
protein, evidence of different storage times and conditions. The average furosine content of the royal
jelly samples of known origin and harvesting was significantly lower than that of the imported samples
(41.7 versus 73.6 mg/100 g protein, respectively). With regard to shelf life, furosine content increased
significantly from 72.0 mg/100 g protein to 500.8 mg/100 g protein after 10 months of storage at
room temperature, while it increased to a much lower level (100.5 mg/100 g protein) when the royal
jelly was stored at 4 °C. However, nutritional damage, expressed as blocked lysine (calculated indirectly
from the furosine content), was minor or negligible, 11.9 and 2.3% of total lysine, in samples stored
at room temperature and at 4 °C, respectively. Lysine was determined by an innovative procedure
based on high-performance anion-exchange chromatography with pulsed amperometric detection
(HPAEC-PAD). The results showed that furosine is a suitable index for assessing the quality and
freshness of royal jelly.
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INTRODUCTION

Royal jelly (RJ) is a viscous substance secreted by the
hypopharyngeal and mandibular glands of nurse worker bees
(Apis melliferaL.) that constitutes the essential food for the
larvae of the queen bee.

In modern diets, the use of RJ has significantly increased
because of the trend toward use of healthy, organic, nutraceu-
tical, and functional foods, and dietary supplements. The
Republic of China is the world’s largest producer and exporter
of royal jelly. Most of the Chinese RJ production (400-500 t)
is distributed in Europe, Japan, and the United States (1).
Because RJ is a rapidly perishable matrix, it has to be stored at
4 °C or below -17C° in order to maintain its functional/
nutraceutical properties (1-6). For this reason, RJ would lose
its high market value (approximately 0.5-1.0 U.S. $/g) if
improperly harvested, collected, packaged, and stored.

The authenticity or the adulteration of RJ is ascertained by
the presence of specific carbohydrates (di- and trisaccharides)
or fatty acids (10-hydroxy-2-decenoic acid and 10-hydroxy-
decanoic acid) (7-11).

Various physical and chemical markers have been identified
and proposed to assess the freshness and quality of RJ (2-6,
12-14). All these indices, such as qualitative-quantitative
variations in viscosity, water-soluble proteins, titratable acidity,
browning (color), free amino acids, and enzymatic activity, that
are mainly due to the Maillard reaction (MR) and lipid
hydrolysis and oxidation, are not very reliable because they are
influenced by a variety of factors.

Although several works indicate the development of the MR
in RJ (2, 3, 12, 15), no data are available on the presence of the
Amadori compound.

The furosine assay, which is specific forε-N-deoxy-ketosyl-
lysine (Amadori compound), remains the most sensitive and
most accepted method for determining the extent of “early”
Maillard reactions (16, 17). Although high temperatures favor
the reaction, even low temperatures over a long period can bring
on an initial step, which is why furosine can be used as a shelf
life index for food products normally stored at room temperature.

For these reasons, furosine is one of the most commonly used
markers for evaluating the raw materials, the type and conditions
of heat treatment, and the storage conditions (shelf life) of milk,
milk powder, mozzarella cheese, pasta, eggs, soymilk, tomato
products, parboiled rice, cooked ham, and honey, etc. (16-28).
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The aim of this paper is to assess the MR by measuring
furosine content in several commercial RJ samples, and during
the RJ storage at different times and temperatures, in view of
proposing furosine as an index for RJ freshness.

MATERIALS AND METHODS

Samples.Ten commercial products imported from the Republic of
China and Taiwan characterized by different shelf life levels were
purchased from health-food stores in Rome, Campobasso, and Bologna,
Italy. The indications “best before (date)” and to “store refrigerated
after purchase” were given on the labels.

Five commercial samples of known origin and harvesting times were
obtained from beekeepers near Bologna and Campobasso, Italy.

A commercial RJ sample consisting of 10 10-g pots at the beginning
of their shelf life were purchased from a health food store in Rome.
First, the 10 pots were carefully homogenized and divided into 14
aliquots of 3 g each placed in airtight glass vials (4 mL). Two aliquots
were immediately analyzed for protein and furosine content. The other
12 samples were divided into two groups: one group was stored at 4
°C and the other group was stored at room temperature. One pair of
vials from each group was subjected to different storage times of 3, 6,
and 10 months. Refrigerated samples were returned to room temperature
and then homogenized before being analyzed.

To get absolute fresh samples of RJ, queen cells produced during
May, June, and July 2001 were obtained from Piana Miele beekeeper
(Bologna, Italy). Three days after grafting (commercial harvesting time
(1, 8)), the queen cells containing RJ were removed from the frame
and their wax tops were pinched shut. They were immediately wrapped
in aluminum foil and taken to the laboratory. The RJ of 10 cells from
a total of 3 harvests was extracted with a microspatula, pooled, and
immediately analyzed for furosine content.

Water Activity. Water activity,aw, of the RJ samples used for the
storage test was measured at 20°C as vapor pressure through the dew
point using an Aqualab CX-2 instrument (Decagon Devices, Pullman,
WA).

Protein. Protein content (N× 6.25) was determined according to
the Dumas combustion method, AOAC methods 990.03 and 992.23
(29), using a Leco nitrogen determiner, model FP-528 (Leco Corp.,
St. Joseph, MI). An amount of 0.20 g of RJ sample was weighed in
tinfoil (Leco tinfoil cups 502-186-100), using a foil holder (Leco 604-
493), and twisting the ends of the foil to form a teardrop-shaped packet.

Furosine. An aliquot of sample (0.35 g), corresponding to about
30-70 mg of protein, was hydrolyzed in nitrogen with 8 mL of 8 N
HCl at 110°C for 23 h. After hydrolysis, 0.5 mL of the hydrolysate
was purified on a Sep-pak cartridge (Waters Corp., Milford, MA),
diluted, and determined according to the HPLC procedure of Resmini
et al. (30).

A Waters HPLC system (Milford, MA) consisting of two pumps
(model 510), a diode array detector (model 991), and an injector with
a 50-µL loop (model 9125-080; Rheodyne, Cotati, CA) were used.
Analytical separation was performed with an Alltech furosine dedicated
column (Deerfield, IL) at 280 nm wavelength. The furosine standard
was purchased from Neosystem Laboratoire (Strasbourg, France).

Lysine. A RJ sample corresponding to 25 mg of protein was placed
in a flask with an acid-resistant rubber stopper. Then, 25 mL of 6 N
HCl was added and the flask was put under vacuum in an oven at 110
°C for 24 h. The flask was then cooled, and the sample was evaporated
to dryness under vacuum and dissolved in 0.1 N HCl.

Lysine was determined by an innovative procedure based on high-
performance anion-exchange chromatography with pulsed amperometric
detection (HPAEC-PAD), using a Dionex system (Dionex Corporation,
Sunnyvale, CA) composed of a gradient pump (model GP50) with on-
line degas and an electrochemical detector (model ED40). The
instruments control, data collection, and total quantification were
managed using Peak Net chromatography software (Dionex). The flow-
through electrochemical cell (Dionex) consisted of a 1-mm diameter
gold working electrode, a pH reference electrode, and a titanium body
of the cell as the counter electrode. A controlled injector with a 25-µL
sample loop was used for sample injection. Separations were performed
with an AminoPac PA10 analytical column 250 mm× 2 mm i.d.,

particle size 8.5µm (Dionex). The quantitative determination of lysine
was carried out by isocratic elution using 50 mM NaOH with a flow
rate of 0.25 mL/min (31). The column wash, followed by re-
equilibration, was made with 125 mM NaOH and 0.5 M sodium acetate.
The optimized waveform time-potential used was the same as the one
reported by Clarke et al. (32). The amino acid standard for hydrolysate
analysis was from Beckman Coulter (Fullerton, CA).

Blocked Lysine.Blocked lysine was indirectly measured from the
furosine content (33-35). The Amadori compound, after 7.8 N acid
hydrolysis, generates about 45% lysine (regenerated lysine), 12%
pyridosine, and 30% furosine (35, 36). The lysine was regenerated at
a similar level (about 45%) after both 6 N and 7.8 N HCl hydrolysis
(36). From the furosine and lysine values, determined by the above-
mentioned chromatographic methods, it is possible to calculate blocked,
available, and total lysine as follows:

All other chemicals were of analytical grade and were purchased
from Sigma-Aldrich (St. Louis, MO).

Statistical Analysis. Results were expressed as mean values(
standard deviations of two separate determinations. Data sets were
evaluated using Student’st test to compare the differences between
imported and freshly harvested RJ samples.

RESULTS AND DISCUSSION

The protein and furosine contents of commercial RJ samples
(imported and freshly harvested) are reported inTable 1. Protein
content ranged from 12.0 to 14.3% wb, producing values similar
to those found in the literature (1, 5, 8, 10, 37, 38).

The furosine content of commercial RJ varied from 47.3 to
113.3 mg/100 g protein in the imported samples and from 37.1

Table 1. Protein and Furosine Values (mean ± SD) of Commercial RJ
Samplesa

sample
protein
(% wb)

furosine
(mg/100 g protein)

imported samples
CRJ 1 14.3 ± 0.31 71.1 ± 0.01
CRJ 2 13.9 ± 0.10 80.9 ± 0.30
CRJ 3 13.9 ± 0.23 61.0 ± 1.21
CRJ 4 14.2 ± 0.03 52.5 ± 0.10
CRJ 5 14.3 ± 0.03 87.9 ± 3.82
CRJ 6 14.2 ± 0.01 49.6 ± 0.13
CRJ 7 14.0 ± 0.06 47.3 ± 1.63
CRJ 8 13.8 ± 0.08 91.8 ± 0.11
CRJ 9 12.4 ± 0.04 80.9 ± 1.70
CRJ 10 12.1 ± 0.00 113.3 ±1.23
mean 13.7a 73.6a

CV% 5.8 29.0

freshly harvested samples
FRJ 1 13.8 ± 0.08 37.1 ± 0.50
FRJ 2 12.0 ± 0.03 44.9 ± 2.95
FRJ 3 12.7 ± 0.13 38.5 ± 1.12
FRJ 4 13.5 ± 0.01 41.6 ± 1.23
FRJ 5 12.0 ± 0.11 46.6 ± 1.06
mean 12.8a 41.7b

CV% 9.0 9.7

a Different superscript letters within a column indicate statistically significant
differences (P < 0.01)

blocked lysine) ( 1
0.30

× furosine) × MW lysine
MW furosine

available lysine)
chromatographed lysine- (0.45× blocked lysine)

% blocked lysine) blocked lysine× 100
(blocked lysine+ available lysine)

total lysine) available lysine+ blocked lysine
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to 46.6 mg/100 g protein in the freshly harvested samples. The
amount of furosine in the samples of known origin and
harvesting (mean value) 41.7 mg/100 g protein) were
significantly lower than that (mean value) 73.6 mg/100 g
protein) of the imported products. The wide variability of
furosine content found in the imported samples (CV) 29.0%)
could be due to their different storage times and/or conditions.
The repeatability (standard deviation) of furosine analysis in
RJ samples was similar to that found in other matrixes (18, 22,
23, 25, 30). The HPLC chromatograms of RJ hydrolysate
showed a well separated peak of furosine without interfering
peaks (Figure 1).

The presence of furosine in RJ confirms the assumption of
various authors (2-8, 13, 14) that some physicochemical and
nutritional modifications (color, browning, glycated proteins,
etc.) are to be imputed to the MR. With regard to the shelf life
of fresh RJ, the optimal storage temperature recommended is
0-5 °C, which will preserve its efficacy for 12-18 months
(1-5). These conditions were then assessed to determine
whether they were truly appropriate to contain the MR and
maintain the physicochemical and nutritional properties of the
product unaltered.

Figure 2 reports the furosine values in RJ during storage at
4 °C and at room temperature for 10 months. The experimental

points for each storage time were interpolated by the best fitting
curve.Figure 2 indicates that storage at 4°C contains the MR,
in fact furosine content increased very little (from 72.0 mg/100
g protein to 100.5 mg/100 g protein) after 10 months. In contrast,
at room temperature, the linear increase in furosine was
significant, reaching 500.8 mg/100 g protein after 10 months.

This intense development of the MR in RJ is due to the
presence of large amounts of reducing sugars (glucose and
fructose≈30.5% db (3, 11, 39)),R- andε-aminogroups of amino
acids and proteins (free amino acids≈2.5% of the nitrogen
compounds (1, 12); lysine≈3.0% db (5, 8, 37)), and to the
favorable values of pH (3.5-4.5 (2)), and water activity,aw )
0.97. The wide availability of both reactants enables a kinetic
of linear furosine formation to be obtained during prolonged
storage at room temperature, which further attests to the
suitability of this marker for the assessment of the quality/
freshness of RJ.

The higher furosine values (432-1362 mg/100 g protein)
found in honey by Villamiel et al. (28) were due to the heating
treatment used in its manufacture and its very low protein/amino
acid content (0.4%). For this low protein content, the widely
acknowledged process marker in honey is hydroxy-methyl-
furfural (HMF) (40), because it is mostly linked to the glycidic
component.

To quantify nutritional damage due to inadequate storage
conditions of RJ, the % blocked lysine and available lysine were
measured from the furosine content and chromatographed lysine.
The HPAEC-PAD procedure allows a complete separation of
lysine in less than 5 min (Figure 3). The analytical performances
(precision, accuracy, and sensitivity) of this innovative method
were very good. The precision of the system expressed as RSD
for 15 consecutive injections was<2.5% for lysine and<1%
for retention time, whereas the accuracy expressed as lysine
recovery was 98-102% for adding 2 mg lysine standard to RJ
sample. The range of linearity was between 2.5 and 15µM
(R2)0.999), whereas the detection limit (3 times noise level)
was 56 pmol. The validation of the method by comparison with
IEC and biosensor procedures (relative error<10%) was
reported in a previous work (31).

Figure 1. HPLC separation of furosine of RJ hydrolysate.

Figure 2. Furosine values in RJ during storage at 4 °C and at room temperature for 10 months.
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Table 2 reports the furosine and the lysine fractions (chro-
matographed, blocked lysine, available and total lysine) in the
RJ samples stored for 10 months at 4°C and at room
temperature. The storage of RJ at room temperature for 10
months (500.8 mg furosine/100 g protein) produced blocked
lysine that amounted to 11.9% of total lysine. The storage at 4
°C produced a negligible amount of blocked lysine (2.3% of
total lysine). Therefore, storing RJ at 4°C (as stated on food
labels) appears to be sufficient to maintain the nutritional
properties of RJ for the considered storage time. Total lysine,
available plus blocked, should be close to the initial amino acid
level when products have not undergone any browning reactions.
The content of chromatographed lysine (7.5-7.9 g/100 g
protein) in RJ was similar to values found by other authors (5,
8, 37).

A neoformation substance such as furosine, to be used as a
good process indicator, should be absent or present only at low
levels in the unprocessed product (17). To verify the reliability
of furosine as a suitable marker for RJ quality assessment,
furosine was immediately determined in absolute fresh RJ
samples just of three harvests. Furosine content in recently
produced samples was quite moderate, varying from 15 to 18
mg/100 g protein.

In conclusion, furosine seems to be a very sensitive indicator
for measuring freshness and preserving genuineness of raw RJ.
A quality control parameter for RJ, that would then provide a
standard for harvesting, packaging, and storage procedures,
would be of considerable importance, as RJ is a valued and
expensive product (approximately 0.5-1.0 U.S. $/g product).
These findings allow a hypothesis to be contemplated, the
determination of a furosine threshold for RJ products, in order
to protect specific products, such as those having a protected
designation of origin (PDO) and protected geographical indica-
tion (PGI) (EEC Council Regulation 2081/92 of 14 July 1992)
and differentiate them from other products.

The establishment of quality parameters would guard con-
sumers against purchasing perished RJ products that are depleted
of their highly praised healthy and nutritional properties.
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