ROYAL JELLY: QUALITY AND STANDARDS
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Abstract

The increasingly widespread use of royal jelly (RJ) in a variety of sectors has led to a growing dependence on imports from other countries. It thus becomes imperative to analyse the nature of the product and define parameters relating to composition and freshness.
RJ appears as a whitish, gelatinous substance that is highly acidic (pH 3.6-4.2) and has a characteristic sharp taste and odour. It is partly soluble in water and has a density of 1.1g/mL.
On the basis of studies conducted in Italy, it is possible to define the following compositional criteria for evaluating the product’s commercial value.
The water content ranges between 60 and 70%.
The dry residue principally consists of protein, lipids and glucides. Quantities of minerals, vitamins and enzymes are also present.
The protein fraction represents 30-45% and mainly consists in amino acids, the majority of which belonging to the L series. The most representative are proline and lysine.
The total lipid content may vary from 5% to 15%. The lipid fraction is what mainly lends RJ its distinctive characteristics. Free fatty acids make up from 80 to 90%; they include 10-hydroxydecanoic acid and 10-hydroxydecenoic acid, which together account for around 75% of the free acids of RJ. 
Glucides represent 20-50%. They mainly include glucose and fructose as well as sucrose. Other sugars may be present in trace amounts.
This composition may be considered fairly stable over time, even taking natural variability into account. Several Italian studies have recently aimed to evaluate the furosin content in RJ and how it evolves during storage. The first results seem to suggest a correlation between the furosin content and the product’s age. 
The main constituents described above were determined using chromatographic techniques.
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Introduction

The lengthy and still ongoing research efforts aimed at defining the biological and physiochemical characteristics of royal jelly (RJ) have been undertaken for different reasons and purposes. Some are of a biological nature and regard larval nourishment, as RJ plays a decisive role in the transformation of larvae into queens or workers; others are tied to production as such and are dictated or guided by objective market demands.

Given the exceptional biological properties attributed to it, in fact, RJ also has considerable commercial appeal and is today utilised in many sectors, ranging from the pharmaceutical and food industries to the cosmetic and manufacturing sectors. This has resulted, among other things, in large-scale importation in countries where production is insufficient to meet domestic demand. Research capabilities thus need to be reinforced to permit both a reliable qualitative and quantitative evaluation of the different components and the implementation of analytical tests on commercially available products – RJ on its own or as an additive to new or traditional products – also for the purpose of identifying possible sophistications.

There is little information about the size of the RJ market and no official data exist (Grillenzoni, 2002). China is unanimously acknowledged as being the leading world producer and exporter of RJ, which it sells at highly competitive prices. Labour represents one of the major costs in RJ production and the low wages paid to local workers, combined with the high degree of specialisation of beekeeping enterprises, often joined together in large cooperatives, are what enable this country to offer such a competitively-priced product. Chinese production of RJ is estimated as 2,000 t/year (a quantity that represents over 60% of production worldwide), almost all of which is exported to Japan, the United States and Europe. Other countries like Korea, Taiwan and Japan are important producers and also exporters. Elsewhere in the world, RJ is produced mainly in Eastern Europe and to a lesser extent in Western Europe and in America: Mexico, in particular, is quite a big producer.

Prices for the fresh product may range from 45 to 75 euros per Kg.

Numerous studies have been dedicated to RJ since as far back as the late 19th century (Planta, 1888; Lercker, 2003). However, it is difficult to bring together the data collected by different authors into an organic whole, as the data themselves are not always comparable due to the lack of homogeneity among the materials used, the different sampling procedures and production conditions. Additional complicating factors are the multiplicity of experimental conditions, as well as the diversity of the analytical methods used and their continual evolution. 

The aim of the studies conducted – including those conducted in Italy – was to investigate the composition of recently produced RJ in order to develop tools for evaluating products offered on the market and the presence of RJ mixed with other products.

 

Materials and methods

In the 1980s a workgroup was formed in Italy which has since devoted much effort to the study of RJ (Lercker et al.; 1981; 1982; 1984a; 1984b; 1985; Benfenati et al. 1986; Lercker et al. 1986; Vecchi et al. 1988; Lercker et al. 1992-93; Boselli et al. 2002; Lercker, 2003). The data presented in this article refer to the results obtained by the Italian group cited, completed by findings of researchers from other countries.

Samples of recently produced, commercial grade RJ directly gathered from specialised beekeeping facilities located in different Italian regions were used both for the purpose of developing methods and conducting the analyses. From the time they were received until they underwent analysis, the samples were refrigerated (at a temperature of about 4°C).

The same samples were used to assess the changes occurring in RJ during storage. For this purpose, sample aliquots were stored at 4 and 20°C and periodically analysed.

The parameters investigated concerned the organoleptic characteristics and physical properties as well as the following composition factors:

· Water determined by freeze-drying

· Glucides determined by gas chromatography (Lercker et al., 1992-93)

· Total protein nitrogen determined with the Kieldahl method (Lercker et al., 1992-93) and free amino acids determined by chromatography (Boselli et al., 2003)

· Lipids determined as free and total organic acids by gas chromatography (Lercker, 1992-93)

· Vitamins microbiological method (Vecchi et al., 1988)

· Minerals determined by atomic absorption (Benfenati et al., 1986)

· Sediment analysis (Louveaux et al., 1978)

· Parameters used to evaluate the freshness of RJ: furosin, determined by HPLC (Marconi et al., 2002) and glucose oxidase, determined using the enzymatic method (Boselli et al., 2002).

 

Results and Discussion

Organoleptic description and physical characteristics.

RJ appears as a whitish substance with a gelatinous consistency, often lacking in homogeneity due to the presence of undissolved granules of varying size. It has a distinctively sharp odour and taste.

It is partially soluble in water and highly acidic (pH 3.6-4.2), with a density of 1.1 g/mL.

Macroscopic composition.

Table I shows the composition of the main constituents of RJ, as reported in the literature (Pourtallier et al., 1970; Takenaka and Echigo, 1980; Bonomi et al. 1986; Pourtallier et al., 1990; Lercker et al., 1992-93).

 Table I – Composition of principal nutrients of royal jelly, as reported in the literature.

 
Pourtallier et al. (1970)

%
Yakenaka, Echigo (1980) %
Bonomi et al. (1986)

%
Pourtallier et al. (1986)

%
Lercker et al. (1992-93) %

Humidity
60-70
66.2-67.8
64-68
64-68
62.5-68.2

Crude proteins d.m.
35-45
26.47-43.10
34.62-40.03
36-42
33.0-41.7

Sugars d.m.
20-33
18.13-47.77
-
38-43
19.7-52.1

Crude lipids d.m.
12-18
12.09-19.24
10.38-14.85
9-12.5
6.2-13.2

The values obtained by the various authors are fairly in agreement, notwithstanding the high variability displayed by some parameters (sugars and lipids). It should be kept in mind that the reported findings refer to different numbers of samples taken in different places and at different times of production and that different methods of sampling and analysis were used. Moreover, RJ is inhomogeneous by its very nature.

Our own analyses of RJ samples of different geographical origins showed no differences in composition such as to distinguish one product from another.

It may similarly be affirmed that environmental conditions do not significantly influence the main components.

Water

Water content shows to be fairly uniform, greater than 60%, and with an activity (aw) above 0.92, in spite of which RJ displays considerable microbial stability. The constancy of the humidity level is basically assured, inside the hive, by the continuous provision of fresh supplies of this substance by nurse bees, by the natural hygroscopicity of RJ and the entire colony’s efforts to maintain a level of ambient humidity.

Proteins

From a quantitative viewpoint, proteins (33.0-41.7%) represent the most important portion of the dry matter of RJ.

As regards total nitrogen, 65-70% is proteinaceous, whereas free amino acids represent 0.6-1.5%.

A broad study was recently conducted on the amino acid content of RJ (Boselli et al., 2003). The concentration of amino acids found in RJ samples and their internal percentage are shown in Table II.

Table II – Free amino acids determined in samples of royal jelly (RJ); r.t., storage at room temperature. The average of 14 samples (n = 14) is reported over there.

Average FAA concentration (mg/g RJ)  sd (n = 2)(1)

treatment
Free amino acids

storage time

(months)
storage

temperature (°C)
 -Ala
Pro
Ser
Asx (2)
Phe
Glx(2)
Lys
Sum of FAAs



 
 
 
 
 
 
 
 

10
-18
0.39 0.02
3.9 0.1
0.19 0.06
0.27 0.01
0.22 0.08
0.6 0.03
1.1 0.1
6.70 0.02

3
4
0.39 0.03
3.7 1.0
0.2 0.03
0.38 0.03
0.41 0.2
0.59 0.04
1.3 0.4
6.97 0.4

3
r.t.
0.58 0.1
6.8 2.4
0.10 0.03
0.48 0.1
0.23 0.2
1.0 0.3
3.0 1.1
11.8 3.8

6
4
0.27 0.1
3.9 0.2
0.14 0.03
0.26 0.1
0.38 0.2
0.51 0.2
1.3 0.6
6.9 0.06

6
r.t.
0.35 0.1
2.5 0.1
0.16 0.1
0.34 0.1
0.43 0.2
0.61 0.2
1.1 0.3
5.5 0.5

10
4
0.30 0.1
3.7 0.7
0.14 0.06
0.33 0.08
0.43 0.4
0.78 0.2
1.0 0.04
6.8 0.5

10
r.t.
0.34 0.03
3.0 0.7
0.15 0.08
0.36 0.1
0.42 0.4
0.63 0.1
1.1 0.1
6.0 0.01

average (n = 14)

rsd%

internal percent
0.4
4.0
0.2
0.4
0.4
0.7
1.4
7.3


32
39
41
28
60
30
54
32


5.2
54.2
2.2
4.8
5.0
9.4
19.6
100.0

(1)n, number of replications.

(2)Asx, sum of aspartic acid and asparagine; Glx, sum of glutamic acid and glutamine.

The overall mean content was 7.3 mg/g of fresh RJ, while the amino acids present in the highest percentages were proline, lysine, glutamate, β-alanine, phenylalanine, aspartate and serine. The concentration of series D amino acids was below the detection limit of the method (0.1mg/g of RJ) in all samples.

The study aimed to assess how this parameter evolved during storage of the product. No significant changes were observed in the overall concentration of free amino acids in RJ stored at 4°C for 10 months. However, in the same samples stored at room temperature, the proline and lysine content showed an increase in the first three months and after 6-10 months decreased to levels slightly lower than those in the control samples. (This suggests that, in favourable temperature conditions, a proteolytic enzymatic activity continues to occur over time).

Glucides

On average this portion accounts for 30% of the dry matter of RJ. However, while the components are highly constant in qualitative terms, considerable variability may be observed from a quantitative standpoint (Table III).

Table III – Results concerning the main components of the royal jelly samples.


% dry matter
% of total sugars


Total sugars
fructose
glucose
saccharose

 
 
 
 
 

x
33.9
47.7
43.9
8.5

min
19.7
29.2
35.0
0.1

max
52.1
58.9
51.4
35.8

s.d.
8.3
6.6
4.3
8.5

c.v. %
24.48
13.84
9.79
100.0

 

As in honey, the monosaccharides fructose and glucose are the most highly represented sugars. They often account for over 90% of the total sugars and, of the two, fructose is prevalent. Sucrose is always present but often in highly variable concentrations. It is also possible to find oligosaccharides such as trealose, maltose, gentiobiose, isomaltose, raffinose, erlose, melezitose; though present in very small concentrations they are useful for identifying a characteristic pattern, which is comparable to that of honey and in some cases indicative of the genuineness of the product.

Lipids

This fraction is likewise present in fairly modest, variable concentrations (6-14% of dry matter), but no doubt represents the most important of RJ components.

The lipid portion in fact consists primarily of organic acids (80-90%), most of which free, with a rather unusual structure rarely encountered in nature: they are in fact mono- and dihydroxy acids and dicarboxylic acids with 8 and 10 carbon atoms, which show a characteristic arrangement (Table IV).

Table IV – Composition of the free organic acids found in RJ lipids.

Organic Acid
X %
c.v. %
min %
max %

 
 
 
 
 

7-hydroxyeptanoic acid
2.9
24.14
2.0
6.0

8-hydroxyoptanoic acid
1.5
13.33
1.1
2.1

Metyloptendioic acid
1.4
28.57
0.7
2.3

9-hydroxydecanoic acid
2.1
14.29
1.6
2.5

10-hydroxydecanoic acid
17.0
7.06
15.3
20.9

Decandioic acid
3.5
8.57
2.9
4.2

10-hydroxy-2-decenoic acid
59.5
3.53
51.6
62.2

Decendioic acid
5.3
16.98
4.2
7.4

 
 
 
 
 

Hydroxy-acids/dicarbossilics acids
8,14
 
 
 

Hydroxy acids with 10 carbon atoms (10-hydroxydecanoic and 10-hydroxy-2-decenoic acid) above all can be found in high concentrations. Not only may they be ascribed a role as a marker component, but they have also been identified as responsible for important biological activities tied to the development strategies of the colony.

The identification of this fraction – in particular as regards the pattern and quantitative analysis of free organic acids – is believed to represent the criteria of choice for defining the genuineness of RJ and the presence of RJ in other products, be they foods or cosmetics (Caboni et al., 1994). The analyses we performed showed that the composition remained stable for as long as 2 years, regardless of whether the samples were stored at 4°C or at room temperature.

A recent study (Antinelli et al., 2003) showed a 0.4 and 0.6% reduction in 10-hydroxydec-2-enoic acid in two RJ samples stored at room temperature for 12 months. It is difficult to evaluate such a reduction in a sample in the control phase.

Minerals

Ash content represents 0.94% of RJ (fresh matter) (Matsuka, 1980). The major elements are, in descending order: K, Ca, Na, Mg, Zn, Fe, Cu and Mn (Nation and Robinson, 1971; Ivanov and Chervenakova, 1985; Benfenati et al., 1986), present in specific ratios such as K/Na and Ca/Mg.

The hypotheses regarding the quantitative presence of these metals have focused on factors outside the family (environment, procurement of food, production period) and to some extent internal factors (biological factors tied to the bees).

Vitamins

The concentrations of vitamins in RJ are distributed over a broad spectrum; vitamins showing fairly uniform values are riboflavin, thiamine, niacin and folic acid, whose ranges of variability may be expressed in μg/g of fresh matter. Likewise present but with greater fluctuations are pyridoxine, biotin, pantothenic acid and inositol.

Authenticity

The main quality factors of RJ have been described and studies have revealed the importance of the lipid fraction as a marker and hence a criterion by which to determine the product’s genuineness.

Furthermore, microscopic analyses of RJ sediment, applied according to the basic principles of melissopalynology (Louveaux et al., 1978), and in particular the identification of the pollens it contains, make it possible to define the geographical origins of the product and detect mixtures where they occur. Pollen identification is made easier by the fact that only a few countries actually produce RJ and specialists are capable of formulating their respective characteristic pollen associations.

Freshness definition

Another fundamental aspect lies in the possibility of defining a parameter of RJ freshness.

It has been noted that the macroscopic composition of RJ is fairly stable on the whole but also variable, above all as far as certain components are concerned. Thus it is not a suitable parameter for defining product freshness.

For the latter purpose, experiments were conducted on RJ samples stored at 4 and 20°C over a period of 24 months to assess changes in the content of the enzyme glucose oxidase. The results obtained showed that the enzyme contained in RJ is influenced both by storage temperature and time. At 20°C it had decreased significantly after one month and degraded completely after one year. Even at 4°C there was an evident, albeit modest, reduction in the enzyme.

The determination of glucose oxidase is analytically very simple and thus within the capabilities of all laboratories. This method could be used to evaluate the product’s freshness; however, further investigation must first be conducted into the natural variability of this component in the fresh product.

More recently (Marconi et al., 2002), several experiments were performed to evaluate the possibility of using furosin content as a marker for RJ freshness.

The value of furosin, a product of Maillard’s reaction, proved very low (from 0 to 10 mg/100g of protein) in freshly produced RJ samples (Messia et al., 2003) but increased over time and in relation to temperature. Specifically, the content rose to as high as 500 mg/100g of protein after 18 months’ storage at room temperature and 50 mg/100g at 4°C. Samples taken from store shelves showed values ranging from 40 to 100 mg/100g protein.

This parameter, which, like hydroxymethylfurfural in honey, is practically absent at the time of production, could therefore be used an index of RJ freshness and a specific limit of around 50 mg furosine/ 100g protein could be defined for a quality product.

Finally, the overall analytic data confirm that exposure to a temperature of 4°C causes no alterations in RJ composition and that it could be recommended to store the product at this temperature from the time it is produced to the time it is consumed.
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