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Abstract:  
Different solutions of royal jelly, royal jelly and rape 
honey mix, and rape honey (2, 5, 10, 20, and 30%) were 
contaminated with bacterial suspension of Aeromonas 
hydrophila (ATCC 7965). Colony counts for each test 
substances were determined after incubation for 24 h 
and 48 h and those concentrations which completely in-
hibited the growth of the test strain were assigned as 
Real Bactericidal Concentration (RBC) or 100% inhi-
bition.  Royal jelly and rape honey mixes possessed a 
lower antibacterial activity than rape honey. The con-
centrations of royal jelly (10, 20, and 30%) had a total 
inhibitory effect against A. hydrophila (ATCC 7965). 
Royal jelly, royal jelly and rape honey mix, and rape 
honey have a potential as alternative therapeutic agents 
against A. hydrophila. 
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Introduction
The hypopharyngeal glands of the honey bee (Apis 
mellifera L.) produce royal jelly (RJ) that is essen-
tial to feed and raise broods and queens (Li et al., 
2010). Several positive effects of RJ are reported: 
immune system stimulation, activation of the veg-
etative and central nervous systems etc. The main 
RJ acid 10-hydroxy-2-decenoic acid (10-HDA) is 
known to have a high antimicrobial effect (Blum 
et al., 1959; Melliou and Chinou, 2005). Research 
data suggest that the 10-HDA found in RJ may in-
hibit the vascularization of tumors (Izuta et al., 
2009). The antibacterial activity of the peptide 
Royalisin against Gram-positive bacteria has been 
known since 1990 (Fujiwara et al., 1990; Shen et 
al., 2010). On the other hand, RJ may cause aller-
gic reactions in humans, asthma, fatal anaphy-
laxis, thus this product remains non-approved for 
use in most countries (Leung et al., 1997; Lom-
bardi et al., 1998; Takahama and Shimazu, 2006). 

In many studies for detection of antibacterial ac-
tivities of honey, the agar well diffusion method 
was used (Al Jabri et al., 2005). The results of agar 
well diffusion method must be interpreted using 
clear criteria. Some authors measure the clear zone 
around the well, and express the activity in equiv-
alent phenol concentrations (Baltrusaityte et al., 
2007). 

Standard methods required for microbiological 
testing of pathogens in foods use incubation that 
makes objective detection of pathogens. Only live 
microbial cells could survive and form colonies. 
This is the principle at the background of microbi-
ological testing of foods in Europe (Anonymous, 
2007). We have used these arguments to investi-
gate a new methodology for antibacterial activity 
testing (Stratev et al., 2012). 

A. hydrophila strains associated with human gas-
troenteritis are capable to grow in foods at refrig-
eration temperatures, currently considered ade-
quate for preventing the growth of foodborne path-
ogens (Palumbo et al., 1985). Other authors re-
ported wound infections in humans caused by A. 
hydrophila (Campbell, 2001; Hiransuthikul et al., 
2005). 

The use of antibiotics is the main treatment to con-
trol bacterial illness, and this results in develop-
ment of resistant bacteria (Castro et al., 2008). In 
available references we did not find studies on the 
antibacterial activity of royal jelly, rape honey, 
and royal jelly and rape honey mix against A. hy-
drophila (ATCC 7965). Thus, the aim of this study 

was to determine the Real Bactericidal Concentra-
tion (RBC) or 100% inhibition of royal jelly, royal 
jelly and rape honey mix, and rape honey (2, 5, 10, 
20, and 30%) against A. hydrophila (ATCC 7965) 
by means of a microbiological method. 

Materials and Methods      

Test substances 

The tested rape bee honey (H) samples were ob-
tained from beekeepers owning many hives (from 
50 to 210), immediately after the flowering of rape 
(the centrifugation of honey was performed in 
June) in different regions of Stara Zagora district, 
Bulgaria. During the honey collection period bees 
were not supplemented with carbohydrate syrups 
or treated with antimicrobial drugs. Until the anal-
ysis, samples were kept at refrigerator conditions 
(0-4°С). Water content, pH, free acidity, electrical 
conductivity, diastase and invertase activity, spe-
cific optical activity and hydroxymethylfurfurol 
(HMF) content were assayed as per the harmo-
nized methods of the European honey commission 
(Bogdanov et al., 1997). The botanical origin of 
the samples was established by their melissopaly-
nological, organoleptic, physical and chemical 
characteristics (Oddo et al., 2004; von der Ohe et 
al., 2004). All data referring to physical and chem-
ical parameters of rape honey were statistically 
processed by the Student's t-test and presented as 
mean and standard deviation (SD) (Table 1).  

Royal jelly (J) (n=6) used in the study was pipetted 
directly from queens cells. The following parame-
ters of samples were determined: sugars (fructose, 
glucose, sucrose by HPLC after Sesta (2006); pro-
teins by Folin-Ciocalteu reagent; water content by 
refractometry; dry matter of the sample by sub-
tracting the water content from 100; pH values – 
potentiometrically by pH meter Mi 150 (1% water 
solution of royal jelly); total acidity by titration 
with 0.1 N NaOH according to ОN 2576693-84 
about fresh and lyophilized royal jelly; electrical 
conductivity of 1 % water solution of royal jelly 
by conductometry (Bogdanov et al., 1997; Balkan-
ska et al., 2012) (Table 2). 

For some authors only the storage of royal jelly in 
a frozen state could prevent the  decomposition of 
biologically active proteins and thus, royal jelly 
should be frozen as soon as it is harvested (Li et 
al., 2007). For our experiments royal jelly was 
stored prior to analyses in a dark bottle in freezing 
conditions (-20°C). 
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To avoid the acid taste and allergic reactions after 
consumption of royal jelly, many producers rec-
ommend mixing of this product with honey, 
mainly in proportion 1:100 (JH). Solutions con-
taining 2, 5, 10, 20, and 30% of each test sub-
stances were prepared in sterile Tryptic Soy 
Broth (TSB) (Merck, Darmstadt, Germany). To 
prevent photodegradation of glucose oxidase, as-
sociated with antimicrobial activity in honey 
(Bogdanov et al., 1997) all test substances were 
stored in the dark and dilutions were prepared im-
mediately prior to testing (Sherlock et al., 2010). 

Microbiological assay  

In this study the reference strain of A. hydrophila 
(ATCC 7965) provided by the National bank for 
industrial microorganisms and cell cultures (So-
fia) was used. Prior to experiments the microor-
ganism was incubated for 24 h at 28°C in Brain 
heart infusion broth (Merck, Darmstadt, Ger-
many). Petri dishes with about 15 ml blood agar 
were inoculated with a loopfull of 24 h broth cul-
ture and incubated for 24 h at 28°C. Three or four 
morphologically similar colonies were taken from 
the agar and suspended in 5 ml sterile physiologi-
cal solution for preparation of bacterial suspension 
adjusted to the 0.5 McFarland standard (1.5 x 108 
CFU/ml). From the initial suspension decimal di-
lutions (to 5-th) to 10-3 in 9 ml sterile TSB (Merck, 
Darmstadt, Germany) were made. 

For detection of exact A. hydrophila (ATCC 7965) 
counts Petri dishes with approximately 15 ml 
MacConkey agar (Merck, Darmstadt, Germany) 
were inoculated with 0.1 mL of the 5th dilution of 
the initial bacterial suspension in TSB and incu-
bated for 24 h and 48 h at 28°C. By running this 
parallel microbiological assay it was found out 
that in positive control (0.3 mL for diluted (10-5) 

test bacterial suspension in 5.7 mL TSB) the 
counts of live A. hydrophila (ATCC 7965) cells 
used for contamination dilution from bacterial sus-
pension in TSB (10-5 dilution of 0.5 McFarland 
standard) was log 1.61 CFU/mL. 

This microbiological test was also done for all di-
lutions in TSB (Merck, Darmstadt, Germany) of 
test substances contaminated with bacterial sus-
pension. To calculate the percent of inhibition the 
bacterial count in the positive control after 24 h 
incubation were accepted as 100% (Table 3). 

The concentrations of test substances which 
completely inhibited the growth of A. hydrophila 
(ATCC 7965) after 24 h and 48 h incubation were 

assigned as Real Bactericidal Concentration 
(RBC) or 100% inhibition.   

All experiments were done in Department of Food 
Hygiene and Control, Veterinary Legislation and 
Management, Trakia University, Faculty of 
Veterinary Medicine, Stara Zagora, Bulgaria. 

Results and Discussion 
Rape honey has a turbid white to white colour. Im-
mediately after centrifugation the honey con-
sistency was semi-liquid, but within a relatively 
short period of time it became finely crystallized 
provided that the technological processing was 
proper. The flavour of rape honey is specific and 
the taste is sweet and characteristic in some in-
stances – with a very subtle acid tinge. The pollen 
analysis of rape honey showed increased number 
of pollen grains. Their proportion exceeded 40%, 
i.e. rape honey could be classified as a pollen-rich 
honey type. In our study we have analysed the spe-
cific optical activity - a parameter that is not re-
ported for rape honey so far. The mean specific 
optical activity of rape honey: (–) 12 ±0.8164 
[αD]20 is close to that of Bulgarian polyfloral hon-
eys: (–) 14.8 ±4.9 [αD]20 (Dinkov, 2003).  

Quality parameters of Bulgarian’s rape honey are 
comparable to those reported in the literature and 
in accordance with European quality standards 
(Bogdanov et al., 1997). pH values were lower 
(3.232) than data reported by Devillers et al. 
(2004) - 4.019 and than European rape honey from 
2004 – from 3.9 to 4.1 (Piaza and Oddo, 2004) and 
could be related to the organoleptically established 
slightly acid taste (Table 1). 

The antibacterial effect of honey mostly against 
Gram-positive bacteria is very well documented 
(Molan, 1992a; Molan, 1992b; Molan, 1997). The 
antimicrobial activity of honey is attributed 
largely to osmolarity, pH, hydrogen peroxide pro-
duction and the presence of other phytochemical 
components. In vivo, such activity may occur due 
to a synergistic relationship between any of these 
components rather than a single entity (Mavric et 
al., 2008).   
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It was found that several honeys may have poten-
tial as therapeutic honeys (Wilkinson and 
Cavanagh, 2005).  

 

Table 1. Quality parameters of rape honey 

Quality parameters Results References 
Devillers et al. (2004) Piaza and Oddo (2004) 

Water content (%) 

X          16.8 
SD    ±0.2108 
Min      16.6 
Max      17 

18.46 
±0.655 
17.00 
19.80 

- 
- 

14.7 
21.3 

p<0.05  

Free acidity (meq/kg) 

X           36.3 
SD     ±1.1595 
Min       35 
Max      38 

10.66 
±1.318 
6.510 
12.30 

9.4 - 22 
- 
- 
- 

р<0.05 - 

рH 

X          3.232 
SD    ±0.01032 
Min      3.22 
Max      3.25 

4.019 
±0.119 
3.700 
4.260 

3.9 - 4.1 
- 
- 
- 

р<0.05  

Conductivity (mS/cm) 

X          0.128 
SD    ±0.00105 
Min      0.127 
Max     0.13 

0.2031 
±0.4435 

0.110 
0.269 

0.14 - 0.34 
- 
- 
- 

p=0.4979  

Diastase activity (Ghote), (DN) 

X        12.9 
SD    ±0.1051 
Min    12.8 
Max    13.1 

26.85 
±5.911 
11.20 
36.80 

10 - 46.6 
- 
- 
- 

p<0.05  

Hydroxymethylfurfurol (HMF), (mg/kg) 

X        14.89 
SD     ±0.3528 
Min     14.4 
Max    15.36 

3.196 
±1.665 
0.210 
5.950 

- 
- 
- 
- p<0.05 

Invertase activity (IN) 

X       10.643 IN 
SD     ±0.0241 
Min    10.62 
Max   10.69 

132.9 U.kg-1 

±33.8 
(von der Ohe and 

von der Ohe, 
1996) 

77,1 U.kg-1 
- 

39.7 
50.7 

(Krauze and Zalewski, 
1991) 

Specific optical rotation, [α]D
20 

X      (–) 12 
SD    ±0.8164 
Min  (–) 11 
Max (–) 13 

- - 
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It was found that several honeys may have poten-
tial as therapeutic honeys (Wilkinson and 
Cavanagh, 2005). As the potential role of honey as 
a topical agent to manage surgical site or infec-
tions is increasingly acknowledged, other types of 
honeys need also to be assessed and evaluated 
(Gethin and Cowman, 2008). 

Our results for royal jelly samples 4, 5 and 6 
(16.84, 18.99, and 19.63 %) (Table 2) and the re-
sults of other studies showed that RJ had a high 
protein content (9-18%) (Sabatini et al., 2009).  

In all cases, 10, 20, and 30% solutions of royal 
jelly showed 100% inhibition after 24 h and 48 h 
(RBC) incubation of A. hydrophila (ATCC 7965). 
In some cases (Samples J-1, J-3 and J-4) 100% in-
hibition after 24 h and 48 h (RBC) were also found 
with 5% royal jelly. Only 30% rape honey, and 
royal jelly and rape honey mix possessed a total 
antibacterial effect after incubation of A. hydroph-
ila (ATCC 7965) for 24 h and 48 h (RBC) at 28°C. 
In all samples we found lower percentage of inhi-
bition for 20% royal jelly and rape honey mix in 
comparison to 20% rape honey (Table 3).  

L-proline was found with high concentrations in 
royal jelly (369-1930 µg/g) (Saito et al., 2011). It 
is well known that Bulgarian’s blossom honeys 
contain 267 ±23.71 mg/kg L-proline on the aver-
age (Dinkov, 2000). The mixing of RJ and 

honey results in a higher content of proteins, 
which could lead to formation of chemical struc-
tures. With this regard Gethin and Cowman (2008) 
established that the interaction of hydrogen bond-
ing between hydroxyl groups of phenolic com-
pounds and peptide bonds of protein forms strong 
insoluble polyphenol-protein complex in aqueous 
solution and consequently, high turbidity. More 
investigations are necessary to prove the hypothe-
sis that the chemical structures possessed specific 
antibacterial activity to different microorganisms. 
This could be related to lower antibacterial activ-
ity of royal jelly and rape honey mixes compared 
to rape honey (Table 3).  

Some authors recommend testing for allergic re-
actions prior to clinical investigations (Leung et 
al., 1997; Lombardi et al., 1998; Takahama and 
Shimazu, 2006). In the future it is important to do 
additional investigations about the specific anti-
bacterial activity of strong insoluble polyphenol-
protein complexes in royal jelly and rape honey 
mixes for different microorganisms. 

Conclusion 
Royal jelly (10, 20, and 30%), rape honey (30%), 
and royal jelly and rape honey mix (30%) have a 
potential as alternative therapeutic agents against 
A. hydrophila.  

 

Table 2. Quality parameters of royal jelly samples 

No sample 
Water 

content, 
% 

pH 

Total 
acidity, 
mL 0.1 

NaOH/g 

Electrical 
conducti-

vity, 
mS/cm 

Proteins, 
% 

Fructose, 
% 

Glucose, 
% 

Sucrose, 
% 

1 60.40 3.87 3.86 191 10.44 6.89 8.54 0.04 
2 61.70 3.98 4.05 204 14.56 4.23 6.05 0.04 
3 61.50 4.04 3.31 188 9.62 5.23 7.35 0.07 
4 61.70 3.97 3.68 208 16.84 4.56 4.08 1.79 
5 59.10 3.86 3.96 202 18.99 5.05 5.28 1.39 
6 62.70 3.91 4.42 216 19.63 5.47 5.12 2.89 
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Table 3.  Antibacterial activity of royal jelly (J), royal jelly and rape honey mix (JH), and rape honey (H) against A. hydrophila (ATCC 7965) 

Test 
substance 

% 
(v/v) 

24 h 48 h Test 
substance % (v/v) 

24 h 48 h 

log CFU/ mL Inhibition, % 
/ RBC* log CFU/ mL Inhibition, % / 

RBC* log CFU/ mL Inhibition, 
% / RBC* log CFU/ mL Inhibition, % 

/ RBC* 

 
J-1 

2 > 8 0 > 8 0 

J-4 

2 > 8 0 > 8 0 
5 0 100 0 RBC 5 0 100 0 RBC 

10 0 100 0 RBC 10 0 100 0 RBC 
20 0 100 0 RBC 20 0 100 0 RBC 
30 0 100 0 RBC 30 0 100 0 RBC 

JH-1 

2 > 8 0 > 8 0 

JH-4 

2 > 8 0 > 8 0 
5 > 8 0 > 8 0 5 > 8 0 > 8 0 

10 > 8 0 > 8 0 10 > 8 0 > 8 0 
20 6.90 11.43 8.22 0 20 7,58 2.7 > 8 0 
30 0 100 0 RBC 30 0 100 0 RBC 

J-2 

2 > 8 0 > 8 0 

J-5 

2 > 8 0 > 8 0 
5 > 8 0 > 8 0 5 > 8 0 > 8 0 

10 0 100 0 RBC 10 0 100 0 RBC 
20 0 100 0 RBC 20 0 100 0 RBC 
30 0 100 0 RBC 30 0 100 0 RBC 

JH-2 

2 > 8 0 > 8 0 

JH-5 

2 > 8 0 > 8 0 
5 > 8 0 > 8 0 5 > 8 0 > 8 0 

10 > 8 0 > 8 0 10 > 8 0 > 8 0 
20 > 8 0 > 8 0 20 8.30 0 > 8 0 
30 0 100 0 RBC 30 0 100 0 RBC 

J-3 

2 > 8 0 > 8 0 

J-6 

2 > 8 0 > 8 0 
5 0 100 0 RBC 5 > 8 0 > 8 0 

10 0 100 0 RBC 10 0 100 0 RBC 
20 0 100 0 RBC 20 0 100 0 RBC 
30 0 100 0 RBC 30 0 100 0 RBC 

JH-3 

2 > 8 0 > 8 0 

JH-6 

2 > 8 0 > 8 0 
5 > 8 0 > 8 0 5 > 8 0 > 8 0 

10 > 8 0 > 8 0 10 > 8 0 > 8 0 
20 0 100 7.56 2.96 20 7.69 1.29 7.99 0 
30 0 100 0 RBC 30 0 100 0 RBC 

H 

2 > 8 0 > 8 0 

H 

2 > 8 0 > 8 0 
5 > 8 0 > 8 0 5 > 8 0 > 8 0 

10 > 8 0 > 8 0 10 > 8 0 > 8 0 
20 6.30 19.13 6.54 16.15 20 6.30 19.13 6.54 16.15 
30 0 100 0 RBC 30 0 100 0 RBC 
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	Microbiological assay
	Rape honey has a turbid white to white colour. Immediately after centrifugation the honey consistency was semi-liquid, but within a relatively short period of time it became finely crystallized provided that the technological processing was proper. ...

