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Nutrition and Physiology

Lysozyme levels in haemolymph of worker bees (Apis mellifera L.) from bee colonies with 
different degree of expression of hygienic behaviour

1 1 2 3 4Lazarov , I. Zhelyazkova *, D. Salkova , R. Shumkova , S. Takova
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(Manuscript received 1 June 2016; accepted for publication 10 August 2016)

Abstract. A total of 24 bee colonies of apiaries with different business orientation were tested for the degree of expression of hygienic behaviour by modified 
method, different from the traditionally used for this purpose method. To outline the test field a square sized 5 x 5 cm was used, stuck onto a section of a honey 
comb with sealed worker brood (the area bounded by the stencil is equal to 100 worker bee cells). The brood in the outlined square is killed by a thin 
entomological needle by jabbing the sealed cells, without destroying their caps. Depending on the time and extent of cleaning bee colonies are divided into 3 

thgroups: super hygienic - colonies which of the 24  hour after the jabbing have uncovered and cleaned over 95% of the outlined area; hygienic – colonies which 
thon the 48  hour after the jabbing have uncovered and cleaned over 95% of the outlined area; non- hygienic – colonies which have cleaned less than 95% of the 

thcells in the area on the 48  hour. From each bee colony samples of worker bees (200-250 pcs.) have been taken and haemolymph obtained. The amount of 
lysozyme has been defined at the Reference Laboratory “Honeybee health” at the National Diagnostic Scientific Research Veterinary Medical Institute - Sofia 
by the method of Motavkina et al. (1979), modified by Kostov et al. (1983). The results obtained show different values for the amount of lysozyme in 
haemolymph of worker bees, depending on the degree of expression of their hygienic behaviour – 10.49 ± 1.86 μg/ml for the group of super hygienic colonies; 
9.11 ± 1.37 μg/ml for the group of hygienic ones; 15.22 ± 2.37 μg/ml for the group of non-hygienic bee colonies, respectively. The established values range 
from 4.59 μg/ml to 38.28 μg/ml, the greatest variation being in the group of non-hygienic colonies. The data suggests that in positive direction compared to the 
average for the model is the deviation of LS-means of bee colonies with low level of hygiene (non-hygienic). The reported LS-estimates suggest that in the non-
hygienic bee colonies there is a tendency of increase the lysozyme content in the haemolymph.

Keywords: honeybees, bee colonies, hygienic behaviour, haemolymph, lysozyme level
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Introduction including hygienic behaviour in selection programs creates 
conditions for the production of ecological bee products that are safe 
and useful for the man.Innate instincts in the honeybee consist of complex inherited 

According to Taber (1982) hygienic behavior is controlled by behaviour reactions that are set in their genesis. Such are feeding of 
two recessive genes. One of them is responsible for the disposal of larvae, building honey combs, guarding and cleaning the nest, 
dead larvae out of the honeycombs and is called removing, marked hatching bees, the bee dance to find food, etc. One of the clearest 
by the symbol "rr", whereas the other one - uncapping and marked examples of unconditional reflexes in bees' is the ”hygienic 
by the symbol "uu". In alleles of the queen bee the alternative trait for behavior", which is inherited in the offspring and directly affects the 
non removal of the larvae in the cells is presented in homozygous health of bee colonies. The mechanisms of this behavior are related 
("RR") or heterozygous ("Rr") state. The same applies to the trait to the identification and disposal of infected and dead larvae and 
uncapping, presented in homozygous ("UU") or heterozygous state bees outside the hive, thereby limiting the spread of infection from 
("Uu"). Drones are haploid and have only one set of chromosomes, various diseases within the bee colony.
so they could provide only one type of gametes containing "R" or "r", The study of hygienic behaviour is crucial since it is directly 
respectively "U" or "u". As a result of combining the gametes of the related to the creation of resistant breeds of bees to a number of 
queen bee with the gametes of the drones diploid worker bees are diseases (Rotenbuler, 1975; Milne, 1982; Taber and Gilliam, 1987, 
produced that have hygienic behaviour in the colony.1988; Fukae et al., 1990; Choi et al ., 1991; Spivac and Gilliam, 1993; 

Hygienic behavior in honey bees is associated mainly with Southwick, 1994 a,b; Hornitzky, 1995; Taber, 1996; Petrov, 1997; 
resistance to diseases. In bees, as in all other insects, there are no Zhelyazkova and Gurgulova, 2003; Darkazanli, 2008). After the 
mechanisms for building immune response, therefore natural European Union adopted ordinance banning the use of 
protection plays an important role (protective and readaptation sulfonamides and antibiotics in beekeeping (Council Regulation, 
mechanisms such as external and internal structure of the bee, the EEC, No 2377/90), attention was focused on breeding colonies with 
protective function of haemolymph). The waterproof and rigid outer high degree of natural immunity. In this connection, the possibility of 
shell of the body of bees, the chemical composition of haemolymph 
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as internal environment of the bee organism, the peritrophic Testing colonies for level of manifestation of hygienic 
membrane and tracheal system are the mechanical and behaviour. Testing of colonies for hygienic behaviour was carried out 
physiological barriers that pretect the body cavity of bees from by modified method (Gurgulova et al., 2003), different from that of 
bacterial and fungal invasion. Taber and Gilliam (1988) and similar to the one applied by Petrov 

Immunity in bees depends exclusively on the quantitative (1997). To outline the test field a square sized 5 x 5 cm was used, 
content of proteins in their haemolymph. One of the main factors of stuck onto a section of a honey comb with sealed worker brood (the 
immunity in honeybees is the enzyme lysozyme (N- area bounded by the stencil is equal to 100 worker bee cells). The 
acetylmyramylhydrolase). The enzyme lysozyme (muramidase) in method involves several stages: selection of bee colonies of equal 
the haemolymph of bees is a factor of resistance, and its synthesis is strength; selection of honeycombs with the largest areas of sealed 
carried out in all phases of development. Its concentration in the worker brood; outlining a square measuring 5x5 cm (100 sealed 
haemolymph could be used as a criterion for determining the degree cells) over the brood area; killing the brood in the outlined square by 
of resistance of the bee colony (Aronstein and Saldivar, 2005; a thin entomological needle by jabbing the sealed cells without 
Aronstein et al., 2006; Aronstein and Murray, 2010). It was found that destroying the caps of the cells; counting the uncapped and cleaned 

th ththe content of lysozyme in the haemolymph of bees to a large extent cells at the 24  and 48  hour after jabbing.
determines the protective functions of the bee organism and Depending on the time and extent of cleaning colonies are 

thdepends on a number of factors: type of raising the bee colonies, age grouped in three groups: super hygienic – colonies that on the 24  
of bees, protein content in food, adding stimulating products in the hour after jabbing have cleaned over 95% of the cells in the outlined 

thsupplemental feed of bee colonies, presence of pathogenic area; hygienic - colonies that at the 48  hour after jabbing have 
microorganisms and parasites, environmental status, etc. (Zyuman cleaned over 95% of the outlined area; non-hygienic - those that 

thet al., 1987; Nagornaya et al., 1996; Zhelyazkova and Gurgulova, have cleaned less than 95% of cells in the area on the 48  hour.
1997, 2000; Kanchev et al., 1997; Gurgulova et al., 2001). Obtaining haemolymph and determining lysozyme content in it. 

The information in scientific literature about the relationship Samples of 200 –250 worker bees were taken from the tested bee 
between the hygienic behaviour and lysozyme levels in the colonies and pooled samples of haemolymph were obtained from 
haemolymph of honeybees on the one hand and resistance to them. The haemolymph was obtained by the conventional method in 
diseases, on the other hand, determined the need of the present beekeeping - suction with a Pasteur pipette on the border between 

nd rdstudy. the II  and III  typhoid tergit. The quantity of lysozyme in the 
The aim of the paper was to determine the lysozyme level in the haemolymph is determined by the method of Motavkina et al. (1979), 

haemolymph of worker bees (Apis mellifera L.) from colonies with modified by Kostov and Bonovska (1983). Live culture of 
different degree of manifestation of hygienic behaviour. Micrococcus lisodeicticus is used for the assay, which is specifically 

lysed by the lysozyme. Analyses were made at the National 
Reference Laboratory “Honeybee health” at the National Diagnostic 
Scientific Research Veterinary Medical Institute, Sofia. Material and methods

Statistics. The survey data were processed variation-
statistically by computer – Statistika software.Study area. The study was conducted during the active bee 

season of 2015-2016. Bee colonies with bees from the local breed of 
Apis Mellifera L. have been used. Testing about the degree of 

Results and discussionmanifestation of hygienic behaviour of 24 bee colonies from 8 
apiaries in different regions of the country with different economic 

Table 1 presents the results of testing bee colonies for level of direction was carried out, namely: Training apiary of Trakia 
manifestation of hygienic behaviour. The percentage of uncapped University, Stara Zagora; Apiary of Institute of Animal Science (IAS), 
and cleaned cells with killed brood in the outlined area (5x5 cm - 100 Kostinbrod; Apiary at the Experimental Station in Livestock Breeding 
cells) was used as a criterion. Data show that of the tested 24 town of Smolyan; Queen bee production apiary in the village of 
colonies 6 (25%) are super hygienic (over 95% uncapped and Dimovtsi, municipality of Gurkovo; Queen bee production apiary 

th
town of Lovech; Stock apiary (honey and pollen) ,,Druzhinata", cleaned cells on the 24  hour after killing the brood), 6 (25%) are 

thvillage of Voyvodinovo, municipality of Plovdiv; Stock apiary (honey) hygienic (over 95% uncapped and cleaned cells on the 48  hour after 
village of Okop, municipality Tundzha; Apiary village of Madzherito, killing the brood) and 12 (50%)  are non-hygienic (less than 95% 

thmunicipality Stara Zagora. uncapped and cleaned cells on the 48  hour after killing the brood). 

Table 1. Results for hygienic behaviour test of honeybee colonies 

Uncapping and cleaned cells (%)

Super hygienic bee colonies (n = 6)

Hygienic bee colonies (n = 6)

Nonhygienic bee colonies (n = 12)

24-th hour 

Mean

98.29

85.14

70.78

0.57

3.83

3.95

1.39

9.37

13.70

95.92

69.79

47.00

100.00

94.00

89.25

99.50

97.12

87.29

0.34

0.80

2.67

0.84

1.95

9.24

98.00

95.00

61.00

100.00

100.00

94.90

MeanSE SESD SDmin minmax max

48-th hour 
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The higher percentage of non-hygienic bee colonies can be between 95 and 100%). At the same time the controlled trait in the 
explained by the fact that part of apiaries in which the testing was non-hygienic colonies (87.29±2.67%) is by 12.21% less than the 
conducting are unisolated stock apiaries and no selection for level of super hygienic and 9.83% less than the hygienic colonies, 
hygiene has been applied in them. respectively. The data show variation in wide ranges (between 61 

th and 94.9%) for bee colonies from the non-hygienic group (Table 1).Bee colonies from the group of super hygienic on the 24  hour 
The reliability of the reported differences between bee colonies have uncapped and cleaned an average of 98 29±0.57% of the 

with different level of manifestation of hygienic behaviour in terms of cells, ranging between 95,92 and 100% (Table. 1). In these colonies 
th percentage of uncapped and cleaned cells is indicated in Table 2. on the 48  hour the percentage of cleaned cells increased to almost 

th100% (99.50±0.34%), while the variation was in a narrow range - On the 48  hour low level of reliability (P≤ 0.05) was determined 
thbetween 98 and 100%. On the 48  hour of reading the uncapped and between super hygienic/hygienic and hygienic/non-hygienic 

cleaned cells with killed brood in bee colonies from the hygienic colonies. Statistically proven difference at P≤0.01 was established 
group were 97.12±0.80% (with variation in relatively narrow range between super hygienic/non-hygienic bee colonies.

.

Table 2. Reliability of differences between groups of honeybee colonies with different hygienic behaviour (t-test)

*   Р≤0.05           **  Р  0.01            ***  Р  0.001≤ ≤

Super hygienic/hygienic

Mean Mean Р Mean Mean Р Mean Mean Р

Super hygienic/nonhygienic Hygienic/nonhygienic

24-th hour

48-th hour

98.29

99.50

85.14

97.12

98.29

99.50

70.78

87.29

85.14

97.12

70.78

87.29

0.035 *

0.022 *

0.000 ***

0.006 **

0.007 **

0.021 *

Table 3. Lysozyme levels in haemolymph of worker bees and LS- estimate of the impact of hygienic behaviour (n=47)

Groups according to
hygienic behaviour

super hygienic
hygienic
nonhygienic
Mean for the model

10.49
  9.11*
15.22*
12.19

1.86
1.37
2.37
1.27

6.45
5.12

10.84
8.73

4.59
4.59
4.59
4.59

25.00
18.66
38.28
38.28

-1.71
-3.08
+3.03

Lysozyme levels in haemolymph of worker bees (µg/ml)
LS - estimate

LS - mean SE SD min max

* The reported differences between groups were significant at Р≤0.05

Table 3 presents the results about amount of lysozyme in the have low level of reliability (P≤0.05). The reported minimum value of 
haemolymph of worker bees from families with different the studied trait is 4.59 μg/ml, regardless of the level of hygiene. 
manifestation of hygienic behaviour. The analysis of the results Maximum values are between 18.66 and 38.28 μg/ml, the variation 
shows the highest average value (15.22±2.37 μg/ml) in colonies min/max being the highest in bee colonies from the non-hygienic 
from the non-hygienic group. For the super hygienic and hygienic group. Similar results about higher values of lysozyme content in the 
bee colonies close values for content of lysozyme in the haemolymph of worker bees were obtained in other studies on the 
haemolymph have been determined – 10.49±1.86 μg/ml and hygienic behaviour of bees (Gurgulova et al , 2003; Darkazanli, 
9.11±1.37 μg/ml, respectively. The established differences between 2008).
the average values for the hygienic and non-hygienic bee colonies 

.

Data suggest that in positive direction compared to the average by the degree of manifestation of hygienic behaviour of bee colonies.
for the model are the deviations of LS-estimates of bee colonies with 
low level of hygiene (non-hygienic). The reported LS-estimates 
suggest that in the non-hygienic bee colonies there is tendency for 

Conclusionincrease of the lysozyme content in the haemolymph. It can be 
assumed that the impossibility of those colonies to detect quickly 

The quantity of lysozyme in the haemolymph of worker bees and cleaned the sick larvae (in this case killed larvae) puts them in a 
from families with low manifestation of hygienic behaviour has the stressful situation. Probably, as a compensation activation of the 
highest average value (15.22±2.37 μg/ml), and in super hygienic natural protective factors of the bee organism starts, including 
and hygienic bee colonies – 10.49±1.86 μg/ml and 9.11±1.37 μg/ml, change in the protein composition of the haemolymph. The 
respectively. The established differences between the average differences could be accounted for by various abiotic and biotic 
values for hygienic and non-hygienic bee colonies have low level of environmental factors in different regions - climatic conditions, bee 
reliability (P≤ 0.05). The variation min/max is the highest in bee pasture, development and physiology of bee colonies.
colonies from the non-hygienic group –  between 4.59 μg/ml and The results obtained in the present study indicate that the 
38.28 μg/ml. In positive direction compared to the average for the amount of lysozyme in the haemolymph of the bees is influenced 
model is the deviation of the LS-estimates of bee colonies with low except by the method of rearing the bee colonies, the age of bees, 
level of hygiene (non-hygienic), suggesting a tendency for increase the content of protein in the diet, the addition of stimulant products in 
of the lysozyme content in the haemolymph. The results obtained in the supplemental feeding of colonies, the presence of pathogenic 
the present study show that the amount of lysozyme in the microorganisms and parasites, the state of the environment, but also 
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haemolymph of bees is affected by the level of manifestation of lysozyme activity of serum from farm animals and poultry. Veterinary 
hygienic behaviour of bee colonies. collection, 11, 30-32 (Bg).
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.



Volume 8, Number 3
September 2016

www.agriscitech.eu


	006
	WEB-TMPL
	TABLE OF CONTENT
	WEB-TMPL


