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ABSTRACT

American foulbrood (AFB) is one of the most devastating diseases
of the honeybee colonies. Antibiotics (oxytetracyclin, tylosin and sodium
salphte demidin) and essential oils thymol oil (Thymo vulgaris L.) and
cinnamon oil (Cinnamomum zeylanicum). were evaluated efficacy for
controlling American foulbrood disease attacking honeybee colonies.
Antibiotics recorded to decrease the pathological consequences of
Paenibacillus larvae subspecies larvae approached to (0.0%) after two
weeks from the treated start. It is preferable to alternate the use of different
antibiotics in order to prevent the development of drug resistance and
given as to long term American foulbrood control and tactics for
resistance management, whereas the essential oils were less efficacy for
the inhibition of P. larvae subsp. larvae growth. AFB disease returned to
appearance infected honeybee colonies after 65 days of thymol and
cinnamon oils treatments ending.
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INTRODUCTION

American foulbrood (AFB) is one of the most sever bacterial diseases that
affect larvae of honeybee Apis mellifera L., causing a decrease of bee
population and colony production. The causative agent Paenibacillus larvae
subspecies larvae gram positive and spore-forming bacterium that is distributed
word wide (Generisch et al. 2006).The prevention and controlling of this disease
have different features as the spores can remain viable for long years and
survive under adverse environmental conditions (Matheson and Reid 1992).
Found several biological properties such as antibiotic, antifungal, antiviral, anti-
inflammatory activity (Manolov et al. 1985; Marquee,1995; Drago et al. 2000
and Santos et al. 2003 ).The diseased symptoms are a patchy appearance of
brood combs, sunken, capping with a greasy look and partially open cells, the
dark brown larval remains stretched to a thin thread longer than 20 mm., in
advanced stages of infection, scales adhere firmly to the lower side of the cells
and combs contain diseased larvae have a characteristic glue -pot odor
(Shimanuki & Knox, 2000; Alippi, 1997 and Hansen & Broodsgaard,1999).
Larvae that have died of American foulbrood disease exhibit a ropy condition
that can be demonstrated by inserting a match stthread like projection longer
than 2.5 cm., (Morse and Nowogrodzki, 1990).
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A common strategy for the prevention and treatment of affected
colonies is the use of antibiotics, particularly oxytetracycline hydrochloride
(Hansen and Broodsgaar,1999).While Al zen et al. (2002) reported that tylosin
applied in a confectioner, sugar dust was effective in reducing and eliminating
symptoms of OTC- resistant AFB disease in the apiary of the study and
treatment by tylosin was significantly reduced to 0.00% diseased honeybee
colonies. However, several problems may be associated. With chemical
extended use, its residues can persist in honey affecting its quality for human
consumption while application of antibiotics may reduce the life time of bees
and raise the risk of resistant strains emergency (Shuel and Dixion, 1960; Martel
et al. 2006). Ozkrm, et al. (2012) found that the composition of the essential oils
IS very important an antibacterial effect.

The aim of the present work was to develop a new strategy for the control
of AFB disease by evaluating the antibiotic and some essential oils.

MATERIAL AND METHODS

The present study was carried out in the apiary yard of the Sids region at
Beni-Sweif Governorate, Egypt during first March until end June year 2012.
Ninety five honey bee colonies naturally infected, choosing thirty colonies in a
nearly infected, for studying the controlling of American foulbrood AFB by
antibiotics (oxytetracyclin, tylosin and sodium sulphate demidin) and essential
oils, thymol oil (Thymo wvulgaris L.) and cinnamon oil (Cinnamomum
zeylanicum).
I- Evaluation of tested therapeutic materials for the controlling American

foulbrood and doses.

The therapeutic materials obtained from El-Gomhoria, Co. for Drug and
Chemicals-Egypt, were used in this experiment.

The efficiency of therapeutic materials for the controlling of AFB on
Paenibacillus larvae naturally infected colonies was evaluated on hybrid
carniolan race (F1) colonies which located in the experimental apiary throughout
year 2012, when checkup of a honeybee colony appearance the AFB diseased
symptoms. Thirty colonies were divided into six groups in a nearly similarly,
and treated as follows;

Group (1) oxytetracycline (20% concentration), the used dose 0.75g/colony
repeated four times.

Group (2) sodium sulphate demidin (20% concentration),the used dose 0.75¢g/
colony repeated four times.

Group (3) tylosin (100% concentration), the used dose 0.25g/colony repeated
four times.

Group (4) thymol oil Thymo vulgaris L. the used dose 1 ml crude oil/colony
repeated four times.

Group (5) cinnamon oil Cinnamomum zeylanicum the used dose 1 ml crude
oil/colony repeated four times.

Groups (6) were fed of the sugar solution without any additives.
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Added of each the previous doses to 500 ml. of the sugar solution (1:1)/
colony and a few droplets of the tryptophan as an emulsion substrate with
essential oils treatments, six groups of the tested honeybee colonies was fed forl
month/once a weekly consecutively.

Number of infected worker brood cells by the AFB/20 square inch/ brood
combs/3 brood combs/colony of the tested honeybee colonies were determined
every week tell treatments end. After 13 days from last addition of the
treatments, the all colonies were inspected for presence areas of the healthy
sealed brood which estimated by (inch?) replication group/treatment each 13
days for along about 4 months from first March until end of June 2012.

The reduction percentage (rat) of infection was calculated according to
following:

N of healthy the brood cells in the first comb + N of healthy the brood cells in
the second comb + N of healthy the brood cells in the third comb/ colony = Y
N of infected the brood cells = N of the tested all brood cells (20x25x3) / colony -Y

M of infected the brood cells

Percentage of infection =1 - M of the tested all brood cells x 100

Where: N = number Y = N of healthy the brood cells/combs/colony
20 = N of square inch/comb 25 = N of the brood cells/square inch
3 =N of the brood combs/colony

I1- Statistical analysis:
For each evaluation, data calculated by analysis of variance (ANOVA) and
means separated by least significance difference test at L.S.D g ¢s.

RESULTS AND DISCUSSIONS

According in Table 1 and Fig. 1, it could be concluded that there were
significant differences in the American foulbrood (AFB) disease reduction
percentage between antibiotics and essential oils controls used in this
experiment. The infection percentages on sealed worker brood area was gradual
reduced from beginning of the first to the last treatment particularly with the
antibiotics. The honeybee colonies were exhibitors to symptoms of AFB disease
were marked observed after three times of the treatments by the antibiotics
(oxytetracycline, tylosin and sodium sulphate demidin). Honeybee colonies
untreated without any therapeutic materials were dead after four weeks later of
treatments beginning Table 1 due to severe infection with the disease. It is
noticeable that the honeybee colonies treated by antibiotics showed faster
effected positive recovery from the infection disease for a short time approached
to two weeks (0.00%) continues at last experimental; and attained the long term
recovery. Whereas the absence of larvae with clinical symptoms demonstrated
that essential oils (thymol and cinnamon oils) approached to the same
percentage after four weeks from the start treatments. However the AFB disease
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returned to appearance in honeybee colonies after 65 days of thymol and
cinnamon oils treatments ending; which reached to (2.2% & 3.4%) respectively
as shown in Table (1) and Fig. (1).

Table 1. Effect of the tested therapeutic materials on the infection
percentage of American foulbrood disease in honeybee colonies.

Periods| _ £ % Infection after treatments
S E
R 91
€5 |AT. |AT.|AT. AT 13 26 39 52 65 78 104
Ss | @ | @ @) | (4| days | days | days | days | Days |days days
Treatments K days
Oxytetracycline | 26 | 22 | 2 0 0 0 0 0 0 0 0|0 0
Tylosin 25 |21 (18| O 0 0 0 0 0 0 010 0
Sodium sulphte: 6 | 51 | 2 | o0 [0 | o | o | 0 | o | o |o|o]| o
dmedin
Thymol oil 25 | 22| 5 3 |06 0 0 0 0 0 08 (12| 2.2
Cinnamon oil 23 | 21| 5 4 1 0 0 0 0 0 12|14 34
Untreated 24 | 48 | 86 | 100 | - - - - - - - - -
LSDg 5 - 2.33|2.72(1.35|0.46 |0.00001|0.00001|0.00001(0.00001/0.00001 | 0.49 |0.71| 1.15
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Fig. 1. Effects of some antibiotics and essential oils on the percentage
reduction of American foulbrood in honey bee colonies.
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From the results obtained it could be concluded that the antibiotics used in
controlling honeybee colonies from the AFB disease revered encourage results
reflects on decrease the disease infection. These results are in agreement with
Reynaldi, et al. (2009) fielding in study were evaluated the optimum dosage of
tylosin tartrate for controlling infections of American foulbrood in artificially
inoculated colonies. The absence of larvae with clinical symptoms demonstrated
that tylosin tartrate at the doses of 1,000 mg and 1,200 mg per colony were
effective for the elimination of clinical signs for up to 365 days. Reid (1990)
controlling AFB by management methods and by antibiotics; antibiotic-resistant
strains of Bacillus larvae; costs, benefits and availability of antibiotics;
contamination of honey with oxytetracycline residues; EFB and drug feeding.
(Jevinova et al. 2007) reported that the minimal inhibitory concentrations
(MICs) of tylosin and oxytetracycline were determined in seven strains of
Paenibacillus larvae var. larvae isolated from different regions of Slovakia. The
MIC values obtained ranged from 0.015-0.03 g/m (tylosin) and from 0.25-0.03
g/ml (oxytetracycline). These low values imply that no resistance to tylosin and
oxytetracycline was found in any strains tested. Tylosin is virtually non-toxic to
adult honeybees and less toxic than oxytetracycline to honey bee larvae. Albo,
et al. (2003) evaluated the efficacy of some essential oils. Results from field
trials indicate that neither the essences nor the blends were effective in the
elimination of AFB clinical symptoms at any dose formulation or method of
administration tested, whereas tylosin was highly effective in eliminating AFB
clinical symptoms. But Gonzalez and Marioli (2010) using essential oils of 10
plant species were tested as inhibitors for the growth of Paenibacillus larva, the
causative agent of American foulbrood. Achyrocline satureioides Chenopodium
ambrosioide, Eucalyptus cinerea, Gnaphalium gaudichaudianum, Lippia
turbinata, Marrubium vulgare, Minthostachys verticillata, Origanum vulgare,
Tagetes minuta and Thymus vulgaris were included in the study.Essential oils
were less active for the inhibition of P. larvae growth. whereas Sanad and Al-
Barrak (2010) Three concentrations (0.5, 1.0, and 2.0%) from both clove and
watercress oils were prepared and only one concentration from tylosin (10%)
were used for controlling American foulbrood disease. Results indicated that
both oils, after three applications successively reduced AFB disease giving 89 to
95.2% reduction. On the other hand, tylosin gave 97.7% reduction of the AFB.
Results encourage using the natural oils in the control programs of AFB instead
of the antibiotics which had side effects on human beings and environment. But
Ozkrm, et al. (2012) using ten essential oils belonging to various species and
carvacrol, against Paenibacillus larvae were investigate as an alternative to
synthetic antibiotics used against American foulbrood (AFB), which causes
serious damage to the beekeeping industry. The conclusions resulting from
these observations were that composition of the essential oils is very important
for antibacterial effect. Gende et al. (2008) tested of essential oils of cinnamon
(Cinnamomum zeylanicum), mint (Mentha piperita) and lavender (Lavandula
officinalis [L. angustifolia]) were evaluated against P. larvae. The results
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demonstrated that the essential oil of cinnamon exhibited the greatest
antimicrobial activity against the pathogen with MIC values of 25 to 50
g/ml, The essential oils of mint and lavender presented intermediate values of

MIC.

Table 2. Effect of the therapeutic materials tested on the productivity

of honeybee colonies.

@ After treatments S.W.B. (inch®) 2
Measurements| $' 713 | 26 | 39 | 52 | 65 | 78 | o1 104 g
g = | days | days | days| days days | days | days days '5 2
= o >
I
Oxytetracycline 317 |368.2| 388 | 413 455 548 | 758 846 900 |183.9| 4.8
Tylosin 310 [365.4| 393 | 411 446 536 | 778 862 912 |194.2| 5
Sodium Sulphate | 375 | 351 | 362 | 302 | 432 | 526 | 766 | 856 | 890 |181.6| 5
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Fig. 2 Effects of some antibiotics and essential oils in controlling AFB on
rearing of sealed worker brood area (inch?)in honey bee colonies.
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As shown in Table (2) and Fig. (2) the antibiotics used in controlling
honeybee colonies from the AFB disease observed significant higher increase
percentage of sealed worker brood area (inch?) and harvest of bee honey
products at last season in comparison with essential oils treatments. The
therapeutic efficacy of the tested antibiotics towards AFB disease could be
arranged in descending order as follows; tylosin>oxytetracycline>sodium
sulphate demidin, they recorded higher productive percentage approaching
t0(194.2%, 183.9% &181.6%) respectively in sealed brood area inch?, but the
mean honey productivity was (5 kg, 4.8 kg & 5 kg) respectively.

Due to the last remains, slowly increase in the sealed worker brood area

percentage when using treatment of thymol and cinnamon oils, they were
(105.7% &104.5%). In case of honey production they were attained ( 3.8 kg &
3.6 kg) respectively,. Reynaldi, et al. (2010) found that, through a biological
method, the protein binding of tylosin, tilmicosin and oxytetracycline to worker
jelly; honey; pollen; adult bees and larvae in order to propose their kinetic
routes. tylosin and oxytetracycline presented lower percentages of protein
binding in tissues and hive products average (15%) in relation to those
observed for tilmicosin (29%). In conclusion, tylosin is useful for AFB control
in honey bee colonies due to its chemical characteristics, antimicrobial activity
and levels of protein binding in bees, larvae, and beehive products.
Zidan (2009) He found that the increase of the biological activities of treated
bee colony by essential oils. Advice the beekeeper to using essential oils with
sugar solution added to pollen supplement for their directly that help the bee
workers to the reactivation after the season end.

CONCLUSIONS

We recommended antibiotics to decrease the pathological consequences
of P. larvae. It is preferable to alternate the use of different antibiotics in order
to prevent the development of drug resistance, whereas essential oils were
fewer efficacy for the inhibition of P. larvae growth. However, the problem is
the presence of antibiotics residues in honeybee products, because its
degradation is very slow.

REFERENCES

Al zen, P. J.; Westervelt, D.; Causey, I. D.; Ellis, I. J.; Hepburn, H. R. and
Neumann, P. 2002. Method of Application of Tylosin, an antibiotic
for American foulbrood control, with effects on Small hive Beetle
(Coleoptera : Nitidulidae) Populations. J. Econ. Entomol. 95(6):
1119-1122.

Albo, G. N.; Henning, C.; Ringuelet, J.; Reynaldi, F. J.; Giusti, M. R. de and
Alippi, A. M. 2003. Evaluation of some essential oils for the control
and prevention of American foulbrood disease in honey bees.
Apidologie;. 34 (5):417-427.

Alippi, Adriana M. 1997. Background on American foulbrood in Argentina.
Bee World, 78(2):92-95.

Fayoum J. Agric. Res. & Dev., Vol. 28, No.1, January, 2014



Ehab Wafeek Zidan...eeeeeeeeeeeeeeiiiiineeeeeessssnnseeeecessnnnnsesens 8

Chen YueWen; Liu JuiShen; Ho KaiKuang; Wang Chung Hsiung and An, J.
2001. Control effectsof oxytetracycline on American foulbrood,
Paenibacillus larvae of honey bee, Apis mellifera L., Formosan
Entomologist; 21(3):209-220.

Drago, I.; Momhclli,B.; Vecchio, F.; Fascino, M. and Gismondo, M. 2000. In
vitro  Antimicrobial activity of propolis dry extract. J. Chemother.
12, 390-395.

Gende, L. B.; Principal, J.; Maggi, M. D.; Palacios, S. M.; Fritz, R. and
Equaras, M. J. 2008. Melia azedarach extract and essential oils of
Cinnamomun zeylanicum, Mentha piperita and Lavandula
officinalis as a control of Paenibacillus larvae. Zootecnia Tropical;
26(2):151-156.

Generisch, F.; Forsgrcn. E.; Pcntikainen, J.; Ashiralieva, A.; Ranch, S
Kilwinski, 1. and Frieeees, 1. 2006. Red ossification of
Paenibacillus larvae subsp. Pultfaciens and Paenibacillus larvae
subsp. Larvae as Paenibacillus larvae, without subspecies
differentiation.Int. J.Sysl. Evol. Microbiol. 56. 501-511.

Gonzalez, M. J. and Marioli, J. M. 2010. Antibacterial activity of water
extracts and essential oils of various aromatic plants against
Paenibacillus larvae, the causative agent of American Foulbrood.
Journal of Invertebrate Pathology; 104(3):209-213.

Hansen, H., and Broodsgaar, C. 1999. American foulbrood: A review of its
biology, diagnosis and bee control. Bee world. 80, 5-23

Henderson, C. F. and Tilton, E. W. 1955. Tests with acaricides against the
brow wheat mite. J. Econ. Entomol. 48:157-161.

Jevinova, P.; Nagy, J.; Toporcak, J. and Popelka, P. 2007. Comparison of
susceptibility of paenebacillus larvae var. larvae to the antibiotics
oxytetracycline and tylosin. Slovensky Veterinarsky Casopis;
32(6):378-379.

Manolov, N.; Maximova, V.; Gegova, G.; Skedjieva, Y.; Uzunov, S.; Marekov,
N. and Bankova, V. 1985. On the anti influenza action of fraction
from propolis. Comptes rendus 1 Acad. Bulgarc Sci. 38, 735-738.

Marquee, M.C. 1995. Propolis: Chemical composition, biological properties
and therapeutic activity. Apidologie 26: 83-99.

Martel, A. C.; Zeggane, S.;Rijndael, P.; Faucon, J. P. and Aubert, M. 2006.
Tetracycline residues in honey after hive treatment. Food Addil.
Contam. 23: 265-273.

Matheson, A. and Reid, M. 1992. Strategies for the prevention and control of
American  Foulbrood. Part I. American Bee J., 132: 399-402.

Ozkrm, A.; Keskin, N.; Kurkcuoglu, M. and Baser, K. H. C. 2012. Evaluation
of some essential oils as alternative antibiotics against American
foulbrood agent Paenibacillus larvae on honey bees Apis mellifera
L. Journal of Essential Oil Research; 24(5): 465-470.

Fayoum J. Agric. Res. & Dev., Vol. 28, No.1, January, 2014



Ehab Wafeek Zidan...eeeeeeeeeeeeeeiiiiineeeeeessssnnseeeecessnnnnsesens 9

Pettis, J. S. and Feldlaufer, M. F. 2005. Efficacy of lincomycin and tylosin in
controlling  American foulbrood in honey bee colonies. Journal of
Apicultural Research; 44(3):106-108. Reid, G. M. 1990. Feeding
drugs to honey bees to control diseases - some of the issues, 26 pp.

Reynaldi, F. J.; Albo, G. N.; Giusti, M. and Alippi, A. M. 2009. Determination

of the optimum doses of tylosin tartrate for the control of
American foulbrood in honey bee colonies Analecta Veterinaria;
29(2):24-30.

Reynaldi, F. J.; Lacunza, J.; Alippi, A. M. and Rule, R. 2010. Binding of
tylosin, tilmicosin and oxytetracycline to proteins from honeybees,
larvae and beehive products. Revista Argentina de Microbiologia;
42(4):279-283.

Sanad, R. E. and Al-Barrak, A. S. 2010.Use of clove and watercress oils for
controlling the American Foulbrood disease attacking honeybee
colonies at El-Gharbia Governorate, Egypt Egyptian Journal of
Biological Pest Control; 20(1) :33-36.

Santos, F.; Bastos, E.; Maia, A.; Used, M.; Carvalho, M.; Farias, I. and
Morcira, E. 2003. Brazilian propolis : physicochemical properties,
plant origin and antibacterial activity on Period on tomatillo gens.
Phytother. Res. 17. 285-289.

Shimanuki, H. and Knox, D. A. 2000. Diagnosis of honey bee diseases.
USDA Agricultural Handbook No. H-690,Washington DC, USA.
61pp.

Shuel, R. W. and Dixion,S. E. 1960. The early establishment of dimorphism in
the female honeybee Apis mellifera L. Insect Sociaux 7, 265-282.

Zidan, E. W. 2009. Studies on varroa mite and its effect on productivity of
honeybee colonies, Ph.D. Thesis, Banha Univ., Fac. of Agric.
Moshtohor, Egypt, PP. 210.

Fayoum J. Agric. Res. & Dev., Vol. 28, No.1, January, 2014



Ehab Wafeek Zidan...eeeeeeeeeeeeeeiiiiineeeeeessssnnseeeecessnnnnsesens 10

S aY) Alaal) odad (4 e AadlSa B A laal) gy 3 5 A guad) Colaliaal) (e Allad 4l
Juad) Jad il gha (B

Ol dgana (3 g Gl
raa - 83l o Bal) - dge )3 Ggall 38 pa bl 4B g & gay agaa ~Jadl) & gay and

S Aimall (il (mpe o Caypa i Asilae (e dilaie 8 Gl 3a gal

oany Agllad api 5 Apaill a3 s cdusll a3 (ailsh jesi ) ale) bl e ey G
Aphaall gl mny 5 e(pmasmall Gvsanlilus custilly ISl (S5Y)) Aygal) Caliadl)
plasin) e L cpegad aa jual 0) Axpmall dadlle b (RE) Cuy Jsedll )
alg 70 v Ay () adihs (e Al LlaY) Galel e Calshall plad S 4 pal) claliad)
Claliaal) e U e cdeliall GluiS) axe e Jay lae Alsh 55l (mpall el g ek
O Agylaall gy A5 diey ¢ mpall 13g) ALISIA Aadlal 8 A Jilugll aaf Aygal)
) pabel cule Cun (el aiha sai Jasdis b Allad J8 480 Cuyy Joadill C) plasiul

k) 558 6 L e a2 10 2 (531 B3

Fayoum J. Agric. Res. & Dev., Vol. 28, No.1, January, 2014



