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Fig. 1. Development of rearing honey bee larvae by artificial methods in the laboratory. A, Three-day-old larvae and
their ecdyses (arrows); B, A larva at the early defecation stage (arrows show the defecated uric crystals); C,
A pupa that has nearly reached emergence; D, A newly emerged adult; E, Queen (Q), worker (W), and dwarf
worker (Dw) reared by artificial methods.
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Fig. 2. Effects of BLD supplemented with oxytetracyclin, OTC, on the development of the larval honey bee reared in
the laboratory by artificial methods.
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laboratory by artificial methods.
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Fig. 5. Protective effects of BLD supplemented with various doses of oxytetracyclin, OTC, in the latter half of the
larval stage of Apis mellifera against American foulbrood pathogen (4.5% 10° spores/ml).

P. I. larvae
0.2 ppm OTC AFB
3.
4 BLD Vandenberg and Shimanuki (1987)
oTC 1 2 BLD 3 1
OoTC
“ ” 0.2, 1,5 25 ppm 47.6 59.2 64.6%
57.1% Peng et al. (1992)
(P 0.05) 1 74.5%
5 ppm 0.8 0.9%
AFB
OoTC Peng et al. (1992) BLD,
(34
) 0.2 ppm OTC 3-4 BLD
AFB

59



BLD, 1 BLD
BLD

50%
(Chang et al., 1993)

(Lee et
al., 1988)

BLD,

(Tseng et al., 1994)
BLD,

(10-hydroxy-2-decenoic acid, 10-HDA)

10-HDA
25
(Lee et al., 1988)
10-HDA
Chen et al. (1997) 1
442 P. l. larvae 53.3%

55.9%
38.5% Chen et al. (1997)
Peng et
al. (1992; 1996)
(chlorotetracycline)  Tylosin
AFB
25 300 ppm OTC 0.2
ppm
oTC OoTC
Tylosin BLD
60 ppm OTC
150 ppm
Chen et al. (2001) OoTC
50 125 mg
oTC
AFB
7.8%

(Weaver, 1962, 1966, 1974;
Mitsui et al., 1964; Shuel et al., 1978;
Beetsma, 1979; Rembold and Lackner,
1981; Wilde and Beetsma, 1982; Asencot
and Lensky, 1984, 1985; Brouwers, 1984;
Yoshida et al.,, 1984; Brouwers et al.,
1987)

BLD



Oku and Ono (1990)
1

Takenaka and Takenaka (1996)

BLD
1 4.9% Oku and
Ono (1990)
1-2 3

20%

AFB

(European foulbrood)
(sac brood)

Asencot, M., and Y. Lensky. 1984.

Juvenile  hormone induction of
“‘queenliness” of female honey bee
(Apis mellifera L.) larvae reared on
worker jelly and on stored royal jelly.
Comp. Biochem. Physiol. 78B: 109-
117.

Asencot, M., and Y. Lensky. 1985. The
phagostimulatory effect of sugars on

the induction of “queenliness” in

(chalk brood)

female honeybee @Apis mellifera L.)
larvae. Comp. Biochem. Physiol. 81A:
203-208.

Beetsma, J. 1979. The
gueen-worker differentiation in the
honeybee. Bee World 60: 24-39.

Brouwers, E.V.M. 1984. Glucose/fructose
ratio in the food of honeybee larvae

process of

during caste differentiation. J.
Apicult. Res. 23: 94-101.

Brouwers, E.V.M., J. Beetsma, and R.
Ebert. 1987. Behavioral and physio-
logical aspects of nurse bees in
relation to the composition of larval
food during caste differentiation in
the honeybee. J. Apicult. Res. 26:
11-23.

Chang, C. P, F. K. Hsieh, and L. R. Hsu.
1993. Factors
hydroxy-0 -2-decenoic acid and other

influencing  10-

major components of royal jelly in
the honeybee. Chin. J. Entomol. 13:
161-175 (in Chinese).

Chen, Y. W., J. S. Liu, K. K. Ho, C. H.
Wang, and J. An. 2001. Control
effects of oxytetracycline on

American foulbrood, Paenibacillus
larvae larvae of honey bee, Apis
mellifera. Formosan Entomol. 21:
209-220 (in Chinese).

Chen, Y. W., C. H. Wang, J. K. An, and K.
K. Ho. 2000. Susceptibility of the
Asian honey bee, Apis cerana, to
American foulbrood, Paenibacillus

larvae larvae. J. Apicult. Res. 39:

169-175.

61



Chen, Y. W., C. H. Wang, and K. K. Ho.
1997. Pathogenicity of Bacillus
larvae to the larvae of honeybee
(Apis mellifera). Chin. J. Entomol.
17: 23-32 (in Chinese).

Jay, S. C., 1963. The delvelopment of
honeybees in their cells. J. Apicult.
Res. 2: 117-134.

Lee, E. L., L. K. Chu, C. F. Li, and E. L.
Hsu. 1988. Changes of the com-
ponents of royal jelly stored at
different temperatures. Food Sci. 15:
81-90 (in Chinese).

Matheson, A. 1995. World bee health
report. Bee World 76: 31-39.

Mitsui, T., T. Sagawa, and H. Sano. 1964.
Studies on rearing honey bee larvae
in the laboratory. I. The effect of
royal jelly taken from different ages
of queen cells on queen differ-
entiation. J. Econ. Entomol. 57: 518-
521.

Moffett, J. O., J. D. Hitchcock, J. J.
Lackett, and J. R. Elliott. 1970.
Evaluation of some new compounds
in controlling American foulbrood. J.
Apicult. Res. 9: 111-119.

Oku, N., and M. Ono. 1990. Preliminary
attempts to rear larvae of the
Japanese honeybee, Apis cerana
japonica, in an Apis mellifera colony
and in the laboratory using A.
mellifera royal jelly. Honeybee Sci.
11: 121-124.

Peng, C. Y. S., E. Mussen, A. Fong, P.

Cheng, G. Wong, and M. A. Montague.

62

1996. Laboratory and field studies on

the effects of the development and

prevention of American foulbrood

disease. J. Invertebr. Pathol. 67:
65-71.

Peng, C.Y.S., E. Mussen, A. Fong, M. A.
Montague, and T. Tyler. 1992. Effect
of chlortetracycline of honeybee
worker larvae reared in vitro. J.
Invertebr. Pathol. 60: 127-133.

Rembold, H., and B. Lackner. 1981.
Rearing of honeybee larvae in vitro
effect of yeast extract on queen
differentiation. J. Apicult. Res. 20:
165-171.

Shuel, R. W., and S. E. Dixon. 1968. The
importance of sugar for the pupation
of the worker honeybee. J. Apicult.
Res. 7: 109-112.

Takenaka, J., and Y. Takenaka. 1996.
Royal jelly from Apis cerana japonica
and Apis mellifera. Biosci. Biotech.
Biochem. 60: 518-520.

Tseng, C. Y, Z. R. Yu, and C. F. Li. 1994,
Preparation of royal jelly powers and
property characterization of the
products during storage. J. Chin.
Agric. Chem. Soc. 32: 113-124 (in
Chinese).

Vandenberg, J. D., and H. Shimanuki.
1987. Technique for rearing worker
honeybees in the
Apicult. Res. 26: 90-97.

Weaver, N. 1962. Control of dimorphism

laboratory. J.

in the female honeybee. Science 138:
995.



Weaver, N. 1966. Physiology of caste
determination. Ann. Rev. Entomol.
11: 79-102.

Weaver, N. 1974. Control of dimorphism
in the female honeybee. 2. Methods
of rearing larvae in the laboratory
and of preserving royal jelly. J.
Apicult. Res. 13: 3-14.

Wilde, J. de, and J. Beetsma. 1982. The
physiology of caste development in
social insects. Adv. Insect Physiol.
16: 167-246.

Winston, M. L. 1987. The Biology of the
Honey Bee. Harvard Univ. Press,
Cambridge, MA.

Yen, D. F., and L. C. Chyn. 1971. Studies
on a bacterial disease of honeybee in
Taiwan. Plant Prot. Bull. 13: 12-17
(in Chinese).

Yoshida, T., M. Sasaki, and T. Ohnishi.
1984. Effect of lipid content in royal
jelly on the queen differentiation of
the honeybee, Apis mellifera. Bull.
Fac. Agric. Tamagawa Univ. 24:
43-52.

2002 1 11
2002 2 7



Effects of Oxytetracycline of Larval Honey Bee, Apis mellifera,
Reared in vitro
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ABSTRACT

An artificial method was developed for rearing 1-day-old worker honey
bee (Apis mellifera) larvae to the adult stage in the laboratory. The
proportion of adult emergence was 57.1%. This method subsequently was used
to study the effects of oxytetracycline (OTC) on larval growth and
development. With a concentration of 25 ppm OTC in the diet, larval and
postdefecation mortalities, and larval growth rates were similar to those of
the controls, while doses higher than this retarded larval growth and caused
higher mortality. Feeding with 0.2 ppm OTC effectively reduced larval and
postdefecation mortalities of larvae inoculated with 4.5 ~ 10° spores/ml of
Paenibacillus larvae larvae. But it appeared in 1% of American foulbrood
(AFB) individuals. When fed 1.0 ppm OTC and spores, no additional
mortalities or AFB-infected individuals were found. This reveals that a low
concentration of OTC can effectively protect young larvae from P. I. larvae
infection.

Key words: oxytetracycline, American foulbrood, Paeniacillus larvae larvae,
honey bee, artificial rearing.






