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INTRODUCTION
The productive capacity of the honeybee Apis mellifera L. is
linked to pollen and nectar sources, where the nectar is the major
energetic source in natural conditions. With varied composition and
dependence of botanical origin, in times where lack of nectar and
pollen occurs honeybees need a food supplementation for their
maintenance, avoiding the abandon of colonies and its migration to
others regions where these resource is not missing.
Because the importance of supplementation, this work aimed to
evaluate the survival of A. mellifera with different solutions of
commercial sugar added with lemons juice “Galego”, “Tahiti”, “Cravo”
and citric acid.

MATERIAL AND METHODS
Forager africanized honeybees were obtained at a colony in the Central
Apiary of UFLA, anesthetized with CO2 for 120s, individualized in number of ten
(and ten replicate for treatment) and placed into cylindrical cages of 15 cm x 10
cm, covered with tulle in top and bottom. All cages were maintained in climatic
chamber at 28±2oC, RH 70±10% and 12-hour photophase. The survival of honey
bees were evaluated in two assays: first - diets with different concentrations of
citric acid; second diets (juices) with different variety of lemon and
concentration. For all assays, the diet is formulated using one solution (1:1) of
commercial sucrose (sugar cane) and water.
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Citric acid (concentration employed - w/v):
- 0.7; 0.5; 0.3; 0.16; 0.1 and 0 (control).
Juice of lemon:
- In this assay, the juice of lemons ‘‘Galego”; “Tahiti” and “Cravo” (Figure 3)
were employed in different concentration to prepare the diet, being the volume
(mL; v/v) of each juice 20; 15; 10; 5; 1 and 0 (control). The fruits were collected in
the UFLA orchard at the correct maturation point, being processed and filtered in
2,0mm mesh at 10oC.
- In both experiments, the number of honeybees dead was counted at regular
12-hour interval, even when the death of the last bee occurred. The survival rate
was performed using the adjustment of the curves done by the Weibull
distribution. With the adjustment, the effect of each diet was investigated by the
maximum likelihood estimate and the lethal time (LT) for the intervals 10; 50 and
99% were determined.

Figure 2. Abnormal growth of
abdomen after ingestion of more
that 0.5g (w/v) of citric acid (A);
Normal abdomen after ingestion
until 0.3g (w/v) of citric acid (B).

RESULTS
Citric acid – the mortality of honeybees is affected by the citric acid
concentration in diet. When fed with the diet + citric acid at 0.1; 0.16 and 0.3 g, the
greater longevity of honeybees was observed (TL99 of 475.57 h) and the less
mortality 192 h after start the assay was found at 0.1 and 0.16g of citric acid. The
largest concentration and the control induces the greater mortality at 192 h
(Table 1). By the comparison between the survival curves, we found the formation
of three groups with similar behavior, being first by control, second by 0.1; 0.16
and 0.3 g; and third with 0.5 and 0.7 g of citric acid (Figure 1). We verified that the
weight of honeybees was affected when 0.5 or 0.7 g of citric acid was added in the
diet, causing abnormal growth of abdomen. In the lower concentration, the mean
of weight of honeybees was 139.25 mg, being 2.01 times more that the mean
found in less concentration, 81.30 mg (Figure 2).

Juice lemon - Using the different concentrations of lemon juices, the
reduction in the mortality of the honeybees was found relative to the control. Only
with the sucrose solution, the mortality observed at eight days was of 94.0%. For
“Galego” juice, less mortalities were verified with 5 and 10 mL (mean of 74% at
192 h); “Tahiti” no difference was found, but the largest mortalities was with the
short volume of juice; and “Cravo”, the largest survival was with 5 mL of juice. To
maintenance of honeybees long time in laboratory condition, we found that for all
variety of lemon, the best volume is 10 mL, however, in short times each lemon
has distinct behavior. “Cravo” and “Galego” at 5 mL of juice added in the food,
induce the best values of survival and for “Tahiti”, the volume which showed the
best results is 20 mL in the food (Table 2 and Figure 4).

‘‘Galego’’ [Citrus aurantifolia (C.) Swingle]

‘‘Tahiti’’ [Citrus latifolia Tanaka]

‘‘Cravo’’ [Citrus limonia]
Figure 3. Lemons variety found in Brazil.

Figure 4. Effect of lemons juice in diet on honeybee
survival: A - “Galego”; B - “Tahiti” and C - “Cravo”.

CONCLUSIONS

- Amounts less than 0.3g of citric acid in diet increases the survival of honeybees.
- Amounts greater than 0.3g of citric acid in diet, decreases the survival of honeybees
and induces abnormal growth abdominal.
- 10 mL of juice from “Galego”, “Tahiti” or “Cravo” lemons in sacarose:water solution
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