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Objectives:

1. To determine if bees are tolerant of or repelled by antioxidants and nutrient (amino acid)
supplements in sugar syrup; and if so, at what concentration.
2. To determine their lethality to the Varroa mites in a vial assay.

Interpretive Summary:

Honey bee health is recently becoming the focus of research in an effort to determine some
of the reasons for the decline in managed bee populations due to colony collapse disorder
(CCD). This includes considering bee nutrition, since nutritional requirements pervade all
aspects of bee biology and play a significant role in disease prevention by supporting
immune responses. Our goal was to help bees combat the effects of poor diet, stress and
pathogens by supplemental feeding of antioxidant and amino acid compounds. These
were fed to free-flying bees in a choice test to determine which treatments were attractive
or repellent compared to sugar syrup. Of the ten choices, L-cysteine, L-aspartic acid, and
gallic acid were avoided or actually killed bees at a 5% solution. In a vial assay, the
compounds were tested for Varroa mite mortality and while all killed mites at 500 ug
concentrations, benzophenone and ferulic were the only two compounds that killed over
40% of the mites. The next step would be to assess the benefits of feeding antioxidants to
bees to improve longevity, stress and pathogen defense.

Materials and Methods:

Feeding Trial: The feeding responses to antioxidant- or amino acid-supplemented solutions
were compared against sugar syrup controls. In each feeding trial, foragers were given a
choice between a supplemented solution and a control (sugar syrup only), presented in
Petri dishes. Each choice array consisted of three dishes of 24ml sugar syrup (50% w/w)
solution and three of each treatment, randomly placed on an outside table near the Carl
Hayden Bee Research Laboratory Apiary (Tucson, AZ). In each trial, the number of bees
present at each dish at the end of two 10-minute intervals was counted by eye or camera.
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Each of the compounds was tested at a 1%, 2%, and 5% solution. After each trial, new
Petri dishes were used. The test compounds were: L-cysteine, L-aspartic acid, L-
tryptophan, proline, L-histidine, ascorbic acid, uric acid, caffeic acid, gallic acid. These
compounds were chosen because most are commonly found in nectar, honey, propolis,
pollen (Gilliam et al 1980) and royal jelly (Nagai et al 2001) and would therefore naturally
come in contact with bees. The percent preference data were compared via one-way
ANOVA, both across antioxidant treatments for a given concentration, and then again
within each antioxidant across three concentrations.

Miticidal activity trial: Mites were exposed to single compounds coated on the inside of a
20mL glass scintillation vial and 500ug of each test compound was applied in acetone to
the inside of the vial and the solvent was allowed to evaporate, leaving only the test
compound on the interior of the vial. By comparison, (before resistance), the miticides
amitraz was lethal (LDgo) at 124 pg, coumaphos at 53 pg, and fluvalinate at 2.38ug (Elzen,
et al. 2000). Compounds tested were: ascorbic acid, benzophenone, caffeic acid, citric
acid, ferulic acid, L-aspartic acid, L-cystine, L-histidine, L-tryptophan, naringenin, proline
and uric acid. The miticidal activity of these compounds was evaluated individually in vial
bioassays. Control vials were prepared in the same manner using 0.5mL of acetone which
does not affect mite survival (Elzen et al. 1988).

Live, adult Varroa mites were collected off removed infested brood and 5 mites were placed
into each test vial without any food (Macedo et al. 2002). There were 5 replicate vials of
each test compound and 5 control vials for each trial, which were placed into an incubator
(Caron 6010, Marietta, OH) set at temperatures and humidity to simulate a hive
environment (35C 50% RH). After 24 hours, vials were examined under a dissecting
microscope. Mites were prodded with a probe to encourage movement and non-moving
mites were recorded as dead. Mite mortality was recorded for each vial, (number of dead
mites/the total number of mites in a vial) and expressed as % kill. We tested mortality from
each concentration of each compound separately using the Chi-Square Test for
Independence (data not shown). Mortality is compared to the expected mortality from the
control vials (£15% mortality) and summarized at percent mortality by treatment.

Results and Discussion:

Results of Feeding Trials

1% Feeding Trial: All of the supplemented solutions were eaten after 20 min. and there
was no difference between treatments and sugar syrup visitation.

2% Feeding Trial: All of the supplemented solutions were equally visited and there was no
difference; however, while gallic acid attracted the bees, the bees died before they could
leave the dish. In the 2% L-tryptophan and L-histidine trial, the majority of bees ate the
control syrup first, and then moved to the supplemented treatments after 20 minutes.

5% Feeding Trial: In these trials, while there was no statistical difference in visitation vs.

control, the L-cysteine and gallic acid solutions solidified and killed the bees that were
feeding on it before the solution hardened. For all compounds, most of the bees were
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attracted to the sugar syrup first and only moved to the trial solution once the sugar syrup
was fully consumed. The 5% supplemented solutions that were the least visited were L-
cysteine and aspartic acid (F»,3=27.84, p=0.012, F,3=46.135, p=0.006,respectively); see
Figure 1.
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Figure 1. L-cysteine visitation (A) and aspartic acid (B) at 3 concentrations. The 5% solution was
the least visited between the other concentrations.

Results of Miticide Trials

Results are summarized in Figure 2 and indicate that all of the compounds had miticide
activity at 500ug, but that benzophenone and ferulic were the only two compounds that
killed over 40% of the mites.

Antioxidant Compounds in Vial Assay

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% Varroa mite kill at 500 pug

W % mite kill at 500 pg

Figure 2. Treatment compounds used in the vial assay to kill Varroa mites.
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Discussion:

In this preliminary feeding study, we found that bees do have a preference to some of the
antioxidant compounds while others (gallic acid, L-cysteine, aspartic acid) had to be
eliminated due to their toxic effects on or avoidance by bees. For the next phase of the
feeding study, we will add the compounds into syrup for longevity study of caged bees.
One of the compounds, naringenin, has been found in large amounts in Sonoran desert
pollen (LaBlanc et al. 2009) and will be the subject of future feeding and Varroa
experiments. Proline was found to be attractive to bees in a feeding experiment (Bertazzini
et al.2010); this and other compounds may play an important role in honey bee health as
well as defense against parasites and pathogens. Johnson et al. (2009) observed that
bees either do not have a complex immune system, or the genes involved in immune
response were compromised by viral infections. Because bees can have multiple viruses
(Chen et al. 2004), our goal is to help bees combat the effects of poor diet, stress and
pathogens by supplemental feeding.

The next step would be to assess the benefits of feeding antioxidants to bees to improve
longevity, stress and pathogen defense. Additionally, the future work for the Varroa control
is to determine the LC90-95 (concentration which kills 90-95% of mites) for promising
compounds. Next, we will take that concentration (or higher) to caged bees and look for
detrimental bee effects and mode of action, which will help to determine our delivery route
(contact, systemic, etc.). As a final step, and assess how to distribute the compounds to
achieve effective doses in the hive environment.
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