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Introduction

Primarily bee pollinated crops contribute to the production of 33% of food worldwide [1]. This could be as much as €153bn worth of agricultural produce annually [2]. In order to
meet pollination needs, industrial scale commercial beekeeping and pollinating is becoming increasingly vital. In areas of vast crop monocultures, such as parts of the US,
commercial beekeepers may choose to feed high protein supplemental diets to colonies to increase nutrient diversity and stimulate brood production. Studies have shown that
the addition of natural pollen, or pollen extract, to diets can increase their uptake [3]; thus suggesting pollens contain naturally occurring phagostimulants (feeding stimulants)
which increase honey bee feeding response.

Bees don’t feed on pollen inits freshly foraged form [4]. Pollen is mixed with glandular secretions, packed into comb cells, sealed with honey, and converted into a substance known as
bee bread prior to consumption. This resultant bee bread has a lower pH, thus aiding storage. Itis also partially pre-digested, and has been suggested to be more palatable to bees than
fresh pollen [5]. An observed increase in the palatability of bee bread may suggest that any phagostimulants are in greater abundance after pollen processing, and that future work
aimed at identifying them should perhaps focus on this base material. Research aimed at assessing the relative palatability of the two pollen forms, followed by attempted isolation and
identification of any phagostimulatory compounds is underway.

Chemical analysis of hexane, ethyl acetate, and methanol pollen extracts, conducted in parallel with bioassay feeding trials, are being utilised to attempt to isolate specific pollen extract
fractions that increase feeding response. Identification of potential stimulants is the ultimate aim. If successful, it is hoped this work may aid the production of more palatable
supplemental diets, that could assistinimproving honey bee health through better nutrition.
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Bioassay methodology Chemical analysis methodology

Palatability bioassays were conducted using managed honey bee colonies on the A series of solvent extractions performed on samples of freshly trapped pollen and bee
Keele University campus. Control test diets were formed using soya flour, vegetable fat, bread using hexane, ethyl acetate, and methanol have been obtained and analysed
sugar and water, with active diets either having a percentage (by mass) of soya flour using GC-MS (Figure 5). Such extracts are utilised in palatability bioassays.

substituted for pollen, or additional pollen extract added to otherwise control diet

formulation.

e Pollen sample homogenised
e 7mL of extraction solvent added for every 1g of
pollen >

e Vortexed for 1 minute prior to Ultrasonic assisted

During each choice trial, four patties of each test diet in weighing boats were inversely
inserted into hives above the queen excluders in a regular manner. See Figures 1a, b &
c below for illustrations of both the experimental set up, and examples of diets exhibiting
different degrees of consumption following a trial.

solvent extraction

e Centrifuged as required prior the removal of
supernatant for derivatisation and GC-MS analysis

Figure 4 : Diagram illustrating the utilised solvent extraction method
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Results and discussion
Utilizing the NIST 08 mass spectral database, a range of compounds have been
identified in the solvent extracts. Figure 6 shows a chromatogram of a typical hexane
. pollen extract, while Figure 7 shows that of a typical methanol pollen extract.
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were observed. Palatability, and so bee preference, was assessed on the basis of mean ] " 9 1 nz 3w Pentacosane
diet consumption (mass loss) over the trial. Consumption masses for each test diet in
each hive (sixteen values per diet in total) were pooled prior to data processing.
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. Results and discussion
Figures 2, and 3below show the results from two trials.
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Figure 6: Chromatogram produced following GC-MS analysis of hexane extraction of pollen

Trial one (Figure 2) tested 10% trapped against 10% hive-stored (bee bread) pollen and
a control diet.
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7e+07 10.70 288 Unknown Pyranone

11.73 364 Xylonic acid, 2,3,5-tris-O-(trimethylsilyl)-, .gamma.-lactone, D-
12.31 438 3,4,5-Trihydroxypentanoic acid, tetrakis(trimethylsilyl)-
15.40 466 Gluconic acid, 2,3,5,6-tetrakis-O-(trimethylsilyl)-, lactone

Trial two (Figure 3) tested pooled hexane, ethyl acetate, and methanol solvent extracts
of trapped pollen, added to blank diet, against the 10% extracted pollen, and a control
diet. See right hand column for extraction methodology.

Consumption data was analysed using ANOVA following log transformation. Multiple
comparisons were carried out using Tukey's test
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10 17.18 292 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,2)-

11 18.71 350 .alpha.-Linolenic acid, trimethylsilyl ester
12 18.98 356 Octadecanoic acid, trimethylsilyl ester
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7.0 1 Mean consumption masses of Trial 1 test diets
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- O e ik 11 ¥ 1 6.46 190 Benzene, 1,3-bis(1,1-dimethylethyl)-

5 b ARG T R 4 14.42 300 | Tetradecanoic acid, trimethylsilyl ester

16.85 328 Hexadecanoic acid, trimethylsilyl ester
3 17.47 296 Heneicosane

Figures 1a, b & c: Digital images of a) The placement of test diets in hive, b) diet arrangement, and c) Post trial diets A 18.70 350 | .alpha.-Linolenic acid, trimethyIsilyl ester

< 56 12 o5 18.75 354 Oleic acid, trimethylsilyl ester
Trials were conducted over four days, or until the first completely consumed patties ; 1000

B The results displayed in Figure 2 I st procosd oloning NSRBI
=0 show that there was no significant Extract analysis reveals that the non- polar hexane extracts contain numerous prominent
%40 b difference in the consumption levels hydrocarbons and fatty acids, in addition to other less abundant unidentified
é 30 b between either pollen form, with both compounds. The polar methanol extracts contain a significant number of unidentified
20 being consumed in significantly sugar compounds (or their derivatives), pyranones, amino acids, sterols and alcohols.
greater amounts than the control. Some fatty acids present in the hexane extract are again observable. Like methanol, the
10 E ethyl acetate extracts contain a number of sugar compounds and fatty acids, but appear
0.0 to lack the other compound classes.

Control diet Trappedpollen  Bee bread diet
diet
Significantly diffr I mean consumption (9=0.05). Enror bars e set st - 1em. . Figure 3 shows that when the three
7.0 | Mean consumption masses of Trial 2 test diets  Solvent extracts of pollen were pooled Conclusions
Bioassay data shows that bees exhibited no preference for either freshly trapped pollen,
or bee bread. Inthis instance these results do not support previous assertions that bees

6.0 c and added to a blank diet, bees
5.0 consumed much more. The mean
= consumption of this diet was find bee bread more palatable. Adding 10% by mass of either pollen type increased diet
%40 significantly more than both the uptake. Therefore, it seems reasonable to use trapped pollen, which is easier to gather
§3.0 b control diet, and a diet containing the and manipulate than bee bread, when trying to identify potential phagostimulants.
2.0 originally extracted pollen.The . _ i _ A 4
1.0 . extracted pollen diet was also T_he_L_JItrasonlc extraction met_hod extracts sufflc:ler_lt _stlmulants_ from po_llen to initiate
significantly more greatly consumed significantly greater consumption of artificial diet, within free-flying colonies, during the
0.0 than the control diet, implying that summer months. Future work will concentrate on combining further chemical analysis,
Control diet Pollen extract  Extracted ., \hjate stimulant extraction is not with bioassay work utilising pollen extracts, to attempt to isolate potential
Fioure 5 Gonsumpton data or tree teet ¢ Ec et e ROMEN D€ 5 chiaved. phagostimulants. This displayed bioassay work is discussed in greater detail within a
significantly differ in consumption (P>0.05). Error bars are set at +/- 1 SEM, research paper recently submitted for review to the Journal of Apicultural Research

The financial contributions made by the Perry Foundation, the British Beekeepers’ Association (BBKA) and Keele ACORN towards this work are gratefully acknowledged. In addition, thanks is offered to Dr. David Aston and Pam hunter of the BBKA, and David Buckley and Sue Bailey of the South Cheshire Beekeepers’ Association for their assistance and
participation in the project thus far. Background image included on this poster is courtesy of Sue Shemilt of Keele University.

Acknowledgements and References

[11A.-M. Klein et al., “Importance of pollinators in changing landscapes for world crops.,” Proceedings. Biological sciences / The Royal Society, vol. 274, no. 1608, pp. 303-13, Feb. 2007.

[2] N. Gallai, J. Salles, J. Settele, and B. Vaissiere, “Economic valuation of the vulnerability of world agriculture confronted with pollinator decline,” Ecological Economics, vol. 68, no. 3, pp. 810-821, Jan. 2009.

[3] J. O. Schmidt and A Hanna, “Chemical Nature of Phagostimulants in Pollen Attractive to Honeybees,” Journal of Insect Behavior, vol. 19, no. 4, pp. 521-532, Aug. 2006.

[4] Human, H., & Nicolson, S. W. (2006). Nutritional content of fresh, bee-collected and stored pollen of Aloe greatheadii var. davyana (Asphodelaceae). Phytochemistry, 67(14), 1486-92. doi:10.1016/j.phytochem.2006.05.023
[5] Loper, G Standn‘er L., Thompson M & Gilliam, M. (1980). Biochemistry and Microbiology of bee-collected almond (Prunus Dulcis) pollen and bee bread. Apidologie1, 11(1), 63-73.

s alwamr e -~



http://www.pdfcompressor.org/buy.html

