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APRESENTACAO

A obra “Ensino, Pesquisa e Inovacdo em Botanica” transita por esferas que
proporciona a possibilidade de percepcao de o qudo ampla e abrangente é esta grande
area das Ciéncias Biologicas, esta, por sua vez, um grande campo do saber.

Neste sentido, o leitor tem a oportunidade de enveredar por caminhos em que
verificard uma amplitude de pensamento acerca do que pode ser explorado, e, ainda,
provocando este leitor a alargar suas perspectivas de realizacdo de investigacbes
envolvendo estes organismos fundamentais e indispensaveis na manutenc¢do da vida no
planeta: as plantas!

Por questbes de um raciocinio sequenciado deste titulo, os capitulos foram trazidos
concebendo seus perfis principais dentro da proposta geral, assim, primeiramente sao
trazidos os estudos com enfoque direcionados especificamente ao ensino de Boténica,
seguido de estudos com pesquisas basicas e aplicadas com subareas mais tecnicistas,
desembocando em vieses mais nitidamente inovadores, ndo havendo aqui a sugestéo de
que estes perfis sejam mutuamente exclusivos entre os capitulos, pelo contrario, ha uma
inter e transdisciplinaridade entre os mesmos.

Sem maiores delongas, portanto, desejo a todos que usufruam ao maximo das
informacdes aqui contidas, reproduzindo-as, aplicando-as e sempre aprendendo mais...

Jesus Rodrigues Lemos
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ABSTRACT: Melissopalynological techniques
used actually in the laboratories to prepare
and study bee products are frequent and
sometimes divergent. Tropical countries need
some special attention to reach good results
in sample preparation and, thereafter, the final
interpretation and sample diagnostic. Detailed
standard techniques and complements are
presented encompassing honey, pollen loads,
bee bred, propolis, geopropolis and royal jelly.
The products obtained by honeybees (Apis)
and social stingless bees are considered. A
global review of techniques applied to studies in
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MELISSOPALYNOLOGY

Melissopalinology is not intended here.
KEYWORDS: Melissopalynology, techniques,
standards, the tropics

TECNICAS LABORATORIAIS USUAIS EM
MELISSOPALINOLOGIA DOS TROPICOS.

RESUMO. As técnicas melissopalinolégicas
utilizadas atualmente nos laboratérios para
preparar e estudar os produtos apicolas séo
frequentes e por vezes divergentes. Os paises
tropicais precisam de atencédo especial para
alcangar bons resultados na preparacdo das
amostras e, a partir dai, na interpretacéo final
e no diagnostico. Técnicas padrdo detalhadas
e complementos séo apresentados abrangendo
mel, cargas de polen, pao de abelhas, propolis,
geoproépolis e geleia real. Sdo considerados os
produtos obtidos por abelhas meliferas (Apis)
e abelhas sociais sem ferrdo. Nao é feita uma
revisdo global das técnicas aplicadas aos estudos
em Melissopalinologia.

PALAVRAS - CHAVE:
técnicas, padrdes, trépicos

Melissopalinologia,

11 INTRODUCTION

Melissopalynology: significance,
pollen and palynological analysis - The main
knowledge when starting melissopalynological
investigations must be the taxonomical
recognition of plants occurring in different
vegetation types around apiaries and bee
nests until the limit of the bee action ray. The

bee species have to be identified also, while
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stingless bee products are bee species dependent (Barth et al. 2020). Floristic surveys are
numerous when based on indiscriminate field observations. Bees visit flowers for obtaining
nectar and pollen grains, but often just rest on the flowers only. Provided information on
common names of plants frequently does not confer with the scientific nomenclature. These
informations are important to add value to the product (Montoya-Pfeiffer et al. 2016). The
knowledge of pollen grain morphology and accessory structured elements occurring in the
sediment of bee products is the starting point of any bee product analyses (Haidamus et
al. 2019, Barth et al. 2010). Bee products suitable to be studied in Melissopalynology are
honey, pollen loads from bee baskets, stored bee bread, propolis, geopropolis and royal
jelly (Barth 1989).

Decades of melissopalynological bee product investigations cover countries,
counties, areas and restricted localities. Standards were firstly defined by Louveaux,
Maurizio & Vorwohl (1970, 1978) joining their experiences in France, Switzerland and
Germany. Just at today this information is valid. The standard technique to prepare honey
samples trying to identify pollen grains and figurative remaining elements in the sediment,
give the best characterization of the botanical origin, as well as on the environmental quality
for honey production and of bee behaviors (Barth 1989).

Many authors all over the word developed techniques to prepare honey and pollen
samples, each one according the intention to obtain its results purposed. Filtration technique
of honey was presented by Lutier & Vaissiere (1993). Adulteration of honey with cane sugar
products was investigated by Kerkvliet & Meijer (2000). Jones & Bryant (2001) discussed
pollen grain concentration and the use of ethanol to prepare honey samples. Quantitative
and qualitative methods of Melissopalynology were discussed (Von der Ohe et al. 2004).
DNA barcoding was more recently applied in Melissopalynology of honey origin identification
(Hawkins et al. 2015).

Nevertheless, investigations when started in tropical countries suffered lack of
botanical information and a use of appropriate laboratorial techniques. The original standard
technique to investigate pollen in honey, bee loads and bee bread sediments (Louveaux et
al. 1970) can be complemented for investigation of pollen morphology by using additionally
the acetolysis methodology (Erdtman 1952). Attention is to be made that, using the
acetolysis technique only, many additional information about the origin and quality of these
products, as purity, contamination, adulteration, are lost. The standard technique gives a
palynological analysis, while acetolysis respond to pollen morphology and number of pollen
grains as a pollen analysis.

Barth (1989) besides bee pollen morphology studies of hundreds of samples, started
a regional analysis of Brazilian honeys using Louveaux et al. (1978) methodology. Later a
comprehensive review was presented by Barth (2004) on Melissopalynology in Brazil.

Consideringtheimportance of Melissopalinology for the botanical and phytogeographic
certification of bee products, both for their commercialization and for scientific research
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purposes, the objective of this work was to present basic methodologies used in Brazilian

and international laboratories with recognized competence.

21 MATERIAL AND METODOS

Material

Samples obtained in several South American countries, mainly of Brazilian regions,
were considered. They comprise liquid and crystallyzed honey, honeydew, bee pollen loads
(pellets), bee bread, propolis, geopropolis and royal jelly.

Methods
General techniques

All samples have to be maintained at 5-8°C in a refrigerator or, for longer time, at
-20°C in a freezer.

Needle stylets, tweezers, scalpel, fine scissors, etc. need to be sterilized by flaming
in a gas flame to avoid pollen contamination from previous analyses. All glasses (honey jars,
beakers and centrifuge tubes) need sterilization through heat at 100°C in distilled water for
approximately one minute. Plastics should preferably be disposable.

2.1 Glycerin jelly protocol (following Kisser 1935)
- Dissolve 7 g of white powdered gelatin in 24.5 mL of distilled water in a becher.
+  Leave it one hour at room temperature.

+ Heatin a water bath, whose temperature should not exceed 50°C, until comple-
te dissolution of gelatin; avoid shaking to avoid introducing air bubbles.

+  Add 21 mL of glycerol (glycerin p.a.); mix very slowly with a glass stick to avoid
introducing air bubbles.

- Still warm, transfer the mixture to small bottles, preferably threaded, and store
in a refrigerator. Durability is at least one year. If the glycerin jelly dry or conta-
minate, discard it.

Notes:

+  Room temperature is considered preferentially between 20 and 25°C.

»  If during the gelatin dissolution shaking was excessive and the mixture turn whi-
te, then discard it and begin again at the first step.

+  Avoid opening the same bottle repeatedly to avoid contamination.
+  Gelatin jelly results uncolored but may be stained introducing some drops of

an alcoholic 0,1% basic fuchsine solution (or 0.2—1% safranine O solution, that
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usually results in over-staining) when still warm. Drop slowly. The number of
drops varies according to the sample; avoid excessive coloring.

» Using a refrigerator to store the glycerin jelly, no longer the addition of phenol
crystals is necessary in order to precent fungi contamination.
2.2 Light microscope pollen slides preparation

+  Stick a 0.5 mm? piece of glycerin jelly on the tip of a stylus and enter it into the
sediment at the bottom of the centrifuge tube.

+  Place the glycerin jelly piece with the pollen grains adherent onto the center of
a microscope slide.

+  Heat gently the slide on a hot plate and mix with the stylus the glycerin jelly and
the collected sediment.

+  Cover with a coverslip 22x22 mm.

- Still on the hot plate, add small pieces or smelted paraffin lateral to the coverslip;
it will penetrate between the slide and the coverslip and sealing the area occu-
pied by the glycerin jelly.

+  Clean and label the slides.
Notes:

»  Atany step heats never more than 56°C.
+  Prepare at least one slide per tube with unstained glycerin jelly.

. Prepare additional slides at least for each sample, using colored glycerin jelly, if
so wanted. It helps to recognize pollen grain appertures.

+  The use of colored jelly is not suitable in Melissopalynology because it obscures
important features used to identify the pollen grains.

+  Observe in a photonic light microscope firstly using a 10x objective, then pass
to larger magnifications.

+  Keep the slide boxes at room temperature; store away from sun exposure and
maintain at a relative humidity below 60% (if possible).

- Stability of slides. In old preparations (depending upon storing temperatures)
pollen grains are swelling and should not be used for measurements.

Ensino, Pesquisa e Inovagéao em Botanica Capitulo 8



31 HONEY OF APIS AND MELIPONINI (FOLLOWING BARTH 1989)

3.3 Honey samples protocol
+  Weigh 10 g of honey into a becher.
» Add 20 mL of distilled water and dissolve well (10 to 15 minutes).
+  Divide the solution into two centrifuge tubes of 15 mL capacity.
+  Centrifuge at least 1500 rpm (revolutions per minute) for 15 minutes.

+ Discard the supernatant by rapidly inverting the centrifuge tubes for approxima-
tely 30 seconds before returning to the normal position.

+  Note the amount of sediment obtained.
+ Add 10 mL of distilled water onto the pellet, mixing well.
+  Centrifuge at least 1500 rpm for 15 minutes.

»  Discard the supernatant by rapidly inverting the centrifuge tubes for approxima-
tely 30 seconds before returning to normal position.

* Add 5 mL of a glycerin water solution to the pellet.
*  Rest 30 minutes.
»  Centrifuge at least 1500 rpm for 15 minutes.

+ Discard the supernatant by rapidly inverting the centrifuge tubes and never re-
turn to the normal position; leave the tube inverted on filter paper to drain all the
liquid at least 10 minutes. Then prepare the pollen slides.

Notes:

+  Crystallized honey may take longer time for dissolution; heat in a water bath; can
be dissolved also in a microwave oven briefly, a few seconds, to complete the
sugar crystals dissolution.

+  The amount of sediment obtained in the centrifuge tubes is visually grouped in
rare, few, normal, much, excessive sediment.

+  Glycerin water solution consists of 1:1 distilled water and glycerol p.a.

3.4 Honey samples evaluation
»  Visually evaluate the two slides, using preferably a 200x magnification.

+  Then start to a 400x magnification. Count at least 300 to 500 pollen grains, and
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in addition other figured elements noted, preferentially within 10 days.

+  Measurements of pollen grains and figured elements are to be taken within this
time.

+  Consider a predominant pollen type (more than 45% of the nectariferous pollen
sum), an accessory pollen type (15-14% of the nectariferous pollen sum), an
isolate important pollen type (3-15% of the nectariferous pollen sum) and an
isolate occasional pollen type (less than 3% of the nectarifeous pollen sum).

+  Take then into consideration:
« Pollen of entomophilous plants,
+ Pollen from anemophilous plants,
+ Pollen from polliniferous plants,
+ Overrepresented pollen grains
+ Underrepresented pollen grains,
+ Light spores of fungi,
« Dark spores of fungi,
* Yeast,
+ Bacteria,
+ Algae,
« Starch,
+ Insects and its fragments,
+ Wood and vegetal tissue fragments,

+ Samples devoid of pollen grains.
Notes:

. Correction factors or coefficients. We have no correction factors available for
plants growing in the tropics (Barth, 2005). (Empirically, according to thousands
of evaluated Brazilian samples, 3x values can be attributed to pollen grains in
honey p. ex. Antigonon (Polygonaceae), of Croton (Euphorbiaceae), and Dom-
beya (Sterculiaceae), 2x of Bombacaceae, Citrus (Rutaceae), Hyptis, Salvia
(Lamiaceae) and Vernonia (Asteraceae).

+  Final honey sample evaluation: considering the factors mentioned above, the
two following examples show this strategy.
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Total of pollen grains counted

464

= 0.87% of the pollen sum

= pollen sum

Total of anemophilous pollen grains counted

5% of the pollen sum

Total of polliniferous pollen grains counted

42 =9.0

Considered as 100%

Total of nectariferous pollen counted
Eucalyptus

Hyptis

418

390

21 -5

93.30% of nectariferous

pollen counted

.02% of nectariferous
pollen counted

Final evaluation: Monofloral (unifloral, “pure”) honey of Eucalyptus.

Comments: Since the share of anemophilous and polliniferous pollen is not large (9.92% of the pollen
sum), the improvement obtained by this calculation for Eucalyptus goes from 84.05% of the pollen sum

to 93.30% of the nectariferous pollen therefore; it increases the contribution of Eucalyptus nectar in this

sample.

Example 1: Honey registered under number X

Total of polliniferous pollen grains
counted

Total of pollen grains counted 375 = the pollen sum
Total of anemophilous pollen grains 05 = 1.3% of the pollen sum
counted
-06 = 1.6% of the pollen sum

Total of nectariferous pollen counted
Croton (factor 3)
Myrcia

Caesalpinia

(364 counted + 200 from
Croton factor 3) = 564

(100 counted x factor 3) =
300
25

18

considered as 100%
nectariferous

53.2% of nectariferous
pollen counted

4.4% of nectariferous
pollen counted

3.2% of nectariferous

pollen counted

Final evaluation: A monofloral (unifloral) honey of Croton.

condition.

omments: The improvement obtained by using a factor 3 for Croton, as a strong nectar producing
plant, increases its contribution from 27.5% to 53.2%, and therefore reaching a monofloral sample

Example 2: Honey registered under number Y
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41 BEE POLLEN LOADS (PELLETS) OF APIS AND MELIPONINI (FOLLOWING
BARTH et al. 2010)

4.1 Pollen load samples protocol
»  Mix well a dry sample of bee pollen pellets.
*  Weight two grams of a dry pollen loads sample into a 15 mL centrifuge tube.

+  Resuspend the pollen pellets using 70% ethanol just to complete 13 mL and left
for 30 minutes.

+  Centrifuge at least 1500 rpm (revolutions per minute) for 15 minutes.
+  The sediment obtained after centrifugation may be extracted with ethanol again.

+ A solution of glycerin water (1:1) is add to the sediment just to complete 13 mL
and left for circa 30 minutes.

»  One drop of the well-mixed pollen grain suspension was applied on a microsco-
pe slide, covered with a 22x22 mm cover slide and sealed with enamel.

+  The slide has to be maintained in a horizontal position.

Notes: Ultrasonic treatment during 5 minutes can be suitable for particle dispersal,
once or twice.

4.2 Bee pollen load samples evaluation

+  Count at least 500 to 1000 pollen grains, in addition other figured elements,
using a 400x magnification, preferentially within 10 days, before drying starts.

+  Consider a sample to be monofloral (unifloral) if a unique pollen type represents
(i) 90% of the pollen sum or (ii) 60% when no accessory pollen type (just to 45%
of the pollen sum) is present. Bifloral and heterofloral samples do not present a
predominant pollen type.

Take into consideration:
Light spores of fungi,

Dark spores of fungi,
Yeast,

Bacteria,

Starch,

Wood and vegetal and animal tissue fragments,
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- Samples devoid of pollen grains.

51 BEE BREAD OF APIS AND MELIPONINI (FOLLOWING VIT ET AL. 2018)

5.1 Bee Bread samples protocol

I- Weight two grams of a bee bread sample into a 15 mL centrifuge tube.
II- Proceed as described for bee pollen loads/pellets above.
5.2 Bee Bread samples evaluation

Bee bread evaluation follows bee pollen loads/pellets evaluation.
Notes:
- Bee bread generally contains a large amount of yeast spores.

61 PROPOLIS OF APIS AND GEOPROPOLIS OF STINGLESS BEES
(FOLLOWING ERDTMAN 1952, BARTH 1998, 2006, BARTH & LUZ 2003)

6.1 Propolis and geopropolis samples protocol
+ Weigh 0.5 g of the scraped and clean propolis.
+  Extract with 15 mL ethanol PA overnight, shaking the vial at intervals.

+  Divide the suspension into two centrifuge tubes and centrifuge at 1500 rpm for
15 minutes.

»  Discard the supernatant by rapidly inverting the centrifuge tubes for approxima-
tely 30 seconds before returning to normal position.

*  Resuspend the sediment in each tube with 13 mL of ethanol p.a.
+  Centrifuge and decant.

*  Add 12 mL of 10% KOH and boil for 2 min in a water bath.

»  Place the tubes into an ultrasound bath for 5 min.

+  Centrifuge and decant and add 13 mL of distilled water.

+  Centrifuge and decant.

+  Transfer each sediment to another centrifuge tube through a 0.3 mm mesh sieve
in order to remove large organic particles.

»  Centrifuge, decant and prepare a microscope slide of the sediment with glycerin
jelly in order to observe any organic material such as plant hairs, trichomes,
tissue fragments, etc.
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+  Add then 5 mL of glacial acetic acid p.a. and leave to stand overnight.
+  Centrifuge and decant.

+ Add the acetolysis mixture (9 volumes of acetic anhydride p.a. and 1 volume of
concentrated sulphuric acid) and leave for 3 min at 80°C in a water bath.

«  Centrifuge and decant.
+  Wash the sediment with distilled water.

+  Discard the supernatant by rapidly inverting the centrifuge tubes for approxima-
tely 30 seconds before returning to normal position.

+  Add 5 mL of a glycerin water (1:1) solution to the pellet.
*  Rest 30 minutes.
+  Centrifuge at least 1500 rpm for 15 minutes.

+ Discard the supernatant by rapidly inverting the centrifuge tubes and never re-
turn to the normal position; leave the tube inverted on filter paper to drain all the
liquid at least 10 minutes. Then prepare the pollen slides.

Notes:

When preparing a first microscope slide of the sediment with glycerin jelly in
order to observe any organic material such as plant hairs, trichomes, tissue
fragments, etc., unstained or fuchsin stained glycerin jelly can be used.

+ The propolis and geopropolis samples evaluation reports only on local and
regional vegetation.

Propolis is obtained by honey (Apis) bees, geopropolis by the stingless bees.
Bee wax may contain very few pollen grains.
6.2 Propolis and Geopropolis samples evaluation

+  Count at least 300 pollen grains, in addition other figured elements, using a 400x
magnification, preferentially within 10 days.

»  Propolis and geopropolis samples evaluation reports only on local and regional
vegetation.

71 ROYAL JELLY OF APIS (FOLLOWING BARTH 2005B)

7.1 Royal jelly samples protocol

»  Dilute 1g of royal jelly with 10 mL of distilled water.
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+  Centrifuge and decant.
»  Resuspend the pellet in 10 mL of acetic acid p.a. and leave overnight.
+  Centrifuge and decant.

+  Add the acetolysis mixture (9 volumes of acetic anhydride p.a. and 1 volume of
concentrated sulphuric acid) and leave for 3 min at 80°C in a water bath.

+  Centrifuge and decant.
+  Wash the sediment with distilled water.

+ Discard the supernatant by rapidly inverting the centrifuge tubes for approxima-
tely 30 seconds before returning to normal position.

+  Add 5 mL of a glycerin water (1:1) solution to the pellet.
*  Rest 30 minutes.
»  Centrifuge at least 1500 rpm for 15 minutes.

+ Discard the supernatant by rapidly inverting the centrifuge tubes and never re-
turn to the normal position; leave the tube inverted on filter paper to drain all the
liquid at least 10 minutes.

Notes:

+ Prepare three slides of each sample: two slides using unstained glycerin jelly
and one with fuchsin stained glycerin jelly.

+ The use of the acetolysis method is mandatory in order to eliminate a subs-
tantial background.

+ Stingless bees of the genus Melipona do not produce royal jelly.

7.2 Royal jelly samples evaluation

+  Count at least 300 pollen grains, in addition other figured elements as spores,
fungi, and other impurities, using a 400x magnification, preferentially within 10
days.

Notes:

* The Apis royal jelly samples evaluation reports only on local and regional
vegetation. Pollen analysis of stingless bee royal jelly was not yet studied.

+ Royal jelly of stingless bees is not yet commercialized.
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81 CONCLUSIONS

Several protocols of techniques presented are evaluated together better through
Final Considerations than by Conclusions. There are several methodologies in use intending
palynological analyses of bee products. For this reason, the results obtained are often
not comparable. Palynological analyses are more comprehensive than exclusively pollen
analyses. The techniques presented are the simplest possible in their execution, and can
be considered as a proposal for standardization in tropical samples and, therefore, provide
comparable results from palynological analyses of bee products.
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