N
N

N

HAL

open science

Crushing corn pollen grains increased diet digestibility
and hemolymph protein content while decreasing honey
bee consumption
Eslam M. Omar, Hesham Y. A. Darwish, Ali A. Othman, Hesham R.
El-Seedi, Yahya Al Naggar

» To cite this version:

Eslam M. Omar, Hesham Y. A. Darwish, Ali A. Othman, Hesham R. El-Seedi, Yahya Al Naggar.
Crushing corn pollen grains increased diet digestibility and hemolymph protein content while de-
creasing honey bee consumption. Apidologie, 2022, 53 (5), pp.52. 10.1007/s13592-022-00963-0 .

hal-04189036

HAL Id: hal-04189036
https://hal.science/hal-04189036
Submitted on 28 Aug 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04189036
https://hal.archives-ouvertes.fr

Apidologie (2022) 53:52
© INRAE, DIB and Springer-Verlag France SAS, part of Springer Nature, 2022
https://doi.org/10.1007/513592-022-00963-0 ®

Check for
updates

Original article

Crushing corn pollen grains increased diet digestibility
and hemolymph protein content while decreasing honey bee
consumption

Eslam M. OmaRr!, Hesham Y. A. DarwisH?, Ali A. Otaman®, Hesham R. EL-Seepr*>, and
Yahya AL NaGGAR"®

! Plant Protection Department, Faculty of Agriculture, Assiut University, Assiut 71526, Egypt
2 Department of Applied Biotechnology, Molecular Biology Researches & Studies Institute, Assiut University, Assiut 71526,
Egypt
3 Physics Department, Faculty of Science, Assiut University, Assiut 71516, Egypt
4 Pharmacognosy Group, Department of Pharmaceutical Biosciences, Uppsala University, Biomedical Centre, Box 591,
751 24 Uppsala, SE, Sweden
5 Department of Chemistry, Faculty of Science, Menoufia University, Shebin El-Kom 32512, Egypt

® International Research Center for Food Nutrition and Safety, Jiangsu University, Zhenjiang 212013, China
7 Zoology Department, Faculty of Science, Tanta University, Tanta 31527, Egypt

8 General Zoology, Institute for Biology, Martin Luther University Halle-Wittenberg, 06120 Halle, Germany

Received 3 May 2022 — Revised 7 August 2022 — Accepted 16 August 2022

Abstract — A honey bee colony’s ability to grow and develop is dependent on adequate nutrition. Bees collect
pollen from flowers as a source of protein, fat, vitamins, and minerals. The crude protein content of corn pol-
len is considered low, around 15%; however, bees frequently visit the male flowers of the tassels for pollen. In
this study, we aimed for the first time to improve the nutritious value of corn pollen by mechanically crushing
its external pollen wall. We then compared the effect of feeding crushed vs. non-crushed corn pollen grains on
honey bee diet consumption, digestibility, hemolymph protein content, hypopharyngeal gland (HPG) size, and
thorax weight under laboratory conditions. We found that crushing corn pollen grains increased diet digestibility
and hemolymph protein content while decreasing honey bee pollen consumption (—39.88%). Crushing pollen
however had no effect on HPG size or thorax weight. These findings may be beneficial to beekeepers in areas
where corn monoculture is prevalent. The effect of crushed corn pollen on larval development and growth, as
well as colony development and vitality, should be investigated in future studies.

Honey bees / Monodiet digestibility / Hemolymph protein concentration / Hypopharyngeal gland /

Nutrition / Corn/zea pollen

1. INTRODUCTION

The western honey bee (Apis mellifera L.)
provides highly valued pollination services
for a wide range of agricultural crops. They

Corresponding author: Y. Al Naggar account for 80% of all insect pollinators (Klein
yehia.elnagar@science.tanta.edu.eg et al. 2007; Khalifa et al. 2021a). However, in
Manuscript editor: James Nieh recent years, pollinator decline has been reported

worldwide (Potts et al. 2010; Goulson et al.
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2015; Al Naggar et al. 2018). Colony losses are
likely the result of the effect of multiple stressors
(e.g., pesticides, pathogens, parasites, and poor
nutrition) (Steinhauer et al. 2018; El-Seedi et al.
2022). Therefore, it has been proposed that the
combination of nutritional stress, infections by
pathogens, and pesticide exposure are among
the most important driving forces (Naug 2009;
Dainat et al. 2012; Tosi et al. 2017; Al Naggar
and Baer 2019; Al Naggar and Paxton 2021;
Alburaki et al. 2022; Filipiak et al. 2022).

Adequate nutrition is a honey bee colony’s basis
for growth and development (Brodschneider and
Crailsheim 2010). Because landscapes are increas-
ingly characterized by agriculturally intensive
monocultures, and because honey bee pollination
services frequently occur within a human-defined
ecosystem, bees’ nutritional needs may not be ade-
quately met (Naug 2009). In this context, “food
resource deficiency” refers to both a shortage
of food and the lower nutritional quality of food
sources that are available in inhabited habitats.
Therefore, there are inconsistencies between what
bees need and what their environment can give,
which contributes to the decline of bee populations
(Vaudo et al. 2015; Hemberger et al. 2021; Wilson
et al. 2021; Filipiak et al. 2022). As a result,
the question of whether and how bees should be
provided with supplemental food when nutritional
deficits occur arises.

Pollen is the main natural source of protein
for adult bees after emergence (do Carmo Zerbo
et al. 2001; Brodschneider and Crailsheim
2010). Pollen protein content and quality are
also factors that influence honey bee colony
longevity and performance (Dietz 1975; Omar
et al. 2017). Pollen grains are collected by
honey bees from a wide variety of plant spe-
cies (Schmidt, 1984; Khalifa et al. 2021b), and
the nutritional composition of pollen varies
greatly depending on the plant species (Stanley
and Linskens 1974; Roulston and Cane 2000;
Omar et al. 2017). The protein content of bee
pollen is the most important characteristic and
is primarily used to categorize bee pollen qual-
ity as excellent (>25%), average (20-25%),
and poor (20%) (Somerville 2001). Protein
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concentrations vary greatly between plant spe-
cies, ranging from 2.5 to 61%, with an average
of 25-45% (Roulston and Cane 2000; Weiner
et al. 2010; Brys et al. 2021). Cactaceae and
Onagraceae plants have the lowest protein
content (15-25%), whereas Melastomataceae,
Cochlospermataceae, and Solanaceae have the
highest protein content (over 51%) (Roulston
and Cane 2002). According to Nicolson and
Human (2013), bees kept near crop monocul-
tures such as sunflowers, which have poor pol-
len quality, may have poor development. Pol-
len also contains some lipids, sterols, vitamins,
minerals, and carbohydrates. Wind-pollinated
plants, such as corn (Hofmann et al. 2014),
which covers thousands of acres in different
parts of the world International Grains Council
(international organization) (2013), produce a
lot of pollen, but it has a low nutrient protein
content of about 15%, which is why it is con-
sidered poor pollen. As a result, the question of
whether and how corn pollen’s nutritional value
could be increased arose.

Indeed, the pollen’s nutritional value is
primarily determined by the efficiency with
which bees digest pollen. Pollen digestibility is
thought to be affected by two factors: the thick-
ness of the pollen wall, which is made of intine
or exine, and the number of germination pores
(Roulston and Cane 2000). The intine is mostly
made up of pectin and cellulose. The exine layer
is composed of sporopollenin and is coated by
a pollenkitt, which is composed of proteins,
sugars, and lipids (T’ai and Cane 2000). Bees
can not digest pollen grains wall due to their
chemical nature (Heslop-Harrison and Heslop-
Harrison 1991), but they can digest and extract
protein nutrients through the germination pore
(Peng et al. 1985).

Because animals that feed on pollen vary in
size, behavior, and physiology, there is a wide
range of pollen digestion mechanisms: (1)
mechanically crack open the pollen wall, (2)
pierce the pollen wall with sharp mouthparts,
(3) dissolve the pollen wall with enzymes, (4)
induce germination or pseudo-germination, (5)
osmotic shock bursts the pollen wall, and (6)
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digestive enzymes penetrate the pollen wall
(Roulston and Cane 2000). The first three of
these methods are uncommon, and the last
three are difficult to identify. Pollen digestion
can be difficult due to the multiple cell wall
layers that cover the nutritional cytoplasm.
Kroon et al. (1974) hypothesized that differ-
ences in osmotic pressure between the bee
crop and the midgut could cause pollen grains
to break, exposing the nutrient cytoplasm.
Other studies, however, rejected this hypoth-
esis, finding a high number of undamaged pol-
len grains in the midgut (Klungness and Peng
1984a; Peng et al. 1985). Furthermore, Moritz
and Crailsheim (1987) and Dobson (1988)
reported that the external structure of the pol-
len grain wall, particularly exine, was found
to be indigestible. As a result, the percentage
of empty pollen grains in bee feces was used
to assess digestion performance (Roulston and
Cane 2000). Furthermore, Crailsheim et al.
(1992) discovered a difference in the percent-
age of empty grains between two different
types of pollen (Castanea sativa MILL. and
Trifolium repens L.).

In this study, we attempted for the first time
to improve the nutritious value of corn pollen,
by crushing its external pollen wall mechani-
cally. We then tested the effect of feeding bees
with crushed vs. non-crushed corn pollen
grains on bee diet consumption, digestibility,
hemolymph protein content, hypopharyngeal
gland (HPG) size, and thorax weight under
laboratory conditions. We hypothesized that
shattering corn pollen’s exterior wall would
modulate diet consumption and digestibility
as well as honey bee worker physiology.

2. MATERIALS AND METHODS

The laboratory experiments were conducted
in the Economic Entomology research labo-
ratory of the Department of Plant Protection,
Assiut University, in Assiut, Egypt, during the
active season of honey bee colonies (May till
July 2021).
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2.1. Pollen loads collection

Pollen traps were used to collect pollen loads
collected by bees from the entrance of hives
every day during the corn flowering season.
Pollen loads were separated based on color, then
dried in an oven under 35 °C until weight con-
sistency was achieved to remove all water from
the pollen grains, which aids in preservation, and
stored at —20 °C until use.

2.2. Preparation of crushed pollen

To rupture the pollen cell layers, the frozen
pollen load was crushed with a ceramic mortar
and pestle, then sieved and crushed several times
until a fine powder was formed. Then, using a
scanning electric microscope (JSM—5400) at
the Electron Microscope Unit, Assiut University,
Egypt, we scanned the surface of these fine and
crushed pollen grains to ensure that the grinding
was sufficient to disrupt their cell wall (Figure 1).

2.3. Honey bees

Three colonies of A. mellifera carnica hybrid
maintained in the research apiary of the Plant
Protection Department at the Faculty of Agri-
culture, Assiut University, Egypt, was used in
the experiments from May to July 2021. Colo-
nies had no visible honey bee diseases and had
adequate bee bread, honey stores, and a large
number of young honey bee workers. All colo-
nies were treated with formic acid to control Var-
roa mites and Varroa levels have been checked
before the experiment.

To obtain newly emerged honey bee workers
(0-24 h old), three sealed brood combs ready
to emerge from the three honey bee colonies
were transferred and placed in an incubator
overnight at 34.5 °C and 65% RH (Williams
et al. 2013). The following day, we collected
newly emerged bees from all brood combs,
combined them, and then randomly assigned
them to different treatments. All the cages used

INRAZ $D|B @Springer
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Figure 1. Scanning electron microscope photographs showing crushed and non-crushed corn pollen grains.

in this study were made from pellucid plastic
cups (Evans et al. 2009). For ventilation, the
spouts of the plastic cups were covered with an
iron net. Cups were provided with wax comb
to simulate the natural colony conditions for
honey bees (Williams et al. 2013). Two holes
were drilled in the cup: one in the bottom for
introducing sugar solutions with a 5 ml syringe
and one on the side for presenting protein diets
with a half of a 2 ml Eppendorf type shaped
like a dish (Figure 2A).

2.4. Experimental design

We carried out two separate experiments in
similar manner to determine whether crushed
pollen could modulate diet consumption and
digestibility as well as honey bee worker physi-
ology (Figure 2B).

INRAZ ©DIB &) Springer

2.4.1. Diet consumption and digestibility

This experiment consisted of two treatment
groups: non-crushed and crushed corn pol-
len each with three cages containing 30 newly
emerged bees. Bees were fed pollen diets (1 g per
cage), either whole or crushed, and sugar syrup
for 10 days, after which the pollen dish were
removed, and the bees in all treatments were fed
only sugar syrup ad libitum for another 4 days.
Diet consumption was measured and renewed
daily for 10 days. Dead bees were removed from
the cages and considered to not have consumed
pollen that day.

To assess diet digestibility, a 12-day-old
worker was used because nurse bee consumes
and digests more protein diets than older bees
and to ensure that they had completed all the
digestion and the rectum would not receive any
more (Crailsheim et al. 1992; Omar et al. 2017).
To determine digestibility, protein concentrations



Page 50f 12 52

Crushing corn pollen grains increased diet digestibility...

‘Jy3rom AIp xeioy) pue ‘uonenuaduod urjord ydwkjoway ‘Apiqnsadip udrjod uow
-a1nseauwl HJH 10J $22q jo owr Jurjdwes pue Surpday udjod Jo uoneINp A} MOYS YoIYm ‘UFIsop [eyuwLadxe oyl g pue sjudwiadxa oy) ur pasn saged oy, y g dIn3ig

~ oheg

0T Aep |11 Ajlep pap40o23s sem uondwnsuod uajjod

ysiam

% Ajiqnsasip
Aip xeaoyy

usiiod juawdojanag saged 03 pasnposjul

9dH 12 duasiawg
uo1eIIUIIUOD Amv

uidjoud ydwAjowasy

hl ysip uajjod

quiod xepn

dnuAs se8ns
104 @8uliAs |w g

INRAZ @DlB @Springer



52 Page 6 of 12

in the hindgut contents of a 12-day-old worker
were examined and compared to concentrations
in maize pollen (DeGrandi-Hoffman et al. 2016).
Five bees were randomly selected and dissected
from each cage, then the hindgut of each bee
was extracted and weighted, and a 1-pl of the
hindgut contents was mixed with 99 ul of PBS
and 1% EDTA-free HPIC. The solutions were
then mixed, and 100 pl of this combined solution
was added to 900 pl of PBS with 1% EDTA-free
HPIC, which was then stored at 80 °C until total
soluble protein was measured using a spectro-
photometer (752 UV/Vis Spectrophotometer,
Jing hua Instruments, Inc., Shanghai, China) at
595 nm (Bradford 1976; Cremonz et al. 1998).
Protein concentrations in corn pollen were also
measured using three samples chosen randomly
from each diet. Using 1 mg of the diet added to
999 ul of PBS with 1% EDTA-free HPIC and
analyzed as described above. The approximate
digestibility was calculated according to the fol-
lowing equation (Eq. 1) (Slansky and Scriber
1985; DeGrandi-Hoffman et al. 2016).

Protein conc. in diet — Protein conc. in hind gut

Approximate digestability =

E.M. Omar et al.

on honey bee worker physiology. To do that,
the same treatments as described above were
tested, each with three cages, and each cage
contained 30 newly emerged worker bees. Bees
were fed pollen diets, either whole or crushed,
and sugar syrup for 10 days, after which the
pollen dish were removed, and the bees in all
treatments were fed only sugar syrup ad libi-
tum for another 6 days. Seven bees were cho-
sen at random from each cage at the age of
6 days to measure the HPG acini volume using
a 100-fold magnification ocular micrometer
(SP1 10/0.25) microscope Reichard Diavar, as
reported in Omar et al. (2017). We used 6-day-
old bees because the maximum HPG develop-
ment has been reported to be between 5 and
9 days (Moritz and Crailsheim 1987; Altaye
et al. 2010; Omar et al. 2017).

At the end of the experiment, sub-samples
of surviving bees (n =10 bees per cage) were
sampled at the age of 16 days to determine
the fresh and dry weight of the thorax. Each
bee sample was dissected into three sections:

x 100 ey

Protein conc. in diet

Then, we quantified the total protein content
in the hemolymph of 14 days old bees. Bees were
chosen randomly from each cage and hemolymph
was collected using the method described by Borsuk
etal. (2017). Briefly, the bee antenna was separated,
then careful pressure was applied to the bee’s abdo-
men. This caused a drop of hemolymph to appear
at the base of the removed antenna, which was col-
lected with a pipette. Hemolymph from each cage
(n~20 bees) was pooled and samples were stored
at— 80 °C. Total protein content was measured
using 1 pl of hemolymph sample that was mixed
with 99 pl of PBS and 1% EDTA-free HPIC and
then analyzed as described above.

2.4.2. HPG development and thorax weight

We measured HPG acini volume and thorax
weight to see if crushed pollen had any effect

INRAZ $D|B @ Springer

head, thorax, and abdomen. Each thorax was
weighted with wings and legs to determine
fresh weight before being placed in a 55 °C
oven for 5 days and reweighted to determine
the dry weight to investigate the potential
effect of diet on thorax muscles develop-
ment (Brodschneider and Crailsheim 2010;
Hendriksma et al. 2019).

2.5. Statistical analysis

The data were analyzed using GraphPad
Prism 8.00 for Windows (www.graphpad.com).
A Student 7-test was used to compare the effects
of crushed vs. non-crushed corn pollen grains
on diet consumption, diet digestibility, hemo-
lymph protein content, HPG acini volume, and
thorax dry weight. A significance level of 0.05
was used to define a test’s significance.


http://www.graphpad.com
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3. RESULTS

3.1. Diets consumption, digestibility, and
hemolymph protein content

Diet consumption in bees fed crushed corn pol-
len grains was significantly lower (— 39.88 %) than
in bees fed non-crushed corn pollen grains (Student
t-test; df = 4, P = 0.003) (Figure 3a). There was a

HH o

30—

20—

10

Diet consumption
(mg 110 days / bee) &

significant increase in the percentage of diet digest-
ibility in bees fed crushed corn pollen grains com-
pared to bees fed non-crushed corn pollen grains
(Student r-test; df = 4, P = 0.02) (Figure 3b). As
a result of the increase in diet digestibility, total
hemolymph protein content increased significantly
in bees fed crushed corn pollen grains versus bees
fed non-crushed pollen grains (Student ¢-test; df =
4, P =0.04) (Figure 3c).

[
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Figure 3. Showing means +standard error mean (SEM) of a diet consumption, b % of diet digestibility (n=3
pooled samples of 5 bees from each cage), and ¢ hemolymph protein content (n=3 pooled samples of ~20 bees from
each cage) in bees fed crushed vs. non-crushed corn pollen grains for 10 days. Different lowercase letters denote a
significant difference between treatments (Student #-test, P <0.05).
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3.2. HPG development and thorax dry
weight

The HPG acini volume was measured at age
of 6 days old, and there was no significant differ-
ence between bees fed crushed vs. non-crushed
corn pollen grains (Student #-test; df = 38, P =
0.42) (Figure 4a). We also quantified the dry
weight of the thorax as an indicator of flight
muscle development at the end of the experi-
ment when bees are 16 days old and found no

(@)

E.M. Omar et al.

significant difference between bees fed crushed
vs. non-crushed corn pollen grains (Student
t-test; df = 38, P = 0.42) (Figure 4b)

4. DISCUSSION

Nutrition is the term used to describe the pro-
cess of obtaining nutrients from the outside in
order to meet the energy requirements for main-
taining vitality. Just like every living species,

S
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Thorax dry wt. (mg)
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Figure 4. The effect of feeding bees crushed corn pollen grains vs. non-crushed grains for 10 days on a HPG acini
volume of 6-day-old bees and b dry weight of thorax region of 16-day-old bees. Symbols on the box plot represent
maximum and minimum values (n=21 bees) (whiskers: T 1), mean values (-), the top and bottom lines of the mid-
dle box represent the 25% and 75% quartiles. There was no significant difference between treatments (Student 7-test,

P>0.05).
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honey bees need nutrients to survive. Pollen is
considered the primary source of protein for
honey bees, supporting growth and develop-
ment (Brodschneider and Crailsheim 2010). A
worker bee in a colony needs 145 mg of pollen
on average throughout its lifetime to complete its
life cycle (Haydak 1970). In the current study,
we crushed the external pollen wall of corn pol-
len, which is a poor protein source for bees as
an attempt to increase its nutritional value. We
found for the first time that crushing corn pol-
len grains increased diet digestibility and hemo-
lymph protein content while decreasing honey
bee consumption.

Animals that feed on pollen must overcome an
indigestible or even chemically resistant pollen
grain wall in order to reach the nutritious cyto-
plasm (Stanley and Linskens 1974). Pollen con-
tains a variety of cell wall constituents such as
cellulose, pectins, and sporollenin matrix, which
may affect digestibility (Crailsheim et al. 1992;
Roulston and Cane 2000). The current findings
showed that total crushed corn pollen intake
by bees during the nursing period was reduced
by -39.89% when compared to bees fed normal
corn pollen grains, while there was a significant
increase in digestibility (23.24%) of crushed corn
pollen versus non-crushed pollen. The destruc-
tion of the outer wall or diffusion through pores
is required for the digestion of pollen grains.
This could explain the increase in digestibility
of crushed pollen grains observed in the cur-
rent study. The digestibility of normal pollen
grains ranges was reported to be from 30 to 70%
(Klungness and Peng 1984b). This variation
in digestibility of pollen grains depends on the
degree of disruption of the intine and the expo-
sure of pollen protoplasm to digestive enzymes
(Klungness and Peng 1984a; Peng et al. 1985).

It is worth noting that the mechanism and
effectiveness of pollen grain digestion differ
between animals that feed on pollen and accord-
ing to pollen species. Corn pollen, for example,
breaks early in the midgut of maize beetles,
unlike sunflower pollen, which has intact exines.
It does, however, remain intact in honey bees’
midguts (Human and Nicolson 2003), indicating
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that osmotic shock is not as important to honey
bees as previously assumed (Kroon et al. 1974)
and pointing to another mechanism of digestion,
such as enzymatic action. As a result, grinding
corn pollen grains, which increased digestibil-
ity relative to non-grinded pollen in the current
study, could be a new mechanical method to pro-
mote bee feeding and the nutritional value of low
protein pollen sources. More research is required
to explore the impact of crushed corn pollen on
larval development and growth, even though lar-
vae are fed a lot of jelly that has already been
digested by nurse bees and digest pollen differ-
ently than adult bees because they do not have a
crop (Roulston and Cane 2000).

The protein content of hemolymph is usually
used to assess the efficacy of protein diets and
pollen quality (Cremonz et al. 1998; Kunc et al.
2019; Smart et al. 2019; Noordyke and Ellis
2021). High protein concentrations increase bee
lifespan, immunity, and resistance to pathogens
such as Nosema spp. (Strachecka et al. 2015;
Schulz et al. 2019; Skowronek et al. 2021). In
the current study, bees fed crushed corn pollen
grains had significantly higher total hemolymph
protein content than bees fed non-crushed pol-
len grains. What is remarkable is that bees fed
crushed corn pollen grains had higher protein
content while consuming less than those fed non-
crushed pollen grains. This could be attributed to
the increased digestibility of ground pollen in the
diet, as more amino acids are absorbed as a result
of increased protein digestion (Wang et al. 2014).
Because, according to the geometric framework
(GF) for nutrition, animals require multiple
nutrients at the same time and must achieve the
optimal proportion of nutrients in their diet, they
are forced to consume a variety of foods and/or
make trade-offs by consuming too much or too
little of certain nutrients in the foods they can eat
(Raubenheimer and Simpson 1997).

On the other hand, when bees were fed a
crushed pollen diet, the development of the
HPG and thorax weight increased, but the dif-
ference was insignificant when compared to bees
fed non-crushed pollen. Pollen consumption
has been shown to be positively related to HPG
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development (Hrassnigg and Crailsheim 1998;
Corby-Harris et al. 2016) Furthermore, the type
of pollen grains and its nutritional value influ-
ence HPG development and activity (Omar et al.,
2017), hence further research into the effect of
mechanical crushing on different types of pol-
len grain on HPG development and activity is
required.

5. CONCLUSIONS

We revealed for the first time that crushing
corn pollen grains, which is a poor protein source
for bees, enhanced diet digestibility, and hemo-
lymph protein content while reducing honey bee
consumption. These findings could be useful for
beekeepers in areas where corn monoculture pre-
dominates. Future studies should investigate the
effect of crushed corn pollen on larval develop-
ment and growth, as well as colony development
and vitality.
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