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Impact of different pollen protein diets on the physiology of Apis mellifera L. (Hymenoptera:

Apidae) workers from essential plant sources

Abstract

Background: The primary food sources for honey bees in colonies are processed nectar and
fermented pollen. However, there are relatively few blooming plants that provide full sustenance
to the bees, and their impacts on the physiology of honey bees in Pakistan have not yet been
assessed. Diet with meager nutritional contents can affect various physiological parameters like
hypopharyngeal glands (HPGs) sizes, rectal weight contents (RWCs), food intake and longevity
of worker bees which indirectly affects overall colony development and make it vulnerable to
diseases angd pests.

Methods alis study was designed to investigate the impact of protein diets in the form of different
pollen on some physiological parameters of honey bee (Apis mellifera L.) from major plant sources
serving as melliferous resources in the agro-climatic conditions of Dera Ismail Khan, Khyber
Pakhtunkhwa, Pakistan.

Results: Results indicated Brassica napus L. as the most effective pollen diet which took the
highest time for 50% of individuals’ ality. Brassica napus L. also gave the highest increase
of HPG size (278.47 um) followed by Trifolium alaxandrinum L. Acacia modesta L., Zea mays
L., in comparison to sugar syrup (control) with 261.73, 23749, 124.38 and 107.65um,
respectively. Pollen intake followed a similar pattern, with B. napus having the highest levels (3.03
mg/bee/day), and bee bread (3.37 mg/bee/day), with an overall mean of 25.279. The overall mean
for Rectal Weight Contents demonstrates how easily the pollen diet may be digested. It was
negatively corraatecl with the volume of rectal contents. When compared to pollen diets, honeybee
workers given bee bread had the lowest overall mean (3.95 mg) for rectal contents, suggesting the
greatest degree of digestibility. Diets from Brassica napus L. were taken and digested more
quickly than those from Acacia modesta L., Zea mays L., and Trifolium alaxandrinum L.

Key Words: Apis mellifera L., Food consumption, Hypopharyngeal Glands, Mortality,

Physiology, Rectal weight contents




1. Introducti

The prim%food sources for honey bees in colonies are processed nectar and fermented pollen.
For bees, nectar is a source of energy, while pollen is a source of protein , lipids, minerals, and
vitamins (Yang et al., 2013). Honey bees get all of these essential nutrients from angiosperm
plants. However, there are relatively few blooming plants that can provide bees with all of their
nutritional requirements. A diet that is deficient in nutritional content may reduce an igdividual's
capacity to fight against and increase their susceptibility to diseases (Alaux et al.,2010). The ability
of the nursing bees to convert the collected pollen into royal jelly is totally responsible for the
fitness of a colony. The nursing bees eat fermented pollen known as "bee bread," which is kept in
comb cells. The kind of food, colony size, brood raising, season, and accessibility of other food
sources both within the colony and beyond it are just a few of the variables that influence how
quickly this fermented pollen is consumed (Brodschneider and Crailsheim, 2010). Individual
workers' pollen consumption varies with their age and the tasks they %for the colony. Honey bee
larvae don't eat much pollen whereas adults consume large quantities of pollen (Babendreier et al.,
2004). Older workers, often known as foragers, are unable to consume or digest pollen.

One important aspect to take into account while raising bees is the lifespan of the worker
bees. Productivity in the colony and an increase in the effectiveness of crop pgllination are
dependent on the information on what factors govern worker bees’ longevity. The effects of
nutrition on the lifespan of caged bees have been investigated by several researchers and reported
that pollen from bees prolongs the life of caged bees compared to hand-collected pollen (Paoli et
al., 2014). Pollen of poor quality, inadequate quantity, or nonexistent causes baby beﬁto develop
slowly and weigh poorly (Smart et al., 2016), suppress reproduction, brood-rearing and shortens
workers’ life (Zheng et al., 2014). Colony production is influenced in the long term by these factors
(Human et al., 2007). Longevity and the consumption of the right quantity of proteins or amino
acids are connected and Higher pollen quality promoted the growth development and adult lifespan
(de Groot, 1952). A few studies demonstrate how pollen from various plant species, with varying
quantities of protein and fat increase lifespan of honey bee .

Nickel (Carreck, 2016) initially cﬁzuacterized the hypopharyngeal glands. In addition to
these names, they are often referred to as worker glands, food glands, larval food glands, or brood
food glands (Al-Ghamdi et al., 2011a). Age affects the size and production of the hypopharyngeal

glands (HPG) (Suwannapong et al., 2010). Local, seasonal, and environmental factors also affect




the size and production of HPG (Ali et al., 2019). There are inter and intraspecific variations in
morphology and physiology of hypopharyngeal glands of eusocial insects (Amaral and Caetano,
2005). The creation of HPGs is a quality that is unique to nurse bees and deteriorates as the bees'
work responsibilities change from nursing to foraging (Britto et al., 2004). This takes place around
18 days after the first employees have emerged . The milky secretion of HPGs known as royal
jelly (RJ) is one of the most significant products that may be obtained through beekeeping. The
growing larvae and adult queens depend on a diet consisting mostly of RJ since it is a complex
blend of a wide variety of nutritious components. Due of their unique ability to produce RJ, several
morphological and physiological research on these honey bee worker glands have been carried out
(Gatehouse et al., 2004). The hypopharyngeal gland is absent in the queen or in male bees.

The size of the acini is a reliable metric for determining the quality of the foods that nursing
bees are provided with (Amro et al., 2015). In addition, the size of the nursing bees' HPG is
employed as a criterion to evaluate their physiological states (DeGrandi-Hoffman et al., 2008).
The grade of HPGs varies depending on the kind of food consumed (Al-Ghamdi et al., 2011b).
When the bees consumed varied pollen loads and different protein-containing substances, their
HPGs were of different sizes (Al Marghitas et al., 2010). A linear rise in the amount of protein
consumed suggests that protein has a significant role in how well honey bees operate
physiologically (Roulston and Cane, 2000a).

RW(Cs are regarded as a crucial sign for figuring out if a diet is suitable for honey bees. It's
used to determine how well honey bee colonies respond to various types of honey bee diets. Honey
bee workers' natural diet of pollen is transported from the mouth to the stomach, where it is
digested and absorbed. The bee's waste and excess water are stored in the hindgut until the bee
leaves the colony, at which point the feces are expelled (Nicolson, 2009). These contents of the
rectal cavity are distinct and are influenced by factors such as age, season, functional status, and
the kind of nutrients consumed. When a honey bee is maturing, the rectum is not emptied until
after search on the field has begun, which isajee weeks after the bee has emerged from its cocoon.
The majority of the fecal waste is made up of pollen coatings, pollen fat globules, and broken-up
epithelial cells from the ventriculus. In the rectum, there is not going to be any more modification
to this situation.

There is a dearth of studies in Pakistan that examine the effects of protein meals (pollen)

from various plant sources on the physiology of honey bees. This study investigated the impacts




of diet from various pollen sources on lifespan, HPGs development, and Rectal Weight of caged
honey bees. The discovery will be used as a starting point for developing and using that pollen in
alternative meals for the dearth period, which has been extended owing to climate change in
Pakistan. Honey output, summer pollination efficiency, and winter colony strength may all be
boosted by feeding the bees in an apiary the beneficial components that were isolated from their

nectar and pollen.

2. Materials and Methods
2.1. Pollen loads trapping
Pollen trapping is a simple method to get pollen samples gathered by honey bee foragers (Dimou
and Thrasyvoulou&{){)()). Pollen traps have been used worldwide as a method to asgess the pollen
flora of any area (Cristina Andrada Corresp Author and Cristina Tellerfa, 2007). Twelve typical
Afghani hives with rather uniform colonies of Apis mellifera L. were chosen_for the current
investigation, and they were placed in four different sites to catch pollen loads. Standard pollen
traps obtained from the National Agriculture Research Center in Islamabad, with an extraction
effectiveness of 50% were used in the study. Every two weeks, pollen-loads from comj@foragers
were captured for two days, providing the colonies with 13 days of inbound pollen. The pollen
loads were collected from mid-January to the end of December. The weighted and colour
sorted pollen loads were divided into groups, placed in polyethylene bags, and stored at -20°C in

2.2 Harvesting of Bee bread

a freezer.

The bee bread was harvested in the active season by cutting the pieces of comb full of bee bread.
These pieces were than stored in plastic boxes at 20 °C. For feeding bees the pieces were taken

and placed for four hours in room temperature before feeding.

2.3. Determination of total protein and moisture content
For the purpose of analyzing pollen for protein coaent, the Kjeldahl technique was used (Table
1). Approximately four hours were spent heating one gram of pollen and 20 ml of sulfuric acid

(95-97%) in the presence of a catalyst. A 90-ml solution of 30% NaOH was used for distillation.




For 2 minutes, the H3BO3 solution (4%) %ume was kept at 30 ml. The nitrogen content was then

calculated after measuring the amount ofall solution (0,1 M) consumed throughout the titration.
The 5.60 factor was used for estimation o‘ﬁude protein content and expressed as % dry matter
(Rabie etal., 1983) was used for estimation of crude protein content and expressed as % dry matter.
In addition to this, it is mandatory to know how much dry matter is still left and be able to quantify
the protein value as a % dry matter. The level of moisture in the samples was used as a proxy for
the dry matter content. The value of this parameter was determined by placing one gram of pollen
in an evaporating dish made of porcelain and heating it in an oven set at 103 degrees Celsius for
two hours. It was determined that the moisture content of the sample was equal to the difference
in weight between the samples after they had been dehydrated and before they were placed in the
drying oven.
2 4. Formulation of pollen diets
The impacts of the primary flora of Dera Ismail Khan, which is located in K&vber Pakhtunkhwa,
Pakistan, were investigated and measured for their effects on lifespan. Pollen sources, i.e.,
Trifolium alaxandrinum L. (Berseem), Zea mays L. (maize), Acacia modesta L. (Pulai), and
Brassica napus L. (Canola), were employed. Each diet was designed using a single sample drawn
from a larger pool (Table 1). An initial mix of 6 gm divided into two portions measuring 3gm/
portion was provided to the caged beesnThe diet container was placed on the floor of the cage. To
create a wet, kneadable consistency, pollen, sugar, and lukewarm water (2:1:1, weight) were
combined and soaked for 12 hours. The creation of corbicular loads typically involves 30% nectar
mixing by the bees. We used the same methodology and added 30% sugar by weight before
combining with water to get a sucrose level that was almost identical to that which was typically
provided by bees for the manufacture of pollen pellets.

2.5.Food consumption of pollen diets
Bees were selected from strong colonies at the apiary at Gomal University DIK's Faculty of
Agriculture and hatched in a warm environment, gently brushed into a cage for about a day before
being used in the experiment. After a day, the newly hatched bees were randomly placed in cages
(with 60 bees per cage) at a temperature of 35 degrees Celsius and 50% relative humidity. Wood
was used to construct the confinement cages (70 mm 90 mm 100 mm), and the Plexiglas door was
designed to glide open and down to reveal feeding chambers where 5 ml plastic medical syringes

could be hung for feeding. A pollen diet's intake was evaluated by weighing the residual food and




subtracting it from the amount supplied, then adding the water evaporated from a comparable diet
in a bee-free cage in the environmental chamber. Both the controls and the experimental gr(ﬁps
were given sugar solution, thus that was the only noticeable difference. Each experiment was
repeated three times with bees from three different colonies. In this case, pollen feeding continued
for another 21 days until it stopped completely.
2.6. Pollen diets’ impact on longevity of Apis mellifera L.

The sucrose solution and water was diluted to a 1:1 (w/v) ratio and placed into the vials. A little
piece of wax comb was hung from the ceiling of the hives' confinement chambers to familiarize
the bees with their surroundings and encourage them t(ﬁemain still (Williams et al., 2013). Caged
honey bees live longer if they have access to a comb (Rinderer and Elliott, 1977), which also reduces
stress and restless appetitive behavior (Craig, 1917). Each day, fresh water and a 50% sucrose
solutimHvere provided to the bees.

By removing and counting the dead bees from each cage, the longevity of the workers from
the trial's beginning was estimated for each treatment group. Three-day intervals were used for this
examination until half of the test insects' original population had died (LT50).

2.7. Acini size measurement for determination of hypopharyngeal glands development

Ten honey bee workers were chosen at random between the ages of 3 and its multiples up to 18
days old to study the variance in morphometry of the feeding glands. Upon capturing bees in
Epondwarf tubes, we chilled them for 10 minutes in the fridge. In the Plant Breeding & Genetics
Lab at the DIK Faculty of Agriculture, the heads of carefully chosen worker bees were slashed off
with a razor blade. Fine forceps were used to gplit the HPGs into their appropriate age groups.
Overnight at 4 °C, the glands were preserved in 4% formaldehyde in phosphate-buffered saline
(PBS, pH 7.5). HPGs were washed three times in PBS to remove any debris. These were cleaned,
then left in an incubator with 30% glycerol in PBS at 40 degrees Celsius for a full 24 hours. ﬁuﬁ:
glands were re-incubated for 2 hours at 40 degrees Celsius with 50% glycerol in PBS before to
mounting. Sﬁles were prepared from samples using a mounting medium of 50% glycerol in PBS.
Translucent nail polish was used to seal the transparency's edges so they wouldn't dry off. Under
a binocular light microscope equipped with a 10x objective, we captured these pictures of acini
from mounted gland specimens (M165C, Leica, Germany). Images captured with the high-
resolution Vivo-S1 camera were analyzed using the image J software. Ten acini were randomly

picked from glands in different places, and their pictures were analyzed using the Image J program.




Following the method shown in, morphological measurements were extracted from these
photographs. We measured the bees at 3, 6, 9, 12, 15, and 18 days of age. The selected
acini!slidefw had its length (L) and width (W) measured (W). Each group had 270 acini
measured. The following formula was examined in order to calculate the acinar surface area
(Maurizio and Hodges, 1951)

Acinal surface area = (w* ((a*b)/2)
Where a is the full length and b is the full width of the acini and « has a constant value of 3.14.
2.8.Measurement of rectal weight contents (RWCs) of the workers
The same bees that were employed to gauge Hypopharyngeal gland maturation also weighed in on
the rectal contents. Each bee had its whole digestive system removed with delicate forceps before
its head was dissected. The rectum was carefully removed with a blade from the stomach and
placed on a weighted coversl'a. Once again, the coverslip was weighed, and the rectum's mass was
determined by the following formula.

Wr = WC2-WCl
In this scenario, WCI represents the beginning weight of coverslips without a rectun&nd WC2
represents the ultimate weight of coverslips with a rectum. In order to get the means, analysis of
variance was utilized. The DMR test was used to compare means (Duncan, 1955).

2.9 Statistical Analysis
Diet and age of bees were included as independent factors into a general linear model with food

intake, longevity, HPG sizes,and RW%’&S the dependent variables. The post hoc method for mean
comparisons was Tukey’s HSD. Two-way analysis of variance was used to determine statistically
significant mean differences.

3. WSults

3.1. Nutritional analyses for crude protein and moisture content
The nutritional assessments of the four species under investigation's mono-floral pollens are shown
in table 2 along with their moisture and crude protein contents. Maize had the lowest protein levels
and canola had the highest protein levels. All of polen kinds that were investigated had protein
values >4%, ranging from 4.06% to 25.1%. Similar results were reported for moisture contents,
for maize showing the highest values (72.23%) and canola showing the lowest (8.28%). Berseem
and phulai had protein contents of 23.45% and 4.14%, respectively. With readings of 19.89% and

19.94%, phulai and berseem practically had the same moisture content.




3.2. Food consumption

Table 3 and Figure 1 show that there are statistically significant differences between the
treatments at the P<0.05 level. Sixty bees were monitored every three days, and their food intake
was recorded in mﬂigrams per day. Experiments were conducted using freshly emerging bees
given a variety of mono-floral pollen regimes as a comparison to two controls: Sucrose syrup,
which is typically supplied during the dearth period, and bee bread _which was collected from
hives during the active season. According to the average pollen intake, confined bees fed bﬁ bread
consumed 1.46 gm of pollen in the first three days after emergence, and this number grew to 1.81-
2.01 gm/50 bees in the next three-day interval. After that, between 16 and 18 days, the quantity
dropped to a minimum of 0.50gm/60 bees. The amount of each experimental diet was consumed
in the same way by the nursing bees. Over the course of the 9 days, the nursing bees gradually ate
less and less of their food. It continued till the experiment was completed. For all experimental
diets, the shortest period of time between the onset of starvation and the first occurrence of food
consumption was 16—18 days.

With a mean of 25.279 mg, this study found that workﬁ)ees consumed 3.03 mg of pollen
per bee per day from canola which is comparﬁ)le to the 3.37 mg of pollen per bee per day found
in Bee bread. Berseem's pollen diet came in second with a consumption of 2.76 mg per bee per
day, followed by phulai with a consumption of 2.40 mg per bee per day. The confined bees were
found to ingest the least amount of maize pollen diet. In contrast to pollen diets, control 1's sugar
syrup content (1.65 mg/bee/day) was not as high. The current study calculated the average
longevity of confined workers that consumed various mono-floral pollen diets. Four different
pollen loads were fed to honey bee workers as protein-rich meals when they were a day old (Table
1). Every subject was housed in a little cage, and freshly emerging workers were given
experimental meals with sucrose solution (1:1). Both the qyerall death rate and the bees' life cycle
in each experiment were recorded. LT50 is the expected number of days needed for 50% of the
bees to perish. Through the use of Probit analysis, the lethal time for 50% mortality was deterﬂ'ned
(Table 4, Fig. 2). In contrast to the negative control sugar syrup, which required 10 days, diet 4
took the longest time for 50% mortality, followed by diets 1, 3, and 2. The positive control, which
consisted of a bees' normal diet, required the longest time to reach 50% mortality (34 days).

3.3. Hypo-Pharyngeal Glands (HPGs) sizes and Rectal Weight Contents (RWCs)




Figure 3 illustrate the influence of various pollen diets at various time intervals (3,6,9,12,15, and
18 days), in regard to the sizes of HPG. The three treatments produced statistically significant
changes (P 0.05) when comparing the HPG diameters of worker bees. HPGs had sizes ranging
from 107.65 to 332.77 ym. Natural diet bee bread had the largest size (332.77 uym), followed by
diets including canola, berseem, phulai, maize, and sugar syrup, which had respective sizes of
278.47,261.73,237.49, 124 .38, and 107.65 pm.

On HPGs of worker bees, the interactional e‘ﬁct revealed substantial changes in size based
on both the days and the treatment. The sizes varied from 68.62 to 448 47 micrometers. The largest
size was measured on day 6 of treatment 6 (Bee bread), with the same treatment producing the
largest size on day 9 (437.04 m), and treatment 4 producing the smallest size on day 6 (429.48 m).
On day 18, the treatment 5 reading of 68.62 m was recorded as having the lowest value.

On various days, there was a very significant fluctuation in the HPG sizes of the worker
bees. According to the research, HPGs may have any size between 101.33 and 326.59 ym. In 6
day old bees, maximum sizeg (326.59 pm) were noted. After six days, HPG sizes began to decline,
reaching 289.21 ym in nine days,246.28 zzm in twelve days, 139.24 ym in fifteen days, and 101.33
pm in eighteen days old workers, at which point the bees began to act as foragers. The acinal size
is age-related, according to the data above. Up to the age of six days, glands grow larger; after that,
they begin to contract. At six days, HPGs have a diameter that is double that of freshly emerging
bees.

3.4.RWCs as indicators of protein utilization

In Table 5 and Fig. léhe findings of the current study that demonstrate the impact of
various pollen diets at various time intervals (3, 6,9, 12, 15, and 18 days) in relation to RWCs are
shown. For worker bees' rectal weight contents, various tregtments showed significant changes
(P<0.05). The information in Table 5 compares the RWCs g;’beef?y days) of freshly emerging
bees fed various mono-floral po&en diets to a natural diet of bee bread, which served as the control.
The data were taken fromdhe combs of honeybee colonies during the active season. The mean
RWC value demonstrates the digestibility of the pollen diet and is inversely related to the weight
of the rectal contents. Starting on day one, the weight would grow until finally, (a day fifteen,
feces flights would be conducted and employees would be required to empty their rectums.
Honeybee workers fed bee bread had the lowest average rectal contents (3.95 mg), indicating the

highest digestibility, while in pollen diets, canola diet was consumed and digested more efficiently




than berseem (4.81), maize (7.01), and phulai (11,01 mg), indicating the highest level of
digestibility (5.25). The mean number of days showed a peak at about day 3, with a gradual decline
afterwards with age.

The contents of the rectal cavity varied in weight from 10.60mg to 1.24mg. Overall, maize
pollen was digested the least (7.01 mg), followed by phulai (5.25 mg), berseem (4.82 mg), canola
(443 mg), and finally, natural diet bee bread (3.95 mg), which showed the most digestion of pollen.
Rectal weight contents of worker bees differed significantly (P0.05) among days. In the research
it was found that the rectums' weight might be anything from 1.33 mg to 8.18 mg. Bees between
the ages of 13 and 15 days were measured to be the largest (8.18). The rectums' weights began
falling after day 15, and by day 16-18, they had dropped by 5.53 mg.

iscussion
The results of our research showed that the protein content of different kinds of pollen has an effect
on the amount of pollen that bees eat. According to previous research, confined bees consumed
the most protein from day 1 to day 9, the same time period in which bees exhibit brood nursing
behavior (Basualdo et al., 2013). On the other hand, there was hardly any consumption till day 18.
In agreement with prior research, the present study concluded that bees continue eating pollen until
they are 15-18 days old (Zherebkin, 1965). When worker bees are between three and five days old,
they ingest the most pollen of their lives.

Canola pollen was the most popular among worker bees in this research, with a mean of
25.279, suggesting a pollen intake of 3.03mg/bee/day, which is similar to the consumption of
3.37mg/bee/day among those fed on Bee bread. In terms of pollen intake, berseem placed second,
with 2.76 milligrams per honeybee per day, while phulai ranked third, with 2.40 milligrams per
bee per day. Caged bees were shown to eat the least when fed a diet of maize pollen. Our findings
that pollen from the Fabaceae and Brassicaceae families predominates in honey bee crops are
supported by those of a previous study (Crailsheim et al., 1992). According to our findings,
workers eat more pollen from the Brassica and Trifolium families than they do from the Acacia
and Maize families. The nutritional examination of these pollen yielded the same findings
(unpublished data), showing that the protein amount was greatest in brassica and Trifolium pollen
and lowest in Acacia and maize pollen. The effects of pollen nutrition on worker bees may be

evaluated using the results of these simple experiments.




In terms of growth and survival, nutritionalﬁailability is crucial. Poor nutrition reduces
bees' physical capacity and leaves them susceptible to a wide range of pathogens (Li et al., 2021).
Lifespan of workers was obviously affected by pollen diet. The greatest single pollen, and the one
that came closest to mimicking the bees' normal diet 6 (bee bread), was berseem which pushed
their LTs0 out by 39 days. In experiments where canola was provided, a 38-day increase in lifespan
was seen, but all other mono-pollen diets resulted in just a 10-day rise in LTso relative to a 10-day
increase on a sugar diet. Previous research had similar findings (Schmidt et al., 1987). The
combination of berseem pollen with maize and phulai pollen was proven to be quite advantageous.
These findings agree with those of a previous research (Di Pasquale et al., 2013). Research like
this supports the idea that honeybees' health may be improved by feeding them foods high in
protein and other nutrients. Workers of honey bee colonies fed a variety of pollen diets showed
the most statistically significant growth in HPG size from the time of their emergence to the time
of their sixth day of life. As they aged, HPGs shrank until they were 18 days old. Canola pollen-
fed workers showed the highest HPG development value (42948 pm) at day 6, followed by
berseem pollen-fed workers (412.02 pm). Canola and berseem-fed animals had more fully formed
glands than those given phulai and maize pollen.

Our findings corroborated previous research showing that feeding bees with a high-protein
diet increases the size of their HPGs as measured on day 6. This matches the age at which worker
bees' HPGg reach their full maturity (Al-Ghamdi et al., 2011a). Bees taken on days 12, 15, and 18
exhibited smaller acini than bees sampled on day 6, indicating the age-dependent growth of HPGs,
with acini reaching the maximum size around days 6-8 to correlate to the nursing job performed
in the hive (Ali et al., 2019). The workers' activity, measured by how often they fed the larvae
royal jelly, was shown to be positively correlated with the peak size the larvae reached at about
day 6 (Hrassnigg and Crailsheim, 1998).

We observed decline in acini size for 12-days age that continued until adulthood. The
finding jibes with those of previous research (Brouwers, 1982). At day 12, the quality of the bees'
food had no effect on the shrinking acini. This may be because, as previously documenad, HPG
acini in confined bees shrink to an abnormally small size at an unusually early age (Lass and
Crailsheim, 1996) despite the pollen diet's guality, which is presumably because there isn't any
brood being raised under artificial settings (DeGrandi-Hoffman et al., 2010).




Pollen's protein composition varies across plant species and geographical areas (2.5-61%)
as well (Roulston and Cane, 2000b). Pollen is the honey bees' primary supply of protein, hence its
quality and digestibility are crucial to their well-being. The amount of pollen in a honey bee's rectal
weight reflects how well it supports the worker bee's metabolism. Those findings suggest that if a
pollen diet is not digestible, the weight of the rectal contents will grow with age. This is because
undigested pollen material is heavier than digested ones. High digestion of pollen meals is reflected
in a light rectum. The pollen of Brassica napus L. and Trifolium alaxandrinum L., both of which
were shown in our study, may be fed or mixed with replacements and supplements to improve
their digestibility with respect atheir rectal weight contents.

Funding: This research work was supported by the Higher Education Commission of Pakistan,
Start-Up Research Grant Program (SRGP NO. 2345); GDAS Special Project of Science and
Technology Development (No. 2020GDASYL-20200301003); Agricultural scientific research
and technology promotion project of Guangdong Province (No. 2021KJ260); Science and
Technology Planning Project of Guangzhou (202103000009).

Acknowledgement: ?he authors extend their appreciation to the Researchers Supporting Project
number (RSP-2021/193), King Saud University, Riyadh, Saudi Arabia.

References:

Al Marghitas, L., Bobis, O., Tofalvi, M., 2010. The Effect of Plant Supplements on the
Development of Artificially Weaken Bee Families, Scientific Papers: Animal Science and
Biotechnologies.

Alaux, C., Ducloz, F., Crauser, D., Le Conte, Y., 2010. Diet effects on honeybee
immunocompetence. Biol Lett 6, 562-565. https://doi.org/10.1098/rsbl.2009.0986

Al-Ghamdi, A.A K., Al-Khaibari, A.M., Omar, M.O., 201 la. Consumption rate of some proteinic
diets affecting hypopharyngeal glands development in honeybee workers. Saudi J Biol Sci
18, 73-77. https://doi.org/10.1016/j.5jbs.2010.10.001

Al-Ghamdi, A A K., Al-Khaibari, A M., Omar, M.O., 201 1b. Consumption rate of some proteinic
diets affecting hypopharyngeal glands development in honeybee workers. Saudi J Biol Sci
18, 73-77. https://doi.org/10.1016/j.5jbs.2010.10.001




Ali, H., Algarni, A.S., Igbal, J., Owayss, A.A., Raweh, H.S., Smith, B.H., 2019. Effect of season
and behavioral activity on the hypopharyngeal glands of three honey bee Apis mellifera L.
Races under stressful climatic conditions of central Saudi Arabia. ] Hymenopt Res 68, 85—
101. https://doi.org/10.3897/ihr.68.29678

Amaral, J. B. D., & Caetano, F. H. (2005). The hypopharyngeal gland of leaf-cutting ants (Atta sexdens

rubropilosa)(Hymenoptera: Formicidae). Sociobiology, 46(3), 515-524.

Amro, AM., Mohamed Omar, P.O., Ahmed Al Ghamdi, P.A., 2015. Physiological effects of
selected pollen loads types on honey bee workers (Apis mellifera 1.). Journal of international
academic research for multidisciplinary Impact Factor 1.

Babendreier, D., Kalberer, N., Romeis, J., Fluri, P., Bigler, F., 2004. Pollen consumption in honey
bee larvae: a step forward in the risk assessment of transgenic plants Pollen consumption in
honey bee larvae: a step forward in the risk assessment of transgenic plants Pollen
consumption in honey bee larvae: a step forward in the risk assessment of transgenic plants.
Apidologie 35, 293-300. https://doi.org/10.1051/apido:20040161

Basualdo, M., Barragan, S., Vanagas, L., Garcia, C., Solana, H., Rodriguez, E., Bedascarrasbure,
E., 2013. Conversion of high and low pollen protein diets into protein in worker honey bees

(Hymenoptera: Apidae).J Econ Entomol 106, 1553—1558. https://doi.org/10.1603/EC12466

Britto, F. B., Caetano, F. H., & de Moraes, R. L. (2004). Comparative analysis of morphological, structural

and morphometric patterns of Polistes versicolor (Olivier)(Hymenoptera: Vespidae) hypopharyngeal
glands. Neotropical Entomology, 33, 321-326.

Brodschneider, R., Crailsheim, K., 2010. Nutrition and health in honey bees. Apidologie.
https://doi.org/10.1051/apido/2010012

Brouwers, E.V.M., 1982. Measurement of Hypopharyngeal Gland Activity in the Honeybee. J
Apic Res 21, 193-198. https://doi.org/10.1080/00218839.1982.1110054 1

Carreck,N.L.,2016.Ronald Ribbands and “The behavior and social life of honeybees”. Bee World
93,26-26. https://doi.org/10.1080/0005772x.2016.1177280

Craig, W., 1917. Appetites and Aversions as Constituents of Instincts. Proceedings of the National
Academy of Sciences 3, 685-688. https://doi.org/10.1073/pnas.3.12.685

Crailsheim, K., Schneider, L.H.W., Hrassnigg, N., Biihlmann, G., Brosch, U., Gmeinbauer, R.,
Schoffmann, B., 1992. Pollen consumption and utilization in worker honeybees (Apis
mellifera carnica): Dependence on individual age and function. J Insect Physiol 38,409-419.

https://doi.org/10.1016/0022-1910(92)90117-V




Cristina Andrada Corresp Author, A., Cristina Telleria, M., 2007. Pollen collected by honey bees
(Apis mellifera L.) from south of Caldén district (Argentina): botanical origin and protein
content. Taylor & Francis 44, 115-122. https://doi.org/10.1080/00173130510010459

de Groot, AP., 1952. Amino acid requirements for growth of the honeybee (Apis mellifica L.).
Experientia 8, 192—-194. https://doi.org/10.1007/BF02173740

DeGrandi-Hoffman, G., Chen, Y., Huang, E., Huang, M.H., 2010. The effect of diet on protein
concentration, hypopharyngeal gland development and virus load in worker honey bees (Apis
mellifera L..). J Insect Physiol 56, 1184—1191. https://doi.org/10.1016/j jinsphys.2010.03.017

DeGrandi-Hoffman, G., Wardell, G., Ahumada-Segura, F., Rinderer, T., Danka, R., Pettis, J.,
2008. Comparisons of pollen substitute diets for honey bees: Consumption rates by colonies
and effects on brood and adult populations. J Apic Res 47, 265-270.
https://doi.org/10.1080/00218839.2008.11101473

Di Pasquale, G., Salignon, M., Le Conte, Y., Belzunces, L.P., Decourtye, A., Kretzschmar, A,
Suchail, S., Brunet, J-L., Alaux, C., 2013. Influence of Pollen Nutrition on Honey Bee
Health: Do Pollen Quality and Diversity Matter? PLoS One 8, e72016.
https://doi.org/10.1371/journal.pone 0072016

Dimou, M., Thrasyvoulou, A., 2006. Efficient use of pollen traps to determine the pollen flora
used by honey bees. Article in Journal of  Apicultural Research.
https://doi.org/10.3896/IBRA .1 .45.1.10

Duncan, DB., 1955. Multiple Range and Multiple F Tests. Biometrics 11.
https://doi.org/10.2307/3001478

Field, A., 2005. C8057 (Research Methods II): Factor Analysis on SPSS Factor Analysis Using
SPSS.

Gatehouse, H.S., Gatehouse, L.N., Malone, L.A., Hodges, S., Tregidga, E., Todd, J., 2004.
Amylase activity in honey bee hypopharyngeal glands reduced by Rna interference. J Apic
Res 43, 9-13. https://doi.org/10.1080/00218839.2004.11101101

Hrassnigg, N., Crailsheim, K., 1998. The influence of brood on the pollen consumption of worker
bees (Apis mellifera L.). J Insect Physiol 44, 393-404. https://doi.org/10.1016/S0022-
1910(98)00022-5




Human, H., Nicolson, S.W., Strauss, K., Pirk, CW.W_, Dietemann, V., 2007. Influence of pollen
quality on ovarian development in honeybee workers (Apis mellifera scutellata). J Insect
Physiol 53, 649-655. https://doi.org/10.1016/j jinsphys.2007.04.002

Lass, A., Crailsheim, K., 1996. Influence of age and caging upon protein metabolism,
hypopharyngeal glands and trophallactic behavior in the honey bee (Apis mellifera L.).
Insectes Soc 43, 347-358. https://doi.org/10.1007/BF01258408

Li, P., Yin, Y.-L., Li, D., Kim, S.W., Wu, G., 2021. Amino acids and immune function.
https://doi.org/10.1017/8000711450769936X

Maurizio, A., Hodges, F.ED., 1951. Pollen analysis of honey. Bee world 32, 1-5.

Nicolson, S.W., 2009. Water homeostasis in bees, with the emphasis on sociality. Journal of
Experimental Biology. https://doi.org/10.1242/jeb.022343

Paoli, P.P., Wakeling, L.A., Wright, G.A., Ford, D., 2014. The dietary proportion of essential
amino acids and Sir2 influence lifespan in the honeybee. Age (Omaha) 36, 1239-1247.
https://doi.org/10.1007/s11357-014-9649-9

Rabie, A.L., Wells, I.D., Dent, L.K., 1983. The Nitrogen Content of Pollen Protein. J Apic Res
22, 119-123. https://doi.org/10.1080/00218839.1983.11100572

Rinderer, T E., Elliott, K.D., 1977. The Effect of a Comb on the Longevity of Caged Adult Honey
Bees!,2,3. Ann Entomol Soc Am 70, 365-366. https://doi.org/10.1093/aesa/70.3.365

Roulston, T H., Cane, J.H., 2000a. Pollen nutritional content and digestibility for animals. Plant
Systematics and Evolution 222, 187-209. https://doi.org/10.1007/BF00984102

Roulston, T H., Cane, J.H., 2000b. Pollen nutritional content and digestibility for animals. Plant
Systematics and Evolution 222, 187-209. https://doi.org/10.1007/BF00984102

Schmidt, J.O., Thoenes, S.C., Levin, M.D., 1987. Survival of Honey Bees, Apis mellifera
(Hymenoptera: Apidae), Fed Various Pollen Sources. Ann Entomol Soc Am 80, 176-183.
https://doi.org/10.1093/aesa/80.2.176

Smart, M., Pettis, J., Rice, N., Browning, Z., Spivak, M., 2016. Linking Measures of Colony and
Individual Honey Bee Health to Survival among Apiaries Exposed to Varying Agricultural
Land Use. PLoS One 11, e0152685. https://doi.org/10.137/journal pone.0152685

Suwannapong, G., Chaiwongwattanakul, S., Benbow, M.E., 2010. Histochemical comparison of
the hypopharyngeal gland in Apis cerana fabricius, 1793 workers and Apis mellifera linnaeus,

1758 workers. Psyche (London). https://doi.org/10.1155/2010/181025




Williams, GR., Alaux, C., Costa, C., Csdki, T., Doublet, V., Eisenhardt, D., Fries, 1., Kuhn, R.,
McMahon, D.P., Medrzycki, P., Murray, T E., Natsopoulou, M.E., Neumann, P., Oliver, R.,
Paxton, R.J., Pernal, S.F., Shutler, D., Tanner, G., Van Der Steen, J.J.M., Brodschneider,R .,
2013. Standard methods for maintaining adult Apis mellifera in cages under in vitro
laboratory conditions. J Apic Res. https://doi.org/10.3896/IBRA.1.52.1.04

Yang, W.,Kuang, H., Wang, S., Wang,J., Liu, W., Wu, Z., Tian, Y., Huang, Z.Y., Miao, X ., 2013.
Comparative Sucrose Responsiveness in Apis mellifera and A. cerana Foragers. PLoS One 8.
https://doi.org/10.1371/journal.pone 0079026

Zheng, B., Wu, Z., Xu, B., 2014. The effects of dietary protein levels on the population growth,
performance, and physiology of honey bee workers during early spring. Journal of Insect
Science 14. https://doi.org/10.1093/jisesa/ieu053

Zherebkin, M.V, 1965. Digestion in bees from weak and strong colonies. Pchelovodstvo 42, 25—
27.




Honeybee JKSUS

ORIGINALITY REPORT

18, 8. S 11w

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Higher Education Commission 1 00/
0

Pakistan
Student Paper

Hafiz Muhammad Aatif, Ayesha Afzal, Atif 1 y
ldrees, Muhammad Zeeshan Mansha et al. ’
"Entomopathogenic nematodes for the

control of oriental fruit fly Bacterocera

dorsalis (Diptera: Tephritidae)", Journal of King

Saud University - Science, 2023

Publication
jlarm.com 1
Internet Source %
peerj.com 1
Internet Source < %
zenodo.org 1
Internet Source < %
link.springer.com 1
H Internet Source < %

=

Hussan Ara Begum, Jamshed Igbal, Asif Aziz. <1 o
"Characterization of Pollen Profile of Apis ’



mellifera L. in Arid Region of Pakistan", Saudi
Journal of Biological Sciences, 2021

Publication

docsdrive.com
E Internet Source <1 %
www.frontiersin.or
n Internet Source g <1 %
www.researchgate.net 1
Internet Source g < %
Basualdo, M., S. Barragan, L. Vanagas, C. < o
Garcia, H. Solana, E. Rodriguez, and E. ’
Bedascarrasbure. "Conversion of High and
Low Pollen Protein Diets Into Protein in
Worker Honey Bees (Hymenoptera: Apidae)",
Journal of Economic Entomology, 2013.
Publication
digital.csic.es 1
Integrnet Source < %
I\ﬁ\:(\e/r\:]\é\t/.SgtJrccianknowledge.org < o
ubmed.ncbi.nlm.nih.gov
IFr?ternetSource g <1 %
Basualdo, Marina, Sergio Barragan, and <1 o

Karina Antunez. "Bee bread increases
honeybee haemolymph protein and promote
better survival despite of causing higher N



osema ceranae abundance in honeybees :
Nutrition and nosemosis in honeybees",
Environmental Microbiology Reports, 2014.

Publication

media.proquest.com
InternetSouFr)ce q <1 %
www.mdpi.com
InternetSourcep <1 %
worldwidescience.or
Internet Source g <1 %
"Assessing the health status of managed <1 y
honeybee colonies (HEALTHY-B): a toolbox to °
facilitate harmonised data collection", EFSA
Journal, 2016
Publication
Eslam M. Omar, Gamal Abdu_Allah, Aamer <1
: : %
Tawfik. "Impacts of Sub-Lethal concentrations
of Two Macrocyclic Lactone Insecticides on
Nurse Bees (Apis Mellifera L.) Hypopharyngeal
Glands Development", Research Square
Platform LLC, 2022
Publication
Kirsten Foley, Géraldine Fazio, Annette B. <1 o

Jensen, William O.H. Hughes. "Nutritional
limitation and resistance to opportunistic
Aspergillus parasites in honey bee larvae",
Journal of Invertebrate Pathology, 2012

Publication



cyberleninka.or

In%irnet Source g <1 %
mspace.lib.umanitoba.ca

InternEt Source <1 %
www.nepjol.info

Internet SourcFe)J <1 %
www.sciencepub.net

Internet Source p <1 %
www.tandfonline.com

26 Internet Source <1 %

D. R. Jimenez. "Age-related changes in midgut <1 o
ultrastructure and trypsin activity in the ’
honey bee, Apis mellifera", Apidologie, 1989
Publication

Hyeonjeong Jang, Sampat Ghosh, Sukjun Sun, <1 o
Kang Jun Cheon, Saeed Mohamadzade ’
Namin, Chuleui Jung. "Chlorella-supplemented
diet improves the health of honey bee (Apis
mellifera)", Frontiers in Ecology and Evolution,
2022
Publication

Jun Lan, Guiling Ding, Weihua Ma, Yusuo Jiang, <'] o

Jiaxing Huang. "Pollen Source Affects
Development and Behavioral Preferences in
Honey Bees", Insects, 2021

Publication




Liolios, Vasilis, Chrysoula Tananaki, Maria <1
Dimou, Dimitrios Kanelis, Georgios Goras, %
Emmanouel Karazafiris, and Andreas
Thrasyvoulou. "Ranking pollen from bee
plants according to their protein contribution
to honey bees", Journal of Apicultural
Research, 2016.

Publication

Maria G. Campos, Ofélia Anjos, Manuel Chica, <1 o
Pascual Campoy et al. "Standard methods for ’
pollen research", Journal of Apicultural
Research, 2021
Publication

Crailsheim, K.. "Influence of diet, age and <1 o
colony condition upon intestinal proteolytic ’
activity and size of the hypopharyngeal glands
in the honeybee (Apis mellifera L.)", Journal of
Insect Physiology, 1989
Publication

Dirk Babendreier. "Influence of Bt-transgenic <1 o
pollen, Bt-toxin and protease inhibitor (SBTI) ’
ingestion on development of the
hypopharyngeal glands in honeybees",

Apidologie, 10/2005
Publication
Maria Teresa Renzi, Neus Rodriguez-Gasol, <1 o

Piotr Medrzycki, Claudio Porrini et al.
"Combined effect of pollen quality and



thiamethoxam on hypopharyngeal gland
development and protein content in Apis
mellifera", Apidologie, 2016

Publication

Exclude quotes Off Exclude matches Off

Exclude bibliography On



