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ABSTRACT

Honey bees (Apis mellifera) are truly incredible creatures, playing an absolutely vital role as pollinators across our planet.
They're not just about making honey; they're essential for keeping our natural ecosystems healthy and ensuring our
agricultural crops thrive, directly contributing to the food we eat and the biodiversity we cherish [7]. The well-being and
productivity of a bee colony are deeply tied to having a steady supply of high-quality food, especially pollen. Pollen is like
their superfood, packed with all the protein, fats, vitamins, and minerals they need. But here's the challenge: sometimes,
due to things like changing seasons, unpredictable weather, or vast fields of just one crop, bees face tough times when
good pollen is hard to find. When this happens, we, as beekeepers and stewards of these amazing insects, need to step in
and offer them supplemental diets. This article is a deep dive into what honey bees truly need nutritionally, how we figure
out what makes good pollen, how we create and test artificial diets, and, crucially, what makes bees actually want to eat
them. Getting a handle on these nutritional and behavioral puzzles is key to building stronger, healthier colonies, boosting
honey production, and ultimately, ensuring the long-term survival of our precious honey bees.
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INTRODUCTION

Honey bees (Apis mellifera), a species of immense
ecological and economic significance, are recognized as
the most widely managed and globally distributed
pollinator of agricultural crops and wild flora [7]. Their
tireless foraging activities are instrumental in the
reproduction of a vast array of plant species, directly
impacting global food production and the maintenance of
intricate ecosystem balances. The economic value of
honey bee pollination services is estimated to be in the
billions of dollars annually, underscoring their critical
role in human welfare and natural capital.

The survival, growth, and reproductive success of a
honey bee colony are fundamentally dependent on a
consistent and nutritionally balanced diet. This diet
primarily consists of two main components collected
from flowering plants: nectar and pollen. Nectar, a sugary
secretion, serves as the primary source of carbohydrates,
providing the necessary energy for flight, metabolic
processes, and thermoregulation within the hive. It is
converted into honey, which acts as the colony's vital
long-term energy reserve, like a pantry stocked for leaner
times. Pollen, on the other hand, is the ultimate protein
shake. It's the only natural source of proteins, essential
amino acids, lipids (including crucial sterols), a rainbow
of vitamins (especially the B-complex group), and a

diverse array of minerals. These vital nutrients are
absolutely indispensable for so many things: they fuel the
development of the hypopharyngeal glands in nurse bees,
allowing them to produce the royal jelly that feeds the
queen and young larvae; they're essential for creating
vitellogenin, a protein vital for the queen's egg-laying
prowess and the workers' longevity; they build strong
muscles; they bolster the immune system; and they drive
the overall growth and development of every bee, from
tiny larva to busy adult [6]. If bees don't get enough of
these critical nutrients, their entire colony's health and
productivity can suffer dramatically.

Sadly, our honey bee colonies often face periods of
nutritional hardship. These challenges are getting tougher
due to a mix of interconnected factors. Seasonal floral
dearths are natural times when flowers are scarce, leading
to a significant drop in available pollen and nectar. This is
particularly tough in places with long dry spells or harsh
winters, where natural forage might be limited for months.
Changing environmental conditions, like unpredictable
shifts in climate, can throw off the timing of when plants
flower, creating a mismatch between when bees need food
most and when it's actually available. Imagine an early
spring making flowers bloom too soon, leaving bees with
little to eat during their crucial colony build-up. Habitat
loss and fragmentation, driven by our expanding cities and
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farms, mean fewer diverse wild flowers for bees. This
often forces them to rely on vast fields of just one crop.
While these monocultures might offer a lot of nectar from
that single crop, they often lack the rich variety of
nutrients that come from a diverse mix of pollen sources.
Pollen from just one type of plant, even if abundant, might
not provide all the essential amino acids and
micronutrients for optimal bee health, leading to what
we call "nutritional monoculture" - like trying to live on
just one type of food forever.

When bees are under this kind of nutritional stress, the
consequences are serious. You'll see a noticeable drop in
brood production, as queens might lay fewer eggs
because nurse bees can't produce enough royal jelly.
Worker bees might live shorter lives, their immune
systems weaken, making them more vulnerable to
common pests and diseases like Varroa destructor mites
and Nosema ceranae (a gut parasite), and they become
less efficient at foraging. Ultimately, all these factors lead
to weaker colonies, lower honey yields, and in the worst
cases, even colony collapse [4, 13].

To help our bees overcome these tough times and keep
their colonies strong, beekeepers around the world have
developed various management strategies. Providing
supplemental diets is one of the most important tools in
our beekeeping toolkit. These artificial diets, often called
pollen substitutes or pollen supplements, are designed to
give bees the essential nutrients they need when natural
pollen is scarce or just not good enough. However, the
success of these feeding programs isn't just about what's
in the diet. A truly crucial, and sometimes overlooked,
aspect is whether the bees actually accept and eat the
food. A diet could be perfectly balanced on paper, but if
the bees refuse to touch it, it's useless. Factors such as
how it tastes, its texture, and whether it contains enticing
compounds significantly influence how much of this
artificial food bees will consume.

This article aims to give you a thorough, in-depth look at
all the different facets of honey bee nutrition and
supplemental feeding. We'll systematically explore what
Apis mellifera truly needs to eat, dive into the scientific
ways we analyze the chemical makeup of both natural
pollen and the artificial diets we create, discuss the wide
range of ingredients and formulations used in pollen
substitutes, and critically evaluate the many factors that
influence how much bees consume and how effective
these diets are in supporting overall colony health and
productivity. By bringing together the latest scientific
understanding, we hope this review will help beekeepers
develop even more effective and sustainable practices,
ultimately safeguarding the health and future of these
invaluable pollinators.

METHODS

Unpacking the Nutritional Secrets: Analyzing Pollen
and Diets

To truly understand what makes a good bee diet, we first

need to look closely at natural pollen - it's our gold
standard! Scientists have spent a lot of time meticulously
studying its chemical makeup to figure out exactly what
bees need. When we're talking about analyzing pollen or
those artificial diets, we're essentially playing detective
with chemistry. We use specific methods to pinpoint the
protein content, map out the different types of fats (lipids),
measure vitamin levels, and identify all the essential
minerals.

For instance, determining the protein content often
involves a well-established technique called the Kjeldahl
method, which is a standard procedure outlined by the
Association of Official Analytical Chemists (AOAC) [1].
Think of it as a precise way to measure the nitrogen in the
sample, which then helps us calculate the protein. Beyond
just crude protein, more advanced analyses delve into the
amino acid profile, identifying the presence and quantity
of all ten essential amino acids that bees cannot synthesize
themselves. These include crucial ones like isoleucine,
leucine, lysine, methionine, phenylalanine, threonine,
tryptophan, valine, arginine, and histidine. A deficiency in
even one of these can severely limit bee development,
much like a missing brick in a wall.

When it comes to carbohydrates, like the sugars that give
bees energy, we follow reliable protocols to measure both
reducing and non-reducing sugars [11, 15]. This helps us
understand the immediate energy available and the more
complex sugars that need to be broken down. Lipid
analysis goes beyond just crude fat, often involving gas
chromatography-mass spectrometry (GC-MS) to identify
specific fatty acids (e.g., linoleic acid, linolenic acid) and
sterols (e.g., 24-methylenecholesterol), which are vital for
bee growth and development. Vitamins, particularly the B-
complex group (like thiamine, riboflavin, niacin,
pantothenic acid, pyridoxine, biotin, folic acid, and
cobalamin), are quantified using high-performance liquid
chromatography (HPLC). Minerals such as potassium,
phosphorus, calcium, magnesium, and trace elements like
iron, zinc, and manganese are measured using atomic
absorption spectroscopy (AAS) or inductively coupled
plasma optical emission spectrometry (ICP-OES). These
detailed analyses provide a comprehensive nutritional
fingerprint. Early pioneers like Herbert and Shimanuki
(1978) gave us some of the first deep insights into the
chemical composition and nutritional value of pollen that
bees collect and store. Their work really showed us just
how complex and diverse the nutrients a bee needs truly
are [6]. It's all about breaking down these natural foods to
understand their intricate nutritional blueprint.

Crafting the Perfect Meal:
Substitute Diets

Formulating Pollen

Once we understand what's in natural pollen, the next big
step is to create artificial diets that can stand in for it. This
is where the art and science of formulation come in!
Researchers have experimented with a wide array of
ingredients to try and mimic that crucial nutritional
profile. You'll often find common components like soy
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flour (often defatted, to reduce fat content and improve
shelf life), different types of yeast (like brewer's yeast or
torula yeast, which are excellent sources of protein and B
vitamins), skim milk powder (providing casein protein),
even egg yolk (rich in lipids and vitamins), and, of course,
various sugars (sucrose, fructose, glucose) to make it
palatable and energetic [3, 14, 21]. The choice of
ingredients is strategic, aiming to provide a balanced
array of macronutrients and micronutrients that mirror
natural pollen as closely as possible.

The amount of protein in these diets is a huge deal.
Scientists have spent a lot of time trying to figure out the
"sweet spot” for crude protein levels that really help
honey bees grow and function at their best [12, 22]. Too
little protein, and the colony struggles; too much, and it
can be wasteful or even harmful. These diets aren't just
thrown together; they're often prepared in specific
forms, like moist patties or cakes, which are easy for bees
to access and consume within the hive. Some are also
offered as dry powder, particularly in areas with high
humidity or where beekeepers prefer a less labor-
intensive approach. Mixing them with sugar syrup isn't
just for taste; it also helps with consistency, binding the
dry ingredients together, and significantly encourages
bees to consume them more readily [17]. Sometimes,
specific attractants or palatants (like small amounts of
natural pollen, essential oils, or specific sugars) are
added to make the diet even more appealing, bridging the
gap between artificial and natural forage. It's like
preparing a balanced, enticing meal, but for millions of
tiny, discerning eaters!

The Proofis in the Eating: Evaluating Diet Acceptance
and Efficacy

So, we've analyzed the pollen and crafted our diets. Now,
how do we know if the bees actually like them and if they
work? This is where we put our detective hats back on
and observe the colonies. Our evaluation process is
multi-faceted, looking at both the immediate
consumption of the diet and its long-term impact on the
colony's health and productivity.

Assessing how much bees accept a pollen substitute diet
usually involves a straightforward but effective method:
we measure how much they eat over a specific period
[10, 17]. This often means carefully weighing the feed
before we put it in the hive and then weighing what's left
after a set number of days, typically every 7 or 14 days.
It's a simple way to see if they're digging into it. We also
pay attention to things like whether the diet is dry or a
moist patty, how sweet it is, its texture, and if we've
added anything to make it extra appealing - all these can
really influence how much they consume [17]. High
consumption rates are a primary indicator of diet
palatability and acceptance.

But consumption is only half the story. The real test of a
diet's effectiveness is its impact on the colony itself. We
look at several key indicators, often measured at regular

intervals (e.g., monthly):

° Brood Development: This is a big one! It's a direct
measure of a colony's reproductive success and future
workforce. We measure the area of sealed brood (pupae),
open brood (larvae and eggs), and how much pollen the
bees have stored within the frames [2, 8, 18]. Imagine it
like checking on the nursery - how many healthy young
are growing? This is often done by carefully removing
frames and visually estimating the percentage of the comb
covered by each stage of brood, sometimes aided by digital
imaging and specialized software for more precise area
calculations.

° Colony Strength and Population Growth: Are the
colonies getting bigger and stronger? We assess this by
counting how many frames are covered by adult bees or
by estimating the total bee population within the hive [9,
19, 20]. This can be done by visual estimation or by
shaking bees into a container and weighing them. A
thriving colony means more bees, which translates to
more foragers and overall colony resilience.

° Honey Production: Ultimately, for many
beekeepers, the bottom line is honey! We quantify how
much surplus honey the colonies produce during a honey
flow period, often by weighing honey supers before and
after extraction [8, 16]. A well-fed colony is often a
productive one, able to capitalize on nectar flows.

° Physiological Parameters: Sometimes, we go even
deeper, looking at the individual bees themselves. We
might examine the development of their hypopharyngeal
glands (HPGs), which are crucial for nurse bees to produce
royal jelly to feed the queen and young larvae. The size and
acinar diameter of these glands can be measured
microscopically. We also look at their midgut protease
activity (which tells us how well they're digesting their
food) [12]. These microscopic details and biochemical
markers can reveal a lot about their internal health and
nutritional status, even before visible changes occur at the
colony level.

In our experiments, we typically start with several honey
bee colonies that are roughly the same strength, ensuring
a fair comparison. Then, we randomly assign them to
different feeding treatments. For example, some might be
a control group that gets no supplement, while others
receive different types or formulations of our artificial
pollen substitutes [5, 9, 19]. We meticulously collect data
at regular intervals throughout the experimental period,
especially during those tough dearth periods or in early
spring when natural pollen is scarce [5, 13, 22]. This allows
us to track changes over time. Finally, we use robust
statistical analysis (such as ANOVA, t-tests, or regression
analysis) to compare the performance of colonies under
each feeding regimen, helping us draw clear conclusions
about which diets work best and whether observed
differences are statistically significant. It's a bit like a
clinical trial, but for bees!

RESULTS
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After all that careful observation and analysis, what have
we learned about bee nutrition and supplemental diets?
The findings from numerous studies paint a clear picture
of the benefits and challenges associated with providing
artificial diets to honey bee colonies.

When we studied the nutritional makeup of natural
pollen, the gold standard, we consistently found it to be
incredibly rich in protein, typically ranging from 10% to
a whopping 40% depending on the plant source. It's also
packed with all those essential amino acids, healthy fats
(including sterols), a variety of vitamins (especially those
crucial B vitamins), and a diverse mix of minerals [6].
Trying to perfectly replicate this complex nutritional
profile in an artificial diet is, as you can imagine, quite a
challenge!

Despite this challenge, various artificial pollen substitute
formulations have shown promising results in helping
honey bee colonies thrive. For instance, diets that include
ingredients like soy flour, yeast, and sugar have
consistently demonstrated their ability to boost brood
development and help colonies grow stronger [8, 14, 21].
We've also learned that the right amount of protein in
these diets is absolutely key. Studies suggest that hitting
specific crude protein percentages can really make a
difference, positively influencing bee development and
their physiological well-being [12, 22].

Now, whether bees actually eat these diets is a whole
different ball game, and it can vary a lot! We've noticed
that bees generally prefer diets presented as moist
patties or cakes over dry powder forms. This makes
sense - it's probably easier for them to consume and just
more appealing [17]. And here's a no-brainer: adding
sugar syrup or a bit of honey to the diet significantly
increases how much they eat. It acts as a powerful
attractant, drawing them in [10]. However, even with the
most enticing formulations, if there's natural pollen
available, bees will almost always go for the real thing

first. They're pretty smart about what's best for them [17].

In terms of how well these diets work, the evidence is
clear: giving bees supplemental food during those tough
dearth periods really makes a difference. Colonies that
received supplements consistently showed improved
strength, larger brood areas, and even higher honey
production compared to colonies that weren't fed
anything extra [4, 5, 8,9, 16, 19, 20]. For example, research
in the subtropical Himalayas revealed that specific pollen
substitute diets had a significant positive impact on colony
health, including how much food they consumed [10].
Similarly, studies in different parts of the world have
confirmed that these pollen substitutes are nutritionally
efficient, leading to healthier brood and pollen stores [2,
9]. Some research even specifically highlighted the
benefits of feeding protein supplements during winter,
noting a positive impact on the bees' biological activities
[13].

Of course, the exact level of improvement can vary. It
depends on the specific diet's ingredients, when you feed
it to the bees, and the overall environmental conditions.
While some older substitutes, like fish meal, were explored
in the past [3], modern formulations tend to focus more on
plant-based proteins and yeasts. We've also seen positive
results from developing pollen substitute diets tailored for
specific bee subspecies, like Apis mellifera ligustica, which
have shown clear benefits for brood development and
honey production [8]. It's a continuous learning process,
but the overall message is strong: smart feeding can really
help our bees.

Chemical Composition of Representative Pollen Diets

To give you a clearer picture of what goes into these diets,
let's look at a hypothetical example of their chemical
breakdown. Remember, these numbers are illustrative,
but they reflect the kind of data we collect to understand
the nutritional value of different formulations.

Table 1: lllustrative Chemical Composition of Various Pollen Diets for Apis mellifera L.

Treatm Moistu Ash Crude Crude Crude Carboh Reduci Total

ent re (%) (%) Fibre Protein Fat (%) ydrate ng Sugars
(%) (%) (%) Sugars | (%)

(%)

Diet A 9.8 1.8 25.5 28.0 4.5 50.4 18.2 26.5

(Soy-

Yeast

Blend)

Diet B 8.2 1.3 21.0 24.5 3.2 62.8 13.0 43,5

(Grain-

Milk

Blend)
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(Honey

Enriche
d)

Diet C 10.5 1.5 24.0 27.0

5.0 55.0 29.0 51.0

(Pollen
Supple
ment)

Diet D 12.5 3.2 15.0 31.0

2.5 48.8 30.5 36.0

| Pollen
(Refere
nce)

Natura 8.0 2.5 10.0 33.0

6.0 40.5 25.0 30.0

Note: These values are illustrative and represent typical ranges observed in studies. Natural pollen values are

provided for comparison.

As you can see from Table 1, there's quite a range in the
composition of different diets. For instance, our
hypothetical "Diet D (Pollen Supplement)," which would
contain a significant portion of actual pollen, shows a
higher crude protein and ash content, closer to what we'd
expect from natural pollen. Diets with more grain-based
ingredients, like "Diet B," might have higher
carbohydrate percentages. The moisture content
generally stays within a reasonable range, ensuring the
diet remains stable. The levels of crude fibre, crude fat,
and various sugars are all carefully balanced to meet the
bees' needs. These detailed breakdowns help us
understand why certain diets perform better than others.
For example, the observation of crude protein content
ranging from 23.99% to 33.72% in studies aligns with
findings by Zheng et al. (2014), who suggested that
dietary protein content between 29.5% and 34.0% is
ideal for maximizing honey bee reproduction in early
spring [22]. Similarly, Li et al. (2012) found that protein
levels of 30-35% were optimal for Apis mellifera colony
development [12].

DISCUSSION

So, what does all this tell us? The many studies we've
looked at really drive home the crucial importance of
giving our honey bee colonies extra food, especially when
natural pollen is scarce. The better the nutritional quality
of these pollen substitutes, the more effective they are at
helping colonies grow and produce. The protein content,
the specific mix of amino acids, and the presence of
essential tiny nutrients are absolutely vital for nurse bees
to develop properly, for them to produce royal jelly, and
for the overall raising of healthy young bees [12, 22]. The
precise methods we use to analyze these components,

like those standardized by organizations such as AOAC, are
fundamental to creating diets that truly work [1, 15].

But here's a big piece of the puzzle: whether bees actually
accept these artificial diets. This is a complex behavioral
aspect that can make or break a feeding program. While
having a nutritionally complete diet is super important,
how it tastes, its texture, and whether it has appealing
compounds really influence how much bees will eat [10,
17]. Bees are quite picky eaters, often preferring natural
pollen over any substitute. This is why it's an ongoing
challenge for researchers to create artificial diets that are
not only perfectly balanced but also incredibly attractive
and readily consumed. The way we present the diet - for
example, as a moist patty versus a dry powder - also
affects consumption, with moist preparations generally
being more popular [17].

The good news is that the positive effects of giving bees
supplementary food on things like brood area, colony
strength, and honey production are very well-documented
across different parts of the world and in various
environmental conditions [4, 5, 8, 9, 16, 19, 20]. This
confirms that smart, strategic feeding can really help
lessen the negative impacts of nutritional stress and make
colonies more resilient. For instance, studies in the
Himalayan foothills showed how effective pollen
substitutes were for managing colonies during periods
when food was scarce [14]. Similarly, evaluations in
diverse climates, like Nasr City, have demonstrated the
clear benefits of artificial diets during both lean times and
periods of abundant flowering [19].

However, it's really important to remember that pollen
substitutes are meant to supplement, not completely
replace, natural pollen. Natural pollen offers an incredibly
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diverse range of nutrients that are incredibly difficult to
fully replicate in artificial diets. So, ideally, beekeepers
should always try to give their bees access to a variety of
natural  floral resources  whenever  possible.
Supplemental feeding should be seen as a valuable
management tool for those times when bees genuinely
need a helping hand. Future research should keep
pushing the boundaries, looking for new ingredients,
fine-tuning diet formulations for specific regional needs,
and understanding the long-term effects of constantly
feeding artificial diets on bee health and physiology. And
let's not forget the economic side of beekeeping -
effective feeding strategies also impact a beekeeper's
bottom line, making the development of affordable and
highly efficient diets a continuous and important area of
study [20].

CONCLUSION

To wrap things up, giving our honey bee colonies
nutritionally sound and highly accepted pollen substitute
diets is an absolutely crucial strategy for keeping them
healthy and productive, especially when natural pollen is
hard to come by. Research has really helped us
understand what honey bees need to eat and what goes
into making effective pollen substitutes. While we've
made great strides in creating diets that boost brood
development, strengthen colonies, and increase honey
production, the challenge of getting bees to really love
and accept these diets is still something we're working
on. Continued research into finding innovative
ingredients, making diets even more palatable, and
understanding the long-term effects of artificial feeding
will undoubtedly lead to even better beekeeping
practices and play a vital role in ensuring the
sustainability of our honey bee populations worldwide.

REFERENCES

AOAC. 2012. Association of Official Analytical Chemists -
Official Method of Analysis. 11th ed. Washington DC.

Castagmino G.L.B., Message D., Marcro ].P. and Fernandes
E. 2004. Evaluation of the nutritional efficiency of pollen
substitute by brood and pollen area measurement in Apis
mellifera. Revista Ceres 51: 307-315.

Chalmers W.T. 1980. Fish meals as pollen-protein
substitutes for honeybees. Bee World 61: 89-96.

Dodologlu A. and Emsen B. 2007. Effect of supplementary
feeding on honey bee colony. Journal of Applied Animal
Research 32: 199-200.

El-Sherif E., Naglaa G., Lotfy Y. and Sobhia S. 2017. Effect
of feeding some diets as a pollen grains supplements
during spring season on some activities of honey bee
colonies. Egyptian Academic Journal of Biological
Sciences 10: 181-193.

Herbert E.W. and Shimanuki H. 1978. Chemical
composition and nutritive value of bee-collected and bee-
stored pollen. Apidologie 9: 33-40.

Hung K.LJ., Kingston ].M., Albrecht M., Holway D A and
Kohn | R. 2018. The worldwide importance of honey bees
as pollinators in natural habitats. Proceedings of The Royal
Society Biological Sciences 285: 2017-2140.

Islam N., Mahmood R., Sarwar G., Ahmad S. and Abid S.
2020. Development of pollen substitute diets for Apis
mellifera ligustica colonies and their impact on brood
development and honey production. Pakistan Journal of
Agricultural Research 33: 381-388.

Kumar R. and Agrawal O.P. 2014. Comparative
performance of honeybee colonies fed with artificial diets
in Gwalior & Panchkula region. Journal of Entomology and
Zoology Studies 2: 104-107.

Kumari, I. and Kumar, R. 2020. Pollen substitute diet for
Apis mellifera: Consumption and effects on colony
parameters in subtropical Himalaya. Indian Journal of
Agriculture Research 54: 147-153.

Lane J.H. and Eynon L. 1923. Methods for determination
for reducing and nonreducing sugars. Journal of Sciences
42:32-37.

Li C, Xu B, Wang Y., Feng Q. and Yang W. 2012. Effects of
dietary crude protein levels on development antioxidant
status, and total midgut protease activity of honey bee
(Apis mellifera ligustica). Apidologie 43: 576-586.

Mahfouz H.M. 2016. Impact of winter feeding with some
protein pollen supplement diets on the biological activities
of honeybees. Journal of Plant Protection and Pathology 7:
307-310.

Pande R. Firake D.M. and Karnatak A.K. 2011.
Development of pollen substitutes for dearth period
management of honeybee (Apis mellifera) colonies in
foothills of Shivalik range of Himalayas. Indian Journal of
Agricultural Sciences 81: 861-866.

Ranganna S. 2009. Handbook of Analysis and Quality
Control of Fruits and Vegetable Products. 2nd ed. Tata
Mack Graw Hill publishing Company Limited. New Delhi.
India.

Rashid R., Wagchoure E.S. and Sarwar G. 2013. Influence of
supplemental diets on Apis mellifera L. colonies for honey
production. Pakistan Journal of Agricultural Research 26:
290-294.

Saffari A., Kevan P.J. and Atkinson J. 2010. Consumption of
three dry pollen substitutes in commercial apiaries.
Journal of Apicultural Science 54: 13-20.

Saleem M, Ramzan M and Manzoor Z. 2003. Effect of some
pollen substitute diets on development of Apis mellifera L.
colonies. The Journal of Animal and Plant Science 13: 39-
40.

Shehata [.LA.A. 2016. Evaluation of Carniolan and Italian
honey bee colonies fed on artificial diets in dearth and
flowering periods under Nasr city conditions.
International Journal of Environment 5: 19-25.

pg. 61



EUROPEAN JOURNAL OF EMERGING SCIENTIFIC RESEARCH
Sihag R.C. and Gupta M. 2013. Testing the effects of some
pollen substitute diets on colony buildup and economics
of bee keeping with Apis mellifera L. Journal of
Entomology 10: 120-135.

Yasin, M. 2009. Studies on the efficacy of various flours as
pollen substitutes and availability of pollen resources for
the honey bees Apis mellifera L. M.Sc. Thesis. GB Pant
University of Agriculture and Technology, Pantnagar.
118p.

Zheng B. Wu Z. and 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: 191

pg. 62



