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ABSTRACT

Honey bee is an eusocial insect from class Insecta. The potential for thriving honey bee colonies
hinges on the availability of an effective pollen substitute, particularly during periods of scarcity
when natural pollen supply is limited. Numerous beekeepers provide their bees with various pollen
substitutes to ensure they receive adequate nutrition during periods of insufficient pollen quantity or
quality. For Methodology transparent boxes were made and each artificial diet were kept in each
box for each ten replicas of Honey Bees. The experiment was based on Artificial diets as pollen
substitutes. For experiment Honey Bee, Apis mellifera was taken and feed with five different diets
and data was analysed with test significance level is 0.001.
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1. INTRODUCTION

Pollen serves as the main provider of essential
nutrients like protein, lipids, vitamins, and
minerals, crucial for the growth and reproductive
processes of bees (Hamed A. Ghramh, 2023).
Both sufficient quantity and quality of pollen are
necessary to promote the health of honey bee
colonies (Brodschneider and Crailsheimn, 2010)
[1,2].

Pollen serves as the primary protein source for
brood rearing, overall colony development, and
the longevity of adult workers [3]. The annual
pollen requirement for honey bee colonies
fluctuates depending on factors such as colony
location, available floral sources, and colony
strength [4]. Since bee-attractive flora may not be
consistently available throughout the year, efforts
have been made to sustain colony strength by
providing pollen substitutes and supplements [5].
These interventions aim to bolster brood survival
rates and prolong the adult lifespan [6] (Haydak
1935), Doull (1980a, 1980b, 1980c), Saffari et al.
(2004).

Throughout history, honeybees have emerged as
among the select insects directly benefiting
mankind. Revered for their role, both the bees
themselves and the honey they produce hold
significant mentions in various religious epics.
Descriptions extolling the value and necessity of
honey can be found in texts such as the Rigveda,
Upanishads, and other religious writings, [7],
Kaushik (2012).

Naturally, it's logical to assume that honeybees
would have a preference for consuming their
natural diet over a substitute [8]. Nevertheless,
some researchers have observed instances
where bees consumed even more of the
substitute diet than their natural one when both
options were available to them.

Mishra et al. (1979) utilized brewer's yeast,
soybean flour, and skimmed milk powder to
create moist patties as a pollen substitute diet for
honey bees. They conducted numerous
experiments on colonies of Apis mellifera [9. The
results indicated that the artificial diet positively
influenced various colony parameters. However,
its worth noting that satisfactory honey
production was also reported as an outcome of
the treatment.

Doull (1980a, 1980b, 1980c) suggested a diet
composition comprising krayeast and skimmed

milk powder for honey bee colonies. When
colonies were fed this pollen supplement,
researchers noted higher longevity, increased
brood area, and enhanced foraging activity
compared to control colonies [10-12]. Moreover,
experimental colonies exhibited a significant rise
in honey production.

Artificial feeding, including the provision of nectar
and pollen substitutes, has been explored and
developed as a strategy to sustain egg laying,
brood rearing, and foraging activities. These
efforts aim to maintain a sufficient population of
bees within the colony [13,14,15].

A separate study, researchers combined six
protein-rich ingredients—defatted soybean flour,
chickpea flour, maize flour, wheat germ, pea
flour, and dried brewer’s yeast—in different ratios
with sugar powder, bee honey, and water to
formulate ten diets [16]. These diets were found
to enhance various biological activities, including
diet consumption, sealed worker brood area, and
pollen and honey store area (Younis M.S., 2019)
[17,18].

Until now, research has primarily focused on
commonly foraged feed elements like pollen and
nectar, rather than considering atypically foraged
materials that bees may consume during periods
of drought. The objectives of the present study
were twofold: firstly, to evaluate the preference of
honey bees for different diets, and secondly, to
assess honey bee preferences for various diet
supplements positioned at different distances
from the colonies (Hamed A. Ghramh, 2023)
[19,20].

Researchers worldwide have created numerous
alternative meal formulas for bees, considering
factors like the nutritional value of honey and
pollen, the palatability, digestibility, and cost-
effectiveness of ingredients. This effort aims to
maintain stable colony characteristics, optimizing
their performance during the upcoming nectar
flow season. Nonetheless, there's still a need for
a universally acknowledged, well-balanced diet
standard for commercial beekeeping [21].

2. MATERIALS AND METHODS

For an experiment Methodology followed is
Mishra et al. [7] and Kumar and Agarwal, [13].

For an experiment two hives of European Honey
Bee, Apis mellifera was taken with new colony
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approximately two hundred bees in each hive. A
fundamental necessity was attended to cleaning
brood, removing pupa of wax moth, removing
ants from outside chamber of brood, applying of
ant repellents, cleaning of area around where
brood was kept, Greece was applied on legs of
stand on which brood chamber was kept.

Two hives were purchased comprising frames
kept apart from each other which include
honeybee cells, developing queen chamber,
pollen and nectar inside cells. Each brood
measures 20.1 cm in length,16.0 cm breadth and
9.8 cm height. Opening of brood in front from
where bees enter is restricted to few centimetres
to prevent any foreigner to enter inside.

The experiment was conducted in month of
March for seven days. Boxes of transparent
plastic container measuring 16.0 cm length,9.0
cm breadth and 8.0cm height were taken. Boxes
were holed for aeration. Boxes of each diet were
separate in each box total count of ten bees were
kept along with replicas of each diet.

For an experiment five pollen substitute diets
were formulated which include:

SUGAR SYRUP = (DIET 1)
JAGGERY = (DIET 2)
FOXNUT= (DIET 3)
ALMONDS = (DIET 4)
DRY DATES = (DIET 5)

agrwNE

2.1 Diet Formulation

e Dry Dates Diets -were grinded into a fine
powder in a Mixer grinder to make a fine
powder.

e Sugar syrup Diet- sugar was grinded into
a powder and mixed in a water to make
sugar syrup.

e Jaggery Diet -was mixed in a one
tablespoon of water for bees to consume
haphazard free.

e Foxnuts Diet - first grinded into a fine
powder then they are mixed with half
tablespoon honey.

e Almond Diet- were grinded into a fine
powder in a Mixer grinder to make a fine
powder.

Each prepared diet with measurements in
tablespoon were kept in each box and its replica.

Diet was kept in a very small shallow container
that can fit into box perfectly consuming less
space. In Sugar syrup and Jaggery diet container
dry twig was inserted from holes for bees to
easily come out from shallow container easily in
case not able to come out.

2.2 Collecting Bees for

Experiment

Foraging

With the help of transparent holed containers
foraging bees were collected from both hives
(hive A and hive B). After they were collected
from the entrance opening of hive they were
immediately kept in a fridge (Fridge used from
Department of Zoology). Bees were kept in a
fridge to narcotize them with the help of low
temperature maintained inside fridge. Low
temperature will narcotise bees it become easy
to distribute them in different sample diet boxes.

All preparations were done accurately before
performing an experiment bee were distributed in
sample boxes and their replicas. During a span
of seven their Mortality rate was monitored and
at end of experiment their diet preference and on
which diet more bees survived during span of
seven days. At end of experiment weight of
boxes were measured along with bees.

Fig. 1. Distribution of different Diets
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Table 1. Diet measurement and formulation

S.No. Diets Diet Formulation

1. Dry Dates 1/4™ tbsp DRYDATES + % tbsp HONEY
2. Foxnut 1/4™ thsp FOXNUTS + % tbsp HONEY
3. Almonds 1//4™ thsp ALMONDS + % thsp HONEY
4. Sugar syrup Y% tbsp SUGAR + WATER

5. Jaggery 1/4" tbsp JAGGERY + % HONEY

Fig. 2. Collection of worker bees from hive entrance

Fig. 4. Boiling of granulated sugar for sugar syrup
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3. RESULTS

The experiment involved artificially feeding
worker bees aged 17-20 days. Ten groups of
worker bees were placed in each feeding box.
After conducting the experiment for seven
consecutive days, we collected and analysed the
mean values of mortality and diet preference
using prism software. Over the course of seven
days, the worker bees consumed different pollen
substitute diets, including sugar syrup, jaggery,
foxnut, almonds, and dry dates. The results of
the experiment demonstrate that a diet consisting
primarily of dry dates resulted in a lower mortality
rate than a diet primarily made up of jaggery.
Among the diets tested, bees showed a
preference for dry dates as their top choice,
followed by almonds as diet 3, Foxnut as diet 2,
Sugar Syrup as diet 4, and Jaggery as diet 5.
The observed difference between these diets
was highly significant with a p-value of less than
0.001(p<0.001). Therefore, based on the
observational study conducted, we reject the null
hypothesis.

The ANOVA test perform for the statistical
analysis and Graphs were made with help of
GRAPH PRISM 10.2.0 software.

4. DISCUSSION

Honey bee hives are provided with artificial
nourishment to compensate for the insufficient
availability of nutritional pollen sources in their
surroundings. This supplementary feeding is
aimed at boosting the production of brood and
the expansion of colony populations, particularly
in preparation for pollination services, during
which  beekeepers receive  compensation
according to the size of the colonies [22].

Results of diet in an experiment concluded as
five different diets were given the more
successful one in this experiment is Dry dates
Diet. As Dry dates have nutritional value when
given to bees mixed with honey as a best pollen
substitute for them.

Previous studies have reported similar results,
where bees consumed artificial protein-rich foods
instead of naturally available pollens (Saffari et
al., 2004); [23]. For instance, diets enriched with
soybean have been used as substitutes for
pollen for the brood of A. mellifera, incorporating
soybean, wheat, maize, and gram flours. For an
experiment mainly diets that are rich in protein
were taken along with blend of honey.

Table 2. Survival rate of Apis mellifera on different pollen substitute (Artificial diets)

SURVIVAL (MEAN+STANDARD ERROR)

Sl.no. Diets N Dayl Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

1. Dry 10 2.66+0.57 1.66+0.57 1.33+0.57 1.66+0.57 1.33+0.57 1.30+0.57 1.33+0.57
dates

2. Fox nuts 10 2.56+0.55 3.33x1.55 3.32+0.57 3.35+0.57 3.32+0.57 3.30+0.54 3.32+0.57

3. Almonds 10 3.54+0.56 3.56+0.57 3.66+0.57 3.67+0.57 3.54+0.56 3.54+0.56 3.44+0.57

4. Sugar 10 4.33+x0.57 4.54+0.57 4.33+0.56 4.75+0.55 4.52+0.57 4.66+0.54 4.54+0.57
syrup

5. Jaggery 10 5.66+0.57 5.33+0.57

5.67+0.57 5.66+0.57 4.55+0.57 5.66+0.57

5.66+0.57

e ——
e ————

B i

Fig. 5. Dead bees
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Fig. 6. Feeding of pollen substitute diet by Apis mellifera
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Fig. 7. Graph showing mean mortality rate of Apis mellifera after consumption of different
artififcial diets

Similarly, numerous studies have observed a
significant increase in worker sealed brood when
bee colonies are fed with pollen substitutes
enriched with nutrients for expanding the worker
brood area (Saffari et al., 2010); [24,25]. Several
reports support these findings, indicating that the
provision of supplementary dietary substances
results in a greater number of frames per colony
compared to control colonies, leading to higher
honey production [26], (Dodologlu et al., 2004;
De Grandi Hoffman et al., 2008); [27,24].

The process of creating and assessing new
artificial diets entails examining how sensitive
honey bees are to protein deficiency using
nutritional indicators. Over recent decades, a
series of studies have deepened our
comprehension of alternative diets for humans,
animals, and honey bees, and their effects on
health. Factors such as high protein levels,
digestibility, and nutrient utilization in the body
played pivotal roles in determining the most
optimal artificial diet [28].

Diets have been administered both in summer
and winter seasons, adjusted according to the
severity of lean periods in various countries
[29,30], (Kumari  and Kumar, 2020).
Nevertheless, reports indicate that feeding diets
to bees during lean periods, regardless of
geographical location, has a positive impact on
colony parameters.

5. CONCLUSION

In conclusion, the use of artificial diets enriched
with  proteinaceous substances as pollen
substitutes for honey bees has shown promising
results in various studies. These diets have led to
significant improvements in worker brood
development and colony productivity. By
providing supplementary dietary substances,
beekeepers can potentially enhance honey
production and overall colony health. Various
supplement diets were used in an experiment
which can be used to increase population.
Artificial Diets could be help to reduce migration
for beekeepers in the dearth period.

169



Nigam et al.; Uttar Pradesh J. Zool., vol. 45, no. 15, pp. 164-171, 2024; Article no.UPJOZ.3739

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

Wilson GP, Church DC, Pound KR,
Schoknecht PA. Basic animal nutrition and
feeding, V edn, John Wiley and Sons,
Hoboken, NJ USA. 2005;608.

Wright GA, Nicolson SW, Shafir S.
Nutritional physiology and ecology of
honey bees. Ann. Rev. Entomol. 2018;1:
327-344.

Haydak MH. Value of food other than
pollen in nutrition of the honey bee. Journal
of Economic Entomology. 1936;29:870-
876.

Haydak MH. Brood rearing by honey bees
confined to pure carbohydrate diet. Journal
of Economic Entomology. 1999;28:657-
660.

Nabors RA. The effect of spring feeding
pollen substitute to colonies of Apis
mellifera. American Bee Journal. 2000;
140:322-323.

Haydak MH. Further contribution to the
study of pollen substitutes. Journal of
Economic Entomology 1937;30:637-642.
Mishra RC. Social behavior of bees and
related management practices. In: Honey
bees and their Management in India. Krishi
Anusandhan Bhawan, Pusa, New Delhi.
1995;44-59.

Liliana H, et al. Environmetally sustainable
feedig system for sea trout (Salmo truttam.
trutta): Live food and isect meal-based
diets in Larval rearing. Aquaculture Report.
2021;21:100795.

Rana VK, Goyal NP, Gupta JK. Effect of
pollen substitutes and two Queen system
on royal jelly production in Apis mellifera L.
Indian Bee Journal. 1996;58:203-205.

Abd el-Wahab TE, Ghania AMM, Zidan
EW. Assessment of a new pollen
supplement diet for honey bee colonies
and their effect on some biological

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

170

activities. International Journal of
Agricultural Technology. 2016;12:55-62.
Safari AM, Kevan PG, Atkinson JL. A
promising pollen substitute for honey bees.
America bee Journal. 2004;144:230-
231.

Schmidt JO, Hanna A. Chemical nature of
phagostimulant in pollen attractive to
honey bees. Journal of Insect Behaviour.
2006;19:521-32.

Kumar R, Agrawal OP. Influence of feeding
protein-rich diets to Apis mellifera colonies
during dearth periods in Gwalior, India.
Asian Journal of Experimental Biological
Sciences; 2013.

Lakshmi, M Sri Muthu, Elizabeth T,
Thangamani Sunitha. Comparative Study
of Amino Acids in the Different Stages of
Honey Bee. Asian Journal of Research in
Zoology. 2024;7(2):17-27.
Available:https://doi.org/10.9734/ajriz/2024
712145

De Jong D, da Silva EJ, Kevan PG,
Atkinson JL. Pollen substitutes increase
honey bee haemolymph protein levels as
much as or more than does pollen. Journal
of Apicultural Research. 2009 Jan 1;48(1):
34-7.

Zaytoon AA, Matsuka M, Saaki M. Feeding
efficiency of pollen substitutes in a Honey
bee colony: Effect of feeding site on royal
jelly and queen production. Applied
Entomology and Zoology. 1988;23: 481-
487.

Guler A. Importance of sugar in feeding of
honey bee (Apis mellifera L.) colonies.
First Beekeeping Symposium in Turkey,
Kemaliye/ ERZINCAN.

Usha P, Goswami SV, Khan MS.
Exploration of various flours as pollen
substitutes for Apis mellifera L. during
dearth period at Tarai region of
Uttarakhand. India. J. App. Nat. Sci. 2014;
2:812-815.

Wahl O. Comparative investigation of the
nutritive value of pollen, yeast, soy flour,
and powdered milk for the honey bee. Z.
Bieneforch.1963;6:209-280.

Wilkinson D, Brown MA. Rearing queen
honey bees in a queen right colony.
American Bee Journal. 2002;142:270-274.
Paray BA, Kumari |, Hajam YA, Sharma B,
Kumar R, Albeshr MF, Farah MA, Khan
JM. Honeybee nutrition and pollen
substitutes: A review. Saudi Journal of
Biological Sciences. 2021 Jan 1;28(1):
1167-76.



22.

23.

24,

25.

Nigam et al.; Uttar Pradesh J. Zool., vol. 45, no. 15, pp. 164-171, 2024; Article no.UPJOZ.3739

Vincent AR, Kate EI, Steven TW.
Nutrigenetic Comparisio of two Varroa —
resistant honey bee stock fed pollen asd
spirulia. microalgae. Apidology. 2021;52:
873-886.

Mattila HR, Otis GW. Ifluece of pollen dite
in spring on development of honey bee
(Hymenoptera: Apidae) colonies.
Apicultyre Ans Social Insect. 2006;99(3):
604-613.

Sihag RC, Gupta M. Development of an
artificial pollen Substitute / supplement diet
to help tide the colonies of honeybees
(Apis mellifera L.) over the dearth season.
Journal of Apicultural Research. 2011;
55(2):15-29.

Islam N, Mahmood R, Sarwar G, Ahmad
S, Abid S. Development of pollen
substitute diets for Apis mellifera ligustica
colonies and their impact on brood
development and honey production.
Pakistan Journal Agriculture. Reearch.
2020;2:381-388.

26.

27.

28.

29.

30.

Sabir AM, et al. Effect of some pollen
substitute dites on the development of Apis
mellifera. Pakistan Journal of Biological
Science. 2000;3(5):890-891.

Rashid M, Elizabeth SW, Ghulam S.
Influece of Supplemetal dites on Apis
mellifera L colonies for honey production.
Pakistan Journal of Agriculture. 2013;
26(4):290-294.

Olga Frunze et al. The effect of artificial
diets on the expression ofmolecular marker
gee related to Honey bee health.
Iterational Journal of Molecular Sciebce.
2024;25 (8):4271.

DeGrandi-Hoffman G, Chen Y. Nutrition,
immunity, and viral infections in honey
bees. Curr Opin Insect Sci. 2015;10:170—
176.

Kumar R, Mishra RC, Agrawal OP. A study
on consumption of some artificial diet
formulations by Apis  mellifera colonies
maintained at Panchkula and Gwalior
Journal of Entomology Research. 2013;2:
123-127.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s).
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://prh.mbimph.com/review-history/3739

171


https://prh.mbimph.com/review-history/3739

