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ABSTRACT

Sixteen honey bee colonies with the same densities (4-5 bee frames) were randomly selected and then divided into
four groups, comprising four feeding treatments [Sugar solution (control), Apricot juice+ sugar solution, Fermil + sugar
solution, Corn flour+ sugar solution +skim milk]. The findings indicated that the most significant proportion of workers
preferred consuming Feramil + sugar solution, with 622,480 workers inside the hives and 345,020 workers outside the
hives. The average lifespan peaked at 45.310 days when the subjects were provided with a Fermil + sugar solution, while
it dropped to its lowest point at 26.510 days whenever they were given a regular sugar solution. The workers' bodies had
a protein content of 54.538% when supplied with Feramil+ sugar solution, the highest percentage. On the other hand, the
lowest protein content of 40.268% was seen when the workers were given with Apricot juice+ sugar solution. The workers
were administered Feramil and Apricot jounce and were able to withstand exposure to temperatures of 0°C, 4°C, 6°C,
8°C, and 15°C for durations of 25, 60, 72, 120, and 156 hours, respectively. This study was conducted to preserve honeybee
colonies in fields that lack natural nectar and pollen grain, for continuing apiculture in Irag-Kurdistan in which the spring
season is short, and to assess the impact of certain supplemental foods on the behaviors of honeybees and another purpose
of this research was to investigate the impact of certain supplementary foods on the activities of honeybees in a field
setting.
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INTRODUCTION

Beekeepers in the Kurdistan region face many challenges around the year due to the changing weather
condition. Honeybees have shown to be affected by environmental factors such as temperature,
abundance of nutrients, floral patterns, consequently, any change in these factors will affect the honeybee
colonies in terms of activity, brood rearing, honey making, and many other aspects in their colonies. One
of these factors being nutrient availability, can be controlled by supplying the colonies with artificial
food supplements. Bees collect nectar from flowers and transport it to honeycombs, where it is processed
into honey, a high-energy food source. Forager bees collect pollen from flowers and store it in the
honeycomb, where it transformed into bee bread, which contains protein, fats, minerals and vitamins [1].
[2] stated that honeybees enter a state of cold-induced coma when the temperature falls under 10°C and
are unable to recover on their own without external warming. The study conducted by [3] revealed that
both Africanized honeybee Apis mellifera Scutellata and European honeybee Apis mellifera Linnaeus
colonies experienced mortality whenever subjected to a temperature of 0°C. The workers endured
varying degrees of frigid temperatures based on their dietary preferences. [4] and [5] said that the quantity
of food consumed by honey bee larvae has an impact on the weight of adult bees.
Beekeepers in the Kurdistan region face many challenges around the year due to the changing weather
conditions. Honeybees are affected by environmental factors such as temperature, abundance of
nutrients, and floral patterns, consequently, any change in these factors will affect the honey bee colonies
in terms of activity and reduce honey bee resistance to American foul
brood, European foul brood, Sac brood and Chalk brood diseases, brood rearing, honey making, and
many other aspects in their colonies. One of these factors nutrient availability, can be controlled by
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supplying the colonies with artificial food supplements. Bees collect nectar from plants and transfer it to
honeycombs, where it undergoes processing to become honey, which serves as a rich source of high-
energy food. Forager bees gather pollen from flowers and store it in a honeycomb, where it transforms
bee bread. Bee bread contains protein, lipids, minerals, and vitamins [6]. The provision of protein food
supplies, specifically royal jelly, to young bee larvae and the queen by worker bees, is significantly
reduced during particular periods, such as winter and the dry season [7]. The primary objective of this
study was to assess the nutritional effects of supplementary diets on honeybee behavior.

Materials and Methods

This investigation was carried out in 2023 at the apiary of the Grdarasha research station, located 10
km south of the College of Agricultural Engineering Science, Salahaddin University-Erbil. The purpose
of this research was to investigate the impact of certain supplementary foods on the activities of
honeybees in a field setting. Initially, sixteen colonies of Apis mellifera L. were chosen from the apiary
based on the specified traits:

Two Langstroth frames were modified for assessment purposes. Each frame was divided into sections
measuring 17 inches (43.2 cm) in length and 8 inches in width. Holes were created in each frame to
secure silk wires. These wires were placed across the frame, with two wires of equal length and width,
totalling one square inch. The total length of the wires used was 136 inches. The sugar solution for the
control treatment was prepared by dissolving one kg of sugar crystals in one litre of water solution, which
had been heated to a temperature of 70°C. Each colony was then given one liter of this sugar solution,
which had the same concentration, every week during various seasons. In summer, the concentration
ratio was 1:2, but in spring and autumn, it was 1:1 [8]. The bees were nourished by dispensing prepared
food into plastic bottles, which were then placed on the frames inside the hive. The bottle cover was
punctured circularly to facilitate the gradual release of food. The bottle was placed on two wooden pieces
to enable the bees to access and consume the food. The wooden support beneath the bottle measured 10
cm in length and 1.5 cm in width. Samples were collected from experimental colonies that contained a
significant number of labelled workers with known ages during colony inspection [5]. The food
preference and acceptance of honeybees were examined over four days, with observations conducted at
three different times (9-10 am, 12-1 pm, and 3-4 pm) each day. The number of honey bee workers visiting
the food sources inside and outside the hives was recorded for each replicate during a 45-minute
observation period.

The study aimed to determine the longevity of honeybees by caging a specific number of workers (60
workers) of different ages in small cages. The cages contained small empty pieces of comb for water and
the bees were fed the same prepared food. The caged worker bees, along with their food, were placed in
a hive to monitor their lifespan. Dead bees were recorded and additional food was provided when
necessary to prevent bee mortality due to food shortages [9]. The climatic data was obtained from the
Erbil General Directorate of Metrology and Seismology through 2023.

Statistical analysis

The data were in statistical terms analyzed employing a factorial design with a total of four replicates.
The statistical evaluation was conducted using the SAS program, specifically version 9.1 [10]. For
assessing any discrepancies between means, Duncan's multiple range test was employed, with a
significance level set at p-value<0.05 [11].

Results and Discussion

In accordance with the data presented in Table (1), the worker bees have a preference for consuming
Faramil and sugar solution both inside and outside of the hive, followed by apricot juice and sugar
solution, sugar solution, and ending with maize flour and sugar solution. The largest number of workers
that preferred to consume the Feramil+sugar solution were 622,480 workers inside the hives, whereas
outside the hives there were 345,020 workers. The statistical analysis revealed a significant difference at
a significance level of 0.05 between the means of the treatments. The results indicated a preference for
the foods treated with Feramil+sugar solution, which exhibited superiority over the other treatments.
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Consistent with the findings of [12], honey bee colonies that were provided with a combination of yeast
meals containing gluten or yeast exhibited a high level of palatability, comparable to that of naturally
palatable commercial pollen. This aligns with the recommendation made by [13] to include soybean flour
and yeast in candy as a suitable food source for colonies during the spring season. According to [14], the
Carniola bee colonies that received supplementary feeding of pollen during the

experiment showed higher population density, brood rearing, pollen, and honey storage compared to the
control colonies that only relied on natural food sources. Additionally, the number of combs covered
with bees in colonies that received patty supplements increased gradually, according to [13], beekeepers
frequently provide their colonies with substitute or supplementary food throughout the summer to
compensate for the lack of both pollen and nectar.

Nutritional preference by honey bee workers inside and outside the hives during different times of day.

Time of day (hours)

Types of food Inside Outside Means
Sugar solution (control) 545.756° 247.313¢ 396.618°
Apricot juice +sugar solution 595.313° 298.480f 446.896°
Fermi +sugar solution 622.480? 345.020¢ 483.7502
Corn flour +sugar solution 447.730¢ 196.230" 321.855¢
Means 552.819? 271.760P

Means that share the identical letter are not statistically significant at the 0.05 level.

The impact of additional food on caged honeybee workers is displayed in Table (2). For example,
workers fed sugar solution in the hive for 26.510 days had an average age of 42.720 days and an average
longevity of 1744 days; workers fed apricot juice + sugar solution for 42.720 days had an average age
of 45.310 days and an average longevity of 16-45 days, and workers fed maize flour + sugar solution for
36.220 days had an average longevity of 15-36 days. The Feramil + Sugar solution treatment resulted in
the maximum average age of 45.310 days, whereas the lowest average age of 26.510 days was seen in
the group fed on Sugar solution alone. The statistical analysis revealed significant differences at a
significance level 0.05 between the Feramil + sugar solution and the other treatments. The findings were
consistent with the research conducted by [15]. They discovered that worker bees had an average lifespan
of 23.42 days when fed sugar syrup, 31.35 days when fed corn flour and sugar syrup, and 29.63 days
when fed a mixture of skim milk, corn flour, and sugar syrup (in a ratio of 1:2). Additionally, worker
bees that were fed brewer's yeast with skim milk, corn flour, and sugar solution had an average lifespan
of 34.47 days [16]. The study conducted by [9] reported age rates for the cages as follows: 15.07 days
for deist soybeans, 28.94 days for wheat germ, 23.0 days for dry yeast, 15.13 days for palm dates, and
16.31 days for sugar syrup. The wheat germ treatment was superior to the other treatments, possibly due
to its higher protein content. [17] demonstrated that the newly emerged workers had the highest average
age (16-18 days) when they consumed soybean cake as their food source. The study conducted by [18]
demonstrated that honey bees kept in cages had the longest lifespan of 61 days when they were provided
with a Wheat gluten supplement. On the other hand, the bees had the shortest lifespan of 9.2 days when
not given any supplement.

Table 2. The effect of nutritional supplements on the lifespan of adult worker bees inside the hive.

Number of Means of workers'
Type of food workers Range of days longevity
Sugar solution(control) 60 13-41 26.510°
Apricot juice +sugar solution 60 17-44 42.720°
Fermi +sugar solution 60 16-45 45.310%
Corn flour +sugar solution 60 15-36 36.220°

Means that share the identical letter are not statistically significant at the 0.05 level
Effect of Supplemental Foods on Nitrogen Content and Total Protein in the Body of Workers: The
results of the effect of supplemental food treatments on nitrogen and protein contents in the bodies of
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honey bee workers are presented. Table (3) demonstrates that the highest mean value of nitrogen content
was (8.780 %) when the colonies received the feeding treatment Feramil +sugar solution, while the
lowest percentage of nitrogen content was (6.800 %) when concerning the total protein content, it was
noticed that the highest value was (54.538 %) when the bees fed with Feramil + sugar solution, however,
the lowest value was (41.786 %) in the case of control feeding treatment sugar solution. In both
circumstances, there were significant differences (p-value<0.05) in nitrogen content (total protein) in the
body of honey bee workers. The total protein content was determined using the technique mentioned in
[19]and the Biuret reagent, the same trend was also confirmed by [20] when they fed honey bees with
proteinous material from potatoes and fish.
Table 3. Effect of Supplementary diets on moisture, Nitrogen, Protein, and lipids percentage

Moisture Nitrogen Protein content .
Type of food content % conter?t % % Lipid content %
Sugar solution (control) 80.325 6.800 41.786 7.125
Apricot juice +sugar solution 78.765 7.620 40.268 8.794
Feramil +sugar solution 77.792 8.780 54.538 8.357
Corn flour +sugar solution 80.448 7.830 48.318 7.537

The influence of certain additional nutrition on the honeybee worker's ability to tolerate low temperatures
is as follows: as revealed in table (4), table (5), table (6), table (7), and table (8) show that the honeybee
worker's tolerance of low temperatures according to the type of food consumed by bee workers exposed
to the temperature of (15°C) withstand a more extended period than (156 hours) for all foods, and survival
rates reached 10.1, 17.6, 14.4 and 10.7% for foods Sugar solution, apricot juice + sugar solution, Feramil
+ sugar solution and corn flour + sugar solution respectively. It also reached (120 hours) when exposed
to 8C and reached (72 hours) when exposed to 6°C then reached (60 hours) when exposed to 4°C it
reached (120 hours) when they were exposed to a temperature of 8°C, and the results that the workers
who fed on Apricot juice + sugar solution were more tolerant of, and the reason for the superiority of
apricot juice and Feramil is that these substances contain vitamins, minerals, and proteins, the workers
fed with vitamin C with sugar solution it survived for five days at 5°C inside the refrigerator. However
[2] showed that worker bees die below 10°C without external heating. [3] found that both African and
European bees die when the temperature reaches (30°C), and [20] showed that African bees can
withstand cold temperatures (0°C), as the workers remain alive for three hours when they are placed in
a refrigerator.
Table 4. The honey bee workers mortality fed on some supplementary diets at 15°C.

Honey bee workers mortality %

Type of Food 24- 36- 48- 60- 72- 84- 96- 108- 120- 132- 144- Total
36 48 60 72 84 96 108 120 132 144 156

Sugar

. 03 07 21 44 50 61 123 188 250 152 101 100%
Solution(control)

Apricot juice

. 02 08 20 32 52 97 99 157 204 153 176 100%
+sugar solution

Fermil+sugar

. 07 06 15 24 6.6 102 138 176 187 135 144 100%
solution

Corn flour +sugar

. 08 03 21 42 52 101 156 207 190 113 10.7 100%
solution
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Table 5. The honey bee workers mortality fed on some supplementary diets at 8 °C.

The honey bee workers mortality %

Typeof Food g 19. 12 36-  48- 60- 72- 84 96 108  120-

10 12 24 48 60 12 84 96 108 120 132
Sugar
Solution(cont 0.7 2.1 4.4 6.1 123 188 20.0 195 6.1 0.0 100 %
rol)
Apricot juice
+sugar 0.8 2.0 3.2 5.7 7.6 180 191 172 114 9.0 100 %
solution
Fermil¥sugar oo 15 o4 42 88 196 207 203 102 51  100%
solution
Corn flour
+sugar 0.3 1.1 3.2 7.1 8.6 207 20.0 226 8.6 2.6 100 %
solution

Table 6. Percentage of honey bee workers mortality fed on some diet supplement at 6°C.
Honey bee workers mortality %
Type of Food
6-8 8-10 10-12 12-24 24-36 35-48 48-60 60-72 72-84

Sugar 21 86 102 353 103 202 101 32 100%
Solution(control)
Apricot juice 04 67 97 292 116 224 82 118 100%
+sugar solution
Fermil+sugar 04 71 114 384 132 208 71 16 100%
solution
Comflour+sugar 15 95 104 304 142 211 94 40  100%

solution

Table 7. The percentage of honey bee workers mortality fed on some supplement diet at 4°C.

Type of Food

Sugar
Solution(control)

Apricot juice +sugar
solution

Fermil+sugar
solution

6-8

16.2

12.3

9.5

8-10

125

114

10.6

Honey bee workers mortality %

10-12

10.3

9.6

134

202

12-24

25.4

22.2

221

24-36

24.3

254

26.7

36-48

11.3

10.2

13.2

48-60

100 %

9.9

54

60-72

100 %

100 %



Corn flour +sugar

. 11.2 11.2 11.0 25.2 25.6 13.6 100 %
solution

Table 8. The honey bee workers mortality which fed on some supplementary diets at 0°C.

Honey bee workers mortality %

Type of Food 4-6 6-8 8-10 10-12 12-24 25-36
Sugar Solution(control) 24.1 30.3 36.3 10.3 100 %

Apricot juice +sugar 193 296 31.92 154 11.3 100 %
solution

Fermil+sugar solution 21.2 234 335 14.7 11.2 100 %

Corn flour +sugar 24.7 31.0 25.2 11.6 75 100 %
solution
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