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Introduction: Honey bees need nutrients such as protein, carbohydrates, lipids, minerals, and vitamins. Among
nutrients, vitamins are particularly important for their roles in brood rearing, hypopharyngeal gland development,

ovary development, longevity, bee immunity, bee weight, and flight muscle development. The vitamins stored in
the body of the bees are vitally important in strengthening the immune system, normal growth, and development
of broods, producing royal jelly, longevity of bees, and especially wintering quality of honey bees. Among the
vitamins required by the honey bees, the most important are thiamine and riboflavin. Pollen quality depends on
the supply of vitamins required by honey bees. Most pollen grains are poor and deficient in thiamine and
riboflavin. This study aimed to investigate the effect of thiamine and riboflavin on population growth, functional
traits, and fat and protein reserves of the bee body in Iranian honey bee colonies.

Materials and methods: An experiment was conducted in a completely randomized design with four treatments
and seven repetitions from April 2022 to September 2023 in the climatic conditions of Kurdistan province, Iran.
Experimental treatments included the sugar syrup (control), thiamine (1500 ppm), riboflavin (1500 ppm), and the
combination of thiamine and riboflavin (1500 ppm). From the beginning of 14 April 2023, experimental
treatments were fed with the mentioned concentrations of vitamins thiamine, riboflavin, and their combination of
0.5 liters every other day for 45 days and 15 days without feeding. Then, traits such as honey production, pollen
collection, population (adults and broods), and protein and fat content of carcass were measured in experimental
treatments.

Results and discussion: The results of the effect of thiamine, riboflavin, and their combination on the population
of adult bees showed that the addition of thiamine and riboflavin in the bees' nutrition was significantly effective
in the increase of adult bees' population in the investigated periods as well as the average of the entire period
(P<0.05). A comparison of the averages of the experimental treatments revealed that the highest and lowest adult
bee populations were associated with the treatments fed the vitamin combination and the control group,
respectively. The results of the effect of thiamine, riboflavin, and their combination on the population of broods
showed that the addition of thiamine and riboflavin in the diet of bee colonies during the studied periods did not
have a significant effect on the increase in the population of newborns, but it showed a significant effect on the
average of the entire period (P<0.05). The results of the mean comparison showed that the highest population of
broods in the studied honey bee colonies was related to the treatments fed with the combination of thiamine and
riboflavin, and the lowest population of broods was related to the control treatment. The results of the effect of
thiamine and riboflavin on honey and pollen production traits showed that the use of vitamins and their
combination in honey bee nutrition caused a significant increase in honey and pollen production traits of
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experimental treatments (P<0.05). The results of the mean comparison showed that the highest and lowest
amounts of honey and pollen production of the studied honey bee colonies were observed in the treatment fed
with the combination of vitamins and the control group, respectively. The effect of thiamine and riboflavin on the
carcass protein and fat showed that the use of thiamine, riboflavin, and their combination in feeding the colonies
had a significant effect on the amount of carcass protein and fat (P<0.01). A comparison of treatments showed
that honey bees in the treatment fed the vitamin combination had the highest carcass protein and fat, and honey
bees in the control treatment had the lowest carcass fat and protein.

Conclusions: Based on the results of the present experiment, it could be concluded that the use of thiamine and
riboflavin, and their combination in feeding honey bees had a positive effect on population growth, functional
traits, and fat and protein reserves of the bees' body in the colonies and improved the performance and increased
the economic efficiency of the colony.
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Table 1. Effect of vitamins thiamine, riboflavin, and their combination on the adult honey bee population trait

Treatments 1 > Period 3 7 Total
Riboflavin 2.54P 4.20¢ 5.01° 5.95b 4.23¢
Thiamine 2.8 4.61° 5.28% 6.15% 4.52°
Riboflavin + Thiamine 2.92 5.342 5.79% 6.442 4.89%
Control 2.37° 3.97¢ 4.39° 5.01¢ 3.784
SEM 0.08 0.10 0.11 0.10 0.05
P-value 0.005 0.001 0.001 0.001 0.001

*d Values with different superscripts within a column are significantly different (P<0.05).
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Table 2. Effect of vitamins thiamine, riboflavin, and their combination on the brood honey bee population trait

Treatments 1 > Period 3 n Total

Riboflavin 41281 46583 41752 36891 41585
Thiamine 43394 44114 41529 39166 42225
Riboflavin + Thiamine 44343 41637 38949 40945 443432
Control 35496 38217 35176 31817 35177°
SEM 2721.21 2481.90 256.73 2989.76 2056.26
P-value 0.23 0.13 0.18 0.29 0.04

b Values with different superscripts within a column are significantly different (P<0.05).
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Table 3. Effect of vitamins of thiamine, riboflavin, and

thiamine-riboflavin combination on the honey

production trait of the studied honey bee colonies

Treatments Honey production (kg)
Riboflavin vitamin 21.272
Thiamine vitamin 22.212
Riboflavin + Thiamine 23.407
Control 16.64°

SEM 1.01

P-value 0.03

b Values with different superscripts within a column are significantly different (P<0.05).
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Table 4. Effect of vitamins thiamine, riboflavin, and their combination on the pollen collection trait of the honey
bee colonies

Treatments 1 > Period 3 7 Total
Riboflavin 207.92 155.9° 318.57¢ 428.8b¢ 260.83P
Thiamine 272.16* 328.32° 521.09% 700.9% 433.8*
Riboflavin + Thiamine 197.78 293.82 420.17%® 658.82 339.30%
Control 164.7% 151.3b 287.2b¢ 361.8° 260.1°
SEM 27.53 50.53 64.17 82.77 41.09
P-value 0.07 0.05 0.02 0.01 0.01

*¢ Values with different superscripts within a column are significantly different (£<0.05).
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Table 5. Effect of vitamins thiamine, riboflavin, and their combination on the amount of carcass fat and protein
of honey bees

Treatments Fat (%) Protein (%)
Riboflavin 5.86 53.872
Thiamine 5.66Y 52.592
Riboflavin + Thiamine 6.08? 55.06*
Control 4.60° 37.36°
SEM 0.15 0.12
P-value 0.001 0.001

a¢ Values with different superscripts within a column are significantly different (P<0.05).
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