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S u m m a r y

The test consisted of a study of pollen supplements and vitamins in the diet of honey bee

(Apis mellifera L.) colonies in the drought seasons of 2001 and 2002 in northern Iraq. The

impact of five different kinds of food on the hypopharyngeal gland of 8-day-old workers, and

the area of brood in the nests was examined. The results showed that in 2001 bees fed with

vitamin C had an acini of hypopharyngeal glands wider in comparison to bees given other

feedings. The other feedings in 2001 were with multi-vitamins, soya bean flour and skim milk.

Bees fed with vitamin C mixed with soya bean flour, and vitamin C mixed with skim milk had

an acini of hypopharyngeal glands wider in comparison to other treatments in 2002. In bees fed

with multi-vitamins and vitamin C the main ducts of the hypopharyngeal glands were longer

than those fed with other supplemental diets in 2001. In 2002 there were no significant changes

found on the length of the main duct in bees fed with supplemental diets. Colonies fed with

vitamin C, soya bean flour and multi-vitamins produced more brood in the summer of 2001.

Colonies fed with vitamin C mixed with soya bean flour and vitamin C mixed with skim milk

showed a significant increase in workers’ brood in 2002. It can be concluded that vitamin C

mixed with soya bean flour can be used as the best choice of supplemental food during a

drought seasons.
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INTRODUCTION
Pollen is the primary source of protein,

fats, vitamins, and minerals in the diet of

the honey bee, Apis mellifera L. A shortage

or poor quality of pollen results in stunted

growth and weight gain of young bees,

reduced longevity and incomplete

development of hypopharyngeal glands.

This leads to insufficient royal jelly

production to support normal growth and

development of larvae or egg production

by the adult queen (Wo y k e 1976, Hays

1984, Standi fe r et al. 1987).

The proteins secreted with royal jelly are

mainly derived from pollen. The pollen is

ingested in large quantities by the nurse

bees (Haydak 1970, Cra i l she in et al.

1992). H r a s s n i g g and C r a i l s h e i n

(1998) found that pollen consumption is

positively correlated with hypopharyngeal

gland development.

Hypopharyngeal glands are composed of

a pair of ducts that are connected with more

than 500 glandular acini (secretory cells).

The glands are located underneath the

pharynx in the head capsule. This gland

plays an important role in rearing the

queens and brood because it synthesizes

and secretes royal jelly (Michene r 1974).

Substantial amounts of protein are

needed as a consequence of an increase in

the protein content of the hypopharyngeal

glands at the beginning of the adult stage,

(F lu r i and Bogdanov 1987) .

Al-Naji (1980) and G r a h a m ( 1 9 9 3 )
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reported that the development of the

hypopharyngeal glands in honey bee

workers is a consequence of their diet.

They reported that the best development of

this gland was observed in bees fed with

high levels of proteins. F e w e l l and

W i n s t o n (1992) found that brood

production increased significantly when

colonies were given more extensive pollen

stores. Honey bee colonies that were kept

from pollen foraging by being placed under

a wire mesh tent, reduced and finally

stopped brood rearing. As a consequence,

the number of workers became

significantly lower in these colonies than in

colonies which were allowed to forage

freely. These results clearly indicate that

honey bees respond to the availability of

pollen by adjusting brood production

( Imdore et al. 1988).

According to D e s e y n and B i l l e n

(2005) the size of the hypopharyngeal

glands is positively correlated with gland

activity. The amount of secretion in the

secretory cells is also positively correlated

with the size of the acini. The amount of

secretion produced by the workers

hypopharyngeal glands depends on the

needs of the colony. The gland has been

reported to display a flexible secretory

activity in relation to the needs for feeding

brood (F r e e 1961). Sometimes, older

workers seem to retain secretory activity

( O h a s h i et al. 2000), but the workers

must always be stimulated by the brood

pheromones. D e M o r a e s and B o w e r

(2000) pointed out that hypopharyngeal

glands were well developed in young

nursing bees producing protein for larval

food. They were seen to regress naturally in

foraging adult worker bees.

Pa in (1956) demonstrated that vitamins

added to the workers diet had no effect on

the longevity of honey bees. Pantothenic

acid, however, had a great influence on the

development of the hypopharyngeal

glands. The author concluded that vitamins

exert a decisive effect on these glands in

contrast to their minimal effect on

longevity. H a y d a k and D i e t z (1965)

concluded that for the growth of emerging

bees and the development of their

hypopharyngeal glands only an appropriate

protein source is necessary. They also

concluded that for brood rearing activities

vitamins are indispensable. They found that

minerals were not essential in the diet of

adult honey bees for the growth and

development of their eggs. S tand i f e r et

al. (1970) did not find any diets producing

maximum gland development.

Lehne r (1983) found that colonies fed

pollen raised more brood than those fed the

test diets. Lehne r found that pollen fed

colonies on the average produced

populations about twice as large as those

fed the test diets. S t ange r and La id law

(1975) found that colonies fed with

supplemental pollen showed an increase in

the brood area compared to less brood area

in controls. According to P o k h r e l and

T h a p a (2004) the supplemental diet

which contained pollen was more suitable

for higher comb building of A. mellifera.

This higher comb building could facilitate

brood production, strengthen colonies and

contribute to honey production in flow

seasons. S t e p h e n and P e r n a l (2000)

found that the development of

hypopharyngeal glands and ovaries was

strongly correlated with the amount of

protein workers consumed. Pokhre l et al.

(2006) found that three weeks of feeding

with a pollen substitute resulted in a higher

comb building, brood rearing, colony

strength and hive storage of honey and

pollen.

The aim of the present paper is to study

the effect of different pollen supplements

and vitamins on the development of the

hypopharyngeal glands and consequently

on the brood area in honey bee colonies.

The reason for the study is to find better
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supplemental diets that can be used during

the drought seasons.

MATERIAL AND METHODS
Experimental Colonies

Fifteen experimental colonies of Apis

mellifera L. cyriaca were selected

randomly from the apiary of the

Agriculture College of Dohuk University

(northern Iraq). Before the start of the

experiment, cupped brood combs without

workers were exchanged between colonies.

This meant that all experimental colonies

included five combs with a similar number

of workers and amount of brood. In two

summer seasons we prepared five groups

of three colonies fed with different food.

The same colonies survived and were

tested in both seasons.

Foods Tested
Five different feeding treatments were

tested each year during the summer seasons

of 2001 and 2002. Colonies were fed

supplemental foods weekly. The feedings

started the first week of May and lasted

until the end of August in both of the 2001

and 2002 seasons. Each colony received

500 ml of supplemental food at the end of

the day before sunset. The feeders were

removed the next morning.

In 2001 the bees were fed with: a sugar

solution in the control group (group Cn), a

sugar solution with multi-vitamins (group

MV), a sugar solution with vitamin C

(group VC), a sugar solution with soya

bean flour (group So), and a sugar solution

with skim milk (group Mi).

In 2002 the bees were fed with: a sugar

solution in the control group (Cn), a sugar

solution with multi-vitamins mixed with

soya bean flour (MVSo), a sugar solution

with multi-vitamins mixed with skim milk

(MVMi), a sugar solution with vitamin C

mixed with soya bean flour (VCSo), and a

sugar solution with vitamin C mixed with

skim milk (VCMi).

Preparation of Supplemental Foods
In both years we used a sugar solution of

20% (w/v) to feed the control groups (Cn)

and the same syrup with vitamins or/and

pollen supplements to feed the

experimental colonies. Group MV was

given one 250 mg capsule of

multi-vitamins. The multi-vitamins

consisted of: Vit. A 400 IU., Vit. B1 1 mg.,

Vit. B2 1.2 mg., Vit. B6 2 mg., Vit. B12 2

mg., Vit. C 70 mg., Vit. D 400 IU. Folic

acid 0.25 mg (Medico Labs. HOMS, Syria)

was dissolved in 1.5 liters of the sugar

solution. For group VC, one tablet of

vitamin C 250 mg potency (Medico Labs.

HOMS, Syria) was ground by a porcelain

mortar and then mixed with 1.5 liters of

sugar solution. For group So, 50 grams of

soya bean flour with a content of: 47.38%,

6.29% of protein and lipid (A b d u l l a

1988) was mixed with 1.5 liters of sugar

solution. For group Mi - 100 grams of skim

milk powder (ingredients: skim milk,

sucrose, maltodextrin, pakm olein, soya

lecithin, vitamins, calcium citrate,

potassium citrate, taurine, ferrous sulfate,

zinc sulfate, copper sulfate, potassium

iodide) was mixed with 1.5 liters of sugar

solution.

In 2002 the supplemental foods were of

the same ingredients as in 2001 but only

half the concentration was used.

Sample Collection and Hypopharyngeal
Gland Measurement

Newly emerged workers were marked on

their thorax with a water proof marker and

released into their colonies. Fifteen marked

bees were collected after eight days and

dissected.

The length of the main duct and the

length and width of ten randomly chosen

acini were measured in each side of the

gland. The measurements were performed

two times per year, in the middle of June

and July 2001 and 2002. Dimensions of the

acini were calculated by multiplying the
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length by the width and considered as a

parameter for development of the acini.

Measurement of the Total Area of Brood
The total area of the brood was

calculated two times per year in August

2001 and 2002 by using the standard

Langstroth frame (A l - N a j i and

Mushael 1987). The standard Langstroth

frame was divided by silk into squares of

1 inch2. The area of brood was measured

after the application of the standard

Langstroth frame on the brood combs.

Statistical Analysis
ANOVA (one way) was applied to detect

significant differences between groups and

control. The Post-hoc test (Tukey test) was

used to detect significant differences

among groups at p < 0.05.

RESULTS
Hypopharyngeal Gland

The average dimensions of the acini in

the Cn (control), MV (multi-vitamin), VC

(vitamin C), So ( soya bean flour) and Mi

(skim milk) were 11726.2, 19150.33,

21800.8, 14395.6 and 13355.16 (µm2)

respectively in summer 2001 (Fig.1-A).

Bees fed with vitamin C had an acini of

hypopharyngeal glands wider in

comparison to other treatments. They were

followed by bees fed with multi-vitamins,

soya bean flour and skim milk.

The average length of the the main duct

in the Cn, MV, VC, So and Mi treatments

was 8.94, 10.3, 9.75, 9.17 and 8.91 mm

respectively (Fig.1-B). Bees fed with

multi-vitamins and vitamin C had a longer

main duct of their hypopharyngeal glands.

Those fed with other supplemental diets,

like soya bean flour and skim milk showed

non significant effect.

The average dimensions of the acini for

Cn (control), MVSo (multi-vitamin + soya

bean flour), MVMi (multi-vitamin + skim

milk), VCSo (vitamin C + soya bean flour),

and VCMi (vitamin C + skim milk)

treatments were: 12062.6, 15917.9,

16072.07, 18325.13 and 17408.6 µm2

respectively in summer 2002 (Fig.2-A).

Bees fed with vitamin C mixed with soya

bean flour and vitamin C mixed with skim

milk had an acini of hypopharyngeal

glands wider in comparison to other

treatments. These results confirmed the

effect of vitamin C on the development of

the acini of the hypopharyngeal glands.

The average length of the main duct of

Cn, MVSo, MVMi, VCSo, and VCMi
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Fig. 1: Mean values of measurements of hypopharyngeal glands in 2001 (A-
dimensions of the acini, B- length of the main duct) in bees fed with different
supplemental diets. Cn stands for: sugar solution (control), MV: sugar solution with
multi-vitamins; VC: sugar solution with vitamin C, So: sugar solution with soya
bean flour, Mi: sugar solution with skim milk.
Differences significant at p <0.05.
Note: Dimensions of the acini were calculated by multiplying the length by the
width.



treatments were: 9.64, 9.72, 9.68, 9.82 and

10.06 mm respectively in summer 2002

(Fig.2-B). All the supplemental diets had

no significant effect on the length of the

main duct of the hypopharyngeal glands.

This can be attributed to the reduced

concentrations of the diets used in 2002.

Brood Area
Statistical analysis showed significantly

more workers’ brood area in the colonies

fed with vitamin C, soya bean flour and

multi-vitamins which were 2095.5, 1968.5

and 1485.9 cm2/colony respectively in

summer 2001 (Fig.3). In the summer of

2002 colonies fed with vitamin C mixed

with soya bean flour showed significantly

more workers’ brood area (4005.0

cm2/colony) followed by colonies fed with

vitamin C mixed with skim milk (3335.9

cm2/colony) (Fig.4). No significant effect

was seen in colonies fed with

multi-vitamins mixed with soya flour and

multi-vitamins mixed with skim milk.

DISCUSSION
Bees fed with vitamin C have an acini of

hypopharyngeal glands wider than bees fed

with other treatments. These results agree

with those found by Herber t et al. (1984).

We assume that the size of the acini is a

better indicator for the development and

activity of the hypopharyngeal glands than

the main ducts. This is because soya bean

flour revealed a significant effect on the
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Fig. 3: 2001 - mean values of brood area in colonies fed different supplemental diets.
Cn stands for: sugar solution as a control, MV: sugar solution with multi-vitamins, VC:
sugar solution with vitamin C, So: sugar solution with soya bean flour, Mi: sugar
solution with skim milk.
Significant at p<0.05.
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Fig. 2: Mean values of measurements of hypopharyngeal glands in 2002 (A-
dimensions of the acini, B-length of the main duct) in bees fed different supplemental
diets. Cn stands for: sugar solution (control), MVSo: sugar solution with
multi-vitamins mixed with soya bean flour, MVMi: sugar solution with multi- vitamins
mixed with skim milk, VCSo: sugar solution with vitamin C mixed with soya bean
flour, VCMi: sugar solution with vitamin C mixed with skim milk.
Significant at p<0.05.



size of the acini in both 2001 and 2002,

while it had no effect on the development

of the main duct.

Bees fed with a diet containing vitamin C

reared more workers’ brood in both years:

2001 and 2002. These results agree with

those of Haydak (1945), Ewies and Al i

(1977), Her te l et al. (1984).

The effect of skim milk on brood area in

our experiment was negative which agrees

with the results of Chalmers (1980).
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WP£YW DODATKU PY£KU I WITAMIN NA ROZWÓJ
GRUCZO£ÓW GARDZIELOWYCH ORAZ POWIERZCHNIÊ

CZERWIU U PSZCZO£Y MIODNEJ

Z a h r a A . , T a l a l M .

S t r e s z c z e n i e

Eksperyment dotyczy³ dodatków py³ku i witamin w diecie rodzin pszczelich

(Apis mellifera L.) w porach suszy w latach 2001 i 2002 w pó³nocnym Iraku. Zbadano wp³yw

piêciu ró¿nych diet na rozwój gruczo³u gardzielowego 8-dniowych robotnic oraz na

powierchniê czerwiu

w gniazdach. Wyniki badañ wykaza³y, ¿e w roku 2001 pszczo³y karmione diet¹ z dodatkiem

witaminy C wykazywa³y poszerzone gronka gruczo³ów gardzielowych w porównaniu do

pszczó³ karmionych pozosta³ymi dietami. W badaniach z roku 2001 diety te zawiera³y

mieszankê multiwitaminow¹, m¹kê sojow¹ i odt³uszczone mleko. Pszczo³y karmione mieszank¹

witaminy C i m¹ki sojowej oraz pszczo³y otrzymuj¹ce mieszankê witaminy C z odt³uszczonym

mlekiem równie¿ charakteryzowa³y siê poszerzonymi gronkami gruczo³ów gardzielowych w

porównaniu do pszczó³ karmionych pozosta³ymi dietami w roku 2002. Z kolei, u pszczó³

karmionych mieszank¹ multiwitaminow¹ i witamin¹ C, g³ówne kanaliki gruczo³ów

gardzielowych by³y d³u¿sze ni¿ u pszczó³ karmionych dietami z pozosta³ymi dodatkami w roku

2001. W badaniach z roku 2002 nie obserwowano ¿adnych znacz¹cych zmian w d³ugoœci

g³ównych kanalików u pszczó³ karmionych wzbogacanymi dietami. Rodziny karmione dietami

z dodatkiem witaminy C, m¹ki sojowej i mieszanki multiwitaminowej charakteryzowa³y siê

wiêksz¹ powierzchni¹ czerwiu notowan¹ latem 2001. Rodziny karmione dietami z dodatkiem

mieszanki witaminy C i m¹ki sojowej oraz mieszanki witaminy C z odt³uszczonym mlekiem

wykazywa³y znacz¹cy wzrost w powierchni czerwiu pszczelego w roku 2002. Mo¿na zatem

uznaæ, ¿e mieszanka witaminy C i m¹ki sojowej jest najlepszym suplementem diety w czasie

okresów suszy.

S³owa kluczowe: suplementy diety, gruczo³ gardzielowy, czerw, pszczo³a miodna.
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