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ABSTRACT
The hypopharyngeal gland (HG), along with the mandibular gland from

Apis mellifera workers plays a fundamental role on the development of the
hive. The protein based substances produced by the hypopharyngeal and
mandibular glands are two important component of the royal jelly, which
is responsible for caste differentiation and used to feed larvae, drones and
the queen. Several factors may alter the physiology of glandular structures
in honeybees and consequently their role within the bechive, and one of
the most important factors is their nutritional status. However, few studies
have evaluated the development of HG against different diets on African-
ized honeybees. Our experiment was composed of four diets (treatments)
offered to different groups of workers: (T1) honey, (T2) honey + soybean
extract, (T3) honey + pollen and (T4) sucrose solution. The development
of the glands was evaluated in two periods: 7 and 10 days of exposure to the
diet types. According to the results, an interference of the diet on the acini
area of the HG was observed. Bees that were fed with the sucrose solution or
soybean extract presented the smallest acini areas as compared to the other
treatments. The time of exposure to the different types of diets also had an
effect on acini areas. Worker bees fed with honey and soybean extract for 10
days presented smaller acini areas when compared to bees dissected at the
7* day of exposure to those same dict types. Nevertheless, we also observed
that factors other than just nutrition are important to the full development
of the HG, such as the stimulus promoted by the young breeds.
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INTRODUCTION

The quality of food collected by honeybees has an important relationship
to the overall hive development, and special attention must be given to the
role that food plays on the development of the hypopharyngeal glands (HG)
(Wkislo and Cane 1996). HG of workers of Apis mellifera L. (Hymenoptera:
Apidae) have been morphologically and physiologically studied due to their
importance on the production of royal jelly (Cruz-Landim 2009; Sechuus
et al. 2007; Gatehouse ez al. 2004). However, few studies have evaluated
the development of glands in Africanized honeybees as a function of the
diet offered to them. The HG, located inside the worker's head, produces
a protein-based substance that is responsible for the differentiation among
castes and also used to feed young larvae, drones and the queen (Feng ez al.
2009; Kamakura2011).The structure of this gland varies according to the age
and function of workers within the hive. Young honeybees that function as
nurses have active HG with large acini, while in older honeybees that present
foraging activity, the gland will tend to be atrophied (Sasagawa ez 2/.1989).

Several factors may affect the physiology of glands and consequently the
honeybee'srole, impacting hive internal condition or organization (Huang &
Ottis 1989). One important factor is the nutritional state of the honeybees.
Protein sources are extremely important to physiological development, es-
pecially to the young workers, as pollen is the main source of protein to their
development (Zahra & Talal 2008). The activity period of the HG and the
time that honeybees spend as nurses may vary according to the number of
larvae in the hive. Apparently, the activation of the HG will occur with the
presence of a protein based food, and the maintenance of the active glands
will depend on the existence of larvae in the hive (Huang & Ottis 1989; Al-
Ghamdi ez al. 2011).

During periods of the year characterized by pollen scarcity, other food
sources rich in protein such as soybean extract and milk powder might be
used to feed the hives (Zahra and Talal 2008; DeGrandi-Hoffman ez 4/.
2010; Al-Ghamdi ez al. 2011). However, despite those diets' high protein
contents, their protein types may not be digested or absorbed by the bees,
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resulting in a negative impact on the overall development of the hive (Pernal
& Currie 2000). Several factors should be considered regarding the types of
food offered to the honeybees, being that food organoleptic characteristics
are fundamental to acceptance and ingestion of the diet, while food nutrient
composition is important to its digestion and assimilation.

The role of the HG on the production of royal jelly provides motivation
for improving the current knowledge on the development of adequate diets
that stimulate the development of the glands with the aim of empowering
the production of this apicultural product of great nutritional properties. In
this context, the aim of this study was to evaluate the effect of different diets
on the development of HG of Africanized honeybees.

MATERIAL AND METHODS

The study was conducted at the Central Apiary of the Federal University
of Vicosa (UFV), where young workers of Africanized Apis mellifera were col-
lected directly from the combs. The workers were confined inside wood boxes
(09 x 09 x 03 cm), covered with nylon screens, and fed with the diets and wter
ad libitum. The experiment consisted of four treatments (diets): honey only
(T1), a mixture of soybean extract and honey (4:1) (T2), a mixture of pollen
and honey (4:1) (T3), and a 50% p/v solution of sucrose only(T4). Twelve
wood boxes, each containing 10 young workers were mounted; each treatment
had three replicates. The boxes were kept inside environmentally controlled
chambers at 34 + 2 °C and 70 + 10% RU.

The honeybees from each treatment were dissected after two different peri-
ods: at the 7" and 10* day of exposure to the diets. Prior to being dissected, five
honeybees were taken from each box and kept in a fixing solution of Dietrich
(30 ml of ethanol, 10 ml of formaldehyde 40%, 2 ml of acetic acid and 58 ml of
distilled water) for a two day period, and then they were transferred to an 80%
ethanol solution. After the fixing period, the honeybees were dissected, and
their HGs were extracted for subsequent measurement of an area of 20 acini
per honeybee. Photographic images were taken and recorded with an optical
microscope (100X magnification). The acini arcas were determined with the
software Image Pro Plus”. The obtained dataofaciniareasfrom HG ofhoneybees
fed with different types of diets after two different periods of exposure (7 and
10 days) were submitted to ANOVA and the Tukey Test (p< 0.05).
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RESULTS

The type of diet offered to the honeybees did affect mean acini area values
(F=17.78; p<0.05). Smalleraciniareas were observed for honeybees fed with
sucrose solution (T4) (2.5 um?), followed by honeybees fed with honey +
soybean extract (T2) (4.0 pm?). The time factor also had a significant effect
on acini areas (F= 11.00; p<0.05), with negative correlation (Table 1).

Honeybees that were fed with honey + soybean extract (T2) for 10 days
presented smaller acini areas as compared to honeybees fed with the same
feed for a 7 days period. Acini areas of honeybees fed with pollen ('T3) after
7 or 10 days of exposure were not statistically different. However, it was
observed that the general morphology of the acini for the four treatments
presented a poor development when compared to acini extracted from HG
of nursing bees aging from 7 to 10 days, taken from hives with young larvae

and queen (Fig. 1).

Table 1 - Acini area in HG in workers of Africanized honeybees (um?)

Feed Time (days)

7 10
Honey 5.6 £0.952A 3.2+ 0.50bB
Honey + Soybean extract 5.240.75aA 2.8+ 0.40bB
Honey + Pollen 5.7£0.90aA 5.5% 0.90aA
Sucrose 2.0+ 0.55bA 3.1+ 0.55bA

Means followed by the same letters (capital letters for rows and small letters for columns) do not sta-
tistically differ among one another using the Tukey Test at 5% probability. Mean + standard error.

DISCUSSION

The secretion produced by the HG is the main constituent of the royal
jelly, a substance rich in protein and other nutrients that feeds young larvae,
helps in caste differentiation due to its morphogenetic properties and is also
the exclusive nutrient source for the queen (Michener2007; Kamakura2011).
However, the development or activation of this structure is linked to some
factorssuch as protein availability and quantitative or qualitative variations of
this resource (Al-Ghamdi ez 4/. 2011). The results obtained from this study
demonstrated that the type of dietdoes affect the development of the workers'
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Fig. 1. Acini extracted from Apis mellifera fed with different diets, without the stimulating presence
of young larvae. A) T1 - Honey, 7 days; B) T1 — Honey, 10 days; C) T2 — Honey + soybean extract,
7 days; D) T2 — Honey + soybean extract, 10 days; E) T3 — Honey + pollen, 7 days; F) T3 — Honey
+ pollen, 10 days; G) T4 -50%sucrose solution, 7 days; H) T4 —50%sucrose solution, 10 days. I)
Hypopharyngeal gland of a nursing bee kept inside the bechive containing larvae and queen.
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glands, as the best results were observed for the group fed on treatment T3
(honey + pollen). Protein availability affected the size of acini, as groups of
honeybees fed with protein supplements presented acini with greater areas
as compared to groups that were fed exclusively with pollen and/or honey
(DeGrandi-Hoffman ez a/. 2010).

Food palatability and absorption are factors that should be taken into ac-
countwhen providinghoneybees with supplemental diets. Supplements with
greater protein content may not always be the most efficient (Al-Ghamdi ez
al. 2011; DeGrandi-Hoffman ez al. 2010). In other words, because they are
not naturally part of a honeybee diet, foods based on soybean extract might
be rejected or only consumed in small amounts for not presenting attractive
organoleptic characteristics.

When evaluating food protein concentration and the development of the
HG in Carniolan bees, Al-Ghamdiezal. (2011) verified abetter development
of the structure in those that were fed with apicultural pollen, even though
other groups of the same type of bees were fed up on rations with higher
protein contents and presented underdeveloped glands. Al-Ghamdi ez 4.
(2011) also observed that the consumption of diets based on soybean extract,
milk powder and brewer’s yeast was 56.63% smaller than the consumption of
dietsbased onapicultural pollen. Hence, the development of diets containing
fractions of apicultural pollen in their composition might be a good solu-
tion to reduce aversion to diets and increase the nutrient absorption by the
honeybees, resulting in better overall development of the hive and improved
production of royal jelly.

Even though the results obtained from this study show significant differ-
ences among treatments, for all cases the HG presented as poorly developed,
with small and apparently atrophied acini as compared to those belonging to
the nursing bees. One factor that might explain this difference in develop-
ment was the absence of young brood, which might act as a stimulus to the
development and activation of the HG, as observed in natural conditions
(Huang & Ottis 1989). These glands are significantly bigger in the presence
of young brood and will tend to reduce in size a few days of their absence
inside the hives. Thus, even with adequate protein sources, the full develop-
ment and maintenance of this structure will only occur under the presence

of young brood (Huang & Ottis 1989; Mohammedi 7 a/. 1996).
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Alongwith the presence of pupae and good sources of protein, nutritional
supplementation may also affect the development of the HG. Zahra and Talal
(2008) observed that the effect of supplemental feedingin hives of A. mellifera
promoted an increase in mean acinus size and HG ducts length, being that
highervalueswere obtained in hives supplemented with vitamin C, overcoming
supplements based on soybean extracts. Factors such as parasitism may also
have a negative impact on glands development. Pinto ez 4/. (2011) observed
a cell area decrease of 11% for HGs in Africanized honeybees parasitized by
the mite Varroa destructor, as compared to healthy honeybees.

Role assignment within hives with 4. mellifera is directly related to the
age of the workers, and this fact is due to physiological changes triggered by
hormones mediated by biogenic amines as the honeybees get older (Otto
1955; Huang & Otis 1989).These physiological changes cause the young
workers of A. mellifera not to present active or developed HG right after
the bee's emergence, so that they will perform tasks as cleaning the hive;
afterwards, when they reach 6 to 12 days of age, the glands reach their full
development, and the bees will then act as nurses (Otto 1955; Huang &
Otis 1989). Thus, along with the availability of the necessary nutrients
to the development and activation of the glands in workers, the nursing
behavior due to the presence of the brood is an important factor for the
maintenance of the HG activity (Huang & Ottis 1989).

Significant decrease in acini areas was observed in honeybee groups fed
with soybean extract and honey, while groups of bees from the same study
that were fed either with pollen, honey or sucrose presented mean acini
areas statistically of the same size. The decrease in acini areas observed in
workers fed only with honey is due to the lack of enough protein resources
for the maintenance of the gland activity associated with the lack of stimu-
lus from the brood; for honeybees fed with soybean extract and honey,
the results can be explained by the aversive behavior to the non-natural
protein source combined with the lack of stimulus due to the absence of
brood. Pernal and Currie (2000), when analyzing the effect of the quality
of several types of pollen on the protein secretion of the HG of workers,
observed a significant decrease in secretion amount between 7 and 10 days
according to the nutritional quality and acceptance of the pollen product
offered to the workers.
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The group that was fed solely with a sucrose solution presented the small-
est acini area values, as there were no significant difference for workers after
cither 7 or 10 days. This outcome is in agreement to what was presented by
Pernal and Currie (2000), who did not observe differences, for the same age
periods, in the amount of protein secretion from glands of honeybees fed on
sources of inferior nutritional values. In contrast, the group in this study that
was fed with a diet containing pollen and honey, which presented acini areas
significantly bigger than those obtained from the other dietetic treatments,
did not differ between the ages of 7 and 10 days.

The best results for acini area was obtained from the honeybee group fed
with their natural protein source (pollen), even though the bees in this treat-
ment did not have their HG fully developed. This outcome may be valuable
in the development of supplemental diets for hives during periods of natural
food scarcity. In order to reduce the costs, diets that combine pollen with other
protein sources should be tested in future studies to evaluate the development
of the HG and other structures such as the mandibular glands. Providing the
hives with an adequate diet might also act as a means to prevent the occur-
rence of pathogens and epizootics such as CCD, which has been the cause
of millions in losses to the apicultural business worldwide (Brodschneider &
Crailsheim 2010).

CONCLUSION

The results obtained from the study described in this document reinforce the
hypothesis that feeding plays an important role on the initial development of
HG, and that different diets will affect gland development to different degrees,
according to diet nutritional values. However, regardless of the type of food,
the glands of the honeybees used in this study presented themselves to be less
active and tended to present smaller sizes during the entire experimental period
due to the absence of brood, which are necessary and act as a stimulus towards
full gland development and maintenance.
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