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In the honey bee the oesophagus expand into a large thin walled sac, commonly called crop or honey stomach. The
honey stomach is well developed in the worker and play vital role to hold the nectar and accumulate in this
reservoir. Basically honey stomach is in the form of sac with distensible walls. Histologically wall of honey stomach
shows high folds in its epithelium enormous expansion of the sac. Scanning electron micrograph show epithelial
pleats suggests the role in nectar processing. Histology of midgut also supports as the holocrine mode of secretion.
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INTRODUCTION:

The morphological and histological

organization of alimentary canal of
ApisceranaindicaFabricius is  similar to
Apismellifera. Alimentary canal is divided into
three regions namely foregut, midgut and
hindgut. Foregut is differentiated into pharynx,
oesophagus, crop and proventriculus. All these
parts are provided with well developed
musculature. Extrinsic muscles are attached
to the foregut and hindgut and works as
dilators in insects ( Snodgrass, 1953; 56;).

When a worker with its honey stomach filled
with nectar reaches the hive, the nectar is
either store directly in the cell or is given up to
first to some other worker, who placed in a
cell. The crop wall consist of three layers, the
innermost is the epithelium with its cuticular
intima and surrounded by two muscle layer
and inner longitudinal layer and outermost
circular layer (Schreiner, 1954, Brosch and
Schreiner,1985). The cuticle consist of a thin

epicuticle and thick procuticle with pore

channels.

The proventriculus is highly specialized part of
the foregut. In some insects, process of
grinding the food into fine particles takes place
largely in the proventriculus (Wiggleworth,
1927). The function of proventriculus in the
worker is however to regulate the flow of food
material from crop into the ventriculus and to
the cells of the hive.
MATERIAL & METHODS:
In order to explore physiology of digestion and
enzyme production in the commercially
domesticated Indian honey bee, A. ceranaindica
the present work has been undertaken, with
materials and method describe below.
Honey which is made from the regurgited
nectar, thus indeed contain some pollen but
most of the pollen eaten by the bee is retain in
the stomach as food. In the present study we
have to explore the construction of the crop wall
and processing of nectar in the honey stomach.
A) Material
The honey bee, A. cerana F. occurs in Japan,
China, India and other East Asian countries. It

is widely distributed in India. The taxonomic
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status of this species has been established by
Fabriceous in 1793 and Lindauerand Kerr
(1960) suggested A. ceranaindica to be a correct
name for the India hive bee.

A colony of A. ceranaindica has been established
in two storied, ten framed Langstroth wooden
hive at the garden of department of Zoology,
RTM Nagpur University Campus, Nagpur
through the year 2014-2018. During the present
study, the bee- keeping procedures of Wadhwani
and Chhabra (1972) and Singh (1975) have been
followed.

During the present study, the bees were
collected, whenever required from the
established colony. The colony is found over
populated during winter season while it is
generally reduced during summer due to
variation in flora and environmental conditions.
In order to prevent swarming, queen cell were
immediately destroyed and favorable conditions
were artificially made (Singh, 1975). The
following procedures were carried out.

B) Methods

Histological preparation

Fixation:

Honey bees were dissected under a stereoscopic
binocular  microscope and excised the
alimentary canal, washed in a Ringer’s solution.
These tissues processed for histology, Bouin’s
fluid (aqueous) fixative used for histological
studies,

Embedding and sectioning:

Tissues fixed in Bouin's fixative were transferred
to 70% alcohol, dehydrated, cleaned in paraffin-
infiltrated xylene and blocks prepared. For the
block-making process, glass lids of staining jars
and' L' brass parts were used as moulds. With a
thin layer of glycerol, the moulds were internally
powdered and molten paraffin wax was poured
up to the brim in the moulds. To remove

trapped air, the hot needle was passed in the

molten wax and the tissue was gently placed at
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the desired orientation in the wax bed. Half an
hour later, for uniform solidification and cooling
of the wax bed, the mould was immersed in a
water container. Tissues were cut at 6-8 um on
a rocking microtome (Cambridge model) in
transverse sections and mounted on a slide.
Sections were deparaffinized in xylene and
passed down alcohol levels to the water. Then
stained in hematoxylin (5-10min) and kept in
running water. The sections were kept in eosin
(10min). Then sections dehydrated through a
series of alcohol up to 90% to absolute alcohol
for 10 min each. Cleared the section in xylene
for 10 min then sections were mounted in DPX.
The slides were microscopically examined (Karl
Zeiss) and photographed in Tuscon camera.
Scanning Electron Microscopic (SEM) study of
the crop, midgut and intestine in
Apisceranaindica

The Apisceranaindica was dissected, tissues
were taken out washed with phosphate buffer
(PB) then selected tissues were placed in fixative
prepared by mixing 2.5% glutaraldehyde
containing 2% paraformaldehyde in 0.1 M PB.
The pH of PB was maintained at 7.4. Tissues
were kept in fixative overnight. After fixation,
tissue was washed with PB 2 to 3 times. Tissues
were then dehydrated in the graded series of
alcohol i, e 30%,50%, 70%, 90% and absolute
alcohol. After treatment by graded series of
alcohol, tissues were subjected to complete
critical point drying. Finally, tissue was coated
with gold to be observed under an under Zeiss
EVOMA10 and JEOL 6380A scanning electron
microscope at 20 kV/EHT, Visvesvaraya
National Institute of Technology, Nagpur.
RESULT & DISCUSSION:

Observation:

Crop

Cross section of honey stomach of worker bee
shows elongated and separated epithelial layer.

Basement cells are brush bordered to permit the
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pollen grain pass to the ventriculus. Basement
cells forms a solid layer in the nurse and forager
bee. Some chitinic processes were detected with
epithelial layer (Fig. 1a, Fig.1b, and Fig.1c).
Midgut

The midgut wall is composed of three layers;
outer longitudinal muscles, middle circular and
inner epithelial layer. The large number of
longitudinal muscle layer strands is present
above circular muscle layer. Externally,
longitudinal muscles strands are covered by a
thin peritoneal membrane. Circular muscle is
extended into the epithelial folds to a great dept.
The epithelium is thrown into seven to eight
folds.
The epithelium is composed of two types of cells,
regenerative cells and columnar cells. At the
basal region of epithelium, regenerative cells are
arranged into crypts. The regenerative cells
show large nuclei, scanty cytoplasm and then
cell wall.
The columnar cells are long, with brush border
and large nuclei at centre with cytoplasmic
inclusions. Fully filled vesicles are present in the
lumen of columnar cells the peritropic
membrane is well distinct in the lumen of the
midgut and it encloses the food materials.
Scanning electron micrographic study of crop
shows extensive support of circular and
longitudinal muscle layers (Fig. 3d and Fig.3e).
Inner wall of crop is lined with basement
membrane and villi are present which helps in
digestion and absorption (Fig. 3b and Fig.3c.)
Epithelial pleats are also present to increase the
capacity of crop during nectar collection process
Fig.3c and 3d.
Honey bee nectar gathering even though their
crops are not full, due to fight cost budgeting.
Furthermore, there is no consideration of
possibility that honey may leave the hive for
continued foraging with crops that have not

been fully emptied. The size of the crop and its
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capacity for enlargement also might be necessity
during swarming or absconding activity, when
bees are carrying all their food reserve in their
bodies to establish a new colony. This extra food
is need to activate that produce bee wax, the
material bees use for their nest (Schmid-
Hempelet al.,1985).

During dispensation of nectar in the hive, the
muscular enclosure contracts and forces the
epithelium to pleat, itself again, pleats are
present in even the most glossy distended crop,
indicating that capacity is not a limiting factor
in the volume of nectar, a bee can accumulate
during foraging. Individual pleats are appressed,
too, indicating that a lubricating, cohering
substance occur between them (Sammataro and
Circero 2010).

Mucopolysaccharide were found in the basal
membrane of the midgut epithelium cell and
peritropic membrane of Apismellifera. The main
function of the peritropic membrane was to
distribute the digestive enzymes evenly through
the midgut (Zherebkin, 1967).

Standifer (1977) recorded that the digestion
process of honey bee workers depends on the
activity of enzymes present in the secretion of
the salivary, post cerebral and hypopharyngeal
glands and in the secretions of the midgut
epithelial cells.

The regenerative cells live close to the basal
membrane of crop epithelium and have the
function of regeneration; usually they are
solitary and sometime two or three together in a
group. Regenerative cell produce mitotically and
differentiation take place in daughter cells ( De
Priester,1971; Willie, 1983). The similar
regenerative cells division, differentiation and
propagation were observed in Apisceranaindica(
Barsagadeet al., 2008).

Spatial separation of specialized columnar
cells in the insect midgut may partially confine

enzyme secretion to one section of the gut and
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nutrient absorption to another (Berridge 1970;
Bignellet.al., 1982; Schneider et al.,1987).
Further segregation of digestion occurs because
the peritropic membrane partitions the gut, thus
permitting sequential digestion in spatially
separate compartments within the midgut
lumen. Primary digestion occurs within
endoperitropic space and then terminal
digestion completedat brush border (Terra et al.,
1979, 1985 ). The establishment of these
compartments occurs in the honey bee midgut,
as it does in many insect, when the epithelial
tissue secretes the peritropic membrane.

This elongated epithelial layer plays a key role in
a physiological process in the honey ripening.
These cells also help to secrete specific enzymes
for honey ripening. Enzyme like amylase
invertase, glucose oxidase have been regulated
in higher concentrations in honey stomach in
nurse bees (Zakaria, 2005). It shows the role of
nurse bee in completely digestive process.

In Apisceranaindica the midgut, similar to that
in other honeybees, is a long tubular structure
consisting outer layer of longitudinal muscles,
middle layer of circular muscles and inner layer
epithelium and later one is differentiated into
two types of cells, the minute regenerative cells
forming the basal crypts and tall columnar cells
performing  digestion and absorption
Snodgrass, 1956; Wigglesworth 1965; Chapman
1985 a; Chapman 1985 b).

During the present study, histological structure
of crop was studied and revealed the presence of
basement cells and elongated epithelial cells in
the crop wall. These cells help to process nectar
and pollen. Epithelial pleats also suggest the
role in digestion. The histological observations of
midgut show that the midgut wall is composed
of outer longitudinal muscles, middle circular
muscles and internal layer of epithelium. The
epithelium is composed of two types of cells, the

regenerative cells and columnar cells.
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Membranous vesicles filled with deeply stained
material occur predominantly in extra peritoneal
region which seems to detach from the
columnar cells suggesting holocrine mode of
secretary mechanism.

CONCLUSION:

Honey stomach is enriched with epithelial pleats
suggests the role in digestion. It is observed in
scanning electon microscopic studies that
extensive muscle layer supports distensible wall
of honey stomach for expansion of sac. Histology
of midgut shows presence of regenerative cells,
columnar cells suggests the regulation of

digestive processes in the Apisceranaindica.
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Fig. 1a : Section showing histological structure of crop with lumen with food particles
and longitudinal muscles (LM) in crop. HE: 100X
Fig. 1b : Section showing longitudinal muscles (LM), epithelial cells(EC). HE 400X
Fig. 1c : Section showing epithelial cells(EC), lumen(LU) and basal cells(BC).400X
Abbr: EC- Epithelial cell, EF- Epithelial folds, LM- Longitudinal muscle, LU Lumen,

BM- Basement membrane, BC-Basal cells
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Fig. 2a : Section showing histological structure of midgut exibiting epithelial fold (EF) , membranous
vesicles(MV) and circular muscles (CM) 400X

Fig. 2b : Section showing basement membrane(BM), regenerative cells (RC), peritropic membrane(PM),
nucleus(NU). HE 400X

Fig. 2c : Section showing epithelial cells(EC), nucleus(NU). HE 400X

Abbr:  CM-Circular muscle, EC- Epithelial cell, EF- Epithelial folds, LM- Longitudinal muscle, , MV —

Membranous vesicles NU —Nucleus, BM- Basement membrane, CI-Cytoplasmic inclusion.
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Fig 3a-SEM of crop showing internal structure with well developed longitudinal muscles(LM), basement
membrane(BM). Scale bar = 10pum

Fig. 3b and 3c -SEM of crop showing epithelial folds(EF). Scale bar = Sum
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Fig. 3d and 3e SEM of midgut showing well developed circular muscles(CM) and longitudinal
muscles(LM). Scale bar = lum

Abbr. CM — circular muscles, EP- epithelial plate, BM -basement membrane
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