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The histological and transmission electron microscopic

studies revealed the synthesis activity predominantly

in the hypopharyngeal glands of the nurse bees. The

biochemical analysis of both, the hypopharyngeal

gland extract and royal jelly elucidated unequivocally

the proteins and lipids as the major constituents. Fur-

ther the SDS-PAGE of hypopharyngeal gland extract

showed about 17 protein bands, perhaps 14.10, 20.00,

29.00 and 43.00 kDa predominantly while that of royal

jelly revealed only two protein bands of 29.00 and

43.00 kDa molecular weight suggesting them as the

major royal jelly proteins (MRJP). The lipid profile of

royal jelly consists of triglycerides, cholesterol, HDL,

LDL and VLDL. 
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Introduction

Besides extensive work on the synthesis and chemical
composition of royal jelly in Apis mellifera, no adequate
information is available on that of Apis cerana indica

(Albert et al., 1999; Echigo et al., 1986; Hans and Šimuth,
1992; Howe et al., 1985; Knecht and Kaatz, 1990; Lerker
et al., 1982; Sato et al., 2004; Schimitzova et al., 1998;
Takenaka, 1982). Due to the high nutritious and anti-aging
property, the royal jelly has now a day great demand in the
foreign countries and the royal jelly is, therefore, one of
the principal products of apiaries throughout the world.
The royal jelly obtained from the colonies of Apis mel-

lifera has, however, wide-spread demand because of its
full chemical characterization. In order to enhance market

value of the royal jelly obtained from Apis cerana indica

in India, its full characterization and patenting is utmost
essential. 

The present work was, therefore, undertaken to inves-
tigate protein and lipid composition of royal jelly of Apis

cerana indica. 

Materials and Methods 

During the present study, the bees were collected from the
hive established at the premises of the Department of
Zoology, RTM Nagpur University, Nagpur (India).

Histological Methods

The hypopharyngeal glands of the nurse bees were dis-
sected in the insect Ringer and immediately fixed in
Bouin’s fixative for 18~24 h, dehydrated in ethanol, cleared
in xylene and embedded in paraffin wax at 58~60ºC. The
sections were cut at 4~6 µm thickness and stained with
either Ehrlich’s Haematoxylin-eosin or Heidenhain’s Iron
haematoxylin-orange G (Tembhare, 2008).

Transmission Electron Microscopy

Worker bees were anaesthetized with CO2, the head cap-
sule was cut along the lateral and ventral margins and the
dorsal wall was lifted up. The hypopharyngeal glands
were separated with a fine needle, cut and fixed gently in
2.5% glutaraldehyde in phosphate buffer (pH 7.2, 0.1 M)
for 12~18 h and post-fixed in 1% osmium tetraoxide for 1
h in refrigerator. The material was washed in buffer solu-
tion thrice and stained with 0.5% uranyl acetate during
dehydration in graded acetone. The material was further
transferred to a mixture of methacrylate-styrene (1:1), 4%
benzyl peroxide and equal volume of absolute alcohol for
1 h infiltration and lastly, embedded in methacrylate-sty-
rene (Araldite) solution at 40ºC, 50ºC and 60ºC for 12 h,
18 h and 24 h respectively. The ultra-thin sections were
collected on pioloform coated grids after cutting with
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glass knife on LKB 4800A Ultratome (Sweden) and stud-

ied under the Morgagni-200 E electron microscope at suit-

able magnifications at All India Institute of Medical

Sciences, New Delhi, India. 

Biochemical Methods

Hypopharyngeal gland 

The hypopharyngeal glands were dissected out from

worker bees in the ice-cold Ringer solution, fat body, tra-

chea and muscles were removed, washed in Ringer and

homogenized for 5 min. One ml extract was taken and

total protein and lipids were estimated with the biuret and

sulpho-phosphovanillin methods respectively (Tembhare,

2008).

Royal jelly 

Royal jelly was collected from the queen cells of the hive

and quantitative estimation of total cholesterol, triglycer-

ides and high and low-density lipoproteins was made

according to the methods of CHOD-PAP (Allain et al.,

1974), GPO-PAP (Annoni et al., 1982) and PTA (Fried-

wald et al., 1972) respectively.

Electrophoretic analysis of proteins in the extract of the

hypopharyngeal gland and royal jelly was carried out with

SDS-PAGE (Laemmli, 1970).

Results

Light microscopic observations

The hypopharyngeal glands (HPG) of the nurse bees con-

sist of large number of glandular lobules or acini con-

taining a group of 5~7 large glandular epithelial cells. The

epithelial cells are characterized with a presence of large

nuclei at the centre and dense granular cytoplasm all over

the perikarya. In the 3 day-old nurse bees, the large nuclei

and large amount of cytoplasmic inclusion was well evi-

dent (Fig. 1A). In the 12 day-old nurse bees, formation of

large number of vacuoles in the cytoplasm of the secretory

cells of HPG were observed distinctly suggesting gradual

degeneration of the HPG (Fig. 1B). 

Transmission electron microscopic observations

The ultrastructure of the secretory cells of HPG revealed

presence of large number of granular endoplasmic retic-

ulum, golgi bodies and densely stained secretory granules

in the 3 day-old nurse bees predominantly (Fig. 2A and

2B). In the 12 day-old nurse bees disintegrated cytoplas-

mic organelles and secretory granules and formation of

the vacuoles, phagocytotic bodies and so-called end appa-

ratus (Deseyn and Billen, 2005) was observed indicating

onset of the degeneration process (Fig. 2C).

Biochemical analysis of HPG extract

The biochemical analysis revealed the total protein and

lipid concentration of about 350.62±1.73 µg/mg and

39.0±0.036 µg/mg in the HPG extract suggesting predom-

inantly the proteinaceous and lipoidal nature of the secre-

tory material of the hypopharyngeal gland of the nurse bees.

SDS-PAGE of HPG extract

The SDS-PAGE explored the protein profile of the secre-

tory material of the hypopharyngeal gland. About 17

bands were appered among which 4 bands of 14.10,

20.00, 29.00 and 43.00 kDa were thick and stained prom-

inently (Fig. 3A).

Biochemical analysis of Royal Jelly 

The five different queen cells were studied weighing 53,

47, 60, 42 and 39 mg. The RJ in the queen cells was mea-

sured about 17, 18, 29, 13 and 9 mg respectively. The bio-

Fig. 1. Histology of the HPG in 3-day old nurse bee (×400) (A)

and 12-day old nurse bee (×400) (B). NU, nuclei; SC, secre-

tory cells; SM, secretory material; V, vacuoles.
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chemical analysis of RJ showed about 327.4±1.23 µg/mg

total protein and 97.4±0.83 µg/mg total lipid concentra-

tion. The separation of lipid profile revealed presence of

113.0 mg/dl triglycerides, 62.5 mg/dl cholesterol, 28.5 mg/

dl HDL, 11.4 mg/dl LDL and 22.6 mg/dl VLDL lipopro-

tein concentration.

SDS-PAGE analysis of Royal Jelly

The SDS-PAGE analysis of RJ showed two major bands

of 29.00 and 43.00 kDa mol.wt (Fig. 3B).

Discussion

Light and electron microscopic studies revealed secretory

Fig. 2. TEM of the HPG in 3-day old nurse bee (A), Magnified

of 3-day old nurse bee (B) and 12-day old nurse bee (C). EA,

end apparatus; GB, golgi bodies; NU, nucleus; PM, peritrophic

membrane; RER, rough endoplasmic reticulum; SG, secretory

granules. 

Fig. 3. SDS-PAGE of HPG extract (A) and RJ (B). PMW-B,

protein molecular weight marker-broad range; RJ, royal jelly;

3D, 3-day old nurse bee, 9D, 9-day old nurse bee; 12D, 12-day

old nurse bee. 
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nature of the acinus cells of HPG of Apis cerana indica

showing active secretion during initial period and there-
after undergoing degeneration during the old age similar
to that in Apis mellifera (Brouwers, 1982; Cruz-Landim
and Hadek, 1969; Deseyn and Billen, 2005; Michener,
1974; Wilson, 1971). 

Kubo et al., (1996) noticed three major protein bands of
50, 56 and 64 kDa in HPG extract of the nurse bee, Apis

mellifera. Kamakura et al. (2001) noticed that the 57 kDa
protein in royal jelly enhances proliferation of hepatocytes
and promotes regeneration of liver. The 55 kDa protein of
royal jelly in Apis mellifera is now called the major royal
jelly protein (MRJP) constituting 48% of the water sol-
uble single protein appearing on SDS-PAGE distinctly
(Knecht and Kaatz, 1990; Schmitzova et al., 1998; Šimuth,
2001). Now it is well established that at least four proteins
of 50, 56, 57 and 64 kDa are selectively synthesized by
the hypopharyngeal gland of Apis mellifera and secreted
as royal jelly proteins (Hanes and Simuth, 1992; Kubo et

al., 1996). The present SDS-PAGE analysis revealed
about 17 protein bands among which four bands weighing
about 14.10, 20.00, 29.00 and 43.00 kDa in the HPG
extract and two protein bands of 29.00 and 43.00 kDa in
the royal jelly prominently, suggesting the latter two pro-
teins as the MRJP in Apis cerana indica. The MRJP in
Apis cerana indica, therefore, differ from those of Apis

mellifera similar to that in the Africanized and European
honeybees (Sato et al., 2004).
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