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ABSTRACT

One of the most precious edible bird’s nests (EBN) is constructed by the white-nest swiftlet 
(Aerodramus). However, different swiftlet populations might have different food intakes as 
a result of their different habitat sources. This situation will likely influence the secretion 
of the salivary gland. EBN is built from the saliva of the swiftlets. The major function of 
the salivary gland is to secrete saliva. This study was conducted with the aim of defining 
and comparing the histological structures of the sublingual salivary gland and its mucin 
content found in two separate populations of house-farm and cave white-nest swiftlets. 
Samples were collected from Seri Iskandar, Perak, Malaysia (04º20.824´N, 100º52.826´E) 
and Gomantong caves, Sabah, Malaysia (5º31.46.5´N, 118º4.29.6´E). It was found that 
the largest visible salivary gland present in both populations was the sublingual gland. 
The glands were stained with hematoxylin and eosin (H & E) stain and a combination of 
Alcian blue (AB) with periodic acid-Schiff (PAS) stain. The H&E stain displayed a broad 
range of cytoplasmic, nuclear and extracellular matrix features. The parenchyma of the 
cave swiftlet population appeared foamy due to high mucous secretion whereas the cells 
of the house-farm population could clearly be seen to be separated because of less mucous 
secretion. There was a clear difference in density and abundance of mucous acini cells in 
which the samples from the cave population were compacted with these cells. AB-PAS 

stains revealed full complement of tissue 
proteoglycans and acidic-mucin, neutral-
mucin and mixtures of acidic and neutral 
mucins. The cave population exhibited 
higher concentrations of acidic, neutral, 
and mucins mixture compared with those 
from the house-farm. This is probably 
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caused by several combinations of factors 
such as difference in dietary habit, habitat 
preference and age of the swiftlet.  

Keywords: white-nest swiftlets, edible bird’s nest 

(EBN), sublingual salivary gland, saliva, house-farm 

swiftlets, cave swiftlets

INTRODUCTION

A few species  of  swif t le ts  (genus 
Aerodramus) build edible nests that are 
consumed by humans, known as the ‘caviar 
of the East’ or as a medicinal food (Marcone, 
2005). Edible bird’s nest (EBN) refers 
to the nest produced by several different 
swiftlet species. Human consumption of 
these nests has been regarded as a symbol 
of wealth, power and prestige, while its 
use for its medicinal value by traditional 
Chinese medicine practitioners dates as 
far back as the Tang (618-907 AD) and 
Sung (960-1279 AD) dynasties (Lim & 
Cranbrook, 2002). The majority of EBNs 
traded worldwide comes from two heavily 
exploited species, the white-nest swiftlet 
(WNS) and the black-nest swiftlet (A. 
maximus). This species distribution ranged 
from the Nicobar Islands in the Indian 
Ocean to the sea caves in the coastal regions 
of Thailand, Vietnam, Indonesia, Borneo 
and the Palawan Islands of the Philippines 
(Lim, 2000; Lim & Cranbrook, 2014). 
Based on the recent systematic review by 
Cranbrook et al. (2013), WNS are divided 
into two large allopatric species, namely 
the grey-rumped Swiftlet Aerodramus 
inexpectatus, with subspecies A. i. germani 
and A. i. perplexus, and Thunberg’s or 

the brown-rumped Swiftlet Aerodramus 
fuciphagus, with subspecies A. f. fuciphagus 
and A. f. vestitus. Species identification 
in the field has proven to be challenging 
because of the limited variation in size 
and plumage colouration of the swiftlets. 
Stresemann (1931) has characterised these 
birds based on their tarsal feathering, rump 
and shaft colouration as well as the length of 
the wing, tail and their furcation. The type 
of the nest was also considered to be one 
of the reliable taxonomic indicators among 
swiftlets as shown by Medway (1966a). 
In this study, the taxonomic classification 
for the species studied follows that of 
Cranbrook et al. (2013), in which the cave 
population is identified as A. f. vestitus, 
while the current domestic house-farm 
population is a potential hybrid species 
drawn from genetic mixing of two species 
of WNS (i.e. A. inexpectatus and Thunberg’s 
swiftlet A. f. fuciphagus).

EBN is the nest of the swift that is 
made from its saliva, which contains 
sialylglycoconjugates (Matsukawa et al., 
2011). The composition of the swiftlet’s 
saliva resembles that of salivary mucin. 
Many studies have been carried out on the 
tonic effects of EBN, and it has been shown 
that EBN stimulates mitosis hormones and 
the growth factor for epidermal growth, 
resulting in repair of cells and stimulation of 
the immune system (Ng et al., 1986; Kong et 
al., 1987). The average crude protein content 
in the EBN has been reported by Marcone 
(2005) to be at 62%-63% and by Kathan and 
Weeks (1969) to be at 32.3%. Researchers 
have also found several carbohydrate 
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molecules in EBN including new sialic acid-
containing compounds and glycoconjugates 
(Martin et al., 1977; Pozsgay et al., 1987; 
Reuter et al., 1989; Wieruszeski et al., 1987; 
Kakehi et al., 1994; Yu-Qin et al., 2000). 
However, the importance of sialic acid 
residues in EBN is still not clear. 

The number and arrangement of salivary 
glands vary among the species. In mammals, 
there are three main pairs of salivary glands: 
(i) the submandibular (ii) the sublingual, 
which lie under the tongue, and (iii) the 
parotid, which lies at the back of the mouth 
between the upper and the lower jaw (Tomasi 
& Plaut, 1985). In birds, adaptation of the 
salivary glands is based on the type of food 
consumed. In general, a species that relies 
on a relatively soft diet has less developed 
salivary glands while insectivores and seed 
eaters have more developed and functional 
salivary glands (King & McLelland, 1984; 
Blanks, 1993; Taib & Jarrar, 2001). In 
contrast, swiftlets have numerous minor 
salivary glands in their lingual apparatus. 
This modification allows the swiftlets 
to produce massive amounts of salivary 
secretion, which may manifest significantly 
during the nest-building process (Shah & 
Aziz, 2014). Although the salivary glands 
of most birds are not conspicuous as those 
in mammals, the comparative morphology 
has been studied since the 1880s (e.g. Batelli 
& Giacomini, 1889) and most avian glands 
are histologically described as the mucous 
type (Jerret & Goodge, 1973). In addition, 
the presence of serous cells has also been 
recorded in the salivary glands of quail, C. 
coturnix (Taib & Jarrar, 1998). 

The primary function of salivary glands 
is to secrete saliva, a fluid composed of water, 
electrolytes and various multifunctional 
proteins (Koller et al., 2000). The basic 
protective mechanism mediated by saliva is 
bacterial clearance. Saliva is also an essential 
fluid for the health of human teeth and oral 
mucosal surfaces and for maintaining 
microbial balance and supporting other 
oral functions. Other than that, saliva also 
contains antifungal and antiviral substances 
that make it part of the mucosal immune 
system (Tomasi & Plaut, 1985). On the 
other hand, swiftlets use saliva to construct 
their nest (Goh et al., 2001), and this is 
considered one of the swiftlet’s prized assets 
because there are no other organisms with 
such ability. Swiftlet nests are constructed at 
the vertical concave of a cave wall in a half 
bowl-like shape into which the swiftlets’ 
eggs are hatched (Marcone, 2005). The 
objectives of this study were to define the 
histological structures of the sublingual 
glands and to determine the mucin type 
of the glands from two different swiftlet 
populations. It was hypothesised that there 
are differences in the morphology and the 
amount of protein concentrations in the 
sublingual glands of swiftlets from house-
farm and cave populations.

MATERIALS AND METHODS

Sample and Data Collection

During mist-netting, a number of captured 
swiftlets were released as there was no 
visible bulking salivary gland underneath 
the throat and lower mandible. Only 14 
birds were selected based on this criterion. 
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It was believed that the swiftlets used were 
adult birds based on their overall body 
size as well as the presence of bulking 
salivary glands found under the lower 
mandible. Seven WNS were captured in 
Seri Iskandar (04º20.824´N, 100º52.826´E), 
where the distance of the sampling area 
from the bird-house is approximately 500 
m. The other seven swiftlets were captured 
inside the Gomantong caves (5º31.46.5´N, 
118º4.29.6´E). The swiftlets from Seri 
Iskandar, Perak were captured on 3 January, 
2013, whereas the swiftlets from Gua 
Gomantong, Sabah were captured on 18 
December, 2013. Only 12 birds with well-
developed sublingual glands (three for each 
group) out of the 14 birds were selected to 
standardise the comparison. Only a small 
number of samples was collected for each 
group due to lack of cooperation from the 
house-farm/cave owners. The 20-m mist 
net (2.5 m height and 2 cm x 2 cm mesh 
size) with two shelves was deployed in 
the free land of Seri Iskandar, Perak, and 
the swiftlets were enticed by playback 
calls using a portable speaker (G-Shark 
S938). When the birds hit the net, they 
were quickly caught and transferred into 
wooden cages, which were then covered 
with cloth to reduce the stress of the birds. 
The birds were quickly transported to a 
laboratory in the Institute of Biosciences, 
Universiti Putra Malaysia (UPM). Sampling 
at Gua Gomantong, Sabah was conducted 
by deploying the nets directly to heights 
closest to the bird nests. Subsequently, 
the birds were euthanised and dissected 
at the Regional Veterinary Laboratory, 
Department of Veterinary Services and 

Livestock Industries, Kota Kinabalu, Sabah. 
The study protocol was approved by the 
UPM Animal Ethics Committee (AUP: 
12R144/Apr12-March13).

Gross Examination

Before performing the dissection, the swiftlets 
were euthanised using approximately 1 mL 
pentobarbitone sodium (Nembutal®) at 
a dose of 80 mg/kg intravenously, which 
was injected through the brachial ulna vein 
(Close et al., 1996). The feather around the 
lower mandible was gently removed using 
alcohol; this was carried out carefully to 
prevent any distortion to the salivary glands. 
Subsequently, the dissection was carried 
out to expose the sublingual glands. The 
glands were subjected to gross examination 
under stereomicroscope (Nikon SMZ1500, 
Tokyo, Japan), and the weight of the glands 
was measured using a three-decimal place 
weighing balance (B303-S analytical 
balance, Mettler Toledo, Switzerland). 
Following that, the gender of the swiftlets 
was determined by observing the sexual 
reproductive organs.

Microscopic Examination

The tissues of the gland were then removed 
and fixed in Bouin’s solution for 16 to 24 
h and washed every 2 h using 50% alcohol 
for a total of three times and preserved with 
70% alcohol (Adnyane et al., 2011). The 
samples were then transferred into a cassette, 
processed for 16 h and then embedded 
in paraffin wax (Bancroft & Gamble, 
2008). The blocks were serially sectioned 
into 4-μm thickness using a microtome 
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(Leica RM-2155 rotary microtome; Leica 
Microsystem Inc., Bensheim, Germany). 
The sections were then deparaffinised, 
hydrated through graded alcohol with 
water and stained with hematoxylin and 
eosin (H&E) to demonstrate the general 
histological architecture of the tissue 
(Spector & Goldman, 2006). The tissue 
was also stained using a combination of 
Alcian blue-periodic acid-Schiff (AB-PAS) 
with a pH of 2.5 for the differentiation of 
neutral and acid mucins (Spicer & Meyer, 
1960; Bancroft & Gamble, 2008). The 
slides were mounted with cover slips using 
the mounting medium (Entellan®, Merck, 
Germany) and left for 24 h in the open air. 
Finally, the stained slides were examined 
under a light microscope equipped with an 
image analyser (Olympus BX51; Olympus 
Optical Co. Tokyo, Japan).

Statistical Analysis

The data providing sublingual gland weight 
were calculated based on actual and relative 

weight, which was expressed as mean ±SD. 
Statistical comparisons were conducted 
between the two WNS populations from 
different habitats. Data were analysed using 
an independent-sample t-test for parametrics 
(IBM SPSS Statistic Ver. 21). The significant 
level was set at p<0.05. 

H0 = Mean relative weight of sublingual 
glands was the same for both the 
house-farm and cave population

H1 = Mean relative weight of sublingual 
glands was significantly different for 
the house-farm and cave population.

RESULTS

Gross Examination

Gross examination of the salivary glands 
showed that there was a pair of major 
salivary glands (i.e. sublingual glands) 
present ventral to the lower mandible of the 
swiftlet (Figure 1). However, this structure 

Figure 1. Photographs of the bird (a) before dissection showing the submandibular glands lying underneath 
the skin ventral to the lower mandible (arrows) (note that the feather around the lower mandible was removed) 
and (b) after dissection showing the exposed submandibular glands. The glands are enlarged and lobulated. G 
= submandibular glands; T = trachea; 1 grid = 1 mm
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lying underneath the skin ventral to the lower mandible (arrows) (note that the feather around 
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could only be seen clearly once the feather 
under the lower mandible of the bird was 
removed. The glands were present in a pair, 
and they were greatly enlarged compared 
with the other major salivary glands. An 
observation of the 3D images under the 
stereomicroscope showed a well-developed 
gland that appeared as a ‘brain-like’ coiled 
tubular structure with a soft white to pinkish 
appearance of the sublingual glands (Figure 
2). The weight and the relative weight of 
the sublingual glands between the house-
farm and cave WNS population are shown 
in Table 1.

As shown in Table 1,  the mean 
body weight of the cave population was 
10.28±0.58 g for males and 10.50±1.21 g for 
females, whereas the house-farm population 
had a lower mean body weight (8.52±0.49 g 
for males and 9.03±0.35 g for females). The 
weight of the sublingual glands of the cave 

Figure 2. Photograph of the sublingual gland under 
high magnification (microvisualisation) showing the 
coiled tubular structure of the gland that appeared as 
a brain-like coiled tubular structure with soft white 
to pinkish colour. Magnification: x25; Scale: 1 mm

sublingual glands. The glands are enlarged and lobulated. G=sublingual glands; 
T=trachea; 1 grid=1 mm. 
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Table 1 
Mean Values of Whole Body Weight and Sublingual Glands (Grams) of WNS from 
House-Farm and Cave Population 

Location House-Farm Cave 

Sex Male Female Mean 

(Total) 

Male Female Mean 

(Total) 

No. of animal 3 3 6 3 3 6 

Body weight (g) 8.520 ± 

0.494 

9.033 ± 

0.354 

8.777 ± 

0.476 

10.283 ± 

0.580 

10.500 ± 

1.212 

10.392 ± 

0.858 

Sublingual gland 

weight (g) 

0.050 ± 

0.030a 

0.079 ± 

0.031b 

0.065 ± 

0.032e 

0.072 ± 

0.015a 

0.050 ± 

0.039b 

0.061 ± 

0.029e 

Relative sublingual 

gland weight (%)* 

0.604 ± 

0.366c 

0.879 ± 

0.363d 

0.721 ± 

0.324** 

0.702 ± 

0.176c 

0.500 ± 

0.418d 

0.574 ± 

0.253** 

*The relative sublingual gland weights was calculated based on the sublingual gland weight (g)/body 
weight (g) and presented in percent (%). 
a, b, c, d, e The mean value of the sublingual glands with similar letter was not significantly different (p>0.05). 
**Comparison between these two populations showed a significant p-value (p<0.05). 
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Mean Values of Whole Body Weight and Sublingual Glands (Grams) of WNS from House-Farm and Cave 
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Location House-Farm Cave
Sex Male Female Mean 

(Total)
Male Female Mean 

(Total)
No. of animal 3 3 6 3 3 6
Body weight (g) 8.520 ± 

0.494
9.033 ± 
0.354

8.777 ± 
0.476

10.283 ± 
0.580

10.500 ± 
1.212

10.39 ± 0.858

Sublingual gland 
weight (g)

0.050 ± 
0.030a

0.079 ± 
0.031b

0.065 ± 
0.032e

0.072 ± 
0.015a

0.050 ± 
0.039b

0.061 ± 0.029e

Relative sublingual 
gland weight (%)*

0.604 ± 
0.366c

0.879 ± 
0.363d

0.721 ± 
0.324**

0.702 ± 
0.176c

0.500 ± 
0.418d

0.574  ± 0.253**

*The relative sublingual gland weights was calculated based on the sublingual gland weight (g)/body 
weight (g) and presented in percent (%).
a, b, c, d, e The mean value of the sublingual glands with similar letter was not significantly different 
(p>0.05).
**Comparison between these two populations showed a significant p-value (p<0.05).

WNS was greater than that of the house-
farm population in males, but the weight of 
the gland in females from the house-farm 
population was greater than that of the 
cave population although the body weight 
was slightly lower. However, based on the 
statistical test, the relative weight of the 



Histological Sublingual Salivary Glands of White-Nest Swiftlets 

25Pertanika J. Trop. Agric. Sci. 40 (1): 25 - 34 (2017)

sublingual glands between both populations 
was not significantly different (p>0.05). 
Comparison between these two populations 
was significantly different at p<0.05.

Microscopic Examination

Based on the H & E stain (Figure 3), cross 
sections of the cave WNS showed that the 
alveolus of the mucous acinus was wholly 
stained as compared with that of the house-
farm birds. The parenchyma appeared 
foamy in cave swiftlets apparently due to 
the high mucous secretion and viscosity 
of the mucous cells, whereas the cells of 
house-farm birds could clearly be seen to 
be separated; it was expected there would 
be less mucous secretion and viscosity. The 
mucous acini were well positioned around 
the cell itself and were compartmentalised 
into several lobules by connective tissue. 
The nucleus could be seen at the base 
attached to the branch of the connective 
tissue. The irregular loose connective tissue 
was present between and encapsulating the 
glands, whereas the blood vessel was present 
in the middle and outside the cells (Figures 
3a and 3d). There was no observable 
difference in mucous secretion between 
these two WNS populations (Figures 3b 
and 3e). The mucous acini cells could be 
seen to be separated from one another, but 
there was a clear difference in terms of 
density; the samples from the caves were 
compacted within these cells (Figures 3c and 
3f). This was believed to be the cause of the 
foamy appearance of the gland tissues. The 
epithelial cells surrounding the gland tissues 

of the birds from cave populations (Figures 
3d-3f) were observed, but the simple 
connecting ducts or the excretory ducts in 
both samples could not be observed. The 
presence of numerous acinus cells in both 
samples was weakly stained by the H & E 
stain; this could indicate that the sublingual 
glands of the WNS were only present within 
the mucous acini.

The sublingual gland tissue of both 
samples stained with AB-PAS (pH of the 
AB was 2.5) showed that the gland tissue 
was full of mucin secretion (Figure 4). Both 
samples contained mixtures of acidic and 
neutral glycoprotein-containing structures 
(mucin) because, histochemically, both 
showed positive reactivity to staining using 
a combination of AB and PAS stains. The 
staining area of the mixture of mucin and 
neutral mucin tissue was roughly the same 
in total area. However, it was apparent 
that samples from the cave also exhibited 
dominant blue staining, which indicated the 
occurrence of acidic mucins; this was not 
presented in the samples from the house-
farm. Figure 4 shows the magnification 
of different levels of AB-PAS stain from 
both population samples. The samples 
from the house-farm population (Figures 
4a-4c) clearly expressed different colours 
of staining, showing a mixture of mucin 
stained purple violet and the neutral mucin 
stained magenta. Meanwhile, as indicated by 
the intense colour stained, it was clear that 
mucous cells were abundant, the secretion 
was high in the cave samples and the cells 
were not well separated (Figures 4d-4f).
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Figure 3. Photomicrographs of the cross-section of the sublingual glands of house-farm and cave WNS. Samples 
were stained with H & E at different levels of magnification. Cross-sections from (a-c) the house-farm and (d-f) 
the cave samples are shown. The magnification levels were set starting at (a and d) μ100, (b and e) μ200 and 
(c and d) μ400. The circles labelled D and E are the lobule of a gland cell and a mucous cell. The arrows show 
the epithelial cells present around the gland. A=blood vessel; B=loose connective tissue; C=mucous secretion

  

  

  

Figure 3. Photomicrographs of the cross-section of the sublingual glands of house-farm 
and cave WNS. Samples were stained with H & E at different levels of magnification. 
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arrows show the epithelial cells present around the gland. A=blood vessel; B=loose 
connective tissue; C=mucous secretion. 
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Figure 4. AB-PAS staining of the cross-sectional view of (a-c) house-farm and (d-f) cave WNS using the 
following magnification levels: (a and d) x100, (b and d) x200 and (c and f) x400

  

  

  

Figure 4. AB-PAS staining of the cross-sectional view of (a-c) house-farm and (d-f) 
cave WNS using the following magnification levels: (a and d) x100, (b and d) x200 
and (c and f) x400. 
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DISCUSSION

The EBN is wholly secreted by a pair of 
sublingual glands (Marshall & Folley, 
1956) and this study found that the largest 
visible salivary gland present in WNS of 
both localities was the sublingual gland. 
The gland is a simple tissue mass with a 
soft to white pinkish appearance. According 
to Mese and Matsuo (2007), larger glands 
have more cells that will contribute to a 
higher production of saliva in either the 
stimulated stage or the unstimulated stage 
(resting saliva). The swiftlets were captured 
in January and December, which coincided 
with the active breeding season when the 
salivary glands expand (Lim & Cranbrook, 
2014). Mating occurs throughout, but 
breeding is concentrated in the period from 
October to February (Langham, 1980). The 
sublingual glands appear to be the largest 
salivary gland; hence, the main source of 
saliva production in the WNS. This is in 
contrast with the salivary gland in humans, 
where the largest major salivary gland is the 
parotid gland (Ono et al., 2006).

Swiftlets are aerial insectivores that 
prefer foraging habitat across the tropical 
forest canopy (Waugh & Hails, 1983). It was 
hypothesised that the glands of cave WNS 
had more mass compared with the house-
farm species due to its habitat preference and 
the high abundance and diversity of insect 
sources in the tropical forest. The hypothesis 
was derived based on food availability in the 
habitat as the size of the organ is most likely 
influenced by diet. Lewis et al. (1985) and 
Stoltzner (1977) stated that organ weight is 
often greatly reduced by dietary restriction. 

In addition, Lourie and Tompkins (2000) 
reported that the glossy swiftlets (Collocalia 
esculenta) live on forest feeds that have a 
higher percentage of Hymenoptera (i.e. bees 
and ants) (42% of total prey) and Coleoptera 
(i.e. beetles) (21% of total prey), whereas 
those that live in the urban areas preferred 
Diptera (i.e. flies) (71% of total prey). The 
percentage of crude proteins is 21.0% from 
Hymenoptera, 26%-30% from Coleoptera 
(Banjo et al., 2006) and 48% from Diptera 
(Odesanya et al., 2011). This shows that the 
glossy swiftlets from urban areas have more 
protein intake. In this study, none of the 
birds was subjected to a controlled diet, and 
the limited source of food intake could not 
be neglected. Table 1 shows that there was 
no significant difference in the mean weight 
and relative weight of sublingual glands 
between the two populations (p>0.05). This 
might be because of the small sample size 
of the study due to sampling limitation. 
Difference in the size of the glands between 
both specimens might as well influence the 
analysis. Lim and Cranbrook (2014) stated 
that the salivary glands of swiftlets expand 
in the breeding season. This difference is 
because of their different breeding seasons; 
harvesting might affect the breeding season 
of the swiftlets (Tompkins, 1999). 

Based on the H & E staining, there 
was no visible serous cells in the swiftlets’ 
sublingual glands, unlike in humans (Myers 
& Ferris, 2007) and rats (Miclaus et al., 
2009). The only cells present in the swiftlets’ 
sublingual glands were the mucous cells, as 
demonstrated by the pale-stained cytoplasm 
with flattened nuclei at the base of the 
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cell. Serous acini cells are darkly stained 
and generally spherical in shape (Ross & 
Pawlina, 2011). Mucous cells are associated 
with the secretion of viscous mucins stored 
in vacuoles (Ekstrom et al., 2012) and 
possessed a mixture of glycoconjugates 
with different nature (Arthitvong et al., 
1999). EBN contains a high amount of 
glycoconjugates beneficial to humans 
(Nakagawa et al., 2007). Compared with 
the serous secretory granules, it contains 
less glycoconjugates and has a large amount 
of water and ions. The glycoconjugates 
of serous granules are acidic and termed 
‘seromucous’ (Kademani & Tiwana, 2015). 
However, this mucous cell might not be the 
same as that found in other organisms. In 
rats, the serous acini of the submandibular 
gland are not identical with the serous acini 
that is present in the parotid gland (Miclaus 
et al., 2009). Other study showed that 
salivary glands are present with lumens that 
act as a passage for gland secretion to the 
oral cavity (Wells & Patel, 2010) and ducts 
(either in the form of intercalated, striated, 
excretory and main excretory ducts), which 
will modify the secretion of the acinar 
cells. However, it can only be observed 
under electron microscope observation 
(Amano et al., 2012) and is rarely observed 
in H & E stains. This sublingual glands 
need to be further studied with regards to 
its ultrastructure to observe the type of 
myoepithelium, secretory granules, plasma 
cells etc. Although the parotid glands 
mainly have serous acini, as in humans, 
the sublingual glands are mucous, whereas 
the submandibular glands are a mixture 

of the two, yet these acinar cells do not 
relate to all species. As diets vary from 
one species to another, in the same way, 
salivary glands vary from one another, as 
they are specialised mainly for diet (Tandler 
& Philips, 1998). The current results also 
showed that the sublingual glands of the 
WNS had a spherical outer layer and there 
was no demilunar structure as in cats and 
dogs (Shackleford, 1962). The sublingual 
glands might be suggested to be classified 
as  mucous glands due to the absence of 
serous cells.

A combination of an AB-PAS stain 
can be used to differentiate neutral mucins 
from acidic mucins within a tissue section 
(Mowry, 1963), where the differentiation 
is based on the net charge of the molecule 
(Filipe, 1979). Mucins are the determinants 
of the functional and physical properties 
of mucous, which is highly glycosylated 
and has high molecular weight proteins 
(Forstner & Forstner, 1994). WNS from the 
cave population have higher concentrations 
of the acidic, neutral and mucins mixture 
compared with those from the house-farm 
population, and this probably will affect 
the composition of the nest. Squires (1953) 
revealed that the contents and varieties 
of salivary secretion are mostly related to 
the eating habits of the birds. However, it 
is unclear as to what extent the diet will 
influence the size of the glands and the 
secretion of the salivary glands. More than 
that, the different contents of secretion 
are due to the preference of habitat as a 
small change in the ambient temperature 
(by 2ºC) is enough to inversely affect the 
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flow rate of the salivary gland secretion 
(Kariyawasam & Dawes, 2005). Other than 
that, the secretion contents are also possibly 
related to the age of the swiftlets because 
the components of the salivary gland 
acini decrease with ageing (Drummond 
& Chisholm, 1984; Scott, 1986). This 
hypothesis remains unchallenged as there 
are currently no available data or studies on 
age determination of swiftlets. Because the 
nests (EBN) are abundant with glycoprotein 
(Wu et al., 2010), this study has proven that 
the sublingual glands of EBN swiftlets are 
full of mucin secretion, which is essential as 
the main source of nest production.

CONCLUSION

In conclusion, the sublingual glands 
appeared as the largest gland structure 
present in the salivary glands of the WNS. 
There was no significant difference in 
terms of the weight/relative weight of 
the sublingual glands between the two 
populations and the H0 was accepted. The 
only cells that could be observed under a 
light microscope (0μ400 magnification) 
were the mucous cells that were attached to 
a loose connective tissue forming a lobule. 
On the other hand, this gland holds a rich 
mixture of neutral and acidic mucin, which 
serves as the most nutritious compound in 
the edible nest. This study also indicated 
that the WNS from the cave population 
had a higher concentration of secretion 
compared to the house-farm population. 
However, detailed information about the 
types of mucin compound (glycoprotein-

containing structure) in the saliva is still 
lacking. Further study is needed to analyse 
the glycoprotein content of the salivary 
glands, which is the source of the nutritious 
compound found in EBN. Other than that, 
it is recommended to increase the sample 
size for future studies concerning sexual 
dimorphism of the species. 
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