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Introduction

Edible bird’s nest (EBN)
Edible bird’s nest (EBN) is one the most 
costly food products of the Orient. EBN 
is especially valued by the Chinese as a 
quintessential food for its reputed health 
benefits, and has been documented 
in scientific publications since the last 
century.1 Cleaned EBN, retailing for a few 
thousand US dollars per kg, has some-
times been referred to as the “Caviar of 
the East”, but it has neither a relationship 
to, nor the appearance of fish eggs. The 
trade in EBN is estimated to be worth 
a few billion US dollars annually, with a 
large market, particularly in China. The 
swiftlet species that builds the EBN is 
native to South-East Asia, with Indonesia, 
Malaysia and Thailand the top three larg-
est suppliers of EBN.

EBN is built strand by strand over 
a period of about a month using a 
viscous liquid secreted from a gland 
under the tongue of the swiftlet, primar-
ily Aerodramus fuciphagus, during the 
breeding period. Unlike saliva, the secre-
tion is for nest building and has no 
known digestive function. The bird inter-
weaves feathers between the strands to 
form a strong composite material to hold 
the weight of a pair of nestlings and the 
parent birds. The nest is cleaned of feath-
ers and other visible impurities before 
being sold in the market as cleaned 
EBN. Due to the high cost and driven 

by a profit motive, producers are often 
tempted to introduce edible adulterants 
into the cleaned bird nest.

EBN has been shown by proximate 
analysis to be a glycoprotein contain-
ing around 63% protein, 26% carbo-
hydrate, 8% moisture, 2% ash/mineral 
and 1% lipid.2 The protein is made 
up of 17 types of amino acids: serine, 
valine, isoleucine, tyrosine, aspartic 
acid, asparagine, glutamic acid, gluta-
mine, phenylalanine, arginine, glycine, 
threonine, alanine, lysine, histidine, 
leucine and methionine. The major 
carbohydrate saccharides are galactose, 
N-acetylneuraminic acid (Neu5Ac, a sialic 
acid), N-acetylgalactosamine (GalNAc), 
N-acetylglucosamine (GlcNAc), mannose 
and fucose.3

Adulteration of EBN
The common edible adulterants intro-
duced into EBN can be classified into 
two types: Type I adulterants (e.g. 
tremella fungus, coralline seaweed, agar, 
fish bladder and pork rind) are water-
insoluble with a similar external appear-
ance to EBN and can be adhered to the 
surface of EBN strands; and Type II adul-
terants (e.g. sucrose, glucose, hydrolysed 
collagen and monosodium glutamate) 
are water soluble and can be absorbed 
within the EBN cement to form a uniform 
composite material on drying.4 The exter-
nally adhered Type I adulterants can be 
detected with a microscope and sepa-

rated out for analysis, but not the Type 
II adulterants that have been incorpo-
rated into the EBN cement since the final 
product looks exactly like the unadulter-
ated EBN.

Some laboratory techniques such as 
metabolite mapping,5 gel electrophoresis 
(GE)6 or enzyme-linked immunosorbent 
assay (ELISA),7 allow us to check for the 
authenticity of EBN, but they are slow, 
destructive, require bulk sample sizes 
and may require specialised personnel 
to perform the analysis.

Raman microspectroscopy
Raman spectroscopy is a simple, rapid, 
direct, requiring no sample preparation 
and non-destructive method to provide 
molecular information on a sample 
with good sensitivity and specificity. It 
is a light scattering technique that gives 
a molecular vibrational “fingerprint” of 
the chemical bonds present and thus 
allowing us to identify and quantify the 
chemicals in a sample. The laser beam 
and optical microscope allow focusing 
on a microscopic sample area of a few 
μm in diameter. The ease of use and 
the fact that it is not affected by the 
presence of water in a sample makes 
Raman microspectroscopy an increas-
ingly important tool for characterisation 
and quality control in the food indus-
try. It is an ideal tool for the study of 
EBN where moisture is present in the 
sample.
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Materials and methods

EBN and adulterants
Raw, white EBN samples were obtained 
from bird houses in widely separated 
geographical locations in South-East 
Asia—West Malaysia, East Malaysia and 
Indonesia. All adulterants were purchased 
from commercial sources. In the prepara-
tion of samples with Type II adulterants, 
EBN was soaked in 2% to 10%, (w/w) 
aqueous solutions of sucrose, glucose, 
hydrolysed marine collagen or monoso-
dium glutamate (MSG) overnight and air-
dried to constant weight.

Raman microspectroscopy
Raman spectra were collected with 
the Ramantouch microspetrometer 
(Nanophoton Inc., Japan) under the 
same collection conditions (785 nm 
laser, LU Plan Fluor 20X, 600 gr/mm, 
140 mW, 60 s) at 24°C. Every sample 
was measured in triplicate over different 
spots and all the Raman spectra were 
baseline corrected with Origin Pro 8.0 
(OriginLab Corp., USA).

Results and discussion

Unique Raman spectrum of 
EBN
EBN made by the same species of swift-
lets (Aerodramus fuciphagus) from 
different geographical locations show 
a unique Raman spectrum (Figure 1), 
where the Raman spectra are over-
lapped, indicating that they were made 
of the same material.

As EBN is a glycoprotein, Raman 
bands attributed to protein and carbo-
hydrate can be observed and were 
assigned using spectral data of other 
glycoproteins,8 N-acetylneuraminic 
acid,9 tyrosine10 and collagen11 as refer-
ence. The strong Raman bands that can 
be attributed to the protein component 
are: 1671 cm–1 (amide I), 1446 cm–1 
(CH deformation) and 1241–1262 cm–1 
(amide III). Various Raman bands of 
the saccharides, particularly sialic acid 
or N-acetylneuraminic acid (Neu5Ac), 
N-acetyl-glucosamine (GlcNAc) and 
N-acetyl-galactosamine (GalNAc) can 
be seen. Some of the bands for the 
saccharides overlap with those for the 

protein. In particular, the strong inten-
sity of the 1003 cm–1 Raman line, with 
relative peak intensity about 2.2 times 
that of the amide I band, has contri-
butions from both the ring vibration of 
phenylalanine (Phe) and the C–C and 
C–O stretches of sialic acid. From the 
Raman spectra of pork rind, fish bladder 
and hydrolysed marine collagen, which 
lack sialic acid, we deduce that phenylal-
anine contributes about the same inten-
sity as the peak of the amide I band, 
and so about 55% of the intensity of 
the 1003 cm–1 Raman line in EBN is due 
to sialic acid. The unique Raman spec-
trum of EBN, using the band frequen-
cies and the relative intensities of the 
bands, can be used as a standard for 
authentication.

Raman spectra of surface 
adhered Type I adulterants
Raman microspectroscopy al lows 
measurements to be made over a micro-
scopic area. Edible, surface adhered Type 
I adulterants (e.g. tremella fungus, agar, 

coralline seaweed, pork rind and fish 
bladder) can be picked up by a micro-
scope as there are significant differences 
in their microscopic images as compared 
to EBN which is characterised by translu-
cent strands of 1–2 mm thickness. The 
microscopic images of the Type I adul-
terants and EBN are shown in the right 
panel of Figure 2.

The Raman spectra in the left panel of 
Figure 2 show that Raman spectroscopy 
can distinguish between the polysac-
charides (e.g. tremella fungus, agar and 
coralline seaweed) which lack amide 
bands, the polypeptides (e.g. pork rind 
and fish bladder) with strong amide 
bands and EBN, a glycoprotein, with 
amide and saccharide bands. EBN has a 
particularly strong 1003 cm–1 Raman line 
due to phenylalanine and sialic acid, and 
a strong 830 cm–1 line due to sialic acid. 
Pork rind and fish bladder do not have 
sialic acid, and the weaker 1003 cm–1 
Raman line is due to phenylalanine only; 
they also do not have the 830 cm–1 line. 
Instead, they show a medium intensity 

Figure 1. Top panel: Map of South-East Asia showing the geographical locations of Kuantan 
(West Malaysia), Kuching (East Malaysia) and Jakarta (Indonesia) where the EBN samples came 
from. Lower panel: the unique Raman spectra of EBN, shown overlapped, can be used as a 
standard for authentication. Peptides bands are shown in blue and saccharides in red, showing 
that EBN is a glycoprotein. (n—stretching; a—out-of-plane bending; b—in-plane bending; d—scis-
soring; r—rocking; d—deformation).
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line at 810 cm–1 which is due to C–O–C 
stretching from lipids.

Raman spectra of composites 
of EBN with Type II adulterants
EBN can soak up an aqueous solu-
tion of edible Type II adulterants [e.g. 
sucrose, glucose, (hydrolysed marine) 
collagen and MSG] which upon drying 
gives a composite material that looks like 
unadulterated EBN. Any substance that 
is water soluble, forming a clear solu-
tion, can be a Type II adulterant to form a 
composite with EBN. The uptake of adul-
terants in the dried composite EBN as a 
function of the concentration of adulter-
ant solutions used are shown in Figure 
3, and we have used a quadratic least 
square fit of the data, but the plots are 
almost linear. The uptake of Type II adul-
terants in the dried composite EBN can 
be considerable. At 10% w/w of adul-
terant solutions, the uptake was about 
40% w/w of sucrose, about 34% w/w 
of glucose, about 29% w/w of collagen 
and about 20% w/w of MSG.

Raman microspectroscopy can detect 
the Type II adulteration of EBN. In Figure 

4, we show the Raman spectra of the 
EBN composites with sucrose, glucose, 
collagen and MSG, which were prepared 

by soaking in 5% w/w of adulterant solu-
tions, in comparison with unadulterated 
EBN.

For sucrose, glucose and MSG which 
lack protein bands, the Raman spectra 
of the composites were normalised with 
respect to the amide I band of EBN, and 
the difference spectrum was calculated 
and compared with the correspond-
ing Type II adulterant in each subplot 
in Figure 4 (A–C). For collagen which 
has Raman amide bands but no sialic 
acid, we have used the following infor-
mation to scale the Raman intensity of 
the composite relative to EBN: (a) the 
composite has about 18% of colla-
gen and about 82% of EBN as shown 
in Figure 3, (b) the intensity of the 
1003 cm–1 Raman line is due to phenyl-
alanine and sialic acid, with sialic acid 
coming solely from EBN, (c) the inten-
sity of the 1003 cm–1 Raman line of the 
composite due to phenylalanine is the 
same as the peak intensity of the amide 
I band of the composite, and the rest of 
the intensity of the Raman line can be 
attributed to sialic acid. So, with EBN as 
the standard, we know the intensity of 
the sialic acid contribution at 100% EBN, 
and so we scale the Raman spectrum 
of the composite so that the intensity of 

Figure 2. Left panel: Raman spectra of Type I adulterants, which may be polysaccharides or 
polypeptides, in comparison with EBN. Right panel: microscopic images of Type I adulterants and 
EBN.

Figure 3. Graph of the uptake of the Type II adulterants by EBN when dried versus concentration 
of adulterant solutions used in soaking.
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the sialic acid component is 82% of that. 
The results are shown in Figure 4(D), 
together with the difference Raman 
spectrum and the Raman spectrum of 
collagen. It can be seen in Figure 4 that 
the difference Raman spectra resemble 
those of the corresponding adulterants, 
but the Raman lines in the difference 
spectra are generally broader for sucrose, 
glucose and MSG. The reason is because 
the Raman spectra of these adulterants 
were taken in the pure crystalline form, 
whereas in the EBN composites these 
molecules are embedded in an amor-
phous EBN cement. Collagen, however, 
is already in an amorphous form and so 
the difference spectrum has broad lines 
similar to that for collagen.

Conclusions
The investigation showed that EBN has 
a unique Raman spectrum that can be 
used as a standard for authentication. 
Raman microspectroscopy can distin-

guish between polysaccharides (no 
amide bands), polypeptides (strong 
amide bands) and glycoproteins (both 
amide and saccharide bands), and so 
can be used to detect edible, water- 
insoluble Type I adulterants which are 
polysaccharides or polypeptides and 
can be adhered to the surface of EBN 
strands. Clear, edible, water-soluble Type 
II adulterants can be adsorbed by EBN 
to form a composite that looks like the 
unadulterated EBN under a microscope. 
However, the EBN composites with Type 
II adulterants give rise to Raman spec-
tra that differ from the unique Raman 
spectrum of unadulterated EBN. Raman 
microspectroscopy thus offers a rapid, 
non-destructive technique, requiring very 
little sample and no prior treatment to 
authenticate EBN.
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