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Introduction
Influx of glycan into the intestine (mostly from diet and host 

mucosal secretions) is one of major factor shaping the composi-
tion and physiology of gut microbiota. Symbiotic microorganisms 
that reside in the human intestine are adept at foraging glycans and 
polysaccharides, including those in dietary plants (starch, hemicel-
lulose and pectin), animal-derived cartilage and tissue (glycosami-
noglycans and N-linked glycans), and host mucus (O-linked gly-
cans). Humans are generally consuming abundance of animal- and 
plant-derived dietary glycan. However, human genome is lack of 
encoded enzyme to digest most type of glycan, which leave a po-
tential to the glycan to be a prebiotic compound [1].

Prebiotics may function to selectively stimulate growth of ben-
eficial bacteria; either the species established in the colon or exter-
nally administered probiotic bacteria. Many possible benefits can 

Swiftlet’s nest from Aerodramus fuciphagus species has been classified as one of the nutritious and medicinal delicacy in curing 
many illnesses. The swiftlet’s nest compound was found to be rich in glycan in the form of mucin glycoprotein. Glycan can be involve 
in shaping gut microbiota, most of which cannot be digested by human digestive system whereas can be used by gut microbiota. In 
this study, physicochemical properties in terms of degree of polymerization (DP) and molecular weight of the swiftlet’s nest glycan 
were evaluated in order to determine its potential as prebiotic, the food for gut microbiota. Prebiotic test was conducted by adding 
the prebiotic into ‘de Man Rogosa Sharpe’ (MRS) broth and inoculated with probiotic bacteria (Lactobacillus acidophilus, Lactobacil-
lus bulgaricus and Streptococcus thermophilus). Swiftlet’s glycan contained DP value of seven in average. The molecular weight of the 
glycan was in the range of 66.6 kDa to 21.2 kDa which showed a various size of glycan compound. Prebiotic tests exhibited positively 
high growth of probiotic bacteria supplemented with glycans in the form of hydrolysate (glycopeptide chains). This study demon-
strated that glycans are potential as prebiotic that can be beneficial togut microbiota.

be obtained from the consumption of prebiotics such as gut health 
maintenance, colitis and cancer prevention, immuno-stimulation, 
reduction of cardiovascular disease, prevention of obesity and con-
stipation [2]. Potential prebiotic oligosaccharides can be classified 
according to their chemical constituents and degree of polymeriza-
tion [3].

Alcalase enzyme is an endo-protease which has very broad sub-
strate specificity, where it can hydrolyse most peptide bonds within 
a protein molecule. The use of alcalase enzyme in preparation of 
prebiotic compound is to remove the protein component from gly-
coprotein complex in a way that similar to the digestive system, 
leaving some amino acids or short peptides remained attach to 
the glycan due to its glycosidic bond. Instead, chemical removal of 
protein component may remove all protein components, leaving a 
purified chain of glycan free from protein. Whereas, the glycosidic 
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bond between the amino acid and glycan was included in the indi-
gestible bond by enzyme digestion system [4].

The mucin of swiftlet’s nest (Aerodramus fuciphagus) was con-
sidered as a natural source of a glycan-rich material [5]. Some of 
the glycan had been characterized and was classified as O-linked 
and N-linked oligosaccharide chains which attached to protein 
chain forming a complex of mucin glycoprotein [6,7]. As the nest 
consists of mucin types of glycoprotein, it can serve as a lubricant 
for digestion and protective agent from diseases [8]. This study 
was conducted to determine the physicochemical properties of the 
glycan as a potential prebiotic material.

Materials

Swiftlet’s nest source was obtained from Mobile Harvest-
ers Malaysia Sdn. Bhd, collected from swiftlet’s house in Pahang. 
Chemicals and enzyme used in this study were purchased from 
Sigma-Aldrich, USA. Alcalase enzyme used is a protease from Ba-
cillus licheniformis. The strains of probiotic bacteria, Lactobacillus 
acidophilus, Lactobacillus bulgaricus and Streptococcus thermophi-
lus were given by a graduate student from UniversitiKebangsaan 
Malaysia.

Materials and Methods

Carbohydrate analysis and calculation of degree of polymer-
ization

The official methods of the Association of Official Analytical 
Chemistry [9] were used to determine the protein, moisture, fat 
and ash contents of the nest. Carbohydrate content was deter-
mined by deducting the total mass of compound with the mass 
of protein, moisture, fat and ash. Reducing sugar was determined 
by dinitrosalicylic acid (DNS) reagent method based on Saqib and 
Whitney [10]. Dinitrosalicylic acid (DNS) reagent was prepared by 
mixing 1 g DNS and 30 g sodium potassium tartarate and dissolved 
in 80 ml of 0.5 M sodium hydroxide (w/v) using some heat. The 
reagent was mark-up to 100 ml using distilled water. An amount of 
1 ml sample (1 mg/ml; w/v) was added to 4 ml DNS reagent. The 
sample-reagent mixture was boiled for 5 minutes and cooled down 
to room temperature prior reading the absorbance at wavelength 
540 nm using a spectrophotometer (Model UV-160A, Shimadzu, 
Kyoto, Japan).

Calculation of the glycan’s degree of polymerization (DP) was 
based on the following equation [11]:

Degree of polymerization (DP) = (Amount of total sugar)/(Amount 
of reducing sugar)

Alkaline hydrolysis (β-Elimination) 

Protein removal from swiftlet’s nest glycoprotein complex was 
done using alkaline hydrolysis as described by Fukuda [12]. 200μg 
of glycoprotein was incubated in 0.075M sodium hydroxide and 1M 
sodium borohydride for 17h at 45oC in a screw-cap vial. The reac-
tion was interrupted by addition of 3-4 drops of glacial acetic acid. 
After neutralization with 3-4 drops of acetic acid the samples are 
dried on Speed Vac and reconstituted in 100μl of water.

Enzymatic hydrolysis

Enzyme alcalase was added to substrate with ratios 1% of en-
zyme to substrate and the hydrolysis was carried out for 3 hours. 
The hydrolysates were heated in boiling water for 5 mins to inacti-
vate the enzyme, and then centrifuged at 4°C and 4,000rpm for 10 
mins. The supernatant was filtered using Whatman No.1 and the 
filtrate was freeze-dried before stored for further analysis.

Measurement of molecular weight

Measurement of molecular weight for swiftlet’s glycan and hy-
drolysate were done following the method described by Schägger 
[13] using 12% of electrophoresis gel concentration. Carbohydrate 
staining was done using Pierce Glycoprotein Staining Kit and the 
staining method was based on periodic acid Schiff staining reagent 
as described by [14].

Determination of prebiotic activity

The response as prebiotic was evaluated using a culture media 
with the same composition of MRS broth but replacing the carbo-
hydrate source with the boiled and hydrolyzed nest samples. This 
bacterial growth was also evaluated in the prepared MRS broth 
without carbohydrate source, which was used as control. The car-
bohydrate concentration in all the assays was 5 g/L. The activated 
probiotics was inoculated with 1% (v/v) and incubated at 37˚C for 
24 h, when the growth of mixed strains was in the stationary phase. 
The optical density (OD) value of the cultures at 622 nm and colony 
forming unit (CFU) on MRS agar were measured to evaluate the 
growth of probiotics after 24 h of fermentation [15].

Statistical analysis 

All data collected was analyzed using analysis of variance (ANO-
VA) and Duncan’s multiple range tests O'Mahony [16]. Significant 
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differences in means between samples were determined at 5% 
confidence level (P < 0.05). The analysis was done using SPSS soft-
ware version 23.

Results 
The degree of polymerization (DP) value obtained for the car-

bohydrate analyses was 7 in average. The DP value obtained is 
within the range of the glycan length based on the structure re-
ported by Wieruszeski., et al. [6] and Yagi., et al. [7], which showed 
a DP value from 7 to 21 (14 in average). The molecular weight of 
swiftlet nest’s glycan was in a range of 21.2 kDa to 66.6 kDa. The 
molecular weight of swiftlet nest’s hydrolysate (contain traces of 
peptides linked with the glycan chain) was in a range of 31.4 kDa to 
66.9 kDa, as shown in Figure 1. Xian., et al. [17] have reported the 
molecular weight of digested swiftlet’s nest through in vitro diges-
tion system was reduced to 70 kDa, 40 kDa and below. The results 
were proof that the glycan can resist human digestion system and 
have a potential to be carried into colonic environment, where the 
colon microbiota resides.

Figure 1: Molecular weight of swiftlet’s nest glycan and  
hydrolysate on electrophoresis gel. 
(a) Protein standard with specific molecular weight;  
(b) Swiftlet’s nest glycan replicate 1; (c) Swiftlet’s nest glycan 
replicate 2; (d) Swiftlet’s nest hydrolysate with alcalase.

The prebiotic test showed that the probiotic bacteria (Lactoba-
cillus acidophilus, Lactobacillus bulgaricus and Streptococcus ther-
mophilus) can grow well and significantly the highest growth in the 
MRS media containing glucose and molasses compared to other 
mixtures media. The probiotic bacteria have a significant growth 
in MRS media provided with swiftlet’s nest hydrolysate compared 

to the negative control (no glucose) and swiftlet’s crude nest, as 
presented in Figures 2 and 3. The growth number through OD val-
ues and CFU counts showed that different species of bacteria can 
give a different degree of prebiotic utilization, as shown in the sig-
nificant growth of Lactobacillus acidophilus much higher than Lac-
tobacillus bulgaricus and Streptococcus thermophilus much higher 
than both Lactobacillus species in the MRS media provided with 
the nest hydrolysate.

Figure 2: Optical density (OD) value from the growth of probiot-
ic bacteria in MRS broth after 24 hours of fermentation process.

	 (a)  Growth of Lactobacillus acidophilus*

	 (b)  Growth of Lactobacillus bulgaricus*

	 (c)  Growth of Streptococcus thermophilus*

*a-c Different letters indicate significant differences (P<0.05).
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Discussion
Prebiotic materials such as inulin, fructoologisaccharide and 

galactooligosaccharide can have different range of DP, where 
inulin having the DP value in the range of 2 to 60 fructose-unit, 
whereas fructooligosaccharide having DP value 2 to 9 fructose-
unit in chains [18,19]. The prebiotic materials can also have a va-
riety of monosaccharide-unit within their oligosaccharide chain 
[20]. The swiftlet’s nest glycan had been characterized to have a 
variety monosaccharide within the chain, which include galactose, 
mannose, fucose, N-acetylglucosamine, N-acetylgalactosamine and 
sialic acid [21]. This variety of monosaccharide unit can be benefi-
cial to the selectivity of bacterial species in order to influence the 
growth of beneficial bacteria within gut bacterial community [22].

Another characteristic of prebiotic materials is that the prebi-
otic have to be indigestible through the digestive system and per-
sist in intact form until reaching the colon environment. Hence, the 
prebiotic will be available to stimulate the growth of beneficial bac-
teria and further improve the host health and well-being [23]. The 
beneficial bacteria in the colon can be both of the bacterial species 
which normally resides in the colon and either orally consumed 
from food and beverage products such as yoghurt and vitagen. The 
glycan from swiftlet’s nest has shown its ability to resist human 
digestive system through in-vitro digestibility test [17]. The intact 
molecular weights that escape the digestion were almost similar to 
the molecular weight of extracted glycan in this study. This result 
could suggest the intact glycan chain can resist the digestion pro-
cess while protein compound in the complex glycoprotein was de-
graded through the process. Therefore, the chances for the glycan 
to be prebiotic are high.

The preparation of swiftlets nest hydrolysate was to imitate 
the normal consumption, where the digested nest should be avail-
able in the form short-chain of glycopeptide. The positive growth 
of probiotic bacteria using the hydrolysate exhibited the ability 
of bacterial species to degrade this type of prebiotic and improve 
their growth. The inability of the probiotic bacteria to degrade the 
crude nest is probably due to the intact form of the glycoprotein 
complex, which showed the importance of digestion, conversion 
of glycoprotein into shorter chain of glycopeptide while reducing 
the molecular weight of its compound. In a study by Li., et al. [15], 
inulin with lower DP value showed a higher and active degree of 
utilization than higher DP. The study was supporting the findings 
obtained in this study.

Figure 3: Colony forming number (CFU x 107 CFU/ml) on MRS 
agar from the growth of probiotic bacteria in MRS broth after 24 
hours of fermentation process.

	 (a)  Growth of Lactobacillus acidophilus*

	 (b)  Growth of Lactobacillus bulgaricus*

	 (c)  Growth of Streptococcus thermophilus*

*a-c Different letters indicate significant differences (P<0.05).
Conclusion

This study has shown the swiftlet’s nest glycan with a degree of 
polymerization (DP) value of 7 in average has the characteristics to 
be a prebiotic. The nest in the form of glycopeptide exhibited the 
ability to improve the growth of probiotic bacteria (Lactobacillus 
acidophilus, Lactobacillus bulgaricus and Streptococcus thermophi-
lus). Further study can be carried out to determine the activity and 
effect of swiftlet’s nest glycopeptide to the bacterial community 
within colon environment. The swiftlet’s nest glycopeptide also 
can be used as prebiotic ingredients in the innovation of new food 
product development for the benefit of food and swiftlet industries.
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