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Abstract

Purpose Edible bird’s nest (EBN) has been considered as one of the nutritious foods and was also claimed to aid in digestion
problems. Potential prebiotic of the EBN for gut health by the presence of glycan within the complex structure of the EBN
glycoprotein to date has not been reported. The gut health can contribute to the overall consumers’ health in the improvement of
the gut beneficial bacterial growth. In this study, the potential prebiotic of the EBN was conducted using a simulation of in vitro
human colon model system.

Methods The EBN-extracted glycan and EBN glycoprotein (crude sample) were digested using in vitro oral, gastric and
duodenal model system. Prebiotic activities of the undigested EBN glycan and EBN glycopeptide compounds were studied with
the fructooligosaccharide as a positive control, using inoculum of 10% (w/v) faccal bacteria in the in vitro fermentation system.
Result The fermentation of EBN glycan and EBN glycopeptide had shown significant increases of the gut beneficial bacteria and
was comparable with fructooligosaccharide fermentation, with each sample presented different profiles of bacterial growth. The
fermentation of EBN glycan and EBN glycopeptide demonstrated an increase in the total short-chain fatty acid production,
particularly acetate, propionate and butyrate.

Conclusion These findings suggested that the EBN can be functioned as a natural prebiotic upon consumption, thus providing a
potential as prebiotic ingredients.

Keywords Bioavailability - Bioactive glycan - Prebiotic - Fermentation - Edible bird nest

Introduction

Dysbiosis is a gut microbial imbalance that has a strong rela-
tionship to many illnesses. These illnesses may include obe-
sity, metabolic disorder, irritable bowel syndrome, inflamma-
tory bowel disease and colon cancer (Carding et al. 2015).
From the illnesses listed, it shows that the colon health is
deemed necessary as much as the overall body health and
fitness. Trailing the state of people’s health and preferences,
the daily diet is adjustable in accordance with the
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advancement in production of functional and nutritious food
products. Nowadays, functional food products and ingredients
have become the leading trends in food and nutraceutical in-
dustries (Jiménez-Colmenero et al. 2018). Functional food
products containing prebiotic ingredient may influence the
gut microbiota while supplying other nutrients for the benefit
of consumer’s health (Ndeh and Gilbert 2018).

The microbiome in human gut was considered an ancillary
organ in contributing important activities to the individual’s
health (Walker 2017). This consideration is noticeable from
the development of gut commensal bacteria that can impact
certain health conditions such as strengthening the immune
system activity and also their soothing effect of bioactive ac-
tivities, such as anti-inflammatory and/or anti-cancer.
Furthermore, the commensal bacteria are beneficial to the
gut in aiding digestion through utilizing the non-digestible
compound from human digestion system to proliferate and
secure the gut from infectious diseases (Bailey and Cryan
2017). Prebiotic has been described as a non-digestible com-
pound, usually carbohydrates, which act as a food to the
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selected gut commensal bacteria (Hutkins et al. 2016). Hence,
the principal concept of prebiotic is essential to leverage the
gut bacterial homeostasis.

Edible bird’s nest (EBN) from swiftlets has been proven
to have high medicinal benefits which include stimulating
epidermal growth, preventing viral infection, intensifying
immune function, suppressing the generation of TNF-&
and alleviating respiratory and digestive problems
(Haghani et al. 2016). The EBN is usually consumed in
the form of soup. In addition, some studies have shown
that the bioactivities such as antioxidant and anti-
angiotensin-converting enzyme (ACE), in relation to hy-
pertension, are much higher in EBN glycopeptide when
digested as compared with the native EBN glycoprotein.
While the low-grade EBN such as the waste/residue cannot
be moulded into EBN cup-shape after cleaning process,
they were converted into extracts and biopeptides which
have been incorporated into many forms of food, beverage
and nutraceutical products and ingredients. These recent
efforts were made to help the EBN industry by improving
the usage and availability of EBN in the functional food
products.

Mucin glycoprotein of the EBN contains both O- and N-
glycosylproteins and represents a natural glycan-rich com-
pound (Wieruszeski et al. 1987; Yagi et al. 2008). These type
of complex glycans usually are indigestible by the human
stomach digestion system. Human gut bacteria do possess
the ability to forage such glycans (Koropatkin et al. 2012;
Tailford et al. 2015). In addition, the complex of EBN glycans
containing hexose, hexosamine and sialic acid has proximity
with human endogenous glycan and milk oligosaccharide
(HMO). Both endogenous glycan and HMO were categorized
as prebiotic compounds, which showed that the EBN glycan
might also have the potential to be a prebiotic compound. This
EBN potential prebiotic compound may be available in every
form of the EBN consumption, either in the form of soup or
functional food product and ingredient. Furthermore, the gut
bacterial community relies on several bacterial group and spe-
cies to produce the set of glycosidases crucial for the degra-
dation of this type of glycan (Tailford et al. 2015). Thus, this
study is aimed to characterize the potential prebiotic of the
EBN glycans using bacterial mixed culture through special-
ized in vitro colon model.

Materials and methods

Materials

Edible bird nest (EBN), which was produced by the swiftlet
from Aerodramus fuciphagus species, was purchased from

Mobile Harvester Malaysia Sdn. Bhd. The source of EBN
was harvested from swiftlet’s houses in Pahang, Malaysia.
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Other chemicals and enzymes used in this study were pur-
chased from Sigma-Aldrich, USA. In this study, the native
EBN used was soaked in distilled water overnight and further
boiled for 30 min prior further analysis.

Extraction of glycan from edible swiftlet’s nest

The EBN was soaked in distilled water overnight and further
boiled for 30 min. The native component of EBN glycoprotein
may remain while the structure was opened for enzymatic
hydrolysis. The EBN with concentration of 15% (w/v) was
hydrolysed using 2% pronase enzyme (w/w) at pH 8.0 to
remove protein from the complex glycoprotein of EBN. The
hydrolysis process was performed using a waterbath shaker,
with agitation of 150 rpm for 24 h. The hydrolysate obtained
was filtered through an ultrafiltration membrane MWCO
10 kDa and 3 kDa. The remaining solution was collected,
freeze and dried. The frozen-dried glycan was stored at room
temperature for further analysis.

Characterization of EBN glycan

The size of the EBN glycan was determined based on the
degree of polymerization (DP) process according to the total
sugar and reducing sugar contents. The amount of total sugar
and reducing sugar contents was quantified using the phenol-
sulphuric method (Dubois et al. 1956) and dinitrosalicylic acid
method (DNS) (Saqib and Whitney 2011), respectively. For
total sugar quantification, 50 pl sample with concentration of
1 mg/ml (w/v) was mixed with 150 ul sulphuric acid and 50 ul
of 5% phenol (v/v). The mixture was boiled for 5 min. After
cooling to room temperature, the absorbance reading was tak-
en at wavelength 490 nm using a spectrophotometer (Model
UV-160A, Shimadzu, Kyoto, Japan). For quantification of
reducing sugar, the DNS reagent was prepared by a mixture
of 1 g DNS and 30 g sodium potassium tartarate dissolved in
80 ml of 0.5 M sodium hydroxide (w/v) with application of
some heat. The reagent then was marked up to 100 ml using
distilled water. An amount of 1 ml sample with concentration
1 mg/ml (w/v) was mixed with 4 ml DNS reagent. The sample
mixture was boiled for 5 min. After cooling down to room
temperature, the absorbance reading was taken at a wave-
length of 540 nm using a spectrophotometer (Model UV-
160A, Shimadzu, Kyoto, Japan). The calculation of the degree
of polymerization (DP) was based on the following equation
(Hayisama-ae et al. 2014):

Degree of polymerization (DP)

= (Amount of total sugar)/(Amount of reducing sugar)
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In vitro digestibility of EBN glycan and EBN
glycoprotein

The potential digestibility of EBN glycan and EBN native
glycoprotein was examined using the simulation method as
described by Minekus et al. (2014) with small modifications
to best treat the sample. Before and after the in vitro digestion
treatment, total protein, peptide, carbohydrate and reducing
sugar content were determined by Bradford method
(Bradford 1976), o-phthalaldehyde (OPA) method (Church
et al. 1983), phenol-sulphuric acid method (Dubois et al.
1956) and DNS method (Saqib and Whitney 2011), respec-
tively. For total protein quantification, 50 pl sample in con-
centration of 1 mg/ml (w/v) was mixed withl.5 ml Bradford
reagent and let stand for 10 min at room temperature. The
absorbance reading was taken at 595 nm using a spectropho-
tometer (Model UV-160A, Shimadzu, Kyoto, Japan). For pep-
tide quantification, 50 ul sample was mixed with 2 ml OPA
reagent and left at room temperature for 2 min. The absor-
bance reading was taken at 340 nm using a spectrophotometer
(Model UV-160A, Shimadzu, Kyoto, Japan).

The stock sample solution was prepared by dissolving the
weighed samples in deionized water in the ratio of 1:15 (w/v).
Each treatment was performed in triplicate. Casein tryptone
and glucose were used as standard compounds to construct
standard curve for protein and sugar content calculation.
Degree of hydrolysis (DH; %) for each simulated digestion
process was calculated using the following equation:

DH(%) = ([Ry——Ro]/[Ts——Ro))x100......... (1)

where Rg and T are the reducing sugar content and total sugar
content after in vitro digestion treatment, respectively. Ry is
the reducing sugar content before simulated digestion treat-
ment.

DH(%) = ([Ps——Po]/[Ts—Po]) x100... (2)

where Pg and Tg are the peptide content and total protein
content after in vitro digestion treatment, respectively. Py is
the peptide content before simulated digestion treatment.

Simulated oral digestion

Digestibility of EBN glycan and native glycoprotein in oral
phase was tested using simulated salivary fluid (SSF; pH 7.0)
which is composed of 3.70 mM potassium dihydrogen phos-
phate (KH,PO,), 15.1 M potassium chloride (KCl), 0.15 mM
magnesium chloride (MgCl,), 13.6 mM sodium bicarbonate
(NaHCOs3), 0.06 mM ammonium carbonate ((NH4)2CO3),
1.50 mM calcium chloride (CaCl,) and salivary «-amylase
(150 U/mL). Aliquots of the stock solution (5.0 mL) were
thoroughly mixed with 5.0 mL of SSF working solution and
kept at 37 °C for 5 min.

Simulated gastric digestion

Simulated gastric fluid (SGF) was composed of 0.90 mM
KH,POy4, 6.90 mM KCI, 0.10 mM MgCl,, 25.0 mM
NaHCO;, 0.50 mM (NH4)2COs, 47.2 mM NacCl, 0.15 mM
CaCl, and gastric pepsin (4000 U/mL). The SGF was adjusted
to pH 3.0 using 1.0 M HCl and mixed with previous oral bolus
in equal volume (ratio 1:1), kept at 37 °C in a shaker for 2 h.

Simulated intestinal digestion

Simulated intestinal fluid (SIF) was composed of 0.80 mM
KH,POy4, 6.80 mM KCI, 0.33 mM MgCl,, 85.0 mM
NaHCOs;, 38.4 mM NaCl and 0.60 mM CaCl, and trypsin
(based on pancreatin «x-amylase activity at 100 U/mL).
Aliquots of SIF were adjusted to pH 7.0 using 0.1 M HCI
and mixed with previous gastric bolus, kept in a shaker at
37 °C for 2 h. The reaction was terminated by boiling in a
water bath for 10 min.

In vitro fermentation of EBN glycan and EBN
glycopeptides

Faecal slurry preparation

Samples from three healthy human volunteers were taken of
male gender, aged between 22 and 26 years old. They were
confirmed with no history of gastrointestinal disorder such as
irritable bowel syndrome, inflammatory bowel disease, peptic
ulcers, ulcerative colitis, cancer or Crohn’s disease and no
records of consuming antibiotics or prebiotic and probiotic
supplements for the past 3 months prior to the experiment
were obtained. Fresh faecal samples from the selected volun-
teers were used as the inoculum of bacterial mixed culture.
Phosphate-buffered saline (PBS; pH 7.3) was used to dilute
the faecal (ratio 1:10; w/v) and was homogenized in a stom-
acher (Stomacher 400, Seward, West Sussex, UK) for 2 min at
normal speed (265 rpm) (Sarbini et al. 2011).

Basal medium and fermentation vessel preparation

Fermentation basal medium which consists of 0.01 g/l calcium
chloride hexahydrate (CaCl, 6H,0), 0.04 g/l KH,PO,, 0.01 g/
1 magnesium sulphate heptahydrate (MgSO4 7H,0), 2 g/l
NaHCOs, 0.1 g/l sodium chloride (NaCl), 0.5 g/l L-cysteine
hydrochloride, 2 ml/I Tween 80, 2 g/l yeast extract, 0.05 g/l
haemin, 10 pl/l vitamin K, 0.5 g/l bile salts and 2 g/l peptone
water was prepared. It was adjusted to pH 7.0, then 4 ml per
litre of 0.025% (w/v) resazurin solution was added and the
medium was autoclaved. Sterile customized glass vessels
(100 ml; Soham Scientific, Fordham, UK) of stirred batch
culture fermentation were set up and filled with a 45 ml of
sterile basal medium (50 ml working volume) aseptically. The
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vessels containing basal medium was left gassed with nitrogen
gas (15 ml/min) overnight to create anaerobic conditions
(Sarbini et al. 2011).

In vitro colon model fermentation

The batch culture of in vitro colon model fermentation was
performed in the customized vessels, with controlled temper-
ature, pH and the continuous supply of nitrogen gas, to imitate
the distal part of the colon (Sarbini et al. 2011). An amount of
5 ml of fresh faecal slurry was inoculated in each vessel. The
substrates of fructooligosaccharide (FOS) as the positive con-
trols, digested EBN glycan and EBN glycopeptide in the form
of EBN native glycoprotein produced after going through di-
gestion as the EBN protein can be well digested by human
digestion system were added at a concentration of 1% (w/v) to
each vessel, prior to addition of the faecal slurry. The fermen-
tation vessel’s temperature was maintained at 37 °C using
circulating water bath. The pH value was maintained at 6.8
via pH controllers (Fermac 260, Electrolab, Gloucestershire,
UK), automatically adjusted by adding 0.25 mM sodium hy-
droxide (NaOH) and hydrochloric acid (HCI) when required.
The substrates were fermented anaerobically with constant
stirring of the vessels’ contents to maintain the anaerobic con-
dition and homogenous suspension. The fermentation process
was run for 24 h and samples from each vessel were taken at 0,
6, 12 and 24 h for bacterial enumeration and short-chain fatty
acid analysis. The experiment was performed in triplicate with
a faecal slurry from different donors in each experimental
replicate.

Bacterial enumeration

Synthetic oligonucleotide probes which binds with specific
regions of the 16S ribosomal ribonucleic acid molecule and
labelled with the fluorescent dye cyanine (Cy3) were applied
for the specific bacterial groups’ enumeration (Table 1).
During each sampling time, a sample of 375 ul was taken
from each vessel and fixed in the 1125 ul of the 4% (w/v)
paraformaldehyde for 4 h and maintained at 4 °C. The fixed
cells were centrifuged for 5 min at 13,000xg and were washed
twice in 1 ml of filter-sterilized PBS. An amount of 150 pl
filtered PBS and 150 pl ethanol (99%) was added in the
washed cells and stored at 20 °C for at least 1 h before further
processing. An applicable volume of PBS was used to dilute
the 10 pl of sample volume to obtain around 20-100 fluores-
cent cell counts in each field of view. About 20 ul of the final
solution was added into each well of a 6-well
polytetrafluoroethylene/poly-L-lysine-coated slide (Tekdon
Inc., Myakka City, FL). The samples were left dried for
15 min in a drying chamber (46 °C) and dehydrated using
alcohol dilution series (50, 80 and 96% ethanol; v/v) for
3 min in each solution, respectively. Excess ethanol on slides
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was evaporated in the drying oven for 2 min. Hybridization
solution (50 pl consisting of 45 ul hybridization buffer and
5-ul probe) was added into each well and left to hybridize for
4 h in a microarray hybridization incubator (Grant-Boekel,
Cambridge, UK). The slides were put in the 50 ml of washing
buffer after the hybridization process for 15 min. The slides
were then dipped in cold water for a few seconds and dried
with compressed air. A 5 ul of polyvinyl alcohol mounting
medium with 1,4-diazabicyclo(2.2.2)octane (DABCO) was
placed in each well, followed by a coverslip on each slide
(20 mm; thickness no. 1; VWR, Lutterworth, UK). The slides
were examined under an epifluorescence microscope (CX31;
Olympus, Tokyo, Japan) using a CX-RFL-2 reflected fluores-
cence attachment. For each well, the number of cells from 15
different fields of view, under the microscope observation
field, was enumerated and averaged as the total counted cells
(Sarbini et al. 2011).
Equation for the calculation of total bacteria cells:

0.8 x average cell count
x 8702.47 (for Brunel microscope)

x fermentation volume x dilution used

The number of cells obtained was then converted into a
log; o number (log;, cells/ml).

Short-chain fatty acid analysis

Analysis of short-chain fatty acid quantification was per-
formed using HPLC system (Shimadzu SPD-20A) equipped
with a UV detector. The column used was C12 HPLC column
(300 x 7.80 mm; Phenomenex, Cheshire, UK). The eluent
used was 2.5 mM sulphuric acid in HPLC-grade water.
During each sampling time, 1 ml of sample from each fermen-
tation vessel was taken and further centrifuged at 13,000xg for
10 min. The supernatants were filtered through a 0.22-um
filter unit and 20 pl of the filtrate were injected into the
HPLC. The HPLC was run at a flow rate of 0.5 ml/min with
heated column of 40 °C. The sample run time was 45 min.
Quantification of SCFA was carried out using calibration
curves of lactate, acetate, propionate, butyrate, valerate,
isobutyrate and iso-valerate at concentrations 12.5, 25, 50,
75 and 100 mM (Sarbini et al. 2011).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
Software version 23. Univariate analysis of variance
(ANOVA) and Duncan’s test were used to determine the sig-
nificant difference, where p < 0.05 is considered as statistical-
ly significant.
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Table 1 16S ribosomal RNA oligonucleotide probes used in the present study

Probe Specificity Sequence Reference

Bif164 Bifidobacterium spp. CATCCGGCATTACCACCC Langendijk et al. (1995)

Lab158 Lactobacillus—Enterococcus GGTATTAGCAYCTGTTTCCA Harmsen et al. (1999)

Bac303 Most Bacteroidaceae and Prevotellaceae, CCAATGTGGGGGACCTT Manz et al. (1996)
some Porphyromonadaceae

Chis150 Most of the bacteria in the Clostridium TTATGCGGTATTAA Franks et al. (1998)
histolyticum group (Clostridium clusters 1 and II) TCTYCCTTT

Erec482 Most of the Clostridium coccoides—Eubacterium rectale GCTTCTTAGTCARGTACCG Franks et al. (1998)
group (Clostridium clusters XIVa and XIVb)

Prop853 Clostridium cluster IX ATTGCGTTAACT CCGGC Walker et al. (2005)

Ato0291 Atopobium cluster, includes Coriobacterium group GGTCGG TCTCTCAACCC Harmsen et al. (2000)

Fpra655 Faecalibacterium prausnitzii and relatives CGC CTA CCT CTG CAC TAC Hold et al. (2003)

Results and discussion
EBN glycan characterization

The purity of collected glycan was determined using Fourier
transform infra-red and nuclear magnetic resonance micros-
copies, which had shown the collected EBN glycan was free
from protein, polypeptides and oligopeptides (data not
included).The EBN glycan is composed of six types of mono-
saccharides which are galactose, mannose, fucose, N-
acetylglucosamine, N-acetylgalactosamine and N-
acetylneuraminic acid (sialic acid) (Wieruszeski et al. 1987,
Yagi et al. 2008). The total carbohydrate obtained from EBN
glycan was 437.3 = 0.1 mg/g, whereas the reducing sugar con-
tent was 63.0+0.02 mg/g. Thus, degree of polymerization
(DP) value obtained from the EBN glycan was 7. The DP
value of EBN glycan suits its length based on the findings
structure by Wieruszeski et al. (1987) and Yagi et al. (2008),
which appeared to have the DP value from 7 to 21 (14 in
average). The structures appeared to be branching glycans
with two branches in the form of O-glycan or three branches
in the form of N-glycan. Both structures contained high ga-
lactose and N-acetylhexosamine, O-glycan as the major EBN-
containing structure in comparison with the N-glycan. Inulin
can have the DP value from 2 to 60 fructose units (Luo et al.
2017), whereas FOS can have the DP value of 2 to 9 fructose
units, and the average of DP FOS is 4 (Zhu et al. 2017).
Human milk oligosaccharides (HMOs) which is composed
of five types of monosaccharides, such as D-galactose, D-glu-
cose, L-fucose, N-acetylglucosamine and N-acetylneuraminic

acid, have the DP value ranging from 3 to 22 (Lie and
Pedersen 2016). Thus, the EBN glycan can be considered as
an oligosaccharide, just like other prebiotic’s oligosaccha-
rides, which might carry prebiotic potential.

Digestibility of EBN glycoprotein and EBN-extracted
glycan

The results of EBN-extracted glycan and glycoprotein (crude
EBN) digestion were shown in Table 2. The protein within the
glycoprotein structure of the crude EBN was digested signif-
icantly (96.63%) after going through the in vitro human diges-
tive system. The extracted glycan showed a higher value of
carbohydrate digestion (36.37%) than the crude glycoprotein
(21.26%), releasing some free monosaccharides and much
shorter oligosaccharides. However, carbohydrate digestion
of both compounds statistically showed no significant differ-
ence among each replicate samples (p <0.05). The results
suggested an inhibition of the digestive enzymes by the end-
products occurred, with the presence of amino acids, peptides
and short oligopeptide chains in the digestion process of crude
EBN. The result obtained from the EBN protein digestion was
almost similar to the bovine’s serum protein that reaches 95%,
as reported by Deutz et al. (1995). According to Gardner
(1988), almost all-natural proteins (95 to 98%) can be digested
and absorbed in the small intestine. In other study, cheese
digestion through simulated human gastrointestinal digestive
system was demonstrated and more than 90% of the protein
sequences shown have been digested (61 peptide chains were

Table 2 Digestion values of

edible bird nest (EBN) compound EBN compound Before digestion (%) Undigested Digested Degree of
from complex glycoprotein and compound (%) compound (%) hydrolysis (%)
extracted glycan

Total protein 58.60 +0.62 2.02+0.03 56.58+0.32 96.55

Total glycan 21.00+0.01 16.54 +0.02 4.46+0.02 21.26

Total glycan extract 75.50+£0.01 48.04+0.01 27.46+0.01 36.37
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digested from 63 peptides detected before digestion) (Bottari
et al. 2017).

Approximately, the carbohydrate content with the values of
63% from the EBN-extracted glycan and 78% from the EBN
glycoprotein remains undigested and has a potential to be
carried into the gut environment for fermentation by the gut
microbiota. The molecular size of the EBN glycoprotein ex-
hibited 140.8 kDa and 64.8 kDa, according to Utomo et al.
(2014). A study by Xian et al. (2010) showed the molecular
size of the digested EBN was reduced to 70 kDa, 40 kDa and
below; whereas some remained stable in larger molecular size.
Many studies revealed that components containing [3-struc-
tures, such as cellulose and hemicellulose, are resistant to hu-
man digestive systems (Dhingra et al. 2012; Sawicki et al.
2017). Proteins with high (3-conformation structures are more
stable and resistant to gastrointestinal digestion (Carbonaro
et al. 2012). The EBN glycan contained high f3-
conformation structure in the form of O-linked and N-linked
branch structures (Wieruszeski et al. 1987; Yagi et al. 2008).
You et al. (2015) stated that structures of the EBN glycan are
like mammalian fibres, where most fibres are undigestible
through the human digestive systems (Dhingra et al. 2012).

Growth profiles of Bifidobacteria,
Lactobacilli-Enterococci, Bacteroides-Prevotella
and Clostridiumhistolyticum

The growth of Bifidobacteria, Lactobacilli-Enterococci,
Bacteroides-Prevotella and Clostridium histolyticum group
in pH-controlled batch cultures at 0, 6, 12 and 24 h of fermen-
tation was shown as in Fig. 1. The growth of Bifidobacteria
was increased significantly in the presence of EBN glycopep-
tide, EBN glycan and FOS, compared with the growth without
substrate, with FOS showing much significant growth than
others, where p<0.05 (Fig. 1(a)). The growth of
Lactobacilli-Enterococci was increased in the presence of
EBN glycopeptide, EBN glycan and FOS, higher than without
substrate, but not significant at p <0.05 (Fig. 1(b)). Every
tested substrate improved the growth of Bacteroides-
Prevotella significantly compared with those without sub-
strates and the Bacteroides-Prevotella growth in EBN glyco-
peptide and EBN glycan was comparable with the growth in
FOS at p <0.05 (Fig. 1(c)). The improved growth of the ben-
eficial commensal gut bacteria may suppress the growth of
potentially pathogen bacteria during the competition when
using the presented substrate, whereas the beneficial of com-
mensal bacteria may pre-dominate the bacterial growth. In this
study, the result was shown in the decrease of Clostridium
histolyticum (a key group of major pathogenic bacteria resides
in the human gut) as in Fig. 1(d). The growth of the
Clostridium histolyticum was dropped in the presence of
EBN glycopeptide, EBN glycan and FOS after 6 h of
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fermentation, where a slow and continuous decrease was ob-
served in the presence of FOS.

In comparison with the commercial prebiotic FOS, the
Bifidobacterial growth profiles from EBN glycan fermenta-
tion were significant than EBN glycopeptide and almost com-
parable with the FOS (p <0.05). On the other hand, EBN
glycopeptide fermentation had increased the Bacteroides-
Prevotella population much higher than the FOS fermentation
(but not significant at p < 0.05), probably due to the presence
of peptide in the EBN glycopeptide chain. The high growth of
Bacteroides-Prevotella in the presence of EBN glycopeptide
is supported by Aguirre et al. (2016) which proved high
growth of Bacteroides in protein enrichment media compared
with carbohydrate enrichment media. In this study,
Bacteroides-Prevotella population was also well increased in
both FOS and EBN glycan fermentation. This might be due to
the privilege of the Bacteroides population which has a flex-
ible capability to change its metabolism between carbohydrate
and protein or glycoprotein subjected to the nutrient availabil-
ity. In addition, peptidase activity had been highly observed
among Bacteroides spp. from human faeces and usually found
in abundance in the high protein diet compared with high
carbohydrate diet (Zimmer et al. 2012). Hence, Bacteroides
can grow well in both carbohydrate and protein substrates and
in some cases, much better in a highly protein diet.

Prebiotics such as FOS, GOS, inulin and the commonly
known lactulose have a selective effect by increasing the num-
ber of Bifidobacteria and reducing the number of pathogenic
bacteria groups (Liu et al. 2017). In silico genomic analysis
with the study of genomic function of Bifidobacterium
bifidum sequence had depicted the genetic code that served
to metabolism of glycoprotein. Enzymes encoded by these
genes had included the extracellular sialidase and fucosidase,
endo-a-N-acetylgalactosaminidase, N-acetyl-f3-
hexosaminidase and (3-galactosidase (Turroni et al. 2010). In
addition, carbohydrates with long chains required longer fer-
mentation times (Cardelle-Cobas et al. 2011; Hernandez-
Hernandez et al. 2012). However, the EBN substrate in this
study showed the opposite result, with the growth of
Lactobacilli-Enterococci higher than FOS (shorter oligosac-
charides with DP value of 4 in average) within the 6-h fer-
mentation (lag phase) of Lactobacilli-Enterococci growth pro-
file, which could be due to its longer chain of EBN glycan
based on the number of DP, but packed in the form of branches
(Wieruszeski et al. 1987; Yagi et al. 2008). However, overall
Lactobacilli-Enterococci growth in the fermentation of the
EBN substrate and FOS had shown no significant difference
(p <0.05).

Prevotella sp.is a part of the commensal bacteria that sel-
dom caused infection, except for some species such as P. copri
and P. stercorea which once involved in opportunistic infec-
tions, have a strong relationship with the dysbiosis and can
cause inflammation (Larsen 2017).The growth of Bacteroides
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Fig. 1 Growth profile of selected bacterial population (probes bifl64, lab158, bac303 and chis150) in pH-controlled batch culture fermentation of

different substrates at 0, 6, 12 and 24 h

may produce a polysaccharide capsule—containing
cephalosporinase (functioned in neutralizing bacterial toxin)
which can assist to restore the gut bacterial homeostasis and
improve immuno-modulation function, and further assist to
remove pathogenic bacteria (Turroni et al. 2014). Acidic en-
vironment in the human gut can inhibit the growth of patho-
genic bacteria and some commensal bacteria such as the
Bacteroides, where Bifidobacteria is much more resistant
and less affected (Van der Meulen et al. 2006). An in vitro
competitive study by Yu et al. (2012) had demonstrated the
Bifidobacterium longum and Bacteroides sp. may utilize their
ability to use glycoprotein in the form of milk to overtake the
growth of potential pathogenic bacteria commonly found in
the human gut, such as Escherichia coli (exist in a small num-
ber) and C. perfringens.

Growth profiles of Atopobium spp., Faecalibacterium
prausnitzii and commensal Clostridium group
of bacteria

Atopobium spp. is one of the predominant and prevalent bac-
teria residing in human gut although to date, little information
is known about it. However, some studies have been reported
on the Atopobium population showing an inverse correlation
with inflammatory bowel disease (Takaishi et al. 2008) and a
potential to induce apoptosis in colonic cancer cells (Altonsy
et al. 2010). In this study, the Afopobium population in both
EBN glycopeptide and EBN glycan fermentation exhibited

increased and prolonged growth as observed in the EBN gly-
can fermentation, as illustrated in Fig. 2 (c). The improvement
of Atopobium population can be used as an indicator for
healthy growth of commensal gut bacteria. Faecalibacterium
prausnitzii, being the first identified anti-inflammatory com-
mensal bacterium (LeBlanc et al. 2017), also exhibited an
improved and continuous growth profile in the presence of
both EBN glycopeptide and EBN glycan, as shown in Fig. 2
(d).

Commensal Clostridium group such as Eubacterium
rectale cluster XIVa and XIVb (butyrate-producing group)
and Clostridium cluster IX (propionate-producing group) ex-
hibited a similar growth profile in each EBN glycopeptide and
EBN glycan, respectively, shown in Fig. 2 (a and b, respec-
tively). Both Clostridium groups showed a high growth within
the 6 h of fermentation with the EBN glycan and they both
have continuous growth profile after 12-h fermentation com-
pared with the EBN glycopeptide. The EBN glycopeptide has
a similar commensal Clostridial growth profile with FOS.
However, the overall growth of the commensal Clostridia
(butyrate- and propionate-producing group) showed no signif-
icant difference among the tested substrates when p <0.05.
The major commensal Clostridia involved in the gut homeo-
stasis are usually from Clostridium cluster XIVa (butyrate-
producers) and Clostridium cluster IX (propionate-
producers) (Lopetuso et al. 2013). In a co-culture study using
B. longum and E. rectale in the presence of arabinoxylan-
oligosaccharides, the mixed culture exhibited interactions of
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Fig. 2 Growth profile of selected bacterial population (probes ato291, erec482, prop853 and fpra655) in pH-controlled batch culture fermentation of

different substrates at 0, 6, 12 and 24 h

mutual cross-feeding mechanisms with B. longum which
showed bifidogenic effect to produce acetate and E. rectal
which showed butyrogenic effect to convert acetate into buty-
rate (Riviére et al. 2016). The study was an evidence to show
that the improvement of commensal Clostridial growth, as in
the fermentation of both EBN and FOS, can restore the gut
bacterial homeostasis, which can positively contribute a treat-
ment in dysbiosis condition and liberated into normal distri-
bution of gut microbiota (Lopetuso et al. 2013).

Fermentation product—short-chain fatty acid

Gut bacterial fermentation produced short-chain fatty acid
(SCFA) with a major product of acetate (C2), propionate
(C3) and butyrate (C4) depending on the type of substrate
(Tailford et al. 2015). Figure 3 presented the amount of lactate
and SCFA products from bacterial fermentation in the pH-
controlled batch cultures at 0, 6, 12 and 24 h. A continuous
drop of lactate was observed in every batch culture, while
lactate product was elevated during the last 12-h fermentation
in the presence of FOS and EBN glycan, as well as without
substrate. Lactate, being a part of the fermentation product,
functioned as the fuel for the bacterial growth, as well as some
of the acetate product (SCFA product). The production of
acetate was significant in the fermentation of EBN glycopep-
tide, followed by FOS and EBN glycan (p < 0.05). Based on
Fig. 3, the major products of acetate, propionate and butyrate
were observed from fermentation of EBN glycopeptide and
FOS, whereas a major amount of acetate and propionate with

@ Springer

a small amount of butyrate from the EBN glycan fermentation
process. The difference in the formation of butyrate within the
EBN glycan fermentation is probably due to the difficulty in
the breakdown of the complex glycan (Koropatkin et al.
2012). The fermentation of EBN glycopeptide and EBN gly-
can had increased a significant amount of isobutyrate com-
pared with the FOS and without substrate, while fermentation
of EBN glycopeptide contributed another significant amount
of iso-valerate product compared with other substrates
(p <0.05). However, the total amount of isobutyrate in every
tested substrate after 24-h fermentation showed no significant
difference (p <0.05). The total SCFA from every substrate
after 24-h fermentation process is shown in Fig. 4.

Production of acetate is much more general among bacte-
rial groups, whereas production of lactate, propionate and bu-
tyrate was shown to be more highly substrate specific
(Morrison and Preston 2016). Bacterial species which are
dominated by Faecalibacterium prausnitzii, Eubacterium
rectale, Eubacterium hallii and Ruminococcus bromii were
shown to be responsible to produce butyrate (Louis et al.
2010). The decrease in lactate content indicated that
butyrate-producing bacteria had utilized some of the presented
lactate being converted into butyrate product (Belenguer et al.
2006). Lactate is also actively utilized by other gut bacteria in
a cross-feeding mechanism and contributes to the production
of acetate, propionate and butyrate (Morrison and Preston
2016). Acetate production typically accounted for 30-54%
of the total SCFA product, depending on the condition of the
gut and the availability of substrate.
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On the other view, the increased of isobutyrate in the fer-
mentation of EBN glycan and glycopeptide showed the in-
creased of obligate anaerobic bacteria. The obligated bacteria
convert butyrate into isobutyrate which functioned as an eco-
logical balance (Matthies and Schink 1992).The increased of
acetate in the fermentation of EBN glycopeptide (within the
first and second of 6-h fermentation in respect to their lag and
log phase, respectively) and EBN glycan (after the first of 6-h
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thanogenic condition (Angelidaki and Ahring 1995). The me-
thanogenic bacteria support the growth of other bacteria in the
communities by utilizing other limited product such as
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hydrogen, carbon dioxide and formate as their substrates to
stimulate the metabolism of other bacteria (Whitman et al.
2006). The shifts of butyrate production into isobutyrate in
the EBN glycan fermentation which was observed at 12-h
fermentation log phase of bacterial growth could also be due
to the involvement of the methanogenic bacteria.

The production of propionate with the fermentation of car-
bohydrate complex under limited source of carbon generally
needs a longer time of generation (Rios-Covian et al. 2017). In
this study, the propionate was increased in stages with the
fermentation of EBN glycan, whereas for EBN glycopeptide
the increment only occurred in the first of 6-h fermentation
and for FOS the increment only occurred in the first and last of
6-h fermentation. The result showed that the EBN glycan was
hard to be utilized as compared with the EBN glycopeptide
which contained oligopeptide or amino acid in the complex
glycopeptide and FOS. Amino acid fermentation can contrib-
ute to the production of acetate and propionate (Morrison and
Preston 2016), which also highlighted the significant increase
in acetate product with the fermentation of EBN glycopeptide
as compared with FOS and EBN glycan (p <0.05). In addi-
tion, a diversity in the complex structure of glycan such as the
extracted EBN glycan which usually exists in the secreted
mucus of the colon cell wall would function to hinder micro-
bial species from becoming too competent during harvesting
these structures, where many types of bacterial species can
dynamically grow, thus protecting the integrity of this impor-
tant barrier in the gut environment (Koropatkin et al. 2012).

Conclusion

This study has characterized the growth of the gut beneficial
bacteria through in vitro fermentation in the presence of EBN
glycopeptide and EBN glycan which could suppress the growth
of potential pathogenic bacteria, Clostridium histolyticum. The
EBN glycopeptide and EBN glycan fermentation resulted in
significant levels of acetate and propionate products, while
the EBN glycopeptide fermentation also produced a significant
amount of butyrate. The SCFA products obtained are beneficial
for human health and well-being. The fermentation of EBN
glycopeptide and EBN glycan has contributed different profiles
of the gut bacterial growth that may have different effects in the
human gut environment. The EBN glycan can be used as an
extracted prebiotic ingredient with much specificity for
bifidogenic effect by utilizing the low-grade EBN which is
referred to as a waste/residue from the EBN industries.
Meanwhile, under normal consumption of the EBN glycopro-
tein, the undigested compound of the EBN glycopeptide may
brought the prebiotic effect in the gut environment. These new
properties may contribute to the intake of the EBN as a func-
tional food and a returning benefit to the EBN industries.
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