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Abstract

Edible bird's nest (EBN) is a traditional food which was nourishing and functional. Particularly, there is the epidermal
growth factor (EGF) in EBN, which is thought to play an important role in promoting skin repair. However, the type
and content of EGF in EBN were not determined yet. In this study, the type of EGF in EBN was identified as bird EGF
by enzyme-linked immunosorbent assay and this method was validated to be accurate and precise. Moreover, it was
found that the content of EGF in raw-unclean EBN, raw-clean EBN and stewed EBN was 3000 pg/g-4000 pg/g and
there were no significant differences, which suggested that the batches, origins, forms, stewing temperatures and
stewing times of EBN had no effect on the content of EGF in EBN. However, it was due to that enzyme destroyed the
primary structure of EGF, the EGF content of neutral protease and trypsin hydrolysates of EBN was lower than that of
flavor enzymes, alkaline protease and pepsin hydrolysates of EGF. This study was the first to determine the type and

source of EGF.

content of EGF in EBN, and provided a theoretical basis for the selection and processing of EBN and using EBN as a
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Introduction

Edible bird’s nest (EBN) is an edible biological prod-
uct made from the salivary gland secretions of swiftlets
through picking and other processes. These swiftlets
belong to the genera Collocalia and Aerodramus, and
inhabit South-East Asia and neighboring islands. Accord-
ing to Chinese traditional medicine, EBN was beneficial
to the lung, kidneys, spleen, and stomach [1]. On the
other hand, modern research showed that EBN had the
functions of improving neurodegenerative diseases [2,

*Weijuan Bai and Fenghong Deng contributed equally to this work and
should be considered co-first authors.

*Correspondence:

Baozhong Guo

guobaozhong0482@163.com

! Research Institute of Bird's Nest, Xiamen Yan Palace Seelong Food Co,
Ltd,, Xiangming Road 3, Xiamen 361100, Fujian, China

@ Springer Open

3], anti-oxidation [4], anti-aging [5], anti-influenza [6],
inhibiting hemagglutination [7], and immune regula-
tion [8]. Moreover, it also could enhance intelligence
and memory [9, 10], improve cardiovascular diseases
[11], and promote cell proliferation [12]. Therefore, EBN
was very popular in China. It was found that epidermal
growth factor (EGF) might play an important role in
some functions, such as promoting cell proliferation.
EGF is one of the many growth factors and is usu-
ally referred to human EGF if not specified specifically.
EGF is a peptide composed of 53 amino acid molecules,
which contains three disulfide bonds. The molecular
weight of EGF is about 6000 Da, and the isoelectric
point of EGF is 4.6 [13]. EGF participated in various
physiological activities, such as cell division, prolif-
eration, and migration [14—17]. It could promote the
growth of epidermal cells, epithelial tissue regenera-
tion, and wound healing, which had been widely used
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in the clinical treatment of skin wounds [18-20]. For
example, oral administration of EGF could effectively
inhibit intestinal inflammation in neonatal rats with
necrotizing enterocolitis, and repair lipopolysaccha-
ride-induced injury on rat small intestine crypt epi-
thelial cells to improve the intestinal barrier function
[21-23]. In addition, stimulation of glioblastoma cells
with EGF could induce the upregulation of xCT and
promote cell death under glucose deprivation [24].
Moreover, EGF, as a potential biomarker for the pro-
gression of chronic kidney disease, could exert protec-
tive effects on high glucose-induced podocytes injury
via enhancing cell proliferation and inhibiting cell
apoptosis [25].

For EGF in EBN, it could be divided into two types of
concepts. First, a large number of peptides with func-
tions similar to EGF (such as promoting skin repair)
were found in EBN [26-29], which can be considered
as the broad sense EGF of EBN, e.i. human-like EGF
peptides. The second is the narrow sense EGF of EBN,
which has a similar structure as other discovered EGFs.
However, previous studies on EBN mainly focused on
sialic acid. Interestingly, regarding the EGF in EBN in
a narrow sense, there is no literature report to prove
which EGF is contained in EBN, for example, whether
there is EGF with a similar structure to rat EGF, mice
EGF, human EGF, and bird EGF has not yet been elu-
cidated. Moreover, it is also worth exploring whether
processing conditions affect EGF content in EBN. This
is an interesting and meaningful field.

Enzyme-linked immunosorbent assay (ELISA) is a
technique in which known antigens or antibodies are
adsorbed on the surface of a solid phase carrier, and
the enzyme-labeled antigen and antibody react on the
surface of the solid-phase carrier. This technique could
determine macromolecular antigens and specific anti-
bodies. So far, many kinds of EGF ELISA kits, such as
rat EGF ELISA kit, mice EGF ELISA kit, human EGF
ELISA kit and bird EGF ELISA kit, were successfully
developed and were widely used for the determina-
tion of EGF content in other substances. Moreover, it
was fast, sensitive, and easy to standardize the carrier.
Therefore, ELISA is suitable for the determination of
EGF in EBN.

Therefore, the purpose of this study is to use the exist-
ing EGF ELISA kits to detect the EGF content in EBN,
so as to more accurately determine which type of EGF
exists in EBN and how its content is. In addition, in order
to direct the industry production, the effects of process-
ing conditions on the EGF content of EBN were further
explored. This study provided valuable information on
the composition of EBN and contribute to further under-
standing of the health benefits of EBN. Moreover, the
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results of this study provided a scientific basis for using
EBN as a source of EGFE.

Materials and methods

Materials

The raw-unclean EBNs from different batches and places
of origin were supplied by Technical Center, Xiamen
Customs (Xiamen, China); The raw-clean EBNs, different
forms of EBNs, and ready-to-eat EBNs (a kind of canned
product) were obtained from Xiamen Yan Palace Seelong
Food Co., Ltd. (Xiamen, China); 1Xphosphate buffer
saline (PBS) buffer and fetal bovine serum (FBS) were
purchased from Sigma Aldrich (Shanghai, China); Rat
EGF ELISA kit, mice EGF ELISA kit, human EGF ELISA
kit, and bird EGF ELISA kit were purchased from Shang-
hai Enzyme-linked Biotechnology Co., Ltd. (Shanghai,
China); Alkaline protease (200,000 U/g), neutral protease
(200,000 U/g), flavor enzymes (20,000 U/g), pepsin (3000
U/g) and pancreatin (4000 U/g) were obtained from Nan-
ning Pangbo Biological Engineering Co., Ltd. (Nanning,
China).

Pretreatment of EBN

Generally, according to the cleanliness of the EBNs, EBNs
is divided into raw-unclean and raw-clean EBNs, and the
difference is whether it contains natural feathers. The
ready-to-eat EBN was prepared from raw-clean EBN
through a series of processing. At present, most of the
EBNs on the market were raw-clean EBN and ready-to-
eat EBN. The raw-unclean or raw-clean EBN was milled
by a mill (A1l basic S025, IKA, Staufen, Germany) and
passed through a 100-mesh sieve, while the ready-to-eat
EBN was homogenized using a homogenizer (T18DS25,
IKA, Staufen, Germany).

Determination of EGF content in EBN

In this study, the raw-clean EBN was used to identify the
EGF type in EBN. The type of EGF in EBN was identi-
fied by qualitative comparison with the EGF standards
provided by the rat EGF ELISA kit, mice EGF ELISA Kkit,
human EGF ELISA kit and bird EGF ELISA kit.

In detail, the raw-clean EBN (1.0 g) was dissolved in
9.0 mL PBS buffer, then the solution was homogenized
and centrifuged at 10,000 rpm for 15 min to obtain the
supernatant for determining EGF content. After the
four kits were removed from the refrigerated environ-
ment, they were kept at room temperature for 60 min.
If the ELISA plates were not used up after being opened,
the remaining strips were stored in a sealed bag. Stand-
ard solutions with different concentrations (50 puL) were
added to the bottom of the ELISA wells. For the samples,
the sample diluent (40 pL) and 10 pL of EBN solution
were added, then the ELISA plate was shaken slightly to
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mix. Then, ELISA reagent (100 pL) was added to each
well, and PBS buffer was used as a blank control without
the sample and ELISA reagent. After the plate was sealed
and incubated at 37 °C for 60 min, the liquid in the wells
was discarded. The 20X washing solution was diluted
20 times with distilled water. Subsequently, 1xwashing
solution was added to each well until fill for standing 30 s,
and then discarded. This process was repeated 5 times,
and the remaining water in each well was drained at the
last time. Next, chromogenic reagent A (50 pL) and chro-
mogenic reagent B (50 pL) were added to each well in
sequence. After mixing and reacting in the dark at 37 °C
for 15 min, the reaction was terminated by 50 uL termi-
nation buffer. Meanwhile, the color of the reaction solu-
tion changed from blue to yellow immediately. Finally,
the absorbance of the reaction solution was determined
at 450 nm using a microplate reader (Epoch, Bio Tek,
Vermont, USA). Importantly, the absorbance measure-
ment should be conducted within 15 min after adding the
termination buffer.

Comparison of exaction agent

To find an applicable exaction agent for EBN and its
product, the raw-clean and ready-to-eat EBN (1.0 g) were
dispersed in 9.0 mL PBS buffer, 0.2% FBS solution, 0.4%
FBS solution, and saturated FBS solution, respectively.
Then, the suspension was homogenized and centrifuged
at 10,000 rpm for 15 min to obtain the supernatant for
further determination of EGF content by bird EGF ELISA
kit as described in section "Determination of EGF con-
tent in EBN".

EGF content in EBN from different batches, origins

and forms

Nine batches of raw-unclean EBN from Indonesia, and
raw-unclean EBN from Laba, East Kalimantan, Pariji,
and South Kalimantan were selected. The bar-like EBN,
triangular EBN, cup EBN, and EBN fragments were also
collected for further determination. The EBN (1.0 g)
was dispersed in 9.0 mL PBS buffer, then the suspen-
sion was homogenized and centrifuged at 10,000 rpm for
15 min to obtain the supernatant for determination of
EGF content by bird EGF ELISA kit as described in sec-
tion "Determination of EGF content in EBN".

EGF content in EBN treated by different stewing
temperatures and times

The raw-clean EBN (1.2 g) was mixed with 5% hot syrup
(45.0 g) in the glass bottle and the lid was closed tightly.
Subsequently, the glass bottles were put into the steriliza-
tion pot to stew. For different stewing times, after rising
to 121 °C in 5 min, the temperature was kept for 0, 10, 15,
20, 30, and 40 min, respectively. And for different stewing
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temperatures, after the temperature rose to 90, 95, 100,
115, 121 and 128 °C in 5 min, respectively, the tempera-
ture was kept for 15 min. When the pressure dropped to
zero, the samples were taken out and placed in cold water
to cool to room temperature slowly. The EGF content was
determined by bird EGF ELISA kit as described in sec-
tion "Determination of EGF content in EBN".

EGF content in EBN hydrolysates (EBN peptides)

The raw-clean EBN (2.0 g) was suspended in 98.0 g dis-
tilled water and then stewed in boiled water for 120 min.
After the reaction, the suspension was cooled to room
temperature and homogenized at high speed for 2 min.
The pH of the suspension was adjusted to 7.0, 9.5, 8.0, 2.5,
and 7.5, respectively, by 0.1 M HCl and 0.1 M Na,CO,
solution. Subsequently, flavor enzymes, alkaline protease,
trypsin, pepsin, and neutral protease (600 U/g raw-clean
EBN) were added into suspension, respectively, which
reacted at 50 °C for 6 h and then inactivated in ice water
for 10 min. Finally, the suspension was centrifuged at
10,000 rpm for 15 min to obtain the supernatant for the
determination of EGF content by bird EGF ELISA kit as
described in section "Determination of EGF content in
EBN".

Statistical analysis

In this study, all experiments were performed three times
and the results were expressed as mean with standard
deviation (SD). The data were analyzed by SPSS soft-
ware (Version 22.0) and one-way analysis of variance
(ANOVA) was used. In addition, Duncan’s test was used
to analyze the differences among the mean value, and
differences were considered as statistical significance if
p<0.05.

Results and discussion

Applicability of bird EGF ELISA kit

At present, because no EGF antigen in EBN has been
found, there is no specific ELISA kit for EGF detection
in EBN on the market. Therefore, four other EGF kits
were used to determine the EGF content in raw-clean
EBN, and PBS buffer was used as the negative control.
As shown in Fig. 1, the concentration of the standard
solution and absorbance were linearly related within a
specified range in four kits. Moreover, all the minimum
detectable concentrations described in the product
manuals could be reproduced. It was suggested that the
four kits used in this study were effective. The rat, mice,
and human EGF ELISA kits were negative for all raw-
clean EBN samples, that is, no rat, mice, or human EGF
was detected in the EBN samples (Table 1). In contrast,
the bird EGF ELISA kit determined the presence of
EGF in EBN, which confirmed the presence of related
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Fig. 1 Standard curves of rat (A), mice (B), human (C) and bird (D) EGF ELISA kit

Table 1 Detection results of four EGF ELISA kit

Samples RatEGF Mice EGF Human EGF  Bird EGF
Control (PBS buffer) - - _ _
Raw-clean EBN - - - +

The“~"in the table meant that the EGF was not detected, and “+” meant that the
EGF was detected

antigens. That is, the result proved that there was bird
EGF in EBN, which is described as EGF in the following
text. Therefore, the bird EGF ELISA kit was selected for
further experiments. In fact, EBN comes from swiftlets,
which belong to birds. Therefore, it is reasonable that
the EGF ELISA Kkits of other birds can detect the cor-
responding antigens in EBN.

Effect of exaction agents on EGF content in EBN

EGF is a kind of water-soluble peptide. At present,
most of the EBNs on the market were raw-clean EBNs
and ready-to-eat EBNs. It was speculated that different
processing techniques might result in difference con-
tent of EGF in EBN, but this has not been reported yet.
Based on the above, the effects of extraction agents on
EGF content in raw-clean EBN and ready-to-eat EBN
were studied first. As shown in Fig. 2, when PBS buffer,
0.2% FBS, 0.4% FBS, and saturated FBS were used as
extractants, the content of EGF was basically the same
(p>0.05). It was indicated that there was no significant
effect of extraction agent on EGF content in EBN and
its products. However, the spiked recovery rate of the
method using PBS as the extraction solvent was higher
than that of the other three solutions as the extraction
solvent (Table 2). Therefore, PBS buffer was selected as
the extraction solvent for sample pretreatment in this
study
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Stability of bird EGF ELISA kit

As shown in Fig. 3 and Table 3, the experiment was per-
formed using standard ingredients in the bird EGF ELISA
kit and a standard curve was drawn. The value of R? was
0.9995, which met the requirement that the kit linear
coefficient was greater than 0.95. In this experiment, each

Table 2 Recovery of different extraction solvents (%)
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test was repeated three times with six parallel replicates
per time, and each parallel was repeated three times. The
relative standard deviation (RSD) value of the three rep-
licates ranged from 2.39 to 5.42%, meeting the require-
ment that the variation coefficient within the batch
was less than 10%. The SD value of the three tests was
191.9 pg/g and the RSD value was 5.25%, which met the
requirement of variation coefficient between batches less
than 15%. Therefore, the bird EGF ELISA kit was suitable
for the determination of EGF in EBN and its products.

Effect of batches on EGF content in raw-unclean EBN

After determining the applicability of the assay, the
effect of the batches on the EGF content in raw-unclean
EBN was first investigated. It was due to that the quality
of EBN from different batches might be affected by the
status of swiftlets. It was found that there was the same
content of EGF in nine batches of raw-unclean EBN
from Indonesia (Fig. 4A, p>0.05). It was suggested that
using the detection method described in this study, there
was no significant difference in EGF content in different
batches of EBN from the same origin. That is, the EGF
content in EBN from the same origin had good stability.

Samples PBS buffer 0.2% FBS buffer 0.4% FBS buffer Saturated FBS buffer
Raw-clean EBN 8453+ 1.56¢ 6441 +1.22¢ 4557 +£1.03° 241542012
Ready-to-eat EBN 89.42+0.75¢ 7123+1.86° 4928 +0.48° 31.58+1.90°

Each value in the table was the mean + standard deviation of three replicates. Values in the same row with different letters were significantly different at p <0.05,

based on Duncan'’s test

A

y =0.0051x + 0.0104
2.0qR?=0.9995

Absorbance
=
1

o
[
1

0.0 4

T T T T T T T

T T
0 50 100 150 200 250 300 350 400 450
Concentctration (pg/mL)

B

S A R S e
~BHRERE

parallel

Fig. 3 Standard curve (A) and parallel and repeatability tests (B) of bird EGF ELISA kit
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Table 3 Parallel and repeatability tests of bird EGF ELISA kit
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Test Parallel X (pg/g)
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Fig. 4 The EGF content in EBN from different batches (A), origins (B) and forms (C)

Effect of origins on EGF content in raw-clean EBN
Subsequently, the content of EGF in raw-clean EBN
from different origins was determined. As shown in
Fig. 4B, the EGF content of raw-clean EBN from Raba-
dou, East Kalimantan, Pariji and South Kalimantan
ranged from 3000 to 3200 pg/g. However, there was no
significant difference in the EGF content of raw-clean
EBN from the four origins above (p>0.05). Swiftlets
have high requirements on habitat. The island coun-
tries in Southeast Asia have similar climates and a
wide variety of plants and animals, which are suitable
for the survival of swiftlets. Therefore, EBN produced
in Southeast Asia has high-quality and stable EGF
content.

Effect of forms on EGF content in raw-clean EBN

Generally, the EBN was divided into bar-like EBN, trian-
gular EBN, and cup EBN. In the transportation and pro-
cessing, the EBN might be broken to varying degrees, and
the fragments were called EBN fragments. In fact, differ-
ent forms of EGF were used in different products accord-
ing to requirement. In this section, the effect of EBN
form on EGF content in EBN was investigated. As shown
in Fig. 4C, the EGF content of bar-like EBN, triangular
EBN, cup EBN, and EBN fragments ranged from 3300 to
3500 pg/g, which had no significant difference (p>0.05).
As expected, the content of EGF was not related to the
form of EBN. It is well known that the primary structure
of the peptide will not be easily changed by low-energy
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input processing methods such as knife cutting and
crushing [30]. As a kind of peptide, EGF also has a stable
structure. Therefore, the result is reasonable.

Effect of stewing times on EGF content in EBN

At present, the ready-to-eat EBN products processed by
factories are more and more popular among consumers.
In the processing of ready-to-eat EBN products, the most
important step is stewing. Therefore, in this section, the
effects of different stewing times on the EGF content in
ready-to-eat EBN products were investigated. The result
was shown in Fig. 5A. At the temperature of 121 °C set in
this section, the content of EGF in EBN ranged from 3000
to 3200 pg/g, which did not change with the increase of
stewing time. This result indicated that stewing time had
no effect on the content of EGF in EBN. As mentioned
above, as a peptide, EGF has a relatively stable primary
structure and is not easily destroyed by stewing.

Effect of stewing temperatures on EGF content in EBN

The stew temperature can affect the taste and state of
ready-to-eat EBN, which is an important parameter in
the processing. Therefore, continuing from the above,
in this section, the effects of different stewing tempera-
tures on the EGF content in ready-to-eat EBN products
were investigated. At the stewing temperature of 90 to
128 °C, the content of EGF in EBN ranged from 3000
to 3500 pg/g, and there was no significant difference
(Fig. 5B, p>0.05). It was suggested that stewing tempera-
ture could not affect the content of EGF in EBN, which
might be due to the thermal stability of EGF as stated
above.

Effect of enzymatic hydrolysis on EGF content in EBN

Compared with proteins, peptides are more conducive
to human absorption and have stronger antioxidant
activity. Moreover, more and more researchers have
found that the hydrolysates of EBN (EBN peptides)
have functions similar to EGF [25]. EBN peptides are

expected to become a new generation of tonic food.
Therefore, in this section, the EGF content in EBN
hydrolysates hydrolyzed by different enzymes was
investigated. As shown in Fig. 5C, the content of EGF
in EBN hydrolysates (EBN peptides) hydrolyzed by
flavor enzymes, alkaline protease, pepsin, neutral pro-
tease and pancreatin was 2804, 2851, 2807, 2486, and
2468 pg/g, respectively. In particular, the EGF con-
tents of EBN hydrolysates (EBN peptides) hydrolyzed
by neutral protease and pancreatin were significantly
lower than that of the other three hydrolysates (EBN
peptides) (p < 0.05). This result indicated that the differ-
ent enzymatic hydrolysis had a significant effect on the
EGF content of EBN. It might be because some enzyme
cleavage reaction destroyed the primary structure of
EGF, and different enzymes acted on different sites,
resulting in different degrees of EGF destruction.

Conclusion

In summary, rat, mice, human, and bird EGF ELISA kits
were used to determine the content of EGF in EBN in
thisstudy. It was found that there was bird EGF in EBN
but no rat, mouse, or human EGF. Moreover, the bird
EGFELISA kit was suitable for the determination of
EGF in EBN, and the standard curve linearity and vari-
ationcoefficient met the requirements. In addition, dif-
ferent batches, origins, and forms of EBN and stewing
time andtemperature in EBN processing did not affect
the content of EGF in EBN, which confirmed that EGF in
EBN hadgood stability, including thermal stability. How-
ever, it was found that the different enzymatic hydroly-
sis hadsignificant effects on the EGF content of EBN,
neutral protease and pancreatin could destroy the pri-
mary structureof EGF in EBN. In short, the above results
proved the existence of EGF in EBN through scientific
methods, whichprovided good support for the value dis-
play of EBN. However, there are still some shortcomings
in this study. Forexample, the bird EGF ELISA kit used
in this study can only measure one type of EGF with a
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specific structure,whether more kinds of EGF are pre-
sent in EBN has not been elucidated. Furthermore, there
were many othersubstances in EBN have been reported
to have similar effects to EGF, such as sialic acid. It has
not been definedwhich of these substances belong to the
EGF class. Therefore, these fields still needed to be fur-
ther explored.

Abbreviations

EBN Edible bird’s nest

EGF Epidermal growth factor

ELISA Enzyme-linked immunosorbent assay
PBS Phosphate buffer saline

FBS Fetal bovine serum

Acknowledgements
Not applicable.

Author contributions

Conceptualization, WB, and BG; methodology, WB, FD, XZ, YH and YX; software,
WB; validation, WB, FD, XZ, and NW; formal analysis, BW, FD and BG; investiga-
tion, BW and QF; resources, QF; data curation, WB, XL and BG; writing—original
draft preparation, WB and FD; writing—review and editing, XL and BG; visuali-
zation, XL and BG; supervision, XL and BG; project administration, QF; funding
acquisition, QF. All authors have read and agreed to the published version of
the manuscript.

Funding
This research was funded by Xiamen Science and Technology Plan Project
(3502720224024).

Availability of data and materials
The analyzed data sets generated during the present study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This article does not contain any studies with human and animal subjects.

Competing interests
The authors declare that they have no competing interests.

Received: 7 March 2023 Accepted: 30 May 2023
Published online: 09 June 2023

References

1. Ling AJW, Chang LS, Babji AS, Latip J, Koketsu M, Lim SJ (2022) Review of
sialic acid's biochemistry, sources, extraction and functions with special
reference to edible bird’s nest. Food Chem 367:130755. https://doi.org/
10.1016/j.foodchem.2021.130755

2. HouZ, He P, Imam MU, Qi J, Tang S, Song C et al (2017) Edible bird’s nest
prevents menopause-related memory and cognitive decline in rats
via increased hippocampal sirtuin-1 expression. Oxid Med Cell Longev
2017:7205082. https://doi.org/10.1155/2017/7205082

3. Yew MY, Koh RY, Chye SM, Abidin SAZ, Othman |, Ng KY (2019) Neuro-
trophic properties and the de novo peptide sequencing of edible bird’s
nest extracts. Food Biosci 32:100466. https://doi.org/10.1016/j.fbio.2019.
100466

4. Albishtue AA, Yimer N, Zakaria MZA, Haron AW, Yusoff R, Assi MA et al
(2018) Edible bird’s nest impact on rats' uterine histomorphology, expres-
sions of genes of growth factors and proliferating cell nuclear antigen,

20.

AR

22.

Page 8 of 9

and oxidative stress level. Veterinary world 11(1):71-79. https://doi.org/
10.14202/vetworld.2018.71-79

Ghassem M, Arihara K, Mohammadi S, Sani NA, Babji AS (2017) Identifica-
tion of two novel antioxidant peptides from edible bird’s nest (Aerodra-
mus fuciphagus) protein hydrolysates. Food Funct 8(5):2046-2052. https://
doi.org/10.1039/c6fo01615d

Guo C-T, Cao Y, Hu Z, Wo E-K, Chen S, You J-B et al (2017) Effect of edible
bird’s nest on hemogram and secondary influenza virus infection of mice
with aplastic ane-mia. Int J Epidemiol Infect Dis. 44:228

Haghani A, Mehrbod P, Safi N, Aminuddin NA, Bahadoran A, Omar AR
etal (2016) In vitro and in vivo mechanism of immunomodulatory and
antiviral activity of Edible Bird's Nest (EBN) against influenza A virus (IAV)
infection. J Ethnopharmacol 185:327-340. https://doi.org/10.1016/jjep.
2016.03.020

Albishtue AA, Yimer N, Zakaria MZA, Haron AW, Babji AS, Abubakar AA

et al (2019) Effects of EBN on embryo implantation, plasma concentra-
tions of reproductive hormones, and uterine expressions of genes of
PCNA, steroids, growth factors and their receptors in rats. Theriogenology
126:310-319. https://doi.org/10.1016/j.theriogenology.2018.12.026

Xie Y, Zeng H, Huang Z, Xu H, Fan Q, Zhang Y et al (2018) Effect of mater-
nal administration of edible bird’s nest on the learning and memory
abilities of suckling offspring in mice. Neural Plast 2018:7697261. https://
doi.org/10.1155/2018/7697261

Oliveros E, Vazquez E, Barranco A, Ramirez M, Gruart A, Maria Delgado-
Garcia J et al (2018) Sialic acid and sialylated oligosaccharide supplemen-
tation during lactation improves learning and memory in rats. Nutrients
10(10):1519. https://doi.org/10.3390/nu10101519

. Hun LeeT, Hau Lee C, Alia Azmi N, Kavita S, Wong S, Znati M et al (2020)

Characterization of polar and non-Polar compounds of house edible
bird’s nest (EBN) from Johor, Malaysia. Chem Biodivers 17(1):21900419.
https://doi.org/10.1002/cbdv.201900419

Albishtue AA, Yimer N, Zakaria MZA, Haron AW, Babji AS, Abubakar AA
et al (2019) The role of edible bird’s nest and mechanism of averting lead
acetate toxicity effect on rat uterus. Vet World 12(7):1013-1021. https://
doi.org/10.14202/vetworld.2019.1013-1021

Wu L, Li X-Q, Goyal T, Eddy S, Kretzler M, Ju W-J et al (2018) Urinary epider-
mal growth factor predicts renal prognosis in antineutrophil cytoplasmic
antibody-associated vasculitis. Ann Rheum Dis 77(9):1339. https://doi.
org/10.1136/annrheumdis-2017-212578

Mangiavini L, Peretti GM, Canciani B, Maffulli N (2022) Epidermal growth
factor signalling pathway in endochondral ossification: an evidence-
based narrative review. Ann Med 54(1):37-50. https://doi.org/10.1080/
07853890.2021.2015798

Dashtaki ME, Nezhad SRK, Hemadi M, Saki G, Mohammadiasl J (2018)
Effects of epidermal growth factor, glial cell line-derived neurotrophic
and leukemia inhibitory factor on the proliferation and differentiation
potential of adipose tissue-derived mesenchymal stem cells. Iranian Red
Crescent Med J. https://doi.org/10.5812/ircmj.55943

Avckurt AS, Altun E. Effect of epidermal growth factor (EGF) on osteosar-
coma cell proliferation and Bcl-2 gene expression. 2019.
Naghynajadfard M (2022) Delayed xenograft transplantation of mouse
olfactory ensheathing cells in adult rats. SciMedicine J 4(2):55-62. https://
doi.org/10.28991/SciMedJ-2022-04-02-01

Ryu SI, Kim KE, Jeong JY, Park JH, Moon H-R, Kim I-H (2021) Effect of the
recombinant human epidermal growth factor ointment on cutane-

ous surgical wounds compared to antibiotic ointment. Ann Dermatol
33(6):549-552. https://doi.org/10.5021/ad.2021.33.6.549

ChengY, LiY,Huang S, Yu F, Bei Y, Zhang Y et al (2020) Hybrid freeze-
dried dressings composed of epidermal growth factor and recombinant
human-like collagen enhance cutaneous wound healing in rats. Front
Bioeng Biotechnol. 8:742. https://doi.org/10.3389/fbioe.2020.00742

Qi X, Huan Y, Si H, Zou J, Mu Z (2021) Study of the effect epidermal
growth factor nanoparticles in the treatment of diabetic rat ulcer skin
and regeneration. J Nanosci Nanotechnol 21(5):3028-3034. https://doi.
org/10.1166/jnn.2021.19155

Chen W, Yang C, Xue H, Huang Q (2021) The protective effect and
mechanism of epidermal growth factor on necrotizing enterocolitis in a
neonatal rat model. Trans| Pediatrics 10(4):900-913. https://doi.org/10.
21037/tp-21-81

Xu S,Wang D, Zhang P, Lin Y, Fang Z, Che L et al (2015) Oral administra-
tion of Lactococcus lactis-expressed recombinant porcine epidermal


https://doi.org/10.1016/j.foodchem.2021.130755
https://doi.org/10.1016/j.foodchem.2021.130755
https://doi.org/10.1155/2017/7205082
https://doi.org/10.1016/j.fbio.2019.100466
https://doi.org/10.1016/j.fbio.2019.100466
https://doi.org/10.14202/vetworld.2018.71-79
https://doi.org/10.14202/vetworld.2018.71-79
https://doi.org/10.1039/c6fo01615d
https://doi.org/10.1039/c6fo01615d
https://doi.org/10.1016/j.jep.2016.03.020
https://doi.org/10.1016/j.jep.2016.03.020
https://doi.org/10.1016/j.theriogenology.2018.12.026
https://doi.org/10.1155/2018/7697261
https://doi.org/10.1155/2018/7697261
https://doi.org/10.3390/nu10101519
https://doi.org/10.1002/cbdv.201900419
https://doi.org/10.14202/vetworld.2019.1013-1021
https://doi.org/10.14202/vetworld.2019.1013-1021
https://doi.org/10.1136/annrheumdis-2017-212578
https://doi.org/10.1136/annrheumdis-2017-212578
https://doi.org/10.1080/07853890.2021.2015798
https://doi.org/10.1080/07853890.2021.2015798
https://doi.org/10.5812/ircmj.55943
https://doi.org/10.28991/SciMedJ-2022-04-02-01
https://doi.org/10.28991/SciMedJ-2022-04-02-01
https://doi.org/10.5021/ad.2021.33.6.549
https://doi.org/10.3389/fbioe.2020.00742
https://doi.org/10.1166/jnn.2021.19155
https://doi.org/10.1166/jnn.2021.19155
https://doi.org/10.21037/tp-21-81
https://doi.org/10.21037/tp-21-81

Bai et al. Applied Biological Chemistry

23.

24.

25.

26.

27.

28.

29.

30.

(2023) 66:36

growth factor stimulates the development and promotes the health of
small intestines in early-weaned piglets. J Appl Microbiol 119(1):225-235.
https://doi.org/10.1111/jam.12833

Abdul AA, Ali AK, Ibrahim M, Handool KO, Khan DI (2020) Generation

of open metatarsal fracture in rats: a model for secondary fracture
healing. SciMedicine J 2(4):197-211. https://doi.org/10.28991/SciMe
dJ-2020-0204-2

Yamamoto M, Teramoto K, Katoh H (2021) Epidermal growth factor pro-
motes glioblastoma cell death under glucose deprivation via upregula-
tion of xCT (SLC7A11). Cell Signal 78:109874. https://doi.org/10.1016/j.
cellsig.2020.109874

SunY, Deng M, Ke X, Lei X, Ju H, Liu Z et al (2021) Epidermal growth
factor protects against high glucose-induced podocyte injury possibly
via modulation of autophagy and PI3K/AKT/mTOR signaling pathway
through DNA methylation. Diabetes Metab Syndr Obes Targets Ther
14:2255-2268. https://doi.org/10.2147/dms0.5299562

Kong YC, Keung WM, Yip TT, Ko KM, Tsao SW, Ng MH (1987) Evidence that
epidermal growth-factor is present in swiftlets (collocalia) nest. Comp
Biochem Physiol B Biochem Mol Biol 87(2):221-226. https://doi.org/10.
1016/0305-0491(87)90133-7

Fan Q, Liu X, Wang Y, Xu D, Guo B (2022) Recent advances in edible bird’s
nests and edible bird’s nest hydrolysates. Food Sci Technol. https://doi.
0rg/10.1590/fst.67422

Fan Q, Lian J, Liu X, Zou F, Wang X, Chen M (2022) A study on the skin
whitening activity of digesta from edible bird’s nest: a mucin glycopro-
tein. Gels 8(1):24. https://doi.org/10.3390/gels8010024

Lai QWS, Fan Q, Zheng BZ, Chen'Y, Dong TT, Tsim KWK (2022) Edible bird’s
nest, an Asian health food supplement, possesses anti-inflammatory
responses in restoring the symptoms of atopic dermatitis: an analysis of
signaling cascades. Front Pharmacol 13:941413. https://doi.org/10.3389/
fphar2022.941413

Ahnoff M, Cazares LH, Skold K (2015) Thermal inactivation of enzymes
and pathogens in biosamples for MS analysis. Bioanalysis 7(15):1885—
1899. https://doi.org/10.4155/bio.15.122

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1111/jam.12833
https://doi.org/10.28991/SciMedJ-2020-0204-2
https://doi.org/10.28991/SciMedJ-2020-0204-2
https://doi.org/10.1016/j.cellsig.2020.109874
https://doi.org/10.1016/j.cellsig.2020.109874
https://doi.org/10.2147/dmso.S299562
https://doi.org/10.1016/0305-0491(87)90133-7
https://doi.org/10.1016/0305-0491(87)90133-7
https://doi.org/10.1590/fst.67422
https://doi.org/10.1590/fst.67422
https://doi.org/10.3390/gels8010024
https://doi.org/10.3389/fphar.2022.941413
https://doi.org/10.3389/fphar.2022.941413
https://doi.org/10.4155/bio.15.122

	The determination of epidermal growth factor in Edible bird’s nest by enzyme-linked immunosorbent assay
	Abstract 
	Introduction
	Materials and methods
	Materials
	Pretreatment of EBN
	Determination of EGF content in EBN
	Comparison of exaction agent
	EGF content in EBN from different batches, origins and forms
	EGF content in EBN treated by different stewing temperatures and times
	EGF content in EBN hydrolysates (EBN peptides)
	Statistical analysis

	Results and discussion
	Applicability of bird EGF ELISA kit
	Effect of exaction agents on EGF content in EBN
	Stability of bird EGF ELISA kit
	Effect of batches on EGF content in raw-unclean EBN
	Effect of origins on EGF content in raw-clean EBN
	Effect of forms on EGF content in raw-clean EBN
	Effect of stewing times on EGF content in EBN
	Effect of stewing temperatures on EGF content in EBN
	Effect of enzymatic hydrolysis on EGF content in EBN

	Conclusion
	Acknowledgements
	References


