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ABSTRACT

Edible bird’s nest (EBN) crumbs are the by-product of the bird’s nest
industry. Despite having lower economic value compared to the original
material, EBN crumbs still maintain high protein and carbohydrate
content. Therefore, this study aimed to determine the optimal hydrolysis
condition for EBN crumbs using protease to achieve the maximum degree
of hydrolysis (DH). Plackett Burman design was employed to identify the
important factors. The results showed that enzyme loading, temperature
and hydrolysis time had the strongest effect on the DH. These factors
were subsequently subjected to the optimization study using central
composite design (CCD) of response surface methodology (RSM). The
optimized conditions for the enzymatic hydrolysis of EBN crumbs were at
an enzyme loading of 4%, temperature of 51◦C, and hydrolysis time of 90
min. The experimental DH obtained at the optimized condition (63.5%)
was close to the predicted DH (64.1%). The enzymatic hydrolysate
prepared at the optimal condition showed relatively high amino acid
concentration (151.6 ± 1.29 µg/mL) and radical scavenging activity
(64.97 ± 0.79%) compared to the boiled sample with values of only
50.1 ± 2.43 µg/mL and 18.36 ± 0.17%, respectively. The resultant
hydrolysate had no effect on some of the microorganisms employed in
this study. The EBN crumbs hydrolysate inhibited tyrosinase activity
with an IC50 of 70.22 µg/mL, greater than that of boiled EBN (IC50 =
108.9 µg/mL). The results indicated that the EBN crumbs hydrolysate
could be further applied in the cosmetic industry as a rich source of
nutrients and bioactive compounds for the formulation of beauty products.

Cited as: Truong, H. P. T., Vo, T. T. Q., Tran, H. T. T., Vo, T. S., Luong, H. T., & Le, T. P. (2023).
Optimization of enzymatic hydrolysis condition of edible bird’s nest crumbs by response surface
methodology and determination of biochemical characteristics of the hydrolysate. The Journal of
Agriculture and Development 22(3), 19-30.

1. Introduction

Edible bird’s nest (EBN) is made from the
saliva of swiftlet species (Aerodromus fucipha-
gus). It is widely consumed as a health food due
to its high beneficial effects on human health and
has been considered to be one of the most pre-
cious food items in China for thousands of years.
The main compositions of EBN are protein (62 -

63%), carbohydrate (25.6 - 27.8%), low amount
of lipid (0.14 - 6.28%) and ash (2.1%), (Marcone,
2005). EBN contains 18 amino acids, the most
abundant amino acids in the nest are valine, thre-
onine, glutamic acid, aspartic acid, and proline
(Ali et al., 2019). It has been used in traditional
Chinese medicine as a treatment for malnutrition,
a boost to the immune system as well as enhance-
ment to the metabolism and skin complexion (Ma
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& Liu, 2012).
In swiftlet farming, EBN crumbs are small frag-

ments obtained from the collecting and process-
ing of EBNs, which are considered as by-products
with low economic value. However, several stud-
ies have shown that EBN crumbs maintain the
important nutrients found in the original ma-
terial. According to Zainab et al. (2015), EBN
by-products contain high levels of protein (47%)
and carbohydrates (2.4%). Chan et al. (2015) re-
ported that the free from of N-Acetylneuraminic
Acid (NANA) which was found in EBN was pro-
posed to be one of the major compounds respon-
sible for the skin lightening function. Bioactivi-
ties of EBN hydrolysates were repoted previously
(Ma & Liu, 2012). Enzymatic hydrolysis of pro-
teins released small peptides and free amino acid,
leading to an increased nutritional value for food
proteins (Khushairay et al., 2014). Many studies
mentioned that the enzymatic hydrolysis of EBN
results in an increase in amino acids content as
well as antioxidant activity (Muhammad et al.,
2017; Ali et al., 2019).

In this study, the enzymatic hydrolysis of EBN
crumbs was carried out using protease to increase
protein solubility and thus maximize its function-
ality and bioactivity. Response surface method-
ology (RSM), is employed to optimize the hy-
drolysis conditions including enzyme loading, hy-
drolysis temperature, and time (Bezerra et al.,
2008). The biological activities including anti-
microbial and antioxidant activity, tyrosinase in-
hibition of the hydrolysate obtained at optimized
conditions were examined. In turn, the data will
open up new opportunities for applying the EBN
hydrolysate in cosmetic industry and other sec-
tors, thus improving the economic value of EBN
by-products.

2. Materials and Methods

2.1. Materials

Impurified EBN crumbs were purchased from
swiftlets houses in Binh Phuoc province. The
raw material was stored in airtight container at
room temperature until further analysis. Protease
Alcalase® 2.4 L FG (Unit activity 2.4 AU-A/g)
used for enzymatic hydrolysis in this study was
purchased from Novo Industry (Denmark).

2.2. Sample preparation

The EBN crumbs were prepared according to
the method by Amiza et al. (2019a) with some
modifications. Prior to hydrolysis, the original
EBN crumbs were swollen by soaking in dis-
tilled water, then the remaining impurities (dust,
feathers, guano,...) were removed manually by the
tweezer. Finally, the purified samples were stored
at 4 - 8◦C until further use.

2.3. Proximate analysis of the raw material

Proximate analysis including crude protein
(TCVN 10034:2013), carbonhydrates (AOAC
986.25 mod), ash (EVN-R-RD-2-TP-3496), fat
(EVN-R-RD-2-TP-3498), total acid amin (AOAC
994.12) and moisture (EVN-R-RD-2-TP-3496)
content of raw purified EBN crumbs. Samples
were analyzed and quantified by Eurofins Sac Ky
Hai Dang.

2.4. Enzymatic hydrolysis of EBN crumbs

The enzymatic hydrolysis was performed ac-
cording to the procedure described by Amiza et
al. (2019a) with slight modifications.

Purified EBN crumbs were soaked in distilled
water at a ratio of 1:100 and then boiled at 100◦C
for 30 min. After that, the samples were cooled
down to room temperature and adjusted to suit-
able pH and temperature prior to adding pro-
tease. The enzymatic hydrolysis was conducted
using a magnetic stirrer at specific pH, temper-
ature, time, enzyme loading, and stirring speed.
Double-boiled EBN crumbs without any enzyme
treatment served as a control experiment in this
study. Following the hydrolysis process, the reac-
tion was stopped by inactivating enzyme at 90◦C
for 10 min in the water bath. The hydrolysate was
then centrifuged at 4000 rpm for 10 min. Finally,
the supernatant was filtered using filter papers,
and the filtrate was stored at 4 - 8◦C for further
analysis.

2.5. Experimental design

2.5.1. Determination of main factors affecting the
enzymatic hydrolysis of EBN crumbs using
Plackett Burman Design

In Plackett-Burman design (PB), the indepen-
dent variables were enzyme loading (X1: 1%, 5%),
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temperature (X2: 36◦C, 60◦C), hydrolysis time
(X3: 60 min, 90 min), pH (X4: 5, 8) and stir-
ring speed (X5:600 rpm, 1800 rpm), which were
employed at two-level (-1 and +1). These vari-
ables as well as their ranges were chosen based
on the previous published research (Din, 2020).
A total of 12 runs were employed as automati-
cally suggested by Design Expert software (Stat-
Ease, Inc). Degree of hydrolysis (DH) was set as a
response variable. EBN crumbs were hydrolysed
under conditions arranged by PB matrix. Data
were then analysed by the Design Expert soft-
ware to determine significant factors for further
optimization experiment.

2.5.2. Experimental design for optimization study

In optimization study, a three-level face-
centered central composite design (CCD) was
used to examine the effect of significant factors
on the DH. The independent variables were en-
zyme concentration (X1), hydrolysis time (X2),
and temperature (X3), which were examined at
three levels (-1, 0, -1) as shown in Table 1. The
DH served as a dependent variable. The ranges
of the independent variables were referred from
the other previous research (Khushairay et al.,
2014; Din, 2020). A total of 20 runs of EBN
crumbs enzymatic hydrolysis (including six repli-
cates at the central point) were employed as sug-
gested by Design Expert software (version 11).
The EBN crumbs were hydrolysed under condi-
tions arranged by CCD matrix.

2.5.3. Verification of model

To validate the model, three replications of
the EBN crumbs hydrolysis were carried out at
the predicted optimum condition. The DH of hy-
drolysate resulted from the enzymatic hydroly-
sis were determined. One-sample t-test was then
performed to compare experimental values and
predicted values of DH given by RSM.

2.6. Determination of degree of hydrolysis
(DH)

Degree of hydrolysis was determined using
trichloroacetic acid (TCA) method according to
Morais et al. (2013). The DH was identified by
the percentage of soluble protein in TCA 10% in
relation to the total protein content of the sam-
ple.
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Briefly, 2 mL of hydrolysate aliquot was mixed
with 2 mL of TCA 20% solution to obtain the
soluble and insoluble fractions in TCA 10%. Af-
ter 30 min, the mixture was centrifuged at 4000
rpm and the soluble protein content of the su-
pernatant was determined by the Lowry (1951)
method and the result was expressed as mg of
protein. Bovine Serum Albumin (BSA) was used
as the standard. The DH was calculated as fol-
lows:

%DH = SolubleproteincontentinTCA10%(mg)
Totalproteincontent(mg) × 100

2.7. Determination of antioxiant activities

The radical scavenging activity of different
EBN crumbs samples was determined using the
DPPH assay according to Brand-William et al.
(1995) with some modifications.

The EBN crumbs hydrolysates (2 mL) were
added to 1 mL of 2,2-diphenyl-1-picrylhydrazyl
(DPPH, Sigma, St. Louis, USA) 0.1 mM. The
mixture was left for 30 min at room temperature
in the darkness. The decrease in the absorption
of the DPPH solution after the addition of an an-
tioxidant was measured using a spectrophotome-
ter at 517 nM. Three mL of DPPH was taken as
the negative control and Ascorbic acid at concen-
tration of 5 µg/mL was used as the positive con-
trol. The EC50 value, the concentration of of dif-
ferent EBN crumbs that could decrease the con-
centration of DPPH by 50% was then determined.
Free radical scavenging activity (RSA) was ex-
pressed as inhibition percentage and was calcu-
lated using the following formula:

%RSA =
Abscontrol−Abssample

Abscontrol
× 100

Where:
Abs control: the absorbance of DPPH +

Ethanol
Abs sample: the absorbance of DPPH + sample

2.8. Investigation of tyrosinase inhibition abil-
ity of EBN hydrolysate

Tyrosinase converts L-tyrosine into an orange-
red DOPA chrome with a 475 nM absorbance.
Samples added to the buffer containing enzymes
affect the enzyme activity. The decrease in L-
tyrosine metabolism is accompanied by a de-
crease in optical absorption intensity. The per-
centage inhibition and IC50 values of the sam-

ples were calculated from the absorbance mea-
surement at different concentrations.

Investigation of tyrosinase inhibition ability of
EBN hydrolysate according to Vanitha & Sound-
hari (2017) with some modifications. Enzyme ty-
rosinase from mushroom T3824-25KU (enzyme
activity ≥ 1000 unit/mg solid) was provided by
Sigma chemical. Pipetting out 100 µL of 100
U/mL tyrosinase into test tubes containing 1.9
mL of the samples and incubate for 30 min at
30◦C. Add 1000 µL of 2 mM tyrosine to the mix-
ture, then incubate for 7 min at 30◦C. The optical
density of the mixture was measured at 475 nM.
The positive control is kojic acid. Negative con-
trol is prepared by mixing the sample with 100 µL
of 0.1 mM phosphate buffer (pH 6.8) without an
addition of tyrosinase. Each experiment was car-
ried out in triplicate. An IC50 value was used to
estimate enzyme inhibition of the sample. The ef-
fectiveness of tyrosinase inhibition increases with
decreasing IC50 values. The percentage of inhibi-
tion (I %) was calculated by the following equa-
tion:

I(%) =
Acontrol−Asample

Acontrol
× 100

Where:
Acontrol: OD value of the solution without the

test sample.
Asample: OD value of the solution in the pres-

ence of the test sample.
The IC50 value (µM) is the concentration of a

test sample at which the sample can inhibit the
activity of the tyrosinase by 50%. This value was
calculated based on the equation y = aln (x) +
b (y is the percentage inhibition I% and x is the
sample concentration) with two values a and b
derived from the graph. Substituting y = 50 into
the equation we get the value of x.

3. Results and Discussion

3.1. Proximate analysis result

The quantity of protein, lipid and carbohydrate
in raw EBN was shown in Table 2. The nutritional
value of raw EBN was lower than those found in
some regions in Malaysia and Indonesia due to its
high moisture content. The highest composition
of the EBN collected in Long An, Kien Giang,
and Khanh Hoa, was protein (49.4 - 51.17%), fol-
lowed by carbohydrate (36.93 - 38.53%) (Than
et al., 2019). The study performed by Marcone
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(2005) revealed that protein was the most abun-
dant EBN component, accounting for 62 - 63%.
Besides, the content of carbohydrates and lipids
was determined to be 5.62 - 27.26% and 0.14 -
1.28%, respectively.

Table 2. Proximate analysis of raw edible bird’s
nest1
Factor Unit Result
Carbohydrates % 3.42
Total crude protein % 8.30

Total Fat %
Not detected

(Limit of detection
= 0.1)

Ash % 0.38
Moisture % 87.9

1Results were provided by Eurofins Sac ky Hai Dang.

3.2. Determination of important variables af-
fecting the enzymatic hydrolysis using
Plackett-Burman Design

The experiments resulted in a wide range of
DH (31.1- 43.3%). The highest DH (43.3%) was
obtained at the enzyme loading of 5% at 60◦C for
90 min at pH of 5 and rotation speed of 600 rpm.
Meanwhile, the lowest DH (31.1%) was obtained
at the enzyme concentration of 1% at 36◦C for
60 min, pH 5 and at a speed of 600 rpm. ANOVA
analysis indicated that three factors including en-
zyme rate, temperature, and hydrolysis time gave
a confidence level greater than 95 % (P < 0.05),
thus gave a significant impact on the DH (Ta-
ble 3). In contrast, variables including pH and
stirring speed with a confidence level below 95%
were considered insignificant. All five factors have
a positive effect on DH. Noticeably, DH was most
affected by temperature, with an effect value of
4.9, followed by hydrolysis time (4.1) and enzyme
loading (3.5).

The PB model suggested that enzyme concen-
tration, temperature and hydrolysis time were
three of the most important factors influencing
the degree of hydrolysis (DH). As a result, these
variables were incorporated in the experimental
design of RSM-CCD to evaluate the interaction
between these factors as well as determine the
optimal condition for the highest DH.
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3.3. Optimization of hydrolysis conditions
for maximum DH using the RSM-CCD
model

3.3.1. Experimenal data and ANOVA for degree of
hydrolysis

Table 4 showed that DH of EBN crumbs hy-
drolysate ranged from 42.9 to 63.9%. The high-
est DH (63.9%) was obtained at enzyme loading
of 4% for 100 min at temperature of 50◦C. Ta-
ble 5 showed the ANOVA of two-factor interac-
tion (2FI) as suggested by Design Expert soft-
ware. At a 95 % confidence level, the model was
considered significant with a P -value < 0.001. A
P -value of 0.0859 (> 0.05) indicates that the lack
of fit is not significant. This non-significant lack
of fit is favourable in an optimization study, as
it illustrates the model’s ability to fit well with
experimental data. Besides, the calculated regres-
sion coefficient R2 was 0.9567. The predicted R2

(0.7228) corresponds to the adjusted R2 (0.9177)
with less than 0.2 difference indicating that the
model is adequate. Adeq precision (14.664) is
greater than 4 is desirable that the model is suit-
able for practical use. Additionally, the coefficient
of variation (% CV) also indicates the accuracy
of the experiment, those with low reliability often
have a high % CV. In this model, a % CV value
of 3.36 indicates that the experiments performed
are reliable.

From the ANOVA, it was found that all linear
model terms (X1, X2 & X3) with a P -value < 0.05
affected the DH significantly. Quadratic values
include X12, X22 and interaction terms X1X3 and
X2X3 also showed a high level of significane. In
contrast, X2

2 and X1X2 were insignificant terms at
P = 0.05. The model reduction was carried out to
simplify the equation by excluding insignificant
terms.

The final equation in terms of coded factors
given by Design Expert software was:

Y = 61.5 + 1.22X1 + 2.76X2 + 1.81X3 +
1.93X1X3˘1.9X2X3˘5.02X

2
1˘3.81X

2
3

Where:
Y: degree of hydrolysis (% DH);
X1, X2, X3 are enzyme loading (%), hydrolysis

time (min), and temperature (◦C), respectively.
The quadratic regression equation implies that

enzyme loading, hydrolysis time and temperature

have significant impacts on the enzymatic hy-
drolysis of EBN crumbs using protease enzyme.
These variables showed positive coefficients, in-
dicating that each factor contributed to an in-
creased DH. According to the equation, the DH
is most affected by hydrolysis time (2.76), fol-
lowed by temperature (1.81) and enzyme loading
(1.22). Additionally, the interaction between en-
zyme concentration-temperature (X1X3) and hy-
drolysis time-temperature (X2X3) also contribute
to the improvement of hydrolysis efficiency.

3.3.2. Response surface plots for interaction effect

Figure 1(a) illustrated the impact of the inter-
action between enzyme concentration (X1) and
temperature (X3) on DH. The maximum of DH
is obtained at intermediate enzyme loading and
temperature while hydrolysis time reached 90
min. On the other hand, lower or higher than the
intermediate level of these two factors result in
decreased DH. It’s assumed that more active sites
are available in the enzyme at higher enzyme con-
centration, thus resulting in great cleavage of the
peptide bonds and provided higher DH. However,
when increasing the enzyme loading to over 5%,
the DH no longer increased because the enzyme
might be saturated with the substrate, (Mackei,
1982). For most enzymatic hydrolysis reactions,
the rate of hydrolysis increased when the tem-
perature increases. In this study, the lower DH
of 40 to 50 may be due to the insufficient en-
ergy provided for the protease to bind with the
substrate. However, DH was not significantly af-
fected by temperature from 50◦C - 60◦C, this is in
agreement with the research carried out by Silva
et al. (2010) using the Protamex.

Figure 1(b) showed that the DH increases at
intermediate enzyme loading throughout the hy-
drolysis time used in this study. An increase
in hydrolysis time allowed the enzyme to act
more extensively on the protein, thereby increas-
ing DH. This is in agreement with Amiza et
al. (2019b) and Ovissipour et al. (2010). How-
ever, Khushairay et al. (2014) and Nurfatin et al.
(2016) reported that, after an initial increase in
DH, a decrease in the rate of hydrolysis of EBN
was observed when incubated for more than 1 -
1.5 h and the conversion was entering a station-
ary phase. Despite having more cleavage sites,
the extent of hydrolysis of EBN depends on the
cleavage specificity of the enzyme and the acces-
sibility of peptide bonds to each enzyme. Besides,
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Table 4. DH values according to Central composite design-Response surface methodology

Run Factors Degree of hydrolysis (% DH)
X1 X2 X3 Experimental Predicted

1 3 90 40 58.9 56.9
2 4 75 50 62.6 62.0
3 4 75 50 62.3 62.0
4 4 75 50 63.1 62.0
5 5 90 60 58.1 57.6
6 5 90 40 53.8 53.9
7 4 75 50 62.6 62.0
8 3 60 40 47.3 46.0
9 3 90 60 53.2 52.6
10 4 50 50 54.1 55.7
11 5 60 60 56.8 57.2
12 5.7 75 50 49.8 49.7
13 4 75 33 46.1 48.0
14 5 60 40 47.2 45.9
15 2.3 75 50 42.9 45.6
16 4 100 50 63.9 64.9
17 4 75 67 53.4 54.1
18 4 75 50 62.1 62.0
19 3 60 60 51.5 49.6
20 4 75 50 59.7 62.0

Table 5. ANOVA of Central composite design-Response surface methodology

Source Sum of
Squares

Mean
square F-value P -value

Model 768.09 85.34 24.54 < 0.0001* significant
X1 – Enzyme rate 20.19 20.19 5.81 0.0367*
X2 – Time of hydrolysis 103.97 103.97 29.90 0.0003*
X3 – Temperature 44.59 44.59 12.82 0.0050*
X1X 3.65 3.65 1.05 0.3300
X1X3 29.65 29.65 8.53 0.0153*
X2X3 28.88 28.88 8.31 0.0163*
X2

1 371.29 371.29 106.78 < 0.0001*
X2

2 5.25 5.25 1.51 0.2475
X2

3 216.25 216.25 62.19 < 0.0001*
Lack of fit 27.48 5.5 3.77 0.0859 not significant

R2 = 0.9567; C.V. % = 3.36; adjusted R2 = 0.9177; predicted R2 = 0.7228.
*: significant at = 0.05.
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Figure 1. Response surface plot for the interaction between two factors: (a) enzyme loading (X1),
temperature (X3) when hydrolysis time was conducted for 90 min; hydrolysis time (X2) and

temperature (X3) when enzyme loading was fixed at 4%.

Arihara (2006) stated that, 100% solubility will
never achieve which is related to peptide-peptide
interactions and partly to the presence of glyco-
protein that can not be hydrolyzed. The results
obtained from Figures 1(a) & (b) indicated that
an increase in DH can be achieved by increasing
enzyme concentration, hydrolysis time, and tem-
perature up to certain levels.

3.3.3. Optimization of degree of hydrolysis and
verification of the optimal condition

The optimal hydrolysis conditions of EBN
crumbs for the highest DH were predicted at 4%
of enzyme loading, 51◦C of temperature for 90
min. The maximum DH value under this optimal
condition was 64.1% .

The maximum DH in this study is higher than
that of enzymatic hydrolysis of EBN using al-
calase (37.92%), and protamex (33.88%) (Amiza
et al., 2019b). However, it is relatively lower com-
pared to that of EBN hydrolysis using Pancretin
4NF (86.5%) and alcalase (82.7%) within hydrol-
ysis time from 1 - 1.5 h. The difference in DH
between these studies could be attributed to the
difference in source of material used. The ma-
jor nutrient components of EBN are carbohy-
drates and glycoproteins. Hydrolysis of glycopro-
tein often results in a wide range of molecular
weight peptides, which are difficult to separate
and characterize. According to Muhammad et al.
(2015), approximately 40% of the hydroxyl amino
acids in EBN are in the position of carbohydrate-
peptides linkages, thus making the EBN difficult

to hydrolyze thoroughly.
The DH is also depended on the type of en-

zymes as well as the different range of param-
eters applied during enzymatic hydrolysis. Each
type of enzyme will work differently during pro-
teolysis depending on their preferred amino acid
to be cleaved during the hydrolysis process.

To validate the model, three replicates of EBN
crumbs hydrolysis were performed under the op-
timal conditions suggested by the software. Ac-
cording to one-sample t-test, there was no signif-
icant difference between the experimental value
(63.5% ± 0.76) and the predicted value (64.1%).
This means that the equation fits well with the
experimental data in this study.

3.4. Quantitative analysis of amino acids

Figure 2. Amino acid concentration in the
hydrolyse. EBN: edible bird’s nest.
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According to Figure 2, hydrolysed EBN crumbs
have a total amino acid concentration of 151.6 ±
1.29 µg/mL, whereas boiled EBN crumbs have a
concentration of 50.1 ± 2.43 µg/mL. After enzy-
matic hydrolysis, the total amount of free amino
acids in the EBN crumbs is three times higher
than that in the doubled-boiled samples. This
could be due to double-boiled EBN does not un-
dergo enzymatic hydrolysis and the boiling tem-
perature was not able to break the strong peptide
bonds.

The result demonstrated the efficiency of the
enzymatic hydrolysis in cleaving peptide bonds
to release soluble protein and free amino acids.

3.5. DPPH radical scavenging assay

The EBN hydrolysate exhibited higher DPPH
radical scavenging activity 64.97 ± 0.79% than
that of double-boiled EBN 18.36 ± 0.17% (Figure
3). As compared with the double-boiled prepara-
tions, the EBN prepared with protease may have
more active amino acids or peptides, which could
scavenge free radicals.

Figure 3. Free radical scavenging activity
(RSA) of the hydrolysate. EBN: edible bird’s

nest.

The EBN crumbs hydrolysate in this study had
greater DPPH scavenging activity compared to
the hydrolysis process employed by alcalase (RSA
of 44.8%) and papain (RSA of 49.78%) (Muham-
mad et al., 2015). However, it is lower compared
to the EBN hydrolysis by Bromelain with an-
tioxidative activity of 82.55 ± 0.73% (Bui, 2020).
Previous research also proved that the antioxida-
tive activity of protein hydrolysates depends on
the kind of protease enzyme and hydrolysis con-
ditions employed (Jun et al., 2004). During hy-
drolysis, a wide variety of smaller peptides and
free amino acids are generated, depending on en-
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zyme specificity. Changes in size, level, and com-
position of free amino acids and small peptides
significantly affect the antioxidative activity (Wu
et al., 2003).

In fact, Figure 4 shows that antioxidant ca-
pacity of the EBN crums hydrolysate was higher
than the boiled ENB through IC50 value. The
results indicated that bioactive substances pro-
duced by enzymatic hydrolysis of EBN crumbs
could be further applied in the cosmetic industry
as a rich nutrient for the formulation of beauty
products, enhancing both their economic and nu-
tritional value.

3.6. Tyrosinase inhibition of EBN crumbs hy-
drolysate

According to the results of the tyrosinase en-
zyme inhibitory activity, kojic acid was signifi-
cantly inhibited with an IC50 of 19.69 µg/mL,
boiled EBN had a weak inhibitory activity with
an IC50 value of 108.9 µg/mL, and EBN crumbs
hydrolysate prepared under optimal conditions
gave a moderate inhibitory activity with an IC50

value of 70.22 µg/mL (Figure 5).
Tyrosinase inhibition of the EBN crumbs hy-

drolysate (Figure 6) was about 56%, which was
comparable to bird’s nest extract in Khanh Hoa
with 60% of enzyme inhibitory (Le et al., 2017).
The results demonstrated a potential use of ENB
crumbs hydrolysate in skin care products such as
foam, lotion or serum.

4. Conclusions

Optimal conditions for the enzymatic hydroly-
sis of EBN crumbs were found at an enzyme load-
ing of 4%, temperature of 51◦C, and hydrolysis
time of 90 min. The experimental DH achieved at
the optimized condition (63.5%) was close to the
predicted DH (64.1%) suggested by the model.
The enzymatic hydrolysate prepared at the opti-
mize condition showed relatively high amino acid
concentration (151.6 ± 1.29 µg/mL) and DPPH
radical scavenging activity (64.97 ± 0.79%) com-
pared to those of the boiled sample with only
50.1 ± 2.43 µg/mL and 18.36 ± 0.17%, respec-
tively. In addition, the EBN crumbs hydrolysate
showed to inhibit tyrosinase at an IC50 of 70.22
µg/mL, which demonstrated potential applica-
tions in skin care and beauty products.
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Figure 6. Correlation between substance concentration and tyrosinase inhibitory activity. (a)
Kojic Acid, (b) Boiled EBN, (c) Hydrolysed EBN. EBN: edible bird’s nest.
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