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Sea cucumber is rich in protein that can be used to prepare a potential derived bioactive
peptide for antioxidant and protective effect against UV-B induced skin cell damage. This
study aimed to optimize preparation of sea cucumber hydrolysate with both UV-B
protective and antioxidant activities using three commercial enzymes using response
surface methodology (RSM) with a face-centered central composite design (face-
centered CCD). Hydrolysis time and concentration of enzyme effects on the degree of
hydrolysis (DH), yield, antioxidant and UV-B protective activities of sea cucumber
hydrolysates were determined. The optimum conditions for sea cucumber hydrolysis
using papain (SCP), alcalase (SCA), or flavourzyme (SCF) were 3.6, 5.0, and 4.1% (w/w
protein), respectively, and a hydrolysis time of 360 min. The resulting hydrolysates had a
DH of 81-91%, yield of 13-14%, IC50 for DPPH radical scavenging activity of 0.3-4.1 mg/
mL, FRAP of 0.5-0.6 mmol FeSO4/mL, and IC50 for ABTS radical scavenging activity of
1.3-1.6 mg/mL. The UV-B protective activity was reported as the HaCaT cell viability
percentage after UV-B treatment. The SCP, SCA, and SCF hydrolysates showed 72.4,
74.5, and 71.3% cell viability, respectively. The concentration of hydrolysates with 80%
survival of HaCaT cells was 0.21, 0.15 and 0.20 mg/mL for SCP, SCA and SCF,
respectively. Thus, the SCP was selected for bioactive peptide isolation and
characterization. The SCP contained hydrophilic and hydrophobic amino acids of 42.4
and 57.6%, respectively. The ultrafiltration and Sephadex G-25 gel filtration
chromatography were done for peptide isolation from the SCP. Six potential peptides
were identified using LC-MS/MS as Leu-Val-Asn-Glu-Leu-Thr-Glu-Phe-Ala-Gln (1163
Da), Leu-Val-Asn-Glu-Val-Thr-Glu-Phe-Ala-Gln (1149 Da), Phe-Val-Asp-Ser-Ser-Ala-Thr-
Thr (826 Da), Phe-Asn-Asp-Leu-Gly-Ala-Trp (821 Da), Phe-Pro-Asp-Thr-Thr-Thr-Leu
(793 Da), and Lys-Phe-Gly-Glu-Gly-Lys (664).
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INTRODUCTION

Marine invertebrates have been received particular attention on
discovering bioactive and derivative natural compounds for
health benefit proposes (Ghosh et al., 2022). Sea cucumber are
one of the highest value edible marine invertebrates. They have
been consumed in Asian countries as an ideal tonic and culinary
delicacy (Dewi et al., 2020; Lin et al., 2020; Li et al., 2021). A total
of 52 species are commercially used for food processing and
consumption, mainly from the families of Stichopodidae and
Holothuriidae, including the four genera of Stichopus,
Holothuria, Bohadschia, and Actinopyga (Choo, 2008). Sea
cucumbers are nutritious since they are low in fat and high in
protein content, and are rich in essential amino acids such as
lysine, arginine and tryptophan as well as polyunsaturated fatty
acids (Li et al., 2021). Sea cucumbers can also produce valuable
secondary metabolites such as saponins, peptides, minerals,
vitamins, fatty acids, carotenoids, collagen, chondroitin
sulfates, and amino acids that have biological activities,
inc luding ant i-atherosclerot ic , ant i-b lood clott ing,
antimicrobial, antioxidation, antitumor, anti-inflammatory, and
angiotensin I-converting enzyme (ACE) inhibitory effects (Han
et al., 2012; Kim et al., 2012; Liu et al., 2012; Bahrami et al., 2014;
Xue et al., 2015; Dewi et al., 2020).

In several studies, enzymatic hydrolysis has been widely
applied to improve the biological or functional properties of
native protein in food resources (Mongkonkamthorn et al.,
2021). Enzymatic protein hydrolysis is one of the processes
used for preparation of functional peptides. Many protein
sources have been studied, especially marine organisms.
Research has shown various bioactive properties of marine
peptides, especially sea cucumber, such as an ACE inhibitory
activity (Dewi et al., 2020), and antioxidant and anti-aging
activities (Lin et al., 2020). Ye et al. (2019) reported that 10
peptides from oysters (Ostrea rivularis) showed a protective
activity against UV-induced photodamage in keratinocyte
(HaCaT) cells. Chen et al. (2007) found that a polypeptide
derived from scallops (Chlamys farreri) could inhibit UV-B-
induced apoptosis in murine thymocytes. Two peptides isolated
from cod skin gelatin hydrolysates showed a protective role
against UV-B induced damage in mouse skin fibroblasts (Lu
et al., 2017). Fish bone peptides showed bioactivity and
photoprotective properties against UV-B irradiation in both
fibroblasts and HaCaT cell (Iosageanu et al., 2021).

Currently, the chemical structure, physical and biological
properties as well as application of bioactive compound from
sea cucumber have attracted more attention (Siahaan et al.,
2017). However, there are a few of information on optimal
process for preparation of enzymatic hydrolysate from sea
cucumber with both antioxidant and UV-B protective activities
as well as amino acid sequencing of bioactive peptide. Thus, the
present study was undertaken to optimize the production of sea
cucumber protein hydrolysates with maximizing the antioxidant
and UV-B protective activities. Three commercial proteases (i.e.,
papain, alcalase and flavourzyme) were used. The optimum
hydrolysis conditions (i.e., hydrolysis time and enzyme
concentration) were investigated using the RSM with a face-
Frontiers in Marine Science | www.frontiersin.org 2
centered CCD. The characterization and peptide isolation and
identification of the hydrolysates prepared using the optimum
hydrolysis conditions were also studied.
MATERIALS AND METHODS

Sea Cucumber and Preparation
Plain dried, gutted sea cucumber (Holothuria scabra)
(Figure 1A) were obtained from local fisheries on Pu Island
(Krabi Province, Thailand). Upon arrival (about 3 h in transit,
25-27°C) at the laboratory (College of Maritime Studies and
Management, Chiang Mai University, Samut Sakhon, Thailand),
the samples were separately packed with a 200 g/bag before
storage in a freezer (-18 to -20°C) until further preparation (<3
months). To prepare rehydrated samples, the dried sea
cucumbers were cut into small pieces with a knife (5-6 mm
squares), soaked in distilled water at the ratio of 1:2 (w:v) for 1 h
at room temperature (25 ± 1°C). The rehydrated sea cucumbers
were then drained, left to drain in a plastic basket for 5 min, and
packed in polyethylene bag in order to store in freezer until
further use (not over than 3 months).

Enzymes, Cell Line and Chemicals
The papain from Carica papaya (activity ≥30,000 USP-U/mg)
was purchased from Merck KGaA (Darmstadt, Germany).
Alcalase from Bacillus licheniformis (activity ≥2.4 U/g), and
flavourzyme from Aspergiluss oryzae (activity ≥500 U/g), 2,2-
diphenyi-l-picrylhydrazyl radical (DPPH), 2,4,6-tripyridyl-s-
triazine (TPTZ), 2,4,6-trinitrobenzenesulfonic acid (TNBS)
solution, 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), and were purchased from Sigma-
Aldrich Co. (MO, USA). Human keratinocyte cell lines (HaCaT,
300493, CLS Cell Lines Service) and all cell culture mediums
were purchased from XL Biotec Co., Ltd. (Bangkok, Thailand).
All other reagents and chemicals used in this study were at least
analytical grade (AR).

Sea Cucumber Protein Hydrolysates
Preparation
Fifty g of initial rehydrated sea cucumbers were mixed with
distilled water at ratio 1:5 (w:v), homogenized at 10,000 rpm
using Cole-Parmer T-25 digital ULTRA-TURRAX (Wertheim,
Germany) for 10 min, and boiled at 95°C for 15 min for
inactivation of endogenous enzyme. The homogenate was then
enzymatically hydrolyzed using the papain, alcalase, or
flavourzyme singularly. Enzyme concentration varied from 1.0
to 5.0% (w:w crude protein in homogenized sea cucumber) with
hydrolysis times of 60 to 360 min in a shaking water bath
(Memmert WNB45, Schwabach, Germany) at 150 rpm at
temperature 50°C for papain and flavozyme and 60°C for
alcalase. Immediately following the hydrolysis, the sample were
incubated at 95°C for 15 min to stop the enzymatic reaction and
cooled in running tap water. The mixtures were then centrifuged
at 2100×g (5,500 rpm) for 10 min (1736R, LaboGene, Lynge,
Denmark). The supernatants were then collected and freeze-
June 2022 | Volume 9 | Article 892255
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dried (GFD-3H, Grisrianthong, Samut Sakorn, Thailand) to
obtain sea cucumber protein hydrolysate powders. Dried sea
cucumbers and the lyophilized hydrolysates as SCP, SCA, and
SCF are shown in Figures 1A–D, respectively.

Proximate Composition
Proximate compositions of dried and rehydrated sea cucumber
were obtained using the official methods (AOAC, 2000: 954.01
for crude protein, 934.01 for moisture, 991.36 for lipid, and
942.05 for ash. A 6.25 conversion factor was used to convert
nitrogen content to crude protein.

Determination of Yield
Yield of hydrolysate powder was calculated following the method
of Mongkonkamthorn et al. (2020) and calculated using the
Frontiers in Marine Science | www.frontiersin.org 3
following equation: yield (%) = [dried sea cucumber protein
hydrolysate weight (g)/rehydrated sea cucumber weight (g)] × 100.

Degree of Hydrolysis (DH) Assay
After hydrolysis, the DH of sea cucumber hydrolysate solution
was determined following Mongkonkamthorn et al. (2020)
method. Briefly, 125 μL of appropriately diluted sea cucumber
hydrolysate solutions were mixed thoroughly with 2 mL 0.2 mol/
L sodium phosphate buffer (Na3PO4/Na2HPO4) (pH 8.2) and 1.0
mL 0.01% TNBS solution and kept at 50°C in the dark for
30 min. Na2SO3 (2 mL 0.1 mol/L) was added to inactivate the
reaction. The mixture was cooled at room temperature for
15 min and obtained the absorbance at 420 nm was done
using a Thermo Scientific, Varioskan Lux microplate reader
(Thermo Fisher Scientific Inc., Singapore). The a-amino acid
A B

D

E

C

FIGURE 1 | Dried sea cucumber (A) and lyophilized protein hydrolysates obtained using papain (B), alcalase (C), and flavourzyme (D). Diagram illustrates the
experimental setup for UV radiation using a UV-B lamp (E).
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content was expressed in terms of the L-leucine (Sigma-Aldrich)
used for the calibration curve and DH was calculated using the
following equation (1):

DH  %ð Þ  =   At − A0ð Þ =  Amax − A0ð Þ � 100½ (1)

Where At = amount of Leu equivalence obtained from sea
cucumber protein hydrolysates. A0 = amount of Leu
equivalence in the beginning rehydrated sea cucumber. Amax =
total amount of Leu equivalence in rehydrated sea cucumber,
which was obtained after hydrolysis by 6 mol/L of HCl (100°C,
24 h), which probably underestimates the total a-amino groups
as all the tryptophan and small amounts of other amino acids are
destroyed while some dipeptides remain.

Determination of DPPH Radical
Scavenging Activity
DPPH radical scavenging activity was investigated according to
the method of Ahn et al. (2014). The 100 μL of sample solution
was mixed with 100 μL of 0.05 mM DPPH solution (in 95%
ethanol) and kept in the dark for 30 min. The absorbance (Abs)
at 515 nm was obtained using the microplate reader. The sample
was replaced by an equal volume of distilled water as the control.
The percentage of DPPH radical scavenging activity was
expressed as the difference in the Abs between the control and
the sample relative to the Abs of the control. The scavenging
activity plot was done using the sea cucumber hydrolysate
concentration versus scavenging activity. The IC50 or the
concentration obtaining 50% DPPH radical scavenging activity
was estimated from the plot using an equation of linear
regression analysis. The DPPH radical scavenging activity was
expressed from the following equation (2).

DPPH radical scavenging activity  %ð Þ  ¼  

DPPH0– DPPH1ð Þ=DPPH0½ � �  100

  (2)

Where DPPH0 is the Abs of the DPPH solution. DPPH1 is the
Abs of the sample mixed with DPPH.

ABTS Radical Scavenging Activity
The ABTS radical scavenging activity was based on Ahn et al.
(2014) method. A stock solution was generated (mixing of 7
mmol/L ABTS and 2.45 mmol/L K2S2O8) and keeping it in the
dark at 4°C for 16 to 18 h. The working solution was generated by
diluting the stock solution with 95% ethanol to obtain 0.70 ± 0.02
of Abs at 734 nm. The 20 μL of sea cucumber hydrolysate
solution was mixed with the 200 μL of working solution and
incubated in the dark at room temperature for 8 min. The Abs at
734 nm was obtained. The ABTS scavenging activity and the IC50

values were obtained with a previous explain as used for
the DPPH.

Ferric Reducing Antioxidant Power
(FRAP) Assay
The FRAP assay was done according to the method described by
Wangtueai et al. (2016). The working FRAP solution (containing
10 volumes of 300 mmol/L acetate buffer (pH 3.6), 1 volume of
Frontiers in Marine Science | www.frontiersin.org 4
10 mmol/L FeCl3.6H2O, and 1 volume of 10 mmol/L TPTZ in 40
mmol/L HCl) was kept at 37°C for 30 min. In reaction, a 10 mg/
mL of sample (150 μL) was mixed with working FRAP solution
(2.85 mL) and incubated at room temperature in the dark for
30 min. The Abs was measured at 593 nm. The solutions of 0-5
mmol FeSO4.7H2O were used for a standard. FRAP value was
performed in mmol FeSO4/mL for optimization and
ultrafiltration membrane, while FeSO4/g protein for gel
filtration chromatography.

UV-B Protective Activity
The UV-B protective activity was determined based upon the cell
viability according to a slightly modification of Torita et al.
(2004) method.

HaCaT Cell Culture
HaCaT cells were maintained in the DMEM supplemented with
10% fetal bovine serum (FBS), 2 mmol/L Glu, and 1% penicillin
using a gas mixture of 95% air and 5% CO2. Cells were cultured
until they reached 80% confluence and sub-cultured following
trypsinization (Das et al., 2014). The cell from the 33rd to 44th

passages were used for the experiments.

Determination of Cell Viability
The cell viability was determined based on a 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
tetrazolium reduction assay, a colorimetric assay for assessing
cells metabolic activity (the MTT assay). After HaCaT cell were
seeded at a density of 1×104 cell/well, counted with a
hemacytometer (Hausser scientific, Horsham, USA), (100 μL)
in a 96-well plate for 24 h, the cells were treated along with an
untreated (control) with various concentrations of sea cucumber
hydrolysates for 24 h. Subsequently, 15 μL MTT (5 mg/mL in
phosphate-buffered saline (PBS) was added into each well,
followed by incubation at 37°C for 4 h. The medium was then
aspirated and 100 μL DMSO added to solubilize the colored
product. After 10 min, optical density (OD) was read using a
scanning multi-well microplate reader (SpectraMax i3x,
Molecular Devices, San Jose, CA, USA) at 540 and 630 nm.
The %cell viability was calculated using the following equation
(3).

Cell viability  %ð Þ  ¼   ODtreated=ODcontrolð Þ �  100 (3)

Where ODtreated = (OD of treated at 540 nm - OD treated at 630);
ODcontrol = (OD of control at 540 nm - OD of control at 630 nm).

UV-B Irradiation
HaCaT cells (1x104 cells/well) in culture medium were mixed
with 10 μg/mL of sea cucumber hydrolysates solution for 24 h,
and the culture medium mixed with sea cucumber hydrolysate
was replaced with 100 μL of PBS. The cells were subjected to an
irradiation with a single dose of UV-B radiation (G5, Lamptan,
Bangkok, Thailand) at 44 mj/cm3 (according to the
manufacturer) for 30 s in a laminar hood (Figure 1E).
Afterwards, the culture medium was replaced again with
DEME adding a 2 mM glutamine, 10% FBS, and 1% penicillin.
June 2022 | Volume 9 | Article 892255
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After 24 h of incubation at 37°C and 5% CO2, the viable cells
were determined using the MTT assay as above mentioned.

Amino Acid Determination
Amino acids of the sea cucumber hydrolysate powder were
determined according to the method of Herbert et al. (2000)
using HPLC with fluorescence detector (HP 1260, Agilent
Technologies, Waldbronn, Germany). A standard amino acid
mixture from Sigma-Aldrich was used to construct calibration
curves where peak areas of each amino acids were plotted against
their known concentrations. The content of amino acids was
calculated and reported in g/100 g of hydrolysates.

HaCaT Cell Cytotoxicity Assay
The HaCaT cell line was cultured in DMEM medium added with
10% FBS, 2 mmol/L glutamine, and 1% penicillin. The cells were
seeded at 1x104 cells/100 μL in 96-well plates and allowed to adhere
for 24 h. The culture medium was then replaced with a new
medium containing the sea cucumber hydrolysates at various
concentrations. The maximum concentration of sea cucumber
hydrolysates used in this experiment was 1000 μg/mL and diluted
serially (0, 63, 125, 250, 500 and 1000 μg/mL). The incubation was
subsequently continued for 4 h at 37°C and 5% carbon dioxide. The
viability of cell was evaluated using the MTT assay.

Ultrafiltration of Hydrolysate
The fractionation of sea cucumber hydrolysates was done using a
stirred cell (Amicon®, Merck KGaA) with ultrafiltration
membranes (UF) of regenerated cellulose (Merck KGaA). Two
hundred mL of 10% SCP solution was placed in the Amicon®

stirred cell and fractionated using a series of nominal MW cut-off
membranes of 10, 3, and 1 kDa. The 4 fractions of >10, 10-3, 3-1,
and <1 kDa was obtained as SCP I, SCP II, SCP III, and SCP IV,
respectively. Those each fraction was dried using freeze dryer.
Freeze-dried yield, antioxidant and UV-B protective activities of
the four fractions were determined.

Gel Filtration Chromatography
Gel filtration chromatography of high antioxidant and UV-B
protective activities fraction from UF was fractioned using a
Sephadex G-25 2.6×70 cm column packed (GE Healthcare Bio-
Science AB, Uppsala, Sweden). The system of BioLogic low-
pressure chromatography (Bio-Rad, Hercules, CA, USA)
connecting with a Biofrac fraction collector (Bio-Rad) was used
to collect each 3 mL of the eluted. In brief, 50 mg/mL of sample
solution in distilled water (DW) was filtered with 0.45 μm before
loaded onto a column. The DW was used for elution at 0.5 mL/
min of flow rate. All fraction was subjected to absorbances
measurement at 220 and 280 nm together with determination
of antioxidant and UV-B protective activity. Peptides MW were
estimated from MW protein standards.

Peptide Identification by
De-Novo Sequencing
The peptide sequence and accurate molecular mass of potential
antioxidant and UV-B protective peptide fraction was conducted
Frontiers in Marine Science | www.frontiersin.org 5
following a previous method of Krobthong and Yingchutrakul
(2020) with minor modifications. Briefly, the 3 mg of peptide
fraction was onloaded to equilibrated Sep-Pak C18 column
(Waters, MA, USA) and eluted with 40-35% of acetonitrile per
water. The collected supernatant was evaporated using rotatory
evaporator. The peptide fraction was reconstituted in 0.1%
formic acid and subjected to Orbitrap HF LC-MS/MS
(ThermoScientific, MA, USA). The peptides were separated
using LC-MS/MS with a 120 min gradient of 0.1% formic acid/
water (mobile phase A) and 0.1% formic acid/80% acetonitrile
(mobile phase B) at 250 nL/min flow rate. Mass spectra (m/z
range from 600 to 2200) were fully acquired in positive mode
using a data dependent acquisition mode (TopN5) and collected
at +2, +3, +4, and +5 charge state. The peptides were fragmented
by a higher-energy collisional dissociation (HCD) at collision
energy = 34. an AGC target set at 3 × 106 ions and a resolution of
120k. MS/MS scan was initiated when the ACG target reached 105

ions and a resolution of 30k. Rawmass spectra was analyzed using a
PeakX studio 10.0 program (Bioinformatics Solution Inc., Ontario,
Canada). A de novo peptide sequencing of the highest peptide ion
intensity was shown with default parameters. The 20 ppm of mass
error and 0.05 Da of MS/MS was used. The HCD-Fragmentation
series were used to constructed peptide sequence (Ma et al., 2003).
Acceptability of de novo peptide sequences were obtained with a
filtering of ≥85% of average local confidence (ALC).

Response Surface Methodology (RSM)
and Statistical Analysis
RSM with a 2-factor, 3-level, face-centered CCD was done to
identify the optimize sea cucumber hydrolysis conditions. Two
independent variables (hydrolysis time; X1 and enzyme
concentration; X2) were selected for the optimization. Six of
dependent variables (responses) include Y1=IC50 value of ABTS
radical scavenging activity (mg/mL), Y2=IC50 value of DPPH
radical scavenging activity (mg/mL), Y3=FRAP value (mmol
FeSO4/mL), Y4=DH (%), Y5=yield (%), and Y6=UV-B
protective activity as cell viability (%). The experiment units
(11 treatments for each enzyme with including 8 fraction-
factorials and 3 center points) are shown in Table 1.

The software of Design Expert version 11 (Stat-Ease, Inc.,
Minneapolis, MN, USA) was used to design of the experiments,
analysis of data, and the 3D and contour plots. A mathematic
model of full quadratic for dependent variables was established.
This model can be shown with real variables using the following
equation (4).

Y  ¼  B0  +  BiXi +  BjXj +  BiiX
2
i +  BjjX

2
j +  BijXiXj (4)

Where Y represents the predicted response or dependent
variable, while B0, Bi, Bii, and Bij are the constant and the
coefficients for the linear, quadratic, and interactions,
respectively (i = 1 and j = 2).

One-way analysis of variance was done to determine the
significant differences (P ≤ 0.05) and Duncan’s new multiple
range tests were subsequently used to analyze the tests for the
differences between means (P ≤ 0.05) using the Statistical
June 2022 | Volume 9 | Article 892255
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Package for the Social Sciences, SPSS Statistical Package 17.0
software (SPSS Inc., Chicago, IL, USA).
RESULTS AND DISCUSSION

Proximate Compositions of Sea Cucumber
The proximate composition of plain dried sea cucumber
(gutted) are shown in Table 2. The results were consistent
with the previous studies of Wen et al. (2010), in which the
content of crude protein, fat, and ash ranged from 40.7 to
63.3%, 0.3 to 10.1%, and 15.4 to 39.6%, respectively, and of Li
et al. (2021), in which 52.4 to 54.2% of protein, 0.21 to 0.41% of
fat, and 14.0 to 30.7% of ash content was addressed. Previous
Frontiers in Marine Science | www.frontiersin.org 6
studies consistently showed that commercial dried sea
cucumbers contained low fat and high ash with crude protein
>40% (Li et al., 2021). Since fat content in the rehydrated sea
cucumber (1.9%), the pre-treatment step of defatting was
not necessary.

Optimization of Sea Cucumber Hydrolysis
Conditions
Response Surface Models and Plots
The effects of independent variable X1 (hydrolysis time) and X2

(enzyme concentration) of sea cucumber hydrolysates are shown
in Table 1. To observe the influence of hydrolysis condition on
responses, the response surface was created, and the regression
analysis was done using a full-quadratic response surface as
TABLE 2 | Chemical composition of processed dried and rehydrated sea cucumber (Holothuria scabra).

Sea cucumber Moisture (%) Protein (%) lipid (%) Ash (%)

Dried 15 ± 2 65 ± 3 0.6 ± 0.01 12 ± 3.08
Rehydrated 41 ± 0.08 56 ± 0.4 1.9 ± 0.1 7.9 ± 0.08
June 2022 | Volume 9 | Arti
TABLE 1 | The experiment units and responses for sea cucumber hydrolysate using papain, alcalase or flavourzyme hydrolysis.

Enzyme Experimental units Factor Responses

X1 (min) X2 (%) Y1 (mg/mL) Y2 (mg/mL) Y3 (mmol FeSO4/mL) Y4 (%) Y5 (%) Y6 (%)

Papain 1 60 1 1.6 ± 0.2cde 0.2 ± 0.1cd 0.4 ± 0.02c 80 ± 0.4g 7 ± 0.7e 55 ± 5e

2 360 1 1.6 ± 0.2cde 0.4 ± 0.2a 0.6 ± 0.02a 81 ± 1f 11 ± 0.3c 61 ± 6de

3 60 5 1.2 ± 0.1f 0.1 ± 0.03e 0.5 ± 0.01ab 80 ± 0.3g 11 ± 0.7bc 66 ± 3bcd

4 360 5 1.1 ± 0.1f 0.4 ± 0.04ab 0.5 ± 0.01ab 85 ± 1ab 13 ± 0.2a 64 ± 4cde

5 60 3 1.6 ± 0.1de 0.2 ± 0.1de 0.5 ± 0.07ab 82 ± 1ef 10 ± 0.7d 66 ± 8bcd

6 360 3 1.4 ± 0.2ef 0.2 ± 0.01cde 0.6 ± 0.01ab 85 ± 0.3ab 13 ± 0.2a 75 ± 8ab

7 210 1 2.2 ± 0.2a 0.4 ± 0.1a 0.5 ± 0.02b 83 ± 0.3cd 10 ± 0.4d 64 ± 4cde

8 210 5 1.5 ± 0.2de 0.3 ± 0.01c 0.5 ± 0.01ab 85 ± 1ab 13 ± 0.2a 61 ± 6de

9 210 3 1.9 ± 0.1bc 0.3 ± 0.1c 0.5 ± .0.01ab 84 ± 0.3bc 13 ± 0.3a 76 ± 3a

10 210 3 1.7 ± 0.04cd 0.3 ± 0.2b 0.6 ± 0.01ab 85 ± 1a 11 ± 0.8c 72 ± 4abc

11 210 3 2.0 ± 0.1ab 0.3 ± 0.2c 0.6 ± 0.04ab 83 ± 1de 12 ± 0.6ab 71 ± 2abc

Alcalase 1 60 1 2.2 ± 0.1a 7.8 ± 0.0bc 0.6 ± 0.04a 83 ± 1a 10 ± 0.9e 63 ± 9b

2 360 1 2.2 ± 0.02a 8.6 ± 0.0ab 0.5 ± 0.01ab 83 ± 1a 13 ± 0.2bc 64 ± 3b

3 60 5 2.2 ± 0.2a 7.7 ± 1c 0.5 ± 0.01abc 80 ± 1cde 13 ± 0.5bc 64 ± 4b

4 360 5 1.6 ± 0.1c 2.7 ± 0.3ef 0.5 ± 0.02ab 81 ± 1abc 15 ± 0.2a 76 ± 0.3a

5 60 3 2.3 ± 0.2a 4.3 ± 0.0d 0.6 ± 0.01a 82 ± 1ab 12 ± 0.3d 66 ± 2b

6 360 3 1.9 ± 0.1b 8.7 ± 0.3a 0.6 ± 0.01a 83 ± 1a 14 ± 0.2ab 67 ± 4b

7 210 1 2.2 ± 0.02a 2.5 ± 0.2efg 0.5 ± 0.00bcd 80 ± 1de 11 ± 0.9e 64 ± 4b

8 210 5 2.2 ± 0.1a 1.7 ± 0.1g 0.4 ± 0.01cde 79 ± 0.4de 13 ± 0.6cd 68 ± 0.3b

9 210 3 2.3 ± 0.2a 2.3 ± 1efg 0.4 ± 0.07de 78 ± 1e 11 ± 0.2e 68 ± 3b

10 210 3 2.2 ± 0.1a 3.2 ± 1e 0.4 ± 0.02e 79 ± 1de 12 ± 0.1d 67 ± 5b

11 210 3 2.2 ± 0.2a 2.2 ± 0.2fg 0.5 ± 0.08cde 79 ± 1de 14 ± 0.3ab 69 ± 2b

Flavourzyme 1 60 1 1.5 ± 0.02de 0.6 ± 0.02d 0.6 ± 0.01a 86 ± 0.4e 7 ± 0.2f 51 ± 2e

2 360 1 1.2 ± 0.3ef 0.6 ± 0.03bc 0.6 ± 0.04cd 88 ± 1c 10 ± 0.1de 61 ± 3bcd

3 60 5 1.5 ± 0.2de 0.6 ± 0.02c 0.5 ± 0.01bc 88 ± 0.2c 10 ± 0.0e 63 ± 6abcd

4 360 5 1.1 ± 0.04f 0.6 ± 0.02bc 0.5 ± 0.01e 90 ± 1a 12 ± 0.1ab 68 ± 4ab

5 60 3 1.8 ± 0.4cd 0.6 ± 0.03bc 0.6 ± 0.02abc 90 ± 1ab 11 ± 0.6cde 66 ± 2abc

6 360 3 1.8 ± 0.2cd 0.6 ± 0.02bc 0.6 ± 0.01ab 90 ± 0.4a 11 ± 0.2bc 72 ± 3a

7 210 1 1.8 ± 0.2cd 0.7 ± 0.1b 0.6 ± 0.01bc 87 ± 0.3d 10 ± 0.4e 56 ± 3de

8 210 5 1.7 ± 0.0cd 0.7 ± 0.03a 0.5 ± 0.00e 91 ± 0.1a 12 ± 0.6a 58 ± 3cde

9 210 3 2.3 ± 0.2ab 0.7 ± 0.02a 0.5 ± 0.01de 89 ± 1b 10 ± 0.7e 66 ± 10abc

10 210 3 2.0 ± 0.3bc 0.7 ± 0.01a 0.5 ± 0.01e 90 ± 1a 11 ± 0.5cd 66 ± 6abc

11 210 3 2.4 ± 0.1a 0.7 ± 0.03a 0.5 ± 0.01e 89 ± 0.4b 10 ± 0.6e 61 ± 7bcd
X1, Hydrolysis time (min); X2, Concentration of enzyme (%); Y1, IC50 of ABTS radical scavenging activity (mg/mL); Y2, IC50 DPPH radical scavenging activity (mg/mL); Y3, FRAP value (mmol
FeSO4/mL); Y4, DH (%); Y5, Yield (%), Y6; UV-B protective activity express as the cell viability (%); Different low case letters of superscripts in the values at similar column indicate the
significant differences (P ≤ 0.05).
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shown in Table 3. The models had significant (P ≤ 0.05) terms
and high coefficients of determination (R2) (0.83-0.97), except
for the IC50 of DPPH radical scavenging models of alcalase and
papain hydrolysis and the yield models of papain and
flavourzyme hydrolysis that were not significant (P>0.05). The
models were appropriated to indicate the correlations among the
interested parameters with a high confidence that they were able
to explain the effects of the variables in the observed data
(Wangtueai et al., 2020).

The response surface plots predicting response functions
and effects of independent variables (X1 and X2) on the
dependent variables or responses as present in the 3D and
contour response surface plots are shown in Figure 2.
Figures 2A1–A3 show the effects of the independent
variables on DH. The hydrolysis time of papain was the main
significant effects on DH, while the concentrations of alcalase
and flavourzyme was the main effects that was significant for
DH. The interaction between the two factors was absent with
among all three enzymes (Table 4). Increases in hydrolysis time
and enzyme concentration might enhance the breakdown of
polypeptide chains; hence, the DH was increased (Saidi et al.,
2014; Mongkonkamthorn et al., 2020). Hamzeh et al. (2017)
reported that increasing hydrolysis time to 180 min contributed
to a high DH for protein hydrolysates obtained from
squid (Sepia pharaonis). Both X1 and X2 were the main
effects on DH for preparation of tuna blood hydrolysate
(Mongkonkamthorn et al., 2020) and tuna dark meat
hydrolysates (Mongkonkamthorn et al., 2021). Dewi et al.
(2020) showed the range of 66-90% for DH and 0.40-0.72 mg
glutathione/mg of hydrolysates for the peptide content in sea
cucumber hydrolysates using enzyme hydrolysis.

The influence of the X1 and X2 on hydrolysate yields are
shown in Figures 2B1–B3. The main significant effects on yield
Frontiers in Marine Science | www.frontiersin.org 7
were both independent variables for papain and enzyme
concentration for flavourzyme hydrolysis. Both X1 and X2

showed insignificant effects for alcalase hydrolysis. No
interaction on yields were observed (Table 4). In agreement
with DH, the yield of hydrolysate was increased with increasing
hydrolysis time and concentration of enzyme (Figure 3). The
findings were similar to the results reported for hydrolysates
prepared from Indonesian sea cucumber (Dewi et al., 2020), tuna
blood (Mongkonkamthorn et al., 2020), and tuna dark meat
(Mongkonkamthorn et al., 2021).

The results for the IC50 of DPPH radical scavenging
activity are shown in Figures 2C1–C3. The main significant
effect for papain was the hydrolysis time whereas both
independent variables were significant for flavourzyme
(Table 4). No interactions between the two factors on the
IC50 of DPPH radical scavenging activity were observed for
any enzymes (Table 4). The effects of the X1 and X2 on the
IC50 of ABTS radical scavenging activity are shown in
Figures 2D1–D3. Enzyme concentration was identified for
papain while both independent variables were significant for
alcalase hydrolysis. There were interaction of the two factors
on the IC50 of ABTS radical scavenging activity for alcalase
(Table 4). The results for the FRAP assay are shown in
Figures 2E1–E3. Both factors were significant for papain
but not for alcalase and flavourzyme. Interaction effects for
these two factors on FRAP was only found with papain
(Table 4). The results indicated that as hydrolysis time and
enzyme concentration increased, the values of IC50 for DPPH
radical scavenging activity and ABTS radical scavenging
activity were decreased while FRAP values were increased
(Figure 2C1-3, D1-3, E1-3). These results were consistent
with the previous studies showing that peptides with smaller
MW showed greater antioxidant properties than the ones with
TABLE 3 | Response surface models for sea cucumber hydrolysates using papain (SCP), alcalase (SCA) and flavourzyme (SCF).

Enzyme Response Quadratic polynomial model R2 P-value

Papain ABTS (IC50) (mg/mL) Y1¼  1:34  +  0:01X1 − 0:05X2 − 0:0001X1X2 − 0:00002X2
1 − 0:01X2

2 0.926 0.008

DPPH (IC50) (mg/mL) Y2¼  0:31  +  0:002X1   −  0:16X2   −  0:00004X1X2   −  0:000003X2
1   +  0:02X2

2 0.750 0.127

FRAP (mmol FeSO4/mL) Y3¼  0:33  +  0:001X1 +  0:07X2 − 0:0001X1X2 − 0:01X2
2 0.956 0.002

DH (%) Y4¼  77:2  +  0:03X1+1:43X2+0:003X1X2  − 0:0001X2
1  − 0:29X2

2 0.884 0.022

Yield (%) Y5¼  3:81  +  0:026X1+2:1X2 −  0:002X1X2 −  0:00003X2
1� 0:16X2

2 0.943 0.004

Cell viability (%) Y6¼  37:4  +  0:06X1+17:2X2  −  0:007X1X2   −  0:0001X2
1   −  2:47X2

2 0.847 0.042

Alcalase ABTS (IC50) (mg/mL) Y1¼  1:91  +  0:003X1+0:11X2   −  0:001X1X2   −  0:00001X2
1 − 0:01X2

2 0.940 0.005

DPPH (IC50) (mg/mL) Y2 =  9:11  −  0:065X1 +  0:64X2   −  0:005X1X2 +  0:0002X2
1   −  0:032X2

2 0.798 0.079

FRAP (mmol FeSO4/mL) Y3¼  0:69  −  0:002X1   −  0:02X2+0:0001X1X2 + 0:000004X2
1+0:001X

2
2 0.871 0.028

DH (%) Y4¼  85:4  −  0:054X1   −   0:11X2+0:0002X1X2+0:0001X
2
1   −  0:06X2

2 0.901 0.015

Yield (%) Y5¼  8:9  −  0:004X1+1:4X2   −  0:002X1X2 + 0:00004X2
1 −  0:083X2

2 0.720 0.161

Cell viability (%) Y6 =  63:4 − 0:01X1 + 0:66X2 + 0:01X1X2 − 0:00001X2
1 − 0:19X2

2 0.868 0.030

Flavourzyme ABTS (IC50) (mg/mL) Y1 =  0:41  +  0:01X1 + 0:76X2 − 0:0001X1X2 − 0:00002X2
2 − 0:13X2

2 0.931 0.006

DPPH (IC50) (mg/mL) Y2 =  0:42  +  0:002X1 + 0:052X2 − 0:00001X1X2 − 0:000004X2
1 − 0:01X2

2 0.969 0.001

FRAP (mmol FeSO4/mL) Y3 =  0:67 − 0:001X1 − 0:003X2 + 0:000003X1X2 + 0:000002X2
1 − 0:001X2

2 0.832 0.052

DH (%) Y4 =  83:5  + 0:007X1 + 2:86X2 − 0:0001X1X2 − 0:36X2
2 0.867 0.030

Yield (%) Y5 =  6:31  + 0:014X1 + 0:97X2 − 0:001X1X2 − 0:00001X2
1 − 0:04X2

2 0.770 0.105

Cell viability (%) Y6 = 42:9 − 0:05X1 + 14:2X2 − 0:003X1X2 + 0:0002X2
1 − 1:94X2

2 0.885 0.021
June 2022 | V
olume 9 | Article
X1 is the hydrolysis time (min) and X2 is the concentration of enzyme (%).
892255

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Doungapai et al. Sea Cucumber Bioactive Protein Hydrolysate
larger MW (Khantaphant et al., 2011; Zhong et al., 2011). The
enhanced cleavage of the polypeptides by increasing enzyme
concentration and hydrolysis time would release more
bioactive peptides, hence increasing antioxidant activities.

The effects of X1 and X2 on the UV-B protective activity
showed in Figures 2F1–F3. Both independent variables showed
significant effect for alcalase and flavourzyme hydrolysis but not
for papain hydrolysis. The interaction effects of the two factors
on the cell viability were found only when alcalase was used
(Table 4). The greater degree of UV-B protective activity, when
hydrolysis time and enzyme concentration were increased, was
Frontiers in Marine Science | www.frontiersin.org 8
more likely related to the release of more bioactive peptides. In
addition, molecular size, MW and specific sequence of the
resulting peptide chains influenced their bioactive activities
and indicated that these peptides might prevent skin cell death
due to UV-B radiation. The UV radiation stimulates the
production of reactive oxygen species (ROS), including the
superoxide anion radical (·O−2), hydrogen peroxide (H2O2),
hydroxyl radical (·OH) and singlet oxygen (1O2), which causes
the death of skin cell (Jessica et al., 2000; Zhuang et al., 2009).
Consistent with these results, the low MW peptides from a fish
gelatin hydrolysate exhibited a protective effect against the UV
A1 A2 A3

B1 B3B2

D1 D2 D3

E1 E2 E3

F1 F2 F3

C1 C2 C3

FIGURE 2 | The 3D and contour plots of hydrolysis time (X1: min) against the concentration of papain (A1-F1), alcalase (A2-F2), and flavourzyme (A3-F3) (X2; %)
for the degree of hydrolysis (%DH), yield (%), IC50 of DPPH radical scavenging activity (mg/mL), IC50 of ABTS radical scavenging activity (mg/mL), FRAP value (mmol
FeSO4/mL), and UV-B protective activity express as the cell viability (%).
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irradiation because it had antioxidant activity that promoted a
prevention of skin cell destruction in rats (Sun et al., 2013). Chen
et al. (2007) reported that a polypeptide from Chlamys farreri
with MW of 879 Da showed a protective effect against UV-B
irradiation of murine thymocytes. Peptides prepared fromOstrea
rivularis and fish bone showed cytoprotective properties against
UV-B irradiation, reduced ROS levels and apoptosis of HaCaT
keratinocytes (Ye et al., 2019; Iosageanu et al., 2021).

Multiple Responses Optimization and
Model Validation
The optimal enzyme concentration to obtain the highest yield,
antioxidant activity (DPPH, ABTS, FRAP) and UV-B protective
activity were 3.58%, 5.00% and 4.08% for papain, alcalase and
Frontiers in Marine Science | www.frontiersin.org 9
flavouzyme, respectively, with a hydrolysis time of 360 min.
Desirability value of individual and composite for various
responses, predicted values, and validated experimental values are
shown in Table 5. A predicted value was not significantly different
from the experimental values (P>0.05) for all responses, indicating
that the models were good predictors. Based on its higher yield and
better bioactivity to the other hydrolysates, SCP was selected for
amino acid profiling as well as further purification.

Amino Acids of Sea
Cucumber Hydrolysate
The choice of SCP for amino acid composition and fractionation
was based on both high antioxidant and UV-B protective activities.
The amino acid composition of SCP is shown in Table 6. The SCP
TABLE 4 | The constants, coefficients and P-values of independent variables and interactions for all responses of sea cucumber hydrolysis with different three enzyme.

Enzyme Response Intercept X1 P-value X2 P-value X1X2 P-value

Papain ABTS (IC50) (mg/mL) 1.344 0.008 0.548 -0.053 0.003 -0.0001 0.688
DPPH (IC50) (mg/mL) 0.305 0.002 0.037 -0.154 0.171 0.00004 0.781
FRAP (mmol FeSO4/mL) 0.328 0.001 0.002 0.071 0.012 -0.0001 0.001
DH (%) 77.2 0.033 0.011 1.425 0.098 0.003 0.102
Yield (%) 3.814 0.026 0.002 2.100 0.002 0.002 0.102
Cell viability (%) 37.36 0.062 0.209 17.17 0.242 -0.007 0.320

Alcalase ABTS (IC50) (mg/mL) 1.913 0.003 0.002 0.107 0.018 -0.0005 0.007
DPPH (IC50) (mg/mL) 9.105 -0.065 0.941 0.644 0.193 -0.005 0.174
FRAP (mmol FeSO4/mL) 0.692 -0.002 0.968 -0.023 0.394 0.0001 0.330
DH (%) 85.36 -0.054 0.366 -0.110 0.040 0.0002 0.875
Yield (%) 8.883 -0.004 0.066 1.396 0.073 -0.002 0.430
Cell viability (%) 63.44 -0.009 0.025 0.664 0.013 0.009 0.035

Flavourzyme ABTS (IC50) (mg/mL) 0.412 0.008 0.104 0.759 0.614 -0.0001 0.730
DPPH (IC50) (mg/mL) 0.422 0.002 0.037 0.052 0.010 0.000 0.632
FRAP (mmol FeSO4/mL) 0.670 -0.001 0.099 -0.003 0.059 0.000003 0.922
DH (%) 83.45 0.006 0.072 2.857 0.008 -0.0001 0.918
Yield (%) 6.311 0.013 0.061 0.968 0.024 -0.001 0.600
Cell viability (%) 42.94 -0.046 0.033 14.15 0.027 -0.003 0.511
June 2022 |
 Volume 9 | Article
X1 is the hydrolysis time (min) and X2 is the concentration of enzyme (%).
FIGURE 3 | Cell cytotoxicity of sea cucumber hydrolysates prepared with papain (SCP), alcalase (SCA) and flavourzyme (SCF) on human keratinocyte cells lines
(HaCaT cells).
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was rich in Asx, Glx, Gly, Ala, Arg, Cys and Pro. About 42.4% of the
SCP total amino acids were hydrophilic, comprising Asx, Glx, Ser,
Thr, Arg, Lys, His whereas the other 57.6% of SCP were
hydrophobic amino acids. The high antioxidant and UV-B
protective activities of the SCP powder might be dependent on
amino acids and their sequences. The antioxidant efficiency of
amino acids might depend on their polarity and non-polarity with
the greater hydrophobicity, the higher antioxidant activity (Mendis
et al., 2005). The hydrophobic amino acids can be proton or
electron donors which stabilize free radicals. Mendis et al. (2005)
reported that peptides from the skins of jumbo squid showed a
strong antioxidant activity and inhibited peroxide formation. Based
on peptide sequencing, they found that the resulting peptides
consisted of Phe-Asp-Ser-Gly-Pro-Ala-Gly-Val-Leu (880 Da) and
Asn-Gly-Pro-Leu-Gln-Ala-Gly-Gln-Pro-Gly-Glu-Arg (1242 Da), of
which most of the peptide molecular chain consisted of
hydrophobic amino acids. Furthermore, an increase in the
antioxidant and photoprotective activities were found with the
presence of Gly-Pro and Gly-Ala peptide sequences and
hydrophobic amino acids at the C-terminus and within the
polypeptide chain (Chen et al., 2016). The current results were
consistent with the report of Zhuang et al. (2009) in which peptide
from a jellyfish (Rhopilema esculentum) showed anti UV-A, which
adversely affects human skin, with most peptides contained Gly,
Pro, Asp, Ala and Glx. Chen et al. (2016) studied 23 peptides of cod
skin for anti UV radiation and found Arg, Gly-Pro, Gly-Leu at the
C-terminus along with the ring-shaped amino acids within the
peptide chains. Most contained the 5 amino acids (Arg, Glu, Val, Ile,
and Leu) with specific ratio in peptides can show anti-aging
properties of skin cells (Ye et al., 2017).
Cell Cytotoxicity of Sea Cucumber
Hydrolysate
The three hydrolysates were tested for cytotoxicity effects on
HaCaT cells reported as the concentration such that cells had
80% survival. The increasing of cell survival was observed at the
concentration range from 63 to 125 μg/mL for SCP and SCF,
respectively, and the cell survival was decreased afterwards. On the
Frontiers in Marine Science | www.frontiersin.org 10
other hand, cell survival decreased as SCA concentration increased
(Figure 3). Parichat et al. (2011) studied the effects of heated whey
protein concentrate on survival of human epithelial colorectal
carcinoma (Caco-2). Their results showed a cytotoxicity of whey
protein concentrate on Caco-2 cells when concentration was
added up to 2.0 mg/mL and observing almost 60% cell survival
at 2.5 mg protein/mL. Klarić et al. (2008) also reported that the cell
death rates of porcine kidney PK15 depended on the duration of
the contact time and the extract concentration. The concentration
of SCP, SCA, and SCF with 80% survival of HaCaT cell was 0.21,
0.15 and 0.20 mg/mL, which might be used as maximize
concentration limited for further applications.
Isolation and Characterization Peptide
From the SCP Sea Cucumber Hydrolysate
The antioxidant, UV-B protective activities, and fraction yields of
the SCP are shown in Table 7. The SCP I showed the highest
TABLE 5 | The optimize condition, predicted and experiment values from the model verification for all responses of sea cucumber hydrolysates using papain, alcalase,
and flavourzyme.

Enzymes Predicted Value
and Real value

Response

X1

(min)
X2

(%)
ABTS (IC50)
(mg/mL)

DPPH (IC50)
(mg/mL)

FRAP (mmol
FeSO4/mL)

DH (%) Yield (%) Cell viability (%)

Papain Predicted Value 360 3.58 1.33 0.29 0.55 84.8 12.8 72.4
Real value 360 3.58 1.28a ± 0.18 0.34a ± 0.05 0.56b ± 0.02 85.7b ± 0.93 12.2b ± 0.56 73.5ab ± 3.98

Composite desirability 0.93
Alcalase Predicted Value 360 5 1.63 4.07 0.54 81.3 14.4 74.5

Real value 360 5 1.47a ± 0.07 3.82c ± 0.01 0.53a ± 0.01 80.0a ± 1.01 13.0c ± 0.22 72.6a ± 0.28
Composite desirability 0.81
Flavourzyme Predicted Value 360 4.08 1.49 0.64 0.55 90.8 11.7 71.3

Real value 360 4.08 1.65b ± 0.01 0.88b ± 0.02 0.55ab ± 0.04 87.2c ± 0.26 10.9a ± 0.51 73.0ab ± 3.06
Composite desirability 0.76
June 2022 | Volum
Different superscripts in the real values for the same column indicate significant differences (P≤0.05)
TABLE 6 | The composition of amino acid in sea cucumber hydrolysate with
papain hydrolysis.

Amino acid g amino acid/100 g of hydrolysate

Asp + Asn 5.46
Glu + Gln 8.32
Ser 2.20
Thr 2.53
His 0.46
Gly 8.22
Ala 4.52
Arg 4.37
Tyr 1.13
Val 1.85
Met 0.66
Cys 6.47
Ile 1.36
Phe 1.02
Trp 0.43
Leu 2.33
Lys 1.91
Pro 6.29
Total 59.5
e 9 | Article 892255
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FRAP assays, yield and UV-B protective activity, while the SCP II
showed the highest antioxidant activity based on ABTS and DPPH
as well as good UV-B protective activity. The results were in
accordance with the previous studies in which protein
hydrolysates derived from tilapia and cod that showed
antioxidant activity had a MW range of 3.5 to 10 kDa or <10
kDa (Raghavan and Kristinsson, 2008; Je et al., 2008). The
structural characteristics of peptides such as MW, hydrophilic
and hydrophobic amino acids, inner ring structures,N-terminal or
C-terminal positions affected the antioxidant and photoprotective
activities (Zou et al., 2016). Peng et al. (2020) also reported that the
effect of oyster hydrolysates on inhibiting of UV-B induced
photodamage in HaCaT cells was possibly related with
antioxidant activity of hydrolysates. Although the peptide of
SCP I showed high FRAP value, yield and UV-B protective
activity when considering in both activities of UV-B protective
and antioxidant, especially stronger in DPPH and ABTS radical
scavenging activities of SCP II that might important for skin cell
protection from UV-induced free radicals mainly by oxidative
stress (Peng et al., 2020). Therefore, the SCP II was selected for
further isolation and identification process.

The peptides of SCP II sea cucumber hydrolysate were
fractioned according to size of MW by Sephadex G-25 gel
filtration chromatography. The elution profile of A220 and A280

were plotted to monitor the content of peptide bonds and
peptide and protein/amino acid with aromatic groups,
respectively (Figure 4A). The A220 was higher than A280 as
showing a similar trend for both absorbances profile. A high
peptide bonds and amino acid content was exhibited in the
fractions 52-78 with an estimated MW ranging from 2503 to
12885 Da. The antioxidant activities of fractioned peptides are
shown in Figure 4B. The highest ABTS and DPPH radical
scavenging activities were observed in fraction 105, MW of 456
Da, while the highest of FRAP value was showed at fraction 103,
MW of 518 Da. This result corresponded with the peptide
fraction of seabass skin gelatin hydrolysate with MWs ranging
from 256 to 1610 Da had the best ABTS radical activity (Sae-
Leaw et al., 2016) and the fractioned peptide of oyster
hydrolysate with a MW range of 842-1787 Da had higher
DPPH, ABTS, and ·OH radical scavenging activities (Zhang
et al., 2022). Based on a high content of protein and peptide
Frontiers in Marine Science | www.frontiersin.org 11
from A220 and A280 profile and antioxidant activities, several
sharp peak of peptide fractions was chosen to determine the UV-
B protective activity as shown in Figure 4C. A higher 90%
HaCaT cell viability was found in the fractions 95 and 103 with
estimated MW of 857 and 518 Da, respectively. Ye et al. (2019)
reported that shellfish (Ostrea rivularis) peptide with a
MW range of 634-1123 Da had good inhibition activity of the
UV-induced photodamage, having a HaCaT cell viability of 80-
90% at treated concentration of 500-1500 μg/mL. The
photoprotective activity of peptide might be related with the
inhibition of excessed reactive oxygen species (ROS) from skin
cell after UV-irradiation (Zhang et al., 2022). Therefore, those
two fractions were collected to amino acid sequencing.

The selected peptide fractions from gel fi ltration
chromatography (95 and 103) were identified using LC-MS/MS.
The amino acid sequences of UV-B protective and antioxidant
peptide from sea cucumber hydrolysate are shown in Table 8. The
LC-MS/MS showed that a selected fraction consisted of peptides
with a MW range of 664-1443 Da and 6 to 14 amino acids in the
length. Considering the identified peptide sequence with a ≥90% of
de novo peptide sequencing score and ALC, the six peptide
sequences with a potent antioxidant and UV-B protective effect
were Leu-Val-Asn-Glu-Val-Thr-Glu-Phe-Ala-Gln (1149 Da), Phe-
Asn-Asp-Leu-Gly-Ala-Trp (821 Da), Phe-Val-Asp-Ser-Ser-Ala-
Thr-Thr (826 Da), Leu-Val-Asn-Glu-Leu-Thr-Glu-Phe-Ala-Gln
(1163 Da), Phe-Pro-Asp-Thr-Thr-Thr-Leu (793 Da), and Lys-
Phe-Gly-Glu-Gly-Lys (664). Generally, aromatic and hydrophobic
amino acids containing in peptides are believed to be a high radical
scavenging activity (Zhou et al., 2012; Sae-Leaw et al., 2016).
Previous studies also reported that strong radical scavenging
peptides could be due to the presence of non-aromatic amino
acids such as Pro, Ala, Val, and Leu in the sequences (Mendis et al.,
2005; Ngo et al., 2010). In this study, most identified peptides were
rich in Thr, Phe, Leu, Val, Glu, and Ala, that might contribute to
high antioxidant and UV-B protective activities. The peptides
containing photoprotective and antioxidant activities have been
identified such as Phe-Leu-Asn-Glu-Phe-Leu-His-Val (1019 Da)
from salmon by-product hydrolysate (Ahn et al., 2014), Ala-Thr-
Pro-Gly-Asp-Glu-Gly (752 Da) from boiled abalone (Chen et al.,
2019), Ala-Ile-Val-Ala-Glu-Val-Asn-Glu-Ala-Ala-Lys (1114 Da)
from oysters (Crassostrea hongkongensis) (Zhang et al., 2022),
TABLE 7 | Antioxidant and UV-B protective activities, and fraction yield from the fractionation of sea cucumber hydrolysates prepared with papain.

MW (kDa) Fraction Reponses

ABTS (IC50) (mg/mL) DPPH (IC50) (mg/mL) FRAP (mmol FeSO4/mL) Cell viability (%) Yield (%)

> 10 kDa SCP I 1.63b ± 0.02 0.45b ± 0.003 2.35d ± 0.02 81.8c ± 0.5 7.68d ± 0.02
10-3 kDa SCP II 0.93a ± 0.001 0.17a ± 0.01 1.79c ± 0.01 70.5b ± 0.4 2.20c ± 0.03
3-1 kDa SCP III 1.61b ± 0.01 0.76d ± 0.004 0.60a ± 0.003 70.2b ± 0.4 1.52b ± 0.01
< 1 kDa SCP IV 1.82c ± 0.01 0.73c ± 0.004 0.71b ± 0.02 57.0a ± 0.2 1.03a ± 0.03
Ju
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Leu-Ser-Gly-Tyr-Gly-Pro (592 Da) from tilapia gelatin peptides
(Sun et al., 2013), and Ser-Ser-Asp-Asn-Asn-Asp-Glu-Ala-Lys
(1036 Da) from Pacific oyster (Crassostrea gigas) (Han et al., 2019).
CONCLUSION

To prepare sea cucumber hydrolysates, the optimum
concentrations of papain, alcalase, and flavourzyme were 3.58,
5.00, and 4.08% (w/w protein), respectively, with an optimum
hydrolysis time of 360 min. The models fit the experimental
Frontiers in Marine Science | www.frontiersin.org 12
values. The fractionated peptides of SCP II with MW of 10 to 3
kDa was selected for characterizing the peptide sequences based
on its high antioxidant and UV-B protective activities. Six
potential peptides were identified as Leu-Val-Asn-Glu-Leu-
Thr-Glu-Phe-Ala-Gln (1163 Da), Leu-Val-Asn-Glu-Val-Thr-
Glu-Phe-Ala-Gln (1149 Da), Phe-Val-Asp-Ser-Ser-Ala-Thr-Thr
(826 Da), Phe-Asn-Asp-Leu-Gly-Ala-Trp (821 Da), Phe-Pro-
Asp-Thr-Thr-Thr-Leu (793 Da), and Lys-Phe-Gly-Glu-Gly-Lys
(664). This study provided useful information for further
development of an inexpensive enzymatic hydrolysis for
producing high-value sea cucumber peptides. The peptides
showed a potential to be applied as bio-functional ingredients
A

B

C

FIGURE 4 | Elution plot (A) absorbance at 220 and 280, (B) antioxidant activities, and (C) UV-B protective activity as %cell viability. Different small letters in bar
graph (C) indicate significant differences (P≤0.05).
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for the food, pharmaceutical, or cosmetic industries. However, it
is recommended that those six peptides to be further in-depth
studied for its application efficacy, reaction mechanism, and
bioavailability in animal or human trial.
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