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Abstract Milkfish (Chanos chanos), which is resistant to

water quality changes is the fourth largest aquaculture

commodity. Abandoned wastes of fish scale and bones

aggravate environmental pollution. In this study, the effect

of collagen peptides isolated from milkfish scales (MSCP)

by pepsin-soluble collagen method on cell viability was

investigated. The antioxidant, anti-inflammatory, and

DNA-protective activities of MSCP were also evaluated.

Results revealed that more than 95% of viable cells were

retained in human keratinocytes after addition of 100 mg/

mL MSCP. Measurement of DPPH� and ABTS� ? radical

scavenging activities and cellular reactive oxygen species

revealed the high antioxidant activities of MSCP. MSCP

demonstrated anti-inflammatory activities by reducing

lipoxygenase activity and nitric oxide (NO�) radicals.

Moreover, DNA electrophoresis assay indicated that MSCP

treatment can directly protect against cyclobutane di-

pyrimidine production and DNA single-strand breaks,

which are harmful effects of UV radiation and H2O2. Given

its antioxidant, anti-inflammatory, and DNA-protective

activities, MSCP has potential applications in cosmeceu-

ticals and supplementary health food.
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Abbreviations

MSCP Milkfish scale collagen peptide

MTT [3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide]

DPPH� 2,2-diphenyl-1-picrylhydrazyl

Lox-1 Lipoxygenase isoenzyme

IC50 Half maximal inhibitory concentration

Introduction

Collagen, a protein that consists of three polypeptide chains

with a triple-helix molecular structure and three repeated

residues of (Gly-X–Y)n, can be found in connective tissues

such as skin, bones, tendons, and cartilages (Ramshaw

et al. 1998). Several crystal structures of collagen have

been analyzed and deposited in the RCSB protein data

bank. This protein displays several bioactive properties,

including good biocompatibility, biodegradability, non-

immunogenicity, and low antigenicity; it also promotes cell

proliferation and attachment (Venkatesan et al. 2017).

Collagen peptides hydrolyzed into di-and tripeptides by

collagenase from nonpathogenic Bacillus species are
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resistant to further digestion by proteases or peptidases; the

di-and tripeptides (Pro-Hyp and Gly-Pro-Hyp) are stable in

gastrointestinal fluid and rat plasma for short-term reten-

tion (Sontakke et al. 2016). Additionally, collagen peptides

are key ingredients in nutricosmetic products and supple-

mentary health food because they can increase skin

hydration and improve facial skin conditions (Inoue et al.

2016). In pharmaceutical applications, a hydroxyproline-

containing marine collagen peptide from Alaska pollack

inhibits human immunodeficiency virus (HIV-1) infection

(Jang and Park 2016).

Marine fish is an important source of food for humans.

However, large amounts of abandoned wastes of fish

scales, skin, and bones result in the problem of environ-

mental pollution. Therefore, high-value by-products gen-

erated from marine fish have attracted increasing attention

in recent years. Collagen is the most abundant protein that

can be obtained from fish scales, skin, and bones and fur-

ther utilized in various applications, including cosmeceu-

ticals, tissue engineering, and anti-diabetic medications

(Silva et al. 2014; Venkatesan et al. 2017). Marine-derived

collagen, an ingredient in skin care products, can scavenge

free radicals. To isolate collagen from different parts of fish

species, acid-soluble collagen and pepsin-soluble collagen

methods are usually employed to extract and harvest col-

lagen (Silva et al. 2014). Pepsin-soluble collagen method

reportedly has higher yield than acid-soluble collagen

method (Shanmugam et al. 2012; Venkatesan et al. 2017).

Several studies have isolated collagen from the skin, bones,

and scales of Sepiella inermis, Otolithes ruber, Magalaspis

cordyla, Trachurus japonicas, and Parupeneus heptacan-

thus (Kumar and Nazeer 2012; Matmaroh et al. 2011; Minh

Thuy le et al. 2014; Shanmugam et al. 2012). In addition,

the effect of marine-derived collagen peptides on skin has

been investigated. Jellyfish collagen hydrolysates protect

the skin against UV radiation damage (Fan et al. 2013).

Similar results were also obtained using 6 kDa collagen

peptides from cod skin (Hou et al. 2012). These results

clearly indicate that marine-derived collagen peptides are

effective and safe to use for developing skin-targeting

cosmeceuticals.

Milkfish (Chanos chanos) is a tropical marine fish that

can adapt to water quality changes. It is the fourth largest

aquaculture commodity in Taiwan, India, the Philippines,

and Indonesia (Palanikumar et al. 2013). Over 330,000 tons

of milkfish are produced annually, and the demand for

milkfish has increased. However, collagen peptides from

milkfish scales (MSCP) have not yet been characterized.

Hence, in the present study, MSCP was extracted by pep-

sin-soluble collagen method. Results demonstrated the

antioxidant, anti-inflammatory, and DNA-protective prop-

erties of MSCP.

Materials and methods

Collagen peptide extraction and purification

Milkfish was purchased from the mariculture of a private

vendor in Tainan, Taiwan between 2013 and 2014. Fish

scales were removed manually and stored at - 20 �C until

used. Collagen peptides were extracted and purified using

the method described by Shanmugam et al. (2012). Fish

scales (10 g) were homogenized and extracted with

100 mL of 0.1 N NaOH to remove non-collagenous pro-

teins. The insoluble residue was washed by distilled water

and suspended in 50 mL of 0.5 M acetic acid with 1% (w/

v) pepsin at 4 �C for 2 days. The debris was removed by

centrifugation at 20,0009g for 1 h. The supernatant was

then dialyzed against 2 L of 0.02 M Na2HPO4 (pH 7.2),

and a new dialysate was replenished every 12 h for 3 days

at 4 �C. The extract of the milkfish scales with supernatant

was salted out by adding NaCl to a final concentration of

0.8 M and precipitated with 2.3 M NaCl to obtain collagen.

The precipitate with collagen was obtained by centrifuga-

tion at 20,0009g for 1 h, dissolved in 50 mL of 0.5 M

acetate, and dialyzed against 2 L of 0.1 M acetate for

1 day, followed by 2 L of distilled water for 1 day. The

amicon ultra centrifugal filter with 3 K device (Merck

Millipore, MA, USA) was utilized to collect collagen

peptides of less than 3000 Da. Freeze drying was con-

ducted to concentrate collagen peptides. All procedures

were performed at 4 �C. Coomassie Brilliant Blue G-250

was used to detect the collagen peptide, and absorbance

was recorded on a spectrophotometer at OD595. The col-

lagen peptide obtained and purified from milkfish was

designated as MSCP.

Total nitrogen content of MSCP

Total nitrogen was determined through macro-Kjeldahl

method (Oftedal et al. 2014). Crude protein was evaluated

as follows: total nitrogen 9 6.38.

Cell viability of MSCP by MTT assay

Cell viability was assessed by 3-(4,5-cimethylthiazol-2-yl)-

2,5-diphenyl tetrazolium bromide (MTT) assay using the

method described by Lopez-Garcia et al. (2014). HaCaT

cells (1 9 105/mL) were inoculated in a 96-well plate and

incubated at 37 �C under 5% CO2 for 24 h. Various con-

centrations of MSCP between 0 and 100 mg/mL were

added to HaCaT cells for 24 h, and fresh medium with

MTT was displaced at 37 �C with 5% CO2 for 4 h incu-

bation. Absorbance was recorded on an enzyme-linked
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immunosorbent assay (ELISA) reader at OD570 (BioTek,

SynergyTM2, USA).

Antioxidant activity of MSCP by DPPH� radical
scavenging assay

Antioxidant activity was evaluated with 2,2-diphenyl-1-

picrylhydrazyl (DPPH�) radical scavenging assay by using

the method described by Bersuder et al. (1998). In brief,

4 mL of 0.5, 1, and 10 mg/mL MSCP was mixed with

1 mL of 10 mM DPPH� (dissolved in methanol to a final

concentration of 2 mM). The mixture was left in the dark at

room temperature for 30 min. The remaining DPPH� rad-
ical was determined on a spectrophotometer at OD517.

Distilled water (4 mL) was used to substitute for MSCP

sample as background (absorption control). Ascorbic acid

was adopted as positive control. DPPH� radical scavenging
activity was calculated as follows:

DPPH � radical scavenging activityð%Þ ¼
� absorption of control� absorption of sample½ �=ð
�absorption of controlÞ � 100;

where the control was treated with distilled water.

Antioxidant activity of MSCP by ABTS� 1 radical

scavenging assay

Antioxidant activity was determined through

ABTS� ? radical scavenging assay by using the method

described by Re et al. (1999). ABTS� ? radical solution

was prepared by oxidation of reagents with peroxidase (44

U/mL), 75 lM H2O2, 750 lM ABTS� ? , and H2O with a

volume ratio of 1:1:1:6. The mixture was placed in the dark

at room temperature for 1 h. For antioxidant activity

determination, 180 lL of the ABTS� ? radical solution

was added with 20 lL of samples of different-concentra-

tions (0.5, 1, and 10 mg/mL) and incubated for 10 min.

Absorbance was recorded on a spectrophotometer at

OD620. Trolox (10 mg/mL) was used as positive control.

ABTS� ? radical scavenging activity was calculated as

follows:

ABTS � þradical scavenging activity ð%Þ
¼ absorption of blank sample� absorption of tested sample½ �=ð
� absorption of blank sampleð ÞÞ � 100:

Reactive oxygen species (ROS) production

HaCaT cells (1 9 105/mL) were inoculated in a 96-well

plate and incubated for 24 h. The cells were added with 0.5

and 1 mg/mL MSCP and allowed to react for 24 h. The

cells were washed with PBS, and added with 0.1 mM H2O2

to induce ROS generation for 1 h. The supernatant was

removed, and the cells were washed with PBS. The cells

were then placed in 100 lL of fresh medium with 1 lL of

DCFH2-DA (10 lM) and incubated at 37 �C for 30 min in

the dark. Afterward, the supernatant was discarded, and the

filtrate was added with 100 lL of PBS for ELISA (BioTek,

SynergyTM2, USA) with excitation at 504 nm and emission

at 524 nm. Fluorescence intensity was calculated.

Anti-inflammatory activity of MSCP

by lipoxygenase

The anti-inflammatory activity using lipoxygenase was

measured as described Khalili et al. (2009). In brief,

15 mM linoleic acid was prepared in 10 mL of Tris–HCl

buffer (0.1 M, pH 9) containing 50 mg of Tween by

ultrasonic dispersion. The mixture was added with 250 lL
of 1 M NaOH and Tris–HCl buffer to obtain a final con-

centration of 10 mM linoleic acid solution. Lipoxygenase

activity was evaluated using the mixture of Tris–HCl

buffer (0.1 M, pH 9.0, 95.5 lL), MSCP (0.5 and 1 mg/mL,

1 lL), lipoxygenase isoenzyme (Lox-1, 135 U, 2 lL), and
linoleic acid solution as substrate (10 mM, 1.5 lL).
Lipoxygenase catalyzes the conversion of linoleic acid into

conjugated hydroperoxide, which can be detected at

234 nm. Thus, inhibition of Lox-1 activity was determined

by spectrophotometry at OD234. Caffeic acid and buffer

served as positive and negative control, respectively.

Inhibition of lipoxygenase was calculated as follows:

Inhibition of Lox� 1 activityð%Þ
¼ absorption of negative control� absorption of tested sample½ �=ð
� absorption of negative controlð ÞÞ � 100:

Nitric oxide (NO�) radical production

NO� was detected using the method described by Ravis-

hankara et al. (2002) with minor modifications. MSCP

(2 lL) of different concentrations (0.5 and 1 mg/mL) was

mixed with 98 lL of sodium nitroprusside (5 mM) at

25 �C for 150 min. The sample was then added with

100 lL of Griess Reagent (0.1% naphthylenediamine

dihydrochloride, 5% phosphoric acid, and 1% sulfanil-

amine) for spectrophotometric determination at OD560.

DNA protection assay

The protective effect of MSCP on DNA was investigated

using pUC119 plasmid as supercoil form. The plasmid and

MSCP (500 lg/mL) were mixed and treated with 20 mJ/

cm2 UVB, 1 mM H2O2, and 0.5 mM FeSO4 at 37 �C for
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1 h. The mixture was subjected to electrophoresis at 100 V

for 25 min on a 0.8% agarose gel.

Statistical analysis

Each analysis was conducted in triplicate independent

experiments. Statistical analysis was performed using

Microsoft Excel, and the results were presented with

standard deviation.

Results

Collagen peptide extraction and cell viability

detection

Crude protein of collagen peptide was extracted by pepsin-

soluble collagen method and estimated by the Kjeldahl

method. The total protein content determined by nitrogen

conversion was 92.8 g protein/100 g extracted collagen

peptide. In addition, no fat was detected in accordance with

Folch method. This finding indicated that pepsin-soluble

collagen method could obtain high amounts of collagen

protein.

Cell viability was assessed using MTT test. Different

doses of MSCP were utilized to detect HaCaT cell viabil-

ity. Almost 100% of viable cells as MSCP lowering 50 mg/

mL can be observed. The percentage of viable cells

remained more than 95% even after adding 100 mg/mL

MSCP. This result implies that MSCP exerts slight cyto-

toxicity to human keratinocytes.

Antioxidant activity of MSCP

The antioxidant activity of MSCP was evaluated using

DPPH� and ABTS� ? radical scavenging assays and ROS

reduction. Ascorbic acid and trolox were used as positive

controls in the DPPH� and ABTS� ? radical scavenging

assays, respectively. Results showed that MSCP exhibited

significant antioxidant activity. MSCP scavenged DPPH�
and ABTS� ? in a dose-dependent manner. MSCP (1 mg/

mL) exhibited 50% inhibition rate of DPPH� radicals

(Fig. 1). When the MSCP concentration was increased to

10 mg/mL, DPPH� radicals were completely arrested. The

addition of MSCP also significantly inhibited ABTS� ? .

Over 80% scavenging rate of ABTS� ? was achieved after

treatment with 0.5 mg/mL MSCP.

ROS are hazardous on cellular function, inducing

modifications of nucleic acids, proteins, and lipids, and

eventually lead to the development of aging-related dis-

eases (Imlay 2013; Saluja and Fabi 2017). In the present

study, H2O2 was applied to HaCaT cells to analyze the

effect of MSCP on ROS generation. The intracellular ROS

activity was increased by 22% when 0.1 mM H2O2 was

added (Fig. 2). MSCP prevented ROS formation in HaCaT

cells in a dose-dependent manner. Treatment with 1 mg/

mL MSCP decreased the ROS activity by 12%.

Anti-inflammatory activity of MSCP

Lipoxygenase is involved in the synthesis of leukotrienes,

which are inflammatory mediators of arachidonic acid (Du

et al. 2017). In this regard, inhibition of lipoxygenase

activity by MSCP was investigated. Caffeic acid served as

positive control in the assay. Treatment with 0.5 and 1 mg/

mL MSCP repressed lipoxygenase activity by 52.3 and

100%, respectively (Fig. 3). The half maximal inhibitory

concentration (IC50) of MSCP for inhibiting lipoxygenase

activity was calculated to be 475.9 lg/mL.

NO� is recognized as the factor involved in development

of inflammation, cancer and pathological conditions

(Moncada et al. 1991). NO� scavenging activities of MSCP

and trolox as the positive control were compared (Fig. 4).

The amounts of NO� generated were decreased by 32.2 and

68.9% after adding 0.5 and 1 mg/mL MSCP, respectively.

Also, the IC50 of MSCP for repressing NO� production was

calculated to be 742.5 lg/mL.

DNA protection of MSCP

UV causes the production of cyclobutane di-pyrimidine of

DNA, and H2O2 induces the generation of DNA single-

strand breaks (Ray and Husain 2002). In the present study,

DNA damage was simulated via UV and H2O2 treatments

to evaluate the DNA-protective capability of MSCP. The

pUC119 plasmid exhibited supercoil O-, L-, and S-forms

without UV and H2O2 treatments as control. Meanwhile,

only single-band DNA was observed in the presence of UV

and H2O2 (Fig. 5). However, pUC119 plasmid with MSCP

showed similar results to the control. These results indicate

that MSCP significantly confers DNA protection.

Discussion

Much attention has been focused on the use of marine fish-

derived collagen in tissue engineering and wound healing

(Silva et al. 2014). In addition, collagen peptides are

bioactive ingredients that serve as safe functional food for

improvement of skin physiology (Venkatesan et al. 2017).

In the present research, collagen peptide designated as

MSCP was extracted from milkfish scales. Ash and protein

were the main components of fish scales. According to our

result of pepsin-soluble collagen method, the productivity

of MSCP was 8.3% (w/w). This result is more desirable

than that reported for deep-sea redfish (Sebastes mentella)

J Food Sci Technol (June 2018) 55(6):2310–2317 2313

123



with 6.8% yield (Wang et al. 2008). Moreover, MSCP

exhibited significant anti-oxidant, anti-inflammatory, and

DNA-protective activities as well as safety. MSCP can

scavenge DPPH� and ABTS� ? radicals and reduce ROS

generation. To the best of our knowledge, little research

has been directed toward the anti-inflammatory and DNA-

protective effects of MSCP. In the present study, MSCP

exhibited a dose-dependent anti-inflammatory effect and

contributed to DNA protection against UV and H2O2

damage. Hence, MSCP can serve as additive in cosme-

ceuticals, tissue engineering, and health food.

Collagen is generally recognized as safe and has dif-

ferent applications. In this study, 0–50 mg/mL MSCP

exhibited no cytotoxicity. However, 100 mg/mL MSCP

showed slightly cytotoxic effect, which could be due to

changes in the osmolarity of the culture solution (Fan et al.

2016; Zhu et al. 2014). The cytotoxic effect of MSCP is

significantly lower than those of commercial products (Zhu

et al. 2014). Different polymers, including carboxymethyl

cellulose, carboxymethyl chitosan, and hydroxypropyl

chitosan, have been conjugated with collagen peptides for

applications in pharmaceutical and food industries (Fan

et al. 2014, 2016; Zhu et al. 2014). Some modifications of

polymers grafted with collagen peptides, including car-

boxymethyl cellulose, carboxymethyl carrageenan, and

hydroxypropyl chitosan, can even promote cell prolifera-

tion and cell viability. These findings reveal the definite

safety benefits of collagen peptides.

Antioxidant activity is a critical factor for protection

against oxidative stress. Oxidative stress is derived from

ROS containing singlet oxygen species, alkyl radicals,

hydroxyl radicals, peroxide radicals, and superoxide

Fig. 1 Antioxidant activity of MSCP. Radical scavenging capability was determined by the DPPH� and ABTS� ? method. Ascorbic acid (AA)

and trolox were used as positive control. Results are mean ± SD (n = 3)

Fig. 2 Inhibition of

intracellular ROS level by

MSCP. Changes in the

intracellular ROS level were

indicated by the DCFH-DA

fluorescence intensity in HaCaT

cells treated with MSCP. The

intracellular ROS generation

level of HaCaT cells was

measured by DCFH-DA, which

is MSCP, to detect the produced

H2O2 (0.1 mM). The control

indicates the HaCaT cells

without MSCP and H2O2

treatment. Each value is

presented as mean ± SD from

triplicate independent

experiments
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radicals. These ROS can damage cellular DNA, proteins,

and lipids, thus leading to inflammation, cancer, and neu-

ron-related diseases (Ray and Husain 2002). Antioxidant

peptides from various marine fish can inhibit oxidative

damage by arresting free-radical chain reactions (Fan et al.

2014). Moreover, several works have been published

regarding the functions of antioxidant peptides with Cys,

Tyr, and His in chelating oxidation-related ions or

eliminating free radicals (Wu et al. 2015). Differently,

collagen peptides, which are common antioxidant peptides,

exert antioxidant ability under high amounts of Gly and Pro

without forming a strong active site against free radicals

(Wu et al. 2017). Thus, several studies suggested that the

amino acid composition and hydrolysis degree of collagen

may contribute to its antioxidant activity. In addition,

antioxidant capacity of collagen peptides depends on spe-

cies resources, and no unique factor that affects the

antioxidant capacity of hydrolysates has been determined

(Blanco et al. 2017). The results of DPPH� and

ABTS� ? radical scavenging assays provide evidence that

MSCP possesses antioxidant capabilities (Fig. 1). MSCP

was more active on ABTS� ? than on DPPH� radicals.

ROS activity determination also revealed that MSCP pre-

vented H2O2 damage, which induced ROS generation

(Fig. 2). MSCP could be grafted with different polymers,

including carboxymethyl chitosan, hydroxypropyl chi-

tosan, and carboxymethyl cellulose, to improve its

antioxidant activity (Fan et al. 2014, 2016; Zhu et al. 2014).

Inflammation is an immune response to foreign stimuli,

resulting in the restoration of normal functions. ROS may

directly drive inflammation or indirectly mediate through

cytoplasmic proteins that modulate inflammatory activity

(Martinon et al. 2009). Previous studies reported that

antioxidant peptides possess anti-inflammatory property.

Lipoxygenase plays an important role in synthesis of leu-

kotrienes, which are mediators of several allergic and

inflammatory conditions (Du et al. 2017). NO� is a medi-

ator and a regulator of inflammatory responses. Hence, the

reduction of lipoxygenase activity and NO� can be applied

to evaluate inflammation extent. In the present study,

MSCP demonstrated a dose-dependent anti-inflammatory

capability (Figs. 3, 4). The results are consistent with those

of bioactive peptides from marine resources (Kim et al.

2013). The reduction and inhibition of nitric oxide and

lipoxygenase, respectively, may be due to the ability of the

Fig. 3 Anti-inflammatory activity of MSCP. Inhibition of lipoxyge-

nase isoenzyme (Lox-1) with the addition of MSCP and linoleic acid

was determined by a spectrophotometer at OD234. Caffeic acid was

used as positive control. Results are mean ± SD (n = 3)

Fig. 4 Anti-inflammatory activity of MSCP. Scavenging capability

of NO� was determined. Trolox was used as positive control. Results

are mean ± SD (n = 3)

Fig. 5 Capability of MSCP to protect against DNA damage by UV

and H2O2. pUC119 plasmid was treated with MSCP, 20 mJ/cm2

UVB, 1 mM H2O2, and 0.5 mM FeSO4. These DNAs were prepared

by electrophoresis in 0.8% agarose
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–OH and –NH2 groups of collagen peptides to bind to nitric

oxide radical and lipoxygenase (Zhu et al. 2014). Fur-

thermore, the present work is the first to report the anti-

inflammatory capability of MSCP. Consequently, MSCP

can be clinically applied in patients with knee

osteoarthritis, which is the most common type of arthritis

in elderly populations worldwide (Kumar et al. 2015).

MSCP can also be used to treat inflammation-related dis-

orders, such as atopic dermatitis in adults, with 1–3%

prevalence (Hoy 2017).

The generation of ROS and the depletion of endogenous

antioxidants are induced by UV exposure, which result in

the photochemical modification of genetic DNA and

oxidative stress of H2O2 (Ray and Husain 2002). These risk

factors enhance the development of premalignant skin

lesions and skin cancer. Skin protection against UV can be

divided into endogenous protection of melanin and enzy-

matic antioxidants, and supplementary consumption of

food containing vitamins A, C, and E (Godic et al. 2014).

In the present experiments, 0.5 mg/mL MSCP can directly

confer DNA protection after UV and H2O2 exposure

(Fig. 5). This result is consistent with the fact that MSCP

exerts radical-scavenging ability and thus enables protec-

tion against DNA damage.

In conclusion, milkfish is regarded as a high value

marine food, and its rate of production has been increasing

yearly. A large amount of fish scales can be converted into

useful collagen peptides to minimize pollution and increase

the value of by-products. Our findings demonstrate that

MSCP exhibits significant antioxidant, anti-inflammatory,

and DNA-protective activities. Thus, collagen peptides

exhibit potential as additives in health foods because of

their lack of cytotoxicity.
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