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ABSTRACT

The Lamuru fish (Caranx ignobilis) is mostly found in tropical waters of the indo-pacific region, namely Indonesia.
1t is believed to contain collagen and this study aims to isolate collagen from its bone and determine the collagen's
antioxidant and o-glucosidase inhibitory activity. In our study, the collagen was extracted using acetic acid which
was hydrolyzed by collagenase enzyme from Clostridium histolyticum at a temperature of 37 °C, and pH 7.0. During
hydrolysis, the degree of hydrolysis (DH) was calculated and collagen hydrolysates were characterized by SDS-PAGE, UV-
Visible spectroscopy and FT-IR spectroscopy. After characterization, the collagen hydrolisate of lamuru (CHL) fish was
analyzed for its antioxidant properties and a-glucosidase inhibitory activity. The result shows that a higher percentage
degree of hydrolysis was obtained, 31.17%, at 120 min of hydrolysis. The CHL characterization by SDS-PAGE showed
its molecular weight ranging from 35,000-180,000 Daltons and identified the collagen as type 1. The UV-Vis analysis
of CHL provided a maximum absorbance at a wavelength of 233 nm. At the same time, the FT-IR analysis showed the
presence of amides I, I, and 111, which confirms the formation of the collagen triple helix. For its bioactivity assay,
the CHL shows that CHL provided DPPH radical reduction activity reaching 51.45+1.24% (IC at 485.9 ug/mlL). The
ferric reduction antioxidant power of CHL (FRAP value) showed a significant reduction of Fe’* to Fe’* with a value of
711.27 uM/g. The CHL inhibition activity of a-glucosidase enzyme IC , was determined to be 574 ug/mL. Based on the
antioxidant bioactivity and a-glucosidase inhibition, the collagen peptide enables its use as a therapeutic development
for a variety of disorders caused by oxidative stress, such as diabetes mellitus.
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ABSTRAK

Tkan Lamuru (Caranx ignobilis) adalah sejenis ikan yang hidup di perairan Indo-Pasifik khasnya Indonesia. la
dipercayai mengandungi bahan kolagen dan kajian ini bertujuan untuk mengasingkan bahan kolagen daripada tulang
ikan Lamuru serta menentukan aktiviti antioksidan dan perencatan oleh a-glukosid. Dalam kajian ini, kolagen daripada
tulang ikan lamuru diekstrak menggunakan asid asetik dan kemudian dihidrolisis menggunakan enzim kolagenase
daripada Clostridium histolyticum pada 37 °C, pH 7.0. Semasa hidrolisis, tahap hidrolisis (DH) telah dapat ditentukan.
Kolagen tulang ikan Lamuru (CHL) dicirikan oleh SDS-PAGE, spektroskopi UV boleh nampak dan spektroskopi FT-IR.
Setelah pencirian, CHL dianalisis aktiviti menghambat antioksidan dan o-glukosid. Keputusan menunjukkan bahawa
tahap peratusan hidrolisis lebih tinggi berlaku pada 120 min dengan peratusan kadar hidrolisis sebanyak 31.71%.
Pencirian CHL oleh SDS-PAGE memperoleh berat molekul purata antara 35,000-180,000 Dalton dan menunjukkan
ia adalah merupakan jenis kolagen I. Analisis UV boleh nampak CHL menyediakan penyerapan maksimum pada
panjang gelombang 233 nm. Pada masa yang sama, analisis FT-IR mengesan kehadiran amides I, I dan III yang
menunjukkan formasi gandaan tiga heliks kolagen. Untuk ujian bioaktiviti, CHL menunjukkan bahawa CHL memberi
aktiviti pengurangan radikal DPPH mencapai 51.45+1.24% (IC pada 485.9 ug/mlL) dan kuasa antioksidan penurunan
besi CHL (nilai FRAP), Fe*™ hingga Fe** bernilai 711.27 uM/g. CHL daripada tulang ikan mampu memerencat aktiviti
enzim a-glucosid dengan nilai IC 0 574 ug/mL. Berdasarkan pengujian bioaktiviti antioksidan dan penghambatan alfa
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glukosid sehingga kolagen peptida membolehkannya digunakan sebagai pengembangan terapi berkaitan dengan
pelbagai sebab yang disebabkan oleh tekanan oksidatif seperti diabetes mellitus.

Kata kunci: Antioksidan, Caranx ignobilis; kolagen hidrolisat (CHL); pencirian; perencatan a-glukosid

INTRODUCTION

Caranx ignobilis, more commonly known by the people
of Sulawesi-Indonesia as the lamuru fish, is a type of
reef fish that has potential to be developed as medicine,
with numbers that are quite large in Indonesian waters. In
addition, consumption of this fish has become popular for
many people. Lamuru fish has been used in the formation
of food products, but the bone and skin of the lamuru fish
have not been used optimally, even though this fish has
the potential as an alternative source of collagen.

Collagen is a part of the extracellular protein matrix,
with a triple helical conformation that plays an important
role in maintaining the structure of various tissues; collagen
is a major component of various connective tissues,
such as the skin, bones, tendons, blood vessels, basal
membranes, cartilage and teeth, and contributes about
25-30% of the total animal protein content. Collagen,
with a triple-helical conformation, has been identified to
have as many as 29 variants, namely type I-XXIX (Liu
et al. 2007; Pati et al. 2010). Collagen type I is the most
abundant and can be found in all vertebrate connective
tissues, with wide application in various fields such as the
food, biomedical, pharmaceutical, and cosmetics industries
(Hoyer et al. 2014).

Collagen is a type of protein hydrolysate that has
bioactive peptides containing 2-20, or even more, amino
acid residues which have many functions for industrial
purposes and human health (Haque & Chand 2008).
Peptides in general do not show any effects as a protein
sequence, but they show more activities when undergoing
hydrolysis into protein hydrolysates. Those activities
include, but are not limited to, antimicrobial (Abuine et
al. 2019; Ulagesan et al. 2018), antihypertensive (Zhuang
etal. 2012), antioxidant (Hong et al. 2019; Kim & Mendis
2006) and antidiabetic (Konrad et al. 2014whey protein
concentrate (WPC-80; Yu et al. 2011).

The main source of commercial collagen is generally
the bones of cattle and pigs. The use of bovine bones as
a source of collagen began to cause concern among
producers due to the outbreak of bovine spongiform
encephalopathy (BSE), transmissible spongiform

encephalopathy (TSE) and foot and mouth disease (FMD)
(Zhang et al. 2010). Therefore, we required an alternative
material that could be used as a source of collagen, one
of which is the waste of aquatic organisms. Waste from
aquatic organisms, such as bones, skin, and fish scales, is
known to contain a lot of collagen. Additionally, collagen
from fish skin (food grade) is known to be better absorbed
in the human body and is often used in biotechnology
(Gomez-Guillén et al. 2002).

In recent years, the development of antioxidant and
antidiabetic drugs has been carried out mainly from natural
and animal compounds. Several studies have reported
that collagen hydrolysates from other sources provide
activities such as antioxidant, thereby inhibiting oxidative
degradation by reacting with free radicals (Leon-Lopez
et al. 2019). Collagen hydrolysate provides antioxidant
activity via the mechanism of electron donation or
hydrogen transfer (Lorenzo et al. 2018). The antioxidant
activity of collagen hydrolysates is generally associated
with the molecular weight of the peptide. Peptides with
2 to 10 amino acid residues have a molecular weight of
about 10 KDa, meaning that the inhibition of free radicals
can occur (Zhao et al. 2018).

Several studies have reported that collagen
hydrolysates from different sources provide strong
antioxidant activity, such as collagen peptides obtained
from skipjack tuna (Katsuwonus pelamis) bone (Ding
et al. 2019), snakehead (Channa striatus) fish skin
(Haniffa et al. 2014), Allaska Pollack fish skin (Byun
& Kim 2001), and cod fish skin (Carvalho et al.
2018). Besides antioxidants, collagen hydrolysates
also provide antidiabetic effects in which the collagen
hydrolysates from bone or fish skin were found to inhibit
the DPP-IV enzyme and stimulate the secretion of GLP-
1 when given to male rats orally and intraperitoneally
(Iba et al. 2016). However, research into the ability of
collagen hydrolysate from lamuru fishbone to inhibit
free radicals and the a-glucosidase enzyme has not been
found; therefore, it is necessary to undertake research into
this type of collagen hydrolysate as an antioxidant and
inhibitor of the a-glucosidase enzyme. Thus, the objectives



of our study were the isolation and characterization
of collagen peptides from lamuru fishbone and
determining the antioxidant activity of collagen peptides
from lamuru fishbone using DPPH radical scavenging
and iron reduction, as well as to determine its bioactivity
profile against the inhibition of a-glucosidase enzymes.
It is hoped that the results of this study will provide an
overview of supportive therapy for diseases associated
with oxidative stress such as diabetes mellitus.

MATERIALS AND METHODS

The materials used were acetic acid, hydrochloric acid,
trichloroacetic acid (TCA, Japan), phosphate buffer
saline, bovine serum album (BSA), Folin Ciocalteu,
potassium sodium tartrate, potassium bromide, sodium
chloride, sodium hydroxide, sodium carbonate, tris-HCI,
ninhydrin reagent (Merck, Germany), a-glucosidase,
collagenase (Sigma Aldrich, USA), and p-nitrophenyl
a-D-glucopyranoside (Sigma Aldrich, USA). Analytical
grade chemicals and reagents were used in this
experiment.

Lamuru fish (Caranx ignobilis) were obtained from
‘Paotere’ fish markets in Makassar, South Sulawesi,
Indonesia, which have an average fish size of 2 kg, and
they were brought to the laboratory. The lamuru was
dissected and the fishbone was separated and stored at
-20 °C prior to use.

COLLAGEN EXTRACTION

The collagen from lamuru fish samples was extracted
using the methods reported by Mocan et al. (2011)
and Ogawa et al. (2003) with slight modification. All
procedures were carried out at room temperature, with
the following steps for degreasing and the extraction of
collagen. Firstly, lamuru fishbone samples were separated
from impurities and the removal of non-collagen proteins
and fat was achieved by soaking samples in 0.1 M NaOH
solution at a ratio of 1:10 (w/v). This immersion was
carried out for 3 x 24 h and the solvent was replaced
with fresh 0.1 M NaOH every 24 h. The fishbone was
then washed with distilled water until the sample reached
pH 7.0.

Secondly, the extraction of acid soluble collagen
(ASC) was carried out by soaking samples in 1 M acetic
acid with a ratio of 1:15 (w/v) for 3 x 24 h at 4 °C. The
mixtures were filtered by filter paper to separate the
residue and filtrates. Then, the residue was re-extracted
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under the same conditions. The filtrates were collected
and precipitated via a salting out process with NaCl
to a final concentration of 0.9 M in the presence of
tris-HCI buffer at pH 7.0. The precipitate was collected
by centrifuging at 10,000 g for 1 h at 4 °C by using a
refrigerated centrifuge. The residue was dissolved in 1 M
acetic acid with a minimum volume and lyophilized.
The yield of ASC was calculated from the percentage of
the dry weight of collagen extracted in comparison to
the wet weight of the lamuru fishbone.

DEGREE OF COLLAGEN HYDROLYSIS

One gram of collagen sample was dissolved in 100 mL of
distilled water and then heated at 60 °C for 15 min. Then,
the mixtures were filtered and the filtrate obtained was
further used as the substrate. Furthermore, 0.1 U/mg of the
collagenase enzyme (from Clostridium histolyticum) was
dissolved in a Tris-HCl buffer at pH 7.0. Then, the enzyme
was put into the substrate solution and stirred for 0, 30,
60, 90, 120, and 150 min. The enzyme was deactivated by
heating at a temperature of 50-60 °C, before being filtered
and lyophilized (Bousopha et al. 2016). The degree of
collagen hydrolysis was determined based on the method
by Silvestre et al. (2013) with the precipitation of 20%
trichloroacetic acid (TCA) to produce 10% dissolved
protein fraction and 10% insoluble protein fraction.
Then, 500 pL of frozen collagen samples that had been
thawed at room temperature was added to 500 puL of 20%
TCA, before being homogenized and incubated at 4 °C
for 30 min. The mixture was then centrifuged at 10,000
g for 30 min, and the contents of dissolved and total
protein were analyzed according to Lowry et al. (1951),
where bovine serum albumin (BSA) was used as standard.
The degree of hydrolysis was calculated based on the
formula:

Soluble protein in 10% TCA
DH (%) = 4 =~ x100

Total Protein

CHARACTERIZATION OF CHL BY SDS-PAGE

The characterization of collagen hydrolysate was
evaluated in terms of the molecular weight of the peptide
chain in the hydrolysate from lamuru fishbone by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), as described by Mahboob (2014). First, the
sample was denatured by dissolving the CHL in 0.02 M
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sodium phosphate containing 1% SDS and 3.5 M urea. The
mixtures were centrifuged at 10,000 g for 10 min at room
temperature and then the supernatant was mixed with
buffer (0.5 M Tris—HCI, pH 6.8, containing 4% SDS, and
20% glycerol) at a ratio of 1:1 (v/v). Second, the mixtures
and markers were loaded onto a polyacrylamide gel and
a constant current of 20 mA/gel was passed through it for
75 min. The gel was stained with 0.05% (w/v) Coomassie
Brilliant Blue R-250 to locate the protein bands; the
staining was performed overnight.

CHARACTERIZATION OF CHL BY FTIR AND UV
ABSORPTION SPECTRUM

Characterization of CHL by Fourier transform infrared
(FTIR) spectroscopy and ultraviolet (UV) absorption
spectroscopy was evaluated based on Zhao et al.
(2018). FTIR spectra were obtained using the KBr disc
method, and the mixture ratio of weight was about 1:25
(sample:KBr). The spectra were assayed by an infrared
spectrophotometer at 4000 to 400 cm' (Shimadzu). The
UV absorption spectrum of CHL was measured using an
ultraviolet spectrophotometer (Shimadzu). CHL (10 mg)
was dissolved in 10 mL of 0.5 M acetic acid. UV spectra
were measured between 200 and 600 nm at a scan speed
of 2 nm/s with an interval of 1 nm.

DPPH RADICAL SCAVENGING ASSAY

The DPPH radical scavenging assay was adopted from
the method by Nur et al. (2019) with slight modifications.
In summary, 0.4 mM DPPH solution and various
concentrations of CHL with a serial dilution from 100-
500 pgmL-' were prepared. Each serial dilution of sample
solution was added to 1 mL of DPPH solution. The mixture
was made up to 5 mL with ethanol in the flask. The mixture
was left to stand for 30 min at room temperature and the
absorbance was measured with a UV-Vis spectrophotometer
at a wavelength of 515 nm. Antioxidant activity was
calculated based on the percentage of inhibition of DPPH
activity by samples compared to DPPH solutions (blank
solution) without sample solutions. The IC,, value was
determined based on linear regression equations obtained
from plots of the percentage inhibition vs. the concentration
of sample solution. The percentage of DPPH radical
scavenging activity was measured using the formula:

(Abs CHL — Abs blank)

0,
“Abs blank x100%

Percentage of radical scavenging activity =

FERRIC REDUCING ANTIOXIDANT POWER (FRAP) ASSAY

The FRAP assay was analyzed based on the coloring
method by Nur et al. (2019). Ferric chloride solution (3
mM in 5 mM citric acid) and TPTZ solution (1 mM in
0.05 M hydrochloric acid) as reagents and ferrous sulfate
as a standard solution were prepared. Then, 500 pL of the
CHL was added to 100 pL ferric chloride solution and 2
mL TPTZ solution. The sample mixture was measured at
615 nm and the absorbance data were calculated against
a series of concentrations of ferrous sulfate as a standard
curve and recorded as an equivalent to uM Fe?**/g sample.
The FRAP value is the percentage of reduction of Fe*" to
Fe*" by the sample with FeSO, expressed as pM/g of dried
collagen hydrolysate.

ALPHA GLUCOSIDASE INHIBITORY ACTIVITY

Alpha glucosidase inhibitory activity was determined
according to Elya et al. (2012). In this study, a-glucosidase
(0.5 unit mL""), 0.1 M phosphate buffer pH 6.9
containing bovine serum albumin, p-nitrophenyl-a-
D-glucopyranoside (PNPG) 5 mM as the substrate and
acarbose as the positive control were prepared. Then, 10
pL of CHL and acarbose in various concentrations were
dissolved in buffer solution. Each sample and acarbose
solution with different concentrations were placed into
the welled plate and substrate solution was added before
being incubated at 37 °C for 15 min. Subsequently, the
mixture was added with 20 pL of enzyme solution 0.5 U
mL" and incubated at 37 °C for 15 min. The enzymatic
reaction was stopped by adding 80 pL of 0.2 M sodium
carbonate (Na,CO,) solution. The absorbance of the test
solution into the well plate was read in the microplate
reader at 405 nm. The level of enzyme resistance by the
CHL was expressed in the following formula:

Abs blank — Abs CHL
Abs blank

Percentage of inhibition = x100%

RESULTS AND DISCUSSION

EXTRACTION AND ISOLATION OF COLLAGEN FROM FISH
BONE

This research was carried out with the process of the

removal of non-collagen protein and impurities such as

fat in fishbone so that collagen dissolves easily when



extracted through immersion with an alkaline solution.
The use of alkaline solution (NaOH) was chosen as it is
more effective at removing non-collagen proteins with
very little collagen lost (Zhou & Regenstein 2005). This
is because non-collagen proteins from lamuru fish have
already been removed, and soaking the sample with
NaOH also causes the helical bonding of collagen to
begin to stretch, so that it can bind water and make the
bone structure softer. On the other hand, collagen is also a
connective tissue of proteins that is more difficult to extract
than other proteins, meaning that non-collagen proteins
will dissolve first during the removal by using NaOH. The
next step was immersion using an acetic acid solution,
which aims to obtain a high yield of collagen. In the
extraction with acetic acid, there is a material change where
immersion in the acid causes the bloating of bones, and
the bones become softer due to the entry of solvent into the
collagen fibers. This is important because it can support
the collagen extraction process through the disruption of
non-covalent bonds and ultimately facilitate extraction
and increase collagen solubility (Zhou & Regenstein 2005).
The filtrate obtained was then precipitated via a salting-
out process using NaCl (0.9 M). The addition of high

Degree of Hydrolysis (%)

0 20 40 60
Times Hydrolysis (minutes)
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concentrations of salt will cause salting out, where salt
binds the water and causes the aggregation of proteins so
that protein molecules will settle as wet collagen residues
(Zayas 1997). The precipitated protein was then freeze-
dried and a collagen yield value of 6.6% was achieved.

DEGREE OF HYDROLYSIS (DH)

The dried collagen that was obtained was then treated
with enzymatic digestion hydrolysis so that it could
release amino acid peptides from collagen proteins and
form collagen hydrolysates (Ulagesan et al. 2018). In
our research, the hydrolysis of collagen from lamuru
fishbone was carried out using the enzyme collagenase
obtained from Clostridium histolyticum. Nasri etal. (2013)
reported that the success of the hydrolysis process and
the resulting amino acid content depends on the enzyme
used and the hydrolysis time. Determination of the
degree of hydrolysis (DH) can be used as an indicator of
the magnitude of the peptide bond undergoing breakage.
During hydrolysis, proteolysis monitoring parameters
were determined at various times, i.e. at 0 to 150 min with
30 min intervals. The results of the DH obtained can be
seen in Figure 1.

80 100 120 140 160

FIGURE 1. Degree of hydrolysis graph from fishbone
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Figure 1 shows that the longer the hydrolysis time,
the higher the percentage degree of hydrolysis; the peak
of hydrolysis occurred at 120 min, with a percentage of
the degree of hydrolysis of 31.71%, while at 150 min,
there was a decrease in the percentage of the degree of
hydrolysis by 28.82%. In this case, it can be seen that
the substrate has been completely bound to the enzyme
and the enzyme has been saturated with the substrate.
According to deMan (1999), the process of converting
collagen to collagen hydrolysates involves three changes,
namely breaking the limited number of peptide bonds to
shorten the chain, breaking or disrupting a number of side
bonds between chains and changing the configuration of
the chain. Meanwhile, according to Poppe (1992), the
conversion of water-insoluble collagen to water-soluble
collagen hydrolysates causes the breaking of hydrogen
bonds between the three free chains.

CHL GEL ELECTROPHORESIS PROFILE FROM FISHBONE

The results obtained from gel electrophoresis are in the
form of separated protein bands based on differences in

kDa M

Bl B2

molecular weight equivalent to the length of the protein
chain. Figure 2 shows the pattern of electropherogram
bands, where as many as four clearly visible protein
bands with similarities to markers (BIO 5150) were found.
There are two major bands, namely band I and IV, with
molecular weights in the range of 135-180 kDa and 25-
35 kDa, respectively, whereas the other two minor bands
(the figures unclear) are bands II and III with molecular
weights in the range of 100-135 kDa and 35-48 kDa,
respectively. Band II shows the existence of alpha (a)
chains, which may contain al and o2. In contrast, on
band I with the high molecular weight, a beta (B) chain
is visible, which shows that there are cross-links in the
protein molecules (Jamilah etal. 2013; Ogawa et al. 2003).
Based on the band pattern, CHL has an average molecular
weight ranging from 35,000-180,000 Daltons and is a
type I collagen. These results are similar to the molecular
weight of collagen from different sources in the studies
of Ogawa et al. (2003), Liang et al. (2014), and Zhao et
al. (2018).

I. B chains (135-180 kDa)
11. 100-135 kDa (a chains)

11l. 35-48 kDa

V. 25-35 kDa

FIGURE 2. SDS-PAGE pattern of CHL from fishbone (line M=
marker BIO 5150, line B1/B2 = CHL fishbone (two replicates)



UV SPECTRA ABSORPTION OF CHL FROM FISHBONE

Figure 3 shows the results of CHL characterization using
a UV-Vis spectrophotometer at a wavelength of 200-300
nm. The measurement results for CHL in 0.1 M acetic acid
provide maximum absorbance at a wavelength of 233 nm.
This indicates the existence of a spectrum of polypeptide
bonds in collagen where the wavelength uptake for
collagen is in the range from 200-250 nm. The same
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thing was reported by Liu et al. (2007) and Zhang et al.
(2010), in collagen obtained from catfish and silver carp,
respectively, who showed an absorbance at wavelengths
of 232 and 230 nm, respectively. The maximum absorbance
at 220-240 nm may be associated with the groups C=0,
—COOH, and CONH, in polypeptide chains of collagen. The
absence of a bonding spectrum at a wavelength of 280 nm
indicates that collagen does not contain the amino acid
tryptophan (Pal & Suresh 2017; Zhao et al. 2018).

21870

FIGURE 3. UV absorption spectra of CHL from fishbone

FTIR SPECTRA OF CHL FROM FISHBONE

FTIR data results from CHL have similarities to the peak
absorption of FTIR spectra obtained by Kong and Yu
(2007), Liang et al. (2014), Muyonga et al. (2004), Pal
and Suresh (2017), and Zhao et al. (2018). The FTIR
spectrum of CHL showed the presence of Amide A and

B groups, and Amide I, I1, and III groups (Figure 4). The
spectra area that shows the presence of collagen can be
seen in Table 1. Based on Figure 4, it can be seen that
CHL from fishbone contains the Amide A group with a
vibration peak at wavenumber 3444.87 cm! where N-H
stretching of the amide group is associated with the O-H
bonding of hydroxyproline (Pal & Suresh 2017; Zhao et
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al. 2018). Then, the peak at wavenumber 2924.09 cm
in CHL indicates the presence of the Amide B group.
Kong and Yu (2007) reported that the Amide B vibration
was formed from the asymmetrical stretching of CH,.
Furthermore, there is a peak at wavenumber 1618.28
cm™ in CHL indicating the presence of Amide group
I. Zhao et al. (2018) reported that the presence of the
Amide I group showed the presence of C=0O bonds
which are characteristic of the collagen polypeptide
skeleton. The peak at wavenumber 1566.2 cm™ in CHL

indicates the presence of Amide II. Kong and Yu (2007)
reported that Amide II is associated with the presence of
stretching C-N and N-H bending groups. The presence of
a peak at wavenumber 1244.09 cm! in collagen indicates
the presence of the Amide III group, which correlates
with the presence of a pyrrolidine ring on proline and
hydroxyproline amino acids (Matmaroh et al. 2011; Pal
& Suresh 2017). The presence of Amides II and III in
the CHL shows that the helical structure of the resulting
collagen has the characteristics of a triple helix collagen
(Muyonga et al. 2004).

TABLE 1. FT-IR spectra peak locations and their assignment for CHL from fishbone

Wavenumber (cm™)

Region Assignment Reference
CHL Vibration area
Amide A 3446 3300-3500 N-H stretching coupled with hydrogen bonding (Muyonga et al. 2004)
Amide B 2924 2915-2935 Asymmetrical stretching CH, asymmetrical (Muyonga et al. 2004)
stretching
- 2852 2800-2900 CH,-symmetric stretch: mainly proteins (Pal & Suresh 2017)
Amide [ 1618 1600-1700 C=0 stretch/hydrogen bond coupled with COO- (Pal & Suresh 2017)
- 1743 1600-1700 C=0 stretch/hydrogen bond coupled with COO- (Liang et al. 2014)
Amide II 1566 1480-1575 NH bend coupled with CN stretching (Muyonga et al. 2004)
- 1456 - CH,-asymmetric bending (Pal & Suresh 2017)
- 1421 - COO-symmetrical stretch (Pal & Suresh 2017)
Amide 111 1244 1229-1301 NH bend coupled with CN stretch (Liang et al. 2014); (Muyonga
et al. 2004)
- 1099 - C-O Stretching (Pal & Suresh 2017)
- 1056 - C-O Stretching (Pal & Suresh 2017)
- 1029 - C-O Stretching (Pal & Suresh 2017)
- 659 - Skeletal stretching (Liang et al. 2014)
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FIGURE 4. FTIR spectrum of CHL from fishbone

DPPH RADICAL SCAVENGING ACTIVITY OF CHL

The antioxidant activity assay of CHL from lamuru
fishbone was carried out using the DPPH radical scavenging
method. The DPPH radical scavenging method was
chosen because it requires a small volume of samples,
and is simple, easy, fast and sensitive when evaluating
the antioxidant activity of natural compounds. The
mechanism of this method is based on the fact that DPPH
will be reduced by the hydrogen or electron donation
process so that the color will change from violet to yellow
with color intensity proportional to the number of electron
donations followed by a decrease in absorbance (Nur
et al. 2019; Prakash et al. 2007). Determination of the
maximum wavelength optimization of DPPH solution
was done at 515 nm, because DPPH radicals can be
detected at this wavelength (Prakash et al. 2007). The
antioxidant activity of collagen hydrolysate is influenced
by its amino acid composition. Collagen hydrolysate
contains aromatic amino acids which have an antioxidant
role (Chi et al. 2015; Ulagesan et al. 2018). The results
show that the antioxidant activity of CHL using DPPH

radical scavenging method has an IC50 value of 495.5
pgmL-1. This shows that concentration 0f495.5 pgmL-1
can inhibit DPPH radical activity by 50%. At the highest
concentration (500 pgmL-1), the CHL provided DPPH
radical reduction activity reached 51.45+1.24% (Figure
5). Figure 5 shows a trend of increasing the percentage
of inhibition of CHL with increasing concentrations of
sample solution. The amount of antioxidant activity
of CHL from fishbone has similarities to the research
conducted by Liu et al. (2012) and Wang et al. (2013)
about collagen hydrolysates from cod skin and scales of
croceine croaker, respectively.

FERRIC REDUCTION ANTIOXIDANT POWER (FRAP) OF
CHL

The antioxidant activity of CHL was also tested by the
ferric reduction antioxidant power (FRAP) method. The
antioxidant activity test using the FRAP method can
determine the total antioxidant content of an ingredient
based on the ability of antioxidant compounds to reduce
Fe** ions to Fe?. Consequently, the antioxidant power
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Treatment Conc (ng/mL) Inhibition (%) 1Cs (ng/mL)
CHL 100 17.55+1.19 485.9
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FIGURE 5. Graph of DPPH radical scavenging activity of CHL fishbone as
the sample and ascorbic acid as the positive control. The data of percentage
inhibition were expressed as mean + SD with triplicate (n=3)

of a compound is analogous to the ability to reduce
that compound. The ability to reduce from a sample is
characterized by an increase in the intensity of the color
to Prussian blue from the sample solution (Apak et al.
2007; Nur et al. 2019). The reducing power of a sample
shows its ability as an electron donor and that it can react
with radicals to convert it to a stable form and end the
radical chain (Apak et al. 2007). The determination
of antioxidant capacity was calculated as FeSO, using a
standard curve which is equivalent to Fe?". Determination
of the antioxidant activity of the FRAP method was based
on a linear regression equation from the standard FeSO,
curve. Furthermore, from the absorbance data obtained,
its antioxidant activity can be seen using the standard
curve equation. From the results obtained, the antioxidant

activity of CHL (FRAP value) was able to reduce Fe** to
Fe?* by 711.27 uM/g. The greater the FRAP value of a
sample, the greater the antioxidant activity.

THE o-GLUCOSIDASE INHIBITORY ACTIVITY

The collagen hydrolysate was then tested for
a-glucosidase inhibitory activity. This test was
performed using the colorimetric method in which
p-nitrophenyl-D-glucopyranoside (pNPG) as a substrate
is hydrolyzed into p-nitrophenol and D-glucose
compounds by the a-glucosidase enzyme, causing a
yellow color change (Cihan et al. 2010). The higher
the intensity of the yellow color in the solution, the
more p-nitrophenol has been formed. The presence of



collagen hydrolysate is expected to inhibit the binding
of the substrate to enzymes, meaning that the intensity of
the yellow color produced will fade (Cihan et al. 2010).
The IC50 values describe the concentration of CHL needed
to inhibit 50% of the a-glucosidase enzyme activity under
test conditions. The smaller the IC50 value, the better
the quality of the enzyme inhibition (McPherson 2011).
This indicates that the smaller the IC50 value, the more
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potent its compound. In our research, acarbose was used
as a positive control, as this has been widely used as an
inhibitor of the a-glucosidase enzyme, and a negative
control that is a mixture of buffer, substrate, and enzyme
without the addition of inhibitors. The absorption of
samples was measured using a microplate reader at a
maximum wavelength of 405 nm. The results obtained
are shown in Table 2.

TABLE 2. The a-glucosidase inhibitory activity of CHL fishbone

Conc. (ug/  Inhibition (%) IC,,
mL) (mg/mL)
100 17.41+0.25
Sample 200 22.54:0.99
CHL* 300 30.74+0.46 574
400 33.23+0.39
500 47.81+0.36

Conc. (ug/  Inhibition (%) IC,,
mL) (ng/mL)
2.5 32.25+0.37
Positive 5 45.54+0.98
Control™ 7 5 63.91+0.93 5.8
10 71.05+0.23
12.5 72.75+068

The data were express as mean +SD with triplicate (n=3). *Collagen hydrolysate from fishbone as sample. **Acarbose as positive control

Table 2 shows that the CHL sample and acarbose
have IC,, values of 574 and 5.82 ug/mL, respectively.
This shows that CHL, with a concentration of 574 pg/
mL, was able to inhibit the activity of a-glucosidase by
50%. This is different from acarbose as a positive control
which, at a concentration of 5.82 pg/mL, can inhibit the
activity of a-glucosidase by 50%. The inhibitory activity
of CHL is lower than that of acarbose which is likely to be
affected because the collagen hydrolysate obtained has
not yet been purified. Nevertheless, CHL from fishbone
can inhibit the activity of the a-glucosidase enzyme with
the result that it can be used as a supportive therapy for
the treatment of diabetes mellitus.

CONCLUSION

The extraction, isolation and hydrolysis process of
collagen from lamuru (Caranx ignobilis) fishbone has been

successfully carried out and classified as collagen type 1.
the collagen hydrolysates that have been obtained have
good antioxidant activity and are able to inhibit the enzyme
a-glucosidase so that it can be developed as a remedy for
a variety of disorders caused by oxidative stress, such as
diabetes mellitus.
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