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Abstract
This study aimed to investigate the potency of fish protein hydrolysates (FPH) of stripe trevally fish (Selaroides
leptolepis) as antioxidant and ACE inhibitor. The FPH was produced through enzymatically hydrolysis using protease
produced by Bacillus licheniformis, a collection of Research and Development Center for Marine and Fisheries
Product Processing and Biotechnology (RDCMFPPB). The FPH was fractionated using ultrafiltration membranes
with molecular weight cut off (MW CO) of 10, 5 and 3 kDa. The hydrolysis degree, protein content, peptide content,
antioxidant activity and Angiotensin-converting enzyme (ACE) inhibitor were observed. The result showed that FPH
had maximum hydrolysis degree of 63.91% reached after 6 hours hydrolysis with protein content of 27.43 mg/mL
and peptide content of 223.32 mg/mL. That FPH showed antioxidant activity (IC50) of 1941.06 ppm and ACE inhibitor
of 87.82% at test concentration of 10 mg/mL. In the ultrafiltration step, the higher molecular cut off used, the higher
protein content and peptide content. The lower molecular weight of the hydrolysate, the better antioxidant and ACE
inhibitor activity. The best fractionation that produce potential product to be used as anti-hypertension was in mixture
peptides between 3-5 kDa. The IC 50 antioxidant activity was 1336.96 ppm and percentage of ACE inhibitor was
97.15% % (with a concentration of 10 mg/mL). From the results, protein hydrolysate of stripe trevally fish produced
by enzymatic hydrolysis using local protease was potential as a functional ingredient, particularly as antihypertensive
agent.
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1. Introduction
Fish protein hydrolysate (FPH) is a product
produced by protein hydrolysis process. Protein
hydrolysis are made by cutting peptide bonds on
proteins using acids, bases or enzymes (Adler-Nissen
1986). Among those methods, enzymatic hydrolysis
is preferable because enzymatic reactions are not
extreme, easy to control, minimize by-products
formation and do not reduce the nutritional value of
the protein. The hydrolysis result is mixed of shorter
protein, peptide, and free amino acid.
According to Murray and FitzGerald (2007),
peptides is potent ial as antioxi dant and
antihypertensive. Antioxidants are compounds that
capable to inhibit the oxidation processes (Valko et
al., 2007). Based on the source, the antioxidants are
divided into two, i.e natural and synthetic. Natural

antioxidants can be obtained from food sources such
as vitamin C, vitamin E, phenolic compounds, and
flavonoids, while synthetic antioxidants such as
but ylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), tertiary butylhydroquinone
(TBHQ) and propyl gallate. The use of synthetic
antioxidants in food needs strict standards, as they
are potentially harmful to health (Park, Jung, Nam,
Shahidi, & Kim, 2001). Meanwhile, hypertension is a
disease caused by the unbalanced mechanism of
renin angiotensinogen in the body. Renin catalyzes
the angiotensinogen substrates that are produced by
liver into the active compound angiotensin I. These
compounds are subsequently catalyzed by the
enzyme ACE (angiotensin-I converting enzyme) from
the lungs into angiotensin II. Changes in angiotensin
I to II lead to increase the aldosterone secretion,
sympathetic nervous activity, salt retention, and
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vasoconstriction of blood vessels to increase (Kearney
et al. 2005).
Antioxidants and ACE inhibitors are present
naturally in most food ingredients (Baehaki, Lestari,
& Romadhoni, 2015). Several studies on antioxidant
activity and ACE inhibitors from protein hydrolysate
have been performed. Klompong et al. (2009) have
reported hydrolysis of stripe trevally fish using alcalase
enzyme and produced peptide that was potential as
antioxidant. Hydrolysis of sardines using alcalase
enzymes conducted by Bougatef et al. (2010) has
resulted peptides with antioxidant activity. Ji, Zhang,
Li, Zhao and Zhou (2011) reported hydrolysis of
Pseudosciaena polyactis using alcalase enzyme
produced a peptide with antioxidant activity of IC50
1784 ppm. Khirzin, Sukarno, Yuliana, Fawzya and
Chasanah (2015) reported peptides of sea cucumbers
hydrolysate, which were hydrolysed using papain
enzyme, showed ACE inhibitor activity of 82.31%
using 10.000 ppm concentration. Toopcham, Mes,
Wichers, Roytrakul, and Yongsawatdigul (2017)
reported peptides from tilapia hydrolysate, hydrolysed
using V. halodenitrificans protease, can inhibit ACE
by 89.3% with IC50 value of 0.29 M. Ahn, Jeon, Kim,
and Je (2012) reported the use of alcalase enzymes
to hydrolyse salmon byproducts and obtaining 3
purified peptides with ACE inhibitor activity having IC50
value of 7.72 M, 9.10 M and 10.77 M.
This study aimed to investigate the potential of
enzymatically hydrolyzed stripe trevally f ish
(Selaroides leptolepis) as antioxidants and ACE
inhibitor.
2. Materials and Methods
The fish used for the study was obtained from
Muara Angke market. Preparation of FPH from stripe
trevally fish was conducted using protease produced
by RDCMFPPB. The FPH was fractionated using
ultrafiltration membranes with MWCO of 10, 5 and 3
kDa. Degree of hydrolysis of protein (DH) (Hoyle &
John,1994), antioxidant activity (Li et al., 2006), ACE
inhibitors (Nakamura et al., 1995), protein content
(Lowry, Rosbrough, Farr, & Randall, 1951) and peptide
content (Church, Swaisgood, Porter, & Catignani,
1983) were conducted to characterize the FPH.
Vitamin C was used as antioxidant control (7.38 ppm),
while captopril was used as positive control of ACE
inhibitor in concentration of its application, ie. 10 mg/
mL.
The experiment was conducted in triplicates. All
data were analyzed using completely randomized
design, except antioxidant activity was analyzed
descriptively. The data obtained were then analyzed
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using ANOVA with Duncan’s advanced test at 5% level
using software SPSS version 16.
2.1. Preparation of Stripe Trevally Fish Protein
Hydrolysate
Fish flesh was chopped and blended with water
(ratio 1:2 w/v). Protease enzyme (500 U/25g of meat)
was added, then hydrolysed at 55°C. Hydrolysis
process was conducted gradually at 0, 3, 5, 6, 7, 8
and 9 hours, followed with enzyme inactivation at 8090°C for 20 minutes. The supernatant (FPH) was
obtained by separation using centrifuge (8000 x g) for
10 minutes.
2.2. Fractionation with Ultrafiltration Membrane
The protein hydrolysate was fractionated using
ultrafiltration membranes with molecular weight cut
off (MWCO) of 10, 5 and 3 kDa at 10 psi, 20 °C. The
fractions obtained were then characterized.
3. Results and Discussion
3.1. Characteristics of Fish Protein Hydrolysate
In the process of making protein hydrolysate, one
of which needs to be considered is the flavor generated
by the hydrolysate it self. Based on the literature study,
the selection of enzymes used has an influence in
causing a bitter taste of protein hydrolysate. Research
conducted by Hoyle and John (1994) reported that
herring protein hydrolysate using papain enzyme
produced FPH that was bitter compared with that
produced using alcalase. In this study, bitter-free
hydrolysate was used as screening of choosing the
protease-producing microbes used in this study. B.
licheniformis protease produced bitter-free FPH was
finally chosen. The bitter taste of the product related
to the hydrophobic amino acid residues (FitzGerald
& Cuinn, 2006).
The characteristics of the stripe trevally fish
(Selaroides leptolepis) protein hydrolysate obtained
by enzymatically hydrolysis using protease are shown
in Table 1. The results showed that the optimum
hydrolysis degree was reached after 6 hours (63.91%).
It produced FPH with highest protein and peptide
content, best antioxidant activity and ACE inhibitor
value. The duration of hydrolysis had a significant effect
on the degree of hydrolysis (p<0.05). Along the
hydrolysis process, the degree of hydrolysis was
increased until 6 hours and then decrease. The degree
of hydrolysis (DH) describes the percentage of cleaved
peptide bonds during hydrolysis and resulting in short
peptides (Nielsen, Petersen, & Dambmann, 2001).
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Table 1. Characteristics of FPH
Time of hydrolysis
(hour)

Control (+)

DH (%)

Protein Peptide Antioxidant
ACE
(mg/mL) (mg/mL)
Inhibitor (%)
IC50 (ppm)

0

27.49d

12.04e

177.74e

4661.92

67.73c

3

45.77c

17.26d

197.43d

2990.99

56.70d

5

b

53.30

c

24.77

b

207.23

3163.75

81.82b

6

63.91a

27.43a

223.32a

1941.06

87.82a

7

54.39b

26.28b

207.18b

2077.88

80.03b

8

51.59b

25.37c

203.48c

2843.25

80.69b

9

b

c

c

Vit. C
Captopril

50.78
-

25.30
-

202.02
-

2203.51
7.69

81.69b
-

-

-

-

-

95.89

Note. different alphabet indicates significant difference (P<0.05)
The use of different enzymes and raw materials
(substrate) also affects the optimum hydrolysis time
of fish protein. Nurhayati, Salamah, and Hidayat
(2007) reported the optimum DH of stripe trevally fish
using papain enzyme was reached at 6 hours.
Nurhayati, Salamah, Cholifah, and Nugraha (2014)
reported that highest DH of papain enzyme for lates
calcarifer was achieved at 4 hours of hydrolisis time.
Moreover, Nurhayati, Desniar, and Suhandana (2013)
also reported that optimum DH of tuna heads using
papain enzyme achieved at 3 hours of hydrolisis time.
The results (Table 1) showed that time of hydrolysis
significantly affected the protein content yield
(P<0.05). After 6 hours of hydrolysis (the optimum
DH), the protein content was increased from 12.04 to
27.43 mg/mL. Nurhayati et al. (2007) reported that
hydrolisis of the Caranx leptolepis FPH using papain
enzyme increased the protein content from 64.27%
to 66.17% (dry basis). Thus it can be concluded that
all the proteins present in the raw materials (fish) were
converted into the dissolved proteins.The increasing
protein content of hydrolysate products was occurred
because, during the hydrolysis process, the waterinsoluble proteins are transformed into simpler
compounds such as peptides and amino acids
(Ovissipour, Safari, Motamedzadegan, & Shabanpour,
2009).
Along with the increased of the DH, the peptide
content is also increased. The highest peptide content
achieved at 6 hours treatment which also the optimum
DH. The results obtained are in line with those reported
by Nielsen et al. (2001) that the levels of soluble
proteins and peptides increase as the degree of
hydrolysis increases. In this study, peptide content
was analysed based on free amino acid present in
the mixture using O-pthalaldehyde (OPA) method

(Mahmod et al., 2011), while the protein content was
analysed based on Lowry method which measure
peptide bond of protein. That is the reason why the
peptide content resulted from protein hydrolysis was
much higher than the protein content itself.
The best antioxidant activity was also obtained at
6 hours hydrolysis with IC50 of 1941.06 ppm. During
hydrolysis process, a peptide bond is cleaved and
numbers of amino acids are freed. He, Cao, Zhao,
and Zhang (2013) reported that on the hydrolysis
process, the proteins that are susceptible to oxidation
are released into new peptides with a specific
sequence. Hydrophobic amino acids such as
methionine, proline, phenylalanine, and tryptophan can
increase the activity of antioxidant peptides (Ren et
al., 2008).
The results of the ACE inhibitor activity test showed
that the protein hydrolysate from each sample had a
significant (p<0.05) difference of capabilities (Table 1).
FPH product (6-h hydrolysis) in concentration of 10
mg/mL inhibited 87% ACE activity. In 0 hour treatment,
ACE inhibitor activity is higher than the 3 hours
treatment but lower than 5-9 hours treatment. It may
relate to the size and structure of the peptides resulting
from the hydrolysis process. Mirdhayati, Hermanianto,
Wijaya, Sajuthi, and Arihara, (2015) reported that a
lower degree of hydrolysis lead the contained peptide
in the hydrolysate to be larger so that the affinity
towards the ACE active side becomes weak. The
results of the analysis showed that the duration of
hydrolysis had a significant effect on the ACE inhibitor
(p <0.05).
3.2. Fractionation with Ultrafiltration Membrane
The best FPH was then fractionated using
ultrafiltration membranes with molecular weight cut
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off (MWCO) of 10, 5 and 3 kDa. Four (4) different
fractions were obtained, i.e > 10 kDa, fraction of 10-5
kDa, fraction of 5-3 kDa and fraction <3 kDa (Table
2).

C with an IC50 value of 7.38 ppm. When compared
with vitamin C, the protein hydrolysate from the fish
studied was not potentially used as an antioxidant.
The study of Ranathunga, Rajapakse & Kim (2006)
reported that the hydrolysis of conger eel (Conger
myriaster) fractionated using ultrafiltration (> 5 kDa,
3-5 kDa, 1-3 kDa and <1 kDa) resulted in the peptide
with a molecular weight of <1 kDa which had an
antioxidant activity of 79%. Jun, Park, Jung & Kim
(2004) fractionated the yellow fin sole hydrolysate
(Limanda aspera) using 30, 10, 5, 3, and 1 kDa
ultrafiltration and reported that the highest antioxidant
activity was at the fraction of 5 kDa. Luo, Wang, Li,
Chi, Zhang & He (2013) reported that Sphyrna lewini
hydrolysate using papain enzyme with ultrafiltration
(<1, 1-3, 3-10, and >10 kDa) produced a peptide with
a molecular weight of <1 kDa and antioxidant activity
of 25.76 ± 1.20%.

The difference in molecular weight gave a
significant effect (P<0.05) on the protein and peptide
content showed by Duncan’s advanced test results.
In the ultrafiltration process, the particles with greater
molecular weight than the membrane cut off will be
retained on the membrane surface (retentate) while
smaller molecules will pass through the membrane
(permeate) and collected as ultrafiltrate (Smith, 2017).
The smaller size of the stripe trevally fish fractions,
the smaller the protein content (Table 2). This result
is in agreement with Riyanto, Uju & Halimi (2012) that
reported the protein content of the tuna hydrolysate
tends to decrease after the ultrafiltration process from
0.42 mg/mL (retentate) to 0.14 mg/mL (permeate).
Yadav et al. (2016) reported that residual protein
content of whey fermentation decreased after
ultrafiltration process from 27.7 g/L (retentate) to 4.6
g/L (permeate).

According to Table 2, a fraction of 3-5 kDa showed
the highest ACE inhibitor value of 97%. Based on this
result, it was assumed that fractions with smaller MW
have better activity. The statistical test showed that
the difference in molecular weight had a significantly
different effect (P<0.05) on the ACE inhibitor. The
positive control that used in this study was captopril
in apllication concentration, i.e 10 mg/mL. It means
that fish hydrolysate produced in this study especially
the one that is pure enough might potentially be used
as hypertension treatment but weak as antioxidant.

Large size of protein has a low bioactivity while
the protein that has been hydrolyzed or with a smaller
size will has better bioactivity (Mahmod et al., 2011).
According to Clemente (2000); Kristinsson and Rasco
(2000) in general, short-chain peptides of smaller
molecular weights have higher bioactivity than proteins
in their intact form. Small molecular weight peptides
lead to high solubilit y and bioav ail abil ity
(Hajirostamloo, 2010; Kristinsson & Rasco, 2000). It
will quickly spreads and be absorbed on the target
surface (Gbogouri, Linder, Fanni, & Parmentier, 2004).

Ngo, Vo, Ryu & Kim (2016) reported that the
hydrolysis of codified skin using pepsin enzyme and
fractionated using several ultrafiltration (<1 kDa, 1-5
kDa, 5-10 kDa and >10 kDa) resulted peptide with a
molecular weight of <1 kDa which had ACE inhibitor
activity of 70%. Roslan, Siti, Yunos, & Abdullah (2017)
fractionated the protein hydrolysate from tilapia fish
products (tail and boneheads) using alcalase and
fractionated with 10 and 5 kDa, showing the 5 kDa
fraction had highest ACE inhibitor activity (71.83%

Table 2 shows that the antioxidant activity of the
5-3 kDa fraction exhibited the smallest IC50 value
(1336.96 ppm). Fractions with smaller MW potentially
had better antioxidant activity. The positive control that
was used as a comparison in this study was vitamin
Table 2. Characterization of 4 fractions of FPH

Fraction (kDa)

Control (+)

Protein Peptide
(mg/mL) (mg/mL)

IC50 Antioxidant ACE Inhibitor
(%)
(ppm)

>10

19.31a

357.96a

3099.33

63.87b

-10-5

14.21b

235.68b

2426.65

90.35a

-5-3

11.85c

216.24d

1336.96

97.16a

<3

9.00d

226.10c

1370.43

90.61a

-

-

7.69

-

-

-

-

95.89

Vit. C
Captopril

Note: different alphabet indicates significant difference (P<0.05)
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inhibition). Lee, Qian & Kim (2010) study about tuna
bone hydrolysate using a pepsin enzyme and
fractionated with several ultrafiltration membrane (<1,
1-5, 5-10 kDa). The resulted peptide of 1-5 kDa
molecular weight had the highest ACE inhibitor activity
of 91.6% inhibition. Samaranayaka, Kitts, & Li-Chan
(2010) reported that the most ACE inhibitors were
those with smaller MW, short chain peptides with
amino acid residues 2-12 amino acids and polar
containing some hydrophobic (aromatic or side chain
branching) amino acids on the sequence.
Results of this study indicate that hydrolysate
stripe trevally fish (Selaroides leptolepis) using local
protease enzyme has peptides that is potential for
(weak) antioxidants and ACE inhibitors. This peptide
is expected to be used as functional food ingredient
particularly as antihypertensive agent.
4. Conclusion
Fish protein hydrolysate which was produced using
local protease enzyme showed the maximum
hydrolysis degree at 6 hours. When fractionated, the
IC50 of antioxidant activity and percentage of ACE
inhibitor were, i.e 1336 ppm and 63.87-97.15%,
respectively. Peptides in the fraction of 3-5 kDa had
antioxidant activity and ACE inhibitors better than
peptides of larger fractions. Protein hydrolysate of
stripe trevally fish produced by enzymatical hydrolysis
using local protease had a great potential as a
f unctional f ood i ngredient , particul arly as
antihypertensive agent, but weak antioxidant.
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