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ABSTRACT

Influence of hydrolysis time on the functional properties of protein hydrolysates from
sailfish trimmings was studied. Four protein hydrolysates were obtained by hydrolysis of
sailfish trimmings with enzyme Flavourzyme 0.5% at the temperature of 50°C and different
hydrolysis times (2 h, 4 h, 6 h, 8 h). The study results showed that the degree of hydrolysis
increased with the increase of hydrolysis time. The degrees of hydrolysis of the protein
hydrolysates from sailfish trimmings after 2 h, 4 h, 6 h and 8 h of hydrolysis were 18.6%, 25.8%,
29.7% and 30.5%, respectively. The protein hydrolysate from sailfish trimmings after 8 h of
hydrolysis had contents of moisture 7.2%, protein 73.4%, lipid 0.6% and ash 8.6%. The sailfish
trimmings protein hydrolysate had a total amino acid content of 32.87 g/100 g of protein
hydrolysate and essential amino acid content of 12.32 g/100 g of protein hydrolysate. The
ratio of essential amino acids to total amino acids was 37.48%. The protein hydrolysate was
rich in glycine, glutamic, aspartic, proline, leucine and alanine. The solubility of sailfish
trimmings protein hydrolysates increased when hydrolysis time and degree of hydrolysis
increased. The sailfish trimmings protein hydrolysates had solubility in the range of 88.3 -
95.2%. The study results showed that the foaming capacity of sailfish trimmings protein
hydrolysate reached a maximum value (45.8%) at hydrolysis time of 2 h and degree of
hydrolysis of 18.6%. The foaming capacity of protein hydrolysates from sailfish trimmings
decreased when the hydrolysis time increased from 2h to 8h of hydrolysis. The emulsifying
properties of protein hydrolysates obtained after 2 h, 4 h, 6 h and 8 h of hydrolysis of sailfish
trimmings were 29.2 ml/g, 24.9 ml/g, 18.8 ml/g and 17.6 ml/g, respectively. The sailfish
trimmings protein hydrolysates were found to have high nutritional value and good
functional properties. The study results suggested that protein hydrolysates from sailfish
trimmings could be used as a protein source in food systems and were a promising potential

food ingredient.
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1. INTRODUCTION

Seafood processing industry generates up
to 60% by - products including head, frames,
viscera, skin, trimmings, fins, roes, and only
40% fish products for human consumption [1].
The sailfish processing industry generates a
large amount of trimmings, which are a rich
source of protein. High protein content in fish
trimmings make them more perishable, may
bring undesirable effects to environment
pollution. Production of protein hydrolysate
from fish by - products by enzymatic
hydrolysis is one way to add value to fish by -
products. Enzymatic hydrolysis is the process
of breaking down the peptide bonds of the
parent protein using proteases, whereas the
degree of hydrolysis is the ratio of the number
of peptides cleaved to the number of peptide
bonds contained in the protein mass [2].
Enzymatic hydrolysis is one of the most
efficient methods to recover proteins from fish
by - products. Moreover, the enzymatic
hydrolysis of fish proteins improved its
functional properties, including solubility,

foaming capacity and emulsifying capacity.
Fish protein hydrolysates have a high
content of amino acids and are used as
available sources of protein for humans due to
their good functional properties. However,
there is a little information regarding protein
hydrolysates from the sailfish trimmings.
the
hydrolysis time on the functional properties of
the sailfish

Therefore, study on influence of

protein hydrolysates from
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trimmings was necessary. The fish protein
hydrolysates could be used in foods for the
production of nutritional drinks and milk
substitutes. In addition, they could be used as
ingredients to aid in foam formation and
stability in some products such as beer, fresh
cream, and to aid in emulsion formation and
stability in some products such as margarine
and sausages. Fish protein hydrolysates have
been used for incorporation into different food
systems such as cereal products, fish and
meat products, desserts and crackers [3].

2. MATERIALS AND METHODS
2.1. Sailfish trimmings

Sailfish platypterus)
trimmings were provided by Hoang Hai, a

(Istiophorus

seafood processing company in Nha Trang,
Vietnam. The sailfish trimmings were frozen
and transported to the laboratory. After their
arrival, they were thawed and ground in
a grinder through 3 mm plate. The minced
materials were packed in plastic bags (0.5 kg
per unit), frozen and stored at - 20°C until use.

2.2. Enzyme Flavourzyme

Flavourzyme is a fungal protease/peptidase

complex produced by submerged
fermentation of a selected strain of Aspergillus
oryzae and it contains both endoprotease and
exopeptidase activities. The declared activity
was 500 LAPU/g (Leucine Amino Peptidase
Units per gram). This commercial enzyme
was produced by Novozymes A/S (Bagsvaerd,
Denmark). The optimal working conditions
the

Flavourzyme are at 50°C and pH 5- 7.

provided by manufacturer  for
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2.3. Preparation of fish protein hydrolysate
from sailfish trimmings

The four samples of sailfish trimmings was
hydrolyzed with the water/trimmings ratio of
1/1 using Flavourzyme with 0.5% of the weight
of sailfish trimmings (w/w) at 50°C and natural
pH of substract (pH=6) for2h,4h, 6 hand 8
h. After the
inactivated by heating in a water bath at 85°C

hydrolysis, enzyme was
for 15 min. The mixture was centrifuged at
10000 rpm for 20 min to separate the liquid
protein hydrolysate and the sludge. The liquid
protein hydrolysate was then spray - dried to
obtain the protein hydrolysate powder which
was stored in a sealed plastic bag at 4°C until

analyses.
2.4, Analysis methods

The moisture content was determined by
drying the samples in an oven at 105°C until
constant weight. Ash content was measured
by incinerating the samples in a furnace at
600°C. Total nitrogen content was determined
by the Kjeldahl method. Crude protein content
was determined by multiplying total nitrogen
content by 6.25. Lipid content was determined
according to Folch et al (1957) [4]. Amino
acid composition was determined according to
Kechaou et al (2009) [5].
hydrolysis was determined according to
Nguyen ef al. (2011) [6].

Degree of

Solubility of fish protein hydrolysate was
determined according to Klompong et al
(2007) [7].
hydrolysate sample was dispersed in 20 ml of

Each 200 mg of protein

deionized water. The mixture was stirred at
the room temperature for 30 min and

centrifuged at 7500 rpm for 15 min. Protein
content in the supernatant was determined
using the biuret method. The solubility of fish
protein hydrolysate, defined as the amount of
soluble protein from the total protein, was
calculated as follows:

Solubility = (Protein in supernatant/Total
protein in sample) x 100.

Foaming capacity (FC) was determined
according to Amiza et al (2012) [8]. Fish
protein hydrolysate (3 g) was dispersed in 100
ml of distilled water and the mixture was
homogenized for 1 min using a homogenizer
at high speed. The mixture was then poured
into a 250 ml graduated cylinder and the total
volume was read. Foaming capability was
expressed as percentage of volume increase
upon whipping. Foaming capability was
calculated as follows:

FC% =
Volume

(Volume after homogenisation -
before homogenisation) X

100/Volume before homogenisation.

(EC)
determined according to Diniz and Martin
(1997) [9]. Protein hydrolysate samples (0.5 g)
and 30 ml of vegetable oil were added to 60 ml
of NaCl solution (30 g/1) and mixed using a

Emulsification ~ capacity was

homogenizer at 9500 rpm for 30 min. Then,
another 30 ml of oil were added over 1.5 min
and mixed for a further 30 seconds. The mixture
was transferred to centrifuge tubes, held in a
water-bath at 85°C for 15 min, and then
centrifuged at 3000 rpm for
Emulsification capacity was calculated by the

30 min.

following equation:
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EC (ml/g) = (V, - Vi)/Wg where V, was
the volume of oil added to form an emulsion
(ml), Vi was the volume of oil released after
centrifugation (ml), Wy was the weight of
sample (g).

2.5. Statistical analysis

The experiments were carried out in
triplicates. The data obtained were subjected
to one way analysis of variance (ANOVA),
followed by the Duncan’s multiple range test
the
between samples at p<0.05 level using the
SPSS programme (SPSS Version 20.0).

3. RESULTS AND DISCUSSION

to determine significant difference

3.1. Proximate composition of the sailfish
trimmings
The proximate composition of the sailfish

trimmings is shown in table 1.

Table 1. Proximate composition

of the sailfish trimmings
Proximate Sailfish
composition (%) trimmings
Moisture 752 £0.4
Protein 213+0.2
Lipid 15+0.1
Ash 1.2+0.1

Data are expressed as mean = standard
deviation (n=3).

The study result showed that the
moisture content of sailfish trimmings was
75.2%, which was higher than those of tilapia
waste (66.29%) [10] and trout viscera (71.65%)
[11]. The protein content of sailfish trimmings

(21.3%) was far higher than those of carp meat
(18.4%) [12] and eel meat (16.88%) [13]. Lipid
content of sailfish trimmings (1.5%) was lower
than those of carp meat (3.52%) [12] and eel
meat (3.41%) [13]. Ash content (1.2%) of
sailfish trimmings was higher than those of
carp meat (1.07%) [12] and eel meat (0.89%)
[13]. The study result showed that the sailfish
trimmings was a good source of protein which
can be used for production of protein
hydrolysate.

3.2. Chemical composition of protein
hydrolysate from sailfish trimmings

The chemical composition of the protein
hydrolysate from sailfish trimmings after 8 h of
hydrolysis is shown in table 2.

Table 2. Chemical composition of protein
hydrolysate from sailfish trimmings

Proximate composition Content (%)
Moisture 72 +£0.1
Protein 734 +£0.3
Lipid 0.6+0.1
Ash 8.6+0.2

Data are expressed as mean + standard
deviation (n=3).

The protein content of sailfish trimmings
protein hydrolysate was 73.4%, which was
higher than those of salmon head protein
hydrolysates (62.3 - 64.8%) [14] but lower than

those of tilapia waste protein hydrolysate
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(82.19%) [10]
hydrolysate

and trout viscera
(88.32%) [11]. The

trimmings protein hydrolysate had

protein
sailfish
protein
content similar to thornback ray muscle
hydrolysate (73.41%) [15]. The lipid content of
protein hydrolysate from sailfish trimmings
was 0.6%, which was lower than that of
shortfin scad waste hydrolysate (7.55%) [16].
The low lipid content of sailfish trimmings
protein hydrolysate might enhance stability of
the hydrolysate towards lipid oxidation. The
ash content of sailfish trimmings protein
hydrolysate was 8.6%, which was lower than
that of shortfin scad waste hydrolysate (10.4%)

[16].

3.3. Amino acid composition of the protein
hydrolysate from sailfish trimmings

The composition and content of amino
acids indicated the nutritional quality of
sailfish trimmings protein hydrolysate obtained

after 8 h of hydrolysis.

Table 3. Amino acid composition of the
protein hydrolysate from sailfish trimmings

Amino acids Content (g/100 g
protein hydrolysate)
Alanine 228 +0.14
Aspartic 3.58+£0.16
Glutamic 4.14+0.19
Glycine 535+0.21
Histidine 1.62 £0.08
Isoleucine 1.72 +0.07
Leucine 2.62£0.12

Lysine 1.25+0.07

Methionine 0.75+0.02

Phenylalanine 1.27 £0.06

Proline 2.96+0.11

Serine 1.27 £ 0.06

Threonine 1.33+£0.08

Tyrosine 0.97 £0.04

Valine 1.76 £0.07

Total amino acids 32.87 +0.35
Total essential

amino acids 12.32+0.28
Total essential

amino acids/Total

amino acids (%) 37.48 +0.32

Data are expressed as mean + standard

deviation (n=3).

Sailfish trimmings protein hydrolysate had
a total amino acid content of 32.87 g/100 g of
protein hydrolysate and total essential amino
acid content of 12.32 g/100 g of protein
hydrolysate. The ratio of essential amino acids
to total amino acids was 37.48%. The content of
essential amino acids showed the potential of
hydrolysate to use as a nutrition source in
food for human. Sailfish trimmings protein
hydrolysate was rich in glycine, glutamic,
aspartic, proline, leucine and alanine.
However, the protein hydrolysate from sailfish
contained low contents of
and tyrosin.

Chalamaiah ef al (2012), aspartic acid and

trimmings

methionine According to

glutamic acid contents were found to be
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higher than others amino acids in most fish
protein hydrolysates [17]. The amino acid
content of sailfish trimmings protein
hydrolysate was higher than that of protein
hydrolysate from sardine by-product (19.72 g
of total amino acid /100 g and 82 g of
essential amino acid/100 g) [18]. The present
study indicated that sailfish trimmings protein
hydrolysate was found to have high nutritional
value and could be used in human diets.

3.4. Functional properties of the protein
hydrolysate from sailfish trimmings

3.4.1. Solubility

The degree of hydrolysis and solubility of
the protein hydrolysate from sailfish trimmings
are displayed in figure 1. The solubility is one
of the most important functional properties of
fish protein hydrolysates. The high solubility
of protein hydrolysates showed potential
applications in food industry [8].

DH (%) = Solubility (%)
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Figure 1. The degree of hydrolysis (DH) and
sobubility of sailfish trimmings protein
hydrolysate. Different letters show significant
differences (p < 0.05)

The study results indicated that the
degree of hydrolysis (DH) increased with
increasing hydrolysis time. The degrees of
hydrolysis of the protein hydrolysates from
sailfish trimmings after 2 h, 4 h, 6 h and 8 h of
hydrolysis were 18.6%, 25.8%, 29.7% and 30.5%,
respectively. There was not a significant
difference in degree of hydrolysis between
hydrolysis time of 6 h and 8 h. The hydrolysis
of the fish protein was characterized by an
initial rapid phase, during which a large
number of peptide bonds were hydrolyzed.
Thereafter, the rate of enzymatic hydrolysis
decreased. This result was similar to those
previously reported for herring head [19] and
salmon head [14].

According to results showed in figure 1,
the solubility of protein hydrolysates from
sailfish trimmings increased when hydrolysis
time and degree of hydrolysis increased.
Sailfish trimmings protein hydrolysates had
solubility in the range of 88.3 - 95.2%. The fish
protein hydrolysates with high degrees of
hydrolysis gave higher solubility than those
with low degrees of hydrolysis. The protein
hydrolysate with the highest degree of
hydrolysis of 30.5% at hydrolysis time of 8 h
showed the highest solubility (95.2%). There
was a significant difference (p<0.05) in
solubility between hydrolysis time of 2 h and
hydrolysis time of 4 h as well as between 4 h
and 6 h. However, no significant difference in

solubility was observed between hydrolysis
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time of 6h and 8h. The similar result was also
indicated in the study by Gbogouri ef al
(2004) where the solubility of salmon by -
products hydrolysates increased with the
[20].
Gbogouri et al (2004) showed that the
solubility of salmon by - products hydrolysates
was more than 90% [20] while the solubility of
cobia frame hydrolysates was in the range of
85 - 86% [8].

increase in degree of hydrolysis

In present study, the hydrolysis of sailfish

trimmings formed a large number of
hydrophilic polar group peptides when the
hydrolysis time increased resulting in the high
solubility of sailfish

hydrolysate. Enzymatic breakdown of fish

trimmings protein
protein leaded to a major structural change in
that the protein was gradually cleaved into
smaller peptides. The increase in solubility of
the hydrolysates with increased hydrolysis
time may be due to the cleavage of proteins
into smaller peptides that have more polar
residues, with the ability to form hydrogen
bonds with water and enhance solubility [2,
20].

3.4.2. Foaming capacity

The
hydrolysate

foaming capacity of

sailfish

protein
from trimmings is

indicated in figure 2.

When hydrolysis time increased, the
sailfish

displayed a lower foaming capacity. The study

trimmings protein  hydrolysate

results showed that the foaming capacity of
protein hydrolysates from sailfish trimmings
decreased when the hydrolysis time increased
from 2 h to 8 h. The foaming capacity of
sailfish trimmings protein hydrolysate reached
a maximum value (45.8%) at hydrolysis time of
2 h and degree of hydrolysis of 18.6%. The
degree of hydrolysis obtained the highest
value (30.5%) at hydrolysis time of 8 h but at
that time the foaming capacity of sailfish
trimmings protein hydrolysate was lowest
(35.7%). The decrease in foaming capacity of
protein hydrolysate with increased hydrolysis
time may be due to the formation of smaller
peptides with less surface activity and due to
the reduction of hydrophobicity of protein
hydrolysate during extensive hydrolysis [2].

50 4 c
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1

o
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Hydrolysis time (h)

Figure 2. Foaming capacity of sailfish
trimmings protein hydrolysate. Different

letters show significant differences (p < 0.05)
Baharuddin ef a/ (2016) indicated that the

foaming capacity of eel protein hydrolysate
decreased significantly when the degree of

hydrolysis increased from 36% to 69% [21].

64 AGRICULTURE AND RURAL DEVELOPMENT - DECEMBER 2022/VOLUME 2 NUMBER 2



SCIENCE AND TECHNOLOGY

The similar trend of foaming capacity was also
observed for the protein hydrolysates from
cobia frame [8], sardine by - product [2] and
yellow stripe trevally muscle [7]. Cobia frame
protein hydrolysate with the lowest degree of
hydrolysis gave highest foaming capacity
(122.7%) [8]. The capelin protein hydrolysate
possessed the foaming capacity of 90% [22]
while the protein hydrolysate from yellow
stripe trevally muscle gave the foaming
capacity up to 200% [7].

3.4.3. Emulsitying capacity

Emulsifying capacity of sailfish trimmings

protein hydrolysate is showed in figure 3.

The study results showed that the
emulsifying capacity of sailfish trimmings
protein hydrolysates decreased with increasing
hydrolysis time. Hydrolysates with low degree
of hydrolysis had high emulsifying capacity
and extensive hydrolysis resulted in a
decrease in emulsifying capacity. After 2h, 4 h,
6 h and 8 h of hydrolysis corresponding to
degree of hydrolysis 18.6%, 25.8%, 29.7% and
30.5%, the emulsifying capacity of sailfish
trimmings protein hydrolysates were 29.2
ml/g, 24.9 ml/g, 18.8 ml/g and 17.6 ml/g,
respectively. The similar trend was also
reported for protein hydrolysates from sardine
by-products [2], cobia frame [8] and carp skin
[23]. Souissi et al (2007) indicated that the
protein hydrolysates from sardine by -

products with degrees of hydrolysis of 6.62%,

9.31% and 10.16% had emulsifying capacity of
20 ml/g, 15.2 ml/g and 10.8 ml/g, respectively
[2]. The carp skin protein hydrolysates had
emulsifying capacity in the range of 20 - 38
ml/g [23] while the cobia protein hydrolysates
had emulsifying capacity in the range of 3 - 12
ml/g [8].

40 A

2]

30 4

H

20 4 2 a

Emulsifying capacity (ml/g)

2 4
Hydrolyisis time (h)

6 8

Figure 3. Emulsifying capacity of sailfish
trimmings protein hydrolysate. Different
letters show significant differences (p < 0.05)

Fish protein hydrolysates are surface
active materials and promote oil - in water
emulsions. The emulsifying properties of
protein hydrolysis can be explained based on
their surface properties. According to Foh et
al (2010), an increase in the number of
peptide molecules and exposed hydrophobic
amino acid residues due to hydrolysis of
proteins contribute to an improvement in the
formation of emulsions [24]. However, the
hydrolysates with a higher degree of
hydrolysis had poorer emulsifying capacity
due to their small peptide size. Moreover, the

diminishing in emulsifying capacity with an
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extensive hydrolysis process is also due to the
reduction of hydrophobicity of the hydrolysate
during hydrolysis [2].

4. CONCLUSION

The sailfish trimmings were a rich

source of protein and utilized for the

production of fish protein hydrolysate.
Enzymatic hydrolysis of sailfish trimmings
had a

significant effect on the solubility, foaming

with different hydrolysis times

capacity and emulsifying capacity of protein

hydrolysates. The solubility of sailfish
trimmings protein hydrolysates increased with
increasing hydrolysis time. The sailfish

trimmings protein hydrolysate at hydrolysis
time of 8 h showed the highest solubility
(95.2%). The protein hydrolysate after 8 h of
hydrolysis had contents of moisture 7.2%,
protein 73.4%, lipid 0.6% and ash 8.6%. The
sailfish trimmings protein hydrolysate had a
high nutritional value with total amino acid
content of 32.87 g/100 g. On the contrary, the
foaming capacity and emulsifying capacity
decreased with increasing hydrolysis time
from 2 h to 8 h. The sailfish trimmings protein
hydrolysate at hydrolysis time of 2 h reached
the highest foaming capacity (45.8%) and
highest emulsifying capacity (29.2 ml/g).
Research results suggested that sailfish
trimmings protein hydrolysates had potential
application as functional ingredients in
different foods and could be used in food

industry for human consumption.
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