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This study is aimed to bring baby clam broth (BCB) into antioxidant pro-
teolysate utilizing enzymatic hydrolysis. Chemical compositions of BCB
were firstly analyzed, followed by investigating the effects of enzymatic hy-
drolysis parameters involving in enzyme type, pH, temperature, en-
zyme:substrate (E:S) ratio and hydrolysis time on antioxidant of BCB pro-
teolysate. It can be seen from the result that the BCB owned the moisture
content, protein content, lipid content, and ash content of 97.55+0.89%,
1.52+0.16%, 0.09+0.02%, and 0.37+0.04%, respectively. The BCB prote-
olysate, under the hydrolysis condition including Flavourzyme, pH 7,
50°C, E:S ratio of 5 U/g protein and hydrolysis time of 50 min, exhibited
the highest 2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) cation ra-
tio (ABTS**) scavenging activity of 770.67+28.33 uM Trolox Equivalent
(uM TE) (7.1 and 2.5 times lower than those of vitamin C and butylated
hydroxytoluene (BHT), in order) and ferric reducing antioxidant power
(FRAP) value of 245.26+7.37 uM TE (11.6 and 4.0 folds lower than those
of vitamin C and BHT, respectively). This study suggests a new use of the
BCB, antioxidant proteolysate which could be applied as a functional food
or natural antioxidant additive, substituting for synthetic compounds.

1. INTRODUCTION

are cost-effective as well as exert high antioxidant
potential, they display several hazardous effects. As

When antioxidant defense systems fail to protect the
body against reactive radicals, oxidative stress
which occurs leading to numerous fatal diseases
such as cancer, atherosclerosis, diabetes, arthritis,
coronary heart disease, and Alzheimer’s disease
(Wang et al., 2015). Besides, deleteriousness of free
radicals is also affected by diminution in shelf life,
quality. and safety of food products (Kim &
Wijesekara, 2010). Using antioxidants, which
would delay or inhibit oxidation of a substance,
could prevent these negative effects. Even though
synthetic antioxidants including butylated hydroxy-
anisole (BHA), butylated hydroxytoluene (BHT), t-
butylhydroquinone (TBHQ) and propyl gallate (PG)
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a result, their use was restricted in some countries
(Zhang et al., 2012). Recently, safe and natural an-
tioxidants have caught many scientists’ attention. It
was reported from Kim and Wijesekara (2010) that
peptides from aquatic products and their by-prod-
ucts, due to the interruption of lipid peroxidation,
exert the scavenging capability of free radicals and
reactive oxygen species or prevent oxidative dam-
age. The findings of Sarmadi and Ismail (2010)
showed that antioxidative peptides, specific protein
fragments that could be released by enzymatic hy-
drolysis are considered to be safe, healthy, and easy
to be absorbed.
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Baby clam is an aquatic life form with low economic
value, and its fresh form is consumed in a large
amount, particularly in Hue with the iconic dish of
baby clam rice. In this case, huge quantity of its
broth is directly disposed of into the environment.
Therefore, this study’s aim is to produce bioactive
proteolysate, especially antioxidant proteolysate
from its waste. So far, there is hardly any publica-
tions on bioactive proteolysate from the BCB.

In this study, two different mechanisms involving in
electron transfer capacity and hydrogen atom trans-
fer capacity were employed to examine the antioxi-
dant activity of the BCB proteolysate. Evaluation of
electron donating capability of BCB proteolysate
was done utilizing FRAP. The antioxidative princi-
ple involves taking an electron from antioxidants at
low pH which can be monitored by measuring the
change in absorbance at 593 nm, reducing ferric tri-
pyridyl triazine (Fe IlIl TPTZ) complex to ferrous
form (which has an intense blue color) (Bordbar et
al., 2013). Meanwhile, ABTS"" radical scavenging
activity is exclusively measured by the ability of an
antioxidant compound involved in a hydrogen atom
transfer, neutralizing generated ABTS™" (Olagunju
etal., 2018).

This study concentrates on (i) analyzing the chemi-
cal composition of the BCB and (ii) investigating
the effects of hydrolysis condition on antioxidant
activity measured by ABTS™ radical scavenging ac-
tivity and FRAP assay of the BCB proteolysate.

2. MATERIALS AND METHODS
2.1. Materials
2.1.1. Baby clams

Baby clams used in this study were purchased from
a local market in Ho Chi Minh City, Vietnam. They
were transported on ice to the laboratory of Ho Chi
Minh City University of Technology — Vietnam Na-
tional University Ho Chi Minh City within 4 hours,
packed in polyethylene bags, labeled and stored -
20°C until used.

2.1.2. Enzyme preparations and chemicals

Protease preparations including Alcalase® 2.5L,
Protamex® and Flavourzyme® 500MG with their
optimal working conditions being listed in Table 1
were obtained from Novozymes (Denmark) and AB
enzymes (Germany). Chemicals were provided by
Sigma-Aldrich and Merck. Analytic quality of all
reagents was required. Tests were performed with
double-distilled water.
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Table 1. Working condition of enzyme prepara-

tions
Enzyme . Optimal
preparation Optimal pH temperature
Alcalase 7.5 55°C
Protamex 6.5 55°C
Flavourzyme 7 50°C

2.2. Methods

2.2.1. Preparation of BCB

BCB was obtained using the method of Zeng et al.
(2014). After adding whole baby clams (200 g) to
tap water ina 1:1 (w/v) ratio, the mixture was boiled
for 40 min. Then, 140 ml of BCB was gained by fil-
tration and vacuum evaporation with the rotating
rate of 40-50 rpm.

2.2.2. Determination of chemical composition of
BCB

Chemical composition of BCB including moisture
content, ash content, soluble protein and crude lipid
content were determined using air oven method
(100°C for 5 h; Association of Official Agricultural
Chemists (AOAC) number 950.46B), basic heating
technique (550°C for 5 h; AOAC number 920.15)
(AOAC, 2000), method of Lowry et al. (1951), and
method of Folch et al. (1957), respectively.

2.2.3. Preparation of BCB proteolysate

The procedure of Vo et al. (2019) was slightly mod-
ified to prepare BCB hydrolysates. Prior to the ad-
dition of desired enzyme, 1M NaOH or HCI solution
was used to control the pH value of the mixture. Af-
ter hydrolysis at a predetermined time, the enzymes
were inactivated by heating the hydrolysates for 15
min at 90°C, followed by centrifugation to recover
the supernatant. The protein content of the proteol-
ysate was determined employing the method of
Lowry et al. (1951). The collected supernatants
were frozen —dried using a freeze — dryer (Alpha 1-
2/Ldplus, UK) and stored at —20°C until being used.

2.2.4. Effect of hydrolysis condition on the
antioxidant activity of the proteolysate

A single factor test approach, where one factor was
altered on various levels while others being given,
was employed to assess the impacts of five effective
parameters consisting of hydrolysis enzyme type,
pH, temperature, E:S ratio and hydrolysis time on
the CBC of the WLSH proteolysate. The levels of
hydrolysis parameters were shown in Table 2.
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2.2.5. FRAP assay 2.2.6. ABTS'* radical scavenging activity assay

Method of Bordbar et al. (2013) with slight modifi- ABTS"" radical scavenging activity of the proteoly-
cation was used to determine the ferric reducing ca- sate was determined employing the method of Re et
pacity of hydrolysates. According to this method, by al. (1999). The ABTS™* solution containing 7 mM of
the action of electron-donating antioxidants, a col- ABTS and 2.45 mM sodium persulfate was diluted
orless ferric-2,4,6-Tris(2-pyridyl)-s-triazine com- in phosphate buffer (5 mM, pH 7.4) to an absorb-

plex (Fe**-TPTZ) is reduced to a blue-colored fer- ance of 0.7+0.02 at 734 nm. 20 uL of the proteoly-
rous complex (Fe?*-TPTZ) at low pH. The reduction sate (5 mg/ml) was added to 2 mL of ABTS"* solu-

is monitored by measuring the change of absorbance tion, then after 6 min, the absorbance reading was
at 593 nm. The Trolox standard with the purity of taken at 30 °C. Trolox with the purity of 97% from
97% from Sigma-Aldrich company was used in this Sigma-Aldrich company was used as standard and
study and its absorbance was plotted as a function of its absorbance was plotted as a function of its con-
its concentrations for the standard reference data. centration for the standard reference data.

Table 2. Levels of hydrolysis condition parameters

Parameter Enzvime tvoe H Temperature E:Sratio Hydrolysis
Test yme typ P (°C) (Ulg protein)  time (min)
3 enzyme preparations Optimal Optimal b b
Enzyme type (Table 1) (Table1)  (Table 1) 75 100
Optimal b b

a -
pH Flavourzyme 5-7 (Table 1) 7.5 100
Temperature Flavourzyme? 72 40-60 7.5° 100°
E:S ratio Flavourzyme?® 7 502 25-125 100P
Hydrolysis time Flavourzyme? 72 502 52 30-200

a: chosen hydrolysis parameter after each investigation

b: set hydrolysis parameter

2.2.7. Statistical analysis 0.37+0.04 % ash. In the study of Tsai et al. (2006),
baby clam broth was used to obtain bioactive prote-
olysate, of which the protein content was 1.8 lower
than that the BCB. Additionally, the BCB expressed
ABTS*" scavenging activity of 328.22+17.78 uM
TE (16.7 and 6.0 times lower than those of vitamin
C and BHT, respectively), FRAP value of
126.66+6.58 UM TE (22.6 and 7.8 folds lower than
those of vitamin C and BHT, in order) (Table 3).
Therefore, the BCB was considered as a potential
3. RESULTS AND DISCUSSION source for producing antioxidant proteolysate.

Data were presented as means + standard deviations
of triplicate determinations. Analysis of variance
(one-way ANOVA) was performed on the data, and
the significance was determined using Tukey
method (P<0.05). These analyses were performed
using the Statgraphics Centurion 18 software Stat-
graphics Technologies Inc. (https://www.stat-
graphics.com/centurion-xviii).

3.1. Chemical composition of BCB

BCB composes of 97.55+0.89% moisture,
1.5240.16 % protein, 0.09£0.02 % crude lipid and

Table 3. Antioxidant activity of BCB, vitamin C and BHT

Method BCB Vitamin C BHT
ABTS*" scavenging activity (uM TE) 328.22+17.78 5481.27+4.45 1969.32+5.02
FRAP value (uM TE) 126.66+6.58 2862.5242.78 987.95+4.45
3.2. Effect of enzyme type on antioxidant TE and 212.21+6.84 uM TE, respectively, followed

activity of BCB proteolysate by Protamex and Alcalase hydrolysate (Fig. 1). It

could be due to the fact that Flavourzyme prepara-
tion, containing both endo- and exo-peptidases, re-
leased more antioxidant peptides as it had a broad

In this study, Flavourzyme proteolysate showed the
highest antioxidant capacity with ABTS** scaveng-
ing activity and FRAP value of 697.33+31.68 uM
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substrate specificity (Castro & Sato, 2015). Fla-
vourzyme was also proven to have the most poten-
tial to obtain the proteolysate possessing the highest
antioxidant capacity from round scad muscle
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(Thiansilakul et al., 2006), Acetes japonicus (Vo,
2018) and whiteleg shrimp head (Vo et al., 2019).
Hence, Flavourzyme was used for further experi-
ments.
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Fig. 1. Effect of enzyme type on the antioxidant activity of BCB proteolysate

The same bars with different letters indicate significant differences (P<0.05)

3.3. Effect of pH on antioxidant activity of BCB
proteolysate

The study showed that at optimal working pH range
of Flavourzyme (5-7), at pH 7, both ABTS** scav-
enging activity and FRAP value reached the highest
values of 757.33+38.33 uM TE and 236.3244.74
uM TE, respectively (Fig. 2). It may be because the
environmental pH had a significant impact on the
ionization ability of substrate and enzyme via
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changing their charge distribution and confor-
mation, affecting catalytic activity of enzyme and
antioxidant activity of proteolysate (Shu et al.,
2017). The antioxidant potential of proteolysate is
dependent on its amino acid composition and se-
quence of peptides present in it. The amount of gen-
erated antioxidant peptides was reduced at non-op-
timal pH as catalytic activity of enzyme was de-
creased. Therefore, pH 7 was selected for further ex-
periments.
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Fig. 2. Effect of pH on the antioxidant activity of BCB proteolysate

The same bars with different letters indicate significant differences (P<0.05)

3.4. Effect of temperature on antioxidant
activity of BCB proteolysate

As illustrated in Fig. 3, as temperature increased
both ABTS** scavenging activity and FRAP value

20

of the BCB proteolysate augmented and reached the
peaks of 767.33+38.33 uM TE and 232.89+7.63 uM
TE at hydrolysis temperature of 50°C, respectively.
The antioxidant activity of the proteolysate was en-
hanced as temperature changed the conformation of
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substrate and enzyme, exposing the hydrophobic or
hydrogen-donating amino acid buried inside the
protein (Ren et al., 2008). On the other hand, the
contact between enzyme and substrate molecules
was limited at non-optimal temperature through de-

Vol. 13, No. 1 (2021): 17-23

creasing the movement of these molecules or chang-
ing the configuration of enzyme and substrate, low-
ering the formation of antioxidant peptides. Ren et
al. (2008) and Vo et al. (2019) also reported the
same result. Therefore, the hydrolysis temperature
of 50°C was employed for further studies.
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Fig. 3. Effect of temperature on the antioxidant activity of BCB proteolysate. The same bars with dif-
ferent letters indicate significant differences (P<0.05)

3.5. Effect of E:S ratio on antioxidant activity
of BCB proteolysate

Fig. 4 described the E:S ratio — antioxidant activity
profile, showing that at the E:S ratio of 5 U/g protein
both ABTS** scavenging activity and FRAP value
of the proteolysate peaked at 767.33438.33 uM TE
and 239.21£7.21 uM TE, respectively. While the
adequate amount of enzyme for substrate enhanced
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the recovery yield of proteolysate with high antiox-
idant activity, lower or higher enzyme amount may
lower the antioxidant capacity of the proteolysate
due to the excess or lack of substrate for the hydrol-
ysis reaction. Similar observation was also found in
previous studies of Gunasekaran et al. (2015) and
Vo (2018). Ergo, the E:S ratio of 5 U/g protein was
selected for further analysis.

FRAP value (uM TE)

E.S Tatio (U/E plolem)

Fig. 4. Effect of E:S ratio on the antioxidant activity of BCB proteolysate. The same bars with differ-
ent letters indicate significant differences (P<0.05)
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3.6. Effect of hydrolysis time on antioxidant
activity of BCB proteolysate

As can be seen in the Fig. 5, at the hydrolysis time
of 50 min, the ABTS** scavenging activity and
FRAP value of the proteolysate reached the highest
points of 770.67+£28.33 uM TE and 245.26+7.37
uM TE, respectively. However, longer hydrolysis

900
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could lower the antioxidant capacity of proteolysate
by causing deeper cleavage of the enzyme on gener-
ated peptides or reducing the enzyme catalytic ac-
tivity. This observation was in accordance with the
findings of Bordbar et al. (2013) and Vo (2018). For
this reason, the hydrolysis time of 50 min was cho-
sen for further experiments.
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Fig. 5. Effect of hydrolysis time on the antioxidant activity of BCB proteolysate. The same bars with
different letters indicate significant differences (P<0.05)

4. CONCLUSIONS

This study revealed that the antioxidant activity of
the BCB proteolysate was significantly affected by
hydrolysis condition including protease type, pH,
temperature, E: S ratio and hydrolysis time. It is also
suggested that the BCB could be taken into consid-
eration as a promising source of antioxidant pep-
tides or protein hydrolysates, not only adding the
value for the underutilized by-product but also min-
imizing its negative impact on the environment.
Nevertheless, in vivo experiments on antioxidant
mechanism and activity should be done for further
utilization of this by-product.
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