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Crude tissue proteins were extracted from the underutilized marine bivalves: Placuna placenta, Placuna 
ephippium, Scapharca inaequivalvis, and Marcia hiantina by aqueous and acidic extraction methods.  Partial 
purification of the crude extracts was done through ammonium sulfate precipitation followed by membrane 
dialysis. The resulting filtrate was then subjected to centrifugal ultrafiltration to produce fractions of 10-20 kDa 
molecular weight.  Highest total soluble proteins were observed in M. hiantina extracts at 16.20 mg/ml for hot 
water extraction (HWE), 11.13 mg/ml for cold water extraction (CWE), and 11.68 mg/ml for acetic acid extraction 
(AAE) (P<0.05). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) bands indicate low 
molecular weight peptides (<14 kDa) were present in HWE and AAE extracts of P. placenta and CWE of S. 
inaequivalvis.  Highest 2, 2-diphenyl-1-picrylhydrazyl (DPPH) antioxidant activity was observed in M. hiantina 
CWE at 54.09 % (P < 0.05). Highest antibacterial activity against Bacillus cereus was observed in AAE and 
HWE extracts of P. placenta, with minimum inhibitory concentration (MIC) of 124.34 μg/ml and 195.71 μg/ml, 
respectively. Results of this study indicate that the protein extracts of these underutilized marine bivalves may 
have promising antioxidant and antibacterial activities which can be potential sources of bioactive compounds.  
It also confirmed the potential of using aqueous extraction to liberate the peptides, which is a more cost-
effective alternative to chemical and enzymatic hydrolysis. 

Free radicals and reactive oxygen species (ROS) 
generated by different metabolic processes and 
environmental stresses are potentially damaging 
and are implicated in many health problems such as 
cancer and accelerated cell aging (Lobo et al., 2014).  
The harmful effects of free radicals are neutralized 
by endogenous enzymes and dietary antioxidants 
(Flora, 2007).  The search for natural antioxidants 
from sources other than plants is gaining momentum, 
and the focus has been laid on marine sources (Anjum 
et al., 2017).  Furthermore, drug-resistant pathogens 
are evolving at a much faster rate than new drugs 
being discovered.  The problem is further intensified 
by indiscriminate use of drugs to manage infectious 
diseases (Borquaye et al., 2015). Therefore, 

research initiatives are focused on discovering novel 
antibacterial substances from both plant and animal 
sources.

Important metabolites from marine organisms are 
potential sources of biologically active substances 
for developing pharmaceuticals and essential 
compounds for nutrition (Odeleye et al., 2019). 
Bivalve mollusks, including clams, oysters, scallops, 
and mussels are important groups of marine 
invertebrates that have drawn interest because they 
provide not only nutritional food but also as rich 
sources of bioactive compounds (Anjum et al., 2017; 
Pavlicevic et al., 2020).  There are several reports on 
the presence of active molecules in marine bivalves 
with health promoting benefits, such as antitumor, 
antihypertensive, antileukemic, anti-inflammatory 
and antimicrobial properties (Chi et al., 2015; Yu et 
al., 2018; Sousa & Hinzmann, 2020).  
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Figure 1. Bivalve species utilized in this study. (A) Placuna placenta, 
(B) Placuna ephippium, (C) Marcia hiantina and (D) Scapharca inaequivalvis. 

Western Visayas, especially the island of Panay, 
contributes to the production and distribution of 
commercially important but underutilized bivalve 
species in the Philippines (del Norte-Campos et al., 
2019).  These bivalves are underutilized as they are 
either sold at a low price during their peak season or 
there is no information available on the post-harvest 
processing methods for their value optimization. 
Some of these underutilized bivalves include 
Placuna placenta, Placuna ephippium, Scapharca 
inaequivalvis, and Marcia hiantina. P. placenta, 
known as kapis or windowpane oyster, is known for 
its translucent shell but its economic importance is 
usually focused on the shells as ornaments and are 
used to adorn windows and in various shell crafts.  
On the other hand, P. ephippium, known as saddle 
oysters, comes from the same family as P. placenta 
(family Placunidae) and can be found in Banate 
Bay and mangrove-derived aquaculture ponds in 
Dumangas, Iloilo (Bagarinao, 2021). S. inaequivalvis, 
or inequivalve ark and M. hiantina or hiant Venus are 
also found in Banate Bay (del Norte-Campos et al., 
2006) as well as in other parts of Iloilo province but 
are sold at a lower price as compared to other bivalve 
mollusks.  At present, there are no existing studies 
on the bioactive potential of these bivalve species 
found in Panay Island.  Research geared towards 
the isolation of bioactive compounds from bivalves 
thriving in these areas remains scarce, as most 
studies focused on their distribution and commercial 
importance (del Norte-Campos et al., 2006, 2019; 

Bagarinao, 2021).  

Given this scarcity of information on the bioactive 
compounds found in these underutilized bivalves, 
this study aims to provide preliminary data on the 
antioxidant and antibacterial activities of the protein 
extracts to assess the biochemical values of these 
bivalves as putative food with functional properties.  
Protein extraction and partial purification methods 
were evaluated for application in future bivalve protein 
studies. 

MATERIALS AND METHODS

Sample Collection

Species of marine bivalves namely P. placenta 
(windowpane oyster), P. ephippium (saddle-shaped 
oyster), S. inaequivalvis (inequivalve ark) and M. 
hiantina (hiant Venus) (Fig. 1) were purchased fresh 
from selected places in Panay Island, Philippines, 
i.e. Dumangas and Oton, Iloilo and Pan-ay, Capiz.  
Species-level morphological identification was based 
on a field guide by Laureta (2008).  Around 40-50 kg of 
each bivalve species (shell on) were iced and placed 
in styrofoam boxes, and immediately transported to 
the wet laboratory of the Institute of Fish Processing 
Technology of the College of Fisheries and Ocean 
Sciences, University of the Philippines Visayas, 
Miagao, Iloilo.  Upon arrival, the meat was separated 
manually from the shell and then washed. All samples 
were stored at -20°C until use.  
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Protein Extraction and Partial Purification

Homogenized tissues (500 g) were extracted 
using aqueous (hot and cold water) extraction 
following the method of Karaulova et al. (2021) with 
modifications, and acetic acid (Bibiana et al., 2014) 
in a ratio of 1:1 (w/v).  For hot water extraction, the 
homogenates were subjected to boiling (~95°C) for 
15 min.  For cold water extraction, the homogenized 
tissues were macerated in cold distilled water (~4℃) 
for ~30 min.  For acetic acid extraction, the tissues 
were homogenized in 5% acetic acid in distilled water 
and the resulting homogenates were centrifuged at 
5000 rpm for 10 min at 4℃.  All supernatants were 
then subjected to ammonium sulfate precipitation.  

Ammonium sulfate precipitation was performed 
according to the method of Bibiana et al. (2014) with 
slight modifications. The supernatant was saturated up 
to 80% and 85% with ammonium sulfate for the acetic 
acid extracts and aqueous extracts, respectively.  The 
protein precipitates were collected and resuspended 
in phosphate buffered saline (PBS) in a 1:1 (v/v) 
ratio and were dialyzed extensively against PBS with 
stirring overnight.  The retentates were then stored at 
-20°C for further use.

Protein Estimation and Molecular Weight 
Determination 

The protein content (as total soluble protein) of 
the crude extracts and partially purified protein was 
estimated by Lowry’s method using bovine serum 
albumin (BSA) as standard (Lowry et al., 1951). The 
standard curve equation was used to calculate the 
protein concentrations of the sample in mg/ml. 

The molecular weight distribution in the partially 
purified protein was determined by sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) according to Laemmli (1970).  SDS-PAGE 
was performed in 12% separating gels and 4% 
stacking gel.

Fractionation of the Partially Purified Protein

Bivalve samples with bands of <14 kDa as 
revealed by SDS-PAGE were further concentrated 
through centrifugal fractionation following the method 
of Alolod et al. (2019) with modifications.  Hot water 
and acetic acid extracts of P. placenta, as well as cold 
water extract of S. inaequivalvis were fractionated 
using Amicon® Ultra-15 centrifugal filter devices 
with <10 KDa molecular weight cut off (MWCO) 
(Merck Millipore Ltd., Germany).  The samples were 

centrifuged at 3800 rpm for 20 min.  The filtrates were 
collected and stored at -20°C until further use. 

Antioxidant Activity Assay

The free radical scavenging capacity of the crude 
extracts was determined using the 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) assay according to the method 
of Blois (1958) with slight modifications.  Serial 
dilutions of crude extracts were prepared in different 
test tubes and freshly prepared DPPH solution 
added to a final volume of 3 ml. After 30 min, the 
absorbance was read at 515 nm using a UV–visible 
spectrophotometer (BMG Labtech, Germany).  A 
blank was also prepared as mentioned above without 
any sample.  Positive control of ascorbic acid and 
trolox dilutions was prepared in a similar manner.  The 
assay was carried out in three replicates.  The DPPH 
scavenging activity was calculated by the following 
equation.

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟𝑠𝑠𝑟𝑟𝑎𝑎𝑎𝑎 (%) =  
(𝐴𝐴𝐴𝐴𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝐴𝐴𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠)

𝐴𝐴𝐴𝐴𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 𝑥𝑥 100 

 
Antibacterial Assay

Bacterial isolates namely Bacillus cereus 
(BIOTECH 1509), Escherichia coli (BIOTECH 1634), 
Pseudomonas aeruginosa (BIOTECH 1335), and 
Staphylococcus epidermidis (BIOTECH 10098) were 
obtained from the Philippine National Collection of 
Microorganism (PNCM), University of the Philippines 
Los Baños. The antibacterial activities of the 
fractionated protein samples were determined as 
minimum inhibitory concentration (MIC) using the 
standard two-fold broth microdilution method (Weigand 
et al., 2008) with modifications.  Briefly, bacteria were 
grown overnight in nutrient broth (HiMedia, India) and 
diluted to give a final inoculum size of 106 CFU/mL. 
The initial concentration of the protein samples was 
based on the protein concentration as determined by 
the Lowry assay (P. placenta (HWE) – 782.83 μg/mL, 
P. placenta (AAE) - 621.71 μg/mL, S. inaequivalvis 
(CWE) - 1702.43 μg/mL).  Extracts were serially 
diluted with nutrient broth to a final concentration 
of 100 μL and were poured into subsequent wells 
using a 96-well microtiter plate.  Bacterial inoculum 
was added to each well (100 μL) and incubated at 
30°C for 24 h.  Bacterial growth was measured at 600 
nm for optical density after incubation. Evaluation 
was carried out in triplicate.  MIC was defined as the 
lowest protein concentration displaying 100% growth 
inhibition after 24 h of incubation.
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Statistical Analysis

The data were subjected to one-way analysis of 
variance followed by Tukey’s test and expressed as 
mean ± standard deviation.  All statistical analyses 
were performed using R software version 4.1.2 (R 
Core Team, 2014). P values of 0.05 or less were 
considered as statistically different.

RESULTS

Protein yield of the crude extracts and partially 
purified protein

The total soluble protein of the crude extracts 
of the four bivalve species is shown in Table 1.  
Overall, highest total soluble proteins (P < 0.05) 
were observed in M. hiantina extracts at 16.20 mg/
ml for hot water extraction (HWE), 11.13 mg/ml for 
cold water extraction (CWE), and 11.68 mg/ml for 
acetic acid extraction (AAE).  Meanwhile, P. placenta 
and P. ephippium under AAE obtained the lowest 
total soluble proteins (P < 0.05) at 4.68 mg/ml and 
4.32 mg/ml, respectively.  The lowest total soluble 
proteins under CWE were observed in M. hiantina 
and S. inequivalvis at 11.13 mg/ml and 5.95 mg/ml, 
respectively (P < 0.05). 

Table 2 shows the total soluble proteins of the 
partially purified protein of the four bivalve samples 
as well as the percentage yield. In general, there 
is a reduction in the protein concentration after the 
samples were dialyzed.  Highest percentage protein 
yield was observed from the cold water extract of 
S. inaequivalvis at 22.78 %, followed by the cold 
water extract of M. hiantina at 8.08 % and the hot 
water extract of M. hiantina at 4.44 %.  Cold water 
extracts of the bivalve samples obtained protein 

Bivalve Species 
Total soluble protein (mg/ml)

Hot water Cold water Acetic acid

Placuna placenta 6.71 ± 0.03a;x 7.71 ± 0.06a;y 4.68 ± 0.05a;x

Placuna ephippium 7.47 ± 0.02a;y 7.33 ± 0.12a;y 4.32 ± 0.11a;x

Marcia hiantina 16.20 ± 0.15b;y 11.13 ± 0.18b;x 11.68 ± 0.24b;x

Scapharca inaequivalvis 14.81 ± 0.05b;z 5.95 ± 0.31a;x 10.21 ± 0.05b;y

Table 1. Total soluble proteins of aqueous and acetic acid extracts of the four bivalve species.

a,b Means ± SD in the same column followed by different superscripts are significantly different (P<0.05).
x,y,z Means ± SD in the same row followed by different superscripts are significantly different (P<0.05).

yield percentage ranging from 1.59% to 22.78%.  
Meanwhile, the protein yield percentage of hot water 
extracts were 0.97% to 4.44%.  Bivalve samples 
that were extracted using acetic acid got the lowest 
percentage protein yield which ranged from 0.46% to 
1.3%.

Molecular weight profile of the partially purified 
protein

The protein patterns of the partially purified 
protein of the bivalve species using different extraction 
methods showed variations in the predicted molecular 
weight distribution (Fig. 2).  Distinct low molecular 
weight bands (less than 14 kDa) were observed 
in some bivalve species which have undergone 
aqueous and acetic acid extractions.  For hot water 
extracts, P. placenta showed two prominent bands 
of less than 14 kDa, while the rest of the bivalve 
species showed one strong band below 14 kDa.  For 
cold water extracts, M. hiantina and S. inaequivalvis 
both showed faint bands below 14 kDa, with another 
faint band below 10.5 kDa for S. inaequivalvis.  For 
acetic acid extracts, a distinct band below 14 kDa 
were observed for P. placenta while faint bands below 
14 kDa were observed for both P. ephippium and M. 
hiantina.

Antioxidant activity of the crude bivalve extracts

The antioxidant activity of the crude protein 
extracts of the four bivalve species was assessed 
using the DPPH assay and is shown in Fig. 3.  
Overall, results revealed that significantly highest 
DPPH radical scavenging activity was observed in 
M. hiantina cold water extract at 54.09 % (P < 0.05).  
While the lowest value was found for the hot water 
extract of S. inaequivalvis at 14.98 % (P < 0.05). The 
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Bivalve Species 
Total Volume (ml) Total soluble protein (mg/ml)

Protein Yield 
(%)Supernatant After Dialysis Supernatant After Dialysis

Hot Water Extraction (HWE)

Placuna placenta 78.0 10.0 523.38 7.83 1.5

Placuna ephippium 95.0 56.5 709.65 16.03 2.3

Marcia hiantina 65.0 32.5 1053.0 46.77 4.44

Scapharca inaequivalvis 78.0 10.0 1155.18 11.25 0.97

Cold Water Extraction (CWE)

Placuna placenta 100.0 10.0 770.0 12.24 1.59

Placuna ephippium 115.0 30.0 842.95 56.50 6.7

Marcia hiantina 65.0 52.0 723.45 68.09 8.08

Scapharca inaequivalvis 103.0 82.0 612.85  139.60 22.78

Acetic Acid Extraction (AAE)

Placuna placenta 130.0 4.5 608.4 2.80 0.46

Placuna ephippium 125.0 10.56 540.0 7.02 1.3

Marcia hiantina 118.0  6.0 1378.24 2.48 0.18

Scapharca inaequivalvis 107.5 41.6 1097.58   11.08 1.01

Table 2. Protein concentration and yield of the partially purified aqueous and acetic acid extracts of the four bivalve 
species.

 

Figure 2. Molecular weight distribution of the partially purified protein from four bivalve species 
as determined by SDS-PAGE. Lanes 1, 5 & 9: Placuna placenta; Lanes 2, 6 & 10: Placuna 
ephippium; Lanes 3, 7 & 11: Marcia hiantina; Lanes 4, 8 & 12: Scapharca inaequivalvis.                                                                                                                       
Molecular weight marker (M) is shown on the left of the panel.
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radical scavenging activities of other bivalve species 
seemed to have leveled off  in a range of 21 to 29 % 
(P > 0.05).  Ascorbic acid as positive control has 90.5 
% DPPH radical scavenging activity.

Antibacterial activity of the fractionated protein 

Bivalve samples with bands of <14 kDa as 
revealed by SDS-PAGE were further concentrated 
through centrifugal fractionation and these samples 
were assayed for antibacterial activity.  The 
antibacterial activities of the fractionated bivalve 
extracts as measured by MIC are shown in Table 3.  
Highest antibacterial activities were observed in P. 
placenta (AAE) with MIC of 124.34 μg/ml, followed 
by P. placenta (HWE) at 195.71 μg/ml. All extracts 
showed inhibition against S. epidermidis where the 
MIC of P. placenta (HWE), S. inaequivalvis (CWE), 
and P. placenta (AAE) were 391.42 μg/ml, 340.49 μg/
ml, and 310.86 μg/ml, respectively.  MIC values for 
both Gram-negative bacteria, P. aeruginosa and E. 
coli exceeded the highest test concentrations of the 
extracts. Thus, no bacterial inhibition was observed.  
The positive control, ciprofloxacin, indicated inhibition 
of the test microorganisms with MIC values ranging 
from 3.0 μg/ml to less than 1.5 μg/ml. 
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Figure 3. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of crude protein extracts of 
the four bivalve species. Values are mean ± SD of three determinations. Values with different letters 
are significantly different (P< 0.05). 

DISCUSSION

Marine bivalves are protein rich edible seafood 
and the high protein quality in these bivalves could 
indicate their potential as precursors for bioactive 
peptides (Anjum et al., 2017; Daliri et al., 2017).  The 
underutilized marine bivalves used in this study may 
have peptides with important bioactive properties.  
However, these peptides are usually inactive, 
depending on their compositional, structural, and 
sequential properties, unless isolated from their parent 
protein (Lee et al., 2017).  Thus, a proper hydrolysis 
technique at suitable and optimum conditions plays 
an important role in functional food preparations 
(Odeleye et al., 2019).  This study explored simple 
extraction procedures such as hot and cold water 
extraction to liberate the peptides, as an alternative 
to the costly chemical and enzymatic hydrolysis.

Results of this study revealed that the crude 
hot water extracts of most bivalve samples have 
higher total soluble proteins as compared to the cold 
water and acetic acid extracts.  Most proteins are 
considered heat labile and start to denature upon 
heat application (Kim et al., 2000).  However, there 
are proteins that are considered to be stable even 
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when subjected to a certain range of temperatures.  
Heat-stable protein formation is due to their 
adaptation to high temperature-environment, in which 
moderate to extreme shifts in temperature allows the 
protein to retain its functions (Chao et al., 2020).  For 
instance, Lee et al. (2018) observed that the protein 
concentration of pressurized hot water extracts of 
oyster Crassostrea gigas increased from 3.69 g/100g 
to 22.48 g/100g after subjecting to temperatures 
from 125℃ to 250℃.  Furthermore, an increase in 
the protein yield of subcritical water hydrolysates of 
comb pen shell Atrina pectinata from 16% to 25.74% 
from extraction temperature of 140℃ to 170℃ was 
also observed (Lee et al., 2021).  Thus, the presence 
of heat-stable proteins which might tolerate high 
temperatures in the bivalve species used in this study, 
particularly in M. hiantina and S. inequivalvis, may 
have resulted to an increase in total soluble proteins.  
This is also affirmed by the presence of more distinct 
protein bands in the SDS-PAGE results of the hot 
water extracts of the bivalve samples. 

The total soluble proteins of the crude bivalve 
extracts under aqueous extraction obtained in this 
study were higher as compared to the results of 
Nugraha et al. (2021) on Pacific oyster Crassotrea 
gigas where the total protein concentration ranged 
from 2.26-10.43 mg/ml.  On the other hand,  the total 
soluble proteins in the acetic acid extracts of the bivalve 
samples were comparable to the results obtained by 
Mona et al. (2021) where the acidic extracts of lagoon 
cockle Ceradonterma glaucum yielded total protein 
concentration of 6.3 mg/ml and 9.8 mg/ml during 
summer and winter seasons, respectively.  This study 
compared the protein extraction yield of aqueous 
extraction and acetic acid since the latter is widely 
used as a protein extraction solvent in many bivalve 
species (Borquaye et al., 2015; Bibiana et al., 2020).

The decrease in the total soluble proteins after 
dialysis as observed in this study (Table 2) might be 
due to the removal of non-major protein components 
such as transmembrane proteins with hydrophobic 
regions, with the major soluble proteins left in the 
partially purified samples (Ferreras et al., 2021).  
Ammonium sulfate precipitation partially purifies 
the samples by the addition of ammonium sulfate 
which binds with the solvent and increased the 
interactions between protein molecules, allowing 
them to precipitate with the aid of temperature 
(Grodzki & Berenstein, 2010).  Dialysis removed 
the ammonium sulfate through diffusion in a semi-
permeable membrane, leaving only the protein 

molecules with the buffer (Wingfield, 2001).  Several 
studies reported a decrease in the protein yield after 
partial purification of bivalve mollusks.  For instance, 
Nomura et al. (2001) reported that the protein 
recovery of cold tris-HCl buffer extracts of Japanese 
basket clam Corbicula japonica decreased up to 
15% after purification.  Hasan (2015) also reported 
that the protein concentration of the crude extracts 
of striate beach clam, Atactodea striata, decreased 
after the purification process with protein recovery 
of up to 43%.  However, a significant increase in the 
protein yield (22%) of the partially purified extract 
from S. inaequivalvis (Table 2) might be attributed 
to the mechanism of the ammonium sulfate with 
the endogenous proteins of the sample where the 
amount added might have affected the quantity of the 
protein precipitated (Wingfield, 2001; Nooralabettu, 
2014).  For instance, optimum yield of protein 
precipitated could be achieved upon increase in the 
saturation level of ammonium sulfate, which is true for 
proteins with more hydrophilic regions (Nooralabettu, 
2014). Therefore, if the sample was saturated with 
ammonium sulfate and has increased precipitation, it 
could be due to the presence of hydrophilic proteins in 
the sample.  Thus, the increased total soluble protein 
observed from the partially purified protein of S. 
inaequivalvis could be attributed to the characteristic 
of its endogenous proteins and its capacity to be 
precipitated.  Incidentally, the amount of total soluble 
proteins in the bivalve tissues cannot be directly 
attributed to their bioactivities, since the decisive 
factor will still be based on the structure of the peptide 
and the sequence of its amino acids (Karaulova et al., 
2021). 

On the properties of proteins, SDS-PAGE analysis 
revealed that the different extraction methods were 
effective in isolating low molecular weight peptides 
of less than 14 kDa (Fig. 2).   Low molecular weight 
peptides (<10-20 kDa) are found to exhibit more 
effective antioxidant and antihypertensive activities 
than high molecular weight peptides, thus, low 
molecular weight peptides are utilized commercially 
for mass production (Daliri et al., 2017).  Moreover, 
several studies confirmed that low molecular weight 
peptides extracted from marine bivalves exhibit 
positive biological activities.  For instance,  Wu et 
al. (2018) reported the antioxidant peptides isolated 
from scallops Chlamys farreri exhibited significant 
antioxidant activity, reducing power, and DPPH free 
radical scavenging activity at molecular weight of 
10-15 kDa.  Karaulova et al. (2021) used aqueous 
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extraction to extract low molecular weight peptides 
from Japanese basket clam C. japonica, surf clam 
Spisula sachalinensis, and blood clam Anadara 
broughtonii and found that low molecular weight 
peptides of less than 1 kDa to more than 10 kDa 
exhibited high antioxidant activities.  

Moreover, the antioxidant activities of the crude 
extracts from the bivalve samples observed in this 
study as DPPH radical scavenging activity may be 
due to the presence of antioxidant peptides especially 
those with high hydrophobic amino acid (HAA) 
residues (Chen et al., 1995).  The presence of high 
HAA could promote peptide entry into target organs 
through hydrophobic interactions with membrane lipid 
bilayers, which could improve antioxidant activity in 
vitro (Ranathunga et al., 2006).  Increased antioxidant 
activities with high HAA content were observed in 
peptide fractions derived from freshwater mussel 
protein (Dong et al., 2017).  Moreover, bivalve tissue 
extracts may contain phytochemical constituents that 
are capable of donating hydrogen to a free radical 
and scavenge it, thereby prevent its potential damage 
(Mayer et al., 2011; Pavlicevic et al., 2020).  Bivalve 
mollusks are filter‑feeding marine organisms, and it 
was suggested that phenols and polyphenols may be 
present due to the algal diet they feed in the marine 
environment (Krishnamoorthy et al., 2019).   These 
findings could be related to the reports on the DPPH 
radical scavenging activity of extracts from green 
mussel, Perna viridis (Kajal et al., 2016; Shanmugam 
et al., 2019).

Cold water extract samples displayed better 
antioxidant capacity as compared to hot water and 
acetic acid extracts as shown in Fig. 3.  The results 
obtained in this study is in agreement with the study 
of Karaulova et al. (2021) where the DPPH radical 
scavenging activity of the cold water extracts of three 
species of marine clams were higher as compared 
to the hot water extracts.  One possible explanation 
may be due to denaturation of bioactive proteins 
during the application of heat.  It is well established 
that proteins, upon absorption of heat typically at 
~60°C, get denatured,  and consequently lose its 
structure and function (Dias et al., 2010).  Like heat 
denaturation, cold denaturation also happens at 
temperatures typically at ~ -20°C (Dias et al., 2008).  
As cold extracts in the current study have been 
employed at a temperature of 4°C, denaturation of 
proteins may be less and the inactivation of proteins 
resulted in retained structural stability and functionality 
(Dias et al., 2010) denoting that bioactive compounds 

responsible for the antioxidant activity in the extract 
may have not been disrupted.

The level of antibacterial activities through their 
MICs can be classified based on protein concentration 
where the chemical nature of antimicrobial 
compounds is not known.  Low, medium, or high 
antibacterial activities were respectively defined for 
MICs greater than 1000 μg/ml, MICs between 1000 
μg/ml to 200 μg/ml, and finally MICs lower than 200 
μg/ml (Defer et al., 2009).  Using this classification, 
the acetic acid and hot water extracts of P. placenta 
with values <200 μg/ml were considered as having 
high antibacterial activities.  Meanwhile, P. placenta 
(AAE and HWE) and S. inaequivalvis (CWE) with 
MIC between 200 μg/ml to 1000 μg/ml demonstrated 
medium antibacterial activities.  While low antibacterial 
activities were exhibited by S. inaequivalvis (CWE) 
with values >1000 μg/ml against all bacterial isolates 
tested except against S. epidermidis with medium 
antibacterial activity at 340 μg/ml (Table 3).  This 
notable activity exhibited by P. placenta and S. 
inaequivalvis at lower protein concentrations suggest 
that the protein extracts from the bivalve species 
may possess antimicrobial peptides (AMPs) that 
were effective in inhibiting the test microorganisms.  
Antimicrobial substances, primarily peptides or 
polypeptides, are produced by marine organisms to 
defend themselves against coexisting pathogenic 
microorganisms (Mayer et al., 2011).  The activity 
of AMPs is represented by its strong hydrophobic, 
cationic and amphipathic nature.  This enables them 
to interact with the negatively charged cell membrane 
of the invading pathogens, leading to cell membrane 
disruption and apoptosis (Hancock and Rozek, 2002).  
The mussel peptides are the first AMPs to have 
been described among the several AMPs that have 
been isolated so far from marine bivalves (Charlet et 
al.,1996; Mitta et al., 1999).

Although the obtained protein fractions in this 
study were not pure, the obtained MIC values are 
equivalent to or lower than those described from 
various purified AMPs from marine organisms.  Our 
results are in accordance with antibacterial MICs data 
obtained with AOD and CgDef peptides from oysters 
against E. coli and Vibrio alginolyticus (MICs of 330 
μg/ml and 161–92 μg/ml respectively (Gueguen et al., 
2006; Seo et al., 2005)) and with Mytilin B against 
Listonella anguillarum (MICs values of 9000 μg/ml) 
(Roch et al., 2008).  
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Test 
microorganisms 

Minimum inhibitory concentration (MIC) (μg/mL) 

Placuna 
placenta (HWE) 

Placuna 
placenta (AAE) 

Scapharca 
inaequivalvis (CWE) 

Ciprofloxacin 

Bacillus cereus 195.71 124.34 >1702.43 3.0 

Staphylococcus 
epidermidis 

391.42 310.86 340.49 1.5 

Pseudomonas 
aeruginosa 

>782.83 >621.71 >1702.43 <1.5 

Escherichia coli >782.83 >621.71 >1702.43 <1.5 

 

In conclusion, results of the present study 
confirmed that the protein extracts from underutilized 
marine bivalves possessed antioxidant and 
antibacterial activities. It also confirmed the potential 
of using aqueous extraction to liberate the peptides, 
which is a cost-effective method in lieu of the high 
cost of chemical and enzymatic hydrolysis.  This 
study has widened new horizons in the exploration 
of bioactive compounds from underutilized marine 
bivalves. To determine the chemical nature of these 
active compound(s), future research aiming to purify 
them should be taken into consideration.
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