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Abstract

In this study, hydrolysate was produced from Asiatic hard clam (Meretrix meretrix)
meat by enzymatic hydrolysis using Alcalase® 2.4 L and the optimum hydrolysis
condition was determined. Optimization was carried out with face centred central
composite design in response surface methodology. The optimum condition of
hydrolysis conditions was determined by three levels and four independent variables,
which were temperature °C (45, 55, 65°C), enzyme to substrate level, % v/w, (1, 1.5,
2%) time, (60, 120,180 mins) and pH of the substrate (7.5, 8.5, 9.5). Degree of
hydrolysis (%) (DH) was chosen as the dependent variable. The optimum conditions
for enzymatic hydrolysis of Asiatic hard clam meat were obtained at temperature °C,
enzyme to substrate concentration (ES), hydrolysis time and pH of 65°C, 1%, of 60
minutes and pH 7.5 respectively. In this condition, the predicted and actual value of
degree of hydrolysis (DH) obtained were 25.79% and 26.32 + 0.35% respectively.
Suggested model for the enzymatic protein hydrolysis of Asiatic hard clam meat was a
two-factor interaction (2FI) model. Asiatic hard clam hydrolysate powder contained of
moisture, crude fat, ash, crude protein of 60.09 + 0.88%, 7.36 + 0.10%, 2.18 + 0.29%,
and 8.12 + 0.02% respectively. DH (%) and proximate analysis of hydrolysate from
Asiatic Hard clam was compared with hydrolysate of two different species of mollusk
which was green mussel (Perna viridis) and blood cockle (Anadara granosa) from
previous studies.
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Introduction

Protein is one of the most essential components for
both humans and animals. Protein is affected by its
surface structure (Toro and Garcia-Carreno, 2002).
Particular functional and organoleptic properties of
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protein can be obtained by modifying the structure of
protein, where hydrolysis is one of the most important
protein structure modification processes in the food
industry (Toro and Garcia-Carreno, 2002). Protein
hydrolysate is the product obtained after the hydrolysis
of proteins is achieved by acid, alkali, enzymes and
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fermentation methods. Among them, enzymatic
hydrolysis method is more preferred because enzymes
remain active under mild pH (6-8) and temperature
conditions (40-60°C), avoiding the extremes usually
required for chemical and physical treatments thus
minimizing side reaction (Boscoe and Listow, 2008).
Besides, the advantages of the process are more
specific, faster rate of reaction and are capable of
yields approaching 100%. In protein hydrolysis, the
key parameter for monitoring the reaction is the degree
of hydrolysis (DH) (Nielsen et al., 2001) and
associated with bitterness as a result from the presence
of high peptide content. Protein hydrolysate from
shellfish is not really commercialized even though the
shellfish enzymes have emerged to accelerate seafood
industry processes or produce other food products, like
fish and shellfish protein hydrolysates and seafood
flavourings (Flick Jr, 2009). There are only a few
studies of protein from shellfish as most of the
previous studies were done on protein from fish
resources, probably due to the abundance of protein
content in fish resources. Asiatic hard clam (Meretrix
meretrix) is a bivalve mollusc and found in freshwater,
seawater, on intertidal beaches and in very deep water.
In Malaysia, this clam can be found at Besut and Setiu
in Terengganu. This study aimed to optimize the
enzymatic protein hydrolysis conditions of Asiatic
hard clam (Meretrix meretrix), to determine the
proximate composition of Asiatic hard clam meat and
hydrolysate and to compare the degree of hydrolysis
(%) and proximate value of Asiatic hard clam
hydrolysate with hydrolysate from two different
species of molluscs which were green mussel (Perna
viridis) and blood cockle (Anadara granosa) from
previous studies done by Normah and Nordallila
Diyana (2018) and Amiza et al. (2011).

Material and Methods

Material

The Asiatic hard clams (Meretrix meretrix) were
purchased from Kampung Pengkalan Gelap, Setiu at
Terengganu, Malaysia. Alcalase® 2.4 L was purchased
from Novozymes (Denmark), is a liquid food grade
preparation and has a declared activity of 2.4 Anson
U/g and a density of 1.18 g/ml. Alcalase® is an
endoproteinase produced by a selected Bacillus
licheniformis, whose main component is subtilisin
Calsberg with a molecular mass of 27.3 kDA. The
enzyme was stored at 4°C until they were used for
hydrolysis experiment. All reagents used in this work
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were of analytical grade chemicals were purchased
from the local suppliers.

Preparation of Asiatic hard clam (AHC)

The Asiatic hard clam was removed by using a knife
to get the clam meat. The clam meat then was rinsed
with tap water several times to remove any dirt from
it. Then, the clam meat was packed and sealed in
polyethylene bags and frozen at -40°C for further
analysis.

Preparation of Asiatic hard clam hydrolysate
(AHCH) powder

First, the protein content of clam meat was determined
by Kjeldahl method (AOAC, 2002). The calculation is
necessary because the mass of raw materials and
enzyme depend on the protein content of clam meat.
The calculation was carried out according to the
previous study by Kristinsson and Rasco (2000) as
shown below:

a) Mass of protein per batch

MP= M x (S% / 100)

Where,

MP = the mass of protein

M = the mass of the hydrolysis mixture (in g or kg)

S = substrate concentration (protein) in % w/w of

protein

Thus, protein in Asiatic hard clam meat is 10.56%
S% =(10.56/100 x 75) / 150 x 100 =5.28%
MP = 150 x 5.28%=7.92

(b) The mass of raw material will be weighed and mix
with a mass of water

MR = 1.1 x MP x (100 / PR%)

Where,

MR = Raw material (Asiatic hard clam meat)

PR = Protein contains in Asiatic hard clam meat
=10.56%

Thus,
MR = 1.1x7.92g x (100 / 10.56)
= 82.5¢
MW = 1.1 X (M-Merz) — MR
Where,
MW = Mass of water

Men; = The mass of enzyme solution (Alcalase)
Thus,
MW = 1.1 X (M — Men,) - MR
MW = 1.1 x (150 — 20g) — 82.5g
= 60.5¢
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(c) Mass of Alcalase® solution will be needed per
batch

ME = ES% / 100 x MP

Where,

ME = Mass of enzyme (Q)

ES% = Enzyme to substrate ratio

Thus, If ES% =1

ME = 1/100x7.92g= 0.0792g
IfES% = 15
ME = 1.5/100x 7.92g=0.1188g
IfES% = 2
ME = 2/100x7.92g

= 0.1884g

Preparation of Asiatic hard clam hydrolysate (AHCH)
was carried out according to Amiza et al. (2011) with
some modification. From the calculation, for one run,
82.5g of clam meat was mixed with 60.5g of distilled
water and was homogenized by mincing it using a
Waring commercial blender at low speed until a
viscous type mixture was obtained. The mixture was
heated at 85°C for 20 minutes in order to inactivate the
endogenous enzymes. At the same time, the desired
pH of the mixture was adjusted with addition 1N
sodium hydroxide (NaOH) solution and 0.1N
(hydrochloric acid) HCI solution. Then, 20g of the
Alcalase® enzyme solution was added into the slurry
and enzymatic hydrolysis process was started
immediately. After the hydrolysis was completed, the
sample was heated at temperature 85°C for 20 minutes
to inactivate the Alcalase® enzyme activity. Next, the
mixture was centrifuged at 4000 rpm for 20 minutes
and was freeze dried to obtain the hydrolysate powder.

Optimization
Four independent variables with three levels
(temperature  (°C, A), enzyme to substrate

concentration (%v/w, B), time (minutes, C), and pH
(D)) was shown in Table 1 with degree of hydrolysis
(DH) was selected as the dependent variable. The
experiment was optimized by using central composite
design (CCD) with four independent variables at three
levels (+1, O, -1) was performed by applying the
Design expert 6.0.10, Stat-Ease Inc. software. It was
assumed that the estimated behavioural model of both
dependent variables was described by a second-order
polynomial equation (1):

Y = o+ B1A + 2B + B3sC + f11A? + foB? + p33C2 +
,844D2 + B12AB + B13AC + B1sAD + [23BC + $24BD
+ f34CD (1)

o

The analysis of variance (ANOVA) methods was
applied to evaluate the adequacy of the developed
mathematical model (by applying the lack-of-fit test)
and to evaluate the statistical significance of the
factors in the model. In order to examine the goodness
and evaluate the adequacy of a fitted model, the
coefficient of the determination (R?) was calculated.

Table-1: Range and level of a parameter that was
used in the RSM design

Independent Variable Symbol Range and Level

-1 0 | +1

Temperature (°C) A| 45 | 55| 65
Enzyme concentration (E/S, %v/w) | B 1 15| 2

Hydrolysis time (min) C| 60 |[120] 180

pH D| 75 |85 95

<
i/ B Asian ] Agric & Biol. 2019; Special Issue: 92-99. 94

Determination of degree of hydrolysis (DH)

Degree of hydrolysis was calculated according to the
percent of trichloroacetic acid (TCA) ratio method as
described by Hoyle and Merritt (1994). After
hydrolysis, 20 ml of protein hydrolysate was added to
20 ml of 20% (w/v) TCA to produce 10% TCA soluble
material. The mixture was homogenized and allowed
to stand for 30 minutes to allow precipitation, followed
by centrifugation (7800 rcf for 15 min). The
supernatant and sample from the hydrolysate were
analysed for protein content by Kjeldahl method
(AOAC, 2002). Degree of hydrolysis (DH) was
calculated using the formula below:

%DH = Soluble in TCA 10% w/v < 100
*“ 7 TTotal N in the sample

Where,

DH = Degree of hydrolysis;

TCA = Trichloroacetic acid;

N = Nitrogen

2.2.5 Proximate analysis

The proximate analysis was carried out on Asiatic hard
clam meat and on the Asiatic hard clam hydrolysate
powder prepared using optimum condition. The
method was carried out by using AOAC method
(AOAC, 2002). The analysis was carried out are
moisture analysis, ash analysis, crude protein analysis
and crude fat analysis.
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Results and Discussion

Table-2: Analysis of variance (ANOVA) for different models

Adjusted Predicted
Source Std. Dev. R-Squared R-Squared | R-Squared PRESS
Model Summary Statistics
Linear 12.83 0.18 0.05 -0.27 6364.85
2FI 12.43 0.41 0.10 -1.34 11715.46 Suggested
Quadratic 12.85 0.51 0.04 -1.77 13886.33
Cubic 13.51 0.74 -0.06 -25.02 130258.11 Aliased

Optimization of enzymatic protein hydrolysis
Overall 30 runs with six replicates at the centre point
of design space were carried out in order to find the
best hydrolysis condition for the hydrolysate from
Asiatic hard clam (Meretrix meretrix). Four
independent variables with three levels each were
chosen, which were temperature °C (45, 55, 65°C),
enzyme to substrate level, % viw, (1, 1.5, 2%) time,
min (60, 120,180 mins) and pH of the substrate (7.5,
8.5, 9.5).

Based on Table 2, model 2- factor interaction (2FI)
was suggested by the software for the optimization of
the hydrolysis condition. According to Liu et al.
(2010), the larger the value of F-value and the smaller
the value of Prob > F (p-value), the more statistically
significant is the corresponding coefficient term. The
model with p-value is lower than 0.05 was statistically
significant. The result obtained in Table 2 revealed
that the 2FI model was suggested to be the most
suitable model as the F-value and p-value was 2.56
and 0.048 respectively. Lack of fit is the variation of
the data around the fitted model. If the model fit the
actual response behavior well, this value was not
significant. P-value of lack of fit was 0.6271 which is
higher than 0.05, thus indicated it was not significant.
The R? value of 0.4 indicates that 40% of the
variability in the dependent variable could be
explained by the model. The adjusted R?was 0.1. The
closer the adjusted R? value to the R? advocates for a
high significant of the model (Ng et al., 2014).

The final equation which can show the relationship
between factors in term of coded was shown in Eq. (2):

Y =82.08-1.21A-4.60C-5.12D-6.22AC (2)
+ 3.62AD + 4.31CD

Analysis of response surface

The optimum conditions of enzymatic hydrolysis of
AHC meat were at temperature, E/S, time and pH of
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65°C, 1.0%, 60 minutes and 7.5 for pH. The predicted
value of response DH (%) was 25.79% obtained from
the calculation by using the model equation with the
highest desirability, which is 0.988. The desirability
lies between 0 and 1 and it represents the closeness of
a response to its ideal value. The value obtained was
closed to 1 indicated that the response was close to the
ideal value.

A: temperature 505

= 3 D: pH

Figure-1: DH as function of temperature and pH
during protein hydrolysis of Asiatic hard clam with
Alcalase®

As it can be observed from the data presented in Figure
1, an increase of hydrolysis temperature (°C) led to the
increment in the degree of hydrolysis (%). However,
DH (%) was decreased as the pH increased. Microbial
enzymes such as Alcalase® operating at alkaline pH,
have been reported to be the most efficient in the
seafood protein hydrolysis (Amiza et al., 2011). From
Figure 1, it shows that the reaction started to decrease
when the pH was higher than pH 7.5. The enzyme
might be denatured and was inactivated at higher pH
as reported by Clemente (2000). Besides, it is due to
the reduction in peptide bonds capable of being
cleaved, competition between the substrate and the
hydrolysis products and enzyme denaturation that
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decreases its activity. The optimal pH may vary
according to the substrate and enzyme concentration
used in the hydrolysis (Salwanee et al., 2013). Figure
1 also showed that DH (%) reached its maximum level
when the temperature at 65°C. The rate of chemical
reaction being catalysed increased as the temperature
was increased (lllanes, 2008). This is in agreement
with Mukhin and Novikov (2000) as they reported that
the exposures of peptide bonds during the enzymatic
hydrolysis and in the presence of heat, lead to the
increased of the DH (%). Previous study reported the
optimum temperature for silver catfish (Pangasius sp.)
was 55 °C (Amiza et al., 2011), Catla viscera waste
was 55°C (Bashkar et al., 2008), and for salmon skin
was 55.3°C (See et al., 2011). It shows that the
Alcalase® reacts at higher temperature for AHC
compared to previous studies (Amiza et al., 2011,
Bashkar et al., 2008; See et al., 2011).

B 23.605
H )

50~ o 13 B: enzyme concentration

A: temperature

Figure-2: DH as function of temperature and
enzyme concentration during protein hydrolysis of
Asiatic hard clam with Alcalase®

Figure 2 shows the effect of temperature and enzyme
concentration on the DH (%) of AHC hydrolysis.
From the results presented, the DH (%) increased as
the temperature and enzyme concentration increased.
As stated by Amiza et al. (2011), the chances for the
hydrolysis to occur are higher as enzymes molecule
present in enzyme to substrate ratio increased in higher
concentration of enzyme. The result obtained might
be due to the increased of smaller peptides and amino
acids present in the hydrolysate. Figure 3 shows the
response surfaces and their corresponding contours of
the combined effect of hydrolysis time and pH on DH
using Alcalase®. As it can be seen, DH (%) started to
decrease as the time and pH were increased. The
decreasing of DH (%) might be due to the decrease in
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enzyme activity, substrate saturation, product
inhibition or extreme pH concentration that might
cause the denaturation of enzyme.

In order to verify the optimized model, validation test
was performed to determine the adequacy of the
suggested models. According to the 2FI model
suggested, the predicted value for DH (%) was 25.79%
and the optimum conditions were at 65°C, 1% E/S, 60
min and pH 7.5. The hydrolysis was repeated in 5
replicates following the same conditions suggested in
optimization. The DH (%) obtained was 26.32 + 0.35
%.

Independent sample T-test was conducted to verify the
optimized result.  P-value obtained was 0.234,
indicated the null hypothesis (Ho: 1 = 25.79%) were
accepted at the 0.05 a-level. The mean degree of
hydrolysis (%) of the experimented value showed no
significant difference to the predicted value. Hence,
the optimum condition of hydrolysis from Asiatic hard
clam suggested by RSM software was verified and
could be used for further research.

| 4 ‘ f“ \ e D: pH

150 — ———deEas
120 S /
90 1
60
C: time

Figure-3: DH as function of time and pH during
protein hydrolysis of Asiatic hard clam with
Alcalase®

Comparisons on the degree of hydrolysis (%)
between Asiatic hard clam meat hydrolysate with
the different species of mollusk hydrolysate.

Hydrolysate was extracted from Asiatic hard clam
(Meretrix meretrix) meat at the optimum hydrolysis
condition (65°C, 1% E/S, 60 min and pH 7.5) obtained
from the optimization step by response surface
methodology (RSM). The degree of hydrolysis DH
(%) was calculated and compared with other two
different species from the previous studies (green
mussel and cockle meat). DH (%) obtained in this
study was 26.43%. Normah and Nurdalila Diyana
(2018) hydrolyze protein from green mussel (Perna
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viridis) by using flavorzyme at pH 8, E/S 3%, time 120
mins and temperature 50°C. The study aimed to
evaluate the effect of using flavorzyme and the
addition of sodium tripolyphosphate (STPP) and
sodium chloride (NaCl) on the development of umami
flavor in green mussel hydrolysate. Degree of
hydrolysis (%) for green mussel hydrolysate was done
by pH-stat method. DH (%) value obtained for the
hydrolysate hydrolyzed by using enzyme flavorzyme
was lower than the hydrolysate hydrolyzed by the
addition of STPP and NaCl (23.18%). The DH (%)
obtained for Asiatic hard clam hydrolysate hydrolyzed
by Alcalase was higher than those obtained by
Normah and Nurdalila Diyana (2018). This study was
in agreement with Sbroggio et al. (2016) where it
showed hydrolysate hydrolyzed by Alcalase and
Flavorzyme presented different DH (%) values of
33.6% and 5.8%, respectively. Type of enzyme used
as enzyme type used during the hydrolysis process
affects the DH (%) (Liu et al., 2010). This is because
alcalase is an endopeptidase enzyme and has a range
of specificity of peptide bonds for hydrolysis, where
flavorzyme is a mixture of an endoprotease and
exopeptidase, produced by Aspergillus oryzae, giving
it a broader range of action and thus a higher DH is
expected when compared with hydrolysis by alcalase
(Pedroche et al., 2002).

On the other hand, DH (%) of hydrolysate from
Asiatic hard clam meat was lower compared to the
hydrolysate from cockle (Anadara granosa) meat
(Amiza and Masitah, 2012). Study from Amiza and
Masitah (2012) aimed to optimize the enzymatic
protein hydrolysis from blood cockle in terms of
hydrolysis time, hydrolysis temperature, hydrolysis
pH and concentration of enzyme to achieve the
maximum degree of hydrolysis (DH). Degree of
hydrolysis was determined by pH-stat method and the
enzyme used in the hydrolysis was Alcalase®. The
statistical results suggested that quadratic model was
the most suitable model for DH. The optimum
condition of the enzymatic hydrolysis of blood cockle
were found to be at 65°C, pH 9.5, enzyme
concentration at 2% and hydrolysis time of 180
minutes. DH (%) of hydrolysate from blood cockle
obtained was 37.27%. DH (%) of hydrolysate from
Asiatic hard clam meat was lower compared to the
hydrolysate from cockle (Anadara granosa) meat
which was 26.43% and 37.27% respectively. DH (%)
of hydrolysate depends on the reaction time and the
type of enzyme. DH (%) of hydrolysate from blood
cockle (time: 180 mins) is higher compared to
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hydrolysate from Asiatic hard clam (60 mins) as the
hydrolysis time is longer a there are higher peptide
fragments are released during protein hydrolysis
(Sbroggio et al., 2016)

Proximate composition

The proximate composition of Asiatic hard clam
(AHC) meat and Asiatic hard clam hydrolysate
(AHCH) were shown in the Table 3 (based on dry
matter). Protein content of AHC meat and AHCH were
10.53 + 0.04% and 60.09 + 0.88%, respectively. The
higher protein content in AHCH compared with the
AHC meat was probably due to solubilization of
proteins during hydrolysis and removal of insoluble
solid matter by centrifugation (Liceaga- Gesualdo and
Li-Chan, 1999; Chalamaiah et al., 2010).

According to See et al. (2011), the crude protein
content can be used as an indicator of the purity of the
protein hydrolysate. The ash content of the AHC meat
and AHCH were 1.98 + 0.82% and 7.36 + 0.1%,
respectively. The high ash content might be caused by
the addition of NaOH and HCI during enzymatic
hydrolysis. Fat content for AHC meat and AHCH were
8.23 £0.09% and 2.18 + 0.29% respectively. The low-
fat content of Asiatic hard clam hydrolysates is due to
the removal of lipids and insoluble protein fractions by
centrifugation (Chalamaiah et al., 2012). Low fat
content in protein hydrolysate is desirable as it
contributes to lipid oxidation stability
(Motamedzadegan et al., 2010), thus can ensure the
stability of sample during storage (See et al., 2011).
Moisture content (%) of AHC meat and AHCH were
71.92 +1.76% and 9.12 £ 0.02% respectively. The low
moisture content of protein hydrolysates is depending
on the type of sample and the effect of freeze drying.
During the process of freeze drying, the sample loses
most of its moisture (Bueno-Solano et al., 2009).

Table-3: Proximate composition of the Asiatic hard
clam meat and Asiatic hard clam hydrolysate

Asiatic hard Asiatic hard clam
clam meat hydrolysate
(%) (%)
Protein 10.53 + 0.04" 60.09 + 0.88
Ash 1.98 +0.82 7.36+0.1
Fat 8.23+0.89" 2.18+0.29
Moisture 7192+ 1.76 8.12 +0.02
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Comparison of proximate profiles between the
hydrolysate from Asiatic hard clam to the two
different mollusk

The proximate analysis data for the hydrolysate from
the three different species of mollusc were presented
in Table 4. Protein content (%) of hydrolysates from
cockle was the highest compared the other two
species. This is probably due to the hydrolysis reaction
time. As hydrolysis time for hydrolysates from cockle
was the highest (180 mins) compared with Asiatic
hard clam (60 mins) and Green mussel (120mins),
higher amount of protein was solubilized during
hydrolysis. Ash content (%) for cockle hydrolysates
was the highest, followed by green mussel hydrolysate
and Asiatic hard clam hydrolysates.

Table-4: Proximate composition of the hydrolysate
from three different species

Type of species
. Asiatic Green
o)
Analysis (%) Hard Clam mussel Cockle
Protein 60.09+ 0.88 | 64.52+0.24 | 74.00 +0.57
content
Ash content 7.36+£ 0.1 9.42+ 075 10.22+ 0.68
Fat content 2.18+ 0.29 3.79+ 0.69 5.80 + 0.91
Moisture
content 8.12+ 0.02 8.97+0.12 8.59 + 0.08

The enzymatic hydrolysis and freeze-drying process
had increased the protein, ash and fat content. One of
the main factors affects the ash content is the usage of
added acid or base for adjustment of pH of medium.
Higher amount of acid/base used leads to higher ash
content (%). Amiza and Masitah (2012) stated that
NaOH was added during enzymatic hydrolysis to
maintain the specified pH throughout the hydrolysis.
It is assumable that the NaOH used in hydrolysis of
cockle was higher compared with hydrolysates from
the other two species. Fat content (%) of Asiatic hard
clam hydrolysate was the lowest as compared with the
other two species. Protein hydrolysate from Asiatic
hard clam was the most desirable among the three as it
contributes to lipid oxidation stability
(Motamedzadegan et al., 2010), thus ensuring the
stability of sample during storage. The moisture
content (%) for the hydrolysates from the three species
were closed to each other (<10%) which were suitable
for the storage.
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Conclusion

The hydrolysis condition of Asiatic hard clam meat by
Alcalase® was optimized by using response surface
methodology (RSM). According to the two-factor
interaction (2FI) model suggested, the optimum
conditions suggested were temperature, enzyme to
substrate concentration, hydrolysis time and pH, at
65°C, 1%, 60 minutes and 7.5, respectively. The actual
value of degree of hydrolysis obtained under these
optimum conditions was 26.32 + 0.35% which was
closed to the predicted value of 25.79%. With these
optimum  hydrolysis  conditions, the protein
hydrolysate obtained composed of protein, ash
content, fat and moisture of 60.09 + 0.88%, 7.36
0.10%, 2.18 + 0.29% and 8.12 + 0.02%, respectively.
The proximate composition of the hydrolysate from
Asiatic hard clam was compared with the two species.
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