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Canavalia ensiformis or Kacang Koro (Jack Beans) is one of the under-exploited
tropical beans that contains between 25-35% crude protein content. Pre-treatments such
as soaking helps to maintain the desired properties of protein hydrolysate, such as
antioxidants, structure, high water capacity, oil-water capacity, and removing
antinutrients. However, there is little information on the effect of soaking using
different solvents on physicochemical properties of C. ensiformis. The main objectives
of this study are to determine the effect of pre-treatments (A= lime juice, B=in 50% w/v
tamarind solution (1:2) for 15 min and rinsed in distilled water, C=3% salt solution
(1:3) and 50% (w/v) activated carbon solution (1:2), D= in distilled water (1:2) as
control.) on physicochemical properties of C. ensiformis protein hydrolysate. The
hydrolysates were evaluated based on moisture content, protein content, water holding
capacity (WHC), oil holding capacity (OHC), emulsifying properties, solubility, degree
of hydrolysis (DH), foam stability, foaming capacity and antioxidant properties using
2,2-diphenyl-2-picrylhydrazyl (DPPH) assay for antioxidant activities. The highest
protein content (6.89+0.71%) was observed in treatment D. Treatment C exhibited the
highest degree of hydrolysis water, oil holding capacity, emulsifying stability index
(ESI), solubility and DPPH. The size of C. ensiformis protein hydrolysate analysed
using scanning electron microscope (SEM) varies due to different pH soaking
treatments between pH 5 to pH 10. C. ensiformis protein hydrolysate treated in
treatment B showed the highest inhibition towards DPPH (27.23+4.65%). Overall, this
study showed that the best technique for extracting a high quality C. ensiformis protein
hydrolysate that can be used in food or pharmaceutical products was pre-soaking in salt
and activated carbon, thus promoting the use of this under-utilized legume.

INTRODUCTION
The quest for new protein-rich foods due to the growing necessary because of the increased population and high price
human population, particularly based on plant origin, is now of animal-based protein [1]. Legume offers one of the
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cheapest protein products with excellent qualities [2].
Legumes are also rich in carbohydrates, low in serum
cholesterol, high in fibre, low fat, high concentration of
polyunsaturated fatty acids and long shelf-life [3].

Similar to soybeans, Canavalia ensiformis (Kacang Koro)
has the potential to become a major source of protein with a
protein content of 20-30% [4]. This legume also has a higher
protein content than maize, parboiled rice, and egg [3].
Protein hydrolysate is a mixture of polypeptides,
oligopeptides, and amino acids produced by hydrolysis of
physical (heat or shear) or chemical (acid, alkali, or enzyme)
from different sources of animal and plant protein. Since
many years ago, this protein hydrolysate has been commonly
used in processed food for human consumption like the soy
sauce of today [5].

Pre-treatment processes involve primarily the efficient
separation of complexly interlinked fractions and the
accessibility of each part, thus constituting an important step
in a wide range of applications, particularly for the
valorisation of biomass [6]. Several conditions can be
adopted as a pre-treatment approach and the selected process
must avoid reducing the size of biomass particles, retaining
the hemi-cellulose fraction, minimising the production of
degradation products, minimising energy demands and
needing a low-cost pre-treatment catalyst and/or low-cost
recycling catalyst and high-value regeneration [7]. Pre-
treatment of seeds from dry-food legumes (pulses) prior to
cooking includes mainly extracting foreign material,
washing, decorticating and soaking. Different processing
techniques are required to inactivate or eliminate
antinutritional factors, thereby improving legumes’
nutritional quality [8].

A successful pre-treatment method can maintain desirable
hydrolysate properties, such as antioxidants, structure, high
water capacity, oil-water capacity. Legume soaking before
cooking is a common practice to soften and tenderise the
texture of beans. As the beans contain certain complex
sugars that are indigestible by enzymes, soaking the legume
seeds before cooking can solve the problem [9].

Soaking allows for distribution of water within the legumes
among starch and protein fractions [10]. This provides
nutritional and health benefits and enables health
professionals to consume more beans [11]. Since it is well
known that different pre-treatment will have different
impacts on protein structure and functionality, it is
anticipated that pre-treatment may also have an impact on C.
ensiformis protein physicochemical properties. Therefore,
this study are aimed to determine the effect of pre-treatment
(soaking in different mediums) on physicochemical
properties of C. ensiformis’s protein hydrolysate. This study
will provide a new way to preserve C. ensiformis protein's
beneficial physicochemical properties, which will enable its
potential as a new, cheap source of protein.

MATERIALS AND METHODS
Raw materials

Four months old C. ensiformis fruit pods were collected from
a farm in Kuala Berang, Terengganu. The seeds were
removed from their pods, air-oven dried at 60 °C for 26 h
and ground into flour before enzymatic hydrolysis. Alcalase
enzyme (Merck, USA) was used to extract the protein
hydrolysate.

Sample preparation
Pre-treatment

The dried C. ensiformis seeds were pre-soaked in four
different methods using four different types of solutions
which include Treatment A: C. ensiformis seeds was initially
soaked in lime juice (1:2 ratio of seeds to solution);
Treatment B: C. ensiformis seeds soaked in 50% w/v
tamarind solution (1:2) for 15 min and rinsed in distilled
water; Treatment C: C. ensiformis seeds were soaked in 3%
salt solution (1:3) and 50% (w/v) activated carbon solution
(1:2) and Treatment D: C. ensiformis seeds were soaked in
distilled water (1:2) as control. All soaked samples were
continuously stirred for 6 h. The designated pre-treatment
solutions were changed every 2 h until the 6™ hour.

Protein extraction and hydrolysis

The pH of the solubilized proteins were adjusted with 1 N
HCl to their isoelectric points, which is 4.9 for C. ensiformis
seeds [12]. The suspension was then centrifuged at 1317g for
12 min. The sample was mixed with a 100 ml sodium
phosphate buffer (1:2 w/v) for 5 min at 25 °C. The solution
was adjusted to pH 8 (optimal pH for Alcalase enzyme)
using 1 N NaOH. Alcalase was added at concentration 2.0%
(w/w) of raw material. Heat treatment was applied to
denature enzymes using a water bath at 90°C for 10 min [13].
The resulting solution was then centrifuged at 9000 rpm for
25 min. The sample was filtered and collected, rapidly pre-
frozen at -80°C and freeze dried using a freeze dryer at
-40°C.

Physical properties of dried protein hydrolysate Yield

The centrifuged solution was filtered using filter paper and
the amount was recorded as (a). The yield of powdered
protein hydrolysate was obtained by weighing the powdered
collected after freeze drying was recorded as (b). The
percentage of yield after drying was calculated as shown in
[Equation 1].

powder collected after drying(b)

Yield =

o .
liquid protein hydrolysate (a) x 100% [Equatlon 1]
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Water holding capacity (WHC) and oil holding capacity
(OHO)

A suspension of 0.5 g protein hydrolysate (dry weight) was
added to 5 ml of distilled water. The mixture was left to stand
at 30 min. After that, it was centrifuged (Hettich Universal
32, Germany) at 5000g for 30 min. The free water was
discarded and the tube was drained for 10 min. The pallet left
in the centrifuge tube was weighed and calculated using the
equation [Equation 2] [15].

Water holding capacity (WHC) of C. ensiformis protein

hydrolysate (%) = % x 100 [Equation 2]

Oil holding capacity (OHC) was conducted according to
a method modified from [14]. Palm oil of 10 mL was added
to 0.5 g C. ensiformis protein hydrolysate and centrifuged in
5000¢g for 30 mins at 25°C. The unbound oil was decanted
off, and oil absorption capacity was determined from the
difference in weight of the hydrolysate samples and
expressed as gram of oil bound per gram sample [Equation
3]

OHC of C. ensiformis protein hydrolysate (%) =

Weight of oil held .
—————————x 100 [Equation 3]
Weight of powder

Morphological properties-SEM

Microstructure determination using a Scanning Electron
Microscope(Jeol-6360, USA). The sample was applied on
the surface of the sticker on a specimen holder. The sample
was coated with 99% pure gold using Auto Fine Coater prior
to analysis of the SEM. The specimen was viewed using
5000X magnification [15].

Foaming capacity and foam stability

A 20 ml sample of 5% (w/v) suspension was prepared with
an added to sodium phosphate buffer. The suspension was
placed in 100 ml beaker and was homogenized at 17 500
rpm for 2 min (IKA, Germany), and the foam volume was
recorded after 30 s. Foaming capacity was expressed as the
percentage increase in foam volume measured at 30 s
[Equation 4]. Foam stability was determined according to
residual foam volume at 3 min after homogenized. Both
properties were determined as a function of pH [12]. Foam
stability (FS) was determined as the volume of foam that
remained after 3 min expressed as a percentage of the initial
foam volume [Equation 5].

volume of foam after 30s

x 100

Foaming capacity = —— - -
original volume of protein solution

[Equation 4]

volume of foam after 3 min

x 100

Foam stability =

volume of foam after 30 s

[Equation 5]
Solubility

Protein hydrolysates solubility were determined using the
established Biuret method [16]. Two hundred milligrams of
protein hydrolysate were dispersed in 20 ml of deionized
water and pH of the mixture was adjusted to 2, 3,4, 5,6 7,
8,9,10,11, 12 with 1 or 6 N HCI and 1 or 6 N NaOH. The
mixture was then stirred and agitated at 25°C for 30 min and
centrifuged at 7500g for 15 min. Total protein content in the
sample was determined after solubilization of the sample in
0.5 N NaOH. Protein solubility was calculated based on
equation 6:

protein content in supernatant total

Solubility = x 100

protein content in sample

[Equation 6]
pH value

pH value was determined at room temperature (25°C).
The pH meter used was calibrated at pH 4 and pH 7. Then
the pH meter was rinsed with distilled water and wiped
before inserted into the sample.

Colour profile

Colour (L*, a*, and b* values) of the samples were
determined using Colourimeter (Minolta Chroma CR 300,
Japan). Colour was measured by spectrophotometer
(trismulus colour machine with CIE lab colour scale)
(Hunter, Lab Scan X E, Reston VA). The sample was
crushed coarsely and flattened prior to colour determination.

Structural properties of protein hydrolysate

Fourier Transform Infrared Spectroscopy (FTIR) (Nicolet,
Thermo Electron, USA) was used to study the structural
properties of C. ensiformis protein hydrolysate. The
lyophilized protein hydrolysate was measured for its infrared
spectra in the absorbance of 4000-500 cm™' by FTIR
spectrophotometer. The scanning was performed with a
resolution of 4 cm™ and the FTIR spectra were an average of
32 scans [17]. The functional group and mode of vibrations
were identified based on the peak of interest at specific
wavelength and absorbance [15].

Chemical properties of dried hydrolysate
Determination of moisture and crude protein content
The moisture and crude protein content were determined

according to the Association of Official Analytical
Chemists’ procedure (AOAC) [18].
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Degree of hydrolysis

The degree of hydrolysis of C. ensiformis protein
hydrolysate was determined using trichloroacetic acid
(TCA) method [14]. Two grams of lyophilized hydrolysate
was used in this analysis. One gram of C. ensiformis protein
hydrolysate was determined through the Kjeldahl method
[18]. As for the 10% TCA soluble nitrogen determination, 1
g of C. ensiformis protein hydrolysate was added into 10 mL
distilled water, respectively. Then, 10 mL of 20% TCA was
added into the sample and mixed by vortex. The samples
were left to stand for 30 mins, in order to allow the protein
to precipitate. The samples were then centrifuged at 8000
rpm for 5 mins (High-Speed centrifuges 1580R, Cryozen Co,
Ltd, Korea). Protein content in the collected supernatant
byproduct using Kjeldahl method [18]. The protein content
was calculated using equation and:

(T-B)X N X 14.007X100
weight of the sample (mg)

Percentage of nitrogen (%) =

[equation 7]

Percentange of nitrogen(A)

Percentage of DH (%) =

[equation 8]

x 100

Total percentage of nitrogen

Where,

T = Titration volume for the sample (ml)

B = Titration for the control (ml)

N = Concentration of hydrochloric acid (HCL)
F = Protein factor (6.25)

Emulsifying properties

The emulsifying activity index (EAI) and emulsion stability
index (ESI) of the samples were determined using the
method described by Klompong et al. [19] without the pH
adjustment. Approximately 10 ml of corn oil was mixed with
30 ml of 1% protein sample. The mixture was then
homogenized at 20,000 rpm for 1 min. An aliquot of the
emulsion (50 pl) was pipetted from the bottom of the
container at 0 and 10 min after homogenization and diluted
in 5 ml of 0.1% sodium dodecyl sulphate (SDS) solution.
The absorbance of the diluted solution was measured
immediately at Omin (Ao) and 10min (Ao) at 500nm using a
spectrophotometer.

Emulsifying stability index (ESI) (min) = AOA); At

Where,

Ay is the absorbance at 0 min after homogenization;

Ao is the absorbance at 10 min after homogenization;

At is 10 min and AA is the difference of absorbance at 0 min
and 10 min (A0 — A10).

Antioxidant activity based on 2,2-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging assay

The  2,2-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging assay was evaluated according to the method
described by [20] with slight modification. 6.1 x 105 M
solution of DPPH was prepared in ethanol. A 75 pL of the
diluted extract was added with 3 mL of the DPPH solution.
The absorbance was taken at 515 nm using methanol with
DPPH as the negative control, while quercetin as a positive
control after letting it stable for 1 h. All analyses were
conducted in dark or dim light. The inhibition percentage
(IP) of the DPPH by the extract was calculated according to
this formula:

IP = [(AO min - A60 min) / A0 min] x 100

A0 min is the absorbance of the blank at t = 0 min, and
60 min is the absorbance of samples at 60 min. The result
expressed as pmol Trolox equivalent (TE) per gram of
sample on a dry basis, through a dose-response curve for
Trolox (0-350 uM).

Statistical analysis

All the data were obtained from triplicates analysis and
analysed using one-way ANOVA. The statistical analysis for
protein hydrolysate was completed using MINITAB 19
software at the confidence level at p < 0.05. The statistical
comparison was performed with one-way analysis
(ANOVA) using Fisher's Least Significant Difference (LSD)
test and values of p < 0.05 were considered significant [21].

RESULTS AND DISCUSSION
Yield of powder hydrolysate

The determination of yield demonstrates the efficiency and
efficacy of the extraction process. Table 1 shows that
treatment D (soaked in distilled water) was found to have a
higher yield (4.13%) than other samples. This result showed
a contrast data to a previous study [22] who mentioned that
acid treatment removed certain acid-soluble proteins, lipids,
and other unwanted components, disrupted some cross-links
of collagen molecules, and caused skin swelling gelatine
extraction more efficient. The use of excess acid over
hydrolyzed proteins such as collagen molecules and the loss
of recoverable protein during later washing processes could
be due to the high excessive acid concentration which
maximise protein extraction [23]. An increase in the yield
value in treatment D also resembles protein polymer
arrangement, as they have different physical and chemical
properties, which reacted differently towards acidic
treatments.
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Table 1: Chemical composition of powdered protein hydrolysate C. ensiformis.

Sample  Yield (%) Moisture Protein Emulsifyin ~ Emulsifyin Degree of Dpph (%)
(%) (%) g activity g stability hydrolysis
(m*/g) (min) (%)

A 1.73£0.5 0.48+ 6.89+0.71*  0.76+0.03>  3.31+£0.41°  6.12£0.43°>  21.68+4.33?
32 0.00?

B 2.52+40.6 0.44+ 2.59+1.22%  2.114+0.01*  2.53+£0.05>  7.27+£1.11°  27.23+5.31°
6* 0.01°

C 3.81+0.0 0.48+ 0.34+0.01°  0.44+0.02°>  6.07+0.07* 21.38+3.01*  25.55+2.07°
28 0.01*

D 4.13+0.2  0.47£0.01*°  4.08+0.49° 1.51+0.27®° 3.62+0.11°®  9.04+0.84°  13.11+4.44°
13,

Note: A= lime juice, B=in 50% w/v tamarind solution (1:2) for 15 min and rinsed in distilled water, C=3% salt solution (1:3)
and 50% (w/v) activated carbon solution (1:2), D= in distilled water (1:2) as control. [different pre-treatment solution]. All
values given are means of triplicate results. Standard deviation (mean + SD) is included for each average. Means with different
letter are significantly different (p <0.05) within the same column.

Chemical properties of C. ensiformis hydrolysate

Table 1 shows the moisture content of the powdered
hydrolysate extracted from C. ensiformis following soaking
using different soaking solutions. There were no significant
differences between solutions except treatment B.

The moisture content of pre-soaked C. ensiformis in
distilled water (0.48+0.00%) was higher than Treatment B
(p>0.05) but slightly different in pre-treatment with salt and
activated carbon, where it contains 0.48+0.01% and a nearly
similar moisture content of C. ensiformis impregnated with
any solution.

The protein content of treatment A (6.89+0.71%) was
found to be the highest protein among the others. The protein
content in pre-treated C. ensiformis obtained from the
current study was lower compared to previous findings [24].
This might be due to treatments of the solution that affect the
protein in the C. ensiformis. Moreover, the protein in pre-
treatment salts and activated carbon showed the lowest
protein content where 0.3440.0%, because activated carbon
was used to extract small molecules from protein solutions
and often a dextran coating was used to avoid interaction
between the proteins and the surface of the activated carbon
[25].

Emulsifying properties of powdered C. ensiformis
protein hydrolysate

Table 1 also represents the emulsifying activity index (EAI)
and emulsifying stability index (ESI) of powdered protein
hydrolysate of C. ensiformis for different treatments. The
EAI of treatments A, B, C and D were 0.76, 2.1,0.4 and 1.5
m?/g, respectively. The ESI of treatments A, B, C and D were
3.32,2.46,5.96 and 3.65 min, respectively. Treatments C and
D significantly high compared to treatments A and B. There
was a significant difference (p<0.05) between the treatments
of different solutions. A protein with ideal qualities as an
emulsifier for an oil-in-water emulsion would have relatively

low molecular weight, a balanced amino acid composition
with charged, polar and non-polar residues, good water
solubility, well-developed surface hydrophobicity and a
relatively stable conformation [5].

The results also showed that ESI values were
proportional to the pH of treatment used. Similar results as
reported by Naqash and Nazeer [26] that an increase in the
pH will increase the ESI which was accompanied by their
higher solubility but in contrast for EAI. High EAI does not
generally mean high ESI depending on the hydrolysis
condition (pH, temperature, and enzyme), other processing
steps and emulsifying test conditions (pH, concentration,
temperature, and others) [27].

Degree of hydrolysis (DH) of powdered C. ensiformis
protein hydrolysate

The degree of hydrolysis plays an important role in deciding
the functional properties of protein hydrolysate since protein
structure hydrolysis induces a decrease in protein molecular
mass (MM) and an increase in both the amount of ionizable
groups and the accessibility of hydrophobic regions in the
protein structure [27].

The hydrolysis of the C. ensiformis protein hydrolysate
resulted in a degree of hydrolysis of 6%, 7.3%, 20.6% and
9.4 % for treatment A, B, C and D of different solutions,
respectively. Treatment C was significantly higher than other
treatments which showed that the degree of hydrolysis
protein hydrolysate of all different treatments made a
significant difference (p<0.05).

The muscle cell membranes tend to round up and form
insoluble vesicles during hydrolysis, leading to the removal
of membrane-structured lipids [28]. The inconsistent degree
of hydrolysis along the hydrolysis may be due to reduced
enzyme activity due to the exhaustion of the enzyme as a
substrate over time. In addition, prolonged hydrolysis may
denature molecules of protein. The decrease in DH could be
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due to the denaturation of protein molecules, subsequently
reducing its biological activities [29].

Antioxidant activity (AOA)-Scavenging effect on DPPH
free radical

The results showed that DPPH scavenging activity in
treatment B (27.2%) followed by treatment C (22.5%),
treatment A (21.6%) and treatment D (13.2%), respectively.
Yet no significant was recorded in treatment A, B and C,
furthermore, treatment D significant the lowest. This might
be because of the denaturation of amino acids that can inhibit
DPPH or cleaving of peptides into amino acids [12]. A study
by [30] reported a higher DPPH value (56.78%) were
observed in methanolic extract C. ensiformis seeds.
Antioxidant production is affected by changes in length, rate
and composition of free amino acids and small peptides [14].
Peptides composed of hydrophobic and aromatic amino
acids can effectively scavenge the radical DPPH [15]. They
also reported that Canavalia gladiata (59.23 pg/ml),
exhibited higher DPPH value that of C. ensiformis (34.35
ug/ml), suggesting higher concentration of flavonoids and
phenolic compounds, will exhibit stronger antioxidative
activity. The different results compared to C. ensiformis
protein hydrolysate because of the different presence of
amino acid and peptides in different beans [12].

Physical properties of powder hydrolysate

Microstructure of powdered C. ensiformis protein
hydrolysate

Figure 1 presents the microstructure of powder protein
hydrolysate extracted from C. ensiformis in different pre-
treatments solutions. Figure 1 illustrates the image of C.
ensiformis protein hydrolysate with 5000X magnification.
All of the C. enmsiformis protein hydrolysate at different
hydrolysis times exhibited irregular shape. This might be due
to the effect of the freeze drying process that causes the
change of samples into powder form. The freeze dried
protein hydrolysate can be referred to as “collapse-building”
shape [31]. The irregular shape might influence the
functional properties of the sample like absorbing oil and
water in its molecule where it also might help in exposing
more amino acids in outwards to entrap water and oil
molecules. The changes in morphological characters may
affect the functional properties of protein hydrolysates [15].

The protein hydrolysate D pre-treatment microstructure
is larger in size than other pre-treatments. The size and
structure had a major impact on the hydrolysate protein's
functional properties. In pre-treatment D, the protein
hydrolysate microstructure is greater in size while in pre-
treatment B, protein hydrolysate is smaller in size. Drying
protein does, however, cause few stresses that can denature
protein by modifying protein structures [32]. Pre-treatment
A was more compact and clumped together where it may

also suggest that other bonds, such as covalent, hydrogen and
disulfide, still bind the protein molecules together even after
the soaking process. These characteristic compacts and
clumps together play an important role in the formation of
gel [33]. Furthermore, the smooth ellipsoids surface of pre-
treatment B of C. ensiformis protein hydrolysate can cause
rupture because the structure of starch granules with
amorphous and crystalline areas was described as semi-
crystalline, causing oxidation and acetylation to strike the
amorphous area, separating the region from the starch layer,
resulting in the breakup of the granules [34]. Overall, the
morphological structure such as the size and shape of C.
ensiformis protein hydrolysate might have a great influence
on functional properties.

Functional groups of C. ensiformis protein hydrolysate

Fourier Transform Infra-Red (FTIR) was used to test
changes in the frequency of vibration in the functional
groups of the C. ensiformis protein hydrolysate. The spectra
of C. ensiformis powder protein hydrolysate were measured
within the 500-4000 cm™! wavenumber range by the FTIR
spectrometer. The FTIR spectrum reveals the dynamic
structure of the adsorbent due to the presence of a greater
number of peaks (Figure 2). Table 2 shows a peak at 3500-
3200 cm-1 (Region 1) for the presence of hydroxyl in
flavonoids, 3200-2800 cm™' (Region 2) for the presence of
C-H groups, 1800-1600 cm-1 (Region 3) for the C = O
group, 1900-1500 cm™! (Region 4) for the C = C groups,
1300-800 cm™ (Region 5) for the C-O group and 1300-900
cm™! (Region 6) for the fingerprint area. Protein hydrolysate
presents three area wavenumbers where Amide I (1700—
1600 cm™) induced by C = O stretching vibration of the
protein component, Amide II (1560-1520 cm™') occurs
mainly from C-N stretching with N-H bending vibrations of
the protein backbone, and Amide III (1240-1430 cm—1)
bands are formed by C-N stretching [35]. The Amid I band
is the most sensitive IR spectral region to predict protein
secondary structural components and is largely attributed to
C = O stretching vibrations (about 80 percent) with certain
N-H bending and C-H stretching modes in the plane. In
particular, C = O stretching protein vibrations depend
primarily on different secondary structures and intra-or inter-
molecular effects, including hydrogen bonding patterns and
molecular geometry [36].

Water and oil holding capacity of powdered protein
hydrolysate

Water holding capacity (WHC) and oil holding capacity
(OHC) are important features to evaluate the texture
properties of food products such as juiciness, mouthfeel and
tenderness. Water holding capacity is the absorption capacity
possessed in protein compounds [37]. Data in Table 3
showed WHC there was a significant difference (p<0.05)
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between C. ensiformis proteins that soaked in different
solutions.

Protein hydrolysate in treatment C showed the highest
water holding capacity (71.2%) as compared to other
samples. However, the water holding capacity was lower in
treatment A (39.7%). This could be due to the high
concentration of polar groups present in the sample. The
interaction between protein and water also depends on the
sample's polar groups and hydrophilicity and several studies
have shown that protein hydrolysis with the increased
availability of polar groups can have a good impact on WHC
[27]. The sudden increase in WHC can occur as hydrophilic
amino acid balances with hydrophobic amino acids. The
WHC ultimately depends on the relationship between
protein and water, the size of the protein molecule and the
equilibrium between hydrophilic and hydrophobic groups
[12].

Oil holding capacity (OHC) is known as the amount of
oil that protein retains where the oil linked to the
hydrophobic interaction of oil and protein [38]. Table 3 data
showed that there was a significant difference between C.
ensiformis proteins in different pre-treatments. C. ensiformis
protein hydrolysate in treatment B shows the highest OHC
(1.5%) compared to other treatments because more
hydrophobic classes allow to the physical imprisonment of
0il [39]. Protein hydrolysate in treatment A shows the lowest
oil holding capacity (0.5%) might happen because of the
releases of hydrophobic groups from the hydrolysis process.
This illustrates that OHC is heavily dependent on the release
from the hydrolysis phase of hydrophobic groups. He et al.
[40] reported that OHC origin was due to the combination of
oil physical entanglement and substance hydrophobicity.

2 UMT

Figure 1. SEM images of powdered protein hydrolysate. A= lime juice, B=in 50% w/v tamarind solution (1:2) for 15 min and
rinsed in distilled water, C=3% salt solution (1:3) and 50% (w/v) activated carbon solution (1:2), D= in distilled water (1:2) as

control.
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Table 2: FTIR region for C. ensiformis powdered protein hydrolysate

A B C D Functional group Mode of vibration
3385.54 3415.99 3455.33 3451.98 Hydroxyl compound, H-bonded, O-H stretch
alcohol, phenols
1654.28 1601.66 1636.69 1636.89 Ketone compound C=O stretching
amide (I)
- 1399.09 - - Phenol or tertiary O-H bend, Alcoholic
alcohol group
1077.25 1072.58 1073.06 1080.85 C-0
Ref: (Santosh et al.,
2013)
Note:
A= lime juice, B=in 50% w/v tamarind solution (1:2) for 15 min and rinsed in distilled water,
C=3% salt solution (1:3) and 50% (w/v) activated carbon solution (1:2), D= in distilled water (1:2) as control.
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Figure 2. FTIR of C. ensiformis powdered protein hydrolysate

Note:

A= lime juice, B=in 50% w/v tamarind solution (1:2) for 15 min and rinsed in distilled water,
C=3% salt solution (1:3) and 50% (w/v) activated carbon solution (1:2), D= in distilled water (1:2) as control.
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Table 3: Water holding capacity, oil holding capacity, foaming stability, foaming capacity, solubility and pH value of C.
ensiformis protein hydrolysate

Sample WHC (%) OHC(%) Foaming capacity Foaming Stability Solubility pH
A 0.46+0.01 82.29+1.47° 0.89+0.01  7.10+0.05
39.74+1.76° d 7.00+1.41%® b b
B 1.49+0.01 73.46+4.912 1.02+£0.02  5.65+0.07
40.18+0.86° a 5.75+1.06 b d
C 71.19+0.48* 0.51+0.01  4.00+0.71° 74.61+4.492 5.15+0.01  7.55+0.11
D 44.22+0.07° 0.96+0.01  9.25+1.06* 83.24+9.572 1.07+0.02  6.91+0.12
b b c

All values given are means of triplicate analysis express as mean = SD is included for each average. Means with different letter

are significantly different (p <0.05) within the same column.
Note:

A= lime juice, B=in 50% w/v tamarind solution (1:2) for 15 min and rinsed in distilled water,
C=3% salt solution (1:3) and 50% (w/v) activated carbon solution (1:2), D= in distilled water (1:2) as control.

Foaming capacity and foam stability of powdered protein
hydrolysate

Protein foaming properties are typically characterized as the
ability to foam (FC) and the ability to foam (FS). When
whipped, FC is expressed in volume and the volume of the
foam over time (normally 0-30 min) gives FS to the protein
[41]. Table 3 also showed that the foaming capacity and
foam stability of C. ensiformis protein hydrolysate in
different treatment solutions exhibited a significant
difference (p< 0.05) among all of the treatments. Treatment
D showed the highest foaming capacity (9.3%), followed by
treatment A (7%). This might be because a reduction in
molecular size causes the inability to form or retain foam
[12]. Again, treatment D exhibited the highest foaming
stability value (83%) followed by treatment A (82%). This
could be explained by the presence of interaction between
the protein of the sample within the matrix in different
soaking treatments [42]. Solubility was positively correlated
with foaming capacity, which indicates that as more protein
can migrate to the air-water interface, more foam will be
formed [43].

Solubility of C. ensiformis protein hydrolysate

Treatment C (5.2%) was found to possess significantly the
highest solubility followed with treatment D (1.1%),
treatment B (1.0%) and treatment A (0.9%) (Table 3). This
might be due to the difference in solubility which was related
to the difference in protein surface charges by the exposure /
forming of charged residues following the structural
transformations of proteins due to deprotonation [44].
Similarly, Rapeseed hydrolysates has been found to exhibit
more than 90% solubility at pH 5-9 [45]. The production of
hydrolysates that are soluble at acidic pH is essential for the

supplementation of fruit juices and acidic drinks. Protein
solubility depends on the pH and ionic strengths, whereas
protein processing history has a major influence on this
property [41].

pH of C. ensiformis protein hydrolysate

Generally, a low pH was observed for the samples, which
could be attributed to the acidic agent used for the pre-
treatments. The pH values were observed in the range 5 to 7
(Table 3). Treatment C was observed as the highest pH (7),
even though the treatment solutions were set at pH 5.52 after
treating the salt solution. This result is in contrast with the
work carried out by Claver et al. [29]. They found that the
solubility of wheat protein hydrolysates was strongly
influenced by pH, with the lowest and highest solubility at
pH 4 and 6, respectively.

Colour profile of C. ensiformis protein hydrolysate

In order to evaluate how hydrolysis influences the colour of
the hydrolysates, lightness (L*), redness (a*) and yellowness
(b*) of the powders were measured. The experimental L*, a*
and b* mean values have been shown in Table 4. Treatment
B exhibited higher lightness value than other treatments (p<
0.05), with lower a* and b* values (p< 0.05). Colour data
showed that protein hydrolysate in treatment B has a more
yellowish colour and is darker than treatment A. While for
treatment C and D showed that the protein hydrolysate has
the same light yellowish colour.
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Table 4: Colour profile of C. ensiformis powdered protein hydrolysate

Sample L* b*
A 33.19+0.23° 0.96+0.04° 0.74+0.03
B

47.00+0.267 -0.35+0.06¢ 4.03+0.03°
C

30.9840.10¢ 0.68+0.04¢ -0.27+0.024
D 30.7340.16° 10.52+0.01° 23.63+0.16°

Mean value with same letter in a same column are not significantly different at p>0.05

Note: A= lime juice,

B=in 50% w/v tamarind solution (1:2) for 15 min and rinsed in distilled water,
C=3% salt solution (1:3) and 50% (w/v) activated carbon solution (1:2), D= in distilled water (1:2) as control.

CONCLUSION

The best pre-treatment (soaking solution) of protein
hydrolysate from C. ensiformis with the best physical
properties, water and oil holding capacity, emulsifying
stability index (ESI), solubility and antioxidant properties
(DPPH) were found to be in treatment C (salt and activated
carbon). Different properties of C. ensiformis protein
hydrolysate was observed under scanning electron
microscopes. FTIR analysis confirmed that the size and
structure of the hydrolysate of all treatments were irregular
in shape, like “collapse building”. This study shows that pre-
treatment in salt and activated carbon was the best technique
to extract a good quality C. ensiformis protein hydrolysate
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