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Physicochemical Properties of Japanese Scad
(Decapterus Maruadsi) Surimi Prepared using
the Acid and Alkaline Solubilization Methods

Nur Syamimi Fatin, Nurul Huda, Wahyudi David

Abstract— The physicochemical properties of Japanese scad (Decapterus maruadsi) surimi prepared using the acid solubilization method
(ACS), alkaline solubilization method (ALS), and conventional method (CON) were investigated and compared. In CON, the fish was
mechanically deboned, washed, screw pressed, treated by adding cryoprotectants, and frozen. For ACS and ALS, the minced meat was
homogenized, solubilized with acid pH 3 or alkaline pH 12, respectively, and centrifuged to separate insoluble materials from soluble
protein. The soluble protein was collected and adjusted to the isoelectric point of proteins (5.4), and the precipitated proteins then were
centrifuged to collect the protein isolate. Cryoprotectants were added and the product was frozen. ACS vyielded the highest protein
recovery, ALS yielded the highest lipid reduction, and CON vyielded the lowest protein recovery and lipid reduction. ACS and ALS generated
products with higher protein and lower fat contents compared with CON, whereas CON produced a product with higher moisture and ash
contents than ACS and ALS. Quantitative descriptive analysis revealed that the surimi produced by CON had a strong fishy odor and a
rancid odor. Results shows that compared to CON, ACS and ALS methods increase the protein recovery, lipid reduction and gel quality of

Japanese scad surimi.

Index Terms— Acid solubilization, Alkaline solubilization, Fish, Protein solubilization, Surimi

1 INTRODUCTION

Surimi is a Japanese term for an intermediate fish product
that is used primarily to prepare a traditional gel food
called kamaboko. Surimi is defined as a fish protein prod-
uct prepared by washing mechanically deboned fish to re-
move blood, lipids, enzymes, and sarcoplasmic proteins and
as minced and washed fish flesh that has cryoprotectants add-
ed for stabilization [1]. Surimi originated in Japan, and it is
commonly produced from Alaskan pollack or whiting [2]. It is
perceived to have wholesome and nutritious attributes [3]
which have contributed to the increasing worldwide con-
sumption of surimi-based products.
The demand for fish is increasing, but its availability is de-
creasing. Surimi provides opportunities to use different
sources of protein in its production, such as underutilized spe-
cies with little or no commercial value [4]. However, the suri-
mi industry’s demand for white fleshed fish is higher than its
demand for other types, mainly because its whiteness and tex-
tural properties result in a product with the desired properties
(e.g., it produces a good gel) [5,6]. Dark flesh also can be used,
but it requires a different processing method.
The acid solubilization (ACS) and alkaline solubilization (ALS)
methods may prove to be efficient techniques to process un-
derutilized protein resources as well as dark fleshed fish. In
these processes, the fish protein is homogenized and solubil-
ized at either high or low pH. The solubilization of proteins
enables removal of unwanted high-density components, such
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as bones, scales, connective tissues, and cell membranes, and
low-density components, such as neutral lipids, by centrifuga-
tion. The advantage of this process is that the recovery rate is
high and the protein isolate may have improved functions and
shelf-life compared to protein hydrolysates and surimi pro-
duced by the conventional (CON) method [7-10].

Japanese scad (Decapterus maruadsi) is a fish from the Caran-
gidae family that inhabits the Eastern Indian Ocean and the
Western Central Pacific Ocean throughout most warm coastal
waters. Its local names are basung, curut, sadin, selar, sela-
yang, and selayang mata besar. In Malaysia it is called sela-
yang, corot, or sadin. According to the Annual Fisheries Statis-
tics of Malaysia for the year 2012, Japanese scad production
was 102,790 tonnes, which represents 6.98% of the total
1,472,240 tonnes of fish landed in Malaysia. Due to the availa-
bility of Japanese scad and its low price (RM 4.15 for the aver-
age ex-vessel price per kilogram in Malaysia), it has the poten-
tial to become a raw material for surimi production [11,12].
However, little is known about the production of Japanese
scad surimi using the ACS or ALS methods. Therefore, the
objectives of this study were to evaluate the suitability (pro-
tein recovery, lipid reduction and sensory evaluation) of Japa-
nese scad as a raw material for surimi production and to
measure the physicochemical properties (gel strength, texture
profile analysis, expressible moisture, and water holding ca-
pacity) of Japanese scad surimi prepared using the CON, ACS,
and ALS methods.

2 MATERIAL AND METHODS

Japanese scad between 13 and 20 cm long were manually be-
headed and gutted and then mechanically deboned. This fish
meat mince without further treatment served as the untreated
control in this study. HCl and NaOH were used to adjust the
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pH of samples for the ACS and ALS methods. All chemical
reagents used for the experiments were of analytical grade.
Cryoprotectants used were sucrose, sorbitol, and sodium
tripolyphosphate.

2.1 Preparation of Surimi using the Conventional
Method

Surimi prepared using the CON method was processed fol-
lowing Lanier (1992) with slight modifications [13]. Raw Japa-
nese scad were beheaded, gutted, and the backbone was re-
moved to eliminate viscera and impurities prior to deboning
[14]. A fish bone separator machine was used to separate the
fish flesh from unwanted substances such as bones and skin.
The fish meat was pressed between a travelling belt and a steel
drum with perforation size of 5 mm diameter. The minced fish
meat then was washed three times by diluting in cold water
(4°C) using 1:3 ratio (fish:water) for 2 minutes, followed by
settling for 10 minutes. The water layer was removed using a
commercial sieve, and the water remaining in the washed
product was removed using a screw press. The raw surimi
was then mixed with cryoprotectants (3% sucrose, 3% sorbitol,
and 0.3% sodium tripolyphosphate) using a cutter mixer. The
surimi was packed and frozen in an air blast freezer at -18°C.
The frozen surimi was stored at ~18°C until used.

2.2 Preparation of Surimi using the Acid and Alkaline
Solubilization Methods

Surimi samples prepared using the ACS and ALS methods
were produced according to Hultin and Kelleher (2000) [15].
After deboning, the minced Japanese scad meat was washed
three times in cold water (4°C) using a 1:9 ratio and homoge-
nized for 1 minute.. Next, the homogenized mince was divid-
ed into two equal parts: one part was solubilized in an acid
solution at pH 3, and the other was solubilized in an alkaline
solution at pH 12. The homogenates were centrifuged at 10000
g for 20 minutes at 4°C to separate the undissolved proteins
from the dissolved proteins. After centrifugation, the sample
consisted of three layers: lipid, supernatant (solubilized pro-
teins), and sediment. The sediment layer, which consisted of
skin, bones, cartilage, and impurities, was removed. The solu-
bilized protein layer was retained and adjusted to the isoelec-
tric point of proteins (pH 5.4). The recovered proteins were
collected by centrifugation at 10000 g for 20 minutes at 4°C,
which resulted in a sediment layer and a supernatant layer.
The pH of the supernatant layer was adjusted to pH 7 before
the acid or alkaline solubilized precipitate was mixed well
with cryoprotectants (3% sucrose, 3% sorbitol, and 0.3% of
sodium tripolyphosphate). The samples were frozen using an
air blast freezer, and the frozen samples were kept at -18°C
until used.

2.3 Proximate Analysis

Proximate analysis (moisture, protein, fat, and ash content) of
the surimi samples was carried out following AOAC methods
[16]. Moisture content was determined by the oven drying
method, protein by the Kjeldahl method, fat content by
Soxhlet extraction, and ash content by the dry ashing method.

2.4 Protein Recovery

The protein recoveries of the CON, ACS, and ALS methods
were calculated according to Kristinsson and Liang (2006) by
recording the weight of the starting material and the final iso-
late and the protein content of each. The total protein (g) was
calculated for each fraction. Recovery was calculated by divid-
ing total protein content in the recovered protein isolates by
the total protein content in the corresponding starting materi-
als. The protein content in each fraction was assayed in tripli-
cate using the Kjeldahl method [10,16].

2.5 Lipid Reduction

Lipid reduction was calculated as the amount of total lipids in
the protein isolates and the amount of total lipids in the corre-
sponding starting materials. The lipid content in the fractions
was determined using the Soxhlet method [16].

2.6 Gel Preparation

Surimi gels were prepared following Rawdkuen et al. (2009)
with slight modifications. The frozen surimi was thawed at
4°C overnight and the moisture content was adjusted to 80%
by adding ice. The sample then was mixed with 3% NaCI and
blended for 2 minutes using a high-speed cutter mixer to ob-
tain homogeneous surimi. The surimi homogenate was stuffed
into a 2.5 cm diameter casing, and both ends were bound
tightly. The product was heated for 30 minutes in hot water
(36°C) and then cooked in hotter water (90°C) for 10 minutes.
After cooking, all surimi gels were immediately cooled in iced
water for 30 minutes and stored at 4°C overnight prior to
analysis [17].

2.7 Color

A Minolta colorimeter (CM3500d, Osaka, Japan) was used to
determine the lightness (L*), redness (a*), and yellowness (b*)
of the raw material, isolated protein, and surimi gels following
Nolsge et al. (2011). The raw material and isolated protein
samples were placed in plastic containers and five readings of
the surface of each sample were made. Surimi gels were cut
into slices, and five readings of the surface of five different
slices of each sample were made. Whiteness was calculated as
100 - [(100 - L*) 2 + a*2 + b*2] Y2 [18].

2.8 Impurities

The impurities test was conducted out by compressing 10.0 g
of surimi to 1.0 mm thickness or less. Objects present in the
material were counted and measured. Those > 2.0 mm in di-
ameter counted as one, whereas those < 2.0 mm in diameter
counted as one-half. Any objects < 1.0 mm were disregarded.
Measurements were made on two or more samples, and the
result was expressed as the average value. Table 1 lists the
scores for the number of impurities present.

S Table 1: Scores for number of impurities

Score Impurities Score Impurities
10 0 5 12-15
9 1-2 4 16-19
8 34 3 20-25
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2.9 Gel Strength

Gel strength was measured using a Texture Analyzer TA-XT2
(Stable Micro System, Surrey, UK) following Rawdkuen et al.
(2009) with slight modifications. Gels were equilibrated at
room temperature for 30 minutes before analysis. Five cylin-
drical samples 2.5 cm in length and 2.5 cm in diameter were
prepared and tested. Gel strength was measured by the tex-
ture analyzer, which was equipped with a spherical plunger (5
mm diameter) with a depression speed of 60 mm min. Gel
strength of the surimi gels was calculated as follows [17]:

Gel strength= Force (g) x [(Distance 1 - Distance 2)] 1)

2.10 Texture Profile Analysis

The Texture Analyzer TA-XT2 with a 75 mm compression
platen and a 25 kg load cell also was used to analyze the tex-
ture profile of the samples. Each sample was placed under the
probe, which moved downward at a constant speed of 3.0
mm/s, test speed of 1.0 mm/s, post-test speed of 3.0 mm/s,
and prefixed strain of 75%. The trigger force used was 10 g.
After the first compression, the probe was returned to the ini-
tial position and stopped for 2 s before the second compres-
sion started [19].

2.11 Expressible Moisture

Expressible moisture (EM) was measured following Ng (1987).
A gel sample with a thickness of 5 mm was weighed and
placed between two pieces of Whatman filter paper No. 1 at
the top and three pieces of the same type of filter paper at the
bottom. The standard weight (5 kg) pressure equipment was
placed on top of the sample and maintained for 2 min. The
sample was removed and weighed again. EM was calculated
and expressed as percentage of sample weight [20].

2.12 Water Holding Capacity (WHC)

WHC was determined following Jin et al. (2007). The WHC of
each sample was calculated by adding 5 g of surimi to a cen-
trifugation tube and centrifuging it at 50 C at 1000 g for 15
minutes. After centrifugation, the sediment was decanted and
the sample was weighed again. The WHC (i.e., liquid loss)
was expressed as percentage of weight of liquid release to
original weigh of sample [21].

2.13 Statistical Analysis

SPSS software (SPSS 17.0 Statistical Package for Social Science)
was used to evaluate the chemical analysis, physical analysis,
and sensory analysis data. Comparison of means among the
different types of Japanese Scad Surimi produced by untreat-
ed, CON, ACS, and ALS was conducted using Duncan’s mul-
tiple range tests.

3 RESULT AND DISCUSSION

3.1 Proximate Analysis
Table 2 shows the proximate composition of untreated Japa-
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nese scad and surimi prepared using the CON, ACL, and ALS
methods. Moisture contents of the samples were significantly
higher in the untreated and CON samples compared to the
ACS and ALS samples. The higher moisture in CON was
probably due to the additional water obtained during the trip-
licate washing step. The moisture contents of the ACS and
ALS samples did not differ much, as they were prepared using
the same method. Protein contents in the untreated, ACS, and
ALS samples were significantly higher than that in the CON
sample. This difference was due to the first centrifugation step
in the ACS and ALS methods, which removed lipids, impuri-
ties, bones, and scales. In addition, myofibrillar proteins and
sarcoplasmic proteins were recovered in the ACS and ALS
processes [10].

Fat contents of the ACS and ALS samples were significantly
lower than those of the CON and untreated samples. This dif-
ference was due to the centrifugation step in the ACS and ALS
processes that removed neutral and membrane lipids efficient-
ly [22]. Fish bones and scales contribute to the mineral content
of fish, and ash content was used as an indicator of how well
these undesirable substances were removed from the proteins.
The untreated sample contained a higher ash content com-
pared to the CON, ACS, and ALS samples, and the ash con-
tents in the ACS and ALS samples were slightly lower than
that of the CON sample. During the ALS process, insoluble
solids were separated during the first centrifugation step
when the soluble proteins were recovered in the supernatant.
The insoluble solids formed a sediment layer at the bottom of
the container due to high speed centrifugation and difference
in density [23].

The carbohydrate content in fish muscle usually is less than
1%, but the value in dark fish muscle may occasionally reach
2% 22. The carbohydrate contents in the CON, ACS, and ALS
samples higher than 5% and were significantly higher than
that in the untreated sample. The carbohydrates came from
the cryoprotectants added to the raw surimi after the dewater-
ing step.

3.2 Protein Recovery and Lipid Reduction

Table 3 shows the protein recoveries and lipid reduction val-
ues for Japanese scad surimi produced using different pro-
cesses. The ACS and ALS methods yielded higher protein re-
coveries compared with the CON process. This finding agrees
with results of other studies that applied these methods to
muscle from other fish species, such as mullet [8], Pacific whit-
ing [24], tilapia [17], and herring [7]. Kristinsson et al. (2006)
investigated channel catfish muscle and reported protein re-
coveries of 71.5%, 70.3%, and 62.3% for the ACS, ALS, and
CON methods, respectively [25].

Most of the water-soluble sarcoplasmic proteins and possibly
part of the myofibrillar proteins were washed away and re-
moved during the washing steps of the CON process, which
explains the lower protein recovery for this method compared
to the ACS and ALS methods [15,26,27]. In contrast, both myo-
fibrillar protein and sarcoplasmic protein were not removed
completely in the first centrifugation step of the ACS and ALS
processes (Kristinsson and Liang, 2006). Rawdkuen et al.
(2009) also found higher protein recoveries from tilapia for the
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ACS (81.4%) and ALS (71.5%) methods compared to the CON
method (67.9%). Kristinsson and Demir (2003) measured the
protein recovery for catfish, Spanish mackerel, mullet, and
croaker and reported that the ACS process resulted in the
highest protein recovery (71-81%), followed by the ALS (65-70
%) and then the CON (54-62%) methods. Kristinsson and
Liang (2006) also reported that the ACS method yielded high-
er protein recoveries than the ALS method for Atlantic croaker
muscle proteins.

Studies of catfish and tilapia demonstrated a significantly
higher amount of soluble proteins left in the supernatant after
the second centrifugation for the ALS method, whereas more
sarcoplasmic proteins were recovered when using the ACS
method; these results explain the higher recovery for the ACS
process compared to the ALS process. In addition, the ALS
process causes less protein denaturation, thus less co-
aggregation of proteins occurs as proteins are readjusted to
pH 5.4 compared to the ACS process, which could responsible
lead to less overall recovery for the ALS process [10].

Lower lipid content minimizes lipid oxidation and makes su-
rimi more stable [4]. The ALS process resulted in the greatest
lipid reduction, followed by the ACS and CON processes (Ta-
ble 3). Kristinsson and Demir (2003) also reported greater lipid
reduction for the ALS process followed by the ACS and CON
methods for the four different fish species they studied8.
Hultin and Kelleher (2003) suggested that the greater lipid
removal in the ALS method may be due to the greater emulsi-
fication ability of the proteins at alkaline pH values. The CON
process had lower lipid reduction because membrane lipids
were retained and a portion of the storage lipids co-
aggregated with the proteins during the washing process. At
low and high pH, the solubilized proteins were separated
from the storage lipids and membrane phospholipids [28].

3.3 Color of Surimi

Color is a very important aspect for surimi. Generally, the
whiter the surimi the higher the market interest. Discoloration
problems generally arise due to the presence of melanin from
the eyes and skin and hemoglobin and myoglobin from blood
and dark muscle (Nolsge et al., 2011). Japanese scad surimi
produced using the ACS method had the highest lightness (L*)
and whiteness values, followed by CON, ALS, and untreated
mince (Table 4). The ACS and ALS samples also had lower
redness (a*) values than untreated and CON-process samples.
Kristinsson and Liang (2006) also reported higher redness val-
ues in untreated and CON samples of Atlantic croaker. Higher
redness values likely were due to greater retention of the na-
tive heme protein in Japanese scad raw surimi. The untreated
Japanese scad mince had the highest redness value due to the
presence of myoglobin in the muscle and possible contamina-
tion by hemoglobin and skin pigments (Nolsge and Under-
land, 2008) . The ACS and ALS samples had higher yellowness
(b*) values than CON samples, probably due to higher levels
of denatured and oxidized heme proteins in the former [25].

3.4 Impurities Test

The impurities test was conducted to test the quality of the
surimi prepared using different processes. Untreated mince-

meat contained the highest number of impurities, followed by
CON samples (Table 5). The conventional washing process
removed undesirable substances, but most of the solids were
collected in the end. However, the first centrifugation in the
ACS and ALS methods separated the impurities efficiently
[23]. The ACS and ALS samples both had scores of 10, which
means that almost no impurities were present (Table 5). Good
quality surimi does not have a score lower than 7 [2].

3.5 Gel Strength and Textural Profile Analysis

The most important characteristics of surimi are its gel
strength and textural profile. It is one of the criteria for decid-
ing the frozen surimi grade of quality [29]. Sarcoplasmic pro-
teins can be removed with appropriate washing steps, result-
ing in the presence of concentrated myofibrillar proteins,
which play an important role in gel formation [22]. The ACS-
processed surimi gel had significantly higher gel strength than
the ALS- and CON-processed surimi gels (Table 6). ACS-
processed surimi also had the highest values for hardness,
springiness, cohesiveness, and chewiness, followed by ALS-
and CON-processed surimi gels (Table 6). However, the tex-
tural properties did not differ much among the ACS and ALS
samples. The ACS samples had the highest hardness values
compared to the CON and ALS samples, possibly due to the
excess protein-protein interactions present in the ACS sam-
ples. These interactions may have resulted in a hard and ine-
lastic gel, whereas an excess of protein-water interactions in
the ALS and CON samples may have resulted in softer and
more fragile gels [22].

The ACS-processed surimi had better gel forming ability com-
pared to the other gels, maybe due to its high protein recovery
and lipid reduction. Gel quality of surimi is influenced by the
properties of myofibrillar proteins, which are affected by the
interactions of emulsified fat globules with protein [30]. How-
ever, the fat content in seafood products may lead to lipid oxi-
dation, which is an important cause of quality deterioration.
Lipid oxidation can lead to undesirable appearance, odor, and
taste as well as possible textural problems due to interaction of
oxidation products with proteins. This is a real problem in fish
because of their high content of highly polyunsaturated fatty
acids (Hultin, 1994). Thus, lowering the lipid content in surimi
gels may reduce the risk of formation of oxidized lipids, which
negatively impact gelation of muscle protein [31].

According to Rawdkuen et al. (2009), gels prepared from con-
ventionally processed tilapia surimi have better gel strength
(breaking force) than gels prepared from ACS- and ALS-
processed surimi. Kristinsson and Liang (2006) reported simi-
lar findings for Atlantic croaker, and Chaijian et al. (2004) re-
ported that CON-processed surimi gels made from mackerel
species had higher gel strength than those produced using the
ALS method. Clearly, the type of fish used affects gel quality
has been reported.

3.6 Expressible Moisture (EM) and Water Holding
Capacity (WHC)

Japanese scad surimi produced using the CON process had

the highest EM, followed by those produced by ALS and ACS
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(Table 7). The gel produced by the ACS process had the lowest  ally reflect the extent of denaturation of the protein and water
EM, which indicates that the protein network of these gels had content. A poor gel network with low protein integrity cannot
greater WHC [17]. imbibe water, which leads to greater water release and low
The sequence for WHC from greatest to least was the same as  WHC [32]. The ACS process produced gels with high gel-
that for EM, which was ACS > ALS > CON (Table 7). The low forming ability, as they were able to hold water better and had
liquid loss from the ACS-produced gel could be because the the lowest EM and highest WHC values.

protein gel was able to retain more water. WHC and EM usu-

Table 2: Proximate composition (%) of Japanese scad mince (untreated) and surimi produced using conventional (CON), acid solubil-
ization (ACS), and alkaline solubilization (ALS) methods

Proximate Composi-

tion (%) Untreated CON ACS ALS
Moisture 75.73 +0.41° 74.74 +0.44 74.48 +0 .28° 72.67 +0.13
Protein 21.25 +0.80° 15.67 + 1.99° 18.96 + 2.25° 18.20 + 0.45%
Fat 1.55 +0.03° 1.42 +0.14° 0.49 + 0.06° 0.12 +0.02
Ash 1.25 + 0.06° 0.88 £ 0.07° 0.71 +0.02° 0.72 £ 0.02°
Carbohydrate 0.22 £0.16° 7.29+0.12° 5.36 +0.11° 8.29 + 1.54°

Means in each row with different superscript letters are significantly different (P < 0.05).

Table 3: Protein recoveries and lipid reduction values for Japanese scad surimi prepared using conventional (CON), acid solubilization
(ACS) and alkaline solubilization (ALS) processes

Protein recovery

Method Lipid reduction (%)

(%0)
CON 55.97 + 0.4° 58.02 +0.03°
ACS 78.40 + 0.55° 70.53 +1.34°
ALS 70.34 +0.64° 86.02 + 0.37°

Means in each row with different superscript letters are significantly different (P < 0.05).

Table 4: L* (lightness), a* (redness), b*(yellowness), and whiteness values of untreated Japanese scad mince and surimi prepared us-
g y p prep
ing conventional (CON), acid solubilization (ACS), and alkaline solubilization (ALS) methods

Method L* a* b* Whiteness

Untreated 38.13 +0.01° 6.96 +0.11¢ 12.44 +0.04° 36.51+0.17°
CON 46.91 +0.02° 5.11+1.12° 12.59 + 0.04% 45.28 +0.02°
ACS 48.66 + 0.05° 2.08£0.02° 15.75 + 0.09° 46.26 + 0.05°
ALS 47.12 +0.13° 1.50 + 0.15° 15.77 + 0.45 44.79 + 0.06°

Means in each row with different superscript letters are significantly different (P < 0.05).

Table 5: Results of the impurities test of untreated Japanese scad mince and surimi produced using conventional (CON), acid solubili-
zation (ACS), and alkaline solubilization (ALS) processes

Method Untreated CON ACS ALS
No. impurities 51 25 0 0
Score 1 3 10 10
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Table 6: Gel strength and textural properties of Japanese scad surimi gels prepared using conventional (CON), acid solubilization
(ACS), and alkaline solubilization (ALS) processes

Textural Properties CON

ACS ALS

222.60 + 53.96°
786.26 + 53.17°

Gel strength (g.mm)
Hardness (g)

1255.11 + 118.51°
3902.22 + 185.12°

027.38 + 228.35°
3761.90 + 73.10°

Springiness (mm) 0.69 +0.03° 0.87 £0.01° 0.85 +0.00°
Cohesiveness (ratio) 0.31+0.05° 0.70 £0.03 0.70+0.01°
Chewiness (g.mm) 168.50 + 31.69° 2241.18 + 244.81° 2231.00 + 54.73"

Means in each row with different superscript letters are significantly different (P < 0.05).

Table 7: Expressible Moisture (EM) and Water Holding Capacity (WHC) of Japanese scad surimi gel prepared using conventional
(CON), acid solubilization (ACS), and alkaline solubilization (ALS) processes

Method CON ACS ALS
Expressible moisture (%) 34.51 +0.90° 4.35+1.63° 23.48 £ 2.60°
Water holding capacity (%) 36.60 + 5.41° 48.05 + 0.05° 4538 +£5.13°

Means in each column with different superscript letters are significantly different (P < 0.05).

[3]
4 CONCLUSION

The results of this study show that the ACS and ALS samples
had significantly higher protein content and lower fat content
compared with untreated and CON samples. The CON sam-
ples had the highest moisture and ash content among all sam-
ple types. In addition, the ACS process had the highest protein
recovery and the ALS method had the highest lipid reduction
among the methods tested. The ACS and ALS samples also
scored 10 on the impurities test, which means that no impuri-
ties were present. The ACS-produced gels had the greatest gel
strength, best textural profile, and greatest WHC. However,
the CON-produced gels had the highest whiteness values.
Overall, the ACS and ALS methods exhibited efficient protein
recovery and lipid reduction and resulted in products with
good gel strength and WHC and better textural properties
than those of the CON samples.
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