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Abstract

This study was undertaken to determine the effects of washing and storage on the
quality of Selaroides leptolepis and Aristichthys nobilis surimi kept at -20°C for 24 weeks,
Surimi was prepared from unwashed, once-washed and twice-washed minces. Analyses
conducted include changes in texture profile, expressible moisture, color, elasticity, moisture
content, pH, salt-soluble protein, trimethylamine, total volatile basic nitrogen and
thiobarbituric acid. Results showed that twice-washed surimi of both species were gener-
ally more stable than once-washed and unwashed surimi. The storage quality in terms of
texture, color, elasticity, moisture content, pH and salt soluble protein values for all
samples showed significant decreases during storage. There were increases in expressible
moisture, trimethylamine, total volatile basic nitrogen and thiobarbituric acid.



Introduction

Surimi is usually made from white-fleshed and low-fat fish species. The
versatility of surimi for production of a vast variety of minced fish analogues,
coupled with the decline in supplies of Alaskan pollack (Theragra
chalcogramma), have prompted substantial efforts to study the suitability of
other fish species for surimi production. In the United States, menhaden
(Brevoortia), a small, oily and dark blue to brown herring-like fish showed
promising possibilities as a raw material for surimi processing (Bimbo 1988).
In the Southern hemisphere, particularly in New Zealand, hoki (Macruronus
novaezelandiae) and blue whiting (Micromesistius) (MacDonald 1990) exhibited
the same potential. Similar efforts are being carried out in Europe, United
Kingdom, Norway and other countries to explore the possibilities of using
locally-available species for surimi processing (Putro 1989). In developing tropi-
cal countries, especially in Southeast Asia, species widely used for frozen surumi
production include threadfin bream (Nemipterus sp.), bigeye snapper
(Priacanthus sp.), barracuda (Sphypaena sp.) and croaker (Pennahia sp.) (Tan
et al. 1987). Surimi manufacturing will receive greater attention for further
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development in future in line with the need for product diversification to meet
the growing demand for surimi-based analogues.

This study was conducted to assess the suitability of S. leptolepis and A.
nobilis as raw material for surimi production. S. leptolepis, a relatively small
pelagic fish, accounted for 3% of the total marine fish catch of 1,065,585 mt in
Malaystia in 1994 (Anon. 1994a). A. nobilis, on the other hand, is a common cul-
tured species. These two species are underutilized due to their small size (S.
leptolepis) and muddy flavour (A. nobilis), respectively. Both species are nor-
mally consumed fresh, are easily available in the wet markets and are cheaper
than most other species. A small percentage of (S. leptolepis) is salted and dried.

Materials and Methods

Materials

Sorbitol was purchased from Cerester Polyols Gmbh, Germany, sucrose
was obtained from R&M Marketing, Essex, U.K., sodium tripolyphosphate
from Damah Trading (M) Sdn. Bhd and salt from Seng Hin Brothers (M)
Sdn. Bhd. Polyethylene bags (0.08 mm thickness) for the packaging of surimi
were purchased from Lam Seng Plastics Industries (M) Sdn. Bhd. S. leptolepis
was purchased fresh from a wet market and A. nobilis captured live from a
farm. Both market and farm are located nearby the Universiti Putra Malaysia
campus and were processed immediately upon arrival at the laboratories.

Sample Preparation

The fishes were deheaded and gutted manually. The dressed fishes were then
washed and filleted. The fillets were fed to a deboner (6 inches horizontal type,
made in Taiwan). The minced meat was divided into 3 portions. The first por-
tion was blended with 2.5% sucrose, 2.5% sorbitol and 0.2% sodium tripolyphos-
phate (unwashed). The second portion was washed in 0.2% saline for 15 min-
utes. The ratio of minced meat to iced saline (10-15°C) was 1:4. The minced
meat was washed by stirring for 5 minutes. After settling, the water was de-
canted and drained through a nylon mesh. Excess water was spun off until a fi-
nal moisture content of 80-82%, using a locally-fabricated centrifuge at 200 x g
centrifuge (Syarikat Perniagaan Timbang dan Sukat Ban Hing, Malaysia). The
washed mince was then mixed with sucrose (2.5%), sorbitol (2.5%) and sodium
tripolyphosphate (0.2%). The resulting sample was labeled as once-washed
sample. The last portion was prepared following the method above except for
two washing cycles. This sample was labeled as twice-washed. All the samples
were vacuum sealed in 1 kg blocks in polyethylene bags, blast frozen in 30
mins to -25°C (measured at centre of block) and stored at -20°C @&2°C).

Physical Analyses

The physical tests used to measure changes in surimi quality during stor-
age include texture profile analyses, expressible moisture, color and elasticity.
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The surimi gels were prepared as decribed in Ng (1987). For the texture pro-
file, cylindrical gels with uniform geometry (25 mm height x 25 mm diameter)
were subjected to compression testing at room temperature (25°C) using an
Instron Universal Testing machine (Model 1140, West Germany). The test
subjected a specimen to 90% deformation. The speed of the crosshead and re-
cording chart was set at 50 mm per min. A full-scale load range of 50 kg was
used and two consecutive bites were measured. Four parameters, namely,
hardness, springiness, cohesiveness, gumminess and chewiness, were obtained
from the resulting curve. Expressible moisture was determined by measuring
the amount of moisture on the two layers of filter paper (No. 1) upon compres-
sion and expressed in percentage of sample weight (Lee and Chung 1989).
Whiteness of gel was determined using a Hunter Lab Colorimeter (Model D25-
2, USA) and the folding test for elasticity of Ng (1987b) was used. Moisture
content was determined using the AOAC method (1984).

Chemical Analyses

pH and salt soluble proteins were determined according to Lim (1987).
Trimethylamine and total volatile basic nitrogen were determined using
Conway’s method (Ng 1987a). Thiobarbituric acid number was determined
according to the method of Tarladgis et &l. (1964).

Statistical Analysis

The data was analyzed statistically using theAnalysis of Variance Method
(ANOVA) at 5% level. The Duncan’s Multiple Range Test (DMRT) was used to
determine significant, differences between treatments. The statistical program
used was the Statistical Analysis System of Bar et al. (1976).

Results and Discussion

Physical Analyses

The texture profiles for the cooked gels of unwashed, once- and twice-washed
surimi are shown in Tables 1 and 2. Hardness, springiness, gumminess and
chewiness of gels made from twice-washed minces were generally greater than those
made from unwashed minces. Springiness, gumminess and chewiness of S. leptolepis
gels made from twice-washed and once-washed minces did not show any significant
differences (P<0.05). For cohesiveness, gels made from S. leptolepis and A. nobilis
were significantly different for all the treatments. Unwashed mince had the highest.
values followed by the once- and twice-washed minces.

Differences in elasticity were reflected in the tolding test, where minces
washed for 1 or 2 times resulted in better elasticity compared to unwashed
samples. The elasticity for both species showed significant. differences during
storage, with unwashed samples showing the fastest decrease. At week 0, both
types of surimi were graded as AA quality (score of 5.0). However, quality de-
creased significantly throughout storage.
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Table 1. Changes in hardness and springiness of surimi stored at -20°C.

Species Treatment Hardness Springiness
(ke {mm)
S. lepilolepis Number of washing
Unwashed 19.94£3.12¢ 8.12%0.020
Once-washed 22,7442 120 8.1420.04%
Twice-washed 23.46+1 412 8.14+0.032

Time of storage (week)

0 24.75+0.048 8.1240.03°
3 24.16£0.77%b 8.1520.04%b
8 23.8510.91b¢ 8.12+0.03°
9 23.06x1.43% 8.1340.03b¢
32 22,7041.994¢ B8.1620.048b
16 21.8942.35° 8.17+0.032
18 20.3422 577 8.12+0.03°
2t 19.4742. 148 8.13x0.03b°
24 18.1942.43h §.1340.03b¢
A. nobilis Number of washing
Unwashed 18.90:3.83¢ 7.98+0.03¢
Once-washed 20.3143.47% 7.98+0.03b
Twice-washed 229442 642 8.04+0,032
Time of storage (week)
0 26.70+0.028 8.02+0.038b
3 24.17+0.94b 8.03£0.072
6 22 80x1.63¢ 8.000.04bc
9 21.34%2.204 8.02+0.032b
12 20.22+2 81° 7.9820.05°
15 19.13+2.76f 7.98+0.03¢
i8 18.2242 21% 8.0040.04%¢
21 17.3041.95h 8.000.04b¢
24 16.361.521 7.98+0.05¢

&imeans within a column with different letters are significantly different (P<0.05).
Mean of triplicates

From Table 3, changes in moisture contents can be observed There were
significant differences in moisture changes among surimi from unwashed,
once- and twice-washed treatments. Results show that moisture content for
surimi after two washing cycles was higher than for once-washed and un-
washed surimi. The moisture content of unwashed S. leptolepis surimi was
76.42%. This increased significantly to 79.42% after one washing and slightly
increased to 79.60% after the second washing. For A.nobilis, the moisture con-
tents of unwashed surimi was 76.09%, 79.32% for once-washed and 79.49% for
the twice-washed surimi, Suzuki (1981) reported that washing generally
increases hydrophilic properties of the minee. This causes the muscle to swell
and makes the removal of water difficult. In the first 6 weeks, the moisture
contents were not significantly different. At week 9, there was a significant
decrease and therafter leveled off throughout storage. A slight decrease in
moisture content can be explained by the fact that fish proteins lose their
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Table 2. Changes in gumminess. chewiness and elasticity of surimi during storage at -20°C.

Species Treatment Gumminess Chewiness Elasticity
S. leptolepia Number of washing
Unwashed 10.07+1.26P 81.17+0.20b 2.2241.22°
Once-washed 10.80+0.763 87.97+6.232 4.07+0.86%
Twice-washed 10.8430 362 88.28+3.03% 4.67+0.488
Time of storage week
0 11.05+0.044b 89.72+0.34b¢ 5.0040.008
3 11.4620.312 93.36+2 058 4.40+0.91b
6 11.4320.112 92.7440.63%b 4.07+1 28b¢
9 11.050.2320 89.87+1.95b¢ 3.87+1.41°d
12 10.83+0 56b¢ 88.28+4 98°d 3.60+1.244
15 10.53+0.67¢ 6.00+5 584 3.47+1.15d
18 9.93x0.824 B0.6346.70° 3.07+1.44¢
21 9.67+0.684 78.6245.52°8 2.73x1.35°
24 9.1810.91¢ 74.66£7.63¢ 2.67x1.29¢
A. nobilis Number of washing
Unwashed 9.22+1.74¢ 73.54413 98¢ 2.27+1.39¢
Once-washed 9.84£1 51b 78.55+12.26b 3.44+].22b
Twice-washed 11.04+1.1228 88.82+5 .03 4.4040.58"
Time of storage week
0 12.64£0.13% 101.3340.922 5.00£0.008
3 11.52+0.3565 92.54+3 600 4.5340.64
6 10.95£0.78° B7.59+6.59¢ 4.0020.85¢
9 10.3120.984 82.63+7.634 3.67+]1.18¢d
12 9.83&1.27¢ 78.53+10.67° 3.40£0.994
15 9.46+1.36° 75.57+11.008 2.73+1.22¢
18 8.92+1.08f 71.41£8.94f 2.67+1.29¢
21 8.53+0.90€ 68.25+7 64¢ 2.47+1.30°
24 8.1240.67¢ 64.885.73% 1.87+1.301

a-dMeans within a column with different letters are signficicantly different (P<0.05).
Mean of triplicates

water-holding ability during storage (Table 3). Another factor may be the
transmission of moisture vapor through the packaging material (Anon. 1994b).

Expressible moisture for all samples were significantly different (Table 3).
The twice-washed surimi had the lowest amount of moisture expressed. The
amount of moisture expressed from twice-washed S. leptolepis surimi was
7.46%, compared to 9.04% for the once-washed surimi gel and 15.10% for the
unwashed sample. For 4. nobilis surimi gels, expressible moisture for the un-
washed sample was 15.20%, 8.84% for the once-washed. and 7.31% for the
twice-washed sample. The amount of expressible moisture in both S.
leptolepis and A. nobilis surimi gels increased from 4.22% to 17.02% during
storage. All the samples lost their ability to hold water in the gel, with the
rate almost linear throughout storage. At week 0, the percentage of water
expressed was 4.97% compared to 16.68% at week 24 for S. leptolepis. For A.
nobilis. the percentage increased from 4.22% at week 0 to 17.02% at the the
24th week. ' '
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Table 3. Changes in moisture content, expressible moisture and whiteness of surimi during
storage at -20°C.

Species Treatment Moisture (%) Expressible Whiteness(%)
moisture (%)

S. leptolepts Number of washing

Unwashed 76.42+0.06° 15.106.03% 61.59+7.69¢
Once-washed 79.4240.02b 9.0443.20P 67.37+3.36b
Twice-washed 79.50+£0.012 7.46x2.02¢ 70.374+2.533

Time of storage (week/s)

0 78.4941.49% 4.97+0.028 71.17+2.03#
3 78.47+1.498 6.45+1 .308h 71.00£1.97%
8 78.47+1.488 8.01£2.47% 69.77+2.1280
9 78.44%1.58b 9.04+3.50°f 69.12+2.228b
12 78.43+1.54b 10.08+3.94de 68.11x2.61bc
15 78.44%1.55P 11.80+4.484d 66.2243.60¢
18 78.43+1.54b 13.05+4.83b¢ 63.7745.154
21 78.42+1 55 14.7345.07° 61.05+6.50¢
24 78.41x1.54b 16.68+5.922 57.78+8.98¢

A. nobilis Number of washing

Unwashed 76.09+0.02¢ 15.20+6.258 68.30+1.65¢
Once-washed 79.3240.02b 8.84£3.55P 74.9141.87°
Twice-washed 79.4940.038 7.3122.41¢ 76.95£1.912

Time of storage (week/s)

0 78.34+1.67° 4.22+40.05h 76.1143.398
3 78.32+1.66P 5.80+1.49€ 75.30+3.96b
6 78.3+11.66¢ 7.4042.75%8 74.56%4.09¢
9 78.30%1.654 8.86+3.34°f 74.28+4.084
12 78.30+1.664d¢ 10.24+3 894 73.66x4.41°
15 78.99x1.65¢ 11.96+4.58¢d 72.68+£3.957
18 78.2911.66° 13.4145.11b¢ 72.0243.75€
21 78.28+1.661 15.155.45P 71.1243.64b
24 78.28+1.661 17.0246.032 70.72+3.61!

84Means within a column with different letters are signficicantly different (P<0.05).

Mean of triplicates

Table 3 gives a comparison of the changes in whiteness of the surimi gels.
Results show that there were significant differences among all treatments for
both species. Generally, A. nobilis surimi gels have inherently whiter color
compared to S. leptolepis. Before washing, A. nobilis mince had a score of
68.30 and S. leptolepis 61.59. After one washing, the surimi became whiter
with a score of 74.91 for A. nobilis and 67.37 for S. leptolepis. After two
washings, A. nobilis surimi had a score of 76.95 and A. nobilis 70.37. Wash-
ing improves the color of surimi due to removal of blood pigments, fats; and
water-soluble proteins (Lee 1984). However, in consideration of the cost of
production, it is recommended that two washing cycles are sufficient (Lee
1986). There were significant decreases in whiteness throughout storage. At



25

week 0, the surimi gels had a score of 71.17 for S. leptolepis and 76.11 for
A.nobilis, but at week 24, values decreased to 57.78 for S. leptolepis and 70.72
for A.nobilis. It is widely accepted that carbonyl compounds from oxidized lip-
ids are involved in color changes (Matsuto et al. 1967).

Chemical Analyses

From the results in Table 4, pH values of unwashed, once-washed and
twice-washed surimi of S. leptolepis and A. nobilis were significantly different
at 5% level of probability. The pH for unwashed surimi of S. leptolepis was
6.79, after one washing cycle, pH increased to 6.83, and further increased to
6.91 after two washing cycles. For A. nobilis surimi, pH values increased from
6.87 to 6.88, and the final pH for twice-washed mince was 6.92. pH values for
mechanically deboned by-catch surimi as studied by Jantawat and Yamprayoon
(1990) was 6.69 before washing and 6.73 after one washing.

Generally, the decreases in pH values of S. leptolepis and A. nobilis were
fairly gradual throughout storage. Both types of surimi had pH ranges of 6.80
to 6.93 where the highest pH reading was at week 0. A similar trend was
observed by MacDonald et al. (1992) in headed and eviscerated hoki upon stor-
age at -29 C. The decrease in pH is most likely to be due to formation of free
fatty acids resulting from enzymic hydrolysis of neutral fats and phospholipids
(Olley et al. 1962).

Lipid oxidation during storage is shown in Table 4. There were significant
differences among all the samples. Unwashed samples had the highest TBA
values, followed by the once-washed sample, and the twice-washed sample.
TBA values for S. leptolepis surimi were 6.80, 3.68 and 2.41 mg
malonaldehyde/kg sample for unwashed, once-washed and twice-washed
samples respectively. For A. nobilis surimi, the TBA values were 7.11, 3.78
and 2.14 mg malonaldehyde/kg sample. Washing resulted in a decreased fat
level and also resulted in a decrease of the haemoproteins that have a
prooxidant effect (Jantawat and Yampraycon 1990). There were significant in-
creases in TBA values especially in the first 6 weeks where the initial value
was 1.67 and increased to 3.87 mg malonaldehyde/ kg sample at week 6 (S.
leptolepis). From week 9 onwards, TBA values increased but did not show any
significant differences. For A. nobilis surimi, increases in TBA values were sig-
nificantly different throughout storage.

From the results in Table 5, TVBN levels for both species showed signifi-
cant diffences (P<0.05). Unwashed samples showed the highest levels of TVBN,
followed by the once-washed samples and the twice-washed surimis. These re-
sults agree with that of mechanical deboned by-catch where unwashed samples
showed significant higher TVBN levels compared to washed samples (Jantawat
and Yamprayoon 1990). TVBN levels increased significantly (P<0.05) during
storage. At week 0, TVBN levels for S. leptolepis and A. nobilis surimi were
6.92 and 3.87 mg%, respectively. These values increased significantly to 17.20
and 12.23 mg% at week 24. From Figure 2, the levels of TVBN in unwashed
S. leptolepis surimi at weeks 21 and 24 exceeded the maximum acceptable lev-
els (20 mg%) suggested by Connell (1980).
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Table 4. Changes in pH and thiobarbituric acid (TBA) of surimi during storage at -20°C.

Species Treatment pH TBA (mg/kg sample)

8. leptolepis Number of washing

Unwashed 6.7940.05° 6.80+2.547
Once-washed 6.8320.04F 3.68+0.80°
Twice-washed 6.91+0.04% 2.41+0.48°

Time of storage (week/s)

0 6.9140.052 1.6740.144
3 6.90+0,052 2.7640.65°
6 6.8840.05 3.87+1.59b
9 6.8640.05¢ 4.54%2 3200
12 6.83+0,054 4.7742 4620
15 6.8220.054¢ 4.9842 548
18 6.81x0.07°f 5.232.63%
2] .80+0.057 5.3442.70°
24 6.80+0.077 5.50+2.812
A nohilis Number of washing
Unwashed 6.8740.03¢ 7.11+3.372
Once-washed 6.88+0.02b 3.781.48b
Twice-washed 6.92+0.032 21440 .66¢

Time of storage (week)

0 £.9340.03° 1.31x0.10f
3 6.92a0.03b 2.05x0.10f
8 6.9120.03° 2.94s1.119¢
9 6.9120.03b¢ 3.8741.96°4
12 6.8940.034 4.9913.08b¢
15 6.88+0.03¢ 5.3243.04%
18 6.87+0.02f 5.85+3.13ab
21 6.87+0.03f 6.1743.228b
24 6.85+0.02¢8 6.6243.448

Note: Means within a column with different letters are significantly different (P<0.05).
Mean of triplicates

According to Connell (1980), the TMA contents of good-quality cod is
around 10 mg%. Results in Table 5 indicate that the TMA contents of un-
washed S. leptolepis samples were at an unacceptable level (10.37 mg%). How-
gver. the TMA values of fresh fish cannot apply to minced products such as
surimi as well as processed fish because of the change in concentration of
TMA during processing. Minced fish normally contain larger amounts of TMA
than do fillets because the process of mineing causes an immediate increase in
TMA values (Babbitt et al. 1972). Castell et al. (1970) explained that blood pig-
ments from fish frames catalyzed the formation of TMA. The relationship be-
tween quality and TMA also differs from one species to another (Castell et al.
1970). Washing of the minced meats resulted in reduction of TMA as shown in
Table 5. in which the once- and twice-washed sample had TMA values of 6.93
mg% and 3.24 mg%, respectively. Licciardello et al. (1979) also reported that
unwashed minces usually contain large amounts of blood pigmeénts, causing
higher levels of TMA. As storage time increases, TMA levels in the samples
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Table 5. Changes in total volatile basic nitrogen (TVBN), trimethylamine (TMA) and salt
soluble protein (SSP) of surimi during storage at -20°C.

Species Treatment TVBN(mg%) TMA(mg %) S5P(mg %)

S. leptolepis Number of washing

Unwashed 16.72+4 862 10.3742.932 14.8145.05¢
Once-washed 12.37+3.030 6.93£2.05 17.4944.31°
Twice-washed 8.67+1.01° 3.2440.65° 21.76+2.992

Time of storage (week/s)

0 6.92+0.10f 2.7120.01¢ 24.55+1 85°

3 10.56%2.17¢ 5.9442 924 22.98+1.86°

6 11.1742.85¢ 6.4543 4604 21.152.22¢

9 11.7243 25¢ 6.65+3.53%d 18.9242 574

2 11.87+3.41%¢ 6.7843.53¢d 17.9243.42¢

15 13.4644.064¢ 7.54+3 60bC 16.1443.58¢

18 14.71x4 68be 8.0743 5520 14.84+4 02€

21 15.6644 9640 8.46+3.603b 13.4324.03b

24 17.2046.04% 9.0443.722 12.21+4.00!

A.nobilis Number of washing

Unwashed 10.53+4 422 N.D. 14.7145.10°
Once-washed B.57+3.39b N.D. 17.4624.770
Twice-washed 5.2041.23¢ N.D. 21.81+3.34*

Time of storage (week/s)

0 3.87+0.01° N.D. 25.28+2.10%
3 4.3840.29° N.D. 23 40x2 12°
6 5.8241.274 N.D. 20.88£2.17¢
9 6.90%2.069¢ N.D. 18.7942 659

12 7.7742.51¢ N.D. 17.7123.51¢°

15 9 47+3.55P N.D. 16.2323 571

18 10.82+3.792 N.D. 14.78+3.69¥

21 11.64+3.768 N.D. 13.02+3 980

24 12.23+3.828 N.D. 11.85¢4.26!

s-iMeans within a column with different letters are significantly different (P<0.05).
Mean of triplicates. N.D. = not detectable.

increased significantly (P<0.05). At week 0, TMA values was 2.71 mg%. At the
third week, TMA values increased significantly to 5.94 mg%. However. at
weeks 6. 9 and 12, there were no significant differences although values in-
creased. At weeks 15, 18 and 24, increases in TMA values were significantly
different. At week 24, the TMA vaiues were as high as 9.04 mg%. The in-
crease indicates that various bacterial enzymic activities still took place
(Jantawat and Yamprayoon 1990). For A. nobilis, TMA values were not de-
tected as TMA is usually absent in freshwater species (Clucas and Ward 1996).

Sorenson (1976) pointed out that products with good gel forming properties
should be produced from minced fish with at least 8.5 - 11 mg% of SSP. From
the results in Table 5, the SSP for the different treatments of S. leptolepis
surimi were significantly different (P<0.05), with the unwashed. once-washed
and twice-washed samples having SSP values of 14.81, 17.49 and 21.76 mg%
respectively. For the A. nobilis samples, the SSP values were 14.71(unwashed),
17.46 (once-washed) and 21.81 (twice-washed) mg%. All the values were greater
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than the minimum level recommended by Sorenson (1976). Jantawat and
Yamprayocon (1990 showed that there were significant increases in SSP con-
centration in washed samples of mechanically-deboned fish. Babbitt (1986) cited
that washing removed fat and other water-soluble substances also increased the
concentration of gel-forming proteins essential for producing surimi-based prod-
ucts. SSP values decreased significantly with storage due to the occurrence of
protein denaturation during storage. At week 0, the SSP for S. leptolepis was
24.55 mg%, while at week 24 , the SSP value was 12.21 mg%, a decrease of
50.3%. SSP values for A. nobilis also showed significant differences throughout
storage. At week 0, the value was 25.28 mg%, but by week 24, the value decreased
to 11.85 mg%, for a 53.1% decrease. Although the SSP values decreased, at week 24,
SSP values for washed samples of S. leptolepis and A. nobilis were still higher than
the minimum level recommended by Sorenson (1976). Unwashed samples of S.
leptolepis and A nobilis showed lower-than-acceptable values.

Conclusion

Results indicated that surimi produced from S. leptolepis and A. nobilis
mince after two washings had better storage stability compared to unwashed
and once-washed minces. Therefore, twice-washed mince is more suitable as
raw material for surimi production from both species.
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