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Abstract

Cathepsins, a family of lysosomal proteases, are believed to play a
role in muscle tenderization. In the present study the activity of
cathapsin B+L in Atlantic salmon muscle and a possible influence on
the textural quality was studied. Total of 98 Atlantic salmon from 10
families were slaughtered and pre-rigor filleted. This salmon fillet
texture was measured instrumentally at 5 days post-mortem. The
cathapsin activities were measured on muscle samples frozen
immediately after slaughter. Statistically differences between
families were observed for the break force (BF)of
Atlantic salmon muscle texture but not for the cathepsin B+L activity.
This paper was aiming to explore the relationship of Cathepsin B+L

activity and break force but no significant correlation was found.
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1. Introduction

1.1 The distribution of Atlantic salmon

The Atlantic salmon (Salmosalar L.) is one of the most important
aquaculture species among salmonids. The Atlantic salmon is an
economically important anadromous fish distributed from southern
Europe to arctic waters and North America (World Wildlife Fund, 2001;
Hindar et al., 2007).

The Atlantic salmon has two types which contains landlocked salmon and
migratory salmon. The landlocked salmon is small and grows slower,
which lives in freshwater lakes in the Atlantic, however, the life history of
migratory salmon and Pacific salmon are similar, which all grow in
seawater and breed in freshwater. The Atlantic salmon is distributed in the
northern Atlantic and Ungava Bay, the freshwater from Ontario lake to
the southern areas of the white sea and into Russia. For centuries, the
Atlantic migratory route has been form the British Isles and the
Scandinavian Peninsula to the north by northeast, and has provided rich

food for the people there.



1.2 Atlantic salmon farming

Since the 1970s, the Atlantic salmon farming has developed rapidly and
has become a most promising industry, and the scale of farming is
developing rapidly. Norway is the largest producer in the world, the
output of 1.18million tons in 2013(reference website 1). There were 470
Atlantic salmon hatchery existed in the world, more than 1000 farms. The
growth of demand, prices, aquaculture production will continue to
increase, while the Pacific salmon are farmed in Japan, Chile, the United
States and Canada, but according to the statistics in 1993, the Atlantic

salmon still accounts for the world total output of more than 90%.

1.3Atlantic salmon muscle quality

The Atlantic salmon muscle contains a variety of important physiological
functions of minerals and trace elements such as Ca, Fe, Mn, Zn, Mg and
Cu, and which are rich in the muscle and had appropriate proportion,
which can be used to supplement the human body mineral nutrition
dietary sources, has great edible and economic value.

Firm texture of Atlantic salmon fillets is considered as one of the most
important eating quality characteristics together with colour, fat content
and fatty acid composition (Rasmussen, 2001). Therefore, the softening

of the salmon fillet postmortem, which is partly caused by



proteolysis( Bahuaud et al, 2010a), has an obvious effect to consumers
acceptance. Further, proteolytic activity is affected by the proteases in the
muscle. Lysosomal enzymes like the cathepsins and cytosolic enzymes

like calpain are the most types of proteinases.

1.4 Cathepsin in muscle

The proteolytic enzymes cathepsins are thought to be involved in the
hydrolysis of myofibrillar proteins in both mammalian and fish muscle
(Bahuaud et al., 2008; Godiksen, Morzel, Hyldig, &Jessen, 2009). There
are many lysosomal cathepsins, at present, 10 cathepsins have been
purified and identified from fish and shellfish muscle and visceral,
namely, cathepsin A, B, C, D, E, H, L, L-like (Jiang et al., 1994; Lee et al.,
1996; Barrett et al., 1981), X (Jiang et al., 1994) and S (Pangkeyet al.,
2000).But for purification and identification and the exploration of the
lysosomal cathepsins, most studies focus on cathepsin B, L, Hand L-like
(An H. et al., 1994Yanmashita et; al., 1990a; 1990b; 1990c;). This is
because the properties of the cathepsin B, L,H, L-like and many surimi
product quality are closely related. For example, cathepsin B is the most
active in Pacific whiting (Merluccius productus), cathepsin L had the
strongest activity in washed surimi (An H. et al., 1994). In addition, when

comparing the four Pacific species distribution of cathepsin activity, it



was found that cathepsin B and L activity were high in Pacific whiting
(Merluccius productus) and arrowtooth flounder (Atheresthes stomias),
cathepsin H in Alaska Pollock (Theragra chalcogramma). And in the
event of gel softening of Japanese flounder (Paralichthys olivaceus) large
cathepsin L-like activity was also found in fish surimi (Toyohara,1993).
According to the research about the functions and characteristics of
enzymatic hydrolysis of fish muscle myosin and cytoskeletal protein
(Jiang et al.1996; Jiang et, 1997; al., 1994; Sherekar et al., 1988),
cathepsin B, L, H, and L-like is the most critical for surimi protein
degradation.

Cathepsin B, L, H and L-like have the endopeptidase activity, can act on a
variety of muscle fiber proteins and other protein substrates (Jiang ST,
Lee JJ; Chen HC. 1996). Cathepsin L is considered to be the most
affective in the salmon fish muscle softening. Recently there were
observed significant negative correlation between fillet firmness and the
cathepsin L activity found in Atlantic salmon muscle (Bahuaud et al,
2010a).

And also in surimi made of Pacific whiting (Merluccius productus),
cathapsin L play a very important role in protein degradation. In carp
(Cyprinuscarpio) purified cathepsin L from muscle were also found, in
the pH 5.0-7.0 range, not only to degrade carp myofibrillar components,

such as myosin heavy chain (MHC), actin, troponin T and I, but can



continue to complete degradation of intermediate products (Ogata et al,
1998). Cathepsin L-like was found to be involved in the hydrolysis of
surimi and surimi products and influenced the quality (Masaki et al.1993;
Toyohara et, al., 1993).

The pH optimum of cathepsin B, L, H or L-like hydrolysis of actomyosin
has been found to be 6.5 (Jiang et al., 1992) or 5.5-6.0 (Aranishi et al.,
1997), 7(Aranishi et al., 1997)and 5.5 (Lee et al., 1993).Although the fin
fish (Scomber japonicas) had the optimal pH for cathepsin B hydrolysis
of actomyosin pH6.5-7.5, the enzyme at pH7.5 still had more than 40% of
the activity (Jiang et al., 1994). One research also presented cathepsin B
and cathepsin L reached the highest enzyme activity in postmortem
Atlantic salmon muscle with pH 6.1 after 144 hours ice stored (Mari

@vrum Gaarder, 2011).

1.5 Breeding for salmon quality

In 1971, a program for breeding of Atlantic salmon was started in Norway.
At this time growth rate, age of sexual maturation, disease resistance, and
meat quality such as fat percentage, fat distribution, and flesh color was
important (Gjedrem, 2000; Johnston et al., 2006). Not until lately, the
importance of muscle texture and the softening after slaughter has been

included in the breeding programs. Some studies on different strains of



Atlantic salmon in Norway and other farming countries have, however,
now showed significant differences in fillet texture between strains
(review by Markere, 2008).

The importance of cathapsins in this connection was first studied by
Bahuaudet al (2010). B and L activities were measured in salmon from
families that had low, medium and high muscle texture after slaughter.
They found a significant correlation between cathepsin L activity and
texture. Due to this, more information about this is of interest to the

breeding companies.



2. Material and methods

2.1 Sampling of Atlantic salmon

There were 98 Atlantic salmon samples in this experiment, which
were taken from Avergy Norway, October 2012(Figure 2.1). The fish
were from the family material of the breeding company Aquagen,
about 10 fish from 10 different families. The fish were slaughtered at
Avergy and filleted and the fillets stored on ice.

Fish weight and length were measured immediately.

Figure 2.1: Atlantic Salmon taken from Avergy Norway.

2.2 Texture measurements

Fillets texture, break force, and max force were measured instrumentally



at 5 days post-mortem using the TA-XT2 instrument (Figure 2.2).A
flat-ended cylindrical probe was used, and this was pressed into the fillet

at a constant speed (1 mm/s).
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Figure2.2: A picture of the texture measuring instrument TA-TX2, and the graph
showing the top point (BF = Breaking force) used as a measure of muscle hardness.

2.3 Cathapsin measurements
2.3.1 Extraction

The most commonly used extraction method for determining cathepsin
activities in muscle is to homogenize muscle samples in a sodium acetate
buffer containing a detergent Triton X-100, followed by centrifugation of
the homogenate (Figure2.3). The resulting supernatant was retained and

assayed for cathepsin activity.
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Figure2.3: Centrifugal machine.

2.3.2 Homogenization of muscle samples

A relatively small number of samples (12) were taken from the freezer
each time, and kept on ice. Then turned on the table centrifuge and set the
temperature to 4°C. Cut small pieces of each muscle sample, and weight
very carefully in 300 mg (297-303) to the special homogenization tubes.
Noted the weight for each sample. Added 1000 microliter of cold
extraction buffer, while working on ice. Homogenized at 5000 for 20
seconds two times (Figure2.4). Centrifuged the samples using the table
centrifuge at 13000 rpm for 30 min at 4°C. The supernatant was pipetted
into two tubes with 350ml for each. Froze them on liquid nitrogen before

storing them at -80C.



Figure2.4: Homogenization machine.

2.3.3 Extraction buffer

Weighted in 4.1 gram of Sodium-acetate, added 1 ml of Triton -100,
dilution by 500 ml water, and corrected pH to 5.5.This buffer is very

stable, and can be stored in fridge with 4°C.

2.3.4 Brij solution

0.1% Brij 35

Weight 0.1g Brij, dilution by 100ml water. Kept it at Fridge with 4°C.
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2.3.5 Incubation buffer

Weighted 2.05g  Sodium-acetate  (82.03g/mol) and  0.093g
Sodium-EDTA(372.24g/mol), dilution by 80ml water. Adjusted pH to 5.5.
Filled up with water to 100ml. Kept in fridge with 4°C.

Added 100ul DTT to 20ml incubation buffer for daily use.

2.3.6 IMDTT

Weight 1.54g DTT, dissolved in 10ml water. Pipetted all of it and divided

into 500ul tubes. Kept tubes in freezer with -20 C.

2.3.7 Substrate B+L

Pipetted 25ul of B+L solution from 4°C, dilution with 20ml water.

2.3.8 Stop Buffer

Weighted 9.4g mono-chloracetic acid(94.5g/mol) and 8.203g Sodium
Acetate(82.03g/mol). Added 900ml water and adjusted pH to 4.3. At last

filled up to 1000ml with water.

11



2.3.9 Standard Solution

a) 5000nm standard solution :
Pipetted 5ul of stock solution in 4°C and added 10ml purity water.

b) 200nm Standard solution :
Pipetted out 400ul of 5000nm standard solution and added 9.6 ml stop
solution.

¢) 100nm Standard solution:
Pipetted 750ul of 200nm Standard solution and vibrating mixing with
750ul of stop solution.

d) 50nm Standard solution:
Pipetted 750ul of 100nm Standard solution and vibrating mixing with
750ul of stop solution.

e) Onm Standard solution:

Just made by piping of stop solution

2.3.10 Fluorimetrically Measurement

The activity of cathepsin B+L was measured fluorimetrically according to
the method of Kirschke, Wood, Roisen and Bird(1983). Fluorescence
measurement at excitation 355 nm and emission wavelength360 nm

determined the release of  the fluorogenic reagent

12



7-amido-4-methylcoumarin(Figure2.5). Substrates was used
byN-CBZ-L—phenylalanyl-L-arginine—7—amido—methylcoum-arin(Z-P
he-Arg-Nmec) for cathepsin B+L activity(Bahuaud et al.,2009; Cheret,
Delbarre-Ladrat, De Lamballerie-Anton, and Verrez-Bagnis, 2007; Dell
Ceuninck et al., 1995;Zhao et al 2005). In all case, the assays were run in

triplicates.

o T\

Figure 2. 5: Fluorescence measurement machine.

2.3.11 Assay

a) Turned on the water bath in 40°C. Get samples from -80°C to 4°C.
Marked glass tubes

b) Pipetted10 ul sample into tube with 200 ul incubation buffer.

c) Pipetted 40 ul Brij 35 into “a”.

d) Incubated 5 minutes in 40 C.

13



e) Pipetted200 ul substrate solution B+L into “c”.

f) Incubated 10 minutes in 40 C.

g) Pipetted 2.0ml stop solution into “e”” and kept samples in the dark.

h) Pipetted 200 ul of “f” from each tube into the black fluorimetrically
measurement plate.

1) Run the machine and measured absorbance.

2.4 Statistical analysis

Gutted weight, length, texture (break force) and enzyme activity were
analyzed by one-way analysis of variance (ANOVA) using the GLM
procedure of SAS computer software (SAS, 1990), with family strain as
the only independent class variable. If the model was significant on a p <
0.05 level, the means were ranked with Duncan’s Multiple Range test.
The R? expresses the proportion of the variance explained by the
statistical model and equals the between-group sum-of-squares divided by
the total sum-of-squared (Type 11 statistics).

For correlation analysis the “pairs” statement in the statistical program R

was used.

14



3. Results

3.1 Fish material

3.1.1 Fish material overview

Fish weigh and length from 10 different salmon families were

measured immediately after collected on land, and condition

factor (KF) was calculated later, as presented in table 3.1.

Family NO. Mean Weight(g) Mean length(cm) Mean K-Factor
95 10324396.5 45+5.0 1.12+0.21
77 15954349.5 52+4.0 1.14+0.05
78 19134528.0 53+5.5 1.26+0.14
109 14694320.0 5143.0 1.124+0.08
112 17453304.5 51+25 1.28+0.11
335 17694503.0 52455 1.2040.07
370 19714450.5 55445 1.18+0.05
374 15834657.5 51+6.5 1.10£0.10
403 21304407.0 56+3.5 1.24+0.15
433 20194526.5 54+5.0 1.24+0.12

+Number: =+ standard deviation

Table 3.1: Fish weight, length and condition factor from 10 salmon

families.
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Here present the mean weight from 10 different fish families in figure

3.1.

2000 Mean weight for 10 families

Mean weight(g)
=
o
o

I N
1500 -|-
500 - I
0 - I I I I I I I
77 78 109 112 335 370 37

55 4 403

Family Number

433

Figure 3.1 Mean weight of 10 families.

Figure 3.1 shows the significant lowest salmon mean weight in family
55with 1032g. The other mean weight of 9 salmon families were between

1469 g to 2130g.
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The statistic analysis of mean weight from 10 different fish families was

in figure 3.2 as below.

Means with the same letter
are not significantly different.

Duncan Grouping Mean N FAMILY
A 21304 14 403

2018.7 9 433

19705 12 370

19128 14 78

1768.5 12 335

> > | > PP |>|>|>|>|P

17446 9 112

15954 9 77

o 0O 0O 0O W 0O 0O O 0O 0O W o W

15829 7 374

olEoNEcMEsREcsREc RN NN NN NN

1468.9 10 109

D 10321 | 7|55

Figure 3.2: Statistic analysis of the mean weight from 10 different fish families.

Based on the results (P< 0.0001, R* = 30) from SAS analysis, Figure 3.2
illustrated the statistic significantly difference between the mean weight

from 10 different fish families.
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3.1.2 Fish length

The mean length from 10 different fish families was showed below in

figure 3.3.

40
35
30
25
20
15

10

Mean Length(cm)

5
0

Mean length for 10 families

55 77 78 109 370 374 403

112 335
Fish Number

433

Figure 3.3 Mean length of 10 families.

Figure 3.3 present the smooth fluctuations of mean length from 10

salmon families between 45c¢cm to 56 cm.
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Here showed the statistic analysis of mean length from 10 different fish
families in figure 3.4.

Means with the same letter
are not significantly different.

Duncan Grouping Mean N FAMILY

A 30.542 14 78

29.832 12 370

20.298 14 403

28.886 9 433

28.471 12 335

28.349 9 112

e s I B e B B e e B i

26.829 10 109

W W W WO O W W WO O O W W W

25565 9 77

23.246 7 55

OO|OIO|O|O|O

23.236 7 374
Figure 3.4: Statistic analysis of mean length from 10 different fish families.

According to the results (P = 0.0059, R? = 21) from SAS analysis, Figure 3.4
presented the statistic significantly difference between the mean length

from 10 different fish families.
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3.1.3 K-Factor

K-factor is the calculation to get an indication of fish shape for trout and
salmon (referenced website 2). K-factor calculated using the formula:

K-Factor = weight (gram) X 100/ length® (cm?®)

The value of K-Factor as below:
K-Factor<0.90 means thin fish
K-Factor= 0,95 means medium fish
K-Factor=1.0 means good quality
K-Factor=1.1 means very good quality

K-Factor> =1.2 means very oily fish

Here presented the K-Factor for 10 salmon families as showed in figure

3.5.

20



K-Factor for 10 families
1.60
1.40 1.12 1.26 1.28 1.20 124 1924
1.14 1.12 1.18
1.20 I T Lo L
_ 100 -
g
o 0.80 -
~
0.60 -
0.40 -
0.20 -
0.00 = T T T T T T T
55 77 78 109 112 335 370 374 403 433
Family Number

Figure 3.5: K-Factor for 10 salmon families.

The range of K-Factor form 10 salmon families were between 1.10 to
1.28, which means those 10 families of salmon fish were very good

quality and fat, contained much fish oil.

3.2 Break force comparison for 98 fish and 10

families.

Break force of muscle from 98 fish was measured instrumentally at 5

days post-mortem and illustrates as below.
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1 BF for 98 fish

0 T T T T T

700 720 740 760 780 800
Fish number

Figure 3.6 BF for 98 fish.

Only few fish had break force lower than 6. This means that most fish

had good texture.
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Break force from 10 salmon families shows the salmon muscle texture

tenderness in figure 3.7.

BF for 10 Families

12.00

10.00

Mean of BF (N)

- . T .
8.00 |
6.00 -
4.00 -
2.00 -
0.00 - T T T T T T T T T
55 77 78 109 112 335 370 374 403

Family number

433

Figure 3.7 BF for 10 Families.

Figure 3.7 presents the differences of break force between 10 salmon
families . The highest mean value of break force is found in family 433
with 9.41N,while the significant lowest is in family 109 with mean
5.93N.

The mean values of break force from another 8 salmon families are

between 6.89 N to 8.82 N.
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Here presented the statistic analysis of break force from 10 salmon

families in figure 3.8.

Means with the same letter
are not significantly different.

Duncan Grouping Mean N FAMILY

A 9.4144 9 433
A
B A 8.8255 11 370
B A
B A 8.6933 | 9112
B A
B A 8.6758 12 335
B A
B A 8.3929 7 374
B A
B A C 8.3293 14 78
B A C
B A C 79200 9 77
B C
B C 7.6567 12 403
C
D C 6.8880 5 55
D
D 59356 9 109

Figure 3.8: Statistic analysis of break force from 10 salmon families.

Based on the results (P = 0.0059, R* = 21) from SAS analysis, figure
3.8presented the break force of 10 salmon families were statistic

significantly difference.
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3.3 Cathepsin B+L activity comparison for 98fish and 10

families

The activity of Cathepsin B+L from 98 fish was measured
fluorimetrically at excitation 355 nm and emission wavelength360 nm, as

presented below.

Cathepsin B+L activity for 98 fish

9 14.0000 ? 3
b
g *
2 12.0000
3 .
€ L
£ 10.0000 L o oo “ *
g . * et s e ¢
o % ¢ * oo QIR ST R N
% 80000 - 5 V0% 0t ¢ Ny
< A L SR N g *7 et *e o 7
a ® "o o o * . N
£ 6.0000 . * * o
= 2
(O]

4.0000 : : : : :

700 720 740 760 780 800
Fish Number

Figure 3.9 Cathepsin B+L activity for 98 fish.
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Here shows the mean value of cathepsin B+L activity comparison for 10

salmon families in figure 3.10.

Cathepsin B+L activity of 10 families

12.00

10.00

T T
8.00 T -|-
6.00 -
4.00 -
2.00 -
0.00 - T T T T T T T T T
55 77 78 109 112 335 370 374 403 433

Family Number

(mU/g muscle)

Mean of Cathepsin B+L activity

Figure 3.10 Cathepsin B+L activity of 10 families

Figure 3.10 presents the differences of mean value cathepsinB+L activity
between 10 fish families .The highest mean value of cathepsin B+L
activity is found in family 112 with 8.93muU/g muscle, while the lowest is
in family 55 with mean 6.98mU/g muscle.

The mean value of cathepsin B+L activity from another 9 salmon families

are between 7.82mU/g muscle to 8.72 mU/g muscle.
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Statistic analysis of the cathepsin B+L activity for 10 salmon families was

illustrated as below in figure 3.11.

Means with the same letter
are not significantly different.

Duncan Grouping Mean N FAMILY

A 9.6700 1 555
A
B A 8.9289 | 9112
B A
B A 8.7222| 9109
B A
B A 85611 | 9|77
B A
B A 8.4792 12 335
B A
B A 8.4543 7 374
B A
B A 8.3633 12 403
B A
B A 8.1309 11 370
B A
B A 8.0067 9 433
B A
B A 7.8229 14 78
B
B 7.0760 5 55

Figure 3.11: Statistic analysis of the cathepsin B+L activity for 10 salmon families

According to the results (P = 0.44, R? = 10) from SAS analysis, Figure 3.11

presented no statistic significantly difference between the cathepsin B+L
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activity for 10 salmon families (Except family 555 which had only one

fish).

3.4 Correlation between BF and Cathepsin B+L

activity

The mean value of break force and cathepsin B+L of 10 salmon families

is illustrated in table 3.2.

. Mean Cathepsin B+L
Family Mean Break force (N) (mU/g muscle)
55 6.89 6.98
7 7.92 8.56
78 8.33 7.82
109 5.93 8.72
112 8.69 8.93
335 8.67 8.48
370 8.82 8.13
374 8.39 8.46
403 7.66 8.36
433 941 8.01

Table3.2. Mean BF and mean Cathepsin B+L activity for 10 families
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Here presents the correlation between mean BF and mean Cathepsin B+L

activity of 98 fish in figure 3.12.

Cathepsin B+L activity (mU/g muscle)

14.00

12.00

Correlation between BF and Cathepsin B+L activity
of 98 fish _
L 4
¢ *

10.00

8.00

6.00

X+ 7.821
0.004

4.00

3.00

5.00

7.00

BF (N)

9.00 11

.00 13.00

Figure3.12Correlation between BF and Cathepsin B+L activity for 98 fish

Correlation: R==0.004

According correlation R4 close to 0, this means there is also no

significant correlation between mean break force and mean Cathepsin

B+L activity for all 98 salmon samples.
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The correlation between mean BF and mean Cathepsin B+L activity for

10 families illustrates as below in figure 3.13.

Correlation between mean BF and mean Cathepsin
B+L activity for 10 families

¢ 893

9.00
8.80

8.60 ¥ 856
8.48 = 0.040x + 7.929
3.40 S & 846 y

R? = 0.006
Sy - & 813

8.00 9 861——
7.80 & 7.
7.60
7.40
7.20
7.00

(mU/g muscle)

o
N

Mean of Cathepsin B+L activity

4 7.08

6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00
Mean of BF (N)

Figure 3.13Correlation between mean BF and mean Cathepsin B+L
activity for 10 families
Correlation: R== 0.006
According correlation R close to 0, this means there is no significant
correlation between mean Break force and mean Cathepsin B+L activity

for 10 salmon families.

30



4. Discussion

4.1 Texture instrumental measurements

In the present study, instrumental measurements of 98 individual Atlantic
salmon from 10 different families showed statistic significant
difference(P = 0.0059, R? = 21)in mean value of break force between
families at 5 days post-mortem. In Salemet al. (2005) research also
showed that the significant different of fillet shear force in rainbow trout
was found between strains.

During the study, the mean values of break force among 10 families were
ranged from 5.93 N to 9.41 N at 5 days post-mortem. In Markere
research (2008), the range of Atlantic salmon fillet with break force
between 8 N to 11 N was acceptable texture ranging, and the break force
below 6 N could be considered as too soft. Therefore, the break force of
5.93 N in salmon family 109 presented very soft muscle texture because

the different genetic background, belonging to different families.

4.2 CathepsinB+L activity

Cathepsin B+L are lysosomal cysteine proteases to degrade fish and
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mammalian muscle post-mortem. In research of Yamashita and
Konagaya(1990 and 1991) and Godikesn et al (2009), cathepisnB+L was
the most active enzymes for muscle softening in salmonids.

In the present study, showed the different mean value of cathepsin
activity between 10 Atlantic salmon families but not statistic significant
difference(P = 0.44, R® = 10), which from 7.82 mU/g muscle to 8.93
mU/g muscle, while family 55 with 6.98 mU/g muscle. However, family
55 presented the extremely lowest among 10 families, its maybe due to
the significant lowest fish weight(1032 +-296.5g) and body length (23 +5
cm). It’s also occurred in Jian Gu(2013) research, which studied the same
fish resources as in the present study, showed that no significant

correlation could be found between calpain activity and muscle texture.

4.3 Correlation between break force and cathepsin

B+L activity

In the present study, we found no significant difference mean value
between break force and cathepsin B+L activity of 10 Atlantic salmon
families(R== 0.006). This is in accordance with the results on the same
fish resources between calpain and texture by Jian Gu(2013).0One possible

explanation could be to consider that cathepsin B+L increase during the
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period after slaughter. In accordance with Mari @vrum Gaarder (2011)
research, presented cathepsin B+L were proteolytic active in the storage
period, which had first increased from 6 hours and then stabilized to
24hours postmortem. Our samples were frozen very shortly after
slaughter, The similar experiment could be conducted after few hours or a
couple of days to check the correlation between break force and cathepsin

B+L activity. This hypothesis however needs further investigation.

During the study, the mean value of break force among 10 families
ranged from 5.93 N to 9.41 N at 5 days post-mortem, while 4 families
among them were under 8 N which means under the range of acceptable

texture ranging (Makere, 2008).
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5. Conclusion

According to the results from the present study, revealed the analysis
significant difference in muscle texture between 10 Atlantic salmon
families, but no significant difference in cathepsin B+L activity mean
values. And no significant correction was found between Atlantic salmon
muscle texture and cathepsin B+L activity.

Based on this, it is difficult to conclude that cathepsin B+L have
significance affects on Atlantic salmon muscle texture, although it was
found in salmon by Bahuaud et al (2010) and also other fish species
(Sherekar et al., 1988; Toyohara,1993; An H. et al., 1994, Jiang et al.1996;
Jiang et, 1997; al., 1994;). Further studies on a bigger number of families

are perhaps necessary.
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