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INRA partner no. 62

• Dr Richard Taylor (microscopy & 
proteomics) INRA muscle/meat

• Dr Daniel Bechet (molec biol, 
cathepsins) INRA human nutrition

• Prof Yves Briand (proteosome, molec
biol) Head Dept Biochemistry, Univ
Blaise Pascal, Clermont-Fd
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France, 
Salmo
trutta
fario, 
too 

small
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Mongolia, 
Hucho taimen, 

too big & 
protected



4 October 2004  - © SEAFOODplus

Salmo salar
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Soft flesh problem in fresh

L Foucat, RG Ta

water rainbow trout 
investigated by MRI and histology

ylor, R Labas, JP Renou

w trout is a major industry problem in 
France. 

Soft rainbo
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Histology

d0

d1 d7, d21, d29 d41

Two consecutive stress events cause loss of rigor, 
water loss, and detachment of fibers.  
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Taylor RG, Fjaera SO & 
Skjervold PO (2002)  
Salmon fillet texture is 
determined by 
myofiber-myofiber and 
myofiber-myocommata
attachment. J Food Sci
67, 2067-2071.

Salmon texture at 
day 1 = fibers 

detach; day 5 = 
fibers + tendon.  
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Quantification by electron microscopy of 
fiber-fiber and fiber-myocommata

attachment of white muscle myofibers
• Fiber-Fiber (relates

to time of change of 
texture)

Fiber-Myocommata
(relates to time of 
change of gaping)

Average SD Average SD

Day 0 84.0 12.5 94.8* 4.1

Day 1 27.5* 16.7 90.2* 10.6

Day 5 17.8* 15.2 37.0 30.5
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Enzyme activity 
stain: lysosomal

acid phosphatase in 
primary and 
secondary 
lysosomes.  
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Enzyme activity: 1) varies by species, 2) is 10x 
higher in fish, 3) + increases postmortem

Day 1

RAINBOW BROWN SALMON BOVINE
Cath B+L 142 106 103 9,6
Cath B 76 55 52 6,5

Day 7

Cath B+L 146 140 135 12,8

Cath B 78 71 75 8,1
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Cathepsin B activity: 1) varies by species, 2) is higher in 
rainbow trout, 3) increases postmortem and 4) is non-

lysosomal. 90% bovine & rat lysosomal.
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Changes are specific to cathepsins. Lysosomal acid 
phosphatase does not vary with species or time.
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Gaping
Rainbow Brown Salmon

mean 0.2 2.2 1.3

Correlations with 
Gaping
Cath B Cath B+L

day 7 0,57 0,76
day 1 0,48 0,43

cyt frct 7 0,42 0,52
mf frctn 7 0,74 0,82
lys frct 7 0,32 0,54

lipid -0,4

Gaping is fiber-
tendon separation: 
correlates with day 7 
enzyme activity > d1

Mf fraction > cyt & lys

MF fraction = + lipid
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Conclusions

• Fillet texture is related to many factors; 
species, fiber size, etc.

• Soft texture problems are related to 
severe stress and loss of rigor

• Postmortem texture is related to fiber-
fiber attachments (calpain protease)

• Postmortem gaping and texture is 
associated with extracellular 
lysosomes
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Next Experiments

• Don’t know connective tissue 
substrates

• Have not measured texture related to 
cathepsin
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