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Summary 1

α-Actinin release from the myofibrillar protein fraction to the sarcoplasm can be 2

considered as an accurate proteolysis index in seafood muscle. The main objective of 3

the present work was to develop a specific enzyme-linked immunosorbent assay 4

(ELISA), based on the use of a monoclonal antibody against α-actinin to evaluate the 5

proteolysis degree in two different chilled fish species –European hake (Merluccius 6

merluccius) and turbot (Psetta maxima)- kept under two different storage systems: flake 7

ice and slurry ice. Comparison with sensory assessment, K value and sarcoplasmic 8

protein profiles was carried out. A different proteolysis degree could be observed in 9

both fish species; thus, the immunoassay evaluated has shown to be useful in 10 

monitoring the protein degradation events in hake muscle especially under flake ice 11 

storage. In the case of turbot, very low proteolysis development could be obtained, so 12 

that the assay could not be suitable for assessing quality changes. A different break 13 

point of inmunoassay values for each type of fish species is suggested to be necessary. 14 

 15

16 
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INTRODUCTION 1

The post-mortem tenderization of fish muscle is one of the major problems related to 2

the loss of freshness and quality in chilled seafood products. One of the main causes of 3

such tenderization is the breakdown of Z-line structures of the muscle fibber (Ando et 4

al., 1991). The principal protein of Z-line is α-actinin. In fish muscle, α-actinin (100 5

kDa, pI 5.6) (Papa et al., 1995), represents 2 % of total myofibrillar protein content 6

(Takahasi & Hatori, 1992). This myofibrillar protein has been reported to be involved in 7

the anchorage of end-to-end actin filaments with opposite polarity to the Z-line between 8

adjacent sarcomeres. In addition, this protein is bound to elastic titin filaments in the Z-9

line by N-terminal part and M-line-associated proteins in the middle of the sarcomere 10

by the C-terminal end of the same actinin molecule (Trinick, 1991; Small et al., 1992).  11

α-Actinin has also been reported to play a key role in postmortem changes affecting the 12

Z-line structure (Astier et al., 1991; Seki & Tsuchiya, 1991; Papa et al., 1996). Thus, 13

previous reports have proposed that the release of α-actinin from the myofibrillar 14

protein fraction depends on different proteolytic mechanisms, such as the activity of 15

endogenous proteases like calpains and cathepsins (Goll et al., 1992; Taylor  et al., 16

1995; Aoki et al., 2000; Lamare et al., 2002; Verrez-Bagnis et al., 2002; Ladrat et al., 17

2003; Delbarre-Ladrat et al., 2004a, 2004b). 18

With a view to slowing down such fish deterioration, different methods during the 19

chilling storage (Ashie et al., 1996) such as traditional flake ice (Nunes et al., 1992), 20

refrigerated seawater (Kraus, 1992) and the use of chemical additives (Ponce de León et 21

al., 1993; Hwang & Regestein, 1995) have been applied. Recently, slurry ice (an ice-22

water suspension at subzero temperature) –also known as fluid ice, flow ice, slush ice or 23

liquid ice– has been reported to be a promising technique for the preservation of aquatic 24

food products (Chapman, 1990; Harada, 1991; Huidobro et al., 2002). In previous 25
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reports our group has studied the quality loss of different seafood species when 1

refrigerated under flake and slurry ice conditions (Losada et al., 2004; Piñeiro et al., 2

2004, Aubourg et al., 2005; Rodriguez et al., 2006). 3

Currently, the methods employed for monitoring changes associated with quality loss in 4

fish can be classified as sensory, physical, physico-chemical, chemical and 5

microbiological (Olafsdóttir et al., 1997). Among these, the study of the release of α-6

actinin to the sarcoplasmic fraction has been considered as a useful procedure for 7

evaluating the rate of proteolysis in seafood, being this protein proposed as a potential 8

biomarker of quality and freshness in chilled fish (Bandman & Zdanis, 1988; Tsuchiya 9

et al., 1992; Papa et al., 1995; Papa et al., 1996; Verrez-Bagnis et al., 1999; Morzel et 10

al., 2000; Delbarre-Ladrat et al., 2004b) even in the earliest postmortem steps.To our 11 

knowledge, no previous method based on the detection of α-actinin by means of a 12

specific enzyme-linked immunosorbent assay (ELISA) has been developed up to now 13

with the purpose of evaluating the rate of proteolysis in chilled fish species.  14

In a first attempt (Carrera et al., 2004), our group applied this immunoassay procedure 15

to evaluate the α-actinin release in three different fish species (hake, turbot and horse 16

mackerel) during their chilled storage under flake ice conditions. As a result, species 17

showing a low fat content (hake and turbot) provided promising correlation values 18

between the optical densities derived from the ELISA assay and the traditional quality 19

loss indices. The present work was focused on both lean species, taking into account the 20 

effect that differences such as the nature of the fish species and size may undergo on 21 

autolytic degradation and quality loss (Huss, 1999, Dalgaard, 2000).22 

The main objective of this study was to assess the evolution of the freshness loss in 23 

hake and turbot during the chilled storage under two different systems (flake ice and 24 

slurry ice) by the above mentioned ELISA assay. Comparison with results obtained 25 
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from sarcoplasmic protein electrophoretic profiles, nucleotide degradation and sensory 1

assessment was carried out. 2

MATERIALS AND METHODS 3

Fish material, processing and sampling.  4

European hake (Merluccius merluccius) specimens were caught off the Atlantic coast of 5

North Western Spain and kept in flake ice until they arrived to our laboratory (six hours 6

later). Farmed turbot (Psetta maxima) specimens were obtained from Stolt Sea Farm, 7

S.A. (Carnota, Spain) and kept on flake ice for 6 hours until they arrived to our 8

laboratory. For both fish species, individual specimens were divided into two batches, 9

being one of them reserved to the flake ice treatment, while the other corresponded to 10

slurry ice process. Fish specimens (not headed, not gutted) were placed under both icing 11

conditions  inside an isothermal room at 2 ºC. Fish samples from both icing conditions 12

were taken for analysis on days 2, 5, 8, 12, 15 and 19 for hake, and on days 2, 5, 9, 14, 13

19, 22, 26, 29, 33, 36 and 40 for turbot. Starting material from both fish species was 14

also studied. For each species and each chilling systems, three different groups (n=3) 15 

were studied separately during the whole experimental period. 16

17 

Refrigeration systems.  18

In this work, a slurry ice prototype (FLO-ICETM, Kinarca S.A.U., Vigo, Spain) was 19

used. The composition of the slurry-ice binary mixture, prepared from filtered seawater, 20

was 40 % ice/60 % water, being the temperature adjusted to -1.5 ºC. Flake ice was 21

prepared with an Icematic F100 Compact device (CASTELMAC SPA, Castelfranco, 22

Italy). The temperature of the flake ice was -0.5 ºC. The fish specimens were 23
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surrounded by flake ice or slurry ice at a fish/ice ratio of 1/1. When required, both ices 1

were renewed. 2

Sensory analysis. 3

Sensory analysis was conducted by a panel consisting of five experienced judges, who 4

based appraisals according to guidelines concerning fresh and refrigerated fish (Council 5

Directive 91/493/EEC 1991; Rodríguez et al., 2003). Four categories were ranked: 6

highest quality (E), good quality (A), fair quality (B) and unacceptable quality (C). 7

Sensory assessment of the fish included the examination of the following parameters: 8

skin, external odour, gills, consistency and flesh odour. Once fish specimens had been 9

subjected to sensory analyses, the white muscle was separated and used for biochemical 10

analyses.  11

12 

Nucleotide degradation analysis. 13

Analysis of the autolytic nucleotide degradation in fish muscle was carried out  by 14

HPLC analysis according to the method of Ryder (1985). The K value was calculated 15

according to the following concentration ratio: K value (%) = 100 x (hypoxanthine + 16

inosine) / (adenosine triphosphate + adenosine diphosphate + adenosine monophosphate 17

+ inosine monophosphate + inosine + hypoxanthine).  18

Solubilization of sarcoplasmic protein fraction. 19

Sarcoplasmic protein extracts from fish muscle were prepared in a low-ionic-strength 20

buffer composed of 10 mM Tris-HCl, pH 7.2, + 50 mM PMSF (pentamethyl sulphonic 21

acid) as previously described (Piñeiro et al., 1998). All extracts were maintained at –80 22

ºC until analysis. Protein concentrations in the extracts were determined by means of the 23
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protein microassay method (Bio-Rad Laboratories Inc. Hercules, CA, USA). A standard 1

curve constructed from bovine serum albumin (BSA) was used as reference. 2

SDS polyacrylamide gel electrophoresis (SDS-PAGE).  3

Electrophoretic analyses of the sarcoplasmic protein fraction from fish muscle were 4

carried out in commercial horizontal SDS-PAGE gels (245x110x1mm Excel-Gel SDS 5

Homogeneous 15 %, Amersham Biosciences, Uppsala, Sweden). Protein bands were 6

visualised by silver staining as previously described (Piñeiro et al., 1998). 7

Enzyme-linked immunosorbent assay (ELISA) 8

α-Actinin content in the sarcoplasmic protein extracts from fish muscle was determined 9

by an indirect ELISA. Briefly, 96-well high-binding plates (Costar Corning 10

Incorporated, NY, USA) were coated with aliquots from each sarcoplasmic protein 11

extract (20 µg/mL / 50 µL), incubated at 4 ºC overnight, blocked by addition of PBS/1 12

% BSA solution for 2 h at 37 ºC and washed three times with PBS/0.1 % Tween 20. 13

Then, wells were incubated with 50 µL of mouse monoclonal anti-α-actinin sarcomeric 14

antibody (MAb) (diluted 1:500 in PBS/0.1% BSA) (Sigma, St Louis, MO, USA) during 15

1.5 h at 37 ºC and washed again. Bound antibodies were detected using 50 µl/per well 16

of horseradish peroxidase (HRP)-labeled goat anti-mouse Igs (diluted 1:1000 in 17

PBS/0.1 % BSA) (Sigma). After washing, the colorimetric reaction was developed with 18

the addition of the substrate ortho-phenylene-diamine (OPD, Sigma) according to 19

manufacturer’s instruction and stopped by the addition of 3 M sulphuric acid. Finally, 20

optical density (OD) at 492 nm was measured by means of an ELISA Microplate 21

Reader (Labsystems iEMS Reader MF, Molecular Devices Co, Sunnyvale, CA, USA). 22

Three replicate wells per sample and a negative-control without primary antibody were 23
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considered in all cases. The OD value obtained for each extract was corrected by 1

subtracting the OD value determined in negative samples.  2

The optimised method was validated using calibration standards at 1, 5, 10, 40, 60, 80, 3

100 µg/mL per well into PBS/0.1 % BSA of a commercial and purified α-actinin from 4

chicken gizzard (Sigma). 5

In the absence of α-actinin purified from the fish species, the specificity of sarcomeric 6

anti-α-actinin antibody was tested previously by western blot assay (Rybicki & von 7

Wechmar, 1982). Sarcoplasmic protein electrophoretic profiles from chilled hake and 8

turbot were studied by SDS-PAGE. For it, homogeneous vertical gels (10 %T and 3 9

%C) including 0.1 M Tris-0.1 M Tricine-0.1 % SDS pH 8.25 and 0.2 M Tris pH 8.9, as 10

cathode and anode solutions, respectively, were employed. When the electrophoresis 11

development was accomplished, gels were transferred to Hybond-P PVDF membranes 12

(Amercham Biosciences) in a Mini-Trans-Blot-Cell (Bio-Rad Laboratories, Inc. 13

Hercules, CA, USA), incubated and stained according to Rybicki and von Wechmar 14

(1982). 15

16 

 17 

 18

RESULTS 19

Fish freshness as determined by sensory analysis. 20

European hake specimens stored in slurry ice maintained good quality up to day 8, 21

while hake specimens stored in flake ice exhibited good quality only up to day 2 (Table 22

1). In the case of turbot, the specimens chilled in slurry ice showed good quality up to 23 

day 22, while the counterpart specimens stored in flake ice did so only until day 14. A 24

higher shelf-life time was obtained by employing slurry ice conditions for both hake and 25

turbot when compared to their counterparts stored under flake ice. Comparison between 26 

the sensory acceptance scores of both species showed a marked faster quality loss for 27 
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hake than for turbot. Evaluation of protein degradation by monitoring the 1

electrophoretic profiles of sarcoplasmic proteins. 2

3

In the electrophoretic protein profiles obtained for hake (Figure 1i), a marked increase 4

in the concentration of two protein bands of 23 and 24.5 kDa respectively was observed 5

after 5 days of storage for the batch chilled in flake ice; these bands were subsequently 6

degraded by day 15. However, for the hake batch stored in slurry ice, the presence of 7

such protein bands increased only after day 12.  8

In turbot stored in slurry ice (Figure 1.ii) the sarcoplasmic protein profiles did not reveal 9

changes in protein bands corresponding to molecular weights in the range of 87 to 94 10

kDa. However, when the batch chilled under flake ice is considered, such band range 11

was found markedly modified as a result of fish damage, being visualised with great 12

difficulty. 13

Previous reports have proposed certain soluble polypeptides as qualitative biomarkers of 14

fish spoilage or freshness (Papa et al., 1996; Verrez-Bagnis et al., 1999; Morzel et al., 15

2000). These reports agree with the above mentioned changes in protein bands 16

concerning Figure 1.  17

Evaluation of fish freshness by nucleotide analysis. 18

Assessment of nucleotide degradation was carried out by means of the K value (Figure 19

2, bars). In global terms, both fish species provided a different evolution. Thus, hake 20 

showed a progressive increase throughout the experiment, being in all cases the K index 21 

under 60% value. However, turbot stored under flake ice provided a logarithmic pattern 22 

with time, so that a sharp increase was observed in the 0-14 days period, that was 23 

followed by no changes; values were above 60% in the 14-40 days period in all cases. 24 
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Turbot stored under slurry ice showed a sharp increase till the end of the storage, when 1

scores attained the 60% value.2

As expected from the sensory results, and according to our previous results (Rodriguez 3

et al., 2003 and Losada et al., 2004), storage in flake ice implied significantly higher 4

(p<0.05) K values than storage in slurry ice. In the case of European hake specimens, 5

day-to-day comparison revealed significantly (p<0.05) higher K values on days 12, 15 6

and 19 for the batch stored in traditional flake ice than for the counterpart specimens 7

stored in slurry ice. Moreover, turbot specimens stored in flake ice showed a higher8

(p<0.05) K value development than the counterparts stored under slurry ice. 9

From the actual results it can be concluded that the application of slurry ice slowed 10

down the nucleotide degradation in hake and turbot although the K value showed a very 11 

different evolution in both species, so that this quality index cannot be defined as a 12 

general parameter to evaluate the freshness in fish species13 

Development of an indirect ELISA assay based on α–actinin assessment to evaluate 14

fish freshness. 15

An indirect ELISA assay employing a commercial α-actinin mouse MAb, was chosen in 16

order to estimate the proteolysis degree concerning the α-actinin release in both chilled 17

hake and turbot species. The specificity of the commercial α-actinin mouse MAb, was 18

proved by the western blot procedure described in the Materials and Methods section. 19

Figure 3 shows the single stained band obtained from α−actinin control and turbot 20

sarcoplasmic profiles after 36 day of storage under flake and slurry ice; profile 21

comparison showed the presence in both chilled turbots of a single fragment with 22

similar molecular weight (100 kDa) than in the α-actinin control. 23
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The  α-actinin immunoassay was validated by employing calibration standards at 1, 5, 1

10, 40, 60, 80 and 100 µg/mL, prepared using a commercial α-actinin standard from 2

chicken gizzard. Figure 4 shows the standard dependent-dose curve for pure α-actinin at 3

different concentrations and its corresponding regression equation. The mean regression 4

coefficient for analysis was r2 = 0.9659. Besides, the non-specific binding of the 5

peroxidase-labeled second antibody was tested by means of a negative control without 6

primary antibody. 7

Figure 2 (lines) shows the results obtained by means of the referred ELISA 8

method aimed to detect the α–actinin release in the sarcoplasmic protein extracts 9

obtained from the muscle of fish specimens (hake, Figure 2i; turbot, Figure 2ii) along 10

storage either in flake ice or slurry ice. As it can be seen, a fair correlation between the 11

proposed ELISA method (lines) and the K value (bars) tendency during storage was 12 

observed for both species in the case of flake ice storage, showing a progressive 13 

increase for hake and a logarithmic one for turbot, accordingly to the K value evolution. 14 

However slurry ice conditions did not provide (p>0.05) changes in the OD values 15 

throughout the experiment, so that a good agreement with the K value was not obtained 16 

The OD values obtained were found to be highly species-dependent, being markedly 17 

bigger in the case of hake (Figure 2i lines). Thus, low OD values (less than 0.2 units)18 

obtained for turbot (Figure 2ii lines) are not included in the linear range of alpha-actinin 19 

calibration curve. 20 

Specimens stored under flake ice conditions showed a higher OD values 21 

(p<0.05) than their counterpart specimens stored under slurry ice conditions. Thus, 22 

higher (p<0.05) OD values were obtained in the 15-19 day and 19-40 day periods for 23 

hake and turbot, respectively. 24 

 25 
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DISCUSSION  1

Muscle proteolysis was evaluated in the postmortem stage of two different fish species 2

stored under two different chilling systems (flake and slurry ices) by means of the α-3

actinin release from the Z-line along storage time and compared to sensory acceptance, 4

electrophoretic profiles of sarcoplasmic proteins and nucleotide degradation index (K5

value). In the present work, a specific ELISA procedure was developped, to our 6

knowledge for the first time, being its purpose the assessment of the α-actinin release 7

and correlate it with the quality loss. According to the results obtained in this study, the 8

differences observed in the proteolysis degree, directly depend on the nature and type of 9

fish species considered, a result that agrees with previously published reports (Whittle et 10

al., 1990; Love, 1997).  11 

Specimens of European hake stored in flake ice showed a marked increase in the OD 12

value after day 8, according to the K value assessment, and showing to be unacceptable 13

from the sensory analysis at this time. By contrast, specimens stored in slurry did not 14 

provide OD values differences throughout the experiment, according to a longer shelf-15

life time and a lower K value increase with time. 16 

Concerning turbot specimens, the OD values obtained are in all cases below 0.2 units. 17 

According to the α-actinin calibration curve, such values would not be included in the 18 

linear range; thus, this specific immunoassay could not be suitable to evaluate the 19 

proteolysis degree in turbot species. A similar negative conclusion has previously 20 

described (Verrez-Bagnis et al., 1999) when trying to assess another myofibrillar 21 

protein (desmin) as proteolysis biomarker. When compared to their counterpart profiles 22 

from flake ice system, protein profiles obtained from turbot stored in slurry ice revealed 23 

a higher intensity of proteins with molecular weight higher than 94 kDa from the first 24

day of refrigeration up to the end of the experiment. Such protein bands could 25
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correspond to high-molecular weight myofibrilar proteins such as α-actinin, which 1

would be better stabilized in fish stored under the slurry ice mixture.  2

In summary, the immunoassay results obtained show that the refrigeration of fish using 3

slurry ice slows down relevant deteriorative mechanisms, as it was determined by 4

biochemical and sensory analyses. In agreement to the results obtained in this study, 5

hake exhibited a higher protein degradation rate than turbot, since the OD values 6

determined by means of the immunoassay were ten times higher than in the case of   7

turbot. These results would suggest the need of defining a different break point of OD 8

values for each type of fish species and would imply a species dependent mechanism for 9

the alpha-actinin release from the Z-line (Papa et al., 1997). In this sense, the release of 10 

α-actinin from the myofibrilar fraction may be a useful index of proteolysis.11 

 12
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Table 1. Summary of sensory acceptance during chilled storage of both fish species 1

Hake Turbot 
Ice treatment

Aa Cb Aa Cb

Slurry ice 8 15 22 29 
Flake ice 2 8 14 19 

Freshness categories: A (good) and C (unacceptable). aLast time (days) that “A” quality 2

was observed. bFirst time (days) that “C” quality was observed. 3

4
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Figure captions 1

2

Figure 1: Electrophoretic profiles obtained in 15 % ExcelGel homogeneous SDS-3

PAGE from sarcoplasmic proteins of i) hake and ii) turbot. The different lines include a 4

low-molecular weight standard (st: 14-94 kDa) and fish samples corresponding to the 5

different storage times (days) for both chilling conditions. Arrows indicate the most 6

remarkable changes detected in certain protein bands during storage.  7

8

Figure 2: Comparison between the K value and the quantitative immunoassay based on 9

α–actinin assessment during chilled storage of: i) hake and ii) turbot . Bars indicate the 10

K values (Y1 axis) obtained for the slurry ice batch (white bars) and flake ice batch 11

(black bars). Lines indicate the OD values obtained with the ELISA method for  slurry 12

ice (discontinuous line) or flake ice (solid line) conditions. Determination of α-actinin 13

content in the sarcoplasmic protein extracts was carried out in terms of optical density 14

(OD) at 492 nm (Y2 axis). 15

16 

Figure 3: Western blot using commercial specific mouse α-actinin MAb against 17

chicken α-actinin as control (A), and sarcoplasmic protein extracts from turbot chilled 18

until day 36 on slurry and flake ices. 19

20 

Figure 4: α-Actinin ELISA standard curve. Absorbance values of triplicate 21

determinations (n=3) are shown, being the standard deviation expressed by bars.   22

23 
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