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1. MANAGEMENT STRUCTURE AND PARTNERSHIP

The Concerted Action " Evaluation of Fish Freshness' is a collaboration between 14
countries in Europe. Subgroups in specialised areas relating to fish freshness evaluation
have been formed. Subgroup leaders are responsible for directing the discussion and
reporting at each meeting on the activities within each subgroups. The Icelandic
participants Gudrun Olafsdéttir and Emilia Martinsdottir are the co-ordinators of the

overall project and the following is a list of subgroup leaders and participants:

Subgroups Subgroup leaders
Volatile compounds Joop Luten, The Netherlands
Micr obiology Paw Dalgard, Denmark.
Protein, lipidsand ATP Mercedes Careche, Spain /Veronique Verrez-Bagnis, France
Sensory analysis Emilia Martinsdattir, Iceland
Physical measurements Heidi Nilsen , Norway
Participants
Denmark - Danish Inst. for Fisheries France- IFREMER
Research Joel Fleurencgjfleuren@ifremer.fr
Jette Nielsen, jn@ffl. min.dk Veronique Verrez-Bagnis
Paw Dalgérd pad@ffl.min.dk vverrez@ifremer.fr
Benny Jensetj @ffl.min.dk Monique Etienngmetienne@ifremer.fr
Grethe Hyldig ghy@ffl.min.dk Tel: 33 2 40374000 / Fax: 33 2 40374071
Flemming Jessefflj @ffl.min.dk
Bo Joergenserboj @ffl.min.dk Germany - Fed. Res. Center for Fisheries
Tel: 45 45252550 / Fax: 45-45884774 Jorg Oehlenschlager
Carsten Meyer
Faroe ldand - Food and Env. Inst. Tel: 49 4038905125 / Fax:49-4038905262
Magnus Pauli Magnussen
magnuspm@hfs.fo Greece - Agricultural Univ. of Athens
Marita Poulsen maritapoulsen@hfs.fo George-John E. Nychas,
Danial K. Christiansen gin@auadec.aua.ariadne-t.gr
Tel: 298 15300 / Fax: 298 10508 Kostas Koutsoumanis

Tel: 30 1 5294693 / Fax: 30 1 5294693
Finland -VTT Biotechnol. and Food

Research Greece - National Techn. Univ. of Athens
Tapani Hattula,Tapani.Hattula@vtt i Petrous Taoukis,

Kati Randell kati.randel| @vitt.fi taoukis@orfeas.chemeng.ntua.gr

Tel: 358 9 456 6190/ Fax: 358 9 455 2103 Tel: 3017723171/ Fax: 30 1 7723163



Iceland - Icelandic Fisheries
Laboratories

Gudrun Olafsdéttirgudrun@rfisk. is
Emilia Martinsdéttir, emilia@rfisk. is
Solveig Ingolfsdéttirsolveig@rfisk. is
Hjorleifur Einarsson hei @rfisk.is
Tel: 354 5620240 / Fax: 354 5620740

Ireland - Dublin Inst. of Technal.
Marlene Proctor mproctor@dit.ie
Nissreen Abu-Ghannam
NAbuGhannam@dit.ie

Carmel Wills cwills@DIT.IE

Tel.: 35314024356 / Fax: 35314024495

Ireland - Univ. of Dublin Trinity
College

J. V. McLoughlin

Tel: 35316772941 /Fax: 353 1 6793545

Norway - Fiskeriforskning

Nils K. Sérensen
nilsks@fiskforsk.norut.no

Heidi Nilsen heidin@fiskforsk.norut.no
Iciar Martinez,iciarm@fiskforsk.norut.no
Margarethe Esaissen,
margrethee@fiskforsk.norut.no

Karsten Heiakarstenh@fiskforsk.norut.no
Td: 47 77629000 / Fax:47-77629100

Portugal - ESBUCP

Paulo Vaz-Piresvazpires@esb.ucp.pt
Stefan Dahlsd@esh.ucp.pt
Christopher Capellchris@esh.ucp.pt
Manuela Silva

Tel: 35113015314 / Fax: 35-113015948

Portugal - IPIMAR

Maria L. Nunesipimaruq @estorica.pt
Ireneu Batistairineu@ipimar.pt
Tel:35125511493 / Fax: 3512590351

2. SUMMARY OF ACTIVITIES

Spain - Instituto del Frio

Javier BorderiasJBorderias@fresno. csic.es
Mercedes Carechiércr56@fresno.csic.es
Pilar Monterg mpmontero@fresno.csic.es
Tel: 34 15492300 / Fax:34 15493627

Sweden - SIK

Ingrid Undeland ingrid.undeland@sik.se
Goran Akessargoran.akesson@sik.se
Tel: 46 31355600 / Fax: 46-31833782

The Netherlands- RIVO-DLO

Joop B. Lutenjoop@RIVO.DLO.NL
Paul Scheermarpauls@RIVO.DLO.NL
Robert Vermaatobert@RIVO.DLO.NL
Tel: 31 255564722 | Fax: 31-255564644

U.K. - Aberdeen University

lain D. Ogdeniogden@au.ac.uk
Tel: 44 1224 681818 / 52448
Fax:441224 685604

U.K. - The Robert Gordon University
Paul Nesvadbap.nesvadba@rgu.ac.uk
Tel: 44 1224 262839 /Fax 44 1224262828

U.K.- Rowett Research Institute

lan Mackie

Tel: 44 1224712751 | Fax 441224716687
Fax 441224715349

Invited speakers:

U.K.- BIODON

Donald Gibson,
01745.1224@compuserve.com
Tel: 441224322777

Germany - DFA fir Lebensmittelchemie
Dr. W. Grosch

Tel: 49 89 32094170 / Fax: 49 89 32094183

During the second year of the concerted action two more meetings have been held, the
third and the fourth meeting as scheduled in the workprogramme. The meetings were very
successful with approximately forty people attending each meeting. A three day course

in “Multivariate analysis and experimental design in practice” was organised by Camo



AS and SIK for the participants of the CA. In addition four participants went on

exchange visits during the year.

2.1. Meeting in Athens, Greeceon May 20" - 21%, 1996

The third meeting of the CA was a general meeting in Athens, Greece in May. The report

of the meeting was prepared by George Nychas (Report from the 2nd General Meeting of

the Concerted Action “Evaluation of Fish Freshness” AIR3 CT94 2283, M2y 2et",

1996). The agenda of the meeting focused on the progress of subgroups and discussion of
new research projects, but in addition participants presented their research work. The
invited speaker Dr Grosch is an expert in the analysis of volatile compounds and he
presented his work on the analysis of volatile odorous compounds in raw and boiled fish.
Progress of subgroups: In the session ofolatile compounds Paul Scheerman from

The Netherlands presented results from controlled storage experiments of whiting using
multi gas sensor measurements and neural networks to assess the quality.

Paw Dalgard the subgroup leadernaifcrobiology gave a summary of the results of a
questionnaire on microbial methods and research in the participating laboratories. He
also presented a conductance method for specific detectiofPhatobacterium
phosphoreum in fresh fish products. lain D. Ogden from U.K. discussed the biochemical
causes of conductance changes and the use of it to assess fish freshness. In the session of
protein, lipids and ATP Robert Vermaat (RIVO-DLO) presented results of ATP
measurement in an ice storage study of red mullet after heat phosphate treatment. Solveig
Ingolfsdottir (IFL) discussegbost mortem changes of fish proteins and Pilar Montero
(Instituto del frio) suggested to monitor the degradation of connective tissue as possible
indicator of fish freshness. Ingrid Undeland (SIK) gave an overview on lipid oxidation in
fish and speculated on the decrease in freshness or an increase in spoilage. Marlene
Proctor (Dublin Inst. Technol.) gave a list of references on aspects of ATP in skeletal
muscle of fresh fish and Tapani Hattula (VTT) gave a review of ATP breakdown products
as freshness indicators of fish. Emilia Martinsdéttir (IFL) discussed the interest in the
subgroup of sensory analysis to prepare an illustrated sensory analysis manual for fish
freshness to use in the fish industry . Heidi Nilsen (Norway) the leader phyiseal

measur ements group gave an overview on physical methods applied in the participating
institutes, Petrous Taoukis from Greece presented the use of TTI in the fish distribution

chain, Paulo Vaz-Pires (ESBUCP) discussed the use of the RT freshness meter for
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freshness evaluation and Heidi Nilsen presented her work on imaging photon emission

spectroscopy of food material.

Invited speaker: Dr Grosch from DFA fur Lebensmittelchemie in Germany gave a lecture

on “Instrumental and sensory analysis of fish flavout and concluded that static
headspace analysis is suitable to indicate flavour changes of fish and an accurate
guantification of key odourants is possible by using isotope dilution assay. 1,5-octadien-3-
one, 2,6-nonadienal and methional are the character impact flavour compounds of raw and
boiled fish. Also, 3-hexenal and 3,6-nonadienal are mainly responsible for flavour defects
in boiled salmon and boiled trout. Peroxidation of unsaturated fatty acids in particular n-3,
is not so important for the formation of flavour defects in lean fish e.g. boiled cod. The
malty off-odour in the latter is caused by a strong increase in 3-methylbutanal.

New research projects : Several new research projects were discussed among the
participants and it was decided to plan a discussion for the preparation of new projects

during the next meeting in Goteborg.

2.2. Meeting in Géteborg, Sweden on NovS22" 1996.

The fourth meeting of the CA was a plenary meeting of subgroups held in Goteborg.
The report of that meeting was prepared by Goran Akesson and Ingrid Undeland
(Subgroup Meeting of the Concerted Action AIR3 CT94 2283 “Evaluation of Fish
Freshness”, Nov.S1- 2 | 1996). The agenda for the meeting was dedicated to the
subgroup. The leaders gave report onpitagr ess of subgroups and the discussion in the
subgroups focused on new research projects and the preparation of review articles in each
area that would serve as the final document of the concerted.adtieimvited speaker
Dr. Donald Gibson of BIODON, Aberdeen, a former employee of Torry gave a lecture on
“The role of microbiological methods in research and industry”. Dr. Gibson focused on the
different methodology used in the field of microbiology and concluded that research areas
which need to be expanded include sample preparation, microscopy, total viable count,
differential cell count, pathogenic micro-organisms, enzymes and toxins, metabolites and
biomass. Dr. Gibson has been involved in the activities of the subgroup of microbiology
and he will be a special participant of the CA.

Margrethe Esaissen from Troms6 discussed Chitin degradation in Northern shrimp and

concluded that degradation products from chitin could possibly be used as markers for the
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evaluation of seafood freshness. Karsten Heia also from Tromsé discussed how signal and
image processing could be applied in the fish industry, for example by using NIR
technology and image processing techniques as quality measures.

The ongoing discussion on the definition of fish freshness continued and it has been
decided to write the first draft of a paper on useatikeria of fish freshness. This will be
based on the discussion during previous meetings led by Nils Kristian Sérensen and the
outcome of the discussion from this meeting led by Jorg Oehlenschlager. Before the next
meeting a draft will be sent around to all subgroup leaders and they will have the

opportunity to comment on the draft.

2.3. Exchange visits

Enclosed are the reports of the exchange visits that have taken place this year
(Appendix 2). Kyriaki Lampropoulou from Greece went to visit RIVO-DLO in the
Netherlands and studied “ATP breakdown products analysis”. Tone Jakobsen from the
Norwegian Institute of Fisheries and Aquaculture in Troms® went to visit CSL - Torry in
Aberdeen. Tone did work on “Analysis of the post-mortem changeanatal us borealis
muscles by isoelectric focusing and SDS-polyacrylamide gel electrophoresis”. Mercedes
Careche from the Instituto del frio, Spain went to the Norwegian Institute of Fisheries and
Aquaculture in Tromsd and studied “Changes of Northern Shrimp salt soluble proteins
during ice storage measured by two dimensional and native electrophoreses”. Finally,
Narcisa Bandarra from Spain went to visit SIK in Sweden and her work was on “Quality
indices to evaluate lipid oxidation of sardi&rdina pilchardus during ice storage”. Five
exchange visits have so far taken place, but in addition the multivariate course was an

alternate form of an exchange visit.

2.4. Multivariate Course (CAMO a/sand SIK Oct 29" -31%)

Already at the first meeting in Reykjavik 1994, it was mentioned that multivariate
analysis was a tool that many of the participants were interested in applying.
Therefore it was very appropriate to have a courséMinltivariate analysis and
experimental design in practice”at SIK arranged by Bo Stenldf in co-operation
with Dominique Guyot at Camo AS. Almost 30 participants attended the course and it
was well organised and gave very good insights in the use of multivariate analysis to

handle large data sets to gain information, interpret results and make predictions.
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2.5. Dissemination efforts of the CA activities and publication of the final document

FLAIR FLOW: About 20-30 inquiries about the project have been received by the

co-ordinators as aresult of the Flair Flow introduction of the project in February 1996.

Poster presentations and introduction of the project in newdletters : The project was
introduced at a Brokerage Event organised in connection with the European Seafood
Exhibition in Brussel on 24™-25th April 1996 and also a poster presentation of the project
at the Nordfood Conference and Brokerage Event, August 1996, Reykjavik, Iceland. An
article about the project was in the Finish newsletter of VTT Kala Fisk 1/96 p.96 and in

the Swedish newsletter of a Nordic project called Natwarket (Appendix 1)

Hompage on the internet: Homepage for the project has been created on the internet to
give information on the project “Evaluation of Fish Freshness”. By entering the homepage
(http:/info.rfisk.is/'verkefni/1139), information on the CA can be obtained such as
ongoing activities, participants, meetings and the main activities of the subgroups. The
homepage can also serve as a forum to announce ideas and comments made by the

concerted action.

Mini-review article: The idea is to write together a mini-review paper to be published in
"Trends in Food Science and Technology" (submitted on MartH.247). This will be

an introduction of the project "Evaluation of Fish Freshness”, giving an overview of
methods used for fish freshness evaluation. The idea is to use the subgroups and have an
abstract from each of them, this in fact could be the abstract for the final documents to be

presented at the end of the CA.

Workshop open for the industry: In connection with the final meeting of the CA the
industry will be invited to attend a workshop or a seminar. At the workshop relevant
speakers from the industry will be invited and companies that are selling equipment or

new techniques to evaluate fish freshness will be invited to demonstrate their products.
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The am is to present the fina results of the concerted action at the last meeting and

publish the final documents in abook or in relavant international journals.

3. EVALUATION OF OBJECTIVES

The first objective of the CA is to compare and validate different techniques used
for measuring fish freshness. Heidi Nilsen the subgroup leader of the physical
measurements subgroup has collected information on which physical methods are applied
in the institutes participating in the CA. The methods applied are rheology including
texture measurements, conductivity measurements such as the Torrymeter and RT-meter,
optical measurements (UV, visible and NIR spectroscopy) and ultrasound and microwave
techniques. Thus a good overview exists on the physical methods that the laboratories are
using. In the subgroup of microbiology the information on the different methods used for
evauation of fish freshness will be put together and summarised for a review paper to be
presented at the final meeting.

Last year a questionnaire was sent to the participants to have an overview on sensory
work in the fish laboratories and the fish industry and the main conclusions were that most
of the laboratories use the Torry-scheme for cooked fish and either the Quality-Index-

Method (QIM) or EU-method for raw fish. Sensory evaluation in particular the EC
freshness grades was by far the most common method used by the industry for freshness
evaluation.

Jorg Oehlenschlager discussed at the meeting in Greece the evaluation and consequence
of a EU-report of the European Consumer Organisation (1995) on the quality of fresh fish
in Europe. Apparently there were mixed views on the report and some scientists felt that
the consumer organisation should have consulted scientists when selecting methods for
freshness evaluation. In general the methods used for freshness evaluation in this report
were methods that are included or quoted in EU regulations. This highlights the fact that
methods in regulations are not good enough and it is necessary that the concerted action
makes statements or comments to the EU on methods used in regulations. Scientists are
in particular not satisfied with the new version of the EU schemes for sensory analysis. In
addition they disapprove of using total viable counts for microbial testing. It has been
decided that the CA will send a letter to Brussel to comment on this and the Quality Index

Method will be suggested for sensory analysis.



The second objective of the CA isto stimulate common opinion about fish freshness
and the possible criteria for fresnhness. During the meeting in Goéteborg Jorg
Oehlenschlager led a discussion on the criteria of fish freshness. It was decided to write
the first draft of a paper based on the discussion during previous meetings led by Nils
Kristian S6rensen and the outcome of the discussion from the Géteborg meeting. The third
objective of the CA isto exchange technicians and scientists from different
laboratories within existing research projects. Four exchange visits took place during
the second year and in addition a course Ntultivariate analysis and experimental
design in practice” was organised for the participants as an aternate form of an exchange
visit with the almost 30 people participating. This effort was in fact aimed at fulfilling the
last objective of the CA which is to open up new research areas that are not directly
related to fish to bring in new techniques Multivariate analysis is a powerful tool to
compliment scientific research and enhance the efficiency of the handling of large data sets
to gain information, interpret results and make predictions

One of the objectives of the project is also to form new research proposalsnd aready
at least one proposal has been submitted to the FAIR programme by the participants of the
subgroup of volatile compounds entitled “Validation and development of harmonised
methods for multi-gas sensor systems for fish freshness”. Other proposal ideas have been
discussed in the subgroup of proteins, lipids and ATP namely “The relationship between
ATP, its metabolites and sensory properties of fish” co-ordinated by Marlene Proctor and
Nisreen Abu-Ghannam and “Protein map and changes in rainbow trout “ co-ordinated by
Flemming Jessen. The subgroup of physical measurements has agreed to co-operate in a
EU-proposal with the working title “Physical Measurements to Evaluate Texture of Fish in

Relation to Freshness” led by Heidi Nilsen and Solveig Ingolfsdottir.
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4. FINANCIAL REPORT AND COST STATEMENT

Administration of finances:

Agust H. Ingthérsson

Research Liaison Office, University of Iceland
Taeknigardi, Dunhaga 5

107 Reykjavik

Telephone 525 4900 Fax 525 4905
agust.ingthorsson@rthj.hi.is  http://www.rthj.hi.is

Regarding the Cost Statement (Form G) that is enclosed, a number of points should be
noted. The main point to stress is that the project is financially on schedule and most
aspects are dlightly under the projected budget. Thus the overall financia situation is very
good. The overall costs claimed for the first two years is 264.676 ECU which is only 45%
of the total budget of the project. This was to be expected in view of project’'s schedule.
First, four out of the six scheduled meetings have all taken place. Three out of four
meetings have had slightly lower costs than the average costs originally estimated. Overall
the costs of the four meetings is 92% of original estimation. This was hoped for at the
outset, since it will provide an opportunity to the final meeting larger than the regular ones.
In particular it will provide an opportunity to invite additional speakers. It should also be
noted that the final meeting will be open for the industry representatives and take the form
of a conference.

Second, the original budget proposed to pay 100.800 ECU for preparation of papers. It
was proposed that this be paid in the final year of the project. Hence this costs has not yet
been incurred.

Third, exchange visits account for some 96.600 of the original budget. Only 47% of this
cost has been incurred, since the participating laboratories have been slow to realise this
possibility within the project. It will be a priority of the project management team to
advocate this before the final meeting.

Fourth, only 25% of the original estimation for support services and no other costs have
been incurred. There has been reluctance to alow for any fringe costs by the project and
financia management until it was quite clear that the overall financial framework was
sufficient to carry out the core activities. Now that it is proven to be sufficient, the support
funding will be used to produce a more ambitious publication of the fina results than
originally anticipated as well as to hold an extra meeting of the work-group leaders to

prepare that publication.
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For the period from
Project Title:
Contract N°:

Name of Contractor:

Currency in which accounts kept:

Part G

Cost Statement

01.12.1995 to
Evaluation of Fish Freshness

AIR3 94 2283

30.11.1996

Icelandic Fisheries Laboratories

ECU  Exchange rate used for conversion to ECU?: 83,5

CATEGORIES OF COST AMOUNT FOR THE PERIOD ECU
Direct Costs
1. Labour 22.500
2. Exchange and mobility costs 123.873
3. Support services 4.040
4. Other costs 0
Indirect Costs
4. Overheads 0
Adjustments
5. Adjustments to costs previously reported? + 4.166
Total: 154.579
..% contribution of Commission

Contractor’s Certificate?
We certify that
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We certify that any necessary adjustments, for any reason, to costs reported in previous cost statements have been incorporated

in the above statement.
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Name of Project Manager*:
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full supporting documentation to justify the costs is available for audit.

Date: 20 January 1997

Name of Financial Officer:
Mr. Agiist Ingthérsson

1. The exchange rate must be that specified in Article 15.1 of Annex I1.

2. Not applicable for the first cost statement. Any necessary adjustments, for example to reflect actual rates instead of
budgeted rates, must be made in subsequent statements. Details and reasons for any adjustments must be provided.
The Project Manager and the Financial Officer must sign the certificate.
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4. The person designated to be in direct charge of the performance of the work.




Part G

Cost Statement
For the period from 01.12.1995 to 30.11.1996
Project Title: Evaluation of Fish Freshness
Contract N°: AIR3 94 2283
Name of Contractor: Icelandic Fisheries Laboratories

Currency in which accounts kept: ECU  Exchange rate used for conversion to ECU% 83,5

5. Adjustments to costs previously reported

The adjustments extend to the following categories:

1. Labour. Previously reported 26.565, correct figure is 31.213: Difference + 4.648
The main explanation is that only part of the costs of project coordination for the first year for included
in the costs statement, invoices were not submitted until after the report was produced.

2. Exchange and mobility. Previously reported 79.931, correct figure is 79.438: Difference - 493.
The explanation is that costs of the 2nd meeting were estimated, based on information for one of the
partners. Turned out to be lower when actually paid.

3. Support. Previously report 3.600, correct figure is 3.611: Difference + 11.
Explanation is exchange differences.

The overall correction to the costs previously reported is thus + 4.166

Date: 20 January 1997 Date: 20 January 1997
Name of Project Manager*: Name of Financial Officer:
Ms. Gudrun Olafsdéttir Mr. Agist Ingthérsson

Signature of Project Manager:




5. CONCLUSIONS

The activities and discussions in the subgroups during the second year have focused on
preparation of review papers and how to disseminate the results of the CA. Also, the
identification of where research is needed and formulation of new project ideas in the area
of fish freshness evaluation. Questionnaires have been sent around to collect information
about physical measurements methods applied in the institutes participating in the CA
programme and thus a good overview has been obtained on the techniques that the
laboratories are using. In the subgroup of microbiology the information on the different
methods used for evaluation of fish freshness will be put together and summarised for a
review paper to be presented at the final meeting. Ongoing work within the concerted
action such as writing review papers in specialised areas will enhance harmonised research
activities in the area of fish freshness evaluation and stimulate the formation of new
research projects for the 4™ and 5" Framework of the EU. The concerted action will
publish the final documents of the CA in a book or in a relevant scientific journal. The
documents will include various review papers relating to fish freshness evaluation and a
discussion on the criteria for freshness and spoilage of fish. An effort will be made to

involve industry at the final meeting of the concerted action.

Next meetings of the Concerted Action

Next meeting in Tromso, Norway, May 23° - 24" 1997 (8" meeting of the CA)
 focus on physical methods (invited speaker?)
* the experience of the use of the Unscrambler and multivariate analysis - discussion
o preparation for the last meeting (workshop with industry ; publication of final
documents)
* new research proposals

Final meeting in Nantes, France in Oct / Nov 1997 ('Bmeeting of the CA)

1% day - workshop with industry

» demonstration of new measurement techniques

» summary from all subgroups “Evaluation of Fish Freshness”

* invited speakers from industry
2" and & day -final meeting of the CA

» presentation of final documents (review articles) from the subgroups
conclusions of the CA.
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APPENDIX 1

Dissemination efforts

Update of the CA poster Evaluation of Fish Freshness
Kala Fisk 1/96 p.96 (local publicationin Finland - VTT participants)
Natwarket (Newsletter for a Nordic project)

Homepage on the interndittp:/info.rfisk.is/verkefni/1139



Evaluation of

Fish Freshness

Concerted Action in the AIR programme of the Third
Framework of the European Community
AIR3-CT94-2283 1994 - 1997

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0

2nd general meeting in Athens, Greece

May 20th-21st 1996

* Progress on theork in the subgroups
» Discussion on thenvolvement of industryn the CA

» Discussion on the report on Parallel Food Testing in thg
EU- aconsumer view

* Invited speakebr. Grosch(Deutsche Forschungsanstalt
fur Lebensmittelchemie) a specialist in the area of the
analysis ofvolatile compounds.

» Preparation ohew research projecon fish freshness
evaluation for the 4th Framework of the EU

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0
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2nd subgroup meeting in Goteborg,

Sweden, Nov 1st - 2nd 1996

* Progress on theork in the subgroups

 Invited speakebDr.Gibson(Biodon) a specialist in
microbiology discussed the role of rapid methods in
research and industry

» Discussion and preparationefw research projecter
the 4th Framework of the EU

« A course in multivariate analysssranged at SIK in
cooperation with CAMO a/s

» Preparation of anini-review, final documentand
discussion of theriteria of fish freshness

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0

Industry involvement in the

concerted action

FLAIR FLOW dissemination of CA (Feb. 1996)

» 18 inquiries fromndustryanduniversitiesmainly
from Great Britain

Suggestions on industry involvement in the CA:
» Advisory boardrom industry
* Industryparticipation in meetings

» Final meetingConferencan the area of fish
freshness evaluationmpenfor the participation of
industry

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0




Outcome of the concerted action

"Evaluation of Fish Freshness'

e Coordinated research activitiesfish freshness
evaluation in Europe

* Discussion orireshness criterifor fish

» Informationand suggestions made during the CA will

bedisseminateto the industry
* New research projects

* Publicationof scientific papers and working documents
that can serve as the basis fanasultative document

for the EU to decide on common methods for fish
freshness evaluation.

GO/EM Evauation of Fish Freshness (AIR3-CT94-2283)

K

Dissemination of the results of the CA

"Evaluation of Fish Freshness'

 scientific aspect publication of reviews and
research prepared during the CA

— workshop / conference
— trend journals or books
— report to the EU

* near to market aspect

— sensory manual for fish (potential application

for processing, sales and distribution)

GO/EM Evauation of Fish Freshness (AIR3-CT94-2283)

K




Exchange visits

1) Christopher Capell, Portugal to visit Denmark
— fish spoilage bacteria significance and competitive interaction
2) Kyriaki Lawpropoulou(Greeceo visitNetherlands
— HPLC analysis of ATP breakdown products
3) Mercedes Carech8&painto visit Norway
— techniques for two dimensional electrophoresis
4) Tone Jakobsen|orwayto visit CSL,U.K.
— harmonisation of methods used for electrophoresis
5) Wilma Jacobsyetherlandgo visit Denmark
— new trends in fish microbiology
6) Narcisa Bandarr&painto visit Sweden
— quality indicies to evaluate lipid oxidation of sardine

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0

What can we disseminate ?

» working papers Hterature reviews
* ongoingresearch activites

— final documenshould be a good overview
on the area of fish freshness evaluation
» definition of fish freshness
* state of the art

» methods / guidelines for fish freshness
evaluation

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0




Dissemination of the results of the CA

"Evaluation of Fish Freshness'

 scientific aspect publication of reviews and
research prepared during the CA

— workshop / conference
— trend journals or books
— report to the EU

* near to market aspect

— sensory manual for fish (potential application
for processing, sales and distribution)

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0

Ongoing research - Microbiology

— Microbiological changes

« predictive modellingf shelf life (Denmark, Iceland,
Greece)

» microbiological changes imed fish(Germany)
* rapid detection opathogenem fish (U.K. Norway)
— Improving the quality of fish
» Spoilage bacteriaentification(Portugal, Denmark,
Netherlands, Greece)
 Preservation of fishvacuumand MA (Portugal, Greece,
Denmark, Iceland)

Focus on rapid methods and review on methods

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0




Ongoing research - Volatiles

* GC monitoring of changes in volatile profile o
fish and fish oils (Iceland, Denmark, Sweden

» Analysis of TVN, TMA andDMA (Germany,
Iceland, Netherlands, Faroe Islands)

» Biogenicamines(U.K.)
« Gas sensorfor rapid detection of volatiles
(Iceland, Netherlands, France, Portugal)

N =—iny

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0

Ongoing research - Protein

« Two dimensional getlectrophoresigo study
protein fractions (Denmark, Spain, Norway)

 Stability ofcellular membrane@enmark)
» Myofibrillar proteins(France)

 Hydroxyl acyl CoA dH-ase from mitochondria
(U.K)

» Microstructure of fish muscle (Norway)

Focus on harmonisation of methods for protein
electrophoresis

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0




Ongoing research - Lipidsand ATP

* lipid oxidation
— characterisation of pro- and anti-oxidants
(Sweden)

— rapid methodg¢spectrophotometers) for lipid
analysis (Denmark)

— seasonal changes in lipid composition (Portugal)
o ATP degradation
(Netherlands, Ireland, Denmark, Finland)

Focus on rapid methods
GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0

Ongoing research - Sensory

* QIM(Quality Index Method) method for
various species (Netherlands, Iceland,
Denmark,Norway, Faroe Islands)

* QDA- scheme for cooked fish (Germany)

* EU- schemandTorry-scheme most
common for sensory analysis of fish

« Codexguidelines for sensory in preparation

Focus orharmonizedgsensory methods
GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0




Ongoing research - Physical methods

* NIR to monitor changes during storage (Norway,
Denmark)

* RT-meter (Portugal, Netherlands, Iceland, Faroe
Island)

* Fishteste(Germany, Netherlands)

» Time temperature indicators Tl) (Norway, U.K.,
Greece)

» Texturemeasurements (Iceland, Norway, Ireland,
Spain)

GO/EM Evaluation of Fish Freshness (AIR3-CT94-2283) /;0




VTT MUKANA
EU-PROJEKTISSA
“KALAN TUOREUDEN
ARVIOIMINEN”

Tapani Hamula fa Kaenl Randel!
ViITiRio- I_|'a elinfarvikeietnikka

Vuanna 1994 alkai Ell:n
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New approaches to fish freshness

Scientists at 16 leading
laboratories in 14 Euro-
pean countries are
currently engaged in a
three-year project ( AIR3
CT94 2283).

The aim of this project is
to harmonize research
activities in the field of
fish freshness evaluation
and formulate new re-
search on the subject.

articipants contribute to
Pthe concerted action by

their own research activi-
ties. Three sub-groups have been
formed, the first dealing with
microbiology and volatile com-
pounds, the second with pro-
teins, lipids and ATP, and che
third with physical measure-
ments and sensory analysis.

The contribution of Icelandic
Fisheries Laboratories is a pro-
ject on the development of gas
sensor instruments designed to
measure fish freshness. An in-
stcrument  with  electrochemical
sensors was developed for the ra-
pid detection of volatile spoilage
compounds, to evaluate the
freshness of capelin for fishmeal

production.
The results so far have been
encouraging. Among - other

things the results of the gas sen-
sor measurements showed good
reproducibility and the responses
of selected sensors correlated
well with classical TVB measure-
ments. By using three selective

IFL food scientist Gudrun Olafsdottir
(to the left) and chemical engineer
Emilia Martinsdottir at work with
electrochemical sensors used to deter-
mine the freshness of fish. As part of
an EU project and nicknamed the
“electronic nose” the system has al-
ready achieved encouraging resuits.

sensors and simple data analysis,
TVB values can be predicted and
the freshness stage of capelin
evaluated.

The results of the EU project
will be made available to the
fishing industry and can be ex-
pected to become guide for Euro-
pean codes of pracrice and stan-
dards for the fish freshness evalu-
ation.

Gudrin Olafsdéttir
Emilia Martinsdéttir
Einar H. Jénsson

On Line

Anyone intrested in this project
on fish freshness is invited to
contact our web site at http://
info.rfisk/verkefni/l 139/

Nya medlemmar

Perten Instruments AB
Box 5101
S-141 05 Huddinge

Sensor Control
Pilgatan 8
S-721 30 Visterds

Nordic Sensor Tecnnologies
Teknikringen, Mjércevi
Science Park

5-583 30 Linkaping

Danfoss AB
industnigatan 7
S-595 82 Mislby

Van den Bergh Foods AB
Box 7212
$-251 07 Helsingborg

g ber, Kolding, Danmark

Miami, Florida

Drive, Orlando, Florida

*3rd European Symposium

niques for meauring the quality of fresh fruits and

» Vattenhaltsmitning i livsmedelsprocesser, 12 mars

on NIR Spectroscopy, 29-30 okto-

1997, SIK seminarium, G&teborg

* Elektroniska nisan, 9/10 april 1997, SIK seminarium,

Géreborg

* 3rd Electronic nose Symposium, 3-6 november,

* 7th International Congress on Engineering & Foods,
13-17 aprit 1997, Brighton, England.

+ International Conference on Nondestructive Tech-

vegetables, [8-21 oktober. Holiday Inn International borg

¢ Seminarium om vision systems, 24 april 1997, Gote-

* Seminarium om biosensorer, 29/30 maj 1997, SIK

och Pharmacia Biosensors. Géteborg

Natverk kring
matteknik och
sensorer on-line for
kvalitetsstyrning

Projektledare:

Christina Skjldebrand
SIK
Box 5401
$-402 29 Géteborg
Tel +46 31 35 56 00
Fax +46 31 83 37 82

Kontaktpersoner:

Finn Holm
FedevareGruppen
Forskerpark Arhus

Gustay Wieds Vej 10
DK-8000 Arhus C
Tif +45 86 20 20 00
Fax +4586 20 1222

Géran Langstedt
ScanConTra Oy Ltd
Artillerigatan4
FIN -20 520 Abo
Tel +358 2410 1785
Fax +3582 410 1710

Tomas Isaksson
Matforsk
Osloveien |
N-1430 As
TIf +47 64 97 0! 00
Fax +47 64 97 03 33

Ingegerd Sjcholm
Livsmedelsteknik
Lunds Universitet
Box 124
S-221 00 Lund
Tel +46 46 222 98 23
Fax +46 46 222 4622

Helga R. Eyjoifsdétuir .
The Icelandic Fisheries *~
Laboratories. N
P.O. Box 1405
IS-121 Reykjavik
Tel +354 5 62 02 40
Fax +354 56207 40.. ./

Beratta for
oss andra!

Vi som sammanstiller detta nyhets-
brev vill girna ha in notiser,
artiklar och annonser frin

natverkets medlemmar.

Savil annonser som
redaktionelit material publiceras
grads. Dock férbehdller vi oss ritten
att korta ner langa artiklar och ace
gora ett bildurval.

Nittverket



EVALUATION OF FISH FRESHNESS http:/finfo.rfisk.is/verkefni/1139/

lofl

"EVALUATION OF FISH
FRESHNESS"

This project is a concerted action in the AIR programme of 3rd Framework of the European
Community (AIR3 CT94 2283). The project focuses on harmonizing research activities in the area of
fish freshness evaluation of 16 leading fish laboratories in Europe. The participating laboratories are
from Iceland, France, Denmark, Faroe Islands, Germany, Ireland, Finland, The Netherlands, Portugal,
Spain, U.K., Norway, Sweden, and Greece. Most of the laboratories are members of the WEFTA
group (Western European Fish Technologists Association). The duration of the CA is three years
(December 1994 - December 1997).

The overall aim of the concerted action is to validate methods for fish quality assessment and to
discuss usable freshness quality criteria for fish within the EC. To achieve this aim scientists from the
participating laboratories will inform each other about progress in research relating to fish freshness
evaluation. The participants contribute to the concerted action by their own research activites and
three active subgroups have been formed in specialised areas relating to fish freshness evaluation. The
specialised areas are: microbiology and volatile compounds, proteins, lipids and ATP and physical
measurements and sensory analysis.

Participants

| Summaryofactivides | Subgroups 4 Qutcome
What's new (1 Oct 96) Industry involvement Qverheads

If you are working in the area of fish freshness evaluation we would be interested in hearing
from you.

For more information contact:
Gudrun Olafsdottir, Icelandic Fisheries Laboratories
P.O. Box 1405, Skulagata 4, 121 Reykjavik, ICELAND
Tel: +354 562-0240 Telefax: +354 5620-740
Email: gudrun@rfisk.is

22.1.1997 15:06



APPENDI X 2

Exchange visit reports

Kyriaki Lampropoulou, ATP breakdown products analysis.

Tone Jakobsen, Analysis of the post-mortem changes in Pandal us borealis muscles by
isoelectric focusing and SDS-polyacrylamide gel electrophoresis.

Mer cedes Careche, Changes of Northern Shrimp salt soluble proteins during ice storage
measured by two dimensional and native electrophoreses.

Narcisa Bandarra, Quality indicesto evaluate lipid oxidation of sardine Sardina

pilchardus during ice storage.



Application form for exchange visits:
"Evaluation of Fish Freshness" AIR3 CT94 2283

Name : Profession:
Laboratory:
Address:

Host Laboratory:
Address:

Responsible scientist in the host laboratory:
Name: Profession:

Duration of visit:
Purpose of the exchange visit:

Estimated cost
Ticket: ca.
Allowance: Bench fee:

GUIDELINES ON EXCHANGE VISITS:

Responsible scientist from each institute sends applications to the coordinators (Gudrun and Emilia in Iceland).
The applications will be evaluated by the project management team. The host laboratory has to agree and a
writlen statement on the comittment to accept a scientist has to accompany the application: The purpose of the
vistit has to be clearly related to the objectives of the concerted action regarding fish freshness evaluation. Every
laboratory is entitled to 2 exchange visits (airfares 700 ECU/visit x 2 visits; allowance 180 ECU/day x 14 days /
visit x 2 visits, bench fee 100 ECU). Reimbursement will be made after a writien report has been delivered to
the coordinators. The report will be used for documents to Brussel.

19




Kyriaki Lampropoulou

ATP breakdown products analysis.



FROM : 69, NYCHAS PHONE NO. : Aug. 17 1995 1@:54AM Pg1

T
£

Fox: 354-1-690Y40 "

ATTP: @ao’ruq al/af

Application form for exchange visits; Eurilin
"Evaluation of Fish Freshness! AIR3 CT94 2283
c, /’ *br, AJJCAM
Name ; ‘”"béi Law,o ropoe ””Du‘ Profession: Aeceareh assis?ézfl

Laboratory: £/ l//‘cmélbéfoy ayd B/b/ecéwo&% |
Address: /%rfca/fara/ llz//k/emiél/ of Athems

lera Ddos 7S Athems ypss Greece

Host Laboratory: ﬁ;(‘/' ksimslitals? Yoor ///&Jc@\'/'ofara/crxocé(’?fw-bcg

Address: /g,,‘zzf&pa/e L Postbus 68

LYDT A T iolen ,
Responsible scientist in the host laboratary:

Name: J’oo/; luten. Profession: Hepd! l?e.smrcA
' Scremibrsl

Duration of visit: J Y olaga J

Purpose of the exchange visit: 74, Ore/erw-"";’df/lb”? of ATP- 4 reoholows ”

produch oyd Jhe meosureted) of k.ywlve 4 by 4ree,

{Arougé /Ae coycer/éa/ ac//'oz,r-’ @a‘éza’//ay@/ breh /,ref/ycu{

Estimated cost
Ticket: ca. Yeo €CUL

Allowance: ja, coy /d"gilu d% Bench fee:

GUIDELINES ON EXCHANGE VISITS:

Responsible scientist from each institute sends applications 1o the coordinators (Gudrin and Bmilfa in Iccland).
The applications will be evaluated by the project management team. The host Iaboratory has 1o agree and a

o —-




Kyriaki Lampropoulou
(Agricultural Univ. Athens-Greece)

March 1996
Rivo - DLO

ATP breakdown products analysis

Summary

ATP and its breakdown products ( ADP, AMP, IMP, HxR, Hx ) were quantitatively
analysed by HPLC, in fish during a storage period of 18 days. K-value was
calculated for each sample according to these results.

The aim of the experiment was the correlation between freshness of the fish

samples and K-value but also between freshness and each one of the ATP's
breakdown products.

Materials and methods:

Fish (Mullus barbatus) bought in Greece from a local market in Athens (Feb.96)
were stored on ice whithout being eviscerated. The amount of ice used was 3 to 1
to the fish portion, and the whole container was stored in the refrigerator at 0C.
Sampling was taking place every day and for 18 days. Each sample consisted of
one fish. 20 grams of the fish were weight up (whole fish with no head on) and
mixed in a blender for 30 sec with 80 ml of TCA 5%.

The mixture was filtrated through a paper filter and the clear filtrate was
immediately put in the freezer at -40C. '

The HPLC analysis took place in Rivo-DLO , IUmuiden-Holland where the samples
were transfered in frosted condition.

Samples were defrosted only just before being analysed ,they were neutralized
and prepared for the HPLC analysis following the method used by Rivo-DLO.

ATP and its break-down products were quantitatively analysed and the K-value for
each one of the samples was calculated.

Results and discussion

The results for the concentration of ATP and each one of its breakdown products
are given in Table 1, as well as the K-values during the storage period .

As shown in Fig. 1 , K-value appears to have an increasing tension, something
which was expected because of the continious increase of the. concentration of
HxR and Hx which are the final products at the ATP breakdown serial reactions.
Meanwhile this seems to happen until the 9th day of storage only when K-value
reaches a level of 80 , having started from a level of 20 at day 0.



Further on, K-value seems to show no significant increase and it remains between
narrow limits until the last day of storage.

On the other hand , as can be noticed in Fig.1, the increasing rate is not the same
for all of the samples This can be due to the fact that in general there is a
variation between fish even if they are of the same species and from the same day
of capture, and so the K-value can vary from sample to sample.

Meanwhile it can't be certified if the fish were of the same date of capture, and so
the variation showed might be due to mixing of different fish batches at the market.
In Fig. 2,3,4 is shown that ATP, ADP, and AMP are remaining almost stable during
the storage period when IMP is decreasing as shown in Fig.5.

Finally HxR and Hx appear to have an mcreasmg tension if consindered in total
amount. »



Figure 1
K-values of Red Mullet
during storage on ice
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Figure 2
Changes of ATP in Red Mullet
during storage on ice
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Figure 3

Changes of ADP in Red Mullet

during storage on ice
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Figure 4
Changes of AMP in Red Mullet
during storage on ice
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| Figure 5
Changes of IMP in Red Mullet
during storage on ice
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Figure 6
Changes of HxR in Red Mullet
during storage on ice
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Figure 7
Changes of Hx in Red Mullet
during storage on ice
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Tone Jakobsen
Analysis of the post-mortem changesin Pandalus borealis
muscles by isoelectric focusing and SDS-polyacrylamide gel

electrophoresis.



Application for exchange visits:
"Evaluation of Fish Freshness'' AIR3 CT94 2283

Name: Tone Jakobsen Profession: Engineer
Laboratory: Norwegian Institute of Fisheries and Aquaculture
Address: PO Box 2511; 9002-Tromsg; Norway

Host Laboratory: CLS Food Science Laboratory, TORRY
Address: PO Box 31; 135 Abbey Road; Aberdeen AB9 8DG, UK

Responsible scientist in the host laboratory:
Name: Dr Ian M. Mackie Profession: Head of the Chemistry Department

Duration of the visit: 14 days

Purpose of the exchange visit:
The reason for the exchange is to learn the techniques of IEF and SDS-PAGE according
to Torry’s standardized procedure -that, a difference to our standard procedure, permits
easy interlaboratory comparisons- in order to identify the changes in myofibrillar proteins
that occur in shrimps muscles during the period from O to 53 hours after death. This a
study included in the "Evaluation of fish freshness” concerted action. The results of the
collaboration will be submitted for publication.

Estimated cost
Ticket: ca. 650 ECU
Allowance: 2,520 ECU Bench fee: 100 ECU

GUIDELINES ON EXCHANGE VISITS:

Responsible scientist from each institute sends applications to the coordinators (Gudrun and Emilia in Iceland). The applications will
be evaluated by the project manager team. The host laboratory has to agree and a written statement on the commitment to accept
a scientist has to accompany the application. The purpose of the visitor has to be clearly related to the objectives of the concerted
action regarding fish freshness and evaluation. Every laboratory is entitled to 2 exchange visits (airfares 700 ECU/visit x 2 visits;
allowance 180 ECU/day x 14 days/visit x 2 visits, bench fee 100 ECU). Reimbursement will be made after a written report has been
delivered to the coordinators. The report will be used for documents to Brussel.




Concerted action "Evaluation of fish freshness"
AIR3 CT94 2283

Report of the exchange visit of Ms. Tone Jakobsen (Norwegian Institute of Fisheries and Aquaculture,
Tromsg) to Torry (Aberdeen)

Analysis of the post-mortem changes in Pandalus borealis muscles by
isoelectric focusing and SDS-polacrylamide gel electrophoresis

Tone Jakobsen
Norwegian Institute of Fisheries and Aquaculture. PO Box 2511; 9002-Tromsg; Norway. Tel:
+47. 77 62 90 00. Fax: +47. 77 62 91 00

Summary

We are currently studying the post-mortem changes that occur in the skeletal muscle of the
Northern shrimp Pandalus borealis by electrophoretic techniques. It is therefore most desirable
to be able to compare our results with those obtained by other laboratories, specially to achieve
the identification of myofibrillar proteins. Accordingly, the aim of the present exchange was to
learn Torrys’ standardized procedure for the techniques of isoelectric focusing (IEF) and SDS-
polyacrylamide gel electrophoresis (SDS-PAGE). The analyses were performed on water-, low-
salt and high-salt soluble protein extracts from shrimp (P. borealis) muscle. The shrimps had
been stored in ice or seawater (4°C) for 0, 4, 28 and 53h after death. All extracts had been stored
at -20°C in 50% glycerol for 5 months prior to analysis. IEF analysis of the water-soluble
extracts showed that these proteins tend to focus in pl-range 4.5-6 with most proteins
concentrated in the lower region. More acidic protein bands seemed to appear in the extracts as
storage time increased. Compared to iced stored shrimps, storage in seawater accelerated the
changes. SDS-PAGE analysis showed a major degradation of myosin heavy chain in high salt
extracts for all storage times. In water- and low salt extracts there was a gradual breakdown of
some larger proteins during storage, and the appearance of bands of smaller size is probably due
to this degradation. Both extracts from iced shrimps and shrimps stored in seawater showed
extensive myofibrillar degradation during the period under study and shrimps stored in seawater
displayed the fastest degradation rate.

Materials and methods

Animal samples

Pandalus borealis (carapace length 15mm, 2-3 developmental stage), had been caught off
Tromsg in October and kept alive in tanks with seawater until the time beginning of the
experiment. At zero time, the abdominal carapace of six individuals were removed and a piece
of the abdominal muscle cut and extracted. Twenty individuals were put into a glass bottle
containing seawater, sealed and kept in a cold room at 4°C. Other twenty were stored in ice on
a net (to allow draining of water from the melting ice) in a cold room at about 10°C. In addition,
one individual was left in seawater at 10°C for 12h and extracted as indicated below.



Extraction of muscle proteins

At zero time and after 4h, 12h, 28h and 53h of storage, the muscles of three individuals from
each group were extracted as follows. The whole procedure was carried out on ice. The shell
was removed and about 100mg of the dorsal muscle were excised and finely minced in an
Eppendorf tube with 500ul of double distilled H,O. The contents were stirred for 10min, and
after a centrifugation for Smin at 14,000rpm the water extracts were transferred to new tubes,
an equal volume of ice-cold 100% glycerol was added and the samples were stored at -20°C. The
pH was measured in the three first sampling times by spotting a drop of the water extract, prior
to the addition of glycerol, onto pH indicator paper. For the extractions of the two last storage
times, the indicator paper was cut in small pieces and one piece was completely immersed into
the extract. ‘

The low- and high-salt soluble extracts were obtained following the protocol described by
d’Albis et al. [1]. To the pellets left in the tubes after the water extraction, 500ul of a low salt
solution (20mM NaCl, 5mM sodium phosphate, ImM EGTA, 15mM MgCl,, 5SmM dithiothreitol
and 200uM phenylmethylsulfonyl fluoride, pH 6.5) were added. The contents were stirred for
10min, centrifuged for Smin at 14,000rpm, the extracts transferred to news tube and an equal
volume of ice-cold 100% glycerol was added. To these new pellets, S00pl of a high-salt solution
(100mM sodium pyrophosphate, 5SmM EGTA, 15mM MgCl,, SmM dithiothreitol and 200uM
phenylmethylsulfonyl fluoride, pH 8.5) were added. The contents were again stirred for 10min,
centrifuged for Smin at 14,000rpm, the extracts transferred to news tube and an equal volume
of ice-cold 100% glycerol was added. All the extracts were stored at -20°C until analyzed.

The protein content in the extracts was estimated by their optical density (ODg=1 =>
1mg/ml protein). The samples were diluted to 200pg/ml protein in SDS-PAGE sample buffer
(10% glycerol, 5% 2-mercaptoethanol, 2.3% SDS, 62.5mM Tris-HCL, pH 6.8) [2] and frozen
stored.

To the insoluble pellets, 500pl of SDS-PAGE sample buffer were added, the contents were
stirred for 10mins, centrifuged, and the supernatants stored at -20°C for electrophoretic analysis.

SDS-polyacrylamide gel electrophoresis

For the SDS-PAGE analyses a 12% polyacrylamide separating gel was prepared from the
following reagents (enough for 2 gels, 14cm x 14cm, 1.5mm thick): 27 ml of distilled water,
20ml of 1.5M Tris-HCI pH 8.8 and 32ml of an acrylamide:BIS-acrylamide stock solution
(37.5:1). The solutions were combined, degassed and 0.8ml of 10% (w/v) SDS was added. The
solution was then poured into a beaker containing 0.2ml of a freshly prepared 10% ammonium
persulfate solution. Then 20ul of TEMED was added and the solutions were mixed by gently
swirling the beaker. The gel was immediately poured into the cassette using a syringe, leaving
4cm from the top of cassette empty. Gels were left to polymerize overnight covered by water-
saturated butanol. The next day the butanol was poured off, the top of gel rinsed with distilled
water and the top surface of gels blotted with folded filter paper. Stacking gels (2 gels) were
prepared by mixing 12.2ml of distilled water, 5ml of 0.5M Tris-HCI pH 6.8, 2.6ml of the stock
acrylamide:BIS-acrylamide (37.5:1), 0.2ml of 10% (w/v) SDS, 0.15ml of 10% ammonium
persulfate and 25pl of TEMED. The preparation was made as described above for the separating
gels, the gels were poured to 1cm from top of cassette and the combs inserted. After 30-45min
of polymerization, the combs were removed and each well was filled with running buffer made
up from 15g of Trizma base, 72g of glycine and 5g of SDS in 51 distilled water [2]. The



electrophoresis tank was filled with running buffer just below the top of the cooler, magnetic
stirring was started and cold tap water was passed trough cooling rods. Sample volumes of 10
or 5ul were loaded into the wells. The reservoir was placed on top of cassette assembly and
secured. Then it was placed inside the lower buffer chamber and filled with electrophoresis
buffer. The running conditions were 600V, 100W and 30mA/gel for about 4h. After the
electrophoresis was concluded, the gels were removed from the glass plates and placed in
fixation solution containing 40% methanol and 10% acetic acid in distilled water for at least 1h.

The gels were silver stained. The following solutions were needed: reduction solution
made up from 200mg of sodium thiosulphate in 11 of deionized water, silver nitrate solution
made up from 2g of silver nitrate and 0.2ml of 37% formaldehyde in 11 of deionized water,
developer solution containing 30g of sodium carbonate, 0.5ml of 37% formaldehyde and Smg
of sodium thiosulphate in 11 of deionized water, stop-solution made up from 5g of glycine in 11
of deionized water. The silver nitrate and developer solutions must be made up fresh each day.

Silver staining protocol

Wash 30% ethanol 3 x 20 min
Reduction thiosulphate sol. 1 min
Wash deionized H,0O 3 x 20 sec
Incubation silver nitrate - 20 min
Wash deionized H,O 3 x 20 sec
Development developer sol. 3-5 min
Wash deionized H,0O 2 x 30 sec
Stop stop sol. 5 min
Wash deionized H,0O 2 x 30 min

The staining was carried out with gentle agitation.

Isoelectric focusing

Two different gel types were used for IEF analyses of the water extracts. One was Pharmacia’s
wide (pH 3.5-9.5) range ready to use gel pH range, and the other was home made gels with a
narrower range (pH 4.0-7.0). '

The narrow range gels were prepared by mixing 3.76ml of a 40% acrylamide:BIS-
acrylamide stock (29:1), 23.4ml of distilled water, 1.2ml ampholines pH 4-6, 0.6m! ampholines
pH 5-7, 1ml of 2% ammonium persulfate and 30ul TEMED. The preparation of these gels was
as described above. After polymerization for 30-40min at room temperature, the gel was
separated from the glass plates and placed on the ceramic cooling plate of the Bio-Phoresis Cell
which was thermostatically controlled at 10°C. A small amount of n-decane was applied between
the gel and the plate to ensure good contact of the two. The electrode strips were evenly soaked
in the appropriate electrolyte solution, and applied to each end of the gel. For the narrow range
gel prefocusing was carried out at 1500V, 15W, and 15mA for 30min with anode strips soaked
in 0.5M acetic acid and cathode strips soaked in 0.5M sodium hydroxide. Wide range anode
strips were soaked with 1M phosphoric acid and cathode strips with 1M sodium hydroxide.

The dry sample application papers were placed on the gel 2cm in front of the cathode. A
maximum of 25ul sample was loaded on every gel using double sets of application papers.




Limiting conditions for isoelectric focusing of wide range gel/narrow range gel were
1500V/2000V, 25W, 50mA/25mA for 90min. Sample application papers were removed from gel
after 45/30min respectively. The gels were fixed for 30min with a solution made up from 34.5g
sulphosalycilic acid and 115g trichloroacetic acid dissolved in 11 of distilled water. After Smin
of destaining in a solution containing 250ml ethanol and 80ml glacial acetic acid per litre
distilled water, a warm Coomassie Blue solution (60°C) was poured over the gel and allowed
to stand in a water bath for 30min. The stain solution was prepared from 0.46g Coomassie Blue
R250 in 400ml destain solution. Background staining was removed with several washes with
destain solution until the background was perfectly clear. Then the gel was immersed in
‘preserving solution for 1h and allowed to air-dry over night.

Results

isoelectric focusing

IEF-results show that the proteins in the water extracts tend to focus in pI-range 4.5-6 with most
proteins concentrated in the acidic region (Fig. 1). In the zero time, seawater samples, three quite
distinct bands are observed of pl slightly lower than pI 4.55. With increasing storage time a
fourth band appears gradually (arrow). This fourth band becomes quite distinct after 53h storage.
At the same time a relatively large band at pl about 5 seemed to gradually disappear
(arrowhead). Iced shrimp muscle samples showed the same tendencies, but the progression in
changes during storage was more slowly.

SDS-Polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE analyses of the water- and low salt-extracts were indistinguishable (Fig 2). The
analyses of the proteins extracted with high salt solution showed extensive degradation of myosin
heavy chain in both ice- and seawater stored shrimps (Fig. 2). A characteristic change during
storage in all extracts can be seen in a band of molecular size slightly higher than 45 kDa (arrow
in Fig. 2). This band was clearly noticeable in all iced extracts although its intensity decreased
with storage time. In extracts from shrimps stored in seawater however, his band was almost
undetectable in the 28h-stored samples (Fig 2b).

Water- and low salt extracts from both storage conditions have another strong band
between 60 and 106 kDa (arrowhead in Fig 2). The band is strongly represented in iced samples,
and fades gradually during storage time. For seawater samples the band fades very rapidly in the
water extracts, whilst in low salt extracts it fades more gradually. At the same time other bands
appear in the low molecular regions of the gels. Slightly above 18 kDa a band appears and
grows stronger during storage. The band is noticeable in iced samples after 53h of storage and
clearly noticeable and strong after 28 and 53 h respectively, of storage in seawater (asterisk, Fig.
2).

Water extracts stored for 5 months in freezer and then prepared for analysis by SDS-
PAGE show that the supernatant and pellet fraction contain the same proteins, only less
concentrated in the latter fraction (not shown).

Discussion
EIF results show that more acidic protein fragments are produced during storage, and these
changes are most visible in seawater samples.

Myosin heavy chain degradation was observed from time zero and increased with storage
time. The band pattern showed more small fragments all the way down the lane, and have a
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relatively large amount of low molecular weight proteins present. This conclusion is stressed by
the fact that low molecular weight proteins in the same positions appear in 28 and 53h water-
and low salt extracts, indicating that bands in this area are a result of degradation of larger
proteins. Immunoblotting of these extracts with antibodies anti-myosin heavy chain (I. Martinez,
submitted) confirmed that shrimp myosin heavy chain is degraded into smaller subunits with
increasing storage time.

Extracts from iced shrimps and shrimps stored in seawater showed different degradation
rates, seawater-stored samples degrading faster. This may be explained in part by the higher
temperature of the seawater-stored samples (4°C) versus ice-stored (0°C) and in part by the
increased bacterial load and bacterial growth in the seawater-stored shrimps.

Conclusion

As a result of the visit to Torry, we have been able to learn the horizontal isoelectric focusing
technique, that we are now standardizing at Fiskeriforskning. The results of the SDS-PAGE
confirmed the results obtained with our standard technique and will make comparisons between
our laboratories in the future easier.

The results of the IEF-analyses showed that the proteins in the water extracts tend to focus
in pl-range 4.5-6.0 with most proteins concentrated in the acidic region. More acidic subunits
seem to appear in the extracts as storage time increases. The progression in changes during
storage is slower for iced samples.

SDS-PAGE showed a major degradation of myosin heavy chain in high salt extracts for
all storage times. In water- and low salt extracts there is a gradual breakdown of some larger
proteins during storage, and the appearance of smaller subunits is probably due to this
degradation. Extracts from iced shrimps and shrimps stored in seawater show different
degradation rates, seawater-stored samples degrading faster.
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CHANGES OF NOTHERN SHRIMP SALT SOLUBLE PROTEINS DURING ICE
STORAGE MEASURED BY TWO DIMENSIONAL AND NATIVE ELECTROPHORESIS
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Phone: 34-1-5492300
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INTRODUCTION

Muscle proteins are susceptible to proteolytic changes during
storage in ice and these changes could be potentially used as
markers for evaluating fish and marine species freshness degree.

In order to separate proteins and analyze their changes,
electrophoretic techniques can be used in which proteins may be
resolved in one dimension by one of their physico-chemical
properties. However, the discrete bands which are detected after
electrophoresis do not necessarily represent homogeneous
proteins. The combination of two different one-dimensional
electrophoretic techniques into a two-dimensional (2D) procedure
has the potential to separate very complex samples containing
several thousands of proteins and to resolve proteins sharing
similar physico-chemical properties. The most popular two-
dimensional procedure (O'Farrell, 1975) uses a combination of
isoelectric focusing in the first dimension and sodium dodecyl
sulphate polyacrylamide electrophoresis in the second dimension.

In the Norwegian Institute of Fisheries Research (NIFA), Dr
Martinez has a vast experience in the application of 2D PAGE
techniques for fish proteins which have been extensively used
mainly for the study of the myofibrillar fraction of muscle, and
the wmyosin isoforms of different fishes under several
physiological conditions (Martinez, 1992; Martinez et al., 1989,
1990a,b,c, 1991, 1992).

Northern shrimps (Pandalus borealis) are an important fishery
resource for Norway and at the NIFA, the early changes occurring
in muscles of this species that can affect their quality and
price at landing are currently being subject of study.

The objectives of the Concerted Action "Evaluation of £ish
freshness" include, among others, a) the exchange of technicians
and scientists from different laboratories within existing
research projects, b) the stimulation for iniciating new
collaborative research projects for fish freshness and c) the
comparison and validation of different techniques used for
measuring fish freshness.

With all these points in mind, the aim of this exchange visit to
was to learn two-dimensional electrophoretic techniques in order
to implement them at the Instituto del Frio and to study by these
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techniques the changes occurring in muscle proteins from shrimps
stored in ice with the aim to find possible markers for the
evaluation of seafood freshness.

MATERIALS AND METHODS
Preparation of extracts

Shrimps (Pandalus borealis) were caught of f Tromso. Salt soluble
proteins of the muscles of each individual were extracted after
zero time and 5, 12, 24, 72 and 120 hours of storage in ice
according to D'Albis et al., (1986) and Martinez (1996). The
shell was removed and about 100mg of the dorsal muscle were
excised and finely minced in an Eppendorf tube with 500uL of
ddH,0. After stirring 10 min. and centrifuging (5 min.x14,000
rpm), the pellets were washed with a 500uL of a solution
containing 20mM NaCl, 5mM Na,PO,, 1mM ethylene glycol-bis
N,N,N', 6 N'-tetraacetic acid (EGTA), 15mM MgCl,, s5mM dithiothreitol
(DTT) and 200uM phenyl methyl sulfonyl fluoride (PMSF), pH 6.5.
The contents were stirred (10 min.) and centrifuged for 5 min.
at 14,000rpm and the resulting pellets were extracted with a high
ionic strength salt solution (100mM Sodium Pyrophosphate, 5mM
EGTA, 15mM MgCl,, 5mM DTT and 200pM PMSF pH 8.5) . The mixture was
stirred for 10 min, centrifuged for 5 minutes at 14,000rpm, and
the extracts were transferred to Eppendorf tubes and mixed with
an equal volume of ice-cold 100% glycerol, and stored until
needed.

The protein content of the extracts was estimated by optical
density at 280nm (OD280=1 = 1mg/mL protein) .

For the subsequent electrophoretic analyses extracts from four
individuals were pooled for each time of storage in ice.

Two-dimensional electrophoresis

Two-Dimensional (2D) gel electrophoresis was carried out
basically as described by O'Farrell (1975) and Hoschstrasser et
al. (1988). Two sets of 2D electrophoresis were performed with
the first dimension being isoelectric focusing (IEF) at a pH
range of either 3-10 iso-dalt or 3-7. The second dimension was
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) .

First dimension

For the IEF, the salt-soluble extracts were adjusted to 1mg/mL
with sample buffer containing 9.5M urea, 2% Nonidet P-40, 2%
Ampholines (range 3-10 or 3-7, depending on the run) and 5% £-
mercapto ethanol (ME).

The 3-10 iso-dalt IEF was performed in rods (1.4mm id, 10cm
length) in a Hoefer Scientific Instruments rod gel apparatus. The
gels performed according to Hochstrasser et al. (1988) contained
3% acrylamide, 0.08% piperazine diacrylamide (PDA). After a pre-



4

run (200V, 10min; 300V, 15min.; 400V, 15min) the samples were
loaded (5 and 10ug) and the IEF was run at 400V, 16 hours
following 800V, 1 hour. After the run the rods were transferred
to eppendorf tubes, equilibrated for 15 min. at room temperature
(62.5mM tris, 2.3% sodium dodecyl sulphate (SDS), metilen blue
and 30% glycerol) and kept £frozen (-20°C) for subsequent
analyses.

The second set of 2D electrophoresis was performed at a pH range
of 3-7 with the BioRad mini rod gels (1lmm id, 5cm length) . The
pre-run conditions were 200V, 10min; 300V, 15min; 400V, 15min and
the running conditions were 500V, 10min and 750V, 3hours. The
rest of the conditions were the same as in the first set.

Second dimension

For both sets, electrophoresis was performed on 15% acrylamide
and 0.087% PDA (Anderson et al., 1973; Hoschstrasser et al.,
1988) . The rods were loaded on the slab gels. SDS-PAGE was
performed according to Laemmli (1970) at a constant intensity of
20mM/slab gel for about 3 hours.

In the first set, 0, 5, 12, 24, 72 and 120h sample extracts were
analyzed as well as rat diaphragm myosin, 0+120h and Oh+rat. The
gels were silver stained (Ansorge, 1983), except the ones used
for immunoblotting.

Immunoblotting

A specific area of the 2D electrophoresis gels (7x8cm) was cut
and transferred onto nitrocellulose according to Towbin et al.,
(1979) using the BioRad minitransfer unit at 120mA/gel for 1
hour. The nitrocellulose sheets were blocked for 1 hour with
phosphate buffer saline (PBS) containing 0.5% powdered skimmed
milk. The primary antibody (5ug/mL) used was anti-Artic Charr
fast skeletal myosin heavy chain (Martinez and Pettersen, 1992),
obtained by I. Martinez. Secondary antibody was peroxidase
labelled goat anti-rabbit IgG (Sigma) and 3, 3'-diaminobenzidine
was used as substrate with Co®* enhancement.

Native electrophoresis

Native electrophoresis was performed according to d'Albis et al.,
(1979) and Hoh et al., (1976) using 4% acrylamide, 0.1% PDA in
rods (6cm length, 0.5 id). After a pre-running (80mA, 30 min),
10ug of each extract (0, 5, 12, 24, 72, 120h and rat myosin
diaphragm) were loaded. Electrophoresis was carried out at a
constant intensity of 80 mA for 9 hours at -2°C. The samples were
stained with Coomassie Brilliant Blue R-250 for 10 minutes and
destained with water.

Cel slices containing the bands of interest were equilibrated for
15 min. with 62.5 mM tris, 2.3% SDS, metilen blue, 5% ME, 30%
glycerol and frozen stored until needed. After thawing, the
protein bands were cut in cubes from which thin gel slices were
taken and loaded onto 15% polyacrylamide, 0.087% PDA gels. The
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electrophoresis was performed according to Laemmli (1970) with
the BioRad mini slab gels (7x8cm, 0.5mm thick) at constant 150V

for about 1 hour. The gels were silver stained according to
Ansorge (1983).

RESULTS

Figure 1 shows the 2D electrophoretic pattern of salt-soluble
extracts from shrimps. In this gel, some spots were tentatively
assigned as actin (A) and trompomyosin (TM) . The spots in the low
molecular weight region of the acidic side of the gel, were in
the area of the myosin light chains.

A series of protein bands of molecular sizes around 100kDa (*)
were present at zero time, and its relative intensities increased
with the storage time in ice (figure 2), so that, at 120 hours,
they grouped in two spots. A western blotting of this region of
the gel showed that they gave a positive reaction with anti-
myosin antiserum (figure 3) (%) .

At 0 time there was a band of about 67kDa (a) (figure 2) which
was gradually disappearing until 120 hours when it was no longer
visible. Also, there were four spots with a molecular size of
about 50 kDa (b). The relative intensities of these bands
increased with time of storage in ice. At 12h post-mortem these
bands started to fuse and at 120h appeared in the 2D gels as one
single spot. These 2D electrophoresis results were confirmed in
the 3-7 gels (results not shown).

Electrophoresis under non-dissociating conditions of the salt-
soluble extracts showed a protein band that migrated slightly
faster than the myosin isoforms from rat diaphragm myosin (figure
4) . With 12 hours of storage in ice it appeared a protein band
(a) migrating faster than myosin which, at 24 hours became more
clearly visible. At this time of storage, another faster
migrating protein band (b) appeared and was more clearly seen
after 74 and 120 hours post-mortem in ice. SDS-PAGE of slices of
these bands (figure 5) showed that they lacked myosin heavy
chain; in "a", a band of molecular size of about 94 kDa was
present, whereas in "b" there were two bands in this region.
These bands could be a consequence of the proteolytic breakdown
of the myosin heavy chain.

DISCUSSION

The protein bands appearing at about 100kDa have also been found
in 1D SDS-PAGE by Martinez (1996) for salt-soluble extracts from
the same species stored in similar conditions. She attributed
these bands to either proteolytic fragments of the myosin heavy
chain or paramyosin, since the existence of a positive reaction
with the antiserum against myosin heavy chain does not rule out
the posibility of these bands belonging to paramyosin. This
protein, which forms the central cores of the thick filament in
most invertebrate muscles may vary in its molecular size (105-
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130kDa) depending on the isoform (Martinez 1996) and it has been
reported to have homologous regions of the myosin heavy chain
(Hoppe and Waterson, 1996). On the other hand, myosin is
susceptible to partial proteolytic breakdown in certain specific
sites of the molecule which could give, depending on the
conditions, fragments known as heavy meromyosin (HMM) and light
meromyosin (LMM) of 130kDa and 75kDa respectively and/or
subfragment S1 and rod, of molecular sizes of about 90-95kDa
under SDS-PAGE (Weeds and Pope, 1977) which could account for
some of these bands. Non-dissociating electrophoresis under
conditions for native myosin, together with SDS-PAGE of these
bands of interest also showed the presence of bands of faster
mobility than myosin, with molecular sizes of about 95 kDa that
were not visible in the early storage times. This suggests that
these are mainly degradation fragments of myosin heavy chain as
suggested previously (Martinez, 1996).

Protein bands progressively dissapearing at 67kDa with the time
of storage as well as the appearance of new bands at about 50kDa
confirm the results obtained by Martinez (1996) for the same
species in SDS-PAGE. These bands are showing early changes during
ice storage and could be used as protein markers. However, a
further confirmation of these results as well as a
characterization of these bands and their origin is needed,
together with establishing a quantitative relationship which can
be unequivocaly related to the freshness degree of this shrimps
stored in ice.

CONCLUSIONS

2D electrophoresis as well as native electrophoresis have been
learnt as a consequence of the exchange visit.

2D electrophoresis as well as native electrophoresis of salt-
soluble extracts of shrimps has shown the existence of protein
changes during ice storage which could be used as markers to help
establishing the freshness degree.
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LEGENDS TO FIGURES

Figure 1.- Two-dimensional electrophoretic pattern of salt-
soluble proteins extracted from shrimps (Pandalus borealis)

inmediately after death. A=actin, TM=tropomyosin, LC= light chain
region.

Figure 2.- Changes in the two-dimensional electrophoretic pattern
of salt-soluble proteins from shrimps (Pandalus borealis) after
0, 5, 12, 24, 72 and 120 hours of storage in ice. Only the region
of interest is shown. IEF, 3-10 iso-dalt, SDS-PAGE, 15%A,
0.087%PDA. *=spots of molecular gsize of about 100kDa; a=spot of
about 67kDa; b=spots of about 50kDa.

Figure 3.- Immunoblotting of salt soluble fraction proteins
separated by 2D electrophoresis with antiserum anti-myosin heavy
chain of Arctic charr at 0 and 5 hours frozen storage.

Figure 4.- Esquematic diagram of the native electrophoresis of
salt-soluble extracts during ice storage. M=myosin.

Figure 5.- SDS-PAGE (15%A, 0.087%PDA) of the myosin (M) and
proteolytic bands (a, b) appearing after 120h of ice storage as
shown in figure 5.
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Quality indices to evaluate lipid oxidation of sardine Sardina

pilchardus during ice storage

Abstract

Sardine is a pelagic fatty species, which represents more than 40 percent of total
annual catches in Portugal. The present work deals with the influence of ice storage of
sardine on lipid degradation. Sardine was kept with ice for 15 days and regularly
sampled for oil anlysis. Peroxide value increased during storage ranging from 5 to 241
meq Oy/kg oil. A similar increasing trend in the level of dienes and trienes was also
recorded. Fluorescence results showed a similar profile, an unusual high value was
recorded in the first day of storage which can be a result of a contamination or a
formation of compounds related with rigor mortis of fish. A preliminar characterisation
of the volatile compounds of sardine oil was done which allowed to identify a few
typical components as well as degradative products. Among them it has to be referred
the formation of an alcohol after the 6th day which was not identified. The initial
content of tocopherol of sardine was 100mg/kg oil which regularly decreased during
storage being completely destroyed after 4 days. This evolution suggest the utilization
of this measurement as a freshness index although it is necessary to confirm the

repeatibility of those results in different periods of the year.

Introduction

Small pelagic species contribute with more than 25 percent to the world’s catch of fish
and shellfish. Sardine, a pelagic species, is the main halieutical resource of Portugal.
The lipids of this fatty species present a high proportion of polyunsaturated fatty acids
(Bandarra et al, 1991). These compounds are claimed for health benefits reducing the
risk of cardiovascular disorders, on the other hand the high number of unsaturations
place some technological problems. Lipid degradation gives rise to unpleasant quality

in fish leading to consumer rejection.

Several different methods for determining the rancidity in foods are currently used.

Peroxide value, is a useful indicator of the extent of lipid oxidation. It measure the
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hydroperoxides present in lipids, which are the primarily lipid oxidation compounds.
Numerous analytical procedures for the measurement of peroxide value are described
in literature. The iodometric method are widely used and are based on the
measurement of the iodine produced from potassium iodide by the hydroperoxides
present in oil (Rossel, 1994). The colorimetric method is based on the oxidation of Fe*
to Fe** by the hydroperoxides and the reaction of the later with ammonium thiocyanate

producing a red complex, ferric thiocyanate (Shantha and Decker, 1994).

The decomposition of lipid hydroperoxides, which are very unstable compounds lead
to a variety of volatile compounds (Nawar, 1985) more stable with short chain like
aldehydes, ketones, alcohols and hydrocarbonated compounds. Taking the advantage
of high volatility of off-flavor compounds the headspace analysis has been widely used

(Park, 1993).

Conjugated dienes and trienes are formed, when unsaturated fatty acids are oxidised.
The conjugated acids so formed absorbed ultraviolet light, the conjugated dienes that
may result from its decomposition show an absorption at 234 nm, conjugated trienes
show a triple absorption band of which the principal peak is in the neighbourhood of
268 nm.

Fluorescence methods have been used in the detection of lipid oxidation damages in
biological tissues (Dillard and Tappel, 1973; Trombly and Tapell, 1975). Water soluble
fluorescent products derived from reaction of malonaldehyde with aminoacids and the
system R-N=C-C=C-N-R is responsible for the fluorescence. Lipid soluble fluorescent
chromophores from animal tissues have been described as probably being derived from

the reaction of malonaldehyde with the aminogroups of phospholipids.

The unsaturated lipids in living tissues are relatively stable, due to the presence of
natural antioxidants and enzymes to prevent effectively lipid oxidation (Grosch, 1987).
Tocopherols (vitamin E) are considered to be the major antioxidant found in animal
tissues. Vitamin E is a radical scavenger in the membrane and acts as a terminator of

lipid oxidation by donating a hydrogen atom to lipid radicals, which blocks the
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propagation of the process. Erickson (1993) found very good correlations between
" levels of a-tocopherol and oxidative products formed in minced frozen Channel catfish
under temperature fluctuations. According to this author tocopherol determination can
detect oxidative changes at early stages because it is not necessary to wait for

oxidation products formation.

The aim of this work was to study the influence of ice storage of sardine on lipid
degradation and try select the most adequate quality indices for the evaluation of

sardine freshness.

Materials & Methods

Raw material

Sardine used in this work was caught in July 96 on the Portuguese coast (Peniche) by
purse-seiner. Some sardines were immediately frozen on board in liquid nitrogen
containers and the others kept on ice in isothermic boxes. After the arrival at the
laboratory the fish frozen in liquid nitrogen (0 days) and a small part of that kept on
ice (0.5 days) were prepared for the remotion of edible flesh. The other sardines were
stored on ice at 5°C for two weeks and used in triplicate for lipid analysis after 1, 2, 3,

4,6,8, 11,13 and 15 days.

Analvtical methods

The edible flesh of sardine was minced in triplicate and used for lipid extraction by the

method of Bligh and Dyer (1959) in a cold room at 0°C.

Total lipid content of sardine was done according to AOAC (1984).

Peroxide value determination was done with a system Titralab from Radiometer
Copenhagen using a titrimetric method with potassium iodide and ammonium
thiocianate (AOCS Cd-8-53), the amount of sample used ranged between 0.07 and
0.35 g of sardine fat depending on the degree of oxidation.
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Conjugated dienes and trienes were measured at 234 and 268nm, respectively, the
sample was prepared dissolving the sardine fat with isopropanol:heptane (1:1) to a
concentration of 6 mg/ml for the analysis of conjugated dienes and 112,5 mg/ml for the
analysis of conjugated trienes. The absorptions at these two wavelengths were then
measured using Flow Injection Analysis (FIA). Thus the sample were injected into a
HPLC system, methanol was used as mobile phase at a flow rate of 0.3ml/min. The
detector used was a diode array HP 1090M from Hewlett Packard recording signals at
234 nm and 268 nm, respectively. No column was installed, resulting in one single
peak to come out with the void-volume. The area of this peak represents the total

absorption at these wavelengths.

Lipid soluble fluorescence products were recorded simultaneously with the FIA-
analysis of UV-absorbance at 234 and 268nm. This was performed by connecting a
fluorescence detector (JASCO FP-920, Japan) in series with the diode array detector
installed in the HPLC system. The fluorescence detector was equipped with a 150W
xenon lamp mounted horizontally. Excitation and emission monochromator bandpasses

were set at 18 nm and 40 nm respectively.

The preparation of samples for headspace analysis was done placing 20ul of sardine oil
inside a small tube fitted with glass wool and the desorption of volatiles was carried
out during 50 minutes at 50°C under helium. The analysis was done in a gas
chromatograph Varian 3400 equipped with a mass spectrometer Finnigan Met Incos
50 The column used was a DB1 (0.32 mm i.d. x 30 m), the temperature initial of
analysis was 30°C and it was programmed to increase 4°C/min to 200°C. Tentative

identifications were based on standard MS library data.

Tocopherols were determined by normal phase HPLC following the method of
Piironen et al (1984) with minor modifications. Sample pfeparation was done
dissolving 9 mg of fat in 250 ul of isohexane and 20l were injected in a Rheodyne
Model 7125 injector and eluted with isohexane:2-propanol (99.8:0.2) with a flow rate
of 0.5ml/min in the HPLC system Beckman model 110A pump. The column used was

a Lichrosorb 5 Silica column (Phenomex, Torrance, USA) 250 x 2.10 mm i.d.. For
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detection a flluorescence detector Hewlett Packard 1046 A was used with excitation
wavelength 292nm slits at 2 x 2mm and emission wave length 324nm slits at 4x4mm.
Tocopherols were identified and quantified by comparison with standards (Merck,
Germany) from which a standard curve was prepared. Peaks were integrated using a
Softron PC integration program (version 1.0) each sample (n=3) was analysed in

duplicate.

Results & Discussion
Sardine is a pelagic species whose lipid content varies widely with season attaining
more than 20%, in the present work the fish used presented a fat content of 10.1% in

the edible flesh.

During the ice storage of sardine the PV (peroxide value) was determined and the
results obtained are present in figure 1. The values are represented in triplicate because
each analysis was done using a different group of sardines, in order to have more
representative results. The peroxide value increased during all the period of ice
storage. Sardines frozen in liquid nitrogen (0 days) on board presented similar results
to that kept on ice (0.5 days). The values obtained for peroxide value at the end of
storage were very high (241 meq O»/Kg fat) only possible to attain in a very oxidised
fat.

The results obtained with conjugated dienes and trienes analysis during 15 days of ice
storage are present in figures 2 and 3. The formation of conjugated dienes and trienes
seems to have a similar evolution, increasing during all the period. Nevertheless, the
values obtained for trienes were superior of dienes, which is a result of the large

number of polyunsaturated fatty acids present in sardine lipids.
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Figure 1- Evolution of peroxide value of sardine lipids during
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Figure 2 - Evolution of conjugated dienes of sardine lipids
during 15 days of ice storage.
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Figure 3 - Evolution of conjugated trienes of sardine lipids during
15 days of ice storage.

The results obtained in fluorescence analysis can be appreciated in figure 4, during the
period of ice storage seems to have a clear tendency to increase the number of
fluorescent lipidic compounds. An unusual high value was registered in the first day of
storage which can be attributed to a contamination or a formation of compounds

related with rigor mortis of fish. Further studies need to be developed.

30000 +
25000 + =

20000 + .
15000 4 ™ -
10000 |
5000 4
o "= : : —

0 5 10 15

Days on ice

Figure 4 - Evolution of fluorescence of sardine lipids during 15
days of ice storage.
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In order to appreciate the formation of volatiles in sardine lipids an headspace analysis
was carried out in the beginning, after 6 and 15 days of ice storage, the results obtained
are present in figures 6a, 6b and 6c¢. As it was expected a different profile was obtained
for fresh fish, being butanoic acid butyl ester the main volatile component. After 6 days
was possible to detect the presence of unsaturated aldehydes and ketones. A formation
of a non identified alcohol seems to occur during the ice storage, attainning after 15
days the highest level. Additional research is needed in order to identify this compound

to establish the beginning of its formation and to relate its absence with freshness state.

The most impértant results related with establishment of fish freshness indices were
obtained with tocopherol analysis, as can be appreciated in figure 7. The level
registered for a-tocopherol in the beginning of ice storage was around 100 mg/ kg of
sardine fat. A destruction of a-tocopherol occurred after 3 or 4 days, and no more
tocopherols were detected in lipids, as was expected seems to have an inverse

relationship between the peroxide value and the tocopherol level registered in sardine

lipids.
Sample : sardin Oday ice Injected : FRI AUG 30, 1896 5:40:54 PM
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Figure 6a - Chromatogram of headspace analysis of sardine lipids in the beginning of
ice storage. '
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Figure 7 - Evolution of tocopherol level (mg tocopherol/Kg fat) of
sardine lipids during 15 days of ice storage.
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