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PREPARATION OF THIS DOCUMENT

This document contains the report and papers of the Workshop on Fish Technology, Utilization and
Quality Assurance. The Workshop was held in Bagamoyo, Tanzania, from 14 to 18 November 2005. It was
attended by 26 experts who reviewed progress and problems in post-harvest fish utilization with particular attention
to fresh fish, fish processing, quality assurance, and marketing and socio-economic issues. The issues were
introduced through:
= presentation by the secretariat of a report on progress and events since the Expert Consultation in
Fish Technology held in 2001 in Saly-Mbour, Senegal;
= presentation of 26 papers;
= abstracts of 2 additional papers;
= afield trip to MFDC in Mbegani, a fish market and a processing unit in Dar es Salaam.
In the discussions a number of recommendations were made. These were noted by the secretariat and
discussed, amended and adopted by the experts in the final session. The recommendations are made to FAO, its
member countries and to all institutes, institutions and persons interested or involved in fish utilization in Africa.

The Workshop was organized by the Fish Utilization and Marketing Service (FIIU) of FAO's Fishery
Industries Division [renamed Fish Products and Industry Division in January 2007] in collaboration with the
Mbegani Fisheries Development Centre (MFDC) under the Fisheries Directorate of Tanzania and the FAO
Regional Office for Africa. The Workshop was funded by the Regular Programme of FAO and the project
GCP/GLO/120/SWE-Fisheries in West Africa on market related fisheries issues

The report and papers have been edited for publication by Dr Yvette Diei-Ouadi, Fishery Industry Officer
(Fish Industry), FIIU. The views expressed in this publication are those of the authors and do not necessarily reflect
the views of the Food and Agriculture Organization of the United Nations.

PREPARATION DE CE DOCUMENT

Ce document contient le rapport et les contributions de I’ Atelier de la FAO sur la technologie, I’utilisation
et I’assurance de qualité du poisson. L’atelier, auquel assistaient 26 experts en technologie du poisson, s’est tenu
du 14 au 18 novembre 2005 a Bagamoyo, Tanzanie. Il a passé en revue les progrés et les problémes dans
I’utilisation du poisson apres capture avec une attention particuliére au poisson frais, a la transformation du poisson,
I’assurance qualité, la commercialisation et les aspects socio-économiques. Ces questions étaient présentées a
travers:

= |a présentation par le secrétariat du rapport sur les progrés et événements depuis la Consultation
d’experts FAO sur la technologie du poisson en Afrique qui s’est tenue en 2001 a Saly-Mbour au
Sénégal;

» la présentation de 26 communications;

= des extraits de 2 contributions supplémentaires;

* une visite de terrain au MFDC a Mbegani, au marché au poisson et dans une unité de transformation de
poisson a Dar es Salaam.

Un certain nombre de recommandations ont été faites lors des discussions. Celles-ci ont été notées par le
secrétariat et discutées, amendées et adoptées par les experts en session finale. Les recommandations sont
faites a la FAO, a ses pays membres et tous les instituts, institutions et personnes intéressés ou impliqués dans
I’utilisation du poisson en Afrique.

Cet atelier a été organise par le Service de la commercialisation et de I’utilisation du poisson (FI1U) de la Division
des industries de la péche de la FAO [nommeée Division des produits et de I’industrie de la péche en janvier 2007],
en collaboration avec le Mbegani Fisheries Development Centre (MFDC) de la Direction des Péches de la
Tanzanie et avec le Bureau régional de la FAO pour I’Afrique. L’atelier a été financé par le Programme régulier de
la FAO et le projet GCP/GLO/120/SWE-Péches sur les questions relatives au commerce en Afrique de I’Ouest.

rrrrr

de la péche (industrie du poisson), FIIU. Les idées exprimées dans cette publication sont celles des auteurs et ne
reflétent pas forcément les points de vue de la FAOQ.
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ABSTRACT

The FAO Workshop on Fish Technology, Utilization and Quality Assurance was held by the Fish Utilization and
Marketing Service of FAO's Fish Product and Industry Division in collaboration with the FAO Regional Office for
Africa. The Workshop was held to review progress and problems in post-harvest fish utilization in Africa and
formulate recommendations to FAQ, its member countries and all institutes, institutions and persons interested in
fish utilization in Africa. The experts reviewed in particular fresh fish utilization, fish processing, quality assurance,
and marketing and socio-economic issues. The review was done through presentation by the secretariat of a report
on progress and events since the Consultation in Fish Technology held in 2001, presentation of 26 papers, abstracts
of two additional papers, and a field trip to the Fisheries Development Centre, Mbegani, a fish market and a
processing unit in Dar es Salaam. The report includes the recommendations as well as the papers that were
available to the experts.

RESUME

L’Atelier de la FAO sur la technologie, I’ utilisation et I’assurance de qualité du poisson a été organisé par le Service
de la commercialisation et de l'utilisation du poisson de la Division des produits et de I’industrie de la péche de la
FAOQ, en collaboration avec le Bureau régional de la FAO pour I'Afrique. L atelier a été organisé pour passer en
revue les progrés et problemes dans I’utilisation du poisson apres capture en Afrique, et formuler des
recommandations a la FAO, a ses pays membres et tous les instituts, institutions et personnes intéressés par
I'utilisation du poisson en Afrique. Les experts ont examiné notamment I’utilisation du poisson frais, la
transformation du poisson, I’assurance de qualité, la commercialisation et les questions socioéconomiques. Cet
examen s’est effectué a travers la présentation, par le secrétariat, du rapport sur les progrés et événements depuis la
Consultation d’experts FAO sur la technologie du poisson en Afrique qui s’est tenue en 2001, des présentations de
26 communications, des résumés de deux contributions supplémentaires, et une visite de terrain au Fisheries
Develoment Centre a Mbegani, au marché au poisson et dans une unité de transformation de poisson a Dar es
Salaam. Le rapport inclut les recommandations de méme que les communications qui étaient a la disposition des
experts.
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ORGANIZATION

1. The FAO Workshop on Fish Technology, Utilization and Quality Assurance was organized by the
Fish Utilization and Marketing Service, Fishery Industries Division of the Food and Agriculture
Organization of the United Nations (FAQ), in collaboration with the Mbegani Fisheries Development
Centre (MFDC) under the Fisheries Directorate of the United Republic of Tanzania. This is a follow up to
the hitherto FAO Expert Consultation on Fish Technology in Africa; the last one was held in Senegal,
from 10 to 13 December 2001.

OPENING

2. The Workshop was held at Hotel Paradise Holiday Resort, Bagamoyo, the United Republic of
Tanzania, from 14 to 18 November 2005.

3. The Director of Fisheries, Mr Geoffrey Nanyaro, said he was honoured to open the Workshop, which
was the second of its kind for Tanzania within 25 years and the eighth in Africa. He welcomed the
participants from various countries and fields of expertise and said he hoped that the meeting would help
advance post-harvest fisheries in the region. He then expressed his gratitude to FAO for having organized
the Workshop, for technical support during the preparatory phase and for having helped Tanzania comply
with the stringent requirements in the export market. After stating his appreciation for the national focal
point for this Workshop, he recalled the need for development in artisanal fisheries, which provides
almost 90 percent of the catches.

4. The Workshop was addressed on behalf of the Director General of FAO by Ms Louise Setshwaelo,
FAO Resident Representative in Tanzania. She thanked the Government of Tanzania for having kindly
accepted to host the meeting and the experts for having taken time out of their busy schedules to attend it.
The necessity to help fishermen and women and their communities to reduce post-harvest losses and
improve the safety and quality of fish was highlighted. She recalled past and present support from FAO
and its partners in the development of the post-harvest fisheries sector.

5. The Workshop was then addressed by the Permanent Secretary, Minister of Foreign Affairs and
International Cooperation of the United Republic of Tanzania, Philemon Luhanjo. He welcomed the
participants to Tanzania in general and in particular to the historical town of Bagamoyo. He expressed
with honour the gratitude to FAO for having planned and organized this very important platform. The
importance of the fisheries sector to the Tanzanian economy was highlighted. However, attention was
focused on the challenges concerning fish technology, utilization and quality assurance to be addressed
during the deliberations of the Workshop. These include the documentation and improvement of
traditional methods of fish curing, the search for affordable solar energy technology, linkage of
certification of fishery products with sustainability of the resource, use of simple ways of transporting
fresh fish in ice, high priority assistance to women, development of value-added products rather than
export of raw or semi-processed fish, and access to capital by fishers. He then wished for fruitful
deliberations and formally opened the meeting.

6. The programme is presented as Appendix A.

PARTICIPANTS

7. The workshop was attended by 26 experts from France, Ghana, Italy, Kenya, Mali, Morocco,
Senegal, Spain, Uganda, United Kingdom, United Republic of Tanzania, from the Lake Victoria Fisheries
Organization (LVFO), from the SADC unit of the Intergovernmental Organization for Marketing
Information and Cooperation Services for Fishery Products in Africa (INFOSA) and from FAO. The list of
attending experts is presented as Appendix B.



NOMINATION OF MEETING OFFICERS

8. Mr Yahya Mgawe of MFDC, Ms Nancy Gitonga of Kenya, Mr John Esser from United Kingdom,
and Mr Richard Abila from Kenya were the respective chairpersons of the Workshop from day 1 to day 4.
Ms Absa Gueye Ndiaye, Mr Jean-Pascal Berge and Ms Margaret Masette, the pairs Ms Cisse Oumou
Traore/Javier Borderias, Sylla Khalifa/Carol Kirema-Mukasa, and Younes Zenati/Margaret Attikpo were
elected as Rapporteurs while Mr Alhaji Jallow (Senior Fisheries officer, FAO Regional Office for Africa),
Mr Hector Lupin and Ms Yvette Diei-Ouadi, of the Fish Utilization and Marketing Service, Fishery
Industries Division of FAOQ, served as technical secretaries of the Workshop.

PROGRAMME

9. The experts reviewed progress and problems in the area of post-harvest fish utilization, technology and
quality assurance, and made a series of recommendations. Emphasis was placed on fresh fish utilization,
fish processing, quality assurance, and on marketing and socio-economic issues. The issues were introduced
through:

e presentation by the technical secretariat of a report on the progress made on the recommendations
of the seventh FAO Expert Consultation on Fish Technology in Africa held in Saly-Mbour,
Senegal, in December 2001. The participants accepted the report and the change as presented.

e presentation of 26 papers;

o two additional papers that were not presented,;

o afield trip to MFDC in Mbegani, a fish market and a processing unit in Dar es Salaam.

10. The papers have been edited and are reproduced in Appendix C.

11. On the basis of the presentations and discussions, draft recommendations were prepared by the
secretariat; these were discussed, amended and adopted by the experts in the final session of the
Consultation.

RECOMMENDATIONS

12. The experts adopted the following recommendations to FAQ, its Africa member countries and to all
institutes, institutions and persons involved or interested in fish utilization in Africa.

Fresh fish

1) The effect of size and holding temperatures on rigor mortis in Nile tilapia (Oreochromis
niloticus) was presented regarding the significance of icing the fish immediately after catch and
maintaining the cold chain for a better product. In the ensuing discussion it was suggested that
similar work on other species of commercial importance should be promoted.

Processing

2) The technological effect of adding wheat fibre to minced hake (Merluccius merluccius) and
horse mackerel (Trachurus trachurus) muscle was presented as a technique for adding value to
low-value fish fillets. It was reported that the addition of fibre increased the water holding
(WHC) and binding (WBC) capacity of the fish fillets. Restructured products with fibre were
whiter and their rigidity and cohesiveness were lower. No strange flavours were apparent when
the wheat fibre was added. This new technology was of interest, especially when there was
concern for its use in product weight increase.

3) The technique of producing frozen pulp from tropical sole (Cynoglossus sp) filleting waste in
Senegal was presented as a useful product development in the region. The pulp is obtained
through the extraction from carcasses of sole after filleting (clearing of meat left on the
skeleton). As much as the significance of the technique was noted, it could be used in the region
more for other species than for sole, which is mostly processed and packaged whole.



4) The participants were informed of oil extraction from Brycinus leuciscus in Mali. This species is
a highly fatty fish that is less utilized. Value was, therefore, added to it by extracting its oil for
frying and for the preparation of sauce in cooking. The oil had been of low quality and that
attracted interest in improving it. The improvement resulted in a golden colour, good taste and
smell, which the processors prefer. Malian fish processors are increasingly adopting the
technique of extracting oil from the species, but there is a need for more research on the
chemical composition of the fatty acids, mineral elements and other attributes in the oil. The
participants also recommended that the sustainability of the oil production from the Brycinus
species resource, if the demand increases, be taken into account in the new research on the
technique.

5) It was observed that the Lake sardine (Rastrineobola argentea) is a very important food item,
particularly in ensuring food security. Unfortunately, however, there are huge post-harvest
losses associated with this fishery. Experts recommended that appropriate handling, and
processing techniques that have proved cost effective around the Lake must be improved and
disseminated to needy areas with large catches of the species and that marketing patterns be
addressed.

6) The fish smoking oven (AFSMO-150) seems to have technical and economic advantages over the
Chorkor smoker. However, in the absence of a comparative study with the Chorkor smoker, it is
recommended that further studies be conducted on its efficiency, cost and profitability.

7) The recovery of valuable fractions from seafood processing waste leads to a diverse range of
useful by-products that may be enzymatically hydrolysed to provide useful compound, such as
food and feed ingredients (aroma, peptide, protein, lipids), and also bio-active ingredients (for
nutraceutical, cosmetic or pharmaceutical purposes). However, access to specific enzymes for
this type of processing could be in certain cases rather difficult, and some adaptations have to
be found (such as using fruit or vegetable juice naturally rich in enzymes, i.e. papaya,
pineapple for example). The use of external enzyme is much more efficient than natural ones
(autolysates); however such traditional practices have to be explored and developed in Africa.

8) In enzyme hydrolysis, a potential has been identified for utilizing fish trimmings from Nile perch
fish processing plants around Lake Victoria and fish waste from other fish industries in other
regions.

9) Utilization of fresh and cooked fish waste in mushroom cultivation was presented as a successful
practice in the West Africa region. Because mushrooms are in high demand in many African
countries, the promotion of the technique by FAO was, therefore, recommended.

10) Systems-based approach to blowfly control has been evaluated during community-based field
trials conducted at small-scale fish processing sites located in India. The research has
demonstrated that the approach offers a safe, efficient and cost-effective remedy to the problem
of blowfly infestation. The participants suggested that demonstrated-based research and
development of training materials that are relevant for African countries be conducted to
address the common loss on sun-dried fish associated with insect pests.

Quality assurance

11) The participants were informed of the impact of the new EU regulatory framework on the export
of fishery products. Regulations (CE) 178/2002, 852/2004, 853/2004, 854/2004 and 466/2004
were explained. The participants welcomed the information and suggested that fish inspectors
be retrained in the new requirements.

12) The participants benefited from presentations on risk assessment and traceability of seafood
products. After a lengthy discussion on the advantages of these processes, it was recommended
that a workshop on risk analysis and another one on traceability for the Africa region be
organized by FAO in liaison with the project management unit of the EU/ACP Strengthening of
Fishery Products Health Conditions programme. It was also suggested that national authorities
exercise in risk analysis and industry implements the result of risk assessment and that they
encourage local fish processing industries to improve their capacity in risk analysis and
traceability.



13) On improving the quality of salted and dried fish products, the control of the beetle, Dermestes
sp, in the salting and drying of catfish (Arius gambiensis) was presented to the participants,
who observed the significant effect of high salting levels (20 percent) and low water contents
(14 percent) on the control of the beetle. However, it was strongly recommended that future
trials continue to involve the women processors and similar studies on salt concentration, size
of fish, brining time and other key parameters for other commercial species be conducted and
disseminated.

Marketing and socio-economic issues

14) Presentations were made on the progress of fish trade and harmonization in the East African
Community (EAC) and participants appreciated the efforts being made towards regional
integration. However the need for harmonizing data and information on socio-economic,
marketing and other important aspects was emphasized.

15) Considering the common problem of product evacuation from remote landing sites and eventual
distribution in the respective countries in the Africa region, it was recommended that the
infrastructure elements be addressed in fish technology and utilization programmes. The
significant increase in fish and fishery product exports from the region is a positive
development that is welcomed, but the participants expressed concern about the resultant
trade-offs in the national food fish availability. In the ensuing discussion following a
presentation on the challenges of promoting fish exports, it was unanimously agreed that more
effort should be put in promoting the utilization of hitherto unutilized species by introducing
value-adding techniques and promoting commercial aquaculture to complement capture fish
production.

On the issue of quality and safety requirements in the fish and fishery product export trade, it
was agreed that countries in the region should strengthen institutional capacity building,
particularly the training of fish inspectors and related personnel.

16) The fish and fishery import potential of the European Union (EU) was presented to the
participants and they realized the increasing opportunities for African countries to continue
exporting their products to the huge EU market. However, they were also informed of the
border controls and the reasons for detention and rejection of fish and fishery products from
Africa and the world. It was realized in the ensuing discussion that there was a communication
gap between the European Commission, national competent authorities, the importers and the
exporters. It was, therefore, recommended that communication lines between the parties
concerned be improved

17) The participants were informed of a proposed African Fish Safety Network. The network idea
was conceived in 2000 to help African countries gain access to a huge untapped regional
market and other markets outside the region. It can also assist countries build their capacity in
fish technology, safety and quality. Players in the fish industry from 11 countries (Seychelles,
South Africa, Tanzania, Kenya, Uganda, Zambia, Namibia, Angola, Mozambique, Ghana and
Senegal) have so far shown interest in the network.

The proposed network attracted much interest, and the participants encouraged the
coordinators to develop a road map, which will include the modus operandi of the network and
its co-ordination outside the proposed eventual hosting of the secretariat within the
INFOPECHE office facility.

CLOSURE OF THE WORKSHOP

13. The Workshop on Fish Utilization, Technology and Quality Assurance was officially closed on 18
November 2005 by Mr Odunga Salmon, Permanent Secretary of the Ministry of Natural Resources and
Tourism, after the remarks from the Representative of the Director of Fisheries, Ms Yvette Diei-Ouadi
(on behalf of the FAO Resident Representative) and the vote of thanks of the participants.



ORGANISATION

1. L’Atelier de la FAO sur la technologie, I’utilisation et I’assurance de qualité du poisson a été organisé
par le Service de la commercialisation et de I’utilisation du poisson de la Division des industries de la
péche de la FAO, en collaboration avec le Mbegani Fisheries Development Centre (MFDC) de la
Direction des péches de la Republigue-Unie de Tanzanie. Ceci est une suite de la précédente Consultation
d’experts FAO sur la technologie du poisson en Afrique, dont la derniére a eu lieu au Sénégal du 10 to 13
décembre 2001.

OUVERTURE

2. L’atelier s’est tenu a I’h6tel « Paradise Holiday Resort », Bagamoyo, République-Unie de Tanzanie, du
14 to 18 novembre 2005.

3. Le Directeur des péches, Mr Geoffrey Nanyaro, a exprimé son honneur de prononcer I’allocution
d’ouverture de I’atelier qui est le second de ce genre pour la Tanzanie en 25 ans et le 8eme en Afrique. I
a souhaité la bienvenue aux participants venus de nations et de champs d’expertise variés et a formulé le
souhait que la réunion aide a faire avancer le secteur post-capture dans la région. Il a ensuite exprimé sa
gratitude a la FAO pour I’avoir I’organisé et aidé la Tanzanie a compétir a I’exportation des produits de la
péche. Apres avoir exprimé son appréciation au point focal national de cet atelier, il a rappelé les besoins
en développement de la péche artisanale, qui contribue pour presque 90 pour cent aux prises.

4. Mme Louise Setshwaelo, Représentante résidente de la FAO en Tanzanie s’est adressée a I’atelier au
nom du Directeur Général de la FAO. Elle a remercié le Gouvernement de Tanzanie pour avoir gentiment
accepté d’abriter la réunion et les experts pour avoir pris de leur temps malgré leur calendrier chargé, pour
y prendre part. La nécessité d’aider les pécheurs et femmes et leurs communautés pour réduire les pertes
post-capture et améliorer la sécurité sanitaire et la qualité a été soulignée. Elle a rappelé le soutien passé
et présent au développement du secteur post-capture de la péche de la FAO et de ses partenaires.

5. Le Secrétaire permanent, Ministere des affaires étrangeres et de la coopération internationale de la
République-Unie de Tanzanie, Philemon Luhanjo s’est ensuite adressé a I’atelier. 1l a souhaité la
bienvenue aux participants en Tanzanie en général et en particulier dans la ville historique de Bagamoyo.
Il a exprimé avec honneur sa gratitude a la FAO pour avoir programmé et organisé cette importante
plateforme. L’importance du secteur des péches dans I’économie tanzanienne a été soulignée. Toutefois
I’attention a été attirée sur les défis qui devraient faire I’objet des délibérations de I’atelier. Ce sont la
documentation et I’amélioration des méthodes traditionnelles de transformation du poisson, la recherche
de technologie d’énergie solaire abordable, le lien de la certification des produits de péche a la durabilité
de la ressource, I’utilisation de moyens simples de transport du poisson frais sous glace, la forte assistance
prioritaire aux femmes, le besoin de développer des produits a haute valeur ajoutée plut6t que d’exporter
de la matiére premiere ou du poisson semi-fini, et I’acces au capital des pécheurs. Il a ensuite souhaité de
riches délibérations et ouvert formellement la réunion.

6. Le Programme de la réunion se trouve a I’annexe A.

PARTICIPANTS

7. Ont participé a I’atelier 26 experts de I’Espagne, de la France, du Ghana, de I’Italie, du Kenya, du Mali,
du Maroc, de I’Ouganda, de la République-Unie de Tanzanie, du Royaume Uni, du Sénégal, du Lake
Victoria Fisheries Organization (LVFO), de I'unité du SADC de I’Organisation intergouvernementale
d’information et de coopération pour la commercialisation des produits de la péche en Afrique (INFOSA),
et de la FAO. La liste des experts se trouve a I’annexe B.



DESIGNATION DES MEMBRES DU BUREAU

8. Monsieur Yahya Mgawe de MFDC, Mme Nancy Gitonga du Kenya, M, John Esser du Royaume-
Uni, et M. Richard Abila du Kenya étaient les Présidents de I’atelier respectivement du jour 1 au jour 4;
Mme Absa Gueye Ndiaye, M, Jean-Pascal Berge et Mme Margaret Masette, les bindmes Mme Cissé
Oumou Traoré/Javier Borderias, Sylla Khalifa/Carol Kirema-Mukasa, et Younes Zenati/Margaret Attikpo
ont été élus Rapporteurs quand M. Alhaji Jallow (Fonctionnaire principal des péches, Bureau régional de
la FAO pour I’ Afrique), M. Hector Lupin et Mme Yvette Diéi-Ouadi du Service de la commercialisation
et de I’utilisation du poisson de la Division des industries de la péche de la FAO assuraient le Secrétariat
technique de I’atelier.

PROGRAMME

9. Les experts ont passé en revue les progres et problémes dans le domaine de I’utilisation du poisson, de la
technologie et de I’assurance de qualité, et ont fait une série de recommandations. L’accent était mis sur
I’utilisation du poisson frais, la transformation du poisson, I’assurance qualité, la commercialisation et les
questions socio-économiques. Ces aspects étaient présentés a travers:

e la présentation par le secrétariat technique du rapport sur le progrés des recommandations de la
7eme Consultation d’experts FAO sur la technologie du poisson en Afrique, tenue a Saly- Mbour,
Sénégal en décembre 2001. Les participants ont accepté le rapport et le changement tels que
présentes.

e laprésentation de 26 communications;

e 2 contributions supplémentaires qui n’ont pas été présentées;

e une visite de terrain au MFDC a Mbegani, au marché au poisson et dans une unité de
transformation de poisson a Dar es Salaam.

/////

11. Sur la base des présentations et des débats un projet de recommandations a été préparé par le secrétariat;
celles-ci ont été discutées, amendées et adoptées par les experts dans la session finale de I’atelier.

RECOMMANDATIONS

12. Les experts ont adopté les recommandations suivantes a I’attention de la FAO, de ses pays membres,
de tous les instituts, institutions et personnes impliqués ou intéressés par I’utilisation du poisson en
Afrique.

Poisson frais

1) L’effet de la taille et des températures de conservation sur la rigor mortis chez le tilapia du Nil,
(Oreochromis niloticus) a été présenté dans le contexte de I’importance du glacage du poisson
immédiatement apres capture et du maintien de la chaine de froid pour un meilleur produit.
Dans la discussion qui s’en est suivie, il a été suggéré qu’un travail similaire sur d’autres
espéces d’importance commerciale soit promu.

Transformation

2) L’effet technologique de I’adjonction de la fibre de blé au muscle haché de la morue
(Merluccius merluccius) et du maquereau (Trachurus trachurus) a été présenté comme une
technique pour ajouter de la valeur aux filets de poisson a faible valeur. Il a été rapporté que
I’adjonction de fibre augmente la capacité de rétention d’eau (CRE) et la capacité de liaison de
I’eau (CLE) des filets de poisson. Les produits restructurés avec la fibre étaient plus blancs, leur
rigidité et capacité de cohésion étaient basses. Aucune flaveur étrangére n’était apparente
quand la fibre de blé était ajoutée. Cette nouvelle technologie était d’intérét, surtout quand il y a
une préoccupation concernant son utilisation pour augmenter le poids du produit.



3)

4)

5)

6)

7)

8)

9)

La technique de production de pulpe congelée des déchets de filetage de la sole tropicale
(Cynoglossus sp.) au Sénégal a été présentée comme un utile développement de produit dans la
région. La pulpe est obtenue par I’extraction de la carcasse de Sole aprés filetage (raclage de
la viande laissée sur le squelette). Autant qu’a été notée I’importance de cette technique, elle
pourrait étre utilisée dans la région plus pour des especes autres que la sole qui est
principalement transformée et emballée entiére.

Les participants ont été informés de I’extraction d’huile a partir de Brycinus leuciscus au Mali.
Cette espéce est un poisson fortement gras qui est moins valorisé. La valeur a été par
conséquent ajoutée, par extraction de son huile pour la friture et préparation de sauce en
cuisson. L’huile a été de faible qualité et ceci a attiré I’intérét de son amélioration.
L’amélioration a conduit a une couleur dorée, de bons go(t et odeur, appréciés par les
transformateurs. Les transformateurs maliens de poisson sont en croissante adoption de la
technique d’extraction d’huile a partir de cette espéce, mais il y a un besoin de plus de
recherche sur la composition chimique des acides gras, éléments minéraux et autres attributs
dans I’huile. Les participants ont aussi recommandé que la durabilité de la production d’huile
des ressources de I’espéce Brycinus, si la demande augmente, soit prise en compte dans la
nouvelle recherche sur la technique.

Il a été observé que la sardine du lac, Rastrineobola argentea, est un important aliment,
particulierement en assurant la sécurité alimentaire. Malheureusement toutefois, de lourdes
pertes post-capture sont associées a cette pécherie. Les experts ont recommandé que des
techniques appropriées de manutention et de transformation d’efficacité prouvée autour du lac,
soient améliorées et diffusées aux zones nécessiteuses faisant de fortes prises de ces espéces et
que les aspects de commercialisation soient abordés.

Le AFSMO-150 semble avoir des avantages techniques et économiques par rapport au fumoir
Chorkor. Toutefois, en absence d’étude comparative avec le fumoir Chorkor, il est recommandé
que les études suivantes soient conduites sur son efficience, son codt et rentabilité.

La récupération de fractions valorisables de déchets de transformation du poisson conduit a une
diverse gamme de co-produits utiles qui peuvent étre enzymatiquement hydrolysés pour générer
des composés comme les ingrédients alimentaires et pour la nutrition humaine (arémes,
peptides, protéines, lipides) et aussi des ingrédients bio-actifs (pour des buts neutraceutiques,
cosmétiques ou pharmaceutiques). Toutefois, I’accés aux enzymes spécifiques pour ce type de
transformation pourrait dans certains cas étre plutét difficile et des adaptations devront étre
trouvées (comme I utilisation de jus de fruit ou de légume naturellement riche en enzymes, i.e.
papaye, ananas, par exemple). L’utilisation d’enzyme externe est moins efficace que les
(autolysats), toutefois ces pratiques traditionnelles doivent étre explorées et développées en
Afrique.

En hydrolyse enzymatique, un potentiel de valorisation des restes des usines de transformation
de la Perche du Nil autour du Lac Victoria et des déchets de poisson des autres industries
halieutiques dans d’autres régions, a été identifié.

La valorisation de déchets de poisson frais et cuit dans la culture de champignon a été présentée
comme une pratique réussie dans la région de I’Afrique de I’Ouest. Etant donné que les
champignons sont en forte demande dans beaucoup de pays africains, la promotion de la
technique par la FAO a été par conséquent recommandée.

10) L’approche systémique pour la maitrise de la mouche a été évaluée pendant des essais

communautaires de terrain sur des sites de transformation a petite échelle situés en Inde. La
recherche a démontré que I’approche offre un reméde sain, efficient et efficace au probléme de
I’infestation par la mouche. Les participants ont suggéré que des essais similaires soient
conduits dans la région Afrique pour aborder la perte associée aux déprédateurs du poisson
séché au soleil.



Assurance qualité

11) Les participants ont été informés de I’impact du nouveau cadre réglementaire UE sur
I’exportation des produits de la péche. Les réglementations (CE) 178/2002, 852/2004, 853/2004,
854/2004, et 466/2004 ont été expliquées. Les participants ont salué I’information et ont suggére
gue les inspecteurs du poisson soient re-formés sur les nouvelles exigences.

12) Les participants ont eu droit a des présentations sur I’évaluation du risque et la tracabilité des
fruits de la mer. Aprés une longue discussion sur les avantages de ces processus, il a été
recommandé qu’un atelier soit organisé par la FAO sur I’évaluation du risque et un autre sur la
tracabilité, au profit des pays de la région Afrique, ceci en liaison avec I’unité de gestion du
programme UE/ACP Renforcement des conditions sanitaires des produits de la péche. Il a été
aussi suggeéré que les autorités nationales s’entrainent en analyse des risques et que I’industrie
mette en ceuvre le résultat de I’évaluation des risques, encourage les industries locales de
transformation du poisson a renforcer leur capacité en analyse des risques et tracabilité.

13) En amélioration de la qualité des produits halieutiques salés et séchés, la maitrise du coléoptere
Dermestes sp, dans le salage et le séchage du machoiron (Arius gambiensis) a été présentée aux
participants qui ont noté un effet significatif des forts niveaux de salage (20 pour cent) et basses
teneurs en eau (14 pour cent,) sur le contrle du coléoptere. Il a été toutefois fortement
recommandé que des essais futurs continuent d’impliquer les femmes transformatrices et que
des études similaires soient conduites et disséminées sur la concentration du sel, la taille du
poisson, le temps de saumurage et autres paramétres clés pour d’autres espéces commerciales.

Commercialisation et questions socioéconomiques

14) Des présentations ont été faites sur les progrés enregistrés au niveau du commerce du poisson et
de I’harmonisation au sein de la CAA (communauté de I’Afrique australe) et les participants ont
apprécié les efforts en cours visant I’intégration régionale. Toutefois le besoin d’harmoniser les
données et les informations socio-économiques, commerciales et autres aspects a été souligné.

15) Considérant le probléme commun de I’évacuation du produit des sites de débarquement éloignés
et I’éventuelle distribution dans les pays respectifs dans la région Afrique,il a ét¢ recommandé
que les aspects liés aux infrastructures soient abordés dans les programmes de technologie et
d’utilisation. L’augmentation significative des exportations du poisson et produits de la péche de
la région est un développement positif qui est salué, mais les participants ont exprimé une
préoccupation concernant les compromis inhérents, dans la disponibilité du poisson au niveau
national. Dans la discussion suivant la présentation sur les défis de la promotion des
exportations du poisson, il a ét¢ unanimement reconnu que davantage d’effort est nécessaire
pour la promotion de I’utilisation des espéces jusqu’ici non utilisées, par I’introduction de
techniques de valeur ajoutée et la promotion de I’aquaculture commerciale comme complément
a la production du poisson de capture.

Sur la question des exigences de qualité et de sécurité sanitaire dans le commerce d’exportation
du poisson et des produits de la péche, il a été unanimement convenu que les pays de la région
devraient renforcer leur capacité institutionnelle, particulierement la formation des inspecteurs
du poisson et autre personne apparenteé.

16) Le potentiel de I’Union Européenne d’importation du poisson et produits de la péche a été
présenté aux participants et ils se sont rendus compte des opportunités croissantes d’exportation
pour les pays africains de leurs produits sur I’énorme marché UE. Toutefois ils ont été aussi
informés des controéles aux frontieres et des raisons des détentions et des rejets du poisson et des
produits de la péche de I’Afrique et du monde. Le constat a été fait durant la discussion suivante
gu’il y avait un deficit de communication entre la Commission Européenne, les autorités
compétentes nationales, les importateurs et les exportateurs. Il a été par conséquent
recommandé que les chaines de communication entre les parties concernées soient améliorées.



17) Les participants ont été informés du réseau africain de sécurité sanitaire du poisson propose.
L’idée du réseau a été congue en 2000 pour aider les pays africains a accéder a I’énorme
marché régional non exploité et des autres marchés en dehors de la région. Il peut aussi assister
les pays a renforcer leur capacité en technologie, sécurité sanitaire et qualité du poisson. A ce
jour, des techniciens de 11 pays (Seychelles, Afrique du Sud, Tanzanie, Kenya, Uganda, Zambie,
Namibie, Angola, Mozambique, Ghana et Sénégal) ont marqué leur intérét pour le réseau.

Le réseau proposé a attiré beaucoup d’intérét et les participants ont encouragé les techniciens a
développer une feuille de route, qui inclura le modus operandi du réseau et sa co-ordination en
dehors de la proposition que les facilités de bureau d’INFOPECHE abritent éventuellement le
secrétariat.

CLOTURE DE L’ATELIER

13. L’atelier de la FAO sur la technologie, I’utilisation et I’assurance de qualité du poisson a été
officiellement déclaré clos le 18 novembre 2005 par M. Odunga Salmon, Secrétaire permanent, Ministére
des ressources naturelles et du tourisme, aprés les allocutions du représentant du Directeur des péches, de
Mme Yvette Diei-Ouadi (de la part du représentant résident de la FAQO) et la motion de remerciements
des participants.
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PROGRAMME

Monday 14 November 2005

Opening address by Geoffrey Nanyaro
Director of Fisheries, United Republic of Tanzania

Address by Louise Setshwaelo
FAO Resident Representative in Tanzania, on
behalf of the FAO Director General

Welcoming address by Philemon Luhanjo
Permanent Secretary, Ministry of Foreign Affairs
and International Cooperation, United Republic of
Tanzania

Election of Chairman and meeting officers

FAO report on progress made since the seventh
FAO Expert Consultation on Fish Technology in
Africa

Yvette Diei-Ouadi, FAO Rome — Italy

The effect of size and holding temperatures on
rigor mortis phenomenon in Nile tilapia
Oreochromis niloticus

Margaret Masette, FOSRI — Uganda

Use of wheat fibre as an ingredient in restructured
fish products
Javier Borderias, CSIC — Spain

Discussion

Blocks of frozen pulp of raw tropical sole
(Cynoglossus sp): technology, bacteriology and
HACCP

Khalifa B. Sylla, EISMV - Senegal

Discussion
Utilization trials of croacker (Argyrosomus regius)

by multi-processing.
K.L’hichou/Y. Zenati, ISTPM — Morocco

Improvement of Brycinus leuciscus oil
extraction technology
Oumou Cissé-Traoré, IER — Mali

Discussion
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Tuesday 15 November 2005

Low-cost processing technologies for Mukene
Margaret Masette, FOSRI — Uganda

Discussion

Design and construction of AFSMO - 150, an
improved fish smoking oven

Daniel Blay/Margaret O. Atikpo, FRI — Ghana.

Discussion

For a better use of marine by-products and wastes
Jean-Pascal Bergé, IFREMER - France

Discussion

Impact of the new EU regulatory framework on
the export of fishery products

Gabriele Gandini — Italy

Discussion

Utilization of fish waste for mushroom cultivation
Margaret O. Atikpo, FRI — Ghana

Discussion

Presence of Listeria spp in marine environment in
Morocco

Naima Bou-M’handi — Morocco

Discussion

Evaluation of a systems-based approach to
controlling blowfly infestation of traditionally
processed fish at small-scale processing sites
John Esser, NR International - UK
Discussion

The ACP strengthening of fishery products
health conditions in East Africa Project

John Esser, NR International — UK

Discussion



Wednesday 16 November 2005

Risk assessment and seafood products in
developing countries

Maurizio Ferri, Ministry of Health — Italy
Discussion

Effect of the level of drying of the fermented
salted dried fish on its infestation by
Dermestes spp

Absa Gueye-Ndiaye, UCAD - Senegal
Discussion

Evolution of Nile perch into a significant trade
commodity in the global market

N.K. Gitonga, DOF — Kenya

Traceability in seafood
Hector M. Lupin, FAO Rome — Italy

Discussion

Utilization of marine salt to control Dermestes

maculates and D. frischii (Coleoptera dermestidae)

insect pests of dried fish in Senegal
Absa Gueye-Ndiaye, UCAD — Senegal

Discussion

The regional role of LVFO in promoting
sustainable fisheries utilization
Kirema-Mukasa, LVFO — Uganda

Assessment of fisheries products values along
Kenya’s export marketing chain
Richard O. Abila, KMFRI — Kenya

Impact of globalization on post-harvest fisheries
sector around Lake Victoria in Uganda
Margaret Masette, FOSRI — Uganda

Discussion
Sensory panels of small pelagic species in the

SADC region
Luisa Arthur, INFOSA — Namibia
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Thursday 17 November 2005

Detentions and rejections of fish products from
Africa in European Union market
Gabriele Gandini, Ministry of Health — Italy

African fish safety network
Frimpong Clifford/Nancy Gitonga/Luisa Arthur

Challenges in promoting export of fish from
artisanal marine fishery in Tanzania
Yahya Mgawe, MFDC — Tanzania

Discussion
Field trip (Kaole Ruins and Mbegani FDC)
Friday 18 November 2005

Field trip to Dar es Salaam (Banda beach fish
landing station, Bahari foods processing plant

Resolution, discussion and adoption of the
recommendations of the Workshop

Closing

Workshop secretaries

14 November 2005
1. Jean-Pascal Bergé
2. Ms Margaret Masette
3. Ms Absa Gueye

15 November 2005
1. Mr Javier Borderias
2. Ms Cissé Oumou Traoré

16 November 2005
1. Khalifa Sylla
2. Ms Carol Kirema-Mukasa

17 November 2005
1. Ms Younes Zenati
2. Ms Margaret Attikpo

Technical Secretariat
1.Yvette Diei-Ouadi, FAO Rome, Italy
2. Hector M. Lupin, FAO Rome, Italy
3. Alhaji Jallow, FAO Regional Office, Ghana
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LIST OF PARTICIPANTS/LISTE DES PARTICIPANTS

Name and surname | Institution Address E-mail Telephone Fax
ABILA, Richard Kenyan Marine and Fisheries PO Box 1881 abilarichard@hotmail.com 254 57530045 254 57530045
Oginga Research Institute (KMFRI) Kisumu, director@kmfri.co.ke 254 733922643

Kenya www.kmfri.co.ke
ARTHUR, INFOSA PO Box 23523 luisa.arthur@gmail.com 264 (61) 279433 264 (61) 279434
Ms Luisa Windhoek, infosadc@mweb.com.na

Namibia
ATIKPO, Food Research Institute (FRI) PO Box M20 Accra magatik@yahoo.co.uk or 233208161431/ 233 21777647/
Ms Margaret E-mail: fri@ghana.com mottah@frighana.org 21762095 500331

http://www.git.org.gh/fri.html
BERGE, Département sciences et techniques | Rue de I’lle d’Yeu, Jean.Pascal.Berge@ifremer.fr | (33) 240374079 33240374071
Jean-Pascal, alimentaires marines (STAM), BP 21105 44311, 33240374082
Chef de Projet Institut francais de recherche pour | Nantes cedex 03, France
co-produits I’exploitation de la mer, IFREMER
BORDERIAS, Instituto del Frio (CSIC) Ciudad jborderias@if.csic.es 34915492300 34 915493627
A. Javier Universitaria

28040 Madrid,

Spain
CISSE-TRAORE, Institut d’économie rurale (IER) BP 258 Bamako, Mali otracre@ier.ml 223 222606/1905/ | 223 2223775
Mme Oumou 6750271

22362096 21
CLIFFORD, Ghana Standards Board (GSB) Box MB 245, frimcliff@yahoo.co.uk 233 244 548076 23321501494
Frimpong Accra, Ghana gsbnep@ghanastandards 233215069914
gsbdir@ghanastandard.org 500065/6
http://www.ghanastandards.
DIEI-OUADI, Fish Utilization and Marketing FAO Rome, Italy Yvette.dieiouadi@fao.org 39 0657053251 39 06 57055188
Yvette Service, FIIU
ESSER, John Natural Resources International Park House, Bradbourne Lane, j.esser@nrint.co.uk 44 (0)1732 878686 | 44 1732220498
Ltd Aylesford, Kent, ME206SN,

United Kingdom
FERRI, Maurizio Ministry of Health — National Via Montessori 2 gbnltf@tin.it 39 333 2653644 39 084253545
Food Safety Veterinary Service 23900 Lecco, info@agquatilia.it 39 0854.253558
Expert Italia
GANDINI, Gabriele | Ministero della Sanita PIAZZA Martiri, 5 g.gandini@sanita.it 39 3487732326

40122 Bologna, 51240048/2696

Italia
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Name and surname | Institution Address E-mail Telephone Fax
GITONGA, Department of Fisheries PO Box 58187, Nairobi, Kenya samaki@saamnet.com 254 203742349/ 254 203744530
Mrs Nancy, K. kgitonga@wananchi.com 3744530
nanisgitonga@yahoo.com Mobile:
254.722967739

GONZA, Fisheries Directorate, Mwanza Tanzania gonzah@Iycos.com 255 282500864 255-28-2500864
Mbilinyi Hosea 0748-455530
GUEYE-NDIAYE, | Université Cheick Anta Diop de Sénégal ndiayeab@ucad.sn 221501 4319
Mme Absa Dakar abasndia@yahoo.fr 221832 11 65
JALLOW, FAO Regional Office for Africa Gamel Abdul Nasser Road Alhaji.jallow@fao.org (233-21) 675000 (233-21)
M. Alhaji PO Box GP 1628, Accra, Ghana Ext :3193 668427/7010955
KIREMA-MUKASA| Lake Victoria Fisheries Uganda mukasa@Ivfo.org 256 43120205/6 256 43123123
Ms Carol Organization (LVFO) Ivfo-sec@Ivfo.org
LUPIN, Hector M. | Fish Utilization and Marketing FAO Rome, Italy hector.lupin@fao.org 39 0657056459 39 0657055188

Service, FIIU
MAKENE, John Fisheries Directorate, Mwanza, Tanzania nffi@africaonline.co.tz 255 282550119 255 282550119

Tanzania
MASETTE, Food Science and Technology P.O. Box 7852 Kampala, Uganda |margasette@utlonline.co.ug 256 41566844 256 41566849
Ms Margaret Research Institute (FOSRI)
MGAWE, Yahya Mbegani Fisheries Development Box 83 ymgawe@yahoo.com 255 745492988

Centre Bagamoyo, Tanzania
MKWIZU, Lawrence Fisheries Directorate, Dar es Salaam| Tanzania
MLOLWA, Fisheries Directorate, Dar es Salaam| Tanzania mrmlolwa@yahoo.com 0748-909292
Mwanaidi
MOSHA, E. Fisheries Directorate, Dar es Salaam| Tanzania mtarania@hotmail 0741 449841
NGATUNGA, B. Director of Tanzania Fisheries Tanzania bpngatunga@hotmail.com 022 2350043

Research Institute (TAFIRI), Dar es bpngatunga@yahoo.co.uk 0748 369755

Salaam
SYLLA, Khalifa, Ecole Inter-Etats des sciences et Sénégal khsylla@refer.sn 221651008/
Babacar médecine vétérinaires (EISMV) 8343354/

5318466

ZENATI, Younes Institut spécialisé de technologies Route d’Anza-Agadir, Morocco | youneszenati@yahoo.fr 212 48844 170

des péches maritimes 212 73661799
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THE EFFECT OF SIZE AND HOLDING TEMPERATURES ON RIGOR MORTIS
PHENOMENON IN NILE TILAPIA Oreochromis niloticus

by

Margaret Masette and Tom Kasiga
FOSRI, Uganda

Abstract
A preliminary short study to establish the onset, duration and resolution of rigor mortis phenomenon in Nile tilapia
(Oreochromis niloticus) was conducted along the banks of the river Nile at Jinja, Uganda from February to March
2005. Although the phenomenon has technological significance in fish processing, not much work has been done
on any fish species in Ugandan tropical freshwaters.

Fish of different sizes were held at either ambient or chilled temperatures. Essentially, duplicate samples consisting
of three fish per size were held at either ambient (25 °C) or chilled (0 “C). Using a stopwatch, time was recorded for
onset, duration and resolution of rigor. During each stage of the phenomenon, 10 g of flesh was aseptically
removed 2 cm behind the operculum and 2 cm below the lateral line and macerated in distilled water. A digital
portable pH was inserted into the mixture and the reading read off the screen. In addition, the time lag between
onset and resolution was established.

The preliminary results indicated that small-sized fish (25 cm) went into and out of rigor faster than the bigger-
sized fish (32 cm). Fish held on ice were twice as fast as to enter rigor than fish held at ambient temperatures. The
post-mortem pH of all fish was slightly below 7 and although it decreased with size, there was not much difference
between the fish of the same size kept at different temperatures. The decrease was gradual from the pre-rigor pH of
6.80 to post-rigor pH of 6.40 for the small fish and 6.97 to 6.61 in large fish respectively. It was also observed that
rigor in fish began from the tail and it was stronger in fish kept at ambient than chill temperatures. It was concluded
that icing hastens the onset of rigor in Nile tilapia and that pH was more influenced by fish size than holding
temperatures. It was recommended that tilapia should be iced immediately after capture to avert consequential
quality defects in fillets, such as gapping, toughness and drip loss.

Résumé
Une bréve étude préliminaire pour établir le début, la durée et la résolution du phénomene de rigor mortis chez le
tilapia du Nil (Oreochromis niloticus) a été effectuée le long des rives du Nil prés de Jinja, en Ouganda, de Février
a Mars 2005. Bien que le phénomeéne ait une signification technologique dans la transformation du poisson, peu de
travaux ont été menés sur une espéce de poisson d’eaux douces tropicales en Ouganda.

Du poisson de dimensions diverses a été gardé a températures ambiantes et froides. Essentiellement, des
échantillons dupliqués qui consistent en 3 poissons par taille ont été conservés soit en atmosphére ambiante (25 "C)
ou froide (0 °C). Tout en utilis°ant un chronométre, le temps était relevé pour le début, la durée et la résolution du
phénomeéne de rigor. Au cours de chaque étape du phénomene, 10 g de chair a été aseptiquement prélevé sur 2 cm
derriére I’opercule et 2 cm en dessous de la ligne latérale puis macéré dans de I’eau distillée. Un pH-metre digital
portatif était inséré dans le mélange et la lecture faite sur I’écran. En plus I’intervalle de temps entre le début et la
résolution a été établi.

Les résultats préliminaires indiquent que les poissons de petite taille (25 cm) entrent et sortent de rigor plus vite que
ceux de plus grande taille (32 cm). Le poisson maintenu sur glace était deux fois plus rapide a entrer en rigor que
ceux a températures ambiantes. Le pH post mortem de tous les poissons était Iégérement en dessous de 7 et
quoiqu’il décroisse avec la taille, il n’y avait pas grande différence entre les poissons de la méme taille maintenus a
différentes températures. La baisse était graduelle d’un pH pré-rigor de 6.80 a un pH post-rigor de 6.40 pour les
petits poissons et de 6.97 a 6.61 chez les gros poissons respectivement. 1l a été aussi observé que la rigor
commence chez le poisson a partir de la queue et est plus forte chez le poisson a températures ambiantes qu’a
températures froides. 1l a été conclu que le glacage accélére la mise en place de la rigor chez le Tilapia du Nil et
que le pH était plus influencé par la taille du poisson que par les températures de conservation. Il a été recommandé
que le tilapia devrait étre glacé immédiatement aprés capture pour prévenir les défauts de qualité afférents dans les
filets, comme le gapping, la dureté et le suintement d’eau.
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1. INTRODUCTION

The rigor mortis phenomenon is a natural process that results from a series of complicated chemical
changes in post-mortem fish (Stroud 2001; Huss, 1995; Webb and Trentham, 1983; Huxley, 1957).
According to Huss (1995), the changes may entail a drop in pH from neutral to slightly acidic, which
inactivates spoilage microbes (Gram, 1989). Kobayashi (1996) defines the phenomenon as the stiffening
of animal muscles shortly after death. Immediately after death the muscle is relaxed and limp with an
elastic texture, which may persist for several hours before contraction. In fish, rigor usually starts at the
tail and gradually moves along the body towards the head until the whole fish is stiff and inflexible
(Stroud, 2001). At this occurrence, the fish is said to be in rigor and it will not contract or respond to
stimuli (Huss, 1995). The fish will remain rigid for hours or days depending on species, holding
temperature, handling practices, size and physical condition. Thereafter, the fish will become limp again
but it would have lost the contraction property. This stage is referred to as resolution of rigor.

Rigor mortis index is the ratio of tail deflection to total fish length. According to Bito et al. (1983), it is
used as a parameter to determine the stage of rigor mortis. The rigor mortis states of the fish were
classified according to the following criteria (1) pre-rigor mortis: no stiffening, full movement of muscle.
(rigor mortis index < 10 percent), in rigor; (2) full rigor mortis (8 percent < rigor mortis index); (3) post
rigor, state when rigor mortis is > 10 percent. In farmed salmon (Wang et al. 1998), onset period was
indicated by 10 percent < rigor index < 100 percent.

The onset, duration and resolution of rigor has been extensively documented in marine fish (Stroud,
2001; Huss, 1995; Regenstein and Regenstein, 1991; Bruce et al.,1983; Cappelin and Jessen, 1997) As
highlighted above, the occurrence and duration of the phenomenon varies with species, size, holding
temperature, handling practices, fishing method, physical condition and other factors. Stroud (2001)
noted that Whiting went in and out of rigor faster than Ocean perch. He attributed the difference to their
varied chemical composition and other intrinsic factors. Size of fish influenced the onset, duration and
resolution of rigor because small fish entered into rigor faster than large-sized fish (Doug, 2004).
Generally, the warmer the fish the sooner it will go into and pass through rigor (Stroud, 2001)).
However, when some tropical fish are immediately iced, there is superficial stiffening described as “cold
shock”, which is similar to rigor mortis phenomenon (Clucas and Ward, 1996) but it is a different
phenomenon associated with inhibition of calcium pump that initiates muscle contraction because of the
chilling effect (Curran et al., 1986 [11]). Cold shock or “shortening” according to ibid. relates more with
the way fish is handled in the tropics. Throwing and treading of fish enhances the onset of rigor (Stroud,
2001). Manipulation or flexing of the fish while in rigor can shorten the time they remain stiff (Love,
2001). Besides, rough handling of whole fish can cause physical damage that may lead to quality defects
because of gaping of fillets (Lavety, 2001). Fish harvested using the active methods of fishing, such as
trawling, struggle in the net for a long time before being hauled aboard. It will go into rigor more quickly
than fish caught by a passive method (Doug, 2004). The difference was attributed to loss of energy as a
result of struggling prior to hauling. The physical condition of the fish at death can markedly affect the
onset and resolution of rigor (Huss, 1995). Spawning, under nourishment and stress depleted reserve
energy in the muscle, results in the immediate onset and resolution of rigor (Stroud, 2001). Spawning
involves exhaustion of the energy of the fish for gonadal development and spawning fish therefore go
into rigor faster than those in the spent period.

However, information on the phenomenon in tropical fish is largely missing except for Abe and Okuma
(1991) who generated some data on farmed carp. The limited or lack of technological information/data
on various aspects of the fisheries industry in Uganda has been a disservice insofar as formulation of
appropriate and relevant codes of practices, quality as well as safety standards and strategic intervention
measures, are concerned. Quite often technical personnel in Uganda have had to rely on information
generated by their counterparts in temperate areas and predictably the information/data obtained would
have been generated on marine or temperate freshwater fish. Consequently, the technical backstopping to
policy makers has been deficient and sometimes misleading and yet fisheries plays a vital role in the
social and economic lives of a large number of Ugandans as source of employment, nutrition and foreign
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exchange earnings. For example, it contributed about US$90 million to national coffers in 2002/2003,
which was the highest contribution to the economy of any commodity. About 300 000 people are directly
involved in the fisheries industry (Bahiigwa et al., 2003) while 700 000 have indirect linkages to the
sector. The fisheries contribution to the total GDP was estimated to be 2.4 percent (MFPED, 2003)
although fisheries economists in the sector put the figure as high as 7 percent.

Competitive participation in the international fish trade demands ardent compliance to the respective
international quality and safety standards to ensure ready markets and high prices. Compliance
becomes easier with identification of bottlenecks and respective intervention measures.

The need for high quality and safe fish cannot be overemphasized because the competition becomes stiff
every passing day. The rigor phenomenon plays a discrete role in reduction of quality depending on the
post-harvest management practices of the fish. Fish quality refers to appearance and freshness or the
degree of spoilage that the fish has undergone (Huss, 1995). Fish spoilage may also involve safety
aspects, such as being free from harmful bacteria, parasites or chemicals. Factors that influence fish
quality and safety include microbial load, handling practices, toxins, hygiene and sanitation. According
to Gram and Huss, (1996), microbial spoilage is exacerbated by improper handling of fish especially
under high tropical temperatures (25-30 ‘C). Poor handling practices are also known to hasten natural
processes, such as rigor mortis (FAO, 1998), which may be defined as the stiffening of fish after death.
There are several technological consequences of mishandling fish pre-rigor and during the phenomenon.
Throwing and treading of fish hastens onset and resolution of rigor and partly contributes to gapping in
the fish fillets (Love, 2001). According to Stroud (2001), filleting of pre-rigor fish causes shrinkage,
toughness and drip loss in final product upon thawing. Fish frozen in rigor pack less well in freezers and
a buffer store is required if whole fish is frozen post-rigor. High processing capacities are required for
fish frozen pre-rigor to cope with the high catching rates. Fillets frozen pre-rigor are unsuitable for
smoking, are difficult to fillet by machine or hand and always yield less if filleted by hand. Rigor can
affect the quality of whole fish in three main ways, by causing gaping in wet and frozen fish, toughness
and excessive drip loss on thawing in frozen fish (Stroud, 2001). Chilled fillets lose water slowly during
processing and distribution. The loss is usually small, but it may be increased by high temperature,
excessive pressure on the product, and by delay in distribution (Aitken, 2001). The higher the
temperature at which a fish goes into rigor, the greater will be the drip loss on thawing. When the fish is
cooked, it will be tough and stringy and most consumers will regard this attribute as a quality defect.
Whole fish frozen pre-rigor tend to have a higher drip loss than similar fish frozen in rigor or post-rigor
(Stroud, 2001).

The highlighted consequences have a direct impact on quality attributes of fish and fish products.
Besides, consumers in the importing countries have become fastidious and quite demanding with regard
to quality and safety (Brown and Sylvia, 1994), and their respective countries have in turn placed
stringent regulations and requirements on the exporting countries (FDA, 1997; EEC, 1991). The
increased emphasis on implementation of Hazard Analysis Critical Control Point (HACCP) programmes
over the last decade has compelled processing establishments to scrutinize every processing stage.

Although the above regulations and directives are regarded as informal trade barriers in developing
countries, there is an urgent need to generate relevant data on rigor mortis that will provide a basis for
formulation of befitting national and regional standards and codes of practice. Compliance to the set
codes can avert the quality defects brought about by the influence of the rigor phenomenon. The
influences of rigor mortis have been well documented in temperate fish species and cultured fish species
in the tropical countries. Information on freshwater species is lacking, and hence this research will help
provide more information about the tropical fish and thus act as a guide for fish processors on how to
reduce or prevent quality defects of rigor mortis, such as gapping, shrinkage, drip loss and spoilage,
which are all attributed to rigor mortis.
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Overall objective
To narrow the information gap on the rigor mortis phenomenon in tropical freshwater fish.

Specific objectives:
e to establish the time for the onset, duration and resolution of rigor mortis in Nile tilapia at both
ambient and chilled temperatures for different sizes of fish;
e to determine the pH variation during the rigor for different fish sizes held at ambient and
temperatures;
e To establish the rigor mortis index in Nile tilapia at different stages of rigor.

2. MATERIALS AND METHODS
Materials

Knife, hook and line for fishing; icing box with flake ice; portable table; digital thermometer; portable
pH meter with a sensitive electrode; distilled water, stopwatch and homogenizer

Method

Fish was captured using handline method. Only fish with a total length (snout-tail) between 25 to 32 cm
were immediately killed by thrusting a sharp knife in the dorsal part of the head to the brain. In total, 18
fish were caught and divided into two portions and then coded: one for holding at average ambient
temperatures (25 ‘C) and the other on ice (0 'C). Each size category consisted of three fish. Timing begun
immediately after the fish died and temperature of the respective medium recorded. The initial rigor
mortis index for each of the 18 fish was determined by measuring the deflection (D) dividing by total
length (TL) and multiplying by 100 as shown in Figure 1. Fish intended for chilling were then put in
icebox then on ice. The box was then covered securely with a lid to minimize temperature fluctuation.
Fish held at both holding temperatures were observed intently to determine the time for onset, duration
and resolution of rigor. At each stage, a piece of flesh 10 g was cut 2 cm behind the gill cover but
underneath the lateral line. The sample was homogenized using distilled water and pH detected by using
a digital portable sized pH meter with a sensitive electrode.

¥ length J
—

Rigor Index =100xD/TL
Where

D = Deflection length
TL= Total length from
snout to tail

/

Flat table surface

Figure 1: Hlustration for determination of rigor mortis index
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3. RESULTS AND DISCUSSION

Results from this preliminary study confirmed other studies conducted on tropical fish (Curran et al.,
1986, and Abe and Okuma, 1991). Temperature is perhaps the most important factor governing the
onset, duration and resolution of rigor because it may dictate subsequent processing operations such as
icing. The onset of rigor mortis was faster in Nile tilapia (Oreochromis niloticus) kept at chilled
temperatures (0 °C) than fish held at ambient temperatures (25 °C) (Figure 2), which is contrary to the
findings of Stroud (2001). He found that gutted Pacific cod (Gadus macrocephalus) kept at 32-35 °F
(0 °C) took about 60 hours to pass through rigor, whereas a second batch kept at 87 °F (30 °C) took
less than 2 hours. According to Regenstein and Regenstein (1991) tropical fish show the opposite effect
of temperature on the onset of rigor. They observed that rigor was accelerated at 0 °C compared to
10 °C, which was in correlation with a stimulation of biochemical changes at 0 °C. However, Curran
et al. (1986 [I1]) and Regenstein and Regenstein (1991) partly attributed it to *“cold shock™. According
to the | atter, the fish stiffens but does not really contract like cold shortening observed in mammalian
muscles. Apparently, as the temperature decreases and the pH drops, the ATP degrades and increases
the cellular metabolism but in the absence of oxygen the lactic acid increases, which consequently
initiates rigor (Curran et al., 1986 [I1]).

70

60
50
40

30 4

Time(mins)

20 1

10

25 26 27 29 32
Length (cm)

—ll— Ambient temperature —a&— Chilled temperature

Figure 2: Time for onset of rigor mortis at ambient and chilled temperatures

Abe and Okuma (1991) had similar results with carp (Cyprinus carpio), which achieved full rigor mortis
after 24 hours on ice when acclimatized to 30 ‘C. In contrast, fish stored on ice in the present study
reached full rigor mortis after 2 to 3 hours at 27 'C depending on size. The difference was attributed to
acclimatization or speciation. They also suggested that rigor mortis proceeds faster with increasing
difference between live acclimation temperatures and storage temperatures. When the difference was
large, the time from death to onset of rigor was short and vice versa. There appears to be a difference in
rigor mortis onset between temperate and tropical fish species (Tomlinson et al., 1961). Rigor started
from the tail because of the small heat capacity required (Regenstein and Regenstein, 1991). All fish
regardless of size went into rigor within 1 hour although smaller fish generally went into rigor faster than
bigger fish (Figure 2), which was in agreement with Doug (2004) work.

The duration of rigor varied with fish size held at both ambient temperature and chilled temperatures.
However, the resolution of rigor in fish held at chilled temperatures was faster than those held at ambient
temperatures by an average margin of 4 hours between the respective fish sizes held at different
temperatures. Chilled fish took between 8 and 10 hours while the fish kept at ambient temperature took
between 12 and 15 hours to fully resolve from rigor as shown in (Figure 3). Smaller fish went through
rigor faster than bigger fish. This is in agreement with the work done by Regenstein and Regenstein
(1991) to correlate biochemical changes as a result of stimulation of fish kept at 0 ‘C and 27 "C.
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Figure 3: Duration of rigor mortis at ambient and chilled temperatures

Borgstrom (1961) attributed the difference in duration of rigor for the same size of fish to the lactic acid
created. This may account for the difference in the chemical composition of the different fish of the same
species and size. After the resolution of rigor mortis, possible tenderization include weakening of the z
discs of the myofibril (Hultin, 1985/Seki and Tsuchiya, 1991), degradation of the connective tissue (Seki
and Watanabe, 1984/Ando et al., 1993) or the weakening of the myosin-actin junctions (Yamanoue and
Takahashi, 1988). The resolution of rigor is a process still not completely understood but always results
in the subsequent softening (relaxation) of the muscle tissue and is thought to be related to the activation
of one or more of the naturally occurring muscle enzymes, digesting away certain components of the
rigor mortis complex (Huss, 1995). Rigor mortis occurs when the cross bridge cycling between actin and
myosin in myofibril ceases and permanent actin and myosin linkages are formed (Pate and Brokaw,
1980).

The pH decreased from near neutral to slightly acidic with the progress of the phenomenon from pre-
rigor or onset to post-rigor or resolution (Figure 4). However, the decrease in pH did not go below 6.4
regardless of fish size. The minimum pH achieved was probably because of the active fishing method
employed, which meant that the fish was not stressed and therefore retained substantial amounts of
glycogen (Huss, 1995). Such as in most teleost, pH in Nile tilapia was a result of post-mortem glycolysis
that led to accumulation of lactic acid, which in turn lowered the pH of the muscle. The post-mortem pH
for all the fish was slightly lower than 7 (Huss, 1995), which concurs with the study findings that varied
between 6.43 and 6.94 depending on size and stage of rigor (Fig 4). Probably the nutritional status of the
fish effected the levels of stored glycogen and consequently on the ultimate post-mortem pH. As a rule,
well-rested, well-fed fish contain more glycogen than exhausted fish as found in the Japanese loach by
Chiba et al. (1991). Smaller sized fish had a lower pH than the bigger fish because they probably had
corresponding high amounts of glycogen per unit volume at the time of death (Huss, 1995). Comparing
with marine species, the post-mortem pH of cod dropped from 6.8 in rigor to an ultimate pH of 6.1-6.5;
post-rigor was almost similar to the drop in pH observed in tropical fish of present study.

In some fish species, the final pH may be quite lower, for example in large mackerel, the ultimate rigor
pH may be as low as 5.8-6.0 and as low as 5.4-5.6 in tuna and halibut; however such low pH levels are
unusual in marine teleost. The post-mortem reduction in the pH of fish muscle has an effect on the
physical properties of the muscle. As the pH drops, the net surface charge on the muscle proteins is
reduced, causing them to partially denature and lose some of their water-holding capacity. Love (1975)
noted that there was an inverse relationship between muscle toughness and pH, such that unacceptable
levels of toughness as a result of water-loss upon cooking occurred at lower pH levels.
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Figure 5: Rigor mortis index for fish held at ambient temperature

The rigor mortis index measured upon full resolution of rigor increased with size and it ranged from 12
percent to 25 percent as shown in Figure 5. In most cases the fish texture became so soft when
approaching the resolution of rigor, but the fish was still stiff and this was because of the weakening of
the Z discs of the myofibril (Hultin, 1984) and the degradation of the connective tissue (Seki and
Watanabe, 1984) .The rigor mortis index varied within fish of the same size, and this was attributed to
the difference in the chemical composition (Stroud, 2001). Autolysis spoilage occurs during rigor but
there is little microbial spoilage during rigor mortis because of the lactic acid formed that suppresses the
activities of spoilage micro-organisms (Borgstrom, 1961). As such, it is advisable to chill the fish
immediately after capture so that the fish go through rigor as fast as possible to minimize the rate of

autolysis.
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4. CONCLUSION

The fish by size and holding temperature seemed to have an influence on the onset, duration and
resolution of rigor mortis phenomenon in Nile tilapia. It was observed that rigor started from the tail and
it was stronger in fish kept at ambient (25 ‘C) than at chill temperatures. At low temperatures (0 ‘C) —
brought about by the icing operation — onset, duration and resolution of rigor were hastened. The pH, on
the other hand, decreased or became more acidic with the progress of the phenomenon from pre- to post-
rigor. In addition, small-sized showed lower pH values than large-sized fish. Finally, the rigor mortis
index measured at ambient temperature increased with fish size

5. RECOMMENDATIONS

Several recommendations were made:

e Fishers should ice fish immediately after capture to induce fast onset and resolution of rigor and
cold chain maintained. Fish should be adequately iced because inadequacy may enhance
autolytic spoilage.

e Fish harvested during warm weather should be handled with care to avoid subsequent quality
defects.

e Further comprehensive work involving more samples and parameters should be conducted to
generate more relevant data; for example, the effect of rigor on palatability of cooked samples.
Similar work should be conducted on other fish species of commercial importance especially the
Nile perch (Lates niloticus).
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USE OF WHEAT FIBRE AS AN INGREDIENT IN RESTRUCTURED FISH PRODUCTS

by
Javier Borderfas and Isabel Sdnchez-Alonso
Instituto del Frio (CSIC), Spain

Abstract

The technological effect of wheat fibre as an ingredient in minced fish was tested. Thus 3 and 6 percent of wheat
fibre with different-sized particles were added to minced hake (Merluccius merluccius) and horse mackerel
(Trachurus trachurus) muscle, and water was also added to maintain the original moisture of the sample. The
addition of fibre increased the water holding capacity (WHC). The water binding capacity (WBC) also increased,
but only when water was not added to keep the moisture constant. The cooking drip was lower when 3 or 6 percent
of fibre was added. In general, when the drip was released by gravity, the 250 um particle fibre bound more water
than the 80 pum particle fibre, but when the water was extracted by a centrifugal force the opposite occurred.
Restructured products with fibre were whiter and their rigidity and cohesiveness were lower. Products with 3
percent of fibre were well rated by the sensory panel, unlike the products with 6 percent of fibre. No strange
flavours were apparent when the wheat fibre was added. The effect of fibre as a stabilizing agent on protein and
lipid was not apparent, either.

Résumé

L’effet technologique de la fibre de blé comme ingrédient dans le poisson haché a été testé. Ainsi des fibres de blé
de 3 et 6 pour cent, avec différentes dimensions de particules ont été ajoutés au muscle de morue hachée
(Merluccius merluccius) et au maquereau (Trachurus trachurus) et de I’eau ajoutée pour maintenir I’humidité
originale de échantillon. L adjonction des fibres a augmenté la capacité de rétention de I’eau (CRE). La capacité de
liaison de I’eau (CLE) a aussi augmenté, mais seulement si I’eau n’était pas ajoutée pour maintenir constant le taux
d’humidité. L’égouttage a la cuisson s’est révélé plus bas avec I’introduction de 3 ou 6 pour cent, de fibre. En
général, quand I’égouttage a été provoqué par la force de gravité, des particules de fibre de 250 um retiennent I’eau
mieux que des particules de fibre de 80 um, mais quand I’eau était extraite par une force centrifuge le contraire se
vérifiait. Les produits restructurés avec la fibre étaient plus blancs et la rigidité et la cohésion étaient inférieures.
Les produits avec 3 pour cent, de fibre ont été bien cotés par le jury de contrdle, a la différence des produits avec 6
pour cent, en fibre. Aucune saveur étrange n’était apparente en ajoutant la fibre de blé. L’effet de la fibre comme
agent stabilisateur des protéines et des lipides n’était pas non plus apparente.

1. INTRODUCTION

Restructured fishery products are products made from minced and/or chopped muscle and which, with or
without ingredients, are used to make other products with a new appearance and texture. For some time
now there have been products in the form of fingers or other shapes intended basically for children’s foods,
which are covered in breadcrumbs or batter then frozen for use as fried products. Also, recent years have
seen the development of a new generation of fishery products called analogues or substitutes, most of
which mimic seafood or other high-value products. These have not only become popular in the Far East but
have gained wide acceptance in North America and more recently in Europe. Such products are made
essentially from “surimi”, which is ground, thoroughly washed and refined fish muscle.

The reason for restructuring fish muscle is that the supply of high quality fishery products is limited
and many are becoming exhausted because of severe overfishing. There are therefore not many options
that do not entail the utilization of species that have not traditionally been commercialized or using
remains of filleting of commercial species. One of the chief advantages of restructured products is that
the composition of the end product can be modified by reformulation of the original product once this
has been chopped or ground. In this sense, the process might be said to be one of eliminating some
constituents or the addition of other new ingredients or additives. These ingredients or additives may be
categorized as (a) favouring storage, (b) functional from a technological standpoint and (c¢) functional
from a nutraceutical standpoint.
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Fish is a good example of a “nutraceutical” food because it is an important source of nutraceutical
products such as fish oil. It also contains a readily digested protein and hence is ideal for people with
delicate stomachs. Nevertheless, such a good food would be more complete if it contained fibre. Many
children and adolescents in Western Europe consume products containing essentially proteins or fats but
consume hardly any foods providing the necessary intake of fibre.

Many of the fibres currently used for technological purposes in fishery products are very soluble and
come from algae, such as carrageenans (Daponte et al., 1985; Borderias et al., 1996; Gomez-Guillén et
al., 1996) or seeds, such as garrofin, guar, xanthan and others (Montero et al., 2000; Pérez-Mateos et al.,
2001). There is very limited experience on using insoluble fibres, such as cellulose, in fishery products
(Yoon and Lee, 1990; Ang and Miller, 1991). There are two ways of introducing these fibres into fishery
products. One is by injecting dispersions of fibre into fillets and another more effective way is by
introducing fibre into restructured products.

The present study is going to test the technological effect of a very purified insoluble wheat fibre
(Vitacel®) consisting mainly of cellulose and hemicellulose as a functional ingredient on two types of
frozen-stored minced fish muscle. It has the advantage of being white, odourless and tasteless, so it seems
ideal for introducing into white fish-based products. Another advantage of this kind of fibre is that it is inert
towards other ingredients and practically calorie-free, what is very important in western countries (Ang
and Crosby, 2005; Ang, 1993). Its high water binding capacity is also described (Ang, 1991; Ang and
Miller, 1991; Ang, 1993).

2. MATERIALS AND METHODS

2.1 Raw material and additives

Two fish species were used in the experiments: frozen on board hake (Merluccius capensis) fillets caught
45 days before and stored at -25 °C and ice-stored horse mackerel (Trachurus trachurus) caught in the
northwest of Spain two days before. The fibre used was wheat fibre Vitacel® (Campi y Joveé, S.L.,
Barcelona, Spain). This fibre consists of 74 percent cellulose, 26 percent hemicellulose and <0.5 of
lignin; two types of fibre were studied: WF200 with 250 um long and 25 um wide particle and WF600
with 80 um long and 20 um wide particle.

2.2 Reagents
All of the chemicals used were of analytical grade and were obtained from Panreac Quimica S.A.
(Barcelona, Spain), Sigma-Aldrich Co. or Merck (Darmstadt, Germany).

2.3 Preparation of fish and samples

For the preparation of the restructured minced hake muscle, the fillets were thawed (approx 16 hours at 4
+2 °C) and passed once through a meat mincer model FTS111 (Mainca, Granollers, Spain) with a plate
with 0.42 cm holes. Five different samples were formulated. The procedure was as follows: the fish was
mixed in a mixer-machine model RM-20 (Mainca, Granollers, Spain). The wheat fibre was dispersed in
the cold water (according to the formulation) and added to the minced fish muscle. The mixing time was
standardized to 6 minutes (the final temperature was below 6 °C in all cases). Lots were formulated as
follows: Control without fibre (H0); 3 percent long particle fibre added with water to adjust the moisture
(HL3); 6 percent long particle fibre added with water to adjust the moisture (HL6); 3 percent long
particle fibre added (HL3*); 3 percent short particle fibre (HS3) added with water to adjust the moisture.
In all the lots except HL3* the moisture was adjusted at 81.5 percent.

Horse mackerel were filleted without removing the skin at the local seafood company and transported to
the pilot plant. The muscle was extracted using a Baader model 694 deboner machine (Libeck,
Germany) equipped with a drum with 3 mm holes. Three different samples were formulated: Control
without added fibre (MO0); 3 percent long particle fibre added with water to adjust the moisture (ML3); 6
percent particle fibre added with water to adjust the moisture (ML6). The final moisture in the different
samples was 77.5 percent such as in the original muscle. The procedure was the same as for hake.
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The samples were placed on 21.5 x 15 x 3.5 cm aluminium trays and were then frozen in a Saubre
“Benjamin” model horizontal plate freezer (Hanst-Moller, Germany) that cooled the thermic core to -
20 °C. The samples were then vacuum packed in bags Wipak7gryspeert, PAE 110KFP, using a Multivac
Geprufer Scherheit machine packer (Germany). Afterwards they were stored at -20 °C. The samples were
analysed at the beginning of the experiment and then every month for 6 months.

2.4 Proximate analyses

Moisture, fat and ash content of the raw samples was determined (AOAC, 1995) in quadruplicate. The
crude protein content was measured in quadruplicate using a Nitrogen determinator LECO FP-2000
(Leco Corporation, St Joseph, MI).

2.5 Mechanical properties

The instrumental texture analysis was conduced using a TA-TX2 Texture Analyser (Texture
Technologies Corp., Scarsdale, NY). Measurement of the cooked samples was carried out at room
temperature. Texture profile analysis (TPA) was performed as described by Bourne (1978). Three probes
(@ =2 cm height=1.5 cm) of cooked samples were axially compressed to 40 percent of their original
height to avoid fracturability. Force-time deformation curves were derived with a 50 N load cell applied
at a crosshead speed of 0.8 mm/sec. Attributes were calculated as follows: hardness: peak force (N)
required for first compression; cohesiveness: ratio of active work done under the second compression
curve to that done under the first compression curve (dimensionless) and springiness: distance (mm) the
sample recovers after the first compression. Chewiness (N x mm) is the product of the attributes
mentioned and from the sensory point of view corresponds to the energy required to chew a solid food
product (Bourne, 2002).

The shear strength was measured with a Kramer shear cell attachment (model HDP/KS5). For this
purpose, three sample portions (5.5 x 1.5 x 2.5 cm) per formulation were cooked. A load cell of 50 N
was used and the cross head speed was 2.0 mm/sec. Data were expressed as a maximum load per gram of
sample (N/g).

2.6 Water binding capacity (WBC)

A frozen sample (2 g) cut into small pieces was placed in a centrifuge tube (@=10 mm) along with
enough filter paper (3 filter Whatman n°1 @=110 mm). Centrifugation took place after thawing the
muscle in the tube. A Jouan MR1812 centrifuge (Saint Nazaire, France) was used: 5000 rpm (3000xg)
for 10 minutes at room temperature. WBC was expressed as percent water retained per 100 g water
present in the muscle prior to centrifuging.

2.7 Water holding capacity (WHC)

Paralepipedic 7 x 3 x 1.5 cm frozen pieces of the sample were cut from the mince blocks and placed in a
plastic bag where small holes had been made to drain the drip. This bag with the sample inside was put
inside another bag and hung with the holes at the bottom at a constant temperature of 2—-4 °C. The
samples were in this condition overnight and the drip was measured. Then the samples were cooked in
the same way in an oven (Rational Combi-Master CM6) at 100 °C for 15 minutes. After, the oven was
set at room temperature and the drip collected was measured.

2.8 Protein solubility

This was determined in triplicate essentially according to the Ironside and Love procedure (1958) by
analysing the amount of soluble protein in a chilled aqueous solution of 5 percent NaCl. The protein was
analysed in a LECO FP2000 analyser, and the results were expressed as a percentage of soluble protein
over total protein.

2.9 Measurement of colour

Colour measurements consisted of determining L*, a* and b* using a CIELab scale (Young and Whittle,
1985; Park, 1995) where L* is the parameter that measures lightness, +b* the tendency towards yellow
and +a* the tendency towards red. Measurements were done in a HunterLab model D25-9 colorimeter
(D45/2°) (Hunter Associates Laboratory Inc., Reston, VA, USA), with measurements standardized with
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respect to the white calibration plate. Whiteness was determined using the following formula: 100-[(100-
L*)%+a*%**]"? (Park 1995).

2.10 The thiobarbituric acid index (TBA-i)

It was determined according to Vyncke (1970) on a 5 percent trichloracetic acid extract of the
restructured fish muscle. The results were expressed as mg malondialdehyde per kilogram of sample.
The spectrophotometer used was a Perkin-Elmer Lambda 15, UV/VIS Spectrophotometer.

2.11 Sensory analyses

The triangular test (UNE 88 006 92) and hedonic analyses (UNE 87 020 93) were performed in every lot.
Thus 0.7 cm thick slices were cut from semi-frozen blocks and battered with a special mix and fried in
sunflower oil at 180 °C for 3 minutes. Seven semi-trained panellists tasted the samples in a standard
sensory panel room following the norms mentioned above. For the hedonic analyses, a 10 cm non-
structured scale with verbal anchors at the ends and in the centre (like very much, neither like nor dislike,
dislike very much) was used for three properties: flavour, texture and overall rating acceptance. The
panellists had to mark a vertical line on the scale; afterwards these marks were measured with a ruler.

2.12 Statistical analysis
One and two-way ANOVA was analysed using Statgraphics 2.1 (STSC Inc., Rockville, MD). The
difference in means was analysed using a Tukey HSD test (p<0.05).

3. RESULTS AND DISCUSSION

3.1 Protein solubility

Differences among protein solubility mean values for the two kinds of muscle samples with and
without fibre were not significantly different throughout frozen storage. However, Yoon and Lee
(1990) conferred cryoprotectant properties on cellulose when it partially substituted sucrose in formulas
using sorbitol and sodium tripolyphosphate. DaPonte et al. (1985) reported stabilization of frozen fish
muscle when some fibres, other than cellulose, were added.

3.2 WBC

If the sample of hake muscle without fibre (HO) is compared with the sample with 3 percent of fibre
where the moisture was not kept constant (HL3%*), it is observed (Table 1) that this fibre helps retain
water (p<0.05) when pressure is exerted, especially from day 60 of frozen storage. These data can be
compared bearing in mind that the value of the retained water is a ratio with the total water in the sample,
so that the difference in moisture is corrected. If when we add the fibre we also add water to maintain the
moisture (HL3, HL6), it is observed that the added fibre (3 and 6 percent) cannot efficiently bind the
extra quantity of water, so there are significant differences with the control sample (HO), although there
are hardly any differences between the samples with 3 (HL3) and 6 percent (HL6) of fibre. The same
thing occurs with the horse mackerel samples (Table 1), but the difference between the control (M0) and
the samples with added fibre (ML3, ML6) is still greater than in the hake muscle. There are also hardly
any differences between the horse mackerel samples with 3 (ML3) and 6 percent (ML6) of fibre,
whereas these differences are always significant and more than 10 percent with the control sample. Yoon
and Lee (1990) recommended adding a maximum of 2 percent of cellulose to the surimi, because with a
greater proportion of cellulose gels more expressible moisture and firmness were obtained.

If the samples of minced hake with 3 percent different grain length fibre are compared, it is observed that
the water is more firmly bound in most of the controls when the grain is shorter (80 um) (HS3) and not
the longest (250 um) (HL3). This is in accordance with the work done by Yoon and Lee (1990) where it
was observed that in cellulose particles longer than 20 um the expressible moisture (by compression) was
higher, although the size range used in the present work was different (80 um and 250 um). On the other
hand, Ang and Miller (1991) reported that the water retention of cellulose increases as the fibre length
increases, but they also reported that water retention with fibre lengths greater than 110 um did not vary
as much as fibre lengths between 35 and 100 pm.
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Table 1: Water binding capacity (percent)*

DAYS | HO HL3 HL6 HL3* HS3 MO ML3  ML6
0 |5820a/l 5484 5226a/3 5739 5313 | 4509 2972  27.60
30 53.02 4197  3751c/4 5344 4782 | 4654 3260  29.57
60 49.58 4155  40.85¢/2 5310 41.75d/2 | 4299 3124  29.29
90 48.22 47.32 44.67 50.80 4443 | 4935 3197  27.44
120 |49.47d/1 40.81d/2 4513 5489 4958 | 4586  32.92  27.02
150 |45.92e/1 40.01d/2  43.94 56.66 5548a/3 | 4622 3452 2557
180 | 47.91 4419  43.00bc/l 6358 5757a/3| 4393  30.38  25.82

! Different letters in the same column indicate significant time differences (p<<0.05). Different
numbers in the same row for each type of fish indicate significant differences (p<<0.05) among the
samples.

3.3 WHC

In minced hake muscle, only the long grain fibre (HL3, HL6) absorbed the thaw drip effectively (p<0.05)
(Table 2). Ang and Crosby (2005) report that the larger the particle size (or fibre length), the more water
can be retained as a result of the greater internal pore volume. There were very few significant
differences when 3 (HL3) or 6 percent (HL6) of fibre was used. The same results were obtained when
the fibre was added to minced horse mackerel (ML3, ML6).

If 3 percent of fibre was added to minced hake muscle without adjusting the final moisture (HL3*), the
water was absorbed significantly more than when water was added (HL3). In applications using minced
beef, insoluble fibres from cereals help reduce the amount of free water that can occur during pre-frying,
which is very important to improve the yield of the final cooked product and prevent the breadcrumb
coating from breaking during frying because of the excessive drip release (Anonymous, 1999).

Table 2: Water holding capacity (percent)*

DAYS HO HL3 HL6 HL3* HS3 MO ML3 ML6
0 89.64 a/l 97.94 99.38 100a/2  89.67 92.15 96.64 100 ab/3
30 95.12b/1  97.76 99.85 100a/2 91.63 92.31 99.40 99.98
60 91.85 97.62 99.53 100a/2  93.08 95.52 99.95 99.94 c/2
90 90.18 94.87b/2 9790 100a/3  89.95 93.31 98.44 99.95
120 94.65 96.57 99.77 100a/3  93.80 99.71 99.97 99.98
150 94.09 97.93 99.38 100a/3  96.36 99.77 99.98 99.99
180 93.27 96.08 99.53 99.98 96.13 98.21 100c/2 100 a/2

1See note to Table 1.

3.4 Cooking yield

Data are shown in Table 3. Three percent of fibre (long or short grain) added to hake (HL3, HS3) and
minced horse mackerel muscle (ML3) did not bind significantly more water than the respective control
(HO, M0) when the moisture in both samples was adjusted to the original muscle moisture. The addition
of 3 percent of fibre without adjusting the water (HL3*) was effective to bind the cooking drip; this is an
important point to take into account in order to avoid dripping during broiling or frying. Six percent of
fibre (HL6, ML6) helped bind the water and the data were significantly different from the respective
control (HO, M0) and the samples with 3 percent (HL3, ML3) of fibre in both muscles.

When water was lost, the muscle fibres shrank upon heating, but when high-fibre ingredients were
added, the structural integrity was maintained (Nelson, 2001). Troutt et al. (1992) reported that 2 percent
of oat fibre, which is a cereal fibre, incorporated into meat hamburger (with no water added) reduced
cooking losses by 20-40 percent. This reduction is about 2—4 times more than in the present experiment
in fish. Moreover, Pszczola (1991) reported that the addition of oat brand to ground beef resulted in
increased cooking yield. Katsanidis et al. (2001) reported the important role of introducing cellulose into
comminute beef because it reduced the cooking drip; this water is not retained at all if an external force
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(it can be shrinkage during cooking) is applied because it takes out the water that is physically and not
chemically entrapped. On the other hand, Ang (1993) reported that the increase in water retention during
cooking could be because of the hydrogen bonds forming between the water molecules and cellulose
fibres. What can happen is that the hydrogen bonds weaken with the cooking temperatures and water
cannot be bound so easily. Consequently, a larger amount of fibre is necessary.

Table 3: Cooking yield (percent)*
DAYS HO HL3 HL6 HL3* HS3 MO ML3 ML6

0 86.41 87.07 90.30 88.04 85.31 74.48 76.19 77.11
30 85.57 86.33 88.01 87.92 83.49 73.82 74.87 81.28

60 84.64 85.94 86.73 87.53 83.72 75.39 76.10 85.35

90 82.68 84.15 87.44 90.45 84.29 75.57 75.14 81.59

120 86.51 85.94 91.76 89.55 84.91 74.83 75.47 83.46

150 | 82.22 83.95 86.01 88.22 82.30 72.40 76.80 84.18

180 84.55 83.17 88.25 89,00 83.37 72.29 77.32 84.02
! See note to Table 1.

3.5 Whiteness index

The addition of an increasing proportion of wheat fibre whitened the minced raw hake (HL3, HL6) and
horse mackerel (ML3, ML6) samples significantly. The horse mackerel cooked samples were much
whiter than the raw ones and the amount of fibre added also enhanced the colour. Non-enzymic
browning that develops in frying when cellulose is used (Ang, 1993) was not observed in minced muscle
probably because the coating protects the muscle from the very high temperatures responsible for
enzymic browning. This is an important fact because European consumers consider whiteness as a
quality factor for hake and other fish products (Ang, 1993).

3.6 Mechanical properties

Data are shown in Tables 4 and 5.Shear strength: There were no significant differences in the hake and
horse mackerel control samples (HO, MO) and the samples with 3 percent fibre, irrespective of the size of
the fibre when water was added to maintain the initial moisture of the muscle (HL3, HS3, ML3). If water
was not added to keep the moisture in the sample constant (HL3*), hardness increased, probably because
the fibre absorbed part of the water and this hardened the muscle particles. It is important to highlight
that this test analyses shear strength with a method using complex combinations of compression,
extrusion, shear, friction and other effects (Bourne, 2002) between small particles of food and the
Kramer cell. Thus the measurement of shear strength is on these particles and the procedure is similar to
the one we use when we chew. Hardness did not increase either in any sample during frozen storage.

Table 4. Shear strength (N/g)*
DAYS HO HL3 HL6 HL3* HS3 MO ML3 ML6

0 585a/1 4.55 510 7.26ab/1 6.14 7.70 6.84 7.35

30 575a/1 545 6.35 8.71 5.75 7.42 6.93 7.58 a/1

60 6.30 5.95 7.92 7.52 4,72 6.73 854  7.48all

90 539a/1 5.89 7.52 5.24 a/1 6.35 8.41 7.83 8.36

120 | 6.02a/1 5.99 7.09 1143d/2 6.84 9.18 764 9.70c/1

150 |5.84a/l 653 5.98 9.56 5.90 8.42 8.76  7.71a/l

180 |5.87a/l 5.72 7.17 10.36 6.74 8.60 8.58 9.30

! See note to Table 1.

Chewiness: At 0 days of frozen storage, when fibre was added (HL3, HL6, ML3, MLB6), chewiness was
lower than in the control samples (HO, MOQ) in both the minced hake and horse mackerel muscles,
although there were no significant differences in many instances among the samples containing fibre.
These results are in agreement with the results for fish surimi gel samples with cellulose added from
wood or cotton, where hardness and cohesiveness were reduced by adding 2 percent cellulose
(Anonymous, 1981). Aleson-Carbonell et al. (2005) report that the addition of fibres and other
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ingredients to meat products produce less rigid structures. Troutt et al. (1992) also reported that firmness
and cohesiveness were reduced when oat fibre was added to ground beef with low fat content.

Table 5: Chewiness (N x mm)*

DAYS HO HL3 HLG6 HL3* HS3 MO ML3 MLG6
0 35.00 18.75 13.50 24.58 2159 ab/2 | 61.34 44.36 37.79
30 34.98 12.54 13.11 27.71 23.05 79.66 65.58  43.84c/3
60 3752 18.17a/3 22.68 28.09 22.26 43.93 44.64 35.09
90 31.69 17.93 15.26 18.17 22.44 55.14 43.28 36.44

120 33.65 18.63 16.16 1581a/2 30.11c/1 57.41 49.23 40.56

150 42.77 26.27 25.38 32.77 de/2 29.45 47.71 48.39 30.84 a/2

180 33.57 28.38 21.45 35.89 ¢/1 23.20 47.79 40.02 31.10 a/2
! See note to Table 1.

Throughout frozen storage the hake muscle sample with 3 percent fibre (HL3) was not significantly
different from the one with 6 percent (HL6), but both were different from the samples without fibre (HO).
In the case of horse mackerel, the sample with 3 percent fibre (ML3) was significantly different from the
sample without fibre (MLO) only at the beginning of frozen storage, but both were different from the
samples with 6 percent of fibre (ML6). These data depend more on hardness and cohesiveness than on
springiness. The values of the different analyses were similar for the samples with 3 percent of long and
short particle fibre (HL3, HS3) throughout frozen storage. Yoon and Lee (1990) reported that the
addition of 0-2 percent of cellulose in frozen surimi products decreased firmness and cohesiveness and
increased cellulose concentration, although more than 2 percent of cellulose increased firmness. The
effect on the texture parameters is different depending on the amount and type of insoluble fibre that is
added to meat products (Cofrades et al., 2000) and also on the water binding capacity and swelling
properties of the fibre (Thebaudin et al., 1997).

3.7 Lipid oxidation

There is no significant variation in the evolution of the TBA-index throughout frozen storage in the
different lots for both types of muscles with and without fibre. Aleson-Carbonell et al. (2005) report
that some cereal fibres have antioxidant properties, but they use fibres that are not very purified
containing phenolic compounds. This is not the case of the fibre used in this study.

3.8 Sensory analysis

The triangular analysis detected significant differences in all the samples and the two muscles studied.
According to the panellists, the difference in the hake samples was more in the texture than in the
flavour. In the case of the horse mackerel samples, as well as the differences in texture, the fibre reduced
the strong taste of the muscle.

According to the hedonic analysis done with non-structured scales, the flavour of the hake samples
without fibre (HO) was slightly better (6.0-7.0) than the lots with 3 percent (HL3, HS3, HL3*), although
the score for these lots was always around the middle point (4.9-5.5, neither like nor dislike). The lot
with 6 percent of fibre (HL6) had the lowest score (4.0-4.6). In the case of horse mackerel, the samples
with fibre (ML3, ML6) exhibited slightly higher values (6.5-7.0) than the lot MO without fibre (5.0-6.0),
because the fibre reduced the strong flavour of the muscle. The panellists did not detect any strange
flavour throughout frozen storage in either of the two muscles studied. The texture analysis of the hake
samples also exhibited slightly higher values (5.0-6.3) in the control lot (HO), especially during the first
30 days of storage. The rest of the lots exhibited values slightly lower than the middle point of the scale
(3.0-5.1) and the lowest values were in the lot HL6 with 6 percent of fibre (2.8-4.4). According to the
panellists, this lot was too dry. It is strange that the lot with 6 percent of added fibre had a lower cooking
loss and yet the panel of tasters mentioned that it was drier. Although there were fluctuations in the data
throughout frozen storage, there was no deterioration in the texture during frozen storage. In the case of
horse mackerel, the sample with 3 percent of fibre (ML3) was well accepted by the panel of tasters
(values 6.0-7.0) compared with values 6.5-6.6 in the sample without fibre (M0). However, the horse
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mackerel sample with 6 percent of fibre (ML6) exhibited lower values (2.5-4.0) because of the “sandy”
taste and low cohesiveness.

Regarding the overall rating of the hake samples, higher values (5.0-7.3) in the lot HO without fibre and
values near the middle point of the scale (3.9-6.2) in the lots with 3 percent of fibre (HL3) were
observed, except for the lot where water was not added to keep the moisture constant (HL3*), which was
drier (3.6-5.8). The lot with 6 percent of fibre (HL6) had lower acceptance (2.9-4.2). As for the overall
rating of the horse mackerel samples, the samples with 3 percent of fibre (ML3) exhibited values of 6.0—
7.0 compared to 6.5-6.6 in the sample without fibre (MO) throughout frozen storage. The sample with 6
percent of fibre ML6) exhibited a lower rating of 3.0-4.0.

4. CONCLUSIONS

No cryoprotectant effect of the wheat fibre was observed on the protein in the two muscles studied. The
introduction of 3 percent of wheat fibre improved the water binding capacity when a force was used to
extract it. However, if together with the 3 or 6 percent of fibre water was added to keep the moisture
constant, this fibre could not bind more water than the control sample. The loss in thaw drip without
applying any external force was significantly less when 250 um grain cellulose was introduced, and no
change was observed with the 80 um particle.

The loss from the cooking drip was very similar throughout frozen storage when 3 percent of fibre and
water was added to keep the moisture constant in the sample. However, it was less if 6 percent of fibre or
3 percent of fibre without water was added. The 80 um particle fibre bound less cooking drip than the
250 um particle fibre.

In all the cases studied, the addition of wheat fibre whitened the samples, especially those with a darker
muscle as is the case of horse mackerel. This is considered to be a commercial advantage.

The restructured product with added fibre was less rigid and cohesive. However, the shear strength of the
product particles was similar in the lots with and without fibre when water was added to maintain the
same moisture as in the original muscle.

In the sensory analysis there were differences in the lots with and without fibre. The lots with 3 percent
of fibre were all accepted, while the lots with 6 percent fibre were rated worse. This negative rating was
primarily a result of the sensation of dryness. In the present work wheat fibre was not found to have an
antioxidant capacity.
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BLOCS DE PULPE DE SOLE TROPICALE CRUE CONGELEE (Cynoglossus sp.):
TECHNOLOGIE, BACTERIOLOGIE ET HACCP

par

Khalifa B. Sylla
EISMV-HIDAOA, Senegal

Abstract
The pulp of tropical sole (Cynoglossus sp) frozen in blocks is a product not well known in Senegal (2 out of 78
factories of filleting-cooling-freezing produce it). The pulp is obtained through the extraction from carcasses of sole
after filleting (clearing of meat left on the skeleton). This study, done at “Sénégal Péche”, has the objective to:

e  know the processing technology;
e assess the bacteriological quality;
e propose a HACCP approach to control hazards linked with the pulp’s processing.

This study consists, on the one side, in a description of the product (technology, specifications), and on the other in
bacteriological analyses (548 samples of pulp). The results obtained and interpreted according to French
microbiological criteria, revealed:

93.12 percent satisfactory
5.54 percent acceptable
1.34 percent non satisfactory

On the other hand, HACCP method has shown that there are two critical points to be controlled (degutting and
extrusion of carcasses) and that hazards associated with these steps are rather contamination, multiplication and
survival of germs. In order not to compromise the good quality of hygiene of sole pulp and adding more value, it is
necessary to improve the system of collection of wastes deriving from filleting.

Résumé
La pulpe de sole tropicale (Cynoglossus sp.) congelée en blocs est un produit peu connu au Sénégal (2 des 78
entreprises de filetage-réfrigération-congélation la produisent). Elle est obtenue par I’extrusion des carcasses de
sole issues du filetage (raclage des restants de chair laissés sur le squelette). La présente étude menée au niveau de
Sénégal Péche, a pour objectif:

e de connaitre sa technologie de fabrication;
e d’apprécier sa qualité bactériologique;
e de proposer une démarche HACCP pour la maitrise des dangers inhérents a sa fabrication.

Cette étude consiste d’une part, en une description du produit (technologie, spécifications) et d’autre part, en des
analyses bactériologiques (548 échantillons de pulpe). Les résultats obtenus et interprétés selon les critéres
microbiologiques francais ont révélé que:

93,12 pour cent sont satisfaisants
5,54 pour cent acceptables
1,34 pour cent non satisfaisants

Par ailleurs, la méthode HACCP a montré qu’il y a deux points critiques a maitriser (éviscération et extrusion des
carcasses) et que les dangers associés a ces étapes sont plutdt la contamination, la multiplication et la survie des
germes.

Pour ne pas compromettre cette bonne qualité hygiénique de la pulpe de sole et lui donner plus de valeur ajoutée, il
est nécessaire d’améliorer le systeme de collecte des déchets provenant du filetage.
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1. INTRODUCTION

Les sociétés exportatrices de produits halieutiques occupent une place considérable dans I’industrie
agroalimentaire au Sénégal. Le secteur de la péche maritime sénégalaise a connu une croissance
spectaculaire depuis trois décennies. Les captures débarquées, qui étaient de I’ordre de 50 000 tonnes en
1965, ont atteint 450 000 tonnes en 2000: elles ont été multipliées par plus de 7 en 35 ans, soit un taux de
croissance de pres de 7 pour cent par an en moyenne, sur la période 1965-2000 .

Constituant aujourd’hui le premier pble d’exportation Sénégal avec un chiffre d’affaires global a
I’exportation évalué a plus de 185 milliards de francs CFA, le secteur de la péche représente, selon les
derniéres estimations de 2001, environ 12 pour cent du PIB du secteur primaire et 2 pour cent du PIB
total du pays. Parmi les produits qui ont généré cette valeur monétaire, les poissons élaborés et dont
particulierement les filets de sole figurent en bonne place.

Cependant, si I’industrie de la sole est en pleine expansion, bon nombre d’entreprises se limitent
essentiellement a la transformation des produits en filets de sole (6 283 tonnes exportées en 2003). Une
variété de produit non moins prisée par les consommateurs européens gagnerait également a étre bien
valorisée. Il s’agit de la pulpe de sole congelée qui, longtemps considérée comme un produit de
récupération, est devenue un produit a forte valeur ajoutée.

L’importance économique de ce produit est grande car au niveau du filetage (opération qui consiste a
retirer la chair de part et d’autre de I’aréte centrale du poisson), les rendements atteignent rarement 50
pour cent pour la sole langue. Ainsi, I’extrusion des carcasses de sole permet de récupérer les restants de
chair laissés sur les squelettes et de ce fait limite considérablement les pertes.

Par ailleurs, la pulpe de sole est un produit trés prisé par la clientele européenne. En effet, comme en
témoigne la production exportée en 2003 (500 tonnes) et son prix au kilogramme a I’exportation
(0,7 dollars EU) ; le manque a gagner serait considérable sans elle.

Cette étude menée au niveau de Sénégal-Péche retrace la technologie appropriée a ce produit, sa qualité
bactériologique et propose un plan de maitrise des risques inhérent a son élaboration suivant la méthode
HACCP.

2. TECHNOLOGIE DE LA PULPE DE SOLE

La pulpe de sole est un produit & base de chair de sole crue sous forme de pate. Cette pate de sole de
consistance molle et de couleur rose pale (voir photo en annexe), est souvent mélangée avec un liant
(fécule de pomme de terre) et congelée en bloc (cf figure. n° 1).

Les espéces utilisées pour I’élaboration de la pulpe de sole tropicale appartiennent au genre Cynoglossus.

3. BACTERIOLOGIE DE LA PULPE DE SOLE
3.1 Produits analysés

Il s’agit de 548 échantillons de blocs de pulpe de sole crue congelée (7,5 kg/bloc) prélevés au
démoulage, c'est-a-dire a la sortie des armoires de congélation. Au total, 4 110 kg de pulpe ont été
soumis aux analyses bactériologiques.

3.2 Méthode d’échantillonnage

Les échantillons ont été prélevés a la fin de chaque journée de production. Chaque prélevement aléatoire
de bloc est acheminé directement au laboratoire en vue de son analyse.
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