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Preface

Fresh fish — quality and quality changes is designed primarily for
courses in fish technology. It was published first in Danish in 1983
under the title Fersk fisk — kvalitet og holdbarhed and constitutes part
of the teaching material used by the Technical Laboratory, Ministry of
Fisheries at the Technical University, Denmark.

The present issue in English is in part a translation of the Danish
publication but it has been expanded with data relevant to tropical
fisheries and tropical fish species. In this form it is intended as a basic
text on the subject of fish technology for those who are undergoing
training at the workshops run by FAO and financed by the Danish
International Development Agency (DANIDA). DANIDA also
agreed to fund the preparation of this publication.

Some of the material in this manual has alrcady been used at a
number of FAO/DANIDA workshops, and it is intended that this and
future updated issues will be widely used for years to come. French and
Spanish versions are now in preparation.

The Food and Agriculture Organization acknowledges the valuable
assistance so generously given to the author by many collaborators in
the preparation of this document.



POINTS DE VENTE DES PUBLICATIONS DELA FAO

Q}\:"// N\ WHERE TO PURCHASE FAO PUBLICATIONS LOCALLY
PUNTOS DE VENTA DE PUBLICACIONES DE LA FAO

47, rue Dhdouche Mourad, Alger.
* ANGOLA
Erhpresa Naclonal do disco & de
Publicapoes, ENDIPU-U.EE.
Rua Cirilo de Conceigao Silva, No. 7,
CP. No. 1314C Luanda

Libreria Agropacuaria S.A.
Pasteur 743. 1028 Buenos Aires.
& AUSTRALLA

Hunler Publications

58, Gipps Stree!.
Collingwood, Vic. 3066.

. AUSTFRA

Gerold & Co.
Graben 31, 1011 vienna.
& BAHFLAN

Uinlad Schools inkermalional
PC Box 726, Manama.

Bangiadesh
House No. 464, Road No. BA,
DOhanmandi R/A, Dhaka

* BELOIOUE

M. J. De Lannoy

A22, avenue du Foi,

1060 Bruxelles. CCP 000-0808953-13.
* BOLIVIA

Los Amigos del Libro

Perii 3712, Casilla 450, Cochabamba;

Mercado 1315 La Paz.

PO Box 1532, Gaborone

L

Fundacao Gelulic Vargss
Praia de Botafogo 190.
C.P. 9052, Rio de Janeiro,
Livraria Ganuto Lida

Rua Corsotacio, 348 - 2° andar,
Caixa Postal 19198, Sao Paulo.

.

SST Trading Sdn. Bhd.

Bangunan Tekna No. 385, Jin 559,
PO Box 227 Petaling Jaya, Selangor

& CANMADS

Renoul Co. L.

61 Sparks St, Ottawa, Onl;

211 Yonge St., Toronto, Ont
Editions Renoul Like

route Transcanadienna, Suite 305,
S-Laurent {Montréal) Qué.

Toll free calls: Onlario, Quebec and
Maritime - 1-800-267-1806:
‘Western Provinces and
Newtoundiand - 1-800-267- 1826
Head Otfice/Sigge Social’

1294 Algoma Road, Ottawa, Ont.
" CHAE

Libweria — Ofcina Regional FAD
Avda. Santa Maria 6700,

Casilla 10095, Samtiago.

! Teléfong 228-80-56.

. CHWNA
China National Publicalions

Iimport Corporation
i PO Box 88, Beyjing.

& CONGO
Office national des Irairies

populaires

B.P. 577, Brazzawlla.

ooq-ram

Libroria, kmprenta y
Lehmann SA

Apartado 10011, San José.

- CLamA

Ediciones Cubanas Empresa
de Comercio Exterior
Publicaciones

Obispo 461, Apartado 605,

| LaHabana,

| @ CYPus

MAM

P0 Box 1722, Nicosia.

. CIECHOSLOVANKIA
ARTIA,

Ve Smeckach 30

PO Box 790, 111 27 Prague 1
& DENRA RN
Municsgaard Export snd
Subscriplion Service

35 Norre Sogade,

DK 1370 Copanhagen K.

o ECUADOR

Libri Mund, Librena inksmacional
Juan Le6n Mera 851,
Apartado Postal 3029, Quito.
Garcia Moreno 1172 y Mejia,
Apartado Postal 2556, Quito

de C.V.
* Avenida Marte 121,
Aparado Postal 2296, San Salvador.

Mundi-Prensa Libros 5.A
| Casteld 37, 26001 Madrid.
Lbeeri b

Agricola
Fernando V1 2, 28004 Madnd.
® FINLAND
Alsteerninen
| 1 Keskuskatu,
PO Box 128, 00101 Helsinki 10.
& FRANCE
EdMons A. Pedone
13, rue Soufflot. 75005 Paris.
» GERMANY, FEID. REF.
Alezander Hormn inlemationale

Buchhardiung
Kirch Gasse 35
+ Posifach 3340, 6200 Wiesbaden.

UNO Yerlag
Poppelsdorter Allea 55
D-5300 Bonn 1.

| Triops Veriag
| Redffeisenstr, 24, G060 Langen

& AN
Ghana
PO Box 3632 Accra

» OREECE

| G.C.

Elefiheroudakis S.A.
4 Nikis Street, Athens (T-126).
John &SonSA
75 Hermou Street,
PC Box 73, Thessaloniki.

& OUA TEMALA
Distribucionas Cullurales y
Técnicas “Artemis”
5 Avenida 12-11, Zona 1.

Postal 2923, Guatemala

Avenida da Unidade Alricana,
CP 204 Bissau,

45-47 Waler Street

PO Box 308, Georgetown.
» Halr

Librairie A la Carnvelle™
2. rue Bonne Foi,

. BR. 111, Port-au-Prince

Bivd. Morazan, Apts. Glapson,
Apanado 90. Tegucigalpa.

§ HONG HONG

Swindon Book Co.

13-15 Lock Road. Kowloan.

& MUNGARY

Kuhura

PO Box 149, 1389 Budapest 62

-

Snaebiom Jonsson and Co. hi
Hatnarsiraeti 9, PO Box 1131,

101 Reykjavik.

& MDA

Oxdord Bock and Co.
Scindia House, New Deih 100 001;
17 Park Stree!. Calcutta 700 016
Ondord Agency,
Insiiie for Development Education
1 Anasuya Ave, Kilpauk,
Madras 600010

& BDOMNESLA

P.T. inti Buku Aguing

13 Kwitang. Jakarta.

. maAQ

National House jor Publishing,

Distribuling snd Advertising
| Jamhuna Street, Baghdad.

E

Controller
Statienery Office, Dublin 4



\ //. WHERE TO PURCHASE FAO PUELICATIONS LOCALLY
POINTS DE VENTE DES PUBLICATIONS DELA FAO
PUNTOS DE VENTA DE PUBLICACIONES DELA FAQ

| ®ITALY

Distribution and Sales Section, FAD
Via delle Terme di Caracalla,
00100 Rome.

Ubreria Sclentifica

Dol Lucio de Biasio “Aelou™

Via Meravigli 18. 20123 Milan,
Libreria Commissionaria

Sansonl S.p.A. “Licosa™

Via Lamarmora 45,
C.P. 552, 50121 Florence.

Tokyo Inhma‘lonal 100-31

. NENYA
Text Book Conlre Lid

Kiyjabe Street, PO Box 47540, Nairotr. |

& NORIELA, REF. OF
Eulyoo Publishing Co. Lid
461 , Jongro-Gu,
PO Box 362, Kwangwha-Mun,
Seoul 110

& KLUWAIT

The Kuwail

PO Box 2942, Salal.
LU ERSOURG
M. J. De Lannoy

202, avenue du Roi,
1060 Bruxelies {Belgique).

& MALAYRLIA

SST Trading Sdn. Bhd.

Bangunan Tekno No. 3&5 Jin 559,

Co. Lid

PO Box 227, Petaling Jaya, Selangor,

| ® PANISTAM
Mirza Book Agency
5 Shahran-e-Ouaid-e-Azam,
PO Box 729, Lahore 3.
Sasl Book Store
Zabunnisa Street, Karachi.

® FARAGUAY

Agencia de Librerias Nizza 5 A

| Casilla 2596, Eligio Ayala 1073,
Asuncion.

- PERG

Libreria Distribuidora “Sana Rosa™
Jiron Apurimac 375, Casilla 4937,
Lima 1.

& POLAND

| Ars Polona

| Krakowskie Przedmiescie 7,

| 00-066 Warsaw.

» PORTLAAL

Livraria Poriugal,

Dias y Andrade Lida.

RAua do(‘-anm 70-74, Apartado 2681,
1117stonr\e(lude=

| aca
| Eﬂ)rl Taber, C. por A
| Isabel la Calbica 308,
| Apartado de Correos 2190,
2| Santo Domingo.
A de D

Casa de las Gargolas,
Mercedes 4, Apartado 857,
ZI Santo Damingo.

* ROMANLE

Rexim
Str. 13 Dicembrie No. 3-5,

I:I:rirh p M: Botles mages” Bucharest Sector 1
281, avenue Mohammed V Rabat. » SALTN ARABIA
R —— The Modern Commercial
; PO Box 384, Riyadh
30 Bourbon Street, Port-Louis, 1 X 94, By
o SINGAPORE
m&m
. MPH Distriuiors (S) Ple. Lid.
13 1101 CB VT Road, Singapore 6,

ﬂ Select Books Ple. L.
F 1118, 1000 BC Amsterdam. 215 Tanghn Shopping Centre,
& NEW TEALAND 19 Tanglin Rd., Singapore 1024
Governmend Printing Oifice .
Bookshops Sones 'u« d
25 Autland Street.

Mail orders: 85 Beach Road,
Private Bag, CPQ, Auckland;
Ward Street, Hamitton;
Mulgrave Street {Head Otfice),

“Samaker'

PO Box 936, Mogadishu.
* SFN LANIA

MD. Gunasena & Co. Lid
217 Qlcott Mawatha,

Cubacade World Trade Centre, PO Box 246, Colombo 11.
Wellington;
150 Streat, Chri S Suoan
Princes Street, Dunedin m of Kharkoum
® NICARAGUA PO Box 321, Khartoum.
Libreria Universitaria,
o RINSSE
Cenfroamericana
Universided Uibralrie Payot SA.
Apanado 89, Managua. Lausanne e Genave
- NNMEFIA und Antiquarial
Heinimann & Co.
(Nigeria) Limied Kirchgasse 17, 8001 Zurich
University of Ibadan, Ibadan. » SURINAME
& NORWAY \"AGO ny. in Snrhmn
Johan Grund Tanum

Karl Johansgate 41-43,
PO Box 1177, Sentrum. Oslo 1.

| PO Box 1841 Paramarlbo

| @ SwEDEN Other Countries
| Books and documents: | dgrtres Pays
C.E. Fritzes Kungl. | Otros Palses
Hovbokhandel, Regeringsgatan 12, Disiribulion and
PO Box 16356, 103 27 Stockholm. | Sales Section, FAO,
Subschptions: Via celle Terme
Vennergren-Williams AB ‘ o Caracalla,

PO Box 30004, 104 25 Stockholm. 00100 Rome:, italy.

L8 TANZANA

Dar-es-Salaam Bookshop
PO Box 9030, Dar-es-Salaam.
Bookshop,

of Dar-es-Salaam

PO Box 893. Morogaro.
8 THARL AND
Suksapan Panit
Mansion 9, Rajadam
Bangkok.

™ AL

* TOOO
Librairie du Bon
B.P. 1164, Lomé.

& TLAMESE
Sockété Winisienne de _H‘h
5 avenue de Carthage, Tunis.
» TUFRMEY
Kubwr Yayiniari ls-Turk Lid S4.
Ataturk Bubvan No. 181,
Kat 21, Ankara
Bookshops in Istanbul and 1zmir.
§ UPITEED KANGOOM
‘s Stalionery Office
43 High Holborn,

| Lendon WCTV 6HE (callers only)

HMSO Publications Cenbre,
Agency Section

51 Hime Elms Lane,

Lordan SWA 50R (trade and London
area mail orders),

13a Castle Street,

Edinburgh EH2 3AR;

80 Chichester Street,

Bedfast BT1 4J¥.
Brazennose Streel,
Manchester MG0 BAS:

258 Broad Street,
Birmingham B1 2HE,
Southey House. Wine Street,

| Bristol 851 2BQ

» LWITED STATES

4611.'F_ Assembly Drive,
Lanham, MD 20706.

O.qu_xn.uv

21

Ubreria Agropecuaria SA.L
Alzaibar 1328, c.c. 1755, Montevideo.

& YLAOOSLA VIA
Jugosiovenska Knjiga, Trg.
Republike 5/8,

PO Box 36, 11001 Bedgrade
Zalozba

Cankarjeva
PO Box 201-V, 61001 Ljubljana

.

Kingstons (Zambls) Lid,
Kingstors Building,

Fresident Avenue, PO Box 138,
Ndota



Contents

PREFACE ... v
1. AQUATIC RESOURCES AND

THEIR UTILIZATION ... 1

2. CLASSIFICATION, ANATOMY AND
PHYSIOLOGY OFFISH ........coovviiiiiiiiiie e 5
Classification  ..........cooiiiiiiiiiiiii s 5
Anatomy and physiology ..o 6
The s eletoﬁ ....... g y .......................................... 6
Muscle anatomy and function ..., 6
The cardiovascular SYStEmM .........covveeiniirieinienrnnnnns 9
Other organs .......o.ooviiiiiii e 11
Growth anc%reproduction ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 12
3. CHEMICAL COMPOSITION .......coooviiiiiiiiniieennn, 15
Principal constituents ..............ccociii 15
Lipids oo i 17
Proteins ... 20
N-containing exXtractives .............coeeeeviiiiinriieninannennn. 20
Vitamins and minerals ............coooiiiiiiiiiiiiee 24
4. POST-MORTEM CHANGESINFISH .................... 27
Or%anolcptic changes ..........cccoeceiiinnnnn. 27
hanges in raw fresh fish 27
Changes in eating quality 29
Autolyticchanges ..., 32
Muscle enzymes and their activity .................. 33
Digestive enzymes and their actmty ...................... 40
Bacteriological changes ...l 43
The bacterial flora of livefish ..................coiin, 43
Changes in the microflora during storage and spoilage 44
Microbial invasion ... 45
Fish as a substrate for bacteria .............................. 46
Specific spoilage bacteria ............... eirnesshessers st sans 50
Rancidity ....ooooeiiiiiniiiii 51
AUtoXIdation ..........coiiiiiiiii s 52

Rancidity caused by enzymatic activity ................... 53



Physical changes
Changes in pH
Changesin Eh ...
Changes in electrical properties

. ASSESSMENT OF FISH QUALITY
Sensory methods
Chemical methods
Composition ...
Trimethylamine (TMA) ...
Total volatile bases (TVB) ...,
Nucleotide degradation products ..........................
Measurements of oxidative rancidity ......................
Physical methods ...
aetrical PrOPerties .........oviiiieriiiiiinees
pHandEh ...
Measuring teXture  .........ooooooiiiiiiniiiinis
Measuring water-binding capacity .....................
Microbiological methods ...
Standard plate count ...
Thermotolerant coliform bacteria (E. coli) ..............
Faecal streptococch  .....oviiviiiiiiiiiiie e
Staphylococcus Qurels ...,
Salmonellaspp. ..o
Vibrio parahaemolyticus ...........coccoviiinnnnnn

. QUALITY AND STORAGE LIFE OF CHILLED FISH
The effect of fish species, catching method, fishing ground
ANA SEASOIM ..ttt et et et
Off-flavours related to fishing ground .....................
Discolorations related to fishing ground and catching
MEthod ...
Storage teMPerature ... ...oooooviiiiiiii
Chilling (0-25°C) ..o
Superchilling or partial freezing (0 to -4°C) .............
Hygiene during handling ...
nboard handling ...
Inhibition or reduction of the naturally occurring
MICTOFlOra ..o
GUHNE .oovveeiiiiie
Faltty specics
Lean species




Composition of gaseous atmosphere

Img:vact onthemicroflora ...............
Efte

Pre-

ct of atmosphere on whole fish ........................
packed wet fish

7. PUBLIC HEALTH ASPECTS ...

Pathog
Parasit
Biotox

enichacteria .......coviviviiiiiii s
B it ittt
1 S

Chemicals ..o
Fish diseases ... s

REFERE

NCES e

94

96
98

103
103
108
111
114
115

119
128



1. Aquatic resources
and their utilization

More than two-thirds of the world’s surface is covered by water. The
oceans alone account for 71 percent. Tiny microscopic plants, the
phytoplankton, are the primary producers of organic material using
the energy supplied by the sun as shown in Figure 1.1.

This enormous primary production is the first link in the food chain
and forms the basis for all life in the sea. How much harvestable fish
results from this primary production has been the subject of much

0 Co,

Phytoplankton [—# Zooplankton ‘

Higher aquatic
animals

Bacterial
decomposition

*

Mineral salts

Figure 1.1. The annual aquatic production of organic material is estimated at 40 000 million tonnes
{Malier Christensen, 1968)



speculation. However, there are great difficulties in estimating the
ecological efficiency, i.e. the ratio of total production at each succes-
sive trophic level. Gulland (1971) reports a range from 10 to 25 percent
but suggests 25 percent as the absolute upper limit of ecological effi-
ciency; for example, not all of the production at one trophic level is
consumed by the next. Ecological efficiency also varies between levels,

\_ y % 1
l“ %!'Jéfgéﬁ kton . 1f1

e 1
R 2L S N
1 y tt
A 55 S Y (S ¥

Figure 1.2. Annual praduction {in million lonnes) in the North Sea, ane of the richest fishing walers
in the world
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being higher at the lower levels of the food chain with smaller
organisms using proportionally more of their food intake for growth
rather than for maintenance. Diseases, mortality, pollution, etc. may
also influence ecological efficiency. The conditions in the North Sea,
with very rich fishing waters, are shown in Figure 1.2 as an example.

Since production is greater in the early stages of the food chain, the
potential catch is also greater if harvesting is carried out at these stages.
If progress in catch handling, technology and marketing makes har-
vesting at the early trophic levels feasible, then the potential catch may
increase accordingly (see Table).

The world catch stagnated in the 1970s at around 70 million tonnes
but has now increased to 75 million tonnes (1984), including 9 million
tonnes from freshwater sources. About 70 percent of this amount is
used for food.

FAOQ sources estimate that the conventional catch of marine species
could be increased by 20-30 million tonnes, much of which (50 per-
cent) depends on improved management. Reduction of post-harvest
losses and recovery of by-catches could add another 10-20 million

Summary of current and potential global aquatic resources

‘World harvest 1981 Potantial
{million tonnes) harvest Increase
Used Post  Indus-  Total Dis- Shon Long
& T Wy omm W W
Conventional
Freshwater 79 0.2 8.1 45 '30
Marine: demersal 13.5 15 70 220 4-5 5
small pelagic 156 32 146 334 5 15
others 31 0.1 + 3.2 2
shellfish 59 0.2 6.1 0.7 ?
" Unconventional
Cephalopods 1.3 + 01 1.4 4 150+
Mesopelagic (Lantern fish) ? + + + + 100+
Euphausids (Krill} + 0.4 0.4 + ‘50+
Seaweeds 1.8 1.2 3.0 8 ?
Total 49.1 52 233 776 4.5 29,2 345+

' Magnitude depends on cullura.
Source: Whittle, 1984,



tonnes. The freshwater aquaculture potential is not known but could
possibly yield up to 30 million tonnes in the future. However, to meet
the demand, it is essential to reduce the proportion of catch used for
industrial purposes and develop unconventional resources such as
those shown in the Table. The use of food fish is shown in Figure 1.3.

Canned
18.9%

Frozen
31.9%

Figure 1.3, Food fish usage, 19682
(James, 1984)

It has been estimated by James (1984) that about 8 percent of the
food fish never reaches the market, which means that, in 1982, 4.25
million tonnes were wasted. These post-harvest losses are most signifi-
cant in the fresh and cured fish sectors. The important thing is that the
technology for limiting or preventing these losses is available but needs
to be put into effect, as pointed out by James (1984).



2. Classification,
anatomy and
physiology of fish

Classification

Fish are the most numerous of the vertebrates with 20 000 species
known and probably many more unknown (Lagler et al., 1977).

Fish are usually divided into three classes: Cephalaspidomorphi,
jawless fish like lampreys and slime-eels; Chondrichthyes, cartilagi-
nous fish like sharks and rays; and Osteichthyes, lungfish and all other
bony fish, which include most of the commercially important species.
These classes represent numerous genera, which are then further sub-
divided into different species.

The use of common or local names often creates confusion since the
same species may have different names in different regions or, con-
versely, the same name is ascribed to several different species, some-
times with different technological properties. As a point of reference
the scientific name should, therefore, be given in any kind of publica-
tion or report the first time a particular species is referred to by its com-
mon name. Itis normally written in italics (or underlined). For further
information see the ICES “List of Names of Fish and Shellfish”, Bulle-
tin statistique, vol. 49, September 1966, the Torry Advisory Note No.
55, Fish Names in the Common Market; and the Multilingual Dictio-
nary of Fish and Fish Products prepared by OECD and published by
Fishing News Books Ltd, United Kingdom.

The classification of fish into cartilaginous and bony (the jawless fish
are of minor importance) is important from a practical viewpoint, since
these groups of fish spoil differently (Chapter 4) and vary with regard
to chemical composition (Chapter 3). Most non-taxonomists refer to
these groups as teleosts (bony fish) and elasmobranchs {cartilaginous
fish).

Furthermore, fish can be divided into fatty and lean species, but this
type of classification is based purely on some technological characteris-
tics.



Anatomy and physiology

The skeleton

Being vertebrates, fish have a vertebral column — the backbone —
and a cranium covering the brain. The backbone runs from the head to
the tail fin and is composed of segments (vertebrae). These vertebrae
are extended dorsally to form neural spines and in the trunk region
they have lateral processes that bear ribs (Fig. 2.1). The ribs are car-
tilaginous or bony structures in the connective tissue {myocommata)
between the muscle segments (myotomes) (see also Fig. 2.2). Usually,
there is also a corresponding number of false ribs or “pin bones”
extending more or less horizontally into the muscle tissue. These bones
cause a great deal of trouble when fish are being filleted or otherwise
prepared for food.

Soft-rayed

;4’ Epeilr’mz p a:ffjfm

i

W@

i
S
SN

}: “: \Hemiﬂ spines
3\' """ - \ S
S Anal fin

Pleural ribs

Pelvic fm False ribs (“pin bones")

Figure 2.1. Skeleton of bony fish {Eriksson and Johnson, 1979)

Muscle anatomy and function
The anatomy of fish muscle is very simple. Basically, there are two

bundles of muscles on each side of the vertebral column and each of
these bundles is further separated into an upper mass above the hori-

6
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Figure 2.2. Skeletal musculature ot fish (Knorr, 1974)

zontal axial septum and a ventral mass below this septum. The muscle
cells run in a longitudinal direction separated perpendicularly by
sheets of connective tissue (myocommata). The muscle segments lying
in between the sheets of connective tissue are called myotomes. The
longest muscle cells are found in the twelfth myotome counting from
the head (Fig. 2.2) and the average length of these is around 10 mm in
a cod that is 60 cm long (Love, 1970). The length of the cells, as well
as the thickness of the myocommata, will increase with age.

With this anatomy the fish muscle tissue contains comparatively far
less connective tissue than mammalian muscle (Chapter 3).

As in mammals, the muscle tissue of fish is composed of striated
muscle. The functional unit, i.e. the muscle cell, consists of sarco-
plasma containing nuclei, glycogen grains, mitochondria, etc. and a
number (up to 1 000) of myofibrils. The cell is surrounded by a sheath
of connective tissue called the sarcolemma. The myofibrils contain the
contractile proteins, actin and myosin. These proteins or filaments are
arranged in a characteristic alternating way making the muscle look
striated upon microscopic examination (Fig. 2.3).



Mitochondria
in tongitudinal section

Part of sarcolemma.

(myosind 7 A band H- Rl e | : i.i | =y 'I.-
) __| I l ik ,: " o . 7 !I". i '.
II T 7 line i ‘

Thin filament
[actin) -

— |

?%
|

Myofibril
in section

Figure 2.3. Section of a cell showing various structures including the myofibrils (Bell et al., 1976)

Most fish muscle tissue is white but, depending on the species, many
fish will have a certain amount of dark tissue of a brown or reddish col-
our. The dark muscle is located just under the skin along the side of the
body and, in the case of certain active species, also in a band near the
spine.

The proportion of dark to light muscle varies with the activity of the
fish. In pelagic fish, i.e. species such as herring and mackerel which
swim more or less continuously, up to 48 percent of the body weight
may consist of dark muscle (Love, 1970). In demersal fish, i.e. species
which feed on the bottom and only move periodically, the amount of
dark muscle is very small.

There are many differences in the chemical composition of the two
muscle types, some of the more noteworthy being higher levels of
lipids, haemoglobin, glycogen and most vitamins in the dark muscle.
From a technological point of view, the high lipid content of dark mus-
cle is important because of problems with rancidity.

The reddish meat colour found in salmon and sea trout does not
originate from myoglobin but is due to the red carotinoid, astaxanthin.
The function of this pigment has not been clearly established and the
fish cannot synthesize astaxanthin to any significant degree. Thus, the
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meat colour of these species depends on the intake of astaxanthin or
closely related pigments in the diet.

The two muscle types have different functions. It is believed that the
dark muscle primarily functions as a cruising muscle, i.¢. for slow con-
tinuous movement, while the light muscle is sprinting muscle used for
sudden, quick movements needed for escaping from a predator or for
catching prey.

Muscle contraction starts when a nervous impulse sets off a release
of Ca++ from the sarcoplasmic reticulum to the myofibrils. When the
Ca+ + concentration increases at the active enzyme site on the myosin
filament, the enzyme ATP-ase is activated. This ATP-ase splits the
ATP found between the actin and myosin filaments, causing a release
of energy. Most of this energy is used as contractile energy making the
actin filaments slide in between the myosin filaments in a telescopic
fashion, thereby contracting the muscle fibre. When the reaction is
reversed (i.e. when the Ca++ is pumped back, the contractile ATP-
ase activity stops and the filaments are allowed to slip passively past
each other), the muscle is relaxed. Several substances are involved in
the process; ATP is one of the most important, functioning both as a
fuel for contraction and as a plasticizer (in the presence of Mg+ +)
when the muscle is in a relaxed state. When myofibrillar ATP is absent,
the actin and myosin filaments stay interlocked {actomyosin). This
type of rigid muscle is found post-mortem during rigor mortis (see
Chapter 4).

The cardiovascular system

The cardiovascular system is of considerable interest to the fish
technologist since it is important in some species to bleed the fish (i.e.
remove most of the blood) after capture.

The fish heart is constructed for single circulation (Fig. 2.4). In bony
fish, it consists of two consecutive chambers pumping venous blood
toward the gills via the ventral aorta. After being aerated in the gills,
the arterial blood is collected in the dorsal aorta running just beneath
the vertebral column and from here it is dispersed into the different tis-
sues via the capillaries. The venous blood returns to the heart, flowing
in veins of increasingly larger size (the biggest is the dorsal vein, which
is also located beneath the vertebral column). The veins are all
gathered into one blood vessel before entering the heart.

During blood circulation, the blood pressure drops from around
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