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A b s tra c t

A f te r  c o n s id e rin g  th e  e a r ly  h is to ry  o f  fish a s  fo o d  th e  p a p e r  p laces  fish a n d  f ish eries  w ith in  
th e  c o n te x t  o f  th e  se c o n d  m illen iu m , w ith  p a r t ic u la r  re fe ren ce  to  th e  im p a c t o n  E u ro p e a n  a n d  
N . A m e r ic a n  d e v e lo p m e n t. In  th e  2 0 th  c e n tu ry  in n u tr it io n a l  te rm s , fish is se en  m o re  a s  a n  
im p o r ta n t  so u rc e  o f  m ic ro -n u tr ie n ts , m in e ra ls  a n d  essen tia l fa tty  a c id s  th a n  p ro te in . P e r  c a p ita  
c o n s u m p tio n  o f  fish h as  risen  o n  a  g lo b a l b as is  to  15 k g /h e a d /y e a r  b u t  p ro je c te d  p o p u la tio n  
g ro w th  a n d  m ism a n a g e d  re so u rces  will m a k e  th is  d ifficu lt to  su s ta in . F ish  c o n s u m p tio n , ev en  
in  lim ite d  q u a n ti t ie s ,  h a s  been  sh o w n  to  p ro te c t a g a in s t c o ro n a ry  h e a r t  d ise ase  a n d  a lso  te n d s  
to  red u ce  low  b ir th -w e ig h t.

A f te r  d e c a d e s  o f  p ro d u c tio n , g ro w th  c a p tu re  fisheries a re  levelling  o ff, w ith  fu tu re  in crease s 
likely  to  c o m e  fro m  a q u a c u ltu re . H o w ev er, u p  to  2 5 %  o f  m a r in e  c a tch es  a re  d isc a rd e d  a n d  
a lm o s t  3 0 %  is u se d  fo r  th e  p ro d u c tio n  o f  fish m ea l a n d  oil. In te rn a t io n a l  tra d e  in  fish h a s  r isen  
to  U S  S50 0 0 0 m illio n /y e a r , re p re se n tin g  3 7 %  o f  fish fo r  h u m a n  c o n s u m p tio n  a n d  te n d in g  to  
s t im u la te  d is t r ib u t io n  o f  fre sh  a n d  v a lu e -a d d e d  p ro d u c ts . S u s ta in a b le  fish su p p lie s  f o r  th e  
fu tu re  w ill b e  e x p ec ted  to  b e  sa fe r  a n d  tra c e a b le  to  th e ir  so u rce . ©  2001 E lsev ie r Science L td . 
A ll r ig h ts  rese rv ed .

1. Early history of fish as food

The links between fish as food and hum an developm ent a re  profound. C raw ford 
et al. [1] have speculated th a t m an’s particular m etabolic requirem ents for a num ber 
o f  essential fa tty  acids, preferentially available from  the aquatic  food chain, stem 
from  the origins o f  m ankind. Terrestrial life evolved from  the proto-oceans and  seas, 
w here the principal food  source, phyto-p lankton , produce large quantities o f  these 
essential fa tty  acids, which rem ained essential for terrestrial life form s. They are 
required , particu larly , fo r the developm ent and m aintenance o f  the vascular and
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nervous systems. M an differentiated  h im self from  the apes, w ith a  m assive expansion 
o f  b rain  capacity, ab o u t 50 000yr ago. According to  C raw ford et al. [1], the quan tity  
o f  essential fatty  acids required  to  form  and m aintain  this large b ra in  can only have 
com e from  the aquatic environm ent, leading to  the assum ption  the hum an  life 
originated a t the m argin  o f  the sea. I t, therefore, comes as no surprise th a t shellfish 
refuse and bones o f  fish have been uncovered from  refuse heaps o f  the m ost ancient 
sites o f  hum an hab ita tions [2]. Subsequently, the hun te r-ga therers w andering 
around  in  sm all groups m ust have seen fish in  all coastal waters, rivers and  lakes and 
added them  to  their diet o f vegetables, grains, fruits, insects and small anim als.

The em ergence o f  agriculture around  6000 BC and the transition  from  food 
collection to  food production  caused highly significant changes in  the hum an  diet. 
G ra in  becam e m ore easily available and the shift from  a nom adic existence to  living 
in perm encnt settlem ents called for the processing and  storage o f food. T he first use 
o f  processed fish, described by K reuzer [3] in a review o f  the place o f fish in culture, 
was in M esopotam ia a round  3500 BC. There saltfish and quern-ground  barley 
porridge were the  m ain  foods while in Sumeria the staple foods w ere vegetables w ith 
dried, salted and  sm oked fish. In  ancient Egypt, salted and  dried fish were im portan t 
com m odities and  there are w ritten  accounts o f  fish processing in C hina as early  as 
1500 BC. In  ancient Rom e, there are accounts o f  fish being sold as luxury items, live 
fish w as im ported  from  Greece and other M editerranean countries and such 
delicacies as oysters, mussels and the eggs o f sea urchins were com m only consum ed. 
In  R om an  dishes vinegar-m arinated  tuna and  ferm ented fish intestines w ere used for 
spicing o ther foods.

2. Fish and fisheries in a millenial context

Based on this b road  historical background the m ore recent developm ents in 
fisheries, from  a subsistence hunting  activity to  a significant food-producing  
industry , fit qu ite  neatly w ithin the second m illennium . Prior to  this the only 
significant fish-processing industry  was the drying o f  cod in N orw ay and Iceland, 
w hich started  in the 9th century. Since 1000, we have passed from  a resource lightly 
exploited a t the lan d -w a te r interface to  a situation where aquatic resources all over 
th e  w orld have progressively, an d  a t an  accelerating rate , been b rough t under 
exploitation , often a t  o r above their m axim um  sustainable capacity  [4]. This grow th 
has been driven b o th  by population  increase and the availability o f  technology. I t  is 
interesting th a t from  being the first wild creature to  be hunted  for food by m an, 
today  fish is the last wild beast th a t m akes a  significant contribu tion  to  the hum an 
diet.

T h roughou t th e  m illennium , fish and fisheries have had a very profound  effect on 
food supplies as well as on bo th  social and political developm ents. Local records 
from  the Basque coun try  show  th a t as early as 1000 Basque fisherm en from  the 
Iberian  Peninsula were fishing the A tlantic G rand  Banks for cod and preserving their 
catch by salting. P rofitable m arkets in sou thern  Europe, previously supplied from  
N orw ay and  Iceland, encouraged this tran s-A tlantic trade in which m any countries
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participated  after the discovery o f N ew foundland by C abo t in 1497. The Basque 
fisherm en had  previously m ade no claims o f discovery or given publicity as to  where 
they  ob tained their fish, behaviour tha t has been copied by m any fishermen down 
through  the ages. H aving a land-based “ p la tfo rm ” on the w estern side o f the 
A tlan tic , close to  the resource, enabled the salted cod to be dried fo r longer 
conservation. T hus, 5 years after C olom bus’ discovery o f  the N ew  W orld  salted 
dried cod, (bacalao,bacalhau.baccala or morue) was on  the way to  becom ing a d ie tary  
staple an d  an  extremely im portan t item  o f  trade. It continues today  to  be well 
appreciated  in M editerranean countries.

The early econom ic and  political developm ent o f  the east coast o f  N orth  Am erica, 
particu larly  New England, was heavily dependent on the cod trade. Likewise the 
p lan ta tion  econom ies o f the W est Indies relied fo r their sustenance on dried  cod. The 
historic im portance o f cod is well described by K urlansky [5] w ho also details the 
tr iangu lar trad e  patterns w hich developed between the N orth  A m erican seaboard , 
the  W est Indies an d  Africa from the 17th to  the 19th centuries. This in troduced  the 
taste fo r dried cod to  the C aribbean and  W est Africa w here it still endures. P ortugal 
an d  Spain also spread the tradition  to  their colonies in sou thern  A frica and  Latin 
Am erica.

In  the n o rthern  p art o f  Europe, the m ajo r fishery industry to  develop for food was 
based on herring. C utting  [6] shows th a t preservation  o f herring by salting, sm oking 
o r drying increased greatly from the beginning of the m illennium  as a result o f  the 
in troduc tion  o f  technology. In  the 14th and  15th centuries, the D utch  were p re 
em inent bu t were subsequently challenged by the British. Catches from  the  sum m er 
a n d  au tum n  fishery in the N orth  Sea, taken when the fat content was high, were 
preserved in brine (to  reduce oxidation) for use during the period o f  Lent (i.e. w inter) 
in  th a t p a rt o f  E urope where food resources were limited. I t  was n o t possible to 
conserve sufficient feed for land anim als, o r to  preserve their m eat and fat. As a 
result, all bu t the breeding stock were slaughtered and consum ed by the New Y ear, 
leaving the population  dependent on salted herring and the rem aining supplies o f 
cereals until the spring.

D espite the increased dem and for food by growing populations the next m ajo r 
change had  to  aw ait the availability o f  technology. A lthough the use o f ice for the 
p reservation  and  tran sp o rt o f fish had been know n in C hina since time im m em orial 
its app lica tion  in E urope had been restricted to  the very w ealthy due to  cost, lim ited 
availability  and  the slowness o f transport. T he in troduction  o f steam  pow er for 
fishing an d  fish carry ing and subsequently developm ent o f m echanical ice m aking, 
enabled fresh fish to  reach even inland consum ers, via the expanding railways, during 
th e  19th century. Cod can reasonably claim to  be considered am ong the first o f the 
m odern  fast foods. T he industrial revolution  in B ritain concentrated population  
th rough  u rban  m igration from the mid-1800s. The lowest cost food for these large 
concentra tions o f  people was provided th rough  the  fried fish and chip shops, w hich 
a t  their m axim um  absorbed 25% o f the fresh  iced cod th a t landed in Britain.

Increasing production  th rough m ore efficient technologies including diesel 
engines, synthetic tw ine, electronic fish finding, freezing a t sea, etc. accelerated 
from  the  m id-19th century until today when the poor fish has nowhere to  hide. This
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has provided raw  m aterial fo r a large, technologically efficient, m arket-driven  food 
industry.

In terest in  technological developm ent o f the fish industry  w as greatly  stim ulated  a t 
the end o f  the 19th century, by fisheries exhibitions in Berlin in  1880 and L ondon in 
1883. H ow ever, it has been in the 20th century th a t fisheries, fish processing and  
trade  have taken off on a scale never seen before in  history.

3. Fish in 20th century human nutrition

T he trad itio n a l view o f  fish in  nu trition  has been as a source o f  high-quality  anim al 
pro tein , supplying approxim ately 6% o f the w orld’s protein  requirem ents an d  16% 
o f  the to ta l anim al protein  [7]. This view was supported  in the widely held belief in 
the 1960s th a t there was an  em erging “ protein gap” th a t w ould particularly  im pact 
on  the poo r in  developing countries. N ow  it is clear th a t the earlier estim ates o f 
pro tein  requirem ents were on the high side and  th a t, w ith the exception o f  people 
eating protein-deficient starchy diets based on staples such as cassava, if  food in take 
is adequate  the p ro te in  requirem ents are met. N evertheless, fish does m ake a  very 
significant, though n o t essential, contribution to the pro tein  supplies o f  m any fish
consum ing com m unities in bo th  the developed and developing w orlds. In  general, 
lean fish is n o t an  im portan t source o f calorics, which are m ostly ob ta ined  from  the 
staple carbohydra tes in the diet. F a tty  fish, however, are also a significant energy 
source. T oday  it is recognised tha t fish is p robably  m ore im portan t as a source of 
m icro-nutrien ts, m inerals and particularly  essential fatty  acids than fo r its energy or 
p ro tein  value. T he essential m icro-nutrients and m inerals in fish, which are deficient 
in staples, include vitam ins A  and D , phosphorus, iron, calcium , m agnesium , 
selenium, iod ine in m arine fish, etc.

D eterm ining the quan tity  o f  fish th a t is, o r m ight be, available to  the average 
consum er or to  a particu lar individual is not easy. T he to tal food supply available 
from fisheries w ould give an apparen t availability, in live weight term s, o f 15 kg for 
each o f  the w orld ’s inhabitan ts. This figure increased from  abou t 7 kg in 1950 as 
p roduction  m ore th an  kept pace w ith population grow th, bu t is now  levelling off. 
H ow ever, such  availability, o r per capita consum ption figures need to  be viewed w ith 
som e cau tion . W ho actually eats the fish or fish products within a popu la tion  is 
heavily skewed to  those who have a  cultural preference for fish, those w ho can  afford  
it or alternatively  those who can find it in the m arket. Even at the first level o f 
d isaggregation , between developed and developing countries, there is a  discrepancy 
as availability  in developed countries is 29 kg per cap ita , while it is only  12.5 kg per 
cap ita  in the  low -incom e food deficit countries. Projections o f  dem and resulting from  
popu la tion  an d  incom e grow th point to  an  increasing gap between supply and  
dem and. I t  is likely th a t these effects will im pact particularly  severely on  the least 
developed countries. They will directly affect:

® Levels o f  consum ption  by at-risk  groups and  how  this can be im proved or
sustained.
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® The con tribu tion  o f fish an d  fisheries to  the realisation o f national nu tritional
goals.

4. Fish consumption and health

The protective effect o f  a  sm all am ount o f fish on coronary  heart disease (CH D ) 
m ortality  has been established th roughout num erous epidem iological studies. A  diet 
including 2-3  po rtions o f fish per week has been recom m ended on this basis. These 
studies show a  beneficial effect o f  consum ption o f lean as well as fa tty  fishes, in  the 
prevention o f  card iovascular diseases. A m ong others, K ro m h o u t e t al [8] and  
M enotti et al. [9] have show n a 50% reduction  o f C H D  m orta lity  after 20 years, with 
consum ption o f  as little as 400 g o f fish a  week.

It has been suggested th a t the content of long-chain n -3 po lyunsa tu rated  fatty  
acids (PU FA s) (eicosapentacnoic 20:5 and docosahexaenoic 22:6) present in  a  fish 
offers this p ro tec tion  against C H D . This has inspired a num ber o f scientists 
th roughou t the w orld  to  carry  ou t studies on the im portance o f dietary in take  o f  fish 
oil and  to  explore the effects o f  n -3 P U F A s on various im portan t biological systems. 
Several recent studies have show n tha t a large intake o f n -3 fatty  acids is beneficial 
w ith regard to  low ering b lood  pressure, reducing triacylglycerols and  m odula tion  o f 
cell function and  cell reactivity to  external stimuli. The final conclusion w hether it is 
possible to  substitu te fish consum ption w ith fish oils or n -3 fatty  acid supplem ents, 
and  gain the sam e reduction in m orta lity  from  C H D , awaits m ore studies. However, 
the protective role o f  fish consum ption is unquestioned.

D ocosahexaenoic acid (D H A , 22:6, n-3) is the m ajor P U F A  in the adu lt 
m am m alian  brain . I t  is am ong the m aterials required for developm ent o f  the foetal 
b rain , central nervous system (CN S) and  for retinal grow th in late pregnancy. Brain 
grow th utilises 70%  o f  th e  foetal energy and  80-90%  o f cognitive function  is 
determ ined before birth . H ow ever, the placenta depletes the m other o f  D H A  [10], a 
situation exacerbated by m ultiple pregnancies [11,12]. Dietary enhancem ent or 
fortification w ith aquatic products before and during pregnancy, rather than  after 
the child is bom  w ould be of great benefit to the child and m other, and is m ore likely to 
lead to  sustainable good health than any other policy. Furtherm ore, the same food 
sources which are rich in D H A  are also rich in zinc, iodine and vitamin A, so it m ay be 
possible to  provide several dietary supplements a t one time. Deficiencies o f  the latter 
m icro-nutrients are established causes for m ental retardation and  blindness.

This w ork is being extended to  the developing w orld to  supplem ent deficiencies in 
the staple diets o f  poo r consum ers.

5. Disposition of the catch

Fig. 1 shows developm ent o f global fish production from  1950 to  19971. 
A fter decades o f phenom enal grow th it is evident tha t the m arine cap ture

1 AJI da ta  are from  the F A O  Fishery Statistics D ata Base (FISHSTA T) unless otherwise indicated,
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fishery is levelling o ff and tha t increased production  has in recent years m ainly 
com e from  aquaculture. N o t show n in this figure are discards which have a 
po ten tia l to  be used for food  o r feed. These m ostly com prise non-targeted  
fish th a t are th row n back (usually dead). I t  is estim ated by  F A O  tha t the 
bycatch could  be as high as 20 million m etric tonnes annually  o r ab o u t 25%  
o f  m arine  cap tu re  fisheries production  (a revision o f the estim ate o f  [13] by a 
follow  up  m eeting o f  experts w ho reviewed the discard situation in F A O  fishing 
areas [14].

W ith  regard  to  the utilisation o f  landings it  w ould seem th a t the processing 
industry  or consum ers are very conservative, as there seem to have been relatively 
little change in  how  th e  fish is prepared  or processed over the last fou r decades. Over 
70%  o f  w orld fish production is used for direct hum an consum ption  and  27%  
curren tly  goes to  fishmeal and oil production . The highest share o f the global 
catch fo r fishmeal was 38%  in 1970 bu t it d ropped sharply  in 1973 due to  the El 
N iño  effects o ff  the coast o f South Am erica and  never recovered to  its form er 
share. F o r  cured fish, once the staple p roduct, the same trend has been observed 
in bo th  developed an d  developing countries, w ith a steady decline from  20%  to 10% 
o f  to ta l p roduction  since 1960. C anning has rem ained constan t a t around  10% 
b u t developing countries have doubled their share o f the catch being canned. A 
fu rth e r significant change for developing countries is th a t their share o f  frozen 
products has steadily  been going up from  1961 (13% ) to  1996 (36%  ) bu t then 
fo r the  first tim e in 1997 showed a  dow nw ard trend. T he p ropo rtion  o f  the  catch 
frozen show ed strong  grow th until recently when it has levelled off a t abou t 22% . So 
the  share o f  fish being m arketed  fresh seems to  be on the rise, now  reaching 
35% . This does no t com e as a surprise as fresh fish fetches significantly higher 
prices th a n  frozen and  therefore the incentive is high. M arketing  fresh fish, however, 
is m ade difficult due to  its perishable nature and a  very sho rt shelf life. This increses 
the  econom ic risk to  the producer and it is evident tha t the vast bulk  is m arketed  
close to  w here it is landed. However, progress in  packaging, lowered prices o f  air 
freight, as well as generally m ore efficient and  reliable transpo rt systems have 
enabled the m ore expensive products to  be m arketed  fresh in the m ost profitable 
locations.

Figs. 2 -3  show  developm ents in som e o f  the m ain  com m oditites over the last 20 
years. F igures fo r im ports are used here to  dem onstrate  the trends as they are 
generally  m ore reliable than  production  figures fo r com m odities. It should  be no ted  
th a t figures for com m odities are in actual p roduct weight, not live weight 
equivalents. Fig. 2 shows tha t whole frozen fish is by far the m ost significant 
p ro d u c t in in te rnational trade. This may change w ith advances in processing and 
m arketing  as m ore “ value-added” products will be produced. Fig. 3 shows 
developm ents for tw o o f the most traded  fishery com m odities; frozen tunas and 
shrim ps. T he bu lk  o f  production  o f both  is frozen b u t canning o f tu n a  has show n 
strong  grow th  since 1985. W hile the quantity  o f fresh tuna in in ternational trade has 
becom e significant tha t of shrim p is less so, perhaps indicating po ten tia l for the 
future.
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6. Fish trade

In ternational trade in fish has increased dram atically  in recent years as show n in 
Fig. 4, w ith exports rising from  US $8000 m illion in 1976 to  US $53 000 m illion in 
1997. T hirty-seven per cent o f fish produced for hum an consum ption  now  enters 
in te rna tiona l trade. Developing countries participate actively in this trade, reaching 
over 50%  o f value in 1995, a position th a t appears to  be sustained. N et export 
revenues are equivalent to  the to tal returns from  the  trad itiona l tropical export 
industries o f  tea, rubber, bananas and coffee. Fig. 5 shows the m ajo r m arkets. Three 
m ajo r m arke t areas: the EU , USA and Japan  absorb  as m uch as 76%  o f  global fish 
exports. I t has been suggested on m any occasions th a t the rap id  increase o f  exports 
from  developing countries has im pacted on  the availability o f fish to  the p o o r in 
these countries. W hile it is difficult to  draw  a  definite conclusion from  the statistical 
d a ta  there is a  clear inference tha t those developing countries th a t have become 
substan tia l exporters have also shown significant rises in dom estic availability. F o r 
exam ple, it seems th a t low-income food deficit countries have increased their 
ap p aren t per cap ita  availability even though  they are exporting m ore fish than  they 
are  im porting . But, it is evident th a t encouragem ent o f exports m ust be exercised 
w ith  care by governm ents in order to  ensure th a t all sectors o f  the popu la tion  share 
the benefit from  the com m on resource.

T here is little d o u b t that the increase in in ternational trade has significantly 
accelerated  technology transfer in the fish industry and contribu ted  to  m ore 
aw areness regarding the safety and quality o f products. The industry now  is heavily 
concen tra ting  on “ value addition” or convenience foods w ith a healthy  image. 
D evelopm ents in  food science and technology coupled w ith better refrigeration 
chains an d  the  use o f the m icrowave oven are m aking convenience foods a fast 
grow ing industry  in developed countries. F ish is very m uch p a rt o f this trend  and 
indeed it seems to  help in the m arketing o f fish because m any consum ers express 
concern th a t they do no t know how  to  cook the m ore trad itional fishery products. 
C onsum ers’ dem and  for convenience foods has spaw ned m uch product developm ent 
in  food  retailing. There is little doub t tha t the fish sticks and  portions th a t were 
invented and  in troduced to  the US and the E uropean m arkets around  1950 did m uch 
to  popularise fish and  sell it to  m any people w ho previously d id  no t ea t o r like it. A  
later in troduction  o f  pre-cooked frozen battered  products further expanded the 
convenience m arke t in fishery products [15]. In  1996, it was estim ated th a t the 
E uropean  m arke t for frozen ready meals exceeded 1 m illion tonnes and  had  
increased m ore th a t 10% per year over a 5-year period. These include all frozen 
m eals, pizzas, m eat,vegetable and  seafood products. V alue-added seafood products 
are regarded  as p a rt o f the overall m arket fo r convenience foods as they are governed 
by th e  sam e general trends in consum er tastes and  buying habits. T he overall 
E u ropean  m arke t fo r ready m eals is dom inated  by the frozen sector a t 65% , chilled 
m eals 25%  and  am bient meals a t 12.5% [16], T he price o f fish as com pared with 
o th er anim al p ro te in  over the last decade, from  unity  in 1990 gives the following 
p ic tu re  fo r the m ajo r com m odities. Bovine m eats stabilised a t 0.75 in 1999, poultry  
show ed an  upw ard  trend during the period b u t reached 0.90 in mid-1999, whereas
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Fig. 5. Share (by value) o f  m ajor m arkets in to tal international trade in 1997.

prices fo r pigm eat have been fluctuating b u t are presently slightly below  1.00. 
G roundfish  species, on the o ther hand, have increased in price over this period 
reaching an index o f 1.2 in 1999 and the index fo r shrim p has gone up to  1.15. T hus, 
during  th e  1990s the m eat price index has fallen w hereas fish is m ore expensive now 
com pared  w ith m eat than  it was in the early 1990s.

7. Fish-processing technology

It is com m only accepted th a t fishery products are best accepted when prepared  as 
fresh as possible, as is dem onstrated  by the increased popularity  o f live seafood. 
M ost processing such as freezing, salting and sm oking prim arily  serves the purpose 
o f  m inim ising the loss in quality  and  nu tritional value, even though  m odern  
consum ers are also dem anding m ore convenience foods. T he challenge in  processing 
fish should  be seen in  the context o f the great num ber o f species, their seasonal 
availability  and  their extremely perishable natu re . Even if the above b ro ad  analysis 
o f  utilisation  does no t indicate any d rastic  changes over the  last decades, trem endous 
progress has been m ade in line w ith developm ents in o ther sectors o f  the food 
industry . N o  a ttem p t will be m ade here to  review all o f  these or their relative 
im portance b u t som e o f  the developm ents deserve m entioning.

D eveloping  
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W ith the grow th  o f aquaculture an  increasing share o f fishmeal and fishoil is being 
used for aquafeeds. In  the 1960s, fishmeal was alm ost entirely used in  pig and  poultry  
diets. N ow , som e 25%  of the w orld production  is used for aquafeeds. This has 
resulted  in  a  significant change in processing technology for fishmeal, as low 
tem peratu re  drying m ust be used and much fresher raw  m aterial is required . Today, 
ab o u t h a lf  o f  all fishoils produced go into aquafeeds. E arlier fish oil for hum an 
consum ption  was m ostly hydrogenated  as m argarine b u t fish oil is no longer used in 
this way. P roduction  o f acid silage from fish waste seems to  be catching on for 
aq u acu ltu re  feeds. Com m ercial production  o f such silage is now  at abou t 
120 000 tonnes/year [17].

W hat has been learned in  the history o f  fish-processing developm ent is th a t the 
po ten tia l consum ers have to  be kept in m ind. M any developm ents have failed 
because they  were driven m ore by a technology push ra the r th a n  a  m arket pull. A 
good  exam ple is the story  o f fish protein  concentra te  (FPC ), w hich was aim ed at 
solving p ro te in  shortages in developing countries. A fter successful technological 
developm ent o f  the w hite highly nutritious fish pow der th a t could be produced from  
alm ost any  fish resource, it failed to  find a  m arket. H ow ever, today  there is a 
renew ed in terest in hydrolysed fish pro tein  pow ders due to  their functional 
properties. O ther examples o f such unsuccessful p roducts include salted dried fish 
eake, m arine  beef, grey surimi and low-cost canned fish. Im provem ents in  fishing 
technology enabled new, bu t unfam iliar, species to  be taken a t g rea ter depths. 
H ow ever, there was consum er resistance, leading to  a prom ise by the m arketing  
m anager o f  a  large fish producer tha t his com pany w ould not sell such “ bug-eyed 
m o n sters” .

T he seafood industry has taken m uch interest in surim i since the beginning o f the 
1980s w hen surim i-based products, especially crab analogues, s ta rted  to  gain 
popu la rity  in  the U SA  an d  Europe. The analogues are m ade from  washed fish mince 
to  which flavour is added followed by structuring  to  im itate the tex tu re  o f crab 
muscle. W h a t m ade the surimi industry take  o ff  was a  discovery in Japan  in 1959 
th a t surim i could be kept frozen w ithout loosing its all-im portant functional 
p roperties. T his was achieved by adding cryopro tectan ts such as sugar and  
po lyphosphates to  the  washed mincc. Surim i now  has a  firm place in the m arket 
an d  is used fo r m aking a  range o f products [18]. The annual production  has been 
a ro u n d  1.5 m illion tonnes m ade from  approxim ately 7 m illion tonnes o f  fish, mainly 
A laska pollock.

A  b rie f glance over today’s available fish-processing technology signals future 
developm ents in the u tilisation o f catches [19]. M echanical fish processing equipm ent 
such as filleting machines have steadily im proved over the years giving ever- 
increasing u tilisa tion  o f the edible p art o f the fish. N ew  m achines, such as fo r quick 
and  precise evisceration have em erged. Specialised electronic weighing system s for 
fish processing are in com m on use. These are installed into com plete system s tha t 
m ake  it possible to  m onitor yields a t all key locations in the processing p lan ts feeding 
the  in fo rm ation  into a central com puter. Precision weighing systems are now  in use 
o n  board  processing vessels a t sea. Linked to  graders o f  various sorts, continuous 
weighing a n d  “ best” com bination  m achines a re  now  available for use on land o r at
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sea. Im age processing is finding use in a new generation o f graders. Im ages from  a 
cam era are analysed by com puter to  calculate volume, recognise shapes and to  grade 
according to  colour, a t high speed. By linking the com puters to  cu tting  devices, 
accurately calculated cuts can be m ade [20]. Fully com puterised  tele m arkets for 
fresh fish are already in operation  where inform ation on  the catch is m ade available 
to  the prospective buyers before the fish is landed. Lam inated plastic m ateria ls have 
m ade possible m odified atm osphere packaging, which can extend refrigerated  shelf 
life. P rogress in  tran sp o rta tio n , no t the least air transpo rta tion  is m aking every 
corner o f the  w orld  accessible to  fresh fishery products from  far away.

8. Future developments

Tw o o f  the  m ost im portan t factors shaping future dem and fo r food fish are 
p opu la tion  increase and econom ic growth. M aking m eaningful predictions on fu ture 
trends requires a com plex analysis o f m any factors including: prices, eating habits, 
com peting foodstuffs, etc. Fish and fishery products have becom e the m ost 
in ternational o f  all foodstuffs as between 30% and 40%  o f  fish is a t present traded  
on  the global m arket [4], There is little indication tha t th is will change in  the near 
fu ture if  supplies rem ain stable. A quaculture is producing a rapidly growing share o f 
fish for hum an  consum ption and  this will m ake the cap ture industry  ad a p t to 
supplying fish o f  even quality. F o r the consum ers, fish fits well w ith the concept o f 
“ n a tu ra l”  o r “ o rgan ic” food. Wild fish are not fed w ith form ulated diets and  they 
enjoy the freedom  o f  space and  are free from  veterinary drugs. New “ miracle 
so lu tions”  for extending shelf life (the latter day equivalents o f salting, drying or 
freezing) are unlikely to  happen. In  the w orld o f highly processed and  genetically 
m odified foods, cap tu red  fish m ay become the food th a t links hum anity  to  its past. 
But harvesting M other N atu re  carries great responsibility. The fish industry  will 
have to  establish  a  system , which allows all p roducts to  be traceable from  the fishing 
g round to  the consum er. Such systems are already beginning to  em erge. W e now 
have a fresher, safer seafood supply than a t any tim e in the past. The biggest 
challenge for the industry  in the next millenium rem ains to  sustain this im age and 
b ring  the prey as fresh as possible to  the m arket.
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