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Abstract

A  com parison  was m ade betw een binary  ice (F lo -ice™ ), for ch illing  in the chute 
and  storage, and flake ice (for sto rage only) o f  yellow  gurnard  (Trig la  lucerna) 
cau g h t during  sum m er. T he use o f binary ice w as eva lua ted  w ith respect to tim e- 
tem peratu re  profiles and the quality  o f w hole yellow  gurnard  and cooked  fillets. It 
w as observed  that the tim e needed  to chill yellow  gurnard  on board  o f the 
com m ercia l traw ler using F lo-ice™  for ch illing  in th e  chu te  is alm ost 10 tim es 
shorter, com pared  w ith storage in flake ice w ithout p re-cooling . U sing  the Q uality 
Index  M ethod , no significant differences w ere detec ted  betw een yellow  gurnard 
ch illed  and stored  in F lo-ice™  and stored in flake-ice w ithou t pre-cooling. T he use 
o f F lo -ice™  fo r ch illing  in the chu te  and sto rage o f  yellow  gurnard as used in the 
described  trials did no t significantly  affect the redness, the sa lt uptake (p=0.05) and 
taste  o f the  cooked  fille t o f yellow gurnard. In conclusion  it can be sta ted  that Flo- 
ice™  is su itab le  fo r rapid chilling and storage o f w ho le  yellow  gurnard  on board of 
com m ercia l traw lers.

1. Introduction

Q uality  assu rance on board o f com m ercial fish ing  vessels is im portant, and 
tem pera tu re  contro l is one o f the m ost im portan t factors affecting  the rate o f 
deterio ra tion  o f fish. A lthough there are several op tions to  chill fish, conventional 
ice is still the  m ajor m ethod to chill and m aintain the tem perature o f m elting  ice for 
fresh ly  cau g h t fish  (Prout, 1998). T herefore, the  u se  o f  sufficien t quantities o f ice to 
ach ieve  rap id  ch illing  at an appropriate stage o f hand ling  on board is essential. The 
standard  p ro ced u re  on board of D utch beam  traw lers (sto rage in flake ice w ithout
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E  p re-ch illing) m ay n o t b e  adequate fo r rapid ch illing  o f fish, in particu lar during
sum m er. O ther possib le d isadvantages using conven tional ice e .g . flake ice are the 

R  lim ited  co n tac t area betw een the ice and the fish; the sharp  edges o f  flake ice  w hich
co u ld  dam age the  fish; flake ice m ust be stored on board  during the  fish ing  trip ; and 
the  use o f  excessive  flake ice can form  an insu lating  layer on top  o f  the fish causing 
the  so ca lled  «Igloo» effect, w hich slow s dow n the  ch illing  process, especially  at 
tem peratu res in  the  fish hold below  0?C.

In  recen t years a new  type o f ice know n either as b inary  ice o r slurry ice, m ade 
from  brine or seaw ater, has been developed. B inary  ice  exists o u t o f ice crystals 
generated  by ch illing  the inner surface of a stain less steel cy linder through which 
seaw ater is past. A  scraper m echanism  rem oves the  ice  crysta ls, w hich becom e 
suspended  in the  flu id  and form  a  liquid pum pab le  ice. T h e  am oun t o f ice crystals 
p roportionally  to w ater can vary from  20 to 60% . W hen  binary  ice contains around 
6 0%  or m ore o f ice  its pum pability  is lost. W hen b inary  ice  is d ra ined  it becom es 
w h ite  as snow . D uring  the so-called «snow » effect the  ice percen tage w ill rise to 
a round  90% . T h e  tem perature o f binary ice is low er than that of conven tional fresh 

ute w ate r ice  and depends on the seaw ater salinity and the  p e rcen tage  o f  ice in binary
iii) ice. A s the  ice  fraction  increases the tem perature w ill d ecrease  d u e  to an increase in
re- sa lin ity  o f the  rem ain ing  seawater.

It It is know n tha t b inary  ice is su itable fo r rap id  ch illing  o f fresh ly  caught fish
he (P rout, 1998; Lam m ers, 1997; Lam m ers, 1998). T herefo re, the ow ner o f a  recently
íes b u ilt D u tch  traw ler, equipped w ith D anish  se in ing  fish ing  gear, decided  to install
ity equ ipm en t to p roduce binary ice from  seaw ater, w hich is designated  as F lo-ice™  by
ird the  m anufacturer. Though slurry ice is used already in th e  fish industry on large
ise freezer traw lers fo r m ackerel and few  o ther pelag ic fish  species it is a novelty  that it
he is used on sm alle r vessels fo r flatfish and round fish in the  N etherlands (Lam m ers,
nd 1997). T h e  production  and use of ice  from  seaw ater fo r th e  hand ling  and storage on
o- board  has several advantages and disadvantages com pared  to  freshw ate r ice. T he
o f advan tage are considered  to be that the ice is so ft and flex ib le  and there are no

sharp  edges w hich can dam age the product; F lo-ice™  the m achine produces ice 
constan tly  upon  dem and, elim inating the need for ex tensive  b ac k  up storage areas 
and F lo-ice™  can be used fo r cooling the  fish room  using th e  ex isting  cooling 
system  to reduce the  use o f freons. B esides the advantages o f using F lo-ice™  there 
a re  know n problem s that have to be solved. In p rac tice problem s can occur w hen = 
F lo -ice™  is p roduced  from  seaw ater, because the sa lin ity  can  vary  w ith the area o f 
fish ing. F o r instance w hen the salinity is to  low  the ice, w hich is form ed in the 
sta in less steel cylinder, w ill be to hard for th e  scraper to  rem ove and causes a  safety 
stop  of the m achine. W hen to salt concentration  is to h igh and the  m elting  poin t o f 
th e  F lo -ice™  becom es to low, the possib ility  exists o f  partia l freezing  o f the fish 
and thereby dam aging  the skin and tex ture and negatively  affect the  sh e lf  life. A lso
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the possib le  sa lt up take by  fish exposed to the brine can have a  negative  e ffec t on 
the taste o f  the fish.

T o  eva lua te  the use o f  F lo-ice1 M (binary ice) on a  D utch com m ercial traw ler a 
com parison  w as m ade betw een  binary-ice, fo r ch illing  in the chu te  and  storage, and 
flake-ice (fo r sto rage only) o f yellow  gurnard (Trig la  lucerna)  caught during  
sum m er. T h e  use o f  b inary-ice and flake-ice was evaluated w ith resp ec t to: 
*Time-temperature profiles and minimum time needed to chill yellow gurnard to a core­
temperature of 0?C.
*Q uality  o f  w h o le  y e llo w  gurnard  and co oked  fillets.

2. M aterials and methods

Fish w as caugh t in the  area n ear H eligoland (51.107N , 8?E ) by a  D utch  traw ler 
equipped w ith  D an ish  seining fish ing  gear and a F lo -ice™  (b inary-ice) system  
installed by  Inham  refrigeration  b.v. T he catch and p rocedure  of the fish  on board  
consisted o f  e igh t steps:
1. Catch
2. C ollect bin
3. S tripp ing  and  sorting  w ith respect to w eight and species.
4. W ashing
5. P re-ch illing  w ith F lo -ice™  (ice percen tage 20%  w /w ) in the chute
6. W eigh ing
7. Icing w ith F lo -ice™  (ice percen tage 40-60%  w/w)
8. S torage in the  fish  hold.

T he w ho le  p rocess from  catch to storage in the fish  hold  took  betw een  1.5 and  2 
hours.

2 .1 . D e term in a tio n  o f  th e  m in im u m  tim e  n eed ed  to c h ill  Y ellow  g u rn a rd  to  0"C.

Im m ediate ly  afte r sorting the average core-tem perature o f five fishes o f  equal 
size was m easured  using therm ocouples, and pu t in an excessive  am ount o f ice (3 
kg  per fish) to  determ ine the  d ifference in cooling tim e betw een  F lo -ice™  (-2.47C) 
and flake ice. T h e  tim e needed to chill the fish to a  co re-tem pera tu re  o f 0?C  is 
designated  as ch illing  tim e. T he fish w ere placed in the ice  as fo llow s: tw o on the 
bottom , one in th e  m idd le  and tw o on top. T em perature m easurem ent took  p lace 
every m inute fo r the firs t half-hour and every 15 m inutes for a  m axim um  o f  tw o 
hours.



2 .2 .  D e term in a tio n  o f  th e  tem p era tu re  p ro file  o f  y e llo w  g u rn a rd  f r o m  c a tc h  up  to  a n d  
in c lu d in g  sto ra g e  on  board .

Im m ediately  after the  catch  the average core-tem perature o f f iv e  fishes o f equal 
size was m easured  during  the procedure and sto rage tria ls on  board , using 
therm ocouples. T h e  fish  w ere placed in the ice as follow s: tw o o n  th e  bo ttom , one 
in the m iddle and tw o on top. T em perature m easurem ent took p la c e  every  5 m inute 
fo r the firs t tw o hours and every 30 m inutes until the m ean tem p era tu re  w as below  
zero degrees cen tigrade. T h e  follow ing storage trails w ere carried  out:
•  yellow  gurnard  w ithou t ch illing  in  the chute and stored in f lak e -ice

•  yellow  gurnard  ch illed  in the  chu te and stored, using F lo -ice™ .

2.3 . The q u a lity  a sse ssm en t o f  y e llo w  g u rn a rd  as m ea su red  by Q IM

T he Q uality  Index M ethod  (QIM ) is a  rapid and o b je c tiv e  quality -grad ing  
schem e fo r the  g rad ing  o f  raw  fish (Brem ner, 1985; Luten en  van  de V is, 1999; 
Luten and M artinsdottir, 1997). Q IM  is based on the  s ig n ifican t w ell-defined 
changes o f  attribu tes (eyes, skin, gills and sm ell) for raw  fish an d  a  sco re  system  
from  0 to  3 dem erit (index) points. N o due em phasis is p laced  upon  one single 
feature w ith in  Q IM . A  sam ple  cannot be rejected on the  basis o f a  sing le  criterion .

The dem erit points for the attributes are summed to give an overall sensory score the 
so-called Q IM  score. There is a  good linear relationship between the Q IM  score and the 
num ber o f days o f storage in ice. T he scheme which was used for assessm ent of whole 
yellow gurnard (n= 10) is shown in A nnex 1. Sensory analysis o f th e  w hole fish o f both 
groups w ere carried out on day 2, 5, 6, 8, 12 and 16 during the storage trail using five 
assessors analysing 10 fishes. T he mean QIM -score per group per day  is an indication of 
the quality o f yellow gurnard on that particular day.

2.4. R ed n ess m ea su rem en ts

To assess a  possib le  effec t o f  using F lo-ice™  on the redness o f  yellow  gurnard  
the M inolta tristim ulus apparatus w as used for the m easurem ents. T h e  M ino lta  was 
calibrated using a standard  w hite  plate. F or each individual fish  six  m easurem ents 
on both the  dorsal and lateral side  w ere perform ed. T h e  values fo r the  dorsal and 
lateral side w ere averaged . Sam ples w ere taken on day 2, 5, 6, 8, 12 and 16 during 
the sto rage trail using  10 fishes p e r group per day.

2 .5 .  S a lt u p take

T he possib le  sa lt u p tak e  w as determ ined chem ical (K olthoff and  Sandell, 1950) 
as well as sensory  analysis o f the cooked  fillets using the paired  com parison test 
(N ielsen and Jessen , 1997).
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2 .6 . S ta tis tic a l an a lysis

T w o fac to r A N O V A  (p= 0 .05) w as used  fo r statistical analysis o f  the results 
ob ta ined  from  sensory  analysis o f  w ho le yellow  gurnard using Q IM , the co lo r 
m easurem ents using the M ino lta  and salt analysis. T he paired com parison  test w as 
used  to  eva lua te a d ifference betw een  the sam ples stored in F lo -ice™  or flake ice 
using  48 sam ples. W hen m ore than  31 sam ples (p=0.05) are classified  in one o f  the 
ca tego ries than the result is considered  to  be sign ifican tly  different.

3. Results

3 .1  D e term in a tio n  o f  th e  m in im u m  tim e  n e e d e d  to c h ill  y e llo w  g u rn a rd  to 0?C .

T h e  average tim e needed fo r yellow  gurnard  in F lo-ice™  and flake ice to reach 
a co re -tem pera tu re  o f 0?C  is show n in figure 1. T h e  core-tem perature o f yellow  
g u rnard  chilled  in F lo-ice™  decreased  2.5 faster than for flake ice. T h e  use o f  Flo- 
ice™  w ill reduce the core tem perature o f  the fish  from  12?C -15?C  to 0 ?C  w ithin 38 
m inutes, w hich is 50 m inutes faster com pared  to flake ice. W ith  the u se  o f F lo-ice 
™  as a  p re-coo ling  agent in the chu te  it can be predicted  that yellow  gurnard  will 
reach a co re-tem pera tu re  o f 0?C  in less than 1.5 hours after the catch.
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F ig u r e  1: T h e  tem p e ra tu re  p ro file  o f  the c o re  o f  y e llo w  g u rn a rd  s to red  in F lo - ic e ™  an d  flake-ice  
(3 k g  ice /fish ).
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3 .2  T em pera ture  p ro file  o f  ye llo w  g u r n a r d  f r o m  ca tch  up to  a n d  in c lu d in g  s to ra g e  on  

b o a rd

T he average decrease in co re-tem pera tu re  o f yellow  gu rn ard  from  catch till 
sto rage on board  is show n in figure 2. It w as observed tha t th e  ch illing  tim e needed 
fo r yellow  gurnard on board  o f the com m ercial traw ler using F lo-ice™  fo r chilling 
in the chu te is alm ost 10 tim es shorter, com pared  w ith sto rage in flake ice  w ithout 
pre-cooling. T he core-tem perature o f yellow  gurnard  ch illed  in  F lo-ice™  decrease 
from  16?C to 0?C  in less than tw o hours. A  core-tem perature o f  0?C  cou ld  not be 
ach ieved  w hen using flake ice. T h e  rap id  decrease in tem pera tu re  using F lo-ice™  is 
obvious and  was probably  caused  by  the op tim al con tac t betw een  F lo-ice™  and the 
fish  during the pre-chilling  step. T h e  slow  decrease in  tem peratu re  observed  by the 
use  o f  flake ice is p robably  due to th e  low  tem perature in th e  fish hold  (-1 ?C-
0 .67C ). T his hinders flake ice to  m elt, w h ich  should  b e  p reven ted  as the m elt w ater 
and  no t the flake ice itself is needed  to  chill the fish. In this situation  flake ice will 
function  as an insulating layer and cause  the  so-called  «Igloo» effect, w hich hinders 
low ering of the tem perature quickly.
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F ig u re  2 : T h e  decrease  in  co re  tem p era tu re  o f  y e llo w  g u rn ard  on  board.

3 .3  The qu a lity  a ssessm en t o f  y e llo w  g u r n a r d  as m ea su re d  by  Q IM

T h e effect o f chilling  in the  chu te and  storage in  F lo -ice™  on the quality of 
w ho le yellow  gurnard is depicted in figu re  3. U sing the Q uality  Index M ethod, no 
sign ifican t (A N O V A , P=0.05) d ifferences, w ere detected  betw een  yellow  gurnard 
chilled  and stored  in F lo-ice™  and stored  in  flake-ice w ithou t pre-cooling. It was
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expected  th a t the  she lf life and quality  of yellow  gurnard  p re-coo led  and  sto red  in 
F lo-ice™  w o u ld  b e  better, com pared to the yellow  gurnard  sto red  in flak e  ice. 
A pparen tly  the  good m anufactu re process on board  the com m ercial traw le r and 
their fish ing  g ear used (D anish  seining m ethod) m asked  th e  expected  advan tages of 
using  F lo -ice™ . A nother explanation  could be that the F lo -ice™  used  w as very 
cold (-2 .37C  to -2 .9 7 C ) and caused som e dam age due to  partia l freez ing  o f  the  skin 
during the  p re-coo ling  step  in the  process. T his m ay have a  negative effec t on the 
sh e lf  life  and  quality  aspects m easured using Q IM .

3 .4  S a lt u p ta k e

T h e use  o f  F lo -ice™  for ch illing  in the chu te  and sto rage  o f yellow  gurnard  as 
used in the  described  tria ls d id  no t significantly  affect the  sa lt up take (p=0 .05) and 
taste o f the co o k ed  fille t o f  yellow  gurnard. T h e  sa lt co n ten t o f the ed ib le  parts o f 
yellow  gurnard  chilled  in F lo-ice™  was 0 .12%  and approxim ately  the sam e as the 
sa lt con ten t o f  yellow  gurnard  chilled  in flake ice (0 .10% ).

3 0  -,
□  F lo-ice 

25 - ^  F lake  le e

Storage tim e (days)

F ig u re  3 : T h e  e ffe c t o f  c h illin g  in th e  ch u te  and s to rag e  in F lo - ic e ™  on  th e  q u a lity  o f  w h o le  
y e llo w  g u rn a rd  m e a su re d  by  Q IM .

3.5 . R ed n ess o f  y e l lo w  g u rn a rd

T he effec t o f  F lo-ice™  com pared w ith flake ice on the  redness o f  yellow  
gurnard is p resen ted  in figu re  4. T he use o f F lo-ice™  did no t s ign ifican tly  affect
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(p=0.05) the  redness o f yellow  gurnard , com pared w ith the standard  p rocedure . T he 
sto rage tim e has a  negative effect on the redness o f the dorsal s id e  o f the fish . T h e  
redness o f  th e  la teral s ide  is n o t significantly  affected by  the sto rage  tim e, w h ich  is 
an unexpected  phenom enon. T his is p robably  due to the m ottled  charac ter o f  the 
la teral s ide  colour. A  m ottled  character cause variation betw een  the d ifferen t 
m easurem ents, w hich m ay m ask  difference, related to sto rage tim e.

F lo - ic e  d o rs a l F la k e -ic e  d o rs a l F lo -ice  la te ra l F la k e - ic e  la te ra l10 .0  -

? 4 . 0  -

2  5 6 8 12 16 2 5 6 8 12 16 2 5 6 8 12 16 2 5 6 8  12 16

Sto rag e  time (days)

F ig u re  4 : E ffe c ts  o f  F lo - ic e ™  c o m p a re d  w ith  flake ice  on  th e  red n ess o f  y e llo w  g u rn ard

4. Conclusions

In conclusion  it can  b e  stated that:
» F lo -ice™  is su itab le fo r rap id  chilling  and storage o f w hole  yellow  gurnard  on 

board o f  com m ercial traw lers.
•  T he u se  o f F lo -ice™  does no t negatively affect th e  quality  o f the ungutted 

yellow  gurnard .
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A n n e x  1 Q IM  sch em e  fo r  yellow  g u rn a rd

A ttr ib u te D escrip tion In d e x  p o in ts

S k in appearance b rig h t red /o range co lo u r, ir id escen t, c rea m y  w h ite  abd o m en 0

sligh tly  g rey ish , less b rig h t, a b d o m en  s lig h tly  yellow ish 1

ra th e r du ll, th e  h ea d  a lso  b ec o m es  g rey ish 2

du ll, g reen ish  and  b lu ish  d isco lo ra tio n 3

s lim e clear, not clo tted 0

slig h tly  clo tted , m ilk y 1

clo tted , greyish 2

y e llow ish /b row n ish , c lo tte d 3

E y es fo rm convex 0

slig h tly  fla t 1

su n k en , co n cav e 2

b rig h tn e ss b la c k  sh in in g  p u p il, g o ld e n  rim  a ro u n d  th e  p u p il, tra n slu cen t c o rn e a 0

slig h tly  g rey ish  c o rn ea  , s lig h tly  g rey ish  p u p il 1

g rey ish  p up il, g rey ish  c o rn ea 2

g rey  pup il, g rey  co rn ea , b ro w n /red  d isco lo ra tio n  a ro u n d  pup il 3

G ills O d o u r fresh , seaw eedy , m e ta llic , cu tted  g ra ss , fru ity 0

neu tra l, s lig h tly  sou r, d ry  seaw eed 1

sou r, s ligh tly  ro tten , m e ta llic 2

very  so u r, m u s ty , ro tten , faecal 3

C o lo u r b righ t, B o rd eau x  red , tra c e  o f  grey 0

B ored , s ligh tly  b ro w n ish 1

ye llow ish /b row n ish , p a le  co lo u r 2

yellow /b row n  an d  g re e n /b lu e  d isco lo ra tio n 3

M u cu s n o  m u cu s, filam ents do  n o t stic k 0

m ilk y  a n d  so m ew h a t ro p y  m u c u s, f ilam e n ts  do  n o t s tic k 1

c loudy  m u cu s, f ilam e n ts  s tic k 2

yellow ish  ropy  m u c u s, f ilam e n ts  c a n n o t b e  d is tin g u ish ed 3

T e x tu re in  r ig o r  o r  f irm , s lig h tly  so ft and  e las tic 0

less elastic , s lig h tly  so ft 1

n o t e lastic , so ft, ab d o m e n  m u d d y 2

very  so ft 3

Q u a li ty  in d ex 0 -2 3
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