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The chflling and storing of fresh fish in refii- 
gerated sea water (RSW) aboard the f i sh ing  vessel eli- 
mimted several di sadvantaps  excountered in t h e  use 
of ice. These include problems of procurement of pre- 
cooled ice, proper stowage of f i s h  in i c e ,  excessive 
labor, and the effects 03 the f i s h  of physical handling. 
As conpared with  i c e  tempratures, l o w e r  temperatums 
( - l ° C  or N ° F .  ) of fish in RSW may be maintained. Pmn- 
sideration of the engineerinpl requirements f o r  RSW sys-  
tems i d i c a t e s  the importance of the pmcer design of 
t h e  heat exchanger, t h e  selection of the comfressor, the 
arrangement of the circulat ing piping,  the choice'of tbe  
tkkec~plmctioh'mterials, and the i n s t a l l a t i o n  of the 
insulation. A t  present, the major commercial application 
~f the RSW system is for cannery salmon on the  Pacific 
Coast and menhaden cn t h e  East Coast and Gulf Coast of 
the United States.  Researzh on t h e  application of RSH 
to t h e  p r e s e r ~ t l o n  of fis:? h a s  shown t h e  need to inves- 
tigate each species under commercial conditions and to 
ktemine the changes in the cmpcsi t ion of t k e  RSW- 
stored fish. These changes in t he  fish, as w e l l  as ?m- 
blems in application of 3Si to specific fisheries, w i l l  
be inf luent ial  in the u l t i r m t e  industrial use of the RSW 
system as a means of providing h i~h -qua l i ty  f i s h  to the 
consumer. 
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INTRODUCTION 

Disadvantages inherent in 
the use of ice f o ~  the most ef- 
fective preservation of f r e s h  
f i s h  suggest the use of tanks 
with c h i l l e d  sea water or di lute  
brine. As emphasized in t h e  
previous paper, the proper Icing 
b f  fish requires the use of skill, 
experience, kard phys ica l  labor 
and ample ice. The labor that 
could be saved aboard the f i sh-  
ing vessel: i s  easily v i s m l i z e d  
if the f i s h  need only be tran- 
sfemed t h r c @ ~  the hatch to a 
tank of chilled sea water. On 
t h e  asstmrptfcn that mechanical 
refrigerat ior, eliminates any 
need to use i ce ,  t h e  prohiems 
of stowing and mixing ice, la- 
yering fish, assuring drainage, 
and minimizirg bruising and 
crushing effects ?resumably 
are solved. Furthermore, if 
sea water cr a 3-yercent s a l t  
b ~ i n e  is used, t he  temperature 
of the c h i l l  tank can be de- 
-eased 1 Centigrade degree he- 
low the temperature of melting 
i c e .  In accordance with t h e  
aSility of lower temperatures 
to decrease the spoilage rate, 
improved keeping quality would 
be expected fo r  f i s h  in refri- 
gerated sea water at -I0:, 
(30°~.) average t m p e r a t u r e  as 
compared with similar f i s h  in 
ice at O°C. ( 3Pr. 1. In addi- 
t i o n  to thcse pcss ible  advantages 
of labor saving and im?ru>ved 
keeping qua1 i.ty , the ins ta l l a  - 
tion of a RSW system in a boat 
woulld appear t o  have def in i te  
advantages compared with ice in 
multiple use of t h e  Mat for 
various f isheries .  

Frcm t h e s e  comiderat ions , 
t h e r e  appears to be same reason 
to e x ~ e c t  r h a t  r e f r igera ted  sea 
water (RSW) would gradually d i s -  
place i ce  for c o d i n g  and pre- 
serving f i s h .  The use cf RSW 
both h a r d  vessel and ashore 
has fourd useful applicat'ion in 
cer ta in  fisheries; however, a 
closer look at the history and 
&sign of the RSW aystex: is 
desirable to bring out its in- 
herent 1 imitations,  Present 
eoamercial applications of RSH 
in the United Stztes and Canada 
and current resemch on problems 
of apply ing  this technique to 
Atlantlc and Pacific Coast spe- 
cies will be considered in t3e 
last two sections of th i s  report .  

HISTCRY OF PRESERVIW FISH I N  
REFRIGERATED SEA WAE? 

In 1929, 3.M. Larsen was 
issued a United States patent 
on a m e t h o d  of using clear, fil- 
tered sea water c h i l l e d  to about 
O°C. (32OF.I or lower. Larsen 
claimed that  with h i s  method, 
fish would keep frm. 2 to 4 weeks 
in a much Setter conditjon than 
when preserved by the usual ret- 
hods . 

P. number of other  methds 
that could be used e i ther  for 
short-term storage cf f i s h  i n  
brire at aboct W C .  IS20F.) or 
fc r  freezing are described by 
H.F. Taylor 11927, F .  620). 

Possibly the  earliest 
practical application of RSW was 
in 1924 when the Marine Prodccts  
Ccmpany of Reedville, Va,, i n -  



stal led a system aboard the ir  
menhaden sterner Gloucester . 
With this cnit (Taylor, 1926, 
p. 711, sea water was pmped 
thmugh a zooling t ank  chilled 
ta 4 O  to 7°C. ( 3g0 to 44OF. ) 
and then spayed onto the f l sh .  
The water then percclated down 
through the rass of f i s h  to a 
smp anL was recirculated. 

Prior to t h i s  ins tz l la t  ioc , 
menhaden used in :he manufacture 
of fish meal and oil were seldm, 
if ever, refrigerated aboard the 
vessel. During the  s u m r  months, 
spoilagc h-as rapid, odors were 
prevalent, and valuable protein 
and o i l  w e r e  l o s t .  The 4 O  to 7OC. 
(39" to 44OF. 1 ternperatuse of the  
fish achieved w i t h  the 3SW sys- 
tem e l im ina t ed  most of the <if- 
f f c u l t y .  Taylor (1926 ,  p. 71) 
also r e m e n d e d  t h a t  t h i s  tech- 
njque be apclied to the fresh- 
f i s h  industry. 

In the early 1940ts, ccnsi- 
deyable work was done on .the 
holdinq of California sardines 
in RSH at the canneries (Davis, 
Clark and Shaw, 1945; tang, 
Farber a n d  Yerman 1946 1 , The 
tanks ha2 a capacity of about 
10 tons of f i s h  and 3 tocs of 
c h i l l e d  sea water  or b r i n e .  One 
or more cooling tanks cf 24-ton 
capacity w e r e  used-one supplied 
the chilled water to the f i s h -  
storage taaks as they were fil- 
ied, and the other recooled t h e  
c i r cu l  at inp t r i ne .  Sodium 
c h l w i d e  brines of a h u t  3 per- 
cent were used, since the avai- 
lable (inshore) sea wzter was 
q u i t e  contaminated. The salt 
was added just before starting 
the circulat ior. through t h e  tank 

to take-advantage of the nega- 
t ive  heat cf s d u t i c n .  In an 
efficient system, sardines could 
be c o d e d  frcm 17O to 1.7OC. 
( 6 3 O  to 35OF.I in about 1 4  hours. 

A t  ahout the same t i m e ,  
RSW was also successfully ap- 
plied to the  holding of Maine 
sardines . Sigurdsson (1945, 
p. 91) reported t h a t  tempera- 
tu re  should not exceed C°C. 
132OF.1 except during very 
short perio6s and fo r  beat 
results, should closely ap- 
zmach tho freezing p o i n t  of 
t h e  f i s h  ( i n i t i a l  - P C  or 
28.S°F. ). 

In 1952, workers at  t h e  
Fisheries Research Roard of 
Canada Technological S ta t ioc  
at Vancouver, B.C,, hewn tkeir 
investigaticns into the use of 
RSW. The work at their s ta t ion  
has  resulted in t he  successful 
application of RSW to the Paci- 
fic salmon and t a l i b u t  iodus- 
t r y  50th aboard the vessel and 
ashore. Among the n w r o u s  
reports on their work is Bulle- 
tin No. 126, considered by many 
to be the best s i c ~ l c  reference 
f c r  RSW tecl~nologists (Roach, 
Harrison and T a ~ r ,  1961 ) . 

The researches at the Van- 
couver s t a t i m  emphasized the 
need fo r  holding the fish as 
close to 0%. ( 3 P F . I  as possi- 
ble, recognizing that t h e r e  is 
n o t h i n g  magical in 3SW, per se, 
but  merely that with it, t h e  
fish car. be cooled more rapidly 
and held at a -  lower ternperatmv 
than k possible -with Ice. If 
these two conditions are not 
present, cuality will be no 



better and may be worse than 
found with ice-stored fish. 

DfSICA OF REFRIGERATED SEA WATER 
SY S T M  

Many RSW installat ions, both 
on t h e  vessel and ashore, have 
fa i l ed  to live up to expectations, 
primarily because of p m r  design. 
Some of the important factors to 
be considered when installing RSW 
systems are discussed below. 

Sea water away from t he  im- 
mediate coast averages 3.5 per- 
cent salinity and freezes at - 2 V  
(38.4*F,) .  The desire6 - l ° C .  
13Q07.) temperature thus is very 
close to t h e  f reez ing  point  of 
sea water, making t he  design of 
t h e  heat exchanger critical. This 
is especially true w i t h  dimct- 
expansior- systems, where the eva- 
porator surface will he about 6 
Cent i p a d c  degrees (12 Fzhrenheit 
degrees) helow t h e  temperatwe of 
the sea water acd 5 Centigrade 
degrees ( 9 Fahrenheit degrees ) 
below its freezing point. 

Many of t h e  older  RSW in- 
stallations and some of the cur- 
rent ones are plagued w i t h  freeze- 
ups in the heat exchangers, re- 
sulting in decreased e Ff iciency 
and poor1 q u a l i t y  of f i s h .  A Srine 
c h i l l e r  designed a T  the Vancouver 
station, having overcome t h i s  pro- 
blem, has proved ef f ic ien t  and is 
b e i n g  x e d  in many i n s t a l l a t i m s  
at  sea and ashore (Roach e t  al' - -9 
1961, p.  16). With a high velo- 
c i t y  of sea water thm-agh the ex- 
changer an?. a higk rate of heat 
t ransfer ,  cooling is rapid, yet 
heat -exchanger f r e  eze--~ps are nct  
a problem. 

Refrigeration Cmressors and 
Refrigerants 

W.en compressors are sized 
to fit the ins ta l la t ion ,  no rna- 
jor difficultieswcim experienced. 
For shipbmrd use, Refrigerant 
12 (Freon-12) is the best choice 
.in our experience. Ammonia is 
roo dangerous aboard small ves- 
sels, but is satisfactory for 
shore installations. 

Circulating Pumps and Pipi* 

Opera-impeller eantrif u ~ a l  
pumps resistant to c m s i a n  
are used to circulate the sea 
water. A f l o w  rate of 760 li- 
ters  1200 U.S. gallons) per 
minute is sufficient to cool 
and hold 45,000 kilograms 
(100,000 pounds) of f i sh .  

Plastic pi?ing is the most 
suitable material, particularly 
aboard the vessel where repairs 
and replaement may be difficult. 
The piping should he arranged 
so that  t h e  sea water can be 
pmped e i the r  in tc  the bottom 
or into the top  of t h e  tank and 
so that all lines can be flushed 
with clean sea water, All piping 
in the engine room or other areas 
exposed to heat must be arranged 
so the re  are no dead spots where 
bacteria can g m w  and contami- 
nate the f i sh .  Many instal lat ions  
of 'the RSW system abmd mall  
f i s h i n g  vessels during 1955 to 
1963 were unsatisfactory and were 
discarded because of failure to 
des ip  the piping for adequate 
circulation an2 sanitation and 
di f f lcul t les  when t h e  system was 
overloaded during peak f i s h i n g  
periods.  



Fish-holding Tanks In su la t ion  

A primary ccnsideration in 
tank design is tc provide forA; 
eaes:df cleaning. Succeeding 
loads of fish may s p o i l  rapidly 
if rhe tanks cannot be complete- 
ly and promptly sanitized afrer 
being unloaded. 

Steel tanks are satisfac- 
tory, provided the surfaces are 
k e ~ t  coated. Materials sach as 
nontoxic b i t m i n o u s  paints and 
epoxy resins have been found to 
be s ~ i t a b l e  coatings and adhem 
well with proper surface prepa- 
ration. 

Corrosion-resistart alumi- 
num alloys are satisfactory, hut 
t h e  need to use welding techni- 
ques involving ine~t-gas shield 
could present problems i n  vessel 
i n s t a l l a t i o n  an? repa i r .  Aisa 
it is cecessary to use alminum 
or plastic f i t t i n g s  on the t a ~ ~ k s  
to prevent co rns ion .  

Wood ( including plywood ) 
t a n k s  me easy to constrcct and 
are satisfactory as long as the 
surfaces are kept covered with 
waterproof coatings , s-~ch as 
resin or plas t ic  linings. Breaks 
in the coatings, however, allow 
bacteria to penetrate into the 
wood axd provide a source cf con- 
taminatian for the  cext load of 
5 sh. 

Concrete tanks ,  e i ther  of 
poured or of block co~st~uctioc, 
have bee3 used for shoreside ic- 
stallations, but again a water- 
inpervious coating, such as non- 
toxic bittmicous materials, must 
be applied. 

The insulation cf RSW tanks 
aboard the vessel presents ?m- 
blems , W i t h  woodm vessels, 
provision must be made for the 
circulat ion of air between the 
insulation and the  h - d l  stmc- 
ture and surface to ?revent d r y  
rot. In general, waterproof 
insulating materials such as 
foamed pdystyrene , glass, and 
rubber are satisfactory; and in 
many ins tallat i ons ,  the  foam- 
in-place insulations may be used 
t3 advantage, bcth f o r  insulation 
efficiency and for protect; on 
of t he  structure in wooden huLls. 

CURRENT USE OF REFRIGERATED SEA 
WATER 

On the Pacific Coast , RSW 
systems aboard vessel and ashore 
me used commonly for salmon, 
halibut,  and to a lesser extent, 
trawl fish, Roach, Harrison, 
and T a m  (1961, p.  24) reported 
that salmon tackers or tenders 
with RSW could pick up f i s h  in 
areas far frcm the cannery, 
chi  Ll them rapidly , ncd hold 
them fo r  as l o q  as a week. 
Chilling and holding lame quan- 
t i t ies  of salmon for such pur- 
pose 5y means cf ice is imprac- 
t ical .  Hith halibut, 5 t is 
reported (Roac3, -- e t  al, 1963, 
p .  24) t h a t  use of RSiJ aboard 
fishing &ssels ~ r o d u c e d  fish 
of super ior  qua]-ity in cmpa- 
rison witk i c e d  f i s h  and in- 
zreased the efficiency of the 
crew by eliminating the lab- 
rious wdfk bf Pcfng'; SCRe'mest 
sueuasdfU: as4 "of: BgUyfo6 hblC- 
bng.tbdmom f i s h  aboard trawlers 



has been in Wgon and Northern 
California where the fishing 
gmmds are close to port (6 to 
12 hours) and t h e  RSW system is 
needed to provide f l ex ib i l i ty  
and efficiency for a small c r e w  
t h a t  must rapidly c h i l l  large 
quantities of fish. Less success 
has been achieved to date in 
several tr ia ls  with trawlers 
operating to more d i s t a n t  grounds 
out of Puget Sound. 

W i t h  the  d e c l i n e  in the  
California sardine landings-- 
Ecorn 325,000 metric tons Ir. 
1950 to 25,500 metric tons i n  
1960--many of the cranneries have 
closed, and little use is made 
n o w  of RSW in this area ,  

Henbaden ves~a l s  a m  the 
prinary users of RSW on the Gulf 
Coast. In addition, some shrimp 
vessels are r e p o r t e d  to have in- 
s ta l l ed  B W  systems as have some 
vessels fishing for the pet-food 
industry. 

3n t h e  East Coast, menhaden 
vessels m the prime users of 
RSW. Shore instal lat ions  have 
been tried in Newfoundland fcr 
holding cod, but since ice was 
the o c l y  cooling medim, t e m -  
peratures w e r e  considerably high- 
er than O°C, (32O7.1, and the 
results were not satisfactory. 
One successful shore-side i n s t a l -  
l a t i o n  is being used for short- 
term holding of fish t h a t  are 
to be chned f o r  pet food. 

XSW is not presently being 
used w i t h  Maine sardines , al- 
though many of the processors do 
hold the fish i n  a refrigerated 
20°-salinumeter (30 percent sat- 
urated ) brine prior to canning. 

RESEARCH OrJ REFRIGERATED SEA 
MTER 

Current research on the 
application of RSk' is emphasi- 
zing the determination of 
storage l i f e  of various spe- 
cies of f i s h  and shellfish and 
the effect an the acceptability 
of the end product. 1 nasmuch 
as the comtcercial handling and 
individual characteristics of 
each species affect its keeping 
quality in RSW as w e l l  as in 
ice, systematic tast ing is es- 
sential  before any application 
may be forcast. These tes ts  
should include a consideration 
of t h e  effect of the sea-water 
storage on tho chemistry of the 
f lesh  as well as on the progmss 
of micmbiolagical spoilage. A 
small portable tank used in cot- 

junctian w i t 3  e i t h e r  refrigerated 
immersion mile or an external 
heat exchanger to provide ch i l l ed  
water I s  convenient for such 
tests. 

Northwee t ern Atlantic Species 

Since l i t t l e  WOTK had been 
done on the  storage of Nor;th- 
western Atlantic species of fish 
in RSH, research w a s  llndertaken 
at the Bureau of Comsewial 
Fisheries Gloucester Technolo- 
gical hboratory to determine 
whether this technique could be 
applied to the fisheries in 
t h i s  regign. The preliminary 
results of s t m a g e  tes ts  both 
aboard t h e  vessel and ashore 
are given in t he  following sec- 
t i cns  . 

Preliminary studies,--A 
small tank, capable of holdinp: 
183 kg. 1400 Ibs , )  of fish at- 



a packing dens i ty  of about 720 
kg./cu.m. (45 l b  cu . f t . 1  and a t  
a temperature o f . - l o  * 0.3OC. 
(30° * 0,5OF.), was'used i n  
tests on ocean perch and whiting. 

With ocean perch, t h e  r e -  
searchers  found t h a t  t h e  f i s h  
s t o r e d  i n  RSW were o f  edib le  qua- 
l i t y  f o r  about 7 days longer than 
were those  s to red  i n  i c e  (Cohen 
and P e t e r s ,  1962, p. 46). They 
found t h a t  whiting kept 2 t o  3 
days longer i n  RSW than i n  i c e  
(Cohen and P e t e r s ,  1963, p.  27). 

They a l s o  found t h a t  t h e r e  
was no l o s s  o f  amino ac ids  o r  
p ro te in  from whiting held i n  RSW 
(Cohen and Pe te r s ,  1963, p. 10)  
and t h a t  during subsequent frozen 
s to rage ,  f i s h  t h a t  had been held 
i n  RSW l o s t  q u a l i t y  a t  a slower 
r a t e  than did f i s h  t h a t  had been 
held i n  i c e  (Cohen, P e t e r s ,  and 
King, 1963, p. 109). 

With the  cooperation of  the  
capta in  o f  an ocean perch vesse l ,  
RSW equipment was i n s t a l l e d ,  and 
s e v e r a l  shipboard t e s t s  were con- 
ducted. These t e s t s  were moderate 
l y  successful  but  not  a s  auccess- 
ful a s  the  labora tory  t e s t s .  A 
s p e c i f i c  problem t h a t  a rose  was 
t h e  development, i n  t h e  r ec i rcu -  
l a t i n g  sea  water,  of  o f f  odors 
t h a t  penetrated i n t o  t h e  f i s h  
f l e s h .  Since t h e  odors were bac- 
t e r i a l  i n  o r i g i n ,  e f f o r t s  were 
d i rec ted  toward f inding methods 
of  i n h i b i t i n g  b a c t e r i a l  growth 
i n  t h e  sea  water by use o f  ul-  
t r a v i o l e t  r ad ia t ion .  

Ul t r av io le t  r a d i a t i o n  of 
r e f r i g e r a t e d  sea water.--Ultra- 
viole; r a d i a t i o n  has been used 
f o r  many years  i n  various b x -  

t e r i c i d a l  app l i ca t ions .  Boyd 
and Southcott (1964, p.  43) 
concluded t h a t  u l t r a v i o l e t  r a -  
d i a t i o n  o f  r e f r i g e r a t e d  b r ines  
was very e f f e c t i v e  i n  preven- 
t i n g  b a c t e r i a l  development i n  
t h e  b r ine  but  d id  no t  improve 
t h e  b a c t e r i a l  q u a l i t y  of  t h e  
f i s h  s tored  i n  t h e  br ine .  

Penet ra t ion  o f  u l t r a v i o l e t  
r ays  i n t o  so lu t ions  i s  g r e a t l y  
a f fec ted  by t u r b i d i t y ,  and a f t e r  
only a few hours of c i r c u l a t i o n  
during t h e  cooling of  f i s h ,  t h e  
RSW i s  highly t u r b i d .  Available 
commercial u l t r a v i o l e t  u n i t s  
designed f o r  s t e r i l i z i n g  r e l a -  
t i v e l y  c l e a r  water ,  such a s  
municipal water suppl ies  o r  
swimming pools ,  d i d  not  appear 
s u i t a b l e  f o r  our  use. 

An u l t r a v i o l e t  u n i t  de- 
signed and b u i l t  a t  t h e  U.S. 
Public  Health Service Labora- 
to ry  i n  Purdy, Washington, ap- 
peared t o  be s u i t a b l e  (Kelly,  
1961). A modificat ion o f  t h i s  
u n i t ,  b u i l t  by t h e  Maine Depart- 
ment o f  Sea and Shore F i she r i e s ,  

- was made a v a i l a b l e  t o  us f o r  
t e s t s .  During a 2-hours period 
of r e c i r c u l a t i n g  a simulated 
RSW so lu t ion ,  b a c t e r i a  counts 
were reduced from 1 2  mi l l ion  t o  
3 thousand per  m l .  

A s i m i l a r  u n i t  was b u i l t  
a t  t h e  Gloucester Technological 
Laboratory and connected i n t o  
t h e  experimental RSW system. 
Tests showed t h a t  with t h e  u l -  
t r a v i o l e t  u n i t  opera t ing ,  bac- 
t e r i a  counts seldom exceeded 
100,000 per  m l . ,  bu t  when t h e  
u n i t  was cu t  out  o f  t h e  system, 
counts approached 8 mi l l ion  p e r  
m l .  Odor i n  t h e  sea  water was 



reduced somewhat, and f i sh  qua1j.- 
ty was s l i gh t ly  improved when 
this 1u5t  was in operation, 

Changes in the fat . --Fwther 
t e s t s  with whiting and pollcck, 
however, have indicated undesira- 
ble  changes in the  fat during 
RSW storage. In cument studies,  
seasonal changes in fat composi- 
t i on  as they relate to  the storage 
of these species in RSH and in 
ice are being investigated. 

Nortk.easterc Pacific Species 

The comprehensive studies 
and commercial-scale t r i a l s  sum- 
marized by Roach, Earrison and 
Tam (1961, pp. 23-28)  clearly 
ind j cated the  advantages of t h e  
SSW system for a wide p u p  of 
species of Pacific f i s h  and 
s h e l l f i s h .  Both t h e s e  s tud ies  
and the ear ly  c m e r c i a l  appli- 
cations i n  the  salmon, halibut, 
trawl-fish, and shrimp indus- 
tries indicated t h e  need for 
c o n t i m i n g  research into prob- 
l e m s  r t s u l t i ~ l ~  fmm t h e  i n t e r -  
change of components in the 
fish-XSW system. 

The storage of eviserated 
pink salmon (Onco&ymhw gor- 
buscha) for 6 days in a 3-percent 
solution of sodium chloride at 
l0C. (32OF.I was shown by Thurston 
agd ~roninper  (1959, p ,  284)  to 
result in a ninefold increase i3 
the sodium content and a decrease, 
by nore than hal f ,  in t he  potas- 
sium content of the f l e s h .  They 
ccncluded that the  eifferences 
in q u a l i t y  betwee%, iced an6 
brine-chilled s a L m  were small 
b ~ t  that t h e  hfgh l e v e l  nf sodium 
absorption might effect t h e  use 

of such salmon in "l ietet lc" 
I low-sodim 1 prcducts . In 
a recent study of changes in 
stealhead trout ISaZmo g a i p d d . i . }  
passing *hrough r i g m  mortis 
w h i l e  in RSW, Tomlinson (1964, 
p .  3 )  observed that an increase 
in the sodium content of the 
ordinary muscle became evident 
earlier in the exhausted than 
in the onexercised f i s h .  He 
also concluded (Ibid . , p.  4)  
that metabolic pmce sses cause 
some of the  weight changes 
observed in trout and sockeye 
salmon !Onmrhynchm nerka j 
s t m e d  in R W .  

With mall fish and crcs- 
tacea, one might expect t h a t  
storage in RSW would result in 
a significant loss  of ~oluble 
compone~ts. L i m i t e d  t e s t s  at 
the  Bureau of Comrcial Fish- 
eries Technological Labcratory 
in Sea t t l e  curing 1958 showed 
t h a t  t h e  total solids content 
cf raw sh~imp meat declined fmn 
18.2 percent to 1tl.8 percent 
during etorage for 7 days in 
a 5-perce~t sodium chloride 
solution at - l ° C .  ( 30°F. 1 .  
In l a t e r  studies at t h e  Ketchi- 
kan Technological Labcra~ory ,  
Collins (1963, p .  1.41 showed 
that the loss in solids content 
of pink shrimp s tored  in RSW 
was ref lected in the lesser 
yie ld  of precuuked meats. He 
estimated t h a t  if shrimp were 
held Longer than 2 days prior 
to machine peeling, t h e r e  would 
be a loss in yield of two cases 
par 100 cases (one case is 24 
cans of 128 p a n s  or 4.5 ounces 
drained weight) of canned shrimp 
produced. 



It is evident f m m  both the 
U.S. coranercial developments and 
continuing research in the appli- 
cation of RSW to thd fisheries 
t h a t  careful investigations of 
t h e  species and of other indus- 
try factors should be cocducted 
before t b  RSW system is used 
to replace other preservation 
techniques . The f ina l  j udge- 
memt must reflect the factors 
of keeping qual i ty ,  production 
efficiency, and chanps in t h e  
ccmposition of t h e  product. 

Refrigerated sea water as a 
storage medium for fish has been 
applied successfully in several 

U.S. fisneries, and because of 
the advantages of (1) ra?id 
ccoling, ( 2 )  low storage tern- 
perature, (3) greatly simpli- 
f i e d  stow-age, ( h )  r,o bruising 
or pitting of t h e  f i s h ,  and 
(5) slower spoilage rate, its 
use will u~doubtedly be extended 
to cther fisheries. 

Before such applications 
are attempted , however, thwough 
investigations must be made of 
each species thmughocr the 
catching season to determine 
its keaping quality in RSH under 
c m e r c i a l  conditions and t h e  
changes in the  composition of t he  
RW-stored fish as they accep- 
tab i l i t y .  
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