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QUALITY CHANGES IN WHITING STORED IN ICE 
AS INDICATED BY ORGANOLEPTIC 

AND OBJECTIVE TESTS 
by 

Joseph M . Mend elsohn and John A. Peters 

ABSTRACT 

Organoleptic tests were conducted on raw and cooked whiting to determine the keeping time of these fish 
stored in ice. Concurrently, objective tests we r e run on the raw fish to assess the value of the refractive 
index of the eye fluid test and the value of the thiobarbituric acid test, the volatile base content, and the 
trimethylamine nitrogen content on these ground fish as possible objective determinations of quality . 

Whiting were found to have an iced storage life of 7 days. The r efractive index of the eye fluid appeared 
to be the most promising of the objective tests studied. 

INTRODUCTION 

Need for the Research 

Landings of whiting (M erlucciu.s bilinearis ) in 
New England have grown tremendously. The 
catch inc reased from 41 million pounds in 
1940 (Fiedler, 1943) to 107 million p ounds 
in 195 8 (Power, 1959), when this species 
ranked third in landings of edible fish in 
New E ngland and was exceeded only b y 
ocean perch and haddock. 

Whiting are caught principally by otter 
trawl. Aboard the vessel, they customarily 
are stored whole in ice; however, on many 
small boats which make 1- to 2-daytrips, 
little o r no ice is used. At the shore plant, 
they are headed and eviscerated, packaged, 
and frozen. 

Whiting are tasty and inexpensive, so the 
potential market is great. If, however, this 
market i s to be realized fully, the fish 
must be of high quality when they reach the 
consumer. 

Unfortunately, even when whit ing a r e 
stored in i c e , the y tend to lo s e quality 
rapidly. E xac tly how rapid i s n o t known, 
yet this information on storage life is sorely 
needed to enable vessel owners and op.era
tors to schedule their trips so that the 
landings of whiting of uniformly h i gh quality 
can be made. 

Selecting suitable methods for measuri n g 
the changes in quality in whiting store d in 
i ce presents a major problem. The change 
can be measured organoleptically - -that is, 
by smelling and visually examining the raw 
fish and by tasting the cooked fish- -but the 
organoleptic method is slow and expensive. 
For routine d eterminations, which are 
needed to enable marketing of only the b est 
quality whiting, a rapid , inex pensive objec
tive test would be des irable. P revious 
studies indicate that t ests involving the re
fra ctive index of eye fluid, t he thiobarbituric 
acid value, the volatile base content, and 
the tr imethylamine nitrogen content of the 
raw fish may se rve this purpos e. The se 

Authors Note.--Joseph M. Mendelsohn and John A. Peters , Chemis ts , Bureau of Commercial Fisheries Technological Laboratory, 
U. S. Fish and Wildlife Service, Emerson Avenue, Gloucester, Mass. 
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t e sts r e qui r e fur ther evaluat ion, however , 
in compa r ison wit h the organoleptic t es t s . 

Objectives of the Rese a rch 

The objectives of the present study there
f o re were : 

1. To determine the keeping quality of 
iced whiting by organoleptic tests on the 
raw and the cooked fish. 

2 . To evaluate, in the light of the find
mg s of the organoleptic study, the suit
ab ility of the refractive inde x of eye fluid, 
the thiobarb ituric acid value, the volatile 
base content, and the trimethylamIne nItro
gen content of the raw fish as possIble 
objective tests of quality. 

KEEPI NG QUALITY OF ICED WH ITING 

Procedure 

About 250 pounds of round whiting were 
obtained for use in the experiments. These 
fish had been iced immediately after cap
ture and were 1 day out of the water when 
unloaded from the vessel. Immediately 
afte r be ing unloaded, the fish were care
fully iced in a large wooden box and tran s 
ported to this laboratory for study. They 
were kept well iced during the entire test. 

Twelve iced whiting, selected at random 
from different sections of the wooden box, 
were used for each examination, six for 
the organoleptic tests and six for the ob 
jective tests to be described later. Change s 
in quality were determined for the fi s h in 
both the raw and the cooked states . The 
first examination was made the day after 
the fish arrived at the laboratory, when 
they were 2 days out o f water . S ub s e quent 
s amp l es were taken at 2 - or 3 - d a y inte r v a l s 
during iced storage . 

At e ach o r g a n ole pt i c examination, t he six 
r a w whole f i s h w ere w a shed with w ater , 
dr e s s e d, a n d examined b y two members of 
the l aborator y staff for the fo llowing fac
t ors : 

1. Appe arance of eye s, gills , ski n , and 
fl e sh. 
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2 . Odor of gills , gut c a v i ty, and flesh . 

3. Texture of flesh . 

After the raw fish had been exam ined . 
they were cut into por t ions and steam e d 
for 15 minutes . The port ions w re then 
served to a taste panel of eight labora
tory staff members accus t omed to grading 
cooked flsh . This panel rated the sam ple 
for appearance, odor, flavor, and t ex 
ture . 

Re sults 

The re s ults of the 0 r ganoleptic exami 
na t ions of the raw and the cooked whItIng 
(table 1) we re as fo llows: 

The raw whiting were judged to be of 
acceptable qualIty dunng the fIrst 7 days 
after they were captured . By the 9th day, 
however, the whItIng were rated as poor 
quallty . Off -odors had developed In the gut 
cavity and in t he flesh, and the texture of 
the flesh was qu i te soft, lacking the resili 
ency of the flesh of fresh fish . After 12 
days on ice, the whIting were of very poor 
quality, the off-odors were quite pronounced , 
and the flesh was very soft . 

The taste panel scores on the cooked 
whiting agreed closely with t he r at i ngs for 
the raw whiting . The panel judged t h e c oo ked 
fish to be of fair qualIty a fter 7 days of i ced 
storage, of poor quality a ft e r 9 day s , and of 
very poo r quality after 12 d a y s. 

The re s ults of the organo l epti c e x am i na 
tions of both the round and th e cooked 
whiting s how that whiting i s a de licate fish 
wit h a relatively short iced storage life of 
7 to 9 day s. In the ind u stry, h owever, owing 
t o the pos sibility of qu ality los s during 
unavoidab le delays in u nload i ng and proc 
e ss i ng' th e iced storage per i od for th i s fi s h 
s h oul d not exceed 5 day s . 

OBJECTIVE TESTS 

Studies we re made on the r efract ive index 
of e y e flu id, the t h iobarbitur i c ac i d v alu e , 
the v o latile base content, and tr imethylami ne 
nitrog en content o f the r aw, ground fle s h of 
whitin g. The s e te st s were evaluated in the 



TABLE l .--Results of or ganolepti c tests on whiting stored in ice l 

Quality factors - raw fish 
Taste panel 

Storage time Aupearance Odor Texture scores2 
on ice on cooked 

Eyes Gills Skin Flesh Gills Gut Cavity Flesh Flesh fish 

Days out of 
=ter 

2 Excellent Good Excellent Excellent Excellent Excellent Excellent Excel l ent Good 

5 Good Good Good Excellent Good Good Excellent Good Good 

7 Good Good Good Good Fair Good Good Fair Fair 

9 Fair Fair Good Good Fair Poor Poor Poor Poor 

12 Fair Poor Fair Fair Very Poor Poor Poor Very Poor Very Poor 

14 Poor Very Poor Poor Poor Very Poor Poor Ver y Poor Very Poor e) 
16 Very Poor Very Poor Very Poor Ver y Poor Ver y Poor Very Poor Very Poor Very Poor -

1 These results represent an aver age of ratings based on a grading scale of excellent , good , fair, poor , and very 
poor . 

2 These results represent an average of ratings based on the appearance , odor , flav or , and texture of the steamed 
samples . 

J The scoring was concluded here because of the agreement of the panel that the fis h were unfi t for human con
sumption beyond the 11th storage day . The raw f ish examination was continued for four days until all quality factors 
were scored as very poor . This was done to complete the comparison of results from the two methods of organoleptic 
grading . 

light of the findings of the organoleptic 
test. The details of these studies were as 
follows : 

Refractive Index of Eye Fluid 

PROCEDURE. --Just prior to the prep
aration of the fish for the chemical tests, 
the eye fluid was removed from the vitreal 
cavity of one eye of each fish with a 
hypodermic syringe and was centrifuged 
until the fluid appeared clear. The refrac
tive index (Proctor, Nickerson, Faz zina, 
Rons ivalli, Smith, and Stern, 1959) was 
determined with an Abbe -type refractOIn
eter kept at a constant temperature of 
230 C. 

RESULTS. --The increase in refractive 
index of the eye fluid with storage time of 
the whiting in ice approximates a straight 
line (fig. 2). Tl,.is uniform increase in 
refractive index shows that the method has 
promise in determining the previous storage 
time of whiting in ice and therefore in pro
viding an indication of its quality. 

Thiobarbituric Acid Value 

PROCE DURE. --For the thiobarbituric 
acid test and for each of the othe r chemical 
tests, six whole fish were placed in a 
food chopper and were ground until the 
mass was apparently uniform. The ground 
fish was then further homogenized in a 
food blender. This sample was frozen im
mediately and then was kept at -20 0 F. 
until used. All tests were run in duplicate. 
The development of rancidity w as meas
u red using the thiobarb ituric acid method 
of Turner, Paynter , Montie , B essert, 
Stru ck, and Olson (195 4), except that I-g. 
samples were used, and the color was 
read as optical densityusing a 19 x 105 mm. 
round cuvette in a spect rophotometer. 

RESULTS. --Thiobarbituric acid values 
increased rapidly from the 4th until the 9th 
day of iced storage and then decreased 
through the 12th day after which time they 
appeared to level off (fig. 3) . More data are 
ne eded to confirm the actual trend in the 
thiobarbituric ac id value and to determine 
whether or not this method can be used in 
evaluating the freshness of whiting stored 
in i ce. 
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Figure 1.--DetermlOing the refractive index of the eye fluid of whiting. 
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Figure 2.--Refractive indices of eye fluid of whiting stored in ice. 

Volatile Bases 

PROCEDURE. --The method of Stansby, 
Harrison, Dp.ssow, and Sater (1944) was 
employed in determining volatile bases. A 
silicone -type antifoam agent was used dur
ing the distillation, and a methyl red-methyl 
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Figure 3.--Thiobarbituric acid value of whiting stored ioice. 

blue indicator was substituted for the methyl 
red used in the original procedure. 

RESULTS. --The amount of volatile bases 
in the fish increased slightly during the 
first 9 days of iced storage followed by a 
sharp increase during the next 5 days 



(fig. 4). After the 14th day of iced storage, 
however, the development of volatile bases 
appeared to level off. The beginning of the 
sharp increase in the amount of volatile 
bases occurred at about the same point 
dur ing iced storage that the whiting became 
inedible as determined organolept ically. 
T his test might be useful in e stablishing 
the point at which the fish become inedible 
but apparently not in determining quality 
losses prior to that time. 

Trimethylamine Nitrogen 

PROCEDURE. --The method of Dyer 
(1945) was used in the trimethylamine ni
trogen determination. 

RESULTS. -- The amount of trimethyla
mine nitrogen increased only slightly during 
the first 7 day s of iced storage followed b y 
a very large increas e between the 7th and 
14th day s, dur ing which time the quality of 
the fish w as changing from fa i r to inedible 
as determined organoleptically (fi g. 5). 
Further work is needed to find whether 
this test will be useful in d e t ermining the 
quality of i ced whiting. 
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Figure 4.--Total volatile base in whiting stored in ice. 
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Figure 5.--Trirnethylamine nitrogen in whiting stored in ice. 

SUMMARY 

Organolepti c and objective tests were 
made to determine the keeping quality of 
iced whiting and to evaluate the suitability 
of several objective tests - -refractive index 
of eye fluid, thiobarbituri c acid value, 
volatile base content, and trimethylamine 
nitrogen content of the raw, ground fish- - as 
possible tools for determining the quality 
of whiting. Both raw and cooked whiting 
were examined by experienc e d graders , and 
the results of the objective tests were 
compared with the scores obtained i n the 
organoleptic studies. 

E x amination of both the raw and the 
cooked whiting showed them to be of fair 
quality at the 7th day of iced s torage, of 
poor quality at the 9th day, and of very 
poor quality after the 12th day. The taste 
panel scores on the cooked whiting were 
found to agree closely with the ratings for 
the raw fish. These results show that 
whiting should not be kept in ice for longer 
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than 7 d ays and, preferably, should not b e 
kept for longer than 5 days. 

The data obtained with the objective tests 
for quality of iced whiting show that of the 
methods investigated, the refractive index 
of the eye fluid has the best correlation 
with the organoleptic te sts. The thiobar
bituric acid test does not appear, in this 
work, to be a useful index of quality, as 
the data appeared to rise to a maximum 
and then fall rather than to increase stead
ily. More data are needed, however, before 
final conclusions are drawn as to the suit
ability of this test. The largest increases 
in t rimethylamine nitrogen and total volatile 
bas s occurred after the fish had undergone 
considerable loss of quality. Although these 
two tests may not be useful in showing 
initial loss of quality, they may be useful 
in establishing the point at which the whiting 
become inedible. 

LITERATURE CITED 
Dyer,W.J. 

1945. Amines in fish muscle. 1. Col
orimetric determination of trimeth
ylamine as the picrate salt. Journal 
of the Fisheries Research Board of 
Canada, vol. 6, no. 5, October, p. 
351-358. 

Fiedler, R. H. 

6 

1943. Fishery statistics of the United 
States, 1940. U. S. Fish and Wildlife 
Service, Statistical Digest No.4, p. 8 . 

(Available from the Government 
Printing Office, Washington, D . C . 
Price $0.35 .) 

Power, E. A . 
1959 . Fisheries of the United States and 

Alaska, 1958. U. S . Fish and Wild
life Service, Bureau of Commercial 
Fisheries, F ishery Leaflet 393, re 
vised March 1959, p . 15. 

Proctor, B . E., J. T. R. Nickerson, T. L . 
Fazzina, L. Ronsivalli, R. K. Smith, and 
J. Stern. 

1959. Rapid determination of the quality 
of whole eviscerated haddock . Food 
Technology, vol. 13, no. 4 (April), 
p . 224-228 . 

Stansby, Maurice E . , Roger W . Harrison, 
John Dassow, and Mar ie Sater . 

1944. Determining volatile bases in fish . 
Industrial a nd Engineering Chem 
istry, Analytical Edition, vol. 16, no . 
9, September, p . 593-596 . 

Turner, E . W . , W . D . Paynter, E . J . Mont ie, 
M . W . Bessert, G. M . Struck, and F . C . 
Olson. 

1954. Use of the 2-thiobarbituric acid 
reagent to measure rancidity in fro 
zen pork. Food Techno l o gy, vol. 8, 
no. 7 (July), p . 326-330 . 

MS #1173 



EFFECT OF COOKING METHODS ON THE SODIUM 
CONTENTOF HALIBUT, HADDOCK, 

AND FLOUNDER 
by 

Bernard 1. Sohn and Maynard A. Ste inberg 

ABSTRACT 

Fresh and frozen halibut steaks, fresh flounder fillets, and fr esh haddock fillets were baked, broiled, 
boiled, and steamed to de termine the effect of these cooking methods on the sodium content of the cooked 
fish. Boiling was the most effective me thod used, resulting in a sodium loss of 70 per cent regardless of 
species. Steaming was the next most effective cooking method followed by broiling and baking in that order. 

INTRODUCTION 
The increased emphasis being placed on 

the control of sodium intake in a number 
of vascular diseases (Cooper, Barber, 
Mitchell, and Rynbergen, 19 57; and Ameri
c a n Heart Association, 1958) requires a 
m o re complet e and accurate knowledg e of 
the sod ium content of foods commonly found 
in the dietary . Several sources that list the 
sod ium values for many common foods, in
cluding various species offish, are available 
to the dietitian (Wooster and Blanck, 1949; 
Stewart and Clark, 1947 ; Sherman, 1952 ; 
a nd U . S. D epartment of Agriculture, 1950). 
Value s reported for all fish except the 
canned product are the result of analyses 
determ ined on raw fish flesh. Since most 
fish i s e a ten in t.he cooked state and since 
it can be safely as sumed that the flesh 
under goes a change in the content of water
s oluble and heat- labile components as a 
re s ult o f cooking, a more meaningful value 
i s the sodium content of the cooked fish. 
L ittle info rmation exists on the changes In 
the sod ium content of fish as a result of 
cooking, and this matter requi res study. 

The effect of cooking on the sodium 
content of foods such as vegetables and 
macaroni ha s been reported (U. S. National 
Research C ouncil, 1954). It was concluded 
that, in general, vegetables lose weight or 
shr ink during cooking in unsalted water: 
and a loss of sodium occurs that is roughly 
proportional to the loss in weight. 

McCance and Shipp (1933) investigated 
cooking losses in meats . Their conclusions 
may be summarized broadly: (1) 0 matter 
what method of cooking is employed, meats 
always shr ink and express a portion oftheir 
juices and fats ; as ordinarily prepared, 
meats may lose a third to a fourth of the ir 
raw weight. The readily soluble ions (m
cluding sodium) are lost in an amount 
proport ional to the expressed juice . (2) When 
cooking is by stearn, the los s of weIght or 
shrinkage is very close to the percentage 
loss of water. (3) In boiling water, a leach
ing effect causes an additional loss of solu
ble salts . (4) In roast ing or frying, fat i s 
expressed and water is evaporated rapldly 
but salt losses are low. 

Authors Note. - - Bernard I . Sohn, Physical Science Aid, (presently employed with the lonies. Inc .. Cambridge, Mass.), and Il!laynard 
A. Steinberg, Biochemist, Bureau of Commercial Fisheries Technological Laboratory , U. S. Fish and Wildlife Service. Emerson 
Avenue, Gloucester, Mass . 
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The a un o f h i s s udy w as 0 de erm e 
h e effec of va r ' 0 s coo ' g :me h ods 0 

h e SOd l\lIn con e _ of some c onuno spec ' es 
of {"s h . 

EXPERIMENTAL PROCEDURE 

Se ec ~on of th e s p e c ' es and s p ec 'fi c 
coo !r_g :me h o d s ' .. 'ere made af er di sc s
s or.s w! h di e ' ' a r. s a l oca l ho s p ' a l s to 
de er:m ir.e r. e . r cook ' r.g:me od s and e 
spec!es of : _s :: :mo s co:mmonly serv ed to 
:'!O Sp! a ! z ed c ard ' a c p a ' e r. s . 

Samples 

Sam p e s o f fres h A t an c h a l ' b t (Hippo 
glosstj~ Mppogloss us), frozen P a c"Fc h a L but 
(HipTloglo~3tjs stenol eJFis), fres haddo ck ( l1 elant>
']ra~m'.J~ aeqle inus), and fres h flo n de r (Limanda 
'er"".Jginea) w ere obta 'r.ed fro:m a loca l d ' s-
::-:b ':0::- . Wi h h e e x cep ' 0 o f the froze 

na~:b\.::, wn!cn w as c i n 0 s eak s o r. e 
cea:er's oar.d sa \', a ll he {"sh w e re s eake d 
or f:~:eted at t h e l a bo r a or y . F r ozen h a ' b t 
stea~s were h a 'we d a roo:m e:mpera u re 
before De!r.g cooke d . 

Prev!ous work at thi s l abor a t o r y ha s 
sr.owr. h a a v ar ' a ion exi s t s ' n the s o dium 
COT. en of th e flesh fro:m d ' fferent p ar t s o f 
he s ame fi s h . An effort w as :mad e 0 

:mlT.lml z e th e effect of th i s v ar ' at i o by 
s mg r.a.f o f e ach s eak o r fi ll et examined 

as the raw contr ol for t h e 0 h er h a li . E ach 
cook ng m ethod w as tested o n wo samples 
o f eac s peci es of {" s h . 

Cooking Methods 

Sample s o f 
p r epared and 
m e thods: 

serving port ion s ' ze w ere 
c ooked 1 b y the fo llowi ng 

1. Balcinq - The ste aks Or {"ll e t s w ere 
p aced II:. p a n s a r.d baked i n a p re h eated 
oven a 37~0 F . fo r 30 m i ute s. T h e effect 
o f bak ng v' h unsalted b u t t e r w as a l so 
inve s tlgated . When f i s h were s o prepared, 
the p a n s were {"r s t coa ed wi th approxi 
m ately one -qua rter ounce of m elted b u tter . 
The s ample s were coa ed on bot h s ides 
VI h the bu tter already appli ed to th e pan 
and we r e th e n p l aced i n the pan fo r b aking . 

e are me coo' melhods that are used in some 
hoSP1UI 11 IS S ested at fish d be more palatable if 
c ked as recommended y err (1958); namely, ba min-
utes at 3S F . o r or Steaming 10 minutes, 

2 . Broili g - The s eaks or fille s w ere 
p l aced on a wi re rack approxima e y 2 
, c h es be l o \' a gas flame and \' ere bro ' l e d 
o n eac s i de for Sm ' utes . en samples 
w ere b ro ' l ed wi h bu er, he uppe r side s 
w ere coa ed wi h mel ed bu er . Approxi 
ma e ly o n e - e ' gh h 0 ce of bu er was sed 
for each s i de. 

3 . Boiling - Indivi dual s a:m p I e s w ere 
p l aced b o iling w a er (approximately 2 
q ar s ) a nd bo ' l ed for 3 0 minutes, after 
w ' c h hey w ere removed from th e water 
and a llo\ e d 0 drai n on racks t il here 
w as 0 l o n ge r any e v ide n ce of dr ' ppi ng 
l ' qu ' d. 

-1. teaming - T h e sampl es w ere placed on 
wi re rac k s n cov ered containers and 
steamed ov er bo ' l ' ng \! ater for 30 minutes . 
The h e y w ere remov ed a n d allowed 0 

dra in u il th ere was n o l onger any evi 
de nc e o f dr ' ppi g l ' quid. 

Sodium Determinations 

Sampl es w e re omogeni zed in a Lourde s 
:1 t irn 'xe r . Du p licate 2 - g . samples of the 

h omo ge ' zed {"s h \ ere p l aced in ared 
porce a f i lter cruc ib l es and were h eated 
' n a m u f e furnace at 5500 F . until a white 
as h w as obtained (Assoc i at i on of Official 
Agri c u tu ra l C emi s s, 19 5 0 ) . The ashed 
samples w ere d iges ed wi h 10 ml. of a 9:1 
ni tr ic a ci d - w a er solu i on and were h e n 
r lte re d into a 100 -ml. volumetr i c fla s k 
and d i u ed to v ol ume w ' th doubl e - di st illed 
w a t e r . 

All sodium analyses w ere made at a 
\ a v e le n gth of 5 9 .5 m illim i crons using a 
flame attachment to th e Beckman DK spec
troph otometer . 

RESULTS AND DISCUSSIONS 
Th e var i o u s sou rces of informati on re 

la ' n g to t h e m ineral composi i on of foods 
commonly r eport these data on the foods 
as pur c h ased b y th e consumer . T hi s method 
of reporting i s sati sfactory when i t i s ap
p li ed to those foods (bread, fruits, milk, 
etc. ) h a t are custo:marily eaten i n the " as 
pu rch ased " stat e . It:ma y have s h ortcomings, 
h o w ever, wh e n applied to foods that are 
c ooked b efore be ing eaten. It can be argued 
th at repor t ing t h e m i neral values of cooked 
mater i a l i s sub j ect to the weakness that 
th e process of cooki ng does not lend it seli 



to standardization when practiced by the 
consumer and, consequently, that the sodium 
values determined on foods c ooked in the 
laboratory are not closely related to the 
sodium content of the foods as cooke d by 
the consumer. This is a valid cri tic i sm; 
however, these values for sodium are 
closer to the values of the foods in the 
"as eaten" state than are the values that 
are determined on the same foods when 
in the "as purchased" state. Simila r r e a
soning also probably applie s to other w at e r
soluble components. 

A word of caution is neces sary with 
respect to the interpretation of the sodium 
analyses made on the cooked fish. A com
parison of these results with those made 
on the same fish in the raw state will more 
often than not indicate that the ratio of 
sodium to flesh has increased as a result 
of the cooking proces s . This increase is 
obviously due to a loss of moisture during 
the cooking process and emphasizes the 
need for reporting sodium values on a 
moisture -free basis to permit an evaluat i o n 
of the effect of cooking on the sodium 
content. For the dietitian, this increas e 
has an additional significance in that it 

e mphasize s the need to determine the size 
of the serving portion on the raw food 
rathe r tha n on the cooked food. 

In tab le s 1 through 4, each sodium value 
r e p re se nts the meanoffour determinations . 
Values for the r a w controls are reported 
imme d i ate ly belo w the values for the cooked 
samples t o which they correspond. Sodium 
i s r e por te d in terms of mg. per 100 g. of 
wet t i ssu e a nd mg. per g. of dry tissue, 
thus ma k ing pos s ib~ direct comparisons 
betwe e n raw s a mples treated by different 
cookin g m e t hods . Because of the variation 
that exi sts in the s odium content of fish 
flesh and the lim ite d number of samples 
used, the data are taken as indicating only 
the orde r o f magnitude of change occurring 
in a give n s pecies of fish cooked by a 
given m e thod . T he data show that boiling 
cons i ste ntly resulte d in a sodium loss of 
approximate ly 70 percent and that from the 
standpoi nt of lowering sodium content, it 
was the most e ffective cooking method used. 
Ste aming was f ound to be the next most 
effective cooking method, for i t reduced 
the sodium 30 t o 59 percent. The differ
e n c es in e ffec tivene ss of broiling and baking 
e i ther w i t h or wit hout butter are generally 

TABLE l.--Effect of various cooking me t hods on t he sodium content of fresh halibut steaks 

Amount of sodium los t 
Method of Sodium cont ent Moisture as a result of cooki 

preparation content (calculated on a 
ng 

moisture-free basis) 

He. pe r e. of He. per 100 e. 
dry t issue of wet tissue Pe rcent Pe rcent 

Baked wi t h but t erl 1. 6 53 . 0 67 . 0 6 
Raw cont rol 1. 7 44 . 0 76 . 4 

Baked wi t hout butt er 1. 9 55 . 0 71.2 
5 Raw cont rol 2 . 0 46 . 0 76 . 8 

Broiled wi t h but t erl 1. 6 53 . 0 66 . 0 16 Raw control 1. 9 42 . 5 77 . 9 

Broiled wi t hout butter 1. 5 46 . 0 70 . 1 17 Raw control 1.8 39 . 0 78 . 8 

Boiled 0 . 7 19 . 0 71.3 70 Raw cont rol 2 . 3 53 . 0 76 . 5 

Steamed 1. 5 45 . 0 70 . 5 40 Raw cont rol 2 . 5 56 . 5 77 . 0 

1 Unsalted butter 
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TABLE 2.--Effect of various cooking methods on t he sodium content of frozen halibut s t eaks 

Amount of sodium l os t 
Method of Sodium content Mois ture as a result of cooking 

preparation content (calculated on a 
moisture - free basis ) 

Mg. peT' g. of Mg. PeT' 100 g. 
dry tl ssue of k-et tl ssue Pe T'cent Pe T'cen t 

Baked wi th butter 1 2 . 6 80 . 0 68 . 9 
7 Raw control 2 . 8 57 . 5 79 .4 

Baked without butter 2 . 7 76 . 5 71 . 8 4 
Raw control 2 . 8 57 . 5 78 . 6 

Br oiled with butterl 2 .7 94 . 0 65 . 2 4 Raw control 2 . 8 56 . 5 78 . 7 

Broiled without butter 2 . 6 95 . 5 63 . 4 4 Haw control 2 .7 58 . 5 78 . 3 

Boiled 1.1 24 .0 78 . 1 
70 Raw control 3 . 7 79 . 0 78 . 7 

Steamed 2 . 5 64 . 0 74 . 6 
31 Raw control 3 . 6 77 . 5 78 . 6 

1 Unsalted butter 

TABLE 3 .--Effect of various cooking methods on the sodium content of fresh flounder 
fillets 

Percent sodium lost 
Method of Sodium content oi sture as a r esult of cooking 

preparation content (calculated on a 
moisture - free basis) 

Mg. peT' g. of Mg. peT' 100 g. 
dry tl ssue of wet tlssue Pe T'cen t Pe T'cent 

Baked wi th butter1 1.3 37 . 5 71.6 32 Raw contr ol 1.9 38 . 0 79 . 6 

Baked without butter 1.4 36 . 0 73 . 6 36 Raw control 2 . 2 40 . 0 81.4 

Broiled with butterl 1.5 58 . 0 61.4 12 Raw control 1.7 32 . 5 80 . 4 

Broiled wi t hout butter 1.3 44 . 0 67 .2 35 Raw control 2 . 0 35 . 0 82 .4 

Boiled 0 . 5, 12 . 5 76.5 67 Raw control 1. 5 39 . 0 80 . 5 

Steamed 1.2 31.0 73 . 9 37 
Raw control 1. 9 38 . 0 80 . 0 

1 Unsalted butter 
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TABLE 4 .--Ef fect of various c ooking met hods on t he sodium content of fresh haddock 
f i llets 

Amount of sodium lost 
Method of 

Sodi um content 
Moi s t ure as a r esult of cooking 

preparat ion c ontent (calculated on a 
moi sture - free basis) 

Mf· per f . of Mf. per 100 f . 
dry t issue of wet t issue Percent Pe rcent 

Baked wi t h but terl 2 .8 
Raw c ont rol 3 .1 

Baked without butter 1. 7 
Raw c ont rol 2 . 7 

Broiled wi t h but terl 2 . 5 
Raw con t rol 2 . 8 

Broiled wit hout butter 2 . 2 
Raw cont rol 3 . 5 

Boiled 0 . 7 
Raw cont rol 2 . 7 

Steamed 1.1 
Raw c ont rol 2 . 7 

l Unsalted butt er 

not great when the cooking methods the m
selves are considered. Figure 1, which 
permits a conve nient comparison of the 
response of each species studie d to the 
cooking m ethod employed, indicate s, how
ever, that flounder and haddock fillets lose 

80 . 0 71.3 10 
57 . 5 81.5 

55. 0 68.0 37 
49 . 0 81.6 

85 . 0 67 . 2 11 
53 . 0 81.5 

110 . 0 49 . 4 
37 

66. 5 80 .9 

16 . 0 76 . 5 74 
51. 5 81.5 

31. 0 72 . 0 59 
50 . 0 81. 0 

mor e sod ium t han d o halibut steaks, re
gardle ss of t he c o oking m e thod. Although 
this may be due to a s pec ies differ ence, it 
i s a lso quit e p oss ible that it is related to 
t he r e lative liquid and salt retention char
acte r i stic s of f i llets and steaks. 
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Figure 1.--Effec( of cooking methods on sodium content. 

CONCLUSIONS 
1. Cooked fish have a lower sodiU1n con

tent, calculated on a dry -weight basis, than 
do the co rresponding species of raw fish. 

2 . Boiling and steaming are more effec 
tive methods of lowering the sodium content 
of f ish fillets and steaks than are broiling 
or baking . 
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PROXIMATE COMPOSITION CHANGES IN 
SOCKEYE SALMON {Oncorhynchus nerka} 

DURING SPAWNING MIGRATION 
by 

Claude E. Thurston and H . William Newman 

ABSTRACT 

When sockeye salmon enter the spawning stream, they contain about 10 percent oil and 22 percent protein. 
The highest oil content is found in the belly flaps and in the dark meat (dark lateral muscle ). The fish travel 
for 3 to 4 months over a distance of several hundred miles to r each the spawning grounds. Drastic changes 
take place in the composition of their flesh and organs during the migration: oil reserves are nearly 
depleted, except in the dark meat; protein is markedly decreased; and moisture and sodium are markedly 
incr eased. 

INTRODUCTION 

The sockeye salmon does n ot eat during 
its spawning m igration which cove rs pe r
haps 300 to 800 m ile s and r e qui r es up to 
3 or 4 months to c omple te. The fish exp e nds 
a tremend ous amount of ene rgy in making 
the t rip up s tream (fig. 1) and in d eveloping 
m a ture g onads. It d ie s shortly afte r s pawn
ing . 

C. W. Greene (1913) r eported on t he 
changes that take place in the fa t of king 
salmon dur ing mig r a tion up the Columbia 
R iver. C. H. Gre ene (1919) and C. W . 
Greene (1919) reported that oil and protein 
contents of king salmon decrea s e d markedly 
dur in g spawning migration in the Columbi a. 
Da vids on and Shos tr om (1936) studied phys
ic al and c hemical change s t hat occur in pink 
salmon d u r ing migration and found an in
ver s e re lat ion between the s exual develop 
me'nt and t he amounts of o i l , protein, and 
ash c ontent s . Dunstan (1956) determined 
the var iations in depot fat in the fie s h of 
sockeye salmon caught at several localities 
in t he Columbia River. The broadest, most 

complete study of t he biochemical changes 
dur ing migration of salmon yet attempted 
i s b eing done a t t he Technological Station, 
Fisheries Re searc h Board of Canada, Van
couver, B. C . (1 958- 60). 

The p r esent r e port concerns changes in 
p r oximate c ompos ition and sodium and 
potassium contents of s ockeye salmon dur
ing their Columb ia River migration in 1960. 
The spe c imens studied were from several 
hundred sockeye s almo n collected during 
the migration to provide data for an lnves
tigation on energy expenditure . l 

EXPERIMENTAL 

Collection of Specimens 

Thre e g roups of fish were obtained from 
stations o n the Columbia River (fig. 2): 
Group 1 near the mouth; Group 2 at an 

l G. B. Collins and H. W. Newman. Manuscr iPl in preparation, 
.. Energy Expenditure of Salmon at Dams." Joim Study by Corps 
of Engineers and Bureau of Commercial Fisheries. 

Authors Note. --Claude E. Thurston, formerly Chemist, Bureau of Commer cial Fisheries Technological Laboratory, U. S. Fishand 
Wildlife Service, Seattle, Wash.: and H. William Newman, Fishery Research Biologist, Bureau of Commer cial Fisheries Fish-Passa e 
Research Program, U. S. Fish and Wildlife Service, Seattle, Wash. 
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Figure 2. --Map of Colwnbia River showing collection areas . 
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intermediate point; and Group 3 at the 
spawning grounds. The f i rst group consisted 
of 10 males and 10 females, selected to 
include a wide var iety of s i zes from a large 
group that were purchased from a commer
cial fisherman at A storia, Oregon. They 
h ad been captured during 4- to 6-hour 
fishing periods from the 16th to the i 9th 
of June. The second group consisted of l O 
males caught at the John Day damsite (fig . 
3), 225 miles upr ive r, during overnight 
fishing periods from July 13 to 15. The 
third group consisted of 10 males taken at 
the White River fish racks, 525 miles 
upriver . Artificially spawned fish carcasses 
obtained from hatchery c rew members 
between September 2 and 9 made up thi s 
t hird group. These l atter fish had been 
detained at the rack s ince their arrival 
beginning approx imately August 19 . Only 
males were avai l able at the se c ond and 
third locations. 

The f i sh were proc essed in the fi eld as 
follows: (1) weight was taken to the nearest 
gram , (2) length was measured in milli
meters (is mm.) from hypural p late (bas e 
of tail) to snout by a spiral-drum measuring 
device, (3) sex was determined after making 
an inci sion in t h e belly, (4 ) each f i sh was 
plac ed in a numbered polye thylene bag and 
securely tied, and (5) except dur ing transit, 
the bagged fis h were held in a mechanical 

fre ezer. Transit times ranged from 4 to 6 
hours. 

Preparation of Samples 

The frozen fish were removed from the 
bag and cut by bandsaw into cross sections 
approximately 2 inches thick. All of the 
edible flesh was removed from the nape, 
c enter, and tail sections. The dark lateral 
muscle (dark meat), and belly flaps were 
separated from t he two remaining sections 
(fig. 4). T he resulting five s amples from 
each fish were individually ground and 
vacuum sealed in 1 / 4-pound f i sh cans for 
lat e r analysis. No more than a partial 
t hawing occurred during preparation and 
befor e the sealed samples were r e turned 
to t he freezer. 

Methods of Analysis 

Each sample was analyzed in dupli c ate 
for moisture, protein, oil, ash, sodium, 
and potassium by standard methods pre
viously descr ibed (Thurston , 195 8a). 

DISCUSSION AND RESULTS 
The dis cus sion can be c onveniently 

grouped unde r the following topic s: (1 ) com
parison of physical data for t h e four series 

Figure 3.--Biologist fishing for sockeye salmon at John Day Dam site. 
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Figure 4.--Diagram of salmon showing sections from which 
samples were removed. 

n - Nape 
c - Center 
t - Tail 
1 - Lateral dark meat 

bf - Belly flap 
A - Section from which 

land bf were taken 
B - Same as A 

of s amples of fish - -one offemales and three 
of m ale s, (2) compar i son of composition 
data for male and f em ale specimens, 
( 3) compar is on of composition data for 
male specimens at the three stations-
Astoria, John Day, and White R iver, and 
(4) comparison of results wit h find ing s of 
other investigators. 

Comparison of Physical Data 

The four samples were of qu ite uniform 
size (table 1). Average lengths were in 
close agreement, and variations within the 
samples were not large. The a v erage weights 
of the samples were similar , although the 
ranges covered were slightly different. The 
range from the light es t fish to the heavie st 

was from 1.2 to 2.2 kg. There was also 
little variation in the physical appearance 
of the specimens in a given sample. De
terioration of specimens from the spawning 
grounds was -very marked. 

Comparison of Composition Data for 
Male and Female Specimens 

The close agreement in composition be
tween the sexes taken at Astoria is shown 
i n table 2. Averages for nape, center, and 
tail steak sections were nearly identical 
for all constituents. The variations within 
the series were small except for sodium 
and potassium, but even in these constitu
ents, the deviations from the average sel
dom exceeded 15 percent. The average 
values for nape, center, and tail sections , 
representing the average c omposition of the 
edi ble flesh, were nearly identical for all 
constituents. The definite increase in pro
te in content and large decrease in oil 
content from nape to tail sections is char 
acteristic for other species analyzed in 
thi s laborator y (Thurston, 1958b), as are 
the comparatively lower sodium and higher 
potassium contents of the center section. 
The belly flaps and the dark meat (dark 
lateral muscle) of the two sexes were also 
very nearly the same in composition. The 
belly flaps were higher inprotein, moisture, 
sodium, and potassium than were the dark 
meat parts. 

Comparison of Composition Data for 
Male Specimens at Different Stations 

The same sequence of changes from head 
to tail found in t he Astoria sampl es was 
also found in the John Day and White River 

TABLE l.--Phys i cal data on four series of Columbia River sockeye salmon 

Number of fish Length Weight 
Place of capture Sex in samples Average ± Average ± 

On. Cm. Kf· Kf· 

Astoria 10 Female 49 3 1. 58 .3 

Astoria 10 Male 50 2 1.68 .3 

John Day 10 Male 48 5 1.78 .4 

White River 10 Male 52 6 1.57 . 4 

Average 50 1.65 
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TABLE 2.--Proximate composition of four series of Columbia River sockeye salmon 

Moisture Protein Oil Ash Sodium Potassium 

Location Sex Part Aver- Aver- Aver- Aver- Aver- Aver-+ + + + -.t :t age - age - age - age - age age 

/off /off /off /off 
Percent Percent Percent Percent Percent Pe rcent Percent Percent Percent Percent Percent Percent 

Astoria Female Nape 65 . 6 2 20 . 9 1 13. 2 2 1.13 0.03 42 4 365 20 
Center 67. 5 1 22 .1 1 10.3 2 1.16 0.05 36 5 379 13 
Tail 71. 4 2 22 . 7 0 . 5 5 .7 1 1.19 0.05 41 3 383 20 

Average 68 . 2 21. 9 9 . 7 1.16 40 376 

Belly flaps 58 . 3 3 18 . 5 2 22 . 2 2 0.95 0.1 52 8 292 20 
Dark meat 55 . 0 1 16 . 0 1 27 . 4 2 0.91 0.1 35 8 271 20 

Astoria Male Nape 66 . 0 2 21. 2 1 12.7 3 1.19 0 . 1 44 3 361 
Center 67 . 3 2 22 . 4 1 10. 5 2 1. 24 0.1 36 2 375 
Tail 71. 4 2 23 . 1 1. 5 5. 7 2 1. 28 0.1 40 6 377 

Average 68 . 2 22 . 2 9 . 6 1. 24 40 371 

Belly flaps 58 . 5 2 19.1 1 21. 9 4 0 . 97 0 .1 56 5 292 30 
Dark meat 56 . 8 2 15 . 8 2 26 . 7 4 0 . 84 0 . 2 33 6 262 50 

John Day Male Nape 71.7 4 20 . 7 2 7 . 7 4 1.14 0.1 55 10 354 40 
Center 72 . 4 3 21. 9 1 5. 9 2 1.13 0.1 41 12 370 30 
Tail 74 . 5 2 21. 9 1 3 . 6 1 1.12 0.1 44 12 369 20 

Average 72 . 9 21. 5 5 .7 1.13 · 47 364 

Belly flaps 67 . 7 6 20 . 0 2 12. 3 7 1.04 0 .1 53 10 333 40 
Dark meat 62 . 8 5 16.7 2 19 . 6 5 0 .94 0.1 37 9 290 40 

Whi t e River Male Nape 80.1 2 17 . 9 1 2 . 0 1 1.14 0.1 60 10 378 15 
Center 80 . 3 2 18.0 1 1. 8 1 1.11 0.1 57 7 375 20 
Tail 79 . 8 2 18 . 4 1 1. 6 1 1.10 0.1 58 8 366 15 

Ave rage 80 .1 18.1 1. 8 1. l2 58 373 

Belly flaps 81. 0 2 16 . 9 1 2.1 1 1. 07 0.05 84 20 331 30 
Dark meat 77 . 3 4 15 . 5 1 6 . 8 4 0 . 88 0 .05 65 10 264 20 

-----_ ._ . -
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s a mples (table 2), but the change in each 
c onstituent wa s unif orm l y l a rge in most 
ins t ances from A storia to t he White R iver. 
The la r ge increas e s i~moi sture and sodium 
with cor responding decreas e s in prote inand 
oil ar e s imilar t o the re s u lts found for p i nk 
salmon (Thurston, 1958b). T he high o i l con
tent of the da r k meat in spa wning spe c imens 
has also been noted in pink s almon (T hur s
ton, 1958b). The small variation in p ot a s s ium 
values is rather surprising in view of t he 
large increase found for s odium . Usually, 
ther e i s a fairly uniform inver s e p rop ortion 
between t he sodium and potassium cont ents 
of fis h flesh. T hi s relation was n ot obse r ve d 
in the present spawning migration study. 

Differences found in the oil content indi 
cate that a more complete study of changes 
in lipids would be of int erest. T he lipid 
deposit found in the dark lateral muscle 
wa s not depleted as completely as were 
t h e deposits found in the belly flap and in 
t he fle sh sections. Iodine values were 
determined on the oil extracted from all 
the sample s. Although the method used to 

extract the o i l would be expected t o cause 
a loss of unsaturation, all samples received 
the same treatment, and the results can 
be considere d relative. The iodine value of 
the oil from steak sections from fish taken 
at the first t w o stations did not change and 
averaged 148 . T h e average at t h e spawning 
grounds was 165. The iodine value in the 
dark m e at did not . c hange, and that of the 
belly flap incr eased from 137 to 147. In 
futur e inve stigation s , the quantitative fatty 
a cid c ompos ition of spawning s a lmon might 
we ll b e determin e d and compar e d with that 
o f f i s h fr o m t he be g innin g of t he run. 

A s i s s hown in tab l e 3 , the comparable 
data obt ain ed in t hi s study are in good 
a greeme nt wit h t hos e reporte d b y Canadi an 
s cientists in thei r ext ens ive in v estig ation 
o f c ompos ition chan ges in soc keye salmon 
d u r ing t hei r mig r a t i on up the Fraser R iver 
(Id le r and Bit ne rs , 1958). The changes in 
mois t u r e and oil were greater a n d the 
change in p r otein was smalle r for the 
C olu mbia R iver s pecimens t han they were 
fo r t he Fras er River specim ens, but the 
change s were of t he same orde r . 

TABLE 3 .--Proximate composition of sockeye salmon from t he Columbia and Frase r Rivers 1 

Moisture Protei n Oil 
Location Sex 

Columbia Fraser Columbi a Fraser Columbia Fr a s e r 

Averagre Averagre Averagre Averagre Ave ragre Averagre 
percent percent pe rcent percent pe rcent percent 

Mouth of river Female 68.2 67 . 0 21.9 22 . 0 9 . 7 10. 6 

Mouth of river Male 68 . 2 67.2 22 . 2 21. 9 9 . 6 9 . 3 

Halfway point Male 72.9 70 . 7 21. 5 20 . 5 5 .7 5 .1 

Spawning grounds Male 80 .1 78 . 2 18 .1 16.8 1. 8 3 . 2 

Total change +i1. 9 +11. 0 - 4 .1 - 5 .1 -7. 8 - 6 .1 

1 Fillets only, for three constituents (the only ones reported in the Fraser River 
study) • 

SU MMARY 

1. The specimens in the different s e r ies 
of Columbia River sockeye salmon u sed in 
this investigation had the same r a n ge dis
tribution for size. 

2. Little difference wa s noted in c ompo
sition of male and female s pecime n s taken 

20 

a t the mouth of t h e river. The 22 percent 
prote in and 10 percent oil c ontents , com
bined w ith a low sodium (40 mg. percent) 
c ontent, indicate t hat sockeye salmon is a 
nutritious food. 

3. At the spawning grounds, the pr otein 
content of the fish dropped markedly and 
the oil reserves were practically depleted. 



This occurred even though the oil content 
of the dark meat remained high. The mois
ture and sodium contents greatly increased, 
but the potassium content remained about 
the same. 

4. The iodine value of the oil, except for 
oil in the dark meat, tended to increase by 
the time the fish arrived at the spawning 
grounds. 

5. Where data are available for com
parison, as in amounts of moisture, pro
tein, and oil, the changes in composition 
reported here are practically the same as 
the change s reported for sockeye salmon 
migrating up the Fraser River. 
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MECHANICALLY DEICING AND WEIGHING 
GROUNDFISH AT THE DOCK IN NEW ENGLAND 

by 

John A. Peters, Joseph W. Slavin, 
and Arvey H. Linda 

ABSTRACT 

Better methods of handling groundfish, both on the vessel and at the dock, are needed to increase the effi
ciency of operations and to improve the quality of product. This paper r eports on the design of five mobile 
fish deicing and weighing units to improve the handling of groundfish at the dock as the fish are unloaded from 
the trawler. Information is included on the fabrication of two of these units and the subsequent testing of 
them under conditions of commercial operation. 

INTRODUCTION 

The Bureau of Commercial Fisheries 
Technological Laboratory at Gloucester, 
Massachusetts, has been engaged in a re
search program to develop new techniques 
for handling groundfish both on the vessel 
and ashore. 

The first phase of this program dealt 
with an investigation of techniques that 
c ould be readily applied by the fishing 
industry to improve the handling of fish 
at the dock. The classical unloading meth od 
in New England is an operation that results 
in mishandled fish through pewing proce
dures and also requires much hand labor. 
This paper reports on results obtained in 
designing and testing machines for deicing 
and weighing cod and haddock at the dock 
as the fish are being unloaded from New 
England trawlers . 

The paper is divided into two mainparts. 
The first part describes the present methods 
used. The second part describes the various 
mechanical units designed. 

PRESENT METHODS OF HANDLING 
AND WEIG HING COD AND 
HAD DOCK AT THE DOCK-

A survey of handling methods in use at 
Massac husetts fish ing port s was conducted 
to obtain the information necessary for 
designing and fabricating the mechanical 
equipment. 

The procedure at the Boston Fish Pier is 
to pew fish from the hold of the vessel into 
I 00- to 150-pound-capacity canvas unloading 
baskets. Usually, two holds are emptied 
simultane ously. The full b askets of fish, 
c ontaining some ice, are hoisted out through 
the hatch of each fish hold and swung onto 
the dock. At doc kside, the fish are emptied 
from the baskets into four s eparate weigh 
boxes, each located on a 1, OOO -pound
cap a cit y platform scale . The fis h are 
weighed out in 500-pound lots and then are 
pewed from the weigh boxes into carts or 
boxes for transport to the processing plant. 

Usually, a team of eight men handle and 
weigh fish at the dock as the fis h ar e being 

Authors Note.--John A. Peters, Chemist, and Joseph W. Slavin, Laboratory Director, Bureau ofCornmercialFisheries Technological 
Laboratory. U.S. Fish and Wildlife Service. Gloucester. Mass.; and Arvey H. Linda. former Mechanical Engineer, Bureau of Com
mercial Fisheries Technological Laboratory, East Boston 28. Mass. 
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unloaded t hrough two hatc hes of a tr awler. 
Six men, or three per hat ch , empt y the 
unloading basket s into weigh boxes , re c ord 
the weight of fish, and pew the fish from 
the weigh boxes t o c arts o r boxes. Two 
additional men serve as mspect ors. The 
maximum unloading rate wlth thlS system 
IS about 20,000 pounds of fis h per hour 
per hatch, or 40,000 pounds per hour total. 

MECHANICAL DEICING 
AND WEIGHING UNITS 

Mechamcal delClng and welghmg of flSh 
at the dock, although not bemg a panacea, 
wlll nevertheless do much to Improve 
quahty of the product and ef£Iclency of 
£Ish handhng operatlOns. Important con 
siderations in designing eqUlpment for this 
purpose are adequate capacity, ease of 
mobility, ease of operation, and low con
struction and maintenance costs. Designs 
of five types of fish deicing and welghlOg 
umts were prepared to afford industry a 
choice of machines possessing different 
attnbutes. After consultation Wlth mem
bers of the ew England fishing Industry, 
two machines were built and tested in 
actual operations . 

Fish-Handling Unit Number I 

The first deslgn (£Ig. 1) features a load -
109 platform, re celvlng hopper, rotary 
deicer, culling belt conveyor, and welghing 
hoppe r supported from an enclosed lever 

ROTAn DE-kER & WASHER 2 H.P. MOTOR 

1'1'" x 1'1." x 3/1 6" WIRE MESH ScREEN 

Tow B .... 

system (Slavm, 195 7). The scale i s p ro
vlded with a p r ese t cutoff switch to im
mobilize t he de 1 c e r and conveyor t h 
moment t he d saed we1ght 1S a ttamed . 
Weight settings can asily be made a t any 
deslred point up to 2,000 pounds. Cont ents 
of t he hoppe r are emptied m to a cart below 
by means of a manually operated gate . 

Operation of the un1 t 1S as follows: The 
hsh 10 t h hold of the vessel are put m to 
unloadmg baskets, each with a capacity of 
100 t o 150 pounds. A basket, wh1chnormally 
contains some ice along w1 t h t he fish, 1S 
swung from the vessel to a man standmg 
on the loadmg platform. He emptles It mto 
the recelvmg hoppe r. The fish and lce 
" tumble " through t he delcer and washer , 
where the lce falls out through the wide 
mesh, and the hsh are t ho roughly washed. 
The fish t hen drop onto the belt conve yor 
and a r e ca rned up into the welghmg hopper. 
When the welght of fish 10 he hopper 
reaches the pomt at whlch the scale cutoff 
has been set, t he conveyor and deicer 
stop automatlcally. The operator t hen 
re cords t he welght and opens the gate of 
t he hopper, allowlOg the fish to d r op mto 
the ca rt or box for transport t o the 
processmg plant. T he cycle of ope ration 
IS then repeated. 

Thls deslgn IS planned for an ope r ating 
rate of 40,000 pounds of fish per hour, 
usmg two men on the dock - - one to dump 
the ba s ke t of fish and t he other to ope rate 

3 H.P. MOTOI 

BUT COHVfYOR 
SCALE LE"E R 
SYSTEN - 2 , 000 L B. 

CAPAC I TY 

Figure 1.- -Fish-Handling Unit Number I. 
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the hopper gate; An inspector i s al so re
quired to check the quality of the catch. 

This unit possesse s the advantages of 
low labor requirements , was hi n g and 
precise weighing of the fish, and ease of 
operation. Its high initial cost of $7,000, 
which may s eem to be a deterrent t o many 
f i rms, would be offset in a very short 
time by the saving s attained in labor re
quirements. Because, however, of the auto
matic weighing equipment, maintenance 
would be higher than in subsequent fish 
handling units. 

Fish-Handling Unit Number II 

The design illustrated in figure 2 m
corporates some of the features of the 
previous unit. Here, fish are dumped di
rectly into a culling chute made of longi 
tudinal pipes spac ed at l-inch intervals. 
T hi s chute allows large pieces of ice to 
be removed by hand and enables the small 
pieces to drop out. The weighing hopper 
is mounted on a l,OOO-pound platform 
scale and ha s a capacity of 500 pounds. 

In operation, the 100 - to 150 - pound
capacity baskets of fish, containing some 
ice, are emptied onto the culling chute. 
T he fish are pushed along the chute as 
may be necessary, and the large pieces of 
ice are removed by hand. The small pieces 
fall through the openings b tween the pipes. 
The fish then e :ater the weigh box; and when 

3 " 
4DIA . PIPE 

a weight of 500 pounds is attained, they 
are emptied into a cart or box located 
below. 

This unit ha s a capacity of about 20,000 
pounds of fish per hour, so two units are 
required for unloading. Three men are 
needed to operate each unit: one to empty 
the fish basket, one to operate the dump 
lever, and one to cull out any spoiled fish 
and to remove large pieces of ice. The 
third man would also serve as an inspe ctor 
to check the quality of the fish. 

This unit, through of simple design, still 
has obvious adv antages over e xisting han
dling methods. Its low initial cost, however, 
of $500 is achieved at a mechanical loss 
in operating efficiency, and the height of 
the culling chute above the dock may pos e 
problems in transferr in g fish from the 
vessel at low tide. This problem may e xist 
particularly in ports where t here i s a l arge 
change in tide. 

Fish-Handling Unit Number III 

Another design, illustrate d in f igur e 3 , 
is based on two belt c onveyors, one op 
erating horizontally and the other operating 
at an asce n ding angle and c arr yin g fish to 
the weighing hopper. The arrange m ent of 
weigh box a nd scale i s similar to that of 
the pre viou s design. The flo w of fish is 
also similar, except that t he f i s h a r e con
veyed and not pushed along a c hut e . T h r ee 

CULLING CHUTE 

T 

QAILING 

1,000 LB . CAPACIT Y 
PLAT FORM SCALE 

2",8 ·· FI~ 

C J R.BING 
~--HOPPER DU,....,P LEVER 

,----'---''-::::",.....r-

S~:::;;[:~~~;2:' ~' ~::;;:;;;::;;:::::::;;::::;;:::;;;;F~~T~:;;:;:::::;;;;:;:;;=;;;:::::;d;mr~~:--~'\:\--- 500 L 8 . CA PAC I Ty t"'; " FISH HOPPE~ 
-~ ~.: --=-= _~_-=-~ -=J ~ - ~=-I' _ -=--_ ~ 

FOOT PEDAL 
FOR CHUTE 

STOP 

13'· 0 · 

Figure 2.--Fish-Handling Unit Number ll. 
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TOW BAR 
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~=:::::::::ojr--HOPPER DUMP LEVER. 

'-6· 

500 La CAPACITY 
FISH HOPPE:1l 

FISH CART 

Figure 3.--Fish-Handling Unit Number III. 

men are needed to empty the unloading 
basket, remove the ice, and empty the 
weigh box. An additional man is requi red 
to check the quality of the fish. The rated 
capacity of this unit is about 40,000 pounds 
of fish per hour. Its estimated cost is 
$2,500. 

This unit possesses the advantage of high 
capacity at a relatively low cost. It, how
ever, does not provide for mechanical re-

moval of ice and, therefore, i s most suit
able for use in a r eas where little or no ice 
is unloaded along with the fish, or where 
there is an adequate supply of l abor . 

Fish-Handling Unit Number IV 

The mobile fi sh- weighing unit, shown in 
figure 4, employs a h orizontal culling and 
deicing conveyor l eading tothe conventional 
weigh box and scale. The c onve yor i s made 

Figure 4.--Fish-Handling Unit Number IV being used for unloading fisn from the Delaware. 
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up of multiple V-belts for removal of 
small ice and for transport. The weigh 
box, platform scale, and labor requi re
ments are similar to those of Fish-Handling 
Unit Number II. The estimated cost of thi s 
unit is $1 , 300. 

Unit Number IV was fabricated and test e d 
in unloading fish from the Bureau's motor 
vessel Delaware and from a comme rcial 
trawler at the Boston F i sh Pier. The u nit 
handled 20,000 pounds of fish per hour, 
and its operation was satisfactory. 

Two problems remained, however, that 
led to further investigation into the deicing 
and weighing problem. Becaus e of the 
limited height of t he boom topping gear on 
many of the fishing ves sels, it wa s diffi
cult, at low tide, to s wing the fish basket 
to the high dump platform of t he mobile 
fish weighing unit. In addition, the unit was 
only partially effe c tive in removing ice, 
unloaded a l ong with the fish. 

Fish-Handling Unit Number V 

The final design , shown in figure 5 , 
features a wide-mesh dump hopper, an 
inclined wire-mesh conveyor belt wi th a 
vibrating action, and a w e igh box and scale 
similar to Fish-Handling Unit Numbers II, 
III, and IV. The basket s of fish ar e emptied 
into the dump hopper, where most of the 
i c e f a lls out through the mesh openings and 
t h e fish and remaining ice are fed onto the 
inclined c onveyor. The vibrating motion of 
the c onveyor jars the remaining small 
pieces of ice, c ausing them to fall out 
through the open mesh. Meanwhile, t he 
large p ieces of ice r emaining are c ulled 
out by hand, and the fish are c onve yed to 
t he weigh box . When the weight of fis h 
r eaches 500 pounds, the operator stops 
the conveyor and opens the weigh box, 
emptying the fish into a cart or box located 
below. Three men are needed to empty the 
unloading basket, r e move any large pieces 
of ice, and operate the mechanism of the 
weigh box. An additional man is needed to 

Figure 5.--Fish-Handling Unit Number V. 
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Figure 6. --Receivi ng hopper of Fish-Handling Unit Number V dur ing tests at the State Fish P ier in Gloucester. Mass . 

inspect the fish a s they a r e being unload ed 
from t he ve ss el. T he e st i m ated c o s t of t he 
un it is $ 2 • 5 0 0 . 

A deicer of this de s ign wa s fabr ic ated, 
and the unit was te sted in unl oadin g ground
fish from comme r cial f i s hing vesse l s at 
the Stat e Pie r in G l ouc ester, Mass. (fi g. 
6 ). It worked we ll and demonstrated a 
cap acity of 33 , 0 00 pounds of f i s h per hour. 
If r e qui r ed, t hi s rate c oul d eas i ly be in 
c rease d to 40, 000 pounds per hour by using 
d e eper conveyor flights as well as by 
chang in g t h e gear ratio on the motor dr iv
ing the c onveyor belt. 

Fish-Handling Unit Number V offers the 
advantage s of high capacity and strikes a 
balance between initial cost and labor re
quirements. The unit i s easy to operate 
and maintain and removes ice quite well. 
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It o ff e rs m a n y o b v ious a dvantages over 
p r e s ent hand ling methods . 

T he c apac i ty of t hi s un i t could a l so be 
in c reased further to about 50,000 pounds 
per h our by us ing two we i g h b oxes and 
two scal es. Thi s addit i on would e lim inate 
the downt i me w hile the conveyor halts to 
allow dump ing of the weigh box. Wi t h a 
simpl e, movabl e gate, t he deiced fish can 
automatically be diverted to t he empty 
weigh box while t he full one i s being 
dumped. 

SUMMARY AND COMPARISON 

A summary of t h e significant variables 
in the designs of the five machines for 
unloading fish at t he dock and comparison 
with the present method of unloading i s 
shown in table 1. 
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TABLE 1. -- Comparison of me thods of unloading fish at the dock 

Overall analysis of operations 
Type of unloading Labor requirements Fish-handling Cost of in regard to: 1 Ease of 

operation or device capacity unit maintenance 
used Inspectors Handlers Quality of Deicing Efficiency 

product of fish of operation 

Pounds pe r hr. Dollars 

Present methods 2 6 40,000 - Poor Fair Poor -
---

Uni t Number I 1 2 40 , 000 7,000 Good Excellent Excellent Fair 

Uni t Number II 1 2 20,000 500 Good Fair Fair Excellent 

Uni t Number III 1 3 40,000 2,500 Good Poor Good Good 

Uni t Number IV 1 2 20,000 1,300 Good Fair Fair Good 

Uni t Number V 1 3 2 33,000 2,500 Good Excellent Good Good 

- -- -

1 The analysis of operations for Fish-Handling Unit Numbers I, II, and III ar~ the autnors' opinions of results that 
would accrue upon application of the designs, sinc~ these designs were not fabricated . 

2 Simple changes in design will permit an increase in capacity to 40,000 pounds per hour ; further changes . to 50 .000 
pounds per hour. 



METHODS OF SEPARATION OF FATTY ACIDS 
FROM FISH OILS WITH EMPHASIS 
ON INDUSTRIAL APPLICATIONS

l 

by 

Edward H. Gruger, Jr. 

ABSTRACT 

Information from various r esearch results and industrial processes is reviewed with the aim of under
standing the methods of separation of fish oil fatty acids. Major emphasis is given to those methods that 
have industrial possibilities. These include distillations, solvent extractions, crystallizations, and related 
modifications. 

INTRODUCTION 

T he future success of t he f ish oil indus
tr y of the United State s , like that of other 
industries, may depend on t he d evelopment 
of new o r improved products. Fish oil 
produc t s are most likely to be developed 
from particular fatty a cids. The develop
ment of succe ssful products will depend on 
the utilization of unique chemical features 
of c e rtain fish oil fatty acids; namely, t hose 
wit h high de g r ees of unsat uration and long 
c arbon chain lengt hs. Complete utilization 
of the f i sh oils will depend on the produc
tion and c ompeEtive c osts of certain fish 
o il fatty a c ids that are also available from 
other sourc e s. Purer fish oil fatty acids 
t han are now industrially available are 
needed by researc her s and industry for 
the production of new useful ·products. 

Indus try may be st utilize those fatty acids 
from fish oils that have been fractionated 
and t hat possess particular physical and 
chemical properties. For example, short 
chain , long chain, saturated, and unsatu
rated fatty acids each are useful for specific 

purposes. These uses are often different 
for eac h type of fatty acid; consequently, 
we need to u nde rstand the m e t hod s of sepa
ration or fractionation of fish oil fa t t y acids 
to produce and evaluate t he types of acids 
useful in t he manufactur e of industrial 
produc ts. We mus t be thoroughly acquainted 
with the advantages, disadvantages, and 
limitations of each method so as to deter
mine which method or combination of meth
ods of separation m e ets t he requirements 
of research and industry. 

This paper i s a review of some of the 
basic characteristics of various methods 
of separat ion that apply to fatty acids and 
includes some important results reported 
by various investigators. Based on this 
information, some ideas are given that will 
lead to a better understanding of practical 
industrial sepa rations of fish oil fatty 
acids. 

The methods of s eparation have been 
grouped into two categories. The first group 
includes methods tha t may not have imme
diate industr ial applic a tion, because either 

Authors Note.- - Edward H. Gruger, Jr .. Chemist, Bureau of Commercial Fisheries Technological Laboratory, U. S. Fish and Wild · 
life Service, Seattle, Wash. 

l Presented at Eleventh Annual Confe rence, Pacific Fisheries Technologists, Gearhart, Oreg., March 27-30,1960. 
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the processes a r too n wand ha v not 
been fully develop d or c rt am basIc f 'a
tur e s make t hem imprac t lc 1. Th s m t h
ods mclude lIqUld th rmal dlffuslOn, chro-
matog r aphy, and elect rophor SIS. Th 
second g r oup mclud s m thods t ha t do hav· 
mdustnal application; nam ly , fra c tional 
distlllatlOn, fr;lctlOnal crys t alLzat lOn, llq
uid - l1quld extractlon, and fra c tiona Ion of 
lncluSlon compounds such as urea-com
plexes. The fust group of s pa r a t lOn 
methods IS discussed only t o pomt out som' 
of theu basIc features. Th mor' Import nt 
second group IS dls(uSS d mgr ·aterd-ta il. 

METHODS LACKING IMMEDIATE 
INDUSTRIAL UTILITY 

Liquid Thermal Diffusion 

The re, ently developed method of llquld 
thermal diffUSion has mdle ated promise dS 
a means of separaLng fatty ,1Clds (Jones 
a. d Fo:oeman , 1 52. See baLh and lac.ken
bush, I QS8). Muckerh~.de (I 54) deSCribes 
the apparatus sed for Iquld t1-)ermal dif 
fusion as fo1.o\'.:s: 

The apparatus consIsts essentlallv or t ..... o concentric tubes of 
sultable len\l:t 'l haVInR a one mllltmeter annular space. ThIs 
space IS filleJ ..... ith fatty aCIds , the 0uter tube IS heated eltt.er by 
a steam or electrical Jacket. and the Inner tube IS cooled ..... lth 
water. These conditiOns result In a temperature raJlem acr'lSS 
the UqUld ran)1.lflII, from ~OO c. to 800 C . This temperature ~radl
em lI1duces the diffUSion of ce rtain molecules from the hot ..... all 
to the cold ..... al1 of the rubes . Conve, Ilve n,) ..... due to density 
dIfferences produced by the temperature dlflt:re Illal causes the 
dlffuseJ molecules to n o ..... up ..... a rd or down ..... ard and thus effect a 
separation . 

Factors that mfluence t he deg r ee of s epa
rahon In thls process are (1) unlformlty of 
Slze of the annular space, (2) temperature 
dlfferential, and (3) time reqUired fo r dif 
fusion. The method should adapt r eadily to 
a continuous system. 

Results of Seelbach and Qua ckenbu s h 
(195 8) s how t ha t fatt y aCld s can be s epa 
r a t ed by t he rmal diffuslOn accord ing t o 
lengt h of t he ca rbon chain . Fatt y acids 
with longe r chain le ngth s tend to concen
tr a t e m t he bottom fr action. When two 
c ommercial samples of oleic ac id and a 
comme r cial mixture of o leic, linoleic, and 
linolenic acid s were diffused for 48 h ours, 
the results showed only a small change in 
the iodine va lues bet ween top and bottom 
fra cti ons. It is c oncluded, t he r efo re, that 
unsaturat ion in t he aliphatic chain does not 
provide muc h of a ba s i s for the separation 
of f a tty acids by thermal diffusion. 
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C rt ain ff 
c la tions and 
ta k pI c 
r t us ha t 

Chromatography 

conv c Ions , 
Ign d ppa

mlhlmiz d by fu u r 
prac ical larg -

such Improve men 
m 1 IS ag dlff sion 
uack nbu h , 1958). 

Chromat ography IS g n - r ally conSide r ed 
labora ory analytical too l fo r p rform mg 
para Ions . Th m t hod u ually mvolves a 

column pack d WI h an adsorbent or par 
tl 10hlng a nt s ch as an Ion exchang 
r s m which ca h s para Ion of vari 
ous compound m he ad orba e . The degree 
of ch roma 0 . raphlc separa lon IS a function 
of such cha r c t rlS ICS as par t lc e size of 
adsorben , flow ra of adsorba e h r ough 
he column (con act Ime), and physlca and 

ch mlcal behavlOr of bot '1 adso r ben and 
adsorba e. The separa Ions a r e also In 
fluenc d by mpera t ure and r e 1 a I ve 
amoun s of adso r b n and adsorbat e. 

An Indu tria l separa Ion of fa y aCids by 
ch romatography would mvolve hug quan l -

Ies ofpackmg rna erial. Adsorben s become 
Inac Iva ed by su rface coa t mg s of t a rs . 
polymers , and o t h r produc s of OXidation, 
t hus r quum t he r emoval of he packin 
ma eTlals from t he chromatog r aphic column 
or ower. ThiS packing would r e qu i re pe ri
odiC r egene r a t ion and p robably cos ly r e 
plenishments, thus p roh lbl tlng adap atlOn 
t o truly contmuous ope r a t ion. An Indus nal 
process of hl s t ype has t he dlsadvan age 
tha t o r ganic so lvent s are nece ssarytoe l ute 
fa tt y a Cid s. Hence, an expens i ve s olvent 
re cove r y s y stem would neces sanly have 
to be mcluded. 

lon-exchange chromatography ha s some 
advant age s over "neutr al" a dsorbents; for 
example , great e r speC Ifici ty toward fatty 
a cids tha t may be mixed w l t hneutrallipids. 
Resms a r e available t hat will work in or 
ganic solvents. Tars, oXldat i on products, 
etc., a r e usua lly best removed by back 
washing t he r e sin. 

Electrophoresis 

Electrophores i s involves the migration 
of ionic spe cie s in solut i on in an electrical 
fie l d. S i ze, shape , tendency to dissociate, 
and amphoter ic behavior are characteristics 
that gove rn t h e abil i ty of an ion to migrate 



in solution. Similarly, such environmental 
factors as ionic str ength, dielectric prop
e rties, pH, temperature, etc. influence the 
process (Block, Durrum , and Zweig, 1955). 
Likewise, the current intensity and i ts dis 
tribution will influence the process. A lso, 
there are insufficient diffe rences among 
fatty acids , due to various chain lengths and 
degrees of unsaturation (thereby altering 
the shape of i ons) , to permit suc c essful 
separation of the soaps of fatty acids by 
electrophoresis. No reports were found 
that this process had been applied to long
chain aliphatic acids from natural sour c es. 
Probably a concentrate of shorter carbon 
chain acids (for example, C16-C18) could 
be sepa rated from a c oncentrate of the 
longer chain length acids (C20 -C22). This 
proces s, however, would be considerably 
less efficient for fish oil fatty a c ids than 
would other methods of separation . Finally, 
electrophoresis would have limited appli
cation. For instance, it would be ineffective 
if applied to esters of fatty acids. 

METHODS HAVING IMMEDIATE 
INDUSTRIAL UTILITY 

Fractional Distillation 

T he ability to s eparate fatty acids by 
fractional distilla tion i s limited by t he 
differences in vapor pressures of the fatty 
a c ids. The addition of two carbon atoms 
results m a substantial increase in t he 
boiling points of fatty acids, making it 
possible to separa t e them by fr ac tional 
distillation (Potts , 1956). Fractional dis
tillation, however, is most effective when 
used to s eparate fatt y acids of 4- to 6-
carbon- atom differe nc e in chain length 
(Mucke r heide, 1954). Separation of satu
rated from unsaturated fa tty acids of equal 
carbon chain lengt h i s not possible by this 
method. 

T h e efficiency of s eparation i s controlled 
by the number of plates in a distillation 
c olumn and the reflux ratio. Theoretically, 
fatt y a c ids having diffe re nt bo ilin g points 
can be completely separated. Efficiency of 
separation, however, must be compromised 
because economic factors, practical height 
of column, number of plates, and a reason
able reflux r atio must be taken into con
sideration in an industrial installation 
(Mucke rheide , 1954). 

Distillations of fatty acids are c ompli 
cat e d by t he requi r e m ent for high t em
peratures. Fatty acids decompose, for ex
ample, when subject ed to temperat ure s 
above 225 0 C. for long periods of time . 
Unsatur a t e d fatty acids , suc h a s linoleic 
and linolenic acids , condense at high tem
peratures to form dimers, follow ed by 
additional complex polymerization reac
tions. T hi s condensation results in high 
yields of "pit ch . " Be cause of t his t hermal 
instab ility, it i s nece ssary to design t he 
distillation e quipment for maximum op
e rating temperatures of about 250 0 C. 
(Potts , 1956). 

Distillation t echnique s are var ied. Recent 
improvements in t he operation now permit 
most stills to function at reduced pres
sur e s b e t ween 5 and 50 mm. Hg, whe reby 
l ower t emperat u r es can be used for distil
lation. Thi s lowering of temperature is 
d e sirable for t hermally unstable fatty acids 
from fis h oils. In a typical industrial 
fraction a l distillation, fatty acids of a 
given carbon chain length are normally 
produced with a purity of 85 to 90 percent. 
Plant capacitie s may range from 3,000 to 
4,000 pounds of feed stocks per hour. 
These figures a r e based on feed stocks 
of m a t e r i al s such as fatty acids from 
c ottons eed oil, palm oil, and coc onut oil 
(Muc ke r he ide , 1954). Undoubtedly, fish oil 
fatt y acids c ould be similarly processed; 
hcwe v e r, d ifficulty might be expected in the 
distillation of t he longest carbon chain 
length ac ids. 

Research at the Bureau of Comme rcial 
Fisheries T echno logical Laboratory in 
Seattle ha s s hown t hat fish oil fatty acids 
up to C20 chain lengths can be fractionally 
distille d at 0.1 mm . Hg pre s sure without 
difficulty. However, deleterious effects 
from de composition , isomerization, and 
polymer i z a tion have been experienced dur
ing d i stillations of polyunsaturated fatt y 
acids above C20 chain lengths . To over
c ome the the rmal hazards of distillation of 
fish oil fatty acids , we investigated t he 
technique of multiple or "cyclic" molecular 
distillation. The improved design of stills 
for this t echnique enables fatty a cids t o 
distill at low pressu r es (for example, 1-10 
microns Hg) with a minimum contact time 
with heated distillation surfaces. Consid
e rably less time and effort i s expended, at 
least in the laboratory, for t he p erform 
a nce of this type of separ ation than for 
other separation meth ods. 
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The application of " cyclic" molecular 
distillation has been inve stigate d in t he past 
with menhaden triglycerides a nd used c om 
mercially to obt ain vit amin concentrate s 
from f i s h live r oils (Emb r ee, 194 1). Gray 
and Cawley (1 940) stud ied molecular dis 
tillation s eparations of a mixture of lauric, 
m y r istic, palmitic, and steari c acids , and 
a mixture of st e aric, oleic, linoleic, 9 ,11-
linoleic, and C1 - eleo st ear ic acids. It was 
noted that poor separat i ons c ould b e ex
pected b y a single molecula r distillation 
of mixtures of these a cid s. Sinc e fish o il 
f a tty acids hav e a r ange of C 14 to C 22 in 
c ham lengths , i t w ould be expec ted that 
s ome degree of fractionation c ould b e 
obtained. 

Figure 1 shows t he dist i llation appa ratus 
now used for t he purificat i on of fish oil 
fatty acids a t the Bureau of Commercial 
F i sher ie s Te c hnological Labor a tor y in 
Se a tt le. The data in t able 1 for menhaden 
oil fatt y acids ar e repre sentative of sepa 
r a tions made by multiple molecular distil
l ation. Fractionation r e sults from r epeated 
r ec ycling of undistilled fractions accom
panied by c orresponding c uts of distillate. 
Iodine value analyses showthat fr ac tiona tion 
can be achieved on the ba sis of degree of 
unsaturat ion . T his separation is r ea sonable 

Figure 1. --The e{tuipment shown here is used fo r molecular 
distillations of 5-gallon batches of fish oil fatty acids. The 
dark- colored raw material can be freed of most odor and color 
components to produce near ly "water -white" fatty acids. 

TABLE l .--Menhaden oil fatty acids fractionated by multiple 
molecular distillation1 
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Fraction 
Weight - pe rcent 

HaL'lUs I. V. Ethyl enic bonds 
yield per mole 

Pe rcent Value Numbe r 

Mixture 100 2 194 2 . 1 

1 24 . 9 83 0 . 8 

2 19 . 8 127 1.4 

3 30 . 1 216 2 . 5 

4 21. 6 347 4 . 4 

Res idue 3 . 6 --- ---

1 Dis t i llation pressure range , 3- 4 microns Hgj tempera
ture range , 900 -1220 C. 

2 Theoretical iodine value based on 185 for the menhaden 
t riglycerides . 



considering the large aInounts of polyun
saturates that cOInpose the C 20- and C22-
chain-length groups (Farquhar, Insul, 
Rosen, Stoffel , and Ahrens, 1959). Ultra
violet absorption spectrophotoInetry indi 
cates only 0.5 percent conjugated d i enes 
and only a trace of conjugated trienes in 
whole Inolecularly distilled fatty acids froIn 
Inenhaden oil. 

Fractional Crystallization 

If cOInponents of a Inixture have volatility 
ratios that are too sInall or forIn azeotropes 
and if the boiling point at reasonable pres
sure s is so high that therInal decoInposition 
oc curs , then fractional distillation i s SOIne
tiIne s iInpractic al. When this situation oc
curs, generally crystallization or extraction 
is used for separation. 

Solvent Inethods in which selective action 
i s involved and in which fatty acids reInain 
in a liquid state have rather poor separation 
efficiency because of the Inutual solubility 
characteristics of the fatty acids. Frac
tional crystallization, in which one COIn
ponent acid of a fatty-acid Inixture i s 
crystallized, to a large extent overCOInes 
the difficulties of Inutual solubility. Satu
rated fatty acids are separated because of 
differences in solubility that are due to 
difference s in carbon chain length. Also , 
unsaturated fatty acids of t h e saIne carbon 
chain length can be sepa rated because of 
differences in solubility that are caused by 
various degrees of unsaturation. Probably 
the greatest effi ciency of fractional crys
tallization of fatty acids i s found in the 
separation of saturated froIn unsaturated 
fatty acids (Muckerheide, 1954). We know 
froIn solubility properties that fatty ac i ds 
can be separated into fractions with dif
ferent degrees of unsaturation by varyi ng 
(1) the concentration of fatty acids, (2) the 
teInperature of c rystallization, and (3) the 
type of organic solvent. The results re
ported by Kolb and Brown (1955) and 
Privett, Breault, Covell , Norc i a, and Lund
berg (1958) are typical of fundaInental 
solubility data that are necessary for t h e 
se lection of organi c solvents. 

The " EInersol process ," in wh ic h fatty 
acids are fractionally crystalli zed froIn an 
organi c solvent (90-percent Inethanol) at 
low teInperatures, is typi cal of a c ontinu ous 
industrial process. Results of t h e EIners ol 
process on fatty ac ids froIn sardi ne o i l 
(i odine value 160.0) show a separation int o 

two fraction s of fatt y acids having iodine 
values of 30 .0 and 201.5, respective ly 
(Ki stler, M u ckerheide, and Myers, 1946). 

At the T echnological Laboratory in Seat
tle, Inethyl es t er s of fatty acids froIn tuna 
o il have been fr actionat ed by low teInpera
ture c r y stallization fr oIn a Inethanohc 
sol ution. By cont rolling the teInperature 
of crystalli zation and the aInount of Inetha
nol, we obtain e d fr actions of fat ty acids 
with t he fo llowing iodine values: 40, 124, 
199, and 27 8 . In thi s case, the original 
Inixture of f a tty acids had an iodine value 
of 16 8 . 

The Edele a nu process, which utilizes 
liqui d sulfu r dioxide a s a s olvent, has been 
used industr ially for the refineInent of 
petroleuIn. Schlenk and Ener (1959) report 
the use of liquid sulfur dioxide for the 
effective fractional crystallization of both 
saturated a n d unsat urated fatty acids. Fatty 
ac i ds are con s i d erably less soluble in 
sulfur d i oxid e t han in COInInon organic 
solvents , alt h ough t heir solub ilitie s in nitro
Inethane , n itrobenzene , furfural , and s iInilar 
highl y p o lar s olvent s Inay be les s t han in 
sulfur d i oxide. 

Muc k e r heide (1954) reports that in a 
n orInal c r y s t alli zation operation, COInIner
cia l stea r ic acid of 5.0 t o 6.0 iodine value 
and ole ic acid of 20 to 50 C. titre are 
obtained u s ing 90 - percent Inethanol as the 
sol ven t. P r oc e ss t eInperatures range froIn 
8 5 0 t o ab ou t 140 F . Industrial plant capaci
ti e s r a ng e f roIn 2 , 000 to 5,000 pounds per 
h our. 

Liquid-Liquid Extraction 

Pr e sUIllably any Inixture can be sepa
rate d b y extraction if i ts cOInponents differ 
froIn one a nother in Inolecular weight or 
Inolecular type. For this purpose, it is 
n e cessary t o find a solvent in whic h the 
Inix t u re is partially Iniscible and in which 
one c OInponent of the Inixture (or one 
c heIn ic a l t ype) i s Inore soluble than the 
othe r (P r att, 1953). One choice of solvent 
systeIn s uit able for fis h oil fatty aC1ds 1S 
i sooc t ane , which i s a relatively nonpolar 
hydroc arbon solvent , and furfural, which 
i s an active polar solvent iInIniscible In 

the hydr ocar bon solvent (Freeman, I Q42). 
O t her s y s tems Inay include methanol, etha
nol, or an aqueous alcohol as the polar 
s olve nt and a hydrocarbon, such as petro 
leuIn ether, as t he nonpolar solvent. 
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A s stat e d earli e r , s eparatio n s of fatty 
a c ids that involv e s elective actio n o f sol 
vent s have rather p oor separatio n efficienc y , 
owing to mutua l solubilit y c h a r a c t e r i stics . 
In spite of thi s poor efficiency , improve 
ments in industria l des igns have mad e 
liquid-liqui d extr actions quit e e ffe c tiv e for 
the sepa r a tion of f a tty a c id m ixtur e s. A 
r ecent m ajor improve ment in d e sign is t h e 
introduction of c ounte r c urrent flow sys t ems 
f o r s olvent s . The c oun t e r c urre nt e x tr a ctors 
o ve r come some of t he di s a d vantages of 
c o n v entional extractors ; for example, a 
short er extractio n t ower c a n be use d t o 
achieve t he e quivalent of a given numb e r 
of the ore tical fraction a t ion stage s . 

Another m ajor i m p r ovement in de s ign i s 
the centrifugal c o n t ac tor . Gravitational 
forces, generat e d by centrifugal a ction of a 
rotating drum, caus e r apid and effective 
separation of liquid phas e s wit hin t he appa 
ratus. Solvents a r e di r ect e d in a count e r
current manne r . T he d e s ign p rovide s a 
large number of extr ac tion stages and high 
c apacity in a very small appara t u s . P ratt 
(1-956) report s t hat labor a tor y te sts c on 
ducted on stocks f r om seve r al r efine r i es 
showed that the centr ifugal c o n t acto r w a s a 
more efficient ext rac t o r t han m o st of t he 
towers in ope r ation and equiv alent to t he 
best towers. 

Various t ype s o f liquid- liqui d e x traction 
equipment a r e di s c uss e d by Von Berg and 
Wiegandt (19 5 2) . B e s ides t h e c entrifu gal 
contactor, s uch e qu ipme nt i s d e s c r ib ed a s 
(1) the packe d c olumn s , (2) the baffle c o l 
umns, (3 ) t he Yor k- Scheibe l c o lumn, (4 ) t he 
puls ating column, a n d (5) the Luwe sta ex 
tractor . The lat e st types of ext r actor d e 
s igns a r e al s o r e ported b y Treybal (195 8 ) . 
Lat est improve m e nts in the well - k nown 
t ype s of extr a ction e quipment are d i s c us s e d , 
and numer ou s r e fe r ences a r e give n . E x 
tr ac tion of c od liver o il and r e lated fatty 
acids i s included in a list of de s cribed 
syste ms . 

Fractionation of Inclusion Compounds 

Dur i ng t he past de c ade , numer ous re
ports have appe are d conce r ning u r ea - inclu
s ion c ompounds of fatty a cids. Virtually a ll 
nat urally oc c u rr ing fatty acids will form 
a dducts with urea (Schlenk , 1954). E xtrac
tive cry stalliza tion w ith u r ea causes s imple 
and efficient s e p a ration of fatt y ac ids on 
the b a s is of t heir d eg r ee of u n saturation. 
The effi c ienc y of s e paration c ompares fa-
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vorably wit h pro c e s ses t hat use frac tional 
c rys t alli zat i on o r selective s olvent e xt r a c 
tion , a nd p e r h aps exc e ll s t h em in ce rtai n 
s e par a tions , fo r example , ole i c a cid sepa 
rated from othe r fatty polye noi c a cid s 
(Ne w e y, Shokal , Muelle r , Bradl ey, a n d Fet
t e r ly , 19 50). 

T h e w ork of Abu - Nasr, P otts , a nd Hol 
man (1 954 ) typifie s t he i s o l a tio n of c on
centr a t e s of h ighly uns a t u rated f a tty ac ids 
from fi s h o il s w i t h ur e a . F atty a c i ds from 
o ils o f c od liv e r , s har k l i v er, polla c k 
liver , m e nhaden , he rr ing, and sal mon w ere 
p r oduce d and s e para t ed. Separations were 
c arr ied out at room t emper a t u r e and at 50 
C . The c oncentra t e s of fatty acids had 
i od ine value s as high as 356 . 

T h e u s e of urea-inclus i o n c omp ounds for 
the f r a ctionat i on of f a tty a cids from fish 
o il s w a s al s o reported by Doma r t, M i yau chi, 
and Sumerwell (1955) . A systemat ic study 
wa s m ade of t he fr actionation of fa t t y a cid s 
from he r r ing, m e nhaden, tuna , s eal, s almon 
egg , and salmon - h e a d-and- vi s c era oil s with 
urea a t temp e r a t u r e s r a n ging from + 25 0 C. 
to - 30 0 C . Menhaden oil fa tty a c id s we re 
s eparat e d into fr ac t i ons hav in g iodin e val ues 
rang ing f r om 12.8 t o 341.6 . T h e d egree of 
s e pa r a tion o f satu r a ted from unsatura t ed 
fa tty a c ids and t hei r yields were de pend e n t 
on the temperatur e of the s o lvent sys t em 
and on the r a tio of urea to fatty a cid s. 
G enerally, a dduct-forming fractions c ontain 
m o r e s a tur a t ed fatt y a c i ds (l ower de g ree s 
of uns atur ation) t han n on addu ct - form ing 
f r actio n s from the same s y s tem. T he d a t a 
in t a b l e 2 , compi l e d by Dom art , M iyauc h i , 
a n d Sume r well (1 9 5 5), show t he separation 
effects of var i ous ratio s of u rea to f a tty 
acids under i s othermal c on d itions . A 14 -to-
1 ratio , for e x ampl e, pr om ote s t h e sepa
r ation of ab out 40 pe r cent of mix ed fatty 
ac ids ha v ing an i odine v alu e greater t han 
300 . H i g h r atios of u r ea to fatt y ac ids 
produc e t he greater d egree s of unsatura
ti o n in t he nonaddu ct- form ing fractions. In 
f igur e 2 i s s h own a l aboratory operation 
for t he s e paration of fatt y a c i ds by urea
inclu s i on c ompoun d fractiona tion. 

The process of frac tionation of urea 
adducts i s read i l y adaptable to industrial 
ope rations. A recent advance in this direc
tion concerns the use of expanded urea--a 
modifi ed crystalline form- -that enhances 
its fractionating efficiency (Rosenste in and 
Gorin, 1957). From 1,000 pounds of a 



TABLE 2 .--The fractionation of menhaden oil fatty acids 1 with different mole ratios of 
urea in methanol at 10 C. 2 

Mole ratio Yield of Hanus 1. V. Yield of Hanus I. V. 

of urea to fatty acids of fatty fatty acids of fatty Unrecovered 

fatty acids from acids from from acids from fatty acids 
complexes precipitate filtrate filtrate 

Percent Value Pe rcent Value Perce nt 

4.6:1 11.6 12.8 80.8 192 .7 7.6 

9 . 1:1 29.8 22 .1 61.6 243.4 8.6 

13.8:1 49 .4 48 .1 41.6 308.9 9 .0 

18.4:1 61.0 54.5 36 .4 330.7 2.6 

23.0:1 63.0 72 .7 34.2 341.6 2.8 

1 The Hanus iodine value (I . V.) for the menhaden oil fatty acids from which these fatty 
acids were prepared was 159.5. 

2 All values represent averages obtained by treating triplicate 50.0 g. samples of fatty 
acids . Source: Domart~ Miyauchi, and Sumerwell (1955). 

Figure 2.--Separation of urea-inclusion compounds is carried 
out in a large vessel. Here is shown the rapid suction filtration 
of solution to separate filtrate or non-urea adduct-forming 
fatty acids from fatty acids that have been complexed with 
urea. 

particular mixture of cottonseed oil fatty 
acids, a residual fatty acid fraction was 
obtained that w eighed 485 pounds. This 
fraction had an iodine value of 172, which 
indicated t hat it consisted of substantially 
linoleic ac i d with small amounts of oleic 
and linolenic a c ids. This process is unique 
in that t he urea-adduct formation and frac
tionation step takes place at near-room 
temperatures. Temperatures of about 1100 

C. are needed, however, for the decompo
sition of the inclusion compounds and for 
the recovery of solvents, urea, and fatty 
acids. 

Sumerwell (1957) reported the separation 
of fatty acids with the use of the combined 
methods of urea-inclusion compound fra c 
tionation and countercurrent liquid extrac 
tion. The method was successfully applied 
to a synthetic mixture of palmitic , stearic, 
and oleic acids, and to salmon egg oil fatty 
acids in batch processes. 

Figure 3 shows t he kind of fatty acid 
separation obtained in an 18-stage counter 
current distribution of salmon egg acids 
(Sumerwell, 1957). It might be expected 
that the peak fractions contain distinc t 
features regarding chain length and unsatu
ration. The separations were carried out 
at _30 0 C. It would be interesting to observe 
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Figure 3.- - Methanol-urea countercurrent distribution of fatty 
acids from salmon egg oil. Source: Sumerwell. 1957. 

the k in d of separation that one could get by 
p e rforming thi s at room temperature and 
w ith h igher ratios of urea to fatty acids 
t h an we re r e ported. If this method is to be 
adapted t o indus tr ial produc tion, a continu
ous rathe r than a batc h proc ess would be 
des i r able . 

SUMMARY AND CO NCLUSIO NS 

Pertinent information necessary to un 
derstand possible methods to fractionate 
fatty ac ids was discussed. Numerous factors 
must be c onsidered before the most suit
able means to produce commerc i al quan
tities of fractionated fish oil fatty acids 
can be determined. 

At this time, liquid thermal diffusion, 
chromatography, and electrophoresis are 
of little value for industrial fractionation 
and production of fatty acids from fish 
oils. 

Fractional distillations have the advan 
tage that they permit separations of fatty 
a cids acc ording to differences in chain 
lengths. Since the l ong - chain, high-molecu
lar-weight fractions contain the highe st 
d-egrees of unsaturatio n, both l ong-chain 
acids and highly uns atur ated acids can b e 
produced in the s a m e fr action. The main 
disadvantage of di s tillations is t he require
ment f or high t e mpe ratu r es , wh i c h can 
result in de composition, i some r i zation , and 
polym e r i zation of t he hig hly u n s a turated 
acid s. 

38 

Research at the Technologic al Labora
tory in Seattle has shown that fractionat ion 
under the conditions of multiple molecular 
d i stillation is a very effective method for 
the total distillation of fish oil fatty acids. 
Multiple molecular distillation, in contras t 
to ordinary fractional d is tillation, does not 
permit a clear- cut separation on the basis 
of chain lengt h . Molecular distillation has 
the g r eat a dvant age t hat s eparations are 
performed at t he lowes t possible tempera
tures for distillation, thus minimizing the 
the rmal hazard. Analyses show almost no 
change due to thermal isome r i zat ion of 
unsaturated fatty acids that were pur if ie d 
by t his method. With a minimum of t ime 
and effort, t hi s method can produce high 
yields of unsaturated fatty acids with nearly 
as much unsaturation as produced by other 
methods of separation. The author favors 
t his method over all others from t he stand 
point of simplicity, ease of handling, speed, 
and low cost in over all operation. 

F ractional crystallization has the advan 
tag e t hat separations are performed at low 
temper a t u r e s. T hu s t he r e a re no deleterious 
effects on thermally unstable polyunsatu 
rated acids. T hi s method separates fatty 
acids according to d ifferences in their 
solubilities. The shorter chain - length fatty 
acids and the highly unsaturated fatty acids 
tend to c ollect in the same fr actions . Thi s 
method may be the best means for the 
s eparation of saturates from uns a turates. 
Conditions could be chosen that w ould pro 
duce highly uns a t urated fatty acids from 
fish o il s nea r ly free from sat u r a te d fatty 
acids. 

Liquid extrac tion may effectively sepa 
rate mixtures of fi s h oil fa tty acids wit h 
the use of a countercurrent, centr ifugal - type 
extract o r . The degre e of s epa r a t i on w ould 
not be expected to be a s g r eat a s that from 
fr actional c r ystallization. Liquid e xtr a ct i on 
has t he advantage of hi gh yie lds from 
equipm e n t that r equi res a m in imum of 
space . Liquid ext raction i s b e lie ved to h ave 
Ie s s ope r a t ional probl ems t h an the ot her 
proc esses. 

Fractionation of inclus i on c ompounds ef
fectively s eparates fatty ac ids ac c ording to 
the i r degre e s of unsaturation. The process 
is comparable to fr a ctional c rystalli zation 
and c ould b e adapted to continuous-flow 
operation . Inclus i on-compound formation is 
not influenced by mutual solubi lity charac
ter i stics to t h e degre e that i s found in the 



methods of fractlOna l crys t alhzatlon and 
liquid-liquid xtractlon. Frac tIonat lon of 
urea- mclusion c ompounds is more efi c 
tiv for th separat ion of satura t d from 
unsaturated fatty acids than i s ordmary 
fractional crystallization. Th urea method, 
however, is less economical than t he latter, 
at least on a laboratory scale. 

Urea-inclusion compound fra ctlonat lon 
is sel cted as the pro.: ess tha t l S most 
versatile. The reason for thi s 1 S t ha t t he 
fractionation characteristics of the process 
can be altered s imply by changing the 
amounts of either so lvent or urea . In 
addition, t he process can be performed 
at ordinary room teInperatures. SiInilar 
alteration in the fractionation characteris 
tics of ordinary fractional crystallization 
would require changes in the oper a t ing 
teInperatures and possibly the choice of 
solvents. The probleIn of s l ow fi ltrat ion 
velocities often associated with ordinary 
fract i onal crystallizations of fatty a cids i s 
not necessarily encountered with inclusion
cOInpound fractionation. 
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STORAGE OF FISH IN REFRIGERATED SEA WATER 
1 QUALITY CHANGES IN OCEAN PERCH AS 

DETERMINED BY ORGANOLEPTIC 
AND CHEMICAL ANALYSES 

by 

Edward H . Cohen and John A. Peters 

ABSTRACT 

Whole ocean perch stored in ice or refrigerated sea water were tes ted organoleptically and objectively. 

After the tests had continued for several days, sensory evaluation of raw and cooked fish indicated a 
marked preference for fish stored in refrigerated sea water. 

The correlation between subjective and objective tests for quality of ocean perch stored in refrigerated 
sea water was poor. The correlations for ocean perch s tored in ice, however, were sufficiently high to 
warrant further studies of these tests. 

The general conclusion from this investigation was that refrigerated sea water shows promise as a means 
for increasing the chilled storage life of ocean perch and therefore merits consideration by the industry. 

INTRODUCTION 

L Need for the Research 

Fishery technologists are continuously 
searching for newer and better ways of 
preserving the fresh qualities of fish. Ex
tending the high-quality shelf life of fish, 
for even a few days, would be of immens e 
economic benefit to t he f i shing industry. 

Refrigerated s ea water at 30 0 F. has 
found application on the West Coast in the 
storage of halibut and salmon on the vessel 
and ashore and on the Gulf Coast in t he 
storage of menhaden and other industr ial 
fish (Pac ific Fishermen's News Section, 
1957; Fishing Gazette, 1960). Little work 
ha s been done, however, toward applying 
refrigerated se a water to t h e storage of 

ground fish common to New England, such 
as ocean perch (Sebastes marinus), or in com 
paring the keeping qualit y of fish stored in 
refrigerated sea water with fish kept in ice . 
This technique may resul t in considerable 
improveme nt in t he quality of fish, both at 
sea and ashore, owing to t he lower storage 
t emperature used and t he elimmation of 
bruising of t he fish by ic e. 

In a determination of t he value of any new 
storage te chnique, the quality of t he product 
must be a ssesse d carefully. Since organo
leptic analyses a re subjective, re liable 
phys ic al and chemical tes ts are needed to 
measure loss of qualit y objectively. Pre
vious investigators in the fie ld of objectlve 
tests for quality of fish have found the tests 
for vo l a til e bas e nitrogen (Stansby, 
Harrison, Dass ow, and Sater, 1944), 

Authors Note.--Edward H. Cohen and John A. Peters, Chemists, Bureau of Commercial Fisheries Technologle&l La ratory, U. S. 
Fish and Wildlife Service, Emerson Avenue, Gloucester, Mass. 
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trimethylamine (Dyer, 1959), and refractive 
index of the eye fluid (Proctor, Nickerson, 
Fazzina, Rons ivalli , Smith, and Stern, 1959) 
most applicable. Further study of these 
tests is required, however, to correlate 
corresponding results with organoleptic 
analysis. 

Objectives of the Research 

The objectives of t he present study there
fore were (1) to determine by organoleptic 
analysis whether stor age of ocean perch in 
300 F. refrigerated sea water results in an 
increase in the shelf life of ocean pe rch 
compared to its storage in ice and (Z ) to 
determine if tests for volatile base nitrogen, 
trimethylamine, or refractive index of the 
eye fluid can be used to measure changes 
in p oduct quality objectively. 

EXPERIMENTAL WORK 

Conditions of Storage 

Ocean perch, caught by a small Glouc e ster 
dragg~r and well iced, were from 36 to 48 
hours out of the water when rec eived at the 
laboratory. These fish were immediately 
stored in refrigerated sea water at 300 F.; 
and concurrently, fish from the same catch 
were stored in flake ice. 

REFRIGERATED SEA WATER TANK.-
The tank used in t hese tests (fig. 1) con
tained a stainless steel liner, of 18 gauge, 
measuring 30 inches long, 30 inches wide, 
and 30 inche s deep , with cooling coils 
soldered to its outs ide walls. The walls and 

Figure l.--Refrigerated-sea-water tank used in this experiment. 

4Z 

bottom of the tank were insulated with 4 
inches of foamed hard rubber, which, in 
turn, was covered with 3/8-inch-thick ma
rine plywood. Refrigeration was provided 
by a I-liZ-horsepower Freon- 1Zcompres 
sor , and the temperature of the sea water 
was controlled to within to.5° F. by a 
thermoswitch that activated a solenoid valve 
to r egulate the flow of refr i gerant to the 
cooling coils. The detecting element of the 
t he rmoswitch was immersed in the sea 
water. A back-pressure regulator main
tained the suction temperature at about 
10 0 F. below the refr ige rated sea-water 
temperature of 30 0 F. 

Initially, circulation of the sea water in 
the tank of f i sh was attempted using a 50 -
gallon-per-minute cent r ifugal pump that 
took t he water from a screened inlet in the 
center of the tank and pumped it t hrough a 
spreade r located along the sides at the 
bottom of the tank . During a preliminary 
trial of the unit, howeve r, fish tended to 
freeze against the walls. After several 
modifi c ations of the circulating system, 
the " jacketed" type of circulation shown 
in figure Z was constructed and found to be 
satisfactory. In this system, the water was 
pumped through a space about l - inch wide 
between the tank walls and the jacket to a 
gate in the back of the tank. The water then 
flowed around the fish to another gate atthe 
front of the tank behind which was the intake 
of the pump. With this modification, none of 

Figure 2.--Diagram of refrigerated sea-water tank.. 



the fish froze to the walls, and the tem
perature in the tank was uniform. 

About 400 pounds of round ocean perch 
wa s placed in the tank, and sea water was 
added to give a dens ity of 45 pound s of f i sh 
per cubic foot. This density was comparabl e 
to that of fish iced in the usual manner and 
yet provided for adequate circulation of the 
sea water . Approximately 200 pounds of 
water was added to t he tank. Of thi s quan
tity, 150 pounds filled the voids between the 
fish. The remaining 50 pounds filled the 
jacketed section, the pump, and the piping. 
Wit h this system, we had no d ifficulty in 
keeping the temperature of sea water at 
3 0 0 ±0.5 0 F. 

ICED STORAGE. - - A large wooden box 
with removable penboards, to fac ilitate re
icing of the fish andremovalofthe s a mple s, 
was used for the iced storage. About 200 
pounds of round fish wa s carefully iced with 
300 pounds of fresh-water flake ice and was 
re-iced as necessar y . 

Organoleptic Tests 

During t he test period, samples were 
examined organolepti cally in both the r aw 
and cooked states. 

EXAMINATION OF THE RAW AND 
COOKED FISH. - -T he raw ocean perch were 
evalu a ted for quality in term s of appear
ance, odor, and t e xture. A minimum of six 
fish were removed at per i odic interva ls 
from storage in refrigerated sea water and 
in ice. The fish were graded by two or three 
people experienced in thi s type of examina 
tion. 

After the fish had been examined, t he y 
were filleted, packaged in I-pound c artons , 
overwrapped, plate-frozen, and stored at 
- 20

0 
F. until ready for organoleptic rating. 

In preparation for examination by the taste 
panel, the filleted f i s h were removed from 
storage, cut into p iece s, and steamed in 
covered conta iners for 30 minutes. The 
fish were then served to a panel composed 
of eight members of the laboratory staff, 
who rated the f i sh for appear anc e , odor, 
flavor, and texture . 

When the fish were first re ceived at the 
l aboratory, sufficient samples we re pre 
pared and held in frozen storage at -20 0 F. 
for use as controls in t he taste t e sts . At 
each test, four portions of cooke d fish we re 

served to each panel member. Two ofthese 
portions were unidentified samples from 
f i s h stored in refr ige rated sea water or in 
ic e. T he remaining t wo sample s were con
trols, one identified as t he "known control, " 
and the othe r, not identif ied, was referred 
to as the " b lind control. " It was used to 
che c k t h e r eliabilit y of t he panel. 

RESULTS OF ORGANOLEPTIC TESTS . -
The results of t he organoleptic tests o n raw 
and c ooked ocean perch a r e shown in t able 1. 
The s c ores for appearance were arrived at 
by examining s ix fish f r om each medium 
and rating t h e appearance of t he eyes, gills, 
skin , and f illets cut from t he fish. Fish 
rated below fa i r were considered unac cept
able. The appearanc e of t he iced fish was 
judged acceptable until the 5t h day of stor
age, whereas appearance of the fish stored 
in refrigerated sea wat er was judged ac
ceptable until t he 14th day of storage. 

The odor scores of the raw ocean perch, 
which repres ent ed a combined evaluation 
of the odor of the gills, abdominal cavity , 
and f illets, p aralle l ed closely the scores 
found for appearance. When odor was u s ed 
as a criter i on, the iced fish were a ccept
able until the 5th day of storage, whereas 
the fish stored in refrigerated s ea water 
were acceptable until the 12th day. Off 
odors appeared first in the gut cavity, then 
in the gills, and finally in the fillets. 

The fina l s core of the evaluation of t he 
c ooked ocean perch by the taste panel was 
the average of the rat ings, given for appear
ance, odor, flavor, and texture . Samples 
rated below t h e midpoint of fa i r to poor 
were cons idered unacceptable. T he iced 
o c ean perc h were acceptab le until t he lOth 
day, whereas tho se stored in re f r igerated 
sea water were a cceptabl e until the 14th 
day. 

Physical and Chemical Tests 

The basic method of determin ing the 
qualit y of fish is by looking at t hem, sme ll 
ing them, and tasting t hem. Although t hese 
methods are basic, t hey are time-con 
suming, expensive, and impr ecise . For 
those reasons, objectiv e phys ical and 
chemical tests are needed. To be of value, 
these objective tests, of course, must cor 
re l ate with the subjective ones. The prob
lem therefore i s not only to deVlse the 
te sts but to determine their deg r ee of cor
relation. Such determin ations are expensive. 
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TABLE l .--Results of examination of ocean perch stor ed in refrige rated sea water 
and in ice 

Quali ty rating of raw fish 1 Quail ty rating of cooked fish2 
Storage 

time Refrigerated 
Ice 

Refrigerated 
Ice 

sea water sea water 

Days 

0 Very good Very good Very good Good 

3 Very good Very good Good Very good 

5 Good Fair - poor Good Good 

7 Fair Poor) Good Fair 

10 Fair Poor Fair Poor) 

12 Fair Poor Fair Poor 

14 Poor) Poor Fair Very poor 

17 Poor Very poor Poor ) (4) 

19 Very poor Very poor Very poor ---

1 Six fish from each storage medium were rated on a scale of very good , good , fair , 
poor, and very poor . These results represent an average rating based on appearance , 
odor, and texture . 

2 These results represent an average rating based on the appearance, odor, flavor, and 
texture of the cooked samples which were rated on a s cale of excellent, very good, good, 
fair, borderline, slightly poor, poor, very poor, and inedible . 

) Unacceptable for marketing . 
4 The scoring of the cooked fi sh stor ed in ice was discontinued because the fish were 

inedible. 

Accordingly, whenever opportunity offers, 
we run objective tests c oncurrently with t he 
subjective ones in order to reduce the cost 
of experiInentation . T hus in the pre se nt 
study, our Inain objective wa s to deterInine 
the value of refrigerat e d sea w a t e r r elative 
to icing, but s ince t hi s study r e qui red a 
subjective test, we took advantage ofthe fact 
in o rder to continue our study of phys ical 
and c heInic al Inethods . 

The physical and cheInical t e sts used 
consisted of IneasureInent of (1) weight 
change s , (2) salt content, (3) r e fractive in
-<lex of eye fluid , (4) v olatile base nitrogen, 
and (5) triInethylaInine. The first twotests, 
though they do not indicate spoilage chan ge s, 
do provide inforInation nec e ssary to as sess 
the overall quality of the product. 
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WEIGHT CHANGES.- - Weight losses and 
gains were deterInined on 10 tagged f i s h 
t hat we r e weighed at t h e beginning and the 
e nd of the storage tests both in refr igerated 
se a wat e r and in ice. 

T he ocean perch saInples h eld in re
frigerated sea water showe d a n average 
increase in weight of 10.9 percent during 
the 19 day s of storage, whereas the iced 
saInples showed a gain of 0.1 percent in 
weight during the saIne storage period. 

SALT CONTENT.--DeterIninations ofthe 
salt content of refrigerated-sea-water and 
ice - stored saInple s were Inade by the 
Volhard Inethod (Association of Official 
Ag r i cultural CheInists, 1960) using ferric 
aInInoniuIn citrate as the indicator. 



The uptake of salt in samples stored in 
refrigerated sea water and the leaching of 
salt from the samples stored in ice are 
shown in figure 3. There was a sharp in 
crease in salt in the samples stored in 
refrigerated sea water during the first 3 
days, then a steady rise to a maximum 
around the 17th day. The iced samples 
showed a rapid loss of salt during the first 
5 days and then a very s low loss for the 
remainder of the test . 

REFRACTIVE INDEX. --The refractive 
index of the eye fluid was determined with 
a refractometer kept at a c onstant tem
perature of 250 F. 

The refractive index showed no signi fi
cant correlation with taste panel scores. 
These results are presented in table 2. 

VOLATILE BASE NITROGEN. --Volatile 
base nitrogen determinations were made by 
Stansby's alcoholic extraction met hod 
(1944). The distillation was carried out 
wit h a 12-place electr i c macro-Kjeldahl 
unit (fig. 4). Methyl red-methylene blue 
indicator was substituted for t he methyl 
red used in the original procedure. 

Results of the volatile base nitrogen 
determinations on samples stored in r e
frigerated sea water exhibite d no correla 
tion (table 2) with taste panel scores ; how
eve r, significant correlation was found 
between volatile base nitrogen content and 
taste panel scores in the ice -stored s amples . 

1.5 r----------------~.__-___, 

1.0 
RE~RIGERATEO SEA WATER 

0 ,5 

ICE 

o 10 15 

DAYS 

Figure 3.- -Salt content of ocean per ch (in percent) during storage 
in refrigerated sea water and in ice. 

TRIM E T H Y L AM INE . --Trimethyla
m ine determinations were carried out on 
fish samples accord ing to Dyer's picric ac i d 
method (195 9 ). 

A s ignif icant correlation of trimethyla
mine c ontent with t aste panel scores was 

TABLE 2.--Coefficient of correlation of physical and chemical tests on ocean pe rch 
with taste panel scores of the cooked fish 

Coefficient of correlation Value of coefficient of 
correlation at a l evel 

Storage Refractive Volatile 
of significance of: 1. 

medium Trimethyl-
index base amine 5 percent 1 percent 

Refrigerated 
sea water .207 .216 .223 .468 .590 

Ice .417 .883 . 892 .532 . 661 

1. If the coefficient of correlation is as high or higher than the level of significance, 
the probability exists that there is a correlation between chemical indices and ~as e 
panel s cores. 

The coefficient of correlation was determined according to the simplified method de 
scribed by Arkin and Colton (1959a) . 

The level of s ignificance was taken from Arkin and Colton's ( 1959b) s at i stical ab es . 
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Figu re 4. - -Chemist conducting chemical analysis on fish samples. 

found in the ice - stored samples (table 2), 
but no correlation was found in the samples 
stored in refr ige r a t ed s ea water. 

DISCUSSION 

The fact that the coeffic i ent of correla
tion between the subjective and objective 
tests wa s relatively good in t he c a se of the 
fish held in ice and poor in the cas e of the 
fish held in refrigerated sea water raises 
a question as to why t he d i ffe rence. Ex
ploring that que stion may give add itional 
in sight into the value of t he s e tests for ob
jectively dete rmining the qualit y of fish. 

Although i t would have been desirable if 
t he correlation had been good in a ll cases, 
the lack of complete c orrelation in no way 
invalidates t he result s of the organol eptic 
findings. They are ba s ic, where as the ob
jective tests are still in the d evelopment a l 
state. In the present study, the organoleptic 
tests showed unequivocally t hat a fter sev
eral days of storage, the t e ster s pref e rred 
the samples from the fish stored in re
frigerated sea water over those from fi s h 
stored in ice. 
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CONCLUSIONS 

1. Based on organoleptic scores of the 
raw and c ooked f i sh, ocean perch stored 
in refrigerated sea water were of edible 
quality for about 7 days longer than were 
fish stored in i ce. Also, the refr igerated 
s ea water samples rated higher in quality 
at anyone time during storage than the 
samples stored in ice. 

2. Be cause complete correlation was not 
found between chemic a l tests and organo
l eptic results , i t may be concluded that at 
present, t he se chemical test s are not satis
facto ry for measuring quality of ocean 
perch. There is, however, a need for further 
studie s on objective tests to determine the 
quality of fish. 

3. On the basis of these tests, we feel 
that the storage of ocean perch in re
frigerated se a water at 30 0 F. resulted in 
definite improvement in quality over that 
found when these fish were stored in ice. 
Industry may therefore wish to consider 
the adoption of r efrigerated sea water stor
age, since the improvement in maintaining 
the quality of the fish w ould result in a 
better product for the market and thus m
crease benefits for all concerned. 
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NEW-TYPE MULTIPLE DEBREADER 
by 

Melvin E . Waters and D. J. Bond 

ABSTRACT 

A multiple debreader capable of debreading s ix samples of frozen raw breaded shr imp in less than 10 
minutes (one operation) has bee n designed and built. This debreader, which cost about $H S to construct, 
consists of a stainless s tee l tank, a c ylindrica l wire basket with six compartme nt s , and a I l l S- horsepower 
drive motor with r educrion gea r s . For long wear, all parts in contact wirh water ar e made from corrosion 
r es isrant marerials. The debreader, as designed, pe rm its r eduction of the in spector' s grading time. 

INTRODUCTION 

The U. S. Department of Interior's inspec
tion service curren tly utilizes a debreader 
consisting of a cylindrica l container approx
imately 9 quarts in capa c i ty wi th a 1/2 0-
horsepower motor and reduction gea rs 
turning the paddle vane s at 120 revolutions 
per minute (U. S. Department of the Interior , 
1958) . This debr eader is used in conjunction 
with the grading of fr ozen raw breaded 
shrimp . The apparatus usually deb reads 
a single sample in 10 minutes, although in 
some instances the remaining breading must 
be removed b yhand .Anexperiencedinspec
tor requires 2 hours to complete the grading 
of six samples . 

The de v elopment of a multiple debreader 
(fig . 1), capable of debreading six samples 
(one operation), would reduce gr ading time . 
With the objective in mind of developing 
such a debreader, we designe d a device that 
would (1) reduce the time required to debread 
six samples of s h rimp, (2) be as efficient 
as the one nowused, and (3) be comparable ln 
cost to t h e present one . 

T he purposes of t hi s a rt icle are t o report 
t h e construction of t he d ebr e ader, descnbe 
its operati on, and g i ve da t a obta i ned in lts 
use. 

CONSTRUCTION 

The apparatus o ccupies a space 15-1 / 2 
inches b y 15 - 1 / 2 in c h e s by31 inches . There 
are no specia l requ i rem ents other than that 
the debreader should b e p l aced near a 11 0 -
volt outlet and a d rain . T he debreader is 
composed of thr ee major parts: (1) tank, 
(2) drive, and (3) basket. 

Tank 
A 14 - b y 14 - b y 20 - inch s tainless steel 

tank (fig . 2) is c onstructed of 20 - gauge stee l 
and has a capacity of 58 quarts. The top 
edge is rolled inward 1 inch to prevent 
splashing when t h e bask et r o tate s (fig . 2 - A). 
A 1- 1/ 4 - inch dra in is u s e d a t oneendin the 
bottom of the tank t o dr ain off t h e water and 
breading after t h e deb r eading operatlOn (fig. 
2 - B ) . The tank i s stabilized wlth four 

Autho rs ote.--Me1vin E. Waters, Food Tech nologist , and D. l. Bond, P hysical cience Aid, Bu rea of Commer II! Fish
e r ies Technological Laboratory, U. S. Fish and Wildlife Se rvice, Pascagoula, /vUss . 



Figu re 1. - -0. e rall vie', of multiple debreade r . 

1-1/ 4 - inc h l e g s (fi g . 2 - C) . A rack i s 
m o u nted o u t s ide atone end of t h e tank to 
s u p port the m o t or and redu c tion - g ea r box 
(fig. 2 - D) . T wo supports (br a ss sle eves) , 
one on each end, in s ide the tank , a r e us e d 
t o suppo rt a n d facilitat e rota t ion of t h e 
bas k e t (fi g. 2 - E ) . A s hield is placed ove r 
t h e driv e t o pro tect it a gains t wa ter spla s h 
i n g from t h e tank (fig . 2- F ) . 

Drive 

The driv e ass embly (fig . 2 ) con s i sts of a 
1 h 5- ho r sepo wer mo t o r (11 O- vo lt, 6 0 - c ycle, 
alte r nating current) a n d a r e duction - gear 
b ox . T h is a ssemb l y is m o un ted t o the rack 
on t he end of t h e tank (fi g. 2 - G) . An 
alumin um- and- r ubb e r c oupling connects the 
s h aft of t he gea r box to the jack shaft 
(fi g. 2- H) . A s t uffing b ox containing thejack 
s h aft permits turning , through the end of the 
tank, of t h e basket (fi g . 2-1). The ja ck shaft 
is made from a 1 / 2-inch stainles s steel rod 
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with a m ale ext r usion t o f i t t h e s lo t in t h e 
s h aft of t h e ba s ket. A t oggl e s wi t ch is 
mounted on t h e rack s uppor ting t h e d r ive 
as s e m bly (f ig . 2 - J). 

Basket 

T h e bas ke t a ss e mbly (f ig . 2) is a c y lin 
dr ical wir e b aske t , 14 i nc h es in length a n d 
10 inc h es in d iameter, made from 20 - gauge 
1 /8 - in c h m es h stain less steel screen (ty pe 
304). T hi s assembly i s div ided into six 
compartments, each measuring approxi 
mately 7 inches in leng t h a n d 5 inc h es in 
depth. T h e compartments are divided 
hori zontally wi t h t h e l /8 - inc h mes h stain
less steel s c reen. The central vertical 
partition and t h e ends are made from 20-
gauge s h eet stainless steel (fi g. 2 -K ). Three 
doors ope n leng t hwis e of the basket, each 
door glv lng access to two compartmen ts 
(fig. 2 -L) . T h e doors are hing ed with two 
1/ 2-inch butt h ing es and are locked with 
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Figure 2.--Components of mult iple debrea der. 

window-type latches. A l iZ -inc h stainless 
steel shaft is welded lengthwise through the 
center of the basket to facilitate rotation on 
supports inside the tank as previously de
scribed (fig. Z-M) . 

This debreader is cons tructed of stainles s 
steel (type 304) and other corrosion- resist
ant materials so that it will withstand many 
months of use . The debreader should be 
cleaned, however, after eachday's operation 
to prevent possible corrosion and to comply 
with good sanitary practices. One-eighth
inch mesh stainless steel wire is used for 
the basket and compartments to permit free 
circulation of water around the shrimp and 

yet to retain, in the individual compartments , 
shells, v eins, s wimmerets, and extraneou s 
material. T h e basket can be removed fr om 
the tank to allow thorough cleaning of t he 
machine. 

The rotat ion of the basket is set a t 55 
revolutions per minute to prevent p o ss ible 
damage to the shrimp and y et to per mIt the 
removal of t h e maximum amount of br eading 
in the minimum amount of time. T h e t h r ee 
doors are spaced evenly around t h e basket 
to prevent eccentric motion caus ed b y uneven 
balance of weight . This debreader operates 
smoothly with any nwnber of s amples up to 
six . 
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DEBREADING OPERATION 

For operation, the debreader is assem
bled, and each compartment i s numbered . 
The container is filled half full of water. 
The shrimp-to-water ratio is one sample 
of 20 s h rimp to 5 quarts of water. Six 
samples of shrimp-- 20 shrimp in each 
sample -- are numbered, graded, and scored 
in the fr ozen state as usual. They are then 
placed in their respective compa rtment of 
the debreader and are rotated in the water 
for 7 minutes. Sub sequently, each sample 
of shrimp meats is taken o ut, along with 
tail fins , shells, v ein s, and extraneous 
material. The shrimp are placed s ing l y on 
a 1/ 2 - inch mesh s ieve and drained on a 
slope for 2 minutes . The drained s h r imp a nd 
other material taken from t h e debreader 
are placed on the weighin g pan, and t h e 
grading is completed. The debreader i s 
drained of wate r, breading, etc., a n d is 
wa s hed before another lo t of samples is 
started. 

COMPARISON OF DEBREADERS 

Efficiency 
EXPERIMENT 1. -- Two h un d red 10-

ounce packages of frozen raw breaded 
shrimp were used in this experiment t o per 
mit comparison of the e ff iciency of the 
multiple debreader method with the single 
debreader method. One hundred ofthe pack 
ages were designated as product A and were 
expected to have a low incidence o f shell, 
veins , swimme rets, etc. The second hundred , 
product B, were expected to cont ain seve ra l 
of t he above-mentioned items . T h e s h rimp 
were of the butterfly style and Penaeus duoarum 
va riety; proces sing methods, breading and 
batter material, wer e the same f o r both 
products. A comparison in recovery of 
extraneous material was made on b o t h 
products by both debreaders to ascertain 
whether such material would be recovered 
equally by both machines . In addition, the 
somewhat more forceful agitation of samples 
in the multiple debreader make it nec ess ary 
to determine if the shrimp meats themselves 
would be damaged during debreading . 

Results are presented in tables 1 t h rough 
4. Ninety- three samples (15 t o 18 shrimp 
each sample) of products A and B w ere 
graded with the single debreade r. These 
samples were used to determine if a 
significant difference in deductions using t h e 
official scoring method would be caused b y 
the use of another type of deb reader. 
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Damaged or fragmented shrimp, resulting 
from t h e debreading action, would increas e 
t h e deductions. Comparison of tables 1 and 2 
s hows little difference in average deduc
tions-- 6 .4 points us ing the multiple de
breader and 6.9 points using t h e single 
debreader. Comparison of tables 3 and 4 
shows a slightly greater difference in 
average deductions -- 33.7 points using the 
multiple debreader and 40.1 points using 
t h e single debreader. Statistically , however, 
differences between the means of the point 
deductions are not significant when using 
either method for either product A or B. 
Although using the single debreader gave a 
higher average point deduction, using the 
multiple debreader did not lead to fewer 
deductions due to los s of veins, shell, and 
s w immerets from the compartments. 

Pro duct B contained excessive veins, 
shell, and swimmerets (tables 3 and 4), 
rigoro usly testing the multiple debreader 
in determining whethe r or not these parti
cles would remain in t h e compartments. 
Breading from the multiple debreader was 
washed onto a No . 20 sieve and carefully 
examined . The e x amination of breading 
from the multiple debreader showed no 
veins , shell, swimmerets, or particles of 
shrimp, although several of these items 
we re present in the individual compart
ments. When the debreaded shrimp wer e 
examined, no evidence of broken pieces 
w as found, nor was the s h rimp made exces
siv ely fragile. 

The exact amount of oreading previously 
applied to thes e shrimp wa s not known; 
t h erefore, t h ese samples could not be used 
t o test t h e accurac y of the multiple de
breader as related to breading percentage. 
It became obvious, however, in the cours e 
of deb reading , that the multiple debreader 
removed as much breading as t he single 
debreader plus hand wa s h ing did. When the 
s i ngle debreader metho d is used, the re
maining breading is washed off b y hand as is 
t h e procedure in the official method; how
ever, wi t h t h e multiple debreader, such hand 
was h ing is not often necessar y . Breading 
percentages presented in tables 1 through 4 
should not be c o mpared f o r efficiency of 
debreaders, since the y do not represent the 
true remov al of breading b y the mac h ine 
alone, but indicate total breading removal. 

EXPERIMENT 2. - -One ;.·'Tldred and fift y 
four samples of s h rimp (20 s h rimp each 
sample) were breaded using t wo different 
batters and two different breading materials. 



TABLE l - -Deductions and grade results of product A using multiple debreader 

Deductions 

Sample No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Percent of Breading 46 46 47 46 48 43 46 42 46 47 49 50 46 48 48 47 50 46 48 49 48 48 43 44 

Loose Bread ing and Frost a a a a a a a a a a a a a a a a a a a a a a a a 

Ease of Separation a a a a a a a a a a a a a a a a a a a a a a a a 

Uniformity Ratio a a a a a a a a a a a a a a a a a a a a a a a a 

Condi tion of Coating a 2 4 1 2 4 2 2 4 2 1 1 4 2 2 1 a 2 4 2 1 2 4 2 

Damaged/Fragmented Shrimp a a 3 a a a 1 a a a a a a a 1 1 1 a a a a a a a 

Deterioration a a a a a a a a a a a a a a a a a a a a a a 3 a 

Dehydration a a a a a a a a a a a a a a a a a a a a a a a a 

Sand Veins a 1 2 1 a 1 1 a a a a a a a 1 a a a 1 1 a 1 a a 

Black Spot 3 a 3 a 3 3 3 a a 3 3 a 3 3 a a a 3 3 9 6 a 3 a 

Swi.mmerets 1 1 1 a a 1 a 3 2 1 1 a 2 3 a a a a a a 1 1 a 1 

Extra Sheil 1 1 3 1 a a a a 1 1 1 1 1 1 1 1 a a a a a 2 a 1 

Total Deductions 5 5 16 3 5 9 7 5 7 7 6 2 10 9 5 3 1 5 8 12 8 6 10 4 

'lbtal Score 95 95 84 97 95 91 93 95 93 93 94 98 90 91 95 97 99 95 92 88 92 94 90 96 

Grade A A B B A A A A A A A A A A A A A A A A A A A A 

Sample No . 25 26 27 28 29 30 31 32 33 J4 35 36 37 J8 39 4D 41 42 43 44 45 46 47 48 

Percent of Breading 46 44 46 47 46 46 46 45 46 47 50 45 46 45 49 48 48 44 46 48 47 

Loose Breading and Frost a a a a a a a a a a a a a a a a a a a a a 

Ease of Separation a a a a a a a a a a a a a a a a a a a a a 

Uniformi ty Ratio a a a 2 a a a a a a a a a a a a a a a a a 

Condition of Coating 4 2 2 2 4 2 2 2 2 4 1 1 2 2 1 2 a 4 4 2 2 

Damaged/ Fragmented Shrimp a a a a a 3 a a a a a a 6 6 a a a 3 3 a a 

Deterioration a a a a a a a a 3 a a a a a a a a a a a a 

Dehydration a a a a a a a a a a a a a 0 a a a a 0 a c 

Sand Veins a a a a a a a a a 2 1 a 1 a a a a a a a a 

Black Spot a a 3 3 3 3 a a a a 0 0 0 3 3 3 3 3 3 0 3 

Swi.mmerets 1 a 0 1 a a 1 a 0 1 3 0 0 0 1 0 0 0 0 0 0 

Extra Shell 0 0 0 a 2 0 0 a 1 2 3 0 0 1 0 1 2 1 1 a 0 

Total Deduc t ions 5 2 5 8 9 8 3 2 6 9 8 1 9 12 5 6 5 11 11 2 5 

Total Score 95 98 95 92 91 92 97 98 94 91 92 99 91 88 95 94 95 89 89 98 95 

Grade A A A A A A A A A A A A A A A A A A A A A 
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TABLE 2--Deductions and grade results of product A using single debreader 

Deduct ions 

S~le Ho . 1 2 3 ~ 5 6 7 8 9 10 11 12 13 ~ 15 16 17 18 19 20 21 22 23 24 

Percent of Breading 49 49 ~9 ~8 48 48 46 49 49 49 48 48 ~6 49 48 ~9 48 48 49 49 48 48 48 49 

L:!ose Breading and Fros 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ease of Separation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CnifoI"I!li.ty Ratio 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 

Cond i t ion of Coating 2 2 4 2 2 2 2 4 2 ~ 2 4 2 4 2 2 2 4 2 1 2 2 2 2 

D=aged fragmented Shrimp 0 1 0 0 0 0 0 0 0 3 0 0 0 3 0 0 0 0 0 1 2 0 0 1 

De:.er':'oretion o I 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

De!'o.,ydration 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sa."1d Veins 2 0 0 2 5 2 1 1 4 2 2 1 0 1 1 0 0 3 3 5 4 2 4 1 

S:9.:ii: pot 0 3 3 3 0 3 0 3 3 3 0 0 3 0 3 0 0 0 0 0 3 0 3 0 

Slii::r.ere .:i 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 1 0 1 0 1 0 

E):tra Shell 1 0 0 0 1 0 0 0 0 0 0 0 2 0 1 1 7 4 0 0 0 0 0 0 

70tal 2ted;J.cticns 5 9 7 7 8 7 3 8 9 13 4 5 7 8 8 4 9 12 6 7 12 4 10 5 

Tot:::.~ ~core 95 91 93 93 92 93 97 92 91 fr7 96 95 93 92 92 96 91 88 94 93 88 96 90 95 

::;'::-3.je A A A A A A A A A A A A A A A A A A A A A A A A 

Sa::.p":'e No. 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

?e:-..;, :-.t of Breading 49 48 ~8 ~9 49 48 48 50 ~8 50 48 47 47 48 49 50 50 50 50 50 49 50 50 50 

was, Breading and frost 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Za.::€: ;,f Separation 0 o I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-
t r.i.~" r:rl ty Ra tic 0 o I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

·or.;!' . ~";:"l of r:oating 1 2 2 1 2 2 1 2 1 1 1 4 2 4 2 0 2 2 2 1 3 1 2 2 

:)2.!::a..-~d Fragoen"',ed Shrimp 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 Q 0 0 0 0 0 1 0 0 

2oe:erbra:ion 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~::-t:;jration 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

::"'"1j "'ein5 3 2 1 1 2 5 1 6 2 4 5 4 1 2 3 0 1 2 0 1 1 1 3 3 

:'L.:.. :: Sp~t 3 0 0 0 I 0 0 3 0 3 0 3 3 0 3 3 0 3 3 3 3 3 0 3 3 

.::.!.:-.-.e re· s 1 0 0 o I 0 0 0 3 0 0 0 0 1 1 0 2 0 0 0 0 0 0 0 1 

:::'x:.:-s. .. ·hell 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 

-: ~ ._ :>eductions 8 4 3 3 5 7 5 11 6 5 9 11 5 12 8 2 6 7 5 5 7 3 8 9 

!',,:, :';;'.1. Score 92 96 97 97 95 93 95 89 94 95 91 89 95 88 92 98 94 93 95 95 93 97 92 91 

:Jr-sje A A A A A A A A A A A A A A A A A A A A A A A A 
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TABLE 3--Deductions and grade results of product Busi ng muJ.tiple debreader 

Deductions 

Sample No . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Percent of Breading 33 33 32 32 35 34 31 33 33 35 35 34 28 30 33 34 33 35 35 38 32 36 32 33 

Loose Breading and Frost 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Eas e of Separation 0 3 3 3 3 3 3 0 3 0 3 3 3 3 0 3 3 3 3 3 3 3 3 3 

Uni£ormi ty Ratio 2 0 0 0 7 10 4 0 0 1 2 0 0 0 4 5 0 3 6 0 0 3 0 0 

Condition of Coating 2 4 4 4 4 4 3 3 3 3 3 3 4 4 2 2 4 4 2 2 2 2 2 4 

Damaged/ Fragmented Shrimp 1 3 2 5 5 8 8 0 0 0 3 1 8 7 5 0 5 8 6 3 5 1 8 2 

Deteriorat ion 3 3 3 3 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Dehydration 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sand Veins 11 29 17 18 18 17 26 15 21 13 15 19 18 22 19 12 19 10 13 19 29 21 14 17 

Black Spot 3 3 3 0 3 3 3 3 3 3 3 3 3 3 3 3 3 6 3 3 3 3 3 3 

Swimmerets 2 1 4 1 4 0 5 2 2 3 2 3 9 1 1 2 2 1 4 2 3 0 2 3 

Extra Shell 1 1 2 1 0 0 2 3 0 2 3 2 6 1 1 3 3 0 0 1 1 1 0 1 

Total Deductions 25 47 38 35 44 45 54 29 32 25 34 34 51 41 35 33 39 35 37 33 46 34 32 33 

Total Score 75 53 62 · 65 56 55 46 71 68 75 66 66 49 59 65 67 61 65 63 67 54 66 68 67 

Grade B SS* SS* SS* SS* SS* SS* B SS* B SS* SS* SS* SS* SS* SS* SS* SS« SS* SS· SS- SS· SS .. SS· 

Sample No . 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

Percent of Breading 36 34 33 34 30 33 34 36 30 33 33 33 38 38 33 33 33 37 34 37 33 35 28 33 

Loose Breading and Frost 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ease of Separat i on 3 3 3 3 3 0 0 3 0 3 0 3 3 3 3 3 3 3 3 3 3 3 3 3 

Uniformi ty Ratio 0 6 0 0 0 0 0 0 0 2 0 0 0 0 0 5 0 4 6 0 0 0 0 0 

Condition of Coating 2 2 2 4 2 2 2 2 2 2 4 2 1 4 2 2 2 4 4 4 2 4 4 4 

Damaged/ Fragmented Shrimp 0 7 0 9 1 0 1 0 1 2 4 2 1 2 8 1 0 5 1 1 1 3 1 4 

Deteriorat i on 3 3 0 0 0 0 0 3 0 0 0 0 3 3 3 0 6 3 3 3 3 3 3 0 

Dehydration 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 ( 0 0 0 

Sand Ve i ns 13 14 21 22 13 16 22 19 19 15 9 18 3 21 11 19 2 5 12 7 9 12 15 12 

Black Spot 3 3 3 3 0 3 3 6 3 3 3 3 3 3 3 3 6 3 3 3 3 3 6 3 

Swimmerets 3 1 3 1 3 0 2 4 3 1 1 3 2 0 3 3 3 3 5 5 5 1 0 1 , 
Extra Shell 1 0 0 0 1 0 2 1 1 0 1 0 3 0 0 1 0 0 3 0 2 1 1 0 

Total Deductions 28 39 Jl 41 23 19 32 38 29 28 22 31 19 39 36 37 22 30 40 26 28 30 33 27 

Total Score 72 61 69 59 77 81 68 62 71 72 78 69 81 61 64 63 78 70 60 74 72 70 67 73 

Grade B SS* SS* SS- B B SS* SS- B B B SS* B SS- SS* SS· B B SS- B B B SS· B 

*Sub-s tandard 
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tABu: 4-- Deductions and grade results of product B using single debreader 

Deductions 

Sample No. 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 

Percent of Breading J4 33 33 J4 35 J4 35 J6 36 35 J4 37 J4 32 J4 33 31 38 37 33 38 36 37 35 

IDose Breading and Frost 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ease of Separation 3 3 3 3 3 3 3 3 3 3 3 3 0 3 3 3 3 3 3 3 3 3 3 3 

Unironzd ty Ratio 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 2 9 7 0 0 2 0 0 

CODdi tioo of Coating 4 4 4 4 4 4 4 4 4 2 4 2 2 2 4 4 2 4 2 2 2 4 2 4 

Damaged/Fragmented Shrimp 3 4 4 9 2 2 3 2 5 5 0 4 1 5 2 1 7 7 3 1 0 3 0 1 

Deterioration 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 0 0 3 3 0 0 

Oebydra tion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sand Veins 15 17 23 21 24 19 30 21 14 26 20 24 25 17 20 24 27 21 25 14 27 25 24 22 
---
Black ~pot 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

Sw1.JmDe re t s 2 2 2 4 6 5 1 7 9 1 0 3 1 3 6 1 2 3 0 6 1 1 4 6 

Extra Shell 1 0 2 0 2 2 1 0 1 0 2 1 1 1 5 1 0 2 1 2 2 1 2 2 

Total ductions 31 33 41 49 44 38 45 40 39 40 32 40 33 J4 43 40 46 55 44 31 41 45 38 41 

Total Score 69 67 59 51 56 62 55 60 61 60 68 60 67 6b 57 60 54 45 56 69 59 55 62 59 

Grade SS· SS* SS· SS* SS* SS* SS* SS. SS* SS* SS* SS* SS* SS* SS* SS* SS* SS* SS* SS* SS. SS* SS* SS* 

Sample No. 25 26 27 28 29 30 31 32 33 J4 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

Percent of B,.., ad i08 35 36 38 39 33 35 33 37 35 33 J4 37 

IDose Breading and Frost 0 0 0 0 0 0 0 0 0 0 0 0 

Ease of Separa tion 3 3 3 3 3 3 3 3 3 0 3 3 

Unlionzd ty Ratio 0 0 0 0 0 0 0 2 0 0 0 0 

Condition or Coati08 2 2 2 4 2 2 2 2 2 4 2 4 

Damaged/Fragmented Shrimp 3 2 0 10 1 4 3 6 2 2 0 2 

Deterioration 3 0 3 3 3 0 0 0 3 0 3 3 

Dehydration 0 0 0 0 0 0 0 0 0 0 0 0 

Sand Veins 21 24 24 28 17 25 19 20 17 24 14 19 

Black Spot 3 3 3 3 3 3 3 3 3 3 3 3 

Sw1..m:me re t s 5 2 5 7 6 4 1 3 3 1 3 10 

Extra Shell 3 1 2 2 2 2 2 2 1 0 1 3 

Total Deductions 43 37 42 60 37 43 33 41 J4 J4 29 47 

'IOtal Score 57 63 58 40 6J 57 67 59 66 66 71 53 

Grade SS· SS* SS· SS- SS* SS* SS* SS* SS* SS- B SS* 

-Sub-standard 
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Table 5.--Summary of r esults comparing de br eade r s using v arious breading materials 

Mean value 

Expe riment Sample s Commercial Debreader Weight of Weight of Breading 
br eading and used breading br eading removed 
batt e r put on taken off 
material by debreader 

Num be r Gram s Grams Pe r ce nt 

10 Breading A Multiple 
Batter B debreader 153.4 115 . 4 75 . 2 

A 
4 8 Br eading A Single 

Batt e r B debr eade r 163 . 4 69 . 4 42 . 5 

48 Br eading and Multipl e 
batte r C debreader 158 . 6 132 . 1 83 .3 

B 48 Breading and Single 
ba tter C debreade r 148 . 3 115 .1 77 . 6 

The shrimp w ere breaded w ith known 
amounts of breading and t h en froz e n in a 
blast freezer at -400 F. These s h r i mp w er e 
of t h e P . duoarum v ariety and butterfly style 
and w ere breaded in the same manner. T h e y 
w ere used to test the accurac y of the 
multiple debreader w ith differ ent breading 
materials . 

T h e single and multiple debread e rs w er e 
used to remove t h e breading fr o m t he 
s h rimp in t w o e x periments using t wo diffe r 
ent types of commerc i al batters and bread
i n g . Table 5 summariz es t he results, whic h 
w ere subjected to statistical tr e atment in 
order to c ompare t h e efficiency of t he 
multiple debreader w ith that of t he s ingle 
deb reader using t h e Stude nt t-test . The " t " 
values obta ined s howed t ha t t h ere wa s a 
sign ificant d ifference (at t h e 95-pe r c e n t 
l e v el) betw een the debreaders in removing 
the same breading and betw een t h e de
breaders in removing differen t brea ding. 
The mult i p l e deb r e a der remov ed s i gnifi 
cantly m o re of both bread in g m a te r ials than 
did the s ingle d e br e ader wit hou t hand 
washing. A lth ough the off i c i a l met ho d using 
t h e single d ebr e ade r with hand washing and 
the n e w m ethod u sing the multiple debreader 
a c hieve the s a m e end result (tables 1 
th r o u gh 4), unit effort is reduced consider 
ably by the l a tter m ethod. The newdebreader 
re m oves in 7 minutes the breading from 
six sam ple s that wou ld require 60 minute s 
with the present d eb re a de r . 

Cost 
The cost of material for this debreader 

was $145. Labor and other costs were $300. 

MS # 1235 

The overall cost would have been consider
a bly lower had the mac h ine been made on a 
la r ge - s cale production. T hi s c onclusion is 
b ased on t he manufacturer's estimate of 
ab o ut h a lf the lab or cost and of lowe r cost 
of mater ials when purchases are made in 
la r g e quant i ties. Estimates on a production 
ba s i s wer e $ 30 0 to $325, which are com 
p a rable w ith the pr ice of the current 
d e breader. 

SUMMAR Y 

Thre e h undred thirty-one samples of 
b r eaded shrimp were graded to compare 
the m u ltiple debreader describ ed here with 
the single debreader now commonly used. 
Statist ica l treatment of the results shows 
that the multiple debr eader removed signif
icantly more breading material than did the 
s ingle debreader without hand washing . 

The cost of the multiple debreader as 
cons t ructed w as $445 - - $145 for materials 
and $300 for labor. Manufacturers estimate 
that the debreader c ould be constructed for 
$300 to $325 on a production basis. 

The multiple deb reader debreads six 
samples of shrimp in 7 minutes. It a lso 
eliminates muc h hand was hing , thereby 
reducing the g r ading time. 
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