
FISHERY 
INDUSTRIAL 
RESEARCH 
VOLUME 2 NO. 2 

United States 
Department of the Interior 

Fish and \Vildlife Ser"ice 
Bureau of ConlmelTial Fisheries 



Created in 1849, the U.S. Department of the Interior is 
concerned with the management, conservation, and develop
ment of the Nation ' s water, fish, wildlife, mineral, forest, 
and park and recreational resources. It also has major 
responsibilities for Indian and Territorial affairs. 

As the Nation's principal conservation agency, the De
partment works to assure that nonrenewable resources are 
developed and used wisely, that park and recreational 
resources are conserved for the future, and that renewable 
resources make their full contribution to the progress, 
prosperity, and security of the United States--now and in 
the future. 



UNITED STATES DEPARTMENT OF THE INTERIOR, Stewart L. Udall, Secretary 
FISH AND WILDLIFE SERVICE, Clarence F. Pautzke, Commissioner 

BUREAU OF COMMERCIAL FISHERIES, Donald L. McKernan, Director 

FISHERY INDUSTRIAL RESEARCH 

Volume 2 - Number 2 

Washington, D.C. 

December 1963 



ECONOMIC FACTORS RELATED TO LAKE TROUT 
QUOTAS ON LAKE SUPERIOR 

by 

Keith D. Brouillard 

ABSTRACT 

In some fisheries, a quota on catch as a method of manage ment has proved successful insofar as 
physical yield is concerned . This me thod, however, has been based primarily on biological concepts, 
with little concern for the economic aspects. 

The philosophy of manageme nt should include a consideration of economic rent. This rent can be 
obtained by limiting costs-- that is, effort--as well as by limiting produc tion . The combination of a quota 
on catch and a limitation on amount of gear will produce both biological and economic benefits . 

The lalce trout fishery on Lalce Superior presents an opportunity to apply economic as weI as bio
logical principles to the management of an entire body of wate r. If both of these factors are considered 
in the regulation of the fishe ry, the industry will be stronge r in its long-te rm operations. 

INTRODUCTION 

The catch of lake trout in Lake Superior 
and e lsewhere on the Great Lakes has 
declined b ecause of a reduction in their 
population cau s ed by the sea lamprey . 
Control of the sea lamprey now appears 
t o b e feasible through the use of selective 
poisons and should end their predation as 
a major factor in the abundance of lake 
trout. 

In order that the population of lake trout 
can be reestab lished quickly, the catch will 
b e rigidly controlled, which raises a -ques
tion as to the basic principles involved in 
the management of a fishery. This problem 
wa s explored in a conference held in Otta wa, 
Canada, in June 1961. In the meeting , it 
was recognized that a fishery is important 
mainly because of its contribution to the 

economic well being of the community and 
that in any program of control, economic 
principle s m ust be consider ed as well as 
biological ones. 

The pu r pose of this report is to outline 
the ideas presented at the conference inso
far as they apply to the regulation of the 
lake trout fishery of Lake Superior. Most 
o f the follo wing discussion will be devoted 
to economic factors, b ut since biological 
factor s are inseparably involved, they will 
be discussed also, though briefly. 

ECONOMIC FACTORS 

In our discussion of economic factors, 
three situations will be considered : (l) What 
happens in an unregulated fis hery, (2) what 
happens in one in which quotas are put on 

Author Note. - -Keith D. Brouillard, Commodi ty Industry Economist, Bureau of Commer cial Fisheries Econonucs nce. 
and Wildlife Service, Ann Arbor. Michigan. 
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catch only, and (3) what happens when 
quotas a re put o n b oth catch and effo rt. 

Unregulated Fishery 

Gordon (1954, 19 55) p resented ahypothe 
sis that rela tes the yi e ld in a fishery to 
effort. His hypothe sis states that costs 
(effort) in an unregulated fishery tend t o 
equal monetary returns . (In this pape r , the 
term " cost " refer s to the co st of operating 
the entire fleet, no t to that of operating an 
individual vessel.) A s is indicated by figure 
1, costs C increa s e as landings inc rease, 
but at a diffe rent rate. When c osts have 
increa sed to point Y , any fur t her effort 
will result in an ope r a ting loss to the 
fishermen as a group . 
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Figure l.--Result of unregu lated fishery. 

In the pas t, excessive costs have devel 
oped in variou s fisheries . The b a sic diffi 
culty is that the investment in fis h ing 
ve s sels and gear, and the many fishermen 
attracted into a fishe r y during good times, 
results in an oversupply of capit al and 
labor. The general slowness of capital and 
labor in leaving the industr y then causes 
a prolonged period of economic lo ss. 

To obtain the maximum economic rent-
that is, to obtain the maximum monetar y 
return from the resource ove r and above 
the amount needed to keep it going -
operations obviously should be conducted at 
the point where the difference betw een re
turns and cos t s is greate s t . On the graph, 
this point is represented by X . It can be 
seen that the economic optimum is reached 
while both the costs and the returns are 
less than maximal. At point Y , for example, 
the total income to the fishery i s greater 
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than at point X , but at point Y, costs have 
caught up with income, so there is no 
economic rent. 

Quota on Catch but Not on Effort 

The theoretical point o f maximum eco
nomic return has been defined in figure 1. 
If, at this point, an attempt; is made to 
regulate the fisheries t(' 00tain this maxi
mum t h rough limiting the catch b y a quota, 
q, but w ithout limiting the fishing effort, 
the conditions show n in figure Z . will de
velop . Here costs do not stabilize at the 
point where the line X intersected the cost 
curve originally, but instead, rise t o where 
C z inte rsects L . The line Cl represents 
t h e original cost curve. The higher costs, 
CZ, under the quota, result from efforts of 
all pro s pective fishermen and boat owner s 
to s ha re in the quota with more fishermen 
a nd gea r occupied in the fishery than are 
nec es sary to attain the most economic 
p roduction. 
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Figure 2. - -Results of quota. 
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There is a resemblance between th i s 
theo retical situation and the actual develop
ments in the Pacific coast halibut fishery 
(Crutchfield, 19 5 9; Sinclair, 1960; Crutch
field and Z ellner, 196Z ). Quotas we re set 
in that fishery to increase the size of the 
sto ck and the availability of halibut to the 
fishermen . The actual achievement of this 
p u r po se deserves recognition. It must be 
said, howeve r , that this fishery is not 
greatly profitable. As production has in
creased, the investment in vessels and 
gear has increased. At present , the halibut 
fishery is overcapitalized, so returns from 
many of the ves sels are below wha t could 
easily be ob tained from other investments. 
In such a situation, a fleet does not operate 



at maximum efficiency. Both labor and 
capital are wasted, and problems are en
countered in marketing as well , owing to 
the shortness of the season. 

A condition of this kind can develop in 
the fisheries on Lake Superior. Assume 
that a quota is placed on the production 
of lake trout. If the rehabilitation program 
is successful, the abunda nce of fish will 
result in an increase in the am ount of gear 
fished, since each fisherman w ill wish to 
catch the greatest share possible of the 
quota. It will then be necessary to close 
the season because the quota, in all proba 
bility, w ill be filled in a short time. The 
industry now will b e faced with the problem 
of finding employment for fishermen, gear, 
and vessel s during the off season. The 
unused gea r and vessels represent was t ed 
capital and, hence, a loss to the national 
economy. 

In addition to the economic losses in the 
producing segment of the industry, the 
American consumer suffers. The p r oduc
tion of a quota during a short period of 
time necessitates the freezing and sto r age 
of the fish . The consumer pays for these 
added costs through higher prices. Another 
c onside ration is the unavailability of prime 
quality fresh fish, which are aesthetically 
appealing to c o nsumers. 

Quota on Both Catch an d Effort 

The cost curve shown in fi gure 3 is the 
same as the c os t curve of figure 1. For 
simplicity, the assumption has been made 
that the fishing effort is frozen at the level 
represented by X. Now a quota is placed on 
this fishery at the point designated by q. 
(Actually, the quota would be in terms of 
pounds of fish, but pounds can b e converted 
to dollars b )f means of price.) This point 
w ould be the optimum when the quota could 
be filled with a minimum o f the m 0 s t 
efficient gear, vessels, and labor. Th e rent 
from this fisher y w ould be the maximum 
that could be obtained. 

In the above analysis, the future trout 
fishery of Lake Superior is of primary 
concern. P re sently, fishing effort for lake 
trout is low ; hence, it is doubtful whethe r 
any further reduction from present levels 
would be necessary to rebuild the stock, 
presuming that the control of lamprey will 
be successful. It w ill be necessary , there
fore, to wait until the stock of lake trout 

rl SHING COSTS 

F igu re 3. --Quota and gea r limitations. 

has been rebuilt t o det e r m ine the proper 
fishing level. Limiting gear to its present 
level w ould aid in p r eventing uneconomic 
e xpansio n of effort. 

The point o f maximum net economic 
return p r obably w ill not be reached simply 
b y h o lding gea r at its present level. If this 
is the c o rr ect level, it would be the result 
of pure chance. Adjus tm ents in effort there
fore w ill be necessary. If an upward ad
justment b ecome s advisable, as seems 
lik ely, s ome problems would be encoun
tered. F o r e x a mple, who should get licenses 
o r who s h ould fish additional gear? If a 
decrea se in effort we re advisable, the 
reve rs e problems would bepresente d--that 
is, who should leave the fisher y or who 
should reduc e the amount of gear? A dis
cussion of these problems is beyond the 
scope of the p r esent article, but they are 
treated in detail b y Crutchfield and Zellner 
(1 962 ) a nd are also discussed in a report 
on the Japanese tr awl fishery (Fisheries 
Re sear ch Insti tut e of Japan, 1961). 

BIOLOGICAL FACTORS 

As is indic a t ed in figure l, the economic 
optimum appea rs t o fall below the maxi
r:num sustainable physical yield . Possibly, 
from a physical yield standpoint, biologists 
will discover that it is desi r able to harvest 
the trout population at a level above the 
most economic point. Should this problem 
a rise, it would b e necessary to make a 
judgment as to which yield is more desir
able . 

In the future, the situation may develop 
where the need for p r otein foods causes 
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SAMPLES 

Five hundred pounds of round whi t ing , 
caught l ess th n 4 hours pr viously , w s 
placed in a r e frig r t d s - w t r t nk 
(C ohen and P ters, 1963) , nd s 
(pr eviously chilled to 30 0 F . ) w 
give a density of abou t 45 pound of fi h P r 
cubic foot. The temperatur throughout h 
14-day storage period w s 30 0 ± 16 F . 

In addition, 300 pounds of round whit1ng, 
from t he s a me lot s tho bov , w r 
carefully iced in 1 rge wood n box w1th 
300 pounds of fresh-w t r fl ke-ic . Th 

o box was kept m col d room t 40 F . Th 
fish were maintained t t emp r tur o f 
320 F. and were re - ic d when ness ry 
during the t e st. 

CH EMICAL ANALYSES 

Procedure 

After 0, 7, and 13 days of stor g ,Sl . hsh 
ere removed both fr om he r frig e ra d 

sea water and from t he ice . The fish \,v r 
filleted, ground m an elec tr ic blend r, nd 
analyz.ed in triplicate the same day . 

Proximate and mineral nalyses .-- The 
analytical methods used for prox1ma e de 
terminations (protein, oil , ash , nd m01S 
ture) are described by Sohn, C rver, and 
Mangan (1961) . Sodium and potassium de 
terminations were made on aCidified solu
tions of the ash fr om t he prox1mate analysis . 
The determinations were car ned out in a 
Baird-Atomic direct - reading flame spec 
trophotometer . The chlor ide de t e rminat ion 
was carried out according to th e Vo l ha r d 
metho d described in the Associa t ion o f Of
ficial Ag r icultu ral Chemists I "Official 
Methods o f Analysis" (1 960) . 

Amino acid analysis .- - A 0 . 2 - gram sample 
o f wet ho mogenized fish fl e sh (weighed to 
t he nearest 0 . 1 milligram) wa s hydrolyzed 
for 20 hours under r e flu x with 6 (glass 
distilled ) hydro c hloric acid . The hydro 
chloric ac id wa s then removed by evapo r a 
tion under vacuum, and the residue was 
taken up with pH 2.2 buffe r and analyzed 
a ccording to the method of Sparkman, Stei n, 
and Moore (1958), using a Phoenix Amino 
Acid Analyzer (fig . 1). Tryptophan and 
cystine, which are destroyed du ring acid 
hydrolysis, were de t er mined s e parately, 
using the method of Gr aham, Smith, Hier, 

6 

Fl re l.--AmlllO ld n lyur. 

nd Kle1n (1 47) for 
m thod of Schr m, 
(1 54) for cystine . 

Re s ults 

ryp ophan and he 
oore, and Bigwood 

Proxim t e compos1 10n and mineral con 
tents .-- The prox1mate compo s i t ion nd he 
sodi m , potassium, and chlo r ide co n ents 
of t he fillets re shown in ta b le I . During 
stor age in refrigerated sea \ a t er , he fish 
fl e sh inc r ea s ed in ash , sodiu m, and c hloride, 
and decreased in potassium . 0 change oc 
curred in protein and moi sture . Dur ing iced 
storage , t he fi s h H e sh dec reased in prote i n, 
ash , potassium , and chlo r ide , and i ncr ea s ed 
in moistur e . 0 change was noted i n sodium. 
The f ish stored in refr ige r a ted sea water, 
however, inc r ea s ed in sodiu m content and 
the r e for e were not suitable for use i n low 
so diu m diets . The decrease in oil content 
wi th storage time shown i n table 1 probably 
was fortuitous . 

Amino acid analyses .- - The results of 
the amino acid analyses of the ze r o - day 
fi sh fl e sh sample s are shown in table 2 . 
No significant change occ urr ed in t he 



TABLE 1 .--Proximate composition) sodium) potassium) and chloride content of whiting 
-- - ---

Total of 
Storage Storage Protein MJisture Oil Ash proximate Sodium Potassium Chloride 

time medium components 

Days Percent Percent Percent Percen t Percent Mg/ l 00g . Mg. / l 00g. Mg./l00g . 

0 16 . 68+ . 28 80 . 73:t.. U 1.35+. 04 1. 07:t.. 05 99 . 8 80+4 347+26 0 . 149+ . 0U 
-

Refrigerated 
sea water 16.48+.04 80 . 31+.11 0 . 475+ .03 1) 47:t. . 06 98 . 7 324+16 280 0.484+ . 008 

7 
Ice 15 . 36+. 14 83 . 30+. 04 0 . 400+. 08 0 . 844+ . 061 99 . 9 89+2 215+12 0 . 108+. 022 

--- -
Refrigerated 

sea water 16 . 51+. 01 81.17+ . 21 0 . 13+. 08 1. 59-t' . 02 99 . 4 3 ... 7+12 229+9 0 . 539+ . 030 
U 

Ice 15.17+.07 83 . 51+ . 09 0 . 08+ . 04 0 . 82+ . 02 99 . 6 72+2 216+1 0 . 094+ . 016 



TABLE 2.- - The amino acid composition of 
whiting (Merluccius bilinearis) at the 
start of the storage period 

Amino acid 

llfsine .......... . 
Histidine ....... . 
Arginine ..•.....• 
Tryptophan ...•... 
Aspartic ac id .••• 
Threonine ..•...•. 
Serine .......... . 
Glutamic acid ... . 
Pruline ....•..••. 
Glycine ......... . 
Alanine ......... . 
Cystine ... , ..... . 
Valine ..•..••.••. 
Methionine ..••••• 
Isoleucine ••••••• 
Leucine . ...•..•.• 
'!'yros i::1e ........• 
?henylalanine .... 

Total 

Relative amount 

Percent of proteLn 

9.11 
1.73 
5.67 
1.05 

11.08 
4 .63 
4 . u6 

16.29 
3.61 
4.67 
6.36 
2.12 
5.43 

l 3.31 
5.03 
8.50 
3.49 
4 . 27 

100.44 

l After storage of the fish in refriger
ated sea water or in ice for 13 days the 
methionine content was found to be 1.62 
percent and the methionine sulfoxide con
tent was found to be 3.00 percent (see be
low in reference t o methionine sulfoxide). 

majority of the amino acids during the 13 
day s that the samples were stored in either 
ice or refrigerated sea water. 

It is noted, however, that although a small 
amount of methionine sulfoxide was in the 
chromatograms of fish stored for a and 7 
days in both media, a very sharp increase 
appeared at the 13th day of storage (fig. 2) 
with a corresponding decrease. in the me
thionine content. This increase is believed 
to be due to an oxidative process during 
storage. Methionine sulfoxide has been 
shown by Bennett (1941) to possess bio 
logical activity in the growth of rats and b y 
McRorie, Glazener, Skinner, and Shrive 
(1954) to possess biological value in the 
growth of E 8cherichia coli and othe r or ga
nisms. 

Taurine, of which trace amount s appear 
in the chromatogram s of the fish stored 
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for 7 days in both media, had increased si g
nificantly in both samples by the 13th day . 
This finning may be accounted for by a veL y 
small and not statistically significant break
down of cystine. 

ORGANOLEPTIC TESTS 

Procedure 

After 0, 7,10,12, and 14daysof storage , 
six fish were removed both from the r e
frigerated sea water and from the ice for 
organoleptic tests. The fish were graded 
for appearance, odor, and texture by two or 
three people experienced in the examination 
of raw fish and were then headed and gutted , 
packed in I-pound cartons, over-wrapped, 

o plate -frozen, and stored at -10 F. For 
taste- panel evaluation, the headed and gutted 
fish were removed from storage, cut into 
pieces, steamed in covered containers, and 
served to a panel composed of 10 to 12 mem
bers of the laboratory staff . The panel 
evaluated the fish for appearance, odor , 
flavor, and texture. At each test, four 
sample s were served to the panel. Two of 
thes e were control samples of very high 
quality; one was identi fied as such and 
served as a standard of comparison, and the 
other was unidentified and served a s a check 
on the accuracy of the p a nel. Of the remain
ing samples, one was from refrigerated sea 
water and the other was from iced storage. 

Results 

The re sults of the organoleptic evalua
tion of the raw and cooked fish are shown 
in table 3. The quality rati ngs of the raw 
fish were nearly identical in both the ice 
stored and refrigerated- sea- water- stored 
fish. 

The ratings for the cooked flesh of fish 
stored in ice show a change in quality at 
the 7th day, at which time the score dropped 
from "very good" to "good." Afte r the 12th 
day of storage on ice, the score dropped 
fr om "good" to "poor." By the 14th day, the 
score was "very poor." These findings 
show close agreement with previous tests. 
It will be noted that quality losses were 
more readily detected in the cook~d flesh 
than in the raw fish. 

The ratings for the cooked fish held in 
refrigerated sea water show a change in 
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Figu re 2.- -:\ sec tion of the ch romatogr am of the amino acid analysis of the edible flesh of whiting sto red in refnp,era ted sed " ate r 

fo r 13 days , sho\~ing the presence of methionine sulfoxide . 

TABLE J .-- Result s of examination of whi ting stored in refr igerated sea water and i n ice 

Quali "y rating of raw fishl Quali ty ra t ing of ~ooked f i.:;h"' 
Storage 

time Refrigerated Refrigerated 
sea water Ice sea water Ice 

Days 

0 Very good Very good Very good \-e ry good 

7 Very good Very good Very good Good 

10 Very good Very good Good Good 

12 Good Good Fair Poor 

1 ... 3 Good Fair Poor Ve ry poor 

l Six fish from each storage medium were rated on a scale of very good, good , fair , poor, 
and very poor . 

2 These results represent an average rating based on appearance, odor, flavor , an~ tex 
tur e of the steamed samples . 

3 The test was discon~inued at this point, since the cooked fish were consider ed to be 
unfit for consumption. 

1 
J 
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quality at the 10th day, a t which time the 
score dropped from "ve r y good" to "good. " 
After the 12th day of storage in refrigerated 
s ea water, the s core dropped from " good" 
to "fair." By the 14th day, t he s core was 
" poo r. " These findings also show close 
agree m ent with previous tests and dem 
onstrate that a higher quality level is main
tained in whiting stored in refrige rated 
sea water than in whiting stored in ice . 

CO NCLUS IONS 

1. Chemical ana lys e s made initially and 
at periodic intervals du ring storage of 
\\-hiting in ice and refrigerated sea water 
indicated that when whiting was stored in 
refrigerated sea water, there was no loss 
of protein compared with a slight loss from 
the fi sh stored in ice . 

2. A very significant increase ln the 
sodium content of the whiting stored i n 
refriger ated s ea water would make thes e 
fish un suitable for u e in low- sodium diets. 

3. At or near the end of their edible 
storage life, whiting from both storage 
mediums showed a small amount o f me 
thionine sulfoxide formed from methionine, 
but no significant changes were found in the 
other amino acids. 

·L The edible-quality life of whiting 
stored in refrigerated sea water was about 
3 days longe r than that of whiting stored i n 
ice. 

SUMMA RY 

Since storage of fish in r efr ige rated sea 
water has shown promise in r educing loss 
of quality resulting from imprope r icing 
procedures, investigation s were made to 
compare the effect of storage of whiting in 
refrigerated sea water and in ice on quality 
loss, on proximate compo sition, and on the 
amino acid, sodium, potassium, and chloride 
contents of the edible flesh. 

Five-hundred pounds of whiting wa s s to r ed 
in refrige rated sea water at 30 0 F . ; and 3 0 0 
pounds, in ice at 320 F. Periodically, o r
ganoleptic tests were conducted on raw and 
cooked fish. Samples of the fle s h we r e 
homogenized and analyz ed for thei r p roxi 
mate compositi on and their amino a cid, 
sodium, potassium, and chlo r ide co n te n ts. 
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The results o f these test s showed tha t, 
organoleptically, fish stored in refr i ge r a t ed 
sea water kept fresh longer than did fi s h 
stored in ice . utritionally, the re f rig 
erated - sea - water - stored fish appeared to 
be better than were the ice - stored fish, 
s i nce the re is a loss in protein and a gain 
in moi sture in the fish stored in ice . The 
ice - stor ed f i sh, however, were preferable 
for low- sodium die ts, owing to the pre s ence 
of additional salt in the f i sh stored in re 
frigerated sea water. There was a lo ss o f 
methionine du r ing storage in both medi a, 
but no other chang e s or differences i n 
amino acid content v e r e note d . The loss of 
methionine did not necessarily result in a 
corresponding loss of nu tritive value be 
cause the oxida t ion product which forms 
methionine sulfoxide has been s how n to 
possess biological a c t ivit y . 
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DRIP FORMATION IN FISH. l.- -A REVIEW OF 
FACTORS AFFECTING DRIP. 

by 

----------------- ----- ----- -- - -- - ------------

ABSTRACT 

'I S pllpPf i f; 1'1 rv' w of tl ( C Jffenr Ilrpratllfc on the formation of drip In fish ry products. Induct I 

mnnp; the 'll .:lny fa (1"- l' a r,,:JY Influenc p dr ip formation are species of fish, post mon m 3J:( of fI h. 
rl'l.tf' of frE'''7.lng. tl l11E' and temperature of frozen storage, and rate of thawing. 

INTRODUCTION 

Drip c ons i sts 
from the t i ssu e 

of flUld t ha t is re leased 
of fis h and is not reab-

orbE'rl . It is thE' f r f'f" l ' qllirl that separates. 
D r ir may bf"com p "" '''E'n t r\11ring <=lhove
fr ezing r e frige rated s t orage, during and 
a fter thawing of previously frozen products, 
o r durmg cooking t cont::lins dissolved 
protein , other ni trogenous subs t ances, vita
mins, and mine r 31s . The t -rm drip is also 
sometimes used in a broader sense to 
include water th a t is acqlli r ed during han
dling and processing or t ha t i s added t o 
the frozen product as a protective glaze . 

The various types of drip ment ioned m 
th i s paper may be defined as follows: 

1. " Drip" or "free drip" means liquid 
or muscle juice t ha t exudes by nat ural 
flow from t he fish t i ssue without the 
application of force. 

2. "Express ible drip," "pr ess drip," or 
"centr ifuge drip " is the liquid obt ained 
when external force is applied to the 
tissue of t he fish. 

3 . " Thaw drip" is t he liquid that exudes 
when frozen fish tissue t haws. 

4. "Cook drip" is t he hquid r lea ,d 
when the fish hssue is h atf"d or 
cooked . 

Excessive formation of drip constl 
a serious loss to producers, proc .or 
retaile rs, and consumers, Economlcdliy, 
drip repre sents shrinkaS!e or 10 c; I 
weight. From the standpoInt of quailty, 
d rip affects the appea rane , the textur , 
and the flavor of the product, and .f th 
drip is discarded, water -soluble nutn n 
are los t. Drip losses th refore should bl' 
minimized at all stages of handling. 

If met hods for controlling drip a rp 0 b 
developed, i t is necessary to undcrst nd 
what factors contribut to its forma Ion. 
Empey and Howard (1954) Ii.ted th fol
lowing factors as influencing th formd Ion 
of drip m fish tissue: 

1. Time and temperature of hold 1 

muscle befor freezing. 

2. Rate of free:z.ing, e peci lly thro h 
t he "cn Ical temperature Lon" ( 0° 
to 23 0 F.), 

3. Time and temperature In h f or. n 
state. 

Author ote. --Davld T. t-Ilyauchl . Chem'sl, &reau of Ommel"ClU Flshene.s Te..:lwlol 
Se rVIce, Seattle. \Vaslun ton . 



4. Rate of tha wing. 

5. Storage after thawing. 

6. pH of the fish muscle. 

7. Osmotic pressure. 

8. Species - -drip may be greater from 
coars e-textured species than from 
fin e -tex tured ones. 

Numerous studies have been made during 
the past 30 yea rs on the various a spects of 
drip formation in fish . T h e obje c tive of this 
p a per is to review some of these studie s 
an to discuss the status of our present 
knowledge. These studies are cited c on
veniently underthreemainheadings: (1) Ef
fect of raw material variables, (2) effect 
of brining, and (3) effe c t of other fa c tors 
involve d during and a fter freezing. 

EFFECT OF RA W MATERIAL VARIABLES 

The formation of drip i s related t o many 
factors that are involved before the freezing 
process, such as the species of fis h, the 
size of fish, and the ratio of the cut surface 
to the total volume. 

Effect of Sp ecies 

Fish with unusually high moisture content 
or low protein c ontent are apt to produce 
a large amount of drip. 

The quant ity of drip formed varies widely 
from species to species and from fish to 
fish, both in the chilled product and in the 
frozen one. 

Chilled product. - - The most striking ex
ample of loss of flu i d in unfrozen products 
is the "bleeding" of shucked oysters. Fin
ge rman, Fairbanks, and Plauche (1957) 
reported that as high as 69 percent by 
weight of the eastern oyster may be lost a s 
fluid in the fir st 60 minutes after it is 
shucked. With f i sh fillets, the loss in drip 
is much lower, but the loss varies with the 
spe cies . Tarr and Sunderland (1940b), for 
example, reported that the loss during stor
age at 32 0 to 35 0 F. was considerab ly more 
for Pacific flounder than for pink salmon. 
In 1 day, the flounder lost 4 percent of their 
weight and the salmon, 0.7 percent ; in 8 
da y s, the flounder lost 14 percent and t he 
salmon, 1.7 percent. 
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Frozen product. - - Young (1 941 b) reported 
that losses of thaw drip from steaks for 
red king salmon varied from 2 to 3.5 per
cent, which was about the same as for 
silver and c hum salmon but was much less 
than for Pacific halibut. Stansby and Har
rison (1944) found that petrale sole fillets 
formed considerably more drip than did 
fillets of pink, silver, or chum salmon. 

Effect of Size of Fish 

No definite correlation has been estab
lished between the size of fish and the 
amount of drip formed. Young (1 941 b) found 
that in general , steaks from larger halibut 
were more subject to drip than were steaks 
from smaller halibut. T he variation among 
fish was great, however, with losses during 
12 days of storage at 340 F. ranging from 
2.5 percent for a 9 -pound halibut to 13. 8 
percent for an 81-pound halibut. With red 
king salmon steaks, the variation in drip 
d i d not appear to depend on s ize. 

Bank s (1 9 55) reported that the amount of 
expressible fluid from iced cod did not 
appear to be related to the s ize ofthe fillet. 
He pointed out, however, that his results 
may have been influenced by t he fact that 
he sampled only a few large fish and that 
some of t h ese were in poor condition. 

Effect of Increasing Cut Surface Area 

The a mount of drip formed is related 
d i r ectly to the ratio of cut surface area 
to total volume, or weight, of fish flesh. 
S a nford 1 found that the amount of drip from 
defrosted rockfish fillets increased as each 
fillet was cut into increasingly larger num 
bers of pieces. Whole fillets averaged 3.6 
percent drip; fillets cut into 3 pieces, 4.0 
percent ; and fillets c ut into about 18 pieces, 
7.2 percent. 

Effect of Sampling from Different 
Parts of a Fish 

Young (1941a, 1941b) found that thequan
tity of drip varied greatly ac c ording to the 
location of part of the f i sh from which the 
sample was taken, particula rly in reference 
t o the spinal column. With halibut over 40 
pounds in weight, for example, the amount 
of drip increased from head to tail, but 

1 F. Bruce Sanfo rd. Unpublished data from progress reports 
ofthe Bureau of Commercial Fisheries Technological Laboratory. 
Seattle. Washington. 1952. 



with smaller halibut, the variatIon in dr ip 
was less and did not always increase in 
th is manner . 

Effect of Post - Mortem Age of Fish 

Chilled fish.--Tarr and Sunderland 
(1940b) reported that fillets of four spec ies 
of Pac i fic flounder that were wr~ped in 
cellophane and stored at 32 0 to 35 F. had 
drip losses of 4 percent in 1 day and 14 
percent in 8 days. They concluded tha t 
because such a large amount of drip was 
formed in unfrozen fish, factors such as 
autolysis by muscle enzymes and bacter ial 
action may contribute to drip formation. 

Banks (1955) found t hat as iced whole 
cod passed out of rigor and became less 
resistant to pressure during 18 to 68 hours 
of storage, the amount of expressible fluid 
obtained from the fillets started at a low 
value and increased rapidly to 7 percent. 
The amount then increased slowly and, after 
168 hours in ice, had reached about 8 
percent, possibly as a r e s ult of further 
slight softening of t he fles h . Thereafter, 
the amount increased rap idly a gain, poss i b ly 
as a result of further softening of t he flesh 
together with s light denaturation of t he 
inter cellular prote ins. Results of experi
ments in Sweden (Anonymous, 1959) showed 
that the fluid-b inding c apac it y of c o d f ille ts, 
as determined by centr i fugation, was great 
est in unfrozen fish before ri gor set in and 
decre ased with t ime of stora ge in ice; 
the centrufuge fluid was about 10 percent 
in freshly caught fish and nearly 20 pe r cent 
in the fis h after 10 d ay s of storage in ice. 
T h us, in summa ry, both expressible drip 
and c entr i fuge drip inc rease wit h t ime of 
storage of ic ed cod. 

Frozen f i sh.--The quantity o f free t haw 
drip from previous l y frozen fish varies 
cons iderab ly and does not appear to be a 
rel iab le index of the post-mortem a ge of 
the fish. 

P rer igor fish tha t are frozen pass t hrough 
r igo r and exude varyin g amounts of drip 
\ hen thawed. Dye r and Fraser (1961) report 
that the excess i v e moisture in some fr ozen 
f i sh b locks tha t a re p r oce ssed from prer lgo r 
fish result from high t empe r a ture and rough 
handling of the f i s h dur ing processing and 
not from the fact t ha t t he fish had not pa ssed 
t h rou h r i or before being frozen. 0 drip 
appeared belo" 60 0 F., but about 5 pe r cent 

wa s for med at 70 0 t o 75 0 F . , nd up 0 12 
percent a t 75 0 . 

Young (1 941 b) de t ermIned t he ff c of 
storag e time (up t o 14 days) at 34 0 F. on 
dr ip format ion in halibut steaks (a) befor 
freez ing and (b) a ft e r freez ing and ha" ... ·ing . 
He found losses before freeZIng Incr ased 
with incre asing storage t ime a 34 0 F. bu 
that, invers ely, losses af!:er freeZIn g and 
thawing decreased; however, t he total los 
was greater in samples t hat had been stored 
for a longer t ime before freeZIng. Good 
(1954) found t he quantit y of t haw drip from 
English sole f ille ts, in general, Increased 
with the t ime t hat the r ound fish were stor d 
in ice but t ha t the variation in quantity of 
drip w a s c on s iderable . 

A Swedish study (Anonymous , 1959) Indi
cated t ha t t he thaw-centr ifuge drip may r -
fleet the post-mortem age of the fIsh prior 
to fre ezing . Freshly caught and frozen fIsh, 
which were t hawed 3 days lat er, los 24 
percent centr i fuge drip, whereas fish Iced 
for 10 days prior to beIng frozen lost 27 
pe rcent; after the f ish were stored for 3 
months at _20 0 C ., the correspondIng v alues 
were 34 to 38 percent. Expressible drip, 
howeve r, does not appear t o reflect th s 
d ifference. The Repo rt of the Food Inves
tigation Board (Anonymous, 1952) sum
marizes studies made at the Torry Research 
Sta tion a s fo llows : 

1. In fresh cod fIllets, expressIb le flUId 
inc r eases with t Ime of stora ge in Ice. 

2. F r eezing causes an ImmedIate In
crease in expressible flUId, which IS 
g r eater in the fresher fish. 

3 . The s um of the two effects IS faIrly 
constant, and ther e IS little dlfferenc 
in th e amount of express Ib e fl Id 
derived when newly froze n fIsh of 
d i ffering Initial freshness are t hawed. 

4. \ i t h IncreasIng time of frozen stor
age , sta le fish, when t hawed , nds 0 

lo s e more fluid t han does fres h fIsh. 

Effect of pH 

Tarr (1942) found that on el he r SIde of 
an approximate "I soe lec riC zone' of abo 
pH 4 . 5 to . 0 the add tlOn of hydrochloric 
acid or sod ium h ·droxlde caused f sh m 
cle t o swe ll markedly and 0 WI hhold lq .d 
agaInst hydrauhc pressure; ho 'ever, above 

IS 



and below a bout pH 10.0 and pH 2.0 r espec 
tively, peptization of t he protein occurred. 
Between about pH 4.5 and pH 7.0, incorpo
ration of 1 to 3 percent salt increased t he 
swelling and liquid-binding power of fish 
muscle, but below pH 4.5 the addition of 
salt had an opposite effect. From pH 7.0 
to 8 .5 the addition of salt did not further 
increase swelling; above pH 8 .5, progres 
s ive increase in pH caused an apparent 
decrease in swelling. 

EFFECT OF BRI N IN G 

Pottinge r (1 956) stated that aside from 
keepIng t he storage temperature low and 
the storage time short, t he re is no good 
way of markedly r edu cing the quantity of 
drip that forms when frozen fish is t hawed . 
Brining does appear to reduce the quantity 
of drip, but it also appears to accele rate 
changes in the odor and the flavor of stored 
fish, especially m species with a high 
content of oil. 

Effect of Brining during 
Above-Freezing Storage 

Tarr and Sunderland (1 940a ) demonstrated 
that losses from drip could be prevented 
by dipping fresh fillets in brine. Fresh 
halibut fille ts that we re dipped in brine 
until the fl e s h a b s or bed a bout 1 pe rc ent 
by weight of salt, gained weight imtially. 
This weight wa s gradually los t durmg 
subsequent storage at 3 20 to 35 0 F . Other 
brine -d Ipped fillets with a higher content 
of salt retained their gained weight through 
out their storage life. In comparison, t he 
untreated fillets formed drip at t he rate 
of over 1 percent per day; fillets imme rsed 
in distilled water had a temporary increase 
in weight, whic h was rapidly lost dur ing 
t h e first day or two in storage, after wh ich 
a furt he r conside rable loss occurred. 

Tarr (194Ia) controlled format ion of d r ip 
in defrosted fish by brining t he fish flesh 
either while frozen o r after being defrosted. 
The brining of frozen salmon and halibut 
flesh caused an inc rease in weight and 
prevented d r ip. The brining of defros t ed 
flounder fillets caused a conside rab le in 
c rease in weight, most of which wa s r e
ta ined during II days of stora g e a t 34 0 t o 
36 0 F.; in c on trast, untreated fill e t s lo s t 
10 to II pe r c ent of the ir weight du r ing t his 
period. 
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Effect of Br ining on Thaw Drip 

Tarr (1 942) demonstrated t hat in whole 
and in comm inut ed muscle at its natur al 
pH, free thaw drip could be almost com 
plet ely inhibited and expressible t haw drip 
could be greatly reduced by inco r porat ion 
of about 1 percent salt, which caused t he 
protein t o swell and thus tended to bind the 
liquid f irmly. Ford z also found that incor
poration of about I percent of salt in fres h 
fillets drastically reduced drip when these 
fillets were subsequently frozen and thawed 
(dr ip of 10 to 17 percent reduced to 0 to 7 
percent). With Dover sole, 0.9 percent of 
s alt , on the average, appeared to be the 
optimum for palatabIlity. Concentrations 
of salt lower than 0 .75 percent in fish 
fillets appeared to have li ttle or no prac 
t ical effec t m reducing drtp. Holston and 
Potti nge r (1955) reported that free drip 
from unbrmed frozen haddock f ille ts, after 
3.5 hou rs of thawing at room temperat u re, 
varied between 4 and 6 percent, whereas 
inco r poration of 0.8 to 1.2 percent of sa t 
reduce d free drtp to a maximwn of about 
2.3 percent. Stansby and Harrison (1944) 
reported ( 1) that preliminary brme treat
ment of petrale sole fllle ts was very effec 
tive in mimmizing drip, (2) that it enhanced 
the appearance of the fi llets, but (3) that It 
also accelerated the development of rancid 
and sa lt-fish odors and flavo rs. 

Effect of Brining on Cook Dr ip 

Tarr (194lb) found that brining eit he r 
fresh or defrosted fillets did not s ignifi 
cantly affect the amount of free li quid los t 
during heating. For fillets tr eate d in an 
otherWise identica l manner, sampl es heated 
at 248 0 F. had greater cook drip t han did 
those heated at 212 0 . 

EFFECT OF FACTORS DURING 
AND AFTER FREEZING 

Effect of Rate Freezing 

Young (194l b) subjected s teaks of king, 
s ilve r, and chwn salmon and ha li but t o the 
following f r e ezing r a t e s: qu ic k frozen -- 7 
m inutes i n pa ss in/b th r oug h c r itical zone 
of temperature 32 t o 23 0 F . , and s l ow 

ZLo rne For d (for me rly with Canadian F ishing Company, Ltd., 
Vancouve r 4, B. C. ): Pape r presented at the Paci fic F is he r ies 
Technologists Meeting held at Victo r ia , B. C •• Clnada, ~ \ a r c h 

1958. 



fr o zen-- 16 to 21 hours in pas sing through 
t he c rit i c al zone . Pieces of fi s h from the 
various samples were placed in plast i c 
b ag s , and the loss of drip was determined 
during sto rage a t 340 F. at inte r v a ls up to 
11 days . Young concluded t hat the rate of 
freezing influences the amount of drip 
c o n s iderably and that rapid freezing re
sult s in the least dr ip . Reay (1 9 34) found 
that as the rate of fr e ezing from 00 to 
_50 C. of mince d haddoc k muscle wa s 
decreased, t h e a m ount of dr ip increased; 
a s t he fre e zing r a te d e creased from the 
most rap i d rate , the r a t e of in c re a s e of 
drip formation, which wa s large at first, 
decreased until it became quite small. 
Tarr a n d Sunderland (1 940b) reported t hat 
for P ac ific flounder fillets, the losses of 
drip for quick -frozen f i llets were about 10 
p e r c ent and f o r slow-frozen f illets, about 
15 p ercent, but that for pink s almon, the 
rat e of freezing had no effect on the amount 
of drip forme d . Stansby and Harr i son (1944) 
found that quick-frozen fillets had less dr ip 
and better texture immediately after freez
ing than did the slow-frozen f illet s but that 
upon subsequent storag e, the differences 
became less apparent. 

Effect of Time and Temperature of 
Frozen Storage 

The Torry Research Station (A nonymous, 
19 52) r e ported the effect of storage tem
perature on the amount of express ible fluid 
from d e frosted cod fillets as follo w s : 

1. At _10 0 C., the amount of expressible 
flu i d increased rap i d l y during the 
first 3 months and then increased by 
a smaller amount dur ing the n ext 
6 months; stale r f i sh lost more fluid 
than did fr e sher fish (tabl e 1). 

2. At _30 0 C., the inc re ase in express i ble 
fluid dur ing storag e was slight, even 
with initially staler fish; but staler 
f i sh tended to l ose more fluid than did 
fr e sher fish wit h increased time of 
frozen storage. 

3. At _20 0 C., t he amount of expressible 
fluid was intermediate to t hat obtained 
at _10 0 a nd _30 0 C., and here again, 
the increase was g r eatest during the 
first 3 months. 

Stansby and Harr ison ( 1944) compared 
the effect of storing sole and s almon fillets 
at 10 0 and _5 0 F.and found that the fillets 
stored at _50 lost le ss dr ip during the test 
than did those stored at 10 0 . At both tem
peratures, t he amount of drip generally 
showed an inc rease with increasing t ime 
of storage . Good (1 954) reported that the 
quantity of drip from English sole fillets 
increa s ed with time in frozen storage. 
Osterha ug and Nelson (1957) report e d that 
although t he drip values between individual 
sample s of frozen Pacific oysters varied 
c ons iderably, the average value s of five 
or s ix samples showed an increase with 
storage time. 

Effect of Ra te , Time, and Temperature 
of Thawin g 

Young (l941b) found that the rate of 
thawing was of minor pract ical importance 
except when fish were held for more than 3 
days after being thawed, in which case 
rapid thawing induced the least free dr ip. 
Reay ( 1934) reported that as the rate of 
thawing from _50 to 00 C. decreased, the 
amount of drip increased. Odan (1952) found 
t hat differences in the rate of thawing cod 
fillets in air and in water of the same 

Table l.--Per cent by weight of express ible fluid f r om cod fillets as a funct i on 
of time on i ce before f r eezing and t ime i n storage at -100 C. aft er freezing 

Time 
Expres s ible fluid 

on Immediately After 3 After 9 ice Fresh after fre ezing months months 

Days Pe rcent Perce n t Perce nt Percen t 
0 . 75 5.0 9 .6 20 . 0 24 . 0 

11 8 .8 10 . 4 27.5 32.1 

17 



temperature caused n o significant differ
ence in t he quantity of dr ip but t hat t h e 
temperature at which t h e fill et s were t h awed 
was of importance . Thus , fille ts that we r e 
thawed in ai r at 340 and 80 0 F . had d r ip 
quantitie s of 4.9 p ercen t and 10.1 percent, 
respectively. A r ms trong, Pa r k, and 
McLaren (1 96 0 ) found t ha t wit h frozen 
Atlantic cod fi llet s , the amount o f t haw 
drip inc r e a sed w ith inc reas ing length of 
time and w ith h igher temperature u s ed in 
v a rious defrosting me thods. Sanfor d,3 in 
t h awin g quick -frozen and slow - frozen Pa
c ific o y ste rs, found t ha t more d r ip was 
forme d at high thawing temperat u r e s than 
at low. A t 50 0 F., the quic k -frozen and 
s low -frozen o y sters ha d 9 . 9 percent and 
10 . 6 cf e rce n t drip, respe ctively; whe reas 
at 7 5 F. , the quick -frozen and slow -fro zen 
oys ters ha d 27.6 percent and 29 . 3 percent 
d r ip, re s pe ct i vely. 

DISCUSSIO N 

In general, excessive amounts of d r ip 
r eflect degradation in the qualit y of fishery 
p r oducts. If t h e drip is discarded, wate r
s oluble nut r i e nts and flavor are lost. Fish 
that exude a la r ge amount of drip are 
usually dry a n d woody or tough in tex ture 
afterwards . A large amount of drip ad
versely affec ts the appearance of the prod
uct and r epresents a shrinkage or loss of 
net weight. Ac cordingly, the amount of drip 
is o ft en measured and u se d as one of the 
criteria for judging quality of fis h e r y prod 
uc t s. 

Many facto rs influence t he formation of 
drip, and nume r ous studie s have been made 
t o correlate the amount o f d r ip formed 
with other fac tors that affect th e quality 
of fi s hery p r oducts. The various studies 
show t ha t lo ss e s of drip va r y ( 1) f r om 
species to specI es, (2) from fi s h to fish 
within a specie s , ( 3 ) from one part of a 
fIsh t o anothe r , (4) p oss i b ly according to 
t he size of t he fi sh, (5) ac c ording to the 
area of the cut s u rface, (6 ) wit h t he treat
ment-- suc h a s b r in i n g -- g iven t he fillets 
befo r e they a r e fr o zen, (7) with rate of 
f r eezIng and time and temperature of froz e n 
st o r age, and (8 ) w ith the rate, t ime, and 
t empe r a t u re o f t h a wing. 

DrIp l ost fro m ic ed fish increa sed with 
inc r ea s mg t ime of storage in ice. Since a 

3: ee f mote 1. p . 14 . 

large amount of dr ip is formed in the 
unfro z en fish, factors such as autolysis by 
m us cle e nzymes and bacterial action prob 
a b ly c o n tr ibute to the formation of drip. 
Centr i fu g e dr ip and e x press i ble drip of 
fle s h take n from iced f i s h may possibly 
be u sed to ind i c a te t h e post-mortem age 
of t h e i ced fish . 

In f r o zen f ishery products, the quantity 
of fr ee t haw drip var ies considerably and 
doe s n ot app ea r to b e a reliable index of 
t h e post-m orte m ag e of t h e fish. In some 
ins t ance s, t he l osses of t h aw drip were 
smalle r fo r t he s amples t hat were he l d 
in ice f or a lon g er p e r i od t han for those 
held in i c e for a s horter p eriod prior to 
freezing . T he a mount o f expressible fluid 
d e rived from cod fi llets immediate l y after 
freezing var i e d but little with differ ing 
initial freshnes s of t h e fish, but with in
creasing time of cold storage , the amount 
of expre s sible flui d was greater in the 
staler f is h t han in t h e fr e s her f i s h . Centr i 
fuge drip in one study a ppeared to correlate 
with the post-m ortem ag e of f i s h prior to 
freezing. 

In general, rapid freez i n g induced less 
d r ip than did slow f re ezin g , but this rela
tion bet ween f r eezing rate a nd formation 
of dr ip doe s not a p p ea r to be simple. 
Also, t here a r e ind i c a tions that any dif
fe r enc es due t o r a t e of fre e zing are null ified 
b y subsequent s t o r age cond itions. 

It ha s be e n g ene r ally ac c epted that the 
amount of dr ip inc r ea s e s w ith increasing 
time and temperature of froz e n stor a ge. 
Even t h ough invest igators have found that 
the l a r ge v a r iation in fr ee drip from 
s a mple t o s ample ha s made it impossible 
to correlat e fr ee dr ip with thes e var i ables, 
exp r es s ible d r ip o r c entrifug e dr ip does 
appea r t o hav e s om e c orre lation w ith time 
and t empera t u r e of sto r age. 

The rat e o f thaw ing appears to be of 
less importance tha n does t h e temperature 
to which t he p roduct i s allowed to rise. 
Cons i de r ably m ore dr ip i s formed when 
frozen fis h ery p roducts are thawed to 
r oom t empe r a t u r e t han to refrigerator 
tempe r a tur e s (32 0 to 40 0 F.). 

Since many fa cto rs influence t h e form a 
tion of dr ip , i t would b e d i ff icult to corre
lat e t he amount of drip obta ined from a 
f i s he r y p roduc t wit h any part icular raw 
mat e r ial, p roce ss ing , storag e, or h a ndling 



practice. If measurements of drip are to 
be a meaningful index of quality, the rela
tion between thaw drip and cook drip needs 
to be established and correlated with other 
quality factors such as texture, juiciness, 
and flavor. 

Before further work on the formation of 
drip in fishery products is carried out, 
suitable methods of measuring drip should 
be developed and adapted because the amount 
of drip obtained from any particular sample 
varies widely with the thawing proc e dure 
and with the method of separating the drip 
from the solid portion. Stud ies made by the 
a uthor on the effects of some var iables ln 
the thawing procedures and methods of 
measuring drip and on the comparison of 
the chemical composition between free 
drip and centrifuge drip from defrosted 
cod fillets n o w are be ing prepared for 
publication. 

SUMMARY 

This paper reviews references 
literature on the formation of dr i p 
Among the factors that affect dr ip 
tion are : 

m t he 
in fis h . 
form a -

1. Species of fish - fish that have a h igh 
water content or a low protein c onte n t 
tend to form excessive amo u nts of 
drip. 

2. Size of fish - no dire c t correlation 
has been established bet ween s i z e of 
fish and amount of drip. 

3. Relative amount of c ut surface a r e a -
within limits, the amount of d r ip ten ds 
to increase as fillets ar e c ut i nt o 
progressively smalle r piec e s. 

4. Sampling from different p a rts of f i sh -
quantity of drip var ies wit h l oc a t ion 
on body of fish from w hich sampl e 
is taken. 

5. Post-mortem a g e of fis h - autol y s i s 
by muscle enzyme s and b ac t e r i al 
action apparently contr ibutes to d r ip . 

6. pH - changes in pH c a n eit he r inc r ea s e 
or decrease the formation of dr ip. 

7. Brining - brining fish fles h appears 
to reduc e the amount of dr ip formed, 
but it accelerates unde sir a bl e changes 

ln the odor and the flavor of sto r ed 
fish, espec ially of t h os e s pec ies wit h 
high oil content. 

8. R ate of free zin g - f i s h f ro z e n s l owly 
tend to form more d rip t han do thos e 
frozen quickly. 

9. T ime and tem peratur e o f fr o z e n stor 
~ - drip increa ses wit h increased 
storag e time a nd i s g r eater a t h igher 
storag e temperatures . 

10 . Rate, t ime, a n d t emper a tur e of thaw 
ing - h igh t h a win g t empe r a t u r e s and 
i n c re a s in g time of t hawing give more 
drip. 

LITERATURE CITED 

Anonymous. 
1952. Fre e zing and c old stora g e. Report 

of the Food Investigation Board for 
Ye a r 1951. T or ry Rese a r ch St a tion, 
Depa rtment o f Scientific and Indus 
tr ial Re s ea r ch, Her Majesty' s Sta
tione ry Office, London, England, p. 
7 - 8 . 

19 5 9 . Freezing a nd thawing of fish. 
Svenska In s tit u t et for Konserverings 
f o rs kning, Got ebo r g, Sweden, SIK 
Report N o . 71, p . 37-38 . 

A r m strong, Iva L. , Edna W. Pa r k, and 
Barbar a A . McLaren. 

19 60 . T he e ffect of time and tempera
ture of cooking on t he palatability 
and cooking losses of frozen Atlantic 
codfis h f ille ts. Journal of the Fish
e ries Resear ch Board of Canada, 
v o l . 17, no . 1 , p. 1 - 7. 

B a nk s, A. 
195 5. T he exp r essib le fluid of fish fillets. 

IV . T he expressible fluid of iced 
cod . Journal o f t he Science of Food 
and Ag r icultu r e, vol . 6, no. 10, p. 
5 84 - 5 8 7. 

Dye r , W . J., and Do r is Frase r. 
1961 . Mois t u r e in fis h blocks proces sed 

from ver y fresh fish. Canadian Fis h 
e r m a n , vol . 4 8, no . 8 , p. 17 - 19. 

Empey, W . A ., and A . Howa r d. 
1954 . D r ip formation in meat and fish. 

Food P reserva t ion Quart e r ly , vol. 14, 
no . 2, p. 33 - 36. 

19 



Fingerman, M i l t on , L . D. a i rb a n k s, a nd 
W. C. Plauc he . 

1957. Body flu id lo s s es of n orthe r n nd 
southe rn oyste r s . U . S . ish a n d 
Wi ldlif e Service, Comm r cial I s h 
er ies Review, vol. 19 , no . , p . 
16- 18. 

Good , C h a r lie M. 
1954. The det e r io r a t ion o f fl s h du r m g 

ice and f r ozen s t o r a ge; s t udy of 
spo i lage mdlces . M . S . Th sis , Uni 
vers i ty of Wash in gton , Seatt le , Wash. , 
p . 41-43. 

Hol s t on , J ., and S . Pott ing er . 
1955. B r me dipping haddock flll t s. U.S . 

F i sh and Wildlife S rvice , Commer 
cia l Fis h eries Re View, vol . 17, no. 
10, p . 21 - 30 . 

Odan, Ric h a r d . 
195 2 . Effec t o f t emperat ure and r a t e of 

t h awing on d r ip fo r mat lOn m t rue 
cod (Gadu mac ro cl' phalu s). Manus c npt 
R epo rt, Univers ity of Wash in gt on , 
Se attle, Wash ., 9 p . 

Oste rhaug , Kat hryn L . , and R i c hard W. 
Ne l son . 

1957. Cold storage of frozen Pa c if ic 
oyster s. o . 2 - E ffe c t of ant ioxi 
dant a n d ot he r t rea t ment s on ke e ping 
qua lit y . U .S . Fish and Wildllfe Se rv
ice, C ommercia l Fl s henes Re v i e w , 
vol. 19 , no . 6 , p . 10 - 14 . 

Pothnge r , S . R . 
1956 . Section 2 . - C hange s tak ing p lac e 

du r ing cold sto r age of f i sh . P ar t 
3 . - F ac to r s t o be c on s ide r ed in the 
f re e z in g and col d stor age of fishe r y 
products, Refr ige r ation of fi s h . U . S . 
Fi s h a nd Wildlife Servic e , Fi s he r y 
L eafl et 429, p . 15- 37. 

Reay, G . A. 

2 0 

19 34. The pr oduction of dr ip in haddock 
muscle. Report of t he F o od Investi 
gation Boar d for Ye a r 19 33, Dep a r t 
m e nt of Scientific a n d Ind u str ial 
Researc h, He r M a jesty's St ationery 
Office, L on don, England, p . 167 - 17 1. 

St a nsby, M a uric E ., a n d Rog r W. Har -
r i s on. 

194 P r elim inary inv s t igat i on of m t h 
o d s f o r fr z i n g a nd s oring flU s 
o f som PaCi f iC o r t hwes t fis h . U.S . 

Ish and Wild li f S r vic , Sp c la l 
Sci n t if ic R port o . 15 , 2 3 p . 

T a rr, H . L . A . 
1 4 1 . Fo r ma Ion o f d r ip m ft sh mus cl 

and It s contr ol m d fr os t ed fl sh . 
Fishe r i s R sea r ch Boa r d o f Canada , 
P r og r ss R por t s o f Pac lftc BIO 
logic al St atton and aClilc Fish n e s 
Exp nm nt alStaion , 0. 47 , p .5 - 9 . 

1941 b . Loss of fre h quid on h e a Ing 
b n ned and unb r in d , unf r oze n and 
d fros t d illlets . ishe r ie s e 
sea r c h Boa r d o f Canada , P r og r e ss 
Repo rt s o f Paclilc Biological S a t lon 
and PaCIfi c Fi s he n es Experimen al 
Station , o . 4 8 , p . 19 - 20 . 

194 2 . Effec o f pH and aCl on swelling 
and drip m fish muscle . Jou r nal of 
the F l she nes R s ea r ch Boa r d o f 
Canada , vol. 5, no . 5, p . 4 11 - 42 7. 

T a r r , H . L . A. , and p . A . Sunde r land . 
1940a . B r mmg f i llets m o r de r t o e n 

hance keeping quaht y and t o p revent 
d r ip . F l s henes Re s ea r ch Bo a r d of 
Canada , P r og r e s s Re po r ts o f P a cif ic 
B iological St a t ion and PaCI fic F i s h 
e r ie s Expe r imen a l St a t ion , o . 44 , 
p . 12 - 14. 

194 0b . Dr ip i n unfrozen and f r o ze n fill e t s 
c ont rolled by b r ining . F i s he r ies Re 
sea r c h Board of Canada , P rog r es s 
Repor t s o f P a ci f ic B iolog ic a l St a t ion 
and P acifi c Fisher i e s Expe r iment al 
Stat i on , o . 45 , p . 19 - 20 . 

Young , O . C . 
194 1a . T hawi ng of f ish . I . F i s h e r i es 

Resear c h Boa r d of Canad a , P r og ress 
Report s of Pac i fi c Bio l o g i c al St at ion 
and Pacif ic F i s he r ie s Experimen tal 
St a t ion , 0 . 4 7 , p . 3 - 5. 

194 1b . T hawing of fish. II. Fi s h e r i e s 
Resea r ch B oard of Ca nada , P r ogre ss 
Repor t s of Pac i f i c B i o l ogical St ati on 
and P acific F i s her i es Experime n ta l 
St ation, N o. 50 , p . 16 - 20 . 

MS # 1234 



STORAGE OF FISH IN REFRIGERATED SEA WATER. 
2.--QUALITY CHANGES IN WHITING AS DETERMINJ>ED 

BY ORGANOLEPTIC AND CHEMICAL ANALYSES 
b y 

Edward H. Cohen and John A. Peters 

ABSTRACT 

Whole whiting s tored in ice or r efrigerated sea water at 300 F. wer e subjected to or ganoleptic and 
objective tests. The findings showed that the objective tests will need further study before they can be used 
practically. The sensory evaluations of the raw and the cooked fish, however, indica ted a preference for 
the whiting stored in the r efrigerated sea water. 

INTRODUCTION 

Need for Research 

A report by Mendelsohn and Peters (1962) 
discussed (1) the commercial importance of 
whiting (Me rluccius bilinearis ) to the New Eng
land fishing industry, (2) the n e ed for further 
work on the effect of prefreezing storage 
conditions on the quality of whiting , and 
(3) the need for further inve stiga tion of 
objective tests as a means for indicating 
quality changes. 

Part 1 of the present series of papers 
reported the potential importance of re
frigerated sea water for extending the 
chilled storage life of ocean perch (Cohen 
and Peters, 1962). 

Because of the positive results obtained 
with ocean perch, there was need to deter
mine the applicability of this technique of 
storage to whiting. To determine the value 
of refrigerated sea water for prolonging 
the fresh storage life of whiting, it would 
be necessary to run sensory tests ; also, it 

seemed desirable to tes t further the physical 
and chemical tests of quality employed in 
the earlier studie s . 

Objectives 

The objectiv es of th i s report thus were 
(1) to determine, b y organoleptic analysis, 
if holding whiting in 30 0 F . refrigerated 
sea water results in an increase in their 
storage life as compared to holding them in 
ice and (2) to determ ine if tests for refrac
tive index of the eye fluid, volatile base 
nitr ogen, trimethy lamine, and volatile acid 
number could be used f or obj ectively meas
uring the changes in qua lity dur ing storage. 

CONDITIONS OF STORAGE 

In each t est s e r ies, one lot of whiting was 
stored in refriger ated sea wa ter at 30 0 F. ; 
and concurrently, another lot of the same 
catch was stored in fresh-water flake ice. 

Two series of storage tests were con
ducted : the first in September 1959 and the 

Authors' Note.--Edward H. Cohen and John A. Peters, C hemists. Bureau of Com mer c i a 1 F isher ies TechnolOllical Labor atory, 
Gloucester, Mass. 
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sec ond in August 1960. In this report the 
first series will be called "whiting 1959 "; 
the sec ond, "whiting 1960. " 

Refrigerated Sea- Water Tank 

The tank used in these tests was de
scribed in part 1 of this refrige rated sea 
wa ter study. The jacketed type of con
struction, combined wi th high velocity 
circulation of the sea water , pe rmits main
tenance of 300 t 0 . 5 0 F . and prevents the 
fish from freezing to the walls of the tank. 

Iced Storage 

The wooden box with rem oval penboards 
described in part 1 was used in the storage 
of the fish in ice . 

Gen era I 
Five hundred and fifty pounds of r ound 

whiting caught less than 24 hour s p reviously 
w ere placed in the tank with sufficient 
refrigerated sea wate r to give a density of 
45 pounds of fish per cubic foot . For iced 
storage, 300 pounds of whiting from the 
same lot used for the refriger ated sea
water test we re iced with 300 pounds of 
fresh-water flake ice. 

The whiting 1959 samples we re fresh 
when received at the laborato r y. The whiting 
1960 samples, when received, were fresh 
but contained fish that had been feeding 
heavily: and the viscera of s o me had per 
forated the belly wall. During storage of the 
1960 samples in refrigerated sea wate r, the 
circulating pump failed for 5 hours on the 
11th day; and the tempe ratureroset0 47 0 F . 

ORGANOLEPTIC TESTS 

During the test pe riod, samples were 
examined o rganoleptically in both taw and 
cooked states. 

Examination 
In these subjective tests o n ra w whi t ing , 

quality was evalua ted at pe ri odic interval s 
by two or three qualified lab e r a t o r y ob
server s. A minimum of six fis h we re re
moved from storage in refrige rated sea 
wa ter and in ice and examined f o r ap
pea rance , odo r, and t extur e . 

A fter being examined, the fish were 
headed and gutted, packaged in I - p ound 
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ca rtons, over wrapped, plate frozen, and 
stored a t _200 F . until p repa red f o r taste 
panel tests. The fish we re rem oved from 
the storage at - 2rf F . , thawed for 1 hour 
at 68 0 F., cut into Ii - inch pieces, steamed 
in covered container s for 30 minutes, then 
se r ved to a panel composed of 8 to 12 mem 
ber s of the laboratory staff, who rated the 
fish for appearance, odo r, flavor, and tex 
ture . 

When the fish were first received at the 
laboratory, samples were freshly frozen 
and held at _200 F . f or se as controls in 
the taste tests . At each test, four portions 
of cooked fish were served to each panel 
member (fig. 1). Two oftheseportlonswe r e 
unidentihed samples from fish stored in 
refr igerated sea \vate r or in ice . The re 
maining two samples were controls , one of 
which wa s Identihed a s the " known con
trol "; and the other, not ident ified, was re 
ferred to as the " blind control " and wa s 
used to check the sensitivity of the panel to 
quality differences . 

F igu re l.--The taste paneltestin~cooke,j fish for qua lirychanges. 



Results 

Results of the organoleptic tests of raw 
and cooked whiting are shown in tables 
1 and 2. 

Raw fish.- - Whiting 1959 samples were 
found to be of very good quality for the 
first 7 days in both storage media. The fish 
stored in ice were of good quality through 
the 9th day, fair through the 16th day, poor 
on the 18th day, and very poor on the 21st 
day. The fish stored in refrigerated sea 
water were of good quality through the 16th 
day, fair on the 18th day, and poor on the 
21 st day. 

Whiting 1960 sample s were found to be of 
ve ry good quality in both storage media for 
the first 7 days, of good quality through the 
11th day, and fair quality by the 14th day. 
The iced fish were of poor quality on the 
16th day ; however, the fish stored in re
frigerated sea water were still of fair 
quality on the 16th day, despite the tempo
rary malfunctioning of the pump on the 11 th 
day. 

Cooked fish.- - The results of the taste 
panel evaluation of the cooked whiting 
samples represent the averages of the 
ratings given for appearance, odor, flavor, 
and texture. Samples rated poor are con
sidered unmarketable. 

The whiting 1959 samples stored in re
frigerated sea water were of very good 
quality through the 7th day, good quality 
through the 14th day , poor quality on the 
16th day, and very poor quality on the 18th 
day. The fish stored in ice were of very 
good quality only on the initial day, of good 
quality through the 7th day, of fair quality 
through the 11th day, and of very poor 
quality on the 14.th day. 

The whiting 1960 samples kept in re
frigerated sea water or ice were of very 
good quality through the 7th day of storage. 
The ice- stored samples were of good quality 
through the 11th da y but very poor on the 
14th day. The samples stored in refrigerated 
sea wa ter were slightly better than the iced 
fish, being of very good quality through the 
11th day, until the pump failed, and of poor 
quality on the 14th day. 

OBJECTIVE TESTS 
Physical and chemical tests were con

:iucted to determine (I) weight changes, 

(2) refractive index of the eye fluid, (3) salt 
content, (4) volatile base nitrogen, (5) tri
methylamine, and (6) volatile acid number. 

Weight Changes 

Ten fish were tagged and then weighed 
before and after storage in refrigerated 
sea water or in ice. 

The whiting 1959 samples held in re
frigerated sea water for 21 days showed 
an average increase in weight of 4.8 per
cent ; the ice-stored samples showed a de
crease in weight of 0.8 percent. The whiting 
1960 samples stored in refrigerated sea 
wate r for 16 days showed a weight gain of 
1.4 percent; the ice- stored samples showed 
a weight loss of 0.8 percent. The weight in
crease in the 1959 refrigerated sea- water 
samples is within the range found for other 
species of fish (Roach, Harrison, and Tarr, 
1961), but we cannot account for the much 
smaller increase in the 1960 samples stored 
in refrigerated sea water. 

Refractive Index 

Refractive index (Proctor, Nicker son, 
Fazzina, Ronsivalli, Smith, and Stern, 1959) 
of the eye fluid wa s determined with an 
Abbe' refractom ete r kept at constant tem-

o 
perature of 25 C. 

The results obtained are shown in tab le 3. 
The refractive index of whiting 1959 
samples, stored in refrigerated sea water, 
showed no correlation with taste panel 
scores; the refractive index of the ice
stored samples showed a correlation with 
taste panel scores at the 5-percent level of 
significance. The refractive index of whiting 
1960 samples stored in refrigerated sea 
water showe d a correlation with taste panel 
scores significant at the I-percent level, 
but showed no correlation for the ice- stor ed 
samples. 

Salt Content 

The modified Volhard method (Associa
tion of Official Agricultural Chemists, 1960, 
p. 235) was used to determine the salt con
tent of the whiting stored in refrigerated 
sea water and in ice. Ferric ammonium 
citrate was used as the indicator. 

The uptake of salt in the samples stored 
in refrigerated sea water and the leaching 
effect of salt in the samples stored in ice 
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Tab l e l.--Results of examination of whi ti 195 stored in r efri gerated sea IIater 
and in ice 

Q}.lali ty rating of raw fish]. Q,lali ty rating of cooked fish 2 

Storage 
Refrigerated Re frigerated 

time Iced samples 
sea-water samples I ced samples sea-water samples 

Da)S 
0 Very good Very good Very good Very good 
2 Very good Very good Very good Good 
4 Very good Very good Very good Good 
7 Very good Very good Very ood Good 
9 Good Good Fair 

11 Good Fair Good Fair 

14 Good Fair Very good V ry poor 

16 Good Fair Poor 3 

18 Fair B'i()~ Very poor ---
21 Poor Very poor e) ---

-

]. Six fish from each storage medium were rated on a sc le of very good good , fair, 
poor, and very poor . 

2 These results represent an average rating based on appearance, J r, fla or and 
texture of the steamed samples . 

3 The scoring of the cooked fish wa~ discontinued beca se the fish were ine ible. 
* Samples rated poor were considered unmarketable . 

Table 2 .--Results of examination of whiting 1960 stored in refrigera ed sea a e r 
and in ice 

Quali ty rating of raw fishl Quali ty rating of cooked fish 2 

storage 
Refrigerated time Refrigerated Iced samples Iced samples sea-water samples sea-water samples 

Days 

0 Very good Very good Very good Very good 
2 Very good Very good Very good Very good 
4 Very good Very good Very good Very good 
7 Very good Very good Very good Very good 
9 Good Good Very good Good 

3 II Good Good Very good Good 

14 Fair Fair Poor * Very poor* 

16 Fair Poor* ( 4) ( 4) 

]. Six fish from each storage medium were rated on a scale of very good, good, fair, 
poor, and very poor. 

2 These results represent an average rating based on appearance, odor, flavor, and 
texture of the steamed samples. 

3 The pump failed for 5 hours on the 11th day in the refrigerated sea-water tank, and 
the temperature rose to 470 F. 

4 The scoring of the cooked fish was discontinued because the fish were inedible. 
* Samples rated poor were considered unmarketable. 
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Table 3.--Correlation of objective tests with taste panel s cores 

Significance of correlation1 

Sample Storage 
medium Refrac t ive Total volat ile Volatile 

index base Trimet hylamine 
acid number 

Refrigerated 
Not significant2 Highly significant 3 sea water Not significant ---

Whiting 
September 1959 

Ice Significant 4 Highly significant Highly signi ficant ---

Refrigerated 
sea wat er Highly s ignificant Highly significant Highly significant Highly significant 

Whiting 
August 1960 

Ice Not s ignificant Not s ignificant Highly s ignificant Significant 

1 The coefficient of correlation was determined according to t he simplifi ed method described by Arkin and Colton 
(1959a). The level of significance was taken from Arkin and Col ton's (1959b ) s t atistical t ables . 

2 Not significant--probably no correlat ion between the objective test and sensory test . 
3 Highly s i gnificant--l per cent probabili ty t hat there is correlation bet ween the objective t est and sensory tes t . 
4 Significant-=5 percent probabili ty that ther e is correlation between t he object ive test and sensory test. 



are shown in fi gures 2 and 3 . The whiting 
19 5 9 samples increased their s alt cont ent 
sig nificantly dur i n g the first 4 d ay s of sto r 
a ge in refrige rated sea wa t e r , whereas the 
ic e- sto r e d samples showed a substantial 
loss of s alt d u r ing the same pe r iod. 

Th e wh iting 1960 samples sto r e d in r e 
fr ig e ra t e d sea wa t e r , showed a rapid in
crea s e in salt du r ing the fi r st 2 days, 
re achin g their peak at about the 7th day . 
T he sam ples stored in ice decreased in salt 
cont ent very slowly until the 9 th day and 
dec r eased more rapidly thereafter . 

Volat i le Base Nitr og en 
Volatile base nitrogen was dete r mined by 

the alcoholic extrac t ion method (Stansby , 
Harrison, Dassow, and Sater, 1944) . The 
distillation was carried out with a 12 - place 
electric macro - Kjeldahl unit . Methyl red
methylene blue indicator was substituted 
for the methyl red indicator used in the 
original. procedure . 

The volatile base nitrogen determinations 
(table 3) showed highly significant correla
tion with taste panel scores for both the 
refngerated- sea - water - stored samples of 
whiting 1959 and 1960 and the ice - stored 
sample s of whiting 1959; however, there 
was no significant correlation for the 1960 
samples stored in ice. 

Trim ethyla mine 
Trimethylamine nitrogen dete r minations 

were carried out on whiting 1959 samples 
using the method of Dyer (1959) . A modif i 
cation of Dyer I s method wa s used on whiting 
1960 samples. 1 

Trimethylamine determina t ion s (ta ble 3) 
corre lated with t aste pane l s cores at the 
1- pe r c e nt level of sign if icance f o r wh i ting 
1959 a nd 1960 ic e- sto red samples and 
whitin g 1960 ref r ige r a ted- sea - wa ter - sto r ed 
s a mples. The whi tin g 19 59 refrige r a t ed
s e a- water- stored s a mples s howed no s ig 
nificant c o rrelati on w ith taste panel scores. 

V ola tile Acid Nu mber 

Volatile acid n u m ber (As s o c iatio n of 
Official Ag r icultural Chemists, 1960 , p. 236-
237 ) was d etermined o nly on whiting 1960 
s a m ples . 

I 
Personal communication from G. A. Reay and J. M. Shewan . 

Tor ry Resea rch Station . Aber deen . Scotland. 
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The volatile acid number of the whiting 
1960 samples stored in refr ige r ated sea 
wa ter c orrelated with the taste panel scores 
at the I-percent level of significance; the 
ice- stored samples correlated wi th the 
taste panel scores at the 5- pe rc ent level of 
significance. 

CONCLUSIONS 

On the basis of the results of the o r
ganoleptic examina tion of b o th the ra w and 
cooked whiting , refrigerated sea water 
m ainta ined at a cons t ant tempe r ature of 
30 0 F. will extend th e chilled storage life 
of whiting for 2 t o 3 days longer than will 
ice. 

Although volat i le ba s e nitrogen, tri
methylamine, and volatile acid numbe r 
determinations showed s ome correlation 
w ith taste tests , at present there is no 
one test or combination of ob j ective tests 
that c an replace th e subj e ctive o r ganoleptic 
test. 
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TECHNOLOGICAL INVESTIGATIONS OF POND-REARED FISH 
PART l.--PRODUCT DEVELOPMENT FROM BUFFALOFISH 

by 

Leo J . Sullivan and Harry L . Seagran 

AB ST RACT 

Methods of developing smoked, frozen, and new types of r econstituted products from buffalofish were 
studied. Procedures were developed to produce a highly acceptable smoked product from the rib s ection 
and a r econstituted product from the r emaining dorsal loin s ection . This method of processing eliminated 
a bone problem that limi ted the marketing of products from buffalo. Finely grinding the bony loin s ection 
and ex truding the r esulting material in to casings yielded a variety of produc ts having potential appeal for 
the consumer. Stor age life tests ind icate that products from buffalo are particularly prone to fat oxida
tion; off- flavors ma y develop after on ly moderate periods of refrigera ted storage. 

INTR ODU CTION 

Severa l forms of f i s h - fa rming exi st in t he 
United States, T hi s paper, the f i rst in a 
ser ie s concerning technologica l investiga
tions of pond-reared commercial f i s h, dis 
cusses operatiorls of r icefield are a s adja c ent 
to t he lowe r M ississ ipp i River. Historical 
an d management aspects of t h i s industry 
have been revi e wedbyRiggs (1 957), Johnson 
(1 95 9) , and Olden (1 960 ). Technologic al 
deve lopments in harvesting and in util izing 
products of t h e fishery have b e en limit e d, 
however, and re lated literature i s l a cking . 
Though catf i sh, bass, and crappie are 
(raised for fo o d in these a reas), the pre 
dominant fish i s the bigmouth buffalo 
[l ctiobus cyp ri nellus (Valenc iennes) J. 

T his p aper reports on preliminary de
velopment studies conducted cooperatively 
with industry on conventional smoked a nd 
frozen buffalo products. It also de s cribes 
laboratory stud ies on new types of products 
in wh i c h att empts are being mad e t o alle-

viate a problem in t he efficient utilization 
of t h e buffalo created by t he p r e s ence of 
br a n ched or " floatin g" bones found deep in 
t he tiss ue of members of t he sucker family 
(C atostomidae). 

THE RICEF IElD FISHERY 

In the preparation of n ew land for ri ce 
c u l tivation, w ooded areas a r e often flooded 
with surfac e water t o kill the timber, Many 
"wild " spec ie s of fish a re incidentally in 
troduced with t h e surface water. Pre
viously, when t h ese areas we re drained, t he 
fish were c olle c ted and used by the land
owner for his own purposes or, if t he crop 
of fi s h was larg e, were sold on local 
markets. This newly cleared land was highly 
productive, but after several suc cessive 
crops of rice , soil ferti lit y was reduc ed 
and rice production fell off. Weeds also be
came an increasingly ser ious problem with 
each successive r ice crop. In order t o re
store t he s e lands to high productivity, rice 

Authors ' :--/ote.--Leo J. Sullivan , Food Products Tec hnologis t . and Harry L. Sea gran, Chief. Bureau of Commerc ial Fisher ies Tech
nologIcal Srallon , U.s . F Ish and Wildli fe Service, Ann Ar bor, Mich. 
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fields were either rotated with nitrogen
f ixing crops (for example, soybeans) planted 
in forag e crops, or left fallow. When left 
fallow, fields were often flooded with surface 
water to control weed growth . Thi s flooding 
resulted in unplanned fish crops. It soon 
-became apparent that with proper manage
ment' the rearing of fish as a commercial 
crop could become profitable. 

It has been estimated that 100,000 acres 
were capable of food-fish production in 
Arkansas in 1961 of which 20,000 acres 
were utilized (Walters , 1961). This figure 
represents a substantial decrease fr om the 
70,000 acres in fish production in 1958 as 
cited by Johnson (1 959). Factors contrib 
uting to t he decrease in production are dis
cus sed later in this paper. It is difficult 
to assess the true potential of the extensive 
bottom-land a r eas of the lower Mississippi, 
but it has been estimated! conservatively 
that in excess of 2 million a cres of such 
land c ould be utilized to produce fish. 

The bigmout h buffalo, a member of the 
sucker family, ha s an elliptical r ather than 
the circular cross -section that is the shape 
typical of suckers (fig. 1). It closely re
sembles the carp (family Cyprinidae), but 
lacks barbels and has a term inal mouth. 
The buffalo is dark olive to black and has 
large prominent s cales . Like other bottom 
feeders, buffalo eat weeds, seeds, algae, 
ins ects, and other benthic organisms that 
are often detr iment al to rice production. 
Since buffalo thrive well on the natural food 
available in flooded rice fields and im
poundments, they do not require supple
mental feeding. Buffalo return nitrogenous 
wastes to the soil, resulting in increased 
rice yields. If fish are allowed to remain in 
ponds for periods in excess of 2 years, 
however, overfertilization caus es the rice 
to be lodged from luxuriant growth, and 
difficulties in the harvest of rice result. 
Fish farmers thus prefer to d ra in t hei r 
ponds and harvest the fish at the end of a 
2-year growing season. Buffalo harvested 
at the end of 2 years weigh approximate ly 
3 pounds. Production e stimates of over 600 
pounds of buffalo per a c re per year h a ve 
been cited, with an average of 121 pounds 
per acre from eight different impoundments 
(Green and Mullins, 1959) . 

1 Proceedings. Fish Farming Seminar. March 29. 1962. U.s. 
Fish and Wildlife Service. Bureau of Commercial Fisheries. 
Ann Arbor, Mich.. 37 p. [Unpublished.] 
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Harvesting of impounded fish is seasonal; 
major fish-harvesting periods are in early 
spring and late fall. Little or no mechanized 
equipment is employed (fig. 2) and, even a t 
prevailing low labor cos ts, the expense often 
equals t he price received for the fish. Al 
t h ough buffalo weighing over 6 pounds always 
have been in good market demand (Albano, 
1961), the 3-pound buffalo harvested from 
agricultural impoundments generally net 
only about one-half that r eceived for the 
la r ge r fish. The principal reason for a s ig 
nificantly lesse r price for small buffalo 
than for larger fish is the p resence of 
numerous small floating bones in the small 
fish . These branched bones, which are con 
nected to the major skeletal system, rema in 
deep in the loin area when the s ide is cut 
from t he backbone. They are imposs ibl e to 
remove by conventional processing. Bones 
in fish weighing ove r 6 pounds are generally 
large enough to be removed easily during 
eating, whereas those found in t h e 3 - pound 
class make the cooked fish difficult to eat. 
A lthough the buffalofish market trad itionally 
ha s been of t he fresh-fish type, the market 
ing of processed p rodu cts could offer a 
possible solution to t his problem. 

The difficulties t ha t beset all aspects of 
t he fish-farmmg indus try- -arising largely 
fr om lack of management and technical 
knowle dge - -resulted in a request for Fed
eral aid t to provide various forms of tech 
nical assistance. The technological studies 
that were initiated gave priority to imme 
diate aid to improve handling and processing 
and, particularly, to determine methods 
whereby t he small, pond-reared buffalo 
could be utilized more effectively. 

PRELIMINARY FIELD STUDIES 

A technologist of the Bur eau of Com 
mercial Fisheries wa s a ss igned to an area 
of concentrated fi s h-farming act ivity to 
give immediate advice on handling and 
processing of f i s h and to evaluate better 
the most critical areas in which tec hnologi 
cal research could improve the market posi
tion of pond-reared f i s h . Since small buffa l o 
would not sell competitively as dressed 
whole fis h, i t was imperative that products 
of higher consumer appeal be de veloped. 
Cooperative product development studies 
were therefore undertaken. 

t Resulting in passage of Public Law 85 -342 in 1958. 



Figure 1.--Bigmouth buffalo. 

Figure 2.--Harves ting buffalo from a ricefield impoundment. 

The first product developed was a smoked 
item, since information on the s moking of 
fish was readily available and materials 
needed by industry for the preparation of 
the produc t were relatively inexpensive. 
Smoked products from whole split sides of 

dressed buffalo were first prepared in a 
small portable smokehouse. ~ Although the 

~ Lynne C. McKee. 1961 . An inexpensive small smokehouse 
from an old refrigerator cabinet. U.s. Fish and Wildlife Service. 
Bureau of Commercial Fisheries Technological Laboratory, 
Seattle. Wash. Manuscript Report No. 46, 6 p. [Unpublished.] 
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equipment employed initially for smoking 
was somewhat crude, the resulting products 
we re generally re garded as flavorful. The 
smoked product from the whole split sides 
wa s not e ntirely acceptable, however, owing 
to the many small bones in the loin area. 
A ttempts to cut the bones into very small 
pieces by ma nual "scor ing" (closely space d 
knife - c uts thr ough t h e fles h perpendicular 
to the bones but not t h rough the tough outer 
skin) did not result in an a c ceptable product . 
Piece s of bone were still evident , and 
s c oring caused considerable drying of t he 
smoked product. T he fattier flesh of t he 
rib cage , which cont ains only the heavy 
r ib bones, remained de s i r ably mois t dur ing 
smoking . Since t he floa t ing bones are c on 
fined to t he loin o r dors al area, t he entire 
loin was t he refo re cut a way from t he r ib 
section (f ig. 3), and t he r esult ing pa rts 
processed sepa rately. 

The rib section s were s moked by a 
kippermg whic h utilized a high temperature 
and a short smoking time. Alt hough the 
batches of fini s hed p r oduct lacked uni 
formity, a smoke d rib p roduct from small 

buffalo was cons i dered to meet the require
ments for a consumer i tem of high quality. 
Portion c on trol appe a red to be feas i ble, 
because a 3 - t o 4-ounce product suitable 
to modern packaging and merchandis i ng 
methods c ould be produced. Accept ance, 
based on organoleptic examination, proved 
excellent. 

Att empts to utilize the ent i re edible part 
of the fish r e sulted in extensive develop
ment work on t he bony loin of the buffalo. 
T h e loin was manually scored to determine 
if t hi s procedure would prove effect ive after 
the r ib sectlOn wa s removed. The res ult s 
we r e not entirely sat i sfactory ; furt h ermore, 
manual scoring was not p ra c t ic a l for hi gh 
volume p r oduc t ion . A mechanical scoring 
device, i dentic al in principle to t he cube 
s te ak machine illustr a t ed in f igure 4, per 
formed t he operation more s a t i sfac tor ily . 
Afte r t h e product wa s breaded and fr i ed, 
howe ver, the small pieces of bone remain 
ing were often objectionable. Conventional 
fish portions , sawed from frozen blocks of 
the mechanically scored loins, suffered as 
well from t hi s p roblem of res idual b ones. 

c 

B 

Figure 3.--Buffalo side cut into 3 pieces: A - rib section; B - posterior loin section; C - anterior loin 
s ection . 
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F igure 4.- -Machine us ed in " scor ing" floa ting bones of buffalo. 

At the conclusion of t h e preliminary f i eld 
studies, i t was evident that, although a 
satisfactory smoked product c ould be ob
tained from the rib section of the buffalo, 
further work would be requi red to eliminate 
the bones of the l o in portion. T h e results of 
subsequent laboratory investigations, re
ported in the follo win g section, appear to 
offer one solution to this probl em. 

LABORATORY STUDIES 

Developme nt studies c oncerned: (1) the 
refinement of the previously discussed 
smoked and frozen products and an estima
tion of their storage life; (2) the study of 
reconstituted products, in which attempts 
to eliminate the problem of floating bones 
proved to be successful; and (3) the de
velopment of barbecued and canned products 
of potential commerc ial value. 

Smoked and Frozen Products 

Smoked buffalo r ibs and frozen breaded 
products from buffalo loins were deve loped. 

To produce consis t ent products , a ther
most a tic ally cont roll ed elec tr ic smoke
hous e with an inde pendently controlled 
smoke g enerator was employed (fig. 5). T he 
most satisfactory r esults were obtained 
through use of a long drying and smoking 
period a t relat ively low temperature, fol
lowed by a short period at moderately high 
temperature to cook t he product. T he product 
t h us retained s ignific antly more moisture 
and, correspondin gly, possessed a more 
smoky flavor. A typical procedure for pre
paring the smoked-rib product was as fol
lows: 

1. Scale, dres s, a nd split the fish and 
remove the backbone. 

33 



34 

Figure 5.--Smoking buffalo ribs using an electric smokehouse with independent smoke-prodUCing unit. 

2. Cut the rib section from t h e loin se c 
tion' retaining as much flesh as pos
sible on the rib. 

3. Brine the ribs in 80 0 salinometer salt 
brine (2.23 p ounds of salt per gallon 
of water) at room temperature fo r 
l-l t hour s, depending upon the s ize 
of the r ibs. 

4. Remove the ribs from the b rine, 
spong e off excess moisture, and plac e 
them skin-s ide down on smokehou se 
racks that have been brushed with a 

re l ease agent (such a s vegetable o il) 
to prevent sticking. 

5. Place the r a c k s in p r ewarm ed smok e
house (100 0 F .) for 1 h our with out ad
dition of smok e. (Dur i n g t hi s time a 
glos sy f ilm or p e lli cle deve lops on the 
e x posed surfac e ofth e flesh whi ch a ids 
in t h e r e t ention of moi sture and im
p rove s t h e a p p e a ran ce ofthe product.) 

6. Incre a s e the smokehouse temperature 
to 1200 F. , introduce smoke, and 
p rocess for 4-6 hours, depending upon 



the thickness of the ribs. During the 
last half hour of smoking, increase the 
smokehouse temperature to 160 0 F. 
to cook the product. 

7. Remc.ve the r ibs from the smokehouse 
and a llow them to c ool slightly . Pack 
age t he product promptly with as little 
handling as possible and refr igerate. 

A 3-pound buffalo in the round gives ap 
proximately equal yields of ra w rib and 
loin (20.5 and 21.2 percent, respectively). 
Yield data (table 1) on smoked -r ib products 
indicate that approximate ly 20 percent ofthe 
weight is lost through dehydration dur ing 
smoking. 

Brining as previously described resulted 
in about 2 percent salt (tabl e 2) in t he smoked 
product, a level that appeared to be satis
factory on organoleptic evaluation. The 
edible portion of a typic al smoked-rib 
product from 3-pound fis h was about 19 
percent protein, 24 percent oil, 54 percent 
moisture, and 3 percent a sh (table 2). 

Shelf life ofthe smoked- rib product (with
out added preservatives and at 0 0 and 
36 0 F.; table 3) was also estimated . Im
mediately after being p r ocessed, several 
smoked ribs were packaged in perforated 
plastic pouches and placed in sto rage. Sub
s e quent organoleptic examinat ions indicated 
a satisfactory shelf life of 3 weeks at 
36 0 F. and at least 2 months at 0 0 F. Longer 
storage resulted in the development of 
ranc id flavors in the dark t is sue of the 
medial-lateral area. In addition, surface 
mold was frequently noted after 4 week's 
storage at 36 0 F . ; growth of the mold could 
be retarded readily by a slight increase in 
t he s alt content of the product. 

Since the preliminary experiments with 
me c hanical scoring of t he loin gave in 
conclusive results, it was felt desirable 
to evaluate the t echnique further in t h e 
preparation of conventional frozen, breaded 
products. The distr ibution of floating bones 
throughout t he loin had not been previously 
determined. The loin was divided, there
fore, into two app roximately equal parts: 
a posterior part cut to resemble a small 
fish f illet and the remaining anterior part 
(fig. 3). A commercial cube -steak machine 
(f ig . 4) with circular knives spac ed 1/ 8 - inch 
apart and clearing t he rubber conveyor belt 
by only the t hickness ofthe scaleless buffalo 
skin was used to score t h e two loin sections. 

The s cored posterior pieces were b readed 
with a commercial breadmg, packa ed m 
I-pound wax cartons, overwrapped wlth a 
moisture - and vapor -proof film, and frozen 
to 00 F. on a double -contact plate freezer 
at a plate temperature of - 30 0 F. The 
anterior pieces were frozen into blocks 
(fig. 6) and subsequent ly sawed into "por
tions " and breaded. Samples were stored at 
0 0 F. and per i odically evaluated organolep 
tically, following cooking in deep fat at 
375 0 F. for 3 minutes. 

Although products were not extensively 
examined, the anticipated shelf life at 0 0 F. 
(without added preservatives) appears no to 
exceed 3 months (table 3). The dark meat of 
t he buffalo developed noticeably ranc id 
flavors on further storage . Further, it was 
generally concluded that the scoring prin
ciple was not completely effective in elim 
inating t he bone problem. The frequent 
appearance of uncut or l arge pieces of 
br.lnched bone in both products indicated 
the need for more effic ient "bone removal" 
if quality products for human consumption 
from the loin were to be produced. 

Reconstituted Products 

Since the bony loin sect io of small 
buffalo prove d diff icult to adapt to con 
ventiona l products, either duectly or 
through scoring, subsequent study was di
rected towards t he development of recon
stituted products. Cooperative studies with 
industr y were started in which the bony flesh 
of small buffalo was ground, emulslhed, 
mixed with other ingredients, stuffed mto 
c e llulose casings, and molded and cut mto 
var ious forms. Thes e products included 
links, patties, and portions of dlfferent 
s izes and shapes (hg. 7), mcluding a flsh 
shaped port ion sawed from a stuffed rol 
frozen and shaped in a wue cage - mold 
(fig. 8). 

The g r inding and emuls ifymg process 
used was es sentially Identica l for all 
products and consisted of mechamcally 
g r inding the loins through a ~ - mch plate, 
then a 1/ 8 - inch plate, and finally through 
the superfine plate of a sausage emulsIfier. 
In a typ ical form ulation, 10 pounds of emul
sified buffa lo loins were blended WI h the 
follow ing ingredients : 3 ounces of alt, 2 
ounces of monosodium glutamate, 10 eg 
whites, 1/8 ounce of omon powder, and 3 
ounces of nonfat mllk powder. The re ult _ 
ing mixture was s uffed in 0 variOUS type 
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Table l .--Product yields from 3-pound pond - reared bigmouth buffalo 

Product Product description Product yield 

P ercent 
Eviscer ated Headed and gutted 55 . 6 

Fillets Whole s ides wi t h rib-bones 31.3 
and skin removed 

Ribs Skin-on rib sections cut 20 .5 
from whole side 

Loins Skin-on l oin sections cut 21.2 
from whole side 

Waste All inedible par t s r esulting 58 . 3 
from cutt ing s ides 

Smoked ribs Rib sections smoked 16.4 

Note: These are average data resulting from several lots of fi sh . 

Table 2. --Proximate ~d saltl composition of bigmouth buffalo produ~~s 

Product2 Protein Oil Mois ture 

Percent Per cen t Perce nt 
Fillet s 3 15. 3 16 . 6 68 . 6 

Waste 4 15 . 6 23 . 1 55 . 5 

Rib pri or 5 to 
brining ---- ---- ----

Rib after brining 
but prior to 
smoking 5 ---- ---- ----

Rib after smoking5 19 . 0 24 . 1 54 . 2 

l Assoc iation of Official Agricultural Chemists , 1960 . 
2 As described in table 1. 

Ash 

Per cen t 
1.49 

4 . 38 

----

----

2 . 82 

Salt 

Percent 
----

----

0 .135 

1.88 

2 . 09 

3 Represents an average of t wo determinations, using six fille ts per determination. 
4 Represents an average of two determinations, using waste from t wo fish. 
5 Represents an average of two determinations, us i ng six boneless ribs per deter 

mination. 
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Table 3 .--Cold-storage life of bigmouth buffalo products l 

Packaging 
Rating following storage at 360 F. for: 

Product material 

o week 1 week 2 weeks 3 weeks 

Excellent Excellent Good Dark fatty 
layer slight -
ly off-flavor 

Smoked rib Perforated 
polyethelene Rating following storage at 00 F. for: 
pouch 

o mont h 1 month 2 months 3 months 4 mont hs 

Excellent Excellent Good --- - ----

Scored and Waxed carton Excellent Good Good Dark f atty Dark fatty 
breaded wi th cello- layer layer 
l oin phane over- slightly slightly 

wrap off-flavor rancid 

1 Based on organolept ic evaluation. 

Estimated 
shelf life 

4 weeks 

Weeks 
Dark fatty 
layer slightly 
r ancid. First 3 
notice of mold 

5 mont hs 

Dark fatty 
layer defi- 8 
nitely rancid 

Dark fatty 
layer 

12 definitely 
rancid 



Figure 6.--Freezing blocks of "scored" buffalo loins on a double-contact plate freezer. 

of cellulose casing s, t h enfurtherprocessed 
into spec ific products, descriptions of which 
follow. 

Breaded Buffalo Links. - - The mixture was 
stuffed into frankfurter -type casings, linked, 
and processed in wat e r at 16 5 0 F. for ap
proximately 10 minutes to an internal tem
pe rature of lS2 0 F. The product was chilled 
with ice water to an internal temperature of 
80 0 F. The ca sings were r emoved, and the 
links breaded and tray - packed with an over
wrap of plast ic film andplacedinafreezer
chest held at 0 0 F. 
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Smoked Buffalo-Furters. - - The m ixture 
was stuffed into frankfurter-type casings 
and linked. The linked strands we r e 
processed in a smokehouse starting at 
140 0 F. The tempe rature wa s increased 10 
degrees every 15 minutes until i t reached 
170 0 F. Proce ss ing wa s continued at this 
temperature until an internal temperature 
of 1500 F. was attained. Total smoking time 
was approximately 1 hour. The links were 
then sprayed wit h c o l d water for about 10 
minute s to an internal temperature of 85 0 F. 
and held overnight in a 40 0 F. cooler. The 
casings were removed, and the links 



Figure 7. - -V arious reconsti tuted buffalo products processed in cellulose cas tings . Left to right; bottom row: fish roll, 
" scallops ," fish s teaks; middle row: breaded bits o'fish , patties cut from roll , fish links; t op row: breaded fish links, fish 
portions in roll for m, olive and pimento roll. 

tray-packed with a p lastic film overwrap 
and frozen. 

Buffalo-Pattie s.--The mixture was 
stuffed into Zt -inch diameter casings and 
cooked in water at 165 0 F . forapproxim ately 
1 hour to an interna l temperature of 155 0 F. 
T he product was then cooled with i c e water 
to an internal temperature of 84 0 F. and 
frozen. The frozen rolls were sliced into 
i -inc h thick patties and packaged on back
boards with a plastic film overwrap. The 
patties mayor may not be breaded before 
cooking. 

Fish-Shaped Buffalo Portions. - - The mix
ture was loosely stuffed into a 4-inch di
ameter casing and the stuffed casing in
serted into an opened fish-shaped wi re 
cage-mold (fig. 8) . When the cage wa s 

c1esed, the stuffed c asing conformed to the 
shape of the cage. The product in the cage 
w as t hen frozen. Portions i -inch thick were 
sa w ed from the frozen roll, breaded, and 
packaged in a conventional overwrapped wax 
carton. 

Buffa lo Olive-Pimento Roll.--In addition 
to t he ingredients mixed with the emulsion 
for the previous reconst ituted products, the 
following ingredients were added to 10 
pounds of emulsion: 1 i ounces of mono
sodium g lutamate, 4i ounces of cider vine
gar, 4 i ounces of diced green olives, 4 i 
ounces of diced pimentos, 4i ounces of 
diced carrots, and 4 i grams of powdered 
c elery. The mixture was stuffed into z i 
inch diameter casings and cooked in water 
for app roximately 1 hour at 165 0 F. to an 
internal temperature of 15Zo F. The product 
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FII~ure 8.--Wlre Col e- ~J() l d useJ III slta In rt: On5nNleJ (uh-s peJ burr rllOOS . 

was then chille d wI t h Ice water to an In 
ternal temperature o f 0 0 F. and frozen. 
T he roll was t hawed, s li ced, and erved 
cold as a buffe t Item. 

Each of the reconstituted products has 
been te s te d by various mdustry, te chn cal , 
and consume r g roups for acceptance. Re
sults of these examinatlOns have been most 
encouraging in that no eVidenc e of res Idual 
bone was note d . Shelf life data fo r he 
p roducts have not been obtained. 

Canne d an d Barbecued Products 

In addition to t h e products p r eviously 
described, canned and barbequed products 
from buffalo we re prepared . Typical pro 
cedures were as follows : 

Barbequed Buffalo Ribs . - - The r ib sec 
tion was h and rubbed with t ounc e o f 
barbeque seasoning powde r , t r ay - packed 
with a pla s tic film overwr ap and f r ozen . 
For se r ving, t he rib wa s r emoved f r om t he 
w r appe r, r ewrapped in aluminum fo il , a n d 
bake d at 400 0 F . fo r 15 m inut e s. It i s like ly 
t hat t hi s pr o d u ct would be idea lly sui ted for 
p a c k a gin g and c ooking in " b oilab l e-type " 
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pla s IC pouches . This barbequed p r od c , 
whIch IS Imple and I expen ve 0 p re pa re, 
r a ed hi h)' In ccep a ce es s. 

o Fake . - - Canned fa 0 
p r o-d-'-u-C-:-s-~l-n~l-:-t-1 a-rl"-r-'-p-r-e-p-a r ed c on IS ed 0 

chunk- yle packs Simi ar ocan ed sa mon o 
ThIs s y e p r o ved highly sat l s ac ory, as 
he heavy bones did no sof en sufflclen y. 

Furthermore, he flavor was s r on , he 
tex ure mushy, and he cans (w t h con 'en 
t lonal enamel) were severely dl colored . 
Subsequent packs, s imilar to canned ake 
tuna, p r oved more sa I facto r y . Dres s ed 
buffalo we r e precooked I s earn at 2400 F . 
for 5 minut es. The flesh was chIlled, boned 
and flaked, and packed in t - pound aluminum 
cans. To 5 ounces of precooked flakes in 
each c an we r e added t teaspoon of s alt, 
2 t ea s poon s of a dilut e vege table b r o t h , and 
~ ounce o f vege table oil . The can s \ ere 
vacuum -seamed and p r oce sse d at 24 0 0 F. 
f o r 75 m inut e s. When o n ly whi te m eat was 
u se d , t he flavo r p r oved s a t i sfa ctory , b u t 
when da r k m ea t wa s includ ed, a n o b jec
t ion able flav o r res ult ed. P re c ooking greatly 
im proved t h e text u re of the product b y re
moving c ons iderabl e m oi sture. Manual bon 
ing a nd fla king or use o f a l um inum 'cans may 



not prove economically feasible . Use of the 
a luminum container, however, eliminated 
the discoloration of cans. 

DISCUSSION 

A smoked rib product highly acceptable 
to consumers can be produced from the 
bigmouth buffalo. T his item should prove 
economical to produce and could bring a 
market price comparable to other smoked 
fis hery products . Be c aus e t he relatively 
short s h elf life of t h e product could hamper 
it s dev elopment , furthe r work i s needed to 
pre serve it s in i tial high quality. The bar 
beque d r ib produc t als o appears to have 
pos sibilities and c ou l d hav e a variety of 
applic a tions. 

Technical problems s till exist m t he 
development of products for human con
sumption from the remainder of the edible 
port i on of the buffalo. The objection of con 
s ume rs to bones in f rozen convenience -type 
pr odu c ts would suggest that t he loin will b e 
diffic ult to use unless it is ground. Gr inding 
and reconstituting, however, does appear 
p romls mg . T he great flexib ility of t his 
meth od, a nd particula rly the u se of c a s ing 
materials in t h e manufacture of extrude d 
products, should pe rm it use of a variety 
o f processing p r ocedures and deve l opment 
of c onvenience-type products. 

Of no small concern is the re lative in
stability of the oil in the dark muscle of the 
buffa l o , which causes oxidative rancidity 
after onl y moderate periods of frozen stor
age. Although no data on storage have as 
yet been obtained for the reconstituted 
products, this pr oblem could be made more 
acute because of t h e emulsificat ion. On the 
other hand , inclusion of antioxidant s would 
be fa c ilitated by this processing method. 
A more uniform and intimate distribution 
of the additives would be possible. This 
problem is the object of current te c hnologi
cal investigations; the results of these 
studi es will be reported in a subsequent 
paper. 

Although the primary object ive of the 
present study has been to develop products 
for human c onsumption, use of buffalo and 
other pond-reared fish in the manufacture 
of industrial products should not be over
looked. If the potential value of this inland 
resource is to be fully realized, wastes 
from conventional processing operations, as 

w ell as the whole f i s h of spec i es n ot sui ted 
for human consumption, should be utilized 
for the production of animal foods (Jones, 
196 0). Species such as gizzard shad, which 
a r e harvested incidentally with buffalo in 
some ponds, currently have little c om
mercial value and are disc a rded. These 
a nd other rapidly growing spec i es, if ra i sed 
in quantity, possibly coul d be e xploited for 
industr ial purposes. 

Two million acres of potential f i s h -pond 
a reas lie in t he lower Mississippi v alley . If 
the conservative e stima t e of 300 to 500 
pounds· of fish per acre is ac cep t ed, i t be 
comes apparent that this countrypossesses 
within it s boundarie s a vast potential s ourc e 
of p rotein . For th i s potential to be realized, 
however, there must be a cooperative e ffort 
in all phases of the fish-farming industry 
to p roduce modern and competitive produc ts 
from a technically advanc e d fishery. 

SUMMARY 

This study was conducted to develop 
marketable products from bigmouth buffalo, 
the predominant specie s produced by t h e 
fish-farm ing industry of t he lower Mi s
siss ippi River valley (ricefie ld areas) . Al
though buffalo weighing 6 pounds and ove r 
are sol d r e adily on the fres h-fish market, 
smalle r fish, such as the 3-pound buffalo 
harve sted from r iceLeld impou ndmen ts, a re 
diffi c ult to sell bec ause of small obj ection
a ble bones in the flesh . 

Prelim inary attempts to produce accept
a b le products by smoking whole split side s 
were not successful, o wing to t his bone 
problem. Since t he objectionable bone s of 
the buffalo are c onfined to t he dorsa l loin 
are a , this part was c ut awa y , and the re
maining rib section yielded a smoked product 
of e x cellent acceptanc e. The r emaining loin 
part was "sc ored" i n an effort to reduce the 
size of the bone s to an unobjectionable level. 
The scored loin was used in the preparat ion 
of conventional fillets and portions, but ad
verse reaction to the size of the remaining 
bone fragments made the product unaccept
able. 

Since the bony loin d id not lend itself to a 
c onventional product, it was ground, emulsi
fied, m ixed with other ingredients, stuffed 
into casings , and processed into a var iety 

4 See footnote 1, P. 30. 
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of f r o zen and c u red p roducts . Thes e r e 
constituted products were judged to b e c om
pletely free from detectable b one particles 
and of excellent acceptability. 

Shelf life of smoked and frozen buffalo 
products (without added preservatives) 
pro ve d relatively short . Objectionable 
rancid flavors in the smoked product were 
detected after 3 weeks of storage a t 36 0 F. 
and after 2 months at 00 F. The frozen 
breaded products developed similar off
flavors after 3 months of storage at 0 0 F. 

Limited data are given on yield and 
proximate analysis for certain buffalo 
products. Detailed formulations for a nurn
ber of products are listed. 
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LIST OF PUBLICATIONS--DIVISION OF 
INDUSTRIAL RESEARCH 

By Branch, Year, and Author 
1955-61 inclusive 

by 

Virginia Whorley 

ABSTRACT 

This report lists, for the years 1955-61, the publications of the various branches of the Division of 
Industrial Research of the Bureau of Commer cial Fisheries (namely, Branch of Economics, Branch of 
Exploratory Fishing, Branch of Fore ign Fisheries and Trade, Branch of Marketing, and Branch of 
Technology). Since the publications by the various branches differ markedly in subject matter, the publi
cations are listed first by branch. They are then listed by whether the publica tion was in a Bureau medium 
or in an outside medium, by year, and by author . 

INTRODUCTION 

The major responsib ility of the Division 
of Industrial Research is to aid in maintain
ing the welfare of the commerc ial f isheries 
of the United State s by performing re sea r ch 
and studie s in such discipl mes as fisher y 
economics, exploratory fish ing, gear de
velopment, foreign f isheries and trade, 
marketing, technology, and product inspec
tion services. Because the programs are 
so diversified, the results maybe published 
in technical periodicals, trade m agazines, 
or anyone of se ve ral Bureau series, each 
peculiar to its area of research and each 
reaching a different group o f readers . 
Publication of th is list provides a reference 
to reports on all the disciplines of the 
Divis ion. 

The Branch of Economics plans and 
organizes in vestigations, apd performs 
studies of the economic pos ition of the 
f i shing industry in the national economy. 
Studies th e economi cs of production, dis
tribution, and consumption of fishery prod
ucts; the economic e ffect of technological 

and b io logical developments in the flshlng 
industry; labor conditions; price levels and 
marketing of fishery and competitive prod
ucts; tran sportation rates and services; 
tariff and t rade problems ; and other flshery 
economics subject s . Prepares commodIty 
situation r eviews and other types of re
ports result ing from the se investigatlOns. 
Obtains information on activitIes of fishery 
cooperatives to assure their compllance 
with provis ions of the Fishery Coopera
tive Marketing Act (Public Law 464, 73d 
Congres s) approved June 25, 1934. Renders 
educational, research, and other serVIces 
con c erning fi shery cooperatives. 

The Branch of Explorator y Fishing uses 
specially equipped ve ssels to conduct ex
ploratory f ishing programs to locate and 
determine the extent of new flshlng grounds 
and the size and character of the resource. 
Designs, te sts , and develops new types 
of f ishing gear and eqUIpment. Determine s 
the effectiveness of new and conventlOnal 
t y pes of fi shing gear and fIshing craft and 
demonstrate s the most efflcient and safest 
means and methods of operatlOns. 

Author Note.--Virginia Whorley, Program Ass istant , Divis ion of Industrial Research, 8.Jreau of Commercul FIsheries. U • F15h 
and Wildlife Service, Washington, D.C. 
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The Branch of Foreign Fisheries and 
Trade prepares and coordinates reports 
on (1) fore ign and domestic fishery situa:
tions; (2) production and flow to market 
of foreign produced fishery products that 
affect domestic fisheries; and (3) com 
petitive position of domestic and foreign 
produced fishery products. Conducts studies 
and provides services on foreign t rade 
and tariff problems, prepares materials 
for trade agreement negotiations, and pre
pares analyses of import and exporttrends . 
Services the foreign reporting program 
for fisheries, coordinates and prepares 
requests for information from foreign posts, 
appr ises and evaluates foreign reporting, 
and services the fishery attache program. 

The Branch of Marke t ing de vel 0 p s 
markets for domestic fishery products 
through (1) increasing the use of fishery 
products In school lunch, institut ional, and 
consumer menus; (2) encouraging greater 
distribution of fish through frozen food 
centers; (3) sponsoring special market 
promotion prog rams; (4) forecasting future 
marketing conditions ; (5) developing and 
expanding foreign markets ; and (6) finding 
new uses for underutilized species. Con
ducts an educational service to promote 
the free flow of fishe ry products of do
mestic origin by (1) developing visual and 
othe red u cat ion a 1 mate rials, including 
recipe deve lopment and the production and 
distribution of fishery motion pictures in 

cooperation with the indus tr y; (2) informing 
the industry and consumers of new and 
more effici nt methods of production, dis 
tribution' and preparation by means of 
field demonstrations and a consulting serv 
ice; (3) conducting test kitchen activities 
and fish cookery demonstrations; and (4) en
couraging commercial fishery courses in 
educational institutions . 

The Branch of Technology conducts 
chemical, bacterio logical , nutritional and 
engineering research, and development 
studies to improve methods of handling , 
processing, preserving, and dlstributing 
fish and shellfish, as well as studies on 
the utilization of industrial fish and marine 
plant products. Performs research on 
processing techniques and on the effects 
that processing methods and equipment 
have on the quality and shelf life of fish 
and fishery products . As a means of main
taining product quality develops improved 
packaging and refrigeration procedures for 
shipping and storage. Deve lops methods of 
improving shelf life through improved sani
tation techniques develops methods of qual 
i ty identification and measurement appli 
cable to requirements for voluntary U .S . 
standards of grade and condition of fishery 
products. Conducts voluntary plant sanita 
tion, product inspection, and certification 
services on a continuous basis and in 
cooperation with o the r Federal product 
inspection services. 

BRANCH OF ECONOMICS 

Publications in Bureau Media, 1955 

Kahn, Richard A., and -Walter H. Stolting . 
Household consumer preferences for 
breaded fish shrimp and breaded fi s h 
sticks. Part 1, National and regional 
summary. Fishery Leaflet 424, 61 p. 

Household consumer preferences for 
breaded shrimp and breaded fish sticks. 
Part 2, Summary by farm and nonfarm 
rural and city size groups. Fishery 
Leaflet 425, 105 p. 

Stolting, W. H., M. J. Garfield, and D. R. 
Alexander . 
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Fish and shellfi s h preferences of 
household consumers. Research Report 
41, IISp. 

U.S . Department of the Inte rior 
Consumer preferences for breaded 
shrimp and fish sticks. F ishery Leafle t 
422, 16 p. 

Publications in non-Bureau Media, 1955 

Ale xander, DeVora. 
Effect of minimum wa ge and hour 
changes on fishing industry. S outhern 
Fisherman, vol. 15, no. 13, p . 24, 
80. 

Kahn, Richard A. 
New, easier terms on shrimp boat 
financing. Southern Fisherman, vol. 15, 
no. 2, p. 28, 29, 54, 55. 



BRANCH OF ECONOMICS--Continued 

Publications in Bureau Media, 1956 

Kahn, Richard A., and Walter H. Stolting. 
Household conSUIller preferences for 
breaded shriIllp and breaded fish sticks. 
Part 3, SUIllIllary by inCOIlle groups, 
h ousehold s ize, hOIllemaker age groups, 
and occupation. Fishery Leaflet 426, 
155 p. 

Sandberg, Arthur M. 
U.S. iIllport classification and duties 
of fishe ry and wildlife COIllIllodities. 
Fishery L eaflet 417, 35 p. (Revised to 
July 1, 1957). 

Fishery tariff concessions in 1956 
Geneva negotiations. COIllIllercial 
Fisheries Reviewed, vol. 18, no. 8 , 
p. 6-13. [Also as Separate No . 446.] 

Publications in non-Bureau Media, 1956 

HaIlllisch, Robert, and Richard A. Kahn. 
Shr i mp production, fe ast or faIlline. 
Southe rn Fishe rIllan, vol. 16, no. 9, 
p.l0-l1. 

Kahn, Richard A. 
The econoIllic research of the F i sh and 
Wildlife Service unde r the Saltonstall 
Kennedy Act, with special r e ferences 
to the Gulf and Caribbean are a. Pro
ceedings of the Gulf and Caribbean 
Fisheries Institute, Eighth Annual Ses
sion, NoveIllber 1955, p. 55-58. 

Stolting, Walter H. 
ConsuIller preferences for breaded 
shriIllp. Proceedings of the Gulf and 
Car ibbean Fisheries Institute, Eighth 
Annual Session, NoveIllber 1955, 
p.77 - 79. 

Daily average shipIllents of 13,000,000 
pounds of fishery products. Fishing 
Gazette , Annual Review Number, vol. 
73, no. 13, p. 196, 198, 202, 203, 264. 

Publications in Bureau Media) 1957 

Bureau of COIllIllercial Fisheries . 
Federal aids to agriculture, Ille rchant 
Illarine and other segIllents of dOIllestic 

econoIlly- -a brief d e s cription of SOIlle 
kinds of Federal GoverllIllent econoIllic 
and other aids with s tatutory citations 
a nd COIllIllents about providing siIlli l ar 
aids for the f ishing industry. 32 p. 

Fishing indust ry aids in foreign coun
tries - -a brief de sc ription of SOIlle kinds 
of econoIllic and o t her aids give n by 
fore i gn nations to the ir fish ing indus 
tries. 74 p. 

List of fishe'ry as s ociations in the 
United States. Fishery Leaflet 254, 
13 p. (Revi s e d periodically.) 

List of fishery cooperatives in the 
United States. Fishery Leaflet 292,5 p. 
(Revis e d periodically.) 

List of fisherIllen's and fish shore 
worke rs' unions in the United States. 
Fishery Leaflet 293, 8 p. (Revised 
periodically.) 

Unit e d States CUStOIllS receipts froIll 
i Illports o f aquatic products for calen
dar years 1955 and 19 56, fiscal years 
1955 and 1956, and list of duty-free 
aquatic products. 18 p. 

D anforth, Warner C., and Chris A. Theodore. 
Hull insurance and protection and in
d eIllnity insurance of cOIllIllercial fish
ing vessels. Special Scientific Report-
Fisheries No. 241, 337 p. , plus supple
Illent, 158 p. 

Lindne r, Milton J. 
Survey of shriIllp fisheries of Central 
and South AIllerica. Special Scientific 
Report--Fisheries No. 235, 166 p. 

United State s Fish and Wildlife Service. 
Canned fish and shellfish preferences 
of hous ehold conSUIllers, 1956. Special 
Scientific Report- -Fisheries No. 200, 
328 p. 

Fish and s hellfish consuIllption in pub
lic e ating and drinking places. Vol. 1. 
Special Scientific Report--Fisheries 
No. 218, 93 p. 

Household conSUIller preferences for 
canned fishery products 1956. Circular 
45, 46 p. 
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BRANCH OF ECONOMICS--Continued 

Publications in non- Bureau Media, 1957 

Murray, Alton T. 
Look to "overlooked" independents for 
expanded frozen shrimp sales . Seafood 
M e rchandising, vol. 27, no . 12 , p. 35. 

Kahn, Richard A . 
Ways and means of stabilizing the 
shrimp market . Proceedings o f the 
Gulf and Caribbean Fisheries Ins t i t u te, 
Ninth Annual Session, November 1956, 
p.78- 87 . 

Stoltmg , Walter H . 
1957 - a ye a r of change s. Fishing 
Gazette, Annual Review Number, vol. 
74, no. 13, p. 202, 204, 206, 208. 

Publications in Bureau Media, 1958 

EconomIcs, Branch of. 
ForeIgn shrimp fisheries other than 
Central and South America . Special 
Scientific Report -- Fisheries o . 254, 
71 p. 

Survey of the United States shrimp in
dustry, Vol. 1. Special Scientific Re
port--Fisheries No. 277, 311 p . 

Hamlisch, Robert. 
Excise tax exemptions granted to 
fishermen . Fishery Leaflet 468, 2 p. 

Rosen, Sumne r M. 
An economic analysi s of freezing fish 
at sea. Commercial Fisheries Review, 
vol. 20, no . 11, p. 1-14. [Also as 
Separate No. 528.] 

Publications in non-Bureau Media, 1958 

Hoffman, Carl P., Jr. 
Fishery products transportation in 
195 8 . Fishing Gazette, Annual Review 
Number, vol. 75, no. 13, p. 198, 200, 
202, 204, 205. 

Publications in Bureau Media, 1959 

Bureau of Commercial Fisheries. 
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Canadian fisherie s program , fiscal 
year 1957-58, 20 p. 

Fish and shellfish consumpt ion in pub
lic eat i ng and drinking places, Vol. II. 
Special Scientific Report- -Fisheries 
No. 295, 208 p. 

Survey o f the United States shrimp in 
d us t ry, Vol. II. Special Scientific Re 
port--Fisheries No . 308, 167 p . 

U .S. customs receipts from imports of 
aquatic products for calendar years 
195 7 and 1958, fiscal years 1957 and 
1958 , and li st of duty free aquatic 
products. 18 p. 

Christensen, S . Kent, and Russell M . 
Boshell. 

Fish marketing and consumpt io n in the 
Pacif ic Coast States . Special Scientific 
Report- - Fisheries No . 33 5 , 183 p. 

McMullin, Leslie D. 
Organization and management of fish 
e ry cooperative as sociations in the 
Uni ted States, 10 p . 

Stolting, Walter H . 
R eview of Jahresber i cht tiber die 
deutsche F i shchere i 1957 (annual re
port o n German fisher ie s, 1957) . Com 
mercial Fisheries Review, vol. 21, 
no. 2, p. 93 . 

Widerstrom, Frans L . , Jr. 
An economic and financial study of 
the fluke otter - trawl fishery of ew 
Jersey. Commercial F ishe ries Review, 
vol. 21, no . 12, p . 17-26 . [Also as 
Separate No . 571.] 

Publications in non-Bureau Media, 1959 

Abrahamson, John D. 
New loan funds and tax benefits now! 
Fishing Gazette, vol. 76, no . 2, p. 28-29, 
60 - 63 . 

Hoffman, Carl P., Jr. 
H you ship your products - -you III need 
this information! Fishing Gazette, vol. 
76, no. 3, p. 18, 63. 

Transportation highlights of 1959. 
Fishing Gazette, Annual Review Num 
ber, vol. 76, no. 13, p. 178-182, 194-
195. 



BRANCH OF ECONOMICS--Continued 

Publications in Bureau Media, 1960 

Bureau of Commercial Fisheries, Branch 
of Economics. 

Importance of the United States fish
eries to the national economy, August 
23, 1960, 8 p. 

Manufacturing-plant food services as 
markets for fish and shellfish. Special 
Scientific Report- -Fisheries No . 343, 
31 p. 

Who buys canned salmon, and why? 
Circular 89, 46 p. 

Who buys canned sardines, and why? 
Circular 9 0, 66 p. 

Who buys canned tuna, and why? Circu
lar 88, 59 p. 

Stolting, Walter H. 
Questions and answers on the F ishery 
Cooperative Marketing Act of 1934 . 
Revised, August, 7 p. 

Publications in non- Bureau Media, 1960 

Brouillard, Keith D. 
Complex problem faces Great Lake s. 
Fishing Gazette, vol. 77, no. 2, p. 22, 
68. 

Brouillard, K e it h D., and Robert G. 
Personius. 

Changing Great Lakes fisheri es r e
quire new fish ing methods, research. 
National Fisherman, vol. 41, no. 7, 
p. 10, 26. 

Hoffman, Carl P., Jr. 
Transportation highlights of 1959 . 
Fishing Gazette, Annual Review um
ber, vol. 77, no. 13, p. 178-182, 194 -
19 5 . 

Stolting, Walter H. 
Trends in selling fresh and fr o zen 
seafood items on the billion d ollar 

retail m arke t. Seafood MerchandIsIng, 
vol. 20, no . I, p. 11 - 12. 

Publications in Bureau Media, 1961 

Dow, Robert L . , and Dana E. Wallace . 
The soft-shell clam industry of Maine. 
Circular 110, 36 p. 

F i tzGibbon, Don. 
Indexe s of the cost o f transportation of 
fishery products. Commercial Fish
eries Review, vol. 23, no. 6, p . 12-13. 
[Also as Separate No. 621.] 

Lynch, Edward J., Richard M. D oherty, 
and G eorge P. Drahe im. 

The groundfish indust ries of New Eng
land and Canada- -a comparative eco
nomic analysis. C ircular 121, 187 p. 

Publications in non-Bureau Media, 1961 

Abrahamson, John D. 
Economic aspects of m arkets for Mid
dle Atlantic oyste rs. Proceed ings of 
the Gulf and Car ibb ean Fisheries In
stitute, Thirteenth Annual Session, 
Novemb er 1960 , p. 128-131. 

Brouillard, Keith D. 
Economic contrib ut ion ofthe trawl fish
ery to Michigan. Proceedings of the 
Fourth Confe renc e on Great Lake s Re
search, April 17-18,1961, p. 182-184. 
Great Lakes Rese arch Division, Pub
lication No .7. Institute of Science and 
Technolo gy, University of Michigan, 
Ann Arb o r, M ich . 

Hoffman, Car l P., Jr. 
F i shery tr ansportation briefs. Fish mg 
Gazett e , vol. 78, no. 6, p. 11, 15 ; no. 7, 
p. 8 , 11 ; no . 8, p. 8 . 

The changing scene in fishery tra ns
portatio n. Fishing Gazette, Annual Re
view Number, vol. 78, no . 13, p. 13 -
140. 

Sabock, David K . 
What's happened to fish meal and 
s olub ies prices? Fishing Gazette, vol. 
7 8, no . 8, p. 18, 49. 
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BRANCH OF EXPLORATORY FISHING 

Publicat ions in Bureau Media, 1955 

Bullis , Harvey R . , Jr. 
Preliminary report on long-line fishing 
for tuna in the Gulf of Mexico and 
the CarIbbean Sea. Part 1. Exploratory 
fishing by the OregCXl. Com mer c ia 1 
Fisheries Review, vol. 17, no. 10, 
p. 1-15. [Also as Separate No. 416 . ] 

Captiva, Francis J. 
Preliminary report on long-line fishing 
for tuna in the Gulf of Mexico and the 
Caribbean Sea. Part II. Long-line gear 
used in yellowfin tuna e x plora t ions. 
Commercial Fisher i es Review, v o l. 17, 
no. 10, p. 16-20. [Al so as Separate 
No. 4 16.] 

M u r ray, J . J. 
Gulf of Maine bluefin-tuna e x p1ora
tion - -1 954. Commercial F i sheries Re
view, vo l. 17, n o . 6, p. 17-21. [Also 
as Separate No. 403.] 

Sand , Reidar F. 
Use of underwater televisioninfishing
gear research (preliminary report). 
Commercial Fisheries Review, vol. 17, 
no. 4 , p. 1-5. [Also as Separate o . 
397 .] 

Schaefers, E. A., K. A. Smith, and M . R . 
Gre e nwood. 

Bottom fish and shellfish explorations 
In the Prince William Sound area , 
Alaska, 1954. Commercial Fisheries 
Review, vol. 17, no . 4, p . 6- 28 . [Also 
as Separate No. 398.] 

Smith, Keith A. 
Use of an electrical attracting and 
guiding device in experiments with a 
"fish pump." Commer c ial F i she r i es 
Review, vol . 17, no . 2, p . 1-7 . [Also 
as Separate No. 3 92.] 

Publications in non-Bureau Media, 1955 

Alvers on, Day ton L., and Dona l d E. Pow e ll . 
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The open ocean challenges the sc i enti st 
a nd dares the fisherm a n . Pac i fic 
Fisherman, vol. 53, no . 11, p. 25-29 ; 
no. 12, p. 26 -27. 

Bigelow, Henry B., William C . Sch r oe d er , 
and St ewar t Sp r i n ge r . 

Three new shark r eco r ds fr om th 
Gulf of Mexico . Breviora, No. 4 9 , 12p. 
M useum of Comparative Zoology, 
Harvard University, Cambridge. 

Bullis, Harvey R . , Jr . 
Observations on schooling juvenile 
tuna, Euthynnus alletterat:us, in the Gulf of 
Mexico . Copeia, 1955, no. 2, p. 153. 

Recent explorations f o r yellowfin i n th 
Gulf of Mexico . Proceedings ofthe Gulf 
and Caribbean Fisheries Institute, 
Seventh Annual Session, ovember 
1954, p. 1-4 . 

Springer, Stewart . 
E x ploitation of deep - water shrimp of 
the Gulf of Mexico. Proceedings of 
the Gulf and Caribbean Fisheries In
stitute, Seventh Annual Session, 

ovember 1954, p . 67-71. 

Laboratory experiments with sha r k 
repellents. Proceedings of the Gulf 
and Caribbean Fisheries Insti ute, 
Seventh Annual Session, ovemb er 
1954, p. 159-163 . 

Tuna resources of the tropical and 
subtropical western Atlantic . T r a n s 
ac t ions o f the American F isher ies 
Society, vol. 85, for the year 1955 , 
p . 13- 17 . 

Publications in Bureau Media, 1956 

Bulli s, Ha rve y R . , Jr . 
Prelim inary re s ult s of de e p- water ex 
p l oration for shr imp in the Gulf of 
Mexi c o ( 19 50 - 1956 ). C ommerc i a l Fis h
eries R e view, vol. 18, no . 12 , p. 1- 12 . 
[Al so as Separate No . 460 . ] 

Kna ke , B ori s O . 
A s sem b l y m ethods for otter trawl nets. 
F i s h ery L eafle t 437, 29 p. 

McNeely, R i chard L . 
Exploratory f ish i n g ves s el George M. 
Bowers . Part II. Vesse l 's electrical and 
auxiliary-drive systems. Commercial 
Fisheries Review, vol. 18, no. 7, p. 
11-14. [Also as Separate No. 442.] 
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Sand, Reidar F. 
Exploratory f ish i n g ves s el George M. 
Bowers. Part I. Description of vessel. 
COIllInercial Fisheries Review, vol. 18, 
no. 7, p. 7 -11. [Also as Separate No. 
442.] 

New diving sled. Conunercial Fish
eries Review, vol. 18, no. 10, p. 6-7. 
[Also as Separate No. 452.] 

Sand, R. F., and R. L. McNeely. 
Underwater television vehicle for use 
in fisheries research. Special Scien
tific Report--Fisheries No. 193, 15 p. 

Squire, James L., Jr. 
Development of the Pacific coast ocean 
shrimp fishery. Commercial Fisheries 
Review, vol. 18, no. 9, p. 1-6. [Also 
as Separate No. 447.] 

Springer, Stewart, and Harvey R. Bullis, Jr. 
Collections by the Oregon in the Gulf 
of Mexico. List of crustaceans, mol
lusks, and fishes identified from col
lections made by the exploratory fish
ing vessel Oregon in the Gulf of Mexico 
and adjacent seas 1950 through 1955. 
Special Scientific Report- -Fisheries 
No. 196, 134 p. 

Publications in non-Bureau Media, 1956 

Backus, Richard H., Stewart Springer, and 
Edgar L. Arnold, Jr. 

A contribution to the natural h istory 
of the white-tip shark, Pterolamiops 
longimanu,s (Poey). Deep-Sea Research, 
vol. 3, no. 3, p. 178-188. 

Bullis, Harvey R., Jr. 
The genus Sca'[i!a:nder in the Gulf of 
Mexico and notes on the western At
lantic species. Bulletin of Marine 
Science of the Gulf and Caribbean, 
vol. 6, no. 1~ p. 1-17. 

Shrimp exploration and gear research 
in the Gulf of Mexico. Proceedings 
of the Indo-Pacific Fisheries Council, 
6th Session, 1955, p. 431-433. Diocesan 
Press, Madras, India. 

Bullis, Harve y R., Jr., and Edgar L. 
A rnold , Jr. 

Capture of an immature oar-fish, 
R egalecws glesne, in the Gulf of Mexico. 
Copeia, 1956, no. 3, p. 191. 

Bullis, Harvey R., Jr., and F. J. Mather, 
III. 

Tunas of the genus Thu,nnws of the 
northern Caribbean. AmericanMuseum 
Novitates, No. 1765, 12 p. 

Bullis, Harvey R., Jr., and Jos eph C. 
Moore. 

T wo occurrences of false k iller whale s, 
and a summary of American records. 
American Museum Novitates, No. 1756, 
5 p. 

Sand, Reidar F. 
Underwater television in commercial 
fisheries research. Proceedings of the 
Gulf and Caribbean Fisheries Institute, 
Eighth Annual Session, November 1955, 
p. 129-13 2. 

Schultz, Leonard P., and Stewart Springer. 
L epidocybium flavorbreunneum, a r are 
gempylid fish new to the fauna of the 
Gulf of Mexico. Copeia, 1956, no. 1, 
p. 65. 

Springer, Stewart. 
Tuna resource s of the tropical and 
sub-tropical western Atlantic. Trans
actions of the American Fisheries 
Society, vol. 85, for the year 1955, 
p. 13 - 17. 

Wathne, Frederi c. 
Rich strike in the Gulf. Padre Beach 
News, spring 1956 issue, p. 8-9, 17. 

Publications in Bureau Media, 1957 

Greenwood, Melvin R. 
Bottom trawling exploration In the 
Strait of Juan de Fuca- -February to 
March 1956. Commercial Fisheries 
Review, vol. 19, no. 3, p. 1-10. [Also 
as Separate No. 472.] 

Powell, Donald E. 
North Pac ific albacore tuna explorat ion 
by the M / V John N. Cobb - -1956. Com
mercial Fisheries Revie w, vol. 19, 
no. 6, p. 1-9. [Also as Separate No. 
479.] 
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Powell, Donald E., and Alvin E. Peterson. 
Experimental fishing to determine dis
tribution of salmon in the North Pacific 
Ocean, 1955 . Special Scientific Re 
port - -Fi sheries No. 205, 30 p. 

Schaefers, Edward A., and Harold C. 
Johnson. 

Shrimp explorations off the Washington 
coast, fall 1955 and spring 1956. Com
mercial Fisheries Review, vol. 19, 
no. 1, p. 9 -2 5 . [Also as Separate No. 
465 .] 

Smith, Keith A. 
An experimental air-pres sure depth
meter for use with midwater trawls. 
Commercial Fisheries Review, vol. 19, 
no. 4, p. 6 -10. [Also as Separate No. 
474.] 

Maine herring explorations and fishing 
gear expe riments . Commercial Fish
eries Review, vol. 19, no. 9, p. 1-15. 
[Also as Separate No. 485.] 

An experimenta l air-pressure d epth
meter for use with midwate"r trawls . 
Commercial Fisheries Review, vol. 19, 
no. 4, p. 6-10. [Also as Separate No. 
474.] 

Publications in non-Bureau Media, 1957 

Bullis, Harvey R., Jr. 
Royal red shrimp- -a new south Atla ntic 
resource. Proceedings of the Gulf and 
Caribbean Fisheries Institute, Nint h 
Annual Session, November 1956, p . 56 -
60. 

The royal-red shrimp, its habit a t a nd 
potential. Southern Fisherm an, vol. 17, 
no. 5, p. 23-24, 32 . 

Heller, J. H., M. S . Heller, S. Spr i ng e r, 
and E. Clark. 

Squalene cont ent of v arious shark 
livers. Nature , vol . 17 9 , no . 4 5 66 , 
p.919-920. 

Sand, Reidar F. 
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App licat ion of unde rwater televi s ion 
to f i s hing gea r research. Transactions 
of the Ame rica n Fisheries Society for 
the yea r 1956, v o l . 86, p. 158-160. 

Smith, Ke i th A . 
P owe r block gear s a v e s seiners t ime 
& manpowe r . Mai n e Coast Fishe rman, 
vol. 11, no . 12, p. 12, 16. 

Springe r, St ewa r t . 
Sh r imp, a new d eep- wat er fi she r y re
source . T r a n sactions of t he Twenty 
second Nor t h American Wild lif e Con
ference, p. 425 - 43 1. 

Some observations on the behavio r of 
schools of fishes in the Gulf of Mexico 
and adjacent wat ers . Ecology, vol. 3 8 , 
no. 1, p . 166-171. 

Spr inger, Stewart, and John R . T hom p s o n. 
Night sharks, Hypoprion, f rom the Gulf 
of Mexico and the Strait s o f F lo r i da. 
Copeia, 1957, no . 2, p . 160 . 

White1eather, Richard T . 
Some interes t ing aspects of f i she r i es 
explorat ion-- 1956. Transac t ions of the 
Ame r ican Fisheries Societ y f o r t h e 
year 1956, vol. 86, p . 195 -1 98 . 

Publications in Bureau Media, 1958 

Cating, Jam e s P . 
Dama r i s cott a (Maine) a l e wif e fis h ery. 
Comme r cial F i s h er ie s Review, vol. 20, 
no . 6 , p . 1- 5 . [Als o as Separate No. 
51 1. ] 

Gree nwood , M elvin R. 
Bottom t rawling exp lo rations off South 
e aste r n Alas ka , 19 56 -57. Commercial 
F i s h er ie s Re view, vol. 20, no. 12, 
p. 9 - 2 1. [Als o as Separate No . 532 . ] 

Kna k e, B o r i s O. 
Operati on of North Atlantic type otter 
trawl gear. F i shery Leaflet 445, 15 p. 

Knake, Bori s 0., James F. Murdock, and 
James p. Cating. 

Double - rig shrimp trawling in the Gulf 
of Mexico. Fishery Leaflet 47 0, 12 p. 

McNeely, Richard L . 
A practical depth telemeter for mid
water trawls. Commercial Fisheries 
Review, vol. 20, no. 9, p. 1-10. [Also 
as Separate No. 522.] 
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Certification and after-us e measure
ment of manila otter-traw l cod ends. 
Commercial Fisheries Review, vol. 20, 
no. 12 , p. 1- 8. [Also as Separate No. 
531. ] 

Schaefers, Edward A. , and Donald E. Pow ell. 
Correlation of m idwater tr awl catches 
with echo recordings in the north
eastern Pacific. Commercial Fisheries 
Review, vol. 20, no. 2, p . 7-15 . [Also 
as Separate No. 502. ] 

Publications in non-Bureau Media, 1958 

Arnold, Edgar L., and John R . Thompson. 
Offshore spawning of the striped mullet, 
Muqil ce phalus, in t he Gulf of Mexico. 
Copeia, 1958, no . 2, p. 130-132. 

Deuble r, E arle E., Jr., and War r en F. 
Rathjen. 

Records of the flounder, Chascanopsetta 
lugubris Alcock, from the w e s t ern 
Atlantic. Copeia, 1958 , no. 2, p. 132-
133. 

Murray , John J. 
New winch-head contributes to greater 
trawler safety. Maine Coast Fisher
man, vol. 13, no. 4, p. 12. 

Powell, Donald E. 
The role of explorati on and gear re
search in the future expansion of our 
commercial fisheries. Transactions of 
the American Fisheries Society , vol. 
8 7, for the year 1957, p.30 9-315. 

Whiteleather, Richard T., and James B. 
Higman. 

Weather and Caribbean fisheries de
velopment. Proceedings _ of the Gulf 
and Caribbean Fisheries Institute, 
Tenth Annual Sess i on, November 19 57, 
p.143-147. 

Publications in Bureau Media, 1959 

Bullis, Harvey R., Jr., and Warren F. 
Rathjen. 

Shrimp explorations off southeastern 
coa st of the Un i ted States (195 6 - 1958). 
Commercial F i sheries Review, vol. 21, 
no. 6, p. 1- 20. [Also as Separate No . 
551. ] 

Bullis, Harvey R . , Jr. , and John R. Thomp-
s on. 

Shrimp explorations by the M / V O r gon 
along t h e northeast coast of South 
Ame rica. Commercial Fisheries Re 
view, vol. 21 , no . 11, p . 1-9. [Also as 
Separate No . 565.] 

Bureau of Commercial F isheries, Branch of 
Exploratory F ishing and Gear Research. 

Partial list of fishing boat builders. 
F ishery Leaflet 178, 7 p . 

Partial list of manufacturers of fishing 
gear and access orie s and vessel equip
ment. Fishery Leaflet 195, 27 p. 

Cope , C. E. 
Spiny lobster gear and fishing methods. 
Fishery Leaflet 487, 17 p. 

Greenwood, Melvin R. 
Shrimp exploration in central Alaskan 
w aters b y M / V John N. Cobb, July-August 
1958. Commercial Fisheries Review, 
vol. 21, no. 7, p. 1- 13. [Also as Sepa
rate No. 553. ] 

Higman, J a mes B. 
Surinam fishe ry explorations, May 11-
July 31, 1957. Commer cial Fisheries 
Review, vol. 21 , no. 9, p. 8-15 . [Also 
as Separate No. 560.] 

Johnson, Harold C. 
King crab , s h rimp, and bottom fish 
explorations from Shumagin Islands 
to Unalaska, Alaska- - summer and fall, 
1957. Commercial Fisheries Revlew, 
vol. 21, no.3,p.7-19. [AlsoasSepa
rate No. 543. ] 

Springer, Stewart. 
Se cond World Fishing Boat Congres s . 
Part I-- observations of a Umted States 
Government fishery method s and equlp
ment specialist. Commercial Flsheries 
Review, vol. 21, no. 12,p.2-5. [Alsoas 
Separate No . 570 . ] 

Squire, James L. , Jr. 
New England commercial b1uefin tuna 
purse seining- - 1958 season. Commer
cial Fis heries Review, vol. 21, no . 2, 
p . 1-5. [Also as Separate No. 538.] 

Wathne, Fredr ick. 
Equipment ote No . 1- -New all-aluml
num salmon gill-net boats bwlt for 
Alaska fishery. Commercial FIshenes 
Review, vol. 21, no. 9, p. 29-30. [Also 
as Separate No. 561. J 
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Wathne, Fredrick- -Con. 
Equipment No. 2--Pacific coast drum 
trawling. Commercial Fisheries Re
view, vol. 21, no. 12, p. 34-36. [Also as 
Separate No. 573.1 

Observations on trawl-door spread and 
a discussion of influencing factors. 
Commercial Fisheries Review, vol. 
21, no. 10, p. 7-15. [Also as Separate 
No. 563.1 

Summary report of exploratory long
line fishing for tuna in Gulf of Mexic o 
and Caribbean Sea, 1954-1957. Com
mercial Fisheries Review, vol. 21, 
no. 4, p. 1-26. [Also as Separate No. 
545·1 

Publications in non-Bureau Media, 1959 

Alverson, D. L. 
Prime topics at World Fishing Boat 
Congress: Stern vs. side trawlers, 
fresh vs. freezer craft, plastic fish 
boat hulls, atom power possibility. 
Pacific Fisherman, vol. 57, no. 6, 
p. 43-45. 

Recent developments in fishing methods 
and effects of management on efficiency. 
In James A. Crutchfield, biological and 
economic aspects of fisheries manage
ment, p. 142-147. Proceedings of a 
conference held under the auspices of 
the College of Fisheries and the De
partment of Economics of the University 
of Washington at Seattle, February 17-
19, 1959. University of Washington, 
Seattle, Wash. 

Trends in trawling methods and gear 
on the west coast of the United States. 
In Hilmar Krist jonsson, Modern fish
ing gear of the world, p. 317 - 320. 
Fishing News (Books) Ltd., London, 
England. 

Berry, Frederick H., and Warren F. Rath-
jen. 

A new species of boar fish, genus Antigo
nia, from the western Atlantic. Qua rter l y 
Journal of the Florida Academy of 
Sciences, vol. 21, no. 3, p. 255-258. 

Bullis, Harvey R., Jr., and Robert M. Ingle. 
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A new fishery for scallops in w estern 
Florida. Proceedings of the Gulf and 

Caribbean Fisheries Institute , Eleventh 
Annual Ses sio n, November 1958, p.75-
78 . 

Bullis, H . R., Jr., and J. R. Thompson. 
How's shrimping off Guianas? Here is 
FWS research report. Fish Boat, vol. 
4 , no. 8 , p. 33-35 , 41. 

McNeely, R. L. 
A practical depth telemeter for mid
water trawls. In Hilmar Krist jonsson, 
Modern fishing gear of the world, 
p. 363-368. Fishing News (Books) Ltd., 
London, England. 

Rathjen, Warren F. 
Experimental trawling for red snapper. 
Proceedings of the Gulf and Caribbean 
Fisheries Institute, Eleventh Annual 
Session, November 1958, p. 128-132. 

Sand, R. F. 
M idwater trawl design by underwater 
observations. In Hilmar Krist jonsson, 
Modern fishing gear of the world , 
p. 200-212. Fishing News (Books) Ltd. , 
London, England. 

Schaefers, E. A., and D. E. Powell . 
Correlation of midwater trawl catches 
with echo recordings from the north
eastern Pacific. In Hilmar Kristjons
son, Modern fishing gear of the world , 
p. 517-522. Fishing News (Books) Ltd., 
London, England. 

Springer, Stewart. 
A new shark of the family Squalidae 
from the Carolina continental slope. 
Copeia, 1959, no. 1, p. 30 -33. 

Thompson, John R. 
Exploratory fishing for sardine-like 
fishes in the Gulf of Mexico. Proceed
ings of the Gulf and Caribbean Fisheries 
Institute, Eleventh Annual Sess ion, 
November 1958, p. 38 - 40. 

Publications in Bureau Media, 1960 

Alver son, Dayton L., Richard L. McNeely, 
a n d Harold C. Johnson. 

R esults of exploratory shrimp fishing 
off Was hington and Oregon (1958). Com
mercial Fisheries Review, vol. 22, 
no . 1, p. 1-11. [Also as Separate No. 
574. ] 
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Captiva, Francis J. 
Equipment Note No. 6.--Chain bridles 
and accumulators increase effective
ness of " Fall River" clam dredges in 
deep water. Commercial Fisher ies Re
view, vol. 22, no. 12, p. 20-22. [Also 
as Separate No. 607.] 

Captiva, Francis J., and Joaquim B. Rivers. 
Development and use of otter-trawling 
gear for red snapper fishing in the 
Gulf of Mexico, June 1957 -May 1959. 
Commercial Fisheries Review, vol. 22, 
no. 10, p. 1-14. [Also as Separate No. 
600.1 

Holt, John. 
Equipment Note No. 3--Newdiving sled 
for underwater photography. Commer
cial Fisheries Review, vol. 22, no. 5, 
p. 10-12. [Also as Separate No. 589.1 

McNeely, Richard L. 
Equipment Note No. 4.- -A method of 
making electrical trawl cable termi
nations and connections. Commercial 
Fisheries Review, vol. 22, no. 6, p. 15-
19. [Also as Separate No. 592.] 

Equipment Note No. 7.--Space-saving 
chart table installed on Seattle trawler 
"Sunbeam". Commercial Fisheries Re
view, vol. 22, no. 12, p. 22-23. [Also as 
Separate No. 608.] 

McRae, Ernest D . , Jr. 
Lobster explorations on Continental 
Shelf and slope off northeast coast of 
the United States. Commercial Fish
eries Review, vol. 22, no. 9 , p. 1-7. 
[Also as Separate No. 598.] 

Rathjen, Warren F. 
Equipment Note No. 5.- -Sink gill-net 
fishing in New England. Commercial 
Fisheri es Review, vol. 22, no. 11, 
p. 16-19. [Also as Separate No. 604.] 

Ropes, John W., and Charles E. Martin. 
The abundance and distribution of hard 
clams in Nantucket Sound, Massachu
setts, 1958. Special Scientific Report-
Fisheries No. 354, 12 p. 

Ruggiero, Michael. 
Braided s ynthetic twines and th .ir use 
in the New England trawlfishe r y. Com
mercial Fis h er i es Review, vol. 22, 
no. 3, p. 6-11. [Also as Separate No. 
582.] 

Sand, Reidar F. , and William G. Gordon. 
Exploratory fis hing in Lake Erie , 
September 19 5 8 - November 1959. Com
mercial Fis hene s Review, vol. 22, 
no. 6, p . 1- 12 . [Al so as Separate No. 
590.] 

Springer, Stewart . 
Natural history of t he sandbar shark 
Eulamia milberti . Fis h ery Bulletin 178, 
vol. 61, 38 p . 

Thompson, John R. 
The bluefin tuna-trap fishery of the 
western Mediter r anean Sea. Fishery 
Leaflet 493, lO p . 

U.S. Department of t he In t erior. 
Partial list of m anufacturers of fishing 
gear and accessorie s and vessel equip
ment. Compiled in the Branch of Ex
ploratory F i s h in g. F i s hery Leaflet 195 
(revised October 1959), 27 p. 

Partial list of fi s hery boat builders. 
Compiled in t h e B ranch of Exploratory 
Fishing. Fi s h ery Leaflet 178 (revised 
October 19 59), 7 p . 

Wilson, Peter C . 
A small-boat tuna long-line fishery. 
Commerc i al F i s heries Review, vol. 22, 
no. 9, p. 8 -1 3. [Also as Separate No. 
599. ] 

Publications in non-Bureau Media, 1960 

Alverson, Day ton L . 
A study of a nnua l and seasonal bathy
metric catch patte rns for commercial 
important groundfishes of the Pacific 
northwest coa s t of North America. 
Pacific Marin e Fis heries Commission, 
Bulletin 4 , Portland, Oreg. , 66 p. 

Fishing vessel s around the world. U.S. 
Naval Insti tute Proceedings, vol. 8 7, 
no. 1, p. 98 - 109. 

Pin-pointing productive bottom wi t h 
super-sounders and drags. PacifIc 
Fis herman , vol. 58, no. 13, p. 23, 25 . 
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Alverson, Dayton L. - -Con. 
The Japanese and Rus sian trawl fishery 
in the Bering Sea. Western Fisheries, 
vol. 60, no. I, p. 12-14,30-31. 

Alverson, Dayton L., and Peter G. Schmidt, 
Jr. 

Two Pacific trawlers designed and 
timed to tomorrow's trend. Pacific 
Fisherman, vol. 58, no. 7, p. 29 , 31-33 . 
(Also Smaller stern trawlers. In Jan
Olof Traung, Fishing boats of the 
world, II, p. 128-132. Fishing News 
(Books) Ltd., London, Engla nd.) 

Bullis, H. R., Jr., F. J. Captiva, and 
B. O. Knake. 

Trawling gear designed for industrial 
fish production. Fish Boat Yearbook, 
vol. 5, no. 3, p. 18 - 21 , 91-92. 

Gilbert, Perry W., Leonard P. Schultz, 
and Stewart Springer. 

Shark attacks during 1959. Science, 
vol. 132, no. 3423, p. 323- 326. 

Gordon, William. 
Trawling proves succes sful on Great 
Lakes. National Fisherman, vol. 41, 
no. 5, p. 8-9, 30. [Combined with non
Bureau material by journal editor.] 

Gordon, William G., and Keith Brouillard. 
Great Lakes fishermen conve rt gill
netters to trawling vessels. Fish Boat , 
vol. 5, no. 8 , p. 35- 39. 

Greenwood, M. R. 
A review of certain 1959 fishing vessel 
and gear developments. Fishing 
Gazette, Annual Review Number , vol. 
77, no. 13, p. 30, 32, 34, 38. 

Moore, Donald R., and Harvey R. Bullis, 
Jr. 

A deep-water coral reef in the Gulf of 
Mexico. Bulletin of Marine Science of 
the Gulf and Caribbean, vol. 10, no. I, 
p.125-128. 

Rathjen, Warren F. 
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A record of the gempylid fish 
Promethichthys promethus from off the east 
coast of the United States. Copeia, 
1960, no. 4, p. 357 - 358. 

On the possible association between 
an archibenthic fish and a tunicate. 
Copeia, 1960, no. 4, p. 354. 

Rathjen , Warren F., and James L. Squire, 
Jr. 

The occurrence of the wahoo in the 
northwest Atlantic. Deep-Sea Research, 
vol. 7, no . 3, p. 220-221. 

Sand, Reidar F . 
Great Lakes trawling. Fishing Gazette , 
vol. 77: part I, no. 6 , p. 20-31 ,117; 
part 2 , no. 7, p. 38, 41. 

Smith, Keith A. 
Development of an air-bubble curtain 
for catching Maine sardines . [Abstract.] 
Proceedings of the Gulf and Caribbean 
F isheries Institute, Twelfth Annual 
Session, November 1959, p. 36. 

Springer , Stewart. 
Dynamics of the feeding mechanism 
in sharks. Anatomical Record , vol. 138, 
no. 3, p. 384. 

Springer, Stewart, and Harvey R. Bullis, Jr. 
A new speCIes of sawshark, Pristiophonts 
s chroederi, from the Bahamas . Bulletin of 
Marine Science of the Gulf and 
Caribbean, vol. 10, no. 2, p. 241-254. 

Thompson, J. R. , and W. A. Haskell . 
From trash to treasure. Petfood In
dustry, vol. 2, no. 12, p. 10-13. 

Publications in Bureau Media, 1961 

Bullis, Harvey R., Jr., and Robert Cummins , 
Jr. 

An interim report of the 
eral calico scallop bed. 
Fisheries Review, vol. 
p. 1-8. [Also as Separate 

Cape Canav
Commercial 
23, no. 10, 
No. 630.] 

Bullis, Harvey R. , Jr., and Travis D. Love. 
Application of steaming and vacuum to 
shucking and cleaning scallops. Com
mercial Fisheries Review, vol. 23, no. 
5, p. 1-4. [Also as Separate No. 618.] 

Butler, Johnny A. 
Development of a thread-herring fish
ery in the Gulf of Mexico. Commercial 
Fisheries Review, vol. 23, no. 9, p. 12-
17. [Also as Separate No. 628.] 

Gordon, William G., and Keith D. Brouillard. 
Great Lakes trawler conversion. Fish
ery Leaflet 510, 15 p. 
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Hitz, C. R. , H. C. Johnson, andA. T. Pruter. 
Bottom trawling explorations off the 
Wa s hington and British Columbia 
coasts, May-August 196 0. Commercial 
Fisheries Review, vol. 23, no. 6, p. I
ll. [Also as Separate No. 620.] 

Holt, John K. 
Equipment Note No. 10- - A sea sled to 
towing ve s sel communication method. 
Commercial Fisheries Review, vol. 23, 
no. 9, p. 18-1 9 . [Also as Separate No. 
629·1 

Johnson, Harold C. 
Equipment Note No. 8 - -New hydrau
lically -driven block speeds hauling 
crab-pot warps. Commercial Fisheries 
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86 p . 
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No . 10 , 14 p . 

Clifford, D. M. 
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Nutrition activities of agencies rep r e 
sented on the Interagency Commit tee 
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478i, July, 26 p. ; 478j , A ugust, 2 6 p.; 
478k, September, 26 p . 
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Froze n proce s sed f i s h and shellfi sh 
consumpti o n in insti tuti ons and public 
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cons u mption i n insti t u t i ons and p ub lic 
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71 , 45 p. 

Fro ze n process e d fish and s he llfi sh 
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Frozen process e d f i sh a n d s he llfi s h 
c onsumption i n i n s titut i ons and publi c 
eati ng place s, Omaha , N e br. Circ ular 
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Fro z en p ro c e ss e d fish a n d shellfish 
c onsumpti o n in institutions and public 
eat i n g places, P ortland, Oreg. Circular 
75 , 47 p. 

F r o ze n proc e ssed fish and shellfish 
cons u mption i n inst i tutions and public 
eat ing pla c e s, Springfi e ld , Mass. Cir
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Ke ller, Dorothy M., Paula W. Lemmon, and 
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Carroll, John P., Kirby M. Hayes, and Paul 
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Increasing profits from fish. University 
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1, no. 1 1, p. 2 2 - 2 3 . 
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farmlands. Petfood Industry, vol. 1, 
no. 8 , p. 2 1 - 23, 47. 

Fish for pet foods in the Gulf of Mexico. 
Petfood Industry, vol. 1, no. 5, p. 10- 11, 
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Fi sh for pet food s in the Pacific north
wes t. Petfood Industry , vol. 1 , no. 6, 
p. 34- 36. 

Fish for pet foods, the New England 
industrial fisheri es. Petfood Industry, 
vol. 1, no. 9, p. 18-19,38 . 

Potential production of "rough fish" in 
the Great Lakes area. Petfood Industry, 
vol. 1, no. 4, p. 33- 34, 38. 

Sources of lake fish for pet foods. P e t
food Industry, vol. 1, no. 3, p. 21-25. 

The use of fish in pet foods. Petfood 
Industry, vol. 1, no. 2, p. 24-25. 

Smith, E. Moret. 
The unexploited potential for marketing 
of seafood products in the school lunch 
field. Seafood Merchandizing, vol. 19, 
no. 1 0, p. 11. 
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Jones, Walter G. 
Fishery resources for animal food, 
reprints of ten magazine articles on. 
Fishery Leaflet 501, 22 p . 

Industrial fish as food for ranch mink. 
Commercial Fisheries Review, vol. 22, 
no. 11, p. 37. 

Marketing, Branch of. 
Take a can of salmon. Circular 60, 17 p. 

Publications in non-Bureau Media, 1960 

Marketing feasibility study of radiation 
processed fisher y produc ts. U.S. 
Atomic Energy Commission, Office of 
Isotopes De velopment, Report No. 
1030, Isotopes - Industrial Technology, 
December 1,1960,33 p. 

Jones, Walter G. 
Fish for pet foods. Petfood Industry, 
vol. 2, no . 1, p. 17-18. 

Great Lake s trawl fishery for mink 
food. National Fur News, vol. 32, no. 
7, p. 8-9, 27, 33-34, 38. 

Kerr, Rose. 
Portion control makes it ea sy. Catholic 
Building and Maintenance, vol. 12, no. 
1, p. 88. Joseph F. Wagner, Inc., New 
York, N.Y. 

McNally, Elaine G . 
About the fi sh - - in fi sh and wildlife. 
Washington Dietitian, vol. 11, no. 3, 
p. 4-6. 

Publications in non-Bureau Media, 1961 

Brawner, Jack T. 
The economic potential of the calico 
scallop fishery of the Gulf and South 
Atlantic with special reference to the 
east coast of Florida. Proceedings of 
the Gulf and Caribbean Fisheries In
stitute, Thirteenth Annual Session, 
November 1960, p. 90-94. 

Jones, Walter G., and George Y. Harry. 
The Oregon trawl fishery for mink 
food- - 1948-1957. Fish Commission of 
Oregon, Research Briefs, vol. 8, no. 
1, p. 14-30. 

Stevens, Roy C. 
Potential for fish solubles-liquid fish 
in the fertilizer industry. Proceedings 
of the Gulf and Caribbean Fisheries 
Institute, Thirteenth Annual Se s sion, 
November 1960, p. 36- 38. 
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Anonymous 
Fishery technological resear ch pro 
gram. Commercial Fisheries Review, 
vol. 17, no. 9, p. 19-40. [Also as Sepa
rate No. 415.] 

Carle, Louise A., and Lydiane Kyte . 
K eeping quality of chilled Dungeness 
cr ab meat in hermetically- sealed me t a l 
containers. Commercial Fisheries Re
view, vol. 17, no. 2, p. 12-14. [Also as 
Separate No. 394.] 

Carlson, Clarence J. 
Preparation of a smoked salmon caviar 
spread. Commercial Fisheries Re
view, vol. 17, no. 1, p. 13-15. [Also as 
Separate No. 391.] 

Dassow, John A. 
Utilization of sea lions inAlaska. Com
mercial Fisheries Review, vol. 18, no. 
1, p. 5-9. [Also as Separate No. 425.] 

Dassow, John A., and Howard J. Carven. 
Reduction of curd in canned salmon 
prepared from frozen fish. Part 1-
Use of tartaric - - acid and sodium
chloride brine dips. Commercial Fish
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[Also a s Separate No. 409.] 

Frascatore, Anthony J., Jr., and John A . 
Holston. 

Bone detection in fish by x- ray ex
amination. Commercial Fisheries Re 
view, vol. 17, no. 11, p. 1-11. [Also as 
Separate No. 419.] 

Heerdt, M., and M. E. Stansby. 
Freezing and cold storage of Pacific 
Northwest fish and shellfish. Part IV -
Storage cha racteristics of four spe c ie s 
of salmonidae. Commercial F i she r ie s 
Revi ew, vol. 17, no. 3, p. 13 -17. [A lso 
as Separate No. 395.] 

Holston, John A. 

bO 

Some factors affe cti n g the c olor offish 
sticks. Commerc ial F i she r ie s R e v iew, 
vol. 17, no. 1, p . 11 -13. [Also as 
Separate No. 391. ] 

Weight change s dur i ng the cooking o f 
fish sticks. C o mme rci a l F i she ries Re -

v i e w, vol. 17, no. 4, p . 30 - 33 . [Also a s 
Sepa rat e No. 399.] 

Effec t of cooking o i l quality and s t orage 
condit i ons o n the k e epi ng quality of 
fro zen f ried fish sticks. Commercial 
F i sherie s Revie w , vol. 17,no . ll,p. 15. 
[Also as Separat e N o . 421.] 

H olston , John A. , and S. R . Potti nger . 
B rine dipp ing of haddoc k f i lle ts. C o m 
mercial Fishe r ie s Revie w, v ol. 17, no. 
10, p . 21 - 30 . [Also a s Se p a r a te No . 417 . ] 

Kar r ick , N e va L. 
Vitamin conten t o f f ishe r y b y prod
ucts . P a rt 2 -- Vitamin B12 in Pacific 
sardine (Sardinops caerulea) or gans and 
riboflavin , nico tinic a c i d, a nd vitamin 
B 12 in alb acore tuna (Ge rm o alalunga) 
organs . Commercial F i s h e ries R evi ew, 
vol. 17, no . 2 , p. 8 -11. [A lso as Sepa 
rate No . 393 . ] 

Literature review of fac tors t h at may 
affect p roce s sed feed s quali t y . Com 
mercial Fisheries Review, v ol. 17, no. 
b, p . 25 - 32 . [Also a s Se p a r a t e N o . 
404.] 

Kyte, Rober t M . 
Study of pha rmace u tical a n d othe r in
dustrial pro ducts f r om salmon egg s . 
Comme r cial Fishe r ie s R e v ie w, vol. 17, 
no. 2 , p. 14 -15. [Also a s Se parate N o. 
394 . ] 

Lee, C h arl e s F. 
Compos i t i on of c oo ke dfi shdishes . C i r
c ula r 2 9, 3 1 p . 

O y ste r-process i ng research for A t
l a ntic and Gulf coast s . C o m mercial 
F i she ri e s R e view, vol. 17 , no . 4, p. 
2 9 - 30 . [Also as Separate N o. 399 . ] 

L ee , Charles F., Hugo W . Ni lson, and 
William Clegg . 

Technical Note No. 31 .- - We.i ght range, 
prox imat e co mpos i t i on, and thiaminase 
content of f ish t ake n i n shallow water 
t rawling in northe r n Gulf of Mexico. 
Co mm e rc ial Fi she r ie s R e vi e w, vol. 17, 
no . 3, p. 21 - 23 . [Also as Separate No. 
396 . ] 

Magn u sson, H. W. 
Freezing f i sh at sea- - New England. 
P a rt 10--Studies of miscellaneous 
han d ling problems. Commercial Fish-
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Magnusson, H. W.- -Con. 
eries Review, vol. 17, no. 7, p. 9-16. 
[Also as Separate No. 406.] 

Miyauchi, D. T., and D. L. Alverson. 
Freezing and cold storage of Pacific 
Northwest fish and shellfish. Part C-
Palatability and cold storage life of 
blacktip roc kfi s h(Se bastodes aleutianus) 
and flag rockfish (Sebastodes rubrivinctus ). 
Commercial Fisheries Review, vol. 17, 
no. 9, p. 17-18. [Also as Separate No. 
414.] 

Nilson, Hugo W. 
Metabolism trial to determine com
parative nutritive value of fish and 
meat. Comme rcial Fisheries Review, 
vol. 17, no. 2, p. 16-17. [A lso as 
Separate No. 394.] 

Nilson, Hugo W., and Donald G. Snyder. 
Feeding studies with menhade n pr e ss 
cake . Comm e rcial Fisheri e s R e view, 
vol. 17, no. II, p. 17-18. [Also as 
Separate No. 421.] 

Nolte, Arthur J. 
Development of v oluntar y Fede ral 
standards of grade for fre sh a nd fro zen 
fishery products. Commerci a l Fish
eries Review, v ol. 17, no. 6, p. 22-25. 
[Also as Separate No. 404.] 

Oldershaw, C. G. P. 
Freezing fish at s e a - -New England. 
Part 9- - Improvements in the brine
freezing mechanism on the trawle r 
Delaware . Commercial Fisheri e s Re
view, vol. 17, no. 7, p. 1- 8 . [Also as 
Separate No. 405.] 

Osterhaug, Kathryn L., and Murray Andrews. 
Cold storage of fro zenPacific oysters 
(Cra ss os trea giga8~-No. 1. Commercial 
Fisheries Revi e w, vol. 17, no. 12, p. 
11-14. [Also as Separate No. 423.] 

Osterhaug, Kathryn L., and Marian M. Mac-
Farlane . 

How to cook frozen fish without pre
thawing. Part 1- - Determination of op
timum internal temperature for baked 
frozen halibut steaks. Commercial 
Fisheries Review, vol. 17, no. II, p. 
12-14. [Also as Separate No. 420.] 

Osterhaug, Kathryn L., and David T. Mi-
yauchi. 

Cold-storage life of fresh - waterfish-
No. 2 (Yellow perch, crappie, white 
bass, Utah chub, and squawfish) . Com
mercial Fisheries Review, vol. 17, no. 
II, p. 19-21. [Also as Separate No. 
421. ] 

Pigott' George, and M. E. Stansby. 
Iron- sulfide di scoloration of tuna cans. 
Commercial Fisheries Revi e w, vol. 17 , 
no. 10, p. 34- 39. [Also as Separate No. 
418. ] 

Piskur, F. T. 
Federal spe cifications for fishe r y 
products. Comme r ci al Fishe r ie s R e 
view, vol. 17, no. 8, p. 9 -10. [A lso a s 
Separate N o. 411.] 

Puncochar, J . R ., and S. R . Pot ti ng e r. 
Comm e rci a l productio n blue c r a b m eat 
(Ca linectes sapidus). T e chnical L e afle t 8, 
41 p. 

Se agran, H. L. 
C h emical cha ng e s i n f ish protein dur
ing fr eezing a n d sto r age. Co m mercial 
F i she r ie s Re v iew, vol. 17, no . 8, p. lO
ll. [Al so a s Separa t e No. 411.] 

Slav in, J . W . 
T e chni c al N ote No . 32--Free zing rates 
and ene rg y r equirements for f reezing 
p a cka g e d f i sh fill e t s and fish s t ick s ina 
multipla t e - compr e s sion f reezer. Com
m e r c i a l Fishe ri e s Review, vol. 17, no. 
7 , p. 2 1- 26. [Also a s Separat eNo.408.] 

Comme r cial- s cal e fr eezing - fish - at
s e a trip m ade by Delaware. Comme r
cia l Fi s he r ie s R eview, vo l. 17, no. 11 , 
p . 16 -17. [A lso a s Separa t e No. 421.] 

Stansb y, M. E. 
Packaging froze n fis h i n t in results in 
superior storage life . Comme rci a l 
Fishe ri e s R eview, vol. 17, no . 7, p. 
17-20. [A ls o a s Sepa r a t e No. 407.] 

T echno l og i cal re s ea r ch o n t he fresh
wate r fis he ri e s of the U .S. Commer
cial Fishe r ie s R evi ew, vol. 17, no. 10, 
p. 31-34. [A lso a s Sepa r a t e No. 41 8.) 
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m e rcial Fishe ri e s Review, vol. 17 , no. 
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Sumerwell, William N. 
Determination of cook drip in Pacific 
ocean perch (Sebastodes alutus) and Pa
cific oysters (Ostrea gigas) by use of a 
new method. Commercial Fisheries 
Review, vol. 17, no. 3, p. 18-21. [Also 
as Separate No . 396.] 

Unidentified growth factors In fish by
products. Commercial Fisheries Re
view, vol. 17, no. 8, p. 11-14. [Also as 
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Oil research at the Seattle tech
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Fisheries Review, vol. 17, no. 12, p. 
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Voluntary standards as an aid in mer
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15, no. 3, p. 22, 44, 80, 81, 82. 

Butler, Charles 
A progress report on the fisher y in
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National Fisheries Institute, By-prod
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Retaining the quality of fishery 
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Dassow, John A., and staff. 
Biennial report 1953-1955, Fisheries 
Experimental Commission of Alaska, 
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Fishery products. Chapter 4, Refrig
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62 

Is salt a problem in brine-frozen fish? 
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L ee, Charles F. 
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Frozen Food Center, vol. 9, no . 10, 
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Bender, Maurice. 
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Fish liver oil industry. Fishery L e af
let 233 (revised). 98 p. 

The refrigeration of fish . Part 2 -
Handling fresh fish, Sec tion I --Spoil
age of fish prior to freez i ng. Fishery 
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Pata s hnik, and F. Bruce Sanford. 

The refrigerat ion of fish. Part 1- -Cold 
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Martin Heerdt. 

The refrigeration of fish. Part 2-
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Some factors affecting flu id loss in 
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Blee ding and h eat death in the southe rn 
oyster . Comm e rc i al F isherie s Review, 
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Gardner, E. A., and B. M. Wa tts. 
Correlation of pH and quality of shucked 
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Grau, C. R., R. N. Barne s, Neva L. Karrick, 
and Lynne G. McKee . 

Effect of raw mate rial on tuna meal 
quality. Comme rc ial F isherie s Review, 
vol. 18, no. 7, p. 18-20. [Also as Sepa 
rat e No. 443.J 

H ee rdt, M ar t in. 
The refrigerat ion of fi s h . Pg.rt 5-- Di s
tr i buti on and marketing of froz en f i s h 
e r y products , Sec t ion 2 - - Marke t ing of 
fro zen fish. Fi s hery L eafl e t 431, p. 
37-50. 
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The refrigeration of fish. Part 5- -Dis 
tribution and marketing of fro zen fish 
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Dungeness crab pots. Fishery Leaflet 
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Preparat ion , free zing and cold stor g 
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Kyte, Robert M. 
Te chnological studies on the proc SSlng 
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F eeding fresh-wat e r fish to fur animals . 
Commerc ial Fishe ries Review, vol. 18, 
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Prepara t ion of a dry product from con
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Fungicidal properties o f modifIed, un 
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erie s Review, vol. 18 , no. 11, p . 19. 
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Voluntary Fede r a l sta n dards for grade s 
of fishery products. T e chnical Rele a s e , 
No . 3, 13 p. F i she ry T e chnol o g i cal 
L aborator y , Glo u ce ster, Mas s . 
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r equi r e m e n t s and fr e ezi ng meth ods. 
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T h e r e f r i gerati on of fish. Part 3-
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Voluntary standards raise quality of 
fish products. Frosted Food Field, vol. 
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Engineering, American So ciety of Re
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Fingerman, Milton, and Laurence D. 
Fairbanks. 
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Kyte, Robert M. 
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Research on handling a nd processing 
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Piskur, F. T. 
Voluntar y Federal standards for grades 
of frozen fried f ish sticks. Proceed
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Schlenk , Hermann. 
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Se a gran, H. L. 
Chemica l change s in f ish actomyosin 
during fre ezing and sto rage. Food Re
search, vo l. 21 , n o. 5, p. 505 - 509. 
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Some ob servations concerning the 
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vessel. Industr ial Refrigeration, vol. 
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Some obser vat ions concerning the brine 
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Fisheries a nd Food, The Hague, 
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U.S. Fish and Wildlife Service. 
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73, no. 7 , p. 42, 60, 61. 
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Technlcal ote 10 . 3 --Apor ableflsh
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Em , E., H . S . Olco ,and M . E. S ansby . 
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Flngerman, Mll on , Laurence D. FaIrbank 
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no . I, p . 30 - 33 . [AI 0 as Separate o . 
467 . ] 
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l im inary invest i g a t ions o n alkyl h a 
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monium salts . Co m me r cial F i sher i es 
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r e fr i gerat ion. C o mmer cial F I sheries 
Review , vo l. 20, n o . 8, p. 2 1-22. [ A lso 
as Sepa r a te No. 5 2 1. ] 

Sodium and pota ss ium in the edible por
tions of 34 s pecies of fish. Commer
cial Fisheries Re v iew, vol. 20, no. 1, 
p. 1-5. [Also as Separate No . 497.] 

Tubman, Arnold W., and Lynne G. McKee. 
Color and quality of canned Gulf of 
Mexico yellowfin tuna a s related to 
weight of fish. Commercial Fisheries 
Review, vol. 20, no. 9, p. 11-14. [Also 
as Separate No. 523.] 
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Wilbour, Frederick G. , J1 . 
Improved handling of fish aboard Mas
sachusetts fishing vessels . Commer
cial Fisheries Review, vol. 20, no. 9, 
p. 26. [Also as Separate No. 525.J 

Publications in non-Bureau Media, 1958 

Bender, Maurice, David T. Miyauchi, and 
Joseph H. Carver. 

Progress report on radiation pasteuri
zation and sterilization of seafood. 
Quick Frozen Foods, vol. 20, no. 11, 
p.150-151. 

Brown, W . Duane, and A . L. Tappel. 
Oxidati ve change s in hema tin pigment s 
of meats and f ish. Wallerstein Labora 
tories Communication, December, p. 
299-307 . 

Brown W. Duane, A. L. T a ppel, and H. S. 
Olcott. 

The pigments of off- color cooked tuna 
meat. Food Research, vol. 23, no. 3, 
p. 262- 268. 

Bureau of Commercial Fisheries. 
Feder al specification, fi sh: fr esh 
(chilled) and frozen. PP- F- 381 e. U.S. 
Go vernment Print ing Office, Washing
ton, D.C., 14 p. 

Proposed interim Federal specifica
tion, shrimp, frozen, raw, breaded. 
PP-S-00315a. U.S. Government Print
ing Office, Washington, D.C., 14 p . 

Butler, Charles. 
Fish diet, and research. Maine Coast 
Fisherman, vol. 13, no. 2, p. 16. 

Das sow, John A. 
The occurrence of paralytic poison in 
shellfish of the Pacific coast. Pacific 
Coast 
Annual 
August 

Oyster Growers' Association, 
Report, September 1, 1957-

31, 1958, p. 24 . 

Fingerman, Milton, and Laurence D. 
Fairbanks. 

Histophysiology of the oyster kidney. 
~HProceedings of the National Shellfish

er ie s Association, vol. 48, p. 125- 133. 

Gagnon, Marcel, and Carl R. Fellers. 
Biochemical methods for determining 
shrimp quality . 1. Study of analyttcal 
methods. Food Technology, vol. ll, no . 
7, p. 340-343. 

Gr au, C. R. 
Amino acids. 1 . Biological avallablht 
of amino acids m fe pdstuffs . Feedstuffs, 
vol. 30, no. 49, p. 34-35. 

HoI ston, J. A . 
Exploratory fishing. Flshmg Gazette, 
Annual ReView Number, vol. 7S, nn. jj. 
p. 112-113, 115 . 

Lema ch, H.!., G. E. LIVIngston, L. R. 
Parkinson, C. R. Fellers, and D. I . 
Anderson. 

Exploratory rat and ch'ck bioassay,> of 
scales from ocean perch and herring 
as animal feed . Food Rest arch, vol. 
23, no. 6, p. 684-692. 

Olcott, Harold S. 
The role of free fattv aClds on antlOxi
dant effectiveness In unsaturated olb. 
Journal of the American Oil Chemists' 
Society, vol. 35, no. 11, p. 597-59Q. 

Ol cott, H. S., and E. Einset. 
An antagonistic effect with antiOXIdants 
for u nsaturated fats. Jr Jrn,\l of the 
American Oil Chemists' Society, vol. 
35, no. 4, p. 15 9-160. 

A weighing method for measuring the 
induction period of marine and other 
oils. Journal ofthe American OIL Chem
ists' Society, vol. 35, no. 4, p. 161-162. 

Osterhaug, Kathryn L. 
Fish m the sodium- restricted dIet. 
Pacific Fisherman, vol. 56, no. 11, 
p.40-41. 

Seagran, Harry L. 
Analysis of the protein constituents of 
drip from thawed fish muscle. Food 
Research, vol. 23, no. 12, p. 143-14Q. 

Slavin, Joseph W. 
Freezing fish in the United State 5 of 
America. Bulletin of the InternatlOnal 
Institute of RefrlgeratlOn, Meetmg of 
Commissions 3, 4, and 5, l\.foscow, 
Russia, September, p. 353-363. 

Methods of freezmg used m the flsher
ies--a review. Fishing Gazette, Annual 
Review Number, vol. 75, no. 13. p. 
176.180. 184, 186. 
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Slavin, Joseph W., John A . Peters , and S. R . 
Pottinger. 

Studies on a jacketed cold - storage 
room. Food Technology, vol. 12, no. 
11, p . 602-609 . 

Stansby, Maurice E. 
Problems in determining fish fresh
ness. Food Technology, vol. 12, no. 5, 
p.260-262. 

Stansby, M. E., and Charles Butler. 
Bureau of Commercial Fisheries oil 
research program . J ournal of the 
P merican Oil Chemists' Society, vol. 
35, no. 7, p. 8, 10-12. 

Thur ston, Claude E. 
Sodium and potassium content of 34 
species of fish. Journal of the Ameri
can Dietetic A ssociation, vol. 34, no. 
4, p. 396- 399. 

Variation in composition of South
eastern Alaska pink salmon. Food Re 
search, vol. 23, no. 6, p . 619-625. 

Venolia, A. W., and A. L. Tappel. 
Brown-colored oxypolymers of un
saturated fats. Journal of the American 
Oil Chemists' Society, vol. 35, no. 3, 
p.135 -1 38 . 

Wentworth, Jane, and Harvye Lewis. 
Riboflavin, niacin and thiamine in 
Apalachic ola Bay oyster s. Food Re 
search, vol. 23, no. 2, p. 194-197. 

Publications in Bureau Media, 1959 

Bird, H. R. 
Fish meal as a source of unknown 
growth factor and high quality protein. 
In Summary report, symposium for 
nutritionists, March 18 , p. 14. Tech
nical Leaflet 20. 

Studies on effect of processing and stor
age on the content of unknown growth 
factors in fish meal. Commercial Fish
eries Review, vol. 21, no. 2a, p. 4 - 5. 

Brown, Russell L. 
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Protein analysis of shrimp-waste meal. 
Commercial Fisheries Review, vol. 21, 
no. 2a, p. 6-8. 

Bureau of Commercial Fisheries, Division 
of Industrial Research and Services. 

Inspector s' instructions for grading 
frozen haddock fillets. September (fir st 
issue), 27 p . 

United States standards for grades of 
frozen haddock fillets. March (fir st 
issue), 5 p. 

United States standards for grades of 
frozen halibut steaks. March (fir st 
issue), 4 p. 

Ca rlson, Clarence J . 
Handling and transporting to the can
nery . In Tuna Industry Conference Pa 
pers, May 1959, Circular 65, p. 60. 

Carver, Joseph H., and Maynard A . Stein-
berg. 

Effect of radiation pasteuriza tion on the 
storage life and acceptability of some 
North Atlantic fish. Commercial Fish 
eries Review, vol. 21 , no. 10, p. 1- 6. 
[Also as Separate No . 562 .] 

Collins, Jeff . 
Black discoloration of heat processed 
pink shrimp. Fishery P roducts Labora 
tory, Ketchikan, Alaska . Laboratory 
Report to Industry, Technical Report 
54, 4 p . 

Dassow, John A . 
Technical ote No . 53 - - Utiliza tion of 
sea cucumb ers (Holothurians) as food. 
Commercial F i s heries Review, vol. 21, 
no. 5, p . 15 - 16. [Also as Separate o . 
549 . ] 

Dassow, John A ., and Richard W . Nelson . 
Technical Note No . 51--Use of corn
sirup solids in packaging and freezing 
fish. Commerc ial Fisher ies Revi e w, 
vol. 21, no. 3, p. 20 - 24 . [Also as Sepa 
rate No . 544.] 

Feller s, C . R ., N . I. Lemack, L . R. Pa r kin
son, and G. E. Livingston (prepared by 
Donald G. Snyder) . 

Rat -feeding studies t o determine nutri
tive value of fish scale protein. Com
mercial Fisheries Review, vol. 21, no. 
2a, p . 9 -1 2 . 

Fingerman, Milton. 
Technical Note No. 50- - Effects oftem 
perature and salinity on ciliary activity 
in the oyster Crassostrea virginica. Com 
mercial Fishehes Review, vol. 21, 
no. 2, p. 10-11. [Also as Separate No. 
540. ] 
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Grau, C. R., Neva L. Karrick, B. D. Lund-
holm, and R. N. Barnes. 

Nutritional values of fish-meal proteins 
and their relation to processing va r i 
ables. Commercial Fisheries Review, 
vol. 21, no. 8,p . 7-12. [Also as Sepa
rate No. 557.] 

Grau, C. R., L . E. Ousterhou t, B. C. Lund-
holm, and N. L. Karrick. 

Progress on investigations of nutri
t ional value of fish-meal prot ein. Com
mercial Fisheries Revie w, vol. 21, 
no. 2a, p. 1-3. 

Groninger, Herman S. 
Occurrence and significance of tri
methylamine oxide in marine animals. 
Special Scientific Report--Fisheries 
No. 333, 22 p. 

Landgraf, R. G., Jr., John A. Dassow, and 
Robert Jones. 

Preparation of canned sandwich spreads 
made from frozen smokec chum 
salmon. Fishery Products Laboratory , 
Ketchikan, Alaska, Fisher ies E xper i 
mental Commission of Alaska, Techni
cal Report 42, 8 p. 

Lee , Charles F., Clare P. Idyll, and James 
Alexander. 

Influence of vessel-handling practices 
on formation of black spot in shrimp. 
Commercial Fisheries Review, vol. 21, 
no. II, p. 10-16. [Also as Separate 
No. 566.] 

Mangan, George F., Jr. 
Flavor and odor of fish- -progress re
port. Commercial Fisheries Review, 
vol. 21, no. 6 , p. 21-27 . [Also as Sepa
rate No. 552.] 

Technical Note No. 54- - Dicarbonyl 
compounds as components of fish odor. 
Commercial Fisheries Review, vol. 21, 
no. 7, p. 21-23. [Also as Separate No . 
555.] 

Olden, June H. 
Fish flour for human consumption. 
Technical Leaflet No. 17, 17 p. 

Peters, John A. 
Salt content of eviscerated haddock 
frozen in sodium-chloride brine. Com
mercial Fisheries Review, vol. 21, no. 
2, p. 6-9. [Also as Separate No. 539. ] 

P eters, John A ., and Daniel T. McLane . 
Storage life of pink shrimp held in 
commercial and jacketed cold- storage 
rooms. Commercial Fisheries Review, 
vol. 21, no. 9 , p. 1-7. [AlsoasSeparate 
No. 559.] 

Runnels, T. D. 
Supplementary effect of fish meal and 
fish meal and fish solubles in chick 
diets. [A bstract. ] In Summary Report, 
Symposium f or Nutritionists, Marc h 18 , 
1959. Tech nolo g ical Leaflet 20 , p . 1 - 2 . 

Runnels, T. D., D. G. Snyder, and S . W. 
Nealis. 

The optimum l evel of menhaden fish 
meal and solubles as sources of growth 
factor s in br o iler diets. Summary Re
port, Symposium for Nutritionists, 
March 18 , 1959 . Technological Leaflet 
20, p. 3-11. 

Ryan, Boyd A ., and M . E. Stansby. 
Technical Note No . 49--Measurement 
of rancid i ty in fisher y products by 2-
thiobarbituric acid method. Commer
cial- Fisherie s Review, vol. 21, no. I, 
p. 21-23. [A lso as Separate No . 536.] 

Sanford, F. Bruce. 
American fish -reduction industry. 
Technical Leaflet 14, 30 p. 

Schwartz, Mark G., and Betty M. Watts. 
Ascorbic acid as an antioxidant for 
frozen oysters and effect of copper
chelating ability of oyster tissue on 
ascorbic acid oxidation. Commercial 
Fisheries Review, vol. 21, no. 3, p. 1- 6. 
[Also as Sepa r ate No. 542.] 

Seagran, H. L. , and Jeff Collins. 
Pink shrimp : effect of steam set and 
raw quality On canned product. Fishery 
Products Laboratory, Ketchikan, Alas
ka, Laboratory Report to Industry, 
July 27,1 959 . Technical Report 56, 8p . 

Slavin, Joseph W. 
Second World Fishing Boat Congress. 
Part II--Observationsofa United States 
Governme nt fishery technologist. Com
mercial Fisheries Review, vol. 21, 
no. 12, p. 5-10. [Also as Separate No. 
570. ] 

Second World Fishing Boat Congress. 
Part III- - Fi s h quality stres sed. Com
mercial Fisheries Review, vol. 21, 
no. 12 , p. 10-14. [Also as Separate 
No. 570. ] 
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Snyd~r , Dona d G. 
Rat bioassay of unidentifie d growthfac
tors in pollock fish scales. Commercial 
Fisher ies Review, vol. 21, no. 2a, 
p.13-16. 

Snyder , DOlldld G., and Hugo W. Nilson. 
Nutr i tlve value of pollock hsh scales 
as determined b y rat feeding tests . 
Spe cial Scientific Report- - F i sherie s 
No. 260, 12 p. 

StaT!sby, M. E. 
Po S sibllltie s fo r applying fish oil to 
the flotation of iron ore. Technical 
Leaflet 26, 9 p. 

The processing oftuna. In Tuna Indu st ry 
Conference Papers, May 1959, p. 76. 
Circular 65. 

Thompson, Mdry H. 
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Proximate co.mposition of Gulf of Mex
iCO mdustrial fish. Part 1- - Winter and 
sprmg of 1958 studie s. Commercial 
Fisherle" Review, vol. 21, no. 2a, 
p.17-20. 

Proximate composition of Gulf of Mex
iCO industrial fish. Part 2- - Summer 
1958 studie s. Commercial Fisherie s 
Review, vol. 21, no. 2a, p.21-23. 

Proximate composit ion of Gulf of Mex
iCO mdustrial f ish. Part 3--Fall 1958 
studie s. Commercial Fisher ie s Re
view, vol. 21, no. 7, p. 16-20. [ Also as 
Separate No. 555.] 

Proximate co mpositlOn of Gulf of Mex
iCO mdustrial hsh. Part 4- - Winter 
studie S (1959). Technological Labora
tory, Pascagoul a, Miss., L a boratory 
Report to Industry, April, 4 p. 

Proximate composition of Gulf of Mex
ico industnal fish . Part 5- - Spring 
studie s (1959). Technological Labora
tor y, Pascagoula, Miss., Laboratory 
Report to Industry, August,S p. 

Proximate composition of Gulf of Me x 
iCO industna l fish. Part 6- - Summer 
studle s (1959). Technological Labora 
tory, Pascagoula, Miss. Laboratory 
Report to Industry, November, 7 p. 

Publications in non-Bureau Media, 1959 

A.mbrose, I >ary E. and Maun ce Bender. 
Use of grade standards m the quality 
control of f ishery products. Food Tech
nology, '101. 13, no. 5, p. 249- 251. 

Br own, '/'1 . l)u ane, a n d A . L . Tappel. 
Fatty aCld oAidation b y carp liver mito
chondria. Archives of Bio- chemistry 
a nd Biophysics, vol. 85, no. 1, p. 149-
15 8 . 

Butler, C., and J. W . Slavin. 
Fishery products. In RefrigerationAp
pli cations Air Conditioning Refrigerat
ing Data Book 1959, p. 14-01--14-16. 
American Society of Heating, Refrig
erating and Air Conditioning Engineers, 
Inc . , New York, N. Y. 

Butler, C., J. W. Slavin, A . F. Chr istensen, 
R. P. Fletcher, C. 1-1. Good~ and A . J. 
Rupple . 

Fresh fi shery products. In Refrige ra
tion A pplications Ai r Conditioning Re 
frigerating Data Book 1959, p. 3-01 --
3.05. American So c iety of Heating, 
Refrigerating and Air Conditioning En
gineers, Inc., New York, N . Y. 

Cooke, Strathmore, R . B., Iwao Iwasaki, 
and Hyung Sup Choi. 

Effe c ts of structure and un saturation 
of collector on soap flo tation of Hon 
ore s. Mining Engineering, vol. 11, 
no. 9, p. 920 -927. 

Crowther, H. E. 
The effect of technological develop
ment s on the fi shing industr y of the 
United States. In Jame s A. Crut chfie ld 
Biologi c al and E c onomic Aspect s of 
F isheries Management, p. 148 -152. 
Proceedings of a conference held under 
the auspices of the College of Fisheries 
and the Department of Economi cs of the 
Univer sity of Washington at Seattle, 
February 17-19, 1959. University of 
Washington, Seattle, Wash. 

Fieger, E. A ., A. F. Novak, and M. E. 
B a iley. 

Problem: , preventing wei ght, flavor 
loss, dis coloring in fro zen Louisiana 
oysters . Quick Frozen Foods , vol. 22, 
no. 4, p. 72-73. 
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Hol s ton, Jack. 
Recent accomplishments in the fish oil 
utilization program. Proceedings ofthe 
Gulf and Caribb ean Fisherie sIn t i tute, 
Eleventh Annual Se s sion, November 
1958, p. 34- 38. 

Love, Travis D., and M. H. Thompson. 
The new industrial fisheries mdustry 
of the North Central Gulf of Mexico 
area. Proceedings of the Gulf and Car
ibbean Fisheries Institute, Eleventh 
Annual Session, November 1958, p. 
24-33. 

Mangan, George F., Jr., C. Merritt, and 
J. T. Walsh. 

Chemical components of the odor of 
fish. Abstracts of the 135th American 
Chemical Society Meeting, April 5- 10, 
vo 1. 1 35 , no 36, p. 1 3 a. 

Mattei, Victor, and William T. Roddy. 
The use of fish oils for fatliquoring 
leather. 1. Menhaden oil and cod oil 
fatllquor s. Journal of the American 
L eather Chemists Association, vol. 54, 
no. 1, p. 12-27. 

The use of fish oils for fatliqu oring 
leather. II. Use of phosphoric acid to 
control rate of fish oil sulfation. Jour
nal of the American Leather Chemists 
Association, vol. 54, no. 10, p. 555-567. 

The use of fish oils for fatliquoring 
leather. III. Suitability of ocean perch, 
herring, salmon, and menhaden oils in 
fatliquoring. Journal of the American 
Leather Chemists Association, vol. 54, 
no. 11, p. 640-653. 

Nelson, Richard W. 
Keeping rainbows in co ld storage. U.S. 
Trout News, vol. 4, no. 4, p. 11 - 12. 

Nilson, Hugo W., and John A. Wagner. 
Feeding te st with carrageenin. Food 
Research, vol. 24, no. 2, p.235-239. 

Olc ott, H. S., and E. J. Kuta. 
Basic substances as synergists for fat 
antioxidants. Nature, vol. 183, no . 4678, 
p. 1812. 

Ousterhout, L. E. 
Comparative threonine, valine, histi
dine, and glucose oxidation in chicks. 

Proceeding s of the So ciety for Experi
mental B w l ng; dnd MeJlc'"o, \ -1 102, 
no. 2 , p. 285-287. 

Effect of chronic amIno aCId def l CI en
cies on survIval time of chIcks. Pro
ceedings of the FederatIon of _~.merIcan 
Societies for E..xper i ental BH.J:0g), 
vol. 18, no . 1, p. 510. 

The nutritlOnal factor. Seafood Mer
chandising, Annual Revle\\' Nunlber, 
vol. 19, no. 12, p. 13 , 52 - 53. 

Ousterhout, L. E . , C. R . Gr a u, and B. D. 
Lundholm. 

Biolog Ica l avaIlabIlity o f ammo aCIds 
in fish meals and other protein sources. 
Journal of Nutrition, vol. 69, no. 1, 
p.65 - 73. 

Peifer, James J., and W. O. LUl"Jbcrg. 
Effect of unsaturated aCIds a nd fIsh 
oils on plasma and tissue bpldes from 
hypercholesteremIc rats. Proceedings 
of Feder ation of American Societie s 
for Expenmental Biology, vol 18, 
no. 1, p. 300 

Peters , John A., and Joseph v.;. SlaVIn. 
Keeping quality of trawler-frozen fish. 
In Progress in RefrigeratIOn Sc "ence 
and Technology , p. 443-444. Proceed
ings ofthe Tenth International Congress 
of Refr igerat ion, Copenhagen, Den
mark, August 18. 

Privett, Orville S., Erik Aaes-Jorgensen, 
Ralph T. Holman, and Walter O. Lundberg. 

The effect of concentrates of polyun
saturated acids from tuna OIl upon es
sential fatty acid deficiency. Journal of 
T\utntlOn, vol. 67, no, 3, p. 423-432. 

Proctor , B. E., J. T. R. Nickerson, T. L. 
F azz ina, L. Ronsivalli, R. K. Smith, and 
J. Stern. 

Rapid determinatlOn of the quality of 
whole evi scerated haddock. Food Te ch
nology, vol. 13, no. 4, p. 224- 228. 

Schlenk, Hermann, and Marita A. Ener. 
Solubilit y and fraction ation of lipides 
in sulfur dio xide. Journal of the Amer
ican Oil Chemists' Society, vol. 36, 
no. 4, p. 145- 149. 

Seagran, Harry L. 
Electrophoretic analysis of fluids ob
tained from mechanIcally disrupted 
and frozen fish muscle. Food Research, 
vol. 24, no. 6, p. 681-687. 
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Shifrine, M., L. E. Ousterhout, C. R. Grau, 
and R. H. Vaughn . 

Toxiclty to chicks of histamine formed 
during mlcrobial spoilage of tuna . 
Apphed Microbiology, vol. 7, no . 1, 
p.45-50. 

Slavm, Joseph W . 
Chlorinated sea water cleans and sani 
tizes hsh holds. Fl shing Gazette, vol. 
76, no. 1, p. 21, 26. 

Flshmg fre ezmg : Methods and equip
ment In commerClal use. Industrial 
RefngeratlOn, vol. 137, no. 3, p. 18 -19, 
22- 24. 

Slavm, Joseph W ., John A . Peters, and 
S. R. Pottmge r. 

The pcketed system for fre ezmg flsh. 
QUIck Frozen Foods, vol. 21, no. 9, 
p.122-125. 

Thurston, Claude E., and Herman S. 
Gronmger. 

ComposltlOn changes m Puget Sound 
plnk salmon dUring storage In lce and 
in refngerated bnne . Journal of Agri
cultural and Food Chemistry, vol. 7, 
no. 4, p. 282-284. 

Thur ston, Claude E., and PatrICla P . Mac -
Master. 

The car bonate content of some f lsh and 
shellfish meals. Journal of the Asso 
clation of Offlcial Agricultural Chem
IStS, vol. 42, no. 4, p. 699 -7 02 . 

Thurston, Claude E., Maurice E . Stansby, 
Neva L. Karrick, David T. Miyauchi, and 
Wllham C. Clegg . 

CompoSltIon of certain species of fre sh 
water fish. II- - Comparative data for 21 
specles of lake and river fish. Food 
Research, vol. 24, no. 5, p . 493 - 502 . 

Publications In Bureau Media , 1960 

Bureau of Commercial F isheries , D ivis ion 

7 8 

of Inudstrial Research and Services . 
Inspector s' instructions for g r ad ing 
frozen halibut steaks, September, f i rst 
issue, 25 p. (This document was pre
pared only for the guidance of fisher y 
products inspecto r s a nd is not for pub
lic distribution .) 

In s pector s ' instruct ions f or grading 
fro zen raw breaded portions, Sep
tember, f irst issue , 37 p. (ThlS docu 
ment was prepared only for the guidance 
of fishery products inspectors and IS 
not for public dlstribution . ) 

New technological laboratory for hsh-
ries research in Glou cester, Massa

chusetts . Commercial Fisheries Re 
view, vol. 22, no. 4 , p . 11-13. [Also as 
Separate o . 585 . 1 

Umted States standards for grades of 
frozen cod f illets . March, f ir st Issue, 
5 p. 

Umted States standards for grades of 
frozen raw breaded fish portions . 
March, fIrst issue, 7 p. 

Unlted State s standards for frozen 
salmon steaks . June, f irst IS ue, 5 p . 

Umted States standard for grades of 
frozen raw headle s shrImp. Septem
ber, fIrst Issue , 6 p . 

Butler, Charles . 
ObservatlOns o f Russia's far eastern 
hsherIes actIvitIes . Commercial Fish 
eries Review, \-01. 22, no . 12, p . 1-15 . 
[Also as Separate o. 605 . ] 

Collms, Jeff. 
Proces sing and quality studies of 
shrimp held in refrigerated sea water 
and ice . Part 1. Preliminary observa 
tions on machine - peeling characteris 
tics and product quality. Commercial 
Fisheries Review, vol. 22 , no . 3 , p. 1 - 5 . 
[Also as Separate o . 581.] 

Proces sing and quality studie s of 
shrimp held in refrigerated sea wate r 
and ice . Part 4 . Interchange of the com 
ponent s in the shr imp- refrigerated 
sea - water system. Commercial F i sh 
eries Review, vol. 22, no. 7, p. 9 - 14. 
[Also as Separate o. 594.] 

Collins, Jeff, Harry Seagran , and John 
Iverson . 

P r oce s sing and qua lit y studie s of 
shrimp held in refrigerated sea water 
and ice. Part 2 . Compar i son of objec 
ti v e methods for quality evaluation of 
raw shrimp. Commerc ia l Fisheries 
Review, vol. 22, no. 4 , p. 1-5. [Also 
as Separate No. 583.] 
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Kurtzm an , Caroline H . 
F ish flour research . Commercial F ish
eries Review, vol. 22 , no . 2 , p. 23 . 
[Al so as Separate No. 580 . ] 

Kurtzman, Caroline H., and Donald G . 
Snyder . 

Rapid objective freshness test for blue
crab meat and observations on spoilage 
characteristics . Commercial F ishe rie s 

. Review, vol. 22, no. 11, p . 12-15-.[Also 
as Separate No. 603.] 

Lee, Charles F . , Caroline H. Ku rtzman , 
and Leonard Pepper. 

Proximate composition of southe rn 
o ys te r S - - fa c tor s affec ting variabili ty. 
Commer cial Fisher ies Review, vol. 22, 
no . 7, p. 1- 8 . [Also a s Separate No. 
593.] 

Linda, Arvey A ., and Joseph W. Slavin. 
Sanitat ion aboard fishing tr awlers im
proved by u sing chlorinated sea water. 
Commercial F ishe r ie s Review, vol. 22, 
no . 1, p . 19-23 . [Also as Separa te No. 
576.] 
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