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ALASKA PINK SHRIMP, Panda/us borealis: 
EFFECTS OF HEAT TREATMENT 

ON COLOR AND MACHINE PEELABILITY 
by 

Jeff Collins and Carolyn Kelley 

ABSTRACT 

For the improvement of the quality of canned pink shrimp, particularly its color, a 
process is needed so that fresh shrimp, rather than aged shrimp, can be peeled by machine. 

In our work on this problem, the retention of color was improved during peeling if 
the shrimp were first given a heat pretreatment. During in-plant trials, 60- to 500-pound 
lots of shrimp were given various one-stage and two-stage heat treatments before they 
were machine peeled and routinely canned. 

The precook method of preparing fresh shrimp for peeling by machine resulted in a 
canned product that had more color and had better texture and flavor than shrimp pre
pared for peeling by being held in ice or in refrigerated sea water. In some samples, 
gelling occurred in the liquor, and some cans had more sulfide blackening than usual. 
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INTRODUCTION 
Alaska shrimp, Pandalidae species, are dif

ficult to peel on machines when fresh (Collins, 
1960a). Shrimp are commonly held in ice for 
at least 2 days so they can be peeled by ma
chine. Research and commercial experience 
has indicated that refrigerated sea water and 
ice are about equivalent. as holding methods 
to facilitate machine peeling. The use of either 
of these methods results in products of sim
ilar quality. 

Holding shrimp increases cost and results 
in lower yield because of physical damage and 
leaching. Also, quality decreases because of 
leaching of soluble components and develop
ment of off flavors and odors. The longer that 
shrimp are held in refrigerated sea water or 
ice, the more leaching occurs throughout the 
processing operation (Collins, Seagran, and 
Iverson, 1960; Seagran, Collins, and Iverson, 
1960; Collins, 1960b; Collins, 1961). 

We have found that the carotenoid content 
of shrimp is a good index of quality, inasmuch 
as a product that has poor color ordinarily 
is poor in other quality factors. The desirable 
red-orange color occurs as a carotenoid-pro
tein complex closely associated with oil and 
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is located primarily at the interface between 
the meat and the shell. In raw shrimp, the 
color complex is quite soluble but is easily de
natured to a less-soluble state by heat or by 
treatment with acid. As a result of holding 
the shrimp in ice or in refrigerated sea water, 
significant amounts of carotenoid complexes, 
flavor components, and proteins are leached 
from the shrimp during both storage and sub
sequent processing. These changes result in 
products that have less color and flavor and 
that have poorer texture than have those pre
pared from fresher shrimp. The products of 
best quality are obtained when shrimp are proc
essed as soon as possible after they are cap
tured. 

This paper reports on the development of 
a process in which precooking is substituted for 
holding the shrimp in ice or in refrigerated 
sea water to precondition the shrimp for peel
ing on machines. In laboratory experiments, 
we obtained information on the effects of size 
of shrimp and heat treatments on the carot
enoid content. In in-plant experiments, we 
gave small lots of shrimp various heat treat
ments prior to peeling them mechanically and 
canning them in the usual manner. 



I. LABORATORY EXPERIMENTS ON VARIABLES 
POSSIBLY AFFECTING COLOR 

Variables studied were (A) size of shrimp 
and distribution of color and (B) relation of 
temperature of heat treatment to carotenoid 
content of shrimp. 

A. SIZE OF SHRIMP AND 
DISTRIBUTION OF COLOR 

In the experiments reported in this section, 
we were concerned with (1) carotenoid anal
yses, (2) size of shrimp, and (3) distribution 
of color. 

1. Carotenoid Analyses 

o. Procedure.-For the estimation of color, 
we used an exhaustive chloroform-acetone ex
traction of blended samples, with the color 
being finally partitioned into petroleum ether 
and then evaluated spectrophotometrically 
(Ravesi).' We analyzed all samples at least 
in triplicate and used a Gilford modification 
of a Beckman DU spectrophotometer for the 
spectrophotometric work.' The carotenoid 
content, expressed as the carotenoid index 
(Rousseau, 1960), is a calculated value based on 
dry weight. For some samples, we could not 
obtain the dry weight, so the results are re
ported as total absorbancy per sample. The 
carotenoid index represents the a. (absorban
cy) in 100 milliliters of PE (petroleum ether) 
of the carotenoids from 1 gram of dry sample. 
It is calculated as follows: 

b. Results.-The relation between carotenoid 
index and visual color was as follows: Hand
picked. cocktail-style, frozen shrimp that were 
of superior color had a carotenoid index of 
0.120 or higher; highly colored canned products 

• Elinor Ravesl. 1965. Eflec1 of p'~ .. ing and frozen .t"'OQe on 
the carolenoid pigments of Alaska king crab . Unpublished monvsc, ;p' . 
filed a' Bv'eov 01 Commercial Fisherie, Technolog ical labo<a.",y . Ke tc h· 
ikon. Alaska . 

• The u .. of ,rod. nome. i. merely 1o facili.a'. cMsoiplion; no 
endooemenl of producr ,. ,,,,,,lied. 

had an index of 0.060 or higher: \'ery poorly 
colored and "washed out" pronuct.o; had an 
index of 0.040 or lower. Ohsen'ers familiar 
with the judgment of color could reanily de
tect differences of O.OO!) in c .. 1.rotenoid index 
in all ranges and could detect differences of 
0.002 in the lower ranges. 

2. Size of Shrimp 

o. Procedure.-Raw pink shrimp w('re di
vided into \"arious classes according- to size and 
were analyzed for their content of carotenoids. 

We determined the classes ,,~. weig-hing- each 
shrimp individually. Those weig-hing- 1.00- Ul9 
grams were placed in one g-roup. those weig-h
ing 2.00-:2.99 grams were placed in anoth('r. 
and so on. When all the shrimp wpre weiglw(l, 
the groups conulining too few shrimp for a
nalysis were combined with the IH'xt JlJ'{·cedillj.! 
or succeeding- g-roup to form a ).!roup of ade
quate size. 

In ("; l c h size class. th(' samples were ana· 
Iyzed a:-; whole shrimp. as headed shrilllp. and 
as hand-peeled meat. 

b. Results.-Tahle 1 shows that the Jar).!I 'r 
shrimp had less color. For t h(' pet· It'd Illl':1 1., a 
commercially si).!nificant druJl in ('ol .. r .. ccurn·d. 
on a percenta).!e hasis. with ilH'I"l·a:-;illj.! .~iz(· .. f 
shrimp. Less than half of tilt' c .. l .. r in the 
headed shrimp was ret.linpd l.y tilt· nW;It...:. 

Table l.-Carotenoid content IU sHeeted b~ ,iu and fonn 
of raw shrimp 

\\ 'b~:f <ounl 
\\h .~. 
,hr ;mp 

It .... ~r-.! i Pr ... :"j 
.h~ ~.t' c:w.', .--

.\' o. J4"., ,n lb . E I r,. 
I ,. £ : .'~ ~ : ::. 

262 o 1-, ~ I') 0: ',' () ::1 
I~O 6" :.~ ~ 1:1 
1 : S 1 , :~ : " 'J II ' 

101 '.ttl,! :. : : , .... 
84 ~ -I 

7 1 ~ 'I· 
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3. Distribution of Color 

o. Procedure.-To determine how much of 
the color lost during peeling is due to residue 
tissue remaining with shells, we analyzed head
ed shrimp, peeled meats, and the shells sep
arately. 

We analyzed some of the headed shrimp, 
hand peeled the remaining headed shrimp, and 
analyzed the peeled meats for carotenoid con
tent without washing them. Before analyzing 
the shells, we removed the tissue from them 
by washing them with a 5-percent NaCI so
lution. We made the usual carotenoid anal
yses and calculated the total absorbancy for 
the actual weight of the form being analyzed. 
The amount of carotenoid found in the meats 
and washed shells was subtracted from that 
found in the headed shrimp, and the difference 
was assumed to be the amount of carotenoid 
lost with the residue tissue. 

b. Results.-The analyses on the headed 
shrimp and the two parts were: 

blended samples of raw meat in individual 
glass containers, which we heated in a water 
bath. The meat was heated to the desired 
internal temperature and was held at that 
temperature for 30 minutes. It then was im
mediately cooled by our placing the container 
in cold water. The carotenoid index was then 
determined. 

b. Results.-Table 2 shows that heat had no 
measurable effect on the carotenoid content. 

Table 2.-Carotenoid content as &Heeted by the temper
ature of heating blended shrimp meats 

Temptraturo Carotenoid index 

o F. 1 % 
E 1 'III. 

38 0.130 
100 .129 
115 . 133 
130 . 135 
145 .136 
160 .13+ 
175 .133 
190 .110 
210 .110 

Headed shrimp 
Hand-peeled meats 6.79 
Washed shells 3.13 

9.92 

15.94 a./100 ml.PE/337 g. headed shrimp 
a ./100 ml.PE/257 g. meats 
a./100 ml.PE/ 80 g. unwashed shells 

Meats and shells 9.92 a./100 ml.PE/337 g. meats and shells 
-------------------------------------------------

Carotenoid lost 
from residue tissue 6.02 a./100 ml.PE/337 g. headed shrimp 

These data show that about one-half of 
the theoretically available carotenoid content 
is lost during peeling. Retention of color on 
the peeled meats, rather than loss of it through 
leaching or with the shell as unremoved tissue, 
is our primary aim in trying to improve the 
method of processing. 

B. RELATION OF TEMPERATURE 
OF HEAT TREATMENT TO 

CAROTENOID CONTENT OF SHRIMP 
In the study reported in this section, we 

were interested in (1) the effect of heat on 
the color itself and (2) the effect of heat on 
the retention of color in the shrimp. 

1 . Effect of Heat on Color 

o. Procedure.-To determine if the carot
enoid is itself affected by heat, we placed 
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2. Effect of Heat on Color Retention 

o. Procedure.-To determine if temperature 
would affect the amount of carotenoid retained 
when the shrimp are peeled, we cooked whole 
shrimp for 5 minutes at various temperatures, 
hand-peeled them, and analyzed the unwashed 
meats for their carotenoid content. 

b. Results.-Carotenoid analyses (Table 3) 
show that more color was retained when the 

Table 3.-EHect of the temperature of cooking whole 
shrimp on the color retention of hand-peeled 
meats 

Temperature of cooking 
whole shrimp 

110 
150 
180 
212 

Carotenoid index of hand
peeled meats 

1% 
E 1 'III. 
0.085 

.100 

.108 

.117 



shrimp were cooked at the higher temperatures. 
Although color itself was not affected by heat, 

its retention during peeling was increased when 
the whole shrimp were heated. 

II. IN·PLANT EXPERIMENTS USING VARIOUS PRECOOKING 
CONDITIONS BEFORE MACHINE·PEELING AND CANNING 

The' preceding laboratory experiments 
showed that cooking before peeling does im
prove the retention of color. We next needed 
to see whether heat-treated fresh shrimp could 
be machine-peeled and whether the improved 
color observed after hand-peeling would be re
tained during machine-peeling. 

We did the experiments in Part A (prelim
inary in-plant study) to determine peelability 
and color retention. We did those in Part B 
(establishing precook conditions) to learn the 
best conditions of time and temperature for 
precooking. 

A. PRELIMINARY IN-PLANT STUDY 

1. Procedure 
The study was made in Wrangell, Alaska, 

in October 1965. 

About 60 pounds of whole pink shrimp 
caught 3 to 5 hours before being processed 
was used for each lot. Although such a short 
time would be impractical on a commercial 
basis, we wanted to see if we could machine
peel shrimp so fresh that we could expect the 
ultimate possible quality. The shrimp were 
given various heat treatments before they were 

routinely machine peeled and canned. Pre
cooking was done by dipping a wooden tray 
with a hardware-clQth bottom containing the 
shrimp into tanks of preheated fresh water. 
The shrimp were taken to the machine peelers 
and spread out on a conveyor belt leading to 
the peeler rolls. Table 4 gives the experimental 
conditions, the peeling properties of the shrimp, 
and their color. Regular-production shrimp, 
which had been held in ice for 2 days, were 
defined to have poor color and excellent peeling 
properties. These subjective ratings were used 
as a basis for comparative ratings of the ex
perimental samples. 

Color was rated subjectively at the in
spection belt. Peeling efficiency, in turn, was 
rated subjectively at several stages in the proc
ess and was based on the completeness with 
which the shell was removed, the amount of 
residual shell, the amount of broken meats, and 
the amount of ragged meats. The yield of cans, 
which is the true measure of peeling efficiency 
at constant peeling rate, often did not agree 
with our subjective rating. Low yields of cans 
are obtained when small lots are run, because 
some shrimp are retained in the processing 
machinery. For these small lots, the subjective 

Table 4.-EHect of precooking conditions on peeling properties and color of northern shrimp 

Identification 01 sample and precooking conditions Peeling Color 01 Carotenoid 
properties peeled shrimp index 

E 1 
1 

% 
em. 

Shrimp processed alter 2-day storage in ice: 
Control, no precook ........................... Excellent Poor 0.047 

Shrimp processed 3 to 5 hours after capture: 
Heated in 110· F. water for 2 minutes ............ Fair Fair .050 
Heated in 130· F. water for 2 minutes •• 0 ••••••••• Fair Good .054 
Heated in ISO· F. water lor 2 minutes ............ Poor Excellent .058 
Heated in ISO· F. water lor 30 seconds •••••• 0.0 ••• Fair Excellent .069 

------------------ ----- r------- ~-----
Heated in 110· F. water for 2 minutes; then heated 

.069 in ISO· F. water for 15 seconds .......•.....•. Good Good 

Shrimp processed 18 hours after capture: 
Heated in 110· F. water for 3 minutes ............ Excellent Good ;051 
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r ating therefor wa mor m an ingful than 
the yield of can as a mea ur of peeling ffi
ciency. 

2. Results 

In pr inciple, precooking at a high r t mp r
ature apI arently is nee s ary f r go d color, 
but it r esul t in broken hrimp. L \V r t mp r
ature of cooking enable fr ~ h hl'imp t b 
peeled but has littl e effect on col r. PIing 
propertie were not atisfactory in any of th 
single-stage precook xc pt at I \\' teml ra
ture, where the color wa nol ati factory. Th 
two-stage precook, how vel', r e. ulted in a 11' d
uct that had both good coloI' and good pIing 
characteristic and was ther f l' PI' f IT d 
to the sing le-stage precook. Hold ing hrimp 
overnight im pr o\'ed their p Iing prol rti 

B. ESTABLISHING PRECOOK 
CONDITIONS 

BeCc'l.use the b\'o- tage precook re ult d in 
a product that had both good c lor and g od 
peeling properties, we decided to gi\'e thi 
method fu rther attention. In the following 
sections, we r eport on our in-plant p Iing 
study, can-cutting data, and organoleptic eval
uation of the canned shrimp. 

1. In-plant Peeling Study 

o. Procedure.- This experiment "'a done 
in '\' rangell, Alaska, in Februa ry 1966. 

Often, the earliest that hrimp can be proc
essed is 18 to 24 hours after they are captured. 

d hr imp h Id v m ight 
at ambi nt l mper-

o 1 

fiv 

m-

b. Results . - Th 
c 

c m fir t. 

2 . Can-Cutting Data 

o. Procedure . - ampl were opened after 
1 year and aft r 2 y ar of torage. Drained 
weigh and pH \\' re determined, and ample 
were checked for iron ulfide blackening. a
r otenoid index \\'a d termined only after 2 
year of torage. 

Table 5.-Can yield and subjective rating on color and peeling properties of precooked shrimp 
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I dentification of lots and 
precooki ng conditions 

I OO·pou nd lots of shrimp: 
Heated in 1100 F. water for 3 min . . ...... . ...•.. 
H eated in 11 0 0 F . water for 3 min . ; then 

heated in I SO· F . water for I S sec . . ... . .. . •... 
Heated in ISO· F . wate.r for IS sec. ; then 

heated in 1 tOO F. wa ter for 3 min. . .• .. ..•..•• 
Heated in 165 0 F . water for 15 sec. ; then 

heated in 1100 F. water fo r 3 min .. ..... ... .• . 
Heated in 180 · F . water for IS sec.; then 

heated in 110 0 F. wa ter for 3 min . .. . . . .. • ... . 

500·pound lots of shrimp : 
H eated in 1650 F . water fo r 15 sec. ; then 

heated in 11 0 0 F . wa ter for 3 min . .. .. . .. .. . . . 
H eld 2 days on ice .. .. . .. . . . ... . .. . .. .. . • . . . • 

Y i<1d 
of 

cans 

Numb" 

52 

43 

52 

5 1 

54 

274 
3 12 

Color of Pe<1ing peeled 
shrimp propenies 

Fai r Exc<1lent 

Good Poor 

Fait Fai r 

Good Good 

Good P oor 

Good Good 
Poor Excellent 



Regular drained weights were obtained as 
follows: A No. 8 mesh sieve was tared, placed 
in an inclining position on a tray, and a can 
of shrimp was spread evenly over the screen. 
After the shrimp had drained for 2 minutes, 
the bottom of the screen was blotted with damp 
sponges to remove excess liquor, and the sieve 
and shrimp were weighed. 

The liquor was poured from each can into 
a beaker, and the pH of the liquor was meas
ured with a pH meter. 

The cans were visually inspected for iron 
sulfide blackening as the shrimp were dumped 
onto the sieve. 

The method of carotenoid analysis was pre
viously described in Part I A 1. 

b . Results. - Table 6 gives the data for the 
canned shrimp after they had been stored for 
1 and 2 years. 

In all analyses but one, pH values were 
lower in the samples that were stored for 2 
years. Values of pH were about 0.2 units 
lower than normal. 

The data on blackening were erratic and 
difficult to interpret, but they did indicate a 
tendency for precooked shrimp to develop iron 
sulfide discoloration, particularly after they had 
been stored for 2 years. 

Gelling of the liquor in the can caused high 
drained weights in some precooked samples 
when the conventional 2-minute drain on a 
standard screen was used . To get comparable 
weights, we obtained a rinsed, drained weight 
by dipping the screen and its contents briefly 
in cold, fresh water after the regular drained 
weight was obtained. The much lower reg
ular dra ined-weight values for the 2-year 
samples probably indicates a breaking of the 
gel. In the rinsed, drained weights, however, 
the values for the 1-year and 2-year samples 
were about the same. 

3. Organoleptic Evaluation of 
Canned Shrimp 

o. Procedure . - The canned shrimp after 1 
year of storage were evaluated organoleptically 
by a six-member panel on a 9-point grading 
system (Table 7). 

b . Results. - Shrimp held on ice had scores 
similar to those for the single-cook sample. All 
two-stage precook samples were rated higher 
than the iced or single-cook samples. Minor 
variations in scores occurred within the var ious 
two-stage amples but were not significant 
enough to warrant the choice of one condition 
over another. 

Table 6.-Can cutting data after 1 and 2 years of storage 

Dra ined weigh ts 

Precooking or holding conditions 
pH Bl ackening 

R egular R insed 

I yr. 2 yr. I yr . 2 y r . I yr. 2 y r. I yr. 2 y r . 

1 1 Oz. Oz. Oz. Oz. 
1oo·pound lots of shrimp: 

H eated in 110 0 F. water for 3 min . . . .. 6 .54 6 .5 1 0 .7 1.1 5.51 4 .69 4 .02 4 .16 
Heated In 1100 F . water for 3 min ; 

then heated in 150 0 F. water for 15 sec. · . 6. 59 6 .6 2 1.2 2 .2 6 .12 5 .2 1 4 .3 5 4 .57 
Heated in 150 0 F . water for 15 sec . ; 

4 .50 then heated in 11 0 0 F. water for 3 min. · . 6.58 6.42 .7 .6 5 .85 4 .96 4.4 3 
Heated in 165 0 F . water (or 15 sec. ; 

4 .46 then heated in 1100 F. water for 3 min . · . 6 .58 6.48 .5 1.2 5.9 1 5. 12 4 .33 
Heated In 180 0 F. water for 15 sec. ; 

4 .53 then heated in 1100 F . water for 3 min. · . 6 .56 6.44 .3 .4 5.75 4.96 4 .28 

500-pound lots of shrimp: 
Heated In 165 0 F . water for 15 sec. ; 

then heated in 1100 F . water for 3 min . · . 6 .54 6.50 .0 .7 5 .93 5.13 4 .55 4 .54 
Heated in 165 0 F. water for 15 sec. ; 

4 .67 then heated in 1100 F. water for 2 min. 2 7.02 6.92 .5 2 .0 5 .99 5.1 6 4 .69 

Shrimp held 2 days on Ice 0 ••• •••• • • •• 6 .65 6 .47 .0 .6 4. 75 4 .39 4 .34 4 .10 

1 Scale used : 3 15 obJectionable, 2 IS moderate, 1 IS trace, 0 IS none. 
2 The shrimp were from the same run as that immedi a tely above, but they we re ca nned without the normal add it ion of citric acid . 
Note: Each datum is the average from six cans. 

Carot-
enoid 
index 

2 y r. 

E1 % 
1 em. 

0 .044 

.056 

.051 

.050 

.0 52 

.05 3 

.059 

.041 
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Table 7.-0rganoleptic data on canned shrimp stored for 1 year 

Precooking or holding conditions 
Organoleptic evaluation of: 

Appea rance Flavor Odor T exture Overall 

- - - - - - - - - - - 9-poillt Al donic scail- - - - - - - - - - --
100-pound lots of sh rimp: 

Heated in 110· F. water for 3 min . ....... .. . 6.3 6.9 7.8 7.7 6 .9 
Heated In 110· F . water for 3 min.; then 

heated in ISO· F. water for IS sec . . ..... ..... . 7.7 7 .0 7.5 7.3 7.0 
H eated in ISO· F. water for 15 sec. ; then 

heated In 11 0· F. water for 3 min. . .. ... .... 7.3 8.0 7.9 8.0 7.9 
Heated in 165· F. water fo r 15 sec: ; then 

heated 10 110· F . water fo r 3 mID. .. ... , .... 6.8 7.9 7.2 7.8 7.6 
H eated In 180· F. water fos 15 sec. ; then 

heated in 11 0· F . water fo r 3 min. ..... , .. . , .. 8.0 8.2 7.8 8.2 8 .0 

500-pound lots of shrimp : 
Heated In 165 · F . water for 15 sec. ; then 

heated in 11 0· F . water for 3 min. ..... . . , .... 7.0 7.5 7.7 7.5 7.7 
Heated In 165· F . water for 15 sec. ; then 

heated in 11 0 · F. water fo r 3 min ,l ... . . , .. , 7. 5 8.5 7.0 8.1 8.0 
Held 2 days on ice ., . . . ..... , .. , ... , ... , .. 6 .2 6.9 6.6 7.5 6 .9 

1 T he shrimp were from the same run as tbat immediately above, but tbey were canned withou t the normal addition of citric acid. 

Note: The hedonic scale used was as follows: 

9. Like extremely 
8. Like very much 
7. Like modera tely 
6. Like slightly 
5. Neither like nor dislike 

4. Di slike slightly 
J . Di slike moderately 
2. D islike very mu ch 
I . D islike extremely 

SUMMARY AND CONCLUSIONS 

Our purpose in this work was to find a way 
of improving the quality of machine-peeled 
Alaska pink shrimp, particularly its color, by 
developing a method for processing fresh 
shrimp. To do this, we had to develop a meth
od of pretreating shrimp for machine-peeling 
that would substitute for holding shrimp on ice 
for 2 or more days before they are machine
peeled. 

Several laboratory experiments involving 
a study of the carotenoid content of the shrimp 
showed that the color of r aw whole shrimp, 
of headed shrimp, and of peeled meats tended 
to var y inversely with the size of the shrimp. 
In hand-peeling of raw shrimp, about one-half 
of the color was lost in the tissue that remained 
with the shell. Although the carotenoid con
tent of samples of blended shrimp meat was 
not affected by heating, more color was re
tained in the peeled meats if the whole shrimp 
were precooked. 

In two series of experiments carried out in 
a commercial canning plant, small batches of 
shrimp were precooked under various exper
imental conditions. They were then peeled by 
machine and canned by the normal processing 
method. We concluded the following from 
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these in-plant experiments and fro m our 
analyses of the resulting canned products: 

1. Lower yields resulted if the combined 
effects of time and temperature of pre
cooking were excessive. 

2. A two-stage precook resulted in good 
color and good peeling properties; it 
was preferred over a single precook. 

3. In the two-stage precook method, the 
higher temperature must precede the 
lower temperature in order to reduce 
breakage of shrimp meats on the machine 
peeler. 

4. Some gelling of the liquor in the canned 
product resulted from the use of fresh 
shrimp with the precook method. 

5. Can-cutting data obtained after the cans 
had been stored 1 and 2 years suggested 
that precooked shrimp may show a 
greater amount of iron sulfide blackening 
than that produced by the normal proc
ess. 

6. The precook method of preparing fresh 



shrimp for peeling by machine resulted 
in a canned product that had more color 

and better texture and flavor than shrimp 
prepared for peeling by being held in ice. 
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DEPTH-TIME SEQUENTIAL ANALYSES OF 
THE OPERATION OF 

TWO CALIFORNIA TUNA PURSE SEINES 
by 

Roger E. Green 

ABSTRACT 

Little information is available on the depth of a pur e eine at different time during 
setting, though the timing of setting and pursing is important in the d 1 pm nt f uc
cessful fishing tactics. The depth-time relation during etting was tudi d for two luna 
purse seines of different size (7 strips deep, 470 fathoms long; trip d p, 5.... fatho 
long) to which depth-time recorders were attached. From data gath red during 3 s 
composite sequence analyses and underwater net profiles were prepared for f ur b ic 
stages (halfway through setting, end of setting, start of pursing, and halfway thr ugh 
pursing) of the setting and pursing operations. 
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INTRODUCTION 

Pur e- in fi herm n oft n s e tuna di -
app ar f1' mall a1' ntly well- t net without 
und r tanding why. Long after pur e me 
b cam th major .. g a1' f r tuna fi hing, 
th prop rtion of ucc flll t a\'erag d 
ab ut 5 I l' nt ( cha f 1', 1 62). R cent 

im] 1'0\' m nt in fi 'hin g- tactic: ha\' raL '0 tid 
figur to a littl 0\' r (ill p I'C n ('rai).! 

rang. P r:onal communication), which ob
\'i u Iy i , till t 0 low. 

1 Senior SCientist, Infer American Tr plcal \,Ino Comm II n F '" 
Oceanography Cen'e'. La Jolla Col, orn.a 92037 

Author , Roger E Groen . FIIAIr)' Bi%,lIt. Burea u of Commercial FlSher,e, F"hery.Qceanograp I Cen'.r. P.O 80. 271 a Jo a Co forn a~. ' 
Publ ished Decem or 1969. 
Th is article will appear in FISHE RY I DUST IA L ESEA CH 01 5 no. 5. a pvbl co' on 0' '"" U SF, o'>d • a' C 

mercia I Fisheries. 
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A factor contributing to this inefficiency 
may well be the lack of informati n n th 
underwater behavior of purse seines. II w 
many fi hermen can answer such critical ques
tions as: How deep is the first quart 17 f the 
net when the school i half encircled? How 
deep is the third quarter of th net wh n th 
skiff is reached? How much time is r quir d 
for 70 percent of the leadline to reach a th rm -
cline 60 feet below the surface? How i the 
depth of the net affected during pur ing? How 
wide is the gap between the ends of the n t 
at 20 fathoms depth when th net i half 
pursed? 0 doubt these que Lions bring many 
more to mind. Answers have been lacking I -
cam,e, heretofore, no one has placed ~lI itabl e 

instruments along the bottom of the nel 0 de
tennine exactly what the leadline is doing along 
all it length and at all time. 

GiYen complete information on inking rates 
of the net, fishermen can time the setting op-

erati ns n a rati nal basi. 
trial an 1 rr r cou ld b r m 
pr bl ms a h w mu h t I ad a trav ling 
ch I f t una t n ur that th Ii. h will en-

count r a uitably d p wall f n tting, h w 
to tak advantag f a fav rabl th I'm clin 
(8r n , 1 7) , h w t l' ach an (f clive Ii h
ing d pth I f r b ginning t pur 
to improv th d f th pur s in 
Yami and ). 

Th pur} of this pap r i t h Ip fill 
thi s gap in informaLi n by PI' nting anal-
ys in lim and pac f th tting of two 

alif mia tuna pur n 470 fath m 
long c n lJ'ud d of 7 I ly trip 2 and th ther 
570 fath m long c n ll'uct d f b dy trip. 
I chos th I ngth to ff r a c mpari n e
tw n inking chara l ri lic f n t f clif
f r nt IZ. th n n ar th m de of 
the ' ize range u ed by he alifornia fleet for 
tropical tuna . 

I. ANALYSES OF SETTING OF 7-STRIP, 470-FATHOM PURSE SEINE 

Thi ' net i similar to the pur e eine de
scribed by McNeely (1961) except that the lirst 
350-fathom section of leadline is 7/ 16 -inch 
chain and the rest is I/ ~-inch chain. 

Data obtained in the use of this net were 
collected by Gary Sharp' on a r gular fi . hing 
trip of the tuna seiner Mary Barbara during 
June and July 1967. He used the BKG (bath
ykymograph ) , an instrument developed by the 
Bureau of Commercial Fisherie for thi pur
pose (Hester, Aasted, and Gilkey, 1963). The 
BKG, whi le submerged, produces a one-line 
graph of depth against time (Figure 1). This 
graph presents useful information but is lim
ited to showing what happens at one point on 
the net. A series of such graphs is needed to 
show the profile of an entire net underwater , 
at different times during the set. The BKG's 

2 Trpical California tuna purse seines are constructed of hori
zonta Iy laced bady st rips, each 100 meshes deep with 41/4·inch 
stretched mesh (McNee ly, 1961) , I use the number af bady strips 
as an indicator of depth of the net ra ther thon th e depth measu red 
in fathoms. The depth measured in fathams depends an sa many 
variables that it is a confusing and unreliable index. In additi on to 
body strips. each net has a 50·mesh st rip along the battam and a 
narrower se lvage st r ip at the top and bottom. I do not include these 
strips in the counts of the body strips. 

3 Biologica l Technician, Bureau of Commercial Fisheries Fi shery
Oceanagraphy Center, La Jalla, Californi o 92037. 
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Figure l.-Bathykymograph (BKG) trace transcribed as it 
appeared on the prc sure ensitive paper of 
the BKG (coordinates added and vertical scale 
exaggerated). 

were used during 22 of the 34 sets during the 
trip. 

The time that fi sh may e cape a net, once 
setting has tarted, is marked by three natural 
divis ions of time: (1) the time the net is 
being set (F igures 2, 3, and 4), (2 ) the time 



Figure 2.-"Let go!" At this command, marking the start of a set, a crewman strikes the pelican hook 
release, dropping the seine skiff into the water. (Photo taken aboard J eanne Lynn.) 

between the end of the set (when the skiff 
is reached, Figure 5) and the beginning of 
pursing, and (3) the time during pursing 
(Figures 6 and 7). 

On the basis of these natural divisions, 1 
show the underwater profiles of the net at four 
stages during setting: (A) halfway through 
setting (half net) , (B) at the end of setting 
( end net), (C) at the start of pursing, and 
(D) halfway through pursing. 

Before each of 22 sets, BRG's (usually 
three) were lashed to the leadline -- one at mid
net, one in the front portion of the net, and one 
in the back portion. After the net was pursed 
and the purse rings were on deck, the BRG's 
were retrieved, and the data graphs were re
moved. After the net was stacked, the BRG's 
were repositioned on the lead line for the next 
set (Figure 8). The data were recorded ac-

cording to purse-ring numbers, counting from 
the skiff, and later converted to fathoms of net 
length (the 69 purse rings are spaced at uni
form intervals along the leadline). 

Each setting operation was timed by stop
watches; times were recorded from (1) let go 
(the moment the skiff is dropped with one end 
of the net) to (2) half net, (3) end net, (4) 
start of pursing, and (5) ?"ings up (end of 
pursing) . 

Because the recording mechanism of the 
BRG is started by the pressure of water when 
the instrument is immersed, the first step in 
interpreting the data was to determine how 
long each BRG had been in the water at each 
of the four times examined. Assuming con
stant vessel and pursing speeds, I derived 
equations for this purpose. 
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Figure 3.-A split second after let go, the 10-ton seine kiff slides b ackward off the net pile with one end of the net 
attached. (Photo taken aboard A ntoinette E.) 

A. HALFWAY THROUGH SETTING 

The time that each BKG had been in the 
water at half net is given by the equation : 

where tw = time from water entry of BKG 
to half net 

t h = t ime from let go to half net 

a = distance, in fathoms, of BKG 
from skiff 

and h = one-half the length of the purse 
seine, in fathoms. 

Referring to the original BKG graphs at 
the times thus determined gave the depths at 
the time half net for the points along the net 
where BKG's were attached. 
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The depths at half net are plotted against 
distance from one end of the net in Figure 
9A. The line drawn through the data points 
repre ents my concept of the position of the 
leadline at a normal maximum sinking r ate. 

The points are somewhat scattered because 
the data were taken from different ets under 
different conditions. Some of the conditions 
that may affect sinking rate to this point in the 
set are winds, currents, and tension applied by 
either the power skiff or the pursing winch. 
In general, a net that lies rather loosely in 
the water sinks faster than one that is tightly 
stretched (Ben Yami and Green, 1968). 

At the time half net, the maximum depth 
of all data points was only 12.5 fathoms, and 
only about one-fourth of the net approached 
this depth. For the 34 sets of this trip the 



Figure 4.-"Half net!" This signal is given as the half-n et marker (not shown) goes 
overboard to inform the helmsman of the set's progress. (Photo taken aboard 
Jeanne L ynn.) 

Figure 5.-"End net". The skiff is reached and the heaving line is thrown. The skill 
end of net must now be transferred to the vessel before pursing begins. (Photo 
taken aboard Antoinette E.) 
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Figure 6.-Pursing in progress. Both ends of the pursing cable are hauled simultaneously. (Photo taken aboard 
J eanne Lynn.) 

mean time required to reach half net was 1 
minute 41 seconds. 

B. END OF SETTING 
The time that each EKG had been in the 

water at end net is given by the equation: 

t = t (1 - ~) w s s 

where tw = time from water entry of EKG 
to end net 

t s time from let go to end net 

a 

and s 

distance, in fathoms, of EKG 
from skiff 
length of the p ur s e seine, in 
fathoms. 

Figure 7.-Pursing completed. Purse rings, in bight of 
pursing cable, are hauled to the surface. Sub
sequent operations, not treated in this paper, 
are net stacking, and, if fish are caught, sacking 
up and brailing. (Photo taken aboard A ntoi
nette B.) 



Figure B.-Between sets, Thomas Hunter, Biolog
ical Aid, attaches bathykymographs 
(BKG's) to leadline. (Photo taken aboard 
Antoinette B.) 

At end n et (the time when the skiff was 
reached) --an average of 3 minutes 29 sec
onds since let go--most of the net was still 
not at fishing depth (Figure 9B) . The max
imum observed depth of the lead line was 24.5 
fathoms at a distance of about 87 fathoms from 
the skiff end, or at a point slightly short of 
quarter net. Depth decreased steadily in both 
directions from this point. This maximum ap
peared to result from a loose set because the 
data point exceeds clusters of others to either 
side of it by 5 to 8 fathoms. 

C. START OF PURSING 
The time that each BKG had been in the 

water at start of pursing is given by the equa
tion: 

t = t - ~ t w p s s 

where t = time from water entry of BKG 
w to start of pursing 

a 

and s 

time from let go to start of 
pursing 

time from let go to end net 

distance, in fathoms, of BKG 
from skiff 
length of the purse seine, in 
fathoms. 

At the start of pursing--an average of 5 
minutes 15 seconds since let go--the net ap
proached its maximum fishing depth along its 
entire length (Figure 9C). The maximum 
depth attained at start of pursing was 28.0 
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Figure 9.-Net profiles--470-fathom, 7-strip tuna purse seine. (Data points indicate individual 
observations except for midnet, which indicates the mean of nine observations.) 

fathoms, 134 fathoms from the skiff end of 
the net. Because its stretched depth is 46.5 
fathoms, the net would sink deeper if the 
pursing were postponed. Further sinking 
would be slow, however, and deform the shape 
of the mesh and reduce the circumference of 
the circular set (Ben Yami and Green, 1968). 
N either this net nor the 520-fathom net showed 
any relation between the amount of towline 
used after end net and maximum depth. 

D. HALFWAY THROUGH PURSING 
The time that each BKG had been in the 

water at heLl! pU1"sed is given by the equation: 

where t w = time from water entry of BKG 
to heLl! pursed 
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= time from let go to rings up 
(end of pursing) 

tp time from let go to start of 
pursing 

t s = time from let go to end net 

a = distance, in fathoms, of BKG 

and s = length of the purse seine, in 
fathoms. 

Between the start of pursing and hal! 
pursed, the net reached a depth of 30.2 fathoms 
and started to rise. The maximum depth at 
hal! pursed was 29.0 f athoms (Figure 9D). 
Two more causes of variations of depth of net 
are introduced during pursing. The first is 
the sideways towing of the purse seiner by 
the skiff, which is done to keep the purse seiner 
from drifting back into the net toward the 
center of the set. This towing also imparts 



a variable tightening strain on the entire net 
and prevents it from sinking farther. The 
second cause of variation in the depth of the 
net is the temporary hanging-up of purse rings, 
in bunches, on portions of the upward-hauled 

part of the pursing cable. When the friction
breaking strain is reached, the rings slide down 
the cable to a more level portion. Variations 
from this source were seen on nearly every 
BKG trace and are evident in Figure 1. 

II. ANALYSES OF SETTING OF a-STRIP, 520-FATHOM PURSE SEINE 

The construction of this net is similar to 
that of the purse seine described by McNeely 
(1961) except for the larger size of net. 

The data were collected by Thomas Hunter' 
on the tuna seiner Antoinette B in the same 
way as they were collected for the 470-fathom 
net. The data, consisting of 20 BKG obser-

• Bi o logical Aid, Bureau of Commercial Fisheries Fi shery-Ocean
og raphy Center, La Jolla , California 92037. 

vations from 10 sets, were also treated as in 
the preceding section. 

A. HALFWAY THROUGH SETTING 

The mean time from let go to half net was 
1 minute 42 seconds. The maximum depth 
reached at this time was 10.5 fathoms (Fig
ure lOA) --2_0 fathoms less than that reached 
by the 470-fathom, 7-strip net. The time was 
too early in the set for the extra strip in this 
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Figure lO.-Net profiles--520-fathom, 8-strip tuna purse seine. (See footnote 5 for explanation 
of the broken circles in panels B, C, and D_) (Data points indicate individual 
observations except for midnet, which indicates the mean of eight observations,) 
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net to give a depth advantage. Both nets, at 
this time, would be characterized by freely 
falling leadlines dragging down loose webbing. 
The extra webbing of the 8-strip net might 
cause increased drag and consequently slow the 
sinking velocity initially. 

B. END OF SETTING 
The mean time from let go to end n pt was 

4 minutes 9 seconds. The normal" maximum 
depth was 20.0 fathoms (Figure lOB) --4 .5 
fathoms less than that reached by the 470-fath
om, 7 -strip net. Thus sinking velocity at this 
time still was slower than that of the smaller 
net. 

C. START OF PURSING 
The mean time from let go to start of 

pursing was 9 minutes 35 seconds. The normal 
maximum depth r eached at this time was 35.0 
fathoms (Figure 10C) -- nearly 9 fathoms 
deeper than that reached by the other net. 
The extra depth may be accounted for both by 
the effect of the added strip of webbing (5.9 
fathoms stretched measure ) and by the extra 
time (4 min utes 20 seconds ) to reach this point. 
Figure 11 shows the average time for the set
ting for both of the vessels . 

D. HALFWAY THROUGH PURSING 
The mean time from let go to half pW'sed 

was 18 minutes 20 seconds. The normal max
imum depth was 38.5 fathoms (Figure 10D) 
--9.5 fathoms deeper than that reached by the 
other net. Again , the extra webbing and extra 
time can account for the increase in depth. As 
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Figure ll .-Time sequence analysis of operations of ves
sels carrying the two nets. (Times are me
dians.) 

with the other net, maximum depth (39.0 fath
om ) was reached between start of pursing and 
half pursed. 

SUMMARY 

Two tuna purse seines of different sizes 
(7 strips deep, 470 fathoms long and 8 strips 
deep, 520 fathoms long ) were equipped with 

6 The two aberrant po ints, e ncircl ed by dotted lines, at midnet and 
at 425 fOlhoms (Figu re I DB , C, and D) resu lted from one set made 
under unusua l condi tions. During thi s set, some time ofter midnet, 
a large pile of webbing, somewhat less tha n a quarter of the net, 
beeame tangled and slid off the net platform prematurely. Once 
overboard and sinking, th e tang le cleared itse lf. The looseness in 
the net resu lting from this acci den t produced the greatest depth of 
all the depth s observed wi th ei ther net . The a berrant points were 
not used in the construction o f the net profil es. 
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depth-time recorders during fishing. Data 
from points along the leadline were obtained 
by means of bathykymographs for 32 sets to 
determine the depth of purse seines at four 
selected times: (1) halfway through setting, 
(2) end of setting, (3) start of pursing, and 
( 4) halfway through pursing, 

During a set--that is, at half net and end 
net--the fishing depths of both nets were 



shallow; they did not exceed 12.5 fathoms at 
half net and 24.5 fathoms a t end net , and they 
fi shed much shallower along most of their 
lengths. P ar adoxically, the extr a strip of web
bing added to the designed depth of the lar ger 
net reduced sinking speed during this time. 

At the start of pursing the smaller net 
fished 28.0 fathoms; the lar ger , 35.0 fathoms. 
The difference in fishing depth is t oo lar ge to 
be attributed entirely to t he extra webbing 
in the depth of the lar ger net and may have 

resulted partially from the consistently slower 
pacing of the oper ations of the vessel fishing 
it. At half pUTSed the smaller net fished 29.0 
fathoms; the larger, 38.5 f athoms. 

The maximum depths of both nets were 
reached during the first ha lf of pursing -- 30.2 
fathoms for the smaller net and 39.0 fathoms 
for the larger one (excluding one set in which 
the accidental f all of a pile of loose webbing 
in the water caused the net to reach abnormally 
great depth). 

CONCLUSIONS 

1. Ver y litt le fishing depth was obtained 
from either net dur ing the time t hey were be
ing paid out (fr om let go to end n et ) . 

2. The depth advantage f r om an extr a strip 
of webbing in the net is not achieved until af ter 
the skiff is r eached. 

3. Maximum depth was reached by both 
nets dur ing t he first half of the pursing oper
ation. 

4. Extra depth may be obtained by post
poning or slowing the pursing operation. 

ACKNOWLEDGMENTS 

The owner s, skippers, and crews of Mary 
Barb am and Antoinette B generously provided 
ship t ime, space, personal cooperation, and 
hospitali ty to t he Bureau of Commercial F ish
eries team gathering the data. 

LITERATURE CITED 

Ben Yami, M'nakhem, and Roger E. Green . 
1968. Designing an impr oved California 

t una purse seine. U.S. Fish Wild!. 
Serv., Fish. Ind. Res . 4: 183-207. 

Green, Roger E . 
1967. Relationship of the thermocline to 

success of purse seining for tuna . 
Trans. Amer. Fish . Soc. 96 : 126-130. 

Hester, F rank J., Dona ld C. Aasted, and 
Rober t W. Gilkey. 

1963. The bathykymograph, a depth-time 
r ecorder. U.S. F ish Wild!. Serv., Spec. 
Sci. Rep. Fish . 441, iii + 5 pp. 

McN eely, R ichard L . 
1961. P ur se seine revolution in tuna fish

ing. Pac. F ish. 59 (7): 27-58. 

Schaefer, Milner B. 
1962. Report on the investigations of the 

Inter-American Tropical Tuna Com
mission for the year 1961. Inter
Amer . Trop. T una Comm. Annu. Rep. 
1961, Append. A, pp. 44-103 (in Eng!.) 
and pp. 104-171 (in Span.). 

MS. #1971 

201 



RECOMMENDATIONS FOR IMPROVING 
THE QUALITY OF 

VESSEL-CAUGHT GROUNDFISH 
by 

J. Perry Lane 

ABSTRACT 

Because fish start to lose their quality as soon as they are taken from the sea and 
because the basic causes of the loss in quality are not r eadily observable to the eye, fish
ermen need guidelines for slowing the rate at which the quality of the fish is lost. 

Recommended here are suggestions that will enable fi shermen to slow the rate of 
quality loss. These recommendations provide guidelines that are designed (1) to reduce 
the initial numbers of bacteria on newly caught fish, (2) to prevent the fish from be
ing crushed and otherwise physically damaged, (3) to protect the fish from being con
taminated by bacteria f rom such sources as pughs, hand contact, and viscera, (4) to 
retard the activity of bacteria and enzymes by rapid and sustained chilling of the fish, 
and (5) to protect the fish from contamination from such sources as fuel oil and sour 
bilges. 

Putting these recommendat ions into use will increase the demand for groundfish, 
will make groundfishing more profitable, and will help the U.S. groundfishing industry 
to meet foreign competition. 
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INTRODUCTION 
Fresh fish are highly peri hable. When a 

fish dies, the natural protective mechanisms 
that have been active throughout its life stop 
functioning. The stage is then et for those 
deteriorative changes that, with varying de
grees of rapidity, will transform a newly caught 
fish of highly desirable quality into a food that 
is soft in texture, dull in appearance, and hi gh 
in odor-producing compounds. Over the years, 
consumers have recognized these odors as be
ing the undesirable "fishy" odors that often 
are associated with seafoods. 

The deteriorative changes that cause fish 
to lose quality are primarily chemical, bacter
ial, and enzYmatic. The chemical changes of 
greatest significance are oxidative and cause 
rancidity. Under normal conditions of fresh
fish handling, these oxidative changes ar e 
masked, however, by the more r apid bacterial 
and enzymatic breakdown of the fi sh flesh. Also 
lessening the impact of chemical changes in 
fresh fish is the fact that those practices that 
retard bacterial and enzymatic deterioration 
also slow the onset of rancidity. For practical 
purposes then, maintaining the quality of fresh 
fish aboard a fishing vessel is primarily a mat
ter of retarding both bacterial and enzymatic 
activity. 

Unfortunately, the loss of quality in fish 
is cumulative and irreversible. The processor 
cannot improve the quality of the fish he re
ceives f rom the fisherman, nor can the retailer 
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improve the quality of the fish he receives from 
the processor. Even under ideal conditions, 
no one can halt the adverse changes caused 
by bacterial and enzymatic action. The best 
that can be done is to slow the rate of these 
undesirable changes. Because fi h are at the 
peak of their quality when they are caught, 
fi shermen need to be aware of techniques that 
will enable them to land fish that are as close 
to the peak of quality as possible. 

Some of the following suggested guidelines 
for accomplishing this aim may seem idealistic 
when applied to our groundfishing vessels. 
Many of the suggested practices, however, 
could be implemented with little or no expen
diture of capital and effort. 

A clear understanding of the importance 
of handling fish at sea so that the quality of 
the fish will be protected is essential if the 
domestic fishing industry is to remain com
petitive with foreign fishing industries. The 
application of the guidelines suggested here will 
help fishermen to maintain quality during the 
all-important first link in the chain of distri
bution f rom the sea to the consumer. 

Carrying out the recommended practices 
will involve both the vessel and the catch. For 
that reason, we look into both the vessel re
quirements and the catch requirements for the 
delivery of fish that are as near their peak 
in quality as is possible. 



I. RECOMMENDATIONS FOR VESSEL DESIGN AND EQUIPMENT 
In this part of our recommendations, we 

consider (A) the fish hold and (B) the deck 
equipment for handling the fish. 

A. FISH HOLD 

In considering the fish hold, we are con
cerned (1) with protecting the fish from a rise 
in temperature resulting from absorption of 
heat passing through the deck and the sides of 
the vessel and (2) with protecting the fish 
f rom physical damage due to crushing. 

1. Protecting the Fish from Heat 

Protecting the fi h f r m h a r uir th 
use of in ulation. It lor quir th u f 
a lining to prot ct the in ul ti n fr m dam 
and contamination. 

a . Insu lation. 

(1) In ulate b tw n the hold and h 
area overhead. 

(2) In ulate over the bulkhead f the 
engineroom to pre ent h at I k. 

Figur I.-Fish hold lin d with stainle s st 1. ote 0 erhead conveyor for d Ii\' rin 
fish to P ns the use of aluminum p n boards nnd th brock b tw n hio 
for helving off oriLontnl partition within th pen) the h pens. 
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Figure 2.-A poorly maintained fish hold. Note the hatch cover with the cracked metal 
sheathing. This rover pro\ ides an e cellent br eding ground for bacteria anti . 
nearly impossible to clean. 

(3) Insulate along all out ide area of 
the hull. 

b. lining. 

(1) To make the hold easier to clean, 
line it either with aluminum that 
is resistant to salt water, with fiuer
glass, or with stainless steel. 

(2) Make the lining watertight to pre
vent slime, blood, and water from 
seeping into the insulation. 

2. Protecting the Fish from Physica l 

Damage 

Protecting the fish from physical damage 
involves the use of stanchions, shelves, and 
boxes. 

a . Stanchions.-Locate stanchions so that 
the fish pens are not more than 4.5 by 
4.5 feet on the bottom. 
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b. Shelves. 

(1) Provide helf bracke at intervals 
uch that the combined depth of 

fi. h and ice will not exceed 3 feet 
without a helf for support. 

(2) Provide for drainage of melt water 
through the heh e . 

(3 ) Elevate the lower helf sufficiently 
to keep the fi h out of the bilge 
water or have the ve el hold ade
quately drained into a bilge sump. 

c. Boxes. 

(1) se boxes in preference to using 
bulk-storage pen . 

(2) se boxes made of aluminum or 
plastic rather than of wood. 

(3) Choose boxe of the ne ting type 
for ease of torage when the boxes 
are empty. 



(4) Provide all boxes with drainage 
holes. 

(5) Use boxes that are capable of be
ing stacked in such a way that 
melt water from the upper boxes 
does not drip into those below. 

Figure 4.-Plastic fish boxes. These boxes have 
channels that carry off drainage from 
boxes above as well as permit loaded 
boxes to be stacked one atop of 
another. The empty boxes can be 
nested by simply turning each one 
90 degrees. 

B. DECK EQUIPMENT 
In considering deck equipment, we are con

cerned with (1) the surface of the deck, (2) 
hoses, (3) stanchions, (4 ) pens and checker 
boards, (5) work areas, (6) wash boxes, and 
(7) chutes and conveyors. 

,. . 

Figure 3.-Stainless-steel fish boxes de
signed to stack one on top of 
another. Note drainage holes 
in bottom and top lip. This 
lip allows drainage from the top 
box to run down the outside of 
the box below. These boxes 
cannot be nested when empty. 

~l ~""",,""""HF 
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1. Deck Surface 
Cover the decks with hard-surface cork or 

composite rubber to make them less slippery 
and, therefore, safer to work on. 

2. Hoses 
Supply deck hoses with sea water under 

high pressure for use in washing decks and 
gear at sea (but not in harbors, where the 
water is contaminated). 

3. Stanchions 
a. Provide deck stanchions made of gal

vanized iron or of other corrosion-re
sistant material. 

b. Provide an adequate number of stan
chions, and position them to permit 
checkers to be located in such a way 
as to prevent fish from sliding on the 
deck. 

4. Pens and Checker Boards 
a. Equip checker boards with hand holds. 

b. Make the checker board fit the stan
chions properly for easy removal. 

c. Notch the checker boards in the corners 
to facilitate drainage of water. 

d. Paint deck pens and checker boards 
with epoxy resin or nontoxic paint to 
facilitate cleaning. 

5. Work Areas 
a. Provide an elevated work area for gut

ting the fish. 

b. Make the work area of stainless steel, 
aluminum, or fiberglass. 

c. Provide a water flume to carry off the 
viscera. 

Figure 5.-Swirl-type Grimsby wash box. The swirling motion of the water is created by 
pumping in two jets of water at opposite comers (note nozzles) iof the box. This 
motion plus the normal motion of the vessel carries the fish out of the wash box 
from the chute in the upright foreground. 
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6. Wash Boxes 
a. Construct the wash boxes of stainless 

I steel or of aluminum that is resistant 
to salt water. 

b. Use swirl-type washers preferably, so 
that the fish can be transported auto
matically from the washer into the 
chute leading to the hold. 

7. Chutes and Conveyors 
a. Construct, of stainless steel or of alu

minum, the chutes leading into the hold, 
and use baffles so that the fish do not 
drop more than 3 feet into the hold. 

b. If a nonswirling washer is used, pro
vide a conveyor to transport fish to the 
hold. 

Figure 6.-Stainless-steel-mesh conveyor used to carry fish 
from wash box to a higher level for storage in 
the fish hold. This conveyor eliminates the 
need to fork the fish out of the wash box and 
prevents damage to fish caused by dropping 
them from the deck to the fish hold. 

II. RECOMMENDATIONS FOR HANDLING THE CATCH 

In the first part of our recommendations, 
we dealt with vessel requirements; in this, the 
second part, we deal with requirements for 
handling the catch. In dealing with the catch 
requirements, we consider (A) transporting 
the catch from sea to shore, (B) unloading the 
catch at the dock, and (C) preparing the ves
sel and equipment to handle the catch to be 
taken in the next trip. 

A. TRANSPORTING THE CATCH 
FROM SEA TO SHORE 

In tran porting the catch from sea to shore, 
we are concerned with (1) preparing the catch 
for storage aboard the ves el, (2) toring and 
icing the catch, and (3) keeping the catch 
from becoming contaminated by bilge water. 

1. Preparing the Catch for Storage 
Aboard the Vessel 

early all New England groundfi hare 
cauO'ht by nets called otter trawl . A few small 
ve sels u e longlines to catch groundfi h. l\lo t 
of the requirements for general anitation ap
ply equally to otter trawlers and longliner , but 
one pecial r equirement pertain to line-caught 
fi h. 

a . Trawl-caught fish.-When trawl-caught 
fi h are fi r t brought aboard the \'e el, they are 
all handled in the arne way, regardle of the 
form in which they are to be old. Then, later 
they are handled pecially, depending upon 
whether they are to be old a round fish or 
a dre ed fi h. 
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(1) General handling. 

(a) Before each et is brought 
aboard, clean all surfaces that 
will come in contact with the 
fish. 

(b) As soon as the cod end is 
dumped, remove any fish that 
are entangled in the net. 

(c) Wash the fish thoroughly with 
a deck hose after they have 
been dumped in the checkers. 

(d) Cull thp. trash fish, and store 
them separately or discard 
them overboard. 

(e) Do not trample or crush the 
edible fish during the culling 
operation. 

(f) Do not pile the fi h mOl'e than 
2 feet deep. 

(g) Handle the fish rapidly. 

(h) Protect the fish from expo
sure to the sun . 

(2) Special handling. 

(a) Round fis h. 

[1] Thol'oughly wash the 
small fish that will be 
landed in the r ound. 

[2] Immediate ly stow the 
round fish in the hold. 

(b) Dressed (dm'Wn) fish (vis
cerc~ 1'emoved but heads on.
Dressing fish requires that 
they be ripped, gutted, and 
washed. 

[1] Ripping. 

[a ] Begin ripping as 
soon as the catch has 
been washed by the 
deck hose. 

[b] Cut main blood ves
sels or gills for prop
er bleeding. 

[c] When ripping, do 
not extend the cut 
into the flesh beyond 
the vent. 

Cd] Place the ripped fish 
on the elevated work 
area for gutting. 

[2] Gutting. 

[a ] Remove the viscera, 
taking parti cular 
care to remove all of 
the liver and the di
gestive tract. 

[ b] Preferably, remove 
the gills. 

[c] Do not allow the 
ripped and gutted 
fish to come in con
tact with the viscera, 
which will contam
inate them. 

[3] Washing. 

[a ] Place the fish in the 
wash box immedi
ately after they have 
been gutted. 

[b ] Make sure that the 
wa h water is cold 
and clean. 

[c] Do not reuse water 
that is contaminated 
with blood, viscera, 
and slime. 

[d] After the fish leave 
the wash box, spray 
them with chlorinat
ed sea water. 

[e] Move the fish rapidly 
from the wash box 
to the hold. 

b. Line-caught fish.-Stun line-caught fish 
to stop them from struggling. (Stopping the 
fish from struggling prevents their blood ves
sels from rupturing and, thereby, helps to keep 
blood out of the fillets.) 



Figure 7.-Stainless-steel chute leading from deck to elevated work area for culling and ripping. 

2. Storing and Icing the Catch 

o. Storing. 

(1) By means of a chute, move the fish 
directly from the wash box to the 
proper pen (or use a conveyor or 
baskets; do not use forks). 

(2) Separate the fish by species and 
by day of catch--that is, do not 
mix successive days' catches in the 
same pen, section, or container. 

(3) Mark the box or pen sections to 
indicate the species and the day 
of catch. 

(4) Shelve the pens at 3-foot intervals. 

(5) Keep the flow of fish from the deck 
steady so as to avoid gluts that 
would make difficult the mixing of 
ice and fish in the optimum ratio. 

b. Icing. 

(1) Use ice made only from potable 
water. 

(2) Be sure that the ice is finely 
crushed and that it contains no 
large lumps that will bruise the 
flesh of the fish. 

(3) Use each lot of ice during only one 
trip. At the end of each trip, dis
card the excess ice. 

(4) Line the bottom and sides of pens 
(or of boxes) with a layer of ice 
before placing the fi sh in them. 

(5 ) Use ice to pr event the fish from 
contacting any surface in the hold 
directly. 

(6) Mix the fish and ice as the fish 
are stored. 
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Figure 8.-Stainless-steel conveyor used to carry dres ed, washed fish into the fish hold. 

(7) In cold weather, use a ratio of at 
least 1 part of ice to 3 parts of 
fish. In hot weather,u e a ratio of 
1 part of ice to 2 parts of fish, or 
even of 1 part of ice to 1 part of 
fish. 

3. Keeping the Catch Free from 
Bilge Contamination 

Clean and pump out the bilge sump daily 
while the vessel is fishing. 

B. UNLOADING THE CATCH 
AT THE DOCK 

1. Unload the catch as rapidly as possible. 
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2. e fish pumps to unload the smaller spe-
cies; be sure, however, that the water 
u ed is potable. 

3. se conveyors or buckets to unload the 
larger species. 

4. Separate the fish from the ice to facilitate 
their being weighed. 

5. After the fish are weighed, re-ice them. 

6. U e containers and carts made of stainless 
steel, aluminum, or fiberglass. 

7. Cover the containers of fish, and move 
them rapidly to the processing plant. 

8. If any delay occurs in moving the fish 
from the vessel to the plant, mix the fish 
with ice and store them under refriger
ation. 



III. RECOMMENDATIONS FOR PREPARING THE VESSEL 
AND EQUIPMENT FOR SUBSEQUENT CATCHES 

1. Thoroughly clean and sanitize all contain
ers after each use. 

2. Thoroughly scrub holds, penboards, check
ers, and deck, using potable water and a 
sanitizing agent. 

3. Stack penboards to dry them completely 

before they are returned to the hold. 

4. Do not allow the water from the bilge in 
the engineroom to mix with the water in 
the bilge in the fish hold. 

5. Flush out the bilges, and clean the bilge 
sump. 

Figure 9.-Washing penboards. Boards are stacked on deck after washing to pennit drying 
before they are reused in the fish hold. 

MS #1918 
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Gloucester, Massachusetts, October 31. 

Kiwannis Club, Gloucester, Massachusetts, 
November 15. 

Gould, Edith. 
An enzymatic method for distinguishing be
tween unfrozen fish and fish that have been 
frozen and thawed. 

Atlantic Fisheries Technological Confer
ence, Kennebunkport, Maine, September 
17-20. 

Green, J ohn H. 
Determination of carbohydrate pathway for 
Clostridium botulinum. 

Annual Meeting of American Society for 
Micr obiology, ew York, New York, April 
29-May 4. 

The potential and problems of food harvest 
from the oceans. 

54th Annual Meeting of International As
sociation of Milk, F ood and Environmenta l 
Sanita rians, Inc. , Miami Beach, Florida, 
August 14-17. 

E DTA in ice as a preservative for eviscerated 
fi sh. 

Atlantic Fisheries Technological Confer
ence, Kennebunkport, Maine, September 
17-20. 

Kaylor , J ohn D. 
Industry interest in food irradiation. 

Southern Interstate Nuclear Board, Oak 
Ridge, Tennessee, February 3. 

A brief review of irradiation of fresh sea
foods. 

Massachusetts Shellfish Association Offi
cials, Boston, Massachusetts, March 16. 

The Gloucester irradiator. 
Fisheries Council, Gloucester, Massachu
setts, June 7. 

Progress in irradiation of fresh seafoods. 
Atlantic Fisheries Technological Confer
ence, Kennebunkport, Maine, Sp.ptember 
19. 

Operations and progress of the marine prod
ucts development irradiator. 

Seventh Annual Atomic Energy Commis
sion Contractors Meeting, Washington, 
D.C., September 28. 



King, Fred rick J. 
R arch on the chemi try 
iz d s afood . 

nth Annual tomic En rgy ommi-
sion ontractor M ting, Wa hingt n 
D.., ptem er 2 . 

Lane, J. P rry. 
B F quality control standard for fi hery 
products . 

. . Public Health er ice Work hop on 
" urI' nt onc pts in Food Protection," 
Hani burg, enn ylvania, February 27-
March 3. 

Seafo d purcha ing. 
Food Purchasing Institute for ur ing, 

onval cent, and Re tHome, Univer ity 
of Rhode I land, King ton, Rhode I land, 
June 22. 

Work hop on vocational teachers, Westfield 
State College. 

Westfi ld tate ollege, We tfi Id, Mas a
chusetts, June 29. 

B F quality control program and irradiation 
re earch. 

U. . Public Health ervice Workshop on 
" U1T nt onc pt in F od Protection," 
Plainvi w Long Island , ew York, No
vember 2 . 

Peter , John A. 
Quality probl m in the fi hing indu try. 

ni er ity ollege alway lumni Asso-
ciation alway Ireland, June 17. 

ummary f s ion on fre zing eafood. 
Atlan ic Fi h rie T chnological on fer
enc , I nnebunkport, Maine, ptember 
17-~0. 

1 th Int mati nal ongre f Refrigera
ti nand F T chnical onf r ence on 

and Irradiati n f Fi h 1adrid , 
ugu t 30- p mb r . 

l' prod-

Kiwanni 
ctober 5. 

Ii h. 

in 

Radiation and 
WHDH-T l' gr m, 

r 13. 

F o d PI' r\'ation with mpha 
ti on. 

WHDH-T - Am rican h mica l y 
Educationa l Pr gram f r H igh I 

hemi ts, Bo ton, 1\I~ . ach u tL. 
bel' 4. 

Ryan, J ohn J. 
Work hop on \'ocati nal tach l' , \Y . fi Id 

tate olleg. 
W tfi Id ta t oil g . \\' tfi 1<1 •• Ie. :a-
chu ett . J une 29. 

Tinker , Burton L. 
Work hop on mok d Ii h . 

. . Fo d and Drug \Y rk. hop, . on. 
Ia achu tt, Augu t 1;-. 

Technological Laboratory 
Pascagoula, Mississippi 

a rrett, E. I nc r. 
A micr bioi gi t r "i \\' practical appr ach

toward improving PI' duc quality. 
F DA B F \York hop. Bl' \\'n viII, T x " 
Ma 

FDA B F \\' l'k h p, ng I, li-
fornia, lay 

F F \York hop. ' t. r burg. 
Florid Jun 23. 

1m in fi 'hmal. 
Ii i ippi • I nhad n 0 .• 

Ii i' 'ippi. Jun 



Garrett-Con. 
Salmonella in fish meal-Con. 
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Fish Meal Co., Moss Point, Mississippi, 
June 5. 

Standard Products, Inc., Moss Point, Mis
sissippi, June 5. 

American Protein Co., Milwaukee, Wis
consin, June 7. 

Lake Industries, Milwaukee, Wisconsin, 
June 7. 

Shillings Fish Co., Pewaukee, Wisconsin, 
June 7. 

American Protein Co., Inc. , Menominee, 
:l\Iichigan, June 8. 

Empire Menhaden Products, Inc. , Empire, 
Louisiana, August 7. 

Wallace Quinn Fisheries, Empire, Louisi
ana, August 7. 

Ocean Protein Products, Inc., Dulac, Loui
siana, August 8. 

Quinn Menhaden Fisheries, Dulac, Louisi
ana, Augu t 8. 

Louisiana Menhaden Co., Houma, Louisi
ana, August 8. 

Fish l\Ieal Co., Morgan City, Louisiana, 
August 9. 

Seacoast Products, Inc., Abbeville, Louisi
ana, August 10. 

Louisiana Menhaden Co., Cameron, Loui
siana, August 11. 

Gul f Menhaden Co., Cameron, Louisiana, 
August 11. 

Ocean Protein Products, Cameron, Loui
siana, August 11. 

Louisiana Menhaden Co., Lake Charles, 
Loui siana, August 11. 

Texas Menhaden Co., Sabine Pass, Texas, 
August 11. (Two talks made here - same 
ta lk, different audiences.) 

Ocean Protein Products, Inc. , Port Arthur, 
Texas, August 11. 

Regional Office, Bureau of Commercial 

Fisheries, St. Petersburg, Florida, August 
14. 

Protein Products Corp., Fort Meyers, Flor
ida, August 15. (Tvvo talks made here
same talk, different audiences.) 

Wallace Quinn Fisheries, Fernandina 
Beach, Florida, August 17. 

Nassau Fertilizer & Oil Co., Inc. , Fernan
dina Beach, Florida, August 17. 

Lewis Crab Factory, Brunswick, Georgia, 
August 18. 

Standard Products of North Car olina, Inc., 
Southport, orth Carolina, August 21. 

Standard Products of North Carolina, Inc., 
Beaufort, North Carolina, August 22. 

Beaufort Fisheries, Inc., Beaufort, North 
Carolina, August 22. 

Standal'd Products of orth Carolina, Inc., 
Moorehead City, North Carolina, August23. 

Reedville Oil & Guano Co. , Inc., Cape 
Charles, Virginia, August 25. 

Tidewater Crab Co., Newport News, Vir
ginia, August 25. 

Reedville Oil & Guano Co., Inc., Reedville, 
Virginia, August 26. 

Standard Products, Inc., Reedville, Vir
ginia, August 26. 

Standard Products Co., Inc. , Kilmarnock, 
Virginia, August 28. 

Standard Products, Inc., White Stone, Vir
ginia, August 28. 

Standard Products, Inc., Rocksbury, Vir
ginia, August 28. 

Seacoast Products, Inc. , Lewes, Delaware, 
August 29. 

Reedville Oil & Guano Co., Inc., Wildwood, 
ew Jersey, August 30. 

J. Howard Smith, Inc., Port Monmouth, 
New Jersey, August 31. 

Point Judith By-Products, Inc., Narragan
ett, Rhode Island, September 5. 



Lipman Marine Products, Inc., Gloucester, 
Massachusetts, September 5. 

Pine States By-Products, Inc., South Port
land, Maine, September 7. 

Seapro, Inc. , Rockland, Maine, September 
8. 

Central Office, Division of Industrial Re
search, Bureau of Commercial Fisheries, 
Washington, D.C., September 20. 

National Fish Meal & Oil Association Tech
nical Meeting, Washington, D.C., Septem
ber 21. 

Love, Trav is D. 
Engineering technology in the Gulf seafood 
industry. 

Quarterly Meeting of the Southern Section 
of the Associa tion of Professional Engi
neers, Biloxi, Mississippi, November 25. 

Thompson, Mary H. 
Quality means profits. 

American Shrimp Canners Association, 
New Orleans, Louisiana, March 9. 

New aspects of handling Southern fish and 
shellfish. 

Atlantic Fisheries Technological Confer
ence, Kennebunkport, Maine, September 
15. 

Thompson, Mary H ., and R. N. Farragut. 
Fatty acids of the Chesapeake Bay blue crab. 

Atlantic Fisheries Technological Confer
ence, Kennebunkport, Maine, September 
15. 

Thompson, Mary H. , and H . A. Thompson. 
Shrimp connective tissue in relation to tex
ture. 

Atlantic Fi heries Technological Confer
ence, Kennebunkport, Maine, September 
15. 

Technological Laboratory 
Seattle, Washington 

Barnett, Harold J. 
Recommended procedure for packing live 
Dungene crab for air shipment. 

BCF / Industr y Workshop, eattle, Wash
ington, November 30. 

Dassow, John A. 
urrent techniques and tr nd 
Refrigeration Work hop for Large- oat 
Operators, Fi herie Re arch oard of 
Canada, Canadian Department of Fi her
ies, Vancouver, Briti h olumbia 
bel' 14. 

Dyer, John A. 
The Bureau's proces for FP . 

Annual Meeting of Pacific Fi heries Tech
nologists, Ocean Shore, Wa hington, 
March 19-22. 

Con iderations for reduction of almonella 
in fi sh reduction plant operations. 

BCF Salmonella Workshop for Fish Meal 
Industry, Seattle, Washington , May 11. 

Eklund, Melvin W . 
Review of analytical method in food micro
biology: Clostridium botulinum. 

Round Table, Annual Ieeting of Ameri
can Society for Microbiology, ew York, 
New York, May 3. 

Salmonella in fish reduction plants. 
BCF Salmonella Workshop for Fish Meal 
Industry, Seattle, Washington, May 11. 

Growth and toxin production of Clost ridillin 
botulinum type E and non proteolytic types B 
and F in nonirradiaterl and irradiated fi her
ies products with temperature ranges of 36° 
to 72 ° F. 

Seventh Annual Atomic Energy ommis
sion Food Irradiator Contractors 1 eting, 
Washington, D.C. , September 27. 

Summary of accompli hments: Growth and 
toxin pr oduction of Clostridium botulillum 
tYI e E and non proteolytic types Band F in 
nonirradiated and irradiated fi heri s prod
uct with temperature ranges of 36° to 72 ° F. 

Report to American In titute of Biological 
ciences at Seventh Annual Atomic Ener

gy Commission Food Irradiator ontrac
tor Meeting, Washington, D .. , pt m
bel' 28. 

Gauglitz, Erich J. 
Review of pe ticide re earch at the attle 
Te~hnological Laboratory. 

Wa hington tat Int ragency ommitt e 



Gauglitz- Con. 
on Health Hazards of Pesticide , lympia, 
Washington , D cember 19. 

Groninger, Herman S. 
Degradation of fishery p roduct Mu cle 
nucleotidase activity and inhibiti n during 
processing and storage. 

Annua l Meeting of Pacific Fi h ri T ch
nologi t, Ocean hore, Wa hin t n, 
March 19-22, 

Ha ll , A lice S. 
Car eer opportunities fo r worn n in F dera l 
Government. 

Raini r Beach H igh chool mbly, 
Seattle, \Va hington, February 2. 

Roosevelt High School, eattl, Wa hing
ton, February 13. 

Na than Hale High chool, eattl, Wa h
ington , February 13. 

Ga rfield High School, eattle, Wa hington, 
February 15. 

West Seattle High School, eattl, Wa h
ingt on , February 20. 

Sea lth High School, eattle, \\'a hington, 
Februa ry 25. 

lIiyauchi, David. 
Summary of accompli hments: Application 
of radiation-pasteurization proces e to P a
cific Coast fi hery product . 

Seventh Annual Atomic Energy ommi 
sion Food Irradiator Contractor Meeti ng, 
Washington, D.C. , September 2 . 

Nelson , Richard W . 
Chilling conditions in handling f re h fi hery 
products-How the chilling condition are 
attained. 

Ballard High School, Class in Marine Re
frigeration, Seattle, Washington, March 7 . 

Freezing pr ocedu res in handling fi shery 
products. 

Balla rd High School, Class in Marine Re
fr igera tion, Seattle, Washington, March 8. 

Air shipping live Dungeness crab. 
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Annua l Meeting of Pacific Fisheries Tech
nologists, Ocean Shores, Washington, 
March 22. 

Plant 0] rati n8: Quality and sanitation . 
F / h lIfi h anitati n W rkshop 
f r Indu try, ur ka, alif mia, Novem
b r 4. 

F ni tati n W rkshop 
f r Indu try, 
7. 

r t, vember 

p, eattle, Wa h-
n, 

ata hn ik, Max. 
Quality ff c 
of fi h. 

f fr zing an d fr zen s rage 

allard High 
frig rati n, 

P lroy, r tch n 

in Mar ine Re
a hi ngton, March 

adiati n J a t urizati n of fi h. 
Public II alth ,B ic adiological 
Training attIe, v ashington, 
Augu t 1 

pinelli John. 
Quality indic 
f od . 

ir radiated sea-

12th Int mati nal ongre of efriger
ati nand FAT chnical onference on 
Fr ezing and I rradiati n of F i h, Madrid, 

pain, ptemb r 1 . 

Improving yield and qual ity of fresh fille ts 
with polypho phat . 

B F Indu t ry ~ orkshop, eattle Wash-
ington ovember 30. 

teinb r g, Maynard 
Radiation pr er ation of foods. 

Annua l M t ing of P acific Fi heries Tech
nologi t, Ocean hore, ~ a hington, 
March 19-22. 

tandar d and in pection of fi hery products. 
Annual Meeting of Pacific Fi herie Tech
nologists, Ocean hores, Wa hington, 
March 19-22. 

Fish oil program. 
Meeting of ational Fish Meal and Oil 
Association, College P ark, Maryland, 
March 28. 

FPC-A progress report. 
BCF Dinner-Meeting with Industry, 
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Branch of Reports 
Seattle, Washington 

Sanford, F. Bruce. 
Organizing the technical article. 

Seventh Annual Short Course on Technical 
Writing sponsored jointly by University of 
Washington and Society of Technical 

Writer and Publishers, Seattle, Washing
ton, eptember 20-22. 

H ading-introducti n technique. 
ev nth Annual hort ourse on Technical 

Writing sp n ored jointly by niver ity 
of Wa hjngton and ciety of Technical 
Wri rs and Pu Ii hers, eattle, Washing-
ton, pt m er 2 -22. 

LISTS OF PUBLICATIONS FOR PREVIOUS YEARS 

1955-61 F ishery Industrial Research 2(2 ): Fi herie ublication , . Fish and 
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able from the Bureau of omm rcial 1964 Fi hery Indu trial esearch 3(1): 
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Wildlife Service, 1 01 orth Moore 196 Industrial Re earch 3(4): 
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able from the Bureau of ommercial 164. 
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