the ship must be very great to set up a current density of u few milli-amperes
at a distance of only a few vards from an clectrode. Future research in this
feld should be directed toward finding methods of concentrating or confining
the clectric ficld to a ¥mited volume of water between the clectrodes in so
far as mav be possible. Laboratory cxperiments should also be carried out
to determine the corrcet current densities for producing the conditions of
clectro-taxis and paralvsis in various kinds of commnercially valuable fishes, as
well as the best waveform, pulse length, and pulse rate to use with these fishes.
Having ascertained these factors it will be possible to estimate the clectrical
power requeired aud proceed with the assembly of the apparatus nceded for
applving clectrical methods of fishing to a particular fishery in a practical way.
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Holding Fresh Shrimp in Refrigerated Sea Water!

Janers B, Hicaraw axp C. P Inyvip

Marine Laboratory, University of Miami, Coral Gables

During the past several vears slrimp boats in the Gulf of Mexico lave been
making longer and longer trips. The greater length of time spent away from
port has increased the dificulty of landing high quality fresh shrimp. In addi-
tion, present icing methods result in a condition known as “black spot” on the
shrimyp. {ligure 1.).

"T'he need for more efficicnt methods of refrigeration and control of the black
spot problem led the Marine Laboratory of the University of Miami to
conduct a scrics of experiments, for the Ilorida State Board of Conservation,
in which shrimp were held i refrigerated seawater instead of in erushed rce.

Preliminary tests were conducted in which the quality of iced shrimp was
compared with that of shrimp held in scaswater, fresh water, and solutions
of calcinmn chloride and sodium chloride. Pink grooved shrimp (Pendeus
duorarumy, caught by a commercial trawler off Key West, were held in the
varicus solutions at temperatures which ranged between 37.9° and 41.7°F.
The quality of thesc shrimp was tested seven times over a period of 24 days.
A testing pancl of ten staff mombers of the Marine Laboratory rated the shrimyp
as to firmness, black spot, odor and taste. (Table 1),

1 Contribution No. 94 from The Marine Labortaory, University of Miami.
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TABLE 1

Pavarasiiry Scores or Surimpe Herp ox Icr axp 1N Various SoLurions
Maxinrust score; 4.0

ICED CALCIUM CHLORIDE
Solution 33 ©/oo0

Days Av. holding temp.: 38.3°F
Storage - Black Firm Black Firm
Time Taste Odor Spot ness Taste Odor Spot ness
5 2.0 3.5 2.5 2.7 3.2 3.7 3.4 2.8
7 3.4 3.9 2.2 2.8 2.1 3.7 2.2 3.4
10 5.4 3.9 2.6 3.2 2.3 3.7 2.6 3.3
12 2.8 5.3 2.2 3.2 2.0 3.5 1.7 3.3
17 . .. 2.0 3.4 1.8 3.5
21 1.6 3.8 2.1 3.4
26 - : 3.3 2.7 5.1

FRESH WATER SEA WATER

Av. holding temp.: 41.7°F Avy. helding temp.; 38.6°F
5 3.1 3.9 39 3.1 3.8 3.5 5.1 3.9
7 5.4 4.0 4.0 3.2 37 3.6 3.3 3.5
10 3.1 3.9 3.6 3.2 3.2 4.0 3.3 3.7
12 5.1 1.8 +.0 2.6 5.5 3.2 3.6 4.0
17 1.7 24 1.0 29 2.7 3.1 39 3.3
21 2.7 1.7 4.0 3.3 3.0 3.2 3.7 3.5
36 . 23 +.0 29 3.3 27 3.1

SODIUM CHLORIDE
Solution 33 2/00
Av, holding temp.: 38.3°F

5 3.9 3.7 3.0 3.6
7 3.7 3.6 3.3 3.6
10 3.2 4.0 3.3 3.5
12 3.5 3.2 3.6 3.7
17 2.7 3.1 3.9 3.8
21 3.0 3.2 3.7 3.8
26 . 3.3 2. 3.7

‘The palatability of the iced shrimp in this experiment declined rapidlv, and
moderate amounts of black spot devcloped. This sample was discarded after the
12th dav. (Tablc 1).

Shrimp held in a solution of calcium chloride were ehjcctionable on the
12th dav. These shrimp became noticeably bitter, on the 7th day. Large am-
ounts of black spot developed on these shrimp by the 12th dav. (Table 1.).

Ratings of taste (1.7) and odor (2.4) wmade the fresh water-held shrimp
objectionable by the 17th dav. {Table 1), Towcver, this sample showed little
cvidence of black spot. The quality of the shrimp held in seawater and sodimn
chloride solution remained acceptable until the end of the cxperiment. (Table
1.). There was no significant development of black spot in cither of these
latter samples.,

These preliminary results indicate that fresh shrimp held in seawater or so-
dium chlaride would be more acceptable to the consumer than shrimp held in
crushed ice, caleium chloride or fresh water.

The encouraging results from the tests with sodium chloride and seawater-
held shrimp warranted further experimentation. Therefore a more detailed
study was made of the quality of shrimp held in refrigerated scawater.
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Figure 1. Sample No, 1 was held in refrigerated seawater for 16 days at 31.0°F. Sampl
No. 2 was held in crushed ice for 16 days. The blackened areas at the edge of the
segments of the shell on sample No. 2 are typical of “black spot” (melanosis) which
develops on ice-held shrimp. The unmarked appearance of sample No. 1 is typical of
the condition of shrimp held in refrigerated seawater.

Samples of slhrimp used in this experiment were teken from a single drag
made by a comucrcial shrimp trawler operating on the Tortugas grounds.
TABLE 2
Brack Spor Scores
Maxmaum score: 5.0.

Seawater Seawater
157+ changed daily Unchanged . Tee Held
Days Heads Heads Heads Heads Heads Heads
Storage Off On Off On Off On
Average holding temperature °F
34.8 34.7 30.7 324 32.0 32.0
2 1.9 5.0 4.9 4.8 5.0 4.8
4 5.0 5.0 5.0 4.0 4.8 4.0
6 5.0 4.8 4.8 5.0 4.0 4.0
8 5.0 5.0 5.0 4.9 4.0 4.0
10 5.0 5.0 5.0 5.0 5.0 3.4
12 5.0 5.0 5.0 4.8 3.8 3.8
13 5.0 5.0 5.0 5.0 3.4 4.2
15 5.0 4.6 5.0 5.0 3.6 3.8
17 5.0 5.0 5.0 5.0 4.0 4.2
19 5.0 5.0 4.0 3.8
12 5.0 4.8 3.4
24 5.0 5.0

e
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These shrimp were placed in refrigerated scawater or crushed ice within one
hour after being caught. Crushed ice samples were held at 32¢ F. throughout
the experiment, The temperature of the scawater samples ranged from 30.7°
to 34.8° ¥. (Tablc 2}.

Eleven series of bactertological tests were made on the scawater and the
drip from the iced samples. Numbers of bacteria per cubic centimeter of sca-
water were determined by the dilution extinction method of Zobell (1948).
No attempt was made to identifv the bacteria.

Taste, odor and black spot were used as the criteria of quality. Values ranging
from one to five were assigned to each quality tested. A rating of five denoted
the highest quality shrimp, while a rating of onc deseribed inferior qualitv. In
these tests an arbitrary score of 3.5 was established as the limit for “good”
quality shrimp. This standard is higher than the quality of shrimp accepted by
the consumer. Only boiled shrimp without condiments were served to the test
pancl. Tlad these shrimp been french-fricd or served with sauce thev would
probably have remained acceptable for a longer period of time.

Six samples of shrimp svere tested in this experiment. They were grouped in
pairs, cach pair consisting of a heads-on and a heads-off sample. One pair of
samples was licld in crushed ice, one pair in unchanged scawater, and the third
pair in scawater, Fiftecen per cent by volume of the seawater was changed
dailv on the third pair of sanples.

Results of this experiment again indicate that a higher guality product may

TASTE SCORES ——— HEADS ON
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FIGURE 2. Taste scores of “heads-on” shrimp held on ice or in refrigerated seawater for 17
days. Broken lines indicate the arbitrary minimum level of acceptability (3.5).
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be obtained by holding shrimp in refrigerated scawater than by the conven-
tional icing method. (Yigs. 2-5}.

All samples of heads-on shrimp had a shorter storage Tife than lcads-off
samples of the same pair, This s shown Dy the tower heads-on scores for taste
and odoer. (Figs, 2-5).

‘I'he taste scores of the heads-on iced sample fell below the 3.5 level of ac-
ceptability on the 15th day of storage. The heads-oft iced sample of the same
paid did not fall below this level until the 17th day, {Igs. 2, 3). Taste scores
of heads-on, changed and unchanged scawater sawples fell below the level of
acceptability on the 13th ane 17th davs respectively. (Vig. 2.) The corres-
pending heads-off samples were of “good™ gualits unti! the 19th and 24th
davs. {Iig. 3).
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Ficure 3. Taste scores of “heads-off” shrimp held on ice or in refrigerated scawater. Broken
lines indicate the arbitrary minimum level of acceptability (3.5).

Odor scores of the heads-on iced sample fell below the level of acceptability
on the ISth div of storage and continued this downward trend until the end
of the expernnent. (Fig. 4). The heads-off iced sample of this pair was rated
3.2 on the 12th dav of storage. 'Uhis however is an anomaly since the scorc on
the following day was 4.2 and not until the 17th dav did this sample fall below
the 3.5 level of acceptability and continue its downward trend, (Fig. 5.). Odor
scores rated the heads-on, changed and unchanged scawater sampies objection-
able on the IZ2th aud 15th davs respectivelv. (Fig. 4). The heads-off changed
seawater sample was unacceptable on the 15th dav, while the heads-off un-
changed sample was not objectionable until the 24th and final day of the
exprriment. (Fig. 5;.
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Therc was no significant indication of black spot in any of the samples held
in scawater. Black spot developed in a normal mammer on the ice-held shrimp.
I the heads-on sample black spot developed most vapidly in the hieads of these
shrimp. Shce the heads were removed from this sample before bemg rated by
the test pancl this difference docs not show in the rating scores. In comparing
the scores of the black spot ratings on shrimp tails onlv, there scems to be no
difference in the rate or amount of black spot devcloped on these two iced
samples. (Table 2).
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Fioure 4. Odor scores of “heads-on” shrimp held on ice or in refrigerated seawater. Broken
lines indicate the arbitrary minimum level of acceplability (3.5).

-

The headed sample held in unchanged scawater remained above the 3.5
level of acceptability in respect to taste, odor and black spot for 22 davs. This
was the best sample in the experiment. On the 24th dav it fell below the ac-
ceptable level only in the quality of odor, which was rated 3.3 (Iig. 5). By
contrast the iced samples fell below this level in one or more qualitics by the
15th dav. {Figs. 2-3}.

Bacteriological tests were conducted on each day that organoleptic tests were
made. It was anticipated that the numbers of bacteria in the seawater might
increase with prolonged holding and that relative size of the bacterial popu-
lation might give some clue as to the minimum holding period. Figure 6 shows
the cstimated numbers of bacteria per cubic centimeter of scawater, or drp
from melting icc, at the various sampling days.

Bacterial counts on all samples showed either no increase throughout the
experiment (Numbers 1, 4, 5, & 6) or slight increases {Numbers 2 & 3). The
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SCORE

fact that no large increases in bacterial counts occurred in the scawater would
suggest that at the temperatures imvolved bacterial action is slight. Such a sit-
wation must neecessarily prevail if shrimp are to retain therr guality.

Shrimp held in the same scawater throughout the experiment kept better
than those on which 15 per cent of the water was changed dailv. The latter
result was unexpected. It was anticipated that shomp would keep better if part
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FIGUR_E 5. Odor scores of “heads-off” shrimp held on ice or in refricerated seawater. Broken
lines indicate the arbitrary minimum level of acceptability (3.5).

of the water containing fragments of shrimp, bacteria and dirt was replaced by
clean water. Duce to a temperature differential in the refrigeration unit the
headed unchanged scawater sample was held 3.5°F. lower than the headed
changed scawater sample. ('able 2. The comparison between these two sam-
ples was not considered conclusive inasmuch as the higher quality of the un-
changed scawater sample could have been due to the lower holding temper-
aturcs.

To confirm these results, m later cxperiments the temperature was held con-
stant while changed and unchanged scawater samples were compared. From
this serics of tests it would appear that nothing is to bec gained, in terms
of qualitv, by changing the scawater.

Following the first announcement of these results it was leamed that scveral
owners of shrimp boats had installed tanks for the purposce of holding shrimp
in refrigerated scawater. Shrimp from the cargos of two of these vessels were
rated by the test pancl.. Although both samples were of marketable quality
thev were on the bordesline of acceptability, according to Marine Laboratory
standards. The Tower guality was attributed to two factors. Fisst, holding tem-
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peratures of these shrnimp ranged from 34° to 40° V., whereas recommended
lolding temperatures are between 28.5-30° F, In addition, both of these boats
returned with shrimp, the oldest of which were 25 davs, "This s well bevond
the recommended maximum holding period.

Insofar as could be determined these cargos of shrimp were marketed without
difficulty. In judging their quality some buvers stated that their odor was ob-

jectionable,
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FIGure 6. Graphical representation of the bacterial history of ice- and seawater-held shrimp.
Sample No. 1, “heads-off” shrimp held in changed seawater; sample No. 2, “heads-on”
shrimp held in changed seawater; sample No. 3, “heads-on’ shrimp held in unchanged
seawater; sample No. 4, “heads-off” shrimp held in unchanged seawater; sample No. 5,
“‘heads-oft” shrimp held in ice; sample No. 6, “heads-on™ shrimp held in ice.

The odor ascribed to these shrimp had becn noted in our experiments.
Thorough washing partiallv climinated it. Furthermore, there was no indica-
tion that the odor mflunced the quality of the taste, according to ratings of the
test pancl. It was decided to investigate the odor question more fully.

The problem was first approached by further experimentation with the
chauging of various volumes of refrigerated sca water at regular intervals.
Lables 3, 4 & S report the results of two separate experiments, cach comparing
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shrimp held in unchanged scawater with samples having part or all of the water
changed at intervals. Ten percent of the seawater on one sample was changed
duilv: on another sample 100 percent of the scawater was clunged every third
day. Organoleptic tests were made comparing the guality of shrimp held in
changed and unchanged scawater. There was no marked difference in odor and
taste among the samples,{Tables 3,4} again confirming previous results. How-
ever, the changed seawater samples became sigificantly tougher upon holding
for 21 davs. (Table 5.).

Bucteriological tests were again made, in addition to organoleptic tests.

TABLE 3

Taste Scorrs—Hzaps Orr
Maxmarum score: 5.0

Seawater Seawater
Seawater 109 changed Seawater 1009 changed
Days Unchanged daily Unchanged each 3rd day
Storgge Average holding temperature °F
31.1 31.1 51.1 31.1
4 5.0 5.0 5.0 5.0
7 5.0 5.0 4.6 4.8
9 4.8 5.0 .. ‘
11 4.8 5.0 4.8 4.8
14 4.4 4.2 4.8 4.4
16 4.6 4.6 .. ..
18 46 4.4 4.2 4.0
21 48 44 4.0 3.6
23 4.2 3.6 .. .
25 3.2 3.6 4.0 3.0
28 4.0 3.6 .. ..
30 3.0 34
TABLE 4
Opor Scores—Hraps Orr
Maxiarus score: 5.0,
Seawater Seawuter
Seawater 10% changed Seawater 100% changed
Days Unchanged daily Unchanged each 3rd day
Storage Average holding temperature °F
311 511 311 311
4 5.0 5.0 5.0 5.0
7 5.0 5.0 4.8 5.0
9 5.0 5.0 . .
11 4.6 4.8 4.6 4.6
14 5.0 4.6 4.6 438
16 4.8 4.8 .. ..
18 4.8 4.8 4.8 4.6
21 4.3 5.0 4.6 4.5
23 3.4 3.8 .. .
25 3.8 3.5 4.0 4.2
28 4.6 44 .. ..
30 3.2 4.8

49



TABLE 5
Touveuness Scorus—Hians Orr
Maxraroar score: 5.0,

Seawater Seawaler
Seawater 10% changed Seawaler 100% changed
Days Unchanged daily Unchanged each 3rd day
Storage Average holding temperature °F
51.1 31.1 31.1 31.1
4 5.0 5.0 5. 5.0
7 4.6 4.8 4.2 4.4
9 4.4 4.2 . ..
11 4.0 4.4 4.2 4.2
14 3.2 3.4 4.2 3.8
16 3.8 3.8 .. .
18 3.8 38 4.0 3.8
21 3.8 3.0 3.8 3.2
23 3.8 2.8 . i
25 3.0 3.0 34 2.2
28 2.8 2.6
30 28 3.0

Table 6 shows the namber of bacteria per ce. of seawater after various per-
iods of storage. As may be seen from Table 6 the beginning of the rise in bae-
terial mumbers on the 25 dav doces not comcide with the aceeptability ratings
of the organoleptic tests. Tables 3.4 depicting scores for tuste and odor indi-
cate the maxmmum storage tune for seawater held shrimp is about 21 to 23
days,

Since changing the seawater did not retard the devclopment of the nn-
desirable odor, attempts were made to chimmate this factor by adding to the
scawater, chemicals which inhibit bactenial activity.

TABLE ©
Tuaovsanns or Bacreria per Cusie CENTIMETER OF SEAWATER

Average holding temperature °F,

Duays 3l 3
Storage Seawater Unchanged Seawater 10% changed daily
4 1000.0 10010
7 0.1 1O
9 1.0 0.1
11 0.1 1.0
14 0.1 0.1
16 1.0 1.0
18 1.0 0.1
21 0.1 0.1
23 1.0 0.1
25 1.0 1.0
28 10.0 100.0
30 1000.0 10,000.0

Tests were made of the quality of shrimp held in untreated scawater to
which sodium hypochlorite had been added in concentrations of 5, 10 and 20
parts per million (p.p.m.y. The scores for odor show that no advantage is
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gained in suppressing odor by the addition of sodium hypochlorite in the con-
centrations tested. (Table 8). Taste and toughness scores indicate minor var-
iations m quality, the advantage being with the nnelenged seavater sample.
(‘Tables 7-9). “Lram Kew™ and “Perehloran™ were also tried s bactertostatic
agents. “Fram Kem” (a mixture of sodium benzoate and famaric acid) was
used in concentrations of 500 p.p.m. and 1000 p.pan. Perchloran (70% cal-
cium hyperchlorite) was tried in concentrations of 10 and 50 p.pan.

The results indneate that no advantage is to be gained by the use of these
concentrations of chemicals. {Tables 7-9).

TABLE 7
Tasrr Scores—IHians Orr
Maxmiuar score: 5.0

SEAWATER-HELD SEAWATER-HELD
Plus Plus
Plus Plus Plus 00 1000 Plus Plus
Days Un- Sppm 10ppm 20ppm Un- Fram  Fram 10ppm  50ppm

Storage changed NaOCI NaOCI NaOCI changed Kem Kem ~ CaOCl; CaOCl:
Average holding temperature °F

30.8° 30.2 309 332 31.8 318 318 320 520
2 4.8 16 42 4.0
5 1.2 1.5 16 44 - - .
6 - - +.6 44 4.6
7 . iy - - 4.6 4.5 4.6
3 4.2 1.0 1.2 4.4 - . ‘
10 4.6 4.4 3.8
11 - . - : 14 £.0 4.4
12 14 44 40 3.8 .
13 3.4 - 4.2 12
14 . 3.8 38 40
15 10 4.2 34 3.0 : -
17 3.4 - 31 3.6
18 : 4.0 3.0 3.8
1o 3.2 4.0 3.2 2.8 :
20 4.0 - 3.0 3.0
21 - 4.0 2.8 30
22 28 26 2.6 24 :
24 5.4 5.6 4.0
25 3.8 3.2 28 .
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At the recommended holding temperature of 28.5-30°F. the method of
holding shrimp in refrigerated seawater shows scveral advantages over the
conventional icing method.

1. Iced shrimp are not of acceptable quality aftes 15 days while seawater
held shrimp may be kept for 21 days.

Z. No measurcable amount of black spot develops on shrimp held in
refrigerated seawater.

3. Chunging the seawater does not improve the quality of shrimp. Indica-
tions are that it toughens them.

TABLE §
Opor Scores—IHEeans Owr
Maxiaruar score: 5.0

SEAWATER-HELD SEAWATER-HELD
Plus Plus
Plus Plus Plus 500 1000 Plus Plus

Days Un- Sppm  10ppm  20ppm Un- Fram  Fram 10ppm  S50ppm
Storage changed NaOCI NaOCI NaOCI changed Kem Kem CaOCl: CaOCl

Average holding temperature °F

308 302 309 332 318 318 31.8 320 320

<

2 SO0 4.0 4.8 16
3 5.0 46 44 4.2 - H o
6 . - . 16 , . 4.8 5.0
7 - - , 5.0 1.6 +.8
8 4.6 5.0 5.0 4.4 . , ‘
10 5.0 . . 46 4.4
11 . ‘ 46 46 3.0
12 4.2 5.0 38 44 . _ -
13 4.6 . 4.6 4.6
14 - - . 14 4.8 4.4
Is 4.2 4.6 3.6 3.8 . -
17 4.6 ‘ . 4.2 4.6
18 . 4 42 4.4
19 34 3.2 3.2 2.6 - .
20 4.4 , 46 4.4
21 A 4.2 4.2 4.2 -
22 34 3.2 3.6 2.2 “
24 38 ‘ 3.8 2.8
25 3.8 3.6 28 -
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4. The quality of shrimp kept in various chemical solutions show no
nuprovement over shrimp held i plain seawater,

5. Temperature is the most important factor i determining the success
of this method. An average temperature of 28,5-30°F. should be maintained
if possible; everv degree of temperature higher than this will lower the guality
of the shrimp and shorten the storage time.

6. In all mcthods of holding, shrimp with the heads removed kept better
than those with the heads left on.

TABLE 9

Tovcawrss Scorrs—Hraps Owr
Maxanone scorr: 5.0

SEAWATER-HELD SEAWATER-HELD
Plus Plus
Plus Plus Plus 300 1000 Plus Plus

Days Un- S5ppm  10ppm 20ppm Un- Fram  Fram 10ppm  50ppm
Storage changed WaOCI NaOCT WNaOCI changed Kem Kem CaOCL CaOCl

Average holding temperature °F

30.8 302 309 332 31.8 318 318 320 320

2 4.8 1.8 1.6 4.8
5 4.0 4.6 14 4.2 . .
6 ‘ : : 4.6 . : 44 4.2
7 . 4.4 44 4.2
8 4.0 3.8 3.8 4.4 - .
10 4.0 . 4.0 3.2
il o . 3.6 3.8 38
12 4.2 4.0 4.4 44 . .
13 38 . 4.0 3.0
14 . : . . 38 34 38
15 4.2 3.8 4.0 4.0 . .
17 : - . . 3.0 . 3.2 3.8
18 ‘ 4.2 3.6 3.6
19 3.2 3.8 3.2 3.2 : .
20 3.8 , . 3.0 2.6
21 - . . 3.6 2.8 2.2
22 34 2.4 2.8 26 . ‘
24 30 . . 34 3.8
25 30 2.8 2.4
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