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INTRODUCTION

Recent awareness by the shellfish industry of ~V'b~o

consumption has prompted a re-examination of the depuration
process. Various methods of depuration exist and are currently
used vorldwide  Blogoslawski and Stewart, 1983!. One method that
is of interest because of its powerful ability to inactivate
microorganisms  Blogoslawski and Monasterio, 1982! and possibly
certain marine toxins  Blogoslawski and Stewart, 1977! is ozone.
Ozone is currently used in Europe as a method of depurating
shellfish  Fauvel, 1963!. For these reasons, it was of interest
to evaluate the antimicrobial effectiveness of ozone against V.
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c m ech'en is.

MATERIALS AND METHODS

approximately the same shell length  8-12 cm! were collected from
the Indian River shellfish relay lease and the intercoastal
waterway at Melborne, Florida. The clams were transferred to
coolers containing water from the collection sites. Upon arrival,
the specimens were then move to 210 liter holding tanks. The
holding tanks contained dechlorinated tap water prepared to the
same salinity as that of the collection sites. Clams were
maintained in the holding tanks for a period 1-2 weeks to allow for
adequate acclimatization to the laboratory environment. The clams

ChLCall
s. The clams were fed on alternate days until three

"1
added by slow drip infusion at a rate of 50 ml per minute.
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inoculation studies was prepared by streaking an isolated colony
on a fresh alkaline peptone agar plate and incubating for 18-24 hrs
at 37 C. Isolated colonies were inoculated into 1 liter of tryptic
soy broth  TSB! containing 2.54 NaCl and incubated for 10 hours at
37 C. The culture density was determined by MPN  S Meth s,
1985! .

Artificial infection was performed in 210 liter aquaria.
j

1
2.4 x 10 /ml vere mixed vith one liter of algal culture at a
density of 1 x 10/ml. Background levels of ~V' ~o in shellfish
were determined before inoculation. Immediately preceding
depuration experiments, samples were taken to determine the extent
of V~b~o uptake and to establish the precision of the uptake rate.

II.
shellfish meat! were used in each shellfish assay for V.

opened with an alcohol flamed oyster knife. The meat, including
the liquid inside the shell, was placed in a sterile Waring blender
jar. Samples were homogenized in an equal w/v of peptone water
containing 2.54 NaCl. The homogenate was serially diluted with
peptone water containing 2.54 NaCl and inoculated into 3 tube
replicates of alkaline peptone broth containing 2.54 NaCl to
determine the MPN.

G asswa e e a t'

Oxidant demand free glassware was used in the disinfection
experiments and in the quantification of residual oxidant levels'
The glassware was placed in a tank containing 20 liters of
artificial seawater which was subjected to ozonation for a period
of 1 hour. Glassware remained in the ozonated seawater for 24
hours, at which time it was removed and placed in a 103'C drying
oven. The glassware was covered with aluminum foil until needed.

uct' 0

Ozone gas was generated by corona discharge  Annox OPT
Portable Ozone Generator Model HFC-1000! supplied with medical
grade oxygen. Ozone gas flow was set at 1.2 liters per minute
controlled by a teflon flov meter. Ozone was bubbled into
artificial seawater via crystalline alumina gas diffusing stones.

Measurements were made by extracting five miLLiliters of a
test solution and adding them to a neutral potassium iodide  KI!
solution at room temperature. This was allowed to react for 30
minutes in the dark  Shechter, 1973!. At the end of this time the
absorbance of triiadide produced was measured using a 1 cm path
length at a wavelength of 352 nm. The remaining 500 ml portion of
the sample was titrated using the iodometric method number 408A
{Stan hods, 1985! for determining residual chlorine. The
method was modified for bromine residuals that are present in
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ozonated seawater. Values were expressed in parts per million
 ppm! of bromine residual. A standard curve was prepared relating
triiodide absorbance at 352 nm to oxidant concentration as measured
by the iodometric titration method.

t- ca e S stems

The experimental tank used in pilot-scale studies was of
wooden construction  see Figure 1!. All seams were sealed with
silicon, and the entire tank was painted with two coats of coal tar
epoxy paint. An epoxy paint was used to ensure a water tight
system and to resist oxidation from ozonated seawater. The tank
was divided into two identical but separate sections. The
dimensions of each section was 240 x 45 x 25 cm and held
approximately 300 liters of seawater. Each section was equipped
with a 1710 liter per hour  LPH! impeller type pump. Each section
was equipped with an in-line spiral wound cellulose 20 micrometer
pore size cartridge filter to remove particulate matter. Flow
rates were controlled by a PVC and stainless steel valve, and
measured with a 0-38 LPH float-type flow meter.

D' 'nfection Studie

Each disinfection experiment included of sampling at eight or
,more predetermined time periods. In some experiments sampling
times were varied to assess oxidant demand of the inoculum. Five
ml aliquots were withdrawn and placed into sterile 15 ml test tubes
containing 0. 1 ml of 104 Na<S>03 to destroy residual oxidant and
cease bactericidal effects. Concurrently, samples were removed for
residual oxidant determination.

The reaction vessel consisted of an oxidant demand free flask
containing a magnetic stirring bar and 500 ml of sterile artificial
seawater. The contents of each flask were subjected to 2 1/2

/1'K. ~ 1»'
at 5, 15, 30, 60, 120, 180 and 240 seconds for bacterial and
residual oxidant analyses.

De urat on Studies
Each experimental trial consisted of recirculating ozonated

or aerated seawater through the depuration system  Figure 1!. Each
section contained approximately 40 clams. Four specimens �00g or
greater of shellfish meat! were collected at timed intervals for
enumeration of ~v' Zjo organisms. The microbial levels in control
specimens allowed for an evaluation of any natural microbial die-
off. Samples of overlying seawater and shellfish meat were tested
for Vibrio organisms to distinguish between depuration and
disinfection. Oxidant levels were monitored throughout the trials
in the experimental section.

Depuration runs were comprised of five sampling periods at 0,
2, 6, 12, and 24 hours. At each sampling period four specimens of
M. campechiensis were collected. Seawater samples were also
collected to monitor changes in Vibrio levels using the MPN
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technique as previously described.

RESULTS

Inactivation of V. vulnificus, as seen in Table 1 was
performed in 500 ml of ozonated seawater at a salinity of 23 ppt,
pH 8.2, and a temperature of 19'C+1. The average initial bacterial
concentration was 1.9 x 10 cells/100 ml. After four minutes, 8.1
 >99.99%! logs of kill was observed. The initial oxidant
concentration was approximately 4.5 mg/L which fell to 3.24 mg/L.
The inactivation rate constant for the average of the three trials
is 0.45 s . No inactivation was observed in any of the three
control trials.

Table 1. The effects of ozone on the viability of V. vulnificus in seawater.

Treatment Length of Ozone Exposure  seconds!
3-5 15 30 60 120 180 240

Without Ozone 1.9x10 1.9x10 1.9xlO l.lxl0 I.lx10 l.lxl0 l.lx10

With Ozone 8.6xl0 6. 7x10 1.2x10 2.9x10 ~91 <34 ~15

% Reduction of
Y. ~v l i~f s 99.54 99.99 >99.99 +99.99 >99.99 >99.99 >99,99

All values are expressed as nmst probable number  ppp! of If. ~vulnlf Is s pet 100 mill I liters of seawater. Each
value represents a mean of at least three determination.

Salinity of the seawater water 23 ppt 6 19oC, pH 8.2, with an oxidant concentration of between 4.50 and 3,24
mg/liter, No oxidant was recorded for control.

The pilot-scale studies were conducted in approximately 300
liters of recirculated seawater at a flow rate of 8 liters/min.

n
numbers in the overlying seawater and in artificially inoculated

During a representative depuration trial, the initial oxidant
concentration was 3.1 mg/L. The ozone generator was activated
periodically during the experiment, with the lowest oxidant
concentration reaching Oa6 mg/L. Low numbers of bacteria were
initially recovered in seawater, in the experimental section.
After 12 hours bacterial titers increased to 240 cells/100 ml. At
this time it was noted that clams were pumping. The bacterial
titers subsequently decreased over the next 12 hours to 9 cells/100
ml. The number of bacteria in the control section remained. fairly
constant at an average of 171 cells/100 ml  see Table 2!.
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Table 2. Depuration of V.
h'

Depuration Time  hours!
2 6 12

Treatment

1.2x10 2.3x10 1.2xlO 2.2xl0 5.5xlO

1.2x10 1.8x10 2.3xlO 8.4xl0 2.4x10

Without Ozone

With Ozone

%Reduction of
80.8 93.0 99.80. 00 85. 0

Values presented represent on representative trial. V. vulnificus
recovered from clam meat are expressed of CFU per gram of meat.

Salinity of the seawater was 23 ppt 9 19'C, pH 8.2, with an oxidant
concentration of between 3.1 and 0.6 mg/liter. No oxidant was
recorded for the control.

V. vulnificus numbers in clam meat for both the experimental
and control were similar for the first 12 hours, with each
experiencing approximately 1.0 log unit of inactivation. After 24
hours, ozone treated clams showed a 2.7 log unit decrease in
bacterial titers. The control section showed an increase in
recovered bacteria and had a final reduction of 0.3 log units.

DESCUSSXON

Blogoslawski ~ ~. �979! reported that in depuration
experiments with the softshell clam, pumping activity was severely
reduced, or in some cases halted by oxidant concentrations in
excess of 4.5 mg/L. Therefore, it was necessary to establish the
rates of oxidant formation and dissipation to ensure a bactericidal
environment that is conducive to pumping. From this work and other
data obtained in previous experiments, the time of ozonation for
all subsecpxent experiments were set as not to exceed these levels.

Chick �912! reported that disinfection experiments where
oxidant  or other bactericidal agent! was unlimited, the reaction
proceeded in much the same way a first-order chemical reaction
takes place. The inactivated bacterium is analogous to the
compound being formed and the disinfectant, which in most cases is
in great excess compared with the inoculum, remains unchanged.
Under such conditions, the disinfection rate can be expressed as
the inactivation rate and is independent of the initial inoculum
titer, but is proportional to the oxidant concentration. When
survival is plotted on a log scale versus time and produces a
straight line plot, first-order kinetics are being followed. The
reaction is then referred to as pseudo first-order. Table 2, the
inactivation of V. vulnificus, appears to follow pseudo first-order
kinetics.
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Blogoslawski ~ ~. �976! reported that bromine in ozonated
seawater is in fact the source of the disinfectant. A similar
experiment using bromine to generate oxidant in seawater was
performed.

The success of depuration depends on the abiLity to maintain
an oxidant residual and pumping shellfish. In each of the
depuration trials, the time of pumping coincided with the major
reduction in bacterium recovered in shellfish meats. Table 2
illustrates a depuration trial with artificially infected
e i
experiment. At that time the oxidant demand increased as indicated
by the decrease in measured concentration from approximately 3.0

/ .
overlying water in the experimental section in the time period when
pumping began. In the first 12 hours the experimental section had
only a 0.5 log unit difference in bacteria recovered in clam meat
as opposed to the control section. In the second 12 hours after
pumping was initiated, the difference in bacteria recovered in clam
meat increased to 2.5 log units.

In summary the process of ozone assisted depuration proved
~ ' l ' IJllt!BI
Further experimentation is needed dealing with the effectiveness
and economics of ozone depuration in a commercial setting.
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USE OF FOUR AGAR MEDIA FOR EARLY DETECTION OF PROLIFIC
HISTAMINE PRODUCING BACTERIA IN TUNA SAMPLES
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INTRODUCTION

Scombroid poisoning is caused &om the consumptioa of scombroid fish
containing substantial amounts of histamine in the muscle tissue  Arnold and
Brown, 1978; Behling and Taylor, 1982!. Histamine is produced by microbial
decarboxylatioa of the free histidiae ia the fish tissue due to improper handling or
storage of the fish  Arnold and Brown, 1978; Eitenmiller et al., 1981!. Klebsiella
pneumoniae  Kawabata et al., 1956; Sakabe, 1973!, Proter moryanii  Taylor et al.,
1979! and Hajhia alvei  Havelka, 1967! have been implicated as causative
microorganisms in the formation of toxicologically significant levels of histamine in
fish.

Histamine quaatificatioa is usually performed to confirm the etiological role
of the fish samples that have been consumed and suspected to be responsible for
scombroid poisoning. Limited effort has been made to develop an agar medium that
caa be used to detect and quantify histamine producing bacteria on scombroid fish.
Moeller �954! used a pH � based differential medium to examine the distribution of
amino acid decarboxylase activity ia the Snterobecteriaceae. Niven et al. �981!
modified Moeller's medium and developed a differeatial agar medium for
quantitative and detection of histamine producing bacteria. In both cases,
differentiation is based on the color change of bromocresol purple due to pH shift,
Because a 36 � 72 hr incubatioa period is needed using the pour plate method
 Niven et al., 1981!, Niven's medium is impractical for commercial screening
applicatioas of suspect scombroid fish samples before they are served in restaurants.
The development of a fast assay system to detect suspect fish sainples is therefore
needed.

Several factors such as incubation temperature  Eitenmiller et al., 1981!,
medium pH  Ienistea, 1971; Koessler et al. 1928!, and the concentrations of histidine
and carbohydrates  Aado, 1960; Arnold and Brown, 1978; Edmunds and
Eitenmiller, 1975; Ferenick, 1970!, are kaowa to affect bacterial growth aad the
activity of histidine decarboxylase, the enzyme involved in the conversion of
hlstidine to histamine. In the present study, we compared Niven's medium to three
other media that contained different amounts of histidiae and glucose to determine
their effectiveness in detecting histamine producing bacteria in tuna samples.



MATERIALS AND METHODS

Five histamine producing strains, Elebsiella pneumoniae 111M and T2,
Proteus moryanii 110SC-2 and JM, and Haj'cia alexei T8, were provided by Dr. S. L.
Taylor  Department of Food Science aad Technology, University of Nebraska,
Lincoln, NEg. The cultures were maintained oa trypticase soy � histidine �%! agar
slants aad stored at refrigeration temperatures.

Trypticase soy broth-histidine medium  TSBH!  Taylor et al., 1979! was
used as a preinoculum broth for bacterial activation. The Gaal pH of this medium

was adjusted to 6.8 before autoclaviag for 15 mia at 121 C. Tuna fish infusion
broth  TFIB! was prepared followiag the methods of Taylor et al. �979!. The
compositions of Niven's medium  ¹vea et al,, 1981! and the three modifiied
differential media are shown in Table 1. The media were autoclaved for 10 min at

121 C.

B al c loa color chan es aad size measurement

The activated cultures of the five strains in TSBH were individually streaked

onto the four differential agar plates and incubated at 35 C. At 6, 12, 18, 24 and 48
hr, the culture plates were exarmaed for any color change of the bacterial colonies.
A purple-blue color appeariag ia the vicinity of the colonies was considered a
positive reaction for media A and B, while a red zone around the colonies was
considered positive for media C aad D,

The Gve activated cultures were also serially diluted with Butterfield's
phosphate buffer and surface inoculated onto the four agar media. The size of 100
individual colonies was measured for each bacterial strain on each agax medium
after 6, 12, 18, 24 aad 48 hr.

ve f histamine � roducin bacteria fr m n sam le resum tive test

Tuna samples obtained from a local retail seafood store were divided into two
groups aad stored ia 18 oz sterile whirl-pak bags. The tuna saxnples were cut in
rectangular shapes each weighing about 200 g. One group was abused at room

temperature for 2 days while the other was stored at 4 C for 2 days before being

spiked with 1 mL TSBH culture coataiaiag about 10 mixed bacterial cells. The8

bacterial mixture was prepared by adding 0,2 mL of each of the five activated

cultures into a sterile test tube and the bacterial number adjusted to 10 cells/mL8

with buffer.
A 50 g tuna sample was homogenized with 450 mL of Butterfield's phosphate

buffer, seriaHy diluted aad plated onto the four differential agar plates. Based on

the color change surrounding the colonies after incubation at 35 C for 24 br, about
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100 presumptive positive and negative colonies were randomly isolated from each
agar medium. These were then inoculated into TSBH and incubated at 37 C for 24
hr, then re � streaked onto nutrient agar plates to ensure the purity of the cultures.
Pure cultures were maintained on trypticase soy � histidine agar slants.

Aliquots �.5 mL! of the presumptive positive and negative bacterial isolates,
after cultivation overnight in TSBH, were transferred into 5 mL TFIB and

incubated at 35 C for 24 hr in a waterbath shaker �00 rpm!. After 6% perchloric
acid  PCA! was added to stop the reaction, histamine was extracted, and the
quantity measured by high performance liquid chromatography  HPLC!.

Bacterial isolates that produced histamine equal to or greater than 0.1
pmol/mL TFIB were considered confirmed histamine producers. Thus, the numbers
of true histamine producers, false producers, true non � producers and false
non � producers could be determined. The recovery rates of the differential agar
media in detecting histamine production were expressed as the ratio of the total
positive producers and non-producers to the total isolates obtained from the
differential agar plate.

Hist ne antitation

The modified ion-moderated partition HPLC method  Gill and Thompson,
1984! using an HP 1090 liquid chromatograph  Hewlett Packard! equipped with an
HP 85B personal computer, an HP 9121 multichannel integrator and an HP thinkjet
printer was applied. The Aminex HPX � 72S organic base analysis column  BioRad!
with a guard colummn was used. Typical chromatographic conditions were: Qow
rate, 0.4 � 0.7 mL/min; oven temperature, 50 C; peakwidth, 0.05 nm; chartspeed, 0.3
cm/min; wavelength, 210 nm; and injection volume, 20 pL, The mobile phase was
5% acetonitrile in 0.25 M ammonium sulfate. Histamine standard solutions �, 2, 4,
8 and 10 mg%! were prepared from the stock solution �00 mg%! by diluting with
6% PCA-30% KOH solution  pH 7!.

The PCA extracts of the TFIB were brought to either 10 or 25 mL with 6%
PCA followed by adjustment to pH 7.0 with a. 30% KOH solution for HPLC
analysis. Final histamine concentrations were calculated according to the formula:

Cl ~  Vl + V2! � : Vl ~ 10 � : 0.936

C2�

where Cl was the concentration of histamine derived from the standard curve
 mg/mL!; C2 was the final concentration of histamine  nmole/mL!; Vl was the
volume of PCA extract neutralized  mL!; V2 was the volume of 30% KOH added;
0.93 was the extraction recovery rate and Mw is the molecular weight of histamine
�11.55!. Each sample was analyzed in duplicate by HPLC.

44



Table 1. Composition of the four histidine decarboxylase assay agar media  %!

Medium DMedium B Medium C

G.5

0.5
0,5

0.5
0.5

0.5
0.5

0.5

1

0.5
0.1

2,7

0.5
0.1

0.006

5.3
2

0.0018
6.0
2

All chemicals used were analytical reagent grade.
b Medium A is Niven's differential agar medium  ¹ven et al,, 198].!.

Table 2, Time � related colony color change of histamine producing bacteria grown on
four test media

Medium C/Medium DMedia.m A Medium B

18 24 48hr18 24 48hr 12 18 24 48hr

+ +

+ +

+ + +

+ + + + +

+ +

+ + + + +

Colonies with a deep � blue purple color on agar media A and B, and those with bright red
color on media C and D are considered as positive histamine producers.

Bacto-tryptone
yeast extract
L � histidine
monohydrochlo ride

NaCl
CaCO,

ucose

romocresol purple
phenol red
pH
Bacto-agar

K. pneumoniae
111-5

K pneumoniae

2
P. rnorganii

110SC � 2
P. moryanii

JM
H, deci

8

1

0.5
0.1

0.05
G,GG6

5.3
2

1

0.5
0.1

0.05

0.0018
6.0
2



RESULTS AND DISCUSSION

The time � related color changes of the colonies on the four media are shown
ia Table 2. The two K pmeurnoniae and two P. morganii strains showed deep � blue
to purple colonies following incubation for 24 or 18 hr oa medium A or B,
respectively. Hafnia failed to show a positive color change on medium A at 48 hr.
However, they showed the color change on medium B at this time.

The five test strains showed similar results for timmrelated color change on
medium. C or D  Table 2!. Only K. pmeumoniae T2 and P. moryanii JM showed
positive results at 24 hr. K. yneemomiae lllM aad Hafeia showed a, positive
reaction after 48 hr, while P. morganii 110SC-2 was the only one which failed to
show any color change at 48 hr.

All the Gve histamine producers had a size range of 1.5 to 2.5 mm after 24 hr
of incubation on the four agar media. By 48 hr, the colony size increased to 3.5 � 5.5
mm  data aot shown! and the colonies began to coalesce; this often interfered with
colony counting and thus the accurate enumeration of the total colony numbers.
Therefore, a 24 hr incubation time was selected for identifying prolific histamine
producers in this study, even though Hafnia did not show any positive color change
oa the four media at this time.

The results of the study to determine the ef6cieacy of the four agar media in
detecting prolific histamine producers isolated f'rom temperature � abused tuna
samples indicate that medium A is the best among the four  recovery rate 95,8%,
Table 3!. The recovery rates range from 64 to 71% for media B, C and D. High
false-positive results are detected with these media. Similar results are found in
bacteriampiked tuna samples  Table 4!, A 93.9% recovery rate is obtained for
medium A, while 83.7%, 68.7% and 77.6% recovery rates for media B, C and D,
respectively, High false � positive results are again found for media B, C aad D, and
high false-negative results for media C aad D,

Thus, Nivea's differential agar  medium A! was more effective than the other
three media for early detection of prolific histamine producing bacteria from
temperature-abused aad bacteriampiked tuna samples. By using the surface spread

technique aad an incubatioa temperature of 35 C, the time required to recognize
histamine producers was reduced to 24 hr. Although Hajjis, a weak histamine
producer  Behling and Taylor, 1982!, failed to show positive results at 24 hr on this
medium, the strong producers including K. pneumoniae and P. moryamii strains
 Lerke et al., 1978, Taylor et al., 1978 aad 1979! were effectively detected. The
slow growth and histamine production by HaPua in liquid medium  Wei et al.,
1988! could account for its low detectability on medium A after 24 hr.

Niven et al. �981! suggested that the low pH of medium A could result in
the exclusion of some histamine producers. Bacterial counts determined on this
medium were found to be approximately oae order of magnitude lower than on plate
count agar  Niven et al., 1981!. The preseat study demonstrating the delayed
growth of H. alvei T8 on agar medium A supports their fiadings. Therefore, it is
possible that some histidine decarboxylase � containiag bacteria did not grow well
enough to produce histamine at the low pH.

False-positive results still occur with medium A because initial
differentiation is based solely on the color change of bromocresol purple. High
false � positive results were obtained with the other three media. The use of tryptone
as a nitrogen source by bacteria to produce alkaline metabolites in these media
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Table 3. KKciency of the four differential test media in detecting histamine producing
bacteria from temperature � abused tuna

Medium TI P +! P  � ! C +! C  � ! F +! F  � !g Accuracy

95.8%
71.1%
64.2%
65.3%

A B C D96 61
97 73
81 47

95 58

25
17
21

4 3
12

12

60
48
30
37

31
21
22

25

35
24
34

37

47

Total bacterial isolates obtained from abused tuna samples on each agar medium.
b Number of presumptive positive colonies based on colony color change.
cNumber of presumptive negative colonies.
dNumber of confirmed positive colonies that produced histamine in TFIB. Histamine

production +as determined by HPLC.

Number of confirmed negative colonies that failed to produce histamine.
f Number of false positive colonies as determined by HPLC analysis of histamine produced

in TFIB.

gNumber of false negative colonies.
h
The recovery rate was calculated by dividing the total confirmed positive and negative

colonies to the total bacterial isolates.



Table 4. Efficiency of the four differential agar media in detecting histamine producing
bacteria from bacteriampiked tuna

Medium TI P +! P  � ! C +! C  � ! F +! F  � !g Accuracy

93.9%
83.7%
68,7%
77.6%

4
15

21
12

A B C
D

31
36

33
34

33
37

43
44

2 1
10
12

62
46
35
42

99 66

98 61
99 56
98 54

48

Total bacterial isolates obtained from abused tuna samples on each agar medium.
b Number of presumptive positive colonies based on colony color change.
cNumber of presumptive negative colonies.
dNumber of confirmed positive colonies that produced histamine in TFIB. Histamine

production was determined by HPLC.
eNumber of conGrmed negative colonies that failed to produce histamine.
f Number of false positive colonies as determined by HPLC analysis of histamine produced

in TFIB.

gNumber of false negative colonies.
The recovery rate was calculated by dividing the total confirmed positive and negative

colonies to the total bacterial isolates.



might have contributed to these results. The false-negative results found in agar
media C and D were probably associated with the relatively short incubation time
�4 hr! used,

Histidine concentration ia the medium can affect bacterial conversion of
histidine to histamine. Histidine could act either as a substrate or an inducer of
histidine decarboxylase. Ferencik �970! suggested that a minimum histidine
concentration of 100 � 200 mg% was required for histidine decarboxylase activity. In
the present study, two histidine levels of 1 and 2.7%  equivalent to 752.8 and 2032.5
mg'Fo! were used. The 2.7% level appeared to be distinctly superior for the
conversion of histidine to histamine.

CONCLUSION

The results indicated that Niven's medium  medium A! was superior to the
other three test media for early detection. of proliGc histamine-producing bacteria
including K pneumoniae and P. morganii strains from bacteriampiked and
temperature � abused tuna samples. However, this medium is not satisfactory for
the detection of F. ateH with a 24 hr incubation period. Since the
supplementation of glucose may enhance histidine conversion in a culture medium,
further studies are needed to investigate their effects on bacterial enzyme activity of
these slow histamine � producers.
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The popularity of seafoods has sharply increased the demand for a
fresh quality product in the past few years. Catfish, especially
ccuaerclallp cultured chauuel catfish llctalurus puuctetue!, is rapfdlp
becoming a desirable seafood commodity as the catfish industry expands
its markets. With the development of aquaculture methods, catfish
production has increased by a factor of 10 fram 22 million pounds �0
million Kg! in 1977 to a pro!ected 250 million pounds �14 million kg!
in 1987  Rice, 1987!. As the catfish industry becomes more competitive
with other established seafood industries, inexpensive alternative
processing methods to prolong shelf-life compared with expensive frozen
storage will be needed. Two alternatives, modified atmosphere packa-
ging  MAP! and irradiation, singly or together may be the economical
methods needed.

Modified atmosphere packaging, packaging of a perishable product
in an artificially altered atmosphere, may retard spoilage. Pioneer
researchers such as Killeffer �930! reported that meat and fish stared
in 100K CO2 kept fresh up to three times longer than air-stored
controls, and Coyne �933! reported an optimal inhibition of spoilage
microorganism growth with 40-60X C02.

Early irradiation research used sterilizing doses, which resulted
in poor sensorial quality. More recently, research emphasis has shifted
towards low dose irradiation with refrigerated storage  Niven, 1958;
Nickerson et al., 1983!. Haddock irradiated with 0.6 to 0.7 Mrad could
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be stored up to 6 veeks at refrigeration temperatures  Nickerson et al.
1954!, and the shelf-life of cod irradiated with G.46 Mrad vas tripled
 Miyauchi 1960!.

Use of modified atmosphere packaging after lov dose irradiation
extended the shelf-life of haddock fillets  vacuum-packed, 150 Mrad;
Conners and Steinberg, 1966! and cod fi.llets �0X C02, 100 krad;
Licciardello et alas 1984! more than either process did alone. This
study vas to determine the effects of low dose irradiation and elevated
CO2 packaging on shelf-life extension.

MATERIALS AND METHODS

Pre aration and Processi of Sam les

Skinned, freshlv processed catfish fillets, obtained from a local
catfish processor vere divided into approximately 50 g portions, placed
in 12.7 X 17.8 cm polyethylene bags, and packaged using the Multivac
Vacuum sealer  Model A300/22!. Tescom proportional gas mixer  Model
299-027! vas used to obtain 100X air, 100X CO2, and 80X:20X CO2:air
mixtures. The fillets were then irradiated using a Co-60 radioactive
source emitting approximately 4.2 krad per min at dosages of 0, 50, and
100 krad. The samples vere stored on ice at approximately GoC. Six
replicated samples of each treatment were analyzed at 0, 10, 20, and 30
days.

Microbiolo ical Anal sis
Sacterial analyses follomed procedures recommended in the C~om en-

dium of Methods for the Microbiolo ical Examination of Foods  Speck,
1984!. A 50 g sample was veighed into a blender par, 450 ml of 0.1X
peptone water was added to make a I:IG dilution, and blended for 2 min.
Aerobic plate counts were determined by serial dilutions in peptone
water blanks from I:10 to I:106. The pour plate method with Tryptone
Glucose Extract  TGE! agar was used. Inverted plates were incubated at
35oC for 48+ 2 hr. Psychrotrophic plate counts used TGE agar for the
same dilutions. The incubation temperature used here was 20oC for 4
days  ICMSPp 1986!. Anaerobic plate counts used plates with a double
pouring of Liver Veal agar incubated with inocula from the same serial
dilutions. Inverted plates vere incubated anaerobically at 35oC for
48+ 2 hr in a Gaspak system.

Color characteristics of the catfish fillets were determined with
the HunterLab Color Difference Meter, Model D-25M, equipped vith a
single processor  Model D-25-0! and an optical sensor  Model D-25!.
Samples, placed in a petri dish, were rotated 120o three times. These
three readings vere averaged with the readings from the center of the
plate. Three values were determined: "L" or lightness value, "a"
values  red +, green -!, and "b" values  yellow +, blue -!.
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2-Thiobarbituric Acid

The distillation method of Sinnhuber and Yu �958! as modified by
Tarladgis et al. �960! was used with triplicate 10 g samples.
Absorbance was read at 532 nm using a Gilford Response UV-VIS Spectro-
photometer. The TBA number was calculated as mg of malonaldehyde per
kg of sample. A standard curve was prepared using TKP reagent
�,1,3,3-tetraethoxvpropane! for each replication.

Statistical Desi n

Analysis of data utilized a randomized complete block design
 RCBD! with a 3X3 factorial split plot with a subunit of storage. The
main pLot was irradiation and packaging atmosphere. The split plot was
used in order to increase the scope of the experiment and gain greater
precision for comparisons  Steel and Torrie, 1980!. Analysis of
variance used Statistical Analysis System  SAS, Cary, NC! program
including the Duncan's Multiple Range test for comparison of the means.

RESULTS AtlD DISCUSSIlMf

Catfish packaged in modified atmospheres combined with irradiation
were sub!ected to microbiological, physical  color!, and chemical  TBA!
tests during a '30 day storage period to determine the shelf-life of an
acceptable product.

Total plate counts, psychrotrophic plate counts, and anaerobic
plate counts were used to evaluate the flora that can survive and
propagate during processing and storage treatments. In the subsequent
discussions, the modified atmosphere treatment consisting of 80X C02
and 20X air, shall be referred to as the "mixture". Acceptable bac-
terial levels, using the total aerobic plate count, range between 106
and 107 organisms per gram  Andrews et al., 1977!.

In contrast with findings of other researchers  Banks et al.,
1980; Parkin et al., 1981; Mokhele et ai., 1983; Wang and Ogrydziak,
1986!, who reported that C02 atmospheres in packages helped maintain
lower bacterial counts, the non-irradiated catfish fi.llets at each time
period had similar aerobic, anaerobic, and psychrotrophic plate counts
regardless of the atmosphere used for packaging  P>0.05; Table 1!.
Furthermore, regardless of the atmosphere used for packaging, catfish
irradiated with 50 krad or 100 krad doses showed no significant
difference  P>0.05! in anaerobic plate counts nor, was there a sig-
nificant difference in aerobic or psychrotrophic counts between those
packaged in 100X air and those in lOOX C02. However, significant
difference  Pc0.05! was observed between microbial counts of catfish
packaged in 100X air and those in the "mixture", even though no
significant differences were observed between catfish packaged in 100X
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mean microbial counts>.and treatment onTable l. Effect of storage
Atm.

 XCO2!
Irrad.

 krad!

APC

x 103
Storage
 da s!

AnPC

x 103
PPC

x 103

50

100

10

50

100

20

100

30

50

100

Mean values are of triplicate samples of duplicate experiments for
each test procedure. Mean values with the same letter within each
column are not significantly different at alpha 0.05, as tested by the
Duncan Multiple Range test  a-c indicate no significant differences
over time, d-g indicate no significant differences between treatments!.
2The balance of the atmosphere is compressed air.
3Aerobic plate count.
4Anaerobic plate count.
5Psychrotrophic plate count.
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C02 and those in the "mixture". The effectiveness of the "mixture"
atmosphere was first reported by Coyne �933!, who reported that 40-60X
C02 atmospheres were superior to 100X CO2 in inhibiting microbiaL
growths

Catfish packaged in the "mixture" maintained the initial microbial
Load at der 10, but the aerobic plate count significantly  Pc.0.05!
increased by day 20 and again by day 30. The samples were still within
the acceptable limits  Andrews, et al., 1977! at day 10. However,
differences were seen in anaerobic and psychrotrophic plate counts for
the entire 30 days. The "mixture" atmosphere maintained low aerobic
plate counts during the initial 10 days of storage, which agreed with
findings of Richter and Banwart �983!, who reported a Iag phase in
bacterial growth of 7 days for 80X C02-packaged sea trout fillets. The
100X C02-packaged fish showed significant growth of aerobic, anaerobic,
and psychrotrophic organisms throughout the storage period. Thus, the
combination of irradiation and the "mixture" maintained lower aerobic

and psychrotrophic counts.

The dose of radiation affected the microbial load independent of
the atmospheric composition effect of packaged catfish. Samples
treated with 100 krad had lower bacterial counts than those treated

with 50 krad, which were significantly  ~0.05! Lower than the non-
irradiated sample counts. These findings agree with other studies
using low levels of gamma irradiation  Macl.ean and Velander, 1960;
Emerson et al., 1966; Angel et al., 1986! . Non-irradiated control
samples packaged in air were unacceptable by day 10  Andrews et al.,
1977! and significantly deteriorated even further at days 20 and 30.

Aerobic bacteriaL counts increased significantly  Pc.0.05! from 0
to 10 to 20 to 30 days in the non-irradiated control catfish samples,
while the anaerobic and psychrotrophic counts increased during the
first 20 days, but did not significantly  P�.05! increase from day 20
to 30. An extended lag phase and an overall reduced growth rate for
psychrotrophic organisms, reported by Gray et al. �983!, was not
evident.

For the 50 krad irradiated catfish, the aerobic plate count did
not increase  P00.05! during the first 10 days, but increased sig-
nificantly  P<0.05! after 10 days. The anaerobic and psychrotrophic
counts increased significantly  Pc0.05! over the entire storage period.

The aerobic and anaerobic counts for the 100 krad irradiated

samples were not significantly  W0.05! different from day 0 to 10, but
increased significantLy  P<0.05! after day IO. Psychrotrophs sig-
nificantly increased  P<0.05! throughout the storage period. The
combination of the "mixture" and 100 krad of irradiation was effective

55



in restricting growth of aerobic bacteria for at least 10 days, but not
psychrotrophic organisms. However, it should be noted that low dose
irradiation of catfish, both the 50 and 100 krad doses, maintained the
bacterial counts below the guidelines for unacceptability  Andrews et
al., 1977! at day 20.

Color
As fish undergo deteriorative changes during spoilage, flesh color

may darken due to browning or may bleach or change color due to
breakdown of pigments. Preservation treatments may affect the color of
fish flesh as well. Thus, color analysis gives an indication of
quality and affects consumer acceptance of the product. In general,
lightness or Hunter "L" values were not significantly different
 P> 0.05! for all combinations of treatments, nor did they vary sig-
nificantly with respect to time. However, in the 50 krad-irradiated
samples, the 100X C02-treated samples had a significantly higher
 P�.05! "L" value than had the 80:20-treated sample. The only
significant change in "L" values over time was the decrease observed
between day 20 and day 30 in the 100 krad treated fish and in the
"mixture" treated fish. This may be due to a slight bleaching effect
of the elevated C02 in the "mixture", as was first noted by Coyne
�933!, who found that 100X C02 packaged haddock were noticeably
bleached compared to 50X CG2 packaged fish.

The Hunter "a" values  red/green! were significantly lower
 Pc0.05!  less red/more green! in non-irradiated samples packaged in
air than those in C02  Table 2!. The 50 and 100 krad treated samples
in various atmospheres showed no significant  P~.O5! variation in "a"
values. The "a" values for air treated samples increased significantly
 PC0.05! as irradiation dose increased from 0 to 100 krad,  Table 2!.

In the "mixture" and the 100X CO2 stored samples, no significant
differences  &0.05! were noted between 0 and 50 krad treated samples,
although the non-irradiated samples had significantly lower  P4'.0.05!
"a" values than 100 krad-treated samples. The 50 krad treated fillets
also had a lower  Pp0.05! "a" value than the 100 krad treated samples.
Thus, the 100 krad radiation treatment prevented a greening or browning
effect. Although high levels af COZ may promote a color change in more
highlv pigmented fishes from red to brown due to the oxidation of
oxymyoglobin to methemoglobin  Coyne, 1933; Brown et al., 1980!, this
did not occur.

The Hunter "b values measure the spectrum from yellow to blue.
Table 2 shows the changes in "b" values due to atmosphere. No sig-
nificant differences  +0.05! were seen between the various atmospheres
for non-irradiated fish. In the 50 krad and 100 krad treated samples,
there were no significant differences  P70.05! between IOOX CG2 and
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100X air-packaged samples, but the fish packaged in the "mixture"
atmosphere had significantly higher  PC0,05! "b" values  more yellow/-
less blue! than the others. However, the dose of radiation had no
significant effect on the "b" value of color for samples packaged in
any of the atmospheres'

Table 2. Effect of storage and treatment on mean color and
2-thiobarbituric acid values in catfish samplesl.

Modified Atmosphere
100X air CO2/air  80:20! 100X C02

Irradiation

Dose  krad!
Ind ice

Hunter L

Hunter a

Hunter b

TBA2

1Mean values are of triplicate samples of duplicate experiments for
each test procedure. Mean values with the same letter are not sig-
nificantly different at alpha 0.05, as tested by the Duncan Multiple
Range test:. Superscripts a and b used samples pooled for storage
period and irradiation treatment, and superscripts c, d, and e used
samples pooled for storage period and modified atmosphere treatment.

2TBRS is defined as thiabarbituric reactive substance.

2-Thiobarbituric Acid
In non-irradiated, 50 krad and 100 krad samples, no significant

differences in TBA values were noted between the various atmospheres.
This corresponds with findings of Brown et al. �980!, who found no
effect on TBA values with modified atmosphere packaged rockfish and
salmon and with results of Parkin and Brown �983! in Dungeness crab.
Thus, the presence of CO2 seems to have little effect on rancidity in
catfish fillets.

Both the air and the "mixture" atmosphere packaged samples showed
no significant differences  P70.05! between the non-irradiated and the
50 krad-irradiated samples, as shown in Table 2. A significantly lower
TBA value was seen for the non-irradiated samples than for the 100 krad
dosed samples in both atmospheres; 50 krad treated samples were also
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significantly lower than the 100 krad samples. The increase in TBA
values with irradiation dose paralleled the increase in HunterLab"a"
value, showing that lipid oxidation was indeed occurring.

In the LOOX C02 atmosphere, the non-irradiated samples had a
signifi.cantly lower  PC0.05! TBA value than did the irradiated samples
Table 2!. Therefore, higher doses of radiation indicate higher
incidence of lipid oxidation occurring in fish. This could be at-
tributed to the formation of free radicals by the passage of the gamma
rays through the food. Picinni et al. �986! found significantly
higher TBA values in tuna and hake irradiated with 220 krad than non-
irradiated control fish. Similar findings in tuna Loins were also
reported by Quaranta,et al. �984!.

Changes in TBA values during storage did not correlate with
changes in treatment. This may be attributed to the low TBA values
found in all fish samples compared with the values commonly reported in
red meats. There was a trend of increasing TBA values with increasing
doses of radiation; this may also relate to the increase in Hunter "a"
values as radiation dose increased.

SUINIARY

The optimum treatment for extension of shelf-life while maintain-
ing a good quality product would be the combination of the 80:20
C02/air with 100 krad of radiation. With this combination of treat-
ments, low aerobic and psychrotrophic counts were maintained, and
shelf-life was stable for 20 days. The radiation treatments had a more
pronounced effect on sample preservation and shelf-life extension than
did the alteration of the atmosphere itself. Since the average shelf-
life for catfish is approximately 5 to 7 days, the extension of shelf-
life by 13 days ~ould be extremely desirable and would offset the
increased cost due to the treatments.
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EFFECTS OF ONBOARD HANDLING METHODS
ON THE QUALITY OF GUI F BUTTERFISH

Malcolm B. Hale, Michael L. Jahncke, and Janet A. Gooch
National Marine Fisheries Service

P.O. Box 12607

Charleston, SC 29412

INTRODUCTION

Butterfish  ~Pe rilus triaoanthus! have been popular food fi sh in
New England and the middle Atlantic states for many years. However, the
Gulf butterfish  P. burti! has been a truly latent resource until recent
years. Cooperative cruises with Japan in the north central Gulf of
Mexico 1n the fall of 1984 and the spr1ng of 1985 demonstrated that com-
mercial catches of Gulf butterfish could be made. Additional butterfish
resource surveys have beeh made by National Marine Fisheries Service
 NMFS! scientists aboard the Nat1onal Oceanic and Atmospheric
Adm1nistrat1on  NOAA! research vessels Oregon II and Chapman, and by
marine scientists from Gulf coastal states aboard the RV Toady Munro of
the Gulf Coast Research Laboratory. The maximum susta1nable yield  MSY!
has been estimated to be 47,000 metric tons for Guff butterfish, more
than four times the annua'I harvest of Atlantic butterf1sh  Anonymous,
1986!.

The conmercial harvest of Gulf butterfish was initiated in May 1986
by five New England butterfish trawlers and three converted Gulf shrimp
boats  Fee, 1986!. In less than three years, Gulf butterfish have
developed into a multi-m11]ion dollar industry. Most of the catch 1s
being frozen onboard the New England trawlers for export to Japan. The
development of domestic markets is desirable, and growth of the fishery
has resulted in questions about onboard handling and holding methods.

MATERIALS AND METHODS

Samples of Gulf butterfish were collected and onboard tests were
made during a resource survey cruise af the NOAA research vessel Chapman
in Apr1l 1988. The Chapman is a 127-ft stern trawler with the capability
to operate high opening bottom trawls in deep water. The vessel was
mod1fied two years ago and now contains a plate freezer below decks on
the port side and a 500-gal insulated fiberglass refrigerated seawater
 RSW! storage tank on the starboard side.

The objectives of this study were to evaluate onboard storage of
butterfish on ice or in RSW, to evaluate brine freezing versus plate
freez1ng, and to bring back samples of Gulf butterfish and other latent
species for proximate and fatty acid analyses. Fish were collected from
a series of survey stations from 50 to 80 m1les off the Louisiana coast,
west of the Mississippi delta. Station coordinates and depths plus but-
teri'1sh average weights are listed 1n Table 1.
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Latitude
North

Long i tude
'Nest

Depth,
fm

Avg.
M~t. 55

Station

No. Date Use

28023' 89459 I

90 16'

1303/31 Canned62

28'9' 1274/4 Iced10

28'23'

28'15'

28 9'

28 I9'

28 11'

28'10'

90'14' 334/5

90'29' Proximates

Control I/

993814 4/5

90'30' 109574/5

90'44' 69 Prox1mates

Bri nel/

Proximates

304/826

90'46' 524/827

91'13' 1234/1035 52

/ Butterfish from stat1on 27 were brine frozen on-board. A plate-frozen
control from Stat1on 15 was coayared with the No. 27 fish and w1th fish that
were br1ne-frozen by the coesserciai shrimper, Captain B-4, 1n early May off
the Hississfppi coast.

Fish collected for onboard handling and storage studies were from
stations with significant catches of butterfish. Control samples were
frozen immediateiy in waxed cartons �0-lb nominal size! in the Oole1
plate freezer below deck on the Chapman. An Omega Model 650 electronic
digital thermometer with type K thermocouples was used to monitor
cooling and/or freezing rates in the different tests.

55t -555 tttt tt 5
a styrofoam cooler and covered with flaked ice. Thermocouples were
inserted into several individual fish. Liquid was drained and fresh ice
was added twice daily. One-half of the fish were removed after one day,
packed in a waxed carton, and plate frozen. The remaining iced fish
were plate frozen after 3 days. After they were frozen solid, the
boxes of fish were transferred to the ship's storage freezer at -20'C.

1The use of trade names does not imply endorsement by the National Marine
Fisheries Service, NOAA.
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Table 1. Stations from which Gulf butterfish samples were collected on cruise
no. 88-03 of the RV Chapman.



9 ' 9 " " ' 9
freshly caught butterfish, were suspended 1n the RSW tank, pre-chilled
and held at 30'F  -1'C!. One bag was removed after 2 days and the
second bag after 3 days of RSW storage. Butterfish samples were rinsed
with fresh water to remove rust that was present in the RSW, and then
boxed and plate frozen.

Br1ne Freezin - A brine/sugar solution was prepared to approximate the
mixture norma ly used for the freez1ng of shrimp onboard shr1mp boats in
the Gulf of Mexico. Approximately 1.6 lbs of salt and 0.2 lbs of sugar
were disso'lved in 10 lbs of water. Waxed cartons were half filled with
the brine and placed 1nto the plate freezer. After 3 hours the boxes,
containing slush ice at about -23'C, were removed. The fish were added
and agitated and the brine boxes were returned to the plate freezer for
a total brine freezing t1me of 30 minutes. The fish, at an internal
temperature of 28'F  -2'C!, were rinsed off and packed into a new box
which was held in the plate freezer for two hours before 1t was trans-
ferred to the storage freezer. A sample of butterfish brine-frozen on a
comnercial shrimp boat, the Captain B-4, was later obtained and compared
with our experimental sample and the plate-frozen control  Table 4!.

Trans ortation - The butterfish samples remained in the storage freezer
unt he hapman returned to home port at Pascagoula, NS. They were
then packed in insulated conta1ners with blocks of dry 1ce and shipped
to Charleston by overnight express service. They were stored again at
-20'C until they were evaluated. The br1ne-frozen sample was evaluated
6 weeks after harvest and processing. The iced and the RSW stored
samples were tested 7 weeks after they were co'!lected.

Sensor Evaluations - Experimental samples were thawed overnight in a
chilled room, filleted, skinned, and cooked to an internal temperature
of 70'C by a standard boil bag procedure 1n a water bath at 71'C. The
cooked, skinless f1llets were served in glass petri dishes to a trained
sensory panel. The panel evaluated sample characteristics on a form
composed of open 10 cm intensity scales. Color intens1ty, four textural
character1st1cs, f1ve flavor character1stics  as listed in Table 2!, and
relative overall quality were rated. Since only five trained panel mem-
bers were available, they evaluated each set of experimental samples an
two occasions.

Proximate Anal sis - Samptes of fillets with skin were homogen1zed in a
food processor and frozen for later analysis. Several whole samples
were also analyzed, in which case frozen chunks were passed through a
meat chopper prior to the food processor. Moisture, protein and ash
were analyzed by AOAC procedures  AOAC, 1985! and fat was analyzed by a
modificat1on of the Bligh and Dyer chloroform-methanol extract1on method
 Smith, et al., 1964!. Salt contents were also analyzed by the AOAC
method and thiobarbaturic acid  TBA! values, as a measure of l1pid oxida-
tion, were determined by the distillation method of Tarladgis et al.
�960!.



RESULTS AND DISCUSSION

I d St - The sensory results for the iced samples and plate frozen
11sted 1n Table 2. All sensory data are expressed as per-

cent of full scale on the open line, 10 cm intensity scale  mean and
standard deviation!. Results were analyzed by a SAS  Statistical
Analysis System, Inc., Cary, NC! one way analysis of var1ance. When the
F test was found to be sign1ficant, differences between treatment means
were determined using Tukey's studentized range test. No rancidity was
detected in any of the iced samples. There was a slight downward trend
in average intensity ratings for sweetness and buttery flavor during
3 days of 1ced storage. The plate frozen control was s1gnificantly

Table 2. Iced storage of Gulf butterf1sh, sensory rat1ngs  percent of full
scale!, mean and standard dev1at1on. Zero  none! to 100  extremely
intense!.

Control

Characteristic

Color

TTF1/

Relative Quality

1~ Total Intensity of Flavor

sweeter than the 3-day sample at the 0.05 level, but buttery flavor
ratings were not significantly different. The 3-day sample was lower
in overall quality than the control at the 10$ level, but not at. the 5%
level of' significance.
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Hardness

Flakiness

Moistness

Oily Mouth Coat

Saltiness

Sweetness

Rancidity

Buttery

47.6 + 17.5

41.7 + 13.9

49.0 + 15.3

44.0 + 10.4

12.6 + 8.9

4.4 + 5.1

15.9 + 11.9

0.0 + 0.0

13.8 + 9.6

41.9 + 12.8

56.7 + 13.9

52.4 + 11.2

45.1 w 14.3

48.8 + 15.3

43.4 + 11.4

14.0 + 9.5

3,5 + 3,9

10.4 + 9.2

0.0 + 0.0

11:3 + 9.6

41.5 + M.S

54.4 + 11./

50.7 + 11.0

51.2 + 10.1

47.7 + 16.8

39.0 + 12.0

14.6 + 11.9

4.3 + 5.2

9.3 + 6.9

0.0 + 0.0

8.9 + 5.9

45.6 + 11.4

43.5 + 12.0



RSW St - Sensory results for the RSW-stored samples are listed in
ifferences between the 2-day and 3-day stored samples were

not significant. There were, however, significant differences at the
0.05 level between the RSW-stored samples and the plate frozen control
in terms of sa'Itiness, total intensity of flavor  TIF!, and relative
overa11 quality.

The color of the cooked flesh of the RSW-stored samples was rated a
bit darker than the plate frozen control, and the difference between the
control and the 3-day sample was significant at the 10%. level. The
external color and appearance of the whole fish samples were not eva1-
uated, but no color washout or other appearance differences were
noticed.

Differences in TIF and quality may have been caused in part by the
excessive amount of rust in the RSW tank as a result of corrosion of the
chiller tubes. Rancidity may also have been affected, but the differ-
ences between samples were not statistically significant.

Table 3. Refrigerated seawater  RSW! storage of Gulf butterfish, sensory
ratings  percent of full scale!, mean and standard deviation. Zero
 none! to 100  extremely intense!.

Control
R~SW 2 da sCharacteristic

49.3 + 8.9Color

TTF»

Relative equality

I Total Intensity of Flavor
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Hardness

Flakiness

l4oistness

01ly Mouth Coat

Saltiness

Sweetness

Rancid1ty

Buttery

41.7 + 10.0

41.0 + 9.0

52.2 + 8.1

37.3 + 11.4

6.3 + 5.6

10.9 + 9.2

13.3 + 9.5

0.0 + 0.0

12.3 + 9.4

40.9 + 9.2

58.4 + 9.1

43.3 + 11.6

55.1 + 13.3

43.3 + 9.4

8.3 + 7.5

58.9 + 13.4

11.1 + 8.7

3.5 + 8.2

12.1 + 8.7

51.9 + 8.8

44.4 + 13.8

52.9 + 9.4

47.8 + 10.3

53.9 + 13.4

44.9 + 11.1

7.6 + 8.8

65.8 + 8.0

9.7 + 7.1

12.5 + 18.7

9.0 + 6.7

60.5 + 10.6

32.2 + 15.5



B 1 F i - Sensory results are presented in Table 4. Both brine-
p were salt1er than the plate frozen control at the 0.05

level of significance. The sample that was frozen on the commerc1al
shrimp boat was moderately rancid and was significantly different from
the other two samples in terms of ranc1dity. The boxes containing the
shr1mper's frozen butterf1sh were only partially filled and the f1sh may
have been exposed to more oxygen during storage, contributing to the
higher ranc1dity rating. These butterf1sh had a s1gnii'icantly stronger
flavor  TIF! and were lighter than the control at the 10% level. Again,
external color differences were not noticeable.

Table 4. Brine-frozen Gulf butterfish, sensory ratings  percent of full scale!,
mean and standard deviation. Zero  none} to 100  extremely intense!.

Brine-Frozen

Plate Frozen Calla manCharacteristic

Color

Hardness

Flakiness

Moistness

Oily Houth Coat

Saltiness

Sweetness

Rancidity

SUttefy

Rel at$ ve equality

1f Total Intensity of Flavor

Chem1cal Tests - Chemical determinations are compared with sensory
ratings for saltiness and rancidity in Table 5. The sensory ratings are
from zero to 100 on the open line intensity scale. Salt contents
measured for the RSW-stored and brine-frozen samples are not par-
ticularly high. The higher salt contents were objectionable, however,
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52.7 + 8.2

50.6 + 9.5

46.9 + 6.7

34.6 + 12.3

12.8 + 10.2

20.0 + 9.9

19.2 + 13.2

0.0 + 0.0

17.9 + 17.7

35.9 + 11.1

54.7 + 9.3

54.2 + 11.4

43.7 + 8.6

56.3 + 9.9

44.7 + 8.8

14.1 + 10,8

58.0 + 23.6

16.7 + 9.0

1,8 + 3,4

14.2 + 10.3

43.0 + 11.5

54.4 + 13.7

36.9 + 11.6

40.4 + 12.8

57.4 + 9.9

43.1 t 7.0

15.5 + 11.9

66.1 + 13.3

15.2 + 7.6

8.1 + 11.0

11.7 + 8.4

51.8 + 8.3

43.5 + 15.6



for these samples cooked in boiling pouches without any added ingre-
dients. The salt content may be acceptable for more normal cooking
methods, but this was not determined. Some researchers have proposed a
TBA value of 18 p-moles/kg �.3 mg/kg! as the threshold for rancidity.
Only one of these samples exceeded that level.

Analyt.
$ Salt

Rancid

~sen~so
TBA Value

Qe~l/k
Sal ty

~sensor

5.30.23Plate Frozen

Iced 1 day

Iced 3 days

n.d 1/ 1.6

3.00.23

6.90.27Plate Frozen

RSM, 2 days

RSW, 3 days

0. 9259

11.71.18 13

0.32 3.9Plate Frozen 20

Brine Frozen,

 Chapman! 10.90.87

Brine Frozen,

 Shrimper! 20.50.9966

Hot determined.

Parasites - A perceived problem with Gulf butterfish is the fairly coro-
mon occurrence of small cestode  tapeworm! cysts in the flesh along the
backbone. They are visible if the fish are filleted, but they are not a
health hazard and whether the Gulf butterfish are more heavily infested
than the Atlantic species has not yet been resolved. The cysts have
also been documented as being colon in the Atlantic butterfish  Hoffman
and Sindermann, 1962!. The semi-objective parasite ratings listed in
Table 6 are averages of the numerical ratings: 0 - none, 1 � slight,
2 - moderate, and 3 � heavy infestation. Samples from 6 stations of the
Chapman cruise plus the sample from the "Captain 8-4" were evaluated.
The degree of infestation was generally slight to moderate and the para-
site rating was more or less proportional to the size of the fish.
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Table 5. Sensory ratings and analytical measurements for saltiness and for
rancidity in experimentally stored and processed Gulf butterfish.



Table 6. Relative occurrence of parasites  cestode cysts! in butterfish
samples.

Relative InfestationAvg, Wt.,
~l ~

No. Fish

Examined

S tati on

No. Mone ~S1 t ht Moderate ~hear RatiraLti

2113032

1417 12710

14792413

1.3310915

0.866926

1.2512335

8 42/ 0.506910

p i t iti - Proximate chemical compositions for nine samples
e shown in Table 7. Far five of the collected

samples both fillets  with skin! and whole butterfish were analyzed.
These data indicate that for Gulf butterfish weighing 100 grams or more
the fat content of whole fish and of fillet plus skin samples are about
the same, Oddly, the two samples af smallest fish had the highest total
fat content.
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Weighted average, 3 for heavy, 2 for moderate, 1 for slight: Rating
 ls+zH+3H!-: TF  total fish!.

Sample B-4 was caught off the M1sslsslppl coast and brine-frozen onboard the
coamLerclal shrlmper, the Captain B-4.

3 1.38

0 1.18

0 0.92



Table 7. Proximate chemical compositiolls of Gulf butterfish samples from
Chapman cruise 88-03 and a comercial shrimp boat.

FatMstr. AshProteinFo rml/

3. 70 1.41132FS

4.13 3.00115

3.7375.7 1.4120.0127FS10

1.4819. 3 3. 8174.981FS13

6.5574.0 1. 4321.2FS14

18.3 6.5474.4 2.5914

4.09 1.4174.3 19. 3109FS15

1.3719.574.3FS26

2. 3717. 661 8. 5272.4

1.7818,8107 3.2675.327 FS

1.3920.1123FS 6.7474.335

6.4573.2123 2.9417. 435

B 42/ 71. 7 5.53 1.9819.1FS 10

16. 761 9. 87 3.30B-4

I/ FS e fillet with skin; M - whole.

Brine-frozen sample from the shrimp boat, Captain B-4.
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Station

Ho.

Ho. of

Fish

AY9.

M~t. m

75.8 21. 7

75.9 20.4



CONCLUSIONS

l. Iced butterfish maintained very good quality. The 3-day iced sample
was not as sweet as the plate-frozen control, but there were no other
significant sensory differences.

2. After three days there were significant differences between the
RSW-stored samples and the control 1n terms of saltiness, flavor inten-
sity, and relative overall quality. Rust in the RSW tank may have
contributed to the differences, however.

3. The brine-frozen butterfish were rated significantly saltier than
the control by the sensory panel. The salt concentrations measured ana-
lytically were not particularly high, however, for these or for the
RSW-stored samples.
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