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INTRODUCTION

Due to its light color, bland odor and unique gelling properties, surimi
is combined with natural shellfish meat, shellfish flavoring agents, salt, water
and starch, and/or egg white for the manufacture of a variety of fabricated
seafood products such as crab legs, scallops, lobster and shrimp analogs  Lanier,
1986; Lee, 1986; Regenstein and Lanier, 1986!. To meet Food and Drug
Administration  FDA! guidelines, the. fabricated seafood products must be labeled
properly to include information on the fish species used as the main ingredient,
and the other species, such as snow crab meat for crabmeat analog, used as the
additional ingredient.

There are problems in enforcing accurate labelling of the specific seafood
component and content in fabricated products, mainly due to the lack of a
reliable analytical method. Products with claims of 35% crabmeat are widely sold
when the use of over 10% crabmeat is known to show detrimental effects to the
product  Regenstein and Lanier, 1986!. The establishment of useful methods to
correctly determine the content of the specific seafood components in fabricated
surimi products is therefore of great need for regulatory purposes.

Isoelectric focusing   IEF! has been extensively used for seafood species
identification  Lundstrom, 1980!. Hamilton �982!, using thin layer
polyacrylamide gel IEF, identified various fish species. Recently, Wei et al.
�989! and An et al. �989! used the modified urea gel IEF to identify raw pink,
white and rock shrimp species. The present study was carried out to investigate
if a reliable method could be established using this modified urea gel IEF system
to quantitate the weight content of a minor component in a surimi mixture, using
the Alaska pollock surimi-pink shrimp mixture as a model system. Since the
protein content in the aqueous supernatants of the water homogenates of surimi
samples was low, efforts were also made to determine if the use of
ultrafiltration system to concentrate proteins would affect the protein patterns.
The effect of using two different homogenization procedures on protein patterns
was also investigated.

MATERIALS L METHODS

Samples and protein extractant

Pink shrimp  Penaeus duorarum! were harvested and transported within 48
hr to the Food Science and Human Nutrition Department, University of Florida,
Gainesvi lie. They were stored at -33'C until needed. Shrimp were then thawed
under tap water, peeled, and deveined.
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Alaska pollock  Theragra chaJcogramma! surimi was obtained from the Alaska
Fisheries Development Foundation. Surimi was cut into small pieces of about 80
g, put in plastic bags, and stored at -33 'C until needed.

Water containing 0. I mM phenylmethylsulfonyl fluoride  PMSF!, 10 mM EDTA
and O.OI%%d  w/v! sodium azid was used to extract proteins from raw samples of
surimi, shrimp, and surimi-shrimp mixtures.

Effect of different homogenization methods on sample protein patterns

Two homogenization procedures were compared for their effectiveness in
extracting sample proteins for IEF runs. The first method included the use of
a food processor  Presto MinnieMax Compact Food Processor! and a Polytron
 Brinkmann Instrument!, while the second only used the Polytron. In the first
study, samples of surimi only, and surimi mixed with 5 or 10 /  w/w! raw pink
shrimp at 80 g were each mixed with 2/ NaC1 and then blended in a 6'C cold room
using the food processor until a shiny paste was formed. A paste sample � g!
was removed, mixed with 21 mL aqueous extractant, and then subjected to
homogenization at room temperature for 1 min using the Polytron  setting 9.2!.
In the second study, after the various surimi samples at 7 g were each added with
2/ NaC1 in separate beakers and chopped into small pieces, they each were
combined with the aqueous solvent at a ratio of 1:3  w/v! and then homogenized
at room temperature for 1 min using a Polytron  setting 9.2!, The homogenates
prepared by either method were centrifuged at 26,900 x g for 20 min at 5'C. The
supernatants were collected and the protein concentration determined  Lowry et
al., 1951!. They were then subjected to IEF runs at 50 pg total protein/well.
This experiment was repeated three times.

Effect of protein concentration using ultrafi ltation membrane on protein
retention and IEF banding patterns

Samples of surimi, and surimi-pink shrimp mixtures after homogenization
were centrifuged at 26,900 x g for 20 min. Ten milliliter portions of the
supernatant of each sample was subjected to concentration at room temperature
using a Filtron Omegacell unit equipped with a 10 K nominal molecular weight
limit filter membrane  Pharmacia LBK Biotechnology Inc.! at a nitrogen pressure
of 25 psi. After the volumes and protein concentrations of concentrate and
filtrate of each sample were measured, the percent loss of protein in filtrates
was determined. The IEF protein patterns of the concentrates �0 pg/well! were
compared with those of non-concentrated supernatants  also at 50 pg/well!. This
experiment was repeated six times.

Isoelectric focusing

The gel mixture containing 4/  w/v! acrylamide, 2%  w/v! Triton X- 100, 9.2
M urea, and an ampholyte mixture consisted of 20% pH 3-10 and 80% pH 4-6.5 at
a final concentration of 6.2/  v/v! was used  Wei et al., 1989!. Following the
previously described preparation procedures  An et al., 1989!, protein samples
�0 pg/well! were applied to the gel, focused, and then stained with Coomassie
blue R-250  An et al., 1989!.
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Apparent pl values of the shrimp and surimi proteins were determined
indirectly by comparing their R values on the gel with those of the protein
standards following the method of An et al. �989!. The protein standards  Broad
pI kit, pH 3-10, Pharmacia! contained: trypsinogen, pI 9.30; lentil lectin-basic
band, pI 8.65; -middle band, pI 8.45;, -acidic band, pI 8. 15; horse myoglobin-
basic band pI 7.35, -acidic band, pI 6.85; human carbonic anhydrase B, pI 6.55;
bovine carbonic anhydrase, pI 5.85; 8-lactoglobulin A, pI 5.20; soybean trypsin
inhibitor, pI 4.55; and amyloglucosidase, pI 3.50.

Establishment of an equation for determining the percent content by weight of
shrimp in surimi-shrimp mixtures

Samples of surimi only, surimi mixed with 2.5, 5.0, 7.5, 10.0 and 15.0%
 w/w! of shrimp, and shrimp only at 7 g were each mixed with 2% NaCl and then
21 mL aqueous extractant. After the samples were Polytron homogenized, 10 mL
of the supernatants were concentrated using ultrafiltration membrane as
previously described. Following determination of the protein concentration, the
concentrates were diluted to 5 pg/yL; samples at 60 pg were then applied together
with protein standards to the gel and subjected to IEF runs. The gels, following
staining and destaining, were scanned using a Bio-Rad Video Densitometer  model
620! at a transmission mode. The densitometer was connected to a Zenith personal
computer and the output data for each sample were processed using the Bio-Rad
1-D Analyst Software. Each sample was scanned at five different positions along
the length of the band, and the average of the five readings was used for
constructing the mathematical relationship between the protein contents and the
peak area readings of the specific band in these samples. Two surimi-specific
 pI values 7. 11 and 7. 17!, and two shrimp-specific bands  pI values 5.46 and
5.52! were used for the construction of the protein content � peak area
relationships. The light source of the densitometer was a fluorescent cool white
tube; the width of the transmitted light was 125 pm.

To determine the reliability of the mathematical model, blind studies were
conducted. The surimi-shrimp mixture with a certain percent content by weight
of shrimp unknown to the person operating the assay, was analyzed together with
samples of surimi only, shrimp only, and standard surimi-shrimp mixtures as
previously described. After the sample concentrates were adjusted to 5 pg/pL,
they were subjected to IEF runs at 60 pg/well. The stained gels were then
scanned using the video densitometer. Each sample was scanned five times at
different positions. The averages of the readings of the two shrimp-specific
 pI values 5.46 and 5.52! and surimi-specific bands  pI 7. 11 and 7. 17! were
respectively used together with the protein contents of these specific bands in
each sample, to construct the mathematical equation. Using this equation and
the densitometer readings of the same bands in unknown samples, the percent
content by weight of shrimp in the unknown sample was calculated.

RESULTS L OISCUSSION

Effect of different homogenization method on sample protein patterns

During the preparation of fabricated seafood products, surimi is usually
mixed with salt and then blended to a shiny paste before minor ingredients, such
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as shrimp and crabmeat, are added. The comparison of the use of only a Polytron
for homogenization with the use of a food processor together with a Polytron
revealed that the !EF protein patterns of the surimi, and surimi mixed with 5
or 10% pink shrimp were not affected by the treatment method used  Fig. 1!.
Since all the major surimi protein bands  with pI values of 5.03, 5. 13, 5.32,
5.37, 5.55, 5.69, 5.75, 5.86, 6.14, 6.40, 6.43, 6.49, 6.63, 6.71, 6.78, 6.85,
6.95, 7.0, 7.03, 7.09, 7. 11, and 7. 17! and shrimp bands  with pI values of 5.30,
5.42, 5.46, 5.50, 5.52, 6.0, 6.03, 6.33, 6.67, 6.75, 6.80, 6.81, and 6.91! were
present in samples subjected to either treatment method, the samples used in the
following studies were only treated with polytron homogenization.

Effect of ultrafiltration process on protein retention and IEF patterns

The use of ultrafiltration for concentration of the supernatants did not
alter the IEF protein patterns of the supernatants of the three tested samples
 Fig. 2!. The major surimi- and shrimp-specific protein bands present in
supernatants were also present in the concentrates as shown on the IEF gels.
About 4.08 + 0.76  mean + standard deviation!, 6.08 + I. 13, and 5.20 + 0.86% of
the total protein in the supernatants were present in the filtrates after
ultrafiltration of the surimi, and surimi mixed with 5 or 10% shrimp,
respectively. Because the use of ultrafiltration membrane for concentration did
not change the IEF protein patterns and caused only 3.7 to 6.2% loss of total
proteins, this method was used to increase sample protein concentration for IEF
runs. The inclusion of this concentration process is especially important for
surimi or surimi samples containing low levels of shrimp. In these samples, the
protein concentration in unconcentrated supernatants could be less than 5 pg/pL.
When these supernatants in large volumes were used for IEF runs, proteins were
usually not satisfactorily focused.

Establishment of an equation to correlate the relationship between specific band
protein contents and peak areas

Attempts were made to correlate the peak area readings of the protein
bands obtained by densitometric scanning of the gel with the protein contents
of that specific band in standard surimi-shrimp mixtures  Fig. 3!. Because the
thickness of the protein bands was not evenly distributed along the entire length
of the band, the use of the peak area readings obtained from just one
densitometric scanning of the gel was not sufficient in determining accurate
protein content. Thus each sample was scanned five times at five different
positions, and the average of the five readings was used to construct the linear
relationship. Using this approach, two shrimp-specific bands  pI 5.46 and 5.52!
and two surimi-specific bands  pI 7. 11 and 7. 17! showed high correlation in terms
of peak area readings and band protein contents {coefficiency range: 0.83
0.97!. The protein content  P! of a shrimp-specific band in the mixture could
be calculated using the following equation:

A x C x D x E

A x C + B x �-C!

where A is the shrimp protein content in shrimp supernatant, B is the surimi
protein content in surimi supernatant, C is the percent content of shrimp by
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Figure 1. Comparison of the use of Polytron homogenization or food processor
blending together with Polytron homogenization on the IEF protein patterns of
the water extracts of surimi, and surimi mixed with 5 or 10% pink shrimp by
weight  cathode on top!. Protein standards  STD! are also included. The
numerical values indicate apparent pI values of the protein bands. SU: surimi
subjected to Polytron homogenization; BSU: surimi subjected to food processor
and Polytron homogenization; SS 5.0 and SS 10.0: Polytron homogenization of
surimi-shrimp mixtures containing 5 or IN. shrimp; BSS 5.0 and BSS 10.0: food
processor plus Polytron homogenization of surimi-shrimp mixtures containing
5 or 1&, shrimp.
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Figure 2. IEF patterns of the water extracts of surimi, and surimi-pink shrimp
mixtures containing 5 or 101. shrimp before and after concentration by
ultrafi ltration membrane. Protein standards  STD! are also included  cathode
on top!. The numerical values indicate apparent pI values of the protein
bands. SU and CSU: surimi extracts before and after concentration; SS 5.0 and
SS 10.0: water extracts of surimi-shrimp mixtures containing 5 or l� shrimp;
CSS 5.0 and CSS 10.0: concentrates of the water extracts of surimi-shrimp
mixtures containing 5 or IÃ shrimp.
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Figure 3. IEF patterns of water extracts of surimi, raw pink shrimp, and surimi-
pink shrimp mixtures containing different percent by weight of shrimp  cathode
on top!. Protein standards  STD! are also included. The numerical values
indicate apparent pI values of the protein bands. SS: surimi-pink shrimp
mixture.
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weight in surimi-shrimp mixture �.5 or 5.0%, etc.!, D is the percent of the
specific shrimp protein band of interest as determined by densitometric scanning
of the shrimp protein profile on the IEF gel  Fig. 4!, and E is the total amount
of protein applied in each well for IEF run �0 pg in this study!.
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Figure 4. Densitometric profile of the water extract of raw pink shrimp. The
peak area percentage of the four major protein bands are 19. 15% for band pI
6.81, 18.15% for pI 5.52, 8.48% for pI 5.46 and 8.14% for pI 5.42.

Blind study

Using the methods developed in this study, the percent contents by weight
of shrimp in shrimp-surimi mixtures were determined. In test 1, the percent
content of shrimp was determined to be 15.0 and 13.6, respectively, when the
two surimi-specific bands, pI 7. 17 and 7. 11, were used respectively for
calculation  Table 1!. When the data related to the two shrimp-specific bands
 pI 5.52 and 5.46! were used, the content was determined to be 9.0 and 7.6%,
respectively. The average of these four readings for shrimp content was 11.3;
the actual content in this unknown mixture was 10%. Similarly, the percent
contents of shrimp in tests 2 and 3 were determined to be 12.6 and 5.8,
respectively, when this approach was used. The actual shrimp content in these
two unknown samples was 12.4 and 5.7%, respectively.

CONCLUSION

A method was thus developed to quantitate the percent content by weight of
shrimp in surimi-shrimp mixtures using the isoelectric focused protein profiles
of surimi, pink shrimp, and surimi-shrimp mixtures containing known percents of
shrimp. When the peak area readings of two shrimp-specific  pI 5.46 and 5.52!
and two surimi-specific bands  pI 7. 11 and 7. 17! were correlated with the protein
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Table 1. Determination of the percent shrimp content by weight in unknown
surimi-shrimp mixtures in blind studies using data related to surimi-
or shrimp-specific bands for calculation

Average shrimp Actual shrimp
content  L! content  I!

Surimi Shrimp
content  I! content  %!

Test 1

15.0
13.6.

85.0'
86.4

10.011.3

9.0
7.6

91. 0'
92.4

Test 2

12.485.2
88.3

12.614.8
11.7

90.6
85.'5

9.4
14.5

Test 3

5.75.895.8
89.6

4.2
10.4

4.8
4.0

95.2
96.0

'Percent surimi content calculated by deduction the shrimp percent content from
100%.

Percent surimi content by weight as determined using data related to shrimp
specific protein bands for calculation.
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Shrimp
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Band 2

Surimi
Band 1
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Shrimp
Band 1
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Surimi
Band 1
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Shrimp
Band 1
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'Percent surimi content
specific protein bands

Percent shrimp content
100%.

by weight as determined using data related to surimi
for calculation.

calculated by deduction the surimi percent content from



contents in these bands, a linear relationship was derived. Based on this linear
relationship between peak area readings and protein contents of the specific
bands, and the peak areas of those specific bands in unknown samples, the percent
content of shrimp or surimi in an unknown mixture could be determined. This
method could be used to enable accurate labelling of the content of a specific
seafood component in fabricated surimi products.
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MONITORING LACTIC ACID RESIDUALS IN NATURAL AND TREATED SHRIMP

L.A. Applewhite and W.S. Otwell
Department of Food Science and Human Nutrition

University of Florida
Gainesville, Florida 32611

INTRODUCTION

Lactic acid and sodium lactate are established food
ingredients in numerous products. They are selected for use
in seafood primarily for their preserving properties. Lactic
acid has been found to be a good antimicrobial agent, to
control bacterial growth, and to affect melanosis when used as
a dip for shrimp. To date, it has been noted that treatments
with lactic acid, with concentrations in the recommended range,
does not contribute any significant effect on color, texture
or taste of the seafood.

OBJECTIVE

The purpose of this study was to accurately measure natural
and residual levels of lactic acid in shrimp. With increasing
use of lactic acid and various lactates as a seafood
preservative there is a need to distinguish treated product.

MATERIALS AND METHOD

Ecuador white shrimp were used for all analysis and were
deheaded, peeled, butterflied and frozen prior to analysis.
Two 100g batches of shrimp were analysed at each sampling. One
100g sample, the control, was soaked in distilled H20 for 10
minutes and the other 100g sample was soaked in either a 0.5%,
1.04 or 1.54 lactic acid solution also for 10 minutes. Both
samples were then drained for 1 minute. Five 10g subsamples
were analysed from each batch. After weighing, the raw shrimp
meat was homogenized in a 104 TCA trichloroacetic acid!
solution to precipitate the proteins, then centrifuged at 2000
rpm for 20 minutes to recover a supernatant for analysis. In
a test tube, 2.0 ml of glycine buffer, 4.0 ml of distilled H 0
and 0.1 ml lactate dehydrogenase were added to 10 mg NRD
 nicotinamide adenine dinucleotide!. The tubes were capped and
inverted until the NAD was dissolved. A 2.8 ml aliquot of the



NAD solution was pipetted into blank and test vials, 0.2 ml of
the 104 TCA solution was added to the blank cuvet and 0.2 ml
of the sample supernatant was added to the test cuvets. All
cuvets were incubated at 25 C for 30 minutes. The absorbance
of the sample cuvets was read at 340 nm verses the blank as the
reference. Concentrations of lactic acid in the shrimp were
determined from a standard curve. Standards were prepared in
10% TCA and analysed as above. The levels of lactic acid found
in the control shrimp were subtracted from those for the
treated shrimp to obtain lactic acid residual levels.

The enzymatic method of analysis used was a modification of
a kit  Procedure No. 726-UV/826-UV! obtained from Sigma
Chemical Company. This method utilizes lactate dehydrogenase
which catalyzes the following reversible reaction:

pyrcvate + NADH ~ lactate + MAD

To measure lactate, the reaction is carried out from right to
left with excess NAD. The increased absorbance at 340 nm due
to NADH formation is a measure of lactate present. A typical
lactate calibration curve is linear from 2 to 100 mmoles lactic
acid/L  Fig. 1!. The specificity of the lactate dehydrogenase
reaction in terms of interferences by various hydroxyacids was
determined by several investigators. The possible interfering
substances were not present in significant concentrations or
else yielded substrate turnover rates too slow to cover any
significant interferences in this study.

RESULTS AND DISCUSSION

The first group of shrimp were soaked and analysed, 13.4
mg of lactic acid per 100g shrimp was found in the controls and
30 ' 1 mg lactic acid per 100g shrimp found in the treated shrimp
 shrimp soaked in 0.54 lactic acid!. The remaining shrimp vere
stored on ice in the refrigerator then soaked and analysed 2
days later. It vas found that the lactic acid level in both
the controls and the treated samples had increased. Two days
later the analysis was repeated and again the lactic acid
levels for both the controls and treated samples increased
again. This process was continued over a period of 15 days
 Fig. 2!. Another 15 day series vas done with shrimp soaked
in water and 0.54 lactic acid and a similar trend was seen
 Fig. 3! the lactic acid levels increased with refrigerated
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FIGURE 1 LACTIC ACID STANDARD CURVE
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FxGURE 2 LACTIC ACID ANALYSIS
�.5% lactic acid cook f0 min!
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storage in both the control samples and the treated samples.
The study was continued with shrimp soaked in 1.04 lactic acid
and 1.54 lactic acid. Again, similar results were obtained
 Fig. 4 and S!. Tables 1 through 4 show the reproducibility
between the samples run at the various lactic acid
contrentrations. Table 5 shows the means for all runs and the
approximate difference in lactic acid concentration between the
controls and the treated samples. It is interesting to note
that the difference in lactic acid concentration between the
controls and soaked samples was approximately 20mg/100g shrimp
for both runs in which shrimp were soaked in a 0.54 lactic acid
solution even though the initial � day samples! levels of
lactic acid were different. As the concentration of lactic
acid was increased the approximate difference between the
controls and samples increased. The approximate difference
between the samples soaked in a 1.04 lactic acid solution was
35mg lactic acid/100g shrimp and 50mg/100gram shrimp in the
samples soaked in 1.5% lactic acid. It was also noted that for
the soaks of higher concentrations of lactic acid � ' 0% and
1.54! that the residual levels of lactic acid after treatment
were greater initially but not significantly greater after
approximately 6 days.
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LACTIC ACID ANALYSIS
0.592 SOAK

TABLE 1

TRIAL I

mg lactic acid/100g shrimp

CONTROLS

4 5 ea SD

13,4 13.012.9 3.211.413.213.4

48.850. 048. 04e.o

80. 180. 8 1.580.281.478.2

151.1 150.2 1.2150. 2147. 9

190.4 190. 3 0.8190.1 188.412

221. 8 220. 2 0.7218.6220.415

SOAKED SAMPLES

5 mean ~SD

30.6 6.4

52. 0 4.2

28.629.133.032.430. 1

54. 049.8 52 ~ 0

106.4108.1

162. 9 164. 4

208. 2

247. 5

208. 6

251. 6

12

250. 6 0.8250.5253.415

APPROXIHATE DIPPERENCE 20 mg LACTIC ACID/100g SHRIMP

97

79.8

149.2

189.6

217.9

49. 4

110. 0

167. 5

210.0

250.2

152. 6

192. 9

222. 2

53.8

107.0

168. 3.

212. 8

108.4 108. 0 1.3

166.2 165. 8 1 ' 3

213.0 210.5 1.0



LACTIC ACID ANALYSIS
0 ~ 5% SOAR

mg lactic acid/100g shrimp

TABLE 2

TRIAL 2

CONTROLS

3 4 5 mean RSDAY 1

21. 125. 228.615.8

48.6

12.4

55.260.154.1

94.498.688.986.4

135.6

186.6

344.2

183.1

132.1

184.7

231.7

135.4

180.2

236.0

12

232.0 226.815

SOARED SAMPLES

4 5 can SD

46.146. 540. 440. 643.1

75. 069.973.672. 6

130.0 126.4122.2

158.0 167.7 162.4

200.3

265.4

203. 4195.312

271.2 266.815

20 mg LACTIC ACID/ 100g SHRIMPAPPROXIMATE DZPPERENCE

98

71. 1

125. 2

149.3

199.0

262.1

126. 1

154. 8

198. 5

268.7

53.6

92.5

136.7

177.9

231.7

20.6 32.0

54.3 7.6

92 ' 0 5.2

136.8 3.3

182.5 2.0

231.6 1.4

43.3 6.7

72.4 3.0

126.0 2.2

158.4 4.4

199.3 1.5

266.8 1.3



LACTIC ACXD ANALYSIS
1 ~ 0% SOAK

mg lactic acid/100g shrimp

TABLE 3

CONTROLS

e a SDAY

40. 438. 4 38.2 7.0

60.260.4 5.1

124.3

159.1

2.2

1.7

230.4 230.412 1.5

250. 1 250.5 1 ' 2

SOAKED SAHPLES

ean SD

92.9

113.9

178.0

95. 3

108.0

170.8

2.7

5.6

3.5

190.1 190.0 4.4

251.1

261.9

250. 3

260. 0

1.512

2.015

APPROXIHATE DIPPERENCE 35 mg LACTXC ACID/100g SRRIHP

120. 6

160.3

227.8

249.6

94.1

102. 0

162. 4

202. 4

250. 1

254. l

66 ~ 1

118. 2

158.7

230 ' 1

255.3

93.3

101.8

170.5

181. 4

246. 4

254. 8

40. 1

59.4

122. 0

~ 165.5

235. 2

246. 7

97.4

108.0

168.9

182.6

247.7

260.4

44.9

58.6

124.5

160.2

227.4

250.6

98.6

114.2

175. 1

190 ~ 4

256.1

266.6

40.4

60.9

122.0

160.8



TABLE 4 LACTIC ACID ANALYSIS
1 5% SOAK

mg lactic acid/100g shrimp

COHTROLS

8 D

28.8 29.1 36.4 24.9 31.2 16.0

55.1

120.5

50. 1 56.6

115.5

186.6

62. 0 56.3 8.0

118.1

176.3 181.0

12 228.7

236.1

232.1

237.8

227.9

15 244.4

SOAKED SAHPLES

a 8

95. 6

12

15 284.8 283.4

APPROXIHATE DIPPEREHCE SO mg LACTIC ACID/ 100g SERIHP

100

93.3

122. 9

172.2

207.7

255 ' 8

277.4

126. 4

183. 8

213. 6

256.1

278.6

105.1

139.2

188. 0

214. 1

265.5

128.0

189.0

233.4

243.1

100. 0

135. 1

180. 6

207.2

264.1

36.8

57.8

117.4

177.8

230.4

241.2

107.2

133.0

178.8

209.8

261. 0

280.2

120.0 4.1

182.1 3.0

230.5 1.0

240.5 1.5

100.2 5.9

131.3 5.0

180.7 3.2

210.8 1.5

260.5 1.7

280.9 1.1



COHPARISON OF HEAN VALUESTABLE 5

2. 54 SOAX1 0'4 SOAKO.Sa SOAK

00

31.2

12

15

Rg LACTIC ACID/144g SERIHPAPPROXIHATE DIFFERENCES

503520

0 ~ 5% SOAK

Rg LACTIC ACID/100g SERIHPAPPROXIHATE DIPFERENCES

20

13. 1

48.3

80.1

150. 2

190.3

220.2

0 20.6

2 54.3

5 92.0

7 136.8

12 182. 5

15 231.6

30.6

52.0

108.0

165.8

210.5

250.6

43.3

72.4

126. 0

158.4

199. 3

266.8

40.4

60. 9

122. 0

160. 8

230.4

250. 5

95.3

95.3

170. 8

190. 0

250. 1

260.0

56. 3

120. 0

182. 1

230. 5

240.4

100. 2

131.3

180.7

210. 8

260. 5

280.9



CONCLUSIONS

It was concluded that the shelflife was extended in shrimp
treated with 1.54 lactic acid solutions and less �.04 and
0.5%! without any negative attributes to the quality of the
shrimp. Also that it is difficult if not impossible at this
point to determine if shrimp have been treated with lactic acid
since the natural levels vary. Storage temperature and time
also plays a significant role in lactic acid levels of both
natural and treated shrimp.
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STUDIES ON BACTERIAL GROWTH AND HISTAMINE PRODUCTION ON VACUUM PACKAGED TUNA

C. I. Wei, C.-M. Chen, J. A. Koburger, W. S. Otwell and M.R. Marshall

Food Science and Human Nutrition Department, University of Florida
Gainesville, Florida 32611

INTRODUCTION

Scombroid poisoning is a foodborne intoxication caused by the consumption
of scombroid fish containing hazardous levels of histamine in the muscle tissue
 Arnold and Brown, 1978; Behling and Taylor, 1982!. Histamine is produced by
microbial decarboxylation of the free histidine in the tissue as a result of
improper handling of the fish  Arnold and Brown, 1978; Eitenmiller et al., 1981!.
Klebsiella pneumoniae  Taylor et al., 1979!, Norganella morganii  formerly
Proteus morganii, Kawabata et al;, 1956; Sakabe, 1973! and Hafnia alvei
 Ferenick, 1970; Havelka, 1967! have been implicated as causative organisms in
the formation of toxicologically significant levels of histamine in Fish.

Low storage temperatures are used in the fishery industry to control
bacterial histamine production. Recently, Arnold et al. �980! showed that
histamine production by Pt. morganni and Plorganella vulgaris in tuna fish infusion
broth  TFIB! was delayed and diminished at 7'C. A similar effect was noted for
the slow histamine producer, H. alvei. Behling and Taylor �982! showed the
lower temperature limits for production oF toxicologically significant levels
of histamine in TFIB were 7'C for K. pneumoniae, 15'C for H. morganii llOSC2 and
JM, and 30'C for H. alvei. K. pneumoniae virtually ceased to produce histamine
at 0' or -3'C though the organisms still survived over an extended period of
time. Recently, Chen et al. �988! also showed the low temperature limit for
K. oxytoca, Pt. morganii, and H. alvei for growth in TFIB was 5'C, 7'C and 3'C,
and for histamine production was 7'C, 7'C and 20'C, respectively.

Vacuum packaging is used increasingly in the seafood industry to pack
frozen seafoods to produce high quality and more acceptable products than
presently being offered to the consumers  Anderson, 1983!. Vacuum-packed
seafoods usually have a longer shelf-life. Clingman and Hooper �986! found that
fresh fish products stored under vacuum packaging had an overall increase of 7
days over aerobically stored fish.

Since gas permeability of the plastic film can affect microbial growth,
discoloration of the flesh, development of putrefactive odors and thus the shelf-
life of the meat, similar results are expected to occur for vacuum-packaged
seafood. Limited information is available regarding the growth of histamine-
producing bacteria and the levels of histamine production in tuna samples
subjected to vacuum packaging. Therefore, the use of vacuum packaging coupled
with low temperature storage on the shelf-life of tuna was examined in this
study. Niven's agar medium was used together with Bacto plate count agar to
enumerate the time-related changes of histamine-producing bacteria and total
aerobic counts, respectively.
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MATERIALS AND NETHODS

Preparati on of bacteri al suspension for spiking

Klebsiella oxytoca Tz  formerly K. pnevmoniae T2!, Ptorganella morganii JM
 formerly Protevs morganii JM!, and Hafnia alvei T, were provided by Dr. S. L.
Taylor at the Department of Food Science and Technology, University of Nebraska.
Bacteria maintained on trypticase soy-histidine �%%u! agar slants were inoculated
into trypticase soy broth-histidine medium  TSBH! and incubated at 28'C for 24
hr. Aliquots �.2 mL! of these were then transferred into fresh TSBH and
incubated for an additional 18 hr prior to use for spiking tuna samples.

Vacuum packaging material

Oxygen-barrier storage bags �5.4 x 9.0 cm! were provided by the Cryovac
Packa~ing Corp.  Simpsonville, SC!. The oxygen permeability rate of the bags
at 73 F was 4>000 mL/m'/24 hr, and the moisture transmission rate at 100'F was
0.65 g/100 in /24 hr at standard conditions of 100%%u relative humidity.

Bacterial spiking and vacuum packaging of tuna samples

Fresh yellowfin tuna  Thvnnvs albacares! loins of 15-20 kg each were
obtained one-day after landing from a wholesale fish distributor in Tampa, Fl
and transported in ice to the Food Science and Human Nutrition Department at the
University of Florida. The outer layers of the tuna loins were removed carefully
with a sterile knife. Tuna samples of approximately 10x5x3 cm were randomly
divided into two groups  non-vacuum vs vacuum packed!, and then each into 4
subgroups: tuna only, and tuna spiked with K. oxytoca T� Pf. morganii JM or H.
alexei T8.

Bacterial suspensions for spiking were prepared by adding 0.5 mL of the
individually activated culture in TSBH to 500 mL of sterile Butterfield's
phosphate buffer  final concentration for K. oxytoca T: 5.6 x 10 cells/mL; PI.
morganii JM: 1.3 x 10 /mL; and H. alvei T8: 1.2 x 10'/mL!. After the fish
samples were dipped into the bacterial suspensions for 20 sec and the extra
liquid drained off, the samples were placed into the oxygen-barrier bags and
subjected to vacuum packaging, or sealing with wires  for the non-vacuum packaged
control!. Vacuum packaging was done using Reiser vacuum-packaging equipment at
a pressure of 1 bar for 15 sec: 10 sec for vacuum build-up and 5 sec for sealing.
Both vacuum and non-vacuum packaged samples were stored at 2'C or 10'C for 15
days. At each time interval �, 3, 6, 10 and 15 days!, duplicate samples were
randomly removed from each subgroup and processed for total aerobic counts,
differential plate counts and histamine analyses.

Tuna sample processing for bacterial enumeration and histamine quantitation

At the end of each incubation period, a 25-g portion of the tuna samples
were removed and homogenized with 225 mL 0.9% normal saline solution in a Haring
Blender for 2 min at 4,000 rpm. After pH measurement, the homogenates were
serially diluted with Butterfield's phosphate buffer and surface-plated on Bacto
plate count agar  Oifco Laboratories! and Niven's differential agar  Niven et
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al., 1981; Chen et al., 1989!. The plate count agar was incubated at 28' while
Niven's agar was incubated at 35'C for 24 hr ~ Four plates were used for each
dilution.

For histamine analysis, a 25-g portion of the tuna sample was homogenized
with 30 mL 6% PCA in a Waring Blender for 2 min at 4,000 rpm. The homogenate
was filtered by suction through a Whatman 0 1 filter paper. The PCA extracts
were brought to 100 mL with 6/. PCA solution followed by titrating the extracts
with a 3N KOH solution to adjust the pH to 7.0-7.3. After potassium perchlorate
precipitate was removed, the final extracts were filtered through a 0.45 pm
filter, the samples were subjected to HPLC analysis.

Histamine quantitation

guantitation of histamine was accomplished using a modified ion-moderated
partition HPLC method  Gill and Thompson, 1984; Chen et al., 1989!. The set-up
of the HPLC system and the operation conditions were described in a previous
report  Chen et al., 1989!. Histamine standard solutions �, 2, 4, 8 and 10 mg%!
were prepared from the 100 mgl stock solution by diluting with 6X PCA-30% KOH,

Duplicate test samples were used and each extract was analyzed at least
twice. For some samples, further dilution of the final extracts was needed due
to high histamine content. Final histamine concentrations were calculated
according to the following formula:

C> x  V> + Vz! xD
2

V~ x 0.93

where C, was the concentration of histamine derived from the standard curve
 mg/mL!; Cz was the final concentration of histamine in tuna  mg/100 g tuna!.
V was the volume of PCA extract neutralized �00 mL for tuna!; V> was the amount
ok 30% KOH added; V was the amount of tuna �5 g! used; 0.93 was the extraction
recovery rate and 0 was the dilution factor.

RESULTS AND DISCUSSION

Since the low temperature limit for K. oxytoca, H. morganii, and H. alvei
for growth in TFIB was 5'C, 7'C and 3'C, and for histamine production was 7'C, 7'C
and 20'C, respectively, storage temperatures of 2'C and 10'C were used in this
study.

Tuna samples showed a slight increase in pH values after storage for 15
days, Fresh tuna  day 0! homogenate in 0.9% saline had a pH of 6.0-6.2. Those
stored for 15 days under vacuum packaging at 2'C and 10'C, and those under non-
vacuum packaging at 2'C and 10'C were determined to be pH 6.2-6.6, pH 6.3-6.8,
pH 6.0-6.6 and pH 6.4-6.8, respectively. Apparently, the increased bacterial
growth at 10'C resulted in the pH changes, possibly due to the increased
production of amines.

Bacteria grew rapidly on tuna samples stored at 10'C  Fig. 1!. Vacuum
packaging of tuna samples did not inhibit or slow bacterial growth. By day 6,
the total aerobic counts in all the four subgroups in vacuum and non-vacuum
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packaged groups reached a level of 10' cells/g tuna  data not shown!. All the
tuna samples stored at this temperature started to produce putrefactive odors
and surface slime by day 3. The samples also showed undesirable color changes.

The overall numbers of histamine positive colonies on Niven's agar at each
time period were of the same order of magnitude as the total aerobic counts for
tuna samples spiked with Klebsiella or Norganella and subjected to vacuum or
non-vacuum packaging. The number of histamine producers also reached 10' cells/g
tuna by day 6. Niven's agar was reported to detect with 95.No and 93.9'K accuracy
the histamine producers from temperature-abused and bacteria-spiked tuna samples
 Chen et al., 1989!.

Samples spiked with Hafnia had fewer ~ositive colonies on Niven's agar than
on plate count agar; reaching only 5 x 10 colonies/g by day 15 ' Niven's agar
has been reported not to be a satisfactory medium for H. alvei  Chen et al.,
1989!. This might have contributed to the significant difference between the
differential counts and the total aerobic counts. The tuna control subgroups
also had less differential counts than total aerobic counts, although the total
aerobic counts of the subgroup subjected to vacuum packaging reached 10 /g on day
15. The change of the environment to microaerophilic or anaerobic might enhance
the growth of some histamine producers on the non-spiked tuna samples.

Tuna samples stored at 2'C showed increases in total aerobic counts
although the extent of increase was not as dramatic as at 10'C  Fig. 2!. These
samples still developed odors but only after about 10 days of storage when the
numbers of total aerobic counts were about 1 log higher than the initial counts
�0 cells/g tuna, data not shown!. Unlike the total aerobic counts, the numbers
of differential colonies of these tuna samples on Niven's agar did not change
significantly over 15 days  Fig. 2!. These three histamine producers did not
multiply at 2'C, and the increases of the total aerobic counts would be due to
the growth of some psychrotrophic microorganisms.

Significant amounts of histamine were produced on tuna samples stored at
10'C  Fig. 3!. Apparently, the rapid increase in bacterial numbers at this
temperature contributed to the rapid increases of histamine' It was interesting
to note that tuna samples subjected to vacuum packaging had higher histamine
levels. Tuna samples spiked with histamine-producing bacteria also had higher
histamine contents than non-spiked ones.

Those tuna samples stored at 2'C still produced histamine but at greatly
reduced levels  Fig. 3!. Again the vacuum packaged groups had higher histamine
levels than the non-vacuum packaged ones.

The results thus clearly indicated that low storage temperature was more
important than vacuum packaging in controlling histamine production on tuna
samples. At both storage temperatures �' and 10'C!, the vacuum-packaged group
in general had higher histamine level. Although Clingman and Hooper �986!
indicated that vacuum packaging prolonged the shelf-life of fresh fish by
suppressing the growth of psychrotrophic aerobic organisms associated with
spoilage, the resu'Its from this study did not show that, possibly because the
spiked bacteria could still grow at low temperatures. Although K. oxytoca, N.
morganella and H. alvei were determined in TFIB not to grow and produce histamine
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at temperatures below 3'C, these bacterial strains apparently still produced
histamine on tuna samples stored at 2'C. The growth of other psychrotrophic
microorganisms, as indicated by the slow increases of total aerobic counts at
this temperature might contribute to histamine production. The results also
indicated that only when the temperature throughout the distribution and storage
of the product was carefully controlled  about O'C!, could the problem of
microbial histamine production be inhibited and the shelf-life of the product
extended.
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CHILLPACK AND REFRIGERATED STORAGE OF
POND-RAISED HYBRID STRIPED BASS FILLETS

L.C. Boyd, D.P Green, L.A. LePors

Department of Food Science, Box 7624
North Carolina State University

Raleigh, North Carolina 27695-7624

INTRODUCTION

With the current consumer demand to eat more fish and seafoods, many
supermarket chains have added fresh seafood display counters whereas others
have expanded their existing meat counters to accomodate seafoods. The
general methods for displaying fresh fish are: �! traditional storage on ice,
�! refrigerated storageat2 C �6 F! andchillpackstorageat-2 C
�8 F!. Though each of these methods has advantages and disadvantages, the
need for extended storage stability and absence of fishy odors permeating the
general food market are paramount to extending the availability of fresh
seafoods to the consumer. However little information is available on the
successful application of chillpack storage of warm water species such as
farm raised hybrid striped bass.

This study was conducted to determine the effects of chillpack and refrigerated
storage conditions on the chemical, physical and microbiological properties of
hybrid striped bass and to compare these changes to sensory quality changes
occurring during storage. Since product form will effect both product yield
and nutrient composition  i.e. lipid content! the effects of product form on
stoage stability was also determined

METHODS

SAMPLE PREPARATION: Fish used in this study were obtained from the
Pamlico Aquacultural Research Center located at Aurora, NC. The fish were
harvested, iced immediately and transported to Carolina Pride Seafood, Inc,
Plylmouth, NC for processing. Approximately 120 fish weighing between 1.5
and 2.0 lbs. were commercially scaled, gutted, and rinsed. All fish were hand
filleted with one-half of the fish having the belly flap left intack, whereas the
second half was trimmed to remove rib bones and belly flap portion.
The fish were further subdivided into two groups with treatment one
designated as chillpack  CP! and treatment two designated as refrigerated
pack  FR!. Moisture proof, barrier-lined styrofoam trays were used to
place fillets on prior packaging in oxygen permeable bags provided by
Cryovac Division of W.R. Grace and Co, Duncan. S,C. A vacuum chamber was
used to draw packages skin tight prior to closure.



Refrigerated packs were immediately placed in ice water, whereas chillpacks
were sent through a liquid nitrogen tunnel  Liquid Air Product, Walnut
Creek, CA! at appropiate time and speed to produce a surface chilled product.
Refrigerated samples were stored at 2 C, whereas chillpack samples were
stored at -2 C.

CHEMICAL AND MICROBIOLOGICAL EVALUATIONSAII samples were examined
for physical, chemical, microbiological and sensory changes at day 0, 4, 8,
12, 15, 18, and 21 days of storage. Aerobic plate counts were performed in
duplicate using trypticase soy agar with plates incubated at 25 C for 48 hrs
 AOAC, 1984!. Chemical analyses included proximate compostion,
hypoxanthine  Hx! determinations, and 2-Thiobarbituric acid  TBA!
number. Proximate composition analyses included moisture, protein, fat and
ash of 100g compositie sampies of raw and cooked samples according to
standard AOAC procedures �984!. Hypoxanthine values were determined on
25g of minced tissue using the method of Woyewoda, et.al.�986!. This
involved incubating neutralized extracts with xanthine oxidase at 37 C and
measuring the absorbance at 290nm against a standard curve of uric acid.
TBA values were determined on cooked homogenized fillets by the method of
Salih et. al.  I980!.

SENSORY EVALUATIONS: Samples were cooked to an internal temperature of
70 C in boiling water in specially designed pouches to allow the liquid to
drain away from the sample during cooking. An 11 member trained panel
provided quantitative descriptive analyses  QDA! of flavor, aroma and texture
using an unstructured 15 cm line in which 0 represented the absence
of a particular attribute and 15 the highest intensity rating. Prior to cooking
the fish, an in-house and informal laboratory panel evaluated the raw
packaged fish for spoilage using physical and sensory evaluatioin techniques
invoiving odor, texture, color, and surface slime.
STATISTICAL ANALYSES: An analysis of variance and general linear model
were used to analyze all data with mean differences submitted to
Wailer-Duncan test for significant differences using the Statistical Analysis
System  SAS Institute, Cary NC!. The experiment was perfoimed on
duplicate samples of fish obtained in May of 1989.



RESULTS

Table 1 shows yield data and proximate composition values for whole and
trimmed fillets. The removal of the belly flap was reflected primarily
through reductions in yield  i.e.,36.9 vs. 44.6! and increases in percent fat
values of 4.52 over 2.54}% for trimmed fillets.

TABLE 1: YIELD AND PROXIMATE COMPOSITION VALUES OF WHOLE
AND TRIMMED FILLETS

~IT~R QQ~OYI ~D E3QIElhl

73.2

73.7

Headed/gutted 78.2
whole 44.6

trimmed 36.9

0 P

4.52

2.54

19.52

20.84

Analyses of microbiological, chemical and sensory data indicated that the
refrigerated samples of both trimmed  FR-TM! and whole fillets  FR-BF!
spoiled rapidly when compared to chillpack samples  i.e., CP-TM 8 CP-BF!.
Figure 1 indicates that the aerobic plate counts for refrigerated samples reached
unacceptable spoilage ievels of log B.5/g in 8 days, whereas chillpack samples
never exceeded log 6.6/g in 2t days of storage . No differences were observed
between product form as whole and trimmed aerobic plate count values were
similar to each other under both storage conditions. Physical and sensory
evaluation of packaged raw fish prior to cooking indicated that spoilage was
accompanied by bad odor, flesh gaping, and softness but very little slime
formation.
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Figure 2 indicates that hypoxanthine values tended to follow microbiological data
in that refrigerated samples also peaked at 8 days with values of 25 ug/1 00g of
tissue compared to 7.6 ug/100g for chillpack samples. There was no difference
in product form as Hx values for timmed and whole fillets were similar to each
other for each storage treatment.
Figure 3 shows that mean TBA values of cooked samples increased slowly over the
21 day period, thus indicating that oxidative rancidity was occurring but very
slowly. TBA values were observed to increase in all samples under both storage
conditions for both TM and BF samples. However, no significant differences
 p<.05! were observed between trimmed and whole fillets with beiiy flaps nor
between storage treatments.
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TABLE 2: SUMMARY OF MEAN SENSORY PANEL SCORES

4.00A5 p2A 5 3pA 4 54ACP-BF

4.42A 3535.20A 5.22ACP-TM

FR-BF 3.58B 3 748 4.10 3 66A

3 548 3.638 4.44AFR-TM 4.13A

Numbers followed by the same letter were not significantly dtffevsnt at
pep.05.

DISCUSSION

The shelf-life of commerically processed pond-raised hybrid striped bass was
compared using storage temperatures of 2 C and -2 C to simulate
refrigerated and chillpack storage of fish, respectively. Results of the study
indicated tha chillpack samples extended the shelf-life of samples by 13 days
when compared to traditional storage without ice. These findings are significant
in that many retail markets desiring to supply consumers with high quality
seafoods might want to consider the extended storage stability and higher quality
that can be obtained using chillpack storage conditions. Microbiological and
hypoxanthine values were good indicators of product quality, whereas TBA values
of lipid oxidation were not.

The surnary of mean panel intensity scores for aroma, flavor, and texture
attributes is shown in table 2. No significant differences were observed between
product form. However, several intensity notes were observed to have increased
with storage. Mean panel scores for fishy flavor and oxidized flavor were
observed to have increased with storage for both refrigerated and chillpack
samples. No changes were observed for earthy, sour and fishy flavor notes. Both
hardness and chewiness values for FR samples were significantly lower than CP
samples. Panel scores for hardness and chewiness decreased in refrigerated
samples, whereas the same attributes increased with increasing storage times in
chillpack samples.



Since previous use of Hx values have shown that they are species specific,
establishment of Hx values for a warm water species, such as striped bass are
needed to give quick indicators of raw seafood quality over traditional use of APC
numbers and trimethylamine values. The commercial significance of these
findings depend upon supply beyond fresh rnarke demands. At the present time,
premium prices are being paid to producers for whole fish of select size and
weight. Once production exceeds the ability for absorbing the fresh supply or
the prices to producers decline, the the opportunity for extended refrigerated
storage of hybrid striped bass will be economically feasable. The inability of
panelist to differentiate between fillets containing the belly flap portion and
trimmed fillets is also of significance in that processors desiring to market the
untrimmed fillet could expect to obtain higher yields without a lost in quality.
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VIBRIO VULNIFICUS IN RAW GULF COAST OYSTERS

Angela D. Ruple, David W. Cook and Rachel Dusho
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Ocean Springs, Mississippi 39564

INTRODUCTION

Vibrio vulnificus is a halophi lie bacterium which is
ubiquitous in warm estuarine waters. Oysters and other shellfish
growing in estuarine waters can serve as a vehicle for transmitting
the organism from water to man. Once transmitted to man, this
organism has been identified as the causative agent of a primary
septicemia that is often fatal. Because V. vulnificus represents a
significant health hazard to 'a relatively small number of
individuals with liver disease or compromised immune systems �!,
but a much less significant risk to the population in general, it is
difficult to establish regulations concerning its presence in
shellfish. However, the presence of V. vulnificus in raw Gulf Coast
oysters has become a concern for the industry as well as regulatory
agencies.

In an effort to gain information about V. vulnificus that may
be useful to both the shellfish industry and re~go atory agencies,
the Gulf Coast Research Laboratory began a study in January of 1989
to determine the levels of naturally occurring V. vulnificus in
shellstock oysters arriving at Mississippi processing plants. Since
the majority of the reported cases of primary septicemia associated
with the consumption of raw oysters tend to cluster during the warm
months of the year, a primary objective of this study was to
determine if levels of naturally occurring V. vulnificus found in
oysters arriving at processi ng plants show a seasonal variation.

In most of the reported cases of V. vulnificus associated
primary septicemias, raw oysters from the shell rather than
commercially processed oysters were implicated. This may be
attributed to the observation that most of the commercially
processed oysters are cooked before eating. However, oysters
shucked in processing plants are frequently served raw in
restaurants in the form of oyster cocktails or are placed on empty
halfshells before serving. This may indicate that some step within
normal commercial processing significantly reduces V. vulnificus
levels in raw oysters. Therefore, steps in processing of oysters
 shucking and washing! were investigated to determine their effects
on V. vulnificus levels. Further, it is known that most vibrios
do not survive well when stored in the cold, therefore, the effect
of ice storage on the V. vulnificus levels in shucked oysters was
also evaluated.
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The information presented in this paper represents the first
eight months of a one year study.

MATERIALS AND METMODS

Sam le Collection and Handlin

All of the oysters used in this study were Gulf Coast oysters
harvested from approved areas outside Mississippi and shipped to
Mississippi processing plants. For shellstock samples, 30 shell
oysters from a single tagged sack were set aside for shucking and
analys~s in the laboratory. This number provided sufficient
quantity of shucked meats to analyze two-200g samples from each lot
of oysters. For processing studies, shellstock were collected as
described above and the remainder of the oysters in the sack were
shucked by plant personnel, washed on a skimmer according to normal
plant procedures and packed i'nto six 12 oz containers. Two of these
containers were held at �0oC and analyzed within 2 hours of
collection. Four additional containers were packed in crushed ice
and analyzed after 3 and 7 days of storage.

Sam le Pre aration

Shellstock oysters were cleaned by brushing under running tap
water and shucked with a sterile knife. Each sample consisted of
12-15 oyster meats homogenized in phosphate buffered saline PBS  8!
for 1 minute. Decimal dilutions of 10-1 to 10-5 were prepared in
PBS following the procedure of Cook and Pabst �!. All
bacteriological medi a were inoculated from the appropri ate
dilutions. These di lutions allowed for determining Vibrio counts up
to 110,000/g. ilnless otherwise indicated all bacteriological media
were Difco brand.

Standard Plate Count and Indicator Bacteria Anal ses

Standard plate count and fecal coliform analyses were done
according to recommended procedures   1! with the exception of using
PBS as the diluent. The Most Probable Number  MPN! technique using
lauryl tryptose broth followed by confirmation in EC broth was used
to enumerate fecal coliforms. Al'l EC broth tubes showing positive
fecal coliforms were transferred to EC broth with MUG �0! for
enumeration of Escherichia coli.

"Total vibrio" and Vibrio vulnificus Counts

A 3-tube MPN procedure using alkaline peptone water as the
enrichment media was used to enumerate vibrios. One loopful of
enrichment broth from tubes showing positive growth was streaked
onto one plate each of TCBS and CPC  9! agars. All isolates that
grew on TCBS were considered to be "vibrio-like" organisms and were
used to calculate the total vibrio MPN.



Methodology for identification of Y. vulnificus was that of
Kaysner and Tamplin  9!. TCBS and CPC plates were streaked from
alkaline pepione enrichment tubes as described above. When typical
colonies from the same enrichment tube were present on both CPC and
TCBS plates, only those from the CPC plates were subjected to
further testing. If these isolates could not be identified as V.
vulnificus, those from the corresponding TCBS plate were tested.
Typical colonies from CPC and/or TCBS were streaked for isolation on
L-agar   10g tryptone, 10g NaCl, 5g yeast extract, 1.5X agar, 1L
water, pH 7.4!. Isolated colonies were then put on Motility Test
Medium and Tryptic Soy Agar slants with 1X lactose added. Growth
from the TSA-L slants was used to test for 8-0-galactosidase   ll!,
cytochrome oxidase   11!, and slide agglutination with species
specific H-antiserum   14!. Isolates showing typical reactions from
these tests were then inoculated into T1N1 broth   1X tryptone, ll
NaCl! and grown overnight ai 35oC. One drop of the TIN1 broth
culture was then used to inoculate the following biochemical media:
Decarboxylase Basal Medium containing arginine, lysine or ornithine
 8!; tryptone broth with OX, 3X, 6X, 8X, or 10K, NaC1; Purple Broth
Base containing 1X sucr ose, lactose, mannitol, mannose, arabinose,
salicin, cellobiose, maltose, trehalose, or galactose; and Hugh-
Leifson Glucose Broth  8!. All isolates showing typicaI
biochemical reactions were used to determine the MPN per gram of V.
vulnificus in the oysters.

RESULTS AND DISCUSSION

Shellstock

All of the shellstock were harvested from approved
shellfishing areas and could be assumed to meet with Nat~onal
Shellfish Sanitation Program standards for shellstock oysters.
However, previous studies �,3,7, 12, 13! have shown that fecal
coliforms can multiply in shel'1stock oysters during commercial
harvesting and transport especially if oysters are held at
temperatures above 10oC. Cook and Ruple �! have shown that
increases in both fecal coliform and vibrio levels appear to be
governed by such factors as harvest and transport temperatures, and
salinities. In order to gain some insight as to the handling of
the oysters during transport, the overall quality of the oyster as
measured by standard plate count and fecal coliform analyses was
determined.

Standard plate count data is presented in Figure 1. Bars
between the 1 and 2 represent January samples, bars between 2 and 3
represent February samp'tes and so on. From January through August
there was a gradual incr ease in the standard plate counts. However,
even during the warm summer months, the standard plate count of the
oysters arriving at the processing plants rarely exceeded the
500,000/g NSSP guideline �!.
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Figure 2. Indicator bacteria levels in meats from shellstock
oysters when received at processing plants.
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Table 1. Bacteriological data obtained from shellstock oyster
samples collected at oyster shucking plants. Range and

median count data is iven for two time eriods.
0 ster Sam les Collected Ourin

A ril - Au ustJanuar � March
No ~ Samples 3828

2,500 - 2,400 000a
I 26,000]

15,000 - 1,500,000
L100,000]

<18 - >160,000
L2,300]

<18 - 4,900
L20]

2,300 � >110,000
'[>110,000]'

<30 � >110,000
[110,000]

Std. Plate Ct.

 CFU/g!

Fecal Coliforms
 MPN/100g!

<18 - 92,000
173]

<18 - 54,000
I 20]

E. coli
QMPN/100g!

Total vibrios

 MPN/g!

V. vulnificus

3 - 110,000
L150]

<3 - 2,300
L<3]Fsip~g/g

- Range
b - Median

Shucking and washing of oysters according to normal processing
procedures did not reduce the counts of naturally occurring V.
vulnificus  Table 2!. However, storage of processed oysters on ice
for 3 days usually reduced these counts by greater than 90K. After
7 days of ice storage, the V. vulnificus counts were reduced to
greater than 99K of the day 0 count. Ln the August storage study,
both the shellstock meats and the day 0 processed meats had V.
vulnificus counts in excess of 110,000/g. Therefore ii was not
prussia e to determine how great the reduction in counts were during
storage.
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Table 1 summarizes the bacteriological data collected from
shellstock oysters arriving at Mississippi processing plants during
both the cool  January through March! and the warm  April through
August! portion of the study period. Of the f'ive bacteriological
parameters measured, only E. coli did not show an increase in median
counts during the warm period. The difference in the total vibrios
and V. vulnificus levels was significant between the two periods'



Table 2. Effect of Processing and Ice Storage on V. vulnificus
counts  CFU/g! in raw oysters. Each count represents the

avera e from du licate sam les
Processed MeatsShellstoc

Meats
Date

Processed Da 0 Da 3 Da

35,0004 089 20,000

4/25/89 78,000787000

590

[=>99.5]
5/22/89 >110,000 >110,000 24,000

L=>78.2]

6/14/89 68,00029,000

7/14/89 33,000 931000

>110,000 110,0008/22/89 7,000>1107000

Although this study has covered only eight months, seasonal
variations in V. vulnificus levels in shellstock oysters were
confirmed. These variations correspond to the cool and warm months
when differences in incidence of V. vulnificus primary septicemia
occur. Further, storage of processed oyster meats at low
temperature reduces the levels of Y. Yulnificus and processed oyster
meats are rarely implicated in cases of primary septicemia. These
observations suggest that cases of V. vulnificus primary septicemia
may be dose related. Further research in this area is suggested.
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SUMMARY

,900
[94.6]a
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