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PRESENT IN SHELLSTOCK OYSTERS AND CLAMS

Yoonhwa Jeong, Wafa Birbari and Gary E. Rodrick, Ph.D.
Food Science and Human Nutrition Department

University of Florida
Gainesville, FL 32611%163

INTRODUCTION

Oysters and clams are filter feeders that pump large volumes of seawater and therefore
can accumulate bacteria in their tissues. If eaten raw and/or improperly cooked they can serve
as a vehicle for transmitting ~Vibri spp. from water to man. These ~VIbri spp, are primarily
aquatic, occurring in estuarine and marine habitats and in association with aquatic animals �!.
One example is ~Vi rio ~vulnifi us whtch is a lactose fermenting, haiophiiic bacteria that has been

is a signiTicant health hazard to "at risk" indivkluals such as liver disease and/or compromised
immune systems �! and once transmitted it has been identified as the causative agent of primary
septicemia that is often fatal. Because it represents a much less significant risk to the population
in general, it is difficult to establish regulations concerning its presence in shellfish. Significant
foodborne cases involving ~VIbri spp. have attracted both regulatory and public attention. Since
the presence of this pathogen in oysters and clams may potentially cause serious health problems
in individuals consuming contaminated oysters and clams, various processing methods have
been attempted to lower the level of the organisms. Freezing would be a possible method of
inactivating this microorganism in oysters and clams. The purpose of this study was to evaluate
the effect of freezing and thawing treatment on the level of microorganisms.

MATERIALS AND METHODS

Oysters and clams were harvested from Apalachicola Bay near Apalachicola, Florkla and
transported in box to the University of Florida within 18 hours. Shellstock oysters and darns were
frozen and stored in freezer at -10 to -16 F. Thermocouples were used to monitor
temperature changes in freezing of oysters and clams using different substrates  metal pan,
styrofoam and cardboard!. Microbial tests were performed at 0, 5, 10 and 15 days after freezing,
Frozen oysters and clams were thawed at room temperature, and by placing the oysters and
clams in plastic bags under running tap water. During the thawing, the temperature changes
were measured using thermocouples. With the frozen shucked oysters the microbial tests were
done without thawing.

The thawed oysters and dams were scrubbed under running tap water, then opened with an
alcohol flamed oyster knife. The contents of oyster and clam were transferred to sterile blender
jars weighed, mixed with an equal amount of peptone water and homogenized.

Standard plate count agar was used for the determination of total aerobic plate count. The
spread plate method was used and plates were incubated at 3TC for 24 hours �!.

MPN Vi ri ik Vi ri InN

A 3-tube MPN procedure using 1% alkaline peptone water �.5% NaCI! as the enrfchment
media was used to enumerate VIIIHg �!. One loopful of enrichment broth from positive tubes
 incubated at 3TC for 16-24 hours! was streaked onto TCBS and CPC agar. All isolates that



354 grew on TCBS  incubated at 37 C for 16-24 hour! were considered to be ~Ãri -like bacteria" and
were used to calculate the MPN of Villriodike bacteria". The yellow colonies found on CPC
 incubated at 40 C for 16-24 hours! were considered to be ~V. v I~nNi:> and were used to
calculate the MPN of ~V, v In~ifi

RESULTS AND DISCUSSION

T m r tur han infr in

Figure 1 shows the rate of temperature change in freezing oysters with different substrates.
Specifically a metal pan was the best conductor when compared to cardboard and styrofoam.
The temperature of oysters reached -10 F in the freezer after about 105 minutes while
styrofoam took 165 minutes to reach -10 F. With clams, it took 120 minutes to reach -10 F
using the metal pan, but took more than 210 minutes when using cardboard  Figure 2!. The
freezing rate varied with the size of oyster or clam.

Tm t r n inthwin

Thawing using running tap water was faster when compared to air  Figure 3!. Room
temperature thawing took approximateiy 165 minutes in reaching a temperature of 70 F. However,
using running tap water, oysters and clams reached 70 F after 75-90 minutes of thawing, Water
thawing was more efficient than air thawing at room temperature,

There was no signNcant difference in total plate counts between air thawing and water
thawing. In shellstock oysters total plate count decreases gradually with time  Figure 4!. On day
15, the total plate count was reduced 4.5 log units in sheilstock oyster. The total count of
shucked oysters without thawing was reduced by 1.6 log units on day 14  Figure 5!. This
indicates that the reduction rate cf total plate count depends on if oyster is shellstock or shucked
and if the oyster is thawed or frozen. In shellstock dams, two log unit reductions were obtained
on day 10, but on day 15, total plate count Increased when compared to day 10  Figure 6!.
MPN Vi r' lik r

Freezing reduced the total "~VI riigike bacteria" by 2.4 logs 15 days after freezing in shellstock
oysters  Figure 7!, while in shucked oysters without thawing there was a 2.0 log unit reduction
on day 14  Figure 8!, In shellstock clams  Figure 9! the MPN of total ~VI ri was lowered by 2.7
logs on day 15. There was no signwcant difference in the level of total Vibrl&lke bacteria"
between air thawing and waterthawing. After 15 days of storage at -10 to-16 F Ql~lri -like
bacteria" were found to be culturttble.

After 15 days of storage at -10 to -16 F, most ~V. v I~nlfi LI was not recovered in shellstock
oysters  Figure 10!. There was a 2.8 log reductionln MPN of
~V, I~nifi g. In shucked oyster without thawing a 1.0 log reduction was obtained on day 14
 Figure 11! and on day 21 ~Vv ~ln LIII was not detectable. It Is likely that the reduction rate
depends on shellstock or shocked and thawed or frozen. The MPN of ~V~lnI gy in control
clams was 390, but on day 15 the organism was not detected  Figure 12!. There was no
significant difference between thawing methods.

CONCLUSION

After 15 days of storage at -10 to -16 F, total aerobic plate count of shellstock oysters was
reduced by 4.5 log units and 2.0 log units In shellstock dams. The MPN of ~Nrl+Ike
bacteria" of shellstock oyster showed a 2.4 log unit of reduction while shellstock dams showed
a 2.7 log unit of reduction. The MPN of V vLillnlfl;LII In shellstock oysters was lowered by 2.8 log
units while in sheiistock dams the organism was not detectable.
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Graph 1. Survival of V, vulnificus in Artificial Seawater
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Graph 4. Resuscitation of V. vulnificus VBNC artificial
seawater microcosms after incubation at RT
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SEASONAL FLAVOR VARIATIONS IN RANGIA CLAMS

Robert M, Grodner, Ph.D. and Linda S. Andrews
Department of Food Science

Louisiana Agricultural Experiment Station
Louisiana State University Agricultural Center

Baton Rouge, Louisiana 70803

~Rn~ia clams are abundant �! in the estuarine marsh areas of Southern Louisiana
and have been consumed by local fishermen and native Louisiana Indians for hundreds
of years. Microbiological profiles of Ran~i from the harvest areas in Southeastern
Louisiana have confirmed the ability of this species to meet the standards established by
the National Shellfish Sanitation Program �! either through direct harvesting from
unrestricted waters or by relaying the clams for 144ays in clean water, when harvested
from marginal or restricted waters �!. During certain times of the year~Rn~ia have been
noted to develop a musty/earthy or "muddy" Ravor after cooking. This muddy flavor is
considered an unique and/or off-flavor, A muddy flavor compound, geosmin, has been
identified in ~Ran ia oiam meat taken from Louisiana waters {ai. tseosmin has been a
problem in the caffish growing industry, with processors testing every every caffish pond
harvest for muddy Ravor before accepting delivery. Catfish are evaluated by subjective
sensory panelist or individuals trained to recognize the muddy flavor and determine
acceptability of the product, The purpose of this study was to determine what effect the
muddy iiavor has on iiavor aooeptabiiity oi ~Rn ia dame and using this information
determine if seasonal changes occur in~Rn~i and establish harvesting times when flavor
acceptability was maximum.

MATERIALS AND METHODS

~Rn~I clams were harvested monthly from an open estuary in Southeastern
Louisiana from July 1989 through June 1990.

Clams were stored on ice and delivered to the Department of Food Science,
Louisiana State University, Baton Rouge, LA.

A trained ten-member sensory panel evaluated fresh steamed clams for muddy
flavor intensity and hedonic scale of acceptability each month of the study. Using a
randomized complete block design RCBD!�!, each panelist evaluated all samples in
duplicate. Least square means of sample scores were used to determine monthly flavor
dNerences and establish a relationship between muddy flavor intensity and overall
acceptability of~Rn i t clam Ravor. Acceptability of~Rn i ~ clam flavor was scored on a
15 point scale with acceptable scores being above 5.0. Muddy flavor intensity was scored
on a 15 point scale with 0 as no muddy flavor and 15 as extreme muddy Ravor.

RESULTS AND DISCUSSION

Monthly flavor scores cf fresh steamed ~Rn~i clams during the 12 months of this
study indicated that there was a statistically significant decresase in muddy Ravor during
the cooler winter months from October 1989 through February 1990  Fig 1!. Muddy
flavor scores dropped from a moderate Intensity range of 5.0 to 7.0 to a low Intensity of
less than 5.0. Acce~bitlty scores for this same period  October - March! were
significantly improved  Fig 1!. Acceptability scores Increased during the same period from
low acceptability less than 5.7 to mOderate acceptability range of 5.7 to 7.0. Muddy
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flavor scores were found to be negatively correlated with acceptability in fresh clams  Fig
2!, When muddy flavor intensity of ~R-ilia scored above 5.5, the clams were rated as
unacceptable by the sensory panel, When the muddy flavor was scored below 4.0, the
clams were found to be highly acceptable with hedonic scores above 7.0  Fig 2!.

CONCLUSION

~Rn~ia clam muddy Ravor scores, for the 12 months studied, indicated a
significant decrease in muddy flavor with an increase in ~Rn~ia clam flavor acceptability
during the late fall and winter season from October thru February. From the experimental
results to date: it is suggested that ~Rn~i clam peak flavor occurs during the winter
season. Further evaluation of seasonal changes in '.Lnnia flavor would be necessary to
confirm these findings. Muddy flavor in steamed clams does affect the acceptability of
~Ran ia clam flavor. Studies are now being done to reduce muddy iiavor perception in
~Ran ia using various processing techniques or by using the dame in a highly iiavored
spiced product. The source of muddy flavor has not been definitively identified. In fresh
water species such as catfish, muddy flavor is often associated with pond algal blooms
that produce geosmin, a muddy flavor compound, In brackish water, no source for
muddy flavor in ~Ri~nia clams has been identified. Identification of the source of muddy
flavor in these clams could lead to a rapid method for predicting and pinpointing specific
harvesting times when flavor is at its peak.
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EFFECT OF PACKAGING ON STORAGE QUALITY OF
ICED CHANNEL CATFISH

Yao-Wen Huang, Ph.D., Philip E. Koehler, Ronald R. Eitenmiller, Ph,D.
and Dorris A. Lillard

Department of Food Science and Technology
University of Georgia

Athens, Georgia 30602

According to USDA statistical reports  USDA, 1983; USDA, 1988!, 127 million kg of catfish were
processed in 1988 compared to 62 million kg in 1983. The increase in marketing of catfish indicates
that production of catfish with good storage characteristics in retail outlet is very important to the
industry. However, an increase in fattiness in fish coming from production ponds has been identified
as a current trend  CFAMA, 1986!. Since fish iipids are highly unsaturated and susceptible to oxidation,
they could cause rancid flavor resulting in reduced product quality and market value. Earlier studies
proved that vacuum packaging would substantially reduce oxidative deterioration in fish and fish
products  Moyer, 1960; Hardy and Hobbs, 1968; I indsay, 1977; Morris and Dawson, 1979!. In order
to keep refrigerated catfish products safe and of high quality, packaging with materials exhibiting a low
oxygen transmission rate might be an alternative way. However, little information regarding the effect
of consumer packaging on storage quality of refrigerated catfish fillet are available.

The objective of this investigation was to determine effects of different packaging methods on
chemical and microbiological qualities of farm-raIsed channel catfish during 21 days of iced storage.

MATERIALS AND METHODS

Channel catfish Oltl~r~n~t! fed commercial-type feed containing 24 and 32% protein
were used for the study  Huang et al. 1991!. Fish, averaging 1.5 kg, were harvested by net from
Auburn University aquacultural ponds in September, 1989. Upon harvest, fish was deheaded,
eviscerated, skinned, and filleted by using laboratory scale equipments, and then placed on ice for
packaging.

P k in Tr atm nt n t

Fillets, averaging 350g, were placed on !xfystyrene trays and were packaged in one of the
following methods:  f! overwrapping with saran film  Polyvinylidene chlorkle, Pvgc!; �! vacuum
packaging with Eva bag  Cryovac Co., Duncan, SC! using a Multivac AG 900 vacuum packaging
machine  Multivac Sepp Haggenmuller KG, West Germany! followed by a heat shrink process which
required dipping in hot water  88 C! for 2 sec as reported by Teixeira et al. �986!; and �! Vacuum
skin packaging with Intact Skin Packaging film  ISPF, Trigon Packaging Co., Redmond, WA! using a
Trlgon Intact RM 331 Mark III Mini Intact rnachine. Specifications for the packaging material are in
Table 1.

All packaged fish samples were held at about 2:1 ice to fish ratio in ice chests provided with
holes for drainage, Ice chests were housed in a refrigerated room at 4 C to slow ice melt. Additional
ice was added to chests as needed.
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ai' Evaluation

Iced samples were removed and evaluated after 1, 7, 14, and 21 days of storage for chemical
analysis and microbial count. Chemical tests consisted of determining pH, thiobarbituric acid  TBA!
number, ammonia concentration, and free fatty acid content. Microbiological evaluation was
determined by psychrotrophic plate count, Triplicate samples were subjected to each analysis.

Minced fish flesh �0g! was blended with 80 ml of distilled water for 1 min in a food processor
 Regal La Machine I!. The homogenate was filtered through glass wool to collect 50 rnl of filtrate. The
pW of the filtrate was measured at room temperature with a glass electrode using a Fisher Accumet
Model 950 pH Meter.

Millivolt readings from an ammonia ion selective electrode coupled to a Fisher Model 950 pH
meter were used to determine sample ammonia concentrations. Readings were taken after 1 ml of 10
N NaOH was added to 50 ml of filtered homogenate as previously described for pH determinations.
Ammonia levels, expressed in millimolar concentration, were determined from an ammonium chloride
standard curve, and converted to mg NH> per gram of fish.

The distillation method of Tarladgis et ai. �960!, with the following modifications, was used to
determine TBA numbers. Antioxidant solution [200 mg of butyiated hydroxytoluene  BHT! in 1.8g of
propylene glycol] was added to the sample before blending to prevent further oxidation as suggested
by Yu and Sinnhuber �967!. Instead of glacial acetic acid, distilled water was used to make the 0.02M
2-thiobarbituric acid solution. Absorbances  A! of the TBA-malonaldehyde chromagens were read
against a blank at 538 nm on a Bausch and Lomb Spectronic 20 Spectrophotometer. Results were
expressed as TBA number  rng of malonaidehyde/kg of sample! = A x 7.8.

Ft nt nt n Fr F A i

Lipids were extracted from fish using a mixture of solvents and determined as described by
the AOAC �984!. A separatory funnel instead of graduate cylinder was used to separate the filtrate,
The mixed oil was then titrated with 0.25N NaOH and data are reported as percent free fatty acids
expressed as oleic acid.

Triplicate 25g samples were obtained aseptically and homogenized for 30 sec with 125 mi
sterile Butterfields phosphate buffer in FIsher brand polyethylene sample bags using a Tekmar
Stomacher Lab-Blender 400. Appropriate serial dilutions were plated onto Standard Methods Agar by
the spread plate method. Psychrotrophic counts were determined by counting the colony forming
units after the plates were incubated at 7 C for 10 days  Speck, 1984!.

Statistical analyses  SAS, 1987! were performed on data of chemical and microbiological tests
by means of PC SAS. The Duncan's multiple range test was used to determine significant differences
among samples.
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RESULTS AND DISCUSSION

Channel catfish fed 24% protein feed had significantly  p < 0,05! higher fat content � 0.6%! than
those  8.6%! fed 32% protein feed  Huang et al., 1991!. Although the fillet samples from fish fed 32%
protein had a lower pH than these from fish fed 24% protein on day 1, no significant difference
 p<0.05! was found at the 7th day  Table 2!. The pH of fillets from fish fed 24% protein except the
oveiwrapped sample decreased at day 7 and then increased to the same value throughout the entire
storage period. However, fillets from 32% protein diet fish had signNcantly higher pH at day 21 than
that at day 1 regardless of packaging methods.

Ammonia content of samples increased sharply from day 1 to day 7 and remained constant
to 21 days of storage. There were no significant dNerences  p<0.05! among samples with dNerent
packaging methods  Table 3!. Results were in agreement with that of Hearnsberger et al. �987! who
reported an initial increase of ammonia production then decreased slightly and again to increase.
However, protein levels in the feed had no effect on ammonia production of catfish during 21 days of
iced storage.

Although there was a significant dNerence  p<0.05! in fat content of catfish fillets  Huang et
al., 1991!, no significant difference in TBA numbers was found among samples in dNerent packaging
methods for 1, 7, and 21 days of storage  Table 4!. TBA numbers remained constant throughout the
storage period.

Table 5 shows the effect of packaging materials on free fatty acids in ice stored catfish.
Regardless of the fat content, after 14 days of storage, the vacuum skin packaged samples and the
E-bag samples had the lowest and highest free fatty acid content, respectively in fish flesh,

Samples in vacuum skin packaging and iri vacuum bags showed significantly lower  p<0.05!
psychrotrophic bacterial counts than Saran overwrapped ones after 7, 14 and 21 days of storage
regardless of fat content in the musde  Table 6!. All tested samples had bacterial counts increased
as the days of storage increased. However, the bacterial count remained constant after 14 days of
storage.

In summary, both vacuum skin packaging and vacuum bags did retard the psychrotrophic
bacterial growth of iced catfish. Although no effect on lipid oxidation was found, vacuum packaging
did slow the catfish lipid hydrolysis, Vacuum packaging can not only provide a better external
appearance but also prevent ieakage of fish juices, Cross-contamination of displayed fishes and the
odor problem In retail markets would be reduced. Results revealed that the quality of iced fresh catfish
fillets could be improved through vacuum packaging with low oxygen permeable materials,
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TABLE 1.

SPECIFICATIONS OF PACKAGING MATERIAL

Water

transmission

rate

Oxygen
transmission

rate

CompositionPackaging
method

5 at20 C,
43% R.H.!

1,00  at 20 C,
85% R,H,!

PolyvinylideneOverwrap

4,000  at 22.8 C! 10 08  at 37 8 C,
100% R.H.!

Low density
ethylene and vinyl
acetate copolymer

Vacuum bag

930  at 23 C,
75% R.H.!

4.00 {at 37 C,
95% R.H,!

Surlyn
{low density
polyethylene!

Vacuum skin

a

Specifications from technical literature provided by manufacturers.
b

Transmission rate = cc/m /24 h/atm
c

Transmission rate = g/m /24 h/atm

TABLE 2.

EFFECT OF PACKAGING METHOD ON pH IN ICE STORED CHANNEL CATFISH

Days of storage
Packaging
treatment

14

tfi h f 24 rot in I I

6.75b6.72aoverwrap

vacuum bag 6.72a 6.52a

6.72b 6.75bvacuum skin pack 6.72a

tfih f 2 r t inl v I

6.68bc6.59b 6.60aoverwrap

vacuum bag 6.68bc 6.74b6.59b

6.74bvacuum skin pack 6.59b 6.64c

a,b,c,d Means In a column followed by the same letter are not significantly different at level of 0.05
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Days of storage
Packaging
treatment

14 21

tfi h fed 24% r tein lev I

0.04 0.49 0.38 0.46overwrap

vacuum bag

vacuum skin pack 0,04

0.37 0.450.04

0.48 0.40 0.52

tfi h f 2% r teinlev I

0.36 0.530.09 0.40

0.470.09 0.43 0.38

0.09 0.50 0.39 0.55

TABLE 4,

EFFECT OF PACKAGING METHOD ON TBA NUMBER  MG MALONALDEHYDE/KG SAMPLE!
IN ICE STORED CHANNEL CATFISH

Days of storage
Packaging
treatment

14 21

tfi h f 24% r tein I v I

1.05ab1.14a 0.52a1.72aoverwrap

vacuum bag 1.04ab1.72a 0,82a

vacuum skin pack 1.72a

tfi h f 2 rot in I vel

overwrap 1.98a

vacuum bag 1.98a

vacuum skin pack 1.98a

0.93b1.39a

1.24a 1.26a

1.93a 1.58a

1.67ab 1.43a1.65a

Means In a column followed by the same letter are not signacantly dNerent at level of 0.05

overwrap

vacuum bag

vacuum skin pack

TABLE 3.

EFFECT OF PACKAGING METHOD ON AMMONIA CONTENT
 MG NHs/G SAMPLE! IN ICE STORED CHANNEL CATFISH
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TABLE 5.
EFFECT OF PACKAGING METHOD ON FREE FATTY ACID CONTENT

 MG/G SAMPLE! IN ICE STORED CHANNEL CATFISH

Days of storage
Packaging
treatment

2114

tfish f 24% rotein level

0.59a0.05a0.04aoverwrap

vacuum bag

vacuum skin pack

0.05a0.04a

0.11d0.04a 0.04a

tfish fed 2% rotein lev I

0.03a 0.27a 0.28c0.04a

0.17b 0.32bc0.03a 0.05a

vacuum skin pack 0.03a 0.04a 0.13cd 0.17c

Means in a column followed by the same letter are not significantly different at level of 0.05

TABLE 6.

EFFECT OF PACKAGING METHOD ON PSYCHROTROPHIC BACTERIAL COUNT
 LOG CFU/G SAMPLE! IN ICE STORED CHANNEL CATFISH

Days of storage
Packaging
treatment

2114

tfih f 24 rtinlvf

9.2b7.7a5.1a 9.2aoverw rap

7.2bvacuum bag 5.la

vacuum skin pack 5.1a

tfI h f 2% r teinl v I

8.4b

7.3b 8,7cd 8.8b

9.1a5.4aoverwrap

vacuum bag

vacuum skin pack

8.6b7,1b5.4a

5.4a 7.4b 8.7b9.0bc

Means ln a column followed by the same letter are not significantly different at ievel of 0.05

overwrap

vacuum bag

0.24a

0.16bc 0,43ab

0.14c
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INHIBITING MELANOSIS IN TRAWLED AND
POND-REARED SHRIMP SPECIES

W, Steven Otwell, Ph.D.
467 Food Science Bldg.

University of Florida
Gainesville, FL 32611

and

Arlhur J. McEvily, Ph.D,
Opta Food Ingredients, Inc.

64 Sidney St,
Cambridge, MA 02139

INTRODUCTION

Melanosis  "blackspot"! continues to pose a significant quality problem for numerous shrimp species
from traditional harvests and cultured production, The consequences can be reduced product value,
estimated to range from 10 to 25 percent less in dockside payments depending on the degree of melanosis,
or product rejection for excessive blackspot �!, As an adverse cosmetic consequence of the natural,
indigenous polyphenoloxidase enzyme activity, the expression of blackspot varies per species, harvest and
handiing methods. Thus a necessary preventative control should offer simple and general application for
all species under a variety of harvest and handling conditions. The principle approach of this work was the
inhibition of melanosis rather than the resolution or bleaching of developed blackspot.

METHODS

A standard test procedure, designed to exempNy common commercial practices, was used to
monitor the effectiveness of a polyphenoloxidase inhibiting compound  current trade name, Everfresh! in
prevention of shrimp rnelanosis. Prior work with a variety of similar compounds concluded Everfresh z was
effective for pink shrimp ~Pna ~~i~ri~rm treated in dip concentrations as low as 0.0005% �!. A similar
dip treatment for one minute in concentrations ranging from 0.0005% to 0.05% was tested for use on

IL 'i I'""
cultured shrimp ~Pnmeusp~on~I:>, P. m<~nggn, P. ~tif~> and P. v~n~mI . The product to dip ratio
was approximately 300 grams/liter. Trials involved replications per species through small scale, one liter
dips, and common commercial scaled tanks of 100 liters  approx. 30 gallons!. As noted in prior work �,4!
the salinity of the dip water did not influence the expression of rnelanosis or effectiveness of the dip. In most
instances the dip water was taken from the harvest waters.

Heads-on, whole untreated shrimp were used in all tests to represent the most problematic product
form, The treatments were applied immediately post-harvest on vessels or at pond side, or when thawed
from frozen storage necessary for transhipped samples. All frozen samples were specifically harvested and
rapidly frozen without any prior treatment. As noted in commercial practice, frozen storage tended to
accentuate the onset of melanosis when the samples were thawed.

Melanosis on the treated samples was scored ln comparison with controls  untreated! and sulfite
treated �.25% sodium blsulfite dip! samples per the respective batches of shrimp species. Scoring was
based on a proven �! 10 point melanosis scale  Table 1! which referenced the grading criteria of the
National Marine Fisheries Service �!. Results were based on progressive scoring by a trained panel
observing one pound samples held in mesh bags stored in ice for at least 12 days. The mesh bags
provided exposure to leaching melt water typical for commercial iced shrimp. Each bag was scored as a
test unit, Any deviations from these procedures are so noted in the results,
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Table 1. Melanosis rating scale used to describe the occurrence of 'blackspot' on shrimp.

Commercial USDC'
ons uen e E uiv I nceD seri tionOI'

absent

slight, noticeable
on some shrimp

possible
reduced value

slight, noticeable
on most shrimp

reduced value

definite

reduced value

moderate, on most
shrimp

8 heavy on most shrimp unacceptable

10 heavy, on all shrimp unacceptable

U.S. Department of Commerce equivalence based on respective quality ratings and melanosis
descriptions used by National Marine Fisheries Service volunteer inspection program  CFR, Title 21,
Part 265!.

RESULTS

CONCLUSIONS

EverfreshTM in dip concentrations less than 0.005% for 1 minute offer effective prevention of shrimp
melanosis for harvested or cultured shrimp, and three separate shrimp genera. The method of application
is simple, controllable and suitable to current commercial practices. Dip preparation and use does not pose
a health risk or irritant to users. Dipped whole, heads-on shrimp exhibit no noticeable organoleptic
alterations in the raw, fresh, frozen or cooked product forms.

All initial results indicate Everfresh M dips effectively retarded melanosis on all shrimp tested  Table
2!. The results were not conclusive for some of the less problematic cultured shrimp. Effective dip
concentrations contained less than 0.005% Everfresh M. Prevention was equivalent to or better than the
results scored for comparative tests utilizing the current recommended dip procedure of 1,25% sodium
bisuiflte for one minute. The EverfreshTM dips were odorless and colorless, and caused no noticeable
organoleptic alterations of the shrimp in raw, fresh, frozen or cooked states,
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Table 2. Consolidated results for shrimp species treated
for prevention of melanosis during 1990.

Total days storage with
melanosis ratin s less than '4'

S ecies~ Source~ Controls Sulfited Everfresh~M
2v.t.-Key West 2-6
2v.t.-St. Pete
3f.t.-FL

P. duorarum
harvested

pink shrimp

6-12

lv.t. -Freeport
1f.t-TX

P. aztecus

harvested
brown shrimp

4-5 5-7

cultured
white shrimp

1p.t.-SC 1010

P. vannamei
cultured

white shrimp

1p.t.-HiltonHead 9
SC

1010

jzl'""
cultured

kuruma shrimp

positive Everfresh,M inhibition
confirmed through collaborative
work with aquaculture firm in
Japan.

No dip application. Positive
Everfresh � inhibition of
polyphenoFoxidase extracted
from the shrimp samples.

P. monodon 1f.t.-Tawian
cultured

tiger shrimp

1v.t.-FL
harvested

rock shrimp

3-4

K.
harvested

nylon shrimp

14

2.

Genera designations P.-Penaeus; H.-Heterocarpus; and
S.-Sicyonia.
Trial designations: v.t.-vessel trials, on-board, utilizing
fresh, immediate post-harvested shrimp; f.t.-frozen trials
utilizing untreated shrimp, rapidly frozen and delivered to
the lab; and g,t.-pond side trials utilizing fresh, immediate
post-harvested, cultured shrimp.
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INTRODUCTION

Unfavorable darkening of many seafood products resulting from enzymatic oxidation of phenols
to o-quinones by polyphenoloxidase  PPO! has been of great concern to seafood processors and
consumers. Compounds capable of Inhibiting melanosis in these products through the interference
of PPO mediated reactions or through the reduction of o-quinones to diphenols have been identified.
However, the use of chemicals in inhibiting melanosis is limited due to off-flavors, off-odors, toxicity,
and economic feasibility �!.

Kojic acid �-hydroxy-2-hydroxymethyI-Y-pyrone! is a fungal metabolite produced by many
species of Aspergillus and Penicillium  8, 12!. It possesses antibacterial and antifungal activities �1!.
Saruno et al. �3! demonstrated kojic acid from Aspergillus albus inhibited mushroom tyrosinase
activity. Since only limited information was available on the inhibitory effect of kojic acid on PPO, this
study was undertaken to Investigate the Inhibitory activity of this compound on crustacean  white
shrimp, grass prawn, and Florida spiny lobster! PPO and to elaborate mechanisms involved.

MATERIALS AND METHODS

Ext cti n f r c n P

Nonsulflted shrimp cephalothorax and lobster tail cuticle were frozen in liquid nitrogen and
ground into fine powder. The powder was suspended in 3 volumes  w/v! of 0,05 M sodium phosphate
buffer  pH 7.2! containing 1 M NaCI  extraction buffer! and 0.2%  v/v! Brij 35, and stirred at 4 C for
3 hr.

P rifi tl n fl rPP

The suspension was centrifuged at 8,000g � C! for 30 min and crude lobster PPO �.0 ml !,
after dialysis against 0.05 M sodium phosphate buffer  pH 6.5!, was applied to nondenaturing
preparative polyacrylamide gel electrophoresis  PAGE! tubes �2 cin length x 14 mm I.d.! containing
5% acryiamlde gel, and run at a constant current of 10 mA/tube. PPO was visualized using a specific
enzyme-substrate staining method �! using 10 mM DL+3,4dihydroxyphenylalanine  DL-DOPA! in
distilled HzO as substrate. Gals containing PPO were sectioned and homogenized in 0.05 M sodium
phosphate buffer  pH 6.5!. Following filtration through a Whatman No. 4 filter paper, the filtrate was
concentrated using an Amicon stirred cell fitted with a YM 10 filter. The PPO was further purified by
subjecting the concentrated filtrate to electrophoresis using 7.5% acrylarnide gel.

P rifi ti n f hri PP

Following centrifugation of the suspension at 23,000g � C! for 30 min, the supernatant was
fraCtiOnated With  NH4!ZSO4 betWeen 0-40% Saturatian; the preCipitate Waa COlleCted by CentrlfugatlOn
at 23,500g � C! for 30 min. For white shrimp, the precipitate was dissolved in 0.05 M sodium
phosphate buffer  pH 7.2! and dialyzed overnight against the same phosphate buffer. The dialyzed
PPO was loaded onto a DEAE-cellulose �.95 meq/g! column. Elution of PPO was peiformed using
a 300 mL 0.05 M sodium phosphate buffer  pH 7.2! containing a linear gradient � - 1.0 M! of NaCI.
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a Sephadex G-100 gel column.

For grass prawn, the precipitate was resuspended in extraction buffer containing 40%
 NHgzso4. After a repeat homogenization and centrffugation at 23,500g � c! for 20 min, the
precipitate was subjected to a preparative Phenyl Sepharose CL-48 column. PPO was eluted with a
step-wise gradient of elution buffer [100% extraction buffer  9 mL!, 50% extraction buffer in water �4
mL!, and 10% extraction buffer in water �4 mL!], 50% ethylene glycol � 2 mL!, and then distilled water
�50 mL! at a flow rate of 0.2 mL/min. Four-mL fractions were collected and fractions exhibiting PPO
activity were pooled and concentrated.

Prot in ant' tion nd enz m u' et rmi ti n

Protein content of all PPO preparations was quantitated using the Bio-Rad Protein Assay kit.
Enzyme purity was examined using a Bio-Rad mini gel system, PPO �0 gg protein/well! was loaded
and electrophoresized at a constant voltage �00 volts! for approximately 35 min. The purity of enzyme
preparations were determined by comparing gels stained with 10 mM DL-DOPA in HzO and then with
a Commassie brillant blue R-250 solution.

PPO activities were measured by adding 0.1 ml enzyme to 1.4 mL 10 mM DL-DOPA in 0.05
M sodium phosphate buffer, pH 6.5. The reaction was monitored at 25 C and 5 min for grass prawn
and lobster PPO, while 40 C and 5 min for white shrimp PPO. Maximal initial velocity was determined
as  hA47~~/min! and one unit of PPO activity was defined as an increase in absorbance of 0.001/min.
Eff ct fk 'ic i onPP

One hundred-gL PPO was incubated with 1.0 mL of 0.05 M sodium phosphate buffer  pH 6,5!,
and 0.9 mL kojic acid solutions �0 - 200 gg/mL! at 37 C for 15 min. Following equilibration to ambient
temperature, 1.0 mL 10 mM DOPA or catechol in the same phosphate buffer  pH 6.5! was added to
the mixture and the reaction was monitored at 475 or 395 nm, respectively, for 5 min. For control
sample, an equivalent volume of M>O was used to replace kojic ackl solution. Percentage inhibition
 I! was expressed as j T -T !/Tj x 100, where T* and T were enzyme activities in the presence and
absence of kojic acid, respectively �3!, For white shrimp PPO system, the reaction was performed
at 40 C, while 25 C was used for grass prawn and lobster PPO system.

Michaelis constant, K, for PPO was determined using the Llneweaver-Burk equation �0!. L-
DOPA or catechol �.5 - 7.0 mM! in 0.05 M sodium phosphate buffer  pH 6.5! was used as substrate
for white shrimp PPO �,400 units/mg protein!; while DL-DOPA or catechol �.67 - 9.92 mM! in the
same phosphate buffer  pH 6.5! was used for grass prawn PPO  900 units/mg protein! and lotmter
PPO �,000 units/mg protein!. The assay conditions was carrfed out similarly as previously described.

The inhibitory mechanism of kojlc acid on enzyme activities was also investigated. Five
hundred-gL kojic acid �.28, 0.56, and 1.06 mM! replacing phosphate buffer solution were used in the
assay systems. Prior to the addition of the substrate, the enzyme-inhibitor mixture was incubated at
37 C for 15 min. The assay conditions were performed as previously described. Kinetic parameters
of +happ and g for enzyme activities were also determined according to the equations of Lineweaver-
Burk and Dixon �, 10!.
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Eff ct of ko'ic id on Oz t k PP r a ion

A 0.1 mL lobster PPQ was added with 0.1 mL kojic acid solution �.28, 0.56, and 1.06 mM! into
the sample chamber of an oxygen monitor. Following incubation at 25 C for 30 min, 2.9 mL of 10 mM
DL-DOPA or catechol in 0,05 M sodium phosphate buffer  pH 6.5! was added to the sample chamber.
The reaction was allowed to proceed at 25 C for 10 min and the consumption rate of Oz was
monitored. For control sample, HzO was used to substitute kojic acid. Background Oz consumption
for kojic acid or substrate, or their combination was also carried out. The Oz consumption rate was
defined as [ U -U !/U] x100, where U and U was the rate of Oz consumed by the enzymatic reaction
in the absence or presence of kojic acid, respectively.

Effe t fk 'icacidonth red ti n f u '

Following incubation � 0 min! at 25 C, the solution containing 1.0 mL kojic acid in deionized
H20 and 0.5 mL 0.4 mM CuSO4 in 0.05 M SOdium phOSphate buffer  pH 7.0! WaS added tO 0.5 mL Of
4 mM aqueous bathocuproine disulfonic acid, The final concentration of kojic acid in the mixture was
0.02 to 1.40 mM. After the mixture was incubated at 25eC for another 20 min, the absorbance at 483
nm was determined. For control sample, kojic acid was substituted with 1,0 mL deionized HzO.
Effect f ko'i aci n h nolic bst tes n uin ne r ts

Three respective solution:  i! 1.2 mL 10 mM DL-DOPA,  ii! 0.6 mL kojic acid �.63 mM!, and
 iii! 0.2 mL lobster PPO, all in 0.05 M sodium phosphate buffer  pH 6.5! at a total volume of 2.0 ml
was spectrophotometrically scanned. In addition, mixture containing  iv! 1.2 mL 10 mM DL-DOPA and
0.6 mL kojic acid �.63 rnM! in phosphate buffer  pH 6.5!, and 0.2 mL phosphate buffer, or  v! 0,6 mL
kojic acid, 0,2 mL lobster PPO and 1.2 mL phosphate buffer following an incubation at 25 C for 30 min
was also scanned.

A reaction mixture containing 1.2 mL 10 mM DL-DOPA and 0.2 mL lobster PPO in 0.05 M
sodium phosphate buffer  pH 6.5!, and 0.6 mL of the same phosphate buffer was incubated at 25 C
for 30 min. Following red color development, the mixture was spectrophotometrically scanned. The
effect of kojic acid on dopaquinone was also studied by adding 0.6 mL 5.63 mM kojic acid to the
solution containing dopaquinone formed by 0.2 rnL lobster PPO and 1.2 mL 10 mM DL-DOPA.
Following incubation at 25 C for 30 min, the mixture was scanned as previously described.

RESULTS AND DISCUSSION

Eff fk 'i a ' nPP a iv

White shrimp PPO activity on L-DOPA and catechol was inhibited by 25.5 and 21.5%,
respectively, when kojic acid at 20 wg/mL was added  Fig. 1a!. Comparatively low Inhibition was also
observed for the oxidation of DL-DOPA �3.5%! and catechol �3.3%! by grass prawn PPO when kojic
acid at the same concentration was used  Fig 1b!. However, 80 and 70% inhibition of the oxidation
of DL-DOPA and catechol, respectively, was observed using lobster PPO and kojic acid at 20 wg/mL
 Fig. 1c!. When kojic acid at 100 gg/mL was added, the inhibition on lobster PPO exceeded 90%  Fig.
1c!. Under the same treatment conditions, the Inhibition was only about 50% for white shrimp PPO
and 80% for grass prawn PPO  Figs. 1a and 1b!. Kojic acid appeared to be more effective in inhibiting
lobster PPO activity than inhibiting white shrimp and grass prawn PPO.

The kinetic parameters  K, K ~, and Ki! for PPO utilizing DOPA or catechol In the absence
or presence of kojic acid, and the type of inhibition as verified by the Dixon plot are listed in Table 1.
The Michaelis constants for the oxidation of L-DOPA and catechol by white shrimp PPO were
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Figure 1. The concentration-related inhibitory effect of kojic acid on
 a! white shrimp,  b! grass prawn, and  c! spiny lobster
polyphenoloxidase activity.



determined to be 3.48 and 4.27 mM, respectively, Regarding lobster PPO, the K values for oxidation
of DL-DOPA and catechol were 3.27 and 4.98 mM, respectively. For grass prawn PPO, the K values
for DL-DOPA and catechol were 3.64 and 5,29 mM, respectively.

Table 1. inhibitory mechanism of kojic acid on crustacean polyphenoloxidase

Type of Apparent
Enzyme Substrate K  mM!' inhibition K  mM! K,  mM!
White

shrimp
L-DOPA

Catechol
Mixed

Mixed
4.29 0.30

5.18 0.33

3.48

4.27

Grass

prawn

DL-DOPA

Catechol
Mixed

Mixed

3.64

5.29
7.77

7,78
0.05

0.07

Spiny
lobster

DL-DOPA

Catechol
Mixed

Mixed

3.27

4.98
4.37

7.31
0.07

0.10

Michaelis constant
Inhibitor constant

When kojic acid was added as an inhibitor, a mixed-type inhibition was observed for the
oxidation of both substrates by these three crustacean PPO. The inhibitor constant for the oxidation
of DI=DOPA by grass prawn PPO was 0.05 mM and 0.07 mM for catechol, Similarly, the K, values
were determined to be 0.07 mM for DL-DOPA and 0.10 mM for catechol when lobster PPQ was used.
For white shrimp PPO, the K, values of L-DOPA and catechol were determined to be 0,15 and 0.18 mM,
respectively. The observation of lower K, values for grass prawn and lobster PPO than white shrimp
PPO further demonstrate that kojic acid exhibited a greater inhibitory effect on the former two enzymes
than the latter one  Figs. 1a, 1b, and 1c!.

Eff tofk 'i cid n > k PP r i n

Oz consumption did not take place with kojic acid, the substrates  DL-DOPA and catechol!
alone, or the kojic acid - substrate mixtures  data not shown!, When PPO was added to the mixture
containing substrate and buffer, Oz consumption occurred immediately. Although Oz uptake by the
PPO - substrate mixture still took pace when kojic acid was added, the percentage of Oz consumption
in these mixtures was decreased proportionally to increasing concentrations of kojic acid gable 2!.

Oxy-tyrosinase is the active species that catalyzes hydroxylation or dehydrogenation, Lerch
 9! demonstrated that oxy-tyrosinase is formed through the interaction of 0> with the binuclear copper
 II! of deoxy-tyrosinase. The inhibitory effect of kojic acid on Oz consumption by the PPO shown in
this study suggests that kojic acid interferes with the interaction of oxygen molecule with deoxy-PPO,
and thus prevents the formation of oxy-PPO.

Eff t fk ica i onther cti n f

The absorbance of the reaction mixture increases with increasing concentrations of kojic acid
and then reaches a plateau when kojic acid exceeds 0.28 mM  Fig. 2!. On the basis of molar
extinction coefficient for Cu'-bathocuprione disulfonate complex �!, all the Cu ' present in the
reaction mixture was reduced to Cu+ when kojic acid was present at greater than 0.28 rnM.
Comparing to the various reducing agents for the ability to reduce total amount of Cu + to Cu+, kojic
acid is rated superior to H>O> �.3 rnM! and ferrocyanide �0 mM!, but inferior to gallic acid,
phonylhydrazina, ascorbic acid, and NH>OH with 0.016 to 0.08 mM �!,
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Table 2. Inhibitory effect of kojic acid on the consumption
of oxygen by spiny lobster polyphenoloxidase

%Inhibition

Kojic acid  mM! DL-DOPA Catechol

0
47.4

65.0

77,5

0

0.28

0.56

1.06

0

50.2

60.3

80.3

Result was an average of three observations.

Effe t of k 'ic a id on henoli sub te nd in ne r ucts

Lobster PPO, kojic acid, and DL-DOPA in 0.05 M sodium phosphate buffer  pH 6.5! displayed
optimal absorption at 293, 297, and 288 nm, respectiveiy  Figs. 3a, 3b, and 3c!. The mixing of kojic
acid with lobster PPO  Fig. 3d! or DL-DOPA  Fig. 3e! did not alter the pattern of the absorption spectra.
Thus kojic acid dkl not interact with lobster PPO
or DL-DOPA. Kojic acid was also verified not to interact with grass prawn and white shrimp PPO using
the same approach.

CONCLUSION

The mode of inhibition of kojic acid on polyphenoloxidase is thus through the following actions: �!
by reducing the enzyme Cu + to Cu+, rendering the enzyme inactive and unavailable for 0> binding,
�! by complexing with quinone compounds to prevent melanin formation via polymerization, and/or
{3! the combination of the above two actions,
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INTRODUCTION

Im ortne f eaf

U.S. Consumption of seafood has enjoyed a steady increase. In 1987, the per capita
consumption was 15.4 pounds  NMFS, 1988!. Seafood is perceived as healthy" compared to
other protein sources of animal origin.

However, an increase in the demand and consumption of seafood has also created an
Increased level of interest in the role of seafood in the transmission of food borne diseases
 Garrett, 1988!. Some sectors of the population perceive seafood as having more health risks.
These perceived risks are used towards regulations regarding mandatory seafood inspection.

An important concept of food safety is that all components of a food system can be
planned to control or eliminate product hazards. The goal is to integrate all parts of a food
production sequence to prevent microbial, physical and chemical hazards in the final product.
Labeled as Hazard Analysis and Critical Control Point  HACCP!, this system is being accepted
worldwide for the management of preventive food safety in an increasingly complex food
production technology. HACCP concept works as follows:

1 - Assess hazards associated with growing, harvesting, processing and manufacturing,
distribution, marketing, preparation, use of a raw material or food.

2 - Determine or identify critical control points required to control these hazards.

3 - Establish and develop procedures to monitor these critical points.

HACCP is emerging as the ltey element of the strategy of U.S. regulatory agencies for consumer
protection. Food industry in general, and seafood industry In particular are developing HACCP
programs that apply to their particular operation, in cooperation with regulatory agencies.

In 1989, in an attempt to address perceived needs for more seafood inspection, raw
shrimp HACCP standards were developed with the collaboration of National Fisheries institute,
National Fisheries Education and Research Foundation, shrimp industry representatives, and
academia. Table 1 lists the critical raw shrimp processing steps, the hazards associated with
these steps, monitoring necessary, and records to be kept  National Fisheries Institute, 1989!.
The process model described ln this manner was successfully tested in a number of processing
operations. It can be seen that virtually every monitoring step in the proposed HACCP
program involves visual observation and evaluation. In addition, several critical steps require
sensory evaluation  smelling and evaluating the texture!, chemical and/or microbiological analysis
as appropriate, and determination of size count. These requirements pose difficult and sometimes
impractical requirements on many sectors of the processing industry. One solution may be the
integration of automatic processes for monitoring by a computer  Newell et al., 1986; Plossl,
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Tab3.e I. Raw shrimp operations critical control points.

STEP HAZARD MOHITORIHG RECORDs
Mislabeling
Decampos i t i on
Excessive additives
Psthogens
Filth
T abuse
Cantsminsnts

Visual and sensor
evaluation
Chemical, microbial
analysis, Het weight, Size
count

Unload
Recei ve Product buy

ticket
Frozen Product
Receiving Report
NUOCA

Thaw Microbial contamination
T abuse, Foreign materials,
Hater quality, Unsanitary
equipment
Overcapacity

Visual observation Log of NUOCA

Exami-
nation

microbial filth
T abuse
Hen errar

Supervisor checks of
operations

Log of NUOCA

Peeling
dave i ning

Microbial contamination
T abuse
Chemical contaminat ian
Fore i gn materi a la

Visual observations,
s~rvisory checks, Time
teaperature checks

Log of NUOCA

Deheading T abuse, Micrabial
contamination, Filth

Vi sua l rat i ons
S rvisory checks

Log of NUOCA

Re-icing T abuse, Microbial
cantami net i on
Foreign materials
Hater quality
wmanitsry equi t

Visual observation Log of NUOCA

Optional
dip

Addi tive abuse
T abuse
Contaminated di

Visual observation
Additive determinatian

Log of additive
usage, Log of
NUOCA

Glaze  IQF
only!

Over or underglaze
microbial contamination
Foreign materials
Unsanitary i t

Measure glaze percent
Visual observation

Log of HUOCA

Packaging
weighing

Defective packaging, filth,
incorrect labeling, foreign
material, T abuse, hymn
error, microbial
contmsination

Visual obs rva ion
Supervisory checks
Daily checks of scales

Scale calibration
report,
log of NUOCA

The objective of this project was to design and develop a computer-based expert system
for quality evaluation of shrimp. User-friendliness and ease of used were emphasized to allow
computer novices to operate the system. With the imminent Federal regulation of seafood
inspection, this system would offer shrimp processors complete documentation for legal
purposes.

1973!. For example, the visual evaluation of melanosis and other quality attributes, and size count
could be accomplished by machine vision  Pau and Olafson, 1991!. Chemical analysis  e.g.
ammonia, trimethylamine, sulfites, other additives etc..! may be performed with probes as they
become commercially available for headspace sampling, and texture analysis could be
accomplished by Instron type force-deformation instruments, all integrated into a system under
computer control, Such computer systems could gather this information and "index Judgement"
on the final product quality and potential safety. This expert system would allow for automated
operation, objective evaluations, rapid and flexible response, and good record-keeping, ail
necessary for successful implementation of HACCP guidelines.
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MATERIALS AND METHODS

A hand-held scanner  Scanman Plus, Logitech Inc., Fremont, CA.! was connected to a
microchannel based IBM PS/2 computer. An alternative version will run on a portable computer
with an ISA bus architecture. The "programming toolkit" interface for the scanner was provided
by Logitech Inc. to develop a custom computer program written in Turbo C language. The cost
of the hardware, including the computer is less than $2000. The scanner itself costs about $200.
The Turbo C compiler costs nearly $100, and is not required once the developed program is
completed in our lab,

Container design for signal gathering.

The equipment concept was to let the system accept inputs from three devices  Figure
1!. The image from a scanner Is input to determine discoloration, a signal from a chemical sensor
measuring the ammonia  Finne, 1982! emitted by the sample, and a signal from a pressure sensor
measuring force-deformation data  texture! of the shrimp  Figure 2!. These devices would account
for the color, smell, and texture attributes currently considered by human experts. The chemical
and texture sensors will transmit their signals to the PC through an on-board analog input card.
The input from these sensors Is optional and is activated by the operator. The details of the
sensor design are currentiy being worked on.

The operator will select a sample consisting of a number of shrimp. After examining the
sample s/he picks out three shrimp one of which s/he considers to be the best, one to be the
worst, and one to be an average shrimp. On a specially developed form the operator marks the
discoloratlons of all three shrimp. S/he then places this form in the scanning fixture and places
the scanner on the top glass. S/he selects SCAN IMAGE from the malo menu of the program,
s/he Is prompted for supplier name and sample number, and whether the analog sensors should
be activated. Then, the scanning screen is displayed, and the operator moves the scanner over



386 the fixture until it hits the end-stops. The results of the evaluation are then displayed on the
screen. The operator has the option to save the image to disk for future reference, and to read
from disk an existing image to evaluate it  Figure 3!.

Figure 2. Load cell configuration for texture
evaluation.

igure 3. Flow diagram of program operation.

The operator selects INPUT SHIPMENT INFORMATION from the main menu to enter
information on the shipment for reporting purposes. A report can be vkwved by selecting
EVALUATION AND REPORT. The report Is stored to disk, and the operator can select to print out
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a hard-copy or transmit a copy vta a modem. The main menu allows the operator to view supplier
perfor-mance graphically with histograms and trend graphs. These graphs are constructed from
data in a database being accumulated with system use.

The accuracy of the scanner hardware was tested by scanning the same black and white
picture repeatedly  Figure 4!, White pixels were counted. Mean average percent error  MAPE!,
calculated as follows, was used in determining the accuracy of the readings. First, the mean
response is calculated for all trials: p = 1/n E d,; for i = 1..n; the deviation of each term from the
mean is then calculated: e = d; - g,. for i = 1..n; Then the sum of all absolute values of 'e', the
deviation each time, deviated by d, the observation each time, is multiplied by 100/n: MAPE =
100/n z   e / d; ]; for i = 1..n; Scanning area had to be maintained constant to maintain
accuracy, therefore, a special fixture was developed to place the form. Guides along the length
ensure longitudinal consistency, and end-stops ensure a consistent total scan area. The moving
speed of the scanner is important. The scanner has a speed indicating light which blinks if the
scanner movement is too fast.

To determine individual differences in the coloring of pictures, 15 people were asked to
color the same 3 shrimps. Forms were scanned and MAPE, mean and standard deviation
calculated.

Finally, one person was asked to color in the same three shrimp on 15 different days, to
evaluate day-to4ay differences in evaluation by the same person. These were scanned in and
MAPE, mean and standard deviation calculated.

Picture i. Picture form for marking of
melanosis.
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Table II. Results of hardware
accuracy of the hand-held
scanner. Scanning same picture
30 times.

Absolute
deviation
from the mean

Scan number

93603

223

529

5

0.24

Mean:

Standard Deviation:
High Deviation:
Low Deviation:
MAPE:

1

2 3

4 5 6
7

8 9 10
ll

12

13

14

15

16

17

18

19

20

21

22
23

24

25

26

27

28

29

30

54

124

68

173

529

16

164

107

217

292

331

49

433

95

22

381

106

174

28

397

23

414

193

5

38

334

98

430

46

256
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RESULTS

Mean average % error  MAPE! for the hardware accuracy was calculated, for all settings
of the scanner, giving an error of 0.2% as shown in Table 2. The low MAPE value indicates that
the scanner hardware has excellent accuracy when used for this purpose.

Results of experiments to deter-mine the consistency of different people to judge same
shrimp sample are shown in Table 3. Results showed that if diffe-rent people with no experience
color in the pictures, we can expect a MAPE error of 11%. In this case, the MAPE value is large.
However, the judges were not trained before experiments. Prior training would reduce the MAPE
value.

Results of evaluation of accuracy of the same person to Judge the same shrimp sample
on different days are shown in Table 4. The results  MAPE =7%! indicate that less deviation is
expected in evaluations if one person is assigned the task of operating this system. The person
who performed the evaluations was not trained before the evaluations. Prior training would
reduce MAPE values.

Table III. Results of evaluation
accuracy of the same picture by
different persons.

Judge no. Absolute
deviation

Mean: 68882
Standard Deviation: 8535
High Deviation: 15798
Low Deviation: 1676
MAPE: 10.54

1

2 3

4 5 6

7 8 9 10
11

12

13

14

15

7559

1676

12056

3443

7140

2930

15798

3097

2416

4787

10569

13060

2420

14317

5928
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Table XV. Results of scanning the
same picture by the same person
on different days.

Picture no. Absolute
deviation

Mean: 57869
Standard Deviation: 5039
High Deviation: 11823
Low Deviation: 506
MAPE- 7.1%

This system will be improved by the elimination of the subjective evaluation step by an
individual, Cameras or other optical devices connected to a computer will replace the scanner,
and will directly gather size, color, species and defect data. When the sample in the container
is scanned the shrimp are displayed in the Image as dark dusters, consisting of one or more
shrimp, The number of these dusters can be easily determined by use of established image
processing techniques. To determine total number of shrimp in the container, It is erst necessary
to find the number of shrimp in each duster. The following approach has been developed and
is being tested. Let k be the number of dusters in the image.  known!; p an estimate of pixels
per shrimp  known!; S the number of pixels per shrimp in the container  unknown!; n; be the
number of shrimp in duster I; for I = 1,2,...,k  unknown!; a, be the number of pixels in cluster i;
for i = 1,2,...,k  known!; T be the total number of shrimp in the container  unknown!. The
objective is to find s ln the interval  p, max al!!, such that the sum of the squared errors  ssE!
is minimized, where SSE is calculated as follows: SSE = z  a,-S nl!, I = 1 to k. As SSE is not
a convex function, it is necessary to try all S in the interval  p,max al!!.
Then, S, = p and Si �� S;.> + 1, for J = 2 to  max a;! - p!. For each value assigned to S,
the n s are calculated as: n~ = round al/S!  returning an integer value for q!
For each S the sum of the squared errors  SSE! Is calculated. For the optimal S corresponding
to the minimum SSE, T equals the sum of the n~'s, for i = 1,2,...,k.

1

2 3

4 5 6
7 8 9

10

11

12

13

14

15

3919

4924

506

798

3638

8205

3619

4979

3208

1294

5186

4305

4497

2147

11823
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The system will be compatible with chemical and physical sensors that may optionally
be attached to it. There is ongoing research on the implementation of the analog sensors and
improvement on the image input of the actual shrimp. We are working towards building a sample
container equipped with the necessary sensors. The sample will be placed in the container and
allowed to equilibrate for a few minutes before the evaluation is performed. This will eliminate the
deviations associated with the coloring of the pictures, giving more accurate results,

A related project, currently in its proposal stages, is the continuous inspection and
evaluation of shrimp flowing on a conveyor belt, with a computer vision system. Portions of the
work performed during the current project will be applicable in this continuous inspection,
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