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INTRODUCTION

Seafood consumption in the United States has been steadily increasing since the mid-1950s
 USDC, 1992!, The fact that fresh seafood is susceptible to rapid deterioration created a need for
extending the shelf-life, Modified atmosphere  MA! packaging is a recently developed technique
which can be used for extending the shelf-life of seafood.

Modified Atmosphere Packaging uses gas mixture to replace the air in the package. Three
gases are commonly used in this packaging, They are COg Ng and Op COpinhibits aerobic
bacterial, yeast and mold activity in foods. It prolongs the lag phase and generation time of
microorganisms. Ng however, is a cheinically inert gas used priinarily as an inert filler to retain the
shape of a package. Opis used along with COpand Nein some packaging to retard the growth of
anaerobic bacteria, The advantages of MA Packaging include: to extend the shell-life and improve
quality  such as appearance, odor and freshness!, to allow the product to be transported longer
distance for distribution and marketing, and to reduce economic losses as a result of delayed
spoilage. However, there are some disadvantages. The MA packaging may provide conditions for
growth and toxin production by anaerobic pathogens. It requires special packaging materials and
gases. It may cause the collapse of the package if the atmosphere is too rich in COp

There are many methods used to assess the fish quality. However, each has its particular
advantages and limitation. So far, the sensory evaluation is the most common and best inethod.
It uses the human senses of sight, smell and touch. This approach gives an inunediate appraisal of
quality. However, there are some difficulties, because it requires the trained and experienced
persons to do the job. The method is also not very objective. Several physical methods have been
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developed to monitor the physical changes that take place in fish as they age. These methods
include the measurement of the refractive index, textural changes, and electrical conductivity.
However, these tests have not shown a good correlation with freshness in fish. The Torrymeter is
a compact and portable instrument which can be used in any places such as the fish processing plant
and market. The principle of operation is the measuremeat on the alteration of dielectric
properties of fish skin during spoilage.

Microbiological methods on other hand, would provide an index of freshness, but not of
quality changes. However, there are some objections to this approach. First, not all species of
bacteria organisms are proportional to the total bacteria population changes. Second, inost
bacteriological tests require two to three days to complete, Third, as various new methods of
preserving fish are tested, the spoilage would no longer be basically microbiological.

Many chemical methods have been developed to measure the extent of the deterioration
of fish in the chilled state. They include Trimethylamine  TMA!, Total Volatile Bases  TVB! and
Ammonia. However, chemical method can be used for the spoilage index and not the freshness
index.

Duriag the seafood spoilage, the first changes result from autolytic reactions controlled by
native enzymes in the tissue. These enzymes retain much of their activity after the ammal dies.
Autolysis is especially important during the first seven to ten days of commercial storage in melting
ice. It is obvious that seafood quality depends on a complex set of biochemical changes. These
changes can be use as freshness test. Adenosine nucleotide degradation is one of the inost
important reactions. It correlates well with the flavor change and the loss of freshness in a wide
range of species  Jones and Murray 1962, 1964; Spinelli et al. 1064!.

The sequence of nucleotide degradation follows a well-defined process. The predominant
nucleotide in resting muscle is ATP. This undergoes enzymatic dephosphorylation to form ADP
and AMP, Deaminoation of AMP produces IMP. These steps are fast and give a rapid
accumulation of IMP. However, inosine and hypoxanthine are accmnulated with the increase of
storage time. The concentration of these two compounds provide a basis for valid and useful
indices of fish quality. The K value has received much attention. It is defined as the ratio of
inosine plus hypoxanthine to the total adenosine triphosphate  ATP! and related compounds  ADP,
AMP, IMP, HxR, aad Hx!  Saito et al. 1959!, Many studies has also confirmed the relationship
between fish freshness and K-value  Ehira et al. 1970; Ehira and Uchiyama 1974!.

There are several methods used in the analysis of nucleotides, Hypoxanthine can be measured by either
a colormetric test or by using an enzyine sensor. But both methods generally require a long time for the
determination. Two other methods commonly used to measure IMP, inosine and hypoxanthine are the color
reaction method aad polarography method. However they are too expensive.

Nucleotides are also measured by using capillary electrophoresis and HPLC. Both of them can be done
within 15 to 20 minutes. In this study, a reversed-phase HPLC method is used, HPLC has been applied to the
determination of nucleotides, nucleosides and bases in tissue extracts only recently. Traditionally, nucieotides have
been determined by ion-exchange HPLC. This technique only partially separated the nucleotide or required
lengthy analysis time. Results obtained by reversed-phase HPLC showed some advantages over the ion-exchange
mode because of its reproducibility, versatility and ease of operation.

The objectives of this project were to determine the shelf-life of shrimp in MA packaging, to use
reversed-phase HPLC method to analyze the changes of adenosiae nucleotides and the breakdown products
during the MA storage, to assess the potential uses as a freshness index for the MA packaged shrimp, to
statistically analyze the correlation betweea the changes of adenine nucleotides, the breakdown products and the
changes of chemical and microbiological qualities,
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MATERIALS AND METHODS

Sample Preparation

Fresh shrimp were caught off the Georgia coast in Brunswick. After harvest, the shrimp were
immediately washed, headed, stored in ice-chest and transported to the department of Food Science.

On arrival at the Laboratory, the shrimp were immediately packaged in oxygen barrier-bags. Eight
shrimp were placed into each B-bag. The bag was first vacuum-sealed and then directly injected with one of the
six atmospheres where the bag was inflated and sealed.

Six atmospheres including �! 100% air  served as control!, �! 90% CO2 balanced with 10% air!, �!
90% CO2 balanced with Nz!, �! 80% CO2 balanced with N!, �! 70% CO2 balanced with N!, �! 60% CO2
 balanced with N! were used. Packaged shrunp samples were stored in 4'C walk-in cooler, and removed at 3,
7, 11, 15 and 18 days for objective quality assessment.

Quality Analyses

At each sample time, three bags of each six different atinosphere packaged shrimp were used. Plates
for psychrotrophic bacteria count were incubated at 7'C for 14 days. Total anaerobic bacteria were incubated
in an anaerobic jar at 30'C for 4 days.

Ammonia level and pH value were also measured. An ammonia ion selective electrode was used to
determine ammonia level. Nucleotide and the catabolites were analyzed by reversed-phase HPLC, For
extraction, 2g of well mixed shrimp homogenized with 50ml cold PCA at high speed for 2min. Sample slurry
was then filtrated with No.5 Whatman filter paper, Then the filtrate was adjusted pH to 6.7 with 10N KOH and
centrifuged at 3000 RPM for 10 min. The supernatant was filtered through a 0.45'.m membrane, The whole
extraction procedure was under the cool condition.

In our study, an ISCO HPLC system with a UV-Vis detector was used for all nucleotides analysis at
254nm with 0.05 sensitivity. Separation was achieved on a reversed-phase column at room teniperature, The
mobile phase consisted of buffer A and Buffer B. Buffer A is Potassium Phosphate with pH 6.0. buffer B is
buffer A and 30% of methanol. The flow rate was 1.5ml/min. The chromatographic conduction was started
with 2.5 min at 100% buffer A, then 80% of buffer A, 60% of buffer A, and 100% of buffer B hold 5 min. The
gradient was then rapidly returned to 100% buffer A and initial conduction for 7 min.

Peaks obtained from shrimp extracts were identified by co-chroinatography with standard solutions. The
recoveries of each adenosine nucleotides nd catabolite were determined by spiking aliquot of shriinp/PAC
homogenate with varying amounts of each these compounds. All the analyses were carried out in duplicate,

RESULTS AND DISCUSSION

The recoveries of nucleotide degradation compounds were in the range from 79.4 to 117.6% with a mean
recovery of each compound varying from 82,7 to 110.4%. Standard curve shows that Peak areas increased linearly
with increasing concentrations of standard compounds,

The psychrotrophs population on shrimp in the air and five different mixed gases packs were presented
in Figure 1. On the day of catch, psychrotrophs population in shrimp had low counts of 2.4 log CPU/Py day 11,
the psychrotrophs counts reached 6,6 log CFU/g, which indicated the onset of spoilage. In contrast to the air
packed samples, shrimp in modified atmosphere pack had inuch lower psychrotrophs growth throughout the
entire 18 days of storage. Analysis of variance verified that psychrotrophs of air packed samples had a significant
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Figure 1. Aerobic bacterial population of shrimp held in different modified
atmospheres during refrigerated storage

O

O O

le
O

W 0

6

2



76

increase after the 11th day. However, no significant difference among these five different MA packs was found.
The results supported that the bacteriostatic effect of COpas reported in brown shrimp  Lannelongue et al.
1982!.

The change in population of anaerobic bacteria was similar to that of psychrotrophs  Figure 2!, but it
was about 0,5 log lower than that of psychrotrophs in air packed samples. Results of analysis of variance showed
the same results as the psychrotrophic count. In this study, COpconcentration on the bacteriostatic effect was
not shown as reported by previous researchers that the bacteriostatic effect increase with the concentration.

The content of ammonia  mg/g! in air pack and MA pack shrimp is shown on Figure 3. Ammonia
production is well recognized as a product due to the bacteria breakdown of proteins and peptides in fish muscle
during extend periods of storage, In this study, the initial ammonia content in shrimp was 0,12 mg/g. Ammonia
content of shrimp held in all packaging conditions increased during storage period, By day 7, ammonia content
among the air pack and MA package sainples had no significant difference. However, on day 11, a significant
difference was found between the air pack and MA pack samples, but no significant difference existed among .
the MA packed shrimps with the exception of the at 18th day, The change of ammonia content seemed to follow
the pattern of bacteria growth.

pH determinations of shrimp packed under air and modified atmosphere are shown in Figure 4. The
pH of very fresh shrimp initially at approximately 6.84 and then increased up to the range of 7,97-8.05. The pH
in air packed shrimp was lower than shrimps held in MA. The difference became narrow by the 18th day of
storage. Analysis of variance showed that pH in air pack samples at day 11 and 15 significantly were lower than
that in MA packs. The result was opposite to the previous report in which the pH decreased as the COgwas
dissolved in the drip or absorbed by fish tissue during the modified atmosphere storage, This pH decrease has
been found to be proportional to the COpcontent in the packaging atmosphere.

In the very fresh shrimp ATP and ADP had 4.0 and 3.1 p.mol/, respectively. ATP and ADP fell rapidly
to very low levels after 3 days. The AMP decreased from 4.09 pmol/g to the range of 2.0 to 2.49 pmol/g on
the 3rd day for all packs. By the 15th day, the concentration of AMP decreased to only 0.09 to 0.24 pmol/g
 Figure 5!. Analysis of variance showed that at day 7 and 11, air packed sainples had a significantly higher AMP
level than MA pack  except 10% air!.

The rapid breakdown of ATP via ADP and AMP caused the accumulation of IMP in the early stage
of storage. As shown in Figure 6, the initial IMP of 4.0 p.mol/g increased rapidly to a maximum of 123 p,mol/g
in MA pack with 60% COgand 12,1 pmol/g in 70% COz The AMP increased to a range of 9.6 to 12,3 pmol/g
after 3 days, then gradually decreased to a range of 2.90 to 4.41 pmol/g on 18th day. Analysis of variance shown
that by the 7th day, the IMP level in the pack of 80% COg 20% Npwas significantly  p<0.05! lower than those
of others. On the 15th day, the concentration of the IMP in the air packed sample became the lowest among
packs and no significant difference  p<0.05! existed on 18th day.

The degradation of IMP to HxR and Hx were very slow. The amount of HxR at the 0 day was low and
continued to increase with the storage time. The same pattern existed among the packs  Figure 7!. At the day
15, HxR in the air packed sample was 4.83 pmol/g and that in MA packed samples were in the range of 4,52
to 6,32. Significant increments of HxR were found in most periods of sampling. Statistic analysis also showed
that a significant difference of HxR existed between air and MA packs in day 3,7,11 and 18,

Similar to HxR, the Hx detected at 0 day was low and continued to increase with the storage  Figure
8!, By the end of storage, Hxin air was 6.9 umol/g, and that in MA packs were in the range of 3.9 to 4.5 except
in 60% CO2. Analysis of variance showed a significant difference between air and MA packs after 11 days
except in the 60% COgpacks at day 18. This result disagreed with reports of a very erratic pattern of Hx
accumulation in the rockfish and silver salmon. In this study, the results suggested that shrimp in air pack
accumulated more Hx than HxR. Shrimp in MA packs accumulated more HxR than Hx.
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Figure 2. Anaerobic bacterial population of shrimp held in different modified
atmospheres during refrigerated storage
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Figure 3. Ammonia content of shrimp held in different modified atmospheres
during refrigerated storage
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Figure 4. pH value of shrimp held in different modified atmospheres during
refrigerated storage
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Figure 5. AMP concentration of shrimp held in different modified atmospheres
during refrigerated storage
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Figure 6. IMP concentration of shrimp held in different modified atmospheres
during refrigerated storage



82

O

D

201510

DAYS

Figure 7. inosine concentration of shrimp held in different modified atmospheres
during refrigerated storage
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Figure 8. Hypoxanthine concentration of shrimp held in different modified
atmospheres during refrigerated storage
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Figure 9 showed the change in the K value during the storage period. The initial K value of 0.26%
linearly increased with the increments of storage period, and finally reached the 73.2% in air pack, and 67.17%
in MA of 90% COa 10% air. Analysis of variance  p<0.05! showed that K values among all packs had significantincreases during the period of storage. However, no significant difference between packs were found except on
15th day which the K value of shrimp in air pack was significant higher  p<0.05! than that of MA packs.
Attempts were made in this study to establish a relationship between chemical quality, microbiological quality,
catabolites of adenine nucleotide and K value. Results showed that significant correlations existed between the
K value and the other indices.

In summary, the reversed-phase HPLC method has the advantages of simplicity and is rapid in the
measurement of the adenine nucleotides and the breakdown products. In MA packages, the shelf-life of shrimp
can be extended up to 18 days without spoilage. Modified atinospheres affected the breakdown rate from IMP
to HxR and Hx and caused less Hx accumulation. Statistical analysis indicated that HxR, Hx and K value had
a significant correlation  p<0.001! with chemical and microbiological changes, K value did not predict the
difference between the air packaged samples and MA packaged samples. However, HxR and Hx can be
considered as a potential index of freshness.
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INITIAL STUDIES TO MEASURE CONSUMER PERCEPTION OF
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~Department of Food Science and Human Nutrition
University of Florida
Gainesville, FL 32611

Consumer acceptance studies are necessary to better define the
intended use of phosphates in foods, specifically seafoods. Similar
studies have been published for some red meats and poultry, but
there are no reported studies for seafood. There is also no
distinct declared intent for the use of phosphates in treating
seafoods. The primary use of phosphates with muscle protein has
been to reduce dehydration and "drip loss" during processing,
frozen storage and thawing. The objective of this study was to
record consumer ratings for various organoleptic attributes
perceived during the evaluation of cooked shrimp which had been
previously phosphated to provide varying amounts of added water.

METHODS

Whole, untreated pink shrimp  Penaeus duorarum! from Key West,
FL were headed, peeled and deveined without excessive water contact
or any soaking. These processed shrimp varied in size from 30 to
40 individuals per pound. The shrimp were individually quick
frozen, bagged and stored at -20'C. Before phosphating and
freezing, the shrimp were thawed overnight in refrigeration.
Phosphate treatments were selected based on preliminary trials, to
impart "targeted" moisture uptakes based on increased raw weights
of 0,5,10,15 and 20 percent. These changes in weight correspond to
moisture gains between 1 and 5% based on the initial moisture
content in the shrimp. The respective treatments to achieve these
moisture additions were no phosphates  controls!, 2% sodium
tripolyphosphate  STP! for a 30 minute static soak, 1.54 STP for 15
minute tumble-soak, 44 STP for 15 minutes tumble-soak, and 6% STP
for 30 minutes tumble-soak. All phosphate solutions contained 14
sodium chloride and the ratio of shrimp to solution  room
temperature! was 1 to 2  w/w!. After treatments, each batch was
thoroughly drained, weighed, bagged then frozen  -20'C, walk-in!.
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A series of taste panels were performed at the University of
Florida with "experienced" panelist. These panelist were faculty,
staff, administrators or students in the Food Science and Human
Nutrition Department that were aware that the shrimp were different
but vere unaware of the treatments. Triangle tests were performed
with each treatment verses the control  untreated shrimp!. The 20
to 24 panelist evaluated the shrimp in duplicate. One plate
contained 2 treatment samples and 1 control and the other contained
1 treatment sample and 2 controls. The objective of the triangle
test was to determine if differences could be noted between the
various phosphate treatments and the nonphosphated shrimp.

For the consumer evaluations, the thawed shrimp samples were
reweighed and cooked by a standard, immersed boiling procedure.
Exposure time in boiling water was predetermined to be less than 1
minute to allow a minimum internal cook temperature of 160'F. The
cooked shrimp were drained, cooled in refrigeration and served to
the panelist. Consumer panelists  n=125! were prerecruited, based
on their frequency of shrimp consumption, to participate in a
central location test in Greenville, SC. The consumers were
prescreened for age, sex, and level of income. Each panelist was
paid $25.00 to assure their concentrated effort. Cooked shrimp
from the various treatments were randomly presented on color coded
plates. Each coded sample was presented and evaluated before
presentation of the next sample. Ratings were based on a 1 to 7
scale for a series of questions addressing appearance, aroma,
flavor and texture characteristics, plus quality and value
perceptions. The ratings were analyzed for variance, and mean
differences were measured for significance based on the Walker-
Duncan k-ratio test.

RESULTS AND DISCUSSIONS

The boiling procedure resulted in an average product weight
 moisture! loss for the respective treatments as -30.8, -33.9,
28.7, -22.5 and -9.3. In the series of triangle tests, an average
of 584 of the "experienced" panelist could detect differences in
the "54 uptake" sample and untreated sample 100% of the time. The
following averages show that as the percent moisture uptake of the
treated sample increased so did the averages: 734 detected
differences between the "10% uptake" samples and the control; 85o
detected differences between the "15% uptake" samples; and 1004
detected differences between the "204 uptake" samples. thus the
human palate could detect differences in sensory attributes in
phosphated shrimp.

Overall the consumer panelist rated preference for all
phosphated shrimp significantly higher  x=4.7 to 5.2! than for the
untreated control  x=3.6!, thus indicating a stronger acceptance of
the treated product. This acceptance was consistent in ratings for
general appearance, flavor, and overall quality. There was no
significant differences in ratings for aroma of aftertaste, and
ratings for saltiness �.6 to 2.7! averaged below the "preferred"
salt taste level.
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This one time study with one shrimp species and one product
for cooked in boiling water indicates phosphate treatments for
shrimp can impart some quality benefits as perceived by typical
consumers. These results should be supplemented with similar
studies with additional variables and seafoods.
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OHMIC THAWING OF SHRIMP BLOCKS

M. O. Balaban, J. Roberts, T. Henderson, A. Teixeira', W. S. Otwell

Food Science and Human Nutrition Department
and

' Agricultural Engineering Department
University of Florida. Gainesville, FL 32611

INTRODUCTION

The current practice of thawing shrimp blocks consists of placing
the blocks in large water tanks in which warm water is continuously
fed, and by agitation of the water in the thaw tanks. The daily use
of water in thaw tanks in a large shrimp processing plant in Florida
is about 155,000 gallons. The current practice is costly to the
company and to the community where fresh water may not be abundant.
It generates large amounts of waste water costing the company large
sewer bills and stressing the environment, and affects the quality
of the shrimp by exposing it to potential cross-contamination.
Since the outer layers of the shrimp block thaw first and have the
same temperature as the thaw water  about 20-25'C! there is also the
possibility of microbial growth. The typical 2.4 kg shrimp block
takes about 2 hrs to thaw in these conditions. The only apparent
advantage of water thawing is the water uptake of the shrimp, and
its increase in weight. However, the waste water generated contains
soluble proteins and other nutrients. There is also waste of energy
since the typical conversion efficiency of electricity to heat by
way of steam is about 40/. Ohmic heating can be used in thawing
frozen food blocks in general, and shrimp blocks in particular,
therefore eliminating the concerns mentioned above.

Ohmic thawing
The principle of ohmic heating is to use the internal electrical

resistance of the food to convert the electrical energy directly to
heat. This method differs from the conventional "surface" heating

This work was developed under the auspices of the Florida Sea Grant College Program with
support from the National Oceanic and Atmospheric Administration, Office of Sea Grant, U.S.
Deportment of Conmerce. The Singleton Seafood Company, Tampa, FL also provided shrimp blocks
for this study. Their support is greatly appreciated.
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of the food. In conventional heating, heat is supplied to the
surface of the food by steam, hot water, etc. This step is quick
and easy. However, heat must then conduct into the food, and this
is the slow step in the process. In ohmic heating, as in microwave
heating, heat is generated throughout the volume of the food.
Therefore, the process is quick, and the temperature gradients are
modest in "normal" operations. Since all the electricity is
converted to heat, this is also a very efficient system.

Host foods contain enough free water and dissolved ionic salts to
conduct electricity. There is evidence that ohmic heating can be
very successful. This process received a great deal of interest in
recent years. In I991, a new research center devoted to ohmic
heating was announced  I!. A line of ohmic heaters were introduced
in the area of food sterilization. The bulk of the research is
presently focused on the sterilization of particulate food materials
in a liquid  9!. In pilot scale operations, liquid foods with flow
rates of 400 kg/h were sterilized by a 45 KW transformer. The time
required to sterilize liquid foods was as short as 90 sec. However,
ohmic heating cannot be applied to fats, oils, alcohol or bony
tissue. Since electrical conductivity increases with temperature,
there will be a need to modulate the energy input to the system
�0!. There is physical data being accumulated for different foods
�, 6, 7, 8!. In food sterilization, the cost of using ohmic heating
is very competitive with that of retorting with steam, as evidenced
by the intense research and commercial development efforts in this
area. Physical principles and equations describing heating rates
depending on current, geometry etc. have been developed �, 3!

Electrical energy can be used to thaw frozen food materials. The
process is more complicated than in the case of sterilization, since
phase change must be accommodated. Also, electrical and physical
properties of foods are different in the thawed and frozen states.
This implies potential local overheating problems. However, these
can be eliminated or minimized by knowing the properties of the
food, and by appropriate control of the operation.

Ohmic thawing was anticipated to eliminate the use of the thaw
water and the resulting waste water management and handling
problems. It was also expected that by using direct conversion of
electricity into heat, substantial energy savings would be realized,
and by accelerating the thawing process economic benefits would be
possible. We also anticipated that the quality of the shrimp would
be comparable if not better than the water thawing process.

Our objectives for this pilot study were to determine the
technical feasibility of thawing shrimp blocks by ohmic heating. The
effect of salt content on the thawing times was investigated.
Commercial shrimp blocks were then ohmically thawed and the
electrical energy use was calculated and compared with theoretical
heat loads in different experimental conditions.
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NTERIALS AND NETHODS

Effect of salt content on shrim thawin
A factor strongly affecting the electrical conversion to heat is

the conductivity of the material, and for foods the salt content.
Higher salt contents result in more electricity passing through the
material, and therefore higher heat generation. No published data
on the conductivity of shrimp, or other seafood were found. Recent
data on lean beef and chicken are available �4!.

A home-built apparatus was used. Two circular stainless steel
electrodes of 6" diameter were attached to the regular electrical
supply �20 volts AC, 60 Hz!. The outlet was connected to a Variac
 Staco Energy, Dayton, OH! to allow for control of the voltage. An
induction type AC ammeter  Amprobe, Pyramid Instruments, Lynbrook,
NY! was placed around the wire to measure current flow.

Untreated pink shrimp which had been kept frozen for 6 months at
-30'C were thawed. Samples of approximately 65 g shrimp were placed
in single layers at the bottom of plastic containers �.5" diameter!
with just enough NaCl solution �%, 0.5%, or 5%! to cover the
shrimp. Approximately 93 g of NaCl solution was needed. The
containers were covered with Saran wrap held in place with a rubber
band and placed into the cold room at 4'C. Another set of samples
were prepared as above using approximately 186 g of shrimp placed in
3 layers. Approximately 200 g of NaCl solution was needed to cover
the shrimp. The next day 2 mL of the salt solution covering shrimp
samples were pipetted off and transferred to test tubes. This
solution was tested for Q/a using a flame photometer  PFP-7, Buck
Scientific, East Norwalk, CT!. The shrimp and solutions were placed
in a -20'C cold room for freezing.

Two similar samples were removed from the freezer and weighed.
The control was rinsed with tap water and put between two stainless
steel circular 6" diameter plates. The sample was rinsed with tap
water to moisten the block surface and placed between the 2
stainless steel 6" electrode plates of the ohmic thawing system.
Electricity was turned on. The voltage was set at 100% �20V! until
the amperage reached 1 amp. Voltage was then continuously adjusted
to' maintain the amperage at 1 amp. Time, volt% and amps were
recorded every 30 seconds. When the amperage dropped suddenly the
system was turned off and the sample rearranged so that shrimp was
contacting the electrodes instead of ice. Thawed shrimp and slushy
ice were removed at this time. The system was turned back on until
the shrimp were thawed or nearly thawed. Some ice pieces were still
present. Similar experiments were performed on all samples with
different salt contents.

Thawin of commercial shrim blocks

Five lbs rectangular  approximately 10xl2x3"! shrimp blocks
 headless, uncooked, butterflied, 50 to 60 count, shell off! were
supplied by Singleton Seafood, Tampa, FL. They were transported to
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the lab in a frozen state, and placed in a -28'C freezer after being
wrapped individually in plastic bags.

A larger ohmic heating unit was buH t  Figure 1!, consisting of
an alternating current variable transformer �020CT-25, Staco
Energy, Dayton, OH! with an input of 240V, output 480 volts, a
sample box made of Lexan �2xl3xl2"!, and various circuit
components. Inside this box, there was a platform to hold the
sample �3xlOx3!, raised from the bottom to separate thaw drip from
the samples. The material was placed between the electrodes
 rectangular shape, 12x9.5xI/16" stainless steel!, the voltage was
applied, and the current flow and voltage were recorded at regular
intervals. From time to time, the current was turned off' and the
block was checked for hot spots. Thawed shrimp was manually removed
from the rest of the block at those times. Experiments at different
conditions were conducted where the voltage and amperage levels were
changed.

gualitative experiments were also conducted in thawing frozen raw
yellowfin tuna steaks. The purpose was to see if frozen fish could
be thawed by ohmic means.

RESULTS

Effect of Salt Content on Shrim Thawin

Table 1 summarizes the results obtained in these experiments. It
was observed that by leaving the shrimp in water for one day changed
the Sodium content of the water. For samples with no salt added,
there was detectable Sodium in the water at the end of 1 day of
storage, e.g. from 0 to O.OM Sodium. For samples with added NaCl,
the Sodium level changed with storage. For 5% NaCl added, there was
some absorption of salt into the shrimp, with a decrease of the
Sodium level from an initial of 1.97% to a final value of 1.32%.
For 0.5% initial level of NaC1  or 0.197% Sodium!, the final level
was e.g. 0. 15% Sodium. This means that there can be an increase in
the normal Sodium level of shrimp by storage in NaC1 solutions, and
this may positively affect its behavior in an ohmic heating
environment.

In all experiments, there was some loss of water compared to the
initial weight of the frozen sample. This can be explained by the
fact that the samples were wetted at the beginning of the
experiment, and some ice may have melted as a result. Therefore,
calculations presented in Table 1 were based on the final weights.

The calculation method for the estimation of the total electrical
energy input by ohmic thawing was as follows :

1. Experimental heat generated : By monitoring the voltage V, and
the amperage A with time during the experiment, we can calculate
the heat generated by electricity during a time interval as :
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V volts x A amps = W watts
W watts x t hrs - E watt-hrs
E watt-hrs x 3.415 =  j BTU, for that time interval

Table 1. Summary of experiments with different shrimp thicknesses,
and different salt concentrations.

SHRIMP FROZEN DRIP
Salt LAYERS &a SAMPLE WATER CONTROL CALC. THEOR. TIME

 g!  g!  g! BTU BTU  min!

0.05 154.7 76.8 8.11 48.1 9
0.10 153.3 139.5

NONE 1

18.84 125 29.50.09 385.7
0.07 382.3

168.2NONE 3
389.2

1.32 151.7 75.2
1.25 153.8

24.67 46.9 135.0 1
�.97%Na! 147.2

1.20 153.7 75.9
1.26 153.7

14.9 48.5 8
149.8

5.0 3
�.97%8a!

1 ~ 24 382.4
1.20 382.6

149.4 50.32 116.7 20
377.3

58.53 120.5 211.28 385.2 166.0
1.31 384.0 381.1

0.5 1
�.197@la!

0.14 154.3 78.5
0.15 155.0

29.63 50.1 4
152.7

0.15 154.2 70.8
0.15 154.3

8.24 48.3 6.5
147.4

0.5 3
�.197%@a!

0.15 380.7
0.13 385.3 166.2

372.0
22.74 120.9 29

30.74 117.9 30.50.13 384.4 156.7
0.16 384.9 372.9

By repeating this calculation for all time intervals, we can
calculate the "instantaneous" heat generation, as well as the
cumulative heat generated by electricity for the entire
thawing process.

2. Theoretical heat necessary for thawing the block : By knowing the
thermophysical properties of water, ice, and shrimp in the
frozen and unfrozen states and by knowing the initial and
final temperatures of the block, we can estimate the heat
necessary to thaw a.block. The procedure is as follows :
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a! Sensible heat of block below freezing point :
 T.. -32!*Cp. + M .  T.. -T . !*Cp~sb water ' init ' P ice shrimp ' init freezing shrimp,b

b! Latent heat of block :
~l w t hrimp shrimp
c! Sensible heat of block above freezing point :

= M� x  T . -32!*Cp + M ,  T . -T , !*Cp~sa water ' final ' pwater shrimp ' final freezing shrimp,a

where :
M��,� = Weight of water, lbs
T,.�,, = Initial temperature of the block, F
Cp,.� - Heat capacity of ice, BTU/lb-F
Tf,.n,l = Final temperature, F
Cp , - Heat capacity of water, 1 BTU/lb-F
M,h�. = Weight of drained shrimp, lb
T���,n, - Freezing point of shrimp, taken as 28 F
Cp � . b = Heat capacity of shrimp, below freezing, BTU/lb-F
L,hr,. =' Latent heat of shrimp, taken as 119 BTU/lb
Cp �, = Heat capacity of shrimp, above freezing, BTU/lb-F

Then, ~th ~sb + l sa

Table 2. Thermophysical properties of shrimp and water, used in
calculations.

Product %, water Tf
fp

oF

Pbe low

BTU/lb-F BTU/lb-F BTU/lb

shrimp
water

78.2
100

28
32

0.43
0.5

0.83 119
1.0 144

Siebel's equations : Cp b  BTU/lb-F! = 0.008M + 0.2
Cp  Btu/lb-F! = 0.003M + 0.2

M = moisture content
A : Latent heat of thawing

1. During the experimental time, there was heat input to the block

The thermophysical properties shown in Table 2 were used. The
columns labeled nCalc. BTU" and "Theor. BTU" refer to the
experimental heat generated, and the theoretical heat necessary for
thawing, respectively. One interesting aspect of ohmic thawing
performed in our experimental conditions was that the heat input
from electricity was less than the theoretical heat necessary to
thaw the block. There are two reasons for this :
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from the ambient air, the parts of the equipment in contact with
warmer materials, etc.. This is unavoidable in our conditions. In
more rigorous experiments, the whole system could be placed in a
Dewar container to eliminate all heat exchange with the environment,
therefore isolating the heat coming from the electricity.

2. The end of the experiment was judged by the time at which shrimp
thawed. In most cases, electricity preferentially passed through
the shrimp, therefore heating it more than the ice. When al] the
shrimp thawed, there were still pieces of ice remaining. The heat
contribution of this ice was not taken into consideration.

Thawing was quite rapid compared with the controls  columns labeled
as "Frozen sample", and "control after thaw"!. Samples of
approximately the same composition and geometric properties were
placed between two identical electrode plates and left at ambient
temperature throughout the experiment. Thaw drip was allowed to
separate from the control. The weight of the still frozen part of
the control at the end of the experiment was recorded. It is
apparent from Table I that ambient heat doesn't contribute
significantly to the experiment during the relatively short
durations of the experiments.

As expected, as the thickness of the sample increased, the time
required for thawing was increased. Also, for similar weight and
size blocks, 5% NaCl samples thawed faster than 0.5% NaCl samples.
For example, experiments 2 and 7, with 3 rows of shrimp and with 5%%d
NaCl required about 20 minutes to thaw, while experiments 4 and 8,
0.5QlaCl, took 30 minutes. This was expected. There was not a
significant difference between the thaw times of no salt added, and
0.5% salt added samples. This could be due to the fact that the
final Sodium levels in these were quite close. Therefore, they had
similar electrical conductivities. These preliminary studies
suggested that it was possible to thaw shrimp blocks with ohmic
heating, and that salt levels could play a governing role in the
thawing behavior. Nore study is needed in this area. Freezing
shrimp in seawater may be advantageous in ohmic thawing.

Thawin of commercial shrim blocks

Table 3 summarizes the results obtained by the thawing of
commercial shrimp blocks. In data sets 2 and 3, the amps going
through the block was maintained fairly constant at I amp, and the
voltage was varied to achieve this. In data set 4, the amps were
allowed to increase towards the end of the experiment. This
increased the speed of thawing, as evidenced by the total thawing
time of about 90 mins. It should be mentioned that electricity was
periodically interrupted to check for possible hot spots, and to
remove the thawed shrimp manually from the block. Therefore, in an
optimized system, the total time is expected to be much shorter.
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Table 3. Experiments with commercial shrimp blocks.

Set time block
min wt lbs!

shrimp H 0 Total calc. /o elc.
 lbs!  ! bs! BTU BTU

Samples 5 and 6 were tiny shrimp, probably 500+ count, and
samples 7 and 8 were 100-200 count. Our goal in these experiments
was to reduce the thawing time without cooking the shrimp.
Therefore, we increased the current going through the block. The
results are shown in Table 3. Also, the graphs of voltage-amperage
and BTU - total BTU are included  Figures 2-8!. It should be noted
that the cumulative heat vs. time is linear in most experiments.
This is an advantage, since conventional heating operations have a
decreasing heat input with time, as the temperature difference
driving force decreases with time. Further experiments are planned
to thaw different sizes of shrimp, and shrimp with shell on, to
investigate these effects.

Freezing in seawater may be an advantageous alternative if
combined with the ohmic thawing method. It was demonstrated that
both frozen shrimp blocks, and frozen tuna steaks  data not shown!
can be thawed quite effectively in this manner. There are still
technical questions to be answered, the most important of which
being the measurement of temperature during the experiments.

FUTURE MORK AND RECONNENDATIONS

One shortcoming of these experiments was that temperature at
different locations in the sample was not measured. Regular
thermocouples are not suitable for this purpose, nor are glass
thermometers. There are fiber optic based temperature measuring
devices that are currently used for microwave environments. These
would be suitable for use in an ohmic heating environment. This is
a vital piece of information for the modeling and prediction of the
maximum temperatures and thawing times of foods by this method.

Most of the time required during thawing using the ohmic unit
came from checking the shrimp for hot spots and removing the thawed
shrimp from the block, as can be seen from the Figures. If a method
could be implemented to check and remove the shrimp more quickly and
safely, the thaw time could be further reduced'

2 101.5 4.1
3 179 5.98
4 86.35 5.68
5 40.83 5.64
6 50.17 5.54
7 62 5.18
8 64 5.02

3.55
4.78
4.94
4.6
4.59
4.14
4.14

0.5 526
1.02 538

0.58 736
0.88 904
0.84 849
0.9 909
0.78 876

627 83.9
907 59.3
812 90.6
874 96.7
895 94.9
909 99+
884 99+
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Figure 2. Experimental voltage - amp, and BTU - cumulative BTU plots
vs. time for green, headless, shell off, butterflied shrimp, 50-60
count; data set 2.
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Figure 3. Experimental voltage - amp, and BTU - cumulative BTU plots
vs. time for green, headless, shell off, butterflied shrimp, 5p-60

count; data set 3. Voits and amps
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Figure 4. Experimental voltage - amp, and BTU - cumulative BTU plots
vs. time for green, headless, shell off, butterflied shrimp, 50-60
count; data set 4.
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Figure 5. Experimental voltage - amp, and 87U - cumulative BTU plots
vs. time for green, headless, shell off shrimp, 500 + count; data
set 5.
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Figure 6. Experimental voltage - amp, and BTU - cumulative BTU plots
vs. time for green, headless, shell off shrimp, 500 + count; data
set 6.
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Figure 7. Experimental voltage - amp, and BTU - cumulative BTU plots
vs. time for green, headless, shell off shrimp, 100 - 200 count;
data set 7.
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Figure 8. Experimental voltage - amp, and BTU - cumulative BTU plots
vs. time for green, headless, shell off shrimp, 100 - 200 count;
data set 8.
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The effect of the shell, and shrimp size on the thawing and
temperature distribution needs also be investigated. The electrical
properties of shell-on and shell-off shrimp, as well as different
forms of shrimp needs to be measured both in the frozen and non-
frozen states, and as a function of temperature. Our next step is
to build an apparatus to measure the frozen and non-frozen
electrical properties of shrimp and other seafood.

The ultimate goal is to predict the behavior of frozen seafood
blocks under ohmic thawing. This is a complicated process where
changing electrical properties, variable heat generation, sensible
and latent heat effects, and heat dissipation throughout the block
need to be evaluated to predict the temperature and state  frozen or
non-frozen! of the sample at any point, at any given time during the
operation. The complexity of the model and the lack of experimental
data suggest a doctorate level study.
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