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Bisulfites are routinely used in the seafood industry to prevent melanosis, black spot, in
shrimp and lobster. Due to health concerns related to residual sulfites, much research has
focused on obtaining a bisulfite alternative. A 1% solution of kojic acid, 2-hydroxy-5-
hydroxymethly-gamma-pyrone, was found to prevent melanosis in pink shrimp comparable to the
customary bisulfite treatment. The effects of kojic acid on pink shrimp phenoloxidase were
investigated to evaluate kojic acid as a possible bisulfite alternative.

MATERIALS AND METHODS

Key West pink shrimp ~p~ns ~drarum, were dipped in various concentrations oi kojic
acid and the progression of meianosis followed using the rating scale and method of Otwell and
Marshall �!. Phenoloxidase enzyme  PO! was then extracted from pink shrimp by a method
similar to that of Roiie et al. �!. Shrimp heads were frozen in liquid nitrogen and ground to a fine
powder in a Waring blender. The shrimp powder was added to 0.1 M sodium phosphate buffer,
pH 7.2, containing 1 M NaQ  extraction buffer! in a ratio of 1:3  w/v!. An aliquot of 35% Brij 35
was added to give a final Brij concentration of 0,02%  v/v!. The suspension was stirred at 0 C
for 4 hours and then centrifuged at 23,500g for 30 minutes. The supernatant was fractionated
with 40% ammonium sulfate and the fraction precipitating between 0 and 40% saturation was
collected by centrifugation as above. The precipitate was then resuspended in extraction buffer
and 40% ammonium sulfate. This suspension was homogenized In a glass tissue grinder and
centrifuged at 23,500g for 30 minutes. The precipitate was resuspended in extraction buffer and
applied to a phenyl sepharose column, The enzyme was eluted in water after a gradient elution
profile of 100% extraction buffer, 50% ethylene glycol in water and 100% water

A continuous assay was used for measuring enzyme activity. A 70 ul aliquot of the
purified enzyme was added to 930 ul of the substrate, 10 mM DOPA, dihydroxyphenyl-alanine,
in 0.1 M sodium phosphate buffer  pH 6.5!. The formation of dopachrome, which corresponds
to the formation of melanin, was monitored at 475 nm with a Beckman Du40 Spectrophotometer.
The rate in this study was defined as the change in absorbance �75 nm! per minute. All assays
were recorded over 5 minutes at 25 C and run in triplicate.

The extracted and purified enzyme �00 ul of 13.12 ug/ml enzyme! was added to 10mM
D,L-DOPA in 0.1 M sodium phosphate buffer, pH 6.5. The formation of dopachrome was
monitored by the increase in the rate of change in absorbance at 475 nrn. Increasing
concentrations of kojic acid �0, 20, 30, 40, 50, 60 and 80 ug/rnl! were then added and the
decrease In rate noted.
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In order to determine If kojic acid affected pink shrimp PO over time, kojic acid �5 and

50 ug/ml! was incubated with PO �,44 ug/ml! for 10, 30, 60 minutes and 24 hours. This mixture
was then added to 10 mlVI DOPA in phosphate buffer  pH 6.5! and the rate of the formation of
dopachrome monitored at 475 nrn.

R action of k 'ic a id with ubstrate DL-DOPA

To determine if kojic acid reacts with the substrate DOPA, and therefore prevents
melanosis, a spectrophotometric scan from 250 to 500nm was made with 4,6 mM DL-DOPA in
0.1 M sodium phosphate buffer, pH 6.5 using a Beckman Du40 spectrophotorneter. Shrimp PO
�.4 ug/ml! was added and the scan repeated after a 60 minute incubation period. Kojic acid
�9.8 ug/ml! was added and another scan run after a 60 minute incubation period, Also, kojic
acid �5 and 50 ug/ml! was incubated with 10 mM DL-DOPA for 10, 30 and 60 minutes and 24
hours, This mixture was then added to 0.44 ug/ml shrimp PO in 0,1 M phosphate buffer  pH 6.5!
and the rate of the formation of dopachrome was monitored at 475 nm.

Blea hin of m lanin

It was noted that upon treatment with kojic acid, the product whitened. To determine the
effect of kojlc acid on the preformed melanin, blackened shrimp were soaked in a 10% kojic acid
solution for 2 hours, To measure this spectrophotometrically, 140 ul of 10 mM DOPA, 14 ul of
13.12 ug/ml enzyme and 146 ul buffer were mixed and the formation of dopachrome monitored
at 475 nm. The substrate:enzyme reaction was allowed to proceed for 15 minutes and kojic acid
�, 10, 25 and 50 ug/ml! was then added.

RESULTS AND DISCUSSION

Ext i n n rFi ti n

Extraction and purlcatlon of the enzyme ls summarized in Table 1. Crude extracts were
of low specific activity and the majority of the PO was recovered in the 0-40% ammonium sulfate
precipitate. Hydrophobic interaction on the phenyl sepharose column resulted in extracts of
higher specfic activity and an overall 72 fold purification of enzyme activity with a 22% yield of
activity.

The percent inhibition of phenoloxidase was plotted versus concentration of kojic acid,
Figure 1. Phenoloxidase contained 13.12 ug enzyme/rrd and the rate of dopachrome formation
was completely inhibited with approximately 60 ug/ml kojic acid. This showed that the extracted
and purified enzyme was influenced by kojic acid and also gave and idea for concentrations of
kojic acid for use ln future analyses.
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Eff f I id nP v rtim

When kojlc acid was incubated with PO for various times, the kinetic rates obtained were
not signlicantly differen, Table 2. This data indicates that kojic acid does not affect the inhibition
of the reaction differentl if it is added to the PO/DOPA mixture immediately of incubated with
the enzyme over a period of time.

Eff t fk'i i n trt DL-D PA

The absorption spectrum of DL-DOPA remained unchanged following the addition of kojic
acid. There was significant reduction in the DOPA peak when PO was added which was
expected due to the formation of dopachrome, Figure 2, When kojic acid was incubated with
DOPA for various times, a slight increase in the percent inhibition of the PO catalyzed formation
of dopachrome was noted, Table 3. At the higher kojic acid concentration, no significant
difference In % inhibition was seen, These results suggest that there is no interaction between
DL-DOPA and kojic acid,

Table 2. Effect of kojlc acid on the phenofoxldase reaction after the
incubation of kojlc acid wkh 0.44 ug/ml phenoloxldase and
10 mM DOPA for various times.
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INTERACTION OF KOJIC ACID VNTH DL-DOPA

2.

2

tc 1.6
O

1

0.5

0 200 250 300 350 400 450 600 550
WAVELENGTH  NIH!

Rpure 2. A scen of the wavelength from 200 to 600 nm to determine
the Interectfon of kogc acid with D,DOPA.

Table 3. Effect of koJlc acid on the ohenoloxldese reaction after the
incubedon of koJlc acid with 'I0 mM DOPA for various tlrnes.
The concentration of Ithenoloxldese used wes OA4 up/ml.

~ hate use lor %as tab4 me avaraye vakaaa %sr ~ andyeee.
The podact essnate of tttI ssstNttrtt Iev4thn wee ~ ea %.



146 Bl hin x riments
When pink shrimp were allowed to blacken and then soaked in a 10% kojic acid solution,

there was a definite reduction of black spots. Upon the addition of increasing concentrations of
kojic acid to the PO-OOPA reaction, significant decreases in the absorbance were seen, Figure
3. This suggests that kojic acid acts as a bleach and reduces melanin pigments after they are
formed. Kojic acid may also bleach blackspots as they are formed,

0.2
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Reure 3. The decrease re absorbance of dopechrome with she
~ dd@oo of rrarlous cencenrrodens of hejic acid.

CONCLUSIONS

Kojic ac@I does inhibit black spot In pink shrimp. A 1% kojic acid solution is comparable
to the customary sulfite treatment of shrimp. Approximately 60 ug/ml kojic acid completely
Inhibits the enzyme activity in 13.12 ug/ml extracted and purified enzyme. Kojic acid does not
appear to Interact with the enzyme or the substrate over time. Also, melanosis is not affected by
the Interaction of kojlc acid with D,DOPA. Kojlc acid bleaches the melanin pigments once they
are formed and may also inhibit meianosis In this manner.

From this work lt was determined that kojic acid does effect pink shrimp PO and may be
a possible blsulfite alternative. The toxicity of kojic acid and its production are currently being
studied at the University of Rorlda.
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Shrimp blackspot, an objectionable surface discoloration, occurs on most commercial
shrimp species and decreases the commercial value and consumer acceptance of the shrimp
product �!. Blackspot or melanosis is caused by enzymatic formation of the precursors of
insoluble polymeric pigments �!. The endogenous shrimp enzyme that catalyzes this reaction,
polyphenol oxidase  PPO! ~ remains active during refrigeration, ice storage, and post-freeze
thawing. Sulfiting agents have been used since the 1950s to retard blackspot formation �! and
are employed presently on both ice and freezer boats. Current regulations prescribe a dip
treatment of 1 minute exposure in 1.25% sodium bisulfite solution with an allowable sulfite residual
of 100 ppm �,5!. Adverse health effects associated with consumption of sulfited foods �!, as
well as other risks associated with sulfite usage, are well documented. Regulatory pressure to
reduce the use of sulfiting agents in foods coupled with consumer awareness of the risks
associated with sulfites have ied to the need for a safe, functional sulfite alternative for use in the
shrimp industry. 4-Hexylresorcinol' has been found to be a potent inhibitor of shrimp melanosis
and an effective sulfite alternative in both laboratory and field trials.

EXPERIMENTAL PROCEDURES

Procurement of Shrimp

Pink shrimp  Penaeus duorarum! were caught and frozen in Key West, FL and shipped
to the University of Rorida, Gainesville, FL or to Enzytech Food Ingredients, Cambridge, MA for
laboratory trials. Field trials with pink shrimp were performed aboard shrimp vessels based in St.
Petersburg or Key West, FI Fresh Atlantic white shrimp  Penaeus setiferus! were obtained from
the Waddell Mariculture Center, Bluffton, SC.

Evaluation of Melanosis Development on Dipped Shrimp

Approximately one pound of shrimp was placed in a nylon mesh bag. The shrimp were
dipped Into one liter of various test solutions at ambient temperature for one minute. AII solutions
were prepared in sea water  pH 7.5 -8! to mimic field conditions and all tests were performed in
triplicate. The shrimp were then stored on crushed ice for up to 14 days, a time period typical
for shrimp storage. Approximately every other day, the development of shrimp rnelanosis was
evaluated visually by a trained panel and scored according to a previously described system �!
shown In Table I. This rating system can be related to the recommendations of the National
Marine Fisheries Service for rating of raw shrimp  8!. A score of 4 or greater represents a
measurable defect in product quality and a score of 8 or above represents unacceptable product.

Due to the proprietary nature of the 44exyiresorcincl as a processing aid, the compound was described at
the 15th gjgpical and Subtropical Fisheries Technological Conference of the Americas under the tradename,
Ever Fresh
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Scale used to describe and rate the occurence of melanosis {blackspot! on
shrimp.

Table I.

~D~sri ition

Absent

Slight, noticeable on
some shrimp
Slight, noticeable on
most shrimp
Moderate, noticeable
on most shrimp
Heavy, noticeable on
most shrimp
Heavy, totally
unacceptable

10

'Adapted from {7!,

The effective concentration of the inhibitor was determined by dipping shrimp for one
minute into solutions containing from 0 to 50 ppm 4-hexylresorcinol. The total amount of shrimp
that could be processed using a single solution of 50 ppm 4-hexylresorcinoI  the effective
concentration of inhibitor, see below! was estrnated by repeated dipping of dlwerent one pound
lots of shrimp into the same one liter solution of inhibitor. In both cases the shrimp were stored
and rated as described above.

4-Hexylresorcinol Residuai Determination

Residuals of the inhibitor on the edible portion of the shrimp were determined by dipping
shrimp into solutions of radioactively labelled 4-hexyl-[14C]-resorcinol, digesting the meat of the
treated shrimp, and quantifying the amount of labelled compound present. The
4-hexyl-[UL-14C]-resorcinol was synthesized according to a previously published procedure {9!
utilizing [UL-14C]-resorcinol, The residual analyses examined the effect of several variables
including dipping of previously frozen vs. fresh shrimp, concentration of inhibitor �0 vs. 100
ppm!, heads-on vs. headless shrimp, post-treatment rinsing and/or cooking, extended dip times,
storage time, and multiple dips. Data on frozen shrimp  P, duorarum! were acquired for at least
12 samples and from 16 to 24 replicate samples for fresh shrimp {P. setfferus!. Following
exposure to the radiolabelled inhibitor under the various test conditions, the shrimp were peeled
and the shrimp meat was solubilized in Solvable- tissue solubillzer  DuPont NEN, Boston, MA!.
The solubilized shrimp meat was then added to scintillation cocktail. The samples were placed
in a scintillation counter for 30 minutes before they were counted for one minute each. Control
experiments employing ten control shrimp and ten shrimp "spiked" with known amounts of
4-hexyI-[UL-1 4C]-resorcinol showed recovery of added counts from shrimp meat to be 100 2%.

4-Hexylresorcinol Stability in Sea Water

The stability of 4-hexylresorcinol in sea water was determined by high performance liquid
chromatography  HPLC!. A 50 ppm solution of 4-hexylresorcinol in sea water was prepared and
allowed to stand at room temperature. Aliquots were removed at various time points for up to
24 hours and analyzed by reverse-phase HPLC � 0!.
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RESULTS AND DISCUSSION

4-Hexylresorcinol Inhibitory Potency

The results of the inhibition of pink shrimp rnelanosis as a function of 4-hexylresorcinol
concentration �1! is shown in Figure 1. Melanosis develops rapidly in the control shrimp
exceeding the target limit score of 4 between 3 or 4 days storage time. The traditional 1.25%
� 2,500 ppm! bisulfite treatment shows some inhibition of blackspot development; however, the
bisulfite-dipped samples exceed the target limit after 7 days. The degree of inhibition seen with
5 ppm 4-hexylresorcinol is comparable to the 12,500 ppm bisulfite dip. Thus, a 2500-fold lower
concentration of 4-hexylresorcinol  by a simple weight-to-weight comparison! is as effective as
12,500 ppm bisulfite. Concentrations of either 25 ppm or 50 ppm 4-hexylresorcinol are effective
in preventing melanosis development beyond the target limit, A concentration of 50 ppm
4-hexylresorcinol was chosen for subsequent experiments.

10

!

CO

40

O r 4!

Time, days

Figuxe 1. The inhibition of pinlr shrimp  P. dnorarum! mclanosis as a
function of 4-hexylrcsorcinol concentration. Pink shrimp werc dipped
into sea water  ~!, IM00 ppm sodimn bisu16tc  ~!, and 5  -II-!, 25  ~!
and 50 ppm  ~! 4-hcxylresorcinol «s described in Materials and
Methods.
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Figure 2. Inhibition of pink shrimp  P. duorarum! melanosis after
one  ~!, four  ~!, eight  ~!, and twelve  ~! dips of different one
pound lots into the same 50 ppm 4-hexylresorcinol solution as described
in Materials and Methods. Sea water   is-! and 1MOO ppm sodium
bisulfite   ~! dips are included for comparison.

The total amount of shrimp that could be processed using a single solution of 50 ppm
4-hexylresorcinol was estimated by dipping multiple one pound lots of shrimp into the same test
solution. The results are presented in Figure 2. It should be noted that this test was performed
with previously frozen shrimp that develop a low level of melanosis upon thawing and give rise
to a score of 2 at the initiation of the test. Inhibition of blackspot formation is equivalent from the
first dip to the fourth dip; however, blackspot formation does approach the target limit at the end
of the 12 day storage period for the eighth and twelfth dip samples. The control samples display
a rapid onset of melanosis exceeding a score of 4 by the third day of storage, Assuming a
maximum of 10 dips per batch of 50 ppm 4-hexylresorcinol and a linear relationship between the
small scale test solutions and actual dip tank usage �0~ pound/25-30 gallons dip solution!, this
corresponds to roughly 600 pounds of shrimp processed with a single preparation of inhibitor
solution. Hence, the entire daily shrimp catch of a typical fisherman could be processed with one
batch of 50 ppm 4-hexylresorcinol.

Parameters such as fresh versus sea water solutions of 4-hexylresorcinoi, post-treatment
rinsing of dipped shrimp, extended dip times, and the pH of the dip solution were also examined.
No differences were observed whether the test solution was prepared with fresh or sea water or
whether shrimp received a post-treatment rinse, Dipping the shrimp for 15 minutes did not yield
improved results when compared to a one minute dip. Pink shrimp dipped in 50 ppm
4-hexyl-resorcinol solutions with pH values of 2, 5, and 8 showed no difference in functionality
across this pH range. In addition to pink shrimp, 4-hexylresorcinoi is functional on all shrimp
species tested to date including brown  Penaeus aztecus!, Kuruma  Penaeus Japonicus!, nylon
 Heterocarpus laevigatus! and rock shrimp  Sicyonia brevirostris! �2!,



4-Hexylresorcinol Residuals on Dipped Shrimp

The use of 4-hexylresorcinol for the inhibition of shrimp melanosis results in extremely low
residuals on the shrimp meat �3!. No significant changes in residual levels as a function of
storage time were observed, therefore, the values presented here are the means for specific
sample sets over the entire storage period. Under proposed use conditions  one minute dip in
50 ppm 4-hexylresorcinol! the values for residuals on previously frozen pink shrimp were 0.6 0.17
and 1 0,3 ppm for heads-on and headless, respectively. Fresh Atlantic white shrimp exhibited
residuals of 0.0.4 0,09 ppm for heads-on samples and 0.9 0.27 ppm for headless.
Post-treatment rinsing of dipped samples did tend to reduce the residual values in certain
treatment scenarios whereas cooking had no effect. A second one minute dip into 50 ppm
4-hexylresorcinol did not increase the residuals; however, increased residuals were found on
shrimp that were dipped for 15 minutes into 50 ppm 4-hexylresorcinol or for one minute into 100
ppm 4-hexylresorcinol. The highest residuals, 2 0,8 were obtained for previously frozen,
headless pink shrimp dipped for 15 minutes in 50 ppm 4-hexylresorcinol without a post-treatment
rinse,

Due to the low residuals of 4-hexylresorcinol, the taste, texture, visual appearance, and
normal development of pink color upon cooking are unaffected by dipping in 4-hexyl-resorcinol.
A method for the determination of non-radio-labelled 4-hexylresorcinol residuals on shrimp meat
by organic extraction and high performance liquid chromatography has been developed �0!.
Stability of 4-Hexyiresorcinol in Sea Water

4-Hexylresorcinol is very stable under proposed use conditions. HPLC analysis of 50
ppm 4-hexylresorcinol in sea water �1! shows that greater than 95% of the inhibitor is
recoverable 24 hours after preparation of the test solution. Organic matter introduced into the
solution by dipping of shrimp had no effect on the stability of 4-hexylresorcinol during this time
period  data not shown!.

When compared to sulfiting agents, the stability of 4-hexylresorcinol is significant. It is
interesting to note that the bisulfite<ipped samples shown in Figure 2 developed blackspot to the
same degree and at a similar rate as the control samples. The traditional bisulfite treatment
appeared to yield very inconsistent results from test to test even though all solutions were
prepared from the same lot of sodium bisulfite. The reason for this inconsistency in performance
has not been determined but may be related to the fact that all test solutions were prepared in
sea water. Due to its high chemical reactivity, the bisulfite may have reacted with the differing
levels of organic matter in the various sea water stocks, affecting its usefulness in the prevention
of blackspot.

Safety Evaluation of 4-Hexylresorcinol Usage

4-Hexylresorcinol has been studied for a broad range of toxicological concerns including
acute and subacute toxicity, subchronic toxicity, carcinogenicity, mutagenicity �4!, and
allergenicity �5!. The extensive toxicological data on 4-hexylresorcind have been the subject
of a recent review �6!. In light of the extremely low residuals on shrimp meat, these studies
indicate that the use of 4-hexylresorcinol as a processing aid for the inhibition of shrimp
melanosis is safe.

in addition to its functionality at very low concentrations �0 ppm 4-hexylresorcinol vs
12,500 ppm sulfite! and low residuals on shrimp meat  -1ppm!, 4-hexylresorclnol has several
other advantages over sulfites. Sulfites can "bleach" blackspot encouraging the use of replicate
treatments, dips into high concentrations, or even the broadcasting of solid sodium bisulfite onto
the shrimp product. 4-Hexylresorcinol does not bleach blackspot and thus, use of excessive
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amounts of the inhibitor does not improve the appearance of the shrimp. Since the
recommended one minute dip time is adequate for maximal inhibitory effect, dipping of shrimp
for longer time periods is not advantageous, Also, sulfites are unstable and decompose to sulfur
dioxide gas upon contact with moisture. The exposure of fishermen to high concentrations of
sulfur dioxide vapors in the boat hold have resulted in several deaths during actual fishing
operations.

CONCLUSIONS

4-Hexylresorcinol is a safe, effective processing aid for the inhibition of shrimp melanosis
in all commercial species tested and is applicable to pond-raised as well as trawled shrimp. A
one minute dip into a 50 ppm 4-hexylresorcinol solution in sea water is suNcient to inhibit
blackspot and maintain a high quality shrimp product for at least twelve to fourteen days, A
single dip tank �5-30 gallons! of 50 ppm 4-hexylresorcinol wili process 500 to 600 pounds of
shrimp, a typical night's catch. 4-Hexylresorcinol is water-soluble, chemically stable, functional
at low concentration and residuals on shrimp meat are extremely low. 4-Hexylresorcinol can be
used under the same treatment scenarios presently employed for the inhibition of of shrimp
blackspot by simple substitution for bisulflte in the dip tank. The use of 4-hexylresorclnoI does not
necessitate any changes in the post-treatment storage, shipping, or processing of the shrimp
product. Due to the numerous safety and functional advantages, 4-hexylresorcinol should prove
to be an effective alternative to the use of sulfites in the shrimp industry.
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INTRODUCTION

The use of sodium tripolyphosphate  STP! in the sea scallop industry has become
widespread. Benefits of using phosphates on sea scallop meats include the reduction of drip loss
in both fresh held and frozen/thawed meats and maintenance of meat texture and color. Present
phosphate application is via a soaking medium in which scallop meats are typically soaked 18-21
hours.

The sea scallop, because of its given textural characteristics and capacity to absorb
water, is very susceptible to abuse under current industry practices. Industry usage levels of STP
range from 2-8% by weight. The absence of a standard application of STP by industry causes
considerable variation in product quality, Further complicating the problem is that phosphate
effectiveness on scallop meat fluctuates with seasonal variations corresponding to spawning
activities. Mid-Atlantic sea scallops spawn twice annually, in the spring and again in the late fall.
Current research suggests that swell potential and the effectiveness of phosphate usage on
scallop meats is dependent upon scallop meat condition which varies between pre- and post-
spawning.

Results of phosphate utilization depend on phosphate concentration, the usage of salt
in medium, dwell time in soaking medium, and the time of year processing occurs. This paper
provides preliminary results of an on-going study on optimum phosphate use in processing sea
scallops. Specifically, processing enhancements and abuses to scallop quality during pre- and
post-spawning periods are illustrated and discussed.

MATERIALS AND METHODS

In conforming to current industry practices, light density, granular, food grade sodium
tripolyphosphate  STP! was utilized and application was vta a 21 hour soak period. Results of
Initial investigations demonstrated STP concentrations above 5% by weight were excessive given
industry economic concerns and resulting deterioration of perceived product quality. Therefore,
STP concentrations of 1-5% by weight with 1% food grade NaQ were investigated. In addition,
treatments of freshwater  FW!, STP without NaQ, and STP plus 1% NaQ were utilized to illustrate
scallop meat swell potential and phosphate /salt synergism.

Freshly shucked scallop meat pH ranged from 6.1W.3 at 140C. Treatment solutions
ranged from pH 2.26-9.40 at 14C  Table 1!.

Soaking mediums were prepared with tap water �4 C!, distributed to polyethylene
containers to a predetermined amount equaling a 2:1 ratio by weight of solution to scallops, and
chilled to 11-12 C. Containers were kept on Ice for the duration of soaking.



Table 1. Specific gravity and pH of tested solutions.

TP + 1% N

2 2.5 3 4 5

1oi6 1% 2 596

NaCl STP STP FW 1

pH �4 C! 7.40 9.40 9,16 7.26 8,92 8.97 8.98 8,98 8.96 8,94

sp, gravity
�3 C! 1.007 1.010 1.022 1.001 1,017 1.024 1,029 1.033 1.041 1.049

Scallop shellstock was obtained from commercial vessels in March  pre-spring spawn
period! and in May  post-spring spawn period! of 1990. Scallop meats were shucked from shell
stock  90-110 mm in shell height!, rinsed in freshwater for 10 seconds to remove sand particles,
and drained for 5 minutes. Three one pound samples of meats were placed in polyethylene 1/2
inch mesh bags and placed into each container of solution. Control groups  no treatment! were
selected and frozen, Scallop meats were soaked in their respective mediums for 21 hours and
periodically mixed.

Organoleptic evaluations were performed on all frozen/thawed and cooked scallop
samples. Samples were rated on a five point scale representing scallop characteristics which are
most commonly perceived as quality determining characteristics  Tables 2-3!. Each scale
consists of a five part rating, ratings 2-5 consisting of two elements. The first element pertains
to phosphate treated meat characteristics, and the second element pertains to freshwater treated
and control meat characteristics. Both thawed and cooked rating scales were based on quality
attributes of fresh post-rigor scallop meat, not on a control  i.e. no treatment but processed
sample!,

Post-treatment analysis included drained weights, freeze/thaw weights, cooked weights,
and organoleptic evaluations of thawed and cooked product. Once removed from soaking
mediums, each scallop sample was drained on a half inch plastic grid drain rack for 2 minutes,
pat-dried with 100% cotton towels, weighed, placed in a plastic freezer bag, commercially blast
frozen to a temperature of -34 C, and placed in commercial cold storage at -23 C. After 30-35
days of frozen storage, samples were thawed by water submersion. Tap water at 20-22 C was
introduced to the trough at a rate of 2 gpm. Samples were completely thawed within 2 hours and
15 minutes. Thawed samples were emptied onto and pat dried with cotton towels, reweighed,
evaluated organolepticaiiy, and placed into freezer bags for cooking. Cooking was performed by
the boil-in-the-bag method. Trial cookings, monitored with thermocouples, indicated an average
cooking time of 4.5 minutes was required for the center of scallop meats to reach prescribed
temperatures of 73 C �!. Upon cooking, scallop odor was initially evaluated with the opening
of each sample bag, Scallops were drained for 2 minutes on 1/2 inch plastic grid, weighed, and
further evaluated in regards to appearance, texture, and taste.



Table 2. Organoleptic evaluation criteria; Previously frozen, RAW; scale 1-5.

Appearance, color, odor, and texture same as fresh post-rigor scallop meats.
Color, odor, and texture similar to fresh samples, with slight glassy appearance and
slipperiness; or slight discoloration, stale odors, and dryness.
Slight surface translucency, slight to moderate slipperiness and glassy appearance, slight
foam; or slight to moderate discoloration, stale odors, and dryness.
Moderate surface translucency and slipperiness, glassy appearance, slight soapy odor,
moderate foam; or moderate discoloration, stale odors, and dryness.
Extreme surface translucency and slipperiness, glassy appearance, dominant soapy odor,
excessive foam; or extreme discoloration, stale odors, and dryness,

2.

Table 3. Organoleptic evaluation criteria; Previously frozen, COOKED; scale 1-5.

1. Appearance, color, odor, texture and taste same as cooked fresh post-rigor scallop meats.
2. Appearance, color, odor, and taste similar to fresh sample, texture slight spongy; or slight

dryness and odor.
3. Appearance, color, odor, and taste similar to fresh sample, texture moderately spongy; or

slight stale odors, discoloration, dryness, and slight bland or stale tasting.
4, Moderate off-odors and/or discoloration, moderate spongy texture, siight soapy taste; or

moderately dry, chewy, and bland or stale tasting.
5. Extreme off-odors and/or discoloration, spongy texture, soapy taste; or extreme

discoloration, stale odors, dryness, chewiness, and bland or stale tasting.

RESULTS AND DISCUSSION

Initially, criteria for evaluation of various STP concentrations needed to be established.
Recommendations derived from this work were borne with product quality consistency in mind given
current industry practices. Therefore, evaluations were based on the performance of the following:
 i! treatment-thaw component;  ii! total weight change  initial weight-cooked weight/initial weight!;  iii!
organoleptic rating at the thawed and cooked state fables 4-5!. Treatment-thaw relates to Initial
processors and wholesalers concerns, while total weight change represents the resulting product to
the end user. A total weight change at or near zero suggests quality maintenance in the respect of
natural !uices, vitamins, and soluable proteins being retained, while nothing was added.

Phosphate concentration from 1-5% are represented with the addition of 1% NaCI. One percent
NaCI, 1% STP, and 2.5% STP treatments were utilized to illustrate the synergism that exists between
STP and salt, and freshwater was used to demonstrate the swell potential of sea scallops and the loss
of quality associated with this soaking practice. Organoleptic ratings were assigned to aII treatment
groups.

Percent weight gain and percent thaw and cooked losses decreased with increasing STP
concentrations for the pre- and post-spring spawn periods  Tables 4-5!. One percent STP
demonstrated the most variation in weight changes throughout processing. Near maximum uptake was
experienced coupled with extreme thaw drip loss. Thaw drip loss became less significant at 2% STP
and minimal by 5% STP. Treatment-thaw components illustrated performance to be optimal between
2-2.5% STP fOr pre-SpaWning perladS and betWeen 34% STP far pOSt-SpaWning periad. HOWeVer,
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there was a significant transition point occurring in respect to thaw drip loss between 2.0 and 2,5'%%d for
pre-spawn period, and between 2,5 and 3% for post spawn period. Total percent weight change
nearest to zero was achieved at 2.5%%d STP during both periods,

Weight changes associated with 4-5%%d STP and 1-3%%d STP levels exhibited minimal and maximum
variation, respectively. A shift in performance of 1%%d and 2.5% STP was observed between testing
periods  Figures 1-2!. Pre-spawning period results indicate phosphate to be more effective in
controlling freeze/thaw drip ioss than during post-spawning.

Weight changes associated with the control groups revealed greater thaw drip associated with the
post-spawn period. This may explain the increase in thaw drip loss consistently observed over all
treatments during post-spawn.

Phos hat - alt relation hi

Addition of salt into STP solutions increased scallop meat water binding  Figure 3!, The use of
phosphates or salt alone provided for near maximum weight gains during soaking. However, both of
these treatments also produced equally excessive drip losses. Moisture retention is largiy associated
with the degree of surface protein solubilization. Solubilizing proteins increase meat fluid viscosity
which helps to prevent water loss �,3,4!. Proteins effectively become more solubilized when ionic
strength and pH of the solution is raised.

The ionic strength of phosphate solution was raised by the addition of NaCI, resulting in increased
moisture retention. Alternatively, increased retention experience by the addition of STP to a 1'%%d NaCI
solution could be more related to the rise in pH of the resulting solution  Table 1!. Either way, the
combination of STP and NaCI increased water retention more than each one independently.
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In this study, increasing pH with phosphates and increasing ionic strength of solution with
NaCI maximized water binding and retention. The effect of increasing ionic strength by the
addition of phosphate may also explain thedifferences in drip loss between1% STP plus1% NaCI
and 2.5% STP plus 1% NaCI solutions when compared against pure STP or NaCI solutions atone
 Table 4!. Increasing the STP level from 1% to 2.5%, in combination with 1% NaCI, provided
superior water retention capabilities.

Ratings of perceived quality characteristics were assigned to all treatments enables 4-5!.
Thawed and cooked product quality declined with increasing concentrations of STP for pre- and
post-spawn scallop meats. As STP levels increased, translucency, glassy appearance,
slipperiness, and foaming increased on thawed meats and spongy texture, soapy taste, and
moderate off-odors developed in the cooked meats,

Quality transition points were observed in both thawed and cooked ratings. In the thawed
state, noticeable differences were observed in meat translucency, slipperiness, and foaming
between 2.0 and 2.5% STP for the pre-spawn scallops, and between 2.5 and 3.0% for the post-
spawn scallops. In the cooked state, slight differences were observed in texture between 3 and
4% STP for both spawning conditions,

Control groups displayed equally slight discolorations, dryness, meat shrinkage, and stale
odors of thawed and cooked meats. Preliminary tests consistently demonstrated control groups
to be adversely affected by processing. The decision to base organoloptic evaluations on fresh
post-rigor scallop meat rather than on control processed scallop meats was determined from the
preliminary tests.

Fr sh t rtr tment

Freshwater treated meats generated the poorest quality characteristics and ratings  Tables
4, 5!. Upon soaking and prior to freezing, these meats displayed various signs of perceived
quality abuse including cottony appearance, muscle bundle separation, translucent edges, dry
surface, and bland odor. Maximum weight changes were experienced throughout processing,
and negatively affected organoleptic ratings. Thawed meats showed slight browning, stale odors,
and a dry appearance. Cooked meats were moderately dry, bland or stale tasting, and chewy.
Moisture loss at thawing and cooking was extreme during both studies. Trial cookings revealed
accelerated cooking; therefore, cooking time was reduced to 4 minutes.

CONCLUSIONS

Results from this study can be perceived differently depending on economic goals or
attitudes about phosphate use on seafood in general. The following conclusions are based on
current industry concerns and practices, and consumer acceptance.

Examination of the 4-5% STP level demonstrated moderate weight  water! uptake with
minimal thaw and cook drip loss, resulting in water weight being passed on to the consumer.
More important, perceived quality characteristics of these meats suffered extensively in
comparison to lower STP levels. On the other hand, 1% STP provided for near maximum water
uptake but also with excessive drip losses. With the loss of added water, natural Juices and
vitamins are also lost, resulting in a lower quality product.

Sodium tripolyphosphate levels of 2.04.0% plus 1% NaCI provided the best results in both
study periods. The addition of 1% NaCI to STP solutions should be used in processing to
maximize water binding capacity. A 2O% STP solution was observed to achieve moderate
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uptakes together with moderate drip losses relative to other treatments. This resulted in total
weight changes at or near zero. During periods prior to spawning, more favorable weight
changes and organoleptic ratings were observed utilizing a 2.0-2.5% solution. During periods
after spawning STP performance shifted; favorable results were obtained with 2,5-3.0% solutions.

Organoleptic rating provided useful criteria in the evaluation of various phosphate levels. The
primary focus in determining scallop quality by primary processors through end users most often
lies in how the product is grossly perceived. The proper usage of phosphates can enhance this
perceived quality while misuse can detract from it.

The use of freshwater alone should not be used in processing sea scallops. Rapid and
excessive hydration is experienced with no moisture binding properties to control drip loss,
Quality characteristics suffer tremendous losses throughout all processing stages.

Phosphate utilization in the processing of sea scallop meats produces various results
depending on phosphate concentration as well as salt incorporation. The goal of this initial work
was to demonstrate phosphates benefits and drawbacks in the hope of developing standard
procedures within current industry practices which will provide for a more consistent, quality
product. Further work will focus on economic evaluations pertaining to STP usage levels,
alternative phosphate incorporation methods, and lower pM phosphate blends,

Support for this work was provided by the Virginia Sea Grant Marine Advisory Program,
Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, Virginia,
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Shrimp is one of the most popular and valuable fishery products in the U.S. In 1989, 360
million pounds, valued at $580 million, were landed in the U.S. and per capita consumption was 2.3
Ibs �!. To meet this strong demand, an additional 585 million pounds of frozen shrimp were imported.

One of the most important economic problems facing the shrimp industry is drip loss,
Because shrimp has a high water content and commands a relatively high price per pound, weight loss
due to drip is a major source of profit loss.

There has been considerable research on and patent activity for the reduction of drip loss in
shrimp, especially frozen shrimp where the weight loss ls even greater than in fresh shrimp �, 6, 7, 8!.
Most existing literature deals with the applications of phosphates and polyphosphates, usuaily as
solutions of about 6%. Abuse in the concentration and time of phosphate dips result in absorption of
too much water and a spongy, poor texture.

An alternative to phosphates which would avoid their inherent problems and still result in water
retention in shrimp Is of interest to not only the shrimp industry but consumers as well. Previous work
by Curran, Tepper, and MontvIIIe �, 3! in the Department of Food Science at Rutgers University has
demonstrated that bicarbonates extend the microbial shelf-life of cod filets and increase its
water-binding capacity, thereby reducing drip loss.

The mechanism by which phosphates increase water binding is well understood. Phosphates
alter the isoelectric environment of the fish muscle so that the fibers swell and physically trap more
water. Bicarbonates elevate the pH of fish protein to approach its isoelectric point, and thus act via
the same mechanism of muscle swelling. The previous work by Curran, et al. �! with ammonium and
sodium bicarbonate showed no anion effect and little concentration dependence above 1%. The
increased water binding translated to improved texture in both objective and subjective tests.

In addition to the obvious economic benefit of retaining water, the increased water binding
capacity improves the shrimp's texture. Hebbar and Hiremath �! demonstrated that the improved
taste and texture of shrimp dipped in bicarbonates prior to freezing was maintained even after six
months of frozen storage. Thus, the application of bicarbonates may be able to minimize drip loss and
improve quality characteristics such as texture and microbial quality of fresh shrimp.

This paper reports a preliminary effort to elucidate an optimum practical protocol for the use
of bicarbonate dips to improve the water-binding capacity of fresh shrimp and to determine the
Influence of bicarbonate dips on microbial quality, shelflife, and sensory attributes of fresh shrimp.
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MATERIALS AND METHODS

Fresh  never frozen!, domestic white shrimp were utilized. Sizes ranged from 21-25/lb. to
31-35/lb. Ail shrimp were head-off, Both shelf-on and shell-off shrimp were investigated.

Four shipments of shrimp were received. The first from a primary wholesaler in Florida via a
central New Jersey seafood retailer, the second from a processor in Brunswick, Georgia, the third from
the Georgia Sea Grant Marine Advisory Service, and the fourth from a primary wholesaler in Brunswick,
Georgia, For all shrimp orders, specifications included "no chemical treatment".

All shrimp were shipped over night on ice and, upon receipt, were refrigerated at 4'C and
experiments were begun within 24 hrs. Plate counts were conducted at 0, 24, and 48 hrs., and
experiments were conducted to evaluate sodium bicarbonate dips,

Initial plate counts were conducted on the shrimp as received by blending 50 gr. of the shrimp
with 450 ml. of cold 0.1% peptone water for 2 minutes. Total bacterial growth was determined by
standard plate counts using Plate Count Agar  Difco!. Plates were incubated for 2 days at 25 C.
Microbial growth on the shrimp was determined at 0, 24, and 48 hrs.

To determine the optimum sodium bicarbonate concentration for minimum drip loss, the drip
loss of shrimp dipped in 1, 2, 4, and 8% sodium bicarbonate was evaluated, The various bicarbonate
concentrations were compared to untreated shrimp and shrimped dipped in a deionized water,
deionized water adjusted to the pH of saturated sodium bicarbonate  pH 8.8!, 1.25% bisulfite, and 6%
tripolyphosphate. The bisulfite and tripolyphosphate dips are commonly used by the shrimp industry
to inhibit melanosis and water loss respectively.

The shrimp were weighed, dipped for one-half hour in solutions as indicated, drained in a
stainer, and reweighed. The shrimp were then stored at 4 C and analyzed as described below.

Cooked drip values were obtained by placing 50 gr. raw shrimp in 250 mi, of boiling water,
waiting for the water to resume boiling, and then plunging the shrimp into cold water to stop the
cooking after 3 minutes. The shrimp were drained in a strainer and weighed again. Cooked weight
was determined on both day 1 and after 7 days of refrigerated storage. Percent cooked weight was
the weight of drained shrimp divided by the original sample weight, with the resulting weight multiplied
by 100.

RESULTS
Trial 1.

The first shipment of shrimp was received with a very marginal Initial microbial load of 1.8 x
10 colony forming units  cfu! per gram. The normal weight change pattern observed was a weight
gain during dipping and subsequent weight loss during cooking  Table 1!. This pattern was followed
by all the shrimp in trial 1 except the untreated shell-on shrimp, which actually gained weight during
cboking. Desiccation of the original low quality shrimp might explain this unexpected result. There was
little difference in the cooked weight of the shell-on shrimp on either day 1 or after one week of
refrigerated storage.

In the shell-off shrimp, however, shrimp treated with bicarbonate and tripolyphosphate dips lost
less weight on cooking than the control shrimp  Table 1!. This trend increased during storage, After
a week, the shrimp treated with 8% sodium bicarbonate were 104% of their original weight and the
untreated shrimp were 84% of their original weight. Therefore, after a week of refrigerated storage, the
shrimp treated with 8% sodium bicarbonate retained 20% more water than the untreated shrimp.
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Table 1. Weight retention of raw and cooked shrimp, trial 1. Percent of original weight after dipping
 AD! and after cooking  AC! at 1 & 7 days.

TREATMENT

t=7

AD AC

t=1

AD A
t=1

AD A
t=7

AD AC
Untreated 100 101 100 101 100 86

107 87

100 84

107 87H~O 104 102 104 98

l04 101

103 79

103 97

105 99

104 100

103 103

104 93

105 95

106 102

105 104

The microbial data for these shrimp were uninformative. Because the initial microbial load was
so high, there was no further increase in bacterial numbers regardless of treatment.

Trial 2.

The second shipment of shrimp was received with a very good initial microbial load of 4.0 x
10 cfu/gr. The effect of treatments on cooked drip loss was determined as indicated above in
triplicate and the water retention results are presented in Table 2. In shell-on shrimp, the differences
among treatments were not significant on day one. Although, after one week the average of all
bicarbonate treated shrimp had a statistically better water retention �05.8+.73%! than the controls
 except sodium tripoly- phosphate! �03.8+.62%!, these were of no practical significance.

In the shell-off shrimp, the bicarbonate treatments resulted in an average of 10% more weight
retained than the control shrimp on day one. There was little difference among the different sodium
bicarbonate concentrations and among the various controls, except the tripolyphos-phate. The
average weight retention of the controls was 86,5% with a 95% confidence interval, as determined by
the Student's t test, of +1.4, while the average weight retention of the bicarbonate treated shrimp was
96.2+0.9. This was comparable to the weight retention of tripolyphos-phate treated shrimp.

H>O, pH 8.8

1.25% NaHSO>

6% NasPsO,O

1% NaHCO3

2% NaHCO3

4% NaHCO3

8% NaHCO>

103 102 103 102

104 100 104 100

104 102 103 102

103 102 103 104

108 86 107 79

105 80 105 76

104 100 112 98

104 94 104 98

103 96 105 81
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Weight retention of cooked shrimp, triai 2. Percent of original weight after cooking on
day 1 and after 7 days of refrigeration.

Tabie 2.

TREATMENT SWELL-ON
t=l

Ave. Std.
Dev

t=7

Ave. Std.
Dev.

t=1

Ave. Std.
D v.

t=7

Ave. Std,

D v.

96.9 1.96 109.3 0.19

After one week of refrigerated storage, the weight retention of the treated shrimp was more
pronounced. In this case, there was some concentration dependence in the bicarbonate dips, with the
8% treatment giving significantly better retention than the 1 and 2% dips. If treatments were grouped
together as above, the treated shrimp had 100.3+ 1,4% water retention while the controls had 86+5,6%
retention, A 20% increase in water retention occurs when the 8% sodium bicarbonate treatment
�09,3+1.4%! is compared directly with the untreated control  89.7+6.4%!.

In the experiments designed to determine the effect of treatment dips on melanosis, there was
little difference in the degree of browning among untreated, bisulfite treated, or shrimp treated with 8%
sodium bicarbonate  data not shown!. Even in the untreated controls, browning was minimal. It may
be that brown shrimp would be a better system to examine melanosis since their basal rate of
browning is inuch higher than in white shrimp.

~Tri I

The third shrimp shipment was received with an excellent initial microbial load of 2.8 x 10
cfu/gr. We followed microbial growth in the untreated samples over 20 days of refrigerated storage and
found that they peaked at 1 x 10 between 12 and 15 days.

Triplicate samples were treated with 8% sodium bicarbonate, 1.25% bisulflte, deionized water
deionized water at pH 8,8, or were left untreated to examine cooked drip loss and inelanosis, and the
water retention results are presented in Table 3. The differences in water retention among the sheI4>n
shrimp were not sign¹cant, even at the 90% confidence level and after one week. Shell-off shrimp
cooked immediately after the dipping had a 12% increase In weight retention compared to the control.
The shell-off shrimp treated with 8% sodium bicarbonate had a greater than 20% increase in weight
retention compared to the untreated control after one week of refrigerated storage.

Untreated 104.3 1.38 104.3 0.78

H~O 103,1 0,45 104.1 0.68

H20, pH8.8 102.4 2.22 103.6 0.20

1.25%NaHSO3 103.1 0.98 103.3 1.67

6% Na>P30ip 102.4 2 22 105.6 0.45

1% NaHCO3 102.7 0.54 104.8 1.02

2% NaHCO3 103.5 2.27 105,6 0.70

4% NaHCO3 104.8 0.57 106.7 0.92

8% NaHCO3 105.1 0.88 106.4 0.45

88,0 1,89

86.6 0.85

85.8 'I.34

85.9 0.28

96.1 1,24

95.6 0.37

95.7 1.27

96.8 0.61

89.7 2.98

83.1 1.53

83,'I 0.55

90.7 1.37

98.0 3.61

93.0 1.37

96,8 2.00

103.0 1.50
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Weight retention of cooked, trial 3. Percent of original weight after cooking on day 1
and after 7 days of refrigeration,

Table 3.

~HELL- H
t=1

Ave. Std. Ave.
D v.

TREATMENT SHELL-OFF

t=7

Ave, Std.

D v

t=7 t=1

Ave. Std.

D v

Std.
Dev

Untreated 101.3 0,95 86.9 1.44

82.9 1.81

99.8 2,61

98,7 1.20

98.1 1,21

82.2 1.74

76.6 0.94K2O 99.4 1.84

H20, pH8.8 100.1 1.54 80.4 2.08 77,8 1.99

1.25%NaHSO3 103.6 � 102.9 1.59 82,1 4.05 97.3 0.24

8% NaHCO3 102,8 0.86 105.2 1,'73 98.7 1.10 104,9 0.65

The results of the melanosis experiments were similar to those obtained previously; no
significant differences among treatments were observed. Shrimp treated with sodium bicarbonate were
found to be extremely palatable in very preliminary sensory analysis.

DISCUSSION

These experiments have confirmed that sodium bicarbonate at 8% increases water retention
by 20% in cooked, shell-off, fresh domestic white shrimp after treatment and storage for one week at
4 C. No reductions in microbial growth or rnelanosis were obseived. This may be because white
shrimp are not especially susceptible to melanosis or because the shrimp, in spite of our specifications,
may have been treated with sodium bisulfite. Blsulfite dips are used routinely to inhibit melanosis and
are applied at the fishing vessel, rather than processing level. Some experiments with brown and pink
shriinp will be conducted to see if an effect on melanosis can be observed in those species. The lack
of antimicrobial activity by sodium bicarbonate alone is consistent with previous findings. However,
shrimp in trial 3, obtained from a research vessel with absolute assurance of no bisulflte treatment,
gave similar results. We will determine the lowest level of ammonium bicarbonate that can be used
without adversely affecting the shrimp taste and then determine if that level has antimicrobial
properties,

CONCLUSIONS

Sodium bicarbonate dips at 8% consistently decreased water loss during cooking by 20% in
shell-off white shrimp using shipments of shrimp from four different sources. The treatments were more
effective on shrimp cooked after one week at 40C than those cooked immediately after the bicarbonate
treatment. Shell-on shrimp took up less water during treatments and lost less water during cooking
compared to shell-off shrimp. Bicarbonate dips had no signÃicant effect on the water loss of shellwn
shrimp, No significant antimicrobial effect was observed for shrimp treated with sodium bicarbonate.

~Tri I 4.

The fourth shipment of shrimp were received with initial microbial counts of 2.7 x 10 cfu/gr.
They were treated with sodium bicarbonate at 4 or 8%, deionized water, deionized water at pH 8.8, or
left untreated. Plate counts were determined at 1, 3, 5, and 7 days of incubation at 4 C. All of the
samples reached 2 x 10 cfu/gr by three days indicating that sodium bicarbonate dips have no
significant antimicrobial effect.
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INTRODUCTION

The Alaska seafood industry is increasingly dependent on chilled seawater  CSW! and
refrigerated seawater  RSW! systems to hold salmon on tenders and fishing vessels. These
systems are exceHent for rapid chilling of the catch and maintenance of quality.

Fish received at processing plants are frequently transferred to onshore CSW/RSW
systems or iced totes, but salmon transferred from CSW/RSW to ice often lose their quality much
faster than those transferred to CSW/RSW. These fish become more fragile, lose scales easier
and must be handled carefully and processed quickly,

Are quality changes in the fish associated with transfers between liquid and solid chilling
systems? Are there bacteriological changes? Or do other factors, such as handling and
sanitation, affect fish quality? This publication reports on an investigation of the quality changes
in pink salmon when the fish are transferred between chilling systems  chilled seawater and ice!.

MATERIAI AND METHODS

Two hundred and forty freshly caught seine pink salmon were held in ice or CSW totes
aboard tenders and delivered within 12 hours. At the dock, they were transferred into fresh ice
and CSW and held for up to ten days at 32.F and 31 F, respectively.

On the third day after catch, one hundred fish held in ice were transferred to a fresh CSW
system and one hundred CSW-held salmon were transferred to fresh ice. These salmon were
then held for seven days.

At periods of 1, 2, 3, 4. 6, 8 and 10 days after catch, salmon were removed from each
system for quality evaluation. Quality was measured by visual examination, microbial growth, salt
uptake, expressible moisture, weight and texture changes. Fresh fish ware examined for visual
changes using criteria developed by Crapo et al �!. Microbial growth and identities were
measured using methods of Himelbloom �!. Salt uptake was determined using AOAC methods
�!. Texture changes were measured with an Instron Universal Testing Machine equipped with
a modiTied Kramer-Lee shear cell and by expressible moisture  Karmas, 5!.

After examination, fish were dressed, plate frozen at M F and held In 0 F storage for
three to six months for taste panel evaluation using a seven point hedonic scale  Moskowitz, 6!,
texture change and nucleotide determination  Woyewoda, 10!.
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RESULTS AND DISCUSSION

On each sampling day, ten salmon were graded as excellent, good, fair or poor condition
according to specific criteria  see Appendix!. As expected, there were sIgnificant changes
throughout the ten day storage period  Table 1!. Initial quality for both the iced and CSW fish
was graded excellent to good with firm flesh, bright skin and fresh odor. Some fish showed slight
flesh softness,

Iced salmon retained excellent quality during the first three days. Noticeable changes
started to occur at day four with 40% of the salmon judged good to fair. At day six, only 20%
of the fish were still in excellent condition. By day 10, saimon held in ice were rated fair to poor,
with 50% of the fish showing significant decomposition.

CSW-held salmon deteriorated faster than the iced fish. By day three, fish were graded
mostly good to fair. At day four, all saImon were in fair condition showing strong slime odor and
moderate softness. By day eight, 80% of the fish were in poor condition and at the tenth day of
holding all salmon were judged poor quality with significant spoilage.

Salmon transferred from CSW to ice maintained better condition than the fish held
exclusively in CSW. At day four, 40% of the fish were still judged in good condition with neutral
odor and slight flesh softening. After day six or three days after the transfer, significant
decomposition developed.

Fish transferred from ice to CSW deteriorated faster than the iced salmon and slower than
the fish heid exclusively in CSW. At day six, most of the salmon �0%! were in good condition,
However, rapid quality loss was experienced between days eight and ten. At day eight, only 20%
of the fish were judged good. By day ten 60% of the salmon were in poor condition with dark
roe and noticeable decomposition.

Bacterial levels in seawater and salmon were monitored for each system  TabIe 2!,
During each sampling day, CSW, ice and swab samples from the salmon were collected for
aerobic plate counts and identification. Pink salmon held in ice had the highest microbial counts
reaching3,000,000bacterlaprcm aftertendaysstorage. Bycontrast, theCSW-heldfishhad
only 59,000 bacteria per cm, This large difference was due in part to the initial bacterial loads
of iced fish being almost seventy times greater than CSW fish. This difference was a result of
initial holding conditions on the tenders. CSW-held salmon maintained lower bacterial populations
throughout the storage period.

When comparing relative growth rates, it was found that bacteria in CSW systems grew
about twice as fast as those held in ice. Bacteria populations of CSW-held salmon grew from 70
to 59,000 per cm, an 842-fold increase. By comparison, bacteria in iced fish increased from
6,300 to 3,000.000 per cm, a 476-fold growth, The differences in growth rates would indicate
that salmon held in CSW would spoil more rapidly than iced fish.

Fish transferred from ice to CSW resulted in an initial reduction of the counts. Some of
the adhering bacteria apparently had sloughed off after contact with fresh CSW. After the bacteria
had acclimated to this new environment, counts on the salmon reached 21 0,000 cm~ at ten days
storage. Rsh transferred from CSW to fresh ice resulted in a bacterial counts intermediate
between those for CSW-held and iced salmon.



Storage Time CSW Ice CSW to Ice Ice to CSW
 days!

Fish Condition

E  80%!
G �0%!
E �G%!
G �0%!
G �0%!
F �0%!
F �G0%! G �0%!

F �0%!

F �00%!

E �0%!
G �0%!
F �0%!
G �0%!
F �0%!

F �0%!
P �0%!

F �0%!
P  80%!

P �00%!

F �0%!
P �0%!

F �0%!
P  80%!

G �0%!
F �0%!
P �0%!
F �0%!
P �0%!

F �0%!
P {50%!

10

See Appendix for descriptions of grading criteria
E = Excellent G = Good F = Fair P = Poor

Table 2.
Aerobic Plate Counts of Pink Salmon Held in Ice and CSW

Storage Time
 day ! Ice CSW to Ice Ice to CSW

480

70

450

i/DO
&00

5@00
59,000

400

3/00
11,000
20,000

210,0GO

Chilling System:
1

2

3 4 6
8 10

1,700
6,000

13,000
16,000
39,000

130,000
110,GGO

100,000
120,000
510,000
640,000
540,000

Salmon:

1

2

3 4 6 8 10

Table t.

Visual Quality of Pink Salmon Held in CSW and ice

E  90%!
G �0%!
E  90%!
G �0%!
E  80%!
G �0%!
E �0%!
G �G%!
F �0%!
E �0%!
G �0%!
F �0%!
G �0%!
F �0%!

bacteria per cm
35,000
6~

18,000 150
130,000 2,400
190,000

1,900,000 14,000
3,000�00 240,000

bacteria per ml
460,000

1,400,000
22G,GGG 100
570,000 9,700

~,000 15,000
6,&00,000 43,000

39,000,000 180,000
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While the bacterial levels found in the iced fish were much higher than those found in
CSW, the iced fish maintained better quality. This was due to the type of bacteria present in each
system  Table 3!, Identification of the bacteria revealed some interesting differences between
chilling systems. ~Moraxeit species dominated in pink salmon stored in ice or transferred fram
CSW, These bacteria are not food spoilage organisms.

Table 3.
Types of Bacteria Found on Salmon Held in CSW and Ice

CSW to
Ice

Ice to
CSW

Storage Time and
Bacteria Type

CSW Ice

% of bacterial flora
Day 1

~Mra~xll

Day 4
~Mrax iia

Day 8
~Micr xella

Wof food and produce objectionable odors and flavors that tainted the salmon during storage.
Q~lt ~tak

One of the concerns with CSW during extended storage is the potential for increased salt
content ln flesh. Levels greater than one percent are undesirable since salt accelerates the
development of ranckfity and may affect the flavor of frozen salmon. None of the treatments in
this experiment resulted in salt content more than one percent  Table 4!. As expected the salmon
either stored or transferred to CSW had higher salt contents than iced fish. Salt levels of fish held
in CSW doubled from 0.23% to 0.52% during the storage period. Salt content of fish transferred
from CSW to ice was slightly reduced, presumably due to the leaching by rneltlng ice. Salt levels
of salmon held in ice did not change, remaining between 0.11% and 0.13%

43%
4

26

0

15%
20

40

25

19%
73

10

0

85%
6

7

2

76%
0

22

2

66%
0

32

0

8%
26

23

36

63%
29

8

0

59%
11

5

9

29%
69

8

0
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Table 4.

Salt Content  %! of Pink Salmon Held in Ice and CSW

Storage Time CSW Ice CSW to
 days! Ice

Ice to

CSW

0.48 0.12

These salt levels compare favorably with values from other investigations. Tertnes et al
�! recorded values as high as 0.7% salt after six days. Tomllnson et al  9! reported salt contents
of 0.56% in sockeye salmon held in RSW and 0,14% for salmon held in ice for eight days.

Another drawback of chill storage is the weight change sometimes experienced during
long holding periods. In this experiment, ten salmon in each system were tagged and weighed
at each sampling period to determine the extent of the changes  Figure 1!. Weight gains
occurred in all systems. Weight gain of salmon held in ice was about one percent while CSW-
held fish increased almost five percent during the storage period. These weight gains
are water absorption in the flesh and result in salmon that are more fragile and harder to handle.

Weight Gaia  %!
6

104 6

Storage Time  days!

Figure 1. Weight gain of pink salmon held in ice and CSW.

1

2 3

4 6 8 'IO
0.23

0.37

0.39

0.47

0.52

0,51

0. 11

0.11

0.11

0.11

0.12

0,13

0.39 0,26

0.34 0.29

0,36 0.30

0.33 0.35
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Fish transferred from ice to CSW experienced weight increase similar to CSW-held fish,
gaining almost four percent, Salmon transferred from CSW to ice gained weight in the CSW and
then lost weight when placed in ice.

Tomlinson et al  8! reported similar weight gains for sockeye and pink salmon held in ice
and RSW, After six days storage, pink salmon weights incresed by 3.2% when held in RSW and
0.8% in ice.

The texture of fresh and thawed frozen salmon was determined using an lnstron Universal
Testing Machine equipped with a four blade Kramer-Lee shear cell. This machine, specifically
designed to measure food texture, recorded the force needed for a four blade shear to cut
through a sample. The greater the force needed to cut the fish, the tougher the sample. Reals
from fresh salmon  Figure 2! showed very little texture difference between treatments. CSW-held
fish were slightly softer than those stored in ice, but not significantly, Transferring salmon from
CSW to ice and from ice to CSW did not affect overall flesh texture.

Force  I be!
35

10

Ice CRT to Ice

Chilling Treatment
Ice to CSW

E3 Fresh ~ Frmen

Figure 2. Texture changes of pink salmon held in ice and CSW.
Values are average ftrmness over the ten-day storage period.



Texture of the salmon held in frozen storage for six months at 0 F  Figure 2! showed significant
differences among the treatments. After six months frozen storage, iced and CSW-held fish had very similar
texture, slightly tougher than the fresh samples. Those fish that were transferred from one chilling system
to another showed a large increase in toughness. The fish transferred from ice to CSW had toughened
considerably. Handling during transfer may have had an adverse effect on flesh texture in frozen storage.
This was not noticeable until the fish had been frozen and stored.

ressible moisture from pink salmon held in ice and CS%.1gure

Another measurement of texture changes that occurred was the amount of expressible moisture in
the fresh salmon. Expressible moisture is the water that can be forced from a sample by applying pressure,
It was expected that as the flesh softened during storage, more moisture could be squeezed from the flesh.
The results  Figure 3! showed that expressible moisture increased noticeably in the CSW-held salmon and
those transferred from CSW to ice. There was no difference in fish held in ice. The fish transferred from
CSW to ice showed a slight decrease in expressible moisture. Fish held in CSW showed increased
expressible moisture indicating adverse texture changes.
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A standard measure of fish quaiity is the nucleotide levels found in the flesh, Nucleotides are

biochemicals essential to the living fish, Once the fish dies, these chemicals degrade to form undesirable
compounds, Measuring one of these compounds, hypoxanthine, provides a relative gauge of fish quality.

Hypoxanthine levels were monitored and, as expected, increased in all chilling systems  Figure 4!.
Salmon held in CSW developed higher levels of hypoxanthine than those held in the other chilling systems.
The amounts of hypoxanthine increased four-fold in fish stored in CSW and two-fold in fish held in ice. Fish
that were transferred between chilling systems experienced three-fold increases.

8ased on hypoxanthine levels, holding fish in CSW resulted in the fastest quality deterioration whiie
iced fish experienced the slowest rate. Salmon transferred into ice or CSW had rate of quality loss
intermediate between CSW-held and iced salmon.

 tt moles HxR/g!
0.8

0.

0.

0.

5 7

Storage Time  days!

Figure 4. Hypoxanthine levels in pink salmon held in ice and CSW.



177

Taste Panel Results of Frozen Fish
Salmon were held in frozen storage at 0 F for six months before taste panel evaluation for

moistness, flavor, and overall desirability. Results showed that flavor and desirability scores changed with
storage time and chifling system.

The best flavor was found in salmon held less than four days. Salmon held more than six ten days
suffered a noticeable decrease in flavor. Significant flavor loss  Table 5! occurred in the CSW-held fish and
those transferred from CSW to ice and ice to CSW. Fish held in ice maintained acceptable flavor throughout
the storage period, no significant changes occurred.

Among the chilling treatments, CSW-held salmon deteriorated fastest, followed by fish transferred
from ice to CSW. Fish transferred from CSW to ice held up slightly better and those stored in ice maintained
the best flavor of all samples.

Table 5.

Flavor Scores of Pink Salmon Heid in Ice and CSW

Storage
Time

 days!
tce CSW to

Ice

CSW Ice to

CSW

5.73

4.50

4.09

4.09

4.55

4,75

4.64

3.27

10 Day CSW was spoiled.
Higher scores indicate more desirable samples.

CONCLUSIONS

This experiment revealed several potential causes for quality loss when salmon are heid in CSW or
transferred from CSW systems to ice. When compared to iced fish, salmon held in CSW experienced faster
bacterial growth, greater weight gain, and higher expressible moisture and nucleotide levels. Greater weight
gain meant more water was absorbed into the flesh making the fish more fragile. Higher levels of
hypoxanthine indicated faster deterioration of nucleotides and a more rapid quality loss. Although the
bacterial counts were lowest for salmon held in CSW systems, the predominant species were the potent

susceptible to spoilage and handling damage. These changes occurred within four days after catch which
can be a typical tender trip.

Salmon transferred from CSW/RSW vessels to ice are much more fragile when compared to iced
fish. Typical handling procedures could easily reduce quality much faster. From the experimental results
It is probable that handling is a major influence in the rapid deterioration of these fish,

The recommendation from this experiment is to hold salmon less than four days in CSW/RSW
systems, This is in agreement with other RSW/ice studies conducted with saimon. Tomlinson et al  9! and
Bronstein et al �! recommended salmon should be stored no longer than four days in RSW. The fish must

2

3 4

6 8 10

5.45

5.82

5.00

3.33

1,45

5.36

5.63

4.91

4.75

4.27

4,82



178 aiso be handled carefully when transferred from the fishing vessels and tenders to iced totes. Iced storage
remains the best method for maintaining fish quality.
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APPENDIX: The Effects of Ice and Chilled Seawater Storage on Pink Salmon Quality
Crapo, et. al., 1991

Excellent Good Poor

Strong slime odor Decomposing,
acrid odor

Odor Fresh,
seaweedy

No odor,
neutral

Eyes Bright, clear Flat, slightly
opaque reddening

Opaque, slight Opaque, red
sunken

Skin Bright, no
bleaching

Slightly dull,
wavy

Dull,
bleached

Gills Bright red,
no odor

Pink, slight
slight odor

Brown-White,
decomposed

Flesh Firm Slightly soft Moderately soft Severely soft

Gut Firm, bright,
no decom-

position
ation

Softening, no
decomposition,
slight discolor-
ening

Dull, some
bleaching

Green-brown,
strong slime odor

Slightly liquid,
slight decom-
position, dark-
dark

Very liquid,
noticeable

decomposition,


