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ABSTRACT

Application of Lactic Acid in Combination with Melanosis Inhibitors to Improve
Shelf Life of Texas Brown Shrimp (Penaeus aztecus). (December 1993)
Ronald Allen Benner, Jr.

B.B.A., Texas A&M University
Co-Chairs of Advisory Committee: Dr. G. R. Acuff

Dr. G. Finne

The shelf life of fresh shrimp stored on ice is limited by two factors: melanosis

(blackspot) and microbial ilage. In this study L-lactic acid was tested, alone and

in combination with sodium bisulfite and 4-hexylresorcinol, to determine their

effecti as both melanosis and microbial spoilage inhibi Brown shrimp
(Penaeus aztecus) were obtained from the Gulf of Mexico on board a commercial
fishing vessel. Tmmediately after harvest, the shrimp were separated from the rest of
the catch. The shrimp were then headed, washed, and sorted into six groups that were
treated by dipping for 1 min in the following solutions: (1) Control (sea water), (2)
1.0% vL-lactic acid, (3) 1.25% sodium bisulfite, (4) 0.0025% 4-hexylresorcinol, (5)
1.25% sodium bisulfite with 1.0% L-lactic acid, or (6) 0.0025% 4-hexylresorcinol
with 1.0% L-lactic acid. Each of the six groups of shrimp was split into 2 subgroups.

One subgroup of shrimp was treated immediately after sorting and the other subgroup

was treated after a 2-hr delay on deck at ambi to simulate normal

P

practices during peak harvesting times. Each subgroup of shrimp was placed in a



nylon mesh bag, completely submerged in the appropriate dip solution for 1 min with
moderate up and down agitation, and drained. Each treatment group was stored on
ice for 16 days in separate ice chests, and examined over the storage period for
aerobic plate count (APC), pH, and degree of melanosis.

Overall, this study demonstrated that treatment with L-lactic acid, alone or in

ion with 4-hexyl inol, had no d ble effect on the microbiological

shelf life of brown shrimp (Penaeus aztecus). In addition, 4-hexylresorcinol
performed exceptionally well as a melanosis inhibitor, whether alone or in combination
with L-lactic acid. However, extensive bacterial growth was demonstrated in the 4-
hexylresorcinol dip solution during normal storage on deck, creating the potential for
a heavy bacterial inoculation of shrimp during a typical dipping process. Addition of
L-lactic acid to the 4-hexylresorcinol dip solution prevented bacterial growth in the dip

solution and did not interfere with melanosis inhibition.
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INTRODUCTION

Microbial spoilage and melanosis are the main causes of quality deterioration

of shrimp. Melanosis in shrimp, ly referred to as ’blackspot’, is a surface
color defect caused by activity of the enzyme polyphenoloxidase (PPO) which remains
active during iced or refrigerated storage. Although melanosis on shrimp does not
affect the eating quality of shrimp, it does result in devalued product with decreased
consumer acceptance. In the shrimp industry, this enzymatic reaction has traditionally
been controlled through the use of sulfiting agents, particularly sodium bisulfite.
However, allergic reactions among sulfite-sensitive individuals and asthmatics have led
to an increasing concern regarding the use of sulfite as a melanosis inhibitor in fresh
shrimp.

4-Hexylresorcinol has been proposed as an alternative to sulfites for the
inhibition of melanosis in shrimp. Advantages of 4-hexylresorcinol over traditional
sulfiting agents include: chemical stability; lower concentration requirements; absence
of acute and chronic toxicity; and an inability to reduce melanosis in shrimp that have
previously blackened.  Additionally, the use of 4-hexylresorcinol above the

recommended level of 50 ppm will not enh its melanosis-inhibiting effects;

therefore, the likelihood of concentration abuse is decreased. Finally, the use of 4-
hexylresorcinol as a processing aid for the prevention of melanosis in shrimp is

considered generally recognized as safe (GRAS).

The citations on the following pages follow the style of the Journal of Food
Science.



Application of lactic acid to other raw foods, such as red meats, has been
shown to significantly reduce initial bacterial numbers and directly affect shelf life.
It is expected that similar reductions can be obtained through the use of lactic acid
applications on freshly harvested shrimp. Reduction of the initial bacterial population

on freshly caught brown shrimp could sub ially i the d shelf

stability. It is also possible that a lactic acid application may control or enhance
control of melanosis by lowering the pH at which the melanosis reactions occur,
The objective of this study was to provide information on the effect of lactic

acid, alone and in bination with the melanosis inhibitors sodium bisulfite and 4-

hexyl inol, on mel:

is and microbiological shelf life of fresh brown shrimp

(Penaeus azecus).



REVIEW OF LITERATURE

Shelf life of shrimp

The shelf life of fresh shrimp is limited by two factors: melanosis and
microbial spoilage (Fieger and Novak, 1961; Liston, 1980). Melanosis in shrimp,
commonly referred to as 'blackspot’, is a surface color defect caused by activity of the
enzyme polyphenoloxidase (PPO) which remains active during iced or refrigerated
storage (Otwell and Marshall, 1986). This enzymatic reaction and resulting color
defects have historically been controlled through the use of sulfiting agents,
particularly sodium bisulfite (Camber et al., 1957). Allergic reactions among sulfite-

sensitive individuals and asthmatics have led to an i ing concern regarding the

use of sulfite as a melanosis inhibitor in fresh shrimp (Taylor and Bush, 1986).
Previous investigators have studied many sulfite alternatives to inhibit melanosis
in shrimp. Wagner and Finne (1986) dipped white shrimp (Penaeus setiferus) in
solutions of 1%, 2%, and 5% citric acid for 5 min; 1% and 2.5% ethylenediamine
tetraacetic acid (EDTA) and boric acid for 5 min; 1% and 2.5% ascorbate,
isoascorbate, sodium ascorbate and glucose for 5 min; and control (no treatment) and
1.25% sodium bisulfite for 1 min. In this study, 2% citric acid and 2.5% boric acid

showed the most promise. F , No performed as well as the 1.25%

sodium bisulfite solution after 7, 11, or 12 days of storage on ice, indicating that the
use of sodium bisulfite was the best method tested to prevent melanosis of shrimp.
In addition, boric acid is not included on the FDA’s GRAS (generally recognized as

safe) list (Otwell and Marshall, 1986). Otwell and Marshall (1986) evaluated various



dip solutions includi (mo ), sodium bisulfite in differing

concentrations, and a variety of single compounds and/or mixtures of compounds in
differing concentrations on their ability to inhibit melanosis on pink shrimp (Pengeus
duorarum). They concluded that 2.5% sodium bisulfite dip for 1 min was more
effective in preventing melanosis than was the legally recognized 1,.25% sodium
bisulfite dip for 1 min and that 1.25% sodium bisulfite dip for 1 min was more
effective in inhibiting melanosis than any other treatment (single compounds or
mixtures) tested.

Another possible alternative to sulfiting agents is 4-hexylresorcinol, The

ad ges of 4-hexylr inol over traditional sulfiting agents include: chemical
stability; lower concentration requirements; absence of acute and chronic toxicity; and
an inability to reduce melanosis in shrimp that have previously blackened. In addition,
the use of 4-hexylresorcinol above the recommended level of 50 ppm will not enhance
its melanosis-inhibiting effects; therefore, the likelihood of concentration abuse is
decreased (McEvily et al., 1991b). Finally, the use of 4-hexylresorcinol as a
processing aid for the prevention of melanosis in shrimp is GRAS (Frankos et al.,
1991).

The second limiting factor in the shelf life of shrimp is microbial spoilage.
Fresh Gulf of Mexico brown shrimp (Penaeus aztecus) commonly have bacterial
counts of approximately 10* to 10° per g (Campbell and Williams, 1952; Vanderzant
etal., 1970). Numerous bacterial types are present on Gulf shrimp, but the microflora

is initially predominated by coryneform bacteria, Pseudomonas, Moraxella, and



Micrococcus (Vanderzant et al., 1970). The microflora shifts during iced storage to

one dominated by G gative, aerobic, psyct hic organi includi

P

Peoud, 2, oA h,

I , Of @ bination of both (Liston, J., 1980;

Nickelson and Finne, 1992). These proteolytic bacteria (especially Pseudomonas)
produce off-flavors and off-odors in shrimp during iced storage resulting in
unacceptable product. Shelf life of shrimp stored on ice on a fishing vessel is expected
to be 12 to 14 days (Cobb et al., 1976). Reduction of the initial bacterial population
on freshly caught brown shrimp could substantially increase the expected shelf
stability.

Application of lactic acid to other raw foods, such as red meats, has shown
significant reduction of initial bacterial numbers and potential extension of shelf life
(Woolthuis and Smulders, 1985). Snijders et al. (1985) concluded that the use of
lactic acid as a terminal processing decontaminant provides both an immediate
(bactericidal) and a delayed (bacteriostatic) effect which results in an extended shelf
life of meat. In a study on immediate and delayed microbiological effects of carcass
decontamination with 1.25% lactic acid, Smulders and Woolthuis (1985) achieved a
bacterial reduction of 0.8/cn?? from initial log,, counts of approximately 3.0/cm’ on
control carcasses. However, this log,, reduction increased to 1.3 at day 14, indicating
some delayed effects of lactic acid. Lactic acid solutions of 1.0 and 2.0% have also

been applied to broiler resulting in i diate post-tre ductions of

about 1 log,y/g of skin (van der Marel et al., 1988).



Hamby et al. (1987) and Prasai et al. (1991) have demonstrated that the time
of application of lactic acid is extremely important in reduction of bacterial numbers;
acid treatments were most effective when applied as soon as possible after
contamination and before bacterial attachment could occur. It is expected that similar

reductions could be obtained through the use of lactic acid applications on freshly

harvested shrimp. Cc ly, lactic acid t applied after fabrication of meat

have a minimal effect on bacterial numbers. Loins or steaks that were treated with
various sprays (including lactic acid) did not differ significantly in APCs following
storage and retail display (Acuff et al., 1987; Dixon et al., 1987). Based upon
previous research on the use of lactic acid with red meats, treatment of the shrimp on
board, immediately after harvest, should provide maximum reduction of bacterial
numbers.

It is also possible that a lactic acid application may control, or enhance control
of, melanosis. The activity of PPO may be reduced by lowering the pH at which the
melanosis reactions occur (McCord and Kilara, 1983; Zemel et al., 1990). Madero
(1982) demonstrated an absence of shrimp PPO activity at pH values of 5.0 and
below. The PPO enzyme has an optimum activity in a pH range of 5 to 7
(Zawistowski et al., 1991) with shrimp PPO optimum activity range reported to be pH
6.5 10 7.5 (Simpson et al., 1987). Phenolase enzymes may be irreversibly inactivated

at a pH of 3 (Richardson and Hyslop, 1985).



Shrimp harvest and processing

In the Gulf of Mexico, there are three major commercial species of shrimp:
white shrimp (Penaeus setiferus), brown shrimp (Penaeus aztecus), and pink shrimp
(Penaeus duorarum). On the Texas coast, white shrimp (Penaeus setiferus) and brown
shrimp (Penaeus aztecus) are most commonly harvested for commercial processing.
Shrimp are harvested in nets which are towed by fishing vessels for varying lengths
of time. The time of tow or drag depends on the amount of catch calculated to be
contained in the nets.

Upon completion of a drag, the content of the nets is released onto the back
deck of the boat and the shrimp are separated from the remainder of the catch (fish,
crabs, and other marine life) which is thrown back in the water. The shrimp are then
"headed” (heads removed by hand), placed in baskets, and washed with sea water.
In some cases, shrimp are stored on the boat with heads on. Washing of headed
shrimp before storage on board the boat is very important because the tail meat has
been exposed to contamination from deck surfaces, hands, baskets, etc. This washing
decreases the bacterial load on the shrimp (Miget, 1991). Washing of headed shrimp
may also remove some of the polyphenoloxidase enzyme responsible for melanosis on
shrimp (Ward, 1990).

After the catch has been headed and washed, it can be preserved by either icing
or brine freezing. Iced shrimp are usually dipped in a 1.25% sodium bisulfite solution
for 1 min and placed in layers of ice in the boat hold for storage. Brine frozen shrimp

may or may not be dipped in sodium bisulfite solution before freezing, These shrimp



(50 - 60 Ibs.) are then placed in open mesh bags (onion sacks) and submerged in the
brine tanks. The brine tanks typically contain a solution consisting of salt (approx
23%), com syrup, and sodium bisulfite. Soaking time in the brine solution is
approximately 15 - 20 min. The bags of shrimp are then removed from the brine
tanks and placed in the on board freezer.

Once in port, the hold of vessels with iced shrimp are flooded with water to
melt the ice. The shrimp are then vacuum pump into holding tanks in the processing
plant. Bags of brine frozen shrimp are taken off the boat and emptied into holding
tanks in the processing plant. The shrimp are soaked in these holding tanks for
approximately 10 min to allow the shrimp to thaw and separate,

Further processing procedures for iced and brine frozen shrimp are very
similar. The shrimp are separated by size according to the number of shrimp per
pound, a process called grading. After grading, the shrimp may be block frozen in
5 Ib. boxes in a plate or blast freezer, individually quick frozen (IQF), peeled and
TQF, peeled and deveined and IQF, or be further processed into a breaded product.
Lactic acid

L-Lactic acid (2-hydroxypropionic acid) is a short-chain organic acid that in its
edible form is a slightly yellow liquid available in 50%, 80%, or 88% aqueous
solutions (Smulders, 1987). Lactic acid has recently been used in the meat industry

as a microbjal decontaminant on carcass surfaces. Dickson and Anderson (1992), in

a review of past research, concluded that a dec ination step in pre ing can

improve the microbial safety and shelf life of meat and should be regarded as an



integral part of the production process. This conclusion may also hold true for the
shrimp production process.
Lactic acid along with other organic acids (acetic, propionic, citric, etc.)

inhibits microbial growth by: (1) cell membrane gradient neutralization, (2)

d ion of i llular proteins, and (3) lowering the internal pH of bacteria.

‘When an undissociated organic acid molecule enters a bacterial cell, it will dissociate
since the internal pH of the cell is much higher than the pK of the acid. This
phenomenon lowers the internal pH of the cell. To compensate, a net transport of
protons out of the cell must take place. The cell membrane, however, is proton
impermeable resulting in an overall depletion of cellular energy which inhibits cell
growth (Eklund, 1989).

In shrimp, lactic acid is present after rigor mortis as a result of anaerobic
breakdown of carbohydrates. The quantity of lactic acid present is, however, very low
due to the relatively low concentrations of glycogen and other sugars in shrimp tissue.
Lactic acid and glycogen levels in 0-hr post-mortem brown shrimp are both reported
to be 160 mg/100g (0.16%) which is low when compared to concentrations found in
mammals (Flick and Lovell, 1972). Lactic acid and glycogen levels in marine animals
are, however, generally lower than those of warm blooded animals (Flick and Lovell,
1972).

Sodium bisulfite
Sulfiting agents is a term that food scientists use to describe a group of

chemical additives whose common characteristic is the release of sulfur dioxide



(Modderman, 1986). Sodium bisulfite is a salt that falls into this category. It has

been used in the seafood industry to inhibit melanosis in shrimp since the early 1950°s
(Fieger, 1951). The recommended procedure is a | min dip in a 1.25% sodium
bisulfite solution (Camber et al., 1957).

The mechanism by which sodium bisulfite inhibits enzymatic browning or

melanosis in shrimp is not fully understood. Melanosis is caused by enzymatic

oxidation of phenoli pounds to qui which polymerize to form melanins.

Ferrer et al. (1989) suggest that bisulfite inhibits melanosis by two mechanisms: (1)

di in the ] reactions, forming

by reacting with inter
sulfoquinones, and (2) by irreversibly reacting with PPO causing complete
inactivation. Another theory is that bisulfite is a competitive inhibitor of the PPO

reaction (Madero, 1982). This research proposed that sulfite binds to a sulfhydryl

group located at the active sight of the enzyme, p ing mel

Ingestion of sulfites has been linked to many adverse reactions in sulfite-
sensitive people; the most common of which is asthma. However, other reactions such
as urticaria, pruritis, angioedema, swelling of the tongue, difficulty in swallowing,

tightness in the chest, clammy skin, ! headache, dizzi nausea, hives, and

contact sensitivity have been documented (Taylor et al., 1986). Because sodium
bisulfite can cause such adverse allergic reactions in certain individuals, the United
States Food and Drug Administration (FDA) is under pressure to more strictly regulate
the use of sulfites in shrimp (Wagner and Finne, 1986). This regulation has been

restricted due to the absence of any viable alternatives to the use of sulfites.

10



Currently, with the introduction of 4-hexylresorcinol, an additive proven to inhibit
melanosis, regulatory action may be eminent.
4-Hexylresorcinol

4-Hexylresorcinol is one of a number of 4-substituted resorcinols that are very
good inhibitors of PPO activity in a variety of foods including shrimp (McEvily et al.,

1991a). 1t is a dihydroxybenzene with a hexyl group in the 4 position and hydroxyl

groups on positions 1 and 3 of the ic ring. This dis idered GRAS

P

for use as a processing aid to prevent melanosis in shrimp (Frankos et al., 1991).

Shrimp tissues treated with 4-hexyl inol ding to the ded

procedures are reported to have mean residuals of 1,18 ppm with a standard deviation
of 0.13 ppm (King et al., 1991). This blackspot inhibitor can easily replace sulfiting
agents in the on board dip tank and can be used under the same type of dipping

protocol presently followed in the shrimp industry. Dipping of shrimp in 4-

hexyl inol requires no changes in the post storage, shipping, or
processing of the product. In light of the safety and functional ad
4-hexyl inol could be idered an effective substitute for sulfites in the shrimp

industry (McEvily, et al., 1991b).
The purpose of this study was to provide information on the effect of lactic

acid, alone and in bination with the melanosis inhibitors sodium bisulfite and 4-

.

hexylresorcinol, on melanosis and

logical shelf life of fresh brown shrimp,

1



MATERIALS AND METHODS

Preliminary testing
Preliminary investigations were conducted to determine whether the treatment

of shrimp with L-lactic acid, alone or in combination with 4-hexyl inol or sodium

bisulfite, would result in product with objectionable sensory defects (discoloration, off-
odor, etc.). Frozen Indian shrimp (Penaeus indicus, 1.8 kg) were obtained from a
commercial source and thawed in a 1-gal Ziploc® freezer bag under running tap water
at 29°C. Thawed shrimp were then separated into six groups (250 g per group) and
treated as follows: (1) Control (1 min dip in Synthetic Sea Water; Acuff, 1992), (2)
1.0% L-lactic acid (Purac, Inc., Arlington Heights, IL) dip for 1 min, (3) 1.25%
sodium bisulfite (William Blythe & Co. Ltd., Lancashire, England) dip for 1 min, (4)
0.0025% 4-hexylresorcinol (EverFresh™, Opta Food Ingredients, Inc., Cambridge,
MA) dip for 1 min, (5) 1.25% sodium bisulfite with 1.0% L-lactic acid dip for 1 min,
or (6) 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid dip for 1 min.

Dip soluti were d using Synthetic Sea Water in 1,000 mL glass

beakers filled to a volume of 500 mL. pH of each dip solution was determined with
a Corning M140 pH meter (Corning, Scientific Instruments, Medfield, MA) equipped
with a Corning combination electrode (#476483, Coming Scientific Instruments,
Medfield, MA). The Corning combination electrode was placed into each dip solution
while stirring and the pH meter was allowed to stabilize before the reading was

recorded.



Each 250-g group of shrimp was submerged in the appropriate dip solution for
1 min with gentle agitation in a 1,000 mL glass beaker. After dipping, the treated
shrimp and dip solution were poured through a strainer and allowed to drain for 10 to
15 seconds. Three shrimp were randomly selected from each group to determine the
PH of the meat tissue after treatment. The pH measurement of the meat was obtained
immediately after treatment by peeling back the first shell segment and placing the
electrode of a Comning M140 pH meter (flat bulb design, Model #269-164, Curtin

Math Scientific, Inc., H TX) directly onto the surface of the meat. Shrimp

used for pH were discarded after examination. The shrimp were then

stored in ice separated by treatment group within divided compartments of two ice
chests at a ratio of approximately 2 parts ice to 1 part shrimp. Crushed ice was added
and mixed in with the ice and shrimp throughout the 14-day storage period when
necessary to compensate for melting ice.

On 0, 1, and 6 days of storage, duplicate shrimp samples (50 g each) for each
treatment group were examined for total aerobic plate count (APC). A 50-g sample
(2-4 shrimp) was placed in 450 mL of sterile 0.1% peptone (Difco, Detroit, MI)
diluent and blended for 2 min in 2 sterile Waring Blendor 700 (Model 1120, Waring
Products Division, New Hartford, CT). One mL (divided over 4 plates), 0.1 mL, and
0.1 mL volumes of appropriate decimal dilutions (sterile 0.1% peptone diluent) of each
sample homogenate were surface plated on pre-poured and dried Tryptic Soy Agar
(TSA, Difco, Detroit, MI) plates. The plates were incubated at 25°C for 72 hr, after

which the APC was determined from countable (25 to 250 colonies) plates (Swanson

13



etal,, 1992). Counting was assisted by the use of a darkfield Quebec Colony Counter
(American Optical, Scientific Instrument Division, Keene, NH). Before each 50-g

shrimp sample was examined for APC, a pH ofa ive shrimp

from each treatment group was conducted as described above. Each treatment group
was also inspected before microbiological sampling during the 14 day storage period
for any visual or odor defects.
Procurement of shrimp

Brown shrimp (Penaeus aztecus) were obtained during two separate fishing
trips (March 12, 1992 and April 29, 1992) from the Gulf of Mexico on board a 22.5
m, 13,600 kg (shrimp capacity) fishing vessel (Gulf King 36) supplied by Gulf King,
Inc., Aransas Pass, TX. The two trips served as replications of the experimental
treatments. For both trips, as is customary when fishing for Texas brown shrimp, the
trawl or drag took place at night. Nets were dropped in the water 35 miles off the
coast of Port Aransas, TX at approximately 16;30 and were harvested at approximately
06:30. Immediately after the harvest was placed on deck, the shrimp were separated
from the rest of the catch which was returned to the Gulf. The shrimp were headed
and washed by boat personnel and then sorted by Texas A&M University personnel
into six groups (approx. 4.5 kg per group) that were treated as follows: (1) Control
(sea water dip for 1 min), (2) 1.0% L-lactic acid dip for 1 min, (3) 1.25% sodium
bisulfite dip for 1 min, (4) 0.0025% 4-hexylresorcinol dip for 1 min, (5) 1.25%
sodium bisulfite with 1.0% L-lactic acid dip for 1 min, or (6) 0.0025% 4-

hexylresorcinol with 1.0% L-lactic acid dip for 1 min. Each of the six groups of
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shrimp was split into 2 subgroups (approx. 2.3 kg each). One subgroup of shrimp was
treated with the dip solutions immediately after sorting and the other subgroup was

treated after a 2-hr delay on deck at ambi to simulate normal p

during peak harvesting times.

On board preparation of dip sol

Each dip solution was prepared (1 hr before use) on board the boat in six 18.9-
L plastic buckets using sea water filled to a volume of 11.4 L of the appropriate dip
per bucket. Pre-measured portions of L-lactic acid (129.05 mL to be added to 11.4 L),
4-hexylresorcinol (24 g to be added to 11.4 L), and sodium bisulfite (147.4 g to be
added to 11.4 L) were brought aboard the boat in sealed containers to facilitate rapid
dip mixing on board the vessel. L-Lactic acid was stored in 200-mL plastic dilution
bottles. The 4-hexylresorcinol and sodium bisulfite were each stored in separate 1-pint

Ziploc® freezer bags. Each 18.9-L bucket was filled to the 11.4 L level and

ppropriate p d quantities of hemical(s) were added while stirring.
Temperature of the dip solutions was measured once, after mixing, using a digital
thermometer (Digi-Thermo, Model TX-201F, Soar Corporation, Cherry Hill, NJ).
The external sensor of the digital thermometer was placed into the dip solutions for
approximately 30 sec before reading and recording. The pH of each dip solution was
determined using a Markson Model 612 portable pH meter equipped with a
Combination pH\Reference Electrode (Model #34607, Markson Science Inc., Phoenix,
AZ). The Combination pH\Reference Electrode was placed into each dip solution

while stirring and the pH meter was allowed to stabilize before the pH reading was



ded. A pH of each dip solution was also ducted after each

shrimp treatment during Trip 2. »
Treatment of shrimp

Each 2.3-kg subgroup of shrimp was placed in a nylon mesh bag, immediately

after heading and separating, and completely submerged in the appropriate dip solution

for 1 min with moderate up and down agitation. This process of dipping a batch of

shrimp for 1 min in a particular solution was designed to minimize on board activities
by simulating the current dip procedure, calling for a 1 min dip in 1.25% sodium
bisulfite solution (Camber et al., 1957). After dipping, the mesh bag containing the
shrimp was allowed to drain for 10 to 15 sec. The bag was opened and 1 shrimp was
removed for a pH measurement of the meat directly below the shell on the first
segment of the shrimp. This measurement was obtained by peeling back the shell and

placing the portable pH meter

d with a Combination pH\Reft surface

electrode directly onto the surface of the meat. Each group was i diately
placed in ice for transport and storage in separate 68.1-L ice chests (gloo®
Corporation, Houston, TX) at an approximate ratio of 2 parts ice to 1 part shrimp.
Crushed ice was added daily throughout the 16-day storage period to compensate for
melting ice. Treatment groups that were dipped immediately after washing and
heading were stored in the left side of the ice chest. Shrimp treated after the 2-hr
delay were stored in the right side of the ice chest. The two treatment subgroups were

separated in the ice chests by a folded Laberaft® biok d bag (Curtin Math

Scientific, Inc., Houston, TX) placed as a center divider. All ice chests containing



shrimp were then transported to the Food Microbiology Laboratory at Texas A&M
University for sampling and storage.

During storage, the 6 ice chests were placed on 1-m high stainless steel tables.
Each ice chest was arranged so that the drain spout extended approximately 10 cm
over the edge of the table, and was elevated opposite the drain spout to allow water
from melting ice to drain continuously.

Mierohinlnoieal Ty
Micr

Microbiological examination of shrimp. On 1, 3, 7, 10, 13, and 16 days of
storage for Trip 1, and 0, 1, 3, 7, 10, 13, and 16 days of storage for Trip 2, duplicate
samples (50 g each) were randomly selected from each treatment group and examined
for APC. Day 0 samples were collected on board the boat, placed in 1-pint Ziploc®
freezer bags, and stored in ice for transport. A 50-g sample (1-4 shrimp) was placed
in 450 mL of sterile 0.1% peptone diluent and blended for 2 min in a Waring Blendor
as described earlier. One mL (divided over 4 plates), 0.1 mL, and 0.1 mL volumes
of appropriate decimal dilutions (sterile 0.1% peptone diluent) of each sample
homogenate were surface plated on pre-poured and dried TSA plates, The plates were
incubated at 25°C for 72 hr, after which the APC was determined from countable
plates as described previously.

From plate counts obtained from shrimp harvested during Trip 1, 1 to 3
representatives of each colony type appearing on countable plates were picked and
transferred to separate TSA slants (Vanderzant et al., 1985). Slants were incubated

for 48 hr at 25°C. The identity of each isolate was determined by diagnostic tests and



schemes as described by Vanderzant and Nickelson (1969) and Holt (1984,1986).
Each of the colony types was identified to generic level and then expressed as a

percentage of the total number of colonies appearing on the countable plates. This

P was followed to produce a bacterial type distribution for samples from each

sampling day throughout the storage period of Trip 1. Bacterial type distributions for

samples collected on Trip 2 were not conducted.

Microbiological ion of ice. Dupli ples of ice from the fishing
vessel (Gulf King 36) and the laboratory ice maker were examined for APC. Two
samples of ice from the vessel were collected directly from the ice hold using sterile
16 x 150-mm screw cap culture tubes. Ice from 3 different locations in the hold was
aseptically collected in each tube to obtain a pooled sample. The tubes were then
capped, stored on ice, and transported to Texas A&M University for examination.
Two ice samples from the laboratory ice maker were collected during shrimp storage
periods in sterile 16 x 150-mm screw cap culture tubes. The ice for each sample was
taken from 3 separate locations in the ice maker and pooled as described above. Ice
samples from the boat and the ice maker were examined for APC in exactly the same

manner. The ice was thawed at ambient temperature. Then one mL (divided over 4

plates), 0.1 mL, and 0.1 mL vol of appropriate decimal dilutions (sterile 0.1%

peptone diluent) of each ice sample were surface plated on pre-poured and dried TSA
plates. Duplicate sets of plates were incubated at 25°C for 72 hr and 7°C for 16 days
(laboratory ice maker only), after which the APC and psychrotrophic plate counts

(PsPC) were determined as described earlier.
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At a later date (April 5, 1993), duplicate samples of ice from another fishing
vessel (Gulf King 18) were examined for APC and PsPC. Four samples of ice from
the vessel were collected directly from the ice hold using sterile 100-mL glass dilution
bottles. Aerobic plate counts and PsPC were determined as described above. In
addition, a bacterial type distribution for these ice samples was determined as

previously described.

Microbiologi ination of dip soluti On Trip 2, a 15-20 mL
sample from each on board dip solution was obtained and examined for APC. Each
dip solution was collected in a sterile 16 x 150-mm screw cap culture tube: (1) after
the initial preparation, (2) after the first treatment (0 hr), (3) after the second treatment
(2-br delay), and (4) at the end of the day (3-hr delay). The sample tubes were sealed,
stored on ice, and transported to Texas A&M University for microbiological
examination. One mL (divided over 4 plates), 0.1 mL, and 0.1 mL volumes of
appropriate decimal dilutions (sterile 0.1% peptone diluent) of each sample were
surface plated on pre-poured and dried TSA plates. The plates were incubated at 25°C
for 72 hr, after which the APC was determined from countable plates as described
earlier.
pH measurement of shrimp

Before each 50-g shrimp sample was examined for APC, a representative
shrimp (1) was selected to determine the pH of the meat tissue. Each pH
measurement of the meat was obtained by peeling back the first shell segment and

placing a surface pH electrode directly onto the surface of the meat. For pH



measurements of shrimp in the laboratory, 2 Corning M140 pH meter equipped with
a flat bulb design electrode was used as described earlier.
Sensory evaluation

All shrimp treatments were evaluated before each sampling by a trained 3-

member panel for degree of mel is (blackspot) ding to a melanosis scale

(Otwell and Marshall, 1986) used to describe and rate the occurrence of melanosis on
shrimp (Table 1). This melanosis scale can be related to recommendations developed
by the National Marine Fisheries Service for grading of raw shrimp (Code of Federal
Regulations, 1991). A score of 4 or less corresponded to Grade 1 whereas a score
between 4 and 8 (Grade 2) was considered indicative of shrimp with a measurable
quality defect resulting in a devalued product. Any score of 8 or greater represented

a severe defect, app hing an ptable product (Otwell and Marshall, 1986;

McEvily et al., 1991b). Development of off-odors during storage was also noted and
recorded.

Statistical analysis of data

Data was analyzed statistically, where applicable, by analysis of variance.

Means were separated using Duncan’s multiple range test (SAS Institute, 1982).

20



21

Table 1 - Scale to describe and rate the occurrence of melanosis
(blackspot) on shrimp (Otwell and Marshall, 1986).

Melanosis Score

Description

0

Q0 N AN

Absent

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




RESULTS

Preliminary testing
Preliminary i igations were conducted to determine whether the treatment
of shrimp with L-lactic acid, alone or in bination with 4-hexyl inol or sodium

bisulfite, would result in product with objectionable sensory defects (discoloration, off-
odor, etc.). Each dip solution was prepared using Synthetic Sea Water (Acuff, 1992).
PH measurements of preliminary test shrimp tissue samples stored on ice for 0-6 days
and dip solutions are presented in Table 2. pH measurements of dip solutions ranged
from 2.2 for the 1.0% L-lactic acid and the 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid solutions to 6.5 for the control and 0.0025% 4-hexylresorcinol solutions.
Shrimp tissue pH values exhibited a much smaller pH range initially (day 0) and
throughout the storage period for all treatments. In general, pH values for shrimp
tissue increased from storage day 0 to day 6 with the exception of decreases of 7.1 to
6.5 from day 0 to day 1 for 1.0% L-lactic acid shrimp and 7.9 to 7.6 from day 0 to
day 1 for 0.0025% 4-hexylresorcinol treated shrimp,

Aerobic plate counts (log,y/g) for preliminary test shrimp stored on ice for 0-6

days varied and displayed no i pattern

ghout the storage period (Table

3). Counts (log,¢/g) ranged from 6.0 for day 1 0.0025% 4-hexylresorcinol with 1.0%
L-lactic acid treated shrimp to 7.4 for day 1 1.25% sodium bisulfite with 1.0% L-lactic

acid treated shrimp.



Table 2 - pH urements of preliminary test shrimp tissue semples® stored on ice
Jor 0-6 days and dip solutions,

Days of Treatment®

Storage c L s E LS LE
0 7.5 7.1 6.7 7.9 5.9 7.0
1 7.4 6.5 7.4 7.6 7.1 7.7
6 79 7.5 7.9 7.8 7.9 7.8

Dip Solutions 6.5 22 3.9 6.5 2.6 2.2

‘pHmmlementsufshrimpﬁssuewmobminedhypedingbmklﬁeﬁrstsheﬂsegmtmﬂ
placing the surface electrode of a Coming M140 pH meter (Comning, Scientific Instruments,
Medfield, MA) directly onto the surface of the meat.

* € = Control (1 min dip in Synthetic Sea Water; Acuff, 1992), L = 1.0% L-lactic acid dip for 1
min, 8 = 1.25% sodium bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min,
LS = 1.25% sodium bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-
hexylresorcinol with 1.0% L-lactic acid dip for 1 min.



Table 3 - Aerobic plate counts (APC, log,/g) of preliminary test shrimp samples
stored on ice for 0-6 days.

Days of Treatment®

Storage c L s E Ls LE
0 6.6 6.6 6.9 6.6 6.4 6.4
1 6.8 6.3 6.3 6.7 7.4 6.0
6 71 7.0 7.0 7.2 6.4 6.9

* C = Control (1 min dip in Synthetic Sea Water; Acuff, 1992), L = 1.0% v-lastic acid dip for 1
min, § = 1.25% sodium bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min,
LS = 1.25% sodium bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-
hexylresorcinol with 1.0% L-lactic acid dip for 1 min.



Sensory analyses of preliminary test shrimp were conducted on days 4 and 14
of storage. All treatment groups emitted a stale to putrid smell on day 14 but had
acceptable odor evaluations on day 4. There were no other indications of any unusual
visual or odor defects for any of the treatment groups of preliminary test shrimp.
PH and temperature of on board dip solutions

PH measurements of on board dip solutions for Trip 1, obtained i diately

before shrimp were dipped ranged from 2.2 for 1.0% L-lactic acid and 0.0025% 4-
hexylresorcinol with 1.0% L-lactic acid to 8.2 for the sea water control (Table 4). The
temperature of all dip solutions was 19.4°C. Trip 2 on board dip solution pH
measurements (Table 5) taken immediately before dipping (Initial) were similar to
those for Trip 1 with only slightly higher pH readings recorded for 1.25% sodium
bisulfite, 0.0025% 4-hexylresorcinol, and 1.25% sodium bisulfite with 1.0% L-lactic

acid solutions. Temperature of all dip solutions for Trip 2 was 23.3°C. Trip 2 dip

lutions d d ble pH ch with respect to time of measurement

(Table 5). The pH of control and 0.0025% 4-hexyl inol solutions d d 0.8
and 0.6 respectively, whereas 1.0% L-lactic acid, 1.25% sodium bisulfite, 1.25%
sodium bisulfite with 1.0% L-lactic acid, and 0.0025% 4-hexylresorcinol with 1.0%
L-lactic acid solutions showed increases of 0.2, 0.2, 0.3, and 0.1 respectively.
pH measurements of shrimp tissue

PH measurements of shrimp tissue for Trips 1 and 2 obtained after the O-hr and
2-hr dips are presented in Table 6. Trip 1 pH readings were similar to Trip 2 with

the exceptions of post 2-hr 1.0% L-lactic acid and 1.25% sodium bisulfite with 1.0%
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Table 4 - pH measurements of on board dip solusions (Trip 1).

Treatment*
C L S E LS LE
Dip Solutions 8.2 2.2 4.4 7.8 2.5 2.2

* € = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, S = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid dip for 1 min.
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Table 5 - pH measurements of on board dip solutions (Trip 2).

Treatment*
Time of
Measurement® (o} L S E LS LE
Initial 8.2 2.2 4.5 8.1 2.6 2.2
Post 0-hr 8.0 23 4.6 7.8 2.7 2.3
Post 2-hr 7.5 2.4 4.7 7.5 2.8 2.3
Post 3-hr* 7.4 2.4 4.7 1.5 2.9 2.3

* C = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, § = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid dip for 1 min,

® Indicates the time at which the pH measurements were obtained.

° End of day.



Table 6 - pH measurements of shrimp tissue (Trip 1 and Trip 2).

28

Treatment*
Time of
Measurement® c L s E LS LE
Trip 1
Post 0-hr 6.7 5.1 58 6.6 5.1 6.0
Post 2-hr 6.6 5.8 6.1 6.7 6.1 5.5
Trip 2
Post 0-hr 6.8 5.1 5.8 6.8 4.9 52
Post 2-hr 6.8 5.0 6.2 6.6 4.9 5.5

* C = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, S = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-

lactic acid dip for 1 min.

® Indicates the time at which the pH measurements were obtained.



L-actic acid and post O-hr 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid

The diff in pH ranged from a 0.8 decrease for Trip

2 on the post 2-hr 1.0% L-lactic acid treatment and post O-hr 0.0025% 4-
hexylresorcinol with 1.0% L-lactic acid treatment to a 1.2 decrease for Trip 2 on the
post 2-hr 1.25% sodium bisulfite with 1.0% L-lactic acid treatment.

Mean pH measurements of shrimp obtained on Trip 1 (O-hr and 2-hr

treatments) and Trip 2 (0-hr and 2-hr i d overall th ut the 16~

day storage period for all treatment groups (Table 7 and Table 8). pH values ranged
from 6.55 to 8.04 for Trip 1 (0-hr) shrimp, 6.40 to 8.04 for Trip 1 (2-hr) shrimp
(Table 7), 5.89 to 7.89 for Trip 2 (0-hr) shrimp, and 6.09 to 7.73 for Trip 2 (2-hr)

shrimp (Table 8). Significant statistical diffe between within the

same day of storage occurred on days 1, 13, and 16 for Trip 1 (0-hr) and on days 1,
4, 10, and 16 for Trip 1 (2-hr) (Table 7). Other significant differences between
treatments within the same day of storage were demonstrated on days 0, 1, 7, and 13
for Trip 2 (0-hr) and on days 0, 1, 7, and 16 for Trip 2 (2-hr) (Table 8).
Microbiological examination

Microbiological examination of shrimp. Mean APCs (log,y/g) of shrimp
obtained on Trip 1 (0-hr and 2-hr treatments) and Trip 2 (0-hr and 2-hr treatments)
increased over the 16-day storage period for all treatment groups (Table 9 and Table
10). For most treatments, a decrease in bacterial numbers occurred on day 4,
followed by increases throughout the remainder of the storage period. APCs (log,y/2)
ranged from 3.90 to 8.80 for Trip ! (0-hr) shrimp, 4.10 to 8.65 for Trip 1 (2-hr)
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Table 7 - Mean pH measurements of Gulf of Mexico brown shrimp (Penaeus
aztecus) obtained on Trip 1.

Treatment*
Days of Order of
Storage C L S E LS LE Means®
0-hr
1 7.14 6.59 6.85 6.87 6.55 665 CESIELLS

7.00 125 726 719 7.00 690 SLECISLE
7.52 731 7.23 7.54 7.42 729 ECISLIES

10 137 7.50 7.54 7.64 7.64 749 ISESLLIEC

13 7.65 1.76 7.59 7.83 7.51 760 ELCLESLS

16 7.95 8.04 7.99 8.02 7.89 781 LESCISLE
2-hr*

7.19 6.57  6.83 6.99 6.40 677 CESIELLS

4 747 707 706 .14 7.03 708 CELELSIS
7 7.26 735 147 7116 1.23 720 SLCISIEE
10 7.33 764 765 766 777 746 LSESLLEC
13 7.64 760 774 173 756 757 SECLIEILS
16 7.84 787 797 793 7.94 804 LESISELC

* C = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, S = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid dip for 1 min.

b Mean values within the same day of storage and underscored by a common line do not differ
significantly (p>0.05).

© Shrimp were treated on board the boat immediately after harvest (0-hr) or following a 2-hr post-
harvest delay (2-hr).



Table 8 - Mean pH measurements of Guif of Mexico brown shrimp (Penaeus
aztecus) obtained on Trip 2.

Treatment*

Days of Order of
Storage C L S E LS LE Means®

0-hr*
0 6.95 6.49 6.58 7.26 6.50 589 ECSISLLE
1 7.01 6.50 6.80 6.85 6.57 653 CESISLEL
4 7.00 6.93 7.09 7.01 7.02 711 LESISECL
7 7.17 7.12 7.23 7.43 7.52 720 LSESIECL
10 7.36 7.43 7.42 7.46 7.47 733 LSELSCLE
13 7.38 7.48 7.42 7.89 7.54 770 ELELSLSC
16 7.62 7.55 754  7.68 7.54 743 ECL E

2-hr
0 6.97 6.38 6.84 6.95 6.09 645 CESIELLS
1 7.15 6.61 6.75 7.04 6.55 658 CESLIEILS
4 7.13 7.20 7.03 7.19 6.99 687 LECSIEILS
7 725 7.37 7.33 7.58 7.36 729 ELISSIEC
10 7.47 7.36 7.31 7.32 7.36 725 CLSLESILE
13 7.49 7.51 7.61 7.60 7.59 750 SEISLIEC
16 7.45 7.55 7.54 7.60 7.57 773 LEELSLSC

* C = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, § = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid dip for 1 min.

® Mean values within the same day of storage and underscored by & common line do not differ
significantly (p>>0.05).

© Shrimp were treated on board the boat immediately after harvest (0-hr) or following a 2-br post-
harvest delay (2-hr).



Table 9 - Mean aerobic plate counts (APC, log,/g) of Gulf of Mexico brown
shrimp (Penaeus aztecus) obtained on Trip 1.

Treatment*
Days of Order of
Storage C L S E LS LE Means®
0-hr
1 5.15 475 475 510 470 39 CELSISLE
4 480 495 460 475 435 435 LCESISLE
7 540 545 495 555 500 490 ELCLSSLE
10 655 635 670 695 580 5.75 ESCLLSIE
13 765 765 750 810 715 720 ECLSILELS
16 880 845 835 865 850 845 CEISIELS
2-hr
495 475 470 450 465 410 CLSISELE

4 4.15 4.40 5.05 5.10 4.65 460 ESISIELC
7 5.55 4.85 4.85 520 4.30 430 CELSISIE

10 6.10 6.15 6.00 5.95 595 58 LCSEISLE
13 7.45 7.85 7.45 7.40 7.40 730 LCSEISLE
16 8.65 8.50 8.20 8.25 8.55 855 CILEISLES
'Cc= Connol(lmmdapmsuwater), = 1.0% L-lactic acid dip for 1 min, S = 1.25% sodium

bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic scid dip for 1 min, LE = 0.0025% 4-] -hexylresorcinol with 1.0% L-
lactic acid dip for 1 min.

® Mean values within the same day of storage and underscored by a common line do not differ
siguificantly (p>0.05).
¢ Shrimp were treated on board the boat immediately after barvest (0-hr) or following a 2-hr post-
harvest delay (2-hr).
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Table 10 - Mean aerobic plate counts (APC, log,/g) of Gulf of Mexico brown
shrimp (Penaeus aztecus) obtained on Trip 2.

T
Days of Order of
Storage c L s E LS LE Means®
0-hr
0 4.55 4.45 4.45 4.50 4.35 5.00 ECEL
1 4.55 4.65 4.40 4.55 4.30 38 LECSISLE
4 4.70 4.45 4.00 4.20 4.70 390 CISLESLE
7 5.30 4.95 5.00 5.00 5.15 460 CISESLLE
10 6.45 5.90 6.10 6.50 5.90 580 ECSLISLE
13 7.50 7.45 7.20 7.60 6.90 720 ECLLESLS
16 8.15 8.00 1.75 8.15 7.90 8.05 _CE_LI_,Q S
2-hr*
0 4.50 4.65 4.25 4.10 4.75 415 LSLCSIEE
1 4.25 5.05 4.45 4.90 4.00 475 LELESCILS
4 4.30 4.55 4.30 4.75 4.05 445 ELLECSILS
7 4.75 5.00 4.90 5.60 4.40 445 ELSCLELS

10 6.35 6.20 555 630 560 620 CELIEISS
13 7.55 740 715 7.25 670 735 CLIEESILS
16 7.85 8.15 7.75 7.85 770 800 LLECESILS

* C = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, S = 1.25% sodjum
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid dip for 1 min.

l’Mun\ulu;ecwil.hinlheslmev:lxyofstm-ageamiIlm:lerscomdhynool'nmoml.inedc)wlrliffef
significantly (p>0.05).

© Shrimp were treated on board the boat immediately after harvest (0-hr) or following a 2-hr post-
harvest delay (2-hr).
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shrimp (Table 9), 3.85 to 8.15 for Trip 2 (0-hr) shrimp, and 4.00 to 8.15 for Trip 2

(2-hr) shrimp (Table 10). Significant statistical diffk in APCb
within the same day of storage for Trip 1 (0-hr) shrimp occurred on days 1,7, 10, and

13, while, Trip 1 (2-hr) shrimp d d significant diffe ondays 1,7, 13,

and 16 (Table 9). Trip 2 (0-hr) shrimp showed significant differences in APC between

treatments within the same day of storage on days 4, 7, 10, 13, and 16, differing

slightly from Trip 2 (2-hr) shrimp, d ing significant diffe on days 1,
4, 7, 13, and 16 (Table 10).

Mean APCs and distributions of microbial types on the shrimp from all
treatments of Trip 1 are presented by treatment and time of treatment in Tables 11
through 22. With the exception of the 0.0025% 4-hexylresorcinol with 1.0% L-lactic
acid treatment groups, the microflora of all treatment groups (0-hr and 2-hr) was
dominated initially (day 1) by Pseudomonas spp. (Tables 11 through 20). The
0.0025% 4-hexylresorcinol with 1,0% L-lactic acid treatment groups (O-hr and 2-hr)
were dominated initially by coryneform bacteria (Tables 21 and 22). During storage
on ice, type distributions for all treatment groups showed increases in the percentage

of coryneform bacteria and then a gradual shift toward gram-negative Ppsychrotrophic

bacteria (Pseud. M lla-Acinetob spp.). However, by the end of the
storage period on day 16, Pseud: spp. was domi or a major part of the
bacterial population in all Lactobacillus spp., Micrococcus spp.,

Staphylococcus spp., Streptococcus spp., A spp., Alcalig Spp.,



Table 11 - Mean aerobic plate counts (APC, log,/g) and distribution of microbial types on Gulf

of Mexico brown shrimp (Penaevs aztecus) obtained on Trip 1 (controf, 0-k?).

Percent Distribution of Microflora®

Days of Storage ~ APC Cor Lact Ale Flavo M/A Ps
1 5.2 21 )
4 4.8 27 5 68
7 54 60 5 24 11
10 6.6 49 5 40 6
13 7.7 30 2 19 49
16 8.8 13 7 80
* Control = 1 min dip in sea water.
® Shrimp treated on board the boat immediately after harvest (0-hr).
¢ f?‘or = ’col:yl-:efor:n lm:ﬁl,= l‘.:ct ;= Lactobacillus, Alc = Alcali Flavo = Flavob , MIA =

<€



Table 12 - Mean aerobic plate counts (APC, log,,/g) and distribution of microbial types on
Gulf of Mexico brown shrimp (Penacus aztecus) obtained on Trip 1 (controF, 2-hr*).

Percent Distribution of Microflora®

Days of Storage  APC Cor Lact M/A Ps Uni
1 5.0 9 91
4 4.2 74 7 19
7 5.6 47 40 13
10 6.1 65 3 20 11
13 15 42 39 19
16 8.7 32 59 9

* Control = 1 min dip in sea water.

Shlimplren!edunboardlhgboallﬁeraZ-hrpou-hlrvestdehy.

© Cor = coryneform bacteria, Lact = Lactobacil M/A = M. lalAci » Ps = Pseude
Uni = Unidentified.
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Table 13 - Mean aerobic plate counts (APC, log,/g) and distribution of microbial types on
Gulf of Mexico brown shrimp (Penaeus aztecus) obtained on Trip 1 (lactic acid®, 0-hP).

Percent Distribution of Microflora®
Days of Storage ~ APC Cor Flavo M/A Ps Uni
1 48 4 2 94
4 5.0 4 96
7 55 41 44 15
10 6.4 50 1 16 34
13 7.7 13 87
16 8.5 8 75 17

* Lactic acid = 1.0% L-lactic acid dip for 1 min.

"Shrimpm.ldonboardthebonl immediately after harvest (0-hr).

¢ Cor = coryneform bacteria, Flavo = Flavob , M/A = Mc llaiAcinetob » Ps = Pseudt
Uni = Unidentified.

LE



Table 14 - Mean aerobic plate counts (APC, log,,/g) and distribution of microbial types on Gulf
of Mexico brown shrimp (Penaeus aztecus) obtained on Trip 1 (lactic acidF, 2-hP).

Percent Distribution of Microflora®

Days of Storage ~ APC Cor Staph Strep Flavo M/A Ps
1 4.8 5 1 94

4 4.4 80 5 15

7 4.9 27 37 36

10 6.2 16 6 32 46

13 79 44 5 13 38

16 8.5 3 97

* Lactic acid = 1.0% L-lactic acid dip for 1 min.

"Shrimptteaudonbondthebouaﬁera}hxpom-hrvesldehy.

¢ Cor = coryneform bacteria, Staph = Staphyl Strep = Str Flavo = Flavob: ium, M/IA =
A Acinetob . Ps = Pseuds
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Table 15 - Mean aerobic plate counts (APC, log,,/g) and distribution of microbial types on
Gulf of Mexico brown shrimp (Penacus aztecus) obtained on Trip 1 (sodium bisulfite, O-hr°).

Percent Distribution of Microflora®

Days of Storage ~ APC Cor M/A Ps YM Uni
1 4.8 21 1 78

4 4.6 61 9 30

7 5.0 82 16 1 1
10 6.7 55 1 34
13 75 34 28 38
16 8.4 11 89

* Sodium bisulfite = 1.25% sodium bisulfite dip for 1 min.

® Shrimp treated on board the boat immediately after harvest (0-h).

© Cor = coryneform bacteris, M/A = Moraxella/Acinetob Ps = P;
= Unidentified.

de YM = Ye id, Uni
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Table 16 - Mean aerobic plate counts (APC, log,/g) and distribution of microbial
fypes on Gulf of Mexico brown shrimp (Penaeus aztecus) obtained on Trip 1 (sodium
bisulfire, 2-h?*).

Percent Distribution of Microflora®

Days of Storage APC Cor M/A Ps Uni
1 4.7 23 7 67 3
4 5.1 1 99
7 4.9 35 21 44
10 6.0 42 20 37
13 15 32 24 4
16 8.2 23 12 65

* Sodium bisulfite = 1.25% sodium bisulfite dip for 1 min.

® Shritop treated on board the boat after & 2-he post-harvest delay.

®Cor = coryneform bacteria, M/A = M Acinetob. , Ps = Pseude Uni =
Unidentified,




Table 17 - Mean aerobic plate counts (APC, log,/g) and distribution of microbial
types on Gulf of Mexico brown shrimp (Penaeus aztecus) obtained on Trip 1 (4-
hexylresorcinol, O-h*).

Percent Distribution of Microflora®

Days of Storage ~ APC Cor Flavo M/A Ps
1 5.1 2 98
4 4.8 46 8 46
7 5.6 64 34 2
10 7.0 50 17 33
13 8.1 42 42 16
16 8.7 25 75
* 4-hexyl inol = 0.0025% 4-hexyl inol dip for 1 min.
® Shrimp treated on board the boat immediately after harvest (O-hr).
¢ Cor = coryneform bacteria, Flavo = Flavobacterium, M/IA = ¥ llalAcinetobacter, Ps =
Pseudomonas.
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Table 18 - Mean aerobic plate counts (APC, log,,/g) and distribution of microbial types on
G:lf of Mexico brown shrimp (Penaeus aztecus) obtained on Trip 1 (4-hexylresorcinol, 2-
hP).

Percent Distribution of Microflora®

Days of Storage ~ APC Cor Ale Flavo M/A Ps
1 4.5 2 2 2 94
4 5.1 9 3 88
7 5.2 40 7 44 8
10 6.0 57 26 17
13 7.4 74 26
16 8.3 12 16 72
* 4-hexyh inol = 0.0025% 4-hexyl inol dip for 1 min.
® Shrimp treated on board the boat after & 2-hr post-harvest delay.
© Cor = coryneform bacteria, Alc = Alcal Flavo = Flavobacterium, M/A = Moraxella/Acinetobacter,
Ps = Pseudomonas.

(44



Table 19 - Mean aerobic plate counts (APC, log,,/g) end distribution of microbial types on Gulf of
Af‘exim brown shrimp (Penaeus aztecus) obtained on Trip 1 (lactic acid + sodium bisulfite’, 0
hP).

Percent Distribution of Microflora®

Days of Storage  APC Cor Mic Aero Flavo M/A Ps Uni
1 4.7 25 7 64 4
4 44 13 6 81
7 5.0 48 17 35
10 5.8 35 8 46 11
13 7.2 1 5 33 51
16 8.5 41 ] 1 48

» Lactic acid + sodium bisulfite = 1,25% sodium bisulfite with 1.0% L-lactic acid dip for 1 min.
”Shﬁmpmmdmbmmmbm(inmedilulynﬂerhawm(&hr).

®Cor = coryneform bacteria, Mic = Mi , Aero = A Flavo = Flavob i M/A =
MoraxellalAcinetobacter, Ps = Pseud Uni = Unidentified.
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Table 20 - Mean aerobic plate counts (APC, log,y/g) and distribution of microbial types on Gulf of
Mexico brown shrimp (Penaeus aztecus) obtained on Trip 1 (lactic acid + sodium bisulfite”, 2-hr*).

Percent Distribution of Microflora®
Days of Storage ~ APC Cor Lact Staph Flavo M/A Ps Vib YM

1 4.7 11 89
4 4.7 23 9 58 10
7 4.8 64 2 2 23 5 4

10 6.0 57 20 23

13 74 8 4 32 56

16 8.6 6 3 19 72

* Lactic acid + sodium bisulfite = 1.25% sodium bisulfite with 1.0% L-lactic acid dip for 1 min.

® Shrimp treated on board the boat aftor & 2-hr post-harvest delay.

¢Cor = coryneform bacteria, Lact = Lacobacillus, Staph = Staphylococcus, Flavo = Flavobacterium, MIA =
Moraxellal Acinetobacter, Ps = Pseud Vib = Vibrio, Y/M = Yeast/Mold.




Table 21 - Mean aerobic plate counts (APC, log,/g) and distribution of microbial types on Gulf
of P;{m‘co brown shrimp (Penaeus aztecus) obtained on Trip 1 (lactic acid + 4-hexylresorcinoF,
O-hr).

Percent Distribution of Microflora®

Days of Storage  APC Cor Lact Aero M/A Ps Y/M
1 39 60 3 2 35
4 44 71 13 15 1
7 4.9 33 1 5 61
10 5.8 47 26 27
13 7.2 27 6 67
16 8.5 4 17 79
* Lactic acid + 4-hexyl inol = 0.0025% 4-hexyl inol with 1.0% L-lactic acid dip for 1 min.
® Shrimp treated on board the boat immediately after harvest (0-hr).
© Cor = coryneform bacteria, Lact = Lactobacillus, Aero = A , M/IA = Mc liaiAcinetob. , Ps =

Pseudomonas, Y/M = Yeast/Mold.
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Table 22 - Mean aerobic plate counts (APC, log,/g) and distribution of microbial
types on Gulf of Mexico brown shrimp (Penaeus aztecus) obtained on Trip 1 (lactic
acid + 4-hexylresorcinol, 2-hr*).

Percent Distribution of Microflora®

Days of Storage =~ APC Cor Staph M/A Ps

4.1 61 4 1 35

4 4.6 10 15 75

7 4.3 52 43

10 59 30 28 42

13 73 30 22 48

16 8.6 20 11 69
* Lactic acid + 4-h inol = 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid dip for 1 min.

® Shrimp treated on board the boat after a 2-hr post-harvest delay.

® Cor = coryneform bacteria, Staph = Sraphyl M/A = Acinetobacter, Ps =

Pseudomonas.



Flavobacterium spp., Vibrio spp., yeasts/molds, and unidentified bacteria were also
detected, but constituted a much smaller part of the microflora throughout storage.
Microbiological examination of ice. Ice from the fishing vessel was used
initially to ice down all treatment groups in ice chests on board the boat, Laboratory
ice maker ice was then added to the ice chests throughout the 16-day storage period
to replenish melting ice. Mean APC (log,¢/mL) of ice collected from the fishing
vessel was 4.00. APC and PsPC (log,o/mL) of ice from the laboratory ice maker were
1.04 and <0.00, respectively (data not shown in tabular form). Mean APC and PsPC
(logy/mL) of ice collected on the follow-up trip from the second fishing vessel were
3.4 and 3.7, respectively. The bacterial type distribution from this ice showed a

microflora consisting of 75% Pseud spp. and 25% coryneform bacteria (data

not shown in tabular form).

Microbiological examination of dip solutions. APCs (log,;/mL) of on board
dip solutions for all treatments ranged from 0.0 ESPC on the initial 1.25% sodium
bisulfite with 1.0% L-lactic acid dip solution to 4.1 on the post 2-hr and post 3-hr
samples for control dip solutions (Table 23). All dip solutions showed an overall
increase in bacterial numbers from the initial to the post 3-hr time of measurement.
However, increases in APC recorded throughout the day for dip solutions containing
L-lactic acid were low (1.0% L-lactic acid = 0.1 ESPC, 1.25% sodium bisulfite with
1.0% L-lactic acid = 0.8 ESPC, and 0.0025% 4-hexylresorcinol with 1.0% L-lactic
acid = 0.2 ESPC) compared to other dip solutions (control = 1.8, 1.25% sodium

bisulfite = 1.1, and 0.0025% 4-hexylresorcinol = 1.0).
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Table 23 - Aerobic plase counts (APC, log,,/mL) of on board dip solutions obtained
on Trip 2.

Treatment*
Time of
Measurement® c L S E LS LE
Initial 23 0.6° 1.0¢ L9 0.0° 0.3
Post 0-hr 3.1° 0.3° 1.0° 1.9 0.0 0.8
Post 2-hr 4.1 0.5° 2.2 3.0 0.0° 0.0°
Post 3-hr? 4.1 0.7° 2.1 2.9 0.8° 0.5

* C = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, § = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid dip for 1 min.

® Indicates the time at which the samples were obtained.

© Indicates estimated standard plate count (ESPC, Messer et al., 1985).

¢ End of day.



Sensory evaluation

Mean melanosis scores of shrimp obtained on Trip 1 (0-hr and 2-hr treatments)

and Trip 2 (0-hr and 2-hr ) i d throug] the 16-day storage period
for all treatment groups with the exception of Trip 1 (0-hr and 2-hr) 0.0025% 4-
hexylresorcinol with 1.0% L-lactic acid treated shrimp which showed decreases on days
13 and 16 (Table 24 and Table 25). Mean melanosis scores ranged from 0.00 to
10.00 for Trip 1 (0-hr and 2-hr) shrimp (Table 24), 0.00 to 7.67 for Trip 2 (0-hr)
shrimp, and 0.00 to 9.00 for Trip 2 (2-hr) shrimp (Table 25). Statistically significant
differences in melanosis scores occurred on all but day 1 for Trip 1 (0-hr and 2-hr)
and Trip 2 (0-hr and 2-hr) shrimp.

All ireatment groups of Trip 1 shrimp displayed acceptable odor characteristics
until day 11 when the control and 0.0025% 4-hexylresorcinol treatment groups
produced unacceptable off-odors. By day 13, all treatment groups of Trip 1 shrimp

were d as having noti

off-odors. For trip 2, all treatment groups of
shrimp began to produce noticeable off-odors on day 11 (data not presented in tabular

form).
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Table 24 - Mean melanosis scores™® of Gulf of Mexico brown shrimp (Penaeus
aztecus) obtained on Trip 1.

Treatment®

Days of Order of
Storage C L S E LS LE Means?

0-hr*
0.00 0.00 0.00 000 000 000 CELLELSS
4 2.00 2.00 0.00 000 000 000 CLELELSS
4000  2.00 2.67 0.67 200 133 CSLISLEE
10 6.00°  6.000 2.67 200 267 200 CLSLISLEE
13 6.00' 9.33F 333 200 4.000 067 LC LSSELE
16 8.67 10.00¢ 6.67 200 467 000 LCSLSELE
2-hr°
0.00 0.00 0.00 0.00 000 000 CELLEISS
4 2.00 2.00 0.67 0.00 000 000 CLSIEISE
7 467 333 133 067 067 133 CLSLEISE
10 6.000  6.000 3.33 200 200 200 CLSLELSE
13 6.00° 867 6000 200 4.00 133 LSC LSELE
16 8.67 10.00° 6.67" 2.00 4.67" 0.67 LCSLSELE

* 0 = Abseat; 10 = Heavy, totally P (detailed melanosis scale evaluation description in
Table 1).

® Individual means are based on data from 3 evaluators scoring a group of 10 randomly selected
shrimp.

¢ C = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, S = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-lactic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinot with 1.0% L-
lactic acid dip for 1 min.

9 Mean values within the same day of storage and underscored by a common line do not differ
significantly (p>0.05).

© Shrimp were treated on board the boat immediately after harvest (0-hr) or following & 2-hr post-
harvest delay (2-hr).

f Indicates shrimp with a measurable quality defect resulting in & devalued product.

¥ Represents a severe defect, approaching unacceptable product.
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Table 25 - Mean melanosis scores™® of Gulf of Mexico brown shrimp (Penaeus
aztecus) obtained on Trip 2.

Treatment®

Days of Order of
Storage C L S E Ls LE Means’

0-hr*
1 000 000 000 000 000 000 CELIEISS
4 400 2.00 0.00 000 200 000 CLISELES
7 4677 4000 200 033 1.00 000 CLSLSELE
10 6.00' 633 4.00° 000 133 000 LCSLSLEE
13 567 7.3 5000 167 567 000 LCISSELE
16 7000 7.67 63¥ 067 567 067 LCSISLEE
2-he
1 000 000 000 000 000 000 CELIEISS
4.00° 3.00 200 000 200 000 CLSISLEE
7 6.00° 6.00" 3.00 1.000 200 0.00 CILSLSELE

10 6.00° 7.00° 533 067 3.00 067 LCSLSLEE

13 7.00¢ 8.3 6.33f 2.00 7.000 100 LCLSSELE

16 8,00 9.00¢  7.33f 1.67 733 133 LCSLSELE

* 0 = Absent; 10 = Heavy, totally ble (detailed melanosis scale evaluation description in
Table 1).

® Individual means are based on data from 3 evaluators scoring a group of 10 randomly selected
shrimp.

¢ € = Control (1 min dip in sea water), L = 1.0% L-lactic acid dip for 1 min, § = 1.25% sodium
bisulfite dip for 1 min, E = 0.0025% 4-hexylresorcinol dip for 1 min, LS = 1.25% sodium
bisulfite with 1.0% L-factic acid dip for 1 min, LE = 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid dip for 1 min.

4 Mean values within the same day of storage and underscored by a common line do not differ
significantly (p>0.05).

© Shrimp were treated on board the boat immediately after harvest (0-hr) or following a 2-hr post-
harvest delay (2-hr).

¥ Indicates shrimp with a measurable quality defect resulting in a devalued product,

£ Represents a severe defect, approaching unacceptable product.
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DISCUSSION
Preliminary investigations were conducted to determine whether the treatment
of shrimp with L-lactic acid, alone or in bination with 4-hexyl inol or sodium

bisulfite, would result in product with objectionable sensory defects (discoloration, off-
odor, etc.). No objectionable sensory defects resulting from preliminary treatments
were observed. Since pH measurements of shrimp tissue were obtained by peeling
back the first shell segment and placing the surface electrode of a Corning M140 pH
meter directly onto the surface of the meat, high initial (day 0) pH measurements of
preliminary test shrimp treated with L-lactic acid (1.0% L-lactic acid, 1.25% sodium
bisulfite with 1.0% L-lactic acid, and 0.0025% 4-hexylresorcinol with 1.0% L-lactic

acid) may indi a lack of cc

P ion of the dip solutions below the shell
to the tissue of the shrimp (Table 2). High initial (day 0) APCs (all treatments > 6.4)
also indicate that the shrimp used for preliminary testing were approaching spoilage
levels (APC > 107, Cobb and Vanderzant, 1975) when testing began (Table 3). All
treatment groups also contained shrimp that had reddening of the legs and lower shell
extremities, which is characteristic of temperature abused shrimp (Cobb et al., 1977).

Initial pH measurements of on board dip solutions were slighty elevated from
Trip 1 to Trip 2 for 1.25% sodium bisulfite (4.4 to 4.5), 0.0025% 4-hexylresorcinol
(7.8 t0 8.1), and 1.25% sodium bisulfite with 1.0% L-lactic acid (2.5 to 2.6) (Tables
4 and 5). These differences might be attributed to the increase in dip solution

temperatures from 19.4°C for Trip 1 to 23.3°C for Trip 2. pH changes were
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observed in Trip 2 on board dip solutions with respect to time of measurement. The
basic/neutral solutions (control and 0.0025% 4-hexylresorcinol) showed an overall
decrease in pH from the initial time of measurement to the post 3-hr measurement
whereas, the acidic solutions (1.0% L-lactic acid, 1.25% sodium bisulfite, 1.25%
sodium bisulfite with 1.0% L-lactic acid, and 0.0025% 4-hexylresorcinol with 1.0%
L-lactic acid) showed an overall increase in pH from the initial time of measurement
to the post 3-hr measurement (Table S). These changes in pH values of the dip
solutions may have been due to the addition of proteins, washed off of the shrimp into
the dip solutions, which buffered the solution pH levels (Lindsay, 1985; Cheftel et al.,
1985).

The pH values of shrimp tissue obiained on board the fishing vessel were
consistently lower on Trip 2 compared with Trip 1 in three of the treatments. The
differences in pH measurements ranged from a 0.8 decrease for Trip 2 on the post 2-
hr 1.0% L-lactic acid treatment and post 0-hr 0.0025% 4-hexylresorcinol with 1.0%
L-lactic acid treatment to a 1.2 decrease for Trip 2 on the post 2-hr 1.25% sodium
bisulfite with 1.0% L-lactic acid treatment. These lower pH values could be due to
decreases in time from removal of shrimp from the dip solution to taking of the pH

measurements on Trip 2 (Table 6). B of the llent buffering capacity of the

muscle tissue of shrimp (Lindsay, 1985), shrimp that were allowed time to sit before
sampling may have had adequate time to buffer and alter pH measurements. These
inconsistencies may also be due to a lack of consistent penetration of the dip solutions

below the shell to the tissue of the shrimp, as stated previously,
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Early in this study, it was theorized that a lowering of the pH in shrimp might

provide an inhibition of the PPO

ymes and prevent melanosis. pH d on
L-lactic acid treated shrimp (1.0% L-lactic acid, 1.25% sodium bisulfite with 1.0% L-
lactic acid, and 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid) apparently were
insufficient to deactivate PPO (pH < 3) (Richardson and Hyslop, 1985). Melanosis
scores on shrimp treated only with L-lactic acid were not better than control shrimp
melanosis scores.

Although some significant statistical differences in shrimp tissue pH
measurements were shown between treatment groups on the same day of storage
(Tables 7 and 8), the differences were varied and showed no consistent pattern.

11

Therefore, conclusions drawn from these statistically signifi diffe bab

have no realistic value. Additionally, Trip 2 shrimp had lower pH readings at the end
of the 16-day storage period as compared to Trip 1, ranging from 7.43 for Trip 2 (0-
hr) 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid treated shrimp to 8.04 for Trip
1 (0-hr) 1.0% L-lactic acid and Trip 1 (2-hr) 0.0025% 4-hexylresorcinol with 1.0% L-
lactic acid treated shrimp (Tables 7 and 8). This probably resulted from the fact that
less shrimp was stored in each ice chest on Trip 2 which could have kept the
temperature in the ice chests lower and slowed spoilage.

In this study, APCs are idered ly from melanosis scores since

melanosis on shrimp is not necessarily indicative of microbial spoilage. As was the
case with pH measurements of shrimp tissue, statistical differences in APCs between

treatment groups on the same day of storage were varied and showed no consistent
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pattern (Tables 9 and 10). All treatment groups of shrimp were considered
unacceptable by odor evaluation and microbial numbers (Cobb and Vanderzant, 1975)

by day 13. Therefore, statistically significant diffe in APCs b

have very little value since all treatment groups spoiled, based on odor and APCs, at
essentially the same rate. Shelf life of Gulf of Mexico shrimp stored on ice is
expected to be 12-14 days (Cobb et al., 1976).

Microbial type distributions of shrimp by treatment group and time of treatment

howed no consi diffe in microflora throughout the 16-day storage period
(Tables 11 through 22). The predomi of Pseud spp. initially (day 0) in
most of the type distributions (Tables 11 through 20) is i i with p

reports (Campbell and Williams, 1952; Vanderzant et al., 1970). This predominance
of Pseudomonas spp. initially (day 0) may be due to an unavoidably low plate count
incubation temperature (18.8°C) in the laboratory during incubation of day 1 and 4
APCs resulting in limited bacterial colony growth, difficulty in colony differentiation,
and subsequent altered type distributions. This problem was solved by increasing
laboratory incubation temperature to 25°C and increasing incubation time from 48 hr
to 72 hr. Another possible explanation could be that the ice from the fishing vessel
used to store the shrimp initially may have contained a large number of Pseudomonas
spp. Although this ice was not typed, follow-up research on ice taken from another
fishing vessel showed mean APC and PsPC (log,y/mL) of 3.4 and 3.7, respectively
containing 75% Pseudomonas spp. and 25% coryneform bacteria. Starting at storage

day 7, type distributions appeared to progress more normally when plate incubation
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temperatures were corrected and the original ice in the ice chests from the fishing
vessel was progressively replaced due to melting and drainage by much cleaner ice

(log,¢/mL APC and PSPC of 1.04 and <0.00, resp ively) from a lab y ice

maker.

APCs of on board dip solutions indicate that bacterial growth occurred during
the time on deck. Higher bacterial numbers in on board dip solutions not containing
L-lactic acid (control, 1.25% sodium bisulfite, and 0.0025% 4-hexylresorcinol
treatments) after 3 hours (Table 23) may suggest that these solutions, if allowed to sit
on deck all day and incubate, could inoculate shrimp with high numbers of
microorganisms which could result in decreased shelf life. However, APCs of
solutions containing L-lactic acid (1.0% L-lactic acid, 1.25% sodium bisulfite with 1.0%
L-lactic acid, and 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid) all showed much
lower counts (Table 23) demonstrating an ability of L-lactic acid to control microbial
growth in these solutions. Microbial growth in on board dip solutions could become
a problem if the dip solutions are mixed in the afternoon (4:00 p.m.) and allowed to
sit on deck, at elevated temperatures, until the next morning (14 to 18 hr incubation)
when final shrimp from the night-long drag are dipped.

Mean melanosis scores for 0.0025% 4-hexylresorcinol and 0.0025% 4-
hexylresorcinol with 1.0% L-lactic acid over the 16-day storage period (melanosis
scores all < 2.00) (Tables 24 and 25) showed that these treatments prevent melanosis
better than any of the other treatments tested. These treatments produced shrimp with

melanosis scores of less than 4.00. A melanosis score between 4.00 and 8.00 is
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indicative of shrimp with a measurable quality defect resulting in a devalued product.
0.0025% 4-hexylresorcinol with 1.0% L-lactic acid performed equally as well as
0.0025% 4-hexylresorcinol. The 1.25% sodium bisulfite and 1.25% sodium bisulfite

with 1.0% L-lactic acid treatments inhibited melanosi hat (Tables 24 and 25)

but not as well as the 0.0025% 4-hexylresorcinol and 0.0025% 4-hexylresorcinol with

1.0% L-lactic acid tr These produced shrimp with melanosis

scores between 0.00 and 7.33 over the 16-day storage period. A melanosis score of
8.00 or greater represents a severe quality defect, approaching unacceptable product.
The L-lactic acid treatment did not prevent melanosis at all (Tables 24 and 25). In
fact, melanosis progressed at faster rate with this treatment than on the control shrimp.

This study showed that treatment with L-lactic acid, alone or in combination

with 4-hexyl inol or sodium bisul had little effect on the shelf life of Texas
brown shrimp (Penaeus azecus). However, 4-hexylresorcinol did perform

alone and with L-lactic acid. On the other

lly well as a
hand, high bacterial counts in the 0.0025% 4-hexylresorcinol dip solution combined
with similar melanosis scores over the 16-day storage period for both the 0.0025% 4-
hexylresorcinol and the 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid treated
shrimp suggest that a 4-hexylresorcinol/L-lactic acid dip solution may be better than 4-

hexylresorcinol alone. Future h should be ducted in a large scale

commercial setting to determine whether L-lactic acid in combination with 4-
hexylresorcinol is a more feasible sulfite alternative for the inhibition of melanosis than

4-hexylresorcinol alone.
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CONCLUSIONS

Within the limits of the experimental procedures used and the number of

the following conclusions can be drawn from the data presented in this study:
Treatment of shrimp with 1.0% L-lactic acid resulted in no unusual or
objectionable sensory defects.

The treatment of Texas brown shrimp (Penaeus aztecus) with L-lactic acid,

alone or in bination with 4-hexyl inol or sodium bisulfite, had no
effect on the shelf life of the shrimp.

L-Lactic acid demonstrated an ability to control microbial growth in on board
dip solutions.

4-Hexylresorcinol performed exceptionally well as a sulfite alternative for the
inhibition of melanosis in shrimp, alone and in combination with L-lactic acid.
Treatments tested in this study inhibited melanosis and overall devaluation of
shrimp in the following order: 1.0% L-lactic acid < control < 1.25% sodium
bisulfite = 1.25% sodium bisulfite with 1.0% L-lactic acid < 0.0025% 4-
hexylresorcinol < 0.0025% 4-hexylresorcinol with 1.0% L-lactic acid.
L-Lactic acid did not interfere with the ability of 4-hexylresorcinol to inhibit
melanosis on shrimp at the concentrations tested.

Overall, this study demonstrated that treatment with L-lactic acid, alone or in

with 4-hexyl inol, had no d ble effect on the microbiological

shelf life of brown shrimp (Penaeus aztecus). In addition, 4-hexylresorcinol

58



performed exceptionally well as a melanosis inhibi hether alone or in combination

with L-lactic acid. Since microbial growth was demonstrated in the 4-hexylresorcinol
on board dip solution while on deck before treatment of shrimp, this study indicates
that a potential abnormally high bacterial inoculation of shrimp during the dip process
can be avoided through the use of a dip solution containing 4-hexylresorcinol in

combination with L-lactic acid.

59



REFERENCES

Acuff, G.R. 1992. Media, Reagents, and Stains. Ch. 62. In Compendium of
Methods for the Microbiological Examination of Foods, 3rd ed. C. Vanderzant
and D.F. Splittstoesser (Ed.), p. 1093. American Public Health Association,
‘Washington, D.C.

Acuff, G.R., Vanderzant, C., Savell, J.W., Jones, D.K., Griffin, D.B., and Ehlers,
J.G. 1987. Effect of acid decontamination of beef subprimal cuts on the
microbiological and sensory characteristics of steaks. Meat Sci.19: 217.

Camber, C.L, Vance, M.H., and Alexander, J.E. 1957. The use of sodium bisulfite
for the control of black spot in shrimp. State of Florida Board of Conservation
Technical Series No. 20.

Campbell, L.L. and Williams, O.B. 1952. The bacteriology of Gulf Coast shrimp.
IV. Bacteriological, chemical, and organoleptic changes with ice storage.
Food Technol. 6(4): 125.

Cheftel, J.C., Cug, J-L., and Lorient, D. 1985. Amino acids, peptides, and proteins.
Ch. 5. In Food Chemistry, 20d ed., O.R. Fennema (Ed.), P- 245. Marcel
Dekker, Inc., New York, NY.

Cobb, B.F. and Vanderzant, C. 1975. Development of a chemical test for shrimp

quality. J. Food Sci. 40: 121.



Cobb, B.F., Vanderzant, C., Hanna, M.O., and Yeh, C-P.S. 1976. Effect of ice

1y

storage on

gical and chemical changes in shrimp and melting ice in

a model system. J. Food Sci. 41: 29,

Cobb, B.F., Yeh, C-P.S., Christopher, F., and Vanderzant, C. 1977. Organoleptic,

bacterial, and chemical ch: istics of p id shrimp subjected to short-
term high-temperature holding. J. Food Prot. 40(4): 256.

Code of Federal Regulations. 1991. Title 50, Part 265, Subpart A. United States
General Standards for Grades of Shrimp. p. 315.

Dickson, J.S. and Anderson, M.E. 1992. Microbiological d ination of food

animal carcasses by washing and sanitizing systems: A Review. J. Food Prot.
55(2): 133,

Dixon, Z.R., Vanderzant, C., Acuif, G.R., Savell, J.W., and Jones, D.K. 1987.
Effect of acid treatment of beef strip loin steaks on microbiological and sensory
characteristics. Int. J. Food Micro. S: 181.

Eklund, T. 1989. Organic acids and esters. Ch. 7. In Mechanisms of Action of
Food Preservation Procedures, G.W. Gould (Ed.), p. 161. Elsevier Science
Publishing Co., New York, NY.

Ferrer, O.1., Otwell, W.S., and Marshall, M.R. 1989. Effect of bisulfite on lobster
shell phenoloxidase. J. Food Sci. 54: 478.

Fieger, E.A. 1951. Cause and prevention of black spot on shrimp. Ice Refrig. 120:

49,

61



Fieger, E.A. and Novak, A.F. Microbiology of shellfish deterioration. Ch. 15. In
Fish as Food, vol. 1, G. Borgstrom (Ed.), p. 561. Academic Press, Inc., New
York, NY.

Flick, G.J. and Lovell, R.T. 1972. Post-mortem biochemical changes in the muscle
of gulf shrimp, Penaeus aztecus. J. Food Sci. 37: 609,

Frankos, V.H., Schmitt, D.F., Haws, L.C., McEvily, A.J., Iyengar, R., Miller,

S.A., Munro, L.C., Clydesdale, F.M., Forbes, A.L., and Saver, R.M. 1991.

Generally Recognized As Safe (GRAS) evaluation of 4-hexyl inol for use

as a prc ing aid for p; ion of mel is in shrimp. Regul. Toxicol.
Pharmacol. 14: 202,

Hamby, P.L., Savell, J.W., Acuff, G.R., Vanderzant, C., and Cross, H.R. 1987.
Spray-chilling and carcass decontamination systems using lactic and acetic acid.
Meat Sci. 21: 1.

Holt, J.G. (Ed.). 1984. In Bergey’s Manual of Systematic Bacteriology, Volume 1,
Williams and Wilkins, Baltimore, MD.

Holt, J.G. (Ed.). 1986. In Bergey’s Manual of Systematic Bacteriology, Volume 2.
Williams and Wilkins, Baltimore, MD.

King, J.M., McEvily, A.J., and Iyengar, R. 1991. Liquid chromatographic

determination of the p ing aid 4-hexyl inol in shrmp. J. Assoc. Off.
Anal. Chem. 74(6): 1003.
Lindsay, R.C. 1985. Food additives. Ch. 10. In Food Chemistry, 2nd ed., O.R.

Fennema (Ed.), p. 629. Marcel Dekker, Inc., New York, NY.

62



63

Liston, J. 1980, Fish and shellfish and their products. Ch. 20. In Microbial
Ecology of Foods, vol. 2. J.H. Silliker and R.P. Elliott (Ed.), p. 567.
Academic Press, Inc., New York, NY.

Madero, C.F. 1982. Purification and characterization of phenoloxidase from brown
shrimp (Penaeus aztecus). Ph.D. dissertation. Texas A&M University,

College Station, TX.

McCord, J.D. and Kilara, A. 1983. Control of enzymatic browning in d
mushrooms (Agaricus bisporus). 1. Food Sci. 48: 1479.

McEvily, A.J., Iyengar, R., and Gross, A. 1991a. Compositions and methods for
inhibiting browning in foods using resorcinol derivatives. United States Patent
No. 5,059,438, October 22.

McEvily, AJ., Iyengar, R., and Otwell, S. 1991b. Sulfite alternative prevents
shrimp melanosis. Food Technol. 45(9): 80.

Messer, J.W., Behney, H.M., and Leudecke, L.O. 1985. Microbial count methods.

Ch. 6. In Standard Methods for the Examination of Dairy Products, 15th ed.

G.H. Richardson (Ed.), p. 133. American Public Health Association,
Washington, D.C.
Miget, R.J. 1991. Microbiology of crustacean processing: shrimp, crawfish, and
prawns. Ch, 4. In Microbiology of Marine Food Products, D.R. Ward and
C. Hackney (Ed.), p. 65. Van Nostrand Reinhold, New York, NY.
Modderman, J.P. 1986. Technological aspects of use of sulfiting agents in food. J.
Assoc, Off, Anal. Chem. 69(1): 1.



Nickelson, R. and Finne, G. 1992. Fish, crustaceans, and precooked seafoods. Ch.

47. In Compendium of Methods for the Microbiological Examination of Foods,
3rded. C. Vanderzant and D.F. Splittstoesser (Ed.), p. 875. American Public
Health Association, Washington, D.C.

Otwell, W.S. and Marshall, M. 1986. S ing alternatives to sulfiting agents to

control shrimp melanosis. Proc. Eleventh Trop. Subtrop. Fish. Technol. Conf.
11: 35.

Prasai, R.K., Acuff, G.R., Lucia, L.M., Hale, D.S., Savell, J.W., and Morgan, J.B.

1991. Microbiological effects of acid decc ination of beef at

various locations in processing. J. Food Prot. 54(11): 868.

Richardson, T. and Hyslop, D.B. 1985. Enzymes. Ch. 6. In Food Chemistry, 2nd
ed., O.R. Fennema (Ed.), p. 371. Marcel Dekker, Inc., New York, NY.

Simpson, B.K., Marshall, M.R., and Otwell, W.S. 1987. Phenoloxidase from
shrimp (Penaeus setiferus): purification and some properties. J. Agric. Food
Chem. 35: 918.

Smulders, F.J.M. 1987. Prospectives for microbial decontamination of meat and
poultry by organic acids with special reference to lactic acid. In Elimination

of pathogenic organisms from meat and poultry, F.J.M. Smulders (Ed.), P

319. Elsevier Sci Publishers B.V. (Biomedical Division), New York, NY,




Smulders, F.J.M. and Woolthuis, C.H.J. 1985. Immediate and delayed
microbiological effects of lactic acid decontamination of calf carcasses -
influence on conventionally boned versus hot-boned and vacuum-packaged cuts.
J. Food Prot. 48(10): 838.

Snijders, JM.A., van Logtestijn, J.G., Mossel, D.A.A., and Smulders, F.J.M.

1 4

1985. Lactic acid as a decontaminant in sl and

Vet. Q. 7(4): 277.

Statistical Analysis System (SAS) Institute. 1982. SAS User’s Guide. SAS Institute,
Inc., Cary, NC.

Swanson, K.M.J., Busta, F.F., Peterson, E.H., and Johnson, M.G. 1992. Colony

count methods. Ch. 4. In C dium of Methods for the Microbiological

L4

Examination of Foods, 31d ed. C. Vanderzant and D.F. Splittstoesser (Ed.),
p. 75. American Public Health Association, Washington, D.C.

Taylor, S.L. and Bush, R.K. 1986. Sulfites as food ingredients. Food Technol.
40(6): 47.

Taylor, S.L., Higley, N.A., and Bush, R.K. 1986. Sulfites in foods: uses,

analytical method id fate, exp assessment, bolism, toxicity,
and hypersensitivity. In Advances in Food Research, vol. 30. C.O.
Chichester, E.M. Mrak, and B.S. Schweigert (Ed.), p. 1. Academic Press,

Inc., New York, NY.



van der Marel, G.M., van Logtestijn, J.G., and Mossel, D.A.A. 1988.
Bacteriological quality of broiler carcasses as affected by in-plant lactic acid
decontamination. Int. J. Food Micro. 6:31.

Vanderzant, C. and Nickelson, R. 1969. A microbiological examination of muscle
tissue of beef, pork, and lamb carcasses. J. Milk Food Technol. 32: 357.

Vanderzant, C., Mroz, E., and Nickelson, R. 1970. Microbial flora of Gulf of
Mexico and pond shrimp. J. Milk Food Technol. 33: 346.

Vanderzant, C., Hanna, M.O., and Savell, J.W. 1985. Effect of varying numbers
of isolates from countable agar plates on the calculated distribution of microbial
types in meats. J. Food Sci. 50: 1486.

Wagner, T. and Finne, G. 1986. Evaluation of alternatives to sulfiting agents as
melanosis inhibitors in raw shrimp. Proc. Eleventh Trop. Subtrop. Fish.
Technol. Conf. 11: 23,

Ward, D.R. 1990. Processing crustaceans. Ch. 10. In The Seafood Industry, R.E.
Martin and G.J. Flick (Ed.), p. 174. Van Nostrand Reinhold, New York, NY.

Woolthuis, C.H.J. and Smulders, F.J.M. 1985. Microbial decontamination of calf
carcasses by lactic acid sprays. J. Food Prot. 48(10): 832.

Zawistowski, J., Biliaderis, C.G., and Eskin, N.A.M. 1991. Polyphenol Oxidase.
Ch. 6. In Oxidative Enzymes in Foods, D.S. Robinson and N.A.M. Eskin
(Ed.), p. 217. Elsevier Science Publishing Co., Inc. New York, NY.

Zemel, G.P., Sims, C.A., Marshall, M.R., and Balaban, M. 1990. Low pH

inactivation of polyphenoloxidase in apple juice. J. Food Sci. 55: 562.



VITA

Name: Ronald Allen Benner, Ir.

Permanent Address: 1900 Dartmouth #G-1
College Station, Texas 77840

Marital Status: Single

Date of Birth: November 21, 1964

Place of Birth: Houston, Texas

Educational Background: Texas A&M University

Bachelor of Business Adminstration, 1988
Scientific Societies: Institute of Food Technologists

Major Field of Specialization: Microbiology of Foods



