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The challenges facing the U.S. aquatic foods industry from production to processing to
consumer points of purchase are complex and diverse. Consumers are vigilant of the safety and
quality of all food products and the applications of biotechnological sciences. With changes in
global trade policies and the creation of multilateral trade agreements, export opportunities and
constraints  are continuing to develop for U.S. aquatic products. Imports continue to dominate our
seafood supply and aquaculture products are becoming more commonplace.

Domestic market pressures and associated world prices from imported seafood products
presently impacts several aquaculture commodities. The surveillance and regulation by Federal
agencies over aquatic foods production and processing are also increasing in response to the public’s
growing concerns for good health and nutrition. Because of the lack of Federally approved
therapeutants, numerous aquacultural sectors are constrained by the access to critically needed drugs
and chemicals.

The advent of HACCP voluntary inspection and certification programs has created inequities
between large companies and those operated by small businesses. With approval of a mandatory
Federal Seafood inspection regulation, training needs will develop for firms of all sizes and
complexities found throughout the nation. The success of addressing these and other challenges will
influence the ability of U.S. firms and farms to remain competitive and profitable in a global
marketplace. The critical element for long-term sustainability for our nation’s aquatic foods sector
is building collaborative partnerships between federal, state, academic, consumer and industry
stakeholders who can effectively and efficiently direct and coordinate limited fmancial, human and
facility resources. This paper provides examples of successful partnerships and coalitions and
evidence for the continuation and strengthening of such approaches to national aquatic foods related
issues.

MATERIALS AND METHODS

The information presented in this paper is not based on scientific studies or experiments but
rather on personal knowledge of various Federal programs and initiatives relating to aquatic foods
safety and quality issues.



RESULTS AND DISCUSSIONS

The U. S . aquatic foods sector is extremely diverse by regions, stakeholders, products, issues,
species and organizational strength of various constituencies. The economic value of commodities
varies considerably with no single product dominating. There is also a strong mix of both domestic
and imported products available for consumers from commercial fishery and aquaculture sources,
with a growing contribution from the later. Funding is limiting for development of improved
production and harvesting related activities and research related to food safety and quality concerns.
The U.S. Congress is becoming dominated by an urban constituency which is less familiar with
commercial food production and harvesting and is leaning toward consumer driven issues relating
to food safety and quality. Federal agency programs have responded to this priority with various
funding authorities for research and education projects. International trade is being guided by new
policies and regulations affecting the importation of products. Improved transportation systems and
capabilities for perishable goods now enable fresh salmon harvested from net pens in Chile, South
America to reach restaurants in Louisville, Kentucky in less than 30 hours.

Because of these matters, the most effective strategy for addressing many aquatic foods
related issues involves coalition building associated with public and private sector participants.
Strategic partnerships enable leveraging of financial resources, pooling of human capacities and
talents, sharing infrastructures and organizational networks, and pursuing development of legislation,
policies and regulations that address concerns of a broad-based coalition.

There has been a dramatic change in the Federal surveillance and regulatory oversight of the
U.S. aquaculture industry and seafood processing sector. In 1989 the Food and Drug
Administration’s (FDA) Center for Veterinary Medicine (CVM) conducted on-farm surveys of
different types of aquaculture operations and followed this with an extensive review of existing
aquaculture literature pertaining to drug and chemical use in 1990. Also in 1990, FDA’s Center for
Food Safety and Applied Nutrition (CFSAN) initiated the pesticide monitoring program to include
aquatic food products of domestic and foreign origin. The FDA Office of Seafood was established
in 1992 and that same year the National Marine Fisheries Service offered a voluntary HACCP-based
seafood inspection certification program. Finally, in 1994 FDA CFSAN proposed a mandatory
seafood HACCP inspection regulation which was approved in 1995 for implementation in 1997.

These developments lead to the creation of two examples of public-private sector coalitions
that have been instrumental in providing critically needed national forums. The coalitions are the
Working Group on Quality Assurance in Aquaculture Production under the auspices of the Federal
Joint Subcommittee on Aquaculture (JSA) formed in 1990 and the Seafood HACCP Alliance for
Education and Training established formally in 1993.

The JSA reports to the National Science and Technology Council’s Committee on Health,
Safety and Food. The Council is associated with the Office of Science and Technology Policy of
the Executive Office of the President. The JSA serves as a Federal interagency coordinating body
and has several national working groups and task forces one of which is the Working Group on
Quality Assurance in Aquaculture Production. The Working Group solicits participation from any
individual, agency or company with an interest in pursuing additional new animal drug approvals
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for aquaculture supporting development and implementation of producer-based quality assurance
programs, developing educational materials and programs for the U.S. aquaculture  community and
fostering public and private sector collaboration. There are presently 100 persons involved with this
effort including private sector (42), academia (13), government (39) and international (6). The
Working  Group is co-chaired by a representative from FDA and U.S. Department of Agriculture
(USDA).

The mission of the Working Croup is “to increase understanding of and compliance with
Federal requirements regarding drug and chemical use in aquaculture  production through education
and coordination of related efforts of government, industry and academia.”

The coalition has developed two publications (1,2) for national distribution and has been
instrumental in promoting the development of producer-based quality assurance programs (3,4,5,6,7)
which have been funded by public and private sectors. The implementation and refinement of these
quality assurance programs is an ongoing effort. With the deadline for compliance with FDA’s
mandatory HACCP seafood inspection regulation approaching in December 1997, there will be more
interaction between aquaculture producers and processors as the source of the product is the first
critical control point (CCP). Some processors are already referring producers to the industry quality
assurance programs as a means of addressing recordkeeping and other reporting requirements.

Another project supported has been a software program and manual on aquatic pesticides
approved for use in aquaculture and aquatic sites (8). This aquatic pesticides database allows the
monitoring and tracking of pesticides that are registered by the U.S. Environmental Protection
Agency (EPA) for legal and proper use in aquatic environments. Another accomplishment has been
the creation of a National Aquaculture New Animal Drug Application (NADA) Coordinator’s
position This person facilitates the process and coordination of new animal drug approvals and
liaisons with FDA’s Center for Veterinary Medicine on behalf of producers, drug and chemical
companies and others interested in developing data for new animal drug approvals. This function
has been extremely valuable in making progress with drug-related matters which is evidenced by
contributions of more than $100,000 annually from public and private sources to support this
position.

The collaborative, innovative approaches developed by this Working Croup are serving as
models for other minor use animal species which need approvals of new animal drugs. Priority drug
needs of industry have been identified and a new category of Low Regulatory Priority (LRP) Drugs
was created by FDA CVM to address the legal use of innocuous, commonly used materials.

Future plans include assisting drug companies with industry assessments, broadening
educational outreach, expanding the coalition to include processors, strengthening international
linkages and expanding use of computer-based applications.

The issue of mandatory versus voluntary compliance to regulations or policies is complex
and far reaching. The HACCP concept is site and firm specific and involves some level of
knowledge to develop and implement an acceptable “plan” and recordkeeping system. Yet to be
detected is the public trust and confidence in such an approach to assuring seafood safety.



Implementation will require a learning period and development of education and training programs
that will in fact change behaviors in many cases. The need for public education about HACCP is
also critical. The Seafood HACCP Alliance for Education and Training was formed in 1993 as a
public-private sector coalition to establish a national forum to coordinate an effort to train the
nation’s seafood processing sector. The National Sea Grant College Program has provided critical
funding to realize the objectives of the Alliance. Objectives include development of a core
curriculum training manual and compendium of processing methods, organization of a train-the-
trainers program, creation of public education materials and identification of research priorities
related to seafood HACCP. The Association of Food and Drug Officials and their regional affiliates
have been instrumental in this coalition for organizing and certifying training under the Alliance
initiative. Alliance members have been successful in acquiring funds from a variety of Federal
agencies to further Alliance objectives. Association with the Alliance is an attribute for funding
consideration by competitive grants programs. Several Total Quality Assurance (TQA) and
HACCP implementation manuals have been developed for processors of various aquaculture
products (9,10,11,12,13,14,15). The partnerships associated with this Alliance are also critical in
assuring that needed training is within economic reach of all seafood processing firms regardless of
size and economic stature.

CONCLUSIONS AND RECOMMENDATIONS

The two examples cited in this paper, the JSA Working Group on Quality Assurance in
Aquaculture Production and Seafood HACCP Alliance for Education and Training demonstrate the
effectiveness of building strategic partnerships to address issues of national importance and
complexity. The public-private sector coalitions leverage the resources both human and financial
that are required for broad-based consensus building and meaningful strategic planning.

With a trend of declining resources, there is a growing need for collaboration and working
across state and institutional boundaries for the best interest of a region or the nation. Many issues
are complex and far reaching and cannot be adequately addressed by a single government agency
or academic institution. The pooling of resources overcomes any single institution or agency
weakness and activates a much broader network of stakeholders who may become important
participants, may be impacted by coalition actions or may in turn directly extend benefits to others.

A coalition affiliation including a process for prioritization and consensus building provides
an advantage in acquiring funds from competitive grants programs. The success of the coalition also
depends on the good faith participation of agencies, institutions and individuals who are recognized
leaders in their fields and professions which lends credibility and accountability.

Another element of importance is the vision to the future and being able to proactively
address issues as they emerge or are likely to emerge. This requires strong leadership and a
willingness to react before a critical need develops. The issues of seafood safety and quality are
likely to persist for some time and the introduction of HACCP to our diverse food sectors is also
expected to elicit considerable public scrutiny. The efforts of the two coalition models should
continue as the journey is long for each as new issues and needs emerge. These approaches to



problem solving of complex regional and national issues should be supported by those who can
contribute  to identifying priorities and developing effective strategic, collaborative action plans.
The accomplishments  of each coalition initiative demonstrate clearly the advantages of viable
public-private sector partnerships.

There is a growing body of information and knowledge being developed to aid processors
of various aquaculture products. These materials linked to educational programs at the state and
local levels should prove helpful in facilitating HACCP compliance requirements of processors. The
next challenge is further integrating and coordinating food safety and quality issues at the
aquaculture producer-processor interface. The linkage of producer-based quality assurance programs
to processor HACCP plans is a logical action and should be encouraged by all stakeholders. This
will require an interdisciplinary approach and thoughtful development of educational programs of
mutual benefit to both producers and processors and ultimately the consumer public.
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INTRODUCTION

The current evaluation of shrimp involves inspectors who judge a sample based on its visual,
texture and smell attributes. Also, parameters such as count and uniformity ratio are manually
determined This is subjective, hard to repeat and to relate to others. It is desirable to automate this
process and to make it objective and repeatable. Use of machine vision, texture, or smell to evaluate
quality have been studied individually in the literature.

Fish and prawns have been automatically graded by size and packaged in one layer with
tiform orientation by combining computer vision and robotics (Kassler et al., 1993).
Morphological and spectral features of shrimp have been determined to find the optimum location
for shrimp head removal (Ling and Seamy, 1989). Machine vision was used to calculate the weight,
the uniformity ratio and the count of shrimp (Balaban et al., 1994). Fish species have also been
sorted according to shape, length and orientation in a processing line (Strachan, 1993; Strachan et
al., 1990). However, melanosis has not been measured by machine vision, and correlation of
objective and sensory results in visual analysis is lacking.

Ammonia (NH3) is a major component of decomposed odor of seafood and has been used
as an objective quality index (Cobb et al., 1973a,  1973b; Ruiter and Weseman, 1976, Finne, 1982).
Its concentration in shrimp was shown to increase during storage with a good correlation between
concentration and traditional spoilage indicators (Cheuk and Finne, 1984; Finne, 1982). Ward et al.
(1979) used an NH3-electrode to show the relationship between microbial numbers and NH3
concentration during refrigerated storage of fresh shrimp. NH3 analysis is seldom used by the shrimp
industry due to the complexity and length of the methods. Therefore, a simple and rapid method of
objective NH3 analysis  is necessary.

In high quality seafood, the tissue resumes its original shape when pressure is removed. A
sof t  texture or a slimy feel are indicators of enzymatic and/or microbial deterioration (Gorga and
Ronsivalli, 1988). Few researchers have analyzed the relationship between textural properties and
quality of raw seafood. Studies of simple sensory analysis were not correlated with instrumental



measurements. Two methods that could be used to measure texture of shrimp are elasticity and
texture profile analysis (TPA).

The objectives of this study were : 1) to design and build an automated quality evaluation
device for shrimp including hardware and computer software, 2) to measure objective visual, NH3
and texture attributes of shrimp aged on ice for up to 14 days, and 3) to correlate visual and smell
indices of shrimp with sensory attributes.

MATERIALS AND METHODS

A light box was built of acrylic sheet with top and bottom lighting boxes, and a chamber. A
color CCD Video Camera with an S-video output was connected to a color frame grabber. The Red-
Green-Blue (RGB) color space had 256 units per axis, resulting in 16 million separate color
combinations. To reduce the number of colors to be analyzed, each axis was divided into 4 sections,
resulting in 64 cubes covering the color space. Color combinations in a given cube were lumped into
the center color of that cube. Software was developed to analyze view area and color of individual
objects in an acquired image using Microsoft Visual Basic Professional 3.0. Details of the
experimental setup are described by Luzuriaga et al(l996a).

Ammonia was measured with an ion-selective electrode (Model 95- 12, Orion Research, Inc.,
Boston, MA). Intact shrimp samples were placed in an air-tight box and sprayed with 5N NaOH to
volatilize ammonia Extensive experiments were conducted to determine proper amounts of sample,
NaOH to be sprayed, and the effects of temperature, sample preparation and equilibration time on
NH3 readings. It was found that ammonia readings could be completed within 2 mins (Luzuriaga et
al., 1996b) with minimum sample preparation.

Texture was measured with a force sensing mechanism with a miniature load cell
(max.capacity 9 kg), and a stepper motor driven probe. Details of the experimental setup are
described by Luzuriaga et al. (1996c).

Visual Experiments

One hundred head-on, non-frozen white shrimp (Penaeus setiferus), from 90 count to 30
count per lb were used. Intact shrimp were placed individually in the light box, an image was
acquired, and the view area of the shrimp was determined in pixels. The shrimp was then weighed.
For the same shrimp batch, heads were removed manually, and they were processed as described
above; the shrimp were then peeled, leaving the shell in the last segment and the tail, and processed
as before, and the last segment shell and the tail were removed and same procedure was followed.
The four sets of view area vs. weight data were analyzed by fitting 6 types of equations (Luzuriaga
et al., 1996a). The three best fitting equations are shown in Table 1. This allowed for prediction of
weight based on view area. Count and uniformity ratio could be estimated solely from the image.

The degree of melanosis in shrimp samples stored on ice for up to 17 days was evaluated by
a trained inspector and by the automated system at days 0,3,7,9,13,15, and 17. Melanosis of both



sides of the shrimp were averaged. The trained inspector identified as melanotic areas that were
black and dark. RGB colors of these dark areas were obtained. Nine color blocks from the 64 color
blocks used in this system were included into melanosis calculations. At the same time that the
shrimp was being evaluated for melanosis by the automated system, the color information was
extracted and presented in a histogram of 64 colors. The variation in these histograms represented
the change in color of the shrimp during storage on ice. The most representative colors were selected
for this specie of shrimp and plotted vs time.

Ammonia measurements

Frozen, headless, shell-on, white shrimp Penaeus setiferus (40-50 count per lb) were thawed
under running water, separated into 9 samples of 200 g each, stored in plastic bags and kept on ice
for 0,2,4,6,8,10,14 and 21 days. Levels of NH, were measured by the procedure by Ward et al.
(1979) and plotted against time. To correlate sensory odor data with NH3 probe readings, headless,
peeled white shrimp ) 26-30 count per lb was separated into 400 g samples, aged
on ice to obtain different NH3 levels, and their odor evaluated by a 16 member sensory panel in two
sessions, Grading was done on a scale from 0 (poor) to 10 (good). The samples were then analyzed
for NH, and an equation to predict sensory odor grade from machine-read NH3 levels was developed.

Texture measurements

Elasticity of raw shrimp stored on ice was measured with the Instron equipped with a 50 kg
load cell and a spherical indenter, and with our device. The yield point of raw shrimp were measured.
The effects of shrimp size, cross head speed, sample temperature, degree of deformation on the
measured elasticity values were determined. To measure the TPA parameters, 2 successive
compression decompression cycles at the center of the first segment at various deformation levels
was performed at different crosshead speeds. Results were analyzed statistically to evaluate
diferences in results at different treatments

RESULTS AND DISCUSSION

Visual attributes

Table 1 shows that estimation of weight by the view area is reliable, and that count and
uniformity ratio can be accurately measured by machine vision. The error encountered during area

was the highest when shrimp had legs present. In the case of peeled shrimp, this would not
be a problem, and the error associated with measurement of view area would be much less than 2%.



Experimentally determined and estimated total weight, count and uniformity ratio

Tail off

y = ai-b’.s 508.7 90.3 3.22
y = a+bedc 509.6 90.1 3.19

Experimental 461.1 98.6 3.32
y=a+b” 460.2 98.8 2.93

y = ai-bI.5 462.0 98.4 3.22
y = a+bedc 462.1 98.4 3.17

Melanosis and Color

Melanosis scores of shrimp stored on ice increased with time up to 15 days, but was lower
on day 17. Both the trained inspector and machine readings detected this decrease (Luzuriaga et al.,
1996a). Figure 1 shows the color change in shrimp stored on ice for up to 17 days. Melanotic colors
(a) showed an increase in color 2 (R =96 , G = 32, B = 32) and 4 (160,96,32). Others stayed the
same or fluctuated without a defmite pattern.

Non-melanotic colors (b) showed drastic decreases in colors 61 (224, 224, 160) and 57 (160,
160, 96), and an increase in color 6 (224, 160, 32). The change in these colors could be monitored,
and quality related information extracted.

The computer program also evaluated the color spectrum of the samples and compared it to
the minimum and maximum values of colors considered “normal” for that species, stored in a
database. These values would be different for different species, but the evaluation method would be
identical.
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Ammonia Measurements

Figure 2 shows the change in the ammonia levels of shrimp stored on ice, and the grades
given to samples by sensory panelists. The variability in the sensory panel data is expected. An
exponential equation was fitted to the data:

y = 0.3338 + 13.363 e-x'229.93

where: y = grade (from 0 to 10) and x =
NH3 level. The fitted curve showed an
exponential d e c r e a s e  o f
grade with an increase in the NH3 levels.
Based on these results a grade of 10
could be given to samples with 75 ppm
of NH, or less. An intermediate score of
5 was represented by 230 ppm of NH3.
During sensory- evaluation, panelists
expressed that they considered a grade of
5 the limit between accepting or rejecting
a sample. Therefore it could be
concluded that the ammonia level for

10
\

8 i \’_ . . I

2

I I I I
0 200 400 600 800

Ammonia  level (ppm as N)

Figure 1. Correlation of sensory results with
machine-read ammonia levels in shrimp stored on

rejecting shrimp is around 210-230 ppm. ice.
This correlated with the data reported by
Cheuk and Finne (1984) where spoiled shrimp was considered to have ammonia levels above 230
ppm.

Texture Measurement

Table 2 shows the elasticity measurement results for shrimp stored on ice. Elasticity did not
change significantly during the first 6 days. Between day 6 and 9, there was a significant decrease
in elasticity. This corresponded well with the onset of melanosis, and the ammonia levels that the
panelists considered as unacceptable. Therefore elasticity could be used as a texture attribute in
evaluating overall quality. Elasticity values did not change significantly after day 9.
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Measurement of elasticity of peeled white shrimp during storage on ice
Deformation level = 27%, crosshead speed = 100 mm/mm.

a : Same letter indicates no significant difference at p<0.05.

Texture Profile Analysis (TPA) was also performed (Bourne,  1978). Data obtained were not
of great value for the purpose of correlation with the quality of shrimp. Most of the TPA parameters
showed little difference over time, and in most cases no significant differences were observed. The
cohesiveness, hardness, fiacturability, gumminess and chewiness parameters did not show any trend
or significant change during storage. Springiness and adhesiveness showed some significant
differences. Springiness at day 0 was higher and significantly different from that at the other storage
times. After day 3 the value of springiness remained constant. Similar behavior was observed for
adhesiveness. At day 0 the adhesiveness was low compared to that at the rest of the storage times.
After day 3 adhesiveness increased four times compared to day 0, and remained constant up to day
18. This’increase was confirmed subjectively: shrimp were sticky on and after the third day.
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INTRODUCTION

Oysters, Frozen-Thawed-Refrigerated (FTR) was studied by Hackney et al. (1987). Frozen
oysters were thawed and repacked, then stored at 4°C for up to 12 days for fresh markets. Aerobic
bacterial count of was about 2 log CFU/ml lower than that of the freshly packed oysters throughout
the entire refrigeration storage, indicating freezing and frozen process resulted in inactivation and
injuries of bacterial.  Both previously frozen and freshly packed oysters were acceptable by sensory
evaluation of raw and cooked oysters. Many works have been reported on the refrigeration, icing
or partial frozen storage of fresh shrimp for different species captured from different regions (Cobb
III et al., 1973, 1977; Novak, 1973; Fatima et al., 1981,1988; Shamshad et al., 1990). However,
few efforts have been done on quality changes of previously frozen then thawed shrimp during
refrigeration storage.

The previous study in the second chapter of this desertation demonstrated that marination
increased weight gain, moisture content and product yield and sensory scores (juiciness, springiness
and taste desirability). However, no information regarding microbiological, textural and sensory
qualities ofmarinated and unmarinated shrimp  during frozen and refrigeration storage is available.

The objective of the study was to evaluate the effects of marination, freezing,  and frozen
storage on the microbiological, chemical, textural and sensory qualities of frozen thawed refrigerated
shrimp.

Shrimp Samples
MATERIALS  AND METHODS

Shrimp (J’emem spp.), harvested from off the coast of Brunswick, Georgia, in May, 1995,
were headed and washed with sea water. The samples were kept on ice and transported to the Food
Science Building in The University of Georgia, within 24 hours.
sample was 3 f-35 counts per pound.

The size of headed shell-on shrimp



Experimental Design

Fresh (iced) shell-on shrimp were divided into two portions. The first portion was
unmarinated shrimp, which was directly packed on styrene-foam trays and over-wrapped with PVC
film, with ten pieces in each package. The other portion of shrimp was peeled and deveined, and
marinated with 2: 1 ratio of shrimp to marinade. The marinade was composed of 1.75% of Lemon
Pepper Marinade Seasoning (A.C. Legg Pack Inc., Birmingham, Alabama), 1% of commercial food
grade polyphosphates (BK Ladenburg Corp., Cresskill, NJ), 1.5% of whey protein concentrate 600
(AMPC, Inc.. Ames, Iowa), and water. After tumbled at 4°C for 30 min and holding for 30 min,
marinated portion was packed as same as first portion. Before refrigeration storage at 4°C for 10
days (sampled at 1,4, 7, or 10 days respectively), shrimp were treated as the following.

Trial A: unmarinated; fresh.
Trial B: marinated; fresh.
Trial C: unmarinated; freezing-(four hours)-thawed.
Trial D: marinated; freezing-(four hours)-thawed.
Trial E: unmarinated; frozen-(three months)-thawed.
Trial F: marinated; frozen-(three months)-thawed).
Trial G: unmarinated; frozen-(six months)-thawed).
Trial H: marinated; frozen-(six months)-thawed).
Trial I: frozen-(six months)-thawed; then marinated.

All samples were thawed at 4°C for 24 hours. This was counted as one day of refrigeration
storage.

Microbiological Analysis

Psychrotrophic bacterial count: 100 ml sterile distilled water was added into sterile bag with
approximate 1.5 grams shrimp sample inside, then homogenized with stomacher for 30 seconds.
Serial dilutions were plated on plate count agar (PCA) and incubated at 20°C for 3 days.

Mesophilic bacterial count: 100 ml sterile distilled water was added into sterile bag with
approximate 10 grams shrimp sample inside, then homogenized with stomacher for 30 seconds.
Serial dilutions were plated on plate count agar (PCA) and incubated at 37°C for 2 days.

Sensory Evaluation

The panelists were trained specifically for this sensory evaluation. First, different reference
foods were used to train panelists for each attribute (juiciness, springiness, and cohesiveness)
according to the methods described by Meilgaard (1987). The reference shrimp was unmarinated
shrimp frozen by dry ice (CO3 and was stored at -60°C for less than seven days before being baked.
Panelists were asked to score on a 15 cm structured scale according to its juiciness, springiness,
cohesiveness and odor of freshness. The scores from ten panelists were averaged. Averaged scores
were discussed by panel members, and final agreement was made by modifying averaged scores into
reference scores for reference shrimps. Results showed that 4.5 was for juiciness, 5.5 was for
springiness, 7.5 was for cohesiveness and 12 was for odor of freshness.



For the samples stored for six months at -27°C, the attributes juiciness, springiness and
hardness were used in the panelists training and in sample evaluation. The reference foods used
during sample evaluation were unpeeled fresh carrot (3.0), unpeeled red delicious apple (7.5) and
orange (12.0) for juiciness, Hebrew National frankfurter (5.0) and marshmallow (9.5) for
springiness, and Yellow-American pasteurized process cheese (4.5) and Hebrew National frankfurter
(7.0) for hardness.

Forty pieces of shrimp samples for each treatment were placed on aluminum foil, baked at
177°C (350°F) for 15 min. Four pieces of shrimp for each treatment were placed into a 4 oz. plastic
cup with lid to keep sample warm. The cups were labeled with random three-digit code. All
treatments (cups) were served at the same time to panelists. Red lights were used to mask color to
prevent bias on scoring of other attributes. Panelists were asked to score on a 15 cm universal scale
using frozen-(several days)-thawed unmarinated shrimp as reference. _

Free Fatty Acids (FFA) and Fat Content

The method of Woyewoda et al. (1986) was used to determine free fatty acid and fat content.

Textural Analysis

Maximum shear force on individual shrimp sample was determined using Warner-Bratzler
(WB) blade fitted on Instron Universal Testing Machine (Instron model no. 1122, Instron, Inc., MA),
to cut the area between second and third segments. Instrument setting included full scale load of 10
kg, cross head speed of 50 mm/min and chart speed of 100 mm/min. Peak force recorded was used
to represent shear force required to cut the shrimp sample. Ten measurements were evaluated for
each treatment.

Hunter Color Value

Hunter L, a, b value were measured using Chroma Meter CR-200 (Minolta Camera Co., Ltd,
Japan). Each mean value was the average of 20 measurement on four baked unmarinated shrimp
samples. The Hunter value L represents the lightness, value a represents redness (a>0) or greenness
(a<0), and value b represents the yellowness of sample.

Water Holding Capacity (WHC)

The modified method of Foegeding and Ramsey (1987) was used to determine WHC: 2.5
grams sliced baked shrimp was wrapped with nylon cloth first. Four layers of Whatman  No. 1 filter
paper (Whatman International Ltd., Springfield Mill, Maidstone, Kent, England) were wrapped
outside. The wrapped samples were placed in the centrifuge tube and were centrifuged at 3000 rpm
for 30 min. Relative weight loss after centrifuged was used to calculate the percentage of
centrifuged tissue fluid (CTF). Ten measurements were used for every treatment.



Moisture Content

Moisture contents of shrimp sample were monitored before and after frozen storage
according to the method in AOAC (1992).

Statistical Analysis

Data was analyzed using Statistics Analysis System (SAS, 1987). Duncan’s multiple range
test was used to compare and determine the significant difference of the mean logarithm bacterial
counts, sensory evaluation results and other attributes among the shrimp with different treatments.

RESULTS AND DISCUSSIONS

Bacterial Growth on Shrimp

At day 1, marinated shrimp had significantly higher psychrotrophic bacterial populations than
unmarinated shrimp (Table 1). The shrimp was possibly contaminated during peeling and deveining
by hands. After 4 or 7 days refrigeration storage, marinated shrimp had lower psychrotrophic
bacterial populations than unmarinated shrimp. The frozen shrimp had lower populations than fresh
sample. On the day 7, both the fresh unrnarinated shrimp and frozen unmarinated shrimp had
populations higher than lo7 CFU/g. After 10 days storage, all shrimp were spoiled. Psychrotrophic
bacteria are the main spoilage bacteria during refrigeration storage.

Table 2 shows mesophilic bacterial populations of Trials A, B, C and D during refrigeration
storage. Similarly to psychrotrophic bacteria, marinated shrimp had higher initial populations at day
one. After 4 days storage, frozen thawed shrimp had lower populations than freshly refrigerated
shrimp. After 7 days storage, either marinated, frozen, or marinated and frozen shrimp had lower
populations than fresh unmarinated shrimp.

After three months frozen storage at -27°C, unmarinated shrimp (Trial E) and marinated
shrimp (Trial F) were thawed at 4°C for 24 hours, then stored either at 4°C, at 0°C or in ice.
Psychrotrophic bacterial populations and mesophilic bacterial populations are shown in Tables 3 and
4. Marinated shrimp still had higher initial populations (at day 1) than unmarinated shrimp. After
4 days at 4°C and 4 or 7 days at 0°C or in ice, marinated shrimp had the same level of bacterial
counts as unmarinated shrimp. After 7 days storage at 4°C or after 10 days storage at 0°C or in ice,
marinated shrimp had significantly lower populations than unmarinated shrimp. This implies that
marination had an inhibitory effect on bacteria in refrigerated shrimp. Even considering initial
higher population, marinated shrimp still has longer microbiological storage life than unrnarinated
shrimp. Generally, shrimp stored at 0°C or in ice had lower bacterial population than at 4°C. Lower
temperature extended the storage life of shrimp.

After six months frozen storage at -27°C, unmarinated shrimp (Trial G) and marinated
shrimp (Trial H) were thawed at 4°C for 24 hours. Trial I was the unrnarinated shrimp frozen-
stored-(six month)-thawed then marinated. Psychrotrophic bacterial population and mesophilic
bacterial population are shown in the Tables 5 and 6. For comparison, the bacterial populations of
shrimp in Trial B are also shown in Tables 5 and 6. The unmarinated shrimp, which has been frozen



stored for six month, had lower bacterial population than freshly refrigerated unmarinated shrimp
(Trial A) in Tables 1 and 2. Nevertheless, no significant difference of bacterial population was found
between freshly marinated shrimp and frozen-(six months)-thawed then marinated shrimp during
storage at 4°C. These implies that six months frozen storage did not affect bacterial population in
marinated shrimp in the succeeding storage period at 4 °C.

Sensory Qualities of Shrimp

It has been established that increased cooking time reduced tenderness of shrimp  (Ahmed
et al., 1972). Therefore, the baking temperature and time were fixed in this study, in order to observe
only treatment and storage effects.

Sensory attributes of baked marinated (Trials A, C) and non-marinated (Trials B, D) shrimp
during seven days refrigeration storage are shown in Tables 7 and 8. Marinated shrimp had
significant higher juiciness than umnarinated (either fresh or frozen-thawed) after either 1,4 or 7
days storage. The springiness of umnarinated shrimp became gradually lower than marinated shrimp
after 4 or 7 days storage. This implies that marination helped shrimp to maintain springiness during
storage at 4°C. No significant difference was found for cohesiveness between marinated and
unmarinated shrimp, between fresh and frozen-thawed refrigerated shrimp as shown in Table 12.
Odor of freshness decreased during storage, but no significant difference was found between
marinated and unmarinated shrimp (Table 13).

Juiciness, springiness and hardness of six month frozen stored shrimp (Trials G, H and I)
were shown in Tables 9,10 and 11. Both marinated shrimps (Trials H and I) had higher juiciness
than unmarinated shrimp (Trial G) after six months at -27°C and one or four day(s) at 4 ° C. The
marinated shrimp had higher springiness after six month of frozen storage, however, the springiness
of all samples decreased after four days refrigerated storage. On the other hand, the hardness of
marinated shrimp (Trial H and I) were lower than unmarinated
for six months and at 4°C for 4 days.

 shrimp (Trial G) after stored at -27 °C

Color and FFA of Stored Shrimp

Hunter color values of baked unmarinated shrimp are shown in Table 14. Frozen-(four
hours)-thawed shrimp had lower lightness and lower yellowness at day one, and lower redness after
four or seven days storage at 4°C, comparing with freshly refrigerated shrimp. No difference was
f o u n d  for the lightness and yellowness between fresh and frozen-(four hours)-thawed shrimp after
four or seven days storage. This implies that freezing procedure resulted in lower redness.

Free fatty acids of shrimp increased during refrigeration storage, as shown in Table 15.
However, there was no significant difference between fresh and frozen-thawed umnarinated shrimp.
Fat content of shrimp remained unchanged during storage at 4 °C (Table 15).



Textural Properties and Water-Holding Capacity

Warner-Bratzler maximum shear force, baking loss, moisture content and centrifuged tissue
fluid of baked shrimp are shown in Table 16. Marinated shrimp had significantly lower shear force
than unmarinated shrimp. Shear force represented the hardness. Reduced hardness implies that
marination resulted in shrimp tissue tenderization. These results could be related to the sensory
hardness mentioned previously in this report. Love (1968) and Ahmed et al. (1973) theorized that
the tenderizing effect of polyphosphates on shrimp muscle was due to the weakening of the fibers
to give a protein gel system which increased the water holding-capacity of the muscle proteins.
Webb et al. (1975) found that raw shrimp presoaked in 6% phosphate had significantly lower shear
values than untreated raw shrimp; and phosphate treated then cooked shrimp also had lower shear
value than untreated cooked shrimp, even though the increase in shear force was significant due to
frozen storage. However, under the conditions of a relatively high acid medium (Creole sauce), the
pretreatment of shrimp with phosphates did not sufficiently buffer the muscle tissue to prevent
toughening during frozen storage as indicated by shear force measurements (Webb et al., 1975).

Marinated shrimp has significantly-higher moisture contents than unmarinated shrimp after
frozen stored at -27°C. After frozen storage and baking, marinated shrimp still contained higher
(~1~0.05)  moisture content than unmarinated shrimp. However, the moisture contents of unmarinated
and marinated shrimp after frozen storage did not change significantly in this study. Since marinated
shrimp had lower baking loss, more moisture was held in the baked sample, and thus resulted in
higher (~~~0.05)  centrifuged tissue fluid in the marinated baked shrimp (Table 5). This means
marinated shrimp had higher water-holding capacity. Love and Abel (1966) stated that STPP
interacted with proteins to produce a surface film on treated fish fillets. They theorized that such a
film would seal in fluids and thus not only reduce thaw drip but also minimize moisture loss during
frozen storage.

CONCLUSIONS

Marination inhibited the growth of psychrotrophic bacteria and mesophilic bacteria during
refrigeration storage, and extend microbiological shelf life of shrimp. Frozen shrimp had lower
bacteria population than fresh shrimp. Frozen-stored-six-month also resulted in lower bacterial
counts compared with fresh or frozen-(4 hours)-thawed refrigerated shrimp during stored at 4°C.

Marinated shrimp had higher juiciness than unmarinated shrimp during refrigeration storage.
Marination helped shrimp maintain springiness during refrigeration storage. Marinated shrimp had
lower hardness than unmarinated shrimp.

No significant difference was found on sensory, textural and microbiological qualities of
freshly marinated and frozen-six-month-thawed marinated shrimp during storage at 4°C. The data
supported practice of Frozen-Thawed-Refrigerated approach to the storage of marinated shrimp.



Table 1. Psychrotrophic bacterial populations of refrigerated
shrimp previously marinated and/or frozen

unmarinated marinated

days fresh frozen fresh frozen

1 3.96c* 4.20b 4.95a 4.61ab
4 6.81a 6.10b 5.43c 4.61d
7 8.44a 7.81b 7.12c 7.02~
10 9.46ab 9.64a 9.29ab 9.08b

*: (1) n=3; (2) means with same letter abcd in the same raw
have no difference (cKO.05); (3) the unit is in CFU/g.

Table 2. Mesophilic bacterial populations of refrigerated
shrimp previously marinated and/or frozen

unmarinated marinated

days fresh frozen fresh frozen

1 3.66~" 3.75c 4.89a 4.50b
4 5.49a 4.87b 5.27a 4.58b
7 7.59a 6.78b 6.8533 6.98b
10 9.16a 9.15a 9.29a 9.15a

*:._ (1) n=3; (2) means with same letter in the same raw have no
difference (~0.05); (3) the unit is in CFU/g.

Table 3. Psychrotrophic bacterial populations of refrigerated
shrimp previously frozen-(three-months)-thawed

at 4 °C at 0 °C in ice

marin. no yes no yes no yes
1 3.45b* 4.24a 3.45b 4.24a 3.45b 4.24a

::
5.56a 5.43a 4.06~ 5.31a 4.66b 5.18a
7,96a 6.83b 5.24c 5.32~ 5.32~ 5.29~

10 8.77a 8.89a 7.85b 6.70~ 7.82b 6.34d
13 10.38a 10.20b 9.45c 8.87d 8.70d 8.23e

*: (l)n=3; (2) means with same letter in the same raw have no
difference (~0.05); (3) the unit is in CFU/g.



Table 4. Mesophilic bacterial populations of refrigerated
shrimp previously frozen-(three-months)-thawed

at 4 °C at 0 °C in ice

marin. no yes no yes no yes

3.47b" 4.17a 3.47b 4.17a 3.4713 4.17a
4 4.62b 5.35a 4.33c 5.10a 4.39b 5.12a
7 6.54a 6.57a 4.42~ 5.29b 5.14b 5.13b
10 7.32b 8.30a 6.27~ 6.29c 6.26~ 6.15~
13 10.33a 10.13b 8.59c 8.16d 8.20d 7.85e

*: (1) n=3; (2) means with same letter in the same raw have no
difference (WO.05); (3) the unit is in CFU/g.

Table 5. Psychrotrophic bacterial populations of refrigerated
shrimp previously frozzen-(six-months)-thawed

unmarin. marinated fresh frozen
days frozen frozen marinated marinated

1 3.67~" 4.2533 4.95a 4.98a
4 4.64b 4.22~ 5,43a 5.18a
7 6.48~ 6.60bc 7.12ab 7.34a
10 8.15b 7.66~ 9.29a 9.52a

_” l. (1) n=3;
difference

(2) means with same letter in the same raw have no
f&0.05); (3) the unit is in CEV/g.

Table 6. Mesophilic bacterial populations of refrigerated
shrimp previously frozen-(six-months)-thawed

unmarin. marinated fresh frozen(6)
days frozen(6) frozen(6) marinated marinated

1 2.91d" 4.27~ 4.89b 5.23a
4 3.78~ 4.17b 5.27a 5.20a
7 5.5oc 6.15b 6.85a 7.24a
10 7.47c 7.67~ 9.27a 8.61b

*: (1) n=3; (2) means with same letter in the same raw have no
difference (cKO.05); (3) the unit is in CJ?U/g.



Table 7. Juiciness of refrigerated shrimp previously
marinated or frozen-thawed judged by trained panel

days

unmarinated marinated

fresh frozen fresh frozen

1 4.93b" 5.04b 6.48a 6.84a
4 4.52b 4.7433 6.79a 6.08a
7 4.40b 3.91b 6.68a 6.72a

f: (1) n=lO; (2) means with same letter in the same raw have
no difference ((x<O.OS).

Table .8. Springiness of refrigerated shrimp previously
marinated or frozen-thawed judged by trained panel

unmarinated marinated

days fresh frozen fresh frozen

1 7.47a* 7.86a 7.91a 8.27a
4 7.09b 6.04b 8.22a 8.07ab
7. 5.97b 7.06ab 8.37a 7.82a

*: (1) n=lO; (2) means with same letter in the same raw have
no difference (a<O.OS).
. .

Table 9. Juiciness of refrigerated shrimp prevously frozen-
six-month-thawed judged by trained panel

unmarinated marinated frozen-6-mons
day(s) frozen-6-mons frozen-6-mons marinated

1 3.2b* 5.2a 4.9a
4 2.9b 5,4a 4.8a

*: (1) n=lO; (2) means with same letter at the same day have
no difference (~0.05).



Table 10. Springiness of refrigerated shrimp previously
frozen-six-month-thawed judged by trained panel

unmarinated marinated frozen-6-mons
day(s) frozen-6-mons frozen-6-mons marinated

1 6.0b* 6.9a 7.3a
4 5.5a 5.8a 5.6a

*: (1) n=lO; (2) means with same letter at the same day have
no difference (WO.05).

Table 11. Hardness of refrigerated shrimp prevously frozen-
six-month-thawed judged by trained panel

unmarinated marinated frozen-6-mons
day(s) frozen-6-mons frozen-6-mons marinated

1 6.9a* 6.0b 5.8b
4 8.2a 6.8b 6.6b

*: (1) n=lO; (2) means with same letter at the same day have
no difference (cKO.05).
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Table 12. Cohesiveness of baked refrigerated shrimp

fresh frozen(4 hours)

days unmarinated marinated unmarinated marinated

1 . 6.02* 5.56 6.32 6.04

5.20 5.88 5.23 5.34

7 5.21 6.10 5.89 5.42

f: (1) n=lO; (2) means in the same row have no difference
(cx<O.OS); (3) means in the same column have no difference
(cr<O.O5).

Table 13. Odor of freshness of baked refrigerated shrimp

fresh froen(4 hours)

days unmarinated marinated unmarinated marinated

1 ll.l7a* 9.28a 10.63a 9.34a

4 10.54a. 8.64ab 7.58b 8.67ab

7 5.14b 8.43a 5.62b 7.81a

*: (1) n=lO; (2) means in the same row with same letter have
no difference (r~O.05);

Table 14. Hunter color vaues (L, a, b) of baked refrigerated
shrimp

L a b

Days fresh frozen fresh frozen fresh frozen

1 70,50a* 68.21b 13.71a 12.62a 23.41a 21.61b

4 67.52a 66.27a 12.23a 10.45b 21.93a 20.66a

7 63.56a 64.34a 10.75a 7.48b 22.02a 20.20a

*: (1) n=20; (2) means in the same row with same letter for
S-e value have no difference (a<O.O5);



Table 15. Free fatty acid and fat content of refrigerated
shrimp tissue

days

free fatty acids fat content

fresh frozen fresh frozen

1 3.47a* 3.73a 1.48** 1.48

4 4.09a 3.82a I.15 1.16

7 5.07a 4.89a l-20- 1.29

10 5.16b 6.12a l.i6 _ 1.47

*: (1) ‘n=3; (2) means of free fatty acids in the same row with
same letter have no difference (~0.05).
**.. No difference (~0.05) on fat content between fresh and
frozen-thawed shrimp during whole refrigerated storage.



Table 16. Shear force and centriftiged tissue fluid of baked shrimp

treatment** unmarinated shrimp marihated shrimp frozen(6)

fresh fro20 froz3 froz6 fresh fro20 fro23 froz6 marinated

Moisture (%)
before baked 76.8b" 76.3b 76.6b 77.0b 80.i)a 80.5a 79.6a 79.3a 79.8a

Baking loss 29,la 28.0a 26.6a 28.5a 23.2b 23.0b 22.813 22.9b 23.lb
Moisture (%)
after baked 65.6b 66.lb 67.5b 66.9b 72.0a 70.5a 71.3a 73.0a 72.7a
Shear force
(Kgf) 1.51a 1.55a 1.49a 1.50a 0.96b 0:81b 0.79b 0.84b 0.82b
Centrifuged
fluid (%) 16.lb 17.4b 16.8b 17.3b 25.6a 25.4a 25.9a 26.0a 26.la

*: (1) n=lO. (2) means with same letter in the same row have no difference (~0.05).
**: fresh: means fresh shrimp; froz0, froz3, or froz6: means frozen stored at -27 Oc
for 0, 3, or 6 months respectively; frozen(6) & marinated: means unmarinated shrimp
frozen stored 6 month, thawed, peeled and deveined, then marinated.
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ABSTRACT

A rapid calorimetric dipstick test for histamine in tuna was developed based on the
coupling of diamine oxidase to a peroxidase/dye system. The assay was linear to 1.0 mM
histamine and the minimum detectable concentration was 0.07 mM corresponding to 2.3
mg% in tuna extracts. Histidine and cadaverine did not interfere with the assay whereas
putrescine reacted slightly with the dipstick. Histamine determinations in fresh and spoiled
tuna gave good agreement between the dipstick method and the AOAC fluorometric
method. The dipstick assay technique should be readily adaptable to putrescine or
cadaverine.

INTRODUCTION

A variety of assay methods exist for the determination of histamine in seafood
including spectrophotometric (l), chromatographic (2,3), and chemical chelation (4).
However, they are generally slow and require considerable training on the part of the user.
Enzymatic calorimetric  assays for histamine using diamine oxidase (histaminase) have also
been reported (5,6). In the presence of oxygen, diamine oxidase (DAO) deaminates
histamine to form hydrogen peroxide, ammonia, and imidazolacetaldehyde.

DA0
Histamine + O2 -----------> H,O, + NH3 + irnidazolacetaldehyde

The liberated hydrogen peroxide, coupled with horseradish peroxidase (HRP), converts a
reduced dye to its oxidized form with accompanying color development.

HRP
H,O, + reduced dye ----------> H,O + oxidized dye

Dry chemistry tests exist for glucose (7) and cholesterol (8) using the appropriate
oxidase, HRP, a compatible dye, buffers and stabilizers embedded in a solid matrix such as
filter paper or silica. In combination with reflectance photometry, they give simple, rapid,
quantitative results. Alternatively, color development may be read visually and compared



with a color  chart.  In this paper, we report  the production of a dry chemistry test (dipstick)
for histamine  in tuna.

MATERIALS

Pig kidneys were obtained from Cascio’s Abatoir (Hattiesburg, MS) and used
immediately or frozen at -20°C until use. Bluefin tuna loins were obtained on ice within 24
hrs of harvest from the Gulf of Mexico by J&R Seafood (Hattiesburg, MS). All tuna
samples  were stored at -80°C until use. Serim Peroxide Reagent Strips were obtained from
Serim Research Corporation (Elkhart, IN). Horseradish peroxidase (HRP) (2000 U/ml) was
obtained from Sigma Chemical Company (St. Louis, MO). Histidine, putrescine, cadaverme,
and histamine dihydrochlorides were obtained from Sigma Chemical Company. Stabilcoatm
was obtained from Biometric Systems, Inc. (Eden Prairie, MN).

METHODS

me Purification
Diamine oxidase (DAO) was purified through the hydroxylapatite step of Rinaldi (9)

with the following modifications: potassium phosphate buffer (O.lM, pH 6.5) was used
throughout, and entire defatted pig kidneys were used. The final active fractions were
pooled, concentrated using 70% ammonium sulfate, redissolved and dialyzed against
potassium phosphate buffer. The specific activity of the final preparation was comparable
to that found by Rinaldi (1-2 U/mg protein).

The following reagents were mixed on ice: 2.5 ml HRP (2000 U/ml>, 2.5 ml
Stabilcoat, and 5.0 ml of DA0 (152.5 U/ml). Serim Peroxide Reagent Strips were dipped
in this mixture, dried at 37OC for 30 minutes, and stored in a desiccator at room
temperature. This produced a lot of approximately 750 dipsticks with the same activity.

*aratiOn of Decomnosed  Tuna

freezer
Fresh tuna on ice was cut into approximately 100 g chunks and portioned into plastic

bags. Control samples were frozen immediately at -20°C. Test samples were
maintained at 8°C and aerated every 48 hrs by opening the bags and allowing the air to
exchange,  then resealing the bags. Samples were removed after various time intervals, split
into equal portions, and frozen at -2OOC. Subsequently, one portion was thawed and tested
for histamine using the Association of Official Analytical Chemists (AOAC) reference
method (10). The other portion was thawed and homogenized in 2 volumes of potassium
phosphate buffer (0.1 M, pH 6.5) for 2 minutes, centrifuged, heated at 75°C for 1 min to
decolhe, and clarified by brief centrifugation. The supematant was then tested with the
histamine dipsticks and the modified AOAC fluorometric test (4).

Histamine Determination
To determine the histamine concentration, dipsticks were immersed briefly in samples

to be tested ad then observed visually. Color was allowed to develop for 10 minutes unless
otherwise  stated I) and the reflectance was determined at 660 nm. A standard cuke was



performed with each experiment using fresh tuna extract (zero histamine tuna) spiked with
known concentrations (0-l.0 mM) of histamine, and the concentrations of the unknown
samples were determined using this curve. Samples with elevated concentrations of
histamine were diluted in fresh tuna extract and reassayed.

RESULTS AND DISCUSSION

Dipstick Assav
A time course was performed using histamine (0.8 mM) spiked into buffer, fresh tuna

extract, and heat-treated tuna extract (heated at 75°C for 1 mm), in order to determine the
optimal duration for the dipstick assay (Fig 1). At 10 min there was maximal reproducible
color development and therefore this time was selected as the assay time.

To determine the sensitivity of the assay, 20 samples of fresh tuna were analyzed and
the mean plus two standard deviations calculated. The minimum detectable concentration
for the assay, i.e. the threshold level distinguishable above random noise, was thus observed
to be 0.07 mM. (One mg% corresponds to 0.03 mM.)

The linearity of the assay was- determined using fresh tuna spiked with varying
concentrations of histamine. To illustrate reproducibility, figure 2 shows the means (and
their standard errors) of data obtained from three separate experiments and two lots of
dipsticks (n= 6). For an individual experiment using a single lot of dipsticks the assay was
found to be linear up to 1.0 mM, with a correlation coefficient of 0.994. This was repeated
substituting potassium phosphate buffer (0.1 M, pH 6.5) for the fresh tuna. Using the buffer-
based calibrators, the assay was found to be linear to 5 mM. To determine the extent of
interference from other diamines, putrescine and cadaverine were analyzed in parallel with
histamine (Fig 3). Cadaverine did not react with the dipstick whereas putrescine gave some
response at 10 fold higher concentrations. Similarly, histidine did not react with the assay
(Fig 3). In order to test the longevity of the dipsticks, four out of sixteen different lots of
dipsticks-stored desiccated at room temperature were tested weekly with histamine (0.1 to
1.0 mM). All lots of dipsticks were stable (average 70% of initial color response) for at least
2 months. The longest lot tested was stable for 4 months (87% of initial color response).
Although not quantitated, it was clear that both response and stability was increased with
increased specific activity of the diamine oxidase preparation.

Method Comparison
Samples of tuna in various stages of decomposition were split and assayed by the

dipstick test, the AOAC reference method, and a modified flurometric procedure based on
the AOAC method. The results and the corresponding standard deviations are presented
below.
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TABLE 1
Comparison of Histamine Test Methods in Deco ose a Iles.

Reference Modified
# AOAC AOAC

043%) P @g%)

3 . 3 z!z 1 . 1 4
6 . 7 f 1 . 2 6
8 . 5 + 1 . 3 4

1 0 . 3 + 0 . 4 4
15 .2 r: 1 . 5 6
2 0 . 9 f: 1 . 6 6
2 0 . 4 + 1 . 6 6
2 2 . 7 f 0 . 8 4
5 6 . 0 r: 3 . 4 4

2 . 7 + 0 . 7 10
4 . 5 r 0 . 5 8
8 . 3 k 0 . 8 8

1 3 . 2 + 4 . 5 14
14 .4 + 2 . 0 14
2 0 . 7 2 2 . 1 13
2 0 . 5 + 0 . 6 13
2 2 . 9 YL 2 . 8 9
5 6 . 0 + 4 . 3 8

n

2 . 7 + l-7
4 . 8 2 2 . 4
5 . 9 ,+ l-2

1 1 . 7 z! 2-8
5 . 9 + 3 . 3

2 0 . 2 + 4 . 3
1 1 . 5 2 2 . 6
2 3 . 6 + 2 . 9
4 7 . 4 + 1 1 . 2

9
9
9
9

20
20
20

9
9

Direct Testing of Decomposed Tuna Loin
In an effort to determine the suitability of using the dipstick test directly on the tuna,

dipsticks were rubbed at various places on the outside of decomposed tuna loins and
inserted into slits cut in the fish (one location/dipstick). The tuna loins had a dry pasty
consistency and in both cases there was no color development. In one case the tuna loin was
cut into chunks and the dipstick rubbed over the cut flesh with slight color development.
Next tuna loins were slit at various places and the slits were filled with potassium phosphate
buffer (0.1 M, pH 6.5). Dipsticks were then dipped into the buffer at various time intervals
and increasing color development was observed. Chunks of tuna flesh were also placed in
5 volumes of buffer, incubated for 15 minutes, and the dipsticks were dipped into this
solution with subsequent color development. In an effort to determine if the degree of
decomposition was reflected by the color development, tuna loins with minimal, moderate,
and advanced decomposition were tested by the addition of buffer to cut slits and then
tested with the dipsticks because the fish proved too dry to obtain sufficient fluid for testing
when rubbing the sticks directly on the fish. However, when chunks of tuna were incubated
in phosphate buffer, or buffer was added to a crevice sliced in a loin and then subsequently
tested with the dipstick, there was slow (approximately 30 minutes) blue-green color
formation. Repeated measurements on a single small chunk gave consistent results but
measurements taken on different chunks from the same fish did not. There appeared to be
“ho@pots” in the tuna loins where the histamine levels were 2-3 fold higher than in other
meaS of the same loin Thus it was impossible to determine a single value for the
decomposed loin regardless of the degree of decomposition. These findings are similar to
those reported by Lerke (1) who postulated that histamine formation is not uniform
throughout the fish.

Future improvements to the current histamine assay should include improvements
in ewe preparation to increase assay sensitivity and stability, possibly producing DAO
by recombinant techniques (11) or substituting a more stable histamine-oxidizing enzyme
for DAO such as the fungal amine oxidase used in a recently published histamine electrode
(12). A more complete description of the histamine dipstick has been published (13).



It is probable that a similar protocol may be useful for producing dipsticks reactive
solely with either putrescine or cadaverine. Preliminary results in our laboratory using
partially purified bacterial putrescine oxidase in place of the diamine oxidase resulted in a
stick that was reactive with putrescine, but not histamine or cadaverine.
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FIGURE 2

Linearity of the Dipstick Assay.
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FIGURE 1

Time Course for Histamine in Buffer, Raw Tuna Extract, and Meat-Treated Tuna Extract.
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FIGURE 3

@stick Test with Putrescine, Cadaverine, and Histidine with Histamine.
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