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Blue Catfish (Ictalurus furcatus) is the largest species of catfish in North America where it is native to the Mississippi,
Missouri, and Ohio river drainages. It was introduced in fresh water Virginia tributaries of the Chesapeake Bay to
enhance recreational fisheries in the 1970’s, from which significant recreational and commercial wild caught catfish
fisheries developed. Since introduction, Blue catfish populations have expanded from upriver freshwater habitat
to brackish-water (<12ppt) sub-estuaries (Nepal and Fabrizio 2019) with reports of blue catfish in the Chesapeake
Bay proper. Blue catfish are voracious, opportunistic predators feeding on a variety of natural prey items, including
native fish and shellfish species, and dominating total fish biomass in many sections of the Bay tributaries (Schloesser et al. 2011, Fabrizio et al 2018). This prey interaction with native species, and their rapid increase in total biomass
within Virginia tidal tributaries, has labelled these non-native blue catfish as an invasive species negatively influencing
the Chesapeake Bay watershed (ICTF 2014). Efforts by Virginia and Maryland state agencies to decrease blue catfish
biomass through expanding commercial harvest has resulted in the development of new marketing and processing
strategies to help retain value of the fishery. Processors have begun to further process blue catfish into various market forms to increase fish value, targeting the fresh filet market. It is imperative for the filet market to create the level
of consumer demand needed to sustain increased harvesting. Consumer education and filet quality preservation
information of wild-caught, sub estuarine blue catfish filets is needed to support marketing efforts.
New and updated nutrition and health information for the consumption of wild-caught blue catfish from Virginia have
been published to assist industry with marketing strategies (Fisher 2020, Liu and Fisher 2020). Consumer acceptance
of fresh blue catfish filets at point of purchase is pivotal in creating and sustaining demand. Changes in fish quality
attributes throughout the cold chain need to be identified, and estimated product shelf life established. Shelf life
depends on the number and diversity of microflora on the fish surface, temperature control and degree of contamination during handling and processing, and storage conditions. With the expansion from fresh water into marine
habitat, blue catfish are adapting to different environmental water parameters, as temperature and salinity, which
may support differing microorganisms that could play a role as specific spoilage organisms (SSOs) in post-harvest fish
quality and consumer acceptance. The goal of this study is to provide industry and the consumer with product shelf
life information for commercially harvested and processed blue catfish filets from sub-estuarine water in Virginia. The
purpose of this work is to provide Virginia fish processers product shelf life information to enhance marketing strategies for the non-native blue catfish, and secondly, to investigate sensory, microbial, physical, and chemical changes in
flesh quality attributes during ice storage which correlate to consumer acceptance.
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METHODS
FISH HARVEST, PROCESSING, AND STORAGE
Multiple food quality tests were performed on raw, skinless, blue catfish filets commercially processed and stored in
ice to evaluate product shelf life. Blue catfish were fished April 15, 2020 (7-9:30 am) by commercial gill net in the lower
James River near Jamestown, VA after a 17-hour soak period in sub estuarine water (1ppt salinity) at 14°C. The lower-than-normal salinity was the result of heavy rain the day prior to harvest. All fish used for this study were live and
in good physical condition at harvest, with similar size fish culled (45-60cm TL). Fish were iced within 30 minutes of
landing on-board, re-iced within 3 hours at the boat dock (10:30am) for 1-hour transport to commercial fish processing
facility, from which fish were systematically removed from fisherman’s iced totes, weighed to generate weigh out ticket,
then re-iced in facilities insulated totes and stored in cold room (3-5°C) until processing the next morning. Processing
began at 8 am the next morning after routine daily pre-processing cleaning and sanitizing of processing room and
equipment, with processing fish for this study ending at 10 am. Processing room temperate during processing ranged
from 13-15°C. Fish were removed from iced, insulated totes and put directly to processing line. Whole fish body muscle
temperature coming out of iced insulated totes was measured with thermal probe at 0.6-1.1°C (n=10). The fish heads
were first removed by bandsaw followed by fileting. Each cutter had their own cutting board to remove filets from body,
leaving skin attached and taking care not to perforate internal organs (reduce contaminants on cutting boards). Potable
municipal water was available for each station to rinse cutting boards after every 1-2 fish processed due to excessive
amount of feces and regurgitated food commonly associated with blue catfish post-harvest. Skin-on filets were placed
in small holding tubs along the filet line until filled with approximately 15 filets, at which time each batch was transferred to a skinning machine station, skinned one at a time, then placed into iced rinse water bath (1:1 ice to fresh water,
2.2-3°C), lightly agitated for 20-30 seconds, and removed to a strainer basket positioned alongside weigh scale. Filet
temperature post skinning and pre-washing ranged from 3-7°C (N=10). Filets were allowed to drain for 15-20 seconds,
then weighed within plastic storage bags to desired packing weights. Filet temperature at weighing/packaging ranged
from 6-8°C (N=10). Filets were weighed and placed into a single plastic storage bag (single layer linear low-density
polyethylene, York Box & Barrel Item #S1616001) with bag knotted to close, then placed into large insulted holding
tote for ice storage (~10lb/bag). Bagged filets were randomly sampled throughout the duration of the study for testing
with exception of 3 marked bags used for recording filet temperatures with thermal probe at each sampling day. The
storage tote was prepared with a 10-12-inch ice bed, with bagged filets randomly placed on ice bed 4-6 inches apart to
ensure complete icing around each bag. Random placement of bags in tote was performed to help minimize sampling
bias as to when fish were cut within the 2 hours of processing. The bags were then covered in ice to a 6-8” depth. A fitted insulated lid was placed on tote, which was then placed in commercial cold room (5°C) to begin storage study (Day
0). Time from harvest to processed filets were in ice storage was 24-26 hours, a typical timeframe for catfish processors.

SAMPLING
Sampling occurred on Days 0,3,7,10,12,14,17,19, and 21 of study. On each sampling day, filet temperature was recorded by insertion of thermal probe into each of the 3 reserved iced sample bags of filets, followed by randomly removing 1 sample bag from ice storage and transferring it to a small iced Styrofoam cooler for transport (40 min) to lab
at the Virginia Institute of Marine Science (VIMS) for testing. Upon arrival at VIMS, a sub-sample of 3 filets (triplicate
samples) were randomly and aseptically removed from sample bag and placed in sterile whirlpack bags for microbial,
pH, microbiome, and Total Volatile Base-Nitrogen (TVB-N) analysis. Sample bags were re-closed, placed back into
ice cooler, and placed in refrigeration until preparation for sensory evaluations within 2 hours.
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MICROBIAL, PH, MICROBIOME, AND TVB-N ANALYSES
All materials and solutions were sterilized by autoclaving at 120 °C prior to use. On each sampling day, 3 filets were
brought to the VIMS microbiology lab and processed for multiple testing procedures. Microbial procedures followed
FDA protocol (BAM Chapter3) for Aerobic Plate Count (APC). A 25 g sample was taken from the anterior portion of
the filet bone-side above the lateral line, placed in a blender jar and pureed. Approximately 1 g was removed from
the puree mix and frozen for DNA extraction. A 50 ml aliquot of autoclaved, pH neutral, deionized water was added
and the sample pureed for a total of 1 minute. pH was recorded with an Accumet pH/temperature probe (Corning Incorporated, pH/ion meter, model 450) and a 5 g subsample of the fish solution was placed in a tube and diluted to 25
ml with Butterfield’s phosphate buffer solution for an initial dilution of 1:10. Successive 10-fold dilutions were made as
needed. Difco™ plate count agar (reference # 247940) was made and autoclaved the morning of and kept in a 50°C
water bath until used. Two concentration levels were chosen each sampling day and a 1 ml aliquot was pipetted into
duplicate petri dishes. Approximately 20 ml of agar was added, the plates covered and immediately mixed for 30 s
by shifting the plates in all directions. After an hour, the plates were inverted and placed in an incubator at 37 °C for
48 hours. Plates with colonies numbering between 25 and 250 were counted and reported as APC cfu/g. Remaining
mass of filets were placed into whirlpack bags and stored frozen (-20 °C) until end of study then shipped frozen to
Mérieux NutriSciences, Burnaby, Canada for TVB-N determination following Mérieux NutriSciences Determination of
Total Volatile Base Nitrogen in Fish method M-Co46. 		
Tissue microbiomes of catfish were characterized by VIMS Department of Fisheries Sciences laboratory at VIMS.
Approximately 0.5 g of frozen tissues was used for DNA extraction with the Dneasy blood and tissue kit (Qiagen) following the manufacture’s instruction. Barcoded primers targeting the V4 region of the 16S rRNA genes were used for
PCR amplication (Parada et al. 2016). The Illmina Miseq instrument at VIMS were used to generate the sequences of
16S amplicons. Bioinformatic analysis of the tag sequences was be conducted using Dada2 and Phyloseq programs
(Callahan et al. 2016; McMurdie and Holmes 2013). Amplicon Sequence Variants (ASVs) were determined based on
unique sequence of total 16S sequences. The ASVs were classified using SILVA v138 database. Identified ASVs were
used to calculate relative abundance of specific taxa in family and genus levels.

CONSUMER SENSORY TESTING
Fish quality implies sensory characteristics of specific fish attributes which are accepted by the consumer. Therefore,
consumer-based sensory methods were used in this study to estimate sensory shelf life of iced stored blue catfish filets,
the point at which consumers no longer like or accept the quality of filet attributes. Appearance, texture, and odor were
quality attributes identified by industry that best depicted sensory quality changes during ice storage of blue catfish
filets, and therefore used in this study. Multiple objective discriminative and descriptive sensory evaluations were performed using trained consumers to aid in estimating sensory shelf life and provide industry with consumer acceptance
information for fresh blue catfish filets. Sensory evaluations were performed by 12 declared consumers of fresh fish
who routinely purchase fish from retail outlets. The panel of assessors was solicited from staff and faculty at the VIMS,
and consisted of 6 females and 6 males. Prior to initiating the study, assessors were trained in identifying specific sensory attributes of blue catfish filets from fresh cut fish through various stages of spoilage and tasked with assigning a descriptive vocabulary for those attributes to be used during evaluations (appearance, odor, texture). Descriptors for filet
appearance were based on observing both sides of skinned filets (bone-side, skin side), which provided levels of muscle
color (red myomers skin-side) and translucency (bone-side) through muscle degradation during storage. Deterioration
of fish muscle texture during storage involves the loss of firmness and springiness, resulting in softening of tissue, caus-
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ing the spoiled fish flesh to become mushy. Firmness was evaluated by finger pressing filet and observing how the flesh
recovered (Martinsdo´ttir et al. 2001) (Z. Coppes-Petricorena 2010). Assessors were trained to test the anterior section
of fish filet muscle containing the larger muscle mass by pressing a finger digit into the muscle and assessing texture
(firmness/elasticity) upon removing finger and observing the muscle rebound potential.
A triangle test was used to help validate training of assessors’ ability to evaluate differences in quality attributes as
spoilage progressed, as well as within the study to monitor their ability to discriminate those differences. The triangle
test is a discriminative method used to detect sensory differences between samples of two different products. The
assessor is presented 3 coded samples at once, one different and two alike, and instructed to identify the odd, or
most different sample. If they cannot detect a difference they are instructed to guess. This test was also used to help
disguise the process from being a “shelf life study” instead of a “quality” study as advertised in attempt to reduce
possible expectation bias. In recruiting assessors and throughout study, there was no mention that they were participating in a shelf life study; rather, they were solicited to evaluate quality parameters of “processed” blue catfish
filets over consecutive evaluation dates. Consumer quality rating methods to estimate sensory shelf life included the
Likeness test and the Quality Index Method (QIM). Likeness test rates degree of liking of quality attributes using a
9-point hedonic scale (1=dislike extremely to 9= like extremely) with 4.5 set as the acceptability limit set for this study.
The QIM is a quality rating method using objective evaluations of set quality attributes that significantly change over
storage period for a given fish species (Jonsdottir 1992; Hyldig and Nielsen 2004). Scoring is a demerit system based
on evaluating detectable changes of quality attributes during storage. Assessors rated each attribute (appearance,
texture, and odor) according to descriptors of various stages of fish degradation developed during assessors training. The developed QIM scheme for blue catfish was composed of a 3-point scale (0-3) for appearance and odor,
and a 2-point scale (0-2) for texture, with 0 representing fresh and either 2 or 3 spoiled. The sum of the 3 attributes
corresponded to a demerit score, the Quality Index (QI) which ranged from 0 (fresh) to 8 (spoiled). An acceptability
QI limit within this blue catfish scheme was set at 4.
To obtain additional perspective of consumer acceptance and shelf life of blue catfish filets, a survival analysis was
included in this study, which focuses on consumer rejection of product rather than on product deterioration (Haugh
et al. 2003). The survival analysis centers on consumers’ decision-making process (to purchase or to consume the
product). This test deviates from the Likeness and QIM tests in that the consumer panelists were limited to making
their decision based only on appearance of the blue catfish filets as they are typically displayed in a retail refrigerated
case, plastic-wrapped on Styrofoam trays. With packaged filets in front of them, and only going on what they see, assessors were asked to provide a “YES” or “NO” answer the 2 questions: 1) Imagine you are in a supermarket, you want
to buy a filet of blue catfish, you find a package with a filet like this, would you normally buy it?; and 2) Imagine you
have this filet stored in your refrigerator at home, would you normally consume it? Consumer rejection percentages
commonly used for the survival analysis are 25% and 50%. The proportion of consumers rejecting to purchase was
set at 50% for estimating shelf life in this study. Of interest is how results from this test compare to the Likeness and
QIM tests in assessing shelf life, since assessors are limited to evaluate on appearance only.

SENSORY TESTING PROCEDURE
Sensory evaluations were performed on each sampling day of ice storage in academic classroom at VIMS. Assessors
were seated along a row of tables centered under a bank of overhead fluorescent lights (Deluxe Cool White, F32T8/
TL941) and visually separated from each other by physical partitions. Assessors were equipped with evaluation score
sheet (Figure 1), pencil, food service gloves, and sanitizing wipes. Each assessor was presented a sample consisting
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of 2 skinned blue catfish filets of similar size, one skin-side up, one bone-side up, on a retail Styrofoam tray (20 cm x
73 cm) covered with clear plastic (stretch) wrap. Panelists were trained on evaluation procedure, but reminded each
testing period as to maintain consistent progression through the evaluation score sheet. The survival analysis was
performed first due to evaluation based on appearance only, followed by the Likeness and QIM tests which relied on
assessors having physical access to filets for evaluation of appearance, texture, and odor.

Figure 1. Consumer evaluation score sheet for consumer sensory testing.
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Figure 2. Changes in average pH of blue catfish filets stored in ice.

RESULTS
pH
Changes in mean pH during storage are illustrated in Figure 2. The pH of live fish is typically near 7.0 and quickly decreases after death. The initial low average pH (6.55) on Day 0 (24-26 hr post-mortem) is consistent with the post-harvest handling and processing of fish performed for this study (iced within 30 minutes of landing and processed within
24 hrs of harvest) and corresponding glycolysis (lactic acid production) occurring as rigor phase progresses. This initial low (acidic) pH also reflects the low bacterial counts observed in the first days of storage where bacterial growth
is suppressed. As fish filets pass through rigor, enzymatic (autolysis) and microbial (bacteriological) processes begin
the degradation of fish quality. The pH of fish muscle during ice storage influences the growth of bacteria, which in
turn influences the number of alkaline metabolites produced by the bacteria and the degree of quality degradation
that occurs. Increases in pH during storage indicate increased bacterial accumulation (Flick et al. 1994; Huss 1995)
and subsequent production of basic compounds such as ammonia, trimethylamine, and other biogenic amines by
spoilage bacteria. With increasing bacterial load, TVB-N increases (Figure 3). In this study, pH of post-rigor filets
remained near 7.0 through Day 12, at which point pH steadily fell to 6.68 by end of ice storage. It is noted that the
beginning of pH decline coincided with fermentative (acid producing) bacterium becoming more dominant relative
to the non-fermentative (alkaline producing) bacterium.
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Figure 3. Microbiological (APC) and Total Volatile Base-Nitrogen (TVB-N) relationship in fresh blue catfish filets during
ice storage.

MICROBIOLOGY-APC
The Aerobic Plate Count (APC), also called standard plate count, is used as an indicator of bacterial populations on a
sample and assumes that each bacterium forms a visible colony when mixed with a nutrient-rich agar and allowed to
grow (incubate). It is not a measure of the entire bacterial population, it is a generic test for microbes that grow aerobically at moderate temperatures (25 to 40°C; 77 to 104°F) and does not differentiate types of bacteria. This test is
used to evaluate good manufacturing practices, including sanitation and processing controls, but is a poor indicator
of safety since counts do not directly correlate to the presence of pathogens or toxins. APC is used to help estimate
sensory shelf life of foods by correlating levels of bacteria on the food with organoleptic changes in the food.
Changes in APC during ice storage are presented in Figure 3 (CFU/g) and in Figure 6 (log CFU/g). Initial lower bacterial
counts can be related to quality maintenance practices (proper chilling and processing controls) as well as bacterial
growth inhibition by low pH from post-mortem glycolysis processes. After the resolution of rigor, APC levels increased.
Microbiological results coincided with sensory evaluations in estimating shelf life in this study. Microbiological threshold
of 5X105 is considered a maximum recommended limit for good quality fresh fish products (Christian and Roberts 1986)
and was reached by day 14, which coincided with declining evaluations for all blue catfish quality attributes (Figure 4).
However, the recommended limit for marginally acceptable quality products is 1X107, which was not reached within the
21-day study, although the odor and texture attributes reached rejection thresholds by ~day 16 and ~18, respectively.
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TVB-N
TVB-N is largely the measure of ammonia, amines, and other nitrogen compounds that become volatile when made
alkaline. These nitrogenous volatile compounds result from microbial and autolytic degradation in fish tissue and are
the characteristic molecules responsible for the fishy odor and flavor used to evaluate spoilage during storage conditions (2000a; Dalgaard. 2000b; Huss, 1995).
TVB-N is normally low in fish up to a point of sensory rejection, with the recommended range of 30-35 mg/100g reported for fresh fish (Jorgensen et al. 1988). Changes in TVB-N of blue catfish filets stored in ice are shown in Figure
3. TVB-N levels were consistently low (1.12-4.48 mg/100g) throughout 17 days of ice storage. The spike in TVB-N
occurred shortly after bacterial load reached 560000 cfu/g, the maximum recommended limit for good quality fresh
fish products (Christian and Roberts 1986), correlating with bacteriological and sensory rejection thresholds between
Days 14-16. Although TVB-N levels increased significantly after Day 17 to 18.48mg/100g at termination of study (Day
21), these levels were still below the recommended range for fresh fish.
This study questions the utility of TVB-N as a reliable indicator of freshness or use in estimating remaining shelf life for
ice stored blue catfish. Changes in TVB-N did not coincide with the organoleptic measures of spoiled fish. Besides remaining below recommended levels for fresh fish through both microbial and sensory rejection thresholds (Days 14-16),
the abrupt increase in TVB-N levels occurring after passing through these spoilage thresholds, provides little indication
of progressive loss of fish freshness. TVB-N may be useful for spoilage determination in blue catfish under its own standards and acceptability levels, but is unlikely to replace sensory evaluation in defining spoilage and shelf life.

SENSORY TESTING
The triangle test was used in training to validate assessors’ ability to evaluate differences in quality attributes and during
the study to monitor their ability to discriminate those differences. In training, consumers were subjected to 4 separate triangle test pairings: 1) fresh cut and 14-day old filets; 2) fresh cut and 7-day old filets; 3) all fresh cut; and 4) fresh
cut and 21-day old filets. All 12 consumer panelists were able to discriminate between fresh cut filets and stored filets
(100% correct). In test with all 3 samples fresh cut filets, panelists were split 6-5 between 2 of the filets and 1 panelist
choosing the remaining filet, with 8 of 12 panelists commenting that they had to guess. Results of this testing provided
confidence in assessors’ ability to discriminate changes in blue catfish filet quality attributes. The triangle test was also
given on Day 10 and Day 14 of study pairing fresh cut fish with Day 10 and Day 14 old fish, respectively. All assessors
were able to identify the odd sample in day 10 testing, with comments pertaining to differences in filet color and texture. In day 14 testing, 11 of the 12 assessors (91.6%) correctly identified the odd sample, with the lone incorrect assessor not providing comment. Differences in filet odor and color were commented on by the others.

LIKENESS AND QIM TEST
Consumer-based sensory methods were used in this study to estimate sensory shelf life as the point at which consumers no longer like or accept the quality of filet attribute(s). In both sensory methods reported here, odor was the first
quality attribute to become unacceptable to consumers (Figure 5) and influenced quality index (Figure 6) the most.
Odor provided the most difficult attribute among consumer panelist to evaluate, reflected in the panelists’ largest
variations observed in scoring. At point of sensory thresholds, and becoming stronger through
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Figure 4. Likeness test average scores (N=12) with error bars for blue catfish filets stored in ice. Vertical dash line
represents acceptability limit.

end of storage, marine, organic, sour, slight fishy odors dominated, not “strong fishy” or “ammonia” odors which are
routinely associated with fish spoilage. In Likeness test, texture reached acceptability limit between day 17 and day
19, with appearance remaining acceptable to consumers through day 21. The maximum QI score (8, spoiled) was not
reached by end of storage (Figure 6), though QI score of 4-4.5 reflected range covering microbiological threshold
and the lower acceptability limit of quality attribute that first became unacceptable to consumers (odor). Since the
sensory attributes used for scoring within the QIM for this study provided both a linear relationship for storage time,
and estimated shelf life coinciding with other sensory methods, the QI may be considered for use as an objective
indicator for monitoring the loss of freshness as well as remaining shelf life for fresh blue catfish filets stored in ice.
In the results of the survival analysis, the assessors’ rejection to purchase coincide with both the microbiological and
sensory estimated shelf life thresholds (Figure 7). Consumer panelists first detected degrading appearance that
prompted their decision not to purchase on Day 10, with two assessors (16%) indicating they would not purchase
or consume the sample. On Day 12, 2 assessors (16%) indicated not to purchase, but one indicated that they would
consume the product if at their home. The more conservative rejection to purchase limit of 25% was reached at ~Day
13. The 50% rejection to purchase limit was reached on Day 17 where 6 consumers (50%) indicated that they would not
purchase; however, 3 of these consumers (25%) indicated that they would consume it if at their home. By end of storage
(Day 21), 25% of consumers indicated that they would purchase, and 50% indicated that they would consume filets if at
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Figure 5. Quality Index Method (QIM) average scores (N=12) for blue catfish filets stored in ice. Vertical dash line
represents QIM acceptability limit.

their home. If viewed from rejection to consume limits, rejection would not be reached until day 17 (25%) and day 21
(50%) which are outside microbiological and sensory shelf life estimates determined in this study. The consumer perspective between points of rejection to purchase and rejection to consume likely follows the natural tendency of consumers to have more tolerance of quality defects for something that they have already invested in. As observed within
the Likeness and QIM results, filet appearance degraded slower than odor and texture, and thus may give false predictions of sensory shelf life if only appearance was evaluated, which is largely the case in many grocery retail stores that
package fish in a manner that limits decision-making to product appearance. Commercial success of blue catfish filets
will rely on consumer confidence in consistency of a quality product. Therefore, shelf life determinations for marketing
strategies should evolve around consumer-oriented testing where multiple quality attributes are evaluated.

MICROBIOME RESULTS
The microbiological community on fresh blue catfish filets during ice storage is listed in Table 1 by abundance of taxa
at the genus level occurring at each sampling day of storage. From an initial heterogenous population of bacteria,
changes in abundance and diversity of bacteria within microbial communities occurred throughout storage. Dissimilarities in microbial composition observed between testing days throughout storage is depicted in Figure 8. There
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Figure 6. Consumer sensory evaluations and bacteria load for fresh blue catfish filets stored in ice.

was a clear divergence in bacterial composition between Day 3 and Day 7, reflecting a significant change in bacteria
type and number. This change coincided with the proliferation of Pseudomonas and Shewanella genera, bacteria
which remained abundant through the rest of storage. The succession in microbial community during storage was
accompanied by changes in chemical characteristics (TVB-N, pH) with subsequent sensory and quality thresholds established. Deterioration of fish freshness during post-mortem storage is largely the result of accumulated metabolic
products of certain bacteria. The most abundant bacteria identified during storage are presented in Figure 9. Pseudomonas fragi quickly became the dominant bacteria by Day 7, followed by Shewanella baltic and Aeromonas sobria,
with Shewanella putrefaciens, and Acinetobacter Iwoffii present in lower abundance.
The composition of the initial bacterial community, and the resulting bacteria associated with spoilage during storage
largely depends on the water habitat in which fish are harvested from (Ghaly, Dave, Budge, & Brooks, 2010). Not all
bacteria present during storage produce spoilage indicator products as assessed by sensory methods. Different bacteria have different spoilage potential, which is due to their ability to produce compounds expressed as typical spoilage
indicators, as odors. Bacteria commonly recognized as SSO’s in raw fresh fish stored at low temperatures are gram-negative non-fermenting Pseudomonas and Shewanella species (Gram and Huss 1996). Pseudomonas spp. produce sulfide,
ammonia, or fruity odors. Shewanella spp. produce strong ammonia and putrid odors.
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Figure 7. Consumer panels rejection to purchase and to consume retail packaged fresh blue catfish filets during ice storage.

S. putrefaciens and S. baltica are psychrotrophic (cold-loving) bacteria which reduce TMAO to trimethylamine (TMA),
producing the fishy odor in marine fish stored on ice (Vogel et al 2020 ID of Shew baltia). Acinetobacter spp. are ubiquitous in nature and routinely associated with spoilage in fish and seafood products (Peter Kämpfer, ACINETOBACTER,
1999). In this study, P. fragi, and both S. baltica and S. putrefaciens, were not highly abundant in freshly processed filets
(Days 0-3), but became prominent bacterium during storage and are likely major SSO’s, although S. putrefaciens is not
considered important in the spoilage of freshwater fish (Lima dos Santos, 1978; Gram, 1990). With blue catfish being
harvested from increasingly more brackish water in VA tributaries, influence of marine microbiome, especially SSO, may
play more of a role in quality maintenance from harvest through distribution.
In the beginning of storage, the fermentative bacteria Cetobacterium spp., which belongs to the Fusobacteria Phylum and Fusobacteriaceae family, was present in similar abundance as P. fragi and S.baltica but became suppressed
through storage (Figure 9). This genus grows well at low temperatures and has been isolated and described from
marine sediments and marine animals (Navarrete et al. 2009; Zhou et al. 2009; Schuett and Doepke 2010). However,
when all classified and unclassified members of Fusobacteriaceae were accounted for, their abundance rivaled that
of Pseudomonadaceae and Shewanellaceae family members midway through storage, and became the dominant
bacteria group by end of storage (Figure 10). The abundance of these fermentative bacteria may play a role in both
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Table 1. Relative abundance (%) of represented taxa at genus level in blue catfish filets during ice storage.

the observed decrease in pH during the later stage of storage period, and the presence of the hard-to-describe odors
detected by consumer sensory assessors. Members of the family Fusobacteriaceae, as Cetobacterium spp, are marine
non-spore-forming bacterium which ferment carbohydrates or peptones, with different genera within the family producing
various organic acids, as acetic, butyric, and iso-valeric acids (Olsen 2014). The formation of organic acids during storage
could result in lowering the overall pH of filets, as observed in this study. Filet pH (Figure 2) during mid-to late-storage period coincided with Fusobacteriaceae abundance levels, which increased significantly by Day 10, maintaining co-dominance
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Figure 8. Principle component analysis plot depicting microbial composition observed on blue catfish
filets over 21 days of ice storage.

with Pseudomonadaceae and Shewanellaceae members through Day 19, then spiking by Day 21. Organic acids are
used in food processing as antimicrobial agents. Lingham,et al (2012) demonstrated acetic acid (0.5%) was effective in
reducing spoilage bacteria and increasing shelf life of Channel Catfish (Ictalurus punctatus) filets. In that study, the most
affected spoilage bacteria was S. putrefaciens, with A. sobria and P. fragi also inhibited. This potential inhibitory effect
of Fusobacteriaceae bacteria on SSO growth may also explain the organic/putrid, sour odors detected in consumer sensory evaluations and less of the fishy, ammonia odors associated with the reduction of TMAO to TMA by Pseudomonas
and Shewanella bacteria. Texture, color, and appearance of foods are affected by fermentation byproducts because
they inhibit bacterial and enzyme activity, which may help explain a longer shelf life estimation in this study if based on
appearance (likeness test scoring and survivor analysis results).
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Figure 9. Relative abundance of prominent bacteria present during ice storage of blue catfish filets.

Figure 10. Relative abundance of prominent representative families of bacteria present during ice
storage of blue catfish filets.
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CONCLUSIONS
Product shelf life is typically, or should be, based on its “first failure” property, when any of its quality attributes
become unacceptable to the consumer regardless of packaging and/or storage conditions. Consumer acceptability
limits for sensory testing in this study (Likeness 4.5, QIM 4) reflected a range covering microbiological threshold and
the lower acceptability limit (4.5) of first quality attribute that became unacceptable to consumers (odor). At later
stage of storage (>Day17), strong marine, organic, sour, slight fishy odors dominated, not “strong fishy” or “ammonia”
odors which are routinely associated with fish spoilage. This, and the drop of pH in later stage of storage, could be
the result of organic acids being produced by fermentative bacteria within the Fusobacteriaceae family, which were
the most abundant bacteria at end of storage. Texture threshold was reached at Day 17. Appearance remained acceptable through Day 21. Resulting microbial and sensory thresholds estimated shelf life of blue catfish as 14-16 days
in ice storage.
Estimated shelf life in this study reflects a blue catfish filet product in which quality maintenance practices were
adhered to from harvest through pre- and post-processing handling and storage. These practices relied heavily on
proper icing (chilling) and sanitation controls. Deviation from such quality maintenance practices is routinely observed within Virginia fisheries harvesting blue catfish, and could result in different estimates of blue catfish shelf
life. Delays in chilling, especially when ambient temperatures are high, and improper processing sanitation controls
can significantly shorten shelf life. Therefore, the more conservative shelf life of 14 days may be more appropriate for
industry use for marketing strategies.
Since the sensory attributes used for scoring within the QIM for this study provided both a linear relationship for storage time and an estimated shelf life coinciding with other sensory methods, the QI can be considered for use as an
objective indicator for monitoring the loss of freshness as well as remaining shelf life for fresh blue catfish filets stored
in ice. The QIM is a species-specific freshness quality grading system that has potential for use throughout the blue
catfish fishery chain in determining quality and remaining shelf-life. It could be used by the initial buyer or processor to support on-board quality preservation and a means to sort product by remaining shelf life. Wholesalers and
retailers could incorporate QI scores into buyers’ specifications, and use it to predict secondary distribution or retail
case shelf life. Industry could also use QIM as a tool to evaluate changes associated with harvest area, processing,
handling, or storage. Sensory evaluations should involve analysis and interpretation by those in charge of sales and
marketing throughout the fishery chain, since they are the connection between various industry levels and the consumer, the ultimate sales target for commercial success.
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