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Abstract

The radiation decimal reduction dose (Dio) of toxigenic Vibrio cholerae 01 El Tor, Inaba was
determined in vitro (0.13 kGy) and in inoculated fresh fillets of saurel (Trachurus picturatus murphyi)
(0.12 kGy) and another Pacific fish species known in Peru as "lisa," Mugil cephalus (0.13 kGy), both
of which are frequently consumed raw in "ceviche." The Di0 value was similarly determined in tails of
the shrimp species Penaeus vannamei (0.13 kGy). In a second phase of the study, radiation doses in
the range 1.0-4.0 kGy were evaluated for use in microbiological shelf-life extension of the selected
seafood, and for adverse effects on various sensory attributes (appearance, odor, flavor, and texture).
A dose of 1.0 kGy doubled the microbiological shelf-life offish fillets during post-irradiation storage
at 0-1 °C to approximately 30 days. This dose was deemed optimal also for preserving all sensory
characteristics evaluated except appearance, due to a darkening of fillets. Best results in shrimp tails
were obtained using 2.0 kGy, which doubled their microbiological shelf-life to 20 days at 0-1 °C.
Dipping the fillets in a 10% solution of sodium tripolyphosphate before irradiation prevented
radiation-induced drip losses.

INTRODUCTION

The cholera epidemic suffered by Peru in the 1990's increased public awareness on the
serious environmental sanitation problems faced by a large sector of the population and on the
need to establish preventive and corrective measures to control the spread of Vibrio cholerae.
World Health Organization figures published in 1992, the second year of the epidemic, cited
by CEPIC (1992), estimated the number of cases in Peru at over 300 000, including nearly
3000 deaths. The first cases of cholera were diagnosed in coastal areas near Lima, but the
epidemic soon spread to interior provinces and beyond the national borders.

Common sources of infection with the dreaded disease during the cholera epidemic
were fish and other seafood captured in contaminated coastal areas and consumed raw or
insufficiently cooked, as it is the case with "ceviche," a highly popular dish. Among the fish
species commonly used in ceviche preparation because of their relatively low cost and
abundance are saurel and "lisa" (a sardine-like, small fish). These fish are frequently captured
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in coastal areas contaminated with urban sewage, and thus could present a vehicle for
transmission of Vibrio cholerae. Also of concern because of the economic implications of
potential embargoes of seafood exports would be the potential presence of Vibrio cholerae in
frozen shrimp. Such an embargo caused massive economic disruptions on the Peruvian
economy during the first months of the cholera epidemic.

"Cold pasteurization" of fish and other seafood through radiation processing has been
advocated as a potential intervention measure to control pathogenic bacteria such as toxigenic
Vibrio cholerae in marine products, especially those destined for consumption in raw form
(ICMSF, 1983). The present study was conducted with the main objective of evaluating the
survival of Vibrio cholerae in fish fillets and shrimp irradiated at medium doses, and the
potential adverse effects of the radiation treatment on various quality characteristics of these
products. The study was part of a research program co-sponsored by the Joint FAO/IAEA
Division of Nuclear Techniques in Food and Agriculture, International Atomic Energy
Agency, Vienna, Austria, and the Pan American Health Organization (PAHO), Washington,
DC. The program originated from a joint technical consultation held in Washington, DC in
1992 (IAEA, 1992), as a response to the growing continental cholera epidemic, and was
implemented from 1993-1998.

MATERIALS AND METHODS

Determination of Vibrio cholerae Dm values:

A toxigenic strain of Vibrio cholerae El Tor, Inaba, responsible for the Peruvian
1991-1993 epidemic of cholera, was selected for the study. The strain, obtained from the
collection of the Ministry of Health, had been isolated from a cholera patient. The pure culture
was first suspended in alkaline peptone water and incubated 8 h at 42°C, followed by
streaking on slants of brain heart infusion agar (BHIA) and 24-h incubation at 37°C (Carvajal
et al, 1991); this procedure was repeated to obtain a fast growing culture. The cell growth
obtained on the slants was then transferred into 250 mL alkaline peptone water to prepare a
suspension of Vibrio cholerae containing 108 colony forming units (CFU)/mL.

Fresh saurels having an average weight of 500 g, and fresh "lisas," a sardine-like,
small fish, were purchased at the Lima seafood market, transported to the laboratory of the
Instituto Peruano de Energia Nuclear (TPEN) in iced Styrofoam boxes, washed, degutted, and
filleted. The fillets were cut into whole muscle pieces weighing ca. 25 g, placed in high-
density polyethylene bags, heat sealed in air, and irradiated at 10 kGy to eliminate most of the
natural microbial flora. The pieces were then submerged in the suspension of Vibrio cholerae
for 2.5 min, which had been previously found to result in an inoculation level of 107 CFU/g.
The inoculated fish pieces were allowed to drain excess inoculum before being placed in
high-density polyethylene bags and heat sealed in air. A similar procedure was followed to
inoculate shrimp (Penaeus vannamei) tail samples, although for this product the immersion
time in the culture suspension was 5 min.

The bags containing inoculated fish fillet pieces or shrimp tails were irradiated at
ambient temperature (25-27°C) at doses between 0.0 and 0.4 kGy, in 0.01 kGy increments,
using a Gammacell 220 irradiator having a 60Co source with a dose rate of 2.41 kGy/h. Non-
irradiated samples were used as controls. In addition, tubes containing the Vibrio cholerae
suspension were irradiated alongside the products to determine the Dio of the pure culture in
vitro. The radiation dose absorbed by the samples and culture suspension tubes was measured
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used Fricke dosimeters strategically placed between and around the samples (ASTM, 1972).
All experiments were replicated three times.

After irradiation, 25-g composite samples of saurel muscle, lisa muscle, or shrimp tails
were aseptically taken and homogenized in 225 mL alkaline peptone water. Serial dilutions
were prepared from the homogenate using standard methods. The dilutions were pour plated
with BHIA, and the plates were incubated at 37°C for 48 h. Typical colonies were
enumerated, and the counts were transformed into logarithms to draw the extinction curve by
plotting them (Y axis) against radiation dose (X axis); the inverse slope of the resulting fitted
curve represented the decimal reduction dose, Dio (IAEA, 1982). A similar plating procedure
was followed with the irradiated culture suspension to establish the reference, in vitro Dio.

Determination of the optimal radiation dose

Samples of saurel, "lisa," and shrimp such as those used in the determination of the
Dio were bought at the Ventanilla maritime terminal (Callao). Considering the distance
between the fishing areas and the Callao harbor, it was estimated that the catch would be
approximately three days old on arrival in the market terminal. However, during the time
from capture to marketing, the fish and shrimp were kept frozen on board the fishing vessels.
The samples were transported to the laboratories of the IPEN and prepared for irradiation as
before, but without the inoculation step. Fish parts known to be high in fat content were
excised to minimize radiation-induced lipid oxidation problems. A second set of saurel fillets
were dipped in a 10% (w/v) solution of sodium tripolyphosphate (STP) for 1.5 min to test the
potential of this added treatment to reduce radiation-induced drip losses; the treatment was
applied before packaging the fillets in Nylon 6 bags, heat sealing the bags, and cooling them
to <10°C before irradiation.

Microbial growth in control and irradiated saurel fillets and shrimp tails, but not in lisa
fillets, was monitored according to standard methods (FAO, 1981) after 1, 5, 10, and 15 days
of refrigerated storage at 0-1 °C, with a view to determining the microbiological shelf-life. A
total aerobic bacterial count of 107 CFU/g was defined as the spoilage level (Maza, 1986).
BHIA was the enumeration medium for total aerobic mesophilic bacteria, but the incubation
temperature used in this study, 27°C, was lower than the standard one (i.e., 37°C) because
such temperature had been found earlier to allow higher bacterial recoveries in Peruvian
marine products in our laboratory.

Drip losses in fish fillets and shrimp were measured during the storage period
(AOAC), as was the total volatile nitrogen content (TVN), a measure of seafood freshness
widely used throughout the world. TVN values were measured following the method of
Conway, as described by Munoz et al (1985), based on micro-diffusion in Conway plates
using boric acid and saturated potassium carbonate, incubation at 37°C for 90 min, and
titration with 0.02N HC1. Drip losses were also determined throughout the storage period
(AOAC, 1995).

Sensory evaluations were performed alongside the other tests to define the overall
shelf-life of products. A 6-person trained panel was used to evaluate appearance (color), odor,
and texture of raw and cooked, irradiated and non-irradiated (control) samples. To evaluate
flavor and texture in cooked samples, raw fish filletes were washed in water and then exposed
to steam for 10 min. A 7-point hedonic scale was used to score the various attributes, and a
score of 4 was defined as the lowest acceptability score for any attribute. Evaluations were
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conducted on days 1, 5, 10, and 15 after irradiation. Mean scores of two replicates were
analyzed using minimum squares and a confidence level of 95% (Gacula, 1975).

RESULTS AND DISCUSSION

The Dio value determined in vitro for the toxigenic Vibrio cholerae Ol, Inaba strain
used in the study was 0.13 kGy. The corresponding value in saurel fillets was 0.12 kGy (Fig.
1), while 0.13 kGy was obtained in lisa fillets and shrimp tails. These results agreed with
those obtained by Gelli (1997) in nutrient broth and in inoculated oysters, and by Alcantara
(1993) in lisa fillets, and suggested that there was no detectable protection afforded to Vibrio
cholerae against radiation injury by any component of the fish or shrimp muscle tested, as
was described by Jay (1994) in other media. These Dio values are very low in relation to those
of other non-spore forming pathogenic bacteria (Loaharanu, 1996), and confirm that a
radiation dose of 1.0 kGy, equivalent to ca. eight times the Dio, would be sufficient to
eliminate a Vibrio cholerae contamination level as high as 107 CFU/g in the fillets and
shrimp.
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Irradiation effected an immediate reduction on the bacterial flora of saurel fillets. A
radiation dose of 1.0 kGy applied to saurel fillets decreased the initial microbial population by
2 logio cycles, and injured surviving bacteria enough to inhibit their growth for as long as
6 days at 0-1 °C (Fig. 2). As a result, the microbiological shelf-life of refrigerated saurel fillets
irradiated at this relatively low dose was extended to 15 days, which compared very favorably
with only two days for non-irradiated controls. It is worth mentioning that the initial
microbiological quality of the fillets was low, since a bacterial content of 106 CFU/g has been
proposed as the threshold for appearance of spoilage signs in fish and other seafood (Carvajal,
et al, 1991). Earlier observations by De La Sierra (1970) suggested that 3.0 kGy would be
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needed to prolong to 21 days the shelf-life of refrigerated fillets of Merluccius merluccius that
had an initial microbial load of 105 colony forming units (CFU)/g.

Microbial growth in irradiated and control shrimp samples was similar to that in saurel
fillets (data not shown). Initial total aerobic bacterial counts in shrimp were at levels
approaching 106 CFU/g, indicative of poor quality. Irradiation at 1 kGy reduced the levels by
one logio cycle, while 2 and 3 kGy effected a 3-logio decrease in bacterial counts. However,
only the highest dose tested on shrimp (3.0 kGy) provided a shelf-life extension of 10 days
over that of non-irradiated controls or of samples irradiated at the lower doses, all of which
spoiled by day 8 of storage at 0—1°C. This result confirmed the tenet that irradiation, like other
food processing techniques, cannot be used to improve poor quality seafood.
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Fig. 2. Aerobic mesophilic bacterial counts in irradiated and non-irradiated saurel fillets
during storage at 0-l°C

Shelf-life extension of lisa fillets was not measured in terms of numbers of bacteria in
the samples during storage, but only on the basis of sensory and chemical (TVN) evaluations.

Sensory evaluation of saurel fillets irradiated at 1.0 kGy, the only dose used for this
product because of its efficacy in extending shelf-life, indicated that a smoke-like odor was
present immediately after treatment; this off-odor disappeared after a few hours of
refrigerated storage. There was also a slight rancid odor which persisted in the fillets, that was
likely due to radiation effects on the lipids of this rather high fat-containing fish; this affected
the taste and brought about lower scores for cooked saurel fillets than those received by
control samples on the first evaluation period after irradiation, but not thereafter. The color of
fillets also was impaired to some extent by irradiation, consisting of a slight darkening of the
muscle, but this effect was not strong enough to influence appearance scores. Based on odor
and texture scores, the two most important quality attributes of fish that is to be consumed
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raw as "ceviche," it was concluded that the shelf-life of saurel fillets was extended more than
15 days by 1.0 kGy irradiation, as opposed to a shelf-life of only eight days in non-irradiated,
control samples (Table 1). Pre-irradiation treatment of fillets with a 10% STPP solution
greatly improved texture and decreased drip loss throughout refrigerated storage. In general,
the time in refrigerated storage during which the various quality attributes of saurel fillets
monitored in this study were found acceptable by the trained panel doubled in irradiated fillets
compared to non-irradiated samples.

In shrimp, non-irradiated raw tail samples were rejected after 8 days at 0-l°C, whereas
those irradiated at 1.0 kGy were judged acceptable for as long as 15 days. There was an
additional extension of shelf-life to 22 days when the dose applied was 2.0 kGy but no
additional benefits were obtained when the dose applied was 3.0 kGy; this agreed only
partially with earlier reports by Kumta and Sreenivasan (1979) of increases in shelf-life of
shrimp with increasing radiation doses. In fact, when shrimp samples irradiated at 3.0 kGy
were cooked for sensory evaluation, the panelists detected an objectionable flavor that
prompted rejection; a similar result was reported by Mufioz et al. (1985). Therefore, although
the best microbiological results in shrimp were achieved with a 3.0 kGy radiation dose,
1.0 and 2.0 kGy only were chosen for further evaluation.

Texture was found to be a poor indicator of quality in raw, irradiated shrimp.
Therefore, more importance was given to texture determination in cooked shrimp. A similar
approach was found to be more accurate to evaluate shrimp odor and flavor. Shrimp tails
irradiated at 1.0 or 2.0 kGy and cooked scored significantly higher for odor and flavor than
their non-irradiated counterparts (Table 1). These results translated into a shelf-life extension
of one and two weeks for the 1.0 and 2.0 kGy treatments, respectively, although the benefits
of the higher dose over 1.0 kGy were not conclusive.
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Fig. 3. Total volatile nitrogen (TVN) in saurel fillets during storage at 0-1 °C
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TABLE 1: ACCEPTABILITY OF APPEARANCE, ODOR, FLAVOR, AND TEXTURE OF IRRADIATED (0.0-2.0 kGY)
RAW AND COOKED SAUREL FILLETES, SHRIMP TAILS, AND LISA FILLETS DURING
POST-IRRADIATION STORAGE AT 0-1 °C

Type of Product

Saurel Fillets

Shrimp Tails

Lisa Fillets

Raw

Cooked

Raw

Cooked

Raw

Radiation Dose
(kGy)

0.0 1.0 2.0
Acceptable8

Appearance (days)

15

—

8

—

8

22

—

15

—

8

—

—

22

~

8

0.0 1.0 2.0
Acceptable*1

Odor (days)

8

—

8

1

8

15

—

15

15

15

~

~

22

15

15

0.0 1.0 2.0
Acceptable8

Flavor (days)

—

8

—

1

~

—

22+

—

15

~

—

—

22

—

0.0 1.0 2.0
Acceptable3

Texture (days)

15

15

—

22

8

22+

22

—

22

15

--

—

~

22

8

NOTE: * denotes that the radiation dose was not applied; — denotes that sensory evaluation parameter was not measured.
a Acceptable scores are mean values in the range 3.0-5.0.



The shelf-life of lisa fillets, as measured by texture (an extremely important attribute
in fish muscle for use in the preparation of ceviche), was extended to 15 days at 0-1 °C by
irradiation at 1.0 kGy; this was twice the shelf-life of non-irradiated samples (Table 1). A
higher dose (2.0 kGy) did not result in additional shelf-life. Fillets dipped pre-irradiation in
STPP solution, as well as non-irradiated controls, received the highest texture scores
throughout the storage period and had the lowest volume of drip (data not shown). Taking
into account all the parameters monitored during refrigerated storage (0-l°C), the shelf-life of
lisa fillets irradiated at 1.0 was prolonged to 15 days from only 8 in non-irradiated ones.
Irradiation had an adverse effect on the color of this product that was evident immediately
after treatment but became less obvious as control samples underwent rapid microbial
spoilage.

TVN values in irradiated (1.0 kGy) saurel fillets remained below the limit for
acceptability (i.e. 23 mg/lOOg) beyond the 15-day period of shelf-life defined by the sensory
and microbiological quality attributes discussed earlier, whereas the controls surpassed it
shortly after 12 days of refrigerated storage (Fig. 3). Similar results were obtained in shrimp
tails irradiated at 2.0 kGy and in lisa filletes treated also at 2.0 kGy (data not shown).

Drip losses in irradiated fillets of lisa showed a tendency to increase as the radiation
dose increased. However, although such losses were not significantly higher in irradiated
fillets, a pre-irradiation immersion in 10% STPP eliminated any differences.

CONCLUSIONS

Toxigenic Vibrio cholerae Ol El Tor Inaba is quite susceptible to injury by gamma
radiation.

The radiation Dio value for this microorganism in vitro, in artificially contaminated tails
of the shrimp species Penaeus vannamei, and on lisa (Mugil cephalus) fillets, was 0.13 kGy;
in saurel {Trachurus picturatus murphyi) fillets the Dio values was very similar, 0.12 kGy.
These results suggested that a dose of 1.0 kGy would be sufficient to ensure inactivation of a
107 CFU/g of the pathogen in these products, making them cholera-safe even if consumed raw
as these fish frequently are.

A radiation dose of 1.0 kGy was optimal for extending the microbiological shelf-life
of saurel filletes to twice that of control samples, whereas 2.0 and even 3.0 kGy where needed
to achieve similar results in shrimp tails because of their low initial microbial quality, hi
general, irradiation at medium doses (1.0 and 2.0 kGy) preserved the sensory attributes offish
fillets and shrimp tails and extended their acceptability in refrigerated storage (0-1 °C) to
twice as long as non-irradiated samples.
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