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ABSTRACT

We have demonstrated the antilisterial activity of generally recognized as safe (GRAS) bacteriophage LISTEX P100 (phage

P100) on the surface of raw salmon fillet tissue against Listeria monocytogenes serotypes 1/2a and 4b. In a broth model system,

phage P100 completely inhibited L. monocytogenes growth at 4uC for 12 days, at 10uC for 8 days, and at 30uC for 4 days, at all

three phage concentrations of 104, 106, and 108 PFU/ml. On raw salmon fillet tissue, a higher phage concentration of 108 PFU/g

was required to yield 1.8-, 2.5-, and 3.5-log CFU/g reductions of L. monocytogenes from its initial loads of 2, 3, and 4.5

log CFU/g at 4 or 22uC. Over the 10 days of storage at 4uC, L. monocytogenes growth was inhibited by phage P100 on the raw

salmon fillet tissue to as low as 0.3 log CFU/g versus normal growth of 2.6 log CFU/g in the absence of phage. Phage P100

remained stable on the raw salmon fillet tissue over a 10-day storage period, with only a marginal loss of 0.6 log PFU/g from an

initial phage treatment of 8 log PFU/g. These findings illustrate that the GRAS bacteriophage LISTEX P100 is listericidal on raw

salmon fillets and is useful in quantitatively reducing L. monocytogenes.

Listeria monocytogenes continues to be a problem in raw

salmon and cold-smoked salmon products (13, 14, 20, 25).
The control or elimination of L. monocytogenes contamination

in raw salmon is a first critical step for enhancing the safety of

finished cold-smoked salmon that has not undergone adequate

listericidal steps (15). Several authors have reported the

prevalence of L. monocytogenes in raw fish including salmon

in the range of 0.1 to 25% (9, 11, 19, 26, 38). The current

intervention strategies for L. monocytogenes control on raw

salmon include chemical treatments such as chlorine, chlorine

dioxide, acidified sodium chlorite, ozone, and electrolyzed

oxidizing water. Of these, dipping fish fillets in chlorine water

is a widely used industrial practice (7, 32). Eklund et al. (12)
observed that the practice of dipping fish in a chlorine solu-

tion increases the chances for cross-contamination, as the

chlorine solution quickly becomes ineffective in the absence

of active management of its concentration. Antimicrobial

treatment of salmon fillets with 50 ppm of acidified sodium

chlorite or electrolyzed water produced only marginal 0.2- to

1.0-log reductions in L. monocytogenes populations, whereas

200 ppm of chlorine dioxide or 1.5 ppm of ozone decreased

the quality attributes of the fillets (10, 22, 27, 33). In addition

to the chemical interventions, physical treatment such as

steam treatment and UV exposure were also evaluated for L.
monocytogenes control on raw salmon fillets. Bremer et al. (6)
reported a ,4-log surface decontamination of L. monocyto-
genes from salmon skin surfaces by using an 8-s steam

pasteurization treatment, without altering the quality of cold-

smoked salmon. When L. monocytogenes–inoculated salmon

skin and fillet samples were exposed to UV light for up to

60 s, a 0.7- to 1-log CFU/g reduction in L. monocytogenes
counts were attained. However, this UV exposure increased

the temperatures of fillets to 100uC, which resulted in visual

color changes and decreased quality (28).
One promising approach for L. monocytogenes control is

the use of bacteriophages as an antilisterial agent (15, 17, 20,
29). Bacteriophages (phages) infect bacterial cells; phages are

specific for a target genus, serotype, or a strain. All phages are

obligate parasites, and each relies on a specific host for

propagation. In the absence of a host bacterium, a phage exists

in a metabolically inert state. Phages are ubiquitous in nature,

and as many as 108 phage particles can be isolated from 1 g of

soil or water (29). Phages are also isolated from several food

products such as meat, dairy, vegetables, etc. (2, 5, 18, 21, 39).
The two broad categories of ‘‘virulent’’ or ‘‘temperate’’

phages differ in their respective modes of action. After entry

into the host, virulent phages rapidly multiply inside the target

bacterial cell without integrating with the host DNA, whereas

temperate phages integrate into the host DNA and replicate

along with it. For biocontrol strategies, phages with the ability

to lyse bacterial cells rapidly without integration into the host

bacterial DNA are recommended (15, 20, 30, 31).
Recently, the U.S. Food and Drug Administration

approved two bacteriophage preparations (LISTEX P100

and LMP-102) for use in certain foods to combat L.
monocytogenes contamination (34–36). Of these two phages,

LISTEX P100 is approved for use for all raw and ready-to-eat

foods, at levels not to exceed 109 PFU/g. As there is no

effective method for the control of L. monocytogenes on raw

salmon fillets, we evaluated the efficacy of phage LISTEX

P100 on raw salmon fillet tissues for L. monocytogenes
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biocontrol as a function of (i) phage dose, (ii) phage contact

time, and (iii) storage temperature and storage time.

MATERIALS AND METHODS

L. monocytogenes strains. Two L. monocytogenes serotypes,

1/2a (EGD strain) and 4b (Scott A strain), were used in this study.

These strains were maintained in tryptic soy agar (TSA) slants and

cultured at 37uC for 24 h in 10 ml of tryptic soy broth (TSB) to

obtain cell concentrations of 109 CFU/ml (equivalent to an optical

density at 600 nm [OD600] of ,1.2). To prepare inoculum, broth

cell suspensions were washed twice by obtaining the cell pellets

via centrifugation at 10,000 | g for 10 min, and resuspension in

physiological saline (0.9% NaCl). The serial dilutions of the L.
monocytogenes cell suspensions were then prepared in saline to

obtain the desired cell concentrations. The two-strain mixture of L.
monocytogenes EGD and Scott A was prepared by mixing equal

volumes of the washed cell suspension containing 109 CFU/ml,

and then performing serial dilutions in saline.

Bacteriophage source and plaque-forming assay. The U.S.

Food and Drug Administration– and the U.S. Department of

Agriculture, Food Safety and Inspection Service–approved bacterio-

phage preparation LISTEX P100 (phage P100) (34, 36) was obtained

from EBI Food Safety, Inc. (Wageningen, The Netherlands). Phage

P100 is reported active against multiple serovars of L. monocyto-
genes (8). Phage P100 stock solution in buffered saline had an

approximate concentration of 1011 PFU/ml. This concentration was

determined with the following assay: The bacteriophage suspension

was serially diluted in sterile buffer (100 mM NaCl, 10 mM MgSO4,

and 50 mM Tris-HCl [pH 7.5]), and 100 ml of each phage

suspension was mixed with a 150 ml of L. monocytogenes EGD or

Scott A (OD600 , 1.2) cells in 4 ml of sterile soft agar (TSB

containing 0.4% agar) at 42uC. The soft agar mixture was gently

vortexed prior to pouring onto a TSA plate, and then distributed

evenly by gentle rotation of the agar plate. The soft agar was allowed

to solidify for 30 min at room temperature, and these plates were

subsequently incubated in an inverted position for 18 to 24 h at 30uC.

After the incubation period, the number of visible plaques was

counted, and the resulting number multiplied by a dilution factor to

obtain the counts, expressed as PFU per milliliter.

Effect of phage P100 on L. monocytogenes growth at
different temperatures in broth. The effect of phage P100 on the

inhibition of growth of L. monocytogenes EGD and Scott A was

determined via a 24-well plate assay by measuring the optical

density at 630 nm, and by viability testing. L. monocytogenes cell

suspensions were serially diluted to achieve a concentration of

104 CFU/ml, and then they were distributed at 1.8 ml per well into

the 24-well plates. These plates were incubated at 4 or 10uC for

1 h, or at 30uC for 30 min, to achieve temperature equilibration

before being challenged with phage P100. Phage P100 was added

at 0.2 ml per well to suspensions of 105, 107, and 109 PFU/ml in

TSB to yield final phage concentrations of 104, 106, and 108 PFU/

ml, respectively. The untreated control consisted of 0.2 ml per well

of TSB instead of phage P100. The media-only controls were also

placed in each 24-well plate. Four replicate wells were maintained

for each treatment. The plates were immediately placed at 4, 10,

and 30uC, and OD630 was recorded with a 24-well plate reader

(ELx800NB, BioTek Instruments, Winooski, VT) at specific

intervals. To minimize the temperature fluctuation, each plate

was removed from the incubator for a maximum of 20 to 30 s for

the optical density readings. At the end of the incubation period at

different temperatures (2 days at 30uC, 8 days at 10uC, and 12 days

at 4uC), 250 ml per well of each treatment was spread plated on

polymyxin acriflavine lithium chloride ceftazidime aesculin

mannitol (PALCAM) agar to recover surviving L. monocytogenes
cells that could be present.

Salmon fillet tissue samples. Fresh, whole raw salmon fillets

were purchased from a local retail grocery store and kept at 4uC for

use within 24 h. For each experiment, raw salmon fillet tissue

samples (10 g) of approximately 2-cm2 blocks were prepared by

cutting a large fillet by using a sterile knife on a sterile cutting

board. For the purpose of inoculation, packing, and storage, two

such tissue samples per treatment were placed in a sterile,

polystyrene dish measuring 10.2 cm in diameter (hexagonal

polystyrene weighing dishes, Fisher Scientific Co., Pittsburgh,

PA), with the flesh side facing up. Each such polystyrene dish

containing samples was sealed in a Ziploc bag (16.5 by 14.9 cm).

Effect of different phage P100 concentrations on L.

monocytogenes reduction on raw salmon fillet tissue. Each

raw salmon fillet tissue sample was inoculated with 50 ml of a

serially diluted, two-strain (serotype 1/2a and 4b) mixture of L.
monocytogenes suspension by depositing 5- to 10-ml drops to the

flesh side, to yield an inoculation level of approximately 4

log CFU/g. The samples were allowed to air dry for 15 min in a

Biosafety Level 2 laminar flow hood for the attachment of L.
monocytogenes cells. Each sample was then surface treated with

serially diluted phage P100 on the flesh side by adding 100-ml

suspensions of 1010, 109, 108, 107, and 106 PFU/ml in

physiological saline to yield final doses 108, 107, 106, 105 and

104 PFU/g, respectively. For the untreated control, each sample

received 100 ml of saline solution in lieu of phage P100. The

duplicate samples per treatment were placed in a polystyrene dish,

sealed immediately in a Ziploc bag for incubation at 4uC for 2 h,

and then enumerated for L. monocytogenes.

Effect of phage P100 against low and high L. monocyto-

genes inoculum levels on raw salmon fillet tissue. The serial

dilution of the L. monocytogenes cell suspension that contained

both serotypes 1/2a and 4b was spot inoculated at 50 ml to yield 2,

3, or 4 log CFU/g on the flesh side of the 10-g raw salmon tissue

sample, and then allowed to air dry as described above. These

tissue samples were then surface treated with phage P100 by

adding 100 ml of phage suspension to the flesh side, for a phage

application dose of 108 PFU/g per 10 g of tissue sample. Each

treatment, which consisted of duplicate tissue samples in a

polystyrene dish, was immediately packed in a Ziploc bag for

incubation at 4uC or room temperature (22uC), and then

enumerated for L. monocytogenes CFU after 30 min and 2 h.

Effect of phage P100 on L. monocytogenes growth during

the shelf life of raw salmon fillet tissue. After the inoculation of

10-g samples of raw salmon fillet tissue with approximately 2

log CFU/g of L. monocytogenes serotype mixture (1/2a and 4b) to

the flesh side, the samples were air dried as described above. For

the phage P100 treatment, a 100-ml phage suspension was added to

the flesh side to give a phage dose of 108 PFU/g per 10 g of tissue

sample. After the phage treatment, the polystyrene dish containing

duplicate tissue samples was immediately packed in a Ziploc bag

for storage at 4uC, and then assayed for L. monocytogenes levels at

0, 1, 4, 7, and 10 days, at 4uC.

L. monocytogenes enumeration. Each salmon fillet tissue

sample was aseptically placed in a stomacher bag containing 25 ml

of peptone water (0.1% peptone and 0.02% Tween 80), and then

homogenized for 2 min in a stomacher (model 400C, Seward
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Medical, London, UK) at 230 rpm. Ten milliliters of the

homogenate was then concentrated by centrifugation at 12,000

| g for 5 min. This centrifugation step also significantly removed

the phage P100 from the stomached rinses prior to direct plating

for L. monocytogenes enumeration. After centrifugation, the top

supernatant containing the phage P100 was removed, and the pellet

containing L. monocytogenes cells was resuspended in 1 ml of

peptone water. Subsamples of 100 or 250 ml (to yield a countable

plate) from the resuspended pellet were then spread plated on

PALCAM agar that contained the following Listeria-selective

antibiotics: polymyxin B sulfate (10 mg/liter), acriflavin (5 mg/

liter), and ceftazidime (6 mg/liter). When required, a serial dilution

step was performed after resuspending the pellet to yield a

countable plate for L. monocytogenes. While enumerating the low

levels of L. monocytogenes, the entire pellet in 1 ml was spread

plated by using 250 ml per plate on four PALCAM plates.

Determination of phage P100 stability on salmon
fillet tissue. The stability of phage P100 on salmon fillet tissue

was determined at 4uC during the 10-day storage period. Each 10-g

fillet tissue sample was surface treated with phage P100 by adding

100 ml of phage suspension to the flesh side to yield a final

application of 108 PFU/g. After phage treatment, polystyrene

dishes containing the duplicates tissue samples were packed

immediately in a Ziploc bag for storage at 4uC for up to 10 days.

Phage P100 was enumerated at 0, 1, 4, 7, and 10 days by using a

plaque-forming assay. After each incubation period, the fillet

sample was homogenized in 25 ml of peptone water by

stomaching (as described above), and 1 ml of homogenate was

filter sterilized with a 0.22-mm filter syringe. The filtrate was tested

for PFU counts, as described earlier.

Statistical analysis. All experiments were repeated three

times. L. monocytogenes counts were converted into log CFU per

gram, and then analyzed with the SPPS statistical analyses

software package (version 12.0, SPPS, Inc., Chicago, IL). Analysis

of variance (ANOVA) was used for determining mean significant

differences between controls and within phage treatments.

RESULTS

Phage P100 inhibits L. monocytogenes growth at
different temperatures in broth. Figure 1 shows the

inhibition in growth of L. monocytogenes in TSB at 4, 10,

and 30uC in the presence of 104, 106, and 108 PFU/ml of

phage P100. As expected, the L. monocytogenes growth was

temperature dependent (P , 0.05). At 4uC, the OD600

measurements for both L. monocytogenes EGD and Scott A

strains remained below the threshold levels up to 8 days, and

growth was only detected at 12 days. At 10uC, L.
monocytogenes growth was observed after approximately 2

days, while at 30uC, growth occurred immediately after

incubation. All phage concentrations of 104, 106, and 108

PFU/ml were equally effective at all three temperatures in

inhibiting L. monocytogenes growth. In the presence of phage

P100, OD630 measurements remained at initial threshold

levels at all three temperatures throughout the test periods. No

surviving L. monocytogenes cells (minimum detection limit of

10 CFU/ml) were detected at all three temperatures in phage-

treated cell suspensions, which was determined by spread

plating samples on PALCAM plates at the end of each

incubation period. In Figure 1, the threshold levels of OD630

, 0.05 may be due to cell debris.

Reduction of L. monocytogenes counts on raw
salmon tissue as a function of phage P100 density.
Figure 2 shows the effect of varying phage concentrations

(104 to 108 PFU/g) on the reduction of L. monocytogenes
counts from raw salmon fillet tissue samples that were

inoculated with 4 log CFU/g of L. monocytogenes. The

reductions in L. monocytogenes counts were proportional to

the phage density, i.e., with an increase in phage

concentration, there was a greater decrease in L. monocy-
togenes counts. There was no significant (P . 0.05)

reduction in L. monocytogenes counts on raw salmon fillet

tissue when treated with a lower dose of phage P100 at 104

PFU/g, compared with the untreated control. Phage P100

doses of 105 and 106 PFU/g, though statistically significant

(P , 0.05), resulted in marginal reductions of 0.5 and 1.2

log CFU/g of L. monocytogenes, respectively. The phage

treatment of 107 PFU/g resulted in 2-log CFU/g reductions

in L. monocytogenes counts, while the higher phage

treatment of 108 PFU/g was the most effective and yielded

a ,3.5-log CFU/g reduction in L. monocytogenes counts

within 2 h. With the exception of the 104 PFU/g treatment,

all other phage treatments had reduced (P , 0.05) L.
monocytogenes counts when compared with the untreated

control. In addition, there was a significantly (P , 0.05)

FIGURE 1. The inhibition of the growth of Listeria monocyto-

genes serotypes 1/2a (A, C, E) and 4b (B, D, F) in the presence of
different phage P100 concentrations at three temperatures. h, No
phage; n, phage P100 at 104 PFU/ml; #, phage P100 at 106

PFU/ml; N, phage P100 at 108 PFU/ml.
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higher reduction in L. monocytogenes counts with an

increase in phage density.

Reduction in L. monocytogenes counts as a function
of inoculum load and temperature. Figure 3 shows the

reduction in L. monocytogenes counts by the phage P100

treatment within 30 min or 2 h, at 4uC or room temperature

(22uC). The L. monocytogenes serotype mixture of 1/2a and

4b was surface inoculated at 2-, 3-, and 4-log CFU/g levels

on the raw salmon fillet tissue, and then surface treated with

phage P100 at 108 PFU/g. Over all, there was a significant

(P , 0.05) reduction in L. monocytogenes counts at both

temperatures (4 or 22uC), due to the phage P100 treatment.

In addition, similar levels of reduction in L. monocytogenes
counts were observed between the 30-min and 2-h phage

treatments at both temperatures. The 4-log CFU/g inoculum

levels of L. monocytogenes decreased to approximately 1

log CFU/g (a 3-log reduction when treated with phage P100

treatment at both temperatures). At the 3-log CFU/g

inoculum level, the decrease in L. monocytogenes counts

were 2.5 to 2.9 log, and at the 2-log CFU/g inoculum level,

the decrease in L. monocytogenes counts was approximately

1.9 log at both temperatures.

Reduction of L. monocytogenes growth by phage
P100 during the refrigerated shelf life of raw
salmon fillets. Figure 4 shows the effect of phage P100

on L. monocytogenes during the 10-day storage period of

raw salmon fillets at 4uC. During this storage period, the L.
monocytogenes population in the untreated control grew by

1 log (from the initial load of 1.6 to 2.6 log CFU/g by day

10). Considering the initial load of L. monocytogenes at day

0, the phage P100 treatment resulted in an approximately

1.4-log reduction in L. monocytogenes count at day 1.

During the subsequent storage period, L. monocytogenes
counts in phage-treated samples remained at or below 0.3

log CFU/g, with no further decrease or increase. At the end

of 10 days, the reductions in L. monocytogenes counts in

phage treatment were about 2.3 log lower, compared with

the no-phage control. Throughout the test period, L.
monocytogenes counts were statistically (P , 0.05) lower

in phage-treated samples at 1, 4, 7, and 10 days, compared

with the no-phage control.

Stability of phage P100 on salmon fillet tissue stored
at 4uC. Figure 5 shows the stability of phage P100 at 4 and

10uC during the 10-day storage period of raw salmon fillets.

FIGURE 2. Reductions of Listeria monocytogenes within 2 h at
4uC on raw salmon fillet tissue with different concentrations of
phage P100. Bars with different letters represent significant (P #

0.05) differences based on the least-squares difference, one-way
ANOVA test.

FIGURE 3. Reductions of Listeria monocytogenes on raw salmon
fillet tissue within 30 min or 2 h at 4uC or room temperature
(22uC) by phage P100. An L. monocytogenes serotype 1/2a (EGD)
and 4b (Scott A) mixture was inoculated at roughly 4 log CFU/g
(A and B), 3 log CFU/g (C and D), and 2 log CFU/g (E and F) and
treated with a phage concentration of 108 PFU/g. &, No phage;
u, phage P100 treatments.

FIGURE 4. Reduction of Listeria monocytogenes growth during
the 10-day shelf life of raw salmon fillets at 4uC by phage P100. h,
No phage; N, phage P100 at 108 PFU/g.
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The phage P100 titer was relatively stable on the raw

salmon fillet tissue during storage. Of the initial 8 log PFU/

g, there was only a marginal decrease in the phage P100 titer

(by 0.6 log PFU/g) at the end of the 10-day storage period

on raw salmon fillet tissue samples that were stored at 4uC.

DISCUSSION

In this study, we have demonstrated that bacteriophage

P100 was able to reduce L. monocytogenes counts in a model

broth system and on raw salmon fillet tissue, as a function of

phage dose, L. monocytogenes inoculum level, and phage

contact time and storage temperature. In broth medium, phage

P100 was effective at all tested phage concentrations of 104,

106, and 108 PFU/ml. On salmon fillets, phage efficacy was

highly dependent on the phage concentration, i.e., at a higher

phage concentration, there was a proportionately higher

reduction of L. monocytogenes. At a higher phage concentra-

tion of 108 PFU/g, L. monocytogenes counts on fillet tissue

were decreased by three orders of magnitude. Guenther et al.

(16) reported similar results, and noticed that there were

higher magnitudes of L. monocytogenes reductions in broth

conditions when compared with solid matrices of ready-to-eat

food products, possibly due to better diffusion of phage

particles in liquid. In addition, in other phage-challenge

studies with Salmonella and Campylobacter, phage densities

in the range of 106 to 108 PFU/g (or cm2) were required for

appreciable reductions in host bacterial counts (1, 4, 23, 24).
From a food safety application perspective, the ability

of the selected phage to target host cells under refrigerated

storage is important (20). The activity of a selected phage at

a lower temperature depends on its successful adsorption to

the host bacterium’s surfaces and active function (20, 37). L.
monocytogenes cells are able to grow under refrigerated

temperature conditions, and are metabolically active at such

low temperatures. By using a model broth system, we

observed that phage P100 effectively inhibited L. monocy-
togenes growth at 4, 10, and 30uC (Fig. 1). Moreover, no

surviving L. monocytogenes cells were found in phage-

treated broth samples at the end of these experiments.

Similar to broth assays, phage P100 was also found equally

effective on fillet surfaces at both 4uC and room temperature

(22uC). This is of practical importance because this phage

technology can be successfully used in fillet processing:

fillets could be stored immediately under refrigeration

conditions after listericidal treatment.

While raw salmon may be frequently contaminated

with L. monocytogenes, levels of contamination are usually

low and limited to 0.1 to 10 CFU/g at the initial stage of

contamination, with only sporadic possibilities of this

pathogen being isolated in high numbers (14). To yield a

measurable count of L. monocytogenes, the efficacy of

antimicrobial compounds are normally tested at higher

inoculum levels (,4 log CFU/g). On salmon fillet tissue,

we tested the effect of phage P100 at L. monocytogenes
levels as low as 2 log CFU/g or as high as 4 log CFU/g.

Using a centrifugation step, 10 ml of stomached subsample

rinses was concentrated to accurately recover the low

numbers of surviving L. monocytogenes cells after phage

treatment. This was also confirmed by the extraction of

inoculated samples with known concentrations of L.
monocytogenes by this assay method. This centrifugation

step was also useful in significantly reducing phage P100

numbers from the stomached rinses prior to direct plating

for L. monocytogenes enumeration. This is evident in

Figure 5; the phage application dose of 8 log PFU/g was

almost entirely recovered in centrifuged supernatant. Our

experiments with different L. monocytogenes inoculum

loads revealed strong listericidal activity by phage P100

treatment. At inoculum levels of 2, 3, and 4 log CFU/g, the

decreases in L. monocytogenes populations by phage

treatments were approximately 1.8, 2.5, and 3 log CFU/g,

respectively. In terms of percentages, the levels of L.
monocytogenes reduction at different inoculum levels were

approximately 99.9%. At a phage concentration of 108 PFU/

g, the proportion of number of phage particles available for

each host bacterium were 106:1, 105:1, and 104:1 (phage

P100:L. monocytogenes) for 2-, 3-, and 4-log CFU/g levels

of L. monocytogenes inoculum, respectively. Although the

phage particles available for each host bacterium were

higher in tissue samples containing less L. monocytogenes
inoculum, this did not result in the complete elimination of

target L. monocytogenes cells. As explained by Hagens and

Offerhaus (17), phage particles at high concentrations may

not be near all target host bacterial cells. There were

measurable reductions in L. monocytogenes counts at all

temperatures within the first 30 min of phage contact time.

We did not observe any meaningful differences in L.
monocytogenes reductions between 30-min and 2-h contacts

with phage P100. Recently, Bigwood et al. (3) used a

predictive modeling that suggested that phage particles

could decrease the host population significantly (,2 log)

within 1 h of phage exposure.

The usefulness of a phage in preventing the prolifer-

ation of a host bacterium during longer product storage time

depends on the stability of phage particles in any particular

food matrices and its surface water content for phage

mobilization (16, 17). Guenther et al. (16) tested the

viability of L. monocytogenes–specific phage A511 on

different food matrices, and noticed that phage particles

were more stable on ready-to-eat meat products (approxi-

FIGURE 5. Stability of phage P100 during the 10-day shelf life of
raw salmon fillet tissue at 4uC.
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mately 0.6-log reductions) compared with cabbage and

lettuce (approximately 2-log reductions) during a 6-day

storage period. In our study, phage P100 was found stable

on salmon fillet tissue surfaces, where phage counts showed

a marginal decrease of only 0.6 log after 10 days of storage

(Fig. 5). Consequently, on salmon fillets challenged with 2

log CFU/g of L. monocytogenes and treated with phage

P100, the L. monocytogenes population decreased and

remained at approximately 0.2 to 0.3 log CFU/g during the

10-day storage period.

In conclusion, this study demonstrates the strong

listericidal activity of the generally recognized as safe

bacteriophage preparation LISTEX P100 on raw salmon

fillet tissue. Since phage preparation is applied in a saline

solution, there may not be the quality or appearance defects

that are frequently noticeable with the use of other

antimicrobial treatments such as chlorine dioxide, ozone,

or irradiation (10, 22, 28). However, since phage P100 is

highly specific to only Listeria spp., there are obstacles to

overcome; additional testing and measures are necessary for

the suppression and eradication of other harmful pathogens

and spoilage microflora. In addition, experiments with

whole fillets (to mimic the commercial fillet processing

operation) are needed to test the efficacy of phage P100

against the wide range of L. monocytogenes isolates that

frequently originate in salmon fillet processing facilities.
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