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Abstract High hydrostatic pressure treatment not only inacti-
vates the pathogenic and spoilage microorganisms present in
the food but also preserves its sensory and organoleptic charac-
ters and nutrient value. In this study, the high-pressure destruc-
tion kinetics of an important food-borne pathogen Listeria
monocytogenes ATCC 19115 was studied in Indian white
prawn (Fenneropenaeus indicus) muscle. Headless muscle of
prawn was artificially spiked with L. monocytogenes ATCC
19115 at the level of approximately 107 CFU/g. The spiked
samples were vacuum-packed in an ethylene vinyl alcohol
(EVOH) pouch and then subjected to high-pressure treatment
at different pressure levels (250, 300, 350 and 400 MPa) for
different durations of time. Pressure D values were estimated at
different pressure levels. The pressure D values at 250, 300, 350
and 400 MPa were estimated as 34.521, 11.806, 5.92 and
5.099 min, respectively. It was observed that, even after
400 MPa pressure treatment for 12 min, the concentration of

the L. monocytogenes population was found to be 3.387 Log10
CFU/g. The combination of high pressure and potassium sor-
bate dip treatment (in acidic pH) was found to be very useful in
inactivating L. monocytogenes. Potassium sorbate (0.1 %) dip
for 15 min coupled with 250 and 350MPa pressure reduced the
level of L. monocytogenes by 2.345 and 5.908 Log10 CFU/g,
respectively. Thus, it can be concluded that pressure treatment
alone is not sufficient enough to inactivate this pathogen in
prawn muscle. The combination of potassium sorbate with
high-pressure treatment is a promising approach to inactivate
L. monocytogenes in Indian white prawn muscle.

Keywords Listeria monocytogenes . Prawn . Pressure
destruction kinetics

Introduction

Listeria monocytogenes, a Gram-positive intracellular patho-
gen, is the causal agent for various serious illnesses, including
abortion, encephalitis, arthritis, gastroenteritis, conjunctivitis,
etc., in human beings with a high hospitalization and mortality
rate (Va´zquez-Boland et al. 2001; Scallan et al. 2011). Con-
taminated food, water and beverages are known to be the
major source of listeria infection. This pathogen is present in
almost all types of environment and has been isolated from
different varieties of food items including seafood. Being a
psychrotrophic organism, L. monocytogenes can grow in food
items stored at refrigerated temperature (Junttila et al. 1988).
Hence, in the food industry, the control of this pathogen is a
major challenge due to its ability to grow and survive in a wide
range of environmental conditions within different types of
food items including processed foods.

Among seafood, prawn is themost important commercially
traded items because of its high market value and demand. On
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the value basis, frozen shrimp is a major export items among
seafood from India and accounts for 64.12 % of the total
revenue generated through the export of seafood from India
during the 2013–14 financial year (MPEDA 2015). But, due
to the presence of different pathogenic and spoilage bacteria, it
is very often a great public health hazard. The occurrence of
Listeria spp. and L. monocytogenes has also been reported in
different types of seafood including prawn (Wang et al. 2011;
Zarei et al. 2012; Das et al. 2013b).

High-pressure processing, which is also known as cold
pasteurization, is considered to be one of the potential
methods of preservation of food. The major advantage of
high-pressure treatment is that it destroys to a great extent
the pathogenic and commensal microorganisms present in
food without compromising the sensory and organoleptic
characteristics and nutrient value of the food (Smelt 1998;
Wimalaratne and Farid 2008). The use of high pressure in
food was first introduced in 1899 for the preservation of milk
(Hite 1899) and, with the passage of time, its application has
been extended in different parts of world to varieties of food
items including seafood. At the present time, many high-
pressure-treated commercial food products are available in
markets, like fruit juices, jams, vegetables, herb products, sea-
food, etc. In order to assess the susceptibility of any organism
to high hydrostatic pressure in any particular medium, it is
very important to study the pressure destruction kinetics of
the pathogen with time–pressure relationship. The pressure
destruction kinetics of Escherichia coli was studied in apple
juice by Ramaswamy et al. 2003. In the case of
L. monocytogenes, the high-pressure destruction kinetics
was studied in pork, milk and frankfurters (Mussa et al.
1998, 1999; Lucore et al. 2000). But so far no work has been
carried out on the pressure destruction kinetics of this patho-
gen in prawn muscle. Listeria monocytogenes usually sur-
vives up to a high level of hydrostatic pressure treatment in
food, particularly when pressure treatment alone is the only
inhibiting factor. To reduce its population by 5 Log10 in frank-
furters, pressure treatment at 700 MPa for 9 min is necessary
(Lucore et al. 2000). As per past studies, this high level of
pressure treatment is not suitable for the sensory characteris-
tics of prawn muscle, as a cooked whitish appearance was
observed at the pressure level of 435 MPa or above (Ginson
et al. 2013). Consequently, in the past, many workers have
focused, with varying success, on the synergistic effect of
high-pressure treatment with other factors, like the application
of mild heating, alternating current, use of nisin, lysozyme,
etc., in different types of food (Shimada 1992; Heuben et al.
1996; Das et al. 2013a). Potassium sorbate is a commonly
used class II preservative, which has been previously shown
to be effective against different food-borne pathogenic bacte-
ria including L. monocytogenes (Beuchat 1980; Hazarika et al.
2003), and application of this preservative is permitted in dif-
ferent food products in USA and Canada, with the permissible

limit in most types of food being generally 0.1 % (USFDA
2013; Health Canada 2014). Previous studies in this aspect
have also shown that potassium sorbate sensitizes the cells
of L. monocytogenes to high hydrostatic pressure treatment
(Mackey et al. 1995). But, until now, there has been no report-
ed study of the combined effect of high pressure and potassi-
um sorbate treatment for controlling L. monocytogenes in the
muscle of Indian white prawn.

Keeping these facts in view, the current study has been
undertaken with the objectives of determining the pressure
destruction kinetics of L. monocytogenes in Indian white
prawn muscle (Fenneropenaeus indicus) and of assessing
the combined effect of potassium sorbate and high-pressure
treatment against this pathogen in this seafood.

Materials and methods

Bacterial culture

Listeria monocytogenes ATCC 19115 was used in this current
study. The strain was procured from the American type culture
collection and was maintained on Tryptic soy agar (BDDifco)
slants at 4 °C with intermittent subculture.

Preparation of culture for artificial spiking

Ten ml of tryptic soya broth (TSB) (BD Difco, USA) was
inoculated with a loopful of culture of L. monocytogenes
ATCC 19115 and was incubated at 37 °C for 18 h. The culture
in the exponential phase was centrifuged at 7000 g for 10 min
at 4 °C and the resultant pellet was dissolved in 10 ml sterile
phosphate-buffered saline (PBS) (Na2HPO4 1.910 g, KH2PO4

0.38 g, NaCl 8.5 g, and distilled water upthe to 1 l, pH 7.2) .
The bacterial population of the suspension was determined by
plating different dilutions prepared in sterile normal saline on
tryptic soya agar plates (TSA) (BD Difco). Based on the bac-
terial concentration, an appropriate amount of PBS was added
to a suitable amount of bacterial suspension to make a stock
bacterial suspension containing 109 CFU of L. monocytogenes
per ml, and 100 μl (108 CFU) from the stock suspension was
used for artificial spiking.

Prawn sample and artificial spiking

Fresh Indian white prawn (Fenneropenaeus indicus) samples
were obtained from fish landing centre of Fort Kochi, Kerala.
The samples were collected on ice in an insulated box and
transported to the laboratory in chilled condition. After arriv-
ing at the laboratory, the prawns were beheaded and washed
with potable water. Ten grams of prawn muscle were spiked
with approximately 108 CFU of L. monocytogenesmaking the
final concentration of bacteria 107 CFU/g. The spiking was
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carried out following Das et al. (2011). The stock suspension
was mixed thoroughly by vortexing and 100 μl was spread on
10 g of prawn muscle. The spreading was done on different
parts of the piece of muscle. Following spiking, the samples
were left at room temperature for 1 h for absorption of the
inoculum. Before spiking, the samples were screened for the
presence of Listeria spp. by the ISO 11290 Part 1 method as
mentioned in previous studies (Scotter et al. 2001; Das et al.
2013b).

High hydrostatic pressure treatment for estimation
of pressure D value

High hydrostatic pressure treatment was carried out in high-
pressure processing equipment (model no FPG 71009 / 2C;
M/s Stansted Fluid Power, Harlow, Essex, UK) with a cylin-
drical type pressure chamber. The capacity of the pressure
vessel was 2 l, with length and diameter being 570 and
70 mm, respectively. The pressure transmitting fluid used
was 30 % monopropylene glycol. The temperature within
the pressure chamber was monitored by a K-type thermocou-
ple. The pressure treatment was carried out with four different
pressure levels (250, 300, 350 and 400 MPa) for different
periods of time at 600 MPa/min ramp rate with a set temper-
ature of 30 °C. The temperature increased up to 32 °C while
the pressure built up and decreased to 28 °C during decom-
pression. The decompression time was 72 s. The reported
pressure holding time in this study does not include the pres-
sure build up and decompression time. The pressure treatment
at 250 MPa was done for 0, 10, 20, 30 and 40 min, while the
holding times of 0, 7, 14, 21 and 28 min were applied in the
case of the 300 MPa pressure treatment. At 350 MPa, the
pressure treatment was done for 0, 5, 10, 15 and 20 min
whereas, at 400 MPa, the pressure treatment was carried out
at 0, 3, 6, 9 and 12 min. In case of pressure treatment at 0 min,
the vessel was allowed to attain the pressure, held for 2 s and
then the pressure was released. All the experiments were car-
ried out in duplicate and mean values were taken into
consideration.

Enumeration of L. monocytogenes

Ten grams of pressure-treated spiked samples were addedwith
90 ml of sterile normal saline (0.85 % NaCl) into the EVOH
pouch and blended in a stomacher blender (Seward, UK). The
blendingwas carried out twice at the speed of 230 rpm for 30 s
and then further 10-fold serial dilutions were prepared in ster-
i le normal sa l ine solu t ion . The enumera t ion of
L. monocytogeneswas done by plating serially diluted sample
on preset PALCAM agar plates (BD Difco) with 2.5 % egg
yolk, which was added to the media for the revival of injured
cells. The plates were incubated at 37 °C for 48 h. The

counting was done and the result was expressed in Log10
values of CFU/g.

Determination of pressure D value

The pressure D value at a particular pressure level refers to the
time required to reduce the bacterial population by 90 %. For
calculation of pressure D values, the Log10 values of CFU/g at
different pressures and times were plotted on MS Excel and
the linear curve with the equation was deduced. The pressure
D value was calculated using the equation obtained in MS
Excel.

Study of combined effect of potassium sorbate and high
hydrostatic pressure

Ten grams of prawn muscle was artificially spiked with ap-
proximately 108 CFU of L. monocytogenes ATCC 19115 (fi-
nal concentration approximately 107 CFU/g). The preparation
of the culture and the artificial spiking followed the same
procedure as mentioned in the previous section. The spiked
sample of prawn muscle was dipped in 30 ml of potassium
sorbate solution (0.1 %) prepared in 0.02 (N) HCl for 15 min.
Then, the sample was vacuum-packed in an EVOH pouch.
This was followed by high-pressure treatment with 250 and
350 MPa at around 30 °C with 5 min holding time. The same
equipment which was used for determination of D value was
also used for this study. The pressure vessel, pressure trans-
mitting fluid, ramp rate and pressure decompression time were
the same as in the case of determining the pressure D value.
One set of samples was not treated with high pressure after
vacuum packing and one set was also used as control without
pressure and potassium sorbate treatment. The samples of the
control group were dipped in sterile normal saline solution for
15 min. The study was conducted in triplicate. The enumera-
tion of the level of L. monocytogenes was done on PALCAM
agar (BD Difco) containing 2.5 % egg yolk as mentioned
previously.

Analysis of data

IBM SPSS v.22 was used for statistical analysis. One-way
ANOVA was carried out to discover the difference between
different treatment groups of the combined effects of potassi-
um sorbate and high-pressure treatment (A = control group,
B= treated only with 0.1 % potassium sorbate, C= treated with
0.1 % potassium sorbate and 250 MPa pressure, D = treated
with 0.1 % potassium sorbate and 350 MPa pressure). Once
the ANOVA was found to be significant at the 5 % level,
Duncan’s multiple range test was performed to compare the
means of different treatment groups (p<0.05).
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Results and discussion

The Indian white prawn (Fenneropenaeus indicus) samples
used in this study were confirmed as free from Listeria spp.
by the standard method as mentioned in the BMaterials and
methods^.

Pressure destruction kinetics

A reduction of the population of L. monocytogenes was ob-
served with the increasing duration of pressure treatment at
each pressure level (250, 300, 350 and 400 MPa). Before
applying the pressure treatment, the initial level of
L. monocytogenes was around 107 CFU/g, as 108 CFU were
inoculated for 10 g. At 0 min holding time, the concentration
of the Listeria population was found to be 6.844, 6.782, 6.76
and 5.734 Log10 CFU/g at 250, 300, 350 ad 400MPa pressure
levels, respectively. A more rapid reduction was possible at
higher pressure levels. The pressure decimal reduction time
(pressure D value) was found to be 34.521, 11.806, 5.92 and
5.099 min at 250, 300, 350 and 400 MPa pressure levels,
respectively. The results of pressure destruction trends have
been depicted in Table 1 and Fig. 1a–d.

So, it is evident that there was a rapid reduction of the
pressure D value when the pressure was increased from 250

to 300 MPa. But a further increase of pressure beyond
300 MPa showed a slow decrease of the pressure D value.
After applying a pressure treatment of 400 MPa for 12 min,
the level of surviving cells of L. monocytogeneswas observed
as 3.387 Log10 CFU/g.

The effect of combined treatment of high pressure
and potassium sorbate

The 250 and 350 MPa pressure treatments coupled with po-
tassium sorbate dip treatment reduced the level of
L. monocytogenes by 2.345 and 5.908 Log10 CFU/g, respec-
tively. However, the reduction of the level of this pathogen by
just the potassium sorbate treatment was found to be 0.986
Log10 CFU/g when compared to the control (Fig. 2). Statisti-
cal analysis showed that potassium sorbate treatment alone did
not significantly reduce the population of L. monocytogenes in
prawn muscle whereas, a significant reduction was observed
with potassium sorbate treatment in combination with both
250 and 350 MPa pressure treatments (p<0.5) (Fig. 2).

Listeria monocytogenes can resist high hydrostatic pres-
sure. Recently, it has been found that the proline synthesis
gene (proAB) plays a role in the barotolerance of
L. monocytogenes (Considine et al. 2011). In this organism,
high pressure induces the increased expression of genes in-
volved in the DNA repair mechanism, transcription and trans-
lation protein complexes, the septal ring, the general protein
translocase system, flagella assemblage, chemotaxis and lipid
and peptidoglycan biosynthetic pathways (Bowman et al.
2008). In this study, it is interesting to note that even
400 MPa pressure treatment for 12 min could reduce the pop-
ulation only to 3.387 Log10 CFU/g. In comparison to this
study, in the case of E. coli, 350 MPa pressure treatment for
3 min reduced the population from 8.0 to 2.22 Log10 CFU/ml
in apple juice (Ramaswamy et al. 2003). Another study
showed that 700 MPa pressure treatment for 9 min was re-
quired to reduce the population of L. monocytogenes by 5
log10 in frankfurters (Lucore et al. 2000). Myers et al. (2013)
observed that 600 MPa pressure treatment for 3 min could
reduce the population of this organism by only 3.85–4.35
log10 CFU/g in ready-to-eat sliced ham and turkeymeat. Thus,
the current study reiterated the fact that L. monocytogenes is a
highly high-pressure-resistant organism and very high
pressure is required to inactivate it. But this much high
pressure is not suitable for the sensory attributes of prawn
(Ginson et al. 2013). So, it can be stated that pressure treat-
ment alone may not be sufficient to inactivate this pathogen in
prawn muscle and a combination of other inhibitory factors
with high-pressure treatment is required to inactivate it in
prawn muscle to a greater extent.

Potassium sorbate is a safe preservative, the use of which is
generally allowed in different kinds of food including fish
(USFDA 2013; Health Canada 2014). According to USFDA,

Table 1 Effect of different pressure levels for different durations on
L. monocytogenes ATCC 19115 in Indian white prawn muscle

Pressure (MPa) Holding time (min) Concentration of
L. monocytogenes
(Log10 CFU/g) (mean value)

250 0 6.844

250 10 6.464

250 20 6.384

250 30 5.865

250 40 5.695

300 0 6.782

300 7 6.108

300 14 4.920

300 21 4.809

300 28 4.466

350 0 6.760

350 5 5.204

350 10 3.951

350 15 3.803

350 20 3.239

400 0 5.734

400 3 4.919

400 6 4.342

400 9 3.731

400 12 3.387
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this preservative is generally recognized as safe when used in
accordance with good manufacturing practices (CFR 2013).

Potassium sorbate and other related class 2 preservatives (e.g.
sodium benzoate) work well at low pH (Hazarika et al. 2003),
and it has also been reported that microorganisms are more
pressure-sensitive when the pH is low (Alpas et al. 2000). To
reduce the pH, the potassium sorbate solution for dip treat-
ment was prepared in 0.02(N) HCl. The present study re-
vealed that the combination of potassium sorbate and high
pressure was very effective in reducing L. monocytogenes in
Indian white prawn muscle as compared to potassium sorbate
treatment alone (Fig. 2). The level of reduction of
L. monocytogenes ATCC 19115 was 2.345 and 5.908 Log10
CFU/g, when potassium sorbate treatment was combined with
pressure treatments of 250 and 350 MPa, respectively. As
compared to potassium sorbate treatment alone, an additional
1.359 and 4.922 Log10 CFU/g more reduction was observed
when combined with 250 and 350 MPa pressure treatment,
respectively (Fig. 2). On the other hand, when only high-
pressure treatment was used, 250 and 350 MPa pressure treat-
ment reduced the level of the same organism by only 0.496
and 2.532 Log10 CFU/g, respectively, in Indian white prawn
muscle (Das et al. 2013a).

So, this study indicates that just high-pressure treatment is
not enough to inactivate L. monocytogenes in prawn muscle,
and a combination of other inhibitory factors is required to
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Fig. 1 Pressure destruction
kinetics of Listeria
monocytogenes ATCC 19115 at
different pressure levels in Indian
white prawn muscle. a 250 MPa
pressure treatment. b 300 MPa
pressure treatment. c 350 MPa
pressure treatment. d 400 MPa
pressure treatment
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A = Control (7.089a ± 0.050)
B = Only Potassium sorbate (6.103a ± 0.271)
C = Potassium sorbate + 250 MPa pressure (4.744b  ± 0.515)
D = Potassium sorbate + 350 MPa pressure (1.181c ± 0.592)

(p< 0.05)

a b ca

Fig. 2 Effect of high pressure and potassium sorbate on Listeria
monocytogenes in Indian white prawn (Fenneropenaeus indicus). a
Control (7.089a±0.050). b Only potassium sorbate (6.103a±0.271). c
Potassium sorbate+250 MPa pressure (4.744b±0.515). d Potassium
sorbate+350 MPa pressure (1.181c±0.592) (p<0.05)
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achieve greater reduction in the level of this pathogen. Among
the inhibitory factors, potassium sorbate is a good candidate,
and a high level of decline in the level of L. monocytogenes
can be achieved by applying potassium sorbate dip treatment
before proceeding to high-pressure processing. However, this
present study can be extended to involve a large number of
isolates of this food-borne pathogen and by preparing potas-
sium sorbate solution in different organic acids like lactic acid,
acetic acid, etc. It is also required to conduct a monitoring
study of organoleptic characteristics during the storage of sea-
food with added potassium sorbate as a preservative.

Conclusion

The pressure destruction kinetics of L. monocytogenes ATCC
19115 in the muscle of Indian white prawn (Fenneropenaeus
indicus) was estimated as 34.521, 11.806, 5.92 and 5.099 min
at 250, 300, 350 and 400MPa pressure level, respectively. So,
this study reiterated the fact that L. monocytogenes is pressure-
resistant organism and a very high hydrostatic pressure is re-
quired for its inactivation in food stuffs. But one has to com-
promise with the sensory characteristics of food including
prawn for the application of very high pressure. To overcome
this problem, the combination of high pressure with other
inhibitory factors is a good approach. The present study
showed that a combined treatment of potassium sorbate dip
followed by high pressure is very effective in reducing the
viable load of L. monocytogenes in the muscle of Indian white
prawn.
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