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Abstract The inactivation kinetics of Lactobacillus

plantarum in a mandarin juice treated by thermal treat-

ment (45–90 �C), high-pressure homogenisation (HPH) (30–

120 MPa at 15 and 30 �C) and high-pressure processing

(HPP) (150–450 MPa at 15, 30 and 45 �C) were fitted to

different Weibullian equations. A synergic effect between

pressure and temperature was observed in HPH and HPP

treatments achieving 2.38 log cycles after 120 MPa at 30 �C

for 10 s (final T of 45 �C) and 6.12 log cycles after 400 MPa

at 45 �C for 1 min (final T of 60 �C), respectively. A com-

bined treatment of 100 MPa at 15 �C for 10 s and 300 MPa

at 15–30 �C for 1 min in HPH and HPP, respectively, was

needed to the first logarithm microbial population decline.

Weibull model accurately predicted microorganism inacti-

vation kinetics after HPH and HPP processing when

displaying single shoulder or tail in the survivor curves,

whereas when a more complex trend was observed after

thermal treatment, the double-Weibull equation was found

more appropriate to explain such behaviour. Equivalent

treatments that achieved the same degree of microbial

inactivation (77 �C–10 s in thermal processing, 120 MPa–

10 s at 30 �C in HPH processing and 375 MPa–1 min at

30 �C in HPP) were selected to study the effects on quality

parameters. The application of dynamic pressure led to a

decrease in sedimentable pulp, transmittance and juice

redness, thus stabilising the opaqueness and cloudiness of

mandarin juice. Pectin methyl esterase (PME) was found to

be highly baroresistant to static and dynamic pressure.

Carotenoid content remained unaffected by any treatment.

This study shows the potential of high-pressure homogeni-

sation as an alternative for fruit-juice pasteurisation.
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Introduction

The potential of using pressure as a food preservation

mechanism has been known for over two centuries [1]. In

the last two decades, different processing equipment

has been developed, allowing high-pressure values to be

applied (100–1,000 MPa) in a confined space (pressure

vessel) containing a fluid (usually water) that acts as the

pressure-transmitting medium. This technology is known as

high-pressure processing (HPP) [2]. Pressure is applied

isostatically, that is, equally and instantaneously transmitted

in all parts of food, and in combination with mild heat

inactivates pathogenic and spoilage vegetative microorgan-

isms and quality deteriorative enzymes, thus extending the

shelf-life and keeping the original properties of the food [3].

HPP technology has been successfully applied in several

industrial sectors such as meat, seafood and vegetable

products [4]. Recently, the US Food and Drug Adminis-

tration (FDA) has accepted pressure-assisted thermal-ste-

rilisation (PATS) as a process for the commercial

application in low-acid foods. This process combines heat

with high pressure to produce commercially sterile low-

acid food [5]. HPP technology has proved effective in the

inactivation of different microorganisms in orange juice,

using pressure values of up to 500 MPa for several minutes
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(E. coli including O157:H7 strain, S. aureus, L. monocyt-

ogenes, Salmonella spp. and L. mesenteroides) [6–9].

Homogenisation has been used in the food industry for

many years to decrease the particle size of different food

products, especially in milk and milk derivatives, where is

essential to diminish the fat globule size using pressure

values in a range of 10–69 MPa [10]. Recently, new

homogenisation equipment has been developed able to

reach pressure values of up to 400 MPa, the so-called

dynamic high pressure (DHP) or high-pressure homogeni-

sation (HPH) [11]. Unlike HPP technology, HPH is a

continuous process with treatment time lasting several

seconds, which makes it more suitable for liquid food

processing. A considerable temperature increase is also

produced in HPH processing, depending on the fluid vis-

cosity (estimated as 1.5–2.5 �C per 10 MPa) [12]. Several

authors have demonstrated the efficacy of HPH technology

to inactivate different microorganisms in orange juice

(E. coli O157:H7, E. coli 058:H21, L. innocua, S. aureus,

Penicillium ssp., S. cerevisiae, L. plantarum and L. mes-

enteroides) by using pressure values up to 400 MPa

[13–16] or combining pressure and temperature on the

stabilisation of chilled fruit juices [17].

When comparing different technologies, it is very

important to choose the correct parameters to achieve

similar inactivation levels of selected microorganism(s) or

enzyme(s). This study establishes the conditions that obtain

the same degree of Lactobacillus plantarum inactivation by

thermal, HPH and HPP treatments. Due to its ability to

grow in acidic environments and its thermoresistance, this

microorganism produces an undesirable buttermilk flavour

by the production of diacetyl, a fermented flavour due to

the presence of ethanol and organic acids (lactic acid and

acetic acid), and swelling of packages due to the produc-

tion of carbon dioxide and trace fermentation products

[18, 19]. L. plantarum has been used by several authors to

study the impact of thermal treatment, as well as non-

thermal technologies like pulsed electric fields (PEF), HPP

and HPH, in acidic products such as orange juice, orange–

carrot juice and orange juice–milk beverage [15, 20–24].

The choice of an adequate predictive model that explains

the microorganism behaviour against a new preservation

technology is very useful when developing tools that

enhance the food safety, such as the HACCP and risk

assessment systems [25]. As far as the authors’ knowledge,

there are no studies on modelling the microbial inactivation

after HPH processing.

The impact of technology on selected quality parameters

is of utmost importance when applying a pasteurisation

process to citrus juice. Pectinmethylesterase activity (PME)

is one of the most important parameters. PME destabilises

the cloud stability leading to a clarified product with low

commercial value. Studies of orange-juice processing

conditions have demonstrated the thermal and high-pres-

sure stability of orange PME (600–700 MPa for 1–3 min

combined with mild temperatures 50–60 �C) [26–28]. By

contrast, HPH processing conditions have not been estab-

lished yet. Furthermore, it is important to assess the sta-

bility of the physical–chemical parameters traditionally

used as quality indexes in citrus juices, placing emphasis

on colour, turbidity and carotenoid content.

The objective of the present work was to compare

L. plantarum inactivation kinetics in mandarin juice after

HPP, HPH and thermal equivalent processes and to study

their effect on selected quality parameters.

Materials and methods

Samples

Clementine mandarins (Citrus reticulata, cv. Nules) were

harvested from an orchard in Valencia and immediately

used for juice preparation. The fruits were washed by

immersion in tap water, drained and squeezed in an

industrial extractor with finger cups (Exzel, Luzzysa,

Valencia, Spain). Raw juice was sieved in a screw finisher

(0.7 mm diameter) and immediately processed by HPP,

HPH or thermal treatment.

Lactobacillus plantarum culture

The freeze-dried microorganism provided by the Spanish

Type Culture Collection (CECT 220) was dissolved in

15 mL of MRS broth (Scharlau Chemie S.A., Barcelona,

Spain) and kept for 30 min at 37 �C. Then, the content was

placed in 500 mL of MRS broth with continuous agitation

(200 rpm) at 37 �C until reaching the stationary growth

stage (16–20 h). A volume of 500 mL of the culture was

centrifuged twice (Beckman J-25) at 3,220g, 5 min and

4 �C, and dissolved in 100 and 50 mL of MRS broth,

respectively. The content was transferred to 2-mL vials

with 1 mL of suspension and 1 mL of glycerol 20% diluted

with MRS broth (cryoprotectant) and kept at -80 �C. A

negative control was carried out immediately after the

microorganism was added to the juice and after the treat-

ment to ensure inoculum homogeneity. Viable counts were

based on duplicate counts from appropriate peptone water

dilutions in MRS agar and incubated at 37 �C for 48 h.

Treatment of samples

HPH treatment

Triplicate HPH treatments were applied to mandarin juice

samples in a high-pressure homogeniser (Panda 2 K, GEA
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Process Engineering Inc., Italy) (Table 1). The flow rate of

the juice in the homogeniser was constant (7.5 L/h). The

residence time of the sample at maximum temperature was

calculated from the moment the sample entered the treat-

ment chamber until it was collected at the outlet tubing

(10 s) and was considered as the treatment time. Experi-

ments were performed with 2.0 L of inoculated mandarin

juice (1 9 107 CFU/mL), the majority of which was pas-

sed through the homogeniser to ensure temperature equil-

ibration. After treatment, 100 and 250 mL of mandarin

juice were collected for microbial and quality analyses,

respectively. The homogenised samples were cooled rap-

idly in an ice-water bath.

HPP treatment

Triplicate HPP experiments were performed in a laboratory-

scale 2.4-L vessel high-pressure processor (EPSI, Belgium)

(Table 1). The pressure medium was a water–ethylenglycol

mixture (80:20). A thermostated mantel, which surrounded

the vessel, was connected to a cryostat keeping the vessel

wall temperature constant during the experiment. Temper-

ature was recorded by a thermocouple placed inside the

vessel. The inoculated samples (2 9 108 CFU/mL) for

microbial analysis were filled in 2-mL eppendorf tubes,

whereas 200-mL polyethylene plastic bags were used for the

quality study. After pressure release, the samples were

immediately cooled in ice-water.

Thermal treatment

Triplicate heat inactivation tests were carried out using

0.1 mL ring-marked microhaematocrit capillary tubes.

L. plantarum cells suspended in the mandarin juice were

centrally injected into the tubes, sealed by pulling off both

ends in an oxygen gas flame and heated in a stirred water

bath. Four capillary tubes were prepared for each temper-

ature (45–90 �C) for 10 s. After heating, the capillary tubes

were cooled in an ice/water bath. Just before thermal

treatment, 150 mL of juice was inoculated with the thawed

microorganism, reaching a final concentration of 8 9

106 CFU/mL. For quality purposes, the mandarin juice was

pasteurised in a plate heat exchanger equipped with nom-

inal 10-s hold-time tube (FT74X/HTST/UHT, Armfield

Inc., UK).

Mathematical models

All survivor curves after HPH, thermal and HPP processing

showed deviations from the log-linear behaviour. Different

mathematical models have been used to describe the non-

linear microorganism inactivation patterns, with Weibull

distribution function-based models the most widely applied

to explain microorganism inactivation kinetics after non-

thermal processing [21, 22, 29–37]. Assuming that the

pressure and temperature resistance of the individual cells of

a microbial population is governed by a Weibull distribu-

tion, two Weibullian equations were applied to two valid

replicates of L. plantarum inactivation kinetic data where

the independent variable (t) was substituted by independent

variable (P) in HPH and HPP treatments and (T) in thermal

processing by using the following models:

Weibull model [38]:

LogðNÞ¼ Log N0ð Þ �
P

aP

� �n

HPP and HPH treatmentð Þ

ð1Þ

Log ðNÞ ¼ Log N0ð Þ �
T

aT

� �n

Thermal treatmentð Þ ð2Þ

where N is the surviving cells after the treatment

expressed as CFU/mL, N0 the initial microbial popula-

tion (CFU/mL), P is the independent variable in Eq. 1 as

the pressure applied in the HPP and HPH treatment

(MPa), T is the independent variable in Eq. 2 as the

temperature applied in the thermal treatment (8C), aP is

the pressure of the first logarithm decline for the

microbial population (MPa), aT is the temperature of the

first logarithm decline for the microbial population (8C)

and n the shape parameter. The n value gives an idea of

the form of the curve, if n [ 1 the curve is convex (it

forms shoulders), if n \ 1 the curve is concave (it forms

Table 1 Process conditions

Description Operating

conditions

(HPH)

Operating

conditions

(HPP)

Pressure range (MPa) 0–120 0–450

Come-up time (s) 1 90

Holding time (s) 10 10/60

Decompression time (s) 1 15

Initial temperature ( �C) 15

30

15

30

45

Final temperature after pressurisation at

highest pressure ( �C)

35.1

46.5

30.6

46.1

60.3

Final temperature after holding time at

highest pressure ( �C)

– 26.6

42.2

57.1

Final temperature after decompression at

highest pressure ( �C)

– 12.5

27.8

40.2
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tails) and if n = 1 the curve is a straight line and can be

described by linear models.

Weibull model has been shown to be sufficiently robust

and simple to describe both downward concave and upward

concave behaviours [38]. However, when more complex

survivor curves are observed, a double-Weibull equation

was proposed assuming that the population was composed

by two groups with different resistance to stress, and each

group following Weibull distribution [39]. Subpopulation 1

was characterised to be more sensitive to stress that sub-

population 2 (a1 \ a2). This equation can be expressed as

follows:

LogðNÞ ¼ Log 10
N0

1þ10a � 10
� P

aP1

� �nþa

þ 10
� P

ap2

� �n
0
@

1
A

HPP and HPH treatmentð Þ

ð3Þ

LogðNÞ ¼ Log 10
N0

1þ10a � 10
� T

aT1

� �nþa

þ 10
� T

aT2

� �n
0
@

1
A

Thermal treatmentð Þ

ð4Þ

where a is equivalent to Log(N01/N02) and can be graphi-

cally expressed as the difference between log (N0) and the

logarithm of the population size where the inflection of the

survivor curve is observed; aP1 and aP2, the pressure of

the first logarithm decline for the two subpopulations

(MPa); and aT1 and aT2, the temperature of the first loga-

rithm decline for the two subpopulations (�C).

PME activity

PME activity was determined according to a previously

published method [40] based on a modification of the orig-

inally published procedure [41]. Juice samples of 5 mL

adjusted to pH 7.8 with NaOH were mixed with 20 mL of a

0.2 M NaCl solution with 0.5% pectin (Grinsted Pectin MRS

351, Danisco, Denmark), also previously adjusted with

NaOH to the same pH value. The pH decrease was caused by

the carboxylic groups generated by PME during the de-

esterification of the pectin solution at pH 7.8, and ambient

temperature (22 �C) was recorded periodically with time

intervals depending on enzyme activity. The initial slope of

the curve fitted to the time course of pH against the incuba-

tion time was considered as PME activity expressed in

nkat/mL. Values were given by the mean of three replicates.

Physical measurements

Cloudiness and suspended pulp

The method involved using a graduated centrifuge tube

with a conical bottom, filled with 10 mL of juice. The

sample was centrifuged at 3,000g for 10 min at 20 �C. The

supernatant was collected, and its transmittance at 650 nm

was analysed for cloudiness with a UV/visible spectro-

photometer (Ultrospec 330 pro, Amaersham Bioscience,

USA). The suspended pulp was measured using a drained

tube, kept in the oven at 37 �C for 24 h, and the precipitate

was weighed. Suspended pulp was expressed as % (w/w).

Values were given by the average of two replicates.

Colour

Colour was measured with a Hunter colorimeter (Labscan

II, Hunter associates Laboratory, USA) [42]. Samples were

contained in optical glass cells 3.8 cm high and 6 cm in

diameter. The results were obtained in a CIELAB system

for illuminant D65 and a 108 angle of vision. The regis-

tered parameters were as follows: L* (brightness), a* (red–

green component) and b* (yellow–blue component), hab

(hue, attribute related to the differences in absorbance at

different wavelengths and considered the qualitative attri-

bute of colour) and Cab (chroma, quantitative attribute of

colourfulness). The global colour difference (DE) was

calculated by using the following equation:

DE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
DLð Þ 2 þ Dað Þ 2 þ Dbð Þ 2

p
ð5Þ

Depending on the value of DE, the colour difference

could be estimated such as not noticeable (0–0.5), slightly

noticeable (0.5–1.5), noticeable (1.5–3), well visible (3–6)

and great (6–12). The values provided were the average of

four replicates.

Total carotenoid content

The method employed is a modification of that previously

described [43]. The process was carried out in the dark to

avoid carotenoid degradation. A centrifuge tube filled with

10 mL of juice and 20 mL of extraction mixture HAE

(hexane: acetone: ethanol 50:25:25) was stirred for 30 s in

a homogeniser (IKA-WERKE yellow line DI 25 basic,

Germany) and then centrifuged at 2,880g for 10 min at

4 �C. The organic phase was recovered and centrifuged

again until colourless. The organic extract was dried at

38 �C in a rotary evaporator (Buchi R II, BÜCHI Labor-

technik, Switzerland), maintained overnight in darkness

and saponified with diethyl ether and 10% KOH in meth-

anol. The saponified extract was collected, and diethyl

ether was added until it became colourless. The total

content of carotenoids was measured in a spectrophotom-

eter (Ultrospec 3300 pro UV/visible spectrophotometer,

Amersham Biosciences, USA) in a wavelength ranging

from 270 to 540 nm. Values were given by the average of

two replicates.
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Statistical analysis

Two valid replicates were used to check how well the

model fits to the experimental microbial inactivation curve

by calculating the adjusted R2 defined as follows:

Adj:R2 ¼ 1�
m� 1ð Þ 1� SSQregression

SSQtotal

� �
m� j

2
4

3
5 ð6Þ

where m is the number of observations, j is the number of

model parameters and SSQ is the sum of squares.

The predictive models were validated with a third set of

experimental data not used for model fitting, by calculating

the accuracy factor (Af) defined as follows [44]:

Af ¼ 10

P
Logðpredicted=observedÞj j

n ð7Þ

where n is the number of observations. The predicted and

observed values are referred to as the final number of

microorganisms. The interpretation of this statistic is closer

to 1 the Af values, the better the model predicts the data.

The statistical analysis was performed using the soft-

ware Statgraphics� Centurión XV (Statistical Graphics

Corp., USA) applying a nonlinear regression. The effect of

different treatments on the kinetic parameters was assessed

by a univariant analysis of variance (ANOVA) with a

significance level of 95% (p = 0.05) using the Tukey’s

test.

Results and discussion

Effect of processing on L. plantarum inactivation

Figure 1 shows L. plantarum inactivation after combined

thermal (15 and 30 �C) and HPH treatment. An increase in

initial temperature produced an increase in the inactivation

level achieving 2.4 log cycles after 120 MPa and 30 �C

(final temperature 46.1 �C) (Fig. 1). The microbial inacti-

vation mechanism exerted by HPH is believed to be due to

the mechanical destruction of cell integrity, caused by

different mechanisms such as spatial pressure and velocity

gradients, turbulence, impingement and cavitation, which

occur in liquids during high-pressure homogenisation

where the pressure is rapidly released [45]. Several authors

have observed greater L. plantarum baroresistance to HPH

treatment in orange juice. For instance, a multiple-cycle

treatment of 5 passes of 200 MPa at 25 �C reduced 2.3 log

cycles of L. plantarum [16], whereas a single cycle of

250 MPa reduced completely initial loads of L. plantarum

(7.1 log cycles) [15]. In addition, higher resistance of

Gram-positive bacteria (among them L. plantarum) to HPH

treatment than Gram-negative bacteria has been shown,

possibly due to the higher peptidoglycan content of the cell

wall [46].

Table 2 shows the calculated kinetic parameters and the

adjusted R2 and Af values of the Weibullian equations

(Eqs. 1, 3) used to describe L. plantarum inactivation

kinetics after HPH treatment. Survivor curve at 15 �C

showed a shouldering effect, and an increase in pressure

level (up to 60 MPa) did not significantly affect the

microorganism inactivation. A shouldering phenomenon in

the survivor curves of L. monocytogenes, E. coli and

S. aureus after HPH treatment has been also observed and

pressure values up to 30–85 MPa (depending on the

microorganism studied) did not affect the cells inactivation

[47]. The shouldering phenomenon could be explained by

the theory that there is a statistical distribution of indi-

vidual resistance of microorganisms to pressure or to

sublethal injury of the microbial cells. The sublethal injury

phenomenon seems unlikely because the mechanical

stresses to which microbial cells are exposed causing the

physical disruption of the cells, breaking them into very

small fragments rather than from physiological or meta-

bolic damage, and this seems to cause little or no sublethal

injury [45]. Several authors have demonstrated the absence

of sublethal injury after HPH treatment in L. innocua,

E. coli, S. aureus, Y. enterocolitica, S. typhimurium and

L. monocytogenes by using selective environment such as

the addition of salt, SDS or low pH, specific selective

medium for the microorganism or a propidium iodide

staining [13, 14, 46, 48–51].

Survivor data at 30 �C showed a higher inactivation rate

at low pressure levels (30 MPa) followed by a tail, indi-

cating a residual fraction resistant to the treatment. Kinetic

parameters of Weibull (a) and double-Weibull (aP1, aP2)

Fig. 1 L. plantarum inactivation kinetics after HPH treatment at

15 �C (filled circle) and 30 �C (open circle) for 10 s in mandarin juice

adjusted to the Weibull model. Error bars represent the standard

deviation
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models decreased significantly as temperature increased,

indicating lower microorganism resistance to the treatment

(p \ 0.05). An increase in a value of double-Weibull

model at 30 �C indicated a decrease in the ratio of the most

resistant cells of the population corresponding to a higher

inactivation level of the resistant subpopulation. Kinetic

parameter of the sensitive population (aP1) was close to

a value of Weibull model at both temperatures. Fitted

values were close to experimental ones (Adj. R2 of

0.999–0.983 and 0.999–0.966 for Weibull and double-

Weibull models at 15 and 30 �C, respectively), and pre-

dictions were accurate (Af values of 1.007–1.010 and

1.006–1.012, respectively).

Temperature plays an important role in microbial inac-

tivation by HPH and HPP treatments as an increase in

pressure necessarily implies a temperature increase. In

order to establish the impact of temperature on L. planta-

rum pressure inactivation, microbial cells inoculated in

mandarin juice were exposed to a range of temperatures

(45–90 �C) for 10 s (equal treatment time as HPH treat-

ment) (Fig. 2). No inactivation was observed at the maxi-

mum temperature reached in HPH treatment (46 �C),

whereas HPH processing at 15 �C (30 �C outlet T) only

reduced one log cycle of microbial cells demonstrating a

synergism between dynamic pressure and temperature.

Several studies have addressed the higher inactivation

achieved by HPH processing by increasing the tempera-

ture. This temperature effect was explained by changes in

the physical properties of the cell membrane (hydrogen and

hydrophobic bonds being weakened), making bacterial

membranes less resistant to high pressure [52]. On the

other hand, temperature seemed also influence some of the

inactivation mechanisms proposed by HPH, such as cavi-

tation and turbulence. The flow pattern of a fluid will be

more turbulent at high temperature as a result of a reduc-

tion in fluid viscosity. Increased turbulence will in turn

increase cavitation and hence microbial inactivation [53].

Different mathematical models (Eqs. 2, 4) were fitted

to the survivor data after thermal treatment obtaining

the corresponding kinetic parameters (Table 3). Results

showed a more complex trend (sigmoidal shape) in the

survivor curve. Kinetic parameter of resistant fraction (aT2)

tended to infinity when double-Weibull equation was fitted

to a sigmoidal shape survivor curve [39]. In this case,

Weibull model was unable to accurately predict (prediction

error of 36%) such behaviour, and double-Weibull equation

was found to be more suitable with a prediction error of 9%.

HPP technology has been used to effectively inactivate

L. plantarum in different matrixes, such as model beer and

beer, milk buffer, phosphate buffer (pH 7.0) and citrate

buffer (pH 4.2) [54–57], achieving 5 log reductions at values

of 400–500 MPa from 30 s to several minutes. In our study,

for the same processing conditions as HPH treatment

(30–120 MPa at 15, 30, 45 �C) for 10 s, HPP did not produce

a significant effect on microorganism viability (data not

shown). This fact demonstrates that due to the ‘static’ nature

of HPP, greater pressure and longer treatment time values

are necessary to achieve microbial inactivation. In this

sense, different inactivation patterns have been observed for

several microorganisms (Gram positive and Gram negative)

by HPH and HPP, which would suggest different inactiva-

tion mechanisms [46]. This is certainly true for processing

by high-pressure homogenisation where other physical

factors than pressure (such as the effects commented earlier)

are mainly responsible for microbial inactivation.

In order to obtain higher levels of inactivation by HPP,

pressure values were increased by 150–450 MPa at 30 �C

(final T of 51.2 �C) for 10 s. Under these conditions, better

results were obtained, with onset of inactivation after

Table 2 Kinetic parameters, Adj. R2 and Af values of Weibull and double-Weibull models fitted to L. plantarum survival curves on mandarin

juice after HPH treatment

P (MPa) Weibull Double-Weibull

aP (MPa) n Adj. R2 Af a aP1 (MPa) aP2 (MPa) n Adj. R2 Af

15 116.90 ± 0.30a 3.06 ± 0.06 0.999 1.007 1.27 ± 0.01 111.18 ± 0.82 210.08 ± 1.05 3.40 ± 0.03 0.999 1.006

30 13.98 ± 0.02 0.36 ± 0.06 0.983 1.010 2.00 ± 0.01 13.90 ± 0.03 27.85 ± 0.01 0.36 ± 0.01 0.966 1.012

a Standard deviation

0

1

2

3

4

5

6

7

8

9

0 10 20 30 40 50 60 70 80 90 100
Temperature (°C)

Lo
g 

(N
)

Fig. 2 L. plantarum inactivation kinetics after thermal treatment (10

s) in mandarin juice adjusted to the double-Weibull model. Error bars
represent the standard deviation
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250 MPa and achieving 1.03 log cycles after 450 MPa

(data not shown). However, these treatments did not obtain

an equal reduction level to the maximum inactivation

achieved by HPH treatment (2.4 log cycles). Consequently,

a range of 200–400 MPa for 1 min at 15, 30 and 45 �C was

selected (Fig. 3). No significant differences in the micro-

bial inactivation rate were observed between treatments at

15 �C and 30 �C, reaching 4.43 log units at 400 MPa and

30 �C (final temperature of 52.1 �C) (p [ 0.05). However,

a temperature increase to 45 �C achieved a significant rise

in microorganism inactivation, reaching 6.12 log units at

400 MPa (final temperature of 60.3 �C) (Fig. 3). As in the

case of HPH treatment, a synergic effect was observed

between pressure and temperature above 30 �C.

Diverse mathematical models (Eqs. 1, 3) were applied

to the L. plantarum survivor data after HPP treatment

obtaining the corresponding kinetic parameters (Table 4).

Results revealed a shouldering effect for all temperature

ranges, indicating low-treatment lethality under the initial

treatment conditions, or the appearance of sublethal injury.

This phenomenon was also observed in L. plantarum

inoculated in model beer, where a shouldering effect was

observed in the survivor curves at 200 MPa and room

temperature [57]. No significant differences were evident

in kinetic values (a, aP1, aP2) (p [ 0.05) at both

temperatures. At 45 �C, a reduction in kinetic values were

observed corresponding to a lower microorganism treat-

ment resistance. An increase in temperature also lowered

the ratio of the resistant fraction for the population (greater

a value), indicating a higher degree of inactivation of

resistant cells. In addition, HPP a values were close to the

thermal treatment one (Table 3) but higher than the HPH

treatment ones (Table 2), indicating that temperature and

static pressure were able to inactivate in a higher extent the

resistant fraction than homogenisation pressure. Weibull

model fitted the experimental data well (Adj. R2 of

0.952–0.990) with Af values of between 1.012–1.066.

Effect of processing on quality parameters

Equivalent treatments were chosen for each technology

based on L. plantarum HPH inactivation (2.4 log cycles at

120 MPa and 30 �C), interpolating that value in the

equation that best fitted the experimental data for each

technology, that is, the double-Weibull model (Eq. 4) for

the thermal treatment and the Weibull model (Eq. 1) for

the HPP treatment. For thermal treatment, a combination of

77 �C–10 s and for HPP a combination of 375 MPa for

1 min at 30 �C were inferred. Table 5 shows the effect of

equivalent treatments on quality parameters. Suspended

pulp decreased significantly after the application of pres-

sure and was more pronounced after HPH treatment. HPH

treatment is known to reduce particle size, converting part

of the sedimentable pulp into colloidal pulp. In addition,

transmittance was reduced significantly after HPH treat-

ment leading to a more visually opaque juice, which may

be due to greater stabilisation of the juice cloud. PME was

decreased by 26, 39 and 88% after HPH, HPP and thermal

treatment, respectively, showing a high enzyme baroresis-

tance. Eighty per cent of PME inactivation was observed

after 5 passes of 250 MPa at 37 �C [58]. Carotenoid con-

tent was not affected by any treatment. Colour parameters

a and b significantly decreased for all treatments (p \ 0.05)

and was more pronounced after HPH treatment, possibly

due to a decrease in pulp particle size that affected juice

opaqueness. The DE values of treated samples indicated

significant colour differences compared to control.

Synergism between temperature and pressure was

observed in the inactivation of L. plantarum in mandarin

juice achieving a significant reduction by combining thermal

Table 3 Kinetic parameters, Adj. R2 and Af values of Weibull and double-Weibull models fitted to L. plantarum survival curves in mandarin

juice after thermal treatment

Weibull Double-Weibull

aT (8C) n Adj. R2 Af a aT1 (8C) aT2 (8C) n Adj. R2 Af

32.58 ± 6.00 1.14 ± 0.17 0.921 1.036 2.76 ± 0.35 43.11 ± 1.88 – 2.38 ± 0.28 0.987 1.009

Fig. 3 L. plantarum inactivation kinetics after HPP treatment at

15 �C (open circle), 30 �C (grey circle) and 45 �C (filled circle) for

1 min in mandarin juice, adjusted to Weibull model. Error bars
represent the standard deviation
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and HPH treatment (120 MPa–30 �C–2.4 log cycles) and

thermal and HPP (400 MPa–45 �C–6.12 log cycles). Wei-

bull model was able to accurately predict L. plantarum sur-

vivor data after HPH and HPP treatments when displaying

downward and upward concave behaviours. When a more

complex survivors curve was observed after thermal treat-

ment, Weibull model was unable to accurately describe

microorganism inactivation trend and the double-Weibull

equation was found to better predict such behaviour. The

application of dynamic pressure stabilised the opaqueness

and cloudiness of mandarin juice. High PME baroresistance

was observed. Carotenoid content remained unaffected by

any treatment. Colour was affected by the treatments being

more pronounced after HPH processing. In order to achieve

an equivalent microbial reduction to the traditional thermal

processing or HPP, further studies are needed to implement

the ultra-high-pressure homogenisation process for fruit-

juice pasteurisation.

Acknowledgments This study was carried out with funds from

CICYT project no. GV/2010/064 from Generalitat Valenciana (Spain)

and MICIN project no. AGL 2009-11805ALI.

References

1. Wilson DR, Dabrowski L, Stringer L, Moezelaar R, Brocklehurst

TF (2008) High pressure in combination with elevated

temperature as a method for the sterilisation of food. Trends Food

Sci Technol 19:289–299

2. San Martin MF, Barbosa-Cánovas GV, Swanson BG (2002) Food

processing by high hydrostatic pressure. Crit Rev Food Sci Nutr

42:627–645

3. Mertens B, Knorr D (1992) Developments of nonthermal pro-

cesses for food preservation. Food Technol 46:124–133

4. Torres JA, Velázquez G (2005) Commercial opportunities and

research challenges in the high pressure processing of foods.

J Food Eng 67:95–112

5. Clark JP (2010) Nonthermal processing on the front burner. Food

Tech 64:113–117

6. Alpas H, Bozoglu F (2000) The combined effect of high hydro-

static pressure, heat and bacteriocins on inactivation of foodborne

pathogens in milk and orange juice. World J Microbiol Bio-

technol 16:387–392

7. Basak S, Ramaswamy HS, Piette JPG (2002) High pressure

destruction kinetics of Leuconostoc mesenteroides and Saccha-
romyces cerevisiae in single strength and concentrated orange

juice. Innov Food Sci Emerg Technol 3:223–231

8. Bull MK, Szabo EA, Cole MB, Stewart CM (2005) Toward

validation of process criteria for high-pressure processing of

orange juice with predictive models. J Food Prot 68:949–954

9. Linton M, McClements JMJ, Patterson MF (1999) Inactivation of

Escherichia coli O157:H7 in orange juice using a combination of

high pressure and mild heat. J Food Prot 62:277–279

10. Brennan J, Butters J, Cowell N, Lilly A (1998) In: Brennan J,

Butters J, Cowell N, Lilly A (eds) Size reduction and screening of

solids in food engineering operations. Applied Science Publishers

Ltd, London
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20. Gómez N, Garcı́a D, Álvarez I, Raso J, Condón S (2005) A model

describing the kinetics of inactivation of Lactobacillus plantarum
in a buffer system of different pH and in orange and apple juice.

J Food Eng 70:7–14

21. Rodrigo D, Martı́nez A, Harte F, Barbosa-Cánovas GV, Rodrigo

M (2001) Study of inactivation of Lactobacillus plantarum in

orange-carrot juice by means of pulsed electric fields: Compari-

son of inactivation models. J Food Prot 64:259–263

22. Sampedro F, Rivas A, Rodrigo D, Martı́nez A, Rodrigo M (2006)

Effect of temperature and substrate on PEF inactivation of Lac-
tobacillus plantarum in an orange juice-milk beverage. Eur Food

Res Technol 223:30–34

23. Sampedro F, Rivas A, Rodrigo D, Martı́nez A, Rodrigo M (2007)

Pulsed electric fields inactivation of Lactobacillus plantarum in

an orange juice-milk based beverage: effect of process parame-

ters. J Food Eng 80:931–938

24. Torres EF, Bayarri S, Sampedro F, Martı́nez A, Carbonell JV

(2008) Improvement of the fresh taste intensity of processed

clementine juice by separate pasteurization of its serum and pulp.

Food Sci Technol Int 14:525–529

25. Nauta MJ (2002) Modelling bacterial growth in quantitative

microbiological risk assessment: is it possible? Int J Food

Microbiol 73:297–304

26. Nienaber U, Shellhammer TH (2001) High-pressure processing

of orange juice: kinetics of pectinmethylesterase inactivation.

J Food Sci 66:328–331

27. Polydera AC, Galanou E, Stoforos NG, Taoukis PS (2004)

Inactivation kinetics of pectin methylesterase of greek navel

orange juice as a function of high hydrostatic pressure and tem-

perature process conditions. J Food Eng 62:291–298

28. Sampedro F, Rodrigo D, Hendrickx M (2008) Inactivation

kinetics of pectin methyl esterase under combined thermal-high

pressure treatment in an orange juice-milk beverage. J Food Eng

86:133–139

29. Rodrigo D, Barbosa-Cánovas GV, Martı́nez A, Rodrigo M (2003)

Weibull distribution function based on an empirical mathematical

model for inactivation of Escherichia coli by pulsed electric

fields. J Food Prot 66:1007–1012

30. Rivas A, Sampedro F, Rodrigo D, Martı́nez A, Rodrigo M (2006)

Nature of the inactivation of Escherichia coli suspended in an orange

juice and milk beverage. Eur Food Res Technol 223:541–545

31. Chen H, Hoover DG (2004) Use of Weibull model to describe

and predict pressure inactivation of Listeria monocytogenes Scott

A in whole milk. Innov Food Sci Emerg Technol 5:269–276

32. Buzrul S, Alpas H, Bozoglu F (2005) Use of Weibull frequency

distribution model to describe the inactivation of Alicyclobacillus
acidoterrestris by high pressure at different temperatures. Food

Res Int 38:151–157

33. Avsaroglu MD, Buzrul S, Alpas H, Akcelik M, Bozoglu F (2006)

Use of the Weibull model for lactococcal bacteriophage inacti-

vation by high hydrostatic pressure. Int J Food Microbiol

108:78–83

34. Buzrul S (2009) A predictive model for high-pressure carbon

dioxide inactivation of microorganisms. J Food Saf 29:208–223

35. Ahn J, Balasubramaniam VM, Yousef AE (2007) Inactivation

kinetics of selected aerobic and anaerobic bacterial spores by

pressure-assisted thermal processing. Int J Food Microbiol

113:321–329

36. Chen H (2007) Temperature-assisted pressure inactivation of

Listeria monocytogenes in Turkey breast meat. Int J Food

Microbiol 117:55–60

37. Buzrul S, Alpas H, Largeteau A, Demazeau G (2008) Modeling

high pressure inactivation of Escherichia coli and Listeria in-
nocua in whole milk. Eur Food Res Technol 227:443–448

38. Mafart P, Couvert O, Gaillard S, Leguerinel I (2002) On calcu-

lating sterility in thermal preservation methods: application of the

Weibull frequency distribution model. Int J Food Microbiol

72:107–113

39. Coroller L, Leguerinel I, Mettler E, Savy N, Mafart P (2006)

General model, based on two mixed Weibull distributions of

bacterial resistance, for describing various shapes of inactivation

curves. Appl Envion Microbiol 72:6493–6502

40. Carbonell JV, Contreras P, Carbonell L, Navarro JL (2006) Pectin

methylesterase activity in juices from mandarins, oranges and

hybrids. Eur Food Res Technol 222:83–87

41. Rouse AH, Atkins CD (1955) Pectinesterase and pectin in com-

mercial orange juice as determined by methods used at the citrus

experiment station. Fla Agric Exp Stn Bull 570:1–19

42. Bayarri S, Calvo C, Costell E, Durán L (2001) Influence of color

on perception of sweetness and fruit flavor of fruit drinks. Food

Sci Technol Int 7:399–404

43. Ritter ED, Purcell AE (1981) In: Bauernfeind JC (ed) Carote-

noids as colorants and vitamin A precursor. Academic, New York

44. Ross T (1996) Indices for performance evaluation of predictive

models in food microbiology. J Appl Bac 81:501–508

45. Donsı̀ F, Ferrari G, Lenza E, Maresca P (2009) Main factors

regulating microbial inactivation by high-pressure homogeniza-

tion: operating parameters and scale of operation. Chem Eng Sci

64:520–532

46. Wuytack EY, Diels AMJ, Michiels CW (2002) Bacterial inacti-

vation by high-pressure homogenization and high hydrostatic

pressure. Int J Food Microbiol 77:205–212

47. Lanciotti R, Gardini F, Sinigaglia M, Guerzoni ME (1996)

Effects of growth conditions on the resistance of some pathogenic

and spoilage species to high pressure homogenization. Lett Appl

Microbiol 22:165–168
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Eur Food Res Technol

123



Hernández-Herrero MM (2009) Fat content increases the lethality

of ultra-high-pressure homogenization on Listeria monocytogenes
in milk. J Dairy Sci 92:5396–5402

51. Wuytack EY, Duong Thi Phuong L, Aertsen A, Reyns KMF,

Marquenie D, De Ketelaere B, Masschalck B, Van Opstal I, Diels

AMJ, Michiels CW (2003) Comparison of sublethal injury

induced in Salmonella enterica serovar Typhimurium by heat and

by different nonthermal treatments. J Food Prot 66:31–37

52. Vachon JF, Kheadr EE, Giasson J, Paquin P, Fliss I (2002)

Inactivation of foodborne pathogens in milk using dynamic high

pressure. J Food Prot 65:345–352

53. Diels AMJ, Callewaert L, Wuytack EY, Masschalck B, Michiels

CW (2004) Moderate temperatures affect Escherichia coli inac-

tivation by high-pressure homogenization only through fluid

viscosity. Biotechnol Prog 20:1512–1517

54. Gänzle MG, Ulmer HM, Vogel RF (2001) High pressure inacti-

vation of Lactobacillus plantarum in a model beer system. J Food

Sci 66:1174–1181

55. Mallidis C, Galiatsatou P, Taoukis PS, Tassou C (2003) The

kinetic evaluation of the use of high hydrostatic pressure to

destroy Lactobacillus plantarum and Lactobacillus brevis. Int J

Food Sci Technol 38:579–585

56. Molina-Gutiérrez A, Stippl V, Delgado A, Gänzle MG, Vogel RF

(2002) In situ determination of the intracellular pH of Lacto-
coccus lactis and Lactobacillus plantarum during pressure treat-

ment. Appl Environ Microbiol 68:4399–4406

57. Ulmer HM, Gänzle MG, Vogel RF (2000) Effects of high pres-

sure on survival and metabolic activity of Lactobacillus planta-
rum TMW1.460. Appl Environ Microbiol 66:3966–3973

58. Welti-Chanes J, Ochoa-Velasco CE, Guerrero-Beltrán JA (2009)

High-pressure homogenization of orange juice to inactivate

pectinmethylesterase. Innov Food Sci Emerg Technol 10:457–

462

Eur Food Res Technol

123


	Effect of high hydrostatic pressure and high-pressure homogenisation on Lactobacillus plantarum inactivation kinetics and quality parameters of mandarin juice
	Abstract
	Introduction
	Materials and methods
	Samples
	Lactobacillus plantarum culture
	Treatment of samples
	HPH treatment
	HPP treatment
	Thermal treatment

	Mathematical models
	PME activity
	Physical measurements
	Cloudiness and suspended pulp
	Colour
	Total carotenoid content

	Statistical analysis

	Results and discussion
	Effect of processing on L. plantarum inactivation
	Effect of processing on quality parameters

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


