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Abstract

A surface response analysis was carried out using the Box-Behnken method in order to determine the effects and interactions of

pH (4.5, 5.5, 6.5), temperature (2, 7, 12 �C) and Capsicum extract concentration (0%, 5%, 10%) on the growth kinetics of Listeria

monocytogenes Scott A in trypticase soy broth. Survival ratio quadratic models (log N/N0) were obtained for the combination of

variables, valid only in the specified ranges. Temperature showed no effect on the bacterial inactivation; however both the extract

concentration (5%) and pH value (4.5) had a relevant effect on the microbial counts. The models were validated on acidified milk

inoculated with L. monocytogenes. According to their evaluation, it may be possible to use the models in order to obtain reasonable

initial estimates of the impact of the Capsicum extract, as well as storage conditions, over the growth of L. monocytogenes after 4 and

8 days of storage.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Listeria monocytogenes, an important pathogen asso-
ciated to foodstuffs, is the cause for listeriosis. The

appearance of this disease has been associated with the
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consumption of milk, cheese, vegetables and salads, as

well as meat-based products. Listeria is particularly

problematic for the food industry, due to its wide envi-
ronmental distribution (Farber & Peterkin, 1991). The

pathogen is able to grow in wide ranges of temperature

(�1.5 to 45 �C), pH (4.39–9.4), and osmotic pressures

(NaCl concentrations over 10%), besides from being

an anaerobic facultative microorganism (ICMSF, 1996).

Recently, there has been an increasing interest on the

development of mathematical models that describe the

microbial growth as a function of various environmental
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stress factors, such as water activity, pH, and tempera-

ture. Some of these models have been published for L.

monocytogenes, particularly to describe the combined ef-

fect of temperature, pH, aw, organic acids, NaNO2, CO2

concentration, and irradiation on the growth of the bac-

terium (Buchanan & Phillips, 1990; Grau & Vanderl-
inde, 1993; Patterson, Damoglou, & Buick, 1993;

Duffy, Vanderlinde, & Grau, 1994; Farber, Cai, & Ross,

1996; George, Richardson, & Peck, 1996; Murphy, Rea,

& Harrington, 1996; Fernández, George, Sills, & Peck,

1997; McClure, Beaumont, Sutherland, & Roberts,

1997). However, up to this date there are no reports

on the inhibitory effect that Capsicum extracts, com-

bined with other barrier factors such as temperature
and pH, have on L. monocytogenes, even though there

is a study that mentions the inhibitory effect of Capsicum

extracts on Listeria (Dorantes et al., 2000). Since this ex-

tract is considered GRAS and its use in foodstuffs has

been approved by the FDA, it is interesting to express

quantitatively the effectiveness of Capsicum as a natural

antimicrobial.

This goal can be achieved through surface response
analysis of experimental data, which would provide

valuable information on the combined effect of environ-

mental stress factors and the presence of a natural anti-

microbial from the Capsicum genre.

Given the above, the aim of the present study is to (1)

monitor the survival-inactivation of L. monocytogenes

on trypticase soy broth and in a model foodstuff (partly

skimmed, UHT, acidified milk), under different temper-
atures, pH, and concentrations of Capsicum extract; and

(2) validate the culture media models by using it with

data measured in the selected food (milk), and by inter-

polation, predicting the pathogen behavior in the food

as a result of the combined conditions that were previ-

ously mentioned.
2. Materials and methods

2.1. Strain and culture conditions

L. monocytogenes Scott A was obtained from the

Sanitary Microbiology Laboratory of the Escuela Nac-

ional de Ciencias Biológicas (IPN, Mexico City) and

was maintained on trypticase soy agar plates (TSA, Dib-
ico, Mexico City) at 4 �C until use. The strain was sub-

cultured monthly to ensure its viability.

2.2. Plant material and extract preparation

Capsicum annuum variety Guajillo San Luis was ob-

tained from the National Institute of Agriculture and

Forestry Researches (INIFAP), Tamaulipas and San
Luis Experimental Center, Mexico. The peppers were

washed and their stems cut out. The vegetables were
weighed and placed in a blender (Osterizer, Mexico)

with an equal amount of isopropanol (1:1 weight/vol-

ume). The mix was blended for 1 min, and then shaked

for 15 min. Afterwards it was filtered through a large-

pore filter paper, and 15% (w/w) of active charcoal

was added to the filtrate. Then the mix was gently sha-
ken for 5 min and filtered again through a Whatmann

filter paper no. 1. The separated solids were discarded

and the clear filtrate was evaporated under reduced pres-

sure (Büchi B481) at a temperature of 71 �C, a pressure

of 46 mbar, and a speed of 28 rpm in order to remove

the alcohol. Finally, the extracts were stored at �20

�C until used (Dorantes et al., 2000).

2.3. Culture techniques

To obtain a standardization of the inoculum, the bac-

terium was cultured in trypticase soy broth (TSB, Dib-

ico, Mexico City) for 18 h at 35–37 �C. Aliquots were

taken and serial decimal dilutions were carried out using

fresh broth until an absorbance of 0.05 at 590 nm was

reached, to give a standard inoculum of about 107

CFU/ml. Bacterial counts were confirmed by culturing

on TSA plates, incubating at 37 �C for 24 h.

The culture techniques employed were identical to

those described by Pandit and Shelef (1994). Flasks con-

taining 99 ml of TSB mixes and different concentrations

of Capsicum extract were adjusted to the proper pH by

means of the addition of a solution of 0.1 N HCl, ster-

ilized at 121 �C for 15 min, and cooled at 35–37 �C.
All the mixtures were inoculated with 1 ml of a bacterial

culture that contained 107 CFU/ml, followed by incuba-

tion at 2, 7, and 12 �C. Periodically sampling was made

and the populations of L. monocytogenes were deter-

mined by making serial dilutions of samples in a sterile

saline solution (0.85%) and plating the appropriate dilu-

tions on TSA, which was incubated at 35–37 �C for 24 h.

Afterwards the typical colonies produced by L. mono-

cytogenes were counted. All experiments were done in

triplicate.

2.4. Experimental design

The study was developed in two stages. In the first, a

Box-Behnken surface response design (Design Expert,

ver. 5.0) was used to determine the effect of the combi-
nation of three temperature levels (2, 7, and 12 �C); three
pH levels (4.5, 5.5, and 6.5), as well as three levels of ex-

tract concentration (0%, 5%, and 10%) on the survival of

L. monocytogenes Scott A in TSB. Seventeen experimen-

tal runs, including five repetitions of the central point,

were performed. The survival of L. monocytogenes was

monitored in every treatment by counting the colonies

developed on TSA plates after 1, 4, and 8 days. The
experiments were done in triplicate and the results are

shown as the average ± standard deviation.
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An experiment, similar to the one explained above,

was carried out in the second stage, in order to validate

the model. In this case, 99 ml of partly skimmed UHT

milk were added with the corresponding concentrations

of Capsicum extract, and the pH value was adjusted to

4.5, 5.5, and 6.5 using a 0.1 N HCl solution. The milk
samples were then inoculated with 1 ml of the bacterial

suspension, which contained 107 CFU/ml. Afterwards

they were incubated at the temperatures given by the

experimental design. The L. monocytogenes population

was determined immediately after the inoculation and

after 2, 4, 6, 8, 10, and 12 storage days. After an incuba-

tion period of 24–48 h at 35–37 �C, the surviving popu-

lation was determined by culturing in Oxford agar
(Oxoid, UK), and recounting the colonies.

2.5. Model development and validation

The counting data (initial count N0 and final count

N) for both the TSB and milk tests were transformed

to log10 (N/N0), and then plotted vs. time, as well as

introduced to the surface response module of the Design
Expert software. This was done with the aim of obtain-

ing the model that better fitted the results.

On the other hand, and according to Ross (1996), a

validation of the performance of the developed model

was carried out by comparing the death (or survival)

ratio of L. monocytogenes predicted by the model with

the one observed in the actual foodstuff.

The indexes used for the performance evaluation of
the predictive model were the bias and the accuracy fac-

tor, defined as follows (Ross, 1996):

Bias factor ¼ 10
P

logðDRpredicted=DRobservedÞ=nð Þ

Accuracy factor ¼ 10
P

logðDRpredicted=DRobservedÞj j=nð Þ

where DRpredicted is the predicted death (or survival)
ratio, in this case the interpolated death ratio value,

DRobserved is the observed death ratio, and n is the num-

ber of observations used in the calculations.
3. Results and discussion

3.1. Effect of pH, temperature, and Capsicum extract

concentration

The results obtained after carrying out the experi-

mental tests are shown in Table 1. Examples of the plots

of log (N/N0) vs. time for the TSB and milk tests are

shown in Figs. 1 and 2. The data from the fourth exper-

imental day were analyzed with the Design Expert soft-

ware version 5.0. Since no inhibition was observed until
the 4th day, only the models for the 4th and 8th days

were obtained. With the aim of obtaining adequate val-

ues for r2, the variables temperature (T in �C) and pH
were transformed to 1/T and 1/pH. In this way, an

r2 = 0.7741 was obtained, as seen in the following qua-

dratic model valid only for an incubation period of 4

days and for interpolation within the data range:

log
N
N 0

¼ 0:18� 5:95

pH
� 0:5½extract� þ 0:041½extract�2

ð1Þ

r2 ¼ 0:7741

It can be observed that, in this case, the temperature was

not a relevant variable for the model (the temperature

coefficient in the equation was not significant at a 0.05

significance level).

By repeating this process, a quadratic model valid
only for the incubation period of 8 days and for interpo-

lation within the data range was obtained, as follows:

log
N
N 0

¼ 0:071� 6:80

pH
� 0:62½extract� þ 0:053½extract�2

ð2Þ

r2 ¼ 0:7416

As in the first case, temperature did not show any influ-

ence on the bacterial behavior. In this case, the model

consisted of the two equations and time was taken as

a parameter (t = 4 and t = 8) and not as a variable due
to the complexity and the high number of variables in-

volved in the experiments. Using both mathematical

models, interpolated values for log N/N0 were obtained,

as shown in Table 1. As it can be seen, these values are

very similar to each other.

The interpolated values were also compared to the

experimental values obtained at 7 �C. This temperature

was chosen because it is the intermediate point between
the selected temperatures, bearing in mind that temper-

ature was not a significant variable.

When analyzing the effect of pH on the inhibition of

L. monocytogenes in the models developed for the 4th

and 8th days of incubation, it was observed that a higher

inhibitory effect was obtained when pH values were

lower, being the highest effect at pH 4.5. In regard to

the Capsicum extract, the best inhibitory effect was ob-
served at a concentration of 5%. This is noteworthy

for both the 4th and 8th days (Table 1). Such results

can probably be due to the inhibitory action of the var-

ious hydroxycinnamic acids that are known to be pres-

ent in the Capsicum annuum var. Guajillo, as identified

in a previous report (Acero et al., in revision). These

acids include the t-cinnamic, o-cumaric, m-cumaric,

ferulic, and caffeic acids, which can be classified as weak
lipophilic acids. It is also known that the antimicrobial

activity of these compounds is due to their non-dissoci-

ated molecules (Davidson & Banden, 1981). On this re-

gard, it is also known that at pH 4.5, the proportion of



Table 1

Results of the response surface design for the survival of L. monocytogenes at different temperatures, pH values and concentrations of Capsicum

extract after 4 and 8 days of incubation

Days of

incubation

Temperature

(�C)
pH Extract

concentration

(%, v/v)

log N/N0

(interpolated from

the model)

N/N0

(experimental)

4 2 4.5 5.0 �2.61 �2.85 ± 0.014

5.5 0.0 �0.90 �0.81 ± 0.003

10 �1.80 �1.62 ± 0.015

6.5 5 �2.20 �1.98 ± 0.005

7 4.5 0 �1.14 �0.99 ± 0.052

10 �1.63 �1.53 ± 0.032

5.5 5 �2.38 �2.69 ± 0.037

�2.38 �1.72 ± 0.028

�2.38 �2.49 ± 0.009

�2.38 �2.43 ± 0.015

�2.38 �2.69 ± 0.018

6.5 0 �0.73 �1.19 ± 0.017

10 �1.63 �1.53 ± 0.110

12 4.5 5 �2.61 �2.22 ± 0.014

5.5 0 �0.90 �0.70 ± 0.012

10 �1.80 �1.35 ± 0.007

6.5 5 �2.20 �2.32 ± 0.046

8 2 4.5 5.0 �3.21 �3.64 ± 0.003

5.5 0.0 �1.16 �0.80 ± 0.107

10 �2.06 �1.67 ± 0.047

6.5 5 �2.75 �2.33 ± 0.008

7 4.5 0 �1.43 �1.94 ± 0.032

10 �1.86 �2.00 ± 0.019

5.5 5 �2.94 �3.18 ± 0.013

�2.94 �3.15 ± 0.058

�2.94 �2.94 ± 0.038

�2.94 �2.75 ± 0.020

�2.94 �3.16 ± 0.024

6.5 0 �0.97 �1.83 ± 0.004

10 �1.86 �2.00 ± 0.033

12 4.5 5 �3.21 �2.66 ± 0.059

5.5 0 �1.16 �0.18 ± 0.009

10 �2.06 �2.04 ± 0.011

6.5 5 �2.75 �2.81 ± 0.022
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Fig. 1. Growth and survival curves for L. monocytogenes Scott A in

the presence of 0%, 10%, 15%, 20% and 25% Capsicum extract in TSB

at pH 7.2 and 37 �C.
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Fig. 2. Survival curves of L. monocytogenes Scott A in the presence of

0%, 2.5% and 5% Capsicum extract in acidified milk at pH 4.5 and

7 �C.
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non-dissociated molecules in these acids increases (Rico-

Muñoz, Bargiota, & Davidson, 1987; Kouassi & Shelef,
1998) and therefore when the pH of the media ap-

proaches 4.5, the activity of the hydroxycinnamic acids



Table 2

Values predicted by the response surface model for the survival of L. monocytogenes in acidified milk at different pH values and Capsicum extract

concentrations

Days of

incubation

pH Extract

concentration (%, v/v)

log N/N0

(interpolated from

the model)

log N/N0

(experimental)

4 4.5 2.5 �2.13 �2.07 ± 0.160

5.0 �2.61 �2.30 ± 0.071

8 2.5 �2.78 �2.65 ± 0.014

5.0 �3.21 �3.01 ± 0.016

4 5.5 5.0 �2.38 �2.37 ± 0.168

8 �2.93 �2.95 ± 0.103

4 6.5 5.0 �2.20 �2.34 ± 0.031

10.0 �1.63 �1.92 ± 1.111

8 5.0 �2.62 �2.68 ± 0.015

10.0 �1.74 �1.62 ± 0.950
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increases (ICMSF, 1994). This agrees with the results of

the present study.

Juven, Kanner, Schved, and Weisslowicz (1994) re-

ported that the increase of antibacterial activity in essen-

tial oils and plant extracts at low pH values may be due

to the increased hydrophobicity of extract constituents

at acid pH levels, and thus are better dissolved in the li-

pidic phase of the bacterial membrane. Helander et al.
(1998) and Sikkema, de Bont, and Poolman (1994) men-

tion that phenolic compounds form plant extracts accu-

mulate in the lipidic bilayer according to the partition

coefficient, which is specific for these compounds. This

causes a disruption in both the structure and functional-

ity of the cell membrane, probably due to the expansion

that the membrane surface undergoes as a result of the

accumulation of lipophilic compounds.

3.2. Development and validation of the model

Table 2 shows the results obtained experimentally, as

well as the results interpolated from the mathematical

models for the test in acidified milk. As it can be ob-

served, the differences between experimental and inter-

polated values are not significant. However, with the

aim of corroborate this, the validation method of Ross
(1996) was applied. A bias factor of 1.11 and an accu-

racy factor of 1.19 were obtained. According to Ross

(1996) the bias factor answers the question whether,

on average, the observed values lie above or below the

line of equivalence and, if so, by how much. Thus it as-

sesses whether the model is ‘‘fail–safe’’. The accuracy

factor averages the minimum ‘‘distance’’ between each

point and the line of equivalence as a measure of how
close, on average, predictions are to observations. The

accuracy factor is, thus, a measure of average deviation

and may be used as a simple measure of the level of con-

fidence one may have in the model�s predictions. Based
on the accuracy factor, the interpolations are, on aver-

age, within 19% of the observations. Nonetheless, that

the bias factor remains close to unit for these data sets

is a reassuring feature of the predictive equation gener-
ated, and supports the validity of the interpolation mod-

eling approach in this case.

From the above, it may be concluded that it is possi-

ble to use the model to provide valuable information on

the combined effect of pH, and Capsicum extract con-

centration on the growth and inactivation of L.

monocytogenes.
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