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Besides their antioxidant activity, many spices display antimicrobial activities. The antiseptic potential of spices resides in
the essential oils (50). One of the most potent spices is garlic,
in which several antimicrobial components are present; the
principal active substance was identified as allicin (5, 20). Extensive studies have been performed to determine its inhibitory
properties, and many food-borne pathogens, both gram-positive and gram-negative bacteria, have been shown to be inhibited by garlic (23, 26, 41). The main biological effect of allicin
is its rapid reaction with thiol-containing proteins (39), and
since it can freely permeate through phospholipid bilayers, it
can interact with intracellular thiol-containing proteins (31).
For spices such as nutmeg, it is interesting that the pathogenic
Escherichia coli O157:H7 strain is more susceptible than nonpathogenic E. coli (45). Finally, rosemary has been shown to
possess antimicrobial potential towards different pathogenic
bacteria (29), including the food-borne pathogen Listeria
monocytogenes (38). In contrast to the above-mentioned pathogens, lactic acid bacteria are usually quite resistant to the
antimicrobial activity of spices (11, 17, 40).
In most cases, the levels of spices used in the production of
fermented sausages are insufficient for their antimicrobial activity to interfere with the growth of food-borne pathogens,
and hence they are not very effective as preservatives (17, 50).
This is in contrast with fresh meat products, where a mixture of
spices can be successfully applied to stabilize the sensory appearance and hence extend the shelf life of the food (18).
However, bacteriocins or bacteriocinogenic starter cultures
can be applied in various food products and may provide a
synergistic effect. In broth, such a positive interaction between
nisin and garlic extract has been shown towards strains of L.

Different spices and herbs have been added to various food
products for centuries, mainly to contribute to the characteristic flavor of the end product. Several spices are used for the
production of fermented sausages in various concentrations,
depending on the type of sausage. Commonly applied spices
include ground pepper, paprika, garlic, mace, pimento, and
cardamom (27). They are mainly added as flavorings and coloring agents. However, they are also a source of many other
substances, such as sugars, nitrates, and metallic ions (1). A
variety of spices added to meat have been found to accelerate
lactic acid production by the lactic acid bacterial starter culture
(22, 34). The degree of stimulation of lactic acid production
was related to the manganese content of the spices (19, 49).
Ground pepper, which is usually present in all types of sausages at the 0.2 to 0.3% level (27), has a relative high manganese content (49). In addition, in special types sausages such as
chorizo, containing high amounts of paprika, the sugar, nitrate,
and manganese content of this particular spice can also contribute to the fermentation process (1, 16). Furthermore, some
spices (garlic, nutmeg, mace, paprika, rosemary, and sage)
contain powerful antioxidants that can extend the shelf life of
dry-fermented sausages (2, 12, 28, 33, 39). Indeed, the oxidation of lipids in foodstuffs results in the development of off
flavors, resulting in a product that is unacceptable for human
consumption.
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Lactobacillus curvatus LTH 1174, a fermented sausage isolate, produces the listericidal bacteriocin curvacin
A. The effect of different spices relevant for the production of fermented sausages was investigated in vitro
through laboratory fermentations with a meat simulation medium and an imposed pH profile relevant for
Belgian-type fermented sausages. The influence on the growth characteristics and especially on the kinetics of
curvacin A production with L. curvatus LTH 1174 was evaluated. Pepper, nutmeg, rosemary, mace, and garlic
all decreased the maximum specific growth rate, while paprika was the only spice that increased it. The effect
on the lag phase was minor except for nutmeg and especially for garlic, which increased it, yet garlic was
stimulatory for biomass production. The maximum attainable biomass concentration (Xmax) was severely
decreased by the addition of 0.40% (wt/vol) nutmeg, while 0.35% (wt/vol) garlic or 0.80% (wt/vol) white pepper
increased Xmax. Nutmeg decreased both growth and bacteriocin production considerably. Garlic was the only
spice enhancing specific bacteriocin production, resulting in higher bacteriocin activity in the cell-free culture
supernatant. Finally, lactic acid production was stimulated by the addition of pepper, and this was not due to
the manganese present because an amount of manganese that was not growth limiting was added to the growth
medium. Addition of spices to the sausage mixture is clearly a factor that will influence the effectiveness of
bacteriocinogenic starter cultures in fermented-sausage manufacturing.
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MATERIALS AND METHODS
Microorganisms and media. L. curvatus LTH 1174, which produces the bacteriocin curvacin A (46), was used throughout this study. Listeria innocua LMG
13568, a curvacin A-sensitive indicator strain, was used to determine bacteriocin
activity levels (24). Both strains were maintained and propagated as described
previously (30).
For examining growth and bacteriocin production, a liquid meat simulation
medium (MSM-BE) was used, containing, per liter, 29.0 g of bacteriological
peptone (Oxoid, Basingstoke, United Kingdom), 23.0 g of Lab Lemco (Oxoid),
0.2 g of MgSO4 䡠 7H2O, 0.038 g of MnSO4 䡠 H2O, 1 ml of Tween 80, 5 g of lactic
acid, 55.0 g of NaCl, and 0.01 g of NaNO2. The medium was sterilized in situ for
20 min at 121°C. Lactic acid was sterilized separately and added aseptically to the
fermentor. A stock solution of NaNO2 (10 g liter⫺1) was sterilized separately by
microfiltration (Acrodisc; Pall Gelman Sciences, Ann Arbor, Mich.). The
amount of NaNO2 added was representative of residual NaNO2 levels encountered in fermented sausage, since nitrite is rapidly depleted when added to the
sausage batter (4, 16, 32, 44). The complex nutrients source of this medium was
composed only of meat-derived peptones, i.e., bacteriological peptone and Lab
Lemco. Based on calculations of the amino nitrogen content (36), the medium
components approached more closely an actual sausage environment (8). In
accordance with actual sausage fermentation conditions, 1.5% (wt/vol) glucose
was used. Additionally, a pH profile was imposed as shown in Fig. 1. This profile
is representative of the pH decline observed during a Belgian-type sausage
fermentation.

FIG. 1. pH profile imposed during fermentations in liquid meat
simulation medium with L. curvatus LTH 1174. The pH profile chosen
is representative of a Belgian-type sausage fermentation.

Fermentation experiments. To determine the effect of different spices on both
growth and bacteriocin production with L. curvatus LTH 1174, a series of in vitro
fermentations was performed with MSM-BE. All fermentations were performed
under anaerobic conditions for better approximation of the actual sausage environment. An anaerobic environment was created by continuously sparging the
medium with 1 liter of filtered N2 gas (N28; Air Liquide, Paris, France) per
minute. The fermentation performed in MSM-BE without any spice added will
be referred to as the reference fermentation. The concentrations of the spices
tested were 1.40 and 0.70% (wt/vol) paprika, 0.80 and 0.40% (wt/vol) pepper,
0.70 and 0.35% (wt/vol) garlic, 0.40 and 0.20% (wt/vol) nutmeg, 0.04% (wt/vol)
mace, and 0.04% (wt/vol) rosemary extract. The highest concentration of each
spice represents the maximum concentration used in Belgian sausage manufacturing. The concentrations were chosen to ascertain the maximum effects of the
spices possible; the other concentrations were chosen as being more representative of practical use.
All spices were obtained locally and used without prior sterilization. The spices
were allowed to dissolve in 1 liter of sterile water by stirring overnight at 4°C
before addition to the fermentor. The fermentations were performed at a constant temperature of 20°C and with the imposed pH profile mentioned above,
which was controlled by automatic addition of 10 N NaOH. The fermentations
were carried out in a 15-liter laboratory fermentor (Biostat C; B. Braun Biotech
International, Melsungen, Germany) with a working volume of 10 liters. To keep
the fermentation liquor homogenous, agitation was performed at 150 rpm. Online control was further performed as described previously (24). The preparation
of the inoculum was performed as described previously (30).
Assays. At regular intervals, samples were withdrawn aseptically from the
fermentor to determine cell counts (CFU), the optical density at 600 nm (OD600;
Uvikon 923; Kontron Instruments, Milan, Italy) was measured, and the level of
soluble bacteriocin activity in cell-free culture supernatant, the lactic acid concentration, and the residual glucose concentration were measured. Briefly, the
amount of lactic acid produced and the residual glucose concentration were
determined by high-performance liquid chromatography (9), and the level of
soluble bacteriocin activity in the cell-free culture supernatant was determined by
a modified critical dilution method with L. innocua LMG 13568 as the indicator
organism (9, 24). The twofold critical dilution method displays a variation coefficient of 20% on measurement but has repeatedly been shown to yield good
overall reproducibility of the bacteriocin activity curve of L. curvatus LTH 1174
(47). The presence of spices did not interfere with the bacteriocin activity assay.
The standard deviations for the glucose and lactic acid measurements were 0.04
and 0.02 g liter⫺1, respectively.
For OD measurements, the samples were homogenized, and the debris from
the spices was arbitrarily allowed to settle for 1 min before making the dilution
for the OD600 measurements. The coefficient of variation for the measurements
of OD600 was usually lower than 3%. Modeling of bacterial growth was performed with the biomass concentrations obtained from OD600 measurements.
This was done to allow easier comparison with results obtained previously with
this strain (30, 48) and with other data from the literature. The optical density
values from a series of previously performed fermentations were calibrated
against biomass as cell dry mass (CDM). A change of 1 unit of optical density was
shown to be equivalent to an increase of 0.26 g of CDM liter⫺1 (r2 ⫽ 0.962).
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monocytogenes (42). The concentration of nisin necessary for
effective control of L. monocytogenes and Bacillus subtilis could
be lowered when it was used in combination with thymol (13).
However, few studies are available on the influence of spices
on the activity and/or production of bacteriocins. In the case of
Lactobacillus sakei CTC 494, the addition of black pepper
enhanced sakacin K activity but had no effect on bacteriocin
production, either in vitro or in the production of fermented
sausage (21). On the other hand, enterocin production by
Enterococcus faecium CTC 492 was strongly reduced when
black pepper was added to the fermentation medium, especially in combination with sodium chloride (6).
One of the uncertainties in the application of bacteriocinogenic starter cultures is sufficient production and effectiveness
of bacteriocins in situ and the effect that environmental factors
as well as various sausage ingredients such as spices have on
bacteriocin kinetics. It is impossible to precisely control actual
sausage fermentations, and the determination of bacteriocin
activity levels in a meat batter is difficult as well. Hence, proper
kinetic studies concerning growth and bacteriocin production
cannot be performed during sausage fermentations. An alternative strategy is to mimic the water phase of a fermented
sausage by making use of a liquid meat simulation medium that
takes into account the kind of nutrients used (meat-derived
peptones), the amino nitrogen, sodium chloride, and sodium
nitrite content and subjecting it to a pH profile relevant to
fermented sausage production. Previously, it was shown that
temperature and pH conditions that prevail during sausage
fermentations are optimal for bacteriocin production by Lactobacillus curvatus LTH 1174 (30). On the other hand, this
strain has been shown to be extremely sensitive to nitrite, but
anaerobic conditions, as are encountered during sausage fermentation, at least partially reduce the negative effect of nitrite
(48).
In this study, the effects of several spices commonly applied
in fermented sausage manufacturing were investigated on
growth of and bacteriocin production by L. curvatus LTH 1174
in a liquid meat simulation medium.
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TABLE 1. Equations used for primary model developmenta
Model

Cell growth
Glucose consumption
Lactic acid production
Bacteriocin production

Equation

dX/dt ⫽ [max(1 ⫺ X/Xmax)n ⫺ ␣] X when
t⬎
dS/dt ⫽ ⫺1/YX/SdX/dt ⫺ mSX
dL/dt ⫽ ⫺YL/SdS/dt
dB/dt ⫽ kBdX/dt ⫺ kinactXB when X ⬎ XB

Primary modeling. Primary modeling of cell growth, glucose consumption,
lactic acid production, and bacteriocin production and inactivation was performed to fit the data as well as to estimate the biokinetic parameters representative of growth and curvacin A production. The equations used are listed in
Table 1. They are the same as those reported by Messens et al. (30) except that
bacteriocin production was made dependent on a value of XB, the minimum
biomass concentration required for the onset of bacteriocin production due to
induction (10, 25).
The differential equations were solved numerically in Microsoft Excel 97
(version 8.0a) with the Euler integration technique (7). All parameters needed
for the modeling were estimated by minimizing the residual sum of squares
between experimental and modeled data. Previously, it was shown that these
large-scale and strictly computer-controlled fermentation experiments are highly
repeatable, as well as the estimation of the biokinetic parameters for a defined
set of fermentation conditions. Based on repetitions, it was estimated for the
bacteriocin-producing strains L. sakei CTC 494 and L. curvatus LTH 1174 that
the coefficients of variation of the biokinetic parameters used for modeling are
generally lower than 10%, with the exception of kinact, for which variation of up
to 25% can be observed (24, 47). Moreover, inherent biological variation within
a treatment was small compared to the large differences observed among fermentation experiments under different conditions.

FIG. 2. Modeling of growth (in grams of CDM liter⫺1) of L. curvatus LTH 1174 for different concentrations of various spices as a
function of time for the reference fermentation (■), 0.80% (wt/vol)
pepper (〫), 0.40% (wt/vol) nutmeg (E), and 0.04% (wt/vol) mace (‚).
Symbols represent experimental values; lines are drawn according to
the model.

RESULTS
Influence of different spices on the growth of L. curvatus
LTH 1174. All spices at the concentrations tested affected the
growth of L. curvatus LTH 1174 (Table 2). For both concentrations of paprika tested, both the lag phase (tlag) and the
maximum specific growth rate (max) increased compared to
the reference fermentation to which no spices were added,
while the maximum attainable biomass concentration (Xmax)
was comparable. In contrast, both pepper concentrations
slowed down growth, resulting in a lower max. For 0.40%
pepper, Xmax was the same as for the reference fermentation,
while the addition of 0.80% pepper resulted in a higher Xmax of

TABLE 2. Modeled values of tlag, max, Xmax, XB, kB, kinact, Bmax, YX/S, and mS of L. curvatus LTH 1174 grown in MSM-BE medium at 20°C
with an imposed pH profilea
Fermentation

Reference
Paprika
1.40%
0.70%
Pepper
0.80%
0.40%
Nutmeg
0.40%
0.20%
Rosemary (0.04%)
Mace (0.04%)
Garlic (0.35%)
a
b

tlag
(h)

max
(h⫺1)

Xmax (g of
CDM/liter)

XB (g of
CDM/liter)

kB (MAU
per g of
CDM)

kinact
(liters per
g of CDM
per h)

Bmax
(MAU/liter)

YX/S (g of
CDM/g of
glucose)

mS (g of
glucose/g of
CDM per h)

4.0

0.23

1.65

0.90

1.50

0.03

0.51

0.19

0.17

7.0
8.0

0.32
0.30

1.50
1.70

1.30
0.95

0.25
0.20

0.15
0.10

0.01
0.05

0.25
0.20

0.23
0.13

3.5
3.5

0.19
0.21

2.05
1.65

NRb
0.95

0.00
0.65

NR
0.04

NR
0.22

0.21
0.18

0.23
0.15

10.0
10.0
6.0
5.0
28.0

0.13
0.14
0.20
0.21
0.21

1.23
1.70
1.60
1.65
2.00

NR
1.15
0.95
0.95
0.50

0.00
0.30
0.30
1.00
1.80

NR
0.30
0.03
0.03
0.04

NR
0.02
0.09
0.36
1.18

0.50
0.50
0.19
0.19
0.22

0.14
0.30
0.21
0.15
0.15

See Table 1, footnote a, for biokinetic parameters. ␣ was zero in all cases except for 0.35% garlic (␣ ⫽ 0.18 h⫺1) and 0.70% garlic (␣ ⫽ 0.19 h⫺1).
NR, not relevant.
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a
X, biomass concentration (in grams of CDM per liter); t, time (in hours); ,
duration of the lag phase (in hours); max, maximum specific growth rate (per
hour); Xmax, maximum attainable biomass concentration (in grams of CDM per
liter); n, inhibition exponent; ␣, specific death rate (per hour); S, residual glucose
concentration (in grams of glucose per liter); YX/S, cell yield coefficient (in grams
of CDM per gram of glucose); mS, maintenance coefficient (in grams of glucose
per gram of CDM per hour); L, lactic acid production (in grams of lactic acid per
liter); YL/S, yield coefficient for the conversion of glucose into lactic acid (in
grams of lactic acid per gram of glucose); B, bacteriocin activity in the cell-free
culture supernatant (in arbitrary units per liter); kB, specific bacteriocin production (in arbitrary units per gram of CDM); kinact, apparent rate of bacteriocin
inactivation (in liters per gram of CDM per hour); XB, minimum biomass concentration for the onset of bacteriocin production (in grams of CDM per liter).
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2.05 g of CDM liter⫺1 compared to 1.65 g of CDM liter⫺1 for
the reference fermentation (Fig. 2).
Nutmeg had the most profound influence on the growth of
L. curvatus LTH 1174 (Fig. 2). For both concentrations tested,
the lag phase was increased to 10 h, compared to 4 h for the
reference fermentation. With 0.40 or 0.20% nutmeg, max was
almost halved, from 0.23 to 0.13 and 0.14 h⫺1, respectively.
Furthermore, 0.40% nutmeg also decreased Xmax from 1.65 g
of CDM liter⫺1 to 1.23 g of CDM liter⫺1, while for 0.20%
nutmeg, Xmax was comparable to that of the reference fermentation. When 0.04% rosemary was added to the liquid meat
simulation medium, tlag was slightly increased to 6 h, while
max decreased slightly to 0.20 h⫺1 and Xmax was comparable
to that of the reference fermentation. For 0.04% mace, growth
was comparable to that of the reference fermentation (Fig. 2).
Hence, at the concentrations tested, both rosemary and mace
had only minor effects on the growth of L. curvatus LTH 1174.
For paprika, pepper, nutmeg, rosemary, and mace, no cell
death was observed, and hence ␣ equaled 0 (as determined by
cell counts; results not shown). In contrast, when 0.70% garlic
was added, a bactericidal action was observed towards L. curvatus LTH 1174, which resulted in a decrease of viable cells
from 7.1 log CFU ml⫺1 at the time of inoculation to 5.7 log
CFU ml⫺1 after 25 h of fermentation. In this case, the specific
growth rate was 0, and ␣ equaled 0.19 h⫺1. Afterwards, the
population was not strongly affected and was estimated at 5.6
log CFU ml⫺1 after 52 h (Fig. 3). Adding 0.35% garlic increased tlag considerably, from 4 to 28 h, and during this period
garlic again acted as a bacteriocide (␣ ⫽ 0.18 h⫺1), reducing
cell counts from 7.2 log CFU ml⫺1 to 5.6 log CFU ml⫺1, after
which regrowth was observed (Fig. 3). Regrowth was initiated
with a max of 0.21 h⫺1, and L. curvatus LTH 1174 reached a
maximum cell concentration of 2.00 g of CDM liter⫺1 after
80 h of growth, which was higher than for the reference fermentation.
Influence of different spices on curvacin A production by L.
curvatus LTH 1174. Next to the reference fermentation, the
fermentation conditions allowing measurable bacteriocin production were 0.40% pepper, 0.04% mace, 0.04% rosemary, and
0.35% garlic (Fig. 4). All spices tested negatively influenced
bacteriocin production by L. curvatus LTH 1174 with the exception of 0.35% garlic (Fig. 4). When either 0.80% pepper or
0.40% nutmeg was added, no bacteriocin activity could be

FIG. 4. Modeling of bacteriocin production (in MAU per liter) by
L. curvatus LTH 1174 for different concentrations of various spices as
a function of time for the reference fermentation (■), 0.40% (wt/vol)
pepper (〫), 0.04% (wt/vol) mace (E), 0.04% (wt/vol) rosemary (‚),
and 0.35% (wt/vol) garlic (䊐). Symbols represent experimental values;
lines are drawn according to the model.

detected throughout the fermentation (Table 2). In the presence of 0.35% garlic, bacteriocin production was stimulated,
since kB increased by more then 20% to 1.80 mega arbitrary
units (MAU) g of CDM⫺1, while kinact was comparable. This
resulted in an increase of Bmax by 130% to 1.18 MAU liter⫺1.
This strong increase in Bmax was a consequence of the fact that
more bacteriocin was produced per cell in combination with
higher cell numbers reached and an earlier start of bacteriocin
production, as shown by a decreased value of XB (Table 2).
During the first 48 h of fermentation, no bacteriocin activity
was observed, and hence the concentration of 0.35% garlic was
not inhibitory to the indicator strain, L. innocua LMG 13568.
The addition of 1.40 or 0.70% paprika caused a severe decrease in kB and an increase in kinact, which resulted in a Bmax
that was reduced by 97 and 91%, respectively, from the reference fermentation value. Hence, hardly any bacteriocin was
produced when paprika was added. For 0.40% pepper XB and
kinact were comparable to those of the reference fermentation,
while kB was more than halved, resulting in a halved Bmax of
0.22 MAU liter⫺1 (Fig. 4). With 0.20% nutmeg, XB increased
to 1.15 g of CDM liter⫺1, kB decreased by 80%, while kinact was
the same as for the reference fermentation, resulting in a Bmax
of only 0.02 MAU liter⫺1 (Fig. 4). With the addition of 0.04%
rosemary, the values of kB and kinact were the same as for the
fermentation with 0.20% nutmeg. However, XB was 0.95 g of
CDM liter⫺1. Finally, the addition of 0.04% mace had only a
minor effect on bacteriocin production by L. curvatus LTH
1174.
Influence of different spices on the sugar metabolism of L.
curvatus LTH 1174. With regard to the sugar metabolism of L.
curvatus LTH 1174, it was clear that most spices had little or no
influence on the different biokinetic parameters obtained from
the primary model (Table 2). The average value for the parameter YL/S was 0.98 ⫾ 0.04 for all fermentations, and the
variations observed were not significant. The addition of 1.40%
paprika slightly accelerated lactic acid production in the be-
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FIG. 3. Inhibitory effect of 0.70% (Œ) and 0.35% (䊐) garlic on
growth of L. curvatus LTH 1174.
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ginning of the fermentation, while the addition of 0.80% pepper showed a clear stimulatory effect on lactic acid production
(Fig. 5). On the other hand, 0.04% mace and in particular
0.40% nutmeg caused a severe retardation of lactic acid production (Fig. 5). In the case of nutmeg, lactic acid production
started later due to the increased lag phase and was also slower
due to the lower growth rate. Additionally, for both concentrations of nutmeg tested, the cell yield coefficient (YX/S) increased from 0.19 g of CDM (g of glucose)⫺1 to 0.50 g of CDM
(g of glucose)⫺1. Apparently, the strongly reduced growth rate
enabled the strain to produce more cells per unit of substrate.
With 0.35% garlic, lactic acid production started later due to
the prolonged lag phase, but the rate of lactic acid production
was comparable to that of the reference fermentation.
DISCUSSION
Spices and herbs are used for adding desirable sensory properties to food products. Different mixtures of spices are added
to many kinds of fermented sausages, all of which have their
own specific organoleptic properties. The starter culture that is
added to ensure rapid acidification and a safe end product is
also influenced by the spices added, and hence it is important
to know the effects that different sausage ingredients will have
on bacteriocin production.
For all of the spices examined in this study (paprika, pepper,
nutmeg, rosemary, mace, and garlic) the maximum specific
growth rate (max) of the bacteriocin producer L. curvatus
LTH 1174 decreased, with the exception of paprika. The addition of paprika to the growth medium even stimulated
growth, resulting in an increased value for max. This might be
due to the presence of sugars or microelements (1).
The largest negative effect on growth was ascribed to 0.40%
nutmeg, which considerably increased the lag phase (tlag). Previously, a pronounced inhibitory effect was shown, with 500

ppm of oil of nutmeg resulting in delayed bacterial growth for
4 days (49). Also, the food-borne pathogen L. monocytogenes is
extremely sensitive to oil of nutmeg, with 0.05% showing a
bactericidal effect. The concentrations used in food products
may be sufficient to result in the stasis of listerial growth,
provided that the initial pathogen load is low (43). Additionally, an extract of nutmeg was shown to posses antibacterial
activity against E. coli O157, while nonpathogenic strains were
not reduced (45). Also, the addition of 0.40% nutmeg severely
decreased Xmax. Clearly, nutmeg contains strong inhibitory
components active against L. curvatus LTH 1174.
With a concentration of 0.35% garlic, an initial 1.5-log reduction in L. curvatus LTH 1174 occurred in the first 28 h, after
which regrowth was observed. Moreover, L. curvatus LTH
1174 was already strongly inhibited by 0.70% garlic. This value
is lower than the concentrations inhibitory to lactobacilli reported in the literature, ranging from 1 to 2% (17, 40). The
differences might be explained by the natural variations in
allicin and allicin content of garlic of different strains (5).
Allicin shows a wide range of antibacterial activities against
both gram-negative and gram-positive bacteria (5). It seems
that garlic oil is consistently more potent than garlic powder
when tested in vitro (35). However, when the thiosulfinate
content is taken into account, garlic powder is more active than
garlic oil against most bacteria (41). Moreover, garlic was
shown to differentially inhibit bacteria, lactic acid bacteria being the least sensitive microorganisms (17, 40). Garlic can even
stimulate the growth of lactic acid bacteria by providing them
with a carbohydrate source for growth (37). L. curvatus LTH
1174 may be able to profit from some of these carbohydrates,
which may explain the higher final biomass (Xmax) obtained
compared with the reference fermentation. However, it cannot
be excluded that other growth-stimulatory components are
present.
In addition to garlic, pepper was the only other spice that
yielded a higher Xmax (0.80%). Once more, this may be due to
carbohydrates or other stimulatory components present at very
low concentrations. However, pepper did not affect the growth
rate or lag phase.
All of the spices tested affected bacteriocin production. In all
cases except for garlic (0.35%), decreased specific bacteriocin
production and hence decreased volumetric curvacin A activity
were observed. In the case of garlic, increased biomass production and an earlier start of bacteriocin production, as indicated by the minimum biomass concentration necessary to
start bacteriocin production (XB), was observed. This resulted
in more than doubled bacteriocin activity. There are components in garlic that somehow stimulate bacteriocin production.
In contrast, in the case of nutmeg and paprika, decreased
specific bacteriocin production and a severely increased bacteriocin inactivation rate were observed, in addition to an increased value of XB. This value indicates interference with the
onset of bacteriocin production, indicating that curvacin A is
only produced at the end of the fermentation. However, it
might be that garlic contains some nutrients that are more
water soluble than the other spices. As a result, the observed
bacteriocin activity was very low.
Nutmeg has been identified as a spice that has a major
negative effect on the amount of bacteriocin produced per cell
as well as an unfavorable effect on the start of bacteriocin
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FIG. 5. Influence of different spices on lactic acid production (in
grams of lactic acid per liter) by L. curvatus LTH 1174 as a function of
time for the reference fermentation (■), 0.80% (wt/vol) pepper (〫),
0.40% (wt/vol) nutmeg (E), and 0.04% (wt/vol) mace (‚). Symbols
represent experimental values; lines are drawn according to the model.
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addition, confirming that additional trace minerals or other
components present in spices affect acid production.
In this study, it has been shown that growth was not stimulated by most of the spices tested, although spices such as
pepper and garlic are a source of trace elements and/or additional carbohydrates that may stimulate lactic acid or biomass
production. The spices tested did not seem to be particularly
stimulatory for bacteriocin production by L. curvatus LTH
1174, with the exception of garlic, a spice with antimicrobial
properties that is frequently applied in the production of fermented sausages.
To study the effect of the various spices on the kinetics of L.
curvatus LTH 1174, a liquid meat simulation medium was used.
Although the medium used differs from a real food environment, the information obtained in this study is relevant, as the
control of bacteriocin production during food fermentation
requires knowledge of the factors affecting growth and bacteriocin production. Other factors that will have to be taken into
account are the impact of the solid meat matrix, interactions
with other microorganisms present in the sausage environment, substrate gradients and probable diffusion limitations,
and bacteriocin activity losses due to adsorption to meat and
fat particles and/or degradation by meat proteases. Clearly, in
the complex environment of a fermented sausage, the various
ingredients, including different spices, will each have its effect
on the bacteriocinogenic starter culture. Moreover, the work
described here forms a basis for looking at the active ingredients of the various spices or determining the possible interference of these spices with induction factor-regulated curvacin A
production in L. curvatus LTH 1174.
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1. Aguirrezábal, M., J. Mateo, C. Domínguez, and J. M. Zumalacárregui. 1998.
Spanish paprika and garlic as sources of compounds of technological interest
for the production of dry fermented sausages. Sci. Aliment. 18:409–414.
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