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Abstract

An atoxigenic strain of Penicillium camemberti was superficially inoculated on fermented sausages in an attempt to improve

their sensory properties. The growth of this mould on the surface of the sausages resulted in an intense proteolysis and lipolysis,

which caused an increase in the concentration of free amino acids, free fatty acids (FFA) and volatile compounds. Many of these

were derived from amino acid catabolism and were responsible for the ‘‘ripened flavour’’, i.e. branched aldehydes and the

corresponding alcohols, acids and esters. The development of the fungal mycelia on the surface of the sausages also protected

lipids from oxidation, resulting in both lower 2-thiobarbituric acid (TBARS) values and lipid oxidation-derived compounds,

such as aliphatic aldehydes and alcohols. The sensory analysis of superficially inoculated sausages showed clear improvements

in odour and flavour and, as a consequence, in the overall quality of the sausages. Therefore, this strain is proposed as a

potential starter culture for dry fermented sausage production.
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1. Introduction

Flavour development in cheese and cured fer-

mented meat products is a complex process in which

carbohydrate fermentation, lipid breakdown and pro-

teolysis are the main pathways involved, as well as the

further transformations of the substances formed in

these reactions into volatile compounds (Montel et al.,

1998; Ordóñez et al., 1999).

Moulds belonging to the genus Penicillium genera

are the most widespread in meat and derived products,

probably because they can grow at lower temperatures

and aw than other moulds normally present in these

products (Corry, 1987; Northold and Soentoro, 1988).

Penicillium camemberti is the white mould that forms

the characteristic rind of some cheeses, such as

Camembert and Brie, and is the main microorganism
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responsible for the flavour of these products. This

organism is involved in proteolytic and lipolytic

phenomena in cheese (Gripon, 1997) and in the latter

transformation of the resulting free amino acids and

fatty acids into important taste and aroma compounds

such as ammonia, methyl ketones, primary and sec-

ondary alcohols, esters, aldehydes, lactones and sul-

phur compounds (Jollivet et al., 1993). Camembert

cheeses develop a strong ammonia odour when over-

ripened as a result of the intense deaminative activity

produced by this mould (Gripon, 1997). Ammonia has

a low odour threshold (5 mmol/kg) (Kubı́cková and

Grosch, 1998a) and its presence is associated with a

‘‘ripened aroma’’ whenever its concentration is not

too high.

In the last few years, the importance of amino-acid-

derived molecules in the flavour of ripened food has

been the subject of extensive investigations (Möller et

al., 1998; Smit et al., 2000). Amino acids can be

transformed into amines, a-ketoacids or other amino

acids via decarboxylation, deamination or transami-

nation, respectively, by microorganisms growing in

surfaced-ripened cheeses, e.g. Brevibacterium linens

and Pseudomonas, and blue cheese, e.g. Penicillium

roqueforti (Hemme et al., 1982). Some branched

aldehydes, such as 2-methylpropanal and 2- and 3-

methylbutanal, derived from valine, isoleucine and

leucine, respectively, have also been associated with a

‘‘ripened aroma’’ in fermented sausages (Stahnke et

al., 2000).

The objective of the present study was to enhance

the formation of amino-acid-derived compounds by

the superficial inoculation of an atoxigenic strain of P.

camemberti in an attempt to potentiate the ‘‘ripened

aroma’’ of dry fermented sausages, as well as to know

the behaviour of a mould typically used in dairy

industry on the sensory properties of these products.

2. Materials and methods

2.1. Preparation of the spore suspension of P.

camemberti

An atoxigenic strain isolated from commercial

Camembert cheese selected for its L-amino oxidase

activity against phenylalanine (Bruna et al., 2001c)

and identified as P. camemberti in the International

Mycological Institute (Egham, UK) was used. To

obtain the spores, P. camemberti was grown in Roux

flasks on Sabouraud agar (Oxoid, Unipath, Basing-

stoke, Hampshire, UK) at 22 jC for 7 days. Spores

were harvested by washing the cultures with sterile

saline solution and glass beads, which were added to

help dislodge the spores from the mycelium. Spore

suspension was filtered through a sterile gauze to

remove the mycelial debris and to clarify the turbid

suspension, centrifuged at 4800� g for 10 min and

resuspended again in saline solution. Finally, the

spore concentration was adjusted to 106 spores/ml

using a Thoma chamber (0.1 mm depth� 0.0025 mm2

surface).

2.2. Preparation of the sausages

The mixture for ‘‘salchichón’’ (salami like) dry

fermented sausages was prepared using the following

formula: (%, w/w): pork (55), beef (13.49), pork fat

(25), NaCl (2.5), dextrin (1.8), lactose (1.0), glucose

(0.8), monosodium glutamate (0.25), sodium ascor-

bate (0.046), NaNO3 (0.0095), NaNO2 (0.0065), and

equal amounts of whole grain and ground black

pepper (0.14). The ingredients were processed in a

mincer equipped with an adjustable plate set at a hole

diameter of 5 mm and inoculated with a starter culture

of Lactobacillus plantarum 4045, Staphylococcus

carnosus and Staphylococcus xylosus. The mixtures

were stuffed into synthetic sausage casings (40 mm in

diameter) and left to ripen in an Ibercex ripening

cabinet, model G-28 (A.S.L., San Fernando de

Henares, Spain). Two separate batches of fermented

sausages were manufactured: batch C (control) con-

sisted of the initial ingredients, seasonings and curing

salts; batch S was like batch C but it was superficially

inoculated with a spore suspension of P. camemberti

immediately after stuffing. Potassium sorbate (25%)

(Carlo Erba, Rodano, MI, Italy) was sprayed onto the

surface of batch C to avoid the growth of moulds. The

sausages were fermented at 22 jC and 90% relative

humidity (R.H.) for 12 h. After this, the temperature

and R.H. were slowly reduced to 18 jC and 80%,

respectively, in 60 h. Finally, the sausages were dried

at 12 jC and 80% R.H. until the end of the ripening

process (a total of 22 days). The results recorded here

are the mean data obtained with samples from three

different manufacturing processes carried out with
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different ingredients but the same formulation and

technology.

2.3. Microbial analysis

Viable microbial count was done in Plate Count

Agar (PCA) (Oxoid) and the micrococci in Mannitol

Salt Agar (MSA) (Oxoid), both incubated at 32 jC for

2 days. Lactic acid bacteria (LAB) were grown in

MRS agar (Oxoid) at pH 5.6 in a double layer

(Harrigan, 1998) at 32 jC for 2 days.

Catalase activity was determined after growing the

mould in nutrient agar (Difco, Detroit, MI, USA) (22

jC, 1 week). Then, 0.5 ml of a 3% H2O2 (Sigma, St.

Louis, MO, USA) dilution was spread in the nutrient

agar. The test was considered positive if effervescence

was observed due to the production of O2 from H2O2.

2.4. Chemical analysis

Moisture was determined by drying the sample at

110 jC to constant weight. Water activity (aw) was

determined using a Decagon CX1 hygrometer (Dec-

agon Devices, Pullman, USA) at 25 jC. The pH was

measured in a homogenate of the sample with distilled

water (1:10, w/v) using a Crison Digit-501 pH meter

(Crison Instruments, Barcelona, Spain).

The total fat of the samples was determined by cold

extraction in chloroform (Panreac, Barcelona, Spain)

and methanol (Panreac) in the presence of antioxidant

BHT (Panreac) following the method described by

Hanson and Olley (1963) and was quantified gravi-

metrically. The separation of the different lipid classes

was performed according to Fernández et al. (1995)

by thin layer chromatography (TLC) on 0.25 mm G-

60 silica gel plates (Merck, Darmstadt, Germany),

developed with petroleum ether (Panreac)/diethyl

ether (Panreac)/acetic acid (Panreac) (80:20:1) (v/v/

v). Triolein, diolein, monolein, oleic acid and choles-

terol (Sigma) were used as reference standards. A

spray of 0.05% of FeCl3�6H2O (Panreac) solution in a

mixture of water/acetic acid/sulfuric acid (Panreac)

(90:5:5) (v/v/v) (Lowry, 1968), followed by heating in

an oven at 120 jC for 30 min, was used to visualise all

lipid fractions. Lipid classes were quantified by den-

sitometry in a Shimadzu CS-9000 densitometer (Shi-

madzu, Kyoto, Japan) at 390 nm using calibration

curves for all the standards used in TLC analysis.

To measure lipid oxidation during ripening, the 2-

thiobarbituric acid (TBARS) (Sigma) method de-

scribed by Salih et al. (1987) was carried out. For

that, 5 g of sausage was homogenised in 15 ml of 0.38

M HClO4 (Panreac) for 3 min in an ice bath. To avoid

further oxidation, 0.5 ml of a 0.19 M BHT ethanolic

solution was added. The homogenate was centrifuged

(3000� g, 5 min, 5 jC) and filtered through Whatman

no 54 (Maidstone, Kent, UK). An aliquot (0.7 ml) was

mixed with an equal volume of a 0.02 M TBA

solution and heated at 100 jC for 30 min. After

cooling, the mixture was centrifuged at 3000� g for

15 min at 5 jC. Finally, the absorbance was measured

at 532 nm. Results were expressed as mg malonalde-

hyde (MDA)/kg sample.

Ammonia content was determined using the Boeh-

ringer kit for enzymatic analysis (Boehringer Man-

nheim, Germany) following the manufacturer’s in-

structions for meat products.

Free amino acids were extracted as described by

Yang and Sepúlveda (1985) and analyzed as described

by Bruna et al. (2000). After extraction, amino acids

were derivatised with phenylisothiocyanate (PITC)

(Sigma). Amines were extracted according to Spinelli

et al. (1974) and analyzed after derivatisation with

dansyl chloride (Sigma) (Ordóñez et al., 1991). The

amino acids and amines derivatives were analyzed in

a Beckman System Gold Nouveau chromatograph

(Fullerton, USA) equipped with a Waters column

(Milford, USA) Spherisorb S5 ODS2 (25 cm� 4.6

mm, 5 Am particle size) maintained at 35 jC in a

column oven (Jones Chromatography, Mid Glamor-

gan, UK). Detection was performed at 254 nm in both

cases.

The eluents used for the amino acid analysis were

as follows: A, 0.03 M sodium acetate (Panreac), pH

6.8, to which triethylamine (Panreac) was added at

0.05% (v/v); and B, acetonitrile (Panreac)/water

(90:10) (v/v). Elution began with a mobile phase of

1 ml/min and an isocratic period of 5.5 min. After this,

B was increased to 6% in 5 min, then to 15.5% in 9.5

min, 35% in 7 min and to 38.5% in 12 min. The flow

was then increased to 1.5 ml/min in 5 min, whereas B

rose to 99% in 10 min. These conditions were main-

tained for 5 min. Initial conditions were then restored

in 5 min.

The eluents used for amine analysis were as

follows: A, 0.001 M sodium acetate and tetrahydro-
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furan (Panreac) (95:5) (v/v) at pH 4.2; and B, aceto-

nitrile/water (90:10) (v/v). Elution was performed in a

constant flow of 1.5 ml/min with an initial gradient of

B of 50%, which was gradually increased to reach

90% after 25 min. These conditions were maintained

for 2 min, after which B was reduced to 50% in 5 min.

Finally, these conditions were maintained for 6 min.

Organic acids were analyzed according to the

method described by González de Llano et al.

(1996). For the extraction, 10 g of sausage was

homogenised with five volumes of 4.5 mM H2SO4

in an ice bath. The mixture was shaken for 1 h at 10

jC. After filtering (Whatman no. 54), samples were

stored at 2–4 jC until analyzed by HPLC. Previous to

injection, samples were filtered through 0.45-Am fil-

ters and 50 Al was injected. The analysis was done in a
Beckman System Gold Nouveau chromatograph

equipped with an Aminex HPX-87H ion exchange

column (300� 7.8 mm) protected by a cation H+

Microguard cartridge (BioRad Laboratories, Rich-

mond, USA) maintained at 65 jC. Detection was done
at 210 nm. As eluent, 3 mM H2SO4 was used. Elution

was performed isocratically at an initial flow of 0.7 ml/

min for 25 min, after which it was increased to 0.9 ml/

min up to 40 min. The different organic acids were

identified by comparing the samples with standard

solutions (Sigma) analyzed in the same conditions.

Volatile compounds were analyzed by GC-MS as

described by Elmore et al. (1999). Twenty-five grams

of ground sausage was introduced into a glass flask

and equilibrated for 30 min at 30 jC. Volatiles were

extracted at 30 jC by a nitrogen flow of 40 ml/min for

1 h and adsorbed on a steel trap (105 mm� 3 mm i.d.)

containing 85 mg of Tenax TA (Scientific Glass

Engineering, Milton Keynes, LA, UK). A standard

of 131 ng of 1,2-dichlorobenzene (Sigma) in 1 Al of
hexane (Panreac) was added to the trap at the end of

the collection and excess solvent and any water

retained on the trap were removed by purging the

trap with nitrogen at 40 ml/min for 5 min.

Analyses were performed on a Hewlett-Packard

5972 mass spectrometer fitted with a HP5890 Series II

gas chromatograph and a G1034 Chemstation (Hew-

lett-Packard, Palo Alto, CA, USA). A CHIS injection

port (Scientific Glass Engineering) was used to ther-

mally desorb the volatiles from the Tenax trap onto

the front of a CP-Sil 8 CB low bleed/MS fused silica

capillary column (60 m� 0.25 mm i.d., 0.25 Am film

thickness, Chrompack, Middelburg, The Nether-

lands). During the desorption period of 5 min, volatile

compounds were cryofocused by immersing 15 cm of

column adjacent to the heater in a solid CO2 bath

while the oven was held at 40 jC. The bath was then

removed and chromatography achieved by holding at

40 jC for 2 min followed by a programmed rise to

280 jC at 4 jC/min and held for 5 min. A series of n-

alkanes (C6–C22) (Sigma) was analyzed, under the

same conditions, to obtain linear retention index (LRI)

values for the aroma components.

The mass spectrometer was operated in electron

impact mode with an electron energy of 70 eV and an

emission current of 50 AA. Compounds were identi-

fied by first comparing their mass spectra with those

contained in the NIST/EPA/NIH Mass Spectral Data-

base and then comparing the LRI values with either

those of authentic standards or with published values.

Approximate quantities of the volatiles were estimated

by comparing their peak areas with those of the 1,2-

dichlorobenzene internal standard, obtained from the

total ion chromatograms, using a response factor of 1.

2.5. Texture analysis

Texture analysis was done following the method

described by Bourne (1978) in a TA-XT2i Texture

Analyser (Stable Micro Systems, Surrey, UK) equip-

ped with a cylindrical probe P/25 to determine

hardness, cohesiveness, adhesiveness, gumminess,

chewiness and springiness, and a reversible probe

to determine the maximum cutting force and the

cutting work. This procedure involved cutting samples

approximately 1.5 cm long and 2.5 cm wide, which

were compressed twice to 50% of their thickness. The

following parameters were defined: hardness (H) =

maximum strength required to achieve compression;

area of the first compression (A1) = total energy re-

quired for the first compression; area of the second

compression (A2) = total energy required for the sec-

ond compression; adhesiveness = area under the

abscissa after the first compression; springiness (S) =

height the sample recovers between the first and

second compression; cohesiveness (C) =A2/A1; gum-

miness (G) =H�C; chewiness (Ch) = S�G; maxi-

mum cutting strength =maximum height on the cutting

graph; and total cutting work = area under the cutting

curve.
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2.6. Sensory analysis

This was carried out at the end of ripening by a

panel of 20 tasters in an I.S.O. normalised testing

room. These were all members of Departamento de

Higiene y Tecnologı́a de los Alimentos and had been

previously trained in the sensorial assessment of meat

products. A triangle test was carried out (I.S.O., 1981)

by asking the tasters to choose the sample that they

thought was different and the reason for choosing it.

The colour, texture, odour and taste were also as-

sessed using a nonstructured hedonic scale in which

samples were given scores of 1 (very poor) to 10

(excellent). The global quality was calculated from the

expression: overall quality=(colour� 0.1)+(texture�
0.25)+(odour� 0.15)+(flavour� 0.5). This expression

was calculated taking into account the opinion of the

18 tasters who, in a study on commercial fermented

sausages, had been asked to assess the relative impor-

tance of the different sensory characteristics (Bruna et

al., 2001b).

2.7. Statistical analysis

ANOVA was used to search for significant differ-

ences between mean values of the different results.

Comparison between batches was performed by the

Student–Newman–Keul’s test ( p < 0.05) using Sig-

maStat 1.1 (Jandel, San Rafael, CA, USA).

3. Results and discussion

In both batches, the microbiota and lactic acid

bacterial counts were similar to those recorded for

conventional fermented sausages (data not shown).

Both microbiota counts started at around 106 cfu/g

and increased rapidly during the first few days of

ripening, corresponding to the fermentation stage,

levelling off toward the end of the process (Ordóñez

et al., 1999). On the contrary, the number of micro-

cocci in control batch decreased from 105 cfu/g to

reach a level around 1 logarithmic unit lower at the

end of the ripening process. This is the usual behav-

iour of this microbiota (Ordóñez et al., 1999) as the

decrease in pH and oxygen concentration limits its

growth (Roig-Sagués et al., 1999). However, the

superficial inoculation of the sausages with P. cam-

emberti produced a significant increase in the number

of micrococci (close to 106 cfu/g) at the end of

ripening. This difference can be attributed to the

higher pH value registered in batch S (5.4) compared

to batch C (4.7), since micrococci are acid-sensitive

bacteria (Leuschner and Hammes, 1998). The main

consequences of this pH modification have been

extensively described in Camembert cheeses (Gripon,

1997): growth of aerobic acid-sensitive microbiota,

such as micrococci and certain corynebacteria, partly

responsible of the flavour (Boyaval and Desmazeaud,

1983); activity of some enzymes, such as lipases and

intra- and extracellular peptidases, which had been

previously inhibited by the pH decrease (Gripon,

1997); and changes in the texture parameters of the

product due to a lesser decrease in the water holding

capacity and to the activity of the above mentioned

enzymes. In these sausages, batch S showed signifi-

cantly higher moisture and aw values (35% and 0.85,

respectively) at the end of ripening than batch C (30%

and 0.80) probably due to the above mentioned higher

pH of batch S and the barrier effect developed by the

superficial mould layer (Cook, 1995).

Table 1 shows the results obtained in the TLC

analysis. The changes and final values recorded in

both batches are similar to those described by other

authors (Navarro et al., 1997; Selgas et al., 1999). The

superficial inoculation of the sausages with P. cam-

emberti produced at the end of ripening an intense

increase in the diglyceride (33%), monoglyceride +

phospholipids (47%) and free fatty acid (78%) con-

Table 1

Changes in lipid fraction (g/100 g D.M.) and TBARS (mg MDA/kg

D.M.) during ripening of dry fermented sausages

Fraction Day 0 Day 5 Day 15 Day 22

C C S C S C S

MG+PL 3.00 3.10a 3.52a 3.41b 4.90a 3.86b 5.70a

DG 0.19 0.39a 0.42a 0.86b 1.02a 1.03b 1.37a

FFA 0.10 0.59a 0.56a 0.96b 1.85a 1.42b 2.53a

TG 61.25 61.00a 60.39a 60.21a 57.69b 59.36a 57.03b

TBARS 0.12 0.29a 0.27a 0.53a 0.48b 0.63a 0.50b

MG+PL: monoglycerides + phospholipids; DG: diglycerides; FFA:

free fatty acids; TG: triglycerides; TBARS: thiobarbituric acid

reactive substances; MDA: malonaldehyde.

Batch C (control) consisted of the starter mixture alone; batch S was

superficially inoculated with the spore suspension of P. camemberti.
a,b Values in a row of equal ripening time with different letters are

significantly different ( p< 0.05).
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centrations, and the corresponding decrease in trigly-

cerides (4%). P. camemberti only produces a lipase

(Auberger et al., 1985), its optimum activity being at

35 jC and pH 9.0 although, at pH 6.0, a 50% of its

activity still remains and the temperature changes

from 0 to 20 jC do not seem to affect it (Gripon,

1997). However, these differences could also be

attributed to the activity of micrococci as they seem

to be partly responsible for the lipolytic phenomena in

cured meats (Montel et al., 1998; Talon et al., 1992)

and, as mentioned before, their counts were signifi-

cantly higher in superficially inoculated sausages.

The changes during ripening in TBARS values

(Table 1) can be considered as usual for these cured

products (Chizzolini et al., 1998). The superficial

inoculation of the sausages with P. camemberti pro-

duced a significant decrease in the MDA concentration

at the end of the ripening. Therefore, P. camemberti

protected the sausages from lipid oxidation, which can

be attributed to the barrier effect developed by the

mycelium against both the light (Cook, 1995) and the

oxygen consumption (Núñez, 1995), and to the fact

that the strain was catalase-positive. Similar results

have been previously described both in cured hams

(Leistner and Ayres, 1968) and fermented sausages

(Bruna et al., 2000, 2001a,b) superficially inoculated

with other mould species. Nevertheless, this antiox-

idative effect does not seem to affect the sensory

quality of the sausages, as TBARS levels in both

batches are among those considered as acceptable for

good quality without the appearance of rancid notes

(Chizzolini et al., 1998).

The changes in free amino acids (FAA) during

ripening (Table 2) can be also considered as normal

for dry fermented meat products (Beriain et al.,

2000a,b). The superficial inoculation of the sausages

with P. camemberti led to an increase in the total FAA

content of 17% at the end of the ripening. The

proteolytic activity of P. camemberti has been thor-

oughly described in soft cheeses and is responsible,

together with milk plasmin and rennet, for the liber-

ation of peptides and FAA in these products (Gripon,

1997). P. camemberti produces two exocellular endo-

peptidases, an aspartyl protease and a metalloprotease,

their optimum activities being at pH 3.5 and 6.0,

respectively. This mould also produces several exo-

cellular peptidases, with the most relevant ones being

an acid carboxypeptidase, an aminopeptidase and an

iminopeptidase, with optimum activities at pH 3.5,

8.0–8.5 and 7.0, respectively (Gripon, 1997). The

production of these enzymes seems to be relatively

similar among different strains of P. camemberti

(Lenoir and Choisy, 1970).

The FAA that underwent the greatest rise were Tyr

(� 1.6), Asp (� 1.4), Phe (� 1.4), Val (� 1.3), Glu

(� 1.2), His (� 1.2) and Lys (� 1.2) as a result of the

inoculation of the surface by the mould at the end of

the ripening. These FAA, together with Leu and Ala,

represent the major fraction in Camembert cheeses

(Hasouna et al., 1996) though Glu and Leu have a

very important contribution to the overall taste of

Camembert cheeses (Hasouna et al., 1996). It is very

important to mention that the increase in the concen-

tration of some of these FAA, such as Tyr, His, Lys

and Asp, has been related with the ‘‘ripened flavour’’

in cured meats (Careri et al., 1993).

Table 2

Changes in free amino acids and ammonia (mg/100 g D.M.) during

ripening of dry fermented sausages

Amino Day 0 Day 5 Day 15 Day 22

acid
C C S C S C S

Asp 4.2 20.1b 39.3b 45.3b 65.2a 52.1b 75.3a

Glu 19.9 150.4a 163.6a 185.2b 229.3a 200.3b 253.9a

Ser 12.7 32.1a 32.4a 45.6a 52.1a 55.6a 59.3a

Asn 9.4 14.2b 20.5a 17.9a 20.3a 25.4a 24.0a

Gly 30.7 39.3b 45.0a 89.3a 90.7a 94.3a 96.2a

Gln +

Tau

300.5 331.2a 264.5b 369.8a 380.6a 400.0a 411.3a

His 12.8 48.9b 83.9a 54.1b 70.9a 63.4b 80.1a

Thr 2.9 20.5a 26.4a 41.2b 50.3a 43.8b 48.4a

Ala 61.9 130.5a 141.9a 115.6b 148.6a 119.3b 147.2a

Pro +

Cys

189.7 251.0a 186.0b 258.9b 300.9a 263.7b 308.6a

Arg 12.5 16.2a 15.4a 22.7a 25.8a 33.5a 30.8a

Tyr 6.2 16.9a 17.2a 56.3b 70.1a 60.7b 96.9a

Val 10.4 47.9b 92.5a 62.1b 80.3a 66.2b 90.2a

Met 2.1 14.2a 16.1a 15.2b 19.3a 18.2a 20.1a

Ile 19.2 21.8a 26.1a 36.2b 41.2a 23.2a 25.6a

Leu 22.7 150.1a 149.7a 100.8a 115.3a 107.2a 120.3a

Phe 15.2 28.3b 60.3a 76.2b 90.3a 80.2b 112.8a

Trp 8.4 32.4a 30.0a 39.6a 41.8a 49.3a 50.3a

Lys 22.1 50.7b 77.8a 100.1b 122.8a 123.8b 148.6a

Total 763.5 1416.7a 1488.6a 1732.1b 2015.8a 1880.2b 2199.9a

NH3 29.5 51.2b 100.9a 63.9b 114.8a 70.1b 145.3a

Batch C (control) consisted of the starter mixture alone; batch S was

superficially inoculated with the spore suspension of P. camemberti.
a,b Values in a row of equal ripening time with different letters are

significantly different ( p< 0.05).
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The superficial inoculation of the sausages with P.

camemberti produced a spectacular increase (200%)

in the concentration of ammonia at the end of the

ripening (Table 2). The L-amino oxidase activity of P.

camemberti has been previously described (Do Ngoc

et al., 1971) and is responsible for the strong ammonia

taste and odour that Camembert-type cheeses develop

when overripened (Gripon, 1997), which can even

make the product unacceptable to the consumer. This

activity can also be carried out by other microorgan-

isms that grow on the surface of Camembert-type

cheeses, such as Geotrichum candidum and B. linens

(Hemme et al., 1982; Karahadian and Lindsay, 1987).

The huge increase in the concentration of ammonia in

superficially inoculated sausages, although not as big

as in Camembert-type cheeses, is responsible, partly

at least, for the higher pH values recorded in these

sausages. This fact suggests that deamination is the

main pathway involved in the transformation of FAA,

since this reaction leads to the formation of ammonia

and the corresponding ketoacids. The latter are pre-

cursors of some important branched aldehydes, such

as 2-methylpropanal and 2- and 3-methylbutanal,

which are also responsible for ‘‘ripened aroma’’

(Careri et al., 1993).

Table 3 shows changes in the content of the eight

amines detected in the different batches of fermented

sausages. The amine levels reported in different saus-

ages by several authors vary from 9 mg/100 g D.M.

(Hierro et al., 1999) to 120 mg/100 g D.M. (Dı́az et

al., 1997). Data in the present work was similar to that

reported by Ayhan et al. (1999) and Bover-Cid et al.

(1999b) in Turkish ‘‘soudjouck’’ and Spanish ‘‘sal-

chichón’’, respectively.

The total concentration of amines (Table 3) was not

affected by the mould layer since batch S showed

higher levels (13%) and profiles to those of the control

batch (C). The production of amines by moulds in

fermented sausages has not been fully studied yet,

although in cheeses, the superficial inoculation with P.

camemberti increased the concentration of certain

amines, like tyramine, tryptamine, putrecine, cadaver-

ine and histamine (Colonna and Adda, 1976; Valle-

trisco et al., 1990). However, the concentration of

these amines is usually very low during the shelf life

recommended by the manufacturer (Valletrisco et al.,

1990). In this work, the most affected amines by the

superficial inoculation of the fermented sausages were

tyramine (� 1.6) and phenylethylamine (� 1.4).

These amines are formed by the decarboxylation of

Tyr and Phe, respectively, which, as mentioned

before, were two of the amino acids that recorded

higher increases in superficially inoculated sausages.

Probably these amines were formed by lactic acid

bacteria (Chander et al., 1989) or Micrococcaceae

(Shalaby, 1996; Bover-Cid et al., 1999a) that, as

described before, reached significantly higher counts

in batch S.

Table 4 shows the results obtained in the organic

acid analysis. All organic acids, except succinic,

showed significant increases during ripening, espe-

cially during the fermentation stage (first 5 days of

ripening) as most of them are formed in the metabo-

lism of carbohydrates by lactic acid bacteria (Urbach,

1997). The changes and the final concentrations of

these acids are among those considered as usual in dry

fermented sausages (Montel et al., 1993; Johansson et

al., 1994; Mateo et al., 1996).

The superficial inoculation with the mould pro-

duced significant changes in most of the organic acids

analyzed at the end of the ripening. Lactic acid

concentration was significantly lower (12%) in batch

S, which has been previously observed in both

cheeses (Fox et al., 1990) and fermented meat prod-

ucts ripened with a surface fungal flora (Grazia et al.,

1986), and is clearly due to the metabolism of this

compound by the mould to yield CO2 and H2O

Table 3

Changes in amines (mg/100 g D.M.) during ripening of dry

fermented sausages

Amine Day 0 Day 5 Day 15 Day 22

C C S C S C S

Tryptamine 1.8 2.0a 2.2a 5.2b 6.2a 7.1b 8.1a

Phenylethylamine 0.5 1.0b 1.6a 1.4b 2.0a 1.9b 2.6a

Putrescine 2.1 14.4a 16.3a 16.1a 17.1a 18.4a 19.3a

Histamine +

cadaverine

3.1 15.2a 15.8a 16.2a 18.2a 20.1a 21.8a

Tyramine ND 0.5b 1.1a 1.0b 3.1a 1.6b 2.5a

Spermidine 0.1 2.1a 2.3a 2.2a 2.4a 2.1a 2.3a

Spermine 0.2 2.0a 2.4a 2.2a 2.0a 2.5a 2.7a

Total 7.8 37.2a 41.7a 44.3a 51.0a 53.7a 59.3a

ND: not detected.

Batch C (control) consisted of the starter mixture alone; batch S was

superficially inoculated with the spore suspension of P. camemberti.
a,b Values in a row of equal ripening time with different letters are

significantly different ( p< 0.05).
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(Gripon, 1997). As in cheeses, lactic acid is respon-

sible for the pH reduction in sausages. Therefore, the

decrease in the concentration of this acid in super-

ficially inoculated sausages, together to the previously

mentioned increase in the ammonia concentration, is

responsible for the higher pH values at the end of the

ripening.

Acetic, propionic and n-butyric acids reached

higher concentrations in superficially inoculated saus-

ages rather than in regular types. Although acetic acid

is mainly produced during fermentation of carbohy-

drates (Kandler, 1983), it also can be formed in the

lipolysis of triglycerides, during fatty acid oxidation

and the catabolism of alanine (Montel et al., 1998).

Propionic and n-butyric acids are strongly associated

with the aroma. The rise in the concentration of these

organic acids in fermented sausages inoculated with P.

camemberti could be associated with the lipolytic

activity of this strain. However, these compounds

can also originate from the fermentation of glucose,

from some amino acids or from the oxidation of al-

dehydes (Gottschalk, 1986). All even-carbon organic

acids, from acetic to octadecanoic acid, and also iso-

valeric and propionic acids can be found in Camem-

bert-type cheeses (Molimard and Spinnler, 1996),

with acetic, n-butyric and propionic acids being the

most abundant (Adda and Dumont, 1974; Berdagué,

1986). These organic acids have a great influence in

the final flavour of Camembert-type cheeses. How-

ever, milk fat is richer in short chain fatty acids than

pork fat and, therefore, the contribution of these acids

to the overall flavour of fermented sausages is much

lower than in mould ripened cheeses.

The effect of the P. camemberti superficial inocu-

lation in lipid fraction, TBARS, amino acids, ammo-

nia and organic acids is clearly detected after 15 days

of ripening.

About 98 volatile compounds were identified and

quantified across the two different samples. They

included 22 hydrocarbons, 20 terpenes, 14 aldehydes,

13 alcohols, 11 esters, 8 ketones, 6 sulfur compounds

and 6 acids. This profile was similar to the observa-

tions of different authors (Edwards et al., 1999;

Sunesen et al., 2001). However, there were major

quantitative and qualitative variations in the volatile

profiles of the different batches. Table 5 shows the

mean concentrations of volatile compounds that

showed statistically significant differences ( p < 0.05)

after 22 days of ripening. Compounds were grouped

according to their chemical class.

The superficial inoculation of the sausages with P.

camemberti produced a significant decrease in the

concentration of compounds derived from lipid oxi-

dation, such as aliphatic saturated (hexanal, heptanal,

octanal, nonanal) and unsaturated aldehydes (2-hepte-

nal, 2-decenal, 2-undecenal) and some ketones (2-

butanone and 2-pentanone). These results are in agree-

ment with previously reported data from analysis of

TBARS values (Table 1) and have a great relevance

since lipid oxidation products play an important role

on the sapid and aromatic characteristics of dry

fermented sausages (Berdagué et al., 1993). This

Table 4

Changes in organic acids (mg/100 g D.M.) during ripening of dry fermented sausages

Organic acid Day 0 Day 5 Day 15 Day 22

C C S C S C S

Orotic ND 0.03a 0.06a ND 0.02a ND ND

Citric 6.1 22.1a 23.5a 25.3a 26.1a 19.6b 31.6a

Pyruvic 0.12 1.1a 1.9a 1.9b 2.8a 2.1a 2.3a

Succinic 93.2 0.98b 2.0a 1.3a 1.2a 1.9b 3.8a

Lactic 685.5 1552.0a 1485.1a 2231.2a 2012.3b 2201.3a 1946.3b

Formic + uric 3.4 31.2a 30.6a 39.2b 49.7a 43.1b 96.3a

Acetic 16.9 36.6a 40.2a 45.3b 89.3a 59.9b 148.6a

Propionic 9.4 258.4a 228.5a 458.6b 851.1a 726.3b 1123.3a

Isobutyric ND ND ND ND ND ND ND

N-butyric ND 12.8a 12.9a 30.0b 69.9a 41.0b 74.9a

ND: not detected.

Batch C (control) consisted of the starter mixture alone; batch S was superficially inoculated with the spore suspension of P. camemberti.
a,b Values in a row of equal ripening time with different letters are significantly different ( p< 0.05).
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Table 5

Volatile compounds (ng/100 g of sausage) that showed differences ( p< 0.05) between dry fermented sausages batches after 22 days of ripening

LRIa Compound identity Mean concentration in headspace (ng/100 g)b Method of

C S
identificationc

Hydrocarbons

600 hexane 365 155 MS+LRI

699 heptane 70 32 MS+LRI

897 styrene ND 39 MS+LRI

Aldehydes

609 2-methylpropanal 25 125 MS+LRI

674 2-methylbutanal 1 18 MS+LRI

666 3-methylbutanal 88 733 MS+LRI

807 hexanal 321 55 MS+LRI

906 heptanal 54 17 MS+LRI

963 2-heptenal 50 ND MS+LRI

1006 octanal 102 49 MS+LRI

1108 nonanal 384 56 MS+LRI

1267 2-decenal 7 ND MS+LRI

1370 2-undecenal 8 1 MS+LRI

972 benzaldehyde 23 188 MS+LRI

Alcohols

503 ethanol ND 93 ms + lri

524 2-propanol 9 121 ms + lri

626 2-methyl-1-propanol 14 383 ms + lri

676 2-butanol ND 119 MS+LRI

768 2-methyl-1-butanol 21 117 MS+LRI

754 3-methyl-1-butanol 11 526 MS+LRI

986 1-octen-3-ol 1 45 MS+LRI

1032 1,5-octadien-1-ol 5 41 ms

1040 1,5-octadien-3-ol ND 6 ms

Acids

702 acetic acid 31 2783 ms

765 2-methylpropanoic acid 1 11 ms + lri

1045 2,4-hexadienoic acid (sorbic acid) 201 ND ms

Ketones

500 acetone 521 ND MS+LRI

602 2-butanone 4 ND MS+LRI

710 2-pentanone 14 ND MS+LRI

902 2-heptanone ND 110 MS+LRI

1098 2-nonanone 27 82 MS+LRI

1298 2-undecanone ND 61 MS+LRI

Sulphur compounds

776 2-methylthiophene 155 ND MS+LRI

614 1-propanethiol ND 23 ms + lri

< 500 sulphur dioxide ND 3 ms

Esters

612 ethyl acetate 323 1039 MS+LRI

627 methyl propanoate 16 45 MS+LRI

705 ethyl propanoate ND 8 MS+LRI

774 2-methylethylpropanoate ND 12 MS+LRI

(continued on next page)
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confirms the antioxidative effect exhibited by moulds

by protecting against light, consuming oxygen and

degrading peroxides (Cook, 1995; Lücke, 1998). This

may be considered as a positive effect on flavour,

since rancidity is usually referred as a negative attrib-

ute in meat products (Shu-Mei et al., 1995).

Other group of compounds that increased in super-

ficially inoculated sausages were the ketones, espe-

cially odd-carbon methylketones such as 2-heptanone,

2-nonanone and 2-undecanone, which are derived

from caprilic, capric and lauric acids, respectively.

Some moulds, like P. camemberti and P. roqueforti,

possess an enzymatic system that permits a diversion

from the normal h-oxidation pathway. Firstly, the free

fatty acids (FFA) are oxidised to h-ketoacyl-coen-
zyme A. The action of a thiolase yields a h-ketoacid
that is rapidly decarboxylated by a h-ketoacyl-decar-
boxylase to give a methylketone with one less carbon

than the initial FFA (Molimard and Spinnler, 1996).

For the microorganism, this metabolic pathway rep-

resents a way of detoxification of the FFA in the

media that needs only one molecule of coenzyme A,

but the complete degradation needs two molecules,

which allows faster recycling of the cofactor (Kinsella

and Hwang, 1976). h-Oxidation is a particularly

important metabolic pathway because 60% of the

carbonyl compounds produced by P. camemberti in

milk-based media are methylketones. However, meth-

ylketones have odour threshold values higher than

those of their isomeric aldehydes (Seik et al., 1971)

and, at similar concentrations, they are relatively

unimportant in the flavour of meat products.

Mould-covered sausages also reached higher con-

centrations of eight-carbon alcohols like 1-octen-3-ol,

1,5-octadien-1-ol and 1,5-octadien-3-ol. These alco-

hols are formed in the degradation of linoleic and

linolenic acids by lipooxygenase and hydroperoxide

enzymes found in moulds (Chen and Wu, 1984). The

1-octen-3-ol is well known for its raw mushroom

odour and is one of the key compounds in the global

aromatic note of Camembert cheese (Molimard and

Spinnler, 1996), while 1,5-octadien-1-ol and 1,5-octa-

dien-3-ol give the product geranium notes (Karaha-

dian et al., 1985a,b). Ethanol, which can be formed in

the fermentation of lactose, the degradation of diacetyl

and acetoin or by reduction of acetaldehyde (Moli-

mard and Spinnler, 1996), also showed higher con-

centration in mould-covered sausages.

Some branched aldehydes derived from amino

acids, such as 2-methylpropanal and 2- and 3-meth-

ylbutanal, and their corresponding alcohols and acids,

showed higher concentration in superficially inocu-

lated sausages. Their presence, especially aldehydes

and alcohols, has been described by many authors in

Camembert-type cheeses (Kubı́cková and Grosch,

1998a,b; Molimard and Spinnler, 1996), dry fer-

mented sausages (Sunesen et al., 2001) and dry hams

(Careri et al., 1993; Ruiz et al., 1999), where they

have been associated with a ‘‘ripened aroma’’ (Careri

et al., 1993; Ruiz et al., 1999). Previous research at

our laboratory has shown that the overall quality of

fermented sausages can be improved potentiating the

formation of these methyl-aldehydes by the addition

of intracellular cell free extract from selected mould

LRIa Compound identity Mean concentration in headspace (ng/100 g)b Method of

C S
identificationc

Esters

740 methylbutanoate 5 62 ms + lri

805 ethylbutanoate ND 37 MS+LRI

851 2-methylethylbutanoate ND 5 MS+LRI

856 3-methylethylbutanoate ND 7 MS+LRI

ND: not detected.

Batch C (control) consisted of the starter mixture alone; batch S was superficially inoculated with the spore suspension of P. camemberti.
a Linear retention index on a CP-Sil 8 CB low bleed/MS column.
b Estimated quantity (ng) in headspace of 100 g sausage expressed as the peak area relative to that of 131 ng 1,2-dichlorobenzene internal

standard; values are mean of three analyses.
c MS+LRI, mass spectrum and LRI agree with those of authentic compounds; ms + lri, mass spectrum and LRI in agreement with the

literature; ms, mass spectrum agrees with spectrum in NIST/EPA/NIH Mass Spectral Database.

Table 5 (continued )
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strains, like Mucor racemosus (Bruna et al., 2000),

Penicillium aurantiogriseum (Bruna et al., 2001b) and

P. camemberti (Bruna et al., 2001c).

All of the esters identified in this work showed

higher concentrations in mould-covered sausages. In

fact, many of them (ethylpropanoate, 2-methylethyl-

propanoate, ethylbutanoate, 2- and 3-methylethylbu-

tanoate) were not even detected in control batch.

Esters are formed in the reaction between ethanol

and organic acids, derived from the fermentation of

carbohydrates or lipolytic activity, by the action of

microbial esterases (mainly carboxylesterases and

arylesterases) (Molimard and Spinnler, 1996). These

enzymes are present in many species of yeasts,

moulds and bacteria (Gatfield, 1988; Jelén and Waso-

wicz, 1998), and esters have been reported as impor-

tant volatiles in fermented sausages (Stahnke, 1995;

Mateo and Zumalacarregui, 1996; Meynier et al.,

1999). On the other hand, lower concentrations are

found in dry cured ham (Buscailhon et al., 1993; Ruiz

et al., 1999), where microbial counts are very low

(Molina and Toldrá, 1993). The role of the microbiota

of the sausages in the formation of esters is still not

very well understood (Ordóñez et al., 1999). Many

authors (Stahnke, 1995; Montel et al., 1996) have

reported higher ester concentrations in fermented

sausages inoculated with Micrococcaceae than in non-

inoculated sausages, although this esterase activity is

inhibited at pH values lower than 5.5 (Talon et al.,

1996a,b). Therefore, the higher concentration of esters

observed in the batch superficially inoculated with P.

camemberti could be attributed to the esterase activity

of this mould strain and also to the activity of Micro-

Table 6

Texture analysis of dry fermented sausages after 22 days of ripening

Parameter C S

Hardness (N) 148.2a 104.5b

Adhesiveness (N) � 1.32a � 1.30a

Springiness (m) 0.0052a 0.0050a

Cohesiveness 0.402a 0.348b

Gumminess (N) 52.7a 35.8b

Chewiness (J) 0.27a 0.18b

Cutting force (N) 110.3a 89.3b

Cutting work (J) 0.0071a 0.0021b

Batch C (control) consisted of the starter mixture alone; batch S was

superficially inoculated with the spore suspension of P. camemberti.
a,b Values in a row with different letters are significantly different

( p< 0.05).

Fig. 1. Effects of a P. camemberti superficial inoculation on scores for sensorial attributes of dry fermented sausages: (.) batch C and (o) batch

S (22 days). *Overall quality=(colour� 0.1)+(texture� 0.25)+(odour� 0.15)+(flavour� 0.5). a,b: values from the same sensory attribute with

different letters are significantly different ( p< 0.05).
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coccaceae, as the final pH value in these sausages

(6.0) could have allowed this microbiota to grow and

develop esterase activity. Esters are of particular

interest because of their low odour threshold values.

The presence of some esters, particularly those de-

rived from methyl-branched aldehydes such as ethyl

2-methylpropanoate and ethyl 2- and 3-methylbuta-

noate, has been also associated with a ‘‘ripened

flavour’’ of cured ham (Barbieri et al., 1992; Careri

et al., 1993).

Table 6 shows the results of the texture profile

analysis of experimental sausages after 22 days of

ripening. The values recorded in this analysis were

similar to those described by other authors (Ansorena

et al., 1998; Gimeno et al., 1999). As expected, the

superficial inoculation of the fermented sausages with

P. camemberti produced significant decreases in hard-

ness and hardness-related parameters (gumminess and

chewiness), as well as in cutting force and cutting

work. The decrease in these parameters could be

attributed to the proteolytic and lipolytic activity

developed by P. camemberti on the surface of the

sausages (Monin et al., 1997), but also to the higher

pH observed in superficially inoculated batch, as this

parameter is directly related to water holding capacity

of meat (Hamm, 1986) and, as described before,

moisture and aw were significantly higher in batch

S. The softening as a result of the pH modification has

been extensively described in cheeses (Gripon, 1997).

In these products, the surface flora, especially P.

camemberti and G. candidum, metabolises the lactic

acid resulting in a pH gradient between the rind and

the core of cheese. This gradient is amplified by the

production of ammonia resulting from the deamina-

tion of amino acids. This softening first occurs in the

outer part and then progresses towards the centre as

the ripening progresses (Gripon, 1997). Some authors

think that the role of the proteolysis and lipolysis

caused by these microorganisms is probably minor

compared with that caused by pH modifications

(Gripon, 1997). In fact, it is possible to stimulate the

influence of pH modification on texture by incubating

young curds of Camembert with no P. camemberti

seeding in an atmosphere containing ammonia.

Ammonia is dissolved in the outer area of the curds

leading to a pH increase and the softening of the body

(Vassal et al., 1986). However, in a previous work

(Bruna et al., 2001b), we observed a similar decrease

in hardness and related parameters in fermented

sausages superficially inoculated with P. aurantiogri-

seum, although the moisture content of these batches

was not significantly higher than their respective

controls. Therefore, the reduction of hardness and

related parameters in fermented sausages is probably

attributable to both the proteolytic and lipolytic activ-

ity and to the gradient of pH.

Triangle test (data not shown) showed statistically

significant differences ( p < 0.05) among batches.

These differences were mainly derived from odour

and flavour.

Both the odour and flavour of the fermented

sausages improved by 56% by the superficial inocu-

lation of P. camemberti (Fig. 1), due, with no doubt, to

the effect of the growth of the mould which resulted in

both the increase in the concentration of many com-

pounds responsible for the ‘‘ripened flavour’’ and the

decrease of lipid oxidation-derived substances. Colour

and texture improved by the superficial inoculation,

but the difference were not statistically significant.

Obviously, the overall quality was also improved

(33%). Although the external appearance of the saus-

ages was not judged by the panelists, P. camemberti

formed an attractive white, homogeneous layer highly

appreciated by consumers.

4. Conclusions

The enzymatic activity of P. camemberti had a

positive influence on the development of the sensory

characteristics of fermented sausages, resulting in an

improvement in the odour and flavour. According to

these results, we propose that P. camemberti should be

considered as a starter culture for the meat industry in

order to improve the sensory characteristics of dry

fermented sausages.
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ôme des fromages à pâte molle. Le Lait 54, 1–21.

Ansorena, D., Gimeno, O., Astiasarán, I., Bello, J., 1998. Instru-

mental measures of sensory attributes for the characterization of

chorizo de Pamplona. Proceedings of the 44th International

Congress of Meat Science and Technology, Barcelona, Spain.

Institute of Food and Agricultural Research and Technology

(IRTA) and Eurocarne, Barcelona, pp. 846–847.

Auberger, B., Lamberet, G., Lenoir, J., 1985. Enzymic activities of

Penicillium camemberti. Sciences des Aliments 5, 239–243.

Ayhan, K., Kolsarici, N., Ozkan, G.A., 1999. The effects of a starter

culture on the formation of biogenic amines in Turkish soud-

joucks. Meat Science 53, 183–188.

Barbieri, G., Bolzoni, L., Parolari, G., Virgili, R., Buttini, R., Care-

ri, M., Mangia, A., 1992. Flavor compounds of dry-cured ham.

Journal of Agricultural and Food Chemistry 40, 2389–2394.
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Effects of starter cultures on the biochemical characteristics of

French dry sausages. Meat Science 35, 229–240.

Montel, M.C., Reitz, J., Talon, R., Berdagué, J.L., Rousset-Akrim,

S., 1996. Biochemical activities of Micrococcaceae and their

effects on the aromatic profiles and odours of a dry sausage

model. Food Microbiology 13, 489–499.

Montel, M.C., Masson, F., Talon, R., 1998. Bacterial role in flavour

development. Meat Science 49 (Suppl. 1), S111–S123.

J.M. Bruna et al. / International Journal of Food Microbiology 85 (2003) 111–125124



Navarro, J.L., Nadal, M.I., Izquierdo, L., Flores, J., 1997. Lipolysis

in dry cured sausages as affected by processing conditions. Meat

Science 45, 161–168.

Northold, M.D., Soentoro, P.S.S., 1988. In: Samson, R.A., van

Reenen-Hoekstra, E.S. (Eds.), Introduction to Food-Borne Fun-

gi. Centraalbureau voor Schimmelcultures, Baarn, pp. 231–238.
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