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ABSTRACT

Smear-ripened cheeses are characterized by a layer of yeasts and bacteria on cheese surfaces. The microbial
composition of smear of these cheeses is dominated by salt-tolerant yeasts and Gram-positive bacteria, particularly
coryneforms and Staphylococci. Cheddar cheeses were manufactured using four strains of faculatively anaerobic co-
ryneform bacteria (Corynebacterium casei, C. flavescens, C. mooreparkense and Microbacterium gubbeenense), these
bacteria isolated from the surface of an Irish farmhouse smear-ripened cheese. Five experimental cheeses (containing
isolated cultures in addition to the control cheese) were manufactured in two trials at inoculum levels of 107 cfu/g.
In the experimental cheeses, counts of isolated cultures decreased from 107 to 10¢ cfu/g in two trials, while numbers
of starter bacteria decreased from 10° cfu/g to 100-107 cfu/g at the end of ripening, on the other hand non-starter lac-
tic acid bacteria started growing after 4 months of ripening and reached105 -10°¢ cfu/g. Proteolysis during ripening,
measured by urea-polyacrylamide gel electrophoresis and levels of water-soluble nitrogen. The results showed no dif-
ferences between the control and experimental cheeses in both trials. However, the experimental cheeses had higher
levels of total free amino acids than did their corresponding controls throughout ripening, as well as differences in
profiles of individual free amino acids. Reverse-phase (RP)-HPLC of the 70 ml 100ml-! ethanol-soluble and -insoluble
fractions showed differences between control cheese and experimental cheeses. Principal component analysis of chro-
matographic data from ethanol soluble and insoluble fractions of the cheeses after 4 and 6 months of ripening clearly
differentiated between the control and experimental cheeses in first and second batches.

Key words: corynebacterium, microbacterium, NSLAB, proteolysis, FAA, RP-HPLC.

INTRODUCTION

There has been considerable interest in using
defined strains of non-starter lactic acid bacteria
“NSLAB” as isolated cultures to accelerate and
improve flavour and texture during cheese ripening
(El-Soda, 1993, McSweeney et al., 1994, Tobin,
1999). All adjunct-contaning cheeses developed
higher levels of free amino acids than the control
cheese.

The surface of smear-ripened cheeses is cov-
ered by a layer of yeasts and bacteria which have
a strong effect on the appearance and the flavour
of these cheeses (Bockelmann, 2002). The com-
position of the surface flora of commercial smear
cheeses still depends on the specific in-house mi-
croflora that becomes established on cheese surface
during manufacture. Adventitious species of Brevi-
bacterium, Arthrobacter, Staphylococcus, Micro-
coccus and Corynebacterium are the dominant mi-

In addition to the NSLAB, many other bacte-
ria have been used as isolated cultures. Law (1987)
accelerated the development of Cheddar cheese
flavour by adding cell-free extract of Brevibacte-
ria, which produce large amounts of methanethiol.
A combination of citrate-positive lactobacilli and
Brevibacterium linens improved both flavour and
texture of cheese (Jensen, 1998).

croorganisms in bacterial surface-ripened cheese at
the end of ripening (Brennan et al., 2004).

The objectives of the present study were to de-
termine the effects of Corynebacterium casei, C.
flavescens, C. mooreparkense and Microbacterium
gubbeenense cultures, which isolated from farm-
house smear-ripened on proteolysis in Cheddar
cheese during ripening.
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MATERIALS AND METHODS

Cultures

Lactococcus lactis subsp. lactis 303 was ob-
tained from the Microbiology Department, Univer-
sity College, Cork. Frozen cultures (1% v/v) were
propagated at 30°C for 16 hr in autoclaved (110°C,
10 min) reconstituted skim milk powder (100 g L-
1). Two transfers were made prior to cheesemak-
ing, bulk cultures were grown for 16 hr at 21°C and
were used as starters at levels of 2% (v/v).

Four strains of facultatively anaerobic coryne-
form bacteria (Corynebacterium casei DPC 5298,
C. flavescens, C. mooreparkense DPC 5310 and
Microbacterium gubbeenense) isolated from the
surface of an Irish farmhouse smear-ripened cheese
were tested as isolated cultures. All the strains were
obtained from the culture bank of the National
Dairy Products Research Centre, Moorepark, Fer-
moy, Co. Cork. Each strain was grown in 50 ml
MRS broth (Oxoid Ltd., UK) at 30°C overnight.
Sufficient culture was then added to cheesemilk to
give an inoculum of 107 cfu/ml milk.

Cheese manufacture

Cheddar cheese was made on two occasions
for both first and second trials in 20 L open vats
from pasterurized (74°C % 15 s) milk. Five cheeses
were made on each occasion using a standard pro-
tocol (Kosikowski, 1982).

Compositional analysis

Cheese samples were analysed after one month
of ripening for moisture (oven drying at 102°C,
IDF, 1982), total protein (macro-Kjeldahl, IDF,
1964), fat (Gerber method, Bradley et al., 1992)
and salt (Fox, 1963).

Bacteriological analysis

Microbiological counts were performed on
the cheese-milk before and after inoculation, and
on the cheeses during ripening at 1 day and 1, 2,
4 and 6 months. Lactococci were enumerated on
duplicate plates of M17 agar (Merck, Germany)
which were incubated aerobically at 30°C for 48 hr
(Terzaghi & Sandine, 1975). Non-starter lactic acid
bacteria (NSLAB) were enumerated on duplicate
plates of Rogosa agar (Merck, Germany) which
were incubated at 30°C for 5 days under anaerobic
conditions (Gas-pack System, BBL, Oxoid, UK).
Isolated cultures were enumerated on selective me-
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dia (Cheese Ripening Bacteria Medium, CRBM)
(Denis et al., 2001).

Assessment of proteolysis

Samples (200 g) were taken periodically dur-
ing ripening for the assessment of proteolysis and
frozen at 20°C until analysed. The pH of 4.6-in-
soluble and soluble fractions of the cheese samples
were prepared by a modification of the procedure
of Kuchroo & Fox (1982) as described by Sousa &
McSweeney (2001). The pH of 4.6-soluble fraction
was sub-fractionated into 70 ml 100 ml-! ethanol-
soluble (small, hydrophilic peptides) and insoluble
(large, hydrophobic peptides) fractions as described
by Lynch et al. (1996).

Urea-polyacrylamide gel electrophoresis
(PAGE, 12.5% T, 4% C, pH 8.9) of the pH 4.6-
insoluble fractions of the cheeses were performed
using a Protean II XI vertical slab-gel unit (Bio-Rad
Laboratories Ltd., UK) according to the method
of Andrews (1983) as modified by Shalabi & Fox
(1987). The gels were stained directly with Coomas-
sie Brillant Blue G250, as described by Blakesley &
Boezi (1977).

Peptide profiles of the ethanolinsoluble and
soluble fractions of the pH 4.6-soluble fractions
were determined by RP-HPLC using a Varian Sys-
tem (Varian Associates Inc., USA). Samples were
prepared before analysis as described by Sousa &
McSweeney (2001).

Total levels of free amino acids in the pH 4.6-
soluble fractions of cheese were determined by the
trinitrobenzenesulphonic acid (TNBS) method of
Polychroniadou (1988) and levels were calculated
with respect to a standard curve prepared using leu-
cine. Individual free amino acids were determined
after 6 months of ripening using the method de-
scribed by Fenelon et al. (2000).

Statistical analysis

Data from RP-HPLC chromatograms of the
ethanol-soluble and -insoluble fractions of the
cheeses were pre-processed using a logistic func-
tion (Pirano et al., 2004) and the resulting catego-
ries were analysed using multivariate statistical
techniques to evaluate the effect of each of the five
cultures on ripening. Principal component analysis
(PCA) was performed using a covariance matrix.
Statistical analysis was performed using SPSS,
Version 10.0 for Windows 98 (SPSS Inc., USA).
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RESULTS AND DISCUSSION

Cheddar cheese made with cultures added at
levels of 107 cfu /ml milk

Composition

The composition of Cheddar cheeses at 1 month
of ripening are shown in Table (1). The composi-
tion of control and experimental cheeses were simi-
lar. Compared to commercial Cheddar cheese, all
cheeses had high moisture and slightly lower salt
content but were similar to Cheddar cheese made
previously on a pilot-scale (e.g., Shakeel-Ur Reh-
man et al., 2000).

Microbiological analysis of cheese

The numbers of Corynebacterium and Micro-
bacterium strains in the control and experimental

cheeses during ripening are shown in Fig. (1). The
counts at day 1 of ripening were~ 5-7 x 107 cfu/g.
However, this population declined slightly after 1
month of ripening for cheese made with C. casei,
C. mooreparkense and M. gubbeenense to 10° cfu/g
while numbers of C. flavescens remained constant
during ripening.

Enumeration of starter in experimental cheeses
(Fig. 2), showed all cheeses contained approximate-
ly 10°cfu/g lactococci cfu/g at 1 day of ripening, and
that the number of viable starter bacteria declined
slightly after 4 months of ripening to 107-108 cfu/g,
starter counts reached 100-107 cfu/g after 6 months
of ripening, although late in ripening, enumerating
starter bacteria on LM17 agar becomes less accu-
rate due to the growth of NSLAB on this medium
which is used to enumerate starter organisms.

Table 1: Compositional parameters (%) at 1 month of ripening of Cheddar cheese made with added
cultures of Corynebacterium sp. or Microbacterium sp.*

Isolated Cultures Moisture Protein NaCl Fat
C. casei 40.47 £0.5 23.50 £0.18 1.13+£0.12 31+0.29
C. flavescens 40.46 +£0.14 23.70 £0.06 1.19 +£0.17 32 +0.23
C. mooreparkense 40.22 +£0.28 23.70 £0.24 1.20 +£0.15 32 £0.64
M. gubbeenense 40.16 £0.02 23.60 +£0.28 1.19 +£0.15 32 £0.60
Control 40.48 £0.07 23.60 +£0.25 1.18 £0.21 31 +0.46
*Results presented as mean + standard deviation of triplicate analyses.
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Fig. 1: Counts of isolated coryneforms during ripening, as enumerated on Cheese Ripen-
ing Bacteria Medium (CRBM) agar, for Cheddar cheese made without (control) or with
added cultures of Corynebacterium sp. or Microbacterium sp.
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Fig. 2: Counts of lactococcal starter bacteria during ripening, as enumerated on LM

17 agar, for Cheddar cheese made with

added cultures of Corynebacterium sp. or

Microbacterium sp.

NSLAB remained <1 cfu/g for 2 months of
ripening (Fig. 3). After 4 months of ripening, the
numbers of NSLAB were between 104-105 cfu/g
and reached to 105-10¢ cfu/g in all cheeses after 6
months of ripening.

Assessment of proteolysis

Higher increases in FAA content were ob-
served in the experimental cheeses than in control

Lo

cheese as ripening progressed (Table 2). A greater
increase in the total FAA was observed in cheeses
made with M. gubbeenense followed by C. moore-
parkense and C. casei as isolates, while the control
and the cheese made with C. flavescens had similar
and the lowest levels of FAA.

The profiles for individual amino acids of
Cheddar cheeses made with and without isolates
after 6 months of ripening are shown in Fig. (4).
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Fig. 3: Counts of non-starter lactic acid bacteria (NSLAB) during ripening, as
enumerated on Rogosa agar, for Cheddar cheese made with added cultures of
Corynebacterium sp. or Microbacterium sp.
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Table 2: Total levels of free amino acids (£standard deviation, expressed as mg Leu. per g cheese)
throughout ripening of Cheddar cheese made with added cultures of Corynebacterium sp.

or Microbacterium sp.*

Ripening Time (day) Control C. casei C. flavescens C. mooreparkene M. gubbeenense
1 3.6 +£0.10 3.4 +0.15 3.4 +0.29 3.6 £0.15 3.4 +0.06
30 7.3 +0.12 7.7+0.27 7.3 +£0.21 7.5 £0.06 7.6 £0.53
60 11.8£0.32 12.2 +0.21 11.9 +£0.17 11.8 £0.29 12.1£0.17
120 14.9 +£0.27 16.0 £0.21 15.1 £0.21 15.0 £0.27 15.8 £0.06
180 16.6 £0.15 18.4 +0.15 16.8 £0.60 19.8 £0.31 22.5 +0.43

*Results presented as mean + standard deviation of triplicate analyses.

=
[=))
]

=
wn
1

=
=
|

=
[
1

Concentrations of FAA mg/g
=) =)
i [7*]

LA LA L LA

(=
|
s

Threonine
Alanine ¢
Valine

Aspartic acid
Glutamic acid ¢

(LA

(sl

IS TTITITITS |
[P

)

Leucine
Arginine
Proline

[-P) L
£ £
= [77]
i -
g =
=

Isoleucine
Tyrosine

Methionine
Phenyl alanine 2222277277777

Amino acid content

Fig. 4: Concentration of individual free amino acids in 6 months-old Cheddar cheese
made (from left to right) without or with strains of C. casei E, C. flavescens I,
C. mooreparkense N, M. gubbeenense [ and the control E.

After 6 months, concentrations of Ser, Val, Leu,
Phe, and Lys were presented at high levels in all
cheeses. Concentrations of Ser and Tyr were higher
in the experimental cheeses than in the control, on
the other hand the concentrations of Val, Asp and
Leu were higher in cheeses containing C. casei and
C. mooreparkense than in the control.

Score plots obtained from PCA of the RP-
HPLC data of the ethanol-soluble fractions after 4
and 6 months of ripening are shown in Fig. (5a, b).
The PCA separated the cheeses after 4 months of
ripening on the basis of isolates added, cheeses con-
taining C. casei, C. flavescens in addition to the con-
trol cheese were located on the positive side of PC2
and cheeses containing C. mooreparkense and M.
gubbeenense were located separately on the nega-

tive and positive sides of PC1, respectively. On the
other hand, after 6 months of ripening the control
cheese was located separately on the positive side
of PC1 while cheeses containing C. casei and C.
flavescens grouped together on the negative side of
PC1 and other cheeses were located separately.

The scores obtained from PCA of peak height
data from the RP-HPLC chromatograms of the eth-
anol-insoluble sub-fractions of cheeses after 4 and 6
months of ripening are shown in Fig (6 a, b). After 4
months of ripening, all cheeses were well separated
by PCA, while after 6 months of ripening, all chees-
es were also well separated, but cheeses containing
C. casei and C. flavescens were grouped close to
each other, and the control was located separately
with high and low value of PC2, respectively.
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Fig. 5. Score plot obtained by principal com-
ponent analysis (PCA) of the peak heights of
reverse-phase HPLC chromatograms of the
ethanol-soluble fractions from 4 months (a)
and 6 months (b)-old Cheddar cheeses made
without (control) C or with isolated cultures of
coryneforms: (S1) C. casei, (S2) C. flavescens,
(S3) C. mooreparkense, (S4) M. gubbeenense
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