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Abstract - The intluence of the addition of Streptococcus thermophilus as adjunct to the mesophilic
starter on chemical, texturai and sensory characteristics of a semi-hard cows' milk cheese was studied.
Addition of the therrnophilic adjunct increased as l-casein hydrolysis and the level of N soluble at pH
4.6 after 30 d of ripening, reduced the level of N soluble in TCA and did not affect the level of N soluble
in PT A. Lower apparent elastic modulus, breaking force and hardness were recorded for chee ses
with therrnophilic adjunct, as a consequence of the lower dry matter and the slightly enhanced casein
hydrolysis. Flavour quality, tlavour intensity and cheese bittemess were not affected by S. thermo-
philus addition. In cheese made from milk with Bacillus subtilis neutral proteinase added to accele-
rate ripening and induce bitter tlavour formation, the use of S. thermophilus as adjunct enhanced
proteolysis and produced a considerably higher concentration of N soluble in PT A. Texturai cha-
racteristics were not affected. Flavour quality was improved and cheese bitte mess significantly redu-
ced by the addition of the thermophilic adjunct. © InralElsevier, Paris.

S. thermophilus / cheese / proteolysis / texture / bitterness

Résumé - Streptococcus thermophilus comme levain additionnel pour un fromage à pâte pres-
sée fabriqué à partir de lait de vache. L'influence de l'ajout de Streptococcus thermophilus comme
complément à un levain mésophile sur les caractéristiques chimiques, texturales et sensorielles d'un
fromage à pâte pressée fabriqué à partir de lait de vache a été étudiée. Le levain additionnel therrnophile
augmentait l'hydrolyse de la caséine asl et le niveau du N soluble à pH 4,6 après 30 jours d'affinage,
diminuait le niveau du N soluble dans l'acide trichloroacétique et n'avait pas d'effet sur le niveau de
N soluble dans l'acide phosphotungstique. Les fromages fabriqués avec le levain additionnel ther-
mophile montraient des valeurs plus faibles du module d'élasticité, de la force au seuil de rupture et
de la dureté comme conséquence du plus faible extrait sec et de l'hydrolyse de la caséine légèrement
augmentée. La qualité et l'intensité de la saveur ainsi que le degré d'amertume n'étaient pas modi-
fiés par l'addition de S. thennophilus. Dans des fromages fabriqués à partir du lait auquel on avait ajouté
de la protéinase neutre de Bacillus subtilis pour accélérer l'affinage et induire l'apparition d'amertume,
l'utilisation de S. thermophilus comme levain additionnel était capable d'augmenter la protéolyse et
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flavour intensity were observed by Broome
et al. [6] and improved flavour quality by
Trépanier et al. [22,23] in Cheddar cheese
made from milk with added L. casei subsp
casei. Different mesophilic lactobacilli
adjuncts increased the level of free amino
acids and improved cheese quality [14l
According to Muir et al. [15] interactive
effects between starter and lactobacilli
adjuncts determined secondary aspects of
sensory characteristics of Cheddar cheese. In
chee se made from milk to which Bacillus
subtilis neutral proteinase (BSNP) was
added to induce flavour formation, the use of
L. plantarum ESI 144 as adjunct starter gave
rise to lower levels of hydrophobie peptides
and lower bittemess scores [11].

Streptococcus thermophilus is generally
used in combination with other thermophi-
lie lactic acid bacteria in dairy products
manufactured at high scald or incubation
temperatures. However, commercial blends
of S. thermophilus and Lactococcus lactis
have been employed in Cheddar cheese
manufacture, with technological and com-
mercial advantages such as reduction in cell
biomass, bacteriophage durability and
cheese flavour profiles [19]. S. thermophilus
possesses a number of peptidases with dif-
ferent specificities, sharing numerous acti-
vities with L. lactis [18].

The objective of the present work was to
evaluate the effect of a commercial S. ther-
mophilus culture added as adjunct to the
mesophilic starter on the chemical, rheolo-
gical and sensory characteristics of a semi-
hard cows' milk cheese. Its influence on the
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de produire une concentration de N soluble dans l'acide phosphotungstique notablement plus élevée.
Le levain additionnel thermophile ne montrait pas d'influence sur la texture du fromage. La qualité
de la saveur était améliorée et l'amertume du fromage considérablement réduite par le levain ther-
mophile. Comme S. thermophilus ne réduisait pas le niveau des peptides hydrophobes, son action pour-
rait être due au masquage de la saveur amère des peptides hydrophobes par des composants azotés de
faible poids moléculaire solubles dans l'acide phosphotungstique. © InralElsevier, Paris.

S. thermophilus / fromage / protéolyse / texture / amertume

1. INTRODUCTION

Breakdown of caseins to peptides and
amino acids during cheese making and ripen-
ing plays a major role in the development
of cheese flavour. These changes are due to
proteolytic and peptidolytic activities of star-
ter lactic acid bacteria, rennet, plasmin and
non-starter bacteria from adventitious conta-
mination of cheese.

Addition of food grade proteinases to
milk has shown to increase cheese flavour
intensity. However, defects such as bitter-
ness have been noted frequently. Bittemess
has been attributed to the formation and
accumulation of bitter peptides from the
hydrophobie fragments of caseins. Pepti-
dases from sorne strains of lactic acid bac-
teria can degrade bitter peptides [21, 25].
In bitter enzyme modified chee se slurries,
Park et al. [16] demonstrated the hydrolysis
of two hydrophobie peptides released from
<Xs1- and p-casein by crude enzyme extra-
cts of Lactobacillus casei subsp. casei with
active aminopeptidase and proline-specific
peptidases.

Enhancement of peptidolysis by atte-
nuated cultures of lactobacilli and decrea-
sed bittemess was observed in Gouda cheese
by Bartels et al. [3, 4]. Synergistic effects
of the addition of free Neutrase and heat-
treated L. helveticus on the acceleration of
Swedish chee se ripening was reported by
Ardô and Petterson [Il

Non-starter lactic acid bacteria have been
added as adjuncts to cheese milk. Increases
in peptide degradation and enhancement of
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levels of hydrophobie peptides in the water
soluble fraction of eheeses enriehed in bitter
peptides by addition of BSNP was also
investigated.

2. MATERIALS AND METHODS

2.1. Cheese manufacture

Chee ses were elaborated in two experiments
on different days. In each experiment, pasteuri-
zed (15 s at 75 "C) cows' milk was divided into
four 60 L vats. Milk at 30 -c was inoculated
(1%) with a coagulated culture in milk of the
mesophilic starter CH-NO 1 (Chf. Hansen-Lacta
S.L., Madrid, Spain), composed of L lactis subsp
cremoris, L. lactis subsp lactis, L. lactis subsp
lactis var diacetilactis and Leuconostoc mesen-
teroides subsp cremoris strains, grown for 18 h at
25 oc. In addition, vats 2 and 4 were inoculated
(1 %) with a coagulated culture in milk of the
thennophilic starter TA 558 (Texel, Rhône-Pou-
lenc, Madrid, Spain), composed of S. thermo-
phi/us strains grown for 8 h at 37 oc. Thirty
minutes after starter and thermophilic adjunct
inoculation, Neutrase L (Novo Espaiia S.A.,
Madrid, Spain) was added to vats 3 and 4 at a
final concentration of 0.01 Anson units (AU)IL
and rennet (8 mL Maxiren 1:15 000 strength
vol/vol; Gist Brocades, Delft, The Netherlands)
was added to each vat of milk. Coagulation took
place in 40 min. Curds were eut into 6- to 8-mm
cubes and scalded at 37 "C for 15 min. In each of
the two experiments, four cheeses per vat were
obtained, which were pressed for 4 h at 30 "C
followed by 14 h at 20 "C, salted at 12 "C for
24 h in 15% NaCI brine and ripened at 12 "C for
60 d.

2.2. Chemical analysis

Chee se pH (in duplicate) and dry matter (in
triplicate) were determined as previously des-
cribed [17]. Homogenates were prepared from
representative 20 g cheese samples, and amounts
of N soluble at pH 4.6, in 12% TCA and in 1%
PTA were detennined in duplicate as previously
described [10]. Soluble N fractions were expres-
sed as percentages of total N. Residual casein
fractions were detennined in duplicate by PAGE
and expressed as the percentage of the total
amount of the respective casein fraction initially
present in milk [17]. Water soluble fractions of
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cheese were prepared according to Aston and
Creamer [2]. Hydrophobie and hydrophilic pep-
tides in the water soluble fraction were determi-
ned in duplicate by reverse-phase HPLC as des-
cribed by Lau et al. [13], with a Beckman System
Gold chromatograph (Beckman Instruments
Espaiia S.A., Madrid, Spain), equipped with a
programmable solvent module 126, a diode array
detector module 168 and an autosampler 502.
Detection was at wavelengths of 214 and
280 nm. Results were expressed as units of chro-
matogram area per milligram of cheese dry mat-
ter [17].

2.3. Texturai measurements

Apparent elastic modulus (calculated from
the slope of the initial part of compression curves
and expressed in Newtons per square millirne-
ter), force at breaking point (breaking force
expressed in Newtons) and hardness (work done
on the cheese after 75% compression, expressed
in Joules), were measured from compression
curves obtained using an Instron Compression
Tester 4301 (Instron, High Wycombe, Buckin-
ghamshire, England) as described by Fernandez
deI Pozo et al. [9].

2.4. Sensory evaluation

Flavour quality, flavour intensity and chee se
bitterness were evaluated by 13 trained panel-
Iists after 30 and 60 d of ripening on a 10-point
scale as previously described [9].

2.5. Statistical treatment of results

Factorial analyses of variance were perfor-
med on data obtained from cheeses without
BSNP, with addition of S. thermophi/us, age of
chee se and experiment (day of manufacture) as
main effects, by using program BMDP8V
(Department of Biomathematies, UCLA, Los
Angeles, CA, USA). Means of cheeses with and
without thermophilic culture were compared
using the least significant difference test at
P = 0.05 [20]. A similar statistieal treatment was
perfonned on data from chee ses with BSNP.
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3. RESULTS

Age of cheese had a highly significant
effect on all characteristics investigated,
with the only exceptions of rheology in
cheeses made with BSNP and bittemess in
cheeses made with or without BSNP.

3.1. Cheese pH and dry matter

In cheeses made without BSNP, pH
(table 1) was significantly (P < 0.001) higher
throughout the ripening period if the ther-
mophilic adjunct was added to milk. The
addition of BSNP did not affect chee se pH.
In chee ses made with BSNP, higher pH
values were also detected in presence of the
thermophilic adjunct.

In chee ses without BSNP, dry matter
values (table 1) during ripening were signi-

ficantly (P < 0.001) lower in chee se made
with the thermophilic culture. The addition
of BSNP increased cheese dry matter. In
cheeses made with BSNP, dry matter values
were significantly (P < 0.001) higher throu-
ghout the ripening period if the thermophi-
lie adjunct was added to milk.

3.2. Casein hydrolysis

The addition of S. thermophilus as
adjunct significantly (P < 0.001) enhanced
lXs1-caseindegradation (table II) in cheeses
without BSNP, whereas ~-casein degrada-
tion was not affected. Addition of BSNP to
rnilk increased lXs1-and ~-casein degrada-
tion. In BSNP cheeses, lXs1-casein(P < 0.05)
and ~-casein (P < 0.001) were hydrolysed to
a higher extent in presence of the thermo-
philic adjunct, with lower levels of the resi-

Table I. Values of pHa and dry matter!' in chee ses manufactured with thermophilic adjunct (TA)
and Bacillus subtilis neutral proteinase (BSNP).
Tableau I.Valeurs du pHa et de l'extrait sec" des fromages fabriqués avec et sans addition des strep-
tocoques thermophiles (TA) comme levain additionnel et de la protéinase neutre de Bacillus subti-
lis (BSNP).

OAUBSNPIL 0.01 AU BSNPIL

Days O%TA 1 %TA O%TA 1 %TA

pH 1 4.97 ± 0.05 5.04 ± 0.07e 4.92 ±0.01 5.04 ± o.os-
15 5.02± 0.09 5.08 ± 0.08e 4.95 ±0.06 5.08 ± 0.06e

30 4.98 ± 0.07 5.06 ± 0.02e 4.91 ±0.01 5.11 ± 0.08e

45 5.05 ± 0.04 5.10 ± 0.03e 5.01 ±0.01 5.05 ± o.os-
60 5.00 ± 0.08 5.11 ± 0.02e 4.99 ±0.09 5.08 ± 0.02e

Dry matter (%) 1 51.28 ± 1.30 50.59 ± 1.76 50.35 ± 1.17 52.15 ± lAie
15 55042 ± 1040 52.39 ± 1.88e 53.89 ± 1.65 56.25 ± o.zs-
30 57.22 ± 1.22 54041 ± 1.98e 58.81 ± 0.82 59.81 ± 1.44
45 59.19 ± 2.02 56.31 ± l.72e 61.81 ±0.65 63.00 ± 2.77e

60 61.35 ± 2.10 58.33 ± 2.33e 65.82 ± 0.98 65.56 ± 1.28

a Mean ± 5D of duplicate determinations in two cheesemaking experiments. b Mean ± 5D of triplicate deter-
minations in two cheesemaking experiments. e Significantly CP < 0.05) different from the respective value in
chee se made without thennophilic adjunct.

a Moyenne ± écart type d'une double détermination lors de deux essais de fabrication de fromage. b Moyenne
± écart type d'une triple détermination lors de deux essais de fabrication de fromage. e Valeur significativement
différente CP< 0,05) de celle du fromage fabriqué sans streptocoques thennophiles.
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Table II. Residual asl- and ~-casein' in cheeses manufactured with thermophilic adjunct (TA) and
Baeil/us subtilis neutral proteinase (BSNP).
Tableau II. Caséines asl et ~ résiduelles' dans des fromages fabriqués avec et sans addition des
streptocoques thermophiles (TA) comme levain additionnel et de la protéinase neutre de Baeil/us sub-
tilis (BSNP).

OAU BSNPIL 0.01 AU BSNPIL

Days O%TA I%TA O%TA 1 %TA

1 67.5 ± 5.1 56.7 ± 6.4b 41.8 ± 7.5 55.0 ± 7.4b
15 41.4 ± 5.2 43.1 ±4.4 35.0 ± 5.9 32.7 ± LIb
30 30.7±5.1 30.7 ±4.6 26.2 ± 8.5 21.3 ± I.3b
45 25.8 ± 6.3 18.7±3.lb 19.8±7.3 14.1 ± 1.2b

60 24.2± 6.1 15.4 ± 0.5b 14.7 ±5.9 10.0 ± I.2b

1 58.9 ± 7.4 65.7 ± 0.2 29.9 ± 9.5 42.1 ± 1LIb
15 56.9 ± 5.2 62.7 ± 1.4 28.7 ± 7.6 18.7 ± 2.3b

30 53.5 ± 5.8 59.0 ± 3.6 27.4 ± 8.2 18.1 ± 3.2b
45 46.6 ± 8.3 41.0±7.4 21.5 ± 5.8 8.4 ± 0.2b
60 43.8 ± 7.4 39.3 ± 5.2 19.3 ±6.1 6.8 ± 1.6b

asl -casein

~-casein

a Mean ± SD of duplicate deterrninations in two cheesemaking experiments, expressed as percentage of asl- or
l3-casein contents of milk. b Significantly (P < 0.05) different from the respective value in chee se made without
thermophilic adjunct.

a Moyenne ± écart type d'une double détermination lors de deux essais de fabrication de fromage, exprimés en
pourcentage de caséines asl ou 13 dans le lait. b Valeur significativement différente CP< 0,05) de celle du fromage
fabriqué sans streptocoques thermophiles.

dual fractions throughout the ripening per-
iod (table II).

3.3. Formation of soluble N

In cheeses made without BSNP, the for-
mation of pH 4.6 soluble N (table III) was
reduced (P < 0.05) in presence of the ther-
mophilic adjunct up to 30 d of ripening,
whereas values of this fraction were signi-
ficantly higher (P < 0.05) in 45 d and 60 d
cheeses. These results are in agreement with
levels of residual us\-casein, that were signi-
ficantly lower in cheese with thermophilic
adjunct after 45 d of ripening. The TCA
soluble N (table III) concentration was signi-
ficantly (P < 0.001) lower in chee se with
S. thermophilus as adjunct throughout ripen-
ing. No significant differences were detected

in PTA soluble N (table III) between cheeses
with or without adjunct.

The addition of BSNP increased the
levels of the three soluble nitrogen fractions
studied (table III). In chee ses with BSNP
and S. thermophilus, pH 4.6 soluble N
(P < 0.001), TCA soluble N (P < 0.01) and
PTA soluble N (P < 0.001) reached values
significantly higher than in cheeses without
S. thermophilus.

3.4. Hydrophobie
and hydrophilic peptides

In cheeses made without BSNP, the
amount of hydrophobie and hydrophilie pep-
tides determined at 214 nm and 280 nm
(tables IV and V) was lower (P < 0.001)
when thermophilic adjunct was added. Addi-
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Table III. Soluble N fractions' in cheeses manufactured with thermophilic adjunct (TA) and Baeil-
lus subtilis neutral proteinase (BSNP).
Tableau III. Fractions d'azote soluble' dans des fromages fabriqués avec et sans addition des strep-
tocoques thermophiles (TA) comme levain additionnel et de la protéinase neutre de Baeil/us subti-
lis (BSNP).

OAU BSNPIL 0.01 AU BSNPIL

N soluble Days O%TA 1 %TA O%TA 1 %TA

AtpH4.6 1 12.89 ± 1.44 11.87 ± 0.73b 16.15±0.19 21.72 ± 0.45b

15 14.58 ± 0.91 12.43 ± 0.67b 20.83 ± 1.34 22.52 ± 1.69b

30 15.96 ± 0.86 14.37 ± 1.28b 23.84 ± 1.92 23.30 ± 0.95b

45 19.76 ± 2.21 21.84 ± 0.48b 24.43 ± 1.56 24.67 ± 2.18
60 2I.31 ± 1.05 22.88 ± 0.47b 25.05 ± 0.11 27.58 ± 0.61 b

InTCA 1 4.71 ± 0.49 5.21 ± 0.85b 6.61 ± 1.03 5.58 ± 1.I8b

15 7.30 ± 0.76 6.14 ± 0.26b 9.02 ± 0.33 10.72 ± 0.50b

30 8.08 ± 1.04 7.11 ±0.35b 10.33 ± 0.87 11.46 ± o.n»
45 10.83 ± 1.10 10.02 ± 0.52b 12.96 ± 0.55 12.43 ± O.64b

60 11.92 ± 0.43 10.95 ± 1.36b 13.58 ± 0.14 13.04 ± O.64b

InPTA 1 2.21 ± 1.03 2.19 ± 1.00 2.51 ± 1.13 1.57 ± 0.70b

15 3.05 ± 0.70 2.41 ± 0.54 3.49 ± 0.78 4.18 ± 0.95b

30 3.18 ± 0.70 2.92 ±0.65 4.53 ± 1.05 5.90 ± 1.34b

45 5.48 ± 1.22 4.85 ± 1.12 5.46 ± 1.22 8.98 ± 2.03b

60 5.77 ± 1.30 6.72 ± 1.50 6.58 ± 1.48 10.64 ± 2.40b

a Mean ± SO of duplicate determinations in two cheesemaking experiments, expressed as percentage of total N.
b Significantly (P < 0.05) different from the respective value in cheese made without thermophilic adjunct.
a Moyenne ± écart type d'une double détermination lors de deux essais de fabrication de fromage, exprimés en
pourcentage du total N. b Valeur significativement différente (P < 0,05) de celle du fromage fabriqué sans strep-
tocoques thermophiles.

tion of BSNP to milk increased the level of
hydrophobie and hydrophilie peptides at
214 nm and 280 nm. In eheeses made with
BSNP, significantly (P < 0.001) higher
leve1s of hydrophobie and hydrophilie pep-
tides were deteeted at both wave1engths if
the thermophi1ic adjunet was added to milk
(tables IV and \1).

3.5. Texturai characteristics

The addition of thermophilie adjunet in
eheeses without BSNP 1ed to a deerease of
the three rheologieal parameters studied
(table VI). Apparent elastie modulus, brea-

king force and hardness were lower
(P < 0.001) in eheeses with S. thennophi-
lus as adjunet at 30 and 60 d of ripening.
The addition of BSNP a1so produeed softe-
ning in eheese texture. However, in eheeses
with BSNP the addition of S. thermophilus
did not affect rheologieal eharaeteristics
(table VI).

3.6•.Sensory characteristics

Flavour quality, flavour intensity and bit-
temess in eheeses without BSNP were not
affeeted by thermophilie adjunet (table VII).
The addition of BSNP reduced flavour qua-
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Table IV. Hydrophobie and hydrophilic peptides' in the water soluble fraction of chee ses manu-
factured with thermophilic adjunct (TA) and Bacillus subtilis neutral proteinase (BSNP) determined
by reverse-phase HPLC at a wavelength of214 nm.
Tableau IV. Peptides' hydrophobes et hydrophiles dans la fraction hydrosoluble des fromages fabri-
qués avec et sans addition des streptocoques thermophiles (TA) comme levain additionnel et de la pro-
téinase neutre de Bacillus subtilis (BSNP) déterminés par CLHP en phase inverse à une longeur
d'onde de 214 nm.

OAU BSNPIL 0.01 AU BSNPIL

Days O%TA 1 %TA O%TA 1 %TA

1 39.39 ± 13.91 30.03 ± 9.84b 67.80 ± 1.88 70.98 ± 7.37
15 72.29 ± 7.37 63.77 ± 5.81b 106.78 ± 15.62 136.55 ± 4.48b

30 89.87 ± 1.17 96.67 ± 18.94b 138.77 ± 16.34 180.38 ± Il.89b

45 122.16 ± 17.30 112.44 ± 6.89b 155.47 ± 19.68 176.00 ± 14.49b

60 76.29 ± 12.13 69.27 ± 1O.89b 113.55 ± 19.21 148.12 ± 22.79b

1 38.65 ± 7.42 34.01 ± 9.02b 56.25 ± 0.56 62.76 ± 10.05
15 112.92 ± 14.89 93.78 ± 2.86b 131.69 ± 13.88 175.19 ± 15.79b

30 140.85 ± 18.82 159.82±7.17b 205.74 ± 14.46 277.73 ± 6.84b

45 202.76 ± 22.06 193.53 ± 4.27b 273.31 ± 15.80 311.37 ± 1O.04b

60 154.25 ± 10.93 146.88 ± 15.03b 275.35 ± 54.10 269.28 ± 33.27

Peptides

Hydrophobie

Hydrophilic

a Mean ± SD of duplicate determinations in two cheesemaking experiments, expressed as chromatogram area units
per milligram of dry cheese. b Significantly (P < 0.05) different from the respective value in cheese made without
thermophilic adjunct.

a Moyenne ± écart type d'une double détermination lors de deux essais de fabrication de fromage, exprimés en
unités chromatographiques/mg de fromage sec. b Valeur significativement différente (P < 0,05) de celle du fro-
mage fabriqué sans streptocoques thermophiles.

lit y, whereas flavour intensity and bitter-
ness were enhanced. In BSNP cheeses, ino-
culation with S. thermophi/us as adjunct
resulted in the improvement of flavour qua-
lity (P < 0.01) whereas flavour intensity was
not affected. Cheese bittemess was signifi-
cantly (P < 0.01) reduced by the addition
of the adjunct culture (table VII).

4. DISCUSSION

In Cheddar cheesemaking with blends of
mesophilic and S. thermophi/us cultures,
mesophilic cultures begin the acidification
process, whereas S. thennophilus participate
at the late stages of acid production. At
mesophilic cheesemaking temperatures
(32-33 "C) S. thermophilus does not offer

any increase in acid producing activity over
the mesophilic component. Initial acidities
are low with reduced whey expulsion, giving
rise to cheeses with high moisture[19]. In
the present work, milk inoculation with the
thermophilic adjunct was responsible for
higher pH values and lower dry matter level,
in chee ses made without BSNP. S. thermo-
phi/us may compete with the mesophilic
starter for essential nutrients present in milk,
retarding the acidification of the curd, as
already shown by Stanley [19]. In cheeses
made with BSNP, acidification was also
slower when the thermophilic adjunct was
added. The higher pH would enhance the
activity of BSNP, thus favouring whey
expulsion and increasing chee se dry mat-
ter. A significantly higher dry matter was
recorded for Manchego cheese made from
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Table V. Hydrophobie and hydrophilic peptides- in the water soluble fraction of cheeses rnanufac-
tured with thermophilic adjunct (TA) and Bacillus subtilis neutral proteinase (BSNP) determined
by reverse-phase HPLC at a wavelength of 280 nm.
Tableau V. Peptides" hydrophobes et hydrophiles dans la fraction hydrosoluble des fromages fabri-
qués avec et sans addition des streptocoques thermophiles (TA) comme levain additionnel et de la pro-
téinase neutre de Bacillus subtilis (BSNP) déterminés par CLHP en phase inverse à une longeur
d'onde de 280 nm.

OAU BSNPIL 0.01 AU BSNPIL

Days O%TA 1 %TA O%TA 1 %TA

1 0.76 ± 0.30 0041 ± 0.07b 1.85 ± 0.01 2.01 ±0.19b

15 1.22± 0.35 1.03 ± 0.28b 1.81 ± 0.17 2.68 ± OA5b
30 1.17 ± 0.34 1040± 0.25b 2.37 ±0.16 2.91 ± O.44b
45 2.23 ± 0.53 1.70 ± 0.07b 3.04 ±0.54 3.05 ± 0042
60 0.78 ± 0.18 1.00 ± 0.26b 1.80± 0.24 2.73 ± 0.25b

1 2.80 ± 0.21 2.36 ± 0.35b 3.19±0.28 3.35 ± 0041
15 4.98 ± 0.55 2.89 ± 0.21b 6.05 ± 0.61 7.39 ± OA9b

30 6048 ± 0.28 4.52 ± 0.15b 9041 ± 0.55 10.63 ± 0.62b
45 9.66 ± 1.27 7.32 ± OAOb 14.16 ± 0.94 15.78 ± 1.67b

60 6048 ± 0.67 4.68 ± OAlb 10.67 ± 1.20 12.19 ± 1.40b

Peptides

Hydrophobie

Hydrophilic

a Mean ± SD of duplicate determinations in two cheesemaking experiments, expressed as chromatogram area
units per milligram of dry cheese. b Significantly (P < 0.05) different from the respective value in cheese made
without thermophilic adjunct.

a Moyenne ± écart type d'une double détermination lors de deux essais de fabrication de fromage, exprimés en
unités chromatographiques/mg de fromage sec," Valeur significativement différente (P < 0,05) de celle du fromage
fabriqué sans streptocoques thermophiles.

milk to which encapsulated BSNP had been
added [17].

Breakdown of caseins in Feta cheese ela-
borated with S. thennophilus as adjunct star-
ter was more extensive than in control
cheese although the proteolytic pattern was
similar to the control [24]. Similarly, when
the thermophilic adjunct was added to our
BSNP cheeses the hydrolysis of o.sl- and
~-casein was significantly increased, pro-
bably due to an additive effect. The higher
pH of cheese made with S. thermophilus
would also favour the activity of most of
the proteolytic enzymes, especially of
BSNP, present in chee se throughout ripe-
ning.

In Feta cheese manufactured with heat-
shocked S. thermophilus, TCA soluble N

and PTA soluble N values were significantly
increased. However, Bartels et al. [3] did
not detect enhancement ofTCA soluble N or
PTA soluble N formation in Gouda cheese
elaborated with a heat-shocked culture of
S. thennophilus as adjunct to the lactic star-
ter. Our results show a different pattern for
N soluble at pH 4.6 and in PTA, with higher
levels at the end of ripëning in cheeses made
with the thermophilic adjunct, from that of
N soluble in TCA, with slightly lower levels
at 60 d in the presence of the thermophilic
adjunct. The N soluble in TCA served as
substrate for S. thennophilus proteolytic sys-
tem, which action resulted in high levels of
N soluble in PTA.

In cheeses without BSNP, the lower
levels of dry matter and residual o.s1-casein
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Table VI. Texturai characteristics- of cheeses manufactured with thermophilic adjunct (TA) and
Bacillus subtilis neutral proteinase (BSNP).
Tableau VI. Caractéristiques texturales- des fromages fabriqués avec et sans addition des streptocoques
thermophiles (TA) comme levain additionnel et de la protéinase neutre de Bacillus subtilis (BSNP).

OAUBSNPIL 0.01 AU BSNPIL

Days O%TA 1 %TA O%TA 1 %TA

Apparent elastic
modulus 30 0.503 ± 0.224 0.296 ± O.I64b 0.525 ± 0.224 0.329 ± 0.128
(Newtons per mrn-) 60 0.841 ±0.201 0.319 ± 0.080b 0.439 ± 0.165 0.549 ± 0.231

Breaking force
(Newtons) 30 20.60±5.95 10.85 ± 1.69b 18.74 ± 6.90 12.67 ±4.19

60 28.53 ±4.43 14.83 ± 4.68b 15.85 ± 4.62 17.39±5.84

Hardness (Joules) 30 0.223 ± 0.045 0.127 ± 0.014b 0.204 ± 0.073 0.150 ± 0.048
60 0.326 ± 0.051 0.146 ± 0.043b 0.185 ± 0.047 0.196 ± 0.061

a Mean ± SO of six determinations per cheese in two cheesemaking experiments. b Significantly (P < 0.05)
different from the respective value in cheese made without thermophilic adjunct.

a Moyenne ± écart type de six déterminations par fromage lors de deux essais de fabrication de fromage.
b Valeur significativement différente (P < 0,05) de celle du fromage fabriqué sans streptocoques thennophiles.

Table VII. Sensory characteristics- of cheeses manufactured with thermophilic adjunct (TA) and Bacil-
lus subtilis neutral proteinase (BSNP).
Tableau VII. Caractéristiques sensorielles' des fromages fabriqués avec et sans addition des strep-
tocoques thermophiles (TA) comme levain additionnel et de la protéinase neutre de Bacillus subti-
lis (BSNP).

OAUBSNPIL 0.01 AU BSNPIL

Days O%TA I%TA O%TA I%TA

Flavour quality 30 5.88 ± 1.60 6.25 ± 1.16 5.22 ± 1.70 5.87 ± 1.56b

60 6.63 ± 1.61 6.78 ± 1.26 5.99 ± 1.48 6.54± 0.90

Flavour intensity 30 5.40 ± 1.59 5.57 ± 1.23 5.64 ± 1.88 6.03 ± 1.27
60 6.69 ± 0.94 6.57 ± 0.85 7.21 ± 1.14 7.03 ± 1.07

Bitterness 30 0.10 ± 0.21 0.26 ± 0.85 0.76 ±0.85 0.43 ± 0.55b

60 0.01 ±0.04 0.02 ±0.07 0.55 ± 0.81 0.21 ± 0.38b

a Mean ± SO of scores from 13 trained panellists in two cheesemaking experiments using a lû-poim scale. b Signi-
ficantly (P < 0.05) different from the respective value in cheese made without thennophilic adjunct.

a Moyenne ± écart type des résultats de 13 examinateurs, exprimés sur une échelle de 10 points, lors de deux essais
de fabrication de fromage. b Valeur significativement différente (P < 0,05) de celle du fromage fabriqué sans
streptocoques thennophiles.
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observed at 45 and 60 d in cheeses elabo-
rated with the thermophilic adjunct could
contribute to their softening, as hydrolysis of
ŒsJ-casein loosens the protein net in the
cheese [8]. In cheeses with BSNP, the use of
S. thermophilus as adjunct did not affect the
rheological characteristics, probably because
the higher level of dt)' matter in these cheeses
counteracted the enhanced proteolysis.

No significant differences were detected
in sensory characteristics of cheeses made
without BSNP between cheeses elaborated
with and without S. thermophilus. However,
addition of the thermophilic adjunct in
cheeses made with BSNP significantly
improved flavour quality. Heat-shocked cul-
tures of S. thermophilus and L. bulgaricus
'added as adjuncts gave rise to Feta cheeses
with higher flavour, body and texture scores,
cultures contributing to flavour more than
neutral or acid proteinases [24]. On the
contrat)', S. thermophilus as adjunct had a
negative effect on flavour quality of Gouda
cheese, with higher bittemess scores in expe-
rimental chee se than in control chee se [3].

Cheese slurries treated with BSNP show-
ed an increase in the number and height of
HPLC peaks which was related to the appea-
rance of bittemess [7]. In the present work,
levels of hydrophobie peptides and bitter-
ness scores in cheeses with BSNP were
lower than those previously observed in
semi-hard cows' milk cheese made with lac-
tobacilli adjunct [II]. As previously report-
ed [12], the level of hydrophobie peptides in
the water soluble fraction determined by
reverse-phase HPLC was a reliable indica-
tor of bitter defect in semi-hard cheese made
from pasteurized milk. Differences in tech-
nology employed in this work, with a higher
pressing temperature to favour the growth of
the thermophilic culture during the first
hours, could result in a less intense deve-
lopment of bittemess or even in an increase
of the threshold level required by the tas-
ting panel to detect this defect in cheese.
Another fact that might influence bittemess
detection is the high level of PT A soluble

N (small peptides and amino acids) found in
cheese with BSNP and S. thermophilus
(table Ill) that could mask the presence of
undesirable bitter compounds. S. thermo-
philus Iysis throughout ripening in cheeses
with BSNP cou Id lead to a higher peptidasic
activity producing a more intense degrada-
tion of peptides. Differences in PTA soluble
N between BSNP cheeses with or without
thermophilic adjunct tended to increase as
ripening proceeded, with higher differences
in this nitrogen fraction after 60 d of ripe-
ning.

Small peptides and amino acids in the
water soluble fraction of Cheddar cheese
are the major contributors to cheese flavour
[2]. Bouton et al. [5] showed the negative
correlation found in Comté cheese between
bittemess and the ratio PTA soluble N/water
soluble nitrogen. Ardô and Petterson [1]
reported increased hydrolysis of casein and
enhanced bitterness in cheese made with
BSNP. Bitter taste was eliminated by the
simultaneous addition of a heat-treated cul-
ture of L. helveticus.

According to Rul and Monnet [18], the
peptidase equipment of S. thermophilus
wou Id be implied in the development of
cheese flavour. Thirteen different peptidases
were found in a strain of S. thermophilus
with biochemical homologies with L. lac-
tis peptidases.

The use of S. thermophilus in the present
work as adjunct culture for the manufacture
of a semi-hard cheese resulted in enhanced
Œsl-casein degradation and a softer texture,
which may be desirable in sorne varieties.
Appearance of bitter flavour because of
abnormal cheese proteolysis may be pre-
vented by the use of S. thermophilus as
adjunct to the mesophilic starter. The enhan-
ced formation of 10w molecular weight
nitrogen compounds by S. thermophilus
would mask the presence of bitter hydro-
phobie peptides by rising their detection
threshold.
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