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Abstract - Four cheesemakings of Graviera Kritis cheese (chee ses A-D) were made from a mix-
ture of ewe' s and goal' s milk. Three of these were made with mixed cultures of thermophilic + pro-
pionic or mesophilic + thermophilic + propionic starters, while the fourth one was made traditionally
without starter cultures. The effect of increasing the temperature of ripening was also determined. The
pH 4.4-soluble nitrogen (SN) and trichloroacetic acid (TCA-SN) fractions increased mainly during
the warm room ripening. The use of starters caused no significant differences in the ratios of nitro-
gen fractions of the four mature cheeses (age> 90 d), whatever the ripening temperature. Nitrogen
fractions were significantly correlated with cheese age. At 180 d of ripening, the percentage of pH 4.4-SN
in total nitrogen (TN) was 20.7-22.8 % and that of TCA-SN in TN was 19.1-19.3 %. Polyacry-
lamide gel electrophoretic (PAGE) results showed that chymosin and plasmin action was intense
during the maturation of the cheeses. The proportion of hydrophilic peptides was higher in the water
soluble nitrogen (WSN) fraction of the cheeses made with starter cultures at both ripening temper-
atures. Free amino acids (FAA) were not significantly different in the four types of cheeses, reach-
ing 208-246 mmol·kg-' after 180 d of ripening. The changes in total FAA and in the most abun-
dant FAA during the ripening were significantly correlated with chee se age (r > 0.940). The ripening
at higher temperature increased the main FAA and the total FAA content in ail types of cheeses, in
particular in the chee se made without starter cultures. © InralElsevier, Paris.

* Correspondence and reprints. mg@auadec.aua.gr

Graviera Kritis cheese / starter culture / proteolysis

Résumé - Effet des levains sur la protéolyse du fromage Graviera Kritis. Quatre fabrications
de fromages Graviera Kritis ont été réalisées à partir d'un mélange de lait de brebis et de chèvre. Trois
d'entre elles ont été ensemencées en levains mixtes, lactiques thermophiles + propioniques ou lactiques
mésophiles + thermophiles + propioniques et la dernière a été réalisée traditionnellement, sans
levains. Les fractions azotées solubles à pH 4,4 (pH 4,4-SN) et dans l'acide trichloroacétique 12 %
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(TCA-SN) augmentaient surtout pendant l'affinage en cave chaude. L'utilisation de levains ne pro-
voquait pas de différences significatives des fractions azotées des quatres fromages affinés (âge> 90 j),
quelle que soit la température d'aftïnage. Les fractions azotées étaient significativement corrélées à
l'âge des fromages. Les fractions pH 4,4-SN et TCA-SN représentaient respectivement 20,7-22,8 %
et 19,1-19,3 % de l'azote total, après 180 j d'affinage, Les résultats des électrophorèses ont montré
l'activité de la chymosine et de la plasmine pendant l'affinage des fromages. La proportion de pep-
tides hydrophiles était plus élevée pour les fromages ensemencés en levains aux deux températures
d'affinage. Les teneurs en acides aminés libres (AAL) totaux des quatre fromages ne différaient pas
significativement et variaient entre 208 et 246 rnmol-kg! après 180 j d'affinage. L'évolution des
principaux AAL et des AAL totaux était significativement corrélée à l'âge des fromages (r > 0,940).
L'augmentation de la température provoquait une augmentation des AAL totaux et principaux de tous
les fromages et de manière plus prononcée pour les fromages fabriqués sans levains. © Inra/Elsevier,
Paris.

fromage Graviera Kritis / levain / protéolyse

1. INTRODUCTION

Graviera Kritis is a Controlled Denomi-
nation of Origin hard cheese made from a
mixture of ewes' and goats' milk, which is
produced in Crete Island of Greece [Il]. Its
characteristics are described in a previous
article by Kandarakis et al. [20].

Graviera Kritis is considered to be a
cheese with excellent and distinct flavour
characteristics, evolving during ripening.
Therefore, the study of its nitrogenous frac-
tions during maturation and the possible
correlation of the se results with the age of
the chee se is of scientific and economie
importance. The importance of the non-
volatile water soluble fraction for the char-
acteristic chee se flavour has been proved
[23]. For the last few years reverse phase
high performance liquid chromatography
(RP-HPLC) has appeared to be a suitable
method to analyse the water soluble nitrogen
(WSN) fractions of different cheese types
[e.g. 5-7,19,31]. The fractions which con-
tribu te to cheese f1avour contai n, in most
cases, peptides having a molecular mass
< 1 000 Da [4, 17]. The degradation of
amino acids, which are the end products of
proteolysis during cheese ripening, results in
the formation of volatile and non-volatile
flavour compounds [1].

The aim of this work was to study, on
the one hand, the influence of starters used
for Swiss-type chee ses in Graviera Kritis
proteolytic profile and, on the other hand,
the possibility of improving chee se quality.

2. MATERIALS AND METHODS

2.1. Cheesemaking and sampling

Cheesemaking and sampling were carried out
as described by Kandarakis et al. [20]. In addi-
tion, samples were taken only at the end of ripen-
ing, from a series of cheeses ripened at 18 "C
(symbolised as 180T d).

The starters used and the corresponding names
of the chee ses were as follows:

Cheese A: Streptococcus thermophilus + Lac-
tobacillus helveticus (1: 1) + Propionibacterium
freudenreichii subsp. shermanii

Cheese B: Lactococcus Lactis subsp. lactis +
Lactococcus lactis subsp. cremoris + Str. ther-
mophilus + Lb. helveticus (1: 1:10:2) + P. freu-
denreichii subsp. shermanii

Cheese C: Le. lactis subsp. lactis + Le. lactis
subsp. cremoris + Str. thermophilus + Lb. hel-
veticus (2.5:2.5: 1:1) + P. freudenreichii subsp.
shermanii

Cheese D: Without starters
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2.2. Nitrogen fractions

2.2.1. Total nitrogen (TN)

Total nitrogen was determined according to
the Kjeldahl method.

2.2.2. Nitrogen soluble at pH 4.4
(pH 4.4-SN)

The method used is described as 'METHOD
III' for pH 4.4-SN preparation in 'AIR-FLORA
Laboratory Manual' [2], without the step of cen-
trifugation.

2.2.3. Water soluble nitrogen (WSN)

One x g chee se with 5 x mL H20 were
homogenised according to 'METHOD l' for
WSN extraction, cited in 'AIR-FLORA Labo-
ratory Manual' [2].

2.2.4. Nitrogen soluble in 12 %
trichloroacetic acid (TCA-SN)

This was prepared according to 'METHOD l'
for TCA-SN fractionation, cited in 'AIR-FLORA
Laboratory Manual' [2].

2.3. Urea-polyacrylamide
gel electrophoresis (PAGE)

Chee se samples and their water soluble
extracts (WSN) were analysed by ure a-PAGE
using the method of Andrews [3] with direct
staining using Coomassie brilliant-blue G-250
[9]. Electrophoresis was carried out on a vertical
slab unit (LKB vertical electrophoresis unit 2001,
Bromma, Sweden) in 14 x 16 cm slabs with
1.5 mm thickness. After destaining with water,
the gel slabs were scanned at 590 nm using a
scanning densitometer (Transidyne General
Corp., Ann Arbor., MI, USA) linked to a data
acquisition and processing system (Nelson Ana-
Iytical Inc., Paramus, NJ, USA). The results pre-
sented are the average ofthree successive scan-
nings of each lane of the gel slabs.

2.3.1. Preparation of samples
for electrophoresis

Cheese: One gram of cheese was suspended
in SOmL stacking gel buffer containing 6 mol- L-I
urea, 0.1 mol-L:' l3-mercaptoethanol and 0.4 mL
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tracking dye solution, using a magnetic stirrer.
The suspension was kept at 40 "C for 15 min,
and then centrifuged at 3 000 g at 4 "C for
15 min. The solidified fat layer was discarded
and JO ~L of the supernatant were used for elec-
trophoresis.

Water soluble nitrogen: Equal volumes of
WSN fraction and stacking gel buffer, containing
9 mol-L'! urea, 0.1 mol-L -1 l3-mercaptoethanol
and tracking dye, were mixed and 50 ~L of this
sample were used for electrophoresis.

2.4. Reverse phase high performance
liquid chromatography

RP-HPLC was performed on a two pump sys-
tem (LKB) fitted to a Nucleosil CIS column (4 x
250 mm, 5 um, 30 nm) and a guard column of the
same material (4 x 30 mm; Macherey-Nagel,
Duren, Germany). Samples ofWSN were applied
using a Rheodyne inje ctor, model 7125, equipped
with a 20 ~L injection loop (Rheodyne Inc.,
Cotati, CA, USA). Chromatographie conditions
were: Solvent A, 0.1 % (v/v) trifluoroacetic acid
(TFA) in water; solvent B, a mixture of 60 %
acetonitrile, 40 % water and 0.09 % TFA (ail by
volume). The sample was eluted at room tem-
perature, first with 100 % A for 10 min, then
with a gradient of O-SO % B over SOand finally
with 100 % B for JO min. The flow rate was
O.Srnl.irnirr '. The absorbance of the eluate was
monitored at 220 nm, using a variable wave-
length spectrophotometric detector (LKB,
Bromma, Sweden), which was linked to a data
acquisition and processing system (Nelson Ana-
Iytical Inc., Paramus, NJ 07652, USA). Sol vents
and samples were respectively filtered through
0.45 um Nylon 66 or cellulose acetate filters
(Alltech Assoc. Inc., Deerfield, IL, USA).

2.5. Analysis of free amino acids

A ternary gradient HPLC system and a fluo-
rescence spectrophotometric detector set at Àex:
330 nm and /cern: 464 nm were used (Scientific
System, State College, PA, USA). Free amino
acids (FAA) were extracted from chee se sam-
pies according to Resmini et al. [2S], separated on
an ion exchange column, 3 x 250 nm Na" form,
set at 50 "C (Pickering Laboratories, Mountain
View, CA, USA), and their o-phthalaldehyde
derivatives were formed using a post-column
reactor set at 40 "C (Pickering Laboratories).
Samples were injected through a Rheodyne injec-
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tion port (Model 9125, Rheodyne Inc.). Gradient
elution was performed using two sodium citrate
buffers: A: 0.2 N Na+, pH 3.15 and B: 1.0 N Na+,
pH 7040. A mixture of 0.1 N NaOH and 0.1 N
NaCI was used as the column regenerator. The
column was eluted for 10 min with buffer A,
then with a gradient from 100 % A to 100 % B
for 26 min and finally with 100 % B for 24 min.
The column was regenerated for 2 min and then
equilibrated with buffer A for 15 min. The flow
rate of the buffers was 0.3 and 0.25 ml-rnirr ' of
OPA reagent. Quantitation was performed using
a data acquisition and processing system (Sei-
entific System, State College, PA, USA).

2.6. Statistical methods

One-way analysis of variance (ANOV A) was
used to test the differences among the four
cheeses (A, B, C and 0) at P:S; 0.05 at each sam-
pling date. Further testing was carried out by a
multiple range tests procedure using the LSO
test (P = 0.05). The differences between the
cheeses which were ripened at 15 oc during the
first 2 months and their pairs ripened at 18 "C
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were tested with the t-test (P = 0.05). The soft-
ware Statgraphics Plus for Windows v. 5.2 (Manu-
gistics Inc., Rockville, Maryland 20852, USA).

3.RESULTS

3.1. Nitrogen fractions

The ratio of total proteins ta dry matter
did not significantly (P ~ 0.05) change dur-
ing the maturation of all cheeses. After 90 d
of ripening, it was not significantly different
for cheeses A, B, C and D and reached 39.33
± 0.29 % (mean ± standard deviation of the
four cheeses). The fraction pH 4.4-SN/TN
was not affected by the use of starters, since
there were no significant differences
between cheeses A, B, C and D at ail sam-
pling dates (figure 1). It increased signifi-
cantly (P ~ 0.05) until 90 d for cheeses A, B
and C and until 180 d for cheese D. At 13
and 30 d this fraction was respectively two

20 80
O-J---+---e----t----+--+---+---f------t----i

o 18040 60 100 120 140 160
age (d)

Figure 1. Changes in nitrogen soluble (SN) at pH 4.4 expressed as percentage of total N (TN) dur-
ing the ripening of Graviera Kritis, made with (A, B, C) or without (D) starters. A: Str. thermophilus
+ Lb. helvetieus (1: 1) + Propionibaeterium freudenreiehii subsp. shermanii; B: Le. laetis subsp.
Laetis + Le. laetis subsp. cremoris + Str. thermophilus + Lb. helvetieus (1: 1: 10:2) + P. freudenre-
ichii subsp. shermanii; C: Le. laetis subsp. laetis + Le. laetis subsp. eremoris + Str. thermophilus +
Lb. helvetieus (2.5:2.5: 1:1) + P. freudenreiehii subsp. shermanii; 0: Without starters / Sans levains.
Figure 1. Variations de l'azote soluble à pH 4,4 exprimé en pourcentage de l'azote total, pendant l'affi-
nage du Graviera Kritis, fabriqué avec (A, B, C) ou sans levains (0).
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and three times more than that of the 1st d.
The fraction TCA-SNrrN showed a simi-
lar evolution during the ripening (figure 2).
Moreover, it was significantly (P :::;0.05)
lower in cheese D than in the other cheeses,
until 90 d of ripening. At 30 d, it accounted
for more than 80 % of pH 4.4-SN/TN in
cheeses A, B and C and only 71 % in cheese
D. This difference was still observed at
180 d (> 90 % for cheeses A, B, C and 84 %
for cheese D). Ripening at higher tempera-
ture did not affect pH 4.4-SNrrN or TCA-
SNrrN. In ail cases the increase of the se
fractions were significantly correlated with
cheese age (r = 0.959-0.989).

3.2. Urea-PAGE

PAG E profiles during the ripening of
Graviera Kritis are shown infigure 3. The
hydrolysis of caseins in cheese D was faster
than that of cheeses A, Band C. At 13 d of
ripening the residual as-casein in cheeses
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A, B, C and D were respectively 83, 77, 84
and 67 % of that of the 1st d. At 90 d the
respective values were 38, 42, 42 and 24 %.
At 180 d they were 36, 28, 40 and 15 %.
The ripening at higher temperatures (l80T d)
promoted as-casein hydrolysis in cheese C.
The respective values were 34, 26, 19 and 17
%. The residual ~-casein at 90 d, in chee ses
A and B, was 70 and 79 %, respectively. It
was lower in cheeses C and D (64 and 68
%), while in these chee ses the area of y-
caseins was increased. The respective values
at 180 d were 68, 74, 52 and 54 % and at
180T d they were 62, 62, 43 and 60 %.

The are a of the WSN PAGE profiles
increased during ripening, especially in
cheese C. At 90 d the areas of fractions mov-
ing faster than as-caseins were 253, 92, 179
and 246 % of that at the 1st d in cheese A, B,
C and D, respectively. At the same age, the
respective areas of the fractions moving
slower than ~-casein were 62, 144, 306 and
147 %.
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Figure 2. Changes of nitrogen soluble (SN) in 12 % trichloroacetic acid (TCA) expressed as percentage
of total N (TN), during the ripening of Graviera Kritis, made with (A, B, C) or without (D) starters.
For the corresponding names of cheeses, see figure J.
Figure 2. Variations de l'azote soluble dans l'acide trichloroacétique à 12 % exprimé en pourcentage
de l'azote total, pendant l'affinage du Graviera Kritis, fabriqué avec (A, B, C) ou sans levains (D).
A, B, C, D : voir figure J.
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A

c

Figure 3. Urea-polyacrylamide gel electrophoretic (PAGE) profiles during the ripening of Graviera
Kritis cheeses made with different starters. Lanes 1,9: whole ovine casein; lanes 2-7: cheese at 1, 13,
30, 60, 90 and 180 d of ripening; lane 8: cheese at 180 d of ripening, ripened at 18 "C instead of 15 oc.
Figure 3. Profils uréa-PAGE pendant la maturation du fromage Graviera Kritis, fabriqué avec dif-
férents levains. Lignes 1,9 : caséine entière de brebis; lignes 2-7 : fromage de 1, 13, 30, 60, 90 et 180 j
d'affinage; ligne 8 : fromage de 180 j, affiné à 18 "C au lieu de 15 oc.

3.3. RP-HPLC cheeses A, B, C and D, respectively. After
180 d of ripening, the respective values were
0.20,0.25,0.34 and 0.47. The ripening
decreased this ratio in cheeses A, B and C, but
the higher ripening temperatures had a limited
effect on this ratio. The respective values at
180T d were 0.15, 0.25, 0.41 and 0.46.

The RP-HPLC WSN profiles of the four
cheeses at the Ist and 180 d of ripening are
shown in figure 4. The ratio of 65-95 min!
0-65 min area of the profiles at the l st d of
ripening were 0.37,0.50,0.43 and 0.31 for

B

o
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Figure 4. Reverse phase high performance liquid chromatography (RP-HPLC) (Ano) profiles of
water soluble nitrogen (WSN) during the ripening of Graviera Kritis cheeses, made with different
starters. AI' Bi' CI' DI = Ist d; A180,B180,C180,DI80= 180 d of ripening.
Figure 4. Profils RP-HPLC (Ano) du WSN pendant l'affinage du fromage Graviera Kritis, fabriqué
avec différents levains. AI' Bi' Ci' DI : 1 j ;A180,B180'C180,D180: 180 j d'affinage.
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Table I. Contents of free amino acids (FAA) (mmol·kg-') during the ripening of Graviera Kritis
cheese.
Tableaux I. Contenu en AAL du fromage Graviera Kritis pendant l'affinage.

FAA Cheese- 1 day 13 days 30 days 60 days 90 days 180 days 180T days

Asp A 0.22 1.32 2.84 5.40 6.99 9.83 11.15
B 0.30 1.07 2.06 3.12 4.06 5.84 5.31
C 0.19 0.96 3.29 5.28 5.60 9.11 6.76
D 0.18 0.86 1.84 3.34 5.18 8.16 9.54

Thr A 0.37 1.49 2.08 3.24 3.30 4.56 5.59
B 0.14 1.07 2.06 3.12 4.06 5.84 5.31
C 0.29 1.03 2.82 3.81 4.57 5.83 6.34
D 0.15 0.70 1.02 1.70 2.23 3.68 4.12

Ser. Gin. A 1.97 6.37 13.72 18.70 18.55 22.90 25.35
Asn B 1.26 7.00 12.23 17.27 19.64 26.79 28.23

C 1.72 6.26 15.32 \7.93 18.38 23.33 22.72
D 0.93 3.54 6.05 10.84 12.39 15.09 17.50

Glu A 2.12 6.63 14.33 22.73 26.13 47.83 54.00
B 1.68 6.43 12.95 21.42 27.75 52.46 56.28
C 1.71 6.05 15.70 22.95 28.51 47.92 53.37
D 1.23 5.07 9.66 17.61 25.28 48.69 58.43

Gly A 0.27 1.31 2.92 5.00 6.09 8.29 8.22
B 0.27 1.40 3.06 5.24 6.69 8.87 9.16
C 0.27 0.86 3.76 5.31 6.88 7.85 8.55
D 0.28 0.78 1.44 2.94 4.57 6.60 7.75

Ala A 1.76 3.58 3.01 8.46 9.73 13.56 14.16
B 0.81 2.84 4.79 7.53 9.41 13.14 15.11
C 1.55 2.91 6.14 8.33 10.85 12.32 14.20
D 0.51 1.93 3.63 5.95 8.01 11.17 13.19

œ-Aba. A 0.04 0.24 0.76 2.73 4.21 6.26 5.01
Cys B 0.08 0.25 0.74 1.88 2.54 3.92 4.96

C 0.06 0.10 0.55 1.28 2.42 2.37 2.84
D 0.06 0.21 0.69 1.42 2.64 3.58 4.70

Val A 1.00 3.42 5.03 11.18 12.75 19.96 22.53
B 0.78 4.27 8.14 12.47 14.70 23.12 24.81
C 0.91 3.37 8.98 11.99 14.92 19.58 21.51
D 0.63 2.97 5.99 9.59 12.06 18.33 21.13

Met A 0.33 1.27 1.78 4.00 4.96 6.87 7.25
B 0.24 1.20 2.49 4.14 5.44 7.66 8.23
C 0.28 1.00 2.84 4.39 5.86 6.49 7.45
D 0.19 0.52 1.81 3.16 4.54 6.49 7.56

Ile A 0.49 2.36 3.47 9.05 10.78 15.69 17.31
B 0.38 2.32 5.33 9.11 11.71 17.84 19.40
C 0.41 1.81 5.95 9.21 11.89 15.91 17.50
D 0.31 1.37 2.94 5.78 8.53 13.16 16.20

Leu A 1.12 4.09 5.68 12.94 14.58 23.26 24.95
B 0.88 4.88 9.41 13.92 16.94 27.70 28.59
C 0.93 3.92 10.01 13.64 16.77 22.93 25.17
D 0.70 3.35 6.72 Il.02 13.82 22.17 25.56



Proteolysis in Graviera Kritis 31l

FAA Cheese- 1 day 13 days 30 days 60 days 90 days 180 days 180T days

Tyr. A 0.19 0044 0042 0.20 0.19 0 0
~-A1a B 0.20 0.13 0.08 0 0 0 0

C 0.17 0.27 0.25 0.17 0.08 0 0
D 0.13 0.16 0.15 0.21 0.11 0 0

Phe A 0043 2.06 3.17 7.13 7.84 Il.37 11.57
B 0.36 2.06 4.83 7.71 9.51 13.05 13.52
C 0.38 1.81 5.34 7.62 9.26 10.57 11.53
D 0.29 1.47 3.55 4.21 7.73 11.36 12.56

y-Aba A 0.09 0.31 0041 0.65 1.02 1.30 1.56
B 0.05 0.70 1.34 1.79 1.75 2.10 4.21
C 0.15 0.71 0.95 1045 1.97 2.73 3.78
D 0.08 0.93 2.15 2045 3.10 4.03 4.60

Om A 0.36 1.82 2.56 4.83 5.96 7.88 7.91
B 0.37 1.95 3.24 4047 5.92 8.76 8.19
C 0.34 1.38 3.53 4.26 5.25 7.35 7.12
D 0.27 1.18 2.16 3.79 4.81 6.21 6.51

Lys A 1.38 4.37 5.90 11.91 13.59 19.82 25.98
B 0.90 4.29 8.59 12.90 15.72 27.55 29.12
C 1.12 3.95 9.95 13.15 16.23 23.87 26.90
D 0.69 2.82 5.88 10.32 14.05 23.38 27048

His A 0045 0.25 0.13 0.27 0.29 0.15 0.15
B 0.25 0.74 0.79 1.14 1.12 0.73 0.64
C 0.38 0.90 1.20 1.69 2047 2.44 2.62
D 0.21 0.44 1.46 2.02 3.65 4.34 4.64

Trp A 0.04 0.10 0.10 0.38 0042 1.26 0
B 0 0 0.17 0.18 0.57 0.81 0.39
C 0.02 0 0 0.24 0047 0 0
D 0.04 0.08 0.21 0.39 0.14 1.17 0.20

Arg A 0047 0.22 0.16 0.06 0.20 0 0.07
B 0.14 0.14 0.03 0.03 0.03 0.06 0.08
C 0.24 0047 0.19 0.07 0.04 0.04 0.08
D 0.04 0.20 0.15 0.06 0.05 0.08 0.13

Total A 13.12 41.64 68048 128.86 147.57 220.79 242.75
B 9.08 42.79 82.72 128.77 159.83 246.24 263.57
C Il.09 37.73 96.78 132.75 162.35 220.64 238040
D 6.98 28.88 57.50 98.80 132.91 207.69 241.60

a Starters used and the corresponding names of cheeses are as follows 1Levains utilisés: A: Str. thennophilus +
Lb. helveticus (1:1)+ Propionibacterium freudenreichii subsp. shermanii; B: Le. lactis subsp. lactis + Le. lactis
subsp. cremoris + Str. thermophilus + Lb. helveticus (l: 1:10:2) + P. freudenreichii subsp. shermanii; C: Lc. lac-
tis subsp. lactis + Le. lactis subsp. cremoris + Str. thermophilus + Lb. helveticus (2.5:2.5:l: 1) + P.freudenreichii
subsp. shermanii; D: Without starters 1 Sans levains.

3.4. Free amino acids abundant FAA (glutamic acid, alanine,
valine, isoleucine, leucine, phenylalanine

The free amino acid contents of the four and lysine) in chee ses A, B, C and D at
Graviera Kritis cheeses during maturation 180 d were 68.6, 70.3, 69.4 and 71.2 %,
are displayed in table J. No citrulline was respectively. In cheeses ripened at higher
found. The total percentages of the most temperature the respective values were 70.3,
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70.S, 71.4 and 72.2 %. One-way ANOY A of
the FAA values for the four cheeses did not
show statistically significant (P ~ 0.05) dif-
ferences at all sampling dates. Analysis by
multiple range tests (LSD test, P = 0.05)
showed differences among the FAA values
of chee ses Band D (B > D), although anal-
ysis by F-test did not. This contradiction
arose from the great variances of FAA mean
values. The use of starters did not signifi-
cantly affect (P ~ 0.05) the FAA content of
the cheeses ripened at higher temperature.

The linear correlation coefficients which
described the changes of the most abundant
FAA during maturation were significantly
high (r = 0.953-0.997), but the multiplica-
tive equation described more precisely the
accumulation process of these FAA than the
linear one did. All the FAA shown in table 1
increased multiplicatively during the mat-
uration with the exception of methionine,
histidine and tryptophane. Methionine
increased linearly (r = 0.940), while the val-
ues of histidine and tryptophane were not
significantly correlated with the cheese age
(r = 0.420 and r = 0.514, respectively). Tyro-
sine, B-alanine and arginine decreased (neg-
ative and very low r). Ornithine, which is
produced from arginine through the urea
cycle [21], was increased multiplicatively
(r = 0.977). The changes of threonine and
y-aminobutyric acid had lower coefficients
of multiplicative correlation (r = 0.905 and
r = 0.S92, respectively) than the other FAA.
Glutamic acid increased more rapidly than
the other FAA, about 40 times from the 1st
to ISOd of ripening in cheese D and its con-
centration was duplicated between 90 and
ISO d (table /).

The FAA contents of the cheeses ripened
at IS "C (ISOT d) were in most cases higher
than those ripened at 15 oc. The differences
between the values of glutamic acid, alanine,
methionine, valine, isoleucine, y-aminobu-
tyric acid and lysine at ISO d (lSOT > ISO)
were statistically significant and concerned
mainly cheese D.

4. DISCUSSION

The WSN fraction of Graviera Kritis was
complicated, as already shown for profiles of
Swiss-type cheeses [6,7). The ratios of pH
4.4-SNrrN of Graviera Kritis were similar
to those referred to the WSN fraction of
Emmentaler cheese [32], but the ratios of
TCA-SNrrN were higher. Zerfiridis et al.
[37] reported higher ratios of WSNrrN but
lower ratios of TCA-SNrrN for commer-
cial Gruyère cheese. As expected, the greater
part of nitrogen fraction changes occurred
during the warm room ripening.

The hydrolysis of <Xsl-caseinin chee se is
due to residual chymosin activity which is
influenced by cheesemaking conditions [15,
35]. Collin et al. [10) found that at the end of
ripening of Gruyère de Comté, 23.0 % of
<Xs1-caseinand 39.S % of B-casein were still
unhydrolysed. In Graviera Kritis, hydrolysis
of B-casein was lower. Hydrolysis of
B-casein in cheese is mainly due to plasmin,
because the chymosin and the starter pro-
teinase action are inhibited by the hydropho-
bic interactions in the region of the
molecule, which is susceptible to hydrolysis,
due to the salt [15). The pH and the salt con-
tent of the Graviera Kritis cheese were
favourable for plasmin action. In addition, it
is expected that the high scalding tempera-
ture inactivated plasrnin inhibitor and so the
activation of plasminogen was faster [16,
35]. The y-caseins were accumulated only in
cheese D made without starters. To our
knowledge there are no data for plasmin
action in ewe's milk and ewe's milk cheeses.

From the study of the main peaks of RP-
HPLC profiles (figure 4), it was evident that
there were few qualitative differences among
the WSN fractions of the four types of
cheese. It seemed that the quantitative dif-
ferences were especially more important for
chee se D. From these differences and from
the data oî figures 1 and 2 and table l, it was
concluded that the result of the proteolytic
activity of non-starter lactic acid bacteria
(NSLAB) - which dominated in cheese D
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and grew steadily but more slowly than
starter cultures during the ripening [12, 25]
- appeared later in the traditionally made
cheese D. The proteolytic enzymes of lactic
acid bacteria act on the large- and medium-
size peptides that arise from casein by the
action of rennin and indigenous milk pro-
teases [15]. The microbiologie al analyses
[20] showed that chee se B had a higher
number of enterococci at 90 d than the
respective cheeses A and C and cheese D
had the higher number of enterococci and
mesophilic lactobacilli at 90 d.

In the front area of RP-HPLC profiles
hydrophilic and/or small peptides are eluted
[5, 19]. The peaks that are eluted at the rear
region of the RP-HPLC profiles are mainly
hydrophobie peptides considered to be
responsible for the bitter taste of cheese.
There was a greater accumulation of peaks
in the region 65-95 min of the WSN pro-
file of cheese D. Although none of our
cheeses was bitter, it seemed that the mature
chee se D had potentially a greater possibil-
ity to bittemess than the other three cheeses.
The non-bitter large peptides which are pro-
duced from casein at the first stage of pro-
teolysis, mainly by the action of rennin, are
hydrolysed to bitter ones by the action of
the enzymes of starter cultures. The addi-
tion of Lactobacillus helveticus, which has
great aminopeptidase, dipeptidase, dipep-
tidyl-peptidase and carboxypeptidase activ-
ities, during the cheese manufacture results
in the hydrolysis of bitter peptides to non-
bitter smaller ones and FAA [22]. Il must
be noted that according to Tieleman and
Warthesen [34], hydrophobicity referring
to bitterness may have a different meaning
than the hydrophobicity of separation. They
consider that the peptide size along with
hydrophobicity is likely to be a factor in
determining peptide elution order. The per-
centage of 0-35 min portion in chee se D
was lower at 30 and 60 d than ail the respec-
tive values of chee ses made with starters,
as also occurred with the respective TCA-
SNrrN fractions.
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The middle part of the chromatograms
contained few peaks with low chromato-
graphie areas, possibly due to high prote-
olytic and peptidasic activity of thermophilic
lactic acid bacteria [26], which reached high
numbers in these cheeses [20]. This activity
led obviously to the production of FAA and
peptides with molecular mass < 3 000 Da,
which are usually eluted with CH3CN con-
centration < 30 % [13, 19], which was in
the area of up to 60 min in our RP-HPLC
analyses. From the quantitative analyses of
nitrogen fractions (figures 2 and 3), it was
noted that a great amount of soluble nitrogen
consisted in TCA-SN. This fraction includes
peptides with two to 20 amino acids [36],
which are significantly correlated with
chee se flavour [4, 23].

The accumulation of large peptides and
their hydrolysis to smaller ones and FAA
is a dynamic procedure which is difficult to
be schematised by studying the main peaks
of the chromatograms. Analyses of numer-
ous cheese samples and the study of certain
peaks or groups of peaks at many stages of
ripening could lead to the correlation of
these peaks or groups of peaks with the age
of the cheese. The effect of the higher ripen-
ing tempe rature on proteolysis was more
intense in cheese D, in which the peaks
eluted from 0-35 min increased at 180T d at
a higher rate than those in 35-65 min.

The FAA contents determined in the
Graviera Kritis cheeses were similar to that
reported for Swiss-type chee ses or Gruyère
de Comté [8, 30, 32] and for many hard
cheeses [13], except the absence of citrulline
in Graviera Kritis cheeses. Differences were
not statistically significant in spite of the
starter addition, especially Lb. helveticus,
in A, Band C cheeses. Lb. he Iveticus and
Lb. delbrueckii subsp. bulgaricus are species
with high dipeptidase and aminopeptidase
activity [26]. The proteolytic system of
Lb. helveticus is responsible for the one-
third of aminopeptidase activity during the
maturation of Emmental [27]. However, the
high numbers of cheese-milk microflora
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must be taken into account for the interpre-
tation of our results. The higher ripening
tempe rature had a more intense influence
on FAA production in cheese D than in the
other three cheeses, as weil as on hydrophilic
and low molecular mass peptides eluted at
the 0-35 min portion in the WSN RP-HPLC
profiles. Total FAA content and the con-
tents of the most abundant of casein amino
acids could be indicators for the age of the
Graviera Kritis.

Mature cheeses contained high quanti-
ties of glutamic acid as weil as leucine,
lysine and valine. The former dominated
and in most cases it was 20 % of total FAA
of mature cheeses (table f). Glutamic acid
with glutarnine are the most abundant amino
acid in ewe's us- and œ-casein chains.
Leucine, lysine and valine also participate
greatly in ewes' caseins [14,29]. Glutamic
acid could play a significant role in the
flavour of cheeses. It is known that
monosodium glutamate and di- and tri-pep-
tides which have L-glutamic acid as N-end
amino acid have an 'umami' (delicious) taste
[33], while the presence ofy-glutamyl pep-
tides could have sorne additive effect in the
complex fiavour of Gruyère de Comté [30].
Ali the cheeses, especially chee se D, con-
tained y-aminobutyric acid, which is absent
from caseins and cornes from the decar-
boxylation of glutamic acid. Wh en high
numbers of certain strains of lactobacilli and
enterococci with intense decarboxylation
activity are included in the NSLAB popu-
lation of Gouda cheese, there is an accu-
mulation ofbiogenic amines [18]. The high
content of y-ABA in cheese D was accom-
panied by CO2 production from glutamic
acid decarboxylation. This process, along
with the activity of wild propionic and het-
erofermentative bacteria, which are expected
to be included in NSLAB, explains the
appearance of the openings and splits in
cheese D [24, 38]. Histidine and tryptophane
make a small contribution to casein com-
position, which explains their low percent-
age and their insignificant changes during
maturation.

The use of starters in Graviera Kritis did
not significantly change the proteolytic pro-
file of ripened cheese, as it also occurred
with the organoleptic scores of cheeses [20].
The high numbers and the diversity of
NSLAB in the chee ses made without starter
cultures, which mainly came from the
cheese milk, were capable of causing pro-
teolytic results similar to that of the specifie
proteolytic starters used in cheeses A, Band
C. However, the same results concerning
medium- and small-size nitrogenous frac-
tions were accomplished faster in cheeses
made with starters. Therefore, damages
related to extended ripening could be
avoided when starter cultures are used. In
addition, the danger of flavour defects such
as bitterness could be diminished by the
dipeptidasic and aminopeptidasic action of
starter cultures, which does not allow the
accumulation of bitter peptides.
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