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Abstract

NEMCOVA L., STETINA J.,VALENTOVA H. (2001): Proteolysis and consistency changes of Gouda and Eidamsky blok
cheeses during ripening. Czech J. Food Sci., 19: 67-72.

Composition and rheological and sensory properties of Gouda cheese with different time of ripening (4 weeks, 4, 10, and 14
months) was evaluated. Thelevel of proteolysiswas measured by both the determination of nitrogenous compound fractions and
the el ectrophoreti c determination of casein proteolysis products. These properties were compared to those determined in Eidamsky
blok cheese with ripening time of 4 weeks. According to rheological evaluation, cheese hardness increased with ripening time.
Sensory evaluation showed that hardness between fingers and in mouth increased and, on the other hand, the elasticity between
fingersand in mouth aswell as cohesiveness decreased with ripening time because of proteolysis. Based on theintensity sensory
evaluations, the salt taste appears more intensive whereas the sour and bitter tastes were less intensive in Gouda cheese. Gouda
cheese was evaluated as more pleasant in all three tastes in the hedonic sensory evaluation. The width and depth of ripening
increased quite fast in Gouda cheese up to 10 months of maturation. In afour-week old Eidamsky blok cheese the slightly lower
values of ripening width and depth were obtained. The electrophoretic evaluation showed that the number of identifiable zones
rose with ripening time. The growing content of y,-casein, proteose peptone fraction 5, and y,/y5-caseins, which are the products

of B-caseins hydrolysis, can be observed as the increase of their zone intensity.
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Protein hydrolysisis probably the most important bio-
chemical event during the ripening of most cheese variet-
ies, with amajor impact on flavour and texture (GRAPPIN
et al. 1985; RANK et al. 1985). The consistency of cheese
affectsits eating quality, usage properties (cutting, grat-
ing, etc.), handling properties (shape retention), ease of
curd fusion and rind formation, as well as eye formation
(LUYTEN et al. 1991).

Cheese is a visco-elastic material (PRACTICE 1992).
During (and after) deformation a part of mechanical ener-
gy supplied to cheeseis storedinthe material (elastic part)
and partly dissipated (viscous part). Rheological proper-
ties of cheese depend mainly on its composition (water,
protein, fat, and salt content), pH value, protein degrada
tion, and temperature (LUYTEN & VAN VLIET 1996).

Semi-hard cheese called either Eidamsky blok or Ei-
damské cihla are made in the Czech Republic since the
1920's. Their technological schemeissimilar to the pro-
duction of Gouda cheese (KNEZ 1960). We can thus ex-

pect similar sensory and rheological properties. Gouda
cheese ripens under a plastic coating and Eidamsky blok
cheese under aripening foil. Because of different covers
there are differencesin their texture, flavour, and acidity
(LAWRENCE et al. 1984; WOLFCHOON 1998).

The aim of the present study was to characterise and
then compare the Gouda and Eidamsky blok cheeses ac-
cording to their rheological and sensory properties and
their level of proteolysis.

MATERIALS AND METHODS

Cheese. Gouda cheese (55% of dry mater and 50% fat
in dry mater) with several ripening times (4 weeks, 4, 10,
and 14 months) was ripened under a plastic coating. The
analysed cheese Eidamsky blok was declared to contain
54% + 2% (w/w) dry matter and 40% + 2% (w/w) fat in
dry matter. It had been kept ripening under aripening foil
for 4 weeks.
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Chemical Analysis. The moisture and salt content of
each analysed cheese was measured by standard methods
(ARDO & POLYCHRONIADOU 1999). The extent of pro-
teolysis was assessed from the measurement of total ni-
trogen, nitrogen solublein 12% TCA, and nitrogen soluble
at 4.6 pH (ARDO 1999) by the Kjeldahl method using
Kjeltec Auto Plus 1030 Analyser (Tecator, Sweden).

Rheological Analysis. Rheological properties were
measured by the penetrometer PNR 10 (Penetrotest In-
struments, Dahlewitz) connected with the computer by
means of auniversal multimeter Mettex M 4650 CR. The
rate of transmission was three values per second. Pene-
tration was measured by a 30° cone having 150 g total
weight at 20°C for 30 s. It was determined 4 mm below
top surface and above bottom surface, and then every
8 mm up to cheese centre.

Sensory Analysis. The sensory analysiswas performed
under conditions specified by the international standard
(1SO 6658-1985: Sensory analysis—Methodology — Gen-
eral guidance) in a special test room eguipped with six
computerized test booths (1 SO 8589-1988: Sensory anal -
ysis—Methodology — General guidance for the design of
test rooms). The assessor panel consisted of the persons
selected, trained and monitored in keeping with theinter-
national standard (1SO 8586-1989: Sensory analysis —
General guidancefor the selection, training and monitor-
ing of assessors — selected assessors). The assessors had
at least 6 months' experiencein texture evaluation.

Samplessized 100 by 20 by 10 mmwere placed inlarge
Petri dishes and labelled by four-digit codes. The panel
consisted of 12 assessors highly experienced in cheese
evaluation. Each of them only tested one samplefrom top,
middle and bottom layers. Samples were rated according
to 14 attributes — total appearance and consistency of
cheese, total flavour, salt, sour, and bitter tastes, total off-
flavours, hardness and elasticity between fingers, hard-
ness and elasticity in mouth, smearness, cohesiveness,
chewiness, and total acceptability of texture—ona100 mm
undifferentiated scale (LAVANCHY et al. 1993; HORT
1996). The preferences of salt, sour, and bitter tasteswere
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also rated on a 100 mm undifferentiated scale. Statistic
analyses were performed according to ECKSCHLANGER
etal. (1980).

Electrophoretic Analysis: A cheese sample of approx-
imately 2 g was homogenised in 20 ml of 0.02M Tris-
HCI buffer (pH 8.5) at room temperature for 10 min in
the ETA 1.012 homogeniser. The suspension was centri-
fuged at 3000 g for 15 min. The fat layer was carefully
removed and the centrifugation was repeated. The ob-
tained supernatant was denatured by addition of solid urea
(final concentration 6M) (TURIN et al. 1995) and filtrat-
ed before analysis.

Polyacrylamide gel electrophoresis was performed in
the presence of sodium dodecylsulfate (SDS-PAGE) by
using adual vertical slab gelselectrophoresisunit SE 260
(Hoefer Scientic Instruments, San Francisco, CA, USA).
Separation gel of 15% acrylamide monomer and thick-
ness of 0.75 mm (14.61% T, 0.39% C, ; 112.5 mmol/|
Tris-Cl, pH 8.8; 3.47 mmol/l SDS; 2.19 mmol/l ammoni-
um persulfate; and 1.5 mmol/l), stacking gel (3.89% T,
0.10% C,,; 50 mmol/I Tris-Cl, pH 6.8; 3.47 mmol/l SDS;
2.19 mmol/l ammonium persulfate; and 2.5 mmol/l), and
electrode buffer (25 mmol/Il Tris; 192 mmol/l glycin; and
0.1% SDS; pH 8.3) were prepared according to the Hoe-
fer manual (ANONYM 1994). Electrophoresiswas carried
out at room temperature at a constant current of 20 mA
for 25 minutesand 40 mA for 60 minutes. Gelsweresimul-
taneously stained for proteins with silver (DION & PoO-
MENTI, 1983).

RESULTS AND DISCUSSION

Theresults of the instrumental rheological evaluations
are presented in Fig. 1. The first diagram shows the in-
crease in cheese hardness with the ripening time. Also
shown is the decrease of cheese hardness towards the
cheese middle, which is caused by higher content of dry
matter in the surface layers ripened under a plastic coat-
ing (paint). The comparison of the four-week old Gouda
and Eidamsky blok cheeses (the second diagram of Fig. 1)
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Fig. 1. Relationship between penetration and distance from cheese surface (A) in Gouda cheese with ripening time of 4 weeks, 4,
10, and 14 months and (B) in Gouda and Eidamsky blok cheeses with ripening time of 4 weeks
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Fig. 2. Texture profiles of (A) Gouda cheese with ripening time of 4 weeks, 4, 10, and 14 months and (B) Gouda and Eidamsky

blok cheeses with ripening time of 4 weeks

showed increase in hardness towards its surface in Gou-
da cheese. The hardness of Eidamsky blok cheese was
uniform throughout the cheese loaf owing to maturation
under aripening foil. The hardness in the middle of the
loaf was comparable in both cheeses.

Consistency was also subjected to sensory evaluation.
Fig. 2A gives the texture profile of Gouda cheese with
different ripening times. We observed increased hardness
between fingers and in mouth, whereas el asticity between
fingers, elasticity in mouth and cohesiveness decreased
with prolonged ripening time because of proteolysis. The
comparison of texture profile between the Gouda and Ei-
damsky blok cheeses with the same ripening time
(4 weeks) isdemonstrated in Fig. 2B. All rheological at-
tributes except smearness reached higher valuesin Gou-
dacheese. Eidamsky blok cheese showed high smearness
in consequence of its ripening under a plastic film. Dif-
ferencesinrheological attributeswere not statistically sig-
nificant at P = 0.05.
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The salt, sour, and bitter tastes were evaluated by rat-
ing their intensity and applying the hedonic way. Intensi-
ty sensory evaluation of these three tastes (Fig. 3A)
showed that salt taste was more intensive whereas sour
and bitter tastes were less intensive in Gouda cheese.
Gouda cheese was found to be more pleasant in all three
tastes in the hedonic sensory evaluation (Fig. 3B). The
occurrence of amore pronounced sour taste in Eidamsky
blok cheese was aresult of its ripening under aripening
film and thistaste wasrated aslessfavourable. Thebitter
taste was evaluated in the same way in this cheese. The
bitter taste could be aresult of aless active aminopepti-
dases of lactic acid bacteria, or be caused by contamina-
tion, e.g. by psychrotrophic bacteria (STANDHOUDERS et
al. 1983).

Total flavour and consistency of Goudacheesewithrip-
ening time of 4 weekswasrated higher (77% of thegraphic
scale) than Eidamsky blok cheese with the sameripening
time (64%).
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Fig. 3. Intensity (A) and hedonic (B) sensory evaluation of salt, sour, and bitter tastes of Gouda () and Eidamsky blok (M)cheeses

with ripening time of 4 weeks
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The proteolysis was evaluated using both the determi-
nation of nitrogenous compound fractions and the elec-
trophoretic determination of casein proteolysis products.
The width and the depth of ripening reflect the level of
proteolysis. The width of ripening istheratio of nitroge-
nous fraction soluble at 4.6 pH to total nitrogen. Thisis
representing the hydrolysed proportion of total proteins.
The depth of ripening isthe relation of nitrogenous frac-
tion solublein 12% TCA to total nitrogen and it indicates
the proportion of small molecular products of proteolysis
(aminoacids and small peptides).

A comparison of ripening width and ripening depth
between Gouda cheese with ripening time of 4 weeks, 4,
10, and 14 months and Eidamsky blok cheese with ripen-

Gouda 10m

Fig. 4. Comparison of ripening width
and depth between Gouda cheese with
ripening time of 4 weeks, 4, 10, and
14 months and Eidamsky blok cheese
with ripening time of 4 weeks

Gouda 14m

ing time of 4 weeks (Fig. 4) showed arather fast increase
in width and depth of ripening in Gouda cheese up to 10
months of maturation. Eidamsky blok cheesewith 4 weeks
of ripening showed slightly lower values.

The characterisation of casein hydrolysis products by
SDS electrophoresis is presented in Fig. 5. The zones
demonstrating a-casein (molecular weight ~27 kDa),
B-casein (~25kDa), y,-casein (~20.7 kDa), proteose pep-
tonefraction 5 (~19 kDa), and mixture of v,- andy,-caseins
(~10.9 kDa) were identified in polyacrylamide gels. The
molecular weights of these zones correspond to zones
published by EIGEL et al. (1984) and FOX (1989). This
figure showsthat the number of identifiable zonesincreas-
eswith ripening time. For example, there were six zones

Eidamsky  Gouda Gouda Gouda Gouda
blok 4 weeks 4 months 10 months 14 months
40 % FDS
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Fig. 5. Casein fractions and their hydrolysed

products in Gouda cheese with ripening time of
4 weeks, 4, 10, and 14 months and Eidamsky
blok cheese with ripening time of 4 weeks in the
SDS — polyacrylamide gel
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in the four-week old Gouda cheese, whereas eighteen
zones were found in the fourteen-month old Gouda
cheese. Theincreasing content of y,-casein, proteose pep-
tone fraction 5, and vy,/y,-caseins, which are products of
B-caseins hydrolysis, can be observed by their zone in-
tensity.

CONCLUSIONS

Differences in consistency and taste between Gouda
and Eidamsky blok cheeseswerefound. Because of man-
ufacture costs, the shortest possible ripening time of Ei-
damsky blok cheeseisappliedin practice. Longer time of
maturation could intensity possible off-flavours, e.g. bit-
ter taste. To improve the quality and consequently the
marketability of Czech cheeses, rheological and senzory
properties have to be focused on.
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Hydrolyza proteint, jeden z nejvyznamnéjsich biochemickych procesti probihajicich pti zrani syrd, ovliviiuje jak chut’ a vini

syra, tak i jeho konzistenci. Konzistence ma vyznam nejen z hlediska senzorické kvality, ale téz pro vlastnosti pii mechanickém
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zpracovani a pfi manipulaci. U 4 syra typu Gouda s riznou délkou zrani (4 tydny, 4, 10 a 14 mésicti) bylo stanoveno jejich
chemické slozeni, reologické a senzorické vlastnosti. Stupen proteolyzy byl hodnocen jak pomoci stanoveni frakei dusikatych
latek, tak i elektroforetickym stanovenim produktti hydrolyzy kaseinu. Ziskané parametry byly porovnany s vlastnostmi syru
Eidamsky blok zralého 4 tydny. Tuhost syrt se s rostouci dobou zrani zvysila. Z profilu textury bylo patrné, Ze s rostouci dobou
zrani se tvrdost mezi prsty i v ustech zvysila, zatimco elasticita mezi prsty a pii zvykani i soudrznost se snizila. Senzorické
hodnoceni ukazalo, ze slana chut byla intenzivnéj$i a chut’ nakysla i hotkd méné intenzivni pro syry Gouda. VSechny tfi dil¢i
chuté byly pro hodnotitele pfijemné;jsi pro syr Gouda. Hodnoty $ifky a hloubky zrani syrd Gouda az do 10 mésict zrani rychle
rostly, ale syr Eidamsky blok vykazoval po 4 tydnech zrani nepatrné niz§i hodnoty. Na zaklad¢ elektroforetického stanoveni
produktii hydrolyzy kaseinu rostl pocet identifikovatelnych z6n v priibéhu zrani. Z intenzity zon byl zji$tén rist obsahu v,-
kaseinu, proteoso-peptonové frakce 5 a y,/y,-kaseintl, pfedstavujici produkty hydrolyzy B-kaseinu.
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