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Abstract — The influence of ripening temperature (11, 14, 17, 20 °C) and ripening time (60,

90 days) on sensory properties and melting quality of Raclette cheeses made from raw milk, pasteurised
milk and microfiltered milk has been investigated using the ‘special cubic model’ experimental
design. With increased ripening temperature substantial acceleration of ripening was achieved. The
higher ripening temperature led to higher counts of propionibacteria in raw milk cheeses, and, inde-
pendent of the milk treatment, to higher concentration of free short chain acids, accelerated proteol-
ysis, higher aroma intensity, decrease in water content and higher firmness. Raw milk Raclette
should be ripened &t11 °C for 90 days, whereas pasteurised milk Raclette can be ripenddi 4

for 90 days and microfiltered milk Raclette at 17 °C for 60 days in order to achieve comparable sen-
sory properties and melting quality.

Raclette cheese / milk treatment / pasteurization / microfiltration / accelerated ripening /
melting quality

1. INTRODUCTION during the whole year in lowland regions.
At present Raclette is the most important

Raclette cheese is a Mountain cheese g€Mi-hard cheese in Switzerland and
Swiss origin; in the past it has been manubelongs, besides Emmentaler and Gruyere,
factured exclusively from raw milk in the to the most often manufactured cheese vari-
Alps in Wallis during the summer months. eties with a volume of 11600per year.

As the popularity and therefore the demandRaclette cheese is consumed in a melted
for this cheese variety increased because #rm as “racler” (means to scrape, to shed)
catering trade, Raclette cheese is being noand has to possess specific properties such as
produced from raw and pasteurised milkno fat separation as oiling off, proper break
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off of the melted body and the perceptiorRaclette produced from MF milk at elevated
of toughness, but not rubberiness like chewtemperatures.

ing gum, in the mouth [12, 13]. The com-  The purpose of this study was to investi-
mercial Raclette cheeses from raw or pasyate the influence of ripening temperature at
teurised milk show significant sensorytqr jevels (11, 14, 17, 20 °C) and ripening
differences. In general, cheeses made frokjme at two levels (60, 90 days) on sensory
pasteurised milk are considered mildeis operties and melting quality of Raclette
whereas raw milk cheeses develop a morcheese made from raw milk, pasteurised
intense flavour. The raw milk microorgan- miik and microfiltered milk using a ‘spe-

isms appear to be the primary factor for thija| cubic model experimental design’.
differences between raw milk Raclette anc

Raclette made from pasteurised milk [15].

A technology based on crossflow micro- 2. MATERIALS AND METHODS
filtration, a pressure-driven filtration using
a membrane pore size of Ju, has been

introduced by Holm et al. [8] and Piot et al. Raw milk was separated into cream and
1] with the aim t fficientl
[31] with the aim 1o remove very SCIent kim milk at 30 °C. A third of the skim milk

bacteria and spores from milk. On averag e o >

the content of bacteria in the milk is reduce(Vas microfiltered at 40 °C. A microfiltra-
to few hundred counts / mL, independention unit from Tetra Alcross M (MFS-7 pilot
of the initial level of the bacterial popula- Plant, Tétra Pak Filtration Systems, Lund,
tion [36]. Denmark) with Sterilox membrane (pore

size of 1.4um, surface area of 1.4%flux
The microfiltration process for debacte-of 300 Lh-1-m2 concentration factor 20:1)

riazation, marketed as the “Bactocatch” prowas used. Cream and MF retentate were
cess [26, 29, 37] has proved to be suitablseparately high temperature treated (HTT) at
for manufacturing Grevé and Herrgards121 °C for 4 s and remixed with MF skim
cheese [25], Comté-type cheese [7], Swismilk at 40 °C in a sterilised cheese vat to
type cheese [6, 9, 10] and Cheddar cheestandardise the fat content (3.5%). Non-
[28, 33]. These investigations showed thamicrofiltered raw and pasteurised skim milk
the indigenous flora of milk can be signifi- was mixed with HTT cream in the same

cantly reduced by microfiltration, however, way. The pasteurisation of skim milk was
with the result that the overall aroma inten-carried out in the cheese vat (Fig. 1).

sity of the cheeses compared to raw mill
cheeses is less pronounced.

2.1. Cheese manufacture

Raclette cheeses were produced in the
pilot plant of the FAM (Swiss Federal Dairy

Raw milk Raclette cheese is usuallyResearch Institute, Liebefeld, Bern, Switzer-
ripened at 11 °C for 90 days. At higherland) according to the following manufac-
ripening temperatures, propionibacteria arturing protocol: 70 L cheesemilk was placed
involved in undesirable secondary fermenin a sterilised steel cheese vat, inoculated
tation. Bouton et al. [7] found that Comtéwith 2 g mesophilic starter culturedcto-
cheese made from microfiltered milk had ecoccus lactissubsplactis and subspcre-
lower concentration of propionic acid thanmoris, MAO11, Texel, Winkler, Switzer-
cheese made with raw milk. The reductiorland) and pre-ripened at 28 °C for 45 min.
of propionibacteria by microfiltration allows The milk was than adjusted to 32 °C and
the acceleration of ripening by increasincl2 mL Rennet (Standard Labextrakt, Win-
the ripening temperature without the risk otkler, Switzerland), diluted in 1 L water,
propionic acid fermentation. To our knowl- added. After 30 min, when the coagulum
edge, no investigations have been recordereached the desired consistency, it was cut to
in the literature characterising ripening ofgrains of 10-20 mm diameter; 30 L water
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Figure 1. Preparation of milk for cheesemaking.

of 30 °C was added, the mixture heated ttypes. All cheeses were manufactured in
38 °C in 15 min and stirred for additional duplicate for each of the ripening conditions
15 min at 38 °C. A part of the whey was(11, 14, 17, 20 °C) and analysed after 60
drained off and the curd was pressed in and 90 days of ripening for microbial flora,
mould at 6 bar for 15 min and subsequentlglycolysis, lipolysis and proteolysis, sen-
at 8 bar for 30 min. The cheese remained ifOry properties and melting quality.

the mould overnight. The temperature
decreased from 35 °C to 25 °C and the pH
was in 5.2-5.1 range. Afterwards, the cheeses
were placed in a saturated NaCl brine of

11-12 °C for 24 h. Ripening conditions wer The cheesemilk, as well as the cheeses

e X -
N t the end of maturation, were examined for
11,14, 17,20 °C or 60 and 90 days at 9501/??1eir microflora. Enterobacteriaceae were

relative humidity. determined on VRBG agar (1 day, 37 °C)

Cheeses were made according to thfl]. Enterococci were analysed on kana-
experimental design from 100% raw, past. omycin aesculin azide agar medium (2 days,
MF milk, from 50/50 combinations of each, 37 °C) [30]. Propionibacteria were analysed
or from 1/3 1/3 1/3 mixture of all three milk on lactate agar (10 days, 30 °C) [17].

2.2. Microbiological analysis
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Psychrotrophs were analysed on standarahd firmness (soft 1 to solid 7). In addition,
methods agar incl. 1.0 g skim-med milkthe softening and dropping points were mea-
powder per litre (10 days, 6.5 °C) accordingsured with an automatic Mettler-Ther-
to [22]. Salt tolerant bacteria were analysednosystem 800 with the Dropping point cell
on mannite-NaCl agar (2 days, 37 °C) [36]FP 83 [16].

Facultatively heterofermentative Lactobacilli

were anaerobically analysed on agar with

mannite (3 days, 38 °C) [24]. 2.5. Simplex lattice experimental
design
2.3. Chemical analysis “Mixture designs”, such as the simplex

lattice experimental design, are suitable for
Total nitrogen (TN), pH 4.6 soluble nitro- situations where different excipients are
gen (SN4.6) and non protein nitrogen (NPN)mixed to obtain optimal characteristics. To
as the 12% TCA soluble nitrogen, wereoptimise the composition of a three com-
determined by the Kjeldahl method accordponent mixture, the simplex experimental
ing to [20] with a Biichi B-435 digestion design is a triangle [27].
unit and a Buchi B-339 distillation unit ; ;
: . The experimental design of the study
(Flawil, Switzerland). The SN4.6 and NPN ¢, ntained three components: raw milk)(x
fractions were prepared according 1o the,agierised milk (§ and microfiltered milk

method of Collomb et al. [8] and the result X5) With seven points (variants) constituting

expressed in % total nitrogen. After isolation, Special cubic model design [27]. The dis-

from cheese by steam distillation, free shory, ion of the experimental points in the

chain acids (acetic and propionic) Wer€grmary diagram is shown in Figure 2. The
determined by gas chromatography using gegjgn demands a total of 7 cheeses to be

flame ionisation detector [5]. The water Con'produced. Since the pilot plant equipment

tent was analysed gravimetrically [19], theq,sjsted of eight vats, the variant 7 was

fat content according to Gerber-van-Gulik., 5, factured in duplicate. Each day, the
rTbight treatment combinations were allocated
"to the vats at random.

The reason for the application of the spe-
2.4. Sensory analysis and melting  cial cubic model design was to differenti-
quality ate between the chemical and microbiolog-
ical effects of the milk treatment. The model
After 60 and 90 days of ripening, the senallows to determine the dependence of an
sory characteristics of the model cheese®ptimum point’ from milk treatment, ripen-
were judged by a group of six cheese experiag temperature and ripening time.
of the FAM according to a standard proto-
col. The experts applied the standard grad- 2.6. Statistical analysis
ing method concerning flavour (score: worst
1 to best 6), texture (score: worst 1 to best 6), The special cubic model design can be
preference (score: lowest 1 to highest 6) anelxpressed as a graph in a triangle form deter-
intensity of aroma (score: lowest 2 to high-mined by seven points of cheeses made from
est 8). The melting qualities of the modeldifferently treated milk. Each axis of the
Raclette were judged by a panel of fivegraph represents the cheeses of one of the
cheese experts of the FAM according to @hree milk treatments with the mixture com-
protocol regarding separation of fat (scorgosition from 0 to 100%. Based on the seven
slight 1 to strong 5), viscosity (liquid 1 to determined variants (points) the software
viscous 7), consistency (short 1 to long 78YSTAT (Systat for Windows, Version

Chloride determined potentiometrically [21
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Ra was found between the cheeses of different
milk treatments ripened at the same temper-
ature. To evaluate the overall influence of

. ripening temperature and time the average

MF/Ra \_ Ra/Pa of all cheeses is shown. At elevated ripening
temperature and longer ripening time the
MF/a/Pa water content decreased as a result of water

evaporation. The fat in dry matter of all
‘/ . Y cheeses ranged between 512 and H§Y
MF MF/Pa Pa the NaCl content between 18 apd Mle
Schar et al. [35] found that in Walliser
Figure 2. Principle of ‘special cubic model Raclette cheese of good quality the cheeses
design’ for cheesemaking from raw milk (Ra), lost during ripening (stored at 11 °C) up to
pasteurised milk (Pa), microfiltered milk (MF). 30 g water per kg cheese until the stadium of
full maturity at 120 days. This was due to the
influence of salt adsorption during brining
and the evaporation of water through the

7.0.1, SPSS, Chicago 1997) calculated thend during maturation. According to Eber-
corresponding curves in the simplex latticd'ard €t al.l['lZ,. 13] the mean NaCl content of
diagram. The size (diameter) of each of th&1-8 dkg~indicated cheeses of good melt-

seven points represents the mean value. Ng quality whereas with NaCl content of
24.2 dgkg1the melting quality was poor.

3. RESULTS AND DISCUSSION 3.2. Microbiological analyses

3.1. Cheese composition The standardised cheesemilk for the
manufacture of the Raclette cheeses was

The gross compositions of the cheeseanalysed for its bacterial counts (Tab. I).

after 60 and 90 days of ripening are sumThe pasteurised (Pa) and microfiltered

marised in Table I. No significant difference (MF) cheesemilk contained counts of

Table I. Mean chemical compositionky™) of all Raclette cheeses at different ripening tempera-
tures after 60 and 90 days.

Chemical composition

Age [days]
Ripening temperature [°C] Water content  Fat content NaCl
60 11 416.6 +9.7 301.1+8.6 18.7+2.2
14 408.9+8.9 303.1+7.4 19.3+2.2
17 400.5+8.9 308.1+6.8 20.1+20
20 398.9+4.8 3105+7.0 19.2+2.2
90 11 410.1+9.9 306.1+9.2 19.0+1.9
14 401.3+9.8 309.3+9.1 19.7+2.3
17 388.2+6.1 313.8+7.0 204+15
20 392.9+8.3 3145+84 195+1.7

Each value is the mean of 16 replicates + standard deviation.
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psychrotrophs and salt tolerant bacteria &t higher ripening temperature or longer
a maximum level of 100 cfinL~%;, entero- ripening time was detected. In a previous,
cocci, facultatively heterofermentative lac-study Walliser Raclette cheese of good qual-
tobacilli (FHL) and propionibacteria were ity showed a mean value for enterococci of
below the detection limit of 10 clilaL™t.  1.3x 10*cfulgtand 4.3x 10* cfulg, resp.
The raw (Ra) cheesemilk was of good bacf3s], after 60 days and 130 days of ripen-
terial quality. All mixed cheesemilk (Ra, ing, whereas the enterococci count for pas-
Pa, MF milk) showed counts according toreurised Raclette cheese after 120 days of
those in the milk components. These result§pening was below the detection limit of
are in agreement with Demarigny et al. [9110 cfug[17]. In all cheeses made with
and Beuvier et al. [6] who found absence ofgaw milk, the count of FHL was at a con-
or only low counts of enterococci, FHL andstant level of 19 cfug regardless of the
propionibacteria in MF and Pa Cheesem”kripening temperature or time. FHL concen-
Changes in the numbers of enterococci:’ration of MF cheeses was lower than in Pa
FHL and propionibacteria in the cheeses atheeses (below #@fulg=and 16 cfuig,
four different ripening temperatures after’€sp.). In contrast to counts of enterococci
60 and 90 days of ripening are shown irind FHL the propionibacteria counts in
Figure 3. With respect to the counts of entecheeses with raw milk increased at ripen-
rococci, FHL and propionibacteria theing temperature above 11 °C whereas in MF
Raclette cheeses after 60 and 90 days couthd Pa cheeses the count remained on the
be divided into two groups: (a) cheeses madeame level. At 17 °C and 20 °C of ripening
from raw milk or with raw milk added and the growth of propionibacteria in raw milk
(b) cheeses made from pasteurised ancheeses was significantly enhanced thus
microfiltered milk or their combinations. increasing the risk of secondary fermenta-
For cheeses from the 1st group, enterocoction. Schér et al. [35] found that propioni-
counts ranged between®and 10 cfulg?, bacteria counts above a€fulg! indicated
irrespective of the added amount of rawsecondary fermentation. In MF and Pa
milk. Cheeses from Pa and MF milk con-cheeses propionibacteria were not detectable
tained less than 2@ful@ . In none of the after 60 days; after 90 days at 17 °C and
cheeses an additional growth for enterococ@0 °C, the counts were slightly increased to

Table 1. Bacterial populations (log10 dfiaL=Y) in raw (Ra), pasteurised (Pa), microfiltered (MF)
cheesemilk and its mixtures, mean values + standard deviation.

Standardised cheesemilk

Entero- Fac. het. Psychro- Propioni- Salt
cocci lactobacilli  trophs bacteria  tolerant bacteria
Ra milk 20+04 22+0.2 3.0x0.7 1.1+0.6 3.8%£0.3
Pa milk nd nd 1.0+0.5 nd 1.3+£05
MF milk nd nd 1.0+04 nd 1.2+05
Ra / Pa milk 1.9+0.2 19+01 29+04 0.9+0.2 34+0.1
Pa / MF milk nd nd 1.0+05 nd nd
Ra / MF milk 2103 2005 3.1x09 09+0.3 3.4+05
Ra / Pa/ MF milk 1.9+0.2 19+04 27+03 1.1+0.3 3.1+£0.2

nd: not detectable i.e. below the detection limit of 10sfirl. Each value is the mean of four replicates.
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Figure 3. Counts of enterococci after 60 dayg after 90 daysR), facultatively heterofermentative

(FH) lactobacilli after 60 day<C) and after 90 day<)), propionibacteria after 60 dayg)(and

after 90 daysK) at different ripening temperatures in Raclette cheeses made from raw, pasteurised
and microfiltered milk and its mixture®. raw milk (Ra),+ pasteurised milk (Pag microfiltered

milk (MF), €4 Ra/Pa (50:50%)A Ra/MF (50:50%),¥ Ra/Pa/MF (33:33:33%X% Pa/MF (50:50%).

Means of two replicates.
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100 cfugL. These results are opposite tghe width” (SN4.6/TN) whereas the prote-

those of Demarigny et al. [9] and Beuvier eP!ySis “into the depth” (NPN/TN) was
al. [6] who found that microfiltration and almost independent of milk treatment. After

pasteurisation only delayed the growth of0 days the differences between cheeses
enterococci, FHL and propionibacteria inWith raw milk and MF/Pa cheeses increased
cheeses. In their studies, these three bacter#4th higher ripening temperature. The
populations in MF and Pa cheeses aftegnhanced proteolysis at elevated tempera-
6 weeks were 10 to 100 fold lower than irfures after 90 days can be explained by the
Ra cheeses. They concluded that the prefaCt that secondary fermentation has
ence of these microorganisms in MF and pgccurred in cheeses with raw milk as a con-
cheeses may have been the result of cogeguence of high concentrations of propi-
tamination during cheese manufacture.  Onibacteria. The acceleration of proteolysis
at higher ripening temperatures is a well
known phenomenon [2, 4, 16, 32]. Tem-
3.3. Free short chain acids perature adjustments during ripening of
Cheddar cheese resulted in manipulation of

Again, the cheeses could be divided intgpecific proteolytic activities [2, 4]. The pro-
two groups: cheeses made from raw millkeolytic activities reflected by breakdown
or with raw milk added and cheeses madgroducts soluble in 12% TCA (NPN) were
from pasteurised and microfiltered milk andenhanced at higher temperatures, due to the
their combinations. The concentration ofincreased activity of proteolytic enzymes.
FSCA in cheeses were higher when thdhis observation is in good agreement with
indigenous raw milk flora was present. Theour results.
concentrations of acetic and propionic acids
are summarised in Figure 4. The amount of
acetic acid was highly affected by elevated
ripening temperatures: after 60 days the

C - : Sensory characteristics of cheeses were
acetic acid may have originated mainly from
the fermentation of citric acid and aﬁeranalysed after 60 and 90 days. The results

S0 days at 17 °C and 20 °C acdonaly/2% SICS pieerence anc nensty of
from the fermentation of lactic acid by pro- 9 :

pionibacteria. This was confirmed by the 7C1 I8 0L RE 00, SREAOR, IR ERges
increased amount of propionic acid in the__. o
ixture composition from 0 to 100% at

same period. MF and Pa cheeses show efined ripening temperature and time
no secondary fermentation. Similarly, Gall- P 9 P '

mann [14] found significant differences With respect to ‘preference’, Raclette
regarding acetic and propionic acids betweenheeses could again be divided in the same
Raclette cheeses made from raw and pag~o groups as before, i.e. those made from
teurised milk after 120 days of ripening as @r with raw milk and those made using pas-
consequence of indigenous bacterial counteurised and microfiltered milk (Fig. 6). The
‘preference’ attribute was affected more by
] the elevated ripening temperature than by
3.4. Proteolysis the ripening time. For all cheeses the scores
of ‘preference’ decreased with elevated tem-
The protein and peptide breakdown inperature and enhanced proportion of raw
all cheeses was highly affected by ripeningnilk. After 60 days the Pa cheeses ripened
temperature and time (Fig. 5). After 60 daysat 11 °C and 14 °C were scored higher than
MF cheeses showed the lowest SN4.6 fradViF cheeses. After 90 days MF and Pa
tion as indication for the proteolysis “into cheeses were judged in the same range. The

3.5. Sensory evaluation
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Figure 4. Concentration of acetic acid after 60 daysdfter 90 daysR), propionic acid after 60 days

(C) and after 90 daydD| at different ripening temperatures in Raclette cheeses made from raw,
pasteurised and microfiltered milk and its mixtubesaw milk (Ra),+ pasteurised milk (Pa$, micro-
filtered milk (MF), €4 Ra/Pa (50:50%)A Ra/MF (50:50%),¥ Ra/Pa/MF (33:33:33%)% Pa/MF
(50:50%). Means of two replicates.

graph curves connecting points of equal valexhibited off-flavour as a consequence of
ues were moving at elevated ripening temsecondary fermentation. These cheeses
perature to an obvious distinction betweershowed an off-flavour already after 60 days,
cheeses made with raw milk and cheeseésowever, without detectable signs of pro-
from MF and Pa milk. Cheeses with scoregionic acid fermentation.

below 4.0 were considered as defective

because of off-flavours and eye formation. It can be concluded that the maximum
Cheeses made with raw milk and at 17 antemperature at which Raclette cheeses can
20 °C ripening temperatures for 90 dayse ripened without significant decrease
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in the attribute ‘preference’ is about 14 °CRaclette cheese (Fig. 7). Cheeses with scores
(60 days) or 11 °C (90 days) for cheesefor ‘intensity of aroma’ of 5 were in the
from or with raw milk and 17 °C (60 and range of normal maturity and, above 5, on
90 days) for MF and Pa cheeses. the limit of being over mature. At elevated
The low ‘preference’ scores at elevatedipening temperatures the graph curves indi-

temperature, especially for cheeses madeated higher scores of ‘intensity of aroma’.
with raw milk, were mainly due to the The ‘intensity of aroma’ of MF cheeses was

‘intensity of aroma’ being atypical for scored to be lower at 11, 14 and 17 °C after
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Figure 5. Development of soluble nitrogen at pH 4.6 (SN4.6 in % of total nitrogen (TN)) after 60 days
(A) after 90 daysR), non protein nitrogen (NPN in % of total nitrogen (TN)) after 60 d&ystd

after 90 daysD) at different ripening temperatures in Raclette cheeses made from raw, pasteurised
and microfiltered milk and its mixture®. raw milk (Ra),+ pasteurised milk (Pag, microfiltered

milk (MF), €4 Ra/Pa (50:50%)A Ra/MF (50:50%),¥ Ra/Pa/MF (33:33:33%X% Pa/MF (50:50%).
Means of two replicates.
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raw milk ripened for 60 days at 11 °8)( at 14 °C B), at 17 °C C), at 20 °C D) and for 90 days
at11 °CE), at 14 °CF), at 17 °C G), at 20 °C H). Means of two replicates.
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60 and 90 days, i.e. MF cheeses were lesmd 8F). After 60 days the average differ-
mature than cheeses made with raw and Rance between raw milk, MF and Pa cheeses
milk. But at 20 °C, MF cheeses reachedvas small. After 90 days the consistency of
almost the same level of maturity as rawthe melted cheeses with raw milk was
milk and Pa cheeses. judged to be “longer” than the consistency of

The ripening study showed that at higherMF and Pa milk cheeses.
ripening temperatures the rate of flavour Eberhard et al. [12, 13] analysed the
development was accelerated. The sam@mposition and physical properties of raw
observation was made by Aston et al. [2—4pnd pasteurised milk Raclette cheeses of

with Cheddar cheese, however using onlgood and of insufficient melting quality,
pasteurised milk. and found that the average score indicating

good melting quality was below 4.8 for vis-
cosity, consistency and firmness. They con-
3.6. Melting quality cluded that proteolysis “into the width”
(SN4.6/TN) led to more viscous and longer
Raclette cheese is mainly consumed in éxture of melted cheeses, whereas the pro-
melted form. The melting properties of theteolysis “into the depth” (NPN/TN) led to
cheeses were characterised by Sensoﬁhorter consistency of melted cheeses.
attributes including ‘fat separation’, ‘'vis-  In this study the average score for vis-
cosity’, ‘consistency’ and ‘firmness’ of the cosity and consistency were below 4.8, and
melted cheeses and by ‘softening and drogherefore in the required range for good
ping point’ using an automatic dropping melting quality. Another important sensory
point measuring instrument. parameter is the perception of firmness of

The fat separation such as oiling off waghe melted cheeses in the mouth during
determined visually. Figures 8A, 8B showthewing. Figure 8G shows that all cheeses
the average results for Raclette cheeses ¥fith score above 4.8 for firmness after
different milk treatment and different ripen- ©0 days were firm and tough in perception.
ing temperature after 60 and 90 daysFlgure 8H shows that after 90 days cheeses

Cheeses without fat separation are denotetpc@me softer and were divisible again into
by the value of 1. With longer ripening time tWO groups: cheeses made from or with raw

the fat separation increased, especially ifflilk and those made with pasteurised and
cheeses made with raw milk. It is known,Microfiltered milk, the latter having a score
that in raw milk Raclette cheese fat separd©oWer than 4.8. Cheeses made with raw milk

tion occurs more often than in cheese mad@Were firmer, scoring still above 4.8 thus
from pasteurised milk [13]. indicating insufficient melting quality.

Viscosity and consistency were tested To investigate the influence of different
using a fork; the viscosity by stirring the MilK treatments on melting quality in more
melted cheése in the pan and the considetalil, further parameters such as softening

tency by lifting the Raclette cheese and"d dropping point were measured. Figure 9
hows softening and dropping point of

assessing the break off of the molten mas . X
The viscosity of all cheeses decreased, i.&aclette cheeses from different milk treat-
' ents regarding the ripening temperature

after melting the cheeses were less viscou§€nt i )
with longer ripening time (Figs. 8C, 8D). and time. The softening point of all cheeses

However, when taking the average for a”mcreased_ with eIevated_npem_ng tempera-
ripening temperatures the viscosity of rawfuré and time. The dropping point increased
milk, MF and Pa cheeses after 60 and@lso Wlth elevated temperature but not nec-
90 days was comparable. Generally witfeSSarily with longer ripening time.

longer ripening time the consistency of all According to Eberhard et al. [12, 13] the

cheeses was judged to be ‘shorter’ (Figs. 8Boftening point below 58 °C and the
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Figure 8. Sensory analysis of melted Raclette cheeses from microfiltered, pasteurised and raw milk.
Fat separation after 60 days)( after 90 daysR), viscosity after 60 day<{ and after 90 day®,
consistence after 60 dayg)(and after 90 dayd$, firmness after 60 day&) and after 90 days

(H). Means of eight replicates.
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dropping point below 65 °C are typical forand 14 °C for 60 and 90 days without
cheeses of good melting quality, which conimpairment of the softening and dropping
tain more water, more non protein nitrogerpoint. At 17 °C for 60 days only MF cheeses
and have higher pH, and less fat, calciunshowed a dropping point lower than 65 °C
and lactic acid compared to cheeses with and were in the required range for good
poor melting quality. Ruegg et al. [34] foundmelting quality.

that increased intensity of proteolysis was

responsible for lower softening points and

therefore better melting properties. 4. CONCLUSION

As shown in Figure 9, the influence of

ripening temperature at 17 °C and 20 °C for The elimination of indigenous raw milk
60 and 90 days on softening and droppindlora by microfiltration leads to significantly
point in all cheeses was significant. Thisreduced concentration of free short chain
can be mainly explained by the fact that aacids in MF Raclette cheeses which devel-
elevated ripening temperatures the moistureped less intense flavour compared to raw
content decreased whereas the extent of protilk Raclette cheeses. The indigenous raw
teolysis increased. The influence of fat inmilk flora in MF cheeses could be recon-
dry matter and the NaCl content was neglistructed by addition of a proportion (e.g.
gible. It can be concluded that cheeses afne third) of raw milk to MF cheesemilk.
all three milk treatments can be ripened at 1Higher ripening temperatures were less
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Figure 9. Softening point of Raclette cheeses made from microfiltered Alijipasteurised milkg)
and raw milk C), and dropping point of Raclette cheese made from microfiltered Bjlkpas-
teurised milk E) and raw milk ) after 60 &) and 90 days of ripening)). Upper limit of good melt-
ing quality ¢---). Means of two replicates.
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effective than the addition of raw milk, but [4]
were the most promising way to accelerate
the ripening of MF cheese. At elevated
ripening temperatures above 11 °C the cornjs
centration of free short chain acids and the
proteolysis in MF cheeses were enhanced,
thus leading to increased intensity of arom
In order to achieve good sensory and mel
ing quality, MF cheeses could be ripened
at 17 °C for 60 days which is an option for
ripening acceleration. In cheeses with raw
milk the elevated ripening temperatured’
caused secondary fermentation as well as
flavour defects because of the increased
counts of propionibacteria. Cheeses madg]
from pasteurised milk were comparable to
those made from MF milk. In Pa and MF
cheeses the count of propionibacteria was
below the detection limit and at elevatedg
ripening temperatures no secondary fer-
mentation occurred. However, the Pa
Raclette cheese could be ripened only at
< 14 °C for 90 days because the melting
quality decreased at higher ripening temf10]
perature.

6]

ACKNOWLEDGEMENTS [11]

We thank the Swiss National Science Foun-
dation for financial support within the frame-
work of the Swiss Priority Programme “Biotech- ;)
nology” (Grant 5002-044551/1). We also thank
U. Bitikofer for his support in the field of statis-
tics.

(13]
REFERENCES

[1]  Anonymous, Schweizerisches Lebensmittel-
buch, Kapitel 56 “Mikrobiologie”, Eidgenossi-
sche Drucksachen — und Materialzentrale, Berd14]
(1988) 7.06.

[2] Aston J.W., Fedrick I.A., Durward I.G.,
Dulley J.R., The effect of elevated ripening tem-
peratures on proteolysis and flavour develop-
ment in cheddar cheese. I: Higher initial stor-[15]
age temperatures, NZJ Dairy Sci. Technol. 18
(1983) 143-151.

[3] Aston J.W., Grieve P.A., Durward |.G.,
Dulley J.R., Proteolysis and flavour develop- [16]
ment in Cheddar cheeses subjected to accelerated
ripening treatments, Aust. J. Dairy Technol. 38
(1983) 59-65.

T. Klantschitsch et al.

Aston J.W., Giles J.E., Durward |.G., Dulley J.R.,
The effect of elevated ripening temperatures on
proteolysis and flavour development in Cheddar
cheese, J. Dairy Res. 52 (1985) 565-572.

Badertscher R., Liniger A., Steiger G., Bestim-
mung der flichtigen Fettséuren in Kése aus dem
Wasserdampfdestillat mit « Headspace —
GD/FID », FAM Information 272 (1993).

Beuvier E., Berthaud K., Cegarra S., Dasen A.,
Pochet S., Buchin S., Duboz G., Ripening and
quality of Swiss-type cheese made from raw,
pasteurized or microfiltered milk, Int. Dairy J. 7
(1997) 311-323.

Bouton Y., Grappin R., Comparaison de la qua-
lité de fromages a pate pressée cuite fabriqués a
partir de lait cru ou microfiltré, Lait 75 (1995)
31-44.

Collomb M., Spahni M., Steiger G., Estimation
of nitrogen according to Kjeldahl in milk prod-
ucts and some of their nitrogen-containing frac-
tions with an automatic system, Lebensm. Hyg.
81 (1990) 499-509.

Demarigny Y., Beuvier E., Dasen A., Duboz G.,
Influence of raw milk microflora on the char-
acteristics of Swiss-type cheeses. I. Evolution
of microflora during ripening and characteriza-
tion of facultatively heterofermentative lacto-
bacillin, Lait 76 (1996) 313-416.

Demarigny Y., Beuvier E., Buchin S., Pochet S.,
Grappin R., Influence of raw milk microflora
on the characteristics of Swiss-type cheeses: II.
Biochemical and sensory characteristics, Lait
77 (1997) 151-167.

Eberhard P., Moor U., Ruegg M., Flickiger E.,
Objective Erfassung des Erweichungs- und
Tropfpunktes von Raclettekése, Schweiz. Milch-
wirt. Forsch. 15 (1986) 93-96.

Eberhard P., Moor U., Riegg M., Zusam-
mensetzung und physikalische Eigenschaften
gut und ungentigend schmelzender Racelttekése
|. Raclettekdse aus pasteurisierter Milch,
Schweiz. Milchwirt. Forsch. 17 (1988) 3-8.

Eberhard P., Moor U., Riegg M., Zusam-
mensetzung und physikalische Eigenschaften
gut und ungeniigend schmelzender Raclettekése
II. Walliser Raclettekéase, Schweiz. Milchwirt.
Forsch. 17 (1988) 47-52.

Gallmann P., Einfluss der Rohmilchflora auf
die biochemischen Vorgange der Kasereifung
am Beispiel von Raclette-Kase aus pasteuri-
sierter und roher Milch, 85-112. Diss. ETH Nr.
6972, Zirich, 1982.

Gallmann P., Puhan Z., Beeinflussung der Kase-
qualitat durch ausgewahlte Mikroorganismen
der Rohmilchflora, Schweiz. Milchwirt. Forsch.
11 (1982) 64-69.

Gaya P., Medina M., Rodriguez-Marin M.A.,
Nunez M., Accelerated ripening of ewes’ milk
Manchego cheese: the effect of elevated ripen-
ing temperatures, J. Dairy Sci. 73 (1990) 26-32.



(17]

(18]

(29]

(20]

[21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

Influence of milk treatment on Raclette cheese

Glattli H., Dalla Torre M., Zahlung von Propi-
onsaurebakterien in Milch, Milchprodukten und
Hilfsstoffen, FAM internal report (unpublis- [29]
hed), 1995.

Holm S., Malmberg R., Method and plant for
producing milk with a low bacterial count, Inter-
national Patent PCTNVO86/01687, 1986.

IDF, Cheese and processed cheese products.
Determination of total solids content, Standard[31]
4A, 1982.

IDF, Milk: Determination of nitrogen content
(Kjeldahl method) and calculation of crude pro-
tein content, Standard 20A, 1986.

IDF, Cheese and processes cheese productgp)
Determination of chloride content. Potentio-
metric titration method, Standard 88A, 1988.

IDF, Milk and milk products: Preparation of test [33]
samples and dilutions, for microbiological exam-
ination, Standard 122A, 1988.

ISO, Cheese, Determination of fat content. Van
Gulik method, Standard 3433, 1975.

Isolini D., Grand M., Glattli H., Selektivmedien [34]
zum Nachweis von obligat und fakultativ
heterofermentativen Laktobazillen, Schweiz.
Milchwirt. Forsch. 19 (1990) 57-59.

Lidberg E., Bredal B., Suitability of microfilte- [35]
red cheese milk in the manufacture of Swedish
hard cheese, Scand. Dairy Inf. 2 (1991) 20-23.

Malmberg R., Holm S., Producing low-bacte-
ria milk by microfiltration, North Eur. Food
Dairy J. 54 (1988) 30-32.

Massart D.L., Vandeginste B.G.M., Buydens
L.M.C., De Jong S., Lewi P.J., Smeyers-Ver-
beke J., Handbook of Chemometrics and Quali-
metrics: Part A, Elsevier, Amsterdam (1997)
743-747.

McSweeney P.L.H., Fox P.F., Lucey J.A.,
Jordan K.N., Cogan T.M., Contribution of the

(30]

(36]

(37]

67

indigenous microflora to the maturation of Ched-
dar cheese, Int. Dairy J. 3 (1993) 613-634.

Meersohn M., Nitratfreie Bacto, catch-Kase-
herstellung, North Eur. Food Dairy J. 55 (1989)
108-113.

Mossel D.A.A., Streptokokken der Lancefield
Gruppe D in Lebensmittel und Trinkwasser,
Arch. Lebensmittelhyg. 29 (1978) 121-127.

Piot M., Vachot J.C., Veaux M., Maubois J.L.,
Brinkman G.E., Ecrémage et épuration bacté-
rienne du lait entier cru par microfiltration sur
membrane en flux tangentiel, Tech. Lait. Market.
1016 (1987) 42-46.

Rosenberg M., Altemueller A.G., Effect of sto-
rage temperature on the proteolysis of Cheddar
cheese, J. Dairy Sci. (Suppl. 1) 78 (1995) 102.

Roy D., Pitre M., Blanchette L., Savoie L.,

Bélanger G., Ward P., Maubois J.L., Monito-

ring proteolysis and cheese juice composition
during ripening of Cheddar cheese made from
microfiltered milk, Lait 77 (1997) 521-541.

Riiegg M., Moor U., Erweichungs- und Tropf-
punktstemperaturen verschiedener Halbhart-
und Hartkése, Schweiz. Milchwirt. Forsch. 17
(1988) 69-73.

Schar H., Glattli H., Moor U., Nick B., Sieber R.,
Steiger G., Untersuchungen uber den Rei-
fungsverlauf von qualitativ gutem Walliser
Raclettekése, Schweiz. Milchwirt. Forsch. 21
(1992) 52-57.

Trouvé E., Maubois J.L., Piot M., Madec M.N.,
Fauquant J., Rouault A., Tabard J., Brinkman
G.E., Rétention de différentes especes micro-
biennes lors de I'épuration du lait par microfil-
tration en flux tangentiel, Lait 71 (1991) 1-13.

Vincens D., Tabard J., L’élimination des germes
bactériens sur membranes de microfiltration,
Tech. Lait. Market. 1033 (1988) 62—64.



