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Abstract

A new type of ripened soft cheese by Geotrichum candidum was manufactured with pasteurized milk from Jersey and Holstein
cow breeds. The physico-chemical (moisture, pH, acidity, protein, lipids and ash) and technological parameters (proteolysis,
texture profile and color) during 21 days of ripening cheese (surface, center and whole), were evaluated. The differences in the
cheese produced with Holstein cow milk were related to increased proteolysis (tyrosine and acid-soluble nitrogen) and the
influence of the a* and b* color parameters. The cheeses prepared with Jersey cow milk showed a high fat content and lower
proteolysis, which had a significant effect on the instrumental texture profile. Using chemometrics and two-way ANOVA was
possible to distinguish the cheeses based on the breed of cow and ripening time. After two weeks, the cheeses already presented
characteristics of the ripening by G. candidum.

Keywords: ripened soft cheese; chemometrics; surface-ripening; proteolysis; texture profile.

Practical Application: The Brazilian cheese market is growing. However, there is few information about the manufacture of
ripened cheeses and quality characteristics. The article presents the detailed manufacturing protocol of a new ripened cheese by
Geotrichum candidum. This yeast provides distinct characteristics in the cheeses mainly for gastronomic application. This research
will be useful in the scientific sector and in the dairy industry. Therefore, the cheeses, with only two to three weeks of ripening,

is one more way of adding value to the milk and contributing to the diversity of Brazilian cheeses.

1 Introduction

Geotrichum candidum is a surface yeast that positively affects
the characteristics (appearance, texture, taste and aroma) of
several mold-‘ripened cheeses, such as Camembert, Munster,
Limburger, Saint Marcellin and Livarot (soft cheeses), as well
as Reblochon, Saint Nectaire and Armada (semi-hard cheeses)
(Larpin et al., 2006; Pottier et al., 2008; Cogan et al., 2014).
The G. candidum can be used in cheeses that are prepared
with unpasteurized milk, and especially when prepared with
pasteurized milk, since it enhances sensory characteristics that
are related to raw milk ripened cheeses (Boutrou & Guéguen
2005; Mourgues et al., 1983) resulting on the increase of its
popularity among consumers of several countries.

In the cheese manufacturing, commercial strains of G. candidum
can be added to the milk, to the brine or sprayed in the cheese
aiming to colonize the surface of the cheeses during the first week
of ripening (Boutrou et al., 2006). After 1 or 2 weeks, the population
become stable with about 10°-10” TFU (thallus forming units) per
gram of cheese (Pottier et al., 2008; Molimard et al., 1995). In the
cheese, their growth provides a uniform velvety-white mold on
the surface (Boutrou & Guéguen, 2005). The G. candidum grows
in a wide temperature range (5 to 38 °C) with optimum around

25 °C. The pH of the cheese during preparation (4.4 to 6.7) has
little influence on the growth of G. candidum (Van den Tempel
& Nielsen, 2000). However, wild and commercial strains may
tolerate only 1 to 5% of salt (Boutrou & Guéguen, 2005).

In the cheeses, G. candidum is responsible for metabolize
the galactose (cheeses manufactured with thermophilic lactic
acid bacteria) and the lactic acid (lactate) as the main source
of energy (Monnet et al., 2015; Aziza et al., 2008). After a few
days of ripening, the higher level of the lactate in the surface is
metabolized by G. candidum, promoting its migration from the
core to the outside of the cheese (Larpin et al., 2006). In addition,
G. candidum releases ammonia during the metabolism of amino
acids, which diffuses from the outside in with the increase of
the pH in the surface (McSweeney, 2017; Boutrou & Guéguen,
2005). Therefore, at the final of the processing, the pH in the
surface can reach to a value higher than 7.5 for some ripened
cheeses (Monnet et al., 2015). Furthermore, during cheese
ripening, G. candidum provides highly active proteases (mainly
peptidases), with optimal pH values ranging from 5.5 to 6.0
(releasing peptides and amino acids), and lipases which optimal
pH range from 5.5 to 7.0 (releasing free fatty acids). These enzymes
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contribute releasing energy substrates and development of the
distinct flavor, texture and thickness of the rind (Monnet et al.,
2015; Sacristan et al., 2012; Marcellino et al., 2001).

Holstein and Jersey cow milks are commonly used in cheese
manufacturing and have different characteristics between them
that may affect the cheese ripening (Blake et al., 2012). Therefore,
this study aimed to evaluate the effect of the use of pasteurized
milk from Holstein and Jersey cow breeds on the physical-chemical
and related properties in a new cheese ripened by G. candidum.

2 Materials and methods
2.1 Materials

Holstein cow milk was provided by the Capdo da Onga
School Farm (FESCON) of the State University of Ponta Grossa
(UEPQ), located in the city of Ponta Grossa (Paran4, Brazil -
250 05”427 S, 50 © 09" 43” W). Jersey cow milk was provided
by a milk producer from the city of Castro (Parana, Brazil -
24047 28” S, 50°00* 43” W).

Thermophilic culture (Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus, YO-MIX 495 LYO,
Danisco, Canada) were used as lactic fermentation starters.
Geotrichum candidum (Choozit’s 13, Danisco, Canada) was used
as surface culture. Calcium chloride (Biotec, USA), curd-based
chymosin and bovine pepsin (HA-LA 2154 IMCU, Chr. Hansen,
Brazil), food grade sodium chloride (Sal Marinho Cisne, Brazil)
and annatto colorant (Coalhopar FBE-U70, Brazil) were used
in the manufacture of the cheeses. All the reagents used in the
experiments were of analytical grade. The aqueous solutions
were prepared using ultra-pure water (Milli-Q, Millipore, Brazil).

2.2 Methods
Cheese manufacture

The new manufacturing protocol of cheeses ripened with
G. candidum was tested and improved by cheesemakers in the
pilot plant of the Technological School of Milk and Cheese of
the Campos Gerais region (ETLQueijos, UEPG, Ponta Grossa,
Brazil). The Holstein cow milk and the Jersey cow milk (three
batches of 100 L for each cow breed milk) were pasteurized at
73 °C for 15 seconds (plate pasteurizer, Mec Milk -21, Brazil).
In sequence, the Jersey cow milk (pH 6.65 + 0.01; lipid content
33.7+0.6 g/L; protein content 36.6 + 0.4 g/L; non-fat dry extract
92.3 £ 0.5 g/L and somatic cell count 269 + 26 x 10° cell/mL)
and Holstein cow milk (pH 6.68 + 0.01; lipid content 25 + 3 g/L;
protein content 31.7 + 0.7 g/L; non-fat dry extract 83 =2 g/L
and somatic cell count 274 + 34 x 10° cell/mL) and cooled to
34 °C in stainless steel tanks (AISI 304). To the milk were added
0.01 g/L of thermophilic lactic acid cultures and 0.4 mL/L of a
solution of 500 g/L calcium chloride (Synth, Brazil). After 30 min
(pH 6.54 - 6.56) the rennet (0.016 g/L) was added. The curd was
cut with the aid of a curd-cutting harp in vertical and horizontal
directions (2 cm cubes), followed by slow stirring for 30 min until
the perception of the desired texture of the curd. In this period of
agitation, the temperature was controlled until it reached 36 °C.

The cheese curds were transferred into high-density
polyethylene molds (140 mm diameter and 100 mm height,
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Jandaplast RP-500, Brazil), using cheese cloth to assist the whey
drainage. During the pressing (2.0 kg used per cheese for 6 h),
two turns were made (after 30 and 60 min). The pH of the whey
during pressing was 6.42 - 6.44. After pressing, the cheeses
were kept in the molds at 10.0 £ 0.5 °C for 12 h for drying and
pre-ripening. The cheeses were immersed in 20 °Brix brine for
60 min at 10 °C.

The cheese ripening was initiated at pH 5.10-5.15.
The G. candidum was inoculated by spraying (9.0 g/L sodium
chloride solution, containing 3.0-5.0 x 10* spores/mL). The relative
humidity (95 £ 2%) and the temperature (16.0 + 0.5 °C) were
controlled for seven days. This temperature at the beginning of
ripening promotes the growth and deacidifying of the surface by
the G. candidum. After this period, the cheeses were washed with
brine (9.0 g/L sodium chloride) to control the development of
“graisse” (a surface layer of G. candidum with fatty aspect) and to
prevent the growth of contaminant molds (Monnet et al., 2015).
The cheeses were immersed in annatto solution to develop a dark
orange color rind. Following, the samples were maintained for
two weeks at 12 + 0.5 °C and relative humidity > 95 + 2%; they
were turned every two days. The G. candidum that grew in the
surface (stained by annatto) created a thin white layer that left
the cheese with its characteristic orange color.

The experiments were carried out in three replicates
(100 L = 36 cheeses x 3 = 108 cheeses samples) for both the
Jersey and Holstein cow milk. Analytical monitoring was
performed in the cheeses with 1, 7, 14 and 21 days of ripening.
On each date of analysis, four cheeses were removed at random
from the ripening chamber: two were divided into surface and
center portions, and two were analyzed in full (whole cheese).
The “surface” portion (upper, lower and side parts) corresponded
to a 3-4 mm layer and the “center” was the remainder of the
cheese. The whole cheese and the separate fractions were ground
and homogenized in a food processor (Philips Walita, model
RI 7620, Brazil) and immediately analyzed.

Composition analysis
Milk

The determinations of pH (Hanna, model pH 21, Brazil) and
acidity were performed as described by the AOAC (Association
of Official Analytical Chemists International, 2016). The contents
of solids were measured gravimetrically after the samples were
dried to constant weight at 105 °C (Instituto Adolfo Lutz, 2008).
The lipid contents were determined by Gerber butyrometer, and
total nitrogen by the Kjeldahl method using a conversion factor
of 6.38 for crude protein (Association of Official Analytical
Chemists International, 2016). The somatic cell count was
performed using a DCC DeLaval cell counter (Tumba, Sweden).

Cheese

The samples were ground in a processor (Philips Walita,
model RI 7620, Barueri, Sdo Paulo). Titratable acidity, crude
protein, solid and moisture contents were measured as described
in classic methodology for cheeses (Association of Official
Analytical Chemists International, 2016; Instituto Adolfo Lutz,
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2008). Lipid content was determined using a Gerber butyrometer
specifically used for cheese analysis.

Monitoring of proteolysis

Proteolysis was determined by soluble nitrogen at pH 4.6
(acid soluble nitrogen — ASN) (Lynch & Barbano, 1999) and
soluble nitrogen in 12% trichloro acetic acid (non-protein
nitrogen — NPN) (Association of Official Analytical Chemists
International, 2016). The calculations of the extent of the proteolysis
index (EPI) which reflects the percent of decomposed protein
molecules, mostly to large peptides and the depth of proteolysis
(DPI) indicated the percent to which these large peptides are
degraded into smaller molecules, were carried out as described
by De Rensis et al. (2009). Proteolysis was also assessed by the
concentration of tyrosine, using the method proposed by Vakaleris
& Price (1959). The results were expressed as percentages of
proteolysis during the ripening period ([end value,, , - initial
value ]/initialvalue ,x 100).

Color measurements

The color parameters of the cheeses were analysed by
reflectance using a MiniScan EZ colorimeter (Hunter Lab, Reston,
Virginia, USA). The readings (six repetitions) were taken from
the surface and the center of the cheeses, and then the values for
L* (lightness; 100 = white, 0 = black), a* (chromaticity; + red;
- green) and b* (chromaticity; + yellow; - blue) were recorded.
The hue angle (h*) was calculated as the inverse tangent of the
ratio b*/a*, due to the combination of a* and b* gives a better
indication of color than their individual values (Wadhwani &
Mcmahon, 2012).

Texture profile analysis (TPA)

Cylinders of 2 cm diameter and 2 cm height were taken from
the cheeses to obtain six replicates per sample. The determination
of the texture profile was performed at 25 °C in a TA-XTPlus
Texture Analyzer (Stable Micro Systems, Godalming, UK) using
a 36 cm diameter aluminium cylindrical probe (P-36). The test
speed was 0.8 mm/s, with dual compression of 30% of the initial
height of the sample (Marinho et al., 2015).

2.3 Statistical analysis

The data were presented as mean + standard deviation (SD).
Firstly, all the variables had their normality checked (Shapiro-Wilk’s
test), and the differences between the samples were assessed by
Student’s test or one-way analysis of variance (ANOVA) followed
by Fisher’s LSD post hoc test. Pearson’s correlation was used
to evaluate the strength of correlation between the evaluated
parameters. A p-value below 0.05 was significant (Marinho et al.,
2015). Two-way ANOVA was performed on the data to study
the effects of the cow breeds and the period of ripening on the
physico-chemical composition and instrumental parameters
of the ripening by G. candidum. A chemometric application,
which was composed of principal component analysis (PCA) and
hierarchical cluster analysis (HCA), was implemented. Firstly,
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all the variables were auto scaled to standardize the statistical
importance of all the responses (Zielinski et al., 2014).

PCA was performed to analyze the correlation between the
cheeses made from Holstein and Jersey cow milk during the
ripening time with G. candidum. A 2D-scatter plot was used
to distinguish the differences between the samples obtained
by the PCA results. Lastly, HCA was performed to assess the
similarities between the cheeses. The similarities were calculated
by Euclidean distance, and the Ward hierarchical agglomerative
method was used to cluster the samples (Zielinski et al., 2014).
The three suggested clusters were compared, the homogeneity of
variance was checked by Levene’s test, and one-way ANOVA, and
Fisher’s LSD post hoc tests were applied to verify the differences
between the clusters. For the variables that did not present
homogeneous variances (p > 0.05) the Kruskal-Wallis test was
used. All the statistical analyses were performed using Statistica
13.2 software (Stat Soft Inc. South America, Tulsa, OK, USA).

3 Results and discussion
3.1 Characteristics and composition of the cheeses

In twenty-one (21) days of ripening, the cheeses (n = 10)
were cylindrical in shape (diameter of 100 + 2 mm on average)
with an average height of 40 + 2 mm and weight of 304 + 27 g.
The cheeses were classified according to purpose by Bylund (2015)
and they ranged from medium (36-45.9%) to high (46-54.9%)
moisture content; as soft (moisture on a fat-free basis (MFFB)
> 67%) and high-fat (fat on a dry basis (FDB) > 60%) cheeses
(Table 1), typical contents for cheese ripened by G. candidum
(Martin et al., 1997). The moisture content during the ripening
of cheeses evidenced a certain fluctuation among samples for
the two cheeses evaluated (from Holstein and Jersey milk).
However, in most of the analysis points, the values showed
not significant differences (p > 0.05) (Table 1). The cheeses
produced with Holstein cow milk (whole cheese) had an increase
(not significant p > 0.05) of ash content, until twenty-one (21)
days of ripening (ash x ripening, r = 0.67, p < 0.05). The ash
content increase significantly (p < 0.05) on the surface of the
cheeses during ripening (Table 1). Probably due to the mineral
displacement into the curd to compensate the precipitation of
calcium salts in the surface of the cheeses due to increases in pH
(McSweeney, 2017). In addition, the salting process (first day)
and annatto painting (seventh day of ripening) can increase the
ash content on the surface.

The cheeses made from Jersey cow milk (lipid content in
milk of 33.7 g/L) showed a 28% higher lipid content than in
the cheeses made with Holstein cow milk (lipid content in milk
24.7 g/L) in the whole fraction (Table 1). Practically all the lipid
fraction of the milk is retained in the casein gel (McSweeney,
2017). In our study, the cheese prepared with Jersey cow milk
showed alower lipid content (Table 1) than French Camembert, a
soft cheese (minimum of 45g/100g in dry matter) (France, 2008).
The lipid content in cheeses is important for the development
of the aromatic compounds (secondary biochemical events of
ripening), mainly by milk lipases [lipoprotein lipase (LPL)]
released by G. candidum.
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Table 1. Physico-chemical of ripened cheese by G. candidum elaborated with cow milk of Holstein and Jersey breeds.

Parameters Dairy Fraction Period of ripening (days)

(g/kg) Cows cheese 1 7 14 21 P
Moisture Holstein Center 595 + 25 487 + 12 572 + 7% 578 + 7% *
Surface 499 + 18 517 +23%4 503 + 6%¢ 428 + 14°° *
Whole 603 + 43 507 + 504 545 + 20bA8 484 + 9 *
Jersey Center 485 + 328 489 +30% 496 + 46°¢ 520 + 14 ns
Surface 573 + 114 435+ 11% 475 + 6"C 468 + 32°C *
Whole 428 +20°¢ 500 + 84 466 + 33°¢ 492 + 388¢ ns

P * * * *
Ash Holstein Center 29.5 + 0.6*¢ 30+1° 27.1+0.7°P 22.1+0.1¢ *
Surface 35.2 + 0.4 3242¢ 38.8 +£0.294 38.7 1% *
Whole 30.0 £ 0.3 34.6 +£0.44 33.6£2.1® 37.3+0.9* *
Jersey Center 28+ 1P 34+9 27.8 £2.5 253+0.2° ns
Surface 22+ 1% 33+1° 31.0 £1.15¢ 33.1+ 18 *
Whole 25.1 £0.7°P 29+0.1° 33.5+2.3% 29.8 +0.4¢ *

P * ns * *
Lipids Holstein Center 245 + 5¢ 228 + 7.6 232+ 7.6%¢ 225+ 9°C *
Surface 243 + 6° 240 + 5.0¢ 238 +£10.4¢ 235+ 13¢ ns
Whole 235+ 5¢ 228 +7.6¢ 230 +5¢ 236 + 6¢ ns
Jersey Center 310 + 10® 305+ 13.3" 315+ 13.24 297 + 88 ns
Surface 327 £ 64 307 + 5.7°8 295 + 5 293 £ 6 *
Whole 330 £ 10* 323 £5.7% 322 +£2.9% 328 + 84 ns

P * * * *
Protein Holstein Center 148 + 2 176 + 16.9*® 159 + 79b<E 193 + 3 *
Surface 184 + 204 184 + 2.2 251 + 15 191 + 16°® *
Whole 142 + 2 179 + 8.1° 183 £ 2°P 197 £ 7% *
Jersey Center 181 + 1% 186 + 3.0°® 200 + 1%¢ 184 + 9°B *
Surface 133 + 3P 206 + 5.9%4 221 + 9 217 + 504 *
Whole 151 + 38 195 + 7.2048 215 + 5%¢ 188 + 5% *

P * * * *
NPN Holstein Center 3.4+0.3% 2.5+0.3% 7.24£0.3%4 5.2+0.2% *
Surface 3.5+ 0.4 2.5+0.01% 7.7 £0.2% 9.7 £ 0.6 *
Whole 0.60 + 0.01¢ 0.5 +0.01% 1.10 £ 0.01°° 1.7 £ 0.1°¢ *
Jersey Center 1.6+ 0.1¢ 2.2+£0.01%® 2.4+ 04 44+0.2°° *
Surface 0.60 + 0.014¢ 23+0.2% 3.9 +0.1% 6.1+0.1% *
Whole 0.10 £ 0.01¢° 0.4 +£0.01¢ 0.70 + 0.01°° 1.20 + 0.01% *

P * * * *
ASN Holstein Center 1.20 £ 0.01% 0.80 £ 0.01® 1.5+ 0.1%P 0.80 + 0.01<¢ *
Surface 1.0 £ 0.2¢4 0.90 + 0.01® 3.8+ 0.5% 2.0 +£0.2% *
Whole 1.0 £0.2¢4 0.90 + 0.01® 2.5+0.2% 1.8+ 0.1% *
Jersey Center 0.9 £0.2% 1.00 + 0.01%® 1.00 + 0.01°° 2.0+0.3® *
Surface 0.5+0.1¢ 1.7 +0.4% 1.8 +£0.2%¢ 3.9+ 0.5% *
Whole 0.60 + 0.01® 1.2+0.1°8 1.40 +0.01°° 4.5+0.3* *

P * * * *
Tyrosine Holstein Center 169 + 114 193 + 14°C 436 + 26" 1743 + 128 *
Surface 149 £ 64 402 + 224 3007 + 44°4 5460 + 272% *
Whole 100 + 15 232+ 19 1670 + 84% 4707 + 65 *
Jersey Center 83 + 34 154 + 14 471 £ 31°P 896 + 55 *
Surface 141 + 17448 389 + 16 1561 + 818 2031 + 148 *
Whole 113 + 4B¢ 240 + 12 687 + 179¢ 1671 + 520 *

P * * * *

Note: Different lowercase letters in the same row indicate significant differences between days of ripening (Fishers test, *p < 0.05). Different capital letters in the same column indicate
significant differences between cheeses elaborated with cow milk breeds Holstein or Jersey (Fisher’s test, *p < 0.05). NPN: Non-protein nitrogen; ASN: Nitrogen soluble acid; ns: indicates
no significant difference.
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3.2 Proteolysis of the cheeses

No significant differences (p > 0.05) were found in the protein
content between cow breeds and their cheeses fractions until
21 days of ripening (Table 1). The extent of the proteolysis index
(EPT) was significantly (p < 0.05) higher in the surface (21 days
of ripening), and the NPN, ASN and tyrosine contents increased
during ripening (NPN x ripening, r = 0.87, ASN x ripening,
r = 0.76, tyrosine X ripening, r = 0.79, p < 0.01) (Table 1).

The use of lactic acid by G. candidum raises the surface
pH of the cheese (6.1-6.5) and stimulates the action of plasmin
(milk endoproteinase), which enhances the proteolysis in the
rind (McSweeney, 2017). On the other hand, the proteolysis in
the center of the cheese was lower due to the difficulty of the
enzyme diffusion.

Furthermore, the extent of the proteolysis (EPI) was
significantly (p < 0.05) higher in the cheeses manufactured
with Holstein cow milk after 14 days of ripening (Table 1 and
Figure 1a) and that could be explained by the high content of
plasmin found in this milk when compared with the Jersey cow
milk (Bastian et al., 1991; Schaar, 1985). The biological activity
of plasmin resists the pasteurization temperature, which affects
the ripening process (Denis et al., 2001). Castellote et al. (2015)
also observed that the cheeses ripened by G. candidum showed a
beginning of proteolysis after 14 days and an extensive proteolysis
after 20 days of ripening. The depth of proteolysis (DPI) in a
cheese is mainly determined by the action of enzymes from
the lactic acid bacteria starter (McSweeney, 2017). The cheeses
(surface and center) showed the same DPI during the ripening
(Figure 1b).

3.3 Texture of the cheeses

The changes in the instrumental texture parameters during
ripening may have been related to proteolysis, predominantly
after seven (7) days of ripening, when the greater changes were

0.40 mld =7d m14d m21d
0.35 -
0.30 -
e 025
. 0.20
0.15
0.10 - I
¥ = -
0.05 - I .
0.00 —+ - .
Center Surface Center ‘ Surface
Holstein Jersey

(@)

observed (Table 2). All texture parameters showed significant
differences (p < 0.05) during the ripening (hardness x ripening,
r=-0.79; springiness x ripening, r = -0.95; cohesiveness x ripening,
r=-0.93; gumminess x ripening, r = -0.80; chewiness x ripening,
r =-0,81; resilience x ripening, r = -0.95). The main softening of
the cheeses made with Holstein or Jersey cow milk occurred from
day one to day 14 of ripening. All the texture parameters showed
decreasing values (Table 2) as the proteolysis increased within the
ripening time (springiness x NPN, r = -0.79; springiness x ASN,
r=-0.82; cohesiveness x NPN, r = -0.75; cohesiveness x ASN, r = -0.81;
resilience x NPN, r = -0.79; resilience x ASN, r = -0.77; resilience
x tyrosine, r = -0.72). Thus, the growth of G. candidum could be
the principal factor that affected the texture (Molimard et al.,
1995; Boutrou et al., 2006).

3.4 Color of the cheeses

The results of this study showed a decrease in brightness
(L*) in the cheese (browning) during ripening (L* x ripening,
r=-0.62, p <0.05) (Table 3). After seven days of ripening the
annatto colorant was added to improve the external appearance
of the cheese (Dufossé et al., 2005). This procedure is especially
used in manufacture of industrial Reblochon cheese. There was
asignificantly (p < 0.05) increase in the a* parameter [red (+) to
green (-)] on the surface (rind). As time passed, this red color
tended to migrate towards the center, reducing the L* parameter
(a*x L* r =-0.82, p < 0.05) and increasing the b* parameter
[yellow (+) blue (-)] (a* x b*, r = 0.93, p < 0.01) on the surface
and in the center of the cheese. In addition, the surface growth
of G. candidum produced a fine white biomass layer, which
decreased the intensity of the red color. The hue angle (h*)
suggested a coloration in the surface (rind) between light yellow
(the cheese made with Jersey cow milk), light orange (the cheese
made with Holstein cow wilk), and yellow in the center (for both
cheeses) (Table 3). Therefore, the addition of the colorant on the
surface positively affected the color of the cheese.

0.14 m1d 7d m14d m21d
0.12
0.10
R
= 0.08
o
0.06
0.04 -
0.02 ' I
0.00
Center Surface Center Surface
Holstein lersey

(b)

Figure 1. Evolution of the extent of proteolysis index, EPI (a) and depth of proteolysis index, DPI (b).
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Table 2. Texture profile of ripening cheese by G. candidum elaborated with cow milk breeds Holstein and Jersey.

Period of ripening (days)

Parameter Dairy cows

1 14 21
Hardness (N) Holstein 10+ 24 7.60 + 1.23% 2.32+£0.71A 1.5 +£0.6° *
Jersey 6.34 + 0.80*° 1.71 £ 0.512¢ 1.49 +0.288 1.3+0.3° *

p * * ns
Springiness Holstein 0.89 £ 0.01* 0.88 +0.01* 0.80 + 0.06" 0.7 +£0.2° *
Jersey 0.88 + 0.02* 0.83 £ 0.01%8 0.77 £ 0.01° 0.69 £ 0.05° *

P ns ns ns
Cohesiveness Holstein 0.83 +0.01% 0.81 +0.01%* 0.78 + 0.05° 0.70 + 0.13% *
Jersey 0.82 +0.01% 0.79 £ 0.01%8 0.73 £0.01° 0.66 £ 0.05° *

p * ns ns
Gumminess (N) Holstein 8.41 + 1.24% 6.16 +0.13* 1.8 £0.64 1.1 £0.6° *
Jersey 5.17 + 0.64*8 1.35 + 0.40%® 1.1 +£0.2%8 0.9 £0.3" *

p * * ns
Chewiness (N) Holstein 7.48 +0.01%4 5.42 +0.01% 1.45 +0.01A 0.78 £ 0.01¢ *
Jersey 4.57 +£0.018 1.12 £ 0.01%® 0.84 +0.01°® 0.59 +0.01° *

P * * ns
Resilience Holstein 0.48 +0.01%4 0.46 £ 0.01* 0.39 + 0.04% 0.30 + 0.09 *
Jersey 0.45 +0.01® 0.45 +0.018 0.34 +0.01%® 0.27 +0.03" *

P * * ns

Note: Different lowercase letters in the same row indicate significant differences between days of ripening (Test t, *p < 0.05). Different capital letters in the same column indicate significant
differences between cheeses elaborated with cow milk breeds Holstein and Jersey (Fisher’s test, *p < 0.05). ns: indicates no significant difference.

Table 3. Colorimetric analysis of the surface and center of ripened cheese by G. candidum elaborated with cow milk of Holstein and Jersey breeds.

Period of ripening (days)

Parameter Dairy cows Fraction cheese P
1 7 14 21
L* Holstein Center 93.4 + 0.4 90.9 + 0.9%4 88.3 £0.3% 89 + 14 *
Surface 92.9 +0.348 71.9 £ 0.8 80.6 + 0.9"® 71+ 1€ *
Jersey Center 93.5+0.2* 89.5 + 0.3 89.9 + 0.6 87.0+0.14 *
Surface 92.4+0.2® 75.1 + 3B 80 + 1% 80 + 1%® *
P * * * *
a* Holstein Center 22+0.1% 4.1+0.6"™ 3.80 £ 0.07*® 3.9+0.2¢ *
Surface 1.70 + 0.07® 21.3+0.8% 6.7 £ 0.9 12+ 104 *
Jersey Center 2.1 £0.06" 2.7+0.1*® 3.5+ 0.4 3.50 £ 0.03¢ *
Surface 23+0.1 19 + 44 6.9 +0.5% 5.5 + 0.4 *
P * * * *
b* Holstein Center 19.0 £ 0.4 27 £ 1%® 29.3 £ 0.5%4 28+ 4° *
Surface 19.6 £ 0.5 62+ 1.01%4 15.5 + 0.3 28 £3° *
Jersey Center 18.2 £ 0.3 24.1 £0.13% 29.4+0.4" 31.80 + 0.06 *
Surface 21+ 1* 58.0 +13.43 20 + 1°¢ 24+ 7° *
P * * * ns
Hue angle Holstein Center 833+0.1° 81.5 + 1.16* 82.5+0.1* 82+ 1% ns
Surface 85.1 £0.1*4 71.1 + 0.60°® 67 + 3¢ 66.2 + 0.5 *
Jersey Center 83.1 +£0.2*® 83.6 £ 0.25% 83.2 +0.6* 83.60 + 0.06>4 *
Surface 83.7 £ 0.6 71.1 +3.41% 70.9 + 0.9 76 + 4% *
p * * * *

Note: Different lowercase letters in the same row indicate significant differences between days of ripening (Fishers test, *p < 0.05). Different capital letters in the same column indicate
significant differences between cheeses elaborated with cow milk breeds Holstein and Jersey (Fishers test, *p < 0.05). L: luminosity; a*: color parameter red (+) and green (-); b*: color

parameter yellow (+) and blue (-); ns: indicates no significant difference.

3.5 Multivariate analysis

Multivariate tools were used to evaluate all the variables
together and to determine their main effects on the cheeses.
Principal component analysis (PCA) was applied to evaluate the
physico-chemical, texture and instrumental color of the cheeses
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during ripening by G. candidum. Using a 2D-scatter plot it was
possible to distinguish the cheeses according to the ripening
stage and the breed of cow. The first principal component (PC1)
was able to explain up to 46.25% of variance and PC2 could
explain 21.08%, totaling 67.33% of total variance (Figure 2).
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Hartmann et al. (2015) evaluated the thermo-physical parameters
of generic Emmental cheese from Germany, the use of PCA
explained 68.9% of total variance and when considering the three
first PC’s they concluded that the thermo-physical properties
were suitable for the characterization of Emmental cheese.

In the present study, the similarity between the samples was
assessed by hierarchical cluster analysis (HCA) and three clusters
were suggested, which corroborated with the groups obtained by
PCA. Cluster 1 grouped together the fresh cheeses (located on
the left side) (Figure 2) and differences between the cow breeds
were reflected in higher levels of luminosity (center e surface),
hue angle (h*) (surface), hardness, springiness, gumminess, and
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Figure 2. Principal component analysis (PCA): (A) PCA scores plot;
(B) scatter loading plots. Note: M(C)- Moisture (center); M(S)- Moisture
(surface); M(W)- Moisture (whole); A(C)- Ash (center); A(S)- Ash
(surface); A(W)- Ash (whole); L(C)- Lipids (center); L(S)- Lipids (surface);
L(W)- Lipids (whole); NPN(C)- Non-protein nitrogen (center); NPN
(S)- Non-protein nitrogen (surface); NPN (W)- Non-protein nitrogen
(whole); ASN (C)- Nitrogen soluble acid (center); ASN (S)- Nitrogen
soluble acid (surface); ASN (W)- Nitrogen soluble acid (whole);
T(C)- Tyrosine (center); T(S)- Tyrosine (surface); T(W)- Tyrosine
(whole); Lu (C)- Luminosity (center); LU (S)- Luminosity (surface);
a*(C) - color parameter red (+) and green (-) (center); a*(S) - color
parameter red (+) and green (-) (Surface); b*(C) - color parameter
yellow (+) and blue (-) (center); b*(S) - color parameter yellow (+)
and blue (-) (Surface); Hu (C) - Hue Angle (center); Hu (S) - Hue
Angle (Surface); H- Hardness; S — Springiness; Coh — Cohesiveness;
G - Gumminess; Che — Chewiness; R- Resilience.
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chewiness. Cluster 2 (located in the center) was characterized
by higher levels of ashes (surface), lipids (whole) from Jersey
milk (Table 1), and Holstein milk cheese with seven days of
ripening, with higher levels of moisture (whole) (Table 1),
soluble nitrogen (surface), hardness, gumminess and chewiness.
The cheeses produced with Jersey cow’s milk with 21 days of
ripening and from Holstein cow’s milk with 14 and 21 days of
ripening were clustered in the same group (Cluster 3, located to
the right). In this cluster, higher levels of ash (surface), protein
(whole), NPN (surface, center and whole), ASN (surface),
tyrosine (surface, center and whole), a* (center and surface)
and b* (center) were observed. Cluster 3 also gathered together
the ripest cheeses, with higher proteolysis and lower values for
the texture parameters (hardness, springiness, cohesiveness,
gumminess, chewiness and resilience). In addition to PCA and
HCA, two-way ANOVA was performed to confirm the effects
of the cows breeds and the period of ripening on the cheeses.
The cow’s breeds showed a significant effect (p < 0.05) for all the
physico-chemical variables, except for colorimetric analysis (6*).
It should be remembered that the colorimetric parameters for
this kind of cheese are influenced by the colorant that is applied
to the cheese during ripening.

The effect of the ripening period was significant for all the
variables (p < 0.05), with the exception for moisture content.
The effect of the interaction between the cow breeds and the
period of ripening on the quality of the cheeses during ripening
by G. candidum were also evaluated. They were significant
(p < 0.05) for hardness, cohesiveness, gumminess, chewiness,
resilience, L*, a*, hue angle, lipids, non-protein nitrogen, acid
soluble nitrogen and tyrosine, which emphasized the interaction
between the period of ripening and the type of milk.

4 Conclusion

This article describes a new manufacturing protocol and
composition characteristics of a new ripened soft cheese by
G. candidum. The manufacture cheese using Holstein and
Jersey cow milks showed significant effects (p < 0.05) on the
physico-chemical and instrumental parameters during the
ripening period. This was confirmed by multivariate analysis,
which was an efficient tool to identify the differences. Proteolysis
was higher in the cheese made with Holstein cow milk. However,
the cheeses manufactured with Jersey cow milk were influenced
in terms of the moisture and fat content and there was a direct
effect on the texture profile. The identity characteristics of cheese
ripened by G. candidum occurred after 14 days of ripening due
to changes in the composition of the cheese and in its sections
(rind and center). This cheese can be consumed in natura
(manufactured mainly with Jersey milk) or be used in the
gastronomy (manufactured with Holstein milk) with 21 days
of ripening. After 25 days of ripening, both the cheeses can be
used preferentially in the gastronomy.
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