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ABSTRACT

Strachitunt, a blue-veined Italian cheese, received the 
Protected Designation of Origin (PDO) label in 2014. 
Its unique technological feature is represented by the 
dual-curd method of production. Strachitunt is pro-
duced from raw bovine milk with or without the inocu-
lation of natural starter cultures of lactic acid bacteria, 
and the addition of secondary cultures of mold spores 
is not permitted by the product specification. Physico-
chemical properties, proteolysis, and volatile profile of 
Strachitunt were investigated in 10 cheese samples (rip-
ened for 75 d) made throughout spring 2015 and pro-
vided by the main cheese maker. Overall, composition 
parameters showed a large variability among samples. 
Cheese was characterized by an acid paste (pH 5.46) 
and a lower extent of proteolysis compared with other 
blue-veined varieties. The main chemical groups of 
volatile organic compounds were alcohols and esters, 
whereas ketones represented only a minor component. 
The erratic adventitious contamination by mold spores 
of the cheese milk, the unique dual-curd method of 
cheese-making, and the large time variability between 
the piercing time and the end of ripening could be 
highlighted as the main causes of both the distinctive 
analytical fingerprint and the scarce standardization of 
this blue-veined cheese.
Key words: Strachitunt cheese, proteolysis, volatile 
organic compounds, dual-curd method of production

INTRODUCTION

Strachitunt, an Italian blue-veined cheese made in 
Valtaleggio, a restricted area of Lombardy region, was 
included in 2000 among the most valuable traditional 
products made in this region, and in 2014 it was given 
the Protected Designation of Origin (PDO) label (Eu-
ropean Commission, 2014). This artisanal PDO cheese, 

produced using a traditional method and complying 
with regulatory manufacturing standards, provides an 
annual production around 50 tons. Raw cow milk of 
Italian Brown breed is used according to the product 
specification (European Commission, 2016). Bacteria 
promoting acid development in Strachitunt curd can be 
present as “wild” microflora or added as autochthonous 
natural starters (Figure 1). The use of natural starters 
is adopted only in the hot periods of the year, and it is 
intended to (1) achieve a uniform rate of milk acidifi-
cation, (2) control unwanted bacteria, (3) balance the 
variability of microbial population, (4) positively affect 
curd syneresis and cheese rheology, and (5) favor ren-
net action. Milk in vat is heated to 36 to 37°C, and 
calf rennet is added. Coagulation takes place at 33 to 
38°C for 20 to 30 min. The coagulum after 2 successive 
cuttings is reduced to dimensions of 10 × 10 × 10 mm. 
The technological feature of Strachitunt is the so-called 
dual-curd method of production, based on the mix of 
a 12-h-old curd, called “cold curd,” with a fresh curd, 
called “hot curd” (in a 1:10 ratio, respectively), to make 
the body of the final cheese. The cold curd is kept at a 
temperature above 10°C and relative humidity of 80 to 
90%. Cold and hot curds are manually mixed in layers 
and molded (Figure 1). With exception of Beacon Fell 
Traditional Lancashire, a crumbly hard cheese (Com-
mission Regulation, 1996), Strachitunt is the only PDO 
cheese produced by this method. No addition of mold 
spores is permitted during Strachitunt cheese-making. 
The dual-curd mixing, promoting the formation of cavi-
ties entrapping air in the paste, coupled with the cheese 
piercing is known to favor the natural growth of molds. 
The cylindrical cheese weighs between 4 and 6 kg and 
ripens for at least 75 d in chambers at 4 to 8°C and 
relative humidity between 50 and 80%. The compact 
and marbled texture shows uneven creamy streaks and 
green-blue veins ascribed to the mold formation. In 
general, the degree of marbling of blue cheeses matrix 
varies according to the number of spores naturally pres-
ent in the milk, their capacity to develop, and the local 
sporulation of the mold in a fraction of the total mass 
(Gkatzionis et al., 2009). In case of Strachitunt cheese 
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an additional feature is the variable piercing time from 
the 30th to the 50th d of ripening.

Previous research (Belotti et al., 2003) described the 
microbiological evolution in Strachitunt during ripening 
(from 1 to 3 mo). The lactic acid bacterial microflora of 
Strachitunt consisted of micrococci, enterococci, ther-
mophilic, and mesophilic lactobacilli. From the first/
second month to the second/third month of ripening 
these authors measured a slight decrease of lactic acid 
bacteria (cocci from 7.7 to 7.5 log cfu/g; lactobacilli 
from 7.3 to 7.2 log cfu/g), an almost equal level of 
molds and the yeasts (6.7 log cfu/g and 4.0 log cfu/g, 
respectively) and the increase of heterofermentative lac-
tobacilli (4.1 log cfu/g and 5.9 log cfu/g, respectively). 
Heterofermentative lactobacilli produced micro holes in 
the paste promoting the growth of molds. Generally, 
in blue-veined cheeses, the production of lactic acid 
by thermophilic bacteria promotes the rapid growth of 
Penicillium roqueforti, which is the prevailing mold of 
these varieties. Penicillium roqueforti is the main donor 
of proteolytic enzymes, released when the mold dies 
and lyses, leading to the formation of water-soluble 
nitrogen and free amino acids acting as precursors of 
volatile compounds (Lawlor et al., 2003). In addition, 
Penicillium spp. are also the main lipolytic microbiota 
in these cheese varieties. The lipid fraction is the ma-
jor contributor to the development of taste and aroma 
profiles in blue-veined cheeses (Preedy et al., 2013). 
Enzymatic reactions produce a large number of vola-
tile organic compounds (VOC) contributing to cheese 
aroma. In particular, in blue-veined cheeses the main 
contribution to flavor is ascribed to methyl ketones 
produced by the β-oxidation of free fatty acids followed 
by a decarboxylation reaction (Voigt et al., 2010).

The scope of the present study was to provide a 
chemical portrait of PDO Strachitunt cheese. For this 
purpose, we surveyed the physico-chemical characteris-
tics, proteolysis, and the volatile profile of the 10 cheese 
samples. In the sampling scheme we also took into con-
sideration the procedure adopted by cheese makers to 
add a natural starter culture only in the hottest period 
of the year.

MATERIALS AND METHODS

Cheese-Making and Sampling

Ten samples of Strachitunt cheeses were made con-
secutively on a weekly basis during the spring of 2015 
and ripened 75 to 77 d. These no commercial cheese 
samples were provided by the main cheese maker be-
longing to the “Consorzio per la tutela dello Strachitunt 
Valtaleggio” (protection body for PDO Strachitunt). 
Cheese samples from A to H (Table 1) were obtained by 

Figure 1. Flowchart for Strachitunt cheese-making. IMCU = inter-
national milk-clotting unit.



Journal of Dairy Science Vol. 100 No. 3, 2017

CHEMICAL ANALYSIS OF STRACHITUNT CHEESE 1681

milk renneted without starter inoculation. In contrast, 
the milk-in-vat of samples I and L was added with a 
starter culture produced through backslopping (Figure 
1). This sampling scheme was unbalanced but reflected 
the cheese-making practice adopted to guarantee a bet-
ter standardization of the cheese during the hot period 
of the year. Each sample consisted of a wheel of cheese. 
After rind removal (10 mm), the cheese matrix was 
homogenized and sampled for analyses.

Compositional Analysis and Assessment  
of Proteolysis

The following analyses were carried out on Strachitunt 
cheese samples: total solids by drying at 102°C (ISO, 
2004a), water activity by dew-point measurement (ISO, 
2012) with an Aqua Lab 3TE Water Activity System 
apparatus (Decagon Devices Inc., Pullman, WA), pH 
by pH-meter pH25 (Crison Instruments SA, Barcelona, 
Spain) with a puncture electrode (Crison Instruments 
SA), fat by gravimetric method (ISO, 2004b), and total 
nitrogen by the Kjeldahl method (ISO, 2008).

Proteolysis was evaluated by measuring the nitroge-
nous fractions by Kjeldahl method according to an ISO 
Standard (ISO, 2011). The procedure consisted in the 
separation of the pH 4.4-soluble nitrogen (pH 4.4-SN) 
from a citrate solution of the cheese. This fraction was 
further extracted with 12% trichloroacetic acid (TCA) 
or phosphotungstic acid (PTA) to obtain TCA-soluble 
nitrogen (TCA-SN) or PTA-soluble nitrogen (PTA-
SN), respectively.

Urea PAGE

The pH-4.4 insoluble fractions of the cheeses were 
analyzed by urea PAGE according to the method of An-
drews (1983) with modifications of Veloso et al. (2004) 
on a 10% resolving gel. Electrophoresis was performed 
on a Mini vertical electrophoresis unit (SE250, Hoefer, 
Holliston, MA) at a constant voltage of 60 V, with a 
power supply EPS 500/400 (GE Healthcare, Uppsala, 
Sweden). Gels were stained with Coomassie Brilliant 
Blue G-250. Band identification was performed by com-
parison with those of a commercial sample of sodium 
caseinate (Fonterra, Auckland, New Zealand) and with 
the electropherograms of Bertolino et al. (2011).

Volatile Organic Compound Analysis

Volatile organic compounds were extracted from the 
headspace of cheese by solid-phase microextraction and 
analyzed by a GC-MS procedure according to Cornelli 
et al. (2015), slightly modified for better evaluation of 
the acidic fraction. Briefly, 1 mL of a 0.12 M H2SO4 so- T
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lution was added to 5 g of cheese along with 2 g of NaCl 
immediately before volatile extraction, all other param-
eters being the same previously described. Semiquanti-
tative evaluation of VOC was carried out by integrating 
the peak area of the characteristic ion (Qion) using the 
MS-Chemstation software (Agilent Technologies, Santa 
Clara, CA). Data are the mean values of 2 replicates.

Statistical Analysis

The physico-chemical parameters and the nitrogen 
fractions of the Strachitunt cheese samples were sub-
mitted to one-way ANOVA followed by Tukey post 
hoc test, taking 0.05 as the limit of significance. Data 
analyses were carried out with Minitab software (Re-
lease 17, 2016, State College, PA). Principal component 
analysis (PCA) was performed on VOC, classified as 
chemical classes. Results were graphically represented 
by the projection of the first 2 principal components 
(PC).

RESULTS AND DISCUSSION

Compositional Analysis

The main physico-chemical characteristics of Strachi-
tunt cheese samples are reported in Table 1. Mean DM 
content was 543.0 g/kg (ranging from 522.1 to 568.3 
g/kg), a value similar to that reported for Gorgonzola 
(Gobbetti et al., 1997) and within limits of other in-
ternal mold-ripened cheeses (Fernández-Salguero, 2004; 
Hayaloglu et al., 2008). The measured water activity was 
0.960, a value in accordance with that of Gorgonzola 
and Bleu Bresse (Fernández-Salguero, 2004). The mean 
protein content was 397.2 g/kg expressed on DM, and 
it varied from 383.8 to 409.4 g/kg, being in the range 
of the data reported in literature (Fernández-Salguero, 
2004). In addition, the fat level (501.9 g/kg on DM, 
on average) was similar to the contents of other blue-
veined varieties (Fernández-Salguero, 2004). The pH 
proved to be a distinguishing parameter of Strachitunt 
in comparison with other blue cheeses. Values were in-
cluded between 5.08 and 5.78, and batches with starter 
(I and L) positioned in the lower side of this inter-
val. Typically, the pH of blue-veined cheeses increases 
throughout ripening, reaching the level 6.5 to 6.8 at 90 
d ripening (Prieto et al., 2000). The consumption of 
lactic acid by molds and the deamination of free amino 
acids are responsible for such a high pH level (Fox et 
al., 2000). The significantly lower pH values observed 
in Strachitunt in relation to other blue varieties were 
attributed to the less extensive proteolytic phenomena, 
because of the lack of inoculation of mold spores.

Proteolysis Assessment

The growth of P. roqueforti throughout the matrix 
of blue-veined varieties sensitively enhances the prote-
olysis affecting both flavor and texture of the mature 
cheese (Fox et al., 2000). Strachitunt is pierced after 30 
to 50 d of ripening. On this basis, the main biochemical 
processes, proteolysis and lipolysis, are expected to be 
slowed. A distinctive phenomenon in the blue-veined 
cheeses is the extensive proteolysis caused by lactic acid 
bacteria, the coagulant enzyme (chymosin) and mainly 
by Penicillium spp. (Prieto et al., 2000; Cantor et al., 
2004)

We first evaluated the proteolysis of Strachitunt 
samples by measuring the nitrogenous fractions. The 
relative distribution of nitrogen in the pH 4.4-SN, 
TCA-SN, and PTA-SN fractions is shown in Table 
1. The pH 4.4-SN is a heterogeneous fraction repre-
senting an accepted index of the degree of proteolysis 
(Diezhandino et al., 2015). This fraction was on aver-
age 16.89% on total nitrogen (TN) in the 10 cheese 
samples. No significant (P > 0.05) effects were observed 
between the samples with or without the inoculation 
of starter cultures. This nitrogen level indicated the 
reduced occurrence of proteolytic phenomena in com-
parison with other mold-ripened cheeses (Prieto et al., 
2000; Diezhandino et al., 2015). A survey on the char-
acteristics on the main European blue-veined cheeses 
reported values of pH 4.4-SN more than 2-fold higher, 
ranging from 55.9% for Cabrales to 72.6% (on TN) for 
Roquefort (Fernández-Salguero, 2004).

The TCA-SN consists of small peptides (2–20 resi-
dues) and free amino acids deriving from the hydrolysis 
of intermediate peptides (Sousa et al., 2001). This ni-
trogen fraction reached 9.51% expressed on TN (Table 
1) ranging from 7.87 to 11.59%. The TCA-SN content 
expressed as a percentage of pH 4.4-SN (56.3%) was 
low in relation to that reported in literature for other 
blue-veined varieties (Gobbetti et al., 1997; Zarmpoutis 
et al., 1997; Diezhandino et al., 2015), proving the lower 
extent of proteolysis in Strachitunt cheese.

The PTA-SN, consisting of small peptides (<600 Da) 
and free amino acids, was 2.86% expressed on TN and 
one-tenth of the levels recorded in other blue-veined 
cheeses (Zarmpoutis et al., 1997; Diezhandino et al., 
2015). In addition, this nitrogen fraction did not dif-
fer significantly between the batches without or with 
starter (P > 0.05). Overall, amounts of the different ni-
trogen fractions of Strachitunt indicate that this cheese, 
when ready for consumption (75 d), is subjected only 
to limited proteolytic phenomena.

Subsequently, we evaluated the proteolysis of Strachi-
tunt by urea PAGE. The electropherograms of the pH 
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4.4-insoluble fractions of the cheese samples showed ap-
preciable differences in number and intensity of bands 
(Figure 2). Some profiles almost overlapped, in particu-
lar A versus B and D versus I. In blue-veined cheeses, 
both αS-CN and β-CN are expected to be completely 
hydrolyzed at the end of ripening (Fox et al., 2000). 
In our work, intact β-CN was present in all samples, 
suggesting that its degradation by action of plasmin 
was only partial, likely because the pH value of the 
cheeses (on average 5.46) was lower than the optimal 
for this enzyme (7.5). Accordingly, in all samples (Fig-
ure 2), the occurrence of low mobility products cor-
responding to γ-CN, formed by plasmin from β-CN, 
was less pronounced than that reported in literature for 
other varieties of blue-veined cheeses (Diezhandino et 
al., 2015). Indeed, the presence of γ-CN in blue-veined 
cheeses such as Stilton, Danablu, Cashel, Chetwynd, 
and Gorgonzola was attributed to a high level of plas-
min activity, in view of the high pH of these cheeses 
(Zarmpoutis et al., 1997).

The αS1-CN band was evident in samples C to L, 
but less so in A and B. The first hydrolysis product 
of this CN fraction by chymosin, represented by αS1-
CN f(24–199) (αS1-I-CN), was revealed in samples C 
to L. The electrophoretic patterns A and B lacked 
αS1-I-CN band, but they showed other low molecular 
degradation products migrating faster and probably 
corresponding to the further degradation of this pep-
tide. In blue-veined cheeses, after sporulation, enzymes 
from P. roqueforti also hydrolyze αS1-I-CN, changing 
the peptide profile (Fox et al., 2000). The distinguish-
ing patterns of samples A and B were paralleled by the 
highest levels of the 3 nitrogen fractions in relation to 
that of samples C to L (Table 1). Such results were 
consistent with those of Zarmpoutis et al. (1997) who 

coupled the low extent of CN hydrolysis with the low 
values for SN, TCA-SN, and PTA-SN in some Irish 
blue cheeses in comparison with Danablu, Stilton, and 
Gorgonzola.

A qualitative evaluation of the electrophoretic pro-
files (Figure 2) suggested that Strachitunt samples 
were characterized by noticeable heterogeneity in the 
proteolytic phenomena, and no differences were ob-
served between the batches with or without inoculation 
of starter culture. Likely, the adventitious secondary 
microflora developed differently as a result of variable 
selective conditions (pH, water activity, temperature, 
time of piercing, and development of environmental 
molds).

Analysis of VOC

Table 2 summarizes the mean percentages of the main 
chemical classes of compounds as well as the individual 
volatile components and their relative abundance in 
the cheese samples. The 29 compounds identified in 
Strachitunt cheeses comprised 1 aldehyde, 5 alcohols, 
10 esters, 6 ketones, and 7 acids. Other components 
present at trace levels were not considered.

3-Methyl butanal was the only aldehyde detected, 
with a mean area of 55 × 103 arbitrary units. The 
branched-chain aldehyde, considered in different cheese 
varieties as an important odor-active substance, is 
formed by P. roqueforti from leucine via Strecker deg-
radation (Fox et al., 2000). Generally, aldehydes are 
not expected to accumulate in the ripened cheese, with 
their levels depending on the balance between produc-
tion and degradation, which is linked to the degree of 
maturity of the cheese (Fox et al., 2004). Because of the 
low oxidation–reduction potential of the cheese, it is 

Figure 2. Urea-PAGE patterns of the pH 4.4-insoluble fraction of Strachitunt cheeses ripened 75 d. Lanes A to H = starter-free samples; 
lanes I and L = samples made with lactic acid bacteria starter inoculation.
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likely that aldehydes were reduced to the correspondent 
alcohols.

Alcohols represented 9.5% of all VOC, the majority 
being primary alcohols. Ethanol was the only linear-
chain alcohol detected. It was the component with the 
largest fluctuations (CV: 117%) among this chemical 
group. Ethanol is formed during lactose fermentation 
by starter bacteria and yeasts, and it is reported to 
have a role as a precursor of ethyl esters (Corrëa Lelles 
Nogueira et al., 2005). Two methyl alcohols were iden-
tified, 2-methyl-1-propanol and 3-methyl-1-buthanol, 
with the latter being the most abundant, in agreement 
with results reported in literature for blue cheeses 
(Gallois and Langlois, 1990; Moio et al., 2000). These 
branched-chain alcohols are formed by reduction of the 
corresponding aldehydes, which derive from the metab-
olism of specific amino acids (Corrëa Lelles Nogueira et 
al., 2005). A minor component was 2-heptanol, a sec-
ondary alcohol, formed through enzymatic reduction of 
methyl ketones by P. roqueforti metabolism (Cantor et 
al., 2004). We did not find 2-alkanols from 2-propanol 
to 2-nonanol, typical components of the flavor of blue 
cheeses (Engels et al., 1997). All samples of Strachitunt 
showed a distinctive abundance of 2-phenyl ethanol (2.2 
× 106 arbitrary units). This aromatic alcohol formed 
by the metabolism of amino acids essentially by yeasts 
is reported as an important odor compound in blue 
cheeses (Gallois and Langlois, 1990). Moio et al. (2000) 
reported that alcohols in Gorgonzola represented more 
than 30% of the neutral volatiles, a value similar to 
that measured for Strachitunt (25%). However, in our 
study a different profile of alcohols was observed.

A prominent group of volatiles in Strachitunt con-
sisted of esters. Among the 10 compounds identified, 
the major ones (82.3%) were both methyl and ethyl 
esters of free fatty acids. The occurrence and variety 
of ethyl esters in Strachitunt could be related to the 
abundant presence of the precursor molecule, ethanol. 
The ester profile of Strachitunt was also characterized 
by 2-phenyl-ethyl acetate and 2-phenyl-ethyl isobu-
tanoate. In this case, their presence was related to that 
of the aromatic alcohol 2-phenyl ethanol. Esters, ac-
counting for 53.8% of neutral volatiles in Strachitunt, 
provide fruity notes and likely could be responsible for 
the aromatic note of Strachitunt. A large amount of es-
ters was revealed also in Roquefort, but in Gorgonzola 
and other blue-veined cheeses, esters represented only a 
minor fraction (Gallois and Langlois, 1990; Moio et al., 
2000; Wolf et al., 2011).

Ketones consisted of 6 components and represented 
9.0% of Strachitunt VOC (Table 2), but this percentage 
was exactly halved when cheese sample H was not taken 
into consideration, resulting as outlier for most ketones 
for Grubbs’ test (P < 0.05). In this last case, the GC-

MS total peak area of this chemical group ranged from 
2.1% (sample A) to 8.8% (sample I) of all volatiles. 
Ketones are known as the most abundant volatiles in 
blue-veined cheeses (Fox et al., 2000). Their production 
is affected by the physiological state of mycelium, pH, 
salt content, and concentration of fatty acids (Wolf et 
al., 2011). Gkatzionis et al. (2009) reported the pre-
dominance of ketones and alcohols in Stilton’s aroma 
profile. These authors, in a stratigraphic study, found 
the highest amount of volatiles (mainly ketones) in the 
blue part, while the proportion of alcohols in the white 
core of Stilton was 3 times higher than that in the 
volatile profile of the outer crust. The ketones more 
abundant in Strachitunt were 2-alkanones (methyl ke-
tones) with an odd number of carbon atoms (from C5 to 
C9). In particular, the area of 2-heptanone was 42.0% 
of all ketones in accordance with the predominance of 
this compound reported in blue cheeses (Fox et al., 
2000). Both 2-butanone and acetone were present in 
similarly low amounts (219 × 103 and 273 × 103 arbi-
trary units, respectively) when sample H was excluded. 
Acetoin was the least abundant compound (133 × 103 
arbitrary units) among ketones. Methyl ketones in 
Strachitunt represented the minor contributors (22.1%) 
among neutral volatile constituents with the exception 
of aldehydes, probably because of their conversion to 
secondary alcohols. This percentage further decreased 
(12.2%) when cheese sample H was not considered. As 
a comparison, this chemical group represented 50 to 
70% of neutral volatiles in French blue cheeses such as 
Roquefort, Bleu des Causses, and Bleu d’Auvergne and 
in Gorgonzola (Gallois and Langlois, 1990; Moio et al., 
2000).

Generally, extensive lipolytic phenomena characterize 
blue cheeses. In Strachitunt acids accounted for 59.8% 
of VOC. We observed large variations among samples, 
with peak areas ranging from 27 × 106 to 132 × 106 ar-
bitrary units (samples A and G, respectively). Among 
the 7 identified acids, butanoic and hexanoic acids were 
the most abundant. Meanwhile, we measured lower 
amounts of acetic, octanoic, and decanoic acids. In ad-
dition to n-acids, we also found branched-chain acids 
(2-methyl propanoic acid and 3-methyl butanoic acid) 
in high amounts, deriving from amino acid metabolism 
(valine and leucine, respectively). In comparison with 
Gorgonzola (Moio et al., 2000), Strachitunt showed a 
high relative level of butanoic acid and 3-methyl-buta-
noic acid, while octanoic acid and decanoic acid were 
present in low amounts.

In summary, the differences in the VOC composition 
of the 10 samples of Strachitunt were likely attributable 
to the uneven growth and development of the adventi-
tious microflora expected in an artisanal environment 
(Williams and Withers, 2010). Molds are known as the 
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major source of volatiles in blue-veined cheeses (Fox 
et al., 2000). The VOC balance differed from that of 
the other known Italian blue-veined cheeses such as 
Gorgonzola. This latter cheese has a typical piquant 
note promoted by the prevailing presence of methyl-
ketones (Moio et al., 2000), while esters and alcohols 
(responsible for a mild flavor) prevailed in Strachitunt. 
Among these latter components, branched-chain and 
aromatic compounds deriving from amino acid catabo-
lism were the most relevant. These data suggested that 
metabolic pathways other than lipolysis contributed to 
VOC formation. We noticed that cheese samples I and 
L obtained by natural starter inoculation were less rich 
in volatiles than samples A to H, although the differ-
ences were not significant (P > 0.05).

We adopted PCA as a means to visualize any relation 
among VOC data. We included 10 cheese samples and 5 
chemical classes of VOC, selected as input variables, in 
a correlation matrix. Three PC cumulatively explained 

86.1% of the total variability in the volatile profile of 
the analyzed samples. Based on scree plots (eigenvalue 
> 1), the first 2 PC, explaining 72.3% of the overall 
variance (Figure 3), were adopted. The loading vec-
tors in the PC1 vs. PC2 cartesian diagram ran in all 
the 4 quadrants of the plot (Figure 3a). The opposite 
curves suggested that the corresponding variables were 
negatively correlated. An exception was represented 
by alcohols and aldehydes with high positive loadings 
(>0.5) lying close to each other, in this way being posi-
tively correlated. On the opposite side, acids prevailed 
for negative loading. In relation to PC2, esters and 
ketones showed the major absolute loadings > |0.6|. 
The distance among cheese samples in the score plot 
was proportional to their relationship. We observed a 
scattered distribution of cheese samples in the score 
plot (Figure 3b). Principal component 1 distinguished 
samples C and D for their high levels of alcohols and 
aldehydes and sample A for large amounts of esters. 
Principal component 2 differentiated sample G for acid 
content and sample H for the high level of ketones. No 
clear distinction was possible between cheese samples A 
to H versus I and L. In summary, multivariate analysis 
showed a large variability of the VOC profile in Strachi-
tunt samples.

CONCLUSIONS

Physico-chemical properties and the proteolytic and 
volatile profiles of Italian PDO Strachitunt differed 
from those typical for the other blue-veined cheeses. 
The analytical profile of Strachitunt differed for the 
acid pH of the paste, the reduced hydrolysis of CN frac-
tions, and the abundance of esters and alcohols among 
VOC. The variable extent of biochemical phenomena 
occurring during ripening of blue-veined cheeses and 
resulting from the heterogeneity in the distribution of 
blue and white zones of the matrix was also inferred 
from the large variability of results in Strachitunt. In 
particular, the scarce standardization was attributed to 
the erratic adventitious contamination by mold spores 
of the cheese milk, the dual-curd method of cheese-
making, and the large time variability between the 
piercing time and the end of ripening. Our results 
represent an added value and a contribution for an 
extended comprehension of this variety of cheeses.
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