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Abstract: The activity of α-l-fucosidase (FSC) has been measured for the first time in Fiore Sardo PDO
(Protected Designation of Origin) raw milk cheese. To do this, a RP-HPLC method has been developed,
validated and tested on a reliable sampling of cheese experimentally produced in laboratory batches.
Three experimental factors have been considered in this work: the thermal treatment undergone by
the milk, the lactation period and the ripening time of cheese. Results obtained have evidenced: (i) a
meaningful reduction in the activity of FSC from cheeses produced using raw milk to those obtained
by thermized milk; (ii) an increase in the activity of FSC during the first months of lactation period
(from December to February), followed by a substantial constancy in the central and final months
of lactation (from February to May); (iii) the enzyme activity is independent of the ripening time.
This method might be useful in revealing frauds related to the use of mild thermal treatments of the
milk when this is not allowed as for Fiore Sardo PDO cheese but also for several PDO cheeses for
which the specifications establish that raw milk only must be used for their production.
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1. Introduction

Fiore Sardo PDO (Protected Designation of Origin) sheep milk cheese is one of the most ancient
and traditional cheeses from Sardinia, Italy. It is an uncooked cheese which, as required by the PDO
specification [1], must be produced exclusively by raw whole milk from Sarda sheep. The use of raw
milk is essential for Fiore Sardo PDO cheese (henceforward simply called “Fiore Sardo”) to preserve
a strong link with its production area and the sensory characteristics deriving from the pastures.
Consumer demand for unpasteurized milk cheeses is constantly increasing thanks to their more intense
flavor and aroma than those of thermized or pasteurized milk cheeses. On the other hand, in order to
ensure the highest food safety requirements, products based on raw milk require a combination of
several factors including the rate and extent of curd acidification in the first hours of the production,
together with a quite deep salting and a long ripening time.

Thermal treatment is the most common method to increase the safety and shelf life of milk and
dairy products. However, this practice could have negative effects on their nutritional and sensory
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properties, and it is one of the most common causes of non-compliance with the PDO specification of
Fiore Sardo, which entails damage to its reputation.

In order to verify compliance with the product specification, the presence of highly thermolabile
endogenous enzymes in cheese could provide proof of the absence of a specific heat treatment applied
to the cheese milk. In Europe, the transposition of the Council EU Directive 92/46 EEC [2] establishes
the health rules for the production and marketing of raw milk, heat-treated milk and milk for the
manufacture of dairy products for human nutrition. In this context, the absence of any activity
of alkaline phosphatase (ALP, EC 3.1.3.1) [3,4] and lactoperoxidase (EC 1.11.1.7) [5] are considered
as discriminating parameters to ascertain the pasteurization and the high pasteurization of milk,
respectively. On the other hand, no EU directive has been released with the aim to ascertain the absence
of heat treatments in milk or in raw milk-based dairy products. This is reflected in the scarce attention
addressed towards the development, validation and application of analytical methods able to achieve
this result in a reliable way.

In this context, the pasteurization of cow milk [6–12] has been the system most frequently studied,
whereas less common are the contributions regarding non cow-milk and related dairy products [12–18]
and/or to mild thermal treatments (e.g., thermization) [17–21].

To the best of our knowledge, there is no analytical method able in a simple way to discriminate
cheeses produced from raw and thermized milk (i.e., milk heated to 57–68 ◦C for 15 s). One of the
most important thermolabile enzymes in milk is the α-l-fucosidase (FSC, EC 3.2.1.51). This lysosomal
enzyme has been determined in ovine [16], bovine [21,22] and human [23]) milk. In the literature,
there is evidence of the thermal inactivation of FSC in bovine [19,21] and sheep milk [18] which take
place below the typical temperature range used for thermization. Our research group is active in the
assessment and validation of original methods for the determination of analytes of specific interest in
Fiore Sardo [24–27]. Since the development of a specific analytical method able to detect, with a low
limit of detection and high accuracy, the activity of FSC in raw milk cheeses is unprecedented in the
literature, the principal aims of the present study are to develop and validate an analytical procedure
devoted to measuring the activity of the FSC in cheese, and to test this procedure with Fiore Sardo
samples made from raw or thermized sheep milk, respectively.

2. Materials and Methods

2.1. Cheese Production and Sampling

The cheesemaking trials were performed, as already reported by Caboni et al. 2019 [27], in the
experimental cheese factory of Agris Sardegna, using whole bulk Sarda sheep’s milk. Each trial was
repeated four times along the lactation period (i.e., in December 2016, in February 2017, in April 2017,
and in May 2017). In every cheesemaking trial, 120 kg of sheep raw milk was divided into two aliquots:
the first 60 kg aliquot was thermized (TM) and then processed into cheese, the second 60 kg aliquot
was processed as raw milk (RM). Thermal treatment was performed by using an infrared tubular
exchanger (model Stoutz-Actinator, Actini Group, France) in which milk was heated at 68 ◦C for 30 s
and quickly cooled down to 38 ◦C.

Fiore Sardo cheese type was manufactured for analytical purposes. In order to eliminate any
possible differences due to the used cheese vat, two different vats have been alternatively used in the
cheesemaking of the RM and TM, respectively, whereas the dairyman was always the same.

During each cheesemaking trial, a freeze-dried mixed starter culture was added to both RM and
TM milk (CHOOZIT MA11 LYO, Danisco) at 7 Direct Culture Unit (DCU) 100 dm−3 of milk. A soluble
lamb rennet paste (1:10000 strength rennet as Soxhlet unit, Caglificio Manca, Thiesi, Italy) was used in
an amount that allowed the coagulation of milk in 12 min. After a duration of 2 times the clotting
time, the coagulum was cut into small granules (2–4 mm) and filled into molds. Cheese loaves, (6 raw
milk cheeses (RC) and 6 thermized milk cheeses (TC)) weighing from 1.5 to 1.7 kg each, were obtained
and sweated at 34–36 ◦C for 3–4 h, until they reached pH 5.2–5.4. Cheeses were then salted in brine
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(22–24% of NaCl) for 12 h kg−1 cheese and finally, ripened at 10–12 ◦C and relative humidity between
80% and 85% for up to 180 days.

A total of 24 RC and 24 TC samples were obtained. Twelve RC and 12 TC were sampled for
analysis at 105 and 180 days of ripening, respectively.

2.2. Milk and Cheese Composition

Gross composition of the milk was determined for pH, fat, proteins, caseins, lactose and dry
matter (DM) content, whereas the gross compositions of the cheeses after 105 and 180 days of ripening
were determined by measuring pH, moisture, proteins, fat and NaCl content. Tables 1 and 2 show the
average gross composition of both milk and cheeses in due course extensively reported by Caboni et al.
2019 [27], and here summarized as means values and ranges of variation.

Table 1. Gross composition of raw and thermized sheep milk samples.

Treatment of the Milk

Raw Milk Thermized Milk

Chemical Parameters Mean ± sd Range Mean ± sd Range

pH 6.66 ± 0.04 6.61–6.70 6.67 ± 0.03 6.63–6.69
Dry matter (%) 15.5 ± 0.4 15.1–15.9 15.5 ± 0.3 15.2–15.9

Fat (%) 5.0 ± 0.3 4.5–5.2 5.0 ± 0.4 4.5–5.3
Proteins (%) 5.2 ± 0.2 4.9–5.3 5.2 ± 0.2 5.0–5.3
Casein (%) 3.9 ± 0.2 3.7–4. 1 3.9 ± 0.1 3.7–4.1
Lactose (%) 4.6 ± 0.1 4.6–4.7 4.6 ± 0.1 4.6–4.7

sd, standard deviation.

Table 2. Gross composition of raw and thermized cheeses after 105 and 180 days of ripening, respectively.

Ripening Time 105 Days 180 Days

Treatment of the Milk Raw Milk Thermized Milk Raw Milk Thermized Milk

Chemical Parameters Mean ± sd Range Mean ± sd Range Mean ± sd Range Mean ± sd Range

pH 5.1 ± 0.1 5.0–5.2 5.1 ± 0.1 5.0–5.2 5.1 ± 0.2 4.9–5.2 5.1 ± 0.1 4.9–5.3
Moisture (%) 31 ± 2 29–33 31 ± 2 29–33 26 ± 1 24–27 27 ± 1 26–28

Fat (%) 33 ± 2 30–36 33.3 ± 2.5 30.5–36.0 36 ± 2 34–39 35 ± 3 33–38
Protein (%) 29 ± 2 26–30 29 ± 2 26–30 31 ± 2 29–32 31 ± 1 29–32
NaCl (%) 1.8 ± 0.1 1.7–1.9 1.9 ± 0.2 1.8–2.2 1.9 ± 0.1 1.8–2.0 2.0 ± 0.2 1.8–2.2

sd, standard deviation.

2.3. Method Assessment

2.3.1. Reagents

Ultrapure (type 1) water (specific resistance ≥ 18 MΩ) was used for all needs. Hydrochloric acid
(ACS, 37%), acetic acid (ACS, 99%), ethanol (ACS reagent) and acetonitrile (HPLC grade) were from
VWR International (Milan, Italy). p-nitrophenol (pNP), p-nitrophenyl-α-l-fucopyranoside (pNPFP),
sodium acetate (0.5 mol dm−3 in water, pH = 5.5) and tris (hydroxymethyl)aminomethane (TRIS)
(1.0 mol dm−3 in water, pH = 10.0) were from Sigma-Aldrich (Milan, Italy). Acetone and n-hexane
(both ACS, from VWR International, Milan, Italy) were used for carefully washing the glassware
prior to its use. All HPLC solvents were previously filtered through a 0.45-µm membrane (Millipore,
Bedford, MA, USA) to remove any impurities.

2.3.2. Instrumentation, Literature Methods and Chromatographic Conditions

Fat, proteins, caseins and lactose contents were measured in milk using a Combifoss FT+ FTIR
analyzer (Foss, Hillerød, Denmark), whereas pH was measured in milk and cheese samples using
a pH meter model Basic 20+ (Crison Instruments S.A., Alella, Spain). An automatic titrator model
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DL55 (Mettler-Toledo GmbH, Schwerzenbach, Switzerland) was used to measure NaCl content in
cheeses. A liquid chromatography Agilent Series 1100 (Agilent Technologies, Palo Alto, CA, USA)
equipped with a Guard-RP, HI-5RP-10C5/K pre-column (Agilent Technologies) a Hyperclone column,
4.6 mm i.d. × 150 mm, 5-µm particle size (Phenomenex, Milan, Italy) and a UV/VIS detector Model
1260 Infinity G1314B 1260VWD VL (Agilent Technologies, Palo Alto, CA, USA) was used for all the
HPLC analyses. The temperature of the column was kept at 25 ◦C, the flux of the mobile phase was set
at 1 cm3 min−1 and the UV/VIS detector was set to 315 nm. Chromatographic data were processed
using the software Open Lab (Agilent Technologies, Palo Alto, CA, USA). Finally, the determination of
all parameters of milk gross composition and cheeses have been accomplished by the International
Organization for Standardization ISO [28–31] or literature-based methods [32].

2.3.3. Sampling Procedure of the Cheese

Cheese samples were obtained taking two opposed slices from each loaf (300 g in total), which
were then finely grinded by an electric grate and finally homogeneously mixed.

2.3.4. Extraction Procedure

Since FSC is characterized by a rather good solubility in water [19], its extraction by the matrix
is quite easy. Hence, the homogenization of 10 g of grated cheese in 20 cm3 of ultrapure water was
accomplished by means of an ultraturrax (1 min at 16,000 rpm). The mixture was then diluted up to
50 cm3 with water, filtered twice on Whatman 42 filter paper (VWR International, Milan, Italy). An
aliquot of the extract was used for the enzymatic hydrolysis of pNPFP.

2.3.5. Enzymatic Hydrolysis of pNPFP

The analytical method was developed adapting the procedures previously described by this
research group [17,21] to the cheese matrix. Hence, 0.100 cm3 of filtered cheese extract was transferred
into a vial and 0.100 cm3 of substrate-buffer solution (a buffer solution 0.5 mol dm−3 each for CH3COONa
and CH3COOH, containing 5 mmol dm−3 of pNPFP) was added. The solution was gently stirred and
incubated for 4 h at 37 ◦C. Subsequently, 3.5 cm3 of ethanol and 1.5 cm3 of 1 mol dm−3 TRIS Base
solution buffered at pH = 10 were added and vortexed. The mixture was then centrifuged at 2700× g
for 5 min at room temperature. An amount of 0.050 cm3 of the supernatant solution, vortexed and
filtered on a 0.2-µm Whatman FP 30 filter (Phenomenex, Bologna, Italy) was analyzed by HPLC.

2.3.6. HPLC Analysis

The gradient program of the HPLC method is summarized in Table 3.

Table 3. Gradient program used in the HPLC analysis.

Time (min) Solvent A
99:1 (v/v) CH3CN:CH3COOH (%)

Solvent B
99:1 (v/v) H2O:CH3COOH (%)

0 10 90
5 25 75

10 30 70
20 100 0
25 10 90

Each HPLC run was accomplished in 25 min. A typical chromatogram of a real sample of Fiore
Sardo PDO is shown in Figure 1.
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Figure 1. RP-HPLC evaluation of α-l-fucosidase activity in Fiore Sardo PDO (protected designation 
or origin) sheep’s cheese. (a) Chromatogram of the blank; (b) chromatogram of a real sample (RC, 
February, after 105 days of ripening). Peak 1, p-nitrophenyl-α-l-fucopyranoside, p-NPFP; peak 2, p-
nitrophenol, p-NP. 

2.3.7. Quantification 

Quantification was accomplished by external calibration. Standard solutions were prepared with the 
same procedure described in the Enzymatic hydrolysis of pNPFP section, using 0.100 cm3 filtered cheese 
extracts thermally inactivated (100 °C for 5 min) and—in place of the 0.100 cm3 of the substrate-buffer 
solution—0.100 cm3 of buffered solutions at increasing concentrations of pNP. The blank was a solution 
containing all the above compounds with the exception of pNP. The concentration of pNP, expressed in 
mmol dm−3 was obtained by linear interpolation on the calibration plot. The concentration of pNP is hence 
converted into units of FSC activity (U per cm3 of cheese extract per hour, Equation (1); U per hour per g 
of cheese, Equation (2); U per hour per g dry matter (DM) of cheese, Equation (3) according the following 
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2.3.8. Validation 

Validation protocol has been accomplished in terms of limit of detection (LoD), limit of quantification 
(LoQ), linearity and precision. Both LoD and LoQ have been calculated according to Currie [33]. A 
linear calibration plot obtained by standard solutions quite close to the expected LoQ value was built 
and the blank signal was measured ten times. Hence, the LoD was calculated as follows: 

LoD = 3.3  (4) 

where σ is the standard deviation of the ten measurements of the blank signal and a is the slope of 
the calibration plot measured at enzymatic activities only slightly higher than LoQ. Linearity has 
been evaluated in terms of both correlation coefficient (R2) and residues analysis, whereas precision 
was measured in terms of both repeatability and intermediate precision. Finally, the acceptability of 
precision data was tested according to Horwitz’s theory [34]. 
  

Figure 1. RP-HPLC evaluation of α-l-fucosidase activity in Fiore Sardo PDO (protected designation
or origin) sheep’s cheese. (a) Chromatogram of the blank; (b) chromatogram of a real sample (RC,
February, after 105 days of ripening). Peak 1, p-nitrophenyl-α-l-fucopyranoside, p-NPFP; peak 2,
p-nitrophenol, p-NP.

2.3.7. Quantification

Quantification was accomplished by external calibration. Standard solutions were prepared
with the same procedure described in the Enzymatic hydrolysis of pNPFP section, using 0.100 cm3

filtered cheese extracts thermally inactivated (100 ◦C for 5 min) and—in place of the 0.100 cm3 of the
substrate-buffer solution—0.100 cm3 of buffered solutions at increasing concentrations of pNP. The
blank was a solution containing all the above compounds with the exception of pNP. The concentration
of pNP, expressed in mmol dm−3 was obtained by linear interpolation on the calibration plot. The
concentration of pNP is hence converted into units of FSC activity (U per cm3 of cheese extract per
hour, Equation (1); U per hour per g of cheese, Equation (2); U per hour per g dry matter (DM) of
cheese, Equation (3) according the following relationships:

U·h−1
·cm−3 = [pNP] × 500 (1)

U·h−1
·g−1of cheese =

U cm−3 h−1
× 50 cm3

g cheese
(2)

U·h−1
·gDM

−1 U cm−3 h−1
× 50 cm3

× 100
g cheese × %DM

(3)

2.3.8. Validation

Validation protocol has been accomplished in terms of limit of detection (LoD), limit of
quantification (LoQ), linearity and precision. Both LoD and LoQ have been calculated according to
Currie [33]. A linear calibration plot obtained by standard solutions quite close to the expected LoQ
value was built and the blank signal was measured ten times. Hence, the LoD was calculated as
follows:

LoD = 3.3
σ

a
(4)

where σ is the standard deviation of the ten measurements of the blank signal and a is the slope of
the calibration plot measured at enzymatic activities only slightly higher than LoQ. Linearity has
been evaluated in terms of both correlation coefficient (R2) and residues analysis, whereas precision
was measured in terms of both repeatability and intermediate precision. Finally, the acceptability of
precision data was tested according to Horwitz’s theory [34].
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3. Results and Discussion

3.1. Method Assessment

General Remarks

Previous literature [17,21,22] reported the RP-HPLC measurement of activity of the FSC in
milk of different origin. The methods were based on the quantification of pNP obtained by the
enzyme-mediated hydrolysis, at pH = 5.5 and 37 ◦C, of a precursor intentionally added, i.e., the
pNPFP. The unit of the enzyme activity (U) is here assumed as the quantity of enzyme able to release
1 nmol of pNP per hour. In a previous work of this research group, two different methods for the
determination of the activity of the FSC in sheep milk were assessed, validated and tested with a large
number of samples [17]. The enzymatic variability was also investigated as a function of both chemical
and technological parameters as pH, lipids content, interval of thermal inactivation, animals’ diet,
and lactation period [19]. Between both methods proposed by Piga et al. [17], the HPLC method is
characterized, in comparison to the UV one, by a lower limit of detection, a greater operative simplicity
and a better automatization level. For this reason, in the present work, the RP-HPLC method was
chosen to develop a new analytical tool to measure the activity of the FSC enzyme in cheese.

3.2. Validation

Table 4 reports the parameters considered in the validation protocol.

Table 4. Validation parameters for the determination of α-l-fucosidase activity in Fiore Sardo cheese.

LoD a

(Uh−1gDM−1)
LoQ

(Uh−1gDM−
1) Linearity Repeatability b Intermediate Precision c

1.1 3.3

Concentration range
(Uh−1gDM

−1): 3.8 ÷ 189.3
Sample, month
(Uh−1gDM

−1) CV Sample, month
(Uh−1gDM

−1) CV

Y = (a ± sa)X + (b ± sb)
a = 0.1321; sa = 0.0004

b = −0.18; sb = 0.15
R2 = 0.9999

RC, February 2.9 RC, February 3.8

TC, February 2.7 TC, February 4.1

s, standard deviation; R2, correlation coefficient; a the LoD value is measured according to [33], considering in the
calculation an average amount of dry matter in the cheese of 70%; b evaluated by analyzing the same sample ten
times within the same analytical session; c evaluated by analyzing five times the same sample by two different
technicians in two different analytical sessions within one month. Within this period, the sample was stored at
−24 ‘◦C in order to prevent any loss of enzymatic activity.

Figure 2 reports the linear calibration plot measured in the range of enzymatic activity between
3.8 and 38 U h−1

·gDM
−1 and, in the inset, the overlaps of the chromatographic peaks of pNP obtained

in the same range of enzymatic activity.
A good LoD value of 1.1 Uh−1

·gDM
−1 (i.e., 0.15 Uh−1 cm−3) has been obtained in this way.

This amount is at least one order of magnitude lower than those previously calculated by Mckellar et
al., [20] and De Noni, [21], for cow milk, and by Piga et al., [17] for sheep milk. Linearity has been
evaluated within the operative interval of the activities currently measured in this study, ranging
between 3.8 and 189.3 Uh−1

·gDM
−1. An excellent correlation coefficient (R2) has been measured in this

interval. In addition, the value of b in the linear regressions appears always to be not significantly
different from zero (criteria: two-tailed t test, p = 0.95). Furthermore, any “hidden” deviation from
linearity was excluded based on the graphical evaluation of the residuals of the regression line.

Precision was always measured in terms of percent coefficient of variation (CV). Both RC and TC
representative samples of Fiore Sardo have been chosen to evaluate these parameters. Repeatability
was always less than 3%, whereas the worst value measured for the intermediate precision was 4.1%.
These values are better than those previously obtained for bovine milk [20,21] (6.0% in both cases) and,
for sheep milk [17] (4.5%). The application of Horwitz’s theory [34] to precision data supported their
acceptability in relation to the level of concentration of the analyte.
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The absence of any certified reference material, as well as of any known independent analytical
method aimed to measure the enzymatic activity of α-l-fucosidase in cheeses have prevented us from
adopting one of these reliable approaches to evaluate the trueness of the method. The last possibility to
accomplish the measurement of trueness of the proposed method, but also the least reliable among all,
was the attempt to evaluate the recoveries of analyte after multiple known additions in a real sample.
Unfortunately, this approach was also unsuccessful because of the very high dispersion of the obtained
recoveries, likely due to differences between both the endogenous and the added enzyme action.
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Figure 2. Linear calibration plot of the pNP peaks within the range of enzymatic activity between 3.8
and 38 U h−1

·gDM
−1. The inset shows the overlaps of the relevant chromatographic peaks and the

blank signal within the same interval of enzymatic activity.

3.3. Evaluation of FSC Activity in Fiore Sardo Obtained from Raw and Thermized Milk

The proposed method has been tested analyzing Fiore Sardo RC and TC samples. Table 5 shows
data related to the three experimental factors of variability taken into account for cheese milk: heat
treatment (raw or thermized), lactation periods (December, February, April and May, respectively) and
ripening time (105 and 180 days, respectively).

Table 5. α-l-Fucosidase activity (Uh−1gDM
−1) in Fiore Sardo obtained from raw (RC) or thermized milk

(TC) as a function of lactation periods and ripening time.

Lactation Periods

Ripening
Time

(Days)
December February April May T a P b

Treatment of
the milk RC TC RC TC RC TC RC TC

α-l-
fucosidase 105 12 b

± 1 4.6 d
± 0.3 29 a

± 1 8.8 bc
± 0.3 27.7 a

± 0.5 5.8 cd
± 0.5 30 a

± 1 8 cd
± 2 *** ***

%AEres 105 39 ± 5 30 ± 2 21 ± 1 27 ± 7 ns

α-l-
fucosidase 180 9.1 bc

± 0.4 6 cd
± 1 30 a

± 3 8 cd
± 1 29 a

± 2 8.3 bc
± 0.5 30 a

± 1 9 bc
± 1 *** ***

%AEres 180 70 a
± 10 27 b

± 4 28 b
± 3 29 b

± 4 ***

%EAres = (CT activity/CR activity) × 100; a T, effect of thermal treatment; b P, effect of month of production; ns, not
significant; ***, p < 0.001. Different letters on the same line refer to significantly different average values.
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The trend of the data reported for Fiore Sardo at 105 and 180 days of ripening and produced in
different lactation periods is somewhat different with those previously measured in raw sheep milk [18].
While the milk shows an overall increasing trend of the enzyme activity throughout the lactation
period, this parameter seems to be roughly constant in the Fiore Sardo from raw milk (RC) produced
from February to May, whereas significantly lower values were measured in the RC cheese produced
in December. However, the different frequencies of the measurements in the two experiments could
be responsible for the differences observed among the relevant trends. The low values of enzymatic
activity (i.e., roughly one third of the average values measured in the February–May period) measured
in the cheese produced in December might be explained on the basis of the typical sheep breeding
adopted in Sardinia, which provides one birth per year, usually synchronized in November. Hence, all
sheep in the herd follow the same lactation cycle and, contrary to what happens in cow herds, it is
normal that the composition of the bulk of sheep milk significantly varies during the lactation cycle [18].
More specifically, the low enzymatic activity in the early stage of lactation could be attributed to the
differences between early-stage milk, secreted by sheep in the colostrum lactation phase, and the milk
produced by sheep in full lactation season.

As expected by literature findings [18], the thermization of sheep milk caused a sharp decrease
in the FSC activity. In fact, this was significantly lower in Fiore Sardo from thermized milk (TC)
than raw milk (RC) (Table 5). In addition, the seasonal behavior previously described for the
Fiore Sardo made by raw milk is confirmed also for cheeses obtained from thermized milk. Data
show that the average percent residual activity of FSC (%EAres) in cheeses from milk produced
in December and measured after 105 and 180 days of ripening was 39% and 70%, respectively,
whereas the same parameter, measured in cheeses produced in the remaining period, ranged
between 21 and 30%.

Since the unicity of these data prevents a comparison with those obtained in others cheeses,
a tentative comparison has been made with the loss of the enzyme activity shown by the thermized
milk with respect to raw milk as a function of the lactation period. Hence, data obtained in this study
seem to be congruent with those observed for cow milk [20,21] (30% and 27%, respectively) and by
Piga et al., [18] for sheep milk.

The absence of any meaningful difference among data reported in Table 5 for the same cheese
substantiates the negligible effect of the ripening of Fiore Sardo towards the FSC activity. Since the
PDO specifications of Fiore Sardo impose a minimum ripening time (105 days) before marketing, the
invariance of the FSC activity as a function of the ripening time represent valuable information that
supports the reliability of this enzyme as a tool to reveal possible frauds related to an illicit use of
heat-treatment of milk in this method of cheese production.

4. Conclusions

For the first time a RP-HPLC method devoted to the evaluation of FSC activity in raw milk
cheese has been developed, validated and applied to a valuable PDO cheese from Sardinia (Italy): the
Fiore Sardo. The method has been first developed on the bases of the deep experience owned by this
research group on sheep milk and its dairy products, and then validated for its sensitivity, linearity
and precision. A low LoD, a good linearity within the experimental concentration range, and a great
precision are the most meaningful results of the method proposed. The validated method has been
tested in Fiore Sardo cheese samples produced in four laboratory batches from raw (or thermized) sheep
milk, in order to ascertain if it could be eligible to reveal frauds related to the use of heat-processed
sheep milk during the cheese-making. The results obtained in this study can be summarized as follows:
(1) the FSC activity in Fiore Sardo produced with raw milk from the beginning of the sheep lactation
cycle (i.e., December samples) is roughly one third of the activity measured in cheeses produced in
the February–May period; (2) the FSC activity measured in Fiore Sardo produced by thermized sheep
milk is always largely below the amounts found in the same cheese produced by raw milk; (3) the
ripening of the Fiore Sardo has no meaningful effect on the activity of the α-l-fucosidase. Hence, at
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the current stage of the research, the method proposed seems to be a promising tool to reveal frauds
related to the use of thermized milk in Fiore Sardo cheese and, likely, also in other raw milk cheeses.
However, due the extreme geographical variability (mainly ascribed to differences in both the nature
and the altitude of the pastures) as well as its large technological variability (i.e., the nature and the
technique of preparation of the lamb paste rennet, the water activity, the pH, the NaCl concentration,
the time and the temperature of ripening, as well as the existence of many “tricks of the trade” that
each cheesemaker usually adopts, all not strictly described in the PDO specifications of Fiore Sardo),
further studies will be planned in order to check the overall reliability of the method here described, as
well as to assess a FTIR prediction method aimed to discriminate among cheeses made from raw or
thermized milk.
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