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A single method, based on RP-HPLC with UV detection, was developed with the aim of simultaneously
quantifying four preservatives in cheeses: benzoic acid, sorbic acid, natamycin and lysozyme.

The preservatives were extracted from different cheeses by using the same procedure, and separated by
a single RP-HPLC gradient elution showing good resolution, in a short time.

Recoveries were always higher than 91%; MDLs ranged from 0.4 to 4.0 lg g�1, and MQLs were included
between 1.3 and 13.3 lg g�1; RDS ranged from 1% to 7%.

Quantitation was performed in reference to a matrix matched calibration curve.
The method was also applied to real samples for the determination of the four preservatives, with

satisfying results.
� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The use of additives, and, among these, preservatives, is strictly
regulated by EU laws due to their potential risk for human health
and safety (EC, 1994. Council Directive 94/34/EC; EC, 1994. Council
Directive 94/35/EC; EC, 1994. Council Directive 94/36/EC; EC 1995.
Council Directive 95/02/EC).

For each PDO cheese, prohibition of use or specific limits for use
of preservatives are established in their respective product
specification.

National and international authorities accurately established
the guidelines for the use of preservatives in food and foodstuffs,
in terms of use conditions, kind of food in which they can be used,
maximum quantity allowed, etc.

In order to ensure safety and compliance with the current and
forthcoming legislations, and to carry out effective controls on
foodstuffs, with the aim of repressing frauds, rapid and reliable
screening methods for determining preservatives in foodstuffs
are in high demand.

Control bodies need sensitive analysis methods for evaluating
the presence and/or the quantification of preservatives in food.

In the dairy products frequently used preservatives are sorbic
acid, natamycin (also called pimaricin) and lysozyme.

Benzoic acid may be also found in cheeses, as preservative,
although its use is not permitted. This preservative is allowed in
ll rights reserved.

: +39 06 55341691.
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the rennet (used during cheese production) and, moreover, it
may be a natural product of microbial metabolism. Thus, it may
be found in cheeses up to 40 lg g�1, for both technical and micro-
biological reasons, even if it has not been added to cheese during
the production (Toppino, Volpato, Amelotti, & Contarini, 1990).

Currently there are no official (EU or Italian) methods for ana-
lysing these preservatives in cheeses.

It is available a Federation Internationale de Laiterie-Interna-
tional Dairy Federation (FIL-IDF, 1987) method for determining
sorbic and benzoic acid in milk and dairy, but it is not approved
for cheeses. It could be adapted to be carried out on cheeses in
agreement with a literature method (Toppino, Contarini, Degano,
Battistotti, & Brambilla, 1987), which simply modified the extrac-
tion procedure.

Natamycin in cheeses can be determined according to an ISO-
IDF method (ISO-IDF, 2007). A literature method for determination
of lysozyme in cheeses is the only currently available method
(Pellegrino & Tirelli, 2000). No official method has been approved
up to now, but it exists such a proposal within FIL-IDF (ISO/CD
TS 27105).

All these methods are based on reversed phase-high perfor-
mance liquid chromatography (RP-HPLC) technique, so in this
work we aimed to develop a single RP-HPLC method to simulta-
neously detect the four preservatives.

A simple extraction procedure was developed in order to
extract all the preservatives in a single step.

Then analytes were separated by RP-HPLC, and identified by
means of a diode array detector (DAD) using both single k
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(280 nm) and triple k (227, 280 and 303 nm) detection. Preserva-
tive amount was obtained by reference to a matrix matched stan-
dard curve, due to a relevant matrix effect.

Accuracy (recovery), precision, method detection limit (MDL),
method quantification limit (MQL), linearity range, and ruggedness
of the method were evaluated.

Afterwards, the method was tested on several kind of cheeses,
in order to check its versatility.

The method was finally tested on many commercial cheeses.
2. Materials and methods

2.1. Reagents, standards and working solutions

All the solvents were HPLC grade. Other reagents were analyti-
cal grade. PVDF syringe filters (0.45 lm pore size, 13 mm diame-
ter) were purchased by Millipore.

Standards of sorbic acid, benzoic acid, natamycin and lysozyme
were purchased by Sigma Aldrich (St. Louis, MO, USA).

Standard stock solutions of sorbic acid, benzoic acid and nata-
mycin were prepared at 1 mg mL�1 level in water: methanol
(1:2, v/v). Lysozyme standard solution was prepared at 1 mg mL�1

level in water. All these solutions were stored at 4 �C in glass vials
for 1 month.

Standard operating solutions of the analytes were prepared by
diluting appropriate volumes of the standard stock solution with
0.1 M acetate buffer (pH = 4.5): methanol (2:1, v/v). These solu-
tions were prepared at the day of use.

2.2. Apparatus

The chromatographic analysis were carried out in an HPLC sys-
tem from THERMO Fisher Scientific Inc. (Waltham, MA, USA),
equipped with a quaternary pump, a degassing device, a column
oven, a Rheodyne injector with a 20 lL loop, a DAD and a fluorim-
eter as detectors (the method can also be performed with only a
single k UV detector). Integration was accomplished by Chrom-
Quest 4.2.34 software (THERMO Fisher Scientific Inc.).

The chromatographic separation was achieved by means of
Lichrosorb C18 chromatographic column (250 � 4.6 mm, 5 lm),
from Merck KgaA (Darmstadt, Germany), coupled with the corre-
sponding C18 guard-column (4 � 4 mm, 5 lm).

Ultra-pure water was produced by a PureLab Option system
from ELGA LabWater (High Wycombe, UK).

2.3. Samples

2.3.1. Working samples
During method development and performance evaluation all

the determination were carried out by analysing standard solu-
tions (for identification and standard curve) and matrix solutions
(for calibration and recovery studies).

Matrix solutions were obtained by adding required amounts of
analyte to blank matrix extract.

Blank matrices for sorbic acid, benzoic acid and natamycin were
a pasta filata cheeses. Instead hard ripened cheese, such as trentin-
grana, was chosen as blank matrix for lysozyme.

2.3.2. Real samples
The method was tested on many commercial cheeses. These

were purchased from Italian retail markets or were available in
our department as a result our control activity.

According to the preservatives declared on the label, many
kinds of cheeses, both commercial and from our control activity,
such as pasta filata cheeses (Mozzarella, Provolone), soft cheeses,
hard ripened cheeses (Parmigiano Reggiano, Grana Padano), goat’
and ewe’s milk cheeses were analysed.

Each sample was homogenised, doubly analysed, and data were
averaged.

2.4. Sample preparation

2.4.1. Extraction
Extraction was performed by mixing for 1 min, with an Ultra-

turrax, an amount of 2 g of the grated and well homogenised
cheese with 50 mL of the extraction buffer solution consisting in
1 M NaCl in 0.1 M acetate buffer pH = 4.5: methanol (2:1, v/v).

The suspension is placed in an ultrasonic bath for 10 min. After-
wards it was centrifuged for 10 min at 4000 rpm. The supernatant
was collected, filtered through a 0.45 lm PTFE membrane syringe
filter, and injected into the LC column.

2.4.2. Chromatographic conditions
Analytes were separated by RP-HPLC using 0.1% trifluoroacetic

acid (TFA) in water (v/v) as eluent A, and 0.1% TFA in acetoni-
trile/tetrahydrofurane (5/1) (v/v) as eluent B. A linear gradient
from 10% to 60% of phase B within 15 min was employed, followed
by an isocratic step consisting in 90% of phase B for 5 min. Finally,
the column was re-equilibrated at the initial conditions. Chromato-
graphic separation of the preservatives was accomplished at a con-
stant flow of 1 mL min�1. Column was thermostated at 25 �C to
increase the retention time reproducibility.

2.4.3. Qualitative and quantitative analysis
Identification of the preservatives was performed by comparing

the retention time with that of the corresponding standard.
Quantitation was assessed by referring to a matrix matched

calibration curve.
All the preservatives were detected at the common k = 280 nm.

To carry out a more sensitive determination, were chosen
additional wavelengths for the detection of the preservatives:
natamycin was also evaluated at 303 nm, sorbic and benzoic
acid at 227 nm, lysozyme by fluorimetry detection (kex = 280 nm,
kem = 340 nm) too. Quantitation was performed, for each wave-
length, by a calibration curve for each kind of detection.

2.5. Method validation

2.5.1. Selectivity and specificity
During our experiments we performed an UV scan (200–

400 nm) in the time window of the analytes, with the aim of
revealing eventual interfering compounds, and evaluating the
selectivity of the method.

2.5.2. Calibration curve and linearity
Two sets of calibration curves called, respectively, ‘‘standard’’

and ‘‘matrix matched’’ were performed.
Standard solutions were prepared by dilution of the working

standard solutions. Matrix matched solutions were prepared by
addition of the working standard solutions to blank cheese sample
extracts.

Both standard and matrix matched solutions were prepared at
five concentration levels in the range of 0.2–20 mg L�1 (correspond-
ing to 5–500 lg g�1 in cheese samples) for natamycin, 2–20 mg L�1

(corresponding to 50–500 lg g�1 in cheese samples) for lysozyme,
0.2–20 mg L�1 (corresponding to 5–500 lg g�1 in cheese samples)
for sorbic acid, and 0.8–20 mg L�1 (corresponding to 20–500 lg g�1

in cheese samples) for benzoic acid.
The analyte peak area versus preservative concentration in

cheese samples were plotted in order to generate the calibration
curves.
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Both standard and matrix matched solutions were prepared
three times for each level; each solution was once injected and
the results were averaged. For each preservative, unweighted
regression curves both for standard and matrix-matched solution
were calculated and compared.

Linearity was previously evaluated in separate experiments in
which calibration curves were obtained related to a wider concen-
tration range than that used for quantification of samples.

2.5.3. Matrix effect (bias)
Signal suppression on UV (and fluorimetric, for lysozyme) re-

sponse due to matrix effects was evaluated by comparing the slope
of the standard calibration curve with the slope of matrix-matched
calibration curve, at the same concentration levels.

2.5.4. Accuracy and precision
Accuracy was evaluated in terms of percentage of recovery. For

recovery studies, preservative-free cheeses were chosen and forti-
fied with small, suitable volumes of working solutions. For each
analyte, three spiking levels were investigated; these levels cov-
ered the entire range under evaluation. Ten samples for each level
were analysed. Precision was evaluated in terms of method repeat-
ability. For each set of replicates average and RSD were calculate.

2.5.5. MDL and MQL
For each preservative MDL and MQL were estimated from chro-

matographic analysis by injecting 40 ng (corresponding to
50 lg g�1) of analyte from a standard solution. Chromatogram
was processed, and the peak height-to-averaged background noise
ratio (S/N) was calculated. In particular MDL was evaluated as the
injected amount of analyte that allows S/N = 3, instead MQL was
assessed as the quantity of analyte giving S/N = 10.

2.5.6. Ruggedness
A Youden test (Youden & Steiner, 1975) was accomplished in

order to test method ruggedness. According to this test, seven fac-
tors, which could influence the result, were chosen. The factors
were: sample weight (1.9 and 2.1 g instead of 2 g), NaCl concentra-
tion (0.09 and 0.11 M instead of 0.1 M), extraction buffer volume
(49 and 51 mL instead of 50 mL), extraction buffer pH (4.4 and
4.6 instead of 4.5), length of ultrasonication (9 and 11 min instead
of 10 min), temperature of HPLC column (24 and 26 �C instead of
25 �C) and TFA concentration (0.09% and 0.11% instead of 0.1%).

3. Results and discussion

3.1. General remarks

As mentioned in Section 1, an International Standard Method
for sorbic acid and benzoic acid determination in cheeses was
approved (FIL-IDF, 1987), but not in cheeses. Another International
Standard Method was validated for analysing natamycin in cheeses
(ISO-IDF, 2007), but there is no International Standard Method for
lysozyme in milk products, even if an analytical method for con-
tent of lysozyme determination in cheeses was proposed in litera-
ture (Pellegrino & Tirelli, 2000) and an international ISO-FIL trial is
running in order to approve such a method (ISO/CD TS 27105).

A single procedure to extract and analyze all these preservatives
analytes in cheeses, in just one analysis, is a useful tool for food
quality control.

The aim of our research was to develop a single method that al-
lows the determination of the four preservatives in cheeses at the
same time.

The lack of such a method is probably due to the structural dif-
ferences among these analytes, which makes difficult to perform
their separation and determination at the same time. This was
the main difficulty we found in our work.

The main goal was to develop a versatile method, to be applied
in the real operative range. In our willingness, the method not nec-
essarily should have to show better performances than the single
methods for the single preservatives, but should have to give a ver-
satile tool for cheeses quality control purposes, for all the preserva-
tives at the same time, allowing a more powerful screening
potential, especially for control agencies.

This goal was reached by optimisation of both the extraction
and the chromatographic separation.

3.2. Extraction optimisation

A fast and simple extraction method was developed. The pro-
posed extraction procedure was applied to different kinds of
cheeses, such as provolone, mozzarella and trentingrana, in order
to verify its suitability.

The extraction buffer components were chosen according to the
different chemical-physical features of the analytes, and by taking
into account the considerations previously reported in other stud-
ies (Pellegrino & Tirelli, 2000; Toppino et al., 1987, 1990). The ace-
tate buffer was employed for maintaining pH value at 4.5 that
allows a good recovery of the acidic compounds, such as sorbic acid
and benzoic acid.

Natamycin recovery is nearly not affected by pH value for a
wide range, but addition of methanol to the extraction buffer
was required in order to enhance its recovery, according to prece-
dent study (Capitan-Vallvey, Checa-Moreno, & Navas, 2000). More-
over, sorbic and benzoic acids are more soluble in a mix water/
methanol than in water alone.

At the extraction buffer condition lysozyme is found in a posi-
tive charged status, and a good recovery was obtained, but NaCl
was added to the buffer to increase ionic strength and promoting
the desorption of lysozyme from casein, with optimisation of its
recovery (Pellegrino & Tirelli, 2000).

Salt presence is necessary in order to extract lysozyme, but it
showed not to affect the recovery of the other analytes. In fact,
the extraction was performed without NaCl too, and the results
confirmed that the recoveries of sorbic acid, benzoic acid and nata-
mycin were statistically the same (data not shown).

Finally, the ratio between cheese sample weight and extraction
buffer volume (1:25 w/v) was optimised with the aim of achieving
the best recovery for all the analytes. The buffer solution consisted
in 1 M NaCl in 0.1 M acetate buffer pH = 4.5: methanol (2:1, v/v).

3.3. Optimisation of chromatographic conditions

In other studies chromatographic methods for individually ana-
lysing these preservatives were accomplished. However there are a
lot of differences among their structures (organic acids, aromatic or
not, polyene macrolide antibiotic, protein).

Sorbic and benzoic acids were well separated by reversed phase
chromatography using a linear gradient of 0.1 M acetate buffer at
pH 4.5 and methanol; lysozyme was eluted with a linear gradient
of 0.1% TFA in acetonitrile (v/v); natamycin was determined in re-
versed phase liquid chromatography, with an isocratic elution of
methanol, water and acetic acid.

Due to the possibility of finding more than one of these com-
mon preservatives in the same sample, depending on the kind of
cheese, a single chromatographic method for simultaneously
determining all the preservatives in cheeses is required.

The optimisation of the chromatographic conditions for sepa-
rating all the analytes in a single run was carried out by using a
mix of preservative standards at 4 mg L�1. At first the same condi-
tions used for sorbic and benzoic acids were tested (FIL-IDF, 1987;



Fig. 2. The zoomed RP-HPLC elution profile of the four preservatives standards (S as
sorbic acid, B as benzoic acid, N as natamycin and L as lysozyme) at 4 mg L�1 level
obtained by a linear gradient of 0.1% TFA in acetonitrile. Separation was performed
by means of Lichrosorb C18 chromatographic column (250 � 4.6 mm, 5 lm),
coupled with the corresponding C18 guard-column (4 � 4 mm, 5 lm). The flow
rate was 1 mL min�1, and the column was thermostated at 25 �C. Peaks were
detected at k = 280 nm. With this condition lysozyme and natamycin were well
separated, but sorbic and benzoic acid were co-eluted.

Fig. 3. The chromatographic separation of the analytes obtained by using a linear
gradient from 10% to 60% in 15 min of 0.1% TFA in acetonitrile/tetrahydrofurane (5/
1) (v/v) as eluent phase. Separation was performed by means of Lichrosorb C18
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Toppino et al., 1987, 1990). With such conditions, reported in
Fig. 1, sorbic and benzoic acid were well separated, but lysozyme
and natamycin were not well resolved, probably for a change in
lysozyme conformation due to the pH value of the eluent.

Thus, the same chromatographic conditions for lysozyme anal-
ysis were applied to separate the preservatives (Pellegrino & Tirelli,
2000). With this acidic mobile phases lysozyme and natamycin
were well separated, but sorbic and benzoic acid co-eluted. (Fig. 2).

These observations showed the importance of pH value on ana-
lyte separation: in fact a pH value lower than 3.5 pH value is re-
quired for eluting lysozyme, whereas a pH value higher than 4.5
is needed for sorbic acid and benzoic acid separation.

For these reasons, in order to maintain an acid pH value and, at
the same time, to ensure a separation of all the analytes, a mixture
of tetrahydrofurane and acetonitrile was added as previously de-
scribed in Section 2.4.2. These chromatographic conditions allowed
a good separation of the four preservatives and a fast analysis time.
In Fig. 3 is showed the chromatogram obtained by analysing a
standard solution with the optimised conditions, consisting in a
linear gradient from 10% to 60% in 15 min of 0.1% TFA in acetoni-
trile/tetrahydrofurane (5/1) (v/v) as eluent phase. In Fig. 4 is
shown, as an example, the chromatogram obtained by analysing,
with the same conditions, a cheese sample matrix, spiked with
the four preservatives.

As far as the detection wavelength is concerned, high differ-
ences between the maximums of absorption of the analytes exist.
For natamycin and lysozyme these values are affected by the exter-
nal conditions (i.e. pH, ionic strength, etc.). We found that k
= 280 nm is the best compromise to detect the four preservatives
with a good sensitivity at a single wavelength. If available, detec-
tion at additional k should be accomplished in order to reach a bet-
ter sensitivity (k = 227 nm for sorbic and benzoic acid; k = 303 nm
for natamycin; fluorimetry kexc = 280 nm, kem = 340 nm for
lysozyme).

3.4. Method validation

3.4.1. Selectivity/specificity
By performing the UV scan of the analytes, we observed no

appreciable differences between the UV full scan (200–400 nm)
of the preservative peaks in the standard solutions and the pro-
Fig. 1. The zoomed RP-HPLC elution profile of the four preservatives standards (S as
sorbic acid, B as benzoic acid, N as natamycin and L as lysozyme) at 4 mg L�1 level
by using a linear gradient of 0.1 M acetate buffer at pH 4.5 and methanol.
Separation was performed by means of Lichrosorb C18 chromatographic column
(250 � 4.6 mm, 5 lm), coupled with the corresponding C18 guard-column
(4 � 4 mm, 5 lm). The flow rate was 1 mL min�1, and the column temperature
was 25 �C. Peaks were detected at k = 280 nm. The chromatogram obtained by using
this condition showed a good separation of sorbic acid and benzoic acid, but
natamycin and lysozyme resulted not well resolved.

chromatographic column (250 � 4.6 mm, 5 lm), coupled with the corresponding
C18 guard-column (4 � 4 mm, 5 lm). The flow rate was 1 mL min�1, and the
column temperature was 25 �C. Peaks were detected at k = 280 nm. This chromato-
graphic condition allows a good separations of the analytes in short time. The
retention times were 10.9 min for sorbic acid, 11.3 for benzoic acid, 12.5 for
lysozyme, and 13.2 for natamycin.
cessed samples. So this method has, at least, an high degree of
selectivity, when it is applied to real matrices.
3.4.2. Calibration curves, linearity, and matrix effect
Calibration curves were obtained by standard calibration and

matrix matched procedures, as illustrated in Section 2.5.2. For each
analyte the linear regression curve showed a correlation coefficient
(R2) over 0.99. The linearity range at k = 280 nm for sorbic acid was
5–500 lg g�1, for benzoic acid was 20–500 lg g�1, for natamycin
was 20–500 lg g�1 and for lysozyme was 50–500 lg g�1.

It is worth underlining that the UV response was linear in a
wide range of concentration, that includes the range of interest
of the EU legislation (EC, 1994. Council Directive 94/34/EC; EC,
1994. Council Directive 94/35/EC; EC, 1994. Council Directive 94/
36/EC; EC 1995. Council Directive 95/02/EC). At analyte lower
concentrations, the calibration curves at the specific wavelength
for sorbic acid, benzoic acid and natamycin or by fluorescence



Fig. 4. Example of the separation obtained, with the same conditions as Fig. 3, on a
cheese matrix spiked with the four preservatives, at 100 mg/kg. The retention times
were 11.0 min for sorbic acid, 11.3 for benzoic acid, 12.4 for lysozyme, and 13.2 for
natamycin.

Table 1
Accuracy (recovery %) and precision (RSD%) of the method in cheese samples spiked
at three different concentration levels for each preservative.

Preservative Cheese Spiking
levela

Recovery
(%) at
k = 280 nmb

Recovery
(%) at
specific kb

RSD
(%)c

Sorbic acid Pasta filata
cheese

5 lg g�1 93 95 4

Sorbic acid Pasta filata
cheese

250 lg g�1 99 105 5

Sorbic acid Pasta filata
cheese

500 lg g�1 99 96 2

Benzoic
acid

Pasta filata
cheese

20 lg g�1 91 110 5

Benzoic
acid

Pasta filata
cheese

100 lg g�1 93 97 6

Benzoic
acid

Pasta filata
cheese

500 lg g�1 96 97 7

Natamycin Edible part
of provolone

20 lg g�1 96 102 5

Natamycin Edible part
of provolone

250 lg g�1 93 93 5

Natamycin Edible part
of provolone

500 lg g�1 95 94 4

Lysozyme Trentingrana 50 lg g�1 93 102 5
Lysozyme Trentingrana 250 lg g�1 91 117 1
Lysozyme Trentingrana 500 lg g�1 94 106 3

a Spiking concentration levels were obtained by adding standard preservative
solutions to blank samples.

b Recoveries % were determined on n = 10 analysed samples for each spiking
level. Recoveries % at specific k were obtained at k = 227 nm for sorbic and benzoic
acid, k = 303 nm for natamycin and by fluorescence detection (kex = 280 nm,
kem = 340 nm) for lysozyme.

c RSD%, determined at k = 280 nm.
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detection for lysozyme may be used. As an example, natamycin
may be more accurately determined at k = 303 nm, with a wider
linearity range, from 2 to 500 lg g�1. Sorbic acid and benzoic acid
were determined until 0.5 and 5 lg g�1, respectively, by using
k = 227 nm as detection wavelength, and lysozyme may be ana-
lysed even at 10 lg g�1 by fluorescence detection (kex = 280 nm,
kem = 340 nm).

More experimental results about standard and matrix matched
regression lines can be found in the supplementary information.

The matrix effect was calculated as reported in Section 2. For all
the preservatives the average ratio between slopes (bmatrix/bstandard)
was more than 0.60, showing a considerable matrix effect. These
differences, between standard and matrix matched calibration, in-
duced us to carry out the evaluation of method performances on
the matrix curve, to improve the accuracy of the evaluation.

3.4.3. Accuracy
Due to the lack of Certified Reference Materials, accuracy eval-

uation, in terms of percentage of recovery, was carried out on blank
samples spiked with a known amount of analyte.

For each analyte a particular matrix in which the preservative is
commonly added during industrial production, was chosen. For
natamycin recovery study, the edible part of provolone cheese
was selected as the reference blank, because, according to current
EU legislation, it must contain natamycin only in the rind (EC,
1995). For lysozyme recovery study, trentingrana cheese was used
as the reference blank. Trentingrana cheese is the most similar
cheese to Grana Padano (in which lysozyme is frequently used),
but it must be lysozyme-free (Decree, 2006). For sorbic and ben-
zoic acids a commercial pasta filata cheese was considered as the
reference blank.

Each reference blank cheese was previously tested for the ab-
sence of preservatives. Recoveries were evaluated at three different
levels of concentration for each analyte, corresponding to the min-
imum, the maximum and an intermediate value of the linearity
range.

Recovery values, calculated at k = 280 nm, are shown in Table 1.
In particular sorbic and benzoic acid recoveries were, respectively,
over 93% and 91%. These values are in agreement with the recovery
obtained in precedent works (Garcıa, Ortiz, Sarabia, Vilches, & Gre-
dilla, 2003; Pylypiw & Grether, 2000). It is important to notice that
accuracy values calculated by using the common wavelength
(k = 280 nm) were comparable to the data obtained with the spe-
cific detection wavelength, as described in Section 3.4.2.

Since these preservatives are usually added at many kinds of
cheese, additional recovery evaluations on different matrix
cheeses (fresh cheese, soft ripened cheese, hard cheese) were per-
formed and evaluated by comparison to the reference one. Good
recovery values confirmed the versatility of our method (data
not shown).

By comparison with the natamycin FIL-IDF method (ISO-IDF,
2007), our method showed substantially not worse precision val-
ues (RSD% = 7.1 at 15 lg g�1 and RSD% = 9.3 at 60 lg g�1). Almost
the same was for benzoic and sorbic acid, if we compare our preci-
sion values with those in the FIL-IDF method (FIL-IDF, 1987).

An alternative approach, based on a single standard (100 mg/
kg) quantification, instead of the calibration curve, was tested.
Slightly poorer results, in terms of accuracy, were compensated
by a shorter analysis time (data not shown).
3.4.4. MDL and MQL
MDL and MQL were calculated as previously described in Sec-

tion 2.5.5. At k = 280 sorbic acid showed an MDL and MDQ, respec-
tively, of 0.4 and 1.3 lg g�1, benzoic acid 1.7 and 5.6 lg g�1,
natamycin 0.5 and 1.8 lg g�1 and lysozyme 4.0 and 13.3 lg g�1.
According to these results, at k = 280 nm this method allows to
identify and quantify the analytes in the useful operative range,
according to both EU legislation and manufactory practice (EC,
1994. Council Directive 94/34/EC; EC, 1994. Council Directive 94/
35/EC; EC, 1994. Council Directive 94/36/EC; EC 1995. Council
Directive 95/02/EC). It is important to notice that MDL and MQL
values were lower if a specific detection wavelength was used.
For instance, at k = 227 nm the MDL and the MQL of sorbic acid
were 0.1 and 0.5 lg g�1, respectively.
3.4.5. Ruggedness
Ruggedness of the method was evaluated by performing the

Youden test, as described in the Section 2.5.6. Results showed that



Table 2
Quantitation of the preservatives in market cheese samples.

Cheese samplec Preservative contenta

Sorbic
acid

Benzoic
acid

Natamycin Lysozyme

Mozzarella ndb ndb ndb ndb

Provolone (rind) 48 lg g�1 ndb 221 lg g�1 ndb

Provolone (edible
part)

133 lg g�1 ndb ndb ndb

Asiago ndb ndb ndb ndb

Fresh cheese ndb ndb ndb ndb

Parmigiano ndb ndb ndb ndb

Grana Padano I ndb ndb ndb 176 lg g�1

Grana Padano II ndb ndb ndb 135 lg g�1

Goat cheese 38 lg g�1 ndb 3.2 lg g�1 ndb

Ewe cheese II ndb ndb ndb ndb

Ewe cheese I 44 lg g�1 ndb ndb ndb

a Quantitation was performed by interpolating the analyte peak area value (n = 2)
with the matrix matched calibration regression line, for each preservative. Results
are expressed in lg of preservative in 1 g of sample. From a qualitative point of
view, all the results were in agreement with the preservatives declared on the label.

b Not detected.
c Samples were purchased on the retail market or were available in our

department.
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proposed method was not influenced by the seven factors (data not
shown).

3.5. Real sample analysis

The method was finally tested to evaluate the content of sorbic
acid, benzoic acid, natamycin and/or lysozyme in several kinds of
commercial cheeses and data are shown in Table 2. Quantitation
was performed by using the matrix matched calibration curve.

Regarding to qualitative analysis, the results always agreed
with the kind of preservative declared on the label. With regard
to the quantitative analysis, it was not possible to evaluate the re-
sults, because no concentration level was declared on the label.
Anyway, the kind of preservative declared on the label was always
found in a lower concentration than the maximum legal limit and
in a range of concentration compatible with a good manufacturer
practice in the production step, as they were also found in a previ-
ous work (LC-TI, 2005).

4. Conclusions

Due to the lack of International Standard Method for the deter-
mination of sorbic acid, benzoic acid, natamycin and lysozyme in
cheeses, in this research we propose an analytical method for the
simultaneous determination of the four preservatives in different
kinds of cheeses.

Proposed method is simple, rapid, reliable and allows good
recoveries of all analytes in the concentration range usually pres-
ent in contaminated real samples.

For screening analysis this method could be performed with an
HPLC instrument, only equipped with a single wavelength – UV
detector. For a more sensitive determination a triple k – UV detec-
tor (or a DAD) and fluorescence detection may be used.
The performances of this method were evaluated and they were
in agreement to those of existing methods for single preservatives
determination.

A full validation of this method was not achieved because
recovery studies of the four preservatives were made on one single
cheese matrix for each preservative. Each cheese matrix was cho-
sen accordingly to the most frequent use of the preservatives.

It should be also noticed that it hardly happens that a single
cheese contains all the four preservatives together.

This method was finally applied for analysing several different
cheese typologies showing satisfying results in terms of accuracy,
easiness of use and quickness.
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