
Journal of Chromatography A, 878 (2000) 261–271
www.elsevier.com/ locate /chroma

Determination of cow’s milk in non-bovine and mixed cheeses by
capillary electrophoresis of whey proteins in acidic isoelectric

buffers
a a a´ ´Jose Manuel Herrero-Martınez , Ernesto F. Simo-Alfonso , Guillermo Ramis-Ramos ,

b c ,*Cecilia Gelfi , Pier Giorgio Righetti
aDepartment of Analytical Chemistry, University of Valencia, Dr. Moliner 50, 46100 Burjassot (Valencia), Spain

bITBA, CNR, L.I.T.A., Via Fratelli Cervi 93, 20090 Segrate (Milan), Italy
c `Department of Agricultural and Industrial Biotechnologies, University of Verona, Strada le Grazie, Ca Vignal, 37134 Verona, Italy

Received 25 October 1999; received in revised form 24 January 2000; accepted 2 March 2000

Abstract

An improved method for the determination of cow’s milk in non-bovine cheese is reported: electrophoresis of whey
proteins in acidic, isoelectric buffers. Two background electrolytes (BGEs) have been tested: (i) 50 mM iminodiacetic acid
(pH5isoelectric point52.30 at 258C), 0.5% hydroxyethylcellulose, 0.1% Tween 20 and 6 M urea (apparent pH 3.1), E5300
V/cm, for the separation of a-lactalbumins (a-LAs); (ii) a BGE with the same composition, but supplemented with 10%
Tween 20, E5450 V/cm, for the fractionation of b-lactoglobulins (b-LGs). Surfactants have a discriminating effect on the
retention behaviour of the bovine a-LA and b-LG proteins, owing to the different strength of the protein–surfactant
association complexes, and are needed for separating these two proteins from small peaks in the electropherograms generated
by degradation of casein during cheese ripening. Novel equations are given for deriving the ratio of the area (or height) of
bovine a-LA, or b-LG, to the area (or height) of ovine or caprine a-LA or b-LG (such ratios being typically used to
determine the percentage of cow’s milk in dairy products), since previous equations had marked drawbacks, such as
non-linearity of the plots with increasing slopes at high cow’s milk percentages, and too broad confidence limits at high
cow’s milk contents, where the peak area (or height) ratio tends asymptotically to infinite. With the novel procedures
reported, contents of cow’s milk as low as 1% can be quantified in goat’s and ewe’s cheeses. The present protocols give
lower detection limits, are cheaper and more rapid than any other methodology reported in the literature, and can be easily
applied to the routine quality control of binary and ternary cheeses.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction countries by specific laws. According to law, the
animal origin of the milk used for manufacturing

Dairy products, which constitute a major com- cheese must be declared by the producer; however,
ponent of human food, are protected in almost all adulteration of goat and ewe cheese with cow’s milk

is relatively common, owing to: (i) seasonal fluctua-
tions in the availability of goat’s and ewe’s milk; (ii)*Corresponding author. Tel. / fax: 139-45-8027-901.

E-mail address: righetti@mailserver.unimi.it (P.G. Righetti) higher price of goat’s milk, and particularly ewe’s
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milk, in comparison to cow’s milk; (iii) opportunity Righetti and co-workers [39–45] have developed
to use the overproduction of cow’s milk without loss fast CZE procedures using isoelectric buffers, which,
of profit. Therefore, reliable, rapid and sensitive due to their much reduced conductivities, are com-
control methods must be available to check the patible with high voltage gradients, thus favouring
composition of milk, cheese and other dairy prod- high resolution with short migration times. These
ucts. authors have used isoelectric acidic buffers for

This problem has been addressed by enzyme- separating peptides [40,41], oligonucleotides [42,43]
linked immunosorbent assay (ELISA), slab gel elec- and wheat [44] and maize proteins [45].
trophoresis and column liquid chromatographic We report here the fast identification and quantita-
methods. Richter et al. [1] developed an indirect tion of cow’s milk in goat and ewe cheeses on the
competitive ELISA technique based on the evalua- basis of the CZE separation of whey proteins.
tion of caseins and glycomacropeptides in milk. Beer Isoelectric buffers containing iminodiacetic acid and
et al. [2] also used ELISA for estimating bovine different concentrations of a non-ionic surfactant
b-lactoglobulin in milk. (Tween 20) were used.

Gel isoelectric focusing has been used for analys-
ing whey proteins [3–5] and caseins [6,7]. Molina et
al. [8] predicted the percentages of cow’s, goat’s and 2. Materials and methods
ewe’s milk in ‘‘Iberico’’ cheese by polyacrylamide
gel electrophoresis (PAGE) of whey proteins, and 2.1. Reagents
Ramos and Juarez [9] evaluated the applicability of
electrophoresis and immunoassay in milk mixtures. Iminodiacetic acid (IDA), urea and bovine stan-
Both ELISA and slab gel electrophoresis provide dards of a-lactalbumin (a-LA) and b-lactoglobulins
semiquantitative valuable information, but they are (b-LGs) A and B were obtained from Sigma (St.
slow, labour intensive and cannot detect small Louis, MO, USA). The caprine and ovine a-LA and
amounts of cow’s milk in goat and ewe products. b-LG used as standards were purified in the labora-
Chromatographic techniques in their different modes tory by slab gel isoelectric focusing. Acetic acid and
(reversed-phase, ion-exchange and size-exclusion) tris(hydroxymethyl)aminomethane (Tris) were from
have also been applied to the evaluation of whey Fluka (Buchs, Switzerland). Hydroxyethylcellulose
proteins [10–12]. Reversed-phase high-performance (HEC; average molecular mass, 27 000) was from
liquid chromatography has been used to determine Polysciences (Warrington, PA, USA). A buffer con-
cow’s milk in buffalo mozzarella [13] as well as in taining 0.3 M acetic acid and the necessary 2 M Tris
goat [14] and ewe cheeses [15]. Chromatography has for reaching pH 4.6 was prepared. Deionized water
proved to be a valuable quantitative technique for was used throughout (Barnstead deioniser, Sybron,
protein analysis in dairy products; however, sepa- Boston, MA, USA).
ration time is usually within the 30–50 min range,
which is rather long for some routine quality control 2.2. Apparatus
purposes.

Recently, a number of studies have demonstrated Fused-silica uncoated capillaries (33.5 cm350 mm
that high-performance capillary electrophoresis I.D.3375 mm O.D.) were obtained from Supelco
(HPCE) is a suitable technique for analysing milk (Bellefonte, PA, USA). The CZE experiments were

3Dproteins [16] by using uncoated [17–27], and coated carried out with an HP capillary electrophoresis
capillaries [28–38]. Cattaneo et al. [34] have demon- system (Hewlett-Packard, Palo Alto, CA, USA)
strated the capability of an HPCE mode, i.e., capil- equipped with a diode array spectrophotometric
lary zone electrophoresis (CZE), to determine up to detector.
an 8% level of cow’s milk in milk mixtures. Recent-
ly, Cartoni et al. [37,38] employed methyl silanized 2.3. Origin and preparation of samples
capillaries in the determination of down to 2% cow’s
milk in ewe and buffalo cheeses. Samples of cow, goat and ewe cheeses of guaran-
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teed composition, including cheeses of a single follows: 5 min with 1 M NaOH, 5 min with 0.1 M
animal origin, and binary and ternary mixtures, were NaOH, and 10 min with water. At the beginning of

´supplied by Mercadona and Lacteas Toledo (Spain). each working session the capillary was rinsed for 30
Cheeses of guaranteed single animal origin were min with the running background electrolyte (BGE)
used to prepare several binary and ternary mixtures at 258C. No alteration of the baselines were observed
to be used as standards. For this purpose, fresh and using a rinse time of 2 min between samples. The
ripened cow, goat and ewe cheeses provided by two following BGEs and electric fields are rec-
several manufacturers were used. Other cheese sam- ommended:
ples, elaborated with binary and ternary milk mix- (i) For the separation of a-LAs: 50 mM IDA
tures, were also used as standards and for evaluation (pH5pI52.30 at 258C, where pI5isoelectric point),
purposes. In the latter case, both the composition 0.5% HEC, 0.1% Tween 20 and 6 M urea (apparent
declared by the manufacturer or sodium dodecyl pH 3.1). E5300 V/cm.
sulfate (SDS)–PAGE data were available (Table 1). (ii) For the separation of b-LGs: a BGE with the
Sample preparation was similar to that proposed by same composition, but supplemented with 10%
Pellegrino et al. [14] but with some modifications. Tween 20. E5450 V/cm.
Thus, 0.5 g cheese samples were mixed with 1 ml All buffers and samples were pressed through
distilled water and shaken at room temperature for 5 0.45-mm Millipore filters, and loaded in the capillary
min in a vortex mixer. The extracts were centrifuged using hydrostatic pressure (50 mbar) for 3 s. The
at 12 000 rpm (16 500 g) for 15 min at 48C. A signal was monitored at 214 nm.
500-ml aliquot of the supernatant was diluted with
250 ml of the acetic acid–Tris buffer of pH 4.6, left
to stand for 20 min, and centrifuged again for 15 3. Results and discussion
min. Desalted and preconcentrated samples were
obtained with Microcon membranes of 10 000 M 3.1. Separation of a-LAs of different animal originr

cut-off (Amicon, Millipore, Bedford, MA, USA).
After centrifugation on the Microcon tubes at 8 000 A BGE containing 50 mM IDA, 0.5% HEC and 6
rpm (11 000 g) for 30 min, the extracts were stored M urea, and an electric field of 700 V/cm, was first
at 2208C until needed. used. The electropherograms of the fractions of

ripened cheeses of a single animal origin, which
2.4. Recommended CZE procedures were retained by the Microcon membranes, are

shown in Fig. 1A–C. The a-LA and b-LG peaks
New capillaries were conditioned at 608C as were identified in all cases by spiking the cheese

Table 1
Declared and found cow’s milk contents (in percentages) for a series of commercial Spanish cheeses

aManufacturer Reference Found from a-LAs Found from b-LGs
bEntrepinares (H) 70–90 7363 6765
bPuente Cesta (H) 50–75 6062 5764
bFlor de Ronda (L) 80–95 9263 9066
bFlor de Ronda (H) 80–95 9663 9266

cRoncal (H) Pure ewe ND ND
cDon Bernardo (H) Pure ewe 1062 864
c˜´Alquerıas del Nino Perdido (H) Pure goat 3063 2865
c´Lacteas Toledo (L) Pure goat ND ND

c´Lacteas Toledo (H) 60 6062 5564
a Ripening time in parentheses: L, fresh cheese; H, ripened cheese.
b Obtained by SDS–PAGE according to Ref. [4] in another laboratory.
c Declared by the manufacturer.
ND, Not detected.
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for the goat and ewe samples (Fig. 1B and C, peaks
4 and 6, respectively), but at a different time for the
cow’s samples (Fig. 1A, peak 1). Unfortunately, in
ripened cheeses, the cow’s a-LA overlapped with a
small peak of the goat and ewe samples, adjacent to
the corresponding a-LA peak. This is shown in Fig.
1D, which corresponds to a ewe extract spiked with
200 mg/ l bovine a-LA. Small peaks adjacent to
a-LA peaks are usually due to casein degradation
products during cheese ripening [14]. These small
peaks were absent in fresh cheeses. On the other
hand, the b-LG peaks appeared at similar migration
times in all samples. Thus, a peak for the adequate
evaluation of goat–ewe mixtures was not present in
these electropherograms, and the evaluation of small
amounts of cow’s milk in ripened ewe cheeses was
subjected to bias owing to overlapping of the cow’s
a-LA peak with a low but not negligible peak of the
goat and ewe profiles.

Xu et al. [46] found that Tween 20 and other
non-ionic surfactants have a discriminating effect on
the retention behaviour of the bovine a-LA and
b-LG proteins owing to the different strength of the
protein–surfactant association complexes. Therefore,
a 0.1% Tween 20 was added to the BGE. Also, the
electric field was decreased to 300 V/cm. As shown

Fig. 1. Electropherograms of whey from (A) cow (B) goat and
in Fig. 2, in the presence of surfactant, simpler(C) ewe ripened cheeses. Electropherogram (D): ewe’s extract
baselines, higher efficiencies and differential shifts inspiked with 200 mg/ l of bovine a-LA. Capillary: 33.5 cm
the peaks of the bovine, caprine and ovine a-LAs(effective length 25 cm)350 mm I.D.; hydrodynamic injection: 50

mbar33 s; running buffer: 50 mM IDA, 6 M urea and 0.5% HEC; were produced. The peaks of the three a-LAs
electric field: 700 V/cm (resulting in a current of 27 mA); appeared at different migration times, thus making
detection at 214 nm. Peak identification: 15bovine a-LA; 25

possible the determination of binary and ternarybovine b-LG A; 35bovine b-LG B; 45caprine a-LA; 55caprine
mixtures. Furthermore, as shown in Fig. 2D, theb-LG; 65ovine a-LA; 75ovine b-LG A; 85ovine b-LG B.
bovine a-LA peak (added to a ewe sample) appeared
in a flat background region of the ewe electropherog-

extracts with the protein standards. Fresh cheeses rams, well resolved from the small peak exhibited by
gave similar electropherograms, which showed the the samples of ripened ewe cheese at a migration
same main peaks but with a simpler baseline. time slightly over the ovine a-LA peak. Similarly,
Retention of the proteins by the membranes was the bovine a-LA peak appeared at a migration time
checked by also injecting the filtrates; in all cases, between the caprine a-LA peak (number 4 in Fig. 2)
the a-LA and b-LG peaks were not present (elec- and the small peak showed by the ripened goat
tropherograms not shown). In addition, the elec- cheeses at a larger migration time (Fig. 2B), well
tropherograms of the retained fractions were also resolved from the former and satisfactorily resolved
injected after dilution to 50% with water. The peak from the latter (results not shown).
areas showed a 50% reduction, which indicated the The experiments were also performed at 500 V/
absence of non-linear effects, such as those associ- cm, but a better resolution was obtained at 300
ated to sample viscosity. V/cm. With this electric field and using the rec-

The a-LAs appeared at the same migration time ommended BGE (i), cheese samples elaborated with
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Fig. 3. Electropherogram of whey from a ternary cheese (Table 1,
Entrepinares, ripened) with the following composition: C, 70%; G,
15%; E, 15%. Separation conditions as in Fig. 2 and peak
identification as in Fig. 1.

also the b-LGs, for developing improved procedures
for the determination of the composition of binary

Fig. 2. Electropherograms of whey from (A) cow, (B) goat and
and ternary cheeses, was studied. In order to achieve(C) ewe ripened cheeses. Electropherogram (D): ewe’s extract
a better resolution of the b-LGs of different animalspiked with 200 mg/ l of bovine a-LA. Running buffer: as in Fig.
origin, the BGE composition was modified. First, the1 but supplemented with 0.1% Tween 20 [BGE (i)]; electric field:

300 V/cm (resulting in a current of 11 mA). Peak identification influence of the urea concentration within the 6–9 M
and other conditions as in Fig. 1. range was examined. When the concentration of urea

increased, the pH of the BGE also increased (up to
mixtures of goat–cow and ewe–cow milk, and with 3.3 with 9 M urea), and the resolution improved up
a mixture of the three types of milk, were injected. to 8 M, but remained unaffected at a higher urea
As shown in the electropherogram of Fig. 3, excel- concentration. Resolution of the bovine, ovine and
lent separation among the three a-LAs was achieved caprine b-LGs also improved by increasing the
(peaks 6, 4, 1 representing a-LAs from ewe, goat Tween 20 concentration up to 15%, but sensitivity
and cow, respectively). The peak located between decreased by more than 10%. As shown in Fig. 4,
peaks 4 and 1 appeared only in ripened cheeses, and with a 10% Tween 20, the peaks of the three b-LGs
in the electropherogram showed in Fig. 3 this peak appeared at different migration times, thus making
was particularly large, thus it was attributed to a possible the determination of mixtures. A drawback
degradation product. To measure the peak areas, the was the progressive loss of resolution between the
baseline was drawn by connecting the valley bot- caprine and ovine a-LA peaks as the Tween 20
toms. concentration increased. This confirmed that the

optimisation of the separation of the a-LAs and the
3.2. Separation of b-LGs of different animal origin b-LGs of different origin in two independent pro-

cedures, was a better choice than the joint optimi-
The possibility of using not only the a-LAs, but sation of the separation of the a-LA and b-LG
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Fig. 5. Electropherogram of whey from a ternary cheese. Running
buffer and other conditions as in Fig. 4.

a-LA or b-LG, have been used to determine the
percentage of cow’s milk in dairy products [12–

Fig. 4. Electropherograms of whey from (A) cow, (B) goat and
15,37,38]. Drawbacks of using these ratios for(C) ewe ripened cheeses. Running buffer: 50 mM IDA, 8 M urea,
constructing the calibration curves are non-linearity,0.5% HEC and 10% Tween 20; electric field: 450 V/cm (resulting

in a current of 10 mA); detection at 214 nm. Peak identification with increasing slopes as the cow’s milk percentage
and other conditions as in Fig. 1. increases, and large confidence limits at high cow’s

milk contents, where the peak area (or height) ratio
peaks. The high Tween 20 concentration also led to tends asymptotically to infinite. The curves are
an undesirable increase of the b-LG migration times. approximately linear up to 20% cow’s milk, but the
In order to offset this effect, thus reducing analysis slope increases progressively, being very large over a
time, the electric field was increased. Thus, a BGE ca. 60% cow’s milk. A different approach which
containing 8 M urea and 10% Tween 20, and an overcomes these limitations is proposed in this work.
electric field of 450 V/cm, was selected. First, binary mixtures of cheeses were prepared and

An electropherogram of a ternary mixture obtained used as standards, for establishing the bovine /cap-
under these conditions is shown in Fig. 5. As can be rine and bovine /ovine sensitivity ratios. These were
observed, the peaks of the b-LGs of different animal defined, respectively, as:
origin, including the bovine and ovine A and B

A Cc agenetic varieties (as confirmed by spiking the ex- ] ]5 f ? (1)c,gA Ggtracts with the corresponding standards), were re-
solved (see peaks 8, 7, 5, 2 and 3 in the 17 to 20 min A Cc a] ]5 f ? (2)elution window). c,eA Ee

3.3. Quantitation studies where A , A and A are the areas of the bovine,c g e

caprine and ovine a-LA peaks, and C, G and E are
The ratio of the area (or height) of bovine a-LA, the percentages of cow, goat and ewe’s milk in

a aor b-LG, to the area (or height) of ovine or caprine binary cheeses, respectively; finally, f and f arec,g c,e
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the sensitivity ratios. For determining the sensitivity
ratios for the a-LA and b-LG peaks, two series of
binary mixtures, containing from 0 to 70% of cow’s
cheese and goat or ewe cheese, were prepared and
analysed using the two recommended BGEs. Each
series contained seven binary mixtures of fresh
cheeses and seven binary mixtures of ripened
cheeses. As shown in Figs. 6 and 7, straight-lines
were obtained for the A /A versus C /G and A /c g c

a aA versus C /E plots, thus indicating that f and fe c,g c,e

were independent of the cow’s milk contents. A
blinear behaviour was also observed for the f andc,g

bf sensitivity ratios, which were defined by usingc,e

expressions analogous to Eqs. (1) and (2), but by
utilising the corresponding b-LG peaks. For the
bovine and ovine b-LGs, the sum of the areas of the
peaks 2 and 3, and 7 and 8, respectively, were used.
Furthermore, in all cases, and within the experimen-
tal error range, the points obtained with fresh and Fig. 7. A /A versus C /E for the a-LA peaks of a series of binaryc e

ripened cheeses coincided on the same straight-lines. mixtures of cow and ewe ripened cheeses.

Experimental values of the sensitivity ratios were:
a a b bf 50.71, f 50.71, f 51.09 and f 50.82.c,g c,e c,g c,e

The differences from unity could be due to diverse by cheese. The linear relationships thus obtained
molar absorptivities of the proteins at 214 nm, or indicated that the A /A , A /A and A /A ratiosc g c e g e

maybe also to the various percentages of whey can be directly used for establishing the composition
proteins of milk of different animal origin retained in binary cheeses. Thus, according to Eqs. (1) and

(2), the C /G and C /E ratios of cow–goat and
cow–ewe cheeses are given by the A /A and A /Ac g c e

a apeak ratios divided by f and f , respectively.c,g c,e

Furthermore, the G /E ratio in goat–ewe binary
cheeses is given by the A /A ratio divided byg e

a af /f . The same applies to the b-LG peaks. Inc,e c,g

order to directly calculate the cow, goat and ewe
contents in binary and ternary cheeses using either
the a-LA or the b-LG peak areas, the following
expressions can also be used:

A c
]]]]]]C 5 ? 100% 5 F 100% (3)a a cA 1 f A 1 f Ac c,g g c,e e

Ag
]]]]]]]]G 5 ? 100%a a aA /f 1 A 1 ( f /f )Ac c,g g c,e c,g e

5 F 100% (4)g

A e
]]]]]]]]E 5 ? 100%a a aA /f 1 ( f /f )A 1 Ac c,e c,g c,e g e

Fig. 6. A /A versus C /G for the a-LA peaks of a series of binaryc g

mixtures of cow and goat ripened cheeses. 5 F 100% (5)e
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Eqs. (3), (4) and (5) are easily demonstrated by
a a a asubstituting ( f A ), ( f A ), (A /f ), [( f /c,g g c,e e c c,g c,e

a a a af )A ], (A /f ) and [( f /f )A ] by their valuesc,g e c c,e c,g c,e g

obtained from Eqs. (1) and (2), and reorganising.
Eqs. (3), (4) and (5) eliminate the need of construct-
ing calibration curves other than those previously
used to evaluate the sensitivity ratios. The equations
can also be indistinctly used with binary and ternary
cheeses. Furthermore, expressions analogous to Eqs.
(3), (4) and (5) can be derived for the b-LG peaks,
taking into account that in this case, and for the
bovine and ovine b-LGs, the sum of the areas of the
peaks 2 and 3, and 7 and 8, respectively, should be
used. Sensitivity ratios can change with cheeses of
different type, manufactured with a different pro-
cedure, or with milk of the same animal species but
not of the same breed. For this reason, Eqs. (3), (4)
and (5) could lead to small systematic errors when
used with tabulated sensitivity ratios. In this case,
experiments to establish the sensitivity ratios with
cheeses of the same type as the problems to be
analysed should be performed.

Alternatively, the standards can be used to plot F ,c
Fig. 8. Plot of F , calculated as defined in Eq. (3), and usingcF and F (calculated using the tabulated values ofg e a af 5f 50.71, against C. Slope of the regression straight-linec,g c,ethe sensitivity ratios) against C, G and E, respective-
(continuous line), 1.00. Dashed lines obtained by plotting Fc

a a a aly. As shown in Fig. 8, this gives almost linear or calculated using f 5f 50.60 (upper line) and f 5f 50.80c,g c,e c,g c,e
low curvature relationships, with zero intercepts and (lower line) for the same C values.
slopes close to the unity. In case of non-linearity, a
least-squares fitting to the quadratic equation (F 5c

2 calculated. According to the IUPAC recommendationa1bC1cC ) gives accurate results. Several series
[47,48], the detection limits were calculated as 3.29of experimental data were also plotted in Fig. 8. As it
times the average intra-day standard deviations of thecan be observed, no significant deviations from the
C values. Using this criterion, at the detection limitpredicted linear behaviour were produced. An analo-
the a and b errors are 5%, and the relative standardgous plot was obtained with b-LG peaks.
deviation of C is 30%. The same study was repeated
with the same samples but by using BGE (ii) at 450

3.4. Figures of merit V/cm. The b-LG peaks and an expression analogous
to Eq. (3) were also used. The detection limits given

In order to establish the detection limits, two in Table 2 were obtained from the three series of
cheese samples containing a 2% cow’s milk and 98% eight determinations, as the average of the corre-
goat or ewe’s milk, respectively, were analysed eight sponding three relative standard deviations of C
times per day during 3 days. Ripened cheeses were multiplied by 3.29. The relationship between the
analysed using BGE (i) at 300 V/cm. The cow standard deviations of the peak areas and the stan-
contents were calculated using the tabulated sen- dard deviation of C can also be established theoret-
sitivity ratios and Eq. (3). Average intra-day (as the ically, by using the law of propagation of errors;
average of the three intra-day values, 733 degrees however, it should be taken into account that the
of freedom) and inter-day standard deviations (as random errors of the peak areas used as input
total standard deviation, 23 degrees of freedom) were variables in Eq. (3) (as well as in Eqs. (4) and (5))
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Table 2
aDetection limits and repeatability for the determination of the cow’s milk contents, C, by the proposed procedure

Peaks Detection Repeatability of peak area (RSD, %) Repeatability of migration time (RSD, %)
measured limits, C

(%) Intra-day Inter-day Intra-day Inter-day
b b

a-LA 1.1 0.9 1.5 0.4 0.6
b b

b-LG 2.0 1.2 1.8 0.7 0.9
c c

b-LG 2.1 1.2 1.9 0.7 1.0
a As 3.29 times the standard deviation, as recommended by IUPAC [47].
b Using a sample with C52% and G598%, and another sample with C52% and E598%, to estimate the standard deviation in the

vicinity of the detection limit.
c The same as above, but with C55%.

are strongly correlated. This largely reduces the method. The results (columns 3 and 4) coincided
standard deviation of C in relation to the standard with the declared composition and with the SDS–
deviations of the peak areas. In other words, the PAGE data, as given by the manufacturers, within
relative standard deviation of the peak areas is much the experimental error. Notice, however, that the
larger than the relative standard deviation of the ratio values found by integration of the b-LG peaks are
of peak areas used to calculate C. consistently 5–8% lower than those obtained upon

Owing to the large standard deviation of the b-LG a-LA quantitation, and also exhibit larger standard
peaks, this study was also repeated using samples deviations. As indicated above, this latter can be
containing 5% cow’s milk. The results, also given in explained by the larger random error associated to
Table 2, confirmed the better repeatability and lower the quantification of the sum of two peak areas in
detection limits obtained with the a-LA peaks in comparison to the integration of a single peak area.
comparison to those yielded by the b-LG peaks. This On the other hand, a systematic error can only be
can be attributed to the larger errors associated to the produced by factors affecting the samples showed in
quantification of the sum of two peak areas, as Table 2, but not the standards used to obtain the
occurs with the bovine and ovine b-LGs, in com- sensitivity ratios, or to construct the calibration
parison to integration of a single peak area with the curves. As indicated above, the standards were
a-LAs. Migration time repeatability exhibited a prepared by mixing cheeses of a single animal
relative standard deviation (RSD) below 2% in all origin, whereas the different milks used to elaborate
cases. Better peak area and migration time re- the samples were mixed at the beginning of the
peatabilities were achieved with fresh cheeses. cheese manufacture process. Maybe due to the easier

denaturation of the bovine b-LGs, to water solubility
3.5. Analysis of samples differences, or for any other unknown reason affect-

ing the manufacture process, the use of the b-LG
The recommended procedures were used for peaks lead to a slight underestimation of the cow

analysing the commercial cheese samples indicated contents.
in Table 1. Cow’s milk should not be present in pure
goat and ewe cheeses, and the adulteration of
supposedly pure and mixed cheeses with cow’s milk 4. Concluding remarks
is economically significant when the actual cow’s
milk contents surpasses the declared value by 10% or A quick and simple capillary electrophoresis pro-
more. As shown in Table 1, both the detection of a cedure for the separation and quantitation of the
few parts percent of cow’s milk in pure goat and ewe bovine, caprine and ovine a-LA and b-LG peaks in
cheeses, and a cow’s milk excess larger than 10% in binary and ternary cheeses has been developed. With
the declared composition of a binary or ternary the b-LG peaks, the bovine and ovine A and B
cheese, can be addressed by the proposed CZE genetic variants can also be distinguished as in-



´270 J.M. Herrero-Martınez et al. / J. Chromatogr. A 878 (2000) 261 –271
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Ramos, Milchwissenschaft 44 (1989) 215.procedure, separation is performed in a very short

[6] L. Moio, M.L. Sasso, L. Chianese, F. Addeo, Ital. J. Food
time, thus for instance, the separation of a-LAs is Sci. 2 (1990) 185.
completed in 11 min, and the between-sample rins- [7] I. Krause, I. Berner, H. Klostermeyer, in: B.J. Radola (Ed.),
ing time can be reduced to 2 min or less. This is Electrophoresis Forum, Bode, Munich, 1989, p. 383.

[8] E. Molina, M. Ramos, P. Martin-Alvarez, Z. Lebensm.significantly less than the 30 min which are required
Unters. Forsch. 201 (1995) 331.in the chromatographic procedures described in the
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195 (1992) 137.described. The present procedures give lower de-
[12] P. Resmini, L. Pellegrino, R. Andreani, F. Prati, Sci. Tec.tection limits, are cheaper and more rapid than any

Latt.-Cas. 40 (1989) 7.other protocol reported in the literature, and can be
[13] L. Pellegrino, I. De Noni, A. Tirelli, P. Resmini, Sci. Tec.

easily applied to the routine quality control of binary Latt.-Cas. 42 (1991) 87.
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