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Product authenticity is an important topic in dairy sector. Dairy products sold for public consumption
must be accurately labelled in accordance with the contained milk species. Linear discriminant
analysis (LDA), a common chemometric procedure, has been applied to fatty acid% composition to
classify pure milk samples (cow, ewe, buffalo, donkey, goat). All original grouped cases were
correctly classified, while 90% of cross-validated grouped cases were correctly classified. Another
objective of this research was the characterisation of cow-ewe milk mixtures in order to reveal a
common fraud in dairy field, that is the addition of cow to ewe milk. Stereospecific analysis of
triacylglycerols (TAG), a method based on chemical–enzymatic procedures coupled with
chromatographic techniques, has been carried out to detect fraudulent milk additions, in particular
1, 3, 5% cow milk added to ewe milk. When only TAG composition data were used for the
elaboration, 75% of original grouped cases were correctly classified, while totally correct classified
samples were obtained when both total and intrapositional TAG data were used. Also the results of
cross validation were better when TAG stereospecific analysis data were considered as LDA
variables. In particular, 100% of cross-validated grouped cases were obtained when 5% cow milk
mixtures were considered.

Keywords: Milk, cow, ewe, buffalo, donkey, goat, cow–ewe mixtures, triacylglycerol stereospecific analysis,
linear discriminant analysis.

Food characterisation and authentication represent impor-
tant strategic issues for the food industry in fact there is an
increasing demand to have a means of measurement
allowing the characterisation of raw materials or food. In
recent years species identification in animal products has
received increasing attention, with particular reference to
dairy products because in many European countries it is
mandatory to state the type of milk used for manufacturing
cheese or other dairy products (European Communities,
2001). Regulatory authorities, distributors, industry, con-
sumers are all interested in guaranteeing that foods are
correctly labelled, in fact it is important to detect fraudulent
procedures not only for commercial scope but also for
health reason; for example, some milk proteins frequently
trigger human adverse reactions (Karoui &DeBaerdemaeker,
2006). A common food adulteration implicates illegal addi-
tion of less expensive milk, like cow milk, to ewe, goat and

donkey milks which have a higher commercial value, for
example sheep milk contains higher levels of total solids
than cow milk (Park et al. 2007).
Until now many analytical methods for species identifi-

cation in milk have been applied using proteins and DNA as
target analytes as well as lipid fraction. As regards proteins,
chromatography, electrophoresis and immunoassays have
been applied. Rodríguez et al. (2010) for example have used
liquid chromatography with diode-array detection in order
to obtain chromatographic profiles of cheese and milk
proteins to verify possible frauds. With the same purpose,
Pesic et al. (2011) have used native polyacrylamide gel
electrophoresis method for the simultaneous qualitative and
quantitative analysis of bovine milk adulteration in caprine
and ovine milk using whole milk samples as well as their
whey protein fraction. Costa et al. (2008) have evaluated
and validated a commercial ELISA method for quantitative
determination of adulterations of ewe milk and cheese with
cow or goat milks.
Alternatively, DNA based methods, such as polymerase

chain reaction (PCR), have been used because of their*For correspondence; e-mail: coslina@unipg.it
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sensitivity, reproducibility and simplicity. Bottero et al.
(2003) developed a multiplex PCR, a rapid method to detect
in a single step three different milk species (cow, goat and
sheep) in cheeses. Similarly, De et al. (2011) amplified a
fragment of the mitochondrial DNAD loop region by PCR to
detect cattle and buffalo milk samples and cheeses of bovine
and buffalo origin.

On the other hand lipid fraction has been analysed by 13C
and 1H nuclear magnetic resonance (NMR) spectroscopy
(Andreotti et al. 2000; Brescia et al. 2004) and above all by
chromatography coupled with statistical analysis. Goudjil
et al. (2003) have examined knownmixtures of lard, palm oil
and cow milk fat with ewe milk fat in order to detect the
presence of foreign fats in ewe milk using gas-chromato-
graphic (GC) analysis of triacylglycerols (TAG). Similarly
Fontecha et al. (2006) have studied the adulteration of two
Protected Designation of Origin cheeses with unknown
fats, during the ripening period, by GC analysis of TAG
composition. The data were processed with multiple
regression equations. Blasi et al. (2008) have reported TAG
stereospecific analysis data of milk fat from different
mammalian species (cow, ewe, goat, buffalo and donkey)
and have showed the non-random distribution of the fatty
acid (FA) on the glycerol backbone of TAG. Cow and donkey
pure milks and their mixtures have been characterised and
differentiated by applying linear discriminant analysis
(LDA) to TAG stereospecific analysis data (Cossignani et al.
2011).

The aim of this work was to classify and discriminate pure
milks (cow, ewe, buffalo, donkey, goat) and to characterise
cow–ewe milk mixtures (1, 3, 5% cow added to ewe milk) in
order to develop amethod to reveal a common fraud in dairy
field. At first the results of total FA% composition of TAG,
then the TAG stereospecific analysis data, were elaborated
by LDA.

Materials and Methods

Samples and reagents

Four milk samples of five different animal species (cow, ewe,
buffalo, donkey, goat), randomly selected from Italian farms,
were collected in sterile bottles by direct manual milking, at
mid-lactation stage, in the morning. The samples were
immediately stored at 4 °C for the subsequent analyses. All
animals, free from mastitis or any other inflammatory
diseases, were multiparous; the number of lactation was
2–3 for all animal species; they grazed in the morning and in
the afternoon were reared in stables and fed with hay, fodder
grass and vegetables.

Ewe–cow milk mixtures have been considered. The
samples were assigned to five groups indicated as: E (pure
ewe milk), E/C 99:1 (99% ewe milk-1% cow milk), E/C 97:3
(97% ewe milk-3% cow milk), E/C 95:5 (95% ewe milk-5%
cow milk) and C (pure cow milk). The sample size was four
in each group; themixtures for each ratio were obtained with

each ewe milk sample and one representative cow milk
pool, obtained with the four considered cow milk samples.
The data of TAG total and intrapositional FA compositions of
the considered mixtures were elaborated by Tagin software,
developed at University of Perugia, using experimental data
of cow and ewe pure milk samples.

Experimental procedures

The lipid extraction of pure milk samples, the stereospecific
analysis of TAG and the high resolution GC analysis were
performed according to previous papers (Blasi et al. 2008;
Cossignani et al. 2011).

Statistical analysis

The following FA were considered: butyric (C4:0), caproic
(C6:0), caprylic (C8:0), capric (C10:0), lauric (C12:0),myristic
(C14:0), palmitic (C16:0), palmitoleic (C16:1n-7), stearic
(C18:0), oleic (C18:1n-9), linoleic (C18:2n-6) and linolenic
(C18:3n-3)acids; thevariableswere the totalFAcompositions
(% mol) for pure milks and also the intrapositional FA
compositions (% mol) in the three sn- positions (sn-1-, sn-2-,
sn-3-) of the TAG glycerol backbone for the milk mixtures.
LDA was carried out on pure milks and on three-group milk
mixtures, each one made with ewe and cow pure milks and
one of the E/C mixtures (99:1, 97:3 and 95:5). The data were
elaborated with the classical multivariate statistical analysis
methods, LDA, using the SPSS Professional Statistics software
(version 9.0). Classification performance was also evaluated
by cross-validation.

Results and Discussion

In this study the FA% composition of TAG fraction,
derivatised as methyl esters, of pure milks from five different
mammalian species (cow, ewe, buffalo, donkey, goat) has
been determined. The results (mean value and SD) have been
reported in Table 1. The SD values are comparable with those
reported in other broader studies (Molkentin & Precht, 1997;
Blasi et al. 2008). The results showed that the class of
saturated FA, represented in particular by palmitic acid, was
the most abundant for all milk samples; among short chain
FA, butyric acid was the most abundant, in particular in ewe
milk. The oleic acid, the most abundant monounsaturated
FA, showed very similar percentages in all samples; donkey
milk was characterised by the highest percentages of
essential FA, that are linoleic and linolenic acids. Despite
the fact that milk lipid composition is influenced by
environmental and physiological factors such as diet, stage
of lactation and genetic differences within the species
(Kanwal et al. 2004), the results of total FA composition
obtained in this study are in accordance with previous data
(Blasi et al. 2008).
Using the multivariate parametric LDA technique, the

results of total FA% composition, reported in Table 1, have
been processed to classify and discriminate different
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pure milks. Table 2 shows the values of Fisher’s linear
discriminant functions (eigenvalue, percentage of variance
and significance test) obtained by carrying out the chemo-
metric analysis. The plot of results obtained using the
values of the first two discriminant functions has been
reported in Fig. 1. All the original grouped cases and 90% of
cross-validated grouped cases were correctly classified.
Saturated short chain FA and myristic acid, together with
palmitoleic and linoleic acids, contributed particularly to the

discrimination. The unstandardised canonical discriminant
function coefficients are shown in Table 3.
Since in the dairy field one of the most frequent

adulteration was the replacement of ewe milk with
less expensive and more plentiful bovine milk, another
objective of this research has been to develop a method able
to detect the addition of cow milk to ewe milk. On the basis
of the satisfactory results reported in a previous paper
(Cossignani et al. 2011), the same approach, based on TAG

Table 1. Total FA composition of TAG fraction of pure milks (% mol mean value and SD, n=4)

FA Cow Ewe Buffalo Donkey Goat

C4:0 6·4±0·8 11·3±1·6 7·7±1·0 2·5±1·5 5·8±1·1
C6:0 3·2±0·6 3·8±0·7 0·8±0·8 0·3±0·7 3·6±0·5
C8:0 1·9±0·2 2·7±0·5 1·1±0·1 4·2±0·5 3·8±0·5
C10:0 3·9±0·7 6·7±2·2 2·4±1·4 10·6±2·1 12·4±3·4
C12:0 4·4±0·9 3·3±0·8 3·0±1·1 10·5±0·7 4·2±5·1
C14:0 14·5±1·2 7·7±0·4 12·6±0·1 8·7±0·4 9·6±3·3
C16:0 34·6±2·7 21·8±0·8 36·5±2·4 22·3±0·7 25·1±1·3
C16:1n-7 1·9±0·3 0·8±0·1 2·2±0·0 5·8±0·1 0·5±2·0
C18:0 7·2±1·4 13·0±1·2 11·2±0·9 1·4±1·2 12·2±0·8
C18:1n-9 19·7±4·3 25·1±2·2 20·3±1·3 19·8±2·1 20·6±4·7
C18:2n-6 2·2±0·2 3·0±1·5 2·1±0·2 9·1±1·5 1·8±3·1
C18:3n-3 0·2±0·0 0·9±0·2 0·2±0·1 4·9±0·2 0·5±3·9

Table 2. Fisher’s linear discriminant functions and functions at group centroids obtained from LDA analysis using total FA composition of pure
milk TAG fraction

Function Eigenvalue
% of
variance

Cumulative
(%)

Canonical
correlation

Test of
function

Wilk’s
lambda

Chi-
square df Signif.

1 1375·706† 87·6 87·6 1·000 1–4 0·000 206·927 44 0·000
2 127·470† 8·1 95·7 0·996 2–4 0·000 127·425 30 0·000
3 53·367† 3·4 99·1 0·991 3–4 0·001 74·012 18 0·000
4 14·374† 0·9 100·0 0·967 4 0·065 30·059 8 0·000

†For the analyses were used the first four canonical discriminant functions

Fig. 1. Discriminant function plot of the first two functions
obtained from LDA analysis using total FA% composition of pure
milks (cow, ewe, buffalo, donkey, goat), for the analysis presented in
Table 2.

Table 3. Unstandardised canonical discriminant function
coefficients obtained from LDA analysis using total FA composition
of pure milk TAG fraction

Variable

Function

1 2 3 4

C4:0t 13·396 3·214 3·570 0·073
C6:0t 12·733 4·838 3·285 �0·709
C8:0t 11·089 3·656 3·972 �2·641
C10:0t 8·304 �0·291 1·189 0·396
C12:0t 2·653 3·175 3·298 0·834
C14:0t 10·708 3·812 �0·276 �1·823
C16:0t 8·173 1·870 2·261 0·807
C16:1n-7t 11·575 3·349 3·715 0·099
C18:0t 9·055 1·435 2·617 0·501
C18:1n-9t 7·479 2·706 1·665 �0·211
C18:2n-6t 12·251 4·700 3·318 0·285
(Constant) �875·696 �244·255 �207·495 �3·420

t, FA content (% mol) in total TAG fraction
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stereospecific analysis, was used to characterise ewe and
cow milk mixtures and to identify mixtures containing very
small amounts (1, 3 and 5%) of cow milk. Stereospecific
analysis of TAG, using an enzymatic procedure coupled
with chromatographic techniques, has been carried out to
characterise and classify ewe–cow mixtures. The adopted
phospholipase A2 procedure presents numerous advantages

with respect to alternative chemical methods based on
the chromatographic separation of chiral acylglycerols. For
example, Christie et al. (1993) reported on TAG chemical
partial hydrolysis, derivatisation of diacylglycerols (DAG)
with (S)-(+)-1-(1-naphthyl)ethyl isocyanate and their separ-
ation by high performance liquid chromatography (HPLC).
However the method is not suited to the analysis of a

Table 4. Intrapositional FA compositions of TAG fraction of pure ewe and cow milk (% mol mean value±SD, n=4)

FA

Cow Ewe

sn-1- sn-2- sn-3- sn-1- sn-2- sn-3-

C4:0 1·3±1·0 0·4±0·1 17·4±1·9 2·5±1·5 0·3±0·2 31·2±5·2
C6:0 0·3±0·0 1·0±0·1 8·3±2·0 0·3±0·1 2·6±0·9 8·4±1·3
C8:0 0·3±0·1 0·3±0·1 5·2±0·7 0·9±0·2 0·2±0·2 6·9±1·2
C10:0 1·2±0·3 1·3±0·5 9·2±1·8 3·1±1·0 2·7±1·3 14·2±4·7
C12:0 2·6±0·6 4·8±1·2 5·8±1·5 2·8±0·8 3·9±1·9 3·2±0·7
C14:0 12·0±1·4 22·8±1·3 8·6±1·4 8·0±1·1 11·6±0·8 3·4±1·4
C16:0 46·9±1·5 45·0±3·9 11·7±2·0 35·5±1·7 27·2±1·8 2·8±0·7
C16:1n-7 1·6±0·2 2·4±0·4 1·8±0·6 0·9±0·2 1·3±0·1 0·4±0·1
C18:0 11·1±0·9 5·2±1·4 5·3±1·8 17·2±2·1 14·6±0·6 7·1±1·4
C18:1n-9 20·7±2·3 14·8±3·5 23·5±5·5 25·6±3·6 30·9±3·1 19·0±0·5
C18:2n-6 1·8±0·2 1·9±0·3 2·9±0·4 2·6±1·3 4·0±2·2 2·4±1·1
C18:3n-3 0·2±0·1 0·2±0·1 0·3±0·1 0·9±0·2 0·8±0·3 1·0±0·4

Table 5. Total and intrapositional FA compositions of TAG fraction of ewe and cow milk mixtures (% mol mean value±SD, n=4)

FA

Ewe–cow 99:1 Ewe–cow 97:3 Ewe–cow 95:5

Total sn-1- sn-2- sn-3- Total sn-1- sn-2- sn-3- Total sn-1- sn-2- sn-3-

C4:0 11·9±0·3 2·8±0·2 0·3±0·2 32·8±2·4 11·2±1·5 2·4±1·4 0·3±0·2 31·0±5·1 11·2±1·5 2·4±1·4 0·3±0·2 30·9±5·0
C6:0 4·0±0·8 0·3±1·0 3·0±1·0 8·8±1·5 3·8±0·7 0·3±0·1 2·6±0·9 8·4±1·3 3·8±0·7 0·3±0·1 2·6±0·9 8·4±1·3
C8:0 2·4±0·1 0·8±0·2 0·2±0·2 6·3±0·1 2·7±0·5 0·9±0·2 0·2±0·2 6·9±1·2 2·7±0·5 0·9±0·2 0·2±0·2 6·9±1·2
C10:0 6·4±1·8 3·0±1·5 2·9±1·5 13·3±3·5 6·6±2·1 3·0±0·9 2·6±1·3 14·1±4·6 6·6±2·1 3·0±0·9 2·6±1·3 14·1±4·6
C12:0 3·3±0·7 2·7±2·2 4·2±2·2 2·9±0·8 3·3±0·7 2·8±0·8 4·0±1·9 3·2±0·7 3·3±0·7 2·8±0·8 4·0±1·9 3·2±0·7
C14:0 7·8±0·5 8·1±0·9 11·8±0·9 3·5±1·3 7·7±0·4 8·0±1·1 11·8±0·7 3·5±1·4 7·8±0·4 8·1±1·1 11·9±0·7 3·5±1·4
C16:0 21·8±0·8 34·9±1·5 27·5±1·5 3·0±0·6 22·0±0·8 35·5±1·7 27·5±1·7 3·0±0·6 22·1±0·9 35·6±1·6 27·6±1·7 3·1±0·6
C16:1n-7 0·8±0·0 0·8±0·1 1·2±0·1 0·4±0·1 0·9±0·1 0·9±0·2 1·3±0·2 0·4±0·1 0·9±0·1 0·9±0·2 1·3±0·1 0·4±0·1
C18:0 13·1±1·1 17·6±0·6 14·6±0·6 7·1±1·4 12·9±1·2 17·1±2·0 14·5±0·6 7·1±1·4 12·0±1·2 17·1±2·0 14·4±0·6 7·1±1·4
C18:1n-9 25·2±2·0 26·1±3·4 30·5±3·4 18·9±0·4 25·1±2·1 25·5±3·5 30·6±3·0 19·1±0·4 25·0±2·1 25·5±3·5 30·5±3·0 19·1±0·4
C18:2n-6 2·3±0·0 2·0±0·1 2·9±0·1 1·9±0·1 3·0±1·5 2·6±1·3 4·0±2·1 2·5±1·1 3·0±1·5 2·6±1·2 4·0±2·1 2·5±1·1
C18:3n-3 0·9±0·1 0·9±0·3 0·8±0·3 1·2±0·2 0·9±0·2 0·9±0·2 0·8±0·3 1·0±0·4 0·9±0·2 0·9±0·2 0·8±0·3 1·0±0·4

Table 6a. Fisher’s linear discriminant functions obtained from LDA analysis using total FA composition of milk mixture TAG

Function Eigenvalue
% of
variance

Cumulative
(%)

Canonical
correlation

Test of
function

Wilk’s
lambda

Chi-
square df Signif.

E, C, E/C 99:1
1 216·060† 99·9 99·9 0·998 1–2 0·004 36·138 12 0·000
2 0·197† 0·1 100·0 0·405 2 0·836 1·167 5 0·948
E, C, E/C 97:3
1 212·931† 100·0 100·0 0·998 1–2 0·005 34·936 12 0·000
2 0·009† 0·0 100·0 0·095 2 0·991 0·059 5 1·000
E, C, E/C 95:5
1 215·293† 100·0 100·0 0·998 1–2 0·005 35·042 12 0·000
2 0·015† 0·0 100·0 0·120 2 0·986 0·094 5 1·000

†For the analyses were used the first two canonical discriminant functions
E, pure ewe milk; C, pure cow milk; E/C, ewe/cow milk mixtures
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complex TAG matrix, such as milk fat. Chiral HPLC of the
3,5-dinitrophenylurethane derivatives of DAG has been
used by Itabashi et al. (1993) to determine the positional
distribution of short chain FA in bovine milk TAG, but the
complete stereospecific analysis has not been reported.

Table 4 shows the results of intrapositional FA compo-
sition of pure cow and ewe milks. The data showed
differences in the FA distribution; ewe milk had higher%
values of unsaturated FA, in particular oleic acid and
essential FA in the sn-2- position, in respect of cow milk.

Table 6b. Fisher’s linear discriminant functions obtained from LDA analysis using total and intrapositional FA compositions of milk mixture
TAG

Function Eigenvalue
% of
variance

Cumulative
(%)

Canonical
correlation

Test of
function

Wilk’s
lambda

Chi-
square df Signif.

E, C, E/C 99:1
1 6795·641† 99·8 99·8 1·000 1–2 0·000 62·131 16 0·000
2 10·851† 0·2 100·0 0·957 2 0·084 13·598 7 0·059
E, C, E/C 97:3
1 10495·915† 99·9 99·9 1·000 1–2 0·000 64·640 16 0·000
2 11·109† 0·1 100·0 0·958 2 0·083 13·717 7 0·056
E, C, E/C 95:5
1 7175·533† 99·8 99·8 1·000 1–2 0·000 63·475 16 0·000
2 13·330† 0·2 100·0 0·964 2 0·070 14·643 7 0·041

†For the analyses were used the first two canonical discriminant functions
E, pure ewe milk; C, pure cow milk; E/C, ewe/cow milk mixtures

Table 7aUnstandardised canonical discriminant function coefficients obtained from LDA analysis using total FA composition of milk mixture
TAG

Variable

Function

E/C 99:1 E/C 97:3 E/C 95:5

1 2 1 2 1 2

C4:0t 2·970 0·491 2·986 1·073 2·938 1·050
C6:0t 0·577 0·927 0·593 2·247 0·552 2·187
C8:0t 9·098 �1·482 9·130 7·481 9·073 7·229
C10:0t �0·112 0·044 �0·117 0·650 �0·149 0·817
C12:0t 0·720 �0·333 0·678 �6·418 0·837 �6·627
C14:0t �0·789 0·380 �0·763 3·162 �0·874 3·210
(Constant) �46·681 �7·651 �46·939 �48·056 �45·454 �47·702

t, FA content (% mol) in total TAG fraction

Table 7b Unstandardised canonical discriminant function coefficients obtained from LDA analysis using total and intrapositional FA
compositions of milk mixture TAG

Variable

Function

E/C 99:1 E/C 97:3 E/C 95:5

1 2 1 2 1 2

C4:0t 14·524 1·479 18·069 1·532 15·166 1·776
C6:0t 5·179 3·329 6·206 3·419 5·842 3·622
C8:0t 29·077 12·925 36·468 11·336 33·238 12·403
C10:0t 7·340 1·258 9·159 1·282 7·751 1·660
C12:0t �2·691 �10·258 �3·161 �9·877 �4·750 �11·150
C14:0t �5·874 5·513 �7·485 5·309 �5·104 6·023
C4:0 sn-1 �7·413 0·706 �9·316 0·635 �7·510 0·612
C6:0 sn-1 9·663 �24·250 12·366 �22·278 5·551 �24·065
(Constant) �189·090 �78·111 �233·184 �75·431 �208·286 �85·335

t, FA content (% mol) in total TAG fraction
sn-1, FA content (% mol) in sn-1- position of TAG fraction
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Fig. 2. Discriminant function plots of the first two functions
obtained from LDA analysis using total FA% composition of ewe–
cow milk mixtures (a: 99:1; b: 97:3; c: 95:5), for the analysis
presented in Table 6a.

Fig. 3. Discriminant function plots of the first two functions
obtained from LDA analysis using total and intrapositional FA%
compositions of ewe–cow milk mixtures (a: 99:1; b: 97:3; c: 95:5),
for the analysis presented in Table 6b.
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This position is particularly important for physiological and
nutritional reasons, since FA composition of the sn-2-
position of absorbed TAG retains the FA as in the dietary
TAG (Brindley, 1984).

Data of total and positional FA compositions (% mol) of
the three ewe–cow mixtures (99:1, 97:3, 95:5) have been
obtained by elaboration of experimental results of the
stereospecific analysis of cow and ewe pure milk samples
(Table 5). At first total TAG data have been used as variables
for the LDA elaborations; the values of Fisher’s linear
discriminant functions have been reported in Table 6a. Milk
samples were grouped considering pure ewe and cow milks
and each of the E/C milk mixtures (99:1, 97:3, 95:5). The first
discriminant function explained 99·9–100% of the variance;
Wilks’s lambda test showed that only the first function was
significant (P40·05).

In Table 7a the unstandardised canonical discriminant
function coefficients of mixtures, elaborated according to
TAG data, have been reported; these coefficients can be
used to compare the relative importance of the independent
variables. Six FA, including all short and medium chain
FA, were chosen for calibration; the caprylic acid was the
variable that contributed most to the first canonical function,
in particular in the case of 99:1 mixture, and also to the
second function in the case of the 97:3 and 95:5 mixtures,
accounting for most of the discrimination between all milk
mixtures. Myristic acid showed the lower value for the first
canonical function in all cases, while for the second function
it was the lauric acid for the 97:3 and 95:5 mixtures and the
caprylic acid for the 99:1 mixture. The graphical distribution
of the milk samples has been reported in Fig. 2 (a, b, c,
respectively for the three considered mixtures). 75% of the
original grouped cases were correctly classified, while only
25% of the cross-validated samples were correctly classified
when 97:3 and 95:5 mixtures were considered.

Since the results were not satisfactory, the three mixture
samples were analysed using not only the total but also the
positional FA composition (% mol), obtained by stereo-
specific analysis of TAG fraction. Table 6b shows the values
of Fisher’s linear discriminant functions obtained carrying
out the chemometric analysis using both total and intra-
positional FA composition data. Function 1 explained
99·8%–100% of the variance; Wilks’s lambda test showed
that only the first function was significant (P<0·001). The
unstandardised canonical discriminant function coefficients
have been reported in Table 7b. Caprilic and butyric acids in
total TAG were the most important discriminant parameters
but also butyric and caproic acids in sn-1- position were
considered among the variables. The data of FA compo-
sitions in the sn-2- and sn-3- positions were never
considered. It is important to remember that sn-3- position
is indirectly determined using the phospholipase A2

procedure for stereospecific analysis (Christie, 2003).
Therefore it is possible to suggest that FA in sn-1- position
were favoured for calibration because they were obtained by
direct measurement. Figure 3 (a, b, c, respectively for the
three considered mixtures) shows the graphical distribution

of the milk samples on the plot of the first two discriminant
functions. In this case a better separation was found, in fact
LDA provided 100% correct classification. Also the results of
cross-validation showed good classification with respect to
the TAG data elaborations, in fact 75·0, 91·7 and 100·0% of
cross-validated cases were correctly classified for the
elaborations of 99:1, 97:3 and 95:5 milk mixtures, respect-
ively. The results showed that this statistical approach can be
used to evaluate the differences among milk samples, in fact
the LDA always gave satisfactory results, even if the milk
samples were not numerous. Nevertheless, the stereospe-
cific analysis data were useful to correctly discriminate even
the mixture with the 1% of bovine milk, because, as known,
total and intrapositional TAG compositions are related to the
biosynthetic pathway (Parodi, 1983).

Conclusions

TAG stereospecific composition is useful to characterise
milk fat of different origin because of TAG fraction of each
lipid matrix has a characteristic FA distribution on
the glycerol backbone. The LDA application to the results
of TAG stereospecific analysis allowed classification
and discrimination of pure milks and their mixtures. FA
intrapositional compositions were able to characterise ewe
milk and to identify mixtures containing very small amounts
(1, 3 and 5%) of cow milk. Considering the satisfactory
results obtained for the classification/differentiation of the
milkmixtures, theremight be a possible practical application
of the proposed method, using a larger sample size.
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