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RESUMEN

La adicion de grasa no lactea (GNL) a la leche y sus derivados
se considera una adulteracién del producto. El objetivo del
presente estudio fue desarrollar una metodologia estadistica
que permita detectar GNL en mezclas de GNL con grasa lac-
tea (GL). Se realizé6 un muestreo de leche cruda del Altiplano
Mexicano cada 15 d durante un aiio (total, 216 muestras). Las
muestras de GNL fueron dos para cada aceite: pescado, gira-
sol y canola, asi como dos de manteca y sebo. Los porcentajes
(% p/p) de contenido de triacilgliceroles (TAG) en cada ma-
teria grasa se obtuvieron por cromatografia de gases con de-
tector de ionizacion de flama; los TAG identificados oscilaron
entre 28 y 56 dtomos de carbono. Se mezclé GL con las GNL:
95:5, 90:10, 85:15 y 80:20. Se hizo un analisis de regresion
lineal miiltiple y se obtuvieron tres ecuaciones para las GNL:
1) Y=1.71C42+11.76C44—1.93C46+3.13C52—0.25C54 (acei-
te de pescado); 2) Y=4.24C38-2.18C40+2.33C42+2.19C44
—0.03C48+2.86C50—0.69C52+2.20C54 (aceites de canola y
girasol, sebo); 3) Y=2.41C34+1.37C36—0.30C38+2.67C40
+3.63C48—-0.69C50+1.70C52+0.71C54 (manteca). Con esas
ecuaciones se detectaron 75.3 y 98.11% de los casos cuando las
adulteraciones con GNL fueron 5y 10%.

Palabras clave: Adulteracion, grasa lactea, grasa no lactea, regre-
sion lineal multiple.

INTRODUCCION

n varios paises es ilegal incorporar grasa no
lactea (GNL) a la leche y productos licteos
(Ulberth y Buchgraber, 2000; Boghra y Bor-
khatriya, 2004; Perotti et al., 2005). En México la
Norma Oficial Mexicana (NOM-155-SCFI-2003,
Leche, formula lactea y producto lacteo combina-
do-Denominaciones, especificaciones fisicoquimicas,
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ABSTRACT

The addition of non-milk fat (NMF) to milk and its derivates is
considered to be an adulteration of the product. The objective
of our study was to develop a statistical methodology that
will make it possible to detect NMF in mixtures of NMF with
milk fat (MF). A sampling was made of raw milk from the
Mexican Highlands every 15 d during one year (total, 216
samples). The samples of NMF included two for each oil: fish,
sunflower and canola, as well as two of lard and tallow. The
percentages (% p/p) of triacylglycerols (TAG) in each fatty
material were obtained by gas chromatography with flame
ionization detector; the identified TAG varied between 28 and
56 carbon atoms. MF was mixed with the NMF: 95:5, 90:10,
85:15 and 80:20. A linear multiple regression analysis was
made and three equations were obtained for the NMF: 1) Y
=1.71C42+11.76C44—1.93C46+3.13C52—0.25C54 (fish oil);
2) Y=4.24C38-2.18C40+2.33C42+2.19C44—-0.03C48+2.86
C50—-0.69C52+2.20C54 (canola and sunflower oils, tallow);
3) Y=2.41C34+1.37C36—0.30C38+2.67C40+3.63C48—0.6
9C50+1.70C52+0.71C54 (lard). With these equations, 75.3
and 98.11% of the cases were detected when the adulterations
with NMF were S and 10%.

Key words: Adulteration, milk fat, non-milk fat, multiple linear
regression.

INTRODUCTION

t is illegal in several countries to incorporate non-

milk fat (NMF) to milk and dairy products (Ulberth

and Buchgraber, 2000; Boghra and Borkhatriya,
2004; Perotti et al., 2005). In México, the Norma
Oficial Mexicana (NOM-155-SCFI-2003, Milk, milk
formula and combined milk product-Denominations,
physiochemical specifications, commercial information
and testing methods), establishes that whole milk for
human consumption should contain only milk fat and
comply with the specifications of its denomination.
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informacién comercial y métodos de prueba), esta-
blece que la leche entera para consumo humano debe
contener s6lo grasa propia de la leche y cumplir con
las especificaciones de su denominacién. Sin embar-
go, en algunos productos lacteos es posible adicionar
GNL de origen vegetal, si se especifica en la infor-
macién de la etiqueta; de lo contrario se considera
adulteracion.

Para comprobar la autenticidad de la grasa de le-
che se emplean técnicas cromatograficas para determi-
nar la composiciéon de acidos grasos (AG), triacilgli-
ceroles (TAG) y algunas fracciones del insaponificable
(Juarez, 1991; Destaillats et al., 2006; Fontecha et
al., 2006). La presencia de GNL de origen vegetal se
detecta facilmente por andlisis de los fitosteroles (3-
sitosterol, campesterol, stigmasterol, brassicasterol),
hasta 1% de concentracién con un nivel de confianza
mayor a 95% (FIL/IDF, 1970; NMX-F-707-COFO-
CALEC-2004). Sin embargo, la adicién de hasta 10%
de GNL de origen animal como aceite de pescado,
sebo y manteca es dificil de detectar con un nivel de
confianza aceptable (Pinto et al., 1987; Kumar ef al.,
2002; Perotti et al., 2005).

En México se ha estudiado la caracterizacion li-
pidica de leches en polvo y pasteurizada, particular-
mente la composiciéon de AG y TAG (Vega et al.,
1999; Diaz et al., 2002; Gutiérrez et al., 2004). Pero
en la literatura revisada no se encontré informacion
para grasa de leche cruda, la combinacién del perfil
de triacilgliceroles y modelos estadisticos lineales en
la aplicacion de deteccion de GNL en leche y pro-
ductos lacteos. Por tanto, el objetivo de este trabajo
fue desarrollar un modelo estadistico de regresion
lineal multiple basado en el andlisis de TAG por cro-
matografia de gases, que caracterice a la grasa lactea
pura. La sensibilidad de las ecuaciones de regresion
se probd en muestras de grasa lictea adulteradas
con grasas no lacteas (vegetal y animal; 5, 10, 15y
20%).

MATERIALES Y METODOS
Toma de muestra
Grasa de leche cruda

Se recolectaron 216 muestras de 1 L cada 15 d durante 12
meses, de dos unidades de produccion del Distrito Federal (D.F.)
(n=49, se obtuvo una muestra adicional), cuatro del Estado de
Meéxico (n=107, se obtuvo 11 muestras adicionales) y tres del Es-
tado de Hidalgo (n=60, en ocasiones no se completd el muestreo
en las tres unidades de produccién). La toma de muestras se realizé
seglin la metodologia de la FIL/IDF (1995) y de la Norma Mexi-
cana NMX-F-718-COFOCALEC-2006. La materia grasa se extrajo
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However, in some milk products it is possible to add
NMF of vegetable origin, when it is specified in the
information on the label; otherwise, it is considered
adulteration.

To verify the authenticity of milk fat,
chromatographic techniques are used to determine
the composition of fatty acids (FA), triacylglycerols
(TAG) and some unsaponifiable fractions of the milk
fat (Juarez, 1991; Destaillats et al., 2006; Fontecha et
al., 2006). The presence of NMF of vegetable origin is
easily detected through analysis of the phytosterols (3-
sitosterol, campesterol, stigmasterol, brassicasterol),
up to a concentration of 1% with a confidence level
of over 95% (FIL/IDF, 1970; NMX-F-707-COFO-
CALEC-2004). However, the addition of up to 10%
of NMF of animal origin such as fish oil, tallow and
lard is difficult to detect with an acceptable confidence
level (Pinto et al., 1987; Kumar et al., 2002; Perotti
et al., 2005).

In México, studies have been made of the lipidic
characterization of powder and pasteurized milk,
especially the composition of FA and TAG (Vega
et al., 1989; Diaz et al., 2002; Gutiérrez et al.,
2004). However, no information was found in the
literature reviewed for raw milk fat, the combination
of the triacylglycerols profile and linear statistical
models in the application of the detection of NMF
in milk and milk products. Therefore, the objective
of the present study was to develop a multiple linear
regression model based on the analysis of TAG by
gas chromatography, to characterize pure milk fat.
The sensitivity of the regression equations obtained
was tested in samples of milk fat adulterated with
non-milk fat (vegetable and animal; 5, 10, 15 and
20%).

MATERIALS AND METHODS
Taking samples

Raw milk fat

A collection was made of 216 samples of 1 L every 15 d
during 12 months, from two production units of the Federal
District (n=49, an additional sample was obtained), four from the
State of México (n=107, 11 additional samples were obtained)
and three from the State of Hidalgo (n=60, at times the sampling
was not completed in the three production units). The taking of
samples was carried out according to the methodology proposed
by the FIL/IDF (1995) and by Norma Mexicana NMX-F-718-
COFOCALEC-2006). The fatty material was extracted using a
detergent (Frank et al., 1975), and was kept at —20 °C until its
analysis.
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usando un detergente (Frank ez al., 1975), y se conservé a —20 °C
hasta su andlisis.

Muestras de grasa no lactea

a) Aceites. Se obtuvo dos muestras de 250 mL de cada uno de
los siguientes aceites: pescado, canola y girasol, adquiridos en
industrias aceiteras en el Distrito Federal, México.

b) Manteca y sebo. Se obtuvo dos muestras de manteca y dos de
sebo, (100 g cada una) en mercados populares del D.F. La ma-
teria grasa se extrajo y purificé de forma similar al tratamiento
propuesto para mantequilla por la Federacién Internacional de
Lecheria (FIL/IDF, 1995).

Preparacion de triacilgliceroles

De acuerdo con la técnica de Firestone (1986), se pesaron 50
mg de grasa en frascos de 5 mL con tapa hermética y se disolvieron
en 2.5 mL de hexano. Se inyect6 1 L de la solucién en el croma-
tografo de gases. Los lipidos de la leche contienen 97 a 98% de
triacilgliceroles (Jensen, 2002).

Analisis cromatografico

El anélisis de TAG por cromatografia de gases (CG) se realizd
en un cromatdgrafo de gases Perkin Elmer Autosystem 9000, con
detector de ionizacién de flama e integrador de areas PE Nelson
modelo 1022. Las condiciones de operaciéon fueron: columna de
fenil metil silicon a 5% con polaridad intermedia (HP5) y longitud
2 mx0.25 D.I. X0.25 grosor de capa; temperatura del inyector 340
°C; temperatura del detector 350 °C; flujo del gas de arrastre (He)
1 mL min™'; programa de temperaturas del horno: 1 = 200 °C 0
min, con incrementos de 5 °C min~! hasta 325 °C;2=325°C6
min; tiempo total de corrida 31 min; modo de inyeccion: splitless,
tiempo de purga 0.75 min; volumen de inyeccion: 1 uL.

Los resultados se corrigieron usando una mezcla estdndar de
cinco TAG (20% cada uno) con pureza mayor a 99% (Sigma 178-
11), de concentracién de 20 mg mL~! en hexano de tricaprilina,
C24; tricaprina, C30; trilaurina, C36; trimiristina, C42; tripalmiti-
na, C48. Para identificar y cuantificar los TAG se compararon los
cromatogramas (tiempos de retencion y areas de los picos) obteni-
dos de grasa de leche con el cromatograma de la mezcla estiandar.
Los porcentajes de TAG logrados se normalizaron de acuerdo con
los factores de correccién determinados para los estindares C24,
C30, C36, C42 y C48, considerando que el C36 (trilaurina) es re-
cuperado completamente de la columna. Los factores de correccién
para cada uno de los restantes TAG se calcularon con la ecuacién
(Pinto et al., 1987):

fi=(Cy/C)x (4 4y)

donde, fi = factor de correccion del TAG i; A; = area de trilaurina;
Ay = drea del TAG estandar i; C; = concentracién (mg mL™) de
trilaurina; C; = concentracion (mg mL™") del TAG esténdar i. Los

Samples of non-milk fat

a) Oils. Two samples were obtained of 250 mL of each of the
following oils: fish, canola and sunflower, acquired in oil
industries in the Federal District.

b) Lard and beef fat. Two samples were obtained of lard and
two of tallow, (100 g each) in popular markets of the Federal
District. The fatty material was extracted and purified in a way
similar to that proposed for butter by the International Dairy
Federation (FIL/IDF, 1995).

Preparation of triacylglycerols

According to the technique of Firestone (1986), 50 mg of fat
were weighed in 5 mL jars with hermetic cover and were dissolved
in 2.5 mL of hexane. One uL of the solution was injected into
the gas chromatograph. The milk lipids contain 97 to 98% of
triacylglycerols (Jensen, 2002).

Chromatographic analysis

The analysis of TAG by gas chromatography (GC) was carried
out in a Perkin Elmer Autosystem 9000 gas chromatograph,
with flame ionization detector and PE Nelson model 1022 area
integrator. The operating conditions were as follows: phenyl
methyl silicon column at 5% with intermediate polarity (HP5)
and length of 2 mX0.25 D.I1.x0.25 layer thickness; injector
temperature 340 °C; detector temperature 350 °C; carrier gas
flow (He) 1 mL min~; oven temperature program: 1=200 °C 0
min, with increases of 5 °C min~! to 325 °C; 1=325 °C 6 min;
total run time 31 min; injection mode: splitless, purge time 0.75
min; injection volume: 1 uL.

The results were corrected by using a standard mixture of
five TAG (20% each one) with purity of over 99% (Sigma 178-
11), concentration of 20 mg mL~! in hexane of tricaprylin, C24;
tricaprin, C30; trilaurin, C36; trimyristin, C42; tripalmitin, C48.
To identify and quantify the TAG, a comparison was made of the
chromatograms (retention times and peak areas) obtained from
the milk fat with the chromatogram of the standard mixture. The
percentages of TAG obtained were normalized according to the
correction factors determined by the standards C24, C30, C36,
C42 and C48, considering that the C36 (trilaurin) is completely
recovered from the column. The correction factors for each of the
remaining TAG were calculated from the following equation (Pinto
et al., 1987):

Ji=(Cy1C)x (41 4)

where, fi = correction factor of the TAG i; A; = area of trilaurin;
Ag; = area of the standard TAG i; C; = concentration (mg mL™)
of trilaurin; C; = concentration (mg mL™') of the standard
TAG i. The correction factors were determined when 1 uL of
the standard mixture of TAG was injected seven times. A simple
regression analysis was made, taking as dependent variable the
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factores de correccion se determinaron inyectando siete veces 1 uL
de la mezcla estdndar de TAG. Se realizé un anélisis de regresion
simple, tomando como variable dependiente el tiempo de retencién
de cada pico de TAG y como variable independiente el nimero de
carbonos correspondiente. La ecuacion de la recta encontrada se usd
para determinar los tiempos de retencién del resto de TAG. El inter-
valo de los factores de correccion fue 0.96 a 1.15, el cual es aceptado
para la correccion de los valores de TAG (Pinto e al., 1987). Facto-
res de correccién mayores a 1.15 son insatisfactorios y se aumenta el
flujo del gas de arrastre para obtener factores aceptables.

Descripcion de datos y variables

Se definieron las variables independientes (x) como porcentaje
de TAG con niimero de carbono j. Se formaron dos grupos de da-
tos: 1) grasas lacteas: 14 variables, desde el TAG de C28 al C54;
2) grasas no lacteas: 4 a 6 variables desde el TAG de C36 a C56,
segun el tipo de grasa estudiada.

Para el andlisis de regresion lineal multiple (RLM) se definié ¥
como: grado de pureza que contiene una grasa lictea y, por tanto, se
trata de una variable categdrica. Asi, se asign6 un valor de 100 para
definir la grasa lactea pura, debido a que se encuentra 100% pura
(0% adulterada). Asi, al probar la ecuacién de regresion encontrada
en las grasas lacteas adulteradas de 5, 10, 15 y 20% la respuesta ¥
fuera 95, 90, 85 y 80. El valor de 100 es arbitrario y elegido por-
que es facil interpretar la respuesta cuando se trata de grasas lacteas
adulteradas.

Poblacion de datos

Para definir los grupos utilizados en el andlisis de RLM se
consideraron diferentes niveles de adulteracion, empleando como
adulterante cada una de las GNL, como sigue:

Grupo 1, muestras de grasa lactea pura (0% de adulteracion); Grupo
2, muestras adulteradas en 5% (95% GL y 5% GNL); Grupo 3,
muestras adulteradas en 10% (90% GL y 10% GNL); Grupo 4,
muestras adulteradas en 15% (85% GL y 15% GNL); Grupo 5,
muestras adulteradas en 20% (80% GL y 20% GNL).

Preparacion de muestras adulteradas

El procedimiento para las muestras de grasa lactea pura, adul-
teradas en diferentes niveles con las grasas no lacteas, se baso en la
siguiente formula de simulacion (Timms, 1980; Pinto er al., 2002):

M = 2¢O + (1~ ¢

donde, x = fraccion de grasa no lictea; C; = porcentaje de TAG
con nimero de carbono i; MEZ, GNL, GLP = mezcla, grasa no
lactea y grasa lactea pura.

El procedimiento de aplicacién de la férmula puede explicarse

mas facilmente a través de un ejemplo: suponiendo que la GLP,
para la muestra i fue adulterada en 10% con GNL, y que el TAG
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retention time of each peak of TAG, and as independent variable
the corresponding number of carbons. The equation of the straight
line found was used to determine the retention times of the rest
of TAG. The interval of the correction factors was 0.96 to 1.15,
which is accepted for the correction of the values of TAG (Pinto et
al., 1987). Correction factors higher than 1.15 are unsatisfactory,
and the carrier gas flow is increased to obtain acceptable factors.

Description of data and variables

The independent variables (x) were defined as percentage of
TAG with number of carbon j. Two groups of data were formed: 1)
milk fats: 14 variables, from TAG of C28 to C54; 2) non-milk fats;
4 to 6 variables from TAG of C36 to C56, depending on the type
of fat studied.

For the analysis of multiple linear regression (MLR), Y was
defined as: degree of purity contained by a milk fat, and therefore,
is a categorical variable. Thus, a value of 100 was assigned to define
pure milk fat, due to the fact that it is 100% pure (0% adulterated).
Thus, when testing the regression equation found in the adulterated
milk fats of 5, 10, 15 and 20%, the Y response was 95, 90, 85
and 80. The value 100 is arbitrary and chosen because it is easy to
interpretate the response when adulterated milk fats are involved.

Population of data

To define groups used in the MLR analysis different levels of
adulteration were considered, using as adulterant each one of the
NMF as follows:

Group 1, samples of pure milk fat (0% adulteration); Group 2,
adulterated samples by 5% (95% MF andy 5% NMF); Group 3,
adulterated samples by 10% (90% MF and 10% NMF); Group 4,
adulterated samples by 15% (85% MF and 15% NMF); Group 5,
adulterated samples by 20% (80% MF and 20% NMF).

Preparing adultered samples

The procedure for the samples of pure milk fat, adulterated
in different levels of non-milk fats, was based on the following
simulation formula (Timms, 1980; Pinto et al., 2002):

CMX = xcMF 4+ (1-x)Cc,MF

where, x = non-milk fat fraction; C; = percentage of TAG with
carbon number i; MIX, NMF, PMF = mixture, non-milk fat and
pure milk fat.

The application procedure of the formula can be more easily
explained through an example: assuming that the PMF for sample
i was adulterated in 10% with NMF, and that the TAG with carbon
number 40 (C40) is present in the PMF in 11.25% and in the NMF
in 0.75%, then the % of the C40 in the mixture is:
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con carbono nimero 40 (C40) esta presente en la GLP en 11.25%
y en la GNL en 0.75%, entonces el % del C40 en la mezcla es:

C40MEZ = (0.1)(0.75)°M + (1-0.1)(11.25)°FF =10.22

Técnicas estadisticas utilizadas

Exploracién de datos, estadistica descriptiva, andlisis de va-
rianza seguido de la prueba de Tukey, regresion lineal simple y
multiple. Se usé el paquete estadistico SPSS™ (1997).

REsuLTADOS Y DISCUSION
Triacilgliceroles presentes en grasa lictea

Las condiciones cromatograficas permitieron obte-
ner en grasa de leche cruda picos bien desarrollados
desde los TAG de peso molecular (PM) bajo (C28 a
C32) hasta los de PM alto (C34 a C54). Los perfiles
presentaron un comportamiento bimodal, la primera
moda se presentd en C38, y la segunda en C52; C44
fue el limite entre ambas zonas modales (Figura 1).
Estos resultados son semejantes a los publicados por
Precht (1992), Destaillast et al. (2006) y Fontecha et
al. (2006).

Los valores medios y las desviaciones estandar de
las variables C28 a C54 para las tres areas de mues-
treo se presentan en el Cuadro 1. Hubo significancia
estadistica para los TAG C28, C40, C42, C44, C46,
C50 y C52 de las grasas lacteas del D.F. y el Estado
de México. Para el Estado de Hidalgo se encontrd
diferencia significativa (p<0.05) en C28 con respecto
al D.F., y en el conjunto de C40, C42, C44, C50 y
C52 con relacién al Estado de México. Por tanto, para
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Statistical methods employed

Exploration of data, descriptive statistics, variance analysis
followed by the Tukey test, simple and multiple linear regression
were the statistical methods employed. The statistical package used
was SPSS™ (1997).

RESULTS AND DISCUSSION

Triacylglycerols present in milk fat

The chromatographic conditions made it possible to
obtain well developed peaks in raw milk fat from the
TAG of low (C28 to C32) molecular weight (MW) to
those of high (C34 to C54) MW. The profiles presented
a bimodal behaviour, the first mode appeared in C38,
and the second in C52; C44 was the limit between the
two modal zones (Figure 1). These results are similar
to those published by Precht (1992), Destaillast et al.
(2006) and Fontecha et al. (2006).

The mean values and the standard deviation of the
variables C28 to C54 for the three sampling areas are
shown in Table 1. There was statistical significance
for TAG C28, C40, C42, C44, C46, C50 and C52
of the milk fats of the Federal District and the State
of Mexico. For the State of Hidalgo, significant
difference was found (p=<0.05) in C28 with respect to
the Federal District, and in the group of C40, C42,
C44, C50 and C52 with respect to the State of México.
Therefore, for the States of México and Hidalgo,
there is different behaviour in the TAG which form
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Figura 1. a) Cromatograma de triacilgliceroles de grasa lactea auténtica; b) grafica del comportamiento bimodal.
Figure 1. a) Chromatogram of triacylglycerols of authentic milk fat; b) graph of the bimodal behaviour.
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los Estados de México e Hidalgo hay comportamiento
diferente en los TAG que forman el valle de la bimo-
dal (Figura 1). La dispersion de los datos con respecto
a las medias se calculd con la desviacién estandar,
alcanzando hasta tres veces lo informado por Timms
(1980), Pinto et al. (1987) y Fontecha et al. (2006)
para grasas lacteas australianas, chilenas y espafiolas.

Los intervalos de la composiciéon global de TAG
(% p/p) de grasa de leches producidas en las tres
areas de muestreo y otros reportados en la literatura
se describen en el Cuadro 2. De acuerdo con las
estadisticas obtenidas para cada area, se considerd
que estos valores son predictores de la composicion
triglicérica de la grasa de leche producida en el Al-
tiplano Mexicano. La variabilidad en los resultados
del presente trabajo fue mayor que en la de resul-
tados publicados por investigadores de otros paises
(Cuadro 2).

En el Cuadro 3 se presentan los valores medios
de TAG (% p/p) de las GNL estudiadas. El aceite
de pescado presentd una mezcla compleja con TAG
entre C46 y C56, con una proporcion de 70.59% para
el conjunto de C50, C52 y C54, y presenta AG con
longitud de cadena C14 a C22 y con diferentes grados
de instauracién. Asi, como la grasa de leche, ofrece
una gran cantidad de especies moleculares (Pinto et
al., 1987; Romero et al., 2000). La manteca se carac-
teriz6 por que el conjunto de C50, C52 y C54 alcanzé
97.61%, mientras que en el sebo los TAG C50, C52

Cuadro 1. Niveles medios de triacilgliceroles (% p/p) en leche
cruda de tres areas de muestreo del Altiplano Mexi-
cano.

Table 1. Mean levels of triacylglycerols (% p/p) in raw milk of

three areas of sampling of the Mexican Highland.

D.F. Estado de México
(n=49) (n=107)

Hidalgo

TAG (n=60)

Media D.E" Media D.E. Media D.E.

C28 0.53a 0.18 0.3% 0.19 0.44b  0.21
C30 0.57a 0.35 0.53a 0.21 0.65a  0.25
C32 1.48a 0.69 1.33a 0.48 1.53a  0.40
C34 3.43a 1.09 3.40a 1.03 3.40a  0.80
C36 7.12a 1.65 7.15a 1.66 7.07a 1.41
C38 11.40a 2.02 10.76a 2.12 11.62a 1.80
C40 11.38a 2.90 9.49b 3.02 11.16a  3.79
C42 7.92a 3.07 6.01b 2.87 7.86a  3.85
C44 5.62a 1.63 4.70b 1.53 5.50a 1.85
C46 7.03a 1.62 6.16b 1.24 6.57ab  1.27
C48 9.67a 2.01 9.42a 1.23 8.94a 1.34
C50 12.91b 3.38 14.53a 2.80 12.86b  3.62
C52  13.02b 4.42 16.68a 5.24 14.23b  5.29
C54 7.91a 3.69 9.75a 3.93 8.18a  2.94

Letras diferentes en una fila indican diferencia significativa
(p=<0.05).
TD. E. = desviacion estandar.
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the valley of the bimodal (Figure 1). The dispersal
of the data with respect to the means was calculated
with the standard deviation, reaching as much as three
times what was reported by Timms (1980), Pinto et
al. (1987) and Fontecha et al. (2006) for Australian,
Chilean and Spanish milk fats.

The intervals of the global composition of TAG (%
p/p) of fat in milk produced in the three sampling areas
and others reported in the literature are described in
Table 2. According to the statistics obtained for each
area, it was considered that these values are predictors
of the triglyceric composition of the fat in milk
produced in the Mexican Highlands. The variability of
the results of our study was higher than in that of the
results published by investigators of other countries
(Table 2).

The mean values of TAG (% p/p) of the NMF
studied are shown in Table 3. Fish oil presented a
complex mixture with TAG between C46 and C56,
with a proportion of 70.59% for the group of C50, C52
and C54, and presents FA with chain length C14 to
C22 and with different degrees of instauration. Thus,
like milk fat, it offers a large amount of molecular
species (Pinto et al., 1987; Romero ef al., 2000). The
lard was characterized by the fact that the group of
C50, C52 and C54 reached 97.61%, while in tallow
the TAG C50, C52 and C54 represented 85.43%.
The vegetable oils had the highest proportion in the
sum of C52 and C54, the minimum value was for
sunflower oil (92.15%) and the maximum for canola
0il (97.61%). These results are due to the fact that the
content of long chain FA in the molecule of the TAG
is high, principally saturated and unsaturated FA with
16 and 18 carbons (Kallio er al., 2001; Destaillast et
al., 2006).

Detection of non-milk fat in milk fat, multiple
regression and its application in the detection of
adulterations in milk fat

For the optimum use of the MLR analysis, a step-
by-step selection was made of the potentially predictive
variables. The equations found for the criterion (Y
= 100, arbitrary value assigned to authentic MF),
as well as the standard errors and the determination
coefficients were as follows:

1) Fish oil:
Y=1.71C42+11.76C44-1.93C46+3.13C52
—0.25C54; standard error=4.30; R%2=0.99

2) Canola and sunflower oils, tallow:
Y=4.24C38—-2.18C40+2.33C42+2.19C44
—0.03C48+2.86C50—0.69C52+2.20C54;
standard error=1.06; R%2=0.99
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Cuadro 2. Intervalos de concentraciones de triacilgliceroles (% p/p) presentes en grasas lacteas de varios paises.
Table 2. Intervals of concentrations of triacylglycerols (% p/p) present in milk fat of various countries.

TAG México Espafia® EE.UU. Bélgica® Alemania’ Chile®

C28 0.0- 1.2 0.5- 0.7 03- 13 0.5- 0.8 0.4- 0.8 03- 1.4
C30 0.1- 2.4 0.9- 12 07- 15 09- 1.6 0.8- 1.6 0.6- 2.1
Cc32 0.1- 438 1.9- 27 1.8- 4.0 20- 33 1.6- 3.8 1.7- 35
C34 15- 72 47- 6.1 40- 8.0 48- 65 3.9- 179 46- 6.9
C36 23-13.6 9.1-10.7 9.0 - 14.0 93-11.5 82-13.8 9.0-13.1
C38 6.7-19.0 11.6 -12.6 10.0 - 15.0 11.9-13.2 10.0 - 14.0 13.7 - 15.7
C40 5.7-19.4 9.1-10.4 9.0 - 13.0 9.7-10.9 8.6-10.8 10.9 - 13.7
c42 29-14.8 58- 6.8 6.0- 7.0 6.1- 7.6 51- 8.6 6.7- 8.4
C44 25- 88 51- 6.7 50- 75 55- 7.4 42- 89 52- 6.7
C46 3.5-10.0 6.1- 8.1 50- 7.0 6.5- 8.1 52- 97 54- 71
C48 52-13.2 8.2-10.3 7.0-11.0 84- 94 7.9 -10.6 62- 85
C50 5.7-18.8 11.1-125 8.0-12.0 9.9-12.5 8.2-13.4 8.6-12.3
C52 5.4-27.1 95-13.5 7.0-11.0 7.9-127 51-155 8.3-13.2
C54 2.8-18.6 4.1- 84 1.0- 5.0 32- 15 1.5-11.1 23- 74

a: Fontecha ef al., 2006 (leche cruda); b: Jensen, 2002 (leche cruda); c: Van Renterghem, 1997 (mantequilla); d: Precht, 1991 (mantequilla);

e: Pinto et al., 1987 (leche cruda).

Cuadro 3. Niveles medios de triacilgliceroles (% p/p) en grasas no lacteas.
Table 3. Mean levels of triacylglycerols (% p/p) in non-milk fats.

Muestra C36 C44 C46 C48 C50 Cs2 C54 C56
Aceites:

Pescado (n=2) n.d. n.d. 2.63 11.38 20.98 25.59 24.02 15.39
Canola (n=2) 1.99 n.d. n.d. n.d. n.d. 15.09 77.06 5.86
Girasol (n=2) 1.83 n.d. n.d. n.d. 2.11 20.46 75.60 n.d.
Manteca (n=2) n.d. n.d. n.d. 2.39 18.04 61.88 17.69 n.d.
Sebo (n=2) n.d. n.d. 2.69 11.88 24.80 36.25 24.38 n.d.
n.d. <0.01 (% p/p).

y C54 representaron 85.43%. Los aceites vegetales 3) Lard:

tuvieron la mayor proporcién en la suma de C52 y
C54, el valor minimo fue para el aceite de girasol
(92.15%) y el maximo para canola (97.61%). Estos
resultados se deben a que el contenido de AG de
cadena larga en la molécula del TAG es alto, princi-
palmente AG saturados e insaturados con 16 y 18 car-
bonos (Kallio ef al., 2001; Destaillast et al., 2006).

Deteccion de grasa no lactea en grasa lactea
regresiéon muiltiple y su aplicacién en la deteccion
de adulteraciones en grasa lactea

Para la utilizacion 6ptima del andlisis de RLM se
seleccionaron paso a paso las variables potencialmente
predictoras. Las ecuaciones encontradas para el crite-
rio (¥Y=100, valor arbitrario asignado a GL auténtica),
asi como los errores estindar y los coeficientes de
determinacion fueron:

1) Aceite de pescado:
Y=1.71C42+11.76C44—-1.93C46+3.13C52-0.2
5C54; error estandar=4.30; R%2=0.99

Y=2.41C34+1.37C36-0.30C38+2.67C40
+3.63C48-0.69C50+1.70C52+0.71C54;
standard error =0.81; R%2=0.99

According to the analysis of MLR, the errors
present an approximately normal distribution. Thus,
the confidence intervals of the prediction for the
averages of the pure milk fats with respect to the type
of adulterating fat were formed using the following
formula:

100 £ 7(,_ . 0.975 Se
where, 100 = constant for pure milk fat; 7 = value of
the 7 statistic; S, = standard error of the regression.
The confidence intervals with 95% probability were:
1) Fish oil: (91.49-108.51)

2) Canola and sunflower oils, tallow: (97.9-102.1)
3) Lard: (98.4-101.6).
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2) Aceites de canola, girasol, sebo:
Y=4.24C38—-2.18C40+2.33C42+2.19C44—-0.03
C48+2.86C50—0.69C52+2.20C54; error estan-
dar=1.06; R>=0.99

3) Manteca:
Y=2.41C34+1.37C36—-0.30C38+2.67C40+3.63
C48-0.69C50+1.70C52+0.71C54; error estan-
dar=0.81; R*=0.99

De acuerdo con el analisis de RLM, los errores
presentan distribucién aproximadamente normal. De
esta manera, los intervalos de confianza de la predic-
cién para los promedios de las GL puras con relacién
al tipo de grasa adulterante, se formaron usando la
siguiente formula:

100 = t(n—p); 0.975 Se

donde, 100 = constante para grasa lactea pura; t =
valor del estadistico #; S, = error estdndar de la re-
gresion.

Los intervalos de confianza con 95% de probabili-
dad fueron:

1) Aceite de pescado: (91.49-108.51)
2) Aceites de canola, girasol, sebo: (97.9-102.1)
3) Manteca: (98.4-101.6).

De los 216 casos de GL pura, 93.4 a 97.4% es-
tuvieron dentro de los intervalos de confianza de la
prediccion (p<0.05) (Cuadro 4).

Para probar la sensibilidad de las ecuaciones de
regresion (1 a 3) se calcularon los valores YMEZ, es
decir, la respuesta dada por las ecuaciones (1 a 3) al
introducirles una mezcla adulterada en diferentes nive-
les. Luego se determind el nimero de muestras dentro
de los intervalos de confianza (1 a 3) definidos para
las GL puras con relacion al adulterante. En el Cuadro

Of the 216 cases of pure MF, 93.4 to 97.4%
were within the confidence intervals of the prediction
(p=<0.05) (Table 4).

To test the sensitivity of the regression equations
(1 to 3), the values YMEZ were calculated, that is,
the response given by the equations (1 to 3) when an
adulterated mixture at different levels is introduced.
Next, the number of samples was determined within
the confidence intervals (1 to 3) defined for the pure
MF with respect to the adulterant. The percentages of
correct classification in the adulteration of the MF are
shown in Table 4.

Taking into account the confidence intervals for pure
MF at a level of 95%, 100% of the samples adulterated
with 10, 15 and 20% of canola and sunflower oils and
lard were correctly classified, that in all of the values
YMEZ were outside of the intervals defined for pure
fats. With fish oil and tallow as adulterants, acceptable
levels of correct classification were not obtained. For
the samples adulterated at 5%, 75.3% of the total was
correctly classified. When the adulterants were lard
and canola and sunflower oils, the levels of correct
classification were close to those obtained by Timms
(1980) and Pinto et al. (1987), who used multiple
regression analysis to identify adulterations of MF
with foreign fats.

CONCLUSIONS

The analysis by gas chromatography of the bovine
milk fat produced in the Mexican Highland revealed
the presence of triacylglycerols of C28 to C54. When
studies were made of mixtures (100-0, 95-5, 90-10,
85-15 and 80-20) of milk fat with non-milk fat of
vegetable origin (canola and sunflower oils) and of
animal origin (fish oil, lard and tallow), the profiles
of triacylglycerols were found to be modified. Based
on the above, through an analysis of multiple linear
regression and using potential variables of prediction
of adulteration: C42, C44, C46, C52 and C54 (fish

Cuadro 4. Niveles de adulteracion con grasas no licteas y porcentajes de clasificacién correcta segiin ecuaciones de regresiéon lineal

Manteca Sebo

muiltiple.
Table 4. Levels of adulteration with non-milk fats and percentages of correct classification according to equations of multiple linear
regression.
Aceites de:
Pescado Canola Girasol

Porcentajes de clasificacion correcta (%):

Grasa lactea pura (n=216) 94.5 95.3
5% adulteracion 35.5 73.2
10% adulteracién 53.2 98.5
15% adulteracién 56.5 100.0
20% adulteracién 64.3 100.0

96.6 97.3 95.9
97.6 79.4 9.1
100.0 100.0 32.3
100.0 100.0 53.5
100.0 100.0 63.4
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4 estan los porcentajes de clasificacién correcta en la
adulteracion de la GL.

Tomando en cuenta los intervalos de confianza
para GL puras a un nivel de 95%, se clasifico correc-
tamente 100% de las muestras adulteradas con 10, 15
y 20% con aceites de canola, girasol y manteca, es
decir, todos los valores YMEZ quedaron fuera de los
intervalos definidos para grasas puras. Con el aceite
de pescado y sebo como adulterantes, no se lograron
niveles aceptables de clasificacién correcta. Para las
muestras adulteradas en 5%, se clasificO correctamen-
te 75.3% del total. Cuando los adulterantes fueron
manteca y aceites de canola y girasol los niveles de
clasificacion correcta fueron cercanos a los obtenidos
por Timms (1980) y Pinto et al. (1987), quienes utili-
zaron el andlisis de regresiéon multiple para identificar
adulteraciones de la GL con grasas extrafas.

CONCLUSIONES

El anélisis por cromatografia de gases de la grasa
de leche de vaca producida en el Altiplano Mexicano,
revel6 la presencia de triacilgliceroles de C28 has-
ta C54. Cuando se estudiaron mezclas (100-0, 95-5,
90-10, 85-15 y 80-20) de grasa lactea con grasa no
lactea de origen vegetal (aceites de canola y girasol) y
de origen animal (aceite de pescado, manteca y sebo
de vacuno) se encontraron modificados los perfiles de
triacilgliceroles. Con base en ello, a través de un
analisis de regresion lineal multiple y usando variables
potenciales de predicciéon de adulteracion: C42, C44,
C46, C52 y C54 (aceite de pescado); C40, C42, C44,
C50, C52 y C54 (aceites de canola y girasol y sebo) y
C34, C36, C38, C40 , C48 , C50, C52 y C54 (man-
teca), se desarrollaron ecuaciones que detectaron 75.3
y 98.11% de los casos estudiados, para adulteraciones
de 5y 10%.
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