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Abstract. Milk and milk-based products are among the leading food categories according to
reported cases of food adulteration. Although many authentication problems exist in all areas
of the food industry, adequate control methods are required to evaluate the authenticity of milk
and milk products in the dairy industry. Moreover, gas chromatography (GC) analysis of
triacylglycerols (TAGs) or fatty acid (FA) profiles of milk fat (MF) in combination with
multivariate statistical data processing have been used to detect adulterations of milk and dairy
products with foreign fats. The adulteration of milk and butter is a major issue for the dairy
industry. The major adulterants of MF are vegetable oils (soybean, sunflower, groundnut,
coconut, palm and peanut oil) and animal fat (cow tallow and pork lard). Multivariate analysis
enables adulterated MF to be distinguished from authentic MF, while taking into account many
analytical factors. Various multivariate analysis methods have been proposed to quantitatively
detect levels of adulterant non-MFs, with multiple linear regression (MLR) seemingly the most
suitable. There is a need for increased use of chemometric data analyses to detect adulterated
MF in foods and for their expanded use in routine quality assurance testing.

1. Introduction

Milk fat (MF) is largely composed of triacylglycerols (TAGs) (these comprise about 98% of the total
fat), while phospholipids account for only 0.8% of milk lipids. Sterols are also a minor component,
comprising about 0.3% of the fat, cholesterol being the principal sterol [1]. The fat content of milk
can vary from about 3.0% to 6.0%, but typically is in the range 3.5 to 4.7% [2]. In addition to the
well-characterized differences among and within breeds of dairy cattle in MF content and fatty acid
(FA) composition i.e. genetic factors, differences can also occur due to stage of lactation and diet [3-
71.

MF is a good source of fat-soluble vitamins and essential FAs [8]. Fat is an essential component
of the human diet and inclusion of MF as part of a balanced diet should be advantageous rather than
detrimental. To date, no scientific study has produced evidence of any increased risk of disease
associated with milk consumption [9]. Cow’s milk is an important component of the human diet
because of its high nutritional value. Its nutritionally balanced composition makes it one of the most
complete foods available [10]. Ruminant MF contains butyric acid (C4:0), which is an important
anti-cancer agent. However, longer-chain FAs can be problematic; e.g., myristic (C14:0) and palmitic
acids (C16:0) are considered harmful, while stearic acid (C18:0) and short-to-medium-chain (C4—
C10) FAs are deemed neutral [9]. Up to one-third of the FAs in MF have a chain-length of 14
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carbons or less. These FAs are oxidized rapidly in the liver, have a lower energy value and are
oxidized more readily than long-chain FAs. It follows that MF should contribute less to obesity than
an equivalent amount of other dietary fats [11]. This reinforces the need for the dietetic community to
reconsider current recommendations on dairy fat and human health on the basis of scientific evidence
[2]. In conclusion, whereas future studies will help to elucidate the role of milk and dairy products in
human health, their use within a balanced diet should be considered in the absence of clear
recommendations [9, 11].

MF contains several compounds that have demonstrated anticancer activity in animal models [12].
The more important ones are rumenic acid (RA, cis-9, trans-11 conjugated linoleic acid, CLA) [13-
14], a potent inhibitor of mammary tumorigenesis, sphingomyelin and other sphingolipids that
prevent the development of intestinal tumors and butyric acid (C4:0), which prevents colon and
mammary tumor development [4, 14-17]. Cows’ diets have a major influence on the CLA content of
MF, and these effects have been recently summarized [4, 14, 17-18]. Emerging evidence suggests
that MF can prevent intestinal infections, particularly in children, prevent allergic disorders, such as
asthma and improve the level of long-chain n-3 polyunsaturated fatty acids in blood [19].

This paper discusses analytical methods for detecting MF adulteration, with an emphasis on GC
analysis of TAG and FA in combination with multivariate statistical data processing. Such data could
be potentially useful in detecting foreign fats in the milk and dairy industries. Based on this
preliminary investigation, the usefulness of this approach could be examined in the future for other
foreign fats and oils, including vegetable and animal fat.

2. Adulteration of milk and dairy products

Milk adulteration is a current fraudulent practice to mask the quality parameters (e.g. protein and fat
content) and increase the product shelf life. Milk and milk-based products are among the leading food
categories according to reported cases of food adulteration [20]. Perhaps the most high-profile case
involved the addition of melamine to high-protein feed and milk-based products to artificially inflate
protein values in products that may have been diluted [21]. Melamine, an organic base, is widely used
in plastics, adhesives, and other consumer products, and is known to pose a public health threat [22].
Adulterated milk could also be added into infant formula and other milk-based products. Baby formula
is a common target for retail fraud, often by tampering with the sell-by codes to move expired product.
The safety and integrity of dairy products is of particular interest, because these foods play an
important role in feeding the population and are essential for certain groups of consumers, such as
women, children and the elderly. Milk is a fairly expensive raw material, and from an economic point
of view it could, therefore, be attractive to fraudulently modify its composition, replacing part of it
with other dairy or non-dairy ingredients [23, 24].

The major adulterants of MF are vegetable oils (soybean, sunflower, groundnut, coconut, palm and
peanut oil) and animal fat (cow tallow and pork lard). Butter is made from milk, whereas butter
substitutes, also called imitation butters, are generally manufactured from non-dairy fats or other
suitable components to make butter-like products [25-27]. Dairy products have been traded for
hundreds of years and make up a large proportion of the food industry trade. However, the adulteration
of milk and butter is a major issue for the dairy industry. Adulteration of milk used to manufacture
butter can result in an inferior final product that fails to meet consumer expectations. Adulterated milk
and butter contain added substances such as water, neutralizers to mask acidity, salt or sugar to mask
extra water or high solid contents, whey and hydrogen peroxide, among others [28]. Although many
authentication problems exist in all areas of the food industry, adequate control methods are required
to evaluate the authenticity of milk and milk products in the dairy industry. One method to detect
adulteration of milk with water is measurement of osmolality [29]. Rezende et al. [30] stated that the
refractive index method for water adulteration could adequate such as density and freezing point
determinations. Mid infrared (MIR) spectroscopy combined with pattern recognition analysis were
used to classify and quantify milk adulteration with whey, synthetic urea or hydrogen peroxide [28].
The addition of NaOH to milk, which aims to mask acid formation, is very easy to determine using
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principal component analysis (PCA) to separate control and adulterated milks [31]. However, it is
important to mention that the goal is not to identify a specific adulterant and its concentration, but the
presence of a group of adulterants.

3. Methods for detecting the authenticity of milk and dairy products

Quality assurance (QA) and the methods used to authenticate foodstuffs are of great interest both from
commercial and legal points of view [32]. In Europe, origin is one of the main authenticity issues
concerning food. Determination of food authenticity is an important issue for both QA and food
safety. Interest in Europe concerning food authentication is also shown by continuous funding of this
topic, from FP 5 to the Horizon 2020 initiative. Authenticity testing is a quality criterion for food and
food ingredients and is increasingly a result of legislative protection of regional foods. Thus, there is a
pressing need for accurate, standardized food authentication techniques [32].

Over the last decade, several analytical procedures have been proposed for rapid screening or
selective confirmation of the quality and authenticity of milk such as liquid chromatography (LC) and
GC, especially coupled with mass spectrometry (MS). The studies are often supported by a
chemometric approach allowing reliable qualitative (classification) and quantitative (multivariate
calibration) procedures. GC flame ionization detection is exploited for analysis of MF because the
milk FAs and TAGs can be monitored and compared with reference standards. This procedure can be
used to discriminate the source of adulteration. GC separation of the TAG classes in MF according to
their carbon number (CN) (C24-C54) has been used to determine milk origins and the potential
adulteration of dairy products with foreign fats [25, 33]. Adulteration of expensive oils and fats, such
as MF, has always been a serious problem because of the economic advantages of replacing high-
priced fats and oils with low-priced oils, including soybean oil or corn oil, without labeling the product
accordingly [25, 27]. Consequently, the European Union made the GC methodology official,
converting it to a reference method for the detection of foreign fat in MF by TAG analysis using short
capillary column GC (more polar polysiloxane phases containing a higher proportion of phenyl groups
(50-65%) and low blending at temperatures as high as 370-400°C) [34]. Because of the wide variety
of FAs contained in MF, the characterization of TAGs in MF is a complex and difficult task [35].
Before quantitative analysis, TAGs must be grouped on the basis of some of their common
characteristics (molecular weight, degree of unsaturation, etc.). Moreover, the GC analysis of TAG or
FA profiles of MF in combination with multivariate statistical data processing has been used to detect
adulterant fats in milk and dairy products [25, 27, 36, 37, 39]. GC analysis of TAG was also used to
detect goat cheese adulterated with cheaper cow's milk [40].

4. Chemometrics as a tool to identify milk fat adulteration

Chemometrics is an interdisciplinary research field that involves multivariate statistics, mathematical
modelling and computing especially applied to chemical data, and is required for food authentication
or identity confirmation. It must be combined with suitable database infrastructure and uses
appropriate mathematical tools [41]. Chemometrics has been useful in evaluating the quality and
identity control of processing parameters for dairy products [41-44]. For this approach, a large set of
analyses and many pattern classification procedures, such as PCA, linear discriminant analysis (LDA),
hierarchical cluster analysis (HCA), soft independent modelling of class analogies (SIMCA), partial
least squares regression (PLS), canonical variate analysis (CVA), and artificial neural network (ANN)
can be utilized. Pattern analyses are applied to a dataset to compare similarities or differences of
sample data with original data. GC analysis of the FA profile is widely used to detect adulteration of
MF with foreign fats. For example, Rebechi et al. [37] artificially adulterated MF with 0, 2, 5, 10 and
15% tallow or lard. Their multiple linear regression (MLR) detected adulterations of MF at levels
greater than 10% for tallow and 5% for lard. Gutiérrez et al. [25] adulterated raw MF with 0, 5, 10, 15,
and 20% non-MFs. When LDA was used, the global percentage of satisfactory classification was
94.4%; consequently, LDA was effective in detecting adulterations at levels <10%. Kim et al. [27]
used specific bio-markers (FAs, TAG and cholesterol) which enabled the detection of adulteration as
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low as 10% of non-MFs in MF. The validity of the classification rule was also tested by 206
gravimetrically prepared fat mixtures. These data can be potentially useful in detecting foreign fats in
butter products. In the work of Lipp [36], GC analysis of TAG was further analyzed by PLS and ANN
to identify mixtures of butter fat with foreign fat. While ANN was most suitable for classification,
quantitative results were obtained by PLS. Souza et al. [42] identified groups of adulterants, including
formaldehyde, starch, urine, hydrogen peroxide and chlorine, by physicochemical analysis and
application of PCA and HCA.

The results obtained in this research should contribute to a proposal for a national standard to verify
MF authenticity in milk and dairy products. Theoretically, after multivariate analysis, and taking into
account many analytical factors, adulterated MF should form singular groups that can be easily
distinguished from authentic MF.

5. Conclusion

Cow’s milk is an important component of the human diet because its nutritionally balanced
composition makes it one of the most complete foods available. Milk and milk-based products are
among the leading food categories according to reported cases of food adulteration. Although many
authentication problems exist in all areas of the food industry, adequate control methods are required
to evaluate the authenticity of milk and milk products in the dairy industry. This paper discusses
analytical methods for detecting MF adulteration with an emphasis on using GC to analyze TAG and
FA in combination with multivariate statistical data processing. Using multivariate statistical methods
such as MLR, adulterations of MF at levels as low as 10% of non-MF can be detected. With respect to
aduteration, chemometrics is a powerful data reduction tool used to qualitatively group or classify
unknown MF samples with similar characteristics and to quantitatively determine levels of adulterant
analytes in MF. The results obtained in this research should contribute to a proposal for a national
standard to verify MF authenticity in milk and dairy products.
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