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ABSTRACT

We used a multivariate chemometric approach to dif-
ferentiate or associate retail bovine milks with different 
fat contents and non-dairy beverages, using fatty acid 
profiles and statistical analysis. We collected samples of 
bovine milk (whole, semi-skim, and skim; n = 62) and 
non-dairy beverages (n = 27), and we analyzed them 
using gas-liquid chromatography. Principal component 
analysis of the fatty acid data yielded 3 significant 
principal components, which accounted for 72% of the 
total variance in the data set. Principal component 1 
was related to saturated fatty acids (C4:0, C6:0, C8:0, 
C12:0, C14:0, C17:0, and C18:0) and monounsaturated 
fatty acids (C14:1 cis-9, C16:1 cis-9, C17:1 cis-9, and 
C18:1 trans-11); whole milk samples were clearly dif-
ferentiated from the rest using this principal compo-
nent. Principal component 2 differentiated semi-skim 
milk samples by n-3 fatty acid content (C20:3n-3, 
C20:5n-3, and C22:6n-3). Principal component 3 was 
related to C18:2 trans-9,trans-12 and C20:4n-6, and its 
lower scores were observed in skim milk and non-dairy 
beverages. A cluster analysis yielded 3 groups: group 
1 consisted of only whole milk samples, group 2 was 
represented mainly by semi-skim milks, and group 3 
included skim milk and non-dairy beverages. Overall, 
the present study showed that a multivariate chemo-
metric approach is a useful tool for differentiating or 
associating retail bovine milks and non-dairy beverages 
using their fatty acid profile.
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Milk and dairy products contribute significantly to 
the intake of high-quality proteins, micronutrients, and 
numerous bioactive compounds, and their inclusion in 
a healthy balanced diet is highly recommended (Green 
et al., 2015). Bovine milk fat also contains fatty acids 
(FA) such as C18:1 trans-11, C18:2 cis-9,trans-11, and 
short-chain SFA as C4:0 that may have beneficial ef-
fects for human health (O’Donnell-Megaro et al., 2011).

Consumers are increasingly concerned about the 
nutritional quality of dairy products (Kliem and Shin-
gfield, 2016). In particular, lactose intolerance and the 
relatively high SFA content of bovine milk have driven 
the development and production of non-dairy beverages 
as alternatives (Prado et al., 2008). These products are 
manufactured from cereals and oilseeds such as soy, 
rice, almond, and cashew, among others. Non-dairy 
beverages are consumed worldwide, but official or sci-
entific information is lacking about their lipid quality. 
The FA profile of non-dairy beverages depends mainly 
on the raw material used to make them, and distinct 
FA compositions can affect their flavor (Li et al., 
2015) and stability (Yang et al., 2015). Furthermore, 
the nutritional quality of grains is inferior compared 
to bovine milk because of their lower protein content, 
deficiency in certain essential amino acids (lysine), low 
starch availability, and coarse nature (Rivera-Espinoza 
and Gallardo-Navarro, 2010). In the last decade, world 
milk production and demand have increased by more 
than 25% (IFCN Dairy Network, 2016). Researchers, 
the dairy industry, and international authorities are 
challenged with improving compliance and safety regu-
lations to ensure milk safety and quality (Azcarate et 
al., 2017).

Chemometrics is the combined study of mathemati-
cal, statistical, and other logic-based approaches to 
manage and interpret chemically derived data (Shin et 
al., 2012). Principal component analysis, in conjunc-
tion with cluster analyses, is a common multivariate 
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chemometric methodology that can be used to identify 
patterns and explain data similarities and differences 
(Kim et al., 2014). Fatty acid profiling is an important 
tool that offers information about the nutritional qual-
ity of dairy products (O’Donnell-Megaro et al., 2011). 
This information can be used for nutritional guidelines, 
or even to develop new dairy products with specific FA 
profiles. Furthermore, FA profiling could improve the 
quality control of food products, prevent adulteration, 
and ensure nutritional quality monitoring (Uncu et al., 
2017). In this study, we used a method for differentiat-
ing or associating retail bovine milks with different fat 
contents and non-dairy beverages by characterizing the 
FA profiles using a gas chromatography-flame ioniza-
tion detector (GC-FID) method and a multivariate 
chemometric methodology.

We acquired bovine milks (n = 62) and non-dairy 
beverages (n = 27) from local supermarkets in Santiago 
de Chile, Chile. The sampling method was intended to 
provide a rich and diverse set of samples and obtain the 
most suitable characterization and comparison of retail 
bovine milks compared with non-dairy beverages. All 
bovine milk samples were UHT-pasteurized and cat-
egorized by total fat content: whole = 3.1 g/100 mL; 
semi-skim = 1.5 g/100 mL; and skim = <0.5 g/100 mL. 
Retail bovine milk samples consisted of whole (n = 8), 
semi-skim (n = 8), flavored semi-skim (n = 15), skim (n 
= 17), and flavored skim (n = 14). Non-dairy beverages 
consisted of soybean (n = 11), almond (n = 5), rice (n 
= 3), spelt wheat (n = 1), coconut (n = 3), rice and 
coconut (n = 1), rice and almond (n = 1), hazelnut 
(n = 1), and cashew (n = 1). We purchased 1-L Tetra 
Paks of each beverage (between March and April; fall 
season) and stored them at room temperature. We took 
3 aliquots (300 mL each) from each package and stored 
them frozen at −20°C until FA analysis.

Lipids from retail bovine milk and non-dairy beverag-
es were extracted with chloroform/methanol (1:2, vol/
vol) following the Bligh and Dyer method (Bligh and 
Dyer, 1959). Milk triglycerides were methylated (trans-
esterified with sodium methoxide) according to the 
method of Christie (1982). All chemicals and solvents 
were of analytical grade. We used a GC-FID system 
(GC-2010; Shimadzu Scientific Instruments, Columbia, 
MD) equipped with a 100-m column (100 m × 0.32 
mm × 0.20 µm; Restek, Bellefonte, PA). The initial 
oven temperature was 110°C, and after 4 min, it was 
raised by 5°C/min to 160°C and held for 10 min. The 
temperature was then increased to 225°C at 3°C/min 
and held for 10 min, and finally increased to 240°C at 
3°C/min. The inlet and flame-ionization detector were 
set at 260°C, the split ratio was 15:1, and the injection 
volume was 2 µL. Hydrogen was the carrier gas at a 
flow rate of 25 mL/min, airflow was 400 mL/min, and 

the flow of nitrogen makeup gas was 40 mL/min. Fatty 
acid gas chromatography peaks were quantified using 
C19:0 as an internal standard and identified using a FA 
methyl ester standard mixture (37-component FAME 
mix; Supelco, Bellefonte, PA) and individual reference 
standards for C18:1 trans-11, C18:2 cis-9,trans-11, 
C20:5n-3, and C22:6n-3 (Nu-Chek Prep Inc., Elysian, 
MN).

To determine statistical differences among milk FA 
(whole, semi-skim, and skim bovine milks and non-
dairy beverages), we performed ANOVA and multiple 
means comparison using Tukey’s honest significant 
difference test. A probability of P < 0.05 was used to 
determine significant differences between means. Then, 
we carried out a multivariate analysis to differentiate 
the FA profiles of retail bovine milks and non-dairy 
beverages. The analysis included a correlation matrix, 
a factorial analysis by principal component analysis, 
and a cluster analysis. The correlation matrix between 
individual FA was used to discard FA that showed high 
correlations (r > 0.9) and FA without correlations. We 
applied Bartlett’s test of sphericity to examine the hy-
pothesis that the variables were uncorrelated, and we 
used the Kaiser-Meyer-Olkin index to measure sampling 
adequacy with factorial analysis. We also performed 
hierarchical clustering analysis and used a discriminant 
analysis to verify the extent to which samples were cor-
rectly assigned to the clusters identified in the previous 
analysis (Table 1). We used SPSS statistical software 
for Windows (version 15.0.0; SPSS Inc., Chicago IL).

The FA composition across all milk samples is pre-
sented in Table 2. Flavored milks (chocolate, vanilla, 

Table 1. Principal components related to the fatty acid profile of 
retail bovine milks (n = 62) and non-dairy beverages (n = 23)

Principal  
component Eigenvalue  Variable Correlation

1 9.79 C4:0 0.818
 54.431 C6:0 0.959
 (54.43)2 C8:0 0.953
  C12:0 0.925
  C14:0 0.937
  C14:1 cis-9 0.658
  C16:1 cis-9 0.891
  C17:0 0.810
  C17.1 cis-9 0.727
  C18:0 0.781
  C18:1 trans-11 0.631
2 1.92 C20:3n-6 0.941
 10.67 C20:3n-3 0.767
 (65.10) C20:5n-3 0.638
  C22:6n-3 0.226
3 1.21 C18:2 trans-9,trans-12 0.592
 6.74 C20:4n-6 0.398
 (71.84)   
1Proportion of variance explained.
2Variance accumulated.
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