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______________________________________________________________________________________ 
Abstract 

The aim of this study was to compare the health-related fatty acid (FA) profiles and health lipid indices 
in the raw milk of Simmental and Holstein-Friesian cows from an organic farm. The milk from Simmental 
cows had a significantly higher content of C12:0, C16:1cis9, C17:1trans9, C18:2cis9,12 (LA), 
C18:3cis9,12,15 (LNA), C20:1cis9, C20:4cis5,8,11,14, n-6 PUFA, total polyunsaturated fatty acids (PUFAs) 
and unsaturated fatty acids (UFAs), and a lower content of C15:0, C18:0, C20:0, C22:0 and conjugated 
linoleic acid (CLA) in the total content of FA than the milk of Holstein-Friesian cows. The PUFA/SFA and 
UFA/saturated fatty acid (SFA) ratios in the milk from Simmental cows were significantly higher, whereas the 
thrombogenic index and the LA/LNA ratio were significantly lower compared with the milk of Holstein-
Friesian cows. 
______________________________________________________________________________________ 
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Introduction 
Bovine milk is recognized as an important source of energy, high-quality protein and essential 

minerals and vitamins. However, several studies report negative effects on human health from the 
consumption of bovine milk. Results from those studies have led to an ongoing debate on the role of milk 
and dairy products in human health (Lock & Bauman, 2004; Palmquist et al., 2006; Maurice-Van Eijndhoven 
et al., 2011). Owing to the negative effects of some saturated fatty acids (SFAs) on human health, milk fat 
has a bad reputation, because it is composed of 65% - 75% SFA (Arnould & Soyeurt, 2009). 

The proportions of each fatty acid (FA) that is produced determine the lipid fraction’s health impact 
(Muchenje et al., 2009; Palladino et al., 2010; Nantapo et al., 2014). Recent studies have linked the whole 
lipid content to the emergence of chronic disorders such as diabetes and cardiovascular diseases (Williams, 
2000). However, extensive modern research on the effect of FAs on human health indicates that only a few 
individual FAs are responsible for the negative consequences on consumer health (Simopoulos, 2002). Diets 
rich in FAs, such as lauric (C12:0), myristic (C14:0) and palmitic acids (C16:0), are highly related to an 
increased risk of atherosclerosis, obesity and coronary heart diseases (Ulbricht & Southgate, 1991; Haug  
et al., 2007; Arnould & Soyeurt, 2009). The unsaturated fatty acids (UFAs) are usually called ‘healthy fats’, 
especially for their impact on the level of cholesterol in blood (Haug et al., 2007; Arnould & Soyeurt, 2009). 
Milk contains a low concentration of beneficial UFAs, including conjugated linoleic acid (CLA) 
(C18:2cis9trans11), α-linolenic (LNA, 18:3n-3) and oleic acids (C18:1cis9), which could be improved in milk 
through pasture feeding (Simopoulos, 2002; Nantapo et al., 2014). The potential benefits of CLA include the 
lowering of blood total (low-density lipoprotein and high-density lipoprotein) cholesterol content, anti-
carcinogenic, antidiabetic and immunomodulation effects (Mills et al., 2011). Benefits of n–3 FA include 
prevention of heart disease and improved immune response (Muchenje et al., 2009). Polyunsaturated fatty 
acids (PUFAs) decrease cholesterol content more strongly than monounsaturated fatty acids (MUFAs) 
(Williams, 2000). Oleic acid (C18:1cis9) and linolenic acid (C18:3cis9,12,15), which belong to the n-3 family, 
have anticancer and antiatherogenic properties (Williams, 2000; Haug et al., 2007). Besides its effect on 
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cholesterol level, linoleic acid (C18:2cis9,12), the most important in the n-6 family, improves sensitivity to 
insulin and thus reduces the incidence of type 2 diabetes (Arnould & Soyeurt, 2009).  

The FA profile of dairy fat is important for the nutritional quality of dairy products. The ratios of 
unsaturated fatty acids PUFA/SFA, n-6/n-3 PUFA, hypocholesterolaemic/hypercholesterolaemic (h/H), 
atherogenic and thrombogenic indexes are widely used to evaluate the nutritional value of milk fat. 

Cow milk FA composition is linked to intrinsic (stage of lactation, pregnancy, breed or genotype) or 
extrinsic (nutrition, season, temperature) factors. The diet used in the herd plays a central role in determining 
the variation in milk fat composition. Also, a significant part of the variability in FA composition is genetically 
determined (Beaulieu & Palmquist, 1995; Stoop et al., 2008; Maurice-Van Eijndhoven et al., 2011). More 
recently, researchers have addressed again the issue of breed and genotypic effects on milk FA composition 
(Drackley et al., 2001; Carroll et al., 2006; Palladino et al., 2010; Maurice-Van Eijndhoven et al., 2011; 
Nantapo et al., 2014), in part because of the concern regarding human consumption of saturated lipid in 
dairy products and their association with cardiovascular disease (Lichtenstein, 2003).  

Differences between breeds from several independent investigations are ambiguous for most of the 
FA profiles (Samková et al., 2012). Two breeds, Holstein (Friesian) and Jersey, have been tested most 
frequently (Morales et al., 2000; White et al., 2001; Palladino et al., 2010; Nantapo et al., 2014). 
Nevertheless, inter-breed differences in the milk fat composition were reported in other breeds, such as 
Brown Swiss, Montbéliarde, Belgian Blue, Tarentaise, Normande and Swedish Red (Lawless et al., 1999; 
Kelsey et al., 2003; Soyeurt et al., 2006; Ferlay et al., 2006; Poulsen et al., 2012), particularly in comparison 
with the Holstein. However, little information is available on the comparison between Holstein and Simmental 
cows (Barłowska et al., 2009). In addition, most breed comparison studies have been carried out under total 
mixed ration (TMR) systems or with grazing animals receiving supplements (Morales et al., 2000; Kliem et 
al., 2009; Ferlay et al., 2010; Kuczyńska et al., 2012). Only a few studies have evaluated the FA profiles and 
nutritional quality of milk of different breeds grazing pastures (Lawless et al., 1999; White et al., 2001; 
Nantapo et al., 2014). Therefore, the aim of this study was to compare the health-related FA profile and 
health lipid indices in the raw milk of Simmental and Holstein-Friesian cows from an organic farm.  

 
Material and Methods 

Individual milk samples were collected from 20 Simmental dairy cows and 20 Holstein-Friesian (HF) 
cows kept on an organic farm with a total area of 4 000 ha of arable land, including 3 000 ha of grassland, 
located in the northwestern part of the Lubuskie Province, Poland. Approximately 1 000 ha is located in the 
Mouth of Warta National Park. The remaining area is part of Natura 2000 land. Grasslands are situated in 
the basin of Odra and Warta Rivers. This farm, which specializes in milk production, is the only one in this 
area that maintains HF and Simmental cows under the same conditions, grazing them in the national park 
and its buffer zone. 

The animals were kept in a loose barn with free access to a stockyard located along the long walls of 
the building. Winter feeding of cows was based on preserved feeds obtained from the farm (maize silage, 
wilted silage, ensilaged sugar beet pulp, hay and concentrates), whereas during the summer, cows used the 
pasture additionally.  

For each cow, 50 mL of milk were collected once in September 2008. The cows were grazed on 
pasture in this period. Each group, within the evaluated breed, consisted of cows of similar milk yield  
(3 800 - 4 000 kg), similar age (3 - 7 years old) and similar lactation stage (100 - 150 days post calving). The 
cows within each breed were sired by many bulls from different families (15 and 14 for the HF and 
Simmental breeds, respectively). 

The FA content was determined with reversed-phase high-pressure liquid chromatography (HPLC-
RPC), according to Osterroht (1987) using the Äkta Purifier apparatus (Pharmacia Biotech) with a UV-VIS 
detector (range 190 - 700 nm). Chromatographic separations were performed on a LiChroCart (TM) HPLC 
250-4 Superspher (TM) 60 RP-8 (4 µm) column and a LiChroCART® 4-4 LiChrospher 100 RP-8 (5 µm) 
precolumn (Merck). Single FA standards (Sigma) were used for peak identification. Unicorn 2.30 software 
was used for peak integration. The milk samples to determine FA content were prepared in compliance with 
AOAC 969.33.2000 and AOAC 963.22.2000 (AOAC, 2000). 

Statistical analysis of the data was performed using Statistica software (StatSoft Inc., version 10.0). 
Prior to analyses, data were investigated to determine their distribution using the Shapiro–Wilk W test. The 
FA contents were log transformed to attain or approach a normal distribution of the data. The content of the 
analysed FAs and health lipid indices in cow's milk were compared with Student's t-test between Simmental 
and HF breeds. Differences were considered statistically significant at the levels of P <0.05, P <0.01 and P 
<0.001. All data are expressed throughout the text as arithmetic means, minimum and maximum values as 
well as standard errors of the mean (SEM). 
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Results and Discussion 
An analysis of the percentage content of individual FAs (Table 1) showed that the milk from Simmental 

cows had a significantly (P <0.05) higher content of C12:0, C16:1cis9, C17:1trans9, C18:2cis9,12 (LA), 
C18:3cis9,12,15 (LNA), C20:1cis9, C20:4cis5,8,11,14, n-6 PUFA, total PUFAs and UFAs, and a lower 
content of C15:0, C18:0, C20:0, C22:0 and CLA in the total content of fatty acids compared with the milk of 
HF cows.  

A comparison of milk FA levels between Holstein and Simmental cows has rarely been done. Only 
Barłowska et al. (2009) compared the content of FAs in the milk of Simmental and HF cows. Similarly to the 
present study, the Simmental milk was characterized by a significantly lower concentration of CLA and total 
SFA, and a higher concentration of PUFA and UFA in comparison with HF cows. Previous studies 
(Barłowska et al., 2005; 2006) demonstrated that the milk of Polish Holstein-Friesian (PHF) Black-and-White 
and Red-and-White cows had a lower level of CLA compared with the milk of Simmental cows. However, it 
should be emphasized that, in these studies, the cows of the above-mentioned breeds were kept on 
separate farms. 

Milk FA concentration has been compared in many other cattle breeds, including local ones. 
Differences in the FA composition have been reported in the milk of HF and Jersey cows (Beaulieu & 
Palmquist,1995; Drackey et al., 2001; White et al., 2001; Kliem et al., 2009; Palladino et al., 2010; Nantapo 
et al., 2014), Holstein and Brown Swiss cows (Kelsey et al., 2003; Moore et al., 2005; Kuczyńska et al., 
2011), Holstein, Jersey and Brown Swiss cows (DePeters et al., 1995; Carroll et al., 2006), Holstein and 
Czech Pied cows (Pešek et al., 2005), Tarentaise and Montbéliarde cows (Ferlay et al., 2006), Montbéliarde, 
Irish Holstein/Friesian, Dutch Holstein/Friesian, and Normande cows (Lawless et al., 1999), Danish Holstein, 
Danish Jersey and Swedish Red cows (Poulsen et al., 2012), as well as HF, Meuse-Rhine-Yssel, Dutch 
Friesian, Groningen White Headed and Jersey cows (Maurice-Van Eijndhoven et al., 2013). 

Holstein and Jersey milk fats presented the greatest differences. Higher concentrations of SFAs, 
especially those of FAs with short and medium carbon chains (C4:0 to C16:0), were observed in Jersey milk 
fat (Beaulieu & Palmquist 1995; White et al., 2001; Carroll et al., 2006). DePeters et al. (1995) reported that 
the milk fat of Jerseys tended to have higher proportions of C6:0 and C8:0 than that of Holsteins and higher 
proportions of C10:0 and C12:0 than that of Holsteins and Brown Swiss. The concentration of Cl4:0, C16:0, 
and C18:2 did not differ among breeds, but C18:3 was lowest in milk from Brown Swiss cows. Milk fat of 
Jerseys had the highest concentration of C18:0 and the lowest concentration of C18:1. Some studies have 
shown a higher concentration of 16:0 for milk from Jersey than from Holstein cows (Drackey et al., 2001, 
Palladino et al., 2010), but others reported opposite results (White et al., 2001). According to Lawless et al. 
(1999), Normande and Montbéliarde cows produce milk fat with the highest proportions of C18:0. In the 
study by Ferlay et al. (2006), milk fat from Tarentaise cows contained a lower proportion of C16:0 and a 
higher proportion of C18:0 than that from Montbéliarde cows. In the study by Carroll et al. (2006), Brown 
Swiss cows had higher proportions of many monounsaturated trans FA in milk fat compared with Jersey and 
Holstein cows, and breed had no effect on the C18:0, C18:2, C18:2cis9trans11 and C18:3 concentrations. 
The FA content has also been compared in the milk from Montbéliarde and HF cows. In the study by 
Kuczyńska et al. (2012), the milk from Montbéliarde cows was characterized by a significantly higher level of 
C14:0, C18:0, 18:2cis9trans11 and total SFA, and significantly lower level of C18:2trans10cis12, C20:3n-6 
and C22:6n-3 than the milk of the HF breed. Similar results were obtained in the study by Ferlay et al. 
(2010), in which Holstein cows had lower percentages of total SFA and higher of total monounsaturated fatty 
acids (MUFA) and PUFA concentration, though higher percentages of CLAcis9trans11, than from 
Montbéliarde cows.  

Mele et al. (2007) and Schennink et al. (2008) attributed differences in milk fat composition among 
breeds to varying activity of Delta9-desaturase (Samková et al., 2012). Δ9-desaturase, also named stearoyl 
coenzyme-A desaturase (SCD), catalyses the introduction of a cis-double bond between carbons 9 and 10 of 
SFA with a chain length of 10 - 18 carbons. Therefore, it converts specific medium- and long-chain SFA into 
the corresponding MUFA (Reh et al., 2004). This last activity is an essential step in the synthesis of 
unsaturated FA. SCD oxidizes C16:0 and C18:0 to C16:1 and C18:1 and is involved in the CLA production 
(Dhiman et al., 2005). Up to 90% of the CLA in bovine milk is formed because of the activity of this enzyme 
in the mammary gland (Arnould & Soyeurt, 2009).  

Previous studies have shown differences in the activity of the Δ9-desaturase enzyme between breeds 
and between animals within breed (Kelsey et al., 2003; Soyeurt et al., 2008). Mammary  
Δ9-desaturase activity is thought to be lower in the Jersey compared with Holstein and Brown Swiss cows 
(Beaulieu & Palmquist, 1995; DePeters et al., 1995; Drackley et al., 2001), which would contribute to a 
greater proportion of saturated fatty acids in milk from the Jerseys. Differences in Δ9-desaturase activities 
also offer a plausible explanation for the lower concentration of certain cis-MUFA in Jersey milk (Kliem et al.,  
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Table 1 Fatty acid profile (% of total fatty acids) in milk of Holstein-Friesian and Simmental breeds  
 

Parameter 
Holstein-Friesian  Simmental 

P value 
Mean Min. Max. SEM  Mean Min. Max. SEM 

           
C12:0 3.24 2.99 3.56 0.044  3.44 2.99 3.93 0.068 0.022* 
C13:0 0.13 0.12 0.15 0.002  0.13 0.12 0.15 0.002 0.104 
C14:0 12.23 11.70 12.60 0.051  12.32 11.80 12.90 0.072 0.313 
C15:0 1.93 1.73 2.16 0.031  1.79 1.63 1.99 0.026 0.002** 
C16:0 33.05 32.40 33.50 0.069  32.97 32.60 33.30 0.045 0.307 
C16:1cis9 1.72 1.47 1.88 0.028  1.89 1.74 2.13 0.024 <0.001*** 
C17:0 1.33 1.05 1.60 0.037  1.29 0.99 1.57 0.041 0.389 
C17:1trans9 0.013 0.01 0.01 0.006  0.014 0.01 0.01 0.000 <0.001*** 
C18:0 13.31 13.10 13.60 0.030  13.04 12.60 13.40 0.046 <0.001*** 
C18:1cis9 27.51 26.80 28.30 0.106  27.40 26.40 28.20 0.108 0.471 
C18:2cis9,12 n-6 (LA) 2.74 2.61 2.92 0.019  2.90 2.73 3.07 0.026 <0.001*** 
CLA 0.85 0.54 1.03 0.029  0.77 0.51 0.90 0.020 0.029* 
C18:3cis9,12,15 n-3 (LNA) 0.94 0.81 1.05 0.017  1.08 0.93 1.19 0.019 <0.001*** 

C20:0 0.28 0.27 0.30 0.002  0.27 0.25 0.28 0.002 <0.001*** 

C20:1cis9 0.32 0.29 0.34 0.003  0.35 0.32 0.37 0.003 <0.001*** 

C20:2cis11,14 n-6 0.04 0.03 0.04 0.000  0.04 0.03 0.04 0.000 0.428 
C20:3cis8,11,14 n-6 0.08 0.07 0.09 0.002  0.08 0.07 0.09 0.001 0.322 
C20:4cis5,8,11,14 n-6 0.139 0.13 0.14 0.001  0.144 0.14 0.15 0.001 <0.001*** 
C22:0 0.163 0.14 0.18 0.004  0.158 0.12 0.17 0.004 0.013* 
SFA 65.67 64.97 66.70 0.097  65.38 64.71 66.45 0.113 0.065 
MUFA 29.56 28.93 30.36 0.097  29.66 28.67 30.38 0.107 0.520 
PUFA 4.78 4.32 5.18 0.049  5.01 4.62 5.24 0.041 0.001*** 
n-3 PUFA 1.79 1.35 2.06 0.039  1.85 1.60 2.09 0.028 0.223 
n-6 PUFA 3.00 2.86 3.19 0.019  3.16 2.98 3.34 0.026 <0.001*** 
UFA 34.34 33.65 35.13 0.099  34.66 33.55 35.46 0.116 0.043* 
DFA 47.65 46.96 48.53 0.099  47.70 46.35 48.46 0.120 0.727 
HFA 48.52 47.82 49.25 0.085  48.72 48.24 49.86 0.095 0.126 
DI (18) 67.40 66.50 68.36 0.107  67.75 66.67 68.81 0.125 0.038* 
DI (16) 4.94 4.34 5.32 0.074  5.43 5.02 6.06 0.068 <0.001*** 
           
SFA: total saturated fatty acid; MUFA: total monounsaturated fatty acids; PUFA: total polyunsaturated fatty acids;  
UFA: total unsaturated fatty acid (MUFA+PUFA); n-6 PUFA: total n-6 PUFA fatty acids; n-3 PUFA: total n-3 PUFA fatty 
acids; DFA: desirable fatty acids= UFA + C18:0; HFA: hypercholesterolaemic FA (sum of C12:0, C14:0, and C16:0);  
DI (18): ∆9-desaturase (18) index = 100(18:1/(18:1+18:0)); DI (16): ∆9-desaturase (16) index = 100(16:1/(16:1+16:0)). 

 
 
2009). White et al. (2001) reported the lower proportions of cis-9 C16:1 and C18:1cis9 for Jersey compared 
with HF. For C18:1cis9, Beaulieu & Palmquist (1995) and Palladino et al. (2010) also found lower 
proportions for Jersey compared with HF. Soyeurt et al. (2006; 2008) observed that the milk fat produced by 
dual-purpose Belgian Blue cows had the highest concentration of unsaturated FA. The observed breed 
differences were partly explained by the values of indices such as C14:1cis9/C14:0, C16:1cis9/C16:0 and 
C18:1/C18:0, reflecting the activity of Δ9-desaturase (Samková et al., 2012). In the present study, the values 
of both Δ9-desaturase (16) and (18) indices in the milk from Simmental cows were significantly (P <0.05) 
higher, which could indicate a higher desaturase activity compared with HF cows (Table 1). This is a 
plausible explanation for the higher proportions of C16:1cis9 and lower ones of C18:0 in Simmental milk. 

According to Arnould & Soyeurt (2009), the presence of some single nucleotide polymorphisms could 
partly explain the observed individual genetic variability. The polymorphisms detected in the SCD1 and 
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DGAT1 genes influence the milk FA composition. The SCD1 V allele increases the unsaturation of C16:0 
and C18:0, whereas the DGAT1 A allele is related to the unsaturation of C18:0. 

The PUFA/SFA and n-6/n-3 PUFA ratios, atherogenity index (AI) and thrombogenity index (TI) are 
commonly used to assess the nutritional value and consumer health of intramuscular fat. In general, a ratio 
of PUFA to SFA above about 0.45 and a ratio of n-6/n-3 below 4.0 are required in the diet to combat ‘lifestyle 
diseases’ such as coronary heart disease and cancers (Simopoulos, 2002). In the present study, the 
PUFA/SFA ratios (0.07 - 0.08) were considerably lower than the recommended values, whereas the n-6/n-3 
ratios (1.69 - 1.72) were within the recommended levels. The PUFA/SFA and UFA/SFA ratios in the milk 
from Simmental cows were significantly (P <0.05) higher compared with the milk of HF cows (Table 2). 
Barłowska et al. (2009) also reported that the milk of Simmental cows was characterized by the most 
beneficial SFA/UFA (1.81), MUFA/SFA (0.52) and PUFA/SFA (0.05) ratios compared with the milk of HF 
cows. PUFA/SFA ratios similar to those in the present study (0.06) were also reported by Kuczyńska et al. 
(2012) in the milk of Montbéliarde and PHF cows fed a TMR. A low PUFA/SFA ratio (0.02 - 0.04) in the milk 
of Friesian, Jersey and Friesian x Jersey cows under a pasture-based dairy system was also indicated by 
Nantapo et al. (2014). 

A low PUFA/SFA ratio in this study resulted from a high content of some SFA in the milk of the 
investigated breeds, especially that of palmitic (C16:0), stearic (C18:0) and myristic (C14:0) acids, whose 
consequence was a very high total content of SFA, amounting to above 65%. Barłowska et al. (2006; 2009) 
reported a lower content of SFA in Simmental milk (61%) and a higher one in PHF milk (68%) compared with 
that in the present study, while Kuczyńska et al. (2012) found a lower total content of SFA in the milk of PHF 
cows (62%). In most previous studies, the mean total proportion of SFA in the milk of Holstein cows ranged 
from 58% to 74% (Pešek et al., 2005; Ferlay et al., 2006; 2010; Kuczyńska et al., 2011; Maurice-Van 
Eijndhoven et al., 2011).  

The mean content of predominant SFAs such as C16:0, C18:0 and C14:0 obtained in these studies 
was similar to or slightly lower than that in the present work. However, a markedly lower content of stearic 
acid was noted in some studies. Pešek et al. (2005), Kliem et al. (2009), Ferlay et al. (2010) and Maurice-
Van Eijndhoven et al. (2011) even determined a higher proportion of myristic acid than stearic acid in the 
milk of Holstein cows.  

However, some authors considered that an index such as PUFA/SFA may not be an adequate way to 
evaluate the nutritional value of fat because some SFAs do not increase plasma cholesterol and ignore the 
effects of MUFA (Orellana et al., 2009). SFAs constitute the primary fat component of the human diet. An 
excessively high proportion of SFA in the diet may cause chronic diseases such as atherosclerosis, heart 
failure or obesity. General dietary recommendations concerning the reduction of SFA and cholesterol 
consumption have contributed to an erroneous belief that dairy products, particularly full-fat, may lead to 
coronary heart disease (German et al., 2009). The studies conducted since 2000 have contradicted the 
 

 
Table 2 Health lipid indices in milk of Holstein-Friesian and Simmental breeds 
 

Parameter 
Holstein-Friesian  Simmental 

P value 
Mean Min. Max. SEM  Mean Min. Max. SEM 

           
PUFA/SFA 0.07 0.07 0.08 0.001  0.08 0.07 0.08 0.001 0.001*** 
MUFA/SFA 0.45 0.44 0.47 0.002  0.45 0.43 0.47 0.002 0.279 
UFA/SFA 0.52 0.50 0.54 0.002  0.53 0.50 0.55 0.003 0.043* 
n6/n3 PUFA 1.69 1.48 2.19 0.039  1.72 1.46 1.93 0.027 0.575 
HFA/UFA 1.41 1.36 1.46 0.006  1.41 1.36 1.49 0.007 0.455 
AI 2.48 2.38 2.55 0.012  2.47 2.37 2.64 0.016 0.653 
TI 2.32 2.24 2.42 0.012  2.28 2.21 2.39 0.011 0.011* 
h/H 0.61 0.58 0.64 0.003  0.61 0.57 0.63 0.003 0.446 
LA/LNA 2.94 2.52 3.36 0.049  2.71 2.32 3.13 0.052 0.002** 
           
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acid;  
HFA: hypercholesterolaemic fatty acid; IA: index of atherogenity = (12:0 + 4 ×14:0 + 16:0)/(MUFA + PUFA) calculated 
according to Ulbricht & Southgate (1991); IT: index of thrombogenity= (12:0 + 16:0 + 18:0)/[(0.5 × MUFA) + (0.5 × n-6 
PUFA) + (3 × n-3 PUFA)+ (n-3 PUFA/n-6 PUFA)] calculated according to Ulbricht & Southgate (1991);  
h/H: hypocholesterolemic/hypercholesterolemic ratio = (C18:1 + PUFA)/(C14:0 + C16:0). 
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thesis that the consumption of milk and dairy products would increase the synthesis of LDL and the risk of 
coronary disease. At present, it is believed that the increased LDL blood concentration is attributable to lauric 
(C12:0), myristic (C14:0) and palmitic (C16:0) acids, while the other SFAs found in milk neutralize their effect 
since they increase HDL level (Parodi, 2009; Markiewicz-Kęszycka et al., 2013). In addition, it has been 
shown that the C14:0 has the potential to increase cholesterol concentrations 4 to 6 times greater than 
C16:0 (Mensink & Katan, 1992).  

In the present study, the predominant FAs were C16:0, C18:1cis9, C18:0 and C14:0. The high levels 
of C16:0 and C14:0 in the current study are not desirable, although this is partly countered by the contents of 
MUFA, in particular oleic acid, and PUFA. MUFAs have a positive effect on the concentration of high density 
lipoproteins (HDL), transporting cholesterol from blood vessel walls to the liver, where it is degraded by bile 
acids, which are afterwards excreted from the organism. At the same time, MUFAs reduce the concentration 
of low density lipoproteins (LDL), which are deposited in blood vessels when circulating over the entire 
organism (Markiewicz-Kęszycka et al., 2013). Oleic acid increases the concentration of HDL-cholesterol and 
lowers the concentration of LDL. In most previous studies, the mean proportion of oleic acid (C18:1cis9) in 
the milk of Holstein cows was lower than in present study and ranged from 21.6% to 25% (White et al., 2001; 
Kelsey et al., 2003; Pešek et al., 2005; Kliem et al., 2009; Kuczyńska et al., 2012).  

In the PUFA category, C18:2cis9,12 (LA) and C18:3cis9,12,15 (LNA) predominated in both breeds. 
Barłowska et al. (2006; 2009) reported a lower content of PUFA in Simmental and PHF milk (3.62% - 4% and 
2.78% - 2.84%, respectively) compared with that in the present study. In previous studies, the mean total 
proportion of PUFA in the milk of Holstein cows was lower and ranged from 2.8% to 4.9% (White et al., 2001; 
Kelsey et al., 2003; Kliem et al., 2009; Ferlay et al., 2010; Kuczyńska et al., 2012). Long-chain PUFAs are 
beneficial to human health owing to their antitherogenic, antithrombotic and anti-inflammatory effects 
(Williams, 2000). 

The nutritional value of milk is related to essential FAs, such as linoleic (LA) and α-linolenic acid 
(LNA), as well as specific FAs showing beneficial health effects, such as CLA and n-3 PUFA (Poulsen et al., 
2012). C18:3cis9,12,15 (LNA) and C18:2 cis9,12 (LA) are two essential FAs in the human diet and arise in 
bovine milk directly from the cow’s diet, together comprising the main fraction of the n-3 and n-6 groups, 
respectively (Maurice-van Eijndhoven et al., 2013). Consumption of n-3 PUFA and CLA, especially the 
cis9trans11 isomer, has been associated with putative positive effects on human health. The n-3 PUFA are 
widely recommended for preventing heart disease, whereas CLA has beneficial effects on human health as 
a result of its anticarcinogenic, antiatherogenic, antidiabetic and antiadipogenic properties (Parodi, 1999; 
Palladino et al., 2010). Milk fat is the main dietary source of CLA (Mills et al., 2011).  

In the present study, the milk from Simmental cows had a significantly (P <0.001) higher percentage of 
LA and LNA in the total content of fatty acids, whereas the milk from HF cows had a significantly (P <0.05) 
higher percentage of CLA. The significantly higher production of LA for HF cows compared with Jerseys was 
reported by Palladino et al. (2010) and Nantapo et al. (2014), while Kelsey et al. (2003) observed the 
difference between HFs and Brown Swiss. In contrast, Kliem et al. (2009) found that Jersey cows had more 
LA concentrations in milk than Holsteins. Drackley et al. (2001) reported the significantly higher proportions 
of LNA compared with Jersey cows, while Ferlay et al. (2010) and Kuczyńska et al. (2012) noted increased 
proportions compared with Montbéliarde cows. However, the differences between breeds for LA and LNA 
have not been found in many studies (Beaulieu & Palmquist, 1995; Morales et al., 2000; White et al., 2002; 
Moore et al., 2005). In the present study, the LA/LNA ratio in the milk from Simmental cows was significantly 
(P <0.05) lower compared with the milk of HF cows, which indicates a more favourable proportion of these 
acids in the milk from the former breed (Table 2).  

In the study by Barłowska et al. (2009), as in the present study, HF milk was characterized by a 
significantly higher content of CLA in comparison with Simmental milk. However, previous studies 
(Barłowska et al., 2005; 2006) demonstrated that the milk of PHF cows had a lower level of CLA compared 
with the milk of Simmental cows. These studies also showed that the CLA content in milk differed between 
breeds. In the study by Lawless et al. (1999), Montbéliarde cows displayed a tendency to have a higher CLA 
concentration in milk fat compared with HF or Normande cows grazing on pasture. In contrast, Kliem et al. 
(2009) and Kuczyńska et al. (2012) found that Holstein cows had more CLA in milk than Montbéliarde cows 
fed a maize-silage-based diet or a TMR, respectively. HF cows had a higher CLA concentration in milk 
compared with Jerseys fed diets containing conserved forages and grains (Morales et al., 2000; Dhiman  
et al., 2005) or grazing on pasture (White et al., 2002). Brown Swiss cows had a higher CLA concentration in 
milk fat than HF cows when fed similar diets (Moore et al., 2005). However, Kelsey et al. (2002) found that 
HF and Brown Swiss cows fed diets containing conserved forages and grain produced milk fat with a similar 
CLA concentration (Dhiman et al., 2005). 

In most previous studies, the mean proportion of LNA and CLA in the milk of Holstein cows was lower 
than that in the present study and ranged from 0.3% to 0.8% (Beaulieu & Palmquist, 1995; Drackley et al., 
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2001; White et al., 2001; Kelsey et al., 2003; Pešek et al., 2005; Carroll et al., 2006; Ferlay et al., 2006; 
Ferlay et al., 2010; Kuczyńska et al., 2012). In the study by Barłowska et al. (2009), the mean percentage 
content of CLA in the milk of Simmental cows was also lower and ranged from 0.51% to 0.73% (Barłowska  
et al., 2006; 2009).  

In an attempt to consider the different effects of the various FA, Ulbricht & Southgate (1991) proposed 
two indices that might better characterize the atherogenic and thrombogenic potential of the diet than simple 
approaches such as PUFA/SFA ratio. The atherogenic index (AI) and thrombogenic index (TI) take into 
account the different effects that single FAs might have on the human health and, in particular, on the 
probability of increasing the incidence of pathogenic phenomena, such as atheroma and/or thrombus 
formation. AI and TI are highest for most atherogenic and thrombogenic dietary components. In the present 
study, the TI in the milk from Simmental cows was significantly (P <0.05) lower compared with the milk of HF 
cows (Table 2). The atherogenic and thrombogenic indices have rarely been calculated in the milk of various 
cattle breeds. In the study by Kuczyńska et al. (2012), the milk of PHF breed was characterized by 
significantly lower AI and TIs in comparison with Montbéliarde milk. The value of AI in the milk of Holstein 
cows was lower (2.08), while TI was higher (2.56) than that in the present study. Much higher values of AI 
were reported by Ferlay et al. (2006) in the milk of Tarentaise and Montbéliarde cows (3.14 and 3.43, 
respectively) and Nantapo et al. (2014) in the milk of Friesian, Jersey and Friesian x Jersey cows  
(4.08 - 5.13). 

The variation in the FA composition in milk can be explained partly by differences in the diets of cows. 
Many authors have noted a reduction in milk short- and medium-chain fatty acids with an increased fresh 
pasture supply in the diet (Bargo et al., 2006; Nantapo et al., 2014). Grazed grass generally increases the 
levels of milk oleic acid, PUFA, especially 18:3n-3 and cis9trans11-CLA, and decreases that of saturated 
medium-chain FA (Chilliard et al., 2007). However, there is evidence of significant variation between 
individual animals on the same diet and between cow breeds (White et al., 2001; Kelsey et al., 2003). Most 
breed comparison studies have been carried out under TMR systems or with grazing animals receiving 
supplements (Morales et al., 2000; Kliem et al., 2009; Kuczyńska et al., 2012). The differences between 
breeds from several independent investigations are ambiguous for most of the FA profiles. According to 
Samková et al. (2012), the reasons for these inter-breed differences may be the low number of cows used in 
these experiments, resulting in the different responses of cows on different diets. This was confirmed by 
Ferlay et al. (2006), who observed statistically significant differences in the proportion of certain FAs in three 
experiments with numerically nearly equal groups of Montbéliarde and Tarentaise cows, as well as by the 
results of the present work. 

Besides diet, a considerable part of the variation has a genetic origin. For instance, Mele et al. (2009) 
reported heritabilities for individual FA in the milk of Italian Holstein-Friesians (HF) ranging from 0.03 to 0.17 
and Stoop et al. (2008) found heritabilities for individual FA in the milk of Dutch HF ranging between 0.22 
and 0.71. This indicates that a considerable part of the variation in the FA composition is owing to genetics 
(Maurice-van Eijndhoven et al., 2013). 

The breed differences in the milk FA composition are generally minor when compared with the effects 
of dietary manipulation or variations among individual cows (Palmquist et al., 1993). Many authors agree that 
breed contributes less than 1% of the variation in milk fatty acids and plays a lesser role than nutrition in 
improving the overall functional fatty acid profile of milk (Nantapo et al., 2014). 

 
Conclusions 

Simmental and HF cows were kept in the same environment and were fed identically. The present 
research showed that the FA concentration in milk differed between these breeds. The milk of Simmental 
cows had a slightly more favourable FA composition compared with the milk of HF cows, since it had a 
significantly higher content of UFAs, such as C18:2cis9,12 (LA), C18:3cis9,12,15 (LNA), C20:4cis5, 8,11,14 
and total PUFA and UFA. The PUFA/SFA, UFA/SFA, LA/LNA ratios and TI in the milk from Simmental cows 
were also more favourable. However, the milk from HF cows had a significantly higher concentration of CLA 
and a lower concentration of lauric acid (C12:0). 
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