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Abstract 13 

Mineral and fatty acid composition in milk from two minor native dairy breeds in Denmark; 14 

Danish Red 1970 (RDM-1970) and Jutland cows were analysed. Results showed that for 15 

most compositional traits breed only played a minor role, whereas management and 16 

feeding played a significant role. Biodynamic management and very low milk yield resulted 17 

in a very characteristic fatty acid composition and a strongly elevated n-3/n-6 ratio (ratio 18 

0.9 compared to 0.3). For milk minerals, RDM-1970 had significantly higher contents of P, 19 

Mg, Mn, whereas milk from Jutland cows had significantly higher K content.  20 

 21 

Keywords: native breeds, fatty acid, elements, dairy products  22 

 23 

Introduction 24 

Natural variations in milk components are of importantance for the resulting 25 

nutritional and health attributes of milk, but also affect manufacturing into various dairy 26 

products. Especially protein and mineral contents, as well as the composition of the milk 27 

proteins are of importantance for the quality and output of e.g. cheese and yogurt 28 

(Wedholm et al., 2006). Likewise, variability in the fatty acid composition, for example in 29 

relation to breed and feeding, affects product quality of e.g. butter and cheese in relation to 30 

variations in levels of unsaturated fatty acids, where higher levels cause a softer product 31 

(Bobe et al., 2003; Coulon, 2004; Hurtaud et al., 2010), but potentially also leads to 32 

increased oxidation that can result in rancid flavour. Furthermore, levels of ionic calcium 33 

and the milk pH also affects technological properties (Gustavsson et al., 2014). 34 

Native breeds hold unique genetic variation, which deviate them from modern 35 

production lines of Holstein and Danish Red (Kantanen et al., 2000; Szekeres, 2016). 36 
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However, to what extend this is reflected in the milk composition is less clear. 37 

Furthermore, native cows are largely defined by low-input management, which may also 38 

affect milk compostion considerably and contrasts modern dairy farming based on 39 

intensive production systems and high yielding breeds. In a previous study (Poulsen et al. 40 

2016), specific genetic variants of β-CN were associated with both the relative protein 41 

content and with rennet induced milk coagulation properties in RDM-1970 and in Jutland 42 

cows. The study reported novel associations between β-CN variant F, which has a high 43 

frequency in milk from these breeds, and milk coagulation properties, as well as a relative 44 

high prevalence of non-coagulating milk in RDM-1970 (18%), comparable to the level 45 

observed in modern Swedish Red (Poulsen et al. 2013). The aim of the present study was 46 

to examine fatty acid and mineral composition in the milk samples from RDM-1970 and 47 

Jutland cows collected for the study by Poulsen et al. (2016) and explore if these native 48 

breeds produce milk with special characterstics, which potentially could be exploited in the 49 

development of new niche dairy products. 50 

 51 

Materials and Methods 52 

Milk sampling and overall milk composition 53 

Representative morning milk samples from RDM-1970 (n = 28) and Jutland (n = 12) cows 54 

were collected within a three weeks period in November-December 2013 from four herds, 55 

where all cows were subjected to indoor feeding as previously described by Poulsen et al. 56 

(2016). Immediately after sampling, milk samples were aliquoted, skimmed (centrifuged at 57 

2643 × g for 30 min at 4°C), and fat or skim milk frozen for later analysis (-20°C). 58 

Percentages of fat, protein, casein, lactose and citrate were determined on fresh full milk 59 

samples by infrared spectroscopy, IR (Milkoscan, FT2+, FOSS Analytical). Conductivity 60 
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was assesed by a LDM 210 conductivity meter (Radiometer) and pH was assesed using a 61 

PHM 220 pH meter (Radiometer) using fresh skim milk samples. Individual fresh milk 62 

samples were analyzed for somatic cell count (SCC) using flow cytometry (Fossomatic 63 

5000, FOSS Analytical, Hillerød, Denmark) at Eurofins Steins Laboratory (Vejen, 64 

Denmark). Riboflavin (vitamin B2) in skim milk was determined by reversed-phase high-65 

pressure liquid chromatography (RP-HPLC) as outlined in Poulsen et al. (2015) using 66 

frozen skim milk samples. 67 

 68 

Fatty acid and mineral composition 69 

Fatty acid composition was analysed by gas chromatography (GC-FID), essentially as 70 

described by Larsen et al. (2011). Peak areas for individual fatty acids were expressed 71 

from the chromatograms after separation by gas chromatography and expressed as 72 

weight proportion of total identified fatty acids. In total, 17 individual fatty acids were 73 

measured by gas chromatography. 74 

 Ten different elements (Ca, Cu, Fe, K, Mg, Mn, Na, P, Se, and Zn) were extracted 75 

from skim milk by acid sonification and identified using inductively coupled plasma mass 76 

spectrometry (ICP-MS) as outlined by Cava-Montesinos et al. (2005) and Buitenhuis et al. 77 

(2015).  78 

 79 

Statistical Analysis of Results 80 

One-way ANOVA was used to compare means of milk compositional traits between 81 

breeds. All tests were performed in R (version 2.15.1; http://www.r-project.org). Principal 82 

component analysis (PCA) of milk samples was used to explore variation in milk fatty acids 83 

http://www.r-project.org/
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between breeds and herds using the SIMCA software (SIMCA version 14, Umetrics AB, 84 

Umea, Sweden). 85 

 86 

Results and discussion 87 

Overall milk composition 88 

Comparison of milk composition in the native breeds revealed that milk from RDM-1970 89 

cows had significantly higher protein, casein, fat, riboflavin concentrations, whereas the 90 

lactose concentration in milk from Jutland cows was higher than in milk from RDM-1970 91 

(Table 1). The milk compositional traits of Jutland cows were similar to those observed in 92 

Danish Holstein and modern Danish Red, whereas the more concentrated milk of RDM-93 

1970 was more similar in compostion to Danish Jersey milk (Frederiksen et al., 2011; 94 

Poulsen et al., 2015). These breed differences were, however, mainly driven by milk from 95 

cows from the biodynamic herd, which produced a more concentrated milk (Figure 1) and 96 

the significant differences disappered for all traits, when this herd was excluded, and is 97 

therefore more a result of production system than from the breed itself.  98 

 99 

Fatty acid and mineral composition  100 

Jutland cattle was charaterized by significantly higher levels of the de novo fatty acids 101 

(C6:0, C8:0, C10:0, C12:0, C14:0) together with C18:0 (Table 2). However, it was clear, 102 

that management and feeding played a significant role, as there was a higher difference in 103 

the fatty acid composition among the herds than between the breeds (Figure 1). Clearly, 104 

the biodynamic management and very low milk yield resulted in a very characteristic fatty 105 

acid composition in RDM-1970 cows from herd 4, with low contents of de novo derived 106 

fatty acids and C18:0, but high C18:1 cis-9 (and other cis-9 MUFA), C18:3 and CLA. As 107 
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C18:3 is the primary omega-3 fatty acid, the n-3/n-6 ratio was strongly elevated in milk 108 

from the biodynamically managed herd (herd 4) compared to what was observed from the 109 

other herds (ratio 0.9 compared to 0.3).  110 

Variations in the ten different elements are presented in Table 3. RDM-1970 had 111 

significantly higher contents of Ca, P, Mg, Na, Mn, Fe, whereas milk from Jutland cows 112 

had significantly higher contents of K and Cu. No differences were observed in the 113 

contents of Zn and Se. When excluding herd 4, where the milk was extremely 114 

concentrated, RDM-1970 still had significantly higher contents of P, Mg, Mn, and Jutland 115 

cows significantly higher K content, whereas no significant differences were observed for 116 

Ca, Na, Fe, Cu, Zn and Se. 117 

The main issue for the native breeds is their lower milk production compared to 118 

mainstream breds, and thus a higher economic price per unit of milk is needed for the milk 119 

and dairy products prepared. Recognition of the importance of conserving local native 120 

dairy breeds can, though, be a driver for development of new niche dairy products, where 121 

the imbedded awareness of our cultural heritage and contrast to modern intensive 122 

production systems can be exploited for product proposition rather than unique genetic 123 

variation and associated milk quality. 124 

It is evident, that RDM-1970 cows from herd 4 produced milk with a very unique 125 

profile, involving higher contents of healthy fatty acids (high in C18:3 n-3 and CLA resulting 126 

in an elavated n-3/n-6 ratio) as well as increased contents of riboflavin and certain 127 

minerals (Ca, Na, Fe). Herd 4 is under biodynamic management with a stringent 128 

hay/grass-based feeding, which resulted in a three-fold increase in the n-3/n-6 ratio. As 129 

C18:3 is the primary n-3 fatty acid, the n-3/n-6 ratio is significantly elevated compared to 130 

what is observed from the other herds and generally observed in milk from nowadays 131 
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Danish dairy breeds under conventional management during indoor feeding (ratio 0.9 132 

compared to 0.3, Poulsen et al., 2012). The content of most minerals were higher in the 133 

native breeds compared to nowadays Danish Holstein, while the levels are more 134 

comparable with the contents observed in nowadays Danish Jerseys (Buitenhuis et al., 135 

2015), which could indicate a milk yield effect on these traits. Especially Ca, P and Mg are 136 

associated with the casein micelles in milk and increased levels of these minerals have 137 

been documented to be associated with e.g. superior milk coagulation properties for 138 

cheese making (Jensen et al., 2012). However, a very high prevalence of non-coagulating 139 

milk in RDM-70 (18%, Poulsen et al., 2016) contrasts the expectations of good coagulation 140 

properties based on mineral content and rather suggests that milk from RDM-1970 may be  141 

suboptimal for cheese production.  142 

Milk compositional traits, which may exert improved nutritional or functional qualities 143 

of milk, can be exploited in the development of specific high quality (niche) dairy products. 144 

Milk fat in relation to human health is an ongoing theme for debate. However, there is a 145 

general consensus that higher proportions of mono-, and especially polyunsaturated fatty 146 

acids, are desirable. In the current study, native breeds under stringent grass-based 147 

feeding provides a more healthy fatty acid profile. Benbrook et al. (2018) compared 148 

conventional, organic and  grass-based milk in a large scale US study and found n-3/n-6 149 

ratios of 0.22, 0.46 and 1.08 respectively, which is comparable with the findings in the 150 

current study from herd 4.  This is in line with our findings for Danish breeds and indicates 151 

that these results are not breed specific, but the native breeds are probably more suitable 152 

to low-input systems and the improved fatty acid profile can be used to promote dairy 153 

products using a combined strorytelling of such management systems and native breeds. 154 

In Denmark, a minor fractions of native cows were recently transferred to modern organic 155 
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farms with high yielding cows and provided with the same total mixed ration diets. This 156 

resulted in overweight cows rather than increased yields (personal communication from 157 

local farmers), which suggests that the breeds are indeed more suitable for low-input 158 

management systems. A more healthy fatty acid profile could be exploited especially in 159 

high-fat dairy products, either focusing on share of unsaturated fat and/or a favourable n-160 

3/n-6 ratio.  161 

 162 
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Table 1. Descriptive statistics (mean, min and max) and effect of breed on milk compositional 228 

traits, protein composition and cheese-making properties in milk from Jutland cattle and Danish 229 

Red 1970 cows. 230 

 Jutland cattle Danish Red 1970  

 
Mean Min Max Mean Min Max Sign. 

Parity 1.8 1 5 2.5 1 6 NS 
DIM 1 163 30 310 188 23 347 NS 
Germ number 12 3 42 188 5 2439 NS 
SCC/mL (*1000) 141 14 548 466 9 2795 NS 
Protein (g 100 g-1) 3.49 3.13 3.98 3.95 3.03 5.25 * 
Casein (g 100 g-1) 2.66 2.45 2.93 2.89 2.38 3.58 * 
Fat (g 100 g-1) 3.97 2.56 4.81 5.32 2.84 10.07 * 
Lactose (g 100 g-1) 4.71 4.53 4.90 4.57 4.07 4.80 * 
Citrate (g 100 g-1) 0.17 0.14 0.21 0.17 0.12 0.22 NS 
Riboflavin (mg L-1) 1.76 1.27 2.62 2.66 1.39 5.04 ** 
pH 6.70 6.59 6.77 6.72 6.58 6.98 NS 
Conductivity (mS cm-1) 4.87 4.5 5.41 4.95 4.26 5.91 NS 

*P < 0.05; **P < 0.01. Significance values calculated based on F-test within breeds. 231 
1 DIM refers to days in milking. 232 

233 
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Table 2. Mean (proportions of fatty acids) and min/max of fatty acids in milk from Jutland (n=12) 234 
and Danish Red 1970 (n=28) cows. Sign. refers to signficance level of individual fatty acids 235 
between Jutland and Danish Red 1970. 236 

 Jutland cattle Danish Red 1970 Sign. 
Name mean min max mean min max  
C6:0 2.78 2.10 3.30 2.40 1.64 2.98 ** 
C8:0 1.64 1.32 2.13 1.24 0.78 1.63 *** 
C10:0 3.74 2.74 5.43 2.54 1.52 3.39 *** 
C12:0 4.27 2.85 6.29 2.94 1.99 3.72 *** 
C13:0 0.15 0.08 0.22 0.11 0.06 0.15 *** 
C14:0 12.24 9.56 13.90 10.65 8.82 12.30 *** 
C14.1 1.05 0.67 1.52 1.16 0.61 1.75 NS 
C15:0 1.33 0.99 1.60 1.69 0.72 2.78 NS 
C16:0 28.67 25.75 33.23 30.94 25.11 35.61 * 
C16.1 1.20 0.74 1.52 1.60 1.16 1.99 *** 
C17:0 0.61 0.51 0.74 0.90 0.45 1.67 * 
C18:0 10.67 6.42 14.41 9.09 7.04 11.09 ** 
C18.1 trans-11 1.51 1.12 1.78 1.48 1.04 2.24 NS 
C18.1 cis-9 19.27 15.11 23.75 21.55 17.22 28.56 * 
C18.2 n-6 1.77 1.28 3.28 1.75 1.38 2.06 NS 
CLA cis-9, trans-11 0.59 0.40 0.90 0.86 0.44 1.67 * 
C18.3 n-3 0.57 0.43 0.69 1.08 0.51 1.93 ** 
*P < 0.05; **P < 0.01, ***P < 0.001. Significance values calculated based on F-test within breeds. 237 
 238 

239 
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Table 3. Mean (ppm) and min/max of micro- and macro-elements in milk from Jutland (n=12) and 240 

Danish Red 1970 (n=28) cows. 241 

 Jutland cattle Red Danish 1970  
Mineral (ppm) Mean Min Max Mean Min Max Sign. 
Ca 1313.2 1184.8 1483.1 1488.1 1143.3 2118.2 * 
P 996.2 878.6 1093.1 1092.4 850.8 1327.4 * 
Mg 102.7 85.4 129.8 133.2 98.0 204.2 ** 
K 1764.3 1625.2 1947.0 1569.5 1269.0 1863.7 *** 
Na 382.5 305.6 477.3 545.0 320.3 937.2 ** 
Mn 0.021 0.014 0.027 0.056 0.021 0.135 ** 
Fe 0.270 0.220 0.309 0.463 0.236 1.998 * 
Cu 0.072 0.029 0.185 0.043 0.019 0.093 ** 
Zn 3.52 2.05 5.19 3.44 2.16 4.53 NS 
Se 0.015 0.012 0.021 0.014 0.004 0.036 NS 
*P < 0.05; **P < 0.01, ***P < 0.001. Significance values calculated based on F-test within breeds. 242 
 243 

244 
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  245 

Figure 1. Poulsen et al. 246 

1

1

1

1
4

4
4

4

1

4

4

4

4

3

3

3

3

4

1
4

1

4

4

1

1
1

1
1

1

2

2

2

2

2

22

2

3

3

3

PC
2 

(1
0.

7 
%

)

-6

-4

-2

0

2

4

-15 -10 -5 0 5 10
PC1 (47.3%)

RDM70
JUTLAND

 247 

 248 
249 



15 
 

Figure legends: 250 

Figure 1. PCA score plot (above) and loading plot (below) for the two breeds based on 251 

overall milk compositional traits, individual fatty acids and minerals in milk from Jutland 252 

and Danish Red 1970 (RDM-1970). Numbers in the score plot refer to herd (1-4).  253 
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