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Abstract
The aim of the study was to determine the yield and chemical composition of milk from TMR- 
(group I) and pasture-fed Simmental cows (group II). The study was conducted with second and 
third lactation Simmental cows between 30 and 200 days of lactation. The present research showed 
that compared to TMR feeding, the use of summer pasture feeding and proper supplementation 
with high-energy feeds allow for higher milk yield and higher nutritive value of the milk. Com-
pared to TMR-fed cows (group I), milk from pastured cows (group II) was characterized by a more 
beneficial composition of protein fractions, and a higher content of α-lactalbumin, β-lactoglobulin 
and lactoferrin. It also contained more vitamins A and E, calcium, magnesium and iodine, and had 
a significantly (P≤0.05) lower cholesterol content. The milk of cows from group II contained over 
twice as much CLA (1.59% of all acids) and 35% more n-3 PUFA, which resulted in a more ben-
eficial n-6/n-3 fatty acids ratio of 2.88. In addition, this milk contained significantly (P≤0.05) less 
saturated fatty acids (SFA) and significantly more (P≤0.05) mono- (MUFA) and polyunsaturated 
fatty acids (PUFA). Consequently, the MUFA:SFA and PUFA:SFA ratios in this group were more 
favourable at 0.448 and 0.066, respectively. Also the content of desirable fatty acids (DFA) with 
hypocholesterolemic effects was higher in group II, which resulted in a more beneficial DFA:OFA 
ratio of 0.8 in this group. In conclusion, the use of summer pasture feeding and a proper supple-
mented feeding ration in Simmental cows with high-energy feeds allow for high milk yield and 
high nutritive value of the milk.
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Production efficiency in cows and the composition of their milk are influenced 
by many factors, including the housing system and feeding method. The majority of 
cows raised in Poland are fed total mixed rations (TMR). However, due to the grow-
ing consumer interest in the quality of food products and also in the way animals are 
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housed and fed, there is currently an increasing interest in pasture feeding of cows. 
The conventional management system in which cows are pastured in summer and 
receive farm-produced feedstuffs in winter can provide opportunities for small farms 
with adequate grassland (Barłowska et al., 2012), which keep less demanding dairy 
breeds, such as the Simmental. Due to its nutritional characteristics, milk can be 
considered a multifunctional food product. It is a source of proteins, lipids, vitamins 
and minerals as well as biologically active substances which have multidirectional 
effects on the human body (Kuczyńska et al., 2011). Bioactive milk components 
(immunoglobulins, hormones, cytokinins, polyamides, enzymes, nucleotides, mono- 
and polyunsaturated fatty acids, fat-soluble vitamins, carotenoids, phospholipids) 
(Severin and Wenshui, 2005), stimulate immune response or have physiological 
effects on the body. Food products containing “bioactive” components, sometimes 
termed functional foods, are increasingly sought by consumers. The type of feed in-
gested by ruminants has a considerable effect on milk composition, and proper diets 
enable the content of vitamins, β-carotene and essential fatty acids to be modified 
(Dhiman et al., 2000; White et al., 2001; Nozière et al., 2006). Reducing the pro-
portion of concentrates and increasing the proportion of roughages will often result 
in lower yield but higher biological value of the milk. Research demonstrates that 
milk obtained from pasture-fed cows contains more vitamins A and E (Reklewska et 
al., 2003; Leiber et al., 2005; Nozière et al., 2006), β-lactoglobulin and lactoferrin 
(Reklewska and Reklewski, 2004; Król et al., 2008) and CLA (Dhiman et al., 2000; 
Auldist et al., 2002; Loor et al., 2003; Elgersma et al., 2004). The feeding system of 
cows has a considerable impact on the quality of their milk and dairy products. Ac-
cording to Radkowska and Herbut (2017), pasture feeding of Simmental cows has 
a positive effect on the processing suitability of milk and the sensory attributes of 
produced rennet cheese and butter.

Therefore, the aim of the present study was to determine the yield and nu- 
trient content of milk from Simmental cows fed TMR diets vs. those kept on pas- 
ture. 

Material and methods

The experiment was conducted with Simmental dairy cows in their second and 
third lactation (between 30 and 200 days of milking). Animals were assigned to two 
groups: cows housed indoors and fed TMR diets (group I) and cows kept on pasture 
(group II). The observations were made from 10 May to 15 October. Cows from 
group I were fed a TMR which contained maize silage – 25 kg, haylage – 8 kg, fresh 
brewers grains – 8 kg, ensiled maize grain – 4.5 kg, rapeseed cake – 2 kg, extracted 
soybean meal (48% CP) – 1.2 kg, meadow hay – 0.5 kg, straw – 0.5 kg, and mineral 
supplements. The nutritive value of the TMR per kg of d.m. was 0.86 UFL, 0.86 
LFU, 91 g PDIE, and 100 g PDIN. 

Cows from group II were kept day and night on pasture, spending time in the barn 
twice daily; once from 5:00 a.m. to 7:00 a.m. and again from 2–3:00 p.m. (depending 
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on the temperature) to 5:00 p.m., when the cows were milked and fed supplementary 
concentrate. The cows consumed from 45 to 55 kg of forage/day and were supple-
mented with 1 kg of concentrate per 2 litres of milk above 15 litres milk yield. Strip 
grazing management was used. During the vegetative period, the botanical compo-
sition of the sward was assessed before each grazing. The pasture was dominated 
by grasses, which formed almost 80%, including perennial ryegrass (Lolium peren- 
ne L.), red fescue (Festuca rubra L.), and smooth-stalked meadow-grass (Poa prat-
ensis L.). The proportion of legumes and dicotyledons averaged 11% and 9%, re-
spectively. The nutritive value of pasture sward was 1.02 UFL, 0.93 LFU, 108 g 
PDIE, and 139 g PDIN. 

There were approximately 50 cows in each experimental group. The cows’ milk 
yield was determined for the entire technological group, and 10 cows were selected 
from each group for detailed analysis. The bioactive components were determined in 
milk samples in which the somatic cell count was <400 000·ml-1. 

Vitamins A and E were determined according to SOP M.001 methodology ver. 6 
of 19 March 2012 “Simultaneous determination of vitamins A and E in solid or bulk 
materials – test-tube method”. Higher fatty acids were analysed by gas chromatogra-
phy (P 015-1 ver. 2 of 1 March 2016. Catalog: III kw 2016/209_15.xls), column: Rtx-
2330, 105 m, 0.32 mm, 0.2 micron. Program temp. 60°C for 10 min; 20°C·min-1 to 
120°C; 3°C·min-1 to 240°C. Time of analysis: 60 min, injector temp.: 250°C, detector 
temp.: 250°C, carrier gas: helium, 3 ml/min, injection volume: 1.0 mcl. Cholesterol 
content was determined according to SOP M.023a ver. 1 of 20 October 2011 “GC 
determination of cholesterol in meat and milk”. Calcium, magnesium, sodium and 
potassium were determined by flame atomic absorption spectrometry (SOP M.008c 
– accredited method), and phosphorus content according to SOP M.009 – accredited 
method of “Spectrophotometric determination of phosphorus in feeds, meat, bones, 
feces, eyes, milk and milk products”. Selenium content was determined accord-
ing to “Determination of selenium content in products of plant and animal origin. 
Hydride generation atomic absorption spectrometry method. P017 ann. 2 ver. 2 of  
9 February 2008 – non-accredited method”; iodine content according to the “Cat-
alytic colorimetric method after the mineralization in ammonium persulfate. SOP 
M.016d ver. 1 of 22 April 2010 – accredited method”. These analyses were per-
formed at the Central Laboratory of the National Research Institute of Animal Pro-
duction in Aleksandrowice. The content of milk protein fractions was determined at 
the Department of Animal Product Technology of the University of Agriculture in 
Kraków. Protein fractions were separated by SDS PAGE gel electrophoresis. 

The differences between group means were examined by ANOVA and Duncan’s 
test using Statistica 12 (StatSoft, Poland, 2013).

Results

The results for milk yield and chemical composition of the milk are presented 
in Table 1. In group II (pasture feeding with supplemental concentrate), the milk 
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yield was observed to increase considerably during the spring and summer months  
(Figure 1). The highest daily milk yield of 23.8 kg was observed in group II  
in May and June. The analysis of protein fractions in the studied milk showed that 
the milk from group II cows contained significantly more β-casein, β-lactoglobulin, 
α-lactalbumin and peptides. It also had a non-significantly higher lactoferrin con-
tent. The milk of TMR-fed cows from group I contained more α-casein and 
κ-casein. The milk of cows grazed on pasture (group II) contained 0.067 µ·g–1  
more vitamin A and 0.22 µ·g–1 more vitamin E (Table 1). This milk also con-
tained significantly (P≤0.05) less saturated fatty acids (SFA), and more (P≤0.05)  
mono- (MUFA) and polyunsaturated fatty acids (PUFA), as a result of which the 
MUFA:SFA and PUFA:SFA ratios in this group were more beneficial at 0.448  
and 0.066, respectively (Table 2). Also the content of hypocholesterolemic desirable 
fatty acids (DFA) was higher in group II, and the DFA:OFA ratio was 0.8. Com-
pared to the milk of TMR-fed cows, the milk of grazed cows had more than twice as 
much CLA (1.59% of all acids) and 35% more n-3 PUFA, which resulted in a more 
favourable n-6/n-3 fatty acids ratio of 2.88. The present analysis showed significant 
(P≤0.05) differences in the milk cholesterol content (Figure 2), which was 0.096 
mg·g–1 in the milk of cows from group I compared to 0.078 mg·g–1 in the milk of 
cows from group II. Determinations of the content of macro- and microelements 
showed a significantly higher concentration of magnesium and iodine in the milk of 
cows from group II (Table 3). This milk also had a non-significantly higher calcium 
and phosphorus content. The milk of TMR-fed cows contained more sodium and 
selenium.

Table 1. Yield, protein fractions and vitamins content of milk

Item Group I Group II SEM

Yield (kg) 20.63 a 23.21 b 0.22
Composition of milk protein fractions (% of total proteins)
Protein fraction:

α-casein 35.58 b 33.55 a 0.47
β-casein 20.22 a 22.02 b 0.29
κ-casein 14.64 b 13.77 a 0.38
β-lactoglobulin 14.30 a 15.13 b 0.42
α-lactalbumin 7.80 a 8.46 b 0.12
immunoglobulins 1.63 b 1.27a 0.06
serum albumin 1.87 b 1.57 a 0.08
lactoferrin 0.92 0.95 0.03
peptides 3.04 a 3.79 b 0.18

Vitamins content of milk (µg∙g–1)
vitamin A 0.333 a 0.400 b 0.02
vitamin E 0.782 a 1.002 b 0.11

a, b – significant differences (P≤0.05).
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a, b – significant differences (P≤0.05).

Figure 1. Mean daily milk yield (kg) by month

Table 2. Fatty acids content of milk (g per 100 g of all fatty acids)
Fatty acid  Group I Group II SEM

1 2 3 4
C8:0 2.279 b 1.986 a 0.069
C10:0 4.289 b 3.382 a 0.199
C12:0 5.183 b 4.059 a 0.237
C14:0 15.471 b 14.478 a 0.397
C16:0 32.515 31.661 0.714
C16:1 1.407 a 1.549 b 0.044
C18:0 10.700 10.592 0.357
C18:1 24.418 a 27.795 b 1.090
C18:2 1.805 b 1.605 a 0.121
gamma18:3 0.171 0.165 0.046
C18:3 0.441 a 0.605 b 0.047
CLAc9-t11 0.680 a 1.470 b 0.189
CLAt10-c12 0.002 0.002 0.000
CLAc9-c11 0.015 a 0.077 b 0.035
CLAt9-t11 0.027 a 0.042 b 0.003
C20:0 0.094 b 0.085 a 0.027
C20:4 0.358 b 0.287 a 0.004
C22:0 0.048 b 0.038 a 0.027
C22:1 0.016 b 0.013 a 0.001
EPA 0.078 a 0.105 b 0.011
DHA 0.006 0.005 0.001
SFA 70.576 b 66.282a 1.207
UFA 29.424 a 33.718 b 1.207
MUFA 25.841 a 29.357 b 1.126
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Table 2 – contd.
1 2 3 4

PUFA 3.583 a 4.363 b 0.209
PUFA-6 2.335 b 2.057 a 0.179
PUFA-3 0.526 a 0.715 b 0.055
DFA 40.124 a 44.309 b 1.383
OFA 59.873 b 55.690 a 1.986
UFA:SFA 0.418 a 0.513 b 0.028
DFA:OFA 0.672 a 0.808b 0.072
MUFA:SFA 0.367 a 0.448 b 0.026
PUFA:SFA 0.052 a 0.066 b 0.004
PUFA 6/3 4.628 b 2.888 a 0.306
CLA 0.724 a 1.591 b 0.213

a, b – significant differences (P≤0.05).

Figure 2. Cholesterol content in milk (mg∙g–1)

Table 3. Content of macro- and microelements in milk 
Parameter Group I Group II SEM

Ca (g∙kg–1) 1.18 1.22 0.021
Mg (g∙kg–1) 0.094 a 0.106 b 0.003
P (g∙kg–1) 0.96 0.98 0.021
Na (g∙kg–1) 0.37 0.35 0.015
Se (mg∙kg–1) 0.016 b 0.014 a 0.001
I (µg∙g–1) 0.178 a 0.196 b 0.029

a, b – significant differences (P≤0.05).
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Discussion

Feeding is one of the major factors that determines the yield, chemical composi-
tion, and nutritive value of cow’s milk (White et al., 2001). High feeding intensity 
increases milk yield but at the same time reduces milk quality. In the conventional 
feeding system, seasonal variation in the quality of ingested feed is the main decisive 
factor for milk yield. The results of research concerning the yield and composition of 
milk with regard to feeding system are inconclusive. Many studies demonstrate that 
compared to conventional feeding, cows fed total mixed rations produce more milk 
(White et al., 2001; Król et al., 2008; Barłowska et al., 2012). White et al. (2001) 
found higher milk yield in TMR- compared to pasture-fed Holstein cows, however 
pasture-fed Jersey cows showed higher milk yield. Pasture as the sole source of 
feed is insufficient for high-yielding cows. Lower intake of dry matter and energy 
results in lower production, even when pasture quantity and quality is appropriate 
(Bargo et al., 2002); therefore, to make the rations balanced, it is recommended to 
feed cows with concentrates as well as feeds containing NDF and ADF. The pre-
sent study shows that with proper supplementation, it is possible to obtain higher 
milk yield during the summer period in Simmental cows fed on pasture compared to 
those fed TMR. Proper combination of high-protein forages with high-energy feeds 
(e.g. maize silage) is essential. Kuczyńska et al. (2011) obtained a yield of 24.6 kg 
milk/animal/day from cows that were fed in the summer season with pasture forage, 
wilted grass haylage and concentrate that formed 19.6% of the ration’s dry matter. 
Likewise, Auldist et al. (2014) reported that proper supplementation may consider-
ably increase the production of milk in pasture-fed cows.

Research shows that whey proteins are an important group of biologically active 
compounds with antioxidant, immune-activating, antibacterial, antiviral and antican-
cerous properties. The main whey protein in cow’s milk is β-lactoglobulin, which 
plays a significant antioxidant role in milk (Ness-Abramof et al., 2006). Mackle et 
al. (1999) showed that the level of α-LA and β-LG decreases when cows have limited 
access to pasture. Research shows that milk from conventionally fed cows contains 
many more functional whey proteins, and these differences are considerably greater 
during the summer season (Barłowska et al., 2012). Similar results were obtained 
by Reklewska and Reklewski (2004) as well as Król et al. (2008), who observed 
the content of α-lactalbumin, β-lactoglobulin and lactoferrin to be much higher in 
milk from grazed cows compared to those receiving conserved feeds. In the study 
by Król et al. (2008), the concentrations of α-LA, β-LG and lactoferrin in the milk 
from grazed cows were significantly higher than in the milk from TMR-fed cows 
(1.14 g∙l-1 vs. 1.0 g∙l-1; 3.7 g∙l-1 vs. 3.17 g∙l-1; 116.2 mg∙l-1 vs. 88.3 mg∙l-1). Likewise, 
Kuczyńska et al. (2012) reported that the milk from organically farmed cows con-
tained significantly more β-LG (4.12 g∙l-1) and lactoferrin (334.9 mg∙l-1) compared to 
the milk from conventionally raised cows (2.68 g∙l-1 β-LG, 188.0 mg∙l-1 lactoferrin). 
Zagorska (2007) demonstrated that in the milk from organically raised cows, Lf is 
almost twice as high as in the milk from TMR-fed cows. Research shows that the 
level of β-LG is associated with the vitamin A content of cow’s milk. Kuczyńska et 
al. (2011) found the highest level of this whey protein (3.87 g∙l-1) in a farm where 
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cows are fed on pasture with supplemental silage as well as concentrate during the 
summer, and at the same time showed the highest concentration of vitamin A during 
the same period. Dolores-Perez and Calvo (1994) provided evidence that the con-
centration of both components is correlated, because β-LG takes an active part in the 
transport of retinol with a significant contribution to its level. Coulon et al. (1998) 
found that milk casein content is dependent more on genetic than nutritional factors. 
This is also confirmed by Walker et al. (2004) and our study. In turn, Auldist et al. 
(2000) reported that pasture feeding is conducive to increasing the content of casein 
proteins in cow’s milk. 

Milk is a major source of fat-soluble vitamins, notably vitamins A and E. The 
higher (P≤0.05) concentration of vitamins A and E in the milk of pasture-fed cows 
from group II, found in our study, corresponds with the findings of other authors 
(Leiber et al., 2005; Nozière et al., 2006). Reklewska et al. (2003) demonstrated that 
the milk from cows grazed on pasture contains more vitamins than the milk from 
TMR-fed cows (0.32 vs. 0.26 mg∙l-1). Fresh pasture sward has a higher content of 
vitamin E and provitamin A compared to conserved feeds (Nozière et al., 2006), and 
therefore the content of these vitamins in milk is observed to increase during the 
summer feeding season in organic farms or in farms where cows are fed pasture. In 
turn, a high proportion of silage in the ration may reduce the concentration of these 
vitamins in milk (Nozière et al., 2006). Observations made in Switzerland showed 
that the milk from cows fed only grass contains almost 90% more alpha-tocopherol 
compared to the milk from cows fed a silage- and concentrate-based diet. An even 
higher concentration of alpha-tocopherol (by more than 130%) was found in the milk 
from cows grazed on alpine pastures (Leiber et al., 2005).

The factor most significantly influencing CLA content in milk fat is nutrition 
(type of diet, supplements affecting ruminal fibre fermentation, fat additives), where-
as genetic factors (breed) and physiological factors (stage of lactation, age) have  
a smaller effect (Kelsey et al., 2003). Research results show that the milk from 
pasture-grazed cows, compared to TMR-fed cows, is characterized by higher CLA 
concentration (Dhiman et al., 2000; White et al., 2001). Dhiman et al. (2000) re-
ported that cows grazed on pasture had a three-fold higher content of CLA in milk fat 
(2.21% of total fatty acids) compared to cows fed a diet containing 50% conserved 
feeds (hay, silage) and 50% grain (0.38% of total fatty acids). In the study by Elg-
ersma et al. (2004) CLA content was 2.30% during the pasture feeding period, but 
after introducing a diet comprised of grass and maize silage it gradually decreased 
to 0.95% on day 2, to 0.43% on day 6, and to 0.37% on day 14 after the change of 
diet. Increased CLA content in the milk of pastured cows compared to TMR-fed 
cows was also reported by Auldist et al. (2002) and Loor et al. (2003). The results 
of our study confirm the beneficial effect of pasture feeding on the CLA content of 
milk. This milk contained less saturated fatty acids (SFA) and more mono- (MUFA) 
and polyunsaturated fatty acids (PUFA). As in our study, Whiting et al. (2004) ob-
tained a more beneficial UFA:SFA ratio in summer (0.47–0.58%) than in winter  
(0.32–0.37%). Seasonal increases in the proportion of unsaturated fatty acids (UFA) 
in milk during the summer (pasture) feeding season as well as in the omega-3 to 
omega-6 fatty acids ratio were also reported by Frelich et al. (2012). The results 
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showed that milk obtained during the summer period had a more desirable composi-
tion for human health compared to the milk collected in winter, and therefore this 
milk may be welcomed by consumers.

Milk cholesterol concentration is determined by genetic factors as well as envi-
ronmental factors, mainly the diet (Strzałkowska et al., 2009). However, the choles-
terol content is not easy to control. Factors that reduce LDL cholesterol in the blood 
of animals do not always reduce this component in milk. Reklewska et al. (2002) 
demonstrated that linseed added to the cow ration decreased the milk cholesterol 
content by 32% compared to the control group. The lower cholesterol concentra-
tion noted in the milk from group II cows corresponds with the results of White et 
al. (2001) and Barłowska et al. (2011). In the latter study, milk from TMR-fed cows 
contained more cholesterol (by around 2.18 mg∙100-1 ml milk) compared to the milk 
from conventionally fed cows. 

The effect of pasture feeding on the mineral composition of milk is inconclusive. 
Król et al. (2010) found the milk from conventionally farmed cows to contain more 
Ca (by an average of 125.2 mg∙dm3) and Mg (by an average of 22.4 mg∙dm3) com-
pared to milk produced by intensive methods. In turn, Gabryszuk et al. (2008), who 
compared the Ca, P and Mg content of milk obtained in intensive production system 
(without grazing) to that from milk produced by extensive farms (that apply graz-
ing), found the level of these elements to be considerably higher in the milk obtained 
under the intensive system. The mineral content of milk is mainly determined by the 
mineral content of the feed, which, in turn, depends on local soil and climate condi-
tions as well as the extent to which mineral supplements are used. The disparity in 
the research results may arise from the fact that mineral and vitamin supplements are 
used in high-yielding herds. 

The main source of selenium for dairy cows are plants in which selenium is easily 
assimilable. However, selenium content in plants varies according to plant species 
and the abundance of selenium in the soil in which the plants are grown. The study 
by Brzóska et al. (2003) showed that plants cultivated in Poland are characterized 
by a particularly low content of selenium, which is less than 60% of the content 
presented in feed composition tables. Ceballos-Marquez et al. (2010) reported that 
during the pasture feeding period, 14% of cows in the herd had very low selenium 
concentrations in milk, which is due to the shortage of this element in feed. These 
results agree with the results of the present study, in which lower selenium concen-
tration was found in the pastured group (group II).

Iodine content in milk and in other milk products varies considerably and is asso-
ciated with environmental iodine content as well as seasons of the year (Fiedlerová, 
1998). A Czech study showed milk iodine content to range from 24 to 748 μg∙kg-1 
(205 μg∙kg-1 on average) in winter and from 16 to 345 μg∙kg-1 (119 μg∙kg-1 on aver-
age) in summer (Fiedlerová, 1998). Iodine content in cow’s milk depends on the 
amount of dietary iodine intake. The relationship between iodine content in feed ra-
tion and in milk is expressed by the correlation coefficient 0.66 (Maas et al., 1989). 
The iodine content of roughages varies during the vegetative season. A study con-
ducted in south-western Czech Republic demonstrated that iodine content in pasture 
sward averaged 101.3±73.6 from May to July, and 214.5±107.3 μg I∙l-1 from Au-
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gust to October (Trávníček et al., 2004). A study performed in Poland in 2011–2012 
(Śliwiński et al., 2015), which monitored iodine content in consumer milk, showed 
that it contained from 103 to 196 μg iodine ·kg-1 in the summer season, and from 141 
to 236 μg iodine ·kg-1 in the winter season. Thus, our results for milk iodine content 
(178 μg∙kg-1 – group I and 196 μg∙kg-1 – group II) allow this milk to be classified as 
having optimum iodine content.

It is concluded from the present study that compared to TMR feeding, the use 
of summer pasture feeding and a proper supplemented feeding ration in Simmental 
cows with high-energy feeds allow for higher milk yield and higher nutritive value of 
the milk. In farms with sufficient pasture area, it is appropriate to use grazing in the 
summer period. This allows breeders to feed cows with cheap feed such as pasture 
sward and thus to considerably reduce the costs incurred on feeding while achieving 
high milk yields and high concentration of bioactive components in the milk. 
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