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Abstract

ŠÍPALOVÁ, M., O. HANUŠ, R. VÍCHA, T. D. PHAN, J. POZDÍŠEK, S. KRÁČMAR and P. ROUBAL, 2016. 
Infl uence of selected cereals in diets of dairy cows on the fatty acid composition of milk. Bulg. J. Agric. Sci., 22: 
286–292

The study is dealing with the comparison of milk from three groups of cows which were fed with three different cere-
als (maize, wheat, triticale) focused on fatty acid (FA) profi le of milk fat. During six weeks, 26 milk samples were obtained 
from Czech Fleckvieh dairy cows. These groups were balanced in terms of milk yield, stage and number of lactation as much 
as possible. The analysis of FAs was performed using esterifi cation and following GC-FID determination in the samples of 
tested grains as well as in milk. The signifi cant differences in contents of FAs were observed: – for C15:0 which content was 
higher in milk from group which was fed by maize (1.81±0.04%) in comparison to milk from group which was fed by triticale 
(1.67±0.024%) – for C16:1 which content in milk was higher in the case of triticale group (2.18±0.026%) as compared to wheat 
(2.08±0.036%) group. From all points of view this is possible to conclude that triticale seems to be more suitable replacement.
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Introduction

From nutritional point of view fatty acid profi le of milk 
fat is important quality indicator of various biological kinds 
of milk and also milk products as yoghurt or cheese (Iva-
nova et al., 2011; Pajor et al., 2012). The impact of dairy cow 
nutrition on milk fat content and its fatty acid (FA) profi le 
has been extensively studied (Sutton, 1989; Grummer, 1991; 
Palmquist et al., 1993; Kennelly, 1996; Ashes et al., 1997; 

Jensen, 2002; Lock and Shingfi eld, 2004). Diets which are 
consumed by lactating dairy cows are usually low in their fat 
content. In general this content is only about 4–5% of lipids. 
The predominant PUFA in ruminant diets are linolenic acid 
and linoleic acid. The former is derived principally from for-
age crops (Samková et al., 2009; Frelich et al., 2009, 2012) 
and the latter being a major component of the oilseeds and 
concentrates that are fed to dairy cows (Lock and Bauman, 
2004).
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According to Palmquist et al. (1993) at low rates of feed-
ing, increased grain (fermentable starch) intake increases total 
milk production and milk protein content. At higher intakes 
(usually more than 50% of feed DM), increasing starch intake 
depresses milk fat percentage. When milk fat depression oc-
curs, changes in milk fat FA profi le also take place. In most 
cases, concentration of short-chain FA is decreased, and cis 
FAs are increased, depending on cereal source and its fat con-
tent (Palmquist et al., 1993). At carbohydrates in the concen-
trate can be expected that these affect the pattern of fatty acids 
in the rumen (Khorasani et al., 1993). Many studies (Kibon 
and Holmes, 1987; Sloan et al., 1987; Jackson et al., 1991; 
Schwarz et al., 1995) showed that concentrates rich in crude 
fi bre with those high in starch lead to no signifi cant effects 
on milk fat content. On the other hand, in some experiments 
a higher fat content was found after feeding the components 
high in fi bre (De Visser et al., 1990; Valk et al., 1990). 

It is important to note that other factors as breed, stage 
of lactation, season, and herds were all major sources of 
variation in fatty acid (FA) profi le (Palmquist et al., 1993; 
Pešek et al., 2005, 2006; Samková et al., 2012). Grain 
processing was also reported to be benefi cial for lactation 
performance (Crocker et al., 1994). Ruminal starch diges-
tion affects the supply of energy which yields substrates for 
milk synthesis (Nocek and Tamminga, 1991). The process-
ing of grains to increase ruminally available carbohydrate 
improved milk yield (Chen et al., 1994; Simas et al., 1995; 
Knowlton et al., 1996). Milk protein percentage and yield 
were also reported to increase when steamfl aked grains 
were fed (Chen et al., 1994; Simas et al., 1995; Plascencia 
et al., 1996). However, extensive processing induced a de-
pression in milk fat percentage because of the effects on ru-
minal volatile fatty acid (VFA) patterns (Simas et al., 1995; 
Knowlton et al., 1996; Plascencia et al., 1996). McCartney 
and Vaage (1994) suggested that the economic value of ce-
real forage for cattle feeding is dependent on its yield and 
feeding value (i.e., chemical composition, digestibility and 
annual performance).

Maize, wheat, oat or barley are the most common cereal 
crops for dairy cattle feeding either like the concentrated 
component of feeding ration or the silage. However, there 
has been increased interest in triticale (as possible maize re-
placement in feeding rations) growing for which only little 
information exists in terms of possible impact on milk fat FA 
profi le by dairy cow feeding.

The goal of this paper was to obtain information about 
the effect of triticale on milk fat FA by dairy cow feeding 
using a comparison of milk which was obtained from three 
groups of cows fed with different cereals (maize, wheat and 
triticale). 

Materials and Methods 

Tested grain samples
Winter wheat (cultivar Sulamit), winter triticale (cultivar 

Kitaro) and maize. All plants were grown in the fi eld in the 
Moravia district (Agroječmínek Ltd., Chropyně, Czech Re-
public). Cultivars were selected according to results of pre-
vious investigation in terms of evaluation of grain feeding 
properties (Pozdíšek and Vaculová, 2008; Pozdíšek et al., 
2008). 

Design of the feeding experiment
The experimental design comprised three feeding groups 

of cows. The experiment was proceeded for six weeks (April 
and May) on farm Klas Nekoř a.s. (total land 2072 ha and 
arable land 1502 ha; east Bohemia; altitude 496 m; GPS 
50°3′12.359″N, 16°33′34.962″E; annual precipitation 855 
mm). 26 Czech Fleckvieh cows (n1 = 8; n2 = 9; n3 = 9) were 
included into the feeding experiment. The dairy cow groups 
were fed with the same total mixed ration on the basis of 
maize and clover silage and hay. The group feeding rations 
differed only in concentrate portion as can be seen in the 
Table 1. During the experiment, one cow from the fi rst group 
was excluded because of mastitis illness occurrence. Other 
cows were relatively healthy in terms of occurrence of milk 
secretion disorders. The feed groups were balanced in terms 
of milk yield, stage of lactation (cows in groups were from 
10 to 90 days in milk at the beginning of experiment) and 
number of lactations (from fi rst to tenth) as much as possible 
(three or four primiparous dairy cows were included in each 
group). The tie stable and pipeline milking equipment were 
used in the experiment.

Milk sampling and sample preparation
Dairy cows were milked twice a day and sampled at 

morning milking in intervals of about seven days. On the 
whole, there were obtained 182 individual milk samples in 
the seven sampling terms using Flow milk meter (Tru-Test 
Ltd., New Zealand). Within groups, the individual milk sam-
ples were combined into bulk samples (three groups mul-
tiplied by seven sampling periods, n = 21). The milk sam-
ples were transported under cold conditions (< 10°C) to the 
laboratory. Then they were deep-frozen at –80°C overnight. 
Afterwards, the samples were freeze-dried (–40°C, 120 Pa, 
48 h; Alpha 1–4 LSC, Christ, Germany).

Reagents
Used chemicals as DMF puriss, disodium hydrogen ci-

trate purum, sodium methoxide, methanol p.a., 1, 4-dioxane 
p.a., n-pentane p.a. were purchased from Sigma-Aldrich. 
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Food Industry FAME Mix standard was acquired from 
Restek.

Determination of total fat
The determination of total fat of feedstuff samples was 

made according to Commission Regulation No 152/2009. 
The results of milk fat were presented in the related study 
Pozdíšek et al. (2008).

Determination of FAs
0.5 g of homogenous sample of milk (1 g of homogenous 

sample of grain) was accurately weighted. Determination of 
FAs was performed according to Suter et al. (1997). In the 
case of grain the pretreatment of the samples before trans-
esterifi cation was performed as described Suter et al. (1997). 
The pretreatment included the heating in DMF: 2.5 ml of 
DMF were added and the slurry refl uxed whilst it was stir-
ring, for 15 min. Before transesterifi cation, samples were 
cooled to ambient temperature. The next steps were accom-
plished according to the above mentioned method. Each 
sample was analysed four times.

The pentane solution was used for GC-FID analysis which 
was performed with Shimadzu GC 2010 using L × I.D. 30 m × 
0.25 mm, df 0.20 μm capillary column SPB-PUFA. The injec-
tion volume was 1.0 μl with split ratio 1:100. During injection, 
the oven temperature was 50°C, then programmed at 20°C/
min to 220°C; the total GC programme took about 30 min.

Nitrogen 5.0 served as the mobile phase. Software GC 
Solution was used for data analysis. Quantitative analysis of 

FAs in samples was performed by comparison with FAME 
Mix standard. The conversion from FAMEs to fatty acids 
was performed using coeffi cient which was calculated as the 
ratio of the molecular weight of fatty acid to the molecular 
weight of fatty acid methyl ester. 

Statistical methods
The data were statistically analysed by means of the sta-

tistical programme Unistat v 5.5.05 (©Copyright 1984–2003 
UNISTAT Ltd., London, England), using analysis of vari-
ance (ANOVA). Tukey’s test at α = 0.05 was used to deter-
mine statistically signifi cant differences between means.

Results and Discussion

Fat content
The fat contents which were determined in used feed-

stuffs are presented in Table 2. As it is shown in this table, the 
content of fat in feedstuffs ranged from 1.48±0.003 g/100 g 
to 1.51±0.037 g/100 g. From this point of view there are 
no statistically signifi cant differences between the tested 
feedstuffs. It is well known (Zeman et al., 1995) that maize 
contains more fat than other two tested grains, therefore the 
amount of maize in feeding ration was lower (1.5 kg) than 
by wheat or triticale (2.0 kg). The fat content in milk samples 
is showed also in Table 2. There is a statistically signifi cant 
difference between milk fat content from group which was 
fed by maize (3.27±0.055 g/100 g) and milk fat content from 
group which was fed by wheat (3.47±0.061 g/100 g).

Table 1 
Components of feeding ration for three experimental groups (kg) and analysis of feeding ration (Pozdíšek et al., 2008)
Component of feeding ration 1

maize
(control group)

2
wheat

(tested group)

3
triticale

(tested group)
clover silage 21.3 21.3 21.3
maize silage 13.1 13.1 13.1
hay 1.0 1.0 1.0
maize silage grain 3.0 3.0 3.0
squeezing corn 3.0 3.0 3.0
feeding mixture 5.8 5.8 5.8
maize 1.5 – –
wheat – 2.0 –
triticale – – 2.0
Analysis of feeding ration
NEL/ kg of dry matter 6.524 6.512 6.491
NL % in dry matter 17.9 18.2 17.9
Fibre % in dry matter 15.96 15.74 15.72
PDIN/PDIE 1.189 1.189 1.191
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Fatty acid profi le
There were determined fi ve fatty acids in the tested feed-

stuffs (C16:0, C18:0, C18:1, C18:2 and C18:3). The content 
of these FAs is described in Table 3. The results show that 
the content of C16:0 and C18:0 did not show any difference, 
so the amount of saturated FAs is balanced in the all tested 
grains. However, there are statistically signifi cant differenc-
es in the case of unsaturated fatty acids. The highest con-
tent of C18:1 was analysed in maize (23.53±2.215%) which 
was statistically higher than in triticale (16.39±0.512%). 
Wheat contained the statistically highest amount of C18:2 
(57.48±0.952%) in comparison to maize (50.44±1.091%) 
that was also poor on C18:3 (1.94±0.277%) as compared 
with wheat (3.21±0.546%) or triticale (3.58±0.237%). 

The contents of twelve determined FAs in milk 
samples which were obtained from the three observed 
groups of dairy cows are described in Table 4. Major 
part of analysed FAs are saturated FAs. The signifi cant 

difference in content was observed by C15:0 which con-
tent was higher in milk in case of group fed by maize 
(1.81±0.04%) in comparison to milk from group fed by 
triticale (1.67±0.024%). There were found three unsatu-
rated FAs (C16:1, C18:1 and C18:2). The signifi cant dif-
ference was observed in C16:1 which content was higher 
in the case of triticale (2.18±0.026%) as compared to 
wheat (2.08±0.036%).

The FA profi le in used cereals is in agreement with re-
port by Price and Parsons, 1975 with the exception that the 
lower amount of C14:0 was determined in their work. In our 
work we have determined higher amount of C16:0 in used 
cereals in comparison to studies published by Price and Par-
sons, 1975 and Ryan et al., 2007. In case of C16:0 amount 
in wheat we gained similar results as Liu, 2011 (20.78%). 
The cereals used in our experiment showed higher amount 
of C18:0 in comparison to Price and Parsons, 1975 (corn – 
1.93%, wheat – 1.44%, triticale – 0.62%), lower amount of 
C18:0 in maize determined by Ryan et al., 2007 (1.96%) as 
well as Liu, 2011 in wheat (1.02%). Our tested grains con-
tained the similar amount of C18:1 compared with Price and 
Parsons, 1975 (corn – 23.99%, wheat – 20.38%, triticale – 
13.66%). The content of C18:2 and C18:3 acids in maize was 
determined in accordance with Ryan et al., 2007 (52.99%, 
1.62%, resp.). In case of wheat we reached lower content of 
C18:2 and C18:3 acids as reported by Liu, 2011 (57.85%, 
4.12%, resp.) as well as lower content of triticale as pub-
lished by Price and Parsons, 1975 (63.78%, 4.99%, resp.). 
The differences in content of FAs could be especially caused 
by another genotype, soil and climate conditions in which 
the grains were grown.

Table 2 
Fat content determined in feedstuff and milk samples 
(g/100 g)

1
maize

(control group)
mean ± SE

2
wheat

(tested group)
mean ± SE

3
triticale

(tested group)
mean ± SE

feedstuff 1.51 ± 0.037a 1.48 ± 0.003a 1.48 ± 0.011a

milk 3.27 ± 0.055a 3.47 ± 0.061b 3.44 ± 0.042a,b

a-b Means followed by the same letter in the row are not signifi -
cantly different (P ≤ 0.05)

SE – standard error

Table 3 
Fatty acid composition of used grains in feedstuff within the observed groups (expressed as % relative to total fatty 
acids)

1
maize

(control group)

2
wheat

(tested group)

3
triticale

(tested group)
mean ± SE mean ± SE mean ± SE

Palmitic acid 
C16:0

21.22 ± 2.411a 18.43 ± 1.435a 24.99 ± 1.752a

Stearic acid 
C18:0

2.87 ± 0.285a 2.07 ± 0.523a 2.34 ± 0.451a

Oleic acid 
C18:1

23.53 ± 2.215a 18.81 ± 2.762a,b 16.39 ± 0.512b

Linoleic acid (ω6) 
C18:2

50.44 ± 1.091a 57.48 ± 0.952b 52.69 ± 2.369a,b

Linolenic acid (ω3) 
C18:3

1.94 ± 0.277a 3.21 ± 0.546b 3.58 ± 0.237b

a-b Means followed by the same letter in the row are not signifi cantly different (P ≤ 0.05)
SE – standard error
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The fatty acids of milk fat originated from two sources. 
The 4:0 – 14:0 acids and approximately one-half of 16:0 are 
synthesized de novo in the mammary gland from short-chain 
fatty acids which come from microbial digestion of carbo-
hydrates in the rumen. The remaining 16:0 and virtually all 
of the C18 acids are derived from circulating blood lipids. 
Blood lipids may come from the diet or from fatty acids 
mobilized from triacylglycerol stores within adipose tissue 
(Grummer, 1991; Hawke and Taylor, 1995; Wijesudera et al., 
2003). Because of this thesis the lack of signifi cant dietary 
effects on 4:0 – 14:0 acids in milk fat from tested groups is 
not surprising considering fact that short-chain fatty acids 
are synthesized entirely within the mammary gland from ac-
etate and β-hydroxybutyrate (Kennelly, 1996). 

According to results of our work there were detected 
statistically signifi cant differences (P ≤ 0.05) in contents 
of C15:0 and C16:1 in milk fat. The milk from cows fed 
by triticale contained statistically lower amount of C15:0 

as compared to milk from another two groups (P ≤ 0.05). 
Conversely the amount of C16:1 in milk from cows fed by 
triticale was signifi cantly higher (P ≤ 0.05) in comparison 
to group fed by wheat. The higher amount of C16:0 was de-
tected in milk from all groups as compared with Palmquist 
et al., 1993 or Wijesudera et al., 2003. This could be caused 
by a high content of this fatty acid in used grains. However, 
the content of C18:1 and C18:2 was in milk lower than it was 
expected according to Jenkins and McGuire, 2006 who con-
veyed that grain feeding increases the proportion 18-carbon 
unsaturated fatty acids.  

Conclusion

This experiment was dealing with the comparison of 
milk which was obtained from three groups of cows which 
were fed with three different cereals (maize, wheat and triti-
cale). The study was focused on fatty acid profi le of milk fat. 

Table 4 
Fatty acid compositions of analyzed milk samples within the observed groups (expressed as % relative to total fatty 
acids)

1
maize

(control group)

2
wheat

(tested group)

3
triticale

(tested group)
mean ± SE mean ± SE mean ±SE

Butyric acid
C4:0

1.90 ± 0.124a 1.90 ± 0.077a 2.10 ± 0.077a

Caproic acid
C6:0

1.76 ± 0.114a 1.86 ± 0.084a 2.00 ± 0.077a

Caprylic acid
C8:0

1.53 ± 0.086a 1.66 ± 0.067a 1.70 ± 0.062a

Capric acid
C10:0

4.47 ± 0.196a 4.90 ± 0.166a 4.77 ± 0.144a

Lauric acid
C12:0

6.46 ± 0.206a 6.98 ± 0.168a 6.60 ± 0.129a

Myristic acid
C14:0

0.53 ± 0.013a 0.53 ± 0.012a 0.52 ± 0.010a

Pentadecylic acid
C15:0

1.81 ± 0.040a 1.78 ± 0.022a 1.67 ± 0.024b

Palmitic acid 
C16:0

44.48 ± 0.384a 44.77 ± 0.255a 44.78 ± 0.416a

Palmitoleic acid
C16:1

2.11 ± 0.028a,b 2.08 ± 0.036a 2.18 ± 0.026b

Stearic acid 
C18:0

9.24 ± 0.092a 9.26 ± 0.093a 8.99 ± 0.151a

Oleic acid 
C18:1

20.57 ± 0.262a 20.83 ± 0.343a 21.02 ± 0.311a

Linoleic acid (ω6) 
C18:2

2.50 ± 0.087a 2.52 ± 0.045a 2.55 ± 0.049a

a-b Means followed by the same letter in the row are not signifi cantly different (P ≤ 0.05).
SE – standard error
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The tested grains used in feeding rations did not infl uence 
milk fat content, however, there were shown statistically 
signifi cant differences (P ≤ 0.05) for C15:0 and C16:1 fatty 
acid contents in milk fat. The result of this investigation in-
dicated that maize (the control grain) was slightly superior to 
triticale and wheat. Simultaneously according to our results 
wheat and triticale are comparable replacements of maize. 
However, in all views it is possible to conclude that triticale 
(cultivar Kitaro) seems to be more suitable replacement of 
maize because of its higher content of C16:1 (P ≤ 0.05). Also 
the higher contents of C18:1 and C18:2 were investigated 
but these differences were statistically not signifi cant. The 
conclusion of the study is in accordance with our previous 
published works that were focusing on another indicators 
(e.g. amino acid composition – Šípalová et al., 2010, total 
milk quality – Pozdíšek et al., 2008).

Acknowledgement

This study was supported by projects NAZV QF 3133, 
MSM 7088352101, NAZV KUS QJ1510336 and MZe 
RO1415.

References 

Ashes, J. R., S. K. Gulati and T. W. Scott, 1997. Potential to alter 
the content and composition of milk fat through nutrition. J. 
Dairy Sci., 80: 2204–2212.

Chen, K. H., J. T. Huber, C. B. Theurer, R. S. Swingle, J. Simas, 
S. C. Chan, Z. Wu and J. L. Sullivan, 1994. Effect of steam 
fl aking of corn and sorghum grains on performance of lactating 
cows. J. Dairy Sci., 77: 1038–1043.

Commission Regulation (EC), 2009. Commission Regulation of 
27 January 2009 laying down the methods of sampling and 
analysis for the offi cial control of feed. Offi cial Journal, L 054 
(152): 1–130.

Crocker, L. M., E. J. DePeters, J. G. Fadel, H. Perez-Monti, 
S. J. Taylor, J. A. Wyckoff and R. A. Zinn, 1998. Infl uence 
of processed corn grain in diets of dairy cows on digestion of 
nutrients and milk composition. J. Dairy. Sci., 81: 2394–2407.

De Visser, H., P. L. van der Togt and S. Tamminga, 1990. Struc-
tural and non-structural carbohydrates in concentrate supple-
ments of silage-based dairy cow rations. 1. Feed intake and 
milk production. Neth. J. Agric. Sci., 38: 487–498.

Frelich, J., M. Šlachta, O. Hanuš, J. Špička and E. Samková, 
2009. Fatty acid composition of cow milk fat produced on low-
input mountain farms. Czech J. Anim. Sci., 54 (12): 532–539.

Frelich, J., M. Šlachta, O. Hanuš, J. Špička, E. Samková, A. 
Weglarz and P. Zapletal, 2012. Seasonal variation in fatty 
acid composition of cow milk in relation to the feeding system. 
Anim. Sci. Pap. Rep., 30 (3): 219–229.

Grummer, R. R., 1991. Effect of feed on the composition of milk 
fat. J. Dairy Sci., 74: 3244–3257.

Hawke, J. C. and M. W. Taylor, 1995. Infl uence of nutritional fac-
tors on the yield, composition and physical properties of milk 
fat. In: Advaced Dairy Chemistry, London, pp. 37–87.

Ivanova, S., D. Miteva, I. Nacheva and T. Tsvetkov, 2011. As-
sessment of the effect of the technological processing and the 
storage term on the fatty acid composition of buffalo yoghurt. 
Bulg. J. Agric. Sci., 17 (3): 269–276.

Jackson, D. A., C. L. Johnson and J. M. Forbes, 1991. The effect 
of compound composition and silage characteristics on silage 
intake, feeding behaviour, production of milk and live-weight 
change in lactating dairy cows. Anim. Prod., 52: 11–19.

Jenkins, T. C. and M. A. McGuire, 2006. Major advances in nutri-
tion: Impact on milk composition. J. Dairy Sci., 89: 1302–1310.

Jensen, R. G., 2002. The composition of bovine milk lipids: Janu-
ary 1995 to December 2000. J. Dairy Sci., 85: 295–350.

Kennelly, J. J., 1996. The fatty acid composition of milk fat as 
infl uenced by feeding oilseeds. Anim. Feed Sci. Technol., 60: 
137–152.

Khorasani, G. R., E. K. Okine, J. J. Kennelly and J. H. Helm, 
1993. Effect of whole crop cereal grain silage substituted for 
alfalfa silage on performance of lactating dairy cows. J. Dairy 
Sci., 76: 3536–3546.

Kibon, A. and W. Holmes, 1987. The effect of height of pasture 
and composition on dairy cows grazed on continously stocked 
pastures. J. Agric. Sci., 109: 293–301.

Knowlton, K. F., M. S. Allen and P. S. Erickson, 1996. Lasalocid 
and particle size of corn grain for dairy cows in early lactation. 
1. Effect on performance, serum metabolites, and nutrient di-
gestibility. J. Dairy Sci., 79: 557–564.

Liu, K., 2011. Comparison of lipid content and fatty acid composi-
tion and their distribution within seeds of 5 small grain species. 
J. Food Science., 76: C334-C342.

Lock, A. L. and D. E. Bauman, 2004. Modifying milk fat compo-
sition of dairy cows to enhance fatty acids benefi cial to human 
health. Lipids, 39: 1197–1206.

Lock, A. L. and K. J. Shingfi eld, 2004. Optimising milk composi-
tion. In: E. Kebreab, J. Mills and D. E. Beever (Eds.) UK Dairy-
ing: Using Science to Meet Consumers’ Needs, Nottingham 
University Press, Nottingham, United Kingdom, pp. 107–188.

McCartney, D. H. and A. S. Vaage, 1994. Comparative yield and 
feeding value of barley, oat and triticale silage. Can. J. Anim. 
Sci., 74: 91–96.

Nocek, J. E. and S. Tamminga, 1991. Site of digestion of starch 
in the gastrointestinal tract of dairy cows and its effect on milk 
yield and composition. J. Dairy Sci., 74: 3598–3629.

Pajor, F., O. Steiber and J. Tasi, 2012. Infl uence of extensive 
grazing on cheese composition, yield and fatty acids content of 
goats. Bulg. J. Agric. Sci., 18 (4): 487–492.

Palmquist, D. L., A. D. Beaulieu and D. M. Barbano, 1993. Feed 
and animal factors infl uencing milk fat composition. J. Dairy 
Sci., 76: 1753–1771.

Pešek, M., J. Špička and E. Samková, 2005. Comparison of fatty 
acid composition in milk fat of Czech Pied cattle and Holstein 
cattle. Czech J. Anim. Sci., 50: 122–128.

Pešek, M., J. Špička and E. Samková, 2006. Fatty acids and com-
position of their important groups in milk fat of Czech Pied 
cattle. Czech J. Anim. Sci., 51: 181–188.



292 M. Šípalová, O. Hanuš, R. Vícha, T. D. Phan, J. Pozdíšek, S. Kráčmar and P. Roubal

Plascencia, A. and R. A. Zinn, 1996. Infl uence of fl ake density on 
the feeding value of steam processed corn in diets for lactating 
cows. J. Anim. Sci., 74: 310–316.

Pozdíšek, J. and K. Vaculová, 2008. Study of wheat (Triticum 
aestivum L.) quality for feeding ruminants using in vitro and in 
vivo methods. Czech J. Anim. Sci., 53: 253–264.

Pozdíšek, J., O. Hanuš, K. Vaculová, F. Mikyska, J. Kopecký 
and R. Jedelská, 2008. Some compositional and health indica-
tors of milk quality of dairy cows with higher milk yield at in-
cluding of selected corn species into feeding ration. Acta Univ. 
Agric. et Silvic. Mendel. Brun., 56: 171–180.

Price, P. B. and J. G. Parsons, 1975. Lipids of seven cereal grains. 
J. Amer. Oil Chem. Soc., 52: 490–493.

Ryan, E., K. Galvin, T. P. O´Connor, A. R. Maguire and N. M. 
O´Brien, 2007. Phytosterol, squalene, tocopherol, content and 
fatty acid profi le of selected seeds, grains, and legumes. Plant 
Foods Hum. Nutr., 62: 85–91.

Samková, E., M. Pešek, J. Špička, T. Pelikánová and O. Hanuš, 
2009. The effect of feeding diets markedly differing in the pro-
portion of grass and maize silages on bovine milk fat composi-
tion. Czech J. Anim. Sci., 54 (3): 93–100.

Samková, E., J. Špička, M. Pešek, T. Pelikánová and O. Hanuš, 
2012. Animal factors affecting fatty acid composition of cow 
milk fat: A review. South Afr. J. Anim. Sci., 42 (2): 83–100.

Schwarz, F. J., J. Haffner and M. Kirchgessner, 1995. Supple-
mentation of zero-grazed dairy cows with molassed sugar beet 

pulp, maize or a cereal-rich concentrate. Anim. Feed Sci. Tech-
nol., 54: 237–248.

Simas, J. M., J. T. Huber, Z. Wu, K. H. Chen, S. C. Chan, C. B. 
Theurer and R. S. Swingle, 1995. Infl uence of steam-fl aked 
sorghum grain and supplemental fat on performance of dairy 
cows in early lactation. J. Dairy Sci., 78: 1526–1533.

Šípalová, M., O. Hanuš, F. Buňka, J. Pozdíšek, V. Mrkvička and 
S. Kráčmar, 2010. The effect of selected cereals contained in 
feed ration on the amino acid composition of cows’ milk. Acta 
Univ. Agric. et Silvic. Mendel. Brun., 58: 369–376.

Sloan, B. K., P. Rowhnson and D. G. Armstrong, 1987. A note 
on concentrate energy source for dairy cows in mid lactation. 
Anim. Prod., 45: 321–323.

Sutton, J. D., 1989. Altering milk-composition by feeding. J. Dairy 
Sci., 72: 2801–2814.

Valk, H., H. W. Klein Poelhuis and H. J. Wentink, 1990. Effect 
of fi brous and starchy carbohydrates in concentrates as supple-
ments in a herbage-based diet for high-yielding dairy cows. 
Neth. J. Agric. Sci., 38: 475–486.

Wijesundera, Ch., Z. Shen, W. J. Wales and D. E. Dalley, 2003. 
Effect of cereal grain and fi bre supplements on the fatty acid 
composition of milk fat of grazing dairy cows in early lactation. 
J. Dairy Res., 70: 257–265.

Zeman, L. et al., 1995. Feedstuff catalog (the tables of nutritive 
value of feedstuffs). Czech Academy of Agricultural Sciences. 
VUVZ Pohorelice, Czech Republic, ISBN 80-901598-3-4: 465.

Received April, 12, 2014; accepted for printing February, 19, 2016



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


