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The aim of the study was to assess the quality of pastures located in less-favoured areas (LFA) of
Czech Republic, to evaluate the influence of that quality on the content of fatty acids of milk in
grazing goats and in farm natural cheese made of their milk. Samples of forage were collected in
2008 and 2009, on 5 July, 9 August, 6 September and 4 October. Goat milk samples were taken on
the same days of both years and additionally on May 31. The highest content of protein and fat of
the forage dry matter and, consequently, the highest feeding value of pasture were found in July and
October. It was associated with a high content of clovers and herbs in the available herbage. During
grazing the content of saturated fatty acids (SFA) of goat milk fat continuously decreased while the
trend for the content of monounsaturated fatty acids (MUFA) was opposite. A significant increase
in herb of the total crop observed in autumn contributed to a highest content of polyunsaturated
fatty acids (PUFA) in fat of goat milk. The fatty acid profile of goat cheese was related to that of the
milk. Thus, a high content of PUFA, including CLA, observed in milk of grazing goats guarantees
that the cheese made of that milk fulfills the requirements for functional foods.
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An important part of farming in less-favoured areas (LFA) is ruminant keeping.
Sustainable pastures located in LFA offer good conditions for seasonal grazing. A
high-quality pasture should consist of 60-70% of grasses, 20-25% of clovers and
10-15% of herb species with a favourable biological effect. Especially rich in the
beneficial components are among others, Taraxacum officinale, Plantago lanceolata,
Alchemilla vulgaris, Achillea millefolium, Sanguisorba officinalis, [Cereshdkova et
al. 1999, Klimes et al. 2004, 2007, Pozdisek et al. 2004]. They are characterized
by antibacterial, astringent, mildly expectorant, haemostatic, ophthalmic, refrigerant,
anti-diarrhoea, styptic and tonic properties [Foster and Duke 1990, Phillips and Foy
1990, Chevallier 1996, Zhu et al. 1999, Mrkvicka et al. 2002, Hejduk 2007]. Some
of them are also reach in Ca, Na and Mn [Huxley 1992, Kuusela and Hytti 2001,
Mrkvicka and Vesela 2002, Skladanka 2005].

The mentioned properties result in a substantial increase of the use of herbs and
their products as medical preparations and food supplements both for animals and
for humans. Nutrients from pasture not only positively affect digestion and health
of grazing animals but are also transferred into milk. Special attention, from human
health point of view, is attributed to functional fatty acids, such as omega-3 and
conjugated linoleic acid (CLA), found in considerable amounts in pasture herbage.
The studies on the influence of botanical composition of the pasture on the quality
of milk and cheese obtained from cows are relatively numerous [e.g. Collomb et al.
2002, 2002a, Innocente et al. 2002, Leiber et al. 2005]. Also, there are quite many data
on the relationship between the type of the diet and the composition of dairy products
manufactured from milk of sheep and goats maintained under intensive conditions
and/or in southern countries [e.g. Morand-Fehr et al. 2000, Chilliard and Ferlay 2004,
Morand-Fehr 2005, Pulina et al. 2006, Mele et al. 2007, Sanz Sampelayo et al. 2007,
Eknaes et al. 2009, Goetsch et al. 2011]. However, such information regarding the
goats kept under extensive conditions, in more temperate climate, is almost lacking
[Zan et al. 2006].

Facing the above, the aim of this study was to assess the quality of pastures
located in less-favoured areas of Czech Republic and to investigate the influence of
that quality on the content of fatty acids in milk of grazing goats and in the ripened
cheese named “Farm goat natural cheese — ecological product” made of their milk.

Material and methods

The study was carried out in 2008 and 2009 on the pastures of the ecological
goat farm located in the West Bohemian region near Karlovy Vary, Czech Republic.
This region is classified as belonging to a category of less-favoured areas. The farm
is situated in the Special Bird Protection Area (Act. No. 100/2004 Coll.) in which a
specific grazing regimen was applied. The examined stands were located at an altitude
of 450 to 800 m above sea level and were not fertilized artificially. The average
temperatures and rainfalls in the area of farm location are presented in Table 1.
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Table 1. The average air temperature and rainfall in the area of goat farm location

Year Month
May June July August  September  October
Average temperature (°C)
2008 9.7 13.9 15.7 16.1 10.9 7.5
2009 11.5 143 16.4 13.8 13.7 12.9
Average rainfall (mm)
2008 65.8 134.4 85.0 53.1 523 56.1
2009 73.0 91.9 1444 124.5 63.5 78.9

Monitoring of the botanical structure of the pastures included the estimation of the
content of grasses, clovers and other plants. Samples of forage were collected from 7
plots (10 m?each) on 5 July, 9 August, 6 September and 4 October, in both years of
study. They were dried at the room temperature to a constant weight and then ground
in a laboratory cutting mill SM 100 (RETSCH). Aliquots of the dried samples were
ashed at 550°C. The samples collected at the same date were mixed together. Cell
wall constituents (crude fibre, NDF, ADF, ADL) were analysed in ANKOM fibre bag
analyser. Dry matter, protein and fat content were determined by Weende analysis
with a default laboratory procedure. Feeding value (in scale from 0 to 5) was evaluated
following the method described by Klimes [1997, 2004].

The pastures were grazed by a flock of goats in 2-4 lactation stage. Samples of
milk were collected on 31 May, 5 July, 9 August, 6 September and 4 October in both
years of study. The analyses of milk composition, including fatty acid content, were
performed in accordance with the ISO standards. Fatty acids were determined by a gas-
chromatography (GLC) using an apparatus Varian 3800 (VARIAN TECHTRON, USA).
Milk fat was extracted with petroleum ether from freeze-dried milk samples. Fatty
acids of isolated fat were re-esterified to their methyl esters by methanolic solution of
potassium hydroxide. The identification of fatty acid methyl esters was carried out using
the analytical standards (SUPELCO, USA) and acetonitrile chemical ionization mass
spectrometry (VARIAN MS 4000 detector). The collected milk was used to produce the
ripened cheese named “Farm goat natural cheese — ecological product”. After 14 days
from manufacturing cheese samples were analysed for the fatty acid profile.

Statistical analysis of two years average results included estimation of means,
standard errors and standard deviations as well as performing t-tests and Friedman
ANOVA-tests by means of STATISTICA package [StatSoft CR s r.0., 2008].

Results and discussion
Botanical and nutrient composition of pasture

Characteristics of botanical composition of the stands in days of sample collection
is presented in Figure 1. In July proportion of herbs and clovers to grasses was almost
equal and in October even higher. The highest share of herbs alone was found in
October and then in July. In August and in September almost no clover was observed.
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Fig. 1. Botanical composition of the pasture stand on the day of sample collection.
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Fig. 2. Feeding value of the pasture stand on the day of sample collection.

Table 2. Chemical composition of forage samples (g/100g DM)

Year  Quality  Ash Fat CP CF NDF ADF ADL OM NFEC
2008  poor 6.98 1.27 7.36 2790 6553 35.65 2.74 87.26  50.73
2009  good 7.71 1.83 9.46 2230 5046 3092 3.35 86.59  53.00

DM - dry matter, CP — crude protein, CF — crude fibre, NDF — neutral detergent fibre, ADF — acid detergent
fibre, ADL — acid detergent lignin, OM — organic matter, NFEC — nitrogen free extractive.

The share of herbs and clovers was closely related to the feeding value of the pasture
which was the highest in July and October and the lowest in August (Fig. 2).

The grazed forage was analysed also for nutrient composition and digestibility.
Higher content of crude protein (CP) and lower content of crude fibre, NDF and ADF
in forage dry matter, found in 2009 year (Tab. 2), corresponded to higher digestibility
of organic matter as well as higher rumen degradability of crude protein (CP) (Tab. 3).
Better quality of forage obtained in 2009, compared to 2008, most probably resulted
from more advantageous weather conditions — higher air temperature and higher
rainfall (Tab. 1).

The highest values of CP content in pasture dry matter were found in July and
in October (Fig. 3). The latter significantly exceeded the previous measurements.
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Table 3. Average forage yield, organic matter digestibility (OMD)
and rumen crude protein degradability (CPD)

Year  Forage yield (t/ha) OMD (%) CPD (%)
2008 3.05 71 65
2009 3.35 85 68

It was probably caused by a recent re-growth of pasture. The content of CP in
pasture dry matter was associated with the proportion of clovers and herbs and the
feeding value of the stand (Fig. 1 and 2). Fat content in forage dry matter of (Fig. 4)
roughly corresponded to the total proportion of herbs and clovers (Fig. 1) and to the
feeding value of the stand (Fig. 2). As can be seen from Figure 5, fibre constituted
approximately 30% of the absolute dry matter during the almost whole period studied.

Crude protein content of absolute dry matter
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5.7 9.8 6.9 4.10

Date of milk collection

Fig. 3. Crude protein content of pasture crops on the day of sample collection.

Fat content of absolute dry matter
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5.7 98 6.9 410
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Fig. 4. Fat content of pasture crops on the day of sample collection.

Only in October this value was noticeably lower. This can be explained by the fact that
in October the monitored goats grazed the pasture recently overgrown after mowing.
Until then the goats grazed only on the poor quality vegetation areas that could not be
harvested by a tractor-operated mower.
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Fibre content of absolute dry matter
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Fig. 5. Fibre content of pasture crops on the day of sample collection.

Milk yield and milk fat content

Anoticeable decrease of the average daily milk yield observed during grazing should
be related mainly to the progress of lactation (Fig. 13). The lowest daily milk yield found
in October was accompanied by a high fat content both in milk fat and in pasture dry
matter as well as by a high feeding value of the pasture stand (Fig. 6, 4 and 2). Similarly,
Strzatkowska et al. [2009, 2010] reported an increased milk fat content at the final stage
of goat lactation. The highest and the lowest milk fat content observed, respectively, in
July and August, was associated with the highest and the lowest fat content in pasture
dry matter and the highest and the lowest feeding value of the stand, respectively. Sanz
Sampelayo et al. [2007] indicated that fat contained in goats’ feed affected the quantity
and composition of milk fat more than of other feed components. So, the increased
milk fat content in autumn, found in the present study, resulted probably partly from
the higher fat content in pasture forage and from the increased milk solids at the end of
lactation, as well. The changes in milk composition, observed at this time, could also be
attributed to a lower air temperature and a shorter day.

Correlation analysis y=-0.0102x + 0.1563 R2=10.9697
14%

13%

12%

Content of MCFA
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2 3 4

Feeding value

m

Fig. 6. Correlation between feeding value of the pasture stand and the content of medium-chain fatty acids
(MCFA) in goat milk fat.
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Fatty acids profile

The botanical and chemical composition of pasture herbage and the stage of
lactation of the studied goats affected not only total milk fat content and but also the
content of particular milk fatty acids. For example, the highest content of medium-
chain fatty acids (MCFA) of milk was associated with the highest feeding value of the
stand (Fig. 6) and with the highest CP and fat content in pasture crops, found in July
and in October (Fig. 3 and 4). Similar reports on the effect of the increased fat content
of goat diet on the content of milk fatty acids were found in the papers by Chilliard
and Ferlay [2004], Sanz Sampelayo et al. [2007] and J6zwik et al. [2010].

Saturated fatty acids (SFA)

The content of SFA of goat milk fat decreased noticeably after moving from winter
feed to fresh forage and then a continuous decline during grazing was observed (Fig.
7). The highest difference was found between May and August; afterwards a decline
remained rather moderate. Generally, the content of SFA decreased in the studied
period by more than 7.5% of total milk fat. Statistical differences in the content of SFA

of milk fat at the days of sample collection are presented in Table 4. It can be seen that
72 T T T
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Fig. 7. Saturated fatty acid (SFA) content of goat milk fat on the day of sample collection.

Table 4. Results of Friedman ANOVA-test for saturated fatty acid (SFA) content of
goat milk fat

Date of ‘Di_fferences of rank sums Crit_ical value of
collection Rank sum (significant values are bolded) Friedman test
31.5. 5.7, 9.8. 6.9. 4.10. (0=0.05)
31.5. 61 0 5 25 36 44
5.7. 56 5 0 20 31 39
9.8. 36 25 20 0 11 19 22.0
6.9. 25 36 31 11 0 8
4.10. 17 44 39 19 8 0
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each value differed significantly from all others, except for the preceding and the next
ones. The only exception is the measurement made in August, which failed to prove
a difference against measurement made in October because towards the end of the
grazing season (last three measurements) a decrease of SFA content was diminished.
The decrease of SFA content found from May to October could result jointly from
the changes in forage composition and from the progress of lactation. The effect of
lactation stage on the concentration of fatty acids in goat milk was observed also by
Strzatkowska et al. [2009, 2010].

Monounsaturated fatty acids (MUFA)

Contrary to SFA, the content of MUFA in goat milk fat increased significantly from
May to September (Fig. 8). Then a slight decline in October was observed. The increase
of MUFA content amounted to almost 7% of the total milk fat, which was comparable
to the decrease of SFA content. The statistically significant differences between the
measurements of MUFA content of milk fat at the days of sample collection, presented
in Table 5, were considerably similar to those obtained for SFA (Tab. 4).

36

34 r
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26
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315 57 a8 69 4.10 O meantSE

Date of collection mean+SD

Fig. 8. Monounsaturated fatty acid (MUFA) content of goat milk fat on the day of sample collection.

Table 5. Results of Friedman ANOVA-test for monounsaturated fatty acid (MUFA)
content of goat milk fat

Date of .Di'fferences of rank sums Crit'ical value of
collection Rank sum (significant values are bolded) Friedman test
31.5.  5.7. 9.8. 6.9. 4.10. (0=0.05)

31.5. 15 0 10 28 42 40

5.7. 25 10 0 18 32 30

9.8. 43 28 18 0 14 12 22.0

6.9. 57 42 32 14 0 2

4.10. 55 40 30 12 2 0
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Polyunsaturated fatty acids (PUFA)

There was no continuous trend in the content of PUFA (including CLA) in goat
milk fat in the studied months (Fig. 9 and 10). After moving from winter feeding
to pasture, the level of PUFA (including CLA) slightly decreased. Their noticeable
increase observed in October corresponded with only slight increase of fat content of
pasture crops (Fig. 4). The total PUFA and CLA contents recorded in October were
significantly higher from all other measurements except for total PUFA in August and
CLA in September (Tab. 6 and 7). The obtained results are in accordance with the
findings of Strzalkowska et al. [2009] who observed a significant increase of PUFA
content towards the end of lactation.

6,0

58
58
5.4
52
5.0
48
48
44

% of fat

a3z
a0
a8
as
.4
3.2

o 315 57 08 8.9 4.10 = mean
- - ' : - O mean+SE
Date of collection T meantSD

Fig. 9. Polyunsaturated fatty acid (PUFA) content of goat milk fat on the day of sample collection.

Table 6. Results of Friedman ANOV A-test for polyunsaturated fatty acid (PUFA)
content of goat milk fat

Date of .Di'fferences of rank sums Crit‘ical value of
collection Rank sum (significant values are bolded) Friedman test
31.5. 5.7 9.8. 6.9. 4.10. (0=0.05)

31.5. 33 0 10 9 2 29

5.7. 23 10 0 19 12 39

9.8. 42 9 19 0 7 20 22.0

6.9. 35 2 12 7 0 27

4.10. 62 29 39 20 27 0

Ratio of n-3/n-6 PUFA

PUFA belong to fatty acids of a favourable effect on human health, however, a
proper ratio of n-3/n-6 acid groups should be maintained, with the maximum value
being 1/5 [Samkova ef al. 2008]. As can be seen from Figure 11, the ratio of n-3/n-6
PUFA in milk fat of the monitored goats increased after moving from winter feeding
to pasture and this trend was generally maintained until September with the only
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Fig. 10. Conjugated linoleic acid (CLA) content of goat milk fat on the day of sample collection.

Table 7. Results of Friedman ANOVA-test for conjugated linoleic acid (CLA) content
of goat milk fat

Date of _Differences of rank sums Crit'ical value of

collection Rank sum (significant values are bolded) Friedman test
31.5. 5.7. 9.8. 6.9. 4.10. (0=0.05)

31.5. 36 0o 18 1 5 29

5.7. 18 18 0 17 23 47

9.8. 35 1 17 0 6 30 22.0

6.9. 41 5 23 6 0 24

4.10. 65 29 47 30 24 0

Table 8. Results of Friedman ANOV A-test for the ratio of n-3/n-6 polyunsaturated fatty
acids (PUFA) of goat milk fat

Date of .Di.fferences of rank sums Crit.ical value of
collection Rank sum (significant values are bolded) Friedman test
31.5. 57.  9.8. 69. 4.10. (0=0.05)

31.5. 31 0 15 11 28 14

5.7. 46 15 0 4 13 29

9.8. 42 11 4 0 17 25 22.0

6.9. 59 28 13 17 0 42

4.10. 17 14 29 25 42 0

exception in August when the ratio slightly decreased. A marked decline was observed
in October and this lowest value significantly differed from all other measurements
besides the value for May (Tab. 8). The highest n-3/n-6 PUFA ratio recorded in
September was significantly different from the ratios found in May and in October.
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Fig. 11. Ratio of n-3/n-6 polyunsaturated fatty acids (PUFA) of goat milk fat on the day of sample
collection.

Transfer of fatty acids from milk to cheese

Cheese produced from goat milk had very similar profile of fatty acids as milk. The
significant differences in fatty acid content between milk fat and cheese fat occured
only for PUFA (including CLA) in August (Tab. 9). In this month the content of PUFA
in cheese fat was almost 0.6% lower than in milk fat (Fig. 12) but it probably resulted
from the inoculation with the inappropriate starter cultures. Another factor influencing
the differences could be the unstable conditions of cheese ripening. The obtained
results are consistent with the relatively numerical studies indicating that fatty acid
profiles of small ruminant cheeses are directly related to these of milk [Martin Alonso
et al. 2000, Chilliard and Ferlay 2004, Ferlay et al. 2005, Pizzillo et al. 2005, Chilliard
et al. 2006, Lucas et al. 2006, Raynal-Ljutovac et al. 2008]. Morand-Fehr et al. [2000]
reported that the composition of goat milk and goat cheese reflected to some extent
the composition of fat in the goat diet despite the processes of hydrogenation and
isomerisation to which the fatty acids may be subjected in the rumen. Lucas et al.
[2008], while characterising the composition of “Rocamadour”, goat farm cheese,
found that its fatty acid profile was more affected by the nature of the concentrates and
the lactation stage of the herd than by the basic feed ration.

Table 9. Results of t-test for differences in fatty acid content between goat milk fat and

cheese fat
Date of Saturated Monounsaturated ~ Polyunsaturated Conjugated
collection fatty acids fatty acids fatty acids linoleic acid
315 0.14 0.18 0.54 0.29
5.7 0.92 0.89 0.89 0.80
9.8 0.05 0.26 0.01 0.01
6.9 0.11 0.22 0.23 0.20
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Fig. 12. Comparison of the content of polyunsaturated fatty acids (PUFA) of goat milk fat and cheese
fat.
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Fig. 13. Average goat milk yield on the day of sample collection.

Summarising, the botanical composition of the pasture, especially the proportion
of herbs and clovers significantly influenced the feeding value and the content of
protein and fat in forage dry matter which were the highest in July and October and
the lowest in August. It was found that during grazing the content of SFA in goat milk
fat continuously decreased. Opposite trend was recorded for MUFA. A significant
increase of herb proportion in the total cover observed in autumn contributed to
a highest content of PUFA (including CLA) in milk fat. However, this favourable
increase of PUFA content at the end of grazing should also be related to the changes
in milk fat composition during the progress of lactation.

The contents of fatty acids in goat milk fat and in farm goat natural cheese fat
were generally similar which indicates that cheese-making process did not modify the
fatty acid profile. Due to the confirmed transfer of fatty acids from goat milk to cheese
a special attention should be paid to the quality of milk used in cheese-making. Thus,
the high content of PUFA, including CLA, observed in milk of grazing goats provides
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a high content of these fatty acids in cheese made from this milk which guarantees
fulfilling the requirements for functional foods.

10.

11.
. HUXLEY A., 1992 — The New RHS Dictionary of Gardening. MacMillan Press ISBN: 0-333-47494-

13.

14.

15.

16.

REFERENCES

CERESNAKOVA Z., ZITNAN R., SOMMER A., SZAKACS J., CHRENKOVA M., 1999 —
Degradability of nutrients of pasture herbage in rumen of heifers. Slovak Journal of Animal Science
32, 169-174.

CHEVALLIER A., 1996 — The Encyclopaedia of Medicinal Plants Dorling Kindersley. London.
ISBN: 9-780751-303148.

CHILLIARD Y., FERLAY A., 2004 — Dietary lipids and forages interactions on cow and goat milk
fatty acid composition and sensory properties. Reproduction, Nutrition, Development 44, 467-492.
CHILLIARD Y., ROUEL J., FERLAY A., BERNARD L., GABORIT P., RAYNAL-LJUTOVAC
K., LAURET A., LEROUX C., 2006 — Optimising goat’s milk and cheese fatty acid composition.
In: Williams, C., Buttriss, J. (Eds.), Improving the Fat Content of Foods. Woodhead Publishing Ltd,
Cambridge, UK.

COLLOMB M., BUTIKOFER U., SIEBER R., JEANGROS B., BOSSET J-O., 2002 — Composition
of fatty acids in cow’s milk fat produced in the lowlands, mountains and highlands of Switzerland
using high-resolution gas chromatography. International Dairy Journal 12 (8), 649-659.
COLLOMB M., BUTIKOFER U., SIEBER R., JEANGROS B., BOSSET J-O., 2002a — Correlation
between fatty acids in cows’ milk fat produced in the lowlands, mountains and highlands of
Switzerland and botanical composition of the fodder. International Dairy Journal 12 (8), 661-666.
EKNAES M., HAVREVOLL (., VOLDEN H., HOVE K., 2009 — Fat content, fatty acid profile and
off-flavours in goats milk — effects of feed concentrates with different fat sources during the grazing
season. Animal Feed Science and Technology 152, 112-122.

FERLAY A., GABORIT P., RAYNAL-LJUTOVAC K., ROUEL J., LAURET A., CHILLIARD Y.,
2005 — Effets de différentes technologies de fabrication sur la composition en acides gras d’intéret
nutritionnel de fromages caprins. Rencontre Recherche Ruminants 12, 415.

FOSTER S., DUKE J.A., 1990 — A Field Guide to Medicinal Plants. Eastern and Central N. America.
Houghton Mifflin Co. ISBN: 0395467225.

GOETSCH A. L., ZENG S.S., GIPSON T.A., 2011 — Factors affecting goat milk production and
quality. Small Ruminant Research 101, 55-63.

HEJDUK S., 2007 — Fodder quality at extensive grazed pastures. Na§ Chov 3, 102-106, In Czech.

5

INNOCENTE N., PRATURLON, D., CORRADINI C., 2002 — Fatty acid profile of cheese produced
with milk from cows grazing on mountain pastures. Italian Journal of Food Science 14 (3), 217-
224.

JOZWIK A., STRZALKOWSKA N., BAGNICKA E., LAGODZINSKI Z. PYZEL B,
CHYLINSKI W., CZAJKOWSKA A., GRZYBEK W., SLONIEWSKA D., KRZYZEWSKI J.,
HORBANCZUK J.0., 2010 — The effect of feeding linseed cake on milk yield and milk fatty acid
profile in goats. Animal Science Papers and Reports 28, 3, 245-251.

KLIMES F., 2004 — Grassland science: Biodiagnostics and special pratoengineering. University of
South Bohemia, Faculty of Agriculture. In Czech. ISBN 80-7040-738-7.

KLIMES F., 1997 — Grassland science: Grassland ecology. University of South Bohemia, Faculty of
Agriculture. In Czech.

343



B. Cermdk et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.
30.
3L
32.

33.

344

KLIMES F, KOLAR L., KVET J., OPITZ von BOBERFELD W., LASER H., 2007 —
Methodological aspects in the study of species richness diversity and homotony of grass clover.
Plant, Soil and Environment 53, 33-41.

KLIMES F., STRELECEK F., CERMAK B., HRABE F., TESTER M., 2004 — Methodological
aspects in the study of species richness and diversity in species grasslands. Collection of Scientific
Papers, Fac. Agric., Ceské Budgjovice, ser. Crop Sci. 18, 91-98.

KUUSELA E., HYTTI N., 2001 — Effect of dicot weeds on nutritive value of pasture herbage in
organic farming. In: Proceedings of the International Occasional Symposium ,,Grassland Science in
Europe”, vol. 6., 110-112.

KRAL V., 2010 — Influence of goat feed intake on milk composition. Diploma thesis, ZFJU in Ceske
Budé¢jovice. In Czech.

LEIBER F., NIGG D., KUNZ C., SCHEEDER M. R. L, WETTSTEIN H.-R., KREUZER M., 2005
— Protein composition, plasmin activity and cheese making properties of cows’ milk produced at two
altitudes from hay of lowland and high-alpine origins. Journal of Dairy Research 72 (1), 65-74.
LUCAS A., COULON J. B.,, AGABRIEL C., CHILLIARD Y., ROCK E., 2008 — Relationships
between the conditions of goat’s milk production and the contents of some components of nutritional
interest in Rocamadour cheese. Small Ruminants Research 74, 91-106.

LUCAS A., ROCK E., CHAMBA J. F., VERDIER-METZ 1., BRACHET P., COULON J. B., 2006
— Respective effects of milk composition and the cheese-making process on cheese compositional
variability in components of nutritional interest. Lait 86, 21-41.

MARTIN ALONSO J. J., MORON D., GIL EXTREMERA F., SANZ SAMPELAYO M. R., BOZA
J., 2000 — Composition de la maticre grasse d’un fromage de chévre comparée f celle du lait original.
In: Proceeding of 7th Int. Conf. on Goats, Tours, France, 15-18 May, Tome 2, 616.

MELE M., MACCIOTTA N. P. P., SERRA A., POLLICARDO A., SECCHIARI P., 2007 - Fatty
acid composition of milk and cheese from sheep fed rough or cultivated pasture. In: Proceedings of
the 5th International Symposium on the Challenge to Sheep and Goats Milk Sectors, Alghero, Italy.
International Dairy Federation, Brussels.

MORAND-FEHR P., 2005 — Recent developments in goat nutrition and application: A review. Small
Ruminant Research 60, 25-43.

MORAND-FEHR P., SANZ SAMPELAYO M. R., FEDELE Y. V., LE FRILEUX Y., EKNAES M.,
SCHMIDELY Ph., GIGER REVERDING S., BAS P., RUBINO R., HAVREVOLL (ﬁ., SAUVANT
D., 2000 — Effect of feeding on the quality of goat milk and cheeses. In: Proceedings of 7th Int. Conf.
on Goats, Tours, France, 15-18 May, Tome 1, 53-58.

MRKVICKA J., DVORSKA I., VESELA M., 2002 — Pasture in organic farming. In Czech. Praha.
ISBN: 80-7271-118-0.

MRKVICKA J., VESELA M., 2002 — Influence of fertilization rates on species composition, quality
and yields of the meadow fodder. Rostlinna Vyroba 11, 494-498.

PHILLIPS R., FOY N., 1990 — Herbs Pan Books Ltd. London. ISBN: 0-330-30725-8.

PIZZILLO M., CLAPS S., CIFUNI G.F.,, FEDELA V., RUBINO R., 2005 — Effect of goat breed on
the sensory, chemical and nutritional characteristics of Ricotta cheese. Livestock Production Science
94, (1-2), 33-40.

POZDISEK, J., KOHOUTEK, A., BJELKA, M., NERUSIL, P, 2004 — The use of grasslands in
suckler cattle breeding. In Czech, Zemédélské informace 2, UZPI Praha.

PULINA G., NUDDAA., BATTACONE G., CANNAS A., 2006 — Effects of nutrition on the contents
of fat, protein, somatic cells, aromatic compounds, and undesirable substances in sheep milk. Animal
Feed Science and Technology 131, 255-291.



Goat pasture on LFA and its effect on fatty acid content of milk and cheese

34.

35.

36.

37.

38.
39.

40.

41.

42.

RAYNAL-LJUTOVAC K. , LAGRIFFOUL G., PACCARD P., GUILLET I., CHILLIARD Y., 2008
— Composition of goat and sheep milk products: an update. Small Ruminant Research 79, 57-72.
SAMKOVA E., PESEK M., SPICKA J., 2008 — Factors affecting the level of fatty acids in cows’
milk. In Czech, JihoGeské Univerzita in Ceske Budgjovice, ISBN 978-80-7394-104-8.

SANZ SAMPELAYO M.R., CHILLIARD Y., SCHMIDELY Ph., BOZA J., 2007 — Influence of type
of diet on the fat constituents of goat and sheep milk. Small Ruminant Research 68, 1-2, 42-63.
SKLADANKA J., 2005 - Pasture and meadow as a source of feed. In Czech. Agromagazin 4, 10-
12.

StatSoft CR s r.o0., 2008. STATISTICA, version 8.0. www.statsoft.cz.

STRZALKOWSKA N., JOZWIK A., BAGNICKA E., KRZYZEWSKI J., HORBANCZUK K.,
PYZEL B., HORBANCZUK J.0., 2009 — Chemical composition, physical traits and fatty acid
profile of goat milk as related to the stage of lactation. Animal Science Papers and Reports 27 (4),
311-320.

STRZALKOWSKA N., JOZWIK A., BAGNICKA E., KRZYZEWSKI J., HORBANCZUK K.,
PYZEL B., SLONIEWSKA D., HORBANCZUK J.0., 2010 — The concentration of free fatty acids
in goat milk as related to the stage of lactation, age and somatic cell count. Animal Science Papers
and Reports 28 (4), 389-395.

ZAN M., STIBILJ V., ROGELIJ I., 2006 — Milk fatty acid composition of goats grazing on alpine
pasture. Small Ruminant Research 64, 45-52.

ZHU M., WONG PRUDENCE Y. K, LI RONALD C., 1999 — Influence of Sanguisorba officinalis, a
mineral-rich plant drug, on the pharmacokinetics of ciprofloxacin in the rat. The Chinese University
of Hong Kong. Journal of Antimicrobial Chemotherapy 44, 125-128.

345






