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Project title, English (200 characters at the most)
Potential improvement of the salutary effect of organic dairy milk by forage species and by supplementation

Projektbeskrivning svenska(hégst 1500 tecken inklusive mellanslag)
Dairy milk and milk products have been challenged due to their relatively high concentration of saturated fatty acids
(SFA) and, therefore, are considered to be associated with cardio-vascular disease and cancer. However, recent
research has revealed a number of ingredients in milk that may be salutary. Among these bioactive components are
phytoestrogens (e.g. lignans and isoflavenoids), fatty acids (FA, e.g. c9t11 C18:2 (CLA)), vitamins (e.g. vitamin A and
E), and endogenous hormones and growth factors (e.g. estradiol, IGF-1 and TGF-a). Due to a higher proportion of
forage in the ration, with high proportion of legumes and other herbs, organic milk quality is more and differently affected
by the forage than conventionally produced milk that often is based on grass silage. There is limited knowledge
regarding chemical and sensory characteristics of organic dairy milk internationally that has focused on organic
grassland management and the milk salutary properties. The objective of proposed project is to: - investigate how
different forage species affect the fatty acid composition and the content of bioactive components such as tocopherols,
carotenoids, selenium (Se) and phytoestrogenes of organic dairy milk. - investigate the biological activity of the
collected dairy milk samples from the Nordic countries on normal and cancer cells.
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Projektbeskrivning engelska (hogst 1500 tecken inklusive mellanslag)
Dairy milk and milk products have been challenged due to their relatively high concentration of saturated fatty acids
(SFA) and, therefore, are considered to be associated with cardio-vascular disease and cancer. However, recent
research has revealed a number of ingredients in milk that may be salutary. Among these bioactive components are
phytoestrogens (e.g. lignans and isoflavenoids), fatty acids (FA, e.g. c9t11 C18:2 (CLA)), vitamins (e.g. vitamin A and
E), and endogenous hormones and growth factors (e.g. estradiol, IGF-1 and TGF-4). Due to a higher proportion of
forage in the ration, with high proportion of legumes and other herbs, organic milk quality is more and differently affected
by the forage than conventionally produced milk that often is based on grass silage. There is limited knowledge
regarding chemical and sensory characteristics of organic dairy milk internationally that has focused on organic
grassland management and the milk salutary properties. The objective of proposed project is to: - investigate how
different forage species affect the fatty acid composition and the content of bioactive components such as tocopherols,
carotenoids, selenium (Se) and phytoestrogenes of organic dairy milk. - investigate the biological activity of the
collected dairy milk samples from the Nordic countries on normal and cancer cells.
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(- The project will give increased knowledge about the nutritional and salutary quality of organic milk. The proposal specially\
meets the request in the thematic area fiQulity of organic food CE heath and safetyfl in the pilot call for proposal and
particularly the sub theme: fiOrganic farming practices and their impacts on food quality, health and safetyfl.

The project will also give increased knowledge of the relationship between production system and environmental condition
and milk properties, which might serve as a basis for both farming management as well as human dietary
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Dairy milk and milk products have been challenged due to their relatively high concentration of saturated fatty acids (SFA) and,
therefore, are considered to be associated with cardio-vascular disease and cancer. However, recent research has revealed a number
of ingredients in milk that may be salutary. Among these bioactive components are phytoestrogens (e.g. lignans and isoflavenoids),
fatty acids (FA, e.g. c9t11 C18:2 (CLA)), vitamins (e.g. vitamin A and E), and endogenous hormones. Due to a higher proportion of
forage in the ration, with high proportion of legumes and other herbs, organic milk quality is more and differently affected by the forage
than conventionally produced milk that often is based on grass silage. There is limited knowledge regarding chemical and sensory
characteristics of organic dairy milk internationally that has focused on organic grassland management and the milk salutary
properties.

The objective of proposed project is to: - investigate how different forage species affect the fatty acid composition and the content of
bioactive components such as tocopherols, carotenoids, selenium (Se) and phytoestrogenes of organic dairy milk. - investigate the
biological activity of the collected dairy milk samples from the Nordic countries on normal and cancer cells.
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Potential improvement of the salutary effect of organic dairy milk by forage species and by
supplementation

The objective of the proposed project is to:

- investigate how different forage species affect the fatty acid composition and the content of
bioactive components such as tocopherols, carotenoids, selenium (Se) and phytoestrogens of organic
dairy milk

- investigate the biological activity of the collected dairy milk samples from the Nordic countries on
normal and cancer cells.

State of the art
General. Dairy milk and milk products have been challenged due to their relatively high

concentration of saturated fatty acids (SFA) and, therefore, are considered to be associated with

cardio-vascular disease (Pedersen et al., 2004) and cancer. Nordic Council of Ministers (2004) states
that the relatively high fat content in the diets in the Nordic countries may have contributed to the high
prevalence of cardiovascular diseases, certain types of cancer, obesity and gallstones. However, recent
research has revealed a number of ingredients in milk that may be salutary. Among these bioactive
components are phytoestrogens (e.g. lignans and isoflavenoids), fatty acids (FA, e.g. ¢9r11 C18:2

(CLA)), vitamins (e.g. vitamin A and E), and endogenous hormones and growth factors (e.g. estradiol,

IGF-I and TGF-B) (Kris-Etherton et al., 1999; Parodi, 1999; Williams, 2000; Larsson et al., 2005). The

nutritionists focus also on the dietary balance between n-6 and n-3 polyunsaturated (PUFA), and that

the n-6/n-3 ratio is too high in Western diets (Simopoulos, 2002). It would therefore be beneficial to
enhance the proportion of n-3 FA in milk fat as a mechanism for enhancing PUFA intake in the diet.

Organic milk Legumes play an essential role in organic forage production. Legumes are the main
input of nitrogen to the farming systems, provide high dry matter yields with high nutritive quality and
are therefore important for the productivity of the farming system (Steinshamn, 2001). However,
organic grasslands due to low nutrient input and the avoidance of herbicide may also contain high
proportion of unsown species, particularly herbs in long term swards (Govasmark et al., 2005a). Due
to a higher proportion of forage in the ration, with high proportion of legumes and other herbs, organic
milk quality is more and differently affected by the forage than conventionally produced milk based
on grass silage. There is limited knowledge regarding chemical and sensory characteristics of organic
dairy milk internationally. In general, only small differences have been found between organic and
conventional dairy milk gross composition, fatty acids, iodine, and B-carotene (Toledo et al.,
2002;Toledo & Andren, 2003;Nicholas et al., 2004). Others have found higher content of some few or
several parameters like protein, vitamin C, C18:3n-3, t11C18:1 (TVA) and CLA, tocopherol and
carotene in organic milk and dairy foods (Lund, 1991;Jahreis et al., 1996;Bergamo et al., 2003;Nielsen
& Lund-Nielsen, 2004; Ellis et al., 2006). Recent studies in Denmark show that the content of both FA
composition and phytoestrogens in bovine milk is markedly affected by the diet of the animals, and
milk from cows fed grass silage contains a significantly higher concentration of alpha-tocopherols,
carotenoids and unsaturated fatty acids, than milk from cows fed maize silage (Sejrsen et al. 2001;
Weisbjerg et al. 2001; Purup et al 2002; Purup et al. 2004; Nielsen et al. 2004; Purup et al. 2005;
Purup et al. 2007). However, to our knowledge very few studies have focused on organic grassland
management and the milk salutary properties. As there are and will be limitations to supplementation
in organic milk production, dietary factors related to the roughage are likely of vital importance.

Milk fatty acid composition affected by grassland botanical composition. Milk fat and the fatty acid
composition is influenced by several factors, such as feeding of grazed vs. conserved forages, plant
species and varieties (Palmquist et al., 1993 , Chilliard et al., 2000, Dewhurst et al., 2006, Elgersma et
al., 2006a ). Grassland species contain high proportion of PUFA in their lipids, especially C18:3n-3
(Hawke, 1973). In the rumen, extensive biohydrogenation results in extensive loss of PUFA, yielding
SFA, which together with de novo synthesis of SFA results in a high proportion of SFAs in ruminant
products (Chilliard et al., 2000). However, some PUFA passes to the duodenum and some beneficial
intermediates (CLA and t11C18:1(TVA)) of the hydrogenation pathway may also escape further
hydrogenation and may be absorbed, desaturated in the mammary gland (TVA) and excreted in milk
(Griinari et al., 2000). Several factors affect the content of C18:3n-3 in the forage, such as species,
variety, phenology, nutrient supply and weather (Dewhurst et al., 2001; Boufaied et al., 2003).
Preservation, such as silage and hay making, reduces the concentration considerably, and the content



declines with advancing maturity of the plants (Dewhurst & King, 1998; Dewhurst et al., 2001).
Therefore, it is generally found that milk produced on pasture has a higher content of C18:3n-3 and
CLA than milk produced on conserved forage (Chilliard et al., 2000; Dewhurst et al., 2003b;Lock &
Garnsworthy, 2003;Elgersma et al., 2006b). Increased concentrate to forage ratio usually decreases the
content of C18:3n-3 and CLA in milk (Dewhurst ef al. 2003a; Steinshamn et al. 2006), and milk fat
content of CLA and C18-3n-3 decreases with maturity of the plants during grazing (Ferlay et al.,
2002).

Higher content of CLA and PUFA has been found in milk produced by cows grazing on botanical
diverse pasture in the highlands than on grass-based pastures in the Alp lowlands (Collomb et al.,
2001), and the milk FA composition was correlated with pasture plant families or species (Collomb et
al., 2002). Grazing birdsfoot trefoil (Lotus corniculatus) resulted in increased concentrations of
C18:2n-6 and C18:3n-3, and decreased concentrations of c9C18:1, CLA and TV A in milk compared
to grazing ryegrass (Turner et al., 2005). Effect of plant species on milk FA composition is also found
on silage based rations. It has been found higher content of PUFA, C18:3n-3 and n-3/n-6 FA ratio on
clover than on grass silage and higher on red clover (Trifolium pratense) than on white clover
(Trifolium repens) silage (Dewhurst et al. 2003; Steinshamn et al. 2006). The botanical effect is not
necessarily directly linked to the plants’ content or animals’ intake of C18:3n-3. Lourenco ef al.
(2005) found similar C18:3n-3 content and higher CLA content in milk fat from feeding silages
prepared from species-rich semi-natural than from intensively managed grasslands despite reduced
dietary supply of C18:3n-3, and a sharp increase in milk C18:3n-3 content has been found when
moving dairy cows from lowland pasture to highland pasture without any increase in the intake of
C18:3-n3 (Leiber et al., 2005). Thus, the botanical effect may be due to differences in the supply of
precursor FA, higher rumen outflow rates of FA or the presence of inhibitory compounds. It is
hypothesized that the reduced biohydrogenation for some forages may be due to effects of specific
metabolites (e.g. polyphenol oxidase and tannins) on lypolysis, microbial biohydrogenation activity, or
both (Lee et al., 2003; Leiber et al., 2005; Turner et al., 2005).

Milk vitamin content and oxidative stability. Fresh herbage has high contents of vitamin E and
carotenoids that act as antioxidants and protect the milk and milk products from oxidation.
Preservation, such as ensiling in round bales and particularly hay making reduce the content of vitamin
E (Bernhoft et al., 2002), whilst ensiling in silo may maintain the content (Nadeau et al., 2004). Milk
produced by grazing cows usually has higher content of vitamin E than milk produced indoor (O'Brien
et al., 1999) but a higher oxidative stability of milk produced on pasture is only partly explained by a
higher content of vitamin E (Martin et al., 2004).There are also secondary plant metabolites, like
polyphenolic compounds, that may improve the oxidative stability of milk (O'Connell & Fox, 2001;
Acamovic & Brooker, 2005). However, Al Mabruk et al., (2004) found rapid loss of tocopherol and
reduced oxidative stability of milk from diets based on red clover and lucerne silages in comparison
with diets based on grass silage. Thus, it might be that organic diets yielding milk with high levels of
PUFA is more susceptible to oxidation. It is also observed very low content of Se in milk (Kuusela &
Okker, unpublished) and in blood (Govasmark et al. 2005b) from organically managed cows, and
Govasmark et al., (2005b) recommended supplementation with Se and vitamin E.

Phytoestrogens. In ruminants, intake of phytoestrogens by feeding legumes has usually been
associated with reduced fertility (Seested et al., 2000), but high intake of red clover has in some cases
also improved fertility (Austin et al., 1982). Leguminous plants, such as clover, but also grains contain
high amounts of phytoestrogens (Cornwell et al., 2004). Phytoestrogens in leguminous crops are
isoflavones, which all have been found to be estrogenic (Aoki et al., 2000). The content of
phytoestrogens in dairy milk and products is very little investigated, but it is likely influenced by
intake of legumes and is higher in organic than in conventional produced milk (Antignac et al., 2004;
Purup et al., 2005), and for some specific estrogens much higher in milk from cows fed red clover-
grass silage than white clover-grass silages (Steinshamn et al. unpublished).

Objectives of the proposed project - Hypothesis

- Milk production based on herbage from organically managed long term grasslands with high
proportion of non-clover herbs yields milk with lower content and proportion of n-3 FA and CLA,
lower content of phytoestrogens and higher oxidative stability than milk produced on herbage from
organically managed clover rich leys



- The effect of non-clover herbs in grass silage on the FA composition of milk fat is due to partly
inhibition of rumen biohydrogenation

- Tocopherols and carotenoids can balance milk oxidative stability despite of low Se concentration

- Organic Se supplementation will increase milk Se concentration, decrease somatic cell count and
improve milk oxidative stability

- The fatty acid composition and phytoestrogen concentration of organically managed forage grass and
legumes are affected by latitude and weather conditions

- The choice of silage preservation methods will affect the fatty acid composition and carotene and
tocopherol content of the silage

- There is biological activity of the collected dairy milk samples from the Nordic countries on normal
and cancer cells.

Project description

Task 1. Pasture and silage botanical composition - effect on milk quality. Two feeding experiments
will be carried out at the Animal Production Centre, University of Life Science, Norway (APC-UMB)
and one at Robecsdalen, SLU, Umea.

Grazing experiment APC-UMB. A continuous grazing trial will be carried out during the grazing
season 2008, with the first 2 weeks as pre-experimental period where the cows graze the same pasture.
Two groups of 8 cows (Norwegian Red Cattle) each, in mid lactation, will be formed on the basis of
their performance before the grazing season, calving date and lactation number. After the 2-week
adaptation to grazing, three 4-week experimental periods will follow; early (May), mid (June/July) and
late (August) summer, during which each group will graze one of the two organic pasture management
treatments; botanical diverse long term pasture and clover-rich short term pasture. The long term
pasture has a relatively high botanical diversity and high proportion of other herbs than red clover
(Steinshamn et al., 2001), whilst the short term managed pasture will be dominated by red clover sown
with timothy (Phleum pratense) and Meadow fescue (Festuca pratensis). The cows will receive small
and equal amounts of concentrate, a mineral additive but no vitamin supplements. The groups will as
far as possible receive the same herbage allowance, by adjusting the area, so that the cows will have
the same energy intake.

Silage feeding experiment (APC-UMB and SLU-Umed). Two silage feeding experiments will be
carried out during 14 weeks of the housing period 2008/ 2009, with the first 2 weeks as a transition
period where all cows receive the same forage. The number of cows, stage of lactation and allocation
to treatments will be similar to and carried out in the same way as in the grazing experiment. The
experiment will be conducted using a change-over design with three 4-week periods. Two weeks for
adaptation to the experimental feed and two weeks for measurement and sampling. The silage will be
fed ad libitum with a small and equal amount of concentrate supplementation. The cows will receive
no vitamin supplements but a mineral additive. In the experiment conducted at APC-UMB, the
treatments will be round bale silage prepared from two contrasting organically managed grasslands;
DS) Grassland with high proportion of non red clover herbs like Taraxacum officinale and white
clover and RC) short term rotational ley with high proportion of sown species rich in red clover. In the
experiment at SLU-Umea the treatments will be silage from short term rotational leys with high
proportion of red clover and grass mixture (RC), and birdsfoot trefoil and grass mixture (BG). The
same varieties will be used in RC at the two sites to investigate effects of site on milk quality.

Task 2. Silage botanical composition — effect on rumen FA hydrogenation and milk FA composition
(Department of Animal and Aquacultural Sciences — IHA/UMB). The experiment will be carried out
during the housing period 2008/2009. Four types of silages ensiled in round bales will be prepared
from the first cut in 2008: Lolium perenne (LP); timothy and meadow fescue mixture (GS); Red
clover-grass mixture (RC); non red clover herb-grass mixture (DS). The LP and GS are included as
control treatments The RC and DS silages will be the same as the silage used in Task 2, and the
varieties used in the GS and RC treatments will be the same as the one used in the field trials in Task 4
and 5. The silages will be offered ad libitum with small and equal amount of concentrate
supplementation. The experimental diets will be fed to 4 cannulated dairy cows in a Latin square
design with 4 periods of 24 days (14 days adaptation to the diet and 10-day measurement period for
milk sampling and collection of faeces, rumen and duodenal fluid. Markers will be used in order to
estimate digesta flow at the duodenum. Faecal output will be measured on days 15 to 20, and duodenal
digesta will be collected every 4 h on days 21 and 22. Samples of rumen fluid will be taken every 2h




over a 24-h period on day 23. Silage will be sampled daily during the measurement period. Sub-
samples of silage, digesta and faeces will be stored frozen for chemical analysis. Rumen fluid will be
analysed for pH, ammonia and volatile fatty acids. Digesta flow and apparent digestibility of fatty
acids in the rumen will be calculated after mathematical reconstitution of true digesta, and the
biohydrogenation of C:18 PUFAs will be estimated by simple difference between feed and duodenal
flow.

Task 3. Effects of Se supplementation on milk quality

Current situation. A survey will conducted in Eastern Finland in cooperation with the local ProAgria
and local organic farms. In the beginning of year 2008 tank milk samples will be collected from 50
organic farms (25 practicing certified organic animal production and 25 farms practising only organic
field farming). Representative samples of silage and concentrate mixture will be taken from each farm.
Number of cows and average daily milk yield will be recorded. Farmers will be interviewed for their
current feeding and Se and vitamin supplementation.

Improved Se situation. All farmers will be introduced to Se yeast. Twenty voluntary farms will
switch to Se yeast supplementation (3 mg Se/cow) for 4 weeks. Tank milk samples will be collected in
the end of experimental period.

Task 4. Effects of latitude and harvest time on FA composition and phytoestrogen concentrations on
four organically managed forage species. In an ongoing collaboration, the seasonal dynamics of
herbage tocopherols, carotenoids, lignin and ash content and herbage carbohydrate and crude protein
fractions and digestibility in timothy, meadow fescue, red clover and birdsfoot trefoil are investigated
together with plant development and plant morphology investigations on three sites (SLU-Ume4,
Sweden), (SLU, Skara, Sweden) and (DIAS-Foulum, Denmark). From this experiment, already
collected samples can be used in the proposed study to investigate site and harvest time effects on FA
composition and concentration of phytoestrogens. From each site we have freeze dried plant material
from two years harvested at 9 different harvest times (3 in first cut and 2*3 in regrowth) that are
separated in pure species.

Task 5. Effects of storage time and silage preservation methods on FA composition and
concentrations of tocopherols and carotenoids on four organically managed forage species. In the
same experiment as in Task 4, a silage experiment will be conducted at one site. First cut of a
birdsfoot trefoil/timothy mixture and a red clover/timothy mixture is harvested at the heading stage of
timothy in 2007. Each mixture is replicated three times in the field. Forages are wilted to 30% dry
matter before ensiling, without an additive or with an addition of a bacterial inoculants or an acid, in
laboratory silos. The silos are opened after 1.5, 3, 6 and 9 months. Forages will be analysed for FA
composition, a-tocopherol and carotenoids before and after wilting and after each storage period.
Chemical composition of wilted forage before ensiling and of silage at three months of storage (incl.
fermentation characteristics) will be assessed according to the NorFor system.

Task 6 Bioactive components in organic milk with suggested health beneficial effects. The milk
samples that will be collected from the Nordic countries in the project will represent a repository of
milk samples collected from cows at different breed and lactation- and pregnancy stages, and from
cows fed rations high in clover, grass, birdsfoot trefoil, corn etc. This repository of complex mixtures
containing naturally occurring bioactive components is suitable for studies of cellular effects of
bioactive components with suggested health beneficial importance. In vitro cell-based models will be
used for assessing the biological activity in specific human tissues. Relevant cell-based models include
normal- and cancer cell lines of gastro-intestinal, mammary or prostate origin exposed to different
concentrations of milk samples or specific bioactives for different time-intervals. Cellular endpoints
such as proliferation, viability and apoptosis as well as estrogenic or anti-estrogenic activity of milk
will be evaluated. Milk samples having the ability to inhibit proliferation of human breast, prostate and
intestinal cancer cells will receive a high priority. The milk samples for testing will be selected mainly
based on the content of bioactive components.

Analytical methods to be applied within task 1-5

Sampling in the controlled experiments (Task 1-2). Milk yield and feed intake (housing) will be
recorded daily during the experimental periods. Consecutive milk samples will be collected at three
morning and three evening milkings in the last week of each measurement period. Samples will be
taken of each round bale and merged into three samples per period of each silage type. Sward samples
will be collected daily during the grazing period and merged to three samples per period. Both the




pasture and the ley botanical composition will be recorded before harvesting and during the whole
grazing period by the means of a dry weight rank method (Mannetje & Haydock, 1963). Pre- and
postgrazed forage will be clipped and weighed to determine yield and utilization of the pasture. The
cows’ species preference during grazing will be monitored by counting shoots/tillers before and after
grazing in plots.

Milk analysis (Task 1-3). The milk samples will according to standard procedures be analysed for
the content of protein, fat, lactose, urea, volatile fatty acids, somatic cell count and bacteria. Milk fatty
acid composition will be analysed by gas chromatography (GC) as fatty acid methyl esters,
tocopherols and carotenoids will be determined by high pressure liquid chromatography (HPLC) and
phytoestrogens (flavenoids and non-flavenoids) will be analysed by LC-MS/MS technique at the
Danish Institute of Agricultural Sciences, Dept. of Animal Health, Welfare and Nutrition (DIAS).
Oxidative stability will be assessed by TBARS determination and Se according to standard procedure

Plant samples, feed and digesta analysis (Task 1-5). Feed and digesta will be analysed for dry matter,
ash, crude protein, neutral detergent fibre, ammonia (silage), fermentation products (silage) according
to the recommendations in the NORFOR feed evaluation system. Analysis of fatty acids will be done
by GC as fatty acid methyl esters according to (Sukija & Palmquist, 1988), and tocopherols and
carotenoids will be determined by HPLC (Jensen et al., 1999) and phytoestrogens by LC-MS/MS at
DIAS.

Statistical analyses. The data will be processed by analysis of variance.

Project organisation
The project will be lead by Anne-Maj Gustavsson , SLU-Umea. In Sweden, SLU is project owner. A
PhD student will be recruited (supervisor will be Anne-Maj Gustavsson). Experiments will be done in
SLU-Umea (Anne-Maj Gustavsson and Kjell Martinsson) and in SLU-Skara (Elisabet Nadeau). In
Norway, the research institutions Bioforsk- Organic Food and Farming Division and IHA/UMB will
collaborate. A PhD student (Steffen Adler), financed by the Bioforsk project “Organic grassland
management and milk quality”, will be connected to the project. Project owner is Bioforsk. Project
leader is Havard Steinshamn (Bioforsk) and responsible at IHA is Odd Magne Harstad who also is the
main supervisor for Adler. In Finland, MTT Agricultural research in Finland (Animal production,
Chemistry laboratory), University of Helsinki (Research centre for animal welfare) and University of
Kuopio (Department of Biosciences) will collaborate. Project owner is University of Joensuu, Faculty
of Biosciences. Project leader is Eeva Kuusela. In Denmark the project is performed at and owned by
the Danish Institute of Agricultural Sciences, Research centre Foulum. Sgren Krogh Jensen will be
responsible for analyses of fatty acids and vitamins, and Stig Purup will be responsible for analyses of
phytoestrogens and bioactivity in cell-based assays. To ensure that project milestones and integration
of the different tasks (1-5) are achieved and to facilitate joint publication, a project management group,
consisting of project national project leaders, will be formed and coordinated by Anne-Maj
Gustavsson.
Collaboration benefits
The proposed project is a collaboration between scientists from different disciplines; crop, animal and
chemistry. The collaboration makes it possible to utilize research expertise and facilities more
efficiently and creates increased knowledge out of limited research funding. Organic dairy production
is important in all Nordic countries, and the milk is produced under very different environmental
condition and production systems. The collaboration makes it possible to increase the knowledge of
the relationship between production system and environmental condition and milk properties, which
might serve as a basis for both farming management as well as human dietary recommendations.
Plans for scientific publications
- Botanical composition of pasture and quality of organically produced milk — Effect on fatty acid
composition and vitamin and phytoestrogen content and oxidative stability
- Botanical composition of silage and quality of organically produced milk - Effect on fatty acid
composition and vitamin and phytoestrogen content and oxidative stability (2 papers)
- Milk fatty acid composition and associated fatty acid hydrogenation when feeding organically
produced silage with different botanical composition
- Effects of weather and latitude on the dynamics of fatty acid composition and phytoestrogens in
organically managed legumes and grasses.




- Effects of storage time and preservation method on fatty acid composition and vitamins in
organically managed silage.

- Biological activity in organic milk with suggested health beneficial effects

- Effect of current and improved selenium supply on tank milk quality — a farm study

- Effect of varying milk selenium and vitamin concentrations on oxidative stability of organic milk
Plan for communication and knowledge transfer

Dissemination of results will be done through meetings for farmers, papers, journals and existing

organic agricultural websites in the participating countries.

Milestones (quarter of year)

M 1. Workshop planning animal production experiments and survey Task 1-3 and Task 6 (02-2007).

M?2. Establish grassland task 1-2 (02-03 2007). M3. Plant analysis Task 4. M4. Silage experiment and

chemical analysis Task 5 (02 2007- 02 2008). M5. Survey including milk sampling and feed and

questionnaire data collection Task 3 (01 2008 — 01 2009). M6. Grazing experiment Task 1 (02-03

2008) M7. Silage feeding experiment, including sampling at harvesting and conservation, Task 1 (03

2008-02 2009). M8. Rumen biohydrogenation study Task 2. (01-02 2009). M9. Bioassay experiment

on in vitro cell cultures (03 2008 — 03 2009). M10. Workshop facilitating joint publication (02 2009).

M1 1. Scientific publication (Task 1-2 02 2009- 04 2009, Task 3 02 2009, Task 4 04 2007, Task 5 04

2008, Task 6 04 2009 ). M12. Dissemination on websites, meeting, papers etc (04 2007-04 2008).
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