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Antioxidants and dairy production: the example of flax
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ABSTRACT - This manuscript reports on the main problems decreasing productivity of dairy cows (e.g. fatty liver
syndrome and poor fertility) and how antioxidants could enhance it. High producing dairy cows are prone to oxidative stress,
and the situation can be exacerbated under certain environmental, physiological, and dietary conditions. Antioxidants have
important effects on the expression of genes involved in the antioxidant status, which may enhance animal health and
reproduction. Moreover, antioxidants may contribute to decrease the incidence of spontaneous oxidized flavour in milk
enriched in polyunsaturated fatty acids. Plant lignans are strong antioxidants and flax is the richest source of plant lignans.
Flax lignans are converted in the mammalian lignans enterolactone and enterodiol. The main mammalian lignan in milk is
enterolactone and flax lignans are converted in enterolactone mainly under the action of ruminal microbiota. Therefore,
ruminal microbiotamay be the most important florato target for plant lignan metabolism in order to increase concentration
of mammalian lignan antioxidants in milk of dairy cows. However, more research is required to improve our knowledge on
metabolism of other antioxidants in dairy cows and how they can contribute in decreasing milk oxidation.
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Antioxidantes e producado leiteira: o exemplo dalinhaca

RESUMO - O artigo aborda os principais problemas na diminuicao da produtividade de vacas leiteiras (por exemplo,
sindrome do figado gorduroso e baixa fertilidade) e como antioxidantes podem melhoré-los. Vacas de alta producao sao
propensas ao estresse oxidativo, e asituacao pode ser exacerbada sob certas condi¢ées ambientais, fisiol 6gicas e de alimentagao.
Os antioxidantes tém importantes efeitos na expresséo de genes envolvidos no status antioxidante, o qual pode melhorar a
salde animal eareproducéo. Além disso, os antioxidantes podem contribuir nadiminui¢do daincidénciade oxidagao espontanea
no leite enriquecido com acidos graxos poli-insaturados. Lignanas vegetai s sdo potentes antioxidantes e asemente de linhagca
é amaisricafonte delignanas vegetais. As lignanas presentes na semente de linhaga sdo convertidas em lignanas mamiferas,
enterolactona e enterodiol. A principal lignana mamifera no leite é a enterolactona e as lignanas da linhaca sdo convertidas
em enterolactona principalmente sob a acéo da flora ruminal. Assim, a flora ruminal pode ser a mais importante flora
objetivando o metabolismo de lignanas vegetais para aumentar a concentragéo de antioxidantes como lignanas mamiferas no
leite de vacas. No entanto, mais pesquisas sdo necessérias para melhorar nosso conhecimento sobre o metabolismo de outros
antioxidantes em vacas leiteiras e como eles podem contribuir na diminuicdo da oxidacéo do leite.
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Introduction

R. Bras. Zootec., v.38, p.352-361, 2009 (supl. especial)

The transition period, from 3 wk before to 3 wk after
parturition, has important effects on health, production,
and profitability of dairy cows. Duringthisperiod, intake of
energy doesnot meet therequirementsfor milk production,
whichresultsin negativeenergy balance. Inearly lactation,
excessive lipid mobilization from adipose tissue, muscle,
and other tissues occurs to support requirements for
maintenance and milk production. Body fat mobilization
induces an increase in plasma non-esterified fatty acids
(NEFA) uptake by the liver, a greater fatty acid (FA)
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esterification than FA oxidation, triglycerides (TG)
accumulation leading to the development of fatty liver,
inadequate gluconeogenesis (for review: see Drackley,
1999), and decreased ureagenesis (Strang et al ., 1998). The
concentration of NEFA is the major determining factor of
TG accumulation in the ruminant liver. Circulating NEFA
concentrations are absorbed by the liver where some are
reesterifiedto TG beforebeing secretedinbloodasvery low
density lipoproteins(Herdtetal ., 1988). However, whenthe
intrahepatic NEFA concentrationsincreasevery rapidly as
aresult of intensivelipolysis, theliver cannotincreasethe
production of very low density lipoproteins comparable



with the production of TG synthesis. As a consequence,
the liver accumulates a greater amount of TG, resulting in
aberrant hepatic function, lower productivity, reduced feed
intake, and poor reproductive performance in dairy cows
(Herdt, 1988). Generation of freeradical sduring peroxidation
of essential FA inthelipid membranescan damage cellsand
impair the production and health statusof theanimal (Miller
& Brezeinska-Slebodizinska, 1993).

Fertility of cowswith fatty liver syndromeisgenerally
poor. Dairy cow fertility is actually undergoing a steady
decline with first service conception rates below 50% in
most herds and an estimated 1% decrease in conception
rate every year, which is coupled with increased milk yield
(Lamming et al., 1998). In Canada, we observe high
involuntary culling rates (34%), a cost due to increased
embryomortality (Plaizier et al., 1997) and poor conception
rates (Kinsel & Etherington, 1998) as well as a negative
relationship between productionandinfertility (Etherington
et a., 1996). In order to improve fertility and the energy
balance of cowsafter calving, fat sourcesare often used to
increase the energy density of the diet. However, dietary
lipids such as supplemental fat, oil seeds, and distiller
grains, if not stabilized, can be significant contributorsto
theload of freeradicalsintheanimal (Andrewset al., 2006).
Decreased performance, increased gut turnover, and
compromised immune response have been reported in
production animals fed oxidized fat (Cabel et al., 1988;
Dibner et al., 1996).

Over the past 10 yearsit has become evident that FA
can regulate cellular functions by modulating gene
expression (Grimaldi, 2001). Moreover, it is now well
accepted that omega 3 and omega 6 FA play pivotal roles
in transcription of genes involved in lipogenesis,
glycolysis, glucose transporters, inflammation, early gene
expression and vascular cell adhesion molecules (Clarke,
2001). Some antioxidants such as sesamin lignans also
increase the expression of genesinvolved in &-oxidation
of rats (Kiso, 2004). As flaxseed is rich in plant lignans
antioxidants, they could enhance health of animals. In
fact, flaxseed antioxidants enhance endogenous level
response by upregulating the expression of genesencoding
the enzymes such as superoxide dismutase, catal ase, and
peroxidase (Rajeshaet al., 2006), which areinvolvedinthe
antioxidant status. Our recent results (Petit et al.,
unpublished) have shown that flaxseed hulls, arich source
of plant lignan antioxidants (Prasad, 2000), affect the
expression of genes involved in oxidative stress in the
mammary gland, which may contribute to improve animal
health and reproduction.
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Oxidative metabolism isessential for survival of cells.
A side effect of this dependenceisthe production of free
radicals and other reactive oxygen species that cause
oxidativechanges. High producing dairy cowsareproneto
oxidativestress, and thesituation can be exacerbated under
certain environmental, physiological, and dietary conditions
(Bernabucci et al., 2005; Castillo et al., 2005). However,
specific feeding strategies may contribute to enhance
immunity and the antioxidant status as shown by the
decreaseintheproliferative response of mononuclear cells
transiently at thetimeof embryoimplantationindairy cows
fedwholeflaxseed (Lessardetal., 2003). Moreover, inclusion
of antioxidantsin the diet ameliorates the negative effects
of oxidized fat by scavenging peroxides and reducing
peroxidation of FA (Frankel, 2005) and enhances | actation
performance and tantioxidant status of cows (Vazquez-
Afodnetal., 2008). Supplementati on with antioxidantsbefore
the beginning of monthsof heat-stressand al so during the
stress period may correct the infertility due to heat-stress
through decreased cortisol secretion and oxidative stress,
resulting in enhanced pregnancy rates (Megahed et al.,
2008). Moreover, strong positive correlations between
several antioxidant enzymes (e.g. glutathione peroxidase)
and vascular adhesion molecules suggest a protective
response of antioxidantsto an enhanced proinflammatory
state in transition dairy cows (Aitken et al., 2009).
Antioxidantsthen coul d contributeto enhance mechanisms
agai nst oxidativestresswithvariousimmunity, reproduction,
and health benefits.

Antioxidants and milk oxidation

Over thelast threedecades, milk fat hasbeen criticized
because of its higher content in saturated FA than in
polyunsaturated FA. Intake of saturated FA has been
linkedtoincreased cardiovascul ar diseasesduetoincreased
blood cholesterol (Grundy and Denke, 1990) while
polyunsaturated FA, such as onega-3 FA, has been
demonstrated to decrease risk factor of coronary heart
diseases (Simopoulos, 2002). As a result, nutritionists
began to feed dairy cows with supplements high in
polyunsaturated FA protected against ruminal
biohydrogenation by microbes to modify milk FA
composition. For example, soybeans are high in
polyunsaturated FA, and feeding roasted soybeans
increasesthe proportion of those FA in milk fat, especially
linoleic (Cyg.5) and linolenic (C;g.3) acids (Dhiman et al .,
1999). Unfortunately, although feeding roasted soybeans
increases polyunsaturated FA in milk fat, it also increases
the likelihood of oxidized flavour in milk (Timmons et al.,
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2001). Numerous studies have characterized spontaneous
oxidized flavour (SOF) and extensive efforts to define the
causes of SOF have been undertaken (Charmley &
Nicholson, 1994; Barrefors et al., 1995). In general, milk
with higher concentrations of linoleic acid is more
susceptible to oxidation (Sidhy et al., 1975).

Oxidized flavour of milk isdescribed asbeing metallic,
cardboardy, tallowdy, or fishy and reducestheacceptability
of dairy productsby theconsumer. Spontaneousoxidized
flavour develops without the addition of exogenous
oxidants (e.g. Cu) or without exposuretolight. The SOFis
aresult of the production of vol atile aldehydes and other
carbonyl compoundsafter theformation of hydroperoxides
(Frankel, 1991) from the oxidation of pentadieny! groups
in polyunsaturated FA. The oxidative process is
autocatalytic, requiringonly oneinitiating radical to start
the production of lipid hydroperoxides; thus, SOF
intensifiesasstoragetimeincreases. The susceptibility of
milk to SOF varies. Some milk develops SOF very rapidly
(detectable in the bulk tank), but other milk may not
develop SOF until after several days of storage. Most
commercial dairy herds have only asmall number of cows
(< 10%) producing milk susceptible to SOF, but SOF is
detectable in bulk tank milk only when > 30% of the herd
isaffected (Nicholson & Charmley, 1991). Therefore, one
way of preventing milk oxidation could be the use of
antioxidants.

Natural antioxidant molecules such asvitamin E act as
freeradical scavengers(Miller etal., 1993). The amount of
vitamin E associated with the fat globule membrane is
considered to be the main determinant of the oxidative
stability of milk. In earlier trials conducted mainly in
Canada (Nicholson & St-Laurent, 1991; Charmley &
Nicholson, 1994), dietary supplementation of vitamin E
did not consistently increase the -tocopherol
concentration in milk. However, the oxidative stability of
milk, as estimated by a panel of three trained evaluators,
generally increased (Nicholson & St-Laurent, 1991). Dietary
vitamin E supplementation at 9954 |U/d increased the “-
tocopherol concentrationinmilk by about 45%, whichwas
sufficient to prevent milk oxidation (Focant et al., 1998).
However, the efficiency of transfer of supplementary
dietary “-tocopherol to milk isusually low with values of
approximately 0.27% (Charmley et al., 1993) and therol e of
“—tocopherol ontheoxidative stability of themilk appears
to be less important than the variation in the FA profile
(Havemoseet al., 2006). Therefore, moreresearchisrequired
to better understand therel ati onship between antioxidant
supplementation and milk oxidation.

Antioxidants and dairy production: the example of flax

Metabolism of flaxseed lignans

Flaxseed (Linum usitatissimum) is an excellent source
of polyunsaturated oil in the form of &-linolenic acid and
is the richest source of plant lignans (Thompson et al.,
1991). Lignans are one of the three main classes of
polyphenolic compounds with isoflavones and
coumestans and they are classified as phytoestrogens
(Stopper et al. 2005). Lignanshaveawiderangeof biological
activities, including antioxidant, antitumor, weakly
estrogenic and antiestrogenic properties. Greater intakes
of flaxseed by human have been linked to potential health
benefits, especially in the prevention of cardiovascular
diseases, hypercholesterolemia, monopausal symptoms,
and breast and prostate cancers(Thompson & Ward, 2002).
The study of Saarinen et al. (2008) on the distribution of
absorbed lignans in rat models fed 3H-SDG showed the
presenceof lignansinliver, kidney, breast tumors, spleen,
skin, lung, brain, uterus and adiposetissues. Thisindicates
that lignansmay havelocal effectsin tissuessuch astumor
tissue that may contribute to human breast cancer
prevention.

Secoisolariciresinol diglucoside (SDG) representsover
95 % of the total lignansin flaxseed (Liu et al., 2006). Flax
lignansareconcentratedintheouter fibre-containinglayers
(Adlercreutz & Mazur, 1997), thus resulting in higher
concentration of SDG in hulls than seeds (Cortes et al.,
2008). Innon-ruminant animals, SDG isconverted (Figure 1)
into secoisolariciresinol (SECO) under theaction of intestinal
glycosidases (Saarinen et al., 2002) and the colonic
microbiotaconvert SECOtomammalianlignans, enterodiol
(ED) and enterolactone (EL; Setchell et al., 1980).

Mammalian lignans are absorbed by the intestine and
under the action of specific enzymesthey are conjugatedas
sulphates and glucuronidesin the intestinal wall and liver
(Jansen et al., 2005). They are excreted in physiological
fluids (e.g. plasma and urine) or returned to the intestinal
lumen via enterohepatic circulation (Hoikkala et a., 2003).
The conjugated forms of mammalian lignans ae poorly
absorbed by the intestine; deconjugation increases the
hydrophobicity of lignans and allows their reabsorption.
Themammalianlignansaremoreresistant to cellular enzymes
but arereadily cleaved by microbial &-glucuronidase. This
enzyme plays an important role for optimal absorption of
mammalian lignans (Raffaelli et al., 2002). Variation in
intestinal microfloraalso playsanimportantroleintheinter-
individual variation metabolism of SDG (Raffaelli et al.,
2002). Moreover, thereisafivefoldincreaseinurineexcretion
of EL in rats fed pure EL compared with those fed plant
lignans (Saarinen et al., 2002), suggesting that absorption
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Figure 1 - Chemical structures of the plant lignan secoisolariciresinol diglucoside and its metabolites.

of mammalian lignansis higher than that of plant lignans.
Milk withan elevated EL content may thenbeinteresting as
adietary source of EL and an excellent strategy to optimize
theeffectsof lignanson human health. Indeed, milk bioactive
moleculesmay find useinthetreatment of variousdiseases
such as oxidative stress and immunodeficiency (Haque et
al., 2009).

The flaxseed lignan and its mammalian metabolites
have been reported to exert protective effects against diet-
related chronic diseases through a variety of mechanisms
including antioxidant effects. Thisisof particular interest
asmany chronic diseasesare characterized by an oxidative
stress component (Pool-Zobel et al., 2000). Prasad (2000)
reported that millimolar concentrationsof SECO, ED, and EL
inhibited reactive oxygen species-initiated
chemiluminescence following an in vitro incubation of
venous blood. Greater amounts of mammalian lignans
reaching the mammary gland also could contribute to
increasemilk yield asgreaterinvitro proliferation of mammary
epithelial cell of prepubertal heifershasbeenreportedwith
the mammalian lignan EL addition in the culture media
(Purupetal., 2002), thussuggestingapossibleroleof EL on
mammary development and lactation in cattle.

Different studies have confirmed the presence of
polyphenolic compounds such as equol, daidzein, and
genistein (Bannwart et al., 1988; King et al., 1998) and
mammalian lignan EL (Petit et a., 2005) in the milk of dairy
cows. Feeding flax meal to dairy cows resulted in alinear

increaseof EL concentrationinmilk but ED wasnot detected
(Petit et al., in press). In non-ruminant animals, intestinal
fermentation playsimportant roleinthe metabolism of plant
lignans to mammalian lignans, ED and EL. Recentinvitro
results have shown that the main mammalian lignan
metabolite produced from flax hulls by ruminal microbiota
of dairy cowswas EL, while fecal microbiotaled mainly to
the net production of ED (Corteset al ., 2008). Otherinvivo
results have reported that ruminal microbiota of goats
convert SDG to ED and EL, and that EL isthe main lignan
metabolite present in ruminal fluid and plasma(Zhou et al.,
2008). However, feeding polyunsaturated FA is known to
modify ruminal microbiota (Maiaet al., 2007), which could
interferewiththeruminal metabolismof flax lignans, affecting
the concentration of its metabolites in biological fluids.
Therefore, the common practice of feeding supplemental
sources of polyunsaturated FA may interact with the
metabolism of antioxidantsin the rumen and requires more
research.

Metabolism of antioxidants: the example of flax lignans

Phytoestrogens such as isoflavones are metabolized
by rumen microbes (Dickinson et al., 1988) and their
absorption takes place mainly in the rumen (Lundh et al.,
1990). However, the activity of ruminant microbiotafor the
conversion of flax lignansto mammalian lignansisunknown.
Greater concentrations of mammalian lignan metabolitesin
milk could result in health benefits but moreinformation on
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the metabolism of flax lignansisrequired to enabletargeted
modification of the concentration of mammalian lignansin
milk. Thefirst steptoundertakeisto better understandthe
metabolism of antioxidantsinorder toincreasetheir transfer
in tissues and milk. Therefore, we undertook a research
program to determine the in vitro conversion of plant
lignans from flax products into the mammalian lignans EL
and ED by bovine ruminal and fecal microbiota and to
investigate the importance of the site of administration
(rumen and abomasum) of flax oil and flax hulls on the
conversion of plant lignans into the mammalian lignan EL
and the consequent concentration of EL in blood, ruminal
fluid, urine, and milk of dairy cows.

Conversion of plant lignans antioxidants from flax

The objective of the first experiment was to determine
the in vitro conversion of plant lignans from two flax
products (hull and seed) intothemammalianlignansEL and
ED by bovineruminal and fecal microbiota. Atinitiation of
theincubation (0 h), thelignan metabolites produced from
ground flax hulls were not detected. During incubation,
therewasnet production of SECOfrom SDG by bothruminal
and fecal microbiota as shown by the HPLC
chromatographic profiles, which may result from
hydrolyzation of SDG in SECO under the action of intestinal
glycosidases (Saarinen et al ., 2002). Previous results have
shown that the activity of intestinal glycosidasesisfrom
enzymes of mammalian (Day et al., 1998) and microbial
(Saarinenet al., 2002) origin. However, theruminal epithelium
is non-secretory and epithelial cellswere absent in our in
vitro model, suggesting that the origin of intestinal
glycosidases was from microbiota. At the end of the
incubation (96 h), EL wasthe major metabolitedetected with
ruminal microbiotawhilethemajor metabolitedetected with
fecal microbiotawas ED.

Greater net production of ED than EL by ruminal
microbiota was observed at 6 h of incubation, thus
suggestingthat thefirst stepinmammalianlignan production
by ruminal microbiota from SECO was ED, the precursor
leading to EL production. Thiswould agreewiththeresults
of Borriello et al. (1985) who have reported that SECO
incubated with human fecal microbiota led first to the
production of ED. Similarly, adelay between production of
ED andthat of EL hasbeenreportedfor flax seed incubated
with human fecal microbiota in an in vitro fermentation
system (Auraetal., 2006). Net production of ED washigher
thanthat of EL by fecal microbiota, suggestingthatthemain
mammalian lignan produced by fecal microbiotafromarich
source of plant SDG is ED. On the other hand, results

Antioxidants and dairy production: the example of flax

indicatethat themain mammalianlignan produced by ruminal
microbiota from flax productsrich in plant SDGisEL.

I'n vivo metabolism of plant lignans from flax

Many studies have reported that intestinal
microorganisms play an important role in phytoestrogen
metabolism (Borriello et al., 1985; Bowey et al., 2003). In
ruminants, fermentation processes occur firstintherumen
asopposed to non-ruminant animals, wherethey take place
in the colon. Previous studies with ruminant animals have
shown that lignan metabolites are present in biological
fluids such as plasma, semen, and milk (Dehennin et al.,
2002; Hansen-Mgller and Kristensen, 2004; Petit et al.,
2005). According to ourinvitroresults(Cortesetal., 2008),
ruminal microbiotaof dairy cowshastheability to metabolize
lignans from flax products to mammalian lignan EL. Other
dietary feed ingredients such as forages and cereal s also
containlignans (Steinshamnet al ., 2008), whichmay lead to
EL production and explain the presence of EL in ruminal
fluid of cowsfed dietswith or without flax products(Gagnon
et al., In Press). Results from arecentin vitro study (Maia
et al., 2007) reported that growth of ruminal bacteriacan be
affected by polyunsaturated FA such asomega-3 although
sensitivity differs among species, which may affect
metabolism of plant lignan antioxidants in the rumen.

After absorption by the intestine, conjugated
mammalian lignans return to the intestinal lumen via
enterohepatic circulation or are excreted in physiological
fluids. Although many studies have shown the presence of
lignans in plasma and milk of dairy cows, none has
investigatedtheroleof therumeninthetransfer of mammalian
lignansin biological fluidssuch asplasma, urine, and milk.
Our recent study (Gagnon et al., In Press) shows that
concentration of EL obtained in urineand milk dependson
ruminal metabolism of plant lignans although there is no
differencein EL concentrationintherumen (Figure2A) and
plasma (Figure 2B). A significant increase in EL
concentration was observed in urine (Figure 2C) and milk
(Figure 2D) of cowswhen asourceof lignans(flax hulls) was
placed directly in the rumen compared to when lignans
bypassed the rumen through administration in the
abomasum. Therefore, it appears that the main site for
metabolism of flax lignansin dairy cows is the rumen and
that the small and large intestine are not as efficient to
metabolize plant SDG into mammalian EL. The response to
plant lignan SDG supplementation was more important in
urineand milk than blood. Increasesin EL concentration of
milk and urinewere, respectively, 12 and 16 timeshigher for
cowsreceiving both flax products (hulls+ ail) intherumen
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Figure 2A - Concentration of enterolactone (EL) in the rumen before ( %, 0 h) and after feeding (j%, pooled samples for 2, 4, and 6
h) of dairy cowssupplemented with flax hullsand flax oil. Treatmentswere: 1) oil and hullsinfused inthe abomasum (ABO/
ABO); 2) oil placed in the rumen and hulls infused in the abomasum (RUM/ABO); 3) oil and hulls placed in the rumen
(RUM/RUM); and 4) oil infused in the abomasum and hulls placed in the rumen (ABO/RUM). Data are the mean values
with confidence intervals represented by vertical bars.
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Figure 2B - Concentration of enterolactone (EL) in plasma of dairy cows supplemented with flax hulls and flax oil. Treatments were: 1)
oil and hullsinfused intheabomasum (ABO/ABO); 2) oil placedintherumen and hullsinfusedintheabomasum (RUM/ABO);
3) oil and hulls placed in the rumen (RUM/RUM); and 4) oil infused in the abomasum and hulls placed in the rumen (ABO/
RUM). Data are the mean values with confidence interval s represented by vertical bars. Concentration of EL in plasmawas
different (P=004) among treatments.

© 2009 Sociedade Brasileira de Zootecnia



358 Antioxidants and dairy production: the example of flax

1400000 -
1200000 -
1000000 -

800000 +

600000 -

400000 -+

EL in urine (nmol/l)

200000 +

I T

ABO/ABO RUM/ABO RUM/RUM ABO/RUM

Figure 2C - Concentration of enterolactone (EL) in urine of dairy cows supplemented with flax hulls and flax oil. Treatments were: 1)
oil and hullsinfused intheabomasum (ABO/ABO); 2) oil placed intherumen and hullsinfused intheabomasum (RUM/ABO);
3) oil and hulls placed in the rumen (RUM/RUM); and 4) oil infused in the abomasum and hulls placed in the rumen (ABO/
RUM). Data are the mean values with confidence intervals represented by vertical bars. *Mean values were different
(P<0-0001).
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Figure 2D - Concentration of enterolactone (EL) in milk of dairy cows supplemented with flax hullsand flax oil. Treatmentswere: 1) oil
and hullsinfused in the abomasum (ABO/ABO); 2) il placed in the rumen and hullsinfused in the abomasum (RUM/ABO);
3) oil and hulls placed in the rumen (RUM/RUM); and 4) oil infused in the abomasum and hulls placed in the rumen (ABO/
RUM). Data are the mean values with confidence intervals represented by vertical bars. *Mean values were different
(P<0-0001).
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compared to those administered with flax productsdirectly
in the abomasum while plasma EL concentration was only
3 times higher.

Ruminal fluid and blood are dynamic media with body
exchanges such as absorption while milk and urine may
accumulate overtime (e.g. in the mammary gland). As a
result, mammalian lignan EL is more likely concentrated in
urineand milk thaninruminal fluidandblood. Theseresults
demonstratethat themain sitefor metabolism of flax lignans
in dairy cowsisthe rumen. Therefore, ruminal microbiota
may be the most important flora to target for plant lignan
metabolismin order toincrease concentration of mammalian
lignan antioxidants (e.g. EL) in milk of dairy cows.

Conclusions

Any injuriesto cellscanalter variousanimal functions
such as immunity and fertility and may have negative
effectson productivity of dairy cows. Animalsintransition
period or challenged with stress (e.g. heat and shipping)
may benefit of afeeding strategy including antioxidantsto
inhibit free radical attacks and enhance the antioxidant
status. As supplementation with polyunsaturated FA
increases susceptibility to oxidation, it is even more
important to include antioxidantsin the diet of animalsfed
these fat sources. The rumen is highly involved in
metabolism of plant lignan antioxidants, suggesting that
other antioxidants might be similarly affected by ruminal
microbiota. Therefore, ruminal microbiotamay be the most
important floratotarget for plantlignan metabolisminorder
toincreaseconcentrati onof mammalianlignan antioxidants
(e.g. EL) in milk of dairy cows. However, moreresearchis
required to improve our knowledge on metabolism of other
antioxidants.
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