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1. GENERAL INTRODUCTION

1.1.Definitions, nomenclature and properties of fatty acids

Fatty acids (FA) are substantial part of lipids, one of the three major components of biological
matter, along with proteins and carbohyd(a&minger et al., 2005)wang and Rh&999)
stated they play a significant role in survival anebensdlof mammalian life, being
progenitors of a wide variety of biological lipids and participating to many signalling pathways.
Therefore, fat are considered an essential dietary con{@qeetdr and Kim, 2015)
In biochemistry, a fattycid is a carboxylic acidth a longaliphaticchain and it can be
liberated by hydrolysis from naturally occurring fats arfBahks et al., 200H1ost naturally
occurring fatty acids havewrbranched chaof an even number of carbonragy from 4 to
28 (McNaught and Wilkinson, 1997)
They have important biological functions, structural and functional roles, such as immune cell
regulation, cell signalling, energydpction, membrane structu@®agy and Tiuca, 2017)
and gene expression and regul#Bmnaz et al., 2015)
Fatty acids are synthesized in the cytoplasm from two carbon precursors, thanks to acyl carrie
protein (NADPH) and acet@loAc ar boxy |l ase and t h exidatiodie gr ad
mitochondria, with the subsequent release of gnergicka et al., 2011)
According to their structure, fatty acids are either saturated or unsaturated carboxylic acid:
with carbon chains varying between 2 and 36 carbon atoms.
Saturated FA (SFA) do not contain any double bonds. They can be divided into subgroups
according to their chain length:

V Short chain (saturated) fatty acids (SCFA), such as acetic (2:0), prdpioaitd (3

butyric (4:0) acids;


https://en.wikipedia.org/wiki/Aliphatic
https://en.wikipedia.org/wiki/Branched_chain_fatty_acids

V Medium chain (saturated) fatty acids (MCFA), like caproic (6:0), caprylic (8:0), and
capric (10:0) acids;
V Long chain (saturated) fatty acids (LCFA), which includes lauric (12:0), myristic (14:0),
palmitic (16:0), and stealfi8:Q) acids
V Very long chain (saturated) fatty acids (VLCFA), like include arachidic (20:0), behenic
(22:0) acids.
On the other hand, unsaturated FA (UFA) includes the presence of double bonds.
They can have two different configurations depending on thelithesesional orientations
those results in different physical charactergssmstransThe former makes fatty acids more
fluid than theransonfiguration. Plant lipids have oadilsconfiguration and thands only
the result either of microbial modification or chemical hydrogefixtéamkley, 2007)
There is a further subdivision, depending on the number of double bonds: MUFA, as
monounsaturated fatty acids, with just one double bond and PUFA (polyundattyated
acids) with more than one double bo(ihdzicka et al., 2011n general, the more double
bonds there are in the fatty acid, the more prone they are to lipoperodatsgaard et al.,
1992)
Within the PUFA group, we can find two major families, omega 3 anebomega
I n t3hP&JFAPamily, the term3iidentifies the position of the double bond. The parent
fattya c i dlinolesic adid (ALA; 18:38), which is synthesized from linoleic acid (89:2n
(LA) through desaturation, catalysed by-#iBiiesaturase. Since the lack of certain enzymes
in mammals, the endogenous desaturation of these compounds daratakep not bey ¢
position, s 0 s o-ineenid acid,taye camsideredsessential ané muat be
supplied in the diet. Although this lack of enzymes in humans and animals, they can

me t a b didolenic @aciddhrough additional desaturatidrelomgation to obtain lomdpain



PUFA (Tvrzicka et al.,, 2011) As s h o wn -linolenicFfatty ddr can bé firstlya
converted by elongation, desaturation to Eicosapentaenoic acid (ERAB) aadbrihen,

further catalysed reactions lead to yield Docosahexaenoic acid (DH2),. Z2tbough it is

possible for the body to convert ALA to EPA and DHAeasshes have demonstrated that

only a small amount chkasynthesized from this proc€Ss/anson et al., 2012)

Both the conversions of ALA to EPA and linoleic acid to arachidonic acid6j20AéY)

need the same enzymes to take place, so thexamgpatition, especially f 6 desaturase
(Calder, 2013) The activity of ' and !'5 desatur

factors, also by nutritional stafGslder, 2033

Figurel. Pat hways of bi osy ntAdapgeidrem NagyéndTing@0l])l 3 fatty ac
Omega-6 pathway Omega-3 pathway
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Dietary sources of ALA are oils from both plant, like linseed and sqyhaasisene et al.,
1994)and animal sources , like eggs. Whereas, its metdtidteand DHA, are available

from marine food sources, such as fish, fish oils a@{@émesan et al., 2014)

On the other si de;6islinbleec apdaandeometof it$ naetabolc pradudtsd ¢
such as arachidonic acid. They can be found in some vegeatafde indtance sunflower

seed oil and soybean oil.

The PUFAs health benefits have been widely demongGateesan et al., 201#)deed,

these essential fatty acids play an importarait rdiiéerent levels, not only for normal growth

and for development, but also for the evolution of chronic diseases, such as cancer anc
diabetegSimopoulos, 2010pdeed, twentgarbon PUFAs have been shown to be promoters

of eicosanoids that regulate inflammatorg immune responses through-mod anti

inflammatory activiti€€alder, 201 Zalder, 2015)

1.2.Fats in animal nutrition

In the last decades, supplementation of fats in animal nutrition has become a standard practic
That ds because | i pi d-praidirg molecdles louh dlsp maiabdics | v
regulators able to act in an hormbke manner in the control of tsamiption factors
involved in lipid metabolis@@ump, 2004 udp et al., 2005, Agazzi et al., 201®mune
respons¢Agazzi et al., 2004nd milk fatty acid secreti@@attaneo et al., 2Q@ernard et al.,

2008)

As an example, studies on ruminants have demonstrated that increasing the supply of energ
with fat from late pregnancy to the first weeks of lactation lead to improved health status and
to ameliorate some aspects of immune response. This can occuily esyeamea
polyunsaturated-8 and R6 omega fatty acids, rather than saturated fatty acids, were added in

9



the diet(Thering et al., 2009, Agazzi et al., 2010, Sordillo, 20@8¢rsely, increasing energy
density during the closg dry period was recently reported to increase the incidence of
metabolic disorders in dairy cows after caVimitatiRiboni et al., 2016)

Newly, consumer demand in developed countries looks towards the search of food with
positive effects on health. As a consequence, there is an increasing interestahffmasion
(Bhat and Bhat, 2011 this context, essential is the transfer of dietary fatty acids into the
animal products, which depends on the nature of lipid digestion of the animal, different

between ruminants and AamMminants.

1.2.1. Ruminants

1.2.1.1. Fat digestion in ruminants

The presence efimen and its microbial population determine the composition of fatty acids
that leave the rumen for the following absorption in the small intestine. Although the profile
of the fatty acids can be different, the outflow of total fatty acids is veryjsithdadietary

intake of thenfLock et al., 2005)

Diets for lactating dairy cows are usually arod8d df lipid content. The PUFA contained

in the diet are part of plant triglycerides and glycolipdekley, 2007)Among these
polyunsaturated fatty acidse tmain are linolenic acid from forage crops and linoleic acid
from oil seeds and concentrafiesck and Bauman, 2004he disappearance of these two

fatty acids in the rumen is approximately around 93% for the former and 85% for the latter
(Chilliard et al., 2007)

Lipid metabolism in ruminants consists of two major processes. The first step is the hydrolysis
of the ester linkages found in triglycerides, phospholipids and glycolipids by enzymes of rumer
bacteria and the second one is the ruminal hydrogenation whdahgrated fatty acids into

10



partially and fully saturated derivates. This process provides that the major fatty acid leavins
the rumen is stearic acid (C1&§)non et al., 2014nd, thanks to the ruminal microbes, the

configuration of fatty acids is changed fca@to trangDrackley, 2007)

Figur@. Lipid metabolism in the rumen. The prevalent fat types in feedstuff are triglycerides and glycolipids (adaj
and Lock2006)

Fat Fat Cereal oil
Sources | Suppl. | Forages | Gmins Seeds
e | T | & 6 | TG

hydrogenation

ABBREVIATIONS
Gl-glycolipids; TG-Triglycerides, FA's-Mixiure of fatty acids; FA-saturaled fatty acids; FA= -Unsaturated fatty acids; VFA's Volatile fatty
acids; PL-Phospholipids; Trans acids-Intermediates in the hydrogenation process; I FA-Fatty acids attached to food particies.

Many factors can affect the rate and the extent of these two processes. For instance, the exte
of the hydrolysis is reduced by the increasing of dietary fat level and by the reduction of

ruminal pH(Bauman and Lock, 2006)kewise, the rate of biohydrogenation is faster along
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with the increasing of unsaturation |€Bauman and Griinari, 20@8)d it is more intense

with lower amount of concentrat€hilliard et al., 2007)

During hydrolysis, rumen bacteria separate the fatty acids from the glycerol backbone and thi
process ensures that no monoglycerides or diglycerides pass the lower digestive trac
(Drackley, 2007The only exception to this process would be for saturated fatty acids for their
low solubility due to their high melting point.

Afterward, the unsaturated fatty acids are hydrogenated to saturated fatty acids because tox
to many rumen bacte(Bauman and Lock, 2006)

During the biohydrogenation, intermediate compounds witkdtsahk bonds are produced.

One of these is conjugated linoleic acid (CLA), which recently inasviesggated for its

beneficial effects on human heéftim et al., 2016)

Figur&. Rumen biohydrogenation of fatty acids (adapted frq@0$@)oini et al.,

Linoleic acid

(cis-9.cis-12 18:2)

CLA
(cis-9,trans-11 CLA)

\ 4

Vaccenic acid
(trans-11 18:1)

Stearic acid

(18:0)
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As a result through the first chamber of the alimentary canal, the lipid material consists mainly
of free fatty acid$8090% of lipids) attached to feed particles. The very small part not
included in this compone(®0310%) is composed by microbial phospholipids and traces of
triglycerides and glycolipids from residual feed material, which are hydrolysed by idtestinal an
pancreatic lipas@3oreau and Fexy, 1994, Lock and de Souza, 2016)

Thanks to the greater capacity of the bile salt and the micellar system to solubilize fatty acid:
as well as the opportune acidic pH of the duodenum and jejunum §&03,@he intestinal
absorption coefficient of singular fatty acid is higher imaataithan nonuminants (for the

former it is around 80% for SFA and 92% for PUFA in low fat (N&tp and Ros, 2012)

Once absorbed, they are-esterified rito triglycerides (with glycerol produced from
metabolism of blood glucose) and wrapped into chylomicrons or vdgnBity lipoproteins

(VLDL) to be transported to the lymphatic system. Then, through the bloodstream, they can
be delivered to various arg of the body (like mammary gland and heart) that can use the
triglycerides. Thanks to lipoprotein lipase, they are broken down to free fatty acids in the
capillaries of these tissues. Once inside the cells, they can either be built back intestriglycerid
or burned to release enefDyackley, 2007)

Differently form absorbed nutrients like amino acids, dietary fats do not reach the liver
directly. Therefore, they can not play a role in the onset of fatty liver.

The small amount of PUFA which escapes biohydrogenation is absorbtte fiotestine

and incorporated into cell membrane phospholip/deds and Fearon, 2009)

1.2.1.2. Dietary fat during periparturient period

Fat are widely used in dairy animals being a strategy to modulate the answer to stressing eve

that are common during peripartum period. Because of that, the transition period, namely

13



from 3 weeks before to 3 weeks after parturfilmackley, 1999)s considered the most
appropriate phase to increase productive performance of dairy(@nonatset al., 201

number of changes in endocrine status can take place to accommodate parturition anc
lactogenesis, which lead to modify the metabolism dragtfesdyi Riboni et al., 2015)
Indeed, his timeframe is marked by enhanced energy requirements (due to the onset of
lactation), diminution in dry matter intake (DMI) as well as negative energy balance (NEB)
(Sordillo et al., 2009 particular, some degree of negative energy balance is beneficial during
early lactation because it can raise the metabolic efficiency, conveying the nutrients towards t
mammary glan@/ernon, 2005Y0n the other hand, if it is severe, the hepatic function can be
impaired, leading in ketosis, fatty lfvég L k i e jtandastrongly influ@ntirtg yeproductive
system and immunoiogl statugDrackley, 1999, Duffield, 2000)

Since the Iiver can Osense the fuel needs
adjusting itsnet ab ol i s m (Adas etalr, d0Q9} gldyy a kesole in coordinating

nutrient fluxes across the periparturient péboakckley et al., 2001)

In order to adapt to NEB, mobilization of fat from body stores (in the form efsterified

fatty acids NEFA) into blood stream can ocd@ordillo et gl.2009) with their subsequent
increment in plasma. After being carried to the liver, NEFA are oxidized to generate energy,
ketone bodies, or esterified to triacylglycerol (TAG) followed by synthesis of-densityw
lipoproteins(Invernizzi et al.,, 2016)When NEFA become excessive, fatty liver or hepatic
lipidosis will occur in early lactating c@kishla and Ingvartsen, 2018)stead, in small
ruminants this frequently happens during the last phase of pre@naoity et al., 2008,

Savoini et al., 2010)

14



Figurd. Schematic metabolic relationships among lipid metabolism in adipose tissue, liver, and mammary gland ¢
period+) indicates stimulatory effextiates inhibitory effects. Dashed lines indicate processes that happen at low |
during certain physiological states. (NE = norepinephrine, Epi =-&pinegoinitites gadmitoyltrandfeGRET =
glycerBlphosphate acyltransferase, TG = triglyceride, CoA = coenzyme A, VLDL = very lovdsmisityfigroprotein
Drackle§1999)

Adipose

- Liver
tissue
Peroxisomes
NEFA D——PNEFA NEFA
TG Mitochondria
CPT1
GPAT
Ketone Acetyl-CoA
bodies
Milk \\
fat TG Microsomes

Mammary VLDL @
gland

Modified from Drackley, 1999

Evidence from dairy cow studies underscores the usefulness of supplemental fat
administration during this productive ph&Staples et al., 1998, Ballou et al.,).2009
Specifically, dietary fats can provide dense energy sources or act as modulators of metabo
and immune pathwsa(Tsiplakou and Zervas, 2013lthaj have been proved to be linked to

each other, enhancing the incidence of disorders around ¢(&trtlilo and Mavangira,

2014)
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1.2.1.3. Lipid sources for ruminants

Since has been proven that diet can influence fatty acid composition of animal products
(Woods and Fearon, 2008bject of interest is the kindlgfid compounds provided by the
different fat sources.

With the gener al term olipidd, we consi der
other aqueous solvents and soluble in organic s¢Kaies, 1986)

Changing the composition of tdiet adding fatty aerith sources, the basal diet itself can
influence the lipid composition of animal products.

Considering the different raw materials fed to ruminants, we can account for four types of
lipids. We can find triglycerides (a moleculglyckrol combined with three fatty acids) in
cereal grains, oilseeds anepiogluct feeds. Then, in forages, the main components are
glycolipids (like the previous compounds but instead of the third fatty acid, with more sugars
linked to the glycerol). Theery small role in feedstuff for dairy cows is played by
phospholipids (where the third position of glycerol is linked to a phosphate group, in turn
attached to an organic base) and free fatty acids (few in feed, but the main component in fa
supplementgPrackley, 2007)

In terms @ free fatty acids, depending on the raw materials (and their specific composition)
taken into consideration, they can differently affect the fatty acid composition of animal

products.

Forages are rich of hPUFA (level can depend on the maturity anetyaf the grass), in
particular it has been proven how they can transfer linolenic acid (C18:3) into animal products
(French et al2000, Chilliard et al., 2002yen though the benefits obtained in milk and meat,

feeding forages is less effective than the ones obtained with protected fat supplgrasnts, the
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a cheaper solution and have a more positive feedback of the cof\dlomessand Fearon,
2009)

Whereas, oilseeds can enrich milk and meat with the linolenic acidEGahBhi et al.,
2014, Doreau and Ferlay, 2Q28hile marine algae or fish oil himvgact on increasing EPA

and DHA(Greco et al., 2015)

1.2.2. Non-ruminants

1.2.2.1. Fat digestion in neruminants

In contrast to ruminants, in noaminants dietary fats are absorbed unchanged before
incorporation into the tissue lipids. Therefore, dietary lipid sources have a direct effect on fatty
acid composition of these animal products, and for this reasorgtéotign of feed during
digestion is not requir€d@/oods ad Fearon, 2009)

Lipid digestion takes place for a small pasBQW of the lipid hydrolysis) in the stomach,
under gastric lipase and for the most in the small intestine by pancreatic lipase. Thereby, th
principal site of digestion of these dietary compounds in momsgasthe small intestine

(Mun et al., 2007Pancreatic lipase breaks the TAG downnmracylglycerols and free

fatty acids. Afterward, these two latter compounds are associated with bile salts and
phospholipids forming micelles, which alloeg¢hpoor soluble substances to be carried to the
surface of the enterocyte, where they can be absorbed. Once inside the enterocyte
monoglycerides and fatty acids asym¢hesized into TAG. The TAG is packaged, along with
cholesterol and fabluble vitmins, intochylomicrons. Chylomicrons &paproteins, special
particles that are designed for the transport of lipids in the blood cirdtiatiason and

Leat, 195)
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In general, the ability of nomminants to digest fatty acids decreases when chain length

increases and it enhances along with the number of doubléessits et al., 1992)

1.2.2.2. Lipid sources for neruminants

The ceredbased diet offered to monogastric provides mo€fPdFA and only a small
amount of A3 PUFA. In order to obtain omegai¢hed products, dietary strategies are
focused on evaluating the effects of the supplementation of both terrestrairmad3ri-A

sources.

Researches using vegetable oil addition (linseed, sunflower, soybean, and olive oil) in nor
ruminants have showed how plant oils have different impacts on the deposit fat and how the
site of fatty acid deposition depends on fatty @mitent of the oi(Crespo and Esteve

Garcia, 2002)

Moreover, testing marine oils (like fish oil) have shown that the transf&darfgnchain
polyunsaturated fatty acids, of which they are rich in, is influenced by time and duration of
supplementatiofNieto and Ros, 2012)

Marine algae, as the DHA source par excellence, have been fed to laying hens and chickens
look into the possible effects of this lipid supplementation on fatty acid composggs of e

(Meluzzi et al., 200a)d meafSirri et al., 2003)

1.3.Animal healtl® the role of PUFA

1.3.1. Physiological adaptations during transition period and dietary fat
supplementation

The efficiency of the immune system, as a complex biological process aimed to protect the

animal, determines the answer of the animal to withstand the outset of a disease. Its role dea
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with the prevention of microbial invasion or, if already existihgheielimination of those
infections or injuries restoring the normal and physiological functions of (Gssdé®,

2016) Both the innate and adaptive immune systems cooperate to provide the most effective
protection fromexternal risks. The former is the fastest response after a tissue insult and with
a nonspecific nature. Whereas the latter is delayed and more specific, able to improve it
response to repeated exposures of the same pgthoghio, 2016)

Cytokines (such d&sN F, .1 andIL6), as an innate defence, are a common feature of many
inflammatory condition€alder, @09, Calder, 2011, Calder, 20IBeir activity, resultant as

the interaction with their receptors located on host (&diglillo and Streicher, 2002,
Bannerman, 20Q9gcilitates the migration of leukocytes from blotadtissues, followed by

the cell recognition of bactefiRyman et al., 2015)

If this immune response fails, will be the role of the adaptive immune response, which recruits
lymphocytes and memory cells to recognize specific antigenic determinants of the pathoget
(immunological memor{§ordillo, 2016)

Inflammation occurs in the initial phase of the immune response (innate defence) and
determines if the tissue insult can be eliminated and functions can return to (Rapiladief

and Sordillo, 2013, Sordillo and Mavangira,.2ll& fundamental signs of inflammation are
redness, swelling, heat, pain and loss of fu@eder, 2015)f local defences are not
effective, the acute phase tieacwill take place, so from a local inflammation it moves to a
systemic reaction that can lead to both acute and chroni¢Genitisini et al., 2012, Bradford

et al., 2015 alder, 2015Yherefore, the lack of an appropriate balance between the inception
and the resolution of the inflammatory state converts into ctkdken et al., 2011)

Under inflammation, all nutrients are directed to sustain the immune system at the expense

storage and grow{sifford et al., 2012)
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An evident inflammatory response is manifested, for example, in transition cows as well in
small ruminants, due to their proximity to pregnancylaatation(Humblet et al., 2006,
Sordillo et al., 2009, Trevisi et al., 2012, Bradford et al., 2015, Caroprese etfatyR6€4I5)
signature is the release ofoftammatory cytokines, with metabolic chafigeshibiki et al.,

2003, Bertoni et al., 200Bpiry goats, similarly to what reported in ¢Besoni et al., 2008,

Trevisi et al.,, 2012)xould experience some degrees of inflammation around kidding
(Invernizzi et al., 201@)st as a homeorhetic role of physiological adaptation to lactation

(Farney et al., 2013, Bradford et al., 2015, Vailati Riboni et al., 2015)

Figur®. Hypothesizedponses to resolved and unresolved infladantdtamidadgrig(adapted from Bradford et al.
(2015)
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Actually, transition period can compromise the immune system (hypo responsiveness) becaus
characterized by health disorders with consequences on the productive efficiency of cows
(Pinedo et al., 2010, Sordillo, 201&jeed, it has been proved how the metabolic and

immune pathways are linked to each other and how this correlation can enhance the incidenc
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of disorders around calg (Sordillo and Mavangira, 201Kjoreover, long since, it was
estalished how metabolic and infectious diseases take place concurrently rather than as sing
eventqCurtis et al., 198anhd how nutrient intake is their common nexus. As matter of fact,
both over and undeconditioned cows have higher incidences of did¢aser et al., 1999,

Roche et al., 2009 the first case, the normal magpm falling in DMI is aggravated with a
worsened NEB, a more intensive lipid mobilization from tissue stores to the liver (NEFA),
and a greater sensitivity to infectious and/or inflammatory digkas®msck and Drackley,

2010, Bertoni et al., 2016)n the other hand, the insufficient intake in terms of energy and
protein is not enough to cover cow needs for milk production arebedisesistance
(Hoedemaker et al., 2009, Roche et al.,.2009)

Since the transition period is characterized by a high incidence of immunological change:
associated with metabolic and physical stresses (where stress is an imbalance in tt
physiologial homeostasis of an organ{§urdillo and Mavangira, 2Q14#is physiological

stage is the most appropriate to increase pnayperformance and improve the health of

dairy animals, including go@sonzo et al., 2010)

Figuré. Flow chart of the possible events underlying a negative outcome of the response to the camnbined stress
onset in dairy ¢adapted from Trevad(2012)

Flow chart of the possibile events underlying a negative outcome of the response
to the combined stress of pregnancy/lactation onset in dairy cows

» Synthesis of inflammatory mediators in late
pregnancy :

c + Defective homeostatic control (role oflysozyme?)

« High IL-6 and ceruloplasmin response in late
pregnancy

C- Negative “imprinting“of the innate immune response
+ Strong IL-6 and APP- response after calvinga

« High incidence of disease cases
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Proved in human field and confirmed in animal medicine as well, the optimum energy level is
crucial for a proper immune functi¢@alder, 2033 Indeed, cells from both innate and
adaptive immune systems, when actigquire higenergy. Although NEFA (produced

t hr o wgdationhcan be used as an energy source, there is evidence that changes in fatt
acid composition of immune cells can affect the immune refRamdael and Sordillo,

2013) For instance, EPA and DHA can exert-afitimmatory functions being able to
interact with signalling pathways, including peroxisome proliéetatated receptoPPAR

and sterol response element binding prd&&&BR family(Clarke, 2004)

Asa result, lipid supplementation is widely used in dairy cows being a strategy to modulate th
answer of animals to stressing events as during peripartum. In fact, dietary fats are more tha
just a source of energy, being also modulators of lipid metatodisrmmune system

(Tsiplakou and Zervas, 2013a, b)

Figur@. Metabolic fatédietary fatty a(diapted from Ganesd@@&t4)l.
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Similarly, increasing energy level during theugdodey period has shown to enhance the

occurrence of metabolic disorders in dairy cows after ¢eilagiRiboni et al., 2016)

1.3.2. Nutrigenomic approach
Nutrigenomics, as a recent field of research in livestock ¢pawisen, 206, Fekete and
Brown, 2007)is the study of the genomvale influences of nutrition altering the expression
of genes(Muller and Kersten, 2003, Kaput and Rodriguez,.2004iher words, food
nutrients (including fattyids) are able to interact with the genome (not directly but through
the intermediate action of transcription regulators) affecting biological functions and having an
impact on the entire organigBionaz et al., 2015n detail, transcriptional factors are
proteins that bind short DNA sequences (response elements) located in the enhancer region
of genes(Shlyueva etl., 2014)inducing the transcription of genes. For this reason,

transcriptional factors play a central key in nutrigen@siso et al., 2017)

Figur®. Proposed model for transcription factor activation by nutrients in tDearédl ¢adhp@QLrpm
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Studies on lactating coiskbar et al., 2013, Hiller et al., 20i8)e explicated a tissue
specific response in relation to different kind of FA, wisitiy® nutrigenomic effects for
saturated longhain FA on liver and for unsaturated {ohgin FA on adipogBionaz et al.,

2015)

Several are the researches that have been performed to study how fat supplementation i
ruminants could affect metabolism and/or immune response at level tissue, analysing mRNA
and/or miRNA of genes involved in lipid and inflammatory pathways.

Sdmitt et al(2011) for instance, focused on theedigtination of adipose tissue level mMRNA
expression of some enzymes and transcription regulators, inflametegdngenes and
adipokines after long chain FA supplementation, observing an increase adipogenic
differentiation in response to SFA.

Few yearsgo, Bichi et al2013)investigatednRNA expression and abundance of key
enzymes involved in lipid metabolism in different tissues (mammary, adipose, and hepatic
after feeding marine algae to sheep.

In regards to sheep, Conte et al. (2012) studieffebts of dietary substitution of sunflower

oil with linseed oila(dietary PUFA source) in regulating the SCD expressgkel@tal

muscle.

A more recent study to evaluate immunometabolic adaptations to lactation in subcutaneous
adipose tissue was performed by \(&lhbini et al(2017) They tested how different dietary
energylev¥l s during transition period can affe

MRNA and miRNA expression of targets related to adipogenesis and inflammation.
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1.3.2.1. Tissue- level mechanisms investiga@iomRNA expression in dairy

cattle

At the moment there is a weditablished knowledge about dietary fat sources accounting for
both metabolic and molecular changes during tran®immaz et al., 2015, Osorio et al.,
2017) but tissudevel mechanisms are still poorly investigsteictover, despite belonging to

the same ruminant suborder, some studies outlined as the way small and large ruminants fa
the transition period candifferSauvant et al . , 1991, van der
A. Agazzi, 2007, Pinotti et al., 2008)

At animal level, adipose tissue is not only stdedgebut it is an active tissue. Indeed, it
regulates animal reserves through the production of adigdko@&swn et al., 2014, Musi
andGuardadeMendoza, 2014nd controls inflammation locally through the recruitameht
regulation of the innate immune sysi@&nant and Dixit, 2015)

The composition of dietargtfy acids, both in humans and animals, can regulate inflammation
producing lipid mediators, whose substrates result from membrane phospholipids and depenc
on dietary fatty acid compositi@alder, 2011, Contreras and Sordillo, 2011, Raphael and
Sordillo, 2013)Among FA, B3 PUFA (EPA and DHA) are the most effective, and their
influence on the cell types involved in inflammation and on the production of some chemical
mediators has been studied for many years.

Contreras et a(2012)showed that the exposition of Bovine Aortic Endothelial Cells to a
mixture & FAs that reflects the composition of resterified fatty acids (NEFA) during the

1st week of lactation determined an increase -offmmatory responses compared with

cells exposed to a mixture of FAs enriched in EPA and DHA. Increasirg fiAeamtent

of vascular phospholipids could mitigate the expression of cytokines (intdeok8)Fu

et al.,, 2017, Mavangira and Sordillo, 201&Jdhesion molecules (intercellular\ascular
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adhesion molecules) associated to an increase of inflammatory response, of reactive oxyg
species (ROS), and of pnlammatory metabolites of linoleic acid.

Recently, Greco et §2015)have proved that reducing th&/n-3 FA ratio in the diet of

early lactation dairy cows can attenuate inflammatory response to lipopolysaccharide (LPS
challenge. In particular, haptoglolbip) (was greatest in the mammary gland of cows fed the
highest r6/n-3 ratio (5.9). Moreover, interleuBirtoncentration in plasma increased as the
ratio n6/n-3 FA increased. In fact, it has previously demonstratedatfdtilRA can increase

the proportions of arachidonic and linoleic acids in membrane phosplesgatjng the
pro-inflammatory response. On the opposite si@PWFA can increase the proportion of
these FA in cell membranes, mitigating the inflammatory res{@@aides, 2012 hen, we

can postulate that is the same at anima(@fferd et al., 2012)

In a study by Agazzi et @004) dietary fish oil fed to transition dairy goats was found to be
effective on celhediated immune response, with modified mononuclear and
polymorphonuclear (PMN) cells ratio as result. Treating cells witl{HdaAi et al., 2009)
exertedan increased PMN leukocytes phagocytic activity andReaative Oxygen Species
(RO9 production after in vitro challenged with EPA and DHA.

A subsequent validation in vivo of the obtained results demonstrated that both EPA and DHA
have beneficial eftscon goat health by improving the defensive performances of neutrophils
(Bronzo et al., 2010avoiding cellular and tissue damages by ROS. EPA and DHA also
affected goat monocyte activities byragulating phagocytic activity and ROS production
(Lecchi et al., 201Bnd by interfering with the formation of lipid droplets and by up
regulating proteins belonging to PAT protein family, perilipinyfan@amelyPLIN1

(perilipin) PLIN2 (adipophilin) an®LIN3 (Lecchi et al., 2013)
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Another study by Stryker et @2013)demonstrated that supplementation of fishmeal to
pregnant and lactating ewes could alter both emméicquired immune response.

Specifically, after a LPS challenge at 135 days of pregnancy ewes fed fishmeal showed
attenuated febrile response compared to soybean meal, and tHp tasa¢ntration was

lower after a sensitization with hen egg wisitzyme during lactation.

The central role of mRNA expression in coordinating changes in different metabolic cellular
pathways and endocrine functions has been highlighted in recent years, primarily in work witt
dairy cowgArnerand Kulyte, 2015, Vaik&Riboni et al., 2016)

Quite recentlyRezamand et §2016)determined the effects of Atefriched rations, adding
camelina meal, on gene expression in Holstein dairy cattle. It was displayedabdtiamio
inflammatory effects of this dietary source #hAched on some of the local and systemic
inflammatory rarkers at transcriptional level. They observed how feeding this dietary source
(rich in r3 FA) could synthesize eicosanoids withirdl@gmmatory effects on the bovine
immune system at local and/or systemic levels. On the other hand, eicosanoidd originat

from AA seem to have pinflammatory activities.

1.3.2.2. The emerging approachmiRNA inruminants

In the early 21 century, microRNA (miRNA) has received particular interest from the
research

In molecular biology, IRNAs comprise a novel class of eedogssmall noncoding RNA,

about 22 nucleotides in length, able to regulate gene expression, binding, directly or indirectly
to complementary sequences of target mMRNA with a decreased mRN@&levels al.,

2010)
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It has been shown how they cawontrol posttransriptional regulation by preventing
translation of mMRNA (Osorio et al., 2Daidcanget involved imliverse biologicalathways
dealing witldevelopment, physiology, and pathophysiology (Zhang, 2008).

One of the initial studies in small ruminants pea®rmed on sheep in order to identify
miRNA with a title role in hair growt#Weénguang et al., 200With results that highlighted

the essential function of miRNA in follicle formation and subsequent future impact on the
wool industry.

Among the differ& involvementsadiposemiRNA have been suggestedémplicatedn

body controlling adipogenesis, regulation of metabolic and endocrine f@Aotensnd
Kulyte, 2015)adipocytemetabolism(Jin et al., 2009, Jin et al., 2026y levels of the
chemokineCCL2 (Arner et al., 201dmiR-92a, miRL26, and miR93b) in response to
administered di¢Romao et al., 2012)

Therefore, alterations of miRNAs affect gene expression antislmgieal processes, such

as inflammatior{Sayed and Abdellatif, 201%pecifically on inflammatiokloting et al.
(2009)explained how miRNA expression patterns are associated with levels of inflammatory
molecules such as cytokines and the degree of immune iibimfilt

Anotherexample is the study performed in 2014 by Wangetgdats. Focused on muscle
maturation during two developmental stages of skeletal muscles (fetal stage anebkix month
stage), this study was performed because limited informatibg@omuscle miRNAs has
been reportedAfter extensive analysis of pathways and networks, they found two miRNA
(miR-4245p and miRR9g with relevant regulatory effect on muscle development, elucidating
the mosaic network between miRNA and mRNA in goats.

Nevertheless, under investigati@s also the mammary gland on goats and sheep (Zidi et al.,

2010, Galio et al., 2013).
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In the latter studyli7 new ovine miRNA cloned from mammary gland in early pregm@aacy
object of studyin order to understand the role played by miRNA in the cellular remodeling
processes of mammary glaftter the appropriate analystseyt observethat there were

three miRNA (miRR1, miR205 and miR00) with an active role in the proliferation and
maintenance of mammary epithelial cells.

More recentlyailatiRiboni et al(2017)used miRNAI( addition to an mRNAased study

to further understand the adipossponses to the physiological changes induced by the high
metabolic demands of early lactation of dairy &mta.on miRNA function and correlation
with immunity and inflammation result from human models isudlso common knowledge
thatthey areconseved among species. For that reatbay, took into consideration miRNA

with a welknown role in human, speculating the same function in bdw@eobtained
results (MRNA and miRNA expressi@sed) supported the idea of a homeorhetic
mechanism of adipose tissue for the adaptation to la¢tettamuse of a cross talk between
inflammatory response and immune systgith a modulating role perpartal nutritionn

these mechanisms.

Interestingly,esseral proteomic studies in mammalian cells showed that miRNA can not only
upregulate the translation of target mRNAssudevan et al., 200d} also directly interfere

with gene transcriptidiKim et al., 2008and their presence is closely linked to the production
of several proteins levels of inflammatory molecules, like cyiislotiag et al., 2009)

On the wholegollecteddata on thesemall noncoding RNAre enhancing, underlining their

importance in key physiological processes.
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1.4.Human health and PUFA

Newl vy, the concept of ofooddé has switched
oheal t h (Pymanmteak, 8014 consi dering itds closely
(Elsanhoty et al., 200Fhishas her ef ore | ed to an increasin

It is evident that foods contain biologically activgpooents(Bhat and Bhat, 201able to

affect some functions in the body, with subsequent positive effects on hum#Béiksikh

et al., 1998)irst among all, fruits and vegetables were included in this category and only in
recent times, anirmaérived foods have been demonstrated to contain bioactive components
(Baumarand Lock, 2006)

We speak of onutritional safetyéo, meaning
affect human health and haws possible to increase their content in milk, meat and eggs
(Cheli and Dell'Orto, 2015)

This new interest is also a consequences giwareness that recently the westernized diet is
characterized by too low a proportion ¢f fatty acids and too high a content -&f fatty

acids, with an associated changetoft FA ratio 1:1 to 15(McDaniel et al., 2010)

Notably, particular interastfocusd on two members ofdlong chain polyunsaturated fatty
acids, EPA and DHA, which could be provided by either food or could be synthesized in the
organism from ALAMarkiewicXr szycka .et al ., 2013)
Simopoulog2008)showel in one of his papers that the optimal ratio between these two
essential fatty acids is specific to different diseases. SincegligBeatio is associated with
health disorders (such as cardiovascular diseases, arthritis, psoriasis ételacostes) al.,

1999, McDaniel et al., 201the optimal +6:n3 ratio should be below 4 (according to the

Food and Agriculture Organizat®RAO / World Health OrganizatiohWHO).
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In particular, it has been determined that dietary saturated fatty acids (specifically C14:0 an
C16:0) and trarfatty acids can increase the incidence of these pathologies (especially when
the latter are higher than the form@&hingfield et al., 2008, Givens, 2010, Shingfield et al.,
2013)

Nevertheless, a high amount of SFA is also associated with lowered insulin sensitivity,
increasing the risk of metabolic syndrome and diéibetedi, 2009, Kennedy et al., 2009)

On the other hand, an increased amount of omega 3 fatty acids in the diet are responsible fo
bereficial health effects, being capable of impacting the prevention and treatment of many
diseasefCalonand Cole, @07, Calder, 2012, Calder, 20A&kiewicKr szy cka .et al
For this reason, the European Food Safety Authority J@ti$#) recommends that th&n

FA intake in the human diet has to be between 250 and 500 (&g/8AyPanel on Dietetic
Products and Allergies, 2012)

These days, there is confusing information from the media about the effects of fat and FAs in
dairyproducts on human health. Rather, we must consider biological and nutritional values of
the individual FAs, and this is indeed true for saturated FAs.

Actually, there is an association between their presence and the risk of coronary disease
Although thefat contained in milk is mostly saturated, some didkisioeffect on plasma
cholestero{Bauman and Lock, 2006)

The estimated costs related to cardiovascular diseasdsurmopieean Union are estimated at
0210 bil | (Wikns epat,r201gred anrthe American economy more than $316
billion per yea(Benjamin et al., 201 With an even worse expectation in the near future due

to longer life and increasing incidence of ol{&sitgns, 2010)

The current stragges to improve animal product FA composition, to decrease SFA and

increase MUFA and PUFA contents, can be applied in animal nutrition with the additional
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positive effects on human diets as well (
habits)Savoini et al., 2010, Shingfield et al.,.2013)

Among all omega 3 PUFA, the esseBf# (C20:5) and DHA (C22:6) have been shown as
health beneficial actiorf€attaneo et al., 200@®ften with antinflammatory properties
(Calder, 2001)

For instance, for humans DHA is important for supporigwgonal development in foetal

and early infantéHornstra, 2000and with a marked role in the process of vision and
prevention of inflammation(MarkiewicKr s zy c k a e.t Unfatlinately,th 0 1 3 )
endogenous produeh of this fatty acid from ALA is very pd&imopoulos, 200due to

the competition with LA (18:26) for the same metabolizing enzymes, particularly at the first

I edesaturation st uratko et al., 2013)

Long chain 8 PUFAs are able toanulate immune functions in iais ways by replacing,

for example, arachidonic acid during thesanoid signalling cascé@alder, 2006}hus
decreasing the production of inflammatory eicosanoids such as ofRe@&2t al., 2006)

TXB2 (Caughey et al., 199&)TB4 (Kelley et al., 1999%-hydroxyeicosatetraenoic acid
(Endres et al., 19880d LTE4(von Schacky et al., 1993)

They can even directly interfere with the cytaene expressidiVeldon et al., 200@hd
theproduction of cytokines themsel{€srver and Klasing, 1997)

Additionally, they can regulate cell sudapeession of adhesion molec(iss Caterina and

Libby, 1996)membrane fluidity and apoptosis ré&seeney et al., 2Q0Lhey also have a
crucialrole as inducer of production of anflammatory mediators, the resolyBesrhan et

al., 2002)Most of these activities dirgatdrget leukocyte functi¢@ijben and Calder, 2007)
Monocytes, as the major effector cells of the immune system, have the main role in the proces

of the immune response, from the initiation to its outcome. Their defensive activities, as well
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as those of macr op hage s ;3 fattyaaoids m eseveaaf Viagsc Fore d
instance, both EPA and DHA can increase phagodHasi®rsen et al., 199 d decrease
chemotaxis of human monocyt&chmidt et al., 1992, Schmidtakt 1996) Cytokine
expression can be thdated as well, since both EPA and DHA can degulate the in vitro
production of I:1 A ,-6 and. TNF& (Babcock et al., 2002, Zhao et al., 2005, Weldon et al.,

2007)

Monocytes/macrophages, together with neutrophils, produce high amounts of reactive oxygen
species (ROS) (involved in oxidative stress), commonly found in many disease processes al
responsible for the killing of microorganisms. If this production isiexcéks in chronic
inflammatory or immune diseases, ROS could damage cellular lipids, proteins and DNA,
eventually impairing cell function. Despite the fact that it seems that long chain PUFA are able
to modulate cellular production of ROS in macroph@gagoob and Calder, 1995)
neutrophil{Healy et al., 200&8hd lymphocytg€uryBoaventura et al., 2006)eir activity is

still debated. Indeed, some authors found an increissetivers, on the other hand, found a
decrease in ROS product{dfartins de Lima et al., 2006)

One more major homeostatic mechanisooidrol the activity of monocytes is the regulation

of leukocyte apoptosis, decreasing or emuatiwir lifespan during inflammation, eventually
resolving the inflammatory process. There is increasing evidence that PUFAS can cause ce
death in normal and cancer gglisimli et al., 2002, Sweeney et al., 280&) though it was

evident that macrophag@gartins de Lima et al., 2006¢utrophil{Healy et al., 2008nhd
leukaemia cel(€uryBoaventura et al., 20ab3played morphological features of apoptosis

and necras with PUFAs at high doses, the mechanisms by which these FA can cause it are

still debated.
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Unfortunately the content of EPA and DHA is minimal in ruminant diets and so milk has a
very low amount of them (<0.1% of total fatty a¢ldsjk and Bauman, 2008evertheless,
an improvement in their content in animal diets could lead to aadughable content of
these fatty acids in milk for human consumption.
Fish oil, amongst the dietary sources of these essential fatty acids, seems to be the mo
promising one because of its high amount of EPA and DHA. The use of fish oil, however, is
a ostly supplementation of lipids compared to other more conventional fatty acid sources and
there is increasing concern on the sustainability of the use of fish products in animal diet
(Botsford et al., 1997¥hich leads to the consideration of alternative sources-oh&ng
3 PUFAgMatthews et al., 2000)
One of these could be a source of ALA as a precursor for EPA and DHA, like linseed.
Unfortunately, it presents two mairadisantages:

1 a low digestibility for digestive enzymes due to the seed coat that can be usually solve:

with treatments like extrusion and expansion;
1 the presence of asmtutritional factors, which however can be destroyed by thermo
extrusion to some extgitouba and Mourot, 2011)

Alongside linsee@dlgae have high content of PUFAs and can be considered as an alternative
to fish oil(Woods and Fearon, 2008jnong the numerous advantages there arddtieety
low cost and the highrowth rate. In addition, these compounds were found to have some
interesting bioactive components such as antioxiddfattedspolysaccharides, phlorotannins,
diterpenes, minerals and vitamins, high protein content, valuable rfutKients 8i ms k 8§ e
2014, Maghin et al., 2018hus, the usage of algae as a dietary additive in livestock diets could

be worthwhildRasouAmini et al., 2009¢specially with the aim of decreasing SFAs content
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through an increased content of conjugated linoleic acid (CLA) and other PUFAs in the
r umi n a rnRagadopaulbslekal., 2002)

The content of PUFA in algae is higher than in terrestrial (lalisa et al., 201i8)spite of
diversities in terms of fatéigids composition among species andspeeaies, depending on
environmental and geographical fadtarst al., 2002, Narayan et al., 20@&)sol(Terasaki

et al., 2009pand algal parfg&hotimchenko and Kulikova, 2000)

The use of algal source as PUFA enrichment is a very new topic and not so common in dair
goat nutrition, but interest is continuoustyreasing because of several health benefits found

in other species through their prebiotic functions, antimicrobial activities, improved
digestibility, antioxidant role and -amflammatory and immunomodulatory properties
(Maghin et al., 2014)

Another alternative could @amelina satigéso known as false flax. It is an oilseed crop of

the Brassica (Cruciferae) family, whose oil is rich in-8nk&gaspecifically ALA and LA
(Acamovic et al., 1999akani et al., 2012)ative to Northern Europe and Central Asia, it

has been used for over 2000 years for oil and livestock fodder. The interest as a biofuel sourc
has enhanced its production, and consequenbypiteducts(such as meal/cake) started to

be considered aspossible feed sour€herian, 2012, Meadus et al., 2014)

1.4.1. Dietary manipulation of milk fatty acid composition

Hppocrates stmatewr eedhsatmonsitl kpeirsf eict and con
complete food, rich in bioactive components, able to prevent, and sometimes cure different
diseases of modern civilizat{gkalin et al., 2006, Lovegrove and Givens,.2016)

Lipids in milk are mainly triglycerides (98%) and the remaining parhpssed by

diacylglycerol, cholesterol, phospholipids, free fatty acids and traces of ether lipids.
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Furthermore, milk, alongside dairy products, is the main source of C12:0 and C14:0 in the
human diet, contributing also to the consumption of C16:0 and trans fatty acids in
industrialized countri¢&ivens and Shingfield, 2Q06)

Notably, dairy milk fat contains between 60% and 70% SFA, 28%6anUFA and trace
amounts of PUFA depending on the animal species. In cow, goat and sheep the amount o
PUFA is around -83% (Devle et al., 2009, Mayer and Fiechter, ,2@h2) the most
representative are LA (C18:8)rand ALA (C18:3-8). Milk of sheep and goat usually has a
smallert6n3 r ati o and greater concentMakiewicon of
Krszycka .et al ., 2013)

Since desaturation of FA does not occua t  p o GooktanddvicMagst,22002)n-3 long

chain PUFA cannot be synthesized, and are thus considered essential. Besides that, tt
conversion of ALA into EPA and DHA is restricted due to metabolic factors, owed to the
excessive dietary intake «f RA (in particular of C18m26) (Zymon et al., 2014)

Since fat @antent is the most sensitive and responsive component of milk to dietary changes
(Jenkins and McQ@wai, 2006)the interest in manipulating milk fat content started more than
two decades ago and the interest in reducingabtantent ha continued. Thagplying

different strategies is possible to enhance milk fat composition, (for instance with dietary
addition of PUFA, like EPA and DHA). Making this, we should take into account the ruminal
biohydrogenation, low intestinal digestibility and transportatithe mammary gland that
mitigate the transfer rate of these FA into (@#kkins and McGuire, 2006, Zymon et al.,
2014)

Milk fat composition is the outcome of both tissue fatty acid biosynthesis and fatty acid
composition of the digiMansson, 2008)n monogastrics there is linearity between dietary

fatty acid profile and milk fattacid content, instead, in ruminants the ruminal
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biohydrogenation process of dietary fatty acids determines fatty acid aljdengiits) 1993,

Doreau and Chilliard, 19%¥pods and Fearon, 2009)

In terms of FA synthesis and secretion of milk in ruminants, the mammary gland requires FA
from two sources, uptake from peripheral circulation and synthesis in the mammaley gland (
novaynthesig)Shingfield et al., 2010)

De noveynthesis deals with the production of thel4:0 acids and abob0% of 16:0,
starting wi-HidhoxyButyraté prddeced aluridg rulninal fermentation. Mammary
desaturase enzymes can further modify FA with length between 14 and 18 carbons. The
remaining C16:0 and almost all {ongin FA come from lipids in blhoafter absorption in

the small intestine or mobilization of adipose tiddudda et al., 2014)hey are derived

from TAG fractions of VLDL and chylomicrons or albumin bound NEFA in plasma.
Lipoprotein lipase (LPL) is responsible for importing fatty acids into mammary cell, anchoring
VLDL and chilomicrons to mammary epithelium and subsequemniycaciiAG (contained

in the lipoprotein core) to release NEShAingfield et al., 201@) addition, the lipids from

themembrane of bacteria are also a fat sGdl@eminck et al., 2006)

Diverse studies about dietary fat supplementation in ruminants have been conducted, with the
addition of different lipid sources, such as fish oil and marine algae to improve EPA and DHA
content in milk(Loor et &, 2005, Cattaneo et al., 20B6eckaert et al., 2008ele et al.,
2008,Toral et al., 2010, Shingfield et al., 2013, Toral et alB@@b4d et al., 2016appucci

et al., 2018

The supplementation of fish oil in dairy cows proves to be toxic on ruminal microsyganism
leading to a reduction in terms of milk fat content and conferrifigvoifs due to FA

oxidation(Lock and Bauman, 2004) Thi s phenomenon i s known
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(MFD) and it can occur in case of low fiber content and high concentrations in the diet
(Bauman and Griinari, 200B) contrast to the bovine case, the occurrence of MFD is not
common in small ruminants, even when they are fed diets rich in starch and containing
vegetable or marine o(Shingfield et al., 201@ne possible mechanism to explain what
happens in cows could be the inhibition of lipid synthesis in the mammary gland in response
to fatty acid intermediates (such as4€4@i) and related metabolites, formed during partial
biohydrogenation of unsaturated fatty acids in the riBaeman and Griinari, 2001, Toral et

al., 2010)

Dealing with goat, data about milk yield and composition when a8difdFAs in the diet,

often produced contradictory results.éffects on milk production when feeding fish oil but

a decrease in terms of milk fat content were found in Cattaneq2&08§|. EFNor and

Khattab (2012) and Toral et a(2014) Differently, a study on sheffitessa et al., 2001)
showed a significant milk yield decrease without any change in milk fat content after tuna oil
suppl ementation. To the authords knowl edg
dietary algae on pnaction and quality of goat m{lkk o u @i ms k § buétypicaly no, 20
differences in milk yield and a significant decrease in milk fat conten{fnaodiin et al.,
1999)and sheefPapadopoulos et al., 2002, Toral et al., 2@i€)bserved.

Recently, Meignan et @017)nalysed milk fatty acid profiles of feeding dairy cows extruded
with linseed. After administrating this source rich in ALA, they observed that 8Bsedecr
l'inearl vy, wher eas ol ei c -limotemicdacid, and the sums @ a c
mono and polyunsaturated FA increased linearly when the daily intake of fat from EL was
increased. Therefore, interestingly the addition of this vegetafde screased the

proportion of human heaHteneficial FA in milk.
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Another example of enriching animal diets with fat is the dietary addition of both fish oil and
algae in ruminants that is reported to strongly affect the fatty acid profile of mik, wit
decrease in SFAs and with increased PUFAs content. In detail, unprotected fish oil was able t
influence the milk fatty acid profile of goats, characterized by a lower average concentration o
C18:0 and higher content of C16:1, C18:3, and verghlamg+3 PUFAs EPA and DHA
(Cattaneo et al., 2006

The administration of algae in the goat diet are reported to decrease @dlroditent in

milk with increased levels of oleic, linoleic and linolenic acid. Furthermore, a positive change ir
SFA MUFA, PUFA was observed, with a reduced proportion of SFA and a tendency to a
positive shift in #6:n-3 PUFA, with increasing proportioneBf Kou 9i ms k8 et al
The observed augment in long chain PUFA content ir{Pagladopoulos et al., 2002, Toral

et al., 20100f dairy sheep when fed algae reflected a higher content of these fatty acids, in
particular EPA and DHA (according with what previously observed iFcamRlin et al.,

1999) The observed differences in transfer efficiencies could be explained not only by
diversitiesof dietary sources, but also by dosage applied, duration of administration, and
level/technological methods for rumen protection of the dietary fatty acid sources.

Particularly to this last point, the transfer efficiency of EPA and DHA from diet knte mil
already generally limited without ruminal protection due to ruminal biohydrogenation together
with the preferential incorporation into plasma phospholipids and cholesteriitsteaset

al., 2001)

So, the possibility to introduce O0inerto
supplementation) to escape or bypass fat rumen biohydrogenation is more advisable. As matt

of fact, if protected, fatty acids can be preserved from oxidatiamgeate negative effects
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of high levels of unprotected dietary fats on feed intake, ruminal fermentation, and milk fat
content(Jenkins and Bridges, 2007)

Mentioning few examples of supplementation, first we can consider algae. Franklin et al.
(1999)¥ound a DHA transfer efficiency in dairy cow of 8.4% when using an unprotected form
of algae, and 16.7% when a ruyprerected form was fed.

Similarly, the DHA transferat e i nto sheepd mil k from un
between 5.0% and 8.0¢horal et al.,, 2010while 30% to 60% of dietary EPA was
incorporateqPapadopoulos et al., 2002)

Instead, Cattaneo et @010)tested a rumeunnprotected form of dietary fish oil in goats,
observing that the apparent transfer efficiency of EPA and DHA from fish oil to goat milk
ranged from 7% to 14% and 7% to 8%, resmdgt

Then, few years ago, Doreau and F&G5)showed the possibility to take advantage of the
natural constitution of linseeds, thanks to partially fdtépids of whole seeds. Another

way to protect feeds could be heating feeds at high temperature, using calcium salts of FAS ¢
encapsulating the lipids in a matrix of rumert protein(Jenkins and Bridges, 2007,
Palmquist, 2009)

The selection of the besBrPUFA sources hastiike account not only the transfer rate into
animal products but also the economic aspect, environmental and ethical sustainability of the
source. Zymon et gR014)discussed it in one of their papers, where they considered fish oil
as a notethical PUFA source, even if fish oil can baiwdd from farmed fish.

Thereby, it is critical to take into consideration alternative soure29PofHA, for example

the natural and sustainable green pasture. Indeed, pasture has been proved to enrich milk fat
ALA, cis9 transll CLA and its precurstbansl1l C18:1 (vaccenic acid ((Bgwhurst et al.,

2006, Cppa et al., 2011, Shingfield et al., 20d®)etheless, milk of pastidieel dairy cows
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contains higher levels of EPAJEDHA (Hebeisen et al., 1993, Leiber et al., 2005, La Terra et
al., 2010)

Increasing 3 fatty acid content of milk may benefit human health but, at the same time, we
should consider that it is more vulnerable to oxidation.

In this context, increasing milk vitamin E content may represent an advantageous tool to
protect lipids from peroxidation, maintaining milk nutritional and organoleptic(§fagiiy

et al., 20110ther antioxidants that can be included in the diet for this aim are plant extracts
rich in polyphenol&ladine et al., 2007, Gobert et al., 200%uperoxide dismutase, catalase

and glutathione peroxiddséarchi et al., 2015)

1.4.2. Dietary manipulation of egg quality

Characterized by digestible proteins, lipids, vitamins, minerals antesntilatipromote
health(Anton et al., 2006)s the other poultry products, eggs are the major source of animal
protein around the worl@herian, 2012 herefore, particular interest is turned to ameliorate
fatty acid profile of this animal product so widely consumed. Previous studies have
demonstrated how their fatty acid composition canodéied by manipulating the poultry

di et . Specifically, i-3t rhiacsh bneeeanl SBsfditpaarid i hnocw
content of eggd<akani et al., 2012)

Although the positive effects of PUFA, their sources are not in sufficient quantity for the food
industry and the research is looking for nos&lfeedstuffs with nutritional and healthy
effectqTaranu et al., 2014)

Numerous studies have been published on hen supplementation with either oilseeds and fis|
oil and recently researchers are exploring the possible addition of microalgae into the poultry

diet(Fraeye et al., 2012)
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Well known sources and widely used as hen dietary supplementations over theapmast 20 ye
are flaxseed, canola and other plants. These plants are indicated as an excellent source of Al
(Harris et al., 20Q9pata on production parameters and egg characteristics of hens fed
flaxseed are contradictgBean and Leeson, 2003, Hayat et al., 2009, Rizzi et alSia669)

many factors are involved in the determination of these parameters, this could explained the
diversites in these findingBraeye et al., 2012)

Then, dealing with fatty acid composition, the general outcome shows an increase of ALA anc
EPA levels in yolk. DHA increases as well but with a lesser extent. This can indicate, as man
authors report, the limit in the conversion of ALA in DHA and EP#ilasias in humans
(Aymond and Van Elswyk, 1995)

Interestingly, alongside with enhancememnt3oFA, they observed a parallel decreas® of n

FA level§Bean and Leeson, 2003, Hayat et al.,, 28@@cially arachidonic g€tierian and
Quezada, 2016)

Since the conversion of ALA into EPA and DHA is inefficient, direct supplementation with a
dietary source rich in these essential fatty acids, such as fish oil, could be worthwhile.

Similar to what found for studies about@giched with plants, the glgmentation of fish

oil produced contradicting results about production parameters and egg quality characteristic
(Gonzale£squerra and Leeson, 2000, Cachaldora et al., 2008, Lawlor et al., 2010)

Referring then to the yolk composition after dietary supplementation, there is a recurrent
component among the studies. Indeed, although fish oil is abundant in EPA and DHA, eggs
have been found to be enriched mostly with DHA, whilentiiease of EPA content is

limited (Bovet et al., 2007, Lawlor et al., 2048)ber and Van Elswyk996)suggested the

preference for DHA to be incorporated into membranes in comparison with EPA.
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As we discussed about the use of plants, also the supplementation of this marine source he
determmed an increase of3hPUFA as well as a decrease in AA and t@iaPUdFA
(Cachaldora et al., 2008, Poureslami et al., 2012)

Likewise to linseed afidh oil, discrepancies are found among the different performed trials
feeding microalgg€achaldora et al., 2008, Rizzi et al.,.Zi@d)arly, to eggs from hens fed

fish oil, DHA strongly increases an@ RUFA decreagRizzi et al., 2009, Baeza et al., 2015)

We should remember that feed represents the major cost for food animal production, and FA
sources for animal products should not be in competition with humarfdushitises. For

this reason, the quest for sources-®fHA feeds is focused on lookingdtiernative feeding

font that can reduce production costs and guarantee enriched food for human consumption
(Cherian et al., 2009, Cherian, 2012, Cherian and Quezada, 2016)

A possible option can igamelina saticharacterized by the same composition of flaxseed,

hi gh | ev &l faty awils pft8id, antitocopherol (Zubr and Matthaus, 2002,
Cherian, 2012)

Camelina is an oilseed crop of the Brassica (Cruciferae) family. The cultivation of the crop is
environmentally friendly besaut does not need application of pesticides/herb{@dbs

2003) Cultivated in Europe for over 2000 years for oil and livestock fodder, there is a renew
interest about its use as a biofuel sdi@herian, 2012Yhis increase production has led to
exploit the meal produced from the oil extraddopoultry industry, in order not to compete

with the human di¢Kakani et al., 201Z}amelina bgroducts (like meal/odake) are rich in
protein, essenti al a3randrb dattyaacids.dFer this feason, ilacautd e

be fed in the diet of anim@deadus et al., 2014)
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As being monogastric, the quantity and the type of dietary lipids can affect the chemical
characteristics of the egg yolk, modifying the content of fatty acids;sahdfatvitamins.

As an outcome, egg lipids refleetatly fat content in chicke(@herian, 2012 hanks to

their Hgh capacity for lipid biosynthesis, the alteration of fatty acid composition can be direct
or indirect due to further acyl chain elongation and desaturation in tf@hlerean et al.,

1996)

Recent research@aziza et al., 2013, Cherian and Quezada, 26d8)cted on feeding
camelina meal in egg layers have demonstrated that an inclusion up to 10% increases tl
omega3 fatty acid content, not compromising bird performances. lieeasproved tha
consumption of twaggs from hens fed with the inclusion of camelina meal could provide
more than 300 mg/day ofdfatty acids to the human diet, which is the recommended daily
intake of World Health Organization (WHO). Unfortunately, the information about
administering cagtina meal to laying hens and about egg lipid composition are scarce

(Cherian et al., 2009)
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Figur®. -Lidolenic acid, long ct&afatty acid and totlfatty acid supplied through eggs from layer hens fed Contrc
CamelingMeans between diets and within a fatty acid type without a common leRet @litfey. Sigmifichaihyg (
Camelina represers@mdraan meal basal diet (Control); or basal diets containing cameliegGateslif@yat 10
Cherian and QueZad46)
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Other interesting obtained results have shown how fégahnglina satiles not affect the
functional properties and the sensory quality of(Rggka et al., 200 0kka et a(2002)

fed camelina at a level of 5% in laying hens, observing that functional properties and quality o
the eggs were not negatively affected by the concentration of seed oil. In this fashion, they
have demonstrated that camelina did not impart the same ofafidwador as flax meal and

oil. Later, Kakani et #2012}ested extruded camelina meal in Lohmann White Leghorn hens
with 3 different inclusions (B -10%), finding out that the addition of the meal up to 10% of
concentration did not have effects on interior and sensory quality of eggs.

These outcomes suggest thainelina sativa promising plant source for the@mment of

omega3 fatty acids in hen eggs, but further investigations are needed.
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Moreover, the inclusion of camelina has been proved to be beneficial because of the reductiol
of oxidative stress due to the presence of thesethie compounds. This walsserved,
measuring the thiobarbituric reactive substances (TBARS) in eggs from hdf8sofed
camelina meal (Cherian, 2012). Very few studies have reported sensory aspect of eggs frc

hens fed camelina.

1.4.3. Dietary manipulation of meat quality

Apart from supplying high biological value proteins, essential trace miviEisns and
micronutrients, meat is a valuable source otlwig R3 FA(Higgs, 2000)

The nutritional properties of meat are related to its fat content and the composition of FA
contained. Indeed meat ig timajor source of fat in human diet, especially SFA that are related
to the major incidence of chronic dise@d&sod et al., 2004However, some MUFA and

PUFA have positive effects on human health, so it is advisable the presence of these health
fatty acids in meéllietoand Ros, 2012)

At standard conditions, the content of PUFA in the muscular tissue is different if we take into
consideration different animals. Specifically, comparing their content among beef, lamb anc
pork shows some disparities. The most notable diversity is thegbagtiy of linoleic acid

in pork than in ruminants and it derives from the diet. Indeed, being monogastric, this fatty
acid is unchanged by the stomach activity, it is absorbed in the small intestine, and, throug|
blood stream, it reaches tissues urfraddiHarrison and Leat, 197%)onsequently, this
incorporation into pig muscletiafcids leads to a highe8m-3 ratio, which is not desirable

for human healtfNieto and Ros, 2012)

The situation is dissimilar for beef and lamb, containing a lower amount of C18:2 because
belonging to ruminant species, it is degraded into MUFA and SFA after ruminal microbial
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biohydrogenation and, for enal amount, is incorporated into tissue lifikRtsreau and

Ferlay, 1994)This fatty acid, along with linolenic acid, determines alsontieat of long
chain PUFA (such as arachidonic acid and
desaturase and elongase enzgiaggy and Tiuca, 201 Ruminal microorganisms also act on
dietary PUFA, with the rd8ng conversion of these into SFA and their deposition in muscle
tissue. This means that the PUBHA ratio in lamb and beef is low, with higher risks of
cardiovascular problems and otherdiséakea i L et al ., 2016)

The rising interest of the consumers in health food and their opposition to the incorporation
of synthetic additives lead to a growing application of dietary supplementation to modify fatty
acid composition of meat, increasing the degree of unsat(haionand Ros, 2013j is

important to remember that fatty acid composition is more susceptible to manipulation than
other components contained in meat, and disdiary fatty acid supply is the main factor
determing the fatty acid composition of intramuscular fat and adiposé@tsSmet and
Vossen, 2016)

In order to do it, we should consider thgedtion of nutrients in the animals. Specifically, in
monogastrics, like in pigs and chickens, anaerobic microorganisms can hydrogenate UFA
forming as intermediates trans FA and conjugated fatty acids. The scenario is different in
ruminants, where thesA Bre largely absorbed and the only way to avoid it is protecting them
against hydrogenation in the rurierackley, 2007)

Similar responses to the dietary supplementation were observed in four categories of anima
(cattle, sheep, pig and poultry), with better results on the deposition of PUFA in poultry trials.
The possible differences among the trials performed until eaoimm@utable to diverse

experimental design and kind é3 RUFA supply. Despite it, it is clear that is possible to
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increase PUFA content in meat feeding alternative dietary fat oerSeset and Vossen,

2016)

Different are the dietary strategies applied over the last decades.

Diaz et al.(2011)used three diverse supplementations (fish oil, linseed and linseed plus
microalgae) on lambs. Results showed how lifeemarablyinfluenced the content of
linolenic acid, meanwhile animals fed fish oil had the higheshdamd®UFA content.
Interestingly, in both these two experimental groups they also found the highest PUFA/SFA
ratio.

An example on chickens is performed by Nain €2045) They supplied 4 different
inclusions oCamelina satmeal to 744 Ross 308 (0, 8, 16 or 24%) for 42 days to evaluate any
effect on FA composition of some orgaksalysinghe fatty acid cdent, they observed an
enhanced of the overal3nPUFA concentration (especially ALA, DPA, and DHA) with

g r e ad{imlenic acid content. In detail, increasing dietary camelina inclusion, the
predominant +8 PUFA were DPA and DHA in liver and brain gsghen, in breast and

thigh tissue DPA as well. These findings indicate that camelina can be potentially included ir
broilers rations in order to improve fatty acid profile of the meat.

Another group of research beforetiedh a F k i e wi ctestecethie saanke FA soufc@ duid )

in the brm of oil. They fed 90 Ross 308 broiler chickens with camelina oil to compare its
possible effects with two other supplementations, soybean and rapeseed oil. As in the tria
before, t hey -linolenicicantendin the muscle and abtlomiahfaarticular
feeding camelina.

Recently Cher i aMoghadanrandiGherianf 20dEfeikesl dowcfdeding

10% flaxseed to broilers could lead-®>FA emichment in both white and dark meat. With

these results, they stated, as they did before in their previous published papers, that is possit
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to incorporate 13 FA in poultry food products and this may be an alternative strategy to
increase43 FA consumipon without changing existing dietary habits.

Lately in Franc@le Tonnac and Mourot, 20173s performed 60 male pigere assigned to

five experimental groups with differer® RPUFA sources to evaluate, among the diverse
parameters, the fatty acid composition of pork. Dietary lipid supplements were composed of
soybean and palm oil,-kdglled and extruded linseed, d@adwxaenoic acid (DHAZh
microalgae or a mixture of linseed and microalgae at 75%/25% and 50%/50%, respectively.
They noticed that the-3 PUFA content in the longissimus dorsi muscle, subcutaneous
backfat and liver increased with a dietary supphseédi and microalgae and corresponded

to circulating fatty acids, indicating benefits of enriching animal feed with essential FA.
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2.OBJECTIVES

Polyunsaturated fatty acids have been shown to work on different levels. On the one hand,
they can modulate animal performance and health status, affecting the immune response
Furthermorethey have effects on the quality of animal products, enriclimgitheessential

fatty acids and with consequent beneficial effects on human health.

The objective of this thesis was to evaluate the possible effects of fatty acid addition to animal
on both health animal level and product quality level. To achievigjabis two different

trials were designed. In the first one, the aim was to study the consequences of dietary fa
supplementation (saturated and unsaturated fatty acids) around kidding in dairy goats or
metabolism and immune response at hepatic andeatigsoe level through changes in the
expression patters of both mRNA and miRNA of genes involved lipid metabolism and
inflammation processes. In the second one, we evaluated the inclusion of 7.5% of camelin:
cake in the diet of laying hens on performaegg, quality characteristics, fatty acid

composition and lipid oxidative stability.
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3.LIVER AND ADIPOSE TISSUE METABOLISM- AND
INFLAMMATION -RELATED mRNA AND microRNA
EXPRESSION IN PERIPARTURIENT DAIRY GOATS FED

POLYUNSATURATED vs. SATURATED FATTY ACIDS

3.1.Abstract

The transition into lactation is an important period to increase productive performance of
dairy ruminants by supplementing fat in the diet. When compared to saturated fatty acids,
polyunsaturated-8 and r6 fatty acids exert beneficial effectsimmmune response. The
present study focused on the expression of selected genes and miRNA in the liver and adipos
tissue of goats during transitiolhe major aim was to improve the knowledge of
transcriptional responses in these tissues in the context of lipid metabolism and inflammation
when goat are supplemented with saturated or polyunsaturated fatty acids around kidding
Twentythree secongarily twindiagnosed alpine dairy goats were either fed from one week
before (30 g/head/d fatty acids) to three weeks after kidding (50 g/headéditéjycalcium
stearate (ST=n7) or fish oil(FO, r= 8), and were compared to a congrralup fed a basal

diet (CON, = 8). Liver and adipose biopsies were collected oni,dagind 21 from kidding.
Quantitative PCR was used to measure mRNA and microRNA expression of 38 targets.
Dietary treatments wggulated (ST) and downegulated (FO) steargybA desatuse SCD

alone. Time around kidding strongly affected most of the target genes for lipid metabolism,
being mostly upegulated from7 to 7 DIM and dowanegulated in the third week of lactation

in the liver, while in adipose tissue a gradual-cbguiatio was observed throughout the

trial. Acutephase proteins were increased in adipose tissue in the two weeks around kidding
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and decreased from 7 to 21 DIM. ritammatory interleukind.6 andIL8) peaked in the

first week after parturition, whilelO was upregulated in the last two weeks of the trial. With
the exception of an tnegulation of miRL55 from-7 to 7 d from kidding, no effects of time
were observed on miRNA expression in adipose tisseieACOX1 was greater in ST than
CON on day 7 whil8CDshowed a higher expression from 7 to 21 DIM in ST compared to
FO. Then, dealing with adipose tise&#N1 had increase values in FO at 7 days after kidding
(compared to ST) arflASN had the highest expression in stearate group 7 days before
parturitian, if compared to CON and FOhe present study revealed modest effects of dietary
saturated or polyunsaturated supply around kidding on fatty acid metafotsm
inflammatiorrelated genes in liver and adipose tissue of dairy goats. However, dath indicat
an i nc roridatior in thenliveA and a decrease in fatty acid synthesis and inflammation

in adipose tissue.

3.2.Introduction

The transition period is considered the most appropriate phase to increase productive
performance of dairy animé@Bsonzo et al., 2010)amely because of the marked decreased in
dry matter intake (DMI) and negative energy balance (NEB) particularly after calving.
Changes in endocrine status to accommodate parturition and lactogenesis lead to modificatio
of the ani mevhilatisRiboneet al.p201HAs s nesult, there is an increase in
lipomobilization, which enhances the concentration of plasmestedfied fatty acids
(NEFA) and theitransport to the liver where they can be oxidized to generate energy, ketone
bodies, or esterified to triacylglycerol (TAG) followed by synthesis of welgndaw

lipoproteingInvernizzi et al., 201@esides serving as an enstgyge organ, adipose tissue

52



can produce adipokines and is subject to localized inflammation through the recruitment and
regulation of immune celSrant and Dixit, 2015)

Evidence from dairy cow studies underscores the usefulness of supplemental fat
administration during transitig8taples et al., 1998, Ballou et al.,).28p8cifically, dietary

fats can provide a source of energy or act as modulatoraleblimeand immune pathways
(Tsiplakou and Zervas, 2013b,Aa)ink may exist between metabolic and immune pathways
during period with deficient metabolism, like during periparturient period, enhancing the
incidence of disordefSordillo and Mavangira, 2014)

Increased supply of energy across the transition period leads to improved health status an
ameliorates some aspects efithmune response especially when polyunsatuaseting

omega fatty acids are added in thg Betring et al., 2009, Agazzi et al., 2010, Sordilla, 2016)
Conversely, increasing energy density by feedingfezatlytable carbohydrate during the
closeup dry period often increases theidence of metabolic disorders in dairy cows after
calvinglKhanet al., 2014)

Recent work in dairy cows has highlighted a central role of mMRNA and miRNA expression in
coordinating changes in different metabolic cellular pafiwagsand Kulyte, 2015, Va#ati

Riboni et al., 2016Adipose tissue microRNA (miRNA) have a biologic impact on both
adipocyte metabolis@in et al., 2009, Jin et al., 2@GI®) inflammation, regulatiggne
expressiorthrough complex networkisvolving transcription factof@rner and Kulyte,

2015) Expression patterns of miRNA are associated with the levels iolesyfokeret al.,
2012)and the degree of immune celiltmation (Kloting et al., 2009, Vail&iboni et al.,

2017)

Although the potential of dietaryt fsources to elicit changes in metabolic and molecular

pathways in liver and adipose tissue of transition dairy cows has been recently highlighte
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(Bionaz et al., 2015 similar role in dairy goat or sheep around kidding is largely unknown
(Osorio et al.,, 2017Pespite the wedlstablished differences in evhismall and large
ruminants navigate the transition pe¢(®alivant et al., 1991, van den Top et al., 1995, Pinotti
et al., 2008)dairy goats (similar to co@arney et al., 2013, Vailati Riboni et al., )2015)
experience some degree of inflammation around kidBnogzo et al., 2010as a
homeorhetic adaptation to lactation.

Our hypothesis was that dietary fat supplementationdakaioting in dairy goats could
positively affect metabolism and immune response at the hepatic and adipose tissue leve
through changes in the expression patterns of both mRNA and miRNA of genes involved in
lipid metabolism and inflammation. The aim wagitly transcriptional responses in liver and
adipose tissue in the context of lipid metabolism and inflammation when goats were

supplemented with saturated or polyunsaturated fatty acids around kidding.

3.3.Materials and Methods

3.3.1. Animal management and diets

The protocol for care, handling, and sampling of animals was reviewed and approved by the
Universita degli Studi di Milano Animal Care and Use Committee (attachment n. 5 January
26th, 2011).The trial was performed at the Centro CliNieterinario e Zooteico
Speri mentale doAteneo di L oCodmplete detaillswokthes i t
experimental design have been publisheernizzi et al2016) Briefly, twentyhree second

parity twindiagnosed spring kidding Alpine dairy goats were divided in a randomized
complete block design into three homogenous groups balanced for parity, age and milk
production in the previous lactation (1.26 + 0.49528 6.15 months of age, 3.12 + 0.33

kg/d, respectively). Goats were housed in individual boxes and fed ad libitkizidengrer
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a postkidding basal diet (CON; n.8) with the inclusion of either fish oil (FOr oagiam

stearate (ST;#).(Table ). The prekidding basal diet consisted of ad libitum mixed grass hay,
corn meal and concentrate, while failing diet was composed of ad libitum alfalfa hay and
mixed hay corn meal and concentrate. Forages were individually adjusted daily for a refus:
weight of at least 10%, while concentrates were provided separatehynd&ufignoil (EE

4.9% DM prekidding; 5.2% DM post kidding10.4% EPA and 7.8% DHA; Ufac Ltd.,
Stretton, UK) was included in the basal diet at a rate of 81 g/day of sup@emkteay( of

fatty acids) before kidding and 135 g/day of supplement (50 g/day of fatty acids) after kidding.
Calcium stearate (EE 4.6% of DM-gidding; 4.8% of DM post kiddingC16:0 26% and

69.4% C18:0; Brenntag S.p.a., Milan, Italy) was includedasahdiet at a rate of 34 g/day

of supplement before kidding and 56 g/day of supplement after kidding to ensure the same
total amount of fatty acids supplemented in FO.

Calcium carbonate was included in experimental diets to balance calcium comethieboth

pre- (0.8% DM feed) and post kidding (1.1% DM feed) pefindsrnizzi et al., 20163l

diets were supplemented with vitamin E in order tolysuj@omg/head/d during the pre

kidding period and 80 mg/head/d after kidding. Pre and post kidding dietary treatments were
designed to provide similar crude protein (CP) and calcium content, while fat enriched

treatments (FO and ST) had similar etherotX&&).
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Tabld. Ingredients (g/100g féet) amnd nutrient composition (% of DM unless othfeiveisxpetizdgntal diets.

ltem Treatmenit
CON FO ST
Pre Post Pre Post Pre Post

kidding kidding kidding kidding kidding kidding
Ingredient
composition
Alfalfa hay 0 31.2 0 29.8 0 30.7
Mixed ha¥y 62.3 15.3 59.6 14.6 61.4 15.1
Concentrafe 31.9 46.8 30.5 44.8 314 46.2
Steanflaked 5.3 6.2 5.0 5.9 5.2 6.2
Corn
Fish oil 0 0 4.4 4.3 0 0
Calcium Stearate 0 0 0 0 2.0 1.9
CaCcqQ’ 0.5 0.5 0.5 0.5 0 0
Chemical compositiol
DM 88.4 89.3 88.7 89.5 88.6 89.4
CP 12.3 17.8 11.9 17.2 12.2 17.5
EE 2.9 3.2 4.9 5.2 4.6 4.8
NDF 43.9 33.7 43.8 34.0 43.3 33.2
Ash 6.3 7.2 6.5 7.3 6.0 6.8
Ca 0.8 1.09 0.8 1.1 0.9 1.2
P 0.4 0.8 0.4 0.8 0.4 0.8
NEL (Mcal/dy 1.61 1.67 1.66 1.72 1.67 1.72
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ICON = Basal diet; FO = basal diet withrmerngsh oil (10.4%EPA and 7.8% DHA,; Ufac Ltd., Stretton, UK) included in the basal diet at a rate of 820gjttigyof supplem
of fatty acids) before kidding and 135 g/day of supplerhéattyZ@igislegfter kidding; ST = calcium stearate (C16:0 26% and 69.4% C18:0; Brenntag S.p.a.,Milan, Italy’
the basal diet at a rate of 34 g/day of supplement (30 g/day of fatty acids) before kidding and S8dydadt Kiddgiday of fatty a

ZThe mixed hay was a grass hay, chemical composition: 7.6% crude protein,1.8% ether extract, P& %shest@6détCaandfi®e%EP (on dry matter basis).

*The concentrate mixture was a commercial dairy ghamitakbddiepadsition: 22.25% crude protein, 5.00% ether extract, 22.98% neutral detergent fiber, 6.51% ashe
0.76% P (on dry matter basis).

4Calcium carbonate was differently included to balance calcium eantkpohiutting fesipdewithin the groups.

SNet energy of lactation concentration of the diets was calculated using the Small Ruminant Nutr{fled&sctest EERAE)3oftware
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3.3.2. RNA Extraction and Quantitative PCR
3.3.2.1. Liver biopsies

Tissue wab ar vested on days 17, +7and +21 rel a
subject, via puncture biopsy under local anesthesia. The biopsy area was sieaeedand

with disinfectants (ethyl alcohol and Betadine®, Poviodine, 10%, Meda Pharma s.p.a.,
Monza, Italy) and a 14G biopsy needle was introduced through a small incision made at the
right 11" intercostal space at approximately 15 cm below the(8p@ezi et al., 2010,

Invernizi et al., 201&pllecting 30 to 80 nafj liver tissue.

3.3.2.2. Adipobiopsies

On the same days as for liver biopsies, adipose tissue samples were collected from alterne
sides of the tallead region for each day of sampling. The biopsy area was shaved and cleane
with disinfectants (ethyl alcohol and BetadiRa®idoneodine, 10%, Meda Pharma s.p.a.,
Monza, ltaly), and an incision é68Zm length was performed between the tail head and the
ischiatic bone. A sample of approximately ®lofraubcutaneous white adipose tissue was
excised. The incisions for thestiand subcutaneous adipose tissue biopsies were sutured and
treated with topical antibiotic reagents as described prefiibesiyg et al., 2009)iver and

adipose tissue samples were immediately placed Hagwelwmicrocentrifuge tubes, snap

frozen in |iquid nitrogen, and stored at |
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3.3.3. Total RNA Extraction, Target Genes, Primers Design, and Quantitative

PCR

Biopsied tissue was stored in liquid nitrogen prior to RNA extraction. All pgecstarting

from primers design, were carried out at Dr. Loor Mammalian NutriPhysioGenomics
Laboratory at the University of lllinois, Urb@&mampaign, IL. Genes tested in the current
study are listed in Table32Primers were designed and evaluatpdegi®usly described
(Bionaz and Loor, 2008primers were aligned against publicly available databases using
BLASTN at NCBI . Prior to gPCR, prihesamse wer
protocol described for qPCR except for the final dissociation protocol. For primer testing we
used a universal reference cDNA (RNA mixture from all the samples for adipose tissues) to
ensure identification of dversrurirad2%@garosgegel 5
stained with Sybr® Safe DNA Stain (EDVOTEK, Washington, DC, USA). The remaining 15
OL were cleaned using QI AquickE PCR Purif
following the manuf act ur equénsingiamntisetGore ONA on s
Sequencing Facility of the Roy J. Carver Biotechnology Center at the University of lllinois,
UrbanaChampaign.

Only those primers that did not present pridierer, had a single band at the expected size in
the gel, and had thehtgamplification product (verified by sequencing) were used for gPCR.
The accuracy of a primer pair also was evaluated by the presence of a unique peak during tl
dissociation step at the end of gPCR. The enzyme activities and/or mRNA abundance of
enzymesnvolved in the major pathways of lipid metabolism were measured in hepatic and

adipose tissues.
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Immediately after biopsies the hepatic and adipose tissues were collected, stored in cryotube
and snap frozen in liquid nitrogen. Total RNA was isolatedHsoadipose samples using
QIAzol reagent (Qiagen) through tissues lysing operated by bead beater (BSP, Bartlesuville
oK, USA) according to the manufacturerdos
miRNeasy columns and-oolumn RNas&ee DNase treatme (Qiagen), following the
manufacturerds protocol . RNA quality was
(Agilent, Santa Clara, USA): only samples with RIN equal to 5.0 or higher were used. Eacl
cDNA was synthesized by RT using 100 ng RNA, BDNase/RNase free water and 1 mL
Random Primers (Roche, Basel, Switzerland). The mixture was incubated at 65 °C for 5 min il
an Eppendorf MastercyclerE Gradient and k.
Mi x composed eStrand Bufdr (FE&rinentas Thériafishdér, USA), 1 mL Oligo
dT18, 2 uL 10 mM dNTP mix (Invitrogen), 0.25 mL of Revert aid (Fermentas, Thermofisher,
USA), 0.125 mL of Rnase inhibitor (Fermentas, Thermofisher, USA) and 1.625 mL
DNase/RNase free water was added. The orauias performed using the following
temperature program: 25°C for 5 min, 42°C for 60 min and 70°C for 5 min followed by 4°C,
forever (MyCycleE Thermo Cycler, Bio Rad,
with DNase/RNase free water.

Realtime quatitative PCR was used to evaluate mRNA expression of genes involved in
metabolic processes in adipose and liver, and genes taken part in the inflammatory respon:

together with microRNA expression implicatedfiammatory response

Genes selected foratrscript profiling are associated with hepatic metabolism: methylsterol
monooxygenase MEMOJ, carnitine palmitoyltransferase ICRT), and longchainfatty-
acidCoA ligase §LC27A3, sterol regulatory element binding transcription factor 2

(SREBF2;, superoxide dismutase 3@DJ, catalaseCAT), peroxisome proliferatactivated
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receptor alphaPPARA), stearoyCoA desaturasé&sCD, acyCoA oxidase 1ACOX1),
acetylCoA acyltransferase AGAAL); metabolism of adipose tissue: adiponeéddiPQQ),

lipin 1 CPIN1), lipoprotein lipas&PL), sterol regulatory element binding fact&REBF),

thyroid hormone responsive proteifHRSPH, peroxisome proliferatactivated receptor
gammaRPARGQG, acetyCo A ¢ ar b AGAZA)afaty acid syr{thaseASN), perilipin

(PLIN2), leptin LEP), and); adipose tissue inflammation: chemok#te NiGtif) ligand 2

(CCL2, interleukin 6 (IL6)interleukin 10I(10), interleukin 181(18) , i nt elrllYeA ki n
interleukin 6 receptotLBR), serum amyloid -8 (SAA3), haptoglobinHP), interleukin 8

(IL8), retinol X recepte RXRA), toltike receptor 4TLRA4).

The miRNA selected for expression profiling are associated with immune cell infiltration
(miR26b, miR155), inflammation and lipolysis (f88&, miRL45, niR-221), and positive
regulation of adipogenesis (riF8, miR378)VailatiRiboni et al., 201&ailatiRiboni et al.,

2017)

Quantitative PCR for mRNA was performed us
a mixture composed 6f QL SYBR Gr een m@bK, Qeanta BroSciences),at #
0.4 OL each of 10 OM forward and reverse |
Mi cr o Amp E a\ell Reactioh Pla&8eS(Applied Biosystems). Instead for miRNA PCR
was performedusng 1 OL diluted c¢cDNA combined with
QL SYBR Green mad9tH&r Muan(eaB#od2De@7&nces),
forward and reverse primers, and 3.85 OL L

384Well Reawon Plate (Applied Biosystems).

Each sample was run in duplicate ang@irt relative standard curve plus the-teomplate
control was used. The reactions were performed in an ABI Prism 7900 HT SDS instrument

using the following conditions: 2 min at®60 10 min at 95 °C, 40 cycles of 15 s at 95 °C
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(denaturation), and 1 min at 60 °C (annealing + extension). The presence of a single PCF
product was verified by the dissociation protocol using incremental temperatures to 95 °C for
15 s plus 65 °C for 15 Bata were calculated with the 7900 HT Sequence Detection Systems

Software.

For metabolic genes, the final data were normalized using the geometridiveaateofal
control genes (ICG): Ribosomal Protein SEIS1{5A, Ribosomal Protein SRRSY,
UbiquitouslyExpressed Prefoldicike Chaperone UXT), Actin Beta ACTB) and
Glyceraldehyd®&Phosphate Dehydrogena&APDH). Instead for inflammatory genes, the
three internal control genes are: Ribosomal Protein F25a5@, Ribosomal Protein S9
(RPS%a nd A ACTBnwhife fof microRNA were used microRM&A (miRLet7A),

microRNA16b (miR16b), and microRNA31 (miR331).

Each assay plate included a negative control in triplicate. The CV was below 10 % for all the
primer pairs used. The reagcsiavere performed in an ABI Prism 7900 HT SDS instrument

(Applied Biosystems, USA) using the following conditions: 5 min at 95 °C, 1 s at 95 °C, 40
cycles of 30 s at 60 °C, a final extension followed for a melting curve stage (15 min at 95 °C, 1
min at 60°C, 15 min at 95 °C). Data were analyzed with the 7900 HT Sequence Detection

Systems Software (version 2.2.1, Applied Biosystems, CA).
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