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General introduction




1.1 Introduction

Breeding system of dairy small ruminants exhibits great diversity ranigorg
extensive to intensive. Extensive or saxiensive farms are very often located in less
favourable zones which are unfertile and hard to be reached. In these conditions, the
use of local and well adapted breeds is of fundamental importance bdeaysart be
reared in marginal areas thanks to their capability to fully exploit also very poor lands

(Figure 1). This aspect is

Figure 17 Goat grazing in poor land

very important not only
because allows animal
breeding at relative low
costs, but alsdecause it
avoids the abandon of
these agas and presves
genetic variability. This
aspect is of particular
interest in the
Mediterranean area where
is concentrated about 25%
of the total goat milk productionAlmost all the goat milk here produced is
transformed into local cheeses, which camatly differ also among pkimal regions
Therefore goat breeding helps also to maintain traditions and typical products which
could be lost because new global economy. The issue of protected labels for traditional
products is having always increasing atien because it can represent an important
economic source for local breeders. That is why in the last decades there has been a

proliferation ROO&ndRGSH.el | ed product s

In the past before introduction of milk formulagoat milk represented walid
Ssubstitution of mot herds mil k. I n fact,
(Table. 1) and physical characteristics, goat milk is more easily digestible than cow
milk. In particular, its nutritional value is increased by the small sizetajlédoules

and the richness in sherand medium chain fatty acids, while casein composition

reducests allergenic power.



Table 1- Average chemical composition (%) of milk from different species

Water Fat Protein Lactose Ash Total solids
Human 87.4 40 1.2 6.9 0.2 12.3
Cow 87.8 3.6 3.3 4.6 0.7 12.3
Buffalo 80.6 9.0 51 4.5 0.8 194
Sheep 83.7 5.3 5.5 4.6 0.9 16.3
Goat 87.9 3.8 3.5 4.1 0.8 12.2
Horse 89.0 1.6 2.7 6.1 0.5 11.0
Rabbit 73.6 12.2 10.4 1.8 2.0 26.4

From Bittante2007
The managenent ofthe most important factors affeny milk compositionrepresents
the basis for the production ofilk with the best attitudein function of itgproductive
destination of goat milktransformation or drinkg milk). A brief overviewon goat
milk constituentsand main factors affecting milk composition is given in the next

sections.

1.2 Lactation curve

Milk yield andcomposition areot constant during lactatioin the past, thereation
of a model able to describe the temporal evolution of milk productioa haen one 7
of the most important challenge for mathematical modelling applied to animal science
Several equatian(reviewed in Macciotta et al., 2008gave leen developed to this

aim. Wood equatiorfl) is the most usechodelto describe theurve of lactéion.

b -ct
yt) =ate” @
In the pattern described by Wood model,
. . . Figure 27 Goat lactation curve

milk productionrapidly reaclkes a peak FromGorjanc 1999
after which constantly decreasesigure

2 describs lactation curves of several
goats

Though lactation is regulated by

complexbiological processe®nly three

Daily milk yield {kg)

parametersre presents ithe equation;

from one side this is an advantage __|

because théew number of input makes
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the model very generabut on the other Dk



Table 27 a, b, and ¢ parameters of Wood function i
estimatedin several goat breed¢Macciotta 2008) sidethe same parartersmust to

Breed A B C be specifically estimatedo fit
AIp|_ne, Sagn(_a_n 2.316 0.230 -0.005 the model fospecific

Derivata di Siria 1.388 0.163 -0.005

Murciano 2.287 0.129 -0.029 breed (Table 2) Parameters,
Granadina

Sarda 1.007 0.182 -0.007 b and c can be useful used to

predictimportant information such as the timéenpeakof lactationwill be reached,

the persistencof lactation andhte milk yied at peak.

Figure 3- Fat, protein and lactose curves
FromGorjanc 1999

Figure 3 reports the patter of fat,
protein and lactose throughou
lactation. It is evident hownilk yield is
negatively correlated to its qualityn
particular, &t and proteirncontents are
high in early lactation torapidly fall

Daily fat content (%)

until peak of lactation when they reach

their minimum. After the peak of

lactation, milk vyield constantly T . T 1 T
0 50 100 150 200 250

decreases whereas fat and protein
percentage raisc hi s fAdi |l ut “

50

respondo the equation (2)

45

y=ax @

wherey is fat or protein yieldx is the

Dally lactose content (%)
4.0

milk yield, a and b are equation

35

coefficiens. In goat, \alue ofa andb is

0 50 100 150 200 2%0
about 0.95 for non selected breeds,

while their value is about 0.83 and 0.87
for fat and protein, respectivelyin
highly selected breedéPulina et al.,
2003). Ths means thathe effect of

dilution is strongerin breed such as

Daily protein content (%)
3i0 35

Saanen and AlpineLactose shows a
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different trend because is transferred from blood to milk aacing to teir osmotic
pressureSince osmotic pressure is more or less the same between the two biological

fluid, lactose is secreted at the same rate as milk and is quite constant trough lactation.

1.3 Goat milk composition

Goat milk composition is not dissimilaroim cow milk in terms of total fat, protein

and | actose content. The main difference
Indeed, they deeply differ fgorotein and fat composition.As compared to human

milk, goat milkdiffers both for quantity and a@lity of constituents. In particular, goat

milk is higher in proteinwhereas is lower in lactose content; moreover, protein
composition greatly differbecause human milk contains more whey protein than goat

milk. Taken together, all these differences go@wv, goat and human milk very
differentphysical chemical and nutritional characteristics.

1.3.1 Carbohydrates 9
Lactoserepresents almost the totality tie carbohydrates present in milkhis
disaccharidederivesfrom the condensation of galactose and glucossiduesbound

by a -18 4 linkage (Figure 4. The two monosaccharides diffeonly for the
arrangement of th€OH group in position 4.

Lactose is biosynthesized in mammary glands only Figure‘,ﬂ'"‘ S,t“,mture oflactose
during lactation.  Out of lactatio,
galactosyltransferasghe enzyme responsible for
the condensation of galactose and glucose
catalyzes the biosynthesis of glycoproteins

containing galactose. During lactation,

gal act osyl tr ans flactoabsnen and U

(constituent of milk whey proteingr e bound together to form
lactoalbumingalactosyltransferasavhich is able to promote the biosynthesis of
lactose(Larson and Smith, 1974Yhe role of the lactose in mammary gland is to

maintain the osmotic equilibrium between blooddaalveolar cells during milk



synthesis andsecretion.Lactose provide the newborn with energy and with the

substrate to build up central nervous system.

Carbohydrates other than lactose can be found in milk under different forms-(mono

and oligosaccharas, glycoproteins, glycolipids and nucleotide sugars).

1.3.2 Lipids

Goat milk contains about 3.8% of lipids. Mendi- and triglycerides, also called free

lipids, represent 98% of total fat, while bound lipidsy¢gt, phosphe and neutral

Figure 5- Structure of milk fat globule
{A) Natural milk fat globule
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lipids) account about 2% of total.
Milk

mammary epithelial cells adat

lipids are secreted from
globuleswhich  are primarily
composed of a globule of
triglycerides surrounded by a lipid
bilayer membranéFigure 5)similar

to the apical membrane of the

epithelial cells. This membrane
helps to stabilize the fat globules in
an emulsion within the aqueous
environment of milk (Danthine et
al., 2000; Ye et al., 2000). Lipids
can naturally or after centrifugation

rise to the top restuitg in a cream

10

layer because a lower buoyant density than water. Cow milk needs to be homogenized
to reduce globules size and avoid this phenomenon. Homogenization is not necessary
in goat milk because the size of fat globules is naturally smaller (3.5.5

1956). Smaller fat globules

provide lipases with a greater surface area so that they can undergo an enhanced

micrometers) and then better dispersed (Fahmi et al.,

digestive action, resulting more easily digestible by humans, but at the same time,
globues with smaller size are incorporated at slower rates during casein coagulation

lowering cheesenaking properties.



1.3.2.1 Biosynthesis of &tty acids

Triglycerides(Figure § arethe most represeative components of ki lipids. They
are formed bythe combimation of glycerol with three molecules of fatty acidhe
glycerol molecule has three hydroxyDH) groups which form ester bonds with the

carboxyl group (COOH) of thretatty acids, which aregenerally different awng

them.

Fatty acidsare usuallyclassified Figure 6 Structure of triglycerides

according to the lengthf chain 0

and the number of unsaturated CHOH “O_CW\A
bonds Fatty acids with a length ~ #—c—on T
from 4 to 16 atoms of carbons CH0H HD_E\/\/\/\/\/\/\/\/\

are called shortand medium Glicerolo 3 Acidi Grassi

chain fatty acids (SMCFA), — W saturo

IOng chain fatty aC|diLCFA) HJ;”—QMF\/\/V\/ Monoinsaturo

0
i A A==y
have a carbons chain longer H,C—0 =N

then 16, among them very long Trigliceride e

chain fatty acid¢VLCFA) have 11
more than22 atoms of carbonsDepending on the number of double bonds in the
chain we can distinguish: atrated fatty acids (SFA), monaMUFA) and
polyunsaturatedPUFA). In a triglyceride the methyl end of the moleculs calledw;
unsaturated fatty acscare classified as av-3, w-6 andw-9 according to the distance
between the first double bond awdFigure 6) Fatty acidbelonging tow-3 andw-6
classes ardefined essentidlecause they cannot bgnthesized by mammary glands

therefore they have a big importance on human health.

Origin of milk fatty acids is both endogenous and exogenous. Endogenous fatty acids
arede novaobiosynthesized in mammary glang the progressive addiction of acetyl

CoA to volatile fatty acids (acetate andhgdroxybutyrate). The main enzymes
involved in this process are acetybA carboxylase and fatty acid synthetase (FAS),
which is responsible for the progressive elongatioriatiiy acids until a maximum
length of 16 atoms of carboifhe presence of sherand mediurrchain fatty acids

(C4:0 to C16:0) in milk derives from an altered specificity of FAS; in ruminants this



enzyme exhibits a transacylase with both loading and ratpastivity for acyl chains

with a length from two to 12 atoms of carbd@hilliard et al., 200Q)The process of
elongation can involve not only volatile fatty acids, but also medium chain fatty acids
which are uptaken from blood plasma agldngated unit 16 atom of carbonslhough
palmitic acids (C16:0) is synthesized in the mammary gland, dfa€16:0 is of
dietary origin.Enzymatic pool of mammary glands is not able to convert C16:0 to
C18:0 and theregulation of elongation process at cellular lehalve yet to be
identified. Because of the pathway for biosynthesis, acyl chain is typically linear and
with an even number of carbon atoms.

Goat milk fat is rich in medium chain triglycerideSaproic (C6:0), caprylic (C8:0)

and capric acid (C10:0) are salled because preferentially found in goat milk, where
they account up to 20% of total fatty acids (Park et al., 2@0d) givethe typical
Agoat yo f | avHaankein (2004) teviewingrthe Impartance of goat milk in
human nutrition, describeti¢ importance of MCFA as medical treatments for a wide
range of clinical disorders. For example, thanks to the digestive process, different from
that used for long chain fatty acids, MCFA can be absorbed and reach the liver and the
tissues without any reesification or storage in adipose tissues. Therefore, goat milk,12
in comparison to the more consumed cow milk, represents a valid source of direct
energy.MCFA arede novosynthesizedthereforethey are not geatly affect by diet
andsome of them are symdsized at certain fed relative rates. In particular, C12:0
(lauric acid) to C10:0 ratio is quite constant in goat milk and it has been used to detect
the addiction of cow milk into goat milldAlso C4:0 and C6:0 are either unchanged by
diet or lipid molilization because they are partially synthesized by a metabolic

pathway not dependent on aceBoA carboxylas€éPalmquist et al., 1980)

Fatty acids of exogenous origin represent up to 60% of milk fat. They are not
synthesized by mammary, batise fom preformed fatty acidshat can be found in
blood plasma unddoprm of lipoproteins and nosesterified fatty acidsfter digestion

and gut absorption oras a consequence ofobilization of body lipid reserves
Lipoprotein lipase allows the hydrolysis gfycerides whith became available for
uptakeby mammary gland an be included in fat globulekong chain and oddand

branched chain fatty (OBCFA) acids are typically of exogenous origin, deriving from



forages or supplements given to the animal anoch fneetabolism of bacteria living in
the rumen, respectivelyhat is why a huge amount of literature is available on the
effect of diet on goat and ruminants milkty acidcomposition (SanSampelayo et
al., 2007; Chilliard etl., 2004 and 2007).

1.3.2.2 Rumen microflora and lipid s metabolism

Fat of animal origin isgenerally,a concern for customers because it is rich in

saturated fatty acids which are responsible for thestook cardiovascular diseases
whereasPUFA are considered to be protective for hunhaalth.For these reasons,

on 1994, Department of Health of United Kingdom indicated ideal values for
PUFA:SFAandv-6:w-3 rati os (O00.45 and O 4, respect.
to the single foods but to the dietary regimen (Department of Hedk, 1994).

However, concerns for SFA and healthy properties for PUFA should be reconsidered

taking into account that among saturated fatty acids only@I®are thought to have

atherogenic effect when consumed in excessive amd@kintspp and Retaf 2004),

that stearic acid (C18:0) is not atheroggilabadie et al., 20089nd that som&ans 13
isomers of linoleic acid (C18:2) are suspected to be very hariitiel.control of fat
composition has been a challenge for animal food scientists and sibast half of
milk fatty acids arise from digPUFA above all)thereforeit is easily understandable
how greatly the dietanaffectmilk fatty acid composition.

An enormousiumberof study have been carried out in ordemakeanimaldiets
able to providePUFA to be transferred into milkUnfortunately, not all the dietary
PUFA arrive unchanged to milRolyunsaturated fatty aciggesent iranimal feeding
(forages, cereals and oil segdare toxic br bacteria living in the rumenmimediately
after their ingestion, theyare massivelyfrom 60 to 90%) transformet stearic acid
(C18:0) by cellulolytic rumenmicroflorawith the aim to detoxify themrhe process
of detoxification is called ibhydrogenatiorbecause PUFAvith acis-12 double bond
are progresively saturaté to C18:0by the addiction of hydrogen aton(Sigure 7.
Thefirst step of lmhydrogenation ighe isomerization ofthe cis-12 double bond to
trans-11position Non-esterified linoleic(cis-9, cis1 2 C1 8 : dinolenw radd U

(cis9, cis-12, cis-15 C18:3)are the main substrates of this microbial isomerase



because it can act only @rs-12 unsaturated fattgcidswith free carboxylic function.
After isomerizationcis-9 bond is hydrogenated bynaicrobial reductase; eventually,

also double bamhin trans-11 position is redwsdto stearic acid.

Figure 771 Biohydrogenation process
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The main effect of biohydrogenatias to worsemmilk fat quality by theincreaseof

the proprtion of unheahy fatty acids, indeed it is responsible for the greater
percentage of SFA regardless the level of unsaturated fatty acids of the diet provided
to the animals.Neverthelessgduring the first stepwhen linoleic acid is the target of
biohydrogenation, anntermediate ¢is-9, trans-11conjugatetd linoleic acid (CLA))

with positive effect on human health is produceds well as all the other
intermediates of biohydrogenation, CLA can escape the rumen before undergoing the
complete saturation and be transfertedthe milk. Since 199 when its beneficial
properties have been discoveragd meat juice(Pariza et al., 1979), an increasing
number of publicationslemonstratedhe role of CLA in the prevention of certain
forms of cancerand o 1996, it was defined as<the only fatty acid shown
unequivocally to inhibit carcinegenesis in experimental anirrals the report on
ACarci nogenes i GLAtamenhibaanmerdevel@pment ab different
stages (McGuire and McGuire, 2000), lsah alsoreduce choldsrol lewel in blood

(Lee et al., 1994) and prevent diabetdsyseknechet al.,1998; Chinet al.,1994). It

is unlikely that only one molecule is responsible for all the biological activities, indeed



CLA is not just a single molecule, but it is a semédsomers among whiclgis-9,
trans-11-CLA is the most representeddifza et al., 2000and the only whose activity

has been demonstrated; however it is supposablartatidual isomers have specific
effects.

Rumen biohydrogenation does not repregaet only way to produce CLA. In the
reality, the quantity ofmilk CLA arising from rumen is smaller as compared to that
arising from tissues.Several works demonstrated a linear relation between
concentrations ofrans11 C18:1 isomer andis-9, trans11 CLA concentrations in

milk fat across a wide range of dietsaiBnann et al., 1999). On the basis of these
findings, Griinariet al. (1997 suggested that a portion of CLA was of endogenous
synthesisThe mammary gland is thsite of endogenous synthesis @§-9, trans-11

CLA for lactating ruminants. In the uddehet action of D’-desaturaseenzyme
introduces a@is-double bond between carbons 9 and 10 of fatty aEnn if searoyt

CoA and palmitoylCoA are the major substrates t-desaturase, a widenge of
saturated and unsaturated acyl CoA can serve as substrates, indhadisgl
octadecenoic acid (Enoch et al., 1976; Mahfouz et al., 1980, Pollard et al., 1980).
Trans-11 octadecenoic acid escapbibhydrogenation is converted to CLA in the 15
udderproviding about 70% of milk CLA

Rumen microflora metabolism isalso responsible for the presence of odd and
branched chain fatty acids in ruminants m@BCFA are constituents of bacterial
membrans (Kaneda, 1991; Mackie et al., 1991) and include:tetradecanoic acid
(iso C14:0, pentadecanoic aciC15:0, 13methyltetradecanoic aciiso C15:0, 12
methyltetradecanoic acidanteiso C15:0, iso hexadecanoic acidiso C16:0,
heptadecanoic acid (C17:0, 15methylhexadecanoic acid(iso C17:0, 14
methyhexadecanoic aciganteisoC17:0. Linear oddchain fatty acids are formed
when propionyCoA, instead of acetyCoA, is used as primer, while branched chain
fatty acids are formed by the elongation of isobH@@A or 2methylbutirytCoA
(Kaneda, 1991).Together with SMCFA, they are responsible tbe sharp and
persistent odorof goat milk. However, the interesin OBCFA arise fromtheir
anticarcinogenic effects on cancer céigongtangtintharn et al., 2004) comparable to

that of conjugated linoleic ati



1.3.2.3 Effect of diet on fat synthesis and composition

Milk composition of ruminants is function of intrinsic and extrinsic factors. Though
important, intrinsic factors such as breed, genotype, pregnancy etc., can give their
effect over long terms, while extsic factors, mainly diet, largely affect milk
production and composition in the short period.

Forage to concentrate ratio is one of the most important factors affecting milk yield

and composition as well as the nature of concentrate. Rumen microflorazafgy

goats is mainly represented by cellytew bacteria which produce acetic and butyric

acid as a result of their metabolisin.certain periods, when grazing is not enough to

cover energy requirements of lactating animals, it is necessary to suppliérae

with concentrateln principle, providingconcentrates that are rich in nonstructural
carbohydrates, a higher proportion of concentrate in the diet and seiaddr

particles of fiber or fiber given in pelleted form, represent circumstancesahae @
decreasing of cellulgtic in favor of amylolyic rumen microflora with a reduction in

the formation of acetate and butyrate. Being these latter volatile fatty acids the main
precursors of the fattgcids synthesized in the mammary gland, the adirsal mi | k wi | |
have a lower fat content (Sutton, 1976). In addictiompjamic acid produced by 16
amylolytic bacteria is precursor of glucose, which is transformed in to fat in the liver
and stored in the adipose tissue causing a further depression of thiikt @ecretion.

The changes in the rumen microflora lead also to the production of specific (such as
transl0-C18:1 or trangl0, cis12 CLA) (Antongiovanni et al., 2004), and this could
contribute to a decreasn milk fat yield and conten(Griinari and Bauman, 2003).
However, in general, no significant effect are observed when concentrate proportion
does not exceed 50%, while negative effects are observed when concentrate represents

more than 60% of diet.

As regrads goats, it seems that they are morsitsento the energy intake than to
forage:concetrate ratio (Mowlem et al., 1985). Indeed, when goats are provided a diet
which in cows causes the-salled lowfat milk syndrome, the changing in milk fat
content is negligible. Sauvant et al. (1987) fotimak the energy status of the animals
is more important than the relative proportion of the diet constituents even when

forage:concentrate ratikeeeds 20:80. Similar resulteve achieved by Schmidely et



al. (1999), who, after feeding goats with concatets differing in the nature of
carbohydrates, concluded that milk fat and protein concentrations were more affected
by the animal energy balance. These results were confirmed by Mele et al. (2005),
who found no changes in milk yield and fat content comgahigh-concentratevs
low-concentrate diet at similar energy level, and by Chilliard et al. @0@6o found

a spnificant increase of milland fatyield after an increase of energy level of diet. The
influence of energy status of the goat on the gtiarnd composition of milk
produced could depend on the fact that as compared to cows, ruminal turnover is faster
in small ruminants so that they have less time to digest dietary constiteicts

would requirelonger time. This minor efficiency aumind digestion causes a less
availability of energy deriving from volatile fatty acids produced in the rutingrcan

be mmpensated by goat only when yhare in a good status of energy. Indeed when
energy intake is kept constant and cover energy requireneémgoats, goat milk fat
secretion seems to be more dependent on the nature of forage (Rouel et al., 2000).
Even if goat are less sensitive to the forage:concentrate ratio than other ruminants, a
high proportion of concentrate in the diet of goats cabed rule, but have to be used
with care and when it is strictly necessary. The consumption of rapidly fermentabté
carbohydrates contemporary to a deficiency of fiber in the diet, could lead to the
phenomenon of fgprotein inversion. In these conditiongoats produce a milk in
which protein is greater than fat percentage. This situation is typical of the
Mediterranean area, where especially in summer, the availability of green vegetation is

scarce and goat are supplemented with concentrate to cover ssguggments.

1.4 Proteins

The average protein content in goat milk is about 3.5%, howhigpércentage can
widely vary, also within species, according to several factors such as breed, stage of
lactation, genetic polymorphism, feeding etc.

The princip& proteins of goat milk ar€l act al Lh@mdlnac@®Wgl-lghul i n
immunoglobulins (Ig), lactoferrin (L)yc a s e r@N ) (st dJs e @N)(U o
case-CN) ( acnads ebCNy) an@ @ther minor proteins and ezym&key can be

subdvi ded i n wHa p-Lgplg, of) se catled betause they remain in the

( B



serum after the pr e€iNpiQhg{Cio-EN).dnfmilktitise c as e i
also present a ngorotein nitrogen (NPN) componewhich includesammonia, urea,
creatinine, creatin and uric acithoughgoat milk protein components are the same of
cow and sheep milk, goat milkesults in lower renneting properties. This is due to the
higherpercentagef NPN (5%vs 9% for cow and goat, respectivelgind a less level

of casein nitrogeKi73% vs 78% for o@ and goat, respectivglyGuo, 2003).

Whey proteins representconsistent proportion 20%) of total nitrogen in goat milk.
Nevertheless, the interest of research is mainly focused on the casein component
becauset represerd the biggesipart of milk potein (80%), but also becaugmpat
caseins show a complex qualitative and quantitative variability resulting from several
genetic polymorphisms and pdsanslational modificationghat causesmportant

effects omuality, composition andheese making pperties of goat milk

Figure 81 Structure of casein micelle

k-casein molecules
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T her, U0 a-cadeind are called calcium sensitive because they are precipitated

by calcium binding to their phosphoserine residiegerently from calcium sensitive
caseins,a-casein isthe only soluble in calcium, but also interacts with tbiher

caseinsto form stable colloidalparticles named micelléAbout 95% of caseins are

organized in micelledzor many years the most accepted theory of the structure of the

casein micelle(Holt et al., 1992)described them as a spherical aggregates of the
caseins (submicelles) held together by calGiphosphate linkage¢Figure §. A

major debate in the early studies of casein micelles was the whereabouts of the colloid
stabil i zi-cagpinlphaobeen gemerallysacceptech at t he maj or ity

casein must reside on the surfaafethe casein micelles and that thther @seins



might also occur there agell, while the inner centre of the micellaad submicelles

i's Vi r t uadadeig Hydroplelie C-terfminabregion ofe-caseinis thought to
forming a | ayer si mi |l arabilization @ tasén micelles e spons |
called glycomacropeptides (GMPIhdeed the removing of this layer Iydrolysis
causes precipiteon and coagulation of casein micelles.

In recent years the classical theany the micelle structurbas been challenged by
concepts arising fronthe study of the casdinalciuni phosphate interactions, the
micelles themselves and physical chemical studies of the individual proteins at
interfaces. However, the emerging theories agrees with the role of cgidioaphate

and a-casein(Horne, 1998;De Kruif and Holt 2003. The description of the new
modelslies outside the aim of this manuscript.

The micelle structure of goat milk differs from that of cow milk betimgdiameter of

goat micellenigherthan in cow milkand thisleads to worse renneting properties.

1.4.1 Genetic polymorphism of goat caseins

In goats, as in cattlezasein genes are organized as a clugtgure 9), as first 19
reported by Grosclaude et al. (1978). In ordggcasein b-casein,Us-casein, anc-

casén (Ferretti et al., 1990; Threadgill and Womack, 1990; Rijnkels et al., Xp@in)

250 kb onthechromosome 6.

Figure 91 Structure of the casein genes

B 250 kb
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The presence of each casein fraciiomilk is geneticallydetermined by calominant
alleles.Several allelic variantassociated to normal, intermediate or null content of the
relative proteinin milk have been reportefbr each casein fractiorDifferences in
primary structure arise from single nucleotide polymorphism, insertion/deletion and
differential splicing patterns. These modification can directly affect several

characteristic of the active form of the protein such as electric charge, size, shape,



hydrophobic properties or can influence the sequence of the proorotee stop
codonreducingor enhancing transcription rate of the ge8gmilarly to all the other
proteins, caseins undergo pastnslation modificationssuch us phosphorylation and

glycosylation, which increase caseins heterogeneity in milk.

T h eCNBs the most abundant casein fraction representing up to 50% of total caseins.

Two main phosphorylationlevels (5 and 6P) occur with comparable relative
concentration, but also 3 and 4P have been reported. It hascbhesdered to be
monomorphic ér long time.However, | to datefive variants have been reported for
b-CN. Three of them A, EMahe” and Grosclaude, 1998)d C(Neveu et al., 2002)
associateavith anormalb-casein conterih milk, with the lasttwo allele differing for
a single amio acid substitution (Alal7A Vall77) fromthe A variant Furthermore,
two null alleles( 0 a nithve Ba®n identifiedboth characterized by mutations
responsible for premature stop codons in exon 7 (Ramenhrad., 199% probably
responsible for nofunctional messengers and for the absencé efasein inmilk
(Martin andAddeo, 1995).

20
Caprinea-CN represers about 15% of total caseiifferently from the calcium
sensitive caseins, it is glycosylated, hydrophilic and shows a lower degree of
phosphorylation.The first two variants of caprin®-casein were identified by
isoelectrofocusing (Di Luccia et al.,, 1990) and successively confirmed both at the
protein and DM level by Caroli et al. (20010 far, a total of 13 polymorphic sites
were identified in the domestic goat (Jann et al., 20d@i#9wing the identification of
14 alleles corresponding to 11 protein variants. Als¢hariants can be associated to
twolevelof producti on. Variants of group A
Bo6 O, C, C 0 are assocrted Wwith agher presence in milk as compared to
group B (D, E, K, M) whichas isoelectric point equal 5066.

The U-CN represents about 10% of total caseins, and is the only casein fraction
which present cistetnistan bond along the polypeptidic chaiAt least eight alleles
have beemdentified (A, B, C, D, E,F G, 0) atlkCN locus All the variants, except D

and 0 (Ramunno et al.,, 2001) are associated to normal level of protein synthesis.

Wi



Variants A, B, C variants differ by single aminoacid substitut{dartin and
Addeo]1995). At least four phosphorylation levels bf-CN are detectable in milk.
Moreover, tlought goat milk is generally considered to have low allergenic power, the
amount oflL-CN was associated with allergenic properties. In particularjamtsA,

B, C, E and Fshowedhigher allergenic potencyas compared to @nd O(Marletta et
al.,2004)

Among <casein pol ymor pddaseimiocus ip of lparticwdar p hi s m
interestand deserves to be discusspdra

142 Geneti c pol ysgraseipahd nmslknconpdsitidd

Il n t he g oadaseis pasis eharacterided by the most ektenand
investigated polymorphism. In the last decades several studies have been carried out to
individuate the allelic variants and their relation to goat milk composition and
technol ogi c als-cpseimlpcasrspréadss transtripionaluhité®? kb
and consists of 19 exons. So far, at least 18 different alleles (for review see Neveu et
al., 2002 and Moioli et al., 2007) have been found at this locus (Figure ). All thfet
variants can be subdivided into four categories (strong, intermediatk,amd null) as
a function ofCNimmilkquantity of U

Among strong alleles (A, B B,, Bs, B4, B, C, H, L and M), B contains 199 amino

acids residues and is the closest to the bovine and ovine homologous and it is
considered as the original oimethe goat species; therefore its productive level (3.6
g/lLperalele)i s taken as the Anormal 6 reference |
other strong variants contains 199 residues, but differs frgnfoB amino acid

substitutions by single point utations. Only M variants does not depend on amino

acid substitution, but on the substitution and loss of phosphate group from allele A.

Intermediate alleles (E and I) produce about 1.1 g/L each. E variant shares structure
with By, but it has a reduce gen synthesis due to the insertion of a 458 bp sequence

in position 124. | variant shares structure with A variant and at the moment no



information is avail able on thegsxg€MiIDtor s r e

milk.

Weak alleles (D, F,G)eot r i but e wisdcdseindper4l®le. § yatiantstHowsU

a deletion of 37 amino acid residues arising from an outsplicing of exons 9, 10 and 11
probably due to a single base deletion occurring in the first unspliced exon (exon 9)
[15]. In G variantshows a deletion of 13 amino acid residues generated by an exon
skipping event (exon 4) triggered by théy @ transition at the first position in the
intron 4 donor splice site [18]. The consequence is the loss of the hydrophobic
sequence in theiérminalpart of the protein.

Null alleles (01, 02 and N) have been also found and are responsible for the apparent
absence of this fraction in milk. Null allele 01 is characterized by a large deletion of
about 8.5 kb starting from the place 181, while 02 is nigda large uncharacterized
insertion. The N variants characterized by the deletion of cytosine at the 23th

nucletoide of exon fesulting in a premature stop codon at 12th exon.
22

Enne et al., 1997 in a study on tgene frequencies of the differentvaam t s -a't Us 1l
casein locus found that null alleles tend were predominant in Northern Italy breeds,

while strong alleles were found at the highest frequency in breeds of Southern lItaly,

lastly breedsintermediate alleles wengresentin larger extent in Alpie and Saanen

bread

1.43 Pol y mor p hi-casein bdus od milkcharacteristics

The geneti c psg@daseimcaospstaibig rmange df vatiatio3(6) in
the presece of this protein in goat milk, moreoveeweral works found that strong
genotypes athis locusare associated with higher total proteindacasein content in
goat milk.If the direct effect on protein and casein content is obvi@ss, ¢vidences
are available to clarify whether have some digdfects also on the biosynthesis of the
other caseins.
Ambrosoli et al. (1988) in a study on the correlation betwsagmorphism atL;-

casein and milk components, found thaitks with high levels ofk,-CN had higher



total solids, phosphorus and lower pH than milks with low leveld©EN, morever

size of casein micelles wesenaller in milk obtained from goat carrying strong lafie

(Remeuf et al. 1993)Taken all together, these characteristics imprinezsemaking

properties of milk.Indeed Clarck and Sherbon (2000) founds tleagulation time

(the point at which coagulation is first notable) and coagulation rate (meaduvev of

quickly the curd firms once coagulation has begun) were respectively shorter and
higher in milk from goat with strong alleleblowever,cheeseorganoleptic features

are negatively cor rsgCNartmilkl It has beénhskowrpthae s e n c e
lipolysis, one of the processes involved in the formation o flavour, is reduce in high

protein milk. A surprisingly relation have been found betweeret ge nofi-GNpe at U
locus and the biosynthesis of fat. Results publisheBdmpier et al. (1995)suggest

that fat content is higher in milk from goat with strong alleles as compared to milk

from goat with deficientUy;-casein biosynthesiswhile milk yield seems to be

unaffected byhis factor (Chilliard et al., 2006).

It is likely that perturbations occuturing secretion of milkomponents. In the reality,
recently, Ollier et al. (2008) demonstrated that weak variantsl;atasein locus 23
negativelyaffect gene expressiaf GPAM and FAS which are two important genes
implicated in the first step of triacylglycerols biosynthesis (Coleman et al., 2000) and
in the endogenous biosynthesis of short and medium chain fatty acids (Smith, 1994)
respectively.Moreover at cellular level, Chanat et al. (1999) observed that in the
mammary epithelial cellthe rate of transport to the Golgpparatus of caseins other
than Us-casein was strongly reducedin goats carrying defective alleled\s a
consequence dhe accumulation of immature proteins and caseins, the endoplasmatic
reticulm ofweak genotyp@nimals was remarkably enlarged in comparisostitong
genotype goaf while the endoplasmatic reticulum of goats with intermediate alleles
was only moderately distendedirom one side this could explain the lower
biosynthesis rate of caseins, but at the same timalysiginction could disturbs the
whole secretion processncuding that of lipids as hypothesized kbyeveu et al

(2002).



In the main part of Europe, farmers have the interest in the selection of goat with high
content of casein in order to increase the economical profits by rising cheese yield.
Nevertheless, thereeding of goats carrying weak or null alleles could be justifiable if
the aim is the production of goat milk to be useda substitute of human milk.
Indeed, compared to cow milk, goat milk CN is more similar to human milk and can
contain only tracesfo t h e a J-daseinrgselting less dllergeniindeed, in trial

on pigs,Bevilacqua et al(2000)found a 40% reduction in the allergic reaction when
pigs were fed with milk deficient ilk;-caseinconcluding that goat milk with low or

null conten of asl casein is less allergc than other goat milk. Maoger both the
smaller quantity of protein and fat could result in a more digestible food for humans
(Ambrosoli et al., 1988).

1.4.4 Rumen metabolism and protein biosynthesis

Differently from milk fat which can partially derive from ingested diet, milk protein
are entirely synthesizedn the mammary gland. However, also in this case rumen
metabolism plays enajorrole. Indeed itk protein synthesis depends on amino acid 24
taken up by the mammary glaaddthe amount otheseamino acids depends on the
amounts of microbial cells and ipass protein deriving from the rumen

Ruminant tissues require the same anmae@s as most simple stomached animals;
however, ruminants can survive on Aaotein diets hat are virtually free of amino
acids. The absence of an absolute requiretioerttietary amino aciddoes not lies in

the fact that ruminants are able t® novosynthesize amino agdbutin the ability of
microflora todo that. Indeedven when the diecontains littlenon protein nitrogerb0

to 80% of the N reaching the smailtestine is likely to be of microbial origifHogan

et al., 1975

Rumen microflora need a source of dietary nitrogen and of carbohydrates to build up
amino acids. Té proporton in which these nutrients are given to the animal and their
characteristics greatly affect the rate of microbial protein biosynthHésie energy is
limited, microorganisms degrade feed protein to ammun@oduce energy, but they
cannot uptake theammoniato build new amino acid and protefNocekand Russel

1988) The ammoniaescagd the rumenis notincluded in microbial cell§{Nolan et



al., 1975) but is detoxified in the kidney and in the livess under form of urem

milk and urine. Milk uea is then considered a good indicator of the efficiency of the
utilization of dietary nitrogen.

Quantity and quality of dietary nitrogen and carbohydrates source have to be chosen
alsobearing in mind productive requireents of the animalsln this sens, goats with
different genetic aptitude tgroduce milk protein could use dietary nutrients in
different ways or could have different productive requiremelmsgestigating this
aspect, Schmidely et gR002)found differences in the utilization alietay protein,
calcium and phosphorugrovided to the goatsarrying different alleles (strongs

we a k xrcasdin. U
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1.5 Aim of the work

In the previous sectioran overview on milk composition and on the principal factors
which influencethe levelof the different constituentsf milk hasbeen givea. Among
them parttular interest have bedacused orthe effecs of diet andUs-casein genetic
polymorphism in the biggest part of theublishedresearcesmade in order to assess
the effect of these two factor®@n milk compositionthey are discussed separately
Besidesto cover alack of scientific knowledg®n this topi¢ we think thatto study
the effect of interactioetween dietary and genefactors on milking performances
can be of great utilitfor the developmenbf new feeding strategies foridy goat
Indea, the designof specific dietsbased on thg@roductivepotentialalso for dairy
goats canbe an economical advantagdor the farmers andcan reduce the

environmental impact of animal breeding.

Therefae, he aim of this studwas toinvestigate the impa of different feeding
practices onthe performances afairygoatd i f f er i n g isHcasandoous.t y ﬁ7e at
Specifically,we investigated:
1 whethera different genetic aptitude for producing casein can affect diet selection
and milk composition in laating goats, bynaking available to them feeds with
differing chemicalnutritive;
f how goats, selected according to differégtcaseingenotype could reply to
diets with different energy levelt similar protein content;
1 the effect of the diet, genotgpand dietx genotype interactionromilk fatty acid

and casein composition.
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Diet selection and milk production and
composition in Girgentana goats with
different asl-casein genotype
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Abstract

In goats, astasein polymorphism is related to different rates of protein synthesis.
Two genetic variants, A and F, have been identified as strong and weak alleles based
on a production of 3.5 and 0.45 g/l of asdsein per allele. The aim of the trial was to
test whelher goats can select their diet as a function of their genetic aptitude to
produce milk at different casein levels and whether this selection can influence milk
production or composition. Two groups of 8 animals, homozygous for strong (AA) or
weak (FF) akkles were housed in individual pens. Using a manger subdivided into five
separate containers, the goats were offered daily for 3 weeks: 1.5 kg of alfalfa pelleted
hay, 0.7 kg of whole barley, 0.7 kg of whole maize, 0.7 kg of whole faba bean and 0.7
kg of pelleted sunflower cake. Total dry matter intake was similar between groups and
resulted in nutrient inputs much higher than requirements. On average, goats selected
86% of maize plus barley and only 46% of faba bean plus sunflower. Indeed, AA
goats selectkless faba bean compared with FF goats (37.2 v. 56 . 7% of the available
amount; P=0.01); during week 2 and week 3 they significantly increased maize
selection (respectively for week 2 and week 3: 94.9 and 99.1% v. 85 . 3 and 87.3%)
thus increasing the tia between the highenergy feeds and the {pightein feeds (2.41 30
v. 1.81, P=0.023). As for true protein, the high soluble fraction (B1) and the
indigestible fraction (C) were lower in the diet selected by AA goats (respectively in
AA and FF groups: B1, 85 v. 9.23% CP, P<0.01; C, 6.07 v. 6.30% CP, P<0.001);
these diet characteristics can be associated with lower losses of protein. Milk
production, being similar in AA and FF groups when goats were fed with a mixed diet,
significantly increased in AA groupyhen freechoice feeding was given (mean
productions: 1198 v. 800 g/d, P<0.01). Casein content was higher in AA group than in
FF group (2.70 v. 2.40%, P<0.01) whereas milk urea was higher in FF group (59.7 v.
48 . 8 mg/dl, P<0.01). In conclusion, when #r@mals were free to select their diet,
their higher genetic aptitude to produce casein seemed to adjust their energy and
protein dietary input in qualitative terms, thus leading to an increase in milk
production and a decrease in milk urea. These reseksn to demonstrate that
interactions probably occurred between genetic polymorphism at thmassih locus,

diet selection and the efficiency of nutrient transformation into milk.



Introduction

The genotype of individuals greatly affects the milk cotregion of casein: goats

with strong (AA) and weak (FF) genetic profiles will produce milk with-eagein
content of around 7 g/l and 0.9 g/l respectively (Martin et al. 1999). Milk protein
synthesis depends on amino acids taken up by the mammary glem@miount of
amino acids available for this synthesis depends on the amounts of microbial cells and
by-pass protein deriving from the rumen. There should be a link between the genotype
that determines different casein levels in milk and the efficiencyusef of the
available nutrients. Very few studies have been conducted on the interactions between
polymorphism at the alpksil casein locus and nutrition. De la Torre et al. (2008)
report that a greater efficiency in nitrose and energy utilization of ga#isstrong

alleles v. weak alleles may explain the differences in milk composition between the
two genetic groups. Moreover, this efficiency is strongly influenced by the
characteristics of the diet. It has been demonstrated that food preferences cah depe
on physiological state (Kyriazakis et al. 1999; Villalba & Provenza, 1999). Studies on
goats highlighted that lactation stage affects feed selection in extensive (Mellado et al.
2005) and intensive feeding systems (Fedele et al. 2002). It seems tivatntgnare 31
able to relate the sensory properties of a feed to theinmesitive feedback signals
learned from experience (Provenza et al. 1995). In particular, different studies have
shown that foods that meet requirements for energy and nitrogen aeszrgutef
(Villalba & Provenza, 1997a, b). The aim of this research was to assess whether a
different genetic aptitude for producing casein can affect diet selection and milk
composition in lactating goats, by making available to them feeds with differing

chemcalnutritive characteristics.

Materials and Methods

Animals and feeding management

Sixteen Girgentana goats (3rd and 4th lactation), homogeneous for milk production
(0.84£0.1 kg/d), days of lactation (110+15 d) and body weight (37.6+5.1 kg) were
selectedrom a flock of 120 goats deriving from three farms located in different areas

of Sicily. Animals were divided into two groups, eight homozygous for strong (AA)

and eight homozygous for weak (FF) alleles, as characterized by isoelectric focusing



(IEF) in dtrathin polyacrylamide gels according to Erhardt et al. (1998) and allele
specifiecpolymerase chain reactions (A8CR) at the CSN1S1 locus for the strong A
and weak F alleles according to Leroux et al. (1992). Moreover, the absence of null
allele at as2and bcasein loci was ascertained with P&RLP (Ramunno et al. 2001)

and ASPCR (Rando et al. 1996) reactions, respectively. Prior to starting the study and
during the trials the health status was evaluated based on behaviour, rectal
temperature, heartteg quality of respiration, cough, nasal discharge, eye discharge,
faecal consistency, haematological and haematochemical profiles, and somatic cells
count (SCC). All the animals were housed in individual pens with mangers subdivided
into five separate cdainers. Goats were offered alfalfa pelleted hay, two sources of
starch (whole barley and whole maize) and two sources of protein (whole faba bean
and pelleted sunflower cake). In each pen water and salt were always available. The
preexperimental period oeisted of a -l period, during which the animals received a
mixed ration of 1.5 kg of hay and 0.2 kg of each concentrate-ch @d€¥iod during

which goats received, separately, 1.5 kg of hay and a quantity of each concentrate
gradually increasing from 0. 0.7 kg. Taking into account that intakes tended to
increase for each increment of concentrates supplied, we did not increase further3he
amount supplied, to avoid risks of metabolic diseases. The adaptation period lasted 7 d
during which the animals ceived the experimental diet consisting of 1.5 kg of hay
and 0.7 kg for each concentrate feed. The experimental period lasted 3 wiexks (5
May).

Table 1- Chemical composition of the available feeds.

Feeds Alfalfa hay Barley Maize Faba Bean Sunflawer cke
Dry Matter % 93.3 89.6 86.4 86.1 89.4
Crude Protein, %DM 15.0 10.9 9.2 27.0 31.9
Neutral detergent fibre % DM 52.6 22.8 11.4 20.4 44.3
Acid detergent fibre % DM 35.1 6.4 2.1 14.1 31.3
Watersoluble carbohydrates % 7.1 2.5 15 4.7 4.0
DM
Stach 1.9 49.0 65.2 46.8 0.7
Protein Franctions % CP
A 28.2 6.5 11.4 15.6 22.3
Bl 2.2 11.2 57 23.8 7.1
B2 37.1 55.9 60.9 43.7 48.4
B3 24.5 22.5 14.3 12.2 16.0

C 8.0 3.9 7.7 4.7 6.2




Data collection and analysis

Individual intake of each feed waseasured daily, on the basis of residuals. Every
three days individual milk production was recorded and milk samples were
individually collected from the morning and evening milking. Three samples for each
feed were analysed for dry matter (DM), crudet@iro (CP) (AOAC, 1990), structural
carbohydrates (Van Soest et al. 1991), watduble carbohydrates (WSC) by a
modified anthrone method (Deriaz, 1961), starch by an enzymic procedure
(Megazyme International Ireland Ltd., Bray, Co. Wicklow), protein fosst
according to Licitra et al. (1996).

Milk samples, consisting of proportional volumes of morning and evening milk,
were analysed for lactose, fat, protein and SCC by an infrared method ¢(@smbi
6000, Foss Electric, Hillerad, Denmark). Total nitrd3&), nonprotein nitrogen
(NPN) and norcasein nitrose (NCN) were determined by fF standard
procedures (1964). From these nitrogen fractions, total protein (TN*6.38) and casein
[(TNT(NCN*0.994))*6.38] were calculated. Milk urea content was determirsengy a
differential pH meter (CL10, Eurochem, Savona, ltaly).

Blood samples were collected, from all subjects, every three days before feeding,@
jugular venipuncture, using vacutainer tubes (Terumo Corporation, Tokyo, Japan) with
K3-EDTA. Blood samplesvere clotted at room temperature for 1 h and centrifuged at
13609 for 10 min; sera were separated and storé@8C until analysed. Sera were
analysed with commercially available kits by means of a u.v. spectrophotometer
(model Slim SEAC, Firenze, Itg. Serum concentrations of the following parameters
were determined: albumin, total protein, total cholesterol, bilirubin, urea, glucose,
NEFA, triglycerides, glutamate oxalacetate transaminases (GOT) and glutamate

pyruvate transaminases (GPT).

Statistcal analysis

Preexperimental data for DM intake, milk production and composition were analysed
using a onavay ANOVA. Individual data for intake, diet selection, diet composition,
milk production and composition, and blood parameters were analysedhesiGd.V
procedure for repeated measures of SPSS (SPSS for Windows, SPSS Inc., Chicago IL,

USA). Milk production (means of the 3 weeks) was used as a covariate in fat, protein,



lactose, casein and urea analysis. As covariance was never significant (P>Qd5) i
not included in the statistical model.

Results

The health status of goats, checked during the trial, was good: no clinical or
subclinical signs of disease were observed. Values of rectal temperature, heart rate,
respiratory rate, digestive functiomnd SCC were within the normal range. The
haematochemical trends obtained in the two groups were within the physiological
range for the goat (Kramer & Hoffmann, 1997). Moreover the monitoring of GOT and
GPT in all subjects showed the absence of hepatiasés. No statistical differences
were found in blood parameters, between groups (data not reported).

Table 1 shows the chemical composition of the five feeds. Cereal grains, maize and
barley contained different levels of carbohydrates [respectively:hst&%.2 and
49.0% DM; neutral detergent fibre (NDF), 11.4 and 22.8% DM]. Sunflower cake and
faba bean were characterized by a high protein content and a different carbohydrate
composition (respectively: starch, 0.7 and 46.8% DM; NDF, 44.3 and 20.4% DM);
moreover, true protein in faba bean was more rapidly degradable than in sunflower,3§s
demonstrated by the higher levels of the soluble fraction (B1), and the lower level of
the neutraldetergent insoluble nitrogen (B3).

Table 2i Composition of the selectelset (% dry matter, DMI) and feeds chosen (% of available feeds)

Genotype Signficance (P) EMS
AA FF Genotype (G) Week (W) GxW
Feed chosen % available feeds
Hay 69.3 66.0 0.237 <0.001 0.825 394
Barley 78.9 87.4 0.202 <0.001 0.044 72.8
Maize 924 85.4 0.209 <0.001 0.041 65.0
Faba bean 37.2 56.7 0.010 <0.001 0.828 122.2
Sunflower cake 44.6 47.2 0.639 <0.001 0.002 135.2
Energy feed to pro 236 1.84 0.023 <0.001 0.012 0.20
Composition of the selected diet
Crude Protein%DM 15.7 16.5 0.068 <0.001 0.011 0.40
Neutral detergent fibre % DM 335 32.8 0.217 <0.001 0.468 2.02
Acid detergent fibre % DM 19.7 19.3 0.354 <0.001 0.490 0.48
Watersoluble carbohydrates % DM 4.4 4.4 0.263 <0.001 0.115 0.01
Starch 27.1 27.6 0.425 <0.001 0.173 1.91
Protein Franctions % CP
A 18.6 18.2 0.090 <0.001 0.049 0.15
B1 7.9 9.2 0.002 0.059 <0.001 0.04
B2 46.1 45.8 0.183 0.004 0.251 0.11
B3 19.3 18.8 0.019 <0.001 0.019 0.07
C 6.1 6.3 <0.001 <0.001 <0.001 0.01

A Mai ze plkesfabheaniplasysunfloweriatake (g DM/d)



Table 2 shows results for feed choice and composition of the selected diets. On
average goats from both groups showed a strong preference for maize, barley and hay,
whereas they consumed less hgbtein feed. The genotype significantly influenced
feeding behaviour: selection activity towards faba bean was significantly lower in AA
group. Other significant grouprweek interaction effects are highlighted in Fig. 1:
during week 1 AA goats elected less sunfloened barley, whereas from week 2 they
selected more maize, compared with FF group. As a consequence of this selective
activity the resulting energyrich to proteiich feeds ratio was significantly higher in
AA group. Despite the differences in feed satectthe CP and carbohydrate contents
of the selected diets were surprisingly similar in both groups. As for true protein, the
soluble fraction (B1) and the indigestible fraction (C) were significantly lower in the

diet selected by AA group.

Table 3i Dry matter intake, milk production and composition and casein yield
Experimental period
(free-choice feeding)

Pre-experimental period

(mixed ration) Signficance (P)
AAA FFA P AA FF Genotype (G)  Week (W)  GxW EMS —
Dry matte intake, g/d 1.81 1.77  0.869 2.53 2.62 0.133 <0.001 0.191 0.02
Milk production, g/d 747.1 749.6 0.982 11979 800.5 0.001 0.009 0.020  2880.3
Fat, % 3.31 323  0.868 2.42 2.84 <0.001 <0.001 0.058 0.03
Protein, % 3.51 3.06  0.008 3.45 3.17 0.005 <0.001 0.082 0.01
Lactose, % 4.61 4.65  0.660 4.38 4.55 0.009 <0.001 0.663 0.01
Urea, mg/dl 32.7 39.8 <0.001 488 59.7 0.008 0.413 0.267 5.60
Casein, % 2.8 24  <0.001 2.7 2.4 0.006 <0.001 0.235 0.01
Casein g/d 21.3 18.3  0.299 32.3 19.2 <0.001 0.012 0.026 2.16

A efietic variants, see text for details

Table 3 shows results for DM intake, milk yield and composition. Total DM intake
was not affected by genotype. AA goats, starting from the adaptation period, increate
their milk production reaching values significgntigher than FF goats (Fig. 2).
Percentages of protein and casein, as expected for the genotypes studied, were
significantly higher in the group with strong alleles (AA), whereas lactose was higher
in the group with weak alleles (FF). As a consequencehef increased milk
production, AA goats achieved a mean casein production 68% higher than FF goats.
Milk urea was significantly higher in the FF goats, since theegperimental period
(Fig. 3). Fat percentages, noticeably lower compared with thosedeecduring the

pre-experimental period, were significantly lower in AA goats.
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Discussion

In our experimental conditions, with the animals left free to choose their diet, intake
was particularly high, on average equal to Iy®M/kg metabolic body weight.
According to INRA recommendations (MoraR@éhr & Sauvant, 1988), similar levels

of DM and protein intake correspond to the requirements of a goat weighing 70 kg
(compared with about 40 kg in our experimental conditions) @moducing 4 I/d
(compared with about 1 I). Despite this high nutrient input, goats did not show any
clinical signs of metabolic disorders and blood parameters were within the normal
range of values. Feeding behaviour shown by goats, when free to chaodesthean
probably explain this response: all the goats, during the experimental period, strongly
increased selection towards hay and sunflower, the most fibrous feeds (Fig. 1); this
behaviour seems to support the hypothesis that ruminants are addlectdiseir diet in

order to attenuate ruminal acidosis (Cooper et al. 1996; Phy & Provenza, 1998;
Abijaoude” et al. 2000a; Keunen et al. 2002). Moreover, goats selected on average 83
and 89% of the available barley and maize but only 47% and 46% of éalpaalnd
sunflower, preferring the hignergy and lowprotein feeds over the higgnergy and
high-protein feeds. This selective behaviour suggests that goats increased Ene?réy
intake without paying the metabolic price of an excessive protein intake. The
cambility of ruminants to respond to nutritional imbalances by modifying their
feeding behaviour has been shown by Villalba & Provenza (1996, 1997a) and it seems
linked to the perception of postingestive feedback signals related to the sensory
properties offoods; in fact the animals can learn the negative or positive nutritional
consequence of foods from their own experience (Provenza, 1995; Duncan et al.
2006). We cannot exclude the possibility that a supply of a lowprotein roughage might
have resulted in aeduction of protein intake, also limiting the high energy input.
However, using a poor quality roughage, which is generally associated with low
palatability (Greenhalgh & Reid, 1971) would bring with it the risk of this aspect,
more than nutritional andnetabolic motivations linked to genotype, exercising a
confounding effect on selective behaviour. As regards genotype effect, there are very
few reports on the relationships between-eadein polymorphism and nutrition.
Schmidely et al. (2002) and de larfe et al. (2008), in controlled feeding conditions,

found greater intakes and a better diet efficiency in goats with strong alleles. In our



experiment we did not find any intake differences between groups. However, the
genotype significantly influenceceéding behaviour: selection activity towards faba
bean was significantly higher in FF group.

Moreover, during week 1 AA goats selected less sunflower and barley, whereas
from week 2 until the end of the trial they selected more maize, compared with FF
groy. On average, this behaviour resulted in a higher ratio of energyfeeds to-protein
feeds in AA goats (Table 2). In this way AA goats probably improved the efficiency of
microbial protein synthesis and increased the availability of amino acids for mammary
protein synthesis. In fact, it has been widely demonstrated that milk protein
concentration is positively influenced by energy concentration of the diet (Nocek &
Russel, 1988; Coulon et al. 2001; Pulina et al. 2008).

Surprisingly the different feeding behawurs in the two genotypes did not result in
different contents of CP and carbohydrates in the selected diets. It should be taken into
account, however, that even foods formulated to be isocaloric or isonitrogenous may
differ functionally (Atwood et al. 2I6) so creating nutritional characteristics beyond
the scope of gross analysis. For example, in our experiment, AA goats consumed
lower highly soluble (B1) and insoluble (C) true protein fractions, compared with FE8
goats, probably obtaining lower lossespobtein, in terms of NH3N and in terms of
totally indigestible protein (Licitra et al. 1996). For starath feeds, maize being less
degradable than barley (Sauvant, 1997; Hadjipanayiotou, 2004) and with a higher
proportion of ruminal escape starch,sigpposed to affect the rumen fermentation
pattern (Casper & Schingoethe, 1989) and microbial protein synthesis (Offner et al.
2003) and to be more efficiently used for milk production compared with barley
(Nocek & Tamminga, 1991). At the start of the-prperimental period the goats, fed
with a mixed ration of 1500 g of pelleted hay and 200 g of each feed used during the
trial, were not able to select their diet. Under those conditions, goats produced similar
amounts of milk. However, starting from the éehoice adaptation period, milk
production tended to increase significantly in AA group, even though the goats were
well beyond the peak of lactation. To our knowledge there are no reports in the
literature of similar productive differences between AA &Rl genetic types.
Schmidely et al. (2002) report that, when feeding practice is monitored, AA and FF

goats have similar milk production, concluding that a direct effect of the genotype for



asZcasein on milk production is unlikely. As our goats, at thgirbeng of the trial,

were homogeneous in terms of milk production and lactation stage, it is possible that,
during the experimental period, giving the animals the opportunity to select their diet,
the different feeding behaviour between groups inducefirdiit efficiencies of
nutrient utilization for milk secretion; it seems to suggest an indirect effect of
genotype on milk yield by way of the difference in selective activity.

Total milk protein content was obviously closely related to the casein co@tent.
the basis of the classification of Martin et al. (1999) AA goats should have produced
milk with 0.6% more casein than FF goats. In our study, milk casein content was only
0.3 percentage points higher i n gtrioampd AA.
effect on casein content of the higher milk production in AA group. Moreover,
Caravaca et al. (2008) recently highlighted that bugestific genetic and/or
environmental factors can modulate the impact of thecaséin gene polymorphism
on its synhesis rate. Important differences between groups were seen for milk urea
levels, which were significantly higher in FF goats. High concentrations of milk urea
in ruminants are a consequence of excessive dietary CP (Broderick, 2003; Cannas,
2004) or an indequate balance between protein and-stomctural carbohydrate 39
sources, both in quantitative terms and in rumen degradability (Hristov & Ropp, 2003;
Moharrery, 2004) indicating a low efficiency of microbial synthesis. In the present
study, urea levels weralready higher in FF group during the-psgerimental period,
when the animals were fed with the same diet, similarly to the finding of Schmidely et
al. (2002); this difference tended to increase during-éreece feeding. In fact FF
goats, selecting aliet with a worse combination of energy and protein feeds,
compared with AA group, probably reached a lower efficiency of transfer of nitrose
into milk protein. Moreover, a diet higher in highly soluble protein and lower in
rumenescape protein, was chatarized by higher protein losses and lower milk
protein levels.

Milk fat content, in both groups, was low in comparison with previous results
(Todaro et al. 2005; Avondo et al. 2008) on Girgentana goats and was lower than
protein content. This phenomenohinversion of fat and protein percentages is not
rare in goats (Pulina et al. 2008) during spring at mid lactation (Abijaoudé et al.
2000b; Bocquier et al. 2000; Morakehr et al. 2000); it can be related t the



combined effects of lactation stage, deypdth (these conditions are consistent with
our experimental conditions) and nutritional factors (Kawas et al. 1991; Santini et al.
1992; Chilliard et al. 2003) such as the low content of roughage in the diet selected by
our goats, on average equal to 3&@#% DM. In this regard, according to INRA
guidelines for goats, to maintain a good level of milk fat, forage should never be less
than 40% of the ration (Morarieehr & Sauvant, 1988). The percentage of fat, which
was similar in the two genetic groups befdle experiment started, decreased
significantly thereafter in the AA group. Such a finding has not been reported
previously; indeed, the opposite is reported (Grosclaude et al. 1994; Barbieri et al.
1995; Chilliard et al. 2006). As milk fat percentagecligsely linked to production
levels, as suggested for protein, it is more likely that the lower percentage observed in
AA goats was the result of a o6dilutionbd
origin. During the 3week experimental period gsabf both groups increased body
weight by about 2 kg. Taking into account that, even consuming similar amounts of
nutrients, AA goats ate more energy feeds and produced more milk but with a lower

level of fat, it could be hypothesized that a differentipaning of energy between

tissue deposition and milk synthesis occurred (Kawas et al. 1991) as a consequenég)of

the different proportion of feeds in the selected diet.

Conclusions

In conclusion, goats ate much more protein and energy than their apparent
requirements; however, the genetic aptitude to produce higher casein levels induced
AA goats to improve their energy and protein input, achieving an unexpected increase
in the yield of milk, which was richer in protein and lower in urea. These results seem
to demonstrate that interactions probably occurred between genetic polymorphism at
the asicasein locus, diet selection and the efficiency of nutrient transfer into milk.
Further research is needed to understand the role of endocrinal and metabolic

mecharsms involved in these interactions.
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Abstract

Sixteen lactating Girgentana goats were used to evaluate the effect of polymorphism at
U s-casein locus on milk fatty acids compositigknimals, homogeneous for milk
production, days of lactation and body weight, were divided into two groups: eight
homozygous for strong allele (AA group) and eight homozygous for weak allele (FF
group). The experimental diet, identical for the two groupssisted of alfalfa hay

(1.5 kg), whole barley, whole maize, pelleted sunflower and whole faba bean (0.5 kg
each). In spite of identical selected diets, also in terms of fatty acids, milk fatty acid
composition resulted different between the two groupgahticular, except for C8:0,

short and medium chain fatty acids and odd chain fatty acids resulted in higher
percentage in the AA group. Taking in account that the difference reported in our
experiment concerns above all de novo synthesized fatty acidsesults seem to
confirm the hypot he s-aseintiobua tan ipflaenoe mitkfaiyh i s m a

acid composition in goats.

Introduction
U s-casein polymorphism has been recognized as one of the major responsible forthe
casein content variatiomigoat milk (Leroux et al., 1992) and its technological
properties. Most of the 17 alleles detected at this locus are associated with four levels
of -dhseih (CSN1S1) in milk ranging from 0 (CSN1S1 01, 02, N) to 3.6 g/L
(CSN1S1 A, B1, B2, B3, B4, C, H)lIper allele (Martin et al., 1999). As compared to
weak alleles, milk from goats with strong alleles at this locus, shows a greater total
milk protein content, better cheese making properties, a higher fat milk concentration
and seems to have a differeatty acid composition (Chilliard et al., 2006). Data on
t he ef f-easein loous polynsolphism on goat milk fatty acid composition are
lacking and sometimes in disagreement.

The aim of this research is to provide new data to better understand tiesdeflof

pol ymor p hdaseimlocus on fatsy hcid profile in goat milk.

Material and methods
The experiment lasted 3 weeks. Sixteen lactating Girgentana goats, homogeneous for
milk production (1.94+0.24 kg/d), days of lactation (11015 d) and boeighw



(37.6NKR5.1 kg) were divided i rcaseinlocusdor gr oup s

strong allele (AA group) and eight homozygous for weak allele (FF group). All the
animals, housed in individual pens, were given, separately, alfalfa hay (1.5hkdg, w
barley, whole maize, pelleted sunflower and whole faba bean (0.5 kg each). Goats
were hanemilked twice per day. Daily, individual intakes of each feed were recorded
and samples were taken for the chemical analyses. Twice a week, milk productions
wererecorded and samples were collected from each animal. Feeds were analyzed for
dry matter, crude protein (AOAC, 1990), NDF (Van Soest et al., 1991), water soluble
carbohydrates (WSC) (Deriaz, 1961), starch (Megazyme International Ireland Ltd.),
and fatty aids profile (Palmquist & Jenkins, 2003).

Milk samples were analyzed for fat and protein by infrared method (Clusbi
6000, Foss Electric, Hillerad, Denmark) and for fatty acid profile (Chouinard et al.,
1999). Total nitrogen (TN), neprotein nitrogen NIPN), and nofcasein nitrogen
(NCN) were determined by FIDF standard procedures (1964). From these nitrogen
fractions, total protein (TN*6.38) and casein ((TNCN*0.994))*6.38) were
calculated. Data were analyzed using the GLM procedure for repeatsline® of
SPSS (SPSS for windows, SPSS Inc., Chicago, IL). 43

Results and conclusions

No significant differences were reported between the two groups for DM intake,
choice within the 5 feeds, crude protein and carbohydrates content of the selected
diets.

As expected, casein level resulted significantly higher in AA goats. Consistently
with Chilliard et al. (2006), but in disagreement with Avondo et al. (2009), genotype
did not affect milk yield. In contrast with Chilliard et al. (2006) and Schmidely et al.
(2002), fat percentage did not show differences between groups (Table 1); moreover,
both genotypes had lower milk fat than usually reported for Girgentana goats (Avondo
et al., 2008) in all probability because of the diet rich in concentrates offered to the
animals (Slater et al., 2000).

In our case the phenomenon of-fabtein inversion occurred, and probably this
masked the higher proportion of fat that would be expected for the AA group.



Table 1- Milk production and chemical composition

Genotype P SE
AA FF
Milk yield (g/d) 925.3 801.2 ns 3693.72
Fat % 2.5 2.7 ns 0.10
Protein % 3.6 3.2 Fork 0.01
Casein % 2.8 2.4 *kx 0.01

ns: notsignificant; *: P<0.05; ** P<0.01; ***: P<0.001

Milk fatty acid composition resulted affected by genotyfwaong all the fatty acids
investigated, ten showed statistically significant differences between the two groups
(Table 2).

Table 2 Effect of genotype on milk fatty acid composition (% of total fatty acids)

Genotype P SE
AA FF 44

C8 2.89 3.12 * 0.14
C9 0.32 0.25 * 0.01
C11 0.47 0.29 * 0.02
C12 7.66 5.92 ok 0.32
Ci12:1 0.35 0.21 ok 0.01
C13 0.31 0.21 * 0.01
C14 14.56 13.55 * 0.86
C15 anteiso 0.37 0.24 o 0.01
C15 1.62 1.15 o 0.18
Cl6 24.14 26.40 * 3.78
Cl6:1 0.92 0.74 * 0.01

*: P<0.05;** P<0.01; ***: P<0.001

These findings are patrtially in contrast with Schmidely et al. (2002) who reported
differences only for C14:0, which was higher in FF group, and for odd fatty acids
C15:0 and C17:0, that similarly to our findings, were higherthe AA group.
However, in that case, as suggested by Chilliard et al. (2006), the results might have
been due to the negative energy balance of the AA goats. Except for C8:0, fatty acid

profile obtained from Alpine lactating goats differing for the genetypat t-he at

Ce



casein locus (Chilliard et al., 2006), showed a trend similar to ours, but a wider range
of fatty acids resulted affected by genotype; in fact, they found that also long chain
fatty acids were higher in the AA group. However, it is not jidsdo exclude that the

higher presence of long chain fatty acids in AA milk arose from a different fatty acid
profile consumed with diet because it was not determined for each group. Taking in
account that, in our conditions, the selected diets werdigdéalso in terms of fatty

acids, the differences found in the milk fatty acid profiles of the two grougs $e

have a genetic origin. In this direction, it is noteworthy that Ollier et al. (2008) showed

t hat we ak -cadeih ledusnegativdly aftést fhe gene expression of FANS of
lactating mammary gland. This gene encodes the fatty acid synthasd iwha
multifunctional protein that catalyzes the mammary de novo synthesis of fatty acids.
Moreover, also the activity of this protein turned out to be lower in animals with weak
genotype, and this could explain why the biosynthesis of milk short andmedain

fatty acids and odd and branched chain fatty acids resulted lower in the FF group. In
concl usi on, this study seemscaseimlocasacanf i r m t
play a role on goat milk fatty acid composition, in particular for the de novo
synthesized fatty acids. However, on account of the particular experimenét‘I:’
conditions, further studies with different feeding system are needed to better assess the
rol e of t fcaseingpelymerphism onnikifatty acid composition.
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Abstract

A study was carried out to evaluate how thergpdevel of the diet can affect milk
production and quality in Girgentana lactating goats in relation to polymorphism at
LL-casein (CSN1S1) genotydecus. Twentyseven goats, homogeneous for milk
production (1.5+£0.3 kg/d), days of lactation (90+10 dJ bAody weight (35.8+5.5 kg)
were selected on the basis of their CSN1S1 genotype, as follows: nine goats
homozygous for strong (AA) alleles, nine goats homozygous for weak alleles (FF)
and nine goats heterozygous (AF). The goats were used in a 3 x 3afactor
arrangement of treatments, with three genotypes (AA, FF, AF) and three diets at
different energy levels (100%, 65% and 30% of hay inclusion). The experiment
consisted of three simultaneous 3 x 3 Latin squares for the three genotypes, with one
square fo each level of hay inclusion in the diet. All the animals were housed in
individual pens. Each experimental period lasted 23 d and consisted of 15 d for
adaptation and 8 d for data and samples collection, during which the goats received the
scheduled diead libitum The animals were fed three different diets designed to have
the same crude protein content (about 15%) but different energy levels: a pelleted
alfalfa hay (H100) and two feeds including 65% (H65) and 30% (H30) of alfalfa ha4f
(respectively 109, 1386 and 1590 kcal NE for lactation/kg DM). All the diets were
ground and pelleted (6 mm diamet&p goats were more productive than AF and FF
goats (respectively: 1419 v. 1145 and 1014 g/d; P=0.002). Indeed the interaction
energy level x genotype wagynificant (P=0.018): in fact AA goats showed their milk
increase only when fed with concentrat®gferences in protein and in casein levels
between the three genotyeere in line with results expected from the different allele
cont r i by-tasem synthesisvilk urea levels were significantly lower in AA
goats compared to AF and FF genotypes (respectively 32.7 v. 40.4 and 40.4 mg/dI;
P=0.049) and significantllower when goats were fed with 65H and 30H diets than
100H diet (respectively 37.4 and 34.3 v. 41.7; P<0.001). Indeed, a significant
interaction genotype x diet (P=0.04&)curred for milk urea which was significantly
lower in AA goats but only when fedith concentrates (65H and 30HBlood
concentrations of energy indicators (glucose, -esterified fatty acids and beta
hydroxybutyric acid) were not influenced by genotype. The results confirm that strong



alleles are associated with a greater efficieatyeed utilization and seem to show
that a high energy level of the diet can further improve this efficiency.

Introduction

The marked genet i grcgsan locusaffeqisicassimeontent ofigdate U
milk (Martin et al., 1999). MoreoveritBa been r ev e algeaseinaledict di f f ¢
variants can affect some milk parameters such as fat content (Grosclaude et al., 1994;
Chilliard et al. 2006), urea level (Schmidely et al. 2002., Bonanno et al., 2007; Avondo

et al., 2009), fatty acid pribé (Chilliard et al., 2006).

Most of these parameters are also strongly influenced by nutrition. However, reports
in the literature on the relationships between nutrition and milk protein genotype and
their effects on milk characteristics are few an@mfcontroversial. Ollier et al., (2007)
evaluated the genes whose expression is bound to dietary characteristics in lactating
goats and they found a lower expression level of genes associatdd vt s es n , U
c a s e i Rncasaimsynthésis, after withholding food for 48 h compared with feeding
ad libitum Mackle et al. (1999) investigated the effects of undernutrition on milf®
composition I n COoOWwWS c faatoglabwlin ephenatypsdandb y di f
suggested that the advantage of using animals with strong protein genotype could be
counterbalanced by a low nutrient supply. In contrast, Auldist et al. (2000), focusing on
the effects of different amount of pasture allowance on milk compositom dows of
di f f e-laatogldbulinb phenotypes found no interactions between nutrition and
protein phenotype.

Only few studies have been carried out on the effect of the diet on milk production
and composition, sicaseiggerotypedn ganeral] it hat beere n t U
shown that strong alleles are associated with a greater efficiency of N utilization,
compared to weak alleles (Schmidely et al., 2002; De la Torre et al., 2008; 2009).

To our knowledge no investigation has been made on the effebetary energy
levels on the performance of goats of di e r secasein dénotype. However, in a
previous freechoice feeding trial (Avondo et al., 2009), we highlight that goats
carrying strong alleles voluntary selected a diet with a higher percentage of-gnkrgy

feeds, compared to goats with weak alielthus increasing their milk and casein



production. The aim of the present study was to test how Girgentana goats, selected
according gasein gehotygerardnréaredlintensively in stall, respond to

complete pelleted diets with different engigvels but of similar protein content.

Materials and methods
Animals and experimental design
Twenty-seven Girgentana goats in their 2nd to 4th lactation, homogeneous for milk
production (1.5+£0.3 kg/d), days of lactation (90+10 d) and body weight (35.8#%
were selected on t heg-césarslocss, as followshneeé goatsge not y
homozygous for strong (AA) alleles, nine goats homozygous for weak alleles (FF) and
nine goats heterozygous (AF). Moreover, all the goats were selected taking i
account CSN2 and CSNS2 genotype. In particular all the goats were characterized by
strong alleles at the two loci. Goat DNA samples were obtained from hair bulbs
according to Bowling et al. 1993. The genotypes of individuals at the CSN1S1, CSN2,
and CHN1S2 were determined by means of PCR analyses (Jansa Pérez et al., 1994;
Ramunno et al., 1995; Ramunno et al., 2000, Ramunno et al., 2001; Ramunno et al.,
2002 and Cosenza et al., 2003). 50
Goats in each genetic group derived from two different farms.gbaés were used
in a 3 x 3 factorial arrangement of treatments, with three genotypes (AA, AF, FF) and
three diets at different energy levels (100%, 65% and 30% of hay inclusion). The
experiment consisted of three simultaneous 3 x 3 Latin squares forekegmotypes
(AA, FF, AF), with one square for each level of hay inclusion in the diet. All the
animals, managed according to the guidelines of the Animal Ethics Committee of the
University of Catania, were housed in individual pens where goats had sxoegsr
and salt blocks. The pixperimental period consisted of adperiod during which
the animals received a mix of the three experimental daetslibitum The
experimental period lasted 69 days, from 17 February #p2b Each experimental
period lasted 23 d and consisted of 15 d for adaptation and 8 d for data and samples
collection during which the goats received the scheduleadigbitum
The animals were fed three different diets designed to have the same protein content
but differentenergy levels: a pelleted alfalfa hay (100% H) and two pelleted feeds



including 65% (65 H) and 30% (30H) of alfalfa hay (Table 1). All ingredients were
ground and pelleted (6 mm diameter).

Sample collection and analysis

Individual intakes were measureaily, on the basis of residuals. Individual milk
production and milk samples were collected from the morning and evening milking
three times for each-&ays collection period. Three samples for each pelleted diet
were analysed for dry matter (DM), crudef@in (CP), fat (AOAC, 1990), structural
carbohydrates (Van Soest et al. 1991), watduble carbohydrates (WSC) by a
modified anthrone method (Deriaz, 1961), starch by an enzymic procedure
(Megazyme International Ireland Ltd., Bray, Co. Wicklow). Milkrgdes, consisting

of proportional volumes of morning and evening milk, were analysed for lactose, fat,
protein and SCC by an infrared method (Coifaisis 6000, Foss Electric, Hillerad,
Denmark). Total nitrogen (TN) and naasein nitrogen (NCN) were detemad by
FIL-IDF standard procedures (Internation Dairy Federation, 1964). From these
nitrogen fractions, total protein (TN*6.38) and casein [{{NCN*0.994))*6.38] were
calculated. Milk urea content was determined using a differential pH meter (CLl@,l
Euroctem, Savona, Italy).

Body condition (BCS), scored as reported by Santucci & Maestrini (1985), was
measured at the start and the end of the trial.

Blood samples (8 ml) were taken from all goats at the end eéxperimental
period and at the end of each exmental periods by jugular venepuncture using
Vacutainer tubes containing lithium heparin (Becton, Dickinson and Co.) and
immediately placed on ice. Within 1 h of the bleeding, blood samples were centrifuged
at 1400g f at 4° C or 20 min and plasma waartested and stored €0 °C until
assayed. A TARGA model 2000 (Technology Advanced Random Generation
Analyser, Biotecnica Instruments, Roma, lItaly) automated analyzer was used to
determine glucose, cholesterol, triglycerides, urea, total protein andialiMercury,
Riardo, Italy) in plasma samples. Neasterified fatty acids (NEFA) and betgdroxy
butyric acid (BHBA) were analyzed by using respectively FA 115 and Ranbut
commercial kits (Randox Laboratories, Crumlin, Antrim, UK).



Statistical analysis

Individual data for intake, milk production and composition were analysed using the
GLM procedure for repeated measures of SPSS (SPSS for Windows, SPSS Inc.,
Chicago IL, USA). The model included genotype, diets, blocks, periods and genotype
x diet. Preexpegimental data of milk production and dry matter intake (DMI) were
used as covariates respectively for milk production and composition and for DMI
analysis.Plasma concentration of the metabolites were analysed by means of GLM
procedure and analysis inclutlenain effect of asl casein genotype (FF, AF, AA),
diet (100H, 65H, 30H) and interaction genotype x diet. Data from the pre
experimental period were used as a covariate in plasma parameters analysis. When
covariance was not significant (P>0.05) it was matuded in the statistical model.
Difference between means were tested by least significant differences (LSD).
Pearsondés correlation coefficients were

this study

Results

Table 1 shows the diets ingredientsdachemical composition. As planned when 52
formulating the diets, CP content was similar far all the pelleted feeds, whilst the diets
differed markedly in their content of structural carbohydrates, starch and energy.

Table 1- Ingredients and chemical coosition of the diet .

100H 65H 30H
Ingredients, % of fresh weight
Pelleted alfalfa hay 98.0 65.0 30.0
Maize - 16.0 35.0
Barley - 8.0 17.0
Soybean meal - 3.0 5.0
Carob pulp - 3.0 5.0
Corn gluten meal - 3.0 6.0
Vitamin-mineral premix 2.0 2.0 2.0
Chemical composition

Dry matter (DM) % 87.7 85.4 84.3
Crude protein % DM 15.2 15.2 15.7

29.8 22.7 125
Neutral detergent fibre % DM 54.6 44.0 27.5
Acid detergent fibre % DM 36.5 24.4 11.9
Lignin % DM 13.3 6.4 4.6
Crude lipids % DM 2.0 2.4 2.7
Ash % DM 11.1 10.1 8.1
Watersoluble carbohydrates % DM 7.1 6.8 5.9
Starch % DM 1.9 19.5 40.7
NEI A kcal/kg DM 1099.2 1386.3 1589.7

A Net energy for lactation (Cornad et al., 198



Table 2 reports data on intake, milk yield and composition. D not affected by
genotype, but was significantly influenced by hay inclusion in the diet (P<0.001),

being lower when animals were fed 30H diet compared to 100H and 65H diets.

Table 2i Least squares means of daily intake, milk yield and composition

U;-casein genotype (G) % Hay (H) Significance (P)
SEM
FF AF AA 100H 65H 30H G H GxH

DM Intake g/d 25122 2502.7 24813 2518.8 2530.8 2446.6 0.165 <0.001 0.247 7.69
EN intake kcal/d 3406.4 33948 3364.7 27688 3507.P7 3889.8 0.203 <0.001 0.246 56.2
CP intake g/d 386.1 381.3 384.7 382.9 384.1 385.2 0.164 0.633 0.252 1.00
Milk yield g/d 10148 11446 14194 971.6¢ 1313.8 1293.¢ 0.002 <0.001 0.018 50.9
Fat% 3.26 3.13 3.88 3.80° 3.192 3.28 <0.001 <0.001 0.260 0.08
Protein% 3.29° 3.66° 3.94 3.62° 3.558 3.72 <0.001 0.044 0.386 0.04
Lactose% 4.44° 4.36° 4.33 4.32 4.36° 4.4% 0.006 0.006 0.454 0.02
Casein% 2.5F 2.84 3.08 2.76 2.7% 2.92 <0.001 0.004 0578 0.04
Urea mg/dl 40.8 40.4 32.7 417 37.4 343 0.049 <0.001 0.043 0.88
Casein g/d 25.4 32.2 435 26.7 36.3 38.2 <0.001 <0.001 0.013 1.54
Casén% Protein 76.1 77.4 78.4 76.7 77.2 78.6 0.106 <0.001 098 0.37

abCyalues within row without a common superscript letter are significaliffigrent (P<0.005)

Genotype and diet energy level significantly influenced milk yield: on average AA
goats produced more than AF and FF goats (P=0.002) and concentrate diets (65H5%nd
30H) increased milk production over that seen with the hay diet (1(®%&D.001).
Moreover a significant interaction genotype x diet was also found for milk production
and casein production (respectively P=0.018 and P=0.013), as highlighted in figures
1A and 1B. When increasing the energy input, by reducing hay inclistba diet at
65% and 30%, goats carrying strong alleles showed milk production increases of 55%
and 53%, respectively, compared to increases of 14% and 17% in goats carrying weak
alleles; in heterozygous goats were intermediate (34% and 27%).

Genotype gnificantly influenced milk composition and, as expected, the protein
and casein percentages (respectively P=0.001; P=0.001) were higher in AA than FF
goats with intermediate values in AF goats. Milk fat content was higher in AA goats
(P=0.001) than in tn other groups, whereas lactose and urea were significantly lower
in AA goats (respectively P=0.006; P=0.049).

Hay inclusion in the diet significantly affected milk composition. Fat and urea
decreased (respectively P=0.001; P=0.001) when concentrateckatethin the diet,
whereas protein, lactose and casein contents were higher (respectively P=0.044;
P=0.006; P=0.004) when goats were fed with the 30H diet.
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Figure 11 Interaction between genotype (AA, AF, FF) and diet (1085H, 30H) for milk yield (A),

casein (B) and milk urea (C). Values within diets with different superscript letters are significantly
different.

A significant genotype x diet interaction occurred for milk urea, which was

significantly lower (P=0.043) in A goats only when fed with concentrates (65H and
30H) (figure 1C).
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A significant effect of feeding regimen was observed on plasma concentration of
BHBA (P<0.023), and cholesterol (P<0.001) and plasma urea (P<0.045); conversely,

values of other parametevgere not affected by the dietary treatments (Tables 3).

Concentration of BHBA was higher in the 65H group than in the 100H goats. A

similar trend was notices for cholesterol level. Plasma concentration of urea increased

in 100H and 65H groups compared @H3group.

There was no s isggaseifgemmtgpe on padma metabolite fgluctse,
NEFA, BHBA and urea). Pl asma al bumé-n conce
casein genotype.
as-casein genotype (G) % Hay (H) Significance (P)
SEM
FFAF AA 100H 65H  30H G H  GxH
Glucose mmol/L 2.88 271 271 277 270 282 0.209 0574 0271  0.075
NEFA mmol/L 0.117 0.3 0.145 0.137 0.122 0.133 0812 0.923 0.372  0.028
b-Hydroxybutyric acid ~ 0.406 0.324 0.291  0.24P 0436 0.348°  0.249 0.023 0525  0.047
Cholesterol mmol/L 1.73 172 166 149 179 184 0.731 0.001 0.992  0.070
Triglycerides mmol/L 0.138 0.144 0.149 0.142 0153 0.137  0.852 0591 0.885 0.013 5
Urea mmol/L 858 802 803 8.68 855  7.66 0.147 0.045 0599  0.310
Total protein g/L 7531 77.30 75.14 7482 7757 7534 0513 0405 0449 1510
Albumin g/L 27.00 26.35 27.15 2681 27.07 26.64  0.100 0.507 0.217  0.295
Discussion

In our experimental conditions mean intakéadi@esulted much higher, compared with

goats at similar production levels but in different feeding conditions such as pasture

(Bonanno et al., 2007; Avondo et al., 2008) or roughages and concentrates (Havrevoll

et al., 1995) probably because of the differghysical properties of the diets (forbes,

1995). In fact, intakes were similar to those observed previously in goats under a free

choice feeding system based on whole grains and pelletted hay (Avondo et al., 2009).

DMI significantly decreased with thagh energy diet (H30) possibly because of the

lower DM percentage of this diet, compared to 100H and 65H diets.
As already reported by Schmidely et al. (2002) and by Avondo et al. (2009), total

DMI was not affected by genotype.



As expected, milk productiosignificantly increased when goats were fed with
concentrate diets compared with 100% hay. This increase occurred despite the high
intake levels reached by goats even when fed only with hay, which allowed an energy
input as high as 2768 kcal net energy laxtation (NEI)/d; this energy input is higher
than energy requirements indicated by INRA (Mor&mthr & Sauvant, 1988) for
heavier goats with a milk production of 2 kg/d. this findings illustrates the importance
of energy source, stargith feeds v. oughage, on efficiency of milk synthesis, which
induced the goats to increase their production when fed with concentrate feeds.

Genotype showed an important effect on milk yield in that AA goats were more
productive than AF and FF goats. Moreover an @dtng energy level x genotype
interaction was evident: in fact AA goats showed their milk increase only when fed
with concentrates (figure 1A). The increase in milk production reached its maximum
level at 65% of hay inclusion whereas no further increaas f@und on further
reducing hay inclusion ( H30) s-casein genatypeu s
do not report significant differences in milk production between strong, weak or

intermediate alleles (Schmidely et al. 2002, Caravaca et al. ZEO®% Torre et al.,

st

2009). De la Torre et al. (2009), however, obtained different responses from goats with

different CSN1S1 genotype when fed with two CP levels: when fed with a 13.6% CP
diet, goats with strong alleles (HG) showed a tendency (not signiji to produce
more milk than goats with weak and intermediate alleles (LG), whereas when fed with
a 17.7% CP diet, LG goats increased their production but HG goats milk production
remained unchanged. The authors hypothized that HG goats achievedakietum
capacity for milk protein production with the low protein diet and, for this reason, no
further increase in milk production was obtained on increasing CP level further.

In accordance with present results, in a previous study on Girgentana goétsein a
choice feeding system (Avondo et al., 2009) we found that goats with strong alleles
(AA) were more productive compared than goats with weak alleles (FF); in fact, as a
consequence of feeds selection, AA goats voluntarily consumed a diet with a higher
energy to protein feeds ratio, compared to FF goats, which probably caused the
production increasdndeed, in the same trial, when the goats were fed with a mixture
of the five feeds, no difference in milk production was noted between genotypes, even

though a very high energy and protein input was reached. On the basis of those results,



we hypothesized an indirect effect of genotype on milk yield by way of the difference
in selective activity.

Milk quality was strongly affected by feeding and genotype.expected, owing to
the structural carbohydrates levels in the diets, fat increased with hay percentage. As
already reported (Schmidely et al., 200 la Torre et al. 20Q9ilk fat content was
higher in goats with high genetic capability. No dilutieffect of the higher milk
production was noted in this groupss The g
c a s e i mncasaim this Ibads us to hypothesize that the differences in protein and in
casein levels between the three genetic groups were iwitheexpected results as
each al |l el egs-aasein synthesisytakingintd accoudt that strongnarak
all eles are associated, ¢aasipsyothesizeke(Mahé t o 3
et al., 1993; Martin et al., 1999; Sacchi et 2005; Marletta et al., 2007). On average
high energy diet (30H) caused a significant increase in casein and protein synthesis, in
line with results from Morandrehr et al. (2000)This result might be associated to an
improved efficiency of microbial ptein synthesis due to the higher availability of non
structural carbohydrate in the rumen (Koenig et al., 2003; Broderick, 2003) and to a
consequent higher availability of milk proteins precursors to the mammary galnd. 57

No interaction genotype x diet wasident for milk casein and protein content.
However, in keeping with the different milk production between genotypes, a
significant genotype x diet interaction was seen for yield (g/d) of casein. In fact, AA
goats fed respectively with 100H, 65H and 30ldtgliproduced 45%, 84% and 80%
more casein than FF goats (figure 1B).

On average, milk urea levels were significantly lower in AA goats compared with the
othergenot ypes, confirming previ oysaseihi ndi ng
genotype $chmidely et al. 2002., Bonanno et al., 208¥pndo et al., 2009). In
particular, the significant genotype x diet interaction (P=0.043) reflects the fact that
milk urea wa significantly lower in AA goats;ompared with AF and FF goatmly
when fed with concentrates (65H and 30H) (figure 1C). It is evident that only in this
genetic group did the greater energy availabilitprov the efficiency of milk protein
synthesisthus reducing nitrogen losses.

All the goats used in this study were clinically healthy and the parameters reported

represent Anor mal o val ues for goat s. Bl o



(glucose, NEFA and BHBA) and urea were not influenced bytgpepas reported by
Chilliard et al. (2006). Concentrations of NEFA of 0.2a21 mmol/l have been
suggested for lactating does at zero energy balance (Dunshea & Bell, 1989). In the
present experiment, NEFA (Table 3) were below the critical values suggdbtt

goats were not mobilizing body fat reserves and animals were in the anabolic phase
(McNamara, 1991). These results are in accordance with lactation phase (>90 d) and
body condition score variations, measured from the start to the end of thevhrc,

were positive in all groups (respectively in AA, AF and FF goats: body weight
variations , 4.9, +4.2 and 5.2 kg, P=0.351; BCS variations, 0.82, +0.90 and +0.99,
P=0.188).

In all groups, cholesterol values were within the reference range and cltise to
lower physiological limit for caprine species (Kaneko et al., 1997). On average, the
higher cholesterol content observed with 65H and 30H diets was linked to the increase
of energy input as suggested by the positive correlation (r=0.94; P=0.04) betwee
cholesterol and energy intake. Moreover cholesterol and BHBA, which are synthesized
from the same precursor (AcefgbA), showed the same trend and this is consistent
with the positive correlation between the parameters (r =s0.76; P<0.07). 58

Urea levels irblood and milk during the experiment showed a similar trend (r=0.79;
P<0.05), and the lowest values were recorded in the group 30H. The high starch
percentage and the low fibre percentage in the 30H experimental diet (Table 1) might
increase propionate guiuction in the rumen (Petit & Tremblay, 1995), which could
spare amino acids for gluconeogenesis (Sloan & Rowlinson, 1987) and increase the
availability of amino acids for milk protein synthesis.

Albumin is the most abundant plasma protein in animaldlaad it is produced in
the liver. This variable is not a valid marker of nutritional status; rather it is a marker of
hepatic functionality (Kaneko et al., 1997). In all groups, the albumin levels were close
to the lower limit indicated for caprines; Drana et al. (1994) observed similar values
of plasma albumin in Maltese goats, onI6 days from delivery, which were fed

pasture plus a free choice of four types of grain.



Conclusions

The present results support the hypothesis that an interactios €xs  bsgdaseie e n
polymorphism and dietary energy level. It has been demonstrated that a high energy
input improves the efficiency of transformation of the diet into milk and casein yield
in goats carrying strong alleles, whereas it does not exédenble effects in goats
carrying weak alleles. This could imply a need for new feeding recommendations for

goats in relation to CSN1S1 genotype.
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Abstract

EighteenGirgentanalactating goats, nine homozygousfor strongalleles (AA) and
nine homozygous fowveakalleles(FF) at Us;-casein locuswere usedto evaluatethe
effect of genotypex diet interactionon goat milk fatty acid composition.Animals
were divided in two groups.First group consistedof 5SAA and 4FF, the secondone
consistedof 4AA and 5FF animals. Theexperimentalgroupswere usedin a 2x2
factorialarrangementf treatments, with twgenotypegAA,FF) andtwo diets(D100
andD65) at differentenergylevel (1099 and 138&cal NEI/kg), obtained vith 100%
and65%of pelletedalfalfa hayinclusion,respetively. All theanimalswerehousedn
individual pens.The genotypex diet interactionwas significat (P < 0.05)for 11
differentmilk fatty acids.In particular,C8:0,C10:0,C12:0,C14:0 increased whefF
animalsshifted from D100 to D65, while the samefatty acidsdid not significantly
change in AA animals; moreover, percentageof palmitic acid (C160) was
significantly lower in animalswith stronggenotypewhen fed the high energydiet.
Shifting from D100to D65, long chainfatty acids (>C18) significantly increasedn
AA anddecreased in Fgoatmilk. In conclusion,goatshomozygoudor weak and
strong allelesat Uk;-casein locusseemto respondin a different way when fed diets 62
with different energylevels;in particular, receiving high energydiet, AA goatsdid

not show any remarkableeffect on milk fat quality, whereasFF goats showeda

worsenngin fat nutritionalvalue.

Introduction

Goat pol ymgcagein (CSMLSI1) lbcusttan affect casein, fat and milk fatty
acid composition. The 17 alleles detected at this locus are commonly named null,
weak, intermediate or strong, according tolthes| of as;-casein in milk ranging from

0 (CSN1S1 9, 02, N) to 3.6 g/L (CSN1S1 A, 8 B2, B3, B4, C, H, L) (Grosclaude et

al., 1987). Strong genotypes are also associated to higher levels ok fapvo
synthesized fatty acids (Chilliard et al; 2006;l&fdi et al., 2009) and milk yield
(Avondo et al., 2008; Pagano et al., 2010), as compared to weak genotypes. Milk fatty
acid composition can be modulated by the diet given to the animals. For example, it is
well accepted that forage-concentrate rationfluences rumen microflora with

remarkable effect on the proportions between milk fatty acids (Sanz Sampelayo et al.,



2007). The effects of interaction between genotype at CSN1S1 locus and dietary
source have been investigated on milk yield and compogffiohmidely et al., 2002;

de la Torre Adarve et al., 2009; Avondo et al., 2009; Pagano et al., 2010). However,
few data are available on the effect of genotype x diet interaction on milk fatty acid
profile of goat milk; the aim of this study is to evaludteanimals with different
genotype at CSN1S1 locus respond in a different way when fed isoproteic diets at

different energy levels.

Material and Methods

Eighteen Girgentana lactating goats, nine homozygous for strong (AA) alleles and
nine homozygous foweak alleles (FF) at CSN1S1 locus, were used to evaluate the
effect of genotype x diet interaction on goat milk fatty acid composition. To avoid
genetic interference due to other caseins polymorphisms, the goats were selected also
taking into account genptp e ,a&ta s@s n ( C-8A$SNAGSN2):rincharticular

it was ascertained that, all the goats were uniformly characterized by strong alleles at
the two loci. The genotypes of individuals at the CSN1S1, CSN2, and CSN1S2 were
determined as reported Byagano et al. (2010). 63
Average milk production, days of lactation and body weight was 1.3+0.3 Kg/d, 94+12
days and 36.9t4.7 Kg, respectiveljhe selected animals were divided in two
experimental groups and housed in individual pghere water and salt werlways
available. First group consisted of 5 AA and 4 FF animals, the second one consisted of
4 AA and 5 FF animals. Goats were used in a 2 x 2 factorial arrangement of
treatments, with two genotypes (AA, FF) and two diets at different energy levels
(100 and 65% of hay inclusion). The experiment consisted of two simultaneous 2 x
2 latin squares for the two genotypes (AA, FF), with one square for each level of
energy in the diet. All the animals wenganaged according to the guidelines of the
Animal Ethis Committee of the University of Catania. Goats wereafidbitumwith

a mix (50:50) of the two diets for a 12 day 4qergerimental period. The experiment
lasted 46 days. Each experimental period lasted 23 d including 15 d for adaptation and
8 d for samfes and data collection. During the experimental periods animals received
the scheduled dietd libitum D100 diet consisted of 100% alfalfa pelleted hay, D65



diet consisted of a pelleted feed including 65% of alfalfa hay. All ingredients were
ground and elleted (6 mm diameter).

At the end of each experimental period, individual milk samples were collected from
the morning (08.00 h.) and evening (17.00 h.) milkings and immediately refrigerated
and stored atl8 °C.

Three samples for each diet were analyfee dry matter (DM), crude protein (CP), fat
(AOAC, 1990), structural carbohydrates (Van Soest et al. 1991), -saltdsle
carbohydrates (Deriaz, 1961), starch by an enzymic procedure (Megazyme
International Ireland Ltd., Bray, Co. Wicklow), protein fiiaas (Licitra et al., 1996)
andfatty acid composition as reported by Avondo et al. (2008).

Milk samples, consisting of proportional volumes of morning and evening milk, were
analysed for casein (FIDF standard procedures,1964) and fatty acid compositi
(Avondo et al., 2008).

Statistical Analysis

Individual data for milk fatty acid composition were subjected to analysis of variance

for two simultaneous 2 x 2 latin squares design, using the GLM procedure of statistif4
software Minitab (Release 14, 9 The model included genotype, diet, block and

genotype x diet (GxD). When interaction did not result statistically significant
(P>0.05) this term was excluded from the |

mean values.

Results

Table 1 reports ingreeints and chemical composition of D100 and D65, designed in
order to reach similar crude protein but different energy content, through a different
inclusion of carbohydrates sources. Crude protein was identical (15.2% DM) between
diets while fat was slighglhigher in D65. The difference in net energy was principally
due to the starch and crude fibre, respectively ten times higher and 25% lower in D65
than D100. Differences in diets fatty acid composition were: oe#€9(C18:1) and
linoleic acid (C18:2) tyher in D65, while, as expected, linolenic acid (C18:3) was
higher in D100.



Genotype affected milk yield Table 1- Ingredients and clmicd composition of the diet

and composition. AA animals  hgredients %

were 353 g/d more productive
than FF; moreover casein
yield was

(P<0.05) greater for AA goats

significantly

(respectively milk yield and
casein yield: 132@s 967g/d,
SEM: 88.60; 40 vs 24 g/d,
SEM: 2.70). A significant
genotype x diet interaction
was recorded: shifting from
D100 to D65, AA goats milk
and casein Yyield increased,
respectively by 53% and
43%, whereas FF goats milk
yield remained unchanged
and caein yield increased by
33% (equal to 7 g/d).

Milk fatty acid composition is
shown in table 2. Energy level
of diet affected percentage of
18 fatty acids: C8:0, C10:0,

C11:.0, C12:0, C14:0 and

Pelleted alfalfa hay
Maize

Barley

Soybean meal

Card pulp

Corn gluten meal
Vitamin-mineral premix

Chemical Composition

Dry matter %

Crude protein % DM

Crude fibre % DM

Neutral detergent fibre % DM
Acid detergent fibre % DM
Lignin % DM

Crude lipids % DM

Ash % DM

Watersoluble carbohydrates % DM
Starch % DM

NEI kcal’kg DM

Fatty acid Composition (g/kg DM)

C12
Cl14
Cl4:1
C15
Ci15:1
Cl6
Cil6:1
C18
ci18:1
C18:2
C18:3 o

c:18:3 U

D100 D65
98.0 65.0
16.0
8.0
3.0
3.0
> 3.0
2.0 2.0
87.7 85.4
15.2 15.2
29.8 22.7
54.6 44.0
36.5 244
13.3 6.4
2.0 2.4
111 10.1
7.1 6.8
1.9 19.5
1099.2 1386.3
0.504 0.312
0.153 0.139
0.00 0.00
0.067 0.111
0.048 0.028
2.634 3.463
0.077 0.084
0.563 0.590
0.824 3.358
3.141 10.118
0.126 0.122
4.012 3.047

C18:2 were higher in D65 fed

goats; C13:0, C14:1, C15iso, C@5:C17 iso, C16:1, C17 anteiso, C17:0, C1Gig,

65

9 C18:1,cis11 C18:1, C18:3 were higher in D100 fed goats. Genotype affected 9
different fatty acids: C12:0, C13:0, C14:0, C14:1, C15 iso, C15:0 and C18:0 were

lower in FF milk, while C16:1 andis-9 C181 were lower in AA milk. The genotype

x diet interaction was significant for 11 different milk fatty acids: C8:0, C10:0, C12:0,

C14:0 increased in FF goats, while the same fatty acids did not significantly changed

in AA animals increasing the energy leva the diet; palmitic acid (C16:0) was



significantly lower in animals with strong genotype when the high energy diet was
given. Shifting from D100 to D65, long chain fatty acids (> C18) significantly

increased in AA and decrease in FF goat milk.

Tab. 2 Gaotype x diet effect on milk fatty acid composition (g/100g total fatty acids)

D 100 D 65 SEM significance
AA FF AA FF G D GxD

C4 2.45 2.98 2.26 2.43 0108 NS ns ns
C6 2.60 2.61 2.68 285 00525 NS ns ns
cs 2.6 2598  2.86° 296 0.0619 ns *
c9 0.13 0.13 0.12 0.10 0.00538 NS ns ns
C10 10.7F 9.9  11.49" 12.03 0.0242 ns e i
C11 0.23 0.27 0.22¢ 028 0.0104 ns * i
C12 6.22 4.78 6.28 6.058  0.199 * * *
Cc12:1 0.18 0.15 0.20 020 00122 ns ns ns
C13 0.14 0.12 0.12 0.08 0.00644 **  ** ns
Cl4 13.57 11.34 1317 1365  0.317 * * ok
C14:1 0.15 0.17 0.09 0.08  0.0105 * = ns
C15 1SO 0.32 0.26°  0.24° 0.16 0.0189 * = ns
C15 ANTEISO 0.26 0.19 0.2F° 0.22* 0.00953 ns ns *
C15 1.52° 1.33° 0.93% 0.77° 0.0795 * % ns
C15:1 0.07 0.03 0.04 0.07 00114 NS ns ns
C16 28.8% 27.8% 255G 308% 0626 NS ns @ **
C17 1SO 0.34 0.4¢ 0.3P 0.2% 0.0205 ns * ns 66
C16:1 0.72 0.78 0.58 0.7 0.0255 *  * ns
C17ANTEISO 0.53 0.50 0.38 0.3 0.0283 ns ns
C17 0.96 0.97 0.64 0558  0.046 ns = ns
C17:1 0.37 0.42 0.22 0.28% 0.0223 ns ns
C18 5.78" 5.96% 6.96" 4.68 0254 * ns **
C18:1 9TR 0.30 0.24 0.20 0.23 004 NS nps ns
C18:1 11R 0.10 0.13 0.10 0.11 0.00736 NS ns  ns
C18:1 9 CIS 12.74 16.74 14.78 12.648  0.647 x  x* ok
C18:1 11CIS 0.4T° 0.46 0.42 0.3 0.0178 ns * ok
C18:2 TR 0.37 0.38 0.36 035 00247 NS ns ns
C18:2 CIS 3.56 4.39° 5.88 426° 0301 NS o e
C18:3 ALFA 223 210 1.33 0.92 0.154 NS % ns
9CIS11TR CLA 1.11 1.29 0.95 122 0.0636 NS ns ns
10TR12CISCLA  0.10 0.09 0.09 0.08 0.0118 NS ns ns
C20:4 0.38 0.53 0.37 040 00334 NS ns ns
C6-C14 35.73 31.3F  36.47 3753 0721 ¢ mex
> C18 27.08 3229 3143 25.2¢ 1.06 ns = ok
C14:1/C14:0 0.017P 0.01f 0.007 0.008 0.000870 Ns *** ns
C16:1/C16:0 0.25 0.028  0.02f 0.02% 0.00108 ns * *
C17:1/C17:0 0.38 0.43 0.34 0.38 0.0113 * * *
C18:1/C18:0 2.24 2.7% 2.19 278 0.0903 * ns ns

Significance: ns P>0.05; * P<0.05; ** P<0.01; *** P<0.001
2bpjfferent letters within row indicate a significant difference between values (p<0.05)




Discussion and conclusion

Polymorphism at CSN1S1 locus indlaiced milk fatty acid composition: the lower
percentages in FF goats of fatty acids, entirely (C12:0, C14:4;1X3% or partially
(C18:0, odd and branched chain fatty aai#) novosynthesized in the mammary
tissues, are in line with literature (Lamberetak, 1996; Chilliard et al., 2006, de la
Torre Adarve et al ., 20 6eSaturatecafatte acidsi¢9 e t
Cl4:1,cis9 C16:1,cis9 C17:1 anctis9 C18:1) were higher in FF milk; these fatty

acids arise in part from diet and inrpare synthesized in the mammary gland as a

pr odu ¢ desatufase gnzyme. Ratio between the saturated and the correspondent

cis-9 unsaturated fatty acid can represent a good index for the activity of this enzyme;
on the basis of these ratios, Chilliaatal. (2006) suggested that desaturase activity is
higher in FF animals and, except for C14, our results are in line with that finding. On
the contrary, de |l a Torre Adarve et® al
desaturation ratios. Thispect has to be deeper investigated because, despit®
results, Ollier et al. (2008) found that the expression of the gene encoding for stearoyl
CoA desaturase is lower in FF animals.

As reviewed by Vlaeminck et al. (2006), diet composition has siderable influence 67
on the selection of rumen microflora population and consequently on milk fatty acid
profile. The reduction of dietary fibre in favour of starch increases the rumen
amylolytic bacteria and reduces cellulolytic bacteria. Our results BEFA are
consistent with literature, showing that C15iso, C15:0, C17iso, C17anteiso and C17:0,
mainly arising from cellulolytic microflora metabolism, were lower when D65 was
given to the animals. Considering the different fatty acid composition of dhnets,
higher percentage of linolenic acid (C18:3) found in milk was an expected result when
animals consumed D65. The sum of-C84 fatty acids (MCFA) was greater with
D65; however, this mean result mainly depended on the genotype x diet effect. In fact,
FF goats showed an increase of MCFA and a decrease of long chain fatty acids (LCA)
when fed the higher energy diet; on the contrary, AA goats showed no differences in
C8:0 to C14:0 fatty acids and a significant decrease in CI6:{ustify the increase in
MCFA percentage in FF goats when fed & could refer to Chanat et al. (1999)
findings. These authors, observing the morphology of mammary epithelial cells of

goats with different variants at CSN1S1 locus, revealed that the endoplasmatic

(2



reticulum of FF aimals was remarkably enlarged in comparison to AA genotype
because of the accumulation of immature proteins and caseins. On the basis of these
observations, Chilliard et al. (2006) suggested that this enlargement could also involve
enzymes responsible fotipid biosynthesis. Moreover, Ollier et al. (2008)
demonstrated that weak variants at CSN1S1 locus negatively affect gene expression of
GPAM and FASN, which are two important genes implicated in the first step of
triacylglycerols biosynthesis (Coleman et., 2000) and in the endogenous
biosynthesis of short and medium chain fatty acids (Smith, 1994), respectively. In our
case, the increase of MCFA fatty acids in FF milk shifting from D100 to D65 could be
related to the simultaneous increase in casein ytel g/d) found when these animals
were fed higher energy diet. It could be supposable that the higher availability of
CSN1S1 alleviated the impediment of endoplasmatic reticulum in FF goats with
positive effects on fat anabolism at mammary gland cellsl.ldn AA goats, the
analogue effect seems to be negligible, probably because in this genotype
endoplasmatic reticulum does not show any impediment.

Taking in account these results, it would be desirable a differentiation of diet in
function of CSN1S1 g®type. In fact, the improvement in productive performances68
can give a reason for the elevation of costs due to use of concentrates in the diet for
AA animals, but not for FF animals whose unchanged productive level is coupled by

milk fat quality detrimersl.
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Research ( MI UR) (Project of HiGgrretic Nat i on
polymorphism of caseins in goats. Effects of feeding on milk production and quality,

feed intake, metaltic and hormonal responses in goats at different genetic potential to

produce caseino)
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Abstract

Eighteen Girgentana lactating goats, nine homozygous for strong alleles (AA) and

nine homozygous for weak alleles (FF)U#casein CSN1S1) locus, were used to

evaluate the effect of genotype, diet and genotype x diet (GxD) interaction on the
composition of goat milk caseins. Goats were used in a 2x2 factorial arrangement of
treatments, with two genotypes (AA, FF) and tdiets at different energy levels
(high-energy diet (D65) and lownergy diet (D100)). The experiment consisted of

two simultaneous 2x2 Latin squares for the two genotypes, with one square for each

level of energy. Capillary electrophoresis was used ford#termination of relative

casein (CN) compositioik-C N ,-C  a +CH yield were significantly higher with

D65 than D100 (10.2s 7.2; 3.8vs 2.6; 18.6 vs 13.6 g/d, respectively). Genotype
significantl y o CINf eacgt@NdU y(i R<CRdwas FigherGn AA

than FF goat milk (15.8s2.4 gd ) WACN Wvas higher in FF than AA goat milk
47vs2. 8 g/ d); nNo genotype eifCiNeawCNy&d0. 05) v
As concerning indivi ¢CMWwas higherdor AA ttmom RFc e nt r at
goat (12.4vs1 . 5 g/ kg migCkN) ,a r@dhwee aigher inFF than AA

milk (4.3vs1.4;15.6vs1 2. 9 g/ kg, r eGNpoended to bechigherin FF aPso o
goats. Diet did not significantly influence concentration of individual caseins. A
significant GxD interaction was found only T s;-GI concentration, that decreased (

10%) when AA goats shifted from D100 to D@B. conclusion, high energy input

consistently improved total casein yield beside genotype. The higher casein yield of

AA goats mainly depends dd-CN biosynthesis; maover, the lower presence of

L-CN in FF goat milk may be partially counterbalanced by the other caseins.

Introduction

I n the goat speci es, gaaseia (CENLEL] locusehaspeeh y mor p
reported. So far, 18 different alleles have biemd at this locus (Meggiolaro et al.,

2003). In the last decades, several studies have been done to investigate the effect of

this polymorphism on goat milk composition and technological properties. The 18

allelic variants of CSN1S1 can be subdividea ifdur categories as a function of the

quant igscpseimin goat milk (Moioli et al., 2007). The higkpressing, or

strong, alleles (A, B By, Bs, Bs, B, C, H, L and M) produce 3.6 g/L per allele,



intermediate alleles (E and I) produce 1.1 g/L emuth weak alleles (D, F and G) 0.45

g/L per allele, while, null alleles {00, and N) are responsible for the apparent
absence of this fraction (Neveu et al. 2002). Milk from goat with strong alleles at
CSN1S1 locus had been positively correlated withaimeount of total protein, total

solids and cheesma ki ng properties as Cc oogsa@r ed to
(Remeuf et al., 1993; Pirisi et al., 1994, Clark and Sherbon, 2000). Strong genotypes

are also associated to higher level of fkt,novosyntheszed fatty acids (Chilliard et

al., 2006; Valenti et al., 2010) and milk yield (Avondo et al., 2009). Moreover, the
relationship between feeding practices and CSN1S1 polymorphism have been studied

in order to improve productive performances and milk contjposi In particular,

research focused on the utilization of dietary protein by either goats with low and high
capacity to synthesize CSN1S1 in milk. Goats carrying strong alleles showed a greater
efficiency in the exploitation of dietary nitrogen as coneplaio goat with weak alleles

resulting in a higher milk protein yieldSchmidely et al., 2002; de la Torre et al.,

2007, de la Torre et al., 2008 ecent | y, our paper en the i
casein polymorphism and dietary energy level demondttat a high energy input

improves the efficiency of transformation of the diet into milk and casein yield if1

goats carrying strong alleles (Pagano et al., 2010).

Taking into account the importance of casein profile on milk nutritional and
technological poperties, it would be desirable to learn more about the effect of diet on
relative composition of goat milk casein. Few data are available on this topic, so far.
To our knowledge, the only data available on individual caseins report that low
genotype goat i ncHeasei glcagemdieldwhen fed higher protein diet,
whereas their relative proportion in milk remains unchanged, but no information on
the other caseins is given (de la Torre et al., 2009). prasent study is part of a
broader projeicaiming at studying the impacf different feeding practices on dairy
goats performance. Specifically, here we tried to investigate the effect of diets at
different energy level on casein composition in milk from goats with different
genotype at CSN1Sbdus.



Materials and Methods

Animals and diet

Eighteen Girgentana lactating goats, nine homozygous for strong alleles (AA) and
nine homozygous for weak alleles (FF) at CSN1S1 locus, were used to evaluate the
effect of genotype, diet and genotype x dieraction on the relative composition of
goat milk caseins. Goats used in the experiment were also characterized by strong
all el e¢sasaegi nU ( CS Ncaseip (C8NRY locus. BThe genotypes of
individuals at the CSN1S1, CSN2, and CSN1S2 were detednais reported by
Pagano et al.(2010).

Average milk production, days of lactation and body weight was 1.3+0.3 kg/d,
94+12 days and 36.9%4.7 kg, respectively. The selected animals were assigned to two
experimental groups and housed in individual pens wivater and salt were always
available. One group consisted of 5 AA and 4 FF animals, the other one consisted of 4
AA and 5 FF animals. Goats were used in a 2x2 factorial arrangement of treatments,
with two genotypes (AA, FF) and two diets at different epdegels (100% and 65%
of hay inclusion). The experiment consisted of two simultaneous 2x2 latin squares,
one for each genotype, with one square for each level of energy in the diet. Goats wete
fed ad libitum with a mix (50:50) of the two diets for a 12y preexperimental
period. Each 2@lay experimental period included 15 days for adaptation and 8 days
for sampling and data collection. During the experimental periods animals received the
scheduled diead libitum D100 diet consisted of 100% alfalfa le¢éd hay, D65 diet
consisted of a pelleted feed including 65% of alfalfa hay. All ingredients were ground
and pelleted (6 mm diameter). All the animals were managed according to the guide

lines of the Animal Ethics Committee of the University of Catania.

Chemical analyses

Individual intakes were daily measured, on the basis of residuals. Each diet was
analyzed in triple for dry matter (DM), crude protein (CP), fat (AOAC, 1990),
structural carbohydrates (Van Soest et al., 1991), vgalable carbohydratg®eriaz,

1961), starch by an enzymatic procedure (Megazyme International Ireland Ltd., Bray,
Co. Wicklow), protein fractions (Licitra et al., 1996).



At the end of each experimental period, individual milk samples were collected from
the morning (08.00 hand evening (17.00 h.) milkings and immediately refrigerated
and stored at 118 UC wuntil gorotaih yitsoges . Mi | k
(NPN) and norcasein nitrogen (NCN) were determined by HIF standard
procedures (1964). From these nitnodeactions, total protein (TN*6.38) and casein
[(TNT(NCN*0.994))*6.38] were calculated.

Capillary zone electrophoresis (CZE)
A Beckman P/ACE MDQ Capillary Electrophoresis system controlled by 32 Karat
Software, version 8.0 (Beckman Instruments, FulfertdA, USA) equipped with a
UV detector set at 214 nm was used in this study. Separations were carried out using
an uncoated fused silica capillary (57 c¢cm
100 x 800 &m; Beckman | ns tamplenselutions wereFul | er -
injected for 20s at 0.5 psi. Electrophoresis runs were carried out at 45 °C with a linear
voltage gradient from 0 to 25 kV in 3 min, followed by a constant voltage at 25 kV.
Buffers for CZE analyses were prepared according to Heck €2@08). Sample
buffer (pH 8.6+ 0.1)was167 mMhydroxymethylaminomethane (TRISBIO-RAD), 3
42 mM 3-morpholinopropanesulphonic acid (MOPS SIGMA), 67 mM
ethylenediaminigetraacetic acid disodium salt dihydrate (EDTSIGMA), 17 mM
D,L-dithiothreitol (DTT - BIO-RAD), 6 M urea (BIGRAD) and 0.05% (w/w)
hydroxypropylmethylcellulose (MHPESIGMA). Run buffer (pH 3.0 + 0.1) was 0.19
M citric acid (CARLO ERBA), 20 mM sodium citrate (CARLO ERBA)M urea and
0.05% (w/w)PHCP. Individual samples were prega by mixing individual milk and
sample buffer (1:1.5), after 1 h at room temperature, samples were centrifuged at 5000
x g for 5 min and fat removed. Samples were analyzed without further preparation.

The caseins were identified by reference to litemafireligini et al., 2005; Gomez
Ruiz et al., 2004; Recio et al., 1997a; Recio et al., 19%ib3e in CZE peak areas are
inversely correlate to migration velocity, relative concentration of individual proteins
was determined on the basis of the correeted by Eq (1) as reported by Heck et al.
(2008):



= 10004,

=)

C'_ Ax){

x=

(1)
where C, is the relative concentratiody the area in the electropherogratr,the
migration time of proteirx and n the total number of peaks theogether comprise

100% of the area. Quantities of individual caseins were calculated from total casein.

Statistical analysis

Individual data for relative casein composition were subjected to analysis of variance

for two simultaneous 2x2 latin squaressijn, using the GLM procedure of statistical

software Minitab (Releasel4,1995). The model included genotype, diet, block and
genotype x diet (GxD). When interaction did not result statistically significant (P >

0.05) this term was excluded fromthe modeb k ey 6 s t est was used t

values.

Results
Table 1 reports ingredients and chemical composition of D100 and D65, designeL
order to reach similar crude protein, but different energy content, through a different
inclusion of carbohydrates smes. Crude protein was identical (15.2% DM) between
diets while fat was slightly higher in D65. The difference in net energy was principally
due to the starch which was 10 times higher in D65 than D100.

Dry matter intake (DMI) was not affected (P>0.05)dsnotype (respectively 2514
vs 2500 g/d for AA and FF) nor by the energy level (respectively 252490 g/d for
D100 and D65), moreover no GxD interaction was recorded for intake levels. Milk
yield was affected by genotype and diet. Milk was signifiga(f<0.05) higher for
AA than FF animals (1320s 967 g/d, SEM=88.6). High energy diet significantly
(P<0.05) improved milk production as compared to diet at lower energy level (338
994 g/d). A significant GxD interaction was recorded: shifting froid@to D65,
milk yield increased (P=0.039) by 53% for AA goats whereas it was not affected in FF
goats. Results on DMI and milk yield have been already presented by Valenti et al.
(2010).



Table 1- Ingredients and chemical composition of the diet .

D100 D65
Ingredients, % of fresh weight
Pelleted alfalfa hay 98.0 65.0
Maize - 16.0
Barley - 8.0
Soybean meal - 3.0
Carob pulp - 3.0
Corn gluten meal - 3.0
Vitamin-mineral premix 2.0 2.0
Chemical composition
Dry matter (DM) % 87.7 85.4
Crude protein % DM 15.2 15.2
Neutral detergent fibre % DM 54.6 44.0
Acid detergent fibre % DM 36.5 24.4
Lignin % DM 13.3 6.4
Crude lipids % DM 2.0 2.4
Ash % DM 111 10.1
Watersoluble carbohydrates % DM 7.1 6.8
Starch % DM 1.9 19.5
NEI A kcal/ kg DM 10992 1386.3
A Net energy for lactation (Cornad et al
D pcn

0s-CN

.| 2)

Figure 1i Capillary electrophoresis of two individual caprine milk samples: 5
1. containing dighe x p r e -€N varmant,2. containinglawe x p r e s-€N vamant.U
PeaksC:N=l}dJa s esiONN =¢-dJa s e-CN5-c @ s e-C N 5 bagein.



Fig. 1 shows the electropherograms of caprine milk. Most of the casein peaks
migrated between 22 and 33 min. The ordeelettromigration of goat caseins was
-CN,s+CIN ,-CN  a4CdN. b TACK wad separated into three peaks migrating
bet ween 22 aN wa® 4omposed pf atUeast four peaks migrating
bet ween 25. 5CNanpde a3k0O mmignr;ateed at 3 0CN2 min be
which appeared between 30.4 and 32.5 min.

Table 2reports the effect of energy level of diet, genotype and their interaction on
casein yield and compositionagein yield (g/d) was significantly affected by energy
level of diet and genotypé.n parti cul adCN iCNtoaltChoyidhs ei n, U
wash gher wi t he@NG® not differed betweeh diets. As concerning the
effect of genot y@N\eyield wegethigher incAA thaniFR goat mitk, U
LL-CN was higher in FF than AA goat milk, while no genotype effect was reported for
9-CN a n dCNbyield. Total andndividual caseins concentration (g/kg) were affect
only by genotype. Precisely, total abid-CN concentration were higher for AA than
FF g o a tsy ammidCNoncdhtration was higher in FF than AA goat milk, while
a-CN tende (P=0.087) to be higher in FF goafssignificant interaction GxD was
found only for tuChH, thatadecreasedt whentAA gaats ghifted (P
from D100 to D65.

Table 2- Genotype x Diet effect on casein yield and composition of goat milk.

D100 D65 SEM Significance (P)

AA FF AA FF G D GxD
Casein g/d 29.4 23.F 433 30.4 2.83 o o &
Casein g/kg milk 317 21.8 28.8° 26.9 0.0921 = ns &
(-CN g/d 2.1° 4.2 3.5 5.1 0.342 o + ns
(,;-CN g/d 12.4 2.1° 17.7 2.7 1.62 ok o *x
T-CNg/d 2.4 2.7 3.8 3.8° 0.256 ns o ns
dCN g/d 12.8 14.7 18.3 18.8 1.26 ns * ns
U-CN g/kg milk 2.4 g 2.3 4.6 0.212 ok ns ns
U-CN g/kg milk 13.¢% 1.2 11.7 1.7 1.10 ok ns *
7-CN g/kg milk 2.7 2.6 2.6 3.5 0.0997 + ns ns
d>CN g/kg milk 13.6° 14.F° 12.2 17.7 0.487 o ns ns

Significance: ns P>0.1; +P<0.1 *P<0.05; **P<0.01; ***P<0.001
abDifferent letters within row indicate a significant difference between values (P<0.05)

Discussion

The pesence of multiple peaks of the same casein along the electropherogram is due
to the phosphorilation state of the casein. Phosphorilation is one of the most important
posttranslational modification responsible for the addiction of a variable number of

phosphate groupstoégh caseins. The order afCNegd-dlct r omi



CN,-CN aiCH) whs identical to those reported by Feligini et al. (2005), Goemez
Ruiz et al. (2004), Recio et al. (1997a; 1997b), but the migration times were slightly
higher. This couldbe due to the polymeric additive and the capillary used in our
experiment to improve the separation. Indeed, it is reported that the use of MHPC
instead of MHEC increases migration times (De Jong et al., 1993); moreover,
RodriguezNogales (2006) found sitar migration times using an uncoated fused
silica capillary.

High energy diet increased total casein yield as compared to low energy diet. This
finding is in accordance with similar works carried out to evaluated the effect of diet
on milk composition from goat differing by CSN1S1 genotype (Schmidely et al.,

2002; de la Torre et al., 2009). In these papers, opposite to our conditions, diets
differed in crude protein level, but it is supposable that the higher energy availability
arising from D65 improvedrptein synthesis at rumen level (Koenig et al., 2003) and
had an effect similar to that produced by an increase of dietary protein level.
Moreover, taking into account that milk yield increased when D65 was given to the
animal, a decrease of casein conaiin (g/kg milk) would have been expected;
nevertheless, the concentration of total caseins was not affected by the diet, confirng
that D65 had a positive effect on the casein biosynthesis rate (Mbedmdet al.,
2000).

Casein yield was higher in Agoats than FF goats; this expected results depends on
the positive relati ons#&CNlocuseahdwasein yieldt r on g
(Grosclaude et al., 1987; Clark et al., 2000; Schmidely et al., 2002; Avondo et al.,
2009). Moreover, our results sugg#sat the higher total casein level in AA goat than
FF goats is due onl y tseN byhgeat dairympd sgrong bi o s y n
alleles at CSN1S1 locus and not on the other casein fractions. In fact, we found that
total casein yield was higher in Ado at mi | 4&CNdwasshighet ie FFlgoats
(de |l a Torr e -ean deNdid notaified &gordingatantde genotype.

Mor eover , «€NGeprtonfcemtONg-C Mo a +CH fvds bigher in

FF goat. These data, consistentwitapri ous papers reporsging t he
CN in milk from goats homozygous for weak (Tziboula, 1997) and null (Criscione et

al., 2011) alleles at CSN1S1 locus, suggest that in FF goat milk the lower content of

(L-CN may be partially compensated byt h e r caseins. -UNndeed,



concentration in AA goat milk were similar to mean values reported in literature for
nonn ul | genet iCN, whaaeas R rgoats ehbwed values1%3 higher
(Moatsou et al., 2006; Tziboula, 1997).

A significant GxD effect on casein composition was reported. Daily production of
U;-CN significantly increased for AA goat shifting from D100 to D65. At the same
time its concentration lowered as a consequence of a greater increase of milk yield.

Conclusion

In conclwsion we found that dietary high energy input consistently improved casein
yield and concentration beside genotypélaCN locus. Genotype at CSN1S1 locus
influences milk protein yield and composition. In particular, the-peesented results
suggest thiathe higher casein yield of goats carrying strong alleles mainly depends on
biosynthesis ofls-C N . Mor eover, t h e-CN wmay e partiatiyn t e n t
compensated by the other caseins in FF goat milk.
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This researcindicatesthataninteraction between genetic polymorphisirik;-casein

and dietary factors occurs, thus affecting #fficiercy of nutrient transfer into milk

In particular, our results suggest that in a free choice feeding systesagoable to

select a diet according to their genetic aptittocderodu@ caseinln particular, besides

the genotypethe energy requirementseve oversatisfied,but goats carrying strong
alleles voluntary selected a diet with a highergentage of energych feedsthus
increasing their milk and casein productiascompared to goats with weak alleles.

For these reasonsecond trial has beararried ot to investigate how goatelected
according to differentl;-caseingenotypecould respond to dietsvith similar protein
content andlifferentenergy levelsThis second trial confired thathigh energy input
improves the efficiency of transfmation of the diet into milk and casein yield in
goats carrying strong alleles, whereas it does not exert noticeable effects in goats
carrying weak alleles.

As regard fine milk composition, our results suggest that polymorphisin-easein

locus affect rilk fatty acid composition. In particular, in similar feeding conditiaes,

novo synthesized fatty acids have been found to be higher in the fat of milk of goat
with strong alleles. However, this difference tends to be lost when weak alleles gogg
receivea high energy diet because of an increase of these fatty acids also in the fat of
FF goats. Lastlythe studyon relative milk casein compositionndicatesthat the

higher casein yield and content of goats carrying strong alleles exclusively depends on
the bi osynt hsecaseis Mat eowér ,U t hercasemwgoat cont en
with weak alleles seems to be partially compensated by the other caseins in FF goat

milk.

Taking in account these results, it would be desirable a differentiatitredliiet in
function of Uy;-caseingenotype. It is known that milk from goats with strong alleles
has more protein and casein than animal with weak allelesyn conditions for the
first time a positive relation between strong genotype and milk yield wasl fétis
relation wasfurther improved by increasedietary energy; in addiction the higher
production level wasssociated wittan enhancegrotein, casein and fat contesis
well. Even if nochesemaking trials have been carried out, itseens obviousthat

milk obtained by AA goat fed higknergy diet has higher cheemaking propeties



than FF goat milkalsotaking into account that the same impgoens in terms of

milk yield and composition were not achieved by FRereforethe improvement in
productive performancesf AA animalscan give a reason for the elevation of costs
due to use of concentrates in the tiiegive means.

Differently from AA goats, he main effect of high dietary energyg milk from goats

with weak alleles, wat modify milk fatty acid compositionvith no significant effect

on milk and protein. Unfortunately, the changing in fat composition consists in an
increased level of fatty acids with an high atherogenic effect (lauric, myristic, and
palmitic acids). These findings seeno support the choice of the farmers which
preferentially seldgadairy goats with strong genotype.

However, the presence in the farm of dairy gasith weak genotype t si-clbein
locus could be justifiedby a different productive destination of themilk (drinking

milk). Indeed,under haybased feeding conditions, the quantity of atherogenic fatty
acids is lower in FF milk than AA milk. Moreover, a study conducted on faigs
evaluate the allergenic power of goat mitlemonstrated that milk lacking dk;-
caseinfractionis less allergenic than other goat mglkpecially when it is replaced by
Uy-casein According to our resultghe smaller quantity of astasein is compensated 81
also byanhigher quantityo f o-clisein

Thus, the differentiation of &ling strategies according to the productive potential of
dairy goatscoupled with a different destination of use for milk produce by goat with

weak alleles could result in importaatonomic advantagésr the farmers.






