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Abstract

The aim of the present thesis is to describe tldraund and specifically investigate the
effect of a single prolonged milking interval onldeaffic in the bovine mammary gland
and on milk composition. The literature study of thesis is slightly broader than this and
includes also other facts about the bovine mamrmgkamyd of interest and relevancy to the
narrower subject of the research project. The reashind performing the research project
and writing the thesis is originating in questioased in relation to practical observations
in dairy herds. It has been noticed that aftecchnial stop in an automated milking system
resulting in a prolonged milking interval (PMI), macows show a short lasting increase in
milk somatic cell count (SCC). This can influence tleed milk SCC and may result in
reduced payment of the milk due to rules basedhahincreased milk SCC is associated
with lowered milk quality. It is, thus, of econoralcimportance for the producer. By
studying the cell traffic in the udder when the SGGricreased but under non-mastitic
conditions it was expected that also new infornmatiould be gained about the cell traffic
in the normal udder which has been poorly studiéte mechanisms behind these SCC
peaks and whether they influence milk quality asedbarified.

In the research project 29 dairy cows milked twizély were included. The cows were
exposed to a single PMI of 24 hours by omitting afternoon milking. Milk samples were
taken regularly during 1 week before and 5 dayerafte PMI and analyzed for SCC,
percentage of PMNs, fat, protein, lactose, casath BFA. The main effects of the PMI
were increased SCC and PMN proportion, most pronalimcghe milkings during the first
day. Interestingly, the proportion of PMNs was @hitar size in both milkings day 1
although the SCC in morning milk was much lower tliarthe afternoon. Usually, the
proportion of PMN is known to follow the differeBCC in morning and afternoon milking,
respectively, well, with lower SCC and proportionR¥IN in the morning. The output of
number of cellper hour a measure that is not influenced by a possibigiain effect of
the large accumulated milk volume in the first mognafter the PMI, showed that the
highest recruitment rate of total cells and PMNurped, between the first and second
milking after the PMI even if the increase starédgady during the PMI. After the initial
peak, cell counts declined but SCC remained highdeulre proportion of PMNs declined
to values lower than the baseline value during et of the study. Lactose content
decreased but in contrast to previous studiegnfdtcasein increased. The individual cow’s
lactation stage prior to the PMI had a significafiéct on the changes in milk composition.
The alterations in milk composition were, howevasmerically slight and did not impair
the milk quality. The first afternoon milk yield waeduced and, interestingly, remained
lower than the baseline value throughout the study.

To conclude: The increased recruitment of PMN shahat there was an enhanced
chemotactic activity in the milk already during tRél without any obvious antigenic
challenge. Blood or damaged cells as sources okiogs is not likely considering the
decreased concentrations of serum proteins we w#sen the milk and results from
previous studies indicating that a single PMI donet cause any cell damage. The results
from this study indicate that the PMN infiltraticafter a single PMI is due to PMN
chemotactic factors that are different from the Pbtiémotactic factors present in mastitic
milk.
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I ntroduction

Cow’s milk is a complex fluid that is a colloidalsgersion of fat globules and
protein (casein and whey proteins) in an aqueoligtieo of lactose, minerals,
vitamins and other minor constituents. It is areaxlly secreted fluid especially
designed to nourish the young. From the onset eflifie and during the first
months of life, milk presents a complete diet wélh necessary nutrients. The
nutrient value of cow milk in a human diet was mgtiaed long time ago and
during the years, increased human consumption aet rfor milk led to
development of a significant dairy sector. The ylaidustry has taken huge steps
forward with continuous product improvement as vasllof cow management. The
economy of the modern industrialized dairy sectodépendent on a large and
cost-effective milk production and the yield pemchbas increased tremendously
during the last decades. One of the most impodanses to losses in milk yield is
subclinical mastitis which is a global problem amatairy cows. The producers’
goal to produce more and to lose less has triggexsehrchers all over the world
to try to find ways to diminish the problem of mtisf and to improve the genetic
basis for milk production. In addition, clinical stdis also includes an animal
welfare aspect. As a result of targeted selectammtrolled breeding programs,
proper nutrition and management, modern cows pm®deveral times more milk
than they need for their offspring.

The mastitis reaction, also when less pronouneadid not only to lower yields but

also impaired quality of the milk. Therefore, dajlants in the western world

analyze the milk delivered for the content of ntastndicators commonly somatic

cell concentration. Milk with high somatic cell a@ntrations often is penalized

with a price reduction while extra good quality knihay get premium payment.

Stepwise, the upper discrimination value for gookk has become lower and

lower, meaning that also moderately increased amihts play an important role

for the producer. In addition to mastitis, the makdl concentrations are influenced
by a number of physiological factors (see furthelotw) and the cell contents have
also been found to show a very dynamic pattern twe, with shorter periods of

increased values. It is seems that such episodedevhted cell counts appear
without a pathological (mastitis) background. Stié economic consequences for
the producer may be the same, reduced milk paymintke research report that
follows at the end of this thesis, the results frastudy of short-lasting cell count
peaks after a single prolonged milking interval sinewn and discussed. However,
first some facts about the milk formation and inflaatory reaction of the bovine

udder from a literature study are presented



Aims of the Investigation

The aim of the present thesis is to describe thekdgraund and specifically
investigate the effect of a single prolonged miikinterval on cell traffic in the
bovine mammary gland and on composition of milkiieat components.

The specific objectives of the research projeciewer

- to investigate the pattern of elevated SCC inviddal cows after a prolonged
milking interval

- to clarify if the increased rate of leukocyte maipn is due to an inflammatory
reaction by determining the relative numbers of RMN

- to examine if the milk nutrient components aruenced in connection with the
expected short-lasting SCC peak and

- to find out if the degree of reaction during tBEC peak of individual cows is
related to factors including SCC, milk yield, dagamilk and lactation number of
the cow before entering the study.

Study of Literature

The healthy udder

Physiology of lactation

Galactopoesis includes the onset of production it end maintaining a certain
level of production throughout the lactation cycl@he initiation of lactation in
connection to parturition is a result of interantiof hormones like oestrogen,
progesterone and prolactin. Growth hormone, thyfmadmone and insulin are
important for maintenance of the milk productioneduent emptying of the udder
is also required for normal galactopoesis. Thevagtiof several hormones
expresses a significant influence on milk synthasis secretion (see e.g. Mepham,
1987; for review, see also Svennersten-Sjaunjass@i, 2005).

Oxytocinis a key hormone for milk ejection (see e.g. Mephd987). It is a
pituitary hormone synthesized in the hypothalamg released when the cow sees
the calf and in response to teat stimulation. Ha has a well developed sensory
innervation. The signals from the stimulated receptre transmitted to the brain
(the supra-optic and paraventricular nuclei of ttgothalamus), thereafter
oxytocin is transported to the neurohypophysis frehere it is released to the
blood circulation and the milk ejection reflex isggered. The main effect of
oxytocin is expressed through its activity on thgapithelial cells surrounding the
alveolei, squeezing the milk into the duct system further to the udder cistern. It
is known that roughly 80% of the milk yield is stdrin the alveolar region
between milkings. Without proper activity of oxybecthe milk ejection is not
working properly.
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Prolactin is also a pituitary hormone released after tembusation (see e.g.
Mepham, 1987). The major effect is expressed binflsence on the metabolism
of the epithelial cells through maintaining highncentration of ribonucleic acid
(RNA) that is indirectly reflected through higheynthesis of milk proteins.
Prolactin can to some extent be replacedytomwth hormoneHowever, the main
effect of growth hormone is expressed through hidghiesynthesisCortisol has a

general supporting effect on the metabolism ofafwg animal and additionally
supports and aids secretory function of the epéhetlls (see Mepham, 1987).

Milk formation

The complex process of milk synthesis begins inahihelial cells, the site of
accumulation of blood components necessary for rflillepham, 1987). The
essential nutrients for milk synthesis are in theot. The precursors of the milk
components leave the blood compartment, enterdinacellular fluid and pass the
basolateral membrane into the epithelial cells. S@mommponents are transferred
from blood to milk unchanged such as some protémsjunoglobulins and ions.
However, most of the essential nutrients are stdjeto radical transformation.
The mixture of different essential nutrients oraing from blood, or directly
synthesized by mammary epithelial cells and wdtem the milk. The main milk
constituents of milk are fat, protein and lactose.

The basolateral membrane is involved in synthesisadsorption of precursors for
milk fat. Acetate and b-hydroxibutirate are verypntant precursors of fatty acid
synthesis in mammary cells especially in ruminanthile the glycerol and
monoacylglycerides are absorbed at the basolaterainbrane and play a
significant role in synthesis of fat in other manen&enness, 1986; Mepham,
1987). There are several ways triglycerides casyn¢hesized in the milk. In the
smooth endoplasmic reticulum, triglycerides aretlsysized and small fat droplets
are formed. The microlipid droplets are releasethécytoplasm with a surface of
protein and polar lipids (Mather & Keenan, 1998unhérous small droplets fuse
and move towards the apical part of the membrarerevthey are being secreted.
The fat droplets are wrapped with the epitheliambeane. In this way a milk fat
globule (MFG) is formed. The MFG membrane protabis fat from lipolysis.
Therefore the amount of membrane material is anortapt factor for the
resistance of MFG to lipolysis (Evers, 2004). Tamine the degradation of fat,
the content of free fatty acids (FFA) can be meaduihe hydrolysis of fat is
catalyzed by lipoprotein lipase and it results ighler FFA content (Wikinget al.,
2006). The lipoprotein lipase originate from theded and it is also, somewhat
contradictory to its lipolytic effect, involved imilk fat synthesis via effect on the
uptake of blood lipids.

The synthesis of proteins goes via amino acidsclwiire absorbed through the
basal membrane of the cell (Jenness, 1986; Meph@8Y). Several amino acid
transport systems are involved in the transpotthefdifferent amino acids from
one side of the membrane to the other. Inside ¢fle amino acids are covalently
bound together to form proteins at polysomes (plodgomes) on the rough
endoplasmatic reticulum (RER). From the riboson@®teins are transferred
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further into the Golgi apparatus and in this wapein and outer proteins are

synthesized. The outer proteins are groups of profier secretion and consist of
several kinds of casein, albumin and lactalbumime Thner proteins are proteins
involved in cell to cell contacts and membrane libenzymes. Newly synthesized
proteins are transferred from RER to the Golgi apps where they are processed
for transport out of the cell. Casein is a micédlened in the Golgi apparatus from

the casein molecule, calcium and phosphorus. Psogeof casein and other

proteins, as well as all posttranslational changesur in the Golgi apparatus.

Milk proteins and lactose are transported to thieadpnembrane of the cell via

secretory vesicles that bud on the Golgi.

Lactose is disaccharide exclusively synthesizedhen mammary gland. For the
synthesis of lactose two molecules of glucose egeired. While one molecule of
the glucose is being transported unchanged vialyhigecified transport system
called glucose transporter (GLUT 1) into the Gadgyparatus, the second molecule
of glucose is radically transformed already in tytoplasm (Kuhn et al., 1980;
Mepham, 1987). Before entering the Golgy apparajus;ose is transformed to
uridine diphosphate (UDP) glucose) and after to aRictose. For the transfer of
UDP galactose, active transport is required. Bmadictose, which is a beta 1-4
covalently bound disaccharide, is synthesised m ®vlgy apparatus. As an
osmotically active substance, lactose draws watty the cell to balance the
intracellular osmotic pressure and represents oifle parameter, minimally
subjected to changes under physiological conditibnbalancing the osmolarity in
the milk, sodium and chloride ions are importartoez Two enzymatic subunits
that have been shown to have a strong impact otoskcsynthesis are
galactosyltransferase (glycoprotein) and partidylaalfa lactalbumin (whey
protein). If the availability of lactalbumin is tteisted it may be a real limiting
factor on the lactose synthesis. Alfa lactalbunas hot a catalytic effect by itself
but acts synergistically with galactosyl stranfera&xclusively in the lactose
synthesis, galactosyl transferase has a significalet during the glykoprotein
biosynthesis.

The defence of the udder

The protection of the udder from insults and défer pathogen invaders is
expressed through several mechanisms and func{®asdholm & Korhonen,
1995; for review see also Sordik al.,1997). The first is the teat canal, acting as
a physical barrier contributing to protection of mmaal gland by its closing
mechanism and keratin layer containing antibadtsdi@roproteins and fatty acids.
It is known that teat canal remains open up to wars after milking, and in this
particular period the role of the keratin and tmemune competent cells in
Flrstenberg’s rosette, located at the inner orifitéhe teat canal, is of particular
importance. Flushing out microorganisms during mik is another important
defence since it contributes to eliminating baetérom the udder. It is especially
effective against bacteria with a low ability taaeh to the tissue, likEscherichia
coli.
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When the invading pathogens have succeeded overgaime first barrier in the
teat canal, there are several kinds of humorabaaterial proteins which might
take part and contribute to bacterial eliminatioerebefore the immune response
has been triggered. These factors are always préesenilk to some extent but
their concentrations increase during mastitis ieast The antibacterial factors
may also act in concert with agents in the immuesponse reaction, thereby
enhancing their effect. The most important antibdat factors are: lactoferrin,
transferrin, lysozyme, lactoperoxidase and comptgme

Lactoferrin and transferrin are iron-biding protei(Bordilloet al., 1997). Thus,
their antibacterial effect lies in that they congeiith the bacteria for iron which is
important for the bacteria growth. The main rolely@osyme is to cause lysis of
the bacteria by cleavage of peptidoglycans in tletdria wall while the
lactoperoxidase system acts through oxidation af/@e structures in the wall of
the bacteria. The complement system is more thanother humoral factors
mentioned, involved in the immunological reaction its opsonising ability and
effect on chemotaxis.

When the passive defence mechanisms have failembrimbating e.g., invading
microorganisms, the body must rely on the activenime defence mechanisms as
the last line of defence (Sordillet al., 1997). In contrast to the passive defence,
the active immune system needs to be triggered by aatigen, i.e., a
microorganism or humoral factor that the body iffex#t as foreign or as a threat.
There are 2 different immunity systems (see e.gartl, 2004a). The first one is
the innate immune response, which has the taskttquackly and terminate e.g.,
an infection before the onset of disease. The nmfiatory reaction is the most
important innate mechanism. The innate immune syseprincipally non-specific
and is based on the fact that pathogens have thessics in common that make
them chemically very different from normal body qumnents, which enables the
body to identify them as foreign. Important in thieect combat of the cause in the
innate defence are the phagocytes, especiallyasieaicting polymorphonuclear
leukocytes (PMN). The key aspect of innate immuisitthe body’s ability to focus
these defence mechanisms on sites of microbialsioma The innate immune
system lacks any kind of memory, but is ready spo&d immediately when an
invading pathogen is identified. (See further uriddre inflammatory reaction”).

The innate mechanisms are largely non-specific eamhot offer the ultimate
solutions to the defence of the body. The systexhithcapable of recognizing and
destroying different antigens, specifically, andttican also learn and remember
from the process is the acquired immune system.etevy it takes several days or
even weeks, before this system becomes active.athaired immune response
consists of two major branches. One branch is @ice@gainst extracellular
invaders, while the other branch is active againstcellular invaders, such as
viruses and protozoa. The extra-cellular invadees e principal, destroyed by
humoral factors (antibodies), while intracellulavaders are combated by the cell-
mediated immune response, mainly lymphocytes éémdint kinds.
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Cells in normal milk

The mammary gland is unique compared to other argathat leukocytes in fairly
large numbers are present also in the normal sexréflilk from a healthy bovine
mammary gland may contain up to 100 000 cells. & la@pears to be a consensus
among mastitis researchers today about this, apper threshold value for normal
cow milk from a healthy quarter (Hillerton, 1999atdann, 2002). However, there
are findings indicating that the upper value isrelewer like 50 000 cells/ml
(Hamann, 2002). The probability of that a mammdand with milk SCC below
100 000 cells/ml is harbouring an infection is afitnaegligible (Brolundet al.,
1985). The expression “somatic cell count” (SCChates body cells present in
bovine milk, which are mainly leukocytes and to &an proportion, epithelial
cells. Milk leukocyte populations consist of neinds/polymorphonuclear
leucocytes (PMN), monocyte-macrophages and lympkecynd to a small extent
epithelial cells (for review see e.g. Burvenieh al, 1995 and Sordillcet al.,
1997). There are no strict normal values estahiishethe differential cell counts
in milk, but most researchers who have studied nfitkm healthy glands,
according to the SCC limit mentioned, are reporiiaiies of < 25% PMN and >
70% monocyte-macrophages (Fox & Schultz, 1985; ri3sten et al, 1988;
Ostensson, 1993b; Pillat al, 2001; Rivast al, 2001; Lindmark-Manssoet al,
2006). Most of the studies show even lower valdes 0% for the proportion of
PMN. The contribution of epithelial cells to thelknSCC is low, 1 to 15 % (see
e.g. Burvenictet al.,1995).

The milk lymphocytes are mainly T Lymphocytes, lgepresent in percentages up
to 60%, and a smaller proportion of B cells of ¥@2(qParket al.,1992; Tayloret
al., 1994). The T cells consist mostly of CD 8+ celispwn as T cytotoxic cells,
and to a minor part of CD4+cells or T helper céits review see Sordillet al.,
1997).

In practical mastitis control programmes the uptigeshold value for SCC is
usually set a bit higher than the 100 000 cellghitk that is considered to be the
true healthy upper limit. There are several phygjmal factors influencing the
SCC, although to a minor extent (see below). If yneows in a herd would be
under influence of such a factor, it might haveirmpact on the SCC in the tank
milk, with elevated values although not due to itiastTherefore, it is important
set the SCC limit at a reasonably low level so tham-pathological milk for

delivery to the dairy plants does not receives dants.

Physiological factors influencing milk cell counts

Where to put the limit between normal and elev&@&{L has been a subject for
discussion during the years. The lower the lintig higher probability that milk
with SCC below the limit comes from a mammary gldmat is really healthy and
free from infection. However, apart from inflamnuatj SCC is also known to be
influenced by several physiological conditions, Isws e.g., stage of lactation
(Brolund, 1985; Schepeset al, 1997; Piccininiet al, 2007). Increased SCC has
been observed after calving for up to two weeksusTtshortly after calving,
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recorded SCC should be interpreted carefillgDonald & Anderson (1981) and
Miller et al. (1991) reported elevated presenc®MIN at the onset and offset of
the lactation, while the proportion of lymphocyteas decreased. It is important to
emphasize that towards the offset of lactation &€ significantly be influenced
by milk yield, the lower milk yield, the more comteated and increased SCC
(Dohoo & Meek, 1982; Reneau, 1986; Harmon, 199d&drand water deprivation
are also reflected in a dramatic decrease in mitldyction and a proportional
increase in SCC (Reneau, 1986). Parity may alscefbected in elevated SCC.
This can probably be explained by the age and hehigrevalence for mastitis,
while parity, per se, most probably has no sigaificinfluence (Emanuelsat al.,
1988). Season may also affect the SCC under cedamditions. In a study
performed in Wisconsin, US (Boddat al., 1976) pronounced peaks in SCC was
observed during periods of high temperatures iy do August but the SCC was
elevated also from April to October, compared with winter season. It appears
that the effect of season is not solely attribwgabl high temperature. Milk SCC is
usually different in different milk fractions. It ihigher in foremilk and stripping
than in bulk milk, and highest in residual milk épa & Tucker, 1966; Ostensson
et al, 1988). Finally, milking frequency appears to hav&rong influence on milk
SCC (Fernando & Spahr, 1983; Stelwagen & Lacy-Hu/b#996; Clarket al.,
2006) which have been shown to increase in respmongmlonged as well as very
short milking intervals.

Mastitis

Mastitis means inflammation of the mammary gland #re most common causes
to more pronounced mastitis reactions in practieebacteria and bacterial toxins.
However, inflammation can also be triggered bydestreleased from damaged
tissue cells. Mastitis is a protective reactionigiesd to eliminate infecting agents,
neutralize toxins, repair damaged tissue to rena®keis at the end of the reaction

- and to re-establish normal function of the manyrgland (see e.g. Sandholm,
1995a).

Mastitis is one of the most common disease in daattle in modern dairy
production and is causing significant economicdss® the sector. It occurs in two
forms differentiated by clinical signs. Clinical stiis is easy to detect since the
symptoms are visible and the udder is harbourirg @nseveral classical signs of
inflammation: redness, heat, pain, swelling anétfgraired function, which is seen
e.g., as abnormal characteristics of the milk. ther detection of clinical mastitis
laboratory diagnostic tools are not required. Tl@mmastitis problem causing the
greatest economic losses is, however, the subalimuastitis, detectable only
through laboratory analysis of the milk. The coate mainly attributable to a
lowered milk yield per cow. The reduction of yietthy not be very dramatic, but
can still be substantial over time because sulwelimhastitis is often present for a
considerable time and tends to be chronic. Thistitisagorm may for some
producers become a severe herd problem.

Huge efforts have been made for many years to \iagls to prevent and cure
mastitis through research and improved handlinghastitis problems in practice.
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For many decades targeted mastitis control progmsithsspecific and concerted
measures have been developed for dairy cows in g@unytries.

The inflammatory reaction in the udder is not ocdysing impaired synthesis but
also increased concentrations of leukocytes (S@@)e milk and an altered milk
composition that often results in deteriorated ifpand processing ability of the
milk (Le Rouxet al.,2003). Some of the alterations of the milk projesrare used
for diagnosis of mastitis, in individual cows adlives on a herd level in the control
programs and by the dairy plants for quality contifdhe milk delivered.

The inflammatory reaction

When the pathogen succeeds in overcoming the iyaid “natural” barriers, the
last line of defence in the udder is triggered; itiftammatory reaction, a part of
the innate immune response (sees e.g. Tizard, 200deview see also Sordillo
et al., 1997). For initiation of the inflammation the ploisgically present
macrophages in the milk play a critical role inaggizing the invaders. They are
further important producers of cytokines and halge the capacity to sustainable
phagocytosis of foreign material like microorganssaithough they act late at the
end of the inflammatory reaction. The macrophagesadso antigen processing
cells and important for the antigen presentationth® lymphocytes to initiate
antibody production.

The recognition process initiates a pronounced ymtion of cytokines from the
macrophages. After the recognition, the first phafsthe inflammatory response is
characterized by an intensive recruitment of PMdighie site of the challenge.
Thereby, theproportion of monocyte-macrophages is decreasing during tisasti
The PMN are attracted to the site of infection iy themoattractants or cytokines,
mainly released by macrophages and lymphocytesdogbme extent also from
damaged tissue cells. Mainly due to the enhancedl Pétruitment the SCC is
dramatically increased at the onset of inflammateamd the proportion of PMN
can rise to almost 100% of the total SCC when #aztion is severe (Schalet
al.,, 1971). In experimental mastitis it has been oleiithat the early enhanced
recruitment and relative presence of PMN in milkirifluencing primarily the
proportion of monocyte-macrophages while the cotreéion of milk lymphocytes
remains fairly unaltered during this time periodag8 & Ostensson, 1990;
Ostensson, 1993a). Among the milk lymphocytes thierex shift towards a
predominance of CD4+ T lymphocytes during masiitisontrast to non-mastitic
milk where CD8+ T lymphocytes are prevailing (feview, see Sordillet al.,
1997).

The proinflammatory cytokines represent a group sofall soluble proteins
expressing a significant role in enhancing all aspef host defence. The main
cytokines observed in the udder are interleukinl(JuL2, IL 6, IL 8, IL 12, tumor
necrosis factor (TNIF) colony stimulating factor (CSF) and interferoRN)-y (for
review, see e.g. Sordillet al., 1997 and Alluwaimi, 2004). The sources of the
cytokines are monocytes, PMN, macrophages, lympscyendothelial and
epithelial cells during the inflammatory procesbkeTole and biological activity of
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cytokines is not well examined. The cytokines thate been shown to have a
significant effect on activation and recruitmentR¥IN in the bovine udder are
IL1, IL8, TNFa and IFNy. CSF is generally not considered to affect cegration
and chemotaxis but some studies have shown thatG8§ increases the number
of PMN in milk. IL2 appears to have its main effént stimulating T-cells to
express cytokines and IL6 has mainly been showaffect the transition from
influx of PMN to monocytes during the inflammationhe effect of IL12 in the
udder has so far been observed just in procesghe atquired immune system.

The phagocytosis function is considered to be tlstiimportant defence of the
udder and the PMN to be the most important actoimbat mastitis. Pathogens
are eliminated through phagocytosis by the PMNdledkintracellularly by the
oxygen burst (for review, see Burvenighal.,1995). The phagocytic capability of
the neutrophils, which have just been recruitethéosite of inflammation is greater
than that of neutrophils which have been in th& ol some time. This has been
ascribed to loss of energy and exhaustion by phagsis of casein micelles and
fat globules (Paapet al.,2002).

Influence of mastitis on milk composition

The composition of milk is influenced by the headtlatus of the udder. Clinical
mastitis results in a pronounced increase of SC@ iatracellular enzymes;
increase of serum proteins, ions and proteolytid Bpolytic enzymes derived
from blood, and a decreased lactose content (ge&andholm, 1995a). The effect
of subclincal and less severe mastitis reactionsiglly not as pronounced as in
clinical acute mastitis and may not affect all paeters equally strong. The
inflammatory reaction is rapidly reflected in elead SCC which through their
proteolytic enzymatic activity, especially by th#®Rs, negatively affect the milk
quality when they are present in high numbers (LewRet al, 2003).
Inflammation, additionally, results in decreasedldiand altered composition of
milk nutrients and milk properties (Auldist al, 1998) such as decreased lactose
and casein content while it results in increasesexim proteins, fat and minor
components like minerals and enzymes.

A decreased content of lactose in cow milk withvated SCC has been observed
(Miller et al., 1983). The lactose concentration has been shovae teensitive to
inflammation and a significant decrease has besarobd not only during clinical
mastitis (Claesson, 1965; Harmon, 1994) but alsenmine SCC is moderately
increased (Berglundt al., 2007). In comparison with other milk components th
lactose concentration is very constant, due toco#imioregulating function. The
lowered lactose content during mastitis is congidéo partly be due to depressed
synthesis of lactose but partly also to leakag&actose from the alveolus to the
circulating blood because of disturbed integrity tbé tight junctions during
inflammation (Stelwagert al., 1997). To maintain the osmolarity in the milk,
sodium and chloride go from the blood to milk réisigl in these ions increasing in
milk during mastitis.
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The total milk protein concentration increases lelravith the SCC (Auldist &
Hubble, 1998). Already when the SCC increases twvell00 000 cells/ml the
relative contents of the different types of prosepresent in the milk are clearly
changed (Ureclet al, 1999). During inflammation in the udder, totallnprotein
concentration is increased due to higher contewhay (serum) proteins, while
the casein content has been observed to be lowAwmbrding to Korhonen &
Kaartinen (1995), major whey proteins such as Hataglobulin and alfa
lactalbumin are negatively affected during mastitise to lower synthesis as well
as proteolysis but that the elevated content of BSdue to leakage from the blood
into milk through the impaired TJ. The decreasthefcasein content is considered
to mainly be attributable to epithelial cells damdgduring the inflammatory
process. The negative balance in the protein cou@ring inflammation can to a
certain extent be ascribed the increased contenprofieolytic (e.g. plasmin,
plasminogen and cathepsin) and lypolytic enzymes i observed during the
course of inflammation. It appears to be a restileakage through impaired TJ
from the blood compartment and leads to enhancgdadation of protein and fat
in mastitic milk.

High milk SCC also negatively influences the cohtafifat in milk apparently due
to a decreased fat synthesis in the epithelia$ ¢Bandolph & Erwin1974).

Inflammatory indicators

Total and differential milk leukocyte counts

The inflammatory reaction results in a number oérgdes in the contents and
properties of the milk (see e.g. Sandholm, 1995hichvare used to diagnose
subclinical mastitis. For many decades SCC has Heemain tool in evaluating
udder health and subclinical mastitis and is comynaised in mastitis control
programmes. It has been suggested that insteatbfICC, differential cell count,
especially the contribution of PMNs to the totallkmSCC, should be used.
Changes in number of PMNs over time have been fearfdllow the changes of
the SCC during mastitis reactions (Ostensson, 199Baleket al., 2005) as well
as in non-mastitic milk samples from individual cwKelly et al., 2000).
However, it can be speculated that an increaseG@ Sould be attributable to
increased numbers of other kinds of leukocytes BigilNs as a result of disturbed
cell traffic, not necessarily attributable to a eoom inflammatory stimulus. By
analyzing the relative number of PMNs present itknii can be established if an
inflammatory reaction is really triggered. As inhet clinical diagnostic work,
differential leukocyte counts in milk are a moregise and sensitive indicator of
inflammation in the mammary gland than the totalrto(Ostenssoet al., 1988;
Redelmaret al., 1988; Kellyet al.,2000). The relative presence of PMNs may be
elevated although not enough to be reflected irhgagically increased total
number of leukocytes. It has also been reported t@mpared to SCC and
bacteriology, differential milk cell counts can fdifentiate non-mastitic, early
inflammation and late inflammatory animals (Riedsl.,2001).
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Enzymes

Performing milk cell counts requires fresh milk walniis a limiting factor for using
cell counts as inflammatory indicator. Analysesirgfacellular factors of which
each leukocyte can be considered to contain aiceatmount, can provide an
indirect estimation of the cell content in milk. &milk content of enzymes
originating from PMNSs increases exponentially withreased milk SCC (see e.g.
Sandholm, 1995b). To this group belong N-acetyl-BHzosaminidase (NAGase),
3-glucuronidase and catalase. NAGase is releasgdgdphagocytosis and cell
lysis and to some extent from damaged epithelids.cié is highly correlated with
SCC (Emanuelsoet al., 1987). NAGase is slightly physiologically incredsia
the onset and in the end of the lactation. The NggGanalysis, based on a
commercial kit of substrate used in an automatedroplate assay makes it
suitable to use in routine work with large samplamgities.

There are several other enzymes which are increiasedlk during mastitis and
could possibly be used in detection of mastitishsas myeloperoxidase, different
lipases, esterases, phosphatases, and lactateraogéndse. Blood proteolytic
enzymes such as plasmin degrade casein to fibdnhas an enhanced activity
during mastitis (see e.g. Sandholm, 1995b). Inrhgaasmin could be used as a
mastitis indicator, but the concentration in théknaaries also due to physiological
and environmental factors (Poligs al., 1989).

Adenosine triphosphate

Adenosine triphosphate (ATP) is present in allnigvicells. ATP in milk shows a

strong correlation with milk SCC and has also tmiaor extent been used as a
mastitis indicator in practice (Emanuelsatnal., 1987). However, ATP is unstable
and rapidly diminishes after the sample is takaemffstabilized by e.g., EDTA.

Serum proteins

Bovine serum albumin (BSA) and antitrypsins haverbesed as indicators of
mastitis (see e.g. Sandholm, 1995b). These parsnétalicate increased
permeability in endothelium and epithelium as afeafof mastitis. Thus, the
content of the blood protein in milk adds infornsatiabout characteristics of the
inflammatory process compared to the SCC. Thenetie causal relation between
increased permeability and the enhanced recruitroénéukocytes to the milk
during the inflammation. The migration of cellsas active process, which is not
dependent on high permeability of the capillary lveald mammary epithelium.
However, both BSA and antitrypsins have been shetatistically to have a fairly
good correlation with the SCC, however not as hdghthe PMN, NAGase and
ATP (Emanuelsomt al.,1987). Analyses of serum proteins have mainly heseal
in research. The advantage of using these parasrniaet@ractice, compared to the
SCC, is that the samples can be stored frozen

Acute phase proteins

The acute phase proteins (APP) are also increaséttkionset of inflammation.
They are mainly being synthesized and releasethdyivter and leak into the milk
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from blood (Eckersalkt al., 2001). A local production in the mammary gland
during mastitis has also been indicated. The ARPamse starts within a few hours
after challenge and usually declines within 24 8h4 The most sensitive proteins
in cattle are serum amyloid A (SAA), haptoglobimdaalfa 1-acid glycoprotein.
While SAA and haptoglobin are substantially inceshsn the acute phase of
inflammation, alfa 1-acid glycoprotein is increasechronic conditions (Tamura
et al., 1989; Eckersall & Conner, 1990). Haptoglobin adAShave a very high
sensitivity and specificity in differentiating beden healthy animals and those with
mastitis

Lactose

The lactose content in milk is highly correlatedhathe inflammatory status of the
mammary gland. The mastitis reaction causes tidanege, resulting in disturbed
synthesis of milk with depressed biosynthesis ofdse and consequently a lower
lactose level in milk (see e.g. Mepham, 1987). lmparison with other
parameters lactose is a very constant parameteilirfrom healthy udder quarters
and appears to be almost constant from one laotatiothe next. The relation
between SCC and lactose has been a subject oéshtéfangroenweghet al,
2002; Bergluncet al, 2007) with an aim to examine if lactose couldabesliable
indicator of mastitis. Analysis of lactose is inexgive and the handling of milk
samples for analysis is easy.

The effect of milking frequency on milk characteristics

The length of the milking interval has been obsért@ influence themilk SCC
Milking once a day increases the SCC (Clatkal., 2006; Stelwagen & Lacy-
Hulbert, 1996) and very short intervals have thmes&ffect (Fernando & Spabhr,
1983). It has been indicated that once-daily mgkim a regular basis also results
in increased proportion of PMN along with the iresed SCC (Stelwagen & Lacy-
Hulbert, 1996) while one omitted milking seems twinfluence the proportion of
PMN (Fox & Schultz, 1985). High MF has been shownhaive a pronounced
effect on udder health by increasing mastitis quidgiity (Philpot & Nickerson,
2000).

The length of the milking interval is also knownitfluence milk composition and
yield. Milking cows just once a day appears to ltesureduced milk production
and changed milk composition (for review, see Daatisal., 1999). Milking
frequency (MF) has been shown to be positivelyatated with milk yield, while it
is negatively reflected through lower content nidk and protein content (Kleit
al., 1997). The influence of increased MF on the faiteot can be explained in
different ways including increased air exposure tmdrequent milking, raised
enzymatic activity of fatty acid syntethase, andhler production of short-chain
fatty acids (Kleiet al.,1997). It has also been observed that increasedektito
undesirable effects on milk fat, such as increasedtent of free fatty acids
(Svennersten-Sjaungt al., 2002). The elevated FFA content in milk gives ghhi
risk for off-flavour in the milk. The benefit of gneased MF on protein content is
in lower activity of the enzyme plasmin, and shogtrage in the udder which
lead to lower degradation of protein (Sorenséml., 2001). Low udder pressure
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due to lower milk volume stored in the udder betwtee milkings when frequent
milkings are applied, influences stability of tigfinctions and thereby diminish
leakage between blood and milk.

Changes in milk characteristics due to a longekingl interval during once daily
milking (ODM) have been observed (Stelwagdral., 1994; Stelwagen & Lacy-
Hulbert, 1996). The milking interval should be I¢isan 18 hours to avoid adverse
effects on the milk yield and milk quality (Stelweaget al, 1997). Once daily
milking in comparison with two or more daily millge resulted in significantly
higher SCC, protein and fat content in the milkagidition to a decrease in milk
volume. It is observed that during ODM mammary sddlecome leaky, so that
movements from milk to blood compartment and vieesa are present to higher
degree. The changes in protein content during nglkiith prolonged intervals
have in some studies been shown to be due to seuezontent of serum protein,
suggesting the leakage through the tight juncti(@telwagen & Lacy-Hulbert,
1996). In the report of Kefforekt al., (1995) it was observed that also feed
shortage might increase permeability of tight jiows. Protease activity has also
been found to be increased in milk from udders sgdao ODM. Higheprotein
and fat content during ODM was observed by Knutebral., (1993) and was
described as positive energy balance due to the ODM

In general the casein content is not considerduktaffected by the MF. However
increased casein content has been reported whdygirepmnce-daily milking,
regularly (Claesson, 1965; Lacy-Hulbett al., 1999). This has been ascribed to
the large size of the casein micelles, making thewcapable of leaking out
through TJs, to the blood compartment.

The lower milk yield observed during ODM, could &e&cribed to the decline in the
number of secretory cells due to involution. On tiker hand there might be a
feedback inhibitor effect on the milk synthesisligiton et al., 1990) related to the
accumulation of milk during the ODM. Higher dailyilkn production during
increased MF may enhance cell proliferation antiditéérentiation.
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Abstract

A technical stop in automated milking systems nesylt in a prolonged milking
interval (PMI), after which many cows show a sHasting increase in milk
somatic cell count (SCC). The mechanisms behinsetlsCC peaks are not
clarified. Cow composite milk samples were takethatregular milkings before
and during 5 days after a PMI of 24 h, from 29 colse milk was analyzed for
SCC, percentage of PMNSs, fat, protein, lactoseginaend FFA. The main effects
of the PMI were increased SCC and proportion of Rkhst pronounced during
the first day. Noteworthy is that the proportionRiINs was of similar size in both
milkings day 1 although the SCC in morning milk wagch lower than in the
afternoon. The average output of number of gaishour a measure that excludes
a possible dilution effect by the larger milk volerat the first morning milking,
showed that the highest recruitment rate of tatis@nd PMN occurred between
the first and second milking after the PMI eveth# increase started already
during the PMI. Lactose content decreased butrast to previous studies, fat
and casein increased. The alterations in milk ccritipn were, however,
numerically slight and did not impair the milk giixal To conclude: The increased
recruitment of PMN shows that there was an enhaobethotactic activity in the
milk already during the PMI without any obviousigeh challenge. Blood or
damaged cells as sources of cytokines is not likegsidering the decreased
concentrations of serum proteins we observed imilieand results from previous
studies indicating that a single PMI does not caumecell damage. The results
from this study indicate that the PMN infiltratiafter a single PMI is due to PMN
chemotactic factors that are different from the PbH¢motactic factors present in
mastitic milk.

I ntroduction

After a technical stop in an automated milking eyt many cows have shown a
short lasting increase in milk somatic cell coBEC). The technical stop results
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in a prolonged milking interval (PMI), which for ma cows may be fairly

pronounced. The technical assistance may not bi#ahlea without some time

elapsing and after the stop all cows cannot be dtely milked, but are milked

one at a time. The milking interval may be sevemiylonged particularly for the

cows that had not been milked for several hoursreethe stop and, additionally,
had a long waiting time before their turn to bekedl after the stop. Intervals of up
to 24 hours have been observed (Pettersson, péanmunication 2007).

The mechanisms behind the SCC peaks observed afsngle PMI are not
clarified. The milk SCC has been found to be highlgriable. Besides
inflammation, which is the factor with the strongé@sfluence on SCC, several
physiological and other factors have been ideutifeeinfluence SCC such as e.g.,
stage of lactation, lactation number, milk yieldedd and milk fraction (Brolund,
1985; Ostenssomrt al, 1988; Scheperst al, 1997; Piccininiet al, 2007) The
milk SCC is also influenced by the length of thdking interval. Milking once a
day increases the SCC (Stelwagen & Lacy-Hulber®6i@larket al, 2006); and
very short (3 h) intervals have the same effectri@edo & Spahr, 1983).
Additionally there are variations to which the oaus not identified. A relative
day-to-day variation in milk SCC for the individuabw of approximately 10%
(Sjaunja, 1986) has been demonstrated. The c#ittma the udder appears to be
sensitive to changes in the daily management resitifior review see Ekman,
1998), such as e.g., the length of the milking ridg which, if the changes
concern the whole herd, may affect the tank milthvimcreased SCC and thereby
lowering the quality.

The cells in milk are almost exclusively leukocytikwreased SCC has been found
to be associated with an increase in the relativenbers of one particular
leukocyte type, the neutrophil/polymorphonucleaktzcyte (PMN); for review see
(Sordillo et al, 1997). This relation is observed in individualw® milk during
mastitis as well as when the SCC is influenced thgofactors, and further also in
herd milk (Blackburn, 1966; Ostenssenal., 1988; Ostensson, 1993, Keby al.,
2000). It has been indicated that once-daily migkim a regular basis also results
in increased proportion of PMN along with the iresed SCC (Stelwagen & Lacy-
Hulbert, 1996) while one omitted milking seems twinfluence the proportion of
PMN (Fox & Schultz, 1985). In milk from healthy, maal udder quarters a
majority of the cells are macrophages (for revieee (Burvenichet al, 1995).
They have an important role in recognizing invadimgroorganisms to initiate the
defense, the inflammatory reaction. When an inflatary reaction is initiated by
microorganisms or tissue damage, chemoattractargs released and start
recruiting humoral factors and PMNs to combat aadtralize the cause. That is
the underlying reason why PMNs make the major daution to the increased
SCC in mastitis and can be used as a more senaitiyg@recise indicator than the
total cell count of that an inflammatory reactierpresent (Ostenssah al, 1988;
Redelmaret al, 1988; Kellyet al, 2000).

It can be speculated that an increase in SCC cdoaldttributable to increased
numbers of other kind of leukocytes than PMNs essalt of disturbed cell traffic,
not necessarily attributable to that a common miftatory reaction is triggered. It
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may also be possible that an increased relativebeuwf PMNs may be present in
the milk without the total SCC being elevated. Thisuld indicate an
extraordinary leukocyte attraction mechanism. Thammary gland is unique
compared to other glands in that high numbers ofukdeytes
(monocytes/macrophages) are present in its secretém under healthy conditions
(for review see (Burveniclet al, 1995). Regulation of normal cell traffic is not
well mapped. Particularly, the short lasting peaksre the SCC returns to normal
spontaneously, within a day or even sooner, maguspected to have a special
background. Thus, making differential cell counn garovide additional useful
information.

In the milk quality control at the dairy, milk SA@&s been included as one major
important parameter. The reason for this is thateiased SCC is associated with
changes in the quantity, quality and compositiomdk (Auldist et al.,1998). It is
most pronounced during clinical mastitis but subhnges may be measurable also
when the reaction is mild with no clinical symptoarsd only modest somatic cell
concentration. A lowered milk yield has been obedralready when the SCC is
moderately increased (Milleet al., 1983). Altered milk composition with
decreased relative content of fat, casein and dactgas observed in clinical
mastitis (Claesson, 1965; Harmon, 1994). Decrefaehd lactose concentrations
have also been shown in moderate and short-lag@mmpds of increased SCC
(Berglundet al., 2007). Besides the described milk alterations eelab elevated
SCC, the somatic cells have a direct negative effeanilk quality and shelf life
(Le Rouxet al.,2003).

The length of the milking interval is known to imfince milk composition and
yield. Milking cows just once a day appears to tesureduced milk production
and changed milk composition (for review, see Datial.,1999). Fat and protein
content increase while lactose decreases in cosgratd milking two times per
day. The changes in composition seem to be comordnoth short- and long-term
studies. However, it is not fully evaluated howirsgke omitted milking influences
milk quality if the SCC is increased due to PMInasntioned above.

The characteristics of the kind of milk SCC pealksearved after a stop in
voluntary milking systems and the underlying medsrarhave not been studied to
our knowledge. It could be speculated that theeiased SCC after an extended
milking interval may be a result of changes in tileod vessels and lymph
drainage in the udder tissue due to increased ymeg®om the large milk volume.
It may, however, also be due to inflammatory stifr@im e.g., molecules released
from cells damaged by the increased pressure (&gew& Lacy-Hulbert, 1996).
It has not been investigated if the various milkstduents are affected during the
short-lasting cell peaks. More information about #hort-lasting SCC reactions
would improve the knowledge about the regular taffic in the bovine mammary
gland. Additionally, since it may influence the tjtyaof the milk delivered from
the farm, it is also a matter of practical concanthe farmer and ought to be
clarified.
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Theaim of the study

The aim of the present study was to investigateabeurrence and pattern of
elevated SCC in individual cows after a PMI anclarify if the increased rate of
leukocyte migration is due to an inflammatory reacby determining the relative
numbers of PMNs. An additional aim was to examinthé milk components are
influenced in connection with the expected shostifly SCC peak with this
background, and if the degree of reaction regartiitk leukocyte counts and milk
composition of individual cows is related to fastdncluding SCC, milk yield,
days in milk (DIM) and lactation number of the cbefore entering the study.

M aterials and methods

Animals

The study was conducted at Kungsadngen ResearcheC&utedish University of

Agricultural Sciences (SLU), Uppsala, Sweden durthg month of January.

Twenty-nine Swedish Red and White (SRB) cows weckited in the experiment.

Most of the cows were in mid lactation, 4 cows wier¢he end of lactation and 1
cow was in the onset of lactation. Lactation nursharied from 1 to 7 (20 cows
were in lactation number 1 to 2). All cows wereefrfieom clinical symptoms of

mastitis and of other health disturbances befoeestart of the study. The cows
were kept in a tied up system. The feeding managenh&ing the winter period

includes feeding 4 times daily with silage and @mirate according to the Swedish
recommendation. Milking was performed twice daily6a30 and 15.30 with a

Duovac milking machine system (DelLaval, Tumba, SamgdThe average daily

milk yield per cow in the herd according to the #isb milk recording before the

start of the study was 24.8 liter. The study waprayed by the Uppsala Local
Ethics Committee.

Sampling and experimental design

The duration of the study was in total 12 daysmyxihich the cows were exposed
to a PMI of 24 h at day 0 by excluding the aftemamilking. Samples of
approximately 40 ml of composite cow milk were take every milking at day -7,
-3,-2,-1, 0, +1, +2, +3, +4 and +5, where minesates samples taken before, and
plus denotes samples taken after the prolongedvaiteAdditionally, samples of
approximately 80 ml of composite cow milk for ars$yof casein and FFA were
collected in the afternoon milkings at days -1 afdrom all cows, and at days +3
and +5 from cows which during day +1 had a SCC wes increased at least 2-
fold compared to the afternoon sampling day -1toup total SCC value of > 100 x
103 /ml. Each sample was split up in aliquots Fer dlifferent analyses and stored
in a refrigerator until analyzed. Milk yield was asired at each milking by true
test equipment.
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Milk analyses

Each milk sample was analyzed for SCC, percentd&MiNs, fat, protein, lactose
and citrate. Additionally, casein and FFA were nwead in afternoon samples
collected according to the schedule described {(Seenpling and experimental
design”). The SCC was analyzed by fluorescenceebadectronic cell count
(Fossomatic 5000, A/S N.Foss Electric, Denmark) &1dNs were counted
manually in light microscope after staining accogdto Newman (IDF standard
IDF 148-1/ 1SO/DIS 13366-1). The content of fat,ofein and lactose,
respectively, was analyzed by spectroscopic midaiafl technique (MIR;
MilcoScan FT 120 A/S N. Foss Electric, Hillergd, rbeark). The samples for
casein were stored in a refrigerator in cans wittreservative (bronopole) until
analyzed (Arla Foods analysis regulation 2000.Q00001210). Milk smears were
prepared and all analyses were performed withire@dept for the analysis of FFA
when the milk samples were stored for 24 h befoadyais. The FFA content was
analysed by the Auto analyzer Il method (Lindqeisal., 1975).

Statistical analysis

The data were analyzed using the Mixed procedurd wépeated measure
ANOVA (Analysis of Variance) in SAS 9.1 (SAS Insttié, Cary, NC, USA, 2002).
To obtain normal distribution, the data on somagli count were transformed to
10 logarithmic values before the analysis. The ER{ structure was chosen for
both models. The following models were used :

The first model was for observed value of cowday t:

Yie=p+ G +opt e

Wherepu=overall mean, ;& random effect of the cowy= effect of sampling day t,
g = random error. The erraj ands;; corresponding to day t anpdare assumed to
follow autoregressive dependence with correlaiibt{: Thecovariance structure is
accomplished by specified SP(POW) in the SAS progra

The second model was for testing the effect of giicat day t:

Yig = WY+ Gt o+ (ya)i + &

Wherey; = effect of group andyé); is the interactionf group and day. The other
effects are defined as in model 1.

Before establishing the final statistical model tireuping according milk yield,
SCC, days in milk and lactation number were made test to motivate model 1.

To establish model 1 all these parameters werekeldetor influence on milk
components.

After examination it was reviled that none of mengd parameters had any effect
on milk cells, and that only days in milk, had arsficant effect on milk
composition. Thus, the final model included thegpagter days in milk. The data
are presented as least square means (LSM) wittstétsdard error. After
significant F-test (p<0.05) least square means wengpared in pair wise t-tests at
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the 5% level. The baseline value with which postlieimge values were compared
was calculated as the mean of all pre challenggegdbr each parameter.

Results

A total of 551 milk samples were collected and wred. Results are given in
Figures 1-6 and Tables 1-2. Values are statisticalinpared within morning and
afternoon milk, respectively. Of the parametersngield, SCC, days in milk and
lactation number, only days in milk had a significaeffect on the milk

characteristics, and only on milk composition.
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Figure 1 Milk yield in morning and afternoon milking betoand after a prolonged milking
interval (PMI; arrow) of 24 hours. Data are expegsas LS means. The SE was 0.59 for
morning and 0.34 for afternoon milking. Statisligasignificant differences at each
sampling time compared to the base line value kefoe PMI are indicated by * p<0.05, **
p>0.01, ** p<0.001.Begin entering your text here.

Milk yield

The mean value of milk yield expressed as the besehlue before challenge was
14.6 kg in the morning and 8.6 kg in afternoonpessively. After the PMI the
milk yield was significantly higher in morning milk19.5 kg) day +1 and
significantly lower in afternoon milk (7.7 kg) comwed to the baseline,
respectively (Figure 1). After the short-lastingk@®bserved day +1, morning milk
yield returned to a level that was similar to tlesddine value while afternoon milk
yield remained significantly decreased comparethéobaseline value, throughout
the study.

SCC

The mean somatic cell count per ml expressed asbéseline value before
challenge was 21 x f0for morning and 47 x Fofor afternoon milking,
respectively. After the PMI, SCC increased sigaifity (Figure 2) in both
morning (the first milking after the PMI) and afteon milking samples, to 27 x
10° and 118 x 1brespectively. This value represented the highesirded SCC
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value (the peak) in the afternoon milk while thelp@ the morning milk was not
observed until day +2 and with a notably lower niagle than the peak in the
afternoon milk day +1. After the peaks the SCC athbmorning and afternoon
milk, respectively, declined but remained signifitg higher than the baseline
value throughout the study.
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Figure 2.Somatic cell counts (SCC) in morning and afternodking before and after a
prolonged milking interval (PMI; arrow) of 24 houiEhe values given are obtained after
antilogarithmic transformation of logarithmic vatuesed in the statistical calculations.

Data are expressed as LS means. The SE was 0,8ibfong and 0.06 for afternoon
milking, respectively. Statistically significantfféirences at each sampling time compared to
the base line value before the PMI are indicated| ipy0.05, ** p>0.01, ** p<0.001

Since the milk somatic cell concentration per mhituenced by the milk volume
and milk yield differed between the milking occasidn the present study, a more
relevant measure to get a picture of the chematactivity in the milk at different
times during the study may b=ell output, in number per time uniVhen the
output/hof somatic cells was calculated based on LS-médats. not shown), the
output during the PMI was just slightly increasemimpared to that previously
observed in the study, but increased 5-fold daprd remained increased but on a
lower level also day +2.

PMNs

The mean of the content of PMN per ml expressethadaseline value before
challenge was 15% in morning and 17% in afternodii. mfter the PMI, the
percentage of PMN increased significantly day +gFe 3) in both morning (the
first milking after PMI) and afternoon milk to 31%nd 38%, respectively. It is
noteworthy that the PMN peak in both morning an@érabon milk was observed
during day +1, in contrast to the SCC in morningkmihich did not peak until day
+2. After the short and transient peak observed gythe relative presence of
PMN started to decline day +2 and surprisingly wagmificantly lower than the
baseline value from day +3 throughout the studpadth morning and afternoon
milk.
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Figure 3. The content of polymorphonuclear leukocytes (PMH) in morning and
afternoon milking before and after a prolonged mikinterval (PMI; arrow) of 24 hours.
Data are expressed as LS means. The SE was 2 #ofaing and 2.15 for afternoon
milking. Statistically significant differences a@ sampling time compared to the base line
value before the PMI are indicated by * p<0.05p*0.01, ** p<0.001.

When theoutput/h of numbeof PMNs was calculated based on LS-means (data
not shown) the output during the PMI increased axiprately 2-fold, compared to
before the PMI, increased further 5-fold during ddyand remained increased but
on a lower level also day +2.

Fat and FFA content

The mearrelative fatcontent expressed as baseline value before chellgag 3.8
% for morning and 5.8 % for afternoon milking. Aftlhe PMI, the fat percentage
increased significantly in both morning and aftenmanilking samples, to 4.4 and
7.6, respectively, day +1 (Figure 4). The peakah dontent observed day +1
followed the peak of PMN in both morning and afteyn milk, respectively. After
a short transient peak the fat percentage dectmeddwas after morning milking
day +2 not significantly changed in either mornargafternoon milk in comparison
with the baseline values.

The changes inotal fat yield (g) per milking, (data not shown) after the PMI,
followed the same pattern as the fat percentage fif$t day after challenge the fat
content was significantly increased (p<0.001) irthbenorning and afternoon
milking, respectively, compared to the baselineugal The content remained
significantly increased (p<0.05) also in mornindkntay +2 and was occasionally
significantly increased (p<0.01) day +3 in afternauilk. The changes followed
the patterns of PMN.
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Figure 4 The content of fat (%) in morning and afternooiikimg before and after a
prolonged milking interval (PMI; arrow) of 24 houiBata are expressed as LS means. The
SE was 0.13 for morning and 0.16 for afternoonkimg. Statistically significant
differences at each sampling time compared to thee Hine value before the PMI are
indicated by * p<0.05, ** p>0.01, ** p<0.001.

In contrast to all other milk constituents measuneadl significant changes in the
content ofFFA were observed after the PMI (Table 1). The valag-d was set as
the baseline value. The numerical drop in FFA (nmElabserved at day +1, day
+3 and day +5 was not statistically significantlffetent compared to the content
on day -1. However, when FFA yield was measureative to the total fat content
(mEkv/100g of fat) the decrease from 1.76 befor FMI to 1.33 day +1 was
statistically significant. After day +1 FFA was naignificantly changed in

comparison with the baseline during the rest ofstiuely.

Table 1.The content of free fatty acids (FFA) in afternonitk expressed as
milliequivalents/| (mEkv/l) and yield of FFA millguivalents/100 g of fat (mEkv/100g) the
day before (-1) and day +1,+ 3 and +5 after a prigdal milking interval (PMI) of 24 h.
Data are expressed as LS means.

Sampling day
1 +1 +3 +5
(n=29) (n=29) (n=9) (n=9)
FFA mEqv/l 1.00 0.99 0.98 0.88
FFA mEq/100g 1.76 1.33% 1.69 1.48

of fat

Protein, casein and whey protein content

The mearrelative proteincontent expressed as the baseline before challeage
3.4 % for morning and 3.7 % for afternoon milkimgspectively. After the PMI,
the protein content increased significantly in botbrning and afternoon samples
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to 3.6% and 3.8%, respectively, day +1 (Figure Ajer the pronounced peak
recorded at day +1, values rapidly declined andaaly in the following day, the

protein percentage was not significantly differeampared to that before the PMI
in either morning or afternoon milk, respectivajowever, a significant increase
was recorded again from the afternoon milking dayand the protein percentage
thereafter remained significantly increased in batbrning and afternoon milk,

respectively, throughout the remainder of the study
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Figure 5. The content of protein (%) in morning and aftemanilking before and after a
prolonged milking interval (PMI; arrow) of 24 houiBata are expressed as LS means. The
SE was 0.05 for morning and 0.06 for afternoonkimg. Statistically significant
differences at each sampling time compared to #ee Hine value before the PMI are
indicated by * p<0.05, ** p>0.01, ** p<0.001.

The total protein yield (g) per milkingdata not shown) at day +1 was significantly
increased (p<0.001) in morning milk while it sigo#ntly decreased (p<0.001)
after the PMI in afternoon milk, compared to thesddme value. After the peak
observed in the morning day +1, protein per mormmbfing declined, starting at
day +2, to values that through the rest of theystuere not significantly different
from the baseline value. However, in afternoon imdk, total protein per milking
was significantly lower than the content before gl throughout the study
except for day +5.

The averageaseinpercentage (Table 2) in afternoon milkings wasificantly
increased to 2.73% (p<0.01) and 2.77% (p<0.05),#dagnd day +3, respectively,
after the PMI, compared to the baseline value & 26 obtained at sampling

day -1. At day +5 the casein percentage was wgoifgiantly different from the
pre challenge value. The total casein output wasifsiantly different at the days
+1 and +5, respectively.

The mean whey protein percentage in afternoon mékreased significantly

(p<0.01) to 1.04, day +1, compared to the basetihge (obtained at sampling day
-1) of 1.08. Thereatfter it increased again to @aloot significantly different from

36



that before the PMI. The total whey output appearde non significant, pre
challenge versus post challenge values.

Table 2.The content of casein (%), yield of casein (g),tenhof whey (%) and vyield of
whey (g) in afternoon milk the day before (-1) amgt éi1, +3 and +5 after a prolonged
milking interval (PMI) of 24 h. Data are expressglLS means

Sampling day
-1 +1 +3 +5
(n=29) (n=29) (n=9) (n=9)
Casein (%) 2.66 2.73** 2.77* 2.74
Casein (g) 221.6 207.7* 225.3 185.58*
Whey (%) 1.08 1.04 ** 1.07 1.06
Whey (g) 90.2 79.6 89.8 89.6

Lactose

The mean lactose percentage, expressed as a bdsefore challenge was 4.5%
for morning and 4.4% for afternoon milk. After tl&MI, the lactose content
dropped significantly (Figure 6) in both morningdaafternoon milk to 4.4% and
4.3%, respectively, at day +1. The lactose comeemiined significantly decreased
compared to the pre challenge value, throughoustilny.
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Figure 6.The content of lactose (%) in morning and aftemawlkings before and after a
prolonged milking interval (PMI; arrow) of 24 houiBata are expressed as LS means. The
SE was 0.03 for morning and 0.03 for afternoon imgk Statistically significant differences
at each sampling time compared to the base lingeviaéfore the PMI are indicated by *
p<0.05, * p>0.01, *** p<0.001.

The mean total lactose yield (ger milking (data not shown), was at day +1
significantly increased (p<0.001) in morning milk while it was significayt
decreasedin afternoon milk, compared to the baseline valoésnorning and
afternoon milkings, respectively. After day +1, ttwal lactose yield in morning
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milk dramatically decreased to values that at d&y and day +5 were not
significantly changed compared to the baseline evalm afternoon milk, the
reduced total lactose yield remained significatiywer than the baseline value
throughout the study

Discussion

The objective of the present study was to examime ibfluence of a single
prolonged milking interval on the milk SCC and pogjion of PMNs, and the
different milk constituents in cows with a low SCthe main findings were that
one omitted milking resulted in increased SCC amg@rtion of PMN and that the
increase was most pronounced between the firsseodind milking after the PMI.
A notable finding was that the initial change ioportion of PMN in morning milk
did not follow the change in SCC in the way thas leen known since many
decades, that the proportion of PMN is lower in miag milk with usually low
SCC than in afternoon milk with usually higher SG@erestingly is also that the
enhanced infiltration of PMNs to milk occurred watit any obvious antigen
challenge. These findings indicate a special chaatiot factor behind the
enhanced recruitment of PMNs after a single PMle Titerations in milk
composition were numerically slight and did notwhany negative influence on
the milk quality. The milk yield, SCC, and lactatioumber of the cows previous
to the PMI did not have any over-all effect on thdividual cow's reaction in
terms of alterations in the different milk charaistics. This is probably
attributable to that all cows in the study had I8®C and a good udder health.
However, the cow’s lactation stage prior to the Hdd a significant effect on the
changes in milk composition indicating a differsensitivity of the milk formation
process to a PMI, in different stages of lactation.

After the PMI a rise inSCC was observed. This finding is in principal in
accordance with previous studies (Fox & Schultz85t9Stelwagen & Lacy-
Hulbert, 1996) but information on milk SCC aftesiagle PMI is scarce. The less
pronounced increase in SCC in morning milk at dayobserved in our study and
that the peak value in morning milk, in contrastthe afternoon milk, was not
observed until day +2 appears to be a good refleasf the cell output/hr to the
milk, which seemed to be nearly un-altered durihg PMI but pronouncedly
enhanced day +1. The SCC is, in general, knowretlmier in morning milk than
in afternoon milk (White & Rattray, 1967) which walso observed in our study. It
has been ascribed to a different degree of diluiotine cells by the different milk
volumes at the two daily milking occasions due m@wen milking intervals. This
could partly explain the SCC results also in oudgtsince the milk volume was
larger in the morning day +1 compared with theraften milking the same day as
well as with the previous and subsequent mornirlgimgs. However, according to
our observations, the SCC pattern during and afier PMI well reflects the
number of cells entering the mifler time unit a measure which exclude the effect
of dilution.

Why the peak in SCC and increased recruitment/niotafl somatic cells to the
milk, is not observed until the afternoon milkingyd+1 while increased PMN
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percentage in milk is observed already in the nmynhremains to be explained.
Early increase in the proportion of milk PMN hascabeen reported by others,
however, concomitantly with increased SCC (StelwagelLacy-Hulbert, 1996).
Still, in the present study an enhanced PMN migratand activity of PMN
chemoattractants in the milk was apparently preagetady during the PMI and
further enhanced during day +1.

Stelwagenet al. (1997) described a temporary, reversible disruptid tight
junction (TJ) integrity, due to increased intramammary pressure nfujk
accumulation after a 24-h milking interval and dissed whether this could
facilitate the migration of leukocytes into the mmary gland and thereby
contribute to the increased SCC observed in sootkest of a single PMI (Fox &
Schultz, 1985; Stelwagen & Lacy-Hulbert, 1996). loer, leukocytes are not
considered to “leak” from the blood but their pmese in milk is a result of a
targeted recruitment and active migration procesdditionally, we observed
decreased concentration of serum proteins (wheteipg) in the milk at day +1,
which indicates that the permeability in the capyl walls and mammary
epithelium wasot increased in our study. Thus, enlarged TJs is naaasible
background to the increased SCC and cannot expl@nincreased relative
presence of PMNs observed in our study. The reoant of PMN was further
enhanced during day +1 when the udder was emptiee,twhich speaks for that
the PMN recruitment was influenced by factors red@ited to a large milk volume
and accumulation of milk, per se.

The increased infiltration of PMN to milk clearlii@awvs that there was an increased
chemotactic activity in milk during and after th&1Pbut without any obvious
antigen challenge present. It is also noteworttat the percentage ¢fMNsin
morning milk day +1 did not follow the SCC, in coadt to what has been shown
previously in cows milk under various inflammatagd physiological conditions
(Blackburn, 1966; Ostenssat al, 1988; Ostensson, 1993; Kelét al, 2000).
These findings indicate a special background toinbeeased proportion of PMN
after a PMI, which is further supported by the emtely rapid return of the
proportion of PMN to the baseline level. Manlongatal, 1998) identified the
presence of “physiological’ chemotactic factorsnammary secretions influencing
the recruitment of PMNs to goat's milk in late kbbn and emphasized that
increased infiltration of PMNs to the mammary glamdier certain circumstances
must not necessarily be a result of a pathologictatess. They also observed
different activity of specifically mononuclear leatyte chemoattractants during
the lactation period. Accordingly, our results tate the presence of
“physiological” chemotactic factors in cow milk a& in response to a long
milking interval. It can be speculated that cherotitaagents may be released from
epithelial cells damaged by the increased intramarprpressure caused by the
accumulated milk volume after a PMI. However, adong to a study by
(Stelwagen & Lacy-Hulbert, 1996) no such cell daeags observed even after
milking several days with a 24-h milking interval.

Another interesting finding in the present studythat the proportion of PMN
decreased to values that were below the baselihee ieom day +2 in both
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morning and afternoon milk, and remained decreabealighout the study. In
contrast, the SCC remained increased comparea toaeline value. These results
were highly significant even if the changes wermairically modest and indicate a
relative decreased attraction of PMNs to the mitk favour of recruitment of
mononuclear leukocytes. This remains to be furgtptored and explained.

The milk composition was significantly changed finst day after the PMI but the
changes in the following days were not consist&népt for lactose that decreased
throughout the study. The decreased lactose caatientin milk after the PMI in
the present study needs further discussion. Lactesthe key for osmotic
regulation in the udder and a drop in lactose aunite often accompanied by a
drop in milk yield. There are several probable erptions to reduced lactose
content in milk. Either it could be ascribed tokage out of lactose from the milk
through impaired TJs or it could be attributeddawér synthesis of lactose during
the PMI. Since the unchanged content of serum imote milk speaks for an
unchanged integrity of the TJs, a lower synthesisare likely. Since lactose plays
a key role in regulating the osmotic pressure @l$® influenced by the content of
ions in milk. More detailed studies would be neaeg$or further understanding.

The elevategrotein contentwas shown to be due to an increasedseinwhile
the serum proteins (whey proteins), although wilighs numerical changes,
remained statistically unchanged. Increased casmitent has been reported from
previous studies of PMIs when applying once-daillkimg, regularly. Claesson
(1965) observed a higher concentration of caseninguwnce-daily than twice-
daily milking as did also (Lacy-Hulbegt al, 1999). The increase has been
explained by the large size of the casein micelheaking them un-capable of
leaking out through TJs, to the blood compartmi&stdther milk constituents may
do. It ought to be emphasized that these studiasetn the long term effect of
once-daily milking and the reason behind might In®ta plausible explanation to
the increase observed in our study, of a single.PME increased proportion of
casein observed in our study was probably attridatto a concentration effect by
the alterations in milk yield at day +1. Furthehetincreased casein content
observed while whey protein content remained umgébd, indicates no increased
presence of plasma proteolytic enzymes in the nailld thus unchanged
permeability of endothelium and epithelium.

The fat content was significantly increased after PMI. Thanges in fat might at
least partially be ascribed to a concentrationceffeFA is undesirable in milk due
to its degradation of fat and rancid flavor. Accuation of FFA in the milk is

related to higher hydrolysis of triglycerides cgtald by lipoprotein lipase. It is
known from previous studies that increased milkingquency may result in
elevated FFA content in milk (Kladt al, 1997; Wikinget al.,2006). In the current
study, the level of FFA remained statistically uacbed after the PMI, although it
was numerically slightly decreased. Since fat aainiacreased while the FFA
remained unchanged, apparently, there was no efféctipoprotein lipase,

originating from blood plasma. This further suppothat the TJs kept their
integrity during the study.
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As expected, the PMI resulted in significantly elad milk yield at the first
milking in the morning of day +1 due to accumulatiaf milk in the udder during
the PMI. In the rest of the study the morning nyikdld was not changed compared
to before the PMI. In contrast to the morning milie afternoon milk yield day +1
was reduced and, remarkably, remained significdater than the baseline value
throughout the study. A probable mechanism behihdt tafternoon vyield
particularly was reduced is difficult to identiffhere is little information available
of the effect of one single PMI on the milk yield a whole, but (Fox & Schultz,
1985) reported decreased milk yield after a sijil. A considerable reduction
of milk yield was also observed by Claessiral. (1959) where one milking per
week was omitted. Most reports concern the efféabrace daily milking when
applied during a period of time. In several suaidigs a lowered milk yield has
been observed in cows when milking was reducedntee er day (Davist al.,
1999; Lacy-Hulberet al.,1999; O'Brieret al.,2002). However, these cows were
regularly exposed to a PMI and the results showldimg term effect of less
frequent milking and regularly higher intramammagessure. The suggested
mechanisms behind the reduced milk yield obsermetie studies referred to may
therefore not explain the short term results sé@m a single PMI as in the present
study. However, since the lactose content decresig@ificantly it appears likely
that the drop in yield could be due to a negathfeuénce of high intramammary
pressure on the milk secreting cells. However vi&tgén and Lacy-Hulbert (1996)
showed that a single PMI did not cause any damagbe mammary secretory
epithelium. Additionally, a lingering effect of thaecreased pressure during the
PMI over several days while the milking continuedte per day, seems not to be a
plausible explanation for the lowered milk yieltstill remains to be explained.

To summarize: The results from the present studicate a special chemotactic
background to the increased proportion of PMN itkrobserved the first days
after a PMI. The increased recruitment of PMN shtves there was an enhanced
chemotactic activity in the milk already during tfMI without any obvious
antigenic challenge. Blood or damaged cells ascesuof cytokines is not likely
considering the decreased concentrations of seroteips observed in the milk
and results from previous studies indicating thatrgle PMI does not cause any
cell damage. Thus, the PMN infiltration after aghnPMI seems to be due to
PMN chemotactic factors that are different from #EIN chemotactic factors
present in mastitic milk. After 2 days the propontiof PMN decreased and
remained lower than the baseline throughout thaystwhile the milk SCC
remained higher than the baseline value. Milk cositpom was not remarkably
changed after the PMI and it does not influencé ipifality. The alteration in most
milk constituents excluding lactose, appears to di&ibutable mainly to
concentration effects due to the changes of th& gidld. At the first morning
milking after the PMI, the yield was higher thanottter milkings during the study
due to accumulation of milk while the first afteams milk yield was reduced and,
interestingly, remained decreased throughout théystThe elevated milk protein
content was due to an increase in casein, whilevthey proteins remained
unchanged. Several findings support that the TJe wpparently not affected by
the PMI in this study.
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