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Abstract

The relationship between plasmin activity and ewe milk composition, rennet
coagulation and health of the udder was studied, as well as several inherent and
external factors affecting these parameters. Milk from 40 Manchega ewes was
collected monthly and analyzed during a complete lactation (5 months). Milk
samples were classified by their origin in 3 categories, named PR (primiparous
ewes), M1 (multiparous ewes with no previous udder infection) and M2
(multiparous ewes with previous udder infection). Also, according to their
SCC (log), milk samples were divided into three groups named LSCCs (<1.6),
MSCCs (1.6<SCC<2) and HSCCs (>2). Plasmin activity decreased throughout
lactation but was not affected by parity or somatic cell count (P>0.05). A strong
negative correlation was found between plasmin activity and protein (specially
casein), presumably due to the proteolysis of � -casein. Plasmin also worsened
rennet coagulation, increasing rennet clotting time (RCT) and negatively
affecting curd firmness (A60), specially in multiparous ewes. However, the good
health condition in the herd may have camouflaged some effects of plasmin
over renneting. In conclusion, regardless the health condition of the ewes at
the beginning of lactation, there is a persisting enzymatic activity probably as
a response to a previous udder infection. However, a group of animals with
a wider state of health would be needed to investigate further the action of
plasmin over milk.

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Etiam lobortis facilisis
sem. Nullam nec mi et neque pharetra sollicitudin. Praesent imperdiet mi nec
ante. Donec ullamcorper, felis non sodales commodo, lectus velit ultrices augue,
a dignissim nibh lectus placerat pede. Vivamus nunc nunc, molestie ut, ultricies
vel, semper in, velit. Ut porttitor. Praesent in sapien. Lorem ipsum dolor sit amet,
consectetuer adipiscing elit. Duis fringilla tristique neque. Sed interdum libero
ut metus. Pellentesque placerat. Nam rutrum augue a leo. Morbi sed elit sit amet
ante lobortis sollicitudin. Praesent blandit blandit mauris. Praesent lectus tellus,
aliquet aliquam, luctus a, egestas a, turpis. Mauris lacinia lorem sit amet ipsum.
Nunc quis urna dictum turpis accumsan semper.
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Resumen

Se ha estudiado la relación entre la actividad de la plasmina y la composición
de la leche, la coagulación y el estado sanitario de la ubre, así como diversos
factores intrínsecos y extrínsecos que pueden afectar a dichos parámetros.
Para ello se han analizado muestra individuales de leche de 40 ovejas de
raza Manchega durante una lactación completa (5 meses). Las muestras de
leche fueron clasificadas según su procedencia en tres categorías: PR (hembras
primíparas), M1 (hembras multíparas sin infecciones previas en la ubre) y M2
(hembras multíparas con infección previa de la ubre). Asímismo, en función de
su recuento de células somáticas (log) las muestras fueron clasificadas en tres
grupos: LSCCs (<1.6), MSCCs (1.6 <SCC <2) HSCCs (>2). La actividad de
la plasmina disminuyó con el avance de la lactación, pero no se vio afectada
por el número de parto o el recuento de células somáticas (P>0.05). También
se observó una fuerte correlación negativa entre la actividad de la plasmina y
la proteína (especialmente la caseína), probablemente debido a la proteólisis
de � -caseína. Elevados niveles de plasmina también afectaron negativamente
a la coagulación, aumentando los tiempos de coagulación y disminuyendo
la dureza de la cuajada (A60), especialmente en hembras multíparas. No
obstante, las buenas condiciones sanitarias en el rebaño estudiado podrían
camuflar ciertos efectos de la plasmina sobre la coagulación. En conclusión,
independientemente del estado sanitario de las ovejas al inicio de la lactación,
se observa una actividad enzimática persistente, probablemente como respuesta
a una infección previa de la ubre. No obstante sería necesaria una población
animal con una mayor diversidad sanitaria para investigar más a fondo la acción
de la plasmina sobre la leche.
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Introduction

In Spain, as in many Mediterranean countries, practically the whole production
of sheep milk is intended for cheesemaking, wether in its pure form or mixed
with goat or bovine milk (Balcones et al., 1996). Cheese production represents
a major component of the Spanish ovine industry, and in the last few years has
been strengthened by the emergence of the Protected Designations of Origin
(PDO) and the Protected Geographical Indications (PGI), which assure control
of production and processing factors, and guarantee the consumers a high
quality of the products.

Manchega is the most common dairy sheep breed in Spain, with more than
650,000 ewes in production (De La Fuente et al., 2006). The importance
of Manchega milk lies in its good cheesemaking aptitude, giving as a result
high quality cheeses, with sensorial properties that are greatly appreciated by
consumers. This good technological aptitude is evidenced in a short rennet
clotting time, firm curds and high yields (Jaramillo et al., 2008). Manchego
cheese is a cured hard cheese elaborated exclusively in Castilla-La Mancha. It
is the best selling cheese variety in Spain (Ballesteros et al., 2006) and, since
1996, is protected by a PDO that guarantees its quality (Règlement, 1996).

Due to this important cheesemaking activity, selection criteria in this breed have
always been focused on the obtention of high yields during milk coagulation.
These renneting parameters can be influenced by several factors, which can
be genetic, physiological, sanitary or physico-chemical (Bencini, 2002). Many
studies (most of them performed on bovine milk) have explored the influence
on milk of factors such as temperature (Park, 2007), calcium levels (Nájera et
al., 2003), hygienic and sanitary conditions (Albenzio et al., 2004; Le Maréchal
et al., 2011) or proteolytic activity (Baldi et al., 1996).

Somatic cell count is used as an indicator to evaluate milk quality and define
its price (Kalantzopoulos et al., 2004; Raynal-Ljutovac et al., 2005). Mastitis
is the main cause of high somatic cell levels in milk, although other factors
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such as oestrum or advanced stages of lactation can act as triggers for high
somatic cell counts (Albenzio et al., 2005). Several studies reported that an
increment of somatic cells in milk increases the activity of endogenous enzymes,
which can induce casein proteolysis, affecting milk renneting properties and
reducing cheese yield. Proteolytic enzymes like plasmin are known to modify
milk composition, reducing its quality and producing bitter flavours (Fox and
Kelly, 2006). Thus, controlling the activity of endogenous enzymes at both farm
and industrial levels could lead to improvement of the quality in dairy products,
perhaps also reducing production costs (Caballero-Villalobos et al., 2016).

As quality criteria have not been completely defined, milk properties of many
Spanish dairy sheep breeds have not yet been studied. Because of this, and the
strong economic and cultural impact of Manchega milk on the Spanish dairy
industry, the cheesemaking aptitude of this breed needs to be further studied.
Thus, the main objective of this PhD thesis is to evaluate some of the main
factors that impact on the cheesemaking aptitude of Manchega ewe milk.
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1.1. General aspects and farming system

Manchega breed is named after the region of La Mancha, located in the southern
sub-plateau of the Iberian Peninsula. In the Official Catalogue of Spanish
Livestock Breeds it is classified as a local enhancement breed. It represents one
of the most important national breeds, due both to its census and its production.
Also, great importance lies in its adaptation to a dry and difficult environment,
and in its influence on the improvement of other Spanish local ovine breeds,
such as Castellana, Aragonesa, Alcarreña or Segureña.

The farming system is semi-extensive, based on continuous pasturing during
the whole year to maximize the use of natural resources. However, while in
the sheepfold, feed is supplemented with concentrate, hay and agricultural by-
products. As herds are more specialized towards milk production, the stabling
periods tend to increase. Ewes have a continuous ovarian cycle, so lambing goes
on throughout all year. First gestation takes place when ewes are 10-13 months
old, and fertility rates reach 100 %.

1.2. Origin and historical background

Manchega ewe derives from Ovis aries ligeriensis. This ancestor, originally from
France, crossed the Pyrenees and travelled through the Iberian Peninsula to
finally settle in the natural region of La Mancha. Since this moment, Manchega
became a sedentary breed, faithful to the land that would forever be its home.

It is a proven fact that the early settlers of La Mancha domesticated Manchega
sheep and worked to improve the breed, avoiding crossbreeding. This has
helped to maintain its purity and original attributes, as well as its unique
characteristics, which have hardly changed throughout time.

1.3. Morphological characteristics

There are two different varieties of Manchega: the white variety and the black
variety (figure 1.1). Both have identical morphologic, functional and genetic
characteristics, and only differ in the color of skin and wool (Sánchez-Belda,
1979). The black variety has currently been granted special protection as an
endangered indigenous breed. The rules of procedure of the Herd Book of the
Spanish Manchega Breed (AGRAMA, 1977) qualify the animals according to
their breed standard, describing the following morphological prototype:
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Figure 1.1: White and black varieties of Manchega sheep.

1. General appareance: convex shape, more pronounced in males than
in females. Proportions tending to the predominance of longitudinal
diameters. Strong sexual dimorphism.

2. Head: with a convex fronto-nasal line, middle sized and in harmony with
the body volume, and completely uncovered by wool. Big and slightly lop
ears. Lips, nose and mucous membranes must be visible and depigmented
in the white variety, though slight pigmentation is admitted in the black
variety.

3. Neck: cylindrical and rightly connected to the head and the trunk of the
body. Without any vertical skin folds or jowl. It may or may not present
wattles.

4. Trunk of the body: long, deep and provided with wide ribs. Horizontal
dorso-lumbar area. Rump wide and squared, horizontal or slightly angled.
Deep thorax. Chest wide and rounded. Well-proportioned belly.

5. Udders: similar in volume and development, with skin uncovered by
wool. Teats well-proportioned and positioned.

6. Testicles: symmetrical in size and position, without any wool.

7. Limbs: well planted and with length consistent with body development.
Back correctly connected to the trunk of the body. Buttocks and
thighs wide and muscular. Thin carpus and tarsus. Hooves strong and
symmetrical, with a proportionate size.

8. Skin, mucous membranes and integuments: the skin is thin and with
no folds in any region of the body. All areas with no wool are covered by
thin and bright hair. In the white variety, skin, mucous membranes and
integuments must be depigmented; however mild pigmentations may be
acceptable if their tone and extension is discreet. Pigmentation affecting
skin and hair is acceptable just in ewes, only if it is diffuse or distributed
as small moles. In the black variety, the presence of black patches in the
forehead and the the terminal area of the tail is acceptable.
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9. Fleece: it must be be evenly white in the white variety and black in the
black variety. Semi-closed or closed. It must cover the trunk of the body,
and may reach the nape of the neck, but must leave uncovered the anterior
third of the tracheal border. In the forelimbs it may reach the upper third,
and in the hind limbs two thirds of the leg. The belly may or may not be
covered by wool.

10. Wool strands: rectangular or slightly trapezoidal shape, with hair or
medullar fibers inside the fleece.

1.4. Geographic distribution and census

Manchega breed is present all over the country, and can be found in 42 of
the 50 Spanish provinces (particularly in the autonomous regions of Madrid,
Comunidad Valenciana and Castilla y León). However, the highest concentration
involves Castilla-La Mancha (figure 1.2). This autonomous region hosts 762
farms, with a total census of 529,505 dairy sheep in 2015 (table 1.1), and a
milk production that has gradually increased over the last years to reach 73
million litres of milk.

Figure 1.2: Dispersion of the Manchega breed in Spain.1

1Source: Spanish Federation Of Select Livestock Associations (FEAGAS).
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The region of La Mancha is located in the southern sub-plateau of the Iberian
Peninsula and is characterized by a flat relief that descends towards the
Atlantic. It constitutes a high plain settled on chalky and clay soils, and the
grounds designated for pastures consist of substrates rich in limestone and
marl. The region presents an extreme continental climate with great oscillations,
alternating between very cold winters and warm summers where temperatures
can reach values close to 40ºC. The daily temperature range in this region is
30ºC, and the annual range can be of 50ºC. Rainfall is low, and the environment
is extremely dry, with a relative humidity of 65%. In fact, La Mancha was named
by the Arabs, who called it Al Mansha or “waterless land”.

A vegetation capable to withstand the strong heat of the summer months and the
devastating winter frosts developed over time. Numerous species of grass and
leguminous plants grow in this apparently hostile environment, and represent
the nutrition basis of Manchega sheep, adapted to this ecosystem since time
immemorial.

1.5. Manchego cheese

Manchego cheese is probably the most important and best known product of the
agri-food sector of Castilla-La Mancha. Since 1996 it is covered by the Protected
Designation of Origin (PDO) Queso Manchego, through the Regulation 1107/96
of the European Commission. It is also the first PDO certified by the the National
Accreditation Entity (ENAC).

Figure 1.3: Mark of the PDO Queso Manchego.

The industrial structure of this PDO has a vital importance, with more than 80
dairies that produced over 12 million kg of quality mark cheese in Spain in 2014.
This was economically valued in 132 million euros, which represents over half
of the production of quality mark cheese in Spain. Additionally, it is important
to highlight the large export volume of Manchego cheese (more than 50% of
the whole production), being the USA the main importer.
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Milk (raw or pasteurized) used to elaborate this cheese must come exclusively
from Manchega ewes bred in the region of La Mancha: a surface of 4,419,763
hectares that includes municipalities of the provinces of Albacete (21.66%),
Ciudad Real (33.16%), Cuenca (22.13%) and Toledo (23.05 %). Thus, the
cheese manufacturing and ripening area is the same as the area of production.

Figure 1.4: Production area of the PDO Queso Manchego.

The history of Manchego cheese is as old as the breed after which it was named,
and its production and quality have been kept unaltered over the years. The first
known evidences regarding its consume and manufacture date back to several
centuries before Christ. The processing methods are not yet clear, but those
archaic methodologies would not differ much from the ones followed nowadays.

Some archeological remains also suggest the existence of a cheese made from
milk from a local sheep breed during the Bronze Age, which could be considered
as a predecessor of the current Manchega. The soil and climate of the region
of La Mancha (section 1.4), have influenced natural selection, so Manchega
sheep is greatly adapted and produces milk that confers cheese some peculiar
characteristics of color, smell, flavour and texture. These features provide an
unique product that has been unsuccessfully attempted to elaborate in other
parts of the world, as it has been impossible to imitate all the factors involved
outside the region of La Mancha.

The PDO Queso Manchego describes this product as:

“A cheese made of pressed paste, elaborated from Manchega sheep
milk. With a minimum ripening of 30 days for cheeses with a weight
below 1.5 kg, and of 60 days for the rest, and a maximum ripening
time of 2 years.
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Its appearance is cylindrical, with perceptibly flat sides, a maximum
height of 12 cm, a maximum diameter of 22 cm and a weight from
0.4 to 4 kg. The rind is hard and free from parasites, an presents a
yellowish color, or dark greenish when the molds developed during
ripening are not cleared from the surface. Paste is firm and compact,
with a color that varies from white to yellowish ivory, and can present
small eyes unequally distributed.

It has a strong lactic smell, and an intense and persistant acidity that
evolves towards spicy notes in cured cheeses. Flavour is acid, strong
and tasty, and also turns into spicy in cured cheeses. It has a mild
an peculiar residual flavour, distinctive of Manchega sheep milk, and
presents low elasticity, with a buttery and slightly floury perception,
that might be granular in matured cheeses.”

The Product Specification of the PDO (BOE, 13/11/2007) describes the physico-
chemical characteristics of the milk used in the elaboration of Manchego cheese
(table 1.2), and also gathers the basic requirements that endorse the origin of
the product.

1. Milk must be obtained exclusively from Manchega ewes of registered
farms, located in the production area.

2. Extraction, cooling, storage, collection and transportation of milk must be
thoroughly monitored.

3. Cheese will be manufactured in registered dairies, located in the
processing area. Dairies must provide systems to guarantee independent
processing of the cheese (from the reception of raw materials to the
shipping of the product).

4. Ripening and storage will be accomplished in registered premises, to
guarantee identification and separation of qualified cheeses from other
products.

5. The final product will be submitted to physico-chemical and organoleptic
analyses in order to certify its quality.

6. Once these tests are concluded, the product will be released to the market,
and its origin will be warranted by a numbered label.

7. In order to obtained the license for the PDO conformity mark and to be
certified by the Regulating Board of the Protected Designation of Origin
Queso Manchego, farmers and manufacturers must apply control systems
to guarantee the conformity with these technical specifications.
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In 1974, several farmers joined forces and created the Select Manchega Sheep
National Breeders Association (AGRAMA), to improve productivity and quality of
Manchega breed industry. This institution, with social headquarters in Albacete
(Spain), has been officially recognized by the Ministry of Agriculture, Fisheries
and Nutrition. It currently strives to optimize the Herd Book, and broadcast
the improvement program based on the Manchega Ovine Breed Selection
Scheme (ESROM), developed in conjunction with the Office of Agriculture and
Environment of Castilla-La Mancha.

Figure 1.5: Logo of AGRAMA.

At present, almost half a century since its foundation, AGRAMA has not only
managed to define and maintain the profile of Manchega breed, but has also
actively participated in the establishment and consolidation of the PDO Queso
Manchego and the Protected Geographical Indication (PGI) Cordero Manchego.
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2.1. Definition and general characteristics

The concept of milk is defined by FAO (1999) in Codex Alimentarius as

“the normal mammary secretion of milking animals obtained from
one or more milkings without either addition to it or extraction from
it, intended for consumption as liquid milk or for further processing”.

Likewise, Codex defines milk product as

“a product obtained by any processing of milk, which may contain
food additives, and other ingredients functionally necessary for the
processing”.

Veisseyre (1988) describes milk as a white and opaque fluid, two times more
dense than water, with a slightly sweetened flavour and a rather scarce
smell. It represents a complex physico-chemical system, and can be summarily
considered as an emulsion of fat in an aqueous solution containing several
components, some of them dissolved and others in colloidal dispersion.

Although milk is conventionally defined in a general manner, there are specific
variations between milk from different species, which endow it with distinctive
features. Assenat (1991) overviewed the main differences in ewe milk compared
to the rest of domestic ruminants:

- Its color is pearl white, similar to porcelain.

- Opacity is higher than in milk from other species.

- Viscosity is also higher, due to its large amount of fat.

- It has a particular smell, rather faint in milk collected in good conditions.

- Organoleptic properties of sheep milk make it different from other
drinking milks. Thus, compared to the sweetened flavour that it has in
common with other milks, it presents a characteristic smell and a higher
creaminess due to high fat concentration.

- It is specially resistant to bacterial growth in the first hours after its
collection, as it shows immune activity. In addition, sheep milk has twice
mineral content than cow milk, clearly presenting greater buffer activity,
whitch represents an advantage concerning storage and preservation.

- It is specially rich in cheesemaking components (fat and protein).
Normally, making use of the same amount of milk, twice the quantity
of cheese is obtained with sheep than with cow milk.
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- Milk coagulation results in strong curds, much firmer than what the
cheese yield ratio between ewe and cow milk (1/2) would imply.

- Cheese made from sheep milk has a particular appearance and flavour:
the paste is generally whiter and the development of bitter flavours is
unusual. These features are attributed to the lower proportion of ↵-Casein
respecting total casein, and to the differences in fatty acids composition
of triglycerides in sheep milk.

2.2. Factors affecting milk production and composition

2.2.1. Inherent factors

They are defined as those factors that are intrinsic to the animal and cannot be
easily modified.

2.2.1.1. Genotype and reproductive potential. Breed effect

It is a known fact that there are existing differences concerning milk yield and
composition among different dairy breeds of sheep. Although most of these
differences seem to be environmental, there is an important genetic component.
According to Molina (1987), a breed’s “genetic potential” for dairy production
is known as the amount of milk it is capable to produce when its genotype is
expressed in optimal environmental conditions.

2.2.1.2. Stage of lactation

Milk production in sheep reaches the maximum yield in the first weeks after
lambing, and gradually decreases from this point to the dry period (figure 2.2).
As lactation advances, the main components in milk (except lactose) follow a
trend similar to the one described for production, but in reverse direction, and
reach their minimum values when milk yield is maximum (Gallego et al., 1991).

2.2.1.3. Age and parity

Young animals generally produce less milk than old ones, and reach their
highest productions between the third and fourth lactation (Busetti, 2007).
According to Purroy (1982), ewes considerably increase their milk production
from the first to the second lactation, and slightly less between the second
and the third. From this point, milk production is constant until the sixth or
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Figure 2.1: Lactation curve in sheep.1,2

eighth lactation, where it begins to fall. Gallego et al. (1991) reported that in
Manchega ewes, milk production increases about 38% between the first and
the fifth lactation, and then diminishes.

2.2.1.4. Number of lambs

Twin births generally induce a higher milk production. Some authors reported
a yield enhancement of 48% in multiple lambing ewes compared to those that
delivered a single lamb (Real Ortellado, 1999). Nevertheless, this increase in
milk production seems to be more related to the number of nursed lambs rather
than to the born ones. Therefore, ewes nursing two or more lambs produce a
higher amount of milk (Molina, 1987).

2.2.1.5. Anatomy and morphology of the udder

The size of the udder and the cistern depth, as well as the teat length and angle,
are the main anatomic factors that have an impact on milking. It is generally
accepted that the higher the volume of the udder, the greater milk production
(Gallego, 1991).

1Source: Gallego et al. (1994).
2Dm = Days before maximum milk yield.
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Figure 2.2: Udder measurements.3

2.2.2. External factors

They are defined as those factors that can be modified through management
practices or by human action.

2.2.2.1. Ewe-lamb relationship and weaning

Sheep are regarded as “primitive” dairy animals. This means that milk is hard to
express during milking and its secretion is strongly conditioned by the presence
of the lamb (Molina, 1987). Weaning induces a decrease in milk production due
to stress caused by the separation of the ewe from the lamb, and an existing
adaptation to milking. This yield reduction in Manchega has been stipulated in
30-40%, percentage that subsequently increases once the ewe adjusts to milking
(Caja, 1991).

2.2.2.2. Milking method and milking interval

Milking has a great influence on milk yield and composition, as its expression
is necessary for the maintenance of lactation (Garzón, 1996). In ewes, the
synthesis of milk in the udder diminishes when the milking interval is longer
than 16 hours, and it is inhibited after 24 hours (Molina, 1987).

It has often been reported that mechanical milking produces an incomplete
emptying of the udder in comparison with manual milking, diminishing the
quantity and quality of milk (Garzón, 1996). However, Gallego et al. (1991)
reported that only fat concentration is affected. The most evident difference
between mechanical and manual milking is the microbiological content of milk,
as operators increase the amount of germs in almost 50% (Gallego et al., 1991).

3Source: Milerski et al. (2006).
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2.2.2.3. Nutrition and feeding

According to Molina (1987), nutrition is the most important of all the
external factors affecting lactation, as it covers conservation and production
requirements and restores body reserves. The impact of nutrition on milk
production is revealed in the last third of pregnancy and, obviously, during
lactation. In this sense, nutrition and milk production are closely related, as
its necessary to provide animals with a complete and balanced diet in order to
develop their productive potential. Nutrition can also affect to a lesser extent
milk composition, almost exclusively fat concentration.

2.3. pH

The pH of sheep milk has a similar value to that found in milk from other
species, and can provide precise information about milk freshness. In standard
conditions, the pH of raw milk is neutral or slightly acid, but if lactic bacteria
have taken action, lactose deteriorates and converts into lactic acid, causing a
decrease in pH (pH<6.5). Contrastingly, values of pH above 7.0 suggest that
milk exhibits alkaline compounds, a typical sign of mastitis (Gorsaud, 1991).

2.4. Carbohydrates

Lactose is the major carbohydrate in milk, and one of the main components of
total solids (Park, 2007). It is a non-permeable disaccharide synthesized from
glucose and galactose in the mammary gland, with the active participation
of ↵-lactalbumin (Larson and Smith, 1974). Lactose is found in several
concentrations in milk from all mammals except for seals (Park, 2007). Its
content in sheep milk stands around 4.44%, and may vary between 3.70 and
5.01 % (Molina, 1987).

According to Ramos and Juarez (2003), the lactose rate in ewe milk is slightly
lower (22-27 % of total solids) than in bovine milk (33-40%). However, this
fact does not represent a disadvantage in cheesemaking, as lactose has a
relative importance from a nutritional and technological point of view, and its
concentration in ewe milk is more than enough to assure lactic fermentation
Assenat (1991).

The importance of lactose relies in its contribution to preserve the osmotic
balance between blood plasma and alveolar cells (Larson and Smith, 1974).
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In this sense, the synthesis of milk is strongly influenced by lactose, which
maintains osmolality and regulates the amount of water and ions, as well as
the amount of milk released (Pulina and Nudda, 2004).

Other minor carbohydrates, such as glucose and galactose, are also present in
milk, as well as several oligosaccharides and sugar derivatives. In addition, other
carbohydrates bind to proteins in order to form milk glycoproteins (Schlimme
and Buchheim, 2002).

2.5. Milk fat

The amount of fat in milk is frequently known as butyric rate, and comprises
the ensemble of all lipids that, through hydrolysis of esters, generate fatty acids
(Garzón, 1996). It should be noted that the color of fat in sheep milk is white,
due to the absence of carotene (Assenat, 1991).

The proportion of fat in milk from domestic ruminants can present significant
variations, finding the highest average values in sheep milk (around 7.19%),
versus the lower values found in cow (3.87 %) and goat (3.38%) milk (Gorsaud,
1991). However, as in other mammals, average composition of sheep milk is
a purely theoretical concept, since it changes throughout lactation and is also
affected by several factors such as breed, nutrition, management of the animals,
etc. (Garzón, 1996).

Fat content in milk is structured as an emulsion of fat globules (1-8µ diameter)
in the aqueous plasma, surrounded by a lipid and protein membrane negatively
charged. This membrane confers stability and prevents outflow, assuring
electrostatic repulsion between fat globules (Serrano, 1999). Some authors
have reported that the fat globule in sheep milk seems to be smaller than in
other species (Le Mens, 1991). This appears to improve digestibility and the
efficiency of lipid metabolism in comparission with fat from bovine milk (Park,
1994).

The global composition of milk fat in domestic ruminats (sheep, goat and cow)
is quite similar, featuring three kind of compounds:

Triglycerides (98.0%): normally sheep milk fat presents a lower
proportion of long chain triglycerides and a higher proportion of short
chain triglycerides than bovine milk fat. It also presents a high content
of saturated fatty acids of 6-12 carbon atoms (capric and caprylic acid),
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and a low rate of myristic (C14:0) and palmitic (C16:0) acid (Routaboul,
1981).

Phospholipids (0.5%): 30.8 % lecithins, 45.0% cephalin and 24.2%
sphingomyelins (Baliga and Basu, 1955).

Other fat-soluble compounds (1.0%): Wohlt et al. (1981) reported an
average cholesterol value of 60mg/100g in sheep milk.

This fat composition confers milk specific characteristics regarding smell and
flavour. In addition, the distinctive smell in dairy products is due to spontaneous
lipolysis as a consequence of the high lipase concentration in milk (Molina,
1987; Serrano, 1999).

2.6. Nitrogenous substances (proteins and urea)

Two types of nitrogenous substances are found in milk: proteins and compounds
consisting of non-protein nitrogen (NPN), which represent 95 % and 5% of total
nitrogen, respectively.

2.6.1. Whey proteins

This soluble fraction of milk proteins involves about 17-22% of the total
protein in ewe milk. The main proteins in whey are alpha-lactalbumin (↵-La)
and beta-lactoglobulin (� -Lg), although other proteins are present in whey in
lower concentrations (immunoglobulins, serum albumin, proteose-peptones,
etc.) (Park et al., 2007). Sheep whey is, therefore, rich in protein (almost as
twice as bovine whey). Consequently, when submitted to thermocoagulation
processes, whey is frequently directed to the production of derived products,
such as cottage cheese, bruccio and riccota (Molina, 1987).

2.6.1.1. ↵-Lactalbumin

↵-Lactalbumin (↵-La) is a calcium metalloprotein with a single strong calcium
binding site, and constitutes the second most abundant protein in whey,
representing approximately 20-25 % of all whey protein (Jenness, 1982;
Permyakov and Berliner, 2000). ↵-La has a high content of tryptophan (Trp),
an essential amino acid with potential benefits for the production of serotonin,
regulation of sleep, and mood improvement under stress. It also induces the
synthesis of lactose in the udder, so its role is essential for the secretion of milk
(Moatsou, 2010).
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Two variants of ↵-La have been reported in sheep milk (Chiofalo and Micari,
1987; Erhardt, 1989). The A variant is usually the most common, and the B
variant is rare, and seems to appear only in specific breeds (Selvaggi et al.,
2014).

Table 2.1: Milk protein genetic polymorphisms in sheep.4

PROTEIN VARIANTS REFERENCES

↵S1-Casein A, B, C, D, E, F, H, I

Chianese et al. (1996)
Pirisi et al. (1999)
Wessels et al. (2004)
Giambra et al. (2010)

↵S2-Casein A, B, C, D, E, F, G

Chianese et al. (1993)
Chessa et al. (2003)
Picariello et al. (2009)
Giambra and Erhardt (2012)

� -Casein A, B, C, X, Y
Chianese (1997)
Chessa et al. (2010)

-Casein Monomorphic

Jolles et al. (1974)
Bastos et al. (2001)
Ceriotti et al. (2004)
Feligini et al. (2005)
Pariset et al. (2006)

↵-Lactalbumin A, B
Chiofalo and Micari (1987)
Erhardt (1989)

� -Lactoglobulin A, B, C

Bell and McKenzie (1967)
King (1969)
Kolde and Braunitzer (1983)
Erhardt (1989)
Ali et al. (1990)
Recio et al. (1997)
Ramos et al. (2009)

2.6.1.2. �-Lactoglobulin

� -Lactoglobulin (� -Lg) is the main whey protein in ruminant milk, representing
almost 50% of the total whey protein. It is present in the majority of species,
except for mouses and humans. So far, three genetic variants of this protein
have been described in literature (table 2.1).

4Source: Selvaggi et al. (2014).
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Bell and McKenzie (1967) and King (1969) proved an existing polymorphism
of this protein in several breeds of sheep. Kolde and Braunitzer (1983), Gaye
et al. (1986) and Ali et al. (1990) described two variants (A and B) that only
differ in an amino acid in position 20 (variant A presents Tyr and variant B
presents His). Both variants are present in almost all sheep breeds (Amigo
et al., 2000). Further on, Erhardt (1989) described a new variant of � -Lg in
German Merino breeds. This variant, named C, is an alteration of variant A
(Arg is replaced by Glu in amino acid position 148). It has more recently been
isolated in Spanish Merino by Recio et al. (1995). Thus, variant C has only been
identified in varieties of Merino (Barillet et al., 2004).

� -Lg is the most hydrophobic of all whey proteins, and has the ability to
interact with several hydrophobic molecules, particularly retinol and fatty acids.
This feature, probably related to its biological function, confers � -Lg good
emulsifying properties.

2.6.1.3. Other whey proteins

Serum Albumin and Immunoglobulins are not specific to milk, and are
considered equivalent to those found in blood (Park et al., 2007).

Proteose-Peptones (PPs) represent 10% of whey protein and consist of 38
compounds (Buccioni et al., 2013). Most of them result from the cleavage of
beta-casein (� -CN) by plasmin. PPs are heat-stable and soluble in acids, but
their specific biological functions have not been yet described (Ohno et al.,
2010). The main components are known as component 3 (PP3), component
5 (PP5), component 8 fast (PP8f), and component 8 slow (PP8s), based on
their electrophoretic mobility (Andrews and Alichanidis, 1983.). PP3 is of great
interest due to its functionality, particularly because of its emulsifying properties
and its biochemical role as a regulator of spontaneous lipolysis (Girardet and
Linden, 1996). This fraction also seems to be responsible of foaming in milk
(Zhang and Goff, 2004).

Lactoferrin (LF), an 80 kDa glycoprotein belonging to the group of the
transferrins (iron-binding proteins), is another soluble protein present in whey.
LF comprises around 1-2 % of whey protein and is mainly found in colostrum. It
represents an important component of the inborn immunity system, presenting
anti-inflammatory and antioxidant activities, and also inhibiting bacterial, viral
and fungal growth (Rodríguez-Franco et al., 2005). Although most of the
published studies have been performed on human and bovine milk, some
authors have reported a higher antimicrobial activity of LF in small ruminant
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milk (Recio and Visser, 2000).

Lactoperoxidase (LP) is a glycoprotein naturally present in milk, representing
0.5% of whey protein. It is identical to that found in saliva and gastric juice
(FAO-OMS, 2005). By itself it does not have an antibacterial effect, but in the
presence of hydrogen peroxide and oxidated thiocyanate (commonly present in
milk), it develops a strong bacteriostatic effect (FAO, 2000).

Lysozyme is an enzyme naturally present in milk, and represents less
than 0.1 % of whey protein, conferring properties that increase immunity.
This protein inactivates numerous microorganisms, attaching to the bacterial
wall and breaking the � -14 bond between N-acetylmuramic acid and N-
acetylglucosamine. Gram-negative bacteria are generally more vulnerable to its
action, so lysozyme is used to prevent butyric swelling of cheese, as it is active
against clostridia (Martínez et al., 2010).

Caseino-Macropeptides (CMP) are soluble fragments derived from the action
of chymosin over -casein during cheesemaking, and can also be present in
whey (Park et al., 2007).

2.6.2. Caseins

Caseins are phosphoproteins present in milk and synthesized in the mammary
gland as a response to the lactogenic hormones and other stimuli (Ginger and
Grigor, 1999). They are associated to calcium phosphate in a complex known
as caseinogen, which precipitates at pH 4.6. Caseins interact with each other
and, together with calcium and magnesium fractions in milk, form a coloidal
dispersion, consisting in spheral particles called micelles. The average diameter
of the casein micelle is 130 nm, but it may vary between 60-450 nm.

Although at first they were considered homogeneous, Linderstrøm-Lang and
Kodama (1925) proved that there were two well differentiated groups of
caseins: a first group constituted by those that precipitated in the presence
of calcium (calcium sensible caseins) and a second group that incorporated
those that were not sensible to this element. However, with the further
development of molecular biology in the decades of 1970 and 1980, different
kinds of caseins were discovered. These proteins, classified originally according
to their electrophoretic mobility, differ due to effects of post-translational
processing, alternative splicing of the gene product or genetic polymorphisms
(Ng-Kwai Hang and Grosclaude, 1992). Therefore, from a structural point of
view, there are 3 types of caseins, each one consisting of about 200 amino acids
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(table 2.3). These caseins are known as alpha-casein (↵-CN), � -casein (� -CN)
and kappa-casein (-CN). The commonly known as gamma-caseins (�-CNs) are,
in fact, fragments derived from the proteolytic action of plasmin over � -CN.

AMINO ACID % AMINO ACID %

Alanine 5.6 % Leucine* 10.3 %
Arginine* 2.8 % Lysine* 7.0%
Asparagine 3.7 % Methionine* 2.8%
Aspartic 3.3 % Phenylalanine 3.7%
Cysteine 0.5 % Proline 7.9%
Glutamine 6.5 % Serine 7.5%
Glutamic 11.7% Threonine* 2.8%
Glycine 4.2 % Tryptophan* 0.9%
Histidine* 2.3 % Tyrosine 4.7%
Isoleucine* 5.6 % Valine* 6.1%

(*Essential amino acids)

Table 2.3: Average amino acid proportion in caseins.

All caseins have different genetic variants, induced by amino acid substitution
or, in some cases, by deletion (table 2.1). Since 1984, by decision of
the American Dairy Science Association Committee on Nomenclature and
Classification, it is accepted that the nomenclature developed for the bovine
caseins may be adopted for investigation of milk proteins in other species
(Selvaggi et al., 2014).

2.6.2.1. ↵-Casein

AlphaS1-casein (↵S1-CN) is a structural component of the casein micelle and
plays a functional role in cheese curd formation (Selvaggi et al., 2014). It is a
deeply phosphorylated protein, and is highly soluble in the presence of calcium
(Farrell et al., 2004). ↵S1-CN consists of 214 amino acids, and exists as a number
of distinct genetic variants, known as A, B, C, D, E, F, H and I (table 2.1), which
have been discovered by performing protein electrophoresis (Chianese et al.,
1996; Pirisi et al., 1999; Wessels et al., 2004; Giambra et al., 2010).

Ovine alphaS2-casein (↵S2-CN) is the most heterogeneous fraction of caseins
(Selvaggi et al., 2014). Seven variants have been described for ↵S2-CN, named
from A to G (Chessa et al., 2003; Picariello et al., 2009; Giambra and Erhardt,
2012), including a low molecular weight variant reported by Chianese et al.
(1993) in Manchega breed. So far, the role of ↵S2-CN in casein micelles has not
been studied in detail (Selvaggi et al., 2014).
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2.6.2.2. �-Casein

� -CN is considered calcium-sensitive, as it precipitates in the presence of low
concentrations of this cation. Its importance relies in the determination of the
surface properties of casein micelles. Also, � -CN is essential for rennet curd
formation (Pearse et al., 1986).

Ovine � -CN is formed by 209 amino acids, and a non-genetic polymorphism
occurs due to varying degrees of phosphorylation. Five genetic variants (table
2.1) have been described (Chianese, 1997; Chessa et al., 2010). � -CN is the
main substrate of plasmin in milk. Its cleavage produces �1-CN, �2-CN, �3-CN
and proteose-peptones (Fox and Kelly, 2006).

2.6.2.3. -Casein

-CN represents around 15% of total casein in sheep milk. It consists of 169
amino acid residues, and is only soluble in the presence of calcium, because its
phosphate content is lower than in other caseins (Selvaggi et al., 2014).

-CN is considered a monomorphic casein, as no genetic variants have been
found (Jolles et al., 1974; Bastos et al., 2001; Ceriotti et al., 2004; Feligini et al.,
2005; Pariset et al., 2006). However, as reported by Park (2007) it can present
non-genetic polymorphisms due to three glycosilation sites (Thr135, Thr137 and
Thr138) and two phosphorylation sites (Ser151 and Ser168).

2.6.3. Urea

Urea is an organic compound consisting of carbon, nitrogen, oxygen and
hydrogen, with a molecular weight of 60. It represents the main fraction of NPN,
with a variable concentration between 20 and 75% (Journet et al., 1975). This
proportion is directly related to protein and energy intake (Geerts et al., 2004).

In ruminants, urea is synthesized in the liver from nitrogen derived from
amino acid oxidative deamination, and is excreted in urine (Pazzola et al.,
2011). However, a fraction of this urea goes through the rumen, from where it
passes to the blood system (Cunningham, 2002). Many authors have correlated
the concentration of urea in plasma with the concentration in milk, in cows
(Broderick and Clayton, 1997), sheep (Cannas et al., 1998) and goats (Sahoo
and Walli, 2008).
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Standard urea concentration in milk is in a range between 10 and 30 mg/100ml
(Marenjak et al., 2004), though studies concerning urea in sheep milk are scarce
and less precise than those published for bovine milk (Bendelja et al., 2009).
Urea concentration is an indicator of protein metabolism and the nutritional
intake of the animal (Giovanetti et al., 2009). Thus, on the basis of the amount
of urea in milk it is possible to diagnose issues caused by imbalances in the diet,
what can impact on the health and production of dairy animals (Bendelja et al.,
2009).

Albeit its presence in milk mainly depends on nutritional factors, it can be
influenced by other factors such as breed, season, parity, stage of lactation, milk
production, milking time or udder health status (Matutinović et al., 2014).

2.7. Other minor substances found in milk

Salts: they are present in milk both dissolved and in coloidal state (Garzón,
1996). Most of them are mineral salts (calcium phosphate), although other salts
(where the anionic fraction is mainly citrate) can be present in milk (Gorsaud,
1991).

Minerals: the main minerals present in sheep milk are sodium (Na), potassium
(K), calcium (Ca), magnesium (Mg), phosphorus (P) and chlorine (Cl). Also
zinc (Zn), iron (Fe), copper (Cu) and manganese (Mn) can be found in smaller
amounts. Ewe milk is specially poor in iron, selenium and copper, what may
cause particular deficiency diseases in suckling lambs. Phosphorus and calcium
play an essential role in the maintenance of the stability of milk proteins, as
they are associated to the casein micelle (Garzón, 1996).

Vitamins: references in literature concerning vitamins in sheep milk are scarce
(Raynal-Ljutovac et al., 2007). A review published by Paccard and Lagriffoul
(2006) for sheep milk proved its high content in B vitamins, specially niacin.
Garzón (1996) also reported an important amount of vitamin A (1.46 IU/l),
riboflavin (3.82 mg/l) and pantothenic acid (3.64 mf/l). In addition sheep milk
lacks carotene (Assenat, 1991), as well as vitamins D and B6 (Garzón, 1996).
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3.1. The concept of quality in ewe milk

Quality in sheep milk is a concept difficult to define. It is in fact the consumer,
with his final decision, who validates or not the product (Serrano, 1999). This
judgement is mainly based on organoleptic and sensorial properties, which
constitute hardly classifiable factors. Based on this, Esteban (1991) defined the
quality of milk as “its capacity to satisfy the consumer expectations”.

According to Garzón (1996), in compliance with diverse objective methods
intended to determine this concept, a disctinction can be drawn between:

Chemical or compositional quality: it includes aspects such as fat,
protein, lactose or calcium concentrations, pH, and detection of foreign
substances (antibiotics, pesticides, blood and gas).

Physical quality: influenced by several properties of milk, such as density,
conductivity, boiling and freezing point, heat and alcohol stability, and
renneting characteristics.

Hygienic and sanitary quality: established according to total bacterial
count, pathogens, lactic acid producers, psychrotrophs, spore forming
bacteria and somatic cell count.

Organoleptic quality: defined by smell, flavour, texture and color of milk.

However, the predominant quality standards in the Spanish dairy sheep industry
are generally those that tend to increase processing efficiency and diminish
sanitary risks, having no control over other parameters (Caja and Such, 1991).
Thus, the quality of sheep milk will be determined by:

- Milk chemical composition: fat, protein and total solids.

- Microbial load: total somatic cell count, colony forming units (CFUs) and
acidity of milk (Dornic degrees).

- Sheep breed, milk production and collection zones, particularly in the
case of PDO cheeses.

3.2. Renneting aptitude of milk

The quality of milk intended for cheesemaking purposes is based in its
aptitude to produce a good cheese and satisfactory yields in normal conditions
(Toledo, 2013). This depends mostly on chemical composition (especially casein
content), microbial load, the nature of bacterial microflora, the lactic bacteria
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development capability, and the behavior of milk against rennet (Brule and
Lenoir, 1990; Bencini and Pulina, 1997).

Milk may react differently during rennet coagulation. Some milks coagulate
slowly, forming soft gels that tend to break easily. This will lead to curds with a
high moisture content after gel draining, which will be hard to control during
ripening. Other milks, however, coagulate rapidly forming firm gels that are
easy to drain. The resulting curds will have an adequate texture and moisture
content, and will develop into good quality cheeses (Mocquot et al., 1954).

3.2.1. Characteristics of the curd

The variables to evaluate renneting aptitude of milk can be determined
through several techniques and devices: Berridge clotting time method, Plint
torsiometer, thromboelastograph torsion viscometers, or oscillatory rheometers.
McMahon and Brown (1982) defined the characteristics of the clot using a
FormagraphTM torsion viscometer: rennet clotting time (RCT), curd firming time
(k20), curd firmness after 30 minutes (A30) and curd firmness after 60 minutes
(A60). These parameters are strongly influenced by other factors such as milk
composition, pH and health of the udder, and will be described in detail in
further chapters (Jaramillo et al., 2008).

3.2.2. Cheese yield

Cheese yield or milk-to-cheese processing efficiency is the mathematical
expression of the quantity of cheese obtained from a certain amount of milk,
usually 100 litres or 100 kg (Assenat, 1991). According to Pirisi et al. (1994),
cheese yield is generally expressed in kg of cheese per 100 litres of milk. Normal
cheesemaking practice proves that, due to composition, the double amount of
cheese is obtained with the same amount of ewe milk than of cow milk (Assenat,
1991).

As well as the parameters that evaluate the clot (section 3.2.1), cheese yield is
mostly affected by milk composition, particularly protein and, to a lesser extent,
fat concentration (Pulina et al., 2006; Jaramillo et al., 2008). Other influencing
factors are somatic cell count (SCC) and plasmin activity, which reduce cheese
yield due to the increase of curd humidity (Pulina et al., 2006) and proteolysis
of casein (Srinivasan and Lucey, 2002).

It has so far become clear that there is an existing correlation between
cheese yield and renneting parameters. Thus, using a viscometer to measure
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the rheological characteristics of milk may somehow predict cheese yield
(López Galvez, 1993).
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4.1. Mastitis

Mastitis is defined as an inflammatory reaction of the mammary gland (IDF,
1987) and represents an indicator of the udder health status (Pinto et al.,
2013). This disease has a wide impact over animal welfare and production, and
produces great economic losses in the dairy industry. This is specially evident
in subclinical mastitis, which affects around 50% of dairy ewes, while clinical
mastitis only affects 5 %.

4.1.1. Mastitis classification

1. According to course:

a) Acute: they appear frequently after lambing, as a result of a bacterial
infection due to wounds in the udder or systemic infections. They
are easily recognizable because of the sudden appearance and the
physical changes in milk (lumps), so as in the descent of its secretion.
They can be followed by anorexia, depression and fever. Severe cases
can evolve into acute gangrenous mastitis, where milk secretion
stops and a continuous discharge of a bloody exudate is observed
in necrotized tissues.

b) Chronic: swelling of the mammary gland and the cistern is observed,
as well as possible tissular edema, aqueous milk, and lumps or clots
in the first streams during milking.

2. According to clinic

a) Clinical: characterized by visible abnormalities in milk (lumps, clots
or aqueous appearance), as well as by sudden symptoms (pain
and swelling) and a descent in milk production. Animals may
be systemically affected, presenting fever and dehydration, and
refusing to eat.

b) Subclinical: consisting in an inflammation of the mammary gland
with no visible changes in milk or in the udder. Despite affected
ewes look apparently normal, their production and quality of milk
diminish, and they become a source of infection for other animals in
the flock. This type of mastitis is difficult to recognize, and requires
special diagnosis tests for its detection.
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Table 4.1: Reservoirs and routes of transmission of several microorganisms
causing mastitis.1

MICROORGANISM RESERVOIR TRANSMISSION

Staphylococcus aureus Infected udder Milking machine
Streptococcus agalactiae Infected udder Milking machine
Arcanobacterium pyogenes Infected udder, litter Flies
Streptococcus uberis Litter Udder preparation and repose
Pseudomonas Water Repose
Enterobacteria Litter Udder preparation and repose
Prototheca Water and syringes Treatments
Serratia Litter Repose and pre-dipping
Yeasts Environment Treatments
Bacillus cereus Mud Repose
Mycoplasma Infected udder Milking machine
Corynebacterium bovis Infected udder Bad disinfection

4.1.2. Economic impact of mastitis in sheep

Mastitis is probably the disease that produces the highest economic losses in
small ruminant livestock worldwide. Based on the degree of affection, sanitary
and economic effects may vary. Clinical mastitis only represents a small part of
financial losses, while subclinical cases represent their main source, due to a
higher incidence and the difficulty to be identified (Watson and Buswell, 1984;
Batavani et al., 2003).

It is subclinical mastitis what produces economic losses directly related with
production. Infected ewes reduce significantly their milk production compared
to healthy animals. Starvation may occur in some cases when milk yield is
severely diminished, causing death or deficient growth/development of the
lambs (Torres Mañas, 2003).

On the other hand, hygienic and sanitary quality of mastitic milk strongly affects
processing in the cheese industry, giving as result a worsening of the quality and
conservation of the products (Pellegrini et al., 1996). Several factors such as an
increase of plasmin activity in milk from animals with udder infections, may
have an effect on cheese yield due to proteolysis of caseins (Albenzio et al.,
2009).

All these factors concern profitability of the flocks and farms, and compel to
apply mastitis control and prevention specific programs (Tardáguila, 1999).
Thus, other financial losses come up from added costs due to medical

1Source: www.solomamitis.com
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treatments, disposal of milk with antibiotic residues, and an increase of animal
replacement in the flock (Torres Mañas, 2003). Therefore, specific medical
treatments are only considered if the cost does not exceed the economic value
of the affected animal (Suárez, 2007).

4.1.3. Control of mastitis in dairy sheep

To control mastitis in the flock it is essential to avoid new infections and to
reduce prevalence (Torres Mañas, 2003). Treatment and cure of mastitis, as well
as prevention of its propagation, are more efficient if applied during the drying
of the ewes, mainly in those cases where the disease is revealed subclinical.

It is crucial to treat with antimicrobial drugs in the moment the ewes are dried.
The implementation of this treatment may be total (all ewes and udders are
treated) or selective (only infected animals are treated). However, in flocks with
strong seasonal production and long dry periods, total treatment has shown to
be more effective (Torres Mañas, 2003).

To avoid mastitis transmission it is also essential to implement a good milking
routine: the first batch of animals to be milked shall be the one with the
healthy ewes, followed by the batch of ewes positive to mastitis tests. Animals
in treatment must be isolated from the rest and milked by hand, considering
that these isolation periods must be longer in sheep than in cows. The milking
machine must be often thoroughly inspected, replacing clusters and milk tubes,
and avoiding bad habits such as over-milking or removing the teat cups without
turning off the vacuum (Suárez, 2007).

4.1.4. Diagnostic methods for mastitis

1. Visualization and palpation: having access to the clinical, productive
and reproductive history of the animals is basic before examining the
mammary gland. Palpation of lymphatic nodes and the udder (both full
and freshly milked) must be performed to verify existing abnormalities,
since a decrease in milk production or visible physical changes may
represent the first evidence of mastitis.

2. Physical tests:

a) Milking bowl test: based on the direct observation of lumps when
milk is poured over a black fabric covering the milking bowl.

b) Black fabric test: based on the detection of milk lumps by passing
the first streams through a black fabric mesh during milking.
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c) Test cup: the first streams of milk are poured into a dark background
container, so that clots, lumps, or any alteration in color and density
can be evidenced.

3. Chemical tests:

a) Electrical conductivity of milk: milk conductivity increases with
mastitis due to the increment of sodium (Na+), chloride (Cl�) and
potasium (K+). These changes in conductivity can be converted
into a computer readable signal and, therefore, quantified (Pyörälä,
2003).

b) pH indicator paper: a few drops of milk are poured over the
indicator paper. Animals with a pH of milk above 7 are suspected
to have mastitis.

c) Whiteside test: it is based on an excess of leukocytes in milk. A
small amount of NaOH is placed on a glass, and 5 drops of fresh
milk are added, mixing with a small glass rod for about 20 seconds.
Milk negative to mastitis remains liquid, while positive milk forms a
precipitate with variable density, depending on the level of infection.

4. Biological tests:

a) California Mastitis Test (CMT): this test provides a useful technique
for detecting subclinical mastitis. It operates by disrupting the cell
membrane of any cells present in milk, allowing the DNA to react
with the test reagent forming a gel (White et al., 2005). Milk samples
(2 ml) are drawn into a four-well plastic paddle and a special reagent
(CMT-Test) is added while agitating gently. The level of mastitis
is categorized visually according to the viscosity of the reaction:
negative (0), trace (T), weak positive (1), distinct positive (2) and
strong positive (3).

b) Wisconsin Mastitis Test (WMT): designed to be performed in the
laboratory. The procedure is similar to CMT, but results are
quantitatively measured depending on viscosity. Milk (2 ml) is
pipetted in a graduated tube and a 2 ml mixture of CMT-Test
reagent and deionized water (1:1) is added. After being stirred for
10 seconds and left at room temperature, results are obtained by
comparing the mixture in the tube with a specific table published
for this test.

c) Somatic Cell Count (SCC): it allows to evaluate with more precision
the health and functional status of the udder. Several methods can
determine directly or indirectly the concentration of somatic cells
in milk, such as direct counting with a microscope, Fluoro-opto-
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electronic cell-counting (FossomaticTM), or the Counter Coulter.

5. Microbiological tests: isolation and culture of microorganisms represent
an important path to identify the etiological agent causing mastitis.
However, despite of the low investment in material and equipment, results
are not immediate, taking minimally 24 hours before they are delivered
(Bikker et al., 2014).

4.2. Somatic cells

Somatic cell count is used as an indicator to evaluate milk quality and define
its price (Haenlein, 2001; Kalantzopoulos et al., 2004; Raynal-Ljutovac et al.,
2005). An increase of somatic cells in milk is a sign of an alteration of the
product and a resulting loss of its quality. Mastitis is the main cause of high
somatic cell counts in milk, although other factors like oestrous or late lactation
may act as triggers (Albenzio et al., 2005).

The cells reflected in these counts (mainly leukocytes or white cells) come
from blood and from the epitelial tissue of the mammary gland (cells from
the secretory tissue). Around 98% of somatic cells are polymorphonuclear
neutrophils (PMN) and macrophages (Paape et al., 2003) that make their way
from blood to the alveolar lumen as a response to the bacterial infection of
the udder (Hernandez and Bedolla, 2008). The most numerous cells during
mastitis are polymorphonuclear granulocytes, which recognize and phagocytize
bacteria.

PMNs represent the first immunologic barrier against bacterial infection of the
mammary gland, protecting it through phagocytosis and intracellular death
by using bactericidal enzymes and oxi radicals (Prin-Mathieu et al., 2002). In
pathologic processes, PMNs can represent over 95 % of total cells in milk.

Macrophages are monocytes that migrate from the capillaries to the interior
of the mammary gland, initiating inflammation. Not only do they phagocytize
bacteria or aged cells, but they present the bacterial antigens to lymphocytes.

Lymphocytes recognize antigens through specific membrane receptors for each
invader pathogen. There are two different types of lymphocytes with different
roles: B-cells and T-cells. The first ones, which represent about 20 % of the total
lymphocytes, recognize the antigen, creating specific antibodies that are locally
released. T-cells, on the other hand, destroy the antigens by direct contact,
producing lymphokines that activate the major histocompatibility complex.
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4.2.1. Causes of high somatic cell counts in milk

1. Infection of the udder: the mammary gland may be affected by two
different types of microorganisms:

a) Infectious pathogenic microorganisms: such
as Staphylococcus aureus, Streptococcus agalactiae, etc. Infectious
bacteria are spread among the ewe’s udders or in between animals
in the herd, as a result of a poor practice during milking.

b) Environmental pathogenic microorganisms: such as
other Streptococcus, Corynebacterium bovis and coagulase-negative
Staphylococcus. Environmental bateria are secondary opportunistic
pathogens present in the surroundings of the animals (skin, manger,
puddles, etc.) and they penetrate the udder under particular health
conditions.

2. Age of the animal and stage of lactation (SL): several authors reported
an effect of SL over SCC in dairy cows, due to an increase of mastitis
through the productive life of the animals (De Haas et al., 2004; García,
2004). For this reason, multiparous animals generally present higher
incidence of mastitis. Also, as milk production diminishes at the end of
lactation, somatic cells are concentrated in a lower volume of milk, so
SCC/ml increases (Carrión, 2001).

3. Stress: any stressful situation affecting the animals may increase somatic
cells in milk. Thus, estrus or infectious diseases can raise SCC.

4. Daily and annual fluctuations: SCC in milk from evening milking are
generally higher due to a low production. This concentration effect is
caused by an increase of the milking interval. Also, some authors have
recorded higher SCC in summer than in winter (Blowey and Edmondson,
1995).

5. Lesions of the udder: these appear due to over-milking, an improper
use of the milking machine, or bad conditions of the milk tubes and teat
cups. Also improper or poorly designed facilities may cause injuries in the
udder.

6. Physiological variations: Saran and Chaffer (2000) found that SCC were
slightly higher in milk from cows in heat.

4.2.2. Somatic cell levels in ewe milk

The lack of data in small ruminants can lead to errors in the diagnosis of
subclinical mastitis and, thus, in the establishment of standard SCC values of
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sheep and goat milk (Pinto et al., 2013). Diagnostic limits for SCC in ewe milk
are still discussed, specially in European countries (Boyazoglu and Morand-
Fehr, 2001; Bergonier et al., 2003). Unlike in bovine milk, where SCC limits
have been legally established, there is no EU Directive that applies to sheep
milk. Consequently, no legal limits to categorize SCC have yet been established
for small ruminants (Paape et al., 2007; Raynal-Ljutovac et al., 2007).

There is a great deal of controversy regarding acceptable somatic cell
concentrations in ewe milk. Konig et al. (1985) suggested that SCC
around 2000⇥103 cells/ml can be considered normal. Barbosa et al. (1994)
recommended a limit of 1500⇥103 cells/ml for bulk tank somatic cell count
in small ruminants. To the contrary, Boyazoglu and Morand-Fehr (2001)
established this same value as a sign of subclinical mastitis. Bianchi et al.
(2004), considered subclinical mastitis when SCC exceeded 500⇥103 cells/ml.
Meanwhile, Gonzalo et al. (2000) established 3 sanitary categories regarding
bulk tank somatic cell counts in sheep: good health condition (SCC< 500⇥103),
with an average of 30% of the flock affected; intermediate health condition
(SCC between 500⇥103 and 1000⇥103), with around 40 % of the flock affected;
and bad health condition (SCC > 1000⇥103), with an udder infection rate
above 45 % of the flock.

Bulk milk SCC mainly evaluates the level of subclinical mastitis and is used:
1) to determine the prevalence and evaluate control in dairy herds; 2) as an
indicator to evaluate the price of milk in payment schemes; 3) as a monitor of
hygienic production and milk safety (Smith, 1996).
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5.1. Proteolysis in milk

Proteolysis potentially affects all dairy products (Saint-Denis et al., 2001a). This
results in a lower quality of the products, the development of bitter flavours
in UHT milks, a decrease in cheese yield and a degradation of caseins during
storage and ripening (Bastian and Brown, 1996; Mara et al., 1998). Proteolysis
in milk may have two different origins:

1. Psychrotrophic microorganisms that produce and release heat resistant
proteases during refrigerated storage of milk (Fairbairn and Law, 1986).

2. A deterioration of the udder and appearance of mastitis, which produces
an increase of endogenous proteases (Le Roux et al., 1995). Thus, high
SCC in milk enhance the presence of numerous protease and lipase
enzymes that might alter organoleptic properties of the final product.

It is a proven fact that proteolytic enzymes in milk have the following common
characteristics (Callejo Ramos, 2015):

1. Their action begins in the second day and is maximum in the fifth day.

2. The optimal pH is 7.8, and at 40-50ºC they reach their highest activity,
though they are still active at low temperature and pH.

3. Thermostability reaches 150ºC, what makes them active in pasteurized
and UHT milks, with all the problems that this entails.

4. They diminish heat stability of milk, which tends to coagulate.

5. They cause degradation of caseins, what leads to a drop in the yield during
cheesemaking and an increase of nitrogen in whey.

6. They modify sensorial properties of milk, which loses freshness, and
develops bitter or even rotten flavours.

Since the indigenous milk enzymes have no essential beneficial effect on the
nutritional or organoleptic attributes of milk, their destruction by heat is one of
the objectives of many dairy processes (Fox and Kelly, 2006).

5.2. The plasmin system

Plasmin is an alkaline serine proteinase, analogous to the blood serum enzyme
(Bastian and Brown, 1996). This enzyme is present in milk as its zymogen
plasminogen, which activates to plasmin when SCC exceeds 500⇥103 cells/ml.
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Milk contains the complete plasmin system (PL system): plasmin (PL),
plasminogen (PG) and a complex structure of plasminogen activators (PA),
plasminogen activator inhibitors (PAI) and plasmin inhibitors (PI) (Ismail et al.,
2006). The whole PL system enters milk from blood, where it plays an important
role in the degradation of fibrin clots (Sidelmann et al., 2000). In milk, PL, PG
and PA are associated with the casein micelle (Politis, 1996), whereas PAI and
PI are soluble in the whey. There are two types of plasminogen activators: a
tissue-type PA (t-PA) and a urokinase-type PA (u-PA) Politis (1996). Regarding
the inhibitors of the PL system, Christensen et al. (1995) reported at least 6
types of PAI. Two of them have been already isolated in milk and identified as
PAI-1 and PAI-2 (Politis, 1996).

5.3. Influence of the plasmin system on fresh milk and
cheese

The PL system plays an important role in the breakdown of casein, reducing
cheese yield and casein content due to the leakage of proteose-peptones into
whey (Albenzio et al., 2009). Plasmin mainly attacks � -CN, ↵S2-CN and ↵S1-CN
(susceptible in that particular order). However, -CN seems to resist its effect,
though some experiments have reported that it can be affected under certain
conditions (Groves et al., 1998). Plasmin activity tends to increase due to udder
infections or advanced stages of lactation (Fox and Kelly, 2006).

In cheese, plasmin-induced proteolysis can contribute to the appearance of
some particular desirable flavours and textures during ripening (Ismail and
Nielsen, 2010). Meanwhile, other authors associated an intense plasmin activity
as a cause of development of bitter peptides (Habibi-Najafi et al., 1996; Sousa
et al., 2001). This seems to be more frequent in high-cooked cheese varieties
(Fox and Kelly, 2006).

In milk (wether raw, pasteurized or UHT), to the contrary, proteolysis is the
cause of undesirable effects. In severe cases, casein hydrolysis induced by
plasmin may greatly affect rennet coagulation (Srinivasan and Lucey, 2002;
Albenzio et al., 2005). This represents an important issue concerning the dairy
sheep industry, as almost all milk production is intended for cheesemaking.
Thus, proteolysis causes a reduction of the processing capacity of milk into
cheese, as well as changes in its composition and the development of bitter
flavours in processed products (Guerrero et al., 2003).

Existing variations in the activity of endogenous enzymes are relevant, not
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only due to their physiological role, but as milk quality indicators in terms
of coagulation (Albenzio et al., 2009). It is important to investigate if specific
enzymatic activities are associated with different types of somatic cells in bulk
tank. Controlling plasmin activity could lead to an improvement of quality in the
dairy industry, perhaps also reducing production costs. Therefore, proteolysis
induced by this enzyme has acquired strong interest from researchers, due to
its complexity and versatile effects over the quality of milk and dairy products
(Ismail and Nielsen, 2010).

5.4. The structure and biochemical characteristics of
plasmin

Plasmin consists of two polypeptide chains, connected by two interchain
disulphide bridges (Ogston, 1980):

A heavy chain (A) with a molecular weight of around 60000 from the
NH2 terminal chain.

A light chain (B), with a molecular weight of about 25000 from the
COOH-terminal end.

Figure 5.1: Three-dimensional structure of plasmin.

Plasmin exhibits optimal activity at pH 7.5 and 37ºC, so the physiological
conditions of the udder represent an ideal environment (Gazi et al., 2014). It
is considerably stable to heat and partially survives UHT processing. Plasmin is
highly specific and preferentially attacks peptide bonds containing Lysine (Lys)
or Arginine (Arg) in the N-terminal end. A substantial number of blood plasma
proteins are susceptible to the action of plasmin, including coagulation factors V
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and VII, components of the complement system, the hormones ACTH, glucagon
and somatotrophin and fibrinogen (Ogston, 1980). However, in milk the main
substrate of plasmin is � -CN, from which it produces �1-CN, �2-CN, �3-CN and
proteose-peptones (Fox and Kelly, 2006).

5.5. The determination of plasmin in milk

Numerous authors have proposed several protocols to measure plasmin and
plasminogen (after its activation into plasmin) activity in dairy products (Saint-
Denis et al., 2001a). Most of these assays use synthetic peptide substrates
that are hydrolysed to chromogenic or fluorogenic products (see section
5.5.1). However, new methodologies are currently being developed and enable
to quickly detect proteolytic activity, such as the Quantiflour®-P (Promega
Corporation, Madison USA) or the W2 Optronic’s handheld flourometer
(Jiangsu, China). In a recent paper, Bikker et al. (2014) describes the design
and synthesis of new taylor made plasmin substrates as a potential diagnostic
tool to test for mastitis.

5.5.1. Complications in the measurement of plasmin activity

Investigation of endogenous enzymes is hampered by the fact that each
research group uses multiple assay methodologies (Kelly et al., 2006). A good
example of these complications involves plasmin, since one fluorimetric and
two spectrophotometric assays are currently in use, and employ the following
substrates:

a) N-Suc-Ala-Phe-Lys-7-amido-4-methyl coumarin1 (Richardson and Pierce,
1981).

b) D-Val-Leu-Lys-p-nitroanilide2 (Rollema et al., 1983).

c) HD-Norleucyl-hexahydrotyrosyl-lysine-p-nitroanilide3 (Lu and Nielsen,
1993).

Several methods to prepare milk samples for plasmin assays have also been
published (Fox and Kelly, 2006). This fact, together with the diversity of peptide
substrates and units used to express experimental results (tables 5.1 and 5.2)
represent a clear issue when attempting to develop an overview of factors that
affect plasmin activity (Kelly et al., 2006).

1S-0763, fluorimetric.
2S-2251, spectrophotometric.
3Spectroyme-PL, spectrophotometric.
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Figure 5.2: D-Val-Leu-Lys-p-nitroanilide (S-2251).

Regarding plasmin, the choice of the most suitable technique to measure
enzymatic activity is complicated by the fact that, during incubation and storage
of milk, plasmin activity might be increased (due to plasminogen activation)
or reduced (due to autolysis). In addition, some authors have reported an
enhancement of plasminogen activation by two of the most common plasmin
substrates: S-2251 (figure 5.2) and Spectrozyme-PL (Kolev et al., 1995).

5.6. Other endogenous proteinases in milk

5.6.1. Cathepsin D

Cathepsin D is a lysosomal aspartic proteinase with a low pH optimum (Hurley
et al., 2000). It is the second major proteinase in milk, and its presence was
first demonstrated by Kaminogawa and Yamauchi (1972), and subsequently
confirmed by Larsen et al. (1993). As well as plasmin, cathepsin D is part of
a complex system, including its inactive zymogen, procathepsin D, and other
inactive precursors (Fox and Kelly, 2006). The levels of this enzyme in milk are
significantly correlated with SCC as it is originated in the lysosomes of somatic
cells (Considine et al., 2004). Its concentration in milk is approximately 0.4
µg/ml and it is mainly present in the whey (Larsen et al., 2000).

Cathepsin D contributes to casein breakdown. It can hydrolyse -CN and
degrades both ↵S1-CN and � -CN displaying a proteolytic activity similar to
chymosin (Albenzio et al., 2009). At considerably high concentrations, it is able
to coagulate milk (Hurley et al., 2000). However, coagulation of milk due to
cathepsin D is not possible under normal conditions (Moatsou, 2010).

According to Larsen et al. (2000) and Hayes et al. (2001), cathepsin D partially
survives pasteurisation, may affect the storage of dairy products, and can induce
proteolysis during cheese ripening.
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5.6.2. Cathepsin B

Cathepsin B is a cysteine proteinase activated by dithiothreitol (DTT). It has a
pH optimum of 6.0 and is inactivated at pH values above 7.0 (Kirschke et al.,
1998). This enzyme in milk seems to be heat-stable and can partially survive
(at more than 20%) conventional pasteurisation (Moatsou, 2010).

Cathepsin B cleaves � -CN and ↵S1-CN at several cleavage sites, which seem
to be close or identical to those specific for plasmin, giving as a result a
large number of peptides. Therefore, its activity might be significant regarding
proteolysis in dairy products (Considine et al., 2004). In addition, the activity of
cathepsin B is also comparable to that found for chymosin, as it cleaves similar
sites on � -CN and ↵S1-CN (Moatsou, 2010).

5.6.3. Elastase

Elastase is a neutral serine-type proteinase mainly associated with PMNs
(Albenzio et al., 2009). It seems to be present in milk only in cases of high
SCC, as it has been isolated from milk during experimentally induced mastitis
(Prin-Mathieu et al., 2002).

It specifically cleaves ↵S1-CN and � -CN, producing an impact on the quality
of milk (Considine et al., (2000). Due to this, some authors have associated
the action of elastase with the presence of several peptides in high SCC milk
(Moussaoui et al., 2003; Nabhan et al., 2004). Elastase can produce hydrolysis
of some proteins to fragments that are capable of inhibiting urokinase-type PA
(u-PA), and also cleave plasminogen activators (PA) and plasmin (Kelly et al.,
2006).

Elastase activity increases constantly during lactation (Moatsou, 2010). These
changes in elastase levels in milk are parallel to those found in PMNs, what
suggests that elastase concentration could be a reliable indicator of mammary
gland involution in healthy udders (Albenzio et al., 2009).

5.6.4. Other minor proteinases

Somatic cells also contain several other proteinases (including cathepsins L and
G), which at this time have been scarcely studied (Kelly and McSweeney, 2003).
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Aims of the doctoral thesis

AIM 1

To study the effect of stage of lactation and parity over composition, renneting
properties, hygienic and sanitary parameters, and plasmin activity in Manchega
ewe milk.

AIM 2

To determine how the udder health status affects milk composition and
coagulation, as well as the enzymatic activity of plasmin.

AIM 3

To evaluate the influence of plasmin activity on milk composition and rennet
coagulation.
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6.1. Experimental animals

40 Manchega ewes from the province of Ciudad Real (Castilla La-Mancha,
Spain) were used in this study. The source of origin of all animals was the farm
La Nava Del Conejo, in the region of Valdepeñas.

6.2. Material for milk sample collection

· 100 ml hermetically sealed containers for general tests.

· 50 ml hermetically sealed containers for chemical composition analyses
and somatic cell counts.

· Self-adhesive labels for identification.

· Manual milking equipment.

· Azidiol (as a preservative for milk samples).

· Disposable dispensing pipettes.

· Cotton wool and ethanol for disinfection of the udder.

· Container racks.

· Portable coolers and gel ice packs.

6.3. Laboratory equipment and supplies

6.3.1. Rennet coagulation tests

· FormagraphTM viscometer (Foss Electric, Hillerød, Denmark), consisting of:

a) Sample cuvettes, each one with capacity for 10 milk samples.

b) A service module that heats the sample cuvettes and the milk, and
controls the temperature of the device.

c) A recorder module, consisting of a ten-channel recording system.
Each channel comprises a pendulum connected to a computer by a
digital circuit.

· Liquid rennet (bovine chymosine 80% - pepsine 20 %).

· Pipetman ClassicTM variable volume micropipettes (Gilson, S.A.S., Villiers-
le-Bel, France).

· Multiple spoon apparatus.
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6.3.2. Physico-chemical analyses and milk composition

· Crisson Basic 20® pH meter (Crisson Instruments S.A., Barcelona, Spain).

· Milko-ScanTM FT-6000 (Foss Electric, Hillerød, Denmark), consisting of:

a) An homogenizer and a sampling pump.
b) A double-beam spectrophotometer, modified so it can detect

quick changes in wavelength to obtain separate results for all
compositional parameters.

c) A control unit that converts the signal from the spectrophotometer
into a direct reading value (in percentage) to be displayed in the
viewing panel or directly transferred to a computer.

· Precisterm® thermostatic bath (J.P. Selecta S.A., Barcelona, Spain), with
40 litres capacity and adjustable temperature (5-110ºC).

6.3.3. Somatic cell count

· FossomaticTM Minor cell counter (Foss Electric, Hillerød, Denmark).
· Rainin® EDP-PlusTM electronic pipette (Mettler-Toledo S.A.E., Barcelona,

Spain).
· Disposable pippete tips.
· 10 ml test tubes.
· Test tube racks.

6.3.4. Determination of ash content

· Analytical laboratory balance (sensitivity 0.1 mg).
· Desiccator with silica gel.
· Laboratory drying oven.
· Muffle furnace.
· Crucibles (65 mm diameter ⇥ 34 mm height).

6.3.5. Determination of plasmin activity

· Trisodium citrate 0.4 M (2%).
· 50 mM tris-HCl buffer (pH 7.5).
· N-succinyl-L-alanyl-L-phenylalanyl-L-lysyl-7-amino-4-methyl coumarin.
· 7-amido-4-methyl coumarin (AMC, 0.3 nmol)
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6.3.6. Urea polyacrylamide gel electrophoresis

· Electrophoresis unit.
· Eppendorf microcentrifuge tubes.
· Pipetman ClassicTM variable volume micropipettes (Gilson, S.A.S., Villiers-

le-Bel, France).
· Whatman® filter paper No. 1 and No. 113.
· Tris (hydroxymethyl) methyl amine.
· Urea.
· Glycine.
· Potassium hydroxide.
· Bromophenol blue.
· Coomassie brilliant blue G 250.
· 2-Mercaptoethanol.
· Hydrochloric acid (HCl).
· Sulphuric acid (H2SO4).
· Trichloroacetic acid (C2HCl3O2).
· Acrylamide solution.
· Methylene bisacrylamide (N,N Methylene diacramylide).
· Tetramethylethylenediamine (TEMED).
· Ammonium persulphate.
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7.1. Sample collection and processing

The choice of the farm and the sampling protocol were managed by
Regional Institute Of Animal Selection and Reproduction Of Castilla-La Mancha
(CERSYRA). All sampled animals came from a single source to avoid the effect
of factors such as feeding and nutrition or animal management. Thereby, milk
from 40 Manchega ewes was analyzed during a whole lactation (5 months).
Samples from left and right udder of each animal were collected monthly and
tested in 3 different laboratories:

Interprofessional Dairy Laboratory Of Castilla-La Mancha (LILCAM),
Spain: physico-chemical composition and somatic cell count.

Dairy Small Ruminants Laboratory, University of Córdoba (UCO),
Spain: rennet coagulation, ash content.

Food Science Laboratory 227, University College Cork (UCC), Ireland:
plasmin activity and Urea-PAGE electrophoresis.

7.2. Laboratory methods

Figure 7.1 is a flow chart describing all the tests performed in the laboratory,
which will be thoroughly detailed in the following sections.

7.2.1. Rennet coagulation tests

All milk samples were preheated to 32ºC in a thermostatic bath, and gently
stirred to homogenize its components. Renneting parameters were monitored
using a FormagraphTM viscometer, based on the oscillatory motion of circular
pendula immersed in milk during coagulation (figure 7.2).

In the recorder module, samples were brought into contact with the pendulum
loops. While the milk remains uncoagulated, insufficient force is transmitted to
the pendulum from the linearly oscillating milk to cause the pendulum to move.
When coagulation occurs, the resultant increase in viscosity and formation
of a curd causes synchronous motion of the pendulum. This information is
transferred to a computer, where the result of the pendulum movements is
represented in a diagram (figure 7.3).

1. Rennet clotting time (RCT): it represents the time elapsed (in minutes)
until the formation of the curd. Its value is determined by measuring
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Figure 7.2: Pendulum structure in the FormagraphTM.

distance from the origin to the point where the baseline begins to increase
in width.

2. Curd firming time (k20): it represents the time (in minutes) from the
start of gel development until a width of 20 mm is reached on the chart.

3. Curd firmness at 30 (A30) and 60 (A60) minutes: they represent the
width of the diagram (in mm) at 30 and 60 minutes, respectively.

Figure 7.3: Diagram of coagulation and curd firmness as recorded with the
FormagraphTM.
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After performing the analysis (60 minutes), the resulting curds were
individually placed in centrifuge tubes and cut with a spatula. All tubes were
then centrifuged for 30 minutes at 2800⇥g and 37ºC, to separate the curd from
the whey. Finally, the drained curds were individually weighted to calculate the
yield (Serrano, 1999).

7.2.2. Physico-chemical analyses and milk composition

The initial pH of milk was measured with a pH meter at 20ºC while stirring
the samples to homogenize all components. After the measurement of pH,
all samples were heated to 35-40ºC in a thermostatic bath to increase their
temperature in order to perform further analyses.

Milk composition was performed by direct measurement of the percentage of
fat, crude protein, lactose, total solids, casein, and urea, using a MilkoscanTM

FT-6000. This device works with mid-infrared spectroscopy, and is based on the
premise that most organic compounds selectively absorb certain wavelenghts
within the infrared region of the electromagnetic spectrum.

7.2.3. Somatic cell count

Somatic cell count was measured using a FossomaticTM Minor cell counter (figure
7.4). This device is based in the principle of DNA staining with ethidium
bromide. Once the genetic material is stained, a blue light beam strikes over the
sample, and the fluorescence emission is registered by a fluorescence detector.
A signal is sent to the computer, and the operating result is displayed on the
screen. This fluorescence emission is proportional to the amount of DNA in the
sample and, therefore, to somatic cell concentration in milk.

To perform this test, 2 ml of deionized water were added to 2 ml of milk. This
dilution was made to avoid the obstruction of the device due to the high density
of ewe milk, since the FossomaticTM is optimized to analyze bovine milk.

After the sample intake, ethidium bromide is added to milk. Stained cells
are counted in a small chamber directly connected to the computer for
data processing (figure 7.5). Once the analysis is performed, FossomaticTM

automatically activates an internal cleansing program that makes use of two
different detergents (Clean I and Clean 2) to remove residual cells from the
circuit.
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Figure 7.4: FossomaticTM Minor Cell Counter.

Figure 7.5: Internal components of FossomaticTM.
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7.2.4. Determination of ash content

Ash content in milk is defined as the resulting product of the incineration of
total solids, expressed in weight percentage.

Frozen milk samples (-20ºC) were defrosted in a cooling chamber and then kept
for 30 minutes at room temperature until analysis. Milk (10 ml) was pipetted
into crucibles and dried in a laboratory oven for 24 hours to obtain total solids.
After this time, crucibles were put into a muffle furnace for 2 hours at 550ºC.
Finally, crucibles were stored in a desiccator with silica gel for around 30-45
minutes. The crucibles were then weighted and the ash content was calculated
according to the following formula:

Ash (%) =
M �m

p
⇥ 100

M = weight of the crucible + ash (once cooled).
m = weight of the crucible (empty).
p = weight (g) of 10 ml milk.

7.2.5. Determination of plasmin activity

Plasmin activity was measured following the method developed by Richardson
and Pierce (1981), using as a substrate the peptide N-succinyl-L-alanyl-L-
phenylalanyl-L-lysyl-7-amino-4-methyl coumarin.

As described in chapter 5, plasmin is a serine proteinase with trypsin-like
specificity, and cleaves polypeptides preferentially at Lys-X or Arg-X bonds.
When the substrate is cleaved, the fluorophor 7-amino-4-methyl coumarin
is released (figure 7.6), and can be quantified with a fluorimeter at the
wavelenghths of 380 nm (excitation) and 460 nm (emission).

1. Milk (3 ml) was added to 1 ml 0.4M trisodium citrate and mixed gently
using a StomacherTM.

2. The mixture was centrifuged at 29000⇥g for 20 minutes at 4°C, and the
supernatant was filtered through Whatman® No. 1 filter paper.

3. 825 µl 50mM Tris-HCl buffer (pH 7.5) were added to 50 µl filtrate, and
the mixture was incubated for 5 minutes at room temperature.
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Figure 7.6: Action of plasmin over the substrate.

4. The reaction was initiated by adding 225 µl substrate (5 mg coumarin
peptide in 1.33 ml dimethylsulphoxide and 5.33 ml 50mM tris-HCl buffer,
pH 7.5).

5. From that moment on, the fluorescence intensity was measured at 5
minute intervals over a period of 35 minutes. For the samples graph,
fluorescence units were plotted against time, and the slope of the curve
was determined.

6. A standard curve was constructed using 7-amido-4-methyl coumarin
(AMC). A standard solution of AMC was prepared by dissolving 13.4 mg
AMC in 5 ml dimethyl sulphoxide. Once dissolved the solution was diluted
to 250 ml with 0.05M Tris-HCl buffer pH 7.5, to give a concentration
of 300⇥10-6M AMC. The solution was protected from light and stored
at 40ºC. Further dilution (1 in 100) with Tris buffer gave 300⇥10-8M
(solution A). This solution was diluted 1 in 10 with Tris buffer to give
300⇥10-9M (solution B). Several dilutions of solution B were used to draw
the standard curve by plotting a graph of fluorescence units against AMC
concentration, checking it was linear.

The slope of the samples curve (determined in step 5) was plotted on the x-
axis of the standard curve. It was extrapolated from this point across until it hit
the line of the graph and then down to the y- axis. The y-axis value was then
multiplied by the dilution factors to give a result in nmols AMC min-1 ml-1.
Plasmin activity was then determined, defining one unit of plasmin activity
as the activity necessary to release 1 nmol AMC min-1 ml-1 milk under the
conditions of the assay.
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Dilution factors:
50 µL filtrate (1100/50).
3 ml milk + 1 ml trisodium citrate (40/30).

7.2.6. Urea polyacrylamide gel electrophoresis

7.2.6.1. Stock solutions

The chemicals described in section 6.3.6 were used to prepare the stock
solutions.

1. Acrylamide solution (40%): stored at 4ºC.

2. Stacking gel buffer:
· 4.15 g Tris.
· 150 g urea.
· 2.2 ml concentrated HCl.

Dissolved in, and made up to 500 ml with deionized water, adjusting the
pH to 7.6 with 2N HCl.

3. Separating gel buffer:
· 32.15 g Tris.
· 192.85 g urea.
· 2.86 ml concentrated HCl.

Dissolved in and made up to 500 ml with deionized water, adjusting the
pH to 8.9 with 2N HCl.

4. Electrode buffer:
· 15 g Tris.
· 73 g glycine.

Dissolved in and made up to 5 litres with deionized water, adjusting The
pH to 8.4 with HCl 2N. The resulting solution was stored at 4ºC.

5. Sample buffer:
· 0.75 g Tris.
· 49 g urea.
· 0.4 ml concentrated HCl.
· 0.7 ml 2-mercaptoethanol.
· 0.15 g bromofenol blue.

Dissolved in and made up to 100 ml with deionized water while heating
slightly. As milk samples were liquid, a double strength sample buffer
was prepared to compensate for the dilution. This double strength sample
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buffer was prepared by doubling the concentration of all reagents, except
for urea (due to its solubility).

6. Ammonium persulfate: diluted in deionized water (10%). 1 ml aliquots
were placed into Eppendorfs and frozen (-20 °C). One Eppendorf was
removed for use on each occasion and then discarded.

7. Staining solution: 1M sulphuric acid was prepared by carefully adding 54
ml of concentrated acid to approximately 900 ml of deionized water. The
solution was allowed to cool and diluted to 1 litre. Then, 2 g of coomassie
brilliant blue G 250 were dissolved in 500 ml of water and also diluted
to 1 litre. The acid solution was slowly added to the stain solution and
hold overnight. The day after, the resulting solution was filtered through
Whatman® No. 1 paper and 9 volumes of filtrate were added to 1 volume
of 10M potassium hydroxide. Finally, solid trichloroacetic acid was added
to this solution in a 5 litre plastic beaker, so that the final concentration
of trichloroacetic acid was 12 %.

7.2.6.2. Gel solutions

The gel solutions were prepared just before pouring the gel, which was done
the day before running.

1. Stacking gel solution:
· 5 ml acrylamide solution.
· 45 ml stacking gel buffer.
· 0.1 g methylene bisacrylamide.

The above are mixed together and filtered through Whatman® No. 113
filter paper. To the filtrate are added 25 µl of TEMED.

2. Separating gel solution:
· 22.5 ml acrylamide solution.
· 52.5 ml separating gel buffer.
· 0.375 g methylene bisacrylamide.

The above are mixed together and filtered through Whatman® No. 113
filter paper. To the filtrate are added 37.5 µl of TEMED.

3. Sample preparation: samples were dissolved in 1 ml sample buffer and
heated for a few minutes.

7.2.6.3. Electrophoresis

The electrophoresis unit was assembled according to the manufacturer’s
instructions. Immediately before use, 282 µl ammonium persulphate solution
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were added to the separating gel solution to initiate the polymerization. Two
(1 mm thick) gels were then poured so that the level of the top of the gel was
such to allow about 2.5 cm of stacking gel below the level of the bottom of the
wells. A layer of water was then gently overlaid on top of the gel and the gel was
allowed to stand until polymerization was complete (usually 40-60 minutes).

The layer of water was removed using filter paper and 300 µl ammonium
persulphate were added to the stacking gel solution. This new solution was
poured and a slot-former was placed in position, allowing polymerization (60
min). The slot-former was then removed and the gels were placed in the gel
unit, which was filled to the correct level with electrode buffer.

The gels were pre-run at 280 V for 30-40 minutes, and the samples were applied,
while the system was cooled by circulating cold water. Samples were run at 280
V through the stacking gel, and at 300 V through the separating gel until the
tracking dye front was close to the bottom of the gel slab (4-5 hours).

In the end, the gels were stained by immersing in staining solution overnight,
and destained in a few changes of distilled water until the background became
clear.

7.3. Statistical processing

To evaluate the effects of lactation and parity (chapters 9 and 11), the statistical
analysis performed was the GLM procedure of SAS 9.1. (SAS Institute Inc., Cary,
NC). Stage of lactation, parity and their interaction were considered as fixed
effects. To compare least squares means of the studied variables, a contrast
analysis was performed, declaring statistical significance at P<0.05.

To determine the effects of somatic cell count and udder health status (chapters
10 and 11), the GLM procedure of SAS 9.1 was also performed. In this case,
somatic cell count range, animal group according to UHS and their interaction
were considered as fixed effects. Likewise, a contrast analysis was performed to
compare least squares means.

To study the influence of plasmin on milk (chapter 11), linear correlations were
calculated between PL and milk composition, and also between PL and rennet
coagulation variables.
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Finally, to establish a predictive model, a discriminant function analysis was
performed (chapter 12), to predict a categorical dependent variable (animal
group according to UHS) by one or more independent predictor variables.
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8.1. General descriptive data

The mean values obtained for composition, renneting properties and health
of the udder are represented in table 8.1. Somatic cell count was normalized
and converted to score (log10 SCC) so that all data was adjusted to a gaussian
distribution. Hereafter, SCC score (SCCs) will be used in all statistical analysis
performed in the following chapters.

Table 8.1: General descriptive data for all analyzed variables.

Variable Max. Min. Mean Std. Dev.

Fat (%) 13.78 1.75 6.87 2.55
Crude protein (%) 7.87 4.39 5.93 0.68
Total solids (%) 26.97 13.09 18.67 2.77
Lactose (%) 5.87 3.48 4.72 0.55
Casein (%) 6.53 3.73 4.86 0.52
Urea (mg/l) 751.00 177.00 403.89 103.83
Ash (%) 0.12 0.04 0.078 0.008

RCT (minutes) 54.45 8.00 21.96 9.14
k20 (minutes) 25.00 1.30 4.28 3.33
r+k20 60.00 10.15 26.24 10.63
A30 (mm) 55.92 0.28 28.98 16.13
A60 (mm) 63.20 7.98 42.16 9.82
Curd yield (g) 4.19 1.51 2.76 0.55

Initial pH 7.68 6.41 6.70 0.17
SCCs 3.78 0.30 1.92 0.53
Plasmin act. (u/ml) 12.67 0.06 1.05 1.30

8.2. Milk composition

The average fat concentration in milk was 6.87%. This value was slightly lower
than others described for this breed (table 8.2), with percentages within 6.68
and 7.81 %.

Crude protein mean value was 5.93%, very similar to the average obtained by
Garzón (1996) and within the range established by the rest of authors. Casein
percentage is in accordance with the results obtained in similar studies (Castillo
et al., 2008; Jaramillo et al., 2008).
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Lactose percentage was of 4.72, very close to the values obtained by Molina
(1987), Molina and Gallego (1994) and Castillo et al. (2008), and higher than
the value obtained by Jaramillo et al. (2008).

Table 8.2: Average compositional values in milk from Manchega.1

Authors Fat Protein TS Lactose Casein

Molina (1987) 7.1 5.3 17.6 4.8 NT
Molina and Gallego (1994) 7.5 5.5 18 4.8 NT
Garzón (1996) 8.18 5.83 19.43 4.42 4.74
Castillo et al. (2008) 7.88 6.29 20.1 4.76 4.82
Jaramillo et al. (2008) 8.68 6.39 20.26 4.21 4.97
Ramírez et al. (2008) 7.69 6.2 18.14 NT 4.64
Arias (2009) 7.55 5.92 18.88 4.55 NT
ESROM (2014) 7.3 5.5 NT NT NT

NT = Not tested

Finally, total solids (TS) fit the values obtained by other authors for Manchega,
with a very similar percentage to the proposed by Arias (2009).

8.3. Renneting parameters

Table 8.3 compiles the mean values for the renneting parameters described by
several authors in sheep.

The average RCT was 21.96 minutes, similar to the mean values found by
Bencini and O Agboola (2003) and Bianchi et al. (2004). Nevertheless, RCT
is lower than the values found by Garzón (1996) and Caballero-Villalobos et al.
(2015) in Manchega, or by Serrano (1999) and Toledo (2013) in some varieties
of Merino.

Curd firming time (k20) had a mean value of 4.28 minutes and is within the
range described by the rest of authors, being very similar to the results obtained
by Serrano (1999) and Toledo (2013) in Merino, though far from the values
obtained by Pirisi et al. (2000), where k20 almost reached 11 minutes.

Mean values for curd firmness at 30 minutes (A30) and curd firmness at 60
minutes (A60) were 2.98 and 42.16 mm, respectively. The value for A30 is similar

1Source: own compilation.
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to the found in Manchega by Garzón (1996) and is, in general, higher than in
the rest of the revised articles. On the other hand, A60 is similar to the obtained
by other authors (Serrano, 1999; Bencini and O Agboola, 2003; Bianchi et al.,
2004). These values for curd firmness combined with the low curd firming
and rennet clotting times seem to foretell that, generally, curds obtained after
enzymatic coagulation of the samples will be firm and easily drained.

Table 8.3: Renneting parameters average values in ewe milk.2

Authors RCT k20 A30 A60

Garzón (1996) 39.52 2.4 30.82 60.65
Serrano (1999) 39.55 4.13 22.27 44.65
Pirisi et al. (2000) 27.41 10.59 23.57 NT
Bencini and O Agboola (2003) 25 1.8 39.7 42.6
Bianchi et al. (2004) 18.77 1.64 NT 43.28
Toledo (2013) 26.74 5.02 22.46 40.73
Caballero-Villalobos et al. (2015) 30.89 6.55 12.12 38.11

NT = Not tested

8.4. Hygienic and sanitary parameters

The average values for the hygienic and sanitary parameters found in literature
for sheep milk are represented in table 8.4.

The initial pH mean was 6.70, within the range established by all authors
appearing in table 8.4. However, the mean value for SCCs obtained in the
present study was 1.92, far below the mean values found in other papers.
In fact, the maximum individual value obtained for this parameter in the
analyzed samples was 3.78, still below the means obtained by Sevi et al. (2004),
Caroprese et al. (2007), Jaramillo et al. (2008) and Koutsouli et al. (2015),
which were very similar.

The mean value for plasmin activity was 1.05 units/ml. Nevertheless, values
obtained by other authors have not been reflected in table 8.4, due to the
different methodologies used in most research works performed in dairy sheep
(tables 5.1 and 5.2).

2Source: own compilation, based on Toledo (2013).
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Table 8.4: Average values for initial pH and SCCs in ewe milk.3

Authors Initial pH SCCs

Albenzio et al. (2004) 6.75 NT
Sevi et al. (2004) 6.72 5.99
Caroprese et al. (2007) 6.67 5.42
Jaramillo et al. (2008) 6.72 5.23
Koutsouli et al. (2015) 6.62 5.26

NT = Not tested

None of the reviewed papers used the method described by Richardson and
Pierce (1981) so, as it has been already detailed in section 5.5.1, it is difficult to
numerically compare the values for plasmin activity in sheep, because of both
the lack of bibliographic references for this specie and the great diversity of the
chemical substrates used in the assay.

8.5. Effect of the udder

No significant differences were found between milk from left and right udder
for any of the parameters that were analyzed (tables 8.5 and 8.6). Therefore,
from now on, for statistical purposes the udder will be considered as a main
biological unit.

Table 8.5: Average composition and sanitary values in left and right udder.

Variable Left Udder Right Udder

Fat (%) 6.81 6.92
Crude protein (%) 5.94 5.92
Total solids (%) 18.63 18.72
Lactose (%) 4.72 4.73
Casein (%) 4.86 4.85
Urea (mg/l) 405.45 402.35
Ash (%) 0.08 0.08

Initial pH 6.70 6.69
SCCs 1.91 1.92
Plasmin act. (u/ml) 1.04 1.06

3Source: own compilation.
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Table 8.6: Average renneting values in left and right udder.

Variable Left Udder Right Udder

RCT (min) 22.54 21.39
k20 (min) 4.14 4.41
RCT+k20 (min) 26.68 25.80
A30 (mm) 28.42 29.53
A60 (mm) 41.89 42.42
Curd yield (g) 2.74 2.77
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9.1. Data processing

The statistical analysis performed for the discussion of this chapter was the
GLM procedure of SAS 9.1.(SAS Institute Inc., Cary, NC), considering stage of
lactation (SL), parity (PAR) and their interaction as fixed factors. The variables
included in the analysis where composition parameters, renneting parameters
and health of the udder parameters. Least square means were compared using
a contrast analysis, and significance was declared at P<0.05.

9.2. Effect over milk composition

Table 9.1 shows the least squares means of milk composition variables as
affected by stage of lactation and parity. Tables 9.2 and 9.3 represent the values
of P obtained in the contrast analysis due to stage of lactation in primiparous
and multiparous ewes, respectively.

9.2.1. Fat

Fat content increases gradually and significantly, reaching its highest values
in late lactation. Other authors have also described this growth during the
milking period (Pugliese et al., 2000; Bianchi et al., 2004; Kuchtík et al., 2008;
Bousselmi and Othmane, 2015; Koutsouli et al., 2015).

FAT (%)
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Figure 9.1: Fat content in milk throughout lactation.
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No significant differences were found for milk fat content between primiparous
and multiparous ewes in early lactation, though from mid lactation, fat
percentage was significantly higher in multiparous. This increase was also
described by Jaramillo et al. (2008) and Bousselmi and Othmane (2015), who
found that fat content increases with parity. However, in studies performed by
Serrano (1999) and, specifically, in Manchega by Garzón (1996), no significant
effect of parity over fat content was observed. Sevi et al. (2000) proposed
that the increase of body mass in ewes with more lactations involves a higher
availability of body reserves used in the synthesis of milk components. In
addition, the greater development of the mammary gland tissue and the
synthesis ability of the udder in these animals could as well explain this increase
in the fat content.

Table 9.2: Contrast analysis comparing milk composition means among
different stages of lactation in primiparous ewes.

EARLY⇥MID EARLY⇥LATE MID⇥LATE

Fat 0.127 <0.001 0.011
Protein 0.003 <0.001 0.123
Total solids 0.101 <0.001 0.006
Lactose <0.001 <0.001 0.912
Casein 0.266 <0.001 0.031
Urea (mg/l) 0.156 0.104 0.003
Ash 0.670 0.253 0.403

Values colored in grey are not significant (P>0.05).

Table 9.3: Contrast analysis comparing milk composition means among
different stages of lactation in multiparous ewes.

EARLY⇥MID EARLY⇥LATE MID⇥LATE

Fat <0.001 <0.001 0.009
Protein <0.001 <0.001 0.208
Total solids <0.001 <0.001 <0.001
Lactose <0.001 <0.001 0.308
Casein <0.001 <0.001 0.035
Urea (mg/l) 0.078 <0.001 <0.001
Ash 0.009 <0.001 0.105

Values colored in grey are not significant (P>0.05).
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9.2.2. Crude protein

A significant increase in crude protein was observed in mid and late lactation, as
described by other authors (Bianchi et al., 2004; Kuchtík et al., 2008; Jaramillo
et al., 2008; Králícková et al., 2012; Bousselmi and Othmane, 2015). This result,
disagrees with the protein values published by Koutsouli et al. (2015), which
were significantly higher in early lactation.

CRUDE PROTEIN (%)
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Figure 9.2: Crude protein in milk throughout lactation.

Even so, a higher concentration of protein in multiparous ewes was measured
only in mid lactation (figure 9.2). Bousselmi and Othmane (2015), though,
reported that, generally, milk from primiparous ewes has lower protein content.
Most of the published results also indicate that protein content in milk increases
throughout the ewe’s productive life (Casoli et al., 1989; Pulina, 1990; Serrano,
1999; Sevi et al., 2000; Pugliese et al., 2000; Jaramillo, 2007).

9.2.3. Lactose

Lactose percentage was significantly higher in early lactation, decreasing in mid
lactation from where it remained constant until the end of lactation (table 9.1).
This agrees with Pavic et al. (2002) and Bianchi et al. (2004). Koutsouli et
al. (2015) found the highest lactose content in mid lactation, from where it
diminished significantly along late lactation.
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Jenness (1985) proposed that the inverse relation between lactose content and
fat and protein percentages might be due to the fact that lactose synthesis in the
lactocyte represents the main regulator of water content in milk. Thus, when
lactose increases, percentages of fat and protein are diluted. The significant
decrease in lactose percentage observed after mid lactation would therefore
explain the higher concentration of fat and protein obtained in the last months
of lactation, which reaches its highest values in the days before the upcoming
dry period.

LACTOSE (%)
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Figure 9.3: Lactose content in milk throughout lactation.

In a recent study, Kuchtík et al. (2008) found that lactose was the milk
component that remained more constant during lactation, confirming its role
as an osmotic regulator, balancing variations in other milk components.

Lactose content seems to be lower in multiparous ewes from mid to late
lactation (figure 9.3), which agrees with the results published by Sevi et al.
(2000) and Jaramillo et al. (2008). Other authors did not find changes in lactose
due to parity (Králícková et al., 2012).

9.2.4. Total solids

Total solids increased significantly throughout lactation, reaching the highest
levels in the last month (tables 9.2 and 9.3). Other authors found similar values
(Casoli et al., 1989; Gonzalo et al., 1994; Kuchtík et al., 2008; Ochoa-Alfaro et
al., 2009). Contrastingly, the evolution of total solids in the present study differs
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from the results reported by Koutsouli et al. (2015), who found significantly
lower values in mid and late lactation.
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Figure 9.4: Total solids in milk throughout lactation.

Significant differences due to parity were only revealed in mid lactation, where
the proportion of TS in multiparous ewes was higher. In addition, in late
lactation, a statistical trend towards higher TS was observed in multiparous
ewes (figure 9.4). These results agree with those of Bousselmi and Othmane
(2015) but disagree with those of Králícková et al. (2012), who did not find an
effect of parity over this parameter.

9.2.5. Casein

Regarding stage of lactation, different behaviors were observed in primiparous
and multiparous ewes. In the first ones, values for casein content remained
constant until mid lactation, and reached significantly higher values in late
lactation (table 9.2). In the latter, conversely, casein content significantly
increased gradually as lactation progressed (table 9.3). However, both trends
are similar to those reported by Sevi et al. (2000), Bianchi et al. (2004), Pugliese
et al. (2000) and Kuchtík et al. (2008), who described a progressive increase in
casein content along lactation.

Parity did not seem to affect significantly casein content in milk, although in
mid lactation, a trend towards higher casein values was revealed in multiparous
ewes (figure 9.5).
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CASEIN (%)
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Figure 9.5: Casein content in milk throughout lactation.

9.2.6. Ash

While in primiparous ewes ash content slightly decreased with lactation (with
no statistical significance), in multiparous ewes, ash content significantly
increased from mid to late lactation. Ochoa-Alfaro et al. (2009) found a gradual
decrease in ash, reaching the lowest values in the last week of lactation. These
results agree with the trend observed in primiparous ewes.
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Figure 9.6: Ash content throughout lactation.
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Except in early lactation (where all values were quite similar regardless of
parity), ash content in milk was significantly higher in multiparous ewes.

9.2.7. Urea

Urea in primiparous ewes initially increased, reaching the highest concentration
in mid lactation, where values were significantly higher than in late lactation.
This partially agrees with the results obtained by Roy et al. (2003) and Bendelja
et al. (2009), who also found the highest concentration of urea in mid lactation
milk. However they could not prove that stage of lactation had a significant
effect over this parameter.

In multiparous ewes, the proportion of urea in late lactation decreased
significantly. These results suggest that milk urea concentration in ewes has
an opposite behavior to that observed by other authors in dairy cows, where
the concentration of urea seems to increase with stage of lactation (Carlsson et
al., 1995; Marenjak et al., 2004).
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Figure 9.7: Milk urea concentration throughout lactation.

Parity also seemed to have an influence on urea concentration in ewe milk, as
values were significantly higher in primiparous ewes, specially in mid lactation.
Research performed in other species showed similar results, and a falling
trend in milk urea concentration was found as parity increased (Broderick and
Clayton, 1997; Roy et al., 2003).



96 CHAPTER 9. Effect of stage of lactation and parity

SUMMARY

Stage of lactation (SL) produced an increase in fat, protein, total solids
and casein, and a decrease in lactose and urea. Ash content increased in
primiparous ewes and decreased in multiparous.

Parity (PAR) increased fat, total solids and ash, and decreased lactose and
urea. There was no effect of PAR over protein or casein.

Factor Fat Prot Lact TS Cas Ash Urea

SL " " # " " "P, #M #
PAR " = # " = " #

9.3. Effect over rennet coagulation

Table 9.4 represents the least squares means of milk renneting parameters as
affected by stage of lactation (SL) and parity (PAR). Tables 9.5 and 9.6 reflect
the values of P obtained in the contrast analysis for renetting parameters in
primiparous and multiparous ewes.

9.3.1. Rennet clotting time (RCT)

RCT in primiparous ewes decreased in mid lactation, but increased right after,
reaching the highest values in the last month of lactation (table 9.5). However,
in multiparous ewes, RCT increased gradually with SL, although significant
differences were revealed only between early and late lactation (table 9.6).
These increasing values of RCT over the course of lactation (figura 9.8) agree
with the results published by Garzón (1996) and Jaramillo et al. (2008) for
Manchega ewes. Contrastingly, other studies performed with different ovine
breeds found that RCT seemed to be shorter as lactation progressed.

Some authors have published mixed results: Caroprese et al. (2007) found
that in mid lactation, RCT was shorter, and Pazzola et al. (2014) recorded
the highest values for RCT in the same period. Bencini (2002) proposed that
these contradictory results may lie in differences in the methodology used to
monitorize rennet coagulation (see chapter 3.2.1), suggesting that the initial
pH of milk may strongly affect this process.
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Figure 9.8: Rennet clotting time throughout lactation.

Table 9.5: Contrast analysis comparing means of the renneting parameters
among different stages of lactation in primiparous ewes.

EARLY⇥MID EARLY⇥LATE MID⇥LATE

RCT 0.182 0.584 0.067
k20 0.179 0.636 0.077
A30 0.391 0.841 0.527
A60 0.172 0.811 0.276
Curd yield 0.951 <0.001 <0.001

Values colored in grey are not significant (P>0.05).

Table 9.6: Contrast analysis comparing means of the renneting parameters
among different stages of lactation in multiparous ewes.

EARLY⇥MID EARLY⇥LATE MID⇥LATE

RCT 0.352 0.016 0.107
k20 0.934 0.116 0.141
A30 0.428 0.035 0.154
A60 0.803 0.602 0.965
Curd yield <0.001 <0.001 <0.001

Values colored in grey are not significant (P>0.05).
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Concerning parity, no differences in clotting time were found between milk
from primiparous and multiparous ewes. This agrees with data published by
Pellegrini et al. (1997) and Jaramillo et al. (2008). Pazzola et al. (2014) found
that, in Sarda ewes, RCT seemed to be slightly shorter in primiparous ewes, and
confirmed the results observed in dairy cows by Cipolat-Gotet et al. (2012).

9.3.2. Curd firming time (k20)

As well as RCT, curd firming time in primiparous ewes became shorter in mid
lactation, increasing right after during late lactation (table 9.5). Meanwhile in
multiparous ewes, values for k20 increased gradually with lactation (table 9.6).
However, in both cases these differences were not statistically significant. These
results agree with those obtained by Sevi et al. (2004), although other authors
(Jaramillo et al., 2008; Albenzio et al., 2009; Abilleira et al., 2010) reported a
fall in the values of this parameter along the course of lactation. Pazzola et al.
(2014) found the highest curd firming time in mid lactation milk.

k20 (min)

0,00

1,50

3,00

4,50

6,00

EARLY LACTATION MID LACTATION LATE LACTATION

PRIMIPAROUS MULTIPAROUS

Figure 9.9: Curd firming time throughout lactation.

No significant differences in k20 were found due to parity (figure 9.9). These
results agree with those of Pellegrini et al. (1997) and Jaramillo et al. (2008).
This fact, combined with the trend in RCT, suggests that in dairy sheep, parity
has no effect over rennet coagulation.
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9.3.3. Curd firmness at 30 and 60 minutes (A30 and A60)

In primiparous ewes (table 9.5), the lowest values for A30 were obtained in
early lactation milk. These values increased right after, reaching the highest in
mid lactation and gently decreased in the end, with no significant differences.
In multiparous ewes (table 9.6), A30 decreased with SL, revealing significantly
lower values in late lactation than in the beginning. Meanwhile, values for A60
remained constant during the whole lactation.

A low firmness of the curd in early lactation milk has been described. The results
in the present study agree with those obtained by Garzón (1996) and Caroprese
et al. (2007). Other authors reported an progressive increase in curd firmness
along lactation (Albenzio et al., 2009; Abilleira et al., 2010) . Only Jaramillo et
al. (2008) and Koutsouli et al. (2015) found a decrease in A30 throughout time.

A30 (mm)

0,00

8,50

17,00

25,50

34,00

EARLY LACTATION MID LACTATION LATE LACTATION

PRIMIPAROUS MULTIPAROUS

Figure 9.10: Curd firmness (at 30 minutes) throughout lactation.

No significant differences due to parity were revealed for A30 throughout
lactation (figure 9.10). Conversely, in early lactation, A60 was significantly
higher in multiparous ewes, although Pazzola et al. (2014) stated that PAR did
not affect the firmness of the curd. Some authors obtained higher curd firmness
with increasing parity (Sevi et al., 2000).

According to Jaramillo et al. (2008), the wide diversity of results reported for
these parameters may be due to the influence that milk composition has over
rennet coagulation (specially variables as fat and protein). Remeuf et al. (1991)
and Pellegrini et al. (1997) proposed that other factors like the diameter of the
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casein micelle or the mineral balance in milk (which may vary with SL), might
also affect curd firmness.

A60 (mm)

0,00

11,00

22,00
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Figure 9.11: Curd firmness (at 60 minutes) throughout lactation.

9.3.4. Curd yield

In primiparous ewes, curd yield remained constant during lactation, increasing
significantly in the end. In multiparous ewes, curd yield increased gradually and
significantly along the whole lactation, reaching its maximum values in the last
days. This is in accordance with the results obtained by Jaramillo et al. (2008)
and Bousselmi and Othmane (2015), who found a significant increase of curd
yield with SL. Several studies performed in other dairy species consider that this
increase in curd yield is due to the increment of total solids reported with the
advancement of lactation (Coulon et al., 1998; Fekadu et al., 2005) (see section
9.2.4).

Differences due to parity were only significant in mid lactation. These results
agree with those of Bousselmi and Othmane (2015), who found an influence
of PAR on curd yield, but could not establish a clear differential pattern in
multiparous ewes. However, some authors like Jaramillo et al. (2008) did found
that, in dairy sheep, curd yield seemed to increase with PAR.
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CURD YIELD (g)

0,00

0,85

1,70

2,55

3,40
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PRIMIPAROUS MULTIPAROUS

Figure 9.12: Curd yield throughout lactation.

SUMMARY

Stage of lactation (SL) increased rennet clotting time and curd yield, and
decreased curd firmness after 30 minutes. Curd firming time and firmness
after 60 minutes were not affected.

Parity (PAR) increased curd yield, but did not seem to have any other effect
over rennet coagulation.

Factor RCT k20 A30 A60 Curd yield

SL " = # = "
PAR = = = = "

9.4. Effect over udder health

Table 9.7 shows the mean values of the parameters associated to the health
of the udder, according to stage of lactation and parity. Tables 9.8 and 9.9
compile the values of P obtained in the contrast analysis for these parameters
in primiparous and multiparous ewes.
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9.4.1. Initial pH

Inital pH of milk samples increased (but not significantly) in mid lactation and
decreased significantly in the end, reaching the lowest value in late lactation,
both in primiparous and multiparous ewes. However, the evolution of pH
described by other authors is the opposite. Pugliese et al. (2000) and Kuchtík et
al. (2008) found low pH in mid lactation, from were it increased significantly
towards the end of lactation. Likewise, Pavic et al. (2002) and Sevi et al. (2004)
observed an upward trend of pH with the advancement of SL. Finally, other
authors did not find a significant effect of SL over pH (Ochoa-Alfaro et al.,
2009).

pH

6,40

6,53

6,65

6,78

6,90

EARLY LACTATION MID LACTATION LATE LACTATION

PRIMIPAROUS MULTIPAROUS

Figure 9.13: Initial pH throughout lactation.

Martini and Caroli (2003) concluded that initial pH of milk is strongly
influenced by breed. This could explain the diversity in the pH evolution found
in literature.

Concerning parity, Jaramillo et al. (2008) and Bousselmi and Othmane (2015)
did not find any differences between primiparous and multiparous ewes.
Nonetheless, other authors measured the lowest pH values in the second
lactation, and observed that pH increased gradually with PAR (Garzón, 1996;
Serrano, 1999; Toledo, 2013).
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Table 9.8: Contrast analysis comparing means of milk hygienic and sanitary
parameters among different stages of lactation in primiparous ewes.

EARLY⇥MID EARLY⇥LATE MID⇥LATE

Initial pH 0.604 <0.001 <0.001
SCCs 0.587 0.124 0.039

Values colored in grey are not significant (P>0.05).

Table 9.9: Contrast analysis comparing means of milk hygienic and sanitary
parameters among different stages of lactation in multiparous ewes.

EARLY⇥MID EARLY⇥LATE MID⇥LATE

Initial pH 0.086 <0.001 <0.001
SCCs 0.006 0.001 <0.001

Values colored in grey are not significant (P>0.05).

9.4.2. Somatic cell count

SCCs

0

0,6

1,2

1,8

2,4

EARLY LACTATION MID LACTATION LATE LACTATION

PRIMIPAROUS MULTIPAROUS

Figure 9.14: Somatic cell count score throughout lactation.

No significant changes in SSCs were found in primiparous ewes until late
lactation, where they considerably increased. In multiparous ewes, SCCs
diminished significantly with SL, but increased again, also significantly, in
late lactation, where it reached the highest levels. This is in accordance with
Koutsouli et al. (2015), who also observed a significant increasing trend only
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in late lactation. However, other authors did not find an effect of SL over SCCs
(Pugliese et al., 2000; Sevi et al., 2004).

No differences in SCCs between primiparous and multiparous ewes were
observed, as described also by Sevi et al. (2000). Nevertheless, some authors
found that PAR seems to have an effect on SCCs, being significantly higher in
multiparous ewes (Králícková et al., 2012).

SUMMARY

Stage of lactation (SL) diminished the initial pH of milk and increased
somatic cell count score.

Parity (PAR) did not affect health of the udder parameters in milk.

Factor Initial pH SCCs

SL # "
PAR = =
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10.1. Data processing

Based on the udder health status (UHS), animals were classified in three
different categories: primiparous ewes (PR), multiparous ewes with no previous
udder infection (M1) and multiparous ewes with a previous udder infection
(M2). In addition, three ranges were established for SCCs: low SCCs (SCCs <
1.6), mid SCCs (1.6 < SRCS < 2.0) and high SCCs (SRCS > 2.0).

The statistical analysis used in this chapter was the GLM procedure of
SAS 9.1 (SAS Institute Inc., Cary, NC). The range of SCCs, the category
according to UHS, and their interaction have been considered as fixed effects.
The variables included in the analysis where milk composition parameters,
renneting properties and pH. Least square means were compared using a
contrast analysis, and significance was declared at P<0.05.

10.2. Effect over milk composition

Table 10.1 shows the least squares means of milk composition variables
as affected by SCCs and UHS. Tables 10.2, 10.3 and 10.4 compare milk
composition means between different SCCs ranges in PR, M1 and M2,
respectively.

10.2.1. Fat

In PR (table 10.2) and M2 (table 10.4), fat content was significantly higher in
high somatic cell count scores (HSCCs). Regarding M1 (table 10.3), fat was
significantly lower in mid somatic cell count scores (MSCCs). Thus, the effect
of SCCs over fat did not follow an apparent pattern. This agrees with Pirisi et al.
(2000), (Albenzio et al., 2004) and Pérez-Ramos (2006), who did not found an
impact of SCC over fat. On the other hand, Jaeggi et al. (2003), Bianchi et al.
(2004) and Revilla et al. (2007) reported a lower fat concentration in high SCC
milk, which could be caused by the reduced synthetic and secretory capacity of
the mammary gland during mastitis (Raynal-Ljutovac et al., 2007).

UHS only seems to affect fat in low somatic cell count scores (LSCCs), where
M1 presented the highest fat content, followed by M2 and then PR.
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Figure 10.1: Fat content according to SCCs.

10.2.2. Crude protein

In PR, protein content was significantly higher in HSCCs. M1 presented
significantly higher protein content in LSCCs than in MSCCs, but differed of
values observed in HSCCs. In M2, protein content in MSCCs was significantly
lower than in LSCCs and HSCCs.

CRUDE PROTEIN (%)

5,50

5,70

5,90

6,10

6,30

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.2: Crude protein according to SCCs.

The effects of SCC over protein in sheep milk are sometimes conflicting (Raynal-
Ljutovac et al., 2007). Most authors did not find differences in the protein
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content due to SCCs (Albenzio et al., 2005; Pérez-Ramos, 2006; Revilla et al.,
2007). However, Nudda et al. (2003), Albenzio et al. (2004) and Bianchi et
al. (2004) reported that protein concentration increased with SCC. In contrast,
Jaeggi et al. (2003) found the lowest protein concentration in milk with the
highest SCC levels.

Only in LSCC, PR presented a significantly lower protein than multiparous ewes
(figure 10.2).

10.2.3. Lactose

No differences due to SCCs were found in lactose content in PR, though its
values tend to decrease. In multiparous ewes (both M1 and M2), lactose was
significantly lower in LSCCs and, especially, in HSCCs. Pirisi et al. (2000) and
Revilla et al. (2007) found that, as SCC increased, the lactose content tend to
decrease. Albenzio et al. (2004) and Leitner et al. (2004) reported a reduction of
lactose in animals with SCC over 600⇥103 and 500⇥103 cells/ml, respectively.

The fact that no evident variation in lactose content was observed in PR from
the present study, might be due to the low SCC measured in all samples, with
average values below 300⇥103 cells/ml (as shown in table 8.1).

LACTOSE (%)

4,30
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4,90

5,10

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.3: Lactose content according to SCCs.

Some authors associated the negative effect of SCC over lactose (mostly during
late lactation) with a reduction of the synthesis capability of the mammary gland
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Table 10.2: Contrast analysis comparing milk composition means among
different SCCs ranges in PR.

LOW⇥MID LOW⇥HIGH MID⇥HIGH

Fat 0.746 0.001 0.001
Protein 0.834 0.051 0.025
Lactose 0.469 0.052 0.159
Total solids 0.935 0.002 0.001
Casein 0.687 0.023 0.006
Ash 0.388 0.389 0.101
Urea 0.106 0.196 0.932

Values colored in grey are not significant (P>0.05).

Table 10.3: Contrast analysis comparing milk composition means among
different SCCs ranges in M1.

LOW⇥MID LOW⇥HIGH MID⇥HIGH

Fat 0.003 0.688 0.010
Protein 0.031 0.386 0.185
Lactose 0.001 0.665 0.003
Total solids 0.004 0.507 0.028
Casein 0.055 0.683 0.133
Ash 0.739 0.781 0.585
Urea 0.604 0.630 0.348

Values colored in grey are not significant (P>0.05).

Table 10.4: Contrast analysis comparing milk composition means among
different SCCs ranges in M2.

LOW⇥MID LOW⇥HIGH MID⇥HIGH

Fat 0.182 0.078 0.002
Protein 0.005 0.521 0.021
Lactose 0.001 0.183 <0.001
Total solids 0.132 0.185 0.004
Casein 0.014 0.465 0.060
Ash 0.302 0.314 0.929
Urea 0.002 <0.001 0.300

Values colored in grey are not significant (P>0.05).
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due to the damage on the epithelial tissue (Bianchi et al., 2004). This reduction
of the secretory activity seems to induce a progressive replacement of lactose
by other active osmotic compounds, such as chlorides (Albenzio et al., 2004).
Some researchers found that, after the rupture of the epithelial barrier of the
mammary gland, lactose passes to blood. Thus, high concentrations of lactose
have been reported in blood and urine of mastitic cows (Pérez-Ramos, 2006).
However, other authors also suggested that the cause of a lactose drop in high
SCC milk, may be a lower glucose availability due to the energy competition
between secretory cells and cells with phagocytic functions (Martí De Olives et
al., 2013).

Regarding UHS, significant differences were only found in LSCCs, where lactose
percentage in PR was higher than in multiparous (M1 and M2).

10.2.4. Total solids

In PR and M2, total solids were significantly higher with HSCCs (tables 10.2
and 10.4). In M1, the TS values were significantly lower with MSCCs (table
10.3). These results differ from those obtained by Pirisi et al. (2000) and Pérez-
Ramos (2006), who did not found that SCC affected total solids. However, other
authors did report some effect of SCC over this variable. Jaeggi et al. (2003)
measured the lowest TS values in high SCC milks. Revilla et al. (2007) also
reported some effects of SCC over TS, though it followed different patterns that
seemed to depend mainly on the breed.

TOTAL SOLIDS (%)

17,0

18,0

19,0

20,0

21,0

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.4: Total solids (TS) according to SCCs.
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Based on UHS, only in LSCCs previous udder infections seemed to have a
significant impact on total solids: M1 presented the highest TS content, followed
by M2 and, finally, PR.

10.2.5. Casein

In PR with HSCCs, casein was significantly higher than in the rest of SCC
levels. M1 and M2 presented a lower casein content in MSCCs, although values
were quite similar to those found in HSCCs. Generally, studies concerning
caseins report conflicting results. Some authors as Duranti and Casoli (1991)
or Summer et al. (2012) reported a decrease in casein percentage as SCC
increased. This could be related to an increase of plasmin activity caused by high
SCC, which would produce a greater level of � -CN hydrolysis and, consequently,
a decrease in crude casein. Similar patterns were found in sheep Jaeggi et al.
(2003) and cow milk Politis and Ng Kwai Hang (1989). Contrastingly, other
authors reported an opposite trend: Bianchi et al. (2004) measured a higher
casein content as SCC increased.

CASEIN (%)

4,40

4,58

4,75

4,93

5,10

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.5: Casein content according to SCCs.

Finally, several authors did not find a significant impact of SCC over casein
content (Pirisi et al., 1996, 2000; Pellegrini et al., 1997; Nudda et al.,
2003; Albenzio et al., 2004, 2005). However, some researchers studied the
casein/protein ratio instead of the casein content, as it does not depend on
the volume of milk produced. In most cases, this ratio decreased in milk with
high SCC. Nevertheless, in the present study no significant effect of SCCs over
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the casein/protein ratio were found (table 10.1).

Only in LSCCs, casein content was significantly lower in PR than in multiparous
(M1 and M2). This agrees with Jaramillo et al. (2008), who found that casein
percentage increased with parity. In addition, Bianchi et al. (2004) reported
lower casein content in healthy udders than in infected udders, what could
explain the significantly lower values measured in PR.

10.2.6. Ash

Ash content decreased in PR with HSCCs. There were no difference due to SCCs
in M1 and M2. Even though references in literature associating SCC with this
variable are scarce, Revilla et al. (2007) reported no significant effect of somatic
cells on the ash content.

ASH (%)

0,05

0,06

0,07
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0,09

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.6: Ash content according to SCCs.

Furthermore, in milk from other species, Ahmad et al. (2012) did not found
changes in ash due to parity.

10.2.7. Urea

No significant differences due to SCCs were found for PR and M1, which agrees
with Pirisi et al. (2000) y (Pérez-Ramos, 2006). However, in M2 milk urea
concentration decreased as SCCs rose.
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UREA (mg/l)

0,00
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240,00
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SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.7: Milk urea concentration according to SCCs.

According to UHS, milk from M1 presented a higher concentration of urea with
LSCCs. With HSCCs, urea was significantly higher in PR than in multiparous,
what seems to agree with the results obtained in chapter 9.2.7. Either way, in
experiments performed on dairy cows, no significant impact of parity or SCC
over urea milk concentration was reported (Henao-Velásquez et al., 2014).

SUMMARY

In low SCCs: Urea decreases in M2. Crude protein and lactose
concentration are higher in M1 and M2 than in PR. The highest fat and
TS concentrations are found in M1, followed by M2 and, finally, PR. Casein
content is higher in PR than in multiparous ewes. Urea milk concentration
is lower in M1 than in the rest of UHS categories.

In mid SCCs: Fat diminishes in M1. Protein diminishes in M2. Lactose
concentration increases and casein content decreases in M1 and M2. Total
solids are lower in M1.

In high SCCs: Fat and total solids increase in PR and M2. In PR, protein
and casein increase and ash content decreases. Urea milk concentration is
higher in PR than in the rest of UHS categories.
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10.3. Effect over renneting properties

Table 10.5 shows the least squares means of renneting parameters, as affected
by SCCs and udder health status. Tables 10.6, 10.7 and 10.8 compare
renneting parameters means between different SCCs ranges in PR, M1 and M2,
respectively.

10.3.1. Rennet clotting time (RCT)

RCT remained constant regardless of SCCs. This agrees with the results obtained
by Revilla et al. (2009), but differs from the results obtained by Duranti and
Casoli (1991), Pirisi et al. (2000), Albenzio et al. (2004, 2005) and Giaccone et
al. (2005), who reported that RCT increased as somatic cell counts were higher.
Jaeggi et al. (2003) suggested that the increase of RCT in milk with high SCC
was probably an effect of the enhanced proteolysis. However, the lack of effects
of somatic counts over RCT in the present study, could be explained by the good
health conditions of the sampled animals.

RCT (min)

0,00

6,25

12,50

18,75

25,00

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.8: Rennet clotting time according to SCCs.

Concerning UHS categories, in MSCCs rennet clotting time was significantly
higher in PR than in M2, but quite similar to values found in M1.
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10.3.2. Curd firming time (k20)

Curd firming time remained more or less constant but tended to be higher with
HSCCs, regardless of previous udder infections. This agrees with the results
obtained by Pirisi et al. (2000), Pirisi et al. (1996, 2000), Pellegrini et al. (1997),
Nudda et al. (2001) and Albenzio et al. (2004, 2005).

Additionaly, previous udder health status did not affect k20.

k20 (min)

0,00

1,50

3,00

4,50

6,00

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.9: Curd firming time according to SCCs.

10.3.3. Curd firmness at 30 and 60 minutes (A30 and A60)

In M1 and M2, no significant impact of SCCs over A30 was found, although
it seemed to slightly increase in MSCCs. Contrastingly, in PR, values for A30
were similar regardless of SCCs, but gently decreased in MSCCs, though not
significantly. Regarding UHS, significant differences in A30 were only evident
with MSCCs, when values in M2 were higher than in PR. Contrastingly, in
multiparous ewes (M1 and M2), A60 seemed to decrease as SCCs was higher. In
PR, the lowest values were found with MSCCs. This agrees, in part, with (Pirisi
et al., 2000), who reported a decrease in curd firmness as SCC were higher.

No differences between UHS categories were found in A30 according to SCCs.
However, values for A60 in PR were significantly lower than in the remaining
categories with LSCCs and MSCCs.
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Table 10.6: Contrast analysis comparing renneting parameters means among
different SCCs ranges in PR.

LOW⇥MID LOW⇥HIGH MID⇥HIGH

RCT 0.538 0.636 0.965
k20 0.695 0.139 0.224
RCT+k20 0.515 0.385 0.733
A30 0.572 0.988 0.607
A60 0.190 0.649 0.498
Curd yield 0.655 0.033 0.063

Values colored in grey are not significant (P>0.05).

Table 10.7: Contrast analysis comparing renneting parameters means among
different SCCs ranges in M1.

LOW⇥MID LOW⇥HIGH MID⇥HIGH

RCT 0.653 0.773 0.485
k20 0.553 0.167 0.069
RCT+k20 0.568 0.497 0.243
A30 0.364 0.803 0.268
A60 0.855 0.137 0.245
Curd yield 0.304 0.826 0.231

Values colored in grey are not significant (P>0.05).

Table 10.8: Contrast analysis comparing renneting parameters means among
different SCCs ranges in M2.

LOW⇥MID LOW⇥HIGH MID⇥HIGH

RCT 0.329 0.939 0.348
k20 0.730 0.060 0.132
RCT+k20 0.464 0.601 0.202
A30 0.755 0.435 0.274
A60 0.309 0.279 0.989
Curd yield 0.278 0.161 0.012

Values colored in grey are not significant (P>0.05).
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Figure 10.10: Curd firmness at 30 minutes according to SCCs.
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Figure 10.11: Curd firmness at 60 minutes according to SCCs.
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10.3.4. Curd yield

Curd yield after draining was quite similar in all groups regardless of SCCs.
Nevertheless, HSCCs had an increasing effect on curd yield in PR and M2, but
only in the latter it was significant. Galina et al. (1996) and, afterwards, Revilla
et al. (2009) established that SCC did not affect curd yield, what fairly supports
the results obtained in this thesis. However, other authors did find a greater
loss of protein in whey with high somatic cell counts. Similar results were
reported in dairy cows by Barbano et al. (1991) and Rogers and Mitchell (1994).
Consequently, milk with low SCC seems to be more suitable for cheesemaking,
as it is possible to recover up to 4% more protein in curd than with milk with
high somatic cell counts (Pirisi et al., 2000).
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Figure 10.12: Curd yield according to SCCs.

Rogers and Mitchell (1994) reported that, in milk with high SCC, an increase
of moisture in the curd might distort yield calculation, and higher values than
expected may be measured. This was confirmed by Jaeggi et al. (2003) and
Albenzio et al. (2004), who found an increase of the curd yield caused by
an insufficient draining in cheeses made from high somatic cell count milk.
In addition, Raynal-Ljutovac et al. (2007) suggested that this impairment in
whey draining may induce a subsequent increase of proteolysis and lipolysis in
cheese.

According to the udder health status category, only with LSCCs the curd yield
in PR was significantly lower than in M1 and M2.
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SUMMARY

As SCCs rises, curd firming time increases, and curd firmness at 60 minutes
decreases. Rennet clotting time, curd firmness at 30 minutes and curd yield
were not affected by this parameter.

Previous lesions of the udder do not clearly affect milk renneting properties,
although A60 seems to be lower in PR than in M1 and M2.

10.4. Effect over initial pH

Table 10.9 shows the least squares means values of pH as affected by SCCs and
UHS. Table 10.10 compares initial pH means between different SCCs ranges.

pH

6,50

6,58

6,65

6,73

6,80

SCCs < 1.6 1.6 < SCCs < 2.0 SCCs > 2.0

PR M1 M2

Figure 10.13: Initial pH according to SCCs.

In PR and M1, pH was not affected by SCCs. Meanwhile, in M2, pH was
significantly higher with LSCCs. These results are opposite to those found by
most authors, who usually reported an increase of pH as SCCs were higher
(Pirisi et al., 2000; Nudda et al., 2001; Albenzio et al., 2004; Bianchi et al., 2004;
Giaccone et al., 2005; Raynal-Ljutovac et al., 2007). However, as previously
stated, the good sanitary conditions of the animals of the present study might
explain the inconsistency of pH values when compared with other results found
in literature.
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Table 10.10: Contrast analysis comparing initial pH means among different
SCCs ranges.

LOW⇥MID LOW ⇥ HIGH MID ⇥ HIGH

PR 0.806 0.549 0.680
M1 0.349 0.143 0.683
M2 0.002 0.003 0.652

Values colored in grey are not significant (P>0.05).

Concerning the udder health status category, with LSCCs milk from M2 tend to
present higher pH values than the remaining categories, although differences
were not statistically significant. No further differences were found in the rest
of SCCs ranges.

SUMMARY

SCCs only affects M2, which present higher pH values in LSCCs.

UHS does not seem to affect the initial pH of milk
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11.1. Verification of the plasmin activity assay

As explained in chapter 7, to verify the plasmin activity assay, Urea-PAGE
was performed. Samples with the highest and the lowest plasmin activity
values recorded according to the method developed by Richardson and Pierce
(1981) were selected for this purpose. After performing electrophoresis and
the subsequent staining of the gels, differences between high and low plasmin
activity samples were clearly evidenced (figure 12.1). In the latters, a thickening
of the �-CN bands in the top of the gel can be observed, due to the proteolytic
action of plasmin over � -CN. Similarly, in the bottom part of the gel, samples
with high plasmin activity showed multiple diffuse bands of proteose-peptones
as a result of proteolysis.

Figure 11.1: Electrophoresis of high and low plasmin activity milk samples.

11.2. Effect of stage of lactation and parity over
plasmin

Figure 11.2 represents the global average of plasmin activity throughout
lactation. As lactation advanced, plasmin activity in the flock decreased, and
was significantly lower in the last month of lactation than in the beginning.

Considering 3 stages in lactation (early, mid, and late) and after performing
the GLM procedure (table 11.1) and contrast analysis (table 11.2), a gradual
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decrease in plasmin activity with the course of lactation was observed in all
animals. The lowest values of plasmin activity were found in late lactation,
although this drop was only significant in multiparous ewes (table 11.2).

MONTH 1

MONTH 2

MONTH 3

MONTH 4

MONTH 5

PLASMIN ACTIVITY (u/ml)
0,00 0,40 0,80 1,20 1,60

LEAST SQUARES MEAN

Figure 11.2: Plasmin activity global means during lactation.

Table 11.2: Contrast analysis comparing plasmin activity among different stages
of lactation.

Early⇥Mid Early⇥Late Mid⇥Late

Primiparous 0.935 0.640 0.699
Multiparous 0.097 0.036 0.545

Values colored in grey are not significant (P>0.05).

Although no big differences were found, the high plasmin activity recorded
at the beginning of lactation, as well as its decreasing trend, agree with the
results published by Albenzio et al. (2004, 2005, 2009), Theodorou et al.
(2007), Caroprese et al. (2007) and Koutsouli et al. (2015), who measured
the lowest values in late lactation. Contrastingly, several studies performed on
bovine milk (Bastian and Brown, 1996; Ismail and Nielsen, 2010) and ewe
milk (Bianchi et al., 2004; Sevi et al., 2004) reported a different pattern in
plasmin activity, where the highest values were generally recorded in the end
of lactation. Richardson (1983) suggested that the increase of plasmin activity
observed in dairy cows during late lactation is due to a higher amount of plasmin
entering the mammary gland, rather than to an increase of the activation rate
of plasminogen to plasmin. In any case, Theodorou et al. (2007) found that the
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activation of plasminogen to plasmin seems to be more effective in ovine than
in bovine. Other authors relate the increase of plasmin in late lactation with the
involution of the udder (Koutsouli et al., 2015) or with an increase of milking
interval (Kelly et al., 1998; Castillo et al., 2008).

The fact that other experiments performed with goat milk also reported an
increase of plasmin activity throughout lactation (Cortellino et al., 2006), along
with the fact that most of the studies performed in ewes agree with the results
of the present thesis, suggests that the behavior of the PL-PG system might be
different in sheep than it is in cow and goat.

PLASMIN ACTIVITY (units/ml)

0,00

0,45

0,90

1,35

1,80

EARLY LACTATION MID LACTATION LATE LACTATION

PRIMIPAROUS MULTIPAROUS

Figure 11.3: Plasmin activity throughout lactation.

No significant effect of parity was found, though plasmin activity seemed to be
higher in multiparous ewes. Most of the studies performed in different species
of domestic ruminants reported that plasmin activity increased with parity and
age of the animals (Bastian et al., 1991a; Bastian and Brown, 1996; Battacone
et al., 2005; Koutsouli et al., 2015).

SUMMARY

Plasmin activity followed a decreasing trend throughout lactation, with its
highest values in early stages.

Parity did not affect significantly plasmin activity, though values were higher
in multiparous ewes.
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11.3. Effect of udder health status over plasmin

Figure 11.4 represents the evolution of plasmin activity throughout lactation
in primiparous ewes (PR), multiparous ewes with no previous udder infection
(M1), multiparous ewes with a previous minor udder infection (M2A) and
multiparous ewes with a previous severe udder infection (M2B).

Figure 11.4: Plasmin activity throughout lactation according to UHS.

PR presented the lowest plasmin activity, followed by M1 and, lastly, M2A and
M2B, in which the highest values were recorded. Differences between PR and
both M2A and M2B were statistically significant (figure 11.5).

PR

M1

M2A

M2B

PLASMIN ACTIVITY (u/ml)
0,00 0,38 0,75 1,13 1,50

LEAST SQUARES MEAN

Figure 11.5: Plasmin activity in all sanitary categories.
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To simplify statistical processing, as there were no significant differences
between animals with previous minor or severe udder infections, both
categories were grouped in a main category, hereafter called M2 (multiparous
ewes with previous udder infection).

Table 11.3 shows the least squares means of plasmin activity as affected by
SCCs and category according to udder health status (UHS). Table 11.4 compares
plasmin activity means between different SCCs ranges.

Table 11.4: Contrast analysis comparing plasmin activity means among SCCs
ranges.

Low⇥Mid Low⇥High Mid⇥High

PR 0.628 0.747 0.925
M1 0.913 0.320 0.430
M2 0.151 0.517 0.376

Values colored in grey are not significant (P>0.05).

Plasmin activity was similar in all UHS categories, despite variations in SCCs.
This agrees with the results published by Bianchi et al. (2004), Höök (2015)
and Koutsouli et al. (2015), who reported that SCC did not seem to affect
plasmin activity. Even so, this could be due to the low SCC measured throughout
lactation in the present study, as Albenzio et al. (2009) reported that in healthy
ewes with SCC < 600⇥103, the plasmin system was not affected. Other authors
found that plasmin activity increased with SCC (Leitner et al., 2004; Battacone
et al., 2005). Furthermore, experiments performed in Manchega ewes Castillo
et al. (2008) found a positive correlation between plasmin and somatic cells
in milk samples with really low SCC (175⇥103 cells/ml), what supports the
hypothesis that the influence of SCC on the plasmin-plasminogen system may
not follow a specific pattern. However, SCC is not the only variable for predicting
PL evolution in milk, as PL activity is affected by a complex network of molecular
interaction between enzyme activators an inhibitors (Albenzio et al., 2009).

According to UHS categories, with low SCCs, plasmin activity in M2 is
significantly higher than in PR, and also tends to be higher than in M1. With
high SCCs, plasmin activity in M2 was also higher than in PR, but in this case,
similar to M1.
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Figure 11.6: Plasming activity according to SCCs levels.

SUMMARY

Plasmin activity did not seem to be affected by SCCs.

M2 had, in general, higher plasmin activity than PR, and also a tendency to
present higher activity than M1 in high SCCs.

11.4. Influence of plasmin on milk composition

Table 11.6 presents the correlation coefficients for plasmin activity and milk
composition variables in PR, M1 and M2. Statistical signification was declared
at P<0.05.

There was no existing correlation between plasmin activity and fat
concentration, which agrees with Höök (2015) and Koutsouli et al. (2015), who
reported that plasmin did not seem to affect fat content in milk.

Regarding milk proteins, there was a strong negative correlation between
plasmin and casein content, which diminishes as plasmin activity increases,
specially in multiparous ewes, regardless of their clinical history. Despite that
some authors have not found an effect of plasmin over casein (Albenzio et
al., 2004), and others have found a positive correlation (Baldi et al., 1996;
Bianchi et al., 2004), most of the references found in literature have reported
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similar results to those obtained in the present study (Politis and Ng Kwai Hang,
1989; Jaeggi et al., 2003; Leitner et al., 2004). Numerous authors have related
this negative correlation with the proteolytic action of plasmin over � -CN, as
described in chapter 5.3 (Grufferty and Fox, 1988; Nielsen, 2002; Leitner et al.,
2004; Moatsou, 2010). Thus, this could also explain the negative correlation
between plasmin activity and crude protein observed in PR and M2. In this case,
the effect of proteolysis would not be so evident, as the measurement involves
total protein and not only casein. This might prove why some recent works have
not found a clear decrease in crude protein as plasmin activity increased (Höök,
2015; Koutsouli et al., 2015). Nevertheless, results found in literature are often
controversial, as other authors have revealed a positive correlation between
plasmin and crude protein. Anyhow, proteolysis in low SCC milk seems to be
dominated by the action of plasmin, with a minor contribution from cathepsin
D. In addition, as SCC increases, the relative significance of plasmin decreases,
while the relative activity of other indigenous and microbial enzymes increases
(Albenzio et al., 2005; Kelly et al., 2006; Santillo et al., 2009). Therefore, the
further research of other endogenous enzymes should be considered to explain
more clearly the effect of proteolysis in milk.

Table 11.5: Correlation between plasmin activity and milk composition.1

PR M1 M2

Fat -0.1863 -0.0789 -0.1274
Crude protein -0.2158* -0.0056 -0.1593*
Total solids -0.2054 -0.0942 -0.1527*
Lactose 0.1752 0.061 0.0979
Casein -0.2539* -0.4333*** -0.4442***
Ash -0.1127 0.3237** 0.1024***
Urea -0.0389 0.1674 0.0871
Initial pH 0.3845* 0.1974 0.4968

Values colored in grey are not significant (P>0.05).

Lactose concentration in milk did not seem to be significantly affected by
plasmin, although some authors have reported a negative correlation of this
parameter with plasmin activity (Leitner et al., 2004; Battacone et al., 2005).

There was a relatively slight correlation between plasmin activity and total
solids, probably due to the already mentioned cleavage of casein. Meanwhile,
ash content seemed to increase along with plasmin activity, but no references
were found in literature that explained this fact.

1P<0.05 * , P<0.01 ** , P<0.001 ***
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Lastly, there seems to be an increase of pH with plasmin activity in PR ewes.
Some authors, such as Battacone et al. (2005) reported a correlation between
plasmin activity and pH, although others did not find an effect of plasmin over
the initial pH of milk (Höök, 2015; Koutsouli et al., 2015).

SUMMARY

Fat, lactose and urea were not affected by plasmin activity. Casein content
decreased as plasmin activity increased in all UHS categories, and crude
protein was similarly affected (except in M1 ewes). Total solids slightly
decreased with high plasmin activity in M2. pH increased with plasmin
activity only in PR.

11.5. Influence of plasmin on rennet coagulation

Table 11.6 presents the correlation coefficients for plasmin activity and the
renneting parameters of milk in PR, M1 and M2 ewes. Statistical signification
was established at P<0.05.

In the light of the results showed in the table, in general, rennet coagulation of
milk worsens as plasmin activity increases. This is evident specially in milk from
M2, since plasmin activity in this category is significantly higher than in the rest,
as described in section 11.3. Therefore, in M2, rennet clotting time increased
and curd firmness diminished, which agrees with the results obtained by Mara
et al. (1998), Albenzio et al. (2004) and Battacone et al. (2005). According
to Battacone et al. (2005), the worsening of rennet coagulation parameters is
more related to disorders of permeability in the mammary gland than to casein
breakdown by proteolysis. However, as mentioned in section 11.4, there were
no effects of plasmin over lactose that could imply alterations of the milk-blood
barrier. Due to all these reasons, the relationship between casein hydrolysis and
rennet coagulation needs to be further investigated in greater detail.

On the other hand, Srinivasan and Lucey (2002) and Leiber et al. (2005) found
that, normally, an increase of plasmin activity negatively affected renneting
parameters and curd yield. Nevertheless, other authors did not find a clear
correlation between plasmin and rennet coagulation. However, most of the
experiments found in literature concerning plasmin activity describe addition of
different plasmin concentrations to milk, to establish different levels or ranges
of activity (Mara et al., 1998). Thereby, several authors have reported that high
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levels of plasmin induce casein hydrolysis, affecting milk coagulation. However,
in experiments performed on milk in natural conditions, native plasmin levels
have been reported to be lower. This suggests that, although there was some
impact of plasmin over renneting parameters in M2 ewes, in the rest of
categories this effect might not be so evident at those concentrations of the
enzyme.

Table 11.6: Correlation between plasmin activity and rennet coagulation
variables.2

PR M1 M2

RCT 0.0914 0.0296 0.1685*
k20 -0.0857 -0.0073 0.137
RCT+k20 0.0587 0.0223 0.1928*
A30 -0.1907 -0.0037 -0.1731*
A60 -0.0136 -0.3006** -0.214**
Curd yield -0.2785** 0.26* 0.0429

Values colored in grey are not significant (P>0.05).

In addition, Bastian et al. (1991a) found that when SCC did not exceed 300⇥103

cells/ml (as in the animal population studied in this thesis), plasmin levels
remain relatively low, and no further correlation between plasmin activity and
renneting properties was found. This might certainly explain the low impact of
plasmin on milk coagulation in PR and M1.

SUMMARY

Plasmin activity increased rennet clotting time in M2, and reduced curd
firmness in M1 (A60) and M2 (A30 and A60). Curd yield decreased in PR but
slightly increased in M1.

2P<0.05 * , P<0.01 ** , P<0.001 ***
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Discriminant function analysis

Five of the studied variables were selected as predictor variables in the
discriminant model: SCC, urea, curd firmness after 60 minutes (A60), curd
yield and plasmin activity (tables 12.1 and 12.2). Wilk’s test indicated that
the complete model was significant (P<0.001) and explained the total variance
shared between the variables.

Standardized canonical discriminant function coefficients show that the
variables with greater discriminant ability in function 1 were A60 and urea
concentration, being positive and negative, respectively. According to the values
of the centroids, function 1 separated primiparous ewes from multiparous ewes.

The variables with greater discriminant ability in function 2 were SCC and
A60. The first one had the highest correlation with this function according to
the structure matrix. Due to the value of the centroids, function 2 separated
multiparous ewes with previous lesions of the udder from the rest of the animals
(PR and M2).

Table 12.1: Canonical discriminant analysis results (I).

Standardized coefficients Structure matrix

1 2 1 2

SCC 0,346 0,863 0,268 0,919
Urea -0,433 0,142 -0,428 0,147
A60 0,689 -0,375 0,49 -0,464
Curd yield 0,449 0,091 0,508 0,136
Plasmin activity 0,453 -0,094 0,343 0,009
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Table 12.2: Canonical discriminant analysis results (II).

Función

1 2

Canonical correlation 0,438 0,109
Autovalues 0,237 0,012
% of variance explained 95,2 4,8

Centroids
PR -0,784 0,019
M1 0,374 0,156
M2 0,249 -0,106

F2
	(3

.8
8	
%
)

-0,60

-0,40

-0,20

0,00

0,20

0,40

0,60

F1	(96.12	%)
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Figure 12.1: Discriminant function analysis
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CONCLUSION 1

Curd yield was not negatively affected by the health condition of the udder. This
might be explained by an increasing amount of water trapped inside the curd
as the sanitary conditions deteriorate.

CONCLUSION 2

Plasmin activity in Manchega ewes decreased throughout lactation, and its
highest values were measured in animals that suffered udder infections in the
previous lactation. Therefore, regardless the health condition of the ewes in the
beginning of lactation, there seems to be a residual enzymatic activity persisting
as a response to a previous infection.

CONCLUSION 3

Milk renneting parameters were not affected by parity although stage of
lactation did have a negative impact on coagulation. This could be caused by a
progressive deterioration of the udder and an increase of somatic cells in milk,
what may induce the activity of several proteases other than plasmin.

CONCLUSION 4

In ewes with a previous udder infection, plasmin activity had a negative impact
on coagulation, due to casein breakdown. In the rest of the animals this effect
was lighter. However, the good health condition of the herd seems to camouflage
the possible effects of plasmin on rennet coagulation.
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CONCLUSION 5

According to the results obtained in this study, this field of research should be
continued considering three aspects:

1. Total solids in the curd should be analyzed to verify if measured yield is
really due to the richness in fat and protein, or caused by an increase of
the moisture content trapped inside the curd.

2. Some effects of the sanitary conditions of the udder may have not been
evidenced because of the low variability in somatic cell counts of the
studied animals. Therefore, an animal population with a wider sanitary
range should be chosen in further research.

3. Hydrolysis of casein may also be caused by endogenous enzymes other
than plasmin, such as cathepsins or elastase. Thus, the activity of these
proteases in milk, as well as the behavior of activators and inhibitors of
the plasmin system should be studied in greater detail.
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Abstract 

 The relationship between somatic cell count (SCC) and raw milk composition and its coagula-
tion properties measured at native or standardised pH values were investigated in Manchega ewes’ 
milk. A total of 84 bulk tank milk samples from flocks included in the National Association of Man-
chega Sheep Breeders were used. According to their SCC, milk samples were divided into three 
terciles named low (562±138 cells/mL), medium (956±115 cells/mL) and high (1705±428 cells/
mL) SCC groups. Within each SCC group, two pH treatments were applied before determining co-
agulation properties (rennet clotting time, curd firming time and curd firmness): no acidification of 
milk (coagulation at native pH) and acidification of milk at pH 6.5. Native milk pH significantly in-
creased (P<0.05) as SCC rose. With respect to raw milk composition, fat contents were not affected 
(P>0.05) by SCC, protein content tended to be higher in the high SCC group (P=0.05) and lactose 
content was significantly lower (P<0.05) in that group. At native pH, the high SCC group had longer 
rennet clotting time, higher curd firming time and lower curd firmness after 30 min of rennet addition 
than the low and medium SCC groups (P<0.05). Standardising milk pH at 6.5 prior to rennet addi-
tion clearly cancelled out (P<0.05) the negative effects of high SCC on milk coagulation properties. 
In conclusion, despite the fact that acidification before renneting improved the coagulation proper-
ties of milk with high SCC, more research would be needed to determine the sensorial properties of 
cheese manufactured under such conditions. 
 
 Key words: sheep, somatic cell count, milk composition, milk clotting

Introduction

A major aspect of the quality of sheep milk is 
its capability to be transformed into high-quality 
cheeses and to produce high yields of cheese from 
each litre of milk (Bencini , 2002). The amount 
and quality of cheese that can be obtained mainly 
depends on the coagulation properties of the used 
milk (Bencini  and Pul ina, 1997) and its fat and 
casein contents (Pol it is  and Ng-Kwai-Hang, 

1988a). Coagulation properties are rennet clotting 
time, curd firming time, and curd firmness after 30 
and 60 min of rennet addition. These parameters 
have been shown to be positively related to cheese 
yield (Ng-Kwai-Hang et al., 1989) and have been 
commonly used by researchers to assess milk pro-
cessing performance (Ng-Kwai-Hang et al., 1989; 
Pir is i  et al., 2000).  Milk somatic cell count (SCC) 
is a widely used marker for both udder health and 
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milk quality. High SCC is either the consequence of 
an inflammatory process due to the presence of an 
intramammary infection or, under non-pathological 
conditions, the result of physiological processes such 
as advanced stage of lactation (Raynal-Ljutovac 
et al., 2007). Previous research indicate that high 
SCC in sheep milk alters milk pH and composition 
(Vivar-Quintana et al., 2006; Martí  de Olives 
et al., 2013) as well as milk coagulation properties 
(Pir is i  et al., 2000; Bianchi  et al., 2004), which 
in turn reduces cheese yielding capacity of milk and 
cheese making efficiency (Pol it is  and Ng-Kwai-
Hang, 1988a, 1988b). On the other hand, pH be-
fore renneting affects milk coagulation properties 
(Balcones et al., 1996; Bencini , 2002). Since 
SCC is positively related to milk pH (Raynal-Lju-
tovac et al., 2007), lowering it would have positive 
effects on coagulation properties of milk with high 
SCC (Pir is i  et al., 2000). These authors studied 
the effects of pH prior to renneting (native and 
standardised at 6.5) on milk coagulation properties, 
but they did not compare pH treatments within the 
SCC groups in their study.

Milk of the Manchega sheep breed is used to 
make Manchego cheese, which is one of the most 
important and well-known sheep's milk cheese in 
Spain and abroad. Manchego is a high-fat, hard, rip-
ened cheese, manufactured at a factory level under 
controlled conditions using raw or pasteurized milk 
and with starter addition (Gonzalez-Viñas et al., 
2001). Therefore, the objective of this study was to 
determine the effects of SCC on composition and 
clotting parameters, measured at native and stand-
ardised pH values, of Manchega ewe milk.

Materials and methods

A total of 84 bulk tank milk samples from 
flocks included in the National Association of Man-
chega Sheep Breeders were used. Milk samples were 
stored at 4 ºC until analysis within 3 days after col-
lection. For each sample, pH (Crison Basic 20 pH-
meter; Crison Instruments, Barcelona, Spain), SCC 
(Fossomatic; Foss Electric, Hillerød, Denmark), and 
fat, total protein, lactose and total solid contents 
(Milko Scan; Foss Electric, Hillerød, Denmark) were 
determined. According to their SCC, milk samples 
were divided into three terciles (i.e. 28 samples each 
group) named low (562±138 cells/mL), medium 

(956±115 cells/mL) and high (1705±428 cells/
mL) SCC groups. Within each SCC group, two pH 
treatments were applied before determining coagu-
lation properties: no acidification of milk (coagula-
tion at native pH) and acidification of milk at pH 
6.5 by adding a lactic acid solution (10 %) before 
renneting.

Coagulation properties were measured by using 
a Formagraph (Foss Electric, Hillerød, Denmark). 
The testing time of the analysis was set up at 60 
min to investigate if milk that did not form a curd 
within the conventional threshold of 30 min showed 
coagulation aptitude after this time (De Marchi  et 
al., 2012). The measured traits were rennet clotting 
time (named r, it is the interval in min from the ad-
dition of the rennet to the beginning of coagulation), 
curd firming time (named k20, it is the interval in 
min from the beginning of coagulation to the mo-
ment the width of the graph achieves a separation of 
20 mm), and curd firmness (named A30 or A60, it is 
the width of the graph measured in mm after 30 or 
60 min of rennet addition). For the samples that did 
not form a curd after 60 min, curd firmness values 
were arbitrarily assumed as 1 mm. Also, in samples 
that did not curdle after 60 min, coagulation time 
and curd firming time were attributed an arbitrary 
value of 60 min.

All data were analysed using the GLM procedure 
of SAS 9.1 (SAS Institute Inc., Cary, NC). The statis-
tical analysis of milk pH and composition data includ-
ed SCC group as fixed effect in the model. The statis-
tical analysis of milk coagulation properties included 
SCC group, pH and their interaction as fixed effects. 
Tukey’s test was used to compare least squares means. 
Statistical significance was declared at P<0.05.

Results and discussion

Composition and pH values of bulk tank milk 
of Manchega ewes are shown in Table 1. The fact 
that native milk pH significantly increased (P<0.05) 
as SCC rose is commonly reported in the literature 
(Raynal-Ljutovac et al., 2007). This effect is at-
tributed to increased permeability of the mammary 
epithelium, which can lead to the transfer of compo-
nents from blood to milk, including citrates, bicar-
bonates, and Na and Cl ions. Higher levels of citrate 
and bicarbonate may be responsible for elevated pH 
levels (Harmon, 1994; Kitchen, 1981). 



APPENDIX I 151

140 J. CABALLERO VILLALOBOS et al.: Somatic cell count of ewe’s milk, Mljekarstvo 65 (2), 138-143 (2015)

 

SCC group

  

 

Low

 

(562±138)

 

n = 28

 

Medium

 

(956±115)

 

n = 28

 

High

 

(1705±428)

 

n = 28

 

S.E.M

 

Native pH

 

6.57

c

 

6.65

b

 

6.81

a

 

0.013

 

Fat, %

 

8.37

 

8.31

 

8.30

 

0.104

 

 

6.25

 

6.21

 

6.41

 

0.051

 

Lactose, %

 

4.55

a

 

4.58

a

 

4.41

b

 

0.024

 

 

20.01

 

19.93

 

19.99

 

0.141

 

     

Total solids, %

Total protein, %

Traits

Table 1. Effects of somatic cell count (SCC, mean ± standard deviation in cells/mL) on the composition  
 of bulk tank milk of Manchega ewes

S.E.M. Standard error of the mean
a,b,cMeans without a common superscript are statistically different at P<0.05
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Table 2. Effects of somatic cell count (SCC, mean ± standard deviation in cells/mL) and pH prior to  
 renneting on the coagulation properties of bulk tank milk of Manchega ewes 

N = native pH,  L = pH standardised at 6.5,  S.E.M. Standard error of the mean
a,b,c - Means without a common superscript are statistically different at P<0.05
1r - rennet clotting time, k20 - curd firming time, A30 and A60 - curd firmness after 30 and 60 min of rennet addition, respectively

With respect to raw milk composition, fat con-
tents were not affected (P>0.05) by SCC. Protein 
content tended to be higher in the high SCC group 
(P=0.05) while lactose content was lower (P<0.05) 
in that group. Our results are complementary with 
most previous published research on sheep milk, 
which indicate that fat content does not change, pro-
tein content either increases or does not change, and 
lactose content decreases with increasing SCC (Al-
benzio et al., 2004; Nudda et al., 2003; Pir is i  et 

al., 2000; Vivar-Quintana et al., 2006). The nega-
tive effect of high SCC on the milk lactose content 
has been related to a decreased synthesis capacity of 
the mammary gland due to the damage of epithelial 
tissue, but also because of a lesser availability of its 
precursor, glucose, due to competition for energy 
between secretor cells and those with phagocyte 
functions (Martí  de Olives et al., 2013). On the 
other hand, the absence of clear changes in protein 
content could be due to a reduced protein synthesis 
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despite the fact that direct acid addition improved 
milk coagulation properties in ovine milk with high 
SCC in the present work, it should be noted that 
some authors have reported off-flavours and texture 
defects after ripening in cheese manufactured from 
high SCC ovine milk (Jaeggi  et al., 2003; Revi l la 
et al., 2007).

Conclusions 

High SCC decreased milk lactose content and 
worsened clotting parameters (rennet clotting time, 
curd firming time and curd firmness). Standardising 
milk pH at 6.5 prior to rennet addition clearly can-
celled out the negative effects of high SCC on coag-
ulation properties. However, further studies should 
be performed to determine the sensorial properties 
of cheese manufactured under such conditions. 
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Odnos broja somatskih stanica i sastav i  
koagulacijska svojstva ovčjeg mlijeka

Sažetak

Cilj ovog rada bio je istražiti odnos između 
broja somatskih stanica, sastava sirovog mlijeka, i 
koagulacijskih svojstava sirovog mlijeka kod prirodne 
i standardizirane pH vrijednosti mlijeka mančego 
ovce. Analizirano je 84 uzoraka skupnog mlijeka 
stada Državnog udruženja uzgajivača mančego ovce. 
Prema broju somatskih stanica/mL (BSS/mL), uzorci 
mlijeka podijeljeni su u 3 skupine - niska (562±138 
BSS/mL), srednja (956±115 BSS/mL) i visoka 
(1705±428 BSS/mL). U okviru svake skupine, 
pH je mjeren dva puta prije određivanja koagulaci-
jskih osobina (vrijeme zgrušavanja sirilom, vrijeme 
učvršćivanja gruša i tvrdoća gruša): bez zakiseljavanja 
mlijeka (koagulacija kod prirodne pH vrijednosti) 

by the udder and an increment of proteins coming 
from the bloodstream, both having opposite effects 
(Vivar-Quintana et al., 2006). Moreover, Martí 
de Olives et al. (2013) did not observe differences 
in casein content, but found lower casein to protein 
ratio due to high SCC in milk of Manchega ewes.

At native pH, the high SCC group had longer 
rennet clotting time, higher curd firming time and 
lower curd firmness after 30 min of rennet addition 
than the low and medium SCC groups (P<0.05, 
Table 2). Curd firmness after 60 min was slightly 
lower, but not statistically different, in the me-
dium and high SCC groups compared with the 
low SCC group. Standardising milk pH at 6.5 de-
creased (P<0.05) rennet clotting time and stepped 
up (P<0.05) curd firmness at 30 min in all SCC 
groups. It also decreased (P<0.05) curd firming 
time in the high SCC group and increased curd firm-
ness at 60 min in the medium and high SCC groups. 
Albenzio et al. (2004), Bianchi  et al. (2004) and 
Pir is i  et al. (2000) also reported poorer coagula-
tion properties of ovine milk as SCC increased. 
The negative relationships between SCC and milk  
coagulation properties could to be related to in-
creased casein breakdown due to a higher plasmin 
activity in the milk with high SCC (Albenzio et al., 
2005; Bianchi  et al., 2004; Leitner et al., 2004). 
In addition, the high SCC could negatively affect 
both the first phase of rennet coagulation due to  
elevated pH, as the optimum pH of chymosin activ-
ity is in the acidic range (Kumar et al., 2010), and 
the aggregation of paracasein micelle due to a lower 
Ca2+ activity, as suggested by Leitner et al. (2004). 
On the other hand, Ng-Kwai-Hang et al. (1989) 
observed that a shorter clotting time, a faster rate 
of firming, and a harder curd resulted in a higher 
cheese yield and efficiency due to lower losses of 
milk fat and protein in whey. Moreover, Pir is i  et 
al. (2000) and Albenzio et al. (2004) reported a 
greater loss of protein in whey when ewe milk with 
high SCC was used for cheese manufacture. There-
fore, higher yields of cheese might be expected in 
the milk with high SCC renneted at standardised 
pH compared with milk renneted at native pH.

Cheese producers can adjust pH value of milk 
to achieve the desired acidity by varying the per-
centage of inoculum of starter cultures (Bencini 
and Pul ina, 1997) or by direct addition of food-
grade acid (Lucey and Kel ly, 1994). However, 
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i zakiseljavanje kod pH vrijednosti 6,5. pH vrijed-
nost mlijeka signifikantno je povećana (P<0,05) 
povećanjem BSS. BSS nije utjecao (P>0,05) na udjel 
masti, dok je udjel proteina bio veći u grupi s visokim 
BSS (P=0,05), a udjel laktoze bio je signifikantno 
niži (P<0,05) u toj skupini. Kod prirodne pH vrijed-
nosti mlijeka, visoki BSS utjecao je na duže vrijeme 
zgrušavanja mlijeka sirilom, sporije učvršćivanje gruša 
i na manju čvrstoću gruša nakon 30 min od dodatka 
sirila, u odnosu na skupinu u kojoj je BSS bio nizak i 
srednji (P<0,05). Standardizacija pH mlijeka na 6,5 
prije dodavanja sirila anulirala je (P<0,05) negativan 
utjecaj visokog BSS na koagulacijska svojstva mlije-
ka. Može se zaključiti da su, unatoč činjenici kako 
je acidifikacija mlijeka prije zgrušavanja poboljšala 
koagulacijske osobine mlijeka s visokim BSS, daljnja 
istraživanja potrebna kako bi se utvrdila senzorska 
svojstva sira proizvedenog takvim postupkom.

Ključne riječi: ovce, broj somatskih stanica,  
   sastav mlijeka, zgrušavanje mlijeka
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Aims of the research
1. To evaluate the effects of stage of lactation
(SL), parity (PA), somatic cell count (SCC)
and previous udder health status on plasmin
activity in Manchega ewe milk.

2. To establish the influence of plasmin
activity over milk renneting properties and
cheese yield.

Introduction
Proteolysis of casein can affect milk renneting properties
reducing cheese yield. Proteolytic enzymes like plasmin are
known to modify milk composition, reducing its quality
and producing bitter flavours. Thus, controlling the activity
of endogenous enzymes at both farm and industrial levels
could lead to improvement of the quality in dairy products,
perhaps also reducing production costs.

Methodology
Forty Manchega ewes were distributed in 3
groups according to udder health status in the
previous lactation:

PR: primiparous.
M1: multiparous with no previous
udder infection.
M2: multiparous with previous udder
infection.

Milk samples from all animals were taken in
early, mid and late lactation and analysed for:

Somatic Cell Count (SCC): using a
Fossomatic Minor Cell Counter.
Renneting properties: monitored
with a Formagraph as described by
McMahon and Brown (1982).
Plasmin activity: as described by
Richardson and Pierce (1981).

Effect of SL and PA over Plasmin activity

Plasmin activity diminishes throughout
lactation in all animals, though this drop
is only significant in multiparous ewes.

Parity does not affect plasmin activity
as no significant differences were found
due to this effect. Nevertheless, plasmin
activity tends to present higher values in
multiparous ewes.

Within each PA group means without a common superscript are statistically different at P<0.05

Effect of SCC and udder health over Plasmin activity

SCC did not have any effect over plasmin
activity, as values were similar in all
ranges.

According to the udder health status
in the previous lactation, in low ranges
of SCC, group M2 presents significantly
higher plasmin activity than PR. In
addition, there is an inclination in M2
to present higher plasmin activity than
in M1. In high ranges of SCC, plasmin
activity values M2 animals were also
significantly higher than in PR, but quite
similar to those measured in M1.

Within each logSCC group means without a common superscript are statistically different at P<0.05
logSCC = Somatic cell count (normalized)

Plasmin and renneting
The following table represents correlation
between plasmin activity and milk renneting
parameters.

PR M1 M2
RCT 0,09 0,03 0,17�

k20 -0,09 -0,01 0,137
A30 -0,19 -0,01 -0,17�

A60 -0,01 -0,30�� -0,21��

Curd yield -0,28�� 0,26� 0,04

P<0.05 * , P<0.01 ** , P<0.001 ***

In M2 animals, with higher values of
plasmin activity, rennet clotting time (RCT)
increases and curd firmness (A30 and A60)
diminishes, though no effect over rate of
firming (k20) or curd yield was observed. In
M1 ewes curd firmness at 60 min (A60) was
negatively correlated with plasmin activity
and curd yield was correlated positively.
No correlations were found in PR but for
curd yield, which decreased significantly with
increasing plasmin activity.

References
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determination of plasmin in dairy products. N Z J
Sci. Tech. 16, 209- 220. |2| McMahon, D.J. & Brown,
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Conclusions
Plasmin activity decreased with lactation and changes were more evident in multiparous ewes.
Plasmin did not seem to be affected by SCC, but its activity was higher in animals with previous
udder infections (M2). Also in this group of animals renneting parameters were visibly worsened,
though the low SCC measured in all ewes (< 300 � 103) may have camouflaged the effect of
plasmin over coagulation in PR and M1.
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Introducción
En España, la leche de ovino se utiliza casi en su totalidad para la elaboración de queso, ya sea
de forma pura o mezclada con leche de caprino o vacuno. Por ello, es importante conocer cuáles
son los factores (tanto genéticos, como fisiológicos, sanitarios o físico-químicos) que pueden afectar
a este proceso de transformación de la materia prima y cómo influyen sobre la producción del
queso. Así, podrían generarse patrones de control (tanto a nivel industrial como a nivel de manejo
y de selección) que permitan reducir costes y generar un producto de calidad que sea ampliamente
aceptado y valorado por el consumidor.

Objetivos
1. Estudiar la producción y las características
tecnológicas de la leche de ovino, así como
los factores que pueden influir sobre su
rendimiento quesero.

2. Explicar los efectos de la actividad
proteolítica derivada de la Plasmina y el
Plasminógeno sobre la calidad higiénico-
sanitaria de la leche y sobre su aptitud para
la elaboración de queso.

Material y métodos
Para el estudio se muestrearon durante una lactación completa 40 ovejas de raza Manchega
procedentes de la ganadería La Nava Del Conejo, en Valdepeñas (Castilla La Mancha). En
todos los muestreos se tomaron muestras separadas de ubre izquierda y derecha. Mediante un
Formagraph se realizó la monitorización de la coagulación, obteniéndose valores para tiempo
de coagulación (r), velocidad de endurecimiento (k20) y durezas media y máxima (A30 y A60).

Se han obtenido también los valores de producción lechera por animal, los parámetros de
calidad higiénico-sanitaria (recuento de células somáticas y unidades formadoras de colonias) y
de composición físico-química (grasa, proteína, lactosa, sólidos totales, extracto seco, cenizas,
caseínas y punto crioscópico). Asímismo, se ha aislado suero por ultracentrifugación de la
leche con citrato sódico para estudiar mediante técnicas colorimétricas la actividad proteolítica
derivada del sistema enzimático Plasmina-Plasminógeno y sus efectos sobre la coagulación.

Resultados (estado actual del trabajo)
Se han obtenido los estadísticos descriptivos para todas las variables estudiadas. El análisis de correlación mediante coeficientes de Pearson
ha puesto de manifiesto altas correlaciones entre el recuento de células somáticas con el tiempo de coagulación (r) y con la velocidad de
endurecimiento de la cuajada (k20). Además, los datos sugieren que el tiempo de coagulación (r) es más corto a medida que descienden los valores
de pH. También, a valores ácidos de pH se obtienen geles más firmes tras la coagulación.

Los valores medios obtenidos muestran un importante descenso de la dureza media (A30) y la dureza máxima (A60) de la cuajada conforme avanza
la lactación, lo cual se traduce en una mayor pérdida de proteína durante el corte y el desuerado. Los valores para la velocidad de endurecimiento
parecen disminuir suavemente hasta alcanzar su mínimo en el tercer mes de lactación, a partir del cual aumentarán de forma muy notable. Sin
embargo, los valores obtenidos para el tiempo de coagulación (r) permanecen más o menos estables durante casi toda la lactación, siendo el
último mes donde se observa un considerable enlentecimiento en la formación del gel.
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