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ituto

La presente Tesis Doctoral, realizada en el Departamento de Produccidon Animal
de la Universidad de Cérdoba bajo nuestra direccidn, retine los requisitos legales
necesarios para la obtencion del Grado de Doctor.

Es una obra rigurosa, metddica y argumentada en la que se ha realizado
un planteamiento hipotético, una profunda revisidén bibliogréfica, un andlisis
critico y unas conclusiones coherentes al trabajo desarrollado. Asimismo, los
directores quieren hacer constar que, tras el planteamiento inicial, D. Javier
Caballero Villalobos ha ido adquiriendo unos conocimientos y aplicando una
metodologia cientifica adecuada cumpliendo con plena dedicacién, y muy
satisfactoriamente, todas las tareas de investigacién que se han desarrollado
hasta concluir la presente Tesis Doctoral (revisién bibliografica, toma y analisis
de muestras, estudio estadistico de resultados y obtencion de conclusiones).

Durante el desarrollo de la Tesis, el Doctorando ha realizado diversos trabajos
y publicaciones derivados de la misma, de gran calidad cientifica, que se citan
a continuacion:

= J. Caballero-Villalobos et al.: Factores que afectan a la coagulacién de la
leche y la calidad del queso en ovino (Péster). En Creando Redes: III
Congreso Cientifico de Investigadores en Formacion en Agroalimentacion.
ceiA3, Cérdoba (Espaiia). Noviembre 2014.

= J. Caballero-Villalobos et al.: Relationship of somatic cell count and
composition properties of ewe’s milk. Mljekarstvo 65 (2), 138-143 (2015).

= J. Caballero-Villalobos: Influencia del pH y del Recuento de Células
Somaticas sobre la Coagulacion y las Caracteristicas Tecnoldgicas en
la Leche de Oveja Manchega. En I Congreso de Veterinaria y Ciencia y
Tecnologia de los Alimentos. UCO, Cérdoba. Febrero. 2016.

= J. Caballero Villalobos et al.: Plasmin activity in Manchega ewe milk
(Poster). IDF Parallel Dairy Science and Technology Symposia: Dairy
Products Concentration and Drying - Cheese Science and Technology. Dublin
(Irlanda). Abril 2016.




VI

Tanto los objetivos, como los resultados obtenidos y las conclusiones, son de
aplicacién préctica, beneficiosos para el sector y poseen la calidad cientifica
necesaria para que dicha Tesis se tramite a la Comisién de Doctorado.

Por todo ello, se autoriza la presentacién de la Tesis Doctoral.

Cérdoba, a 10 de Octubre de 2016.

Firma de los directores

Ana Isabel Garzon Sigler Manuel Sdnchez Rodriguez
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Everything great in the world comes from neurotics. They alone have founded our
religions and composed our masterpieces. Never will the world be aware of how
much it owes to them, nor all they have suffered to bestow their gifts on it.

Marcel Proust
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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 3-casein. Plasmin also worsened
rennet coagulation, increasing rennet clotting time (RCT) and negatively
affecting curd firmness (A¢g), 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 relacion entre la actividad de la plasmina y la composicion
de la leche, la coagulacién y el estado sanitario de la ubre, asi como diversos
factores intrinsecos y extrinsecos que pueden afectar a dichos parametros.
Para ello se han analizado muestra individuales de leche de 40 ovejas de
raza Manchega durante una lactacién completa (5 meses). Las muestras de
leche fueron clasificadas segtin su procedencia en tres categorias: PR (hembras
primiparas), M1 (hembras multiparas sin infecciones previas en la ubre) y M2
(hembras multiparas con infeccién previa de la ubre). Asimismo, en funcién de
su recuento de células somadticas (log) las muestras fueron clasificadas en tres
grupos: LSCCs (<1.6), MSCCs (1.6 <SCC <2) HSCCs (>2). La actividad de
la plasmina disminuyé con el avance de la lactacién, pero no se vio afectada
por el nimero de parto o el recuento de células somaticas (P>0.05). También
se observd una fuerte correlacién negativa entre la actividad de la plasmina y
la proteina (especialmente la caseina), probablemente debido a la protedlisis
de B-caseina. Elevados niveles de plasmina también afectaron negativamente
a la coagulacién, aumentando los tiempos de coagulaciéon y disminuyendo
la dureza de la cuajada (Agg), especialmente en hembras multiparas. No
obstante, las buenas condiciones sanitarias en el rebafio estudiado podrian
camuflar ciertos efectos de la plasmina sobre la coagulacién. En conclusion,
independientemente del estado sanitario de las ovejas al inicio de la lactacidn,
se observa una actividad enzimatica persistente, probablemente como respuesta
a una infeccién previa de la ubre. No obstante seria necesaria una poblacién
animal con una mayor diversidad sanitaria para investigar mas a fondo la acciéon
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 (Reglement, 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 (Ndjera 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.









Part 11

LITERATURE REVIEW






Chapter 1

Manchega breed

CONTENTS
1.1. General aspects and farming system . ................ 10
1.2. Origin and historical background ................... 10
1.3. Morphological characteristics . . . . .. ... ... ..., 10
1.4. Geographic distributionandcensus . . ................ 12

1.5. Manchegocheese. ... ......... ... ... 14




10 CHAPTER 1. Manchega breed

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, Alcarrefia or Segureiia.

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 (Sanchez-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 Leén). 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.
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AR, | |
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Figure 1.2: Dispersion of the Manchega breed in Spain.

ISource: 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 40°C. The daily temperature range in this region is
30°C, and the annual range can be of 50°C. 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”.

Avegetation 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).

Consejo Regulador de la Denominacion de Origen

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.

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

thoroughly monitored.

. 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).

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

. The final product will be submitted to physico-chemical and organoleptic

analyses in order to certify its quality.

. Once these tests are concluded, the product will be released to the market,

and its origin will be warranted by a numbered label.

. 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.



17

“(L00Z/11/€T “909) 03aysuvpy 0sand Odd Y3 Jo uonedyads 1onpoid :92IN0S

snj1ydouLiajo.als sn)jopg Jo Yimold Jo uoniqryu] Ealie )% sy1onpoad [euIpaA
2doosoh1n (D0055°0-> jurod aamyredap 3urzasig

Ioyouw Hd - JusuwaInseaw 19211 /-G9 Hd
(LZ-20-0T "d'0O°d) 2A03S UI UOIIBIIISI] WNWIUIW 04 T T Ioneur AIp a[qesn
(££-£0-0T "2°0°d) poylow [yep[ohy WIWIUIW 0% G} urajoid
(44-20-0T "d4'0’d) poyI_ul 19q1a0n WNWIUIW 9,59 1.

JOH.LIIN NOLIVNINHALAA

| aoviNaO¥dd |

HHLANVIVd

1.5. Manchego cheese

*9599YD) 03aPURIN Odd 2INIdBJNUBW 0] PIsn Y[IW Y3 JO SONSLIDIORILYD [edNATRUY :Z'T 9[qBL




18 CHAPTER 1. Manchega breed

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.

-
(@
Ram,

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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CHAPTER 2. Sheep milk and its composition

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 a-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.!>

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).

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

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 (Garzon, 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 (Garzon, 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 a-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
(Garzon, 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. (Garzon, 1996).

Fat content in milk is structured as an emulsion of fat globules (1-8u 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 (a-La)
and beta-lactoglobulin (3-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. a-Lactalbumin

a-Lactalbumin (a-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). a-La has a high content of tryptophan (Tip),
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 a-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.*

| PROTEIN | VARIANTS | REFERENCES

Chianese et al. (1996)
Pirisi et al. (1999)

Wessels et al. (2004)
Giambra et al. (2010)
Chianese et al. (1993)
Chessa et al. (2003)
Picariello et al. (2009)
Giambra and Erhardt (2012)
Chianese (1997)

Chessa et al. (2010)

Jolles et al. (1974)

Bastos et al. (2001)
k-Casein Monomorphic Ceriotti et al. (2004)
Feligini et al. (2005)
Pariset et al. (2006)
Chiofalo and Micari (1987)
Erhardt (1989)

Bell and McKenzie (1967)
King (1969)

Kolde and Braunitzer (1983)
B-Lactoglobulin A B, C Erhardt (1989)

Ali et al. (1990)

Recio et al. (1997)

Ramos et al. (2009)

ag1-Casein A B,C,D,E,EH, I

ago-Casein A,B,C,D,E,EG

f3-Casein A B C XY

a-Lactalbumin A B

2.6.1.2. f-Lactoglobulin

p-Lactoglobulin (3-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).

*Source: 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 3-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).

pB-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 3-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 (3-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 (Rodriguez-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 f-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 (Martinez et al., 2010).

Caseino-Macropeptides (CMP) are soluble fragments derived from the action
of chymosin over k-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, Linderstrgm-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 2.2: Characteristics of whey proteins.

PROPORTION IN PROPORTION IN MOLECULAR
PROTEIN WHEY SKIM MILK WEIGHT (x10%) COFACTORS

a-Lactalbumin 20-25% 0.7 g/1 14
f-Lactoglobulin 50% 3.3g/l 18
Serum albumin 5% 0.3 g/l 66
Proteose-peptones 10% 1.0 g/l 4-40
Immunoglobulin 700 mg/1

IgG, 153-163

1gG, 146-154

IgA 385-417

IgM 960-1000
Xanthine oxidase 275-300 FAD
Lactoferrin 1-2% 100 mg/1 76.5 HCO;
Lactoperoxidase <0.5% 30 mg/1 78 SCN~/ H,0,
Lysozyme <0.1% 0.13 mg/1 14.3-14.6 SCN™/ HCOy

Source: own compilation, based in Martinez et al. (2010).
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(table 2.3). These caseins are known as alpha-casein (a-CN), f3-casein (3-CN)
and kappa-casein (k-CN). The commonly known as gamma-caseins (y-CNs) are,
in fact, fragments derived from the proteolytic action of plasmin over 3-CN.

AMINOACID | % | AMINOACID & % |

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. a-Casein

Alphag-casein (ag1-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). ag;-CN consists of 214 amino acids, and exists as a number
of distinct genetic variants, known as A, B, C, D, E, E 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 alphag,-casein (ag,-CN) is the most heterogeneous fraction of caseins
(Selvaggi et al., 2014). Seven variants have been described for ag,-CN, named
from A to G (Chessa et al., 2003; Picariello et al., 2009; Giambra and Erhardyt,
2012), including a low molecular weight variant reported by Chianese et al.
(1993) in Manchega breed. So far, the role of ag,-CN in casein micelles has not
been studied in detail (Selvaggi et al., 2014).
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2.6.2.2. [-Casein

B-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, 3-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 y;-CN, y,-CN, y3-CN
and proteose-peptones (Fox and Kelly, 2006).

2.6.2.3. k-Casein

k-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).

k-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 (Thry3s, Thri37; and
Thr;3g) and two phosphorylation sites (Ser;5; and Serygg).

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 (Matutinovic et al., 2014).

2.7. Other minor substances found in milk

Salts: they are present in milk both dissolved and in coloidal state (Garzon,
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 (Garzon, 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.
Garzon (1996) also reported an important amount of vitamin A (1.46 1U/1),
riboflavin (3.82 mg/1) and pantothenic acid (3.64 mf/1). In addition sheep milk
lacks carotene (Assenat, 1991), as well as vitamins D and B¢ (Garzon, 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 Garzon (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
Formagraph™ torsion viscometer: rennet clotting time (RCT), curd firming time
(kyg), curd firmness after 30 minutes (A;) and curd firmness after 60 minutes
(Agp). 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
(Lépez 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.!

| 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 Maifias, 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 (Tardaguila, 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 Maiias, 2003). Therefore, specific medical
treatments are only considered if the cost does not exceed the economic value
of the affected animal (Sudrez, 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 Mafias, 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 Marias, 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 (Suarez, 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)

b)

)

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 (Pyoréla,
2003).

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.

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)

b)

c)

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).

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.

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 (Fossomatic™), 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; Garcia,
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 (Carrién, 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 2000x10° cells/ml can be considered normal. Barbosa et al. (1994)
recommended a limit of 1500x10% 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 500x10° cells/ml.
Meanwhile, Gonzalo et al. (2000) established 3 sanitary categories regarding
bulk tank somatic cell counts in sheep: good health condition (SCC < 500x 10%),
with an average of 30% of the flock affected; intermediate health condition
(SCC between 500x10° and 1000x 103), with around 40 % of the flock affected;
and bad health condition (SCC > 1000x10°%), 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 40-50°C they reach their highest activity,
though they are still active at low temperature and pH.

3. Thermostability reaches 150°C, 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 500x 102 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 PAL. 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 3-CN, ag,-CN and ag;-CN
(susceptible in that particular order). However, k-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 37°C, 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 3-CN, from which it produces y;-CN, y,-CN, y3-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 coumarin® (Richardson and Pierce,
1981).

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

¢) HD-Norleucyl-hexahydrotyrosyl-lysine-p-nitroanilide® (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).

15-0763, fluorimetric.
28-2251, spectrophotometric.
3 Spectroyme-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
ug/ml and it is mainly present in the whey (Larsen et al., 2000).

Cathepsin D contributes to casein breakdown. It can hydrolyse x-CN and
degrades both ag;-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 3-CN and ag;-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 3-CN and ag;-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 ag;-CN and f-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).



Table 5.1: Overview of different assays to measure plasmin activity described in literature (I).
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i et - Mixing with buffer and addition of (1981)
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Plasmin, Spectrometric ol dlak (6150 - Addition of skimmed milk to buffer | Rollema et al.
lasminogen | Abs. 405 nm 100mM EDTA containing substrate (1983)
= . . 50mM EACA 8 .
Spectrometric >0mM Tris  Model study. Bastian et al
Plasmin >@_um 405 oM 110mM NacCl Mixing plasmin with buffer and (1991b) '
’ 3 mM EACA reagents. )
Centrifugation to obtain
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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 Valdepeiias.

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

- Formagraph™ viscometer (Foss Electric, Hillerod, 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.

¢) 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 Classic™ 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-Scan™ FT-6000 (Foss Electric, Hillersd, 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.

¢) 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 (5-110°C).

6.3.3. Somatic cell count

- Fossomatic™ Minor cell counter (Foss Electric, Hillerod, Denmark).

- Rainin® EDP-Plus™ 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 x 34 mm height).

6.3.5. Determination of plasmin activity

- Trisodium citrate 0.4 M (2%).

- 50 mM tris-HCI 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 Classic™ 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 (HCI).

- Sulphuric acid (H,SO,).

- Trichloroacetic acid (CoHCl30,).

- 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 Cérdoba (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 32°C in a thermostatic bath, and gently
stirred to homogenize its components. Renneting parameters were monitored
using a Formagraph™ 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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N . Integrated circuit
X (connection to computer)

Loop pendulum

Counterbalanced
damper

Sample
cuvette

<«—— OSCILLATIONS —

Figure 7.2: Pendulum structure in the Formagraph™.

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

2. Curd firming time (k,): 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 (A;p) and 60 (Ag,) minutes: they represent the
width of the diagram (in mm) at 30 and 60 minutes, respectively.

RCT+k20

Figure 7.3: Diagram of coagulation and curd firmness as recorded with the
Formagraph™.
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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 2800x g and 37°C, 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 20°C while stirring
the samples to homogenize all components. After the measurement of pH,
all samples were heated to 35-40°C 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 Milkoscan™
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 Fossomatic™ 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 Fossomatic™ 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, Fossomatic™
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: Fossomatic™ Minor Cell Counter.

Air filter

Dye Cleanll  Waste Clean |
Solution (High)
Waste (Low)

Figure 7.5: Internal components of Fossomatic™.
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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 (-20°C) 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 550°C.
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:

M—m

Ash (%) = x 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 Stomacher™.

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

3. 825 ul 50mM Tris-HCI buffer (pH 7.5) were added to 50 ul filtrate, and
the mixture was incubated for 5 minutes at room temperature.
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N-Succinyl-L-Alanyl-L-Phenylalanyl-L-Lysyl-7-amino-4-methyl coumarin

i
o
<I:H2 CHs
CH;
I X
C‘H3 CHa CH,
HOOCCH2CH2—CO—NH—(l:—co—NH—(l:—co—NH—cI:—co—NH
H H H T 9 2
Plasmin cleaves this bond to
release fluorophor \
CH3
X
HoN
O o

7-amino-4-methyl coumarin

Figure 7.6: Action of plasmin over the substrate.

4. The reaction was initiated by adding 225 ul substrate (5 mg coumarin
peptide in 1.33 ml dimethylsulphoxide and 5.33 ml 50mM tris-HCI 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-HCI buffer pH 7.5, to give a concentration
of 300x10°M AMC. The solution was protected from light and stored
at 40°C. Further dilution (1 in 100) with Tris buffer gave 300x 10M
(solution A). This solution was diluted 1 in 10 with Tris buffer to give
300x10°M (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' ml™!.
Plasmin activity was then determined, defining one unit of plasmin activity
as the activity necessary to release 1 nmol AMC min! ml™' milk under the
conditions of the assay:.
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Dilution factors:
50 uL 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 4°C.

2. Stacking gel buffer:
- 4.15 g Tris.
- 150 g urea.
- 2.2 ml concentrated HCI.

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 HCI.

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 HCI 2N. The resulting solution was stored at 4°C.

5. Sample buffer:
- 0.75 g Tris.
+ 49 g urea.
- 0.4 ml concentrated HCI.
- 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 ul 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 ul 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 ul 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 ul 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 (log;y, 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 (%) 2697 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/1) 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
koo (minutes) 25.00 1.30 4.28 3.33
r+ky 60.00 10.15 26.24 10.63
Asp (mm) 55.92 0.28 28.98 16.13
Ago (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
Garzon (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.'

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
Garzon (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
Ramirez 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 Garzon (1996) and Caballero-Villalobos et al.
(2015) in Manchega, or by Serrano (1999) and Toledo (2013) in some varieties
of Merino.

Curd firming time (k,,) 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 k,, almost reached 11 minutes.

Mean values for curd firmness at 30 minutes (A;y) and curd firmness at 60
minutes (Agg) were 2.98 and 42.16 mm, respectively. The value for Ay is similar

1Source: own compilation.
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to the found in Manchega by Garzon (1996) and is, in general, higher than in
the rest of the revised articles. On the other hand, Ag 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.?

Authors RCT koo A Aqgp

Garzon (1996) 39.52 2.4 30.82 60.65
Serrano (1999) 39.55 413 22.27 44.65
Pirisi et al. (2000) 27.41 10.59 23.57 NT

Bencini and O Agboola (2003) 25 1.8 39.7 426
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/1) 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
kyo (min) 4.14 4.41
RCT+Kk,, (min) 26.68 25.80
Asy (mm) 28.42 29.53
Agp (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; Kuchtik et al., 2008;
Bousselmi and Othmane, 2015; Koutsouli et al., 2015).

FAT (%)
10,00

5,00

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS I MULTIPAROUS

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 Garzén (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.

EARLYXMID EARLYXLATE MIDXLATE

Fat <0.001 0.011
Protein 0.003 <0.001

Total solids <0.001 0.006
Lactose <0.001 <0.001

Casein <0.001 0.031
Urea (mg/1) 0.003
Ash

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.

EARLYXMID EARLYXLATE MIDXLATE

Fat <0.001 <0.001 0.009
Protein <0.001 <0.001
Total solids <0.001 <0.001 <0.001
Lactose <0.001 <0.001
Casein <0.001 <0.001 0.035
Urea (mg/1) <0.001 <0.001
Ash 0.009 <0.001

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; Kuchtik et al., 2008; Jaramillo
etal., 2008; Kralickova 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 (%)

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 MULTIPAROUS

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 (%)
6,00

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 MULTIPAROUS

Figure 9.3: Lactose content in milk throughout lactation.

In a recent study, Kuchtik 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 (Kralickova 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; Kuchtik 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.

TS (%)
22,00

16,50

11,00

5,50

0,00

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 MULTIPAROUS

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 Kralickova 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 Kuchtik 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 (%)

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 MULTIPAROUS

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.

ASH (%)

0,090

0,083

0,075

0,068

0,060

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS I MULTIPAROUS

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).

UREA (mg/l)

600,00

450,00

300,00

150,00

0,00

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 MULTIPAROUS

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).
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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. |t 1t | L T 1T |MmBIIM| |
PAR | T | = | | | T |=| 1T | |

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 Garzén (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.

EARLYXMID EARLYXLATE MIDxLATE

RCT 0.182 0.584 0.067
Ky 0.179 0.636 0.077
Asp 0.391 0.841 0.527
Ago 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.

EARLYxMID EARLYXLATE MIDXLATE

RCT 0.352 0.016 0.107
Ko 0.934 0.116 0.141
Asg 0.428 0.035 0.154
Ago 0.803 0.602 0.965
Curdyield  <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 (k,;)

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 k, 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)

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 MULTIPAROUS

Figure 9.9: Curd firming time throughout lactation.

No significant differences in k,, 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 (A5, and A,,)

In primiparous ewes (table 9.5), the lowest values for A;, 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), A;, decreased with SL, revealing significantly
lower values in late lactation than in the beginning. Meanwhile, values for Ag
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 Garzon (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 A;, throughout time.

A30 (mm)
34,00

25,50

17,00

8,50

0,00

EARLY LACTATION MID LACTATION LATE LACTATION
H PRIMIPAROUS I MULTIPAROUS

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

No significant differences due to parity were revealed for A;, throughout
lactation (figure 9.10). Conversely, in early lactation, Agy 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)
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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)

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 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 | kyy | Agp | Agy | Curd yield |

sL_ [ 1T [=]1]=1] 1
PAR | = | = | == 1

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 Kuchtik 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
6,90

EARLY LACTATION MID LACTATION LATE LACTATION
B 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 (Garzon, 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.

EARLYXMID EARLYXLATE MIDxLATE

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.

EARLYXMID EARLYXLATE MIDXLATE

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

EARLY LACTATION MID LACTATION LATE LACTATION
B 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



106 CHAPTER 9. Effect of stage of lactation and parity

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 (Krélickova 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 l 1
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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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FAT (%)

9,00

SCCs<1.6 1.6 <SCCs<2.0 SCCs>2.0
B PR 0 M1 M2

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 (%)

6,30

SCCs< 1.6 1.6<SCCs<2.0 SCCs>2.0
B PR M 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 600x10% and 500x 102 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 300x 102 cells/ml (as shown in table 8.1).

LACTOSE (%)
5,10

SCCs< 1.6 1.6 <SCCs<2.0 SCCs > 2.0
| PR 0 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.

LOWxMID LOWxHIGH MIDxHIGH

Fat 0.001 0.001
Protein 0.025
Lactose

Total solids 0.002 0.001
Casein 0.023 0.006
Ash

Urea

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.

LOWxMID LOWxHIGH MIDxHIGH

Fat 0.003 0.010
Protein 0.031

Lactose 0.001 0.003
Total solids 0.004 0.028
Casein

Ash

Urea

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.

LOWxMID LOWxHIGH MIDxHIGH

Fat 0.002
Protein 0.005 0.021
Lactose 0.001 <0.001
Total solids 0.004
Casein 0.014 0.060
Ash

Urea 0.002 <0.001

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 (Marti 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 (%)

N 2

21,0

20,0

19,0

18,0

riq
SCCs< 1.6 1.6<SCCs<2.0 SCCs > 2.0
B PR 0w 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 3-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 (%)
5,10

SCCs< 1.6 1.6 <SCCs<2.0 SCCs > 2.0
B PR o m 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 (%)

0,08

0,07

0,05
SCCs< 1.6 1.6<SCCs<2.0 SCCs > 2.0

B PR o 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)
480,00

360,00

240,00

120,00

0,00

SCCs< 1.6 1.6<SCCs<2.0 SCCs > 2.0
M PR 0w 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-Velasquez 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)
25,00

18,75

12,50

6,25

SCCs< 1.6 1.6<SCCs<2.0 SCCs>2.0
B PR 1 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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Table 10.5: Renneting parameters (least squares means) as affected by SCCs and udder health status.

LOW SCCs MID SCCs HIGH SCCs P
PR M1 M2 PR M1 M2 PR M1 M2 SCCs UHS SCCsxUHS
RCT (min) 22.32 22.66 2144 23.68 21.52 19.55 23.57 23.33 21.30 0.697 0.124 0.855
kyo (min) 395 387 374 426 333 398 537 504 500 0.011 0.680 0.955
RCT+ky, 26.26 26.53 25.18 27.94 24.85 23.53 28.94 28.37 26.30 0.274 0.169 0.877
A5y (mm) 27.89 27.08 31.58 25.68 31.12 32.65 2796 26.06 29.05 0.672 0.163 0.737
Agp (mm) 39.75 45.22 45.10 36.73 44.75 43.06 38.50 41.61 43.03 0.197 <.001 0.775
Curdyield (g) 245 291 279 250 276 267 278 294 294 0.008 <.001 0.614

PR = Primiparous ewes; M1 = Multiparous ewes with no previous udder infection; M2 = Multiparous ewes with a previous udder infection.
SCCs = Somatic cell count score; UHS = Category according to udder health status.
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10.3.2. Curd firming time (k)

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 k.

k20 (min)
6,00

SCCs<1.6 1.6 <SCCs<2.0 SCCs>2.0
H PR 0 M M2

Figure 10.9: Curd firming time according to SCCs.

10.3.3. Curd firmness at 30 and 60 minutes (A;, and Ay,)

In M1 and M2, no significant impact of SCCs over A;, was found, although
it seemed to slightly increase in MSCCs. Contrastingly, in PR, values for As,
were similar regardless of SCCs, but gently decreased in MSCCs, though not
significantly. Regarding UHS, significant differences in A3, were only evident
with MSCCs, when values in M2 were higher than in PR. Contrastingly, in
multiparous ewes (M1 and M2), A, 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 As, according to SCCs.
However, values for Ag, 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.

LOWxMID LOWxHIGH MIDxHIGH

RCT

Koo

RCT+kyg

Asg

Ago

Curd yield 0.033

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.

LOWxMID LOWxHIGH MIDxHIGH

RCT

Koo
RCT+kyq
Asg

Ago

Curd yield

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.

LOWXxMID LOWxHIGH MIDxHIGH

Curd yield 0.012

Values colored in grey are not significant (P>0.05).
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A30 (mm)
34,00
25,50
17,00
8,50
0,00
SCCs< 1.6 1.6 <SCCs <2.0 SCCs > 2.0
B PR 0 M M2

Figure 10.10: Curd firmness at 30 minutes according to SCCs.

A60 (mm)
46,00
34,50
23,00
11,50
0,00
SCCs< 1.6 1.6<SCCs<2.0 SCCs > 2.0
B PR oM M2

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).

CURD YIELD (g)

SCCs< 1.6 1.6<SCCs<2.0 SCCs>2.0
B PR 0 M1 M2

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 Ag, 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
6,80

SCCs< 1.6 1.6<SCCs<2.0 SCCs >2.0
| PR oM 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 10.9: Initial pH (least squares means) as affected by SCCs and UHS.

LOW SCCs MID SCCs HIGH SCCs P

PR M1 M2 PR M1 M2 PR M1l M2 SRCS G SRCS x G
Initial pH 6.72 6.70 6.77 6.71 6.66 6.66 6.70 6.64 6.67 0.017 0.178 0.441

PR = Primiparous ewes; M1 = Multiparous ewes with no previous udder infection; M2 = Multiparous ewes with a previous udder infection.
SCCs = Somatic cell count score; UHS = Category according to udder health status.
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Table 10.10: Contrast analysis comparing initial pH means among different
SCCs ranges.

LOWxMID LOW x HIGH MID x HIGH

PR 0.806 0.549 0.680
M1 0.349 0.143 0.683
M2 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 y-CN bands in the top of the gel can be observed, due to the proteolytic
action of plasmin over 3-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.

HIGH PLASMIN ACTIVITY

LOW PLASMIN ACTIVITY

0si-casein

!

. r\ Rrote0Se-peptones

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).

B LEAST SQUARES MEAN

MONTH 1

MONTH 2

MONTH 3

MONTH 4

MONTH 5

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

Figure 11.2: Plasmin activity global means during lactation.

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

EarlyxMid EarlyxLate MidxLate

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)
1,80

EARLY LACTATION MID LACTATION LATE LACTATION
B PRIMIPAROUS 1 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 (M2,) and
multiparous ewes with a previous severe udder infection (M2p).

< PR < M1 M2A <& M2B

o
<
)

PLASMIN ACTIVITY (u/ml)

MONTH 1 MONTH 2 MONTH 3 MONTH 4 MONTH 5

Figure 11.4: Plasmin activity throughout lactation according to UHS.

PR presented the lowest plasmin activity, followed by M1 and, lastly, M2, and
M2z, in which the highest values were recorded. Differences between PR and
both M2, and M2y were statistically significant (figure 11.5).

@ LEAST SQUARES MEAN

PR
M1
M2A

M2B

0,00 0,38 075 1,13 1,50
PLASMIN ACTIVITY (u/ml)

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.

LowxMid LowxHigh MidxHigh

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), Hook (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 < 600x 102, 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 (175x10° 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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PLASMIN ACTIVITY (units/ml)

I

1,20 — L
0,80 2 - L

0,40 3 - -

SCCs< 1.6 1.6<SCCs<2.0 SCCs>2.0
| PR 0 M1 M2

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 Hook (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 3-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 (Hook,
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.!

PR M1 M2
Fat
Crude protein -0.2158* -0.1593*
Total solids -0.1527*
Lactose
Casein -0.2539*%  -0.4333***  -0.4442%**
Ash 0.3237+*  0.1024#x*
Urea
Initial pH 0.3845*

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 (Ho6k, 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.?

PR M; M,
RCT 0.1685*
ko
RCT+kyo 0.1928*
Aso -0.1731*
Ago -0.3006%*  -0.214++

Curd yield -0.2785%** 0.26%

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

In addition, Bastian et al. (1991a) found that when SCC did not exceed 300x 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 (Agg) and M2 (Asy and Agp). Curd yield decreased in PR but
slightly increased in M1.

2p<0.05 *, P<0.01 ** , P<0.001 ***



Chapter 12

Discriminant function analysis

Five of the studied variables were selected as predictor variables in the
discriminant model: SCC, urea, curd firmness after 60 minutes (Agg), 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 Ag, 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
Agp- 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
Ago 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).

Funcion
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
O Centroids PR — M1 M2
0,60 T
0,40 :
0,20 i
% i
0 [|
Q2000 feoE-- oA T A
8 E
-0,20 ;
-0,40 :
-0,60 H
-1,00 -0,75 -0,50 -0,25 0,00 0,25 0,50 0,75 1,00

F1(96.12 %)

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
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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 (1705428 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 Pulina, 1997) and its fat and
casein contents (Politis and Ng-Kwai-Hang,

*Corresponding author: e-mail: palmartm@uco.es

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;
Pirisi etal., 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; Mart{ de Olives
et al., 2013) as well as milk coagulation properties
(Pirisi et al., 2000; Bianchi et al., 2004), which
in turn reduces cheese yielding capacity of milk and
cheese making efficiency (Politis 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 (Pirisi 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-Vifas 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 °C 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, Hillerod, Denmark), and
fat, total protein, lactose and total solid contents
(Milko Scan; Foss Electric, Hillerod, 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

(956115 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, Hillerod, 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).
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Table 1. Effects of somatic cell count (SCC, mean *
of bulk tank milk of Manchega ewes

standard deviation in cells/mL) on the composition

SCC group
Low Medium High
Traits (562+138) (956+115) (1705+428) S.EM
n =28 n = 28 n =28
Native pH 6.57 6.65b 6.81 0.013
Fat, % 8.37 8.31 8.30 0.104
Total protein, % 6.25 6.21 6.41 0.051
Lactose, % 4,552 4,582 4.41° 0.024
Total solids, % 20.01 19.93 19.99 0.141

S.E.M. Standard error of the mean

“><Means without a common superscript are statistically different at P<0.05

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

SCC group
Low Medium High
(562+138) (956+115) (1705+428)
n = 28 n = 28 n =28
Traits' N L N L N L S.EM.
. b c b c a be
¢, min 813" 18.76 2891 20.79 3565° 2278 0.760
k20, min 396" 388" 407° 519 1162 407° 0.714
A30, mm 15.25°  37.80° 15.09°  35.42° 601 2890° 1.458
A60, mm 4243 49.00° 36.14°  47.86° 3577 47.08° 0.796

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
'r - 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 etal., 2004; Nudda et al., 2003; Pirisi 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 (Marti 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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by the udder and an increment of proteins coming
from the bloodstream, both having opposite effects
(Vivar-Quintana et al., 2006). Moreover, Mart{
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
Pirisi 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 etal.,
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
Ca’* 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, Pirisi 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 Pulina, 1997) or by direct addition of food-
grade acid (Lucey and Kelly, 1994). However,

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; Revilla
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 ovcjeg mlijeka

Sazetak

Cilj ovog rada bio je istraziti odnos izmedu
broja somatskih stanica, sastava sirovog mlijeka, i
koagulacijskih svojstava sirovog mlijeka kod prirodne
i standardizirane pH vrijednosti mlijeka mancego
ovce. Analizirano je 84 uzoraka skupnog mlijeka
stada Drzavnog udruZenja uzgajivaca mancego ovce.
Prema broju somatskih stanica/mL (BSS/mL), uzorci
mlijeka podijeljeni su u 3 skupine - niska (562138
BSS/mL), srednja (956+115 BSS/mL) i visoka
(1705428 BSS/mL). U okviru svake skupine,
pH je mjeren dva puta prije odredivanja koagulaci-
jskih osobina (vrijeme zgrusavanja sirilom, vrijeme
udvri¢ivanja gruda i tvrdoca grusa): bez zakiseljavanja
mlijeka (koagulacija kod prirodne pH vrijednosti)
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i zakiseljavanje kod pH vrijednosti 6,5. pH vrijed-
nost mlijeka signifikantno je poveéana (P<0,05)
povecanjem BSS. BSS nije utjecao (P>0,05) na udjel
masti, dok je udjel proteina bio veci u grupi s visokim
BSS (P=0,05), a udjel laktoze bio je signifikantno
nizi (P<0,05) u toj skupini. Kod prirodne pH vrijed-
nosti mlijeka, visoki BSS utjecao je na duze vrijeme
zgrusavanja mlijeka sirilom, sporije u¢vric¢ivanje grusa
i na manju ¢vrsto¢u grusa 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. Moze se zakljuditi da su, unato¢ ¢injenici kako
je acidifikacija mlijeka prije zgrusavanja poboljsala
koagulacijske osobine mlijeka s visokim BSS, daljnja
istrazivanja potrebna kako bi se utvrdila senzorska
svojstva sira proizvedenog takvim postupkom.

Kljuéne rijeci: ovce, broj somatskih stanica,
sastav mlijeka, zgruSavanje mlijeka

References

1. Albenzio, M., Caroprese, M., Santillo, A., Marino, R.,
Muscio, A., Sevi, A. (2005): Proteolytic patterns and
plasmin activity in ewes' milk as affected by somatic cell
count and stage of lactation, Journal of Dairy Research
72 (01), 86-92.
doi: dx.doi.org/10.1017/50022029904000676

2. Albenzio, M., Caroprese, M., Santillo, A., Marino, R.,
Taibi, L., Sevi, A. (2004): Effects of somatic cell count
and stage of lactation on the plasmin activity and cheese-
making properties of ewe milk, Journal of Dairy Science
87 (3), 533-542.

doi: dx.doi.org/10.3168/jds.S0022-0302(04)73194-X
3. Balcones, E., Olano, A., Calvo, M.M. (1996): Factors

affecting the rennet clotting properties of ewe's milk,
Journal of Agricultural and Food Chemistry 44 (8),
1993-1996.

doi: dx.doi.org/10.1021/jf960138u

4. Bencini, R. (2002): Factors affecting the clotting prop-
erties of sheep milk, Journal of the Science of Food and
Agriculture 82 (7), 705-719.

doi: dx.doi.org/10.1002/jsfa.1101

5. Bencini, R., Pulina, G. (1997). The quality of sheep milk:
A review. Animal Production Science 37 (4), 485-504.
doi: dx.doi.org/10.1071/EA96014

6.

Bianchi, L., Bolla, A., Budelli, E., Caroli, A., Casoli, C.,
Pauselli, M., Duranti, E. (2004): Effect of udder health
status and lactation phase on the characteristics of Sar-
dinian ewe milk, Journal of Dairy Science 87 (8), 2401-
2408.

doi: dx.doi.org/10.3168/jds.S0022-0302(04)73362-7

De Marchi, M., Penasa, M., Tiezzi, F., Toffanin, V., Cas-
sandro, M. (2012): Prediction of milk coagulation prop-
erties by Fourier Transform Mid-Infrared Spectroscopy
(FTMIR) for genetic purposes, herd management and
dairy profitability. In Proceedings of the 38" Interna-
tional Committee for Animal Recording (ICAR) Meet-
ing (Vol. 28). http://www.icar.org/cork_2012/Presenta-
tions/RLN%20Cassandro.pdf (24.4.2014).
Gonzilez-Viiias, M.A., Poveda, J., Ruiz, A.G., Cabezas,
L. (2001): Changes in chemical, sensory and rheologi-
cal characteristics of Manchego cheeses during ripening,
Journal of Sensory Studies 16 (4), 361-371.

doi: dx.doi.org/10.1111/j.1745-459X.2001.tb00307.x

Harmon, R.J. (1994): Physiology of mastitis and factors
affecting somatic cell counts, Journal of Dairy Science
77 (7), 2103-2112.

doi: dx.doi.org/10.3168/jds.S0022-0302(94)77153-8
Jaeggi, J.J., Govindasamy-Lucey, S., Berger, Y.M., John-
son, M.E., McKusick, B.C., Thomas, D.L., Wendorff,
W.L. (2003): Hard ewe's milk cheese manufactured
from milk of three different groups of somatic cell
counts, Journal of Dairy Science 86 (10), 3082-3089.
doi: dx.doi.org/10.3168/jds.S0022-0302(03)73908-3

Kitchen, B.J. (1981): Bovine mastitis: milk composi-
tional changes and related diagnostic tests, Journal of
Dairy Research 48 (01), 167-188.

doi: dx.doi.org/10.1017/50022029900021580

Kumar, A., Grover, S., Sharma, J., Batish, VK. (2010):
Chymosin and other milk coagulants: sources and bio-
technological interventions, Critical Reviews in Biotech-
nology 30 (4), 243-258.

doi: dx.doi.org/10.3109/07388551.2010.483459
Leitner, G., Chaffer, M., Shamay, A., Shapiro, F., Merin,
U., Ezra, E., Saran, A., Silanikove, N. (2004): Changes
in milk composition as affected by subclinical mastitis in
sheep, Journal of Dairy Science 87 (1), 46-52.

doi: dx.doi.org/10.3168/jds.50022-0302(04)73140-9

Lucey, J., Kelly, J. (1994): Cheese yield, International
Journal of Dairy Technology 47 (1), 1-14.

doi: dx.doi.org/10.1111/§.1471-0307.1994.tb01264.x
Marti De Olives, A., Diaz, J.R., Molina, M.P, Peris, C.
(2013): Quantification of milk yield and composition
changes as affected by subclinical mastitis during the
current lactation in sheep, Journal of Dairy Science 96
(12), 7698-7708.

doi: dx.doi.org/10.3168/jds.2013-6998

Ng-Kwai-Hang, K.F., Politis, 1., Cue, R.I., Marziali, A.S.
(1989): Correlations between coagulation properties of
milk and cheese yielding capacity and cheese composi-
tion, Canadian Institute of Food Science and Technology
Journal 22 (3), 291-294.

doi: dx.doi.org/10.1016/S0315-5463(89)70397-7



154

APPENDIX I

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

143

17.

20.

Nudda, A., Feligini, M., Battacone, G., Macciotta,
N.PP, Pulina, G. (2003): Effects of lactation stage, par-
ity, beta-lactoglobulin genotype and milk SCC on whey
protein composition in Sarda dairy ewes, Italian Journal
of Animal Science 2 (1), 29-39.

doi: dx.doi.org/10.4081/ijas.2003.29

Pirisi, A., Piredda, G., Corona, M., Pes, M., Pintus, S.,
Ledda, A. (2000): Influence of somatic cell count on
ewe’s milk composition, cheese yield and cheese quality.
In D.L. Thomas, S. Porter (Eds.) Proc. 6th Great Lakes
Dairy Sheep Symposium Proceedings of 6" Great Lakes
Dairy Sheep Symposium, Ontario, Canada, pp 47-59.
Politis, I., Ng-Kwai-Hang, K.F. (1988a): Effects of so-
matic cell count and milk composition on cheese com-
position and cheese making efficiency, Journal of Dairy
Science 71 (7), 1711-1719.

doi: dx.doi.org/10.3168/jds.S0022-0302(88)79737-4
Politis, 1., Ng-Kwai-Hang, K.F. (1988b): Association
between somatic cell count of milk and cheese-yielding
capacity, Journal of Dairy Science 71 (7), 1720-1727.

doi: dx.doi.org/10.3168/jds.S0022-0302(88)79738-6

21.

22.

23.

Raynal-Ljutovac, K., Pirisi, A., De Cremoux, R., Gon-
zalo, C. (2007): Somatic cells of goat and sheep milk:
Analytical, sanitary, productive and technological as-
pects, Small Ruminant Research 68 (1), 126-144.

doi: dx.doi.org/10.1016/j.smallrumres.2006.09.012
Revilla, 1., Rodriguez-Nogales, J.M., Vivar-Quintana,
AM. (2007): Proteolysis and texture of hard ewes'
milk cheese during ripening as affected by somatic cell
counts, Journal of Dairy Research 74 (02), 127-136.
doi: dx.doi.org/10.1017/50022029906002342

Vivar-Quintana, A.M., Beneitez De La Mano, E., Revil-
la, I. (2006): Relationship between somatic cell counts
and the properties of yoghurt made from ewes’ milk,
International Dairy Journal 16 (3), 262-267.

doi: dx.doi.org/10.1016/j.idairyj.2005.03.006



APPENDIX I

155

Plasmin activity in Manchega ewe milk
*J, Caballero-Villalobos', A.I. Garzén', A. Martinez', R. Arias?,
F. Ciocia®, P.L.H. McSweeney”®

! Departamento de Produccién Animal (Universidad de Cordoba, Spain)
2 Laboratorio de Lactologia del CERSYRA (Castilla La Mancha, Spain)
3 School of Food and Nutritional Sciences (University College Cork, Ireland)

INTRODI

is 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,

Proteoly

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
udder infection.
= M2: multiparous with previous udder
infection.

no previous

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).

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

PR

RCT 0,09
kao 0,09
Asp 0,19
Aso -0,01
Curd yield -0,28**

M1
0,03
0,01
0,01
-0,30"
0,26

M2
0,17
0,137

-0,17*
-0,21%
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 (Agg and Ago)
diminishes, though no effect over rate of
firming (ko) or curd yield was observed. In
M1 ewes curd firmness at 60 min (Ago) 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.

|1] Richardson, B. & Pierce, K. (1981). The
determination of plasmin in dairy products. N Z J
Sei. Tech. 16, 209- 220. [2| McMahon, D.J. & Brown,
R.J. (1982) Evaluation of Formagraph for comparing
rennet solutions. J. Dairy Sci. 65, 1639-1642.

* Corresponding author: v22cavij@uco.es
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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.

L AND PA OVER PLASMIN ACTIVITY

PLASMIN ACTIVITY (UWml)

EAALY LACTATION  MIDLACTATION  LATE LACTATION
B PRIMIPAROUS. B MULTIPAROUS

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

C AND UDDER HE

PLASMIN ACTIVITY (U/mi)

1

ALTH 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 MI1.

Within cach logSCC group means without a common superscript are statistically different at P<0.05

logSCC = Somatic cell count (normalized)

ONCLUSIONS

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 x 10*) may have camouflaged the effect of

plasmin over coagulation in PR and M1.
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INTRODUCCION

En Espaia., la leche de ovino se utiliza

de forma pura o mezclada con leche de caprino o vacuno. Por ello, es importante conocer cué
son los factores (tanto genéticos, como fisiologicos, s:

sasi en su totalidad para la elaboracion de queso, ya sea

i

w
g w0
s
le w0 na — P

co-quimicos) que pueden afectar .y,

a este proceso de transformacion de la materia prima y c6mo influyen sobre la produccion del — =ows

queso. Asi, podrian gene:

aceptado y valorado por el consumidor.

OBJETIV(C

1. Estudiar la produccion y las caracteristicas
tecnologicas de la leche de ovino, asf como
los factores que pueden influir sobre su
rendimiento quesero.

actividad

2. Explicar los efectos de la

patrones de control (tanto a nivel industrial como a nivel de manejo
y de seleccion) que permitan reducir costes y generar un producto de calidad que sea ampliamente

is
At
)
E

PRODUCCION DE qum evEARN e 20302904

ERIAL Y METODOS

Para el estudio se muestrearon durante una lactacion completa 40 ovejas de raza Manchega
procedentes de la ganaderia La Nava Del Conejo, en Valdepenas (Castilla La Mancha). En
todos los muestreos se tomaron muestras separadas de ubre izquierda y derecha. Mediante un
Formagraph se realizé la monitorizacion de la coagulacion, obteniéndose valores para tiempo
de coagulacion (r), velocidad de endurecimiento (ko) y durezas media y maxima (Azg y Ago)-

proteoltica derivada de la Plasmina y el ; * : B
Plasminogeno sobre la calidad higiénico- r+k,
sanitaria de la leche y sobre su aptitud para K .
la elaboracién de queso. 2 A
A, \
I I
A BRRV SRR BRI
| | |

nitaria (recuento de células
de composicion fisico-quimica (g proteina, la
casefnas y punto crioscopico). Asfmismo, se ha aislado suero por ultracentrifugacion de la
leche con citrato sodico para estudiar mediante técnicas colorimétricas la actividad proteolitica
derivada del sistema enzimatico Plasmina-Plasminogeno y sus efectos sobre la coagulacion.

L DEL TRABAJO)

Se han obtenido los estadisticos descriptivos para todas las variables estudiadas. El analisis de correlacion mediante coeficientes de Pearson
ha puesto de manifiesto altas correlaciones entre el recuento de células somét con el tiempo de coagulacion (r) y con la velocidad de
endurecimiento de la cuajada (kog). Ademas, los datos sugieren que el tiempo de coagulacion (r) es mas corto a medida que descienden los valores
de pH. También, a valores acidos de pH se obtienen geles mas firmes tras la coagulacion.

parecen disminuir suavemente hasta alcanzar su minimo en el tercer mes de lactacion, a partir del cual aumentaran de forma muy notable. Sin
embargo, los valores obtenidos para el tiempo de coagulacién (r) permanecen mas o menos estables durante casi toda la lactacion, siendo el
altimo mes donde se observa un considerable enlentecimiento en la formacion del gel.
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CALIDAD DE LA LECHE EN LA
ACTUALIDAD DEL SECTOR OVINO LECHERO

La cuenca mediterrdnea es una de las zonas de im-
plantacion del ganado ovino lechero mas importantes del
mundo. Esta actividad, sobre todo en las regiones mas
desfavorecidas, tiene una gran importancia en el mante-
nimiento de la poblacién rural y en la conservacion del
medio ambiente. El principal aprovechamiento de esta leche
es la produccion de una multitud de quesos de peculiares
caracteristicas (Manchego. Roquefort, Peccorino Sardo,
Idiazabal. Serra da Estrella, etc), una herencia incalculable
por su sello de calidad.

Espana contabiliza un censo de 2.481.119 ovejas de
ordeno, en profunda regresion en los ultimos anos, que
se concentra predominantemente en dos Comunidades
Autonomas, Castilla y Ledn y Castilla-La Mancha, con
un 45% y 31% de las ovejas lecheras, respectivamente
(MAGRAMA, 2011). La produccidn de leche se estima de
368.700 Tn (MAGRAMA, 201 1b), siendo el segundo pais
en produccion de |a Unidn Europea tras Grecia (FAOSTAT),
y que es destinada practicamente en su totalidad a la pro-
duccion de quesos: 44.800 Tn de queso de oveja y 116.800
de queso mezcla (FENIL, 2010). Los quesos de oveja con
calidad diferenciada en Espana alcanzan una especial
importancia, con una produccion estimada de 12.681.525
kilos, correspondiendo el 78% de esta produccion al Queso
Manchego con Denominacién Origen Protegida, de espe-

cial importancia por su repercusion en el comercio con la
Union Europea y con terceros paises, fundamentalmente
con Estados Unidos (MAGRAMA, 2010).

El sector se encuentra en la actualidad en un periodo de
profunda reestructuracion habiéndose caracterizado en los
ultimos afos por dos fendmenos que han condicionado su
supervivencia y futuro: la necesidad de incrementar la sos-
tenibilidad y competitividad de las explotaciones e industria
transformadora, asi como la obligacién de cumplir con los
requerimientos de calidad. Ambas directrices han precisa-
do de un esfuerzo de organizacion sectorial, muy distinta
segun las zonas productivas; basta comparar por ejemplo
la organizacion cooperativa de Castilla y Ledn frente a la
de Castilla-La Mancha. Por una parte los esfuerzos de los
ganaderos han ido encaminados a conseguir sistemas mas
productivos, mejorando el manejo y el potencial genético,
controlando los aspectos reproductivos, sanitarios y de
alimentacién, mientras que la industria se ha encaminado
a la automatizacion y normalizacién de procesos.

Como se ha comentado uno de los objetivos del sector
es la obligacion de cumplir los requerimientos de calidad.
El concepto de calidad es complejo de definir. La Real Aca-
demia Espaniola la define como la propiedad o conjunto de
caracteristicas inherentes a algo que permite juzgar su valor.
Aplicada a la calidad de un alimento, esta definicion pone
en evidencia como el concepto de calidad es un requisito
complejo donde se combinan aspectos tanto de la propia
naturaleza del producto, de su utilidad y su aceptacion por
parte del consumidor. Desde el punto de vista de la calidad
de la leche, investigadores como Boyanzoglu y Morand-Fehr
(2001) han definido tres aspectos:

e Calidad nutricional: Depende de la composicion
de los principales nutrientes de la leche, como la grasa
y la proteina, y de la tipologia de éstos (dcidos grasos y
caseinas), sin olvidarnos de importantes componentes
minoritarios como las vitaminas, minerales y otras sus-
tancias de importancia en el ambito dietético y sanitario
(www.idfdairynutrition.org). En este sentido, es importante
senalar aspectos relacionados con los productos lacteos o
derivados de la leche, que como alimentos funcionales,
estan siendo muy demandados por parte del consumidor
en los dltimos afos.
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e Calidad higiénico-sanitaria: Ligada a la contami-
nacién microbiolégica ambiental y quimica (presencia de
residuos de farmacos, pesticidas, micotoxinas, metales
pesados, desinfectantes o detergentes), y a aspectos re-
lacionados con enfermedades infectocontagiosas de los
animales, particularmente de la mamitis.

® Calidad sensorial: Sobre todo en relacion con el que-
so, como producto final, y se podria definir como aquella
que es detectable por los 6rganos de los sentidos: color,
olor, sabor, consistencia, que a su vez depende de multitud
de factores, entre los que cabria destacar la alimentacion
o aspectos relacionados con la calidad higiénico-sanitaria.

Pero estos conceptos de calidad estan en continua
evolucion, sobre todo por la propia evolucion del mercado
y de los requerimientos de los consumidores. Es innegable,
que en los ultimos anos, los aspectos sociales relacionados
con la alimentacion han cambiado considerablemente.
Pricticamente en una generacion se ha pasado del uso de
alimentos bdsicos y proximos al consumidor, al consumo
de productos con un mayor grado de transformacion, que
requieren de procesos tecnoldgicos tanto en su elaboracion,
Ccomo en su conservacion y propio uso. Estos aspectos
han acunado la acepcion de Calidad Tecnolégica, que se
podria definir como aquellos aspectos relacionados con la
capacidad de una materia prima para la fabricacion de un
producto que sea susceptible de ser aceptado por el propio
mercado y valorado por el consumidor. De esta forma, en
el momento actual, esta definicion engloba muchos de los
aspectos comentados anteriormente, por lo que su abordaje
requiere de una vision global de la concepcion de calidad.

Una vez definido el concepto de calidad es necesario
llevarlo a cabo y vigilar su cumplimiento, con el objetivo
de valorizar |a leche. Para ello tanto las Instituciones como
el propio mercado tratan de regularizarla desde distintos
aspectos. En los altimos anos han tomado especial relevan-
cia los aspectos relacionados con la Seguridad Alimentaria,
sobre todos tras la sucesion de diversas crisis alimentarias,
entre las que desgraciadamente cabe citar la “enfermedad
de las vacas locas” o la contaminacion de distintos ali-
mentos con dioxinas. En este sentido, la Union Europea
ha arbitrado el llamado “Paquete de Higiene”, compuesto
por una serie de reglamentaciones que tratan de asegurar
la salud de los consumidores, entre las que es necesario
destacar el Reglamento CE n° 178/2002, Reglamento CE
n° 852/2004, Reglamento CE n°® 853/2004. Estas normas
propugnan la necesidad de detectar y controlar los peligros
alimentarios presentes en la produccién primaria, inspiran-
do la aplicacion de Guias de Practicas Correctas de Higiene
a este nivel. Asi, los productores de leche deberan tener
en cuenta no sélo los pardmetros de composicion de la
leche sino que estardn obligados a controlar todos aquellos
aspectos relacionados con la sanidad animal y la transmi-
sion de agentes patégenos, la limpieza de instalaciones
y equipos o la posible contaminacion provocada por el
agua, personal manipulador, plagas, residuos y sustancias
peligrosas, realizando un correcto uso de aditivos para
piensos y medicamentos para animales.

Concretamente, la produccién primaria de leche cruda
queda regulada en la Seccion IX del Reglamento CE n®
853/2004, modificada por el Reglamento CE n°® 1662/2006,
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que incluye requisitos sanitarios para su obtencion, requi-
sitos de higiene de las explotaciones productoras de leche
en cuanto a locales y equipos, higiene durante las labores
de ordefio, recogida y transporte, asi como del personal
encargado de estas labores. Esta legislacion fija los limi-
tes para el recuento de gérmenes totales a 30°C (RMT),
senalando que los operadores de la empresa alimentaria
deberdn garantizar que la leche cruda de ovino y caprino
contenga un namero <1.500.000 ufc/ml, siendo <500.000
ufc/ml si la leche cruda estd destinada a la fabricacion de
productos licteos sin la aplicacion de ningtn tratamiento
térmico (media geométrica rodante durante un periodo de
2 meses, con dos muestras, por lo menos al mes).

El recuento de células somaticas (RCS) ha sido fijado por
la Union Europea para leche de vaca, y no asi para la leche
de oveja o cabra, aunque es considerado como un buen mé-
todo indirecto, sensible y especifico para el diagnéstico de
su calidad sanitaria (Gonzalo et al., 2002). Indica el nimero
de células sanguineas, sobre todo polimorfonucleares neu-
trofilos, que afluyen a la leche como respuesta a la agresion
bacteriana. La infeccién intramamaria es el principal factor
de variacion del recuento de células somaticas (Bergonier et
al., 2003). Sin embargo. la interpretacion de los resultados
analiticos de la leche en cuanto a su RCS es complicada,
sobre todo por los distintos factores no infecciosos impli-
cados en su variacion: estado de lactacion, edad, tipo de
parto, ordeno manual o mecanico, etc (Arias etal., 2012a).

Los aspectos metodologicos por el que se desarrollan
estos reglamentos comunitarios para realizar los controles
obligatorios por los agentes productores, las condiciones
exigibles a los laboratorios de andlisis de leche cruda de
oveja y cabra, y la actuacion de los mismos ante la toma de
muestras, andlisis y comunicacion al érgano competente,
estdn regulados en el Real Decreto 752/201 1.

Por otra parte, los quesos con Denominacion de Origen
Protegida, amparados por el Reglamento UEn® 1151/2012,
incluyen en sus Pliegos de Condiciones las caracteristicas
que deben reunir tanto la leche como el queso elaborado.
Disponen sus caracteristicas fisico-quimicas minimas, y
s6lo la DOP Queso Manchego (Resolucion 13-10-2010)
fija unas caracteristicas microbiolégicas (Escherichia coli
B-glucuronidasa+, Estafilococos coagulasa positivos. Sal-
monella y Listeria monocytogenes) mas estrictas que las
reglamentadas por la normativa comunitaria de obligado
cumplimiento (Reglamento CE n° 2073/2005). Por el cum-
plimiento de estos requerimientos, la leche de oveja Man-
chega destinada a la elaboracion de quesos con DOP tiene
un mayor valor: las cotizaciones de la Lonja de Albacete
para extracto seco util fueron en la ultima semana del afio
2012 entre 8,77-9,07 € para leche DOP y de 7,26-7,50 € para
leche no DOP (Lonja Agropecuaria para la Mancha, 2013).

La situacion de los sistemas de pago por calidad es muy
dispar en los distintos paises productores e incluso dreas
geograficas. Pirisi et al. (2007) apuntan como principal
razon de la aun limitada implantacion de estos sistemas
en muchos paises la estructura del sector de los pequenos
rumiantes lecheros, con ganaderias de pequeno tamano,
a menudo localizadas en dreas extensas y con una amplia
diversidad de sistemas de produccion. El sector presenta
tal variabilidad de situaciones (sistemas de produccion,
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nivel productivo y recogida de la leche. criterios de
calidad y umbrales aplicados). que se hace imposible
establecer sistemas globales para la determinacion
de criterios de pago por calidad de la leche de los
pequenos rumiantes lecheros (Dubeuf y Le Jaouen,
2005). Estos autores sefialan que es mas beneficio-
so para el sector que se establezca un sistema de
incentivo real, en vez de penalizacion, sobre los

o % 100-200
umbrales fijados para cada uno de los parametros.
G ; 5 200-300
Estas medidas economicas deben ir acompanadas A
con acciones de tipo técnico con soluciones efica-
£l . -1
ces y economicamente viables para los ganaderos, 0000
sobre todo mediante la aplicacion de programas de 1:000-1.500
seleccion genética y acciones de asesoramiento en 1:500-3.000
>3.000

alimentacion e higiene de la explotacion. Ademas es
necesario un sistema de valoracion continua de los
procedimientos optimos y frecuencia de recogida y

analisis, asi como de los parametros que deben ser 500-750 Bl nh|
considerados y su peso economico. 750-1.000 ]
En Espana estos sistemas han estado tradicional- 1.000-1.250
mente sometidos a competicion entre las distintas 1.250-1.500
empresas y queserias, estando muy supeditada su 1.500-2.000

aplicacion a la situacion del mercado. con inciertas
relaciones contractuales entre ganaderos y queserias
(Pirisi et al.. 2007). La Tabla | muestra ejemplos de los
sistemas de pago por calidad llevados a cabo actual-
mente en distintas queserias de Castilla-La Mancha,
en el que se puede apreciar que paradodjicamente
no hay uniformidad en los umbrales utilizados en
industrias tan cercanas. Ademas, estos sistemas con

R o ae e Ca
distintos valores umbrales de penalizacion y bonifi- bk -
cacion podrian provocar situaciones un tanto pecu- Envbuen estada [
liares. Un ejemplo. lo muestra Ramon et al. (2004) | Enmal estado [l

al estudiar un modelo establecido por la industria,
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en el que se fijaba un umbral de penalizacion para
recuento de células somaticas por encima del 1.500.000
cel/ml y unos umbrales de bonificacion por debajo de las
500.000 6 750.000 cel/ml, que habrian dado lugar a una
acomodacion en aquellos casos con recuentos entre ambos
umbrales. quizas porque el ganadero piense que no com-
pensa el esfuerzo y la inversion economica para alcanzar
los umbrales de bonificacion.

En otros paises como Grecia, Italia y Francia también
se han establecido sistemas de pago por calidad basados
en criterios clasicos de composicion fisico-quimica y los
higiénico-sanitarios (RMT y RCS). Ademas. en Francia. des-
de hace anos se ha establecido un sistema de clasificacion
de la leche de oveja incluyendo nuevos criterios. siendo de
destacar los umbrales de clasificacion del indice combinado
entre el RMT y el recuento de coliformes (Tabla 2) o la
determinacion del recuento de esporas butiricas causantes
de la hinchazon tardia en quesos de pasta prensada (Tabla
3). que son un importante avance en la consideracion de la
calidad de la leche como un concepto mas integral.

En este contexto, el sector ovino lechero espanol ha
dispuesto entre otras herramientas. la constitucion de la
Interprofesional Lactea (INLAC). Uno de sus objetivos es
establecer un mecanismo de arbitraje objetivo en las tran-
sacciones comerciales de compra-venta de leche, que en
la actualidad toma una mayor relevancia a la vista de las

disposiciones por las que se disponen la obligatoriedad de
establecer relaciones contractuales en el sector de la leche
y de los productos lacteos (Reglamento UE n® 261/2012 y
Real Decreto 1363/2012). una vez que han sido reguladas
las organizaciones de productores de leche y las organiza-
ciones interprofesionales en el sector lacteo (Real Decreto
460/2011). Estos contratos pretenden crear un compromiso
entre las partes. en el que se especifique entre otros aspec-
tos un precio fijo para la leche o un precio que se calculara
combinando varios factores establecidos en el contrato.
que pueden incluir indicadores que reflejen los cambios
en las condiciones del mercado. el volumen suministrado
y la calidad o composicion de la leche cruda suministrada.
Para facilitar la puesta en practica de este sistema, INLAC
ha disefiado un modelo de contrato en el que se establecen
los criterios de calidad obligatorios para gérmenes totales o
residuos que establecen la legislacion comunitaria. o unas
condiciones minimas para la leche en cuanto al extracto
seco util (210%). la acidez (<23° Dornic). o el punto
crioscopico. Tal como explicaba Molina et al. (2009) se
trata de fijar un precio en funcion de una calidad minima
y un precio variable, con bonificaciones o penalizaciones
en base al RMT, RCS u otros objetivos de calidad. asi como
a otros conceptos como por ejemplo el cumplimiento de
los Codigos de Buenas Practicas Ganaderas, la toma en
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consideracion del recuento de E.coli que
ya se estd empleando en alguna queseria
de Castilla-La Mancha, etc (Tabla 1).
En definitiva, vista la evolucion del
sector en los dltimos afios. este podria
ser un buen momento para realizar un
analisis en profundidad de la proble-
matica actual, en el que la aparicion de
nuevas organizaciones de productores
podrian cambiar el status quo de la
relacion entre ganaderos e industria,
estableciendo ademds de relaciones
comerciales duraderas y satisfactorias
para las partes, nuevos criterios para
definir la calidad de la leche de oveja
mucho mas acordes con lo que las nue-
vas tendencias del mercado. velando
en cualquier caso por la obtencion de
productos seguros para el consumidor.

Clasificacion

A

Clasificacion
NUEVOS CRITERIOS DE CALI- i
DAD DE LA LECHE DE OVEJA i
A partir de la informacion presentada ‘

hasta el momento queda patente la falta
de uniformidad en los criterios utiliza-

Fuente: (Pirisi et al,, 2007)

Tabla 2. Sistema pago por calidac higie: sanitaria de la leche de oveja de las regiones
ancesas de Roq

fo mpana 1998) y Atlanticos (Campana 2005)

CLASIFICACION CALIDAD BACTERIOLOGICA DE LA LECHE (Recuento de Coliformes/RMT)

Puntos mensuales totales
Penalizaciones

3 controles 2 controles 1 control
9-8 6-5 0

7-6

Puntos mensuales totales

3 controles 2 controles 1 control Penalizaciones
9-8 6-5 3 0
72 4 2 0,03 €

@ 53 1 0,07 €

dos en los sistemas de pago por calidad
de la leche de oveja. Ademds existe un
gran desconocimiento de pardmetros de
calidad alternativos a los tradicionales
que podrian y deberian utilizarse en
estos sistemas con el objetivo de optimi-
zar la calidad de la leche. Estos criterios
resultan insuficientes en el concepto de
calidad global de la leche que se maneja Clasificacién
en la actualidad. Es necesario por tanto A

revisar los criterios de calidad con el fin 8

de determinar los parametros a incluir en
los sistemas de control y pago por cali-
dad de la leche. Sin embargo, es dificil
establecer dichos pardmetros de calidad
ya que estos dependen del uso final que
se dard a esa leche. Es decir, si la leche se
destina a la elaboracion de queso, deben

C

primarse las caracteristicas que aseguran Clasificacion

una coagulacion correcta; mientras que, Speoh

si la leche se destina a leche liquida de 5

consumo, la leche debe asegurar su

estabilidad térmica. A continuacion se B

comentan parametros de calidad alter- G

nativos relativos a la composicion, carga Ruper,C
microbiana, propiedades tecnologicas, y | fuente: (Pirisi etal, 2007)

Tabla 3. Sistema pago por calidad butirica de la leche de oveja
de las regiones francesas de Roquefort y Pirineos Atlanticos.

Region de Roquefort. Campana 1998

3
2
00 1

Puntos totales para cuatro controles Penalizacion
12-10 0
9-7 -0,03 €
6-7 -0,07 €

Region de los Pirineos Atlanticos. Campana 2005

Puntos
3

2
1
Puntos totales para tres controles i;‘“n:;;?z:‘/
9 +0,061 €
8 0
B -0,0015 €
34 -0,0045 €
Tres analisis>S000 0,015 €

caracteristicas sensoriales que deberian
ser considerados en los sistemas de pago por calidad para
que la leche cumpla las expectativas de calidad requeridas.
Se hace especial atencion a la capacidad de elaborar queso
de calidad, ya que la mayor parte de la leche de oveja se
destina a elaborar este producto.

P Calidad fisico-quimica

Los componentes mayoritarios de la leche, ademds de
agua, son grasa, proteina y lactosa. y en menor medida,

sales orgdnicas e inorgdnicas, iones, y vitaminas. Entre los
componentes de la leche, la proteina y la grasa tienen una
importancia fundamental en la produccién (rendimiento).
composicion y caracteristicas sensoriales de los productos
lacteos (Scintu y Piredda, 2007). especialmente en el queso.
Por ello estos componentes son los que se han considerado
de forma tradicional en los sistemas de control de calidad
de la leche de oveja. Ademas del contenido en estos com-
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puestos, ciertos parametros fisico-quimicos son
importantes indicadores de la calidad de la leche
como el punto de congelacion, que permite detectar
fraudes por adicion de agua (Antunac etal., 2001).
o el pH, que puede utilizarse como indicador de la
calidad higiénica de la leche (Pirisi et al., 2007).
Asimismo, existen otros componentes que no se
han considerado tradicionalmente a pesar de su
importancia en las caracteristicas tecnolégicas,
sensoriales y nutricionales de los productos licteos
como son la composicion en dcidos grasos, la can-
tidad y tipologia de las caseinas, o la presencia de
péptidos bioactivos.

Los dcidos grasos que componen la grasa de
la leche tienen gran influencia sobre las propieda-
des nutricionales, sensoriales y tecnoldgicas del
queso (Ha y Lindsay. 1993; Park et al., 2007). Es
importante resaltar el alto contenido de la leche de
pequefos rumiantes en dcidos grasos de cadena
media, como caproico, caprilico y cdprico (Sanz
Sampelayo, 2007). que presentan interés desde
el punto de vista terapéutico por su aplicacion en
ciertas enfermedades metabdlicas (Haenlein, 2001).
La composicion en dcidos grasos varia en funcion
del tipo de alimentacion suministrada a las ovejas
de ordefio (Addis et al., 2005). demostrando que
la variedad de los pastos de la zona mediterrdnea,
contribuyen de forma importante en las caracte-
risticas nutricionales de leche y queso. Un claro
ejemplo es el dcido linoléico conjugado, ligado a
sistemas de manejo semiextensivos, y con efectos
beneficiosos para la salud humana (McGuire y Mc-
Guire, 2000), en particular por su efecto anticancerigeno
y antiaterogénico.

En cuanto a las proteinas, que también se determinan
de forma generalizada en los sistemas de control de calidad.
hay que distinguir dos tipos: las caseinas y las proteinas del
suero. Las caseinas constituyen el 76-83% de las proteinas
totales de la leche (Park et al., 2007) y son las responsables
de la formacion de la cuajada a la hora de elaborar queso.
Ademds hay que tener en cuenta que existen diferentes
fracciones caseinicas (a, -caseina, a,,caseina, B-caseina
y K-caseina), que intervienen de distinta forma en la coa-
gulacién. En ovino los estudios sobre los polimorfismos
genéticos de las proteinas licteas han identificado seis
variantes de la a, -caseina, la mds heterogénea deellas y la
que mis influye sobre el contenido de caseinas, didmetro
de las micelas y propiedades de coagulacion (Chianese et
al., 1996). En raza Manchega, sus caracteristicas han sido
estudiadas por Garzon (1996). También se han descrito tres
variantes (A-C) para a_, caseina y para B-caseina (Chianese
et al., 1995). Dado que las caseinas son las proteinas que
intervienen en la coagulacion, los sistemas de control de
calidad de la leche de oveja deberian determinar su conte-
nido y polimorfismo en lugar del contenido proteico total
como se realiza actualmente. Ademds se ha comprobado
que la leche de oveja posee menor contenido en caseinas
de tipo 0, que la leche de vaca lo que ocasiona menores
sabores amargos en los quesos de oveja que en los de vaca
(Assenat, 1991).
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(-] - ~ - - “w

& v o N

RECUENTOS (log)

-

0

o

Dias entre recogidas

23,86%

I ns.
OFILOS 0s

3 Dias

17,93%

MESOFILOS
2 DIAS

Higiene en la sala de ordefio

n.s.
I 30,56%

22,36%
*

MESOFILOS  TERMODURICOS  PSICROFILOS TERMOFILOS

“ADECUADA INADECUADA

Ademids de las caseinas, la leche contiene un 17-
22% de proteinas que permanecen solubles en el suero
cuando se elabora queso. Las mds representativas son la
a-lactoalbumina y la B-lactoglobulina (Park et al., 2007).
Las inmunoglobulinas, la seroalbimina del suero, la lac-
toferrina o los productos de degradacion de las caseinas
por la accién de la plasmina, entre otras, se encuentran
en concentraciones mas pequenas. Es muy importante la
relacion entre caseinas y proteinas del suero, que condi-
ciona la calidad tecnoldgica de la leche. El incremento de
proteinas del suero debido a infecciones intramamarias,
presencia de calostro, etc., haria aumentar el contenido
total de proteinas aunque las caseinas, que son las pro-
teinas verdaderamente responsables de la coagulacion, se
mantendrian constantes.

Recientemente se ha comprobado la existencia en la le-
che de secuencias de aminodcidos con actividad bioldgica/
fisiologica que provienen de la hidrélisis de las proteinas y
que se denominan péptidos activos (Gobbetti et al. 2004).
Entre los mas estudiados estan los fosfopéptidos, los in-
hibidores del la enzima de la conversion de angiotensina
(capacidad antihipertensiva y antitrombética), péptidos
opidceos o los péptidos inmunomoduladores. Debido a su
gran versatilidad, estos compuestos presentan un futuro
prometedor en la elaboracion de alimentos funcionales y
aplicaciones farmacéuticas. y que por consiguiente podrian
valorizar la leche convirtiéndose en componentes a contro-
lar en los sistemas de control y pago por calidad de la leche.
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El contenido en minerales es otro de los factores que
podrian tenerse en cuenta en el control de la calidad de
leche debido a su influencia en las propiedades tecnoldgicas
y nutricionales (Park et al., 2007). La leche de oveja. con
aproximadamente un 0,9%, posee mayor contenido en
minerales que la leche de vaca con un 0.7%. Los niveles de
Ca. P. Mg. Zn, Fe y Cu son superiores en la leche de oveja
que en la de vaca, aunque tiene menor contenido en K.
Na y Mn. Algunos de estos minerales, como el Ca y el P,
participan activamente en la coagulacion (por accién del
cuajo) por lo que su mayor contenido aumentara el rendi-
miento del proceso. En general el contenido en minerales
de la leche de oveja parece fluctuar mas que el de la leche
de vaca (Rincon et al., 1994) debido fundamentalmente a
diferencias en la alimentacion.

Segun lo expuesto queda claro que al considerar Gni-
camente la cantidad de los componentes mayoritarios, los
sistemas de control de la calidad trabajan con informacion
incompleta y claramente insuficiente para asegurar los
estandares de calidad necesarios actualmente. Consciente
de esta situacion, el grupo de investigacion formado por
el Laboratorio de Lactologia del CERSYRA de Valdepenas,
el Laboratorio Lechero del Departamento de Produccion
Animal de la Facultad de Veterinaria de la Universidad
de Cérdoba, y el Laboratorio Interprofesional Licteo de
Castilla-La Mancha, estamos estudiando la relacion entre
distintos pardmetros de composicion, microbiolégicos y las
caracteristicas tecnolégicas de la leche de oveja Manchega,
que se explicaran a continuacion. Estos trabajos se estan
realizando en el marco del Proyecto Regional PII10-0003
de la Consejeria de Educacion y Ciencia de la Junta de
Comunidades de Castilla-La Mancha, y del Proyecto de
Investigacion Fundamental Orientados a los Recursos y
Tecnologias Agrarias en Coordinacion con las Comunida-
des Auténomas del Instituto Nacional de Investigacion y
Tecnologia Agraria y Alimentaria (RTA2011-00057), cuyos
resultados se esperan sean aplicativos para el sector ovino
lechero.

» Calidad microbiolégica diferencial

El Recuento de Mesofilos Totales (RMT) es el indicador
tradicionalmente utilizado para determinar la calidad higié-
nica de la leche (Gonzalo et al., 2006:; EImoslemany et al.,
2009). Sin embargo, este parametro presenta el inconve-
niente de ser muy poco especifico, ya que la contaminacion
microbiana de la leche puede provenir de muy diversas fuen-
tes como el interior de la ubre, la suciedad en el ambiente,
la maquinaria de ordefio, los tanque de refrigeracion, etc.
(Claps et al.. 1999; ElImoslemany et al.. 2009). Cada grupo
de microorganismos puede afectar de diferente forma a la
calidad de la leche, por lo que es necesario conocer sus
efectos asi como distinguir su procedencia para establecer
las medidas necesarias para su control especifico. Hay
que tener en cuenta que los grupos de microorganismos
presentes en la leche ademds varian en relacién con otros
factores como la estacién del afo. la raza, la produccién
de leche, el tipo de ordefio o el uso de terapias de secado
(Garnica et al., 2013).

Ademads, el desarrollo de los diferentes grupos de mi-
croorganismos depende del tipo de queso a elaborar asi
como de los tratamientos a los que se somete la leche.
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Varios estudios (Pinna et al., 1999; Pirisi et al., 2000) han
senalado que el uso de leche cruda tiene una influencia
positiva en la composicién y propiedades sensoriales en
la maduracion de los quesos. La microflora y enzimas
especificos de la leche cruda de cada raza mantienen las
caracteristicas propias del queso, por lo que un RMT ex-
cesivamente bajo tras la practica de tratamientos térmicos
podria ser perjudicial para la microflora lactica especifica de
cada tipo de leche. En el caso de los quesos tradicionales,
los principios de precaucion de seguridad higiénica deben
ser contemplados, aunque sin abandonar la utilizacion de
los procesos tecnoldgicos tradicionales, lo que habilita el
caracter tipico y la originalidad tradicional de los quesos.
Estos autores propugnan la definicion de limites de RMT en
funcién del tipo de queso a producir, ya que un queso fresco
0 suave con un tiempo corto de maduracion es ciertamente
mas sensible desde el punto de vista microbiologico que
un queso de media o larga maduracion.

En esta linea, nuestro grupo de investigacion estd es-
tudiando el efecto que tienen distintos grupos de microor-
ganismos sobre las propiedades tecnolégicas de la leche
de raza Manchega. que se comentaran posteriormente.
Ademds, para profundizar en el conocimiento de la mi-
croflora diferencial presente, se ha analizado la influencia
de las condiciones de manejo sobre diferentes grupos de
microorganismos clasificados en funcién de su temperatura
de incubacion (Oliete et al., 2011). Se ha comprobado,
por ejemplo, que al disminuir la frecuencia de recogida de
la leche, pasando de recoger cada 2 dias a recoger cada 3
dias. aumenta significativamente el recuento de meséfilos
y de psicrofilos (Figura 1). Los microorganismos psicrofilos
son aquellos que se desarrollan a bajas temperaturas, por
lo que es normal pensar que cuanto mds tiempo pase la
leche en el tanque de frio, mds se desarrollardn este tipo de
microorganismos. Este incremento notable en los psicréfilos
puede ocasionar retrasos en las caracteristicas de coagu-
lacion de la leche (“leches perezosas™), y la necesidad del
uso de cultivos comerciales que faciliten la coagulacion de
la leche a la hora de elaborar queso. Es importante recordar
que mediante la refrigeracion se reduce el desarrollo de
los microorganismos de la leche, pero nunca se detiene.
De hecho al mantener la leche un dia mas en el tanque de
frio el recuento de mesofilos totales aumenta un 17.93% y
el recuento de psicréfilos un 26,83%. Por tanto, elevados
recuentos de psicrofilos informan sobre el detrimento de
la calidad de conservacion de la leche cruda.

Al analizar las condiciones higiénicas de la sala de
ordefio se ha comprobado que condiciones higiénicas
deficientes aumentan significativamente el recuento de
microorganismos termoduricos y termdéfilos (Figura 1).
Los microorganismos termoduricos. es decir aquellos que
resisten la pasteurizacion de la leche, aumentan un 22,36%
cuando las condiciones higiénicas son deficientes. Por su
parte, los microorganismos termoéfilos, aquellos que se
desarrollan a temperaturas elevadas (55°C), aumentan
un 30,56%. Estos dos grupos de microorganismos estan
asociados a incorrectas practicas de higiene en el ordefio,
equipos sucios y depdsitos en los circuitos de recogida.
Garnica et al. (2013) también han observado que practicas
higiénicas pobres se relacionan con recuentos elevados de
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microorganismos Gram negativos. Estos resultados confir-
man que las condiciones higiénicas de las ganaderias deter-
minan el tipo de microorganismos presentes en la leche de
oveja. Estos grupos de microorganismos presentan elevada
carga enzimatica que pueden afectar a las caracteristicas
finales del queso durante la maduracion. No se observan
sin embargo, cambios significativos en el RMT, poniendo
de manifiesto el cardcter inespecifico de este indice como
indicador de calidad higiénica. Queda clara por tanto la
necesidad de considerar otros grupos de microorganismos
en el estudio de la calidad de la leche.

Otro aspecto a considerar en el estudio de la microflora
diferencial es la presencia de microorganismos que pueden
causar defectos en el queso una vez elaborado. Este es el
caso de la contaminacion de la leche por esporas butiricas,
que como se ha comentado anteriormente, es controlado
desde hace anos, en algunas zonas productoras como por
ejemplo en Roquefort o en Pirineos-Atldnticos. Las especies
del género Clostridium spp. fermentadoras del lactato pre-
sentes en la leche cruda o pasteurizada son las responsables
de un defecto del queso denominado hinchazén tardia
caracteristico de los quesos madurados de pasta dura o
semi-dura (Ingham et al., 1998: Klijn et al., 1995). como
por ejemplo el queso Manchego. Los quesos afectados por
esta fermentacion presentan defectos de textura y aspecto
como grietas y cavernas, provocando incluso la ruptura de
la masa (Gaggiotti et al., 2006; Inocente y Corradini, 1996).
Este defecto tiene lugar durante la maduracion del queso,
cuando las esporas germinan y se multiplican las formas
vegetativas liberando gas (H, y CO,) y dcido butirico. Esta
alteracion reduce la calidad comercial del producto y, aun-
que no supone un riesgo para la salud, producen grandes
pérdidas econémicas.

Tradicionalmente el control de este problema tecnolé-
gico se ha llevado a cabo a nivel de queseria mediante la
bactofugacion, ultrafiltracion, microfiltracion (Stadhou-
ders, 1990; Waes et al., 1990). o la utilizacion de aditivos
como los nitratos o lisozima, que evitan el crecimiento
de las bacterias butiricas (Lodi, 1990: Stadhouders, 1990;
Van der Berg et al., 2004). Sin embargo. para evitar los
inconvenientes que ocasionan estos métodos, la conta-
minacion butirica de la leche deberia empezar a contro-
larse en la propia ganaderia. En los estudios realizados al
respecto se ha comprobado que, en general, la leche de
tanque muestra una calidad butirica mediocre, aunque se
considere de buena calidad respecto a los habituales para-
metros considerados en el control de calidad (composicion
fisico-quimica, recuento de mesdfilos totales y recuento
de células somaticas) (Arias et al., 2010). Este resultado
reafirma la ineficiencia de parametros tradicionales como
el RMT para asegurar la calidad de la leche en cuanto a
problemiticas especificas como la hinchazon tardia. Para
reducir la contaminacion butirica de la leche se ha com-
probado que debe vigilarse el recuento de esporas en el
alimento, controlando el uso de forrajes ensilados en las
mezclas unifeed o el uso de subproductos de la industria
como el bagazo de cerveza. Pero ademads se ha constatado
la importancia de extremar las medidas de higiene de la
sala de ordefio, evitando la presencia de polvo (Arias et al.,
2012b). Existen ademas otros factores que influyen en los
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Circuito integrado
(conexion al ordenador)

recuentos de esporas butiricas tales como la época del afio
o el grado de intensificacion de la explotacion en relacion
con su tamano censal (Arias etal., 2011). Por otra parte se
ha comprobado que los factores comentados determinan
también las especies de Clostridium spp. presentes en la
leche de oveja, observandose que las inadecuadas prac-
ticas de manejo favorecen la presencia de C.beijerinkii y
C.tyrobutyricum que ademds son los mayores productores
de gas. El C.sporogenes, a pesar de estar presente en todas
las muestras de leche, no destaca por su produccién de gas
(Arias et al., 2012b). Por ello, para evitar el peligro de la
hinchazon tardia en queso, deberia incluirse el recuento de
bacterias butiricas en los sistemas de control de la calidad
de la leche. De hecho, su determinacién podria realizarse
con la metodologia actual, a partir de las muestras de leche
conservadas con azidiol, ya que se ha comprobado que la
presencia de este conservante no influye en el resultado de
los recuentos de esporas butiricas de la leche.

A partir de lo expuesto es necesario realizar un estudio
diferencial de la flora microbiana presente en la leche a
la hora de establecer los sistemas de control y pago por
calidad. Ademas de definir los grupos de microorganismos
que deberian controlarse en funcion de la utilidad final de
la leche, es necesario establecer los limites aceptables de
cada uno de estos microorganismos. Por otro lado. habria
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que estudiar dichos microorganis-
mos no solo a nivel de especie,
sino también a nivel de cepa ya
que su peligrosidad puede variar.
Asimismo hay que tener en cuenta

Lattodinamografo
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stras de leche obter el Formagrapt

que todos los microorganismos pre-
sentes en la leche forman un com-
plejo sistema en equilibrio y que el
desarrollo de un grupo, modificaria
el crecimiento del resto, incluidas
las bacterias beneficiosas como la
flora lactica autoctona, que confiere
unas caracteristicas diferenciales
a cada tipo de leche debido a su
metabolismo enzimatico especifico
que participa en la diferenciacion
del producto final. Todos estos
aspectos ponen de manifiesto la
necesidad de realizar estudios mas
profundos respecto a qué grupo
especifico de microorganismos
deberia incluirse por su interés en
los sistemas de control de calidad
de la leche.

» Propiedades tecnoldgicas

Los criterios de composicion y

"2 Iniclo

je la leche

Campus de Rabanales. Produccion Animal
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caracteristicas microbiologicas de-
ben verse ampliados con el anélisis
de las caracteristicas tecnoldgicas
de la leche, mds adn si tenemos en
cuenta que practicamente la totali-
dad de la leche de oveja se destina
a la elaboracion de queso.

La calidad tecnoldgica de la le-
che puede ser valorada globalmente
por su aptitud para obtener un buen
queso, bajo condiciones particula-
res de trabajo y con rendimiento
satisfactorio. El comportamiento de la leche frente al cuajo
puede ser considerado como el caracter fundamental y de-
finitorio de la calidad tecnolégica (Lenoir y Schneid. 1990),
aunque ello depende de multiples factores (composicion
quimica de la leche. riqueza en caseinas, naturaleza y carga
microbiana, etc).

Las propiedades de coagulacién de la leche se han
estudiado por diversos métodos (vidrio de cobalto, foto-
metria, Gelograph, Optigraph, Formagraph). En nuestro
estudio hemos utilizado métodos lactodinamograficos,
como el que utiliza el Formagraph (Foss-Electric, Hillerad,
Dinamarca) (Figura 2), por sus satisfactorios resultados a
la hora de caracterizar las propiedades de coagulacion y
eficiencia de la leche (Bieler, 2002). y que se basa en el
movimiento oscilatorio de péndulos circulares inmersos
en muestras de leche que se encuentran en proceso de
coagulacion por adicion de cuajo. El registro del aparato
muestra una linea vertical mientras la leche permanece
liquida. Al dar comienzo la coagulacion, por el aumento de
la viscosidad de la leche, el aparato registra puntos laterales
que forman el tipico grafico de coagulacion en forma de
campana (Figura 3).

Inicio del andlisis

De este andlisis se recogen cuatro pardmetros para de-
finir la calidad tecnoldgica de la leche (Figura 4):

m r.- Representa el tiempo transcurrido hasta la forma-
cion del codgulo (tiempo de coagulacion). Se determina
midiendo la distancia desde el origen del anilisis hasta el
punto donde la curva comienza a abrirse (1 mm de aper-
tura). El resultado viene expresado en minutos.

m K20.- Representa la velocidad de endurecimiento del
coagulo y es la distancia media entre el inicio del andlisis
y el punto donde la campana presenta una amplitud de 20
mm. El resultado se expresa en minutos.

m A30 y A60.- Representan la dureza del codgulo a los
30 (dureza media) y a los 60 minutos (dureza maxima) y
se expresan en milimetros, segtin |la amplitud que presente
la campana en esa linea.

Ademds de los parametros de calidad de la cuajada que
hemos comentado, también se ha considerado interesante
en nuestras experiencias el calculo del rendimiento de la
cuajada de los distintos tipos de leche, es decir la cantidad
de cuajada obtenida a partir de cada leche.

A pesar de la informacion que los parametros tecnolo-
gicos suministran para la mejora proceso de elaboracion
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de queso. éstos no son utilizados en los
sistemas de control de calidad, probable-
mente debido a la necesidad de disponer
de un equipamiento especifico y al elevado

[tierras OVINO ==

Ecuacion de estimacion

0y al eley (r+K20) = 65,89-53,83* Cas/Prot-4,94*logRMT+9,97* Prot-2,42* Grasa 035
:oste que SUPS‘?"d"ab”" an::lls'lsfadluo.n'al A60 = -18,91+11,15*Lac+ 11,51*Grasa+2,51*logRCS+10,09*Prot-9,00°ES 0,14 3 pH=6,5
e este tipo. Sin embargo, la informacion | oo _ 14, 0 034£540,18+Cas+0,26I0gRCS+ 0,16*Grasa 0,54

aportada es de gran valor para el proceso de
produccion quesera. Por ello, hemos considerado interesan-
te estudiar las caracteristicas tecnolégicas y conocer como
éstas se ven modificadas por otros parametros de calidad
lechera (fisico-quimicos o microbioldgicos). Nuestros
resultados indican que al aumentar el porcentaje en grasa,
proteina, lactosa y extracto seco también aumenta la dureza
media y maxima del codgulo y el rendimiento en cuajada
(Jimenez etal., 201 1), aunque otros autores (Bencini, 2002
Garzon. 1996: Jaramillo et al., 2008) han realizado estudios
similares con resultados dispares. Las discrepancias podrian
deberse a los distintos métodos empleados en su estudio,
sefialando la necesidad de uniformizar métodos de analisis.
Ademis, las diferencias podrian indicar la existencia de una
relacion no lineal entre los pardmetros tecnoldgicos y de
composicion de la leche que seria necesario determinar en
futuras investigaciones.

Para profundizar en el tema se han realizado estudios
estadisticos para relacionar las propiedades tecnolégicas
con el resto de pardmetros fisico-quimicos e higiénico-sani-
tarios, para lo cual se han calculado una serie de ecuaciones
de regresion (Jiménez et al., 2012), que se muestran en la
Tabla 4. En ellas se observa que los parametros tecnolégicos
dependen de los parametros de composicion asi como del
recuento de gérmenes totales y del recuento de células
somaticas de la leche. La ecuacion obtenida para estimar
(r+K20) senala al pardmetro caseina/proteina como el de
mayor peso, incluyendo ademds el RMT y otros parametros
de composicion como la grasa y la proteina. Bencini (2002)
también sefala la importancia de las proteinas sobre r y
K20. La ecuacion de regresion de la dureza maxima del
coagulo (A60) de la leche tras normalizarel pH a 6,5 incluye
parametros de composicion (grasa, proteina, extracto seco
y lactosa) y el recuento de células sométicas (logRCS). La
relacion entre el recuento celular y la dureza del coagulo
también ha sido sefnalada por Pirisi et al. (2000) en un
estudio sobre la influencia de las células somaticas en la
composicion de leche y calidad del queso. La ecuacion de
regresion obtenida para estimar el rendimiento en cuaja-
da incluye el extracto seco como el parametro de mayor
importancia, ademds de otras caracteristicas de composi-
cion (caseina bruta, grasa) e higiénico-sanitarias (logRCS,
logRMT). Jaramillo et al. (2008). en un estudio sobre la
aptitud quesera de dos razas lecheras también destaca la
influencia significativa de la grasa, la proteina, la caseina
y los solidos totales sobre el rendimiento de la cuajada.

Asimismo, es importante reflejar otros estudios que re-
lacionan las propiedades tecnolégicas y el tipo de proteinas
presentes en la leche. La mayor parte de las que se refieren
a caseinas se han centrado en el efecto del polimorfismo
de la k-caseina (K-Cn) sobre el tiempo de coagulacion
(EI Negoumy, 1972), la velocidad de endurecimiento y la
dureza del coagulo (Feagan et al., 1970, 1972). Todos los
autores coinciden, en general, en que la leche que posee la

variante K-Cn B es mejor que la que presenta la variante A,
al tener la primera un tiempo de coagulacién menor, una
velocidad de endurecimiento mayor y producir un coagulo
mas firme (Mariani and Pecorani, 1991; Delacroix-Buchet
etal., 1993). Con respecto a otras caseinas, parece que la
leche que contiene a, -caseina BC es mejor, en términos de
aptitud tecnoldgica. que la que presenta la variante BB (Ma-
riani et al., 1988) y que la B-caseina BB es mejor también
que la de tipo B-caseina AA (Pecorani and Mariani, 1990),
estando este ultimo fenotipo asociado a la formacion de
un codgulo extremadamente blando (Sandler etal., 1968).
En la raza Merina, Serrano (1999) encuentra que aquellos
animales con un fenogrupo caracterizado como B-L gBB,
a,,-Cn CC y B-Cn K- . son los que muestran los valores
mas favorables en cuanto a produccion, composicion y
aptitud tecnolégica de la leche en la poblacion estudiada.

Ademis, se han realizado estudios que relacionan las
caracteristicas tecnolégicas de la leche con las proteinas
del lactosuero, fundamentalmente con la B-lactoglobulina.
En raza Manchega, Garzon (1996). identifica al alelo B-gA
como el que confiere a la leche una mejor aptitud frente
a la coagulacion. Sin embargo, Nudda (2003), seiala que
el fenotipo de la B-Ig afecta Gnicamente a la cantidad de
leche ordefiada en la raza Sarda.

Los estudios realizados ponen de manifiesto la impor-
tancia de los parametros tecnolégicos de la leche a la hora
de establecer los sistemas de control y pago por calidad.
La tasa y la extension de la coagulacion de la leche por la
accion del cuajo y las caracteristicas del codgulo resultan-
te son factores muy importantes a considerar durante el
proceso de fabricacion del queso. La reactividad de la leche
con el cuajo determina el desarrollo completo del proceso
de coagulacion. Asi, las leches anémalas, especialmente
las de coagulacion lenta no pueden emplearse de una for-
ma atil en la coagulacion, en especial en la fabricacion de
quesos con un largo periodo de maduracion, dotados de
caracteristicas fisico-quimicas y estructurales peculiares,
ya que determinan la formacion de un codgulo con escasa
masa caseinica y no uniformemente deshidratado, del que
deriva un queso estructural y organolépticamente defec-
tuoso (Mariano and Pecorari, 1991).

P> Caracteristicas sensoriales

Ademads de las metodologias empleadas para la caracte-
rizacion de los alimentos tradicionales, no debemos obviar
que el anilisis sensorial realizado por un grupo de catadores
expertos también podria ser considerado como criterio de
los sistemas de control y pago por calidad. Estos andlisis
basados en la necesidad de evaluar los estimulos que afec-
tan a los 6rganos de los sentidos, tiene la gran ventaja de
facilitar un acercamiento entre el analista y el consumidor.
Por esta razén, mientras las técnicas instrumentales per-
miten obtener informacion de la composicion y de las ca-
racteristicas nutricionales del alimento, a veces dificiles de
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entender por el publico, los resultados obtenidos mediante
analisis sensorial podrian permitir al consumidor asimilar el
producto valorando sus caracteristicas especificas.

En el dmbito licteo, la cuestion que se plantea es si
atender a las caracteristicas sensoriales de la leche en
si (aspecto, textura, aroma, etc.) o a las caracteristicas
sensoriales del producto transformado (queso). que al
fin y al cabo es el que va a llegar al consumidor. Como ya
se ha comentado, la mayor parte de la leche de oveja se
destina a la produccién de queso y por lo tanto el andlisis
sensorial ideal seria aquel que evaluara las caracteristicas
del producto final y que permitiera relacionarlo con la leche
usada para su produccion.

Este analisis sensorial del queso no solo debe abordarse
desde un punto de vista objetivo, sino también de manera
consistente con la tradicion del producto y con las percep-
ciones del consumidor y las posibles diferencias culturales.
En el marco del Programa AIR 2039 de la Comunidad Eu-
ropea. se publico la “Guia para la evaluacion sensorial de
la textura de quesos de pasta dura o semidura de leche de
oveja”. Para ello, se propone el anlisis de variables de su-
perficie (visuales y tactiles). mecanicas (elasticidad, firme-
za, friabilidad y adherencia), geométricas (microestructura)
y otras (solubilidad y humedad en boca). La conclusién a
la que se llego es que la metodologia expuesta puede apli-
carse a diversos campos: caracterizacion basica y especifica
de los diferentes tipos de queso dentro de los ambitos de
las Denominaciones de Origen Protegidas, validacion de
técnicas instrumentales para el control de la calidad y la
defensa de las particularidades frente a las imitaciones, y
finalmente la investigacion de las preferencias de segmentos
del mercado (eleccion, aceptacion y consumo).

En la actualidad distintos quesos de calidad diferenciada
con DOP. como es el caso del queso Manchego, valoran
sus caracteristicas sensoriales (consistencia, color, olor,
sabor, aspecto, textura), que estdn perfectamente definidas
en sus pliegos de condiciones, tanto para la Certificacion
del producto como en los sistemas de control de calidad
interno de las propias queserias.

La inclusién de la calidad sensorial en los criterios de
pago por calidad lechera podria resultar compleja en un
principio, sin embargo deberia ayudar a calificar la calidad
integral de una leche de partida para obtener un queso
con unas caracteristicas finales esperadas, permitiendo el
acercamiento entre la calidad de la leche y las expectativas
del consumidor.

CONCLUSION

La informacién aportada en los estudios presentados
pone de manifiesto la necesidad de revisar los actuales
sistemas de control y pago por calidad de la leche de oveja
teniendo en cuenta nuevos criterios de calidad que com-
plementen los actuales. Sin embargo, atin estamos lejos de
poder definir claramente estos criterios de calidad, debido
a la multitud de factores que determinan la calidad de la
leche de oveja. Ademads. hay que tener en cuenta que los
sistemas de control de calidad de la leche deberian estar
adaptados a las diferentes zonas productivas, que deter-
minan ademais de las condiciones de manein la utilidad
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ir orientados a evaluar las caracteristicas de calidad en
conjunto y establecer indices combinados a partir de estos
criterios que permitan establecer la calidad integral de la
leche de oveja.
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