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ABSTRACT

Milking operations constitute the foremost part of the work in a dairy farm.
Recently, several automatisms have been implemented in the milking parlors to
reduce the time dedicated to this labor. In addition, these devices have allowed
controlling the sanitary and productive status of the animals, improving the
management of the herd and increasing the profitability of the farm. Two clear
examples of this new technology, recently implemented in the small ruminant milking
parlors, are the automatic cluster removers and the new generation pulsators which
allow easily choosing between alternative or simultaneous pulsation.

Five studies have been developed: four related with the optimal setting of the
automatic cluster removers (four in short term and four in long term) and one in short
term to study the type of pulsation employed.

To study the effect in short term of the automatic cluster removers in the
milking of Murciano-Granadina goats, two experiments with latin square design were
developed, one in early lactation and other in late lactation whose objectives were
study the effect of several combinations of milk flow threshold (100,150, 200 and 250
g/min) and delay time (10, 15 and 20 s) on milking efficiency, milking routine and the

vacuum drops. It was observed that the use of milk flow threshold 100 or 150 g/min



and delay time 10 s resulted in lower double cluster attachment frequency, obtained
similar milk fractioning results without involving an increasing of the milking duration
and reducing the vacuum drops. With these conclusions, a long term experiment was
conducted to know the effect on milk yield and milking fractioning, milking duration
(individual and per groups), milk composition, sanitary status of the mammary gland
and teat-end status comparing the best settings in the short term study (100 and 150
g/min and delay time 10 s) with conventional milking employing manual cluster
removal. It was observed that the use of automatic cluster removers with these
settings showed results of milking efficiency similar to those obtained with manual
cluster removal, besides reducing the effect of the machine milking on the teat-end
status and the vacuum drops, preserving the sanitary status of the mammary gland
and the milk composition.

To study the short term effect of the automatic cluster removers on Manchega
ewes, two latin square design experiments were developed, one employing a high line
milking machine and other employing a low line milking machine with the same
objectives of the study developed in Murciano-Granadina goats. The results showed
that milk flow threshold 150g/min combined with long delay time (20 s) obtained the
highest values of machine milk and the use of milk flow threshold 200 g/min combined
with short delay time (10 s) obtained the shortest values of milking duration. Also, milk
flow threshold 100 g/min did not increase values of machine milk and milk flow
threshold 250g/min did not reduce milking duration, so both were discarded. Similar
to what was done in goats, it was developed a long term experiment with the same
objectives, comparing the settings that obtained the best results in the short term

experiments (milk flow threshold 150 g/min and delay time 20 s and milk flow



threshold 200 g/min and delay time 10 s) with conventional milking using manual
cluster removal. In this case, it was observed that the use of automatic cluster
removers in the milking of Manchega ewes, set with optimal parameters (milk flow
threshold 150 g/min and delay time 20 s) showed better milking efficiency than
conventional milking, and reduced the effect of the machine milking on the teat end-
status and the vacuum drops, preserving the sanitary status of the mammary gland

and the milk composition.

Thus, it was concluded that the implementation of automatic cluster removers
in small ruminants milking parlors allows increasing work efficiency and an
improvement of the working conditions of the operators, preserving the sanitary
status of the mammary gland of the animals and holding the income related to the

quantity and quality of the milk extracted.

With the aim of studying the new generation pulsators, the previous lines of
the research group were continued. A latin square short term experiment was
developed in Alpine goats to study the effect of the combination of two types of
pulsation (alternative and simultaneous) and two vacuum levels (38 and 42 kPa) on the
milking efficiency (milking fractioning and milking duration) and the changes in the
vacuum level in the short milk tubes (average vacuum level and vacuum drops). It was
observed that the use of alternative pulsation involved higher average vacuum level
and minor vacuum drops in the short milk tubes. This fact involved a reduction of the
milking duration only in the morning milkings when 42 kPa were employed, coinciding
with higher differences of average milk flow. It was concluded that the use of

alternative pulsation could offer some advantages respect to simultaneous pulsation in



situations related to high milk flow (morning milkings, high yield animals, early
lactation) or when the use of parameters (high vacuum level) or parlor design (high
line) involves a high probability that milk occupies the entire section of the tubes in the

milking unit.



RESUMEN

El tiempo dedicado al ordeifio en una explotacidon lechera supone una gran
parte de la carga laboral diaria. En los ultimos afos se han introducido diferentes
automatismos en las salas de ordefio con el objetivo de reducir el tiempo dedicado a
esta tarea. Adicionalmente estos dispositivos han permitido realizar un control
productivo y sanitario de los animales, que permite mejorar la gestién del rebafio v,
por tanto, aumentar la rentabilidad de la explotacién. Dos ejemplos claros de estas
nuevas tecnologias que se han introducido recientemente en las salas de ordefio de
pequefios rumiantes han sido los retiradores automaticos de pezoneras y los
pulsadores de nueva generaciéon que permiten elegir facilmente entre pulsacién

alterna o simultanea.

Se han realizado 5 estudios: 4 relacionados con la programacién éptima de los
retiradores automaticos de pezoneras (2 a corto plazo y 2 a largo plazo) y uno a corto

plazo orientado a estudiar el tipo de pulsacién empleada.

Para el estudio del efecto a corto plazo de los retiradores automaticos de
pezoneras en el ordefio de cabras Murciano-Granadinas se realizaron dos
experimentos con disefio en cuadrado latino, uno al principio de la lactacién y otro al
final, cuyos objetivos fueron estudiar el efecto de varias combinaciones de flujo de
corte (100,150, 200 y 250 g/min) y tiempo de demora (10, 15 y 20 s) sobre la eficacia
del ordenio, la rutina de ordefno vy las caidas del nivel de vacio. Se observd que con el
empleo de un flujo de corte de 100 6 150 g/min y un tiempo de demora de 10 s se
obtenia una menor frecuencia de doble puesta de pezoneras, consiguiendo resultados

similares de fraccionamiento de la leche ordefiada, sin implicar un aumento del tiempo



de ordefio y reduciendo los valores de las caidas del nivel de vacio. Con estas
conclusiones se disefid un experimento para conocer el efecto a largo plazo sobre la
produccién y fraccionamiento de la leche, los tiempos de ordefio (individual y por
lotes), la composicion quimica de la leche, el estado sanitario de la glandula mamaria 'y
el estado del pezén comparando los parametros que obtuvieron mejores resultados a
corto plazo (flujo de corte de 100 6 150 g/min y un tiempo de demora de 10 s) con el
ordefo convencional mediante retirada manual de pezoneras. Se observd que el
empleo de retiradores automaticos de pezoneras programados con los pardmetros
adecuados ofrecié una eficacia del ordefio similar al ordefio convencional con retirada
manual de pezoneras, ademas de reducir el efecto del ordefio mecanico en el estado
del pezén y de las caidas del nivel de vacio durante el ordefio, manteniendo el estado

sanitario de la glandula mamaria y la composicidn de la leche ordefiada.

Para el estudio del efecto a corto plazo de los retiradores automdticos de
pezoneras en el ordefio de ovejas Manchegas se realizaron dos experimentos con
disefio en cuadrado latino, uno en una instalacion con conduccién de leche en linea
alta y otro en una instalacion en linea baja con el mismo objetivo que los desarrollados
en cabras Murciano-Granadinas. En los resultados se observd que el empleo de flujo
de corte 150 g/min y tiempos de demora elevados (20 s) obtuvo los valores mas altos
de leche ordefiada y el empleo de flujo de corte de 200 g/min y tiempos de demora
reducidos (10 s) obtuvo los menores valores de tiempo de ordefio. Ademas, el flujo de
corte 100 g/min no aumentd los valores de leche ordefiada y el flujo de corte 250
g/min no disminuyé el tiempo de ordefio, por lo que fueron descartados. Similarmente

a lo desarrollado en ganado caprino, se realizé un experimento a largo plazo con los



mismos objetivos, comparando los parametros que obtuvieron mejores resultados a
corto plazo (flujo de corte 150 g/min y tiempo de demora 20 sy flujo de corte de 200
g/min y tiempo de demora 10 s) con el ordefio convencional mediante retirada manual
de pezoneras. En este caso se observd que el empleo de retiradores automaticos de
pezoneras en el ordefio de ovejas de raza Manchega, programados con los parametros
adecuados (flujo de corte 150 g/min y tiempo de demora 20 s), ofrecié una mejor
eficacia que el ordefio convencional con retirada manual de pezoneras ademas de
reducir el efecto del ordefio mecdnico en el estado del pezdén y de las caidas del nivel

de vacio durante el ordefio, manteniendo el estado sanitario de la gldndula mamaria.

Se concluye, por tanto, que la instalacion de retiradores automaticos de
pezoneras en las salas de ordefio de pequefios rumiantes permite aumentar la
eficiencia del trabajo desarrollado y la mejora de las condiciones laborales de los
operarios, preservando el estado sanitario de la glandula mamaria de los animales y
manteniendo, por tanto, los ingresos derivados de la cantidad y calidad de la leche

ordefnada.

Para el estudio de los pulsadores de nueva generacién, se continud la linea de
investigacion del equipo investigador y se realizd un experimento a corto plazo con
disefio en cuadrado latino cuyo objetivo fue conocer el efecto de la combinacién de
dos tipos de pulsacién (alterna y simultanea) y dos niveles de vacio (42 y 38 kPa) sobre
la eficacia del ordefio (fraccionamiento de la leche y tiempo de ordefio) y las
variaciones de los niveles de vacio en los tubos cortos de leche (nivel medio de vacio y
caida del nivel de vacio). Se observé que el empleo de pulsacién alterna supuso

mayores niveles de vacio medio y menores caidas del nivel de vacio en los tubos cortos



de leche, aunque esto se tradujo en una reduccion del tiempo de ordefio Unicamente
en el ordefo de la mafiana cuando se emplearon 42 kPa, coincidiendo con las mayores
diferencias encontrada en cuanto a flujo de leche. Se concluyé que el uso de la
pulsacion alterna en la practica puede ofrecer ciertas ventajas respecto de la pulsacidn
simultanea en situaciones de elevado flujo de leche (ordefio de la mafiana, animales
con alta produccion o inicio de la lactacidn entre otros) o cuando el uso de pardmetros
(empleo de altos niveles de vacio) o el disefio de la sala (uso de linea media o alta)
provocan una mayor probabilidad de que se produzcan tapones de leche en el juego

de ordefo.
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Introduccion

1.1. Importancia socioecondmica y situacion actual de los pequeiios rumiantes de

aptitud lechera.

Ganado caprino lechero.

La produccion total de leche de cabra, a pesar de representar un pequefio
porcentaje respecto del total de kg de leche producida, ha tenido en los ultimos 20
afios (1992-2012) un notable aumento del 68%. Este es un dato especialmente
representativo del auge que ha tenido este producto si tomamos como referencia la
produccién de leche de vaca, que ha aumentado un 35% durante el mismo periodo
(FAOSTAT, 2014).

Del total del censo caprino en el mundo, menos de la mitad (30,9%;
197.463.071 cabezas) corresponde a ganado caprino lechero. El continente asidtico
lidera la lista del censo del ganado caprino lechero con un 54% de los animales,
seguido de Africa con un 36% del censo mundial. En el tercer y cuarto puesto y con un
censo similar quedan el continente americano y Europa con un 4,5% cada uno. Oceania
posee un censo de ganado caprino practicamente nulo (FAOSTAT, 2014).

En cuanto a los datos de produccién de leche, Asia sigue liderando los datos de
produccién con un 58% de la leche producida, siguiéndole Africa con un 24%. Europa
ocupa la tercer plaza con un 14% y América le sigue con un 3%. Es llamativo el dato de
Europa que triplica su porcentaje respecto del porcentaje del censo de animales, lo
gue da una idea de la especializacién a la produccién de leche que tiene los individuos
de este continente. En concreto, la media mundial de produccion de leche por animal

es de aproximadamente 90 Kg mientas que la Europea es de 280 Kg (FAOSTAT, 2014).
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Introduccion

En Europa existe un censo de ganado caprino lechero de 7.121.616 cabezas y la
mayor parte de este censo se concentra en los paises mediterraneos. Grecia ocupa el
primer lugar con un 46% (3.275.943 cabezas) del censo seguido de Espafia con un 17%
(1.210.674 cabezas), Francia con un 13% (925.810 cabezas) e Italia con un 9% (640.945
cabezas). De nuevo la especializacion hacia la produccién lechera hace que, en
cantidad de leche producida, el orden de paises se vea alterado. En este caso Francia
ocupa el primer lugar con 624.000 t, seguido de Espafia con 443.000 t y Grecia con
407.000 t y, por ultimo, Italia con 280.000 t. Segun datos de la FAO la produccién anual
media por cabeza de Francia estd en 686 kg, mientras que la de Grecia es de 122 kg.
Espafia queda en una posicion intermedia con 352 Kg (FAOSTAT, 2014).

La produccién de leche de cabra en Espaia estd distribuida de forma muy
desigual. El 80% del total de leche de cabra producida se agrupa en solo tres
comunidades auténomas; Andalucia (48%), Canarias (20%), y Castilla la Mancha (12%).
En el otro extremo se encuentran Navarra, Cantabria, Baleares, Pais Vasco, Asturias y
La Rioja; entre las seis comunidades solo suman el 0,46% del total de leche producida.
La Comunidad Auténoma de la Region de Murcia produce el 3,74% y la Comunidad
Valenciana el 1,9% (MAGRAMA, 2014).

La principal raza espafola de cabra de aptitud lechera es la Murciano-
Granadina con un censo de 167.000 cabezas (FEAGAS, 2014), siendo el tamaiio medio
de explotaciéon de 472 cabras (MAGRAMA, 2014). Se trata de una raza cosmopolita, de
tamafio medio y con elevados rendimientos queseros debido a la composicidon de su
leche. Las producciones medias en animales de 22 parto en adelante son de 530 litros
por lactacién normalizada (210 dias), las medias de grasa oscilan entre 5,6-5,8 % y las

de proteina entre 3,6-3,8% (ACRIMUR, 2014).
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Introduccion

Ganado ovino lechero

El ganado ovino lechero mundial ha experimentado un aumento de su censo en
un 26% durante el periodo 1992-2012 alcanzandose las 210.709.691 cabezas. Este se
distribuye de manera diferente a como lo hace el total del censo de ganado ovino. En
la distribucidn del censo de ganado ovino lechero por continentes, Asia lidera con un
50,5%, seguido de Africa con un 34% y Europa con un 14%. América tiene una escasa
cabafia de ganado ovino lechero con el restante 1,5%. El total del censo del ganado
ovino de Oceania corresponde a ovino de carne. (FAOSTAT, 2014)

Similarmente a lo descrito en ganado caprino, Europa tiene un ganado ovino
mas especializado en la produccién de leche, y, por ello, como productora de leche a
nivel mundial se sitla en segunda posicion con un 30% del total de leche producida,
adelantando a Africa, que produce el 23%. Asia, con un 46,7%, sigue liderando la lista.

De nuevo, similarmente a lo descrito en ganado caprino el ganado ovino
lechero ha experimentado una tendencia hacia la especializacidon, esto es
especialmente relevante en Europa, donde la produccién anual media por cabeza de
ganado era de 79 Kg en el afio 1992 y de 97 kg en el afio 2012(FAOSTAT, 2014).

En Europa, existen 31 millones de cabezas de ganado ovino destinadas a la
produccién de leche. La mayor parte del ganado ovino de leche se agrupa entre
Rumania y Grecia con un 27 y un 23%, respectivamente. Le siguen ltalia, con un 17% vy
Espana con un 9%. Francia y Albania poseen ambas un 4% del censo ovino lechero
Europeo. Es llamativo que si observamos los datos de productividad anual por cabeza
de ganado aparezcan paises con censos mucho mas bajos: la lista la lidera Austria con

425 kg, le sigue Suiza con 407 kg, Malta con 212 kg, Francia ocupa el cuarto puesto con
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Introduccion

212 kg y Espana se situa quinta con 193 kg. La explicaciéon a esto es la alta
especializacién hacia la producciéon lechera de las razas criadas en dichos paises
(FAOSTAT, 2014).

En Espafia la leche de oveja en el aifio 2012 representd el 7,8% del total de
leche producida en el pais. La producciéon de leche de oveja en Espaia se encuentra
distribuida de forma muy desigual, el 91% del total de leche de oveja producida se
agrupa solo en dos comunidades autdonomas: Castilla La Mancha (26%) y Castilla Ledn
(65%). En el otro extremo se encuentran Asturias, Cantabria, Baleares, Cataluiia, La
Rioja, Comunidad Valenciana, Canarias, Andalucia y Aragdén; entre todas ellas
Unicamente suman el 2,5% del total de leche producida (MAGRAMA, 2014).

La oveja Manchega es la primera raza lechera en Espafia en cuanto a censo
(153.000 cabezas), superando a razas extranjeras como la Assaf (145.000 cabezas) y la
segunda si incluimos las razas de aptitud carnica tras la Rasa Aragonesa (540.000
cabezas, FEAGAS 2014). La oveja Manchega es un animal con un acusado dimorfismo
sexual, perfil convexo, proporciones alargadas y de tamafio mas bien grande. Esta raza
se distribuye por buena parte de las provincias espafiolas (Madrid, Comunidad
Valenciana, Castilla y Ledn, etc.), pero alcanza la mayor concentracién en Castilla-La
Mancha, a la que debe su nombre. La cantidad de leche producida por oveja y
lactacion (195 kg) se ha incrementado considerablemente en los ultimos afios por la
intensificacion de las explotaciones. La calidad fisico-quimica de su leche hace que ésta
sea el producto necesario y fundamental para la transformacién en Queso con

denominacion de origen Manchego (AGRAMA).
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1.2. Aspectos del ordefio mecanico de pequefios rumiantes.

1.2.1. Componentes de la maquina de ordeiio de pequeiios rumiantes.

La norma UNE 68048:1998 define la maquina de ordefio como una instalacién
completa de ordefio mecdnico que comprende los sistemas productores de vacio y
pulsacidn, una o varias unidades de ordefio y otros componentes (Figura 1). El objetivo
del ordefio mecanico es la obtencidén, con la ayuda de una mdquina, de la mayor
cantidad de leche, de maxima calidad, que técnicamente sea posible, sin dafiar al
animal.

Figura 1. Componentes basicos de la maquina de ordeifo con conduccion de leche
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1: Conduccion principal de vacio. 2: Interceptor.3: Tanque balance. 4: Regulador. 5: Conduccion de
vacio de pulsacion 6: Vacuémetro. 7: Depésito sanitario. 8: Conduccidon vacio ordefio. 9: Receptor.

10: Conduccion de leche. 11: Tubo largo de leche. 12: Pulsador 13: Tubo largo de pulsacion.

14: Pezoneras. 15: Colector. 16: Bomba de leche. 17: Evacuacion de leche. 18: Grupo motor-bomba de
vacio. A1l y A2: puntos de conexion para un medidor de caudal de aire. Vm, Vr y Vp: puntos de
conexion para medir el nivel de vacio. Pe: punto de conexion para medir la presion de aire en el

escape. Fuente: UNE 68048:1998.
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Sistema de vacio

Este sistema estd formado por componentes por cuyo interior solo circula aire.
A. Grupo Motor-Bomba de vacio: el motor es el elemento que acciona la bomba
de vacio y permite su funcionamiento. La bomba es el componente que genera el vacio
necesario (diferencia de presiones entre el interior y el exterior de la conduccién) para
abrir el esfinter del pezén, extraer la leche de la glandula mamaria y arrastrarla hasta
el receptor. A su vez, es el responsable del funcionamiento de otros componentes de
la maquina (pulsadores) y del accionamiento de algunos automatismos de la sala como
los retiradores automaticos de pezoneras. Actualmente se utilizan bombas rotativas
(de paletas), bombas de alveolos o de anillo liquido. Recientemente han aparecido en
el mercado bombas de turbina, que se caracterizan por funcionar en seco, sin aceite y
sin agua, y por presentar un desgaste practicamente nulo.
B. Conducciones de aire: se diferencia entre conduccidn principal de aire, situada
entre la bomba de vacio y el depdsito sanitario, y conduccién de pulsacidon que conecta
la conduccidn principal de vacio con los pulsadores.
C. Interceptor: recipiente que se encuentra situado en la conduccidn principal de
vacio, es necesaria su instalacion para evitar la entrada de liquidos u otros residuos
sélidos a la bomba que puedan deteriorarla.
D. Tanque distribuidor: recipiente situado en la conduccién principal de aire entre
el interceptor (o la bomba de vacio) y el depésito sanitario, cuya funcién es actuar
como colector de las conducciones. Su instalacion es opcional.
E. Regulador y sensor: la funcién del regulador es la de mantener constante el
nivel de vacio en la instalacién de ordefio durante el ordefio, para ello debe permitir o

limitar la entrada de aire atmosférico segun las circunstancias de cada momento
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(ordeno, entradas de aire, etc.). El regulador debe estar lo mas cerca posible de las
unidades de ordefio para que pueda equilibrar el nivel de vacio lo mds rapidamente
posible, por ello, se suele montar entre el interceptor y receptor. Actualmente se usan
reguladores accionados a distancia que determinan el nivel de vacio en un punto
diferente del que actian con el fin de que no influyan las fluctuaciones que se
producen por efecto de la regulacidn.

F. Vacudmetro: Es un instrumento, normalmente mecdanico, que mide el vacio al
gue esta sometido el aire en el interior de la instalaciéon. Los vacuémetros son
medidores de presidn diferencial (vacio), es decir, de diferencia de presiones entre el
interior y el exterior de la instalacién. Debe estar colocado en la conduccién principal
de vacio entre el regulador y la unidad final y en un lugar de facil visibilidad para el
operario del ordefio.

G. Depdsito sanitario: recipiente situado entre el sistema de vacio y el sistema de
leche, cuya funcién es conectar el receptor con el sistema de vacio y limitar el paso de
liquidos y otros contaminantes entre los dos sistemas. Estan provistos de una valvula
de drenaje y una vélvula de corte de vacio controlado por el nivel de liquido que pueda

guedar en su interior.

Sistema de pulsacion.

El pulsador es el componente de la instalacién de ordefio responsable de
realizar el intercambio entre vacio y presidon atmosférica en la cdmara de pulsacion de
la pezonera, permitiendo con ello la alternancia de succiéon y masaje del pezdn. Se

describen mas detalladamente en el apartado 1.3.2. Pulsadores de nueva generacion.
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Conduccion de leche y unidad final

Es la conduccion que transporta leche y vacio durante el ordefio, y que tiene la
doble misidn de proporcionar vacio para el ordefio y de llevar la leche a la Unidad
Final. La conduccion de leche se puede instalar a diferentes alturas, tal y como se
describe en el punto 1.2.2. La Unidad Final es un recipiente sometido a vacio al que
llega la conduccidn que transporta la leche procedente de las unidades de ordefio y
donde se produce la separacidn de la leche ordeiada y del aire a nivel de vacio. Esta
provista de un extractor (bomba de leche) que evacua la leche y los liquidos de

limpieza y desinfeccion que circulan por el sistema.

Juegos de ordeio

El juego de ordefno es el conjunto que comprende las pezoneras y el colector
(Norma UNE 68048:1998). El colector es la pieza que relne las pezoneras para formar
un juego de ordefio y que las conecta al tubo largo de leche y al tubo largo de
pulsacion (Norma UNE 68048:1998). Es el elemento que recoge la leche del juego de
ordefio y lo introduce en el tubo largo de leche. Si la conduccion de leche es en linea
alta es necesario disponer de un colector para facilitar la evacuacion de leche, sin
embargo en linea baja puede ser eliminado. Segun Le Du (1989), en pequefios
rumiantes este elemento no es necesario en las instalaciones con conduccién de leche
en linea baja y se puede sustituir por una simple pieza en forma de “Y”, con este
disefio se dificultaria la circulacion cruzada de leche entre pezones debido a la
admisién de aire por uno de los manguitos en la operacién de apurado a maquina. En

los ultimos afos se ha tendido a montar colectores de mayor peso y volumen y con
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entrada de aire, con el objeto de facilitar la evacuacion de la leche, indispensable en
linea alta, y disminuir las fluctuaciones ciclicas de vacio a nivel del pezén.

La pezonera es el conjunto que comprende una copa rigida, un manguito de
ordefio y un tubo corto de pulsacion y puede incluir un tubo corto de leche y un
conector o un visor (Norma UNE 68048:1998). Las pezoneras y, mas en concreto, los
manguitos, constituyen el punto de unién entre el animal y la maquina. Su funcién
consiste en aplicar el vacio al orificio del pezdn y retirar la leche del animal y, por ello
es uno de los componentes mds importantes. La copa es una carcasa rigida que
mantiene tenso el manguito de ordefio (Norma UNE 68048:1998). Se suele construir
de PVC rigido (anteriormente se utilizaba el acero inoxidable), con los extremos
adaptados para acomodarse a la forma del manguito y posee un pequeno tubo lateral
que conecta la camara de pulsacién (espacio entre el manguito y la copa) con el tubo
corto de pulsacién. El manguito de ordefio es un manguito flexible compuesto de una
embocadura y un cuerpo que puede llevar integrado un tubo corto de leche (Norma
UNE 68048:1998). Influye de forma importante en el estado sanitario de la glandula
mamaria y del pezoén, y sobre los rendimientos en el ordefio al afectar al apurado,
tiempos de ordefio, deslizamientos y caidas de pezoneras. Suelen estar fabricados de
materiales flexibles, como la silicona, que minimizan los efectos producidos por el
trepado de las pezoneras al favorecer una mejor adherencia al pezdn.

Los juegos de ordefio mas modernos poseen una valvula automatica que
interrumpe el vacio cuando se caen o desprenden por una coz del animal y ademas
permiten ordeflar con una sola pezonera por juego mientras la otra permanece

cerrada. Existen dos modelos de valvulas en funciéon de su ubicacién y modo de
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accionamiento, las que se encuentran en el colector (cortan el vacio al golpear éste

con el suelo) y las que se encuentran integradas en la parte inferior de las pezoneras.

Automatismos

En los ultimos afios se han introducido diferentes automatismos en las salas de
ordefio que han permitido aumentar los rendimientos horarios, ademas de realizar
una gestion integral de la explotacion. Esta tendencia a la automatizacion del ordefio
se debe a varios factores como son la mejora de las condiciones laborales y sociales de
los operarios, el aumento de sus ingresos econdmicos y la mejora del producto
obtenido, que se ajusta mas a los criterios de calidad fisico-quimicos e higiénico-
sanitarios que exige la industria lactea y que viene marcada por las normativas
europeas vigentes (Directivas 92/46/CEE y 94/71/CE). Los problemas de mano de obra
asalariada que atraviesa la ganaderia y la mejora de la condicién de vida demandada
por los trabajadores en el ambito rural han producido que se realice una
transformacion, en primer lugar, de la mentalidad del propio ganadero que se
encuentra mas abierto a las nuevas ideas y, en segundo lugar, de las instalaciones que
se tienen o se montan de nuevo. En este sentido, se ha mejorado el disefio de las
granjas y se han automatizado diferentes funciones (alimentacién, limpieza, ordefio)
introduciéndose dispositivos tales como carros de alimentacién, cepillos de limpieza
automatica del pasillo de alimentacidon, empujadores y mas concretamente en la sala
de ordefio otros como amarres de entrada y salida rapida, retiradores automaticos de
pezoneras, medidores electronicos de leche, identificacion electrénica, detecciéon
automatica de mamitis, etc., los cuales han permitido simplificar, acelerar y hacer mas

cdmodas muchas de las tareas realizadas durante el ordefio y otras labores de la
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explotacién, ya sean manuales o de gestion. Los detalles especificos sobre

automatismos se encuentran en el apartado 1.3.

1.2.2. Aspectos técnicos y de manejo.

Parametros de pulsacion y nivel de vacio

En comparacion con el ganado vacuno, los pequeifios rumiantes
tradicionalmente se han ordefiado con un bajo nivel de vacio (40 a 44 kPa), altas
frecuencias de pulsacidn (90 a 180 ppm) y una relacién de 50-60%. Similarmente a lo
sucedido en el ganado vacuno, el empleo de nuevos materiales como el plastico
permitid una reduccién del peso de los juegos de ordefio, lo que ha permitido reducir
los niveles de vacio y establecerlos en ganado ovino en 36-38 kPa y en ganado caprino
en 38-40 kPa (Billon et al., 1999). En ganado ovino, el empleo de estos niveles de vacio
ha permitido reducir el recuento de células somaticas (RCS) y el nimero de infecciones
intramamarias (Pazzona et al., 1993; Peris et al., 2003). En esta especie, el empleo de
altas frecuencias de pulsacién (180 ppm) asegura que se produzca el reflejo de
eyeccion (Marnet et al., 1998; Marnet, 2002). Ademas esta frecuencia de pulsacién
ofrecid menores valores de RCS que 120 ppm (Fernandez et al., 1999) mientras que el
numero de infecciones intramamarias fue similar (Peris et al. 2003).

En un experimento realizado en cabras locales de Grecia se observd que el
empleo de un nivel de vacio de 36 a 44 kPa, una frecuencia de pulsacién de entre 90y
120 ppm y una relacion de pulsacidn del 65% optimizaba los valores de leche maquina,
leche de apurado y tiempo de ordefio (Sinapis et al., 2000) respecto a relaciones de

pulsacion del 35%, frecuencia de pulsacion de 120 ppm y nivel de vacio de 52 kPa. En
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ganado caprino de razas Alpina y Saanen, la combinacion de altas frecuencias de
pulsacion (90 a 120 ppm) con una alta relacion de pulsacidon (60%) aumenté el flujo
medio de emisidn de leche, reduciendo el tiempo de ordeino, cuando se compard con
frecuencia de 60 ppm y relaciones del 50% (Billon et al., 2004). En trabajos recientes
del equipo de investigacién de la Escuela Politécnica de Orihuela se observd que,
empleando instalaciones en linea baja, el empleo de un nivel de vacio de 40 kPa y 90
ppm aumentaba el flujo medio de emisidén de leche durante el ordefio y reducia la
fraccion de leche residual cuando se comparé con niveles de vacio de 38 kPa y 120
ppm mientras que el estado sanitario de la gldandula mamaria, los niveles de cortisol en
leche y la composicidon quimica de la leche no se vieron afectados.

Un aspecto importante relacionado directamente con los pardmetros de
pulsacion es el de la “curva de pulsacién” que se genera en la cdmara de pulsacién de

las pezoneras (Figura 2).

-42 kPa ~
A+B: ordeino

C+D: masaje

0 kPa t

Figura 2: Curva de pulsacion

Son escasos los estudios realizados en pequefios rumiantes sobre cémo afectan
los parametros de pulsacidn a dicha curva. La modificacién de la relacién de pulsacion,
en circunstancias normales, no afecta a las fases A y C (Peris et al., 2004). Sin embargo,

aumentos de la frecuencia de pulsacidn, hacen que aumente la duracién de Ay C, y
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por tanto aumenta el tiempo de transicidn entre la instauracion de masaje y de
ordefio. Lo mas destacable en este aspecto es que se ha recomendado no utilizar altas
relaciones de pulsacidon cuando se empleen altas frecuencias de pulsacion, puesto que
esta combinacion tendria como consecuencia una reduccién de la fase D (masaje), lo
cual a pesar de poder elevar potencialmente el flujo medio de emisiéon de leche
conllevaria un insuficiente masaje del pezdn, no movilizando el edema que el ordefio
tiende a provocar sobre los tejidos, aumentando la congestién y, en consecuencia,
afectando potencialmente al estado sanitario de la ubre (Zecconi et al., 1992; Peris et
al., 2003). Estd ampliamente aceptado que la fase D (masaje) debe durar al menos 150
ms y representar un 15% del ciclo (UNE, 68058; 1998), con objeto de disminuir la
incidencia de mamitis, ademas algunos trabajos también sugieren que las fases de
transicion A y C deberian situarse en niveles moderados, en torno a 14-16% y 12% del
ciclo, respectivamente (Billon y Gaudin, 2001).

Otro aspecto importante que afecta directamente a la curva de pulsacién es el
estado de los pulsadores. Los pulsadores electromagnéticos ofrecen condiciones mas
seguras y fiables. La suciedad en las entradas de aire atmosférico (filtros sucios u
obstruidos) o las fugas en las conducciones de pulsacidon hardn que se modifique la
duracion y/o los niveles de vacio de las diferentes fases de la curva. Tubos de pulsacién
largos y estrechos tendrdn repercusiones similares, “aplanando” la curva de pulsacion
(Peris et al., 2004). La norma UNE 68050: 1998 especifica que la diferencia entre el
vacio de trabajo al nivel de la unidad final y el vacio maximo de la cdmara de pulsacion

debe ser menor o igual a 2 kPa.
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Altura de la conduccion de leche

Un aspecto relevante de las maquinas de ordeno de pequefios rumiantes es la
altura de la conduccion de leche respecto del nivel de la plataforma donde se
encuentran los animales. Asi, se puede distinguir entre tres alturas de conduccion:

-linea alta, donde la conduccién se encuentra a mas de 1,25 m del nivel del
suelo de la plaza que ocupa el animal

-linea media, en el que la conduccién se encuentra entre 0y 1,25 m por encima
del animal

-linea baja, donde la conduccidn esta situada por debajo del nivel donde se
encuentra el animal.

En un estudio realizado por Diaz et al. (2004) en ovejas de raza Manchega no se
observaron diferencias entre conducciones en linea media y conducciones en linea
baja en ninguna de las variables estudiadas: produccidn de leche, fraccionamiento de
la leche ordefiada, tiempo de ordefio, caidas de pezoneras, recuento de células
somaticas y composicién quimica de la leche. Segin Manzur et al (2012), en un estudio
realizado en cabras Murciano-Granadinas, en condiciones adecuadas de ordefio la
linea media no afectd al estado sanitario, a la produccién y composicién de la leche, al
tiempo de ordefio ni al estado del pezdn. Estos autores concluyen que no existen entre
ambas alturas de conduccidn razones suficientemente importantes como para no
instalar salas de ordefio con conducciones en linea media, sobre todo teniendo en
cuenta que esto permite un menor inversion inicial y, ademas, facilita la instalacién de

automatismos en la sala de ordefio.
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Aptitud al ordeino. Frecuencia y rutina del ordeno.

Las caracteristicas anatomofisioldgicas de la gldndula mamaria influyen en la
aptitud al ordefio mecanico. En el ganado vacuno, la leche se almacena
aproximadamente en un 60% en la region alveolar de la glandula mamaria mientras
que el restante 40% se almacena en la regién cisternal (Ayadi et al., 2003). En el
ganado ovino la leche de la regidn cisternal supone un 60% (McKusick et al., 2002) y en
el ganado caprino esta fraccién puede suponer hasta el 80%. (Marnet y McKusick,
2001; Salama et al., 2004; Torres et al., 2013). Estas grandes cisternas de la glandula
mamaria de los pequefios rumiantes en contraste con el ganado vacuno otorgan un
cardcter diferenciador en lo que al ordeifio mecanico se refiere. Asi, gran parte de la
leche sintetizada por el animal estaria disponible para su extraccién, ya sea por la cria
lactante o por la maquina de ordefio, previamente a que se produzca el reflejo de
eyeccion. Por esta razon, en el ganado caprino, el tiempo que transcurre desde que se
inicia el ordefio hasta que se libera oxitocina y se produce dicho reflejo no suele
condicionar la curva de emisidn de leche en la misma medida en la que lo hace en el
ganado vacuno. En el ganado ovino se produce una situacién intermedia, dado que si
el reflejo de eyecciéon se produce al inicio del ordefio, la curva no se ve alterada
aparentemente, de tal modo que se simultanean la emisiéon de leche y la bajada de
leche desde la region alveolar, alargdndose la fase de meseta de la curva de emisién de
leche. En el caso de que el reflejo de eyeccidon se produzca posteriormente, se puede
apreciar la existencia de dos maximos en la evolucion del caudal de leche ordefiada, lo
gue se conoce como curva de emisidon bimodal u ovejas de “2 picos” (Villagrd et al.,
2007). Este segundo pico se relacionaria con la fraccién de leche alveolar que se libera

hacia la cisterna tras el reflejo de eyeccidn. En dltimo lugar quedarian los animales que
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no presentan reflejo de eyeccién durante el ordeno, es decir solamente se produce el
ordefio de la fraccidn cisternal, cuya curva presenta solamente un maximo y son lo que
se conoce como ovejas de “un pico”. Anatdmicamente, la ubre de la especie ovina es
ligeramente diferente que la de la especie caprina, ya que en la primera el pezén no
suele situarse en la parte mas baja de la porcion mamilar de la glandula. Asi, por
norma general, cuanto mas alejado esté el pezdén de esta posicion, mayor serd la
fraccion de leche obtenida durante el apurado a maquina (Such, 1990) si es que se
realiza esta accion. En el ganado caprino la emisién de leche, como se ha mencionado
previamente, no estd tan influenciada por el reflejo de emisién de leche, dado que la
mayor parte de la leche presente en la ubre estd situada en la regién cisternal (Torres
et al., 2013). De esta forma, otros factores propios del animal que influirian en la curva
de emisidn de leche serian caracteres morfoldgicos como los angulos de insercién, la
longitud del pezdn o la dureza del esfinter (Peris et al., 1994).

Por consiguiente, tanto en ganado ovino como ganado caprino una adecuada
curva de emisidon de leche implicara un rdpido y completo vaciado de la glandula
mamaria con un alto flujo de emisién de leche y un buen reflejo de emisién. A todo
ello afectard el tamafio y forma de la glandula y la posicién, los angulos de
implantacion y el tamaino de los pezones (Labussiere et al., 1969; Bruckmaier et al.,
1994, 1997; Marnet et al., 1998, 1999). Asi lo mas deseado seran las ubres globosas,
correctamente implantadas y de grandes cisternas, con pezones de tamafio medio y
sensibles a los estimulos para permitir la apertura completa y rapida del esfinter con
bajos niveles de vacio (Capote et al., 2006).

Los estudios realizados en ganado caprino sobre la frecuencia de ordefio son

diversos. Tradicionalmente las cabras en Espafia se han ordefiado una vez al dia y los
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estudios realizados en estas razas indican una buena adaptacion a esta frecuencia de
ordefos, con pérdidas que fluctuan entre el 6% de la raza Canaria (Capote et al., 2006)
y el 18% en la raza Murciano-Granadina (Salama et al., 2003), observandose en este
ultimo estudio que las mayores pérdidas se encontrarian en animales de menos de 4
lactaciones y al inicio de la lactacién. Estos autores afirman que, en cualquier caso, la
practica de un ordefio al dia en esta raza aumentaria la productividad de la granja por
la reduccidon de la carga laboral, mejorandose la calidad de vida de los ganaderos.
Estudios recientes en cabras de raza Alpina (Komara et al., 2009) y otros con cabras de
raza Saanen (Wilde and Knight, 1990; Boutinaud et al., 2003) han mostrado mayores
pérdidas (hasta el 36%). Estos resultados sugieren que las razas con altas producciones
de leche no se adaptarian a esta frecuencia de ordefio.

En ganado ovino también se han realizado diversos estudios sobre la frecuencia
de ordefios (Rovai, 2001; Marnet y McKusick, 2001; McKusick et al., 2002; Castillo et
al., 2008a; Castillo et al., 2008b; Pulido et al., 2012). Las razas especializadas en la
produccién de leche (Awassi, Sarda) soportan mejor una reduccién de la frecuencia de
ordefio que las razas de aptitud mixta leche-carne (Manchega, Dorset, cruces). A pesar
de ello, aun en las razas del primer grupo, la practica de un ordefio diario ocasioné
pérdidas de produccién de leche de entre el 18%, en ovejas de raza Awassi (McKusick
et al., 2002), y el 24%, en ovejas de raza Sarda (Nudda et al., 2002). Marnet y Komara
(2008) concluyen que la realizacién de un solo ordefio diario solamente es factible en
cabras, no asi en ovejas. Estos mismos autores afiaden que estrategias como ordefios
cada 16 h, ademas de que obtienen valores de produccién de leche similares a ordenos
cada 12 horas (McKusick et al., 2002), complican el reparto horario de las tareas y

obligan a trabajar en horario nocturno, lo cual, ademds, aumenta los costes laborales.
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Mas recientemente, se han realizado estudios sobre la omisidon de algunos ordefos en
ovejas Manchega y Lacaune donde se concluye que las pérdidas de leche en individuos
a partir de la primera mitad de la lactacién o con gran capacidad cisternal son
reducidas (Castillo et al., 2008a; Castillo et al., 2008b; Castillo et al., 2009).

El ganado caprino, por su conformacion morfolégica y su aptitud
predominantemente lechera se ha caracterizado por menores fracciones de apurado
que el ganado ovino. En los estudios realizados en cabras de raza Griega (Sinapis, 2000;
Katanos et al., 2005) se observan fracciones de apurado a maquina del 17% respecto
del total de leche ordenada. En cabras Tinerfefias (Capote et al., 2006) esta fraccion
puede alcanzar un 18% y en cabras Murciano-Granadinas un 6,7% (Manzur et al.
2012). Asi, la realizaciéon de apurados a maquina en el ordefio de cabras ha sido una
cuestion que ha quedado de alguna forma a eleccién del ganadero y segun el tipo de
conformacion morfolégica del animal, no asi en la oveja, donde practicamente todos
los ganaderos seguian una rutina que incluia masaje y apurado. En esta especie,
tradicionalmente, se han empleado rutinas complejas que incluian la realizacién de
dobles puestas de pezoneras, masajes intermedios y repasos a mano, y mas
recientemente se han utilizado rutinas mas simples como la de puesta de pezoneras,
apurado a maquina vy retirada. Incluso, en la actualidad, en las explotaciones mas
automatizadas, la instalacidon de retiradores automaticos de pezoneras (ACRs) permite
al operario no tener que realizar esta operacion y en algunas de estas explotaciones se
descarta la realizacion de apurados a maquina, con el fin de aumentar los
rendimientos horarios. Respecto a la eliminacion del apurado a maquina se
encuentran en la bibliografia resultados diversos. En los estudios realizados en ovejas

de raza Sarda y Lacaune, la supresion del apurado a maquina en animales con gran
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capacidad cisternal supuso una gran reduccién del tiempo de ordefio sin afectar a la
produccién de leche (Labussiere, 1988). En un estudio realizado en ovejas de raza Poll
Dorset no se encontraron diferencias significativas de produccién de leche entre
animales ordefados con repaso a maquina y animales ordenados con una rutina
simple de puesta y retirada (Knight y Gosling, 1995). Sin embargo, seguin Molina et al.
(1989), la supresién de 1 o de los 2 repasos a maquina en el ordefio de ovejas de raza
Manchega supone una pérdida de produccién del 8 y del 15% respectivamente,
aungue afiaden que en el caso de las ovejas de doble pico de emision de leche, estas
se veian reducidas al 3 y al 9 % respectivamente, sugiriendo estos autores que estas
ovejas podrian dejar de ser repasadas. McKusick et al. (2003), afiaden que la
eliminacidn del repaso no afecta a la composicidn de la leche ni al recuento de células
somaticas y ademas incrementa en 15 y 28 ovejas el numero de animales ordefiados

por hora cuando se emplean uno y dos ordefiadores, respectivamente.

1.2.4. Ordeifio mecanico y estado sanitario.

En ganado vacuno la mayor parte de las infecciones intramamarias se producen
por patdégenos ambientales (De Visscher et al., 2014), es decir, agentes cuyo principal
reservorio es el ambiente en el que viven los animales. Contrariamente, en los
pequenos rumiantes, éstas se producen por agentes cuyo principal reservorio son las
glandulas mamarias infectadas de otros animales (Paterna et al., 2014). Por tanto, el
momento critico en el cual se van a producir estas infecciones va a ser el ordefio
(Ziluaga et al., 1998). En pequefios rumiantes la mamitis suele estar causada por
bacterias del género estafilococos (S. aureus y estafilococos coagulasa negativos) que

penetran en el interior de la glandula a través del canal del pezén (Bergonier y
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Berthelot, 2003). Estos gérmenes, ademas de ubicarse en el interior de las glandulas
infectadas, también sobreviven y colonizan el canal y la piel de los pezones, tanto mas
si estos presentan heridas o lesiones (Ziluaga et al., 1998).

La transmision de gérmenes hasta el exterior o el interior de la glandula
mamaria se clasifican en dos tipos. En primer lugar se encontraran las transmisiones
pasivas, por contacto directo con un manguito con leche que tenga agentes patdgenos,
tras ordenar animales infectados. En segundo lugar, las transmisiones activas por
situaciones en las que intervienen fluctuaciones en el nivel de vacio a la altura del
pezén, que pueden impulsar o aspirar gérmenes en direcciéon hacia el pezén (Le Du,
1989; Rasmussen et al., 1994; Billon et al, 1998). Ademas, un incorrecto
funcionamiento o empleo de la maquina de ordefio, puede afectar al estado del pezén
provocando lesiones o alteraciones en los diferentes mecanismos del mismo,
propiciando la aparicién de nuevas infecciones (Hamann y Osteras, 1994).

Las fluctuaciones del nivel de vacio en el juego de ordefio pueden dar lugar a
situaciones en las que el flujo de leche retrocede con cierta fuerza en sentido inverso,
produciendo que la leche se deposite sobre el pezdn, o incluso, si el canal del pezén se
encuentra abierto, la leche puede atravesar esta primera barrera de defensa fisica y
alcanzar regiones mas altas como la cisterna del pezén (Billon et al., 1998). Las
fluctuaciones de vacio se han clasificado en dos tipos: fluctuaciones ciclicas debidas a
la alternancia de vacio y masaje en el pezdn, es decir, al movimiento del manguito y
fluctuaciones no ciclicas que se producen en operaciones como la puesta y retirada de
pezoneras, en los apurados o durante las caidas de pezoneras, ya sean debidas a
deslizamientos o a patadas (O’Shea et al., 1987). Asociados a las fluctuaciones de vacio

han sido estudiados, en pequenos rumiantes, dos mecanismos que potencialmente
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podrian propagar infecciones entre distintas glandulas mamarias. En primer lugar los
llamados “flujos inversos” (Billon et al., 1998). Estos se producen cuando la leche
existente en los tubos cortos de leche no es evacuada y en el momento en el que el
manguito se abre se produce un aumento del vacio a esta altura, haciendo que la leche
gue se encuentra en los tubos cortos de leche sea aspirada en sentido inverso. En
segundo lugar, “impactos” (Le Du, 1989), en éstos se ven involucradas las dos
pezoneras de un mismo juego de ordefio y se producen cuando una de las pezoneras
es retirada bruscamente, ya sea por una caida de pezoneras o un apurado o retirada
de pezoneras incorrecta. Ello genera una brusca caida del vacio en el colector y que
pequefias gotitas de leche sean aspiradas y propulsadas a gran velocidad contra el
extremo del otro pezén del mismo juego de ordefio. Si el impacto tiene lugar cuando el
manguito se encuentra en posicién abierta, las gotitas de leche contaminadas pueden
llegar a depositarse en el propio canal e incluso pueden llegar a atravesarlo,
introduciéndose los gérmenes en la cisterna del pezén (O’Shea et al.,1984). Estos
fenédmenos son especialmente importantes ya que, si se producen al final del ordefio,
no se da la oportunidad que la leche potencialmente contaminada que ha retrocedido
sea ordefiada de nuevo. Existiria un tercer fenédmeno que solamente ha sido descrito
en ganado vacuno (Rasmussen, 1994) que es llamado “gradiente de presion inversa” y
gue se produciria cuando el vacio dentro del pezén fuera mayor que el que existe en el
exterior del mismo, produciéndose una aspiracion de leche hacia el interior de la
glandula mamaria.

En los estudios realizados en la presente tesis doctoral (estudios 3 y 4) y otros
desarrollados en cabras Murciano-Granadinas (Manzur et al.,, 2012), no se ha

observado un efecto de las fluctuaciones de vacio en el estado sanitario de la glandula
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mamaria. Distintos estudios realizados en ganado vacuno (Mein et al., 1986, Hamann
et al.,, 1994) sefialan que para alterar los mecanismos de defensa del pezén v,
consecuentemente el estado sanitario de la glandula mamaria de los animales (Zecconi
et al., 1992; Peris et al., 2003) es necesaria una asociacion de caidas del nivel de vacio a
factores como pulsaciones inadecuadas, manguitos deteriorados, apurados a maquina
intensos y retiradas de pezoneras sin corte previo de vacio de forma crdnica, factores
gue no se produjeron en los estudios realizados en esta tesis doctoral ni en el de
Manzur et al. (2012). A pesar de ello, no parecen necesarios posteriores estudios para
confirmar lo ya observado en ganado vacuno (Mein et al., 1986, Hamann et al., 1994),
el potencial efecto negativo que tienen las fluctuaciones de vacio en el estado sanitario
de la glandula mamaria de los pequefos rumiantes.

Por su parte, el nivel de vacio empleado ha resultado tener un gran efecto en el
estado sanitario de la glandula mamaria de los animales. En ganado caprino, Lu et al.
(1991) y Sinapis et al. (2000), coinciden en observar una clara disminucién del RCS al
descender el nivel de vacio de 52 kPa a 44-45 kPa; ademas en ambos trabajos también
se aprecia una tendencia a disminuir el RCS al pasar de 44-45 kPa a 36-38 kPa.
Adicionalmente, Ronningen y Lunden (1999), en un trabajo desarrollado a nivel de
campo, también encuentra que las explotaciones de ganado caprino que ordefian con
un vacio a nivel del colector inferior a unos 40 kPa, presenta menores RCS en la leche.
En ganado ovino, varios trabajos han demostrado que al reducir el nivel de vacio hasta
niveles en torno a 36-40 kPa, el RCS también tiende a disminuir (Le Du, 1983; Pazzona
et al., 1993; Fernandez et al., 1999; Sinapsis et al., 2005) o a reducirse ligeramente el

numero de infecciones intramamarias (Peris et al., 2003). Gonzalo et al. (2005) en un
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estudio realizado en leche de tanque de granjas de ovino de Castilla y Ledn
encontraron una relacion positiva significativa entre el RCS y el nivel de vacio.

El ordefio mecdnico puede producir una alteracién en la dindmica de los fluidos
en los tejidos del pezén, y como consecuencia un efecto negativo en los mecanismos
de defensa del pezén (Paulrud et al.,, 2005). Los cambios en el estado del pezdn
pueden indicar desajustes en la maquina de ordefio e incrementar el riesgo de nuevas
infecciones intramamarias (Hamann et al.,, 1994). La ecografia de pezones antes y
después del ordefio ha resultado ser una excelente herramienta para evaluar los
cambios producidos por el ordefio en el estado del pezén (Alejandro et al., 2014a).

Un nivel de vacio excesivo, un inadecuado masaje del pezdn y la realizacién de
sobreordefio pueden ser responsables de provocar alteraciones importantes en la
punta del pezdn. Respecto al masaje del pezdn, éste dependera en gran medida de las
caracteristicas de la pulsacidon y del manguito. Esta ampliamente aceptado que la fase
D (masaje) debe durar al menos 150 ms y representar un 15% del ciclo (UNE, 68058;
1998), ademas Billon y Gaudin, (2001) sugieren que las fases de transicion Ay C
deberian situarse en torno al 14-16% y 12% del ciclo, respectivamente. Manguitos
demasiado duros provocaran lesiones en el pezén al ejercer una excesiva carga
compresiva (Mein et al.,, 2003). Un uso de los manguitos mas alld de su vida util
producird alteraciones en los tejidos del pezén en caprino (Alejandro et al., 2014b). El
diametro del cuerpo del manguito deberia ser 1-2 mm menor que el didmetro medio
de los pezones del rebafio, medidos antes del ordefio, con objeto de limitar la
edematizacion que sufren las paredes del pezén (Mein, 1992). Ademas los manguitos
deberian tener la longitud efectiva suficiente para poderse colapsar por debajo del

extremo del pezdon, lo cual se consigue utilizando manguitos disefados
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especificamente para la especie (Alejandro et al., 2014b). Una correcta posicion del
manguito realizara el masaje correctamente (Alejandro et al., 2014b).

Respecto del sobreordefio, su prdactica afecta negativamente al estado del
pezén, tanto a corto plazo (edema; Hamann et al.,, 1994) como a largo plazo
(hiperqueratosis, callosidad). En ganado caprino y ovino un sobreordefio de 2 minutos
produce una mayor congestion y edema de las paredes del pezdn asi como también
incrementa la longitud del canal del pezén (Alejandro et al., 2014b). Sin embargo, el
efecto directo de un moderado sobreordefio sobre la incidencia de infeccidén
intramamaria no ha podido ser demostrada en muchos trabajos experimentales
(O’Shea, 1987), excepto cuando se ha asociado a otros defectos de la maquina de
ordeio (Mein et al., 1986). En cualquier caso, es recomendable evitar el sobreordefio,
por los posibles efectos que pueda tener a largo plazo sobre el estado sanitario de la

ubre.

1.3. Nuevas tecnologias desarrolladas para mejorar la eficacia del ordefio de los

pequefios rumiantes.

Medidores electronicos de leche

En la mayor parte de las explotaciones de pequenos rumiantes, los ganaderos
solamente conocian el valor productivo exacto de sus animales cuando se realizaba el
control lechero oficial. Los medidores que usualmente han sido utilizados para el
control lechero de los animales son de tipo volumétrico. Estos presentan el
inconveniente de que ocupan bastante espacio y entorpecen las labores diarias de
ordefio ademas de presentar una ardua tarea para los controladores por su transporte

y montaje. Posteriormente aparecieron los medidores porcentuales que presentan un
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menor tamafo y un manejo mdas facil, a pesar de ello su montaje en algunas
instalaciones no es cdmodo y precisan de una total verticalidad para su correcto
funcionamiento.

Actualmente, en las explotaciones mas modernas cuentan con medidores
electrénicos de leche. Estos equipos fueron disefiados en principio para el ganado
vacuno y han sido adaptados recientemente por las distintas casas comerciales para su
utilizacién en pequefios rumiantes. Constan de un sensor que mide la cantidad de
leche obtenida durante el ordeno y envia el valor a una caja de control donde es
procesada. La informacion obtenida puede ser mostrada parcialmente en la pantalla
del medidor o puede ser guardada en una base de datos de un ordenador para,
posteriormente, ser utilizada en la gestion de la explotacién. La tecnologia que utilizan
los sensores para determinar la cantidad de leche ordefiada se basa en la medicion del
volumen, del peso o de otra propiedad que permita estimarla, como puede ser la
determinaciéon de la cantidad de luz absorbida por los componentes de la leche en el
infrarrojo cercano o la conductividad eléctrica. Dispositivos como el medidor mm25®
(DelLaval®, Tumba, Suecia) utilizado en los estudios 2 y 4 ofrecen, ademas de los
valores de leche ordefada, el tiempo de ordefio y algunos detalles sobre la cinética de
emision de leche y de la rutina de ordeio llevada a cabo. Ademas estan homologados
por el ICAR.

Recientemente han aparecido en el mercado sistemas portatiles electrénicos
(Lactocorder®, Balgach, Suiza), que pueden ser utilizados por los nucleos de control de
leche. Ademas de la produccién de leche individual, registran los datos de cinética de
emision de leche (tiempo de ordefio, posible sobreordefio, flujos medio y maximo) asi

como otros datos de especial relevancia como la conductividad eléctrica de la leche, e
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incluso, con esta misma tecnologia, se puede controlar la temperatura del agua vy la
concentracion de los desinfectantes utilizados en el lavado de la maquina tas el

ordeno.

1.3.1. Retiradores automaticos de pezoneras (ACR, automatic cluster removers)

Uno de los avances mas recientes en ordefio mecanico ha sido la implantacion
de sistemas de retirada automatica de pezoneras (automatic cluster removers, ACR).
Estos sistemas se definen como “dispositivos que cortan de manera automatica el
vacio en el juego de ordefio y, en funcion del caudal de leche y/o del tiempo, lo
retiran” (UNE 68048,1998). Los sistemas de retirada automatica de pezoneras constan
de un dispositivo de corte automatico de vacio (DCAV) y de un dispositivo que retira
las pezoneras y las pone a disposicion del operario para su colocacidn en otro animal,
aunque frecuentemente, en las salas de ordefio de pequefios rumiantes, se encuentra
solamente el primer componente, quedando el juego de ordeno suspendido por una
cinta.

Como es el caso de otros muchos dispositivos, los primeros DCAV se instalaron
en salas de ordefio de ganado vacuno. Los DCAV en esta especie se programan para
gue corten el vacio en el juego de ordefio cuando ha transcurrido un tiempo de
demora (TD) tras alcanzar un flujo de leche programado o flujo de corte (FC). El
objetivo de programar los dispositivos con TD es no interrumpir el ordefio en caso de
una bajada momentanea del flujo de leche por causas ajenas al vaciado de la glandula
mamaria, ya que en caso de recuperarse el flujo de emision de leche por encima del

nivel del FC programado, el ordefio continuard con normalidad.
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La mayoria de los retiradores automaticos comercializados pueden ofrecer,
ademas, otras opciones: posibilidad de retirada manual, arrastre posterior al corte de
vacio de la leche que queda en el juego de ordefio y corte del sistema de pulsacion. Un
dispositivo afladido muy interesante en linea alta, con el fin de agilizar el ordeno y
aumentar el rendimiento horario, consiste en unos bastidores articulados que basculan
con ayuda de unos cilindros y de los que se suspende el juego de ordefio. De esta
forma, se produce la retirada del juego de ordefio y el cilindro del bastidor se acciona
basculando hacia la plataforma contraria, poniendo el juego de ordefio a disposicidén
del ordenador para que, de nuevo, sea colocado a otro animal.

La utilizacion de DCAV permite que un operario pueda hacerse cargo de un
mayor numero de unidades de ordefio ya que reduce la atencién del ordeifador para
diagnosticar el fin de ordefio minimizando el riesgo de que se produzca sobreordefio
(Tangorra et al., 2010) y, por consiguiente, beneficiando al estado sanitario de la
glandula mamaria (Peris et al., 2003). Ademas, la potencial disminucion del numero de
operarios durante el ordefo podria suponer un aumento de la rentabilidad de la
explotacién (Tangorra et al., 2007).

Estudios realizados sobre ACR en ganado vacuno

En ganado vacuno se ha comprobado que, teniendo en cuenta los pardmetros
clasicos de programacién (FC 200 g/min, Sagi, 1978) el aumento de FC hasta 800 g/min
(Edwards et al., 2013) permite acortar el tiempo empleado en el ordefio sin que se vea
afectada la produccidon de leche, el estado sanitario de la glandula mamaria ni la
composicion de la leche. Sin embargo, este aumento del FC puede venir acompafiado
de aumentos en los valores de leche de apurado manual, por lo que no deberian

sobrepasarse determinados valores maximos.
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Sagi (1978), en ganado vacuno, comparo la eficacia del ordefio programando el
DCAV a un FC de 200 g/min con uno de 400 g/min, sin valorar el TD, encontrando que
el tiempo de ordeiio de la segunda programacion se redujo en 0,68 min sin afectar a
los valores de produccion de leche, aunque si que encontré que el FC de 200 g/min
disminuyd los valores de leche de apurado manual. Rasmussen (1993) encontré
valores de produccion de leche similares al comparar FC de 200 g/min y TD del8 s con
FC de 400 g/min y TD de 12 s, aunque con este ultimo se redujo el tiempo de ordefio
en 0,5 min. Ademas el FC de 400 g/min minimizé los cambios en la punta del pezén
producidos por el ordefio sin que el estado sanitario de la gldndula mamaria y la
composicion de la leche se vieran afectados. Reid y Stewart (1997) compararon, sin
valorar el TD, un FC de 320 g/min con un FC de 590 g/min obteniendo con este ultimo
una reduccién en el tiempo de ordefio de 1,4 min por vaca y una reduccién del tiempo
total de ordefio del rebaiio de 30 a 60 min sin encontrar diferencias significativas en la
produccién de leche. Stewart et al. (2002) obtuvieron que el aumento del FC desde
500 g/min a 640 g/min, en una granja, y de 730 g/min a 820 g/min, en otras cuatro,
junto con un descenso del TD desde 12 a 3 s en las cinco granjas, disminuyé el tiempo
de ordefio sin afectar significativamente a los valores de produccion de leche. Magliaro
y Kensinger (2005) compararon tres combinaciones de FCy TD: 480 g/min y 25 s, 600
g/min y 20 s y 800 g/min y 15 s observando que el FC de 600 g/min acortaba
significativamente el tiempo de ordefio en 0,4 min respecto al FC de 480 g/min pero no
tenia diferencias con el de 800 g/min, ademas el FC de 600 g/min obtuvo valores de
produccion de leche superiores (0,et al6 kg) al de 800 g/min pero similares al de 480
g/min. En la misma linea, Jago et al. (2010) compararon FC de 200 g/min y 400 g/min,

ambos con un TD de 7 s, y concluyeron que el FC de 400 g/min redujo el tiempo de
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ordefio por animal sin afectar a los valores de produccion de leche, al estado sanitario
de la gldndula mamaria ni a los cambios en la punta del pezdén producidos por el
ordefio. Ademas, concluyeron que programar, adicionalmente, un tiempo maximo de
ordefio por animal redujo el tiempo de ordeno sin afectar a los valores de produccién
de leche. Esta programacion eliminaba el efecto sobre el tiempo de ordefio de lotes de
animales que suponia el ordefio de los animales mas lentos. Sin embargo, en la misma
linea que lo encontrado por Sagi (1978), en las vacas ordefiadas con FC de 400 g/min
hubo algunos animales que tuvieron valores de leche de apurado manual inaceptables
(mayores de 0,5 kg) tras la activaciéon del DCAV. Edwards et al. (2013) concluyen que el
empleo combinado de rutinas de ordefio sin estimulacidon previa con el uso de ACR
programados con FC 800 g/min favorece la reduccion del tiempo que el animal
permanece en la sala de ordefo. En este sentido, la reduccion generalizada del tiempo
de ordefo individual permitiria un aumento de los animales ordefiados por hora y, en
consecuencia, una reduccién del tiempo total de ordefno del rebano.

De los estudios mencionados se concluye que el empleo de FC entre 400 y 600
g/min permite optimizar la relacion entre tiempo de ordefio y leche maquina,
reduciendo los efectos del ordefio mecanico en el estado del pezén y manteniendo en
niveles dptimos el estado sanitario de la glandula mamaria y la composicion de la
leche. En cualquier caso, segin Rasmussen (2004), cuando se utilizan los mismos
valores de FC y TD, dos DCAV diferentes no obtendran, necesariamente, los mismos
resultados, pudiendo existir diferencias debidas a la altura de la conduccién de leche
de la instalacién (linea alta o linea baja), los pardmetros de pulsacidon y de vacio y la
distancia que existe entre las pezoneras y el dispositivo medidor de flujo de leche.

Estudios realizados sobre ACR en pequeios rumiantes
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Los DCAV de las salas de ordefio de pequefios rumiantes, igual que en las salas
de ordefio de ganado vacuno, se pueden programar por flujo, por tiempo o por una
combinacidon de ambos. Usualmente, estos pardmetros se programan basandose en la
experiencia personal y subjetiva de los distribuidores de equipos de ordefio o
realizando una adaptacién de los parametros recomendados para razas foraneas y
para ganado vacuno. Segun la informacién proporcionada por los distribuidores de
maquinas de ordefio (Delaval Equipos y Gea Farm Technologies, comunicacion
personal) y contrastada con asociaciones de ganaderos asesoradas por el equipo
investigador (Nucolemur, Amurval y UAG, comunicacién personal), en las
explotaciones de pequefios rumiantes espafiolas los DCAV se han programado
usualmente con una combinacion de tiempo y flujo, de manera que se programan con
el fin de que el corte de vacio se realizase transcurridos de 10 a 20 s (TD) desde que se
alcanza un FC que solia estar comprendido entre 100 y 250 g/min.

Tangorra et al. (2010) realizaron un estudio en cabras Saanen, comparando FC
de 70 g/min y un TD de 10 s con el ordefio sin el uso de DCAV. Las cabras del primer
grupo alcanzaron cifras medias de produccién significativamente mayores (1,82 Kg
frente a 1,68 Kg) y una mejor persistencia de la produccién de leche durante la
lactacidén, sugiriendo que esta mayor persistencia pudo deberse a una reduccion del
sobreordefio en el lote que se ordefié con el uso de DCAV. Sin embargo, no estudiaron
variables de gran importancia como los niveles de vacio durante el ordefio o el estado
sanitario de la glandula mamaria. En los trabajos de campo realizados por el equipo
investigador en algunas ocasiones se ha observado DCAV que en algunas ganaderias
estdan programados solamente por tiempo de ordefio (datos sin publicar). La

programacién por tiempo de ordefio, que ha sido recomendada en algunos casos en
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ganado vacuno (Jago et al., 2010), podria acarrear un apurado deficiente de la glandula
mamaria o, por el contrario, una alta probabilidad de sufrir sobreordefio en funcién del
nivel productivo del animal. Dada las variabilidades interindividuales encontradas de
produccién de leche y tiempo de ordefio en los pequefios rumiantes, la forma mas

recomendable de programar un DCAV es que actle por combinacion de FCy TD.

1.3.2. Pulsadores de nueva generacion

El pulsador es el componente de la instalacion de ordeifio que realiza la
transicion entre vacio y presion atmosférica en la cdmara de pulsacién de la pezonera,
permitiendo con ello la alternancia de succidn y masaje en el pezdn. Tradicionalmente,
los pulsadores empleados han sido de tipo neumatico, los cuales utilizan el vacio de la
sala para su funcionamiento, trabajan de forma independiente y su coste es
relativamente bajo. Sin embargo, la mayoria trabajan con parametros invariables y
ademas presentan el gran inconveniente de que se descompensan facilmente debido
al desgaste, a la humedad y sobre todo cuando cambia el nivel de vacio, ya sea de
forma voluntaria o por fallos en el regulador (Billon, 2004). Por ello necesitan labores
de mantenimiento frecuentes.

Actualmente los pulsadores mayormente comercializados son de tipo
electrénico cuya principal diferencia practica con los de tipo neumatico es que no se
descompensan con tanta facilidad y que se pueden modificar los parametros de
pulsacion: frecuencia de pulsacion y relacion de pulsacién. Los parametros 6ptimos de
pulsacion en ganado caprino son una frecuencia de pulsacion de entre 90 y 120 ppm y

una relaciéon de pulsacion del 60% (Sinapis et al.,, 2000). En ganado ovino los
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parametros mas adecuados son frecuencia de pulsacién 120-180 ppm, nivel de vacio
36-40 KPa, y relacion de pulsacion del 50% (Fernandez et al., 1999).

Los pulsadores electronicos de mas reciente incorporacién son los comandados
electrénicamente por una caja central. En éstos, los cambios de parametros se pueden
realizar de forma conjunta y ademds se pueden programar en cascada, de forma que
exista entre ellos un ligero retardo en los ciclos de apertura y cierre con el fin de que
las necesidades de vacio para su funcionamiento se repartan en el tiempo. Segun
Billon et al. (2004), los pulsadores electrénicos son mas caros, pero dado que su
necesidad de mantenimiento es menor conducen a condiciones de ordefio mas
controladas ya que el riesgo de que se desajusten es menor. Por lo tanto, recomienda
utilizar la pulsacién electrénica en lugar de la neumatica. Los pulsadores mas
modernos de ganado vacuno pueden, incluso, estar conectados al sensor de flujo de
leche, de manera que cuando se detecta un elevado flujo de leche, con el fin de
favorecer la extraccidn, se aumenta la relacién de pulsacién y se disminuye la
frecuencia de pulsaciéon. Una variante anadida, que también estd presente en los
pequefios rumiantes, permite realizar una estimulacién mecanica del pezdén
aumentando la frecuencia de pulsacién hasta 300 ppm durante periodos de 30 s.

Tradicionalmente, en las salas de ordefio de pequefios rumiantes se ha
instalado un pulsador por cada dos o mas juegos de ordefo, haciendo que en las dos
pezoneras de cada juego de ordefio se simultaneen en el tiempo los ciclos de apertura
y cierre de la cdmara de pulsacion (pulsacidon simultanea), lo que se traduce en que las
fases de masaje y succion sucedan a la vez en cada pezonera de un mismo juego de
ordefio. Actualmente existen pulsadores con cuatro canales que usan un canal del

pulsador para cada pezonera o salas de ordefio en las que se instala un pulsador por
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cada juego de ordefio. Esto ultimo significa que en cada pezonera de un mismo juego
de ordefio se alternen en el tiempo las fases de masaje y succion, permitiendo al
ganadero realizar pulsacién alterna en vez de pulsacion simultanea.

En ganado vacuno son escasos los articulos sobre el efecto de la pulsacidn
alterna en el ordefio mecanico. Schlaib (1996) describe en vacuno que la pulsacion
alterna reduce las fluctuaciones de vacio y produce un flujo de leche mds regular.
O’Callaghan (1998) y Gleeson et al. (2004) coinciden en que no existen diferencias en
la comparacién directa entre ambos tipos de pulsacién en el estado del pezdn tras el
ordefio mecdnico ni en la producciéon de leche. Sin embargo, O’Callaghan (1998)
encontré mayores niveles de vacio en la punta del pezén durante la fase de ordefo
cuando se combinaron pulsacion simultdanea y pezoneras con manguitos de
embocadura ancha que cuando se combinaron pulsacién simultanea y manguitos con
embocadura estrecha. Por su parte, Gleeson et al. (2004), en una comparacién similar,
encontraron que el uso de pezoneras con manguitos con embocadura estrecha vy
pulsacion alterna reducia el tiempo de ordefio. Explican estos autores que el mayor
tiempo de ordefio podria ser debido a una mayor penetraciéon del pezéon en el
manguito debido a los mayores niveles de vacio en la punta del pezén que se alcanzan
cuando se combinan pulsacién simultdnea y pezoneras con manguitos de embocadura
ancha. En un estudio posterior realizado en laboratorio con un simulador de flujo de
leche, O’Callaghan (2004) encuentra que empleando pulsacion alterna se reducia el
nivel de vacio en la fase de succidon dentro de un ciclo de pulsacion, asi como las
fluctuaciones de vacio durante un ciclo completo.

En ganado ovino, Billon (2004) asegura que no hay razones técnicas para

utilizar pulsacién alterna cuando se emplean juegos de ordefos y manguitos modernos
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ya que el vacio en la punta del pezén y el movimiento de los manguitos es similar entre
ambos tipos de pulsacidn. Segln este autor, la Unica razén que justificaria el empleo
de pulsacidén alterna seria cuando se emplean tubos cortos de leche de pequefio
diametro y colectores de pequefo volumen con el fin de evitar la inundacién de estos
ultimos. Asi, el empleo de pulsacidén alterna haria que el flujo de leche llegara desde
cada tubo corto de forma alternada en el tiempo.

En ganado caprino, los estudios relativos al tipo de pulsacidn son escasos. Diaz
et al. (2005) realizaron un experimento con caprino de raza Florida en una sala con
conduccién de leche en linea alta en el cual se compararon ambos tipos de pulsacion.
Se encontrd que el empleo de pulsacién alterna redujo en gran medida la duracién del
ordeio (4,6 vs 3,2 min), y ofrecié valores de RCS menores que la pulsacién simultanea
(1,1x 10° vs 1,8 x 10° célulasl/mL, respectivamente). Sin embargo, en este experimento
no se estudiaron variables de gran importancia como la variacion de los niveles de
vacio en el juego de ordeno y el efecto en el estado del pezén, que podrian haber sido
las responsables de los diferentes valores de RCS encontrados entre ambos tipos de
pulsacion.

En trabajos recientes realizados en cabras de raza Murciano-Granadina por el
equipo investigador con ambos tipos de pulsacidon durante una lactacién completa no
existieron diferencias significativas en las variables de eficacia del ordefio ni en las
relativas a la composicion de la leche y el estado del pezén (datos sin publicar). En el
analisis de los niveles de vacio en los tubos cortos de leche se observé que el empleo
de pulsacion alterna en linea alta causé menores caidas del nivel de vacio (7,5 kPa) que
el ordefio con pulsacién simultanea (9,9 kPa). Sin embargo, en linea baja no se

observaron estas diferencias (Romero et al., 2012). A pesar de ello, en ninguna prueba
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se observaron diferencias en el estado sanitario de los animales entre los dos tipos de

pulsacién (datos sin publicar).
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Capitulo 2: Objetivos

59



UNIVERSITAS
Miguel
Hernandez |




El objetivo general de esta tesis doctoral ha consistido en estudiar diferentes
aspectos de las nuevas tecnologias introducidas recientemente en el ordefio mecanico
de pequefos rumiantes. En este sentido, se ha estudiado, en primer lugar, en ganado
caprino y ovino, las variables de funcionamiento de los retiradores automaticos de
pezoneras y su efecto sobre la eficacia del ordefio, la produccién y la calidad de la
leche y el estado sanitario de la glandula mamaria (estudios 1, 2, 3 y 4). En segundo
lugar, se ha estudiado en ganado caprino el efecto del tipo de pulsacién (alterna o
simultdnea) sobre la eficacia del ordefio mecdanico (estudio 5).

El objetivo especifico del estudio 1 consistié en conocer la programacién de los
retiradores automaticos de pezoneras mas adecuada para el ordefio de cabras de raza
Murciano-Granadina con alta produccion (inicio de lactacidn) y baja produccién (final
de lactacidn). Para ello, se estudio el efecto de varias combinaciones de flujo de corte
(100, 150, 200 y 250 g/min) y tiempo de demora (10, 15 y 20 s) sobre la eficacia del
ordeio (tiempo de ordefio y fraccionamiento de la leche durante el ordefio), la rutina
de ordeiio y las fluctuaciones de vacio.

El objetivo especifico del estudio 2 consistié en conocer la programacion de los
retiradores automaticos de pezoneras mas adecuada para el ordefio de ovejas de raza
Manchega en maquinas de ordefio con conduccidon de leche en linea alta y en
maquinas de ordefio con conduccidn de leche en linea baja. Para ello, se estudio el
efecto de varias combinaciones de flujo de corte (100, 150, 200 y 250 g/min) y tiempo
de demora (10, 15 y 20 s) en dos retiradores automaticos de pezoneras diferentes
sobre la eficacia del ordeno (tiempo de ordefio y fraccionamiento de la leche
ordenada), la rutina de ordefio (caidas de pezoneras y dobles puestas de pezoneras) y

las fluctuaciones de vacio.
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El objetivo especifico del estudio 3 consistié en estudiar a lo largo de una
lactacidn completa el efecto de los retiradores automaticos de pezoneras en el ordefio
de cabras Murciano-Granadinas sobre la produccién y fraccionamiento de la leche, los
tiempos de ordefio (individual y por lotes), la composicion quimica de la leche, el
estado sanitario de la glandula mamaria y el estado del pezén comparando los
parametros que obtuvieron mejores resultados a corto plazo (flujo de corte 100 g/min
y tiempo de demora 10 s y flujo de corte 150 g/min y tiempo de demora 10 s) con el
ordefo convencional mediante retirada manual de pezoneras.

El objetivo especifico del estudio 4 consistiéo en estudiar a lo largo de una
lactacion completa el efecto de los retiradores automaticos de pezoneras en el ordeio
de ovejas de raza Manchega sobre la produccién y fraccionamiento de la leche, los
tiempos de ordefio (individual y por lotes), la composicion quimica de la leche, el
estado sanitario de la glandula mamaria y el estado del pezén comparando los
parametros que obtuvieron mejores resultados a corto plazo (flujo de corte 150 g/min
y tiempo de demora 20 s y flujo de corte 200 g/min y tiempo de demora 10 s) con el
ordefo convencional con retirada manual de pezoneras y apurado a maquina.

El objetivo especifico del estudio 5 consistid en estudiar el efecto del tipo de
pulsacion empleada (alterna o simultanea) a la eficacia del ordefio (tiempo de ordefio
y fraccionamiento de la leche) y a los niveles de vacio en los tubos cortos de leche de
cabras de raza Alpina empleando dos niveles de vacio diferentes (38 y 42 kPa) y

retiradores automaticos de pezoneras.
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3.1 Granjas empleadas

3.1.1. Granja EPSO-UMH.

Los estudios 1, 2 (uno de los experimentos) y 3 se desarrollaron en la Granja
Docente y Experimental de Pequeiios Rumiantes de la Escuela Politécnica Superior de
Orihuela de la Universidad Miguel Hernandez (UMH) que alberga 250 cabras de raza
Murciano-Granadina y 80 ovejas de raza Manchega.

La granja esta formada por una nave principal cubierta donde se encuentran los
animales, un almacén, una sala de lactancia artificial, una sala para machos, una sala
de ordefio, una sala de maquinas y una lecheria. Adosados a la nave hay 2 apriscos y
un corral para los animales de reposicion. En la lecheria hay dos tanques verticales de
850 L cada uno. La leche recogida se destina a la fabricacién de queso. Los animales se
encuentran en estabulacion libre, con acceso libre a la paja y al agua y el alimento se
suministra en forma de racidn unifeed (raciéon equilibrada). La granja tiene una
clasificacién sanitaria oficialmente indemne de brucelosis (M4) y libre de otras
enfermedades de declaracién obligatoria. Ademas los analisis realizados en leche de
tanque son negativos a Mycoplasma spp.

El ritmo reproductivo llevado a cabo en las cabras de la granja de la UMH es de
1 parto al ano, realizdndose el manejo con dos lotes productivos, es decir, dos
parideras al afio, en Marzo y en Septiembre. Tras el parto de las madres, las crias son
separadas de la madre de forma que la alimentaciéon de los cabritos es mediante
lactancia artificial y las madres pasan a ser ordefiadas mecanicamente. La rutina de
ordefio empleada en aquellos animales que no forman parte del experimento es la de
puesta y retirada mediante DCAV (FC 150 g/min y TD 10 s) y sellado de pezones tras el

ordefio mediante la aplicacidon de una solucién yodada en vaso. Este ordefio se realiza
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una vez al dia como es habitual en esta raza y en esta regidn geografica. En el caso de
las ovejas, el ritmo reproductivo practicado en la granja es de 3 partos en 2 aios.
Generalmente se realiza lactancia natural y destete a los 35 dias. Las madres, tras el
periodo de calostro, pasan a ser ordefiadas dos veces al dia, a las 8:00 y a las 17:00 h.
La sala de ordefio de esta granja cuenta con 2 plataformas, 12 puestos de
ordefio en cada plataforma, un equipo de ordefio instalado en Linea Baja (1X12x12) y
otro en Linea Alta (2x12x12). Ambos equipos han sido montados por la casa Gea Farm
Technologies (figura 3). En el caso concreto de esta sala la conduccién de leche en
linea baja esta situada 50 cm por debajo de los animales y la de linea alta 175 cm por
encima de los animales. Los amarres instalados en la sala permiten la entrada

secuencial de los animales, su separacion y la salida agrupada de estos.

Figura 3. Sala de ordefio de la granja EPSO-UMH. Equipo instalado en linea baja

(1X12x12) a la derecha y equipo instalado en linea alta (2x12x12) a la izquierda.

66



La maquina de ordefio estda equipada con juegos de ordenfo TopFlow® (con
versiones intercambiables, una para cabras y otra para ovejas), pulsadores de nueva
generacion (StimoPuls Apex M® Gea Farm Technologies, Bénen, Alemania) y con DCAV
(Lactoflow®, Gea Farm Technologies, Bénen, Alemania) integrados en un estimador
electronico de la produccion de leche individual (Dematron60®, Gea Farm
Technologies, Bonen, Alemania). Los pardmetros de pulsacién y los de los DCAV son
controlados por un programa informatico (DAIRY PLAN®) que a su vez lleva un registro
de los datos productivos de cada uno de los animales ordenados.

El retirador automatico de pezoneras de GEA Farm Technologies consta de un
medidor de flujo de leche que se sitla en la unién del tubo largo de leche con la
conduccién de leche y una membrana con forma de campana en una pieza anexa. Esta
membrana queda suspendida por el propio vacio de la instalacion mediante una
conduccién de 2 mm de diametro en el momento en el que se acciona el vacio en el
juego de ordefio. Una vez alcanzada la programacion seleccionada en el programa
informdtico (DairyPlan) para el fin del ordefio (incluso si se desea interrumpir el vacio a
criterio del operario de ordefio) se interrumpe el vacio que mantiene la membrana, y
por el vacio que llega por la conduccién de leche, la membrana se coloca
interrumpiendo la conexidn entre la conduccién de leche y el juego de ordeno (Figura
4). En el caso de las instalaciones en linea alta dicha membrana se coloca en el colector
con el objetivo de que no se derrame la leche presente en el tubo largo de leche.

Para los estudios 1y 3, el ordefio de las cabras se realizé con un nivel de vacio
de 40 kPa, frecuencia de pulsacién 90 ppm y una relacidon de pulsacion del 60%. La
parte del estudio 2 llevada a cabo en esta granja se realizé con un nivel de vacio de 38

kPa, frecuencia de pulsacién 180 ppm y una relacion de pulsacién del 50%.
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Figura 4. Detalle de DCAV Lactoflow®( Gea Farm Technologies, Bonen,

Alemania). 1: cuerpo del DCAV; 2: sensor de flujo de leche.

3.1.2. Granja AGRAMA-CERSYRA

Los estudios 2 (uno de los dos experimentos) y 4 se realizaron en la Finca La
Nava del Conejo en el término municipal de Valdepefias, Ciudad Real, gestionada por
la Asociacion Nacional de Criadores de Ganado Ovino Selecto de Raza Manchega
(AGRAMA), utilizando animales del Rebafio Nacional Manchego (CERSYRA).

La explotacién alberga 600 ovejas de raza Manchega y cuenta con cuatro naves
para alojar el ganado. La instalacién de ordefio comprende sala de ordefio, lecheria
con un tanque de leche con capacidad para 850 L y sala de maquinas totalmente
separadas. La alimentacién se realiza mediante una racién equilibrada a base de
mezcla de granos de cereal y alfalfa deshidratada que se administra dos veces al dia.
Ademas, los animales disponen de paja de cereal y agua ad libitum. La leche recogida
se destina a la fabricacién de queso. La granja tiene una clasificacion sanitaria
oficialmente indemne de brucelosis (M4) y libre de enfermedades de declaracion
obligatoria.

El ritmo reproductivo practicado en la granja es de 3 partos en 2 afios y las
cubriciones se hacen mediante inseminacion artificial y remontas en los meses de

Enero, Abril, Julio y Octubre, con una duracién de 35 dias. Existen 4 lotes de modo que
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las parideras se producen en Marzo, Junio, Septiembre y Diciembre. Generalmente
tras el parto los corderos se crian con sus madres 15 dias. A continuacion pasan a
“media leche” donde las madres se ordenan 1 vez al dia, permaneciendo los corderos
con sus madres Unicamente por la noche. Una vez destetados (35 dias), las madres
pasan a ser ordefiadas dos veces al dia, a las 8:00 h y a las 17:00 h. Los animales se
encuentran en estabulacidn libre durante la lactacién y se realiza pastoreo cuando
estdn “secas”. La rutina de ordefio empleada en aquellos animales que no forman
parte del experimento es la de puesta y retirada automatica, posterior apurado a
maquina y sellado de pezones tras el ordefio mediante la aplicacién de una solucidn
yodada mediante pulverizacion.

La instalacion de ordefio cuenta con una sala tipo CASSE con dos plataformas,
18 plazas por plataforma, conduccién de leche en linea alta con 18 juegos de ordefio
(2x18x18, Delaval®, Tumba, Suecia, figura 5). Ademas, la sala cuenta con dos amarres
de salida rapida lateral. La maquina de ordefio esta equipada con pulsadores de nueva
generacién EP100® (Delaval®, Tumba, Suecia), encontrandose un pulsador por cada
dos juegos de ordeno y con DCAV (Delaval SG®, Tumba, Suecia) asociados a medidores
de produccién de leche mm25® (Delaval®, Suecia), situados a una altura de 2,5 m
respecto de las pezoneras, estando todos comandados por un programa informatico

(Alpro Windows®).
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Figura 5. Detalle de sala de ordefio 2x18x18 de la granja AGRAMA-CERSYRA

(elaboracién propia).

El funcionamiento de los DCAV es similar al de la granja EPSO-UMH (apartado
3.1.1.), asi, el accionamiento de dichos DCAV se situa en el colector del juego de
ordefio, donde también se encuentra la valvula de corte de vacio. El ordefio en los
experimentos desarrollados en esta granja se realizé con un nivel de vacio de 40 kPa,

una frecuencia de pulsacién 180 ppm y una relacién de pulsacion del 50%.

3.1.3. Granja Castello di Roccaforte (Alessandria, Italia)

El estudio 5 se llevé a cabo en la granja Castello di Roccaforte sita en el término
municipal de Roccaforte Ligure en la regidén de Piemonte (Norte de Italia).

La granja alberga 600 cabras de raza Alpina y estd formada por dos naves
cubiertas donde se encuentran los animales y otra nave como almacén de alimentos.
Anexa a una de las naves se encuentra una sala de lactancia artificial y un corral para
los animales de reposicién. Dispone también de lecheria, donde hay un tanque
horizontal de 2500 litros. La leche recogida se destina a la fabricaciéon de queso en la
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misma explotacion. Los animales se encuentran en estabulacién libre, con acceso libre
a la paja y al agua y el alimento se suministra en forma de racién unifeed.

El ritmo reproductivo llevado a cabo en la granja Castello di Roccaforte es de 1
parto al afio, realizandose el manejo con dos lotes productivos, es decir, dos parideras
al afio, en Marzo y en Septiembre. Tras el parto, las crias permanecen con las madres
durante 5 dias para su encalostramiento. Posteriormente son separadas de la madre
de forma que la alimentacion de los cabritos es mediante lactancia artificial. La rutina
de ordefio empleada en aquellos animales que no forman parte del experimento es la
de puesta y retirada mediante DCAV (FC 150 g/min y TD 10 s) y sellado de pezones tras
el ordefio mediante la aplicacion de una solucién yodada en vaso. Este ordefio se
realiza dos veces al dia a las 6:00 AM y a las 5:00 PM como es habitual en esta razay
en esta regién geografica.

Esta explotacién cuenta con una maquina de ordefio de la marca Royal®
(Bellagio, Italia) en una sala tipo Casse 2x16x16 con conduccién de leche en linea bajay
juego de ordefio Vanguard® de la marca Interpuls®, (Albinea, Italia). La maquina de
ordefio estd equipada con 16 pulsadores (8 en cada plataforma) de 2 + 2 salidas
(LP30®, Interpuls®, Albinea, ltalia, figura 6), estando conectado cada pulsador a dos
juegos de ordefio. Los medidores de produccién de leche son el modelo AfiFree® de la
marca AfiMilk® (Kibbutz, Israel) y los retiradores automaticos de pezoneras son de la

marca Royal®.
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Figura 6. Detalle de pulsador LP30® (Interpuls, Albinea, Italia). Fuente:

Interpuls.

El funcionamiento del prototipo desarrollado por Royal® en colaboracidon con
AfiMilk® sigue un esquema similar al desarrollado por Gea Farm en las instalaciones en
linea baja (apartado 3.1.1), estando la membrana situada en el cuerpo del medidor de
caudal de leche. En este caso, adicionalmente, existe un elemento suspensorio del
juego de ordefio a modo de brazo mecdnico que mantiene las pezoneras en posicién
vertical durante el desarrollo del ordefio. Una vez alcanzadas las condiciones
programadas para el final del ordefio, se interrumpe el vacio y el brazo mecanico
tracciona del juego de ordefio hacia atras favoreciendo la retirada de pezoneras
propiamente dicha y colocando las pezoneras para su colocacion en los animales de la
siguiente tanda de ordefio (Figura 7). Sin embargo, como en este caso no existe

conexidn con el pulsador, éste no detiene su funcionamiento.
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Figura 7. Detalle de juegos de ordefio de la granja Castello di Roccaforte. 1:
brazo mecdnico. 2:DCAV instalado junto al sensor de flujo de leche (elaboracién
propia).

Los parametros de ordefio empleados con cabras en esta granja fueron:
frecuencia de pulsacién de 90 ppm y una relacién de pulsacién del 60%. Se programd
una duracién minima del ordefio de 60 s. El nivel de vacio empleado fue de 38 6 42

kPa, segun el lote de animales ordefiado.

3.2. Rutina de ordeiio.

La rutina de ordefio seguida durante los experimentos en los dias que no se
realizaba muestreo de eficacia del ordefio en los tratamientos de retirada manual de
pezoneras consistid en: puesta de pezoneras, ordeifio a maquina, apurado a maquina, y
retirada manual de pezoneras. En los tratamientos de retirada manual de pezoneras el
operario podia actuar en cualquier momento tanto si se producia una caida de
pezoneras como para realizar el apurado a maquina. La rutina de ordefo seguida en
los tratamientos en los que la retirada de pezoneras se realizaba de forma automatica
fue similar a la anterior, a excepcién de que la retirada de pezoneras se realizé por

accionamiento del DCAV y no se realizaba apurado a maquina. Ademas, en estos
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tratamientos, el operario solamente podia intervenir en caso de una caida de
pezoneras o para realizar una Unica segunda puesta de pezoneras si detectaba un
apurado insuficiente de la glandula mamaria tras la activacion del DCAV (esta ultima
operacién solamente se realizé en los estudios 1, 2y 3).

La rutina de ordefio realizada los dias de muestreo de las variables relativas a la
eficacia del ordefio incluyd: puesta de pezoneras, ordefio a maquina, retirada de
pezoneras por actuacion del DCAV o retirada manual (registro de leche maquina y
tiempo de ordefio individual), apurado manual de la ubre (registro de la leche de
apurado a mano) y aplicacién intravenosa de 4 Ul de oxitocina y extraccién manual de
la leche (registro de la fraccién residual). En el caso de los estudio 2 (en uno de los
experimentos) y 4 no se extrajo esta ultima fraccion (figura 8). En el caso del estudio 5,
tras la retirada por actuacion del DCAV, el apurado de la ubre se realiz6 mediante una
segunda puesta de pezoneras y un apurado a mdaquina y no se extrajo la fraccién de
leche residual. Finalmente en todos los estudios y en todos los ordefios, hubiera
muestreo o no, se realizd desinfeccidn de pezones con solucidn yodada por inmersién

o por pulverizacion.

Figura 8: Detalles de la rutina de ordefio en los muestreos de eficacia del ordeiio de
ovejas de raza Manchega (ordefio a maquina, retirada automatica de pezoneras,

apurado manual, pesado de le leche de apurado manual, desinfeccion de pezones).
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3.3. Variables estudiadas

3.3.1. Variables relativas a la eficacia del ordefio.

Las variables registradas en los dias de muestreo fueron:

-Leche maquina (LM, kg): cantidad de leche ordefiada desde la puesta de
pezoneras hasta la activacion final del DCAV o hasta la retirada manual de pezoneras.
Fue medida con un dispositivo Lactocorder® (Lactocorder®, Suiza) en el caso de los
estudios 1y 2. En el caso del estudio 2 (en uno de los experimentos) y del estudio 4,
esta variable fue medida con el dispositivo mm25® (Delaval®, Suecia). En el caso del
estudio 5, se registr6 mediante el dispositivo AfiFlow® (AfiMilk®, Kibbutz, Israel).

-Leche de apurado manual (LAM, g): cantidad de leche extraida de forma
manual después de finalizar el ordeifio a maquina y una vez retiradas las pezoneras;

-Leche residual (LR, g): cantidad de leche extraida de forma manual tras la
inyeccion endovenosa de 4 Ul de oxitocina (Dalmatocina®, Fatro Iberica, Barcelona,
Espafia).

-Leche total extraida fue la suma de leche maquina y leche de apurado manual
en el estudio 4.

-Potencial productivo (PP, kg), se calculé como la suma de leche méquina, leche
de apurado manual y leche residual en el estudio 3.

Las fracciones de leche de apurado manual y leche residual se pesaron en todos
los estudios con una bascula digital de precision + 1 g (BC-200, Fagor, Espafia).

El tiempo de ordefio individual (min) fue el que transcurrid entre la puesta
inicial de pezoneras y el momento en que finalizaba el ordefio a maquina y se retiraban
las pezoneras de forma manual o mediante DCAV. En este caso, incluyendo la posible

doble puesta de pezoneras. Fue registrado con un cronémetro digital (HS-70W, Casio,
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Japon) en los estudios 1, 2 y 3. En el caso del estudio 4 fue registrado por el dispositivo
mm25® (Delaval®, Suecia). En el caso del estudio 5, se registréo mediante el dispositivo
AfiFlow® (AfiMilk®, Kibbutz, Israel).

Adicionalmente, en el estudio 4, los valores de leche maquina y tiempo de
ordefio de todos los ordenos practicados durante el periodo experimental fueron
registrados por el dispositivo mm25® (Delaval, Suecia) y almacenados por el software
Alpro Windows® (Delaval, Suecia).

En el caso de los estudios 1 y 3, a partir de los valores de LM, LA y LR se calculé
su importancia relativa respecto a la cantidad total de leche producida por el animal
(PP =LM + LAM + LR): fraccion de leche maquina (FLM, %, = LM x 100 / PP), fraccion de
leche de apurado, (FLAM, %, = LA x 100 / PP) y fraccién de leche residual (FLR, %, = LR x
100/ PP).

En el caso del estudio 5, a partir de los valores de LM y tiempo de ordefio

individual se calculd el flujo medio de leche: LM / tiempo de ordefio.

3.3.2. Variables relativas a la rutina del ordeiio estudiadas:

En los estudios 1,2 y 3 se determinaron, ademas, las siguientes variables:

-Frecuencia de doble puesta de pezoneras (FDP): la doble puesta de pezoneras
se realizaba cuando, una vez accionado el DCAV, el operario veia conveniente colocar
de nuevo el juego de ordefio debido a que quedaba en la ubre gran cantidad de leche.

-Frecuencia de caidas de pezoneras (FCP): Se entiende como caidas de
pezoneras aquellas situaciones en las que, sin que se active el DCAV, las pezoneras se

desprenden de los pezones de los animal.
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En el caso de los estudios 2 y 4 se estudid también el tiempo de ordefo por
plataforma (min) que fue el que transcurrié desde la puesta de pezoneras del animal
gue entraba en el primer punto de ordefio de la plataforma de ordefo hasta la retirada
de pezoneras del animal cuyo ordefio termind en ultimo lugar. Se registré con un
cronédmetro digital (HS-70W, Casio, Japon).

Mas detalles especificos aparecen en el apartado Publicaciones.

3.3.3. Estado sanitario de la glandula mamaria.

El estado sanitario de la glandula mamaria se estudid en los muestreos del
periodo pre-experimental en todos los experimentos para realizar la separacion en
lotes. Ademas, en el caso de los estudios 3 y 4 se empled como una variable a estudiar
dentro de sus objetivos. Se evalué mediante analisis bacterioldgico y recuento de
células somdticas (RCS) de cada glandula mamaria. La toma de muestras se llevé a
cabo antes del ordefio. Para el analisis bacterioldgico se desecharon los primeros
chorros de leche y se tomaron a mano muestras de 5 mL de leche de cada glandula,
tras una limpieza exhaustiva del pezdn con alcohol de 702. Seguidamente, se tomaron
muestras de 50 mL de leche para el RCS a las que se les afiadié azidiol. Las muestras se
mantuvieron a 42C por un maximo de 4 h hasta el analisis bacterioldgico. El analisis
bacterioldgico se realizé6 mediante la siembra de 20 uL en placas de agar sangre (5%
sangre de cordero; Biomerieux, Lyon, Francia).las placas fueron incubadas en
condiciones aerobias a 372C y examinadas a las 24 h, 48 h y 72 h. Los cultivos
microbioldgico que tuvieron 5 o mas colonias idénticas fueron considerados como
positivos. En el caso de los estudios 1 y 3, el RCS se analizé6 en el laboratorio
interprofesional lechero de la Comunidad Valenciana (LICOVAL, Espafia) mediante el

método fluoro-opto-electrénico (Fossomatic 5000, Foss Electric, Suecia). En el caso de
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los estudios 2 y 4 se empled el mismo método en el laboratorio interprofesional
lechero de Castilla-La Mancha (LILCAM, Espafia). La clasificacion sanitaria de la
glandula mamaria y del animal se ha definido en los apartados de Materiales y
Métodos de cada publicacién, en funciéon de la especie animal y de los controles
realizados, a partir de los analisis bacterioldgicos y de RCS (ver apartado
Publicaciones).

3.3.4. Composicion quimica de la leche.

En el caso del estudio 3 (realizado en cabras de raza Murciano-Granadina) la
composicidon quimica de la leche incluyé el contenido en grasa, proteina, lactosa y
materia seca, estando expresados sus resultados en % de materia humeda. Para la
recogida de muestras se programaron los dispositivos Lactocorder” para tomar 50 mL
de leche de cada animal. Posteriormente dichas muestras se analizaron mediante un
equipo MilkoScan” (Foss Electric A/S, Hillergd, Dinamarca) en el laboratorio de la
Escuela Politécnica Superior de Orihuela de la Universidad Miguel Hernandez de Elche.

En el caso del estudio 4 (realizado en ovejas de raza Manchega), la composicidon
guimica de la leche incluyé el contenido en grasa, proteina y lactosa, estando
expresados sus resultados en % de materia hiUmeda. Para la recogida de muestras se
programaron los dispositivos mm25° (DelLaval®, Suecia) para tomar 50 mL de leche de
cada animal. Posteriormente dichas muestras se analizaron mediante el equipo
MilkoScan® (Foss Electric A/S, Hillergd, Dinamarca) en el laboratorio interprofesional

lechero de Castilla-La Mancha (LILCAM, Espana).
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3.3.5. Estado del pezdn

La técnica de ecografia incluyd la utilizacion de un recipiente transparente
cilindrico y abierto por su parte superior, de 54 mm de didmetro exterior, 53 mm de
diametro interior y 80 mm de altura, fabricado en polipropileno transparente que se
llenaba de agua.

El pezdn era sumergido en el agua de este recipiente para favorecer la correcta
transmisién de los ultrasonidos hasta el pezén. El agua debia estar a una temperatura
de 37 °C para no alterar el espesor de los tejidos por reacciones a temperaturas
inferiores o superiores a la temperatura corporal. Previamente a la realizacién de las
ecografias se limpiaba la zona periférica del pezén con agua a 37 °C y luego se secaba.
El objetivo de este procedimiento fue evitar restos de particulas o sustancias que
pudieran distorsionar la imagen que ofrece el ecégrafo. Se utilizé gel de contacto para
cubrir la pared del recipiente de inmersion del pezén en contacto con la sonda del
ecografo.

Se empledé un ecdégrafo portatil (Agroscan®, Ecm, Noveko International Inc.
Francia). Se realizaron ecografias antes y después del ordefio en el pezén derecho de
cada animal mediante una sonda lineal de 5 MHz de frecuencia empleando una
profundidad de 8 cm. Se utilizé una capturadora de imagen y un software especifico
(Real DVD Studio Gold” NPG Technology, Spain) para digitalizar la secuencia de video
del ecdgrafo en un ordenador. Posteriormente se utilizé un software de edicion de
videos (Ulead Video Studio®, Corel, Canada), para seleccionar el fotograma que
coincidiera con un plano sagital al nivel del esfinter del pezén y por ultimo, otro
software (Ecopezc’m®) encargado de realizar las mediciones (figura 9) sobre las

imagenes: Espesor de la pared superior (A, cm) e inferior (B, cm) del pezén, medidos a
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1y 1,5 cm de la punta del pezdn, en cabras y ovejas respectivamente. A partir de ellos
se calculé el espesor medio de la pared del pezén (AB, cm) como valor promedio de Ay
B; Espesor del pezén (EP, cm): distancia comprendida entre ambas caras externas de la
pared del pezén, medido donde comienza la cisterna del pezdn; Longitud del esfinter
(ESF, cm): distancia comprendida desde la punta del pezén hasta el inicio de la
cisterna; Area de las paredes (AP, cm?): abarca las dos paredes hasta la medida Ay B (1
cm de la punta del pezdn); Area de la punta del pezén (APT, cm?): drea que abarca
desde la punta del pezdn hasta la linea trazada para marcar EP (inicio de la cisterna del

pezon).

A: Espesor de la pared superior.
B: Espesor de la pared inferior.
EP: Espesor del pezdn.

APT: Area de la punta.

AP: Area de las paredes.

ESF: Longitud del esfinter.

Figura 9: detalle de las variables relativas al estado del pezdn.
A partir de las medidas realizadas antes del ordefio y después del ordefio se
obtuvieron los incrementos de espesor y de area de las variables descritas, expresados

en porcentaje, mediante la férmula siguiente:

Incremento (I) % = [(Medida después del ordefio — Medida antes del ordefio)/ Medida

antes del ordefio)] x 100
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Incremento del espesor de las paredes del pezén (IAB, %); Incremento del area del
pezon (IAP, %); Incremento del drea total del pezén (IAPT, %); Incremento del espesor

del pezdn (IEP, %); Incremento de la longitud del esfinter del pezdn (IESF, %).

3.3.6. Variables relativas al nivel de vacio en los tubos cortos de leche

Las variables relacionadas con la variacién del nivel de vacio en los tubos cortos
de leche durante el ordefio en los estudios 1 al 4 se registraron mediante el dispositivo
Pulsotest Comfort® (GeaFarm Technologies®, Bonen, Alemania) durante los dias de
adaptacion a los tratamientos estudiados en animales escogidos al azar. En el caso de
los estudios 1 y 2 las mediciones se realizaron en los tubos cortos de leche durante el
TD. En el caso de los estudios 3 y 4 las mediciones se realizaron incluyendo el apurado
a maquina en los tratamientos en los que la retirada de pezoneras se realizaba de
forma manual e incluyendo el TD en los tratamientos en los que la retirada de
pezoneras se realizaba mediante DCAV. Las variables registradas fueron nivel de vacio
maximo (kPa) y minimo (kPa). A partir de estas variables se calculd la caida del nivel de
vacio (kPa) como la diferencia entre el valor de las dos anteriores.

Las variables relacionadas con la variacién del nivel de vacio en los tubos cortos
de leche durante el ordefio en el estudio 5 se registraron con el dispositivo Vadia®
(Biocontrol, Rakkestad, Noruega). Las mediciones se realizaron en los dos tubos cortos
de leche durante todo el ordefio, desde la puesta de pezoneras hasta la retirada
automatica. El software del dispositivo Vadia® distingue tres fases del ordefio: tiempo
de espera hasta la eyeccion de leche, fase principal del ordefio y fase de bajo flujo de

leche. Las variables registradas fueron el nivel de vacio medio durante la fase principal
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del ordefio (kPa) y la caida del nivel de vacio (diferencia entre los niveles maximo vy

minimo alcanzados durante el ordefio, kPa).
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ABSTRACT

In recent years there has been an increasing deployment of automatic vacuum cutting devices
(component of automatic cluster removers, ACR) for milking parlors of dairy goats. However,
there is a lack of scientific studies regarding optimal settings (milk flow threshold, MF and
delay time, DT) for the milking of Murciano-Granadina goats. The aim of this study was to
assess the effect of different combinations of operating parameters of an automatic vacuum
cutting device (LactoFlow®™, Gea Farm Technologies, Bonn, Germany) on milking efficiency
(milking duration and milk fractioning), milking routine (cluster falls and double cluster
attachment) and mean vacuum drop. To achieve this goal, 3 groups of 28 goats were each
used to conduct two tests, one at the beginning and one at the end of the lactation. A four
Latin square design was used in each test and each Latin square had a duration of 6 days. The
assays combined sequentially one MF (250, 200, 150 and 100 g/min) and three DT (10, 15 and
20 s). MF 150 g/min at the beginning of lactation and MF 100 g/min at the end of lactation
achieved similar milk yield fractionation results. These results did not involve an increase in
milking duration. Moreover, minor double cluster attachment frequency and minor mean
vacuum drop were observed in the same MF.

On the other hand, milking duration and mean vacuum drop increased when DT was
higher than 10 s in a single MF, but milk fractioning was not improved. The results indicate
that the combination of MF 100 or 150 g/min and DT 10 s are the most suitable settings for
the operation of the automatic vacuum cutting device to milk Murciano-Granadina goats.
Additional studies are needed to assess the effect of the automatic vacuum cutting device on
the milking time of the entire herd, physical and chemical composition of the milk, health
status of the mammary gland and total milk production.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

which improves the health of the mammary gland (Peris
et al., 2003) and, consequently, the profitability of the farm.

The implementation of automatic vacuum cutting devices
(AVCD, component of the ACR, automatic cluster removers)
represents one of the most recent advances in small ruminant
milking machines. Its use is justified by the reduction of farm
workers during the milking process and also by the fact that
the risk of over-milking is minimized (Tangorra et al., 2010),

* Corresponding author. Tel.: +34 966749707; fax: +34 966749677.
E-mail address: jr.diaz@umbh.es (J.R. Diaz).

1871-1413/$ - see front matter © 2014 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.livsci.2014.01.008

The AVCD are programmed to interrupt the vacuum in
the clusters when a delay time (DT) has been spent after
reaching a set milk flow threshold (MF). The aim of DT is to
avoid the interruption of the milking process when a
momentary milk flow drop occurred. If the mammary
gland is still full and the milk flow increases above MF
programmed, milking continues normally. Theoretically,
the decrease of MF together with the increase of DT are
related to an increase in milking duration and machine
milk yield and also a decrease of the hand-stripping milk.
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Several combinations of MF (from 0.2 kg/min to
0.82 kg/min) and DT (from 3 s to 25s) have been tested
in different cattle breeds (Edwards et al., 2013; Jago et al.,
2010; Rasmussen, 1993; Reid and Stewart, 1997; Sagi,
1978; Stewart et al., 2002). These authors concluded that
values of MF ranging between 0.4 and 0.6 kg/min optimize
milking duration and milk yield. Furthermore, they
observed that by increasing MF and reducing DT made
it possible to reduce milking duration and improve the
teats end status preserving both the health status of the
mammary gland and milk composition. Some authors
(Edwards et al., 2013; Jago et al., 2010; Rasmussen, 1993)
additionally pointed out that an increase in MF could
imply an increase in hand-stripping milk, other authors
(Magliaro and Kensinger, 2005) also found a decline in
machine milk yield using a MF of 0.8 kg/min. Although
the impacts of mean vacuum drop on the health status
of the mammary gland have been extensively studied
(Billon et al., 1998; Galton et al., 1988; Rasmussen et al.,
1994), the effect of the variation of MF and DT on mean
vacuum drop has not been studied.

In goats, studies regarding the optimal combination of MF
and DT of AVCD are scarce. The AVCD settings used in Spanish
goats milking parlors are not based on scientific studies, the
distributors of milking equipment use parameters according
their experience or parameters used in foreign goat breeds.
Tangorra et al. (2010) compared a MF of 70 g/min and 10 s DT
with milking without using AVCD in Alpine goats. They
observed that the goats in the first group reached average
milk yield significantly higher than in the group without
AVCD (1.82 kg/day vs 1.68 kg/day) and also greater persistence
of milk production during lactation that could be due to a
reduction of over-milking. According distributors of milking
equipment (DeLaval and Gea Farm Technologies, personal
communication) and in our experience advising livestock
producers (Murcia Dairy Control, Murciano-Granadina Goat
Breeders Association and Mediterranean Food, personal com-
munication), in Murciano-Granadina goat farms, AVCD are
normally programmed to stop the vacuum after a DT of 10-
20 s once a MF between 100 and 250 g/min has been reached.

The goal of this study was to assess the effect of different
combinations of MF (100, 150, 200 and 250 g/min) and DT
(10, 15 and 20s) on the efficiency of milking (milking
duration and milk fractioning), the milking routine and
the mean vacuum drop during milking. This data was
used to determine the best AVCD settings for the milking
of Murciano-Granadina goats in high production (beginning
of lactation) and in low production (end of lactation).

2. Materials and methods
2.1. Facilities and animal handling

The study was conducted in the teaching and research
farm of the Polytechnic School of Orihuela of Miguel
Hernandez Elche University (Spain).

During all the study, Murciano-Granadina goats were
fed twice a day with the same ration (mixture of cereal
grains and alfalfa hay). Water was offered ad libitum.
Milking was done once a day, as routinely in this breed
in Southeast Spain at 9:00 AM.

A Gea Farm Technologies® (Bonen, Germany) low line
milking machine was employed in a 1 x 12 x 12 Casse type
design parlor. TopFlow® liners were employed. The milk-
ing machine was equipped with AVCD (LactoFlow®™, Gea
Farm Technologies, Bonen, Germany) that were installed
next to an electronic milk meter (Dematron60®, Gea Farm
Technologies, Boénen, Germany). The milking parameters
used were vacuum level of 40 kPa, 90 pulse/min and a
pulsation ratio of 60%.

2.2. Experimental design

Two identical tests, the first at the beginning of lacta-
tion (high yield) and the second at the end of lactation
(low yield), were undertaken. In each test, 4 Latin square
design experiments were made. Furthermore, each test
was preceded by a pre-experimental control.

The first pre-experimental control was conducted in
the 3rd + 1 postpartum week and included two sampling
days spaced 1 week apart. 120 goats from the same calving
date were milked setting the AVCD to stop the vacuum at
MF 200 g/min and DT 15 s. Health status of the mammary
gland, milking duration and machine milk yield were
recorded in each animal. The goats that did not have signs
of clinical mastitis and had values of machine milk yield
higher than 0.75 kg (N=84) were selected for the first test.
For this test the animals were divided into 3 groups of 28
animals according to their parity, machine milk yield,
milking duration and health status of the mammary gland
(see Section 2.4). The other pre-experimental control,
which preceded the second test, aimed to ensure that all
animals were correctly in lactation and that the groups
were balanced regarding to the average values of machine
milk and health status of the mammary gland. At the start
of the first test, 5 animals suffered intramammary infec-
tion in group 1, 6 in group 2 and 6 in group 3. Additionally
there was one animal with nonspecific mastitis in each
group. At the beginning of the second test, 9 animals
suffered intramammary infection in group 1, 9 in group 2
and 8 in group 3. Additionally there were 2 animals with
nonspecific mastitis in groups 1 and 2, and 1 in group 3.

The experimental period of each test lasted 24 days and
included four Latin square performed sequentially. The
first test was undertaken from the 4th + 1 to the 8th+1
week postpartum and the second test from the 22th + 1 to
26th + 1 week postpartum. The Latin squares lasted 6 days
each and one MF (100, 150, 200 and 250 g/min) was tested
with three DT (10, 15 and 20 s) during these. In each Latin
square each group of animals was milked for 2 days with
the same combination of AVCD parameters (MF and DT).
The first day of each combination was employed to
habituate the animals to the experimental conditions and
the second day was employed to collect data. In all the
study, AVCD was set to not interrupt the vacuum for a
minimum milking duration of 50 s.

2.3. Milking routine and variables analyzed
The milking routine during the sampling days included

the following phases: (i) cluster attachment, (ii) mechanical
milking (recording machine milk and milking duration),
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(iii) cluster removal through AVCD action, (iv) hand-stripping
(recording hand-stripping milk) and (v) manual extraction of
residual milk after intravenous administration of 4 IU of
oxytocin (Dalmatocina®, Fatro Ibérica, Barcelona, Spain).
Cluster falls during milking were recorded and then reat-
tached. Similarly, if AVCD acted and there was milk in the
mammary gland, the cluster was reattached, registering a
double cluster attachment. Finally, teats were immersed in
iodine solution. The same milking routine was used on non-
sampling days, with the difference that hand-stripping milk
and residual milk were not taken.

Machine milk (kg) was the amount of milk from cluster
attachment to AVCD activation. It was recorded by a Lacto-
corder™ device (Lactocorder, Balgach, Switzerland), which was
connected between the long milk tube and AVCD. Milking
duration (min) was defined as the time from cluster attach-
ment to AVCD activation and it was recorded by a digital timer
(HS-70 W, Casio®, Japan). Hand-stripping milk (kg) and
residual milk (kg) were weighed with a + 1 g precision digital
scale (BC-200, Fagor™, Spain). To know the relative impor-
tance of the recorded variables in relation to total milk
produced by the animal, new variables were calculated from
the values of machine milk, hand-stripping milk and residual
milk. Total milk (machine milk+ hand-stripping milk+ resi-
dual milk), machine milk fraction (machine milk x 100/total
milk, %), hand-stripping milk fraction (hand-stripping
milk x 100/total milk, %) and residual milk fraction (residual
milk x 100/total milk, %) were computed.

Vacuum related variables were recorded on the first day of
each Latin Square in random animals. Twenty vacuum level
measurements within each of the tested combinations of
AVCD were recorded using Pulsotest Comfort®™ device (Gea-
Farm Technologies™, Bonen, Germany). The measurements
were performed in the short milk tubes during the DT. The
variables recorded were maximum vacuum level (kPa) and
minimum vacuum level (kPa). From their values, mean
vacuum drop (maximum vacuum level —minimum vacuum
level, kPa) was calculated.

2.4. Sanitary status of the mammary gland

The health status of the mammary gland was evaluated
in the two pre-experimental tests. This evaluation included

Table 1

bacteriological analysis and somatic cell count (SCC) of each
mammary gland using milk samples obtained before milk-
ing. For bacteriological analysis foremilk was discarded, the
teats were cleaned with 70% alcohol and samples of 5 mL of
milk from each gland were taken. For SCC analysis, 50 mL
samples of milk were taken and azidiol was added to them.
Samples were kept at 4 °C for up to 4h until bacteriological
analysis. Bacteriological analysis was performed by seeding
20 uL of milk in blood agar plates (5% sheep blood,
Biomerieux, Lyon, France). The plates were incubated aero-
bically at 37 °C and examined at 24h, 48 h and 72 h.
Microbiological cultures showing 5 or more identical colo-
nies were considered positive. The SCC was analyzed in the
dairy professional laboratory in Valencia (LILCOVAL, Spain)
by the fluoro-opto-electronic method (Fossomatic 5000,
Foss Electric, Sweden). It was determined that a gland
showed intramammary infection when the bacteriological
analysis was positive and unspecific mastitis when the
bacteriological analysis was negative but the RCS exceeded
1,500,000cells/mL in both controls. In addition, animals
were classified as affected by mastitis when mastitis was
observed in at least one of the mammary glands.

2.5. Statistical analysis

For each test the relationship between the dependent
variables (milking duration, machine milk fraction, hand-
stripping milk fraction, residual milk fraction) and the
operating parameters of the AVCD (MF and DT) was
studied using a linear mixed model (Proc GLIMMIX, SAS
V 9.2., 2002). Fixed effects were MF (100, 150, 200 and
250 g/min), DT (10, 15 and 20 s), day of sampling (1-3)
nested to MF and finally, the interaction of MF and DT. The
covariable machine milk was considered in the milking
duration analysis. In addition, the relationship between
milking duration and the operating parameters of the
AVCD were assessed using a linear mixed model (Proc
GLIMMIX, SAS V 9.2, 2002). This model included DCA
(2 levels: yes or no), MF, DT, sampling day nested to MF,
the interaction of MF and DT, and the interaction of DCA
with DT as fix effects. In all models the animal was considered
as the random effect and a “compound symmetry” type

Results of the statistical analysis (F-value and P-value) of the studied effects on milking duration and the variables related to milk fractioning.

Test Effect MD MMF HSMF RMF
F P F P F P F P

1 MF 28.66 <0.01 7.72 <0.01 5.51 <0.01 0.94 0.21
DT 8.07 <0.01 2.81 0.06 1.54 0.21 1.58 0.21
DT x MF 2.08 0.06 0.4 0.87 0.72 0.64 2.54 0.02
DAY (MF) 2.22 0.02 1.88 0.09 1.86 0.09 2.06 0.04
MM 64.28 <0.01

2 MF 6.56 0.03 3.61 0.02 1.03 0.38 5.95 <0.01
DT 11.41 <0.01 0.2 0.81 0.44 0.64 1.85 0.16
DT x MF 1.31 0.25 1.93 0.08 1.51 0.17 1.93 0.08
DAY (MF) 5.79 <0.01 1.08 0.36 0.62 0.72 6.77 <0.01
MM 173.4 <0.01

MF: milk flow threshold; DT: delay time; DAY: sampling day; MM: machine milk yield; MD: milking duration; MMF: machine milk fraction; HSMF: hand-

stripping milk fraction; RMF: residual milk fraction.
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covariance structure was employed to consider measures
repeated over time in the same animal.

To study the relation between the operating para-
meters of the AVCD (MF and DT) and the variables of the
milking routine, double cluster attachment frequency and
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cluster falls frequency Chi-square analysis (Proc Freq. SAS
V 9.2, 2002) was computed.

Finally, maximum vacuum level, minimum vacuum
level and mean vacuum drop were analyzed using a
general linear model (Proc GLM, SAS V 9.2., 2002)
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Fig. 1. Effect of milk flow rate (100, 150, 200 and 250 g/min) and delay time (#=10s; o=15s; l=20 s) on milking duration (MD), machine milk fraction
(MMF), hand-stripping milk fraction (HSMF) and residual milk fraction (RMF) in both tests (1 and 2). a-f: results in the same variable and test with

different letters differ at P < 0.05.
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considering MF and the interaction between DT and MF
as factors.

3. Results

The statistical analysis revealed that MF had a signifi-
cant effect (P < 0.05) on the variables machine milk frac-
tion and milking duration in both periods as well as on
hand-stripping milk fraction in early lactation and on
residual milk fraction in late lactation. The two tests
coincided that DT was significant to milking duration.
The interaction between DT and MF was significant in
early lactation to residual milk fraction. However, this
interaction was not significant on milking duration,
machine milk fraction and hand-stripping milk fraction
in the tests performed. Sampling day nested to MF had a
significant effect on milking duration and residual milk
fraction in both tests (Table 1). In addition, the statistical
analysis showed that the double cluster attachment
effect was significant in the analysis of milking duration
in both tests (F-value=172.24 and P-value < 0.05 in Test 1;
F-value=108.73 and P-value < 0.05 in Test 2).

Maximum differences in milking duration were observed
in both tests between extreme settings of AVCD: MF 250
g/min with DT 10 s and MF 100 g/min with 20 s DT (0.79 min
in early lactation and 0.33 min in late lactation). Moreover,
milking duration tended to increase as DT increased, inde-
pendently of the MF value. This increase was significant in
MF 100 and 250 g/min (0.34 min between DT of 10-20 s) in
early lactation and MF 100 g/min (0.25 min between DT of
10-20s) in late lactation (Fig. 1).

Although the differences found were biologically small,
it was observed that greater values of machine milk
fraction corresponded with lower values of MF. In early
lactation, MF 250 g/min and 10 s DT reached significant
lower values of machine milk fraction (differences from
1.9% to 3.5%) than every combination in MF 100, 150 and
200 g/min. Similarly, in late lactation, MF 250 g/min and
DT 10 s resulted in lower machine milk fraction (between
2.5% and 3%) than every combination related to MF 150
g/min and the combinations of DT 15 and 20 s in MF 100
g/min (Fig. 1).

Contrary to machine milk fraction, higher values in
hand-stripping milk fraction were related to higher MF
values. Both periods revealed maximum differences in the
extreme combinations of MF and DT (2.7% between MF
100 g/min with DT 20 s and MF 250 g/min with DT 10 s in
the first period; 3.2% between the same combinations in
the second period). Interestingly, the increase of DT for a
fixed MF did not represent a significant decrease in hand-
stripping milk fraction values in any period (Fig. 1).

Despite of the fact that MF and DT nested to MF had
effect on residual milk fraction, there was no trend of
variation of this variable when MF and DT were changed.
Moreover, the differences obtained between combinations
of MF and DT were low (maximum of 1.6% in early
lactation and 1.2% in late lactation, Fig. 1).

No significant differences were found in double cluster
attachment frequency or cluster fall frequency. However,
in early lactation, double cluster attachment frequency
was almost double for MF of 250 g/min (n=26) and MF of

200 g/min (n=22) compared to MF of 100 g/min (n=13)
and MF of 150 g/min (n=16). Moreover, in late lactation,
double cluster attachment frequency in MF 250 (n=17)
and 200 g/min (n=22) showed higher values than in MF
100 (n=9) and 150 g/min (n=11). Milking duration was
always greater when double cluster attachment was made
than when just a single attachment was needed (Table 2).
When double cluster attachment was needed, milking

Table 2

Effect of double cluster attachment (DCA), milk flow threshold and delay
time on milking time in both tests (means + standard error).

DCA MF DT MD MD
(g/min) (s) (early (end of
lactation) lactation)
Without 100 10 332 +0.13ef 2.49 +0.13f
DCA
(77) (81)
15 330+ 0.13ef 2494013 f
(82) (81)
20 342 +0.13ef 2.77 + 0.13ef
(80) (81)
150 10 3.09 +0.13fg 2.55 + 0.13ef
(81) (80)
15  3.33+0.13ef 2.51+0.13f
(79) (80)
20  3.30+0.13ef 2.71 +£0.13ef
(76) (81)
200 10 316+ 0.13fg 2.53 +0.13f
(78) (76)
15 3.08 +£0.13fg 2.52 +0.13f
(78) (6)
20 3104+ 0.13fg 2.58 + 0.13ef
(74) (78)
250 10 2.82 +0.14g 244 + 0.13f
(75) (79)
15 2.89+0.14g 2.50 + 0.13f
(75) (79)
20  3.11+0.14fg 2.53 +0.13f
(76) (77)
With DCA 100 10  3.96+0.23cde 2.94 + 0.44def
(7) (3)
15 496+0.35ab  3.45+0.26d
(2) (3)
20 529+0.23a 4.86 +0.33a
(4) (3)
150 10 3.85+0.31de  3.77 +0.29bcd
(3) (4)
15 3.86+0.31cde 4.34+0.36abc
(5) (4)
20 471 +0.35abc  4.40 4+ 0.24ab
(8) (3)
200 10 3.68+0.23e 3.07 +0.28de
(6) (8)
15 453 +0.26bcd 4.12 + 0.27abc
(6) (6)
20 471 +0.23bc 3.44 +0.22d
(10) (8)
250 10  3.48 + 0.26ef 3.68 +0.23cd
9) (5)
15 3.24+0.28efg  3.77 £ 0.23bcd
(9 (5)
20  4.41+40.25bcd 3.68 +0.24cd

(8)

(7

MF: milk flow threshold; DT: delay time; MD (min): milking duration. a b
cde fg: Means in the same column with different letters differ at
P < 0.05. Total observations: 2016.

* Double cluster attachment frequency (n).



198 J. Bueso-Rédenas et al. / Livestock Science 161 (2014) 193-200

Table 3

Effect of milk flow threshold (MF) and delay time (DT) on maximum vacuum level (MAXVL), minimum vacuum level (MINVL) and its difference (mean

vacuum drop, MVD) (mean + standard error).

MF (g/min) DT (s) MAXVL (kPa) MINVL (kPa) MVD (kPa) Observations
100 10 39.76 + 0.05¢ 38.27 +£0.26a 149 +0.25a 20
15 39.26 + 0.05a 37.60 + 0.26b 1.66 + 0.25a 20
20 39.30 + 0.05a 37.49 + 0.26b 1.81+0.25a 20
150 10 39.35+ 0.05a,b 37.71 + 0.26b 1.65 +0.25a 20
15 39.46 + 0.05b 37.61 £ 0.26b 1.85+0.25a 20
20 39.65 + 0.05¢ 37.68 + 0.26b 1.95+0.25a 20
200 10 39.98 + 0.05d 38.18 + 0.26a 1.79 £ 0.25a 20
15 39.92 + 0.05d 36.93 + 0.26¢ 2.99 +0.25b 20
20 39.95 + 0.05d 36.69 + 0.26¢ 3.26 +0.25b 20
250 10 39.99 + 0.05d 38.29 + 0.26a 1.77 +£0.25a 20
15 39.96 + 0.05d 36.85 + 0.26¢ 3.13+0.25b 20
20 39.98 + 0.05d 36.79 + 0.26¢ 3.19+0.25b 20

a b c d: Means in the same column with different letters differ at P < 0.05.

duration increased in 1.13 min (P < 0.05) in early lactation
(4.29 vs 3.16 min, with double cluster attachment and
with single attachment, respectively) and 1.24 min in late
lactation (3.79 vs 2.55 min, with double cluster attachment
and with single attachment, respectively). Milking dura-
tion differences found between the different combinations
of MF and DT were reduced when only the results of single
cluster attachment were taken into account. Moreover,
when double cluster attachment was needed, the use of
DT 20 s, milking duration was greatly increased for every
MF tested (Table 2). The values of cluster fall frequency
were homogeneously distributed among treatments and
no significant differences were found (data not shown).

Maximum vacuum level increased as MF increased;
however the maximum differences between combinations
of MF and DT were small (0.73 kPa in MF 250 g/min and
DT 10s vs MF 100 g/min and DT 15s; Table 3). The
smallest values of minimum vacuum level were recorded
with the combinations of MF 200 or 250 g/min and DT 15
or 20 s, finding significant differences with other combina-
tions. MF 200 or 250 g/min combined with DT 15 or 20 s
gave mean vacuum drop values significantly higher than
the other combinations (from 2.99 kPa at MF 200 g/min
and 15 s to 3.26 kPa at MF 200 g/min and DT 20 s; Table 3)
showing that mean vacuum drop increases as MF and DT
increases.

4. Discussion

The use of MF 150 g/min in early lactation and MF
100 g/min in late lactation corresponded to a maximum
increase of milking duration in 0.41 min and 0.33 min,
respectively, compared to the use of MF 200 and 250
g/min. According to experiments developed in dairy cows,
this increase was lower than initially expected. Further-
more, the increase in DT was associated with an unex-
pected large increase of milking duration. This increase
was larger than the differences between different DT
programmed (10s). On the other hand, the effect of a
double cluster attachment on milking duration was
remarkable. Double cluster attachment prolonged milking
duration individually, which in practice would imply a

delay in the exit of the animals milked in the same row
and, therefore, an increase in the time employed to milk
the entire herd. This effect is undesirable since one of the
objectives of the installation of AVCD is the reduction of
the time dedicated to milk animals. The increase in double
cluster attachment frequency showed in MF 200 and
250 g/min may be due to the individuals whose milk
emission flow drops to values below 200 g/min when
there is still a lot of milk in the mammary gland. This
situation has been observed especially in animals on their
third or fourth lactation that show large development of
the mammary gland cistern and whose nipples were
implanted above the base of the gland. Commercial farms
without AVCD normally deal with these animals by apply-
ing a double cluster attachment and machine stripping in
the milking routine. The combined use of vertical stabi-
lizers systems of the udder and AVCD as described by
Tangorra et al. (2010) could minimize the double cluster
attachment frequency and the hand-stripping milk frac-
tion in the milking of these animals.

The differences found in the results of machine milk
fraction, hand-stripping milk fraction and milking dura-
tion suggest that the milk flow rate declines quickly to the
level of MF 150 g/min at the beginning of lactation and MF
100 g/min at the end lactation. Therefore, from these MFs,
milking duration increases significantly without involving
an increase in machine milk fraction.

There was not a clear variation of residual milk fraction
values when the operating parameters of AVCD (MF and
DT) were modified. This situation indicates that, using
AVCD, the variation of MF and DT does not affect the
physiological milk ejection reflex typically observed during
machine milking of Murciano-Granadina goats. Neverthe-
less, this observation could not be extended to individuals
of other goat breeds, especially those with different
compartmentalization of the mammary gland (Saanen,
Salama et al., 2004; Wilde and Knight, 1990).

Mean vacuum drop was higher using DT of 15 and 20 s
than using DT of 10 s in the MF 200 and 250 g/min due to the
increase of the measurement time. Longer measurement time
may produce higher vacuum level falls (lower minimum
vacuum level values), especially in the MF that still have a



J. Bueso-Rédenas et al. / Livestock Science 161 (2014) 193-200 199

significant milk flow in short tubes. However, these differ-
ences seem not to be enough high to increase the probability
of intramammary infections (Billon et al., 1998). Despite of this
fact, further studies are needed to confirm this hypothesis.

Overall, the large differences recorded in dairy cattle
between different settings in the AVCD have not been
observed in Murciano-Granadina goat. Thus, it can be
deduced that the optimal settings of the AVCD for this
breed are among the studied levels as it has been
described in dairy cows (Magliaro and Kensinger, 2005).
Rasmussen (1993), Reid and Stewart (1997), Stewart et al.
(2002) and Magliaro and Kensinger (2005) observed in
different cow breeds that an increase in MF resulted in
milking duration decreases while machine milk was not
affected. Despite the difference between MF in the present
study reached 150 g/min (extreme values of 100 and
250 g/min), which is in the range of the studies carried
out in cows (90-600 g/min; Edwards et al., 2013; Jago
et al., 2010; Rasmussen, 1993; Reid and Stewart, 1997; Sagi,
1978; Stewart et al., 2002), the large differences in milking
duration and milk yield between cows and goats have to
be taken into account. The bigger values found in cows
made it easy to find differences between AVCD combina-
tions. On the other hand, in some of these studies
(Magliaro and Kensinger, 2005) the highest MF was
combined with the lowest DT and vice versa, which
initially makes it easy to find differences amongst different
combinations of AVCD settings.

Despite the small differences found in values of hand-
stripping milk fraction between different AVCD combinations,
the results found were consistent with those of Rasmussen
(1993), Jago et al. (2010) and Edwards et al. (2013). Thus, the
lowest MF (100 and 150 g/min) had the lowest values of
hand-stripping milk fraction (although no significant differ-
ences were observed in the present study). In this study, the
performance of the milking routine, the possibility to reattach
the clusters as in a commercial herd, could have overlapped
the differences in the values of hand-stripping milk fraction
between the different AVCD settings. The purpose of achieving
an optimal gland emptying is twofold: first, in short term, to
extract the maximum amount of milk possible and secondly,
in long term, to avoid the inhibition of milk secretion (Peaker,
1980; Stelwagen et al.,, 1994; Wilde et al., 1995) caused by an
insufficient gland emptying that could affect the lactation
curve. In this sense, it is important to make an optimal
emptying between 2nd and 12th weeks of lactation (Salama
et al,, 2003; Wilde and Knight, 1990).

The strategy to achieve the advantages that installation of
AVCD offers should attempt to minimize the need to execute
a double cluster attachment, and, consequently, reduce the
milking time of groups of animals. Depending on the dis-
cussed results, these objectives have been reached employing
MF 100 and 150 g/min. Also, the balance between milking
duration and machine milk fraction and the lowest values of
hand-stripping milk fraction are found in these MFs (150 g/
min at early lactation and 100 g/min at late lactation).

5. Conclusions

The lowest MF tested (100 and 150 g/min) achieved
similar results of machine milk fraction and hand-stripping

milk fraction, without involving an increase in milking
duration. These MFs also showed lower frequency of double
cluster attachment at early (high yield) and late lactation
(low yield) than MF 200 and 250 g/min, which in practice
reduces the values of milking time of the entire herd. Milking
duration and mean vacuum drop increased when DT was
higher than 10s to a single MF, but milk fractioning was
not improved. Further studies are needed to study how
AVCD affects the milking time of the total herd, production
and composition of the milk and the sanitary status of the
mammary gland.
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milking machines. However, there is a lack of scientific studies regarding optimal settings
(milk flow threshold, MF, and delay time, DT) for the milking of Manchega ewes. The aim of
this study was to assess the effect of different combinations of operating parameters of two
AV(Ds (LactoFlow®-Dematron® of GeaFarm Technologies® and SG®-mm25® of DeLaval®)
on milking efficiency (milking time and milk fractioning), milking routine (cluster falls and
A A double cluster attachment) and mean vacuum drops. Two tests were performed includ-
utomatic cluster removers L [ / N A . N

Milk fractioning ing several latin square design experiments. Regarding LactoFlow®-Dematron® installed in
Milking duration a low-line milking machine, four MF (100, 150, 200 and 250 g/min) were combined with
three DT (10, 15 and 20 s) employing 45 ewes on a research farm and regarding SG®-mm25®
installed in high-line milking machine, two MF (150 and 200 g/min) were combined with
three DT (10, 15 and 20 s) employing 54 ewes on a commercial farm. According to the results,
regarding Dematron®-Lactoflow®, it was appreciable that the employment of MF 100 g/min
increased milking duration without improving the milk fractioning and the employment
of MF 250 g/min did not reduce milking duration. The minimum differences between MF
150 and 200 g/min showed in this test suggest that these levels would be located within
the optimal setting of this AVCD. On the other hand, regarding SG®-mm25®, two strategies
could be considered, the use of MF 150 g/min combined with high DT to extract the maxi-
mum amount of milk or the use of MF 200 g/min combined with short DT to optimize the
time employed. Regarding milking routine, no differences were found in any of the test.
The increase of both MF and DT showed higher values of mean vacuum drops in the two
tests performed.

Further studies are needed to study how AVCD affects the milking time of the total herd,
production and composition of the milk and the sanitary status of the mammary gland of
Manchega breed ewes.
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that has allowed improvement of the efficiency and the
working conditions of the farm operators. One of the most
recently developed automations was the automatic cluster
removers (ACRs). ACRs have been defined as devices that
stop the vacuum in the milking unit, removing it accord-
ing to milk flow or time (ISO Standard 3918, 2006). The
use of automatic vacuum cutting devices (AVCD, compo-
nent of ACR) allows a reduction of the number of operators
during milking which benefits the economic profitability of
the farm (Tangorra et al., 2007). Besides, AVCD reduces the
risk of producing overmilking (Tangorra et al., 2010) and
consequently protects the health status of the mammary
gland (Peris et al., 2003).

AVCD can be set by milk emission flow, milking time
or a combination of both parameters. In studies devel-
oped by this research group in dairy sheep farms, AVCD
set only by milking time (for example 2 min) have been
observed. This setting type, which has been suggested in
some cases for dairy cows (Jago et al., 2010), could pro-
duce an uncompleted level of milking of the mammary
gland or could reach a high risk of overmilking depending
of the production level of the animal. Given the charac-
teristic interindividual variability of Manchega ewes, the
most advisable way to set the AVCD is to interrupt the
vacuum in the clusters when a delay time (DT) has been
spent after reaching a set milk flow threshold (MF). If dur-
ing DT, the milk flow increases above the programmed MF,
milking continues normally, avoiding an early removal, for
example, in ewes with bimodal (two peaks) milk emission
flow.

In dairy cows, traditionally a MF of 200 g/min has been
employed (Sagi, 1978). In later studies it has been noted
that an increase of MF to values of 600 g/min reduces
milking duration without affecting machine milk values,
preserving both sanitary status of the mammary gland and
milk composition (Reid and Stewart, 1997; Stewart et al.,
2002; Jago et al., 2010). However, the increase of MF to
800 g/min could reduce machine milk values (Magliaro and
Kensinger, 2005). Besides, some studies (Rasmussen, 1993;
Jagoetal, 2010; Edwards et al., 2013) have pointed out that
an increase in MF may imply an increase in the values of
the hand-stripping milk fraction. Therefore, in dairy cows,
there is a range of MF between 400 and 600 g/min that opti-
mizes milking duration and machine milk yield. According
to Rasmussen (2004), using the same levels in MF and DT
and two different ACRs, the same result will not necessar-
ily be obtained, with the possibility to find differences due
to the pulsation parameters, vacuum level and the length
of the conduction between the teat cups and the milk flow
meter device.

In small ruminants, Tangorra et al. (2007) observed
that the use of ACR in the milking of Alpine breed goats
reduced the milking duration and the need for staff in the
milking parlor. In a second study, Tangorra et al. (2010)
found higher values of machine milk yield in goats milked
with ACR, suggesting that this result could be due to the
reduction in overmilking obtained with the employment
of these devices. However, the health status of the animals
and the teat-end status were not studied. In Murciano-
Granadina goats, Bueso-Rodenas et al. (2012) affirmed that
the employment of MF of 100 and 150 g/min simplifies

the milking routine (minor double cluster attachment
frequency) compared to MF of 200 and 250 g/min, which
in practice reduces the values of milking time of the
entire herd. These authors affirm, too, that milking time
increased in every MF tested when DT was higher than
10s but milk fractioning was not improved.

Some distributors of milking equipment (DeLaval® and
GeaFarm Technologies®, personal communication) rec-
ommend, for the milking of dairy ewes, values of MF
and DT that range from 100 to 250¢g/min and from 10
to 20s respectively, however there are no scientific ref-
erences on this subject. The aim of this study was to
assess the effect of different combinations of MF and DT
in two different AVCDs (SG®-mm25® of DeLaval® and
Lactoflow®-Dematron® of GeaFarm Technologies®) on the
milking efficiency (milking duration and milk fraction-
ing), the milking routine (cluster falls and double cluster
attachment) and the mean vacuum drops during milking
of Manchega ewes.

2. Materials and methods
2.1. Facilities and animal handling

Two tests (Test1 and Test2) were performed; the first in a research
farm and the second in a commercial farm. The animals of both farms
were fed twice a day with the same ration (mixture of cereal grains and
alfalfa hay). Water was offered ad libitum. Milking was practiced twice
a day, at 8:00h and 17:00h, as routinely on Manchega ewes farms. The
pulsation parameters used were the same on both farms: 180 puls/min
and a pulsation ratio of 50%. In Test1 the vacuum level was 38 kPa and in
Test2 40 kPa.

Test1 was performed in the research and teaching farm of the Poly-
technic School of Orihuela of Miguel Hernandez de Elche University
(Spain). This farm has a Gea-Farm Technologies® (Bénen, Germany)
low-line milking machine installed in a 1x 12 Casse type milking
parlor. The milking machine was equipped with AVCD (Lactoflow®, Gea-
Farm Technologies®, Germany) adjacent to an electronic milk meter
(Dematron60®, Gea-Farm Technologies, Bénen, Germany) and both were
1m below the teat cups (TopFlow®, Gea-Farm Technologies, Bonen,
Germany).

Test2 was performed in the installations of the Manchega Ewe
National Herd, placed in Valdepefias (Spain), managed by AGRAMA
(National association of breeders of Manchega ewe). This farm has a
DeLaval® (Tumba, Sweden) high-line milking machine installedina2x 18
Casse type milking parlor. The milking machine was equipped with AVCD
placed in the collector associated to an electronic milk meter (mm25®,
Delaval) positioned 2.5 m above the teat cups (SG-TF100®).

2.2. Experimental design

2.2.1. Animal selection

Prior to Test1, using the morning milking, a preexperimental samp-
ling with a group of 60 ewes with the same lambing date (3545 days
postpartum) setting the AVCD with a MF of 150 g/min and a DT of 15s
was performed. In this sampling, milking duration, machine milk yield
and somatic cell count (SCC) were recorded. Moreover, animals with
asymmetries from previous pathological processes were discarded. For
SCC analysis, 50 ml samples of milk were taken and azidiol was added
to them. Samples were kept at 4°C for up to 24 h until analysis in the
dairy professional laboratory in Valencia (LICOVAL, Spain) by the fluoro-
opto-electronic method (Fossomatic 5000, Foss Electric, Sweden). Thus,
45 animals whose milking duration was lower than 4 min, machine milk
yield higher than 0.5 kg and whose mammary glands were free of clinical
mastitis and had a SCC lower than 400,000 cells/ml were selected.

These 45 ewes were distributed in 3 lots according to their par-
ity and their values of machine milk yield and milking duration (Lot
1: 5 primiparous ewes, 3 in second lambing, 3 in third lambing and
4 in fourth lambing, machine milk yield =0.79 £ 0.05 kg, milking dura-
tion=1.87+0.08 min; Lot 2: 4 primiparous ewes, 4 in second lambing, 3
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in third lambing, 3 in fourth lambing and 1 in fifth lambing, machine milk
yield=0.78 +0.05 kg, milking duration=1.90+0.08 min; Lot 3: 5 primi-
parous ewes, 4 in second lambing, 3 in third lambing, 3 in fourth lambing,
machine milk yield = 0.79 4 0.05 kg, milking duration = 1.92 £ 0.08 min).
Prior to Test2, a preexperimental sampling similarly to what was
done in Test1 with a group of 124 ewes with the same lambing date
(55+5 days postpartum) was performed. In Test2, SCC was analyzed
by the same method employed in Test1 in the dairy professional labo-
ratory of Castilla-La Mancha (LILCAM, Spain). After the preexperimental
sampling, following the same criteria of Test1, 54 ewes were selected and
divided in 3 lots (Lot 1: 4 primiparous ewes, 6 in second lambing, 4 in
third lambing, 3 in fourth lambing and 1 in fifth lambing, machine milk
yield=1.12 £0.03 kg, milking duration=2.45+0.07 min; Lot 2: 4 primi-
parous ewes, 7 in second lambing, 4 in third lambing, 2 in fourth lambing
and 1 in fifth lambing, machine milk yield = 1.12 + 0.03 kg, milking dura-
tion=2.48 £ 0.07 min; Lot 3: 4 primiparous ewes, 6 in second lambing, 4
in third lambing, 3 in fourth lambing and 1 in fifth lambing, machine milk
yield=1.10+0.03 kg, milking duration=2.36 + 0.07 min).

2.2.2. Experimental design

Test1 was composed of 4 experiments with latin square design per-
formed sequentially. In each latin square, one MF (100, 150, 200 and
250¢g/min) and 3 DT (10, 15 and 20s) were tested since these values are
the most recommended by the distributors of milking equipment (DeLaval
and Gea-Farm Technologies, personal communication). Test2 was com-
posed of two experiments with latin square design. In each latin square,
one MF (150 and 200 g/min) and 3 DT (10, 15 and 20 s) were tested.

In each Latin square, each group of animals was milked for two days
with the same combination of AVCD parameters (MF and DT). The first
day of each combination was employed to habituate the animals to the
experimental conditions and the morning milking of the second day was
employed to collect data, one record of each variable per animal per com-
bination of AVCD. In all the study, AVCD was set to not interrupt the
vacuum for a minimum milking duration of 50s.

2.2.3. Milking routine and variables analyzed

In both tests, the milking routine during the sampling days included
the following phases: (i) cluster attachment, (ii) mechanical milking
(recording machine milk yield and milking duration), (iii) cluster removal
through AVCD action and (iv) hand-stripping (recording hand-stripping
milk) in a bucket. Additionally, in Test1, the fraction of residual milk
was extracted after intravenous administration of 4IU of oxytocin
(Dalmatocina®, Fatro Ibérica, Barcelona, Spain). As in a commercial farm
would be done, cluster falls during milking were recorded and then reat-
tached. Similarly, if AVCD acted and there was a significant amount of milk
that a reattachment could extract, a double cluster attachment was real-
ized immediately and recorded. Finally, teats were immersed in iodine
solution. The same milking routine was used on non-sampling days, with
the difference that hand-stripping milk and residual milk were not taken.

Machine milk yield (kg) was the amount of milk from cluster attach-
ment to AVCD activation. It was recorded by a Lactocorder® device
(Lactocorder, Balgach, Switzerland) in Test1 and mm25® (DeLaval, Tumba,
Sweden) in Test2. Milking duration (min) was defined as the time from
cluster attachment to AVCD activation and it was recorded by a digital
timer (HS-70 W, Casio®, Japan). If a reattachment was done, milking dura-
tion included its duration also. Hand-stripping milk (kg) and residual milk
(kg) were weighed with a +1g precision digital scale (BC-200, Fagor®,
Spain).

In order to assess the relative importance of the recorded variables
in relation to total milk extracted from the animal, new variables were
calculated from the values of machine milk yield, hand-stripping milk
and residual milk. In Test1, machine milk fraction (%=machine milk
yield x 100/[machine milk yield + hand-stripping milk + residual milk]),
hand-stripping milk fraction (% =hand-stripping milk x 100/[machine
milk yield + hand-stripping milk+residual milk]) and residual milk
fraction (%=residual milk x 100/[machine milk yield +hand-stripping
milk +residual milk]) were computed. In Test2, machine milk fraction
(%=machine milkyield x 100/[machine milkyield + hand-stripping milk])
and hand-stripping milk fraction (% = hand-stripping milk x 100/[machine
milk yield + hand-stripping milk]) were computed.

Vacuum related variables were recorded on the first day of each
Latin Square in random animals. Twenty vacuum level measurements
within each of the tested combinations of AVCD were recorded using a
Pulsotest Comfort® device (GeaFarm Technologies®, Bénen, Germany).

The measurements were performed in the short milk tubes during the
DT. The variables recorded were maximum vacuum level (kPa) and
minimum vacuum level (kPa). From their values, mean vacuum drop
(maximum vacuum level — minimum vacuum level, kPa) was calculated.

2.2.4. Statistical analysis

For each test the relationship between the dependent variables (milk-
ing duration, machine milk fraction, hand-stripping milk fraction, residual
milk fraction) and the operating parameters of the AVCD (MF and DT)
was studied using a linear mixed model (Proc GLIMMIX, SAS V 9.2, 2002).
Fixed effects were MF (4 levels in Test1: 100, 150, 200 and 250 g/min; 2
levels in Test2: 150 and 200 g/min), DT (3 levels: 10, 15 and 20s), day of
sampling (3 levels: 1-3) nested to MF and the interaction between MF and
DT. Additionally, the covariable machine milk yield was considered in the
milking duration analysis. In all models the animal was considered as ran-
dom effect and a “compound symmetry” type covariance structure was
employed to consider measures repeated over time in the same animal.

To study the relation between the operating parameters of the AVCD
(MF and DT) and the variables of the milking routine, double cluster
attachment frequency and cluster falls frequency, Chi-square analysis
(Proc Freq. SAS V 9.2., 2002) was computed.

Finally, maximum vacuum level, minimum vacuum level and mean
vacuum drop were analyzed using a general linear model (Proc. GLM, SAS
V 9.2.,2002) considering MF, DT and the interaction between DT and MF
as factors.

3. Results

In Test1, the analysis revealed that machine milk yield
had effect on milking duration (F=64.28; P<0.01). MF had
effect on milking duration (F=9.12; P<0.01) but had no
effect on machine milk fraction (F=1.39; P=0.25), hand-
stripping milk fraction (F=1.58; P=0.20) and residual milk
fraction (F=2.59; P=0.06). In the same test, DT had effect
on milking duration (F=8.27; P<0.01) but not on machine
milk fraction (F=1.56; P=0.22), hand-stripping milk frac-
tion (F=1.31; P=0.28) and residual milk fraction (F=0.37;
P=0.7).Theinteraction between DT and MF had no effect on
any variable in this test (milking duration: F=0.59, P=0.74;
machine milk fraction: F=0.48, P=0.83; hand-stripping
milk fraction: F=0.18, P=0.98; residual milk fraction:
F=1.16, P=0.34). Finally, in Test1, sampling day nested to
MF had effect on milking duration (F=2.3; P=0.02) and
residual milk fraction (F=0.37; P=0.02) but not on machine
milk fraction (F=1.30; P=0.24) and hand-stripping milk
fraction (F=1.32; P=0.23).

Similar results were found in Test2, machine milk yield
had effect on milking duration (F=67.58; P<0.01) and
MF had effect on milking duration (F=15.45; P<0.01) but
not on machine milk fraction (F=2.67; P=0.11). DT had
effect on milking duration (F=9.91; P<0.01) but not on
machine milk fraction (F=2.34; P=0.1). Again, the inter-
action between DT and MF had no effect on any variable
(milking duration: F=0.21, P=0.81; machine milk fraction:
F=0.48,P=0.83).Inthis test, sampling day nested to MF had
no effect on milking duration (F=0.4; P=0.81) and machine
milk fraction (F=1.5; P=0.2). Finally, as residual milk was
not extracted in Test2, the studied effects offered the same
values of Fand Pin the results of the statistical analysis per-
formed on machine milk fraction and hand-stripping milk
fraction.

In Testl, when MF was decreased, milking duration
tended to increase (Table 1). Thus, higher values of milking
duration were found in MF 100 and 150 g/min than in MF
200 and 250 g/min. It was similarly observed that when DT
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Table 1
Effect of milk flow threshold and delay time on milking duration and milk fractioning in both tests (means =+ standard error).
Test AVCD settings Variables
MF (g/min) DT (s) MD (min) MMF (%) HSMF (%) RMF (%)
10 1.74 £ 0.08 bc 75.7 £ 2.0 ab 10.6 £ 1.2 ab 137+ 14a
100 15 1.77 + 0.08 bc 76.5 & 2.0 ab 11.1+12ab 124 + 1.4 abc
20 1.90 + 0.08 a 781 +20a 10.1 +£1.2ab 11.8 + 1.4 abc
10 1.75 £+ 0.08 bc 77.5 £ 2.0ab 109+ 1.2ab 11.6 &+ 1.4 abc
150 15 1.77 + 0.08 bc 76.4 + 2.0 ab 10.6 + 1.2 ab 13.0+ 14ab
20 1.80 + 0.08 ab 792 +20a 94 +12b 11.4 + 1.4abc
1 10 1.61 +£0.08d 76.7 £ 2.0 ab 11.8 £ 1.2ab 11.5 £ 1.4 abc
200 15 1.59 + 0.08d 76.4 £+ 2.0 ab 123+ 12a 11.3 £ 1.4 abc
20 1.74 £ 0.08 bc 78.3 & 2.0 ab 11.3+12ab 104 £ 14c
10 1.61 £ 0.08d 748 £2.0b 126 +1.2a 12.6 + 1.4 abc
250 15 1.66 + 0.08 cd 76.5 £ 2.0 ab 115+ 1.2ab 12.0 + 1.4 abc
20 1.74 £ 0.08 bc 754 +2.0b 10.8 £ 1.2ab 138+ 14a
10 2.31 £ 0.08 bc 86.4 + 1.1ab 136+ 1.1ab
150 15 2.37 £0.08 ab 85.6 + 1.1ab 144 £ 1.1ab
20 2.47 +0.08 a 875+ 1.1a 125+ 1.1b
2 10 214 +£008d 861+ 1.1ab 139+ 1.1ab
200 15 2.25 £ 0.08 cd 843+ 1.1b 157+ 1.1a
20 2.35 4 0.08 bc 85.6 + 1.1ab 144 £ 1.1ab

MF: milk flow threshold; DT: delay time; MD: milking duration; MMF: machine milk fraction; HSMF: hand-stripping milk fraction; RMF: residual milk

fraction.

In Test1, MMF, %,= MM x 100/[MM +HSM + RM], HMF, %,=HM x 100/[MM + HSM + RM], RMF, %, =RM x 100/[MM + HSM +RM].

In Test2, MMF, %,= MM x 100/[MM +HSM] and HSMF, %,=HSM x 100/[MM + HSM].

Test1: LactoFlow®-Dematron® installed in a low-line milking machine; research farm; total observations: 540; animals employed: 45.
Test2: SG®-mm25® installed in high-line milking machine; commercial farm; total observations: 324; animals employed: 54.

a, b, ¢, d: means in the same test in a column with different letters differ at P<0.05.

was increased for a particular MF, milking duration tended
to increase too, proving significant differences between
DT 10 and 20s in the MF 100 (0.16 min), 200 (0.13 min)
and 250 g/min (0.13 min). In Test2, significant differences
(0.33 min) between extreme settings (MF 150 g/min and
DT 20s vs MF 200 g/min and DT 10s) were found. Also, sig-
nificant differences between DT 10 and 20s in the same
MF were found (0.16 min in MF 150 g/min and 0.21 in MF
200 g/min). The differences between extreme settings (MF
100 g/min and DT 20 s vs MF 250 g/min and DT 10 s in test1;
MF 150g/min and DT 20s vs MF 200 g/min and DT 10s
in Test2) were similar (0.29 min~0.33 min) in both tests
(Table 1).

In Test1, significant differences (P < 0.05) were observed
in machine milk fraction between MF 100 or 150 combined
with DT 20s and MF 250 g/min combined with DT 10 or
20s (until 4.4%). However, from 200 g/min, the decrease
in MF did not involve higher values in machine milk frac-
tion. On the other hand, machine milk fraction tended to
increase when DT was increased, thus, DT 20s in MF 100,
150 and 250 g/min showed the highest values for the given
MF values. In Test2, there were no differences between dif-
ferent MF. Also, in Test 2, differences between different DT
for the same MF were not found. However, MF 150 g/min
combined with DT 20s obtained the highest values with
significant differences (3.2%) between this combination
and MF 200 g/min combined with DT 15s (Table 1).

In Test1, the average values of hand-stripping milk frac-
tion in MF 150g/min were lower (P<0.05) than in MF
200 (difference of 1.5%). It was also observed that DT
20 s offered the lowest values of hand-stripping milk frac-
tion in every single MF. Nonetheless, although significant
(P<0.05), the differences observed were low (up to 3.2%).

In Test2, the results of hand-stripping milk fraction were
complementary to the results of machine milk fraction, due
to residual milk was not extracted (Table 1).

The results of residual milk fraction in Test1l showed
that the combination of MF 200 g/min and DT 20 s offered
significant differences compared to the MF 100, 150 and
250 g/min combined respectively with DT 10, 15 and 20s.
Moreover, for a particular MF, the increase of DT oscillated
the values of hand-stripping milk fraction, increasing in
some cases and decreasing in others. Despite these results,
it was no possible to find changes in the settings of MF and
DT that could improve the results of this variable (Table 1).

The analysis of double cluster attachment and cluster
falls frequency did not show significant differences in any
test. The values of cluster falls were homogeneously dis-
tributed amongst the studied combinations. The values of
double cluster attachment in both tests were very low and
there was no relation between these values and the varia-
tion of the settings of MF and DT (Table 2).

Although maximum vacuum level showed significant
differences between different settings of AVCD, there was
no trend of variation of its values when MF or DT were mod-
ified. Besides, the differences obtained were small (0.25 kPa
inTest1 and 0.15 kPa in Test2). In both tests, minimum vac-
uum level decreased when MF and DT increased. Thus, the
minimum values of minimum vacuum level were reached
when DT 20s was combined with MF 250 and 200 in
Test1 and Test2, respectively. These results implied that the
increase in both MF and DT involved an increase in mean
vacuum drop values, thus, MF 250 g/min in Test1 and MF
200 in Test2, combined with DT 20s showed the highest
values of mean vacuum drop in their respective test (3.15
and 6.56 kPa, respectively, Table 3).



228 J. Bueso-Rédenas et al. / Small Ruminant Research 120 (2014) 224-230

Table 2
Effect of milk flow threshold (MF) and delay time (DT) on cluster fall
frequency (CFF) and double cluster attachment frequency (DCAF).

Test Variable MF (g/min) DT (s) Total P
10 15 20
100 2 4 5 11 NS
150 5 5 6 16 NS
CEF 200 4 3 6 13 NS
: 250 5 7 5 17 NS
100 0o 0 o 0 NS
150 1 1 0 NS
DCAF 200 2 0 1 3 NS
250 1 0 o 1 NS
- 150 1 5 2 8 NS
X 200 2 2 1 5 NS
150 o 1 1 2 NS
DCAF 200 0o o0 o0 0 NS

Observations in test1: 540; observations in test2: 324; NS: not significant
(P>0.05).

4. Discussion

As initially expected, the results obtained in this study
showed an increase in machine milk fraction when a
reduced MF and high DT were employed and a decrease
in milking duration when a high MF and reduced DT
were combined. Thus, in both tests, the combination of
MF 150g/min and DT 20s showed the highest values
of machine milk fraction and MF 200 g/min and DT 10s
obtained the most reduced milking duration. In Test1,
the employment of MF 100g/min did not improve the
values of machine milk fraction and hand-stripping milk
fraction but milking duration was increased, especially
when it was combined with DT 20s. In the same test,
the use of MF 250 g/min did not offer smaller values of
milking duration. Taking into account these results, the
milk flow emission during the milking of Manchega breed
ewes would decrease progressively until MF was between
200 and 150g/min, and, from these levels, descend fast,

Table 3

ceasing readily. Therefore, the employment of MF lower
than 150g/min did not obtain a better emptying of the
mammary gland.

The results of this study would be similar to those
observed in dairy cows by Magliaro and Kensinger (2005),
Jago et al. (2010) and Edwards et al. (2013): there is
an optimal range from which the employment of lower
MF does not improve the quantity of milk extracted and
increases the values of milking duration. To surpass this
point, besides increasing milking duration, increases the
risk of realize overmilking, affecting the teat end status
and, in consequence, the health status of the mammary
gland. Thus, in Manchega breed ewes, the best setting to
obtain the higher quantity of milk employing an optimal
milking duration would be between MF 200 and 150 g/min.
Subsequently, within this range, the employment of MF
200 g/min combined with short DT would reduce milking
duration and the employment of MF 150 g/min combined
with high DT would improve the milk fractioning. These
two strategies must be valued by the breeder, compar-
ing the cost of the time employed and the cost of the
non-extracted milk, taking into account that the price
of ewe milk is higher than the milk of other species,
and even higher if this milk is destined to the manu-
facture of cheese classified as protected designation of
origin.

In the present study, the milking duration of each group
of animals was not recorded but the differences in individ-
ual milking duration obtained (maximum of 0.31 min per
animal) suggest that it could be possible to find differences
in the milking duration of the entire herd depending on the
different AVCD combinations studied as Reid and Stewart
(1997) described in dairy cows.

Itis remarkable that the differences observed in milking
duration depending of the different AVCD settings studied
in Test2 are higher than those observed in Test1. Although
there were a lot of differences between both tests, this
fact could be explained, firstly, because of the higher pro-
duction level of the animals employed in Test2 that could

Effect of milk flow threshold (MF) and delay time (DT) on maximum vacuum level (MAXVL), minimum vacuum level (MINVL) and their difference (mean

vacuum drop, MVD) (means =+ standard error).

Test MF (g/min) DT (s) MAXVL (kPa) MINVL (kPa) MVD (kPa) Observations
10 37.82 £ 0.06 abc 3715+ 03a 0.67 £03a 20
100 15 37.71 £ 0.06 a 3694 +0.3a 0.77 £ 03a 20
20 37.8 £ 0.06 abc 37.06 £ 0.3 a 0.74 £ 03 a 20
10 37.79 £+ 0.06 ab 36.38 + 0.3 ab 1.40 £ 0.3 ab 20
150 15 37.87 £ 0.06 abc 36.46 £ 0.3a 141 £ 03 ab 20
20 37.72 +£ 0.06 a 35.92 4+ 0.3 bc 1.8 +£ 0.3 bc 20
1 10 37.96 + 0.06 ¢ 35.83 £ 0.3 bed 2.12 £ 0.3 bed 20
200 15 37.85 £ 0.06 abc 35.42 + 0.3 cde 242 £ 0.3 cde 20
20 37.95 + 0.06 bc 35.55 + 0.3 cdef 2.56 + 0.3 de 20
10 37.8 £ 0.06 abc 35.20 &+ 0.3 cde 2.6 £ 0.3de 20
250 15 37.82 + 0.06 abc 34.68 £ 0.3f 3.14 £ 0.3 de 20
20 37.83 + 0.06 abc 34.68 £ 0.3 f 3.15+03e 20
10 39.79 £+ 0.05 ab 3438 £ 03a 541 £031a 20
150 15 39.87 £ 0.05b 3446 £ 03a 541 +£031a 20
20 39.72 £ 0.05a 33.92 +£ 0.3ab 5.8 +£0.31ab 20
2 10 39.96 + 0.05 b 33.83 £ 0.3ab 6.12 £ 031 ab 20
200 15 39.85 + 0.05 ab 3342 +03b 6.42 £031b 20
20 39.95+0.05b 3338+ 0.3b 6.56 + 0.31b 20

a, b, ¢, d, e: means in the same column with different letters differ at P<0.05.
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increase the differences between different combinations of
MF and DT. This situation has been described by Magliaro
and Kensinger (2005) when comparing their results with
other studies in dairy cows. Secondly, the experimental
conditions in Test2 (electronic milk meter placed 2.5m
above the teat cups) made it detect the decrease in milk
flow later than in Test1 (electronic milk meter placed 1 m
below the teat cups). In consequence, the AVCD in Test2
could interrupt the vacuum when the milk flow has greatly
decreased at the level of the teat cups. This difference would
confirm what had been suggested by Rasmussen (2004)
regarding the importance of the distance between the teat
cups and the milk meter to interrupt the vacuum at the
optimal moment.

Contrary to what was observed by Bueso-Rdodenas et al.
(2012), in both tests, DT 20 s for a single MF showed lower
values of hand-stripping milk fraction than DT 10s. Thus,
the means of hand-stripping milk fraction ranged from 9.4
to 12.5%, similar values to those obtained in other stud-
ies made in Manchega ewes (8-11%, Villagra et al., 2007).
As it has been described in Sarda, Lacaune (Labussiére,
1988) and Dorset Horn (Knight and Gosling, 1995) ewes,
it is possible that the employment of simple routines,
avoiding machine stripping, could obtain optimal values
of hand-stripping milk fraction compared with routines
that include manipulation of the mammary gland at the
end of the milking. Additionally, there was a low frequency
of double cluster attachment and differences in this vari-
able between the studied combinations were non-existing.
This last fact suggests that, in opinion of the operators at
the studied levels in both tests, the employment of AVCDs
obtains a good emptying of the mammary gland. This good
extraction of the milk, would avoid the accumulation of
milk in the mammary gland that could inhibit its synthesis
(Peaker, 1980; Stelwagen et al., 1994; Wilde et al., 1995)
affecting the yield of the entire cycle of lactation (Wilde
and Knight, 1990). Nevertheless, to confirm this hypoth-
esis, an experiment during an entire lactation should be
done.

The variation of MF and DT had no effect on cluster falls
frequency in any test. The results of this variable in Test2
(1.5%), according other works realized in Manchega ewes
(Peris et al., 2003), were satisfactory. However, there was
a high frequency of cluster falls in Test1 (10.5%).

As described in previous studies (Diaz et al., 2004;
Manzur et al., 2012) the milking machines with high-
line pipes show higher values of the mean vacuum drop.
Thus, the highest values of mean vacuum drop observed
in Test2 were due to the performance of the milking
machine. Longer measurement time may produce higher
vacuum level falls, hence, in both tests, the increase of DT
corresponded with an increase in mean vacuum drop. Addi-
tionally, the use of higher MF showed higher values of mean
vacuum drop. This can be explained due to a persisting
milk flow in the short tubes in these MF that can disturb
the correct arrival of the vacuum to the teat cups. Anyway,
the small differences found between the different combi-
nations of MF and DT in the same test do not suggest that
the settings of the AVCD could increase the risk of intra-
mammary infections (Billon et al., 1998), although further
studies are needed to confirm it.

5. Conclusions

According to these results, regarding Dematron®-
Lactoflow® installed in low-line milking machine, it
is appreciable that the employment of MF 100g/min
increased milking duration without improving the milk
fractioning and the employment of MF 250 g/min did not
reduce milking duration and showed worse results of milk
fractioning. The minimum differences between MF 150 and
200 g/min showed in Test1 suggest that the optimal setting
of this AVCD would be found at these levels. On the other
hand, regarding SG®-mm25® installed in high-line milk-
ing machine, two strategies could be considered: a MF of
150 g/min combined with a high DT to extract the maxi-
mum amount of milk or to use a MF of 200 g/min combined
with a short DT to optimize the time employed.

Further studies are needed to study how AVCDs affect
the milking duration of the total herd, production and com-
position of the milk and the sanitary status of the mammary
gland of Manchega breed ewes.
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ABSTRACT

Automation of milking installations, in addition to reduction of working times,
allows a higher control of the mammary gland sanitary status, increasing available
information and farm profitability. One of the most recently developed advances in
small ruminants machine milking is the implementation of automatic cluster removers
(ACRs). The aim of this study was to discover the effect on the milking of Murciano-
Granadina goats over an entire lactation period by using this type of devices, set up with
two different combinations of milk flow threshold (MF) and delay time (DT), and
comparing them with the traditional method using manual cluster removal. During a 15
day pre-experimental period, the animals were milked without ACRs and sampling was
performed to select 96 goats and distribute them into 3 groups of similar characteristics
according to their parity, milk yield, milking duration and mammary gland sanitary
status. Later, each group was milked for a duration of 7 months in 3 different
conditions: one with manual cluster removal, the second setting the ACRs at MF 100
g/min and DT 10 s, and the third setting the ACRs at MF 150 g/min and DT 10 s.
Samplings of milking fractioning, milking duration, milk composition, sanitary status of
the mammary gland, teat-end status and vacuum level in the short milk tubes during
milking were performed. It was noted that the use of ACR set at MF 100 or 150 g/min
and DT 10 s did not affect the results of milking fractioning and individual milking
duration of the animals. Although there were no differences in the sanitary status of the
mammary gland and milk composition, the milking with manual cluster removal caused
a higher teat-end oedema and increased the mean vacuum drops. It was concluded that
the implementation of ACR and its use with the given MF and DT was as effective as

milking with cluster removal performed by an experienced milker. Furthermore, with
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cluster removal being automatic, the conditions of the workers would be improved,
keeping up the sanitary status of the animals and the income from milk quantity and
quality, so the ACRs could be installed in the milking parlours, substituting the manual
cluster removal.

Keywords: automatic cluster removers, Murciano-Granadina goat, milking fractioning,

milking duration.

INTRODUCTION

Current milking operations, including animal handling, proper milking labour
and installation cleaning, represent the foremost part of the work in a dairy farm
(Edwards et al., 2013). For this reason, automated installation is a choice on the rise
because it not only reduces working times, but also allows closer monitoring of animal
health and productive status, increasing the useful information available for farm
management (Jago et al., 2010). One of the most recent breakthroughs in small
ruminant milking machines is the implementation of automatic cluster removers
(ACRs). ACRs have been defined as devices that stop the vacuum in the milking unit,
removing it according to milk flow or time (ISO Standard 3918, 2006).

The effect of ACRs in the milking of dairy cows has been widely studied. Thus,
it has been found that the use of MF (milk flow threshold) from 400 to 600 g/min
optimises the relation between milking duration and milk yield, reducing the effects of
machine milking on teat-end status and maintaining adequate sanitary status of the
mammary gland and milk composition (Sagi, 1978; Magliaro and Kensinger, 2005;
Jago et al., 2010). However, it is remarkable that there are no studies in dairy cows that

combined a fixed MF with different DTs (delay time). Edwards et al. (2013) concluded
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that the use of ACR set at MF 800 g/min, combined with milking routines without
stimulation of the mammary gland prior to milking, reduces the time that the animals
spend in the milking parlour. In this sense, the generalised reduction of the milking
duration of each animal would thus allow a reduction of the total time needed to milk
the entire herd (Reid and Stewart, 1997) and an increase in the number of animals
milked per hour (Edwards et al., 2012). Despite this fact, Stewart et al. (2002) pointed
out that the time that the animals remain in a CASSE type milking parlour is always
conditioned by the presence of animals that show the highest individual milking
duration.

Studies regarding the effect of automatic vacuum cutting devices (AVCDs,
component of the ACR) in the milking of small ruminants are scarce. In Manchega
ewes, Bueso-Rdodenas et al. (2014a) carried out a study with different MFs (100, 150,
200 and 250 g/min) and DTs (10, 15 and 20 s) in two different AVCDs. The main
conclusions were that the optimal combination of MF and DT for the milking of
Manchega ewes is located between 150 g/min and 20 s and 200 g/min and 10 s, with a
balance existing between both combinations between milk yield and milking duration.
In dairy goats, Tangorra et al. (2010) carried out a long lasting experiment in Alpine
goats, comparing traditional milking using manual cluster removal and the use of a
device that combined an AVCD set up with MF 70 g/min and DT 10 s and a system that
stabilised the milking unit. In this experiment, it was observed that the goats milked
with the device cited showed higher milk yield values, although other important
variables for the profitability of the farms, such as the sanitary status of the mammary
gland or the composition of the milk, were not studied. In a short-term experiment
carried out by this research group (Bueso-Rddenas et al., 2014b) with different MFs

(100, 150, 200, and 250 g/min) and DTs (10, 15, and 20 s), it was concluded that the
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optimal settings for the AVCDs in the milking of Murciano-Granadina goats was the
combination of MF between 100 and 150 g/min and DT 10 s. The use of higher MFs
required the execution of a second cluster attachment more frequently to achieve
optimum emptying of the mammary gland, and, consequently, increasing milking
duration. On the other hand, milking duration and mean vacuum drop increased when
DT was higher than 10 s in a single MF, but milking fractioning was not improved.

The aim of this study was to assess the effect of the AVCDs on the milking of
Murciano-Granadina goats over one lactation with regard to milk yield and fractioning,
milking duration (individual and per groups of animals), milk composition, sanitary
status of the mammary gland, vacuum level in the short milk tubes and teat-end status,
comparing the parameters that obtained the best results in the previous short-term
experiment (Bueso-Rddenas et al., 2014b: MF 100 and 150 g/min and DT 10 s) with

conventional milking (manual cluster removal).

MATERIALS AND METHODS

Facilities and Animal Handling

The study was conducted at the teaching and research farm of the Escuela
Politécnica Superior de Orihuela (Universidad Miguel Hernandez, Spain). During the
study, Murciano-Granadina goats were fed twice a day with the same ration (mixture of
cereal grains and alfalfa hay).Water was offered ad libitum. Milking was done once a
day, as routinely in this breed in Southeast Spain, at 0900 a.m. This farm has a Gea-
Farm Technologies® (Bonen, Germany) low-line milking machine installed in a 1x 12
x 12 Casse type milking parlour. The milking machine was equipped with AVCD

(Lactoflow®) adjacent to an electronic milk meter (Dematron60®, Gea-Farm
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Technologies, Bonen, Germany). Both were connected to the teat-cups (TopFlow®)
through a 1 m long milk tube. The milking parameters used were vacuum level of 40

kPa, 90 pulsations/min and a pulsation ratio of 60%.

Experimental Design

Pre-experimental period. A pre-experimental period of 15 days was included in
order to select the animals that would be included in the study and to determine the
initial conditions of such animals. A first sampling was done in a group of 140 goats
with similar parturition date (4 +1 postpartum weeks) in which milking fractioning,
milking duration and sanitary status of the mammary gland were recorded. From the
results, 96 goats with milk yield higher than 0.75 kg, milking duration less than 7 min
and free of clinical mastitis were selected. The selected animals were distributed into 3
groups of 32 animals according to parity, milk yield, mammary gland health status and
milking duration.

During the pre-experimental period, all the animals were milked without the use
of AVCDs and the milking units were removed manually, based on the judgment of an
experienced milker. In this period, 5 samplings were done in 5 different non-
consecutive days. The samplings included (i) sanitary status of the mammary gland; (ii)
efficiency of milking (milking duration and milking fractioning); (iii) teat-end status;
(iv) vacuum drops during milking; and (v) milking duration of each row of animals.

Experimental period. The experimental period lasted 7 months, during which
each group of animals was milked according to milking conditions that were assigned at
the beginning of this period. Three different treatments were tested; one of them was
employed as a control (TC: conventional milking without AVCDs) and the other two to

assess two AVCD settings: MF 100 g/min and DT 10 s (T100) and MF 150 g/min and
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DT 10 s (T150). Every month, 5 samplings were carried out, similar to what was
performed in the pre-experimental period. Samplings were performed on 5 different
non-consecutive days. In the case of the teat-end status, due to technical matters only 6
samplings were done.

The milking routine in TC included cluster attachment, machine milking,
machine stripping and manual cluster removal at the end of the milking. Finally, teats
were immersed in an iodine solution. In TC, the milker could act during the milking to
reattach the cluster in the case of falloff or to perform the machine stripping. The
milking routine followed in T100 and T150 was similar to TC, with the exception that
the cluster removal was performed by AVCDs activation and machine stripping was not
carried out. Additionally, in both groups of goats the milker could only act if the cluster
fell off or to reattach the clusters if the AVCD functioned and there was a significant
amount of milk that a reattachment could extract. In T100 and T150, AVCD was set to

not interrupt the vacuum for a minimum milking duration of 50 s.

Variables Analysed

Sanitary status of the mammary gland. The mammary gland health status was
evaluated through bacteriological analysis and SCC of each mammary gland using milk
samples obtained before milking. For bacteriological analysis, foremilk was discarded,
the teats were cleaned with 70% alcohol and 5 mL samples of milk from each gland
were taken. For SCC analysis, 50 mL samples of milk were taken and azidiol was added
to them. Samples were kept at 4°C for up to 4 h until bacteriological analysis.
Bacteriological analysis was performed by seeding 20 puL of milk in blood agar plates
(5% sheep blood, Biomerieux, Lyon, France). The plates were incubated aerobically at

37 °C and examined at 24, 48, and 72 h. Microbiological cultures showing 5 or more
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identical colonies were considered positive. The SCC (x 10° cells/mL) was analysed in
the interprofessional dairy laboratory in Valencia (LICOVAL, Spain) by the fluoro-
opto-electronic method (Fossomatic 5000, Foss, Hillergd, Denmark).

Classification of the sanitary status of the mammary glands followed the system
of Diaz et al. (2011). It was determined that a gland showed intramammary infection
when the bacteriological analysis was positive. When the bacteriological analysis was
negative but the SCC exceeded 1,000,000 cells/mL, it was considered unspecific
mastitis. If the bacteriological analysis was negative and the SCC exceeded 1,000,000
cells/mL in both mammary glands from only one sampling, and returned to normal
values in the following sampling, it was considered not to be due to pathological causes
and was classified as free of mastitis. Finally, animals were classified as mastitis-free
when both mammary glands had this condition.

Efficiency of milking (milking fractioning and milking duration) and milk
composition. The milking routine during the sampling day included the following
phases: cluster attachment, machine milking (recording milked milk and milking
duration), cluster removal through AVCD or milker, including machine stripping,
depending on the treatment, hand-stripping (recording hand-stripping milk) and manual
extraction of residual milk after intravenous administration of 4 IU of oxytocin
(Dalmatocina®, Fatrolbérica, Barcelona, Spain). Cluster falls during milking (due to
kicks or slips) were recorded and then reattached. Similarly, if AVCD acted and there
was milk in the mammary gland, the cluster was reattached, registering a double cluster
attachment. Finally, teats were immersed in an iodine solution.

The variables related to milking fractioning were as follows: (i) milked milk
(kg), was the amount of milk since cluster attachment to AVCD activation (in the case

of T100 and T150, including a possible double cluster attachment) or to manual cluster
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removal (in the case of TC). It was recorded by a Lactocorder® device (Lactocorder,
Balgach, Switzerland), which was connected between the long milk tube and the
AVCD; (ii) hand-stripping milk (kg), was the amount of milk extracted by hand when
the machine milking was finished; (iii) residual milk (g), was the amount of milk
extracted by hand after intravenous administration of 4 IU of oxytocin (Dalmatocina®,
Fatrolbérica, Barcelona, Spain). Hand-stripping milk and residual milk were weighed
with a £ 1 g precision digital scale (BC-200, Fagor®, Spain); (iv) total milk produced
(kg) was the result of the sum of milked milk, hand-stripping milk and residual milk.

Individual milking duration (min) was the time from cluster attachment to the
moment machine milking was finished: due to AVCD activation (in the case of T100
and T150, including a possible double cluster attachment) or to manual cluster removal
(in the case of TC). The milking duration of a row (min) lasted from the cluster
attachment of the animal that was milked by the first milking unit to the last cluster
removal of the row. Both variables were recorded by a digital timer (HS-70W, Casio®,
Japan).

Milk composition included its content in fat, protein, lactose and dry matter,
expressed in % of wet matter. Lactocorder® devices were set to obtain 50 mL of milk
from the milking of each animal. On the same day these samples were analysed by a
MilkoScan® device (Foss, Hillerad, Denmark).

Teat-end status. To study the teat-end status of the goats, a portable ultrasound
device (Agroscan® AL, ECM, Noveko International Inc., Angouléme, France) was
used. Ultrasound scans of the right teat of each animal were performed before and after
milking with a linear probe at 5 MHz frequency and 8 cm depth, according to the
methodology of Diaz et al. (2013a). The sonographic images obtained were recorded

and digitally scanned with Real DVD Studio Gold® software (NPG Technology,
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Spain). Later, video editor software (Ulead Video Studio®, Corel, Canada) was used to
take a frame of the sagittal plane of the teat-end at the level of the teat sphincter.
Finally, another software (Ecopez6n®, Universidad Miguel Hernandez de Elche, Spain)
was used to measure the following variables: (a) teat wall thickness (TWT): 2 lines were
traced along the middle axis of the two teat walls and at 1cm a line was drawn
perpendicular to it, measuring the width (cm) of each wall (upper and lower) to obtain
the mean value of both measurements; (b) teat thickness (TT, cm): distance between
both sides of the teat in a section at the level of the inner of the teat canal;(c) teat wall
area (TWA, cm?): area covering both walls (upper and lower) to a distance of 1cm from
the teat end, including the teat end area; (d) teat end area (TEWA, cm?): area from the
inner to the outer end of the teat canal. (e) teat canal length (TCL, cm): distance from
the inside to the outside of the teat canal. From the values recorded in the scans before
the cluster attachment and after their removal, the percentage increase of each variable

was computed according to the following mathematical formula:

Increase % = [(Value after milking— Value before milking)/ Value after milking)] x 100

Increase in teat wall thickness (ITWT, %), Increase in teat thickness (ITT, %), Increase
in teat wall area (ITWA, %), Increase in teat end area (ITEWA, %) and Increase in teat
canal length (ITCL, %).

Vacuum level variables. The variables related to the variation of vacuum level
were recorded using Pulsotest Comfort® device (GeaFarm Technologies®, Bonen,
Germany). Every month, twenty vacuum level measurements within each of the groups
were recorded. The measurements were performed in the short milk tubes including the

DT in T100 and T150, and the machine stripping in TC. The variables recorded were

10



236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

maximum vacuum level (kPa) and minimum vacuum level (kPa). From their values,
mean vacuum drop (maximum vacuum level - minimum vacuum level, kPa) was

calculated.

Statistical analysis

Variable SCC was transformed (LSCC = logip SCC) to achieve normality of
distribution (Ali and Shook, 1980). In addition, the milkings were classified according
to their duration, marking those where individual milking duration was higher than 3.5
min.

To determine the initial characteristics of the three groups of animals included in
the experiment, a general linear model (Proc GLM, SAS 9.2., 2012) was applied to the
values of the pre-experimental period of the dependent variables related to (i) efficacy
of milking (individual milking duration, milking duration of each row, machine milk,
hand-stripping milk and residual milk), (ii) milk composition (Fat, Protein, Lactose, Dry
Matter) and (iii) teat-end status (ITWT, ITT, ITWA, ITEWA and ITCL) considering
each group of animals (1, 2, 3) as a factor.

To study the association between the treatments utilised (TC: manual cluster
removal; T100: MF 100 g/min and DT 10 s; T150: MF 150 g/min and DT 10 s) and the
dependent variables related to (i) efficacy of milking (individual milking duration,
milked milk, hand-stripping milk and residual milk), (ii) milk composition (fat, protein,
lactose and dry matter) and (iii) teat-end status (ITWT, ITT, ITWA, ITEWA and ITCL)
a linear mixed model (Proc GLIMMIX, SAS 9.2., 2012) was used. Fixed effects
included: treatment (3 levels: TC, T100 and T150), month of lactation (7 levels: 1-7)
and their respective pre-experimental covariables (values of each variable recorded in

the pre-experimental period).The covariable milked milk in each sampling was
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considered in the milking duration analysis. In all models, the animal was considered as
a random term and a "compound symmetry" covariance structure was used to consider
repeated measures over time in the same animal. The model using this hierarchical
structure provided the best fit for the data when compared to different models
considering other covariance and hierarchical structures (as assessed using Bayesian and
Akaike information criteria). In addition, the effect of double cluster attachment in the
milking duration of T100 and T150 was studied. With this objective, a linear mixed
model (Proc GLIMMIX, SAS 9.2., 2012) was used. Fixed effects were the double
cluster attachment (2 levels: yes or not) the treatment (3 levels: TC, T100 and T150),
lactation month (7 levels: 1-7) and the values of individual milking duration recorded in
the pre-experimental period. In all cases, the effects of sanitary status of the mammary
gland, parity and the interaction between treatment and month of lactation were not
included in the model, as they were not significant.

To study the association of the treatment (TC, T100 and T150) with the number
of new cases of mastitis, the double cluster attachment frequency, cluster fall frequency
and frequency of milkings where individual milking duration was higher than 3.5 min,
Chi - square analyses (Proc Freg. SAS 9.2., 2012) were computed.

Finally, a general linear model (Proc GLM, SAS 9.2., 2012) was used to study
the association of the treatment (TC, T100 and T150) with the milking duration of a
row, the maximum vacuum level, the minimum vacuum level and the mean vacuum

drop, considering the month of lactation and each treatment as factors.

RESULTS
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Analysis of the values from the pre-experimental period of the dependent
variables related to efficacy of milking (individual milking duration, row milking
duration, machine milk, hand-stripping milk and residual milk), milk composition (fat,
protein, lactose and dry matter) and teat-end status (ITWT, ITT, ITWA, ITEWA and
ITCL) showed that, initially, there were no significant differences between the three

groups studied in the experiment.

Milking efficiency and milk composition

The treatment had no effect on the variables regarding milking fractioning,
excluding residual milk (P < 0.01, Table 1). Despite this, the differences found in the
values of the means of residual milk between TC and T100, although significant, were
not outstanding (44 g), with no differences between T150 and the other two treatments
(Table 2).

Similar to what was observed in the variables related to milking fractioning, the
treatment had no effect on the individual milking duration. In the analysis carried out
(only considering T100 and T150) to determine the effect of the double cluster
attachment on the individual milking duration, it was observed that this second
attachment had a significant effect (P = 23.38; P= 0.01) and increased the individual
milking duration by 0.39 min.

The milking duration of each row was affected by the treatment applied (F =
227.32; P < 0.01). Thus, significantly higher values (P < 0.01) were found in T150 than
in TC and T100 (differences of 1.44 and 1.49 min respectively, Table 2). This result
was related to a higher frequency of individual milkings which duration was higher than
3.5 min in T150 (29.1%) than in TC (19.6%) and T100 (17.4%), when the results of the

entire lactation were considered (Table 2).
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Regarding the variables related to the milking routine, the treatment did not have
a significant effect on the frequency of cluster falls, so its values were similar in the
three groups of animals throughout the experimental period (TC = 13.8%, T100 = 15.2
% and T150 = 14.7 %). Similarly, the treatment was not significant in the analysis of the
frequency of double cluster attachment (6.7% and 6.6% in T100 and T150,
respectively).

The variables related to the milk composition, fat, protein and lactose were not
affected by the treatment (Table 1). Scant differences were found (0.5%) in the means
comparison of dry matter, with T150 obtaining lower values (P < 0.05) than the other

two treatments, but no differences were obtained between TC and T100 (Table 2).

Sanitary status, teat-end status and vacuum levels during milking

The SCC variable was not affected by the treatment and remained in reduced
values in the three groups of animals throughout the experimental period. Moreover, the
number of new cases of mastitis during lactation was low (4 animals in TC, 5 animals in
T100 and 1 animal in T150) and it was not related with the treatment applied (F = 7.27;
P =0.84, Table 3).

The increments of areas and thicknesses after the machine milking (ITWT, ITT,
ITWA, ITEWA and ITCL) were affected by the treatment used, their pre-experimental
values and the month of lactation (P<0.01, Table 1). Thus, the average values of the
variables ITWA, ITCL and ITT of TC were significantly higher than the other two
treatments (T100 and T150). Also, TC again showed values of IWT and ITEWA
significantly higher than those of T150. Finally, in all the variables related to the teat-

end status, T100 showed no significantly higher values than T150 (Table 3).
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Variables related to the vacuum level in the milk short tubes were affected by
the treatment used (P < 0.05). TC showed values of vacuum level drop significant
higher (P < 0.01) than T100 and T150 (differences of 5.28 and 5.6 kPa respectively,
Table 3), with no significant differences between T100 and T150. As the differences
observed in maximum vacuum level were very small, the differences found in the
values of vacuum drop during milking were due to lower values of the minimum
vacuum level observed in TC, with significant differences (P < 0.01) between this
treatment and those where AVCD was used (differences of 5.85 and 5.66 kPa with

T150 and T100, respectively, Table 3).

DISCUSSION

The results of the variables related to milking fractioning obtained in this
experiment were similar to those observed in other similar experiments carried out in
Murciano-Granadina goats by this research group (Diaz et al., 2013b).

The use of AVCDs did not involve remarkable differences compared to milking
with manual cluster removal. In this sense, a milking routine that included machine-
stripping did not increase the milked milk values or reduce those of hand-stripping milk,
obtaining a similar level of emptying of the mammary gland after the milking in all the
treatments applied. This similar level of emptying maintained the values of the total
milk produced by the animals, avoiding the inhibition of milk synthesis throughout
lactation that has been described in other works due to the non extraction of a part of the
milk contained in the mammary glands (Wilde and Knight, 1990; Salama et al., 2003).
This absence of differences in the values of the milking fractioning does not agree with

the results obtained by Tangorra et al. (2010). In this study, the group of goats milked
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with AVCDs reached significantly higher average milk yield (1.82 kg/d vs 1.68 kg/d)
and also greater persistence of milk production during lactation than the group milked
without AVCDs. The results were attributed to the use of a vertical stabiliser of the
milking unit in the group of animals milked with AVCDs which, in the opinion of the
authors, could have a beneficial effect on some variables not studied, such as teat-end
status and sanitary status of the mammary gland.

Regarding milking routine, the frequency of cluster falls was similar in all the
treatments studied, so the use of AVCDs set up with the selected parameters (MF 100
and 150 g/min and DT 10 s) did not involve any disadvantage compared to manual
cluster removal. In the case of the frequency of double cluster attachment, when
AVCDs were used, reduced values of this variable were found, showing similar results
to what was observed in the short-term experiment carried out by the research group
(Bueso-Rddenas et al., 2014b). In the cited study, it was concluded that these MFs were
optimal due to the lowest frequency of double cluster attachment shown compared to
the other MFs studied (200 and 250 g/min). This fact entailed a decrease in the
individual milking duration without involving a decrease in machine milk fraction,
which is confirmed in the present long-term experiment.

The values of individual milking duration were similar in all the treatments
applied; thus, the milking with AVCDs did not reduce the individual milking duration.
This fact does not agree with what was described by Tangorra et al. (2007) in milking
parlours with a higher number of milking units. Although further studies would be
needed to confirm this hypothesis, it is notable that with the use of larger milking
parlours than those used in this study (1 X 12 X 12), as described by Tangorra et al.
(2007), milking without AVCDs would require a greater number of milkers to remove

the clusters at the end of the milking of each animal. This situation would not happen if
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AVCDs were implemented in the milking parlour, as the cluster removal would be
automated, thus achieving a higher milking parlour performance (number of animals
milked per hour per milker). Following this hypothesis, the larger the milking parlour,
the more obvious the advantages of using AVCDs compared to manual cluster removal
would be.

The milking duration of a row was significantly higher in T150 than in the other
two treatments, due to the higher frequency of individual milkings whose duration was
greater than 3.5 min. Thus, the higher probability in the case of T150 that these animals
were distributed in different rows caused the increase in the duration of the milking of a
row. This situation was described by Stewart et al. (2002) who pointed out that the
duration of the milking of a row depends on the milking duration of the slowest
animals.

Due to the non-existing differences in the results of milking fractioning,
individual milking duration and the variables related to the milking routine (cluster
double attachments and cluster falls), it can be asserted that cluster removal by AVCDs
was equally effective as manual removal performed by an experienced milker.

The absence of significant effects of the treatment on the milk composition
agrees with the results observed in dairy cows (Rasmussen, 1993; Jago et al., 2010). So,
again, the utilisation of AVCDs did not involve differences regarding the conventional
milking with manual cluster removal. Thus, the milk composition values of the three
groups of animals varied similarly and according to the typical pattern of goat lactation,
showing increasing values as the lactation advanced and the milk production decreased,
which assumed the concentration of the components (Goetsch et al., 2011).

The mechanical milking can produce alterations in the teat end, oedema in the

short term and hyperkeratosis in the long term, and these changes are related to the
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establishment of new intramammary infections (Hamann et al., 1994). Ultrasound scans
have been used previously to evaluate overmilking and changes in the teat end
(Alejandro et al., 2014). In this study, the results of the variables related to the teat end
status ITWT, ITWA and ITEWA were similar to those observed by Diaz et al. (2013a)
following the same method in similar milking conditions (vacuum level of 40 kPa, 90
pulsations/min and a pulsation ratio of 60%). The most remarkable results were the
significantly higher values of ITT, ITWA and ITCL observed in goats milked with
manual cluster removal, which points to an increased level of congestion compared to
goats milked with AVCDs. Despite this fact, the absence of differences between the
three treatments regarding these variables before the milking denotes a similar recovery
of the teat-end status during the time between two milkings.

Several ways of transmission of pathogen agents between animals, such as
reverse flow, impacts or reverse pressure gradients, are related to the changes in vacuum
level in the short milk tubes during milking (Rasmussen et al., 1994; Billon et al.,
1998). In this study, the mean vacuum drops in T100 and T150 were similar to those
previously observed by this research group with the same combination of MF and DT
(1.49 + 0.25 and 1.65 £ 0.25 kPa respectively, Bueso-Rddenas et al., 2014b). Milking
with manual cluster removal offered higher values of mean vacuum drop than the
milking with AVCDs, which was due to the increase of milk flow (Le Du, 1977;
Ambord and Bruckmaier, 2010) and the air inlets that are observed during the handling
of the udder in the machine stripping phase.

Despite the results of the teat-end status and the mean vacuum drops during the
milking without AVCDs, the three tested treatments provided similar results for the
variables related to the mammary gland sanitary status, both the SCC and the number of

new cases of mastitis. This absence of differences correlates with the results of milking

18



434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

fractioning. Because the mammary gland status was similar, the synthesis and secretion
of milk was not differently affected, so the three groups of animals showed similar
results for total milk produced throughout lactation. At any rate, given the results
pertaining to the variables related with teat-end status, the benefits of milking with
AVCDs to the sanitary status of the mammary gland must not be ignored. In this sense,
it is remarkable that in the case of animals that are milked more frequently, such as
cows, ewes or other goat breeds, the risks derived from milking animals whose teat-
ends are not recovered are higher (Hamann and @steras, 1994; Neijenhuis et al., 2001).
Regarding mean vacuum drops observed in TC, although they were higher than those
found in T100 and T150, they were relatively reduced (7.69 + 066 kPa), similar (3.5-
12.4 kPa) to what was observed by Manzur et al. (2012) in Murciano-Granadina goats,
who also found no differences in the mammary gland sanitary status. Several studies
(Mein et al., 1986, Hamann et al., 1994) remark that to alter the defence mechanisms of
the teat-end and, therefore, the sanitary status of the mammary gland of the animals
(Zecconi et al., 1992; Peris et al., 2003) it is necessary to combine the vacuum drops
with pulsation failures, deteriorated liners, rough stripping and cluster removal without
previous interruption of the vacuum, conditions that were never practiced in this study.
Finally, considering the risks for the teat-end status and mammary gland health (Mein et
al., 1986, Hamann et al., 1994), it is remarkable that as the milking conditions are more
likely to produce overmilking and vacuum drops (non-qualified milkers or an excessive
relation between the number of animals being milked and the number of milkers), the
use of AVCDs has more advantages compared to conventional milking with manual

cluster removal.

CONCLUSIONS
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The use of AVCDs showed similar values of the variables related to milking
fractioning, milking routine and the individual milking duration when compared to
milking with manual cluster removal. In addition, it significantly reduced the effects of
the machine milking on the teat-end status and the vacuum drops during milking,
maintaining both the sanitary status of the mammary gland and the milk composition.
Therefore, the implementation of AVCDs and their use with the MFs and DT studied
was as effective as the milking with cluster removal done by an experienced milker.
These devices could be installed in milking parlours, substituting the manual cluster
removal, improving the conditions of the workers, preserving the sanitary status of the
animals and maintaining the income from milk quantity and quality. Finally, although
further studies are needed to confirm this hypothesis, the larger the milking parlour, the
more obvious the advantages of the implementation of AVCDs compared to the manual

cluster removal would be.
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Table

Table 1. Results of the statistical analysis (F-value and P-value) of the studied effects
on milking fractioning, milking duration, LSCC, teat end status and milk composition.

Variable Treatment Month VO
F P F P F P

MM 1.51 0.22 54.17 <0.01 168.40 <0.01
HSM 1.53 0.22 6.33 <0.01 16.96 <0.01
RM 5.81 <0.01 10.10 <0.01 53.66 <0.01
™ 1.47 0.33 36.21 <0.01 142.23 <0.01
MD 0.72 0.89 3.42 <0.01 91.34 <0.01
LSCC 0.01 0.98 2.15 0.04 136.33 <0.01
ITWT 6.62 <0.01 10.25 <0.01 33.84 <0.01
ITWA 6.37 <0.01 10.18 <0.01 30.65 <0.01
ITEWA 8.17 <0.01 11.85 <0.01 45.76 <0.01
ITT 6.72 <0.01 20.38 <0.01 55.20 <0.01
ITCL 8.36 <0.01 11.18 <0.01 32.61 <0.01
Fat 1.81 0.16 49.26 <0.01 22.86 <0.01
Protein 1.59 0.20 108.12 <0.01 158.16 <0.01
Lactose 0.09 0.91 58.26 <0.01 97.14 <0.01
Dry Matter 2.39 0.09 66.51 <0.01 33.94 <0.01

Month: month of lactation; VO: value of each variable in the pre-experimental sampling. MM: milked milk; HSM:
hand-stripping milk; RM: residual milk; TM: total milk; MD: milking duration; LSCC: log;, of somatic cell count;
ITWT: percentage variation after milking of teat wall thickness; ITWA: percentage variation after milking of teat
wall area; ITEWA: percentage variation after milking of teat end wall area; ITT: percentage variation after milking of
teat thickness; ITCL: percentage variation after milking of teat canal length.



Table

1  Table 2. Effect of the different treatments (means + standard error) on variables related
2 to milking efficiency and milk composition.

3
VARIABLE TC T100 T150 SL
Goats (n) 32 32 32
MM (kg) 1.90 +0.06 2.00 + 0.06 2.00 +0.06 ns
HSM (g) 86 + 14 84 + 14 90 + 14 ns
RM (g) 127 +13a 83+13b 102 +13ab ok
™ (kg) 2.11+0.1 2.17+0.1 2.19+0.1 ns
MD (min) 3.27+0.12 3.28+0.12 3.44+0.12 ns
RT (min) 521+02la 516+020a 6.65+0.21b *x
MD > 3.5 (%) 19.6a 174 a 29.1Db **
Fat (%) 5.75+0.18 5.74 £ 0.17 5.34 +0.17 ns
Protein (%) 3.90 +0.04 3.97 +0.04 3.88 +0.04 ns
Lactose (%) 4.13 +0.02 4.14 + 0.02 4.14 + 0.02 ns
Dry Matter (%) 1473+0.21ab 1476+0.20a 14.20+0.21b *
4 TC: manual cluster removal; T100: automatic cluster removal set with milk flow threshold 100 g/min; T150:
5 automatic cluster removal set with milk flow threshold 150 g/min; SL: significance level; MM: milked milk; HSM:
6 hand-stripping milk; RM: residual milk; TM: total milk; MD: milking duration. RT: row time. MD>3.5: frequency of
7 milking whose MD was >3.5 min.
8 a b c: values in the same line with different letters differ at P<0.05(*) or P<0.01(**). ns: not significant.
9 Total observations: 672.
10



Table

Table 3. Effect of the different treatments (means * standard error) on variables related
to sanitary status of the mammary gland, teat end status and vacuum levels during
milking.

VARIABLE TC T100 T150 SL
SCC (x 10°cel /mL) 420 + 35 415+ 35 428 + 35 ns
MASTNC (n) 4 5 1 ns
ITWT (%) 67.02+32a 5753+32ab 50.53+3.2b ok
ITWA (%) 3480+1.87a 2820+1.86b 2556+1.89b *x
ITEWA (%) 119.80+6.17a 94.08+6.10ab 8570+6.12b *x
ITT (%) 2297+134a 17.35+130b 16.46+1.33b ok
ITCL (%) 92.85+4.22a 7834+419b 6871+4.13b *x
MAXVL (kPa) 39.34+0.04a 39.74+0.04c 39.60+0.04b *
MINVL (kPa) 31.66+0.66a 37.32+0.66b 37.51+0.66b *x
MVD (kPa) 7.69+066a 241+066b  2.09+0.66b ok

TC: manual cluster removal; T100: automatic cluster removal set with milk flow threshold 100 g/min; T150:
automatic cluster removal set with milk flow threshold 150 g/min; SL: significance level; SCC: antilog,, of LSCC,;
MASTNC: number of new cases of mastitis during the experiment; ITWT: percentage variation after milking of teat
wall thickness; ITWA: percentage variation after milking of teat wall area; ITEWA: percentage variation after
milking of teat end wall area; ITT: percentage variation after milking of teat thickness; ITCL: percentage variation
after milking of teat canal length; MAXVL: maximum vacuum level; MINVL: minimum vacuum level; MVD: mean
vacuum drop. ns: not significant.

a b c: values in the same line with different letters differ at P<0.05(*) or P<0.01(**). ns: not significant.

Total observations: 672.
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INTERPRETIVE SUMMARY

Effect of automatic cluster removers on the milking of Manchega ewes. By Bueso-
Raddenas et al. One of the most recently developed advances in small ruminants machine
milking has been the implementation of automatic cluster removers (ACRs). In this
study the effect of ACRs in the milking of Manchega ewes was more efficient than the
milking with ACR done by an experienced milker, preserving the sanitary status of the

mammary gland and maintaining the income from milk quantity and quality.
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ABSTRACT

Milking operations represent more than 50% of the work on a dairy ewe farm.
The implementation of ACRs (automatic cluster removers) is a choice on the rise, as it
allows the operator to avoid manual cluster detachments, simplifying the milking
routines. The aim of this study was to discover the effect on the milking of Manchega
ewes over an entire lactation period by using this type of devices, set up with two
different combinations of milk flow threshold (MF) and delay time (DT), and
comparing them with the traditional method using manual cluster removal. During a 15
d pre-experimental period, the animals were milked without ACRs and sampling was
performed to select 108 ewes and distribute them into 3 groups of similar characteristics
according to their parity, milk yield, milking duration and mammary gland sanitary
status. Later, each group was milked for a duration of 4 months in 3 different
conditions: one with manual cluster removal, the second setting the ACRs at MF 150
g/min and DT 20 s, and the third setting the ACRs at MF 200 g/min and DT 10 s.
Samplings of milking fractioning, milking duration, milk composition, mammary gland
sanitary status, teat-end status and vacuum level in the short milk tubes during milking
were performed. The use of ACRs limited the vacuum drops in the short milk tubes and
the edema in the teat end after milking, preserving the sanitary status of the mammary
gland and the milk composition. Moreover, it was noted that the use of ACRs set with
MF 150 g/min and DT 20 s was more efficient than the conventional milking with
manual cluster removal, as it obtained a similar amount of extracted milk but took less

time. On the other hand, the use of ACRs set with MF 200 g/min and DT 10 s, although
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it involved a higher reduction in individual milking duration and the milking duration of
groups of animals, offered substantially reduced extracted milk values (losses of 0.11 kg

of milk per ewe), a factor that could affect farm profitability.

Keywords: Automatic cluster removers, Manchega ewes, milking fractioning, milking

duration.

INTRODUCTION

Milking operations constitute more than 50% of the work on a dairy ewe farm
(Olechnowicz, 2012). With the aim of reducing the time spent on these tasks, several
studies on the simplification of milking routines have been carried out (Labussiere,
1988; Molina et al., 1989; Knight and Gosling, 1995). Complex routines including
double cluster attachments, intense stimulation of the udder and hand-stripping were
substituted by simpler routines such as cluster attachment, brief machine stripping and
cluster detachment. Moreover, the elimination of the machine-stripping phase has been
proposed in those particular breeds selected for their milkability. Thus, in studies
conducted in Sarda and Lacaune breeds, elimination of the machine-stripping phase in
animals with a large milk storage capacity reduced the milking duration, while milk
yield was not affected (Labussicre, 1988). In Poll Dorset breed ewes, no significant
differences in milk yield were found among animals that were machine-stripped and
animals milked following simple routines which only included cluster attachment and
cluster detachment (Knight and Gosling, 1995). In Manchega breed ewes, according

Molina et al. (1989), the elimination of one or both daily machine-strippings in ewes
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with bimodal (two peaks) milk emission flow only represented losses from 3 to 9%,
respectively. These authors suggested that animals with this milk emission pattern
should be not machine-stripped. McKusick et al. (2003) added that the elimination of
machine-stripping did not affect the milk composition or the somatic cell count and
allowed a reduction in working times. Thus, in farms of these breeds, if simple routines
are applied, avoiding machine-strippings, the implementation of ACRs (automatic
cluster removers) could be an interesting choice, as it allows the operator to avoid
carrying out the manual cluster detachments.

The use of ACRs adjusted with optimal levels of their operating parameters
(milk flow threshold, MF, and delay time from which MF is reached, DT), has been
very suitable in dairy cows to reduce the milking duration, while maintaining the
income from milk quantity and quality (Rasmussen, 1993; Reid and Stewart, 1997,
Magliaro and Kensinger, 2005; Edwards et al., 2013).

In milking parlors for small ruminants, where ACRs are present, usually only
AVCDs (automatic vacuum cutting devices) are implemented. In dairy goats, the use of
simple routines and AVCDs reduces the need for staff during the milking procedures,
which is related to better profitability of the farm (Tangorra et al., 2007). According to
Tangorra et al. (2010), the use of these devices reduces the risk of overmilking, which
improves the sanitary status of the mammary gland (Peris et al., 2003). In a previous
experiment carried out by this research group (Bueso-Rédenas et al., 2014a), it was
concluded that the optimal settings for the AVCDs in milking Murciano-Granadina
goats was the combination of MF between 100 and 150 g/min and DT 10 s. The use of
higher MFs required more frequent second cluster attachments, and, consequently,
significantly increased milking duration. Moreover, when DT was higher than 10 s in a

single MF, milking duration and mean vacuum drop increased, but machine milk
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fraction was not improved. In a following study developed on Murciano-Granadina
goats it was noted that the use of AVCDs set at MF 100 or 150 g/min and DT 10 s did
not affect the results of milking fractioning and individual milking duration of the
animals when comparing with manual cluster removal. Although there were no
differences in the sanitary status of the mammary gland and milk composition, the
milking with manual cluster removal caused a higher teat-end oedema and increased the
mean vacuum drops. It was concluded that the implementation of AVCDs and its use
with the given MF and DT was as effective as milking with cluster removal performed
by an experienced milker (unpublished data).

Along similar lines, the implementation of AVCDs in milking parlors for dairy
ewes is a choice on the rise. In Manchega ewes, Bueso-Rédenas et al. (2014b) carried
out a study in two different AVCDs with different MFs and DTs. The main conclusions
were that when AVCDs were installed in a high-line milking machine the combination
of MF 150 g/min and DT 20s achieved the best milking fractioning values and the
combination of MF 200 g/min and DT 10 s achieved the smallest values for milking
duration. On the other hand, regarding an AVCD installed in a low line milking
machine, the use of MF 100 g/min did not improve the milking fractioning and the use
of MF 250 g/min did not reduce the milking duration. Thus, it was concluded that the
optimal setting was the combination of MF and DT between 150 g/min and 20 s and
200 g/min and 10 s, with a balance existing between both combinations between milk
yield and milking duration. Moreover, in both experiments the milking routine was not
affected by the AVCD settings and the vacuum drops were deeper when high MF and
DT were employed.

There is a lack of studies that compare the milking with this kind of devices and

milking with manual cluster removal. The aim of this study was to assess the effect of
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the AVCDs on the milking of Manchega ewes during one lactation in terms of milk
yield and milking fractioning, milking duration (individual and per groups of animals),
milk composition, mammary gland health status, vacuum level in the short milk tubes
and teat-end status, comparing the parameters that obtained the best results in the
previous short-term experiment (Bueso-Rddenas et al., 2014b: MF 150 combined with
DT 20 s and 200 g/min combined with DT 10 s) with conventional milking (manual

cluster removal).

MATERIALS AND METHODS

Facilities and Animal Handling

The experiments were performed at the facilities of the Manchega Ewe National
Herd, located in Valdepefias (Spain), managed by AGRAMA (National Manchega Ewe
Breeders Association). The animals were fed twice a day with the same ration (mixture
of cereal grains and alfalfa hay) and water was offered ad libitum. Milking was
practiced twice a day, at 0800 h and 1700 h, as routinely on Manchega ewe farms. This
farm has a DeLaval® (Tumba, Sweden) high-line milking machine installed in a 2 x 18
x 18 Casse type milking parlor. The milking machine was equipped with AVCD
(DeLaval SG® Tumba, Sweden) placed in the collector and linked to an electronic milk
meter (mm25®, DelLaval, Tumba, Sweden). The milk meters were connected through a
long milk tube 2.5 m long to the teat cups (Almatic G50+%, DeLaval, Tumba, Sweden).
The pulsation parameters used were 180 puls/min and a pulsation ratio of 50%, the

vacuum level was 40 kPa.

Experimental design
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Pre-experimental period. A pre-experimental period of 15 d was implemented
to select the animals to be included in the study and determine the initial conditions of
these animals. A first sampling was done in a group of 150 ewes with similar parturition
date (4 + 1 postpartum weeks) in which milking fractioning, milking duration and
mammary gland sanitary status were recorded. From the results, 108 ewes with milk
yield higher than 0.85 kg, milking duration less than 5 min and free of clinical mastitis
were selected. The selected animals were distributed into 3 groups of 36 animals
according to parity, milk yield, milking duration and mammary gland health status.

During the pre-experimental period, all the animals were milked without the use
of AVCDs and the milking units were removed manually, based on the judgment of an
experienced milker. In this period, after the selection of the animals included in the
study, 4 samplings were done on 4 different non-consecutive days. The samplings
included (i) sanitary status of the mammary gland; (ii) milking fractioning, milking
duration and milk composition; (iii) teat-end status; and (iv) milking duration of each
row of animals. Samplings of the milk composition, sanitary status of the mammary
gland and teat end status were performed in the morning milking and samplings of
milking fractioning, milking duration and milking duration of each row of animals were
performed in both daily milkings (0800 h and 1700 h).

Experimental period. The experimental period lasted 4 months, during which
cach group of animals was milked according to the milking conditions that were
assigned at the beginning of this period. Three different treatments were tested; one of
them was employed as a control (TC: conventional milking without AVCDs) and the
other two to assess two AVCD settings: MF 150 g/min and DT 20 s (T15020) and MF
200 g/min and DT 10 s (T20010). Every month, 4 samplings were carried out, similar to

what was performed in the pre-experimental period. Samplings were performed on 4
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different non-consecutive days. In addition, every month, vacuum level measurements
within each of the groups were recorded. Similar to what was performed in the pre-
experimental period, samplings of the milk composition, mammary gland sanitary status
and teat end status were performed in the moming milking and samplings of milking
fractioning, milking duration and milking duration of each row of animals were
performed in both daily milkings.

The milking routine in TC included cluster attachment, machine milking,
machine stripping and manual cluster removal at the end of milking. Finally, teats were
immersed in an iodine solution. In TC, the milker could act during the milking to
reattach the cluster in the case of falloff or to perform the machine stripping. The
milking routine followed in T15020 and T20010 was similar to TC, with the exception
that the cluster removal was performed by AVCDs activation. Machine stripping and
double cluster attachments after AVCDs activation were never performed in T15020
and T20010. Finally, in both of these treatments, AVCDs were set to not interrupt the

vacuum for a minimum milking duration of 50 s.

Analyzed Variables

Sanitary status of the mammary gland. The mammary gland sanitary status was
evaluated through bacteriological analysis and SCC of each mammary gland using milk
samples obtained before milking. For bacteriological analysis, foremilk was discarded,
the teats were cleaned with 70% alcohol and 5 mL samples of milk from each gland
were taken. For SCC analysis, 50 mL samples of milk were taken and azidiol was added
to them. Samples were kept at 4°C for up to 4 h until bacteriological analysis.
Bacteriological analysis was performed by seeding 20 pL. of milk in blood agar plates

(5% sheep blood, Biomerieux, Lyon, France). The plates were incubated aerobically at
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37 °C and examined at 24, 48, and 72 h. Microbiological cultures showing 5 or more
identical colonies were considered positive. The SCC (x 10° cells/mL) was analyzed in
the dairy interprofessional laboratory of Castilla-La Mancha (LILCAM, Spain) by the
fluoro-opto-electronic method (Fossomatic 5000, Foss, Hillerad, Denmark).

It was determined that a gland showed intramammary infection when the
bacteriological analysis was positive. When the bacteriological analysis was negative
but the SCC exceeded 400,000 cells/ml it was also considered mastitis. Finally,
animals were classified mastitis-free when both mammary glands had this condition.

Milking efficiency (milking fractioning and milking duration) and milk
composition. Values of milked milk (MM, kg) and milking duration (MD, s) from every
milking during the experimental period were registered by the electronic milk meter
(mm25®, DeLlaval) and stored by the corresponding software (Alpro Windows®,
DeLaval). MM and MD were, respectively, the amount of milked milk and the time
clapsed since cluster attachment to AVCD activation (in the case of T15020 and
T20010), or to manual cluster removal (in the case of TC).

In addition, once a month, sampling was performed to determine the amount of
milk remaining in the udder after cluster removal (hand-stripping milk, HSM, g) and the
composition of the milk. The milking routine during the sampling day of these variables
included the following phases: cluster attachment, machine milking (recording MM and
MD), cluster removal through AVCD or milker, including machine stripping depending
on the treatment and hand-stripping (recording HSM) and, finally, teats were immersed
in an iodine solution. HSM was weighed with a + 1 g precision digital scale (BC-200,
Fagor®, Spain). Total milk extracted (TM, kg) was the result of the sum of MM and
HSM of both daily milkings. The milking duration of a row (RD, min) lasted from the

cluster attachment of the animal that was milked by the first milking unit to the last
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cluster removal of the row. RD was recorded by a digital timer (HS-70W, Casio®,
Japan). All the preceding variables were recorded at the morning milking and at the
afternoon milking.

Milk composition included its content in fat, protein, and lactose, expressed in %
of wet matter. MM25® devices were set to obtain 50 mL of milk from the milking of
ecach animal. On the same day, these samples were analyzed in the dairy
interprofessional laboratory of Castilla-La Mancha (LILCAM, Spain) by a MilkoScan®
device (Foss, Hillered, Denmark).

Teat-end status. To study the teat-end status of the goats, we used a portable
ultrasound device (Agroscan® AL, ECM, Noveko International Inc., Angouléme,
France). Ultrasound scans of the right teat of each animal were performed before and
after milking with a linear probe at 5 MHz frequency employing 8 cm depth, according
to the methodology of Diaz et al. (2013). The sonographic images obtained were
recorded and digitally scanned with the software Real DVD Studio Gold® (NPG
Technology, Spain). Later, video editor software (Ulead Video Studio®, Corel, Canada)
was used to take a frame of the sagittal plane of the teat-end at the level of the teat
sphincter. Finally, another software (Ecopezén®, Universidad Miguel Hernandez de
Elche, Spain) was used to measure the following variables: (a) teat wall thickness
(TWT): 2 lines were traced along the middle axis of the two teat walls and at 1cm a line
was drawn perpendicular to it, measuring the width (cm) of each wall (upper and lower)
to obtain the mean value of both measurements; (b) teat thickness (TT, cm): distance
between both sides of the teat in a section at the level of the inner of the teat canal;(c)
teat wall area (TWA, cm?): arca covering both walls (upper and lower) to a distance of
lem from the teat end, including the teat end area; (d) teat end area (TEWA, cm?): area

from the inner to the outer end of the teat canal. (e) teat canal length (TCL, cm):
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distance from the inside to the outside of the teat canal. From the values recorded in the
scans before the cluster attachment and after their removal, the percentage increase of

each variable was computed according to the following mathematical formula:

Increase % = [(Value after milking— Value before milking)/ Value after milking)] x 100

Increase of teat wall thickness (ITWT, %), Increase of teat thickness (ITT, %), Increase
of teat wall area (ITWA, %), Increase of teat end areca (ITEWA, %), and Increase of teat
canal length (ITCL, %).

Vacuum level variables. The variables related to the variation of vacuum level
were recorded using Pulsotest Comfort® device (GeaFarm Technologies®, Bénen,
Germany). Every month twenty vacuum level measurements within each of the groups
were recorded. The measurements were performed in the short milk tubes including the
DT in T15020 and T20010, and the machine stripping in TC. The variables recorded
were maximum vacuum level (kPa) and minimum vacuum level (kPa). From their
values, mean vacuum drop (maximum vacuum level - minimum vacuum level, kPa)

was calculated.

Statistical analysis

Variable SCC was transformed (LSCC = logl0 SCC) to achieve normality of
distribution (Ali and Shook, 1980).

To determine the initial characteristics of the three groups of animals included in
the experiment, a general lineal model (Proc GLM, SAS 9.2., 2012) was employed on
the values of the pre-experimental period of the dependent variables related to (1)

efficacy of milking (MD, RD, MM and HSM), (ii) milk composition (Fat, Protein,
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Lactose) and (iii) teat-end status (ITWT, ITT, ITWA, ITEWA and ITCL) considering
each group of animals (1, 2, 3) as a factor.

Taking into account the daily records of MM and MD from both milkings, the
mean values of these variables on the previous and following week to the sampling days
were calculated. A linear mixed model (Proc GLIMMIX, SAS 9.2., 2012) was used to
determine the effect of the treatments on these variables. Fixed effects included:
treatment (3 levels: TC, T15020 and T20010), parity (primiparous and multiparous),
month of lactation (4 levels: 2-5) and their respective pre-experimental covariables
(values of each variable recorded in the pre-experimental period). In this case, the
effects of mammary gland sanitary status, the interaction between treatment and month
of lactation and the interaction between treatment and parity were not included in the
model, as they were not significant.

From the values of the monthly samplings, the association between the
dependent variables related to milking efficiency (MD, MM and HSM, from both
milkings, TM), milk composition (fat, protein, lactose) and LSCC and the treatments
applied was studied, using a similar model to the previous one.

The covariable MM in each sampling was considered in the milking duration
analysis in both previous models.

The association between the dependent variables related to teat-end status
ATWT, ITT, ITWA, ITEWA and ITCL) and the treatments employed was studied
utilizing another linear mixed model (Proc GLIMMIX, SAS 9.2., 2012). Fixed effects
included treatment and month of lactation. In this case, parity and the values of each
variable recorded in the pre-experimental period were not included in the model, as they

were not significant.
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In all models, the animal was considered as a random term and a "compound
symmetry" covariance structure was used to consider repeated measures over time in
the same animal. The model using this hierarchical structure provided the best fit for the
data when compared to different models considering other covariance and hierarchical
structures (as assessed using Bayesian and Akaike information criteria).

A general lineal model (Proc GLM, SAS 9.2., 2012) was used to study the
association of the treatment (TC, T15020, and T20010) with RD, considering the month
of lactation and treatment as factors.

To study the association of the treatment (TC, T15020, and T20010) with the
quantity of new cases of mastitis, Chi - square analyses (Proc Freq. SAS 9.2., 2012)
were computed.

Finally, a general lineal model (Proc GLM, SAS 9.2., 2012) was employed to
study the association of the treatment (TC, T15020, T20010) with the maximum
vacuum level, the minimum vacuum level and the mean vacuum drop, considering

treatment as factor.

RESULTS

The analysis carried out on the values of the pre-experimental period of the

dependent variables related to efficacy of milking (MD, RD, MM, HSM and TM), milk

composition (fat, protein and lactose) and teat-end status (ITWT, ITT, ITWA, ITEWA

and ITCL) showed that, initially, there were no significant differences between the three

groups used in the experiment.

Milking fractioning and milking duration.
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The analysis of the sampling values showed that the treatment had a significant
effect (P < 0.01) on MM in the morning milking, on HSM and on MD in both daily
milkings. Nevertheless, the treatment had no effect on MM in the afternoon milking and
TM. The month of lactation had an effect on each of these variables; thus, decreasing
values were observed as lactation progressed. Parity had an effect on MM and HSM,
and greater values of these variables were observed in multiparous ewes. On the other
hand, parity had no effect on TM and MD. The interaction between treatment and
month of lactation had no significant effect on these variables, so the effect of the
treatment on them did not change during the lactation.

MM of the morning milkings recorded in the software associated with the
milking machine showed greater values in TC compared to T20010 (differences of 0.11
kg, P < 0.05). However, there were no differences between TC and T15020 or T15020
and T20010. No differences were found in the same variable in the afternoon milkings.
Regarding the values obtained in the monthly samplings, similar results were observed
in the morning milking. Nevertheless, in the afternoon milking, differences between TC
and the other two AVCD treatments were found (differences of 0.19 kg with respect to
T15020 and 0.17 kg with respect to T20010, Table 1).

Regarding HSM, TC obtained the lowest values, showing significant differences
in both daily milkings compared to the treatments that included AVCD. Differences of
102 g in the morming milking were observed with regard to both treatments and
maximum differences of 80 g with regard to T20010. Nevertheless, the greater values of
HSM in T15020 and T20010 did not involve a decrease in TM, as there were no
differences in this variable between the three treatments studied (Table 1).

With respect to MD, both in sampling days and in daily values recorded by the

software, differences between the three treatments were found. Thus, TC showed the
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greatest values in the morning milking (differences of 26 and 45 s respect to T15020
and T20010, respectively) and in the afternoon milking (differences of 22 and 45 s
respect to T15020 and T20010, respectively). These results corresponded with the
values of RD, which was strongly affected by the treatment employed. Thus, the use of
AVCDs entailed a great reduction of the values of this variable. Differences in this
variable between TC and T15020 were up to 66 s if both daily milkings are taken into
account. Again, taking both daily milkings into account, the differences between

T20010 and TC were up to 142 s (Table 1).

Milk composition, mammary gland sanitary status, teat end status and vacuum levels.

Milk composition variables were affected by parity and month of lactation but
not by the treatment; thus, an increase of their values was observed while lactation
advanced and in multiparous ewes.

For mammary gland sanitary status, regarding SCC, no differences between the
three treatments studied or due to parity were found. Nevertheless, differences due to
the month of lactation were observed. This involved a general increase in the values of
SCC as the lactation advanced (from 56,000 cells /mL in the first month to 142,000
cells /mL in the last month). Moreover, the quantity of new cases of mastitis during the
lactation was very scarce: 8.3% of new cases in each treatment tested (Table 2).

The variables related to the teat end status were affected by the treatment. Every
variable analyzed, except ITWT, were significantly lower (P < 0.05) when AVCDs
were used. The month of lactation had effect on every variable, except on ITWA, but no
tendencies were observed throughout lactation (Table 2).

Regarding the vacuum levels in the short milk tubes, differences due to the

treatment were observed. Despite this, these differences were small in maximum
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vacuum level (differences of 1.01 kPa between TC and T15020, and of 0.90 kPa
between T20010 and T15020). The values in the variable minimum vacuum level were
more relevant; differences between TC and the treatments that employed AVCDs were
significant (maximum differences were up to 7.72 kPa between T15020 and TC). This
latter fact implied that the utilization of TC entails higher values of mean vacuum drop

than T20010 and T15020 (differences of 6.74 kPa and 6.68 kPa, respectively, Table 2).

DISCUSSION

The differences found between both AVCD settings (T15020 and T20010) in
terms of the variables related to milking fractioning and milking duration agree with the
results found in previous studies (Bueso-Rddenas et al., 2014b). In that study, it was
concluded that the AVCD setups tested in the present long-term study optimized the
milking duration with no losses in the milk extracted.

When comparing MM results of the sampling days with those obtained in the
previous and in the following weeks to the sampling weeks, it is observed that there are
no differences between the values of that variable of the three treatments studied in the
morning milkings. On the other hand, when data of the afternoon milkings in the
sampling days are compared, it is remarkable that the AVCDs treatments obtained
smaller amounts of MM. However, this difference is not present in the data stored by
the software in the ordinary milkings. This situation is explained by the greater
extraction of HSM in the morning milking, thus, part of the milk included in HSM of
the morning milking in the sampling days would be MM of the afternoon milking in the

ordinary milkings.
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The use of AVCDs set with the optimal parameters (T15020) in the milking of
Manchega ewes allowed us to obtain amounts of milked milk similar to those obtained
when manual cluster removal and machine-stripping was applied. The results obtained
when this AVCD set (T15020) was used concur with those found in Murciano-
Granadina goats by this research group (unpublished data) who found that cluster
removal by AVCDs set with MF 100-150 g/min and DT 10 s was equally effective as
manual removal performed by an experienced milker. However, in the present study,
the use of AVCD set with T20010 involved losses of 0.11 kg of milk per ewe in the
morning milking compared to conventional milking with manual cluster removal.

As expected, the performance of the machine-stripping in those animals milked
with manual cluster removal reduced the amount of HSM compared to those animals
milked with AVCDs. However, as mentioned previously, this situation did not involve a
reduction in MM results when the values stored in the software were taken into account,
which are representative of ordinary milkings. This would imply that the milk
remaining in the udder after automatic cluster removal is extracted in the following
milkings. Moreover, the greater amount of HSM found in the animals milked with
AVCDs did not involve a lower value of TM. This latter fact would imply that a lesser
emptying of the udder did not affect the milk synthesis course by its accumulation, as
observed in other works (Wilde and Knight, 1990; Salama et al., 2003).

The main explanation for the higher values found in T15020 and T20010 in the
HSM variable is found in the udder morphology of the ewes. In this specie there is a
significant quantity of animals whose teats are located above the base of the mammary
gland (Labussiére, 1988; Bruckmaier et al., 1997). Taking into account that this
morphologic character is not related with the productive aptitude of the ewes

(Fernandez et al., 1995), in the long term, the solution to this drawback could be
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including the udder morphology as a factor of the selection in each breed to improve its
adaptation to the machine milking, as is currently done in Manchega ewes or other
breeds of the same species (Marie-Etancelin et al., 2005).

The most relevant results in terms of milking efficiency were the differences
found in the variables MD and RD, especially in this latter variable. The results of MD
in T15020 and T20010 agree with those found in the previous short-term experiments
(Bueso-Rddenas et al., 2014b) and in similar studies carried out in dairy cows (Sagi,
1978; Stewart et al., 2002; Jago et al., 2010). The use of the AVCDs set with T15020
would be more efficient than the conventional milking with manual cluster removal, as
it obtained a similar amount of extracted milk but took less time. In the same line, the
utilization of AVCD set with MF 200 g/min and DT 10 s, although it would involve a
higher reduction of MD and RD, would offer values of milk extracted substantially
reduced (0.11 kg of milk per ewe), losses that could affect the profitability of the farm.

Machine milking can affect teat end status (Hamann, 1987). Alterations in the
teat end, such as edema or hyperkeratosis, are related to the establishment of new
intramammary infections (Hamann et al., 1994). In this study, the results of the
variables related to the teat end status ITWT, ITWA and ITEWA in TC were similar to
those observed by Alejandro et al. (2014) following the same method in similar milking
conditions (manual cluster removal, 90 pulsations/min and a pulsation ratio of 60%).
The most relevant result was that the ewes milked with AVCDs showed significant
minor results of ITWA, ITEWA, ITT and IESF. This meant that the animals milked
with manual cluster removal suffered a higher teat congestion or edema. This higher
congestion level was due to the longer MDs registered (Hamann et al., 1994) and
correspondent longer exposure of the teat to the vacuum. Moreover, in TC there would

be a bigger risk of the teat cups remaining attached with lower milk flows compared to
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AVCDs, and longer MDs were registered, as it was shown previously, which would
also involve a higher congestion level (Mein et al., 2001). Finally, the performance of a
machine-stripping could potentiate the mentioned major congestion level (McKusick et
al., 2003).

Changes in vacuum level in the short milk tubes during milking (Rasmussen et
al., 1994; Billon et al., 1998) are related to several ways of transmission of pathogen
agents between animals, such as reverse flow, impacts or reverse pressure gradients. In
this long-term study, the values of vacuum drops found in T15020 an T20010 were
similar to those found in the previous short-term experiment with the same
combinations of MF and DT (6.1 + 0.3 kPa y 5.8 = 0.3 kPa respectively, Bueso-
Rédenas et al., 2014b). In this sense, the most remarkable result was that the milking
with manual cluster removal showed deeper vacuum drops than the milking with
AVCDs, as has been described in similar previous studies conducted in Murciano-
Granadina goats by the research group (data not published). These deeper vacuum drops
can be explained by several reasons. Firstly, in the final phases of the milking, when the
teat end cistern is empty, the teat losses turgidity and does not fill the liner capacity,
allowing air intakes (LeDu, 1977). This situation would not happen if AVCDs were
implemented, as the milking would finish before milk flow stops. Secondly, the
performance of machine strippings can force air intakes due to the manipulation of the
teat and an increase in the milk flow (Ambord and Bruckmaier, 2010), especially in
those animals whose teat ends are located above the base of the gland and still contain a
significant amount of milk before the machine stripping.

Despite the deeper vacuum drops and the higher congestion suffered by the teats
of the animals included in TC, the sanitary status of the animals milked in these

conditions was not affected (new cases of mastitis and SCC similar to those observed in
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T15010 and T20020). Regarding vacuum level, in recent works carried out in
Murciano-Granadina goats (Manzur et al., 2012) similar values of the vacuum drops
(3.5-12.4 kPa) were not related with changes in the sanitary status of the mammary
gland). In dairy cows, Mein et al. (2004) pointed out that reverse milk flows capable of
producing transmission of an intramammary infection can only be produced when
reverse milk flows reach 6m/s speed. According to these authors, these situations have
only been observed when rough machine stripping is applied or when the clusters are
detached without previous vacuum shutting off, operations never practiced in the
current study. Regarding the higher congestion of the teat end, it has been observed
previously in Manchega breed ewes that the application of short overmilking (milking
1.5 to 2 min when milk flow has stopped) during medium duration periods (10 weeks)
did not cause changes in the mammary gland health status. The conditions practiced in
this study, applying careful machine-stripping, meant that the teats of the animals
included in TC were recovered prior to the following milking, as evidenced by the
absence of differences between the three treatments in the variables related to the teat
end status before milking (TWT before milking, TC: 0.47 + 0.01 cm; T15020: 0.47 +
0.01cm; T20010: 0.48 + 0.01 cm).

Milk composition can be affected by changes in mammary gland sanitary status
(Leitner et al., 2004) and in the productive level of the animals (Cuccuru et al., 2011). In
the present study, the absence of differences in the milk composition between the
different treatments tested agreed with the results observed in similar studies in dairy
cows (Rasmussen, 1993) and in those carried out in dairy ewes when comparing
routines with machine stripping and routines without machine stripping (Knight and

Gosling, 1994; McKusick et al., 2002). Moreover, this absence of differences between
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the treatments tested would be concordant and similar to the results for mammary gland

sanitary status, which were not affected by the treatment employed.

CONCLUSIONS

The use of AVCDs in the milking of Manchega breed ewes set with the
optimum combination of MF and DT (150 g/min and 20 s respectively) achieved
amounts of MM similar to those obtained when manual cluster removal and machine-
stripping were used. Moreover, the use of AVCDs set with the parameters tested
reduced MD and RD, and also limited the vacuum drops in the short milk tubes and the
edema in the teat end after milking, preserving the sanitary status of the mammary gland
and the milk composition. However, although the use of AVCDs set with MF 200 g/min
and DT 10 allowed an additional reduction of milking duration, it involved a significant
loss in MM, which could affect the profitability of the farm and not offset the costs of

the installation of such devices.
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625 Table 1. Effect of the different treatments employed (means + standard error) on

626  variables related to milking fractioning and milking duration.

VARIABLE TC T15020 T20010
MM1 (kg) 074+ 002 a 0.68+0.02ab 063+0.02b
MM2 (kg) 0.50+0.02 0.51+0.02 0.49+0.02

Test Day MM1 (kg) 072+002a 0.68+0.02ab 0.64+0.02b

Test Day MM2 (kg) 0.44+0.02a 0.25+0.02b 027+0.02b
HSM1 (g) 34+ 16a 136+ 16 b 136+ 16b
HSM2 (g) 32+8a 112+£8b 108+ 8b
™ (kg) 121+ 0.03 1.18 £ 0.03 1.16 £ 0.03
MD1 (s) 140+3a 121+3b 95+3¢
MD2 (s) 127+3a 104+3Db 82+3c¢

TDMDI1 (s) 138+3a 118+3b 95+3¢
TDMD2 (s) 102+2a 81+2b T4+2¢

RD1 (s) 230+ 5a 212+ 50 166+ 5 ¢
RD2 (s) 203+ 5a 155+ 35D 125+ 5¢

627

628  TC: manual cluster removal, T15020: automatic cluster removal using milk flow threshold 150 g/min and
629  delay time 20 s, T20010: automatic cluster removal using milk flow threshold 200 g/min and delay time
630 10 s; 717 after each means morning milking; “2” means afternoon milking. MM: machine milk; HSM:
631 hand-stripping milk; TM: total milk extracted; MD: milking duration; TDMD: test day milking duration;

632  RD: milking duration of a row,

633 ab c: values in the same line with different letters differ at P < 0.01.

634

ScholarOne support: (434) 964 4100

Publicaciones

163



Publicaciones

Journal of Dairy Science Page 28 of 28

635  Table 2. Effect of the different treatments employed (means + standard error) on milk

636  composition, sanitary status of the mammary gland, teat end status and vacuum levels.

VARIABLE TE T15020 T20010 SL
Fat (%) 8.50+0.12 8.47+0.13 8.40+0.12 ns
Protein (%) 6.21+0.05 6.30 + 0.05 6.33+0.04 ns
Lactose (%) 4.60 + 0.03 4.57 £ 0.03 4.59+0.03 ns
SCC (x 10° cel /mL) 96+ 11 92+ 11 96+ 11 ns
MASTNC (n) 3 3 3 ns
ITWT (%) 28.89+ 3.46 22.09+3.57 2516+3.49 ns
ITWA (%) 1232+ 184a 1.84+1.89b 414+ 185b *¥
ITEWA (%) 3899+ 44a 17.67+ 45D 16.88+4.5b *E
ITT (%) 4.43+£1.08a 201+1.12ab 0.01+1.09b *¥
ITCL (%) 4534+ 4.00a 26.49+4.11b 23.17+4.03b xE
MAXVL (kPa) 36.71+035a 37.72+0.36b 36.62+035a *
MINVL (kPa) 2421+ 073 a 31.93+0.76 b 30.79+0.76 b ik
VD (kPa) 125+ 07a 58+0.7b 58+0.7b *¥

637

638 TC: manual cluster removal; T15020: automatic cluster removal using milk flow threshold 150 g/min
639 and delay time 20 s, T20010: automatic cluster removal using milk flow threshold 200 g/min and delay
640 time 10 s; SL: significant level; SCC: antilog10 of LSCC; MASTNC: new cases of subclinical mastitis
641 during the experiment, ITWT: percentage variation after milking of teat wall thickness, ITWA:
642 percentage variation after milking of teat wall area, ITEWA: percentage variation after milking of teat
643 end wall area; ITT: percentage variation after milking of teat thickness; ITCL: percentage variation after
644 milking of teat canal length, MAXVL: maximum vacuum level, MINVL: minimum vacuum level; VD:
645  vacuum drop.

646 ab : values in the same line with different letters differ at P < 0.05(*) or P <0.01(**). ns: not significant.
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ABSTRACT

Nowadays, there are small ruminant’s milking parlors which can be
implemented with one pulsator per milking unit, or one pulsator with four channels per
two milking units. This fact allows choosing simultaneous pulsation or alternative
pulsation. There is a lack of studies regarding the combination of different vacuum
levels and both types of pulsation.

The aim of this study was to know the effect of both types of pulsation
(alternative and simultaneous) on the milking efficiency (milking fractioning and
milking duration) of Alpine goats employing two different vacuum levels (38 and 42
kPa). With this objective, an experiment in a commercial farm (Castello di Roccaforte,

Roccaforte Ligure, Piemonte, Italy) was developed. A preexperimental period was
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carried out and 164 goats with similar parturition date were selected and distributed into
two lots of 82 goats according their values of milk yield and milking duration. The
experimental period lasted 24 days and it was developed according a four latin square
design. In each latin square, one of both types of pulsation and both vacuum levels were
tested. Samplings regarding milking efficiency (milk yield, machine stripping milk and
milking duration) and variables related to vacuum levels in the milking unit were
recorded in the two milkings daily practiced, morning and afternoon. In the results it
was observed that the use of alternative pulsation reduced the vacuum drops and
increased the mean vacuum level measured in the short milk tubes. Moreover, in the
morning milking and when high vacuum levels (42 kPa) were employed, the use of
alternative pulsation reduced the milking duration. It was concluded that the use of
alternative pulsation offers some advantages respect to simultaneous pulsation in
temporary situations of high milk flow.

Keywords: Alpine Goats, Milking efficiency, Alternative Pulsation, Vacuum levels.

INTRODUCTION

Traditionally, small ruminant milking parlors were designed implementing one
pulsator per two or more milking units. This situation forces that the opening-closing
cycles in the pulsation chamber occur simultaneously in both teat cups of each milking
unit. This type of pulsation is denominated “simultaneous pulsation”. Currently, there
are milking parlors in which one pulsator per each milking unit is installed or one
pulsator with four channels can be installed per two milking units. In these cases,
milking and massage phases can occur alternatively in both different teat cups of each

milking unit. Thus, this type of pulsation is denominated “alternative pulsation”.
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In studies developed in milking cows it has been observed that the use of
alternative pulsation could have some advantages respect to the use of simultaneous
pulsation. Thus, in this specie, Schlaib (1996) pointed that the alternative pulsation
reduces vacuum fluctuations and offers more regular milk flow. O"Callaghan (1998)
and Gleeson et al. (2004) did not find differences in teat end status after the machine
milking or in milk yield between both types of pulsation. However, differences were
found when alternative pulsation was combined with the use of narrow bore liners.
Thus, O’Callaghan (1998), employing a combination of alternative pulsation and
narrow bore liners, found values of vacuum level in the teat end during the milking
phase lower than when wide bore liners combined with simultaneous pulsation were
employed. In the same line, Gleeson et al. (2004), testing similar combinations, found
that the use of narrow bore liners and alternative pulsation reduced the milking duration.
In a subsequent experiment developed in laboratory conditions, O Callaghan (2004)
found that the employment of alternative pulsation reduced the vacuum level during the
milking phase and the vacuum fluctuations.

In milking ewes, Billon (2004) pointed that the use of alternative pulsation is
preferable when small diameter short milk tubes and low capacity claws are employed
since this type of pulsation avoids the overflooding of such claws and facilitate the
income of vacuum to the teat cups, reducing the vacuum drops. Thus, the use of
alternative pulsation forces the milk flow to arrive alternatively to the claw, obtaining
more regular milk flow at this point.

In milking goats, studies regarding the type of pulsation are scarce. Diaz et al.
(2005) developed an experiment in Florida goats (autochthonous spanish breed)
employing a high-line milking machine and comparing both types of pulsation. In this

experiment the use of alternative pulsation showed a large reduction of the milking
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duration (4.6 vs 3.2 min) and offered significant lower values of somatic cell count than
simultaneous pulsation (1.1x 10° vs 1.8 x 10° cells/mL, respectively). Despite of this
fact, in this experiment, very important variables, as the changes of vacuum level in the
short milk tubes, which could be responsible of the results of somatic cell counts, were
not recorded.

In recent works developed by this research group in Murciano-Granadina goats
with both types of pulsation during a complete lactation, there were not significant
differences regarding variables related to milking efficiency, milk composition, or teat
end status (unpublished data). In the analysis of the changes of the vacuum level in the
short milk tubes when high-line was used, it was observed that the use of alternative
pulsation caused lower vacuum drops (7.5 kPa) than the use of simultaneous pulsation
(9.9 kPa). On the opposite, in the experiment developed in low line, this difference was
not observed (Romero et al., 2012). Despite of the values observed in the vacuum drops,
no differences in the sanitary status of the mammary gland were observed between both
types of pulsation.

Regarding the vacuum level employed in the milking of goats, in recent years it
has been observed a tendency to reduce its values from levels of 44 kPa to levels of 38-
40 kPa (Billon et al., 1999). Several studies (Lu et al. 1991, Sinapis et al., 2000) point
that a reduction of the vacuum level (from 52 kPa to 44-45 kPa and from 44-45 kPa to
36-38 kPa, respectively) takes to a reduction of the somatic cell counts.

In other recent works developed by this research group, it was observed that the
use of vacuum level of 40 kPa, compared with 38 kPa, offered higher values of the
mean milk flow and reduced the residual milk fraction while sanitary status of the

mammary gland, the milk cortisol level and the milk composition were not affected.
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In the literature there is a lack of studies about the effect of both types of
pulsation combined with the variation of the vacuum level. The aim of this study was to
know the effect of both types of pulsation (alternative and simultaneous) on the milking
efficiency (milking fractioning and milking duration) and the changes of the vacuum
level in the short milk tubes in the milking of Alpine goats employing two different

vacuum levels (38 and 42 kPa).

MATERIALS AND METHODS

Facilities and Animal Handling

The experiments were developed in the commercial farm Castello di Roccaforte
located in Roccaforte Ligure, Piemonte (Italy). Alpine goats were fed twice a day with
the same ration (unifeed), and water was offered ad libitum. The kids were weaned 30
days post-partum. Machine milking was practiced twice a day, as routinely in this breed
in this geographical area, at 6:30 AM and at 5:30 PM .

A Royal® (Bellagio, Italia) low line milking machine was employed in a
2x16x16 Casse parlor. This machine was equipped with vacuum regulator MVR®
(DeLaval®, Tumba, Suecia) and 16 pulsators (8 per row of animals) with 2 + 2
channels (LP30®, Interpuls®, Albinea, Italy). Moreover, this milking machine was
equipped with individual electronic identification devices placed in each milking unit
and milk meter devices AfiFree® (AfiMilk®, Kibbutz Israel), both controlled by
software AfiGoats® (AfiMilk®, Kibbutz, Israel). Milking units Vanguard®
(Interpuls®, Albinea, Italy) with automatic vacuum cutting shutoff systems and 120mL
volume claws were employed. The pulsation parameters used were: 90 puls/min and a

pulsation ratio of 60%.
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Moreover, automatic cluster removers were set to interrupt the vacuum with a
milk flow threshold of 150 g/min, a delay time of 10 s and a minimum milking duration

of 60 s.

Experimental design and variables analyzed

Experimental design

A group of 180 goats with similar parturition date and the same management
conditions was employed to develop the experiment. The preexperimental period took
place in the 8th £ 1 postpartum week. This period included two days with four
samplings: two morning milkings and two afternoon milkings. In the four samplings
developed, milking duration and milk yield were recorded. Moreover, in the morning
milking of the first day, animals with asymmetries in the udder morphology were
registered and a visual examination of the milk of each mammary gland was realized.
From this data, 164 goats that were free of clinical mastitis, whose udder had not
asymmetries from previous pathological processes, their daily milk yield were upper
than 1 kg, and whose average milking duration were shorter than 6 minutes were
selected. Goats that met these criteria were divided into two similar groups according
their parity and the values of milk yield and milking duration.

Four treatments were tested: alternative pulsation with 38 kPa (ALT38),
alternative pulsation with 42 kPa (ALT42), simultaneous pulsation with 38 kPa
(SIM38) and simultaneous pulsation with 42 kPa (SIM42). To practice milking with
simultaneous pulsation, both channels of the same side of the pulsator were connected
to both teat cups of one milking unit. To employ alternative pulsation, connections were

exchanged, so, both teat cups of one milking unit were connected to the channels
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located in different sides of the pulsator. The vacuum level of the milking machine was
easily changed employing a screwdriver closing or opening the regulator.

The experimental period lasted 24 days and it was composed by 4 latin squares
of 6 days duration each. During one latin square, both lots of animals were milked with
the same type of pulsation, changing the vacuum level between each lot. Once every
combination (2 types of pulsation x 2 vacuum levels) were tested, and with the objective
to control the effect of the progress of the lactation on the results, the same experimental
design was repeated, testing again every combination according an inverse development
(cross-over design, table 1).

During each period of three days, each lot was milked according to the same
conditions. The first day was employed to habituate the animals to the experimental
conditions. The second and the third day were employed to collect data from the
morning milking and from the afternoon milking, respectively.

Milking routine

The milking routine followed in each sampling included cluster attachment,
machine milking (recording milk yield and milking duration), automatic cluster removal
and machine stripping (recording machine stripping milk) until udder was totally empty.
If cluster falls occurred, due to kicks or slips, quick cluster reattachments were made.
Milking routine accomplished during non-sampling days was the same, but machine
stripping milk was not extracted (like is usually milked in commercial farms where
automatic cluster removers are employed). Once milking was finished, teats were
immersed in iodine solution.

Variables related to milking efficiency

Milk yield (kg) and milking duration (min) were the milk extracted and the time

elapsed since the activation of the milking unit to the automatic cluster removal.
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Machine stripping milk (g) was the amount of milk extracted employing a second
cluster attachment and the manipulation of the udder until its total emptying. These
three variables were recorded by AfiFree® devices (AfiMilk, Kibbutz, Israel) and their
values were registered and stored by software AfiGoats® (AfiMilk, Kibbutz, Israel).
From values of milk yield and milking duration, average milk flow was calculated

(average milk flow = milk yield / milking duration).

Variables related to vacuum levels.

Variables related to vacuum levels in the short milk tubes were registered on the
adaptation days (first day of each latin square). Twenty vacuum level measurements
within each of the tested combinations were recorded using Vadia® devices
(Biocontrol®, Rakkestad, Norway) in random selected animals. The measurements
were performed in the short milk tubes during the entire milking, since cluster
attachment to automatic cluster removal. Vadia® device software differentiates three
milking phases: delay time to milk flows, main milking phase and low milk flow phase.
The variables recorded were, average vacuum level during the main milking phase
(kPa) and vacuum level drop (difference between maximum and minimum vacuum

level during milking, kPa).

Statistical analysis

The association between the dependent variables related to milking efficiency
(milk yield, machine stripping milk, milking duration and mean milk flow) and the
treatments applied (ALT38, ALT42, SIM38, SIM42) was studied using a linear mixed
model (Proc GLIMMIX, SAS 9.2., 2012). Fixed effects included: type of pulsation

(alternative and simultaneous), vacuum levels (38 and 42 kPa), the sampling period (1
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to 8) nested to the type of pulsation, and the interaction between vacuum level and the
type of pulsation. In addition, the covariable milk yield in each sampling was
considered in the milking duration analysis

The animal was considered as a random term, and a "compound symmetry"
covariance structure was used to consider repeated measures over time in the same
animal. The model using this hierarchical structure provided the best fit for the data
when compared to different models considering other covariance and hierarchical
structures (as assessed using Bayesian and Akaike information criteria).

Finally, a general lineal model (Proc GLM, SAS 9.2., 2012) was employed to
study the association of the treatment (ALT38, ALT42, SIM38, SIM42) with the mean

vacuum level and the vacuum drop, considering treatment as factor.

RESULTS

The type of pulsation had a significant effect on milking duration of morning
and afternoon milkings, the average milk flow in the morning milking and machine
stripping milk in afternoon milking. Period nested to the type of pulsation had
significant effect on both milking durations (morning and afternoon), both average milk
flows, and machine stripping milk in morning milking. Vacuum level had effect on
milking duration in the morning milking and on both average milk flows. The
interaction between the type of pulsation and the vacuum level had effect on milking
duration and the average milk flow in the morning milking. Covariable milk yield had
effect on milking duration values in the morning milking and on afternoon milking
(Table 2).

In the morning milking it was observed that the use of high vacuum levels

(ALT42 and SIM42) was related to a decrease of milking duration values (maximum
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differences of 0.45 min). The significant interaction between pulsation and vacumm
level was due to the use of high vacuum level (42 kPa) with alternative pulsation
obtained a further reduction of the milking duration compared to simultaneous pulsation
(significant differences of 0.24 min). Milk yield values in the morning milking were not
affected by the treatment. Average milk flows were higher when ALT42 was employed
and related to the reduction of the milking duration (significant differences up to 0.05
kg/min and 0.08 kg/min were observed between this treatment and SIM42 and SIM38,
respectively). Regarding to machine stripping milk, no differences were observed
between the four treatments tested (Table 3).

In the afternoon milking, there were not differences between treatments in the
values of the variables milk yield and milking duration (SIM42 obtained the highest
values of milk yield, and ALT42 obtained the shortest values of milking duration,
although without significant differences). Moreover, significant higher values in the
variable average milk flow were observed when 42 kPa was employed (ALT42 y
SIM42): Differences between ALT42 and ALT38 were up to 0.02 kg/min, and 0.03
kg/min between SIM42 and SIM38. Regarding to machine stripping milk, it was
observed that the employment of alternative pulsation obtained higher values compared
to simultaneous pulsation, although with scarce differences: (differences of 30 g respect
to ALT38, and 179 respect to ALT42, Table 3).

In the results of the variables related to the vacuum levels in the short milk
tubes, it was observed that the average vacuum level during the main milking phase was
affected by both type of pulsation and vacuum level employed: ALT42 showed the
highest values. Moreover, significant differences between every treatment were
observed. Regarding the vacuum drops, this variable was not affected by the vacuum

level employed, being significant the type of pulsation: the treatments that employed
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simultaneous pulsation showed higher values than those observed when alternative
pulsation was employed, with differences up to 1.19 kPa between SIM38 and ALT42

(Table 3).

DISCUSSION

Productive values observed in this study agree with those observed in other
studies developed in the same goat breed in similar conditions (Komara and Marnet,
2009). Moreover, no differences in variable milk yield were observed between different
vacuum levels tested similarly to the results observed in a short term experiment
developed by Sinapis et al. (2000) when vacuum levels of 36 and 45 kPa were tested in
the milking of local greek goats. In that study, it was observed that the employment of
high vacuum levels (52 kPa) corresponded with a decrease of the machine milk fraction,
and the authors proposed the use of vacuum levels between 36 and 44 kPa to maximize
the amount of milk contained in the mammary gland since total milk did not vary.

The significant effect of the vacuum level on the milking efficiency (milking
duration in the morning milking and average milk flow in both milkings) agrees with
the results observed in other studies developed in Alpine goats (Lu et al., 1991) where it
was observed that increasing the vacuum level form 38 to 45 kPa, increased the average
milk flow and decreased the milking duration. According the same authors, the use of a
vacuum level of 52 kPa increased average milk flow, but resulted in an increase in the
somatic cell count. On similar lines, in cow and ewes, increasing vacuum level has
involved increasing changes in the teat end status which can take to teat collapse and it
has been related to higher frequency of intramammary infections (O"Shea, 1987,

Hamann et al., 1994)
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Respect to the type of pulsation employed, in recent studies of this research
group, it was observed that, when milking with a vacuum level of 40 kPa, there were
not differences between alternative and simultaneous pulsation regarding the variables
milking efficiency (milk yield and milking duration). In this current study, similar
aspects were observed since no differences in milk yield were observed between the
tested treatments. Moreover, when vacuum level was 38 kPa, no differences between
pulsation type were observed in any variable related to milking efficiency. Nevertheless,
when vacuum level of 42 kPa was employed, alternative pulsation showed a decrease in
milking duration and an increase in average milk flow in the morning milking.
According to these results, the use of alternative pulsation would show a higher milking
efficiency than simultaneous pulsation when there is a significant higher amount of milk
in the short milk tubes (morning milking and use of high vacuum levels). Differences
found in milking duration in this case (0.27 min per animal) could imply a decrease in
the time spent in the milking of the entire herd (Reid and Stewart, 1997; Edwards et al.,
2013). On the other hand, non-existing differences in machine stripping milk in the
morning milking and the scarce differences of the same variable in the afternoon
milking (maximum values of 30 g) would support the election of the treatment with best
milking efficiency results.

Values of vacuum drop observed in this current study are higher than those
observed in similar experiments developed in Murciano-Granadina goats (low line,
vacuum level, pulsation parameters) by this research group (Bueso-Rodenas et al.,
2014). It is possible that this difference was due to the higher productive levels of
Alpine goats, thus the larger milk flow emission in the short milk tubes would have
interrupted the vacuum as it has been described by Ambord and Bruckmaier (2010).

According to these authors, vacuum level drop depends on the amount of milk
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contained in the short milk tubes at the moment, being more obvious when high milk
flows of the main milking phase are present, affirmation which would agree with the
results observed in this current study. This situation has been previously observed in
milking parlors installed in high-line (Diaz et al., 2004) and in low-line (Rasmusen et
al., 2000). Changes in vacuum level in the short milk tubes during milking are related to
several ways of transmission of pathogen agents between animals, such as reverse flow,
impacts or reverse pressure gradients (Le Du, 1989; Rasmussen et al., 1994; Billon et
al., 1998). Nevertheless, the magnitude of the vacuum drops observed in this study
could not imply risks for the mammary gland health status, according to what was
observed by this research group in previous unpublished works, and similar to what was
observed by Manzur et al. (2012) in Murciano-Granadina goats with similar drops (3.5-
12.4 kPa), who also did not find differences in the mammary gland health status..
Moreover, the higher changes in vacuum level in this current study have been observed
during the main milking phase and, according to what has been pointed by Billon et al.
(1998), the higher risk for the mammary gland health status is that these changes
occurred at the end of the milking when the milk cannot be removed again, so, the
pathogens transmitted can grow in the mammary gland between milkings.

The higher average vacuum level and the lower values of the vacuum drop
agrees with the higher average milk flow observed in the morning milking when this
type of pulsation was employed, since an optimal arrival of the vacuum implied a better
circulation of the milk. According with this idea and with what was pointed by Billon
(2004) and Schlaib (1996), alternative pulsation would offer a more regular milk flow.
Moreover, according to what was pointed by several studies, with a higher or more
constant vacuum at the teat level, such it has been observed in this current study when

alternative pulsation was employed, milk can be removed faster and maximum milk
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flow increases (Baxter et al., 1950; Stewart and Schultz, 1958; Rasmussen et al., 1986).
Although additional experiments are needed to support this hypothesis, the use of
alternative pulsation would offer significant advantages in situations related to high
milk flows or in high-line milking machines where milk flow can occupy the entire

section of the long milk tubes.
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CONCLUSIONS

The use of alternative pulsation implied higher average vacuum levels and a
reduction of the vacuum drops in the short milk tubes, although this only implied a
reduction of the milking duration in the morning milking when 42 kPa vacuum level
was used. It was concluded that the use of alternative pulsation offers some advantages
respect to simultaneous pulsation in temporary situations of high milk flow or when
milk flow can occupy the entire section of the milk tubes, like milking with high

vacuum level.
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441

442  Table 1. Schedule of the experiments according lot of animals, type of pulsation (alternative pulsation, PA or
443  simultaneous pulsation, PS) and vacuum level (38 and 42 kPa).

Latin square 1 Latin square 2 Latin square 3 Latin square 4

Period 1: Period 2: Period 3: Period 4: Period 5: Period 6: Period 7: Period 8:

Day1-3 Day4-6  Day7-9 Day10-12 | Day 13-15 Day 16-18 Day 19-21 Day 22-24

Lot1l PA x 42 PA x 38 PS x 42 PS x 38 PS x 38 PS x 42 PA x 38 PA x 42

Lot 2 PA x 38 PA x 42 PS x 38 PS x 42 PS x 42 PS x 38 PA x 42 PA x 38

444
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Table 2. Results of statistical analysis (F and P values) of the variables related to milking efficiency.

Publicaciones

MDM MDA MYM MYA AMFM AMFA MSMM MSMA

F P F P F P F P F P F P F P F P
pulsation 898 <001 45 003 153 022 073 039 1936 <0.01 1.18 028 024 065 58 0.2
period(puls) 538 <001 374 <0.01 079 058 175 011 224 004 263 002 252 002 212 0.6
Vacuum ~ 47.68 <0.01 3.67 008 043 051 154 022 4505 <001 7.81 <001 030 058 3.63 0.6
puls*vac ~ 7.04 <0.01 004 083 002 081 368 008 681 <001 002 08 001l 098 001 093

period(puls): pulsation type nested to period of the experiment; puls*vac: interaction of vacuum level with type of pulsation; MDM: milking duration of the morning;

MDA: milking duration of the afternoon; MYM: milk yield in the morning; MYA: milk yield in the afternoon; AMFM: average milk flow in the morning; AMFA:

average milk flow in the afternoon; MSMM: machine stripping milk in the morning; MSMA: machine stripping milk in the afternoon.
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451 Table 3. Effect of the treatments studied on the milking efficiency and the
452  variables related to vacuum levels in the short milk (means * standard error).

VARIABLE ALT38 ALTA42 SIM38 SIM42 SL

MDM (min) 402+0.10a 357+x0.10c 4.02+0.10a 384+0.10b *
MDA (min) 3.47+0.09 3.33+0.09 3.48 +0.09 343+0.09 NS
MYM (kg) 2.17+£0.06 2.18 +0.06 2.13+0.06 215+0.06 NS
MYA (kg) 1.77 +0.05 1.75+005  1.74+0.05  1.82+0.05 NS

AMFM (kg/min) 054+0.0l1bc 061+00la 053+0.0lc 056+0.01b *

AMFA (kg/min)  051+0.01b 053+00la 050+0.01b 053+0.0la *
MSMM (g) 170 +13 175 +13 175 +13 179+13 NS

MSMA () 154+11a 141+11a 138 £11ab 124 +£11D *

AV (kPa) 33.18+0.10c 37.39+0.07a 3249+0.15d 36.48+0.11b **

VD (kPa) 434+009b 431+007b 550+£025a 520+022a **

453
454
455
456
457
458
459
460
461

462

ALT38: alternative pulsation and vacuum level 38 kPa; ALT42: alternative pulsation and vacuum level

42 kPa; SIM38: simultaneous pulsation and vacuum level 38 kPa; SIM42: simultaneous pulsation and

vacuum level 42 kPa; SL.: significance level; MDM: milking duration in the morning; MDA: milking

duration in the afternoon; MYM: milk yield in the morning; MYA: milk yield in the afternoon; AMFM:

average milk flow in the morning; AMFA: average milk flow in the afternoon; MSMM: machine

stripping milk in the morning; MSMA.: machine stripping milk in the afternoon; MV: average vacuum
level during main milking phase VD: vacuum drop.

a b c d: different letters in the same line show significant differences *(P<0,05) or ** (P<0.01). NS: not

significant.
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Estudio 1. Estudio del efecto de un DCAV en la eficacia del ordeio de cabras
de raza Murciano-Granadina al inicio y al final de la lactacion.

La programacion de los DCAV con FC 150 g/min, al inicio de la lactacién, y de FC
de 100 a 150 g/min, al final de la lactacidn, en el ordefio de cabras de raza Murciano-
Granadina supuso, como maximo, un aumento de los tiempos de ordefio empleados
en 0,3 min respecto a los FC de 200 y 250 g/min, incremento menor a lo que
inicialmente se esperaba en funcién de lo encontrado en la bibliografia. El aumento del
TD supuso un incremento de los valores de tiempo de ordeifio mayor a lo que
inicialmente se esperaba, dadas las diferencias entre los distintos TD programados (5
s). Sin embargo, se debe mencionar especialmente el efecto sobre el tiempo de ordefio
que ha mostrado tener la realizacién de una segunda puesta de pezoneras, aspecto
que ha sucedido con mayor frecuencia en los FC de 200 y 250 g/min (22 y 26 casos en
el inicio de la lactacion y 22 casos en ambos FC en el final de la lactacion,
respectivamente). La realizaciéon de una segunda puesta de pezoneras alargé el tiempo
de ordeio individual (aumento de hasta 1,13 min), lo que en la practica causaria la
demora de la salida de los animales ya ordefiados en su misma plataforma de ordefio
Yy, por consiguiente, aumentaria el tiempo total de ordefio del rebafio. Este efecto es
indeseable ya que uno de los objetivos que se pretenden conseguir con la instalacién
de DCAV en las salas de ordefio es reducir el tiempo que el operario dedica al ordefio
de los animales. El aumento de la frecuencia de doble puesta de pezoneras en los FC
de 200 y 250 g/min pudo deberse a que en la raza Murciano-Granadina hay cabras
cuyo flujo de emision de leche desciende hasta valores inferiores a 200 g/min cuando
aun queda una gran cantidad de leche en la gldndula mamaria. Esta situacion se ha

observado, con mayor frecuencia, en animales de 3 & 4 lactaciones con un gran
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desarrollo de la cisterna de la glandula mamaria y cuyos pezones se encuentran
implantados por encima de la base de la glandula. En las explotaciones comerciales sin
DCAV, a este tipo de animales se les suele practicar una rutina de ordefio que incluye
una segunda puesta de pezoneras y un apurado a maquina. Quiza el empleo
combinado de sistemas de sujecion de la ubre y DCAV, como los descritos por Tangorra
et al. (2010), minimizarian la frecuencia de doble puesta de pezoneras y la fraccion de
leche de apurado a mano en el ordefio de estos animales.

Las diferencias encontradas en los resultados del fraccionamiento de la leche
durante el ordefio sugieren que el flujo de emisién de leche desciende rapidamente
hasta que se alcanza el FC de 150 g/min al inicio de la lactacién y el FC de 100 g/min al
final de la lactacion. Por ello, a partir de esos FC no se obtienen mejores resultados de
fraccion de leche maquina y leche de apurado a mano, mientras que el tiempo de
ordeio aumenta significativamente.

Respecto de la fraccidn de leche residual, a pesar de las diferencias obtenidas
entre programaciones (maximas de 1,6 % en el inicio de la lactacién y 1,2 % en el final
de la lactacidn), no se encontré una tendencia de variacion de sus valores al modificar
los parametros de funcionamiento del DCAV (FC y TD). Esto indica que, en el ordefio
con DCAV, la variacion de los valores de FC y TD no afecta al reflejo de eyeccién y
posterior bajada de leche que se puede producir durante el ordefio mecdnico de
cabras Murciano-Granadinas, pudiéndose ver afectado por otros factores. Es posible
gue en razas caprinas con una compartimentaciéon de la glandula mamaria diferente
(Saanen, Wilde y Knight, 1990, Salama et al., 2004) pueda haber diferencias en este

aspecto.
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El aumento de la caida del nivel de vacio empleando TD de 15 y 20 s con
respecto a TD 10 s en los FC de 200 y 250 g/min (3,16 y 3,29 kPa, respectivamente) se
debid al aumento del tiempo de ordefio cuando se han activado los DCAV, lo que
produjo unas mayores caidas del nivel de vacio (menores valores de nivel de vacio
minimo), especialmente en estos FC en los que aun existe un flujo de leche
considerable en los tubos cortos. En principio, y aunque serian necesarios otros
estudios que lo confirmen, los FC de 200 y 250 g/min combinados con TD de 15y 20 s
podrian aumentar el riesgo de infecciones intramamarias al aumentar la probabilidad
de que se originen fendmenos de flujo inverso o de impacto (O’Shea et al., 1987 y
Billon et al., 1998).

En general, en cabras Murciano-Granadinas no se han observado las grandes
diferencias descritas entre las combinaciones de pardametros de DCAV estudiadas que
se han observado en otros estudios en ganado vacuno, especialmente al final de la
lactacidn. Esta situacidn hace pensar que entre estos niveles se encuentra la
programacién o6ptima del DCAV para esta raza, de modo similar a como describen
Magliaro y Kensinger (2005) en vacuno. En ganado vacuno, Rasmussen (1993), Reid y
Stewart (1997), Stewart et al. (2002) y Magliaro y Kensinger (2005) obtuvieron que el
aumento de FC disminuia el tiempo de ordefio manteniendo el valor de leche maquina.
Es posible que el mayor tiempo de ordefio empleado y los mayores valores de
produccién de leche que existen en ganado vacuno faciliten encontrar mayores
diferencias entre programaciones de DCAV. Es destacable, también, que en gran parte
de los estudios mencionados, se emplean FC muy extremos, encontrandose diferencias
entre FC estudiados desde 200 g/min (Sagi, 1978; Rasmussen, 1993) hasta 600 g/min

(Edwards et al., 2013), mientras que en el presente estudio la diferencia entre FC
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extremos es de 150 g/min (valores extremos de 100 y 250 g/min). Ademas, en algunos
de estos estudios (Magliaro y Kensinger, 2005) se combinan los FC mas elevados con
los TD menores y viceversa, lo que, tedricamente, aumenta la probabilidad de
encontrar diferencias entre las distintas combinaciones de programacion de los DCAV.

A pesar de que las diferencias en los valores de fraccion de leche de apurado a
mano entre las distintas programaciones de DCAV fueron menores, éstos siguen la
misma tendencia que los encontrados por Rasmussen, (1993), Jago et al., (2010) y
Edwards et al. (2013) en ganado vacuno. Asi, los FC menores (FC 100 y 150 g/min)
obtuvieron los menores valores de leche de apurado a mano (sin diferencias
significativas en este estudio). Mientras que en los estudios realizados en ganado
vacuno solamente se realizaba una Unica puesta de pezoneras, en este estudio, se
practicd una rutina de ordefio con la posibilidad de una segunda puesta de pezoneras
tras la activacion del DCAV, como se haria en un rebafio comercial, lo cual podria haber
solapado las diferencias de la fraccion de leche de apurado a mano existentes entre los
tratamientos estudiados. El propdsito de conseguir un éptimo apurado es doble: en
primer lugar y a corto plazo, conseguir extraer la maxima cantidad de leche posible y
en segundo lugar y a largo plazo, evitar una inhibicién de la secrecién lechera (Wilde et
al., 1995; Peaker, 1980 y Stelwagen et al., 1994) por un vaciado insuficiente de la
glandula que podria afectar a la curva de lactacion. En este sentido, es importante
realizar un dptimo apurado entre las semanas 22 y 122 de la lactacion (Wilde y Knight,
1990; Salama et al., 2003).

En funcidén de los resultados comentados, la estrategia para aprovechar las
ventajas que se obtienen con la instalacién de DCAV debe ir encaminada a minimizar la

frecuencia de doble puesta de pezoneras, y, consecuentemente, reducir el tiempo de
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ordefo de grupos de animales, lo que se ha obtenido con FC de 100 y de 150 g/min.
Ademas en estos FC se encuentra el equilibrio entre tiempo de ordefio y leche
ordefiada (150 g/min al inicio de la lactacion y 100 g/min al final de la lactacion) y son

los mismos que registran los menores valores de leche de apurado.
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Estudio 2

En el estudio del efecto de los retiradores automaticos de pezoneras en la
eficacia del ordeno de las ovejas de raza Manchega se encontré un aumento del
tiempo de ordeio cuando se utilizaron FC reducidos y TD elevados y un descenso de la
fraccién de leche mdaquina cuando se emplearon FC elevados y TD reducidos. Asi, en
los dos experimentos realizados (test), con el empleo de FC 150 g/min y TD 20 s se
obtuvo la mayor cantidad de leche ordefiada (diferencias maximas de 4,4 % en linea
bajay 3,2 % en linea alta) y con FC 200 g/min y TD 10 s se obtuvo el menor tiempo de
ordeio (diferencias de 0,31 min en linea baja y 0,33 min en linea alta). En el Test 1, el
empleo de FC 100 g/min no ofreci6 mejores valores de leche maquina y leche de
apurado que el resto de FC, sin embargo, aumenté el tiempo de ordefo,
especialmente al combinarse con TD de 20 s. En esta misma prueba, el empleo de FC
250 g/min no ofrecié menores valores de tiempo de ordefio. Teniendo en cuenta estos
resultados, el flujo de emisién de leche durante el ordefio de las ovejas de raza
Manchega podria mantenerse en el tiempo hasta alcanzar niveles de FC de entre 200y
150 g/min, a partir del cual desciende rapidamente, cesando el flujo y finalizando el
ordefio, asi, el uso de FC menores de 150 g/min no consigue un mejor apurado de la

glandula mamaria.

Los resultados de este estudio seguirian la misma tendencia que los observados
en ganado vacuno por Rasmussen (1993), Reid y Stewart (1997), Stewart et al. (2002),
Magliaro y Kensinger (2005) y Edwards et al. (2013) y en ganado caprino por el equipo
investigador (ver estudio 1): existe un punto de equilibrio a partir del cual el empleo
de FC menores o TD mayores no mejora los resultados de leche extraida y aumenta los

valores de tiempo de ordefio. Superar este punto de equilibrio, ademas de aumentar el
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tiempo de ordefio, hace que aumente el riesgo de realizar sobreordefio y puede
afectar al estado del pezdn y, en consecuencia, al estado sanitario de la glandula
mamaria (Peris et al., 2003). Asi, en ganado ovino de raza Manchega, entre los FC 200 y
150 g/min se encontraria la combinacién adecuada que permitiria obtener la mayor
cantidad de leche maquina en un 6ptimo tiempo de ordefio. De esta forma, el empleo
de FC 200 g/min combinado con TD cortos permitiria reducir el tiempo de ordefio y el
empleo de FC 150 g/min combinado con TD altos mejoraria el fraccionamiento. La
estrategia a utilizar debe ser valorada por el ganadero, comparando el valor del tiempo
empleado con el valor de la leche no ordefiada teniendo en cuenta que el coste de la
leche de oveja es mayor al de otras especies, aun superior si esta tiene como destino la
fabricacién de queso con denominacion de origen.

En el presente estudio no se registré el tiempo total de ordefio de cada uno de
los lotes pero las diferencias encontradas en tiempo de ordeio entre las distintas
combinaciones de FC y TD (diferencias de hasta 0,33 min por animal) sugieren que
podrian encontrarse diferencias en el tiempo total de ordefio del rebafio segun la
programacién de los DCAV, tal y como encontraron Reid y Stewart (1997) en ganado
vacuno.

Es destacable que las diferencias en tiempo de ordefio observadas en el Test 2
entre las distintas programaciones de FC y TD fueron mayores que las observadas en el
Test 1. Esto se explicaria, en primer lugar, por el nivel productivo superior de los
animales del Test 2 que pudo aumentar las diferencias entre las distintas
programaciones, tal y como sugieren Magliaro y Kensinger (2005) al comparar sus
resultados con otros estudios realizados en ganado vacuno. A esto se anadiria que las

condiciones del Test 2 (DCAV a 2,5 m por encima de las pezoneras) hacen que el DCAV
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detecte mas tarde el descenso del flujo de emision de leche que en Test 1 (DCAValm
por debajo de las pezoneras). Como consecuencia, el DCAV de Test 2 podria realizar el
corte de vacio cuando ha descendido en gran medida el flujo de leche a nivel de las
pezoneras. Aunque serian necesarias pruebas adicionales para confirmar esta
hipdtesis, esto confirmaria lo sugerido por Rasmussen (2004) sobre la importancia que
tiene la distancia que exista entre las pezoneras y el dispositivo medidor de flujo de
leche para realizar el corte de vacio en el momento adecuado.

Los valores medios de leche de apurado oscilaron entre 9,4 y 12,5 %, valores
gue son similares a los obtenidos en ordefio sin DCAV en otros experimentos
realizados en ovejas de raza Manchega (8-11%, Villagra et al., 2007). Como ya se ha
descrito en ovejas de raza Sarda y Lacaune por Labussiére (1988) y en Dorset Horn por
Knight y Gosling (1995) es posible que en ovejas de raza Manchega el uso de rutinas de
ordeio simples, sin realizaciéon de repasos a maquina, permita obtener valores de
leche de apurado éptimos. Adicionalmente en ambos test, se observd una baja
frecuencia de doble puesta de pezoneras sin observarse diferencias entre las distintas
combinaciones de FC y TD. Esto sugiere que, a juicio visual del operario y a los niveles
de FC y TD estudiados en las dos pruebas, el empleo de DCAV consigue un correcto
nivel de apurado de la gldandula mamaria. Este nivel de apurado evitaria la acumulacién
de leche en la glandula que puede inhibir su sintesis (Peaker, 1980; Stelwagen et al.,
1994; Wilde et al., 1995) afectando a la curva de lactacién (Wilde y Knight, 1990).

Los mayores valores obtenidos en los valores de caida del nivel de vacio en el
Test 2 (valores maximos en linea baja de 3,15 kPa y valores maximos en linea alta 6,56
kPa) se explican por la configuraciéon en linea alta (Diaz et al., 2004; Manzur et al.,

2012). Por otra parte, el aumento de la caida del nivel de vacio a medida que aumentd
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FC (diferencia maxima de 2,48 kPa) se debid a la existencia de flujos de emisidon de
leche mayores lo cual aumenta la probabilidad de que la leche ocupe totalmente Ila
secciéon de la conduccién de leche (Le Du, 1977; Murgia y Pazzona, 1999), aspecto que
dificulte la llegada del vacio a las pezoneras. En principio, y aunque serian necesarios
otros estudios que lo confirmen, el empleo de FC y TD elevados podria aumentar el
riesgo de infecciones intramamarias al aumentar la probabilidad de que se originen

fendmenos de flujo inverso o de impacto (O’Shea et al., 1987 y Billon et al., 1998).
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Estudio 3.

En el estudio del efecto a largo plazo de los retiradores automadticos de
pezoneras en el ordefio de cabras de raza Murciano-Granadina comparado con la
retirada manual de pezoneras, los resultados de las variables relativas al
fraccionamiento de la leche obtenidos fueron similares a los encontrados en otros
trabajos realizados en cabras Murciano-Granadinas por el equipo investigador (Diaz et
al., 2013). El empleo de DCAV programados con FC 100 y 150 g/min y TD 10 s no
implicé diferencias relevantes en los valores del fraccionamiento de la leche con
respecto al ordefio con retirada manual de pezoneras (diferencias no significativas de
0,1 Kg con el tratamiento de retirada manual de pezoneras). En este sentido, la
realizacion de apurado a maquina no ofrecié mejores valores de leche maquina ni
leche de apurado con respecto a la retirada con dispositivo de corte automatico de
vacio, por lo que el vaciado de la glandula obtenido con los pardmetros de DCAV
ensayados fue del mismo nivel que el obtenido con ordefio convencional. Esto, a su
vez, permitié mantener los valores de potencial productivo de los animales en los
tratamientos con FC 100 y 150 g/min (2,17 y 2,19 kg/animal respectivamente vs 2,11
kg/animal en el tratamiento con retirada manual de pezoneras, sin diferencias
significativas), evitdandose una inhibiciéon de la secrecion de leche a lo largo de la
lactacion debida a la no extraccidn de parte de la leche (Wilde y Knight, 1990; Salama
et al., 2003). Esta ausencia de diferencias en los valores del fraccionamiento de la leche
entre los distintos tratamientos realizados no concuerda con los resultados de
Tangorra et al. (2010), quienes obtuvieron mayor produccion y persistencia de la
lactacién con el empleo de DCAV, que estos mismos autores atribuyen al empleo

afiadido de un estabilizador del juego de ordefo en el lote ordefiado con DCAV y que
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justifican que pudo tener un efecto beneficioso en variables no estudiadas como el
estado del pezén o el estado sanitario de la ubre.

Respecto a la rutina de ordefio, la frecuencia de caida de pezoneras fue similar
en todos los tratamientos, por lo que el empleo de DCAV con los pardmetros
ensayados no supuso ningun inconveniente en este aspecto. En cuanto a la frecuencia
de doble puesta de pezoneras, al emplear DCAV (FC 100 y 150 g/min) se encontraron
valores muy reducidos en ambos tratamientos y similares a los encontrados con estos
flujos de corte en el estudio 1. En el mencionado estudio se concluyd que estos flujos
de corte (150 y 100 g/min) eran los dptimos por ser los que ofrecieron los menores
valores de frecuencia de doble puesta de pezoneras de entre todos los ensayados
(250, 200, 150 y 100 g/min), lo cual reducia el tiempo de ordefio individual sin
penalizar la fraccién de leche maquina, lo cual se confirma en el presente estudio a
largo plazo.

Los tiempos de ordefio individuales no presentaron diferencias significativas
entre los distintos tratamientos estudiados (3,27 min, 3,28 min y 3,44 min en el
tratamiento con retirada manual, FC 100 y FC 150 g/min respectivamente): el ordefio
con retirada manual de pezoneras no redujo el tiempo de ordefio individual. Aunque
serian necesarios mas experimentos para confirmar la siguiente hipdtesis, hay que
destacar que en una sala de ordefio mayor que la empleada en este estudio (1 X 12), el
ordefio convencional con retirada manual de pezoneras obligaria a aumentar el
numero de ordefadores para retirar las pezoneras al final del ordefio, situacion que no
ocurriria en el caso de una sala equipada con DCAV ya que la retirada de pezoneras
estaria automatizada, presentandose en este ultimo caso, un mayor rendimiento

horario (nUmero de animales ordefiados por hora y operario). A medida que la sala de
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ordefio fuera de mayor tamario, esta ventaja del ordefio con DCAV sobre el ordefio con
retirada manual de pezoneras se haria mas patente.

Contrariamente a lo esperado, dados los resultados de tiempo de ordefio
individual, el tiempo de ordefio por plataforma resulté significativamente mayor en FC
150 g/min que en los otros dos tratamientos (diferencia maxima de 1,44 min) debido a
gue en este lote se observd una mayor frecuencia de ordefios de duracién > 3.5 min
(29, 1%). Asi, la mayor probabilidad, en el caso de este tratamiento, de que estos
animales se distribuyeran en diferentes plataformas de ordefo causé el incremento de
los valores de tiempo de ordefio por plataforma. Esta situacién coincide con lo
observado por Stewart et al. (2002), quienes indican que el tiempo de ordefio de
plataforma estd supeditado al tiempo de ordefio del animal mads lento.

Dada la ausencia de diferencias en los resultados del fraccionamiento, el
tiempo de ordeiio individual y los valores de las variables de la rutina de ordefio, se
puede afirmar que la retirada de pezoneras realizada por el dispositivo de corte
automatico de vacio fue igual de eficaz que la realizada por un operario
experimentado.

La ausencia de efecto significativo del tratamiento en la composicién quimica
de la leche concuerda con los resultados encontrados en ganado vacuno (Rasmussen,
1993; Jago et al., 2010). De esta forma, la composicion quimica de la leche de los tres
tratamientos estudiados varié de forma similar segun el patrén tipico de la lactaciéon
del caprino, con valores ascendentes a medida que avanzaba la lactacion y descendia
la produccién, lo que supuso una concentracion de los componentes (Goetsch et al.,

2011).
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Los valores de las variables de estado del pezdén IAB, IAP e IAPT son similares a
los encontrados por Diaz et al. (2013a) siguiendo la misma metodologia en condiciones
de ordefio similares (90 ppm, nivel de vacio de 40 kPa y relacién de pulsacion del 60%).
Lo mas destacable es que las cabras ordefiadas con retirada manual de pezoneras
obtuvieron resultados de IAP, IEP e IESF significativamente mayores que las cabras
ordefiadas con dispositivo de corte automatico de vacio (diferencias maximas de
16,49, 6,48 y 24,14 %, respectivamente), lo que indica que se obtuvo un mayor grado
de congestion del pezdn con el ordefio convencional. A pesar de ello, la ausencia de
diferencias entre tratamientos en las variables de estado del pezén antes del ordefio
indica que los tres lotes de animales lograron una recuperacién del pezén similar
durante el intervalo entre ordefios.

Respecto a las variables relativas al nivel de vacio, los valores de caida del nivel
de vacio en los flujos de corte 100 y 150 g/min son similares a los anteriormente
observados por el equipo investigador con la misma combinaciéon de FCy TD (1,49 +
0,25 kPa y 1,65 + 0,25 kPa respectivamente, ver estudio 1). El ordefio con retirada
manual ofrecid mayores valores de caida del nivel de vacio (7,69 kPa) que el ordefio
con dispositivo de corte automatico de vacio (2,42 y 2,09 kPa en los flujos de corte 100
y 150 g/min) lo cual pudo ser debido al aumento del flujo de emision de leche (LeDu,
1977; Ambord y Bruckmaier, 2010) que se produce por la manipulacién de la ubre en
la fase de apurado a maquina.

A pesar de los peores resultados encontrados en el estado del pezdn vy las
caidas del nivel de vacio durante el ordefio en el tratamiento con retirada manual de
pezoneras, los tratamientos ensayados ofrecieron similares resultados de las variables

relativas al estado sanitario, tanto en el recuento de células somaticas como en la
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aparicion de nuevos casos de mamitis. En el caso de las variables relativas al estado del
pezdn hay que destacar que en el caso de animales en que se realiza un mayor nimero
de ordefios al dia, como las especies bovina y ovina y otras razas caprinas, el riesgo de
que el pezdn no se haya recuperado entre ordefios es mayor (Hamann y @steras, 1994;
Neijenhuis et al., 2001), por lo que el empleo de DCAV respecto del ordefio con
retirada manual de pezoneras, ofrecerd mayores beneficios en el estado sanitario de la
glandula mamaria (Hamann et al., 1994) dado que se minimiza la congestion del pezdn
tras el ordefio. En el caso de los mayores valores de caida del nivel de vacio en los
animales ordefiados con retirada manual de pezoneras, hay que destacar que aunque
fueron mayores que los encontrados en los otros dos tratamientos, fueron
relativamente reducidos (7,69 * 0,66 kPa), siendo similares (3,5 — 12,4 kPa) a los
encontrados en cabras Murciano-Granadinas por Manzur et al. (2012), quienes, con
estos valores de caida del nivel de vacio, no encontraron diferencias en el estado
sanitario de la glandula mamaria. Distintos autores (Mein et al., 1986, Hamann et al.,
1994) sefialan que para alterar los mecanismos de defensa del pezén v,
consecuentemente el estado sanitario de la gldndula mamaria de los animales (Zecconi
et al., 1992; Peris et al., 2003) es necesaria una asociacion de caidas del nivel de vacio
con factores como pulsaciones inadecuadas, manguitos deteriorados, apurados a
maquina intensos y retiradas de pezoneras sin corte previo de vacio de forma
reiterada, factores que no se produjeron en el presente estudio. Por ultimo, esta
ausencia de diferencias entre tratamientos en las variables relativas al estado sanitario
fue concordante con la ausencia de diferencias en los resultados de las variables del
fraccionamiento. Este hecho se explica porque, dado que el estado sanitario de Ila

gldndula mamaria fue similar en los tres tratamientos ensayados, el proceso de sintesis
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y secrecion de leche no se vio afectado de forma distinta y, por tanto, cada grupo de
animales ofrecié valores similares de potencial productivo al final de la lactacién. En
cualquier caso, hay que destacar que a medida que las condiciones del ordefio sean
mas susceptibles de producir sobreordefio o caidas del nivel de vacio por entradas de
aire durante el apurado asi como retiradas de pezoneras sin corte previo de vacio (por
ejemplo: falta de cualificacion de los operarios, excesivo numero de animales
ordefiados por operario), el ordefio con DCAV, programado con la combinacion
adecuada de FC y TD, tendrd mayores ventajas respecto al ordefio convencional con

retirada manual de pezoneras.
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Estudio 4.

En el estudio del efecto a largo plazo de los retiradores automaticos de
pezoneras en el ordefio de ovejas de raza Manchega, las diferencias encontradas en las
variables del fraccionamiento de la leche y tiempo de ordeifo entre las dos
programaciones con DCAV estudiadas ofrecen resultados similares a lo observado por
el equipo investigador en el estudio 2. En el mencionado estudio se concluyd que los
parametros de funcionamiento de DCAV testados en este estudio (FC 150 g/min y TD
20 sy FC 200 g/miny TD 10 s) optimizaban el tiempo de ordefio sin reducir la fraccién
de leche ordefada.

Al comparar las cantidades de leche maquina de los muestreos con los
procedentes de ordefos en semanas distintas al muestreo, se observa que su valor del
ordefio de la manana es similar. Sin embargo, los tratamientos con DCAV obtienen
menores cantidades de esta variable en el ordefio de la tarde de los dias de muestreo
debido a la extraccidn de mayor cantidad de leche de apurado a mano en el ordefio de
la mafiana.

El empleo de DCAV programados con los parametros adecuados (FC 150 g/min
y TD 20 s) en el ordeno de ovejas de raza Manchega permitié obtener cantidades de
leche maquina equivalentes (1,24 kg/animal) a las obtenidas con retirada manual con
apurado a maquina (1,19 kg/animal). Los resultados ofrecidos por esta programacion
son similares a lo encontrado en cabras de raza Murciano-Granadina (ver estudio 3)
dado que el ordefio con DCAV programado con FC de 100-150 g/min y TD de 10 s fue
igual de eficaz que el ordefio realizado por un operario experimentado. En el presente

estudio, sin embargo, el empleo de DCAV programado con FC 200 g/min y TD 10 s
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supuso pérdidas de leche ordefiada de 0,11 kg/animal en el ordefio de la mafiana
respecto del ordefio convencional con retirada manual de pezoneras.

La inclusion del apurado a maquina en la rutina de ordefio del tratamiento con
retirada manual de pezoneras disminuyd la cantidad de leche de apurado a mano tras
la retirada de pezoneras, comparado con el empleo de DCAV (diferencias significativas
de 102 g). Sin embargo, como se ha mencionado previamente, esta situacion no
supuso una reduccion de los valores registrados de leche maquina en el programa de
gestion en los animales ordefiados con FC 150 g/min y TD 20 s lo que indicaria que la
leche que queda en la ubre tras el ordefio con DCAV seria extraida en el ordefio
siguiente. Ademas, la mayor cantidad de leche de apurado a mano tras la retirada de
pezoneras no se vio reflejada en una menor leche total extraida en los tratamientos
que emplearon DCAV. Esto significaria que, a estos niveles, un menor apurado de la
glandula mamaria no supuso la inhibicién de la sintesis de leche por la acumulacién de
la misma, como se ha observado en otros trabajos realizados en otras especies (Wilde
y Knight, 1990; Salama et al., 2003).

La principal explicacién a los mayores valores de leche de apurado a mano
encontrados en FC 150 g/min y TD 20 s y FC 200 g/min y TD 10 s se encuentra en la
morfologia mamaria de la especie ovina en la que existe una cantidad significativa de
individuos con los pezones implantados por encima de la base de la glandula mamaria
(Labussiére, 1988; Bruckmaier et al., 1997). Dado que este aspecto morfolégico no esta
correlacionado con la capacidad productiva de los animales (Fernandez et al., 1995), a
largo plazo, la solucion podria pasar por una seleccion de los reproductores de la raza
que incluya, ademas de los pardmetros estrictamente productivos, la valoracidon

morfoldgica de la glandula mamaria para su adaptacién al ordefio mecanico, como se
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ya se realiza actualmente en la raza Manchega y en otras razas de la misma especie
(Marie-Etancelin et al., 2005).

El aspecto mds destacable respecto a la eficacia del ordeiio fueron las
diferencias encontradas en los resultados de tiempo de ordefio individual (hasta 45
s/animal en el ordefio de la mafiana) y por tandas de animales (hasta 64 s),
especialmente en este Ultimo. Los resultados de tiempo de ordefio individual coinciden
con lo encontrado anteriormente por el equipo investigador (estudio 2) y en estudios
similares realizados en ganado vacuno (Sagi, 1978; Stewart et al., 2002; Jago et al.,
2010). Por tanto, el empleo de DCAV programado con FC 150 g/min y TD 20 s seria mas
eficaz que el ordefio convencional con retirada manual de pezoneras dado que obtiene
cantidades similares de leche ordefiada en tiempos de ordefio menores. Por su parte,
la programacion del DCAV con FC mayores y TD breves (FC 200 g/min y TD 10 s)
aunque permitiria una adicional reduccion del tiempo de ordefio empleado, ofreceria
valores sustancialmente menores de leche ordefiada (0,11 kg/animal en el ordefio de
la mafiana), pérdidas que podrian afectar a la rentabilidad de la explotacion.

El ordefio mecdanico puede afectar el estado del pezéon (Hamann, 1987). Las
alteraciones en la punta del pezdn, como edema o congestion, estan relacionadas con
la aparicion de nuevas infecciones intramamarias (Hamann et al., 1994). En este
estudio, los resultados de las variables del estado pezén en el tratamiento control
fueron similares a las observadas por Alejandro et al. (2014a) siguiendo el mismo
método en condiciones de ordefio similares (retirada manual de pezoneras, frecuencia
de pulsacién 90 ppm y relacién de pulsacion del 60%). En los analisis realizados sobre
las variables relativas al estado del pezdn después del ordefio no se observaron

diferencias entre los tratamientos FC 150 g/miny TD 20 s y FC 200 g/miny TD 10 s. Lo
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mas destacable fue que las ovejas ordefiadas con DCAV obtuvieron resultados de estas
variables significativamente menores que las ovejas ordefiadas con retirada manual, lo
gue da una idea del mayor grado de congestidon del pezén sufrido por los animales con
este tratamiento. Este mayor grado de congestion del pezén fue debido al mayor
tiempo de ordefio (Hamann et al., 1994) y por tanto a una mayor exposicion del pezén
al nivel de vacio. Ademas, en los animales ordefiados con retirada manual de
pezoneras se encontraria una mayor probabilidad de que las pezoneras permanecieran
conectadas a la ubre cuando el flujo es ya muy bajo o ha cesado (sobreordefio) v,
como se ha observado anteriormente en ganado vacuno (Mein et al.,, 2001), esta
situacidon podria ser responsable de que los pezones de estos animales tuvieran un
mayor grado de congestion.

Relacionados con los cambios del nivel de vacio en los tubos cortos de leche
han sido estudiadas diversas formas de transmisidon de patédgenos durante el ordefio
(fendmeno de flujo inverso, impactos o gradiente de presién inversa; Rasmussen et al.,
1994; Billon et al., 1998). En este estudio los valores de caida del nivel de vacio
encontrados en FC 150 g/min y TD 20 s y FC 200 g/min y TD 10 s fueron similares a los
anteriormente observados por el equipo investigador con la misma combinacién de FC
y TD (6,1 £ 0,3 kPa y 5,8 + 0,3 kPa, respectivamente, ver estudio 2). En este sentido, lo
mas destacable fue que el ordefio con retirada manual ofreci6 mayores valores de
caida de vacio que el ordefio con DCAV (diferencias de hasta 6,7 kPa) como se ha
observado en otros trabajos (ver estudio 3). Estos resultados se pueden explicar por
varias situaciones distintas. En primer lugar, porque en la ultima fase de ordefio,
cuando la cisterna del pezén estd vacia, el pezdn pierde turgencia y no ocupa todo el

espacio del manguito, permitiendo entradas de aire (LeDu, 1977), situacidon que se
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veria minimizada en los animales ordefiados con DCAV porque el ordefio finalizaria
antes de que cesara el flujo y se llegara a esta situacién. En segundo lugar, la
realizacion del apurado a maquina pudo originar entradas de aire a través de las
pezoneras y también un aumento del flujo de emisién de leche (Ambord y Bruckmaier,
2010) en aquellos animales con los pezones implantados por encima de la base de la
glandula mamaria y que aun tienen en sus cisternas una cantidad significativa de leche.

A pesar de los mayores valores de caida del nivel de vacio y de las variables
relativas al estado del pezdn encontrados en animales ordefiados con retirada manual
de pezoneras, el estado sanitario de los animales de este grupo no se vio afectado
(incidencia de mamitis y recuento de células somdticas similares a los de los animales
ordefados con DCAV). Este resultado concuerda con lo encontrado por Manzur et al.
(2012), en estudios realizados en cabras Murciano-Granadinas, ya que valores
similares de caida de vacio (3.5-12.4 kPa) no se correspondieron con alteraciones del
estado sanitario. En ganado vacuno, Mein et al. (2004) observaron que para poder
transmitir una infeccidén intramamaria se necesita causar flujos inversos de velocidad
mayor de 6 m/s. Segun estos autores estas situaciones solamente se han observado
cuando se realizan retiradas de pezoneras sin corte previo de vacio o apurados a mano
muy bruscos, factores que nunca se produjeron en el presente estudio. Respecto al
mayor grado de edematizacidon del pezén, ha sido observado en ovejas de raza
Manchega por Peris et al. (2003) que la aplicacion de tiempos de sobreordefio
relativamente reducidos (1,5 a 2 min) durante periodos de duracion media (10
semanas) no produjeron tampoco alteraciones del estado sanitario de la glandula
mamaria. Las condiciones practicadas en este estudio, con apurados a mano

cuidadosos, hicieron que los pezones de animales ordefados con retirada manual de
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pezoneras se recuperaran antes del siguiente ordefio de forma similar a como lo
hicieron los animales de los otros dos tratamientos, aspecto que se confirma en los
valores de IAB registrados antes del ordefio (retirada manual de pezoneras: 0,47 + 0,01
cm; FC 150 g/miny TD 20s: 0,47 £ 0,01cm; FC 200 g/miny TD 10 s: 0,48 + 0,01 cm).

La composicion quimica de la leche ordefiada puede verse alterada por
diferencias en el estado sanitario de la gldndula mamaria (Leitner et al., 2004) y el nivel
productivo de los animales (Cuccuru et al.,, 2011). En este estudio, la ausencia de
diferencias en la composiciéon quimica de la leche entre los diferentes tratamientos
empleados coincide con los resultados encontrados en ganado vacuno en
experimentos equivalentes (Rasmussen, 1993) y en ganado ovino cuando se
compararon rutinas de ordefio con apurado con rutinas de ordeio sin apurado (Knight
y Gosling, 1994; McKusick et al., 2002). Asi, la ausencia de diferencias en la
composicion quimica de la leche entre los distintos tratamientos empleados seria
concordante y similar a lo encontrado en los resultados del estado sanitario de los
animales y del potencial productivo.

Por tanto, el empleo de DCAV en cabras Murciano-Granadinas con los
parametros convenientes ofreceria resultados de eficacia del ordefio similar a la
retirada manual de pezoneras, reduciendo los efectos del ordefio mecdnico en el
estado del pezén y las caidas del nivel de vacio, manteniendo la calidad de la leche

ordefiada y el estado sanitario de la glandula mamaria.
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Estudio 5

En el estudio realizado para conocer el efecto de la combinacién de dos tipos
de pulsacion (alterna y simultanea) y dos niveles de vacio distinto (42 y 38 kPa) sobre la
eficacia del ordefio (fraccionamiento de la leche y tiempo de ordefio) y las variaciones
de los niveles de vacio en los tubos cortos de leche (nivel medio de vacio y caida del
nivel de vacio) se observd que los valores productivos encontrados coinciden con lo
encontrado en otros estudios realizados en la misma raza y en condiciones de manejo
semejantes (Komara y Marnet, 2009). Ademas, la ausencia de diferencias en la variable
leche mdaquina de los dos ordefios entre los distintos niveles de vacio empleados
concuerda con lo encontrado por Sinapis et al. (2000) en un estudio a corto plazo al
comparar niveles de vacio de 36 y 44 kPa en el ordefio de cabras locales griegas. En ese
mismo estudio se observé que el empleo de niveles de vacio muy altos (52kPa), se
correspondia con un descenso de los valores de la fraccidn de leche maquina, asi, estos
autores proponian el empleo de niveles de vacio de entre 36 y 44 kPa para aprovechar
al maximo la leche presente en la glandula mamaria ya que el potencial productivo de
los animales no varid.

El efecto significativo del nivel de vacio en la eficacia del ordeo (diferencias de
0,27 min en el tiempo de ordefio; 0,08 kg/min en el flujo de leche del ordefio de la
mafana y 0,03 kg/min en el flujo de leche del ordefio de la tarde) coincide con lo
encontrado en otros estudios en cabras Alpinas (Lu et al., 1991) donde se encontré
gue, al aumentar el nivel de vacio desde 38 hasta 45 kPa, el flujo de leche aumentaba y
se reducia el tiempo de ordefno. Segln estos mismos autores el empleo de un nivel de
vacio de 52 kPa, a pesar de aumentar el flujo de leche, suponia un aumento

significativo del recuento de células somaticas. En la misma linea, en ganado ovino y
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bovino se ha demostrado que los aumentos del nivel de vacio se corresponden con
incrementos de la variacién del espesor del pezén que pueden conducir a colapsos y se
han asociado con mayor frecuencia de mamitis (O’Shea, 1987; Hamann et al., 1994).
Respecto del tipo de pulsacién empleada, en recientes estudios del equipo
investigador se comprobé que, ordefiando con un nivel de vacio de 40 kPa, no existian
diferencias entre pulsacion alterna y simultanea en las variables relativas a la eficacia
del ordefo (leche maquina y tiempo de ordefio, datos sin publicar). En el presente
estudio se observan aspectos similares ya que no existieron diferencias en leche
maquina entre los 4 tratamientos testados. Ademds, tampoco existieron diferencias en
ninguna variable de eficacia del ordefio cuando el vacio empleado era de 38 kPa. Sin
embargo, la pulsacion alterna ofrecié un menor tiempo de ordeiio y mayor flujo medio
cuando se emplearon 42 kPa en el ordefio de la mafiana. En este sentido, el empleo de
pulsacidn alterna ofreceria una mayor eficacia del ordefio respecto de la pulsacidn
simultanea en presencia de mayores cantidades de leche en los tubos de leche (ordefio
de la mafana y empleo de altos niveles de vacio). Las diferencias encontradas en el
tiempo de ordefio individual en estas condiciones (0,27 min/animal) podrian suponer
un aumento del nimero de animales ordefiados por hora como se ha encontrado en
otros estudios (Reid y Stewart, 1997; Edwards et al., 2013; estudio 4 de esta tesis
doctoral). Por su parte, la ausencia de diferencias encontradas en los valores de leche
de apurado en el ordefio de la mafana y las escasas diferencias encontradas en esa
misma variables en el ordefio de la tarde (maximas de solamente 30 g) justificarian el
empleo de las programaciones con mayor eficacia del ordefio (pulsacién alterna y 42

kPa).
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Los valores encontrados en la caida del nivel de vacio en este experimento
(4,31-5,50 kPa) son superiores a los valores encontrados en cabras Murciano-
Granadinas en experimentos similares (2,41 kPa, linea baja, nivel de vacio y
parametros de pulsacion) realizados por el equipo investigador (ver estudios 1y 3). Es
posible que los mayores niveles productivos de las cabras de raza Alpina fueran la
causa de estas diferencias, dado que la mayor cantidad de leche presente en los tubos
cortos de leche habria dificultado la transmisién del vacio hasta las regiones cercanas
al pezén como ha sido descrito por Ambord y Bruckmaier (2010). Segun estos autores
la caida del nivel de vacio depende de la cantidad de leche extraida en el momento de
medicion, apreciandose sobre todo en las momentos de alto flujo de leche o en la fase
principal del ordefio, aspecto que coincidiria con lo encontrado en el presente estudio.
Este fendmeno ha sido observado tanto en salas de ordefio con conduccién de leche
en linea media (Diaz et al., 2004) como en las de linea baja (Rasmusen et al., 2000).
Relacionados con los cambios del nivel de vacio en los tubos cortos de leche han sido
estudiadas diversas formas de transmision de patdgenos durante el ordefio
(fendmenos de flujos inversos, impactos o gradiente de presidn inversa; Le Du, 1989;
Rasmussen et al., 1994; Billon et al., 1998). En cualquier caso, no parece que las caidas
del nivel de vacio obtenidas en este trabajo puedan implicar riesgos para el estado
sanitario de la glandula mamaria seguin lo observado por el equipo investigador en
anteriores trabajos y por Manzur et al. (2012) en cabras Murciano-Granadinas con
valores similares de caidas de vacio (3,5-12,4 kPa) quienes no encontraron alteraciones
del estado sanitario. Ademas los mayores valores de caida del nivel de vacio de este
estudio han sido observados durante la fase principal del ordefio. De acuerdo con lo

apuntado por Billon et al. (1998), los mayores riesgos para la glandula mamaria serian
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al final del ordefio, cuando la leche no puede volver a ser extraida pudiendo los
patdgenos transmitidos colonizar la glandula mamaria entre ordefios.

El mayor nivel de vacio medio y la menor caida de vacio al emplear pulsacién
alterna explicaria el mayor flujo de leche del ordeifo de la manana con este tipo de
pulsacidn, ya que una mejor llegada del vacio hasta el pezdn favorece la evacuacion de
la leche. De acuerdo con lo apuntado por Billon (2004) y por Schlaib (1996), la
pulsacion alterna ofreceria un flujo de leche mas regular. Ademas, segun lo apuntado
por diversos estudios, con un nivel de vacio constante y mayor a la altura del pezén, la
leche puede ser evacuada mas rdpidamente y aumenta el flujo méximo de leche
(Baxter et al., 1950; Stewart y Schultz, 1958; Rasmussen et al., 1986). Aunque serian
necesarios mas experimentos para confirmar esta hipotesis, todo parece indicar que el
empleo de pulsacién alterna en cabras Alpinas ofrece diferencias significativas en
situaciones de alto flujo de leche (medio o puntual), o cuando se emplean salas con
conduccién de leche en linea media o alta, ya que hay mayor probabilidad de que se
produzcan tapones de leche en los tubos largos de leche. Asi, el empleo de pulsacién

alterna facilitaria la evacuacion de leche hasta la conduccidn de leche.
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Conclusiones

Segun lo establecido en la normativa de Doctorado de la Universidad Miguel
Hernandez para la defensa de una tesis doctoral con mencién internacional es
necesario: “Que parte de la tesis doctoral, al menos el resumen y las conclusiones, se
haya redactado y sea presentado en una de las lenguas habituales para la
comunicacidn cientifica en su campo de conocimiento, distinta a cualquiera de las

lenguas oficiales en Espafia.” En este caso se ha escogido la lengua inglesa.

GENERAL CONCLUSIONS

Automatic vacuum cutting devices (AVCD, component of automatic cluster
removers), set with optimal parameters of milk flow threshold and delay time for the
milking of Murciano-Granadina goats and Manchega Sheep, could be implemented in
the milking parlor, substituting manual cluster removal. This fact could improve the
working conditions of the operators and also the profitability of the farm since these
devices preserve the sanitary status of the mammary gland and maintain milk quality
and quantity. This improvement would be more obvious when the number of the
animals in the farm and the size of the milking parlor increase.

Regarding the type of pulsation (alternative or simultaneous) employed in the
milking of Alpine goats, it was concluded that the use of alternative pulsation could
offer some advantages respect to simultaneous pulsation in situations related to high
milk flow (morning milkings, high yield animals, early lactation...) or when the use of
parameters (high vacuum level) or parlor design (high line) involves a high probability

that milk occupies the entire section of the tubes in the milking unit.
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SPECIFIC CONCLUSIONS OF EACH STUDY

Study 1. Effect of AVCD on milking efficiency of Murciano-Granadina goats at early

and at late lactation.

1.

It was observed that the most suitable parameters of the AVCD were the
combination of milk flow threshold (MF) of 100 or 150 g/min and delay time
(DT) 10 s, since this combination a minor frequency of double cluster
attachment, obtaining similar values of milking fractioning without involving an
increase in the milking duration and reducing the vacuum drops during DT. It
was concluded that additional long term studies were needed to know the
effect of these devices on the previous variables, the milking duration of the
entire herd, sanitary status of the mammary gland, milk composition and milk

yield.

Study 2. Effect of AVCD on milking efficiency of Manchega ewes.

2.

The most suitable parameters of an AVCD installed in low line were MF 150 or
200 g/min, since with these MFs, there was a balance between milk extracted
and time employed. MF 100 g/min did not involve better values of machine
milk and MF 250 g/min did not involve a reduction milking duration, so they
were discarded. The use of DT longer than 10 s did not involve better values of

milk fractioning but a potential longer milking duration.

When testing the settings of an AVCD installed in high line, MF of 150 g/min

and long DT (20 s) obtained the highest values of machine milk and the use of
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MF 200 g/min and short delay time (10 s) obtained the shortest milking

duration values.

4. Additional long term studies were needed to know the effect of these devices on

the previous variables, the milking duration of the entire herd, sanitary status of

the mammary gland, milk composition and milk yield.

Study 3. Long term effect of AVCDs on the milking of Murciano-Granadina goats.

5.

The use of AVCD set with MF 100 or 150 g/min and DT 10 s, respect to
conventional milking with manual cluster removal, maintained the values of
machine milk, the individual milking duration and the milk composition, without
affecting the cluster falls during the milking. Also it reduced the effects of the
machine milking on the teat-end status and the vacuum drops during the

milking, preserving the sanitary status of the mammary gland.

Study 4. Long term effect of AVCDs on the milking of Manchega ewes

6.

The use of AVCD set with MF 150 g/min and DT 20 s, respect to conventional
milking with manual cluster removal, maintained the values of machine milk and
the milk composition. Also, it reduced the individual milking duration and the
milking duration of groups of animals, which involves a decrease in the time
needed to milk the entire herd. Finally, it reduced the effects of the machine
milking on the teat-end status and the vacuum drops during the milking,

preserving the sanitary status of the mammary gland.
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Study 5. Effect of the type of pulsation and the vacuum level in the milking of Alpine
goats.

7. The use of alternative pulsation involved higher average vacuum level and

minor vacuum drops. This fact involved a reduction of the milking duration only

in the morning milkings when 42 kPa were employed, coinciding with higher

differences of average milk flow
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CONCLUSIONES GENERALES

Los dispositivos de corte automdtico de vacio (DCAV, componente de los
retiradores automaticos de pezoneras), programados con el flujo de corte y tiempo de
demora Optimos para el ordeifio de cabras Murciano-Granadinas y ovejas de raza
Manchega, pueden ser instalados en las salas de ordefio, sustituyendo la retirada
manual de pezoneras, lo cual ayudaria a mejorar las condiciones laborales de los
trabajadores, incluso la rentabilidad de la explotacidn, al preservar el estado sanitario
de la glandula mamaria de los animales, manteniendo la cantidad y la calidad de la
leche ordefiada. Esta mejora serd mas evidente a medida que se aumenta el numero

de animales en el rebano y el tamafio de la sala de ordefio.

Respecto al tipo de pulsacion (alterna o simultanea) a utilizar en el ordefio de
cabras de raza Alpina, se concluyd que el uso de la pulsacién alterna en la practica
puede ofrecer ciertas ventajas respecto de la pulsacién simultdnea en situaciones de
elevado flujo de leche (ordefio de la mafiana, animales con alta produccién o inicio de
la lactacion entre otros) o cuando el uso de parametros (empleo de altos niveles de
vacio) o el disefio de la sala (uso de linea media o alta) provocan una mayor

probabilidad de que se produzcan tapones de leche en el juego de ordeno.

CONCLUSIONES ESPECIFICAS DE CADA ESTUDIO

Estudio 1. Efecto de un DCAYV en la eficacia del ordeino de cabras de raza Murciano-

Granadina al inicio y al final de la lactacion.

1. Se encontrdé que los parametros mas adecuados para la programacion del DCAV

fueron la combinacion de un FC de 100 6 150 g/min y un TD de 10 s, ya que
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registraron una menor frecuencia de doble puesta de pezoneras, consiguiendo
resultados similares de fraccionamiento sin implicar un aumento del tiempo de
ordefio y reduciendo los valores de las caidas del nivel de vacio durante el TD.
Se concluyd ademds que eran necesarios posteriores estudios a largo plazo
para el estudio del efecto de estos dispositivos en las variables anteriores, en el
tiempo total de ordefio del rebafio, en la composicidn de la leche ordenada, en

el estado sanitario de la gldndula mamaria y en la produccién de leche.

Estudio 2. Efecto de dos DCAV en la eficacia del ordeifio de las ovejas de raza

Manchega.

2. Los pardmetros mas adecuados para la programacién de un DCAYV instalado en
linea baja fueron los FC de 150 y 200 g/min ya que permitian alcanzar el
equilibrio entre cantidad de leche ordefiada y tiempo de ordefio. El FC 100
g/min no aumentd los valores de leche maquina y el FC 250 g/min no
disminuyé el tiempo de ordefio, por lo que fueron descartados. El empleo de
TD mayores de 10 s no mejord los resultados del fraccionamiento implicando
un potencial mayor tiempo de ordefio.

3. En la programacién de un DCAV en linea alta, el empleo de FC 150 g/miny TD
elevados obtuvo los valores mas altos de leche méaquina y el empleo de FC de
200 g/min y TD reducidos obtuvo los menores valores de tiempo de ordefio.

4. Eran necesarios posteriores estudios a largo plazo para el estudio del efecto de
estos dispositivos en las variables anteriores, en el tiempo total de ordefno del
rebafio, en la composicion de la leche ordefiada, en el estado sanitario de la

glandula mamaria y en la produccidn de leche.
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Estudio 3. Efecto a largo plazo de los DCAV en el ordefio de cabras de raza Murciano-

Granadina.

5. El empleo de DCAV programados con FC 100 é 150 g/miny TD 10 s, respecto al
ordefio convencional con retirada manual de pezoneras, mantuvo los valores
de leche ordeiiada, el tiempo de ordefio individual de los animales y la
composicion de la leche sin afectar a las caidas de pezoneras durante el ordefio.
Ademas, redujo los efectos del ordefio mecdanico en el estado del pezdn y las
caidas del nivel de vacio durante el ordefio, manteniendo el estado sanitario de

la glandula mamaria.

Estudio 4. Efecto a largo plazo de los DCAV en el ordeiio de ovejas de raza Manchega.

6. El empleo de DCAV programados con FC 150 g/min y TD 20 s, respecto al
ordefio convencional con retirada manual de pezoneras, mantuvo los valores
de leche ordefada y la composicion de la leche. Ademas permitié reducir el
tiempo de ordefo individual de los animales y el tiempo de ordeiio por lotes, lo
gue en la practica, mejoraria los rendimientos horarios del ordefo. Finalmente,
redujo los efectos del ordefio mecanico en el estado del pezdn y las caidas del
nivel de vacio durante el ordefio, manteniendo el estado sanitario de la

glandula mamaria.
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Estudio 5. Efecto del tipo de pulsacion (alterna y simultanea) y del nivel de vacio (42

y 38 kPa) en el ordeiio de cabras de raza Alpina.

7. El empleo de pulsacién alterna supuso mayores niveles de vacio medio a nivel
de la punta del pezén y menores caidas del nivel de vacio en los tubos cortos de
leche que el empleo de pulsacidon simultanea, aunque esto se tradujo en una
reduccion del tiempo de ordefio Unicamente en el ordefio de la mafana vy
cuando se emplearon 42 kPa, coincidiendo con las mayores diferencias

encontrada en cuanto a flujo de leche.
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