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CAPITULO 3: Obijetivos experimentales

El objetivo principal de este trabajo es la descripcion de los fendmenos fisiologicos que
ocurren durante la eyeccion de leche en el ordefio mecanico, y la valoracion de los efectos
sobre la produccion de leche de la frecuencia y de los intervalos entre ordefios o de las

alteraciones en las rutinas de ordefio, en vacas lecheras.

Los objetivos especificos son:

1. Efectos de la supresion de un ordefio semanal sobre los cambios productivos y

morfologicos de la ubre en vacas lecheras.

1.1. Evaluacion de los efectos a medio plazo de la supresion de un ordefio por semana en
la produccion de leche y en el tamafio cisternal de la ubre medido por ecografia
(Experiencia 1.).

1.2. Evaluacion de los efectos a corto plazo de la supresion de un ordefio por mana sobre
la produccién, la composicion, el contenido de leche en células somaticas y el estado

sanitario aparente de la ubre (Experiencia 2.).

2. Efectos de distintos intervalos entre ordefios sobre la composicion quimica de la leche

cisternal y alveolar en vacas lecheras (Experiencia 3).

3. Evolucion de la leche cisternal a lo largo de la lactacion y estudio del reflujo cisternal
posterior a la estimulacion del reflejo de eyeccion en la ubre de vacas lecheras.

3.1. Evolucién de la leche cisternal a lo largo de la lactacion, valorada mediante ecografia,

en vacas lecheras (Experiencia 4).

3.2. Retorno de la leche desde las cisternas glandulares a los alvéolos o ‘fenémeno de
reflujo cisternal’ (cisternal recoil) observado mediante ecografia en vacas lecheras

(Experiencia 5).
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CAPITULO 4: Supresion de un ordefio por semana en vacas lecheras

(Omitting one milking weekly in dairy cows)

Effect of omitting one milking weekly on lactational performance and morphological

udder changes in dairy cows

Abstract

The response of dairy cows to omitting one milking weekly was investigated in two
successive experiments conducted with Holstein cows milked twice daily. Experiment 1
compared the lactational performances and udder changes in eight cows (31.2 L/d, 201 DIM)
in the 5 wk before and the 5 wk after introducing the suppression of one milking weekly. Milk
yield was recorded daily and milk composition twice weekly. Milk partitioning in the udder
(alveolar and cisternal milk) and cisternal size (ultrasonography), 8h after milking, were also
measured at the start and the end of the experiment. Although daily milk yield decreased 32%
during the experiment (10 wk), linear regression analysis revealed a loss of milk yield of 1.1
L/d (3.7%) as a consequence of the omission of one milking weekly. Milk composition,
lactation persistency and somatic cell count (SCC) were unaffected by milking omission.
Milk partitioning in the udder decreased by 38% in alveolar milk volume and showed a
tendency to decrease in cisternal milk volume (15%) and cisternal size (7%), as a result of
milking omission and advancing lactation. Loss in total milk yield was negatively related with
cisternal milk volume (r = — 0.77) and cisternal size (r = — 0.70) indicating smaller losses in
the big cisterned udders. In Experiment 2, five cows (21.0 L/d, 227 DIM) previously adapted
to the milking omission schedule were used to study the daily effects of milking omission on
milk yield, milk composition and udder health during 10 wk. Milk yield and milk composition
were approximately constant but SCC increased with lactation stage. The omission of one
milking caused an important decrease in milk yield, fat content and SCC on the omission day
and a compensatory increase over the following two days, but milk protein and lactose did not
vary. All variables reached the average weekly value three days after the milking omission (6
milkings). In conclusion, under the conditions used, omitting one milking weekly slightly
reduced milk yield and did not affect milk composition when healthy cows were used. Milk

losses by milking omission depend on udder cistern characteristics; evaluating cistern size by
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ultrasonography may be a useful tool for choosing cows that are better adapted to a reduced

milking frequency.

Key words: Milking frequency, cisternal size, udder health, ultrasonography

4.1. Introduction

The excess of milk production caused by a subsidized market and by continual technical
progress is a permanent problem for dairy policy in the European Community (Langer, 1990).
To control this situation, a policy of rents and improvement in the quality of life for farmers
has been recently proposed. With this in mind, the reduction of daily milking frequency seems
to be an interesting alternative for limiting milk yield, as well as an improvement in the work
conditions. Moreover, the omission of one or more milkings per week (preferably on Sunday
afternoon) would provide an important improvement in the quality of life of farmers,
especially in small or family based dairy farms.

Throughout the world, twice-a-day milking (2x) is the most frequent milking schedule of
dairy cattle. Although, in the last 30 yr, twelve-hour intervals have been widely
recommended, the 12-h milking frequency is not common in practice. Due to economical and
social conditions, the unequal 8-16-h, 9-15-h or 10-14-h milking interval is more suitable than
the equal 12-12-h milking interval (Sahr and Ormiston, 1966; Labussiére and Coindet, 1968;
Knight et al., 1994a). The accumulation of milk in the udder during extended milking
intervals reduces the activity of mammary cells indicating that milk secretion is under local
intra mammary control (Peaker and Wilde, 1996; Stelwagen and Knight, 1997, Stelwagen,
2001). Omitting one milking weekly, which can be done with a 24- or 18-h milking interval,
may reduce milk yield to a lesser extent than once daily milking.

There are few reported studies on the effect of omitting one milking weekly, compared to
twice a day milking, on milk yield in dairy animals. Yield losses ranged from 3 to 10% in
cows (Labussiére and Coindet, 1968; Radcliffe et al., 1973), 8 to 26% in ewes (Casu and
Labussiere, 1972; Labussicre et al., 1974; Huidobro, 1988) and 3 to 5% in goats (Mocquot,
1978; Le Mens, 1978; Le Du, 1989). Yield losses seem to be related to the level of milk yield,
breed and udder morphology. Recent studies suggest that udder anatomy (size of mammary
cisterns) in terms of to milk storage characteristics may be an important factor in determining
reduced yield associated with extended milking intervals (Knight and Dewhurst, 1994;
Stelwagen et al., 1996; Davis et al., 1998).
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A new approach for the study of udder cisterns in regard to milk production in dairy cows
has been reported by Ayadi et al. (2003a) by using direct udder scanning.

The objective was to evaluate the short term effects of omitting one milking weekly
(Sunday afternoon) on milk yield and milk composition and the medium term effects of the

reduced milking frequency on milk yield and udder cistern size measured by ultrasonography.

4.2. Materials and Methods

4.2.1. Experiment 1

4.2.1.1. Animals and feeding

Eight Holstein cows (5 multiparous and 3 primiparous) from the S1GCE (Servei de Granges
1 Camps Experimentals) of the Universitat Autonoma of Barcelona were used during a 10 wk
period to study the milk yield and morphological udder changes induced by the omission of
one milking weekly. At the start of the experiment days in milk were 201 + 15 d and milk
yield was 31.2 £ 5.8 L/d (mean + SEM). Cows were kept in tied stalls, with a 6 h/d period of
exercise in a paddock provided with group feed-bunks and a water-point and fed ad libitum a
total mixed ration (1.58 Mcal NE/kg; 16.6% CP, dry matter basis) according to their
requirements (NRC, 2001).

4.2.1.2. Routine milking

During the experiment, milking was conducted in the stalls by using a high pipeline
Westfalia Landtechnik (Granollers, Barcelona, Spain) milking system at 50 kPa (Vacurex,
Westfalia Landtechnik). Pulsation ratio and rate were set at 60:40 and 60 pulses/min by using
a Metatron 12 (Westfalia Landtechnik). The milking routine for the regular daily milking
(0800 and 1800) included teat cleaning, machine stripping and teat dipping (P3-cide plus,
Henkel Hygiene S.A., Madrid, Spain). All cows were free from clinical mastitis at the start of

the experiments.

4.2.1.3. Experimental procedures, calculations and milk analysis

For the first 5 wk period of the experiment, cows were milked twice a day at a 10-14-h
milking interval (0800 and 1800). For the second 5 wk period, cows were milked twice a day
at the 10-14-h milking interval from Monday p.m. to Saturday p.m. and on Sunday only one
milking was performed at 1300. The Monday a.m. milking was brought forward by one hour
to 0700 to match the long milking intervals (18 h). So, the milking pattern at the weekend was
as follows: Saturday a.m., 0800; Saturday p.m., 1800; Sunday p.m., 1300; Monday a.m.,
0700; and, Monday p.m., 1800.

79



Yield of each milking was recorded individually by using a Metatron 12 automatic milk
recording and proportional milk sampling unit (Westfalia Landtechnik). Milk yield loss
produced by the omission of one milking weekly was calculated as the difference between the
extrapolated values from milk yield regression of each experimental period on the week in
which the milking schedule was changed (wk 5). Lactation persistency was calculated on a 4
wk basis from the slope of the milk yield regressions.

Representative milk samples for milk composition analysis of each cow were taken weekly
at Friday (a.m. and p.m.) and Saturday (a.m. and p.m.) milkings to avoid residual effects of
the milking omission according to the procedures recommended by Labussiére and Coindet
(1968). The a.m. and p.m. samples were composited in a daily sample according to milk yield
at each milking. Milk fat, milk protein and milk lactose content were analyzed by using
CombiFoss 5000 equipment (Foss Espafia, Barcelona, Spain) and somatic cell count (SCC) by
Fossomatic equipment (Fosselectric, Hillerad, Denmark).

To evaluate the effect of milking omission on the morphological changes produced in the
cow udders, cisternal scans were performed 8 h after the a.m. milking and in duplicate for
each udder quarter according to the methodology proposed by Ayadi et al. (2003a). Cows
were randomly selected for scanning between Tuesday and Friday at the start and at the end
of the experiment by using a real time B-mode ultrasonograph (Ultra Scan 900, Ami Medical
Alliance Inc., Montreal, Canada) with a 5 MHz sectoral probe (2 dB power, 80° scanning
angle, 0.5 mm axial and 1.5 mm lateral resolution). Prior to udder scanning, 10 ug/kg BW of
an oxytocin receptor blocking agent (Atosiban®, Ferring Lab., Malmd, Sweden) was injected
into the epigastric vein to prevent the milk ejection reflex and to make possible the recording
of cisternal and alveolar milk fractions separately (Knight et al., 1994a; Bruckmaier et al.,
1997b; Wellnitz et al., 1999).

Afterwards, duplicated udder scans in perpendicular planes were taken and the images were
transmitted in groups of four to a portable computer and stored for processing. Image
treatment software (MIP4 Advanced System, Microm Espafa, Barcelona, Spain) was used to
estimate by triplicate the cisternal area in the scans, and pixels converted to cm® (1 cm® =
1,024 pixels) for calculations as indicated by Ayadi et al. (2003a). After the scans, cisternal
milk was milked from each udder quarter using a quartered claw and the values recorded.
Alveolar milk was machine milked by using the quartered claw after a 20.0 x 10~ [U/kg BW
i.m. injection of oxytocin (Veterin Lobulor, Lab. Andreu, Barcelona, Spain).

Milk fractions per quarter were weighed separately following collection to an accuracy of

10 g, and the weights recorded.
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4.2.2. Experiment 2

4.2.2.1. Animals, feeding and routine milking

Five Holstein cows (3 multiparous and 2 primiparous) from the SIGCE of the Universitat
Autonoma of Barcelona, different from the cows used in Experiment 1 and previously
adapted to the omission of one milking weekly schedule from the start of the first lactation,
were used during a 10 wk period to study the daily effects of the omission of one milking
weekly. At the start of the experiment days in milk were 227 £ 67 d and milk yield was 21.0 £
3.4 L/d (mean = SEM). Cows were kept in tied stalls with a 6 h/d period of exercise in a
paddock, as in Experiment 1, and fed ad libitum a total mixed ration (1.2 Mcal NEy/kg; 16.1%
CP, dry matter basis) according to their requirements (Jarrige, 1989). The same milking

routine and milking equipment as described in Experiment 1 were used.

4.2.2.2. Experimental procedures and milk analysis

For the 10 wks of the experiment, cows were milked twice a day at 0800 and 1800 but on
Sunday one milking only was performed at 1200. Monday morning milking was done at the
regular time (0800) due to labor organization reasons, resulting in unequal long milking
intervals (Saturday p.m. to Sunday, 18-h; and, Sunday to Monday a.m., 20-h). Throughout the
experiment, milk yield at each milking was recorded individually using a Metatron 12
(Westfalia Landtechnik). Milk samples of each cow at each milking were taken every day to
analyze daily milk composition changes. Milk fat, protein and lactose content were analyzed
by using NIRS equipment (Infra Alyser 450 D, Bran + Luebbe, Norderstedt, Germany),
according to the methodology described by Albanell et al. (1999). Milk somatic cell counts
were analyzed by using Fossomatic equipment (Fosselectric, Hilleroad, Denmark). Average
milk yield and composition for Friday and Saturday were used as reference values to evaluate

the effect of changing the milking frequency on Sunday.

4.2.3. Statistical analysis

Data were processed by the PROC MIXED procedure for repeated measurements of SAS
(version 8.1). The model included general means and the effects of the treatment, animal,
experimental week, and the respective interactions and residual error. Logarithmic
transformation (logjp) of SCC was previously carried out for statistical analysis. When the
probability of the interaction term was non significant (P > 0.20), it was deleted from the
model. Differences between Least Square Means were localized with the PDIFF test and

significance was declared at P < 0.05.
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Linear regression analysis of milk yield for each experimental period was done by using the
REPEATED statement in PROC MIXED using time as a regression variable. Pearson’s

correlation coefficients between cisternal areas and cisternal milk were also calculated.

4.3. Results

4.3.1. Experiment 1

4.3.1.1. Milk yield and milk composition

Milk yield decreased 32% (P < 0.05) during the experimental period (10 wk) according to
progression in lactation (Figure 4.1). Persistency coefficient of milk yield was 95.9% on
average during the experiment. Linear regression analysis of weekly milk yields for each
experimental period, before and after the omission of one milking weekly, revealed non
significant (P > 0.05) differences in the slope of lactation curves from wk 1 to 5 and 6 to 10
(Table 4.1). Interaction between the suppression of one milking on Sunday afternoon and the
experimental week was not significant (P = 0.58) and milk yield persistency before and after
the omission of one milking weekly (Table 4.1) was unaffected by the treatment.

Although milk yield decrease before and after the milking omission schedule, including the
effect of advancing lactation, averaged 4.21 L/d (Table 4.1), the specific loss produced by the
weekly omission was lower than calculated by mean of the milk yield regressions before and
after the omission of one milking. Milk yield loss due to the weekly milking omission
estimated by regression was 1.08 L/d, or 3.7%. Individual analysis per cow did not show
significant differences in the milk yield slope between the before and after experimental
periods. Milk composition did not change significantly (P > 0.05) during the experimental
period (Table 4.1). Moreover, the omission of one milking applied from wk 5 did not induce
any important change in any milk component (Figure 4.1).

Udder health change evaluated by monitoring the SCC during the experiment is also shown
in Figure 4.2. Omitting one milking weekly did not affect (P > 0.05) the mean value of log;
SCC x 1000 which was steadily constant (2.32) during the experiment. The SCC response
was very variable among cows and was dependent on SCC at the start of the experiment.

To investigate this possibility, cows were divided into two equal groups of animals
according to the level of SCC: low (average 134.000 + 40.000 cells/ml) and high (average
383.000 £+ 59.000 cells/ml). Milking omission did not affect (P > 0.05) the SCC change in
cows of the SCC low group but showed a tendency to increase in the cows of the SCC high

group (+24%; P = 0.20).
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Figure 4.1. Change in milk yield (e), in percentages of milk fat (o), protein (A), lactose (O)

and log;o SCC (m) during the 10 wk of the experiment. Values are the total dairy milk yield

measured for 8 cows. Vertical bars represent SEM.
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4.3.1.2. Relationship between udder cisternal size and yield loss

Average values of measured cisternal areas and evacuated cisternal milk volumes per
quarter ranged from 4.1 to 55.0 cm® and from 0.21 to 1.95 L, respectively. Cisternal size did
not significantly change (P > 0.05) after the alteration in milking frequency; the scanning area
values were 21.7 + 2.91cm” for the complete milking schedule and 19.94 + 1.92 cm? for the

Sunday afternoon milking omission schedule (Table 4.1).

Table 4.1. Effect of omitting one milking weekly on milk yield, milk composition, SCC and

change of milk partitioning (cisternal and alveolar milk) in the udder 8 h after milking.

14 milking/wk 13 milking/wk
(wk 1to5) (wk 6 to 10) Effect

Item Mean SEM Mean SEM (P=)
Cows, n 8 - 8 - -
Milk yield, L/d 28.81 2.11 24.60 2.70 0.042
Milk yield regression’

a 32.06 2.18 29.76 3.19 -

b -1.162 0.315 -0.912 0.315 -

R® 0.97 - 0.94 - -

Persistency coefficient’, %  95.35 - 96.34 - -
Milk composition

Fat, % 3.11 0.21 291 0.21 0.771

Protein, % 3.06 0.09 3.10 0.08 0.936

Lactose, % 4.21 0.21 4.08 0.21 0.347

Log SCC x 1000 2.28 0.17 2.36 0.17 0.841
Milk partitioning’

Alveolar, L 8.89 0.82 5.53 0.28 0.001
Cisternal, L 3.16 0.26 2.67 0.31 0.069
Cisternal area®, cm’ 21.70 2.91 19.94 1.92 0.112

" Milk yield (L/d) = a + b x (week).

* Four wk milk yield persistency (%) = 100 — 4 x b.

3 Measured 8 h after milking.

* Measured by ultrasonography 8 h after milking according to Ayadi et al. (2003a).

Milk partitioning in the udder 8 h after milking showed a decrease in alveolar milk volume
(38%, P < 0.001) and a tendency to decrease in cisternal milk volume (15%, P < 0.07) and
cisternal size (7%, P < 0.11) as a result of the joint effect of milking omission and advancing
lactation (Table 4.1). Correlation between the scanning area and the volume of cisternal milk
for each quarter 8 h after milking were significant and positive before (r = 0.82; P < 0.01)
and after omitting one milking weekly (r = 0.80; P < 0.01), as well as when pooled data were

used (r=0.83; P <0.01).
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No significant (P > 0.05) correlation was found between milk yield and the loss produced
by omitting one milking weekly. Moreover, loss of milk yield was not significantly correlated
with alveolar milk volume at 8-h. However, there was a significant negative relationship
between the cisternal area measured at 8-h and the loss of total milk yield on omitting one
milking weekly which can be described by the equation,

Total milk yield loss (L/d) = 1.651 — 0.0261 X cisternal area (pixels X 107)
r=0.701 (P <0.04; residual SD = 0.44).

4.3.2. Experiment 2

4.3.2.1. Milk yield, milk composition and udder health

Average milk yield and milk composition did not significantly vary (P > 0.05) during the
experimental weeks, but SCC increased with lactation stage. The evolution of milk yield, milk
composition and SCC for the different days of the week is shown in Figure 4.2. On Sundays,
milk yield (15.6 L/d), fat content (3.38%) and log SCC x 1000 (2.59) decreased by 29, 21 and
27% (P < 0.05), respectively, as a result of the change in milking frequency. On Mondays,
milk yield (23.9 L/d), fat content (4.84%) and log SCC x 1000 (3.02) increased by 9, 14 and
100% (P < 0.05) respectively. The increase in SCC was dependent on the previous
measurement but decreased again after four milkings. All values reached the average level by
Wednesday. Milk protein (3.47%) increased by 2% and lactose (4.37%) decreased by 2% (P
< 0.05) on average during the week. Compared with estimated for 14 milkings/week, omitting
one milking weekly decreased the weekly yields of milk (3%), fat (4%), protein (5%) and
lactose (5%), but milk SCC increased by 25%. Loss of milk yield varied according to the
cow’s yield but not to experimental wk. Clinical mastitis was not observed in any cows at any

time of the experiment.

4.4. Discussion

In our experiment we obtained an overall reduction in milk yield lower than 4% when
omitting one milking weekly in cows yielding around 30 L/d. Previous studies, however,
demonstrated a reduction in milk yield varying from as little as 3% to as much as 10% as a
result of omitting one milking weekly in comparison with twice daily milking (Radcliffe et
al., 1973; Labussicre and Coindet; 1968). Recent studies on the short term effects of omitting
one milking weekly to reduce labor requirements on dairy farms, suggest that milk yield was

not affected in late lactation (Sheehy, 2001; O’Brien et al., 2002).
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Moreover a reduction of 8 to 26 % in milk yield in dairy ewes (Casu and Labussiere, 1972;
Labussiere et al., 1974; Huidobro, 1988) and a reduction of 3 to 5 % in milk yield in dairy
goats (Mocquot, 1978; Le Mens, 1978; Le Du, 1989) by omitting one milking weekly has also
been reported. This can be related to their respective cistern size. Pattern of milk yield change
during the days of the week shown in our work agrees with the results obtained by Labussiére
and Coindet (1968) and Charron (1986) in which milk yield decreased during the day of the
suppression and increased dramatically 24-h after. Nevertheless, milk yield values reached the
average level 72-h after omitting the milking. In our experiments we observed that the loss of
milk yield produced by omitting one milking weekly was not affected by milk yield
(Experiment 1) or by the lactation wk of the cows (Experiment 2) although in both cases the
cows were in late lactation (201 to 236 DIM in Experiment 1; and, 227 to 297 DIM in
Experiment 2).

The size of the cistern plays a major role in the ability of the udder to accumulate 24-h
worth of milk secretion, it is responsible for approximately half of the functional udder
capacity in cows (Davis et al., 1998). However, the question arises as to whether a larger
cistern is associated with increased tolerance of the extended milking interval in animals.

In relation to understanding the yield loss incurred when extended milking intervals are
applied, Davis et al. (1998) and Stelwagen (2001) reported that, together with cisternal size,
the freedom of alveoli to drain (actively or passively) to the cistern is an important factor to
explain the loss of milk yield observed when the milking interval is extended to 24-h. Knight
et al. (1994) and Ayadi et al. (2003a) showed that correlation between cisternal milk and
cisternal size was higher at 8-h after milking than longer intervals. Based on those data,
cisternal measurements in the present study (Experiment 1) were made 8-h after the morning
milking. The average size of the cisterns observed in our work by scanning for 8-h milking
intervals was similar before and after omitting one milking weekly.

Moreover, the methodology of Ayadi et al. (2003a) was adequate to obtain a repeatable
image of the udder cistern, as indicated by the high correlation between cisternal milk and
cisternal size in the two periods of the experiment. Correlation between the scanning area and
the cisternal milk for each quarter at the 8-h milking interval were significant and positive.
This result agrees with those previously reported by Bruckmaier et al. (1994) and Ayadi et al.
(2003a) in cows. Moreover, Knight and Dewhurst (1994) reported a significant relationship
between udder volume and milk yield. In our result (Experiment 1) we showed a strong
negative correlation between the reduction in milk yield attributable to omitting one milking

weekly and cisternal size measured by ultrasonography.
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The same conclusion was obtained in previous studies comparing once versus twice daily
milkings (Knight and Dewhurst, 1994; Stelwagen and Knight, 1997; Davis et al., 1998) with
the large cisternal cows showing the smallest decrease in yield. The interpretation of these
data was that the putative effect of the Feedback Inhibitor of Lactation (FIL), which is a milk
protein and an autocrine inhibitor of milk secretion (Peaker and Wilde, 1996), would be
concentration-dependent and inactive in the cisternal milk as reported by Knight and
Dewhurst (1994) and Wilde et al. (1995). Therefore, udders with large cisterns produce more
milk and are more tolerant of longer milking intervals in dairy cows (Knight and Dewhurst,
1994), dairy goats (Peaker and Blatchford, 1988; Salama et al., 2003) and dairy ewes
(Labussiere, 1988; Rovai et al., 2000). On the other hand, small cisterned cows, by virtue of
being more affected by FIL, respond better to increased milking frequency (Knight and
Dewhurst, 1994).

Omitting one milking weekly did not significantly affect the milk yield composition in
Experiment 1. This result agrees with the recent short-term effects observed by Sheehy (2001)
and O’Brien et al. (2002) but is not in accordance with data from all lactation. Labussiere and
Coindet (1968) obtained an overall reduction in milk composition of 6 to 7% when one
milking was omitted. The results obtained in Experiment 2 about milk composition and SCC
changes for the different days of the week were in accordance with Labussiére and Coindet
(1968) and all values reached the average level 72-h after omitting one milking weekly. All
cows were free from clinical mastitis in both trials. Although SCC in milk after the omission
of one milking weekly vary, previous studies confirmed our results in short and long term
experiments in dairy cows (Labussiere and Coindet, 1968; Sheehy, 2001; O’Brien et al.,
2002), dairy ewes (Casu and Labussiere, 1972; Labussiére, 1974) and dairy goats (Mocquot,
1978; LeMens, 1978).

4.5. Conclusions

We conclude that, with our conditions, omitting one milking weekly slightly reduced milk
yield and did not affect milk composition nor lactation persistency when healthy cows were
used. Milk losses by milking omission depend on udder cistern characteristics; evaluating
cistern size by ultrasonography may be a useful tool for choosing cows that are better adapted
to a reduced milking frequency. Milk yield is reduced less in cows that store a greater
proportion of their total milk production within the cistern. Also, milk recording should be

conducted in the middle of the week to avoid alterations caused by the milking omission.
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New research on the effects of omitting one milking weekly on high yielding cows in early

lactation is required before recommending this milking schedule for general practice.
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CAPITULO 5: Efectos de distintas intervalos entre ordefios sobre la
composicion de la leche en vacas.
(The effects of different milking intervals on milk composition

in dairy cows)

The effect of different milking intervals on milk composition of cisternal and alveolar

milk in dairy cows

Abstract

With the aim of studying the change of milk composition in the udder compartments for
different milking intervals, four lactating Holstein cows were used in a 5 week trial. Cisternal
and alveolar milk were measured randomly by udder quarter at 4, 8, 12, 16, 20 and 24 h
intervals with a 3 d interperiod of regular milking. Cisternal milk was evacuated using a
cannula after an injection of an oxytocin receptor blocking agent, followed by an injection of
oxytocin to remove the alveolar fraction. Milk samples from each fraction and quarter were
collected for analysis. Cisternal and alveolar milk increased with milking interval and
represented on average 30 and 70% of the milk stored in the udder, respectively. Fat content
in alveolar milk remained constant during the first 16 h, increasing rapidly thereafter and
reaching its maximum at 24 h (6:95%). Fat content in cisternal milk decreased with milking
interval and reached its minimum at 24 h (0-96%). Total fat yield tended to increase for
cisternal milk with longer milking intervals, but it increased markedly for alveolar milk,
showing that fat globules do not pass freely from alveoli to cistern between milkings. Milk
protein content was greater in rear quarters than in front quarters for both milk fractions. Milk
protein content increased in the cisternal milk fraction and tended to increase in the alveolar
milk fraction with longer milking intervals, but values did not differ between cisternal and
alveolar fractions or between front and rear quarters. Total protein yield increased with
milking interval in both fractions, indicating that casein micelles pass more freely than fat
globules from the alveolar to the cisternal compartment. In conclusion, the short term effects
of milking intervals in milk composition were explained by the changes observed in alveolar

and cisternal milk ratio with for dairy cows.

Key words : cisternal milk, alveolar milk, milking interval, milk composition
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5.1. Introduction

Milk partitioning in the udder (i.e. milk fractions), residual milk (i.e. obtained after i.v.
oxytocin injection) and milk flow during machine milking have been generally used in the
different species of dairy ruminants to evaluate machine milking ability (Labussiere, 1988; Le
Du et al. 1994; Peris et al. 1996). Large differences between species exist with respect to the
proportion of total milk that can be stored within the cistern. After a normal milking interval
(8 to 16 h) dairy cattle store less than 30% of the total milk yield volume in the cistern
(Bruckmaier et al. 1994a; Pfeilsticker et al. 1996; Ayadi et al. 2003a) whereas on the contrary
the cisternal fraction ranges from 57 to 88% in dairy goats (Peaker & Blatchford, 1988;
Knight et al. 1994a). In sheep, big differences have been reported for cisternal milk with
values ranging from more than 50% for dairy breeds (McKusick et al. 2002; Rovai et al.
2002) to less than 30% for meat breeds (Caja et al. 1999), demonstrating the effects of
selection on udder morphology.

Partitioning of milk between alveolar and cisternal compartments in the udder also differs
for different species according to milking intervals (Peaker & Blatchford, 1988; Knight et al.
1994b; McKusick et al. 2002) and the concentration of milk components is dramatically
affected by the place of milk storage in the mammary gland. There are several reports that
demonstrate differences in distribution and accumulation of cisternal and alveolar milk
fractions according to milking interval in dairy cows (Knight et al. 1994a; Stelwagen et al.
1996; Ayadi et al. 2003a). Davis et al. (1998) and Stelwagen (2001) reported that, together
with cisternal size, the ability of alveoli to drain (actively or passively) to the cistern is an
important factor in explaining the change of milk yield and milk composition observed when
the milking interval is extended to 24 h. However, only Davis et al. (1998) reported the
changes observed simultaneously in yield and composition of each milk compartment of the
cow udder for long milking intervals (24 and 40 h).

A lower concentration of milk fat within the cistern, compared to the alveoli, has been
reported in dairy cows (Labussiére, 1985; Davis et al. 1998; Waldmann et al. 1999), and in
dairy ewes (Labussi¢re, 1969; McKusick et al. 2002). On the contrary, differences between
alveolar and cisternal content of milk protein and lactose appear to be minimal (Labussiére,
1985; Davis et al. 1998). Milk protein content is less variable than milk fat according to
milking interval (Villiers & Smith, 1976) and milking frequency (DePeters et al. 1985;
Holmes et al. 1992).
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The increase of milking frequency from 1 to 2 times a day (Carruthers et al. 1993;
Stelwagen et al. 1994b) or from 2 to 3 times a day (Szuchs et al. 1986; Erdman & Varner,
1995) decreased fat and protein content in the milk of dairy cows. These results do not agree
with Holmes et al. (1992), Oltenacu et al. (1994) and Klei et al. (1997) who all found that fat
and protein content was constant or increased when milking frequency increased. When
milking frequency was higher than 3 times a day, milk composition in dairy cows only varied
slightly (Van der lest & Hillerton, 1989; Ipema & Benders, 1992). Moreover, Labussiére
(1985) reported that fat and protein contents are greater in the front than in the rear quarters of
the dairy cow udder.

Knowledge of the interaction between secretion of milk components and milk storage in the
udder at different milking intervals can be useful in determining appropriate management
systems and milking routines for dairy animals, specially when automatic milking is adopted
(Weiss et al. 2002). Moreover, variation of milk composition according to milking interval
can be useful for establishing the sampling schedule at automatic milk recording with variable
milking intervals (Friggens & Rasmussen, 2001; Peeters & Galesloot, 2002).

The aim of this study was to complete previous research which was carried out on the
effects of different milking intervals on milk yield (Ayadi et al. 2003a) by studying the
change in milk composition in the alveolar and cisternal compartments of the udder of dairy
cows. This will help to understand the effects of milk ejection between milkings on milk

composition and the implications for udder morphology.

5.2. Materials and Methods

5.2.1. Animals, feeding and routine milking

Four Holstein cows were used for a 5-week period as indicated by Ayadi et al. (2003a).
Cows (215 + 25 d in milk and 20 + 3 1/d milk yield) were kept in tied stalls and fed ad libitum
a total mixed ration (5:02 MJ NE;; 16:1% CP, dry matter basis) distributed in two equal
portions at 09.00 and 15.00. Cows were milked in the stalls using a high pipeline Westfalia
Landtechnik (Granollers, Barcelona, Spain) milking system set at 50 kPa, 60:40 pulsation
ratio and 60 pulses/min. The milking routine for the regular daily milking (08.00 and 18.00)
included teat cleaning, foremilk hand milking, machine milking, machine stripping (with hand
massage when milk flow was smaller than 0.25 1/min), and teat dipping. Udder health was

checked weekly by using a Californian Mastitis Test reagent (Pitman-Moore Espafia S.A.,
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Porrifio, Pontevedra, Spain) in the foremilk collected during udder preparation of a regular

morning milking.

5.2.2. Experimental procedures

Experimental design consisted of an incomplete Latin square with six milking intervals at
random. Cisternal and alveolar milk volumes were determined in duplicate at 4, 8, 12, 16, 20
and 24 h after a regular milking. A 3 d interperiod with regular milking was applied to prevent
carry over effects between experimental milking intervals.

In order to prevent the milk ejection reflex and to make possible the recording of cisternal
and alveolar milk fractions separately (Knight et al. 1994b; Bruckmaier et al. 1997b), 10
ng/kg BW of an oxytocin receptor blocking agent (Atosiban®, Ferring Lab., Malmd, Sweden)
as reported by Wellnitz et al. (1999) was injected into the epigastric vein. Cisternal milk was
drained from each udder quarter using a teat cannula (3 mm @ x 10 cm length; VP 23 N
Aesculap, Hanover, Germany) and values were recorded. Alveolar milk was obtained after an
i.m. injection of oxytocin at a supraphysiological dose (20-0 x 10~ iu/kg BW, Veterin
Lobulor, Lab. Andreu, Barcelona, Spain) to remove residual Atosiban from the oxytocin
receptors and to induce milk ejection. Ten min after, alveolar milk was machine milked by
using a quartered claw.

Milk fractions per quarter were weighed following collection to an accuracy of 10 g, the
weights were recorded and a representative sample of each fraction and quarter was collected
for composition analysis. Milk fat and protein content were determined by using an NIRS
analyzer (Infra Alyser 450 D, Bran + Luebbe, Norderstedt, Germany), according to the
methodology described by Albanell et al. (1999).

5.2.3. Statistical analysis

Results were analysed by the PROC MIXED procedure for repeated measurements of SAS
(version 8-1). The model included general mean and the effects of the animal, milking
intervals, udder quarter, measuring day, their interactions and the residual error. When the
interaction term was non significant (P > 0-20), it was deleted from the model. No differences
were observed for the left and right udder quarters and therefore their values were averaged
and analysed together. Differences between least square means were determined with the
PDIFF (pretty print difference between files) test of SAS and significance was declared at P <
0-05. Linear regression analysis was done by using the REPEATED statement in PROC

MIXED using milking interval as a regression variable.
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5.3. Results

No subclinical mastitis were detected in any udder quarter during the experimental period
by using the Californian Mastitis Test, and udders were considered healthy. Changes in total
milk yield and milk composition according to milking interval are summarized in Table 5.1.
in which the estimated yield in daily energy corrected milk at 3-5% fat (3-5% ECM) has also
been included. Linear regression analysis indicates a significant relationship between 3-5%
ECM daily yield and milking frequency, making the equation

3:5% ECM (I/d) = 1604 x milkings per day + 17-25,
= 0-91, P <0-01,RSD = 0-36.

Extreme differences were observed in the 3:5% ECM ranging from a reduction of 10%, for

the once a day milking frequency (24 h milking interval), to an increase of 30% for the six

milkings a day (4 h milking interval) when compared to 12 h milking interval.

Table 5.1. Milk yield and milk composition of dairy cows at different milking intervals

(Values are means + SEM)

Milking interval, h Yield, 1 Fat, % Protein, %  Estimated ECM', I/d
4 3804 477017 2:93+£007°  267+22" (130%)
8 7:0£12%®  404£0.11% 297007 22:2+37° (108%)
12 9-74+2.0"  407+0.09 3:13+0.07* 20-5+4-0° (100%)
16 146+2.8° 349+013%  336+007% 21:3+4:2%(104%)
20 154+31° 3504019 330008 180+37 (88%)
24 160 £2:3°  462+0-13*  329+007™ 184+23¢ (90%)

b~ Different letters in the same column indicate significant differences at P < 0-05.

L. Energy Corrected Milk at 3:5% fat (1/d) = milk yield (1/d) x [0-162 x (% fat) + 0-432].

No differences were observed in milk yield or milk composition for the left and right udder
quarters but, on the contrary, significant differences in milk yield and some tendencies in milk
composition were observed between front and rear quarters. Cisternal milk increased
according to milking interval and total volume ranged from 0-10 to 1-89 | per quarter (15 to
42% of the total milk in the udder) for the 4 to 24 h milking interval (Table 5.2), being 30%

on average.
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Table 5.2. Milk yield and milk composition in the front and rear udder quarters at different milking intervals in dairy cows (Values are means +

SEM)
Milk, 1 Fat, % Protein, %
Fraction Milking interval, h Front Rear Front Rear Front Rear
Cisternal 4 0-10 £ 0-01° 0-18 £ 0-01° 597 +0-12° 542 + 038" 249 + 0-35° 2:92 0-01°
8 0-18 + 0-03° 0-30 + 0-03° 3:45 + 0-05° 272 +0.43 2:93 +0-01° 293 +0.05°
12 0-31 £ 0.06" 0-49 £ 0.05 2:17+£0.01° 2:10£0.01° 3-18 £0.01° 327 £0.02°
16 098 +0.22° 1:32 +£0.13° 0-89 + 0.05¢ 0-96 £ 0-01° 324 +0.03 322 £0-01°
20 1-41 £027° 1-89 + 0-25¢ 1-01 +0-03¢ 1:07 £ 0-01° 331 £0-01° 337+ 0-01°
24 1:25+0-20° 1-86 + 0-02¢ 092 + 0-03¢ 1-00 + 0-02° 3-23 £ 0-02° 335+ 0-11°
Alveolar 4 0-71 £ 0-09* 091 +0-07° 466 £ 0-07* 4-60 £ 0-04™ 3:06 £ 0-01 288 £0-15
8 1:26 £ 0-19® 177 +0-17° 427+ 0-12° 417 £0.07° 328 £ 001 278 £0.45
12 1-71 +£0.24" 2:32+0.12" 4-45+0.21° 4-46 £ 0-07* 2:89 +0.59 328 £0-07
16 2:06+0.27° 303 £0.22° 4-57 £ 0-06° 466 + 0-03* 322 4001 323 001
20 1-87 £0-11¢ 2:53 +0-03" 551 £0-07° 521 +0-04° 322 +0-05 331 +0-05
24 223 + 0-44° 265+ 0-12° 692 + 0-02° 698 +0-01° 3:19 + 003 3:36 + 007

ab--d. Different letters in the same column indicate significant differences at P < 0-05.
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There was a slight increase in cisternal milk volume until 12 h after milking (16%) but
thereafter the increase was more rapid, reaching a plateau after 20 h (42%).

Rear quarters stored, on average, 34% more cisternal milk (25 to 44%) than the front
quarters, and the overall ratio of front to rear cisternal milk was 40 : 60.

Alveolar milk volume also increased from 0.71 to 2.65 1 per quarter (Table 5.2) according to
milking interval, but its accumulation pattern differed markedly from cisternal milk.
Contribution of alveolar milk to total milk in the udder decreased from 85 to 48% and
represented 70% on average. Rear quarters showed 27% greater (16 to 34%) alveolar milk
volume than the front quarters, and the overall ratio of front to rear alveolar milk was 42 : 58.
Ratio of cisternal to alveolar milk indicates a dramatic change in the milk storage pattern in
the udder between 12 h (17 : 83) and 20 h (43 : 57), the difference being significant (P <
0-01).

Fat content in total milk was high and evolved quadratically (R* = 0.77; P < 0-05) in a
concave shape with milking interval (Table 5.1). It showed constant values for the 16 to 20 h
milking intervals, but no differences (P > 0-05) were observed between milk fat content at the
extreme milking intervals (4 and 24 h). Milk composition of cisternal and alveolar fractions
varied inversely at different milking intervals (Fig. 5.1a). Milk fat percentage decreased in
cisternal milk (P < 0-001) and increased in alveolar milk (P < 0-001). No differences were
reported between the left and right quarters (P = 0-64), but percentage of fat in cisternal milk
tended to be higher (P < 0-07) in the front quarters at the 4 and 8 h milking intervals,
compared to the rear quarters (Table 5.2). Despite this tendency in fat content of cisternal
milk in the front and rear quarters, the minimum milk fat percentage was reached at the same
milking interval (16 h) in both quarters. Fat percentage in alveolar milk remained constant
during the first 16 h, increasing rapidly and significantly (P < 0-05) thereafter (Fig. 5.1a).
Final value of fat percentage in mean alveolar milk (6:95%) was higher than initial (5:62%; P
< 0-05) and final (0-96%; P < 0-001) values of mean cisternal milk as can be calculated from
Table 5.2.

As a consequence of the fractional changes in volume and composition, daily fat yield
tended to increase for cisternal milk (P = 0-10), and increased significantly for alveolar milk

(P <0-001), with longer milking intervals.
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Figure 5.1. Changes in fat content (a) and fat yield (b) for cisternal (o) and alveolar (A) milk

fractions for different milking intervals in four dairy cows. Data are means = SEM.



Fat yield was greater (P < 0-001) in both milk fractions (Fig. 5.1b) in the rear quarters than
in the front quarters (data not shown). Changes in cisternal and alveolar milk protein
according to milking interval are shown in Fig. 5.2a. Milk protein content was less variable
than milk fat content according to milking interval.

Milk protein content increased in the cisternal milk fraction (P < 0-001) and tended to
increase in the alveolar milk fraction (P = 0-08) with longer milking intervals. Initial and final
milk protein values did not differ between cisternal and alveolar fractions or between front
and rear quarters (Table 5.2.).

Protein yield increased (P < 0-05) with milking interval in both fractions as shown in Fig.
5.2b and was greater in the rear quarters than in the front quarters (P < 0-01) for both milk
fractions (Table 5.2.).

5.4. Discussion

The change of cisternal and alveolar milk during different intervals observed in our work, is
in close agreement with earlier observations (Knight et al. 1994b; Davis et al. 1998) and
current models of milk accumulation (Stelwagen, 2001) as indicated by Ayadi et al. (2003a).
Nevertheless the methodology used in our experiment only allowed to see the direct and short
term effects of milking frequency in late lactation. This was the case of the significant linear
effect of the number of milkings per day on the daily milk yield which agreed with the
hypothesis of a fixed effect of the number of milkings as Erdman & Varner (1995) propose.
Nevertheless, the regression coefficient calculated in our case (1-6 1/milking) was lower than
the average value (3-5 1) calculated by Erdman & Varner (1995) for an increase in milking
frequency from two to three milkings a day. Moreover, this is also the case of the estimated
reduction in milk yield when only one milking per day was done (—10%) to much lower than
previous reports in dairy cows (Holmes et al. 1992; Stelwagen et al. 1994).

An increase, or a reduction, in the rate of milk secretion is only the first of a concerted
series of responses to more frequent milking, as stated by Knight & Wilde (1993), who
suggest the occurrence of primary (milk yield), secondary (cell number and activity) and
putative (udder anatomy) effects on the mammary gland. Whereas, Ayadi et al. (2003b) only
report a slight reduction in the milk yield (-1-1 1/d; 3-7%) without any important change in

any milk component or milk persistency when one milking is omitted weekly in dairy cows.
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Milk fat is the most variable component in the milk of ruminants. Fat content in cisternal
milk was very high at the first 4 h milking interval as a consequence of the drainage of the
residual milk stored in the upper part of the mammary gland by the fresh secreted milk.
Thereafter, fat content in cisternal milk decreased as milking interval increased as a result of
the dilution effect produced in the cisternal compartment (Labussicre, 1969; 1985; Stelwagen,
2001).

On the contrary, fat content in the alveolar milk was constant during the first 16 h of
milking interval and increased when the tight junction leakage should starts (17 to 18 h)
according to Stelwagen et al. (1997). The same results were reported by Davis et al. (1998)
when comparing 24 and 40 h milking intervals in dairy cows and McKusick et al. (2002) in
dairy ewes when comparing 4 to 24 h milking interval. Moreover, Stelwagen et al. (1997)
indicate that the diameter of milk fat globules is greater than the intercellular joints. The
changes observed in our results agree with the milk accumulation model described by
Stelwagen (2001). Also, low milk fat concentration in cisternal milk fractions may be
explained by the upward movement of the globules, in the opposite direction to the downward
draining and newly secreted milk (Waldmann et al. 1999; Stelwagen, 2001).

Cisternal milk fat yield tended to increase in the interval between milkings while alveolar
milk fat yield increased markedly. This indicated to us that the transfer of milk fat from the
alveoli to the cistern no longer took place, resulting in a back-up of milk fat in the alveolar
compartment. Our results showed that up to 89% of the total fat yield resided in the alveolar
compartment and is only obtainable if milk ejection occurs during milking. McKusick et al.
(2002) report that alveoli can store up to 70% of total fat yield in dairy ewes in agreement
with their greater cisternal milk percentage.

The decrease observed in total milk fat with milking interval was in accordance to the
changes observed in total milk yield and in milk fractions for the different milking intervals,
stressing the differences between the mechanisms of secretion of non-soluble (fat) and the
soluble (protein and lactose) constituents of milk (Lacy-Hulbert et al. 1999). Weiss et al.
(2002) report significant decrease in total milk fat according to milking interval (4 to 12 h) in
early lactation but no differences were observed at mid and late lactation, as in our results
with longer milking intervals (4 to 24 h). McKusick et al. (2002) also indicate a dramatic
decrease in total milk fat with milking interval (4 to 24 h) in dairy sheep. Nevertheless, results
are not directly comparable due to the differences in experimental procedures. Thus,
McKusick et al. (2002) and Weiss et al. (2002) removed the residual milk of the udder

between milking intervals, whereas we introduced a 3 d interperiod of regular milking to
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prevent carry over effects. Moreover, Weiss et al. (2002) estimated cisternal milk by
collecting a partial sample of total cisternal milk in which no differences in milk fat content
were observed when residual milk was or not was previously removed by using oxytocin.

Protein content in total milk increased for the first milking intervals (4 and 8 h) but was
hardly affected by udder fraction as a consequence of its homogeneous distribution in the
colloidal phase of milk. Protein content in total milk was steadily constant after 12 h.

No similar results are available for comparison in dairy cows, but McKusick et al. (2002)
reported the same pattern of change in dairy sheep according to milking interval. Moreover,
milk protein content do not vary (Holmes et al. 1992) or slightly increase (Klei et al. 1997)
when milking frequency is decreased in dairy cows.

At the first 4 h milking interval, protein content in cisternal milk was at its lowest, but its
value increased slightly until 12 h as a result of the arrival of the newly secreted milk. After
12 h of milking interval, protein content in cisternal milk was constant. This may be a
consequence of the decrease in milk protein synthesis and the accumulation of the feedback
inhibitors of lactation within the alveoli at longer milking intervals (Wilde et al. 1995).

Protein content in alveolar milk showed the same trend but no significant effects were
detected in our work for any milking intervals, as indicated by Labussiére (1985). The
tendency of protein content to increase for extended milking interval in our experiment may
be explained by the increased tight junction leakiness (Stelwagen et al. 1997) allowing serum
protein to spill over into the milk (Stelwagen & Lacy-Hulbert, 1996).

Changes in protein yield were in accordance to the changes observed in milk yield and in
milk fractions for the different milking intervals and are in accordance with the results of
Stelwagen et al. (1997) and Auldist & Prosser (1998) for different milking frequencies.

When extrapolating the equivalent milking frequency at each milking interval, milk fat and
protein contents did not vary significantly between 1 and 3 milkings per day. But fat increased
and protein tended to decrease when milking frequency was higher of 3 milkings/d, as a

consequence of deeper removal of residual milk imposed by the experimental methodology.

5.4. Conclusions

In conclusion, varying the milking interval in dairy cows will induce major changes in milk
composition of fat and minor changes in milk protein in the short term. A decrease in milk fat
and an increase in protein content in total milk is expected when the milking interval is

extended due to the change of the contribution of alveolar and cisternal fractions.
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A larger cisternal compartment in the udder could give support to lower milk yield losses

and to smaller milk composition changes for lower milking frequencies.
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Changes in udder cisterns according to lactation stage and time elapsed after milk

letdown in the udder of dairy cows

Abstract

A total of 25 dairy cows were used in two experiments to study the udder cisterns at different
lactation stages and after an oxytocin challenge. In Experiment 1, eighteen British Friesian
cows grouped according to lactation stage (early, n = 6, 56 DIM, and, 27.1 L/d; mid, n = 5,
151 DIM, and, 22.0 L/d; and, late, n = 7, 311 DIM, and, 9.8 L/d) were used to study
differences in cisternal and alveolar milk, and in cisternal area by ultrasonography, at a 12 h
milking interval. Averaged values of fore quarters by cow ranged: cisternal milk (0.19 to 2.09
L), alveolar milk (0.23 to 3.20 L), and cisternal area (1.98 to 16.9 cm?). A positive correlation
between cisternal milk and cisternal area was observed for lactation stage grouped data (r =
0.74 to 0.82) and on pooled data (r = 0.80). As lactation stage increased, cisternal milk and
alveolar milk volumes, and cisternal area significantly decreased. Proportion of cisternal milk
changed according to lactation stage (early, 33.2%; mid, 23.1%; and, late, 42.6%). In
experiment 2, three British Friesian and four Holstein cows were used to show the return of
milk from cisternal to alveolar compartments when milk letdown was induced without
milking. Cisternal area was measured by ultrasonography at the a.m. (16 h) and p.m. (8 h)
milking intervals before (0 min) and after (3, 15, 30 and 60 min) an i.v. oxytocin injection (5
IU/cow). Average cistern area increased dramatically (93%) after oxytocin injection reaching
its maximum distension at 3 min, and decreased slowly thereafter until 60 min. The 0 and 3
min data provide clear evidence of milk ejection and their difference is proposed as an index
of cistern elasticity. The maximum value of cistern area in each cow was unaffected by the
amount of milk stored for 8 and 16 h milking interval. The decrease in cistern size was
significant at 15 min and later time points but not at earlier time points. This decrease in

cistern size provides the first report documenting the return of milk to the alveolar
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compartment following milk letdown in dairy cows. We term this ‘cisternal recoil’. We
conclude that, ultrasonography is a useful method to evaluate dynamic changes in cisternal
milk throughout lactation and after udder stimulation in dairy cows. There is clear evidence
that udder cisterns decrease as lactation advances and that milk returns to the alveolar

compartment when cows were unmilked after milk letdown.

Key words: Milk back-flush, cisternal milk, ultrasonography, lactation stage

6.1. Introduction

Milk storage in the udder can be explained using a simplistic model of two anatomical
compartments (Wilde et al., 1996) corresponding to cisternal milk (milk drained from the
alveoli and stored within the large ducts and the gland and teat cisterns), and alveolar milk
(secreted milk stored within the lumen of alveoli). There are several reports that demonstrate
the differences in distribution and accumulation of cisternal and alveolar milk fractions in
dairy cows (Knight et al., 1994a; Stelwagen et al., 1996; Stelwagen, 2001). A new approach
to studying milk storage in the udder cisterns of dairy cows has been recently made by Ayadi
et al. (2003a) using direct udder scanning.

Several reports showed that cisternal and alveolar milk volume decreases throughout
lactation in dairy cows (Dewhurst and Knight, 1993; Pfeilsticker et al., 1996; Bruckmaier and
Blum, 1998). Rovai (2000) and Rovai et al. (2002) reported that cisternal milk volume and
areas of cisterns measured by ultrasonography decrease in dairy ewes as lactation advanced.
Nevertheless, ultrasonography has not been used before to evaluate changes in the cistern area
during lactation in dairy cows.

The importance of milk ejection for an effective machine milking has been clearly
demonstrated in dairy cows (Schams et al., 1984; Mayer et al., 1991) and oxytocin (OT) is
mainly responsible for milk letdown (Lefcourt and Akers, 1983; Blum et al., 1989). There are
close connections between OT effects and the sympathetic nervous system in the mammary
gland (Lefcourt and Akers, 1983). The OT induces milk ejection by contracting the
myoepithelial cells surrounding the mammary alveoli. Thus, cisternal milk fraction and milk
yield are significantly greater in milkings with stimulation (Pfeilsticker et al., 1996).
Therefore, alveolar-cisternal milk transfer during milking is due to OT release and milk
letdown. Milk ejection causes a sudden pressure increase within the teat cistern (Mayer et al.,

1991; Bruckmaier et al., 1994b) and an enlargement of the cisternal volume measured by
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ultrasonography (Bruckmaier and Blum, 1992; Ayadi and Caja, 2000; Ayadi et al., 2003a). If
milk is not withdrawn after stimulation, intramammary pressure remains stable for at least 10
min before beginning to decrease (Bruckmaier et al., 1991).

Linzell (1955) was the first to demonstrate the back-flux of milk from ducts into alveoli of
mice after milk ejection, but he found no evidence for the possibility that the elastic nature of
the udder cistern results in an equivalent phenomenon in dairy cows. The return of milk to the
ductal and alveolar compartments of the cow udder following the completion of milk letdown
was reported by Knight (1994), but this phenomena was not confirmed by Pfeilsticker et al.
(1996) at different times after stimulation in dairy cows.

A delay between activation of milk letdown reflex and milk evacuation from the udder can
negatively affect milk yield. Several reports on dairy cows observed losses in milk yield of
between 5 and 30% when milking was delayed after stimulation (Murray and Lightbody,
1962; Labussiere, 1981; Mayer et al. 1984), but Phillips (1984) and Pfeilsticker et al. (1996)
did not observe these losses when teats were stimulated before milking.

Knowledge of the change of cisternal compartment throughout lactation and the reasons for
the reduction of milk yield when time between milk letdown and milk evacuation are
prolonged may be useful in the improvement of milking routines and in the optimisation of
milk production in dairy cows. The aims of this work are: 1) to evaluate the changes of udder
cisterns according to lactation stage; and, 2) to study the return of milk from the cisternal to
the ductal and alveolar compartments in the cow udder when milk is not evacuated after milk

letdown.

6.2. Materials and Methods

6.2.1. Experiment 1: Cisternal change with lactation stage

6.2.1.1. Animals, feeding and routine milking

Eighteen Holstein-Friesian cows (4 primiparous and 14 multiparous) from the HRI (Hannah
Research Institute, Ayr, UK) were used during early (n = 6; 56 = 13 DIM; and, 27.1 + 1.5
L/d), mid (n = 5; 151 & 18 DIM; and, 22.0 £ 1.8 L/d) and late (n = 7; 311 = 21 DIM; and, 9.8
+ 2.0 L/d) lactation. Cows were kept in free stalls, grazed on natural pasture for 8 h/d, and
were fed ad libitum a total mixed ration containing 4.5 MJ EN; and 15% CP. The cows were
milked twice daily at an 8-16 h milking schedule (0700 and 1500) in a herringbone milking
parlour (Gascoigne Melotte, Ayr, UK) equipped to record and collect milk separately from
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half udders (i.e. diagonally opposed gland). Milk yield was recorded at each milking to a
precision of 100 g.

6.2.1.2. Experimental procedure

Milk partitioning in the udder and cistern area were evaluated at random for each cow on
three consecutive days. With this aim, cows were moved to a barn with tied stalls to prevent
spontaneous milk letdown during udder manipulation by placing the cows in unfamiliar
surroundings as indicated by Bruckmaier et al. (1993). Cisternal area was measured by
ultrasonography according to the methodology proposed by Ayadi et al. (2003a). Udder scans
for the left and the right front udder quarters were performed 12 h after the a.m. milking in
duplicate by using a real time B-mode ultrasonograph (Ultra Scan 900, Ami Medical Alliance
Inc., Montreal, Canada) with a 5 MHz sectoral probe (2 dB power, 80° scanning angle, 0.5
mm axial and 1.5 mm lateral resolution). Images were transmitted to a portable computer and
processed in triplicate by using image treatment software (MIP4 Advanced System, Microm
Espafia, Barcelona, Spain) and areas in pixels were converted to cm® (1 em® = 1,024 pixels) as
indicated by Ayadi et al. (2003a). Individual milk yield was recorded at each milking during
the experimental period.

After the scans, cisternal milk was drained from each front udder quarter using a cannula
(100 mm long, 2.77 mm-o.d., and, 1.88 mm-i.d.; Portex, Hythe, Kent, UK) and values were
recorded. Alveolar milk was machine milked after a 10 IU/cow i.m. OT injection (Intervet,

Cambridge, UK).

6.2.2. Experiment 2: Cisternal recoil

6.2.2.1. Animal feeding and routine milking

A total of seven multiparous Holstein-Friesian cows varying in milk yield (23.0 = 3.2 L/d)
and lactation stage (215 + 49 DIM) were used in this experiment. Three cows were from the
HRI and were kept, managed and milked as previously described in Experiment 1. The
remaining four cows were from the SIGCE (‘Servei de Granges i Camps Experimentals’) of
the Universitat Autonoma de Barcelona (Bellaterra, Barcelona, Spain) and were kept in tied
stalls, with a 6 h/d period of exercise in a paddock, and fed ad libitum a total mixed ration
(5.02 MJ NE;; 16.1% CP, dry matter basis). Water and the total mixed ration were also
available in the paddock. The SIGCE cows was milked in stalls (0800 and 1900) using a high
pipeline milking system (Westfalia Surge Ibérica, Granollers, Barcelona, Spain) at 50 kPa

(Vacurex, Westfalia Surge Ibérica), and at 60:40 pulsation ratio and 60 pulses/min (Metatron
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12, Westfalia Surge Ibérica). The milking routine for the regular daily milking included teat
cleaning, machine stripping and teat dipping (P3-cide plus, Henkel Hygiene S.A., Madrid,
Spain).

6.2.2.2. Experimental procedure

Cows were randomly submitted to an OT challenge and cistern size measured by using a
real time B-mode ultrasonograph as previously described (Ultra Scan 900; 5 MHz sectoral
probe). Duplicated scans of the left and right front quarters were taken before (0 min) and
after (3, 15, 30 and 60 min) an i.v. injection of OT (5 IU/cow, Intervet, Cambridge, UK; and,
Veterin Lobulor, Lab. Andreu, Barcelona, Spain) in the jugular vein. As milking facilities
were placed in tied-stalls in this case cows were injected in the epigastric vein with 10 pg/kg
BW of an oxytocin receptor blocking agent (Atosiban®, Ferring Lab., Malmo, Sweden)
before scanning to prevent spontaneous milk letdown. Scan images of the udder cisterns were
transmitted to a portable computer and processed (MIP4 Advanced System) by triplicate as
indicated by Ayadi et al. (2003a).

Cisternal measurements were randomly repeated in each cow for the long (16 h) and short

(8h) milking interval.

6.2.3. Statistical analysis

Data of Experiment 1 were analyzed by the GLM procedure of SAS (version 8.1). The
model included the general means and the fixed effect of the stage of lactation (early, mid and
late) and the random effects of animal (1 to 18), udder side (left and right), the respective
interactions, and the residual error. When the probability of the interaction term was non
significant (P > 0.20), it was deleted from the model. Differences between Least Square
Means were localized with the Newman-Keules test and significance was declared at P <
0.05.

Results of Experiment 2 were processed by the PROC MIXED for repeated measurements
of SAS. The model included the general means and the fixed effects of the treatment time (0,
3, 15, 30 and 60 min) and milking interval (8 and 16 h), and the random effects of animal (1
to 7), front quarters (left and right), and the respective interactions and the residual error.
Differences between Least Square Means were localized with the PDIFF test and significance
was declared at P < 0.05. When the probability of the interaction term was non significant (P

> (0.20), it was deleted from the model.
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No differences were observed between left and right front udder quarters and therefore,
their values were averaged and discussed jointly. Pearson’s correlation coefficients between

cisternal milk and cistern areas were also calculated.

6.3. Results and Discussion

6.3.1. Experiment 1

Changes in milk yield and milk partitioning in the udder according to stage of lactation are
summarized in Table 6.1. Milk yield decreased significantly (P < 0.01) throughout lactation.
Cistern area, and volumes of cisternal and alveolar milk ranged from 1.98 to 16.9 cmz, 0.19 to
2.09 L and 0.23 to 3.20 L, respectively. On average, cisternal and alveolar milk represented
33 and 67 %, respectively, of the milk stored in the udder 12 h after milking. No differences
were observed between left and right front udder quarters in cistern size (P = 0.51), cisternal

milk volume (P = 0.60) and alveolar milk volume (P = 0.53).

Table 6.1. Milk partitioning in the udder of dairy cows according to stage of lactation'

Stage of lactation

Item
Early Mid Late
Cows, n 6 5 7
Milk yield, L/d 27.10*+ 1.51 22.04° + 1.49 9.80°+ 1.42
Lactation stage, d 56+ 13 151 £18 311 £21
Milk partitioning®
Alveolar, L 2.45*+0.18 2.06°+0.15 0.66° +0.11
Cisternal, L 1.22%+0.16 0.62° + 0.09 0.49° + 0.06
Total, L 3.67*+0.24 2.68°+0.20 1.15°+0.12
Cistern area’, cm® 12.10% + 1.30 8.00° + 1.70 420°+0.52
Cisternal: Total, % 33.20° £ 6.60 23.10°+4.50 42.60* +5.00

b--d Different letters in the same column indicate significant differences at P < 0.05.

"Values are means + SEM.

*Measured in front quarters 12 h after milking.
3Average of both sides measured at 12 h after milking by ultrasonography according to Ayadi et al.
(2003a).
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The correlation between cisternal area and volume of cisternal milk was significant (P <
0.01) and positive at early (r = 0.82), mid (r = 0.74) and late lactation (r = 0.80), as well as
when pooled data were used (r = 0.80). The high correlation between cisternal milk and
cistern area at different stages of lactation in our study confirms that the methodology used by
Ayadi et al. (2003a) was adequate to obtain repeatable images of the udder cistern.

Moreover, the positive correlation between the scanning area and the volume of cisternal
milk agrees with those previously reported by Bruckmaier et al. (1994) and Ayadi et al.
(2003a) in dairy cows.

Linear regression analysis indicates a significant relationship between daily milk yield (L/d)
and cisternal size (cm?) and the regression equation was:

Milk yield = 6.827 + 1.331 x cistern area
r=0.70, P <0.01, RSD = 1.66.

The positive correlation between daily milk yield and cisternal size measured by
ultrasonography observed in our study is similar to the correlation between udder volume and
milk yield previously reported in dairy cows (Knight and Dewhurst, 1994). These results
indicate that animals with large cisterns should be more efficient producers of milk.

As lactation advanced, alveolar and cisternal milk volumes, and cistern area measured by
ultrasonography decreased significantly (P < 0.01), as shown in Table 6.1. Moreover, alveolar
milk volume did not change between early and mid lactation, but decreased by 68% (P <
0.01) between mid and late lactation. Both cisternal milk and cistern area decreased but the
decline in the cistern area was more evident (Table 6.1). Thus, although cisternal milk volume
decreased by 49% (P < 0.01) between early and mid lactation and remained unchanged
thereafter, cistern area only decreased by 34% (P < 0.01) between early and mid lactation, and
continued decreasing by 48% (P < 0.01) between mid and late lactation. This decrease is in
accordance with the results of Dewhurst and Knight (1993), Pfeilsticker et al. (1996) and
Bruckmaier and Blum (1998) who observed that cisternal milk decreased throughout lactation
in dairy cows.

Cisternal milk fraction represented 33% of total milk stored in the udder at early lactation,
while this percentage decreased at mid lactation (23 %) and increased at late lactation (43 %),
as shown in Table 6.1. These results do not agree with those reported by Wilde et al. (1996)
who observed an increment in the proportion of cisternal milk as lactation advanced in dairy
cows. Dewhurst and Knight (1993) observed an increase of cisternal milk fraction as lactation
advanced in dairy cows. Moreover, Rovai et al. (2002) reported in dairy ewes, that cisternal

milk volume and area of cisterns (measured by ultrasonography using 5 MHz sectoral probe
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at 8 h milking interval) decreased throughout lactation. This decrease in cisternal milk stored
in the udder can be explained by the decline in secretory tissue throughout lactation by

apoptosis (Dewhurst and Knight, 1993; Wilde et al., 1997).

6.3.2. Experiment 2

The udder cistern filled with milk was clearly evident as a dark area (anechogenic) and the
glandular parenchyma as a grey-white area (echogenic) in the scans, as previously described
by Cartee et al. (1986), Ruberte et al. (1994b) and Ayadi and Caja (2000). Ultrasonographic
images obtained in our work (Figure 6.1) were similar to those previously reported in cows
(Bruckmaier and Blum, 1992; Bruckmaier et al., 1994a; Ayadi et al., 2003a).

Cistern area before OT injection ranged from 2.8 to 27.7 cm?, differed between cows and
varied (P < 0.01) according to milking interval (8h, 7.6 = 1.5 cm’ and 16 h, 11.1 £ 2.4 cm?).

Mean cistern area increased dramatically (93%) at 3 min after OT injection, reaching its
maximum value (17.8 vs 9.2 cm?) as shown in Figure 6.2. These results agree with those of
Bruckmaier and Blum (1992) and Ayadi and Caja (2000) where cistern area increased by 41%
and 120%, respectively after OT injection. This variation in the increase of cistern area
between authors may be due to the use of different types of probe (linear vs. sectoral), but not
to differences in udder morphology (i.e cistern size). The increase in cistern area after OT
injection was due to milk transfer from alveoli to cistern when myoepithelial cells contracted
by effect of OT.

At 3 min after OT injection, average cistern area increased dramatically (0 min, 8.7 cm’;
and, 3 min, 16.8 cm?; P < 0.001), and decreased slowly thereafter (14.6, 13.5 and 12.8 cm” at
15, 30 and 60 min, respectively). Change from 0 to 3 min was greater (P < 0.05) for 8h
(136%) than for 16 h (60%) milking intervals, but their maximum value did not differ (Figure
6.2). These results show that the udder reached its maximum distension 3 min after OT
injection in dairy cows, regardless of the quantity of milk stored in the udder. As a
consequence the maximum elasticity of the cistern can be calculated by difference between
the areas before and after the OT injection at a fixed milking interval.

After OT injection, cistern area significantly (P < 0.01) decreased for both milking intervals:
8h (13.5, 22.5 and 28.6%) and 16 h (7.9, 13.2 and 25.7%), respectively for 15, 30 and 60 min.
This variation in the decrease of cistern area between the 8 and 16 h milking intervals could
be due to the fact that cistern milk volume after 16 h was greater than after 8 h. At 8 h after
milking, cisternal milk only represents 10% (Bruckmaier et al., 1994a) and 14% (Ayadi et al.,
2003a) of total milk yield and alveoli were not totally full of milk.
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Figure 6.1. Ultrasonographic of the left front quarter cistern of dairy cow (#111) at 8h milking interval according to time after OT injection. Top
line: From left to right (0, 3, and 15 min). Bottom line: From left to right (30 and 60 min).
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On the other hand, cisternal milk as a percentage of total milk was 20% for 10-14h after
milking (Bruckmaier et al., 1994a; Knight et al., 1994a) and 32% for 16 h (Ayadi et al.,
2003a) and ducts were more full of milk and a lower percentage of alveolar milk would move
to the cisterns when OT was injected at 16 h milking interval, according to the model
proposed by Stelwagen (2001).

Decrease in cistern area was only significant after 15 min (P < 0.05). The reduction in
cistern area, as a consequence of the decrease of cisternal milk volume in our results, did not
agree with the results of Pfeilsticker et al. (1996) who reported non significant differences in
the amount of cisternal milk, measured at 10 h milking interval, when teats were stimulated
15, 60 or 120 min before milking. Nevertheless, as Pfeilsticker et al. (1996) did not use an OT
blocking agent, these last results could have been influenced by a new OT secretion during

the drainage of cisternal milk.
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Figure 6.2. Change in cistern area measured by ultrasonography in the front quarters of dairy
cows at 8 (---A---) and 16 h (—O—) milking intervals according to time after oxytocin
injection (Values are means for 7 cows).

The decrease in cistern area in our work was interpreted to be a consequence of the return of

milk to the ductal and alveolar compartments of the cow udder following the completion of

milk letdown and we call this ‘cisternal recoil’.
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This cisternal recoil effect may be explained by the suction of cisternal milk when
myoepithelial cells that surround the alveoli and smooth muscular fibers of ducts are relaxed.
Our results confirm the ‘cisternal recoil’ effect suggested by Knight (1994).

The decrease of cistern area after OT injection at 16 h milking interval may also be related
to the increase of the permeability of tight junctions between the mammary cells observed at
16 to 17 h (Stelwagen et al., 1997). Thus, transfer of lactose from milk to blood plasma may
reduce the osmotic pressure which partly induces the return of milk richer in lactose from
cisternal to alveolar compartments to maintain a constant osmotic pressure within the alveoli.

A delay between the activation of the milk letdown reflex and milk evacuation from the
udder can negatively affect milk yield. Labussi¢re (1981) reported that milk yield decreased
by 5, 16 and 30% when milking was delayed by 2, 6 and 13 min, respectively.

Several reports in dairy cows confirm this phenomena when milking was delayed after
stimulation (Murray and Lightbody, 1962; Mayer et al., 1984). Nevertheless, Phillips (1984)
did not observe milk losses when teat cup attachment was delayed by 3 or 12 min as
compared with immediate attachment after udder stimulation, and Pfeilsticker et al. (1996)

did not observe losses in milk when teats were stimulated 15, 60 or 120 min before milking.

In practice, to profit from the short and beneficial effect of endogenous OT (3 at 4 min) it is
important to reduce the time between preparation of the udder and evacuation of milk by
machine milking (Labussiére, 1993). For the most common milking schedule, specially on
conventional milking farms, groups of cows should stay in the waiting parlour before milking.
Noise from the milking machine and the presence of the milkman can stimulate milk ejection
and produce milk letdown to the cistern. As a consequence, milk could return to alveoli if
time between milk ejection and milk evacuation is long.

Milk returned to the alveoli would be considered as residual milk if no new OT is secreted.
Recently, the introduction of the automatic milking system in some intensive farms (Ipema
and Benders, 1992; Lind et al., 2000; Veysset et al., 2001) may reduce time between milk
ejection and milking or, on the contrary, increase dramatically time after stimulation if cluster

attachment is failed or the cow rejected for milking until the next opportunity.

6.4. Conclusions

We conclude that, ultrasonography is a useful method to evaluate changes of cisternal milk
throughout lactation in dairy cows and that udder cistern decreases as lactation stage

advances. There is clear evidence of the return of milk to the ductal and alveolar
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compartments if cows are not milked immediately after milk letdown. We termed this effect
‘cisternal recoil’. Moreover, the udder reached its maximum distension 3 min after OT
injection regardless of the quantity of milk stored in the udder in dairy cows, this is
considered to be a means to evaluate the maximum cistern area and the cisternal elasticity.
New research on the effects of the cisternal recoil on the loss of milk yield in dairy cows is

required.
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CAPITULO 7: Conclusiones

Del conjunto de experiencias realizadas, se extraen una serie de conclusiones, generales y
especificas, sobre el estudio de la estructura interna de la ubre mediante ecografia y los
efectos de los intervalos entre ordefios sobre los cambios productivos y morfoldgicos de la

ubre en vacas lecheras.

7.1. Conclusiones especificas

7.1.1. Supresion de un ordefio por semana en vacas lecheras

1. La supresion de un ordefio a la semana a mitad de la lactacion produce una
pequefia pérdida de produccion de leche (3,7%), sin afectar su composicion ni la
persistencia de la lactacion y el estado sanitario de la ubre de forma significativa.

2. Se observa una relacion negativa entre la cantidad de leche perdida al suprimir un
ordefio por semana y el area cisternal evaluada mediante ecografia, asi como con

el volumen de leche cisternal.

3. No se observa ninguna relacion entre la pérdida al suprimir el ordefio del domingo

por la tarde y el nivel de produccién de leche o el volumen de la leche alveolar.

4. La supresion de un ordefio por semana produce una importante disminucién en la
produccion de leche, el porcentaje de grasa y el RCS en el dia de la supresién, y un
incremento compensatorio de estos parametros en los dos dias siguientes. Sin
embargo, el contenido en proteina y lactosa de la leche no varia de forma
importante. Dichas variables vuelven a sus niveles medios a las 72 h del dia de la

supresion, sin afectar las medias semanales.

7.1.2. Efectos de distintos intervalos entre ordefios sobre la composicion quimica de la

leche cisternal y alveolar en vacas lecheras

1. La evolucién de la cantidad de leche cisternal a diferentes intervalos entre ordefios
sigue una evoluciéon sigmoidal, con una saturacion a las 20 h, mientras que la
evolucion de la leche alveolar es lineal hasta las 16 h, a las que se satura
posteriormente. La relacion media entre leche cisternal : alveolar en la ubre de vacas

lecheras es de 30 : 70, con un cambio muy importante en el almacenamiento de la
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leche en la ubre entre las 12 y las 20 h de intervalo entre ordefios, en las que aumenta

fuertemente el porcentaje de leche cisternal.

La relacion entre los cuartos anteriores : posteriores, tanto en leche cisternal como en
alveolar, es de 40 : 60. El contenido en proteina de la leche es mayor en los cuartos
posteriores en ambas fracciones. Sin embargo, el porcentaje de grasa tiende a ser

mayor en los cuartos anteriores en ambas fracciones.

El contenido en grasa de la leche cisternal disminuye progresivamente hasta las 16 h
para mantenerse constante posteriormente. Al contrario, el contenido en grasa de la
leche alveolar se mantiene constante hasta las 16 h, aumentando rapidamente hasta las
24 h. En la leche total, el porcentaje de grasa evoluciona de forma cuadrética,

disminuyendo con el aumento del intervalo entre ordefios.

El contenido en proteina de la leche cisternal aumenta y tiende a aumentar en la leche
alveolar con el intervalo entre ordefios, sin diferencias entre ambas fracciones y entre
los cuartos anteriores y posteriores. En la leche total, el porcentaje de proteina bruta se

incrementa con el aumento del intervalo entre ordefos.

El aumento de la produccion de grasa con el intervalo entre ordefios es mucho mas
marcado en el compartimento alveolar que en el cisternal. Sin embargo, dicho

aumento en la produccion de proteina es similar para ambas fracciones

No se observan casos de mamitis subclinicas como consecuencia directa de la

aplicacion de diferentes intervalos entre ordefios.

7.1.3. Evolucion de la leche cisternal a lo largo de la lactacion y con el tiempo

1.

2.

transcurrido desde la estimulacién del reflejo de eyeccion en la ubre de vacas

lecheras.

Se observa una correlacion alta y positiva (r = 0.80) entre el volumen de leche
cisternal y el area de las cisternas evaluada mediante ecografia en diferentes estados de

lactacion.

A lo largo de la lactacion, disminuye el volumen de leche cisternal y alveolar, asi

como el &rea cisternal evaluada mediante ecografia.

El area de las cisternas glandulares aumenta de forma importante (+93%) después de

la inyeccion de oxitocina (3 min.), disminuyendo posteriormente hasta los 60 min.
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cuando no se evacua la leche de la ubre, lo que evidencia la existencia del Ilamado

‘reflujo cisternal’.

El valor maximo del area cisternal 3 min después de la inyeccion de oxitocina es
independiente del intervalo entre ordefios y de la cantidad de leche almacenada. La
cisterna resulta asi una estructura fibrosa poco elastica que limita el almacenamiento

de leche.

7.2. Conclusiones generales

1.

La pérdida de leche ocasionada por la supresion de un ordefio por semana se ve
afectada por las caracteristicas de las cisternas glandulares, y por tanto, la evaluacion
del tamafio cisternal a través ultrasonografia puede ser un método adecuado para
seleccionar vacas que se adaptan mejor a la reduccion de la frecuencia de ordefio.

La supresion de un ordefio por semana puede no ocasionar problemas de
comercializacién de la leche, a pesar de las variaciones en la composicion y el RCS de
la leche durante la semana. Es recomendable aplicar este sistema de ordefio sélo en
vacas con un buen estado sanitario de la ubre.

El control lechero cuando se suprima un ordefio a la semana, a efectos de no alterar
sus resultados, deberia realizarse después de 5 ordefios a fin de evitar las
modificaciones en la composicion de leche por efecto de la supresién del ordefio.

A corto plazo, el aumento del intervalo entre ordefios produce una disminucién en el
contenido en grasa y un incremento en la proteina bruta de la leche total, como
consecuencia del cambio en la contribucion de las fracciones de leche cisternal y
alveolar en los distintos intervalos entre ordefios.

Existe una cierta dificultad en el drenaje de los glébulos grasos de la leche desde la
zona alveolar hacia las cisternas. Sin embargo, el drenaje de las micelas de caseina
entre los dos compartimentos es facil y fluido entre ordefios.

Las vacas con cisternas grandes, ademas de minimizar la pérdida de leche, pueden
también reducir la variacion de la composicién de leche, en el caso de la reduccion de
la frecuencia de ordefio.

La ecografia mamaria es una metodologia adecuada para la evaluacién del tamafio

cisternal a lo largo de la lactacion en vacas lecheras.
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8. Hay una clara evidencia del retorno de la leche desde el compartimento cisternal a los
conductos y alvéolos, si las vacas no son ordefiadas después del drenaje de leche. Este
fendmeno se denomina “reflujo cisternal” o “cisternal recoil”.

9. La distension maxima de la cisterna de la ubre, observada 3 min después de la
inyeccion de oxitocina, puede ser considerada como una metodologia para evaluar el
tamafio maximo de las cisternas en vacas lecheras.

10. Se recomienda la disminucion del tiempo de espera de las vacas antes de entrar a la
sala de ordefio, a fin de aprovechar el efecto corto y positivo de la oxitocina endégena

y evitar la retencion de la leche.

118



CAPITULO 8:

Referencias bibliograficas



CAPITULO 8: Referencias bibliogréaficas

Adam, H. P. 1988. Adrenergic and antiadrenegic drugs. Pages 91-116 in Veterinary
Phamacology and Therapeutics. VVol. 6. N. H. Booth and L. E. McDonald, ed. lowa State
University Press, Ames, IA.

Adam, H. P., and N. N. Allen. 1952. The value of oxytocin for reducing fluctuation in milk
and fat yield. J. Dairy Sci. 35:1117(Abstr.).

Addey, C. V. P., M. Peaker, and C. J. Wilde. 1991. Protein inhibitor which controls secretion
of milk. UK Patent Application GB 2 238 052 Al.

Akers, R. M. 1985. Lactogenic hormones: Binding sites, mammary growth, secretory cell
differentiation, and milk biosynthesis in ruminants. J. Dairy Sci. 68:501-519.

Akers, R. M. 2002. Lactation and the mammary gland. 1% ed. lowa State Press.

Akers, R. M., and A. M. Lefcourt. 1982. Milking- and suckling-induced secretion of oxytocin
and prolactin in parturient dairy cows. Hormones and Behavior. 16:87-93.

Akers, R. M., and R. M. Cleale. 1990. Effect of somatotropin during the dry period on
subsequent milk production and induced secretion of somatotropin, prolactin and insulin
pre and postpartum. J. Dairy Sci. 73 (Suppl.1):154(Abstr.).

Albanell, E., P. Céaceres, G. Caja, E. Molina, and A. Gargouri. 1999. Determination of fat,
protein, and total solids in ovine milk by near-infrared spectroscopy. J. AOAC 82:753-758.

Allen, D. B., E. J. DePeters, and R. C. Laben. 1986. Three times a day milking: Effects on
milk production, reproductive efficiency and udder health. J. Dairy Sci. 69:1441-1446.

Amos, H. E., T. Kisser, and M. Loewenstein. 1985. Influence of milking frequency on
productive and reproductive efficiencies of dairy cows. J. Dairy Sci. 68:732-739.

Amstrong, D. V. 1989. Milking frequency. http://www.dairybiz.com. Accessed Sep. 10, 2001.

Armstrong, D. V., L. S. Daugherty, D. M. Gallon, and W. A. Knoblauch. 1992. Analysis of
capital investment in robotic milking systems for US dairy farms. Pages 432-439 in Proc.
Int. Symp. Prospects for Automatic Milking. EAAP Publ. No. 65, Wageningen Pers, The
Netherlands.

Attrill, B., and C. W. Holmes. 1993. Once-daily milking throughout lactation in commercial
herd. Pages 181-182 in Dairy farming Annual. Massey University, Palmeston North.

Auldist, M. J., and C. G. Prosser. 1998. Differential effects of short-term once-daily milking
on milk yield, milk composition and concentration of selected blood metabolites in cows
with high or low pasture intake. Proc. N.Z. Soc. Anim. Prod. 58:41-43.

Autrey, K. M., G. H. Rolling, and R. Y. Cannon. 1963. Effect of omitting one and two
milking weekly on yield composition and flavor of milk on udder health. J. Dairy Sci.
48:626 (Abstr.).

Ayadi, M., and G. Caja, 2000. The use of real time ultrasonography for the visualization of
milk ejection in dairy cows. Mediterranean Agronomic Institute of Zaragoza-Universitat
Autonoma de Barcelona. CD-Rom.

Ayadi, M., G. Caja, X. Such, and C. H. Knight. 2003a. Use of ultrasonography to estimate
cistern size and milk storage at different milking intervals in the udder of dairy cows. J.
Dairy Res. 70:1-7.

Ayadi, M., G. Caja, X. Such, and C. H. Knight. 2003b. Effect of omitting one milking
weekly on lactational performances and morphological udder changes in dairy cows. J.
Dairy Sci. 86:2352-2358.

Ayadi, M., G. Caja, X. Such, and J. Ghirardi. 2002. Efecto del nivel de alimentacion antes de
la pubertad en la fertilidad y la produccién de leche durante la primera lactacion de
corderas de raza Manchega y Lacaune. Paginas 127-135 en Jornadas de la Sociedad
Esparfiola de Ovinotecnia y Caprinotecnia (SEOC), Valencia, Espafia.

119


http://www.dairybiz.com/

Baldi, A., S. Modina, F. Cheli, F. Gandolfi, L. Pinotti, L. B. Scesi, F. Fantuz. and V.
Vell’Orto. 2003. Bovine somatotropin administration to dairy goats in late lactation:
effects on mamary gland function, composition and morphology. J. Dairy Sci. 85:1093-
1102.

Ballou, L. U., J. L. Bleck, G. T. Bleck and R. D. Bremen. 1993. The effects of daily oxytocin
injections before and after milking on milk production, milk plasmin and milk
composition. J. Dairy Sci. 76:1544-1549.

Barbano, D. M., R. R. Rasmussen, and J. M. Lynch. 1991. Influence of milk somatic cell
count and milk age on cheese yield. J. Dairy Sci. 74:369 (Abstr.).

Barnicoat, C. R., P. F. Murray, E. M. Roberts, and G. S. Wilson. 1956. Milk secretion studies
with New Zealand Romney ewes. J. Agric. Sci. 48:9-35.

Basset, L.W., and R. H. Gold. 1982. Mammography and ultrasound in breast cancer detection.
ined. NY.

Bastian, E. D., R. J. Brown and C. A. Ernstrom. 1991. Plasmin activity and milk coagulation.
J. Dairy Sci. 74:3677-3685.

Bauman, D. E. 1999. Bovine somatotropin and lactation: From basic science to commercial
application. Domest. Anim. Endocrinol. 17:101-116.

Baxter, J. D., G. W. Rogers, S. B. Spencer, R. J. Eberhart. 1992. The effect of milking liner
slip on new intramamary infections. J. Dairy Sci. 75:1015-1018.

Bennett, C. N., C. H. Knight, and C. J. Wilde. 1990. Regulation of mammary prolactin
binding by a secreted milk protein. J. Endocrinol. 127 (Suppl.):141 (Abstr.).

Bernabé, J., and G. Peeters. 1980. Studies on the motility of smooth muscles of the teats in
lactating cows. J. Dairy Res. 47:259-275.

Bernabé, J., and M. J. Ricordel. 1985. Effets de I’adrénaline et de la phényléphrine sur
I’extraction du lait au cours de la traite mécanique de la vache. Reprod. Nutr. Dev. 25:379-
388.

Bevilacqua, M., T. Vago, A. Monopoli, G. Baldi, A. Forlani, C. Antona, P. Biglioli, R.
Scrofani, and G. Norbiato. 1991. Alpha-1 adrenoceptor subtype mediates noradrenaline
induced contraction of the human internal mammary artery : radioligrand and functional
studies. Cardiovascular Re. 25 :290-294.

Bisset, G. W., R. J. Clark, and G. P. Lewis. 1967. The mechanism of the inhibitory action of
adrenaline on the mammary gland. Br. J. Pharmacol. Chemother. 31 :550-559.

Blacke, R. W. 1977. Efficacy of selection for milking labour efficiency : relationships among
total milking labour machine time, rates of milk flow and conformation in Holstein and
Jersey cattle. Anim. Breed. 46:3780 (Abstr.).

Blasco, 1., and J. Folch. 1989. Diagnostico precoz de gestacion y determinacion del numero
de fetos por ecografia en ganado ovino. Informacion Técnica Econdmica Agraria (ITEA)
82:22-31.

Blaxter, E. S., P.M. Clarke, F. H. Dodo, and A. S. Foot. 1950. Factors affecting the rate of
machine milking. J. Dairy Res. 17:117-127

Blowey, R., and P. Edmondson. 1999. Estructura de los pezones y de la ubre y mecanismos
de la sintesis de leche. Paginas 7-19 en Control de la mastitis en granjas de vacuno de
leche. M. R. Vergés, ed. Acribia, S.A., Zaragoza, Espafia.

Blum, J. W., D. Schams, and R. M. Bruckmaier. 1989. Catecholamines, oxytocin and milk
removal in dairy cows. J. Dairy Res. 56:167-177.

Bocquier, F., and Ph. Guillouet. 1990. Nutrition et alimentation de la brebis laitiére. Paginas
1-38 en Curso Superior de Produccion Animal : Alimentacion y Nutricion Animal. Vol.1
CIHEAM-IAMZ, Zaragoza, Espaia.

Bra.Peled, U., E. Maltz, I. Bruckental, Y. Kali, H. Gacitua, A. R. Lehrer, C. H. Knight, B.
Robinzon, H. Voet, and H. Tagari. 1995. Relationship between frequent milking or

120



suckling in early lactation and milk production of high producing dairy cows. J. Dairy Sci.
78:2726-2736.

Bramley, A. J. 1992. Mastitis and machine milking. Pages 343-372 in Machine milking and
lactation. A. J. Bramley, F. H. Dodd, G. A. Mein and J. A. Bramley, eds. Insight Books,
Berkshire, UK.

Bremel, R. D. 1985. Action of oxytocin on mammary myoepithelial cells. Page 303 in Proc.
Oxytocin. Clin. Lab. Stud., Elsevier, Amsterdam, The Netherlands.

Broker, B. E. 1984. An ultrastructural study of the sinus epithelium in the mammary gland of
the lactating ewe. J. Anatomy 138: 287-296.

Bruckmaier, R .M. 1988. Untersuchungen tber Ocytocin-freisetzung, Intramammardruck und
Milchabgabe beim Rind unter besonderer Berticksichtigung des Laktationsstadiums sowie
von Einflussen des adrenergen Systems. Agricultural Thesis, Technical Univ. Munich,
Germany.

Bruckmaier, R .M., D. Schams, and J. W. Blum. 1994b. Continuously elevated concentrations
of oxytocin during milking are necessary for complete milk removal in dairy cows. J.
Dairy Res. 61:323-334.

Bruckmaier, R. M. 2002. Preparacion de la ubre y eyeccion de leche en los sistemas de
ordefios robotizado. Ganaderia 13:38-41.

Bruckmaier, R. M. 2003. Chronic oxytocin treatment causes reduced milk ejection in dairy
cows. J. Dairy Res. 70:123-126.

Bruckmaier, R. M., and J. W. Blum. 1998. Oxytocin release and milk removal in ruminants.
J. Dairy Sci. 81:939-949.

Bruckmaier, R. M., and J. W. Blum. 1992. B-mode ultrasonography of mammary glands of
cows, goats and sheep during a- and B-adrenergic agonist and oxytocin administration. J.
Dairy Res. 59:151-159.

Bruckmaier, R. M., and J. W. Blum. 1994. Central and peripheral inhibition of milk ejection.
Pages 96-101 in Proc. Int. Symp. Prospects for future Dairying : A Challenge for Science
and Industry. O. Lind and K. Svennersten ed. Alfa Laval Agri. AB, Tumba, Sweden.

Bruckmaier, R. M., and J. W. Blum. 1996. Simultaneous recording of oxytocin release, milk
ejection and milk flow during milking of dairy cows with and without prestimulation. J.
Dairy Res. 63:201-208.

Bruckmaier, R. M., and M. Hilger. 2001. Milk ejection in dairy cows at different degrees of
udder filling. J. Dairy Res. 68:369-376.

Bruckmaier, R. M., D. Schams, and J. W. Blum. 1992. Aetiology of disturbed milk ejection in
parturient primiparous cows. J. Dairy Res. 59:479-4809.

Bruckmaier, R. M., D. Schams, and J. W. Blum. 1993. Milk removal in familiar and
unfamiliar surroundings: concentration of oxytocine, prolactin, cortisol and -endorphine.
J. Dairy Res. 60:449-456.

Bruckmaier, R. M., E. Rothenanger, and J. W. Blum. 1994a. Measurement of mammary gland
cistern size and determination of the cisternal milk fraction in dairy cows.
Milchwissenschaft 49:543-546.

Bruckmaier, R. M., H. U. Pfeilsticker, and J. W. Blum. 1996. Milk yield, oxytocin and (-
endorphin gradually normalize during repeated milking in unfamiliar surroundings. J.
Dairy Res. 63:191-200.

Bruckmaier, R. M., O. Wellnitz, and J. W. Blum. 1997b. Inhibition of milk ejection in cows
by oxytocin receptor blockade, o-adrenergic receptor stimulation and in unfamiliar
surroundings. J. Dairy Res. 64:315-325.

Bruckmaier, R., G. Paul, H. Mayer, and D. Schums. 1997a. Machine milking of Ostfriesian
and Lacaune dairy sheep: udder anatomy, milk ejection and milking characteristics. J.
Dairy Res. 64:163-172.

121



Bruckmaier, R., H. Mayer, and D. Schams. 1991. Effects of a- and -adrenergic agonists on
intramammary pressure and milk flow in dairy cows. J. Dairy Res. 58:411-419.

Buckrell, B. C., B. N. Bonnett, and W. H. Johanson. 1986. The use of real-time ultrasound
rectally for early pregnancy diagnosis in sheep. Theriogenology 25:665-673.

Burditt, L., D. Buchanan, and J. Fitch. 2000. Breed of livestock. Departement of animal
science. Oklahoma state university. http://www.terravista.pt/ilhadomel/1775/BQOV.html.
Accessed Agu. 25, 2003.

Caja G. 2003. Produccion de leche. Curso de produccién animal I1. Universidad Auténoma de
Barcelona. http:minie.uab.es/veteri/produccio/pa2/Le4.pdf. Accessed Jun. 10, 2003.

Caja, G., X. Such, and M. Rovai. 2000. Udder morphology and machine milking ability in
dairy sheep. Pages 17-40 in Proc. 6th Great Lakers. Dairy Sheep Symp. Guelph, Ontario,
Canada.

Caja, G., J. Ruberte, F. Kichner, A. Carretero, M. Fernandez, and X. Duch. 1991.
Posibilidades de la exploracion ecografica de las cisternas (Sinus lactiferus) mamarias de
ovejas en lactacion. Informacion Técnica Econdmica Agraria (ITEA) 11(Vol. extra):319-
321.

Caja, G., M., Ayadi, X. Carré, and M. Cifra. 2002b. Los robots de ordefio en Espafia:
Situacion actual y perspectivas. Paginas 11-16 en Ordefio Robotizado. G. Caja and J.
Lopez, ed. Agricola Espafiola, S.A. Madrid, Spain.

Caja, G., X. Duch, J. Ruberte, A. Carretero, and M. Navarro. 1999. The use of the
ultrasonography in the study of mammary gland cisterns during lactation in sheep. Pages
91-96 in Milking and milk production of dairy sheep and goats. F. Barillet and N. P.
Zervas, ed. EAAP Publication No. 95, Wageningen Pers, The Netherlands.

Caja, G., X. Such, M. Rovai, M. P. Molina, N. Fernandez, A. Torres, and L. Gallego. 2002a.
Aptitud al ordefio mecénico y morfologia mamaria en ovino lechero. Paginas 19-48 en,
Jornadas de la Sociedad Espafiola de Ovinotecnia y Caprinotecnia (SEOC), Valencia,
Espafia.

Campos, M. S., C. J. Wilcox, H. H. Head, D. W. Webb, and J. Hayen. 1994. Effects on
production of milking three times daily on first lactation Holstein and Jerseys in Florida. J.
Dairy Sci. 77:770-773.

Capuco, A. V., D. L. Wood, R. K. Baldwin McLeod, and M. J. Paape. 2001. Mammary cell
number, proliferation and apoptosis during the bovine lactation cycle: Relationship to milk
production and effect of bST. J. Dairy Sci. 84:2177-2178.

Capuco, A. V., J. J. Smith, D. R. Waldo, and C. E. J. Rexroad. 1995. Influence of pre pubertal
dietary regimen on mammary growth of Holstein heifers. J. Dairy Sci. 78:2709-2725.

Carnero, J. C., and I. Busto. 2002. Capitulo XIX. Mecanizacion integral: claves técnicas y su
problematica. Paginas 469-504 en EIl ordefio en el ganado vacuno: aspectos claves. C.
Buxadé, ed. Ediciones Mundi-Prensa, Madrid, Espafia.

Carretero, J., J. Ruberte, G. Caja, F. J. Pérez-Aparicio, X. Duch, S. Peris, M. Manesse, and
M. Navarro. 1999. Study on the structure and the development of the canalicular system of
the mammary gland during lactation in Manchega and Lacaune dairy sheep. Pages 35-39 in
Milking and milk production of dairy sheep and goats. F. Barillet and N. P. Zervas, ed.
EAAP Publication No. 95, Wageningen Pers, The Netherlands.

Carruthers, V. R., S. R. Davis, A. M. Bryant, H. V. Henderson, C. A. Morris, P. J. A.
Copeman. 1993b. Response of Jersey and Friesian cows to once a day milking and
prediction of response based on udder characteristics and milk composition. J. Dairy Res.
60:1-11.

Carruthers, V. R., S. R. Davis, and P. J. A. Copeman. 1993a. Effects of oxytocin, machine
stripping and milking rate on production loss of cows milked once a day. J. Dairy Res. 60:
13-18.

122



Carruthers, V. R., S. R. Davis, D. H. Norton. 1991. The effects of oxytocin and bovine
somatotropin on production of cows milked once a day. Proc. NZ Soc. Anim. Prod. 51:
197-201.

Cartee. R. E., A. K. Ibrahim, and D. McLeary. 1986. B-mode ultrasonography of bovine
udder and teat. J. Am. Vet. Med. Ass. 188:1284-1287.

Caruolo, E. V. 1980. Scanning electron microscope visualization of the mammary gland
secretory unit and of myoepithelial cells. J. Dairy Sci. 63:1987-1998.

Casal R., and Ayadi M. 2002. El futuro de ordefio en las explotaciones de Vacas Lecheras de
Alta Produccion (VLAP): su organizacion. Paginas 241-267 en El ordefio en el ganado
vacuno. C. Buxadé, ed. Ediciones Mundi-Prensa, Madrid, Espafa.

Casu, S., and J. Labussiere. 1972. Premiers résultats concernant la suppression d’une ou
plusieurs traits par semaine chez la brebis Sarde. Anna. Zootech.(Paris) 21:233-232.

Casu, S., R. Carta, and G. Ruda. 1983. Morphologie de la mamelle et aptitude a la traite
mécanique de la brebis Sarde. Pages 596-603 in Proc. 3th Int. Symp. Milking Small
Ruminants, Sever-Cuesta, Valladolid, Spain.

Charfeddine, N. 1999. Utilidad del recuento celular como criterio de seleccion para reducir la
incidencia de mamitis. Frisona Espafola 110: 43-52.

Charfeddine, N. and J. Pena. 1999. Indice Compuesto de Ubre en Espafia (ICU). Frisona
Espariola 111: 46-52.

Charron, G. 1986. Vaches laitieres. Pages 111-145 in Les Productions Laitieres Vol.1. J. B.
Bailliére, ed. Lavoisier, Paris.

Charron, G. 1988. Les mammites : conduite technigue et économique du troupeau. Pages 115-
119 in Les productions laitiers Vol. 1. J. B. Bailliere, ed. Lavoisier, Paris.

Chilliard, Y., M. Doureau, F. Bocquier, and G. E. Lobley. 1995. Digestive and metabolic
adaptations of ruminants to variations in food supply. Pages 329-360 in Proc. 6th Int.
Symp. Nutrition of Herbivores. Recent developments in the Nutrition of Herbivores. M.
Journet, E. Grenet, M-H. Farce, M. Thériez, and C. Demarquilly, ed. INRA Editions, Paris,
France.

Cifran, E. and J. C. Marco. 1997. La determinacion del recuento diferencial de células
somaticas (RDCS) en leche como prueba de diagndstico de mamitis y como indicador de la
calidad de la leche. Revista Espafiola de Lecheria 86:1-32.

Claesson, O., A. Hansson, N. Gustafsson, E. Brannang. 1959. Studies on monozygous cattle
twins XVII. Once-a-day milking compared with twice-a-day milking. Acta Agric. Scand.
9:38-58.

Clemmons, D. R. 1998. Role of insulin-like growth factor binding proteins in controlling IGF
actions. Mol. Cell. Endocrinol. 140:19-24.

Cohick, W. S. 1998. Role of the insulin-like growth factors and their binding proteins in
lactation. J. Dairy Sci. 81:1769-1777.

Crowley, W. R. and W. E. Amstrong. 1992. Neurochemical regulation of oxytocin secretion
in lactation. Endocrinology 13:33-65.

DaCosta, T. H. M., V. llic, and D. H. Williamson. 1995. In vitro effects on oxytocin and
ionomycin on lipid secretion by rat mammary gland. Role of the myoepithelial cells. Pages
1-265 in Intercellular Signalling in the mammary gland. C. J. Wilde, M. Peaker and C. H.
Knight, ed. Plenum Press, NY.

Davis, S .R., V. C. Farr, K. Stelwagen. 1999. Regulation of yield loss and milk composition
during once-daily milking : a review. Livest. Prod. Sci. 59:77-94.

Davis, S. R., and G. A. Hughson. 1989. Measurement of functional udder capacity in lactating
Jersey cows. Aust. J. Agric. Res. 39:1163-1168.

Davis, S. R., V. C. Farr, P. J. A. Copeman, V. R. Carruthers, C. H. Knight, and K. Stelwagen.
1998. Partitioning of milk accumulation between cisternal and alveolar compartments of

123



the bovine udder: relationship to production loss during once daily milking. J. Dairy Res.
65:1-8.

De Koning, K. 2002. El Ordefio Automatico- el reto del desarrollo. Ganaderia 13:34-37.

De Koning, K., and W. Ouweltjes. 2000. Maximising the milking capacity of an automatic
milking system. Automatic milking: reality, challenges and opportunities. Pages 38-46 in
Proc. Int. Symp. in Robotic Milking. H. Hogeveen and A. Meijering, ed. Wageningen Pers,
The Netherlands.

Delouis, C., and Ph. Richard. 1991. La lactation. Pages 487-514 in La reproduction chez les
mammiferes et I’homme. C. Thibault and M. C. Levasseur, ed. INRA Ellipses. Paris,
France.

Denamur, R. 1965. The hypothalamo-neurohypophisial system and the milk ejection reflex. J.
Dairy Sci. 27:193-254,

DePeters, E. J., N. E. Smith, and J. Acedo-Rico. 1985. Three or two times daily milking of
older cows and first lactation cows for entire lactations. J. Dairy Sci. 68:123-132.

Dewhurst, R. J., and C. H. Knight. 1994. Relationship between milk storage characteristics
and short-term response of dairy cows to thrice-daily milking. Anim. Prod. 58:181-187.

Dewhurst, R. J., and Knight, C. H. 1993. Changes in the sites of milk storage over the
lactation cycle of primiparous and multiparous dairy cows. Anim. Prod. 56:428-429.

Ditrich, H., and H. Splechtna. 1989. The opistonephric blood vascular system of the chicken
embryo as studied by scanning electron microscopy of microcorrosion cast and critical
point dried preparations. Scanning Microscopy 3:559-561.

Dodd H. F. and T. K. Griffin. 1978. Rutinas durante el ordefio. Paginas 251-276 en Ordefio
mecénico. C. C. Thiel and F. H. Dodd ed. Hemisferio Sur S.R.L., Montevideo, Uruguay.
Donker, J. D., J. H. Koshi, and W. E. Petersen. 1954. The effects of hourly milking with the

aid of intravenous injection of oxytocin. J. Dairy Sci. 37:1261.(Abstr.).

Donnely, S. R., and S. E. Moss. 1997. Annexing in the accumulation in the udder of dairy
cow upon milk secretion rate. Cellular Molecular Life Sci. 53:533-538.

Dyusembin, K. 1978. Inhibitory mechanisms of milk ejection during milking of small
ruminants. Pages 31-41 in Proc. 2" Int. Symp. Milking Small Ruminants, Alghero, Italy.
Eitam, M., and J. Hamann. 1993. Relevance of machine-induced teat tissue reactions in cows
for improvement of machine milking in small ruminants. Pages 401-408 in V Int. Symp.

Machine Milking of Small Ruminants, Budapest.

Elliott, G. M. 1959. The direct effect of milk accumulation in the udder of dairy cow upon
milk secretion rate. J. Dairy Sci. 21:435-439.

Ely, F., and W. E. Peterson. 1941. Factors involved in the ejection of milk. J. Dairy Sci. 24:
211-223.

Erdman, R. A., and M. Varner. 1995 Fixed yield responses to increased milking frequency. J.
Dairy Sci. 78:1199-1203.

Everett, R. W., and L. H. Wadell. 1970. Sources of variation affecting the difference between
morning and evening daily milk production. J. Dairy Sci. 53:1424-1429.

FAO 2003. Anuario de produccion. http://apps.fao.org/.

FAOSTAT. 2003. Agricultural data. http://apps.fao.org/.

Farr, V. C., K. Stelwagen, L. R. Cate, A.J. Molenaar, T. B. Mc Fadden, and S. R. Davis.
1996. An improved method for the routine biopsy of bovine mammary tissue. J.Dairy Sci.
79:543-549.

Farr, V. C., K. Stelwagen, S. R. Davis, and L. R. Cate. 1995. An improved method for routine
biopsy of bovine mammary tissue. J. Anim. Sci. 73 (Suppl.2):87(Abstr.).

Feldman, J. D. 1961. Fine structure of the cows udder during gestation and lactation.
Laboratory Investigation 10:238-255.

124



Fernandez, N., M. P. Molina, S. Balasch, A. Torres, and F. Adriaens. 1997. Bovine
somatotropin dose titration in lactation dairy ewes. 2. Dose determination and factors
affecting the response. J. Dairy Sci. 80:818-829.

Fernéndez, N., M. Rodriguez, C. Peris, M. Barcelo, M. P. Molina, A. Torres, and F. Adriaens.
1995. Bovine somatotropin dose titration in lactating dairy ewes. Milk yield and milk
composition. J. Dairy Sci. 78:1073-1082.

Fernandez, N., M. Rodriguez, C. Peris, M. Barcelo, M. P. Molina, A. Torres, and F. Adriaens.
2001. Bovine somatotropin dose titration in lactating dairy ewes. 3. Treatment internal. J.
Dairy Sci. 84:2170-2176.

Fitzpatrick, R. J. 1961. The estimation of small amounts of oxytocin in blood. Pages 51-73 in
Oxytocin. R. Caldeyro-Barcia and H. Heller, ed. Pergamon Press, Oxford, UK.

Flet, I. R., A. J. Davis, M. Richardson, and R. B. Heap. 1993. The stimulation of mammary
blood flow by oxytocin and the potential role of locally released nitric oxide in the goat. J.
Reprod. Fertil. 11:104 (Abstr.).

Flint, D. J., and C. H. Knight. 1997. Interactions of prolactin and growth hormone (GH) in
the regulation of mammary gland function and epithelial cell survival. J. Mammary Gland
Biol. Neoplasia 2:41-48.

Fowler, P. A., C. H. Knight, G. G. Cameron, and M. A. Foster. 1990. In-vivo studies of
mammary development in the goat using magnetic resonance imaging (MRI). J. Reprod.
Fertil. 89:367-375.

Franz, S., M. Hofmann-Parisot, W. Baumgartner, G. A. Windischbauer Suchy, and B. Bauder
2001. Ultrasonography of the teat canal in cows and sheep. Vet. Rec. 149:109-112.

Friggens, N. C., and M. D. Rasmussen. 2001. Milk quality assessment in automatic milking
systems: accounting for the effects of variable interval between milkings on milk
composition system. Livest. Prod. Sci. 73:45-54.

Fukui, Y., M. Kobayashi, M. Tsubaki, K. Shimoda, and H. Owo. 1986. Comparison of two
ultrasonic methods for multiple pregnancy diagnosis in sheep and indicators of multiple
pregnant ewes in the blood. Anim. Reprod. Sci. 11:25-33.

Gallego, L., G. Caja, and A. Torres. 1983. Estudio de la tipologia y caracteristicas
morfoldgicas de las ubres ovejas de raza Manchega durante la lactacion. Pages 100-116 in
Proc. 3th Int. Symp. Milking Small Ruminants. Sever-Cuesta, Valladolid, Spain.

Gallego, L., M. P. Molina. A. Torres, and G. Caja. 1984. Influencia de la supresion de uno o
varios ordefios sobre la produccion de leche en ovejas de raza Manchega. Pages 381-389 in
I1 Jornadas Ganaderas de Castilla-La Mancha, Guadalajara, Spain.

Galton, D. M., and W. G. Merrill. 1998. Maximizing milk secretion through management.
www.inform.umd.edu/EdRes/Topic/Agr. Accessed Dec. 6, 2000.

Gearhart, M. A., W. E. Wingfield, A. P. Knight, J. A. Smith, D. A. Dargatz, J. A. Boon, and
C. A. Stokes. 1988. Real-time ultrasonography for determining pregnancy status and
viable fetal numbers in ewes. Theriogen. 30:323-337.

Gisi, D. D., E. J. DePeters, and C. L. Pelissier. 1986. Three times daily milking of cows in
California dairy herds. J. Dairy Sci. 69:863-868.

Goddard, P. J. 2000. Ecografia veterinaria. Acribia, Zaragoza, Spain.

Gonzalez, A., J. Santiago, and A. Lopez. 1999. Diagnostico de gestacion y determinacion del
numero de embriones. Ovis 61:35-40.

Gonzalez-Romano, N., A. Arencibia, A. Espinosa De Los Monteros, E. Rodriguez, M.
Rivero, J. M. Vazquez, J. Capote, and J. R. Javier. 2000. Anatomical evaluation of the
caprine mammary gland by computed tomography, radiology and histology. Anat. Histol.
Embryol. 29:25-30.

Goodman, G. T., and C. E. Grosvenor. 1983. Neuroendocrine control of the milk ejection
reflex. J. Dairy Sci. 66:2226-2235.

125



Gorewit, R. C., and M. C. Armando. 1985. Mechanisms involved in the adrenalin induced
blockage of milk ejection in dairy cattle. Proc. Soc. Exp. Biol. Med. 180:340-347.

Gorewit, R. C., and R. Sagi. 1984. Effects of exogenous oxytocin on production and milking
variables of cows. J. Dairy Sci. 67:2050-2054.

Graf, G. C. 1968. Factors affecting intramammary pressures. J. Dairy Sci. 51:1672-1675.

Guinard-Flament, J., and H. Rulquin. 2001. Effect of one daily milking on mammary blood
flow (MBF) in dairy cows. Livest. Prod. Sci. 70:180 (Abstr.).

Guinard-Flament, J., M. C. Michalski, and H. Rulquin. 2001. Evolution of milk fat content
and fat globule diameter according to milking time in dairy cows. Rencontres Recherches
Ruminants. Paris, France.

Hamana, K., Y. Motomura, N. Yasuda, S. Kamimura, and F. Trento. 1994. Bovine teat
morphology and ultrasonic tomography related to milk quality and bacteria. Pages 377-380
in Proc. 18th World Buiatrics Congress. Bologna. Italy.

Hamann, J., and F. H. Dodd. 1992. Milking routines. Pages 69-89 in Machine milking and
lactation. ed. Insight Books. Berkshire, UK.

Hamann, J., and G. A. Mein. 1990. Measurement of machine induced changes in thickness of
the bovine teat. J. Dairy Res. 57:495-505.

Hammon, H. M., R. M. Bruckmaier, U. E. Honegger, and J. W. Blum. 1994. Distribution and
density of a- and B-adrenergic binding sites in the bovine mammary gland. J. Dairy Res.
61:47-57.

Hansen, L. B. 2000. Consequences of selection for milk yield from a geneticist’s viewpoint. J.
Dairy Sci. 83:1145-1150.

Harding, L. G., and F. R. Harding. 1990. Once-daily milking throughout lactation. Pages 85-
87 in Dairy farming Annual. Massey University, Palmerston.

Hart, I. C., and D. S. Flux. 1973. The release of growth hormone in response to milking in the
goat during early and late lactation. J. Endocrinol. 57:177-178.

Hawke, J. C., and M. W. Taylor. 1995. Influence of nutritional factors on the yield,
composition and physical properties of milk fat. Pages 37-45 in Advanced Dairy
Chemistry-2. P. F. Fox, ed. Appl. Sci. Publ., London, UK.

Henderson, A. J., D. R. Blatchford, and M. Peaker. 1983. The effects of milking thrice instead
of twise daily on milk secretion in the goat. Quart. J. Exp. Physiol. 68:645-652.

Henderson, A. J., D. R. Blatchford, and M. Peaker. 1985. The effects of long-term thrice-daily
milking on milk secretion in the goat: evidence for mammary growth. Quart. J. Exp.
Physiol. 70:557-565.

Henshaw, A. H., M. Varner, and R. A. Erdman. 2000. The effects of six times a day milking
un early lactation on milk yield, milk composition, body condition and reporoduction. J.
Dairy Sci. 83(Suppl. 1):242 (Abstr.).

Hillerton, J. E., and A. Winter. 1992. The effects of frequent milking on udder physiology and
health. Pages 201-212 in Proc. Int. Symp. Prospects for Automatic Milking. EAAP
Publication No. 65, Wageningen, The Netherlands.

Hillerton, J. E., C. H. Knight, A. Turvey, S. D. Wheatley, and C. J. Wilde. 1990. Milk yield
and mammary function in dairy cows milked four times daily. J. Dairy Res. 57:285-294.
Hobbs, A. A., D. A. Richard, D. J. Kessler, and J. M. Rosen. 1982. Complex hormonal

regulation of rat casein gene expression. J. Biol. Chem. 257:3598-3605.

Holmes, C. W., G. F. Wilson, D. D. S. MacKenzie, and J. Purchas. 1992. The effects of
milking once daily throughout lactation on the performance of dairy cows grazing on
pasture. Proc. N. Z. Soc. Anim. Prod. 52:13-16

Hospes, R., and C. Seeh. 1999. Ecografia: principios fundamentales. Paginas 1-47 en
Ecografia y endoscopia de la ubre de la vaca. Vol.1. R. Hospes and C. Seeh, ed.
Boehringer Ingelheim, Stuttgart, Alemania.

126



Houvenaghel, A., G. Peeters, and F. Verschooten. 1973. Influences of manual udder
stimulation and oxytocin on mammary artery blood flow in lactating cows. Arch. Int.
Pharmacodyn. Ther. 205:124-133.

Huidobro, F. 1988. Efectos de la supresion del ordefio del domingo por la tarde en ovejas de
raza Manchega. Informacion Técnica Econdémica Agraria (ITEA) 78:33-37.

Hurley, W. L. 1989. Mammary gland function during involution and the declining phase of
lactation. J. Dairy Sci. 72:1637 (Abstr.).

I. D. F. 2001. World dairy situation. Bulletin, 339.

Ipema, A. H., E. Benders, and W. Rossing. 1987. Effect of more frequent milking on
production and health of dairy cattle. Pages 283-293 in Proc. 3rd Int. Symp. Automation
in Dairying. Institute for Agricultural and Environmental Engineering, Wageningen Pers,
The Netherlands.

Ipema, A. H., E. Benders. 1992. Production, duration of machine milking and teat quality of
dairy cows milked 2, 3 or 4 times daily with variable intervals. Pages 244-252 in Proc. Int.
Symp. Prospects for Automatic Milking. EAAP Publication No. 65, Wageningen Pers, The
Netherlands.

Jarrige, R. 1989. Ruminant Nutrition, INRA Recommend Allowances and Feed Tables. INRA

John Libbey Eurotext, London.

Jimeno, V., and T. Castro. 2002. Cambios morfoldgicos y fisiologicos de la ubre durante el
periodo seco de la vaca. Paginas 93-106 en El ordefio en el ganado vacuno. C. Buxadé, ed.
Ediciones Mundi-Prensa, Madrid, Espafia.

Johansson, B., K. Uvnas-Moberg, C. H. Knight, and K. Svennersten-Sjaunja. 1999. Effect of
feeding before, during and after milking on milk production and the hormones oxytocin,
prolactin, gastrin and somatostatin. J. Dairy Res. 66:151-163.

Johansson, 1., and P. Malven. 1960. The influence of yield, udder pressure, size of teats and of
the teat orifice on the rate of milking. Z. Tierz. Zuchtbiol. 74:1-13.

Johansson, 1., N. Korkman, and N. J. Nelson. 1952. Studies on udder evacuation in dairy
cows. I. The rise in fat percentage. Acta Agric. Scand. 2:43-81.

Johnson, P. C. 2001. Lactation biology. Mammary gland growth and development.
Departement of animal sciences. University of LIlinios. http//www.classes.aces.uiuc.edu/A

Kamote, H. I., C. W. Holmes, D. D. S. Mackenzie, R. J. Holdaway, and B. W. Wickham.
1994. Effect of one daily milking in later lactation on cows with low or high initial somatic
cell counts. Proc. NZ Soc. Anim. Prod. 54:285-287.

Kann, G., R. Habert, C. Meusnier, and H. S. Ryniewiez. 1977. Prolactin release in response to
nursing or milking stimulus in the ewe. Is il mediated by thyrotrophin releasing hormone?
Ann. Biol. Anim., Biochim. Biophys. 17:441-452.

Ketelaar-de Lawere, C. C., and A. H. Ipema. 2000. Cow behavior under different types of
cow traffic. Pages 181-182 in Robotic Milking. H. Hogeveen and A. Meijering, ed.
Wageningen Pers, The Netherlands.

Keys, J. E., A. V. Capuco, R. M. Akers, and J. Djiane. 1989. Comparative study of mammary
gland development and differentiation between beef and dairy heifers. Domest. Anim.
Endocrinol. 6:311-319.

Kimura, T., Y. Ito., A. Einspanier, K. Tohya, T. Nobunaga, Y. Tokugawa, M. Takemura, Y.
Kubota, R. Ivell, N. Matsuura, F. Saji, and Y. Murata. 1993. Expression and
immunolocalization of the oxytocin receptor in human lactating and non-lactating
mammary glands. HUM. Reprod. 13:2645-2653.

Klassen, D. J., H. G. Monardes, L. Jairath, R. I. Cue, and J. F. Hayes. Genetic correlations
between lifetime production and linearized type in Canadian Holsteins. 1992. J. Dairy Sci.
75:2272-2282.

127



Klei, L. R, J. M. Lynch, D. M. Barbano, P. A. Oltenacu, A. J. Lednor, and D. K. Bandler.
1997. Influence of milking three times a day on milk quality. J. Dairy Sci. 80:427-436.

Klungel, G. H., B. A. Slaghuis, and H. Hogeveen 2000. The effect of the introduction of
automatic milking systems on milk quality. J. Dairy Sci. 83:1998-2003.

Knight, C. H. 1994. Short-term oxytocin treatment increases bovine milk yield by enhancing
milk removal without any direct action on mammary metabolism. J. Endocrinol. 142:471-
473.

Knight, C. H. 2002. Control de la sintesis y acumulacion de leche en los sistemas de ordefios
robotizados. Ganaderia 13:28-30.

Knight, C. H., and C. J. Wilde. 1993. Mammary cell changes during pregnancy and lactation.
Livest. Prod. Sci. 35:3-109.

Knight, C. H., and R. J. Dewhurst. 1994. One daily milking of dairy cows: relationship
between yield loss and cisternal milk storage. J. Dairy Res. 61:441-449.

Knight, C. H., D. Hirst, and R. J. Dewhurst. 1994a. Milk accumulation and distribution in the
bovine udder during the interval between milkings. J. Dairy Res. 61:167-177.

Knight, C. H., J. E. Hillerton, M. A. Kerr, R. M. Teverson, A. Turvey, and C. J. Wilde. 1992.
Separate and additive stimulation of bovine milk yield by the local and systemic
galactopoietic stimuli of frequent milking ang growth hormone. J. Dairy Res. 59:243-252.

Knight, C. H., K. Stelwagen, V. C. Farr, and S. R. Davis. 1994b. Use of oxytocin analogue to
determine cisternal and alveolar milk pool sizes in goats. J. Dairy Sci. 77(Suppl. 1):84
(Abstr.).

Knight, C. H., P. A. Fowler, and C. J. Wilde. 1990. Galactopoietics and mammogenic effects
of long-term treatment with bovine growth hormone and thrice daily milking in goats. J.
Endocrinol. 127:129-138.

Knuston, R. J., D. D. S. MacKenzie, S. R. Davis, S. N. McCutcheon. 1993. The effect on once
daily milking on concentrations and yields of plasminogen, plasmin, and other whey
proteins. Proceeding New Zealand Society Animal Production 53:155-158.

Kronfeld, D. L., F. Raggi, and C. F. Ramberg. 1968. Mammary blood flow and ketone body
metabolism in normal, fasted, and ketotic cows. Am. J. Physiol. 215:218-227.

L’Huillier, P. J., S. R. Davis, V. R. Carruthers, C. A. Morris, and A. M. Bryant. 1989.
Developpement of cattle of superior genotypes: Novel approaches to increasing tolerance
of dairy cows to extented milking intervals. Proc. NZ Soc. Anim. Prod. 49:57-63.

Labadia, A., and J. Tovar. 1995. Parto y lactacion. Paginas 61-79 en Zootecnia: Bases de
produccién animal. Reproduccién y Alimentacion. Capitulo IV, Mundi Prensa, Madrid,
Esparia.

Labussiere J., J. Martinet. 1964. Description de deux appareils permettant le contréle
automatique des débits de lait au cours de la traite a la machine. Premiers résultats
obtenues chez la brebis. Ann. Zootech. (Paris) 13, 199-212.

Labussiere, J. 1983. Projet d’étude des caractéristiques de traite des différentes races de
brebis laitiere exploitées dans le bassin méditerranéen. Pages 730-768 in Proc. 3th Int.
Symp. Milking Small Ruminants, ed. Sever-Cuesta, Valladolid, Spain.

Labussiere, J. 1966. Exigences morphologiques de la glande mammaire en vue de la traite
mécanique et importance des paramétres de fonctionnement de la machine a traite. Annale
Nutrition Aliment. 20 :A91-A119.

Labussiere, J. 1969. Importance, composition et signification des différentes fractions du lait
obtenues successivement au cours de la traite mécanique des brebis. Ann. Zootech (Paris)
18:185-196.

Labussiére, J. 1981. Organisation de la traite et perspectives de simplification. Pages 308-318
in La production laitiere francaise. INRA, Versailles, France.

128



Labussiere, J. 1985. Composition du lait et technique de traite chez quelques especes
domestiques. Bull. Tech. C.R.Z.V. Theix 61:49-58.

Labussiere, J. 1988. Review of the physiological and anatomical factors influencing the
milking ability of ewes and the organization of milking. Livest. Prod. Sci. 18:253-274.

Labussiere, J. 1993. Physiologie de I’éjection du lait. Conséquences sur la traite. Pages 259-
302 in Biologie de la lactation. INRA. Versailles, France.

Labussiere, J., J. F., Combaud, and P. Pétrequin. 1974. Effets de la suppression de la traite du
dimanche soir sur les brebis de race Préalpes du Sud. Ann. Zootech.(Paris) 23:435-444.

Labussiere, J., and J. Coindet. 1968. Effet de la suppression de la traite du dimanche soir,
chez les bovines de race Francaise Frisonne Pie Noire. Ann. Zootech.(Paris) 17:231-244.

Labussiere, J., and P. Richard. 1965. La traite mécanique : aspects anatomiques,
physiologiques et technologiques. Mise au point bibliographique. Ann. Zootech.(Paris)
14:63-126.

Labussiere, J., J. Martinet, and R. Denamur. 1969. The influence of the milk ejection reflex
on the flow rate during the milking of ewes. J. Dairy Res. 36:191-201.

Labussiere, J., J. Richard, J. F. Combaud, and F. A. Chevalerie. 1976. Suppression du
massage et du lavage de la mamelle chez les vaches laitiéres. Effets sur les caractéristiques
de traite et sur la qualité bactériologique du lait. Ann. Zootech. (Paris) 25:551-565.

Labussiere, J., M. Douaire, J. Le Du, and J. F. Combaud. 1975. Comparaison de deux types
de pulsation pour la traite mécanique des brebis Lacaune. Pages 342-347 en 2°™ Journées
de la Recherche Ovine et Caprine. INRA-ITOVIC, Paris, France.

Labussiere, J., P. G., Marnet, J. F. Combaud, M. Beaufils, and F. A. Chevalerie. 1993.
Influence du nombre de corps jaune sur la libération d’ocytocine lutéale le transfert du lait
alvéolaire dans la citerne et la production laitiere chez la brebis. Reprod. Nutr. Dev. 33:
383-393.

Lacasse, P., and C. G. Prosser. 2003. Mammary blood flow does not limit milk yield in
lactating goats. J. Dairy Sci., 86:2094-2097.

Lacy-Hulbert S. J., M. W. Woolford, and A. M. Bryant. 1995. Influence of once daily milking
and restricted feeding on milk characteristics in late lactation. Proc. NZ Soc. Anim. Prod.
55:85-87.

Lacy-Hulbert, S. J., M. W. Woolford, G. D. Nicholas, C. G. Prosser, and K. Stelwagen. 1999.
Effect of milking frequency and pasture intake in milk yield and composition of late
lactation cows. J. Dairy Sci. 82:1232-1239

Langer, F. 1990. Situation et perspectives du secteur laitier dans les pays de I’OCDE. Options
Meéditerranéennes 6:23-30.

Larson, B. L. 1985. Biosynthesis and cellular secretion of milk. Pages 129-163 in Lactation.
B. L. Larson, ed. The lowa State University Press.

Le Du J., F. A., Chevalerie, M. Taverna, and Y. Dano. 1994. Aptitude des vaches a la traite
mecanique : relation avec certaines caractéristiques physiques du trayon. Ann.
Zootech.(Paris) 43:77-90.

Le Du, J. 1989. La traite mécanique des chévres. INRA Productions Animales 2:31-38.

Le Du, J., and M. Taverna. 1989. Manchons trayeurs pour vaches : effets du diametre et de
I’élasticité du corps sur les caractéristiques de la traite et sur quelques mesures de
I’extrémité du trayon. Ann. Zootech.(Paris) 38:19-28.

Le Mens, P. 1978. La suppression de la traite du dimanche soir chez la chévre: consequences
sur la production laitiére et la composition du lait. Pages 277-287 in Proc. 2" Int. Symp.
Milking Small Ruminants, Alghero, Italy.

Lee, C., E. J. Pollak, R. W. Everett, C. E. McCulloch. 1995. Multiplicative factors for
estimation of dairy milk and component yields from single morning or afternoon tests. J.
Dairy Sci. 78:221-235.

129



Lefcourt, A. M., and R. M. Akers. 1983. Is oxytocin really necessary for efficient milk
removal in dairy cows?. J. Dairy Sci. 66:2251-2259.

Lefcourt, A. M., and R. M. Akers. 1984. Small increases in peripheral noradrenaline inhibit
the milk-ejection response by means of a peripheral mechanism. J. Endocrinol. 100:337-
344,

Lincoln, D. W., and A. C. Paisley. 1982. Neuroendocrine control of milk ejection. J. Reprod.
Fertil. 65:571-586.

Lind, O., A. H. Ipema, C. de Koning, T. T. Mottram and H. J. Hermann. 2000. Automatic
milking: reality, challenges and opportunities. Pages 19-31 in Proceed of the International
Symposium in Robotic Milking. H. Hogeveen and A. Meijering, eds. Wageningen Pers,
The Netherlands.

Linzell J. L. 1960. Valvular incompetence in the venous drainage of the udder. J. Physiol.,
153:481-491.

Linzell, J. L. 1955. Some observations on the contractile tissue of the mammary glands. J.
Physiol. 130:257-267.

Linzell, J. L., and M. Peaker 1971. The effects of oxytocin and milk removal on milk
secretion in the goat. J. Physiol. (London) 216:717-734.

Logan, T. R., D. V. Armstrong, R. A. Selley. 1978. Three times a day milking. Proc. West.
Reg. Ext. ed. WREP-4, NY.

Lollivier, V., J. Guinard-Flament, M. Ollivier-Busquet, and M. Pierre-Guy. 2002. Oxytocin
and milk removal : two important sources of variation in milk production and milk quality
during and between milkings. Reprod. Nutr. Dev. 42:173-186.

Lynch, G. A., M. E. Hunt, and D. D. S. Mackenzie. 1991. The effects of once daily milking as
a management practice in the late lactation. Proc. N.Z. Soc. Anim. Prod. 51:191-195.

Macuhova, J., and R. M. Bruckmaier. 2000. Oxytocin release, milk ejection and milk removal
in the Leonardo multi-box automatic milking system. Page 184 in Proc. Int. Symp Robotic
Milking. H. Hogeveen and A. Meijering, ed. Wageningen Pers, The Netherlands.

Mahieu, H. 1985. Synthese du lait. Pages 111-114 in Lait et produits laitiers. F. M. Luquet,
ed. Technique et Documentation Lavoisier. Paris.

Mantysaari, P. 2001. Effect of feeding before puberty and during gestation on milk production
potential and body development of dairy replacement heifers. Page 1-44 in Academic
dissertation. Publications No. 60, Department of animal science, University of Helsinki,
Finland.

Marnet, P. G. 2000. Mémoire en vue de I’obtention du dipléme d’habilitation a diriger des
recherches. Pages 1-73 in Université Frangois Rabelais de Tours. UFP des Sciences de la
Vie, Tours, France.

Marnet, P. G., and J. A. Negrao. 2000. The effect of a mixed management system on the
release of oxytocin, prolactin and cortisol during suckling and machine milking. Reprod.
Nutr. Dev. 40:271-281.

Marnet, P. G., and J. Labussiére. 1994. Intramammary pressure and luteal oxytocin after
PGF2a administration in cycling and early pregnant ewes. J. Dairy Res. 61:345-353.

Marnet, P. G., H. Volland, P. Pradelles, J. Grassi, and M. Beaufils. 1994. Subpicogram
determination of oxytocin by an enzyme immunoassay using acetycholinesterase as label.
J. Immunoassay 1:35-53.

Marnet, P. G., J. F. C. Combaud, Y. Dano. 1999. Relationships between characteristic of the
teat and milkability in Lacaune ewes. Pages 41-44 in Milking and milk production of dairy
sheep and goats. F. Barillet and N. P. Zervas ed. EAAP Publication No. 95, Wageningen
Pers, The Netherlands.

Martinet, J., and M. Houdebine. 1993 Mammary gland, mammogenesis, growth factors,
lactogenesis. Pages 2-29 in Biology of lactation.

130



Martinez, P. G. 2000. Situacién actual de la seleccion genética en Espafia. Valoracion y
Tendencias. Frisona Espafiola 115:92-98.

Mayer, H., D. Schams, A. Prokopp, and H. Worstorff. 1984. Effect of manual stimulation and
delayed milking on secretion of oxytocine and milking characteristics in dairy cows.
Milchwissenschaft 39:666-670.

Mayer, H., R. M. Bruckmaier, and D. Schams. 1991. Lactational changes in oxytocin release,
intramammary pressure and milking characteristics in dairy cows. J. Dairy Res. 58:159-
169.

McFadden, T. B. T. E. Daniel, and R. M. Akers. 1990. Effects of plane of nutrition, growth
hormone and unsatured fat on mammary growth in prepubertal lambs. J. Anim. Sci.
68:3171-3179.

McKusick, B.C., Thomas, D.L. Berger, Y.M. & Marnet, P.G. 2002. Effect of milking
intervals on alveolar versus cisternal milk accumulation and milk production and
composition in dairy ewes. J. Dairy Sci. 85:2197-2206.

Mein, G. A.1992. Action of the cluster during milking. Pages 97-140 in Machine milking and
lactation. A. J. Bramley, and F. H. Dodd eds. Insight Books, Berkshire, UK.

Melin, P. 1994. Development of an oxytocin antagonist-Atosiban. Res. Clinical Forums
16:155-170.

Mepham, T. B., S. E. Lawrence, A. R. Peters, and I. C. Hart. 1984. Effects of exogenous
growth hormone on mammary function in lactating goats. Hormone Metabolic Research
16:248-253.

Miller, R. H., L. A. Fulton, B. Erez, W. F. Williams, and R. E. Pearson. 1995. Variation in
distances among teats of Holstein cows : implications for Automated Milking. J. Dairy Sci.
78:1456-1462.

Mocquot, J. C. 1978. Effet de I’omission réguliére et irréguliere d’une traite sur la production
laitiere de la chévre. Pages 175-201 in Proc. 2" Int. Symp. Milking Small Ruminants,
Alghero, Italy.

Morris, C. A., S. R. Davis, V. R. Carruthers. 1991. Once-daily milking. Pages 120-126 in
Proc. 9th Conference of Australasian Ass. Anim. Breeding. University of Melbourne.

Murphy, S. C., C. K. Cranker, G. F. Senyk, A. I. Saeman, D. M. Galton. 1989. Influence of
bovine mastitis on lipolysis and proteolysis in milk. J. Dairy Sci. 72:620-626.

Murray, A. J. W., and L. G. Lightbody. 1962. Effect of different pre-milking methods on the
milking characteristics of Australian Illawarra Shorthorn cows. Qd. J. Agric. Sci. 19:255-
265.

National Research Council. 2001. Nutrient requirement of dairy cattle, 7" revised ed.,
National Academy Press, Washington D.C.

Neijenhuis, F., G. H. Klungel, and H. Hogeveen. 2001. recovery of cow teats after milking as
determined by ultrasonographic scanning. J. Dairy Sci. 84:2599-2606.

Nickerson, S. C., J. J. Smith and T. W. Keenen. 1980. Role of microtubules in milk secretion-
Action of colchicines on microtubules and exocytosis of secretory vesicles in rat mammary
epithelial cells. Cell. Tessue Res. 207:361-376.

Norman, H. D., and L. D. Van Vlek. 1972. Type appraisal: I1l. Relationships of first lactation
production and type with lifetime performance. J. Dairy Sci. 55:1726-1734.

Nostrand, S. D., D. M. Galton, H. N. Erb, and D. E. Bauman. 1991. Effects of daily
exogenous oxytocin on lactation milk yield and composition. J. Dairy Sci. 74:2119-2127.
Nudda, A., G. Pulina, R. Vallebella, R. Bencini, and G. Enne. 2000 Ultrasound technique for

measuring mammary cistern size of dairy ewes. J. Dairy Res. 67:101-106.

O*Shea, J. 1987. Machine milking factors affecting mastitis: A literature review. Int. Dairy

Federation, 215:5-28.

131



O*Shea, J., E. O*Callaghan, and J. P. Walsh. 1983. Machine milking Research. Pages 115-214
in Moorepark 25th Anniversary Publication. Part I1: Animal Health and Machine Milking.
J. O*Shea, ed. An Foras Taluntais, Dublin.

O’Brien, B., G. Ryan, W. J. Meaney, D. McDonagh, and A. Kelly. 2002. Effect of frequency
of milking on yield, composition and processing quality of milk. J. Dairy Res. 69:367-374.

Oliver, S. P., and M. Sordillo. 1989. Approaches to the manipulation of mammary involution.
J. Dairy Sci. 72:1647 (Abstr.).

Ollivier-Bousquet, M. 1976. In vitro effect of oxytocin on intracellular transit and secretion
of milk proteins. C.R. Acad. Sci. D 282:433-1436.

Oltenacu, P. A., D. M. Barbano, L. R. Klei, and A. J. Lednor. 1994. Influence of 3 times a day
milking on milk yield and composition. J. Dairy Sci. 77(Suppl.):88 (Abstr.).

Ontsouka, C. E., R. M. Bruckmaier, and J. W. Blum. 2003. Fractionized milk composition
during removal of colostrum and mature milk. J. Dairy Sci. 86:2005-2011.

Ormiston, E. E., S. L. Spahr, R. W. Touchberry, J. L. Albright. 1967. Effects of milking at
unequal intervals for a complete lactation on milk yield and composition. J. Dairy Sci.
50:1597-1605.

Ouweltjes, W. 1998. The relationship between milk yield and milking interval in dairy cows.
Livest. Prod. Sci. 56:193-201.

PAC, 2002. Politica Agraria Comuan: Leche y productos lacteos. Comision Europea,
Direccion general de Agricultura. http//europa.eu.int/search/s97.uts. Accessed March 01,
2003.

Palmer, R. W., E.L. Jensen, and A. R. Hardie. 1994. Removal of within-cow differences
between morning and evening milk yields. J. Dairy Sci. 77:2663-2670.

Park, R. D., T. G. Nyland J. C. Lattimer, C. W. Miller, and J. L. Lebel. 1981. B-mode gray
scale ultrasound: Imaging artefacts and interpretation principales. Vet. Radiology 22:204-
210.

Parker, O. F. 1965. Milking cows once a day. Pages 236-240 in Proc. Ruakura Farmers
Conference, Ruakura.

Peaker, M. 1980. The effect of raised intra-mammary pressure on mammary function in the
goat in relation to the cessation of lactation. J. Physiol., 301:415-428.

Peaker, M., and C. J. Wilde. 1996. Feed back control of milk secretion from milk. J.
Mammary Gland Biology Neoplasia 1:307-316.

Peaker, M., and D. R. Blatchford. 1988. Distribution of milk in the goat mammary gland and
its relation to the rate and control of milk secretion. J. Dairy Res. 55:41-48.

Pearson, R. E., L. A. Fulton, P. D. Thompson, and J. W. Smith. 1979. Three times a day
milking during the first half of lactation. J. Dairy Sci. 62:1941-1950.

Peeters, G., R. De Bruycker, W. Quintelier, and M. De Paepe. 1973. Contractions of teat
muscles in lactating cows. Acta. Endocrinol. 177(Suppl.):50 (Abstr.).

Peeters, R., and P. J. B. Galesloot. 2002. Estimating dairy fat yield from single milking on test
day for herds with robotic milking system. J. Dairy Sci. 85:682-688

Pelissier, C. L., L. J. Koong, and L. F. Bennett. 1978. Influence of milking 3 times daily on
milk and fat production. J. Dairy Sci. 61 (Suppl. 1):132 (Abstr.).

Pérez, F., and F. P. Gutierrez. 1987. Desarrollo embrioldgico de la mama. Paginas 5-55 en
Glandula mamaria. F. Pérez and F. P Gutierrez, ed. Universitarias y Técnicas, S.A. Madrid,
Esparia.

Pérez-Cabal, M. A., and R. Alenda. 2002. Genetic relationships between lifetime profit and
type traits in Spanish Holstein cows. J. Dairy Sci. 85:3480-3491.

Peris, C., P. Molina, N. Fernandez, M. Rodriguez, and A. Torres. 1991. Variation in somatic
cell count, california mastitist test and electrical conductivity among various fractions of
ewe’s milk. J. Dairy Res. 74:1553-1560.

132



Peris, S., X. Such, and G. Caja. 1996. Milkability of Murciano-Granadina dairy goats. Milk
partitioning and flow rate during machine milking according to parity, prolificity and mode
of suckling. J. Dairy Sci. 63:1-9.

Pfeilsticker, H. U., R. M. Bruckmaier, and J. W. Blum. 1996. Cisternal milk in the dairy cow
during lactation and after preceding teat stimulation. J. Dairy Res. 63:509-515.

Phillips, D. S. M. 1984. Studies on pre-milking preparation. The effect of delay between pre-
milking stimulus and milking. N.Z. J. Agric. Res. 27:31-33.

Plath-Gabler, A., C. Gabler, F. Sinowatz, B. Berisha, and D. Schaums. 2001. The expression
of the IGF family and GH receptor in the bovine mammary gland. J. Endocrinol. 168:39-
48.

Plaut, K., D. E. Bauman, N. Agergaard, and R. M. Akers. 1987. Effects of exogenous
prolactin administration on lactational performance of dairy cows. Domest. Anim.
Endocrinol. 4:279-290.

Politis, I., K. F. Kwai Hang, and R. N. Giroux. 1989. Environmental factors affecting plasmin
activity in milk. J. Dairy Sci. 72:1713 (Abstr.).

Poole, D. A. 1982. The effects of milking cows three times daily. Anim. Prod. 34:197-201.

Prosser, C. G., S. R. Davis, V. C. Farr, and P. Lacasse. 1996. Regulation of blood flow in the
mammary microvasculature. J. Dairy Sci. 79:1184-1197.

Putnam, D. N., and H. C. Gilmore. 1969. Alternate a.m-p.m testing for dairy herd
improvement association programs-operating procedures. J. Dairy Sci. 52(Suppl.):945
(Abstr.).

Quarrie L., C. V. Addey, and C. J. Wilde. Local control of mammary apoptosis by milk stasis.
Page 95 in Intracellular signalling in the mammary gland, Plenum Press, NY.

Radcliffe, J. C., L. F. Bailey, and M. L. Horne. 1973. Periodic omission of dairy cow milking.
I. Effect on milk yield, composition and udder health. J. Dairy Res. 40:167-177.

Rasmussen, M. D., and O. Lind. 1999. Automatic milking system (AMS). Pages 1-4 in
Annual Session, Commission A, 83 dd IDF, Athens, Greece.

Rasmussen, M. D., M. Bjerring, P. Justesen, and L. Jepsen. 2002. Milk quality on Danish
farms with automatic milking systems. J. Dairy Sci. 85:2869-2878.

Remon, B., and M. P. Boit. 1997. Effects of milking three times in 2 days for 3 weeks in early
lactation or in the declining phase on milk production in primiparous and multiparous dairy
cows. Ann. Zootech. (Paris) 46:339-348.

Rennison, M. E., M. A. Kerr, C. V. P. Addey, S. E. Handel, M. D. Turner, C. J. Wilde, and R.
D. Burgoyne. 1993. Inhibition of constitutive protein secretion from lactating mammary
epithelial cells by FIL (feedback inhibitor of lactation), a secreted milk protein. J. Cell Sci.,
106:641-648.

Reynolds, M., J. L. Linzell, and F. Rasmussen. 1968. Comparison of four methods for
measuring mammary blood flow in conscious goats. Ann. Zootech.(Paris) 46:1415-1424.
Roets, E., and G. Peeters. 1985. Identification and characterization of 3H-Prazosin binding to
al-adrenoceptor in bovine teat muscles. Arch. Int. Pharmacodyn. Therapie 175:189-198.
Roets, E., and G. Peeters. 1986. A comparison of the binding characteristics of the a2-
adrenoceptor antagonist 3H-yohinbine and 3H-rauwolscine in bovine teat muscles. Arch.

Int. Pharmacodyn. Thérapie 279:212-222.

Roets, E., G. Vanquelin, G. Peeters, and R. Braeckman. 1985. Homogeneity of f-
adrenoceptors on bovine teat muscles. Arch. Int. Pharmacodyn. Thérapie 276:44-49.

Rogers, G. W., and S. B. Spencer. 1991. Relationships among udder and teat morphology and
milking characteristics. J. Dairy Sci. 74:4189-4194.

Rovai, M. 2001. Caracteres morfologicos y fisioldgicos que afectan la aptitud al ordefio
mecanico en ovejas de raza Manchega y Lacaune. Ph.D. Facultad de veterinaria,
Universidad Auténoma de Barcelona, Barcelona.

133



Rovai, M., X. Such, G. Caja, and C. H. Knight. 2000. Interbreed differences in cisternal and
alveolar milk partitioning in the udder according to yield in dairy sheep. J. Dairy Sci. 83
(Suppl.1)166 (Abstr.).

Rovai, M., X. Such, G. Caja, and J. Piedrafita. 2002. Change in cisternal and alveolar milk
throughout lactation in dairy sheep. J. Dairy Sci. 85 (Suppl.1) 4 (Abstr.)

Ruberte, J., A. Carretero, M. Fernandez, J. Pons, J. M. Giné, and J. Sautet. 1994a. Anatomia
de la ubre de la oveja. Ovis 32:9-16.

Ruberte, J., A. Carretero, M. Fernandez, M. Navarro. G. Caja, F. Kirchner, and X. Such.
1994b. Ultrasound mammaography in the lactating ewe and is correspondence to anatomical
setino. Small Ruminant. Res. 13:199-204.

Rubin, C. S., A. B. Kurtz, B. B. Goldberg, S. Feig, and C. Cole-Beuglet. 1979. Ultrasonic
mammographic parenchymal patterns: A preliminary report. Radiology 130:515-517.

Sahr, S., and E. E. Ormiston. 1966. Effects of 9-15 hour milking intervals on the yield of high
producing cows. J. Dairy Sci. 49:283 (Abstr.).

Salama, A. A. K., X. Such, G. Caja, M. Rovai, R. Casals, E. Albanell, M.P. Marin and A.
Marti. 2003. Effects of once versus twice daily milking throughout lactation on milk yield
and milk composition in dairy goats. J. Dairy Sci. 86:1673-1680.

Sandvik, O. 1957. The influence of size and shape of udder and teats on milk yield and
milking characteristics in cows. Meld. Norges Landbr. Hogsk. 36:1-11.

Sapino, A., L. Macri, L. Tonda, and G. Bussolati. 1993. Oxytocin enhances myoepithelial cell
differentiation and proliferation in the mouse mammary gland. J. Endocrinol. 133:838-842.

Saratsis, P., and E. Grunert. 1993. Diagnostic ultrasound for examination the extension of teat
stenosis or other anomalies of the teat in dairy cows. Deutsche-Tierarztliche-
Wochenschrift. 100:159-163.

Schams, D. 1983. Oxytocin determination by radioimmunoassay. Il Improvement to
subpicogram sensitivity and application to blood levels in cyclic cattle. Acta. Endocrinol.
103:150-156.

Schams, D., H. Mayer, A. Prokopp, and H. Worstorff. 1984. Oxytocin secretion during
milking in dairy cows with regard to the variation and importance of a threshold level for
milk the variation and importance of a threshold level for milk removal. J. Endocrinol.
102:337-343.

Schmidt G.H. 1974. Biologie de la lactation. Acribia, Zaragoza, Spain.

Schmidt, G. H. 1960. Effect of milking intervals on the rate of milk and fat secretion. J. Dairy
Sci. 43:213-2109.

Schuiling, E. 1992. Teat cleaning and stimulation. Pages 164-169 in Proc. Int. Symp. on
Prospects for Automatic Milking. A. H. Ipema, A. C. Lippus, J. H. M. Metz, and W.
Rossing, ed. EAAP Publication No. 65, Wageningen Pers, The Netherlands.

Schukken, Y. H., T. J. G. Lam, and H. W. Barkema. 1997. Biological basis for selection on
udder health traits. Page 1-27 in GIFT Workshop on functional traits in cattle-Health traits,
Uppsula.

Schummer, A., H. Wilkens, B. Vollmerhaus, and K. H. Habermehl. 1981. Mammary gland of
the cow. Pages 506-520 in The circulatory system, the Skin, and the cutaneous organs of
the domestic mammals. W. G. Siller, and P. A. L. Wight, eds. Verlag Paul Parey, Berlin-
Hamburg, Germany.

Schwarse, E., and L. Schroider. 1984. Compedio de Anatomia Veterinaria. Acribia, Zaragoza.

Sejrsen, K., and S. Purup. 1997. Influence of pre pubertal feeding level on milk yield potential
of dairy heifers: A review. J. Anim. Sci. 75:828-835.

Sejrsen, K., J. T. Huber, H. A. Tucker, and R. M. Akers. 1982. Influence of nutrition on
mammary development in pre-and post pubertal heifers. J. Dairy Sci. 65:793-800.

134



Seykora, A. J., and B. T. McDaniel. 1986. Genetics Statistics and Relationships of Teat and
Udder Traits, Somatic cell counts, and milk production. J. Dairy Sci. 69:2395-2407.

Sheehy, J. 2001. Reducing labor requirements on dairy farms. http://www.dairybiz.com.
Accessed Oct. 13, 2001.

Silveira, P. A., R. A. Spoon, D. P. Ryan, and G. L. Williams. 1993. Evidence for maternal
behavior as a requisite link in suckling-mediated anovulation in cows. Biol. Reprod.
49:1338-1346.

Sinowatz, F., D. Schams, S. Kolle, A. Plath, D. Lincoln, and M. J. Walters. 2000. Cellular
localization of GH receptor in the bovine mammary gland during mammaogenesis,
lactation and involution. J. Endocrinol. 166:503-510.

Smith, J. J., A. V. Capuco, W. E. Beal, and R. M. Akers. 1989. Association of prolactin and
insulin receptors with mammogenesis and lobulo-alveolar formation in pregnant ewes. Int.
J. Biochem. 21:73-81.

Smith, J. W., L. O. Ely, W. M. Graves, and W. M. Gilson. 2002. Effect of milking interval in
DHI performance measures. J. Dairy Sci. 85:3526-3533.

Sorensen, M. T., K. Sejrsen, and J. Foldager. 1987. Estimation of pubertal mammary
development in heifers by computed tomography. J. Dairy Sci. 70:265-270.

Stallkup, J. M., J. M. Rakes, and G. L. Ford. 1963. Relationship between milk flow and
anatomical characteristics of udder. J. Dairy Sci. 46:624-625.

Stelwagen, K. 2001. Effect of milking frequency on mammary functioning and shape of the
lactation curve. J. Dairy Sci. 84(Suppl.):E204-E211.

Stelwagen, K. and S. J. Lacy-Hulbert. 1996. Effect of milking frequency on milk somatic cell
count characteristics and mammary secretory cell damage in cows. Am. J. Vet. Res.
57:902-905.

Stelwagen, K., and C. H. Knight.1997. Effect of unilateral once or twice daily milking of
cows on milk yield and udder characteristics in early and late lactation. J. Dairy Res.
64:487-494.

Stelwagen, K., C. H. Knight, V. C. Farr, S. R. Davis, C. G. Prosser, and T. B. McFadden.
1996. Continuous versus single drainage of milk from the bovine mammary gland during a
24 hour period. Experimental Physiol. 81:141-149.

Stelwagen, K., S. P. Davis, V. C. Farr, S. J. Eichler, and 1. Politis. 1994b Effect of once daily
milking and concurrent somatotropin on milk production and mammary tight junction
permeability in cows. J. Dairy Sci. 77:2994-3002.

Stelwagen, K., S. R. Davis, V. C. Farr, C. G. Prosser, R. A. Sherlok. 1994a. Epithelial cell
tight junction integrity and mammary blood flow during an extended milking interval in
goats. J. Dairy Sci. 77:426-432.

Stelwagen, K., V. C. Farr, H. A. McFadden, C. G. Prosser, and S. R. Davis. 1997. Time
course of milk accumulation-induced opening of mammary tight junctions and blood
clearance of milk components. Am. J. Physiol. 273:R379-R386.

Stelwagen, K., V. C. Farr, S. R. Davis, and H. A. Mcfadden. 1998. Inhibition of milk
secretion and the extent of filling of the bovine mammary gland. J. Dairy Sci. 81(Suppl.
1):376. (Abstr.).

Such, X., and M. Ayadi. 2001. Bases anatomicas y fisiologicas de la secrecion y de la
eyeccion lacteas. Paginas 53-90 en El ordefio: Aspectos claves. C. Buxadé ed. Mundi
Prensa, Madrid, Espafia.

Svennersten-Sjaunja, K., G. Pettersson, and I. Bergulund. 2000. Evaluation of the milking
process in an automatic milking system. Page 196 in Proc. Int. Symp. Prospects for
Automatic Milking. EAAP Publ. No. 65, Wageningen Pers, The Netherlands.

Swann, S. W., P. J. O’Shaughnessy, S. D. Birkett, D. C. Wathes, D. G. Porter, and B. T.
Pickering. 1984. Biosynthesis of oxytocin in the corpus luteum. FEBS Lett. 174:262-266.

135


http://www.dairybiz.com/

Swenson, M. J. 1984. The mammary gland and lactation. Page 922 in Physiology of domestic
animals. H. H. Dukes ed. Cornell University Press, Ithaca and London.

Szuchs, E. 1., I. Acs, K. Ugri, M. Sas, I. Torok, and E. Fodor. 1986. Milking three times a day
in herd with high milk yields. J. Dairy Sci. 48:360 (Abstr.).

Taboury, J. 1982. Guide pratique d‘échographie abdominale. Page 154 in 2éme édition,
Masson, Paris, France.

Tainturier, D., L. Lijour, M. Chaari, K. W. Sardjana, and B. Denis. 1983. Diagnostic de la
gestation chez la brebis par échotomographie. Rev. Med. Vet. 134:523-526.

Tancin, V., L. Harcek, J. Broucek, M. Uhrincat, and S. Mihina. 1995. Effect of suckling
during early lactation and changeover to machine milking on plasma oxytocin and cortisol
levels and milking characteristics in Holstein cows. J. Dairy Res. 62:249-256.

Tolman, B., and B. C. Mckusick 2001. The effect of growth rate on mammary gland
development in ewe lambs: a review. Pages 143-155 in Proc. 7th Symp. Great Dairy
Sheep. Eau Claire, Wisconsin. Department of Animal Sciences, University of Wisconsin-
Madison.

Tonner, E., G. J. Allan, and D. J. Flint. 2000. Hormonal control of plasmin and tissue-type
plasminogen activator activity in rat milk during involution of the mammary gland. J.
Endocrinol. 167:265-273.

Travers, M. T., and M. C. Barber. 1993. Isolation of a goat acetyl-CoA carboxylase
complementary DNA and effect of milking frequency on the expression of the acetyl-CoA
carboxylase and fatty acid synthetase genes in goat mammary gland. Comp. Biochem.
Physiol. 105B:123-131.

Tucker, H. A. 1994. Lactation and its hormonal control. Pages 1065-1098 in 2" edition, The
physiology of reproduction. E. Knobil and J. D. Neill, eds. Raven Press, NY.

Tucker, H. A. 2000. Hormones, mammary growth and lactation: A 41-years perspective. J.
Dairy Sci. 83:874-884.

Turner C. W. 1978. Eficiencia del ordefio a maquina, segun influida por la formacion normal
de la ubre de la vaca. Universidad de Missouri. Lucas Brothers. Columbia, Mo. Missouri.

Turner, C. W. 1952. The Mammary Gland. Lucas Brothers. Columbia, Mo. Missouri.

Van Der lest, R., and J. E. Hillerton. 1989. Short-term effects of frequent milking of dairy
cows. J. Dairy Res. 56:587-592.

Van der Vost, Y., and H. Hogeveen. 2000. Automatic milking systems and milk quality in the
Netherlands. Pages 73-82 in Robotic Milking. H. Hogeveen and A. Meijering, ed.
Wageningen Pers, The Netherlands.

Vandeputte-Van Messom, G., E. Roets, and G. Peeters. 1986. Is milk flow rate associated
with specific adrenoceptor pattern in the cow’s teat?. Arch. Ins. Physiol. Biochim. 94:33-
39.

VanRaden, P. M., and E. J. Klaaskate. 1993. Genetic evaluation of length of productive life
including predicted longevity of live cows. J. Dairy Sci. 76:2758-2764.

Vega, A., E. Ortega, A. Cavada, and F. Garito. 1994. Hydatid cyst of the breast:
mammographic findings. Am. J. Roentgenology 162:825-826.

Veysset, P., P. Wallet, and E. Prugnard. 2001. Le robot de traite: pour qui? Pour quoi?
Caractérisation des exploitations équipées, simulation économiques et éléments de
réflexion avant investissement. INRA Productions Animales 14:51-61.

Villiers, P. A., and A. Smith. 1976. Effect of milking interval on milk production. J Anim.
Sci. 6:181-185.

Vollema, A. R. and A. F. Groen. 1997. Genetic correlations between longevity and
conformation traits in an upgrading dairy cattle population. J. Dairy Sci. 80:3006-3014.

136



Wakerly J. B., G. Clarke, and A. J. S. Summerlee. 1994. Milk ejection and its control. Pages
1131-1171 in The physiology of Reproduction. E. Knobil and J. D. Neill ed. Raven Press,
Ltd., NY .

Waldmann, A., E. Ropstad, K. Landsverk, K. Sorenson, L. Solverod, and E. Dahl. 1999.
Level and distribution of progesterone in bovine milk in relation to storage in the
mammary gland. Anim. Reprod. Sci. 56:19-21

Waterman, D. F., R. J. Harmon, R. W. Hemken, and B. E. Langlois. 1983. Milking frequency
as related to udder health and milk production. J. Dairy Sci. 66:253-260.

Wathes, D. C., and R. W. Swann. 1982. Is oxytocin an ovarian hormone?. Nature 297:225-
2217.

Wattiaux M. A 1996. Esenciales lecheras: Resimenes breves de lactancia y ordefio.
Universidad de Wisconsin-Madison, Wisconsin. http://babcock.cals.wisc.edu. Accessed
Aug. 8, 2001.

Weiss D., M. Hilger, H. H. D. Meyer, and R. M. Bruckmaier. 2002. Variable milking
intervals and milk composition. Milchwissenschaft 57:246-250.

Wellnitz O., R. M. Bruckmaier, C. Albrecht, and J. W. Blum 1999. Atosiban, an oxytocin
receptor blocking agent: pharmacokinetics and inhibition of milk ejection in dairy cows. J.
Dairy Res. 66:1-8.

Wellnitz, O., and R. M. Bruckmaier. 2001. Central and peripheral inhibition of milk ejection.
Livest. Prod. Sci. 70:135-140.

Welper R. D., and A. E. Freeman. 1992. Genetic parameters for yield traits of Holsteins,
including lactose and somatic cell score. J. Dairy Sci. 75:1342-1348.

Wendl, G., J. Harms, and H. Schon. 2000. Analysis of milking behaviour on automatic
milking. Pages 143-151 in Robotic Milking. H. Hogeveen and A. Meijering, ed.
Wageningen Pers, The Netherlands.

Wheelock, J. V., and J. A. F. Rook 1966. Lactose in the blood and urine of cows. J. Dairy
Res. 33:37-42.

Wilcox, C. J. 1992. Genetics basic concepts. Pages 1-7 in Large dairy herd management. H.
H. Van Horn and C. J. Wilcox, ed. Management Services, Am. Dairy Sci. Assoc.
Champaign, IL.

Wilde, C. J. C. V. Addey, and C. H. Knight. 1989. Regulation of intracellular casein
degradation by secreted milk proteins. Biochim. Biophys. Acta. 992:315-319.

Wilde, C. J., A. J. Henderson, C. H. Knight, D. R. Blatchford, A. Faulkner, and R. G. Vernon.
1987. Effects of long-term thrice-daily milking on mammary enzyme activity, cell
population and milk yield in the goat. J. Anim. Sci. 64:533-539.

Wilde, C. J., and C. H. Knight. 1989. Metabolic adaptations in mammary gland during the
declining phase of lactation. J. Dairy Sci. 72:1679-1692.

Wilde, C. J., and M. Peacker. 1990. Autocrine control in milk secretion. J. Agric. Sci. 114:
235-238.

Wilde, C. J., C. V. Addey, M. J. Casey, D. R. Blatchford, and M. Peaker. 1988. Feed-back
inhibition of milk secretion: the effect of a fraction of goat milk on milk yield and
composition. Q. J. Exp. Physiol. 73:391-397.

Wilde, C. J., C. V. P. Addey, L. M. Boddy, and M. Peaker. 1995. Autocrine regulation of
milk secretion by protein in milk. Biochem. J. 305:51-58.

Wilde, C. J., L. H. Quarrie, E. Tonner, D. J. Flint, and M. Peaker. 1997. Mammary apoptosis.
Livest. Prod. Sci. 50:29-37.

Williams, J. M., and C. W. Daniel. 1983. Mammary ductal elongation: Differentiation of
myoepithelium and basal lamina during branching morphogenesis. Development. Biology
97:274-290.

137



Wilson, G. F. 1965. Once daily milking. Pages 50-55 in Dairy farming Annual. Massey
University of Manawatu.

Winters, T. A. 1997. Mammary gland growth and development. Southerm Illinois University,
Carbondale Campus. http://www.siu.rde/tw3a/434grow.htm. Accessed Nov. 11, 2001.

Witt, M. 1963. Only one milking on Sunday during the pasture period. Pages 200-203 in
Alfa-Laval Symposium N° 1 on machine milking. Hamra.

Wood, P. D. P. 1969. Factors affecting the shape of the lactation curve in cattle. Anim. Prod.
11:307-316.

Worstroff, H., J. D. Steib, A. Prediger, W. L. Schmidt. 1986. Evaluation of sectional views by
ultrasonics for measuring teat tissue changes during milking of cows. Milchwissenschaft,
41:12-15.

Zaks, M. G. 1962. The Motor Apparatus of Mammary Gland. Oliver and A. Boyd, ed.
London, UK.

Zecconi, A., J. Hamann, V. Bronzo, G. Ruffo. 1992. Machine induced teat tissue reactions
and infection risk in a dairy herd free from contagious mastitis pathogens. J. Dairy Sci. 59:
265-271.

138


http://www.siu.rde/tw3a/434grow.htm

	Evaluación de la estructura interna de la ubre mediante ecog
	TESIS DOCTORAL
	MOEZ AYADI


	Evaluación de la estructura interna de la ubre mediante ecog
	Vº Bº
	Dr. Gerardo Caja López


	A la memoria de mi padre
	Rahimahou Allah
	AGRADECIMIENTOS


	BW : Body weight
	CMT : California mastitis test
	CP : Crude protein
	DIM : Days in milk


	OT : Oxytocin
	PRL : Prolactin
	SEM : Standard error of the Mean


	RÉSUMÉ
	ÍNDICE

	CAPÍTULO 1: Introducción....................................
	CAPÍTULO 2: Revisión bibliográfica..........................
	2.2. Ecografía mamaria......................................
	2.3. Bases fisiológicas de la secreción y la eyección de lec
	2.4. Fraccionamiento de leche en la ubre……………………………………………..
	2.4.1. Reparto de leche en la ubre..........................
	2.4.2. Variación de la composición de las diferentes fraccio

	2.5. Frecuencia e intervalo entre ordeños...................


	CAPÍTULO 7: Conclusiones....................................
	CAPÍTULO 8: Referencias bibliográficas......................

	Capitulo_1.pdf
	Países
	Producción
	Mundo
	Centro-Norte
	Sur


	Asia
	Europa-15

	Oceanía
	25.757
	4,3
	+71,0


	Capitulo_2.pdf
	Posición de la glándula
	Figura 2.2. Estructura interna de la ubre en vacas lecheras 
	Tratamiento
	Oxitocina



	Hipófisis anterior
	Hipófisis posterior
	Hipotálamo
	Autores
	(año)
	Raza
	Sueca
	Berrenda Roja
	Frisona



	Componente lecheros
	F
	Frecuencia de ordeños al día
	Efecto (P<)
	Estado de lactación






	Capitulo_4.pdf
	Abstract
	Key words: Milking frequency, cisternal size, udder health, 
	4.3. Results
	4.3.1.2. Relationship between udder cisternal size and yield


	Capitulo_5.pdf
	5.3. Results
	Cisternal
	Milk protein content increased in the cisternal milk fractio
	Protein yield increased (P < 0·05) with milking interval in 
	5.4. Discussion


	Capitulo_6.pdf
	Abstract
	6.2.1.2. Experimental procedure


	Capitulo_7.pdf
	CAPÍTULO 7: Conclusiones

	Capitulo_8.pdf
	CAPÍTULO 8: Referencias bibliográficas




