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The effects of dry period omission on oxidative stress and metabolic indicators around calving
were studied. Seventeen ltalian Friesian cows were randomly assigned to two groups, homo-
geneous for milk yield and parity, and managed either with a traditional 55-d dry off period
(n=8) or continuously milked till parturition (n=9). Between 60 d before expected calving and
90 d after calving, body condition (BCS) was recorded and blood samples were collected to
measure cortisol, urea, cholesterol, glucose, NEFA, triglycerides, insulin, malondialdehyde
(MDA), total glutathione (GSH) and glutathione peroxidase (GPx) activity. BCS changes after
calving were not different between the two groups. The normally dried group showed lower
(P<0-05) glucose concentrations on day 7 before calving, greater (P<0-01) non-esterified fatty
acid concentrations at 7d and 15d after calving, and greater (P<0-01) triglyceride concen-
trations for all the period before calving. On the other hand, plasma MDA was not different
between groups. On average, plasma GSH concentrations were greater in continuously milked
cows after calving (P<0-05), while plasma GPx was greater with continuous milking up to
parturition (P<0-:01). The results confirmed that omitting the dry period leads to an improved
energy balance. The degree of oxidative stress was not detrimental for animal health, and the
slight modifications of GPx observed prepartum were possibly related to continuous milk
secretion. The differences in plasma GSH observed after calving may depend upon sulphur
amino acid sparing in continuously milked cows.
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Many studies show that reduction or omission of the
dry period in dairy cows compromises milk yield in the
subsequent lactation (reviewed by Bachman & Schairer,
2003 ; Grummer & Rastani, 2004; Overton, 2005) and that
a dry period between two successive lactations is required
to allow a complete turnover of the mammary epithelial
cells (Capuco & Akers, 1999; Annen et al. 2004a).
However, several authors still consider the reduction
or omission of the dry period as an alternative model for
milk production. First of all, economic modelling of totally
persistent lactation (Rotz et al. 2005) suggests that there
may be a significant financial advantage in suppressing the
dry period. Secondly, the reduction of milk yield may be,
at least in part, compensated by some strategies aiming
to enhance epithelial cell proliferation and/or reduce
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apoptosis, such as bovine somatotropin treatment (Annen
et al. 2004b) or increased milking frequency (Sorensen
et al. 2008). Moreover, feeding techniques may be able to
modulate mammary cell proliferation and apoptosis and
local IGF system (Weber et al. 2000; Stefanon et al. 2002).
Finally, several reports suggest that shortening or elim-
inating the dry period can improve energy balance and
metabolic status, simplify feeding management (Andersen
et al. 2005; Rastani et al. 2005; Madsen et al. 2008) and
lead to earlier post-partum ovulation (Gumen et al. 2005).

The involvement of oxidative stress (OS) and anti-
oxidant deficiency in the alteration of physiological pro-
cesses and development of many pathological conditions
in dairy cows is well documented (Miller et al. 1993).
Around calving, dairy cows are exposed to various meta-
bolic pressures to face high milk yield, and the consequent
increase in metabolic demand results in augmented rates
of free radical production. If free radical generation is faster
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than their neutralization by antioxidant mechanisms, dis-
turbance of the redox balance may occur and OS develops
(Castillo et al. 2005; Tanaka et al. 2007). The possibility
that the cow’s metabolic activity might determine oxidant
status has been suggested because various correlations be-
tween metabolic and oxidative biomarkers depending on
the physiological condition of the cow have been detected
(Castillo et al. 2005). Indeed, modifications of plasma and
erythrocyte oxidants and antioxidants during the transition
period were observed in the study of Bernabucci et al.
(2002). In addition, the peri-partum period (particularly
post partum) was characterized by a depleted antioxidant
status and a progressive decline in antioxidant activity as
lactation progressed (Bernabucci et al. 2005) probably
owing to the depletion of fat-soluble antioxidants through
the milk (Castillo et al. 2005).

The present study aimed to investigate the modifications
of blood OS indicators in response to omission of the dry
period and their relationship with plasma parameters of
metabolic adaptation.

Materials and Methods
Experimental design

Seventeen Holstein Friesian dairy cows belonging to the
experimental farm at the University of Padova (ltaly) were
randomly allocated in a control dried group (DRY; n=8)
with a dry period of 55d and a continuously milked group
(CM; n=9). Experimental groups were homogeneous for
average milk yield, expressed as mature equivalent (DRY =
10508+1157 kg; CM=10925+1425 kg), days from ex-
pected calving (DRY=109+80; CM=99+79) and parity
(DRY=1-75+1-04; CM=1-89+0-78). Three and four pri-
miparous cows were included in the DRY and CM groups,
respectively, while pluriparous cows were equally dis-
tributed in both groups, i.e. 5 animals each. DRY group
cows were dried by a single daily milking for 5d and
milking was omitted on the 6th day. CM cows were con-
tinuously milked until parturition (i.e. no stop in milking).
All procedures were carried out in respect of ltalian legis-
lation on animal care (DL n.116, 27/1/1992). Cows had
free access to water and were fed once daily. During the
dry period, cows of DRY group received ad libitum a total
mixed ration (TMR) containing 11:6% crude protein (CP),
56% neutral detergent fibre (NDF) and 0-74 Milk Feed
Units (MFU) on a dry matter (DM) basis. From 55 d before
the expected calving date, the CM group received a TMR
with 12:3% CP, 52:8% NDF and 0:80 MFU on DM basis.
Animals of both groups were subjected to a steaming-up
programme from 20d before calving with increasing
amounts of a commercial mixed feed for lactating cows
(1-4 kg/d per head; Petrini Group, Italy). During the sub-
sequent lactation period the two groups were fed ad libitum
with a TMR containing 15-3 % CP, 36 % NDF and 0-91 MFU
on DM basis, balanced to meet nutritional requirements
of cows producing milk at 20 kg/d. To cover additional
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requirements due to milk production, a separate concen-
trate mixture was given through automatic feeders in ac-
cordance with milk yield. All nutritional requirements were
obtained from INRA (1988) and NRC (2001). More details
on diets used during the experimental period are reported
elsewhere (Mantovani et al. 2010). Body condition score
(BCS) was evaluated using a five-point scale (1=thin;
5=o0bese; Edmonson et al. 1989) at 55 d and 15 d before
expected parturition and at 1d, 15d, 30d, 60d and 90 d
after calving. Individual BCS changes were calculated as
differences between each recorded value and the individual
value obtained at 55 d before calving.

Blood samples were collected from the jugular vein into
heparinzed tubes at 60 d, 50d, 40d, 30 d and 7 d before
expected parturition, and at 1d, 7d, 15d, 30d, 60 d and
90 d after parturition. An aliquot of whole blood was used
to measure glutathione peroxidase (GPx) activity. Plasma
was obtained by centrifugation at 1500 g at 4 °C for
15 min.

Laboratory analysis

Commercial colorimetric kits were used to determine blood
concentration of haemoglobin (No. 525-A, Sigma-Aldrich
S.r.l., Milan, Italy) and GPx activity (Ransel, Randox
Laboratories Ltd., Crumlin, UK). Unless otherwise stated,
all chemicals used for both malondialdehyde (MDA) and
GSH analysis were obtained from Sigma Aldrich S.r.l.
(Milan, Italy). Plasma MDA was measured by the fluori-
metric method described by Wasowicz et al. (1993) and
expressed as thiobarbituric acid reactive substances.
Briefly, T ml of 0-4% thiobarbituric acid in 0-2 m-HCl and
50 ul of 0:2% BHT in 95% ethanol were added to 0-1 ml
of blood plasma in a sealed Pyrex tube. The mixture was
heated in boiling water for 30 min. The reaction was
stopped on ice and extraction was carried out with 3 ml of
n-butanol. The butanol extracts were read on a fluorimeter
(LS 50B, Perkin Elmer, Norwalk, USA) utilizing excitation
and emission wavelengths of 532 nm and 553 nm, re-
spectively. Total plasma GSH was determined by an
enzymic recycling method adapted for microtitre plate
reader (Baker et al. 1990).

An indirect potentiometric analyser (Hitachi 911, Roche
Boehringer, Mannheim, Germany) was used to analyse non-
esterified fatty acids (NEFA, enzymic-colorimetric, Randox)
glucose, urea, cholesterol and triglycerides (Roche
Boehringer, Mannheim, Germany).

Plasma insulin was determined by a commercial kit
(Coat-a-Count insulin®, Diagnostic Products Corporation,
Los Angeles CA, USA) following the manufacturer’s in-
structions. Coefficients of variation (CV) were 5-7 % within
assay and 8:5% between assays. Plasma cortisol was
measured using a solid phase microtitre RIA after diethyl
ether extraction (Gabai et al. 2006). Intra- and inter-assay
CV was 5-1% and 8:8%, respectively. The sensitivity of
the assay was defined as the dose of hormone at 90%
binding (B/Bo) and was 3:125 pg/well.
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Table 1. Results of mixed model analysis of variance for blood metabolites and BSC changes recorded (F statistic with significance

for each effect and estimated residual variance)

Variable Group (G) Parity (P) GxP
Cortisol 0-08 0-05 0-64
Urea 0-01 0-08 0-07
Cholesterol 0-06 0-11 0-43
Glucose 0-20 0-20 0-08
Non-esterified fatty acids 119 1-98 1-48
Triglycerides 4-04 1:56 471
Insulin 1-87 0-01 0-01
Malondialdehyde 0-50 7-24* 1-00
Glutathione 3-19 5-85% 0-36
Glutathione peroxidase 337 0-45 12:63%**
BCS changes 0-23 2-13 0-61

*#% P<0-001; ** P<0-01; * P<0:05; when absent P>0-05

Statistical analysis

Blood metabolites and BCS changes were analysed using
the same hierarchical linear model for repeated measures
using PROC MIXED (SAS Institute, 2000). After checking
of the best fitting method for covariance structure between
repeated measures, the autoregressive type was retained
for the variables: cholesterol, triglycerides, insulin and GSH.
Otherwise, a compound symmetry was assumed for the
remaining variables. The model used was as follows:

YEjkI =u+ G+ PJ +GPij +Ck:ij +S5,+GS; + PSJ| +GPSij| +E€jjki

where:

yij=single record of cow k in lactation group i and
parity j;

p=overall mean;

G;=fixed effect of group (i=1, DRY; i=2, CM);
Pj=fixed effect of parity (j=1, primiparous;
pluriparous);

GPjj=fixed effect of interaction between group i and
parity j;

Cy.jj=random effect of cow within GP;

Si=repeated effect of sampling time | at fixed period before
expected calving date or after calving (I=1-11 for blood
metabolites and 1=1-7 for BCS changes);

GS;=fixed effect of interaction between group i and
sampling time |;

PS; =fixed effect of interaction between parity j and sam-
pling time [;

GPSjj=fixed effect of interaction between group i, parity j
and sampling time |;

ejjii=random error term ~N(0, c°,).

j=2,

The ‘cow within GP’ variance (15 degrees of freedom)
was directly used by PROC MIXED (SAS Institute, 2000) as
error term for G, P and GP effects (main plot). For all
analysed variables the degrees of freedom of the GS effect
were used for testing the null hypotheses of differences
between DRY and CM groups pooling the data obtained
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Residual
Sampling (S) GxS PxS GxPxS variance
5:72%** 0-98 1-00 0-28 12-94
3-08** 0-89 0-70 1-37 1-19
4-44%*x 0-67 0-18 067 078
1-52 2-87** 0-35 0-41 0-21
13-:00%** 2:94** 0-98 1-39 0-06
10-53*** 2:56* 1-60 1-83 0-002
1-73 0-51 1-18 0-61 29:0
1-50 1-24 0-16 2-10* 1264
1-20 0-56 0-37 1-39 78300-0
1-47 1-44 3-59%** 1-90 56315
9-76%** 0-91 0-63 0-45 0-07

both before and after calving. For a more accurate analysis
of blood metabolites over the entire experimental period,
the null hypotheses of difference between groups at single
sampling time was also evaluated using the PDIFF and
Bonferroni t statistics adjustment method (SAS Institute,
2000).

Results

Results of statistical analysis on all factors accounted in the
model are reported in Table 1. From the estimated residual
variance the general st obtained for each variable ranged
from 0-01 to 0-07 of the general mean for the metabolic
indicators and 0-15 for BCS changes, owing to the lower
number of measures taken over time for this variable than
for metabolic indicators.

Sampling time significantly affected plasma concen-
trations of cortisol, urea, cholesterol, NEFA, triglycerides
and BCS changes (P<0-01; Table 1). A significant effect of
the interaction between groups and sampling time was ob-
served in the plasma concentrations of glucose and NEFA
(P<0-01) and triglycerides (P<0-05). The patterns of these
metabolites are shown in Fig. 1. Plasma glucose concen-
trations were more stable in CM animals and they were
significantly lower in DRY cows at 7 d before calving (P<
0-05; Fig. TA). Plasma NEFA concentrations (Fig. 1B) were
very similar in the two lactation groups before parturition.
After calving, circulating NEFA were greater (P<0-01) in
DRY animals at 7 d and 15 d, resulting in overall greater
(P<0-05) plasma NEFA concentrations in DRY cows after
calving (0-47 v. 0-30 mEqg/I for DRY and CM, respectively;
Table 2). Plasma triglycerides concentrations were greater
(P<0-01) in DRY cows before calving (0-22 v. 0-17 mm for
DRY and CM, respectively; Table 2), showing greater con-
centrations (P<0-01) on day 50 and day 30 before calving
(Fig. 1C). Plasma insulin concentrations were not signifi-
cantly affected by omission of the dry period (Table 2). The
effect of the interaction between groups and sampling time
was not significant for OS indicators (Table 1). However,
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Fig. 1. Plasma concentrations of glucose (A), non-esterified fatty
acids (NEFA) (B) and triglycerides (C) measured throughout the
experimental period in cows having a 55-d dry period (DRY;
black circles) and cows milked continuously (CM; open circles).
* P<0-05; ** P<0-01 at each sampling time comparison.

plasma MDA concentrations were greater (P<0-05) in
pluriparous than in primiparous cows (82:9 v. 675 pg/l,
respectively). On average, total plasma GSH concentrations
were greater (P<0-05) in CM animals after parturition in
comparison with DRY cows (617 v. 359 pg/l, respectively;
Fig. 2A; Table 2). In addition, plasma GSH concentrations
were greater in pluriparous than in primiparous cows (592
v. 358 pg/l, respectively; P<0-05). Plasma GPx concen-
trations were greater (P<0-01) in CM than in DRY cows be-
fore parturition (826 v. 742 U/g Hb, respectively; Table 2)
with differences between groups that were significant at
50 d (P<0-01) and 30 d before parturition (P<0-05) (Fig. 2B).
BCS changes showed a similar pattern both before and
after calving (Table 2).
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Discussion

To our knowledge, this is the first reported investigation of
the effect of omission of the dry period on blood indicators
of OS in the transition cow. Data concerning milk yield
and quality are described thoroughly elsewhere (Mantovani
et al. 2010). However, to understand the whole picture,
here we report that milk production recorded over the
whole lactation resulted in a 24 % reduction in CM cows,
confirming that continuous lactation seems detrimental to
milk production, particularly in primiparous cows, which
suffered a greater reduction (33 %) than pluriparous (15 %).

Although the modifications of blood metabolic in-
dicators and BCS changes were in agreement with the
characteristic metabolic adaptations described for the
transition cow (Bell, 1995) in both groups, the present data
suggest that these adaptations were milder in CM animals.

Apparently, omission of the dry period did not affect
metabolic adaptations occurring before calving, and only
circulating triglycerides were greater in CM group during
most of the dry period. In ruminants, plasma triglycerides
are mainly a component of very low density lipoproteins
(VLDL) which are a source of lipids for the mammary
gland. Hence, the lower plasma triglycerides observed in
CM cows may be explained by milk fat synthesis and se-
cretion (Bernard et al. 2008). BCS was not significantly
different between groups as in Andersen et al. (2005), in-
dicating that continuous milking does not affect the body
reserve reconstitution, which occurs well before the dry-
off (Knight, 2001). On the contrary, Rastani et al. (2005)
report a significant reduction of BCS after calving in tra-
ditionally dried cows with respect to CM animals. Despite
BCS changes observed in our study being not different
between groups after calving, CM cows showed changes
of metabolic indicators that seemed to indicate a reduced
mobilization of body reserves. In particular, the variations
of plasma insulin, glucose and NEFA were similar to those
observed in continuously milked cows by Andersen et al.
(2005) who hypothesized that CM cows experienced a less
negative post-partum energy balance owing to the lower
milk yield. Less negative energy balance in the post-par-
tum period of CM cows was also reported by Rastani et al.
(2005). In our experiment, however, it is noteworthy to
observe that plasma NEFA were significantly lower in the
CM group at 7 d and 15 d after calving, when milk yield
was not yet markedly different between the groups
(Mantovani et al. 2010), somehow anticipating milk yield
energy demand. In our opinion, post-partum energy bal-
ance does not totally explain the lower degree of NEFA
mobilization observed in CM animals, which might be
controlled by events occurring before parturition such as
feeding level. Loor et al. (2006) observed that the plane of
nutrition prepartum alters the expression profile of hepatic
genes, which can partly explain differences in blood
metabolites. In particular, these authors observed that ani-
mals fed a restricted energy intake prepartum showed
lower concentrations of plasma NEFA post partum and a
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Table 2. Mean (s&) blood metabolite concentrations and mean (s) body condition score (BCS) changes in cows having a 55-d dry
period (DRY) and cows milked continuously (CM) before and after parturition

Cortisol, ng/ml

Urea, mm

Cholesterol, mm

Glucose, mm

Non-esterified fatty acids, mEqy/!
Triglycerides, mm

Insulin, mU/I

Malondialdehyde, pg/l
Glutathione, pg/l

Glutathione peroxidase, U/g Hb

Before calving
After calving
Before calving
After calving

Before calving
After calving

Before calving
After calving

Before calving
After calving

Before calving
After calving

Before calving
After calving

Before calving
After calving

Before calving
After calving
Before calving
After calving

BCS changes Before calving

After calving

more pronounced up-regulation of hepatic genes related to
fatty acid oxidation. It is possible that dietary differences
prepartum related to continuous milking influenced the level
of expression of key genes involved in fat mobilization.

Plasma glucose was similar in DRY and CM cows after
calving, despite milk yield being considerably different be-
tween groups (Mantovani et al. 2010). Rastani et al. (2005)
found no differences in glucose and NEFA level prepartum,
but increased glucose and decreased NEFA post partum.
Moreover Andersen et al. (2005) observed lower NEFA and
greater glucose and insulin concentrations in continuously
milked cows. However, in the study of Andersen et al.
(2005) plasma concentrations of insulin, glucose and
NEFA were significantly different between groups during
both the pre-partum and post-partum periods. Differences
between our study and that of Andersen et al. (2005) might
be explained by the different expected milk yield that was
greater in the cows used by the Danish authors than in
ours (45 v. 35 kg of expected milk yield at peak, respect-
ively).

MDA is a toxic by-product generated by lipid peroxi-
dation, while GPx is the most important peroxide-
scavenging enzyme in mammalian cells. Both MDA
concentration and GPx activity can be considered to be
two common indicators of oxidative stress (Halliwell,
1994). Other authors observed that plasma MDA increased
post partum (Bernabucci et al. 2002; 2005). In the present
study, plasma MDA was quite stable and not different
between groups. Previously (Gabai et al. 2004) it was

https://doi.org/10.1017/50022029910000117 Published online by Cambridge University Press

DRY CM P
568 (1-21) 433 (106) 0-40
4-88 (1-06) 5:32 (1-03) 077
3:94 (0:50) 3:97 (0-45) 0:96
449 (0-47) 443 (0-44) 0-92
2:37 (0-31) 2:58 (0:29) 0-62
2:28 (0-29) 225 (0:27) 0-94
2:95 (0-18) 2:93 (0:16) 095
2:80 (0-17) 2:99 (0:16) 0-40
0:19 (0:07) 023 (0:06) 072
0-47 (0:06) 0:30 (0:05) 0-03*
0:22 (0:01) 0:17 (0:01) <0-01%*
0:10 (0:01) 0:09 (0:01) 0-89
708 (1-89) 671 (1-73) 0-88
5:94 (1-72) 955 (1-64) 013

692 (4-7) 763 (4:3) 027
765 (4-4) 780 (4-2) 0-80
418 (98) 506 (90) 051
359 (90) 617 (86) 0-04*
742 ( 2) 826 ( 9) <0-01%*
764 (19) 772 (19) 076
0:09 (0:13) 0:01 (0:11) 0-67
~049 (0:12) ~030 (0-11) 027

1000 1

400

GPx (U/gHb)

200 4

-60 -30 [} 30 60 90
Days from parturition

Fig. 2. Plasma concentrations of glutathione (GSH) (A) and
glutathione peroxidase (GPx) (B) measured throughout the
experimental period in cows having a 55-d dry period (DRY;
black circles) and cows milked continuously (CM; open circles).
* P<0-05; ** P<0-01 at each sampling time comparison.
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observed that a combination of factors such as recovery
from negative energy balance and diet composition may
influence the circulating levels of MDA. It is thus possible
that plasma MDA is not sensitive enough to detect mod-
erate OS conditions, and the different physiological status
of cows among the different studies might be the major
factor responsible for the discrepancies observed in MDA
concentrations.

Bernabucci et al. (2002) observed that erythrocyte
GPx levels did not vary significantly around parturition.
However, the same authors (Bernabucci et al. 2005) ob-
served a distinct drop in erythrocyte GPx concentrations
between days —4 and +11 relative to parturition. In the
present experiment, we measured whole blood GPx and
did not observe any modification of this parameter around
parturition. However, greater blood GPx levels were ob-
served in the CM group before calving, when these ani-
mals received a diet aimed to support milk secretion. On
the contrary, plasma GPx concentrations were not differ-
ent between groups after calving, when lactation started in
the DRY group and the two groups were fed a similar diet.

It is noteworthy that the differences in milk synthesis
observed in this experiment did not affect the circulating
levels of MDA and GPx after parturition. These obser-
vations support the hypothesis that diet composition rather
than milk synthesis and secretion may explain the slightly
greater degree of oxidative stress observed in CM group
before calving.

GSH is the most abundant non-protein thiol in mam-
malian cells and can be considered a good indicator of
the blood oxidative scavenging capacity (Wu et al. 2004).
In the present study, plasma GSH was greater in the CM
group but these differences were not related to modifi-
cations of GPx activity. For this reason, we hypothesized
that the GSH variations observed in this experiment are
unlikely to be related to OS. Rather, they may be related to
metabolic adaptations such as sulphur-amino acid sparing.
In this respect, it is important to remember that GSH is also
an important source of storage and transport of cysteine
(Wu et al. 2004). As the enzyme y-glutamyl transpeptidase,
which degrades GSH to form y-glutamyl amino acids, is
located on the extracellular surface of the mammary se-
cretory cells (Baumrucker et al. 1981) and its activity in-
creases greatly during lactation (Johnston et al. 2004), it is
likely that the mammary gland utilizes the constituent
amino acids of GSH for milk protein synthesis. Indeed,
cows of the CM group produced less milk and, accord-
ingly, spared circulating GSH. However, this observation
is not in agreement with the level of circulating insulin,
which was not different between groups after calving.

The results of this study confirmed that abolishing the
dry period leads to an improved energy balance and
metabolic status of the cows. Probably this may depend
not only upon the reduced milk yield, but also on other
factors such as pre-partum feeding. In general, the degree
of OS observed in this study was not detrimental for ani-
mal health. Modifications of MDA and GPx observed
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before calving were mild and possibly related to milk
secretion. During the subsequent lactation, plasma MDA
and blood GPx were similar in the two groups despite
the differences in milk yield. Differences in plasma GSH
observed in the subsequent lactation are probably related
to sulphur-amino acid sparing occurring in CM cows.

This study was supported by the Italian Ministry of University
(PRIN 2001 and PRIN 2005). The authors are grateful to Dr Laura
Da Dalt, Dr Alberto Simonetto and Mr Tommaso Brogin for their
skilled technical support and to the anonymous reviewers for
helpful comments and suggestions on the manuscript.
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