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Summary. The aim of the study was to examine effects of pre-partum feeding on post-partum intake, production
and energy balance in cows. Two weeks pre-partum (w-2, w-1) different amounts of one concentrate was fed to group
Low (L) and High (H) while the same amount of another concentrate was fed during the first four weeks post-partum
(wl, w2, w3, w4). Silage was available ad-libitum during the experimental period. Dry matter intake was higher in
group H (P<0.05) except for wl. Energy corrected milk (ECM) yield did not differ between groups; however, in con-
trast to group L there was a clear increase in ECM yield from w1l to w4 in group H (P<0.0001). Milk fat yield tended to
be higher in group H on w3 (P=0.06) and was higher on w4 (P=0.05), milk lactose yield was higher in group H on w4
(P=0.04); protein yield did not differ between the groups. Energy balance was more positive in group H pre-partum
(P<0.0001) and did not differ post-partum. Obtained results indicate that increasing feeding level pre-partum could
improve post-partum intake and production performance at the same time having little influence on energy balance.
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Santrauka. Tyrimo tikslas buvo nustatyti $érimo pries verSiavimasi itaka paSaro pasisavinimui, produktyvumui ir
energijos balansui po verSiavimosi karviy organizme. Dvi savaites prie§ verSiavimasi (s2, sl) skirtingu to paties
koncentrato kiekiu buvo Seriamos Zemo (Z) ir auksto (A) produktyvumo karvés, tuo tarpu pirmasias keturias savaites po
verS$iavimosi visos karvés gavo toki pat kito koncentrato kieki (s1, s2, s3, s4). Silosu karvés buvo Seriamos ad libitum
viso eksperimento metu. Geriau sausgsias medziagas pasisavino A grupés galvijai (p<0,05), i§skyrus sl. Energiskai
pakoreguoto pieno (EKP) produkcija tarp karviy grupiy nesiskyré, tadiau, prieSingai nei Z grupéje, pastebéta EKP
produkcijos padidéjimas nuo sl iki s4 A grupéje (p<0,0001). Didesnis pieno riebaly kiekis taip pat nustatytas A grupéje
s3 (p=0,06) metu ir s4 (p=0,05) metu, didesné pieno laktozés gamyba taip pat buvo A grupéje s4 (p=0,04); baltymy
kiekis tarp grupiu nesiskyré. Labiau teigiamas energijos balansas buvo A karviy grupéje pries verSiavimasi (p<0,0001),
jis nepasikeité ir po karviy verSiavimosi. Tyrimo rezultatai leidzia teigti, kad geriau Seriant prie§ verSiavimasi pasaras
geriau pasisavinamas, ir karvés produktyvesnés po verSiavimosi, taciau pasaro itaka energijos balansui neZymi.

RaktaZodziai: sausosios medziagos pasisavinimas, energiSkai koreguotas pienas, pieno riebaly gamyba, pieno
laktozés gamyba, pieno baltymy gamyba.

Introduction. In dairy cows’ late pregnancy and early  McNamara et al., 2003a). Increased intake post-partum
lactation discrepancy between the amount of energy re- may lead to higher milk yield (Holcomb et al., 2001;
quired and ingested leads to negative energy balance = McNamara et al., 2003a) or have no influence on per-
(NEB) and intensive use of store lipids, making covering  formance (Vandehaar et al., 1999; Rabelo et al., 2003); at
its energy requirements one of the most important prob-  the same time improved intake has not always been re-
lems in transition cow feeding. lated to improved energy status (McNamara et al., 2003b).

Already 3 weeks pre-partum, being influenced by the On the other hand prolonged feeding of energy-dense
complex of nutritional and metabolic factors (Ingvartsen  diets pre-partum may lead to overconditioning and de-
& Andersen, 2000), feed intake of dairy cows may de- pressed appetite at parturition followed by prolonged
crease up to 35% (Grummer, 1995). It has been suggested  NEB, extensive degradation of store lipids and liver lipi-
that using more energy-dense diets and increasing dry  dosis (Rukkwamsuk et al., 1998; 1999a,b,c; 2000), how-
matter intake (DMI) prior to parturition may prevent ex-  ever, not necessarily causing poor milk production
cessive lipid mobilization around the parturition (Rukkwamsuk et al., 1998; 1999a,b,c; 2000; Agenés et al.,
(Vandehaar et al., 1999; Doepel et al., 2002) and increase ~ 2003).
post-partum intake (Grummer, 1995; Doepel et al., 2002; General feeding recommendation for dry cows is that
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intake during last weeks of gestation should be maxi-
mized; at the same time overfeeding during dry period
that may lead to overconditioning and depressed appetite
at parturition must be avoided (Drackley, 1999; Overton
& Waldron, 2004).

The aim of present study was to investigate effects of
pre-partum feeding level on post-partum intake, produc-
tion performance and energy balance (EB) in Estonian
Holstein.

Material and Methods

Animals, feeding and experimental design

On the experimental farm of Estonian University of
Life Sciences eight 2™ to 4™ parity Estonian Holstein
cows kept indoors in tie stall barn and milked twice a day
were randomly divided into two four-cow feeding groups:
treatment High (H) and Low (L). Experimental diets were
composed of clover-timothy silage, Concentrate 1 (bar-
ley-oatmeal) and Concentrate 2 (barley meal, rape cake
and minerals). Exact ingredients content of feeds is given
in Table 1.

Table 1. Ingredients composition and chemical composition of feeds

Feed | Clover-timothy silage Concentrate 1 Concentrate 2
Ingredient

Clover-timothy silage 1:1 (%) 100 - -
Barley-oatmeal 1:1 (%) - 100 -
Barley meal (%) - - 59.5
Rape cake (%) - - 39.5
Minerals (%) - - 1
Chemical composition

Dry matter (g/kg) 241 884 891
Crude protein (g/kg DM) 168 138 223
Crude ash (g’kg DM) 98 30 54
Crude fibre (g’kg DM) 250 100 83
Crude fat (g/’kg DM) 43 38 62
N-free extractives (g’kg DM) 441 694 578
Ca (g/kg DM) 13.5 0.9 5.6
P (g/kg DM) 2.7 4.0 7.6
ME (MJ/kg DM) 9.5 12.1 13.1
MP (g/kg DM) 76.5 98.9 1133

Cows were switched to the diets one week before the
start of experimental period. Throughout two pre-partum
and four post-partum experimental weeks (w-2, w-1, wl,
w2, w3 and w4), silage was available ad libitum in both
groups. Pre-partum group L was fed 1 kg and group H 5
kg Concentrate 1 per day; in both groups 50 g mineral
supplement was offered in mixture with concentrates.
Post-partum all cows were fed 5 kg Concentrate 2 per day
during the first five days, thereafter the amount was in-
creased by 1 kg to the 10" day being 10 kg from the 10™
day onwards. Concentrates were offered in two equal
portions during morning and afternoon feedings. To cal-
culate daily intake all feeds and residues were weighed.

To avoid parturient paresis Ca-glyconate was subcuta-
neously injected to cows on the day of calving. From the
13" to the 17™ post-partum day cows were orally
drenched with 320 g propylene glycol per day to reduce
the risk of ketosis. Cows were clinically healthy through-
out the experimental period.

Sampling and analyses

Equal daily portions of feed samples were pooled on
weekly basis. Pooled samples were analyzed according to
AOAC (1990) recommendation for dry matter (2 hours
drying at 130°C), crude ash (6 hours combustion at
550°C), crude protein (Kjeltec Auto 1030), crude fibre
(Fibertec) and crude fat (Soxtec System 1040, Extraction
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Unit) content.Based on these analyses experimental pe-
riod averages were calculated; nutritional value of feeds
was evaluated using these averages (Table 1).

Cows were weighed and body condition was scored
according to Edmondson et al. (1989) on w-2 and on w4.

Daily milk yield was recorded and milk samples were
collected (from 1% to 5™ post-partum day separately at
morning and afternoon milking, thereinafter every second
day pooling morning and afternoon samples) and ana-
lyzed for fat, protein and lactose content (System 4000;
colostrum’s protein content: Kjeltec Auto 1030).

Calculations

Using daily intake records and average dry matter
content of feeds (Table 1) and propylene glycol (80%,
22.8 MJ/kg) daily DMI of silage (DMI;) and concentrates
(DMIc¢) as well as total DMI (DMIy) were calculated.
Energy corrected milk (ECM) was calculated (from 1* to
5™ post-partum day: at first separately for morning and
afternoon samples, then average of the day; thereafter for
every second day in pooled samples) according to Saunja
etal. (1991) as:

ECM (kg) = Milk yield (kg/d) x ((0.383 x Fat% + 0.242 x
Protein% + 0.1654 x Lactose% ++ 0.207) / 3.140).
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Table 2. Effect of different amount of concentrates pre- partum on intake and production characteristics, BW,
BCS and EB in periparturient cows (Least square means values)

LOWTlreatment groupsH — Difference Influence of fixed effects (P)
Parameter Week between the . Treamentx
LSM Pooled LSM Pooled aroups (P) Treatment Time Time
SEM SEM
-2 1.634 1.682 0.30
DML R 763 0%
(kg/100 kg : 0.069 : 0.065 : 0.009 0.008 0.62
BW/d) 2 1.681 1.802 0.29
3 1.707 1.886 0.03
4 1.742 1.896 0.06
-2 0.120 0.673 <0.0001
R <
DML o8 0780 065
(kg/100 kg : 0.061 : 0.061 : 0.0006 <0.0001 <0.0001
BW/d) 2 1.191 1.345 0.20
3 1.252 1.415 0.14
4 1.283 1.468 0.03
-2 1.47 2.22 <0.0001
R <
DvI T 1% T 050
(kg/100 kg : 0.13 : 0.12 : <0,0001 | <0,0001 0.009
BW/d) 2 2.56 2.90 0.05
3 2.69 3.09 0.02
4 2.74 3.22 0.007
o |t = o
(kg/100 kg : 0.39 : 0.32 : 0.89 0.0003 0.06
BW/d) 3 6.84 7.21 0.47
4 6.65 7.31 0.19
Milk fat 1 220.5 2233 0.91
yield 2 258.3 259.2 0.97
(/100 kg 3 2623 20.7 3158 20.7 0.06 0.09 0.008 0.24
BW/d) 4 240.0 294.7 0.05
Milk protein 1 222.7 194.9 0.11
yield 2 208.3 210.7 0.88
(/100 kg 3 1933 12.5 2140 10.5 035 0.74 0.98 0.05
BW/d) 4 193.9 219.6 0.13
Milk lactose 1 204.7 185.4 0.50
yield 2 286.1 304.0 0.53
(/100 kg 3 2082 19.8 336 19.8 012 0.26 <0.0001 0.03
BW/d) 4 295.1 358.8 0.04
-2 28.28 83.14 0.0002
-1 23.36 82.21 <0.0001
EB 1 -117.80 -112.58 0.69
(MJ ME/d) 3 9502 9.94 483 9.24 013 0.001 <0.0001 0.0008
3 -75.90 -84.84 0.49
4 -66.76 -75.74 0.49
-2 759 696 0.10
BW (kg) 1 636 29 631 38 016 0.13 <0.0001 0.91
-2 3.25 2.99 0.02
BCS 1 XD 0.10 2355 0.10 0.02 0.01 <0.0001 0.92

Based on daily milk yield and composition daily fat,

protein and lactose yield were calculated.

Daily EB was calculated as the difference between en-
ergy consumed and energy required for maintenance and
milk production according to the Estonian feeding rec-
ommendations (Oll, 1995). Daily weight loss found by

dividing the overall weight loss into equal daily portions

was taken into account to calculate BW used in equations:
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EB (MJ) = Econsumed (MJ) - Erequired (MJ) where
Erequired (MJ) = Emaimenance (MJ) + Elactation (MJ)
Emaintenance =0473 x BWO'75 (kg)
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Elactation = ECM (kg) x 5.25 (£ correction for milk yield
lower or higher than 15 kg ECM).

Using daily data (excluding data of 1% post-partum
day) averages per day were calculated on a weekly basis;
for DMIg, DMI, DMIt, ECM and milk constituents yield
averages were calculated per 100 kg BW (Table 2) and
are used throughout the present paper.
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600 -

500

1 2 3 4
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Figure 1. Dynamics of milk constituents yield
(fat+protein+lactose) in groups H (0) and L (0). Dif-
ferences between the groups least square means (LSM)
are not significant on wl and w2, LSM tend to differ
on w3 (P=0.10) and differ significantly on w4 (P=0.04)

Statistical analysis

The repeated measures general linear models analyses
with SAS system’s MIXED procedure were performed to
find out the influence of pre-partum feeding on measured
and calculated traits. For positively skewed traits the loga-
rithm transformation was applied. The following model
Yike = U T fi + tj + ftjj + ¢k + Wjjie considering influence of
pre-partum feeding (treatment) — H or L (f;), fixed time —
w-2, w-1, wl, w2, w3, w4 (t;), feeding x time interaction
(ft;j), random cow effect (c,) and residual error (gje) were
used. If P<0.3 the influence of parity and production of
previous lactation as additional factors were included to
model.

The values given hereinafter are least square means.
Significance has been declared at P<0.05,a tendency at
P<0.1.

Results and Discussion

Feed intake

Treatment and time influenced all intake characteris-
tics (P<0.01), treatment X time interaction affected DMl
and DMIt (P<0.01; Table 2).

Pre-partum DMIt and DMI¢ were higher (P<0.0001)
in group H, DMIg tended to be higher (P=0.1) in group H
on w-1, (Table 2). Higher pre-partum DMIz in group H
achieved mainly on account of DMI¢ indicates to possi-
bility of increasing intake by feeding energy-rich diets
and is consistent with results of Keady et al. (2001),
Agenis et al. (2003) and McNamara et al. (2003a). The
impact of energy-rich diet accords with Rabelo’s et al.
(2003) finding that ruminal dry matter digestibility is
higher with low fiber diets allowing faster rumen digesta
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evacuation resulting in higher DMI. Contrarily Olsson et
al. (1998) found that pre-partum DMI decrease is less
pronounced with high fiber diets. It is supposed that pre-
partum reduction of intake might be partly related to me-
chanical compression of the rumen by the growing uterus
(Ingvartsen et al., 1992); however, well maintained intake
in experiment of S. Agenids et al. (2003) and our results
do not support that. It is more likely that intake is mainly
regulated by nutritional, metabolic and hormonal signals
(Ingvartsen & Andersen, 2000). Holtenius et al. (2003)
and Liefers et al. (2003) point out the role of leptin and
insulin in intake regulation.

Post-partum DMIr was higher (P<0.05) in group H
starting from w2; DMIg was higher (P=0.03) in group H
on w3 and tended to be higher (P=0.06) on w4; DMI¢ was
higher (P=0.03) in group H on w4 (Table 2). In addition,
cows in group H showed higher rate of intake increase:
from w2 to the end of experiment increase of DMIy,
DMIs, and DMI¢ in group H was clearly expressed
(P<0.01) while in group L only slight increase (ns.) oc-
curred from w2 onwards.

Improved post-partum intake in group H might be ef-
fect of pre-partum concentrate-rich ration. It has been
suggested that feeding intensity is related to rumen short
chain fatty acid (SCFA) production, the last in turn stimu-
lates rumen papilla growth and facilitates absorption
(Harmon et al., 1991) that might positively influence
group H’s DMIg and DMI¢ in our experiment. On the
other hand Ingvartsen et al. (2001) observed no difference
between the post-partum DMI in cows fed concentrate-
based versus roughage-based diets pre-partum. Similarly
Agenis et al. (2003) report comparable post-partum DMI
in cows fed TMR of different energy density pre-partum.
It has been shown that pre-partum concentration of rumen
volatile fatty acids (VFA) is raised (Andersen et al., 1999)
and flux of SCFA on the rumen epithelium higher (Se-
hested et al., 1997) in cows fed concentrate-based vs.
roughage-based diet, however, no morphological-
histological differences in rumen papilla growth and in
post-partum DMI between the treatments have been ob-
served (Sehested et al., 1997; Andersen et al., 1999). In
our experiment we did not record rumen characteristics
but it is reasonable to assume that more active rumen
epithelium and more intensive absorption of cows in
group H might be a reason for improved intake post par-
tum.

Milk production

Treatment had effect on milk fat yield (tendency;
P=0.09); time influenced ECM-, fat- and lactose yield
(P<0.01); treatment x time interaction influenced ECM
yield (tendency; P=0.06) and protein- and lactose yield
(P<0.05; Table 2).

ECM yield did not differ between the groups (Table 2);
however, in contrast to group L, there was a clearly ex-
pressed increase (P<0.0001) in ECM yield in group H that
might suggest to improved lactation performance in this
group. Similarly to us Rabelo et al. (2003) observed more
pronounced milk production increase in high-fed cows
compared to controls. McNamara et al. (2003a) and Ryan
et al. (2003) report the positive effect of increased dietary



ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA. T. 40 (62). 2007

energy density pre-partum on early lactation milk and
milk constituents yield, however, in addition to increased
intake the effect was partly contributed by slightly more
extensive lipid mobilisation in high-fed cows. In our ex-
periment there were no notable differences between the
groups in BW- and BCS-loss (73 kg vs. 65 kg for BW and
0.43 vs. 0.44 points for BCS in groups L and H respec-
tively), therefore we can consider that improved lactation
performance in group H was mainly the effect of pre-
partum feeding. At the same time Doepel et al. (2002)
report only insignificant if any effect of pre-partum feed-
ing intensity on post-partum milk performance despite its
beneficial effect on post-partum intake. Contrarily to us,
Holcomb et al. (2001) conclude that pre-partum restricted
feeding vs. free choice may have advantages for milk
performance. On the basis of our results we can suppose
that that H-cows in the present study were better adapted
to successful lactation. Pre-partum energy-rich diet evi-
dently facilitated rumen epithelium development and
contributed to more intensive absorption of nutrients lead-
ing to improved intake, higher energy input and clearly
expressed milk production increase in group H.

Milk protein yield did not differ significantly between
the groups; milk fat and lactose yield did not differ on
wl...w2. Milk fat yield tended to be higher (P=0.06) in
group H on w3 and fat and lactose yield were higher
(P<0.05) in group H on w4 indicating to positive effect of
pre-partum energy-dense diet on milk constituents’ yield
that became evident from w2 onwards (Fig. 1 and Table
2).

In different studies pre-partum energy-dense diet has
increased (Keady et al., 2001; McNamara et al., 2003a;
Ryan et al., 2003) or has not influenced milk fat yield
(Dewhurst et al., 2000; Doepel et al., 2002; Rabelo et al.,
2003). Although common opinion is that higher propor-
tion of concentrates’ intake leads to milk fat depression
Dann et al. (1999) and Bargo et al. (2003; review) state
that higher concentrates’ intake decreases milk fat content
but increases fat yield due to increase in milk production
in the course of lactation.

Positive effect of pre-partum concentrate-rich diet on
milk fat yield in group H can be explained by increase of
DMIr that increased energy and nutrients input necessary
for fat synthesis. On the other hand higher DMI¢ in group
H was accompanied by higher DMIg; latter might com-
pensate fat-depressive effect of concentrates. The propor-
tion of concentrates’ intake was also below 50% of DMIy
referred to as threshold above that fat depression may
occur (Ashes et al., 1997).

Milk protein yield on wl was numerically higher
(P=0.11) in group L. As colostrum’s protein content may
vary largely between the individual cows (Marnila &
Korhonen, 2003), higher protein yield in group L on wl
was rather the reflection of unequally high protein content
in colostrum of two cows during several post-partum days
(data not shown) than the effect of pre-partum feeding
regimen. At the same time in contrast to group L protein
yield in group H from w1 to w4 increased (P=0.03) that
led to numerically higher (P=0.13) protein yield on w4
indicating to positive effect of pre-partum energy-dense
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diet on milk protein yield reported also by Bargo et al.
(2003, review), McNamara et al. (2003a) and Ryan et al.
(2003). Opposing to that Dewhurst et al. (2000), Doepel
et al. (2002) and Rabelo et al. (2003) observed no effect
of pre-partum feeding level on milk protein yield. As
Ryan et al. (2003) concluded, more intensive concentrates
feeding pre-partum likely increases endogenous protein
reserves available for milk protein synthesis; in our ex-
periment protein reserves might be one of the contributors
to clearly expressed milk protein yield increase in group
H compared to group L. In addition, improved post-
partum intake in group H evidently increases ruminally
available starch that according to Hristov and Ropp (2003)
enhances bacteria population and intensifies ammonia
capture in the rumen contributing to higher protein yield.
According to Korhonen et al. (2002) higher proportion of
duodenal-absorbed amino acids play an important role to
enhance milk protein yield; we may assume that in the
present study improved post-partum intake in group H
increased amount of duodenal-absorbed amino acids that
in turn could play contributory role to milk protein syn-
thesis.

In our study we observed higher milk lactose yield in
group H on w3 (numerically higher; P=0.12) and on w4
(P=0.04). Similarly to us Dann et al. (1999) and Ryan et
al. (2003) report higher milk lactose yield associated with
higher milk production in cows fed pre-partum a diet with
higher amount of ruminally available carbohydrates. Con-
trarily Ingvartsen et al. (2001) have found pre-partum
concentrate-rich diet to have negative effect on milk pro-
duction and lactose yield. At the same time in some inves-
tigations no effect of pre-partum feeding intensity on milk
lactose yield was found (Holcomb et al., 2001; Keady et
al., 2001; Agenis et al., 2003; Rabelo et al., 2003). Milk
lactose content is kept quite stable and it’s yield is related
to milk yield. As in our study ECM yield in group H on
w3...w4 was only numerically higher compared to group
L, we can just speculate that higher lactose yield observed
in group H from w2 onwards might be related to higher
ECM yield.

Energy balance, BW and BCS

EB was influenced by treatment (P=0.001) and time
(P<0.0001) and by their interaction (P=0.0008), BW by
time (P<0.0001) and BCS by treatment (P=0.01) and time
(P<0.0001; Table 2).

Reflecting higher pre-partum DMIt EB during the pe-
riod was more positive in group H as well (Table 2).
Marked decline (P<0.0001) from positive EB to NEB
occurred from w-1 to wl in both groups followed by im-
provement in EB. Post-partum EB differed inconsidera-
bly only on w2 (Table 2) being numerically (P=0.13)
more positive in group H evidently due to higher DMIt in
group H but comparable ECM yield in groups. Similar
EB on w3 and w4 in both groups with concurrent higher
DMIt and ECM in group H may indicate that energy ex-
penditure for milk production can be compensated by
increased intake. Doepel et al. (2002) and Rabelo et al.
(2003) observed improved post-partum intake along with
improved energy status in cows fed energy-dense diet
pre-partum; however, this did not improve production
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performance. At the same time, although, McNamara et al.
(2003b) observed higher intake in cows fed energy-dens
diet pre-partum, post-partum EB of these cows was more
negative due to higher milk production.

BW difference between the groups on w-2 and w4 was
statistically not significant (Table 2). From w-2 to w4
average BW-loss of cows was 73 kg in group L
(P<0.0001) and 65 kg in group H (P<0.0001), however,
more pronounced weight loss in group L compared to
group H was statistically not significant. BCS was higher
in group L throughout the experiment (P=0.02). However,
starting on w-2 from 3.25 in group L and from 2.99 in
group H there was similar overall BCS decline (P<0,0001)
in both groups: 0.43 and 0.44 points respectively, result-
ing in BCS 2.82 in group L and 2.55 in group H on w4
(Table 2). Comparable post-partum EB and similar BW-
and BCS-loss in our experimental groups show that im-
proved intake is not always related to improved energy
status.

Conclusions

Our results indicate that post-partum intake could be
improved by increasing amount of concentrates in cows’
pre-partum diet. The conclusion accords with notion that
concentrates stimulating rumen papilla growth promote
effective ruminal absorption of nutrients with concurrent
increase in intake. Therefore we may suggest that in the
present study higher intake in group H from w2 onwards
positively influencing production performance, might be
related to enhanced absorption of nutrients. At the same
time we observed no improvement in the post-partum
energy status of cows fed higher amounts of concentrates
pre-partum. We assume that high-producing cows are
likely to utilize the extra-energy to increase their milk
production rather than to maintain their energy status.
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