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ABSTRACT

The effect of pre- and post-puberty feeding of rations diversified in terms of energy and protein
content on the growth rate, body condition, fatness, milk yield and reproduction efficiency of
Simmental heifers was investigated. The experiment was carried out on 40 Simmental heifers from
6 months of age to day 100 of lactation, allotted to 5 groups according to age and body weight.
During pre- (from 6 to 11 months of age) and post-puberty (from 12 to 13 months of age) the animals
were fed rations of different or the same levels of energy (UFL) and protein (PDI) as the control
Group K, which was fed according to IZ-INRA (2001). The respective levels of UFL and PDJ in
the rations for the experimental groups in both periods were, % of control Group K : Group A, 85/85
and 115/115; Group B, 85/115 and 100/100; Group C, 115/85 and 100/100; Group D, 115/115 and
115/ 115. From 14 months of age to day 100 of lactation the animals of all groups were fed the
same as the control group. Heifers that received higher UFL and lower BTJ (Group C) or increased
levels of energy and protein (Group D) in their pre-puberty rations than the control group, at 11-18
months of age and in the period from 6 months of age to calving, achieved higher body weight gain
than the animals of the remaining groups (P<0.05). Heifers fed rations with high pre-puberty energy
levels (Groups C and D) and lower protein levels (Group C) calved about 40 days earlier and had
a worse conception rate and insemination index (P>0.05) than animals in other groups. Total milk
production per cow in Groups A and B was about 11% higher than in Groups K and D, and about 6%
higher than in Group C, but the differences were not statistically significant (P>0.05). Independently
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of the protein level, feeding Simmental heifers pre-puberty period ration with a low energy level
followed by high-energy ration caused somewhat slower BWG from 6 months to calving, increased
the age of first mating and calving but stimulated milk production in primiparous cows.

KEY WORDS: Simmental heifer, feeding level, condition, fatness, reproduction, milk yield

INTRODUCTION

The effect of energy and protein levels in rations on heifers during puberty
depends on the genetic potential of animals (Sejrsen and Purup, 1997). The
majority of reported results of experiments addressing this problem concern
Holstein-Friesian heifers (Pirlo et al., 1997; Van Amburgh et al., 1998; Abeni et
al., 2000; Silva et al., 2002). It was demonstrated that accelerating the growth of
HF heifers during pre-puberty by providing higher concentrations of protein in
the ration does not decrease their later milk production (Lammers and Heinrichs,
2000). Information is lacking, however, on the effect of energy and protein levels
in rations for Simmental heifers during puberty on their later milk yield and
reproduction traits.

The aim of the present study was to determine the effect of feeding Simmental
heifers rations with diversified energy and protein levels, pre- and post-puberty,
on their growth rate, body condition, fatness, milk and reproduction efficiency.

MATERIAL AND METHODS
Animals, maintenance and feeding

The experiment was carried out on 40 Simmental heifers of milk-meat type
from 6 months of age to the end of 100 days of lactation. Animals were allotted
to 5 groups taking into account age and body weight. During the pre-puberty
period from 6 to 11 months of age and from 12 to 13 months of age the animals
were fed rations with energy (UFL) and protein (PDI) levels differing or the same
as the control Group K, which was fed according to IZ-INRA (2001) standards
for a predicted body weight gain of 700 g day' (Table 1). The UFL and PDJ
levels in the ration for the experimental groups for both periods were, % of control
Group K:

Group A—85/85 and 115/115
Group B —85/115 and 100/100
Group C—115/85 and 100/100
Group D — 115/115 and 115/115.



STRZETELSKIJ. ET AL. 157

The compositions of rations and feeding design are given in Table 1.

From 14 months of age to 3 week before calving heifers and afterwards primiparous
cows of all groups were fed until 100 days of lactation rations similar as animals of
control Group K, assuming maximum milk production at the peak of lactation of 20
kg day'. The animals were kept tied in straw-bedded stalls and fed individually twice
daily with free access to water. Roughage and concentrate were fed from separate
feeders, feed intake and refusals were controlled daily. It was assumed that heifers are
to be inseminated at the age of 16 months and body weight of 390 kg.

Table 1. Experimental feeding design

Period of Feeds Groups
; ) K A B C D
experiment kg DM - day"! -
requirement met UFL/PDI, %
6-11 month Meadow hay 1.22-4.27
of age Ground barley 1.08 -3.43 100/100  85/85  85/115 115/85 115/115
Soyabean meal 0.10 - 0.86
12-13 month 100/100 115/115 100/100 100/100 115/115
of age
14-18 Meadow hay 1.47
month of Grass silage 4.33
2
age Concentrate MI 1.87 Feeding according to IZ-INRA (2001)
From 19 Meadow hay 198 standards as in control group
month Grass silage 1.72
of age to Pasture green forage 4.37
3 week (from May to October)
before Concentrate M 12 0.87
calving
From 3 Meadow hay 4.45 Feeding according to [Z-INRA (2001)
week Maize silage 1.73 - 5.36 standards for peak milk production
before Brewer’s grains 2.00 (PM=20 kg milk-day")?
calvingto  Concentrate M2? 0.62-5.53
100 day of  Limestone 0.00 - 0.14
lactation Premix Kuh-Mineral,
(SANO firm) 0.12-0.22

!predicted body weight gain 700 g/day from 6 month of age to 3 week before calving
2 %: ground barley 78.0; soyabean meal 20.0; premix 2.0
3%: ground triticale 45.8; ground wheat 20.8; ground barley 20.4; soyabean meal 10.0; premix 3.0

Sampling, analysis and measurements
Samples of meadow hay, grass and maize silage and concentrate were taken

in one-month intervals and of green forage from pasture or refusals, in two-three
week intervals.
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The proximate composition of feeds and refusals was estimated according to
AOAC (1990). Silages were also analysed for volatile fatty acid (VFA) content
using a Varian 3400 GC with a 30 m FFAP column and 8200 CX autosampler, and
for lactic acid using a Shimadzu HPLC with a Nucleosil 250/4-C18 column and
UV detector, the pH of silage was determined potentiometrically.

Milk samples were taken once a week after the morning milking and analysed
for dry matter, fat, protein, casein, urea and lactose using a MILKO-SCAN FT
Foss Electric apparatus.

Cows were milked twice a day and the milk yield of each cow was measured
daily using TRU-TEST equipment.

Body weight and height at withers were measured and the body condition score
(BCS) was estimated according to a 5-point scale according to Wildman et al. (1982).
Width at the hip and ischiatic tubers and pelvis length were measured to calculate the
index of pelvis area (PAI) according to Tyczka (1998). Subcutaneous backfat thickness
(SFT) at the last pectoral vertebra was measured for each animal at age 6, 11, 13 and 18
months and day 7 before and 35 after calving using an ALOKA SSD-500 Mikrus (CO.,
LTD, Japan) apparatus with linear head 3.5 MHZ of 120 mm working wideness.

Reproductive traits were estimated on the basis of insemination and conception
rate, age and body weight at first calving. Labour was assessed using a 3-grade
scale: spontaneous (easy without intervention), moderate (easy pull), and difficult
(veterinary intervention) (Pirlo et al., 1997).

Calculations

Feed energy and protein values, components of concentrate, and ration
compositions were determined according to IZ-INRA (2001) standards using
WINWAR (2000) and INRA’tion (1998/2001) software.

The results were subjected to one-way variance analysis using the GLM
procedure and coefficients of correlation between estimates of BCS and SFT
were calculated using the CORR procedure (SAS, 1999/2001). Statistica (1992)
software was used for corrected lactation curves calculated on the basis of mean
daily milk yield of each cow during subsequent weeks of lactation. The values
in the tables marked with different letters differ significantly (P<0.05), no letters
- the differences are not statistically significant (P>0.05).

RESULTS

The chemical composition of roughages and concentrate components, and
their nutritive value are given in Table 2. Daily energy (UFL) and intestine
digestible protein (PDI) intakes differed between groups of animals from +13 to
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+15% in the pre- (6-11 months of age) and post-puberty (from 12-13 months of
age) periods and were similar to values predicted according to the applied feeding
levels of energy and protein (Table 3). Daily intake of nutrients in the remaining
experimental period did not differ significantly (P>0.05).

Table 2. Chemical composition (% of DM) and nutritive value of feeds, in 1 kg DM

Itern Meadow Qrass Maize Green Bre.wer’s Barley Soyabean  Concentrate
hay  silage silage forage grains meal M1 M2
DM 87.06 36.63 23.00 17.50 24.90 86.82  88.26 87.21 87.00
Ash 7.04 531 521 10.68 445 291 7.35 326  6.09
Crude protein  10.29 1298  7.21 15.88  25.50 11.92  50.09 19.33 18.96
Crude fat 2.28 3.04 230 2.17 8.59 1.69 1.60 1.93 2387
Crude fibre  31.70  31.39 23.0 27.83  20.36 6.15 7.11 6.15 7.24
ADF 3472 3630 42.17 - - - - - -
NDF 56.97 5447 65.13 - - - - - -
pH - 4.18  3.75 - - - - - -
In 1 kg of DM
FP, g - 65 143 - - - - - -
PDIN,g 64.0 76.0 443 100.0  188.8 783  356.9 1340 123.0
PDIE,g  70.0 67.1 622 909 172.7 101.4  247.0 130.7 124.0
UFL 0.62 0.81 091 0.86 0.93 1.15 1.19 1.16 1.34
! fermentation products (lactic acid + acetic acid + butyric acid)
Table 3. Daily nutrients intake
Period of Groups
experiment Ttem K A B . C D RMSE'
6-11 month DM, kg 5.07¢ 4.43° 4.45° 4.15° 5.27¢ 0.25
of age PDIN,g  389.0° 334.6° 444.3¢ 334.5° 447.5¢ 18.3
PDIE,g 4l6.1° 357.8° 474.3¢ 351.5° 481.3¢ 20.9
UFL 3.87° 3.37° 3.35° 4.42¢ 4.39¢ 0.21
12-13 month DM, kg 6.05 6.28 6.08 6.15 6.15 0.29
of age PDIN,g 453.8° 519.6° 462.5 463.0° 521.0° 25.1
PDIE.g  498.1° 565.8° 498.3¢ 508.7¢ 567.8° 23.9
UFL 4.74 5.38° 4.67 4.85° 5.40° 0.21
From 14 DM, kg 6.81 7.08 7.11 7.10 7.12 0.28
monthof PDIN,g 5774 594.8 591.4 590.2 594.3 16.0
age to PDIE,g  594.6 609.1 609.2 605.9 611.4 18.9
calving UFL 6.00 6.09 6.10 6.11 6.12 0.26
From I"to DM, kg 14.52 14.65 14.58 14.61 14.62 0.98
100t day PDIN,g 1372.0 1385.6 1378.3 1384.0 1381.8 93.5
of PDIE,g 1416.1 1430.5 1424.0 1425.2 1426.4 97.9
lactation ~ UFL 13.66 13.81 13.75 13.90 13.77 0.53

abe - P<0.05; 'Vs?
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Table 4. Liveweight and body size, daily weight gains, body condition score (BCS) and fatness (SFT)

Groups
Item K A B C D RMSE
Liveweight at month of
age, kg
6 165.4 172.7 173.8 163.3 165.5 18.34
11 267.6* 248.1° 250.0° 292.0° 301.0° 19.20
13 310.8° 311.42 298.2¢ 336.8° 357.8° 18.35
18 421.1° 420.8° 406.5° 44420 456.3° 20.26
Height at withers at month
of'age, cm
6 102.6 102.7 103.5 102.2 103.6 3.31
11 112.9° 112.2¢ 113.1% 112.0° 115.6° 4.03
13 11.7 116.8 116.9 117.2 118.8 3.17
18 123.4 123.8° 123.0° 122.8* 125.9° 3.63
near by calving! 131.4 132.5 132.5 133.5 134.4 3.57

Pelvis area index (PAI) near 1436.0 1449.2 1405.4 1407.5 1493.1 249.4
by calving', cm?

Liveweight gains from to
month of age and for all
experimental period g/day

6-11 674.4* 497.1° 502.2° 849.7° 894.8° 57.62
12-13 708.1° 1044.6>  795.2 722.5° 931.2° 62.90
6-18 697.8* 679.4* 637.0° 769.0° 797.0¢ 29.63
6 - calving' 653.9° 636.7* 625.0° 697.7¢ 718.6° 62.25

Body condition score at
months of age, points

6 2.95 2.93 295 2.99 3.01 0.16
11 3.28° 3.08% 3.02% 3.86¢ 3.98¢ 0.23
13 3.45° 3.37¢ 3.45° 3.80° 3.90° 0.21
18 3.65 3.55 3.57 3.64 3.65 0.22
near calving' 3.80 3.84 3.86 3.76 3.81 0.22

Subcutaneous fat thickness
at months of age, mm

6 2.96 2.96 2.94 3.01 3.01 0.18
11 3.21° 3.09° 3.01° 3.87° 3.95° 0.25
13 3.38 3.39° 3.45° 3.76° 3.92° 0.23
18 3.41 3.47 3.50 3.52 3.57 0.59
near calving' 8.67 8.56 8.59 8.45 8.61 0.69

! measurement: 7 days before calving; average age of calving 27 & 1.5 months; *>¢ - P<0.05
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Heifers that received during the pre-puberty period rations containing higher
UFL and lower BTJ levels (Group C) or increased energy and protein levels
(Group D) than the control group, in the monthly intervals from 11-18 months
of age achieved higher BW and daily body weight gains (P<0.05) and for the
entire period of experiment (from 6 months of age to calving) than animals of
the remaining groups. Differences in BW before calving were not statistically
significant among groups (Table 4). The heifers of Group D reached the highest
height at withers at 11 and 18 months of age and the highest BCS and SFT at 11
and 13 months of age (P<0.05). Differences between the groups of animals at 18
months of age and at 7 days before calving in BCS or SFT and index of the pelvis
area estimated before calving were statistically nonsignificant (P>0.05).

The animals of Groups A and B grew more slowly from 6 to 11 months of
age than the animals of the other groups, but from 12 to 13 months of age the
heifers of Group A reached the greatest daily BWG. When compared with Group
D the differences were not significant, however.

Primiparous BW, BSC, height in withers or SFT did not differ among groups
(Table 5).

Table 5. Liveweight, body size, body condition score (BCS) and subcutaneous fat thickness (SFT)
of primiparous cows

Groups
Item K A B C D RMSE
Liveweight at day after calving, kg
7 531.4 526.2 529.2 537.2 542.3 14.59
35 525.1 536.4 530.7 528.6 540.9 25.55
100 566.6 565.6 539.2 548.2 564.9 35.03
Liveweight loss, %
from 7" day before calving 9.95 10.31 9.41 9.60 9.71 2.67
to 7" day of lactation
from 7% day before calving 11.01 8.87 9.20 11.03 9.21 333
to 35 day of lactation
Height at withersat 100 days after  134.4 134.4 134.8 136.4 136.6 3.15
calving, cm
BCS at days after calving, points
7 3.10 3.08 3.11 3.17 3.16 0.209
35 3.15 3.20 3.17 3.22 3.23 0.124
100 3.43 3.51 3.41 3.41 3.44 0.097

SFT at 35 day after calving, mm 6.37 6.45 6.20 6.10 5.76 0.16
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Even at a lower protein level (Group C), heifers fed rations providing higher
energy levels in the pre-puberty period (Groups C and D) calved about 40 days
earlier (P<0.05) than in Groups K, A and B (Table 6). Body weight at calving,
conception rate and insemination index did not differ significantly among the
groups (P>0.05). The majority of heifers delivered calves with no difficulty or
easy pull, veterinary intervention was needed only in single cases in Groups K
and C.

Table 6. Reproductive performance and milk yield of primiparous cows

Groups
Item K A B C D RMSE
Conception rate, % 87.5 87.5 75.0 75.0 62.5 43.51
Insemination index 1.12 1.12 1.25 1.25 1.28 0.43
Calving age, months 27.5¢ 27.5 27.6° 26.4° 26.0° 0.90
Liveweight at calving, kg 590.0 588.2 584.2 594.7 607.7 14.85
Calving difficulties, number of
cows
spontaneous calving 5 5 4 4 4 -
calving with moderate pulling 2 3 4 3 3 -
calving with heavy pulling 1 0 0 1 0 -
Total milk yield, kg 1479.0 1628.6 1612.7 1511.6  1426.7 265.86
Milk composition, %
dry matter 12.86 12.79 12.63 12.42 12.28 0.59
fat 4.29 4.26 4.16 4.25 421 0.17
protein 3.37 3.34 3.27 3.33 3.43 0.20
casein 2.84 2.77 2.90 2.81 2.87 0.18
lactose 4.84 491 4.90 4.88 4.88 0.08
Yield of milk components, kg
fat 63.3 69.5 67.5 64.7 59.9 12.05
protein 49.8 55.7 52.8 50.7 48.4 8.64
lactose 71.9 80.0 79.1 74.4 69.2 13.11
Milk urea concentration, mg/1 178.9 161.8 204.2 192.2 178.6 47.70
Peak milk production (PM), kg/day 18.22 19.32 19.00 18.77 18.0 0.18

!'similar as Pirlo et al. (1997)

The total milk yield of cows in Groups A and B was about 11% higher than in
primiparous cows in Groups K and D and about 6% higher than in Group C, but
the differences were not statistically significant (P>0.05). There was a tendency
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for animals in Groups A and B towards higher total milk production and yields
of milk fat, protein, and lactose, and towards milk yield in peak lactation
than in other groups. The urea content in milk did not differ among the groups
(Table 6).

Changes occurring in the course of lactation also suggest a beneficial effect
of the rations fed to animals of Groups A and B on milk production (Figure 1).

24

22

20

Milk yield, kg

Yo = 6.048" x *4.244°%™ RZ= 0372 ——
ya= 7.665" x *5.260°°®™ R?= 0400 -
ya=7.280° x *0.9125%¥% RI=0365 "
ye=5.878" x *4.050 0™ R?=0.324 ~~7"
yk= 6.184" x *4. 270909 R?= 0445 -~ -

1 2 3 4 A 5 [ 7 8 9 10 1" 12 13 14
Week of lactation

Figure 1. Changes of average daily milk yield in the following weeks of lactation; mean yields
calculated from the formula: y = a*x*b*™; a, b, ¢ - coefficients, x - weeks of lactation

A highly significant dependence (P<0.01) between BSC and SFT at all ages of
heifers, but especially at 6, 11 and 13 months of age, was found (Table 7).

Table 7. Relationship between body condition score (BCS, pts) and subcutaneous backfat thickness
(SFT, mm) in the heifers of different age, before calving and after calving

Correlation

?g;&?ﬁ;&zgd ](Spfss) Regression equations (Y =a + b x) coeffli{cient sigrl:iff:ivczln(;i P
6 2.97 SFT =-0.2175+ 1.076 * BCS 0.952 <0.01
11 3.45 SFT =-0.0040 + 0.994 * BCS 0.975 <0.01
13 3.59 SFT =-0.0255 + 1.006 * BCS 0.952 <0.01
18 3.61 SFT=-1.1581 + 1.396 * BCS 0.430 <0.01
7 day before calving  3.82 SFT =-0.0673 +2.129 * BCS 0.543 <0.01

35 day of lactation 3.20 SFT =-0.0673 +2.129 * BCS 0.448 <0.01
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DISCUSSION

Body weights in all groups of animals attained at the respective times of
measurement were in line with the standards recommended for milk-meat type
Simmental heifers and primiparous cows. Decreasing the energy and protein levels
by 15% in the ration fed in the pre-puberty period (from 6 to 11 months of age)
in Group A compared with Group K did not decrease the body weight at age 18
months or in the calving period. This could be explained by the phenomenon of
growth compensation as the ration for these animals directly after reaching the end
of puberty was increased by 30% in protein and energy. The highest daily body
weight gain obtained in this group from 12 to 13 months of age suggests such an
interpretation. However, increasing the protein level in the diet for group B by 30%
in comparison with group A and at a similar energy level as in the Group A had no
beneficial effect on daily body weight gain during puberty, suggesting that protein
was utilized worse than energy in an energy-deficient ration. The higher body
weight gains of animals in group C given the ration with an energy level increased
by 30% and the same protein level as compared with Group B also supports this
suggestion.

Indices describing body condition and fatness in the pre-puberty period show
that Simmental heifers fed a diet enriched in energy but with a lower protein level
(Group C) or fed a diet enriched in energy and protein (Group D) had higher
condition and fatness scores at the age of 11 and 13 months than at those fed lower
energy levels. A similar tendency of HF heifers fed during pre-puberty rations
with 10-15% higher net energy and crude protein levels compared with ones fed
according to NRC (1989) standards established for 700 g/day body gain was
reported by Daccaret et al. (1993), Pirlo et al. (1997), Van Amburgh et al. (1998)
and Abeni et al. (2000).

Despite differences in the level of energy and protein fed pre- and post-puberty
resulting in increased body condition and fatness scores of heifers at the ages of 11
and 13 months, there were no significant differences in these indices in animals at
18 months of age or on the day before calving, as compared with the control group.
This suggests that the levet of energy and protein in the rations for both periods
does not result in excessive fatness of Simmental heifers at the reproduction and
calving stages when in the subsequent period of rearing the heifers are fed as the
control group according to IZ-INRA (2001) standards established for gains of 700
g/day. The tendency of BSC and SFT to increase with the age of heifers is also
known in other breeds (Hoffman, 1997; Waldo et al., 1997; Arango et al., 2002;
Bilik and Strzetelski, 2005).

The reproduction indices of heifers fed higher energy and protein (Group D)
or higher energy and lower protein (Group C) levels from 6 to 11 months of age
suggest the possibility of acceleration of reproduction by 6-7 weeks compared
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with heifers fed rations of lower energy value, independently of protein level (Peri
et al., 1993; Vicini et al., 1995; Pirlo et al., 1997; Sejrsen and Purup, 1997).

Differentiated levels of energy and protein in the rations fed before and after
puberty in our experiment did not negatively affect the course of parturition,
supporting the results obtained for HF heifers by Choi et al. (1997) and Pirlo et al.
(1997). Development and shape of heifer pelvises before calving measured as the
value of the pelvic surface index (Tyczka, 1998) were characteristic of an easier
course of parturition.

The superior production effects of primiparous cows in Group A and B than in
other groups point to the greater usefulness of feeding Simmental heifers rations
with lower energy levels in the pre-puberty period. This feeding method resulted
in higher milk, fat, protein, and lactose production by heifers and better efficiency
of nutrients per kg milk production. It can be supposed that the lower level of
energy fed to milk type Simmental heifers as in Groups A and B than given in [Z-
INRA (2001) standards results in better development of secretory tissue and lower
fatness of the mammary gland in heifers (Stelwagen and Grive, 1990; Park et al.,
1998; Strzetelski et al., 2004).

The 9% higher milk production in Group B, fed a 15% higher PDI level and lower
level of energy during pre-publerty, might also be caused by better development
of mammary gland secretory tissue (Stelwagen and Grive, 1990; Capuco et al.,
1995; Dobos et al., 2000; Silva et al., 2002). However, the differences in milk
production reported by them as well as in our experiment were not statistically
significant (P>0.05). The contents of fat, protein and casein in the milk produced
by all groups of animals indicate a high value for milk and cheese production. The
urea level in milk of all experimental animals points to a correctly balanced ration
for cows (Nagel, 1994; Weniger and Distl, 1994).

Taking into consideration the high relationship between BCS and SFT in
different stages of growth it is supposed that the precise estimation of body
condition on a 5-point scale may be sufficient to determine the degree of fatness
of Simmental heifers.

CONCLUSIONS

The results obtained during the Simmental heifer feeding trial indicate that
during the pre-puberty period from 6 to 11 months of age, it is advisable to
decrease the dietary energy level by about 15% in relation to IZ-INRA standards
for an assumed BWG of 700 g/day. The feeding level of protein before puberty
and the feeding levels of energy and protein after puberty have little significance.
A decreased level of energy fed before puberty in relation to the control group
improves the reproductive parameters of heifers and stimulates milk production
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in the first lactation. The approximately 15% higher level of energy and protein in
rations for Simmental heifers before and after puberty, decreases the age of first
mating and calving, but has a negative effect on milk productivity during the first
lactation.
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