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Abstract

The objective of this study was to estimate herbage intake in Danish Holstein and Danish Jersey steers at an age of 8–9

months on ryegrass/white clover pasture. The steers were turned out on pasture in late April and herbage intake was estimated in

June in steers of a mean liveweight (F S.D.) of 264F 14 and 185F 25 kg for Danish Holstein and Danish Jersey, respectively.

Faeces and herbage samples were analysed for alkanes to estimate herbage dry matter intake, dry matter digestibility (DMD)

and botanical composition of intake. The weight gains at the time of herbage intake estimation in June (kg/day) were

1.142F 265 and 0.927F 168 kg/day for Danish Holstein and Danish Jersey, respectively. Daily herbage intake (kg dry matter

(DM)) estimated by alkanes C32/C33 was 8.33F 0.97 and 6.28F 0.61 per day (P < 0.001) and 3.15F 0.32 and 3.43F 0.30 per

100 kg liveweight (LW) (P< 0.05) for Danish Holstein and Danish Jersey, respectively. The botanical composition of the diet

was the same for Danish Holstein and Danish Jersey with about half of the diet being grass leaves and the other half clover

leaves. It is concluded that Danish Jersey steers have higher herbage intake per 100 kg LW than Danish Holstein steers of the

same age, but herbage intake per kg metabolic LW is not different between the two breeds.
D 2003 Published by Elsevier B.V.
ORR
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UNC1. Introduction

Jersey cattle are supposed to have a higher feed

intake capacity per 100 kg LW compared to Holstein

Friesians, especially when fed high levels of rough-

ages (Ingvartsen and Weisberg, 1993). High levels of

roughage and grazing in the summertime are used in
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organic beef production to fulfill the European stand-

ards for organic livestock production (CEC, 1999).

Thus Jersey cattle could be an excellent resource for

organic beef production based on high levels of

roughages. Although, 59% of all Jersey bull calves

born on organic farms in Denmark are killed, due to

expected poor economy in beef production based on

dairy breeds, and because it is difficult to sell Jersey

calves to conventional farmers for fattening (Nielsen

and Thamsborg, 2002). Especially killing of newborn

calves may be considered a serious ethical problem
LIVEST-02417; No of Pages 7
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for organic farming, which is supposed to represent a

holistic approach to production (Anon., 2000). Thus

production systems based on grazing and feeding with

high levels of roughage must be developed to encour-

age this production.

Feed intake capacity in Jersey cattle is primarily

investigated in dairy cows, based on silage rations and

knowledge concerning feed intake capacity in grow-

ing cattle on pasture is very limited. Herbage intake

and individual digestibility can be estimated by the

use of plant wax alkanes (Dove and Mayes, 1991).

Additionally, the alkane method offers the possibility

to estimate diet composition, giving an accurate

estimate on ryegrass/white clover swards (Hameleers

and Mayes, 1998).

The objective of this study was to compare herbage

intake, feed utilization and diet composition in Danish

Holstein and Danish Jersey steers at an age of 8–9

months on a perennial ryegrass/white clover sward.
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2. Materials and methods

2.1. Design and samplings

The experiment was part of a steer production

trial using 44 autumn-born Danish Holstein steers

and 44 Danish Jersey steers. All steers were reared

together the first winter (1999/2000) from an age of

4 to 5 months and were fed a mixed ration of straw

and molasses with expected daily gain of 700 and

500 g/day for Danish Holstein and Danish Jersey,

respectively.

From the group of 88 animals, 12 Danish Holstein

steers and 13 Danish Jersey steers were randomly

selected with respect to age for herbage intake esti-

mation. The steers were turned out on 27 April on

perennial ryegrass (Lolium perenne)/white clover (Tri-

ifolium repens) pasture, stocking rate 19.1 steers (or

3386 kg LW) per ha. On 24 May the steers were

turned on another pasture, stocking rate 7.1 steers (or

1334 kg LW) per ha. The steers were dosed on 5 June

with C32/C36 alkane boli designed for use in cattle

between 100 and 300 kg LW (Captec Alkane Con-

trolled Release Capsules, Fernz Health and Science,

NZ). Their mean LW and age were 251F14 kg and

251F13 days and 174F 25 kg and 263F 17 days for

Danish Holstein and Danish Jersey, respectively.
ED P
ROOF

Rectal faecal sampling began 8 days after dosing

and samples were taken every second to third day for

eight days, i.e. four samples per animal. All samples

were taken in the morning. Herbage samples were

taken to a height similar to that consumed by the

steers (4 cm above ground level). The samples were

taken at noon once during the 8 days period by a

hand-driven lawn mower and with hand shears. A

minimum of 50 samplings of 1�1 m was taken at

regular intervals along a predetermined zigzag tran-

sect within the paddock. The herbage samples were

pooled and sorted in grass stems and leaves, clover

stems, leaves and flowers, and freeze-dried. Sward

height was maintained at 7 cm by the addition and

removal of non-experimental animals. Sward height

was measured with a plate meter (30� 30, 3.8 kg/m2)

weekly with about 25 measurements per ha.

The animals were weighed monthly during the

grazing season, at the time of dosing the bolus and

five times during the period of estimating herbage

intake. The average LWand daily weight gain for each

steers in the period of estimating herbage intake were

calculated by a linear regression line based on eight

measurements in the period 24 May to 22 June.

2.2. Estimation of herbage intake and botanical

composition

Pooled herbage samples and plant fractions were

freeze-dried to estimate dry matter content in the

sward. Herbage samples and samples from the plant

fractions (except clover flowers) were analysed for

ash, crude protein and digestibility of organic matter

(OMD). The digestibility of organic matter in vivo

(OMD%) was determined by NIR analysis. The NIR

was calibrated against in vitro digestibility (Tilley and

Terry, 1963) and corrected to sheep digestibility at

maintenance level by the function OMD = 4.1 +

0.959� in vitro digestibility (Møller et al., 1989).

This function is developed by trials with sheep fed

with herbage. Pooled herbage samples were addition-

ally analysed for ADF and NDF (Van Soest, 1963).

Faeces was analysed for nematode eggs counts by

means of a modified McMaster method (Henriksen

and Ågård, 1976) with a sensitivity of 20 eggs per

gram of faeces (epg). Faecal samples for alkane

analysis were freeze-dried, pooled by animal on an

equal weight basis and ground to pass through a 1-mm
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Fig. 1. Botanical composition on pasture and in the diet of Danish

Holstein and Danish Jersey steers on ryegrass/white clover in June.
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sieve. Herbage (1.5 g) and pooled faecal samples (0.5

g) were analysed for n-alkanes C25–C37 by means of

gas chromatography following the method of Mayes

et al. (1986). An internal standard (C38) and alcoholic

KOH was added to each sample. The samples were

heated overnight and after cooling the alkanes were

extracted by heptane and 0.5 Al of each purified

extract was injected into a gas chromatograph with

flame ionization detector (Hewlett Packard GC, HP

6890).

Herbage intake (I) (kg DM) was calculated as

(Dove and Mayes, 1991) using the synthetic alkane

C32 and the natural alkanes C33: I=(Fi/Fj�Dj)/

(Hi�Fi/Fj�Hj).

Dry matter digestibility (DMD) was calculated as

(Dove and Mayes, 1991) using the alkane C36:

1� (faecal output/intake) = 1� ((Dj+ I�Hj)/Fj)/I.

Fi = faecal concentration of a natural alkane (mg/

kg DM)

Fj = faecal concentration of a synthetic alkane (mg/

kg DM)

Hi = herbage concentration of a natural alkane (mg/

kg DM)

Hj = herbage concentration of a synthetic alkane

(mg/kg DM)

Dj = daily dosage of synthetic alkane (mg).
UNCORRECT 170
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Table 1

Dry matter content, chemical composition, OMD and alkane content

of pooled herbage sample and botanic fractions

Pooled

herbage

sample

Grass

stems

Grass

leaves

Clover

stems

Clover

leaves

Dry matter

(DM), %

20.6 27.7 26.4 17.1 25.4

Ash, %DM 9.7 8.8 11.2 13.9 10.8

Crude protein,

%DM

20.7 10.7 16.2 16.4 28.0

ADF, %DM 20.1 – – – –

NDF, %DM 34.1 – – – –

In vivo OMD 0.82 0.76 0.84 0.83 0.84

Alkane content

(mg/kg DM)

C25 8.7 10.0 7.5 12.0 9.8

C27 21.5 23.0 20.9 21.7 24.3

C29 64.5 92.9 73.3 33.0 78.3

C31 86.0 137.0 115.0 24.8 48.3

C33 63.9 37.6 83.3 5.7 9.1

C35 8.8 3.8 12.0 0.7 1.0
ED P
R

The ratio between ryegrass (leaves and stems) and

white clover (leaves, stems and flowers) consumed

was estimated from the concentrations of the odd-

chain n-alkanes, C25–C35, in faeces and herbage using

a method described by (Dove and Moore, 1995) and

called ‘non-negative least squares’ (NNLS). The meth-

od offers the possibility to use more alkanes than plant

species in the estimation, and only the non-negative

proportion of plant species is used in the results. The

program called ‘Eatwhat’ was used (Dove and Moore,

1995). Alkane content in faeces using for estimation of

the botanical composition has to be corrected for

recovery of alkanes. The recoveries applied were
t2.1Table 2

Liveweight and daily gain on ryegrass/white clover pasture in

Danish Holstein and Danish Jersey steers t2.2

Danish Holstein

(n= 12)

Danish Jersey

(n= 13) t2.3

Liveweight, kg t2.4
At turn-out 223F 17 157***F 29 t2.5
At estimation

of herbage intake

264F 14 185***F 25 t2.6

At turn-in 381F 23 268***F 30 t2.7
t2.8

Daily gain (kg/day) t2.9
Before intake estimation 0.540F 0.243 0.228**F 0.282 t2.10
At intake estimation 1.142F 0.265 0.927*F 0.168 t2.11
Whole period (days 0–187) 0.848F 0.081 0.594***F 0.101 t2.12
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t3.1 Table 3

Dry matter intake, dry matter digestibility and feed efficiency in

Danish Holstein and Danish Jersey steers grazing ryegrass/white

clover pasturet3.2

Breed Danish Holstein Danish Jerseyt3.3

Feed intake,

kg DM per day

t3.4

per steer 8.33F 0.97 6.28***F 0.61t3.5
per 100 kg liveweight 3.15F 0.32 3.43*F 0.30t3.6
per kg metabolic

liveweight (LW0.75)

127F 13 126F 9t3.7

Dry matter digestibility 0.71F 0.03 0.74*F 0.02t3.8
Feed efficiency,

kg gain/kg DM

0.14F 0.04 0.15F 0.03t3.9
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69.4, 78.8, 86.3, 82.1, 84.3 and 82.7 for C25-, C27-,

C29-, C31-, C33- and C35-alkanes, respectively, accord-

ing to values from the literature (e.g. Breinhild, 1999;

Dicker et al., 1996). The proportions estimated by

‘Eatwhat’ were log10-transformed, as data were not

normally distributed. The log10-transformed (x + 1)

proportions of plant parts in the diet were compared

to the botanical composition in pasture to get a

selection coefficient (proportion of plant part in the

diet/proportion of plant part in pasture).

2.3. Statistical analyses

The effect of breed on herbage intake (kg DM, kg

DM/100 LW and kg DM/metabolic LW) on botanical

composition of the diet, DMD and feed efficiency was

estimated by an analysis of variance. The model with

effect on herbage intake was extended with weight
UNCORR

Fig. 2. Herbage intake in relation to liveweight fo
and daily gain as covariates. The botanical composi-

tion in the diet between breeds was compared using a

paired t-test. All statistical analyses were done using

SAS (SAS Institute, 1999).
ED P
ROOF

3. Results

3.1. Pasture quality, botanical composition and

alkane profile

The sward height declined from 9.4 (13 June) to 8.0

cm (20 June) in the period of estimating herbage intake

in June. The clover content was 24% of DM estimated

from the herbage sample. The chemical composition of

the sward and the different botanical fractions and the

alkane profile are presented in Table 1.

The alkane analysis showed that the botanical

composition of the diet was the same for Danish

Holstein and Danish Jersey steers with about half of

the diet being grass leaves and the other half clover

leaves (Fig. 1). The estimate of selectivity was 0.4 for

grass leaves, 0 for grass stems, 1.1–1.2 for clover

leaves and 0.2 for clover stems.

3.2. Animal performance and herbage intake

All steers had a low daily weight gain in the period

from turn-out to the time of herbage intake estimation

in June (Table 2), possibly due to weight loss in the

period immediately following turn-out. Liveweight

and daily gain during the grazing period were signif-
r Danish Holstein and Danish Jersey steers.
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icant different between breeds (P < 0.001) and during

the period of intake estimation from 24 May to 22

June (P < 0.05) (Table 2). No infection with nemat-

odes was found in this period.

Herbage intake per 100 kg LW was higher for

Danish Jersey compared to Danish Holstein

(P < 0.05) (Table 3). However, when the comparison

was made with herbage intake per kg metabolic LW,

there was no difference between the breeds. LW

could explain the majority of the observed differ-

ences in herbage intake per steer when data was

analysed with breed, LW and daily gain included, as

there was significant effect of LW ( P < 0.001;

R2 = 0.78) and daily gain (P < 0.05). No interactions

between breed and LW were found (Fig. 2). DMD of

the herbage was higher in Danish Jersey compared to

Danish Holstein (P < 0.05) and no significant differ-

ence in feed efficiency between breeds was found

(Table 3).
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4. Discussion

4.1. Effect of breed and liveweight on herbage intake

The differences in herbage intake per 100 kg LW

between the breeds in the present experiment (on

average 9%) were not as big as found in other

experiments (on average 19% and 25%) (Ingvartsen

and Weisberg, 1993; Münger, 1994). These experi-

ments were based on lactating dairy cows having

higher energy requirements than steers, possibly giv-

ing higher differences between the breeds. Similar to

the present results, experiments with steers showed

increased dry matter intake per 100 kg LW in an

average of 10% in Danish Jersey compared to Danish

Holsteins when fed with a total mixed ration (Ander-

sen et al., in press). The difference in dry matter

intake per 100 kg LW between breeds was 16–17%

with a feed ration high in energy (Andersen et al.,

1998, in press).

Most experiments in the literature comparing feed

intake in Holstein Friesians and Jersey are based on

feedstuffs as silage and concentrates, resulting in a

lower passage rate compared to grass (Murphy, 1999).

The passage rate has effect on feed intake as shown by

Ingvartsen and Weisberg (1993). They could explain

the higher feed intake per 100 kg LW in Jersey cows
ED P
ROOF

by a higher passage rate. Similar to the present

experiment, lactating Jersey cows on pasture had a

4% higher dry matter intake per 100 kg LW compared

to Holstein Friesians (Mackle et al., 1996).

The analyses showed an effect of LW on herbage

intake. It seems that LW can explain the majority of

differences in herbage intake between breeds, which

also seems obvious from Fig. 2. This explains that no

significant differences were found in herbage intake

per metabolic LW, whereas differences were found in

herbage intake per 100 kg LW. No interactions be-

tween breed and LW were found in the model includ-

ing both variables. This may be explained due to lack

of overlap of LW from the two breeds (Fig. 2).

There was no difference in feed efficiency be-

tween breeds in the present experiment. In agree-

ment, efficiency of nutrient utilization in steers, bulls

and lactating cows was the same in Jersey and

Holstein Friesians fed either ad libitum concentrates

or ad libitum high-roughage diets (Blake et al.,

1986; Hohenboken et al., 1995; Andersen et al.,

1998). However, the difference in efficiency of

nutrient utilization for the concentrate and the rough-

age fed group was smaller for Jersey bulls than for

Holstein Friesians (Hohenboken et al., 1995). This

could indicate improved energy utilization by Jersey

bulls when fed with high-roughage rations compared

to Holstein Friesians as found in lactating cows

(Oldenbroek, 1988). Jersey cows on pasture had

higher feed efficiency when estimated per dry matter

intake (Mackle et al., 1996) or estimated per meta-

bolic LW (Münger, 1994) compared to Holstein

Friesians (Fig. 3).

In the present experiment, DMD in Jersey steers

was higher than in Holsteins. This is somewhat

surprising, as the higher dry matter intake could be

due to a higher passage rate that will result in a lower

DMD. In agreement, no differences in organic matter

digestibility (OMD) were observed between Jersey

and Holstein Friesians although Jersey had higher

feed intake and increased passage rates (Ingvartsen

and Weisberg, 1993).

Herbage intake estimated from the alkane method

is similar to expected feed intake according to Danish

feeding tables (7.7 and 6.0 kg DM for Danish Holstein

and Danish Jersey, respectively) (Strudsholm et al.,

1999). Thus the feed intake capacity for Danish Jersey

was 76% of the intake capacity of Danish Holsteins
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that is similar to 79.4% found by Foldager and Haarbo

(1994) in lactating cows fed in the barn.

4.2. Botanical composition of diet

The analyses estimated a botanical composition of

the diet containing half grass leaves and half clover,

whereas grass stems were not found in the diet. Grass

stems were found on the pasture (30% of DM), thus it

seemed not probably that the steers did not have any

intake of grass stems at all, especially if they have a

high intake of grass leaves. However, the results

suggest that cattle are able to select grass leaves from

a mixed pasture. The analyses showed a low goodness

of fit, indicating that the alkane patterns of herbage

species were not sufficiently different to allow them to

be distinguished. This is in agreement with other

Danish studies (Nielsen et al., 2003), but contrary to

studies with dairy cows fed a ryegrass/white clover

mixture in the barn (Hameleers and Mayes, 1998).

Additionally, multivariate statistical analysis has

shown that especially the alkane patterns of ryegrass

and white clover fractions should be distinguished in

the analysis (Dove et al., 1996). A condition for an

accurate estimation is a representative sample from

pasture. In the present experiment, the pasture was

very homogenous and it should be expected that the

collected sample was representative. When calculat-

ing in vivo OMD from plant parts (Table 1) and the

botanical composition on pasture as presented in Fig.
D P
R1, in vivo OMD in the pooled herbage sample should

be 0.82, which is in agreement with in vivo OMD in

the collected pooled herbage sample (Table 1). This

result confirms that the collected herbage sample was

a representative sample of that which was actually on

pasture.
E
5. Conclusion

It is concluded from this grazing experiment that

Danish Jersey steers have higher herbage intake per

100 kg LW than Danish Holstein steers (in average

9%) of the same age. However, herbage intake per kg

metabolic LW is not different between the two breeds.

There is no difference in feed efficiency between the

two breeds. The results from this experiment do not

indicate that Jersey steers are more efficient in utiliz-

ing nutrients from pasture compared to Holstein

steers.
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