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Original article

Nutrient and energy conversion of grass-fed dairy
and suckler beef cattle kept indoors
and on high altitude pasture
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Michael KREUZER*

Group of Animal Nutrition, Institute of Animal Sciences,
Swiss Federal Institute of Technology (ETH), ETH centre/LFW, 8092 Zurich, Switzerland

(Received 17 April 2001; accepted 27 November 2001)

Abstract — In two experiments, system differences were determined between dairy cows (18-20 kg
milk-d-1) and suckler beef (cows with calves; 1.1-1.2 kg weight gdjrexclusively fed on grass.

This included measurements of dry matter intake (DMI) and nitrogen (N) turnover on an alpine pas-
ture fby group = 5; 2000 m a.s.l.; experiment I), and of DMI, N and energy turnover in a lowland
cowshed equipped with respiration chambarsy(group = 6; 400 m a.s.l.; experiment Il). Within
experiment Il a high accuracy of slow-release alkane capsules for intake estimation was confirmed
for grass-only diets because the difference between known intake and the prediction made using the
C;,:Cy, alkane ratio was only 0.19 kg*d1%). Estimates were best with early-morning faeces sam-
ples. In experiment | grass DMI and N intake were equal in dairy cows and suckler beef with
16 and 0.30 kg, respectively. System N retention was higher in dairy cows with 25.7% of

N intake vs. 9.2% in suckler beef. In experiment Il, DMI of individual cows was equal in both sys-
tems (16 kg-dh), whereas total system DMI (cows and calves) was higher in suckler beef (2. kg-d
Nitrogen intake was higher in the suckler beef system (0.54 vs. 0.4%4 kgdairy cows). Nitrogen
retention relative to intake in dairy cows and suckler beef was 21.6% and 6.1%, respectively. Also sys-
tem energy retention was higher in dairy cows (23.1% of intake) than in suckler beef (9.2%). This
resulted particularly from a proportionately higher energy expenditure at a similar diet digestibility.
The environmentally important excretion of total N, urine N (both experiments) and methane (exper-
iment 11) was higher in suckler beef than in dairy cows. The latter resulted from the difference in fer-
mentable fibre intake. Overall this study suggests a greater efficiency of the dairy system on high-qual-
ity grass, although the potential difference in the effort necessary to maintain the respective system
was not considered.

suckler beef / grass / energy / nitrogen / intake / alkane
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Résumé— Comparaison du métabolisme des nutriments et de I'énergie de vaches laitiéres et

de vaches allaitantes alimentées avec de I'herbe a I'auge ou sur un paturage d'altitudeux essais

ont été conduits pour déterminer les différences entre l'utilisation de I'herbe (seul aliment) par des vaches
laitieres (18—20 kg de l&it}) et par des vaches allaitantes suitées (vaches + veaux [1,1-1,2 kg de
croftj—1). Un essai a eu lieu sur un alpage situé & 2000 m d’altitude, ou la quantité de matiére séche
ingérée (MSI) et le métabolisme de 'azote (N) ont été étudiés (par groupe ; essai l). L'autre a

eu lieu en plaine (400 m d’altitude), dans une étable équipée de chambres respiratoires permettant,
outre I'étude du métabolisme azoté et celle de la MSI, I'étude du métabolisme énergétiGuma(

groupe, essai ll). Dans I'essai Il, la précision de I'estimation de I'ingestion permise par I'utilisation

de capsules d'alcanes a libération lente a pu étre confirmée sur des rations d’herbe. En effet, I'inges-
tion réelle n'était que 0,19 Kg' (1 %) supérieure a l'ingestion estimée avec le rapport d’alcanes
C;;:C5,. Les meilleures estimations ont été réalisées avec les eéchantillons fécaux préleves tot le
matin. Dans l'essai |, I'ingestion de MS et d'N des vaches laitieres ne différaient pas de celle des vaches
allaitantes seules (respectivement 16 et 0,3p%gLa rétention d’N était plus élevée chez les
vaches laitieres que chez les vaches allaitantes (25,7 vs. 9,2 % de I'N ingéré). Dans l'essai ll, la
MSI des vaches laitiéres était similaire a celle des vaches allaitantesj(35 kwpis la MSI des

vaches allaitantes suitées (vaches + veaux) était plus élevéej ()0 tkgit comme leur ingestion d’N

(0,54 vs. 0,44 kfrichez les laitieres). La rétention d'N relative a I'ingestion se montait & 21,6 % et

6,1 % pour les vaches laitiéres et les vaches allaitantes suitées. De méme, la rétention d’énergie était
plus élevée chez les vaches laitieres (23,1 % de l'ingestion) que chez les vaches allaitantes suitées
(9,2 %). Cette plus faible rétention était surtout due a une dépense d'énergie accrue, a digestibilité simi-
laire. Les excrétions d’N total, d’'N urinaire (essai | et Il), et de méthane (essai Il) dans I'environne-
ment étaient plus importantes chez les vaches allaitantes suitées que chez les vaches laitieres. Le
dernier effet était le résultat d’une ingestion différente de fibres fermentescibles. Ces essais suggeérent
donc que des vaches laitieres disposant d’herbe de bonne qualité sont plus efficaces que des vaches
allaitantes suitées, en prenant en considération que d'éventuelles différences pour maintenir le trou-
peau ont été négligées.

vaches allaitantes / herbe / énergie / azote / ingestion / alcane

1. INTRODUCTION determine herbage and nutrient intake on
pasture [3] although information on the accu-
racy of these capsules in cows and calves on
grass-only diets is lacking. On basis of this
alpine pastures as well as lowland forag1FeCh”'q_Ue’ one study compared early-lactat-
resources. This is assumed to be an ecolo!N9 dairy cows with extensive suckler
ically and economically sound way of farm-P€eef systems on alpine pastures [40], and
ing resulting in a high-priced meat as the'évealed clear system differences in pro-
ultimate product. The importance of suck-ductivity and nutrient excretion. This might
ler beef is currently growing whereas simul-b€ different using more productive beef
taneously the number of dairy cows isPreeds, particularly when fed high quality
decreasing due to increasing milk yield aherbage. Additionally, altitude and associ-
constant milk quota. This provides capacityated terrain properties as well as botanical
for alternative livestock systems. The ecocomposition of the herbage will affect per-
nomic sustainability of utilisation of alpine formance and nutrient conversion by the ani-
pastures by suckler beef was evaluated ktmals [8]. However, for suckler cattle, exper-
Cayla et al. [7] and the farm benefit by Liénarcimentally derived data on voluntary feed
et al. [26]. Slow-release capsules containinintake and excretion of nutrients, which in
n-alkanes now offer the opportunity toexcessive amounts may become harmful to

Suckler beef as a livestock system cal
utilise marginally profitable areas such as
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the environment, are still scarce due to th@.2. Feeding, housing and climatic
complicated techniques required to obtain  conditions
data without separating cow and calf. In a

previous study, respiration measurements |n experiment | animals were pastured
with suckler beef (cow with calf) were per-on an Alpine grassland located at 2000 m
formed and showed dramatically higha s |. Dairy cows and suckler beef were kept
methane release rates of up to 750 t-d on two adjacent and similar South-West fac-
[13]. That study was performed without aing paddocks with moderate inclination
corresponding dairy group. So it is unknownyarying between 10 and 40%. The herbage
if dairy cows might respond similarly to offered was highly diverse, consisting of
SUCK|€I’ beefto a grass-only diet typical for 2 grass species, 8 |egume species and
low-input systems. 46 herb species. Hand-plucked herbage

The objective of the present study wagbtained by imitating the feeding pattern of
to evaluate differences in performancethe cows had a low crude protein, but high
energy and nitrogen turnover of dairy cowsdry matter and net energy contents (Tab. 1)
and suckler beef receiving pure grass diets & is typical for high altitude pastures not
different altitudes. For this purpose twotreated with mineral fertiliser for a long
experiments were conducted, one outsidgeriod of time [8]. During the data and sam-
on a high altitude pasture and the otheple collection week, on average the follow-
indoors at low altitude including respirationing climatic conditions were measured
data. The accuracy for grass-only diets ofvith an automatic data recording station
the alkane marker technique with controlledMarkasub, Basle Switzerland): ambient

release capsules was determined in daidgmperature, 10.5 + 2.0 °C; relative air
cows at low altitude. umidity, 74.4 = 5.8%; solar radiation,

321 +34 W-m? wind speed, 4.8 + 0.6 s
There was no precipitation during this

2. MATERIALS AND METHODS period.

Experiment Il took place at a lowland
site (400 m a.s.l.) in a cowshed. Cows and

. : . calves had ad libitum access to fresh early
Experlment l on high ‘f"lt'tUde pasture Wa%ut meadow grass (mostly grasses, some red
performed with five multiparous Simmental

; ; clover) grown at the lowland site. Fibre
dairy cows (2.4 + 1.1 lactations (mean % :
S.D): 119 + 19 days in lactation) and ﬁVecontent and net energy value of this herbage

i A Kl 38 Lwas similar to herbage in experiment |
multiparous Angus suckler cows (3.8 %, hereas contents of crude protein and duo-

2.0 Iac;tations; 281 * 14 days in lactation) enally absorbed protein derived from
Offspring of suckler cows (three males ar_‘qﬁjegraded and undegraded feed protein
two females) were Charolais and Limousinpp)N) were far higher and dry matter con-
sired. Experiment |1 at low altitude was car-ent clearly lower. Herbages also differed
ried out with six primi- and multiparous jn n-alkane contents with generally lower
Brown Swiss dairy cows (2.0 £ 1.3 lacta-concentrations in the low altitude herbage
tions) and six multiparous Angus suckler(Tap. 1). G, contents were not detectable
cows (2.8 £ 0.8 lactations) together within either herbage. Fresh herbage was pro-
their Angus sired calves (three males angided at 08.00, 11.00, 15.00 and 17.30 h.
three females). At the start of the eXperi-Dairy cows were tethered in stalls equipped
ment |l, dairy and beef cows were in lactafor complete collection of faeces and urine.
tion for 201 + 13 and 202 + 17 days, respecExcept during the respiration measurements,
tively. Experiments | and Il lasted for 19 suckler beef animals were housed together
and 24 d, respectively. as one group during the whole experiment in

2.1. Animals
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Table I. Nutrient and alkane contents of herbage as consume@/6 samples in experiments I/Il)
and alkane contents of faeces sampies15/18 in experiments I/1l) (means + S.D.).

Alpine grass Lowland grass
(experiment I) (experiment II)
Herbage composition (per kg DM)
Dry matter (DM, g-kg! wet weight) 286 +4 127 +9
Organic matter (OM, g) 930+3 888+5
Crude protein (CP, g) 120+2 171 +11
Crude fibre (CF, g) 267 +4 252 +1
NDF (g) -2 449 +20
Gross energy (MJ) - 18.2+0.1
Net energy lactation (NEL, MY) 59+0.1 59+0.1
Net energy growth (NEV, M3) 6.0+0.1 6.1+0.1
Absorbable protein (PDIE, §) 93+0 101 2
Absorbable protein (PDIN, §) 791 113 +6
n-alkane contents (mg-KgdM)
Herbage
Cs, 244 +6 190 £ 19
Cs, 7%1 5+1
Cys 166 £ 8 42+6
Faeces
Cs 836 + 82 734 + 88
Cs, 362 +93 124 £ 26
Cas 434 +75 159 + 27
C - 98 +23

36

1Estimated according to RAP [34]; PDIE = PDI derived from fermentable organic matter and undegradable
protein; PDIN = PDI derived from degradable and undegradable protein.
2Not determined.

a barn equipped with a slatted floor partlyunlimited access to the mammary gland.
covered with a rubber mat, and straw beddet@ihe respiration chambers were air condi-
individual boxes for each calf and each cowtioned with on average 16.4 + 0.3 °C ambi-
Space allowance was 8.4 per cow with ent temperature and 62.4 + 4.9% relative
calf, and during daylight animals had accesgir humidity.

to an outside area of 90°nin the cowshed | poth experiments the animals had per-

ambient temperature was 19.4 £ 2.8 °C anghanent access to fresh water and to a mix-
relative air humidity 73.1 + 6.0%. Energy tyre (1:1) of NaCl and minerals containing
balance measurements were made on palrsp'ér kg: 120 g Ca, 60 g P, 40 g Na, 30 g Mg,
animals in turn. For two days each, one daingoo 000 IU vitamin A, 60 000 IU vitaminD
cow and one beef cow together with her calf 500 |U vitamin E, 500 mg Cu, 30 mg Se,
were placed into one of two respiration20 mg J, 10 mg Co, according to producer’'s
chambers with a floor size of 2x03.6 m  statement (Kroni AG, Altstatten, Switzer-
and a volume of 20 fnDuring the respira- land). Both experiments were conducted in
tion chamber sojourn beef cows were tethaccordance with the Swiss guidelines for
ered and calves were kept loose, thus havirenimal welfare.
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2.3. Procedures applied in experiment | N excretion were estimated assuming that
all cows and calves had a N content of
426 g-kg* body weight (BW) change [1, 16].

Experiment | consisted of a main perio S -
; ; ; 'The applicability of this constant for BW
with the animals being adapted for 12 d to hange was further confirmed by Gibb and

the pasture followed by 7 d of measurin vings [15], who found nearly the same

feed intake, performance and N turnoverN i it of BW ch X
Individual faecal excretion, pasture dry mat- proportion per untt o change in cows

ter intake (DMI) and nutrient digestibility 9&ining or losing BW.

of beef cows and calves were determined The dairy cows were milked on pasture in
by the double alkane technique as describeal mobile facility, and milk yield was
by Mayes et al. [31] employing,Cand G, recorded during the collection week at every
alkanes as internal and external markersnilking with a spring balance. From four
For this purpose every morning hand-manmilkings (morning and evening milk, 1:1)
ufactured pellets, produced as described bguring the collection period milk samples
Mayes et al. [31], of different size for cowswere taken and conserved with Bron&pol
and calves were orally introduced for(BSM2, D & F Control, San Ramon, USA)
17 days starting 10 days prior to the beginfor analysis of standard milk constituents.
ning of the collection period. Pellets forIn beef cows, milk yield was estimated by
cows and calves contained 1085 mg andsing equations described by RAP [34]. The
515 mg of G, (Koch-Light Ltd., Haverhill, calculations were based on the estimated
Suffolk), respectively. This technique wasintake of metabolisable energy (ME)
used as alkane controlled release capsulesduced by the ME required for mainte-
(see Sect. 2.4) were not yet available at thatance, growth and pregnancy. Energy cor-
time. Spot faeces samples were collectetected milk was then estimated by multipli-
rectally or from fresh dungpats at dawn ovecation of the ME remaining for milk
the 7 days of the measurement period. Handynthesis with the coefficient of the effi-
plucked herbage samples were collected bgiency of ME utilisation and by dividing net
animal category daily for 12 h by two peo-energy for lactation by 3.14 (cf. also [13]).
ple following and mimicking cow and calf Body weight was recorded in all animals
selection from one day prior to the start, tcevery third day after morning milking of the
one day before the end of faecal sampling, agairy cows throughout the experiment. Body
suggested by Berry et al. [3]. Half of theweight data for statistical evaluation refer
herbage collected during the sampling periodo the average within the 7-d period of col-
and additional samples taken randomly orection. In order to obtain sound data for
the experimental pasture from the standingverage daily BW change, the BW differ-
sward were immediately separated forence in cows and calves between start and
legume, herb and grass species, dried farnd of the experiment was used, i.e., the
48 h at 60 °C and weighed after cooling.variation over the complete 19-d period of
Coefficients of selectivity by the animals the experiment.

were computed from the ratios of their pro-

portions in herbage consumed to that in the

standing sward. Faeces and herbage sard-4. Procedures applied in experiment ||
ples were frozen upon collection at —20 °C,

defrosted and pooled for each animal or cat- In experiment Il the animals were
egory. Fresh faeces were sub-sampled aratlapted for 14 d to feeding and housing fol-
refrozen for N analysis. Herbage and faelowed by 8 d of feed intake measurement
ces were dried at 60 °C in a ventilated overand excreta collection, and a 2-d respiration
for 48 h. As urine was not collected, bodymeasurement period separating the first from
N retention and, indirectly from that, urine the second 4 d of the 8-d collection period.
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Feed intake measurements started one déye collection period aliquot parts of the
earlier than faeces collection. One weeldaily faeces samples were combined,
prior to the start of the collection period,divided into portions and either frozen at
the animals were accustomed to the condi~20 °C for N analysis or dried at 60 °C for
tions of the respiration chambers by puttingt8 h for further analyses as it was also done
them into the chambers for 1 d. Individualwith parts of unpooled daily samples. Urine
forage intake of dairy and beef cows wasvas separated by a collection device placed
monitored using a feeding system equippedt the end of the urinal into non-acidified
with electronic balances (Westfaliasamples (daily frozen at —20 °C) and small
Landtechnik, Oelde, Germany) combinedsamples acidified with 50 ml 5 M sulphuric
with Calan feeding doors (American Calanacid put into the plastic can before collec-
Inc., Northwood, NH, USA) registering tion. Samples of acidified urine were stored
intake at each access. The beef calves alsb4 °C. Daily urine samples were combined
had free access to fresh grass at a separgt®portionately to daily excretion at the end
common feeding place because the consf collection.

puter-controlled troughs did not fit their  ngjvidual faecal excretion and nutrient
height. Feed samples were collected everyigestibility of beef cows and calves were
day. Body weight was recorded every seCastimated by the use of n-alkanes as external
ond morning before feeding for each aniynarkers administered through orally intro-
mal throughout the experiment, except injyced controlled release capsules (CRC,
the respiration chambers. BW data for Stacapte® Ltd. Auckland, New Zealand) and
tistical evaluation refer to the average WiFhinapplying the equation of Mayes et al. [31].
the 10-d period of collection and respira-gix days prior to the collection period CRC’s
tion measurement while daily BW changegs type MCM (designed for 300 to 650 kg
was calculated from the difference over thq,ody weight) were given to the beef cows
complete 24-d period of the experiment. g9 type YC (designed for 100 to 300 kg

Milk yield of the dairy cows was recorded body weight) to the calves. During the 8-d
for every milking with an automatic systemcollection period individual spot faecal sam-
(Westfalia Landtechnik, Oelde, Germany).ples were collected in the morning from the
Milk samples from every milking during first defaecation after rising of the animals.
the collection week were taken and immeThis was identified as the optimum time-
diately frozen for later pooling to an aliquotpoint of the day for this method by Berry
sample of the whole collection week. Thesét al. [2] and in present study (see results).
samples were stored at —20 °C for furthefr he double alkane technique as described
analyses. Further milk samples were taken 48] was also applied to estimate individual
described for experiment I. In beef cowsgrass intake of the calves, employing, C
milk yield was estimated as in experiment land G, alkanes as internal and external
except that the calculation of ME was permarkers, respectively.

formed with energy balance data by sub- |n order to determine the accuracy of the
tracting energy loss through faeces, uringlkane marker technique based on CRC'’s
and methane from gross energy intake. Dutander the conditions of a pure fresh herbage,
ing the collection week urine of the dairycapsules (type MCM) were introduced
cows was separated from faeces by urinalsrally into the rumen of the dairy cows
fixed on Velcrd' tape which were glued 6 days prior to the collection period (7—10
onto the clipped skin with instant adhesiveand 13—16 days after dosing). The collec-
(Cyanolit, 3M AG, Rueschlikon, Switzer- tion period approximately fell into the rec-
land). Total faeces of each dairy cow wer@mmended window for sampling (day 8-14
weighed daily and a homogenous samplefter dosing). The CRC'’s exudgnd Gg
was taken and stored at 4 °C. At the end adlkanes at a factory-stated steady release
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rate. For calculation of the mean recovery obf dry matter (DM) and organic matter (OM)
alkanes, known intakes of alkanes weravere analysed by heating samples in an
related to known excreted alkane amountautomatic muffle furnace (TGA 500, Leco
over the 8 d of collection. Fresh herbagdnstruments, St. Joseph, MI, USA) with
and faeces were sampled daily. On day 28teps at 105 °C and 550 °C using automatic
(14 d after dosing CRC's), rectal grabs wergveight loss measurement until weights
taken from all dairy cows at 06.30, 13.30,remained constant. Crude fibre (CF) and
17.30 and at 21.30 h to monitor the within-neutral detergent fibre (NDF) contents were
day variation of alkane excretion as ardetermined according to standard techniques
important component of the accuracy of thg33, 43]. Contents of gross energy (GE) were
spot sampling procedure. measured by anisothermic bomb calorime-
Along with faeces sampling in experi- Ity (System C700 T, IKA Analysentechnik
ment II, urine was also individually col- GmbH, Heitersheim, Germany). Contents
lected from the first urination of the day in of n-alkanes (g}, C3,, Cyand Gy) in feed
beef cows and calves. For beef cows anand faeces were analysed by gas chro-
calves body N retention and, indirectly frommatography (HP-6890, Hewlett Packard,
that, total urine N excretion were estimatedValdbronn, Germany) equipped with a
as in experiment I. Urine volume was thenSPB-1 column (Supelco, Buchs, Switzer-
calculated using estimated excretion andand) by duplicate extraction using direct
N concentration analysed in the spot uringaponification [2]. Carbon and nitrogen con-
samples. tents of feed, non-dried faeces, urine and
&nilk were assessed by an automatic C/N

The two respiration chambers deS|gneinalyser (Leco-Analyzer Type FP-2000,

for cattle and used to quantify gaseou

exchange have been described previous & .
[39]. Mean air flow amounting to 38.0 + he Bronopot conserved milk samples

0.2 re-h-L was recorded with in-line elec- Were analysed for fat, protein and lactose
tr'onic flow meters (Swingwirl DV 630; with infrared technique (Milkoscan 4000,

Flowtec AG, Reinach, Switzerland). Out- 0SS Electric, Hillerad, Denmark). The
flowing and inflowing air were analysed €N€rgy excretion with urine was calculated

every 3 and 20 min, respectively. This com{rom the equation proposed by Hoffmann
prised measurement periods of 20 s dura"d Klein [22]. Contents of net energy for
tion each. During these periods, air sample@ctation (NEL), net energy for growth
were continously analysed for carbon diox{NEV) and duodenally absorbed protein
ide and methane by an infrared analyzegither from undegradable protein and energy
(NGA 2000 MLT 1; Fisher Rosemount AG, (PDIE) or from undegradable and degrad-
Baar, Switzerland) and for oxygen by a para@ble protein (PDIN) in herbage were calcu-
magnetic analyzer (Oxymat 6, Siemens AGlated from nutrient analyses according equa-
Karlsruhe, Germany), and an average ovefons given by RAP [34]. Energy expenditure
the 20 s was computed. The system wadeat energy release) of the animals was
manually calibrated directly before and afteccomputed from gaseous exchange data and
the respiration measurements as well agrine N excretion according to convention
automatically every 3 h. by the equation of Brouwer [6]. As gaseous

exchange data were inseparably combined

for beef cows and calves they could be only
2.5. Sample analysis treated together as a cow-calf pair. Body

energy retention in the beef cow-calf sys-

Dried feed (hand-plucked samples intem was calculated from system GE input

experiment |) and faeces samples wer&ess energy losses through faeces, urine,
milled through a 0.75 mm screen. Contentsnethane and heat.

eco Instruments, St. Joseph, MI, USA).
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2.6. Statistical evaluation 3. RESULTS

All statistical analyses were performed3.1. Alkane intake and excretion
with SAS [36]. The procedures applied in  and estimates of grass intake
experiments | and Il in order to determine  from alkanes
nutrient turnover provided individual data

on dairy and beef cows, on calves and on |n both experiments of the present study,
suckler cow-calf pairs. A general linearp-alkanes were used to estimate feed intake
model (GLM) procedure was applied forand digestibility. Concentrations o C,,
analysis of variance. Effects of animal catand Gsalkanes in herbage and faeces were
egory (dairy cows, beef cows, beef calvesyenerally higher in experiment | than in
or, in a separate analysis, of livestock systeraxperiment Il (Tab. I). Herbage contents of
(dairy system vs. suckler systen)) (vas  C,, were low and G;was not detected at
tested in both experiments by the followingall. Therefore faecal excretion of these alka-
model: nes mostly resulted from the dosed alkanes
(no G,z dosed in experiment I). The accu-
racy of estimation of known DMI from dif-
where y represents the value of individual ferent alkane ratios in experiment Il (Tab. 1)

i issued from the jth category/systeay.( Was high with G,;:C,, (underestimated by

In a preliminary analysis, gender of thel%) and slightly lower with ¢;C5, (devi-
calves had neither a significant influencetion of 3%). The calculated alkane recov-
on intake nor on excretion of nutrients of€'Y rates were quite similarly high for all
beef cows together with calves, and there2/kanes analysed ranging between 0.87 and
fore was not included in the final analysis.0-90- Sampling day had no significant effect,
Multiple comparisons among animal cate-8ither on DMI estimations or on alkane
gories were performed with the Tukey pro[€COVeries. Spot faeces sampling matched
cedure, provided category effect was sigknoWn intake best when performed at

nificant. P-values < 0.05 were considered06-30 h using the £:Cy; ratio. In the case
significant. of the G;;:C,, ratio the optimal sampling

. L time for intake estimation was 17.30 h, fol-
In experiment |l data on variation of |5yeq by 06.30 h.

alkane concentration in daily herbage and

faecal samples, alkane recovery, known and

estimated intake were subjected to a mixed 2 Experiment |
model (Model 2; method = REML). Data
obtained from six dairy cows on eight sam-
pling days ( = 48 observations) were anal-
ysed with sampling dayj as fixed effect.

Modell:yﬁ-:p+0(j+(qj

Grass DMI of dairy cows was similar to
that of beef cows together with their calves
e 9= ; (Tab. 111). Related to the body weight, DMI
The covariation within animals Vfdwas | -~ \0v P < 0.01) in the suckler beef

accounted for in an a_maly5|s Of repeate ystem than in dairy cows by more than
measures, and the optimal covariance stru%—

o ) . .
ture for all data sets was found to be com: 5%. On the botanically highly diverse

ound symmetric (cov(g) with attention to alpine pasture, all animal categories selected
P y, \ 1{53 . . _for grasses and against legumes and herbs
Schwarz’s Bayesian criterion as explaine

. hich had made up respective proportions of
by Littell et al. [27]. 45, 25 and 30% of total biomass DM in the
Model 2: yj = p+ B, + V(d,) + cov(g) standing sward. In the dairy cows, coeffi-
j ik S . d.
cients of selectivity were 1.51, 0.47 and 0.75
where Y fepresents the value of individ- in grasses, legumes and herbs (data not given
ual l issued from the jth sampling dd3).(  in table). The respective values were 1.39,
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Table 1l. Comparison of known to estimated herbage intake and recovery rates of n-alkanes in dairy
cows (experiment IH

Means +S.D.  Difference P-value
from known Day effeé

intake
Herbage intake (kg DM-8)3
Known intake 16.00 £ 2.96 0.386
Intake estimated by alkane ratios
C3;:C5, (kg DM-dh) 15.81 £3.73 -0.19 0.626
C;3:Cg, (kg DM-d?) 15.58 + 3.46 -0.42 0.619
Recovery of alkanes (mean)
C;, (faecal output/intake) 0.888 £0.175 0.401
C;, (faecal output/intake & stated release) 0.904 +£0.164 0.681
C,;(faecal output/intake) 0.882+0.181 0.465
C,5(faecal output/stated release) 0.867 £0.141 0.832
Effect of time on sampling estimates on day 21
Known intake (kg DM) 16.11 £3.72
Intake estimated by alkane ratios from grab
samples taken at
C;1:Cy, 06.30 0 16.09 + 3.90 -0.02
13.30 h 15.92 +3.96 -0.19
17.30 h 15.38 +3.21 -0.73
21.30h 14.28 +2.10 -1.83
C;35C;, 06.30 0 15.77 £ 3.56 -0.34
13.30 h 16.56 +4.86 0.45
17.30 h 15.91+4.24 -0.20
21.30h 14.85+2.75 -1.26

Lvalues from six dairy cows with eight sampling days each.
2probability of error of significant between-day variation (variance analysis by Model 2).
3Day 6-9 and day 12—15 after dosing, i.e. day 14-17 and day 20-23 of the experiment.

0.54 and 0.71 for the beef cows and 1.47ontained 3.74% fat, 3.09% protein, and
0.33 and 0.85 for their calves. Digestibility 4.90% lactose.

of OM was similar in dairy and beef cows.

This item could not be measured in the System N input and faecal N excretion
calves because of the unknown level of milkvere similar in the dairy cow and the suck-
intake from their dams. Beef cows wereler beef system (75% of total herbage N
found to digest crude fibre better than theiintake by the beef cows), whereas urinary
calves and the dairy cows. The dairy cowdN excretion was estimated to be higher
were heavier than the beef cows by 66 kgP < 0.01) in suckler beef by 43% (Tab. IV).
on average, and lost weight during theirThis also resulted in a higher total manure
alpine sojourn whereas beef cows slightlyN amount (+21%P < 0.05) and a higher
gained weight. The milk yield of the dairy urinary N proportion of manure N (+18%;
cows was almost twice that estimated in thé < 0.1). System retention (body N and
beef cows. Dairy cow milk on averagemilk N) in the dairy cows exceeded the level
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Table lll. Intake and digestibility of herbatjend performance of dairy cows and beef cows with calves
in experiment | (Alpine grass on pasture; n by group = 5) and in experiment |l (meadow grass
indoors; n by group = 6) (means = S.D.).

Dairy Beef Beef Beef S.E.B. P-value
cows cows calves  system -
System Category

Experiment |
DM intake (kg-d? 15.8+2.0 11.6+15 39+04 156 0.78 0.865 0.001
DM intake (% of BW)  2.8£0.3 2.2:0.3 1.8+0.2 1.9 012 0.003 0.001

OM digestibility (%) 752+14 76.3%1.9 0.324

CF digestibility (%) 719:09 76.8£26 71.6£30 747 077 0.030 0.013

Body weight (kg) 602+52 536+75  28P+30 818 317 0.002 0.001

Weight change (gd) -289+684 100+182 989+382 1089 2555 0.005 0.003

Milk yield (kg-d3)3 17.58+12 9.3+28 0.001
Experiment Il

DM intake (kg-dY) 16.P+2.1 162+19 3.P+08 199 095 0019 0.001
DMintake (% of BW)  2.8:£0.3 2.6+03 15+01 23 010 0002 0.001
OM digestibility (%) ~ 77.5£2.0 75623 0.341
CF digestibility (%) 73520 729+43 763%40 736 124 0967 0237
NDF digestibility (%)  72.9+28 69.4%69 749+36 704 188 0377 0.161
Body weight (BW, kg) 56351 63P+46  24P+47 872 268 0001 0.001
Weight change (g) -24F+198 59+83 1208+102 1260 757 0.001 0.001
Milk yield (kg-d)3  19.5+46 8.3+358 0.001

a=CMeans of dairy cows, beef cows and beef calves lacking a common superscript Bifed.a6.
LAll estimates based on the X, alkane ratio and early-morning faecal samples.

2standard error of difference between dairy and beef system.

3 Estimates for suckler cows (see Materials and methods).

found in suckler beef, and therefore systemveight by 62 kg but produced less than half
N utilisation (retention:intake) was 2.8-fold of the milk of the corresponding dairy cow
higher P < 0.001) in the dairy cows (25.7 vs.group. Milk of the dairy cows contained
9.2%). 4.23% fat, 3.39% protein, and 4.70% lac-
tose. Dairy cows lost weight and beef cows
. slightly gained weight. Calves had high daily
3.3. Experiment Il gains of more than 1.2 kg

Dairy cows consumed less grass DM System N input was clearly higher in
indoors at low altitude in experiment Il thansuckler beefR < 0.05) than in the dairy
beef cows together with their calves whereasows with the proportion of total herbage
DMI of dairy and beef cows was similar. N input consumed by the calves account-
Related to body weight, DMI in the sucklering for 19% of total beef N input. Both fae-
system was lower(< 0.01) than in the cal and urinary N excretion were higher in
dairy system. Digestibilities of OM and fibre the beef system than in dairy cows, but no
(crude fibre, NDF) were not significantly greater differences were measured between
different between animal categories and sysystems in urine N percentage of total
tems. Beef cows exceeded dairy cows imanure N. System N retention in dairy cows
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Table IV. Nitrogen turnover of dairy cows and beef cows with calves in experiment | (Alpine grass
on pasturen by group = 5) and in experiment Il (meadow grass indodrg;group = 6) (means and
S.E.D.).

Experiment | Experiment ||

System Dairy Beef S.E.DP-value Dairy Beef S.E.D.P-value
N balance (g-o)
N intake (from herbage) 301 303 15.1 0.945 441 544 28.7 0.030
Faecal N 108 106 9.4 0.902 104 150 5.7 0.001
Urinary Nt 116 166 10.2 0.008 238 361 13.7 0.006
Milk N 85 103
Body N retentioh -8 28 6.6 0.005 -4 33 237 0.016
System N retention 77 28 7.8 0.002 99 33 25.8 0.006
Relative system N retention

(% of N intake) 2577 9.2 224 0.001 216 6.1 4.42 0.004
Manure N

Total manure N (g-d) 224 272 125 0.025 342 511 16.1 0.001

Urine N (g-kg!total N) 516 609 30.1 0.081 694 670 141 0.842

1Body N retention and urinary N excretion (calculated indirectly from N intake, faecal N excretion and N reten-
tion) estimated assuming 26 g N=kbody weight changi, 16, except for dairy cows in experiment Il (direct
measurement of urine N excretion).

was three times the level found in suckleNDF. With the dairy cows, system energy
beef. This and the higher N input increasedetention was about twice the rate of the
the difference in N utilisation between dairysuckler systemR < 0.01), thus clearly dif-
cows and suckler beef to 3.5-fold. fering in gross energy utilisation (23.1 vs.
9.2%).

Gross energy intake (GEI) from herbage )
was equal in dairy and beef cows (292 vs.
293 MJ-d1), with the calves consuming an 4. DISCUSSION
additional 68 MJ-tt (Tab. V). System
energy excretion via faeces, urine, methane as far as known, this study for the first
and heat was generally higher in thgjme directly compared similarly fed beef
suckler beef system than in the dairy cowgows with calves and dairy cows in their
(P < 0.01), even relative to GEI. Accord- whole body energy and nutrient turnover.
ingly, energy loss through faeces, urine;rhe cow-calf system was kept together dur-
methane and heat made up 27.7, 5.6, 5jfig the experiment to maintain behavioural
and 37.9% of GEI in the dairy system andnteractions of cow and calf. As a conse-
30.0, 7.3, 6.5 and 46.9% in the suckler sysquence, several indirect approved approaches
tem (significant for urine and heat energysuch as the alkane technique had to be
proportion). System emission of methaneapplied. Due to compounding of errors, this
was, however, not significantly different reduced the accuracy of the data, particu-
when related to intake of NDF and digestedarly for beef cattle and for urine-related
NDF. On average methane levels were 63 #raits which were calculated indirectly from
7 L-kgINDF and 88 + 5 L-kg digested N balance.
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Table V. Energy turnover of dairy cows and suckler cows with calves in experiment || (meadow grass
indoors; n by group = 6) (means and S.E.D.).

Dairy cow system  Suckler beef system S.E.[P-value

Energy balance (MJd)
Gross energy intake (herbage) 292 361 17.4 0.019
Faecal energy 81 108 4.8 0.003
Urinary energy 16 27 1.1 0.002
Methane energy 17 23 11 0.003
Energy expenditure 110 168 5.5 0.001
Milk energy 63
Body energy retention 5 35 10.2 0.047
System energy retention 68 35 9.5 0.023
Relative energy retention
System (% of gross energy intake) 23.1 9.2 2.40 0.002

1 Estimates based on the procedures outlined in the footnote of Table IV (suckler beef) and the equation of
Hofmann and Klein [22].

4.1. The accuracy of the CRC alkane was therefore considered important as forage
technique in cows fed exclusively  type affects ruminal nutrient turnover and
grass digesta flow rate and so may influence

alkane release from CRC'’s and/or homo-

Techniques to apply alkanes as externajeneity of faecal excretion of alkanes. The
markers in order to estimate faeces excretioresults of this CRC test, performed within
and herbage intake are described for dailgxperiment Il and following the principles
application in Mayes et al. [31] and for sin-outlined by Berry et al. [2], confirmed its
gle application via controlled release capapplicability, particularly when based on

sules (CRC's) in Berry et al. [2]. Both meth-early-morning faecal samples [in line with 2,

ods rely on the steady ratio of faecall9] and on the G:Cs, ratio. Berry et al. [2]

excretion of dosed Galkane (and G with  noted a slightly higher accuracy with the

CRC’s) to G, and G originating from the  C,.:C,, ratio, but subsequently variability

plants consumed. The high alkane concerpetween cows was found to be higher than

tration of alpine herbage presumably was @iith the C,,:C,, ratio [3], as was also true
result of the high percentage of legumes angbr the present investigation. Furthermore, as
herbs compared to the low altitude herbagg, other studies [24, 29], the,Calkane

[12, 28]. In the present study both alkangontent of lowland grass was lower than

techniques were applied and both yielde&g mg.kg! considered as threshold value

reasonable and comparable figures for intakgy, the use of n-alkanes as marker. Finally,
and digestib_ility_. However, the manufac-pe optimum day time for sampling was
ture and appllcathn of the hand-made alkangiss clear with G, C,, than with G,:Cs,
pellets as used in experiment | was veryTap 1), but no reason was obvious for this
time-consuming. difference. Although sampling exceeded the
The accuracy of the CRC technique hasecommended 8-d sampling window for
been already extensively tested, but onl\CRC's, this period remained within the
with silage diets [2], high concentrate dietsexpected time-span of steady release rate
[21] or forage diets with high DM content [2] and the lack of significant day effects
[10]. A separate test with grass-only dieton intake estimates and alkane recovery rate
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suggests that this extension was justifiablegrazing a grass-legume pasture, intake level
Alkane recovery rates were higher tharwas higher in the present study, but not
described in Herd et al. [21] and Berry et alhigher than that of Scottish Highland beef
[2], and did not systematically vary with cows at high altitude [40]. In contrast, beef
chain length as also found earlier [11]. Ascows at low altitude (experiment Il) seem
there was a slight difference in recovery ratéo have consumed nutrients from grass in
between G, and G, a corresponding adjust- excess although it has to be noted that these
ment for intake calculation was applied [2].beef cows were heavier than the dairy cows
whereas the opposite was true for experi-
ment |. Body weight change and body N

4.2. Feed intake and nutrient retention data, but not body energy reten-
and energy supply from grass-only  tion data (maybe as a consequence of some
diets estimates that had to be made), illustrate

that dairy cows were still mobilising body

Diets consisting exclusively of grass, ageserves at both locations whereas beef cows
used in this study, are common for sucklekvere able to gain weight. This is another
beef feeding whereas dairy cows typicallyindication for the assumption that nutrients
receive a certain amount of additional conwere slightly in excess for the beef cows.
centrate, except on high altitude pastureCalf weight gains were 20% higher on low-
where supplementary feeding often cannofand than on high altitude pasture, where
be practised and is of low efficiency to sussimilar daily weight gains were found as
tain a high level of performance [3, 5]. with Angus and Angug Simmental suckler
Therefore, system comparisons are difficultalves kept on the same site [14].
to achieve on the basis of literature data, as
the basic system effects cannot be separatgq
from the diet effects. In the present study, a

In agreement with the findings of Gruber
d Steinwender [17] as well as of Leach
Bt al. [25] obtained with dairy cows, the pre-

_extel?sn;e systerg_compalrés_,on gf fast-growg o results suggest that the type of grass
Ing DEET VS. Medium yielding dairy COWS, e raq gt low altitude was sufficient in

typically exposed to low-concentrate rationst rms of ener . .
. gy supply to achieve a high
was performed on the basis of the same feﬁgerformance (milk yield and daily weight

These are two major I|vestock. syste ain), whereas at high altitude the extra
options to utilise forage of the quality avail- 4o 2 1o cope with low oxygen pressure,
able at low and at high altitude. This Study,¢aq,raple slopes and other constraints

supplements a previous one comparingy ‘g ' qj was not covered by extra herbage
extremes on the same alpine pasture, Namelia e of the calves or of the dams, as can

early-lactating cows and a slow-growing : o
beef breed [40], which were either under-SB'?/\e};1 I)rr? nl]ot/ceaﬁ\i/teur:j nglhnetth[i)g/l ::(()Irr:te{(;(to f

fed (dairy) or poorly utilising the feed o ands of terrain, herbage quality and the
resources (bee). possibility to select from botanically diverse
As expected from the lower level of alpine pastures [18] are of high importance,
performance, the average herbage DMI oénd interactions among these factors may
16 kg-d?! (dairy cows) was slightly lower also influence feed intake of different animal
than that found previously in early-lactat-categories. Cattle are basically able to select
ing dairy cows on the same high-altitudefor feed of a high digestibility and energy
pasture [3, 8]. As beef cows had a clearlcontent [8], which might partly explain the
lower estimated milk yield, their lower preference for alpine grasses observed which
intake compared to the dairy cows is reaean be assumed to have had lower contents
sonable. Compared to results found byof undigestible fibore compared to legumes
Marshall et al. [30] in beef cows with calvesand herbs [37]. However, part of this specific
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selection pattern might also have resultedifferences in N utilisation were high pre-
from the fact that, in the standing swardsumably due to the inevitable two-fold trans-
grasses had a greater average height thégsrmation loss (feed to milk to meat) in the
legumes and herbs. Apart from that, the possuckler system. This difference was further
sibility cannot be excluded that calves inincreased by the lower level of productivity
experiment | had a lower genetically lim-(milk yield of the beef cows) thus increasing
ited growth potential because this high altithe proportion of N to be attributed to main-
tude pasture proved to be more than suffitenance requirements. System differences
cient to express maximum growth yield inin relative N retention were similar in both
slow maturing breeds [40]. Further studiesexperiments indicating that effects of
carried out with varying slopes, expositionsherbage N content and system were addi-
and herbage diversity, which allow to sepative. Comparing early-lactating dairy cows
rate these factors, might assist to make deaiith extensive beef breeds on alpine pasture
sions on the optimum category and breedith herbage of higher N content, Sutter et al.
grazed on these pastures. [40] found a lower system N utilisation than
in the present study, but the differences
between animal category nevertheless were
4.3. System differences in efficiency in the same range. The system differences
on grass diets described in the present investigation should
well reflect also the differences occurring

System energy demand was lower in then an annual basis as milk yields of dairy
suckler beef systems than in dairy cows ofows were typical for average lactation and
moderate milk yield (18—20 kg), as shownbeef calves had about the average weight
by their lower voluntary intake of grass perwith respect to complete fattening. The dry
kg BW. Typically, in suckler systems the period, a particularly unproductive phase,
proportion of energy supply required foris also characterised by a lower feed and
maintenance purpose is as high as 75% of intake which should widely compensate.
total demand [38]. The high importance offor dairy cows with approx. 6000 kg milk
maintenance is confirmed by the higher proper year, the annual manure N amount
portion of gross energy lost as heat energyould then account for 80 to 125 kg whereas
(energy expenditure) in the suckler systenthe respective value in beef (cow with calf)
compared to the dairy system. Even thevould be range between 100 and 190 kg per
energetic efficiency of the dairy cows was ayear, depending on dietary crude protein
the lower end of the range described [39]excess. On a hectare basis, system differ-
although the efficiency of utilisation of ences get slightly lower when beef cattle is
metabolisable energy for milk productionconsuming more feed than dairy cows as
(k_ = 0.59 + 0.08; calculated according towas the case in experiment | on alpine
[42]) ranged at the level expected for dairypasture.
cows [34, 42].

Nitrogen intake presumably was not a . L
key issue for intake regulation since intaké4- System differences in nitrogen
was similar or lower on the low-protein  and methane emissions
grass (experiment I). Therefore, N utilisa-
tion was not only dependent on the live- In both experiments, i.e. at similar and
stock system but also on herbage N conterwit different grass N intake, total manure N
Declining N utilisation to unfavourably low amount and the excretion of the easily-
levels was also found for suckler beefvolatile urine N were significantly higher
grazing re-growth of higher N content onin the suckler beef system compared to
alpine pasture [14]. Independently, systenthe dairy system, and in experiment | the
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urine-N proportion of total N was also systems mostly depend on differences in
higher. This can be explained by the relafeed intake as well as utilisation and result in
tively low N demand of the beef cows fora very high methane release per unit of edi-
milk synthesis and by the contribution ofble protein (assuming that 100% of milk
the calves to a high urine N proportionprotein and 60% of body protein retention
resulting from the ingestion of the highly (N x 6.25) of the calves are edible) in
digestible milk N. Overall, system differ- the suckler system (5.13 + 0.44 vs. 0.67 *
ences were lower than differences resulting.13 L-gtin dairy cows). Also Yan et al.
from the 42% higher grass N content in[44] noted no differences in methane emis-
experiment Il compared to experiment l.sion per unit of feed intake between dairy
Excessive N is completely excreted, mainlycattle and beef steers when animals of both
in the form of urine N, thus clearly increas-categories were fed grass silage-based diets.
ing potential ammonia emissions duringFor both, the dairy and the suckler beef
storage and application of manure. Accordsystem, a similar annual methane emission
ingly, Krober et al. [23] found a 3.5-fold per hectare can be estimated from the
increase in gaseous N loss from dairypresent data accounting fox4l(P L on a
manure when dietary crude protein contenlow altitude site (2.5 livestock units with
of a forage-concentrate diet (1:1) was600 kg-hal; winter feeding assumed to
increased from 125 to 17%g DN, values cause the same methane release) and one
similar to the herbage types used in experitenth of that level on a high altitude pasture
ments | and Il. Consequently, a low N con<typically 1 livestock unit during 3 months
tent of grass, as was analysed in experimenf vegetation).

I, is fully sufficient for efficient suckler beef

production and any N fertilisation will

increase N emission potential. Even in dairys, CONCLUSIONS

cows a low-protein grass seems to be suffi-

cient as is also suggested [23] by the similar Although in both experiments suckler

fibre digestibility in both experiments. beef calves had relatively high daily gains
Methane release found in dairy cows wagompared to the range typically found on
only slightly lower than that reported for forage-only systems, the efficiency of the
early-lactating dairy cows of a far highersuckler system was clearly inferior to that of
milk yield and DMI [20, 39]. This can be the dairy system even in this low-input sys-
explained by the use of a forage-only dietem offering only grass. This was associ-
with a high fibre digestibility as methane isated with a higher excretion of non-utilised
predominantly formed from fermentable nutrients and methane which might be envi-
fibre. Accordingly, methane release relativeronmentally harmful. The suckler system
to NDF intake did not significantly differ appears particularly inefficient when the
between systems. The methane level afiutrient inputs are related to the amount of
63 L-kg NDF was equal to the one foundedible nutrients produced. This is mainly
in forage-fed Simmental and Angus beefdue to the lower utilisation of nutrients for
cows with calves [13], and similar to the meat than for milk synthesis and, addition-
levels of 67 L-kg! reported by Reynolds ally the nutrient loss occurring during two-
and Tyrrell [35] for beef cows separatedfold transformation of nutrients and energy
from their calves, and of 59 L-kf(data from feed to cow to calf. It has to be kept in
corrected by 10% additional methane fronmind that this comparison neglects poten-
hindgut [41]) found with SEtracer gas tech- tial differences which may occur in the nutri-
nique in pastured beef cattle by McCaughegnt losses needed to maintain the respective
et al. [32]. This illustrates that methanesystems. Considering the current trend to
emissions from dairy cow and suckler beeibandon dairy systems in favour of suckler
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systems in less favoured areas, further studsl
ies on the requirements of suckler beef on
pasture are needed in order to define the
minimum N and energy contents, and thus
increase the efficiency of the system.

[9]
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