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The objective of this study was to determine the effects of silage plant species (faba bean and field pea based
whole crop legume-cereals vs. grass) on performance and meat quality of growing Aberdeen Angus (AA) and Nor-
dic Red (NR) bulls. A 2x3 factorial design was used. The experiment comprised 30 AA and 30 NR bulls. Both breeds
were randomly allotted to the three feeding treatments. The compositions (g kg dry matter) of diets were: 1) grass
silage (650) plus rolled barley (350), 2) faba bean-wheat silage (650) plus rolled barley (350) and 3) pea-wheat silage
(650) plus rolled barley (350). The experimental diets were offered as total mixed rations ad libitum. The AA bulls
grew faster, had better feed conversion rates and superior dressing proportion and carcass conformation compared
to the NR bulls. Replacing grass silage by whole crop legume-cereal silages in the diet did not have remarkable ef-
fects on animal performance, carcass characteristics or meat quality.
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Introduction

Beef production in Finland is mostly based on the dairy breeds, and Nordic Red (NR) and Holstein are the two
most frequently used breeds (Niemi and Ahlstedt 2014). However, the decrease in the dairy cattle population
observed in recent years threatened to reduce the level of beef production, and production from beef breed
calves is increasing at present. In total, 12 beef breeds are currently kept in Finland, and Aberdeen Angus (AA),
Blonde d’Aquitaine, Charolais, Hereford (HF), Limousin and Simmental are the six most frequently used breeds (Pe-
sonen and Huuskonen 2015). When growing and finishing cattle are reared under EU organic farming regulations
(CEC 1999), diet should contain forage at least 600 g kg* dry matter (DM). Consequently, earlier maturing British
breeds (AA, HF), which perform well on moderate nutrition (Phillips 2010), are most commonly used beef breeds
in organic farming systems in Finland.

Most of the forage for growing cattle in Nordic countries is based on silage mixtures of different grasses (timothy
[Phleum pratense], meadow fescue [Festuca pratensis], tall fescue [Festuca arundinacea)) and red clover (Trifolium
pratense) but other ensiled forages, such as different whole crop silages, are increasingly being used due to their
potentially lower costs (Huuskonen 2013). In Finland, barley (Hordeum vulgare), oats (Avena sativa) and wheat
(Triticum aestivum) are the dominant small-grain species utilized for whole crop production (Huuskonen 2013).
Producing whole crop small grain cereal silages provides an opportunity to improve the efficiency of forage pro-
duction for ruminants under Northern European conditions (Wallsten 2008, Rustas 2009).

Especially in organic farming systems, annual legumes are often sown with cereals. In Nordic countries faba bean
(Vicia faba), field pea (Pisum sativum), common vetch (Vicia sativa) and hairy vetch (Vicia villosa) are commonly
used annual legumes. Intercropping of annual legumes and cereals can provide numerous benefits to the cropping
system through increasing total yield and land use efficiency, improving yield stability, enhancing light, water and
nutrient use, and controlling weeds, insects or diseases (Willey 1979, Strydhorst et al. 2008). Anil et al. (1998) con-
cluded that in temperate climates intercropping has been more successful when used for forage rather than grain
production. More recently, Phelan et al. (2015) stated that the primary agronomic benefits of forage legumes are
their contribution to the nitrogen economy of agricultural land due to their association with nitrogen fixing bac-
teria and their ability to increase herbage production, herbage feed value and ultimately ruminant production of
meat and milk, particularly in areas of low fertilizer nitrogen input.

It can be concluded that the nutritive value of different whole crop silages and the effects of replacing grass silage
by different whole crop silages on the performance of cattle differs largely depending on the stage of maturity
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of the plants at harvest, cutting height, plant species and variety, growing and harvesting conditions as well as
harvesting and storage techniques, which all affect the chemical composition, preservation quality and relative
proportions of the different crop components, i.e. grain and straw (Wallsten 2008, Rustas 2009, Huuskonen 2013,
Keady et al. 2013, Pesonen et al. 2014). In general, the digestibility of whole crop silages is highly dependent on
the proportion of straw and is often lower than that of good quality grass silage but the lower digestibility is largely
compensated for by higher dry matter intake (DMI) (Sinclair et al. 2003, Huhtanen et al. 2007).

Huuskonen (2013) reported that grass silage could be totally replaced by whole crop barley silage in the diet
of dairy bulls when the concentrate constituted 0.4 of diet DM. In a review of seven experiments with finishing
beef cattle Keady et al. (2013) concluded that the inclusion of whole crop wheat silage in grass silage based diets
increased forage intake by 1.4 kg DM d?, but did not alter animal performance. Huuskonen and Joki-Tokola (2010)
concluded that replacing moderately digestible grass silage with whole crop wheat and hairy vetch mixture silage
decreased the carcass gain of growing dairy bulls due to lower energy intake and poorer feed conversion. Instead,
replacing same moderately digestible grass silage with whole crop barley and hairy vetch mixture silage resulted
in similar performance and carcass characteristics (Huuskonen and Joki-Tokola 2010). Recently, Zaralis et al. (2014)
reported that whole crop maize silage as forage in diet of finishing bulls can promote high intake and live weight
gain. Bulls fed on diets containing maize silage as sole forage achieved higher live weight gain compared to their
counterparts fed on diets containing both maize and grass silages (Zaralis et al. 2014).

However, there is paucity of published information on performance, carcass characteristics and meat quality of
growing bulls when grass silage is replaced by faba bean or field pea based whole crop legume-cereal silages.
Therefore, our objective was to determine the effects of silage plant species (faba bean and field pea based whole
crop legume-cereals vs. grass) on animal performance, meat quality and meat fatty acid profile of growing AA and
NR bulls. Possible interactions between silage plant species and breed were also examined. It was hypothesized
that 1) the use of AA bulls improves growth rate, carcass characteristics and meat quality when compared to NR
bulls, 2) replacing grass silage by whole crop legume-cereal silages in the diet of growing bulls increases feed
intake but does not affect carcass traits and meat quality, and 3) there are no differences in animal performance
and meat quality when growing bulls are fed either faba bean-wheat silage or field pea-wheat silage based diets.
Furthermore, it was hypothesized that there are no interactions between silage plant species and breed on growth
performance, carcass characteristics and meat quality traits. In the present study the target was to feed the bulls
according to EU organic farming regulations. Current breeds were chosen because NR is the most frequently used
cattle breed in Finland and AA is generally used in organic farming systems.

Materials and methods
Animals and housing

A feeding experiment was conducted in the experimental barn of Natural Resources Institute Finland (Luke) in
Ruukki, Finland starting in February 2014 and ending in October 2014. Animals were managed according to the
Finnish legislation regarding the use of animals in scientific experimentation. The experiment comprised in total
30 AA and 30 NR bulls. All animals, with an initial live weight (LW) of 477 (+38.7) (AA) and 363 (+65.9) (NR) kg,
were purchased from commercial herds. At the start of the experiment the animals were on average 341 (+13.7)
(AA) and 304 (+35.4) (NR) days old.

During the feeding experiment, the bulls were housed in an uninsulated barn in pens (10.0 x 5.0 m; 5 bulls in each
pen), providing 10.0 m? per bull. The rear half of the pen area was a straw-bedded lying area and the fore half was
a feeding area with a solid concrete floor. A GrowSafe feed intake system (model 4000E; GrowSafe Systems Ltd.,
Airdrie, AB, Canada; see validation studies: DeVries et al. 2003, Mendes et al. 2011) was used to record individual
daily feed intakes so that each pen contained two GrowSafe feeder nodes. The bulls had free access to water from
a water bowl (one bowl/pen) during the experiment.

Feeds, feeding and experimental design

Experimental silages were produced at the experimental farm of Natural Resources Institute Finland in Ruukki
(64°44’N, 25°15’E). All forages were produced in the same field area so the growing conditions were the same.
The grass silage (GS) was regrowth from a timothy (Phleum pratense) sward, cut at heading stage of timothy
(on 9 August 2013) using a mower without conditioning, wilted for 24 h, and harvested using a precision-chop
forage harvester. Two legume-cereal mixtures were field pea (cv. Florida) + wheat (cv. Anniina) (PW) and faba bean
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(cv. Fuego) + wheat (cv. Anniina) (FBW). The sowing rates of the cultivars were 138 kg pea with 75 kg wheat and
174 kg faba bean with 75 kg wheat ha™. Both crops were harvested at 12 weeks after sowing (at the early dough
stage of wheat) using a direct-cut flail harvester. All silages were treated with a formic acid based additive (AIV
ASSA; Taminco Finland Ltd., Helsinki, Finland; 590 g formic acid kg?, 200 g propionic acid kg?, 40 g ammonium
formate kg* and 25 g benzoic acid kg?) applied at a rate of 5 litres t* of fresh forage and stored in bunker silos.
For botanical determinations ten 25 cm x 50 cm forage samples were randomly collected from both grass silage
and whole crop legume-cereal silage fields before harvesting. On DM basis, GS contained timothy (960 g kg?)
and other plants (40 g kg!). Respectively, PW contained pea (891), wheat (107) and other plants (2), and FBW
contained faba bean (837), wheat (149) and other plants (14).

A 2x3 factorial design was used to study the effects of breed and silage plant species on animal performance,
carcass characteristics and meat quality. At the beginning of the feeding experiment both AA and NR bulls were
randomly allotted to the pens (animals from the same breed were housed together) which were then randomly
allotted to three feeding treatments (GSB, FBWB, PWB; two AA pens and two NR pens per diet). The compositions
(g kgt DM) of these three diets were: GSB = grass silage (650) and rolled barley (350), FBWB = faba bean-wheat
silage (650) and rolled barley (350) and PWB = pea-wheat silage (650) and rolled barley (350). In the present study
the concentrate proportion was standardized which is a relatively common method in practical situations on-farm
level, and the results are therefore valid from a practical point of view. The experimental diets were offered as total
mixed rations ad libitum (proportionate refusals of 5%). The daily ration for the bulls included also 150 g of a min-
eral-vitamin mixture (Kasvuape E-Hiven, A-Rehu Ltd., Seindjoki, Finland). One AA bull (GSB feeding) was excluded
from the study due to hoof problems. There was no reason to suppose that the diet had caused these problems.

Feed sampling and analysis

During the experiment silage sub-samples were taken twice a week (on Mondays and Thursdays), pooled over
periods of four weeks and stored at —20 °C prior to analyses. Thawed samples were analysed for DM, ash, crude
protein (CP), neutral detergent fibre (NDF), indigestible NDF (iNDF), ether extract, starch, silage fermentation
quality (pH, water-soluble carbohydrates [WSC], lactic and formic acids, volatile fatty acids [VFA], soluble and
ammonia N content of total N), fatty acids methyl esters and digestible organic matter (DOM) in DM (D-value).
Barley sub-samples were collected weekly (on Mondays), pooled over periods of 12 weeks and analysed for DM,
ash, CP, NDF, iNDF, ether extract and starch.

Fresh silage samples were analysed for fermentation quality by electrometric titration as described by Moisio
and Heikonen (1989). The DM concentration was determined by drying at 105 °C for 20 h and organic matter
(OM) concentration by ashing at 600 °C for 2 h. Oven DM concentration of silages was corrected for the loss of
volatiles according to Huida et al. (1986). After drying the samples were milled using sample mill (Sakomylly
KT-3100, Koneteollisuus Oy, Helsinki, Finland) and 1 mm sieve. The CP content of feeds was determined using
a Dumas-type N analyser (Leco FP-428; Leco Corporation, St Joseph, M, USA). Concentration of NDF was deter-
mined using a NDF Method (Method 6): Neutral Detergent Fiber in Feeds - Filter Bag Technique (for A200 and
A200l) using 25 microns nylon bags (F57, ANKOM Technology) and ANKOM 220 Fiber Analyzer (ANKOM Technology,
2052 O’Neil Road, Macedon NY 14502). Detergent solution was made according to Van Soest et al. (1991). Sodium
sulphite was used in NDF-detergent solution and a-amylase in case of samples containing starch. NDF is expressed
without containing residual ash. Ether extract was determined according to Huuskonen (2013), iNDF according to
Huuskonen et al. (2008) and starch as described by Huuskonen et al. (2014a). The silages were analysed for the
fatty acids methyl esters as described by Shingfield et al. (2003) and for D-value as described by Huhtanen et al.
(2006). The pepsin-cellulase solubility values were converted to in vivo digestibility using correction equations
based on a data set comprising of Finnish in vivo digestibility trials (Huhtanen et al. 2006).

The metabolizable energy (ME) concentration of the silages was calculated as 0.016 x D-value (MAFF 1984). The
ME concentrations of the concentrate feeds were calculated based on concentrations of digestible crude fibre, CP,
crude fat and nitrogen-free extract described by MAFF (1984). The digestibility coefficients of the concentrates
were taken from the Finnish Feed Tables (Luke 2015). The values of amino acids absorbed from the small intestine
(AAT) and the protein balance in the rumen (PBV) were calculated according to the Finnish feed protein evaluation
system (Luke 2015) in which PBV describes the balance between the dietary supply of rumen-degradable protein
(RDP) and the microbial requirements for RDP. Relative intake potential of silage DM (SDMI index) was calculated
as described by Huhtanen et al. (2007).
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Slaughter procedures, carcass and meat quality measurements

The bulls were weighed on two consecutive days at the beginning of the experiment and before slaughter. The
bulls were selected for slaughter based on age, and slaughtered in five batches. The target for average slaugh-
ter age was 500 days, and the slaughter age was used as the end point of the study. The LW gain (LWG) was cal-
culated as the difference between the means of the initial and final LW divided by the number of growing days.
The estimated rate of carcass gain was calculated as the difference between the final carcass weight and the car-
cass weight at the beginning of the experiment divided by the number of growing days. The carcass weight at the
start of the experiment was assumed to be 0.50 and 0.52 x initial LW for NR and AA bulls, respectively, based on
earlier studies (unpublished data).

The animals were slaughtered in the Atria Ltd. commercial slaughterhouse in Kauhajoki, Finland. After slaughter
the carcasses were weighed hot. The cold carcass weight was estimated as 0.98 of the hot carcass weight. Dress-
ing proportions were calculated from the ratio of cold carcass weight to final LW. The carcasses were classified for
conformation and fatness using the EUROP quality classification (EC 2006). For conformation, the development
of the carcass profiles, in particular the essential parts (round, back, shoulder), was taken into consideration ac-
cording to the EUROP classification (E: excellent, U: very good, R: good, O: fair, P: poor) and for fat cover degree,
the amount of fat on the outside of the carcass and in the thoracic cavity was taken into account using a classifi-
cation range from 1 to 5 (1: low, 2: slight, 3: average, 4: high, 5: very high). Each level of the conformation scale
was subdivided into three sub-classes to produce a transformed scale ranging from 1 to 15, with 15 being the
best conformation.

After classification the carcasses were chilled overnight below 7 °C. Day after slaughter the carcasses were
commercially cut. Loin (M. longissimus dorsi) was cut at the level of the first lumbar vertebra, and the achieved
3 kg loin sample between the first and fifth lumbar vertebra was used for further analysis. The marbling score of
the loin (at the first lumbar vertebra) was evaluated by using six-point scale (0 = devoid to 5 = abundant) accord-
ing to Pesonen et al. (2012). The pH-value of the loin was measured with a Knick 651 instrument with Inlab Solid
electrode at the level of the first lumbar vertebra. Meat colour of the loin was measured after a bloom time of
half an hour with a Minolta Cr-200 handheld chroma meter (Minolta Camera Co. Ltd., Osaka, Japan). The chroma
meter had an 8 mm diameter measuring area, used diffuse illumination and 0° viewing angle geometry to provide
accurate readings in a wide variety of colour control applications. Before measurements the chroma meter was
calibrated to a standard white plate, and CIE Standard llluminant D65 conditions were used for the measurements.
Readings were displayed in L*a*b* (L* luminance from 0 to 100; a* green to red from -60 to 60, respectively; and
b* blue to yellow from -60 to 60, respectively). Each sample was measured three times and a mean value was used.

The collected 3 kg loin sample was vacuum packed for further analysis. Total ageing time of the samples was 12
days at 4 °C, and thereafter samples were analysed for drip loss, Warner-Bratzler shear force, sensory analysis
(tenderness, juiciness and beef flavour) and fatty acid composition in intramuscular fat. Drip loss was determined
by the amount of water loss from the 3 kg loin sample after ageing. For shear force measurements, loin samples
were heated in a water bath at 85 °C until the core temperature of the meat was 70 °C. After chilling for 24 hours
(4 °C), loin samples were placed in a Warner-Bratzler shear blade to be sheared perpendicular to the longitudinal
axis of the muscle fibres in an Instron testing machine and the maximum force was recorded. Each sample was
measured 20 times and a mean value was used. For the sensory analysis, surface fat was removed and trimmed
loin was cut into four slices with thickness of 1.5 cm. After that these four samples were heated simultaneously
up to internal temperature of 68 °C in a rolling grill (Palux Rotimat, Germany). Heated samples were served im-
mediately in a sensory panel room with white lightning and temperature of 24 °C. Six trained sensory panelists
evaluated the samples for tenderness, juiciness and beef flavour. These traits were scored on a seven-point scale
(tenderness: 1 = very tough,..., 7 = very tender; juiciness: 1 = very dry,..., 7 = very juicy; beef flavour: 1 = very non
beef like,..., 7 = very beef like). The fatty acid composition in intramuscular fat of the loin was analysed using gas
chromatography as described by Pesonen et al. (2013).

Statistical methods

The results are shown as least squares means. The data were subjected to analysis of variance using the SAS GLM
procedure (version 9.3, SAS Institute Inc., Cary, NC, USA). The statistical model used was

SU+E, ot v+ (axy)ij + eijm + [3xijkl +e

yijklm ijkim
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where W is the intercept and e is the residual error term associated with I animal. a, vV, and (onxy)ij are the
effects of i"" diet (GSB, FBWB, PWB) and j* breed (AA, NR) and their interaction, respectively, while 6, is the ef-
fect of the slaughtering batch (k = 1,...,5) and Oijm is the effect of pen. The effect of pen was used as an error term
when differences between treatments (diet, breed and their interaction) were compared because treatments were
allocated to animals penned together. Initial live weight was used as a covariate (Bxijkl) in the model. Differences
between the treatments were tested using orthogonal contrasts: (1) AA vs. NR, (2) GSB vs. whole crop legume-
cereal silage diets (FBWB + PWB), (3) FBWB vs. PWB, (4) interaction between breed and (2), and (5) interaction
between breed and (3). Since the interactions between the breed and the feeding treatments were not statisti-

cally significant (p > 0.10 for all variables), the p-values of the interactions are not presented.

Results
Feeds and feed intake

Chemical composition and feeding values of the ingredients and total mixed rations are presented in Table 1.
The CP concentration of FBW and PW was 19 and 35% higher compared to GS, respectively. The grass silage had
a higher NDF and lower iNDF and starch concentrations compared to FBW and PW. Further, GS had a 4% higher
ME content than the whole crop legume-cereal silages. The fermentation characteristics of all three silages were
good as indicated by the low pH value and the low concentrations of ammonia N in total N and total fermentation
acids. Barley grain used in the experiment had typical chemical composition and feed values.

Table 1. Chemical composition and feeding values (mean + standard deviation) of the ingredients and total mixed rations and

fatty acid profile (12 most common fatty acids) of the experimental silages used in the feeding experiment. Number of samples:
silages 7, barley grain 3

Feeds Total mixed rations

GS FBW PW Barley GSB FBWB PWB
Dry matter (DM), g kg* 289+7.69 277+19.55 269+19.18  883+15.25 378 365 356
Organic matter (OM), g kg DM 939+4.33 935+2.17 93046.53 971+£1.98 951 948 944
Crude protein, g kg* DM 129+3.72 154+3.77 174+3.60 10743.29 121 138 151
Neutral detergent fibre (NDF), g kg?DM  580%8.35 465+15.00 427+16.70 21046.53 451 376 351
Indigestible NDF, g kg™ DM 101+4.82 148+8.87 148+14.68 37+3.81 79 109 109
Starch, g kg DM 17+0.08 78+4.74 56+3.58 565+3.76 209 248 234
Ether extract, g kg DM 42+3.39 32+2.27 41+2.92 22+0.05 35 29 34
Metabolizable energy, MJ kg* DM 10.1+0.05 9.7+0.18 9.7+0.38 13.24+0.06 11.2 109 10.9
AAT, g kg DM 75+0.70 81+1.07 83+2.56 95+1.25 82 86 87
Protein balance in the rumen, g kg* DM 1742.19 36+4.65 53+5.88 -3616.73 -2 11 22
Digestible OM in DM, g kg DM 629+5.86 608+12.74 608+17.23 821+4.56 696 683 683
Silage DM intake index 93+3.33 109+3.45 104+4.49
Fermentation quality of silages
pH 3.96+0.07 3.79+0.11 3.98+0.15
Volatile fatty acids, g kg* DM 14+4.04 13+2.99 16+2.07
Lactic + formic acid, g kg DM 4516.39 71£15.69 57%12.91
Water soluble carbohydrates, g kg DM 59+13.66 30+8.62 28+10.86
In total N, g kg*
NH,N 431+6.91 4919.73 66+7.73
Soluble N 410+22.19 398+64.54 500+68.50
Fatty acids, g/100 g of fatty acids
16:0 17.65+2.07 16.22+0.83 20.83+1.06
16:1 n-7 2.57+0.73 4.82+0.41 4.63+0.36
18:0 1.70+0.34 2.12+0.21 2.99+0.10
18:1n-9 3.10+1.12 2.55+0.30 4.04+0.20
18:2 n-6 18.00+0.86  27.63%0.75 23.1140.19
18:3n-3 42.0645.39 39.19+1.02 34.62+0.94
20:0 1.39+0.27 1.12+0.16 1.33+0.43
22:0 2.06+0.37 0.85+0.08 0.81+0.09
24:0 1.3440.29 0.94+0.06 0.96+0.03
26:0 2.0040.43 0.29+0.03 0.47+0.04
28:0 2.09+0.66 0.14+0.04 0.30+0.02
30:0 1.05+0.31 0.17+0.03 0.22+0.01
Saturated fatty acids 31.38+4.52 23.89+1.30 31.02+1.18
Monounsaturated fatty acids 8.00+1.37 8.61+0.43 10.70+0.29
Polyunsaturated fatty acids 60.62+5.83 67.50+1.73 58.28+1.07

GS = grass silage; FBW = faba bean-wheat silage; PW = pea-wheat silage; GSB = grass silage (650 g/kg DM) + rolled barley (350 g/kg
DM); FBWB = faba bean-wheat silage (650 g/kg DM) + rolled barley (350 g/kg DM); PWB = pea-wheat silage (650 g/kg DM) + rolled
barley (350 g/kg DM); AAT = Amino acids absorbed from small intestine
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Due to differences in composition of the experimental silages, FBWB and PWB rations included 14 and 25% more
CP and 19 and 12% more starch compared to GSB, respectively. Further, FBWB and PWB rations included less NDF
and more iNDF compared to GSB. In all rations the PBV value fulfilled the Finnish recommendation for growing
cattle (PBV of the diet above —10 g kg™ DMI for animals above 200 kg LW). There were no considerable differences
in ME contents among the experimental diets (difference less than 3%).

Although, all silages exhibited quite similar fatty acid profiles, GS contained a higher proportion of a-linolenic acid
(18:3 n3) and a lower proportion of linoleic acid (18:2 n6) than FBW and PW (Table 1). The dominant saturated
fatty acid (SFA) in GS, FBW and PW was palmitic acid (16:0) at 17.7, 16.2 and 20.8% of total fatty acids, respec-
tively. The dominant unsaturated fatty acid was a-linolenic acid, at 42.1, 39.2 and 34.6% of total fatty acids in GS,
FBW and PW, respectively.

The slaughter age was on average 498 and 509 days for AA and NR bulls, respectively, and there were no treat-
ment differences in the slaughter age (Table 2). The final LW of the AA bulls (709 kg, on average) was 18% higher
(p <0.001) compared to the NR bulls (600 kg). In addition, the final LW of the FBWB bulls tended to be (p = 0.09)
higher than that of the PWB bulls. During the experiment the total DMI of the AA bulls was 12% higher (p < 0.01)
compared to the NR bulls. However, DMI in relation to LW was 11% (p = 0.01) and DMI per metabolic LW tended
to be 5% (p = 0.10) higher in the NR bulls compared to the AA bulls. Due to higher total DMI, daily ME, CP, NDF
and starch intakes of the AA bulls were higher (p < 0.01) compared to the NR bulls. However, ME and CP intakes
in relation to LW were 12 and 11% higher (p < 0.05) in the NR bulls compared to the AA bulls, respectively.

Table 2. Intake and growth performance of the bulls fed different total mixed rations

Orthogonal contrasts

Breed Aberdeen Angus Nordic Red SEM (p-values)

Feeding GSB FBWB  PWB GSB FBWB PWB 1 2 3
Number of observations 9 10 10 10 10 10

Duration of the experiment, d 155 165 150 203 215 194 5.7 <0.001 0.75 0.02
Initial live weight (LW), kg 481 473 478 373 366 349 11.7 <0.001 0.34 0.63
Final LW, kg 708 713 707 609 622 570 14.7 <0.001 0.67 0.09
Slaughter age, d 496 503 495 504 522 500 8.2 0.17 0.56 0.12
Intake

Silage, kg dry matter (DM)d*  7.84 8.70 7.90 7.02 8.01 6.79 - - - -
Concentrate, kg DM d* 4.36 4.70 4.25 3.93 4.32 3.65 - - - -
Total DM intake, kg d* 12.20 13.40 12.15 1095 1233 10.44 0.380 0.005 0.18 0.006
DM intake, g kg* LW 20.5 22.6 20.5 22.6 25.2 231 0.82 0.01 0.12 0.04
LD\;\\/"(iL’\’At/?,E?)' g kg* metabolic 5 15 4on 106 119 106 3.5 010 011 002
mje:j"f’o'izab'e energy (ME) 136 143 13 123 132 113 4.1 0005 085 001
ME intake, MJ kg™ LW 0.23 0.24 0.22 0.25 0.27 0.25 0.009 0.01 0.52 0.07
LMV\f intake, MIkg"metabolic ;3 999 310 119 127 115 0038 010 057  0.04
Crude protein (CP), g d* 1457 1840 1834 1317 1688 1565 51.0 0.004  <0.001 0.25
CP, g kg*LW 2.45 3.11 3.10 2.72 3.46 3.46 0.118 0.02 <0.001 0.98
CP, g kg™* metabolic LW 12.1 15.3 15.3 12.7 16.2 15.9 0.502 0.13 <0.001 0.74
Neutral detergent fibre, gd* 5443 5046 4136 4858 4621 3585 143.7 0.004 <0.001 <0.001
Starch, g d* 2592 3332 2844 2345 3065 2445 108.5 0.007 <0.001 <0.001
Live weight gain, g d* 1479 1496 1569 1162 1197 1140 40.3 <0.001 0.42 0.84
Carcass gain, g d* 866 837 868 589 633 599 213 <0.001 0.74 0.95
Feed conversion

Kg DM/kg carcass gain 14.2 16.1 14.1 18.9 19.8 17.9 0.29 <0.001 0.13 <0.001
MJ ME/kg carcass gain 159 172 154 211 212 194 3.1 <0.001 0.47 0.001
g CP/kg carcass gain 1688 2223 2154 2236 2714 2641 36.8 <0.001 <0.001 0.19

GSB = grass silage (650 g/kg DM) + rolled barley (350); FBWB = faba bean-wheat silage (650) + rolled barley (350); PWB = pea-wheat
silage (650) + rolled barley (350)

Orthogonal contrasts: 1 = Aberdeen Angus vs. Nordic Red, 2 = GS vs. whole crop legume-cereal silages (FBW + PW), 3 = FBW vs. PW
SEM = standard error of mean
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Feeding treatments affected intake parameters (Table 2). The total DM and energy intakes were significantly higher
in the FBWB bulls compared to the PWB bulls. Furthermore, DM and ME intakes in relation to LW and metabolic
LW were higher in the FBWB bulls compared to the PWB bulls. Crude protein, NDF and starch intakes were higher
(p < 0.001) with whole crop legume silage based diets compared to GSB. In addition, FBWB diet increased NDF
and starch intake compared to PWB diet (p < 0.001).

Growth performance, feed conversion and carcass characteristics

Live weight gain and carcass gain of the AA bulls were 30 and 41% higher (p < 0.001), respectively, compared
to the NR bulls but there were no differences among feeding treatments in growth performance (Table 2). Dry
matter, energy and CP conversion rates of the AA bulls were better (p < 0.001) compared to the NR bulls. There
were no significant differences in DM or energy conversion rates when whole crop legume silage based diets
were compared to GSB. However, CP conversion was better (p < 0.001) with GSB compared to whole crop legume
silage based diets. Further, DM and energy conversion rates were better in PWB bulls than in FBWB bulls (Table 2).

The carcass weight, dressing proportion, carcass conformation score and carcass fat score of the AA bulls were
clearly higher (p < 0.001) than the corresponding values of the NR bulls (Table 3). There were no significant dif-
ferences in above mentioned carcass traits between whole crop legume silage and GSB based diets. However,
the carcass weight of the FBWB bulls was 9% (p = 0.02), carcass conformation score 8% (p = 0.04) and carcass fat
score 10% (p = 0.09) higher, on average, compared to the PWB bulls.

Table 3. Carcass traits and meat quality (M. longissimus dorsi) of the bulls fed different total mixed rations

Orthogonal contrasts

Breed Aberdeen Angus Nordic Red SEM (p-values)
Feeding GSB FBWB PWB GSB  FBWB PWB 1 2 3
Number of observations 9 10 10 10 10 10

Carcass characteristics

Carcass weight, kg 379 376 372 302 314 287 7.6 <0.001 0.62 0.02
Dressing proportion, g kg 535 528 526 496 506 502 2.7 <0.001 0.94 0.30
Conformation, EUROP 8.4 8.5 7.7 4.9 5.1 4.9 0.20 <0.001 0.67 0.04
Fat score, EUROP 3.1 3.2 3.3 2.3 2.5 1.9 0.13 <0.001 0.91 0.09
Quality of longissimus dorsi muscle

pH (24 h post mortem) 557 553 552 566 558  5.61 0.026 0.008 0.009 0.91
'avl';r:g;‘fticore (0=devoid, 5= 156 231 197 106 156 122 0295 0004 008 071
Drip loss, % 0.22 0.22 0.19 0.27 0.33 0.36 0.031 0.01 0.32 0.98
Shear force, N 48.8 49.6 48.1 58.8 54.6 63.0 4.11 0.007 0.98 0.82
Colour

L (lightness) 36.2 369 36.8 344 346 33.9 0.77 <0.001 0.71 0.97
a (redness) 226 23.0 22.7 211 23.0 213 0.81 0.02 0.32 0.51
b (yellowness) 7.5 8.0 7.1 6.5 6.9 6.3 0.43 0.003 0.77 0.15

Sensory analysis

Tenderness 5.8 5.7 5.9 5.1 5.2 5.0 0.27 0.009 0.95 0.56
Juiciness 5.7 5.7 5.8 5.4 5.5 5.4 0.15 0.02 0.82 0.59
Beef flavour 5.9 5.8 5.7 5.6 5.7 5.5 0.13 0.19 0.41 0.86

GSB = grass silage (650 g/kg DM) + rolled barley (350); FBWB = faba bean-wheat silage (650) + rolled barley (350); PWB = pea-wheat silage
(650) + rolled barley (350)

Orthogonal contrasts: 1 = Aberdeen Angus vs. Nordic Red, 2 = GS vs. whole crop legume-cereal silages (FBW + PW), 3 = FBW vs. PW
Sensory analysis: scale from 1 to 7, tenderness: 1 = very tough, 7 = very tender, juiciness: 1 = very dry, 7 = very juicy, beef flavour: 1 = very
non beef like, 7 = very beef like

SEM = standard error of mean



AGRICULTURAL AND FOOD SCIENCE

A. Huuskonen et al. (2016) 25: 1-12

Meat quality

Feeding treatments had only minor effects on meat quality parameters (Table 3). The pH-value of the loin was
slightly lower with whole crop legume silage based diets compared to GSB (p < 0.01). In addition, whole crop
legume silage based diets tended to increase marbling score compared to GSB (p = 0.08). However, feeding did not
affect drip loss, colour, shear force or sensory analysis. On the contrary, breed had clear effects on meat quality
(Table 3). The loin of the AA bulls had lower pH, drip loss and shear force values and higher marbling score
compared to the NR bulls (p < 0.01). Further, muscle lightness, redness and yellowness values of the AA bulls were
higher than those of the NR bulls. In the sensory analyses, the AA bulls got higher scores in tenderness (p < 0.01)
and juiciness (p = 0.02) compared to the NR bulls.

The loin samples of the AA-bulls contained a higher (p = 0.01) proportion of SFA and tended to contain lower
(p = 0.06) proportion of monounsaturated fatty acids (MUFA) compared to the NR bulls (Table 4). The n6/n3 fatty
acid ratio of the NR-bulls was 40% higher (p < 0.001) than the corresponding value of the AA-bulls, on average.
In the case of single fatty acids, the loin of the AA bulls had a higher proportion of 15:0 (p < 0.001), 15:1
(p<0.001),16:0(p<0.001), trans-9 16:1 (p < 0.05), 17:0 (p < 0.001), is017:0 (p < 0.01) and cis-9, trans-11 18:2 CLA
(p =0.01) fatty acids compared to that of the NR bulls. On the contrary, the loin of the NR bulls contained a higher
proportion of 14:1n5 (p <0.001), 16:1n7 (p <0.01), 17:1n7 (p < 0.05), 18:2n6 (p < 0.001), 20:1n9 (p < 0.01), 20:3n6
(p <0.01) and 20:4n6 (p < 0.01) fatty acids compared to that of the AA bulls.

Table 4. Fatty acid profile (% of total fatty acids) of longissimus dorsi muscle of the bulls fed different total mixed rations

Orthogonal contrasts

Breed Aberdeen Angus Nordic Red

SEM (p-values)
Feeding GSB  FBWB PWB  GSB FBWB  PWB 1 2 3
Number of observations 9 10 10 10 10 10
14:0 224 230 2.42 216 244 225 040 008 022  0.69
14:1n-5 113 1.10 1.26 139 131 1.8 0.105 0001 085 092
15:0 043 042 0.45 034 037 043 0.025  <0.001 0.15 0.3
15:1 025  0.25 0.24 021 021  0.20 0017  <0.001 0.60  0.73
16:0 2572 2622 2640 2432 2553 2494 0538 <0001 011  0.92
16:1n-7 333 341 3.50 392 425  3.53 0161 001 070  0.15
trans-9 16:1 048  0.39 0.38 042 035 035 0017 004  <0.001 0.40
17:0 108 113 1.24 092 098 112 0044  <0.001 0002 0.92
is017:0 021 0.0 0.19 017 016  0.17 0009 0008 011  0.90
17:1n-7 156  1.28 1.48 162 141 144 0111 003 004 073
18:0 1579 1534 1500 14.14 1387 1598  0.600 013 092  0.07
is0 18:0 021  0.19 0.19 015 016 021 0032 087 070 035
18:1n-9 3791 3889 3801 39.89 3922 3759 0877 011 055 0.8
trans-11 18:1 126 1.27 1.22 112 121 125 0069 086 039 070
18:2 n-6 319 3.06 3.12 371 359 411 0262 <0001 081 052
cis-9,trans-1118:2 CLA  0.64  0.64 0.61 054 052 046 0041 001 037 015
18:3 n-3 074 076 0.73 068 073  0.76 0051 069 037 093
20:0 021 018 0.18 020 018 021 0022 029 045  0.19
20:1n-9 034 031 0.32 040 038  0.39 0020 0002 021 076
20:2n-6 024  0.19 0.19 027 023 022 0.024 018 002 070
20:3n-6 020 018 0.20 028 024 025 0031 0002 044 099
20:4n-6 062 051 0.62 089 066  0.81 0128 0002 039 078
20:5n-3 027 017 0.24 016 014  0.16 0044 087 034 066
22:0 008  0.05 0.06 006 005 005 0.009 054 002 045
22:1n-9 003 002 0.03 004 003 003 0006 088 014 092
22:2n-6 007 0.8 0.06 009 009  0.08 0017 039 099 041
22:4n-6 010 0.8 0.08 011 010  0.10 0016 011 039 080
22:5n-3 035 0.6 0.34 030 025 028 0056 039 045  0.63
22:6n-6 006  0.02 0.05 004 003 004 0010 039 012 020
Saturated fatty acids 4592 4600 46.10 42.44 4371 4533 0918  <0.001 018  0.11
'av'c? dnsounsat“rated fatty 4627 4690 4640 4899 4836 4602 0923 001 038 005
ng‘”sat”mmd fatty 671  6.24 6.57 753 700 771 0574 0006 071 072
n6/n3fatty acid ratio 301 3.19 3.09 432 426 447 0.134 <0001 034 0091

GSB = grass silage (650 g/kg DM) + rolled barley (350), FBWB = faba bean-wheat silage (650) + rolled barley (350), PWB = pea-wheat
silage (650) + rolled barley (350)

Orthogonal contrasts: 1 = Aberdeen Angus vs. Nordic Red, 2 = GS vs. whole crop legume-cereal silages (FBW + PW), 3 = FBW vs. PW
SEM = standard error of mean
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FBWB diet increased (p = 0.05) the MUFA proportion compared to PWB diet but feeding treatments did not
affect the proportions of SFA or polyunsaturated fatty acids (PUFA). Moreover, feeding treatments had no effect
on the n6/n3 fatty acid ratio. Whole crop legume silage based diets increased the proportion of 17:0 (p < 0.01)
fatty acid and decreased the proportions of trans-9 16:1 (p < 0.001), 20:2n6 (p < 0.05) and 22:0 (p < 0.05) fatty
acids compared to the GSB diet. The PWB diet increased (p < 0.05) the proportion of 15:0 fatty acid compared to
the FBWB diet (Table 4).

Discussion
Feed intake

In the present study the total DMl in relation to LW was higher in the NR bulls compared to the AA bulls, which is
in agreement with previously reported findings. For example, Cummins et al. (2007) reported that Friesian steers
had higher silage DMI than beef-cross animals and, as a consequence, had higher total DM and net energy intakes
over the entire finishing period. The higher silage and total DMI of the pure dairy animals was also observed by
Keane and Allen (2002) for comparisons of Friesian-Holstein with Friesian-Holstein x Piedmontese and Friesian-
Holstein x Romagnola steers. These results from the literature demonstrate that growing dairy breed cattle have
a higher intake than beef breeds when the diet is forage-based, as in the present study. However, due to higher
LW and total daily DMI, daily nutrient intakes of the AA bulls were higher compared to the NR bulls in the pre-
sent experiment.

The reason for the higher total DMI in the FBWB diet compared to the PWB diet is partly unclear because there
were no remarkable differences between FBW and PW silages in chemical composition or fermentation quality
even if FBW had slightly higher SDMI index compared to PW. In a recent meta-analysis Huuskonen et al. (2013a)
reported that feed intake of growing cattle can be predicted from LW and diet composition with a reasonable
accuracy. Expectedly, LW was the most important variable predicting total DMI. The intake model was improved
when adjusted for dietary variables (dietary NDF concentration, SDMI index and dietary concentration of VFA).
The following non-linear equation for the relationship between total DMI, LW and dietary variables was defined:
DMI (kg d) = (0.199 — 0.380 x NDF + 0.000348 x SDMI-index — 0.00044 x VFA) x LW (0:624+0.348xNOF) (Hyskonen et
al. 2013a). Based on the above equation and the dietary compositions of the present rations, the predicted dif-
ference in total DMI between FBWB and PWB bulls would be only 2%. However, in the present experiment the
measured difference was approximately 10%.

In general, the DMI of silage can be affected by its DM content, fermentation characteristics, NDF concentration,
organic matter digestibility and type of feed (Huhtanen et al. 2007). Both finishing beef cattle (Keady et al. 2013)
and dairy cows (Ahvenjarvi et al. 2006) have been able to maintain or even increase silage DMI after inclusion
of whole crop silage into the diet, although the digestibility of whole crop silage has been lower than that of the
grass silage. One factor contributing to this effect could be the lower NDF concentration in whole-crop silages.
According to Huhtanen et al. (2007), the responses to replacing grass silages partially or totally with legume or
whole crop silages on silage DMI in dairy cows could not be accurately predicted from differences in silage D-val-
ue, DM concentration or fermentation characteristics. Huhtanen et al. (2007) observed that when the cows were
fed mixtures of grass and legume or whole crop silages, the silage DMI was generally higher than predicted from
silage characteristics.

Growth performance, feed conversion and carcass characteristics

The AA bulls grew faster, had better feed conversion rates and superior dressing proportion and carcass conforma-
tion compared to the NR bulls in line with numerous earlier studies comparing beef and dairy breeds (e.g. More
O’Ferrall and Keane 1990, Pfuhl et al. 2007, Alberti et al. 2008). Also datasets collected from slaughterhouses show
superior growth and carcass conformation of beef breeds compared to dairy breeds in Finnish cattle population
(Huuskonen et al. 2013b, Huuskonen 2014, Pesonen and Huuskonen 2015). The lower dressing proportion and
conformation score of the NR bulls in the present experiment can also be explained partly by their lower average
carcass weight compared to AA bulls because it is well established that these traits increased with increasing car-
cass weight (e.g. Kempster et al. 1988).

The dietary treatments did not affect LWG or carcass gain but the carcass weight of the FBWB bulls was high-
er compared to the PWB bulls. It was probably due to differences in carcass weight that the carcasses in
the FBWB diet were better conformed and had more subcutaneous fat than the carcasses in the PWB diet.
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In general, carcass conformation and fat score increase with higher carcass weight (Kempster et al. 1988, Keane
and Allen 1998). The poorer DM and energy conversion rates of the FBWB bulls compared to the PWB bulls was
due to their higher DMI but similar growth rate. Protein conversion rate was clearly better with GSB compared
to the whole crop legume silage based diets because also in the GSB ration the PBV value fulfilled the protein
recommendation for growing cattle. Therefore, the bulls could not utilize the additional protein obtained through
feeding the whole crop legume silages. A recent meta-analysis (Huuskonen et al. 2014b) and feeding experiments
(Huuskonen 2013, Pesonen et al. 2014) indicate that currently recommended PBV (PBV of the diet above —-10 g
kg DMI for animals above 200 kg LW, Luke 2015) could even be reduced without adverse effects on growth per-
formance and carcass traits. When a large part of the extra dietary protein would be excreted in urine (Huuskonen
et al. 2014b), the increased forage protein content compared to grass silages or pure whole crop silages is not a
sufficient justification for using forage legumes in the diet of growing cattle.

Meat quality

The slaughter age was used as the end point of the study in the present experiment. Therefore, there were great
differences between breeds in carcass weight and carcass fatness which can partly explain the differences in
meat quality traits. It is often assumed that the traditional beef breeds, such as AA, have better flavour than dairy
breeds, although there is little scientific evidence for this. For example, EImore et al. (2004) reported that only slight
effects of breed were observed in a comparison of the aroma volatiles and fatty acid compositions of grilled beef
muscle from AA and Holstein-Friesian steers. Pfuhl et al. (2007) concluded that Holstein bulls showed a greater
marbling score, darker colour, and more water binding capacity compared to Charolais bulls.

The present results suggest that AA bulls produced healthier meat with a lower n6/n3 fatty acid ratio and higher
cis-9, trans-11 18:2 CLA concentration compared to NR bulls. Breed differences and associated effects of matu-
rity or growth potential on the subcutaneous or intramuscular fatty acid composition of beef are extensively dis-
cussed in the review by de Smet et al. (2004). It is possible that the differences in carcass fatness between breeds
in the present experiment (carcass fat score 3.2 vs. 2.2 for AA and NR bulls, respectively) affected also the differ-
ences in the fatty acid composition of the loin. According to de Smet et al. (2004), carcass fat score affects the fatty
acid profile of the meat, and breed differences reported in the literature are often confounded by differences in
fatness as in the present experiment. Nevertheless, specific breed differences in the n-6/n-3 fatty acid ratio and in
the levels of longer chain fatty acids that probably could not be attributed to differences in the fat level have also
been reported (de Smet et al. 2004), but many of these breed differences are relatively small and are, although
often statistically significant, probably of little value from a viewpoint of human nutrition.

Replacing GS by the whole crop legume silages had only minor effects on meat quality parameters. There is
paucity of published information on the meat quality of growing cattle offered whole crop legume silages instead
of grass silage. Keady et al. (2007) concluded that meat quality of beef steers was not altered by the inclusion of
whole crop cereal silages in grass silage based diets. In another study, Walsh et al. (2008) observed no differences
in muscle colour of finishing steers when comparing grass silage and two different whole crop wheat silage based
diets. However, animals offered grass silage had the most yellow fat and those offered urea-treated, processed
whole crop wheat had the whitest fat (Walsh et al. 2008). Increased marbling has been associated with improved
meat eating quality (e.g. Wheeler et al. 1994). In the present study, the whole crop legume silage based diets
tended to increase marbling score compared to GSB but effects on eating quality in sensory analysis were not
observed. Feeding treatments had only minor effects on meat fatty acids concentrations and observed effects
have little importance from a practical point of view.

Conclusions and implications

Expected breed differences between the AA and NR bulls in growth and carcass traits were observed when the
bulls were slaughtered at the age of 500 days. The AA bulls grew faster, had better feed conversion rates and
superior dressing proportion and carcass conformation compared to the NR bulls. In addition, the AA bulls
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produced meat with a lower n-6/n-3 fatty acid ratio compared to the NR bulls. Replacing moderately digestible
timothy silage by whole crop legume-cereal silages in the diet did not have remarkable effects on animal perfor-
mance, carcass characteristics or meat quality of the growing bulls. There was no difference in growth performance,
carcass characteristics or meat quality when the bulls were fed either faba bean-wheat silage or field pea-wheat
silage based diets. However, the total DM and energy intakes were higher in the faba bean-wheat silage diet com-
pared to the field pea-wheat silage based diet. As hypothesized, there were no interactions between silage plant
species and breed on growth performance, carcass characteristics and meat quality traits.

Due to environmental aspects and the absence of effects on animal performance, increased forage protein
content compared to grass silage is not a sufficient justification for using forage legumes for growing cattle.
However, if production costs of whole crop legume-cereal silages are lower than those of grass silage and includ-
ing them in crop rotation brings benefits, using them may increase the overall profitability of the farm.
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