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Abstract

There is increased interest in genetic improvement in intramuscular fat in lamb due to its positive association with meat quality.
Live-animal measures such as ultrasound or computed tomography scanning can enable genetic selection. The optimum time at
which such measurements should take place is unknown. This study investigated levels of intramuscular fat in year-old rams.
During the winter of 2020, ram lambs were fed on either a just-above-maintenance pasture diet (JAM) (n=119) with a target weight
gain of 50 g/day, or non-restricted feeding (GAIN) (n=120) with a target weight gain of 180-200 g/day, with all rams slaughtered
after 10 weeks of differential feeding. Both groups of rams were fed a ryegrass-dominant pasture. The target for the GAIN group
was achieved with an average growth rate of 182+42 g/day (range 76 to 293 g/day), however, for JAM group the average growth
rate was 24+64 g/day (range -212 to 126 g/day), with a third of the animals losing weight. The JAM group were split according
to whether they had gained (JAM — Gain) or lost weight (JAM — Loss) for the analysis. There were differences (P<0.001) at the
time of slaughter in early spring in carcass weight between groups (23.7+0.35, 19.5+0.40 and 17.0+0.47 kg for GAIN, JAM — Gain
and JAM — Loss respectively). The levels of intramuscular fat were low across all groups compared to levels normally observed
in 6-8-month old ram lambs and with further differences (P<0.001) between the three groups (2.1£0.08, 1.9+£0.09 and 1.4+0.10
kg for GAIN, JAM — Gain and JAM — Loss respectively). More work is required to understand management systems that allow
improved expression of the trait. Additionally, careful consideration needs to be given to winter grazing management of all young

stock, as there is considerable variability in individual animals handling of winter maintenance feeding.
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Introduction

The trait of intramuscular fat (IMF) in lambs has been
associated with consumer liking of sheepmeat, with 3%
IMF identified as optimum for New Zealand lamb (Realini
et al. 2021). Intramuscular fat has been identified as a trait
with high heritability in New Zealand lamb (Johnson et al.
2018) and there is interest in incorporating the trait into
genetic improvement programmes. The gold standard for
measuring IMF is to directly measure its levels in muscle
post-slaughter. However, this means that the animal is no
longer alive to be considered for selection, or that relatives
must be generated and measured (e.g., a progeny test).
Therefore, establishing live-animal predictor measurements
for IMF, including ultrasound and computed tomography
scanning, would be an advantage. Given IMF has slow
accretion to the point that it can be visually observed,
the age at which the scanning should take place requires
investigation, including what the levels are in yearling
rams and whether it is a more appropriate time to measure
IMF to get the full expression of the trait. Yearling rams
present the last time at which data collection is possible on
cohorts of rams, as ram sales take place at approximately
15 months of age.

The feed requirements of livestock for different growth
paths and physiological states have been calculated and
modified over time as new knowledge becomes available
(Nicol & Brookes 2007). For a given physiological state,
the basic equations contain information on the live weight
and growth rate of the animals. For maintenance feeding,
energy requirements are those that satisfy basal metabolism,
grazing and walking requirements. (Nicol & Brookes

2007). However, in all such models, an “average” animal
is considered and there is evidence that individual animals
need different amounts of feed to achieve physiological
outcomes, which has been termed as variation in feed
efficiency and demonstrated specifically in sheep (Johnson
et al. 2016).

The objective of the study was to investigate the
variability in IMF in yearling rams that had been placed on
different feeding regimes in the ten weeks before slaughter.
The feeding regimes representing typical winter scenarios
of feeding just-above-maintenance (target 50 g/day) and
achieving liveweight gain (target 180-200 g/day). This
methodology also enabling the impact of the different
feeding regimes on growth rates, and other carcass and
meat quality traits to be investigated.

Materials and methods
Animals and pre-slaughter management

Permission for this trial was granted by the AgResearch
Ethics Committee (Ethics Number 15096).

The animals used in this study were 10-month-old ram
lambs born in 2019, sourced from the AgResearch Progeny
Test flock (Brito et al. 2017). Given that the animals were
from a progeny-test resource, lifetime information was
available on individual animals, including birth and rearing
rank, age of dam, and dam and sire.

Prior to July 2020, the 240 animals available for the
study had been run as one mob. In early July 2020, the
animals were randomly allocated to two grazing treatment
groups. The animals were grazed at the AgResearch
Invermay Farm near Mosgiel, New Zealand. The pasture
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was predominantly ryegrass with starting pasture covers of
approximately 2500 kgDM/ha. The first grazing treatment
was set for the lambs to be growing at justabove maintenance
(JAM), gaining only 50 g/day, which was achieved through
controlled grazing using recommendations based on
the Beef + Lamb New Zealand Feed Smart App (https://
beeflambnz.com/news-views/feedsmart-app-making-feed-
management-easier). The program predicts the animal intake
requirement (kgDM/head/day) according to the information
supplied by the user on live weight and target growth rate,
and provides guidance on how long animals should remain
in paddocks to achieve that intake depending on pasture
covers. The second grazing mob were targeted to gain live
weight at 180-200 g/day (GAIN). This was achieved by
selecting paddocks with high-quality leafy pasture, with
the animals regularly shifted to new paddocks. Whilst
higher growth rates can be achieved at other times of the
year, the target of 180-200 g/day was representative of high
growth for winter feeding on pasture. The animals were
weighed every three weeks throughout the trial period, to
ensure target levels of weight gain were being achieved at
the group level.

Slaughter and post-slaughter measurements

In mid-September, a pre-slaughter live weight was
recorded, and the animals were trucked and processed at the
Alliance Group Ltd meat processing plant. Post-slaughter,
hot carcass weight was recorded. Dressing-out percentage
(DO was calculated as carcass weight/pre-slaughter live
weight*100). The carcasses were scanned through the
VIAscan® system, which is a two-dimensional imaging
system that estimates the lean content of the carcass and
provides a proxy for fat depth (VSGR) (Hopkins et al.
2004). The circumference of the buttocks was measured as
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described by Brito et al. (2017).

The day following slaughter, a single boneless loin (M.
longissimus lumborum) was collected from each carcass.
The boneless loin was cut in three to provide samples for
either IMF (a 2-cm slice), shear force (SHF, as a measure of
tenderness), or for the collection of colour, pH and marbling
score data. Analysis of IMF was carried out using a direct
transmethylation approach on freeze-dried and ground
muscle powder, as described by Agnew et al. (2019), with
the resulting data back-transformed to provide estimates of
the levels of individual fatty acids. Within this paper, only
summary traits of the percent saturated fatty acids, mono-
unsaturated fatty acids and poly-unsaturated fatty acids
together with total IMF are reported. All other meat-quality
traits were measured as described by Brito et al. (2017).
The loin slices were placed on small plastic trays and
wrapped using semi-permeable cling film and stored at 4°C
with colour (L24, A24 and B24) measured 24 hours after
blooming using a Minolta Chromometer (Konica Minolta
Sensing, Inc., Osaka Japan). Marbling was visually scored
on the loin slices (1-5 scale) 96 hours after the loins had
been sliced. The loin sample for shear force (SHF) was
frozen 24 hours after slaughter, and subsequently measured
using the MIRINZ protocol.

Statistical analysis

Preliminary analysis of the data revealed that there
was significant variation in the growth rates of the rams
within the JAM group, and although on average they had
gained 24464 g/day, the range was -212 to 126 g/day. Thus,
the animals were split into three groups for analysis: those
that were in the JAM group and lost weight (JAM — Loss),
those that were in the JAM group and gained weight (JAM
— Gain) and those that were in the GAIN group (no animals

Figure 1 Boxplot of the distribution in liveweight gain for ram lambs that were differentially fed through late winter either
to achieve liveweight gain (GAIN) or to be fed Just Above Maintenance (JAM), with the JAM group futher split into those

that lost weight (JAM - Loss) or gained weight (JAM - Gain).
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in the GAIN treatment lost weight, with the lowest weight
gain being 76 g/day). The distribution of growth rates is
shown in Fig. 1.

Analysis of the data was carried out using the mixed-
model procedure in SAS (SAS, 2004). In all models, age of
dam, birth-rearing rank and treatment group were fitted as
fixed effects, while sire was fitted as a random effect. For
growthrate, final live weight and carcass weight, starting live
weight was fitted as a covariate. For the remaining carcass
traits (DO, VSGR and butt circumference) and selected
meat quality traits (SHF and IMF traits), two models were
fitted: one including carcass weight as a covariate and one
without carcass weight as a covariate. For SHF, pH and pH?
were also fitted as covariates to account for the influence
of the quadratic relationship between tenderness and pH
(Brito et al. 2017). For the colour traits, pH was fitted as
a covariate. For the fatty acid composition traits, total IMF
was also fitted as a covariate, as the composition of IMF is
known to vary at different levels of IMF (Wood et al. 2008).

Results and discussion

The original objective of the study was to investigate
the variability in IMF in yearling rams that had been
placed on different feeding regimes in the ten weeks before
slaughter. The two different feeding regimes included
unrestricted access to pasture allowing for high growth rates
on grass winter feeding only (182+42 g/day) or feeding for
just above maintenance (24+64 g/day).
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The results of the analysis for all liveweight, carcass
and meat-quality traits are in Table 1. Overall, the levels of
IMF were very low, as assessed by both visual marbling
score and measured IMF, even for the GAIN group.
The average IMF for New Zealand lamb processed at
approximately six months of age has been shown to be
2.6% across various progeny tests (Craigie et al. 2017),
whereas it was only 2.1% in the GAIN group and as low as
0.8% in the JAM — Loss group in this current study. It was
anticipated that, given that the animals in this study were
six months older than the animals of Craigie et al. (2017),
they should have had higher levels of intramuscular fat.

For all models considering IMF and its composition,
treatment group was significant with or without carcass
weight in the model, indicating that the observed
differences were over and above differences in carcass
weight alone. Animals that were in the JAM-Loss group
had very low levels of both marbling and IMF. The GAIN
group had higher levels of marbling and IMF relative to
the JAM-Gain group, although there was no significant
difference in marbling score between the JAM-Gain and
GAIN group when carcass weight was fitted in the model.
The differences between the groups in IMF composition
were consistent between models for saturated fatty acids,
with a difference across groups and JAM-Loss animals
having the lowest levels of saturated fatty acids. Results
were also consistent for polyunsaturated fat acids between
models, with the JAM-Loss group having higher (P<0.001)

Table 1 Least squares means for liveweight, carcass and meat-quality traits for yearling rams that had been differentially fed
for ten weeks prior to slaughter to achieve liveweight gain (GAIN) or just above maintenance (JAM), with the JAM group
split according to weight lost (JAM- Loss) or gained (JAM-Gain). Two different models were fitted for the carcass and select

meat quality traits, one excluding and one including carcass weight as a covariate.

Carcass weight not fitted in the model'

Carcass weight fitted in the model'

JAM - Loss JAM - GAIN Group JAM - JAM - GAIN  Carcass Group
Gain P value Loss Gain Pvalue P value

Starting live weight (kg) 50.8+0.97  50.0£0.83  50.2+0.75 0.6725
Final live weight (kg)>  45.2+0.73*  50.4+0.84° 59.240.49° < 0.001
Average Daily Gain -50.5+1.03? 24+1.01° 151+0.70° <0.001
(g/day)’
Carcass weight (kg)’ 16.0£0.38*  18.1+£0.43> 22.0£0.26° < 0.001
Dressing out (%) 35.1£0.38*  35.8+0.32° 37.6+£0.29° < 0.001
VIAscan GR (mm) 1.3+£0.41° 1.7+£0.34>  3.7+0.32° <0.001 2.8+0.36  2.1+0.27  2.1+0.30 <0.001 0.0933
VIAscan Total (%) 59.5£0.49  59.8+0.41  59.3+38 0.3810 59.6+0.54 59.8+0.41 59.140.45 0.6461 0.3049
Butt circumference (cm)  63.2+0.65*  65.9+0.74°*  69.1+£0.4° <0.001 66.7+£0.31 67.3+0.33 66.7£0.22 <0.001 0.1296
pH 5.86+0.03> 5.75+0.03* 5.75+0.03*  0.0015
Colour L* 41.2+0.32  41.1+0.27  40.840.25  0.3417
Colour a* 14.7+0.25*  14.6£0.21° 13.6£0.191 <0.001
Colour b* 6.5£0.21*°  6.3+0.17*°  7.0+0.15° <0.001
Shear force (kgF) 8.1£0.47b  8.5£0.39°  7.69+0.35*  0.0427 8.0+0.51  8.5+0.39  7.8+0.42 0.2494 0.1755
Marble Score 1.4+0.10° 1.9+£0.09°  2.1+0.08° <0.001 1.5+£0.11*  1.9+0.09° 2.0+0.09° <0.001 0.0002
Intramuscular fat (%) 0.8+0.12° 1.3+0.10°  2.1+0.09° <0.001 1.1+0.12*  1.4+0.10° 1.8+0.10° <0.001 <0.001
IMF - Saturated fat (%) 40.7+0.5*  42.7+0.39* 43.6+0.35° <0.001  40.6+0.53* 42.7+0.39° 43.7+0.41° 0.0084 <0.001
IMF - Monounsaturated ~ 32.7+0.55*  35.44+0.46° 35.140.44®> <0.001  33.3+0.55* 35.5+£0.44° 34.3+0.45* <0.001 <0.001
fat (%)
IMF - Polyunsaturaated ~ 18.5+0.70° 14.7+0.55* 14.3£0.51*° < 0.001 18.0+0.7° 14.7+0.54* 15.0+0.57* <0.001 <0.001

fat (%)

Walues with different superscripts were significantly different from each other (P<0.05)
2Starting live weight fitted as covariate
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levels of PUFA compared to the other two groups (which
were not significantly different from each other). For
monounsaturated fatty acids, the results differed between
the models, but in both models, values were lowest for
the JAM-Loss group. These results support the review of
Wood et al. (2008), whereby at low levels of IMF most of
the fatty acids are phospholipids associated with muscle
structure (mostly PUFA), whereas at higher levels of
IMF the predominant fatty acids are those associated with
triacylglycerides (mostly SFA).

The DO was very low (35-37%) compared to values
normally observed in six-to-eight-month-old ram lambs
(42.5% Johnson et al. (2008)). This significantly lower
DO indicates that a higher proportion of the live weight
of the animals was made up of non-carcass components,
including the internal organs. Additionally, the levels of
subcutaneous fat were very low, so low traditional GR
measurements (Kirton 1989) could not be made. The levels
detected using the VIAscan system were, on average, less
than half of those observed in non-castrated male lambs,
using the same system, that were processed at seven months
of age (Johnson et al. 2017). Variation in carcass fatness is
significantly related to variation in DO, with DO increasing
with increasing carcass fatness at a set live weight
(Litherland et al. 2010). Whether the very lean carcasses
are the sole reason for the low DO cannot be inferred in this
data set but will have been a contributing factor.

For the «carcass traits (DO, VSGR, buttocks
circumference) and SHF, there were differences (P<0.001
for carcass traits and P<0.05 for SHF) between the groups
when carcass weight was not fitted as a covariate in the
analysis. The differences, however, were no longer
significant when carcass weight was fitted as a covariate
and, as such, the differences were the result of differences
in carcass weight. For pH, the pH of the JAM-Loss animals
was higher (P=0.0015) than that of the other two groups
(which were not significantly different from each other).
This is biologically plausible, as animals losing weight
prior to slaughter likely have reduced energy and glycogen
stores to drive post-mortem decline in pH, although this
phenomenon was not observed by Devine et al. (1983) who
investigated variation in pH in animals that had undergone
weight loss prior to slaughter.

The results highlight that care needs to be taken when
feeding animals to maintenance levels. Whilst the animals
in the JAM group were gaining weight on average, there
was approximately one-third of them that lost weight.
Whether the weight loss was due to inefficient animals
(Johnson et al. 2016) not being offered enough feed to fulfil
their maintenance requirements, or other causes, cannot be
determined from this study. Whichever the case, it does
demonstrate that there is considerable individual variability
in how animals handle winter maintenance feeding, and
more feed will ultimately be required for some individuals
to regain the weight and body condition lost if they are to
be retained. These results provide evidence that individual
animal monitoring through winter is warranted to identify
such animals and to manage them accordingly.
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Conclusion

The results of this study indicate that the levels of
IMF observed in yearling rams is low after winter feeding,
and influenced by pre-slaughter feeding regimes. If
live animal measures of IMF are to be optimised, more
research is needed to understand the age and management
systems required to ensure that the trait is being expressed.
Additionally, there is significant variation in how individual
animals perform under winter maintenance feed regimes,
specifically that some animals are compromised, and that
monitoring is required to identify such animals to prevent
the animals from losing weight.
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