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Simple Summary

This study investigated differing lengths of minor feed restrictions (92% of full intake for 0,
28, or 56 days) in lambs and how it affected growth, meat, and animal composition. The
lambs that were restricted for the entire feeding period performed similarly to the fully
fed controls but had fewer fat carcasses. The lambs that were only restricted for half the
feeding period surprisingly performed the worst, with lighter carcasses and less muscle.
This suggests that a short restriction period does not improve efficiency, and the lamb uses
energy to rebuild its internal organ mass after restriction. To limit feed costs and produce
leaner carcasses, a longer feed restriction is more beneficial in lambs than too short of a
feed restriction and recovery period.

Abstract

This study evaluated the effect of limiting feed intake to 92% of ad libitum for 28 or 56 d
of a 56 d finishing period on growth performance, carcass characteristics, and visceral
organ mass in wethers. Thirty Polypay wethers (initial SBW = 25.6 £ 5.27 kg; 15 pens,
2 lambs/pen) were blocked by body weight and assigned to three treatments: ad libitum
intake for 56 d (CON), 92% of ad libitum intake for 28 d and then ad libitum intake for
28 d (28L), or 92% of ad libitum intake for 56 d (56L). Cumulatively, DMI decreased as
restriction length increased (p < 0.001), but the final SBW, ADG, and G:F did not differ
between treatments (p > 0.11). Hot and cold carcass weights along with carcass muscle
and bone masses were lesser in 28L than CON, but 56L did not differ (p < 0.04). Carcass
fat mass was greatest in CON and least in 28L (p < 0.04). Relative to EBW, liver mass was
greatest in 28L and least in 56L (p = 0.03). Limit feeding for 56 d maintained carcass weight
while increasing leanness compared to CON, whereas a 28 d restriction period reduced
carcass and muscle mass, possibly due to visceral organ recovery.

Keywords: limit feeding; compensatory growth; visceral organs; wethers

1. Introduction

Global lamb production is predicted to be steady or increase slightly from 2024 to
2025 [1]. Despite sheep production primarily being focused on extensive management
and traditional pastoralism, high-concentrate diets fed to lambs in a feedlot system are
becoming more popular in the USA, Mexico, and Australia [2]. As sheep production shifts
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away from traditional pastoral systems, reducing labor and feed costs will be critical to
maintaining competitiveness in the global meat market [2]. Utilizing high-concentrate diets
and limit-feeding strategies may provide an opportunity to reduce both feed and labor
costs in the sheep industry. Limit feeding is a feed management strategy of restricting
feed intake relative to an animal’s actual or expected ad libitum intake [3]. In beef cattle
production, limit feeding is often used in the growing phase to control growth or program
gain on high-concentrate diets [3-5]; during the finishing phase to mitigate heat stress [6]
and improve feed efficiency; or it is implemented through slick bunk management [3,5,7-9].
Within the finishing period, limit feeding strategies generally involve limit feeding for only
a portion of the finishing period, then returning cattle to ad libitum feed intake, called the
realimentation period. During the realimentation period, cattle experience compensatory
growth and can achieve final body weights (BWs) similar to ad libitum-fed groups [10,11].
Improving feed efficiency is especially important as sheep production shifts from a low-cost
extensive system to a more intensive feedlot finishing system to remain economically and
environmentally sustainable [2].

The improvements in feed efficiency, as well as the compensatory growth observed
during limit feeding, are primarily due to changes in the composition of gain and changes
in visceral organ mass and metabolism [12,13]. While this is beneficial for feed efficiency,
cattle that are limit fed, even for a portion of the finishing period, can have decreased mar-
bling scores and carcass quality [7,12]. In lambs fed all concentrate diets, linear reductions
in average daily gain (ADG) were observed as lambs were restricted to 85% and 75% of
ad libitum intake, but no differences were observed in feed efficiency [14,15]. In greater
restrictions of 75% and 60% of ad libitum feed offered for 35 d, ADG was decreased by
48 and 70%, and feed efficiency decreased in a diet with a 25:75 ratio of forage to concen-
trate [16]. In a similar study with a 25:75 ratio of forage to concentrate, lambs restricted to
90% and 80% of ad libitum feed for 42 d had linear reductions in ADG, but the 80% restric-
tion decreased feed efficiency [17]. During the realimentation period, lambs often exhibit
increased ADG and feed efficiency, attributed to reduced maintenance energy costs from
the restriction period, rather than a significant increase in intake above controls [16-18].
The effect of limit feeding lambs on carcass composition consistently shows reductions in
carcass fat [14,16,17,19,20]. Realimentation periods allow for the recovery of lean tissue; fat
depots require longer realimentation periods to recover, and 14 d of realimentation has
been shown to be insufficient for fat recovery in lambs [17]. Organ mass is reduced by limit
feeding, especially of the liver, kidney, and gastrointestinal tract [15,18]. The recovery of the
liver during realimentation is achieved rapidly, recovering within 14 d of realimentation;
however, the gastrointestinal tract can take longer to recover [17].

The current literature shows that limit feeding during the finishing period can improve
feed efficiency but has negative effects on carcass quality. Severe restrictions > 80% result
in decreased ADG and poorer feed efficiency; thus, we chose 8% restriction and a 28 d
realimentation period to allow for carcass and organ recovery while maintaining improved
feed efficiency during the realimentation period. This study aims to evaluate the effect of
limit feeding for part of or for the entire finishing period on growth performance, carcass
characteristics, visceral organ mass, carcass cutouts, and body composition in lambs. We
hypothesize that limit feeding for 28 d followed by a 28 d realimentation period will result
in similar growth performance to ad libitum-fed lambs but fewer fat carcasses, while limit
feeding lambs for 56 d will result in poorer growth performance, fewer fat carcasses, and
lighter visceral organs than the ad libitum-fed lambs.
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2. Materials and Methods

This study was conducted at the South Dakota State University Sheep Unit in Brook-
ings, South Dakota, between April 2024 and May 2024. The animal care, handling, and
slaughter procedures used in this study were approved by the South Dakota State Univer-
sity Animal Care and Use Committee (2402-029E) on 18 March 2024.

2.1. Treatments

Thirty Polypay wethers (initial shrunk body weight [SBW] = 25.6 £ 5.27 kg) were
acquired from the SDSU Sheep Unit and sorted by initial SBW into 5 blocks and assigned
to pens (n = 15; 2 lambs/pen; 5 replicates per treatment) in a randomized complete block
design. The pens were then assigned to 1 of 3 treatments:

1. Lambs fed ad libitum for 56 d (CON);

2. Lambs limited to 92% of ad libitum intake for 28 d followed by ad libitum intake for
28 d (28L);

3. Lambs limited to 92% of ad libitum intake for 56 d (56L).

The 92% feed restriction was determined by providing the limit-fed pens 92% of the
intake of the CON group within their respective blocks from the previous day. The ad
libitum-fed lambs were managed to have <5% orts remaining in the morning to minimize
feed wastage by the lambs. Orts were collected daily to determine daily feed intake.

2.2. Feeding and Management

Lambs were group housed prior to study initiation and were transitioned to the
treatment diet. Lambs were also offered ad libitum grass hay prior to the study. Lambs
in the CON group were offered feed at 1% of their BW on an as-is basison d 1, 2% on d 2,
2.25% on d 3 and 4, and 2.5% on d 5 and 6. After this, they were offered ad libitum feed.
The feed restrictions for 28L and 56L began on d 2 where they were offered 92% of the
feed offered to the CON lambs. All lambs were weighed for allotment, paint branded with
their pen, and had backfat thickness (BF) and loineye depth measured via ultrasonography
(EVO 111, E.I. Medical Imaging, Loveland, CO, USA) on 2 April 2024 (d 1 for group 1 and
2 for group 2, respectively); loineye area (LEA) was calculated according to the National
Sheep Improvement Program standards. The lambs were then divided into two groups and
started on treatment 2 days apart to accommodate the SDSU meat lab slaughter capacity
at the end of the study. Three replicates (9 pens; 18 lambs) started the study on April 2,
while 2 replicates (6 pens; 12 lambs) were reweighed and started the study on April 4. Body
weights were measured again on d 28 and d 56 after a 20 h fast, and backfat and loineye
depth were measured via ultrasonography on d 28.

Lambs were housed indoors in 1.5 x 1.5 m pens bedded with wheat straw. Lambs
were fed once daily at 0800 for the first 28 d, then switched to twice-a-day feeding for the
final 28 d at 0800 h and 1400 h. Feed was weighed out individually for each pen on a digital
scale (Weigh-Tronix 640m, Agri-Tronix Corporation, Franklin, IN, USA; scale readability +
9.1 g) and hand delivered to pens in buckets. Each pen was equipped with a hanging trough
feeder with 0.91 m of bunk space that feed was delivered into. Lambs had ad libitum access
to fresh, clean water in buckets attached to their pens. Weekly total mixed ration (TMR)
samples were collected and analyzed for dry matter (DM). Actual diet formulation based
upon weekly DM determination with tabular nutrient values according to Preston [21] are
presented in Table 1.
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Table 1. Ingredient inclusion and nutrient composition of diet fed to lambs ad libitum for 56 d (CON),
restricted to 92% of CON for 28 d followed by 28 d of realimentation (28L), or restricted to 92% of
CON for 56 d with no realimentation (56L).

Item Diet
Ingredient Inclusion
Dry Rolled Corn 59.1
Supplement Pellet ! 25.3
Oats 10.1
Soybean Meal 25
Molasses 3.0
Nutrient Composition, Dry Matter Basis
Dry Matter, % As Fed 88.0
Crude Protein, % 18.1
Neutral Detergent Fiber, % 10.9
Acid Detergent Fiber, % 3.9
ASh, % 2.8
Ether Extract, % 3.2
Net Energy for Maintenance, Mcal/kg 2.07
Net Energy for Gain, Mcal/kg 1.40
Decoquinate, mg/kg 24.5

1 Supplement pellet contained (DM basis) 40% crude protein, 3.2% non-protein nitrogen, 0.5% crude fat, 8.0% crude
fiber, minimum 3.5% calcium, maximum 4.5% calcium, minimum 0.7% salt, maximum 1.2% salt, 0.8 ppm of sele-
nium, 7710 IU/kg of vitamin A, 1361 IU/kg of vitamin D, 91 IU/kg of vitamin E, and 97 mg/kg of Decoquinate.

2.3. Growth Performance

Lamb BWs were assumed to be SBW because they were fasted for 20 h prior to
weighing, so no pencil shrink was applied. Lambs were weighed on a platform scale with
a scale break of 0.45 kg. Average daily gain was calculated as final SBW—initial SBW/days
on feed (DOF) and gain to feed (G:F) was calculated as ADG/dry matter intake (DMI).
Growth responses were calculated for the cumulative feeding period, from d 1 to 28 and
from d 28 to 56.

2.4. Carcass Characteristics

Lambs were harvested at the SDSU meat lab on d 56. Lamb viscera were individually
collected and weighed during harvest, and the gastrointestinal tract including the digesta,
internal fat, and perirenal fat with the kidneys were collected and stored overnight in a
cooler. The following morning, digesta was washed from the gastrointestinal tract, the fat
was removed, and the tract was separated into the forestomach, small intestine, and large
intestine and weighed. The weight of the digesta was subtracted from the final SBW to
determine empty body weight (EBW).

Carcasses were weighed prior to chilling to obtain a hot carcass weight (HCW) and
weighed the following morning after chilling for a cold carcass weight (CCW). They were
then ribbed between the 12th and 13th ribs for evaluation of LEA, BF, and body wall
thickness (BWT). Flank fat streaking and leg conformation score were also recorded for
each carcass.

Calculated yield grade equations were obtained via the USDA Yield Grade [22] equa-
tion for lambs: Yield Grade = 0.4 + (10 x BEF, in). The percentage of red meat yield (RMY)
was calculated via the equations in the study by Jones et al. [23]: RMY = 80.33 — (0.35 X
BWT, mm) + (0.83 x leg conformation score). Additionally, the percentage of boneless
closely trimmed retail cuts (BCTRCs) was calculated via the equation in the study by
Boggs [24]: BCTRC =49.936 — (0.0848 x HCW, Ibs) — (4.376 x BF, in) — (3.53 x BWT, in) +
(2.453 x LEA, in?).
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After chilling, lambs were sectioned according to the Institutional Meat Purchase
Specifications (IMPS) to determine the forequarter and hindquarter of the left side. The
forequarter was divided into the neck, shoulder IMPS206, rack IMPS204, breast IMPS209,
and ribs IMPS209a, and the hindquarter was divided into the loin IMPS231, leg IMPS233,
and flank IMPS232 [25]. The left side shoulder was then manually dissected into muscle, fat,
and bone according to Luaces et al. [26]. Carcass composition was then determined from
the shoulder composition according to Carrasco et al. [20] to determine carcass composition
on a percentage basis and on a half-carcass weight basis.

2.5. Statistical Analysis

Data were analyzed as a randomized complete block design using the MIXED pro-
cedure of SAS 9.4 (SAS Inst. Inc., Cary, NC, USA). Pen was the experimental unit with
treatment as the fixed effect and block as the random effect. Individual measurements from
the two lambs within each pen were averaged, and the resulting pen mean was used as
the observational unit for statistical analysis. Least square means were generated with
the LSMEANS option of PROC MIXED and means were separated using Tukey’s HSD
adjustment and denoted differently (p < 0.05). Flank streaking and leg conformation were
analyzed using the GLIMMIX procedure of SAS 9.4 with pen as the experimental unit
using a multinomial distribution. Significance was determined at p < 0.05 and tendencies
at 0.05 <p <0.10.

3. Results

Initial, d 28, and d 56 SBW did not differ between treatments (p > 0.11; Table 2). Dry
matter intake was greatest for CON and least for the 28L and 56L lambs from d 1 to 28
(p <0.01). From d 28 to 56, the CON and 28L lambs had the greatest intakes (p < 0.01),
and cumulatively, CON had the greatest, 281 was intermediate, and 56L had the least
DMI (p < 0.01). Average daily gain and G:F did not differ from d 1 to 28 or from d 1 to 56
(p > 0.24) but tended to differ from d 28 to 56 (p < 0.07).

Table 2. The growth performance of lambs fed ad libitum for 56 d (CON)), restricted to 92% of CON
for 28 d followed by 28 d of realimentation (28L), or restricted to 92% of CON for 56 d with no
realimentation (56L). *P Means within a row lacking a common superscript differ (p < 0.05)

CON 28L 56L SEM p-Value
Shrunk Body
Weight, kg
Initial 25.6 25.2 26.1 2.48 0.64
d28 32.7 32.3 32.3 2.83 0.72
d 56 43.1 415 421 2.73 0.11
Dry Matter Intake,
kg/d
d1to28 1.07 2 0.99° 0.99P 0.104 <0.01
d 28 to 56 1.732 1.692 1.59 P 0.092 <0.01
d1tob6 1402 1.34 b 1.29°¢ 0.098 <0.01
Average Daily
Gain, kg/d
d1to28 0.25 0.25 0.22 0.029 0.47
d 28 to 56 0.37 0.33 0.35 0.014 0.07
d1tob56 0.31 0.29 0.29 0.015 0.24
Gain:Feed
d1to28 0.245 0.259 0.22 0.0261 0.51
d 28 to 56 0.217 0.197 0.224 0.0157 0.06
d1tob56 0.227 0.22 0.224 0.0147 0.87
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Hot carcass weight and CCW were greatest for CON and least for 28L, with 56L not
differing (p < 0.04; Table 3). Empty body weight on a kg basis tended to differ (p = 0.06), but
on a percentage basis, EBW and DP did not differ (p > 0.12). Yield grade, RMY, and BCTRC
did not differ (p > 0.23). Backfat and LEA did not differ on d 1, 28, or 56 (p > 0.23). Flank
streaking and leg conformation distributions did not differ between treatments (p > 0.39).

Table 3. The carcass characteristics and distribution of flank streaking and leg conformation scores
of lambs fed ad libitum for 56 d (CON), restricted to 92% of CON for 28 d followed by 28 d of
realimentation (28L), or restricted to 92% of CON for 56 d with no realimentation (56L). #P Means
within a row lacking a common superscript differ (p < 0.05)

CON 28L 56L SEM p-Value
Hot Carcass a b ab
Weight, kg 23.0 21.6 223 1.68 0.03
Cold Carcass a b ab
Weight, ke 225 21.0 21.7 1.71 0.04
Empty Body
Weight, ke 38.5 36.9 38 2.55 0.06
Empty Body
Weight, % 89.4 88.8 90.2 0.47 0.12
Dressmgjopercem' 53.4 51.9 52.9 0.86 0.31
Yield Grade 2.31 249 2.18 0.412 0.48
Red Meat Yield, % 82.1 83.1 82.7 0.85 0.23
Boneless Closely
Trimmed Retail 42.2 42.7 42.5 0.84 0.4
Cuts, %
Backfat Thickness,
cm
Initial 0.25 0.24 0.23 0.022 0.8
d 28 0.33 0.3 0.31 0.03 0.58
d 56 0.49 0.57 0.45 0.115 0.34
Loineye Area, cm?
Initial 5.9 6 6.3 0.45 0.52
d 28 8.4 8.4 9.2 0.68 0.33
d 56 15 13.5 15 0.64 0.23
Flank Streaking 0.71
Select 77.9 78 60.2 -
Choice 221 22 39.8 -
Leg Conformation 0.39
Low Choice 98.2 98.2 87.3 -
Average Choice 1.8 1.8 12.7 -

The shoulder and carcass composition on a percentage basis did not differ (p > 0.16;
Table 4). The shoulder muscle on a kg basis was greatest for CON and 56L lambs (p = 0.02),
the weight of the fat differed (p = 0.05), and bone tended to differ (p = 0.07). The carcass
composition on a half-carcass weight basis had the greatest muscle and bone in the CON and
56L groups (p < 0.03), and the fat was significantly affected by overall treatment (p = 0.04),
with the CON group having the greatest mean value; however, pairwise differences did
not reach statistical significance following Tukey’s HSD adjustment (p > 0.05).
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Table 4. The shoulder and carcass composition of lambs fed ad libitum for 56 d (CON)), restricted to
92% of CON for 28 d followed by 28 d of realimentation (28L), or restricted to 92% of CON for 56 d
with no realimentation (56L) *® Means within a row lacking a common superscript differ (p < 0.05).

CON 28L 56L SEM p-Value
Shoulder
composition, kg
Muscle 1.532 1.41P 1534 0.113 0.02
Fat! 0.81 0.71 0.69 0.098 0.05
Bone 0.76 0.7 0.76 0.058 0.07
Shoulder
composition, %
Muscle 49.6 50.5 51.3 1.1 0.24
Fat ! 25.8 24.6 23.1 1.63 0.18
Bone 24.6 25 25.6 0.8 0.37
Carcass
composition, kg
Muscle 6.36 2 5.91Pb 6.352 0.425 0.02
Fat 5.31 4.65 4.69 0.585 0.04
Bone 2122 1.98b 2.124@ 0.125 0.03
Carcass
composition, %
Muscle 46.5 47.6 484 1.21 0.17
Fat 37.9 36.4 35.4 1.73 0.17
Bone 155 16 16.2 0.54 0.16

1 Main effect of treatment was significant (p < 0.05), but no pairwise differences were detected among individual
treatment means following Tukey’s HSD adjustment (p > 0.05).

Heart weight was greatest for the CON and 56L lambs and least for the 28L (p = 0.02;
Table 5) but did not differ on an EBW basis (p = 0.58). Liver weight was greatest for the
CON and least for the 56L with the 28L not differing (p = 0.02), and on an EBW basis, 28L
was greatest, 56L the least, and CON did not differ from either (p = 0.03). All other viscera
weights, on an as-is and an EBW basis, did not differ (p > 0.19).

Table 5. The visceral organ weights of lambs fed ad libitum for 56 d (CON), restricted to 92% of
CON for 28 d followed by 28 d of realimentation (28L), or restricted to 92% of CON for 56 d with no
realimentation (56L). *® Means within a row lacking a common superscript differ (p < 0.05)

CON 28L 56L SEM p-Value

Viscera, kg
Hide 3.85 3.85 4.11 0.332 0.38
Limbs 0.68 0.65 0.68 0.037 0.29
Head 2 2.02 2.02 0.095 0.9
Blood 1.61 1.53 1.62 0.09 0.37
Heart 0.242 0.22°b 0242 0.01 0.02
Lung 0.72 0.68 0.72 0.044 0.54
Liver 0.862 0.85ab 0.81° 0.037 0.02
Spleen 0.08 0.08 0.08 0.004 0.6
Kidney 0.14 0.14 0.14 0.007 0.89
Visceral fat 1.72 1.7 1.54 0.22 0.42
Perirenal fat 0.25 0.23 0.26 0.037 0.65
Caul fat 0.09 0.11 0.12 0.02 0.29
Forestomach 1.09 1.06 1.06 0.05 0.72
Small intestine 0.9 0.85 0.88 0.035 0.63
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Table 5. Cont.
CON 28L 56L SEM p-Value
Large intestine 0.43 0.46 0.44 0.017 0.6
Viscera, g/kg of
empty body
weight
Hide 100.2 104.3 107.4 3.43 0.37
Limbs 17.6 17.8 18.1 0.56 0.76
Head 52.2 55.2 53.5 1.68 0.28
Blood 423 41.8 427 1.58 0.78
Heart 6.3 6 6.3 0.22 0.58
Lung 18.7 18.6 19.1 0.81 0.91
Liver 2252b 2322 21.3P 0.66 0.03
Spleen 22 22 22 0.13 1
Kidney 3.7 3.7 3.6 0.17 0.87
Visceral fat 44.1 454 40.1 3.48 0.34
Perirenal fat 6.3 6 6.7 0.62 0.67
Caul fat 2.4 3.1 2.9 0.36 0.19
Forestomach 28.3 29 28.2 1 0.67
Small intestine 23.9 23.5 23.5 2.06 0.95
Large intestine 114 12.5 11.8 0.84 0.48

The only cutout that differed was the breast on both an as-is and an EBW basis, with
the CON and 56L lambs having the greatest weight (p < 0.01; Table 6). The leg on an as-is
basis tended to be different (p = 0.07). All other cutout measurements were not different

(p > 0.11).

Table 6. The individual meat cutout weights of lambs fed ad libitum for 56 d (CON), restricted to
92% of CON for 28 d followed by 28 d of realimentation (28L), or restricted to 92% of CON for 56 d
with no realimentation (56L). P Means within a row lacking a common superscript differ (p < 0.05)

CON 28L 56L SEM p-Value
Cutouts, kg
Shoulder 6.31 5.85 6.05 0.465 0.14
Leg 6.6 6.22 6.56 0.413 0.07
Loin 1.96 1.81 1.82 0.175 0.39
Rack 2.12 2.22 2.15 0.173 0.64
Ribs 1.54 1.35 1.31 0.156 0.12
Flank 1.59 1.52 1.56 0.194 0.68
Breast 0.89 2 0.72b 0.842 0.079 <0.01
Neck 0.7 0.76 0.74 0.067 0.43
Front trotters 0.25 0.2 0.19 0.019 0.11
Back trotters 0.29 0.27 0.29 0.013 0.19
Cutouts, g/kg of empty body weight

Shoulder 163 159.7 159 3.9 0.76
Leg 171.3 168.7 173.1 2.45 0.48
Loin 50.4 48.8 48 1.98 0.68
Rack 55.1 59.5 56.6 2.25 0.33
Ribs 39.6 36 34.4 2.17 0.17

Flank 40.6 40.5 40.6 2.69 1
Breast 23,02 19.5P 22,02 0.77 <0.01
Neck 18 20.6 194 0.83 0.14
Front trotters 6.8 54 5 0.81 0.25
Back trotters 7.6 7.4 7.8 0.35 0.47
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4. Discussion

The dry matter intake restrictions were successful, although slightly less than the
targeted 8% with the 28L lambs being restricted 7.4% and the 56L lambs being restricted
8.0% during their respective restriction periods. Cumulatively, this resulted in a linear
decrease in feed intake as we lengthened the restriction time. Due to a lack of published
research on limit feeding with a realimentation period in finishing lambs, comparisons in
this discussion rely mostly on feedlot cattle research. Despite potential differences in how
cattle and sheep respond to limit feeding, cattle data offers the most robust literature for
interpreting these results. As observed in previous studies, the limit-fed group’s intake was
similar to the ad libitum group during the realimentation period; however, unlike in those
studies, we did not observe an increase in feed efficiency during this period [8,10-12]. This
response is consistent in the sheep literature as well, with no difference in intake but im-
proved feed efficiency during realimentation [16-18]; however, in more severe restrictions
in cattle, intake often increases during the realimentation period and may account for a
more significant portion of the compensatory gain response [13,27]. Despite the apparent
differences in intake, there was no difference in SBW and only a tendency for the 28L lambs
to be slower growing and less efficient during the realimentation period. This is generally
not in agreement with previous studies in lambs during the realimentation period, where
animals go through compensatory growth with greater gain and feed efficiency [16-18].
Although speculative, it is possible that the 28 d restriction period was too short for the
lambs to fully adapt to their lower intakes and, as a result, could not recover during the re-
alimentation period. The initial restriction period often results in poorer performance, and
it is not until after an adaptation period that improvements in feed efficiency are observed
in limit feeding studies [10-12]. Lambs that were restricted to 80% of ad libitum feed for
42 d then went through 14 d of realimentation were not able to recover to the same final
BW as the control group; however, the group that was limited to 90% of ad libitum feed
was able to recover after only 14 d [17], supporting the theory that a 28 d realimentation
period might have been sufficient to recover BW at only an 8% restriction, but the restriction
length might have been too short. Further supporting this theory is the fact that the 56L
lambs are often intermediate or even closer to the CON lambs than the 28L lambs in many
of the measured variables. A 28 d restriction period followed by a 28 d realimentation
period did not result in improved performance, but interestingly, the full 56 d restriction
period also did not result in decreased performance relative to the ad libitum-fed group.
Although bunk management was designed to minimize feed sorting and loss, because
of behavioral characteristics of confined lambs, feed loss was observed which may have
introduced variation in the feed intakes and growth performance. Additionally, gut fill can
be a confounding factor when comparing limit-fed to ad libitum-fed animals. While this
was minimized through a 20 h fast prior to weighing, the carcass weights of the lambs are
likely a stronger indicator of performance than live weights.

Although there were no differences in final SBW, carcass weights did differ. The CON
lambs had a 3.2% improvement over the 56L lambs, and the 56L lambs had a 3.1% im-
provement over the 28L lambs for HCW. Although EBW also accounts for gut fill, it retains
non-carcass components such as the hide, head, blood, feed, and organs, which introduces
additional biological variation and likely explains why HCW and CCW statistically dif-
fered while EBW only tended to differ. The HCW, CCW, and EBW demonstrated similar
treatment responses despite EBW only tending to differ. No other carcass traits differed,
including flank streaking, LEA, and backfat thickness. However, when the shoulder was
dissected, the CON and 56L lambs had greater muscling, with the 56L. lambs also having
the least fat on both a shoulder and carcass basis. Slowing down growth through limit
feeding often results in leaner carcasses in cattle [7,8,28] and sheep [14,16,17,20]. The leaner
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carcasses in the 56L. lambs were achieved without affecting muscle growth but by decreas-
ing fattening. It is interesting that the 28L lambs responded the worst, with decreased
muscle and bone compared to the other two treatments. Despite the differences in muscle
mass observed in the whole carcass, individual cutouts do not reflect this difference, apart
from the breast, which was the greatest for the CON and 56L treatments. The apparent lack
of differences in the individual cutouts despite HCW differences may be caused by greater
introduced human error as more processing is done to each cut.

Overall, most visceral organ masses did not differ, except for the liver and heart. The
heart has not shown a response to daily feed intake levels in previous studies in both sheep
and cattle [7,13,18]. Since the heart weight does not differ relative to EBW, it is likely a
function of the lighter EBW of the 28L lambs. The liver followed a linear trend, with the
CON group having the greatest liver mass and the 56L group the least. When analyzed
relative to EBW, the 28L lambs have the greatest liver mass. Limit feeding decreases liver
mass, primarily through the decreased size of hepatic cells [13]. Much less is known about
how the liver responds during the realimentation period. Part of the hypothesis behind
compensatory gain is that the liver takes a while to grow back to its pre-limit feeding
size, and during this time it is consuming less energy, resulting in decreased maintenance
energy requirements [7,13]. Although the metabolic activity of the liver was not measured
directly, the metabolic activity of the liver during changes in feed intake has been shown
to be related to the size of the liver and not the metabolic activity of the hepatic tissue
itself [29]. During such a short restriction and realimentation period, it is possible that
the 28L lambs were not in a state where maintenance energy costs were decreased during
either period. In fact, the 28L lambs had the greatest liver mass relative to BW, indicating
potentially greater maintenance requirements during the realimentation period, and the
rapid recovery of liver weight has been observed previously in lambs [16,17]. However, it
is important to note that this proposed mechanism remains speculative, as other factors
may have played an important role in the poor performance of the 28L lambs. Whether the
poor response from the 28L lambs is a result of too short of a restriction or realimentation
period or simply due to differing responses to limit feeding between sheep and cattle
requires further investigation. A limitation of the present study is that the sample size of
five pens per treatment limits the statistical power for detecting small differences. Future
research using a larger number of pens may provide greater sensitivity for detecting smaller
treatment differences.

5. Conclusions

Lambs that were limit fed during the entire finishing period performed similar to
ad libitum-fed lambs but had leaner carcasses with similar muscle mass. The lambs that
were only limit fed for 28 d had the poorest results, with decreased carcass, muscle, and
bone weights. Although speculative, the greater liver weight relative to EBW in the 28L
lambs suggests that the realimentation period may have resulted in visceral organ recovery
rather than muscle growth. These results indicate that the duration of restriction and
realimentation is important in lambs, and a 28 d period may not be sufficient to capture
energy efficiencies in either the restricted or realimentation period. However, a full 56 d feed
restriction of 8% resulted in similar carcass-adjusted growth performance and increased
carcass leanness compared to ad libitum-fed lambs.
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