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_____________________________________________________________________________________

Abstract
The study investigated the effects of re-alimenting dietary protein or energy on growth, carcass
characteristics and meat eating quality parameters of sheep. Twenty-seven intact rams (~9 months; 11.3 ±
0.5 kg) were randomly divided into three groups. Each group was fed a maintenance diet (MT) containing, on
dry matter (DM) basis, 105 g/kg crude protein (CP) and 8.4 MJ/kg DM metabolizable energy (ME) for 30
days. Thereafter, they were continually fed the same MT or re-alimented with a high protein diet (HP)
containing 169 g/kg DM CP and 9.3 MJ/kg ME or a high energy diet (HE) containing 123 g/kg DM CP and
10.6 MJ/kg ME for an additional 30 days to determine the effects of re-alimentation of protein or energy on
their growth performance and carcass characteristics. During the initial 30-day period, DM intake (DMI) and
growth performance were similar among the three groups. However, upon re-alimentation, average daily
gain (ADG) and feed efficiency of sheep re-alimented with HP were greater than those maintained
continually on MT or re-alimented with HE. Sheep on HP had higher feed efficiency, ADG and heavier
carcasses than those fed MT or re-alimented with HE during the whole 60-day period. Growth of most
viscera was less responsive to the restriction-re-alimentation feeding regimen except for the weights of the
lungs, heart and intestines. Meat from sheep re-alimented with HE had a more intense ‘sheepy’ flavour than
those fed MT or re-alimented with HP, but juiciness and tenderness were not affected. The higher ADG of
sheep re-alimented with protein may be related more to enhanced efficiency of feed utilization than to higher
DMI.
______________________________________________________________________________________
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Introduction
Sheep are a source of meat, income, food security and short-term cash reserves. In most African
cultures of northern Ghana and Nigeria, sheep also have a social benefit, in that live animals have sociocultural values far beyond their market value in terms of live weight. Unlike goats, they are acceptable for
payment of the bride price during marriage and for ritual sacrifices (Okali & Sumberg, 1985). Urban livestock
traders in West Africa often buy young animals in the non-festive season and then fatten them for sale at
Christmas and the Islamic festival of Idle Fitir when demand for mutton is high (Okali & Upton, 1984; Baah et
al., 2012). However, feeding these animals between these periods is often a challenge, because most
natural pastures are destroyed by wild bushfires in the dry season, and providing nutritious feed throughout
the year is constrained by feed availability and cost (Addah, 2014).
To address these challenges, urban livestock traders and farmers usually restrict dietary nutrient
intake during feed unavailability to maintenance levels and re-aliment these nutrients toward the festive
season to induce compensatory growth. A 40% restriction of ad libitum intake followed by re-alimentation has
been used to induce compensatory growth, improve growth rate, and produce leaner carcasses in growing
lambs (Abouheif et al., 2013). Compensatory growth has also been induced to alter the slaughter weight of
animals to meet the taste of consumers (Owens et al., 1993). However, it is not known whether re-alimenting
dietary energy or protein would induce the necessary compensatory growth and whether the improved
growth could be translated into improvement in carcass weight and meat quality. Some previous studies
suggested that improved growth performance during the re-alimented period was because of increased
appetite and feed intake (Marais et al., 1991), but others (Ryan et al., 1993a; Ryan et al., 1993b; Keogh et
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al., 2015) hypothesized that reduced maintenance requirements and greater deposition of protein were
responsible for compensatory growth during the initial stages of re-alimentation, and compensatory growth in
the later stages was attributed to greater DMI. Yet compensatory growth following re-alimentation of nutrients
has been reported in sheep with lower feed intake (Kamalzadeh et al., 1997). Various body organs have
been found to react differently during restriction and re-alimentation. Early maturing organs such as the
head, feet and viscera structures are less affected by restriction-re-alimentation feeding regimes than latematuring ones such as the liver, gastrointestinal tract, heart and kidneys (Kamalzadeh et al., 1998). The
economic benefits of compensatory growth, therefore, have remained doubtful because some earlier studies
attributed observed increases in live weight gain to accumulation of water in the gut (Drew & Reid, 1975) and
fat in the meat (Turgeon et al., 1986; Hornick et al., 2000). The mechanisms and benefits of the practice of
inducing compensatory growth have not been elucidated and conclusively established in sheep. It is not
known whether re-alimentation of dietary protein or energy would induce the greatest compensatory growth
response and relative effects on meat eating quality parameters. Hence the present study investigated the
effects of re-alimenting dietary protein or energy on growth, carcass characteristics and meat eating quality
parameters of sheep.

Materials and Methods
The study was conducted at the Ruminant Production Unit of the University for Development Studies,
Nyankpala (latitude 9.3965° N; longitude 0.9892° W). The area has two main seasons; the dry season and
the rainy season. The study was conducted during the dry season from 28 October to 27 December 2015.
Data on environmental conditions during this period were obtained from weather records of Savanna
Agricultural Research Institute (SARI, 2015), situated 50 m from the location of the experiment. The data
included temperature (18–35 ˚C); rainfall (20–39 mm); relative humidity (27–40%); and sunshine (80–87%).
A total of 27 intact West African Dwarf growing ram lambs (~9 months) were purchased from a local
market in the northern region of Ghana. After seven days of quarantine and prophylactic treatment against
worms and ticks, they were castrated by a qualified veterinary technician. The sheep were then identified
with plastic identification tags (Fearing Int. Ltd, Northampton, UK) and were all group-fed ad libitum a diet
containing crushed corn (380 g/kg), whole cotton seed (420 g/kg), peanut haulms (150 g/kg) and mineralvitamin premix (50 g/kg), which was calculated to supply 9.3 MJ/kg and 125 g/kg CP on a DM basis. A month
after castration, they were randomly assigned to nine wooden pens (2.5 m × 1.5 m) with concrete floors,
each pen consisting of three wethers, at the University for Development Studies, Tamale, Ghana.
All sheep (11.3 ± 0.5 kg) were then fed an MT diet (10.5% CP; 8.4 MJ/kg ME) (NRC, 2007) for 30
days, after which each pen was randomly assigned to one of three dietary treatments (n = 3) in a completely
randomized design in which sheep were fed either the same MT or a re-alimented diet that was higher in
protein (HP) (169 g/kg DM CP; 9.3 MJ/kg ME) or in energy (HE) (123 g/kg DM CP; 10.6 MJ/kg ME) for 30
additional days to allow for moderate-to-rapid growth potential (NRC, 2007). Hence dietary CP was
increased by 60.9% in the HP diet, and dietary ME was increased 34% in the HE diet compared with MT
(Table 1). The MT diet was formulated to allow for body maintenance at ad libitum intake for the 60 days of
the experiment. The ingredients and nutrient composition of the diets are indicated in Table 1. Sheep were
weighed on two consecutive days at the beginning of the experiment and every two weeks thereafter until
the end of the experiment, when two consecutive weights were taken. The average of the consecutive
weights at the beginning of the study and at the end were used as the initial and final weights, respectively.
Feed was mixed manually and delivered daily as a total mixed ration. The daily amount of feed offered
was recorded and leftovers were collected daily, weighed and sampled before being discarded. Samples of
feed and leftovers that were collected daily were composited into bi-weekly samples, subsampled and stored
o
o
(-40 C) for subsequent proximate analysis. The DM of each dietary ingredient was also determined (60 C
for 48 h) on weekly samples composited from samples of each ingredient collected daily prior to preparing
the ration. This made it possible to adjust the proportions of ingredients in the diet whenever there was an
appreciable change in the DM concentration of the ingredients. Animals were offered their feed every
morning (08:30–09:15). The quantities of feed offered daily were adjusted to meet appetites of animals and
to ensure minimal feed leftovers without limiting intake. Fresh water (~15 L) was supplied daily per pen. Dry
matter intake of each pen was calculated as feed DM offered minus DM of the left-overs. The DMI, average
daily gain (ADG), and feed efficiency (expressed as ADG/daily DMI) were estimated separately for the
periods when the sheep were fed the MT diet and the re-alimented diets (HP and HE), and for the whole 60day experimental period.
The experimental subjects were cared for and managed with ethical considerations for conducting
scientific experiments. The protocol was approved by a peer-review committee of the Department for Animal
Science based on the guidelines for conducting research in the Ethics Policy Handbook (ICEIR, 2010) of the
University for Development Studies, prior to the commencement of the experiment.
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Table 1 Ingredient and chemical composition of a maintenance diet or a re-alimented high protein or high
energy diet offered to West African Dwarf sheep
Item

Maintenance

High energy

High protein

Ingredient composition of diets (g/kg DM)
Flour mill droppings

200

450

150

Chopped rice straw

450

250

150

Gliricidia (leaves)

120

100

200

180

150

450

50

50

50

Cottonseed cake
Premix supplement

2

Chemical composition (g/kg DM)
Dry matter
Ether extract
Nitrogen-free extract

1

888 (4.1)

824 (16.2)

869 (48.2)

69 (2.2)

76 (27.7)

66 (24.4)

289 (15.2)

488 (10.7)

385 (20.2)

Crude fibre

427 (30.7)

244 (21.1)

187 (10.1)

Neutral detergent fibre

480 (87.07)

445 (68.21)

460 (20.2)

Acid detergent fibre

230 (90.3)

220 (86.6)

225(78.9)

Crude protein

105 (10.9)

123 (8.1)

169 (20.9)

Starch
3
ME (MJ/kg DM)

380 (0.1)
8.4 (0.28)

491 (2.3)
10.6 (1.72)

410 (3.1)
9.3 (2.11)

1

Values in parenthesis are standard deviations (n = 2)
The premix supplement contained (g/kg DM): calcium (5.5), phosphorus (2.5), potassium (6), magnesium (1.2), sulphur
(1.5), and sodium (1.0), and zinc (30 ppm), iron (40 ppm), selenium (0.3 ppm and multivitamin (276 IU/ kg DM; feed tag
information; Agri Care Ghana Ltd., Ghana)
3
ME (MJ/kg DM) = 0.31CP + 0.12EE + 0.05CF+ 0.14NFE (Ellis, 1980)
2

At the end of the feeding trial, six wethers were randomly sampled from each treatment (two per pen)
and transported to a meat processing plant at the University for Development Studies, Tamale, Ghana. The
wethers were slaughtered according to standard protocol for slaughtering animals at the plant. Briefly, live
weights of animals were recorded before being stunned with a captive bolt pistol and bled for approximately
10 min by severing the main jugular vein. Singeing was done with a gas flame and knife to scrub off the hair
on the skin. Evisceration was done immediately after singeing, and the warm carcass and visceral weights of
each animal were recorded and expressed as proportions of weight at slaughter. Contents of the reticulorumen and intestines were emptied before weighing. Hot carcass weight was recorded with kidney, heart,
and pelvic fat present. The forestomach (reticulo-rumen) and intestines (large and small intestines) were
removed, emptied and weighed separately. Other visceral organs (liver, lungs, heart, kidneys, and spleen)
and visceral fats around the reticulo-rumen (omental), intestine (mesenteric) and abdominal-pelvic region
(peritoneal fat) were also similarly removed and weighed separately for each carcass. Prior to weighing,
visceral organs were trimmed of attached fat.
The carcass of each animal was halved. Each pair of longissimus dorsi from each carcass was
removed and stored (1 °C) for 24 h. Each longissimus dorsi was then sliced into two parts. This resulted in
18 parts per dietary treatment. The parts were griddled in an electric oven (Turfbon, Blue Seal, UK) for 45
min, sliced uniformly and wrapped in blind-labelled aluminium foil before being presented to twelve trained
sensory panellists. Panel members were selected and trained according to the American Society for Testing
and Material (Schaefer, 1979). The slices were scored for flavour intensity, juiciness and tenderness using a
0 to 8 assessment scale previously described by Fisher et al. (2000) and Priolo et al. (2001).
Feed offered and leftovers sampled bi-weekly were used to determine DM. Dry matter of ingredients,
feed offered and leftovers was determined in a force-air oven at 60 °C for 48 hours instead of the
conventional 105 °C for 24 hours because the diets contained Gliricidia and whole cotton seed (Table 1).
These ingredients contain oils, carotenes, vitamins and other volatile compounds. Determining DM at 105 °C
for 24 hours usually leads to underestimation of DM concentration because all these compounds that
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volatilizes at higher temperature are erroneously calculated as moisture when DM of the feed is determined
at 105 °C (Porter et al., 1995; Addah et al., 2012).
Feed samples composited into bi-weekly samples were subsampled for proximate analysis according
to the official methods of analyses described by Association of Official Analytical Chemists (AOAC, 1990). All
analyses were done in duplicate. The protocol was used to determine the concentration of DM, CP calculated
as total N × 6·25 (ID 968.06), ether extract (EE); accelerated solvent extraction (ID 920.39C) (Richter, et al.,
1996), crude fibre (CF) (ID 962.09) and nitrogen-free extract (NFE). Nitrogen-free extract was computed
using the formula (g/kg DM): NFE = 100 - (CP + CF + EE + ash). All nutrient constituents were expressed on
DM basis.
Bi-weekly sub-samples of each diet were also air-dried and ground through a 1-mm screen to analyse
ash-inclusive neutral detergent fibre (aNDF) and acid detergent insoluble fibre (ADF), using the Van Soest
method (Van Soest, 1991). The neutral detergent solution dissolves the easily digestible plant cell contents
(proteins, sugars and lipids) and pectins, leaving a fibrous residue of aNDF, which is primarily cell wall
components (cellulose, hemicellulose and lignin). Sodium sulfite also helps remove some nitrogenous
matter. The hemicellulose component of aNDF is then dissolved by refluxing again with an acid detergent
solution, leaving a residue of cellulose and lignin (ADF). The addition of heat-stable amylase is useful in the
removal of starch and inactivation of potential contaminating enzymes. The solution for analysis of aNDF
thus had sodium sulfite and α-amylase added to it, whereas ADF was analysed without α-amylase. To
determine starch, air-dried feed samples were ball-ground with a mixer mill (MM 400, Retsch Inc. Newtown,
Pa, USA). Starch was determined by hydrolysing to α-glucose polymers using amyloglucosidase (Megazyme
Int. Ltd., Wicklow, Ireland) plus 1,4 α-D-glucan glucano-hydrolase (Brennfag Canada Inc., Toronto, On.,
Canada), as described by Herrera-Saldana et al. (1990). Samples were read on a Spectrotroquant Pharo
300 spectrophotometer (JP Selecta SA, Barcelona, Spain) at a wavelength of 490 nm. Metabolizable energy
of diets was calculated from the equation ME (MJ/kg DM) = 0.31CP + 0.12EE + 0.05CF+ 0.14NFE (Ellis,
1980) (Table 1).
Data were analysed using the MIXED model procedure of SAS 9.3 (SAS Institute, Cary NC). All data
on growth performance (DMI, weight gain, ADG, feed efficiency), carcass weight and meat quality (flavour
intensity, juiciness, tenderness) of sheep were analysed for the fixed effects of dietary treatments in a
completely randomized design with pen as the experimental unit in the statistical model below:
Yij = μ + Ti + ɛij
where:

Yij is the observation (DMI, weight gain
ADG, feed efficiency, carcass weight, tenderness)
μ is the overall mean effect
Ti is the effect of dietary treatments (MT, HE or HP)
ɛij is the residual error effect

Differences in least square means for growth performance data were compared with the PDIFF option
of LSMEANS. All least square means that showed significant differences were separated by Fisher’s
pairwise t-test and were declared statistically significant at P ≤0.05, whereas P ≤0.10 were reported and
discussed as trends.

Results
Differential CP and ME concentrations of HP and HE, respectively, are shown in Table 1. Crude
protein content was 64 g/kg DM greater in HP than MT, whereas ME concentration was 2.2 MJ/kg DM higher
in HE than the maintenance diet. The DMI and growth performance are shown in Table 2. During the initial
30-day restriction period when the sheep were fed the MT, DMI and weights were similar (P = 0.480 or less)
among the three dietary treatments. Upon re-alimentation, DMI was still not different (P = 0.149) among
treatments, but ADG was improved (P = 0.001) for sheep re-alimented with the HP compared with those realimented with HE or continuously fed the MT. The ADG, however, was higher (P = 0.001) for sheep fed the
MT diet than for those re-alimented with the HE. Re-alimentation with the HP improved (P = 0.015) the
efficiency of feed utilization compared with re-alimentation with HE or feeding MT, but the difference between
HE and MT was not significant (P = 0.700). The efficiency of feed utilization did not differ (P = 0.700)
between HE and MT.
The overall (60 days) growth performance of the sheep showed a greater (P = 0.011) ADG for sheep
on HP than for those on HE or MT. Even though ADG was not significantly different between MT and HE,
there was a trend (P = 0.111) towards greater ADG for sheep fed the MT diet (0.16 kg/d) than those fed the
HE diet (0.12 kg/d). Consistent with growth differences during the re-alimented period, sheep fed the HP

Addah et al., 2017. S. Afr. J. Anim. Sci. vol. 47

393

utilized their feed more efficiently for gain (P = 0.030) than those that were fed the HE or MT during the entire
60-day period. However, the difference between MT and HE was not significant (P = 0.336) in this period.
Final weights of sheep fed the HP diet were 26% and 9% greater (P = 0.039) than those fed the HE or MT,
respectively.

Table 2 Effects of re-alimenting with high protein or high energy on live weight, feed intake and feed
conversion efficiency of West African Dwarf sheep
Diet
Item
Maintenance

1

High energy

High protein

SEM

P value

2

3

Restricted period (30 days)
Initial live weight (kg)

11.7

10.8

11.3

0.975

0.794

Dry matter intake (kg/d)

0.39

0.38

0.40

0.014

0.554

Average daily gain (kg/d)

0.09

0.08

0.07

0.014

0.630

Feed efficiency (ADG/DMI )

0.22

0.19

0.16

0.035

0.480

14.3

12.7

13.5

0.976

0.530

Re-alimented period (30 days)
Initial live weight (kg)
Dry matter intake (kg/d)

0.34

0.26

0.33

0.029

0.149

Average daily gain (kg/d)

0.23

b

0.16

c

0.36

a

0.013

0.001

0.69

b

0.64

b

1.09

a

0.082

0.015

Final live weight (kg)

21.3

b

18.5

b

23.3

a

1.020

0.039

Dry matter intake (kg/d)

0.37

0.32

0.37

0.020

0.193

0.12

b

0.21

a

0.014

0.011

0.37

b

0.58

a

0.041

0.030

Feed efficiency (ADG/DMI)
Overall period (60 days)

Average daily gain (kg/d)

0.16

b

Feed efficiency (ADG/DMI)

0.43

b

1

Sheep were fed a restricted diet continually for 60 days (maintenance)
Sheep were initially fed the same restricted diet for 30 days and then re-alimented with a high energy diet for additional
30 days
3
Sheep were initially fed the same restricted diet for 30 days and then re-alimented with a high protein diet for additional
30 days
ADG: average daily bodyweight gain
DMI: dry matter intake
P value indicates probability value
a-c
Least square means with different superscripts differed (P ≤0.05)
SEM: pooled standard error of least square mean (n = 3)
2

Carcass weights and proportions of visceral organs relative to slaughter weight of sheep fed the MT
diet and those re-alimented with HE or HP are shown in Table 3. Warm carcass weight was heavier (P =
0.039) for sheep fed HP than for those fed HE and MT. Re-alimentation had no effect (P = 0.129 or less) on
the weights of most viscera. However, notable exceptions included the lungs, intestines (small and large)
and heart; weights of lungs, expressed as a proportion of slaughter weights were greater (P = 0.051) for
sheep re-alimented with the HE and HP than for those fed the MT. The hearts of sheep fed the MT diet were
1.1% of slaughter weight compared with only 0.6% and 0.7% for those re-alimented with HE and HP,
respectively. Protein re-alimentation also increased (P = 0.001) the growth of intestines (empty) compared
with re-alimentation with HE or continuous feeding of the MT.
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Table 3 Effects of re-alimenting a high energy or high protein on the carcass and visceral weights of West
African Dwarf sheep
Item
Warm carcass (kg)

Maintenance
13.9

b

1

2

High energy
12.0

b

3

High protein
15.2

a

SEM

P value

0.66

0.039

Visceral organs (proportion of slaughter weight)
Forestomach (empty)

0.579

0.602

0.587

0.059

0.961

Intestines (empty)

0.079

c

0.141

a

0.104

b

0.002

0.001

Visceral fat

0.069

0.053

0.070

0.020

0.788

Kidneys

0.007

0.028

0.027

0.011

0.404

Lungs

0.030

b

0.043

a

0.043

a

0.003

0.051

Heart

0.011

a

0.006

b

0.007

b

0.000

0.001

Spleen

0.007

0.023

0.023

0.009

0.406

Liver

0.027

0.027

0.027

0.002

0.987

1

Sheep were fed a restricted diet continually for 60 days (maintenance)
Sheep were initially fed the same restricted diet for 30 days and then re-alimented with a high energy diet for additional
30 days
3
Sheep were initially fed the same restricted diet for 30 days and then re-alimented with a high protein diet for additional
30 days P value indicates probability value
a-c
Least square means with different superscripts differ (P <0.05)
SEM: standard error of least squares mean (n = 6)
2

Tenderness and juiciness of meat was similar among sheep fed the various diets. However, the
intensity of flavour was slightly stronger (P = 0.05) for sheep re-alimented with HE than for those re-alimented
with HP or MT (Figure 1).

Figure 1 Effects of re-alimenting high protein or high energy on flavour, juiciness and tenderness of meat
(longissimus dorsi) of West African Dwarf sheep
Sheep were fed either a restricted diet (maintenance) continually for 60 days or initially fed a restricted diet for 30 days
and then re-alimented with a high energy or high protein diet for additional 30 days
Probability (P) value is indicated on the eating trait that showed significant differences among diets
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Where visible, bars indicate standard error of least square mean (n = 6)
a-c
Least square means with different letters differ at P <0.05

Discussion
Sheep on the MT feeding regimen were fed to allow for body maintenance, whereas those in the HP
and HE groups were fed to allow for rapid to moderate growth at ad libitum intake. The slower rate of growth
observed during the restriction period compared with the re-alimentation period was therefore expected
because the sheep were fed only to the level of body maintenance. Upon re-alimentation, however, the ADG
for sheep fed the HP increased twofold compared with those fed the HE. Drouillard et al. (1991) found that
during the first two weeks of re-alimentation, ADG of sheep re-alimented with protein was more rapid than
ADG of sheep re-alimented with energy. They observed that sheep re-alimented with protein accumulated
and regained a large proportion of their body protein, which was lost during the previous restriction, than
sheep re-alimented with energy. These data suggest that re-alimentation with protein was more effective at
inducing compensatory growth following a period of nutrient restriction than re-alimentation with energy.
Increased efficiency of nutrient utilization during re-alimentation appears to be the reason for the higher
efficiency of feed utilization during the period of re-alimentation in this and other studies (Kamalzadeh et al.,
1997; Keogh et al., 2015) because feed intake was not different during the period of re-alimentation.
Efficiency of protein utilization (body protein gained : dietary CP consumed) has been found to be greater for
sheep re-alimented with a protein diet than for those re-alimented with an energy diet (Drouillard et al.,
1991). In this study, the efficiency of weight gain per feed intake indicated that the sheep on the MT gained
only 0.22 kg body weight in the first 30 days of the restricted period compared with 0.69 kg in the last 30
days of the same restricted period. This suggests that although the sudden imposition of nutrient restriction
initially reduced the ADG of sheep during the first 30-day period, they were able to adapt to this shock by
increasing their efficiency of nutrient absorption and utilization. This resulted in higher ADG in the second 30day period and in the whole 60-day period. This supposition is evidenced because the animals in the MT
regimen were fed the same restricted diet throughout the experiment, yet ADG was slightly greater during
the second half of the study than the first. This assertion is corroborated by a previous study, which
suggested that in arid and semi-arid zones, where dry periods can last for months and feed availability is
limited, ruminants have adaptation capacity to withstand moderate malnutrition for medium and long-term
duration (Mora et al., 1996).
Despite copious literature on compensatory growth, the mechanisms and cues underpinning the
phenomenon are not well elucidated. Some studies (Yambayamba et al., 1996; Keogh et al., 2015) have
indicated that lower requirements for body maintenance during re-alimentation following a period of
restriction, coupled with sustained capacity for protein synthesis derived from the period restriction, was
responsible for the phenomenon. However, Drouillard et al. (1991) concluded that metabolic activity of
visceral tissues was not reduced during re-alimentation and reduced metabolic activity alone could not be the
cause of the phenomenon of compensatory growth in previously restricted lambs. More recently, Keogh et al.
(2016) demonstrated that although increased cell proliferation and rapid growth in animals undergoing
compensatory growth were associated with the recovery of liver weight from the period of restriction to the
period of re-alimentation, at the end of the re-alimentation period, liver weights were not different between
continuously fed animals and the restricted-re-alimented group. They therefore suggested that recovery of
liver function, rather than liver weight during compensatory growth, should provide better cues for
understanding the molecular basis of compensatory growth. The inconsistencies in these reports suggest
that a complex interaction of many factors, including endocrine processes, may be involved in the
phenomenon of compensatory growth. These factors may play a role in the higher ADG and efficiency of
feed utilization associated with compensatory growth during the re-alimented period. Hornick et al. (2000)
suggested that secretions of insulin and growth hormones increase during re-alimentation, thereby allowing
more nutrients to be used for growth processes. Hormonal analysis was not done in this study, however.
Measurements of the concentrations of insulin, growth hormone and thyroxin during nutrient restriction and
re-alimentation may provide useful insights into the interplay between nutrition and endocrinology on
compensatory growth.
Feeding sheep throughout the year is a major challenge to rural and urban sheep farmers and traders
in sub-Saharan Africa. To ameliorate this challenge, sheep farmers and traders often keep their sheep on a
maintenance diet during feed shortages and lower market demand for sheep (Ayantunde et al., 2008).
However, as the Islamic festival of Ramadan and other religious festivals draw nearer, they re-aliment them
with nutrient-dense supplementary feeds to catch up weight lost during feed scarcity, before selling them.
Abegaz et al. (1996) reported that sheep that lost 10% of their weight during restricted feeding in the dry
season were able to achieve the same weight as those that were offered supplementary feed throughout the
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season by growing at a faster rate during re-alimentation. In the present experiment, the improvements in
ADG of sheep fed the HP compared with the other diets could be attributed to greater efficiency of weight
gain per feed intake rather than to increased DMI because DMI did not differ among sheep during this period.
This is consistent with data reported by Drouillard et al. (1991), Abouheif et al. (2015) and Keogh et al.
(2015), who found that improvements during compensatory growth were attributed to greater efficiency of
feed utilization during re-alimentation, but contradicts observations by Ryan et al. (1993b), who indicated that
the phenomenon of compensatory growth in sheep and cattle was attributable to greater feed intake during
re-alimentation.
There are doubts about the economic benefits of compensatory growth, because observed increases
in live weight gain have been attributed to accumulation of water in the gut (Drew & Reid, 1975) and fat in the
muscle (Hornick et al., 2000; Turgeon et al., 1986). Similarly, restoration of ad libitum intake after 20‒28%
restricted intake increased the compensatory growth rate of sheep. However, this was associated with a
concomitant increase in gut content and a reduction in carcass weight and dressing percentage (Winter et
al., 1976 ). The results of the present study, however, differed slightly from these previous reports (Drew &
Reid, 1975; Winter et al., 1976; Turgeon et al., 1986; Hornick et al., 2000) because carcass weights were
improved by re-alimentation with the HP diet. Literature suggests that the deposition of protein and fats is
greater both in visceral and non-visceral components of the empty body of sheep following re-alimentation
with protein than with energy (Drouillard et al., 1991; Keogh et al., 2016). Addah et al. (2016) observed that
re-alimentation with protein stimulated compensatory growth more than re-alimentation with energy but
growth rates were similar between pigs fed the restricted diet and the protein diet. In pigs, compensatory
responses do not appear to be dependent on dietary protein concentration when they were fed a proteinrestricted diet (14.4% CP) and re- alimented with a higher dietary CP of up to 18% (Critser et al., 1995). More
data on the phenomenon of compensatory growth between ruminants and non-ruminants are needed to
elucidate the differences in the responses of these two groups.
Re-alimentation of sheep with the HP diet resulted in 3 kg more carcass than re-alimentation with HE,
but the weight of visceral fat as a proportion of slaughter weight was not different among sheep in the three
dietary regimens. This study therefore suggest that when sheep are re-alimented with protein instead of
energy, the gain in bodyweight does not emanate from increment in gastrointestinal content, as previously
thought (Drew & Reid, 1975). Rather such improvements are the result of initial lean tissue accretion during
the early period of re-alimentation, which would last for only few weeks, after which increased feed intake
would lead to fat deposition (Hornick et al., 2000; Keogh et al., 2016). Indeed Marais et al. (1991) reported
increased protein deposition in Dorper sheep following a restricted‒re-alimentation feeding. Consequently,
compensatory growth may occur in two stages during re-alimentation; the first stage involves greater
deposition of protein during the earlier stages of re-feeding, whereas a greater proportion of fat is deposited
during the late period of re-feeding (Turgeon et al.,1986; Hornick et al., 2000). This experiment was designed
with 30 days restricted feeding and 30 days re-alimentation. Hence the short duration in each period
probably did not allow for increased fat deposition in the latter part of the re-alimentation period. The nonresponsiveness of most visceral organs to either HE or HP re-alimentation was consistent with earlier
literature (Owens et al., 1993; Kamalzadeh et al., 1998), suggesting a greater priority for use of available
nutrients by highly metabolic and early maturing body components such as visceral organs, despite the
nutritional status of the animal. The growth of most visceral organs is less responsive to nutrient alterations
than late-maturing body components such as pelvis and intramuscular fat (Kamalzadeh et al., 1998; Owens
et al., 1993). The weights of intestines, heart, lung and liver expressed as a proportion of slaughter weight in
this study are comparable with those reported by Kamalzadeh et al. (1998) for Texel‒Flemish crossbred
sheep after a period of ad libitum intake restrictions. Although the difference between the weights of the
heart for MT and the re-alimented group (HE and HP) was small, it was still worth noting because the
present finding is contradictory to the data reported in the literature (Kamalzadeh et al., 1998; Keogh et al.,
2015) and is therefore difficult to explain. As an essential body organ, nutrient alterations are expected to
have minimal effects on the growth of the heart. Nonetheless, cardiac tissue is distinct from tissues of other
visceral organs and the difference in weight may be related to differential response of the smooth involuntary
tissue of heart to nutrient deficiency compared with the other visceral organs.
Meat from sheep re-alimented with HE had a more intense ‘sheepy’ flavour than that of sheep fed the
HP (Figure 1). The characteristic flavour of meat of any species is influenced greatly by genetic differences in
fatty acid metabolism and composition. However, dietary modifications, albeit small, can increase the
intensity of this flavour within species. Flavour intensity of meat is related to the type of fat deposited in the
meat, which is influenced by dietary nutrition (Melton, 1983; Wood et al., 1999). In sheep, the concentration
of methyl-branched-chain fatty acids was found to be higher when they were fed a restricted forage diet
followed by a high energy diet (Priolo et al., 2001).
Tenderness and juiciness were not affected by re-alimentation of either energy or protein because
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there is preferential deposition of protein over adipose following a period dietary restriction. Meat tenderness
is reported to increase deposition of fat. Indeed tenderness and juiciness are closely related to eating quality
traits: the more tender the meat, the more quickly the juices are released by chewing, and hence the more
juicy the meat appears (Smith & Carpenter, 1976). It has also been reported that re-alimented sheep not only
achieve similar growth rates to unrestricted counterparts, but also have similar meat composition as
unrestricted animals (Thornton et al., 1979).

Conclusion
The results from this study suggest that re-alimentation of protein compared with energy was more
effective at inducing compensatory growth and improving the carcass weight of sheep. It appears that the
mechanisms associated with compensatory growth may be related more to improved efficiency of feed
utilization during re-alimentation than to increased feed intake. Most non-carcass and metabolically active
viscera however, were non-responsive to restricted‒re-alimented feeding regimens. Sheep re-alimented with
energy produced meat with a more intense ‘sheepy’ flavour than those re-alimented with protein or fed a
maintenance diet.
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