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ABSTRACT - The aim of the study was to determine the effect varying feeding systems would have on meat quality
and production. The study looked at 45 Dorper lambs which were subjected to three different feeding protocols representing
three alternate production systems: extensive grazing system (Group G), an intensive feedlot system being fed concentrate +
alfalfa hay (Group C), and a semi-intensive production system comprising grazing + concentrate (Group GC). The lambs were
slaughtered 62 days after weaning at approximately four months of age and meat quality factors such as pH, colour, shear force,
cooking and water loss, as well as carcass characteristics; back fat thickness, muscle depth, muscle width, and muscle area were
measured instrumentally on the longissimus dorsi muscle. A new measuring index was used to assess feed cost against weight
gain to determine performance for profitability. In calculating cost kg™ live weight gain, the extensive grass-fed production
was significantly lower, approximately 70% less than the intensive feedlot system. Very little significant effect on meat quality
was seen among the three systems. Slaughter weight had a significant effect on hot carcass weight, cold carcass weight, and
drip loss. The lean carcass trait of the Dorper breed was a major positive attribute, but minor benefits gained in meat quality
with the feedlot production system did not justify the substantial additional cost of production. Dorper sheep can be considered
efficient feed converters on pasture, and thus a suitable breed for lamb meat production in countries like Turkey, where feed
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costs are the main contributor to farm outgoing.
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Introduction

Climate and geographical conditions are major
determinants for the type of animal production system a
producer will embark on, while production cost remains
the main element for the success of that system. Sheep
are suited to a variety of farming operations due to their
nutritional versatility and adaptability. They can be fed a
very high-concentrate diet or a solely forage diet, or any
combination of both with acceptable results (Guerin et al.,
1988; Dicko and Sikena, 1991; Cisse et al., 2002). Much
scientific research has been carried out on quantitative and
qualitative intake of pen-fed livestock (Schwartzand Schafft,
1988); however, similar quality data for grazing livestock
have been disappointingly lacking or unreliable (Dicko and
Sikena, 1991), in particular for the Mediterranean region,
where extensive production is widely utilized. Because
small ruminants are normally fed ad libitum, voluntary
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feed intake is crucial in feeding tactics and strategies
aimed at optimal animal production. Such information can
be employed to develop a keener nutritional knowledge
for improving productivity of small ruminant production
in the region and afar where similar conditions prevail. It
is generally accepted by Mediterranean sheep producers
that grass is the most economical feed during the grazing
season whether the pasture is improved or not. Using this
as a premise and accepting the fact that there is limited
scientific evidence available to ascertain true grazing
optimization by small ruminants due to uncertainties with
in vivo digestibility and voluntary intake, the authors in
this study have made a number of informed suppositions
with regard to the sampling of the grazing group of lambs;
these are examined in the discussion section. There are
numerous ways to express levels of grazing intake by small
ruminants. Regarding the estimation of feed intake for
grazing sheep, the accuracy of estimates based on empirical
models developed so far is very low when applied out of
the boundaries of the studied system. Feeding experiments
indoors and outdoors remain fundamental for a better
modelling and understanding of the interactions between
feeds and small ruminants (Pulina et al., 2013). Commonly,
the intake of forage dry or organic matter (DM or OM) is
expressed in weight unit per animal and per day, but the



490 Ocak et al.

expression cannot be used to compare animal species or
forages. Therefore, intake may be expressed by kilograms
of body weight raised to an exponent that can vary between
0.54 and 1.00 (Meissner and Paulsmeier, 1995). The choice
of the exponent is a function of forage quality. With low
quality forage, the intake capacity of the animal appears
more linked to the gut fill capacity and to the forage passage
rate. For such forages, the exponent is 1.00 and intake is
expressed per kg of body weight or in per cent of body
weight (Demment and Van Soest, 1985). Intake of good
quality forages seems more controlled by physiological
mechanisms. Intake of such forages is usually expressed per
kg of metabolic weight (body weight raised to 0.75). The
assumption is that intake is linked to energy requirements
that are proportional to 0.75 power of body weight (Allison,
1985). In their study, Sauvant et al. (2006) showed that, to
compare intake levels across forages and animal species,
the best unit remains the dry matter in per cent of body
weight (DMI, % BW). On this basis, relations between
intake and passage rate of particles through the rumen or the
energy digestibility appear independent of animal species
(Decruyenaere et al., 2009).

Most sheep farms in the Mediterranean region spring
lambing programs use the natural breeding cycle of the
ewe, which improves breeding efficiency and potential
pasture utilization. Sheep breeds in Turkey are mainly fat
tailed, multi-purpose, and have low productivity raised
under extensive conditions relying on pasture utilization
(Gursoy, 2006). Sheep farming in Turkey has historically
utilized its lamb and mutton production in a similar manner,
sustaining itself through the use of natural grassland
and meadows under extensive grazing conditions. The
majority of these farms complete their fattening process
typically after the lambs have reached five months of age.
Sheep production has a very important role in meeting
the red meat market demand in Turkey. In contrast
to the Mediterranean countries of the EU where light
lamb consumption is preferred, the typical lamb meat
consumption in Turkey is based on hogget production (1-
year-old; 40-50 kg live weight) usually fattened in feedlot
conditions with ad libitum barley until slaughter. Only a
minority of consumers in Aegean and Marmara regions
of Turkey prefer lighter lambs at around 15-17 kg carcass
weight. However, due to the genetic characteristics of the
local breeds, the deposition of fat at this age intensifies
more on the surface of the carcass than in the muscle tissue.
High subcutaneous fat resulting in a lower carcass yield
is obviously not a preferred trait, as it is removed prior
to the final price assessment of the carcass. Since Turkey
at present has no set carcass quality standards in place,

the producer is only driven by the productivity aspect of
their livestock production and needs to be directed toward
better use of fodder resources in order to save on worthless
fat production. Lamb producers often believe net returns
are directly related to higher production rates; however,
lowering production costs has shown to be a more realistic
means to increase net profit from their sheep enterprise. This
can be done for instance by increasing productivity through
lowering feed costs. As feed costs are usually the largest
expense associated with raising sheep or fattening lambs,
improving feed conversion rates or other efficiencies in
the fodder cycle is arguably the most sensible productivity
tool. In intensive production systems, proximity to areas
where feed is produced, imported or processed, presents
advantages in terms of reducing the cost of inputs, of
which feed typically accounts for approximately 70%
(Ocak et al., 2007).

Changes in production systems aimed at increasing
animal productivity and economic results are desirable,
provided meat quality and consumer acceptance are
maintained (Santos-Silva et al., 2002). Lamb carcass and
meat quality may vary according to the husbandry system
(Chestnutt, 1994) and the main traits taken into account by
consumers are fat and meat colour. Moreover, lamb carcass
characteristics (yield, fat content, fat colour, etc.) and meat
quality parameters (pH, colour, water holding capacity, and
toughness) might change as a result of the feeding system
(Priolo et al., 2002; Joy et al., 2008). Given this context, fat
and meat colour have a great influence on the acceptability to
consumers (Carpenter, 1966); therefore, it is crucial to assess
the effect of production/feeding system on these traits.

In this study, authors aimed to assess the effect of
different feed regimes on efficiencies of cost, carcass
characteristics, and meat quality of Dorper lambs to
ascertain whether recommendations could be made for
improving production system profitability.

Material and Methods

The experiment was carried out in Gaziantep, Turkey,
during the summer season. The location of the site is
37°02'26" N and 37°18'25" E, with an altitude of 860 m.
Steppic habitats represent the major natural vegetation in
the region. Much of the steppes are dominated by xerophytic
species as the area is semi-arid with vast natural grazing
lands suitable mainly for small ruminant production.
Gaziantep region where the experiment was carried out has
a Mediterranean type climate with influences of continental
climate during winter; i.e., hot, dry summers (minimum
15 °C; maximum 38 °C) and cool, wet, occasionally snowy
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winters (minimum —1 °C; maximum 13 °C) with average
annual precipitation and humidity of 560 mm and 57%,
respectively. The typical breeds used in the area for lamb
production are Awassi and Akkaraman.

All experimental procedures were approved by the
Ethical Committee of Zirve University, Gaziantep, Turkey,
ensuring compliance with EC Directive 86/609/EEC for
animal experiments.

The experimental animals were a flock of 45 mixed
white and black Dorper intact male lambs weaned at 50
days of age to begin the study, housed in three separate
semi-open pens (15 lambs in each group). The three
differing feeding protocols used were grazing only (Group
G - extensive production system), grazing with some
supplementary concentrate (Group GC - semi-extensive
production system), and only concentrate feed with ad
libitum alfalfa hay (Group C - intensive feedlot production).
The first group (G) of lambs grazed ad libitum on 5 ha of
dryland mix pasture consisting of lucerne (Medicago sativa,
6%) perennial ryegrass (Lolium perenne multiflorum,
20%), cocksfoot (Dactylis glomerata, 10%), smooth brome
(Bromus inermis, 10%), common sainfoin (Onobrychis
sativa, 6%), vetch (Vicia sativa, 9%), white and red clover
(Trifolium sp, 9%), and 30% native species. The extensive
production Grazing (G) group was not provided with any
other supplementary feed until slaughter. In grazing, the
ad libitum intake of a reference grass (15% of crude protein,
77% of organic matter digestibility on a dry matter basis) is
75 g of dry matter per kg of metabolic weight for a standard
sheep (INRA, 2007). For the net margin calculations, all
pasture establishment associated costs, including irrigation,
fertilizer application, energy costs, labour etc., were taken
into account. Although this pasture trial could be considered
not to have true a replication, the above supposition of the
grazing intake assessment is often used reliably by graziers.
In the second semi-extensive, grazing + concentrate (GC)
group, the same pasture improved paddock was also grazed
for 2 h each day and the group also received an additional
300 g of concentrate feed per lamb per day (as detailed
below) until slaughter. The third, intensive concentrate
feed only (C) group of lambs was kept in the feedlot all
day and given a restricted diet consisting of (average) 500
g lamb™ day™!' concentrate pellets and 300 g lamb™ day!
alfalfa hay until slaughter. Any excess feed left in the
pens at the end of the day was measured, recorded, and
taken into consideration when calculating final feed intake
before being discarded. The ingredients and composition
of concentrate pellet feed were as follows: 25% chickpeas,
12% lentils, 20% corn, 20% barley, 10% wheat, 10% bran,
and 3% salt and minerals.

All the lambs were weaned at 50 days of age, weighed,
recorded, and placed into their respective pens. They were
given a 10-day period of adjustment to their respective
feed protocols before commencing the experimental data
collection. During this transition period, their feed intake
was recorded and monitored but not used in the analysis.
The experiment lasted an additional 62 days until the
lambs were sent to a local registered slaughterhouse for the
relevant sample assessment. Samples from 15 lambs from
each group (i.e., 45 lambs total) were used for the meat
quality and carcass characteristic assessment. The data
from the total 45 lambs were used for the average daily
gain (ADG) and feed cost efficiency assessments. ADG
was calculated as the amount of weight gained per day for
the animal gained over the given period (62 days). During
the study, the animals were weighed weekly using a digital
scale and the total weight gain was calculated and divided
by the experiment duration (62 days) to calculate average
daily gain (ADG), while feed conversion rate (FCR)
was calculated by dividing total feed intake by ADG.
Costing for each feeding regime was calculated based
on farm running cost figures. Only operating costs were
taken into consideration as variables, i.e., labour, energy,
administration, veterinary, and ancillary costs. Fixed farm
costs were not taken into consideration when making the
comparison between the feed costs of production systems.
The calculated amounts for these feed costs were similar to
the national average for Turkey and the currency used is US
dollars. The authors used a new parameter, feed expense
efficiency (FEE), to express the cost of feed to gain 1 kg of
live weight. This was calculated by initially estimating the
average daily feed cost (FEp ») and then multiplying it by
1000/ADG (g).

The lambs were slaughtered in a licensed abattoir.
The carcasses were processed according to the Standard
Mediterranean Method described by Colomer-Rocher et al.
(1987). At slaughter, head, skin, feet, and offal were
removed and hot carcass weight was recorded. The carcass
was split down the dorsal midline and the left side was used
for measurements. The left side was then divided into the
five standard cuts neck, shoulder, long leg, ribs, and flank,
as described by Colomer-Rocher et al. (1987). The section
taken from the 12th and 13th rib area of the longissimus
dorsi muscle (LD) was drawn on parchment paper and
backfat thickness (BF), muscle depth (MD), muscle width
(MW), and muscle area (MA), were measured with a
planimeter (USHIKATA X-PLAN 380 DIII, Japan). This
was performed on the total 45 lambs.

The pH on longissimus dorsi muscle (LD) was
measured 45 min after slaughter (pH,,) and 24 h post-
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slaughter (pH,,) using a Jenway pH meter (Jenway 3010;
Jenway LTD, Essex, UK) equipped with an electrode (J95,
924001; Jenway LTD, Essex, UK).

Colour measurements of muscle surfaces — L
(lightness), a" (redness), and b" (yellowness) — were
made using a HunterLab ColorFlex (A60-1010-615 Model
Colorimeter, Hunter Lab, Reston, VA). The instrument was
standardized with a white and black ceramic plate (L* =
93.01, a" = —1.11, and b" = 1.30). The colour co-ordinates
(L", a", and b") were measured three times on the muscle
surface averaged for statistical analyses. Instrumental meat
quality characteristics investigated in the current study
were water loss (WL, %), cooking loss (CL, %), and Warner
Bratzler shear force (SF, kg/cm?), and were measured in the
longissimus dorsi muscle samples. Cooking loss (%) and
water loss (%) were performed as described by Hoffman
et al. (2003). Shear force values were obtained using a
Zwik/Roell texture analysis test device equipped with a
V-shaped knife of a Warner Bratzler shear force apparatus.

The UNIVARIATE procedure of SAS (Statistical
Analysis Sytstem, version 8.0) statistical package program
was used to check normality of the data. The result of
this analysis showed that the data for all the measured
characteristics were distributed normally. Afterwards,
GLM and CORR procedures were used for analysis of
variance, least squares means, and phenotypic correlation
coefficients. The GLM is an ANOVA procedure in which
the calculations are performed using a least squares means
approach to describe the statistical relationship between
one or more predictors and a continuous response variable.
Predictors can be factors and covariates. Duncan’s test was
used to carry out the comparative analysis.

Mathematical models used in statistical analysis are
given below:

Model for ADG, feed intake, including grazing and
cost per 1 kg of LW gain:

Yy =+ o +bi(X; —X) + ey,

in which Y, = observation of feed efficiency; u = overall
mean of the trait; o, = fixed effect of production system
(i = grazing, grazing + concentrate, and concentrate + alfalfa
hay); b, = regression coefficient of slaughter weight; X =
mean slaughter weight of animals; X = slaughter weight of
animals; and e, = random errors with the assumption of N
(0, 6?).
Formula for feed expense efficiency:

1000 (g/L W)

FEE = FE, _ =
i TADG (g)

in which FEE = feed expense efficiency; FE = feed expense
per day; LW = live weight; and ADG = average daily gain.

Models for carcass characteristics:
Model for hot carcass weight, cold carcass weight,
dressing percentage, and drip loss:
Yi=p+a;+b,(X; - X) +ey
Model for slaughter weight and average daily gain:
Yi=p+a;+by(A;—A) +¢y
Model for initial weight:
Yi=p+a;+ey,
in which Yij = observation of carcass characteristics; |1 =
overall mean of the trait; a. = fixed effect of production
system (i = grazing, grazing + concentrate, and concentrate +
alfalfa hay); b, = regression coefficient of slaughter weight;
b, = regression coefficient of initial weight; X = mean
slaughter weight of animals; X, = slaughter weight of animals;
A= initial weight of animals; A = mean initial weight of
animals; and e, = random errors with the assumption of N
(0, 7).
Models for MLLD and carcass components:
Yy=n+a+b(X;-X)+e
in which Y= observation of MLD and carcass components;

ij s

p = overall mean of the trait; a, = fixed effect of production
system (i = grazing, grazing + concentrate, and concentrate
+ alfalfa hay); b= regression coefficient of cold carcass
weight; X = mean cold carcass weight of animals; X, =
carcass weight of animals; and e,= random errors with the
assumption of N (0, ¢?).
Models for pH and colour characteristics:
Yii=p+oite,
in which Y, = observation of pH and colour characteristics;
p = overall mean of the trait; a, = fixed effect of production
system (i = grazing, grazing + concentrate, and concentrate
+ alfalfa hay); and ;= random errors with the assumption
of N (0, o?).
Models for meat characteristics:
Yi=p+oaite,
in which Yij = observation of meat characteristics, p =
overall mean of the trait, a, = fixed effect of production
system (i = grazing, grazing + concentrate, and concentrate
+ alfalfa hay); and ;= random errors with the assumption
of N (0, ?).

Results

The lambs were slaughtered at 122 days of age, following
a 62-day experiment period. Whilst the initial weights of all
lambs were similar (mean 22.10 kg; Table 1), C group lambs
had the heaviest slaughter weights (mean 34.28 kg+1.15),
followed by the GC group (mean 32.10 kg+1.16) and the
lightest being the G group (mean 30.31 kg+1.16), making
their average daily weight gains 161 g, 143 g, and 116 g,
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respectively (Table 1). The coefficient for regression of
initial weight (IW) on slaughter weight (SW) was highly
significant (P<0.01), and less significant (P<0.05) on
average daily gain (ADG). The grazing group (G) cost was
calculated at $0.07 animal day!, while group GC feed
cost was found to be $0.13 animal' day ' and group C was
$0.30 animal™ day'. The feed expense efficiency (FEE)
parameter for calculating the cost for each kilogram of live
weight gain showed a very significant differentiation among
the three systems. The FEE for group G was $0.60+0.20 kg
LW gain; for group GC, $1.25+0.19 kg! LW gain; and for
group C it was $1.89+0.16 kg™' LW gain (Table 1).

Lambs from groups G and GC gave the highest value
for dressing percentage: 46.24+1.42% and 46.17+1.53%,
respectively (Table 2). Differences in pre- and post-
slaughter characteristics among G, GC, and C lambs were
generally not significant. Drip loss (DL) was, however,
significant among the three groups and the highest was
found in GC group. Slaughter weight (SW) was highest
in C group and significant generally on HCW (P<0.001),
CCW (P<0.001), and DL (P<0.05).

Significant differences (P<0.01) in BF, MD, MW,
and MA were detected among the three varying feeding
protocols. The MLD values were lowest in the G group and
highest in the C group of lambs (Table 3). With carcass
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characteristics, the different feeding regimes seemed to
only significantly affect the rib percentage (P<0.01);
no significant differences were found among long leg,
shoulder, neck, and flank. The regression coefficients
of cold carcass weight on rib and flank were significant
(P<0.05). No significant difference was detected on the
longissimus dorsi muscle for colour measurement values
(L*, a*, and b*). Variations in pH were also insignificant
among the three feeding regimes (Table 4). A significant
positive correlation was determined between SW and CCW
(r = 0.906; P<0.001), BF and MW (r = 0.658; P<0.01),
MA and BF (r = 0.754; P<0.01), MA and MM (r = 0.808;
P<0.001), and MA and MD (r = 0.595; P<0.01) (Table 5).

The variation, which is considered as fixed factors
between different feeding regimes, showed that SF
(P<0.01), CL (P<0.001), and WL (P<0.001) were
significant (Table 6). The shear force values in all groups
were found to be within acceptable levels. The G Group
had the highest shear force, 3.55+0.25 kg/cm?, while the
lowest shear force was observed in the C group (1.94+0.25
kg/cm?). The G Group carcass experienced more than twice
the water loss (4.12+0.17%) compared with the other two
groups (C group: 1.61+0.17%, and GC group: 2.00+0.17%),
as well as approximately 20% greater cooking loss
(35.75+£0.77%) in relation to groups GC (31.44+0.77%)

Table 1 - Least square means and standard errors of ADG, feed intake, and cost per kilogram of live weight gain under different feeding

protocols
Feeding protocol N W (kg) ADG (g/day) TWG (kg) ADFI Feed cost (US$/d)  FEE (US$/kg)’
(Total DM-g/d/head)

P=0.857 P=0.028 P=0.042 P =0.040 P=0.000 P=0.000
G 15 22.70+1.70 115.87+11.91a 8.38+1.21a 740.21+£12.22a 0.07+0.003 0.60+0.20a
GC 15 21.38+1.70 142.88+11.50b 11.87+1.50b 674.90+11.79a 0.13+0.009 1.25+0.19a
C 15 21.80+1.70 161.40+9.71b 13.28+1.71b 698.48+9.96a 0.30+0.017 1.89+0.16b
Linear regression P=0.050 P=0.050 P=0.000 P=0.000 P=0.200
Slaughter weight 2.062+1.01 2.062+1.01 6.769+1.04 6.769+1.04 -0.022+0.02
Total 45 140.05+6.03 140.05+6.03 704.53+6.19 704.53+6.19 1.25+0.10

G - grazing; GC - grazing + concentrate; C - concentrate + alfalfa hay; N - number of animals; IW - initial weight; ADG - average daily gain; TWG - total weight gain;

ADFI - average daily feed intake; DM - dry matter; FEE - feed expense efficiency.
! (US$ kg! of live weight gain).
a,b - letters indicate significance.

Table 2 - Least square means and standard errors of carcass characteristics under different feeding protocols

Factor N HCW (kg) CCW (kg) DP (%) DL (%) SW (kg) IW (kg)
Production system P=0.635 P=0.657 P=0.777 P=0.044 P=0.095 P=0.857
G 15 15.17+0.44 14.96+0.44 46.24+1.42 1.38+0.04 30.31£1.16 22.70+1.70
GC 15 15.31+£0.48 15.08+0.47 46.17+1.53 1.48+0.04 32.10+1.16 21.38+1.70
C 15 14.7+0.44 14.51+0.44 44.9+1.43 1.31£0.04 34.28+1.15 21.80+1.70
Linear regression P=10.000 P=10.000 P=0.981 P=0.081

Slaughter weight 0.490+0.07 0.485+0.07 0.006+0.24 —0.013+0.01

Linear regression P=0.002

Initial weight 0.764+0.19

Total 45 15.06+0.26 14.85+0.25 45.77+0.82 1.39+0.02 32.23+0.67 22.10£1.70

G - grazing; GC - grazing + concentrate; C - concentrate + alfalfa hay; IW - initial weight; N - number of animals; HCW - hot carcass weight; CCW - cold carcass weight;

DP - dressing percentage; DL - drip loss; SW - slaughter weight.
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Table 3 - Least square means and standard errors of the longissimus dorsi muscle and carcass components

Factor N BF (cm) MD (cm) MW (cm)

MA (cm?) Longleg (%) Shoulder (%) Neck (%)  Rib (%)

Flank (%)

Production system P=0.005 P=0.003 P=0.002

P=10.000

P=0.051 P=10.098 P=0.590 P=0.004 P=0.093

G 15 0.16+£0.03  3.71+0.20  4.83+0.14 14.48+0.96 47.61+0.71  19.42+0.59 8.57+0.29 19.46+0.48 6.33+£0.36
GC 15 0.23+0.03  4.19+£0.19  5.234+0.13  18.10+0.95 44.84+0.69 20.38+0.58  8.76+0.29  20.04+0.47 7.50+0.35
C 15 0.36+0.03  4.99+0.20  5.79+0.14 22.72+0.97 46.37+0.71  21.45+0.58 9.02+0.29 17.22+0.48 7.26+0.36
LR P=0956 P=0.4% P=0.849 P=0.932 P=0.132 P=0.134 P=0.823 P=0.028 P=0.033
CCW —0.001+0.01 0.044+0.06  0.008+0.04 -0.026+0.29 -0.356+0.22 —-0.294+0.18 —0.021£0.09 0.376+0.15 0.27+0.11
Total 45 0.25+0.02  4.30+0.11 5.28+0.08 18.43+0.55 46.27+0.40 20.42+0.33  8.78+0.16 18.91+0.27 7.03+0.20

G - grazing; GC - grazing + concentrate; C - concentrate + alfalfa hay; LR - linear regression; CCW - cold carcass weight (kg); N - number of animals; BF - backfat thickness;

MD - muscle depth; MW - muscle width; MA - muscle area.

Table 4 - Least square means and standard errors of pH and color characteristics

Factor N pH,, L* a* b*

Production system P=10.09 P=10.936 P=0.822 P=0.632 P=0.724
G 15 6.10+0.04 5.76+0.05 39.70+1.69 12.2540.88 12.91+0.54
GC 15 6.15+0.04 5.75+0.05 40.40+1.69 12.58+0.88 13.21+0.54
C 15 6.23+0.04 5.77+0.05 41.21+1.69 11.41+0.88 12.59+0.54
Total 45 6.16+0.02 5.76+0.03 40.44+0.97 12.08+0.51 12.940.31

G - grazing; GC - grazing + concentrate; C - concentrate + alfalfa hay; N - number of animals; pH,; - pH 45 min after slaughter; pH,, - pH 24 h after slaughter; L* - lightness;

a* - redness; b* - yellowness.

and C (28.83+0.77%). All the phenotypic correlations
were highly significant (P<0.01, P<0.001) (Table 7). The
highest correlation coefficient was found between cooking
loss and water loss values. When looking at correlation
coefficients between meat instrumental data and slaughter
weight (Table 8), there was a positive correlation between
SW and a* (r = 0.653; P<0.01) and a negative correlation
between lightness (L*) and SW (r = —0.548; P<0.05) and
redness (a*) and lightness (L*) (r =-0.670; P<0.01).

Table 5 - Phenotypic correlation coefficients among carcass and
meat measurements

SW(kg) CCW (kg) BF(cm) MD (cm) MW (cm)

Table 7 - Phenotypic correlation coefficients among water loss,
cooking loss, and shear force

Shear force (kg) Cooking loss (%)
Cooking loss (%) 0.768**
Water loss (%) 0.661%* 0.792%%*

*#*P =0.01; ***P<0.001.

Table 8 - Correlation coefficients among meat instrumental data
and slaughter weight

SW (kg) pH45 pH24 L* a*
pH,, —0.043NS
pH,, 0.084NS —0.076NS
L* —0.509* —0.120NS —0.194NS
a* 0.633**  —0.427NS 0.262NS  —0.670**
b* 0.084NS  -0.558*  0.138NS  0.313NS  0.375NS

CCW (kg) 0.906%**

BF (cm) 0.260NS  0.188NS

MD (cm) 0.485NS  0.319NS  0.468NS

MW (cm) 0.349NS  0.238NS  0.658**  (.812%**

MA (cm?) 0.337NS  0.205NS  0.754** 0.595%*  (0.808***
SW - slaughter weight; CCW - cold carcass weight; BF - backfat thickness; MD -

muscle depth; MW - muscle width; MA - muscle area.
*P<0.05; **P<0.01; ***P<0.001; NS - not significant.

Table 6 - Least square means and standard errors of meat

characteristics
Factor N Shear force Cooking loss  Water loss
(kg/em?) (%) (%)
Production system P=0.002 P=0.000 P=0.000
G 15 3.55+0.25  35.75+0.77  4.12+0.17
GC 15 2.48+0.25  31.44+0.77  2.00+0.17
C 15 1.94+0.25 28.83+0.77  1.61£0.17
Total 45 2.65+0.14  32.01+0.44  2.57+0.10

G - grazing; GC - grazing + concentrate; C - concentrate + alfalfa hay; N - number
of animals.

SW - slaughter weight; pH,, - pH 45 min after slaughter; pH,, - pH 24 h after slaughter;
L* - lightness; a* - redness; b* - yellowness.
*P<0.05; **P<0.01; NS - not significant.

Discussion

During the 62-day experiment period, the statistically
significant difference in growth was attributed to the
three different feeding protocols. Average daily weight
gain (ADG) was the lowest in pasture-raised (G) lambs
(115.87+11.91 g day™'), followed by the GC group
(142.88+11.49 g day!) with the highest ADG attributed to
the feedlot concentrate (C) group at 161.40+£9.71g day'.
These were much lower than figures reported by Yeaman et al.
(2014), more than likely due to the ad libitum concentrate
feeding regime used in that study, but were similar to
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findings of Cafieque et al. (1990) and Diaz et al. (2002),
also on restricted feeding. Additionally, the low ADG for
the grass fed (G) group may also have been attributable
to the limited quality of the pasture for the region during
the dry summer experiment period. The study looked at the
cost efficiencies in the differing feed regimes. Whilst it was
relatively simple to calculate the feed intake and thus the
cost of the C Group, a number of assumptions needed to be
made with the G and the GC groups, as it is always a major
challenge to estimate the grazing intake of a sheep. Intake
of grazing ruminants can be estimated basically through two
methods: direct or indirect. Indirect methods include the
marker techniques, ratio techniques, the recording of animal
behaviour, and other empirical models. This study chose
to estimate the grazing feed intake by direct measurement
of herbage mass as per Macoon et al. (2003) and Smit et al.
(2005), in which the herbage mass was recorded before
and after grazing. The mass was estimated by cutting and
weighing the grass harvested on a defined area then drying
to ascertain the DM content. We chose to keep the stocking
rate relatively high, at 1.8 DSE (dry sheep equivalent),
ideally to graze and consume the majority of the grass as
per the designated area. The grazing period was linked to
the grass re-growth during that period, in order to minimize
the error of estimation. Rather than using enclosure cages,
the study used electric fencing to guide the lambs. Indeed,
even if, according to the definition of Baumont et al. (2000)
“intake is the maximum quantity of feed that can be eaten
by an animal when this is supplied ad libitum as the sole
feed”, whilst seemingly easy to quantify, its study is more
complex. Plant properties, associated for example with
the presence of toxins, the taste or smell, are important
parameters impacting diet selection and feeding behavior
of grazing ruminants and so the intake level (Provenza
et al., 2003). A huge intake level variability also occurs
between breed or individuals within a given breed (Scott
and Provenza, 1999; Pearson et al., 2005). As an example,
Dorper sheep are less selective grazers, consume more
shrubs and bushes and ingest a larger number of different
plant species than Merino sheep (Brand, 2000). Equally
complex to voluntary intake is also the estimation with
sufficient precision of in vivo digestibility. To estimate
more rapidly and easily the in vivo digestibility, different
alternative methods exist and are well documented. Some of
them are based on regressions between in vivo digestibility
and forage characteristics such as cellulose (Lecomte et al.,
1992), plant morphological characteristics (Demarquilly
and Jarrige, 1981), or plant physiological stage (Valente
et al., 2000). If these methods are sufficiently accurate
to estimate the in vivo digestibility of pure grass sward,

they are less appropriate for mixed forages due to the
presence of various plant species differing in terms of
chemical composition or morphological development stage.
According to various French references, in grazing, the
ad libitum intake of a reference grass (15% crude protein,
77% organic matter digestibility, on a dry matter basis) is
75 g of dry matter per kg of metabolic weight for a standard
sheep. On this basis, it is possible to calculate the “fill unit”
of various forages (INRA, 2007). The authors utilized the
above data in estimating the final feed intake figures for the
G and the GC groups and thus allowing the calculation the
cost of feed from grazing (Table 1).

As seen in the results, despite ADG being higher
for the C group, the cost of feed to attain the same live
weight gain was much higher than for the G group. Sheep
producers often aim to reduce the feed costs by finding
suitable breeds that efficiently convert pasture to meat.
This was part of the reason for introducing the Dorper
breed for this experimentation. In many of the efficient
meat-producing countries around the world, the Dorper
breed has yielded the most productive conversion rates.
For lambs, the feed conversion ratio (FCR - kg feed dry
matter intake per kg live mass gain) is often in the range of
about 4 to 5 on high-concentrate diets (Brand et al., 1991;
Knott et al., 2003; NRC, 2007), 5 to 6 on some forages
of good quality (Fahmy et al., 1992), and more than 6 on
feeds of lesser quality (Malik et al., 1996). In the feedlot
situation, the Dorper has an excellent feed conversion ratio
of 4 kg of feed to 1 kg of growth, a 20% increase in feed
conversion when compared with other crossbreeds. With
increasing global demand for grains influencing higher
grain prices, this is clearly a major production advantage.
The conversion ratio in this study comparatively was 4.3:1
for the C group, 4.7:1 for the GC group, and 6.4:1 for the
G group. The total average concentrate pellet consumption
per lamb over the 62 day experimental period for the GC
and the C groups was 24.6 kg and 41.0 kg, respectively
(i.e., 300 g day ' and 500 g day', respectively). While the
GC group attained its roughage needs from grazing, the C
group was provided alfalfa hay at an average of 32 kg lamb!
during the experiment period.

The new measurement index used in the study titled
feed expense efficiency (FEE) showed the actual cost of
feed for each kg of live weight gained by the lamb proved
to be a valuable tool to correctly ascertain the productivity
of the production system. The FEE for group C was $1.89;
for the grazing plus concentrate fed animals (GC group),
FEE was $1.25; and only $0.60 for the pasture-grazing
lambs (G group) (Table 1), thereby making the G group
310% more productive then the C group, and 200% more
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productive than the GC group. Feed cost being the main
determining factor for the economic sustainability of most
livestock operations, the study showed that understanding
which component of the lamb fattening process affects
the profitability is the key to the success of operations. In
Turkey, large-scale units have mainly relied on intensive
feedlot-type production systems which use water-inefficient
and expensive cereals, silage, lucerne hay, and concentrates
as their main fodder as opposed to the more traditional
native pasture-grazing as the primary feed during the
growing season. As Dorpers are non-selective grazers,
this enables them to run on the same amount of land and
utilise a wider variety of feed resources as compared with
other conventional breeds. This characteristic would also
assist the Turkish farmer with a more sustainable pasture
management program.

The carcass fat content for all the experimental lambs
was very low. Based on numerous past publications, the
authors felt that the low fat values in all three groups must
have been a specific trait of the Dorper breed. Carcasses of
similar-age lambs of other local breeds in the abattoir all had
significantly higher visual fat. Backfat (BF), albeit fairly
minimal, was highest in C lambs, which was an expected
result due to grazing (G) lambs generally producing less
fat than concentrate-fed (C) lambs (Murphy et al., 1994;
Diaz et al., 2002). This is possibly due to changes in the
metabolism of lambs at pasture caused by exercise (Diaz
et al., 2002). Carcass fat content is an important feature in
the Turkish lamb production sector, where the majority of
producers often complain about the unproductive wasted
tail and subcutaneous fat produced by the local breeds. The
main types of sheep used in lamb production in Turkey are
fat tailed breeds, yet the consumer preference for lamb meat
particularly in the western region of the country is for a
lean carcass. Dressing percentage was 3% higher in the GC
group lambs, in agreement with Santos-Silva et al. (2002)
and Diaz et al. (2002). Similarly, an increase in the effect
of dressing percentage on slaughter weight was also in
agreement with Solomon et al. (1980), Kemp et al. (1981),
Wood et al. (1983), Hawkins et al. (1985), Vergara et al.
(1999), and Diaz et al. (2002). Of particular interest would
be to know why the rib percentage was low in the grain-fed
group. This may have been due to greater exercise required
for the grazing process and, as such, the grass-fed lambs
may have had a larger lung capacity, resulting in the higher
rib percentage in the carcass.

Muscle traits (BF, MD, MW, and MA) were significant
in all the varying feeding regimes and most developed for
lambs reared solely on concentrates (C group), probably as
a consequence of higher energy content of the diet in this

treatment. This finding was also supported by findings of
Santos-Silva et al. (2002). However, all things considered,
the authors felt that the minor muscle trait benefits seen
in the C group to the undiscerning consumer do not
justify the considerable additional production costs. This
sentiment is shared by a number of farmers around the
globe (Kintzel, 2010).

No significant differences were seen for instrumental
muscle quality among the three feeding regimes. With
regard to carcass colour, based on numerous -earlier
findings in GC, lightness (L*) is a parameter affected by
feed (Vestergaard et al., 2000; Priolo et al., 2001; Diaz et al.,
2002). Although the highest L value in our study was
obtained in group C, indicating a lighter colour meat,
it was insignificant by statistical standards. The colour
of the meat has a great importance in the acceptance of
meat by consumers in Turkey and, similarly to the EU
Mediterranean countries (Santos-Silva et al., 2002), pale or
pink red meat is preferred. The colour differences between
lambs on different feeding regimes may be due to the different
physical activity undertaken by the animals (Vestergaard et al.,
2000). Lambs on pasture display a higher concentration of
haemic pigments in the muscle (Renerre, 1986) than those
on concentrate. Meat from grazing animals has often been
associated with yellow fat (Priolo et al., 2001; Ripoll et al.,
2008) and dark though a little flavoured (Priolo et al., 2002).

In this study, mean pH values ranged between 6.16 at
45 min post-mortem and 5.76 at 24 h post-mortem. These
results were comparable to reports by Ekiz et al. (2009) and
Safiudo et al. (2003) within the acceptable range as stated
previously by Devine et al. (1993), Diaz et al. (2002), and
Vergara et al. (1999). This also indicated that lambs were
slaughtered under stress-free conditions; rigor mortis
occurred appropriately, and slaughtering procedures were
compatible within animal welfare standards. Slaughter
weight was insignificant for pH. Meat from G lambs with
slightly higher SF values was tougher those from than GC
and C lambs, agreeing with Yarali et al. (2014).

The Turkey market place does not pay a premium for
higher quality meat; it has a fairly generic rate for meat,
irrespective of the cut. Therefore, the study found that the
considerable additional cost for feed to attain only marginal
improvement in quality was a false investment.

There is an opportunity for Turkey to better utilize its
water resources and become fodder self-sufficient with
its lamb production systems by adopting irrigated pasture
improvement for grazing as opposed to feedlotting, and
introducing a breed like the Dorper to the equation with
its ability to put grass into weight gain would make the
industry far more sustainable.
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Conclusions

By using a more articulated calculation index, termed
feed expense efficiency, the study concluded that pasture
production provides a significant cost saving to the
producer without compromising meat quality and is 300%
more efficient in producing 1 kg of live weight then grain-
fed lambs. The Dorper breed produces very light fat on the
carcass irrespective of the production system. For countries
that are reliant on imported grains for fodder, the use of
pasture-based feeds is encouraged as opposed to harvested
feeds with conversion-efficient breeds such as Dorper sheep
to improve productivity in the lamb meat industry.
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