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Water restriction periods were evaluated in crossbred lambs (n = 32) distributed in one of four treatments:
without water restriction, water restriction for 24, 48 and 72 h. The water restriction for 72 h reduced the water
and dry matter intakes, body weight at slaughter and hot and cold carcass yields. Water restriction did not affect
the weight of the carcass cuts and the chemical composition of the meat. The fatty acid EPA increased and DHA

reduced with increasing water restriction period. There was an increasing linear effect for meat shear force, with
less force (30.5 N/cm?) for sheep meat without water restriction and higher force (45.8 N/cm?) for those with
water restriction for 72h. The period of 24 h of water restriction was the one that promoted the highest simi-
larities in the characteristics assessed to those in animals receiving water ad libitum. Therefore, water restriction
periods should not exceed 24 h for feedlot animals in situations of severe water shortage.

1. Introduction

Water is an essential nutrient for animal production, but its avail-
ability is often a limiting factor for livestock in arid and semi-arid re-
gions in the world (Alamer, 2010). In these regions, the animals mostly
consume feed with low moisture content, low nutritional value and
have irregular and limited access to water.

Sheep and goats can tolerate water shortage by activating some
mechanisms to save this nutrient, which reduces the losses and in-
creases the ability to withstand drought (Alamer, 2009). One me-
chanism to support low water availability is to reduce feed intake to
lower the metabolic rate, which works as an adaptation to water con-
servation, since the animal will generate less heat in the digestive
process, reducing the dissipation by evapotranspiration at high ambient
temperatures (Maloiy et al., 2008). Furthermore, they tolerate loss of
body water > 20% due to the ability of the rumen to store water (Jaber
et al. 2004).

According to Barbour et al. (2005), although small ruminants in arid
and semi-arid regions can survive up to a week with little or no water,
the deficiency of this nutrient adversely affects the homeostasis, body
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weight, reproductive rate and disease resistance, besides the possibility
of presenting negative impacts on the meat quality. However, there are
few studies evaluating this practice of water management of animals in
the Brazilian semi-arid region.

Thus, periods of water restriction alternating with water supply can
be an alternative management to minimize the effects of water deficit in
feedlot systems, in regions with water shortage. This study evaluates
the effect of the water restriction period in Santa Inés crossbred sheep,
through the evaluation of carcass traits, non-carcass components, yield
of commercial cuts, physical and chemical characteristics and fatty acid
profile of the Longissimus lumborum muscle.

2. Material and methods
2.1. Locality, animals and diets

All experimental procedures described in this work were approved
by the Ethics Committee of Vale do Sao Francisco Federal University,

with Protocol 0007/161012. The experiment was conducted at the
Experimental Station of Caatinga, belonging to the Brazilian
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Table 1
Water supply and restriction periods during the experiment for crossbred Santa
Inés lambs.

Period Tratament (hours water restriction)
0 24 48 72

Interval without water (days) 0 1 2

Cumulative period with water access 67 34 23 17
(days)

Cumulative period without water access 0 33 44 50
(days)

Total time for data collection (days) 67 67 67 67

Agricultural Research Corporation - Embrapa, located in the munici-
pality of Petrolina, Pernambuco, Brazil. During the experimental period
(May to July 2013), the minimum and maximum average temperatures
recorded were 21.97 °C and 31.22°C, respectively, with relative air
humidity of 60.52% and total rainfall of 22.2 mm.

Thirty two Santa Ines crossbred lambs, with initial mean body
weight of 20.7 + 2kg and eight months of age were randomly assigned
to one of four treatments: T1 = without water restriction (daily water
supply); T2 = 24h of restriction and then water supply for 24h;
T3 = 48h of restriction and then water supply for 24h and T4 = 72h
of restriction and then water supply for 24 h, as shown in Table 1.

The lambs were housed individually in covered pens (1 X 2m),
provided with feeders and drinkers. Each animal represented an ex-
perimental unit, constituting 8 replicates per treatment. The confine-
ment lasted 77 days, 10 days for adaptation to diet, water supply and
facilities and 67 days for data collection.

The diet offered to sheep was the same for all animals, composed of
50% Tifton grass hay and 50% concentrate, consisting of 69.31%
ground corn, 29.79% soybean meal and 0.9% mineral, formulated ac-
cording to the requirements of the National Research Council (NRC,
2007) for daily weight gain of 200 g. Nutrient and fatty acid composi-
tion of experimental diet is listed in Table 2. The analyzes to estimate

Table 2
Nutrient and fatty acid composition of experimental diet.

Variable Tifton hay Concentrate” Diet (50:50)¢
Nutrient (g/kg DM)

Dry matter 871.7 863.7 867.7
Organic matter 911.0 970.5 940.7
Ether extract 13.0 24.2 18.7
Crude protein 125.6 204.8 165.2
NDFcp® 688.6 97.3 392.9
Acid detergent fiber 398.5 62.3 230.4
Non-fiber carbohydrates 83.4 636.9 360.1
Lignin 90.9 14.5 52.7
Total digestible nutrients 599.3 838.9 719.1
Fatty acids (g/100 g)*

Myristic (C 14:0) 1.27 0.09 -
Palmitic (C 16:0) 38.76 17.02 -
Margaric (C 17:0) 0.66 0.09 -
Stearic (C 18:0) 2.76 4.65 -
Arachidic (C 20:0) 1.89 0.43 -
Behenic (C 22:0) 2.28 0.22 -
Lignoceric (C 24:0) 2.57 0.22 -
Palmitoleic (C 16:1:¢9) 0.57 0.11 -
Heptadecanoic (C 18:1¢9) 3.19 28.27 -
Vaccenic (C 18:1c11) 0.91 2.65 -
Petroselinic (C 18:1¢12) 0.40 1.53 -
Linoleic C18:2c9c12 12.91 42.81 -
Linolenic C 18:3n3 20.44 1.05 -

? Neutral detergent fiber corrected for ash and protein

b Was added to concentrate 0.9% of mineral supplement for sheep containing
136 g of sodium/kg

¢ Diet 50:50 (50% hay and 50% concentrate);

4 %percentage of total fatty acids.
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the dry matter, organic matter, ether extract and crude protein were
performed according to AOAC (2007). The neutral detergent fiber
corrected for ash and protein (FDNcp) and acid detergent fiber were
analyzed according to Van Soest, Robertson, and Lewis (1991) and non-
fiber carbohydrates and total digestible nutrients according to Sniffen,
O'Connor, Van Soest, Fox, and Russell (1992). The extraction of lipids
followed the methodology proposed by Hara and Radin (1978) and the
transesterification was performed according to Christie (1982). The
results were expressed as percentage of total fatty acids.

2.2. Dry matter and water intake

The total diet was provided ad libitum, twice a day, at 8:00h and
16:00 h, with leftovers previously collected and weighed every day to
determine daily intake. Samples of the food provided and leftovers were
collected weekly, by animal, which were stored in identified plastic
bags and stored in a freezer. In these samples, the dry matter (DMI)
analyses were carried out to determine the dry matter intake.

The water was supplied in containers of known volume, renewed
twice a day and the leftovers measured. The water intake during per-
formance (WIP) was estimated by calculating the difference between
the amount of water offered and its surplus, discounting the water lost
by evaporation. The WIP (kg) was obtained by multiplying the water
consumption by the number of days with access to water during the
experimental period (WIP T1 = water consumption X 67 days; WIP
T2 = water consumption X 34 days; WIP T3 = water consump-
tion X 23 days, WIP T4 = water consumption X 17 days). To estimate
the evaporation, buckets with water were distributed at strategic points
in the shed, so that after weighing, this loss (evaportion) was added to
the calculation of the WIP per animal.

The water intake via drinker (WID) was estimated by the difference
between the amount of water supplied and the surplus and the daily
evaporation of water (WID (kg/day) = water supplied — (sur-
plus + evaporation)).

The production of metabolic water (MW) was estimated from the
chemical analyses of the diets and calculated by multiplying the con-
sumption of digestible carbohydrate, protein and ether extract by the
factors 0.60; 0.42 and 1.10, respectively (Church, 1976; Taylor,
Spinage, & Lyman, 1969).

The water use efficiency was estimated by the ratio of water intake
to dry matter intake (WI:DMI). Intake of water per kg of carcass pro-
duced (WI: kgCAR) was calculated using the relation between the water
intake via the drinking fountain and the hot carcass weight.

2.3. Slaughter and carcass traits

After the confinement period, the lambs were weighed to obtain the
final body weight (BW), and then subjected to solid fasting, receiving
only water for 18 h and weighed again to obtain the body weight at
slaughter (BWS). Next, the animals were stunned and slaughtered ac-
cording to protocols established in Regulation of Industrial and Sanitary
Inspection of Animal Products - RIISPOA (Brasil, 1997), and subse-
quently skinned, gutted and removed the head and the extremities of
the limbs.

Weights of rumen-reticulum, omasum, abomasum, small and large
intestine (full and empty), blood, skin, paws, spleen, liver (without gall
bladder), heart, respiratory system and trachea, kidney, head and
tongue, reproductive organs (penis and testicles) and empty bladder
were also recorded.

Carcasses were weighed to obtain the hot carcass weight (HCW) and
to determine the hot carcass yield (HCY). Subsequently, the carcasses
were cooled at 4°C for 24 h, and weighed to obtain the cold carcass
weight (CCW) and to calculate the cold carcass yield (CCY), cooling
losses of the carcass (CLC) and true carcass yield (TCY) according to
Cartaxo et al. (2009). The empty body weight (EBW) was calculated as
BWS - gastrointestinal content. After cooling, morphometric
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measurements were taken on carcasses to calculate the carcass com-
pactness indices (CCI (kg/cm)) = CCW/internal carcass length and leg
compactness indices (LCI) = rump width/leg length, according to
Souza et al. (2013).

Carcasses were cut lengthwise to obtain the half-carcasses, which
were weighed individually. The left half was cut into five anatomical
regions: neck, shoulder, rib, loin and leg. In the dorsal portion of
Longissimus lumborum (LL), at the level of the 13rd thoracic vertebra,
measurements of maximum and minimum thickness of subcutaneous
fat were taken, using a caliper. To determine the loin eye area (LEA), we
used transparent paper to draw the area and then measured the area
with the aid of the software Autocad.

2.4. Meat quality measurements

Loins of each carcass were identified, conditioned in plastic bags
and frozen in a freezer at —18°C. After 7 days, loins were thawed for
10h under refrigeration at 10 °C and were dissected to separate the
muscle, bone, subcutaneous fat, intermuscular fat and other tissues,
which were individually weighed for calculation of yields. Muscle tissue
was used to determine the moisture, crude protein and mineral matter
contents, according to AOAC (2007) and the ether extract content was
determined in an extractor device (ANKOM TX10), according to the
methodology proposed by AOCS (2009).

The water holding capacity (WHC) was calculated by the filter
paper press method (Hamm, 1986), and the result was expressed in
percentage of water exuded compared to the initial sample weight
[WHC (%) = [(final weight x 100)/initial weight]].

To determine the cooking losses (CL), a sample of 50 g in natura
Longissimus lumborum muscle was used, free of visible connective tissue.
Each sample was divided into 2 subsamples, weighing approximately
25 g and then wrapped in aluminum foil and grilled on plate preheated
to 175 °C. The samples were turned over and the internal temperature
of the meat was monitored through a digital spit thermometer until it
reached 75°C in the geometric center of the meat. Then, they were
cooled at room temperature, taken out of foil and weighed again to
calculate the cooking losses.

The following analysis evaluated the shear force (SF), where each
sample of grilled meat was cut into two lcm? cubes (totaling 4 re-
plicates for each animal) in the direction of the muscle fibers, and then
cut into a texture analyzer (TA-XT Express Texture Analyzer, Stable 165
Micro Systems, Godalming, UK) equipped with a Warner-Bratzler 166
shear force device (2.00 mm/s speed). To classify the meat texture, we
adopted the interpretation of Cezar and Sousa (2007).

2.5. Fatty acid profile

The composition of the fatty acids present in the lipid extract was
obtained using 7 g muscle tissue collected from the Longissimus lum-
borum muscle after dissection (removal of fascia, connective tissue,
subcutaneous and intermuscular fat).

The extraction of total lipids from muscle tissue followed the
methodology proposed by Hara and Radin (1978), and the transester-
ification was performed according to Christie (1982). Fatty acid methyl
esters (FAME, %) in meat were quantified was carried out by gas
chromatography in a Thermo Finnigan Trace-GC Ultra equipment with
a flame ionization detector (FID) and a capillary column CP-Sil 88
(Varian), 100 m in length, 0.25 pm inner diameter, 0.20 pm thick film.
Hydrogen was used as the carrier gas at a flow rate of 1.8 ml/min. The
initial oven temperature program was 70 °C, 4 min waiting time, 175 °C
(13°C/min) 27 min waiting time, 215°C (40 °C/min) 9 min waiting
time and then increasing 7C°/min to 230 °C, remaining for 5 min, to-
taling 65 min. The vaporizer temperature was 250 °C and that of the
detector 300 °C, according to the temperature program described by
Ribeiro et al. (2011).

An aliquot of 1pl esterified extract was injected into the
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chromatograph and the identification of individual fatty acids was
performed by comparison of the retention times of the methyl esters
presented by the Supelco TM Component FAME Mix chromatography
standard (cat 18,919 Supelco, Bellefonte, PA). The fatty acids with cis
and trans isomers were separated by chromatographic run along the
100 mm column. No specific treatment was performed for this, and the
sample was extracted and esterified as a whole. The concentration of
fatty acids was determined by the percentage of the area of a de-
termined fatty acid when added to the areas of all the peaks present in
the sample. The results were expressed as g/100 g identified total fatty
acid methyl esters.

The nutritional quality of the lipid fraction was evaluated by the
composition data of fatty acids, using the calculations of atherogenicity
index (AI) = {(C12:0 + (4 x C14:0) + C16:0)}/XAGMI + % 6 + X
®3) and thrombogenicity index (TI) = (C14:0 + C16:0 + C18:0)/
{(0,5x % AGMI) + (0,5 X X w6 + (3 X 2 w3) + (X w3/% wb)} ac-
cording to Ulbricht and Southgate (1991). Al indicates the risk of
atherosclerosis and TI, the platelet aggregation.

2.6. Statistical analysis

The experiment was a completely randomized design with four
treatments and eight replications. The mathematical model used was
Y;; = u + Hj + e, where Yj;; = value referring to observation of re-
petition “i” of treatment “j”; u = overall mean; H; = effect of treatment
“j” (0, 24, 48 and 72 h of restriction) and e; = random error associated
with observation. The half carcass weight was used as covariate in the
analysis of the carcass cuts.

The results were analyzed by the software Statistical Analysis
System - SAS (version 9.1, 2003), with previous analysis of normality of
the residuals by the Shapiro-Wilk test (PROC UNIVARIATE) and the
variances compared by orthogonal contrasts (linear, quadratic and de-
viation from the quadratic model) with a significance level of 5% by
PROC GLM. After analysis of contrasts, when significant, we de-
termined the parameters of the regression equations using PROC REG.

3. Results and discussion
3.1. Water intake and dry matter

The animals that were subjected to water restriction during 72h
showed a reduction of 52.4% (P < 0.05) in the total water intake
(WIP) in relation to the animals that received water ad libitum during
the experimental period (Table 3). Even observing an increase in daily
water intake via drinker (WID) when it was available for animals with
72 h of restriction, the amount of water ingested did not compensate the
amount consumed in the ad libitum group. This because the days of
consumption were reduced, that is, the animals in the control group
ingested water for 67 days, while the animals that underwent water
restriction for 72 h only consumed water for 17 days.

The WIP of the animals with 24 h water restriction was 8.1% smaller
compared to the control group. The animals with water restriction of
48 h presentend reduction of 34.8% in water intake. This demonstrates
the similarity of the total water intake during the performance of the
group without restriction with the group of animals with water re-
striction of 24 h. Ruminant animals, particularly sheep, may survive the
dehydration of up to 20%, because of the capacity of the rumen in
storing water, which can be used under low availability of this nutrient
(Casamassima et al., 2008).

When water was available for the animals with restriction, WID (kg/
day) increased (P < 0.05) according to the increase in water restric-
tion period. The mean consumption for animals that had free access to
water was 3.43 kg/day. The sheep with water restriction of 72h con-
sumed 7.08 kg, that is, 121% daily volume when compared to the an-
imals with free access to drinking water. This is because, in an attempt
to quench thirst, the animals ingest more in the first 60 min of access to
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Table 3
Dry matter and water intake by Santa Ines crossbred lambs submitted to dif-
ferent periods of water restriction.
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Table 4
Weight, yield and indices of Santa Ines crossbred lambs submitted to different
periods of water restriction.

Variable Water restriction (h) SEM R? P-value Variable Water restriction (h) SEM R? P-value
0 24 48 72 Lin. 0 24 48 72 Lin
DMI, kg/day’ 0.93 0.93 0.74 0.65 36.38 49.58 0.0004 BWS, kg! 32.62 32.29 26.77 25.88 0.89 66.80 0.0011
WIP, k32 229.6 211.0 149.8 120.2 10.66 59.58 < 0.0001 EBW, ng 25.33 25.04 21.90 20.08 0.69 49.43 0.0015
WID, kg/sheep/ 3.43 6.21 6.51 7.08 0.32 60.00 < 0.0001 HCw, kg3 14.90 14.26 11.27 10.85 0.47 43.48 0.0051
day® CCW, kg* 14.32 13.76 10.76 10.45 0.46 42.87 0.0048
WIF, kg/day 0.12 0.12 0.10 0.09 0.006 - 0.1043 HCY, %° 45.69 44.17 42.10 41.91 0.48 53.26 0.0007
MW (kg/day) * 0.51 0.47 0.38 0.37 0.013 74.42 < 0.0001 CCY, %° 43.91 42.62 40.23 40.38 0.46 54.65 0.0005
WLDMI® 3.67 6.68 8.78 10.89 0.13 31.04 0.0023 CCR, % 4.10 3.83 4.11 4.84 0.11 - 0.9848
WI/kgCAR® 15.69 14.39 12.00 10.92 0.53 44.69 < 0.0001 TCY, % 54.89 56.19 56.62 50.10 0.45 - 0.6430
CCI, kg/cm’ 0.23 0.24 0.21 0.20 0.005 73.28 0.0116
Dry matter intake (DMI);Water intake during performance (WIP); Water intake LCI 0.62 0.60 0.62 0.62 0.008 - 0.7941

via drinker (WID); Water intake via food (WIF); Metabolic water (MW); Water
intake: dry matter intake (WI:DMI); Water intake per kg carcass (WI/kg CAR);
SEM = standard error of the mean; R? = coefficient of determination; Lin:
significance for linear effect. Significant at 5% probability; RE = regression
equation. RE.: ¥ =0.9647-0.427x; RE.%: ¥ = 235.456-1.6099x; RE.>:
¥ = 4.0649 + 0.0473x; RE.*: ¥ = 0.5125-0.00222x; RE.>: ¥ = 3.729-0.0137x;
RE.% ¥ = 15.74143-0.06911x.

the water. The animals with water restriction of 24 h consumed 14%
more when compared to the animals that received water daily. In ad-
dition, when water was given ad libitum again, there was no sign of
compensatory increase in food intake.

The extending the period of water restriction reduced the dry matter
intake by 30% (P < 0.05), of the group without water restriction
compared to the one that with water restriction of 72h (0.93 and
0.65 kg/animal/day, respectively), inferring that, because of the un-
availability of water, animals reduce this consumption. Due to periods
of water unavailability, in the attempt to quench thirst, the animals
ingested more water per day at the time of the supply, mainly the an-
imals that spent three days without ingesting water, even consuming
more than the animals with free access to water. This may have caused
ruminal fill and, consequently, hypertonicity of the rumen-reticulum
musculature caused by the accumulation of ingested water, reducing
DMI. An abnormal prandial increase in ruminal fluid osmolality con-
tributes to the suppression or reduction of food intake during water
restriction (Burgos, Langhans, & Senn, 2000). Despite a marked de-
crease in DMI of animals subjected to 48 and 72 hour-restriction, the
DMI of animals with 24 h of water restriction was close to the intake of
animals with daily access to water.

According to Alamer & Al-hozab, 2004), the reduction in dry matter
intake due to water restriction, is an adaptation mechanism to reduce
costs related to the use of water in food digestion process, thus resulting
in greater water conservation. This concomitantly reduces heat pro-
duction (metabolism) and increases the water retention, sufficient to
achieve a new equilibrium over a longer period of water restriction.
Abioja, Osinowo, Adebambo, Bello, and Abiona (2010) explained that
the reduction in dry matter intake from the water restriction can be the
result of the need of water for moistening the bolus and transportation
of the gastrointestinal tract content.

Despite the reduction in dry matter intake, there was no effect
(P > 0.05) of the water restriction on water intake by food (WIF).
However, there was a decreasing linear effect (P < 0.05) for MW (kg/
day). Misra and Singh (2002) found no effect on metabolic water intake
when subjected goats in semi-arid regions of India to 48 h of water
restriction. Metabolic water is produced during the oxidation of the
hydrogens contained in the main nutrients, with 1 g of protein, carbo-
hydrate and fat producing 0.42g; 0.60g and 1.10g water for each
nutrient, respectively (Church, 1976). With the reduction in DMI, the
availability of nutrients for oxidation also reduced, then, there was a
decrease of the water produced during the catabolism.

According to the NRC (2007), for each kilogram of dry matter
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BWS: body weight at slaughter; EBW: empty body weight; HCW: hot carcass
weight; CCW: cold carcass weight; HCY: hot carcass yield; CCY: cold carcass
yield; CCR: carcass cooling rate; TCY: true carcass yield; CCIL: carcass com-
pactness index; LCI: leg compactness index; SEM = standard error of the mean;
R? = coefficient of determination; Lin: significance for linear effect. Significant
at 5% probability; RE = regression equation. RE.': ¥ = 33.78782-0.1140 x;
REZ ¥ =26.93913-0.09924x; RE.*: ¥ =14.99189-0.0563x; RE.“:
¥ = 14.42074.0-0.05427x; RE.5: ¥ = 45.6435-0.0563x; RE.S:
¥ = 44.007-0.0552x; RE.”: 0.24923-0.00089744x.

ingested, the animal should consume 2.87 1 of water. All animals had a
higher intake than that recommended by the NRC (2007). According to
this study, there was an increase (P < 0.05) in the ratio WI: DMI when
the animals were subjected to different periods of water restriction,
because, as the restriction periods increased, the animals consumed
more water when it was available. The WI: DMI ratio of the animals
that underwent water restriction of 24h, 48h and 72h were 182.0,
239.2 and 296.7%, respectively, higher than the intake of animals that
received water daily.

3.2. Carcass traits

The body weight at slaughter (BWS) decreased linearly (P < 0.05)
with increasing periods of water restriction (Table 4). Studies on water
restriction indicate that a part of the body weight reduction in rumi-
nants is related to the combined effect of body water loss and decreased
feed intake (Alamer, 2006, 2009; Hamadeh et al., 2006; Silanikove,
1992) or mobilization of fat for energy production to compensate for
the lower feed intake (Jaber et al., 2004) during the water restriction
periods. During this period, the body weight of the animals is reduced,
also decreasing the requirement of nutrients. The BWS of the animals
subjected to water restriction of 24 h was close to the BWS of the ani-
mals without water restriction, demonstrating that the deprivation of
water for 24 h followed by 24 h of hydration did not affect the final
weight of the animals.

The EBW, HCW and CCW decreased (P < 0.05) with increasing
water restriction period. Prolonged periods of water restriction reduce
the gastrointestinal passage rate, reducing body weight at slaughter
and, consequently, empty body weight and hot carcass weight. The
reduction in nutrient intake for animals may explain the observed de-
crease in body weight at slaughter, empty body weight, hot carcass
weight and cold carcass weight, since these parameters reflect directly
on the animal performance and are natural indicators of the ingestion of
nutrient (Urbano et al., 2013). In the dry season, when food and water
availability is limited, regression of productive indexes and animal
performance may occur, reducing productivity (Ponnampalam et al.,
2018). Tibin, Bushara, Elemam, Tibin, and Jadalla (2012) evaluated the
sheep carcass traits in the desert, which were subjected to water sup-
plies with intervals every 2-3 days, water ad libitum with and without
supplementation in the diet, and found lower body weight at slaughter,
hot carcass weight, half carcass and empty body weight for animals that
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had restricted access to water, corroborating data from this study.

In addition, the HCY and CCY decreased (P < 0.05) with increasing
water restriction periods. This reduction can be explained by the de-
crease in BWS, HCW and CCW, due to reduction in nutrient supply.
Although the observed decrease in HCY e CCY, the periods of the water
restriction did not influence (P > 0.05) the TCY. Although the reduc-
tion of BWS, HCW, CCW, HCY e CCY with the water restriction, the
group of animal with restriction every 24 h showed similar weights the
group that was not submitted the water restriction.

The periods of the water restriction did not influence (P > 0.05)
the cooling losses (CCR), with a mean value of 4%. These losses can
vary from 3.0 to 4.0%, according to the uniformity of fat, sex, weight
and chilling temperature (Reis et al., 2001). The CCR can be indicative
of adequate fat cover and protection against cooling in the refrigeration
chamber, thus avoiding shortening by cold and excessive loss of water
from the meat (Safari, Fogarty, Ferrier, Hopkins, & Gilmour, 2001).

The water restriction did not influence (P > 0.05) the TCY, with a
mean value of 54%. According to Sanudo and Sierra (1986), carcass
yields range from 40 to 60%, according to breed, crosses and breeding
system. Therefore, the data obtained in this study are consistent with
those described by these authors.

There was a reduction (P < 0.05) of the CCI as the water restriction
periods increased. Compactness indices indicate the amount and/or
storage capacity of meat in the carcass and leg, which decreased with
increasing restriction, i.e. the carcasses had reduced capacity of storing
tissues, which agrees with the weights of retail cuts. However, LCI was
not affected (P > 0.05) by the water restriction periods.

There was a decrease (P < 0.05) in the ratio of water intake per
kilogram carcass (IW/kg CAR), that is, the animals of the control group
ingested 229.621 of water throughout the experimental period, to
produce 13.88 kg carcass, while animals with 72 h of water restriction
ingested 29.63 L to produce 10.04 kg, i.e., less 199.991 of water, with
difference of 3.84kg carcass. The carcass production of the animals
with water restriction for 72h was similar to that of the animals re-
ceiving water every day, saving 200 | of water, which would be feasible
under conditions of water shortage for feedlot animals. With the in-
crease of the water restriction periods, there was reduction in the dry
matter intake and decrease in the weight at slaughter, however, it did
not affect the deposition of fat in the carcass. Thus, it is suggested that
water restriction reduces the energy metabolism to conserve water and
compensate for the reduction in food intake. When water supply is
limited, there is a close interrelation between the amount of dry matter
consumed and the amount of water ingested, which is a consequence of
the low relationship between energy and water intake (Silanikove,
1989).

3.3. Carcass cuts and tissue composition

The water restriction periods did not affect the HCW and the carcass
cut weights (P > 0.05). However, when HCW was used as a covariate,
there was a significant effect on carcass cut weights (Table 5).

The proportion of muscle did not differ (P > 0.05) as shown in
Table 6. This is related to the order of growth (estimated by allometry
coefficients) of the muscle, which has an isometric development and
evolves parallel to the growth of the carcass. These results confirm the
anatomical harmony law of Boccard and Dumont (1960), according to
which the relative proportions of the different body regions are similar
in carcasses of similar weight and fattening.

The water restriction did not affect (P > 0.05) the proportion of
subcutaneous fat, intermuscular fat, minimum (FTMin) and maximum
(FTMax) fat thickness in relation to the loin. It was expected that the
animals in the control group had the highest percentage of fat, since
they have higher BWS and fat had a late development, but the water
restriction did not affect this parameter. It has been reported that under
a low nutritional level, the priority of nutrient supply for each part of
the body depends on its rate of development and metabolic rate (Atti,

200

Meat Science 156 (2019) 196-204

Table 5
Weight of carcass cuts of Santa Ines crossbred lambs submitted to different
periods of water restriction.

Variable Water restriction (h) SEM R? P-value

(kg) 0 24 48 72 HOURS HCM!
HCW 7.11 7.05 6.18 5.65 0.22 7257 NS 0.0001
Leg2 2.31 2.29 2.03 1.94 0.07 66.23 NS 0.0001
Loin® 0.62 0.65 0.49 0.49 0.03 6458 NS 0.0001
Rib* 1.92 1.94 1.53 1.48 0.07 7264 NS 0.0001
Shoulder®  1.28 1.27 1.13 1.08 0.03 80.70 NS 0.0001
Neck® 0.56 0.60 0.53 0.46 0.02 5438 NS 0.0001

HCW = half carcass weight; SEM = standard error of the mean; Significant at
5% probability; 1HCM: half carcass weight as a covariate; NS: not significant.

Table 6

Tissue composition, loin measurements and physical and chemical character-
istics of meat from Santa Ines crossbred lambs submitted to different periods of
water restriction.

Variable Water restriction (h) SEM R? P-value
0 24 48 72 Lin
Muscle, % 49.81 47.58 53.11 5435 1.05 - 0.1032
Subcutaneous fat, % 10.88 9.88 11.17 8.92 0.56 - 0.3606
Intermuscular fat, % 3.77 3.50 3.95 3.71 0.26 - 0.9159
Bone, % 22,26 26.79 17.55 21.36 0.99 - 0.1170
Others, % 11.21 11.73 11.38 10.75 0.31 - 0.5423
FTMin, mm 1.58 1.18 1.18 1.16 0.13 - 0.2774
FTMax, mm 5.54 5.36 5.27 5.21 0.33 - 0.7290
Loin eye area, cm? 10.01 8.12 8.43 8.98 029 - 0.4897
WHC, % 68.91 66.79 66.23 65.99 0.64 - 0.1066
CL, % 27.96 30.65 30.03 30.72 0.65 - 0.1429
SF (N/cm?)! 30.50 30.79 38.15 45.79 0.25 60.29 0.0055
Water, % 75.00 75.00 76.00 75.00 0.39 - 0.8492
Crude protein, % 20.89 21.01 20.08 21.41 0.23 - 0.7589
Ether extract, % 2.31 3.80 2.00 1.97 0.41 - 0.4451
Mineral matter, % 1.12 1.19 1.13 1.11 0.02 - 0.6181
FTMin = minimum fat thickness; FTMax = maximum fat thickness;

WHC = water holding capacity; CL = cooking losses; SF = Warner-Bratzler
shear force; SEM = standard error of the mean; R? = coefficient of determi-
nation; RE.!: ¥ =2852+ 0.0222x, Lin: significance for linear effect.
Significant at 5% probability.

Mahouachi, & Rouissi, 2006; Kamalzadeh, Koops, Van Bruchem, &
Brangma, 1998).

However, there was no effect (P > 0.05) for bone percentage in the
loin, with a mean value of 22%. Bone is an early maturing tissue and at
8 months (growing animals) is less affected by diet. For tissue compo-
sition, muscle yield was superior to other tissues. Possibly, the highest
percentage of muscle over fat and bones, in the analyzed cut, was in-
fluenced by the age of the animals, which were young (eight months).

There was no effect (P > 0.05) for loin eye area with water re-
striction, with a mean value of 8.93 cm? The Longissimus lumborum
muscle has late development, thus, the young age of the animals would
justify the values found. This result was not to expected, once the re-
duction in water consumption decreases DM intake and, consequently,
the supply of nutrients, mainly of protein for the muscular develop-
ment.

3.4. Meat physical and chemical parameters

The water holding capacity (WHC) was not influenced by the water
restriction, with a mean value of 67% (Table 6). The WHC of meat is the
ability of retaining water during the application of external forces and
affects the juiciness at the time of consumption (Henchion et al. 2014).
In addition, it has great importance in storage and shelf life of the
product. Possibly, the water restriction of up to 72 h did not affect the
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pH of the postmortem muscle, and consequently, the isoelectric point of
proteins (Munasinghe & Sakai, 2004) maintaining the meat ability to
hold water.

The water restriction periods did not influence (P > 0.05) the
cooking losses, with a mean value of 29.84%. However, SF increased
according to the extended period of water restriction. Meat of the an-
imals with water restriction for 24 h had SF of 30.8 N/cm?, classified as
medium tenderness (22.4 to 35.6 N/cm?). The water restriction for 48
and 72h resulted in meat with SF of 38.1 N/cm? and 45.8 N/cm?, re-
spectively, classified as hard (35.7 to 53.4 N/cm?), following the scale
suggested by Cezar and Sousa (2007).

These results can be explained by the fact that animals that were
subjected to a longer period of water restriction suffered from pre-
slaughter stress. In addition, there was a reduction in food intake,
which have reduced glycogen storage in the muscle. In stress condi-
tions, there is an increased glycolytic activity, rapid protein denatura-
tion, accelerating the rigor mortis process, making the meat of the
animals tougher (Carragher & Matthews, 1996). No other published
study to our knowledge provides a comparison on the effect of water
restriction on meat tenderness.

The determination of water content in meat is one of the most im-
portant measures used in food analysis, since it is related to its com-
position, stability and quality, and can influence the storage, packaging
and processing (Jiménez Colmenero, 1996), moreover exerts influence
on carcass dressing. Nevertheless, the water content in the LL muscle
was not influence (P > 0.05) by water restriction, with mean value of
75%, corroborating Madruga et al. (2008), which stated that the sheep
meat has about 73% moisture.

The contents of crude protein, fat and minerals in meat were not
affected (P > 0.05) by water restriction with mean values of 21; 2 and
1%, respectively. According to Zeola, Silva Sobrinho, Gonzaga Neto,
and Marques (2004), the average protein in sheep meat is 19%, ether
extract is 2% and mineral matter is 1%, values similar to those found
herein. Thus, different periods of water restriction had no influence on
the chemical composition of LL muscle of animals.

3.5. Non-carcass components

The water restriction did not influence the head weight (P < 0.05),
suggesting that the growth pattern is related to the coefficient of allo-
metry, in which the bone growth is intermediate (Rosa, Pires, Silva, &
Motta, 2002), occurring in the initial growth phase and is less affected
by diet (Table 7).

The weights of the paws linearly decreased (P < 0.05) with in-
creasing of water restriction period. Despite having an early develop-
ment, the weight of paws reduced possibly due to the decrease the dry
matter intake, due to the reduced interval of water supply, inferring the
need for nutritional support for development.

The rumen-reticulum weight decreased (P < 0.05) with longer
periods of water restriciton, which is explained by the reduction of DMI
and water, which may have caused less developed and distention of the
organ. Kremer, Lorenzi, and Barbato (1989) also mentioned that the
development of the rumen-reticulum is related to the animal weight,
corroborating this study. Therefore, animals with longer interval of
water restriction had lower body weight at slaughter, which reinforces
the fact that the lack of water has caused lower food intake, the de-
velopment and the distension of these organs.

Water supply intervals did not affect (P > 0.05) the weight of
omasum, abomasum, small and large intestine, blood, spleen, heart,
head and tongue and bladder. Drouillard et al. (1991) reported that
these organs of importance to the animal are proportionally larger at
birth and, consequently, develop less in postnatal life.

The skin, due to the good softness and elasticity, is the most im-
portant non-carcass component, reaching 10% of the animal value;
however, there was a reduction (P < 0.05) in weight by 23%. The
reproductive organs (RO) decreased linearly (P < 0.05) by 24 and
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Table 7
Non-carcass components of Santa Ines crossbred lambs submitted to different
periods of water restriction.

Variable Water restriction (h) SEM R? P-value

(kg) 0 24 48 72 Lin Quad
RR! 0.76 0.78 0.69 0.61 0.02 42.06 0.0016 0.1432
Omasum 0.09 0.13 0.07 0.19 0.03 - 0.3936 0.5250
Abomasum 0.15 0.17 0.15 0.16 0.007 - 0.9799 0.6359
SI 0.82 0.82 0.76 0.77 0.03 - 0.5112 0.9404
LI 0.23 0.22 0.18 0.21 0.01 - 0.3376 0.2872
Blood 0.95 1.07 0.78 0.79 0.04 - 0.0621 0.5450
Skin? 2.70 2.80 2.54 2.08 0.09 42.41 0.0058 0.0946
Spleen 0.05 0.06 0.05 0.04 0.002 - 0.1556 0.0957
Liver® 0.53 0.49 0.44 0.40 0.02 65.30 0.0033 0.9783
Heart 0.12 0.12 0.11 0.11 0.04 - 0.1628 0.6959
RSTE* 0.57 0.57 0.51 0.44 0.01 47.95 0.0032 0.3078
KidneysS 0.08 0.09 0.08 0.07 0.02 52.22 0.0770 0.0002
H+T 1.51 1.55 1.43 1.38 0.04 - 0.1717 0.5684
Paws® 0.74 0.75 0.66 0.57 0.02 55.31 < 0.001 0.3906
RO’ 0.37 0.33 0.27 0.28 0.01 24.69 0.0161 0.4465
Bladder 0.02 0.01 0.01 0.01 0.002 - 0.2293 0.2918

RR = rumen-reticulum; SI = small intestine; LI = large intestine;

RSTE = respiratory system, trachea and esophagus; H + T = head and tongue;
RO = reproductive organs (penis and testicles); SEM = standard error of the
mean; R? = coefficient of determination; Lin: significance for linear effect.
Quad: significance for quadratic effect. Significant at 5% probability;

RE = regression equation; RE.: ¥ = 0.7957-0.0023x; ER.%:
¥ = 2.7766-0.01125x; ER.>: ¥ = 0.55234-0.00237x; ER.*: Y = 0.58879
-0.0025x; ER.%: Y = 0.07735 + 0.000608x — 0.0000099x>; ER.%:

¥ = 0.7737-0.00278x; ER.”: ¥ = 0.3661-0.1453x.

28%, respectively. Both the skin and the reproductive organs presented
isogonic growth, that is, the growth rate was similar to EBW.

There was a 23% (P < 0.05) reduction in the weight of respiratory
system and trachea (RSTE). During periods of water shortage, some
physiological mechanisms are activated, such as reduction of re-
spiratory rate, resulting in decreased water losses (Alamer, 2009), as a
way to save this nutrient. The weight of the RSTE was possibly reduced
as the water restriction period increased in response to the low water
intake and consequently the lower respiratory rate in an attempt to
reduce the water removed during respiration.

The increase in the period of water restriction promoted a reduction
(P < 0.05) in liver weight, which is important for various metabolic
processes, especially for energy and protein metabolism, reducing 17%
at 72 h of water restriction compared to daily supply. Liver and kidneys
are priority organs in animal metabolism and the reduction in liver may
be indicative of the reduction of metabolic rate, since the water con-
sumption promoted reduction in dry matter intake (Camilo et al.,
2012), with a notable atrophy for receiving feed below the maintenance
level.

There was a quadratic effect (P < 0.05) for the weight of the kid-
neys of sheep, with the highest value for lambs subjected to 24 h of
water restriction. When there is water deficit, there is stimulation of
antidiuretic hormone (ADH) secretion, which increases water re-
absorption in renal collecting tubules. This mechanism also activates
the thirst center, increasing water intake, increasing activity on renal
flow and thus stimulating the growth, providing greater weight (Naves,
Vilar, Costa, Domingues, & Casulari, 2003).

The water restriction period did not influence (P > 0.05) the vo-
lume of the blood of animals, even with restriction of 72 h, this must
have occurred because the initial response of the body to the negative
balance of water is the retention of body fluids (Kaliber, Koluman, &
Silanikove, 2015), maintaining constant blood volume of the animals. It
is emphasized the importance of studies on these components, because
some of them serve as food for the human population, such as the head,
liver, heart, kidneys, lungs and digestive tract (Osorio, Oliveira, Osério,
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Table 8
Fatty acids of Longissimus lumborum muscle (% of total fatty acids) of lambs
submitted to different periods of water restriction.

Variable Water restriction (h) SEM R? P-value
0 24 48 72 Lin
YSFA 43.87 43.93 44.80 4598 0.47 - 0.0810
Caproic (C10:0) 0.35 0.36 0.26 0.36 0.019 - 0.6211
Lauric (C12:0) 0.16 0.16 0.12 0.14 0.009 - 0.1958
Myristic (C14:0) 2.00 2.00 2.00 200 0.054 - 0.8938
Pentadecanoic 0.25 0.26 0.27 0.25 0.006 - 0.7891
(C15:0)
Palmitic (C16:0) 23.00 22.00 23.00 23.00 0.356 - 0.8562
Margaric (C17:0)'  0.59 0.65 070 0.70 0.012 4535 0.0008
Isomargaric 0.23 022 0.21 0.23 0.014 - 0.9766
(C17:0iso)
Stearic (C18:0) 17.00 18.00 18.00 19.00 0.418 - 0.0731
Behenic (C22:0) 0.15 014 0.11 0.14 0.012 - 0.6556
YUFA 46.36 46.39 46.38 4435 0.47 - 0.0810
Palmitoleic 2.00 2.00 200 200 0.097 - 0.1341
(C16:1¢9)
Oleic (C18:1c9) 41.00 41.00 41.00 38.00 0.782 - 0.1287
Vaccenic 2.00 2,00 200 3.00 0.169 51.38 0.0006
(C18:1t11)?
Petroselinic 1.00 1.00 1.00 1.00 0.073 0.0754
(C18:1c12)
YPUFA 8.86 7.78 7.76 7.79 0.62 - 0.8583
Linoleic 5.00 5.00 5.00 5.00 0.353 - 0.9038
(C18:2¢9c12)
CLA (C18:2¢9t11)® 0.27 0.21 0.19 0.15 0.018 63.11 0.0002
Linolenic 0.33 0.28 0.27 0.29 0.018 - 0.5391
(C18:3n3)
AA (C20:4 n6) 3.00 200 200 200 0.274 - 0.7125
EPA (C20:5 n3)* 0.23 0.26 0.28 0.34 0.011 42.18 < 0.0001
DHA (C22:5)° 0.03 0.03 0.02 0.01 0.001 5280 < 0.0001
SFA:UFA 075 079 082 0.82 0.02 - 0.0935
w6 5.02 468 435 507 031 - 0.8144
w3 0.32 0.28 0.26 0.29 0.17 - 0.5402
w6:n3 15.60 16.93 16.68 17.43 0.52 - 0.1038
AL 0.54 056 056 056 0.01 - 0.7134
TI 1.40 1.47 1.53 1.53 0.03 - 0.0832
h:H 2.03 201 196 192 0.04 - 0.3496

CLA (conjugated linolenic acid); AA (Aracdonic acid); EPA (eicosapentaenoic
acid); C22:5 (docosapentaenoic acid); ZSFA: sum of saturated fatty acids;
EMUFA: sum of monounsaturated fatty acids; ZUFA: sum of unsaturated fatty
acids; ZPUFA: sum of polyunsaturated fatty acids; w6: omega 6; ®3: omega 3;
AT atherogenicity index; TI: thrombogenicity index; DFA: desirable fatty acids;
h:H:  hypocholesterolemic:  hypercholesterolemic  fatty acids ratio
SEM = standard error of the mean; R? = coefficient of determination; Lin:
significance for linear effect. Significant at 5% probability; Regression equation

(RE): ¥ =0.619 + 0.00095x. RE% ¥ =1.684 +0.0222x;  RE.>:
¥ =0.25018-0.00212x; RE.* ¥ =0.2229-0.00152x; RE.>: ¥ =0.0336
-0.0002283x.

Jardim, & Pimentel, 2002).
3.6. Fatty acid profile

Regarding the profile of saturated fatty acids of meat, the water
restriction period did not affect (P > 0.05) the percentage capric
(C10:0), lauric (C12:0), myristic (C14:0), pentadecanoic (C15:0), pal-
mitic (C16:0), stearic (C18:0) and behenic (C22:0) acids (Table 8).

The palmitic (C16:0) and stearic (C18:0) acids were the most pre-
valent in the lipid profile of meat as to total saturated fatty acids. This
was due to the higher concentration of these fatty acids in the diet. The
medium chain fatty acids such as myristic (C14:0) and palmitic (C16:0),
considered hypercholesterolemic can increase both the total cholesterol
concentration in the plasma and raise low density lipoprotein (LDL).
While larger chain fatty acids such as stearic (C18:0), they are con-
sidered to be neutral for plasma cholesterol (Scollan et al., 2001).

No effect (P > 0.05) of water restriction was detected on the per-
centage of monounsaturated fatty acids, with mean values of 39 and 1%
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of C18:1¢9 and C18: 1 c12, respectively. Among the unsaturated, it is
verified a greater amount of C18:1¢9 acid, which varies between 30 and
43% (Sanudo et al., 2000), confirming this study. Oleic acid, recognized
for the hypocholesterolemic effect, was the monounsaturated fatty acid
with the highest percentage, as observed by Safiudo et al. (2000), who
mentioned that this acid ranges from 30 to 43% in lipid profile of the
meat.

The increase in the water restriction period provided an increase
(P < 0.05) in the vaccenic acid (C18:1 trans11). The water restriction
decreased dry matter intake and possibly reduced the population of
bacteria responsible for ruminal biohydrogenation. Thus, there was a
reduction in the conversion of unsaturated fatty acids, from the diet,
into saturated, increasing the concentration of vaccenic acid, inter-
mediate of biohydrogenation, in the rumen. After absorption by the
small intestine of the animal, C18: 1 transll is deposited in muscle
tissue (Van Nevel & Demeyer, 1996). Vaccenic acid is an important
precursor in the intermediary metabolism of conjugated linoleic acid
(CLA), responsible for approximately 90% CLA of the intramuscular fat
of the meat (Nuernberg et al. 2002) Thus, it is expected that the in-
crease in the vaccenic acid content will increase the amount of CLA in
the meat, which was not verified in the present study.

The increase in the water restriction period resulted in a reduction
(P < 0.05) of CLA in sheep meat. Vaccenic acid is transformed into
CLA in ruminant muscle tissue through the action of the enzyme delta-
9-desaturase (Smith, Gill, Lunt, & Brooks, 2009). Thus, reductions in
water and dry matter, possibly have inhibited the messenger RNA
synthesis of the delta-9 desaturase enzyme (Baumgard, Sangster, &
Bauman, 2001; Park et al., 2000) and, therefore, the conjugated linoleic
acid, decreasing its abundance in the muscle tissue of animals with less
access to water. This is not satisfactory in view of the beneficial prop-
erties of this acid due to nutraceutical properties. In addition, this fatty
acid presents anticancer and beneficial effects to cardiovascular health
(Tapiero, Nguyen Ba, & Couvreur, 2002).

EPA and DHA have several cellular functions, are precursors of ei-
cosanoids (prostaglandins, thromboxanes and leukotrienes) that have
great importance in cardiovascular health. Moreover, they are essential
for maintaining the integrity of the cell membrane and are important
mediators of gene expression (Clarke, 2001). There was an increasing
linear effect (P < 0.05) of EPA with the water restriction and a de-
creasing linear effect (P < 0.05) of DHA with the increase in water
restriction. The lowest values were found in the meat of animals sub-
jected to 72h of restriction. EPA is formed by desaturation and
stretching of a-linolenic acid (Smith, 2007), so the reduction in feed
intake caused by the reduction in water intake probably induced the
synthesis of the enzyme delta 6 desaturase and elongases required for
conversion of alpha-linolenic into its long chain derivatives (Pawlosky
et al., 2003). Increasing EPA incorporation into cell membrane phos-
pholipids results in increased production of eicosanoids that have anti-
inflammatory characteristics (Calder, 2006). Despite the increasing
linear effect for EPA, DHA was reduced in the meat of animals subjected
to 48 and 72 h of restriction, indicating that after this restriction period,
there was probably a reduction in the synthesis of enzymes required for
the conversion of linolenic acid into DHA, as well as specific transport
mechanisms for these fatty acids in muscle tissue. DHA is the most
important for proper cell membrane function and is vital for the de-
velopment of the brain and retina (Ramakrishnan et al., 2010).

There was no effect for the sum of saturated (44.14%), unsaturated
(55.85%), monounsaturated (47.46%), polyunsaturated (8.39%) fatty
acids and SFA: UFA ratio. Dietary fatty acids are affected by rumen
microorganisms, especially with respect to polyunsaturated fatty acids,
with effects on the content and composition of fatty acids in the muscle.
However, the water restriction up to 72 h did not affect the sum of these
fatty acids. The w6/w3 ratio was not affected (P > 0.05) by the water
restriction period up to 72 h. The SFA: UFA and w6: w3 ratios are used
to evaluate the nutritional value of oils and fats and to indicate the
cholesterolemic potential. There was no effect (P > 0.05) for Al IT and
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the h: H ratio. These results corroborate the effect reported in this study
for the muscle ether extract (Table 6), which showed no interaction
with the water restriction.

4. Conclusions

Water restriction up to 72h reduces water intake and dry matter
intake, and consequently body weight and carcass yield. However, the
final body weight and carcass yield of the animals subjected to 24 h of
restriction was similar to the weight of the animals that received water
daily. The weight of the meat cuts was not affected by water depriva-
tion, as well as the tissue and chemical composition of the Longissimus
[umborum muscle. The weight of non-carcass components commercially
valued as the rumen-reticulum, skin and liver reduced with the water
restriction, however, the weights of these were similar between the 24-
h group and the group with free access to water deprivation. The
highest weight of the kidneys of lambs was observed in animals sub-
jected to 24 h of water restriction. The amount of fatty acids in the meat
presented little variation due to the water restriction periods, however,
there was an increase in EPA and a reduction in CLA and DHA, im-
portant for human health. The indices of atherogenicity and thrombo-
genicity were not affected by water restriction.

This study demonstrates that is possible produce carcass and meat
with quality through feedlot lamb in semi-arid region, during the dry
season, where do you have severe water shortage, using water restric-
tion intervals up to 24 h. The interval of 24 h of water restriction pro-
moted the highest similarities in the characteristics assessed compared
to those in animals receiving water ad libitum. Thus, water restriction
periods should not exceed 24 h and may be used to reduce water intake
by feedlot sheep in situations extreme water shortage.
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