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Abstract

Inclusion of soaked or roasted Mesquite pods at high level in concentrate diets for sheep to improve feed intake and reduce production
cost has not been studied. The novelty of this study was to evaluate the effect of incorporating soaked or roasted Mesquite pods at
50% level in formulated concentrates on carcass and meat quality of Omani sheep. The Mesquite-pod-based diets were formulated and
pelleted from 500 g/kg ground Mesquite pods, 240 g/kg wheat bran, 200 g/kg barley grain, 50 g/kg local dried sardines and 10 g/kg of
salt. Twenty four 10 months-old intact Omani male lambs with average body weight of 27.3 kg (+ 0.5 kg) were used in a feeding trial
for 84 days. They were allocated to four diet combination groups; commercial concentrate (CC); raw Mesquite pods based concentrate
(RMPCQC); roasted Mesquite pods based concentrate (ROMPC) and soaked Mesquite pods based concentrate (SMPC) group. The sheep
fed CC had higher (P<0.05) slaughter weight, carcass weight and empty body weight (EBW) and full digestive tract content compared
to both RMPC and SMPC groups but not with those fed ROMPC. There were no significant treatment differences in proportion
of hot and cold carcass weight, dressing-out percentage (DOP) and cold shrinkage percentage. There were also no differences in
proportions of all non-carcass components in EBW. The carcass characteristics and meat quality indicated no significant differences
with an exception that sheep fed with ROMPC and CC had increased carcass weights, and ROMPC fed animals had carcass with
higher expressed juice. The present study demonstrated the potential of using Mesquite pods in formulated ration at level of 500 g/kg
for growing lambs without adverse effects on carcass characteristics or meat quality.
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Introduction

Sheep are important meat-producing animals worldwide, including Oman. Growth and development are the bases for meat
production whereas distribution of carcass tissue is significant in determining carcass quality. Besides the dressed carcass, many
parts of the animal body are also consumed (e.g. head, feet, liver, heart, stomach and intestines) or sold (e.g. skin and wool). Omani
native sheep have good potential for meat production, reflected by their high growth rates and good carcass characteristics, when
raised under optimum management and nutritional conditions [1].

Availability of cheap animal feed of good nutritive value is essential for profitable animal production. There are some readily
available livestock feeds in the natural range grazing and browsing land as well as agricultural by-products in Oman. However,
these types of feeds are usually high in fibre and low in quality and need to be supplemented with protein, energy, minerals and
vitamin sources to improve their nutritive value for livestock feeding.

Mesquite (Prosopis juliflora) is a drought resistant, evergreen, spiny tree grows in semi-arid and arid tracts of tropical and sub-
tropical regions of the world.

Obeidat et al. (2008) [2] studied the effects of inclusion of Mesquite pods at levels of 100 and 200 g/kg in Awassi lambs finishing diets
on growth, digestibility, and carcass and meat characteristics. They found no differences between experimental groups in dressing
percentage, hot and cold carcass weights, non-carcass components, carcass cut weights, loin cut tissue percentages and muscle
linear measurements among treatment. Gigot width, maximum shoulder width, width behind shoulders, and eye muscle area were
greater (P<0.05) for the Mesquite pods at 200g/kg than the concentrate group with no differences between the concentrate and the
Mesquite pods groups with the exception of water holding capacity which was greater in the Mesquite pods at 200g/kg group. Meat
of animals of all the treatment groups had similar tenderness score which was within acceptable range. These data indicate that
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feeding fattening Awassi lambs diets containing up to Mesquite pods 200 did not affect carcass and meat characteristics. Nagpal
et al. (1995) [3] indicated that 3 months old lambs fed Mesquite pods had higher live weight, hot carcass weight, and dressing
percentage than those fed no Mesquite pods. Mahgoub et al. (2005) [4] reported no significant effects upon feeding a concentrate
containing Mesquite pods, date palm fruits and by-products on the empty body weight (EBW), carcass weight or dressing out
percentage of Omani sheep.

Omani native goats have good potential for meat production, reflected by their high growth rates and good carcass characteristics,
when raised under optimum management and nutritional conditions (Mahgoub and Lodge, 1994) [1]. Mahgoub et al. (2005) [4]
showed that feeding various levels of Mesquite pods did not cause major effects on body or carcass chemical composition with
goats fed 200 g/kg Mesquite pods diet having heavier carcasses.

Meat colour is an important parameter influencing consumer purchasing choice, while flavour and tenderness are evaluated
during eating. It is well known that animal dietary regime strongly effects meat colour (Priolo et al., 2001) [5], and the fatty acids
composition of meat (Wood et al., 2003) [6]. Abdullah and Abddelhafes (2004) [7] found that inclusion of up to 250 g/kg of Mesquite
pods in lamb diets did not have a negative impact on carcass characteristics. Abdullah et al. (2011) [8] reported that sesame hulls
and Mesquite pods can partially replace up to 300 g/kg of the soybean and barley in the finishing diets for goats without affecting
carcass characteristics, non-carcass components or carcass cuts proportions. Ahmed et al. (2012) [9] reported the potential use of
Mesquite pods but not leaves for Ethiopian Afar lambs without adverse effects on growth and carcass characteristics.

Several studies have shown the potential of using low level of Mesquite pods as animal feed but the effects of incorporating high
level of soaked or roasted Mesquite pods on carcass and meat quality of Omani sheep t has not been studied. In this way, the novelty
of this study is to evaluate the effect of inclusion of soaked or roasted Mesquite pods at 50% on carcass and meat quality of Omani
sheep.

Materials and Methods

Animals and feeding management

The Mesquite-pod-based diets were formulated and pelleted from 500 g/kg ground Mesquite pods, 240 g/kg wheat bran, 200 g/kg
barley grain, 50 g/kg local dried sardines and 10 g/kg of salt. Twenty four 10 months-old intact Omani male lambs with average
body weight of 27.3 kg (£ 0.5 kg) were used in a feeding trial for 84 days. They were divided (on body weight basis) and allocated to
four diet combination groups. These were: Rhodes grass hay (RGH) plus a commercial concentrate (CC); RGH plus raw Mesquite
pods based concentrate (RMPC); RGH plus roasted Mesquite pods based concentrate (ROMPC); RGH plus soaked Mesquite
pods based concentrate (SMPC). Animals were fed the hay ad libitum in individually pens and offered ad daily of 500g of the
concentrates with free access to water and minerals blocks.

Slaughtering of experimental animals

At the end of the feeding trial, the animals were slaughtered and processed according to routine slaughterhouse procedures. Feed
was withheld overnight with free access to water. The weights of fresh non-carcass organs and the hot carcass were immediately
recorded. The non-carcass organs included the head, skin, small and large intestine, lungs and trachea, feet, pancreas, spleen, liver,
kidney, heart, bladder and testes. The weight of the gut content was computed as the difference between the full and empty weight
of the whole digestive tract. The empty body weight (EBW) was calculated as the difference between the slaughter weight and that
of the gut content. The carcasses were weighed (hot carcass weight) then chilled at 4 °C for 24 h and reweighed to determine cold
carcass weight.

Meat quality assessment

Samples of Longissimus dorsi (LD) were dissected from both sides of the loin region of each carcass. The following meat quality
related measurements were determined.

For the ultimate pH, meat samples (1.5-2 g) were homogenates (using an Ultra Turrax T25 Homogenizer) in 10 ml of distilled
water. The ultimate pH was determined using a Metrohm pH meter (model no. 744) with a glass electrode. The homogenizer and
the pH meter electrode were washed with distilled water between measurements. The pH meter was neutralized in a buffer to pH
7.0 before each measurement.

Shear force value was assessed using a digital Dillon Warner — Bratzler shear device after cooking in a water bath at 70 °C for 90
min (Purchas, 1972) [10]. This device measures the maximum force required to cut across the muscle fibres (Pearson, 1963) [11].
Chilled muscle samples were sliced to 13x13 mm cross-section cubes and placed in plastic bags. The meat bags were then cooked
in water bath. The cooked meat was sheared perpendicularly to the fibres in 1-2 places after they were cooled overnight at 2-4 °C.
The displayed readings were recorded and average values were obtained.

Cooking loss was determined in 13x13 mm cross-section meat sample cubes. The meat cubes were weighed and placed in
polyethylene bags to be cooked in a water bath at 70 °C for 90 min. The cooked meat then cooled overnight at 2-4 °C after removing
the water produced due to cooking from the bags. The cooked meat samples were reweighed and cooking loss was estimated as the
difference between before and after cooking weights.
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Determinations of the water holding capacity (in terms of expressed juice) were based on measuring the loss of water liberated by
applying pressure (10 kg) to the muscle tissue. Expressed juice was assessed using a filter paper method as the total wetted area
minus the meat area (cm?) relative to the weight of the sample (g) (Hamm, 1986) using a planimeter [12].

Approximately 60 minutes after exposing the fresh surface of LD muscle, CIE L*,a*,b* light reflectance coordinates of the muscle
surface were measured at room temperature (20+2 °C) using a Minolta Chroma Metre CR-300 (Minolta Co., Ltd., Japan), with a
colour measuring area 1.1 cm diameter. The meter was calibrated using a Minolta calibration plate (L* = 97.59, a* = -5.00, b* =
+6.76). The L* value relates to Lightness; the* value to Red-Green hue where a positive value relates to the red intensity; and the b*
value to the Yellow-Blue where a positive value relates to yellow. The average of two measurements from each sample was recorded
as the colour coordinate value of the sample.

Sarcomere length was determined by laser diffraction according to the procedures of Cross et al. (1981) [13]. A 5 mm section was
removed from the centre of selected muscle and each section was divided into four equal-size pieces with one piece from each
section was randomly chosen. Small bundles of fibers were dissected out on a glass slide and covered with a drop of buftered (0.05
M Tris, pH 6.6) 0.25M sucrose solution (Stromer et al., 1967) [14].

Statistical analyses

Analysis of variance procedure (Ott, 1993) [15], was made to evaluate the effect of commercial concentrate , raw, roasted or soaked
Prosopis pods based diets on the body weight gain, feed intake, performance, carcass, non-carcass and meat quality parameters
using SAS (2001) package [16]. Significant differences between treatments means was assessed using the least-significant difference
procedure. Interaction between the treatments were excluded from the model when not significant (P>0.05).

Results and Discussion

Body and carcass characteristics

Table 1 shows body and carcass characteristics of Omani sheep fed on raw or treated Mesquite pods based concentrates. Sheep fed
on the CC based diet had higher slaughter, carcass and empty body weight (EBW) than those fed on RMPC or SMPC diets but
these parameters were not significantly different (p>0.05) between CC or those from ROMPC group.

Diet
Parameter CC RMPC ROMPC SMPC SEM P>F Sig.
Slaughter weight (kg) 37.96% 32.94° 35.48° 31.44° 0.80 0.01 e
Empty body weight (kg) 34.63° 29.08° 32.35% 27.85" 0.78 0.00 ot
Hot carcass weight (kg) 16.40 13.12 14.99 12.50 0.63 0.00 >
Cold carcass weight (kg) 15.09 12.17 13.84 11.53 0.58 0.00 *
Shrinkage % 7.99 7.27 7.63 7.76 0.19 0.63 NS
Dressing-out percentage 43.37 39.79 42.37 39.98 0.96 0.49 NS

CC: Commercial concentrate ; RMPC: Raw Meskit pods based concentrate; ROMPC: Roasted Meskit pods based concentrate;
SMPC: Soaked Meskit pods based concentrate, SEM: standard error of means, P>F = Level of significant, Sig.: Significance

**: p<0.01; NS: Non significant; > Means on the same row with same sharing superscripted letter do not differ significantly (p>0.05)
Table 1: Body and carcass characteristics of Omani sheep fed on raw and treated Meskit pods based concentrates

This indicated that sheep fed on diets based on roasted pods may be compromised on their meat production abilities. Mahgoub et
al. (2005) [4] reported that goats fed 200 g/kg per day of Mesquite pods had higher body weight and hot and cold carcasses with
lower shrinkage. Similarly, Nagpal et al. (1995) [3] reported that lambs fed on Mesquite pods had higher live weight and hot carcass
weight than those fed without Mesquite pods. Mesquite pods inclusion at levels of 100 to 350 g/kg did not cause impact in empty
body weight and carcass characteristics (Abdullah and Abdelhafas., 2004; Ali et al., 2012) [7]. Findings in present study showed
no differences between treatment groups in terms of hot and cold carcass weight percentages which are supported by Obeidat et
al. (2008) [2] who found no negative effects of inclusion of Mesquite pods at levels of 100 and 200 g/kg in Awassi lambs finishing
diets on hot and cold carcass weights. Mahgoub et al. (2005) [4] reported no negative effects upon feeding a concentrate containing
Mesquite pods and date palm fruits and by-products on the empty body weight, carcass weight or dressing out percentage of
Omani sheep however, the empty body weights in the current study were significantly different (p<0.05) mainly due to high body
growth rate of CC and ROMPC fed sheep. Therefore, feeding of Mesquite pods to sheep under arid conditions appeared to be a
good option. Findings of the current study also indicated that roasting pods was beneficial as it resulted in heavier animals with
heavier carcasses. This method may be recommended for local farmers.

The fresh weights of the carcass and body components and non-carcass weights of Omani sheep fed different concentrates are given
in Table 2.

In general, there were no significant differences in weights of most body components across experimental groups. The full-
alimentary tract however was significantly higher in sheep fed CC and ROMPC compared to the other groups. There was a positive
significant effect (p<0.05) for both commercial concentrate and ROMPC diet on the slaughter body weight and empty body weight,
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this is mainly due to the higher final weights compared to the other groups. However, there were no treatment effects on dressing
and shrinkage percentages. The hot carcass and cold carcass weights were not affected (p>0.05) by type of diets.

Diet

Body part (g/kg EBW) CC RMPC ROMPC SMPC SEM F-value Sig.
Head 63.12 65.97 67.97 69.93 1.462 0.75 NS

Skin &Wool 136.77 142.01 132.03 148.30 3.441 0.58 NS
Lungs & Trachea 11.91 11.40 11.65 12.84 0.314 0.82 NS
Heart 125.68 116.60 127.32 125.08 2.404 0.90 NS
Liver 11.21 11.69 11.94 12.00 0.179 0.90 NS

Feet 23.95 25.61 23.57 26.06 0.611 0.43 NS
A-Tract-Full 257.80* 192.76° 242.93%° 187.90° 17.622 0.01 e
A-Tract-Empty 34.72 38.64 33.05 56.95 5.496 0.28 NS
S& L intestines 68.66 73.21 66.20 78.79 2.769 0.34 NS
Spleen 1.12 1.16 1.16 1.00 0.038 0.30 NS
Pancreas 0.96 1.49 1.05 1.25 0.118 0.15 NS
Bladder 0.28 0.36 0.25 0.40 0.035 0.07 NS
Testes 7.95 8.25 9.61 10.20 0.820 0.87 NS
Kidney 2.57 2.30 2.37 2.44 0.058 0.83 NS

CC: Commercial concentrate ; RMPC: Raw Meskit pods based concentrate; ROMPC: Roasted Meskit pods based concentrate;
SMPC: Soaked Meskit pods based concentrate, SEM: standard error of means, P>F = Level of significant, Sig.: Significance

**: p<0.01; NS: Non significant; *> Means on the same row with same sharing superscripted letter do not differ significantly (p>0.05)
Table 2: Mean weights of body parts and carcass components of Omani sheep fed on raw or treated Meskit pods based concentrates

There were no significant effects of feeding Mesquite pods concentrates on body components however, animals fed with CC and
ROMPC had higher full alimentary tract. This is most probably due to higher feed intake compared to the other diets groups. It
is also probably due to the accumulation of fibre of the ROMPC. Mesquite pods would have longer retention time in the rumen
due to its higher fibre content. Ahmed et al. (2012) [9] reported that Mesquite fed sheep increased proportions of edible parts of
the carcass. This may be true in absolute terms but not as proportion of EBW. Obeidat et al. (2008) [2] found no negative effects of
feeding up to 200 g/kg of Mesquite pods on carcass characteristics including gigot width, maximum shoulder width, width behind
shoulders, and eye muscle area were greater.

Meat quality evaluation

The meat pH for 24 hours after slaughtering of Omani sheep fed raw or treated Mesquite pods are given in Table 3 and 4. There
was no impact of the type of feed in the meat pH at 24 hours. The highest pH values were at 40 minutes after slaughtering at ranged
between 5.83 for CC to 6.39 for SMPC fed animals. At the end of 24 hours after slaughtering, pH values were the lowest for all
the animals at a different type of feed with a desirable pH range of 5.52-5.64 and there were no significant differences between
treatments. Meat ultimate pH values in the present study did not differ between the four diet groups and they were within the range
for sheep reported by Carson et al. (2001) and Mahgoub et al. (2005) [4,17]. However, these values were higher than those reported
by Devine et al. (1993) and Lanza et al. (2003) [18,19] for ultimate pH values. The ultimate pH value relies on the level of glycogen
at slaughter. Therefore, lack of differences in ultimate pH values between the four diet groups indicates that there was no effect of
the diet, on the muscle glycogen content at slaughter.

Diet
Test type CC RMPC ROMPC SMPC SEM P>F Sig.
Ultimate pH 5.64 5.50 5.52 5.57 0.05 0.81 NS
Colour
L* (Lightness) 32.29 30.75 31.75 32.70 0.55 0.65 NS
a* (Redness) 12.89 13.22 15.57 11.91 0.56 0.12 NS
b* (Yellowness) 3.43 3.57 4.67 3.58 0.25 0.18 NS
Cooking loose (CL)% 12.32 13.56 13.99 13.14 0.47 0.67 NS
Shear force (kg) 4.06 3.76 3.78 4.02 0.10 0.67 NS
Express juice (cm®/g) 31.81° 34.66™° 37.96° 32.85 0.87 0.05 *
Sarcomere length (um) 1.82 1.86 1.83 1.81 0.02 0.89 NS

CC: Commercial concentrate ; RMPC: Raw Meskit pods based concentrate; ROMPC: Roasted Meskit pods based concentrate;
SMPC: Soaked Meskit pods based concentrate, SEM: standard error of means, P>F = Level of significant, Sig.: Significance

*: p<0.05; NS: Non significant; *» Means on the same row with same superscripted letter do not differ significantly (p>0.05)
Table 3: Meat quality parameters of Omani sheep fed on raw or treated Meskit pods based concentrates
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Diet

Parameter CC RMPC ROMPC SMPC SEM F-value Sig.

40 Minutes 5.83 5.95 6.09 6.39 0.13 0.49 NS
Two hours 6.05 6.07 5.94 5.81 0.06 0.48 NS
Four hours 6.07 5.87 5.91 5.94 0.05 0.44 NS
Eight hours 5.77 5.58 5.70 5.70 0.05 0.68 NS
Twelve hours 5.68 5.53 5.61 5.62 0.05 0.75 NS
Twenty-four hours 5.64 5.50 5.52 5.57 0.05 0.81 NS

CC: Commercial concentrate ; RMPC: Raw Meskit pods based concentrate; ROMPC: Roasted Meskit pods based concentrate; SMPC:
Soaked Meskit pods based concentrate, SEM: standard error of means, P>F = Level of significant, Sig.: Significance. NS: Non significant
Table 4: Measurements of muscle pH for 24 hours after slaughtering of Omani sheep fed on raw or treated Meskit pods based concentrates

There were no significant effects (p>0.05) of feeding Mesquite pods based diets on sheep meat quality parameters including ultimate
pH, colour, cooking loss, shear force or sarcomere length (Table 3). The only effect was in expressed juice with ROMPC sheep
having high values. There were no differences in brightness (L*), redness (a*), yellowness and hue angle between all treatment
diets. Shear force was not affected by the experimental diets and it was below 6 kg/cm’. Obeidat et al. (2008) [2] reported that meat
quality parameters were comparable among the treatment diets with the exception of water holding capacity which was greater
in the sheep fed 200 g/kg Mesquite pods and Pena-Avelino et al. (2017) [20] reported that lambs fed Mesquite pods decreased
shrinkage percentage. In the current study, meat of animals of all the treatment groups had similar tenderness score which was
within acceptable range.

Least square means of LD muscle quality are shown in Table 3. No differences were noticed within treatment diets in cooking
loss and shear force values. However, water holding capacity was higher for ROMPC group than the other and meat ultimate pH
values did not differ amongst diet groups.

Water holding capacity measured as expressed juice were higher for animals fed ROMPC compared to CC group but similar than
other Mesquite pods groups. Meat colour is an important parameter influencing consumer purchasing choice. It is known that
animal dietary regimen strongly effects meat colour (Priolo et al., 2001) [5]. However, there were no differences in brightness
(L*), redness (a*), yellowness (b*), and hue angle between all treatment diets. Colour measurement values of LD muscle were
comparable among the four groups and were similar of finding of Mahgoub et al. (2005) [4] for Omani sheep fed diets containing
Mesquite pods.

Meat quality parameters measured were comparable among all the treatment diets except for the water holding capacity that
resulted more favourable in CC compared to other groups. Water holding capacity was better in lambs fed commercial concentrate.
Sarcomere length and Warner-Bratzler shear force were not affected by the experimental diets, and it was below 6 kg /cm?.

The pH values for all treatments were within the acceptable range at which meat is considered to be tender (Qudsieh, 2006) [21].
Shear force values amongst the groups were within the normal range as well. Field et al. (1971) reported that tenderness values
around 3.6 kg/cm?, or less is grouped to have likeable tenderness for sheep and goats meat. These findings were similar with the
values stated by Qudsieh (2006) for sheep meat measured at various slaughtered weights [21]. Shear force was not affected by
the experimental diets and it was below 6 kg /cm?, which accounted for acceptable tender samples [17-19] studying the effects of
different diets on meat quality of sheep, found no effect on sarcomere length or WB-shear force and Shamseldein et al. (2013) [22]
cited that addition of Mesquite pods up to 30% in the diet showed no adverse effect to growing goats.

The meat pH for 24 hours after slaughtering of Omani sheep fed raw or treated Mesquite pods are given in Table 4. In the current
study, there was no impact of the type of feed in the meat pH at 24 hours. The highest pH values were at 40 minutes after slaughtering
at ranged between 5.83 for CC fed animal to 6.39 for SMPC fed animals and then started to decline by the process of glycolysis
which is the conversion of glycogen to lactic acid. At the end of 24 h after slaughtering, pH values were the lowest for all the animals
at different type of feed with a desirable pH range of 5.52-5.64 and there were no significant differences between treatments. Meat
pH has a desirable range of 5.4-5.8 and meat with a pH between 5.8 and 6.0 is known to be intermediate, while meat with a pH
greater than 6.0 considered high. The pH influences meat quality in a number of ways; a high pH>6.0 can permit the growth of
spoilage bacteria which decrease shelf-life; intermediate pH increases meat toughness, while low pH meat can be "mushy”; high pH
meat is darker (has a lower L* brightness score) and is often referred to as "dark-cutting meat".

Conclusion

This study aimed at processing Mesquite pods and incorporating them in sheep diets to study their effect on carcass characteristics
and meat quality of Omani sheep. The study demonstrated the potential of using Mesquite pods at level of 50% in diets of growing
lambs without causing negative effects on carcass and meat quality of Omani sheep.
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