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ABSTRACT. This study aimed to evaluate the productive performance and carcass characteristics of lambs
fed diets with different types of carbohydrates associated with polyunsaturated fatty acids. Thirty castrated
male lambs (20.5 % 7.6 kg) were used, distributed in a randomized block design under three experimental
diets: High proportion of non-fibrous carbohydrates (NFC) diet; High NFC diet + spineless cactus (high
proportion of NFC and spineless cactus) and Low NFC diet (low proportion of NFC), in a 60 day experimental
period. The variables of nutrient intake, performance, and carcass characteristics were evaluated. The
animals fed the High NFC + spineless cactus diet presented a higher dry matter intake, organic matter,
mineral matter, crude protein, and total carbohydrates intake (p <0.05). Carcass characteristics and weight
of commercial cuts were improved in High NFC and High NFC + spineless cactus diets (p <0.05), on the other
hand we observed a total fat weight reduction in animals fed with High NFC + spineless cactus. The results
indicate that high levels of NFC positively influence animal performance, where the type of carbohydrate
influences nutrient intake, also affecting carcass characteristics.
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Introduction

Carbohydrates and lipids are important energy sources in the diet of ruminants. They are nutrients that
allow sheep to gain weight and to improve quality carcasses (Soares et al., 2012; Romao et al., 2013). The
types of carbohydrates and their sources influence the quality of the diet, as they can result in different
fermentative characteristics, impacting nutrient degradability and animal productive performance (Sniffen,
O'Connor, Soest, Fox, & Russell, 1992; Morgado et al., 2013b). Animals fed with diets containing high
concentrations of starch, which is a soluble carbohydrate of rapid ruminal fermentation, can present a
significant reduction in ruminal pH and fiber digestion, consequently reducing feed intake and presenting
digestive disorders. On the other hand, pectin-rich foods, such as spineless cactus, enable a pattern of ruminal
fermentation like diets with fibrous carbohydrates, maintaining a more favorable ruminal condition for fiber
digestion (Ben-Ghedalia, Yosef, Miron, & Est, 1989; Morgado et al., 2013b).

Higher proportions of non-fibrous carbohydrates (NFC) in ruminant diets result in heavier carcasses and
with higher fat content for providing a greater intake of digestible energy in the diet than when animals are
fed with lower proportions of NFC (Moreno et al., 2010). A source of NFC constantly used in arid and semi-
arid regions of the world is spineless cactus, the inclusion of cactus in sheep diets results in a decrease in the
fat content in the carcass, without compromising animal performance (Pinto et al., 2011; Abreu et al., 2019).
Studies evaluating the addition of oils together with carbohydrates demonstrate influence on the percentage
of carcass components (Morgado, Ezequiel, Galzerano, & Sobrinho, 2013a; Urbano, Ferreira, Oliveira, Lima
Janior, & Andrade, 2014; Francisco et al., 2015), however, studies evaluating the use of spineless cactus as a
source of NFC associated with oils in sheep diets are scarce.

Therefore, this study aimed to evaluate the productive performance and carcass characteristics of lambs
fed diets with different proportions and types of carbohydrates associated with polyunsaturated fatty acids.
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Material and methods

The study was conducted following ethical standards and was approved by the Ethics Committee on the
Use of Animals (CEUA) of the Federal University of Paraiba - CEUA license - 7483280818.

Animals, diets, and experimental arrangement

The study was carried out at the Small Ruminants Research Unit, belonging to the Federal University of
Paraiba, Sao Joao do Cariri - PB, Brazil. Thirty lambs with no defined racial pattern were evaluated, with an
average body weight of 20.5 * 7.6 kg and approximately five months of age, castrated, medicated against
endoparasites and ectoparasites and vaccinated against clostridiosis. The experimental period lasted 60 days,
with the first 15 days for adaptation to diets and facilities, and 45 days for data collection. The animals were
allocated to a randomized block design, where three blocks were formed according to the initial body weight
of the animals.

The three diets evaluated were defined according to the amount of NFC: High NFC Diet (based on
Tifton hay, corn, and soybean meal, NFC = 35.44%); High Diet NFC + spineless cactus (based on Tifton
hay, forage spineless cactus, corn and soybean meal; NFC = 40.47%); and Low NFC Diet (diet based on
Tifton hay, corn and soybean meal; NFC = 14.68%). All diets contained the same amount of sunflower
oil (3%) and fish oil (1%) in their composition. Tifton 85 grass hay (Cynodon dactylon) was used as
roughage feed. The cactus used was the cultivar Mitida (Nopalea cochenillifera-Salm Dyck). It was two
years old at the time of cutting and was collected every two weeks throughout the experiment.

The experimental diets were isoproteic and formulated according to the NRC (2007) for an average daily
gain of 200 g animal!. The chemical composition of the ingredients and their proportions in the experimental
diets are presented in Tables 1 and 2.

Table 1. Chemical composition of experimental diet ingredients.

Composition g kg! Ingredients

Tifton Hay Ground corn Soybean meal Spineless cactus

Dry matter! 885.1 885.8 872.9 256.7

Organic matter? 940.4 965.1 931.1 931.1

Ash? 59.6 34.9 61.4 68.9

Crude protein? 89.1 92.0 487.8 19.6

Ethereal extract? 19.5 59.1 19.0 9.30

Fiber in Neutral Detergent? 728.0 278.7 158.7 194.1

Non-Fibrous Carbohydrates? 103.8 535.3 273.1 708.1

Total Carbohydrates? 831.8 814.0 431.8 902.2

'g kg! of natural matter; 2g kg! of dry matter.

Table 2. The proportion of ingredients and chemical composition of experimental diets.

Experimental diets g kg'!
Ingredients High NFC High NFC + spineless cactus Low NFC
Tifton hay 250 250 730
Corn 532 60 50
Soybean meal 160 232 162
Spineless cactus - 400 -
Sunflower oil 30 30 30
Fish oil 10 10 10
Mineral supplement 10 10 10
Limestone 8 8 8
Chemical composition g kg'!
Dry Matter?! 884.8 639.3 890.7
Ash? 61.3 76.8 73.2
Organic Matter? 938.7 923.2 926.8
Crude Protein® 149.3 148.8 148.7
Ether Extract? 79.0 56.1 59.9
Neutral Detergent Fiber? 355.7 313.2 571.1
Non Fibrous Carbohydrates? 354.4 404.7 146.8
Total Carbohydrates? 710.1 717.8 717.9

g kg! of natural matter; 2g kg'! of dry matter.
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Measurements and analytical methods

During the experimental period, samples of ingredients and orts were obtained, orts were weighed and
sampled daily. These portions were homogenized to obtain a composite sample from each animal, then the
material was pre-dried in a forced ventilation oven at 55°C for 72 hours and ground with Willey knives using
a 1 mm mesh sieve.

The samples were analyzed according to the protocols described by the Association of Official Analytical
Chemists [AOAC] (1997) for dry matter (DM; method 934.01), crude protein (CP; method 990.13), ether extract
(EE, method 920.39), and ash (method 942.05). Neutral detergent fiber (NDF) was estimated by the method of
Van Soest, Robertson, and Lewis (1991), with the addition of thermostable amylase, using ANKOM fiber
analyzer (ANKOM200 Fiber Analyzer; ANKOM Technology Corporation, Fairport, NY, USA).

The proportions of total carbohydrates (TC) were estimated using the equation proposed by Sniffen et al.
(1992): [TC =100 — (%CP + %EE + %Ash)] while the proportions of NFC in the diet were estimated
according to Van Soest et al. (1991), [NFC = 100 — (%CP + %EE + %Ash + %NDF).

Intake, weight gain, slaughter, carcass yield, and commercial cuts

The voluntary intake of nutrients was measured by the difference between the food offered and the orts.
The animals were weighed at the beginning of the experiment (initial weight) and at the end of the experiment
(final weight) to obtain the results of average daily gain. All animals were fasted for solids for 16 hours before
slaughter. After this time, they were weighed to obtain body weight at slaughter (BWS). Slaughter was carried
out following the rules in force in the Regulation on Industrial and Sanitary Inspection of Products of Animal
Origin (Brasil, 2000).

The animals were stunned by a stunning cerebral concussion in the atlas-occipital region, using a captive
dart pistol, followed by bleeding by sectioning the jugular veins and carotid arteries. Blood was collected in a
previously tared container for subsequent weighing. After bleeding, skinning, evisceration, removal of the
head (section in the atlantooccipital joint) and extremities of the limbs (section in the carpal and
tarsometatarsal joints) were performed, then recording the warm carcass weight (WCW), including the
kidneys and pelvic-renal fat for the calculation of the warm carcass yield [WCY = (HCW/BWS) x 100].

The gastrointestinal tract (GIT), as well as the bladder and gallbladder, were weighed full and empty to
determine the empty body weight (EBW). The EBW values were used to determine the biological or true yield
[BY = (HCW/EBW) X 100].

After slaughter, the carcasses were stored in a cold chamber for 24 hours at + 4°C, and hung by the common
Achilles tendon. After this period, the carcasses were weighed to obtain the cold carcass weight (CCW) and to
obtain the values of cold carcass yield [CCY = (CCW/BWS) x 100] and the cooling weight loss
[Cooling weightloss = (HCW - CCW) /HCW x 100]. The carcasses were divided longitudinally and the left
half-carcass was sectioned into six sections: leg, loin, rib, breast, neck and shoulder. Each section was weighed
to obtain the cut weights.

A cross-section was made, in the section between the 12 and 13™ ribs, where the ribeye area of the
Longissimus Dorsi muscle was determined, in which the muscle was traced on a transparency sheet to
determine the ribeye area with the help of graph paper.

Determination of tissue composition

The determination of tissue components was made following the methodology described by Brown and
Williams (1979). The legs were thawed under refrigeration at a temperature around 8°C for 24 hours. After
this period, the dissection started with the aid of a scalpel and tweezers. To obtain tissue components,
dissection divided the leg into fat (pelvic, subcutaneous, and intermuscular), and the five main muscles that
cover the femur (semimembranosus, semitendinosus, adductor, quadriceps femoris, and biceps femoris).

The other muscles that did not directly involve the femur were weighed to obtain the weight of the total
muscles and other tissues (unidentified tissues composed of tendons, blood vessels, nerves, glands,
aponeurosis, fascia) and all the leg bones.

All components were weighed separately and the length of the femur was measured. From these data,
percentages of the yield of fat, muscles, and leg bones were measured, in addition to determining the muscle and
bone ratio (sum of muscles/total sum of bones ), muscle and fat ratio (sum of muscle/total sum of fat) and leg
muscle index (LMI) was also determined; (Purchas, Davies, & Abdullah, 1991) through the following Equation 1:
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LMI = (W(W5SM/LF)/LF (1)

On what: W5M = weight of five main muscles that cover the femur in g (semimembranosus, semitendinosus,
adductor, quadriceps femoris, and biceps femoris); LF = length of the femur in cm.

Statistical analysis

Data were subjected to analysis of variance with the aid of the SAS statistical package 9.2 software (SAS
Institute Inc., Cary, NC USA) using PROC MIXED. The comparison of means was performed using the Tukey
Test, adopting 0.05 as the critical level of probability for type I error and using the mathematical model
described below (Eqution 2):

Yij = m+ Ti + bj + eij 2)

Where: Yij = value observed for the variable under study referring to the i- eleventh treatment in the j-
eleventh repetition; m = average of all experimental units for each variable under study; Ti = effect fixed the
treatment of treatment i on the observation value of the variable Yij; ti=mi-m; bj = random effect of block j
on the observed value Yij; bj=mj-m; eij = is the error associated with observation Yij.

Results and discussion

Lambs fed with the High NFC + spineless cactus diet had a higher intake of DM, OM, Ash, and CP (p <0.05)
when compared to the others. The EE intake was higher for animals fed with the two diets characterized by a
high proportion of NFC (p =0.003; Table 3). The intake of NDF was higher in the High NFC + spineless cactus
and Low NFC diets compared to the High NFC diet (p =0.0194). The High NFC + spineless cactus diet had a
higher NFC intake (p <0.0001; Table 3) compared to the others, however, the High NFC had a higher intake of
NFC compared to Low NFC. The intake of TC was higher for the High NFC + spineless cactus diet (p <0.0001)
when compared to the others.

Table 3. Nutrient intake by lambs fed with different sources and types of carbohydrates in experimental diets.

Experimental diets

Variables High NFC High NFC+ Spineless cactus Low NFC SEMY p-value™
DMI BW®7 g kg™! 79.9b 131.6a 78.69b 4.39 <0.001
DMI BW %? 3.4b 5.8a 3.52b 0.180 <0.001
Intake

DM (g day™) 996.3b 1574.3a 894.3b 95.8 <0.001
OM* (g day?) 933.7b 1459a 828.9b 88.6 <0.001
Ash (g day?) 62.5b 115.21a 65.4b 7.20 <0.001
CP° (g day™!) 153.9b 230.6a 138.6b 13.32 <0.001
EE® (g day™)) 79.21 to 89.14a 54.4b 5.42 0.003
NDF’ (g day™!) 369.2b 488.7a 439.5 to 32.88 0.0194
NFC? (g day™) 330.8b 649.9a 142.0 ¢ 39.60 <0.001
TC® (g day™?) 700.1b 1138.6a 635.5b 70.05 <0.001

Dry matter intake by metabolic weight; 2Dry matter intake by body weight; *Dry matter; ‘Organic matter;*Crude protein; °Ether extract; Neutral fiber detergent;
8Non fibrous carbohydrates; *Total carbohydrates; °Standard error of the mean; "Probability; a and b differ from each other by Tukey's test (p <0.05).

The highest DM intake for High NFC + spineless cactus diet can be attributed to the proportion of NFC
and its carbohydrate type. In addition to the high proportions of NFC, the pectin present in spineless
cactus promotes an increase in the passage rate, due to its rapid fermentation, and consequently, results
in a higher intake (Wanderley et al., 2012; Felix et al., 2016; Costa, et al., 2017; Oliveira et al., 2018a).
This result corroborates a study evaluating levels of inclusion of spineless cactus in the diet, in which
DM intake by lambs also increased with the inclusion of cactus (Cardoso et al., 2019). On the other hand,
when there is a greater proportion of fibrous carbohydrates in the feed, there is a reduction in the passage
rate thus resulting in a lower intake of the diet ‘Low NFC’ when compared to the High NFC + spineless
cactus diet. Diets with high contents of cellulose and hemicellulose, result in a decrease in the rate of
passage due to the inability of the rumen to digest large fractions of fibrous carbohydrates quickly and,
in this way, decrease the DMI (Sniffen et al., 1992; Kammes & Allen, 2012; Galvani, Pires, Hiibner,
Carvalho, & Wommer, 2014; Claffey et al., 2018). Unlike expected, the DM intake values did not differ
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between the High NFC and Low NFC diets, this difference was possibly not observed due to the higher EE
content in the High NFC diet, which possibly limited the feed intake.

Regarding the DM intake in the diet High NFC + spineless cactus has been higher than the High NFC, it
can be a physical limitation related to food degradation since carbohydrate fermentation differs as to the
source used (Morgado et al., 2013b). Pectin-rich foods do not produce significant amounts of lactic acid,
tending to maintain a higher ruminal pH and thus enabling a high acetate: propionate ratio, forming a more
favorable ruminal condition for fiber digestion (Ben-Ghedalia et al., 1989).

The highest intake of OM, ash, CP, and TC with the use of High NFC + spineless cactus is possibly related
to cactus in diet. The addition of spineless cactus also causes an increase in the intake of other nutrients in
the diet, considering that its composition has high concentration of minerals such as calcium and phosphorus
(Andrade et al., 2016; Felix et al., 2016). Based on these results, it is possible to indicate a favorable
relationship between pectin from spineless cactus and nutrient intake. Although the diet High NFC + spineless
cactus has a low concentration of EE in its composition, the higher DMI by animals on this diet resulted in
high EE intake.

Average daily gain, EBW, WCW, and CCW and kidney fat of lambs fed with the high NFC diets were higher
(p <0.005; Table 4) compared to animals fed with the Low NFC diet. However, the HCY (p =0.9528); BY (p =0.5068);
weight loss by cooling (p = 0.0706) and rib eye area (p =0.0799), did not differ between the diets evaluated.

The high proportion of NFC in the High NFC and High NFC + spineless cactus diets resulted in greater
average daily gain, reflecting in higher BWS, EBW, HCW, CCW, and higher CCY (Table 4). The proportion of
carbohydrates in the diet influenced the average daily gain of the finishing lambs. Probably the provision of
the high content of NFC in the diet for sheep in feedlot works as an animal growth promoter, improving
carcass characteristics (Arvizu et al., 2011; Pereira Filho et al., 2014).

The shoulder, neck, rib, breast, and leg weights were similar between the two High NFC diets and were
higher than the Low NFC diet (p <0.001; Table 5). The highest weights of commercial cuts in the High NFC
and High NFC + spineless cactus diets showed the effect of the diet on the body weight of the animals,
reflecting on the weight of these cuts individually. As for cut yields, the shoulder yield (p =0.277); neck
(p =0.277); rib (p =0.613); breast (p =0.657) and loin (p =0.332) did not differ between the diets (Table 5).

Table 4. Performance and carcass characteristics of lambs fed with different sources and types of carbohydrates in experimental diets.

Experimental diets

Variables High NFC High NFC +Spineless cactus Low NFC SEM! p-value?
Initial weight (kg) 20.5 20.5 20.5 0.99 0.9597
Final weight (kg) 35.9a 35.3a 30.6b 1.21 <0.0001
Average daily gain (g) 252a 226a 168b 0.01 <0.0001
Slaughter body weight (kg) 34.8a 32.0a 27.8b 1.07 <0.0001
Empty body weight (kg) 30.9a 28.6y 23.4b 1.05 <0.0001
Warm carcass weight (kg) 17.7a 16.5a 14.1b 0.62 <0.0001
Cold carcass weight (kg) 17.3a 16.1a 13.1b 0.63 <0.0001
Kidney fat (g) 200 to 175 to 103b 0.01 0.0057
Warm carcass yield (%) 51.5 51.3 50.8 0.93 0.9528
Cold carcass yield (%) 50.3a 49.9a 46.7b 0.52 <0.0001
Biological yield (%) 59.1 57.5 60.6 1.12 0.5068
Cooling weight loss (%) 2.60 2.74 2.86 0.04 0.0706
Ribeye area (cm?) 11.9 11.8 10.3 0.39 0.0799

'Mean standard error; ?Probability; a and b differ from each other by the Tukey test (p <0.05).

The leg yield (p <0.0001) was higher in animals fed with the Low NFC diet, with an average of
31.83%.The values were similar between High NFC and High NFC+ spineless cactus diet that showed an
average value of 30.3 %. The BWS is a determining factor in the weight of commercial cuts in sheep
(Oliveira et al., 2018a). Likewise, Jacques, Berthiaume, and Cing-Mars, (2011) reported a better
classification of loin of lambs fed ad libitum when compared to those in a restricted amount of
concentrate (40% DM), corroborating the results obtained in the present study for the Low NFC diet,
which also presented lower weights of tissue components.

Regarding tissue composition, greater muscle and bone weight was observed for the High NFC and High
NFC + spineless cactus diets (p <0.001; Table 6). Subcutaneous fat, intermuscular fat and other tissues were
higher in animals fed with the High NFC diet compared to the animals fed with the Low NFC diet (p <0.001).
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Table 5. Commercial cuts in the carcass of lambs fed with different sources and types of carbohydrates.

Experimental diets

Variables - - - SEM* p-value?
High NFC High NFC +Spineless cactus Low NFC
Shoulder (kg) 1.43a 1.35a 1.14b 0.05 <0.0001
Neck (kg) 1.02a 0.96a 0.72b 0.05 <0.0001
Rib (kg) 1.29a 1.20a 0.95b 0.06 <0.0001
Breast (kg) 1.17a 1.08y 0.8%9b 0.05 <0.0001
Loin (kg) 0.75a 0.74a 0.57b 0.03 <0.0001
Leg (kg) 2.45a 2.31a 1.96b 0.08 <0.0001
Yield of commercial cuts

Shoulder (%) 17.79 17.66 18.38 0.21 0.2775
Neck (%) 17.79 17.66 18.38 0.21 0.2775
Rib (%) 15.81 15.72 15.22 0.26 0.6126
Breast (%) 14.39 14.0 14.41 0.20 0.6572
Loin (%) 9.23 9.68 9.19 0.14 0.3325
Leg (%) 30.43b 30.26b 31.83a 0.28 <0.0001

'Mean standard error; ?Probability; a and b differ from each other (p <0.05) by the Tukey test.

The carcasses of lambs fed with the High NFC diet had a higher total fat weight compared to the other diets
(p <0.001). Pelvic fat (p =0.0826), muscle:fat ratio (p =0.1006) and muscle:bone ratio (p =0.2313) did not differ
between the experimental diets. Leg muscle index (p <0.0001) was higher in the High NFC + spineless cactus
diet than in the Low NFC diet.

Among the main tissue components of the leg evaluated, the fact that the muscles presented greater
weight, followed by bones and fat, is explained by the fact that these components show different orders of
growth. Similar values were also found by Moreno, Sobrinho, Ledo, Loureiro, and Perez (2010), Costa et al.
(2012), and Urbano et al. (2015). The highest LMI in lambs fed the High NFC diets indicates greater
development of these issues regardless of the source of NFC. The leg muscle index was lower than that
observed by Abdullah, Kridli, Shaker, and Obeidat (2010) and similar to the values found by Costa et al. (2011),
indicating that the animals obtained a lower muscle deposition compared to the bone length.

Table 6. Tissue composition and leg muscle index of lambs fed with different sources and types of carbohydrates.

Experimental diets

Variables - - - SEM? p-value?
High NFC High NFC +Spineless cactus Low NFC

Muscles (g) 1569a 1500a 1313b 53.89 <0.001
Pelvic fat () 32.2 28.1 22.9 2.44 0.083
Subcutaneous fat (g) 85.6a 61.4ab 36.5b 5.18 <0.001
Intermuscular fat (g) 142a 118ab 103b 9.98 <0.001
Total fat (g) 260a 208b 162b 14.07 <0.001
Bones (g) 397a 403a 345b 10.69 <0.001
Other tissues (g) 133a 109ab 80.8b 129.1 <0.001
Muscle:fat ratio 6.55 7.49 8.57 0.38 0.106
Muscle:bone ratio 3.99 3.70 3.77 0.08 0.231
Leg Muscle Index 0.37ab 0.38a 0.35b 0.01 <0.001

Mean standard error; *Probability; a and b differ from each other by the Tukey test (p <0.05).

The greater weight of subcutaneous fat and intermuscular fat in the High NFC diet compared to the Low
NFC diet is a result of the diet composition and the interaction of NFC and oils, reflecting in greater energy
uptake offered to animals (Rosa et al., 2013). The higher weight of total fat in animals fed with the High NFC
diet indicates the association of diet on carcass composition, the excess NFC results in lipogenesis and carcass
fat deposition (Pereira et al., 2010; Santos et al., 2011). These results also show the relationship of
carbohydrate type with the addition of oils in the diet, influencing higher fat content. Differently from Ferreira
et al. (2014), that did not observe differences in the total fat weight of lambs. The carcasses of lambs fed with
the High NFC + spineless cactus diet showed lower fat content than carcasses of lambs fed with the High NFC
diet. It is suggested that although spineless cactus is rich in NFC, pectin behaves differently compared to
monosaccharides, disaccharides, and starch (Morgado et al., 2013a), therefore, the pectin possibly modifies
the extention of lipogenesis and reduces carcass fat deposition.
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Conclusion

Based on this study, high levels of NFC positively influence animal performance, promoting better results
for performance and carcass characteristics, where the type of carbohydrate influences the nutrient intake,
also interfering positively with carcass characteristics.
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