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Abstract

This study aimed to evaluate the use of silage of forage cactus (Opuntia ficus-indica Mill) in diets for
finishing pigs. Two experiments were conducted: the first for digestibility and the second for performance. In
the performance trial, the quantitative levels of feed restriction (0%, 10%, 20%, and 30%) were evaluated,
which were associated with the supply of forage cactus silage. Forage cactus silage presented 2463.59 and
2456 kcal/kg of digestible and metabolizable energy, respectively. The feed restriction levels associated with
the supply of forage cactus silage influenced feed intake, weight gain and final weight negatively, but did not
affect feed conversion. Carcass absolute weight was influenced negatively. However, the yield of carcass
and cuts and the amount of meat in the carcass were not influenced. With the increase in feed restriction,
there was a decrease in duodenal mucosa thickness, intestinal glands, liver glycogen storage and the
occurrence of inflammation in the submucosa and intestinal mucosa. Forage cactus silage is not accepted
well by animals. The restriction up to 30% of balanced feed did not affect feed conversion, yield of carcass
and cuts and economic viability. However, levels over 10% affected intestinal health.
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Introduction

Forage cactus (Opuntia ficus-indica Mill) is a plant that is well adapted to semi-arid regions and has
multiple uses, serving as a food source for humans and animals. Owing to its nutritional composition and the
variety of products and by-products that can be extracted from it, this cactus species has significant social
and economic importance for these regions (FAO, 2013).

This species has high palatability and digestibility for several species of animals, especially for
ruminants. In nutritional aspects, forage cactus has a low content of dry matter (DM) (10-15%), high content
of total carbohydrates (55-77%), organic matter (OM) and total digestible nutrients (65-70%). In this sense,
owing to its composition and the ease of obtaining the cactus in the northeast region of Brazil, it is important
to evaluate the use of forage cactus for non-ruminant animal production.

Ensiling is a preservation method that consists of storing feed under anaerobic conditions, resulting in
a fermentation process. In this process, various energy substrates, including soluble sugars, organic acids,
and soluble nitrogen compounds, are used by fermentative bacteria to produce volatile fatty acids such as
lactate, acetate, propionate and butyrate (Santos et al., 2010). The ensiled product retains a much higher
proportion of nutrients than the dry collected product stored as hay (McDonald et al., 1991).

Feed restriction is a practice that may be used to reduce production costs, improve feed efficiency,
and reduce the deposition of fat in the carcasses, thereby increasing the proportion of meat to fat ratio. The
restriction could be qualitative or quantitative. The first restriction was performed by including low digestibility
feed in the diet. The second one was performed by restricting the amount of feed offered daily to the
animals. However, the efficiency of feed restriction programmes depends on the age of the animals at the
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beginning of the restriction and restriction level and time, given that if the restriction is established in a
rigorous manner, it may affect the animal’s health and production (Pugliese et al., 2013).

The quantitative reduction of balanced feed and the simultaneous supply of an alternative feed that
has high nutritional levels and low cost, such as forage cactus silage, may reduce feed costs without
affecting the performance variables.

Since there are no publications on the use of forage cactus silage for non-ruminant animals, this study
aimed to evaluate the composition of silage of forage cactus (Opuntia ficus-indica Mill) of the giant variety
and test it for finishing pigs, associated with restriction of balanced feed, evaluating performance
characteristics, carcass quantitative characteristics, the development of the digestive system organs, liver
glycogen levels, blood biochemical parameters, duodenum morphometric analysis and economic viability.

Materials and Methods

The experiments were performed at the Centre for Social, Human and Agricultural Sciences
(CCHSA/UFPB), in the municipality of Bananeiras, Paraiba State, Brazil. Two experiments were conducted:
a digestibility study and performance evaluation. The entire experiment was performed according to the
norms and approval of the Ethics Committee on the Use of Animals of the Federal University of Paraiba,
certificate number 069/2016.

Forage cactus was acquired from farmers who did not use agronomic practices to cultivate it. The
authors chose the species Opuntia ficus-indica Mill (giant variety) because of its higher availability in the
region. All the cladodes were collected in the field, sliced into 2-3 cm pieces, and exposed to air for five
days, aiming at dehydration and loss of 60% of the initial weight. Then the material was ensiled in silos of
50 L and 180 L, which were compressed and sealed. The material remained ensiled for 60-150 days. To
liberate excess gas, the tops of the containers were fitted with registers.

Bromatological analysis was performed to determine the levels of Ca™, Na’, K*, crude protein (CP),
ether extract (EE), gross energy (GE), crude fibre (CF), OM, mineral matter (MM), non-fibrous carbohydrates
(NFC), carbohydrates (CHO) (Silva & Queiroz, 2002), neutral detergent fibre (NDF) and acid detergent fibre
(ADF) contents (Van Soest et al., 1991).

Silage samples were taken from the middle portion of the silos, at days 60, 120 and 150 of
fermentation, and packaged and frozen for later determination of the concentrations of short-chain fatty
acids, namely lactic, acetic, propionic and butyric acid (Sheperd et al., 1995). After processing the samples,
the acid concentrations were determined by high performance liquid chromatography (HPLC) (Shimadzu,
model SPD-10A VP), coupled to an ultra violet detector, using a wavelength of 210 nm.

Twelve castrated male pigs (Agroceres® lineage) were used, with average initial weight of 66.0 = 5.0
kg (live weight), distributed in a randomized block design, according to the weight range, with two treatments
and six replications, adopting each animal as an experimental unit. The treatments consisted of a basal diet
and another diet in which the forage cactus silage replaced 30% of the reference diet.

The trial lasted 15 days, the first ten days for the animals’ adaptation to the cages and experimental
diets, and the five last days to collect faeces and urine. The authors adopted the total collection method
described by Sibbald & Slinger (1963). During the trial period, they recorded maximum and minimum
average temperatures of 26.0 + 3 °C and 22.8 £ 2 °C, respectively, and air relative humidity of 72 + 10%.

The calculation of the amount of feed provided to each animal during the five days of collection was
set according to the lowest consumption per metabolic weight (kg® ) recorded during the adaptation period
for each experimental unit (Sakomura & Rostagno, 2007). During the trial period, the method described by
Sakomura and Rostagno (2007) for feed supply and faeces and urine collection was used. After laboratory
analysis the coefficients of digestibility of DM, OM, MM, CP, EE, NDF and ADF were calculated according to
this formula: nutrient digestibility (%) = [(ingested nutrient — excreted nutrient)/ingested nutrient] x 100 and
GE, as well as digestible energy (DE) and metabolizable apparent energy corrected for nitrogen (AMEN),
and their digestible nutrients, using the equations of Matterson et al. (1965).

Twenty castrated male pigs (Agroceres® lineage) were used, with an average weight of 64 + 8 kg.
The treatments consisted of a basal diet and three quantitative restriction levels (0%, 10%, 20%, and 30%) in
addition to the ad libitum supply of forage cactus silage to the animals that received the restriction levels.
The animals of the control group (0%) did not receive silage. Each animal represented an experimental unit,
and five replications were performed, totalling 20 experimental units.

The experimental diets, based on corn, soybean meal and supplementation with mineral, vitamins,
and synthetic amino acids, were formulated to meet the nutritional requirements of high genetic potential
pigs, according to the recommendations of Rostagno et al. (2011) (Table 1).

The supply of balanced feed was conducted in the morning and afternoon, and feed and silage were
provided in separate feeders. The calculation of the amount of balanced feed provided daily to the restricted
animals was based on the individual consumption of the animals from the control group in each block. Water
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was provided to all animals ad libitum. During the trial period, maximum and minimum average temperatures
of 31 + 3 °C and 22 £+ 1 °C, respectively, were recorded, and maximum and minimum air relative humidity of
93 £ 2 and 44 * 4%, respectively.

Table 1 Feed composition and nutritional levels of pig diets according to the recommendations of Rostagno
et al. (2011)

Ingredients Percentage of ration Calculated composition Amount

Corn 81.80 Energy met. (Mcal/kg) 3.23
Soybean meal 14.08 Crude protein (%) 13.83
Soybean oll 0.52 Calcium (%) 0.472
Dicalcium phosphate 0.74 Available phosphorus (%) 0.23
Limestone 0.57 Lysine Dig. (%) 0.76
Salt 0.32 Arginine (%) 0.74
Inert* 1.00 Met+ cist. Dig. (%) 0.46
BHT? 0.01 Methionine Dig.(%) 0.24
Premix min. & vit.? 0.50 Threonine Dig. (%) 0.51
L-Lysine HCL 0.33 Tryptophan Dig. (%) 0.14
L-Threonine 0.09 Valine Dig. (%) 0.54
DL-Methionine 0.03 Potassium (%) 0.50
L-Tryptophan 0.02 Sodium (%) 0.16
- - Neutral detergent fibre (%) 11.32
Total 100.00 DEB* (mEg/kg) 133.13

‘Washed sand

Antioxidant butylated hydroxytoluene (BHT)

3Mineral and vitamin premix assurance levels per kg of product: vitamin A: 532,000 iu, vitamin B: 112,000 iu, vitamin E:
2100 iu, vitamin B; (thiamine): 138 mg, riboflavin (B2): 490 mg, pyridoxine (Be): 97 mg, vitamin B12 1680 mcg, vitamin K:
280 mg, niacin: 2800 mg, biotin: 10 mg, pantothenate: 1680 mg, folic acid: 70 mg, choline: 15 g, copper: 21 g, cobalt:
100 mg, iron: 12 g, manganese: 6200 mg, zinc: 24 g, iodine: 200 mg, selenium: 42 mg, bacitracin zinc: 11,000 m.

“DEB: dietary electrolyte balance

Feed intake (FI) (kg/day), daily weight gain (DWG) (kg/day), total silage intake (TSI) (kg/trial period),
final weight (FW) (kg), and feed conversion (FC) (kg/kg) were evaluated. When the animals reached an
average weight of 110 kg, they were slaughtered in blocks over five days.

At the end of the experiment, two blood samples by animal were collected in vacutainer tubes with
heparin. The first collection was conducted in the morning before the fasting of the animals began. The
second was performed during the bleeding of the pigs at the slaughterhouse, after fasting for 12 hours. The
blood sample was centrifuged at 3500 rpm for 15 minutes at 4 °C to obtain blood plasma, which was frozen
immediately. The plasma components that were ascertained were urea (mg/dL), total proteins (g/dL),
albumin (g/dL), creatinine (mg/dL), triglycerides (mg/dL), cholesterol (mg/dL) and glucose (mg/dL), using
Labtest® kits and a Mindray Chemistry Analyzer machine (Model BS-120).

When the pigs reached average slaughtering weight (110 kg), they were submitted to a 12-hour
fasting period and then all animals were slaughtered at the slaughterhouse of the Centre for Human, Social
and Agricultural Sciences. After resting, each animal was stunned with an electric current, bled, depilated
and eviscerated.

Heart, kidneys, spleen, liver, pancreas, full and empty stomach, full and empty small intestine, full and
empty cecum, and full and empty colon were weighed. After emptying and washing the intestine, its length
was measured according to the method of Le Gall et al. (2007).

The carcasses were weighed at the end of slaughter to obtain the hot carcass weight (HCW), and
reweighed at 24 hours after cooling in a cold chamber at 2 °C to obtain the cold carcass weight (CCW). The
carcass yield (%) was calculated dividing the hot carcass weight by the live weight of the animal in fasting, at
the end of the experiment, and multiplying the result by 100. Based on the CCW and HCW, carcass weight
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loss in cooling was calculated, adopting the method described by Bridi & Silva (2007). Carcass length was
obtained with a metal measuring tape, according to the Brazilian method of carcass evaluation (ABCS,
1973). To evaluate the backfat thickness, the measurements were taken at the height of the first rib, last rib
and last lumbar, using a digital calliper, according to the method described by Bridi & Silva (2007). To
analyse the longissimus dorsi depth, the method described by Bridi & Silva (2007) was adopted. Meat yield
and amount of meat on the carcass were evaluated according to the equations proposed by Guidoni (2000).

After 24 hours of cooling in a cold chamber at 2 °C, the pork leg, shoulder, rib, loin, fillet and belly
were weighed. The estimation of the yield of cuts was performed according to Bridi & Silva (2007). To
determine the carcass pH, a portable digital pH meter was used (HOMIS, model 801). pH values were
determined 45 minutes after slaughter (initial pH) and at 24 hours post mortem (final pH) in the cold
carcasses (Rosa et al., 2001). Caecal content samples were placed in plastic containers to determine the
pH, using Tecnal pH meter TEC-2, according to the method of Instituto Adolfo Lutz (1985).

Short-chain fatty acids (acetic, propionic and butyric) were evaluated in the cecum content. A sample
of 10 g was collected, weighed and acidified in 30 mL formic acid at 16% to inactivate the fermentation
processes. Subsequently, the samples were refrigerated for 72 hours and homogenized twice daily. Then,
they were centrifuged at 5000 rpm at 15 °C for 15 minutes. Afterwards, the supernatant was collected and
frozen to determine the concentrations of fatty acids. Identification and quantification of the fatty acids were
carried out using HPLC, as performed in the digestibility trial.

The histological processing was performed in the Histology Laboratory of the Postgraduate
Programme in Animal Science (UFPB/CCA). Biological samples of intestine and liver were collected and
fixed in metacarn solution (60% methanol, 30% chloroform, 10% acetic acid) (Heleno et al., 2011) for 12
hours and embedded in paraffin. The sections were 5 um thick. Haematoxylin-eosin staining and periodic
acid-Schiff stain (PAS) were carried out. The scanned images were captured with an Olympus BX-60
microscope with Zeiss AxioCam and Motic Image Plus 2.0 software.

For the morphometric analysis of the intestinal mucosal thickness, five animals from each treatment
were used, according to histological processing (above). For each animal, three photomicrographs were
scanned with a 5 x lens. Three measurements were performed on each photomicrograph, totalling 45
measurements per treatment (n = 45). For the analysis of the storage index of liver glycogen, the PAS was
used, which stains glycoproteins such as liver glycogen. The optical microscopy analysis of the
photomicrographs, six for each animal, totalling 30 photos per treatment (n = 30), was performed by a
histologist who was unaware of the group of each pig. The photomicrographs were classified according to
the level of glycogen storage based on the positive PAS staining: low liver glycogen storage (level+),
moderate liver glycogen storage (level++) and high liver glycogen storage (level+++). To analyse the storage
index of liver glycogen the crosses (+) were converted into corresponding numbers (+ = 1, ++ = 2, +++ = 3)
to carry out statistical analysis according to the semi-quantitative score (Ishak et al., 1995) (modified).

To evaluate feed economic viability, it was considered the silage production cost and the prices of
other raw materials, calculating the diet cost per kilogram of live weight gain, according to the equation
proposed by Bellaver et al. (1985). It was also calculated the economic efficiency index (EEI) and the cost
index (CI) (Gomes et al., 1991). To calculate the cost of the experimental diet and the diet containing forage
cactus silage, it was considered the prices of the inputs sold in the municipality of Bananeiras (Paraiba
State, Brazil).

A randomized block design was used, based on the initial weight of the animals. The performance
data and quantitative characteristics of the carcass and organs were submitted to an analysis of variance at
5% probability, and multiple linear regression up to the third level. For economic viability, Dunnett’s test (5%)
was performed to compare the treatment groups with the control group, using the statistical software SAS
9.2. For intestinal morphometric analysis and liver glycogen storage, an ANOVA was performed, followed by
Tukey test at 5% probability, using Graph Pad Prism 5.0 software.

Results and Discussion

Forage cactus silage has low concentrations of DM, CP, EE and NFC, and high concentrations of
NDF, CHO, ADF, MM, Ca"*, Na" and K" (Table 2). Studies on the evaluation of the nutritional composition of
forage cactus silage are scarce in the literature. However, its composition varies according to the variety of
cactus, water content of the ensiled material, plant age, order of cladodes, time of the year, type of inoculant
and dry matter concentration (Ciirek & Ozen, 2004).

The digestibility coefficient of organic matter and gross energy of the silage were high: DE of 2,463.59
kcal/kg, and AMEn of 2,456.92 (Table 2). In nutritional terms, forage cactus silage showed a satisfactory
concentration of metabolizable energy, with around 60% of the metabolizable energy of humid grain corn
silage (3,918 kcal/kg), which has a higher coefficient of metabolism (82—88%) (Lohmann et al., 2010).
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Table 2 Total and digestible nutrients, digestibility coefficient and concentration of short-chain fatty
acids of forage cactus silage

Nutrients Total Digestible Digestibility Coefficient
GE (kcal/kg) 3,613.81 2,463.59 68.17
AMEN" (kcal/kg) 2,456.92 - -
Dry matter (%) 25.00 8.43 33.71
Organic matter (%) 82.79 68.71 82.78
Mineral matter (%) 17.00 5.45 32.07
Crude protein (%) 6.97 4.14 59.40
Ether extract (%) 1.74 0.43 24.64
Neutral detergent fibre (%) 40.00 18.09 45.23
Acid detergent fibre (%) 19.55 7.27 37.21
Total carbohydrates (%) 74.29 - -
Non-fibrous carbohydrates (%) 34.29 - -
Calcium (%) 3.56 - -
Potassium (%) 2.25 - -
Sodium (%) 0.37 - -

. . Days of ensiling
Short-chain fatty acids (ppm)

60 120 150
Lactic 6,692.05 6,669.90 6,827.10
Acetic 3,165.42 3,597.10 2,891.27
Propionic 480.59 601.47 178.34
Butyric 39.28 43.32 31.59

* For gross energy (GE), apparent metabolizable energy and coefficient of metabolism were considered
'AMEn: apparent metabolizable energy

The average concentration of short-chain fatty acids (lactic, acetic, propionic and butyric acid) in the
three periods of ensiling was 2.69%, 1.35%, 0.19% and 0.02%, respectively. Cirek & Ozen (2004) found
similar results for lactic acid (2.59%) and acetic acid (1.53%), but different results for butyric acid (0.34%).
Factors related to the botanical part of the ensiled feed, ensiling method, use of inoculants and ensiling
period may influence the production of these acids (Ciirek & Ozen, 2004).

The restriction levels of the balanced feed influenced FI (P <0.01), DWG (P <0.05), and TSI (P <0.01).
However, FC was not affected (P >0.05) (Table 3). The variable DFI had a standard behaviour according to
the method used, decreasing with increasing restriction of the balanced feed. DWG behaviour was similar to
FI behaviour, decreasing linearly with the increase of the balanced feed restriction. With every 1% of feed
restriction, WG and DWG decreased by 3.42% and 0.09%, respectively.

Total silage intake increased linearly with the restriction of the balanced feed. With every 1% of feed
restriction, TSI increased by 4.42%. However, it was insufficient to meet the nutritional requirements of the
pigs. The average daily silage intake was only 245 g, 220 g and 461 g for levels 10%, 20% and 30% of
restriction, respectively. In the performance trial (Table 3), unlike the metabolism trial, the animals could
choose the feed to be consumed because it was provided separately. Even under restriction conditions,
animals preferred the balanced feed. In this sense, the behaviour of such variables is related to the effect of
the feed restriction.

The decrease in DWG observed in this study corroborates published studies. Feed restriction reduces
the availability of nutrients for production and changes the energy utilization (Daza et al. 2003, Lovatto et al.,
2006). During feed restriction, most of the metabolizable energy is used to maintain the animal. At the same
time, the highest fraction of retained energy is maintained as protein. These two opposing mechanisms are
related to the WG of the animals under restriction (Lovatto et al., 2006). Unlike WG, FC is less sensitive to
feed restriction. Moderate restriction (30%) has low or no effect on this variable. On the other hand, severe
restriction (over 45%) affects FC negatively (Daza et al., 2003). Thus, the results of this study corroborate
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the data published by Lebret et al. (2001), Daza et al. (2003) and Lovatto et al. (2006), who evaluated
restriction levels of 25%, 25% and 40%, respectively, and did not find change in the FC.

Table 3 Effect of feed restriction on feed intake, daily weight gain, feed conversion and total silage intake

Inclusion levels of forage cactus silage (%) P
Variables (Kg) T 3 3
0 10 20 30 Lin. Qua. CV'%
Fl 3.15 2.83 2.52 221 0.001 0.560 11.77
DWG 1.34 1.17 1.15 1.05 0.002 0.550 9.96
FC 2.35 2.42 2.20 211 0.150 0.540 11.14
TSI 0 9.07 8.16 17.08 0.001 0.380 17.34

ILin.: linear effect,

*Qua.: quadratic effect,

3CV: coefficient of variation,

FI: feed intake, DWG: daily weight gain, FC: feed conversion, TSI: total silage intake;

Equations: Fl: Y = 3.147-0.0313x, r° = 0.99, DWG: Y = 1.311-0.0089x, r* = 0.91, TSI: Y = 2.8686000+4.4244x, r* = 0.89

Carcass yield (CY), CutY (leg, rib, shoulder, belly, neck, loin, fillet), carcass length (CL) and backfat
thickness (BT) were not affected by the treatments (P >0.05). However, there was a linear decrease in the
final weight (FW), HCW, CCW and weight loss in cooling (WLC), and there was a linear increase in the cold
meat yield (CMY) (P <0.05) (Table 4).

For every 1% of feed restriction, HCW, and CCW decreased by 0.19% and 0.17%, respectively.
However, CMY increased by 0.14%. The decrease of the absolute weight of the hot and cold carcasses is
related to the weight decrease in the animals submitted to feed restriction, since CY was not changed.
Studies have shown that CY is affected only when the animals are submitted to severe feed restriction (over
45%). Under these conditions, there is a decrease in the weight of the organs, owing to the loss of visceral
fat and water, leading to an increase in CY (Lovatto et al., 2006).

The amount of meat in the carcass was not influenced. However, the CMY in the carcass increased
linearly with the increasing levels of restriction and silage intake, resulting in a leaner carcass. Studies with
genetically improved breeds have shown that pigs submitted to feed restriction, in comparison with those fed
ad libitum, in both the growing and finishing phases, have a reduced growth rate, resulting in leaner
carcasses, because during feed restriction the highest fraction of retained energy is in the form of protein
instead of lipids (Daza et al., 2003, Lovatto et al., 2006, Pugliese et al., 2013).

The percentage of weight loss in cooling was unexpected, since the treatment had no effect on the
initial and final pH of the carcass (0 h and 24 h) and on the subcutaneous fat thickness. The pH values are
related directly to meat quality. The pH values presented in this study are within the range for normal meat.
According to the National Pork Producers Council (1998), pork has quality when it presents an initial pH
higher than 5.8 and a final pH lower than 5.9.

The lower weight loss in the cooling of the carcasses of the animals that received food restriction may
be related to the weight of the carcasses. Heavier carcasses present a higher proportion of water in their
composition, resulting quantitatively in greater loss (Lebret et al., 2001). In addition to the higher proportion
of water, studies by Huff-Lonergan et al. (1998) demonstrated that heavier carcases present greater
amounts of energy reserve in the muscles, resulting in a longer time to establish rigor mortis and,
consequently, greater loss in cooling.

Therefore, heavier carcasses, with greater glycogen stores, take a longer time for the muscle fibres to
relax, and there may be more loss in cooling. Although the muscle glycogen concentration was not
evaluated, the amount of hepatic glycogen showed a linear decrease with feed restriction (P <0.05). The
authors also observed an increase in the plasma creatinine concentration in the animals submitted to feed
restriction (Table 5).This indicates low energy stores in these animals, and consequently rigor mortis was
established earlier.
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Table 4 Effect of feed restriction levels with forage cactus silage (FCS) on final weight, carcass yield, hot
carcass weight, cold carcass weight, weight loss in cooling, carcass length, cut yield, backfat thickness,
cold meat yield, and the amount of meat in the carcass

Levels of FCS (%) P
Variables — 3 3

0 10 20 30 Lin. Qua. CV™%
FW (kg) 116.68 109.60 108.68 104.62 0.001 0.468 4.0
CY (%) 81.53 81.60 80.79 79.87 0.331 0.705 3.52
HCW (kg) 47.90 44.18 43.62 41.60 0.001 0.378 4.69
CCW (kg) 45.56 42.98 41.72 40.66 0.001 0.317 3.81
WLC (%) 5.59 2.73 3.56 2.36 0.006 0.060 3.81
CL (cm) 97.60 97.20 98.80 96.40 0.781 0.537 3.61
Leg yield 26.36 26.97 27.97 26.97 0.060 0.733 3.58
Rib yield 17.75 16.42 17.35 17.15 0.063 0.573 7.05
Shoulder yield 19.45 19.61 20.49 19.61 0.097 0.782 7.00
Belly yield 7.95 7.03 6.93 7.13 0.065 0.191 13.77
Neck yield 4.29 4.12 4.31 3.98 0.157 0.910 17.00
Loin yield® 7.13 7.67 7.71 7.66 0.502 0.559 8.11
Fillet yield 1.71 1.57 1.78 1.60 0.060 0.836 6.90
BT (mm) 2.84 2.34 2.34 191 0.100 0.650 28.10
pHO" 6.02 5.95 6.10 6.03 0.468 0.066 2.09
pH24° 5.83 5.74 5.82 5.85 0.065 0.526 4.97
CMY (%) 57.29 58.94 60.45 61.33 0.002 0.733 3.01
AMC (kg) 26.86 26.03 26.79 26.43 0.816 0.663 4.37

a: loin boneless, b: initial pH (0 hours), c: final pH (24 hours),

Lin.:linear effect,

Qua.: quadratic effect (P <0.05),

3CV: coefficient of variation,

FW: final weight, CY: carcass yield, HCW: hot carcass weight, CCW: cold carcass weight, WLC: weight loss in cooling,
CL: carcass length, CutY: cut yield, BT: backfat thickness, CMY: cold meat%/ield, AMC: amount of meat in the carcass,
Equations: PF: Y = 115.46-0.371x, r2 = 0.91, HCW: Y = 47.244-0.1946x, r° = 0.91, CCW: Y = 45.124-0.1596Xx, r° = 0.95,
WLC: Y = 5.5205800811-0.730815675x, r* = 0.73, CMY: Y = 57.458+0.1363x, r° = 0.98

Table 5 Effect of feed restriction associated with forage cactus silage (FCS) on creatinine concentration
before and after fasting

Variables Inclusion levels of FCS% P

mg/dL 0 10 20 30 Lin.! Qua.? V3%
Creatinine® 1.82 1.93 2.10 2.14 0.001 0.514 6.48
Creatinine® 2.09 2.13 2.25 2.30 0.060 0.962 8.29

2 Before fasting, ° After fasting
'Lin.: linear effect, *Qua.: quadratic effect (P <0.05), CV: coefficient of variation
Equation: Y = 1.828+0.0113x, r* = 0.95

The restriction levels associated with silage intake did not influence the absolute weight of the
stomach, small intestine, colon, cecum, pancreas, heart, spleen and small intestine length (P <0.05).
However, they reduced the absolute weight of the liver and kidneys (P <0.05) linearly (Table 6). The
decrease in the liver absolute weight corroborates the decrease in hepatic glycogen (Table 7), as the feed
restriction increases. Thus, the decrease in nutrient availability, owing to the feed restriction, causes a
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decrease in hepatic energy reserves (glycogen), especially with the restriction levels of 20% and 30%,
making the liver lighter. However, the relative weight of all organs was not affected by the restriction levels
and silage supply (P >0.05) (data not shown), showing that the increase in the absolute weight of the liver
and kidneys may also have been changed because of the bodyweight of the animals.

Table 6 Effect of feed restriction associated with forage cactus silage (FCS) on weight of full and empty
stomach, small intestine, colon, caecum, liver, heart, kidney, pancreas, spleen and small intestine length

Levels of restriction + FCS P

Variables (kg) — 3 5

0 10 20 30 Lin. Qua. CV'%
Stomach 849 959 808 914 0.910 0.982 21.61
Small intestine (SI) 2347 2408 2388 2223 0.551 0.445 13.66
Full colon 1787 1988 2082 1738 0.957 0.237 26.77
Full caecum 437 586 430 420 0.579 0.346 38.65
Liver 1594 1433 1399 1315 0.003 0.520 9.06
Pancreas 479 412 399 419 0.157 0.154 14.94
Heart 419 363 371 392 0.437 0.082 11.76
Kidneys 317 318 303 269 0.003 0.096 7.18
Spleen 165 172 168 148 0.357 0.314 17.60
Sl length 18.52 18.44 18.05 18.29 0.624 0.746 6.00

“Lin.: linear effect

% Qua.: quadratic effect (P <0.05)

3 CV: coefficient of variation

Equations: liver: Y = 1565.9-8.71x, r* = 0.93, kidney: ¥ = 325.6-1.59x, r* = 0.80

The concentrations of acetic, propionic and butyric acids in the caecal content and the pH value
(P >0.05) were not affected by the treatments (data not shown). Because of the silage intake, changes were
expected in the concentrations of short-chain fatty acids, following the same ratio of acids contained in the
silage. Corroborating Varel & Yen (1997), it is possible there was an adaptation of the bacterial population to
the diet with high fibre, which, according to these authors, occurs within 14 days.

When evaluating the biochemical parameters of the blood plasma, the authors verified that before
fasting, the restriction levels with forage cactus silage did not affect (P >0.05) the plasma concentrations of
total proteins, glucose, triglycerides, cholesterol and albumin (data not shown). However, the creatinine
concentration increased linearly (P <0.05) with the restriction of the balanced feed (Table 6). After fasting, no
biochemical parameter was influenced (P >0.05). However, the creatinine values increased for all
treatments, which may indicate greater muscle catabolism.

In this study, the concentration of creatinine before and after fasting was within the normal range for
pigs (1.0-2.7 mg/dL) (Kaneko, 1997). However, the concentration before fasting was below normality in the
animals fed ad libitum in comparison with the animals submitted to feed restriction. After fasting, this
concentration also increased. These results indicate that animals fed restricted diet were in muscle
catabolism, even when consuming the forage cactus silage.

The thickness of the intestinal mucosa of the animals submitted to feed restriction and silage intake
decreased as feed restriction levels increased (Table 7). All treatments with feed restriction resulted in lower
mucosa thickness in comparison with the control treatment (Figure 1). Because the feed was restricted, there
were morphological changes in the intestine, with a decrease in mucosa thickness, which were accentuated
with the increasing levels of restriction. In addition, there was a decrease in the amount of the intestinal folds,
including no folds for the highest restriction level. These morphological changes cause a decrease between
the surface of the intestinal mucosa and the feed, reducing feed absorption (Gomide-Junior et al., 2004).
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Table 7 Duodenum mucosa thickness and semi-quantitative score modified to positive staining of periodic
acid Schiff as liver glycogen storage index of pigs fed restriction levels with forage cactus silage (FCS)

Levels of restriction + FCS

Variables (mm)

0% 10% 20% 30%
Duodenum thickness 1736° + 84 1216° + 87 1032°9 + 69 1064% + 247
Liver glycogen index 2.21*+0.41 2.07*+0.26 1.41° £ 0.50 1.07°+0.20

&> Means followed by different superscripts in a row differ statistically at 5% significance by Tukey test (P <0.05)

(A: control, B: 10% feed restriction, C: 20%, D: 30%, and E: representative of 20 and 30%).

A) Thick mucosa with mixed glands in the submucosa and muscular layer. B) Mucosa with a lower thickness, with fatty
infiltration in the submucosa. However, the glands are still in this layer. C) Mucosa with a lower thickness, a lower
amount of glands in the submucosa, and an increase of adipose tissue in the submucosa. D) Mucosa with a lower
thickness, absence of glands and a large amount of adipose tissue in the submucosa. E) Submucosa without mixed
glands, with large areas of inflammatory processes (arrowheads), including infiltration in the lamina propria of the
mucosa (white arrow). It is also observed a large amount of fatty tissue in the submucosa. Mucosa (1), submucosa (2),
muscle (3), submucosal glands (arrows), adipose tissue (asterisk). Haematoxylin-eosin staining. Bar: 1000um.

Figure 1 Photomicrographs of duodenum of pigs fed various levels of feed restriction and forage cactus
silage supply
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The increase in feed restriction also led to a decrease in the amount of glands (Brunner's glands) in
the submucosal layer, and the disappearance of these glands in many intestinal regions of the animals that
were submitted to higher restriction levels (20% and 30%) (Figure 1). Probably the decrease in the number
of such glands may be associated with the decrease in intake volume, since these glands produce
secretions (mucus) that assist the feed bolus transit (Junqueira & Carneiro, 2013). In 42.1% of the analysed
photomicrographs of the animals submitted to restriction of 20%, and in 70.6% of the analysed
photomicrographs of the animals fed 30% restriction, there were no glands in the submucosa. In these
regions, these glands were observed to be replaced with adipose tissue. There were fewer goblet cells in the
intestinal epithelium of the animals submitted to feed restriction of 30%. The decrease in the number of
glands, whether from the intestinal epithelium or submucosa, may affect animal health since they are
important for the regular flow of the feed bolus through the intestine, preventing constipation and protecting
the intestinal mucosa from injuries caused by pathogen agents (Gomide-Junior et al., 2004). The authors
also found areas with inflammatory processes in the submucosa and, in some cases, in the lamina propria of
the mucosa. This finding may also be because of lower production of mucus, since protection against
bacterial infection requires an intact mucus layer, given that protection efficiency depends on the amount and
quality of mucus (Fortun-Lamothe & Boullier, 2007). These findings were more frequently observed in the
20% and 30% restriction levels (Figure 1).

The decrease in the amount of energy and nutrients available to the animals negatively influenced the
development of the small intestine, reducing its mucosa thickness and consequently the surface absorption
of nutrients. Pluske et al. (1997) demonstrated that villus height and mucosa are positively correlated with
the bodyweight gain and nutrient intake. Similarly, Dong & Pluske (2007) reported that intestinal
development is directly related to feed intake. Animals fed a restricted diet have a lower development of the
intestine. Therefore, they have lower feed utilization. This occurs because the gastrointestinal tract has high
demand for energy and nutrients, which are required for cell proliferation (Lovatto et al., 2006). Although the
mucus was not measured directly, the decrease in the number of goblet cells and Brunner's glands indicates
less mucus production with the decrease of feed intake.

Lower availability of nutrients may also reduce the body’s defence capacity, as they play an important
role in immunity development, acting as substrates for enzymes, cell proliferation during the immune
response, and effective synthesis of molecules (antibodies, nitric oxide, lysozyme) and cytokines (Fortun-
Lamonthe & Boullier, 2007).

With regard to deposition of fatty tissue in the intestinal submucosa of the animals fed higher
restriction levels, there is no information about this process in the literature. However, the space that
originated from the former gland may have been filled by adipose tissue, as occurs in the dermis of certain
fish (Guerra et al., 2006).

There was no significant effect (P >0.05) of the feed restriction levels associated with the supply of
forage cactus silage on the cost of feed per kilogram of live weight, economic efficiency index and cost index
of finishing pigs (Table 8).

Table 8 Initial weight, final weight, cost of feed, cost of silage, cost of feed per kilogram of live weight gain,
economic efficiency index and cost index of pigs fed diets containing various levels of feed restriction with
forage cactus silage (FCS)

Levels of restriction + FCS Effectl
Variables CV2 %
0% 10% 20% 30% Regression Dunnett

Initial weight (kg) 64.34 63.78 64.04 63.94 - - -
Final weight (kg) 116.68 109.6 108.68 104.62 - - -
CS, R$/kg 00 0.27 0.27 0.27 - - -
CF1, R$/kg 0.97 0.97 0.97 0.97 - - -
CF2, R$/kg/LWG 2.28 2.34 2.24 221 NS NS 7.78
EEI (%) 95.28 90.70 96.87 100 NS NS 7.20
Cl (%) 105.33 110.79 103.44 100 NS NS 7.76

NS: non-significant effect at 5% probability by Tukey test (P >0.05)

'Regression: regression analysis, Dunnett’s test; 2CV: Coefficient of variation

CF1: cost of feed, CS: cost of silage, CF2: cost of feed per kilogram of live weight gain, EEI: economic efficiency index,
Cl: cost index
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These results demonstrate that producers may produce lighter animals and carcasses with a higher
proportion of meat and less fat, without economic losses.

Conclusions

For finishing pigs, forage cactus silage has a sufficient concentration of metabolizable energy.
However, it has low acceptance by the animals. In terms of feed conversion, the yield of carcass, cuts and
the intestinal health, the balanced feed may be quantitatively restricted up to 10% of the daily intake.
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