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Abstract: This study evaluated the performance, body water balance, ingestive behavior and blood
metabolites in goats fed with cactus pear silage subjected to an intermittent water supply. Thirty-six
goats were distributed in a randomized block design arranged as a 3 × 3 factorial with cactus pear
silage in the goats’ diet (on a 0%, 21% and 42% dry matter-DM basis) and water offer frequency
(ad libitum, and 24 and 48 h water restrictions). There was an interaction only between the cactus
pear silage level and water offerings for drinking water. Goats fed 42% cactus pear silage had
greater intake of non-fibrous carbohydrates, energy, Ca, Mg and Na minerals, water intake, urinary
water excretion, body water retention and nutrient digestibility. Cactus pear silage inclusion up to
a 42% rate reduced eating and ruminating time and increased the time spent idling as well as the
eating and the ruminating efficiency rate. Water restriction at 48 h reduced drinking water intake.
Performance and blood metabolites were not affected by cactus silage inclusion or water offering.
Cactus pear silage inclusion at up to 42% for goats is recommended during periods of water shortage
in semiarid and arid regions because it improves eating, the ruminating efficiency rate, and body
water retention; cactus pear silage inclusion at this rate reduces water consumption and it does not
affect the performance or health of the animals.

Keywords: caprine; silage; Opuntia ficus sp.; semiarid; water restriction

1. Introduction

Semiarid and arid regions around the world harbor large herds of small ruminants that are
subjected to water and feed scarcity, which has intensified with the effects of climate change [1]. Water
is important for goats and is essential at any rearing phase. The increasing scarcity of this precious
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natural resource has drawn concern from different segments of society, who seek solutions for rational
and sustainable use of this resource [2]. The meat of small ruminants, such as sheep and goats, is a
food source in many parts of the world, and the high adaptability of these animals in semiarid and
arid areas allows them to use water efficiently [3,4].

Water restriction due to long periods of drought and rainfall irregularities have been reported
to reduce feed intake and performance in sheep and goats [5]. Water can be supplied to animals in
the form of a drink, feed and metabolic water from nutrient catabolism [6]. Bispo et al. [7], while
investigating the feed of sheep, observed that water intake decreased from 3.25 L/d to 0.44 L/d when
forage cactus pear was used as feed from 0 to 560 g/Kg of dry matter (DM), substituting for elephant
grass. Forage cactus pear is an excellent alternative for increasing water availability through feed [8–10]
and is widely used as a feed ingredient in sheep diets in semiarid and arid regions because of its good
adaptability to soil and weather conditions [11].

Despite the low DM production (<10% as fresh matter), cactus pear forage is an excellent source
of dietary energy because of its non-fibrous carbohydrates (NFC ± 55% in DM) and total digestible
nutrient (TDN) content; in addition, it has high water (±90% as fresh matter) and ash (±9%% in DM)
contents [12,13]. Cactus silage fermentation is dominated by lactic acid fermentation, resulting in a
pH of approximately 4.0 and a low yeast content [14,15]. Considering the difficulties encountered
in semiarid regions, such as the low availability of forage and water scarcity, we have hypothesized
that the storage of juicy plants, such as cactus pear forage, becomes even more important because the
nutritional value and water amount found in cactus pear silage could be a source of water to replace or
save drinking water without affecting the performance growth of animals. Therefore, investigations
into the ability of animals to adapt to these changes are needed. Thus, this study was conducted to
test the hypothesis that cactus pear silage feeding can improve the water use efficiency during water
restriction periods in goats, improving their performance without negative effects on their ingestive
behavior or health.

2. Materials and Methods

All procedures involving animals were approved by the Ethical Principles for the Use of Animals
for Scientific Purposes of the Federal University of Bahia (Permission number 04/2016), in accordance
with the guidelines of the National Council of Control of Animal Experimentation (Brasília, Brazil;
CONCEA). The experiment was conducted in the Experimental Field of Caatinga Biome, which belongs
to the Brazilian Enterprise of Agriculture Research-Embrapa Semiarid and has the geographical
coordinates 9◦23’35” South and 40◦30’27” West.

2.1. Animals, Experimental Design and Duration

Thirty-six castrated male crossbreed goats (F1 Boer × undefined breed) with an initial body weight
(BW) of 18.2 ± 7.23 Kg and 8 months of age were distributed in a randomized block design, and
treatments were arranged in a 3 × 3 factorial, using three levels of cactus pear silage (0, 21 and 42% DM
total) and intermittent daily offers of water (ad libitum) or water every 24 or 48 h (water restriction).

The experimental period lasted 75 d, preceded by 12 d of adaptation of the animals to the
environment, with intermittent offers of water and feeding. The goats were identified, weighed and
treated to control internal and external parasites in the adaptation period.

2.2. Silage Cactus Pear and Qualitative Characteristics

The cactus pear (Opuntia ficus sp.) used in the experiment to make the silage was obtained from a
cactus pear plantation. The cactus plants were more than four years old and were obtained from a
single producer. The plants were cut and moved to Embrapa Semiárido (Brazil), where they were cut
to 3.0 cm, processed in a shredder and stored in polyethylene plastic tubs with a 200 L capacity and
without additives. The silos were covered with plastic and sealed with lids to promote the fermentative
process; the silage was used after a minimum period of 60 d after its confection.
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The fermentation profile of silage was realized in mini-silos (polyvinyl chloride tubes with 5 L
capacity, 100 mm in diameter and 50 cm in length) coupled with a Bunsen-type valve on the lid to
evaluate the output of gases and a thin area layer at the base to measure losses. The pH was determined
according to Jobim et al. [16]. The dry matter content and recovery, losses from the effluent and gases
were quantified using the following equation proposed by Jobim et al. [16]. The ammonia nitrogen
(mg/g total N) content was determined as described by Bolsen et al. [17]. The lactic, acetic, propionic
and butyric acid analysis was performed according to Kung and Shaver [18]. The samples were
centrifuged at 13,000 × g for 15 min for readings in a high-performance liquid chromatograph (HPLC),
Shimadzu brand, coupled to an ultraviolet (UV) detector model SPD-10A VP at a wavelength of 210 nm.
A reverse phase C18 column with a pressure of 168 Kg force (f ) and a flow rate of 1.5 mL/min was used.

2.3. Diets and Chemical Composition

The diets were composed of different concentrations of cactus pear silage, Tifton-85 grass hay
and concentrate (created with corn bran, soybean meal, wheat bran and a mineral part). Diets were
formulated to meet the nutritional requirements of crossbred goats with estimated weight gain of 100 g/d
following the National Research Council [6] recommendations. The ratio of roughage:concentrate was
60%:40%, but the concentrations of cactus pear silage were offered at volumes of 0%, 21% and 42%.
The ingredient composition is presented in Table 1, and the mixtures of ingredients in different diets
and diet composition are in Table 2.

Feed was provided in two daily meals, at 9:00 and 15:00 h, and the amount of feed was adjusted
daily with an acceptable refusal amount corresponding to 10% of the total amount supplied to ensure
ad libitum intake. Samples of ingredients of the diets and from the concentrations and refusals were
collected weekly and frozen (–20 ◦C) for further chemical analysis.

The samples were then thawed, pre-dried at 55 ◦C for 72 h and ground to pass through a 1-mm
sieve using a Wiley mill (Tecnal, Piracicaba City, São Paulo State, Brazil), before being stored in properly
sealed airtight plastic containers (model SR941, Sanremo, Esteio city, RS state, Brazil) until subsequent
laboratory analysis. Laboratory analyses were performed according to the Association of Official
Analytical Chemists (AOAC) [19] for dry matter (DM, method 930.15), crude protein (CP, method
968.06), ether extract (EE, method 954.05), and crude ash (method 942.05).

Analyses for the determination of neutral detergent fiber (NDF) and acid detergent fiber (ADF)
were performed according to Van Soest et al. [20], with modifications proposed by Senger et al. [21]
for the use of an autoclave. The autoclave temperature was maintained at 110 ◦C for a period of
40 min. The samples were treated with thermostable alpha-amylase without the use of sodium sulfite.
Neutral detergent insoluble nitrogen (NDIN) and acid detergent insoluble nitrogen (ADIN) values
were obtained following the recommendations of Licitra et al. [22]. The NDF residue was incinerated
in an oven at 600 ◦C for 4 h, and the protein correction (NDFap) was determined by subtracting the
NDIN. Acid detergent lignin (ADL) contents were determined by using ADF residue treated with 72%
sulfuric acid [19].

The NFC content was determined as proposed by Mertens (Equation (1)) [23]:

NFC
(

g
Kg

)
= 100−NDFap −CP− EE− crude ash (1)

The contents of calcium (Ca), phosphorous (P), magnesium (Mg), potassium (K) and sodium (Na)
of ingredients and diets were determined in a mineral solution obtained by distillation. For Ca and Mg
minerals, atomic absorption spectrophotometry was used; P was determined with colorimetry while
Na and K were determined by flame spectrophotometry according to AOAC [19].
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Table 1. Chemical composition of the experimental ingredients and cactus pear silage quality.

Item Corn Bran Soybean Meal Wheat Bran Cactus Pear Silage Tifton-85

Chemical Composition (g/Kg dry matter)
Dry matter (g/Kg as fed) 881 852 848 96.9 864
Crude ash 39.2 47.3 78.8 98.5 104
Crude protein 92.4 490 185 53.1 78.6
NDIN 1 (g/Kg crude protein) 218 112 16.4 24.5 397
ADIN 2 (g/Kg crude protein) 99.8 60.2 51.4 7.50 70.6
Ether extract 41.0 17.5 34.5 18.8 17.9

Neutral detergent fiberap
3 124 144 427 291 738

Acid detergent fiber 49.7 96.8 126 208 399
Non-fibrous carbohydrates 703 300 274 539 61.4
Hemicellulose 74.6 47.7 301 82.0 339
Acid detergent lignin 13.5 18.5 37.5 52.1 84.5

Macrominerals (g/Kg dry matter)
Calcium (Ca) 38.3 25.2 33.2 93.1 10.4
Phosphorus (P) 10.6 60.6 12.7 8.50 13.6
Magnesium (Mg) 16.3 29.1 17.1 42.6 31.8
Sodium (Na) 30.0 60.0 30.0 80.0 30.0
Potassium (K) 7.00 18.0 5.00 6.00 6.00

Qualitative characteristics of cactus silage
pH - - - 3.81 -
Effluent loss (Kg/t fresh matter) - - - 22.8 -
Gas losses (g/Kg dry matter) - - - 59.2 -
Dry matter recovery (g/Kg of feed) - - - 923 -
N-NH3 (mg/g nitrogen) - - - 9.00 -
Lactic acid (mg/Kg dry matter) - - - 80.2 -
Acetic acid (mg/Kg dry matter) - - - 22.5 -
Propionic acid (mg/Kg dry matter) - - - 8.10 -
Butyric acid (mg/Kg dry matter) - - - 0.50 -

1 NDIN = Neutral detergent insoluble nitrogen; 2 ADIN = Acid detergent insoluble nitrogen; 3 NDFap = Neutral detergent fiber corrected for ash and protein.
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Table 2. Ingredient proportions and chemical composition of the experimental cactus pear silage diets.

Item Inclusion of Cactus Pear Silage in Diet (g/Kg DM)

Ingredients (g/Kg dry matter) 0 21% 42%
Cactus pear silage 0.00 210 420
Corn bran 310 270 130
Soybean meal 70.0 90.0 90.0
Wheat bran 10.0 30.0 170
Mineral mixture 10.0 10.0 10.0
Tifton-85 grass 600 390 180

Chemical composition (g/Kg dry matter)
Dry matter (g/Kg as fed) 870 707 542
Crude ash 98.7 78.4 82.9
Crude protein 112 116 124
Neutral detergent insoluble nitrogen, g/Kg CP 1 314 230 123
Acid detergent insoluble nitrogen, g/kKg CP 1 78.0 63.0 42.9
Ether extract 25.0 24.6 23.9
Neutral detergent fiberap (NDFap

2) 496 408 357
Acid detergent fiber 263 225 196
Non-fibrous carbohydrates 279 372 412
Hemicellulose 233 183 161
Acid detergent lignin 55.3 50.3 46.9

Macrominerals (g/Kg DM)
Calcium (Ca) 40.4 61.0 78.0
Phosphorus (P) 24.4 24.4 22.4
Magnesium (Mg) 32.1 34.7 37.0
Sodium (Na) 37.5 45.1 55.6
Potassium (K) 7.60 7.70 7.50
Ca:P ratio 1.65:1 2.50:1 3.48:1

1 CP = Crude protein; 2 NDFap = Neutral detergent fiber corrected for ash and protein.

2.4. Intake, Performance and Digestibility

Nutrient intake was estimated by calculating the difference between the total of each nutrient
contained in the feed offered and the amount in the refusals. The goats were individually weighed at
the beginning and at the end of the experiment, always in the morning after 16 h of fasting. At the end
of the experimental period, the final body weight (FBW) was obtained. The total weight gain (TWG)
was also calculated as the difference between FBW and the initial BW, and the average daily gain
(ADG) was calculated by dividing the results by the number of days of feedlot. The feeding efficiency
was calculated as the ADG:DMI ratio (g/g).

The digestibility trial was conducted using 18 goats in metabolic cages (six replicates) individually
fed the same diet and subjected to intermittent water supply for 20 d, with 15 d of adaptation to the
metabolic cages. Feces collection occurred on 5 consecutive d (between the 40th and 45th d) following
adaptation to metabolic cages. Collected samples were frozen for further analysis. For the collection of
total feces, collection bags were attached to the goats, and samples were collected twice a day, at 09:00
and 15:00 h. The samples were weighed and homogenized, and approximately 10% of the total sample
volume was retained for subsequent laboratory analyses. Total urine was collected with a bucket
collector in the metabolic cage, which contained sulfuric acid solution (required to maintain the final pH
below three) in a proportion equal to 10% of the total volume of urine from the previous day. The DM,
CP, EE, NDFap, NFC and TDN digestibility coefficients were calculated using the following equation:

ND =

[
(In− Ex)

In

]
x 100 (2)

where, ND is Nutrient Digestibility (g/Kg DM), In is ingestion (Kg of ingested nutrient) and Ex is
excretion (Kg of excreted nutrient).
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2.5. Body Water Balance in Goats

The water intake was measured by weighing the offered water in plastic buckets and subtracting
the leavings after a 24 h period and the water lost by evaporation. The following formula was used
(Equation (3)):

DW = (OW −RO) − EO (3)

where, DW is Drinking water (Kg), OW is Offered water (Kg), RO is refused water (Kg) and EO is
evaporated water (Kg)

To calculate the amount of evaporated water, plastic buckets with water were randomly distributed
in the same location of the bays where water was offered and weighed every 24 h, thus calculating the
average values of water loss per evaporation. Feeding water (FW) was calculated by determining the
dry matter (DM basis) content of feed and refusals using the following Equation (4):

FW = MS−MR (4)

where, FW is feeding water (Kg), MS is moisture contained in the supply (Kg) and MR is moisture
contained in refusals (Kg). Total water intake was calculated by Equation (5):

TWI = FW + DW (5)

and total water excretion was calculated by Equation (6):

TWE = UWE + FWE (6)

where, TWE is total water excretion (Kg/day), UWE is urine water excretion (as DM basis, Kg/day) and
FWE is feces water excretion (as DM basis, Kg/day). The values of UWE and FWE were calculated by
means of DM analysis (AOAC, 2012) and estimated by using the following Equations (7) and (8):

UWE = (1−DMurine) (7)

FWE =
(
1−DM f eces

)
(8)

Body water balance/retention (BWB, Kg/day) was calculated by subtracting the total water intake in
relation to the total water excreted using the following formula (Equation (9)) [24]:

BWB

 Kg
animal
day

 = TWI − TWE (9)

2.6. Ingestive Behavior

Goats were subjected to individual visual observations at the 16th and 50th d of the experimental
period in five-minute intervals according to Martin and Bateson [25] by two trained observers per
animal to evaluate ingestive behaviors (spent time eating, ruminating and idling). The nighttime
observations were conducted using artificial lighting. The observers counted both the number of
ruminating chews and the boli ruminated per day. For rumination, the chews were evaluated at three
different periods of the day (10:00–12:00, 14:00–16:00 and 18:00–20:00 h) using a digital chronometer [26].
Total chewing time (TCT) was calculated over three 15-second periods by multiplying the average
number of chews by four to obtain the chewing time per minute. Eating and/or ruminating rates were
calculated by dividing the DM and NDF intake by the total time spent in activity, expressed as g DM/h
and g NDF/h, respectively [26].
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2.7. Blood Metabolites

Blood samples were collected every 21 d from all goats; and samples were collected by jugular
venipuncture in the morning before feeding [27]. Disposable needles (25× 8 mm; 21× g) were used, and
10 mL blood samples were placed in glass tubes without anticoagulant for biochemical tests. Metabolic
parameters were analyzed, and the methods used were as follows (Labtest Diagnostic SA®, Brazil):
albumin was measured by bromocresol green; total protein concentration was measured by the biuret
method; glucose concentration was measured by the GOD-Trinder method; triglycerides were measured
by glycerol phosphate oxidase (GPO); total cholesterol was measured by the cholesterol enzymatic
method; and globulin concentration was calculated by the mathematical difference between total
protein and the albumin serum concentration. The laboratory analyses were determined by using the
colorimetric method on a semi-automatic biochemical analyzer (BIOPLUS 2000®, São Paulo, Brazil).

2.8. Statistical Analysis

The experimental design was a randomized block design, blocked according to animal weight,
and the treatments were arranged in a 3 × 3 factorial with three cactus pear silage inclusion levels (0%,
21% and 42% DM) and intermittent water offers (ad libitum, and 24 and 48 h water restriction) in the
diets of goats.

The following mathematical (Equation (10)) model was used:

Yijk = µ+ αi + β j + (αβ)i j + k + ei jk (10)

where Yijk is observed value; µ is overall average of the treatment; αi is effect of cactus pear silage
levels i, i is 0% (control), 21% and 42%; β j is effect of intermittent water offers j; j is ad libitum (control),
24 h and 48 h water restriction; (αβ)i j is effect of the interaction of the levels of cactus pear silage and
of intermittent water offers; and ei jk is error random associated with each observation.

The studied variables were statistically treated by analysis of variance (ANOVA), followed by
Tukey’s test using PROC GLM–SAS® [28]. Significance was set at p < 0.05.

3. Results

3.1. Performance, Intake, Digestibility and Body Water Balance

There was no interaction (p > 0.05) between the proportions of cactus pear silage and the
intermittent offers of water on performance and nutrient intake of goats, so the data are presented and
discussed separately (Table 3).

The intermittent offers of water did not influence performance growth or the nutrient intake
of goats. The intake average observed for DM was 651 g/day, corresponding to 3.19% BW and 61.9
BW0.75. Cactus pear silage inclusion in the diets reduced NDFap intake and increased the intake of
NFC and TDN (g/day). The intake of NDFap was greater (p = 0.02) in the diet without cactus pear
silage than in the diets with 21% and 42% cactus pear silage.

The NFC was greater (p < 0.01) in the diets with greater proportions of cactus pear silage for
animals that received 21% and 42% cactus silage in the diets, respectively, than in the diet without
silage. The TDN was greater in the diet with 42% cactus pear silage than in diets with 0% and 21%
cactus pear silage.

The intermittent offers of water did not influence the intake of minerals (p > 0.05). The intake of P
and K was not influenced (p > 0.05) by the inclusion of cactus pear silage in the diets. However, Ca, Mg
and Na intakes and the Ca:P ratio showed an effect with the increase in cactus pear silage in the goats’
diet. Cactus pear silage elevated the Ca intake (p < 0.01) for the animals that received 42% cactus pear
silage, which was greater than the intake in goats without and with 21% DM silage inclusion in the
diets. The Mg intake was greater (p < 0.01) in goats that received greater proportions of cactus pear
silage (21% and 42% DM) than in goats that were not fed cactus pear silage. Regarding Na intake,
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animals fed 42% cactus pear silage had greater intake average values (p < 0.01) than the diets with 0%
and 21% cactus pear silage.

There was no interaction (p > 0.05) among the mineral absorption, digestibility coefficient and
body water retention values in goats (Table 4). In addition, the proportions of cactus pear silage and
the intermittent offers of water did not affect (p > 0.05) the mineral absorption coefficients in goats.

Table 3. Performance growth and nutrient intake in goats fed diets containing cactus pear silage and
subjected to intermittent water offers.

Intake
Cactus Pear Silage

(% DM) Water Offers (h)
SEM 2 p-value 3

0 21 42 0 h 24 h 48 h CS WO CS ×WO

FBW 1, Kg 22.9 22.9 22.4 23.1 23.3 21.8 0.61 0.93 0.62 0.60
TWG 1, Kg 4.01 4.65 5.00 4.86 4.83 3.96 0.33 0.48 0.48 0.39
ADWG 1, g/day 63.6 73.7 79.4 77.2 76.7 62.9 5.29 0.48 0.48 0.39
FE 1 0.15 0.16 0.17 0.16 0.17 0.14 0.01 0.70 0.65 0.25
Daily intake (g/day)

Dry matter 623 654 675 671 682 599 22.2 0.65 0.28 0.49
DM, %BW 1 3.01 3.18 3.39 3.26 3.25 3.06 0.08 0.21 0.53 0.61
DM, BW0.75 59.8 62.2 65.3 63.2 63.8 57.1 1.41 0.30 0.43 0.59
Crude protein 80.1 92.8 92.9 92.3 90.9 82.7 3.12 0.16 0.40 0.45
Ether extract 16.6 18.0 17.8 18.1 18.2 16.0 0.60 0.62 0.29 0.74
NDFap 291a 230b 227b 263 263 222 10.7 0.02 0.16 0.56
NFC 169b 244a 267a 227 226 215 10.9 <0.01 0.55 0.30
TDN 334b 401b 499a 399 404 431 19.2 <0.01 0.68 0.29
Ca 2.65c 4.27b 5.69a 4.08 4.23 4.28 0.269 <0.01 0.89 0.51
P 1.52 1.75 1.75 1.64 1.67 1.70 0.07 0.32 0.96 0.24
Ca:P ratio 1.74c 2.44b 3.25a 2.49 2.53 2.52 3.84 <0.01 0.93 0.23
Mg 2.04b 2.69a 2.89a 2.53 2.61 2.48 0.12 <0.01 0.87 0.23
Na 0.83 0.88 0.84 0.88 0.86 0.82 0.34 0.81 0.76 0.29
K 2.09b 2.19b 3.62a 2.51 2.69 2.70 0.17 <0.01 0.76 0.25

1 BW = Body weight; FBW = Final body weight; TWG = Total weight gain; Average daily weight gain (ADWG);
FE = Feeding efficiency; 2 Standard error of the mean (SEM); 3 Means followed by different letters differ by Tukey’s
test (p < 0.05) to the following effects: CS = cactus pear silage; WO = intermittent water offers; and CS ×WO =
cactus pear silage and water offers interaction.

Table 4. Mineral absorption, nutrient digestibility and body water balance/retention in goats fed diets
containing cactus pear silage and subjected to intermittent water offers.

Item
Cactus Pear Silage

(% DM) Water Offers (h)
SEM 1 p-value 2

0.0 21 42 0 h 24 h 48 h CS WO CS ×WO

Mineral absorption (%)
Ca 59.2 60.0 59.2 58.7 59.5 60.3 10.9 0.94 0.85 0.93
P 63.2 61.6 60.9 61.4 61.6 62.6 5.31 0.09 0.49 0.41
Mg 70.3 71.2 71.5 71.4 70.6 71.1 7.23 0.81 0.91 0.74
Na 71.4 70.7 70.5 71.0 70.8 70.8 1.52 0.06 0.77 0.67
K 69.5 69.4 70.6 69.7 70.1 69.6 2.44 0.08 0.67 0.55

Nutrient digestibility (%)
Dry matter 66.2c 68.7b 72.3a 68.5 69.1 69.3 4.51 <0.01 0.94 0.50
Crude protein 70.2b 71.5ab 73.2a 71.7 71.7 71.4 4.34 0.01 0.12 0.98
Ether extract 68.1 68.9 68.9 68.2 69.0 68.5 3.42 0.52 0.23 0.32
NDFap 55.1 55.1 55.5 55.0 55.8 55.0 2.54 0.68 0.21 0.13
NFC 84.0b 89.0a 90.6a 87.3 86.9 89.2 7.05 <0.01 0.13 0.08
TDN 69.3c 72.0b 75.5a 71.8 72.3 72.6 4.52 <0.01 0.93 0.63

Body water intake (Kg/day)
Drinking 1.11a 0.52b 0.40b 0.83A 0.61AB 0.58B 0.03 <0.01 0.02 0.23
Feeding 0.16c 1.77b 3.13a 1.55 1.75 1.75 0.11 <0.01 0.47 0.14
Total 1.27c 2.29b 3.53a 2.38 2.36 2.33 0.15 <0.01 0.96 0.03

Body water excretion (Kg/day)
Urine 0.29c 0.55b 1.16a 0.61 0.65 0.72 0.28 <0.01 0.76 0.35
Feces 0.16 0.23 0.24 0.20 0.22 0.22 0.11 0.67 0.76 0.35
Total 0.45c 0.78b 1.40a 0.81 0.85 0.94 0.39 <0.01 0.45 0.07

Body water retention 0.82c 1.51b 2.13a 1.57 1.51 1.39 0.25 <0.01 0.59 0.13
1 Standard error of the mean (SEM); 2 Means followed by different letters differ by Tukey’s test (p < 0.05) for the
following effects: CS = cactus pear silage; WO = intermittent water offers; and CS ×WO = cactus pear silage and
water offers interaction.
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The intermittent water offers did not influence the DM, CP, ash, NDFap, NFC or TDN nutrient
digestibility. However, DM, CP, EE, NDFap and NFC digestibility were influenced by the inclusion of
cactus pear silage in the diets. The digestibility of DM (p < 0.01) and TDN (p < 0.001) was superior in
the diet with 42% cactus pear silage compared to the 0% diet and was similar to the 21% cactus pear
silage diet. Regarding CP (p = 0.01) and NFC (p < 0.01), goats fed 42% DM cactus pear silage presented
greater digestibility and NFC digestibility, and there was no difference between the groups fed 0% and
21% cactus pear silage.

There was an interaction (p = 0.033) between the cactus pear silage and intermittent water offers
for total water intake, which was not influenced by water balance in goats. The availability of cactus
pear silage elevated the total water intake (p < 0.01) for the diets without silage and with 21 and 42%
DM of cactus pear silage, while it did not influence the intermittent offers of water. Water offers did
not affect (p = 0.96) total water intake for offers ad libitum or 24 and 48 h water restriction.

The drinking water intake at 48 h restriction was reduced (p = 0.02). There was no difference
between the ad libitum and 24 h water restriction for drinking water intake. Water offers ad libitum
presented an average value of 0.83 Kg/day of drinking water. Drinking water intake was also influenced
(p < 0.05) by the inclusion of cactus pear silage; goats receiving 21% and 42% cactus pear silage
presented a reduction in drinking water when compared to goats that did not receive silage.

Feeding water intake (p = 0.47), total water intake (p = 0.96), urine water excretion (p = 0.76), total
body water excretion (p = 0.45) and body water retention (p = 0.59) were not influenced by intermittent
water offers.

However, cactus pear silage inclusion in the diets did influence feeding water intake (p < 0.01),
total water intake (p < 0.01), urine water excretion (p < 0.01), total water excretion (p < 0.01) and body
water retention (p < 0.01); a greater intake average was observed in the goats that received 42% cactus
pear silage compared to the group that received 21% cactus pear silage, and the treatment without
cactus pear silage inclusion presented lower feeding and total water intake by the goats. Feces water
excretion was not influenced by cactus pear silage inclusion (p = 0.67) or intermittent water offers
(p = 0.76).

3.2. Ingestive Behavior

There was no interaction (p > 0.05) between the studied factors for ingestive behavior variables
(Table 5). The proportions of cactus pear silage in diets influenced the eating spent time (p < 0.01),
which was greater in diets without cactus silage compared to the diets with 21% and 42% cactus pear
silage, which were 66 and 88 minutes lower per day, respectively. The time spent ruminating decreased
(p = 0.02) when there was an addition of 42% cactus pear silage compared to no cactus pear silage.
The diet with 21% cactus pear silage did not significantly differ from the diets with 42% cactus pear
silage or without cactus pear silage. The time spent idling of animals fed 42% cactus pear silage was
greater than that with diets lacking cactus pear silage. The group of goats receiving 21% cactus pear
silage had an average idling time of 901 min/d, which did not statistically differ from the 0 and 42%
cactus pear silage groups.

There was an effect (p < 0.05) of silage on the eating efficiency rate (g DM/h and g NDF/h) and
ruminating (DM), which presented greater time in the diet with 42% cactus pear silage than in the diet
without cactus pear silage and did not present a significant difference when compared with goats fed
21% cactus pear silage. Total chewing time (min/d) was similar between the diets of goats without and
those with 21% cactus pear silage; however, the total chewing time was lower in the diets with 42%
cactus pear silage than in the diets without cactus pear silage, and no significant difference was found
when compared with goats fed 21% cactus pear silage.
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Table 5. Ingestive behavior of goats fed diets containing cactus pear silage and subjected to intermittent
water offers.

Item
Cactus Pear Silage

(% DM) Water Offers (h)
SEM 2 p-value 3

0 21 42 0 h 24 h 48 h CS WO CS ×WO

Time spent activity (min/d)
Eating 248a 182b 160b 204 218 170 12.3 <0.01 0.17 0.27
Ruminating 414a 355ab 303b 402 336 334 17.2 0.02 0.15 0.49
Idling 778b 903ab 977a 834 886 936 25.5 <0.01 0.19 0.41

Efficiency rate (g/h)
Dry Matter (DM)
Eating 60.3b 86.2ab 101a 78.9 75.1 84.6 2.27 0.04 0.11 0.10
Ruminating 36.1b 44.2ab 53.5a 40.1 48.7 43.0 1.10 0.04 0.13 0.17

Neutral Detergent Fiber (NDF)
Eating 28.2b 30.3ab 34.1a 30.9 29.0 31.3 0.95 0.03 0.24 0.13
Ruminating 16.9b 15.5b 18.0a 15.7 18.8 16.0 1.15 0.04 0.24 0.12
TCT 1, min/d 663a 539ab 464b 606 555 504 25.5 <0.01 0.17 0.41

1 TCT = Total chewing time; 2 Standard error of the mean (SEM); 3 Means followed by different letters differ by
Tukey’s test (p < 0.05) for the following effects: CS = cactus pear silage; WO = intermittent water offers; CS ×WO =
cactus pear silage and water offers interaction.

3.3. Blood Metabolites

There was no interaction of cactus silage level and water offers for blood metabolites (p > 0.05) in
goats. The silage of cactus pear and intermittent water offers did not influence the serum concentrations
of glucose, albumin, globulin, total protein, triglycerides or total cholesterol (mg/dL) (Table 6).

Table 6. Blood serum metabolites of goats fed diets containing cactus pear silage and subjected to
intermittent water offers.

Blood Metabolites
(mg/dL of Blood)

Cactus Pear
Silage (% DM) Water Offers (h)

SEM 1 p-value 2

0 21 42 0 h 24 h 48 h CS WO CS ×WO

Glucose 59.6 77.8 65.0 66.6 70.6 65.2 5.82 0.49 0.93 0.93
Albumin 3.17 3.28 3.06 3.13 3.21 3.17 0.16 0.26 0.86 0.17
Globulin 3.49 2.94 3.11 2.57 3.26 3.72 0.26 0.67 0.20 0.52
Total protein 6.67 6.23 6.17 5.71 6.93 6.43 0.25 0.68 0.15 0.64
Triglycerides 194 172 193 195 184 180 11.8 0.76 0.88 0.86
Cholesterol 108 124 91.5 127 97.6 101 8.34 0.40 0.33 0.80
1 Standard error of the mean (SEM); 2 Means followed by different letters differ by Tukey’s test (p < 0.05) to the
following effects: CS = cactus pear silage; WO = intermittent water offers; CS ×WO = cactus pear silage and water
offers interaction.

4. Discussion

Cactus pear silage presented good fermentation with low effluent and loss of gasses, high DM
recovery (93%), high soluble carbohydrate content (54% in DM) and a pH value of 3.8, which promote
high lactic acid concentrations [14]. In addition, the mucilage avoided the effluent flowing down to the
bottom of silos, minimizing losses during ensilage because the cactus silage was well preserved. It can
be inferred that the silage did not influence the performance data since all animals received the same
silage, which only changed the quantity offered.

The goats presented similar ADG values, which can be explained by the lack of differences in
DMI. However, the mean ADG value (76 g/d) was lower than expected (100 g/d) according to the
recommendations of NRC [6] because the DMI had average values lower than 730 g/day (Table 3),
resulting in a total gain of 4.55 Kg during the 63 experimental d. In addition, the feed efficiency was
similar between treatments, presenting an average value of 0.16 (g/g) and demonstrating that the cactus
silage did not influence feed efficiency and can be offered at a proportion of 42% in a goat kid’s diet.

The reduction in NDF can be correlated to a reduction in NDFap in the diet (Table 2) due to
cactus pear silage inclusion, which was approximately 49.5, 40.8 and 35.7% at 0, 21 and 42% inclusion,
respectively. According to Cordova-Torres et al. [12], Silva et al. [9] and Felix et al. [13], cactus pear
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forage presented a low concentration of NDFap compared to other roughages, which is associated with
high soluble carbohydrate concentrations that increase the NFC ingestion of goats and, consequently,
the TDN [29], corroborating the findings of the present study. Several factors can be associated
with feed ingestion control, including palatability, DM digestibility and ruminal degradation [30].
The increase in digestibility is not attributed to palm silage alone but to the diet as a whole, as the
higher level of cactus pear increased the energy intake (NFC and TDN). Thus, by ingesting more
cactus pear that has high digestibility, the total intake of energy is also increased. The DMI had a slight
increase that was not significant in the statistical analysis.

Intermittent water offerings did not influence the nutrient intake of the goats. Bessa and
Aganga [31] evaluated different intermittent offers of water in Tswana goats and did not observe any
differences in DMI, which presented an average water intake of 751 g/d with hydric offers every 72 h.
Misra and Singh [32] offered water at 0, 24 and 48 h to goats and did not observe any effect on DMI,
demonstrating that goats are resilient animals that can adapt to intermittent water offers for up to 48 h.

Ca, Mg and K intake increased with the addition of cactus pear silage at 42%. These results may
be justified by the greater concentration of these minerals in cactus pear forage (Table 1). The cactus
pear silage addition at 21% and 42% elevated the Ca intake compared to animals that did not receive
silage in the diet. In this context, Ben Salem et al. [33] affirmed that diets based on forage cactus pear
generally elevate Ca concentrations, and the absence of excess of this mineral may be correlated with
the presence of oxalate, which is connected to Ca and makes Ca unavailable to the animal. Regarding
K, Segundo Neto et al. [34] observed that with the incorporation of the cactus pear forage in the diet,
urinary excretion is increased by the greater water intake from the dietary component, as was observed
in this experiment, and by the action of electrolytes with diuretic effects, which may have stimulated
the increase in K intake.

Regarding P intake, P was not influenced by the studied factors, with average values of intake at
1.67 g/d. According to the NRC recommendations [6], the P intake may be 0.71 g/d per goat, which is
lower than that found in this study. The P concentrations in saliva are elevated with the increased
availability of this mineral in the diet. The salivary secretions supply the rumen microbiota with a
readily available source of P, which, according to the NRC [6], is necessary for cellular growth and
metabolism. However, excess P in the diet may interfere with Ca absorption, mainly when the ratio
between these two minerals is under 1:5. In this study, the Ca:P ratio ranged between 1.74:1 and 3.25:1
in treatments with 0% and 42% cactus pear silage. In small ruminants, a ratio of Ca:P that is higher
than 7:1 or lower than 1:1 may lead to the appearance of urolithiasis and affect the performance of the
animal [35].

Although the intake of some minerals was increased with the inclusion of cactus silage in the diet
of goats, it was not enough to cause changes in the mineral absorption coefficients, probably because
Ca is in a calcium oxaloacetate form and is apparently unavailable to the ruminants [36]. The finding
that there was no effect of the Ca:P ratio on absorption suggests that there is an adaptation of true
Ca digestibility maintenance with regards to the varying intake or the Ca:P ratio. Certain minerals
can have an effect on the transport and bioavailability of calcium in the body, and calcium transport
in the body is enhanced by carbohydrates and by low luminal concentrations of sodium. This may
explain the lower absorption of Ca in relation to the other minerals. According to the NRC [6], goats
may present Mg and K absorption coefficients of 70% and 91%, respectively.

The digestibility of DM, CP and NFC was positively influenced by the addition of cactus pear
silage in the diet. These results might be associated with the low ADF and ADL concentrations
(Table 2) and a greater concentration of NFC in the cactus pear silage, which probably increased
ruminal degradation and nutrient digestion. Bispo et al. [7] affirmed that increasing NFC in the diet
might favor rapid degradation in the rumen, quickly absorbing and increasing energy support and
favoring microbial growth and digestion. According to Batista et al. [37], approximately 60% of the
carbohydrates (in DM) of cactus pear forage are of rapid and medium degradability, and only 4.4%
are unavailable; the carbohydrates are 12.9% starch, a relatively high value for general roughage.
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Thus, the high percentage of rapidly digested carbohydrates increased the microbial activity and the
concentration of volatile fatty acids (VFAs), resulting in a reduction in pH. Costa et al. [38] affirmed that
in sheep fed cactus pear, the degradability was important for the synthesis of microbial protein in the
rumen, stimulating ruminal microbiota and favoring cellulolytic activities; in response, the microbiota
can increase available energy in the form of fatty acids and reduce the quantity of protein that escapes
degradation in the rumen.

Due to its high water contents (± 90%), the cactus pear silage increased the feeding water and
influenced water excretion in urine to maintain equilibrium in the goats. However, total water intake
was greater than water excretion, resulting in a positive water balance and more water retention in
goats who received silage in the diet. The greater urinary water excretion was influenced by total water
intake, which was greater in the group of goats that ingested 42% cactus pear silage. Animals that
consume more water tend to eliminate more urine to maintain hydroelectrolyte equilibrium [39,40].

The intermittent water significantly influenced the drinking water intake because the goats that
received ad libitum water presented a higher average daily intake (0.83 Kg/d) than the animals receiving
intermittent supplies of water every 48 h (0.58 Kg/d). However, the animals receiving intermittent
supplies of water or restriction every 24 h (0.61) presented similar drinking water intake relative to
goats who received ad libitum water. These goats ingested more water when it was available in an
attempt to compensate for the lack of drinking water during the restriction days [39]. Thus, the total
water intake was similar among the treatments.

Water availability is important in animal production in semiarid regions due to limited water
supply, and animals in these regions that drink water at a low frequency may not meet producer
needs [39]. During periods of water scarcity, a goat consumes less water due to its greater water use
efficiency in relation to lambs, probably due to lower fecal and urinary losses and because their DMI
and nutritional requirements are lower than lambs [41]. In this sense, the presence of any cactus pear
silage in the diet can increase water use or excretion and therefore increases the need for ingestion.
Neto et al. [34] and Araújo [42] affirmed that forage cactus pear may be an important source of water
for animal watering in seasons of water scarcity. The observation of higher urinary volume produced
by cactus pear forage diets in the in natura form is expected because urinary excretion is necessary
to maintain homeostasis between water intake (both voluntary intake and feeding intake) and the
excretion of water by the organism [43,44]. It has been proven that goats fed rations containing more
than 30% cactus pear forage can stop drinking water and still maintain high urinary excretion [45].

The goats that did not receive cactus pear silage in their diets spent more time eating and
ruminating because of the reduction in NDFap and increase in NFC in the diets with more cactus pear
silage (Table 2). In this context, some authors have affirmed that the time spent ruminating and chewing
was influenced by the nature of the diet and seems to be proportional to the fiber content [23,46].
This also promoted increases in the eating and ruminating efficiency rate (g DM/h) and decreases in
the total chewing time (min/d). Costa et al. [47] evaluated the ingestive behavior of goats and sheep
fed with increased concentrations of forage cactus pear as feed and observed a linear reduction; the
authors associated this reduction with the reduction in fiber content in the ration and the increase
in the percentage of cactus pear. Consequently, there was a decrease in NDFap and an increase in
the quantity of NFC contained in the ration, and thus, the quantity of physically effective fiber was
reduced. Therefore, a reduction in the time spent eating and ruminating due to an increase in the
soluble carbohydrate (NFC) content and a reduction in the fibrous content in the diet can promote a
reduction in ruminal pH, which contributes to ruminal acidosis. Neiva et al. [48] analyzed the effect of
high intake proportions of cactus pear on the histological structure of the ruminal mucosa of sheep and
observed that the animals that received diets with more cactus pear showed greater erosion in the
stratum horny (keratinized layer) due to the presence of oxalates.

Regarding blood metabolites, there were no significant differences between cactus pear silage
levels and intermittent offers of water. De Kalyan et al. [39] observed that the restriction of water intake
during summer led to physiological and biochemical changes in Malpura breed sheep. However, the
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authors affirmed that when these stressful conditions were alleviated, their physiological condition
returned to normal by an ad libitum supply of water. Given that the supply of water was constant,
restriction every 48 h did not cause blood metabolite modifications in the goats in the present study.
In addition, the goats met part of their water needs by consuming cactus pear silage, thus reducing the
effects of this restriction.

5. Conclusions

Cactus pear silage inclusion at up to 42% for goats is recommended during periods of water
shortage in semiarid and arid regions because it improves the eating and ruminating efficiency rates
and body water retention and reduces drinking water ingestion without affecting the performance or
health of the animal.
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