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SUMMARY 

 

A lack of water in livestock production can limit 
the performance of the animals; therefore, the 
objective of this study was to evaluate the effect of 
water restriction on the growth performance of 
sheep that were fed forage cactus (Nopalea 
cochenillifera). Forty-two male sheep were used, 
with an average age and weight of ±100 days and 
18.75 ± (2,05) kg , respectively, and they were fed 
diets containing concentrate, mineral mixture and 
three levels of substitution (30, 50 and 70%) of 
Tifton hay with forage cactus (Nopalea 
cochenillifera). The animals were slaughtered 
when they reached 32 kg (± 1 kg) of body weight 
or 90 days. The experimental design was a 3x2 
factorial arrangement, forage cactus (30, 50, 70%) 
x water (with or without water) plus a control 
group (n=6). Variables were analyzed using Tukey 
and Dunnett’s test at 5% with PROC GLM in SAS 
software. Voluntary water intake and dry matter 
intake (DMI) decreased with the inclusion of 
forage cactus; however, preformed water intake 
and total water intake increased with the inclusion 
of forage cactus. Water restriction and its 
interaction with the treatments had no effect on 
animal performance. Daily weight gain was higher 
for the diets with 30 and 50%forage cactus 
inclusion, at 174 and 155 g, respectively, 
compared with 90 g for the control diet. Cactus, 
therefore, can be used as a food supplement and 
water resource. 
 
Keywords: forage cactus, Nopalea cochenillifera, 
weight gain 

RESUMO 

 

A falta de água na produção pecuária pode ser um 
fator limitante para o bom desempenho dos 
animais. O objetivo deste trabalho foi avaliar o 
efeito da restrição total de água na dieta de ovinos, 
alimentados com palma forrageira sobre o 
desempenho produtivo. Foram utilizados 42 
ovinos, machos, com idade e peso médio de ±100 
dias e 18,75± (2,05)kg, respectivamente; 
alimentados com dietas de 0, 30 50 e 70% de 
inclusão de palma forrageira. Os animais foram 
abatidos quando atingiam o peso de 32kg (± 1 kg) 
ou 90 dias em confinamento. O desenho 
experimental foi arranjo fatorial 3x2, inclusão de 
palma (30, 50 70%) x água (com água ou sem 
água). As variáveis foram analisadas utilizando o 
teste Tukey a 5% de probabilidade, pelo programa 
PROC GLM do SAS. Os consumos voluntários de 
água e de matéria seca diminuíram (P<0,05) com a 
inclusão de palma forrageira nas dietas, porém o 
consumo de água através dos alimentos e consumo 
total água aumentaram com a inclusão de palma 
forrageira (P<0,05). A restrição de água e a 
interação com os níveis de palma não teve 
influencia no desempenho dos animais (P>0,05). 
O ganho de peso diário foi maior para os 
tratamentos com 30 e 50% de inclusão de palma, 
com ganhos de 174 e 155 g, respectivamente, 
comparado com a dieta controle que obteve ganho 
médio de 90 g. A palma forrageira pode ser 
utilizada eficientemente como suplemento 
alimentar e fonte única de água na dieta. 
 
Palavras chave: ganho de peso, Nopalea 

cochenillifera, palma forrageira 
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INTRODUCTION 

 

The shortage of water has generated 
concern in all sectors, and better 
utilization of this vital liquid is needed. 
The relationship between water intake 
and food intake under semi-arid 
conditions may be a major factor in the 
low performance of animals because, in 
the absence of water points, the animals 
must spend more time and energy 
seeking other sources of water (BEN 
SALEM & SMITH, 2008). Animals can 
obtain water in three different ways: 
they primarily obtain water by drinking 
free water, but they can also obtain 
preformed water from food (mostly 
moist foods and succulent foods) 
(Araújo et al., 2010) or from metabolic 
water, which is formed during the 
oxidation of dietary nutrients and 
catabolism of body tissue (CSIRO, 
2007). Diet composition is a 
determining factor in water intake 
because nearly all foods, especially 
succulent foods, contain water 
(ARAÚJO et al., 2010).  
In northeastern Brazil, the water deficit 
caused by irregular rainfall has caused 
large losses of capital in the agricultural 
sector, including an estimated loss of 
millions of dollars due to livestock 
production losses. The chances of 
successful livestock production in semi-
arid conditions increase with the use of 
fodder adapted to these environments, 
such as cactus (CÂNDIDO et al., 2013). 
Cacti, which are well adapted to semi-
arid conditions, have a different 
metabolism, and they are eleven times 
more water-efficient than other plants. 
(GALVÃO JÚNIOR et al., 2014). 
Cactus has been considered a “bank of 
life” because it is a good source of 
water for humans and animals in areas 
with water scarcity (BEN SALEM & 
SMITH, 2010). Forage cactus contains 

high levels of water (80-90%), organic 
matter (93%) and carbohydrates 
(86.57%) but low levels of dry matter 
(13.6%) and crude protein (3.34%) 
(VALADARES FILHO et al., 2006). 
Therefore, forage cactus should be 
provided along with other foods 
because in addition to providing 
insufficient dry matter and nutrients, 
feeding with forage cactus alone leads 
to digestive problems (GALVÃO 
JÚNIOR et al., 2014). 
Several animal feed studies have 
evaluated the effect of water intake by 
studying cactus. Gebremariam et al. 
(2006), Bispo et al. (2007) and Tegegne 
et al. (2007) observed a decrease in the 
consumption of water from the water 
trough that correlated with an increase 
in the consumption of spineless cactus. 
Therefore, the aim of the present study 
was to evaluate the effect of total water 
restriction on the growth performance 
of sheep that are fed forage cactus. 
 

MATERIALS AND METHODS 

 

The experiment was conducted at the 
Centro de Ciências Agrárias, 
Universidade Federal de Alagoas, 
Brazil  (9°27’S, 35°27’W ), with an 
altitude of 127 m, a minimum average 
temperature of 23.94 ° C and maximum 
of 33.14 ° C, and relative humidity of 
25.77. The research project was 
approved by the Ethics Commission of 
the Federal University of Alagoas, with 
the number 56/2016. 
Forty-two healthy male Santa Inês 
sheep a with an average age and weight 
of ±100 days and 18.75 ± (2,05) kg, 
respectively, were included in the study. 
. The animals were submitted to an 
adaptation period of 14 days. The 
animals were kept in individual pens, 
with food and water troughs, and were 
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distributed in a 3 (forage cactus 
percentages) x 2(with or without water) 
random factorial design plus a control 
group (n=6). Animals were fed diets 
that were formulated according to the 
NRC (2007) for weight gain of 150 

g/animal/day, which consisted of three 
levels of substitution (30, 50 or 70%) of 
Tifton hay with  forage cactus (Nopalea 
cochenillifera), concentrate (corn, 
soybean and soybean oil) and mineral 
mixture (Table 1).  

 

Table 1. Ingredients and chemical composition of the experimental diets based on dry 
matter 

 

Ingredients 
Forage cactus levels (%) 

0 30 50 70 

Forage cactus 0.00 30.00 50.00 69.04 
Tifton hay 70.00 40.00 20.00 4.91 
Corn 18.3 13.8 10.3 4.70 
Soybean 7.00 13.00 17.50 19.70 
Mineral 
supplement 

1.70 1.7 1.7 1.65 

Soybean oil 3.00 1.5 0.5 0.00 
Chemical composition (% DM) 

DM (%) 88.67 34.10 24.19 18.95 
CP(%) 11.45 12.43 13.28 13.23 
NDF (%) 58.03 42.25 31.74 24.15 
ash (%) 7.89 9.71 10.95 12.21 
TC(%) 75.60 74.32 73.26 72.63 
NFC(%) 17.57 32.07 41.52 48.48 
EE (%) 5.06 3.54 2.51 1.93 
NDT 63.72 66.35 68.08 69.00 
ME (Mcal/kg) 2.808 2.92 3.00 3.04 
Forage Cactus: DM-14.0; CP-4.0; NDF-24.0; EE-1,86; TC-72.04; NFC-44.04%. DM: Dry matter; CP: 
Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; TC: Total carbohydrates; 
NFC: Non fiber carbohydrates; EE: Ether extract; ME: Metabolizable energy. 

 

Diets were mixed manually in the 
feeder. The food supply was performed 
twice a day (50% in the morning and 
50% in the afternoon), allowing 10% of 
leftovers until reaching 32kg (± 1 kg) of 
body weight or 90 days in confinement, 
and then slaughtered. Five kilograms of 
water were offered daily, and leftovers 
were weighed and discarded for a new 
supply of clean water, with the 
exception of animals in total water 
restriction. The animals were fed twice 
per day and were allowed to retain 10% 
of the food as leftovers, until they 
reached 32 kg and were slaughtered. 
Water was offered to all animals except 
those with water restriction. The sheep 

were offered 5 kg of water, and 
leftovers were weighed and discarded 
before fresh, clean water was provided; 
the water intake was recorded daily (24 
hours).The evaporative water losses 
were considered.  
Total water intake included the water 
derived from food, drinking water and 
metabolic water production. The 
preformed water was considered as the 
water contained in the foods, and their 
intake was calculated as the difference 
between the in natura food intake and the 
dry matter intake. The metabolic water 
production was estimated through the 
nutrients intake, assuming that 41; 55 and 
107g of water are produced from 100 
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grams of protein, starch and fat 
consumed, respectively (BOSSINGHAM 
et al., 2005). Dry matter intake (DMI) 
was determined by weighing the food that 
was offered and refused throughout the 
experiment The composition of feed and 
leftovers were analyzed according to the 
methodology by AOAC (1997). Animals 
were weighed every seven days to 
evaluate weight gain 
Data from treatments with forage cactus 
(30,50 and 70%) and water supply (with 
or without water) were analyzed using 
the Tukey's test at 5%  The Orthogonal 
test was used to compare the control 
treatment (0%) with treatments with 
forage cactus inclusion. The variables 
were analyzed using the PROC GLM 
procedure of SAS (Version 9.2: SAS 
Institute INC., Cary NC). 
 

RESULTS AND DISCUSSION 

 

Voluntary water intake and DMI 
decreased (P<0.05) with the inclusion of 
forage cactus (Table 2); the lowest 
intake was recorded for the sheep fed a 
diet of 70% forage cactus. Other 
scientists (VIEIRA et al., 2008; 
MENDEZ-LLORATE et al., 2011; 
COSTA et al., 2012) have reported that 
increasing the proportion of forage 
cactus in the diet (above 50%) reduced 
dry matter intake. Forage cactus has a 
low dry matter content, which explains 
the reduction in the DMI; distension of 
the digestive tract limits the intake of 
food, even if the nutritional 
requirements are not met (VAN 
SOEST, 1994). 
The voluntary intake of water decreased 
(P<0.05) from 1.80 kg (control) to 
0.207kg (70% forage cactus), but the 
intake of water through the food and 
total water intake (preformed water in 
the diet, beverage water and water 

metabolic production) increased with 
the inclusion of forage cactus (P<0.05). 
This behavior may be due to the 
composition of forage cactus, which is 
approximately 86.0% water, and its 
correspondingly low dry matter content 
(14.0%); thus, all of this water is 
consumed by animals directly from 
forage cactus. The metabolic water 
production estimate was significant 
(P<0.05) between treatments. The 
production of metabolic water is 
important, mainly for the determination 
of the water balance (MORRISON, 
1953). The total water intake (water 
offered + water contained in the diet + 
metabolic water) was significantly 
greater (P <0.05) for animals that were 
provided water ad libitum (Figure 1). 
The interaction (Treatment x Water) 
was significant (P <0.05). Differences 
were observed mainly in the 30% 
inclusion treatment, being smaller in the 
animals under water restriction. 
When water is provided freely, the 
animal’s total intake is correlated with 
DMI. The total water intake can be 
expressed using the equation TWI= 
3.86*DMI-0.99 (NRC, 2007), where 
1kg of DMI results in 2.87 l of water 
intake. Similar results were observed in 
the control group in this experiment; the 
animals in the control group consumed 
0.84kg of DMI and 1.88 l of water, 
which is close to the value obtained 
from the equation. An animal’s feed and 
water intake depends on several 
variables related to the animal 
(metabolic requirements, hormonal 
stimuli, satiety, etc.), food (nutritional 
value, particle size, etc.) and water 
(availability and salinity) (CHURCH, 
1988; SILANIKOVE, 1989; VAN 
SOEST, 1994; NRC, 2007; ARAÚJO et 
al., 2010). 
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Table 2. Water intake, dry matter intake and average daily gain of Santa Inês sheep fed forage cactus 
 

Parameters 
Forage cactus levels % 

P 
Water 

P 
FC*W  

0 30 50 70 with without P RMSE 
DMI (kg) 0.84* 0.92a

 0.80b
 0.68c

 0.0001 0.81 0.80 0.81 0.15 0.160 
ADG(kg) 0.09* 0.174a 0.155ab 0.111b 0.010 0.148 0.146 0.879 0.674 0.031 
Voluntary intake of water (kg/d) 1.80* 0,48a 0.32ab 0.22b 0.0392 0.69 0.0 0.0001 0.03 0.252 
Preformed water (kg/d) 0.073* 2.05c 2.59b 2.86c 0.0001 2.47 2.52 0.6676 0.49 0.267 
Metabolic water (g/d) 197.14* 280.75a 279.83a 249.06b 0.0176 272.80 266.9 0.5397 0.66 22.982 
Ratio of Water:DM (L/kg MS) 2.24* 2.74c 3.63b 4.49a 0.0001 4.01a 3.23b 0.0008 0.87 0.458 
Total water intake (kg) 2.07* 2.82 3.19 3.29 0.0446 3.41a 2.79b 0.0006 0.023 0.373 
*Significant difference using orthogonal test, Control vs Forage cactus. Values with different letters in the same line differ by Tukey’s test at 5% probability.  
RMSE=  root mean square errorr. DMI: Dry matter intake; FC*W:  Forage cactus and water interaction. 
 

 
Figure 1. Total water intake (food water + drinking water + 

metabolic water) of animals fed with forage cactus 
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Significant differences (P <0.05) were 
observed in relation to total water intake 
and dry matter intake (l / kg DM). The 
ratio of total water intake / DMI (l/kg 
DM) increased (P <0.05) from 2.24 l/kg 
DM (0% forage cactus) to 4.44 l/kg DM 
(70% forage cactus). Among the 
treatments with or without water, it was 
observed a greater (P <0.05) water 
intake in the animals with water ad 
libitum (Figure 2), mainly in the 
treatment with 30 and 50% of inclusion 

of forage cactus. When forage cactus 
was used in the diet, the DMI was 
reduced. According to the NRC (2007), 
the reduction in dry matter intake (DMI) 
implies less need for water intake (in 
relation to DMI); nevertheless, with the 
addition of forage cactus, the intake of 
water (L/kg DMI) increased via a 
reduction in voluntary water intake and 
an increase in water from food because 
forage cactus is rich in non-fiber 
carbohydrates and water. 

 

 
Figure 2. Water intake/ Dry matter intake ratio (l/ kg DM) 

of animals fed with forage cactus 
 

The water restriction throughout the 
entire experiment (85 days on average) 
did not have a negative effect on animal 
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to the control diet (106g), strengthening 
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Some authors have evaluated the effect 
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ALAMER & Al-HOZAB, 2004) 
observed that decrease in water 
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intake in sheep. This reduction in food 
consumption results in a decrease in the 
productive performance of the animal. 
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have a negative effect on animal 
performance. The results demonstrate 
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of water since the total water intake was 
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compared to the control treatment. The 
higher the level of forage cactus 
inclusion, the greater total water intake, 
strengthening the argument for the 
value of forage cactus as a water 
resource. 
Forage cactus has previously been 
documented as a food supplement or 
ingredient substitute (BEN SALEM, 
2010; SOUZA et al., 2010). The use of 
forage cactus improves the performance 
of animals because it increases the 
digestibility of other nutrients (BISPO et 
al., 2007; ANDRADE-MONTEMAYOR 
et al., 2011). While increases in the 
weight gain of animals that are fed a diet 
including 20 to 50% forage cactus have 
been observed, decreases in weight gain 
have been observed when more than 50% 
of the diet consists of forage cactus, as 
observed in this study. It is worth noting 
that even with 70% forage cactus content 
in the diet, the animals showed higher 
weight gain than those subjected to the 
control treatment (121g/day vs. 
106g/day).  
Total drinking water restriction in sheep 
that are fed forage cactus does not affect 
body weight gain. We recommend the 
inclusion of 30 to 50% forage cactus in 
the diet for sheep production systems 
because that level of forage cactus 
inclusion led to the greatest 
improvements in daily and total weight 
gain. Therefore, forage cactus can be 
used as both a food supplement and a 
source of water.  
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