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Introduction

The Northeast region has the largest sheep herd 
in Brazil with 55.5% of the national total (IBGE, 
2012). Sheep breeding is one of the main eco-
nomic activities of the semiarid northeast, mainly 
for meat production, which satisfies much of the 
demand for animal protein for the local popula-
tion, as well as being one of the most important 
sources of income for family farming. Neverthe-
less, livestock is affected by feed shortages due to 

long droughts that frequently occur in the region. 
This is because farmers depend on native forage and 
it is not a usual practice to store animal fodder. 

Non-descript breed hair lambs (NDL) represent 
most of the sheep herd in north-eastern Brazil. They 
originated from random mating of breeds introduced 
by Portuguese colonizers and are characterized by 
their rusticity and adaptation to semiarid conditions, 
such as scarcity of water and feed. Nevertheless, 
there are no studies with restricted-fed NDL. Recent 
studies have shown that the ingestive behaviour and 
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(P < 0.05). Sexual class did not affect intake, digestibility, ingestive behaviour, 
or performance. Feed restriction affected digestibility and ingestive behaviour. 
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digestibility of wool sheep and cattle were affected 
when feed restriction was used to increase nutrient  
utilization (Galvani et al., 2010; Dias et al., 2011). 

Furthermore, there are no studies on the perfor-
mance of NDL of different sexual classes. It has been 
reported in the literature, however, that males have 
higher average daily gain (ADG) and better feed ef-
ficiency (FE) than castrated males and females due 
to the anabolic effect of testosterone (Schanbacher 
et al., 1980; Jenkins et al., 1988).

Thereby, our hypothesis was that the digestibil-
ity and ingestive behaviour of NDL could be affected 
by feed restriction. Furthermore, the performance of 
NDL could be affected by sexual class. Thus, this 
study aimed to evaluate the effect of different sexual 
classes and levels of feed supply on intake, digesti-
bility, ingestive behaviour, and performance of NDL.

Material and methods 

The experiment was conducted at the Depart-
ment of Animal Production and Laboratory of  
Animal Nutrition of the Agricultural Sciences Cam-
pus of Universidade Federal do Vale do São Fran-
cisco (UNIVASF, Brazil). The climate of the region,  
according to the Köppen classification, is of the ‘hot 
semi-arid’ (Bsh) type, characterized by high tem-
peratures, low humidity, high evaporation rates, and 
especially marked by the scarcity and irregularity in 
rainfall distribution. According to the Laboratory of 
Meteorology and Bioclimatology of UNIVASF, dur-
ing the experimental period, from May to July of 
2010, the average daily temperature was 25°C and 
the average relative air humidity was 62.7%. 

The experimental procedures performed in ani-
mals were approved by the bioethics committee of 
UNIVASF (0010/040713). Forty-five animals were 
used (15 males, 15 castrated males and 15 females), 
with an initial body weight of 18.1 ± 0.4 kg and  
average age of five months. The lambs were dis-
tributed in a completely randomized 3×3 factorial 
design with three sexual classes and three feeding 
levels, and five replicates. 

The animals underwent a 30-day adaptation pe-
riod to the experimental diet and pens, during which 
they were weighed, identified and treated against 
ecto- and endoparasites. The castrated males were 
already acquired in this state; castration had been 
performed with the use of a burdizzo when the 
lambs were approximately three months old. 

The different feeding levels aimed to pro-
vide different levels of energy balance to animals. 
Feeding levels were: ad libitum feeding (positive  

energy balance), restriction of 70% of ad libitum  
intake (maintenance level) and restriction of 80% of  
ad libitum intake (negative energy balance). Dietary 
restriction was calculated according to intake ob-
served during the last week of the adaptation period 
with the amount offered being adjusted for the body 
weight of the animals. 

The diet was formulated according to the recom-
mendations of the NRC (2007) for males, consisting of 
fresh chopped elephant grass (Pennisetum purpureum) 
and a concentrate based on maize and soyabean meal, 
in a roughage-to-concentrate ratio of 40:60 (Tables 1 
and 2), offered to the lambs twice a day as a total mixed 
ration, at 07.00 and 16.00 h. All animals received the 
same diet, varying only in the amount offered.

After the adaptation period, the lambs were kept 
in a feedlot for 58 days, divided into two experimen-
tal periods of 29 days, in which they were weighed 
before feeding for the determination of ADG and FE. 
The animals were housed in individual, concrete-floor 
pens, fitted with individual feed and water troughs.  
Lambs in the ad libitum treatment were allowed  
a feed refusal rate of 20%. The animals had unlimited 

Table 1. Dry matter (DM), ash, organic matter (OM), crude protein 
(CP), ether extract (EE), neutral detergent fibre (NDF) and non-fibre 
carbohydrates (NFC) of feed used in the diet 

Feed, % DM  Ash1 OM1 CP1 EE1 NDF1 NFC1

Elephant grass 24.0 9.9 90.1   4.2 3.1 72.0 10.8
Soyabean meal 90.1 7.2 92.8 46.0 0.8 16.0 30.0
Ground maize 90.2 2.2 97.8   8.0 4.0 15.0 70.8
1dry matter basis

Table 2. Proportion of ingredients and chemical composition of the diet 

Indices
Ingredients, % dry matter

elephant grass 40.0
ground maize 28.6
soyabean meal 29.5
sodium chloride 0.5
commercial premix1 1.1
urea 0.3

Nutrients
dry matter, % 63.8
organic matter, % DM 92.7
ash, % DM 7.3
crude protein, % DM 17.9
ether extract, % DM 2.9
neutral detergent fibre, % DM 37.9
non-fibrous carbohydrates, % DM 33.9
digestible energy2, Mcal kg-1 DM 2.4
metabolizable energy2, Mcal kg-1 DM  1.9

1contained: kg–1 · g: Ca 240, P 71, K 28.2, S 20, Mg 20; mg : Co 30, 
Cu 400, Fe 2 50, Mn 1350, Se 15, Zn 1700, I 40, Cr 10, F 710; IU: 
vit. A 135000, vit. D3 68000, vit. E 450; 2means of digestible energy 
and metabolizable energy at the level of ad libitum feeding calculated  
according to the NRC (2001) and NRC (2000), respectively
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access to fresh water. The amounts of feed offered 
and refused were weighed and recorded to calculate 
intake. Daily samples of the feed offered and refused 
were collected and frozen at –20°C, and subsequent-
ly homogenized to form a composite sample for each 
animal. Then, the composite samples were pre-dried 
in a forced ventilation oven at 55°C for 72 h, ground 
to pass a 1-mm screen (Wiley mill, Marconi, MA-
580, Piracicaba, Brazil) and stored in sealed plastic 
containers for subsequent analyses.

Indigestible neutral detergent fibre (iNDF) was 
used as an internal marker to estimate the total 
production of faeces. Faecal samples were collected 
directly from the rectum of the animals at 08.00 h 
on the 15th day, at 12.00 h on the 17th day, and at 
16.00 h on the 19th day of each experimental period 
of 29 days (Chizzotti et al., 2007). Then, the faeces 
samples from both collection periods were pre-
dried at 55°C, ground to a particle size of 1 mm and  
homogenized to form a composite sample for each 
animal. The samples of feed offered and refused and 
faeces were incubated in the rumen of a fistulated 
cattle for 240 h in non-woven bags (100 g · m–2), in 
duplicate (Casali et al., 2008). After incubation, the 
bags were washed with water and boiled with neutral 
detergent for one h in an autoclave, and then washed 
again with distilled water and acetone for subsequent 
drying in an oven at 55°C for 72 h. The production 
of faecal dry matter was obtained by dividing the 
intake of iNDF by the iNDF concentration in faeces 
(Cochran et al., 1986).

The values of DM, ash, organic matter (OM), 
crude protein (CP) and ether extract (EE) were de-
termined according to the method of AOAC (1990). 
The contents of neutral detergent fibre (NDF) were 
determined according to the methodology described 
by Pell and Schofield (1993). The non-fibre carbo-
hydrates (NFC) were calculated as: 

NFC = 100 – (% ash + % CP + % EE + % NDF).
The digestibility coefficients (DC) of the nutri-

ents were calculated using the following formula:  
nutrient: 

DC (%) = 100 × [100 – (% iNDF intake/% iNDF  
of faeces) × (% of nutrient in the faeces/%  

of nutrient intake)]. 

The apparent intake of total digestible nutrients 
(TDN) was calculated (Sniffen et al., 1992) as:

TDN = (CP intake – faecal CP) + (NDF in-
take – faecal NDF) + (NFC intake – faecal NFC)  

+ [2.25 × (EE intake - faecal EE)].

The digestible energy intake (DEI) was estimat-
ed from the following equation (NRC, 2001):

DEI (Mcal) = (DCP × 5.6) + (DNDF × 4.2)  
+ (DNFC × 4.2) + (DEE × 9.4) 

where: DCP, DNDF, DNFC and DEE mean, respec-
tively, digestible crude protein, digestible neutral 
detergent fibre, digestible non-fibre carbohydrates 
and digestible ether extract (kg). 

The metabolizable energy intake (MEI) was 
considered to be 82% of the DEI (NRC, 2000). Val-
ues ​​TDN, DEI and MEI were divided by dry matter 
intake (DMI) to calculate the energy concentration 
at each level of the feed supply. 

The evaluation of ingestive behaviour was made 
by visual observation of each lamb every 10 min 
over 24 h (Johnson and Combs, 1991). The obser-
vations were made on the 14th day of each experi-
mental period to determine the time spent feeding, 
ruminating and resting. Artificial illumination was 
used during the nocturnal observation. The intake 
efficiency and rumination efficiency of DM and 
NDF and total chewing time (TCT) were calculated 
using the following formulas:

IEDM    = DMI/TF
IENDF  = NDFI/TF
REDM  = DMI/TR 
RENDF = NDFI/TR
TCT = TF + TR 

where: IEDM – intake efficiency of DM (g·h–1); 
IENDF – intake efficiency of NDF (g·h–1); 
REDM – rumination efficiency of DM (g·h–1); 
RENDF – rumination efficiency of NDF (g·h–1);  
DMI – dry matter intake (g · d–1); TF – time spent 
feeding (h·d–1); NDFI – neutral detergent fibre intake  
(g · d–1); TR – time spent ruminating (h · d–1). 

The rumination time was also expressed in min-
utes per gram of DM and NDF ingested.

The data analysis was performed using PROC 
GLM of SAS (Statistical Analysis System, version 
9.1; 2003), with a significance level of 5%, accord-
ing to the following statistical model: 

Y = μ + α + β + αβ + e

where: μ – mean; α – effect of feeding level;  
β – effect of sexual class; αβ – interaction between 
feeding level with the sexual class; e – random error.

Results
Regarding DMI, DMI as a percentage of body 

weight, organic matter intake (OMI), crude protein 
intake (CPI), neutral detergent fibre intake (NDFI)
and non-fibre carbohydrate intake (NFCI), there 
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was no effect of sexual class or interaction of sexual     
class with feeding level (P > 0.05). In contrast,  
there was an effect (P < 0.05) of feeding level on 
all of these variables, with the highest values ​​of 
DMI and  nutrient intake presented by animals fed  
ad libitum, followed by 70% restriction, and lowest 
at 80% restriction (Table 3).

There was no effect of sexual class or interaction 
of sexual class with feeding level regarding digest-
ibility coefficients and the levels of TDN, digest-
ible energy (DE) and metabolizable energy (ME)  
(P > 0.05). Inversely, there were significant differ-
ences (P < 0.05) between feeding levels (Table 4).  
The apparent digestibility of dry matter (DMD), 
organic matter (OMD), crude protein (CPD), ether 
extract (EED), non-fibre carbohydrates (NFCD) and 
true digestibility of neutral detergent fibre (NDFD) 
were lower (P < 0.05) for animals fed ad libitum 
compared with the values ​​presented by the animals 
submitted to feed restriction of 70% and 80%, which 
did not differ (P > 0.05). Regarding the concentra-
tions of TDN, DE and ME in the diet, the obtained 
values ​​were lower (P < 0.05) on the ad libitum feed-
ing compared with those when feed was restricted 
by 70% and 80%, which did not differ (P > 0.05).

Ingestive behaviour did not differ among sex-
ual classes and there was no interaction of sexual 

classes with feeding levels (P > 0.05). The feeding 
levels did, however, influence the values of ​​inges-
tive behaviour parameters (Table 5). The average  
time spent on feeding and ruminating was higher  
(P < 0.05) for animals maintained on ad libitum 
feeding, which consequently had higher total chew-
ing time (TCT) and lower resting time (P < 0.05) 
compared with feed-restricted animals, which did 
not differ (P > 0.05). 

There was no difference (P > 0.05) between 
feeding levels regarding IEDM and IENDF values 
(Table 5). On the other hand, the values ​​of REDM 
and RENDF were affected by the feeding levels, 
and were higher (P < 0.05) in animals fed ad libitum 
compared with those submitted to 70% and 80% re-
striction, which did not differ (P > 0.05). In addition, 
the feeding levels also influenced (P < 0.05) the ru-
mination time of DM (RTDM) and rumination time 
of NDF (RTNDF), and the highest values were ob-
served in the animals submitted to 80% feed restric-
tion. Conversely, the lowest values ​​were presented 
by lambs fed ad libitum. Animals kept at 70% re-
striction showed intermediary RTDM and RTNDF. 

There was no effect (P > 0.05) of sexual class  
 or interaction of sexual class with the feeding level 
on slaughter body weight (SBW), total body weight 
gain (TBWG), ADG or FE of NDL. The feeding 

Table 3. Intake of lambs fed ad libitum (AL) or restricted at 70% or 80% of ad libitum intake

Intake Feeding level
ad libitum 70% 80%

Dry matter, kg · d-1 1.17a ± 0.02 0.35b ± 0.01  0.24c ± 0.00 
Dry matter, % BW1 4.04a ± 0.06 1.88b ± 0.04 1.52c ± 0.02
Ash, kg · d-1 0.09a ± 0.00 0.03b ± 0.00 0.02c ± 0.00  
Organic matter, kg · d-1 1.10a ± 0.02  0.32b ± 0.01  0.21c ± 0.00  
Crude protein, kg · d-1 0.26a ± 0.00 0.07b ± 0.00  0.05c ± 0.00  
Neutral detergent fibre, kg · d-1 0.44a ± 0.01  0.14b ± 0.00  0.10c ± 0.00  
Ether extract, kg · d-1 0.02  ± 0.00 0.01  ± 0.00 0.01  ± 0.00
Non-fibre carbohydrates, kg · d-1 0.36a ± 0.00 0.10b ± 0.00 0.07c ± 0.00  
1percentage of body weight; means in the same row followed by different letters differ in Tukey test at 5% probability; there was no effect of sexual 
class, or interaction of sexual class with feeding level (P > 0.05)

Table 4. Digestibility coefficients and values ​​of dietary energy of lambs fed ad libitum or restricted at 70% or 80% of ad libitum intake

Indices Feeding level
ad libitum 70% 80%

Digestibility, %
dry matter1 53.4b ± 1.1 67.2a ± 0.4 67.6a ± 0.7
organic matter1 56.5b ± 1.0 69.6a ± 0.3 70.3a ± 0.7 
crude protein1 58.9b ± 1.6 77.0a ± 0.8 80.3a ± 0.7
ether extract1 26.4b ± 1.5 52.7a ± 1.4 56.4a ± 1.8
non-fibre carbohydrates1 89.0b ± 1.0 94.0a ± 0.4 96.7a ± 0.5
neutral detergent fibre1 28.4b ± 1.2 46.7a ± 0.9 44.8a ± 0.8

Total digestible nutrients, % 52.0b ± 0.7 64.7a ± 0.6 65.5a ± 0.7
Digestible energy, Mcal kg-1 DM2 2.37b ± 0.1 2.94a ± 0.1 2.97a ± 0.1
Metabolizable energy, Mcal kg-1 DM2 1.94b ± 0.0 2.41a ± 0.0 2.44a ± 0.0
1apparent digestibility; 2dry matter; means in the same row followed by different letters differ in Tukey test at 5% probability; there was no effect 
of sexual class, or interaction of sexual class with feeding level (P > 0.05)
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levels did, however, affect the performance of the 
animals (Table 6). SBW, TBWG, ADG and FE 
were greater (P < 0.05) for lambs fed ad libitum.  
Animals subjected to restriction of 70% had lower 
values ​​compared with those fed ad libitum, but were  
higher (P < 0.05) than the values ​​obtained by lambs 
under 80% restriction, which in turn lost weight and 
were negative for TBWG, ADG and FE.

Discussion
Carvalho et al. (1999) and Rodríguez et al. 

(2008) also found no effect of sexual class on DMI 
or nutrient intake in lambs. According to the NRC 
(2000), gender has a limited effect on animal feed 
intake and the differences are generally attributed to 
different stages of body maturity reached by gen-
ders. 

With regard to digestibility, the results are con-
sistent with those described by Galvani et al. (2010) 
and Dias et al. (2011) who observed, respectively, 
higher DMD and nutrient digestibility in sheep 
and cattle subjected to feed restriction. The low-
est DC presented by the ad libitum treatment may 
be explained due to the increase in the passage 
rate of feed particles through the reticulum-rumen 

and the lower retention time of digesta through the 
gastrointestinal tract due to the higher level of DM 
(Dias et al., 2011). The increase in the passage rate 
is due to a greater flow pressure caused by ingestion 
of more feed and exerted on the residue and poten-
tially digestible organic matter present in the gastro-
intestinal tract (Van Soest, 1982).

The lower CPD of animals fed  may also be at-
tributed to increased excretion of endo-genous CP in 
faeces, as well as increased excretion of microbial 
CP residues, which are positively correlated with 
DMI (Cannas et al., 2004).

The lowest values ​​of TDN, DE and ME in the  
feeding level may be due to reductions in DC of 
nutrients with the highest level of intake, which is 
consistent with NRC (2001) recommendations for 
the energy value of feeds, which is reduced every 
multiple of intake above maintenance. 

The longer time spent on the activities of eat-
ing, ruminating and chewing presented by animals 
fed ad libitum may be explained by virtue of their 
greater DMI. The lack of effect of feeding levels on 
the values ​​of IEDM and IENDF may be partially 
explained by the composition of the diet, which 
was the same among treatments, with the same 
forage:concentrate ratio. In addition, the lower feed 
supply was compensated by a shorter feeding time 
of animals subjected to restraint, thereby DMI and 
feeding time varied proportionately. These results 
are consistent with those described by Ribeiro et al. 
(2006) and Cândido et al. (2012), who observed no 
effect of feed restriction on the IEDM and IENDF in 
goats and cattle, respectively.

The highest values ​​of REDM and RENDF 
presented by animals fed ad libitum may be ex-
plained on the basis of their higher DMI and NDFI.  
According to Dulphy et al. (1980), the RENDF is 
increased when there is a larger fibre intake by ru-
minants. A similar result was described by Cândido 
et al. (2012), who observed higher values ​​of REDM 

Table 5. Ingestive behaviour of lambs fed ad libitum or restricted at 70% or 80% of ad libitum intake

Indices Feeding level
ad libitum 70% 80%

Feeding, h · d-1 4.0a ± 0.2 0.88b ±    0.0 0.93b ± 0.1 
Resting, h · d-1 15.0b ± 0.5 20.1a ±  0.1 20.2a ± 0.2 
Ruminating, h · d-1 5.4a ± 0.3 3.0b ±  0.1 2.8b ± 0.2 
Total chewing time, h · d-1 9.4a ± 0.4 3.9b ± 0.1 3.8b ± 0.2 
Intake efficiency of dry matter, g · h-1 330 ± 24 441 ± 23 325 ± 25
Intake efficiency of NDF1, g · h-1 124 ± 8.8 179 ± 9.4 132 ± 10
Rumination efficiency of dry matter, g · h-1 259a ± 20 127b ± 8.5 98b ± 8.5
Rumination efficiency of NDF1, g · h-1 97a ± 7.4 52b ± 3.5 40b ± 3.4
Rumination time per dry matter, min · g-1 0.29c ± 0.0 0.53b ± 0.0 0.74a ± 0.0 
Rumination time per NDF1, min · g-1 0.74c ± 0.1 1.31b ± 0.1 1.81a ± 0.1 
1neutral detergent fibre; means in the same row followed by different letters differ in Tukey test at 5% probability; there was no effect of sexual 
class, or interaction of sexual class with feeding level (P > 0.05)

Table 6. Performance of lambs fed ad libitum (AL) or restricted at 70%  
or 80% of ad libitum intake

Indices Feeding level
ad libitum  70% 80%

Initial body weight, kg 18.1 ± 0.4  18.0 ± 0.4 18.1 ± 0.4
Slaughter body weight, kg 29.1a ± 0.3 18.7b   ± 0.4 15.5c ± 0.3
Total body weight gain, kg 11.1a ± 0.4 0.7b  ± 0.4 -2.6c ± 0.2
Average daily gain, kg · d-1  0.19a ± 0.0 0.03b   ± 0.0 -0.05c ± 0.0
Feed efficiency,  
    kg ADG1 · kg-1 · DMI2 0.17a ± 0.0 0.08b± 0.0 -0.19c ± 0.0
1 average daily gain; 2 dry matter intake; means in the same row fol-
lowed by different letters differ in Tukey test at 5% probability; there 
was no effect of sexual class, or interaction of sexual class with feed-
ing level (P > 0.05)
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and RENDF in cattle fed ad libitum compared with 
those submitted to feed restriction. 

Galvani et al. (2010) also observed greater 
RTDM in lambs subjected to feed restriction.  
The highest values ​​of RTDM and RTNDF obtained 
with dietary restriction may be related to higher 
ruminal retention of feed particles, caused by the 
lower level of intake, which is an adaptive mecha-
nism of ruminants to provide greater nutrient digest-
ibility under conditions of feed restriction (Dias et 
al., 2011). This result could explain the higher DC 
presented by animals subjected to feed restriction, 
especially in relation to NDFD, since the fibre par-
ticles need a longer ruminal fermentation time to be 
degraded compared with easily digestible nutrients 
(Clauss et al., 2010). 

Carvalho et al. (1999) and Rodríguez et al. 
(2008) also did not observe differences between 
sexual classes on SBW, ADG or FE. Moreover, the 
present results differ from those shown by Ferrell 
et al. (1979) and Siqueira et al. (2001), in which 
non-castrated lambs had higher SBW, ADG and FE 
compared with females and castrated males, and this 
difference was attributed to the physiological func-
tion of testosterone, which is responsible for high-
er deposition of muscle mass, and consequently, 
higher ADG and FE in males (Schanbacher et al., 
1980; Jenkins et al., 1988). The non-castrated lambs 
slaughtered at seven months of age would probably 
have been at the onset of puberty, thus, the anabolic 
effect of testosterone may not have occurred with 
greater intensity. 

Pereira Filho et al. (2005) and Yáñez et al. (2006) 
also observed lower values ​​of SBW, ADG and FE in 
goats subjected to feed restriction as compared with 
ad libitum feeding. Animals use energy for tissue 
gain after satisfying their demand for maintenance, 
which represents most of the expenditure of metab-
olizable energy (Williams and Jenkins, 2003). Thus, 
even increasing the digestibility of nutrients with 
dietary restriction, this mechanism was not enough 
to offset lower intake. Thus, with lower feed supply, 
less energy was available for gain, reducing the FE. 

Conclusions
Feed restriction affects ingestive behaviour 

and nutrient digestibility of non-descript breed hair 
lambs (NDL), which spend more time ruminating 
the digesta and have higher digestibility. Animals 
subjected to 80% restriction have lower performance 
compared with animals maintained at 70% restric-
tion. Sexual class does not affect the intake, digest-
ibility, ingestive behaviour, or performance of NDL.  
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