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INTRODUCTION 
 
The use of tropical dual purpose (beef and dairy) breeds 

has contributed to livestock rearing sustainability in semi-
arid regions, because these animals are more resistant to 
common problems in the livestock productive chain. 
Although the focus on beef production was the incentive in 
the early days of Zebu raising, there have been reports from 
Brazil since the middle of 20th century regarding animals of 
the Guzerá breed, in particular, with high milk production 
that makes them an attractive option in the region (Lôbo et 
al., 2000). 

Raising cattle in the Brazilian northeast normally 
subjects animals to alternate periods of food abundance and 
scarcity, often as a consequence of the quantity and quality 
of the food available. Along with this, the efficiency of food 
use is one of the main nutritional factors that affect the 
profitability of the cattle farms. 

Several experiments have shown that animals subjected 
to feed restriction, when feed is made available again, have 
high growth rates and exceed those of animals that were 
well fed throughout the same period, because of a 
physiological impulse called compensatory gain (Hoch et 
al., 2003). However, when this happens in females it is 
desirable that it does not occur during puberty so that there 
is no reproductive damage, but rather reduces feeding costs. 
It is important to monitor the metabolism of these animals 
to reduce these problems by following serum nutrient 
concentrations and ruminal metabolism because the blood 
accurately reflects the nutritional state of the animals. The 
objective of this study was to determine the effects of 
different feed restriction levels and later realimentation in 
pre-puberty Guzerá females. 
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ABSTRACT : This study examined the effect of restricting feed intake and the subsequent compensatory growth in Guzerá females.
Eighteen animals with an initial age of 21 months and a mean weight of 268.17 kg were placed in three groups according to the 
alimentary regime: feed ad libitum; feed restricted to 20% dry matter; and feed restricted to 40% dry matter. In the restricted feed phase, 
the dry mater intake decreased as the restriction levels increased, influencing the reduction in intake of other nutrients. In the 
realimentation phase, the 40% restricted feed group ingested more dry matter (% BW) and crude protein (weight0.75) than the group fed 
ad libitum (p<0.001). The serum nutrient concentrations were inversely proportional (p<0.001) to the restriction level, and there was no 
difference (p>0.001) in the realimentation phase. In the restricted feed phase, the final live weight decreased (p<0.05) as the restriction 
level increased. For the daily mean weight gain in the control group, there was no difference (p>0.05) compared to the animals with 20%
feed restriction, but this was higher than in the group with 40% feed restriction. In the re-alimentation phase, the group with 40% feed 
restriction achieved higher weight gain rates, which was different from the control and 20% restriction groups. In both phases, the 
animals in the group with 40% feed restriction presented better feed conversion which was different (p<0.05) from the control group. In 
the feed restriction phase, it was observed that the intake of N, nitrogen excreted in feces and urine, nitrogen balance and nitrogen 
retention decreased (p<0.05) with the restriction level. None of the variables were influenced in the re-alimentation phase. These results 
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MATERIALS AND METHODS 
 

Experimental materials and procedures 
The experiment was carried out from June to October 

2008 in the Alagoinha-PB Experimental Station (Paraíba, 
Brazil). Eighteen Guzerá females were used with an 
average age of 21 months at the start of feed restriction and 
an average body weight of 268.17 kg. After restriction, the 
realimentation phase was started, with the animals 
presenting 316.0 kg initial average weight. They were 
placed in three groups of six animals, so that two restriction 
levels were generated in the feed restriction phase compared 
to the group that fed ad libitum, as follows: group 1 
(control), in which the heifers were fed on a quantity of dry 
matter that met 100% of the nutritional requirements for a 
700 g/d gain, according to the NRC (1996), group 2, in 
which the heifers were fed with a quantity of dry matter to 
meet 80% of the nutritional requirements of the control 
group; and group 3, in which the heifers were fed a quantity 
of dry matter to meet 60% of the nutritional requirements of 
the control group. All the animals received the same diet in 
the realimentation phase. 

The ingredients used in the diets (elephant grass, 
cassava roots, corn meal, soybean meal, urea and a mineral 
mixture) were processed and supplied in the form of 
complete feed. Samples were collected every 15 days 
representative of the components of the diet supplied, orts 
and feces, and compound samples were made of the diet 
and orts, per animal and per period, that were frozen for 

later analysis. The dry matter (DM), mineral matter (MM), 
total nitrogen (TN), ether extract (EE), neutral detergent 
fiber (NDF) and in acid detergent fiber (ADF) were 
determined according to Silva and Queiroz (2002). The 
crude protein (CP) was obtained from the product between 
the total nitrogen content and a factor of 6.25. The non-
fibrous carbohydrates (NFC) were calculated according to 
Weiss (1999) as NFC (%) = 100-(% NDFcp+% CP+% EE 
+% ash). 

The chemical composition of the ingredients is shown 
in Table 1. Table 2 shows the proportion of the ingredients 
and the chemical composition of the experimental diet of 
each period based on the dry matter. 

 
Analysis  

The quantities of the food supplied and the orts of the 
food were recorded daily, to estimate intake of the nutrients. 
In the restriction phase, the animals were weighed 
individually at 15-day intervals after a 14h fasting period 
from solids. In the realimentation phase, the animals were 
weighed every 10 days to assess the compensation index, 
following methodology by Wilson and Osbourn (1960) to 
quantify the intensity of the weight compensation of the 
animals during realimentation, according the Equation 
Index = (A-B)/A, where A corresponds to the weight of the 
animals that did not suffer feed restriction during the first 
part of the experiment and B represents the groups that 
suffered restriction (20% and 40% in the case of the present 
experiment) in one period and were refed shortly afterwards. 

Table 1. Chemical composition of the ingredients in the experimental diets in the feed restriction and re-alimentation periods 
 Elephant grass Cassava roots Corn meal Soybean meal 
Feed restriction     

Dry matter1 (DM) 26.00 38.30 88.90 85.55 
Ash1 11.06 3.20 2.36 6.91 
Crude protein1 (CP) (N×6.25) 6.15 3.83 12.19 45.23 
Ether extract1 (EE) 2.17 1.27 5.47 1.19 
Neutral detergent fiber1 (NDF) 71.23 17.98 16.36 14.84 
Neutral detergent fiber ap1,2 (NDFap) 67.39 11.72 12.98 8.13 
Acid detergent fiber1 (ADF) 42.55 9.74 8.07 8.29 
Nonfiber carbohydrates1 (NFC)  13.23 79.98 67.00 38.54 

 

 Elephant grass Sugar cane Corn meal Soybean meal 
Re-alimentation periods     

Dry matter1(DM) 26.89 24.49 86.26 86.45 
Ash1 10.98 4.56 1.45 6.84 
Crude protein1 (CP) (N×6.25) 4.11 3.93 10.13 44.41 
Ether extract1 (EE) 1.78 1.14 5.37 1.71 
Neutral detergent fiber1 (NDF) 78.65 58.06 13.55 14.82 
Neutral detergent fiber ap1,2 (NDFap) 71.74 49.20 9.87 10.73 
Acid detergent fiber1 (ADF) 49.26 37.33 4.54 9.99 
Nonfiber carbohydrates1 (NFC)  11.39 41.17 73.18 36.31 

1 Percentage of dry matter. 2 NDF corrected for ash and protein (NDFap). 
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Blood samples were collected by puncturing external 
jugular vein without a tourniquet excessive vessel, using 
vacutainer system, in siliconized glass tubes, and the 
samples kept at room temperature to facilitate clot retraction. 
The samples were kept at room temperature and 
approximately three hours later were centrifuged at 2,200× 
g for 20 minutes to obtain serum. This was aliquoted and 
stored at -20°C in plastic microtubes until the biochemical 
analyses were carried out (Bezerra, 2006). 

The blood biochemistry was analyzed using 
LABTEST® biochemical kits and biochemical 
determinations were made using an AMS® light 
spectrometer and the following colorimetric methods: total 
protein (biuret), albumin (bromocresol green), urea (Urease-
Labtest), glucose (GOD-Trinder), cholesterol (Trinder 
enzymatic), calcium (methylthymol blue) and phosphorus 
(methylthymol blue) (Alves et al., 2004). 

Spot urine samples were taken by spontaneous miction 
on the 60th day (feed restriction) and on the 115th day of the 
experiment (realimentation) approximately four hours after 
supplying feed in the morning. 10 L aliquots were diluted 
with 40 ml H2SO4 at 0.036 N. The pH of these samples was 
adjusted to values below 3.0 to prevent bacterial destruction 
of the urine purine bases and uric acid precipitation. The 
samples were then stored at -20°C until submitted to 
analyses for creatinine, urea, alantoin and uric acid. 

The urea and creatinine in the urine were analyzed 
following the diacetyl methods modified with the use of 
picrate and acidifier (Kit LABTEST®), respectively, and a 
light absorption spectrophotometer was used. The alantoin 
and uric acid were analyzed by the colorimetric method 
according to the technique by Fujihara et al. (1987). 

The daily urine volume was estimated from the mean 
daily creatinine excretion, obtained in the experiment in 
mg/kg BW/d, and the creatinine concentration (mg/L) in the 
urine spot sample. This volume was used to calculate the 
estimated daily urea, alantoin and uric acid excretions of 
each animal. 

The nitrogen compound balance was obtained from the 
difference between the total ingested nitrogen and the total 
excreted nitrogen in the feces and urine. The estimated daily 
excretions of N-urea in the urine were calculated from the 
product of the urea urinary concentration by the estimated 
urinary volume, multiplied by 0.466 (corresponding to the 
N content of urea). Total feces collection was carried out to 
determine the daily estimated N-urea excretions. The total 
nitrogen in the feces was determined according the 
methodology by Silva and Queiroz (2002). 

The total purine derivative excretion was the result of 
the sum of the alantoin and uric acid urinary excretions. 
From these, the absorbed microbial purines were calculated 
(X, mmol/d), using the following equation (Verbic et al., 
1990): Y = 0.85X+0.385 BW0.75, where 0.85 is the recovery 
of purines absorbed as purine derivatives in the urine and 
0.385 BW0.75 represents the endogenous contribution for 
purine excretion. 

The intestinal flow of microbial nitrogen (N) 
compounds (Y, g N/d) was calculated as the function of the 
absorbed purines (X, mmol/d), using the equation Y = 
(70X)/(0.83×0.134×1,000), where 70 represents the N 
content of purines (mg N/mmol); 0.83 represents the 
digestibility of the microbial purines and 0.134 represents 
the N-purine:total N ratio in bacteria (Valadares et al., 1999). 

 
Statistical analysis 

A complete randomized design was used with three 
treatments and six replicates per treatment, in a total of 18 
plots. The metabolites were analyzed using the analysis 
plan of plots split in time, with the restriction levels in the 
main plot and the collection time in the secondary plots. 
Thus, the variables for performance and microbial protein 
production were submitted to analysis of variance and the 
means test using the GLM procedure, while the variables of 
the nutrient serum metabolic concentrations were analyzed 
by the MIXED procedure, both from the SAS program 
(SAS, 2000). The statistical models can be presented as 
follows: Yij = μ+ri+eij, where: Yij = the observed value j of 
the restriction level i; μ = general mean; ri = the effect of 
the restriction level i; eij = the random error association to 

Table 2. Participation of the ingredients and chemical 
composition of the animals’ experimental diet based on dry 
matter, in the feed restriction and realimentation periods 

Ingredient Feed  
restriction 

Re-alimentation 
periods 

 ------------------ % ------------------
Elephant grass 28.00 17.70 
Cassava roots 35.31 - 
Sugar cane - 41.29 
Corn meal 24.70 30.00 
Soybean meal 9.10 7.52 
Urea 1.28 1.49 
Mineral mixture 3 1.61 2.00 
Chemical composition ------------------ % ------------------

Dry matter 51.64 50.70 
Ash1 5.43 4.77 
Crude protein1 (N×6.25) 13.82 12.93 
Ether extract1 2.51 2.52 
Neutral detergent fiber1 31.69 43.07 
Neutral detergent fiber ap1,2 26.95 36.78 
Acid detergent fiber1 18.10 26.24 
Nonfiber carbohydrates1 52.00 43.00 

1 Dry matter percentage. 
2 NDF corrected for ash and protein (NDFap). 
3 Percent composition: NaCl (64.57%); KCl (23.07%); NH3SO4 (7.69%); 

ZnSO4 (3.85%); CuSO4 (0.77%); CoSO4 (0.015%). 
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each observation. For the metabolites, where time was 
considered in the subplot, the model can be described as: 
Yijk = μ+ri+αij+tk+(rt)ik+eijk, where: Yijk = the observed 
value j of the restriction level i in time k; μ = general mean; 
ri = the effect of the restriction level i; αij = the residual 
effect of the plots, characterized as error (a); tk = the effect 
of k time level; (rt)ik = the effect of the interaction of the 
restriction level i with time level k; eijk = the residual effect 
of the subplots, characterized as error (b). In the presence of 
a treatment effect, the means of the treatments were 
compared by the Tukey test at 5% significance for all the 
tests carried out. 

 
RESULTS AND DISCUSSION 

 
In the feed restriction period, the intake of dry matter 

(DM) and crude protein (CP) in (kg/d, % BW and BW0.75), 
neutral detergent fiber (NDF), ether extract (EE), non-
fibrous carbohydrates (NFC) and mineral matter (MM) in 

(kg/d) were influenced (p<0.05) by the applied restriction 
levels (Table 3).  

The intake of these nutrients decreased as the restriction 
level increased. The smaller DM intake of the groups 
submitted to restriction resulted from the small quantity of 
feed offered and its intake was regulated as a function of the 
dry matter ingested by the control group (20% and 40%, 
respectively) that also influenced the reduction in the intake 
of the other nutrients. Costa et al. (2007) submitted heifers 
to the compensatory growth system and also observed 
smaller DM and NDF intake (kg/d, % BW) during the 
restriction period. 

It was observed that DM intake was 27% less in the 
group restricted by 20% and 45% less in the group 
restricted by 40%. Clark et al. (2007) reported that when 
cattle were submitted to a 20% reduction in dry matter 
ingestion, they reduced the normal sustainable ruminal 
fermentation and altered nutrient losses through the feces. 

The acid detergent fiber (ADF) (kg/d) and NDF     

Table 3. Means, coefficients of variation (CV) and probability (P) in the mean daily intakes of dry matter (DM), crude protein (CP),
neutral detergent fiber (NDF), acid detergent fiber (ADF), ether extract (EE), non-fibrous carbohydrates (NFC) and ash in Guzera 
females as a function of the feed restriction levels and realimentation growth periods 

Intake of nutrients 
Levels of feed restriction 

CV % p 
0% 20% 40% 

Feed restriction      
Dry matter (kg/d) 9.66a 7.13b 5.35c 8.65 >0.0001 
Dry matter (% BW) 3.17a 2.48b 1.96c 5.94 >0.0001 
Dry matter (g/BW0.75) 132.57a 102.10b 79.87c 6.32 >0.0001 
Crude protein (kg/d) 1.34a 1.15b 0.86c 8.64 >0.0001 
Crude protein (% BW) 0.63a 0.47b 0.37c 4.75 >0.0001 
Crude protein (g/BW0.75) 26.65a 19.33b 15.11c 5.57 >0.0001 
Neutral detergent fiber (kg/d) 3.36a 2.75b 2.06c 10.05 >0.0001 
Neutral detergent fiber (% BW) 1.10a 0.95a 0.76b 8.67 >0.0001 
Acid detergent fiber (kg/d) 1.28a 1.22ab 0.92b 15.18 >0.0001 
Ether extract (kg/d) 0.12a 0.09b 0.07c 7.39 >0.0001 
Nonfiber carbohydrates (kg/d) 3.91a 2.72b 2.04c 9.03 >0.0001 
Ash (kg/d) 0.57a 0.44b 0.33c 8.76 >0.0001 

Re-alimentation periods 
Dry matter (kg/d) 8.33 8.05 8.01 3.59 0.5712 
Dry matter (% BW) 2.84b 2.95b 3.08a 5.16 0.0480 
Dry matter (g/BW0.75) 117.53 119.85 123.61 4.17 0.0639 
Crude protein (kg/d) 1.18 1.17 1.14 3.51 0.3016 
Crude protein (% BW) 0.39b 0.43ab 0.45a 6.44 0.0249 
Crude protein (g/BW0.75) 16.16b 17.60ab 18.16a 5.42 0.0298 
Neutral detergent fiber (kg/d) 3.86 3.71 3.76 5.07 0.6033 
Neutral detergent fiber (% BW) 1.32b 1.35ab 1.44a 4.39 0.0166 
Acid detergent fiber (kg/d) 2.56 2.78 2.92 9.83 0.3367 
Ether extract (kg/d) 0.18 0.19 0.19 4.64 0.6703 
Nonfiber carbohydrates (kg/d) 3.48 3.42 3.31 3.26 0.1601 
Ash (kg/d) 0.58 0.56 0.56 3.78 0.5595 

Means followed by the same letter in the same row do not differ statistically by the Tukey test at 5% probability (p>0.05). 
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(% BW) intake differed (p<0.05) only between the control 
and 40% restriction groups and both were similar (p<0.05) 
to the 20% restriction group. The reduction in the effective 
fiber level in the diet may result in a series of events in a 
cascade as: less chewing by the animal, less buffering saliva 
secretion, a change in the microbial population and a 
reduced acetate:propionate (A:P) ratio as observed by 
Mertens (2001).  

No difference was observed in the realimentation 
periods among the groups for nutrient intake in kg/d. 
However, when analyzed as a function of BW the intake of 
DM, CP and NDF was greater (p<0.05) in the 40% 
restriction group than in the group without feed restriction, 
but neither group differed (p<0.05) from the group 
submitted to 20% intake restriction. The increase in 
ingestion compared to the live weight meant that a 
significantly greater proportion of the food was used for 
gain. In this case, depending on the synergism of hormone 
signals (Hoch et al., 2003) the digestive tract of the animal 
recovered its full potential so that ingestion increased 
compared to the animals without restriction, Ryan et al. 
(1993) reported that the increase in intake in the 
realimentation period is related to the severity of feed 
restriction. This statement corroborates the results of the 
present experiment, because there was no difference 
(p<0.05) between the control group and the group where the 
feed restriction was most severe (40%). 

When the restriction severity increased, it was observed 
that the serum concentrations of total proteins, globulin, 
urea, glucose, calcium and phosphorus decreased (p<0.05) 

In the realimentation phase, no difference was observed 
among the groups for the serum concentration of the 
nutrients analyzed and no difference was observed (p<0.05) 
among the groups for serum concentrations of the nutrients 
analyzed (Table 4). 

In ruminants, reducing food ingestion for a period can 
result in alterations in ruminal fermentation (Chelikani et al., 
2004), electrolyte balance and nutrient serum 
concentrations (Cole, 2000). Animals invoke adaptation 
processes to maintain homeostasis and as a consequence do 
not present metabolic disturbances. These interactions 
include those related to nutrient entry, because if the 
quantity of nutrients ingested by the animal is restricted 
there is ruminal imbalance and an imbalance in protein use 
and in the protein:energy ratio. This situation is more 
evident when the compensatory growth effect is observed 
on metabolism (Ford and Park, 2001). The smaller intake 
generates an energy deficiency and nutrient mobilization in 
an attempt to maintain energetic homeostasis resulting in 
reduced serum levels of nutrients, especially in glucose 
content. Amstalden et al. (2002) also detected a reduction in 
glucose plasma concentrations when they submitted beef 
cattle to prolonged fasting. During feed restriction, a change 
in the energy balance has been observed due to reduced 
glucose levels in the blood and the use of fatty acids as the 
main source of energy (Chelikani et al., 2004). Glucose 
serum concentrations recovered after realimentation as a 
result of a higher ruminal production of propionic acid, 
associated with a greater concentration of carbohydrates. 

The reduction in calcium and phosphorus serum 

Table 4. Means, coefficients of variation (CV) and probability (P) in the serum concentrations for total protein (g/dl), albumin (g/dl), 
globulin (g/dl), urea (mg/dl), glucose (mg/dl), calcium (mg/dl) and phosphorus (mg/dl) in the Guzera females submitted to feed 
restriction and realimentation periods 

Metabolites 
Levels of feed restriction 

CV% p 
0% 20% 40% 

Feed restriction      
Serum total protein (g/dl) 7.07a 5.88b 4.78c 7.72 <0.0001 
Serum albumin (g/dl) 3.39a 2.90b 2.19c 12.48 <0.0001 
Serum globulin (g/dl) 3.68a 2.98b 2.59c 15.83 <0.0001
Serum urea (mg/dl) 54.98a 49.95b 44.16c 10.55 <0.0001
Serum glucose (mg/dl) 63.64a 56.51b 50.37c 14.51 <0.0001
Serum calcium (mg/dl) 10.87a 9.36b 8.85c 15.99 <0.0001
Serum phosphorus (mg/dl) 5.53a 4.76b 4.32c 10.64 <0.0001

Re-alimentation periods 
Serum total protein (g/dl) 7.08 6.76 6.92 3.85 0.1850 
Serum albumin (g/dl) 3.35 3.52 3.31 6.19 0.1390 
Serum globulin (g/dl) 3.73 3.24 3.61 9.58 0.0564 
Serum urea (mg/dl) 52.91 58.82 54.91 10.48 0.2364 
Serum glucose (mg/dl) 65.55 66.78 63.11 10.86 0.6664 
Serum calcium (mg/dl) 10.36 10.78 10.61 7.05 0.7213 
Serum phosphorus (mg/dl) 5.15 5.11 5.30 7.25 0.6745 

Means followed by the same letter in the same row do not differ statistically by the Tukey test at 5% probability (p>0.05). 
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concentration (p<0.05) was due to the low ingestion of the 
two minerals. If this decrease is very severe and prolonged, 
it can be reflected in reduced bone tissue development and 
reproductive problems, because young animals are more 
efficient at absorbing these minerals due to their high bone 
development rate (McDowell, 1999). It has been pointed 
out that phosphorous metabolism control is associated with 
that of calcium and that a high ratio should be maintained to 
control the homeostasis of these two elements. According to 
the values detected in this experiment, the 
calcium:phosphorous ratio obtained for the groups was 
between 1.9:1 and 2.2:1, respectively, and showed the 
correct proportion of these minerals for the age of the 
animals (Taylor et al., 2008). 

Significant ratios were observed between dietary 
nutrient entry and the concentrations of some metabolites in 
the blood. Generally, the serum concentrations of glucose, 
total protein, albumin and urea nitrogen are related to the 
dietary entry of energy and crude protein. These ratios are 
the base for the practical use of metabolic profile tests and 
allow the occurrence of metabolic events to be followed. 

In the feed restriction phase, as the restriction levels 
increased, the final weight decreased and there was a 
difference (p<0.05) among the experimental groups (Table 
5). The animals in the control group presented final weight 
values 8% greater than the group restricted by 20% and 
15% greater compared to the group restricted by 40%. 
According to Wilson and Osbourn (1960), the growth of an 
animal can be delayed if any nutrient in the diet is missing, 
especially if energy and protein availability limit weight 
gain. As the animal has small protein reserves, protein 
restriction usually causes greater damage than energetic 
restriction. This fact can be proved by observing the intake 
and analysis of the protein and energy serum concentrations. 

In the feed restriction phase, the mean daily weight gain 
of the animals in the control group did not differ (p>0.05) 
from those animals that received feed restricted by 20% and 
was greater (p<0.05) than the group with 40% restriction. 
This was a reflection of higher intake than necessary for 
maintenance that made more nutrients available for tissue 
deposition (Hoch et al., 2003). There was no difference 
(p>0.05) in the weight gain of the animals in the restriction 
groups. 

In the realimentation phase, the animals in the 40% feed 
restriction group presented the lowest mean daily weight 
gain in the experiment (0.918 kg/d) differing (p<0.05) from 
the animals in the control and 20% restriction groups. Hoch 
et al. (2003) reported that during the compensatory growth 
phase, the animal’s metabolism continues to adjust to low 
food ingestion while the animals are not restricted. The base 
energetic metabolism of the animal remains low and 
increases slowly, adjusting to the new regimen. Thus, 
energy and protein use become more efficacious while the 
energetic needs for growth remain low, which could explain 
the greater weight gain in these animals. 

The restricted energy in the restriction phase resulted in 
a smaller weight gain in the females, so that they gained 
less weight compared to the animals which were fed 
normally. Realimentation permitted a return to normal 
weight gain. Greater energy intake than necessary for 
maintenance caused a greater proportion of ingested energy 
to be available for growth and resulted in compensatory 
growth. 

In both phases, the animals submitted to 40% feed 
restriction presented better food conversion (p<0.05) 
compared to the group without restriction and there was no 
difference (p>0.05) between these groups and the 20% 
group in any of the phases, indicating greater efficiency in 

Table 5. Means and coefficients of variation in the initial weight (kg/d), final weight (kg/d), mean daily weight gain (kg/d), food 
efficiency, food conversion and compensation index (%) as a function of live weight and metabolic weight of pre-puberty Guzerá 
females submitted to periods of feed restriction and realimentation 

Variable 
Levels of feed restriction 

CV% p 
0% 20% 40% 

Feed restriction      
Initial live (kg) 270.83 270.33 263.33 6.73 0.0820 
Final live (kg) 333.37a 308.43b 284.00c 8.78 0.0325 
Average daily gain (kg/dia) 0.776a 0.664ab 0.607b 15.67 0.0435 
Feed conversion1 12.44b 10.73ab 8.81a 32.96 0.01 

Re-alimentation periods 
Final live (kg) 365.43a 343.80a 329.93b 6.24 0.0233 
Average daily gain (kg/dia) 0.641b 0.707b 0.918a 17.89 0.0367 
Feed conversion1 12.99b 11.38ab 8.72a 27.54 0.2318 
Compensation em body weight (%) - 95 94 8.34 0.4098 
Compensation em weight 0.75 (%) - 96 93 8.13 0.5621 

Means followed by the same letter in the same row do not differ statistically by the Tukey test at 5% probability (p>0.05). 
1 FC in kg DM/kg ADG. 
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the more restricted group when in compensatory gain. Food 
conversion was much better during the realimentation of the 
animals submitted to restriction, indicating the possibility of 
manipulating intake for a period to reduce the ratio between 
weight gain and DM intake in the following period, 
resulting in a more economic intake without affecting body 
weight. 

Analysis of the compensation index (live weight and 
weight0.75) showed that all the experimental groups 
presented compensation close to 100% and there was no 
difference (p>0.05) among the restriction levels. Although 
there was no total compensation, both the feed restriction 
groups (20 and 40%) presented high compensation rates. 
According to Ryan (1990), compensation is complete when 
the gain rate is higher than the compensatory growth and 
fully compensates for the poorer performance in the 
restriction period, or partial compensation, where the higher 
gain rates of the compensation period are not sufficient to 
recover all that could not be gained in the restriction period. 

There was partial compensation in the present 
experiment for both restrictions (20 and 40%), but only the 
40% restriction group presented greater weight gain 
compared the unrestricted group in the realimentation 
period, suggesting that these animals had a rapid increase in 
energy storage or a lower rate of decrease in lost energy 
after realimentation. 

The compensatory growth effect on nitrogen 
metabolism has been observed in several studies (Ford and 
Park 2001; Ruiz et al., 2002; Valkeners et al., 2004; Yan et 
al., 2007). In the present study, it was observed that the 
intake, urinary and fecal excretion, nitrogen balance and 

microbial nitrogen decreased (p<0.05) with the restriction 
levels applied in the feed restriction period (Table 6). 

N intake (g/d) decreased (p<0.05) with the restriction 
levels because the restriction was as a function of dry matter 
intake. The decrease in dry matter and nitrogen intake may 
negatively influence the flows of dietary and microbial N 
(Yan et al., 2007).  

Nitrogen excretion in the urine and feces was greater 
(p<0.05) in the animals fed freely and decreased with 
restriction intensity, a fact related to the magnitude of 
nitrogen intake. According to Yan et al. (2007) nitrogen 
excretion in the feces and urine is directly related to the 
crude protein concentration in the diet and to nitrogen 
ingestion by the animal and one of the most effective 
strategies to reduce nitrogen excretion is to manipulate its 
dietary concentration. Therefore, feed restriction may be an 
efficient tool to reduce N elimination in the feces and urine 
that does not harm the animal’s performance.  

Mean N urinary excretion compared to the respective 
mean intake was similar among the groups and totaled 
10.05%, 10.00% and 9.7% in the control, 20% and 40% 
feed restriction groups, respectively. The values were also 
similar in the feces and ranged from 49.91 in the groups 
where the restriction was most severe (40%) and 51.05% in 
the 20% restriction group. 

The nitrogen balance decreased (p<0.05) with the 
restriction levels applied, where the animals with feed 
restricted by 40% presented the smallest values. A positive 
nitrogen balance was an indication that protein was retained 
in the animal, resulting conditions in which there was no 
weight loss in the experimental animals. (Zanton and 

Table 6. Means, coefficients of variation (CV) and probability (P) of ingested nitrogen compounds, fecal and urinary excretion, N 
balance and microbial nitrogen compounds (Nmic) in Guzerá females as a function of the restriction levels and realimentation growth 
periods 

Parameters 
Levels of feed restriction 

CV% p 
0% 20% 40% 

Feed restriction      
Ingested nitrogen (g/d) 837.50a 718.75b 537.50c 29.25 <0.0001 
Urinary nitrogen (g/d) 84.16a 71.87b 52.46c 19.67 0.0005 
Fecal nitrogen (g/d) 419.25a 366.92b 268.26c 21.33 0.0056 
Nitrogen balance (g/d) 344.09a 279.96b 216.78c 20.06 0.0047 
Retained nitrogen (g/d)1 41.08 38.91 40.33 17.55 0.0837 
Microbial nitrogen (g/d) 285.99a 243.20b 169.43c 2.54 <0.0001 

Re-alimentation periods 
Ingested nitrogen (g/d) 737.50 731.25 712.50 3.79 0.3182 
Urinary nitrogen (g/d) 100.3 87.01 104.73 23.12 0.2352 
Fecal nitrogen (g/d) 328.92 334.91 321.33 18.29 0.7530 
Nitrogen balance (g/d) 308.28 309.33 286.44 17.33 0.5263 
Retained nitrogen (g/d)1 41.80 42.30 40.19 15.32 0.5691 
Microbial nitrogen (g/d) 286.13 293.32 285.27 4.01 0.4133 

Means followed by the same letter in the same row do not differ statistically by the Tukey test at 5% probability (p>0.05). 
1 Nitrogen balance/Ingested nitrogen. 
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Heinrichs, 2008). Taylor-Edwards et al. (2009), Pereira et al. 
(2007) and Valkeners et al. (2004) reported that greater 
nitrogen compound ingestion resulted in greater N retention 
in the animal. However, no difference (p>0.05) was 
observed in the N retention of the experimental groups 
throughout the experiment. Protein retention allows the 
animals to gain weight when energy requirements are met. 

A decrease was observed in microbial N production as a 
function of the restriction levels (p<0.05), where in the 
highest restriction level (40%) the smallest means (p<0.05) 
were observed. This result may be related to the fact that the 
animals performed similarly for DM intake (in kg/d). Thus, 
the animals that ingested more nutrients presented better 
ruminal organism synthesis. Furthermore, the feed 
restriction to which the animals were submitted may have 
resulted in peptide deficiencies and/or amino acid 
deficiencies for microbial growth. Microbial N production 
presented maximum values in the control group and 
minimum values in the group submitted to 40% feed 
restriction. 

The greater nutrient availability resulting from greater 
ingestion also caused a greater efficiency in microbial 
protein synthesis, which improved animal performance, 
because the availability of energy and N in the rumen seems 
to interact positively with the ingestion level, determining 
above all greater efficiency in microbial protein synthesis 
(Firkins et al., 2007). 

In the realimentation phase, no effect was observed 
(p<0.05) in relation to the feed restriction levels on the 
variables which analyzed nitrogen balance. This was 
expected because the animals ingested the same diet in this 
phase. 

The application of feed restriction decreased food 
ingestion and consequently the serum levels of nutrients 
and ammonia N available, but did not damage the microbial 
microflora, although it resulted in reduced animal 
performance. However, after starting normal realimentation, 
the animals subjected to feed restriction presented a more 
intense growth rhythm than would have occurred if they 
had had continuous growth. With this, part of the growth 
that did not take place at the time of restriction was 
compensated for during the compensatory growth period. 

Restricting feed by 40% can be adopted as a nutritional 
management practice for young Guzerá females in periods 
of food scarcity, followed by compensatory gain. Animals 
subjected to 40% restriction had better food conversion and 
greater weight gain in the compensation period, with 96% 
and 93% weight compensation for the groups with 20% and 
40% restriction, respectively. 
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