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ABSTRACT
The use of animals from dairy farms is an alternative to meat production since it provides an increment of 
total income for farmers. This study aims to evaluate the performance of Holstein calves finished in two 
feeding systems (feedlot or pasture). Forty-three animals with 58 days old and 57 kg were divided in two 
treatments: 23 animals finished in feedlot with corn silage plus concentrate based on corn and soybean 
meal (40:60); 20 animals kept in cultivated pastures according to the period of the year: Italian ryegrass 
(Lolium multiflorum) and pearl millet (Pennisetum americanum) with supplementation with the same 
feedlot-concentrate at 1% body weight. Animals were slaughtered with 200 kg. Dry matter and nutrient 
intake were determined, with the use of chromium oxide for estimating  pasture intake. Feedlot animals 
had greater total intake and total digestible nutrients, resulting in higher average daily gain (0.949 vs 
0.694 kg day-1). Crude protein intake, neutral detergent fiber and feed conversion did not show significant 
differences. Holstein calves have improved performance when finished in feedlot.
Key words: cattle, forage intake, chromium oxide, feeding systems.
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INTRODUCTION

The great interest of research on meat production 
has been growing considerably, aiming at 
improving quality of products and alternatives 
that contribute to meet the increasing demand for 
animal protein of the consumer market. For this 
reason, the use of animals from dairy farms with 
no immediate use becomes an alternative for meat 
marketing. In addition, it provides an increment in 
income for small farmers, avoiding financial losses 
and the slaughter of dairy male calves at birth.

In several countries, Holstein herds are 
used for calf production to meet the needs of the 
market. The production of these animals was 
mainly developed in Europe due to the demand 
for specialty meats, representing 20% of all meat 
consumed on the continent. It comprises a growing 
market for consumers in a search for a final product 
with a light color and less harmful to health due to 
the lower fat content (Mousquer et al. 2013).

However, calf meat itself is a good alternative 
for consumption because it meets the demand for 
healthy products in addition to decrease production 
costs for farmers by around 70% (Roma Junior et al. 
2008). In this sense, the reduction of slaughter age 
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optimizes area usage and it increases the number of 
cows, which results in increased meat production, 
optimizing performance and time (Missio et al. 
2009).

The use of dairy breeds for meat production is 
still unknown to the productive chain. Performance 
and feed intake evaluation of these animals subjected 
to different production systems contributes to 
the demystification of productive inefficiency of 
dairy animals for meat production. Rearing these 
animals in high quality pastures and optimizing its 
performance with the use of concentrates can be a 
viable alternative.

Another alternative for finishing cattle is the 
feedlot, which shortens feeding period, resulting 
in high earnings and performance; however, the 
greater amount of manpower required and use 
of conserved forage and concentrates have high 
cost. The aim of the present study was to evaluate 
the productive performance of Holstein calves 
finished in two feeding system (pasture or feedlot) 
slaughtered with an average live weight of 200 kg.

MATERIALS AND METHODS

The trial was performed from September 2011 
to March 2012, lasting about 215 days, at the 
Teaching and Research Unit of Beef Cattle of 
the Experimental Farm from the Universidade 
Tecnológica Federal do Paraná (UTFPR) on Dois 
Vizinhos campus, located at 25°42’52’’ latitude S 
and longitude 53°03’94” W, at 519 altitude. The 
climate is a subtropical humid mesothermic (Cfa) 
according to Köppen classification. Climate data 
during the trial period are presented on Table I.

Forty-three entire Hostein animals were used, 
of an average age of 58 days and average initial 
weight of 57 kg; 20 animals were kept in pasture 
and 23 were finished in feedlot, distributed in 
a completely randomized experimental design. 
Slaughter occurred with an average weight of 200 
kg. Feedlot animals remained in individual stalls (4 

m²) and the other animals remained in cultivated 
pastures with different sward height, according 
to the herbage allowance of 10% to ryegrass 
(Lolium multiflorum) and pearl millet (Pennisetum 
americanum).

Feedlot animals were fed corn silage as 
roughage source and concentrate based on corn 
and soybean meal at 40:60 ratio. The diet was 
formulated based on the nutritional requirements 
established by the NRC (2001), for an expected 
average daily weight gain of 1.0 kg day-1. 

During the experimental period, feed was 
provided twice a day at 8:30 a.m. and 4:00 p.m. 
Before feed supply, feed leftovers were collected 
from individual troughs. The leftovers were kept at 
around 10% of the total supply and, when necessary, 
the quantity of feed provided was adjusted.

For the determination of feed intake, the 
amount of feed provided and leftovers were 
recorded daily. Samples of the leftovers from each 
trough were collected daily. These samples were 
grouped in composite samples according to each 
period for further chemical analysis.

The continuous stocking system was used for 
animals kept in pasture, with forage allowance of 
10% of live weight (LW) through the put-and-take 
technique. The differentiation between ryegrass and 
millet pastures was necessary due to their life cycle 
speed and weight gain of animals until slaughter 
weight. For determining forage availability, the 
double sampling was performed every 28 days.

The estimation of the pasture intake was 
conducted in three evaluations. Firstly, the animals 
were kept in ryegrass (Lolium multiflorum) pastures 
with 418 kg ha-1 of leaf blade from September to 
November 2011.In the two subsequent periods, 
millet (Pennisetum americanum) pasture provided 
a total of 2,307 kg ha-1 of leaf blade from December 
2011 to February 2012. The animals also received 
the same concentrate supplementation used in 
feedlot at 1% of body weight, in addition to free 
access to water and mineral salt.



An Acad Bras Cienc (2017) 89 (3)

	  HOLSTEIN CALVES FINISHED IN FEEDLOT OR PASTURE	 1937

For evaluation of pasture intake, chromium 
oxide was used as external marker. Eight animals 
were used to estimate intake, with an average age 
of 80, 140 and 180 days for the three evaluation 
periods. Chromium oxide was provided daily during 
10 days at 10 grams per animal, administered by 
mouth once daily. 

Chromium oxide was packaged in paper 
cartridge and administered by a hose with plunger 
at the time of supplementation (12 a.m.). Fecal 
samples were collected in the last five days, after 
the sixth day of chromium oxide supply. Collections 
were divided into three separate times during the 
day (8 a.m., 1 p.m. and 5 p.m.). Samplings were 
made directly from the rectum of each animal, 
removing  approximately 100 to 200 g of feces per 
sampling.

After collected, the samples were immediately 
frozen and dried in a forced ventilation oven at 65o 

C until constant weight for the determination of 
dry matter. Subsequently, they were Wiley milled 
through a 1mm mesh. A sample per animal in each 
period was used for determination, in the laboratory, 
of the chromium content and nutrients in feces. For 
determination of chromium in fecal samples, the 
technique of atomic absorption spectrophotometry 
described by Williams et al. (1962) was used.

Fecal excretion was estimated using the 
following equation: Fecal Excretion = Chromium 
oxide administered (g day-1) - chromium oxide 
concentration in feces (g g DM-1).

Chrome recovery rates (CRr) provided to the 
animals were calculated through the total chrome 
excreted:

CRr = fecal chrome (g kg-1) * kg feces/Chrome 
administered (g)

Dry matter intake was calculated indirectly, 
i.e., by subtracting the fecal productions calculated 
from forage and concentrate digestibility and total 
fecal excretion obtained in the model.

DMI = Fecal Production / (1-IVDMD).

In which: DMI = Dry matter Intake, kg; Fecal 
production in g DM an-1day-1; and IVDMD = In 
vitro dry matter digestibility.

The calculation of the crude protein intake 
(CPI), neutral (INDF) and acid (IADF) detergent 
fiber intake and total digestible nutrients intake 
(TDNI) was conducted using the values of dry 
matter intake and nutrient content of the diet.

The animals were weighted every 28 days 
after fasting of solids and liquids for approximately 
14 hours to obtain the average daily gain (ADG). 
Feeding conversion was calculated by dividing the 
estimated dry matter intake by the average daily 
gain during the trial period.

The technique of simulated grazing for the 
determination of chemical composition of forage 
ingested was used. The samples were weighed 
and taken to the drying oven at 65o C until 
constant weight for determination of dry matter. 
Subsequently, they were Wiley milled through a 
2mm mesh for performing chemical analysis.

The samples obtained from the evaluation 
of forage availability were used for the botanic 
separation of the plant in its constituents: leaf, 
stem and senescent material, which were dried 
and weighted to determine the availability of each 
constituent.

Crude protein (CP) levels were evaluated by the 
Kjeldahl (AOAC, 2012) method. Neutral detergent 
fiber (NDF) and acid detergent fiber (ADF) were 
determined by the Van Soest et al. (1991) method. 
In vitro dry matter digestibility was performed 
according to Tilley and Terry (1963) method, which 
was used for determination of fecal production and 
estimation of dietary TDN. The TDN estimation 
was calculated from digestible organic matter 
(DOM), using the following equation described by 
Kunkle and Bates (1998): 

TDN=OM {[26.8 + 0,595 (IVOMD)]/ 100}; 
In which: TDN = total digestible nutrients  

(%), IVDOM = in vitro organic matter digestibility 
(%) and OM = organic matter (%).
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TABLE I
Minimum, maximum and average temperatures, relative humidity and precipitation during the period from September 

2011 to February 2012.

Month Temperature  (°C) Air relative humidity (%) Precipitation (mm)

Minimum Maximum Average

September 10.0 34.9 19.06 65.36 75.8

October 10.6 33.0 21.25 67.75 234.0

November 12.1 33.0 21.63 67.63 139.0

December 11.0 35.7 23.4 63.9 42.6

January 15.1 33.1 23.04 68.85 177.4

February 15.1 36.8 19.2 70.20 162.0

Source: UTFPR Meteorological station, 2012.

TABLE II
Chemical composition of ingredients of the experimental diets.

Ingredients
Components

DM % CP % NDF % ADF % MM % TDN % ivDDM %

Concentrate 84.00 19.00 18.02 9.27 6.9 69.88 79.24

Silage 28.73 8.38 45.14 30.16 1.58 60.51 57.13

Ryegrass 38.82 26.50 42.46 18.40 7.16 55.8 54.95

Pearl Millet 21.25 22.36 58.46 29.85 7.40 56.16 55.29

DM: dry matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; MM: mineral mater; TDN: total 
digestible nutrients; ivDDM: in vitro digestibility dry matter.

The mathematical model used in this study 
is described below and the initial weight of the 
animals was used as co-variable: Yij = μ + PIi + STj 
+ Eij

In which, Yij = dependent variables; μ = general 
average; PII=  effect of the i-th initial weight; STJ 
= effect of the j-th feeding system (pasture and 
feedlot); Eij =  residual random error.

The results were submitted to analysis of 
variance at 5% significance level using the SAS 
(2002) statistical program.

All procedures were carried out according 
to the International Practices for Animal Use and 
Care under the control of an internal Committee of 
the Universidade Tecnológica Federal do Paraná, 
Brazil.

RESULTS AND DISCUSSION

The highest DM intake (P<0.05) was verified in 
feedlot animals (Table III) due to the higher intake 
of concentrate (2.61% LW). High DM intake is 
directly associated with the ability of an animal to 
achieve its potential for growth. Therefore, animals 
with greater potential for growth as the Holstein 
breed (and greater nutritional requirement) have 
higher feed intake (Fernandes et al. 2004).

The high intake in feedlot animals (4.36% 
LW) is a result of the higher rate of passage of 
concentrate (60% of the diet) and average live 
weight of animals (130 kg). Growing animals, 
with a live weight under150 kg, have greater 
intake in relation to the percentage of live weight 
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according to NRC (2001) estimates. Holstein male 
animals with 150 kg LW fed diets above 60% 
TDN consume approximately 4% of live weight. 
Aharoni et al. (2004) found that increased intake 
was accompanied by reduced retention time of 
digesta and herbage biomass had only minor effect, 
whereas herbage composition and digestibility had 
major effects on intake. The discrepancy of results 
between studies that assess different diets based 
on the supply of concentrate for feedlot or grazing 
animals allows to infer that the dry matter intake 
is a complex variable. Hence, it can be altered by 
many factors, such as the animal, feed form, rate 
of passage and climatic conditions, which interact 
with each other (Costa et al. 2005). 

Regardless of feeding strategy used, the 
different forage quality affect DM intake, which is 
entirely influenced by fiber digestibility (Figueiras 
et al. 2010). In the present study, the amount of 
NDF ingested was similar but the digestibility of 
concentrate (79.24%) allowed higher dry matter 

intake in feedlot animals. Fiems et al. (2012), 
observing the feeding system of calves for veal 
production, reported that the DM intake for those 
fed corn silage was low (0.361 kg day-1), while 
feedlot animals fed high-concentrate diet show 
an intake of 0.857 kg day-1 as a result of greater 
digestibility of concentrate, allowing high dietary 
intake by feedlot animals.

Total digestible nutrient intake (TDNI) 
was higher (P<0.05) in feedlot animals. As for 
dry matter intake, this difference is linked to the 
higher proportion of concentrate supplied in the 
diet, which is related to energy levels coupled with 
dry matter intake. In addition, TDN content was 
higher in the diet of feedlot animals (66.12% versus 
60.14%) mainly to the higher energy content of the 
forage used. Corn silage had 60.51% TND, while 
pastures had an average of 55.98%. The results of 
this study are similar to those found by Cardoso et 
al. (2000). NRC (2001) established that, in dairy 
calves, energy intake ranges from 1.37 the 2.72 kg 

TABLE III
Dry mater intake (DMI), Total digestible nutrients intake (TDNI) crude protein intake (CPI), neutral detergent fiber 

intake (NDFI), acid detergent fiber intake (ADFI) in kg and percentage of live weight (%LW) of Holstein calves 
terminated in feedlot or pasture.

Variables
Feeding System

P>F VC %
Feedlot Pasture

DMI (kg) 5.65±0.19 4.33±0.2 0.0001 31.83

DMI (% LW) 4.36±0.25 3.32±0.25 0.0077 31.83

TDNI (kg) 3.70±0.21 2.58±0.21 0.0007 32.15

TDNI (% LW) 2.88±0.16 2.01±0.41 0.0007 32.15

CPI (kg) 0.82±0.05 0.93±0.05 0.1850 30.66

CPI(% LW) 0.64±0.04 0.72±0.04 0.1850 30.66

NDFI (kg) 1.61±0.10 1.74±0.10 0.3628 32.03

NDFI (% LW) 1.25±0.08 1.34±0.08 0.3628 32.03

ADFI (kg) 0.98±0.05 0.85±0.05 0.0002 31.85

ADFI (% LW) 0.76±0.04 0.65±0.04 0.0002 31.85

P - Probability; VC - variation coefficient.
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TDN for animals from 40 to 150 kg. In this study, 
feedlot animals had higher TDN intake (3.7 kg). 
In pastures, the energy supply remained within the 
indicated values (2.58 kg); therefore, it met the 
nutritional requirements of the calves.

Crude protein intake was similar (P>0.05). 
According to NRC (2001), the amount required for 
growing calves, from 60 to 150 kg, is from 0.114 
to 0.459 kg CP day-1. This high amount of protein 
consumed is associated with the high dry matter 
intake (4.36%). 

Neutral detergent fiber intake (NDFI) had no 
significant difference in relation to feeding systems. 
According to NRC (2001), developing calves aged 
between 3 and 6 months require in minimum 23% 
dietary NDF in order to achieve balance in the 
rumen microbial community. In the present study, 
dietary NDF was superior to both treatments, with 
values of 28.8 and 40.1% in feedlot and pasture 
diets, respectively. According to NRC (2001), the 
values from 1 to 1.2% of the animal live weight 
for NDF intake are ideal during the growing phase. 
Nonetheless, when exceeded, it would impair 
feed intake by filling the rumen-reticulum. The 
intake was 1.25 and 1.15% for feedlot and pasture, 
respectively. Berends et al. (2012), observed 
restrictions on intake due to the filling of rumen-
reticulum by excess fiber.

In relation to the NDF, Roman et al. (2011) 
describe that NDF digestibility is an important 
parameter in forage quality, since great part of 

forage used for feeding ruminants have a high 
variability in ruminal degradation. Consequently, 
it causes a great impact on animal development 
regardless breed. Considering that the digestibility 
of the silage provided was of good quality and it 
was very similar to the digestibility of the pastures, 
there was a combined effect with the concentrate. 
This allowed higher DM intake and higher weight 
gain, with no limitation due to fiber intake. 

Animals finished in feedlot had higher 
(P<0.05) ADF intake when compared with animals 
finished on pasture as a result of lower ADF levels 
in ryegrass and millet pastures in relation to corn 
silage (Table II).

Daily intake of nutrients is directly correlated 
to the muscular development. The effects of growth 
are observed when there is synchrony in the supply 
of nutrients from the diet, demonstrating the 
normal development of animals (Van Den Borne 
et al. 2007). Therefore, the results found in this 
study show that the supply of nutrients has met the 
requirements for growth in young animals.

Differences in average daily weight gain 
(ADG) can be observed (Table VI), since feedlot 
animals were fed higher level of concentrate and 
they had higher DM intake, directly influencing 
weight gain. The ADG affected the feedlot period 
length, in which animals in feedlot and on pasture 
spent 149 and 215 days to reach 200 kg (P<0.05), 
respectively. The average daily weight gain of 
animals on pasture was lower to those found by 

TABLE IV
Initial Weight (IW), Final weight (FW), Termination days, average daily gain (ADG) and food conversion (FC) of Holstein 

calves terminated in feedlot or pasture.

Variable
Feeding System   

Feedlot Pasture P>F CV %
IW (kg) 62.33 57.94 - -
FW (kg) 200.31±8.63 206.14±8.63 0.6427 20.30

Termination days 149±8.4 215±7.8 <0.0001 45.26
ADG (kg) 0.949±0.04 0.694±0.04 0.0141 21.28

FC (kg 1kg-1 ADG) 6.05±0.14 6.32±0.16 0.1543 11.02
(-) No meaningful data for statistical analysis.
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Roma Junior et al. (2008) using Zebu x Holstein and 
Holstein in feedlot. The authors observed an ADG 
of 1.45 and 1.16 kg day-1, respectively; however, 
the average weight gain expected for young dairy 
animals (after weaning) is 0.861 kg day-1, which 
is similar to those measured in this study. In this 
sense, Holstein calves have potential for meat 
production in young age. We must emphasize that 
the animals on pasture had lower weight gains 
even with the supply of high nutritive pasture and 
concentrate; however, the energy expenditure for 
grazing and high ambient temperatures (36º C in 
February) interfered on the efficiency of weight 
gain compared to animals confined in covered 
stalls.

Feed conversion (FC) did not differ between 
diets (P>0.05). Despite the fact that the animals 
kept in feedlot gained more weight, these animals 
showed a higher dry matter intake as discussed 
previously; therefore, the efficiency gain was the 
same for animals finished in feedlot and on pasture.

The feed conversion is correlated to the 
protein content of the diet because the use of highly 
concentrated protein, especially for young animals, 
results in better conversion (Paulino et al. 2013). 
Confirming the use of feedlot, Vaz et al. (2013), 
when assessing beef cattle under feedlot from 7 to 
14 months, found conversions varying from 4.78 
to 5.21 kg day-1, which were better than the values 
observed in this study in Holstein calves.

The results provided in the current study 
show that Holstein calves have a potential for 
the production of  meat, expressing the best 
performance when finished in feedlot due to 
higher nutrient intake. The nutrients provided met 
the nutritional requirements of animals raised in 
feedlot and pasture; however, the shorter finishing 
period occurred in feedlot due to the higher average 
daily gain.
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