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INTRODUCTION

The Pampa Corte is a mechanistic 
dynamic model developed to predict the average 
daily gain (ADG) of free-ranging cattle (SILVEIRA, 
2002) using animals, weather, and herbage attributes 

as inputs. This model is based on AFRC (1993) and 
CSIRO (2007) equations, coupled with the dynamic 
sub-model of digestion proposed by ILLIUS & 
GORDON (1991). The content of digestible cell wall 
(DCW) in herbage dry matter (DM) is among the 
relevant inputs and this attribute is calculated from 
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ABSTRACT: This study evaluated the adequacy of using digestibility values obtained by the in situ (ISOMD) method for predicting the 
average daily gain (ADG, g day-1) of free-ranging cattle through the Pampa Corte model. The evaluation was based on a data set compiled 
from two independent trials conducted with growing beef cattle grazing native grasslands of southern Brazil. Values of digestibility obtained 
through the N fecal method (FNOMD) were used as comparative reference in the present study. The predictions of ADG were performed at 
both individual (n= 41) and group (i.e. diet treatment within trials, n= 10) levels. Parameters generated from regression analyses between 
observed versus estimated values of ADG (i.e. determination coefficient (R2), root mean square error (RMSE), root mean square error of 
prediction (RMSEP), concordance correlation coefficient (CCC) and mean bias) were used to evaluate the predictive adequacy. The observed 
values of ADG were linearly related to those predicted by the Pampa Corte at both individual (R2= 0.52; RMSE= 148.9, CCC = 0.72, P < 0.05) 
and group levels (R2= 0.67; RMSE= 108.8, CCC = 0.81, P < 0.05), without effect of the method used to estimate herbage digestibility. However, 
compared to the FNOMD, the ISOMD resulted in higher mean bias of predictions (i.e. – 4.3 vs 61.6 g day-1). The ADG of free-ranging cattle 
grazing native grasslands of Southern Brazil can be adequately predicted by the Pampa Corte model using herbage digestibility values obtained 
through the ISOMD method. However, constraints associated with herbage sampling in heterogenous swards should be considered. 
Key words: average daily gain, digestible cell wall, growing beef cattle, native grasslands, nutrition model.

RESUMO: Este estudo teve como objetivo avaliar a adequabilidade do uso de valores de digestibilidade da forragem obtidos pela técnica de 
incubação in situ (ISOMD) para estimar o ganho médio de peso (ADG, g dia-1) de bovinos de corte, mantidos em campo natural, através do 
modelo Pampa Corte, utilizando dados compilados de dois ensaios independentes conduzidos com bovinos de corte em crescimento mantidos 
em pastagens nativas do sul do Brasil. Valores de digestibilidade da forragem obtidos a partir da excreção fecal individual de N (FNOMD) 
foram usados como referência de comparação no presente estudo. As predições de ADG foram realizadas tanto em nível individual (n= 41) 
quanto em grupos (i.e grupo de animais por tratamento dentro de cada experimento (n= 10). Parâmetros da regressão linear entre valores de 
GMD observados e preditos pelo modelo (i.e. coeficiente de determinação (R2), raiz quadrada do erro médio (RMSE), raiz quadrada do erro 
médio de predição (RMSEP), coeficiente de concordância (CCC) e desvio médio) foram utilizados para avaliar a adequação da predição. Os 
valores observados de ADG foram linearmente relacionados aos preditos pelo modelo Pampa Corte a nível individual (R2= 0.52; RMSE= 
148.9, CCC = 0.72, P < 0.05) ou grupal (R2= 0.67; RMSE= 108.8, CCC = 0.81, P < 0.05), sem efeito significativo do método utilizado para 
estimar a digestibilidade da forragem. Contudo, comparado com FNOMD, o método ISOMD resultou em maior desvio médio de predição (i.e. 
– 4.3 vs 61.6 g dia-1). O ADG de bovinos mantidos em pastagens nativas do sul do Brasil pode ser adequadamente estimado pelo modelo Pampa 
Corte utilizando valores de digestibilidade da forragem obtidos através da técnica ISOMD. No entanto, limitações associadas à amostragem da 
forragem em uma pastagem heterogênea devem ser consideradas.  
Palavras-chave: gado de corte em crescimento, ganho de peso médio diário, modelo nutricional, parede celular digestível, pastagens nativas.  
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neutral detergent fiber (NDF) content and dry matter 
(DM) or organic matter (OM) digestibility. The latter 
is originally obtained with the conventional in vitro 
method of  TILLEY & TERRY (1963). However, 
the in vitro method is laborious and time-consuming, 
which limits its use in routine feed analysis. 
Alternatively, digestibility values can be obtained 
using the less laborious 48-hour in situ incubation 
(ISOMD) method (MEHREZ & ØRSKOV, 1977; 
ØRSKOV & MCDONALD, 1979). However, the 
adequacy of this last method within the Pampa Corte 
model was still not evaluated. 

In free-ranging systems, where the sward 
is heterogeneous and a high level of individual and 
temporal grazing selectivity is expected, obtaining 
representative samples of the actual diet ingested by 
animals is a challenge (CARVALHO et al., 2007; 
CARAM et al., 2024). In general, to measure herbage 
attributes, a sample is collected by simulating the 
ingestive behavior of animals kept in the same pasture 
plot, with the assumption that all animals in the plot 
ingested the same type of pasture. This assumption is 
probably false and represents a limitation when the 
herbage attributes are used as inputs in the model to 
simulate individual animal performance. The Pampa 
Corte uses a stochastic procedure of simulation 
where, based on the same inputs, five values of 
estimated ADG are generated following a normal 
distribution where 68% of animals are between the 
average and one standard deviation, 27% between 
two and three standard deviations and the remainder 
greater than three standard deviations. This procedure 
showed the potential, at least partially, of simulating 
the individual variability of a group of animals kept 
in the same pasture conditions. However, it was 
still not evaluated how much the level of simulation 
(i.e. individual or by group of animals) impacts the 
predictive potential of the Pampa Corte model.

This study evaluated the adequacy of using 
digestibility values of herbage samples obtained through 
the ISOMD method as input to predict the ADG gain of 
free-ranging cattle through the Pampa Corte model at 
either level, individual, or by groups of animals. 

MATERIALS   AND   METHODS
     
Trials description and data collection

A data set of individual observations was 
compiled from two independent trials conducted with 
growing cattle grazing native grasslands of southern 
Brazil. Studies were carried out at the Universidade 
Federal de Santa Maria (Trial 1), Santa Maria, RS 
(29°4′ S, 53°5′ W, 151 m alt.) and the Centro de 

Pesquisa Pecuária Sul (EMBRAPA- CPPSUL; Trial 
2), Bagé, RS (31°2′ S, 54°1′ W, 212 m alt.). Trial 
1 was conducted with 12 growing Angus heifers 
throughout four experimental periods (i.e., summer, 
autumn, winter, and spring), and the average value of 
two heifers in the same paddock was considered as 
the experimental unit. Trial 2 was conducted with 18 
Hereford steers throughout two experimental periods 
(i.e., autumn and winter), in which each animal 
was the experimental unit. Due to missing data and 
issues associated with the sampling protocol, some 
experimental units were excluded from the analysis, 
finalizing 18 and 23 individual observations for Trial 
1 and Trial 2, respectively. The periods in both trials 
varied from 22 to 50 days long. The body weight 
(BW) was recorded at the beginning and the end of 
each experimental period, and the ADG (g day-1) 
was calculated as the BW difference divided by 
the number of days between BW measurements. In 
each experimental period of both trials, an external 
marker was used to estimate total fecal excretion. 
The chromium oxide (Cr2O3) was used in the trial 
with heifers and C32 alkane in the trial with steers. 
In addition, in each experimental period, feces and 
herbage samples were also collected, dried in a 
forced-air oven at 55 °C, and ground for analysis. 
The herbage samples were collected using the hand-
clipping procedure (t’MANNETJE & JONES, 2000). 
A detailed description of the marker and sampling 
procedure was previously reported by KOZLOSKI et 
al. (2018). Samples were ashed at 600 ºC to obtain the 
OM content and also analyzed for NDF (SENGER 
et al., 2008) and crude protein (CP; Kjeldahl method 
984.13; AOAC, 1997). The N fractions (i.e. A (soluble 
N), B (insoluble and potentially degradable N), and 
C (insoluble and undegradable N)) were obtained 
from the feed tables of AFRC (1993), using values 
of fresh forage for pastures of spring and summer, 
and values of grass hays for pastures of autumn and 
winter. The procedure for obtaining the degradation 
rate (kd) of the insoluble fraction of herbage samples, 
which is also an input in the Pampa Corte model, was 
previously described by POZO et al. (2023).

For obtaining the ISOMD, herbage samples 
were ground to pass a 2-mm screen, weighed in 
polyester bags with 40 μ of porosity, and incubated for 
48 hours into the rumen of a cannulated steer grazing a 
native grassland and receiving daily supplementation 
with 2 kg (as feed basis) of concentrate feedstuffs. 
After incubation, the bags were rinsed with tap water, 
oven-dried at 110 °C overnight, weighed, ashed at 
600 °C for 3 hours, and then weighed again. The 
ISOMD was calculated as:
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ISOMD (%) = ((incubated OM (g) – residual OM 
(g))/incubated OM (g)) × 100

The soluble cell content (CC) of herbage 
samples was calculated as: 
CC (% of DM ) = 100 – NDF (% of DM)

By assuming that the CC is 100% 
digestible (SILVEIRA, 2002), the DCW content was 
then calculated as:
DCW (% of DM) = ISOMD – CC.

Alternatively, the DCW content was 
also obtained using values of herbage digestibility 
estimated through the fecal N method (FNOMD, 
KOZLOSKI et al., 2014). This technique presents 
advantages over the in situ method once knowledge 
about herbage attributes is not required and accounts 
for individual variability in selectivity and digestion 
processes.  The individual fecal OM excretion was 
calculated as: 
Fecal OM (kg day-1) = Cr or C32 n-alkane dose (mg day-1)/
Cr or C32 n-alkane concentration in feces (mg kg-1 OM. 

The fecal N excretion was then calculated as:
Fecal N (mg day-1 BW-1) = (fecal OM × N concentration 
in feces (mg kg-1 OM))/ BW (kg). 

The OM intake was then calculated using 
the equation reported by KOZLOSKI et al. (2018) as:
OM intake (g day-1) = (1.10 + (101.2 × fecal N)) × BW (kg)

The individual OM digestibility was then 
calculated as:
FNOMD (%) = ((OM intake - fecal OM)/OM intake) × 100

A general description of the animals and 
diet variables used as inputs in the model, as well as 
the observed values of ADG, are presented in table 
1. Also used as inputs in the model, the daily values 
of temperature and precipitation throughout the 
experimental periods, were obtained from the Banco 
de Dados Meteorológicos para Ensino e Pesquisa of 
the Instituto Nacional de Meteorologia (INMET of 
Brazil <https://bdmep.inmet.gov.br/>, considering the 
date and location of each trial. A general description 
of the climatic variables used as inputs in the model is 
presented in table 2.

Model simulation 
Data used as inputs in the Pampa Corte 

model were BW and herbage attributes (i.e., NDF, CP, N 
fractions, CC, DCW, kd (% h-1) and biomass availability 
(kg ha-1), which were averaged by diet treatment within 
each period and trial, and climate variables (i.e., daily 
average, minimum and maximum temperature, and 
precipitation) throughout each experimental period 
in each trial. Briefly, the model predicts the BW gain 
based on AFRC (1993) and CSIRO (2007) equations 
coupled with the dynamic sub-model of ILLIUS & 
GORDON (1991), which predicts herbage intake and 
digestibility based on rumen fill capacity and kinetic 
parameters (i.e., degradation and passage) of digesta. 
The impact of herbage biomass availability (kg DM 
ha-1) and climatic variables on herbage intake are also 

 

Table 1 - Animal and herbage attributes in trials carried out with growing free-ranging cattle on native grasslands of southern Brazil. 
 

Variable --------------------------------------------------Trial1--------------------------------------------------- 

 1 2 
n 18 23 
BW (kg) 152 – 228 203 – 414 
ADG (g day-1) 45 – 418 -405 – 54 

CP (% of DM) forage: 7.5 – 8.8                        
supplement: 16.3 6.2 – 10.0 

NDF (% of DM) forage: 69.9 – 76.2                    
supplement: 37.4 70.5 – 76.9 

ISOMD2 (%) forage: 39.5 – 49.3                    
supplement: 74.0 39 – 47 

FNOMD3 (%) 38.8 – 59.8 39 – 58 

kd 4 (% h-1) forage: 3.15 – 5.00                    
supplement: 7.00 3.00 – 3.63 

 
ADG, average daily gain; BW, body weight; DM, dry matter; CP, crude protein; ISOMD, in situ organic matter digestibility; kd, rate of 
gas production in vitro; NDF, neutral detergent fiber; FNOMD, organic matter digestibility estimated from fecal N. 
1References: Trial1 (heifers), KUINCHTNER et al. (2021); Trial2 (steers, unpublished).    
2Samples were weighed in nylon bags and incubated during 48 hours in the rumen of a grazing steer.  
3Fecal excretions were estimated by n-alkanes or Cr2O3 markers and intake by fecal N.  
4Rate of gas production of the water-insoluble DM fraction incubated in vitro during 96 hours.  
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accounted for assuming that herbage intake is under 
restriction either when herbage mass is below 1200 
kg DM ha-1 and when the animals are out of their 
thermoneutral zone. A detailed description of the intake 
and digestion model can also be found in HERRERO 
(1997) and SILVEIRA (2002). 

Statistical analysis
Data of individual FNOMD values were 

averaged by diet treatment within trials and then 
compared through linear relationship with those of 
ISOMD method using the MIXED procedure of the 
SAS software (SAS Institute Inc., Cary, NC, USA) by 
including trial as a random effect in the model. The 
adequacy of the Pampa Corte model in predicting 
ADG was evaluated at both individual (n= 41) and 
group (i.e. average of animals by diet treatment within 
trials; n= 10) levels. The relationship between observed 
and predicted values was evaluated using the MIXED 
procedure of the SAS software, with the digestibility 
method (i.e. ISOMD or FNOMD) included as a class 
fixed effect and the trial as a random effect in the 
model. Significance was declared at P < 0.05 and the 
adequacy of model predictions was evaluated through 
the determination coefficient (R2), root mean square 
error (RMSE), root mean square error of prediction 
(RMSEP), concordance correlation coefficient (CCC), 
and mean bias (TEDESCHI, 2006). In addition, the 
confidence interval (95%) of the linear parameters was 
calculated based on standard error (SE) values (i.e., ±2 
SE) and was used to evaluate the deviation of either the 
slope from 1 or the intercept from 0. 

RESULTS   AND   DISCUSSION

The values of herbage OM digestibility 
estimated by the fecal N method were related 

linearly to those estimated by the in situ method 
with a relatively low coefficient of determination 
(P < 0.05; R2 = 0.50; Figure 1). The herbage OM 
digestibility was on average underestimated by 
the in situ method when compared to the fecal 
N method (i.e. slope of the linear regression was 
higher than 1 (P < 0.05). Anyway, the difference 
between methods was not enough high to impact 
ADG values predicted by the Pampa Corte model. 
Indeed, the predictions of ADG through the Pampa 
Corte model by using digestibility values estimated 
from fecal N were linearly related to those 
predicted using the in situ method, showing a high 
coefficient of determination (R2 = 0.92; P < 0.05; 
Figure 2). Moreover, the intercept and slope of this 
linear relationship were not different from 0 (±2 SE 
between -4.6 and 12.6) and 1 (± 2 SE between 0.9 
and 1.9), respectively. Also, the observed values 
of ADG were linearly related to those predicted 
by the Pampa Corte at both individual (R2 = 0.52; 
RMSE = 148.9; P < 0.05) or group level (R2 = 0.67; 
RMSE = 108.8; P < 0.05), without a significant 
effect (P > 0.05) of the method to estimate herbage 
digestibility (Figure 3). 

In general, the use of either FNOMD 
or ISOMD values in the calculation of DCW of 
herbage resulted in acceptable predictions of 
individual ADG (i.e., CCC ≥ 0.70) by the Pampa 
Corte model, even though showing a relatively high 
RMSEP (i.e. ≥ 109 g day-1) (Table 3). However, as 
expected, the precision and accuracy of the Pampa 
Corte model in predicting the ADG improved when 
performed at the group level (i.e., CCC ≥ 0.80). 
In fact, all models are under inherent limitations 
for estimating natural phenomena (TEDESCHI, 
2006). In the present study, it is probable that the 
performance of the Pampa Corte on estimating 

 

Table 2 - Climatic variables1 of grazing experiments carried out with growing free-ranging cattle on native grasslands of southern Brazil 
used as input in the Pampa Corte model.  

 

Trial2 Period ---------------------Temperature (°C)--------------------- ------------------------Rainfall (mm)-------------------- 

  Average Max Min Total Max Min 

1 

Autumn 16.1 21.2 11.01 151.2 24.9 0.1 
Winter 15.3 20.8 9.72 316.2 54.4 0.2 
Spring 20.8 26.5 15.3 502.7 54.0 0.2 

Summer 25.6 31.4 19.8 501.6 90.6 0.1 

2 
Autumn 12.9 17.9 9.3 310.0 55.2 0.2 
Winter 13.9 19.2 9.6 526.3 83.7 0.1 

 
1Data were obtained from the Meteorological Database for Education and Research of the Instituto Nacional de Meteorologia of Brazil 
<https://bdmep.inmet.gov.br/>, considering the date and location of each trial.  
2References: Trial1 (heifers), KUINCHTNER et al. (2021); Trial2 (steers, unpublished).      
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ADG was greatly associated with limitations on 
obtaining reliable values of herbage attributes, 
which are used as inputs in the model. The OM 
digestibility estimated by the in situ method as 
well as all other forage attributes were obtained 
from herbage samples collected through the hand-
clipping procedure and pooled by pasture plot 
and diet treatment within trials, which is limited 

to represent the individual selectivity and the true 
diet ingested by free-ranging cattle. Even though the 
fecal N was used as a reference due to be considered 
a more reliable method than the in situ method for 
obtaining herbage digestibility values, it is also 
subject to error due to the inherent constraints 
associated with the use of external markers for 
estimating fecal excretion by grazing animals. 
These constraints include variable marker excretion 
throughout the day, incomplete marker recovery, and 
fecal sampling protocol (KOZLOSKI et al., 2014). 

Regardless of the level of evaluation (i.e., 
individual or group), the mean bias of prediction, which 
accounts for how far the slope of the regression line 
deviates from the unity, was lower (-7.3 and -1.3 g day-1) 
for FNOMD than for ISOMD (75.4 and 47.8 g day-1), 
at individual and group level of prediction, respectively. 

Figure 1 - Relationship between values of dietary organic 
matter digestibility (%) estimated by in situ 
(ISOMD) or fecal N (FNOMD) method (n =10). 
Individual values of FNOMD were averaged by 
diet treatment within trials.

Figure 2 - Relationship between values of average daily gain 
(ADG, g day-1) of growing free-ranging cattle, 
grazing native grasslands of southern Brazil, 
predicted by the Pampa Corte model using as input 
the dietary organic matter digestibility estimated 
from in situ (ISOMD) or fecal N (FNOMD) method 
(n = 10). Individual values of FNOMD were 
averaged by diet treatment within trials.

Figure 3 - Relationship between observed values of average 
daily gain (g day-1) of growing free-ranging cattle 
on native grasslands of southern Brazil with those 
predicted by the Pampa Corte model using as input 
dietary OM digestibility estimated by in situ (■) or 
fecal N method (∆). Regressions were performed by 
using individual (A; n= 41) or the average values of 
animals by diet treatment within trials (B; n = 10).
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Anyway, regardless of the digestibility method, the bias 
was in general of small relevance considering that the 
observed ADG ranged from -405 to 418 and -242 to 373 
g day-1 at individual and group level, respectively.  

In conclusion, the ADG of a group of free-
ranging cattle grazing native grasslands of southern 
Brazil can be adequately predicted by the Pampa 
Corte model using the ISOMD digestibility values 
for obtaining the DCW input. However, limitations 
associated with herbage sampling representativity 
must be considered, which remains a challenge for 
researchers and field technicians. 
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