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Abstract. The in vitro gas production technique is one of the feed 

evaluation methods that capture the characteristics of rumen microbial 

fermentation in response to the gas produced by feed ingredients. The gas 

production response is related and modelled to a unit of time with several 

parameters using non-linear regression mathematical equations. To facilitate 

this task, a script program in R has been developed that can perform the 

intended calculations. The calculation process uses nonlinear mathematical 

equations with intercepts. The equation shows that gas production (P) (mL) 

is influenced by several constants that indicate the share of gas production 

from the soluble fraction (FA) (mL), gas production from the potentially 

soluble part (FB) (mL), gas production rate (KC) (mL/h) and incubation time 

(T) (h). In addition to P and T, the three constants are tried to be derived by 

the program created. The data set is taken from several in vitro gas 

production studies that have been conducted previously.  The Neway 

Software program of curve fitting calculations was used to validate the 

results, as the mean difference was tested using an unpaired T-test. Both 

programs showed the same calculation results for FA (P=0.9996), FB 

(P=0.9998), and KC (P=0.9962). The residual standard error (RSE) and R-

square (R2) values of both programs also came with the same result they 

were RSE (P =0.9978), and R2 (P=0.6087) respectively. This shows that the 

R program script made can carry out the calculation process of making a 

model of the gas production equation for modeling in vitro gas production 

from rumen fermentation.  
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1 Introduction 

 The feed evaluation technique uses live livestock (in vivo), especially for ruminant 

livestock, apart from requiring the availability of large numbers of livestock to fulfil 

statistical sampling, it also involves a long maintenance process. One way to evaluate feed 

quickly and simply is to carry out in vitro evaluation techniques which involve the use of 

rumen fluid in the feed material substrate fermentation process [1]. A fairly accurate response 

was shown by in vitro techniques to predict in vivo results in reducing CH4 emissions due to 

the addition of tannin [2]. To represent observation data resulting from substrate incubation, 

a calculation process is needed to fit the response data into a mathematical equation that 

explains the conditions of the substrate incubation process in more detail and specifically [3]. 

In practice, the data fitting calculation process requires the help of a computer program to 

carry out calculations quickly and accurately. For this purpose, a program script has been 

created in the R programming language which can be replicated to carry out the data fitting 

calculation process from the substrate fermentation process by rumen fluid in vitro.  

2 Materials and Methods 

2.1 Model 

 The nonlinear equation from [4] was used as a model to characterise the gas production 

from rumen fermentation in vitro. The equation was described below : 

 

P = a+b (1-e-ct)
   (1) 

 

 

With   P = total gas production (mL), 

   a = gas distribution from soluble fraction (mL), 

   b = gas production from the potentially soluble part  (mL), 

   c = gas production rate (mL/h) 

     e = euler's number. 

2.2 Data Source and Statistical Method 

 Data sets were taken with kind permission from [5] and [6] which reported the 

supplementation of organic minerals, probiotics, inulin, and protected amino acids into 

ruminal feed (20 observation data) and the use of swimming crab shells in dietary feed  (14 

observation data) to the response of ruminal gas production in vitro respectively. Both studies 

used The Neway program [7] to predict the kinetic equation of gases produced from rumen 

fermentation in vitro. This Neway program is an external add-in program for Microsoft Excel 

that calculates and displays parameter values from the equation (a, b, c) along with measures 

of the accuracy of the prediction, i.e. Residual Standard Error (RSE), and Discriminant 

Coefficient (R2). To compare with the previous analysis results we use R program version 

4.2.3. [8] edited on RStudio ver. [9] with minpack.lm ver. 1.2.4. [10] package for statistical 

calculation, for data manipulation and others used : broom ver. 1.0.5 [11], writexl ver. 1.4.2 

[12], dplyr ver. 1.1.3  [13], shiny ver. 1.7.5.1 [14], readr ver. 2.1.4 [15], openxlsx  ver. 4.2.5.2 

[16] , shinythemes ver. 1.2.0 [17] and ggplot2 ver. 3.4.4 [18]. The mean of the results was 

analyzed using the T-test Two-Sample Assuming Equal Variances from Microsoft Excel ver. 

2010 data analysis. Some of the parts of the R script were produced from the response of 

personal communication with ChatGPT version GPT-3.5 [19]. 
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Fig. 1. The flowchart of the calculation  
process 

The flow of the script for the calculation process is described at Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

First, we collect the base data from MS Excel in the form of a .csv file (Comma Separated 

Value). The file itself should be organised in a data set constructed with the first variable/ 

column representing numerical data indicating the observation time points (hours), which 

will be used as predictive data and paired with dependent data from the 2nd column onwards, 

representing gas production response (mL) from each sample. The pairs of data will be used 

to calculate their regression characteristics using the nlsLM function [10] from the R 

minpack.lm package based on the nonlinear regression equation proposed [4]. The calculated 

constant values will be collected as a data frame and stored in a .xlsx file (downloadable). 

Meanwhile, for the visualisation process, the data pairs will be displayed in the form of a 2D 

non-linear regression graph, and this graph can be saved in a .jpeg format. 

2.3 R Script 

The R script to process such calculation was written as follows : 

 

 

#====Start from here================================================ 

# To Use it Just copy from Start text to end of the script, then paste it into your R or R studio 

(recommended) editor prior to run   

# The File to import should be in  .csv  (comma separated value) form with the structure  #1st  

numeric variable allocated for time  

# incubation, and #2nd  and toward filled as gas production response  from samples 

observation 

#---- please install the packages bellow first by  remove "#" for no installed packages 

#install.packages("minpack.lm") 

#install.packages("shiny") 

#install.packages("readr") 
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#install.packages("openxlsx") 

#install.packages("broom") 

#install.packages("writexl") 

#install.packages("dplyr") 

#install.packages("shinythemes") 

#install.packages("ggplot2")   

library(shiny) 

library(readr) 

library(openxlsx) 

library(minpack.lm) 

library(broom) 

library(writexl) 

library(dplyr) 

library(shinythemes) 

library(ggplot2)   

generate_plot <- function(data, x_title, y_title, plot_title) { 

  data1 <- colnames(data)[1] 

  data_long <- tidyr::gather(data, key = "Variable", value = "Value", -!!as.name(data1)) 

  plot <- ggplot(data_long, aes(x = !!as.name(data1), y = Value, color = Variable))+ 

geom_blank() + geom_line(alpha = 0)+ 

    labs( 

      x = x_title, 

      y = y_title, 

      title = plot_title 

    ) +geom_smooth(method = loess, se = FALSE)+ 

    theme_minimal() 

  return(plot) 

} 

ui <- fluidPage( 

  theme = shinytheme("slate"), 

  titlePanel( 

    div( 

      style = "font-size: 24px;", "In Vitro Gas Production Modelling (Orskov & McDonald, 

1979)" 

    ) 

  ), 

  sidebarLayout( 

    sidebarPanel( 

      fileInput("file", "Choose File (.csv)", accept = ".csv"), 

      downloadButton("downloadDataXLSX", "Download .xlsx"), 

      textInput("plot_title", "Graphic title:", ""), 

      textInput("x_title", "X-axis title:", ""), 

      textInput("y_title", "Y-ordinate title:", ""), 

      downloadButton("download_plot", "Download graphic(.jpeg)"), 

      actionButton("reset_button", "Reload"), 

      actionButton("quit_button", "Quit") 

    ), 

    mainPanel( 

      h4("Observation Data", style = "text-align: center; color: yellow;"), 

      tableOutput("data"), 

      h4("Calculation Data", style = "text-align: center; color: orange;"), 
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      tableOutput("data_new"), 

      plotOutput("plot") 

    ) 

  ) 

) 

server <- function(input, output, session) { 

  data_dummy <- reactiveVal(NULL)  # Initialize data_dummy as a reactiveVal 

  observeEvent(input$file, { 

    req(input$file) 

    data <- read.csv(input$file$datapath) 

    data_dummy(data)  # Store the data in data_dummy 

  }) 

  observeEvent(input$reset_button, { 

    updateTextInput(session, "plot_title", value = "") 

    updateTextInput(session, "x_title", value = "") 

    updateTextInput(session, "y_title", value = "") 

    data_dummy(NULL) 

  }) 

  observeEvent(input$quit_button, { 

    # Quit the application 

    stopApp() 

  }) 

  output$plot <- renderPlot({ 

    data <- data_dummy()  # Retrieve data from data_dummy 

    if (!is.null(data)) { 

      plot <- generate_plot(data, input$x_title, input$y_title, input$plot_title) 

      print(plot) 

    } 

  }) 

  Data_fitcurve <- reactive({ 

    req(input$file) 

    data <- read.csv(input$file$datapath) 

    counter <- 0 

    Colom <- ncol(data) 

    Coefficient_table_new <- NULL 

    Variable_name_WO_time <- NULL 

    for (i in 2:Colom) { 

      Data <- data.frame(incubate_time = data[, 1], gas = data[, i]) 

      model <- nlsLM(gas ~ a + b * (1 - exp(-c * incubate_time)), data = Data,  

                     start = list(a =  max(Data$gas), b = 0., c = 0.1)) 

      summary(model) 

      Coeficient_equation <- broom::tidy(model) 

      Coefficient_table <- data.frame( 

        a = Coeficient_equation$estimate[1], 

        Std_a = Coeficient_equation$std.error[1], 

        Stat_a = Coeficient_equation$statistic[1], 

        P_a = Coeficient_equation$p.value[1], 

        b = Coeficient_equation$estimate[2], 

        Std_b = Coeficient_equation$std.error[2], 

        Stat_b = Coeficient_equation$statistic[2], 

        P_b = Coeficient_equation$p.value[2], 
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        c = Coeficient_equation$estimate[3], 

        Std_c = Coeficient_equation$std.error[3], 

        Stat_c = Coeficient_equation$statistic[3], 

        P_c = Coeficient_equation$p.value[3], 

        RSE = sigma(model), # Residual Standard Error 

        R2 = 1-(sigma(model)^2/var(Data$gas)) 

        ) 

      if (counter == 0) { 

         

Coefficient_table_new <- Coefficient_table 

      } else { 

        Coefficient_table_new <- rbind(Coefficient_table_new, Coefficient_table) 

      } 

      counter <- counter + 1 

        if (is.null(Variable_name_WO_time)) { 

        Variable_name_WO_time <- colnames(data)[-1] 

      } 

    } 

    return(list(Data_fitcurve = data, Coefficient_table_new = Coefficient_table_new, 

Variable_name_WO_time = Variable_name_WO_time)) 

  }) 

  output$data <- renderTable({ 

    Data_fitcurve()$Data_fitcurve 

  }) 

  output$data_new <- renderTable({ 

    data <- cbind(Data_fitcurve()$Variable_name_WO_time, 

Data_fitcurve()$Coefficient_table_new) 

    colnames(data) <- c("Variable_name", 

colnames(Data_fitcurve()$Coefficient_table_new)) 

    data 

  })  

  output$download_plot <- downloadHandler( 

    filename = function() { 

      paste("plot.jpeg", sep = "") 

    }, 

    content = function(file) { 

      data <- data_dummy()  # Retrieve data from data_dummy 

      if (!is.null(data)) { 

        jpeg(file, width = 800, height = 600) 

        plot <- generate_plot(data, input$x_title, input$y_title, input$plot_title) 

        print(plot) 

        dev.off() 

      } 

    } 

  ) 

  output$downloadDataXLSX <- downloadHandler( 

    filename = function() { 

      paste("output.xlsx", sep = "") 

    }, 

    content = function(file) { 

      if (!is.null(Data_fitcurve()$Coefficient_table_new)) { 
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        data <- cbind(Variable_name = Data_fitcurve()$Variable_name_WO_time, 

Data_fitcurve()$Coefficient_table_new) 

        output_file <- tempfile(fileext = ".xlsx") 

        writexl::write_xlsx(data, output_file) 

        file.copy(output_file, file) 

      } 

    } 

  ) 

} 

shinyApp(ui, server) 

###===========================end of script========================== 

3 Results and Discussion 

This program generates web-based output that displays a data frame from a .csv file as 

observational data to be calculated and also displays the result data frame (Figure 2.). 

Visually, it also presents a graph illustrating the relationship between the observation time 

data and the gas production response from the samples tested (Figure 3.). The calculations 

data frame and the graph results could be downloaded into the desired location in the local 

computer directory. 

The calculation results show that both software (Neway and R) are able to completely 

produce the requested non-linear equation calculation  based on the constant values that 

appear (Table 1). The value of the constant "a" shows results that are not significantly 

different (P = 0.9996) for the two software’s. The two softwares Neway and R also produce 

values that are not different for the constants "b" (P = 0.998) and "c" (P = 0.9962). The Neway 

program produces information about the effectiveness of predictions from the resulting 

equation in the form of Residual Standard Error (RSE) values and Coefficient of 

Determination (R2) values as well as the R program. The results of statistical analysis show 

that the RSE and R2 values for the two programs are not significantly different (P=0.9978 ) 

and (P=0.607) respectively. The R program on the other hand is able to provide information 

on the statistical values attached to each calculated constant. The statistical values in question 

are the standard deviation (Std) value and the P value (P), these two values are not displayed 

in the Neway program. The relationship between the graphical prediction results for all 

components (a,b,c, RSE, R2) between the Neway calculation results and R shows the same 

linear pattern (Figure 3 : 8). 

The Neway program [7] is a program using a Solver program which is an add-in program 

to Microsoft Excel. This Add in Solver program is capable of carrying out calculation 

processes to achieve optimization conditions that produce the maximum or minimum value 

of the final goal to be achieved [20] so that this program is able to carry out calculations for 

curve fitting. The Neway program creates a fitting curve with a single calculation using only 

the [4] equation. On the other hand, the R program is an open source program that has a 

domain for statistical calculations and graphics [9]. The use of the R program package 

"minpack.lm" [10] for modelling in vitro gas production is in accordance with the use of the 

R program package - "drc" which can be used to calculate eight mathematical models for in 

vitro gas production and feed degradation in sacco [3]. 

 

 

 

 

 

 

7

BIO Web of Conferences 88, 00002 (2024)
ICIAS 2023

https://doi.org/10.1051/bioconf/20248800002



 

Table 1. The modelling results of the gas production from rumen fermentation in vitro 

Appli

cation
1) 

 

a 2) b c RSE
4) 

 

R25) 

    

Est3

) 

Std.
3) 

P3) Est Std. P Est Std. P   

 

Newa

y 

0.40

42 NA NA 

39.02

62 NA NA 

0.0

461 NA NA 

0.45

70 

0.99

49 

 

R 

0.40

41 

0.2

797 

0.24

56 

39.02

74 

0.80

58 

0.0

001 

0.0

461 

0.00

36 

0.0

020 

0.45

70 

0.99

36 

 

P-2t6) 

0.99

96 NA NA 

0.999

8 NA NA 

0.9

962 NA NA 

0.99

78 

0.60

87 
1)  Software used for fitting curve i.e. Neway [7] and R Program 4.2.3 [8] 
2)  Constans equation for gas production from rumen invitro fermentation [4] i.e, “a” :  gas production 

form rapid soluble fraction (mL),  “b” :  gas portion from potential degraded material (mL), “c” :  gas 

production rate (mL/h) 
3)  Est : Constants value from calculation, Std = Standard deviation, P = P value 
4)  RSE: Residual standard error 
5)  R2 : R-squared value 
6)  P-2t : two tail P value from T-test determination, NA : unrevealed value 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Observation & calculation data display.  Fig. 3. Graphic visualization. 

 

(a) (b) 
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(c) (d) 

(e) 
Fig. 4. (a) The “a” from Neway & R calculation, (b) The “b” from Neway & R calculation, (c) The “c” 

from Neway & R calculation, (d) The “RSE Neway & R calculation, and (e) The “R2” from Neway & 

R calculation 

4 Conclusion 

 The use of the R program script that has been made in this paper is able to carry out the 

modelling process for the process of calculating non-linear mathematical equations for gas 

production from rumen fluid fermentation in vitro. 
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