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5 - Gas test (Hohenheimer Futter test)
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3-in vivo

4 - in vitro
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5- mean square error

6 - coeficion of determination

7 - residual mean absolute deviation
8 - mean percentage error
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1 - Exponential model (y = A. (1-e -(c.t) ))
2 - Logistic model

3 - Gompertz model

4 - Fitzhugh model
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Table 1- Chemical composition (based on DM %) of corn silage at different ensiling times
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! Dry matter (DM)

2 Organic matter (OM)

3 Crude protein (CP)

#Neutral detergent fiber (NDF)
3 Acid detergent fiber (ADF)
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Table 2- Description of candidate nonlinear mathematical models used in this study
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!'y: volume of gas at time t, A: asymptotic gas volume, c: rate parameter, b: shape parameter, t: incubation time and e: Napier’s constant
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Table 3- Comparison of the ruminal fermentation kinetic parameters estimated by the studied models
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! A: asymptotic gas volume (ml/200mg DM), b: shape parameter, c: rate parameter (ml.h™").
2 Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.
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Table 4- Comparison of the models based on their goodness of fit parameters

Uily 295 sl wsled Joe a3 Jo Fres Jo St Juo P )l
Goodness of fit parameteres EXP GOM LOG p-value !
s Clrype (655ke 29.50 21.06 % 17.02 ¢ 25.42 <.0001
MSE 2

O G g 0.961 ¢ 0.975 0.980 @ 0.970 ¢ <.0001
RZ #

oxilogdly ke 3llae Bl ool 3.807% 2.879 ¢ 2.591¢ 3.153°% <.0001
RMAD 3

bas 2o )y (1:S5ko 5.527% -3.075°" -2.808 -3.820° <.0001
MPE #

Lsd S5 0050 el (P<0/00) s me sl glols Ciusy a3 csline By gl sla Sl |

! Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.

2 MSE: mean squares errors

# R2: coefficient of determination

3 RMAD: residual mean absolute deviation
4 MPE: mean percentage error
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"Ho: There is not a significant autocorrelation among the errors (residual values).
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! Ho : The distribution of data are random.

If |Z| > Zi.a2, accept Ho; otherwise, reject Ho Test statistic: Z =2.6938
Critical value (upper tail): Zi.o2=1.96 Critical region: Reject Ho if |Z| > 1.96
Since the test statistic (Z) is greater than the critical value, we conclude that the data are not random at the 0.05 significance level.

Significance level: o= 0.05
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Table 7- Regression parameters between observed (in X-axis) versus predicted (in Y -axis) gas volumes after fitting the models.
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Introduction In vitro gas production technique is one of the methods used for evaluating ruminal
fermentation kinetic of feedstuffs. In this method, the volume of gas produced during the incubation is presented
as a curve. The mathematical description of gas production profile is performed by fitting data set to a nonlinear
model. Recently, several non-linear models have been developed to estimate gas production profile however,
some of these models are not accurate enough. Therefore, the aim of this study was to investigate the accuracy of
some nonlinear models for predicting ruminal fermentation kinetic of a forage feed.

Materials and methods In this experiment, corn silages (samples on 0, 30 and 60 days after ensiling) were
used as fermentation substrates. Dry matter and chemical composition (organic matter, crude protein, NDF and
ADF) of the samples were determined using standard methods. The rumen fluid was obtained from three
fistulated rams before the morning feeding. The collected ruminal fluids were pooled and transferred into a flask
to the laboratory. The rumen fluid was filtered through four layers cheesecloth, flushed continuously with CO;
and maintained at 39°C before incubation. The rumen fluid was then mixed with buffered mineral solution at the
ratio of 1:2 (V/V). Gas production technique was completed in three separate runs on three different days (each
run lasted 6 days). In each run, the samples were incubated in triplicate and two vials (without the substrate)
were considered as the blanks. The volume of gas produced was measured at 0, 2, 4, 6, 8, 12, 16, 20, 24, 48, 72,
96,120 and 144 hours of incubation. The prediction of the gas volume at different times of incubation was
compared by four nonlinear models and results were expressed in ml per 200 mg of DM incubated. The selected
models (experimental treatments) included Exponential (EXP), Fitzhugh (FZH), logistic (LOG) and Gompertz
(GOM). The goodness of fit of the models were evaluated using mean square error (MSE), coefficient of
determination (R?), residual mean absolute deviation (RMAD) and mean percentage error (MPE). In addition,
Durbin-Watson test (DW), run test and linear regression analysis (between observed and predicted values of the
gas volume at different incubation times) were used to assess the accuracy of the models in fitting the data. The
estimated ruminal fermentation parameters (the asymptotic gas volume and gas production rate) and goodness of
fit parameters obtained from each model (MSE, R?, RMAD and MPE statistics) were analyzed using completely
randomized design.

Results The studied models had no difference in terms of predicting asymptotic gas volume (A) on 0, 30 and
60 days after ensiling and the value of parameter A predicted by the models were in the range of 98.37 (for
GOM model on day 0) to 76.09 (for LOG model on day 60) ml per 200 mg DM. The EXP and LOG models had
the highest and lowest MSE and R? values, respectively, indicating their lower accuracy compared with GOM
and FZH models. The RMAD value was lowest in GOM and FZH models (2.591 and 2.879, respectively) and
was highest in EXP model (3.807). The RMAD value is used as an indicator for evaluating the goodness of fit of
models. the lower values of RMAD (closer to zero), represents a better ability of the model in fitting data. Based
on these results, GOM and FZH models had a higher accuracy than EXP model in fitting data. The MPE value in
the EXP model (5.527) was significantly higher than the other models (p<0.05). In other words, the predicted
values (the volume of gas produced at different times of incubation) by the EXP model were lower than the
observed values (it was underestimated). Based on Durbin Watson (DW) test results, the DW statistics in the
EXP, FZH, GOM and LOG models were 0.392, 0.691, 0.705 and 0.675, respectively, indicating that EXP and
GOM models had the lowest and highest accuracy, respectively, in predicting the rumen fermentation kinetic of
corn silage .According to the run test, all the curves in EXP model had the lowest run (3 >) implying a poor
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performance of EXP model in predicting the results. The linear regression between the observed versus predicted
values (regression parameters) showed a significant difference between intercept with 0; and slope with 1 in all
the studied models (p<0.05). However, based on the goodness of fit parameters obtained from the linear
regression, FZH and GOM models had a better prediction of the gas production profile.

Conclusion The EXP model had lower accuracy in predicting the rumen fermentation kinetic of corn silage
compared with the other studied models. It is recommended that other nonlinear models be used in addition to
the EXP model for investigating the ruminal fermentation kinetics of corn silage.

Key words: Goodness of fit, /n vitro method, Nonlinear models, Ruminal fermentation kinetic.



