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2. Exponential with lag time
3. Korkmaz-Uckardes

4. Mitscherling

5. Weibull
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1. Mean squares errors

2. Coefficient of determination

3. Residual mean absolute deviation
4. Mean percentage error

5. Durbin Watson test

6. Akaike's Information Criterion
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Table 1. Composition of studied rations (based on percentage)

|y g sl
30F:70C 40F:60C 50F:50C 60F:40C 70F:30C b 2l
Feed-stuffs
27.50 36.65 45.83 55.00 64.15 e Bl
Alfalfa hay
61.25 52.50 43.75 35.00 26.25 el
Barley grain
175 150 1.5 1.00 0.75 Ly s
Soybean meal
7.00 6.00 5.00 4.00 3.00 P g
Wheat bran
250 3.35 417 5.00 5.85 i
Wheat straw
2.62 2.50 2.39 2.28 2.17 e e J6 55

Metabolizable energy* (Mcal/kg DM)
08) 13 8 5,51, (V) NRC s ol e BB (555"

* Metabolizable energy was estimated based on NRC (2007).
Forage(F) to concentrate(C) ratio
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Table 2. Description of nonlinear mathematical models used in this study

Luls ol le glaaseal 3 Jde

Domain  Shape parameter Equation Model
t>0 - ¥ = A(1 — exp =°1) Exponential (EXP)
t>0 - ¥ = A(1 — exp ~°(t-1)) Exponential with lag time (EXPL)
t>0 b ¥ = A(1 — b.exp (7%1) Mitscherling (MIT)
t>0 b y = A —b.In(exp T + 1) Korkmaz-Uckardes (KOR)
t>0 b v = A{1 — exp (-°thP Weibull (WEB)

(YVAAYNAYAAL L) o sde XP 5 58 W5 s € G Wy sl A 0l 5o 0 N 4

y: volume of gas at time t, A: asymptotic gas volume, c: rate parameter and EXP: Napier’s constant (2.718218284...)
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1. Nonlinear regression
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Table 3. Chemical composition of feed-stuffs used in this study (based on DM %)

s s 0l Pl S50 Sesle St osle Sy esle
ADF NDF CP OM DM Feed-stuff
36.62 48.31 13.93 93.05 92.67 o sl

Alfalfa hay
C..L\f ols
45,95 70.11 3.52 90.10 94.36
Wheat straw
}>~ 4.':\3
5.89 26.31 1151 97.39 92.76 .
Barley grain
Uy
23.89 41.97 12.62 94.00 90.11 72 oo
Wheat bran
Ly s
6.50 29.00 43.39 92.21 90.74

Soybean meal

Dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF).
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Table 4. Comparison of the ruminal fermentation kinetic parameters estimated by the studied models

Pl Ladte aasnl 3
P-value WEB KOR MIT EXPL EXP Parameters
0.1382 124.64 121.88 123.06 122.670 119.33 A
<.0001 0.036 ¢ 0.06° 0.048 ¢ 0.050 ¢ 0.069 2 c

- 0.603 145.170 0.848 - - b

- - - - 3.320 - L

Lag Jpms WEB 5 s S 505,55 KOR (K pee MIT 28 56 L ol jan JL23U ST EEXPL (JLiil oSt EXP 5 5 adote
(Cel) ol 56 L 5 (ele 2l o) 5 A5 oo € el ol 3 D (i asle o 8§ s Yov 2 L) 5 W5 il A

Aies S Q_,Aﬂ); Ao 3 0 gl cla“)z)b e sl bl caisy s Coslae Gy > glyls ‘5LAJ.<4LA
Models were EXP: Exponential, EXPL: Exponential with lag time, MIT: Mitscherling, KOR: Korkmaz-Uckardes

and WEB: Weibull.

A: asymptotic gas volume (ml/200mg DM), b: shape parameter, c: rate parameter (ml.h™*) and L: lag time (h).
Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.
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Table 5. Comparison of the models for their goodness of fit parameters

P s Laazal 5
P-value WEB KOR EXPL EXP Parameters
<.0001 2.63° 10.91° 7.25° 35.74% MSE
<.0001 0.998° 0.992° 0.994° 0.970¢ R?
<.0001 1.13¢ 2.31° 1.87¢ 4.67° RMAD
<.0001 -0.27° -0.86° -0.64° 4.46° MPE

L3 s WEB 5 3,185 505,58 (KOR « K jme MIT 5l 56 L ol s JLiil s EEXPL (JLisl ST EXP s 5 b Jute
Lo dos ke :MPE 5 66lasl S5k lae Gl sl RMAD (s o o R st Slay o . KLe (MSE

JECIY uS)J Q}Aj): Qo3 0 6&}@&“)’)1’&*‘@}@" Shls cassy o s Cogline Gy > (slyls ‘_;La&:fjl:,a
Models were EXP: Exponential, EXPL: Exponential with lag time, MIT: Mitscherling, KOR: Korkmaz-Uckardes

and WEB: Weibull.

MSE: mean squares errors, R coefficient of determination, RMAD: residual mean absolute deviation, MPE: mean

percentage error.

Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.
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Table 6. Relative efficiency (RE) of the models relative to each other

Model;

Model;
WEB KOR MIT EXPL EXP
0.074 0.305 0.201 0.203 1.000 EXP
0.363 1.505 0.990 1.000 4.930 EXPL
0.366 1.519 1.000 1.010 4.978 MIT
0.241 1.000 0.658 0.665 3.276 KOR
1.000 4.148 1.730 1.757 13.589 WEB

L3y Jgms WEB 5 3,551 545 555 KOR (& e MIT 2l 56 Lol en JLtil st EXPL (lzst st EXP (s 5 0 s Js
Models were EXP: Exponential, EXPL: Exponential with lag time, MIT: Mitscherling, KOR: Korkmaz-Uckardes

and WEB: Weibull.
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Table 7. Results related to Akaike test after fitting the models.

ST oz SEUTHs (T bl Jhes sbiladly Slas o ¢ gomes amind b 3l ade
W AICA AlIC RSS Number of parameters Model
1x10°7 32.89 56.18 465.44 2 EXP
3.6x10°  11.26 34.55 87.58 3 EXPL
5.4x10°  10.43 33.72 87.07 3 MIT
2x10™ 17.59 40.88 132.54 3 KOR
0.9944 0.00 23.29 31.57 3 WEB

L3 dsms WEB 5 os,l85k- 505,58 KOR K zee MIT ‘KL 56 L ol s JLisl 5eSTEXPL JLisl 5nSHEXP Cs 5 0 b Jue

ST oss W s adus L LAIC ltis o 2eS L de o ool AAIC (ST ledbl las :AIC bl Soles 0 ¢ gores RSS
Models were EXP: Exponential, EXPL: Exponential with lag time, MIT: Mitscherling, KOR: Korkmaz-Uckardes

and WEB: Weibull.

RSS=Residual Sum of Squares, AIC=Akaike's Information Criterion, AAIC = the difference between model with the

lowest AIC and the other models, W= Akaike weight.
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Table 8. Durbin Watson (DW) test results for autocorrelation of the errors

WEB KOR MIT EXPL EXP
C PN 3 LaT
1.653 0.955 1.187 1.187 0.260 O il ym 20352 )
DW value
3 g s oslelyldie 1y 2
0.916 0.635 0.681 0.681 0.192 Ol sy lelylae (g S
Minimum of DW
SPWA{Pe oslel Hldie o 2
2.823 1.544 2.673 2.673 0.415 Oslom mo s> oolel Dlas (Al
Maximum of DW
\ .
0 22 11 11 45 _ﬂ_vf*”
significant
Is o :
29 23 30 31 0 e
Non-significant
16 0 4 3 0 . wd
inconclusive

(80= o JS 310x5) & el cpary53 a5lel 0350 s me b 5 035 015 me olad 2 58 W5 gls i s
L3 dsms WEB 5 os,l85k- 505,58 KOR K e MIT ‘KL 56 L ol s JLiil 5eeSTEXPL JLisl 5nSTEXP s 5 0 b Jue
Distribution of the gas test curves according to the significant (P<0.05) and non-significant (P>0.05) DW values

(total curve=45)

Models were EXP: Exponential, EXPL: Exponential with lag time, MIT: Mitscherling, KOR: Korkmaz-Uckardes and

WEB: Weibull.
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Abstract

Background and objectives: The in vitro gas production test (IVGP) is used for evaluating the
nutritional value of feedstuffs in animal nutrition. In IVGP, the volume of gas produced during
incubation time is fitted by using a nonlinear model and some parameters related to ruminal
fermentation kinetic are predicted. Over the past years, animal nutrition researchers have
proposed a variety nonlinear models for this purpose. However, it has been reported that each of
these models have predicted ruminal fermentation parameters with different accuracy and
presented contradictory results. The purpose of this experiment was to compare the accuracy of
some nonlinear models for predicting of gas production kinetics in different diets.

Materials and methods: For this experiment, five diets with different forage to concentrate
ratio (70:30, 60:40, 50:50, 40:60 and 30:70) were prepared. Feedstuffs which used for preparing
of these diets included alfalfa hay, wheat straw, barley grain, wheat bran and soybean meal. For
investigating the ruminal fermentation kinetic of the experimental diets, the IVGP was used in
three separate runs. For each run, rumen fluid was obtained from three fistulated Mehraban rams
before the morning feeding. Then, 200 mg of each dried experimental diets with 30 ml of
buffered rumen fluid were transferred into each glass vial (in three replications) and all vials
were capped. The prepared vials (three vials were considered as the blanks) were incubated at
39 °C and the volume of gas produced were recorded at 2, 4, 6, 8, 10, 12, 16, 20, 24, 36, 48, 72,
96, 120, 144 hours after incubation. The results (the volume of gas produced at different
incubation times) were fitted for exponential (EXP), exponential with lag time (EXPL),
Mitscherling (MIT), Korkmaz-Uckardes (KOR) and Weibull (WEB) models. The models
goodness of fit were performed using mean square error (MSE), coefficient of determination
(R?), residual mean absolute deviation (RMAD), mean percentage error (MPE) and relative
efficiency (RE). Durbin-Watson (DW) test and Akaike's information criterions (AIC) were used
for selection of the best model.

Results: Results showed that the models had no significant difference in term of asymptotic gas
volume (A). The EXP model had the highest MSE (35.74), RMAD (4.67), MPE (4.46) and
lowest R? (0.970), (P < 0.05). The lowest MSE (2.63) and RMAD (1.13) were observed in the
WEB model (P < 0.05). The RE of the WEB model was higher than the other models. The
highest (56.18) and lowest (23.29) AIC values were observed in the EXP and WEB models,
respectively. The DW value in the EXP, EXPL, MIT, KOR and WEB models were 0.260,
1.187, 1.187, 0.955 and 1.653, respectively.

Conclusion: Generally, results showed that the EXP model predicted gas production kinetic of
the tested diets less accurately and the WEB model had the highest accuracy.

Keywords: Akaike, Gas production kinetic, Goodness of fit, Nonlinear models, Relative efficiency.
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