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Research Article ABSTRACT

Avrticle History: The present research was managed to propose alternative nonlinear models to
i‘é‘égg’tigj gg'gﬁggi describe ruminal degradation kinetics from data get by the incubation in the
Published online: 08.03.2022 rumen using the polyester bag technique. For this purpose, data were used from

maize silage harvested at three different maturity stages: medium flowering,
milk line, and hard dough. Orskov model was compared to nonlinear models:

52%2”253.5: i« Monomolecular, Mitsherling, Logistics, and Verhulst models. These models
Degradgbiﬁsty were calculated according to Rﬁdj,, MSE, MAE, MAPE, and BIC which are
Maize silage goodness of fit criterias, and the Logistics and Verhulst models identified the

Nonlinear model

The goodness of fit best model in all of the models. Monomolecular and Mitsherling models

indicated similar results with Orskov model. As a result, apart from the Orskov
Model, it has been shown that Monomolecular, Mitsherling, Logistics, and
Verhulst nonlinear models can be used as well for maize silage obtained in
different maturity stages using nylon bag technique in animal feeding studies.
Additionally, the Logistics and Verhulst models are capable of calculating the
time at inflection point and digestion at inflection point are important
advantages specific to these two models.

Farkh Olgunluk Asamalarinda Hasat Edilen Misirin, in Situ Kuru Madde Parcalanabilirligi i¢in Farkh
Dogrusal Olmayan Modellerin Karsilastirilmasi

Arastirma Makalesi

oz
Makale Tarihgesi: Polyester torba teknigi kullanilarak yapilan bu caligmada, misir silajmin
g:EZIt?;Ir?rlnofaofo 22(())%11 rumendeki inkiibasyonundan elde edilen veriler kullanilarak silajlarin rumende
Online Yaymlanma: 08.03.2022 parcalanabilirlik kinetigininin dogrusal olmayan alternatif modeller dnermek

icin yiiriitiildii. Bu ¢alismada, misirin orta ¢igceklenme, siit olum ve sert hamur
olum olmak tizere ii¢ farkli olgunluk déneminde hasat edilmesiyle elde edilen

Anahtar Kelimeler:

Veri Analizi silajlarin verileri kullanilmigtir. Orskov modeli, Monomolecular, Mitsherling,
Sindirilebilirlik Logistics ve Verhulst modellerinin yer aldigi dogrusal olmayan modellerle
Misir Silajt karsilastirild. Bu modeller Rz,;, MSE, MAE, MAPE ve BIC uyum kriterlerine
Dogrusal olmayan modeller o . o
Uyum iyiligi kriterleri gore kargilastirmis ve Logistics ve Verhulst modelleri tiim modellerde en iyi

model olarak bulunmustur. Monomolekiiler ve Mitsherling modelleri, Orskov
modeli ile benzer sonuglar vermistir. Sonu¢ olarak, hayvan besleme
caligmalarinda polyester torba teknigi ile farkli olgunluk asamalarinda elde
edilen musir silajt igin Orskov Modeli disinda Monomolecular, Mitsherling,
Logistics ve Verhulst nonlineer modellerinin kullanilabilecegi gosterilmistir.
Logistics ve Verhulst modellerinin en iyi modelleri olarak segilmelerinin yani
sira doniim noktasi zamanini ve degerini hesaplayabilmesi bu iki modele 6zgii
Onemli bir avantajdir.

To Cite: Hizli H., Kiligalp N. Comparison of Different Nonlinear Models For Degradability In Situ Dry Matter of Maize
Harvested at Various Maturity Stages. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2022; 5(1):12-21.
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Introduction

Mathematical models are important because biological interpretations can be made on the parameters
they contain (Ratkowsky, 1989; Seber and Wild, 1989). The first mathematical model in animal
nutrition studies was used on the dry matter digestibility of feeds (Axelsson, 1939). In the following
years, mathematical models gained importance in explaining the values obtained from in situ and in
vitro methods used in determining the quality of nutritional feed composition. @rskov and Donald
(1979) used the first method developed by modifying the exponential equation to predict the
digestibility of the feed proteins in the rumen. One of the most commonly used feed evaluation
methods in ruminant feeding is in situ technique (Qrskov et al., 1980). Lo'pez et al., (1999) used
fragmentation curves to determine the degradation Kinetics of each feed substrate in the rumen. This
method (in sacco) is an important method for determination of degradability of roughage and
concentrated feeds in the rumen, and to estimate feed consumption and daily live weight gain of
animals. But, there are other many methodologies measuring the affect of degradability of feed
samples (Nocek, 1988; Huntington and Givens, 1995). Beuvink and Kogut (1993) conducted a study
to estimate the digestive parameters of different meadow silages with different models. Chilibroste et
al., (1998) compared the in situ with the in vitro technigue using the Groot model. France et al., (1998)
used Mitscherlich, Generalized Michaelis Menten and Gompertz and Logistic Growth models to
define gas production profiles. Macheboeuf and Milgen (1998) compared the models according to the
standard errors (MSE) of the models using five models to estimate the organic matter digestibility of
feed in horses. Olaisen et al., (2003) used the in situ method to estimate the concentrations of dry
matter and protein digestibility and applied the Von Bertalanffy model to the values they obtained.
France et al., (2005) interpreted gas production parameters using Gompertz, sigmodial, Morgan and
France models. Tedeschi et al., (2005) emphasized the importance of using mathematical models in
accordance with the experimental data of the in situ technique obtained from animal feeding studies in
the information obtained about feeds. Nasri et al., (2006) studied the dry matter and crude protein
digestibility of soybeans using different mathematical models and calculated which model is better
with various criteria of goodness of fit. Hackmann et al., (2008) measured Relative Feed Value (RFV),
related to in situ degradation parameters of grass and legume forages, using DM, CP, and NDF
degradation data with six alternative nonlinear models by using some goodness of fit criteria such as
residual sums of squares (SSRES), residual mean square (MSRES), Akaike’s information criterion
(AIC) values. Korkmaz and Uckardes (2014) presented an alternative model called Korkmaz-
Ugkardes, which has a logarithmic structure to describe the ruminal degradation kinetics of feeds.
Ucgkardes and Efe (2014) investigated the use of some different mathematical models at four different
legume forage crops, and the goodness of fit of these models to in vitro gas production data using
goodness of fit criteria such as Rz,;, MSE, AF and BIC.

The purpose of this study was to compare the suitability of defining rumen degradation kinetics from

maize silage in five nonlinear models named Orskov, Monomolecular, Mitsherling, Logistics and
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Verhulst and to show their usability. The useability of these models were tested to different goodness

of fit criterias such as Adjusted Determination of Cofficient (Rz,;), Mean Square Error (MSE), Mean

Absolute Error (MAE), Mean Absolute Percentage Error (MAPE) and Bayes Information Criterion
(BIC). For statistical analaysises, one-way analysis of variance and then Duncan multiple comparison
test were applied. Thus, this study offers researchers working on different forage crops that the option

of using different models can be used other than using the Orskov model.

Materials and Method

Material

Animal material and in situ incubations

Nylon bag technique was used to determine the degradability of silage samples in the rumen. For this
purpose, a rumen fistula (3,5 cm inner diameter) was replaced to the rumens of approximately 500+0,4
kg live weight, three-year old, three Hostein heifers (QOrskov and Donald, 1979). The animals were
weighed and placed in individual compartments before digestion trial started and adapted to the trial
conditions for three weeks. Feeds given to heifers; 125% of maintenance level and roughage:
concantrate feed rate was prepared at the ratio of 60:40. The heifers were fed twice in a day as
recommended (NRC, 2007), at 8,30 in the morning and 16,30 in the evening respectively, with a
specific feed ration consisting of alfalfa hay and triticale hay mixture (60:40) as roughage, barley as a
consantrate feed, and additional mixture of vitamins and minerals. Clean water always was available
in front of the heifers. In situ dry matter degradability for each incubation period was calculated by the

equations proposed in Table 1.

In Situ Procedure

Silage samples were dried at 65 °C for 48 hours and then grinded through laboratory hammer mill with
a 2,5 mm screen. The 5-gram samples were filled in polyester bags (5x10 cm size and 40-50 microns
pore diameter) and then put into the rumen for incubations of 0, 12, 24, 48, 72 and 96 hours to
determine DM degradability. The degradation of DM was recorded at each incubation period for each

harvesting stage of silages.

Method

Many researchers indicate that the degradation of feeds in the rumen is a function of the length of the
feed remaining in the rumen (France et al., 1998; Dhanoa et al., 2007). Table 1 shows Orskov,
Monomolecular, Mitsherling, Logistics and Verhulst nonlinear model equations explaining the
ruminal degradation kinetics from the data obtained by incubation in the rumen using the polyester
bag technique (in situ). In equations (), represents digestion at t time, t is incubation time or digestion
time, A is parameter total digestion amount, B is the curve asymptote at infinite time, and k rate of

degradation of fraction. Time at inflection point (TIP) and Digestion at Inflection Point (DIP) indicate
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where the digestion rate is highest. After these points the digestion rate decreases gradually. The
ability to calculate TIP and DIP in Logistics and Verhulst models is an important advantage specific to
these two models.

Table 1. Model expressions, parameters, inflection points of the non linear equations

Models Equations TIP DIP
(X-axis) (Y-axis)
Orskov Y = A+B(1 - €™ - -
Monomolecular Y=A-Be™ - -
Mitscherling Y=A(1-Be™) - -
Lojistic Y = A/(1+eB M In(B)/k A2
Verhulst Y = A/(1-Be™) -In(-1/B)/k A2

A, B, k are model parameters; TIP:Time at Inflection Point; DIP:Digestion at Inflection Point; Y: The degradation rate of
dry matter. k: rate of degradation of fraction.

Parameter estimates in the models were made with the Levenberg-Marquardt iteration method by using
the NLR procedure in the SPSS program (IBM SPSS, 2011). Models were evaluated by performing
ANOVA and Duncan's multiple comparison test on the statistical goodness of fit measurements (MSE,
MAE, MAPE and BIC) (Waller and Duncan, 1972; Nastri et al., 2006; Chai and Draxler, 2014; Pham,
2019). When comparing models, MSE MAE, MAPE and BIC, those with the smallest value were rated
as the best (Kaps and Lamberson, 2004; Pham, 2019). Also, Pitatowska (2011) reported that using Rz;

in nonlinear models is more appropriate than using the coefficient of determination (R2).

Results and Discussion

Table 2 shows the mean and standard error of the goodness of fit criterias, R2;;, MSE, MAE, MAPE,

adj.r
BIC, calculated using the digestibility values of maize silage, harvested at MF, ML and HD. Orskov,
Monomolecular, Mitsherling, Lojistic and Verhuls models compared with each other using the

goodness of fit citerias via Duncan’s multiple comparison tests. The Rz, value was found the highest

harvested maturity stages. In the MF and ML 98%, secondly the HD followed 94% in all models. The
results suggested that all models can be used for all harvested maturity stages periods. In those stages,
in terms of MSE, MAE, MAPE and BIC criteria values, Logistics and Verhuls models were found

both small and similar while Orskov, Monomolecular and Mitscherling models were both highest and
similar.
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Table 2. Goodness of fit criteria analysis of variance and Duncun test results of nonlinear models of
maize silage harvested at three different maturity stages (Mean + SE)

Models and
Harvest Stage

Goodness of Fit

RZaj. MSE MAE MAPE BIC

MF

Orskov 0,98+0,05 316,14+115,28"  13,80+3,00°  2,38+0,47"°  3,56+078°
Monomolecular  0,98+0,05 316,14+115,28"  13,80+3,00°  2,38+0,47°  3,56+078"
Mitscherling 0,98+0,05 316,14+115,28"  13,80+3,00°  2,38+0,47"°  3,56+078°
Lojistic 0,98+0,05 22720+79,94°  12,46+227°  2,14+0,33*  3,22+0,59°
Verhulst 0,98+0,05 227,20+79,94°  12,46+227°  2,14+033%  3,22+0,59°
P value NS Frx *x * *

ML

Orskov 0,98+0,05 471,63+132,64°  18,7442,93°  3,51+046° 4,84+0,76°
Monomolecular  0,98+0,05 471,63+132,64°  18,74+2,93°  3,51+046" 4,84+0,76°
Mitscherling 0,98+0,05 471,63+132,64°  18,74+2,93°  3,51+046° 4,84+0,76"
Lojistic 0,98+0,05 439,62+109,38*  18,13+2,82%  3,39+053° 4,68+0,73
Verhulst 0,98+0,05 439,62+109,38*  18,13+2.82%  3,39+053° 4,68+0,73
P value NS Fhx * * *

HD

Orskov 0,94+0,08 1410,384371,59" 31,10+5,63°  6,12+1,01°  8,03+1,45"
Monomolecular  0,94+0,08 1410,38+£371,59° 31,10+5,63°  6,1241,01°  8,03+1,45
Mitscherling 0,94+0,08 1410,384371,59" 31,10+5,63°  6,12+1,01°  8,03+1,45"
Lojistic 0,94+0,08 1385,48+403,02° 30,00+£5,89°  581+1,12*  7,75+1,52°
Verhulst 0,94+0,08 1385,48+403,02° 30,005,892  5,81+1,12%  7,75+1,52°
P value NS *x *x * *

The meaning of a,b letters should be explained Model Comparison was made within the column and in their own Harvest
Stages. a was determined as the 1st group, b as the 2nd group. NS: Non significant; *: P< 0,05; **: P< 0,01; ***: P< 0,001;
MF: Medium flowering; ML: Milk line; HD: Hard dough.

The mean values of MSE, MAE, MAPE and BIC of the Logistics and Verhuls models in the MF, ML
and HD harvest periods were 227,20, 12,46, 2,14 and 3,22; 439,62, 18,13, 3,39 and 4,68; 1385,48,
30,00, 5,81 and 7,75, respectively. Also, avarage values of MSE, MAE, MAPE and BIC at the MF,
ML and HD periods were obtained by using Orskov, Monomolecular and Mitscherling models as
316,14, 13,80 and 2,38; 3,56, 471,63, 18,74 and 3,51; 1410,3, 31,10, 6,12 and 8,03, respectively. Each
harvest period was compared according to Duncan’s multiple comparison test in terms of goodness of

fit criteria between the models. Accordingly, the difference between RZ, ;. values of all models used for

silage maize at different harvest periods was not significant (P>0.05). Likewise, Logistic and Verhulst

models according to Goodness of fit all criteria were found significant (P<0.05) in all harvest periods.
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Logistic and Verhulst models were observed to be better than Orskov, Monomolecular and
Mitscherling models. Ugkardes and Efe (2014) reported that, The Verhulst model's MSE values and
also in some cases the Logistic model's MSE values have had higher values than the Orskov, Verhulst,
Janoscheck, Weibull, Bridges, Mitscherling, Monomolecular and VVon Bertalanffy models, but they
found that those models's MSE values were same to each other. Lopez et al., (1999) and Ugkardes and
Efe (2014) reported that the values of MSE and RZ,; did not provide a well data set for the

comparison among goodness of fit criterias. In addition, Uckardes and Efe (2014) reported that
Verhulst and Logistic models showed higher performance than other models in terms of goodness of
fit in the comparison made with BIC values. Wang et al., (2011) emphasized that using models with
low performance in terms of goodness of fit criteria may be misleading the conclusion. According to
France et al., (2005) and Calabro et al., (2005), dependence on a few models should be avoided since
different degradation curves can be obtained in the case of using different species of ruminants or the
amount of organic matter forage material and also, in some situations flexible models may perform

better than Orskov model.

Comparison of Degradation Parameters

The nonlinear models used in this study were investigated and analysed comparatively considering the
feed degredation processes in the rumen to produce an alternative solution in this topic according to
the literature. Table 3 shows the model parameters of degragation of the maize silaj harvested at MF,
ML and HD periods calculated by using Orskov, Monomolecular, Mitscherling, Logistic, and Verhulst
models.

The highest average value of parameter A (759,80 in the period of MF; 754,99 in the period of ML;
753,15 in the perod of HD) were estimated by using the Monomolecular and Mitscherling models. The
parameter A calculated with the Monomolecular and Mitscherling models were higher than that of
Orskov, Lojistic and Verhulst models (Table 3). The highest mean B parameter values (590,07 for in
MF period, 618,60 for in ML period and 608,77 for in HD period) were estimated by using the
Orskov, Monomolecular models, but values were different in the results of other models; Mitscherling,
Logistic and Verhulst (Table 3). The k parameter's means was found the highest in Logistics model for
MF, ML and HD periods, similar in Orskov, Monomoleculer and Mitscherling models and, it was
negative only in Verhulst model. When the mean and standard errors of the parameter values of the
models are examined, Parameter A has been observed to be high in most models but Orskov’s model
(Table 3).
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Table 3. Degradation parameters of dry matter and Correlation, TIP, DIP of the models

Degradation Parameters

(g/kg Mean + SE) Correlation TIP DIP
Harvest Stage
and Models A B k ras Ak ek
MF
Orskov 169,72£33,95  590,07+25,41 0,030,004 -0,84 -882 527
Monomolecular 759,80+18,48  590,07+25,41  0,03+0,004 -0,18 -,895 527
Mitscherling 759,80+£18,48  0,77+0,04 0,03+0,004 -0,60 -,895 ,838
Lojistic 737,35+¢10,52  0,66+0,77 0,05+0,005 -0,33 -751 ,787 -8,31 368,67
Verhulst 737,35+10,52  -1,95+0,15 -0,05+0,005 0,33 ,751 ,787 -2,32 368,67
ML
Orskov 136,40£37,96  618,60+£27,18  0,02+0,005 -0,70 -874 296
Monomolecular 754,99+27,28  618,60+27,18  0,02+0,005 0,03 -921 ,296
Mitscherling 754,99+£27,28  0,82+0,04 0,02+0,005 -0,62 -921 778
Lojistic 722,80+16,11  0,82+0,10 0,05+0,006 -0,31 -774 757 -3,97 3614
Verhulst 722,80+16,11  -2,2740,23 -0,05+0,006 0,31 ,774 757 -2,17 361,4
HD
Orskov 144,38+59,20  608,77+45,43  0,02+0,008 -0,31 -864 -,173
Monomolecular  753,15+62,38  608,77+45,43  0,02+0,008 0,43 -946 -173
Mitscherling 753,15+62,38  0,81+0,06 0,02+0,008 -0,60 -,946 ,704
Lojistic 706,95+33,23  0,83+0,17 0,04+0,009 -0,28 -811 ,704 -3,72 353,47
Verhulst 706,95+33,23  -2,31+0,39 -0,04+0,009 0,28 ,811 ,704 -2,15 353,47

MF: Medium flowering; ML: Milk line; HD: Hard dough, Sig.=significant TIP : Time at inflection point on X-axis; DIP:

Degradation at Inflection Point on Y-axis; k: rate of degradation of fraction.

The parameter B and k (degredation rate) was estimated similarly in Orskov and Monomolecular
Models in all models. It is seen that alternative models compared to Orskov model can also be used in
feeding studies. Correlation between parameters A and B was negatively highest in the Orskov model,
correlation between A and k was negatively highest in Monomolecular and Mitscherling, and
correlation between B and k was positively and equally highest in the Verhulst and Mitscherling
Models. Logistic and Verhulst Models have a turning point time and value. TIP values in the Logistic
model for MF, ML and HD periods were found as -8,31, -3,97 and -3,72, respectively, and -2,32, -2,17
and -2,15 in the Verhulst model. Remarkably, those negative results states that degredation of the feed
starts before placing in the rumen. And also, the value in the Logistics model shows degredation starting
time (TIP) earlier than Verhulst model according to comparison of values in both models. Also,
according to TIP values shown on Table 3, Logistic’s model reflects better performance than Verhults
model’s performance. DIP values were similar for MF, ML and HD periods in both models, 368,67,
361,40 and 353,47, respectively. According to the DIP and TIP results, the best digestion in the shortest

time was at the term of MF, ML, and HD, respectively. This results cause a striking inference which is
18



supported by Giirsoy and Macit (2020) that; as the time goes up after harvesting, degredation speed of
plant materials slows down because of the level of their water content, and their digestion capacity

decreases.

Conclusion
The maize silage, harvested at three different maturity stages, MF, ML and HD of ruminal degradation
kinetics, from data obtained by the incubation in the rumen using polyester bag technique (in situ)

showed significantly difference among RZ,;, MSE, MAE, MAPE and BIC criteria values. Logistics and

Verhulst models were found the best models in this study. Further, Logistic model results gave even
better results than Verhulst model did. Additionaly, the ability to calculate the turning point time and
value is an important advantage specific to these two models. Monomolecular and Mitsherling models
gave similar results with Orskov model. As a result, it has been shown that Monomolecular,
Mitsherling, Logistics and Verhulst nonlinear models apart from the Orskov Model can be used for
maize silage obtained in 3 different maturity stages obtained by nylon bag technique in animal feeding

studies.
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