%,’G‘:’ngi%‘ﬁ]
OBNS jlgBuls 45 gy 4 pul
VYA cogmr 0lond o ,lo s
http://ejrr.gau.ac.ir

Lo 2 39 3100wl b O )0 Taw (S Aol oSS S’ () i)
SPO9N WV N
e il 5 Sl Jala”

Ol cilhos s e 5 ol82515 (5,558 0uStils ¢ ol pske 05 S Okl

WA 5y sl ABIOITY 12l s

A8
Sy GlanSd e oS 2 S (GP) (5052 Shas 4 58 W ST idae 5 4bla
GP 5l ol slaosls o 55 10 els oz K jltles 58 W 5 owin a1 @ a5 L L3 35 oo ool
L Ol5 e L ohs sladie gl sk pl gl 38 e S o b gladie LT 5510 G b )
WS ol sl i15S bl aib e (EXP) oles Jie « GP 5wy SIS w0 Jie o Solks sl 3 5 L8
Shada (bl ol 5 S e s e o 5VL cs LI, GP el ple Jbe 4 od bads Sl

S sk e sladde o sheslaad b oss Dlw GlanSs s V%‘ﬁmﬂb oA

5 (MIT) S s (WEB) Jsu s (EXP) ol Jolis ool Je ¥ 51 Gudos ol 5o il 59, 9 51 g
Slaiss 5 b Pl dd eslited @5 Plew 3 GlaaSd e S8 cobe Sgr (RCH) 5k,
S5y Sk el s A eslai ol S st g8 Olgie 4 055 shew 31 P05 ¥ Y0 i
by LS a5 ST s S e Laapod (s oSl 5 ADF INDF Gl 55 0) slars
st S Sl p S e Yoo Sl plndl 1SS s baadgal 3 S a (gl (slatnd oSS
los 53 5 el a; (gladed S 51 G a5l @ edd (6 3l 4aSCs mle 1) e Yo L 0T s
A SVY XA XY OY A F XY Gio Slela 5o okd W5 51w it 050wl 55118 Sl 453 ¥4

Uast Sl e 00 slao el 3asws S a5l iolesT gladis Jav g5 O sl sSSI 51 L sl

khzaboli@gmail.com 4315 J seus”

VY



Olyen g (b5 Jds

Ol e ey (AIC) ST el JLins 5 LSD 5031 «(RE) s oS (R?) (pend u > (MSE)

A eslatad Jue o xe Ol 5 53l 5 0SS sl sl

s dde plo ) 2in EXP i )3 gols oms sb 4 MSE i wodsl s & @ el laasl
@l bl 5 (PS/00) Lo g adite sl 51 208 (5l an 5 sbay EXP Jute 53 R? s Ll (p<+/+0)
O3l s EXP Juce 5l g ol 5 YAS 5 ¥/40 Y/PA s 54 RCH s MIT WEB slaJs RE
1A 5 (p<r/00) cils Ladas la b gls s sl RCH Jue 53 MSE e oS 5l glis 55 LSD
5 4o RCH S EXP sladus (ST 0 o3 @B bl 2 g s glade 5l e O o3l 059
RCH Joce 5 cp cins EXP Jus  olad (pl o oizils bdie 53 1 AIC Jllis 2S5 o iy
SMIT WEB EXP sladus il a5 sls 0Lis W oo bl «cpiman .55 baosls (2512 55 Jde o 555
Ol 55 ER il g A3 OV 5 #/A X 8/ (5 4 e (g Olye 4 04 bl sl RCH

L3 EXP Jue 51 e pls AFYY 5ANY /A s 5 4 RCH 5 MIT WEB gladue a5 sls

o GlsaSs ez SzS RCH s WEB  (sladite o8 513 OLES Gaos ) s S5k 1§ S Ao
e 53 38 Wy by o5 8lp o5 358 slgty Ol 1 s S 35500 gt SE L1, O

2355 o3lel EXP Jue sl 4 RCH s WEB slads 5l oy

ol sladie (203 v G W5 ST (5l 055 sl (sloe Sy

A



YYD (V) 0kowd (F) WS, lgtenis 45 (iR Ay puidd

Aoddo
2 Shys wan ata ol L OB S s s (S sl alde 55l syl
ol 31 S el ann g sk ol (gl (gsdae SL s S~ I s 5 Cl Jlgial 4SS
o5 6l 5L Ll S Ol 4 oS NVt s 4 58 5 ST st
s edes A5 58 i (s ol 5o (TY) il e T 4SS 53 (S olse e Ll
23 Shss pdn Lo s a8 350 pe o Ol 0555 G0 or e I SleS ol
Gl 5 sl 03 S Iy (9305 anw g S8 W5 ST gladle 53 3L i BB 4eS
So 3 W s e sl ol sl (godae 2L, Vsles Sy ead Ss e o
Sl Ll 55l b 5l B8 (mlesl 5l ol glaesls Cao 5 ) 5l ez, IS
4aSd 3 e SIS Gt Sl ) e s 0l 55,8 0 Do Sl e slads
AS il o EXP) ' sled Je 3 g o oslinad jslaie cpl (sl oS pladde 31 S (V) Liza
S SIS 5 Syt s o padt e shie 4 (VAVA) DL 5 s Lo L )
G 5 2003 S saSen  ltll EXP e b 515 ealinal 550 58 A5 ST s 48T
SLS 35 wlge i 53 Ll L(10) Wil o 4o ool S sty 03 e o Jasls
O 3 s sm 3 Som Smmar Clnd anly o 4SS s Al 3 5 5 o geast ol 3
N ) S 508 D50 S 3 25,5 Sllad 5 Ay Ly 6 il 51 ol s
et ol sl 5 Laesls 5JUT 55 K sl e 0 o (6l (S0 50 b Jle G 51 el
Sl b sladie g5l (s 508w b sladis o sMe 055l A L(0) 335 o (MSE 2,153)
adaly ol 53 535 e o3 SLS s SLS W5 Opasl il e sl 6l 55 s peSm
S ol ol 218 s ol L (Te) Wlesls ol 1y sdaze slad sa b ¢l (63L5 0 Sia s,
ey o8 3L g ey o Q\)lg;);&ts@ucatyﬁp Ll sladde ol 51 &y
v:,u:a;*_a;pJ\)wacud,uw\;mw.ﬂ\@*}“:%);,M@;w

1. Exponential
2. Weibull

M4



Olyen g (b5 Jds

S5 o5 g 1l 53 WEB Ui 3505 5L31 (RCH) '35l 5 5 «(MIT) 'K e (WEB)
G (VOVE) a0l 5 s LS5l 5 (Yo A) 0L 5 cplinpa Jav 5 Jbe ol ol e eslinad AL
Sldllas i 53 oS 50 MIT Jue ((YY 59) @3 5 53 eslatal 550 Sl eassd SKiS o) 5
3ygme anSd ;e 5 LS A St S e el OF 5l a4l 5 olS A, 4 by e
55) e S S (YNY) s S50 5 (Yoo o) 0L 5 il aber 5l gl ol Kia gy eslinu
s 5101 K5 5l e Jaw 5 oS A e ealit] Ay owie Cheo 5 (Sl 50 RCH Jue (YY
S0 A4S sl SIS ey 55 (1489) 0L 5 cy 5 (Vo0 A) 0L 5 o pliasa
OA 59) col ab § 515 esliazal

osle 1l sy DS a4 OBWS i wds s labsle Sl S Olpea D3 Dl
Jol >0 55 )3 s e 555050 Gols 0 5 s Dlls o 53 e 8 S|
Gl 035 showw Olos Usb 3 45 31 asid 4 o 5 bl Ole3 53 0T Aty Al 1o 5 olS w8 &,
23 305l Jos 4y eslizal ST 53 53 31 sl pls adis 53 (V) ol ately 1 s
3 ATl sl nl 6l STy 5351 L b e 53 5 0 50U 51 S ST !
335 e €035 g Sl g llis a0l 53 o sate Sl ol SlaeSS ess SS
(..ML adls Syl 51 glaggs eslinal oS

ol 5l eid o,lal sladie f lamslie U s e il Shass 3 eled ol
Sl ey e glalle js D)3 wsle (6, H INVILIO ) 4 4naSs s KBS S fn
o 2050 eslal 5 osesl (o ook 5l de ol B3l 050 5 3,80 D)o 035 s
258l

B g, 9 3190
iz oilesl w5 A S CilS as 5 ¥ il B edd plr glyle )5
SVO Jsb a Sl L slad sl s 5s 5ot byl St b (lus Sl 0 Lo ol L 0US

53 Gay e 5 F0 0 0los ¥ ) &y sae VY e kel (6l L gl sz sl V8 3

1. Mitscherlich
2. Richardes

A



YYD (V) 0kowd (F) WS, lgtenis 45 (iR Ay puidd

ok s se b3 0T 53 WY lias (G Oles 5l G p OAE (m S g AS B8 K
GUSS ) 0358 sl 31 153 5 036 adple 51 50 ho Olos sl 2 5L T s 5 bl bslas
FA Sdets 1sn Ob > Cod 5 318 Sle ax 3 $v 050 s bl 5 whyle s S eslizd
dos Kl GES g Slisbesl (gl it asle Ao s pend 31 e 5 S i Csla
lly (ol xSl 5 ADF INDF ol 55 ) s dped placd S5 5 S osle
(YO Y) ws O 3l (gl gy

010) dd plil (1AVA) OIS 5 S bawr 5 ol o 5 s 5 alial L 58 5 S5
V00 ladid LK 51 4 38 3l e St el S JP I CURFYRCS
35 $laeS Y gd & seme Olisge 5 LdwsS ol ¥l aaSls mbe s anin; (6 A0 e
5LV V) NRC slgnin llas oltiin S ) LOV) el st Ao wi5 51 Ay sl
pf K je,uu;sfﬁ YO &l3sy 5 Ldd e adss ()3 Plw 5 aig) e b Sl
S L Olida S 5 eks a5 anSE b (18) WS e Loy pluy 5 Sdee oS
o (518 ol 4z 55 ¥4 slas) vl leslinal b 5 (s3lem o ol o s oD 5 ol b gl
Slp s okt Slo Jlize Y ¥ a5l eslinad L 4asls b W&alesl 3 s ime oKislesl
b psbre 55 ¥ 1) Gl eSS e A osls 135S Sle 53 YA 05T s (s el
3podkd ag (VM) llul 5 Ko 3s, bl o &5 3L Jolows b o S ST (63 58
ol oslel G 31 K s i) e ¥ Ol ek eslel bglsee 315 s b ylses
uéﬁm)m«:éjfjlé_;y)l;ﬁQ\j;pg&ﬁs.xp)%)ugﬁdlﬁ.(\\‘)J\_.';«b';i)
Y4 sles L) (solegn plom 515 53 s asbal 51 g (OO Olgie 4 S5 3o 4 ol paa )
Slele 5o K a0 (ke e ) ol A5 5B e 8 815 G5 Sl
bl ol s @ palie 5 i Cd Ol ySOL 51 e 48 5 VY A Y DY A S F Y i
s e (0 5amel SO O3 o (gl S ¥ S0Le) SO

30 ladae adsles i eslarwl Jao Hlg sluas ) odal Sy glaosls Sl g sk
Glatle) L3 okd W5 5 ) S 8 w0 b slaosls ol o iyl ) Jsdr 3 anlllas

SPSS 16.0 for Sl = 0o Nonlinear regression a5, ;l eslecwl L all8las s bas (e

")



Olyen g (b5 Jds

o3l p, S e Yoo il pnl e S 40 S 5 LS 551 s 56 Jle 4 Windows
Ll Ols Sy St

adlas ol 53 odd eslitwl 2L sladdhe i g - Jgde
Table 1. Description of mathematical models used in this study

Joe gl slas =AW INEA R wls
Model name Equation Shapeparameters Domain
Exponential y = A(1 — EXP(—c.t)) - t>0
Weibull y = A(1 — EXP(—c.t)?) b t>0
Mitscherling y = A(1 — b.EXP(—c.t)) b t>0
- 1
Richards y = A(1 — EXP(—c.t))b b t>0

(YVAAVIAYAAY L) 5 sde i EXP 5 58 a5 Co 1€ G A8 il t A Olej 5o 0 J:Jj:)g(,;_p-;y

y: volume of gas at time t, A: asymptotic gas volume, c: rate parameter and EXP: exponential value
(2.718218284...)
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OVY) B sl o3 Cpsm w0 5T 5 Y

RSS = X(y; — §)? D) e,
RSS
= : Y |
MSE = ey
R2 — _ M_SZE : Y 4.2.")
Y ~
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1- Relative efficiency
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Table 2. Dry matter and chemical composition percentage (based on DM %) of corn silage

] Jglomels LI Jplowels LI
St osle Slesle r\>’ OSsp e -
. Sl oy 55 53 B ek s o
DM oM CP ADF NDF
19.16 £ 0.40 92.91 +0.65 6.56 +0.53 35.70+£0.85 64.08 +1.46

Dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fiber (NDF) and acid
detergent fiber (ADF).
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Cj.'.\()j‘j\.’w:w)ﬂl{}g(\‘nA)Qme)&Luﬁ (M JﬁJJYL.,RCH Jde b awslis 55 EXP
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Table 3.Comparison of the estimated parameters related to ruminal fermentation kinetic and goodness
of fit in the studied models

el JLESL s Jses S e EICS Pl
Parameters Exponential Weibull Mitscherling Richards p-value
A 72.633 72.574 72.669 72.498 0.9907
c 0.055 0.054 0.053 0.054 0.8564

b - 1.020 0.994 1.013 -
MSE 4.139° 1.543° 2.016" 1.476° <0.0001
R? 0.994° 0.998°% 0.9982 0.998°% <0.0001

(Cole 2l hen) S8 W5 o € lil el 1B (it osle o S o Yooy 2 ) 58 a5 il : A
JELCI uS}S Q}ﬁ)’T}) Aoy 0 gl ch.w 33 ):&.u Cale (glls sy ey Cgline Gy > (lyls ‘5La:¢,:_<'l.:»
A: asymptotic gas volume (ml/200mg DM), b: shape parameter, c: rate parameter (ml.h%).

Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of
Turkey’s.
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Joe L aeglin 53 WEB ke © Jsdr 3 Jle Ol s 4 (W) 3515 V0 3505 055 o] ke
4.139

Joe ) el VPAWEB Jis s 1S omy (G2 = 2.68) 55 RE= V/PA 51yl EXP

Q«u‘ °>,5'3 EXP
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Table 4. Relative efficiency (RE) of the models relative to each other

Model; . e Model; _ . .

' Exponential Weibull Mitscherling Richards
Exponential 1 0.37 0.49 0.36
Weibull 2.68 1 1.31 0.96
Mitscherling 2.05 0.77 1 0.73
Richards 2.80 1.05 1.37 1

e 540) 55 2@ EXP Jis L aglis 53 55 RCH 5 MIT gladie (25l 0 555 pwiman

e ol sy s 0S8 e RCH Jus dade oolad oo 53 5 (ol 5 YA 5 Y700
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2l baslie 53 RCH Jie 48 ol OF e (ol g 35 558 ladile 4w 5101 3 autal
o MSE Jlicie (1V48Y) 5SS 5 Sy s dbo s ol el anls (g 52 (35312250 dadbe
534 93 S i Pl g Y 51 58 5 Saead RCH EXP gladite 5l skl s
Laddes Ll L gls s S 5b 4 EXP Jite 53 MSE liie 45 W5 g 2,155 5 38 anns s
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Table 5. Comparison of MSE in models based on LSD test

LSD

Models Mean MSE  Exponential Weibull Mitscherling Richards
Exponential 4.139 - - - -
Weibull 1.543 3.318" - - -
Mitscherling 2.016 2.807 4.077" - -
Richards 1.476 3.334" 3.308" 4.416" -

e doys ) 50 6&}‘&.‘4)2%:]:4{)1)&&0&)\.&;61J\‘5o":ﬂﬂj&h))ud.).ﬁ)3(MSE)LE."\:JLA{JJG;P:QL:J:**}*

*and **: Mean square error (MSE) for models in each columns are significantly different for alpha
0.05 and 0.01, perceptively.
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Table 6. Results related to Akaike test after fitting the models.
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Models parameters RSS AIC A AIC W
Exponential 2 28.973 18.686 4.465 0.061
Weibull 3 9.257 15.503 1.281 0.300
Mitscherling 3 12.098 18.461 4.239 0.068
Richards 3 8.857 14.222 0 0.570
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Table 7. Results of evidence ratio (W/W;) of the fitted models

Model;
Model; Exponential Weibull Mitscherling Richards
Exponential 1 0.204 0.893 0.107
Weibull 4913 1 4.389 0.527
Mitscherling 1.120 0.228 1 0.120
Richards 9.321 1.897 8.326 1

1 Je & Ced | Jle ST 0055 :Wj/Wi
W;j/Wi; is the Akaike’s weight of model; to model;
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Abstract

Background and obijectives: In vitro gas production technique (GP) is used for
evaluation of ruminal fermentation kinetic of feed stuff. Since structure of GP
curve is logarithmic shape, so description of its data is done by fitting them with
non-linear models. Some mathematical modelscan be applied for this purpose. The
most popular model used in the GP, is exponential model (EXP). But it is
reported that some models compared with the EXP model, can predict results of
GP more accurately. Thus, the aim of this study was to predict ruminal
fermentation kinetic of corn silage using some non-linear models.

Materials and methods: In this study, 4 mathematical models, including
exponential (EXP), Weibull (WEB), Mitscherlich (MIT) and Richards (RCH) were
used to predict ruminal fermentation kinetic of corn silage. Corn silage was
sampled at days zero, 20, 40 and 60 after ensiling. Dry matter percentage and
chemical composition (OM, CP, ADF and NDF) of samples were determined. GP
was done for each sample in four replicates using glass syringes. 200 mg oven
dried feed with 30 ml of buffered rumen fluid was poured into a glass syringe and
incubated at 39 ° C. The volume of gas produced at zero, 2, 4, 6, 8, 12, 24, 48, 72
and 96 hours after incubation were fitted by the experimental models. Mean square
error (MSE), coefficient of determination (R?), relative efficiency (RE), LSD test
and Akaike information criterion (AIC) were used as goodness of fit parameters
and to select the best model.

Results: Based on the results, MSE values in the EXP model was significantly
higher than the other models (P<0.05). But R? value in the EXP model was
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significantly lower than the other models (P<0.05). Based on the RE results, WEB,
MIT and RCH models were 2.68, 2.05 and 2.80 times better than the EXP model,
respectively. LSD test showed that the amount of MSE in the RCH model
significantly differenced with the other models (P<0.05) and so, its goodness of fit
was better than the other models. Based on the Akaike test results, the EXP and
RCH models had the highest and lowest AIC value among the models,
respectively. According to this, the EXP and RCH models were the weakest and
strongest models for data fitting, respectively. Also, the W criteria showed that the
chances of the EXP, WEB, MIT and RCH models for being selected as the best
model, were 1.6, 30, 8.6 and 57 percentages, respectively. Results of the ER
showed that the WEB, MIT and RCH models were 4.913, 1.120 and 9.321 times
better than the EXP model, respectively.

Conclusion: Generally, the results of this study showed that the WEB and RCH
models can estimate ruminal fermentation kinetic of corn silage more accurately.
Therefore, it can be suggested that the WEB and RCH models can be used for
description of GP profile of corn silage instead of the EXP model.

Keywords: Goodness of fit, gas production technique, corn silage, mathematical
models.
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