sl lsgly
o @olc

Animal Science Researches

YV L Y-0 Sbris VYA Jlo /Y 0yleds VY als / old pole (slayingsy s i

oA Saius (aaad (51 HIS wad 5 6 yaSe sl Sile g3l asbebs () 9 Al (2l yb
SH93 3l ge (95580

® o5 5id e 375900y (Sula wans wie [ Sl (ane L asas [ suaal ola 5 sl aeal

80/8/0 1 ppdy )b AY/0/4 128l b

Olgiol pxeo oy (65,5LES saSLisls sl wj_;, °jJ§)Lyi.?\>\

Sl LiSls s (*_51—‘ Al b8 4.?;-}41 Lol Y

Olges! SR NESH dal; rjl_p A wu)ts ‘~1>)AT J'L.?b v

S e ool 55T ol s 1S ) i 1S wn el il
8} I S ,oK.iJl} L;dlb r),l_c gjjf r\; 44”.3.;.3 QK;-.'_LA)T wtui)ls"
Email: ariasi@cc.iut.ac.ir :43\e J seus

oussa
9o a5k L yd edls HLS w65 (6,uSe Il ST o (Jews Ghgs @ sl 8 O Se )l i Sladlas diss
Goso=2 15 L8 a8 (658 o 5lail Sile g3 (slapiouss 5 suliiinl 4 5L 4S wjls (o (gl LIS 5wl Sl
S a5 55K 5la Sibe 5 WolS lolis S 0 SIS mas auls 5 b Jold dallle ol Cilaal idua .wla o
5 SoEA daden b LS ol Shsa dgad a8l g ) 0 g (29 See 52ea3 SIS lalllas g (51
Sl g3 ilalias 5ot 4335 s ol slagl s Jals St ol il lia Ve ol yan 4 a0 858 6 LS
o S ar el (5 4 a3 58 IS o pendin St Ly el gl SIS L (ke 58 (WL (sl 51 518 L
el VY 650 Lo LS 4880 v 58 5LS Las clasuls «Sobe ) aslolcy Lo ad suls JLESI HLdd | seies
Sle g3l ooy HLadid ol 5 Gy 4dlalidls Ladl s 5o 4Bl pand SIS HLad . aiad b JaS) 51580 a5 5o ¢ sl SO
s S0 alasl 5o 5 Gleden sk (Siile 53l Glalin 0 SIS s a5l 0 WIAS (F 0 sud b S
>0 aelw VY 5 SAXE AT AY A& X slagle) o ol et o si 5o o mhow i biaola gulul 5 38
Ot (Sicurad oy gl aiad dewlie Sle ) bl ) Juola ol b susl cos 4 il 5 (5588 510!
SLS a8 Sl Griaad 5 53aaS g 5a 5l uy el VY 5 EA FE A gl (Lo} 5 S8 paeal paaa slasuls (sl
Iy Sbe g3l ilolcs 8 SHLS s « S (P<- /04 1) 0 e 53 8 51 Qs ews 5 Sl 931 (588 51000 (g5 50 (s
oYL a8 b asas Sle 3 Ml wiiinin Feus (5588510 (g b dewlis 5ot oalgh (5 S daais aiS o anls

DS Gl ) (osSae 52ea3 5l Juala w55 (58 L g8 slallea G gus 5 S eay Jla e

Shsa alse eads S GI8 w98 (Sl 55 loles guals IS5 g



WA L 1Y oyled VY als [ old pole (gl ying}y &y il

w9 d‘—\w‘ ‘L!“"Ll) Y5

Ladbs (ples sads o w58 58 aaa cadin (e85
s b g (5Kl (gl LS 550 Gle)y Jals 4
YN ol 185 = (VA 52 LS) ol Lasuls
me5las) Sole g3l dass (B, (VARA) oSea 5 saes o
> o8 e 5 DS slide 1) sl 8 58 58
ol 5o el i Gyl L5 g slacis sune 5l
L DS Hlds (o Seplasl Ko Linan 58 (B,
s Ssms Sy 3] soliil

clel 5o O wls oladlas @ln sals Ja s
2 e G Ghs 3 Ol sl @iss slaslaule ]
ool 5 pose ) wiad byt o o alals
3 Shss € sula sladly oo al s S8 Hlas
(VAAY (s34 5 Sb\g.\ﬁf) 3o oo suliin) (s mbe
ool wie 5L (o)l g8 slallaa slols (a0l
QLS coms 5 oo Bl sk a8 aaa
Aabee Guab S dlite glaceli o HE Jas
Gl S malas o alob aalllas ool 51 Cua ol by
Sae 2L, pure 5 D8 wl S goSelal Husa
09 dlie ok 4 S Fan i, b o) g
s 103 e solifonl ol ol a3 slasliule 3]

Lagdiyy 9 9l

lo 3T sladi gad (s b oulel

ayle Jold Giabell cpl 5o dalllas uhse slads e
SNV i) s0ad 58 & 50l 5 L pow dlaiS il g
SlEils 4 denly Syl agdy — il de)de
b il Ssa ladise wad g Gleial it
Wad Hu slele V SI 4 Sgae ol ) soliil
53 LaT Gols L1 b lads sah Kbl sole damyd s
o885l el A @ae ol S Bla 40 00 (4l
pa g s Qs pp QLSS E L (S G a0l

CAA_S‘)‘_)B@.HJ‘).}JJJA‘@Loﬁ‘

"'Wiley mill, Arthur H. Thomas Co., Philadelphia, PA

doudo

s ooliieal 0550 S ol se i€ bl @l
(5 Huos Aline slagi, ol HEAS ) At sl
LA s s oo saliial (S5 5 5 ) S G0
ool alsy el 5 duda Ge 5k ([ G50
Os0s L G, 5 saliil il aas g0 50 dis Gres
Ao 2lie (a3l (laiol sl (B Gux s @) s
sa pBly o) S 55 00 i a8 )5 (S
slacis, < LT 5108 ollKes 5 o8 e ) cal
osbs s ol als ala aie 3l 50 (o S G0
Slealiicul (g oo alasl Gl gan oS WlaaS b J gene
I8 OIS 53 4 58 050 Sidin (B G slASSSS
@l et (B s slagiss O G SE w48 S
SHos Al gt Sl 5 5pedS SIS
S 5 el st solin ) ST A s
29 sl 8 LS (s Seslasl dlagi gy g S lab sl 5
OoLSan 5 salo) el sud JH3 5 0dS bl i
L 5 550 (Shsd alse O w8 ST 50 (V444
AL slrat ¢ (psdae b el plo) (o 0See pie S
O B o & gl SO s oo slagg ks o
5o Aliae glagle) Ho sad w5 5 HLa8 L ana
Lagle Ol 5o sud wal 3 caeaS HIK aaa 51 suliinl b
-l gladaiwli (ol sladalee LSS
= 89 (a3 (S ol pmaa walllE 5 sl
(89 SlSen 5 g2 S) s

st S (g Ko 5lasl (gl B i (S
el st sl sl 55 5 s el s SIysa
5233558 NAAY WIS ) 5 s VA e 5 o)
9 s sle NAAT 51 L<an g oS VA4 ) L<an
e Ol o9 s (Vo OLlSea 5 Gunsas 51844 (S0
dalo 4o (VAA8) 1LLSan 5 5 50558 (solgidng ()
S5 slaghss e adshaie 5 (S S e (Sole
ase wiile YL gl Gy ol Lol wcaaal suliied
Ladlos aea Ggu0 slds Gleden s -Se)lal ol



yov s g s29,See ywodd St e gl B g 6ol Slogil aileles b)) 5 el o lib

Sl 48 5 bal edls Glge @ (Ghie O il s
mla Y0 ¥ ge ) g i Llie £ Jolt Lial Jslae
et sulal e U7 3 L do 5 NasS9H,0 a <
1 Jslaa Jodae JalTGa S wnsl gu a xS oo
U Jsdae il Ll LT 5 solited 51 Ui el
Yo sNHHCOs o € ¢ Jalds (VAM (uSiinl 5 i)
Jo—las ag s, lade ST, 3l JJNcho} ‘,,_E
Y NaHPOs12H,0 o ;€ oV Jolit Jlise s SLos
ST 530 50 MgSOs7HZ0 o ,€ <1 5 KHoPO4 o <
poS Y ol aa Ul e 5 Sue J sae 0 5 s lake
s—S\+ MNClz4H;0 o, <. . CaCly2H,0
ke ST il \ Lo FeCly6H0 o S A 5 CoCly6H:0
5 s

il g8 J8 (5 s il

o O el b ladls cos Pes GBey o9
Ghsod B0 2 sl Lo Sy G S e
0o s 595 98 b O ana ad gy S
Obsos Jals Ko (SRl Yot Jsb LYY ol
VY 5 6A Y8 AT AY A A Y glagle) Lo oLl
paa e eeo Lol SIS e el
i oSkl gdnd pgie s ol s

(\°\/\V TLEPLIN] S‘)J.L?)

2 Carbon dioxide gas heater, Tavan Jam Co., Tehran,
Iran
3 14 mm butyl rubber stopper
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! Digital Pressure Sensor, Autonics PAS 01, South Korea
2 Microsoft Office Excel, 2007
3 Parker, Solenoid valve, 7321 BANOO, Italy
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Table 1- Components and chemical composition of
dairy cows concentrate (% of DM)
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Figure 2- Stainless steel cap with O-ring lining
on vials and CO;impermeable tube equipped to
pressure sensor and solenoid valve (Top).

Stainless steel caps with O-rings connected to
CO2 impermeable tubes (Down)
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Figure 1- Schematic of automated system for gas
production determining
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Figure 3- Gas production trend during the 72 h
incubation in 3 feed samples by automated method

(Top figure) and gas production trend during 72 h in

3 feed samples by manually method (Down figure) (m

Alfalfa hay, A Soybean meal, © Dairy cow
concentrate)
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Table 2- Comparison of some parameters determined by two automated and manually methods

sl O (oSl (i,
The methods of determining gas production

Automated sl 53l Manually s
4 4
el ks e e L Sk
& g sla el el aadg ¢ S
Gasproduction  Alfalfa  orbean s Alfalfa oYbean el st
as production alfa meal Concentrate alfa meal Concentrate
parameters hay hay SEM
'3 sBsS con slasnd  0.609 0.748 1.058 0.561 0.686 1.02 0.073
Short chain fatty acids!
¥ 5aad £ b s 7.78 8.81 17.80 1.77 9.13 17.71 1.37
Mean of fermentation
rate?
—)-. 3 -.-...
Fermentation kenetic
(h*l) S g s el 0.06 0.053 0.095 0.068 0.059 0.099 0.002

Gas production rate
constant (h)
@+ b) 5K s ety 180 231 259 167 215 255 7.74

Gas production
potential (a+hb)®

YE 5 g sl 55 5 paa 140 169 234 130 156 226 8.16
feele
Gas production volume
after 24 h 4
S om sl s 5K ana 180 228 266 169 215 261 7.30
e lvy
Gas production volume
after 72h*
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L mMol per 200 mg of DM; 2 mL of gas per g of DM in h; 2 mL of gas per g of DM; 4 mL of gas per g of DM
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Table 3- Pearson correlation between some gas production times, determined by automated and manually

methods
(caelen) O paeals oSl Al slagle) Lo SIS wl s
Gas production at different time of incubation (h) S8 il Jeeasliy
2 6 24 48 2 Gas production potential
O (Shewiad oy 0.834 0941  0.965 0.958 0.960 0.970
Pearson correlation coefficient
Gl e 0.0052 0.0002 <0.0001 <0.0001 <0.0001 <0.0001

P value
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Introduction: The in vivo, in situ and in vitro methods have been used for feedstuff evaluation.
Gas production technique is known as a reliable in vitro methods which could be accomplished by
manual or automated systems. Manual gas pressure measurement is tiresome, labor-intensive, and
less repeatable. Heretofore, several methods are introduced for determining kinetic of feed digestion
based gas production volume. Between the conventional methods, the method introduced by
Theodorou et al. (1994) was simple and low cost, but it had some disadvantages. Mauricio et al.
(1999) suggested a semi-automatic method for gas production evaluation. In most Iranian
nutritional lab the manual method using glass syringes is used for gas production assays. This
method has individual errors and need to discharge gas at different times of assay. So the objectives
of this study were to develop and validate a fully-automated gas production system to facilitate the
study of the microbial fermentative kinetics and animal science studies.

Material and methods: Three representative feeds (soybean meal, alfalfa hay, and dairy cow
concentrate) were prepared form the education and research farm (Lavark Farm, Isfahan, Iran).
Then, the samples were milled using a Wiley mill equipped with 1 mm screen. On the other hand,
ruminal fluid was obtained from two ewes in a slaughterhouse. The ruminal fluid was filtrated using
2 layer cheese cloth. Then, the feed samples were incubated with buffered rumen fluid inside the
volume-calibrated serum bottles. Gas pressure from the head-space of each bottle was transferred to
the pressure sensor through a stainless-steel connection fitting and a CO»-resistant hose. Gas
pressure data were recorded on an Excel spreadsheet at 30-min intervals during an incubation
period of 72 h. Accumulated head-space gas pressure was vented using an electric gas valve
immediately after each gas pressure record. To validate the accuracy of the automated system,
another experiment was simultaneously performed and gas volume in each butyl rubber-sealed
serum bottle was manually measured using a water displacement apparatus after 2, 4, 6, 8, 12, 24,
48, and 72 h of incubation, and then compared with those measured with the automated system. The
Pearson correlation coefficients obtained from two methods of manually and fully-automated
methods were analyzed by SAS software (SAS, 2002).

Results and discussion: Results showed that alfalfa hay had lower fermentation and gas production
rate than those the other samples. In automated method, gas volume produced was about 140 and
180 ml/g DM alfalfa hay after 24 and 72 h incubation, respectively. While, these volumes were 130
and 169 ml/g DM alfalfa hay in manual method. In line with Hervas et al. (2005) the mean
fermentation rate for alfalfa hay was 7.77 and 7.78 ml/h in manual and automated methods,
respectively. In the present study, after 24 and 72 h soybean meal incubation the gas volume was
about 156 and 215 ml/g DM in manual method and 169 and 228 ml/g DM in automated methods,
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respectively. This results were somewhat lower than that the data reported by Tagliapietra et al.
(2011) who tested the soybean meal fermentation kenetic by an automated gas production system.
The discrpancy could be attributed to the difference in sample preparing, buffer solutions, rumen
fluid collection source and the diet of animal before rumen fluid collection. On the other hand, it is
reported that the time of rumen fluid sampling (before and after feeding), the method for
determining gas production, vial shaking during the incubation and the mathemtical models are
some factors mat affect on gas production data (Cone et al. 1996; Nagadi et al. 2000; Lanzas et al.
2007). Cone et al. (1996) demonstrated that fermentation rate was higher when the rumen fluid
collected after morning feeding. Menke and Steingass (1988) reported that rumen fluid collected
before feeding had lower differentiation in composition and activity. The Pearson correlation
coefficient for several incubation times (6, 24, 48 and 72 h) as well as gas production potential was
higher than 90% which verifying the gas pressure data generated by the automated system.
Conclusion: In general, the results of the present study showed that the fully-automated system in
compare to manual gas production measurement, had high performance in determining the gas
pressure with less labor.
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