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Introduction: Barley grain is the main feed for cattle in many regions of the world. The digestibility of barley
grain is restricted by its fibrous shell and intact pericarp. The extent and rate of digestion of ruminal carbohydrates
and barley grain can be manipulated through processing. Barley processing can be a valuable tool to optimize the
production of lactating dairy cows. The application of combinations of heat, moisture, time and mechanical action
may influence the quality of processed barley grains. Micronization is a rapid thermal treatment (30-90s) using
infrared radiation and has great application potential in the feed industry due to simple construction and operation. It
has been demonstrated in a number of experiments that organic acids, including lactic acid and malic acid, alter the
chemical composition and nutritional value of cereals. Essential oils are naturally occurring plant products that are
rich in chemical composition and have various biological properties. The interactions between starch and phenolic
compounds have attracted increasing attention in recent years. The aim of this study was developed to determine the
impact of chemical processing through steam flaking or steam-infrared flaking of barley grain on physical and
chemical properties, and protein and carbohydrate fractionations.

Materials and Methods: The ethanolic Foeniculum vulgare (Pv) or Acanthophyllum (Ap) extract were prepared
by dissolving 100 g of dried and ground Pv or Ap in 500 mL of 96% v/v ethanol/water and shaking for 72 h. Then,
the extracts were filtered through a Whatman No. 1 paper (Whatman Ltd., Maidstone, England). The residual
solvent from the ethanolic extract was removed using a rotary evaporator. Barley grain was then mixed thoroughly
with distilled water at a ratio of 10% by weight and treated with either 1% lactic acid (La) or 1% malic acid (Ma).
Subsequently, the samples were treated with a 5% solution of Ap or Pv. The processed grains were steamed for
approximately 35 minutes at 96°C. The steam-cooked grains were then divided into two groups, with one group
exposed to infrared radiation for 55 seconds (SIF). All cooked grains were then flaked (SF) using a designed flaker
machine. Physical properties, following the Giger-Reverdin method (2000), and chemical composition, based on
AOAC standards (2012), of the samples were then analyzed. Crude protein was calculated as N x 625. NDF and
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ADF contents were determined according to the method proposed by Van Suste et al. (1991). Starch content was
evaluated using anthrone and sulfuric acid (Rose et al., 1991). Bulk density was determined by weighing 100 ml of
the samples. Water holding capacity was assessed using the method described by Robertson and Eastwood
(1998).The grain density was defined as the ratio of the mass of the grain to the particle volume occupied by the
sample (Aghajani et al., 2012). Crude protein and carbohydrate fractionations were performed according to Higgs et
al (2015). Carbohydrates were divided into five fractions based on different degradation rates in the rumen: A4
(water soluble carbohydrates or sugar), B1 (starch), B2 (soluble fiber), B3 (digestible fiber), and CC (ingestible
fiber).

Results and Discussion: All the physical properties of the processed barley grain were significantly affected by
chemically and physically methods applied in this study (P < 0.05). The highest bulk density and water holding
capacity were shown in both SF and SIF processing. The results of this study indicated that the contents of CP,
ADF, NDF, EE,Ash, amylose and amylopectine were significantly affected by the chemically and physically
processing (P< 0.05). The CP content of the grains treated with Ap and Ma had higher compared with that of Pv and
La. In addition, NDF concentration of the grains processed by SF method was greater than that of SIF (P < 0.05).
Both CP and NDF content of the processed grain were higher for (SIFBapma) and (SIFBapLa) rather than those of the
other treatments (P< 0.05). The soluble true protein, insoluble true protein and indigestible protein fractions of the
processed grain were affected by both chemically and physically processing methods (P < 0.05). The soluble true
protein fraction in the grain treated by Ap was greater than that of the Pv. The indigestible protein fraction increased
in Pv treatments compared the Ap treatments. Significant differences were found between the processed grains
regarding the total carbohydrates, non-fiber carbohydrates, soluble fiber, digestible fiber and Indigestible fiber
carbohydrate fractions (P<0.05). The carbohydrates, non-fiber carbohydrates and soluble fiber carbohydrate
fractions were greater (P< 0.05) in the SIF than those of SF method. Digestible fiber and Indigestible fiber fractions
were lower (P< 0.05) in La than Ma treatments.

Conclusion: Our results demonstrate that processed barley grain with organic acids (Malic acid or Lactic acid)
and using extracts of Acanthophyllum or Foeniculum vulgare accumpany through physical processing (steam
flaking or steam- infrared -flaking) make an improvement in nutritional value of the grain. In this study, bulk density
and water holding capacity were greater in steam flaking rather than steam-infrared-flaking method. Regarding the
CP fractionations, processed barley grain with Acanthophyllum extract through steam-infrared-flaking displayed
significant alter in the fractions. Lactic acid processed grain through steam-infrared-flaking showed an
enhancedment in both non fiber carbohydrates and soluble fiber concentration of the grain. Present data showed a
positive impact of both chemically and physically methods applied in barely grain, however, further investigation
regarding protein and carbohydrate molecular responses are needed to be evaluated.

Keywords: Barley grain, Chemically, Physically, Protein, Carbohydrate



Ol (015 pole sleid gy 4 i

Homepage: http://ijasr.um.ac.ir .
Pag P-H i

eed 9y e
FAM Lo OFF e o) ojled OF Ao

podd (g g dils adwdd — gyl — sby S b ool er pled sla,sl p 80

Ll d 5,8 5 o Ghu it 9« abood 5 S5 s S5

¥ mologh ) saadlis SO K s e FT S 5 Lo de s Ve gl
VRTS8 5 g b

VEY/ V0 16 S5k s

VEOX/VR i g st

LXVCCS

P 6)91)—:3 L olyor SVl b g Slo sunl ciljly « S (slaojlas b g JolS” &l LS)?TJ“C )A;L @)y yokaiedy u,w‘.n)'l ol
ploml sl ol ynme S g oy auiot 5 (2lesd oS ((Njd G Sy 2 (Nor —3008 ogole (rdindd — iyl b (S — b
Soge b o d)BTJo& 5wl (Sl Sowol PYE SPON W 5)9])5 9> &l (2938 yods o> &l 5l 29 ylee dily  sleandd d‘.b.ud)gl}o& W)
Saseb gLy 5 So b pS o 45 (SSY ol 5 31, b ot Jae g3 0l «Sallo duasl g bl b 01h (650 Jas s 4> (SSY dgu
5 o o ol (MRS Cd b lodg o Jold (o5 sla Sy i olan (Sgy =305 (igole (mdind =)0 b (Sgy — 50,
d)si)—é loashy (Jolow (laiid 5 atwlis jody) (gdse dlge clale aS ol L zls .(P<°/~[3) X585 5,8 ‘_;.wLo)i sl yles )ub Cod oo
Jole s uSgp sla sy (P<e/+0) c8)5 I8 u,w‘.n)i ol 0 e edlaiwl (638 5 olowd sl g, )A;‘b Cot (gl size yobods 0l
S5 alojl lmlass (s 53 sl tne gl g1yl CNCPS (s 510 flyg )3 odd BB o (8550 5 Jslonsl (i gy
U6 GLI ¢l LI o 31 e clalyimy S dacliumg, S game calé a5 oy ol g 4y bl by, (cdis iy (P<+/+0)
ol a8 g slaclale (g —5,Bu (b9 50 (P<+/+0) 351 o sine g glise stilof] sloylosd ()3 s LB o Bl g i
0Pl (el =)l (Do) 0l (59158 slaails S a8 ()la gime yeboas 0ad (535118 sladily 3 Jole SUI 5 (SUI it slaclyang S
—50l5e Uhey Lol e Sl al 5 Sy (S o)lae b g2 il (g5l Jas 45 0l lits Jalojl ol glis (P<+/+0) wiogs (Sgy =508
SAR D i B (g Cld (ieS g aliend oS 5 50 P (g cdale (il (V jlasd) (g =508 gdle (oxdinid
clale (\' )Lo.u) USJ?’ —)A)S u}.)l.n u.n..m.\u _)J)l?U u»a) bl)o_&:da 9> b d)BL}Q& ) 4.:1;)]) b)l..a.c 9 M\/ Ml )I ookl .cuily QAL?)J
ol Cpnal o als E 351 5518 ol Gl ] (slo ot b &y Conn Ty Jpbons Gl 5 3L i (slalnngs S cslo i

03955 g ((Sujib e plrond > 4l 165 Sl
gl > e olisS )3 1y o] S 5 wizman 5 b W5 Ol e Ao
233 de—s (Brun-Lafleur et al., 2010) 5,5 J,u8" (¢ yud
ol A.«_».wlj 0 ) L}&J uw\/}o)ﬁ LY d')...w L;Lbslf 2 cjl)?
5 5 (T )y (B b Mg ]y 5y alisee (gde Dlge
<! (Fernando et al., 2010) sl o byl o beree (092

8 9lisS 0.Siild ¢ ool pole 09,8 wliwl g (558D (gl i ga =Y o)
Ol edpudio cdpuiio oawgdyd oSl

Ol 2k oed g )3 plae (S8f Jeasly 1 syl oolizal (Email: savakili@um.ac.ir s 0oy — )
oy Liali 3l o sl 1y oy 5 655 @l (owyiws g oolatl https://doi.org/10.22067/ijasr.2023.82800.1151

S5568 55 wluS 5 (Lol xie wMe wls (Knowlton, 2001)


http://ijasr.um.ac.ir/
mailto:savakili@um.ac.ir
https://doi.org/10.22067/ijasr.2023.82800.1151
https://doi.org/10.22067/ijasr.2023.82800.1151

VE¥ St ) osled 07 alr ol ! (ool pole slemgly 4 pts VY

Koki€ et ) iobco (ial3-3] (g )Sm (389 195 9 005 4raSd
(0539550 P93) jo)8 193Le s 5l ool (imen (al., 2013
JUas] Jemily (92 Y ey o5yl —(niiadd aie lgisas
o GEaLS 9o ((S1ygt dlge Bl 4 98 wie Sl Ol
ey i Gl g (653l caslio (235 (sl B ol
O)Ken g SY gl (Hebbar et al., 2004) 545 o 01 (5 )9],3
clio 13,5 055,500 4S5 Ldges Lo (Opielak et al., 2004)
Jolie 3 Lyl ccnglio yusd o paiS ails (loj g Lo Jlas ;)
ISl wls 35 (S 290 b (S b g 025 Sl
VB sga oy man LB (5] o S 03)58 Shalé 4 o
Zinn ) aad e il 8l dopd cuian b caan |y (alld (6550 5 doyd
5 T o3l (leSs it 9,5 Sy opwizzons (et Al., 1996
sl o (Zinn et al., 1996) s as o Lyiul38l 35 ) awlis
EMe by olewd (6y918 Man sla by, olwlid 4 aBMe (3]
i Sy (omin gl Sy g Mk jhd o Gl lp &S
(Khampa and Wanapat, 2007) c.cuwl aidly  yiol38l s 400
5 Se oM plowd Sluogad deup T 1 clasl 1 ool
S > o2 145 09,5 & oo I (slopul Ceslo s, 5
] 51 edlaiwl 5 cawl byl apdlos! lawgs STyed e (524381 dlgs
el sl me ol ol cladisS dan 5yl b 5
355 55 s Ly a8l 2y Sojglom sl
A GRS 4eSb )3 jeSS £ )5 (g8 Jolste )3 9 23,5
L T ol 5l osliul (Khampa and Wanapat, 2007)
L 4 conl ool (lis puiS g g atwlis (65913 1 U1 slacSas
ap Comnd o Cnglie Gl g ol (J5SUse ksl )3 s
5 090 bulyd 0 ol e g5 (il el (Yol e
sleoylas g o yilul (Harder et al., 2015) 205 0 (5 9y
Llgi e (H2938 S liedn & did gadhe SLS 5 alS
Oy Cadlw g (GlanaSd Sl g g g dn p (ke O
Sla sl ;o 48 68U Gk J Ol 5 ol il il
) anSeis y SLigel clale ailgs o wsyls Sligel saiSates
SJgid wluS 5 jl eolazwl ((Benchaar et al., 2008) sy jials
J ecdibloe Cpa 53 cnlie gy S Wlgie SE (454158 0
= Ll 58U il (aneSs pan lio 5 dolits 5 (89
2 aPS JHB o n O diste S Sl LSy n Cunle
OhlSen g (ol 33,5y oxie | (5)9e (g 9 4eeS
Olgeds sla Oluls oylac L) o> «il> (Nasehi et al., 2018)
SlaSb (S plypan S50, (5915 il gl ) U aske
clale bosds (60058 (claaily o aiwlis 9 pld gy «Siis 00l

4- Organic acids

ol |y Ln ] Szt o0l Lol sy 48 |5 eiins oy
d3 g 0 0y285 Lyl ppuwogi] 3 azlis ol g o2y oS
2 8550) e yiwd o dtelis i b 5l aMe &b g5 sl
Cponl 0y i il g dag plimay ] 30059 £ 5 9 (4l oo
ol WM g 9 )d &by (Gonzalez et al., 2012) 5l (g5
sobod g diuds (6 (SlaglS 0y 53 o3lisul 3,90 S (s 5
ol Loy Crasd g (w yiand 4y aiaanly Lol 5l oolzwl Jgane
xSgm 5l yd ash L awslie j> o> «ils (Yang et al., 2000)
e (9 i Jdda) 58 i BB 55l 5 VL Pl
ol 1o )3 £O 50D akald j3 oo aily atwlis .l Hloye5 5 (BLI
ol yo)l35 do)d Ve dgds pd yd &l gly Jlade pl &S Jbs o
038 bl eMe atwlis 590 50 .(Zhao et al., 2015) ¢l
Cepon) Sls i g3 (VFA) 3 0y sl silodll 5 o
Elol 33 ayiod @y diwlis Hlade 4 do gl s sy !
5 o YV/0 o> asly gy Jlde (ol dges (laicdy Caunl il
ang ol dnanb aS egd iSu Canl 2oy VB @) &l 4l
SIS iy o5 ol gLl a8 il (claolts e il
Yang et ) cowl o &bl i <y a0 iso ol Wb e
Sy ey ol g3 iy saimd iS5 cloedly L(al., 2013
Ly (phd ALl Bl p gl g dlg cygygll Y s
oy ol Az )3 4 adlce ol sl B Jds ol 2
ol 4y 039 (b)leS sl l g 4aSid clopunlSlg S
ol o ol (COrbett, 2000) 555 oo wal,3 (pysusgsl 55 adls)
By yaeDS Ay y e 0y ) o5 asb ol lade a5 205 e
Gl ySeao 4 3950 o) PH Lzl Lblaio g 40eSd 5 dtwliss
255 pxie |y e Mg 5 Sygs bpe Bl ein ol ials
2 92 )lde dx jl okl &S 3905 (s (g5 03 i (o 4
Sl ol gl g 4 Aty ol (s s 9 ol 2L 0y
A g0 4 e sl (g)9l,8 (S y4boas (Corbett, 2000)
Humer and Zebeli, ) $g5 o (gt (olond g (S
€ sl 5 (Sl gl B Jels Sz slas gl 5 (2017
Josliwl foar b g b T (Mg —5)be by il )l
ML aily (g oy e Olse a8 ople il sl
oy s ilea Lolg o (Sajjadi et al., 2022) 555 0 sgumxo
35 e )0 = (S ) 3 plojed Oygods jUid 5 Cush,
San oSeple 5 5 anlis Sl JgilS abesd 5 )3 L
Oial38l Aslds (6 A b)lF o 3 g 29 o gl
(SlorolS g San poyind 33 (557 Syt il 12l () Ml

1- Volatile fatty acid
2- Steam-flaking
3- Micronizing



VY Sl - by <o Lol e ol gl 9T 3 T (ool Ken 9w i

33,5 bglseo MalS L als yo wsilon o 15 039381 (Zebeli, 2017
alsl byl 4 (alS claojlas 5| S oy g olimeds dogsl )
P YL ela 5338l b bl s (sladily .1y5,5 Lglses MolS g a3
Jou L oy 050 celu S Glody 5 0l a5,y oK
S 5 a1 L a3 3 slod 5 gladl o) 5 5
ol Ly alolidy Lol j1 misky by abaica 1 il 3,8
Jie ol 5o Elsel gt AiB)S I8 (65158 3050 5209, Se
S Ciall disgas 45 idg o Jlaw (28LT )59 S
g 4B OO zlgel (5 yme 13 (615,18 loj Ldg oad edly ¢yl y
9 Ay o0 S il da > V0 @ il oxdaw (slod &S glaseS
Alols wus o 03 LSS jaiilig dawgds ke (pl )0 adiges
sbed 9 yegli Wer (il 3) o) (ol gt @it b Laal
S eolaiwl 5l Gy 9 yio Dl & (Lwgenbo 4> 0 VFer AL
JSsay il (Laliylofl oliie) ;5408 olSus > alolsMy zlgel
5 olod 69l slaasls K> iso (SIF) bl > Sy
23289,5e jl ool (y9 )b alaisme | zg 3 5l 08 ol
Gyolpd sLi gy (SF) wus Koy ,Sulb oSz 55 alolidy
(¥ (SFBo) (SF) o Sy, o5 (Bo) pls 52 alb (1 2o
(Ma) Lo 3l 5 (AD) S Ly o2 5] Jac (B) 52 ol
5 (AD) Ly oad (g9l Jos (B) (¥ (SFBapma) (SF) g, L ol e
(B) ( (SFBapta) (SF) sy L e (L) S5 2o
(SF) Lssy L oly—am (Ma) 5 (PV) ailyjl, Ly sas gyl Jos
b9y Lo olyen (LA) 5 (PV) L osd (5,50 Jos (B) (& {SFBrwwa)
Sz =528 99 miinds ~ 355 (Bo) (¢ {SFBu) (SF)
dye (Ma) 5 (AD) L o3 (5,5l Joe (B) (Y (SIFBo) (SIF) e
(La) 5 (A) L ox5 (5,51 (B) (A (SIFB i) (SIF) g, b
5 (PY) L o1 (5,51 (B) (8 {SIFB ) (SIF) sy L olyen
L osd 5y9lJos (B) (Ve (SIFBpyma) (SIF) Lo, L ol e (Ma)

(SIFBowa) (SIF) s b e (L2) 5 (PV)

FeSa sla Sy s
Wged (359 b Jolae slodgs oy 1F 510395 @ ya (5 5031
a8 b gyl oo Ve vzt dilginl G sl oad kil w0
O Al VD gl g g Dges b i) Jee B¢ B ¢ pewsl YO 31
Jaie 00, 5 o o odd il poe g adiged (59 Dgus o0 03l
o ALl e Ve oo & e 5 lgiel (0D 5 B gl
Cd o> 9 059 J=S Dgd 0 030 ST a5l Ve Cdedy lgiul
I e Vo e e L)l S 5 J sl Basee 235 o
x> 9 059 5 9 29 03 (LSS 4l gy (gl oy iges

4- Bulk density

poid 9 Cacdl a4y dogi b U b lis ) (el oy iy Aoy Ve
L g a0l (pglas (s 4oyl alllas e il (g9l 3
099> b S g3 b oler I (slasl 5 (alS (sl 50938
9 =t (Mo o8 0gdle (madS —jp)lu b (g =yl
5 OSsm SRR 5 (eleed S (S sla S
= oml 65 am pizren ol 4Bl gy S
oielS «Shes gy90,t Giel8l an yomie lgioe Lasygld
sleosles Shojly sl 5yl g9 p Ll waled ) 9 Wy laania
5 4l Gl g pan Glotly GRIEIL o pogdle 205 5l )50
Byze pLSin > (1)l S olSisd SYMB] o0 5l lg (890

D905 (£ pSol> o b b ooy

a9 9 3190
D sile yT (sladi gad (5 jluoulol

pole 055 pls apiis elStylefl )3 V-0 Jlo > o]
)5S 51 (SIylg o> sladily g ploul putie (g olKiily ol
Slgo clalé g (o)) i odlo g0\l o Ay g ylealsE
ol 9 0alatl 3y50 g (sladily (Sid o3le p)SeliS 13 p)5) (gise
MY =pls pg i AV =Siis oobe 25l g ke o)l
Pslow om 51 Jsbow o33 YA =(NDF) 5w o ls>
loo,las dgs p 55 )5 o5 OO0 =arwlis 4 Vo =(ADF)
4l (g pSo)las (ly el Canday ulad by (eluly 2LS
e B35 I BLsl ) Tl (AD) Suge 9 (PV) aibjl,
Cad) oo 48 S5l ;1) o B digai )5 Vee pm sl
S 03958l L] sy (laie ST g JSU el i Sy o
oKwd g5y yo el VY iy ladiged ojlas gl ol (gly
1oy sa b eold |, 8 (GFL<Orbital shaker 3005) ;e
508 Blo ) ojlacd blo SIS L ligis 66Sie loj cudiS
Rotary ) ys5llsl (55055 0w dluwgds oad Blo (sla Jgloxo
Cowddy oy)lae .05 Lale (evaporators LABOROTA4000
olos U g odd aisy ) o0 00 ogetsogl] Ligh B )5 ol
D05 (1SS Gegrad 423 Jlog slod 3 Jlase 9y Gialel

oald jl, 8 Swdly Byl o ud S5l s g P sy
MWolS 5 0 alsl e O al 4 ly (g 51 doyd Ve Tl 5l
Al Lol @ il (59 o pd o bl o 193,5 bglsee
(Metzler-Zebeli et al., 2014) 1o )3 A ools L (La) SSY
Humer and) ss )3 44 oels L (Ma) Sl sl aojd S L g

1- Asem
2- Foeniculum vulgare (Pv)
3- Acanthophyllum (Ap)



VE¥ Sl ) osled 07 alr ol ool pole slemgiy arpts VY

el 3 el Sy oSS log ko i odlitsl Jolomo 2 Lo
OhESen 55y by polal g2 &l ladigel il (6ol
Ol Gyme g dul 5,18, 5l oolil b o (ROSE €t al., 1991)
2 Jsbre (slanid gzl el cas Tl @S Ohge pd b el
el 93 ot Loyl as aops Ae Joilil (139380 51y d5g03
sl S 5 L 5l 3l dlsa 1505 5oty 5ls Ly 5 0L
4 il S8l =098 Jlore s 9 04 Ay 0y YO
PO gyn Jgo 5 ol 3 3] S92 535y s 5 26L31 la
S luel 5 odeal e b (g Soihl dnolts cdalé egil
Wb e (Vo V1) e g 98 () elaly g2 as (sladiges
Sl g2 4y 25 (o Ve oo Ol ) e 99 laie
zlyiwl Yoo 93 35w il Jio 93 b o> dtwlis 5 ad a8l ol
Sl b aiwlas (U1 glod o (gylaaSS agds ¥ jla s us
@) o b jhaie Ol b g (253 Vg0 S S0y, 0l 1) L
S0 A o el —in Joloe e 93 (e S 38, T
Job )3 iges ol (lie 48B3 Vel dn g 03938] atwliss 1 e
L 8B g yogidgiSionl olSiwd b 4iegil £V 4 OV (slazse
Sogleel (o b drwle joluel Jlade ) aslee I ool
RoSe et ) sol Cuwdats atwlis JS 1 ool l5ne Juolss I lndiges
(Huand Yang, 2010; al., 1991

V¥AYD X exp (TXOR 7Y ol o) (V) aolas

1Ol yua8 935S 9 (i g g3 SRS
laatges Clhimg S g (g (SHuUSe (iRgl nl

TS LAl g 5 Chamg S s dg) peluly (ilo]
slg .(Van Amburgh et al., 2015) as ploul £/0 vl

9 Jore slaion i S odlitel )90 la M g (ool
Sl laJoallygiws ool bolaeg Sy (xsn Jslxe
OeS95 «0b9y (el g2 b ad (YO0) plSen 5 Sn bawgs o
OS5 Jolre Sligel 1l Al &5 Ad epundl Jioo gy & pls
(B1) Jolorols (> (g (A2) Jolore > 9y (Ad)
(C) pan LB & (:59y 5 (B2) Sl & Juate (g
Ammonia x (SP/100) x (CP/100)  (¥) 4o
(3] Shigal (iiigyy Joleo)
(slns i a35,0) A2 %= SP x CP/100 — PAI

(V) aolss
(Joloeols ind> yu259,) B1%= CP — (PAI — PA2 — PB2
-PC) (F) adoleo

3-Cornell Net Carbohydrate and Protein System
(CNCPS)

el S5 o g el g g By ) 935 o0 S8 80
.(Giger-Reverdin, 2000)

Sl ohiaSs e o ()l Cud b (55501
Robertson and ) 359 c—wsl 5 5 ply gy (wl—wly
Odody diges p)S VO ¢yelaie py b plsl (Eastwood., 1981
1B 405 pues b ol Jlade T o) oo YO+ )3 caclus YF
S 039 4B Ve jlam g Wb Blo g3 5B b Sde 0§87 L
LA

5 oozl b (5,505l ¥ coxs 093 g p2 (550510
FogSa (3923 |y adges I (B jlade b bl (Pl g yegiSy
ey (o9 Sy o pow S ojll) MBS (g 9 031> 41,8
035 ogme (slgd b 1 (Ply (B e b jiegiSy e
935 gl M oy Loy yiagiSy S5 iy 258 9 SIS 9
Aghajani et ) 1 plowl (is 5 b siogiSs J s o5

.(al., 2012
Metd (Me—Mpl—(Mpts—Mps) Mps—Mp
V=—2= g p=—"T—
ptd ot Vp
(V) doleo

FogSey (339 MPISestag iy 5 adsad (yjg MPS o 5 &
SogSar Uis MU LS Sid y00iSy )9 :MPe(iglgs g diges

baasd QS 53 Gaaas
> 4l dged o jlp)S o e Pl (T xS0l s
ke 10 9 593U )5 Sl e 9 A5 diSu) s dgl
wean ol ) celo aw g 03938 )l 4 o yd AN S5l gar nol
Iy ya a jhie Oy Lo VO (99330 5 L b o3l 5,8 Jlals’
A Cud Lmo] O olise (JIIST Slegsl olSuws 3 ol 518 4
Oisri dmoyd P FIVD oyl aseed yo plS gy e
9> 4l dged p,5 dw pbb WS (6,805l gly i dolre
02la ] ywgsudis 3 OO+ (glod b oysS 1o el i oyl juedy
ol (£l 035553 o1 8 51 5 LB (g ST 0
98 (60l 0)as) pLs pa JAOAC., 2012) w5 oslizl
S gw olKwd bwgy 3l odlaiwl L g 1550 35,k 2l sl
Dol 0ylg03) (8 odg b Jgdze U BUI s (650510
b 3 Jsbo 0l5) (sl oizgd 3 Jloxal SLII 5 (NDF,
Van Soest et) )\ Kon g Casgu (49 gy olwly (ADF, sk
Folhaises yn 5l pyS o /0 yb glilas ub ool (al., 1991

1- Water holding capacity
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1- roll corrugation
2-roll gap
3- roll tension
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