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Abstract

The objective of this study was to determine the digestion and gas production potential of
sodium hydroxide treated cottonseed hulls using in situ and in vitro procedures. Cottonseed hulls
were treated using 2 and 4 percent solutions of sodium hydroxide and then kept for 0.5 and 48 h.
For in situ procedure, 5 g of each sample was weighed into.a polyester bag and incubated in the
rumen of three ruminally fistulated sheep. After each time of incubation, bags were removed and
rinsed with cold tap water. The residual of dry matter and neutral detergent fiber was determined.
For the gas production technique (in vitro), approximately 0.3 g of each sample was placed in a
100 ml glass syringes then incubated into 40 ml of buffered rumen fluid (ratio of buffer to rumen
fluid was 2:1). The amount of produced gas in each time of incubation in each syringe was
accounted for determination of gas production parameters. Results of the in situ technique revealed
that alkali treating of cottonseed hulls by a4 percent solution for 0.5 and 48 h and a 2 percent
solution for 48 h caused to a significant increase of the quickly degradable fraction (a) of dry
matter (0.057, 0.090 and 0.080, respectively) and neutral detergent fiber (0.076, 0.105 and 0.056,
respectively). Alkali treating of cottonseed hulls by a 2 percent solution for 0.5 and 48 h
significantly (P<0.05) increased the slowly degradable fraction (b) and fractional constant rate (c)
of neutral detergent fiber (0.673 and 0.887, respectively). Gas production parameters of cottonseed
hulls did not alter when treated with different sodium hydroxide solutions.

Key words: Cottonseed hulls, Sodium hydroxide, In situ, In vitro

o318 sls VALK 5 5,588 oY pumns oia
JPJMS_}“UKAJJSJ‘M‘HAASJJ u.:\._\.c J‘JA
_}‘ (sﬁ)l:s_a.u:l (Y‘ "\(C)‘Jlﬁ.ﬁ.& K] ()ufu\—“l%AL.\) C.u.u‘ ‘Cu.:b‘d
@Yl—) ‘)_..\A.AS LJ_.‘G ;_al_..d‘ L;“)‘J ‘L5—~‘:‘~; 6[—& QJJJ“)..Q
Ay 4l Hlo Bl i g (VAAA (S 93) aiiua
59 e o1 L (ol e ik pulie 3 (451 5-8)
9o il 8 (sla esum Lo 5 sus sk slasK LS
O‘JL&AJJ_*\A)JJ_*SG-AJ‘JJQJM‘JJHJ‘J#
Jslasls Ll YU solie g la i sl st .(YATV

doudo
pen T8 b o g il lie (a5, als SIsa
L s sooslaS laal oY sunns (5550 dae b sl
e ol >3 5T (55518 sla a5 oM b uns
Ll sl sla su, 5158 ) dugs suliiiul cueal (b
"‘—}lfQ.S-A uﬁ:\“}_al HOKMJ‘M «S‘JJ& BE ‘)‘..\

GL_A éd‘)\g“)_a J‘ sulai) (\c\/\Y OJ.HJJJL%:Q K) C.\.\JT)



Yo agy &by b B diwey 55 ades 5 (15 0dbgd jd Jolowo b AU g Suid oole (gl 4ol (sl 4355 (ol domiwl 8y

O Al sla Bad 5 2 L Jslae Cpl (Y- 4V
S ua a8 E o ¥ cble B wad sl ¢l G 8
s 4o gl el KA ol 2 SV Gl 4 asa
H@jm@ﬁ;ogguﬁﬂ_}lw@.ai
1S s T glea bl Hu cel A mae 4 Ko
ool sleao Lol ao b g o1 ) Gy ia
celaw $A Sue b Ho g Wad S8 ol 8 Sl
Wy K Kaa

9 Sudd oubs 50y il gla daawl B Guaas
G90¢ wigy b A suiagd o Jalaels Sl
(INsitu) s/ duass

Sta sule (50l w53 sla il y8 s ke 4
sl (so5) Jae 5 suiid (55] Jae sla 45 NDF
&) S G50 OBu O i waS ss0aa b 4a 5l 0
155 5 e i€ oy ¥ 51 skie ol gy i suliiel
e it 20l (o) St (Y i sl asls
godo La ol o5 onSilas solse Ve LA Slasi o £
G &) s s (laiien S 51 S5 e e SIS
380 09 0k Ko 5 olaSS ol 8l (la uds Sl
(VAAA OlSan 5 el Big - - Vool )lSan 5 353 535S
VY0) ya (St sule a S VA-) ea g S il
Ul (Sza subo o S J oyl (S&a sobe p S
poS Y iy ls oS 5 (Sda sule 0 S T0) Ly s
VE) (Yoo A ool 5 ) wad wias (Saa sols
Ju3le AV CP s ma Snd suls p SHIS 500 S
225 a S0 slaie (ME: s i S sule o SIS 50
o oia 3 2l G o0 o piuledT 8 ge digas
la o L le s s G i i ol
(AL S G5 il By pad LB a2 o padie
O Gaos s 5 S (5 paane 5 4550 (g
5 o (L WXV La S sl i (5,8 850l
3o sad 58 (5los 9 SR s sSie A LT Jlie ka3
05 sSl sla (le) ad 4agd S Hlgny slaas Sl
SATVY EANE AY A A £ o 3 s sbie

o= Sa S ale 4 5 ol (NDF) (58 sy 5 50
sole G ymn Giul 8l Eely BLI cud S g o153 85
3 0054 0) So—d (s RSl At 5o S
29 st s L5 538 L5 (VAL (o1, s
aeS gy L Sl SL mlie 5551 Jse (o gend

1S bl Gl 5 o e 58T Blad 4 s

el s Gl BUS H pais was o la o el
LSJlA LS‘—“ éhx.;‘}‘ solan .(\‘\ﬂ'\‘)_‘:m\gts‘)dL%)
3 5mn) S5t (o0 5 4Kl PH (2158 Cos 2 5l 52
Slealiic) w3 (K lsie & da gl sd sl o
3 95-0ST) el en & (35158 s sl -8 ol
Jae &S ol Lis (1490) e’ Sl (Ve v 5K
el pn w s sma b 4y S,
\,G_IZ»JT‘HH.JJ!JoT(SIQAS_&.?_@AQ_AeG
Ls ey dla o) Joe <€ wu S olo (1441) o, Kan
SiA sole Gud Wyl Rl 8] s i WS g 5uua
Lflf)’idj—‘iwui‘J‘JS°L§3—‘“dJst‘Jdc)T
5 4y by slakd o5lusl (EalS «S 0 S Ly (VA4A)
s sl s iS50 L g 0) e
Hlﬁ@\ddﬂw%ﬁlaﬁﬁaﬂ#ﬁdw
S Sl iy gl sl Ho plasles i
580 e ala GislasT Gua ol 53 pedidie
¢ oY sla Jslas 5 solet ) L 4a gl gk 5550 Jac
R e L N W B RTL U P
5 ) S o0 Il 5o 0T el 2e33 5 s

S NP NEERT

La (higy 9 9lge

S gy Jplas L dd gl 9o 5La 4 90 (55T Jas
?:ld-u.l

£0 9 Y) prams wS g 8 do 0 € 5 Y sl Jslae
(sbie oF S5 (o Ve 5o puss s S pua 2 S
SoSan 5 oY el YooY (K 5 sal) Bk 43



WA Jlo /Y 0)lad V) sl /ol pols clajimgts 4y

Bl gl stae ol st 4o 8,55 o (38K 18 51 s
(288 5108 I we (A s el o Jslaels

J8 sl Gy,

S oo b Gl alKauled] Il i o S8 g
A i el (VAM) Gel&iutnl 5 Sie o 63 s
£ olad G LLSSY Lo S L Ve )y 4 G
o s siamn 3152 s L glie easSt ule S has
il sud o,ullS sl Sy JAIs 50 Y1) cud
Lla S s g 5 ad G sl (e Vo0 ()
O plas Jalo Hu g ad s (S gla 6, S
Wad saly 13 0,8 Sl a0 ¥ Gleo b gbe
anal ol b a5 5 s s S s o
S a8 a6l G gad 030 Ky dw g a0k
La soly sl g clS (g 5w 58 5o @S s
OolSan 5 oo gal) 0338 8 5153 (sole (o ales o
Usiead b & Gl 5o 5l Sl ol giae L(VAAY
CiA 5 sad suls s 8 s e bsaid G383 5 Ll
LS obysine 5 ad s ) 4w O 550 Gho
Bl i Sls Ay ¢ JBu s an )b Sl enlanll
ol Sl aiiplie oS s (s Hlen Jold oo shns
02095100 w8 Wdle s S Wl s S (sLa
poS OIS Bl dayu YA B saliin o5 sla Jslas
s a0 S Ll s o Gilsal Jolas urs 5 Bud
A0 G p gl @ 40 S sl 50 5K T )
Jae ol o 50 B ad sases 358 Jslao sl B0
bl 5dd K5 oS ) g 0 ol 4 Jolae S5,
o YA slos o sud g LSl pls s o ool 4o
Vi s Ly e siias Gl Jsdae 4 0l S (Bl
SE Gl an 50 b Ky G S 5y Gas Lol Bl
sad sar i3S b aul gl ana ad sase Jslae 4 CO2
Al e Oled 5o e s S5 Spes JA s 4
Ol s el 1Y+ 54T VY A X1 YE AT A

(VARY Gas 5 m peal) 1 28 38 5 (e

£ 6o lo) 4 bsse sla € gah 5l melin VY-
el Jads o L S fols 518 50 JaS AY g A
silcwnd LBEI Y Sue o Jsare ol Hola wws
s bosse sla 4w (VAAA (o,lKan 5 eiliis) B
S o 68 0 i et e ST L S e e
i 3 G o IV VLS LT 51 st gola T
osb L S g el §5aisls S Loy e G
20 JolS b 4 s iad £l Sl ) (Lo an
La S 5l sat gola ST G Sad dwd g)la O
Sde s 5t 5 e 3 G L 4nS ik JY kS
D8 ol S Silawas ;a1 sled 5o ol o el €A
3 e 5 G G 5 5 S WalS B s £
OJ—I—ZJJ—A—H:)‘ﬂj&me‘JJ‘ﬁJJ:‘SeJAJJJQJT
Jodas U Sl (ans sl ot (558 o3lasl T 05
sabile 3l (sLa 45 gei (NDF) 52 sty st
OloLSan 5 S i, Ol () S 00 Gl
Jals g 5o 5l a S e Yoo o saldiil (Y- 4A)
S A 4hs ) ol (i Ve (o) i gla Sl
AOAC) 52 sy st Js-las 51 i (o - laio
sooad dew b dind oo el Glal b gl « (VaaY
4o a8 Bl a0 VY les Lo Sl Jads o
Sds G (g ) g a8 S 5153 B0 £ e
Ll ol olgins g ead gols b dad S Loy
Ciln siesSue A 33l b el L sl 3 solial
of Hla ind ol sias o yS Blas gl wad
s - suldionl G sl Sl e Ve lase 5 shads
o\ glon Hu ol so s Gls sla 4 sad
MWolS L5 0ais S 51,38 cels (A e 4 ol S Bl
oo La s (Ol 3 oo ) puy il Saa
58 Bl a0 15+ glos L a,sS Jals 5o 5 sk
JA1 5 La @ gl s aii8 S 5158 celis £ e @0
oo 388 5158 5l Jals 5o g sad £Hla 8, S
Dlade CAYE AL 5 aud () a0 La i gad (o Oy )

Cisad Dlade 5o, 58 50 GBS 18 51 Gy swile JL



Yy agy &by b B diwey 55 ades 5 (15 0dbgd jd Jolowo b AU g Suid oole (gl 4ol (sl 4355 (ol domiwl 8y

bl 41323 9 o daalas

S )0 D92 g0 SiS o0le —

SlaaSCE (9amlisSl 5l 3

BE) Jj.‘;a\_» J\_:J‘ 9 A suls Oy .A_:._\QL' Sl

0 la J o8 3uob O Sl Hu A si o

A ‘L}.uJLM

S0 D9z g S ooke

SlaSE (92mlisSSl Sl oy

oSl 5o Stz oole ol ool s =

SlaeSs (5amlisSIl 5 B aS )0 95250 Siiis oolo

EVWL BEIRPE 9 NDF Slade —

S1aeSCE (y9amlisSIl 3l S

oSy 0 NDF ot sl e =

dusS ) g9 NDF Slade

SlaoSs (9ligSSl Sl oy

SlaaSs (55:asligSSl 5l B 4nS )0 09250 NDF lais

ED=a+[bx (c/c+ k)]
éd‘d)‘)zdfjdmdéﬁ)éub..\‘d{)lgdf-‘\g:uz\g‘))d

(VAAY ),Kaa

P=b(1-e%)
o ot gle) oo JLS ad i aaa Jaslsy =P
e

a3 BB (s 5l sad w3 5K =b

S8 i 50 el =C

Ospealy sl (o oo =t

Slall 5 Sda sole 30 (s0dy a5 dwlio gl
L ol SLelS p ol 31 503 aaby b 5o Jslasls
obeT S50 A 51 5llT (gls ot suliieal LSS Sl
wlia g oS suliiwl ) g bl Jus 5 SAS.9.1

sole (C,D,8) (550 a3 sla dainul )b fuuad (6l
s soliieal (VAVA) Wb 5uSe 5 3 s

P=a+b(1l-e)
223y 0523 Jauslsy =P

Gl i3 gy el =C

(ceba) e Ho i gad Gols 158 Hle)y cas =t
Jolaols LN 5 S sule (ED) S55e sy 90325
Clolae 5 suliiaad Ly L 5 pai 5 sy o
g GBS 5 5a s 5 (VAVA) WbipuSe 5 B S
g Sl ju /oA 5o /0 L il (K) poa
sle bsad A5 GBUS Hlaas Hu Jyliie £ooa
b dalas (VAVA all g 5 b sSansl) 0Bl s



WA Jlo /Y 0)loud YV sl /ol pole (sl jimgy 4y

sy ool QLS Y Jgda S0 ot S g 08 Jslas
Jae sla G (B) w3 95 gla il b ol
G opoae WS gHoma wans £ Jelae bosad o)
S o s 5o ¥ Jslae 5 melis EA 5 1[0 cs
Ol Pt oulE Ju b ocela A oue 4 poa
(P<:/-0) (sls iae sb o la 5T polie Lol il
doa ¥ Jslae b sad sl Jae sla s 31 G
gl pid) 38l sla €55 s (el /0 Bite ) 5y
il ol Sae Sl g (sads ol Jae
e 09 (C) sy w33 03 el 5 (D) wia wiS sla
Saa sobe 536 (ssdy wiad ads saaldne by el
oA sl b sl (K) s gosa 5 50 (ED)
¥ Jslae bosad 550 Jae sla e (sl el o
/AR RET PR Y/ QCRVIL FEFURVIRTIN. SR SIS AR
o b Hlas ple 5 id cele /o cus @

,(P<./.c)

a0 40 Jlaial mhais 5o (S8 Gags b la S5k
A ‘al%_'d

Yi= L+ T+ e
sl LS ual 8 5 (gl s G900 GBuu ¥ s o
T Slae ) Hlasi 58 daiil 8 slbd Hlae 10,850
S sS L 53800 550 Hlas il 8 gllaa [l
RV R PO VOIS P IANVINE |54 R
(VA Glha S 5 HSail ) (P<:/-0)
(LS 0, 50 sualiie Hlale) dicwly yuiie = Y
olaalie S Sle = p
slass 31 =T;
oiubesl slad = €
Sy s
Phe Sy 4y 9 Syl it sla daaul B
L ad gl gl ouch (5,9 Jas (5La 4 9ol Slid sulo
Pt JuS 9 y32d
sobe B30 (sady wiad 5 ey wiaS sla il

5

L osad oyl dee oinbe)yl oy by dga Saa

s a9 jusd Jglans s s ol gudi udi (5,5 5T Jas (5o i gal KA oule 590 (5 iy 3RS 9 Sy )T LA dakul B -V Jgun

P SEM JINPA FA Y NINPA A AT Jos g g o sl 3
value i .
<3 Iy ey e

<ele0 K5 v--CERY YLV SYRR -1 +/-4%+/-\Va  *-/-YbC 4520 A s
+[+0V£-/-10aC ofeY @

>/ N4 S0 E /oA S0 E )0 SfAEeeE O ED FUPS IRVL g ey
()

>/ SRRV - SRRV Eefoof [ \A o] f Hefoof £/ f @y F s
Y Y AN ©

< /0 eed -Iveb -/yva -/Yob APX:! -Iveb Fgo S pdy 4350
ARSI S

<+/+0 oo F -/ \AD SARY:! -\Ab -/yva -/YAb Sge S 4y
ARSI B

<./ R -1\ ¥b -/\va -I\¥b -/\va -I\fb Fee S 43

17 z9 2 T 5

QLLuE/\QJAQﬁMM\gJJ:‘AMJJEJQBAQQMC;JJTJAQ(sLAﬁjAJZ(E/\)ZE*



ya agy &by b B diwey 55 ades 5 (15 0dbgd jd Jolowo b AU g Suid oole (gl 4ol (sl 4355 (ol domiwl 8y

oeles < /0 c:..\.n‘l..t’::s.h.u._\f.'...SJJAfA‘)Ji J&-‘A—QL\&MGJJT&A&‘SL&MJ@('/O)/E.
mmiAgmyﬁmMJngJJYle;.al__:amcs‘)JTducsuﬁ\,.&:(i/\)X\'

el < /0 QMQ&MMJJ%MJJYJ&-‘A—Ql—.\QmGJJT&A&(‘sL&QF:('/O)XK

(P<:/-0) wisls Jlo ae BT & glate goa Loslael wissy 54 Lo ia,b,C

o8l Jae sl s aaS g ma Sl solina Ll
OSer 5 shadd) ol sad (OIS L e
L oJolas Saa sobe S a0 Ll 4 L(VA40
S lome ot ot st oS e 5 sulii]
Su€ Kad sule aas swle 3Ly sl il
48+ o1ylSas 5 dBIS) wk sl 53 auia

Poe S aig Ayl 9 B i i sladadul B
43 ¢l gt sladd gas (9D ouis gudi o J glaols SLudl
pde SS9 paa b oud (5591 Jas

SLI S350 sondy D25 5 sl i3 sl il
doe aled sl Goa (Ha sabgd 5o Jslasls
saly GLES Y Jpun 59 o wraS goun b sad g
6ol Jae €igad (A) wia3 g daial i cuid sud
EA Sae 4 pates S5 5u wea o §dslae b s
Jae @gad gy o olie ulys ¥ 5 G el
G ot S gyaa wans ¥ Jslae bosad g,]
Gy oas sads sl Jae Gl cele +f0 cus
o sl aanlyd 5l Gl ae s AV 5 YA G s
Yot sl dslae bsud sl Jae sla G gad 4323
g el $A 5 +/0 Bue L i WS g Lo o
Lossd 550] Jae la G G Ll (P<:/-0)
EA 5 0/0 Sae 4 LSS ) e Y sl Sl
la o soalie g ads soalie (s, Sre o lis (selo
Jee sl s 3l Ghas (P<:/0) (ol s 5ok
0 Sue @) g wans ¥ Jslae bosad ol
O sla daiiljia g sads s, ) Jae Ggad g (el
Y odslee b osad 5ol dae sla wsa (D) wias

S5 4 (oela EA 5 1/0) mase s g puas ws

Silis stz luxa SEM

S goma b s50) Jae oS als olis 3ada3 Gl b
G KA sabe a8V L0 A S E5 Y Glore b oana
sale a3 msen phas Glalish cun celi EA oue
by Gl o Flaial 4o Gl u gl (oo 4 gl 0l S3A
ol ol (I8 s pas BalS 5 0ua oS
S salol (s nly puda 5 sad Slslu 5 oSyl
aas oo Gl Sl gla anniilS )l She b i3
(Vaav) GLKaa 5 L) (VAAE LS00 5 cad)
2SS el 1 K52 sole (g5l w323 £ malS
pots i€ g puad wim o ¥ Jslae boswt (5551 Jac
Jac 5306 (VA41) Glhlan 5 LT .S sualis
Loy @l paa cubls 5o 1) LB slge b (5ol
Jee B0 S s @) LS Gaus Glisy ) ealiial
aaals (Bl 38 G s waeS g puna b 4y Gl (0]
iy S 5 St Lo 4y Gl Sl sole Gad
G Ylaal Gl cpl € wo S Gl b of s (51
Ol 58 el iy Glo ple BL il gy Bl cle
SlSan 5 ABIS g KA sole iad oS pds
fSA ST E Y Lsnd 5,50 Jae digle sl (V444)
5 il ad saaliie SEA sule o€ Voo Lo s
Jolae U, ay ly Hla LY a5y (VAAY) )58
Sals Glis 5 WS s Jae s w5 a7
L ool Jee ale & Sy S s calls
sl o o Slae 5 adly GG aan anlS 50
S sole sl pmaa ORI el e 50 6ol
dmss & Jslae bosad ol Jae amy ad3 o
(Yor0) OlSan 5 050l s Jacs 95 pses aaiS 5 000

© Kok sle sy 4383 £ RIS 0k IS 5o



WA Jlo /Y 0)lad V) sl /ol pols clajimgts 4y

o Lo igad ulbw 3 i wmju YA 5 Ve sgua o
Gos) Jae gla G pla G 5o Jy (P<+/0)
i suabie Hlo Sae ol sads g,5) Jae g sad
051 Jae sla G sl (C) Hud w3a3 5 =l
prdes weaS oaas dans £ Vol Jslae b sa
dess ¥ odskae o (/Y 5 o/ 0Y) (ela £A)
sgan 53 (HA) (mele +/0) musn S50
o5l Jae Gad o Gad wdad 5 eul s
(welo +/0) mones 3uuS soma wumyo & Jolos b s

(P<-/-0) 555 (1Y)



WA Jlo /Y 0)loud YV sl /ol pole (sl jimgy 4y

L 48 g1 gul ouwil 5 55T Jac (5L 45 94 A58 0y el 3 Jplavals LI 3 90 (5 iy )23 9 5wl a3 (518 4l 6 Y Jgsa

pded waas 9 juad J glas

slo Loy
P SEM NINPAT FA Y INPA; FA ¥ 691 Joe Cys s Lo azal
value Sye spdy 4y
<-/-0 o[-¥¥E-/-A¥A /-0 E-[-\YC +./\5C NARY-=2VRRN { YR o = 2R Y:] REC
R4 @) 4=
<efe0 </ AAY £-\VED /Yy /o AAD jaYEe/-fYA c0VYE-/-FAE -/OYYE-/-YFA &S iy
0) a5
<ef-0 NERYC-ERA -1 RV PR R EY P { BRSSPSR SRRV PR Y ==2Y P o o BEERRY PR =29 P -1 &yt
©) a5
<efed eleeY -IYAb -Ivab -IYfC -Iyab oa Gy a5
S BB
ARSI
LY R R -1\YAb “IY-C -IYoe -/yvd JARY:! S 432
S BB
¥z
<efel o0 -/\vd -I\$C -IY-b -/\ab SRYX: S 4550
S BBy
1% s>

*mbiAauyﬁM{uaSJJ{mm‘)Ai Jslae b sad s,51 Jae (sla € gad (EA)/E
ool +/0 Sue 4 pdes e gm0 8 Jolae bsat 5551 Jae sl e i(+/0 )¢

;’LA.CLJE./\QJA@&MJ:JJJJ:}AMJJYJ}BA‘{A@GJJTJ@QGLAG‘}&:(Z/\)ZY

C.\-CLI-U'/O OMQ&MM}J%&&MJJYJJ&Q&QGJJTM@L&QW(’/O)ZY

(P<-/-0) wijls Lls ae BMWEAS & glate goa Loslael wiss,y ,a Lo ia,b,C

sad sl Jae sla g pulew LS g /VV 5 +/NA

(P<:/+0) culy Lo Sae IR sall 4503
< ols plts (VAAY) ollSan 5 IBIS o lidas b
deoyu b Jodae Lasla ) ey le uyS e
Gondm 0525 Gl sely Bl (o pte wnS 55008
oA e b 5o Jolaels BLI G b Jaslly
O Ot 4ol 55 5 Sl o (6,805 Ll
S gouaa 45 ols plass GlaEas ol ol S il

ol 33 5 Gad ool £ 0 el GialS Eel aa

oSl sled Hlae SEM

0 A s el 59 Jslae B S S50 5503y 0325
G gad (sln mels o+ /v 0 sl (K) i g3 5
pat s S g s 5o € Jslas b s 551 Jae
sl 3 Gl 50l (e b el +/0 cus
L Ll 550 sonig 4323 (P</0) a5 Laslas
(K) e a0 o9 (A sy s 53 J sl
Jolas L sud g1 Jae sla s sl +/+A 2l

G5 4 (el EA 5 +/0) muies wenS 55008 wm



WA Jlo /Y 0)lad V) sl /ol pols clajimgts 4y

a5, 9) Jmas (sl i gal IS aad g3 (sla aadiul 3
Lo gtio 5l ouldial s asaes wacS 9530 Ly 43 9l g
Sl (o3 9 5530

31 Jae sla 4 g ¢l 530 HLS w5 (sla a8
58 e g e boglie 3l suliical b 4 gl gt sk
a5 SLE) D dai il s el sk suls las ¥ Jgaa
o3l Jae o Hlass (5o (02edS BB ads 5l suit
O gt aald Hlasd 50 5 astes WS g e b sud
S8 a5 £ 55 cull ainan ol (gols Sae SR
Al Glias gl sae BT Ll u 5a (C)

8IS (5501 Jae 4S WS GEOIS (Y2 V) GlolSea 5 5ol
el $A 5o 15 58 a8 cauais WS s ouua b
S5 s o8 S aal g3 55 5 suls Gl 381 ¢ saenls 5SS
o B il seles 5o i Gl Vo) & /1
e Sl plie 5550 Jae oS als ol L Gha g3y 3
o Lo e SL comes mn s alSghua Ly gl 4iple
OuSSsiess 5 St mle 5 aela 5L sla 18
oo L ol et 535 sl gew 8L g5 5 Suuli M
Oad AT (Yo V ollSan 5 a) 955 aly |5 e
5 s BB el s wnS g uaa b5 slar an
Oleasly Giul 38l dai o 5 La w3l Gl o ud
OIoLSan 5 558 () 95— (e 0T 5551 o5 80
o olel ea 5L GRALS L Shu (g e 3 {(VAAE
Ol 388 D18 e stesn 50 Gl Gl a5 (Sl
5 S sl aslE ol Kue sl w351 (515 9l 50
Soabaas b b o gl T gl w5l
Jole (ol o Slobs (AR 5 (S8 oo peas
et L 53T gl T 4 s s 800S0 5 gane
P Sapyre V1 - EN UIRT PEN R E NG| ENPCH IV JEFENE
S i o) pmad 9 Su3h Sk b Sl oS 55l
bl T a1y age (S 4l
sLa sl ambe else b Sloba 4 (oo sins
Ol (Voo v ) oo il il b aruilS )l Suo
L A sy o 5o Jolaels S aalS S 0,8

0% A sy s 9 Jlaels Sl 4y 5a5 WS A
O Ylaial LI pad aanl Gaal3a) g g dads
sla a5b o saS 5 Sl et pud Jslae Jls
Jotae Cal el conal (i Slslan cat (s (553l
Gl 3l 53 age A e i 5 h sy
S DlaBe 5o S Sl 4 puS 6lS (g5l 323
OoLSan 5 IBIS (1AAY ol,LSan 4 4IS) il
Jodae L dad g s,0) Jae oS wials las 50 (VAAA)
G5 Gl Bel ol S paan ey
Jolaols S (A s i 5o Jslaols LY (5503
i3 aiS QA i) 5 OS5 el sy 58 5
e A saied g Jalaal Ll bt £ 5 culi
oslUae D38 GBS (Y++0) GlSan 5 () 0ol g
a5 s wnS g yaas s e £ Jslae b 4y s
I8 Rl 53T (A s g 5o Jlaels SL (5503
Joae Ay ly Hla Bl gy 51 (Y00 Y) GLKea 5
T 7Y Oloe 4 paalS K g omaa b sud (5551
=l o S ool Ll P.oostreatus z,Ls (i s
Shealan l S olo sy 35 5 g sba Ginla)]
Sl aaa cnbils Gl 58 s aaulS 0aS 500
OIoLSan 5 S i) s o iy Sl o L i sy
Jodae L 15 auiS oIS 008 4505 53 (I3l (VAAE)
008 GBS 15 6T Jaads 5 asa S saalis oLls (sl
O dea s Sl (L L wS g 035 5 (ISl
sl a5l sulaal el (ol e Hu (KUl
sla 05,5 JSAS 5 Glssy Jad slaaals Gu s oi!
sl (VAAY) olLlSan 5 dBIS o S ol wlyT 5
alae alse Sou 5 Sl 51 Sl can (T8 s S
PRI PP VP JCM [ SRV P S P
L S adly s (Vb sondy it s sla
waesl Ssles pad (50l pea S J s (050
s oo Sl psah sk slaeS) o5 i e
Hobes (o8 (0l sulie gl pdnd 5 Gud Jslae

Jﬁ@



Yy agy &by b B diwey 55 ades 5 (15 0dbgd jd Jolowo b AU g Suid oole (gl 4ol (sl 4355 (ol domiwl 8y

1 0Nty sl T olse (ol inan oad Bk suiy st
53 05 Ol ey 5 89S a3 sk 5 Gl
5 YAAL ;,l_,lSAAJS_):u_}:J) Ol o SEA suls

(YA oS 5 K50,

OB Sl et (LS Jds o ps aanS 5 5008
Wl SLS 5 g sy a0l 58 58 age
Do Ho Jodas s Gl idl el HLB slalas
o9 Jslaels BL 5 Sl ol 5ae (2alS (T (sla

S obo daasl pule ) ouliinnl by paies saeaS g jusa Jglans L ad ol 9ok ouudi (590 Jas (sl i gad £193 IS sl 55 sLa aadunl Y gua

P 9Se bglie
*LQ)LQT:_;

P NINRAT FA Y NINAS \Z AT aals b el

value
>0 FEYEIYA  YYE) .. YOF £15A YY) £)0Y Y&V AN F oS BB 25 5 oad adgs
()
S ey Eefee¥ defe ¥ ey RY =R ©) 55 odg &5 el

J+-Y [+-5 [+ ..

QLL.uE/\QJA‘LgﬁAu.\e.uS\s)_%AMJJEJJJA-QL?AJL&)}TJA.LGLAQQA:(E/\)ZE*

el o /0 QJA@&JMA*&SJ\)A&AJJEd\,.‘u[{bm(_;)JTJuL;LAﬁJAS:(JO)
QLLJEAQAA@‘;:‘M_\:\...S\,_,A:\AMJJYJPQ@MGJJTJA.:GuﬁJAS:(i/\)XY
)

Seln +/0 Ste L asdis LS gyd ws ju ¥ Jolas bons (5,0 Joe (sla € gaif(+/0

Selw €A 5 +/0 Bue 4o aadis uS 5508 Lo 50 ¥
Eo ol 5 (D) Liad wS e il 58 (il 38
e B sy 5 LS G (€) G 4rda
aosat 5 Y (sla Jslae Lad glsd 5550 Jae s
Ol i8) o celn EA Sae o maa i WS s
9 Jsdae L Ll o Siid sule 530 (550l a)as
HSU A dss b 550 Jae ad S suly s
2liial L 58 WIS C 5 D (sla aainul 5 5o (s)ls (e

el s s See bglis S 3

YA

YAl

S daia
L a5l su0] dae oS ol gl Giale T ol ol
EA 5 10 S 4o pans w8 g8 ws o € Jglae
s el A u s ds an 0 Y Jodas g el
S 5 s sule (@) 4 yad S Ay il
L soal dese (s sd (oo (B8 s g 5u Jolasls
el +/0 Bae 4 pates WS 5008 wua 50 ¥ Jslas
Jolaels LI 5 Snd sule w323 03 (B3 5 530

Jodas L 42 slot (5557 Jae capltd (B2 s gl 5o

ouldicul v,y 40 c.}l.'\.a

Agricultural and Food Research Council (AFRC), 1998. Energy and Protein Requirements of

Ruminants. CAB International, Wallingford, UK.



WA Jlos /Y 05l VY als [ ald pole (slo imgss 4y i e g O ySme EIS (gjp0l Y

Akinyode AM, Hall MB, Staples CR, Head HH and Kunkle WE, 2000. Effects of cottonseed hulls in
the diets of dairy cows. J Dairy Sci 83 (Suppl. 1):296. (Abstr.).

AOAC, 1997. Association of Official Analytical Chemists. Official Methods of Analysis, vol. 16, 3rd
revision, Gaithersburg, MD.

Arieli A, 1998. Whole cottonseed in dairy cattle feeding: a review. Anim Feed Sci Technol 72:97-
110.Arieli A, Aharoni Y, Tagari H, Mabjeesh S, Zamwel S, 1996. The effect of heating and
NaOH treatment of non-linted whole cottonseeds on their nutritive value. Anim Feed Sci Technol
5:215-223.

Arndt DL and Richardson CR, 1982. Digestibility by Lambs and Performance of Lambs and Steers
Fed Sodium Hydroxide-Treated Cotton Plant by —Product. J Anim Sci 57:377-383.

Bampidis VA and Robinson PH, 2006. Citrus by-products as ruminant feeds: A review. Anim Feed
Sci Technol 128:175-217.

Bowman JM, Grieve DJ, Bouchanan-smith JG, and Mcleod GK, 1988. Response of dairy cows in
early lactation to sodium hydroxide treated soybean meal. J Dairy Sci 71:982-989.

Brown WH, Whting FM, Daboll BS, Turner RJ and Schuh JD, 1976. Pelleted and Nonpelleted
Cottonseed Hulls for Lactating Dairy Cows. J Dairy Sci Vol. 60, No. 6.

Brown WH, Halbach GD, Stull JW and Whiting FM, 1979. Utilization of Cotton Gin Trash by
Lactating Dairy Cows. J Dairy Sci 62:793-796.

Canale CJ, Glenn BP and Reeves JB, 1992. Chemically Treated Alfalfa: Lignin Composition and
in Situ Disappearance of Neutral Detergent Fiber Components. J Dairy Sci 75:1543-1554.

Canale CJ, Abrams SM, Varga GA and Muller LD, 1990. Alkali-treated orchardgrass and alfalfa:
Composition and in situ digestion of dry matter and cell wall component. J Dairy Sci 73:2404-
2412,

Canale CJ, Abrams SM, Muller LD, Kjelgaard WL, Anderson PM and Harpster HW, 1988. Alkali-
treated forage for early lactation dairy cows: effect on lactation performance and nutrient
digestibility. J Dairy Sci 71:2166-2174.

Chaudhry AS, 2000. Rumen degradation in sacco in sheep of wheat straw treated with calcium
oxide, sodium hydroxide and sodium hydroxide plus hydrogen peroxide. Anim Feed Sci Technol
83:313-323.

Chaudhry AS, Miller EL, 1996. The effect of sodium hydroxide and alkaline hydrogen peroxide on
chemical composition of wheat straw and voluntary intake, growth and digesta kinetics in store
lambs. Anim Feed Sci Technol 60:69-86.

Chen XL, Wang JK, Wu YM and Liu JX, 2007. Effects of chemical treatments of rice straw on
rumen fermentation characteristics, fibrolytic enzyme activities and populations of liquid-and
solid-associated ruminal microbes in vitro. Anim Feed Sci Technol 141:1-14.

Cone JW, Rodriguez MAM, Guedez CM and Blok MC, 2009. Comparison of protein fermentation

characteristics in rumen fluid determined with the gas production technique and the nylon bag
technique. Anim Feed Sci Technol 153:28-38.

Fadel JG, 1999. Quantitative analyses of selected plant by-product feedstuffs, a global perspective.
Anim Feed Sci Technol 79:255-268.

Hale WH, Lambeth C, Theurer B and Ray DE, 1967. Digestibility and utilization of cottonseed hulls
by cattle. University of Arizona, Tuscon.



A agy &by b B diwey 55 ades 5 (15 0dbgd jd Jolowo b AU g Suid oole (gl 4ol (sl 4355 (ol domiwl 8y

Hsu JT, Faulkner DB, Garleb KA, Barclay RA, Fashey GC Jr and Berger LL, 1987. Evaluation of
corn fiber, cottonseed hulls, oat hulls and soybean hulls as roughage sources for ruminants. J
Dairy Sci 65:244-255.

Li XJ, Pang Y and Zhang R, 2001. Compositional changes of cottonseed hull substrate during P.
ostreatus growth and the effects on the feeding value of the spent substrate. Anim Feed Sci
Technol 80:157-161.

Lindberg EJ, Ternrud EI and Theander O, 1984. Degradation rate and chemical composition of
different types of alkali-treated straws during rumen digestion. J Sci Food Agric 35:500-506.

Liu JX, Susenbeth A and Sudekum KH, 2002. In vitro gas production measurements to evaluate
interactions between untreated and chemically treated rice straws, grass hay, and mulberry
leaves. J Anim Sci 80:517-524.

Menke KH and Steingass H, 1988. Estimation of the energetic feed value obtained from chemical
analysis and in vitro gas production using rumen fluid. Anim Res Develop 28: 7-55.

Nishino N, Uchida S and Ohshima M, 1995. Formation of lysoalanine following alkaline
processing of soya bean meal in relation to the degradability of protein in the rumen. J Sci Food
Agric 68:59-64.

Nocek JE, 1988. Manipulation of non-structural and structural carbohydrates in rations for dairy
cows. In: Proc. Maryland Nutrition Conf on Feed Manufacture 53-61.

O"mara FP, Murphy JJ and Rath M, 1997. The effect of replacing dietary beet pulp with wheat
treated with sodium hydroxide, ground wheat, or ground corn in lactating cows. J Dairy Sci
80:530-540.

@rskov ER and McDonald I, 1979. The estimation of protein degradability in the rumen from
incubation measurements weighted according to rate of passage. J Agric Sci Cambridge 92:499-
503.

Osuji PO, Nsahlai IV and Khalili H,1993. Feed evaluation. ILCA Manual 5, ILCA (International
Livestock Centre for Africa), Addis Ababa, Ethiopia, 40 pp. ISBN: 92:9053-278-5.

Palmquist DL, 1995. Digestibility of cotton lint fiber and whole oilseeds by ruminal
microorganisms. Anim Feed Sci Technol 56:231-242.

Rodriguez MAM, Cone JW, Ferreira LMM, Blok MC and Guedes CVM, 2009. Relationship
between in situ degradation kinetics and in vitro gas production fermentation using different
mathematical models. Anim Feed Sci Technol 151:86-96.

Senger CCD, Kozloski GV, Bonnecarrere Sanchez LM, Mesquita FR, Alvez TP and Castagnino DS,

2008. Evaluation of autoclave procedures for fibre analysis in forage and concentrate feedstuffs.
Anim Feed Sci Technol 146:169-174.

Snedecor GW and Cochran WG, 1967. Statistical methods. 6th Ed. lowa State University Press.

Solomon RG, Adin SJ, Mabjeesh M, niknachat E, Ben-Ghedalia YD and Miron. J, 2005.
Digestibility in lactating cows of diets containing whole pima treated with sodium hydroxide
versus akala or pima cottonseed. J Dairy Sci 88:1745-1751.

Van Horn HH, Harris B, Taylor MJ, Bachman KC and Wilcox CJ, 1984. By-product feeds for
lactating dairy cows: effects of cottonseed hulls, sunflower hulls, corrugated paper, peanut hulls,
sugarcane bagasse and whole cottonseed with additives of fat, sodium bicarbonate and
aspergillus oryzae product on milk production. J Dairy Sci 67:2922-2938.

Vanzant ES, Cochran RC and Titgemeyer EC, 1998. Standardization of in situ tegniques for
ruminant feedstuff evaluation. J Anim Sci 76:2717-2729.



