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Effect of different sources of grain on nutrient digestibility in horse using two internal markers
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Twelve Turkmen horses with an average weight of 425 + 4 kg and age of 6 +1.8 years were used in
the experiment. In all rations, the ratio of concentrate to forage was 65:35. Corn and oats, barley and
wheat and barley with oats were used as a source of starch in 1, 2 and 3 ration respectively. Lignin
and acid insoluble ash (AlA) were used as internal markers to determine the nutrient digestibility.
Using lignin or AIA methods, the digestibility of dry matter, organic matter, ether extract and
digestible energy were significantly increased in treatment 1 (P <0.05). Digestion coefficients of
ash-free neutral detergent fibre, ash-free acid detergent fibre, cellulose and hemicellulose were
increased for treatments 1 and 3 (P <0.05). The digestion coefficients obtained by using both
markers there was not significantly different (P >0.05) except in the case of ADFom and cellulose in
diet 1 and ADFom, hemicellulose and cellulose in diet 2. However, the recovery rate of AIA and
lignin were 106% and 91% respectively, the recovery rates of these markers are highly correlated
with the total faecal collection method. In general, the inclusion of corn and oats in the ration has led

to improve the nutrients digestibility compared to those without corn and oats.

—[ Key words: Horse, Grain, Digestibility, Lignin, Acid insoluble ash

\
J

Olg o) $ladis 55 Ol 5 oas @ 5be Sl oslinal L Lgs (255
slge 3 eslizel s peen 4 (YoV NRC) 58 b 1,
6ujy&,~t,¢.‘m£a.>6|j§b,>~6ud&,v:\,u
Calben (ol 5 53 (25 Sl 5 T iy ) sl dis
Gy el (Yoog Al Jassim) Wil s g0 ol
Sole 33 & (Ss b e slge ol 5 551 (ST Ll
358 o oalitel ol @I85 55 (S slge 5130 s
3 o3l 350 oS 20 3l5s odas 2w (Y20 ¥ Lindberg)
503 e Obe OT 5l a8 daas o K5 OO |y ol o,
5 ShSs @ g riws 53 & arg L OV
5 HUSSEIN) wls 5L (o pas 5550 sladis sla S5
AL pir s (N gl e (Y F 0 Ss
05wl obn ChB W b dsl e /Y g i
o8l p s A Lt b ol ge 5 o oS S 03,

5 4alis 3L e O3 ae (VA4F Kienzle) wst o ol

400
dgle Ll (Shg o ol S (b Ll 5 5o
) b Olgee idw gl agle s e 1SS
5 Asboger Glsk) e o)l 5 (Dhdas S 5 o
ooed S (ghyls gl Sl gimes sl 0l S5 (K
Frodr o emid Sl Jske o)l 5 dons AvYer o
Sl el vy Lindberg) wsb s s 1 sy
5035 Dl g5 BB sk 4 glasle s S e
38 0 P S Sl i CiS 5 S S o 2
lps 98,5 meds OSG! cwl s (Yeo¥ Lindberg)
4 3yls sy S oaws Sl i s S sk
S35 e Olgie 4 OT Sl Jools 15 o Sladnl & (5
0 e kd Mg lp cr ladel 5,8 e 518 eslizal 54
el el 53 1 (6513 551 Aoy ¥ g K5 03,
g5 Al Jalys 36 Cou iyl (Y0¥ NRC) as’

)wi..u')ls)w‘quty)(@iﬂijcMJ)%j}:

ﬂﬁﬂé/w &



...)J&lﬁoﬁwqﬁjbﬁbjmc\h;l

o4 s Y S b pdS oS s iy Jold o s e
5 o3lizal 3550 p31 Lo A5 S 15 esliul 5,40 OLS
YooV dohr 5o o (AaleT lae s bt oS5
Db5 YD) S5 315 Wbl 5 VY sl el o 1)
L s Jlo FEVA oo ke b (T 8 OLsle Vo 5 ol i
Sl eslitel 3550 (E LT ol 3 o 8 kST FYOEFF 05 il
3 b s S ade ol (il3T g5,5 51 8 s 8
35 el s anSTy (S, 0T K1 Ao 505) s
S 5 Il 3 6y b 2o OXF slal b 5),al sl flavs!
05 ST 0 SlS o3 YO pluly s B S 5 o
(s osle p S S §/F2) dsle doys 70 5 (S osle
A4 AY Y el 53 SuloiT )50 0,508 .06 5 & s
05 bodey oled 53 0 SluiS &1yl 1 da azds ¥ wge 5N
Ssle g s VP ilasT ol 4 .28 8 15 acwd Lt
ples o3 b @8 i 55 (613 paige S 5250 5 Sk
S eslizal b osT Syee 4 ST aabesT plsil Soke
23815 el el s Sl gl slags) T

53 35T Sy S Ko 3T 0355 Usb 53 i
5 eslizal b lacad gladis Lol 55 el e
L35 alows (Y00V NRC) ol olde Sloliasl Jglas
Hall b slae el 0js JsSul 40 (o zus pde s
A5 8 anloes 5 dbaly 55 (1AVY)

(5 AS) 5y 035 =[ (et 539) x (0 I L)Y VIM

PH (& w5031l g £gd digod (59T o

SRE R PR PRIy o3 gar (g3 3l Ay ol 056 ¢ e
LOTPH 5 ol 0T o)lae & (5o 4 s 03,25 036 § ke

Wi Sl (e b s ze PHO1 eslinad
¥ b s A @uls pses s Jsb s (YY Muller)
A OLY 53288 Do (15 i ad ol g ke I e
W S wsm s b S L badse )
s =Ye gles 3 5 0 (Saedly awS 0gy5 glesd

..\.l.sjf.\.qa.sbfuﬁb

@%ﬂ%/w

bl S o S S 0355 53 ol eeds SLB L SN
S 55 ey 4 wmali 3y)5 T 53 5 S 5S e3g 5 s
039y 55 wwlds w35 .(084Y LK 5 POtter) s.:
Ko S aml pl 05 Sor Comer 53 o o 55
S5l e bl o 5 PH 208 5 3518
S5 5 () L,Kes 5 de Fombelle) s s
550 (Yoo o King s Mansmann)

an Sk Ol e s 51 GBS (sla By 3l eslizal (B b I
s sy GV Caeal G sl OUls 55 (gdae slse
ip b el S )y 25 GE0 ge JS 05T per
b ol b (Yot 0L 5 Bergero) wib o el s
e 5 035 0L GRleiT a3 ol Slux 03 3 gudous
Wb 6,8l ey opl GCassdos IS ol
sla Sl 5l (slos 28 55k 4 s cpen 4 (Y01 Y SalleS)
er bl en S Glads Dliass s eln BB 8
\p; A-ST e 5 sl gl S 55 8 e eslia
s Martin-Rosset) & 144y o, Kes 5 Meyer)
5 Varloud) "ut s Jsoul 2S5 5 8AV 0, Kan
Sl 5 G5 g Ol um S (Y0¥ O)Sn
S s LS e 1 eslital 3y50 Gdie Slge i
st PH o8 w5 e 5 SE ey Sda Ll
5 2SS s Sl 53 5 eslial b (sdie 3lse pin oS
255 15 anllln 3 0 ol 53 el 53 Jghousl ST

W w9y 9 2lge

k3T o p> g Ollgus

S e S S e Bl 5, b e
53 WAYIARAY Jlole psysp 53 cOlsl oDl (6 seam
125 8 plonil Ll 53 (6,185l g o5

S sl whe b GholajT oy 9 am Slemagn onl 5o
IV e 53 s 8 eolinel wy5a 5 O35 s 3 4 a5 b
s Yo 035 0a8 5 e 1Y o 3 OYp 5 055

Ayl dge i ..Ll.sf s\l anulis o Olge & Y o



s s ssy 4 (NDF-ADF) L. s 5 (ADF-ADL)
Van Keulen iy, U glas dwl 5 Jyloul 28
2 BB (555 men s S alwe (V4VY) YOUNG
(Yeov (NRC) 5 dslee 31 oslizal b islejT la o,

A5 8 dnloes

Digestible Energy (Mcal’lkg DM)= 2.118 +
(0.01218 x CP) — (0.00937 x ADF) — [0.00383
x (NDF — ADF)] + (0.04718 x EE) + (0.02035
x NSC) — (0.0263 x ASH).

b oo § (e

00 gles )3 oy 5 p e isai (oliond 4 el I JS
b o 5 K Cob 03 40 Doy (510 05T 31,8 Sl a5
Wiley ) s Sl s pa e ) Jbjp o5 4 e ST
osle 2S5 (S osle L(Mll, Swedesboro, USA
Gloyr 5 phde aised) Sl oslas 5 e By, (JT
olgs gl s 0880 AOAC s, b sllas (LioleiT
i3y ) eslizel L (ADL 5, "TADFom /NDFom) _J,k.
Pl Ol 5 8 e (144Y) 0, 5 Van Soest

(M2 38 s ) eﬁglo)"' Sro > 50 ooliiwl 3590 PN - Jou>

FY/4 FY/4 FY/A iy
YY/ YY/ YY/ r.x:f oS
14/40 YAV - b eds 43,y s
- AYS - Vol o315 4ndl f’“f#
- - Va/Y Sl b edd 4,5 Doyd
y - VIVO oY
2 A8 2 ol 4z s | g 4l
oY Y Y " e sl ge 5 el g oS
Ve V00 V00 A e
Y/0 Y/0 Y/0 (oSS p S8 55 0 5) olS
VA VA VA (JoSa 0 5 5kS 550 5) jid

MO/KY o552 AYMAIKG D650 5 V0 MYIKG ols A0+ TUKG D ol 5 F00 ITU/KG E sl s A F o+ TUIKG A ol 5 ¥ sMlicronized -y «Steam flake -

NG 5013 8 T b g 555 b glss —F F/F O/KQ e O gr/kg s A gr/kg el @ gr/kg A

.;.é_,?clqdlc;uf-)aél,&libéw6h¢5ﬁjléo)\.&s)Jlfubu.):L)_}:U}ﬁ:nalfmsjl o3zl L oS a3 ansl 1 #




e lo3T o po (LXis 0ol p 7 gls™ 10 (S JUTKe) i BB (5351 § (M 30 e ) (2l oS 5 T J9u>

¥ F/0+ 4F/A 40/ 40/ it osle
WAV o \fAny AZ/A AV/Y AV/A STesls
V/FAF Y/¥0 /¥ N VY el s
VAR VA £/ ¥/A ¥/A S5l eslas
«/AAY AT A V/A A/ S

ARVA /Y4 FA/D V0 ¥7/f NDFom
Wi/N /¥y \iVax Yo ¥1/0 ADFom
IVE VAA s v/Y$ /Yo e
“/OYY V/VF4 \#/4 9/ VOV R
¥idts Y/¥0 ¥/ YY/¥F YF/Y Sk

«/FAY AL Y/£) Y/¥% Y/% an b (55 51
/FFY AW \Ald ¥/ Y/AV AlA

Lo Sl 31kl sl :SEM

SO 31 ookl b (Sdke 9o miad bl (pus

bl F ooy s od 2 e Jil.&a rJfE Lilyy opl )
sgte > Sl do )3 G g e oSt el p 8 s Silis

Bl a5y 03 edd g p e p S H

SobeT ol 9 4 3225
o3lizal b oan CoblB ) ol glaesls (LT i 5 4 50
weus (Y41 A) SAS 5,LT 5l o5 by s GLM 4,
3 (O £) Sl T L Uolaie Bslai Ll = b LG 55 4/
38 Do Glag a g3l Ole) SIS F
33 .:_,;.Yij U+ T+ Bij So)se & ok oslizul (55l T Juke
sysn Lo 5S0ke W ol 1] sty odalin Yij 58 e Jua
Sl g solas olzdl 31 € 5 Jles el |1 Ti canlllae
S eslimal b G2laST lae pr 55 OO min o b 5 (s
i dles (Aalaze) JU 8 550 ol e
35 5 5SSls latals W gasT Sl eslizal U b Sl 4w lie
238 55 sl e o3 0 (613 san -
S Sl eaT s 4 ol o (55bT dlie oo

&

(F 35w 9 Hisdg3y)

S S s S 53 (5 ,alh pan B o S
oslizal by Sols Olge 4 o8I 5 Aol 53 ghousls
m2r b .(avy Young 5 Van Keulen) s 8
dlomn 25 il S eslizad b 318 o8aus S 55 58l
.(vaayr Church) . §
(4o)3) pin bl = Vo[V x(A/B)x(C/D))]
Sl dwys B oS Sl aoys A caly,y ol s
o3l doy3 Dy g e )3 5z se (sdke o3l 1o C g ste
S ole pudn bl AL e ST 3 2 s ilke
088y Church) ws § aulowe 5 dail
(doy3) it o3be an b= Ve[V x(A/B)]
38 355 5 dalay 51 3 eslizal b 35 b S0l 5k £
(vaay Church)
CTSBTIC CEPHI (’Jf) g e A 5= E/F
OAM ), 5 Krysl)
(ae3) 3L 5= [(GxH) /E]x) -




b i b s Je I by a8 Sl )
9 o, 3 P s ADFOM 5,50 53 52 4 oel s
sl S 93 o ¥ e 3 Jhe 5 ke on ADFOM

AP >4/00) dii sdalie (5505 sne
8 o8 5 Aol 53 Jglousl 28 L5055 sl 5o
@b F 5 (YY) Sales T s 4y 10,58) 518 3
NP/ o a1y 58 5 Aol 53 Jlousl 2S5

5,5 S Ao s FA-NN /N 5 doys

\V‘\’Fﬁ)\lﬁtsd‘éc}l&@.# ¢\ Y OJL«J

0 Olabl b (5 0ga3T 31 oslizal b 5K 5 demsl 55 J ghoal

.J.:ln rbu\ M)J

e g @l

S5 90 31 ool b pia ubils

Lot slpe omdn uls amlie ekl Cs 4 il
I 53 &Y 5 el 53 Jgloal ST SOl 55 51 olizal
Kol esliul b iyl polie ol odd 1)) Y

ov\.ATg:MﬂJA.fJi}Laﬁj‘ J)‘}A%J)drw‘)é d}l>uLJL«§L>-

(ADL) 3 9 (ALA) ol 10 Jolomol sl A1 LS 90 (o (P57 o™ 50 £ ) (ot ol yo Skl dulio -F Jous

S ol 12l Yo 3 ole Ol il Voo 3 sle Ol il Vo
&;"L:‘ ADL AlA ol ADL AlA oSSk ADL AlA
WA AV a8 AI¥A fVE FVF Ve/y Fa4 a4 oSis osle
VY8 A FAS \§/F V) ) VA FAF ¥as STeske
4/4) VO BV WA VA owa WY DAL B R
VYA YEO VY ¥1/¢ ¥F) Fry Ve /A ¥as  vaA Gl oslas
V97 Yo TR YA/ Yo yay WOV oo v NDFom
/A YW \$/% ey /4 YU ADFom
YA/A Nai bOY Y5/5 P RY? ¥4/0 OAY OAY Ao oo
V970 YA YAS W/ v yey? Y$/) Yo yae? sk

.J‘y}i}}?ﬂ‘nﬁfxfjﬁﬂeﬁcgyx}Q)S:\ a):?-.v\.f:l.:LsA(P<'/'ﬁ)v\.p)bAéa.«)bj‘s&nﬂ;'}w‘auz;)u;))&jh)bgb):bJ_}f

Gk 5 eSS IS s pde (LIS sy dal 55 el
s Miraglia) Stes ol ol b5t s ol Ko 6 pote
AS mle ple b opde s e T 5 (1988 O es
@YU b5l s el (San s 53 35 s el 53 omal

vy Sales) wat S oyl

rv’a.bcﬂglgléﬁksé.ll.oﬂgslaeﬁxji?
r.,.é_a 05 S olls daglodas S _)ii.a 4 s el
(Y f OlLKaa 5 HUSSEIN) 5505 oS5 87 03, 53 wnlis

3 e b O yeee wlis (3L Ol ST Sl opl by

df)}z o)})A{}aJ;)bé ég.?; 639 ))Mj‘ atwlis

30 ) edal s 4 el il S GbSL FS 4 A s L
33 id ol s i polie 4 Aol 53 Jloul ST

LB g 005 p e IS 55T mer B
oL 5 Miraglia aiss s o mlsT o) =L Gl
SosTon sy G Gol3sime Sl s S 5,18 (1449)
(pomad W 3y el 3 skl ST L g ke S
4 e el 53 J ol 28l Sl o8 357 3518 0T
233,03 e 5 LS))T@'? o9 b L;m*‘“ u-<-5
L3 S a5 (Ye0) 0L, 5 Bergero Ks s
FSE L g IS GosTaer Gy o Sl DslE

ﬂﬁﬂé/w (D



s pas B (144F) LK 5 Meyer Ji. olgs «
o bpan walts J alie mha oK s 1 OV 5 )3

L3S S o s AF YA s
bl (1A O Kes s ArNOId Ko i )3 uoes
4 &So S 0355 53 1y p S o 5 OV o5 5 AL ean
S35l ol bdis S0 518 a3 AFF 5N YAY s
S xS F (f) oKes 5 Hussein s
NDF ol 55, ( JT osle oS osle o
W3 al o) lesT slae e b o Jske s ADF
K b 5 S5 (b 0ak OV 5 OV o
2l & S 0 5 o 0> s S O35
Eop 0355 4 Suxe welii 1B s 4 Vsl s o
sdalie o cpl 5o ¢ ghke PH Ol op 28 a8 1> il o
Slp elis B S s 53 4 e el ol
5 (Yor oL 5 Bailey) ST 68 sl St
PH (2ol 4 amte o 53 5 <SS il b p0lie 1 5
Ol 8en 5 GOOUSON) 535 oo sk o5l s ZbS

(V4AA
S 5 Ao

J‘Y}i)C)JSj‘e:bl‘ﬂ)2a|j|y\>@\:}4{@jb
&b)TGﬁM%‘ﬁ:wwwuucaut}&b
Vg s o LYy 5 Sod e m db ol Lo S
4= b oosls olis @bw.\.ﬁu odaline (6,15 gae oD
Aol 53 Jglomal ST ok oalizal SO 55 U3k &5 @
gl )3 (Ghan 3lsn wdn S e (ST (5 keSS

il I L

&

(F 35w 5 Hiadgsy)

35 s e a4 (Ye) Oea  Julliand) sps e Jize
andl Gl bodd a5 Jud 51 6507 3 b sladils 1 gy o
3 5 oslimal ods OlwT 5o 03l

035) 5 S e 5T 56 Bl e M 60575
EME (6551 g5l 33T Ll bl g amalis slad sl S 5 S S
(Yo F O 5 HUSSBIN) 555 o sl (<l

ol SNl iy 93 a5 alie y b 4 lbeiT ol s
(51 oslas (I ol St ool adn ol anin
Sl ol gnn ssb ot 55T s edn L6 (551 5 ) shos sa
(P <e/00) s SThay il Y g 5 &3 ke

G ol Sl (omdr il Gy 53 A S rmes
93 &y 5 Jsle a5 Jske ADFOmM NDFom  Juls
Soldgme sk 4 Vs g e 5 OV 5 D03 0pr
503 gl oy o e PH P <o/00) 5 571y 3l
P>/id) cslis gols gme Sogls OV g 5 g2 0, 5 Y g
5 o 5> F1Y) g e PH Ol o 208" oJl a1 L
A odalie (‘“\"f

s 6 Yot OV 5 53 0 s s CobB 1
Bl g B b odd )5 D)3 pin LB 213

Cbe 038 T30S 58 (V4A) Pagan i s
SAL e Cbl Rl o Sl b 03 874855 Jod 5 )
D gh e by A Gl i 4 atulls

Shls OV g 53 39 g0 analid (M ladils o 5> uiomen
s O 3l g 5 035 S S 0395 )3 et Soblb oy 2k
039y 53 (ar SAB op i lls g D3 53 S
(0ava Harper) ws ¢S 8




S ey

(P 79k 33 £5) sl 53 Johonol g 31 00liial b (ko S0 i =il 9 £99a PH 1 (3T (Slvo i S1-£ 9o

AR

VAR #INY
VAR v/#Y
/0 V/¥A
/0¥ \Vied
VAR /by
AL #INY
VAR Y/vY
/N\¥ \/V4
VAR Y4
/Y /Y

a

b7

FARS

o4y

vy

vy
14)
oov?
YAS
VAN

5/Yq®

Fvr?

£oy°

ova

Fred

Ya\°

YYY

£1yP

YEY
V/AY?

5/0x°

Y

54
¥45
sy

a

F4A
vl
YYA
oAQ?
Yaq
v/

/812

Sist o3l

STesks

P oS

s leslas

NDFom

ADFom

s o

A

(Mcal/kg DM)DE
¢ pH

o s eyt e il o (P <e/00) wss 0 ch.» 03 Jls e Ol adias Ol Ciysy o s alie Lo g > éh@iﬂy 3,18kl s :SEM

.JY‘%}}’,—ZVAJ?.—L(AA?}}?—:Yaj_al-¢dyx}da)52\ an-é“ij éheﬁw}é@)ét\.@bg:q-).}#}‘ Al L;Loﬁaj:’.-

(P70 30 £57) (i SO 31 ooliiwl b (ke Slge mad Cubb » (ibo3T Slvo w> §1-0 v

Vi
VA4
+/VA
AR

AR

¥/4¥
O/AF
\RVAN
Y/YN
2/Ff
YAt4
\7AR
/Y
Yid!

A
V4

ovo

vea’

a

o
vy62

o9f

YAV

/AN

fvsP

fvyP

ova

vy P

yor?

yofP

Foe°

1aq”

VAS®

faa?

a

FA?
OA4

vas?

a

Yo

a

Va¥

BAY?

a

Yov

¥/

d.g.’.'é osle
Ls.!T osle

el o
‘.;,'v" a‘)L.a.G
NDFom
ADFom

H s oo
Fske
(Mcal/kg DM) DE

om s eyt e cal o (P <e/e0) wss 0 Tl 03 Jlagme OV adias OLiS (s a5 alhe b oy fa 5, Kila 5,1kl sl :SEM

.QYﬁ}ﬁf@ﬁt(-\f;ﬁlYaﬁ‘g}yx}sﬁ)si\ cﬁ&\‘j"‘\ 6haﬁ&}>@):@b2}:@)éé\‘}‘ Al 6[.&9_,?.-




...)J&lﬁoﬁr&qﬁjby@&)u&cb;l

Church, D.C. (1993) The ruminant animal:
digestive physiology and nutrition. lllinois:
Waveland Press.

de Fombelle, A., Julliand, V., Drogoul, C., and
Jacotot, E. (2001) Feeding and microbial
disorders in horses: 1—Effects of an abrupt
incorporation of two levels of barley in a
hay diet on microbial profile and activities.
Journal of Equine Veterinary Science,
21:439-445.

Frape, D. (2004) Equine Nutrition and Feeding,
Blackwell Publishing.

Goodson, J., Tyznik, W.J., Cline, J.H., and
Dehority. B.A. (1988) Effects of an abrupt
diet change from hay to concentrate on
microbial numbers and physical
environment in the cecum of the pony.
Applied and Environmental Microbiology,
54:1946-1950.

Hall, L.W. (1971) Wright’s veterinary
anaesthesia and analgesia.  London:
Bailliére Tindall, 176.

Harper, F. (1979) Top Form Book of Horse
Care. 7th ed. Merck and Co., Inc.,
Whitehouse Station, N.J.

Hussein, H.S., Vogedes, L.A., Fernandez
G.C.J., and Frankeny R.L. (2004) Effects of
cereal grain supplementation on apparent
digestibility of nutrients and concentrations
of fermentation end-products in the feces
and serum of horses consuming alfalfa
cubes. Journal of Animal Science, 82: 1986-

1996.

Julliand, V., de Fombelle, A., Drogoul, C., and
Jacotot, E. (2001) Feeding and microbial
disorders in horses: 3 — effects of three hay:
grain ratios on microbial profile and
activities. Journal of Equine Veterinary
Science, 21:543-546.

@%(ﬁ%

b So9b
1- Chromium Oxide (Cr,03)
2- Acid-Insoluble Ash (AIA)
3- Ash-Free Neutral Detergent Fiber
4- Ash-Free Acid Detergent Fiber

oolalwl 3590 Rbie

Al Jassim, R.A.M. (2006) Supplementary
feeding of horses with processed sorghum
grains and oats. Animal Feed Science and
Technology, 125 :33-44

AOAC. (1990) Official method of analysis,
15th  Edition. Association of Official
Analytical Chemists, Washington, DC,
USA. Carry, NC, USA.

Arnold, F.F., Potter, G.D., Kreider, J.L.,

Schelling, G.T., and Jenkins, W.L. (1981)
Carbohydrate digestion in the small and
large intestine of the equine. Proceedings of
the 7th Equine Nutrition and Physiology
Symposium, Warrenton, Virginia, USA p
19-22.

Bailey, S.R., Baillon, M.L., Rycroft, A.N.,,
Harris, P.A., and Elliott, J. (2003)
Identification of equine cecal bacteria
producing amines in an in vitro model of
carbohydrate  overload. Applied and
Environmental Microbiology, 69: 2087-

2093.

Bergero, D., Meineri, G., Miraglia N., and
Peiretti, P.G. (2005) Apparent digestibility
of hays in horses determined by total
collection of faeces and using internal
marker method. Journal of Food, Agriculture
and Environment, 3 (1): 199-202.

Bergero, D., Préfontaine, C., Miraglia, N., and
Peiretti, P.G. (2009) A comparison between
the 2 N and 4 N HCI acid-insoluble ash
methods for digestibility trials in horses.
Animal, 3:1728-1732.



Kienzle, E. (1994) Small intestinal digestion of
starch in the horse. Revue de Médecine
Vétérinaire, 145, 199-204.

Krysl, LJ., Galyean, M.L., Estell, R.E., and
Sowell, B.F. (1988) Estimating digestibility
and faecal output in lambs using internal and
external markers. Journal of Agricultural
Science, 111(1): 19-25.

Lindberg, J.E. (2002) Use of non-starch
carbohydrate energy sources in performance
horse feeds. Swedish  University of
Agricultural Sciences, Uppsala, Sweden.

Mansmann, R.A., and King, C. (2000)
Preventing Laminitis in Horses. Paper
Horse, Cary, NC.

Martin-Rosset, W., Doreau, M., and Thivend,
P. (1987) Digestion de régimes a base de
foin ou d’ensilage de mais chez le Cheval en
croissance. Reproduction Nutrition
Development, 27:291-292.

Meyer, H., Radicke, S., Kiengle, E., Wilke, S.,
and Kleffken, D. (1993) Investigations of
preileal digestion of oats, corn, and barley
starch in relation to grain processing. Pages
92-94 in Proc. 13th Equine Nutr. Physiol.
Symp., Equine Nutr. Physiol. Soc., Savoy,
IL.

Meyer, H., Stadermann, B., Schnurpel, B., and
Nehrany, T. (1992) The influence of type of
diet (roughage or concentrate) on the plasma
level, renal excretion, and apparent
digestibility of calcium and magnesium in
resting and exercising horses. Equine
Veterinary Journal, 12: 233-239.

Miraglia, N., Bergero, D., Bassano, B.,
Tarantola, M., and Ladetto, G. (1999)
Studies of apparent digestibility in horses
and the use of internal markers. Livestock
Production Science, 60: 21-25.

\\"‘\’FO\L-A{U&SA\J(}&QJLQ ¢\ Y o)L«.ﬁt

Miiller, C.E. (2012) Equine digestion of diets
based on haylage harvested at different plant
maturities. Journal of Animal Feed Science
and Technology, 177: 65-74.

NRC. (2007) Nutrient requirements of horses
(6th  revised Edn). pp. 224-226.
Washington, D.C., USA: National Research
Council of the National Academies.

Pagan, J.D. (1998) Carbohydrates in equine
nutrition. Pages 57-70 in Advances in
Equine  Nutrition. J.D. Pagan, ed.
Nottingham Univ. Press, Nottingham, U.K.

Potter, G.D., Arnold, F.F., Householder, D.D.,
Hanson, D.H., and Brown, K.M. (1992)
Digestion of starch in the small or large
intestine of the equine. Pferdeheilkunde,
1:107-111.

Sales, J. (2012) A review on the use of
indigestible dietary markers to determine
total tract apparent digestibility of nutrients
in horses. Journal of Animal Feed Science
and Technology, 174:119-130.

Statistical analysis system. (2008) Users Guide,
Statistics, version 9.2. SAS Institute.

Van Keulen, J.,, and Young, B.A. (1977)
Evaluation of acid-insoluble ash as a natural
marker in ruminant digestibility studies.
Journal of Animal Science, 44: 282-287.

Van Soest, P.J., Robertson, J.B., and Lewis,
B.A. (1991) Methods for dietary fiber,
neutral detergent fiber and non-starch
polysaccharides in relation to animal
nutrition. Journal of Dairy Science, 74:3583-

3597.

Varloud, M., de Fombelle, A., Goachet, A.G.,
Drogoul, C., and Julliand, V. (2004) Partial
and total apparent digestibility of dietary
carbohydrates in horses as affected by the
diet. Journal of Animal Science, 79: 61-72.

ﬂﬁfﬁi/w (D





