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ABSTRACT

This study was conducted to investigate effect of corn flake and corn ground on nutrient

digestibility and fermentation characteristics of rumen in Hanwoo. The animals used were

three Hanwoo cows implanted with ruminal fistula. Corn were categorized in 2 groups
based on the corn processing method: Ground and Flake. The rumen digestibility of dry
matter, starch, nitrogen free extract and non fiber carbohydrates were increased in flake
compared to ground from 3 to 24 hours of incubation(P<0.05). The pH of rumen was lower

in the flaked treatment than ground treatment at 3 hours after incubation, but average pH
was no significantly difference between treatments. The average acetic acid, propionic
acid and butyric acid were significantly increased in the flaked treatments compared to the

ground treatment (P<0.05). Thus, flake processing can improve the carbohydrate availability
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Z9% 9L A (Chumpawadee et al., 2006;
Sanchez et al., 2006). AA|Z Atg9] A5He-S =0]7] 9
3 At= 73 (Reyes-Jaquez et al., 2011), HA7}A|(Van
Zijderveld et al., 2011) ¥ "|AE ¥ & (Wanapat et al.,
2011) 5ol tiet A7 Jgs vl Qlok. 9], S54+= w1t
F5E AROA 7Y ol AR E= dREA £ AUA
TEHYUCE AREE I RloH, Adhgo] wet B W v
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OFEY - YSE - U=l YIS

A=) A i o, Al AuA 35 2 AT

=

2 59 ol WYY 4 Y] o] G459 43482
gAY AT ATt BED) AYHT A Aol

(Plascencia et al., 2011; Luebbe et al., 2012). &5
_,] 9 Aév__: op‘z___]ggz\gr o}mgﬁﬂa og O]E01X] wil
O X, HFEEEA HAHFEaHET Bt g2
2 ARSI QITH(Ellis et al., 2009). AE-2 vFE=9] W H]
BE 2as 59 Zrueat 9 24 59 frites A
= Bajzlo] £Q973t oyx|YOoZ o]&(van Knegsel et
al., 200532 Q7] w20l W59 Wf HE ol& 5&= 7
AA71= AL A7t vl &0 QlojA w9 S 5HA 285t
tHRojo et al., 2005; Allen and Ying, 2012). ¥I5¢5&
Atzo] AREEE &40 A3kE2 7y JPAof wet 11
ago] gAH, gutr oz £ (Corrigan et al.,
2009), E4|(Corona et al., 2005) @ & °]=Z(Montano
2014) 59 7F5 WA ol-&st, oA &4
= Fgo]a 7FgHAlo] &2 AREH AL IthSon et al.,
2003). & &35 71AY EYAQ] Yo Eafsto] 7
H B4 &85 AR A 9 9 AAE S5l vdE
o] &R AT 9 FAT & Q= BAUAS F7HIA W
FEEY AE 9 o ‘:l E—‘C‘TH'% 4 (Ferraretto et al.,
2013), AE J3%F 9 7 B4EF S7HRemond et al.,
2004), YAE Faof wE wHEe] Esied & A%k
S7HRamos et al., 2009) ¥ o2 7FgHk4lo] =g A|7F
3} 8|82 4 (Ferraretto et al., 2013)A1Z 4= U= A4
o] Utk & FHolAE & ST E % AR A E 2
T HollA 71485 & & ol-&sto] 4
AR 23t 5 F7HAA W] HiollA @—"‘&_— EeIp=o= )
A} A71= "H2]oltSchwandt et al., 2017). HF5550

et al.,

A AR U S5 30129 ke 4T SAIE A &
A& st oA Net energy for maintenance (NEm)
9 Net energy for growth (Neg) &7HZinn et al.,
2011), 2214 A 9 {75 43F SZ(QIAO et al.,
2015) 9 ALT} oA o]8&8E& F4(Armbruster,
2006) H At HE QT Y5 AtofA] E4f & Sgo]
A 7450l whE Bl A7 3 E BE QAR 40] FF, A
9 yolof wh} 1 AR} AJolstHA vEhuaL glom, =
Lﬁoﬂ/\‘] S 7Hs Ao 2 - A9 Askeof of

ot A= BERF Aot TEA & A S 7R
Ao whet ik B4 9 FEo]A STt e
9 FREAY YFa Eoeol nA= Yol et A+

(No:KIACUC-16-0010)82 -] & o1 75k Q1 Axjof
webA skt Wt AlFo] 327 + 41k
355 Ago| o]&st o, AF7Z B HH YT T

aQ

rO
o
4’5
o=
e

ZE|A] kT W] HiolA
glo] =2 Z=p=p(flaked)2] A

A3 W=l fistula (Bar diamond, USA)E A5}
A3lo] 0|85+ tHSingh et al.,
& AR HEE o

HZAIO T}

AT T o

Table 13} Zt}.

Table 1. Chemical composition of diets fed to experimental animals (dry matter basis)

gstgo0,

=4 &%(ground) ¥

oJOF A0} BaleS =A5ly

O O -

ARAR Sfate 24L

Corn processing methods

Chemical composition (%)
Concentrate Rice straw
Dry Matter 90.64+0.15 95.56+0.02
Crude Protein 15.05£0.02 4.15£0.27
Ether Extract 3.13£0.08 1.16+0.33
Crude Ash 8.8310.21 10.05£0.04
Crude Fiber 5.86+0.27 33.590.51
NDF 32.2810.15 69.81+0.77
ADF 18.27+0.51 38.16£1.25

NDEF: neutral detergent fiber; ADF: acid detergent fiber
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Aslof AFE-E Ground+= hammer mill (hammer

crusher. Hankook power system. Korea) & ©]-&35}9]

Imm YAZ E45}91, Flake® 600% 59t 105C=E &
248 § & roller mill3mm)E SAIA G2Fsto] A%
s}9100], B}oha 4L Table 20] LFERASIT

Table 2. Chemical composition of ground and flaked corns (dry matter basis)

Corn processing methods

Chemical composition (%)
Ground Flaked

Dry Matter 89.14£0.26 88.2210.40

Crude Protein 8.43+0.16 8.1620.05
Ether Extract 2.23+0.04 2.4620.18

Crude Ash 1.80£0.07 1.9440.13

Crude Fiber 2.31+0.10 2.06:0.14
NDF 11.85£0.64 13.16+0.55

ADF 3.62£0.23 3.42:0.41

NDF: neutral detergent fiber; ADF: acid detergent fiber

39 g4 —E—ﬁﬂ%% ZAtst7] 918l nylon bag
(Ankom R510, Ankom Technology, USA)°ll groud ¥
flaked A& Sg% €Yo o oA AR Fo] A fistulaE &
s WhEfjoll @ A1 £ 3,6, 9, 12,24 & 48/\] OJ
Hj S SHATh. O] F 5k 9 YoM AlgE I3t H 5
5 ol&sto] AHT & 70C EF &84 AR 7](MOV—
313P, SANYO, Japan)°llAl 7241t &<t A=z A1 & A
=, A&, 7184 FAAE(Nitrogen free extract, NFE)
9 w484 e<=3H=(Non fiber carbohydrates, NFC)

Eafe S0l A= A

ZA L Soxhletd, 23]E2 ﬁ@ﬂﬁ}‘ﬁ
AstAtt. NDF, ADF, 241-9] $FF2 Filter bag(Ankom
F57, Ankom Technology, USA)S
and Van Soest, 1970).

Z2otYHGoering

U= 9] Yol A vljdE £44 Al& 0.2 g2 50mL TubeO]

80% °EHZ 2004L & A EE A4l 3 S/
skt 75C 9
80% olletZ 25mLE FH7Fsto] 5& FAgE & 3,000rpm
O 2 158 5 dHEY F AS5HS AA T 75T 80%
fEH2-S 30mL #7135 3 3,000rpm & 158 59 ¥4l
Y& AASHAH. A5HZ AATE FH 40TANA 1417 A
Z ARl 5 S75 5mLet 5
Korea) 6.5mLE H7}et 5 20& &% ¥t & S/
20mL A7F8le] 3,000rpml. 2 158 SQF YAIEE] 519
o}, S]45E &Y 1mLe} anthrone (Daejung) 5mLE &3

A71stod vortex mixerEs °|-&

52% percholic acid (Daejung,
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devices, USA)E ol-&sto] S7gstqitt. A& 4oke-2 Hy
b st oy (R AETA (g) x i Fd % %ﬂ (%)) — (N FF- D E=5Al (g) < vl (%))
Ak (%) = (1eFd A (o) < w1eFd AR (%) X100
7124 2 AZ(Nitrogen free extract, NFE) & 100 - (GE+ 2ol A+ 23| B4+ 2 X+ 24-9)0] 23}
4 A 2oHE =8 AV om, NFE 43482 wje A5 AE 579

S4ohE S Uehie 4] NFE (%) =

Z,
=y
eS|
it
ot
rlo

(0¥

A= (g) < g NFEKL (%)) — (N FF A=A (g) x M

NEE @32 o]-§ ko] thet o] Aarstaint.

X NFEE(%))

NFEA3 (%) = ERE

HME9M Etx3E(Non fiber carbohydrates,
NFC) 24 U 2dlig £

NFCO] e 84 NFC (0)= - (ERHE + 220 +

NFC3+8 (%) =

A (g) x Wi NFESZ(%)

o (%)) — (N FF- A=Al (g) x M NFCEF(%))

%100

NDF + 23])0l| 2J5to] 4H&3t3len, NFC 48k Hi

oF AT AR
Arstert.

D9k NFC B3 ol g3te] thgat Zo]

> 100

In vitro ¥ EM

WAL fistulaZb A2 She- dAolA A Alm &
of Hofl ATt F 4339 cheese cloth& o#sto] 39T
2 712 ¥ BR2xo) 21 CO2gass 30&7t FJsto] &

715 AASAT. AFE v A7 st
39T 9] incubator (HB-201SLI, Hanbaek, Korea)°llA] 1
AIZE &3 HA AIA AR YAE AASHIH. o] & Al
A7F AAE 1Y 400mLE vl A2H 1,596mL <l
SErH H7Fske] in vitro H{FH LR o]-&5tH. AF
EtL 1 330mL buffer solution A (10g/L KH2PO4,
0.5g/L MgS0O4-7H20, 0.5g/L NaCl, 0.1g/L
CaCl2:2H20, 0.5g/L Urea)¥} 266mL buffer solution
B (15g/L Na2CO03, 1g/L Na2S-9H20)5 &3t & pH
7} 6.8°] HE& A xotedrt. g 50mLE 2g2] AlAA
27} 2%H 100mL bottled] FJg & T3t &
CO2gasE 5&%F FYsto 3718 AASL 39T
120rpm ZA° & Shaking incubator (Hanbaek)E ©o]-&
5t 3, 6, 9, 12, 24 & 4817t &< B gstqlet. o] & A
2= 89 pH 9 A AARS BAIsk=T] o8-Sttt

0l
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g) > WA NFCF (%)

pH &3

HiQFOH O] pHE HiQF Al 2 8iF5?1 100 mL bottle
oA pH meter (Corning 445, Corning, USA)E 0|25
o S35kt

-|o||

O -

HEWET

S AARY] FE o] £4S fldl v AIZFEE 100
mL bottleA] 10 mLe] BiFHS AfFHst & 20%Y
HPO3 ImL ¥ %3} HgCI2 0.5mLE F7I5k, 4T o)A
3000rpm 2102 1527+ YA Eesto] JF3HS T &
gas chromatograph (Shimadzu-17A, Shimadzu, Japan)
= o]_Q_al_oq AH]—AJ x] HEAL ErE = =2 0}95\1:}.

SHEH

2 A@ofA Aojzl Ho]EE2 SAS (Version 9.2, SAS
institute, USA)E ©]-&5to] T-test= *2|77H] 72914
(p<€0.05)= HSst3T
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S JISYH 02 2= 2 R ZolE

4= Table 3% 40] Uhert
Sofol ket 7kl A
o] F7HEIE A HAY &

&
A}t E3] Ground AT+
5 A

ol HS1A] Flake H2LoA] AR Bojgo] £w7} ue

< S 4= U3l om, Flaked] AEY

Aol 50% ol

== AIZRS ZHZE 9XIZE B GAIZE 202 LT
W9 vl 3AIZEEE 24X 207HA] Flake A @7}
Ground Agt] H|ste] A& El&o] FojFo & 57t
= AATHp<0.05), B 48417 = A7 2ol

oh YRR o2 S0 AR 2 70% ol E Bl
Hal 9o, &4 ovR] Fhe] 75% olifo] MEo =R
g dojzE= Ao R d#HA tHCouncil, 2001). whakA],
L550] o] 842 HE Ao w2 JFS o, A
29 A%t oget heA o o getd £ o
(Dehghan-Banadaky et al., 2007). &5+ UAAE 3
5 9 BaZ ool du] REa 4 9 HH’“% Eriely
W2 g Eo] glon, A2 F2 R &
H2 ol oF o] E 4of glom, o] T2 L—'1

=9 Mg Pefgo g 12
4 slehyo g w9 ME 2o FFE A= EF
7FA tH(Ferraretto et al., 2013).

ok
OII
o

237} Aol o mlA

Table 3. Effect of corn processing method on dry matter degradabilities in the rumen of Hanwoo

Corn processing methods
Incubation time (hour) Prltl
Ground Flake
3 34.48+1.55 42.85+1.47* 0.0001
6 38.80+1.56 45.48+2.65** 0.0003
9 44.49+1.73 50.13+1.46** 0.0001
12 46.89£2.07 53.670.79** 0.0001
24 62.45+2.00 65.73+2.31* 0.0251
48 81.93+2.45 83.24+1.72 0.3241
Average 48.68+1.13 53.78+0.84** 0.0001

Ground and flaked corns were directly incubated in the rumen using fistula, data was presented as mean * standard errors means
(Mean + SEM), ***Means in the same row with different superscripts differ(*p<0.05,**p<0.01).

Table 4. Effect of corn processing method on starch degradabilities in the rumen of Korean native cattle

Corn processing methods
Incubation time (hour) Prltl
Ground Flake
3 35.16+2.13 40.23£1.54** 0.0008
6 43.39+1.64 50.13+2.19** 0.0001
9 52.22+1.57 57.41£1.12%* 0.0001
12 58.9311.34 64.53+0.68** 0.0001
24 77.40+0.87 80.85+0.92** 0.0001
48 89.90+1.36 91.40+1.05 0.0695
Average 55.100.88 59.38+0.57** 0.0001

Ground and flaked corns were directly incubated in the rumen using fistula, data was presented as mean * standard errors means
(Mean + SEM), ***Means in the same row with different superscripts differ(*p<0.05,**p<0.01).
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3 7134 2 NFE % NFC 238 W o]z 7S 27] 9 dX 2] S8 AEolL} ot
wd o] AHALZRE BAA(Ding et al., 2007), A&
L549] 7k WAlof| 2 NFE #3518 U NFC E3& ATHES ZIN BN L4520 AR JHAE AFHO
A= Table 53+ 6ol byt vie} ok, wh9) v A1 2 /M & 5 YTHQIAO et al., 2015). F°|2 7k
o] w2k NFE 9 NFC7} S7He = 22 glstalon, vk oA 559 AE FHL S8 2 9 IS wop £

4 YSE w78

HA

Jjo

I
N
&
_\:__l‘

3ARHEE 24A21H4] Ground 2] Fo] ¥]so] Flake 21 88 F43t0] BgslA HEd, o] I HEE o]F
gl foF g S7HEATH(pC0.05). 3] Ground L oA 2271 s Eo] okwr) SU6k, AES SR
)70 H]3) Flake A2]0] NFE @ NFC B Hal&e 3 Q& wuld o} 727} Bafj=lo] Anpyoz whglo] u]
747 6.12 9 4.43% AAMEE 2oE Bolth AR A AR fdo] fg AR H8A 9 AR 87t Rl A

NFEC @ NFE A81g2 24| Xgjo] u]s) Fdlo]3 Ao HrhKokic et al,, 2013). 3 1] S545 Feojaz
A Qoo =7} sdg], o3t Aut= FHola 7} AstdS A7 AAS-S 4 SAF % AlEaso] T
FLo] 944 AR WA ol84S AHA Ao TR AN EE el AL Atk
2 PO QUEoR wal RS oagel sy ot etal, 201D, HARA FEA0IA S5 e

-\_-T—]'El] ] ?:]X]'EE 7]./\/\]7;1 U]/{HEQ,] i]EQ,]— /\fl]' _‘]—:]:_qu-] o Tbl!:i“ .214—/]101] H]‘é’}-oﬂ ]?l-—%—-(HQ]}\—] U]/\@% —‘é_——/]\—oﬂ q}‘éj: ;S_—Er‘
= = mas o= T A ==

AT BEES B, ol A3k A0 25188 %
FMIE BEL AT ok, APAoR ARG ",

ot Bk,
W o) T 9 ohoby WMokl WAL G Ack

Table 5. Effect of corn processing method on nitrogen free extract (NFE) degradabilities in the rumen of Kore-
an native cattle

Corn processing methods
Incubation time (hour) Prylt
Ground Flake

34.53£1.85 43.9111.45% 0.0001

39.29+2.05 47.02£3.04** 0.0004

44.92+1.71 51.6641.76** 0.0001

12 47.67£2.24 55.510.76** 0.0001

24 65.2512.28 69.56+1.86** 0.0053

48 85.48+2.01 87.65+1.76 0.0811

Average 49.8441.35 55.96+0.85** 0.0001

Ground and flaked corns were directly incubated in the rumen using fistula, data was presented as mean £ standard errors means (Mean
*£ SEM), #,#*Means in the same row with different superscripts differ (+p<0.05,*xp<0.01).

Table 6. Effect of corn processing method on non fiber carbohydrates (NFC) degradabilities in the rumen of
Korean native cattle

Corn processing methods
Incubation time (hour) Prylt]
Ground Flake

43.99:0.89 50.38£1.74** 0.0001

49.12+1.17 56.96£1.71** 0.0001

53.13£2.08 58.3241.42** 0.0005

12 54.57£1.96 65.85+0.64** 0.0001

24 73.99£2.29 78.2642.40* 0.0103

48 93.72+0.87 95.05£3.02 0.3423

Average 58.59+0.82 63.02+0.88** 0.0001

Ground and flaked corns were directly incubated in the rumen using fistula, data was presented as mean * standard errors means
(Mean + SEM), ***Means in the same row with different superscripts differ(*p<0.05,**p<0.01).
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44 JHBUHO| M2 U159 pH #5t

520 7Hg WAl m2 ¥k9] pH ¥Sh= Table 79
et 1o} 2t} Ground @ Flaked A B &4
= iRl whet ¥EE9] Wi pH7F Fashe 2E DIk
ow, E3] ujY¥ 341t Hlofl= Flake A 277} Ground A
gl Hlste] WEE9] W pH7F folAo 2 Wtont
(p€0.01), o]<} BI = vjF 124]2F Wolli= Flake A 2|77}
Ground A 2}0]| Bl §H5=9] pH7}F frold oz S715H3
TH(p<0.01). 2 Fw#Z 3l pH Aol YrehtA] okt
U9 Y vBEES ZFEE ARE o]85td H}—Xr%%
o] AHEE = Sl UYL R Moty HE] {FF
7182 AR 4%t &% E R FFS HAA =Y o]
£ AR 24, Y Al o2 A4S ol A]

AT % Qi AR0| Ft 24 FehE WAAY 5 9

H(Schwandt, 2015). =3t 5552 92+ & W pHO
w2} v gEe] &gda 1 4‘150] o2t 27t Qo
(Cho and Kim, 2016). AA|Z vt35E9] 39 AEo] &
off 9 Z57F ©hAE Hiofl o] Fof A ¥k 9] pH7F A
(Zinn et al., 2002)5HA ==t & AFZTo|A= W=
AL oG5t AT | SpPEZ vigeldS o,
w2 WrA]o] Hsto] jo|= WHAlofl A Hig 34Xt o pH
7t #Aaste AS GRIstlon, ol FEo|a |7
B o] H|gho] 438} 2719] AR &3 € 27t
GliotA o] Fofglrtal wtE 3
Soldol wzh A27t7t §E59] pHARel= A3l 484
ZF 539l Bt pHE A7t Zpol= Qiich. AxpH o=
4 9 T 0|79 A HA A1 astaby 53t
W59 pHolls 92 PIAA] Y= A o2 HE
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Table 7. Effect of corn processing method on pH values in the rumen of Korean native cattle

Corn processing methods
Incubation time (hour) Prlt|
Ground Flake
3 6.87£0.01 6.83£0.01** 0.008
6 6.77£0.02 6.74£0.02 0.0668
9 6.33£0.02 6.41£0.08 0.1722
12 5.55+0.08 5.82+0.02** 0.0038
24 4.910.02 5.0210.07 0.0605
48 4.88+0.47 4.90£0.03 0.9568
Average 6.03+0.06 6.09:0.01 0.2697

Ground and flaked corns were directly incubated in the rumen using fistula, data was presented as mean £ standard errors means (Mean
+ SEM), ##*Means in the same row with different superscripts differ (+xp<0.05,*#p<0.01).

Q44 JHTUHO| D12 YIRS 5184 KA B3}

S50 7Hg Aol w2 gk g A A WSk
Table 8] UEhd vle} 2t ol EAN, Z2u it 9l |
EZA AL Ground 9 Flake A 2|7 2% wiFA|7E
of wet F7tElE A HAT ot EA ABYFE vl
1271712 A &Jskal Ground A 2o H]3}| Flake 2]+
A FoA o s S7HE AH(p0.05). BR324 AT
HiSF 3, 6 ® 24470l Ground Aol B]s|| Flake 2
TollA Z71E192H(p0.01), Hat T2 U224 JHFE
SFdo|a 7FE o2 ldl 9.9% EA Yerdth. FEZAL A
AeES- HjoF 24 A7 Flake #2]F-of| H|3] Groundo]l
A 7ol S7FEIAARE 11 9] ohE #j ATl Flake

Aol A FEZA =7t 24 |A=Ao & LA
A HPAF A3 vl 3, 6, 9 & 48A1710f| Flake A2+
7} Ground A 2|to]| vl =4 YeE o™ (p<0.01), B+
S| AR WAL Flakeol A 21.6% 271t 3
A AR S50 o UA U 2H, vhE9lu A4
st B & 95 AAETH(Owens and Basalan,
2016). 82 YA TARE oA EAL, ZEH 24 9 J
E At o] (Eastridge et al., 2011), At=9] JU4 9
7v8 FEfol wet A AR B 2 ABAdHE0]
g2tz A] "H(Corona et al., 2006; Manriquez et al.,
2016) om}z% oz AR _,] gﬁi— o o]:_,] uiqu\]—g
A ¥h | Lz BResHEC WO oko] o} EANT A
EHEOE HIZY HE Z2a24E FAHSTH
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w918

(Mohammed et al., 2010). $d&o]= 7}
ote F7F AE g 284z Bl A
S REE9] vE H 540 58S P (Eastridge et al.,
201DAIZIH, AoA o2 vy 220 Y4FE 5
ZFAIZITHQIAO et al., 2015; Manriquez et al., 2016).
4 7HAlE EYF R IE YA A7E EoA4 vt
9 vgAe] 8o digh A& dEe] xHHT FIS
F7HA B9 A& 4% S S0 TR 4
2712 25 (Mohammed et al., 2010). & Ao A

Table 8. Effect of corn processing method on volatile fatty acid (VFA) in the rumen of Korean native cattle

o] i

QA

S5 o] 84 LS

o] o] 84 9l ¥ &L 0o] Ao & whEn B
FHo]3 &449] vk5=9] Y oA EAL R
Egit, 22 u24k 8l gibo] S7HE It L E QI
(May et al., 2009). w}etA Ego|3 7}aHr42
SHrA] o] Ho} w9y
A AL A TS FSTHAA
2l a8 v = 9l& Ao Az H

=
=2 O
o
=

390 34 o vl

Concentration o Corn processing methods
(mg/dL) Incubation time (hour) F— e Prltl
3 4.90+0.31 27.33£1.98** 0.0065
6 33.01:0.84 61.17£9.25%* 0.0001
9 53.66+8.44 61.58£1.44%* 0.0001
Acetic acid 12 67.54£2.71 62.5248.15 0.2525
24 94.83£6.79 138.97£1.61* 0.0275
48 147.74£10.87 164.71£14.66* 0.0283
Average 63.83£3.43 78.60£4.25%* 0.0001
3 1.52+0.12 13.93+0.98** 0.0001
6 19.30+0.57 23.30£3.09** 0.0028
9 41.15£3.19 41.130.84 0.5362
Propionic acid 12 51.4148.07 43.3216.51 0.7963
24 61.28+2.39 83.1241.73** 0.2479
48 115.08+6.87 116.9249.26 0.4156
Average 42.92+2.59 47.15+2 56* 0.0314
3 1.05£0.06 6.95+0.56** 0.0080
6 9.61+0.19 13.44+1.93* 0.0221
9 21.21+2.00 35.7245.36** 0.0001
Butyric acid 12 38.35+5.99 37.56+0.64 0.6328
24 45.51£1.60* 37.84+0.75 0.0316
48 45.83+2.75 67.60£5.03** 0.0013
Average 24.12+1.48 29.23+1.56 0.0763
3 7.47+0.49 48.2113.52%* 0.0066
6 61.92£1.60 97.914£14.27** 0.0001
9 116.02£13.63 138.43£7.64** 0.0001
Total volatile fatty acids 12 157.3£16.77 143.4+15.30 0.1184
24 201.62+10.78 259.93+4.09 0.1557
48 308.65+20.49 349.23+28.95** 0.0013
Average 142.16£10.63 172.85£12.30%* 0.0001

Ground and flaked corns were directly incubated in the rumen using fistula, data was presented as mean * standard errors means (Mean

+ SEM), ##*Means in the same row with different superscripts differ (+p<0.05,#p<0.01).
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