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Table I. Chemical composition of feeds and whole ralion 

Feed and group 0\1 Ql\1 CP EE NEE CE AOE ;-..JOE NEC Starch GE 
-­ ----­ ---­ --­ ----.. ----. --­ ---­ --.--- ci; 0 M ---­ ------­ --. ----­ -­ -----­ MJ/KgDr..l 

Italian ryegrass hay (!RG) 8~.~ 88,4 12.3 '2.7 '+0.7 32.7 380 61A 12.0 0.0 18.18 
Whole-shelled corn (\VC) 88A 98.6 9.4 .+.0 83.4 1.8 2.8 14.1 71.1 58.7 18.79 
Whole steam-rolled com (RC I 88.5 988 9.3 ~ ') 

~',- 84.6 1.7 2.7 911 76.5 62.6 19.00 
Whole-shelled barley (WB) 89.0 96.9 13.4 2.0 76.7 4.8 5.9 20.9 60.6 51.2 18A6 
Whole steam-rolled (RB) 89.6 97.0 LL'i -, , 

....., ..1 76.6 4.6 7.6 22.6 58.6 49.6 18.66 

WC group" 88.6 92.5 11.1 ' 7-,.­ 57.8 20.4 23.9 42.5 35.6 23.5 18A3 
RC group 886 91.6 11.1 2.9 58.3 20.3 23.9 40.8 37.8 25.0 18.51 
\VB group 88.9 91.8 12.7 2.4 55.2 21.5 25.1 45.2 31A 20.5 1S.29 
RB 89.1 91.8 12.8 25 55.0 21.5 25.S 45.9 30.6 19.8 IS.37 

nkr . ADF mu .\DE 
I' Each abbreviatIon denoles a, follows .mL df\ mailer: m1. , EE, ei~el e'lraCI . \FE. nitrogen iree : CF. crude 

:\FC=OMICP+EE+\DF)) GE, gro::s energ~. 
.; ;r. c.;:-r: gr\,ur1 

Dl\1 

OM 
CP 
EE 

CF 
NFE 
NDF 

ADF 

~f.:c 

Starch 

TD~ 

Table 2. ~md TD,\ content (If whole ra[l\1[l Ion ba'i' or 11=-+ 

IRG gwup WC group RC gmup \VB group 
- -_.._­

5RG"' 62/"0 68.2c :"4.8' 
62.1 711' 56,1­

585 52.8 55.9 50.6 
( . .,68.8 )4,_ 73,4' 

6-LO 647 6().O 66,0 
~'7 '7.'61.3' 67.5' I,., 

60.9 62.3 556 59.9 
56.1 58.3 :'lOx 56.7 
72.+ 	 73.0" 92.2' 525' 

100.0' '+7.9' 

)7.21-.>-' 62.7" 61-1.+" 53.2'­
~---~~-~~~-~. 

E.ch abbrcqatl,lC' : ,ame ~\:-; in Table 1. 
S[\I : :,tanJLlru ('rr~)j' ()~ mCUlb 

RB group 

6S.2 1.4 
70.S" 1.4 
573 2.8 
75.2gc 3.1 
64.3 1.1-1 
76.3' 1.4 

58.7 1.9 
52.7 2.5 
9U;' 3.9 

100.0" 3.5 

67.·+" 1.4 
----_..,-­

[ill 6') it ~j -C (j:, W C ~.it -c 
J: t~. WB!l t J:~.r-(-C RBiC:O) iJ; 

·L i". NEC 

(. TDN fc~ 

• {- 0) 

2'':0 ;t I), (;1:34 ~ 52%1*);t 
lUI 1- ':7 -"2 'LJ '::.! ~ ;t t..: (j: f±Jt )(b( ~ 

T/7/(f-i 

-C. I j 'I 'v.b fijl l/ t:. 

;t t..:, 
40 % 

~H.T, 

:... It.r-( '- TDN ip. Y 

(j'j 

6') ;"j'iJ l"if ~ ~ L/..: c 

i'.fj 
- J: I) Ij~;) VI:"] 
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Table 3. 	 Oigestibilities and TON content of each 
grain estimated by the difference method 

n=4 

Item" WC RC WB RB SE.'\1 
---~-----~---

OM 68.9" 82.6' 49.0h 83.0" 3.5 
OM 61\.8" 83.1 h 47.6 2.6 
CP 415 50A 39.-1 55.7 7A 
NFE 72.0 09.7" 467' 8SA" 2.4 

NFC 73.1--1 46.S· 10 J. J r 3.6 
Starch 72.9" IOO.Oh -+7. if 100.0" 3.9 
TO!\' 70.9' 85,3" 47.1 3.1 

" Each abbreviation. ,al11e a, in Table I. 
SEM, a, b, C : ,arne as in Table 2. 

1;, t~ 

,j:. -:c­ 1-): J!£ t~ 1 .. 
0) $ . ­ ~~ W . ~} ....~ lJ 0) )c ~ ~ , ­

jillj~''::: ~ 

{, 0 ~ 0 :11. GO):::' t fl' C:> • 

jliLtLt, w;--~~ 

{, 0") t f,f: f,i <'::' il 
fL't:?::- ITj \')1:" r '7.:c 0 :l '/0) 

t::ii, 

ftl ~ f'H't J) J: / 7 
c 

2&J±h-j(~ m 
,·t~ (i ;fJ" f;!i: ~m, m.!lt B TI: 5." J: [J' N FE ;: ~ hi' h 
857,67.1 }) J: U'89.5 96 'C" 0 1) , !:: :\FE ii {: 

0) },Yc C' 0 /,;:, ;t~ It] 0) NRC 

;~ 'C'(i, /(&0) TON 84 % "'('0;S 

TDN 83% 


t J: <-fi L t~ 


3 J~~Hl:\t,fj 


(;t, 4;:~~~c'*66t-= 

J: eIRB [;ZO).1JiJi'jd~ < , ~);.::: wc LXi.') J: L~RC 

[x: 0).1J ~ /)\ -? t~ /)i'. WB iX: t RB l:{;" ttilJ.::> 
uwcztRc!{tO)Hlll':::ii t~2 ~ 

o I) ;,1.; pi\~i"Z" 

!:: lJ' G . r '7.:c 0 

-? t~ S 0) t 

JLl:: 

~-:j:. "1 0 T- / r. 
88 °0 ':::'0 ~ 
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Table 4. Results of nitrogen eN) balance measurements (g/kgll.75. day) n=4 

Item IRG I;;'C group \VB SEM .....=--~, ..... ..~.--~--.-~~~..~~----.- ...=......~------~-~ 
N intake 1.217" 0.879' 0.853' 0.013 
N loss 

Feces 0.5()5"(41.5)C! 0.'1 15"h(-+7.2) 0.377"(44.1) 0.506'\49.'1) OA39"11( 42.7) 0026(2.8) 

Crine 0.552'( 45.4) 0.'101 11 /4:'.5) 1) 0392°(383) OA45'"{42.6) 0.031 (3.2) 

N retemion 0.160(13.1) 0.064 OJ} 0.090 (10.81 0127 (123) 0.155 ( 147) 0.034(3.5) 

'. Each abbrcv iation : same a, in Table I. 

,; Each value in parentheses wa, perc.:ntage of N loss or N retention to N iJll:lke. 

SEM. a. b. c : same as in Table 2. 


Table 5. Energ: balance of each diet (kJ/kgi)-;'/day) 
======~==~=~"=========.!==~= 

ltel11 IRG groupl; \\'C group RC group \VB group RB group SEM 
~--.--.. ­

GE intake 1116J 1\98' S57" 906" 893 11 12 
DE intake 66b' 565 6L~ 505h 624 21 
ME intake 574" 477 519 4rt· 516 22 

loss ('1 GE) 
Fece., 40._ <7.1 28N 44.2" 30.2e 1.5 
Urine 2.5 2.4 3.0 3S 0.2 
Mdhane S.Y 7.5 8.5 .3 8.5 0.'1 
Heat produetion 41.1 h ·+6.7 49.9' 43.9 49.3' 1.1 

Energy retention 10.3 6.4 10.6 1.5 8.5 2.6 
DUGE «;~) S'1.sc 62.9 7 !.4' 55.S'" 69.S" 1.5 
ME/GE (Si) 51.3 53.1 flO)' 455 1• 57.Sa 1.7 

I, E~h,:h ahbre\-iation . :-.amc as in I. 

GE, gros~ energy: DE, di~e:-tiblc . ME. metabolizable energ\ 

SE,,1 : '~I1~C in Tabk 2. 


~, 

WC[;.;:, RC[~. \VBI><j.:iot(')· 

:-:. RclY< 

\\'B I, :-:'11:: 
. JJ. \\'C 

'-.-:-J.l--:~7LRCi.<j3c.t RB 

RC ~3 J: U'RB I"~ \_13\.. '-C DE}3 J: UME 

iJ'r¥j!JO t..: ic:'d: ~17;j Li ~ ,::,:of.)\..o + 
t t..:, GEf~lO_; (: ;S ~(;,¥2 

{j' (j:. WC 1>( 1:5 J: [}tWB [K c. .JtA:'. 
-C ..if 1.L f" il RC [K}3 J: U R B [i{ 0) t)':§ IP --) t..: 0 

I~ Ii' I~. ME : nt;s HP 0) (i. WC 
RC J: [/ RB [K - \,< \ -C..if ~Vc'n 88, 

~. ~~J:U~%-C~~. WC~~J:UWB~2 

-C -:-7, l ;C'7,l RC I,,: 1:3 J: U RB v: O)}j :'d: iJ' 

:iL GO) -= t n' , RC [Y<. t3 J: U RB 1';( 0) 

JiiJ;IJil 0)1;):, ME 

HP 0) 'h. 
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ME 

82,! kcar- :: I -C tr d', --C, l';:' if 
:J ~ J: ~]' 1.1.. 

~) t~f;{, DE. rv1E;,:) y 

It'''''l: \:'-}(2:- <iii i)!! ~ -::. G') 

DE. ME}3J:[FNEm~';-1~G')·,t;ij{J;;t. i' 'EO~::I 

&?:), 't: 

1'J 20 0), . 

1 '-. fiJ 

115, 13L!::3 J: 1-19 So 

186 

':), DE, ME::3 J: ;\ Em ~,~ q; G') ! [, ; j-

Ir;JJ~ (i, ~ rJ 'E :] '/ ~ j:..t: G') 

Ij· ~~, r:. 

~, }~ - iU~:I';j \1E 


Table (), 	 Gro" en-:r£\ (GEl, dlge,tible energy 
(OE). metabolizable energy (ME) and 
nel enegy for maintenance (~Em) 

contents (t-.U/kgDM) 01 each grai n 
e,.,tlmaled by lhe difference ll1c'lilod 

Item \\C RC WB RB 

GE" IX,79 1900 18,'+() 18,66 

DE" 1~,::>9 \'Ul 8,62 15,15 

ME" 10,46 14,00 6,77 12,59 
"'Em,I>.", 6.0.+ 8,99 3,'+7 70:; 

E,timated ME' II ,~:; 13,2') 6,r:X L;, L~ 

Estimated NEm' ,,, 7,4l) l),10 ~,3Y X.97 

DE/GE('7r ) 70,:0 SO,50 '+6,70 81.20 

ME/GE«,; ) 6(),.+0 69,90 ,; 7,)(l 70AO 

Each :.ibbn:vlJtion : :;J.l1k a'> II) Tahk I. 
n=..+. n=2. \:Em=S2 I B\ViJ -5+Rct('n!I~Xl En~rg: 
NE ft:'Ljuircr1l<:nl:S:2, \ . da~ Kdrih~ln: ci ell " I. 

" ME=-O,33.;.O<i5~'. DE (Terada cf ,Ii, " ) C '-:Em=-I, I 
L(7ME-Ol~S\lE:+(iUi05\lE I'<RC. ill,·)', 

7)' • ii'i ~~i':'J:');J:cI!')t:.4Y!10)DE :1: 
;;').'riI10';},' t~\1E ~ml)-C:'v1Er~':,; 

(i/J,,:: -fCl)i1!-C'(j: 

~~) U :J y 1,:) J: 

-f ~1. f'~' 3.88 (1623), 3.1: 

11-15:2). ,t~ J: - 2.18 (9:2) \lcal/hgOM i\1JfhgD\ll 



j. l": : 

11 LADELY. S, R .. R. A, STOCK. K, GOEDE\KI\ and R. p, HLFF\IA\!\ : Effect of corn hybrid and grain process­

method on rate of ,tarch disappearance and performance of finishing cattle. Journal o{ Animal Science. 

73.360-364 \ 19951 

:2 MI Ri'HY. T. A" F. L FUI1,\RTY and S, C LOERCH : Inlluence of intake le\'e1 and corn processing on di­

ge,tibilitv and ruminal metabolism in ,tee1', fcd all-concentrate dieb. Joul'lwi o(Anil1wl Science, 72. 1608­

1615 ( 

3; OLlVE!RA. J, S.. 1. T HlBER. D. BE\-GHEDALIA. R.S, SWI\GLE. Cg, THEl'RER and 1'.1, PESSARAKLI ' Influence 

of sorghum grain proces,ing on n",·t"rfn01n.',' of lactating dairy CO\vs. JOIIl'lwl Sm!nce. 76. 57:1-581 

(19931 

4) POORE. M, H.. 1. M. MOORE. T, PECK. R. S, S\\I\GLE and C B. THEURER: Effect of fiber source and ruminal 

starch degradahtlity on site and extent of digestion in dairy cows. Journal Dain Sciellce, 76. 2244-2253 

(1993) 

5) CHE!':. K. H,. J. T, HUBER. C. B, THEURER. R. S. S\\'I!'XGLE, J. SI~'1ES, S. C. C-HAN. Z. Wu and J. L. SULLIVAN: 

Effect of steam flaking of corn and sorghum grall1s on performance of lactating cows, Journal of Dairy 

6) 

Science. 77. 1038-1043 (1994) 

OJ it]: !5i: 1fJ: (.:: J: J.> in 1t~;t~9i: - r r'J -'E 0 ::1 :/ t 
!~li% . [] 11 55, 755-759 (1984) 

f~ fp; : -iL '+C: 1994 if rp .:f;: #i r.'i'E, :f~ ,w~-s: 

(199,; I 

, 39, 41-78 

(1982) 

9) 
10) 

11) 

l2\ 6th Ed .. SAS Ins!.. Inc .. Cary. NC(1994) 

1:3 . Agung PlR\0\1OADI . f&~ Ifl1jJ,t-&· 
'1"­ i)\ 1 1ill/~ 

~i', 58, 29 :30 \1997\ 

14' DI'-.o\'. P. M, and L p, :---'lILII(;\\ : Remonll of digesta components from the rumen of steers determined by 

sic\ing techniyue, and fluid, and microbial markers. British Journal of '\utrition. 53. 347-362 

\ ]LIS5) 

15 '\atlOnal Re,eMch Council: '\Ulrt,,;l1t Requirements of [hiry Cattle, '\ational Acackl11v pres". Washington. 



]6 

DC.(}989) 

16) BEAtiCHE\II,\, A.. T, t\. McALLISTER, Y. DO'\G, B. I. F.-\RR and K. J. CHE'\G : Effects of Mastication on 

Digestion of \",'hole Cereal Grains by Cattle. Journal ofAnimol Science. 72. Z36-246(] 994) 

17) tiiJ f2~ . [IJ jl Ie!.: fll m~:h 'r i::: iUl -t ~ 
1:.%:1-J ,J ~ (j' $'; :) 2'3 J: !:ldt ~ :_ t::. j~.:¥'-flJm 

19-31 ; 1969: 
18, 

19, 



17 

Comparative Feeding Values of Whole-Shelled or Whole Steam-Rolled Corn 

and \Vhole-Shelled or Whole Steam-Rolled Barley for Dairy Cattle 

Takeshi ISHIOA', :v1itsunori KlRIH:'RA. Naoki ARATA *, Takehiro NISHIDA *. 

Agung Pi K'\O'.l 0.-\ ()J *", ~linoru AOKI ••• *, Yoshiharu TA~AKA ••• * * 


Yoshiteru Km!:\() * •• * * * and Akira ABE 


(Department of Animal Nutrition) 


Summary 

Four Hol"tein dry cows were u;..ed to cl the feeding value, nitrogen and energy utilization 
of whole-shelled or whole ,team-rolled corn and whole-shelled or whole steam-rolled barley. All cows 
were fed control diet and 4 treatment dieh consecutin:ly in tIlt? order of I Jltalian ryegrass only (IRG). 

2) IRG + whole-shelled corn (WCI. .3) lRG + \\hole steam-rolled corn (RC). 4) lRG + whole-shelled 
barley (WB), and 5) JRG + whole steam-rolled barley (RB) for 2 \\'eeks per treatment. They were of­
fered to meet approximately IOO'7c of total digestible nutrients (TDN) requirements according to 
Japanese Feeding Standard for dairy cattle ( ]994) The ratio of 1 RG to grain of 4 diets was 6:4. The re­
sults \\ere as follows: I) The nutrient digestibilities of RC and RB diets were higher than those of we 
and WB diets respecti\ely. except for crude fiber. acid detergent fiber and neutral detergent fiber. 2) 
The dry matter digestibilitie, of corn and harley estimated by the difference method were 69% and 
49S';- in whole-shelled type compared with 83'/( and 83o/r in the other type, respectively. Similarly, the 
starch digestibilities of corn and barley wcre 73'!c and 489< in whole-shelled type compared with 100o/r 
and IOO'/c in the other type, respectively. 3) The nitrogen retention in RC and RB diets tended to in­
crease with the decrea,e in fecal nitrogen loss. 4) The digestibility and metabolizability of energy in 
corn and barley were markedly increased by steam-rolled proces,ing_ The extent of increase was 
greater in barley than that of corn. 5) The TDN. digestibie energy (DE) and metabolizable energy (ME) 

COIllents. and net energy content for mai Illenance (NEm) of corn were 7 I 13.3, 10.5 and 6.0 
MJ/kgDivl for whole-shelled type, and 850(-. 15.3, 14.0 and 9.0 MJ/kgDM for steam-rolled type, re­
spectively. Those \ alLIes of barley were 470(-, 8.6, 7.8 and 3.5 MJ!kgDM for whole-shelled type, and 

839(, 15.2. J2.6 and 7.1 \U/kgD\1 for steam-rolleo type, respectively. 

The' :\allonal Fed,'ralIO[] of Danl Cooperalive A',(l~lali(1n, Dairy ReLHcd Technic-al RescarL'll InslJlutc 

Prc'~lll Addr"" . ",niollal Cira"land Rc-\ean:h In,!ituic 

Tokyo L'lli\' c: ,it: "j A"lkuitur('. Prl',cnt .';Udll'S': Ii i,,-orlented T ,"chnolo~'y Rese;Jrch Advancemenl Institution 

Ll\'(~,... tt)d< 1I1ol!')tr: Re":-carc11 In-.:t:tutc nf Kan,-:g::\\.'J Prc(cl.:tura; Go\'CrnIllenl 

The llllkkaido KOIl'cll .-\:C'XU]lur,tl EXJl,:n'll~11I Sldliofl 

••••• - Eh'll1c PrdccluLti <'\llillU! H~hh,ltldr~ ["penmenl SLltl(l1l 


