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W= IEpVRAT » TV e S RS TR RRe vl iy R
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l. %E'IE?IE'@?'JE@%F&?E‘l"“iﬁ%‘wﬁ'liﬁ““‘ﬁ*?ﬁﬂx

WRNETRIHE) 10 1 ST RIELE 3 S AR IR ~ F) VPSS Ok o IR R P
IGEE ia*ﬂﬁéﬁ'i%@lﬁﬁ‘?izfﬂﬁéPﬁr‘@ﬁ'b JEL IFTEIEEZE) Flﬁ\iii_ﬁ'lffﬂ (I e1) Flﬁ@iﬁﬁﬁ'l
(I BIETT) ~ PR S F R éwa“munwz S} TSR IVDMD > F[ s 128 52 o i1
FERREZET BL N BEVE 80 BRER T ph o PP RY O ED B R F TR ERET -

Pl =2k F‘@?ﬁ R~ RNk ‘IF'U”'{F“’E' W?'I?FR'JE}E?’JF'@&‘@F‘\f%iﬁg’k‘l?"?ﬁ\f'*ﬁ* » ) — FEEAR

PR e A 2 PRSI SR IR 2 o B ORI 9 o PR R A
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=P GAEHEH B LR AEIY 90%2]] 100% ° Rk T £ J:QELIH’F‘% 152 B 55 [ R
%ﬁﬂﬂ’%‘%ﬁp ~ FR[ fEl’f%i’ﬁ} A 60°C 48 /] FpHHEZEE 1 mm pli > ) T’?bﬁﬁ?{ﬁﬂﬁwﬁfﬁl
Ay (AO.A.C., 1984) ~ [I11ESE (neutral detergent fiber, NDF, Van Soest et al., 1991) ™ E iz
FRIf (== (in vitro dry matter digestibility, IVDMD, Z %7 1984 ; Tilley and Terry, 1963) » ;£- 3

f“”’?‘yﬁﬁ?’l(% pHES T = A F& o) (total digestible nutrients, TDN) = (i3]~ Z%%

(digestible energy, DE) = - FSLF:EWF [Fﬂiﬁ][ RS T 4 2 (1984) ﬁ—yr[ o

FI5E van Soest P4 & E1T 1970 & (R (Goering and Van Soest, 1970) » sy 55 #1
P RERE S WIS R PRTEESE (acid detergent fiber, ADF) =2 NDF %5 > F=TDN I'] = #8245
R o3 I e I i P pE o = * [ ETIREY (quality index, QI, Moore, 1994) Fl R R
RSP lﬁ,ﬁ s FY= A U] NDF SRR f“‘ﬁfﬁv (non-fiber carbohydrate,
NFC, NFC =100 - #' §F 15V - }r”ﬁF,ﬁ* - 2700 -NDF) IV PR R A PR BT S

R~ PRI 0% - 1| (IR T Sl AT A R
F o F 15'—:”;{:@ I‘J’ﬁ?flﬁ - =P ﬁ%ﬁjﬂf Z BIGREE S TR -

1. g*ﬁﬁ‘ﬁé@éﬁ ‘f'%ﬂ%'ﬂi@'l?ﬁ?ﬂiﬁ‘f“‘i&ﬁiv%&,ﬁ?
FERERT SR ERA AR I 500 kg (n=8) ~ 400 kg (n = 5) ¥ 300 kg (n=5)
U= A2 A “a‘ 2 —fﬁ%liﬁdf,‘ﬁﬂzﬁ (SR e o IR IR T £ 90003 ildiZ 5l (=
AL o P R o o A ﬁﬁ%ﬁ?ﬁn"%\Jf?ﬁ\l’“ﬁ«ﬁ‘&ﬁ%“ﬁ’lﬁﬁéﬁf R BRET 400 kg = 300 kg [yt
- S rEL 100% = A kHOARH T EREE - WL DRI BFR T [ o Py VRV R A Y =
IVDMD [ % 1 o
TS FRERRIDHID R SRR - JLAHL) SAS (1988) - AESIEHEY (GLM) )
P SR T e T IS (least squares means, LSM) ERifik » B8 5 B F{&:Ft'{, 5% - f EfR
BRI FRERI B ttest Ak 3% o ST R FRIET 300 kg == 400 kg A 3E S P (n = 5) > BREAE
Q06 Ui VIV F HHRIE OB - AR ETR B HE 5% -

e SR B Y FR

I *P% 'IEEWE% PAPUSE Y SEE [SRA ) [ ok
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matter intake, DMI) ~ [ IHf7E] ~ = FI@]#[FIJF[,FIT”F‘/“@?F‘ IR “Z -~ TDN » DE > TDN 1 {g
R RIS B O FTORTR + S2T) NDF S NFC 20 (S it sy b » 117 e
PO (ST TON IS » e il #Jﬂ E BRI (A2)

7+ TRERER 11 TRERR PURR QBRI (EE}QEIU 0.85% - 2.74%) > FIIhTHR A IERY T F TR T Y
IR P*‘Lﬁ%&%'?ﬁi&?a ﬁ'%%%@%@ﬁ%l xﬂ%ﬁ%ﬁ%@r‘ FHF7EFR SLEHIE - YIS NRC (1989) 7
= ‘E?éﬁ{%’lﬁ? <yl TDN ffi » £ "L}*]}IJ‘ ot E SHIER ff FAG H T'%(EU’?‘[—JJFE' p- FFHT“ RELE
TDN Eﬁ'@ﬁf@ (% 4% N5 5 ﬂﬁ‘ FI = RFOAERT IR ALRD  [NIPH G PSS (Net energy for
lactation, NEI) fF‘[ET? U £% NEI (Mcal/kg) =-0.12 + 0.0245 * TDN (%) -

(i) FAEFERUEEE == NRC (1989) ’>‘< SEERPRIAT FY U SrF 18T (Crude protein, CP) et Y
i )Y I A E ) 8.6%1 CP K 69 29 NDF » Tyt 1 = IR0 L4 L BT+ ARG A0
144 ﬁl%‘i;_im'lbﬁ e S T S S E[Jfﬁ’%"‘;}‘ﬁ?iﬂ ﬁﬂﬂﬁ%[l%‘*ﬁ#,@’?o ARG RSV
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[{AC[1 70% 5 IVDMD J [ 53%Z] 60061 » 1| [t of ~ /P800 F U e o
o A Z PRI (AR il o BRI e B PA) S o REAIEZET ~ BICVEZET Fl}flii_qllﬁé'?ﬂﬁil%ﬂz
B H (e R A *a“'ﬁ}fﬁ,; B 4 8 B FIE 069 kg Z] 1.17 kg ;) Y[ g
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B%‘J'El}}iii_ﬂ'lﬁfﬁ  ELER T R TPV NRC (1989) ?é#ﬁ TDN fifi 53 [ £ 62.0% ~ 46.5% ~ 55.0% -
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—4.9% > |£lﬂ9fimlim'l@fr$il_ﬂ;44[ RO A NRC fift > 2 !l 18.5%5 15.0% - iﬁ
T ' S [FE'PWL‘E'FE\ FRAE _EF'EJFF[!'T RYEUE b R AR AR ST
e & Fl%zﬁ”i}lgﬂﬁﬁﬁ J/?E‘F’"'rﬂj:“%%m » NI *%%%HIIHE&%EEIEL@%@@ZJ FI:F‘}J»I_
%ﬁ'lﬂ;—'r‘gp}f&i_;[ﬁ.ipfj TDN f@ ’ F["F’J‘Z*EJE,IJ fﬁlgfj'[ﬁ% ; ﬁﬁlﬁ'.J IT‘%%UE‘L RS BT PR A2547ﬁJI

Wﬁﬁdﬁﬂ NRC #4561 %1 4091 TDN ffl » kL 5] (S -

R SRR R R J%Jﬁ? TR o PN T S RVEITRTE R - R
[z IVDMD,’bifU 55.8% » {E! CP { 3.9% > % T* (1999) i@ﬁﬁ%'ﬂ;@'[ IVDMD 49.3%};
[V CP 3 5.9% » “f WEHET HT G2 9 IVDMD 2T 50%[ - CP [l #4455 5.7% (
1) > CP o] (S = hLPN EVETFA™ 8y W51 R R R e = ﬂl IHZPIET 19%PHEH faf (5 - CP
12.19%%* NDF 69.4%(rj » & qvé&uﬁﬂjﬁué U RL o R Y RIRR o S = IR
£, = FY NFC r“j%% [ 7.9% » F NRC (2001) i g 2 of 5% (immature, DM < 25%) ;
PRS2 o R 9 CP Y TDN (B LS » (1 BT 1.50%f19 DMI o [P Igg i
EEPE ":’PJHI?J\/[PE[L&'E'IEJ LOSWETI{HHiZE 1 Y L74%ED (% » [N B4 % 59E > =
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FRFZ AR YR SR AR -
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(i) FAE[ZEF 4 R2pE Lk : 22 NRC (1989) ERIAT 5y E=iE » 4 VBRI P VR R F1 b= i
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I OV ESEETE RTRZSR R EE P IR S o SR R aﬁ:ﬁ S0 TS [ EFR
Qe
Ttk B s [‘F,Jw‘gf(p‘;{f&'ﬂ HR R = ’F[ﬁ F H@fﬁjﬁu %:{”g&,ﬁ'gﬁlﬁl A (1) pFERIRY

CP fﬂﬁl FEFRRETE (22.8%% 27.3% vs. 19.5%) » # ﬁF,ﬁ’f FIE.}UE, 2 5.6%% 7.1% - F| 46%%

56%}~) NDF ﬁ%% » IVDMD 3# £]] 59%= 76% > T@i #:f1Y IVDMD 4 i fr PISEE] 56% - 5 ]| EREA

PEE'I%A 400 kg = 300 kg firof A 2 o e ’H;%?ﬁg &‘@lﬁl@;ﬂ*ﬁgg 1.82%j DMI 37 0.60

kg PUETIETED - - E SR ikipy DMI @%_Jﬁg—gp@ 0.85% » #5510 E 1.00 kg o (&% i~ [

O B TR EY TDN 53 BIEG 57% ~ 67%%2 72% - ({11 TDN %= NRC (1989) {9 66%ffLT -

([ 27.3%f1 CP % 3.23 Mcal/kg 19 DE i NRC i 25.49%% 2.91 Mcallkg » %[ 1f{ TDN it

NRC [ 83%[:f (% 11% > ﬁ'lJ 22.8%pv CP == 3.21 Mcal/kg fiy DE “Jﬁ[iﬁ)ﬁf‘ NRC fi* 34.44%=" 3.66

Mcal/kg IF;PE%” RSl EIJE{\& BYgTURCRITE ) [ﬁ Frgs o
FEA R s IYF{E‘IﬁIpJ TDN iz Q 5.2% - 5 & FUFE El@%{%af“ﬁlfﬁﬁ Iil

(-1.00 kg vs. 0.58 kg) » FERUN » [y i EFR AR I PIE SRR B

%ﬁgj*‘;}éip‘;{éﬁpfjf QE%EJ%J"}EQEU 2.01% - ﬁﬁ,ﬁ?p&l i1y 0.85% - Eﬁ‘ﬁﬂﬂﬁ' CP “'JF;%?’J

(22.8% vs. 27.3% > ) éﬁfﬁ Lok CP I [~ SR ppif of 1 16.4% fﬂﬁl R NFC FA'E

ﬁ'JL[' 15.6% (20. 3% VS. 4 7% > %< 1) » NFC 1? [ ﬁ‘ ' 8% (90.1% vs. 82.1%) - - “'?ﬁ%ﬂ'ﬁiﬁ\ -

s IR o gﬁﬁa {1119% — 30% (% 2)- wﬁmuwﬂ%ﬁ' 1 NFC % B (63%

vs. 67%, NRC 1989) » 4 *‘;{*ﬁ_ P RRETRD o Yl D R SR PRERE PR P

[“IF“H%F]HI Zp NFC AR IF 1o |‘m§1ﬁ TP Jg‘ﬁ ;{:*b?k (in situ) f“ﬂf([xﬁﬁj(ﬂ‘lﬁhi@ ?BWFI i

(R TR]) @i[[’_%t“1E'ﬁlJPE'{Elﬁ['i 0 hr ﬁm‘j’ﬁﬁﬂj} (£ 25.0% - fﬂ’%,@%EIE{fjﬁ{JﬁﬁE‘IﬁIEJ]ﬁq%

57.8% » 2% B 53 [ - SE eIl 10 min. PRI B R RTHTIR) NFC A

R -

s ik iy TDN S b o 2 R A 9 ﬂfﬁ“’[ﬁ',ﬁ fRHF IR TDN = DE fifi i
ﬁi}ﬁ'#%‘ SR ﬁ”‘&‘iﬁ‘lﬁlpq TDN [jﬁjﬁlﬁfﬁ‘ = 7}[‘@ ' 7% (72% vs. 65%) - ]| i A 2= EJ
A 'Jﬁéffﬂ T J—F SEFET s TR TR R A E L JEJHIIf‘f@?H i)

‘Jvr“%fn# ‘f(ﬂ“' HIED i e YRR R R AR SR REDE - F IR
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SR ) " MR O SRS O BT | R AR
guz?i e SR T RIS R T OB 5 S E‘F'LJFI’JE%#’JM A
FORI A ] RO TR -

FEEIE‘?#;;QE%ﬂ%ﬁ@fﬂ?ﬁ?ﬁ?ﬁ]Im'ﬁ*‘ﬁgf%%—aff

F 3L S PRE BRI [ S - WIRGH R - A BE 300 kg
=2 400 kg FOAREEEN (G2 E B [EHRIEIRTIE] 500 Kg PO SIEE AR o AREE CP
ADF 238502 i) [~ 5 20 f;ﬁ'gl[ﬂi R [E?E‘g 500 kg - & Sz ErEs e i) [~k
ST 5 300 kg = 400 kg & (P <0.01) » FIR I (SIS IS (P <0.01) 3 FIET 500 kg
E 11 NDF iﬁ‘[’“‘iﬁ ~ DE== TDN == 400 kg - £ fflir » fﬁl%‘ET%E,' ¥-300kg § & (P<0.05) -

PR BRI (CF PR~ H«ﬁ“ﬁﬁ%ﬁﬁ ST R (> = Rl [N ERDR]SpTaf]
[ SELE ST YR IR [ P TR E’fill':“ [ (Reid etal., 1966) - ﬂ%wsﬁm 90%
= 1009 A A A R CHREVRAR o IR A 4 o AT E 2 VIR IZET Y 90% (= A&
TR SRR SO o PR En?ﬁ P RUER ARV e o RLR T
DY o FR LB ERERT1 400 kg ‘ﬁﬁ‘glfﬂlﬁé[« : q“pJF'qF[ﬁ’Hﬁ (=3I 100%“”{?,1])5\A 90%;- (P <0.001) -
P =R 4 E%Bﬁ%nﬁ@ SERA ST { R T LTE S EHJEMV?'I#'QF,‘TfﬁE% (%> % TDN
7 W[%?'IFJ“‘JPIHT ?gl#'%ﬁ’fﬁm FH VSRR R ) (RS T
HIFIET 300 Z[ 400 kg [t BAE T M S ot = ME BREEN TRV ?Eigu 90% >
I eal#pap J#“ﬁ‘?ﬁﬁvli"?‘m P BV ET e

R 3. AT B SR B A A Ry
Table 3. Effects of body weight (BW) of Holstein bulls on their total tract apparent digestibility (dig.) of

pangolagrass hay

BW, kg

Items® 500 400 300 Sig.?
DM intake, kg/day 6.5 5.1 4.0
DM dig., % 59.1° 56.8° 55.7° ke
CP dig., % 42.4 40.6 39.8 NS
EE dig., % 33.4 42.0° 42.7° >k
ADF dig., % 49.1 49.1 48.2 NS
NDF dig., % 55.5°% 53.6% 52.2° *
Cellulose dig., % 56.5 56.3 54.6 NS
Hemicellulose dig., % 63.9° 59.7° 57.5° ke
DE, Mcal/kg 2.40° 2.32% 2.29° *
TDN, % 57.0° 56.0%° 55.0° *
! See Table 1.

2% P <0.05, **: P < 0.01, ***: P < 0.001.

NS: non-significant, P > 0.05.

---: not analyzed.
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4. ARERZE BEARTE ST A 2 AR (SRR g [ S OBy
Table 4. Effects of amount of pangolagrass hay offered to Holstein bulls on their total tract apparent
digestibility (dig.)

400 kg BW* 300 kg BW*
ltems® 90%? 100% Sig.® 90%? 100% Sig.®
DM intake, kg/day 4.8 54 3.7 4.3
DM dig., % 56.4 57.3 NS 55.6 55.8 NS
CP dig., % 39.1 42.1 NS 40.7 38.9 NS
EE dig., % 37.9 46.1 ks 39.4 46.1 NS
ADF dig., % 48.6 49.5 NS 48.2 48.3 NS
NDF dig., % 52.9 54.3 NS 51.8 52.6 NS
Cellulose dig., % 56.3 56.3 NS 54.5 54,7 NS
Hemicellulose dig., % 58.5 60.9 NS 56.5 58.5 NS
DE, Mcal/kg 2.29 2.35 NS 2.27 2.31 NS
TDN % 55.5 56.5 NS 54.7 55.2 NS

! See Table 1 and 2.
2 Pangolagrass hay offered at 90% or 100% of ad lib level.
3" P<0.001. NS: non-significant, P>0.05. ---: not analyzed.
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Abstract

To establish the feeding values of commonly used forage and by-products for cattle, total feces
collection trials were conducted using Holstein bulls to measure the total tract apparent digestibility of each
feed. Eleven feeds included domestically-produced pangolagrass hay, green-cut napiergrass, corn silage,
sun-cured peanut vine, dried distiller’s sorghum grains, dried brewer’s grains, imported timothy hay,
bermudagrass hay, bermudagrass straw, alfalfa pellet and alfalfa hay. Results showed that dry matter
intake of these 11 feeds ranged from 0.85% to 2.74% of bull’s body weight (BW). When pangolagrass
hay, timothy hay, bermudagrass hay and straw, and dried brewer’s grains were offered as the sole diet,
nutrient supply was not sufficient for maintenance requirement. Bulls lost their BW from 0.69 kg to 1.17
kg daily. However, bulls fed on napiergrass, corn silage, alfalfa pellet, alfalfa hay, sun-cured peanut vine
and distiller’s dried sorghum grains could achieve —-0.06 kg to 0.69 kg BW gain per day. Total digestible
nutrients of these 11 feeds were 58.5%, 59.9%, 64.9%, 57.3%, 72.1%, 66.9%, 58.2%, 61.5%, 56.0%,
57.8%, and 59.0%, respectively. It was concluded that domestically-produced grass forage could be a
good source of long fiber for ruminants. Proper amount of legume forage was suggested to add to promote
the nutrient density of forage part in the diet. By-products with high fiber and high digestibility were
valuable feed sources and deserved more utilization. Effects of bull’s BW and intake level on in vivo
digestibilities were investigated. Total tract apparent digestibilities of pangolagrass hay were similar
between bulls of 300 kg and 400 kg BW. Except for the ether extract, nutrient digestibilities measured
from 90% or 100% ad lib intakes were very similar.

Key words: Forage, By-products, Total tract apparent digestibility.
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