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Abstract

Accurate measurements of feed energy values have a positive effect on the control of feed
intake for animals, the formation of prices, and on economic profits. However, few studies
have attempted to measure the energy values of domestic roughages and to validate an
energy value prediction model. The purpose of this study is to build a database through
measurements of the nutrient digestibility and digestible energy results of roughages used
in Korea and to evaluate the domestic applicability of the National Research Council (NRC)
estimation model. Oat hay, annual ryegrass, tall fescue, barnyard millet, and concentrates for
beef cattle were used in the test. As a result of an in vivo digestibility trial, the total digestible
nutrients (TDN) of oat hay, annual ryegrass, tall fescue, and barnyard millet were found to be
68.73, 55.02, 55.71, and 52.89%, respectively. As a result of comparing the estimated values
using the NRC equation with the in vivo results, there was a difference of 3.55 to 6.84%pP in the
TDN. Inferred from this result, it is considered that TDN calculations using the NRC equation
can be reasonable for the test feeds used in this study. These results can be utilized when
revising the Korean Standard Tables of Feed Composition, which provides a comprehensive
overview of Korean feed.

Keywords: digestible energy, feed energy value, in vivo digestibility, total digestible
nutrients

Introduction

AFE9] SUIX7hE BoESHE ol S22 o] §5H b, A Alo|A) HIES]oY )
J'

oFe E8l W7k W, el Ak o) st} g o) g5k 3 o] glow o & 58
2 o] 831 W7bo] 7bg 7] Ao] 1 XA Ql lolch HEH 0 2 Aestol A Ao
o} A 1A olUiA MEE 4 Lok B, hw A gtk Aol whet 941 7hast

of| ] Z] (digestible energy, DE) Fo= 7FA8F FrA-ZK(total digestible nutrients, TDN)S 715},
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o] 2of] thAol| A ] (metabolic energy, MEYE 3t - 71|04 2] (net energy, NEyE 578 5h= WA= 0|-&3H(Fig. 1).
DEE ZHI=A] H7lshs 22 AFR oHAI7 RS Zé%rol F7teh= A dAloH, o] wf F- oL x|ofA BoZ Lt
£ olYAIE #lsto] DEE 3. 22|88 B0 & Lo = A8lE 2] 952 o|A| & oh= 212 7P 2 ’ol &
Qlo| a1, AlA| 2 £ of|L]R] & ALR of| L] %] 7} Al Bl = 71 2 7 2 o] ChWeiss and Tebbe, 2019). 12jL} 52 Al&]o
AIZE H|E, Q12e] Amvt gol dAlz o 2 245t 4= Q)= AkRe] ol $HA|7F Itk uhebA AlR2] o A7+
Z735}7] 9J5to] Ago) SfeF B B4 2] Z 0]-835H TDN 74 2 4]o] Thes 7HkE B} QITHNRC, 2001; Tedeschi
etal., 2002).

UM e 55 A 39 o2} Z oz Qo] ALR o|UA|7} H7F Al F2lofA ZidE ARl AR
TESo] X o A7} 24 BElS o] 8514l Qlom, 2 A5k} & QFE]= ADF (acid detergent fiber)2} TDN2] £-9]
SHHAIE 0] & 2] =P S Z-E5kaL QATH(Choi etal., 2019). 8] FEE S 0] §RHTDN F %2 o= 227 =
T(Abrams, 1988), =5t 1 Al2 THE wff AFREH ALRT} ol A28 AL E o 25}7] 9% E-gojl= SIS A
THWeiss, 1993). 213291 27 & THS0]7 TDN 24 4] 9] 5HA| S 2 E:5}17] 9Ja)A] THS0]7] Z10] NRC (National
Research Council) TDN ©f|Z4] o]t} NRC 342 HFZ TDNS of|&5|+= 7l 0] ofu|g} o] 229l HHH S 2254
T Y A28HE-Z o] Sotal o] & TIARE o U A& BAsHA] &3 TDNS o|S3tet whebr tofet AR &
g25h= fauate] of A4 NRC 22 4-85h= Zlo] o fad 4= Uk

=Ujol| A - ZAFE.S] in vivo LR 7F 72 2000 Tl 0] & Ae] o] Fof v} glom, E5] 2| o] &=
ohgst 9] A AL 9 Al U] AR ol tigh ol J217F A A7t 7 9] gle A7oloh A NRC
A2 in vivo £3H8-9] X/l tisiA 5= AHS Sl FulellA £3E A= AT gl =A] Al
© o1 9lEalEo] 5] LE vl 9oLt HoEle] A& HbA ol 5he. ZAFE | s AutE A 8s}7|of=
ol}go] ATkBack, 2013; Ryu et al. 2021) wpeti] 2 Aol S22 AR oA o 85 AR FYA
2818 9l kst U] S4 S Foll 5 ARR iG] A Al 88 4 = 712 AR E HEske A, AR
C 54 2ol =y 48 7FsAdS H7lshe 2l o= ittt

_4
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Fig. 1. The classical flow of energy through an animal including the various energy fractions of gross energy,
digestible energy, metabolic energy, and net energy.
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Materials and Methods

AIE AR T Ofsfat A 21

2 AT A AR = T £ Au A x v 9 BEWlAT A E, vl=tat 9] o rdeto| 12kA HE,
UL AFE-E 1] AFU 2| 2| 9F SR8 B RIALR & 0] -85l o, $H9-& vl RkAL R 9] HljSHH]+= Table 1] AAISHA
ot AlE At=29] o]3tst A& A2 u]=h Cumberland valley analytical services Inc. (Maugansville, MD, USA)°l| 2] 2]
5lo] A= 854tk CP (crude protein; #990.03), ADF (#973.18), ZL2] 1 Ash (#942.05)= AOAC (20050l w2} 2
A5} L, EE (ether extract; #2003.05)= AOAC (2006)°1] thet 24151t ZAFE.] DM (dry matter) 5 71| &
2t= 71z 5o 2A45H3=t WA Van Soest (1970)0] whet F22 O 2 71 5 National Forage Testing Association
(2002)°l w2t 105°Coll A 3AIZE &9t oI HIRAFE.C] DM (#930.15)2 AOAC (2005)°] the} A5 T
aNDF (amylase-treated neutral detergent fiber):= Van Soest 5(1991)°1| w2} & QF44d oF 20| A(heat-stable amylase)
£ o] &5}t EA5H3IT). Soluble protein Van Soest (1982)°1] 2} borate-phosphate 'S ©]-8-510 2AIsIITE
NDICP (neutral detergent insoluble crude protein)2} ADICP (acid detergent insoluble crude protein)= 22} NDF2} ADF
A § G2 2] &S nitrogen combustion analyzerS- ©|-8-3f A4S BA5}0] 715}t Lignin Van Soest (1970)
of] wh2} BAI5IATE. Ca (#985.01)1) P (#985.01 )= AOAC (2000) ol w2} 2415191t} OM (organic matter)S 100

- Ash& AF=3}I T NFC (nonfiber carbohydrate)= 100 - {CP (%) + EE (%) + Ash (%) + (NDF (%) - NDICP (%))} 2] 4=
A 0 &2 ARSI THNRC, 2001).

Table 1. Feed formula of concentrate mix.

Ingredient % (as fed)
Dried distiller’s grain with solubles (corn) 15.0
‘Wheat grain (fine) 14.0
Corn gluten feed 14.0
Palm kernel meal 13.0
Soybean hull 11.5
Corn grain (fine) 10.5
Soybean meal 6.7
Molasses 50
Alfalfa pellet (ground) 4.0
Limestone 30
Rice bran 2.5
Salt 04
Others 04

A ESE, 48 M7 Y in vivo 23K, TDN ZHA| A
e

A= TSNS 52U T8993 591S ol £ E Tk %OL S NIAS 2020499). AlgE0 2
& £7] 3h@ AAI 45 (HF 634 £ 774 kg, 38712 )7} o = QUTE AAF2 A 717 59 529 &, =7t
wel5] o] £30] 7 e tHARE(127 em X 250 cm X 200 cm,{H] X o] X lEOI)OHH ARSE QLA T ob Ak
HFe B AR U 2 S5t ALz AFH TS Altshs dl o] &5t Alg = =7 A RS 3
Q(NIAS, 2017a)0l] whet -GR|oU 2] 223 E2] 1%)2-2 1Y 23](9:00 2 16:002 L FoI5t, B2 AR5
AHE 4 UAEE SIATE AIG 717 SR SR B} = 22} 2 )=o) Mg A= QI = AlE= AFH Al 4N
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]

=
47 A2 2 285191 thBusch, RA0063F503, Maulburg, Germany).
[AHS Qo] B3t = 242t o obd Hgk 75t RAIE Sk U5k A2 H,
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10| A= A A %9} o] & A7lo] o] &2 AR S| YUA 438 B TDN oHS S7skint. 18t
olA= AlE RAFR S U4 A3 U TDNS A} oA S745ko] AP 2AFR 7] A4 vl 2
o] &3t x| BA S AAISH3lTt. o] ARFA QI ghe-
2 A ALR9] 15 - 30% = Agtoto], ZALE S 5 FALR 2] H]&o| 27 Hol| mat DEkA|= HH2
ol oJgt Askg0] JFS H|AaseIgith. AY 104 = vidAL RS tiE AR ()] Fof H&Z 24270 :
30 (Concentrate 70% : Oat hay 30%, C70 : 030), 85 : 15 (Concentrate 85% : Oat hay 15%, C85 : O15)2 5}o{, Z 2719]
HE|GE 2 X 2 2t 7 0 2 AAISITE Al S 17+ 243 AlSel S7H R a7t Uehd o] Elo|A] #|
oI5kt A Y 2= HIFAE 9 A AR (AW, ST AT, o rdeto] Leks, AFR-§ 1])o] Fof Hl &2 5FAL
T 80% RAFR 20% 2.2 5H L, & 47l A B 5 4 X 4 2He WzhH o 2 A5t T Hi ]2 Bl -2 Seo 5
(2018)0]] wh2} 2 2] te] 7hof kS x| Aststo] AAISHRIT: 3t periodi= 149 2 HE A0, AP S AIGAF
E9HARE 482 1097 A% & 447 2= MEY S AASIITE A Y AlRe] JdAa 4883 TDNS of2]
of Zr-2 whH © 2 A4S} THChurch, 1988).

9

ol
9]

o o
N
I EN
ok |0 MN

Y

Apparent nutrient digestibility (%) = (Nutrient intake — Nutrient excreted) X 100 / Nutrient intake (1)
TDN (%) = digestible CP (%) + (digestible EE (%) X 2.25) + digestible NFC (%) + digestible NDF (%) 2
AR 104 SHE 4382 7|9Ho & uiFALR ] JYa 48HE, TDNE AFESIIT o] & 2854 A 20]
A) WA RS Aot} TDNO A 3to] 2ALRY| JUPLLBIET TDNG ofelieh 2o o2 A2

=2

saict
Dr=D¢ X Re+Dg X Rg 3
Dy =([Dr—~Dc X R)/Rg “

D, = A& 29] & A}E.9] YA A5H8(%)TH TDN (%); Do = A& 1014 2 A vigALE s A58t
TDN (%); R = & AR A S FALEZ} RS2 Bl 8(%); Dy = A1 28] ZAME] YA 4:3H8(%)T TDN (%);
R, =& ALR0l A ZALR7} XFRISH= HIE(%)

AL BMX|Z 0|23 ALE A3HE, TDN O|ZX| Aot

A Aol A4S} TDNS S5k 22 offiel Zo] u|=-9] NRC 3412 ©]-&3HATHNRC, 2001).
ofzfjo] F-Alof| A FF A& T2 T E-S 7|F 0 & FH} tdNFC (truly digestible nonfiber carbohydrate) Zl4HS: 915t
7+ B2 A4 (processing adjustment factor, PAF)= 7]24t0] &= 1.00S ©]-8-5131th

Truly digestible NFC (tdNFC) =0.98 X {100 - [(NDF — NDICP) + CP + EE + Ash]} X PAF )
Truly digestible CP for forages (tdCPf) = CP X exp[-1.2 X (ADICP/CP)] ©6)
Truly digestible CP for concentrates (tdCPc)=CP X [1 - (0.4 X ADICP/CP)] @)
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Truly digestible Fatty acid (tdFA)=EE - 1 ®)
Truly digestible NDF (tdNDF) =0.75 X [(NDF —NDICP) —ADL] X {1-[ADL/(NDF - NDICP)]OW} ©)
TDN,(%) = tdNFC + tdCP + (tdFA X 2.25)+ tdNDF - 7 (10)

NRCOJ| A<= tdCP (truly digestible crude protein)e 7-oh= 342 AR 2 5 EAL Rl w2} LRSI A A5t 2,
2 Aol AL olol I AlBARR ) tet £55ke] A2 o] S3Hick. 912} 2] AAIE NRC o 24jo] mfe} 2
7ol S8 AF AR ER WAASHETTON ol 53 & ARSI

=

=

A% 19 Qe 9 uftabg o] JY4 45H % o1 |7Hs SASS] PROC MIXED (SAS Institute, 2014)5- 0|85
o] =25 alg Ful g 5} thed]y] BAS A5
yi=a, X, + X, a

|

yie= AA| 45 J G4 A5HE(DM, OM, CP, EE, CF, Ash, NFC, NFE, NDF, ADF) -2 TDNO| 11, X, 2 Al& &
HIZALR O] HIE, X, EALR 5 ¢

A& 29] ZF 7t -7-2)/d 472 SAS 2 134 9] general linear model (GLM) procedure S ©]-8-510]

shqict.

Results and Discussion

Mgz gudE 24 2ot

i RrALE. O] v RHH]E-2 Table 101 A|AISHATE. AlALE | TS Y¥HIE524] A3k Table 201 HAISHITE
A& 7| ZALEQ NDF &2 SB|AF, o wdeto] 1A, AR & 1], W0 2 SHE UL, SH|AF7L
74.00%2 717 =90 o, Ao 55.10% 714 SFC} NDF cellulose, hemicellulose, lignin 32¢] $H0 2 %
Atgo] /-2 geFE tEsh= %] 0|t NDF= BH55-&0ll A physical effective fiberg Al|&-5F0] ¥H5= 2=, Wh3
9 2, el 2] ] kS f3oto] HHE9] 2] AR 7652 = ThZebeli et al., 2012).

Lignin &2 ol xdeto] 1A} 7.66% = 7 =kon, EH AT} 7.16%, ALE-E 17} 6.10%, G o]
3.68%% A E] AT Lignine =432 oA o Af4ae] 43Hs Walishe A 22 U A Tk Besle et al,,
1994; Van Soest, 1994). ©]=- 0]-8-3F NDF £A3H8-S of| Z5h= 4] 0| 7H2H=] 91 thMertens, 1973; Chandler, 1980; Conrad
etal., 1984; Weiss et al., 1992).

NFC &2 o] 2930% 2 7 =3k, tha o2 o mdeto] ks, oA, ALRE 1o o= 2427}
18.60, 16.10, 12.10%= A= ATH AFSE W NFC= %2, &, HE 1} o] Hart vwa & &= g43l50|H,
NFC2] g2 AFR.9] of|uf 7] g, HEE=Q]of| A n] A 24| Tl 2l o] Shd =y, & 3HHd 2% ik (total volatile fatty acid,
total VFA)T} F2] A S 712 = A 02 e #] QITHNRC, 2001; Seo et al.,, 2009). ThekA] LRPIE 422] 24
A} H| WA NFC &fo| =2 o] AL ol 2] gt 9] A3k 0] =2 A 0= oS 4 QUth &©43&
fraction '8 FA] A2}, A2 4317} o2 C fraction2] H|-E0] 10.61%= T 0= 71 A3l oW, oflwAdeto]
JefAlt W AT, AFEE 1= 742} 20.66, 19.33, 18.86% S LHFEFTE.
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Table 2. Chemical composition of experimental forages and concentrate mix.

Item Oat hay Annual ryegrass Tall fescue Bamyard millet ~ Concentrate mix
DM (% AF) 84.20 85.60 86.00 91.00 87.50
OM (% DM) 92.99 94.68 95.56 87.89 90.58
CP (% DM) 8.10 440 5.70 8.60 21.10
SOLP (% DM) 3.10 1.00 2.00 4.10 830
NDICP (% DM) 112 127 118 192 295
ADICP (% DM) 0.64 1.15 1.16 1.24 1.12
aNDF (% DM) 55.10 71.60 74.00 67.50 37.10
ADF (% DM) 32.80 4840 46.60 47.10 18.20
Lignin (% DM) 3.68 7.66 7.16 6.10 3.79
EE (% DM) 1.61 1.31 0.94 1.65 538
Ash (% DM) 7.01 532 444 12.11 9.42
Ca (% DM) 0.25 0.46 0.34 0.37 1.49
P (% DM) 0.13 0.14 0.11 0.33 0.834
NFC (% DM) 2930 18.60 16.10 12.10 29.90
Carbohydrate fraction” (% CHO)
CA 15.61 528 3.60 1.03 437
CB1 0.72 0.22 0.56 0.52 23.56
CB2 18.85 15.40 13.95 14.04 1872
CB3 54.21 58.39 62.57 65.61 39.09
CcC 10.61 20.66 1933 18.86 14.19
Protein fraction” (% protein)
PA+PBI 3827 2273 35.09 47.67 39.34
PB2 4790 4841 4421 30.00 46.68
PB3 593 2.73 035 791 8.67
PC 7.90 26.14 20.35 14.42 531

DM, dry matter; AF, as fed; OM, organic matter; CP, crude protein; SOLP, soluble CP; NDICP, neutral detergent insoluble CP; ADICP, acid
detergent insoluble CP; aNDF, neutral detergent fiber analyzed using a heat-stable amylase and expressed inclusive of residual ash; ADF, acid
detergent fiber; EE, ether extract; NFC, non-fiber carbohydrates.

¥ CA: Carbohydrate A fraction, CA (%CHO) = ESC (%CHO), CB1: Carbohydrate B1 fraction, CB1 (%CHO) = starch (%CHO), CB2:
Carbohydrate B2 fraction, CB2 (%CHO) = NFC (%CHO) — starch (%CHO) — ESC (%CHO), CB3: Carbohydrate B3 fraction, CB3 (%CHO)
= aNDF (%CHO) — NDICP (%CHO) — 2.4 % lignin (%CHO), CC: Carbohydrate C fraction, CC (%CHO) = lignin (%CHO) x 2.4, CHO
(%DM) = 100—CP (%DM) — EE (%DM) — Ash (%DM).

“ PA: Protein A fraction, PA (%CP) = non-protein nitrogen (NPN) (%SOLP) x 0.01 x SOLP (%CP), PB1: Protein B1 fraction, PB1 (%CP)
= SOLP (%CP) — A (%CP), PB2: Protein B2 fraction, PB2 (%CP) = 100 — A (%CP) — B1 (%CP) — B3 (%CP) — C (%CP), PB3: Protein B3
fraction, PB3 (%CP)=NDICP (%CP) — ADICP (%CP), PC: Protein C fraction, PC (%CP)=ADICP (%CP).

CP g2 ALE-8 1o Aol A 242} 8.60, 8.10% = FTHH 0.2 57 S7=| At Wbl Sm| A7} ol 72
o|detA= ZV2E 570, 4.40%= H] A W2 23] E UERATE Lee®} Lee (2000)2] Aol w2, Aol cpawF
2 7.93%, SEIAF Ao CPATFE 445%= FAF 0] £ A3} v CPAE 7= o2 e Ki 5
(2017)2 Fr]of| A U5 E|AF 2o YR +21I5 ZAISIA=H CP 6.4%, EE 1.0%, aNDF 74.3%2] 23}
£ Hoj 2 Aol ASE EFAT A3 2442 H] 25 2] 5 UERITH B St S A B E AR AR ENIAS,
2017b)ollA = ZF A1 AR ] CP B A9 5.44%, ol FH2to] A2k 4.65% 2 AIAGIA O H ALE-§ Het &
AT 22 71E 24 A2t BAskqich Ao] -9 7S AIF RS AFRAIRIENIAS, 2012)2] o
S47) Aztet fAKIGIE ol f-5 5= £ AR 133%9] JE-S AES A3k, syt Bxo0] cpalEFe
5.8 - 8.8%AH0] A Th(Lee et al., 2020). & A7) A|FALE 5 AW} ALE-§ 1= o|eF -FARE | & LERH O LY, of
Fdgto] detAs Hlw A W2 CP S 7HI Ao & FAE T A fraction ' A A1}, A2 43517} o]
& C fraction®] H|-&-0] 7.90%% 71 Wekom, ol defo] Aekiof| X 26.14% = 7 =34
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re

Tutct ZALES] FFA Fefoll 2po] & Kol = o] f= RALEE £E34 9 £28A1]7] Sol uje} TEig 9
-4 S 2ol 7F S 4= Q=T (Lee et al.,, 2020), B A| AJatz 70| wle} ofd 2ALgC] £ 7|50 D2tA]7]
2ot} u]=t AFRAJ B A Q] AU Axo] AE 7|E Tl ShF2 8. 7%= & Al o] B4 Atket 2 Xfol 7t
LERFA] 9EQFTHNASEM, 2016).

VS|

s

Bl
o

o|2t4t in vivo HYA AstE =X Zu}
A5 19 A W =S ALF O] HI S-S 24T SRR QT in vivo F YA ASHE-2 Table 30 & 7|53 Tt TDNOJ|
IdFE F

= Tl QI ASHE-2 71.35 - 72.85%, EEQ] Q¥ AFHe-2 90.33 - 91.22%. NDF 2| 3H/gAsHE-2
62.24 - 62.67%, NFC 2382 91.94 - 93.12%= S7J = QT NFC 2| 3HdA3H&-2 A 2|5kaL A 15% Fof Lol A
435Hgo] =UTE TDN2 72.89 - 74.03%% S = et A <] H|-g&o] Z7I5tol upeba] Thif o] Aslgof ofg
S v]x]i= ADICPY] o] ol 11, A|sleFo] Wopyof uaba] A|gke] Askgo] B S4H oz &
4= QATH(Weiss et al., 1992). NFC= A2, 828 A4, e, 7714 2 22| 2] %+= NDF Al 2ol 5= 242 7
A=]o] Itk NRC (2001)0]412] NFC2] I ATHE-2 98% 2 AFES A2 457} & 5= 582 dej Qlch
SR NFCO| A o HE. O 2% 5H= M E o] 45182 85 - 90% 2 LA 5HA| 244 Th(Ferraretto et al., 2013). ©] 213+
O] -2 NFC A1 A9 v]-go] Z7}5tol whaba] oA #] gk= Z 0 & & 4= it

Table 3. Apparent nutrients digestibility and energy value of in the experimental 1 diet.

Item C85:015 C70:030
Dry matter (DM) 7296+ 124 723+£0.83
Organic matter (OM) 75.08+1.25 74.37+0.81
Crude protein (CP) 72.85+1.35 71.35+1.10
Ether extract (EE) 91.22+0.55 90.33+0.58
Non-fiber carbohydrate (NFC) 91.94+2.99 93.12+1.07
Neutral detergent fiber (NDF) 62.67+3.36 6224+223
Gross Energy (GE) 76.29+1.25 75.53+£0.67
Total digestible nutrients (TDN) 7403+ 1.17 72.89+0.77

(85 : 015 = concentrate (85%) with oat hay (15%), C70 : O30 = concentrate (70%) with oat hay (30%).

A 1S S3l|A vigtAtR 2] - ] T4 CP, EE, NFC, NDF £8H8-2 74.36, 92.11, 90.76, 63.11% ©] %12, TDN
2 75.11%2 AHEE A Th MiFALR 80%e] 212} AH, Bl AT, o defol ek, AL S 1 20%E Fofste] 9
A} Y YA 258, TDNS AHESH A THE Table 401 A A|51SITH

TDNe %S 1] x]%= CP, EE, NFC, NDF2] @] TAtA318-2 7F2} 72.75 - 75.12, 89.10 - 89.99, 90.55 - 91.25, 60.09
- 63.01%2 S =02, TDNZ 70.92 - 73.82% % SAE| U} ZALREC] 2folo]| i oY FA AsHg 4
TDN=2 -§-9] 4] 0. 2 Z}o| 7k LehbA] ei3tTh(p > 0.05).

Al 1014 S H vietatE.o] o3 YU A5HET} TDNS AlFH20] 2-85t0] Al ZAFE -7-9] o3t o
YAASHET} TDNS 4HE5F3IT 1 ZTH= Table 501 A|A5HSICE )84 DM Ashe-2 72t A9 67.39%, o+
defo| kvt 54.84%, EFIAT7E56.08%, ALRE H7}56.53% 2 AP AR F Aalo] 7P e Ao 24
E9lom, OM A8H8 T 7 FA 2 Ao A 72.41%2 7FY =91, Al2-S 17t THA R =2 62.50%, of D
glo] 1t At E| A7} 60.68, 60.55% 2 A =Tt
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Table 4. Apparent nutrients digestibility and energy value of in the experimental 2 diets.

Item C80:020 C80:R20 C80:T20 C80:B20 SEM p-value
Dry matter (DM) 7237 69.86 70.11 70.20 0458 0.18
Organic matter (OM) 75.12 7277 72.75 73.14 0475 024
Crude protein (CP) 74.65 74.14 74.66 73.93 0.469 0.94
Ether extract (EE) 89.60 89.99 89.10 89.37 0416 091
Non-fiber carbohydrate (NFC) 91.25 90.59 90.55 91.00 0.501 0.96
Neutral detergent fiber (NDF) 63.01 60.09 60.85 61.74 0.828 0.68
Gross energy (GE) 74.66 72.64 72.55 7227 0464 0.25
Total digestible nutrients (TDN) 73.82 71.81 71.84 70.92 0455 0.13

SEM, standard error of mean (n=4).
(80 : 020 = concentrate (80%) with oat hay (20%), C80 : R20 = concentrate (80%) with annual ryegrass (20%), C80 : T20 = concentrate (80%)
with tall fescue (20%), C80 : R20 = concentrate (80%) with barnyard millet (20%).

Table 5. Apparent nutrients digestibility and energy value of forage sources based on in vivo trials.

Item Oat hay Annual ryegrass ~ Tall fescue ~ Bamyard millet SEM p-value

Apparent digestibility of nutrient (% of dry matter)
Dry matter (DM) 67.39 54.84 56.08 56.53 2.288 0.18
Organic matter (OM) 7241 60.63 60.55 62.50 2373 0.24
Crude protein (CP) 75.83 73.28 75.89 7221 2344 091
Ether extract (EE) 79.57 81.50 77.04 78.39 2.080 0.68
Non-fiber carbohydrate (NFC) 93.23 89.88 89.69 91.94 2.505 0.96
Neutral detergent fiber (NDF) 62.60 47.99 51.82 56.26 4.138 0.68
Gross energy (GE) 65.02 54.96 5447 53.09 2.320 025
Total digestible nutrients (TDN) 68.73 55.02 55.71 52.89 2.925 021

SEM, standard error of mean.

CP £3H82 EW|AF7} 7580%= 7P =941, A 75.83%, ol eto] 1kA 73.28%, AFEE T 7221%2
77t 24| ik, EE 45H8-2 oy deto] 1ekA7t 81.50% 2 7P %Al AWM, AR g 1], WA o= 7t
2} 79.57,78.39, 77.04%% Z7d =] AT NDF 24382 Aol 62.60%= 7He =241, ALE-8 1] 56.26%, S5
T 51.82%, oL eto| 2=k 47.99% 2 =7 =] 1Tk Table 29] carbohydrate fraction A1 %] T2 AJ o]l H|G}|A] A
3}7} 5] @ C fraction?] H]-&-2 Ao A 10.61%, AFE-& T]ol|A] 18.86%, S| A0l 4] 19.33%, oL eto] 1
2kA0f| 4] 20.66% 2 LFEFEIL, A A 2|3 in vivo A8HE S|t -FAFSE &) LERT vlAd-f4d B3 E2
Hh29] 0]-8/d0] =2 NFCO| A2 BE APALE oA T2 YYAET =2 3] & YR

INRA (National Institute for Agricultural Research)2] feedipedia®l| A I2H2] OM ASHE-2 60.1%, O|U A A5Ha-2
56.7%%2 Ao, offrdeto|12kA L] OM ATHE-S 48.2%, o A] 4S8 44.8% 2 H| A WA 24 5]
R=Hl(Heuzé et al., 2015; 2016), 2 Aol A = AR H T} off - Heto] D kAol Jofh Ashgo| WA S = Qi)

In vivo A% A} TDN 2= AJAZALR F AHolA] 68.73% 2 717 =11, ol Fdeto] TekA 55.02%, S04
F55.71%, AFE-8& ] 52.89% 40 & ZA =] lch

OM £:3}g0] ol wdeto| 1A Y FH|AFFo) HlshA] =9k AFE-& 17} TDN2 27| S = Q1T ALES- 1
of X 2 &8H 4 Q1= 232 3F 12.11% 2 AHE O & =97 fiE o2 2 4= Qi
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Table 6. Amount of digestible nutrients and estimated true nutrients digestibility and energy value of forage
sources and concentrate mix based on National Research Council (NRC) equations.

Item Oat hay Annual ryegrass ~ Tall fescue ~ Barnyard millet Concentrate mix
Digestible nutrients (% of dry matter)
Non-fiber carbohydrate (tdNFC) 2871 18.27 15.78 11.82 29.35
Crude protein (tdCP) 737 394 524 8.10 20.65
Fatty acid (tdFA) 0.61 031 0.00 0.65 438
Neutral detergent fiber (tdNDF) 3144 36.29 38.76 3546 17.52
Estimated true digestibility of nutrients (%oof dry matter)
Non-fiber carbohydrate (NFC) 98.00 98.00 98.00 98.00 98.00
Crude protein (CP) 90.95 89.55 91.86 94.23 97.88
Fatty acid (FA) 37.89 23.66 0.00 39.39 81.41
Neutral detergent fiber (NDF) 57.05 50.69 52.38 52.53 4721
Energy value
Total digestible nutrients (TDN) 61.89 5147 52.01 4897 70.37

tdCP TS AL oA 8.10%2 7 =11, A 737%, ET|ATF 524%, ol d2to] 12kA 3.94%2 ALt
At tdCP= NRC Al4hA] 2 ZALE S HIEIALS. B 5ol A ekl Skt vlgstar, 20l 3 ADICPS] H|Fo] =
245 )7} ZolA] =t o]i= ADICP7}o| Tl Adlo]] HAYAQl kS n|-Z o u|gtth(Weiss, 1993). CP 435t
& FA|= ALE-8 1]7194.23%, 8| A77191.86%, 0] 90.45%, ol D 2ol LekA T} 89,55%01H o]= Al R
A}E CP fractions A1 %] & HF3£9] 0]-84J0] L& PC fiaction©] o+ eto] 1t Aol A 714 =2 7218 vk si)

tdFASEA]= AFEE e} Ao] ZEZE 0.65%2} 0.61%, o eto] 1ekA7t 0.31%, S8 A olA] 0.00%2 A4k
E|Ql}. o= ZAR B4 A Al gFgo] A7) wiiZolw, 53] S| AF-9] EERFEo] 0.94%E NRC ALY Ao
&= EE - 10] tdFAR Al4EE] o] 0%2] 48} 7Hs$F FA R 2 X 2] = it HiRALS.S] tdFA= 4.38%, FA A%HE-2
81.41%= F4 = 3]t

AL W WdNDF= S8 4704 38.76%2 7Y =7 S4=0 om, AullolA] 31.44%E 7P 2A| S4= etk
NDF 4:8hg-2 A%o] 57.05%% 7P w2k om, S| Ak A8 wlofl M 242} 52.38%% 52.53%, ol d=hol &
2h2ol A1 50.69%2 S = U

In vivo £& Z112} NRC 0f|ZX|2| TDN H|xt

In vivo A AT} NRC | 52]9] TDN-2 Fig. 201 A|AISHATE ALES 0] & A lsta AW, o mdeto] 2etA,
EHAFOIA In vivo TDN S A ETE NRC o|E52|7F =] S = et Aol A 6.84%P= 71 & b0l 7t Lt
EP o, ALE-8 1] 3.91%P, EF| AT 3.70%P, o+ eko] 1akA 3.55%Pw 0 2 2fo] & LFERTE A RAFS 3
T 4.5%P}o] 7F LFERS T
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45 50 55 60 65 70
TDN estimated by NRC equation

Fig. 2. Comparison of in vivo total digestible nutrients (TDN) results with estimated TDN by National Research
Council (NRC) equation.

NRCEZ 0|83 TDN o5 23k in vivoR SAH 52 71 #io] 2 gshs 9l Ulol Eatel Zut2 b
t}. o] Atz 53] £ w), ), ool Teks, EHIAT, ALEE To] 0l NRC I EAI S E5H TN A

20| 7Fs 2 AR AteEh

Conclusion
A& A7) et 2L 2o oA A3 2 AT AR 712 B4, AR 572l 34 A
A4S Fot. 2 gl 1 A7 Aab} gle o, ol leto] 12, EAT, A ol e 114

7FS in vivo 2818 A S 5l AT R ARR oL A7} ol 52 9f8l) o] &5 tiEA Rl REAQ] n]=
NRCE] O[H A7} 0|5 Al =ol] 2]-8-5h= 2ol tigt Agd< é%ﬁ}ﬂ fl5tod in vivo 43H& AES B A
Al oA A 712 NRC IS D Z 0] &5 | A|7F A S2] & H A5l 2 A2 S vz, AW, of
defol 1ty SH AT, AFRE 1] 2] 73-9-0ll= NRC 9542 SR TDN A& 0] 7He & Ao 2 Atednh 2 A
A= e FU AR Y ES Tl AlSshe S BEAIRAE 2 /N Al E-8-2 ool
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