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Abstract

This study attempted to compare total digestible nutrients (TDN) calculated as Rohweder,
NRC, and Waldo and Peigiang methods and TDN measured as digestibility of in vivo
appearance. Rohweder method showed that the TDN of rice straw and timothy were 54.32%
and 57.79%, respectively. In NRC method, the digestibility of neutral detergent fiber (NDF) and
TDN of rice straw were 50.76% and 53.15%, respectively. When NRC method was applied in
Timothy, the digestibility of NDF and TDN were 51.53% and 55.22%, respectively. Waldo and
Peigiang method calculated the results through the rumen in situ test. NDF digestibility of
rice straw and timothy was 44.61% and 51.82%, which was different from the results of NRC
method. In addition, TDN was predicted to be 48.85% for rice straw and 55.41% for timothy.
In the in vivo apparent digestibility experiment, the digestibility of NDF and TDN in rice straw
was 41.10% and 44.79%, respectively. In timothy, the digestibility of NDF and TDN were
measured as 51.29% and 58.18%, respectively. As a result of a series of studies, rice straw was
found in Rohweder and NRC methods showed higher TDN than other methods. In this study,
there was a difference in rice straw by measurement method, but there was no difference
in timothy. Therefore, when evaluating the value of feed in order to provide roughage to
ruminant, calculation methods must be modified and supplemented. In addition, TDN should
be considered to apply several evaluation methods instead of one method.
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Comparison between predicted total digestible nutrients and actual total digestible nutrients using nutrient digestibility of rice straw and timothy in ruminants

Introduction

FolsfioF & AlZ Yo th(Ha et al, 2018). I 520 ZALRE YU
52 ZHAIZITK(Cho et al,, 2012). T=3F, FAFRS] HERE S5) AYA

& 3399 B OMEP EOREE :
= efelo] $Rsle] g 51 5H0] e oI ch(Endman tal. 198 Ohctal, 2008 a2k 258
o) Fofste ZALEL AT Aoka L AL 4EC] WelA 7158 fAIT 4 Gl AFRE Mo
of Bttt Lt o] 1] T BHS. S Tfoll A 2 MRl u) wiRIALE S A8 8HT QITHLee etal, 2020),

HE 5Eo|A] Foshe 2ALRQ] 71| & 7hA %Y A ZHH(total digestible nutrients, TDN)S 7|HFO 2 3715}
285101 ok TDN2 AFRC] g4 F edha, AW, il 5] defat 11 4skgo] 7| Zsto] Aba Y] oy
A 2 ARIsh= Z1E ot Weiss, 1993). TDNS 2Ash= 2 37| 271412 27 4 e, 7Ha5 4

o]-&-5t ®et] © 2 L THLundberg et al., 2004).
83oto] g Al 5o] 43} 7Hest YUA] F
A o2 ALgsto] s, Aol tish v|-&

7 o] & ]-—ms1tu 9! in vivo ‘%]"?;]-‘—]' /\]‘E-J 9]'01’;—(1 AEEANE

o) 1729 Alzio] 22} AR, ok, WA £ ST 4 1 Aol 9l B e e P
r}. o] & H2+517]9)5H Rohweder et al. (1978)= J U4 kS 7|HEO 2 TDNS of| &51H= 1 rgg% JloFsict /\]-E
AP M| A B89 A0 (acid detergent fiber, ADF)S &-851%.2 e
A E o]-&5to] 2l RS 7SIt 2L o] )2 &l JILE 0l 8 5P°4 }53}7] ool

237} £ B (Abrams, 1989), L A1 BHS 1] AGE AFR 9} o 25} 2l A2 e ALRe] £R0) nle} Ho)g 1}
S o) A sich i, 19,7120 AR TON o4 ) A% 3917 1o e Conn e
Qdops £3+80] 0|24l RIS M Eelo] TON clZaiirk S 2] A tAE vhejgrhs Hollx] £2
B7HE Lo, vhEe) njg s tis] 157l vt Ao H}H H]/4-E0] 255}= NDF (neutral detergent fiber)
43+8olH £2E AYH o2 o83t AP Hol7} ATk Waldo and Peigiang (201110l F7-= HH29] -+
(cannula)o] HEE 12 BEE 0l 83 insinS Wafs}ol 71 A7.0] 23188 R eI TONG o Sa13ich

ARl A TDN2 7HA @/dol| = 523t 2Qlo|m, 571e] A4 &elof = J7F= n|ZIt). 3t AL TDN ol %
o|A] F7H IS, 7H59] YeA AHTY RS2 o 4 Qo] HEsA| ke ofof gt =Lt =
o] A2 1E HH FA] AFStin vivo 2|3 A8H8 2 Rohweder et al. (1978), NRC (2001), Waldo and Peigiang
(2011) FLol| A AA|H 4=2]0f] o] PEEJ TDNo| 5318t 7|=¢lo] Z3pghE H|wsh=t| AFEE I it} 5=
AP 5ol A7 | At A2 S8l AAER Ak 2bo|7F o, Zh i of] whe) ojw gt 2fo] & UrEtU =4
of thgt A+ Aat= A9 gle AA ol :él%’i. A B A H]—”—E Slal FH 7ke] Zpol 5 FRIghH 7| &
A9l o g okt Ate] At 84 0 g Hluskal sfA S 4= Q1S A o 7 A7t

A £ Aol UEE B AR A58 Soled 12 TONS} B 4SS 9 298 TON

Korean Journal of Agricultural Science 48(2) June 2021 334



Comparison between predicted total digestible nutrients and actual total digestible nutrients using nutrient digestibility of rice straw and timothy in ruminants

Materials and Methods

A3 R X shere EEs

A% A2 2017004 25 Aol A AZE A AL A rice sraw) 2 ) AL 1|4 2] )
2] 2% (timothy) & F-E515ITE A7) S5 7101 ALG Sl MAT} ELRAIZ 60°ColH 48412 A%
Siolom, 4%l Akzo) SFehd A E-L Table 13 2T} BE HA S FAT ARS 3uHE 510 243 AoE B

O =2 7|A5kl.

Table 1. Chemical composition of experimental forage sources.

Items Rice straw Timothy
Dry matter (DM, %) 91.32 91.89
Crude protein (CP, %DM) 522 8.72
Ether extract (YoDM) 1.85 2.07
Neutral detergent fiber (%DM) 69.94 65.49
Acid detergent fiber (%DM) 4439 39.94
Non-fiber carbohydrate (%DM) 19.33 18.74
Acid detergent lignin (%DM) 6.57 6.18
Crude ash (%DM) 6.88 7.20
Neutral detergent insoluble CP (%DM) 322 222
Acid detergent insoluble CP (%DM) 1.38 0.90

Al &+ cyclone mill (CT 193 Cyclotec Sample Mill, FOSS North America, MN, USA)2- ©]-8-5}°] 1 mm screen®l] 53
StEE Bajjsto] 2AS A5 3F5Hd AE-2 AOAC (2019)0]] whebA] AL (dry mater, DM; #930.15) 2 3] &
(ash, #942.05), 2] 1 (acid detergent lignin, ADL; #973.19) £-41-S A XI5} Tt AW (ether extract, EE)2 ANKOM
XT15 A%} 3% 7](ANKOM Technology, Macedon, New York, USA)S ©]8-5F0] A BAISIATHAOCS, 2009). =
ZJMIA B8/ d-F-NDF)2} ADF= ANKOM™” fiber analyzer (ANKOM Technology Corporation, Macedon, NY, USA)
£ o]-85}o] BAJ519 11, S/ M| A E-8- 2T A (neutral detergent insoluble crude protein, NDICP)Z} AHJ M| Al &-8-%
A (acid detergent insoluble crude protein, ADICP)<2 Licitra et al. (1996)2] ®H 0. 2 =45t AALG 7= bomb
calorimeter (Model 6400 calorimeter, Parr instrument, Molinem, IL, USA)Z =745} 01, H]/d-3-AEH=SHE (nonfiber
carbohydrate, NFC)= 100 - {CP% + EE% - Ash% - (NDF% - NDICP%)} 2] 4] 0 & A5} CHNRC, 2001).

WSS olnhy ASlES S8 ZAEO| TDN 5%

A2 3 AN 6F(HS 634 £ 774 kg)S 0|85, BAA G2 A SS 718F2 2 BCNRM (beef cattle
nutrient requirements model 2016, Version 1.0.37.15., Texas, USA)°| 2] AH5}o] AF=E319ITt. SH-AFYE S (Korean
feeding standard for Hanwoo, 2017) 7| &2 &2 F-Z|ollL 2] 2ol 1Y 23](7:00A] & 16:00A)Z L0 o5t L,

23} oy R 2L AHgFolsigict
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AEEA
AL 528 H 1S54 715t oA [ Rlom, 34 FE2 127 em X 250 cm X 200 cm
(= X A2 X $=ol]) 27]9] thaksellA 7iE ARSIt AE AAl= two 3 X 3 balanced latin square designe

AHESEITE ALY 252 2H S 3ALE (total mixed ration, TMR)ZE A|Z511.2H, TMR A|2A] H o] H71A|
£ AHE5HA] 2ot Th(Table 2). AlETH= 7]+ TMR (basic TMR)= Fo1 g TR, 712 TMRO] H4& S3tst A3
T 5712 TMRO E|RAl S S A2 /5 ITh AR S8 & ZF TMRO /g2 eI 14%0]7d,
NDF7}45%0°| 517} =] =& A A5

Table 2. Chemical composition of experimental total mixed ration (TMR).

Items Basic TMR Rice straw TMR Timothy TMR
Dry matter (DM, %) 71.25 72.99 74.34
Crude protein (CP, %DM) 17.61 14.56 14.87
Ether extract (%DM) 3.15 278 2.60
Neutral detergent fiber (%DM) 42.13 40.58 43.73
Acid detergent fiber (%DM) 21.96 22.08 2335
Non-fiber carbohydrate (%DM) 33.02 38.16 34.99
Crude ash (%DM) 9.16 830 826
Neutral detergent insoluble CP (%DM) 5.08 438 444
Acid detergent insoluble CP (%DM) 1.46 1.56 145
TN 522 AR U LS A 87102 102 M8 F 42 SOk HES A skl 22 4£5HE BA Bl TDN

of| Sl *}%SPS’,“;EP(Table 3 and Table 4). A E A= 7HISAEH Z ShQ by difference 28H8 S22 0] -85}
of AEglon o2l 42 B3l AR ] 4518 U TDNS =751 THChurch, 1988).

Table 3. /n vivo apparent fecal nutrients digestibility and energy value of experimental total mixed ration (TMR).

Items Basic TMR Rice straw TMR Timothy TMR
Digestibility of nutrients
Dry matter (DM, %) 73.55 70.20 69.26
Crude protein (%DM) 7429 70.79 69.54
Ether extract (Y%oDM) 81.30 78.98 75.08
Neutral detergent fiber (%DM) 47.81 50.31 48.26
Non-fiber carbohydrate (%DM) 96.38 95.40 95.52
Energy value
Digestible energy (Mcal - kg") 322 3.07 3.03
Total digestible nutrients (%) 77.95 74.04 73.08

Table 4. Amount of digestible nutrients of forage source using by difference method.

Items Rice straw Timothy
Digestibility of nutrients

Crude protein (%DM) 43.52 55.11
Ether extract (%DM) 59.36 55.75
Neutral detergent fiber (%DM) 41.10 51.29
Non-fiber carbohydrate (Y%0DM) 86.13 93.09
Energy value

Digestible energy (Mcal - kg™) 1.59 245
Total digestible nutrients (%) 44.79 58.18
DM, dry matter.
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Digestibility of nutrient in test feed stuff (%) = {(A - B)*C}/D ()
A = Digestibility of nutrient in total diet

B = Digestibility of nutrient in basal feed

C = Proportion of total nutrient in diet supplied by basal feed

D = Proportion of total nutrient in diet supplied by test feed

TDN (%) = 7FASHCP (%) + (7FASIEE (%) X 2.25) + 7FASINFC (%) + 7FH~SHINDF (%) )
g4 ¥ 4382 DM, CP, NFC, NDF U EE A3H8-2 Z4s5}3lon, Ui 4585 272 Ao u}
2} TDN2 AFESHIHE 2 A= THEAEY 54T/ 91922 52 Slofl 3= A5 & NIAS

2019-357).

-

CH¥ot 41 S 0| 2% TDN 6i|F
Rohweder et al. (1978) ©]-23F TDN o=
Rohweder et al. (1978)2] Lol Al+= ADF 32 &-83t of2l] 2] 4413 55l TDN= | S3HUTt.

TDN (%) =88.9-0.779 X ADF 3)

NRC (2001)2 ©]-8-3H TDN | &

NKC (01)2) 4o ok 4 A8 SLTDNG AH3151201, 2 3412 chgat 2k ofel) 4ol 4 4
B U ES 7|20 2 st Y 7hASH H)4d-5/d BhrShE(truly digestible nonfiber carbohydrate, tdNFC)2 -

Sh= 7 B Al4(processing adjustment factor)= 724421 1.002 4851 Th.

Truly digestible NFC (tdNFC, %DM) =0.98 X {100 - [(NDF - NDICP) + CP + EE + Ash]} X PAF

Truly digestible CP for forages (tdCPf, %DM) = CP X exp[-1.2 X (ADICP/CP)]

Truly digestible FA (tdFA, %DM) =EE - 1

Truly digestible NDF (tdNDF, %DM) = 0.75 X [(NDF - NDICP) - ADL] X {1 - [ADL/(NDF - NDICP)]"*"}

TDNI1x (%) = tdNFC + tdCP + (tdFA X 2.25) + tdNDF - 7 4)

Waldo and Peigiang (20112 ©]-23} TDN o|&

Waldo and Peigiang (2011)2] AFEHH ol A= §ES=9] ko] Z2bE &k A A 25(AF 330 £ 21.0 kg)E °]&
St B9 in situ AH-E& 2135+ thBrskov and McDonald, 1979). A&-2 2 mm ©]3} JAFe] AL&E- dacron cloth
nylon bag (pore size 50 um, 7F2 10 cm X A2 20 cm)& 5 g2 @2 & BEQ|ol| A 48A|17 5t vl Fst STt v &
bagS 7Ulo] S 2= Bof 3057+ MG T 60°Col|A] 484170 A A% 5lo] NDFS A6 A58 AFESIY
th. AFE5E NDF 4A3H8-3 NRC (2001) 3-A] o] Z-8-5}0] TDNS- AF=5}9 Th(Waldo and Peigiang, 2011).

In situ tdNDF (%DM) =NDFn X ISNDFnD (in situ coefficient of digestibility of NDF) Q)
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Ao 5A| BA]-2 SPSS I 2 T13l(Version 26, IBM, NewYork, USA)S 0]-8-5F0] BAMEA-S AA|SI T, 5%2]
FoleolA fal/dE ARt 2 Fat 1t 724 A74-2 Duncan®] o577 M (multiple range test)2 ©]-85}
of FA5k3lH

Results and Discussions

HIFESE Qety 23183 S0t ZAIE2| TDN £

A7t e Al] A2 412 Table 191A4] B Axt 2o, Aol ARE-E TMR /3422 Table 201 FEFH AT

2 2 9RFo] 1456 - 17.61% tha o] 5 Bl oL o]= 2ALE ol met Apo]7h Lehd Zio =
Hlo}, A SOl A 2.60 - 3.15% HE] tHoll £351912. 0, NDF= 4 Aol A 45%0]5t= Lieht 57t
M ARESHAL = HhS %%4 ArEeb FARE 2215 /sl

=
TMRO| 7}50] JFa 4385 S45HL TDNS AHESHITh(Table 3). 2T 9l 2202 69.54 - 74.29%,
75.08 - 81.30%% %—%% ﬁ%guﬂﬂr'—ﬂ HHH NDFOJ| A= 48.26 - 50.31%2 A3}80| WA Uehdth E3F TDNS

73.08 - 77.95% % YEF=T TMRS 5 AR S| ALR7A| & Egboto] 7HE it
= Aol A = by difference W& 0]-8§5to] A RALRS] YYAE W AekEE 4 %ﬁw Eh(Table 4).

2t Bl A 9] o¥hat ZThl A 45182 7}7} 4352, 55.11%2 S E ek o Af 2 AHke] 45H8-2 HiZloj|A]
59.36%, EJRAIONA 55.75%2 A1 o] =t HHollA 48h8 Bdt w7 Sl 23 NDF2| 43}
&2 Z17F 41,10, 51.29% % S =}l 2|11 deFo] =t HAoA W2 Aske-S i) 2j# i NFCe
A5HE-2 BT} E]| Ao A 212} 86.13, 93.09%= S | AT} ©]+= Goering and Van Soest (1970)7} A Al S+ 98% 2.
Ths 22 2oy, 2415 Gl AbEet Aot AR Asha-2 tha Zpo) 7} )& 4= QUTh In vivo A AT}, <)
& YA A5HE-S FolA S E TDN2 B0l A] 44.79%, E] Z A0l A] 58.18% 2 LFEFSTE.

5

TDN 9{|Z-2 Rohweder et al. (1978), NRC (2001) 2! Waldo and Peigiang (2011)2] 4~4]-2- ZF7}F 2-8-510 Alatsl3lch
(Table 5).

Rohweder et al. (1978)2] TDN AF= =412 ADFE €851 0, B4} E] 2 A| 2] TDN-2 ZH2} 54.32, 57.79% %
UERY} E| A7 A BT 7EASHY A7 E-E 710 2 AYZEE]| I T Hayashi et al. (2007) 2! Promma et al. (1994)94
Q170] 2la} Hze] TONS 440 - 49.5%0l2}L L2iA Qo] 2 Q0] Aupr) 7]iee] @y} e 412
oI}, T3t €] AJ] TDNS 525 - 63.3%2 LFePLE 2 Q10] Ak Malpe} AR £72 E@E}(Huffmm
etal., 1952; Vega et al., 2004; Takahashi et al., 2008). Rohweder et al. (1978)2] 'S &-8-5F TDN2 AF= 71| 71 Al
2] AFRE 11 Q= Hi oL AR of| & A 835t H= Eo] & o] O]E]’(Lee etal., 2005). _\:JE?_]-’ ZhaR gl Z )4
So) 7he] ol AYH QRS UL ALRIAS s 245 e TelEx) got AR 71%o] A5 3 of
$31E QYL AEHIALRA|ZE W HIE AASHE o) Holol ofelgol Stk
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Table 5. Amount of digestible nutrients of experimental forage sources using different methods.

Items Rice straw Timothy
Rohweder et al. (1978)
Total digestible nutrients (%) 5432 57.79
NRC (2001)
Estimated true digestibility of nutrients (%oDM)
Crude protein (tdCP) 72.80 88.25
Fatty acid (tdFA) 4125 50.57
Neutral detergent fiber (tdNDF) 50.76 51.53
Non-fiber carbohydrate (tdNFC) 98.00 98.00
Energy value
Digestible energy (Mcal - kg") 2.28 242
Total digestible nutrients (%) 53.15 5522
Waldo and Peigiang (2011)
In situ DM digestibility (%) 49.82 60.79
In situ neutral detergent fiber (tdNDE, %DM) 44.61 51.82
Digestible energy (Mcal - kg") 231 240
Total digestible nutrients (%) 48.85 5541
DM, dry matter.

NRC (2001)= A-85t0] 7}H52] FU4 4818, 430 A] Y TDNS AFESHRITE NRC (2001)2 ©]-8-3F TDN
Ae2 2Tl 220 NDF 2 NFC 5 of2] 7FA] @g4ae] 715 AW 43 9 S5 2ottt Ho
A] Rohweder et al. (1978)2] W1} x}o] S HQlth NRC (2001)2 ©]-83F TDNoj| A= HiAlw} E] 2 A] 242} 53,15,
55.22%% YEFSTE NRC (2001)2] NDF 4818 2El2 2] 1d-S Z3tsto] AlLkelz| T 2] 1d ghego] Ashgol o
FES x| R] G=the AL A7} QA HRaffrenato et al., 2017). E=3F, Robinson et al. (2004)+= in vitro 2! in situ NDF
435hg o] BElS 55 oSk A BT AA| A58 fAFE Zloletal AFSh vt )itk NDF *%
o & HEZ Qo) A n]AEof| 2J5)] E3)|7} & 7] uf&Eof NRC (2001)0]41 %= NRC 488 223} in vitro W in situ
NDF 43hg B &g 7o A& 4= Qe & A A5

£ Ao A I= Waldo and Peigiang (2011)2] ¥ ol A NDF 43S 2183l NRC (2001) Z&loj] tiQl3to] A2
& TDN-Z AHESFIT BH29] in situ A& B0l 48417 Bt HE==9] e 5 21343t Axf, Sy} gj2A|e] HE
2382 217} 49.82, 60.79% % LFEFGETL NDF 23182 44.61, 51.82%2 LFEFSTE NRC (2001)Q] BP0l A= |
21} €] A 9] NDF 4:8180] 50.76, 51.53% % YER AFE 42211} §F29) in situ A1} 2}o]E E 3T} Waldo and
Peigiang (2011)2] ®1-S 2235 TDN-2 HiZlo]|A] 48.85%, E] A0 A] 5541%2 LFERL} o] A HIH o] Avtel= |
o7} AT BFEL{ oA R4 Ak 9] n] &l oJal B2 JFF= =t H]5H(Kim and Lee, 2003), T
2 @7] nERE o] FojQlo] HiE9] nlgEo) tigh BTt BEoich AA7HA] o] Bl el 5
o] BFE9] nY =1} EHA O R HojR|= Whe] Jga 43S 7|90 2 ASEE of|&3to], 552 |8 in
situ AFE S5 485t Aot 2to] 7t Q= A0 = A ZHE Tt

o

Mo

5
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CheFsh WS o] &8l AFE.S] TDNS AFE S A o] A A TS Table 69114 Bl skt B2 in vivo 2]
2} ASkEo| A 24 TDNO| §-2]Z o0& 71 Yo AntE H 31, Rohweder et al. (1978)2F NRC (2001)°1|A] &=
2 TDN= UERATH Waldo and Peigiang (2011)2] W2 in vivo 2]3¥Hd 488 Autet 71 f-AFSH4HE UEll o
L}, 5214 xfo| 7} AUt o] = 2l A A5kgo] Zfoloj|A] 7|Q1H A0 = AYZte|m ALE U T A o] Akt
Z9] nd=1} Aol Qloj F7HAR] A+t 9l Heto] g 7o = AZMETh Bl A= in vivo 23S 4% 9
Rohweder et al. (1978), NRC (2001), Waldo and Peigiang (2011)2] XS 2ol A -§-0] A z}o]7} giic} Axpa o2
HZ-2 Ao w2 2po] 7F e, B A ol A= 2}o] 7} g1 T

n:E _l\'

Table 6. Comparison of total digestible nutrients according to different methods.

Total digestible nutrients (%)
Items = = SEM p-value
Invivo Rohwederetal (1978).  NRC (2001) ‘Waldo and Peiqiang (2011)
Rice straw 44.79a 54.32¢ 53.15¢ 48.85b 124 <0.05
Timothy 58.18 57.79 5522 5541 1.18 0.771

SEM, standard error of mean.
a - ¢: Different superscripts in same row means significantly different (p < 0.05).

Conclusion

A AbeFol & }71] of7]5]= T Ao M AFRL] 7HA| & B7tekal o] & H 28 5 0 = Hijgloto] ALRE
HzsHe 2L e Qs 2 Aol Mt AR /XS Brkshe o HJOﬂ whe} of = A= Zfol 7} hehbeA] 2
1ot o1 efelol AL ol A8 155 o171 9 Slol, 1t ol w2 xjol 5 gtelskr] 23
2wk A ol wh2 TON 57 % o S3he wudh A wige °~P<* Zol7k Siglo BEAeA =
9914 zfol7} Qi A7t ehith MRS B2 ulZe] U n] 4 Ro] LR Y] YRS 28454 sht, 0|2
A5k Aol w2t NDF £8H&0] th2 A YERAL TDN oS0l e S nj3ict uhehi, AR E 7150 A|
F91517] oA AFE2] TDNe 7ot a & w=, shute] A+t B ThS: A-8-617] ¢hal of 2] 742 2 1 7}51o
&= WS aefsfiof St} 2 )1tof| A= TDN oll& BHof| w2 X}o|7} 9152 ERlsto] AbE 7k 7t &
Holl thet 7| A5 = A oju|7} Qlokar e u), ohofsh 253 0|83t 5 A7 23 A o = Azt
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