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Effect of Different Parts and Growing Stages of Miscanthus
sacchariflorus as a non—Food Resource that does not Contribute
towards Climate Change on Metabolic Availability in Ruminants

Oh, Seong-Jin-Song, Wan-Sun-Kim, Mi=So-Choi, Sol-Ip-Lee, Su—-Rok:
Kim, Eun-Sung-Kim, Yong-Soo-Choi, Nag-dJin

Miscanthus sacchariflorus var. No. 1 has been newly developed in Korea. This study
was conducted to assess the feed value of M. sacchariflorus var. No. 1 at different
growth and harvesting time. Total 3 different miscanthus - ly4m (first shoot and
harvested at 4 month), 2y4m (second shoot and harvested at 4 month) and 2y8m
(second shoot and harvested at 8 month). Two experiments were carried out, /n vitro
rumen simulated fermentation and /n situ dry matter digestibility (DMD). Ruminal
pH at in vitro fermentation were higher in M. sacchariflorus var. No. 1 treatments
compared to the rice straw (RS). In volatile fatty acid production, 1y4m resulted in
higher acetate production than the other M. sacchariflorus var. No. 1 at higher
maturity stages. Significant differences among treatments were observed in propionate
and total volatile fatty acid (VFA) productions at 9, 24 and 48 h of incubation times.
Higher ammonia nitrogen productions were found as increased maturity of M.
sacchariflorus var. No. 1. At In situ experiment, high DMD was detected in the
order of RS (60.51%) > ly4m (57.65%) > 2y4m (57.63%) > 2y8m (46.28%). The
results from this study indicate that young and early harvested M. sacchariflorus var.
No. 1 are able to improve its nutrient values in the ruminant animal.
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WSR2 Qo] o] 8 EBEUFEe ARAYS duAYdeR ARgS waEEe] A
A o] A& WEERlol Mk mAE Sl YA o] FolAH, mAEEo] AFAE Tl
sto] g DAl M=o oUAdo® o] XM, nE AHA= sHRASE
7133l glg e o7 o] & k(Russell and Ruchlik, 2001). WFe5&E2] FH AH44 3
A2 AR O H WHEEE GF D A o] FaF adlo®m QA H I Utk NEE
o] A8 #4ES FEA77] g Y T SR AAAME B 5 o, o3l =
Atz AL g 2

CO,, CH,, Chlorofluorocarbons(CFCs) & ¥} |
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2o =2 2009 129 IS 7| $Wsts] oo we} w7} 7] A7 35(20200 3 7)

A lE A ] 30% AE)7F SRS, 20109 19 AR 3
St whebd £a7ks Mol e AEAA ALe ATBFuEA Yol Fashn
[e)

B o9t 2 A ofx Fo A o

ol A=

a ] t}
MeFd P2 A 2FA ANA] 157 7l v A tHMoon et al., 2010). 9Fx2] AR
Ao ZA o] &5 fallA = A=A 7HX 7 879 Seo 52011, 2012)2 SAjL 2
o2& ofxo] AL=A 7HXE BV} 3k, Lee (1985)w A9 A5 2 A4 54 O
3l Atakleh oM7L A ] ALE A ZRA|] g F7HE A, Lee (1985)% <
= 64 89 Alolol A& Er} WEThal B i13FS 1 Choung 5(1984) 6¢ o]

A
HE 553 5438 8 AskE Ashrt Aste] ALRRE o] & A Al S 7IuE 5 3
=
—

[o2e]
e
=2
o
Ne)
e M
i)

2ol &3t Cho 5(2012)2 AtHeIAl 12 9in vitro WH59] 2&

e 2AEe, o) B WIINEE 2R Ao ARe] A AEE ST 1 ol g
ARE 0Ae) oF 8% FEolea massit

Al Ashdel a3 4B E BFsa o] Ae] BE oo ARPY
4 g wwd ATE A9 QA 1eBE W% 54 A9 Aol 158
ol gate] AEe B FAZ UIFEE ATeush WAl Zleld & Qi ZAR Aol
® Q] B otk



WEAEAG /1TSS WA Adiole] AKT9 W A7) whE AU o §74A Ml A 439

0. Mz 3 9
1. In vitro W$] 2a A8

1) SAIE & Aftz
depae A o] depa =S5k A Aol A wEE9]ol cannulaZ} 28 7 AS- 2
F (A5 400kg+30kg) =-E in vitro W9 HaR AL 9190S AF AL NS A
T AATE FAE VIee® B 4 ke Al HISAY] AR ke 19 23] (&4

|
9:00 ¥ 2% 17:00) AFA3R e, vujE E5 9 B2 2 AdFH A

0]
2) Nz =l
mzﬁ%s@)a} AddA) 159 192 478 DA (1ydm), 245 470 LA 2y4m) 2 214 87
AAQysmel A% e Al ARTE T MRS ey 1A 24 F
]

§ohRRE RO Wol TR AL, A% 0 Aol ARE 2012d 89
D AR L oAkA] & AR A Fetith b Alss A8 371 (Cutter
mill, ICA MF10.1, Staufen, Germany)°ll Imm2| 7|2 #3j5}o] A&}tk AldAlas &
A Aviopish NGRS 460] vl &R Eee] Al g S 4
A2 AO.AC (1995l &3t £243}31 2™ Neutral detergent fiber(NDF Acid

gent fiber(ADF) &2 Van Soest (2006)° w2} #293}9 )

i
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WSl e QAL Fol A7k ol WEslo] AHE cannulaZ B3kl A5, 4
9] cheese clotholl A&]4 Os-free CO7F T3 H H287]0l ol 1A]7F Qtof] A=
skt 7] AL )JAE AASH] 8 279 cheese cloth@ ThA] A vl HES=$ ol
McDougall’s buffer(McDougall, 1948)9} 1:40] &2 32135} O,-free COE #AFSFSI AL, Tilley
o} Terry(1963)2] Wil we} 3ukg o= Al skl

mlo Mo mi

4) In vitro BtF%l 23F Al

BE PN H F ks BAFE 2 FANE olgete] 34D Bat TR
% % pH meter(S20 Seven EazyTM, Mettler-Toledo) & ©]-8-3fo] HE5=¢] o 9]

pHE =43k th 99 ) NH;-N ¢3-2 Chaney®} Marbach (1962)¢] el whal 2

FE Ao, 4,000pm = A4 T AFRJAF A wE=9] e o] A5l 20ulll phenol

50g¥} sodium-nitroferricyanide 0.25gS S5~ 1LYl ¢ A] TH= phenol color reagent 1ml<}

Z 23 E F(NaOH) 25g3} sodium hypochlorite(4~6%) 16.8mlS Bt ZH 1L o)A
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YH= alkali-hypochlorite reagent 1mlE $+713] 3 § 37CeA] 152 b 9§ % spectropho-
tometer(Optizen UV2120, Mecasis, Korea)E ©]-83}4 630 nmoll A 57 St k=919 U
g A4S Erwin w(1961)°] el wet X E AT vl FEE

4,000rpm LA F25F] AFE A AA " w1 59 ImLoll HPO; 200uLE % 7}38}
o] 30% ot A T 13,000pmol A FAETEE AHE FAHL AH A|EE Nukol™,
fused silica capillary column(0.25mm i.d. x 0.25pum film x 30 mlength, SUPELCO, USA)7} 7=+
% gas chromatography(HP7890, Agilant, CA. USA)Z 413} 31 oven 2 injector®} detector
253+ Z42H180°C, 220C 2 200C ).
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2. In situ W9 13 A1E

1) SAIE & Afetz

In viro @I FAF FAHE AHGIAGT Aol T FUste,

2) AR ZH|
In vitro AP LI 2D A 129 1d 47H%*§(1y4m), 23 470
AAQ2ydm) 2 2WF /L AQRysm)e] A&7l mE AlFETE FUY 4 AlRE 2mm
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S50 A sl s 2E e B2 FH3| A 3 Alxo] 2hE % Nylon bage 60T
F dx7)eA 48417 xstal g o, Alg= 70T ®Bykste] EA1383IT
4) 82| Esllg A
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ED: 11&9 Faisle
a, b, c: AETNEY Fret 5
r: AbEe] W59 Ul F3E S (passage rate) 24 A 2%E 7HA

oAl BE A= SPSS program(version 18, IBM, NewYork, USA)2] General Linear
Model(GLM) procedureol] @} #2415l o™, 2 A3 ol AeS flal wikda] A

Al %, Duncan’s multiple range test@ 3} 2|2 5%SiTh

1. In vitro &g A%

A e AIZE ERE in vitro pHE J’—%ﬁ v ZeEol A3tet 58-7.0 Wl (Hiltner and
Dehority, 1983) Woll Al ZALE 1 om RE A3 Jok oA nAdE 2gof F()o] ke
gl AS2 AL ETK(Table 1). 04 bl A= thz=+-ol] vl Aol A =2 pH k= B3

O 1(p<0.05), Wl 3AIZE O] FHE] R2AIRMAAE AR BAA ool il vk
off Hi%F 24413t o] S H = thET-2t 1y4m¥} Blulsko] 2y4met 2y8mell A =2 73] 9] pH
7F AT ghs7] A A E BiA 3t gk Cho F(2012)°] &ahd WA B Ao
el pH 3171wl & 3/\]7PTE% 2A13F Abolol A Al YERIL, 2 Ao A e HREA o
2 Azt B4 Bk 2 pH FAE BoH, lydmo] TAH o= WAl Fahe 4
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5 yebdllth & 7k AR FR1E AlE o] w9 W wAdEd o8 Taye= i)
gollA 7= ﬂiﬂ THE ovlstE Ao R2A A v Aol AA A AR E‘r A
AT dH] lydmol| A &] 7Fd Aol 71 =k tH(Table 3). WY 64131} 1241 7kol| A= &
7k Aol AT SR BAIA felide] gt whAel, vieF oA ZTe A = txhe}
lydmol| Al EF Al din] iAoz 5o 7hA~tAekS B th(p<0.05). Egh vk 244
b O] FHE T2AIXHA 8] TR lydmol A 7Y =9k o, 2y8moll A= THE Sk
Th(p<0.05). o= <FHAI717F wEFE RE59] Balago] dudos $od S wget
Tk NH3-N A vl 3AZHEE 724170704 AA A 22 2y4m} 2y8mell A EF A3
o Hl&] =& NH:-N BAS B O m(Table 4), 0A]7F, 3417 2 2447kl A= 2t A&
& el FAIA ol AAATE vl 48RS AL A vl F AlZE B2 2ydmol A 7HE
=2 NH-N S e Athp<0.05). ofxu Ad 2Asdddle 559 4oy A
T30l ek ek gtEko] Ao At HlE] H7] Wil o]E FUtE HEEF
At 2o o] ko] He Ao FAEE Fodte Zo] WMEEEAA oFva &
< ATHAhn et al., 1995). &3} & Jo] 2o wef ey geFo] A
sk Aol vk e A k. E A= F7] 9 ] o] AYgErE o &
HN BA%s Holem 7 i FHEK(Table 1) 7 tiZ=7"9} 1ydmol]
H) 3} 2y4m3} 2y8mo| AthA o2 Uebdth 1 Fol A% 2y4mE T 2y8mel A
o e 2ol kS H AT o] Ahn 5(1995)°] X3k, Miscanthus sinensis(G1AN)
T}l
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N

ol

] $hefo] 797E 997b4] HA S7HE o] % Aastal O T 7 w2 IS
9dolel= W& Aol vkl Al ETh 9] oA FE AF4 Al
ol 2]al] A E = acetate™ W 3AIZHEE 9AIZEZEA] H 484 7o A S A A -9
H 2okt 724 kol o] Z A 1ydmollA] THE ATl Ml fro] Ao E2 A
S YR o1 (p<0.05), AHHA 02 2y4m, 2y8mS W Ao FlAL 2ol 3 v
= e ATHFig. 1). W9 Yol A <] A8 g4 9852 220] = propionate= Wk
Ao B lydmellA oh2 ATl vlEl] w2 S Bk 53] v 724111
o|ZelAl lydmo] oA o w2 AAZFS e, vA] Aol A Bldol fAL
AV W2 Fele) da dels BthFig ). F A A AAE2 0,3, 6, 12 2
48| TPl A FAIA frej Aol YA eFokom, 72AI7bell A 1ydmoll A oA o2 A
ZAF B A tH(p<0.05). acetate] propionate®]] T+ H] &< A/P ratio®] 4% #g FTHk} Fub
(Wl 12A17F-48A17holl A A 1ydmo] 7ol A = ZAME AT BE I8 AP AL
Aol o]t lydmo] HWHA o2 thE A tjxol H&) 2 AdFS UERSL
th o] e A-AITE WA 7] wiol ek vlas o HAINE vk o] kel 2lof
A Fask I AR AE B wl, 1ydmo] WA S thAENHE A S

ATk A viFATR A A in vitro 7153 (IVDMD)S EF A3 Ttoll H] 3] 1y4mol

L Lo

VR

)
A7

o

Lo

o

1B

AN

oX oX

iin)
o _\"i ol o

k)



WSS 1SS v AR Avjeldel %9 B Al7le] e AU o 871K ulm 1T 443

A ZAREA 0 % kAl 2y8moll A= AT A o' Sk t(Table 4). A 7l5 1+ SA14 7ol
o] WERFA] 22> 0A1ZE, 6AIZF Bl 9AITES A& dE RE wjkAghel] HA A 1ydmol A
IVDMD7} f-9]8 o2 =t (p<0.05). Bae 5(1983)> <F 471¥ Aet M. sinensis®] ASH&
S 67.8%2FL HastPEd B Ao 4709 7 Ak AteA o] &3] 1dd) 2
ol A 22 67.47%, 64.15%= Ao A8 AT-9F FALEE =5 Bold = AL
S8 WAL i 1247l o]2 A 1ydm E 2ydmI} TAIK O R FALSE =X E BT
2y8m2] 3A|ZF ZABHEo] 0AZE AashEol Blal BHAl yEhdt A2 AlFlS FHl e B ol A
A7 eatZ AR Hch T3 Bae®t Welch(1979) 2 Bae 5(1983) M. sinensisS] IVDMD7}
Ago] g whe} FAagtial Btk Cho 5(2012)2 45719 AtA) 159
HjF 2A13F sk Ao oF 80% Frwoletal Harskgith E AR ] 2y8m 73t
olxle]l Hx= YAl oF 2% HAx 23t&S BT

Table 1. Chemical composition of experimental diets (dry matter basis, %)

Content Rice straw 1y4m1 2y4m2 2y8m3 Concentrate
Dry matter 95.96 95.85 93.98 92.69 95.46
Crude protein 4.04 4.15 6.02 7.40 13.25
Ether extract 1.08 1.00 1.02 1.30 4.04
Crude fiber 15.25 35.95 41.10 38.05 10.27
Crude ash 17.03 4.89 3.40 7.86 6.40
Neutral detergent fiber 62.76 74.13 73.07 76.60 ND
Acid detergent fiber 35.95 42.45 42.24 50.20 ND
Calorie (cal/g) 3,615 4,195 4,144 4,118 ND

" First shoot and harvested at 4 month of M. sacchariflorus var. No. 1.
*Second shoot and harvested at 4 month of M. sacchariflorus var. No. 1.
? Second shoot and harvested at 8 month of M. sacchariflorus var. No. 1.
ND: Not determined.
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Table 2. Effect of different growth stages and harvesting times of miscanthus on ruminal

pH patterns

Incubation time (h) Rice straw ly4m' 2y4m2 2y8m3 SEM4
0 6.90" 6.93% 6.94" 6.96" 0.008
3 6.79 6.80 6.83 6.84 0.009
6 6.71 6.73 6.79 6.79 0.014
9 6.71 6.73 6.73 6.74 0.005
12 6.67 6.68 6.70 6.72 0.009
24 6.60°" 6.60" 6.63" 6.66° 0.008
48 6.56" 6.56" 6.59" 6.61° 0.007
72 6.52" 6.53" 6.56" 6.57° 0.008

" First shoot and harvested at 4 month of M. sacchariflorus var. No. 1.
*Second shoot and harvested at 4 month of M. sacchariflorus var. No. 1.
*Second shoot and harvested at 8 month of M. sacchariflorus var. No. 1.
* Standard error of the mean.

a, b, c

Different superscript in the same row mean differ significantly(p<0.05).

Table 3. Effect of different growth stages and harvesting times of miscanthus on total gas

emission from in vitro rumen fermentation (mL)

Incubation time (h) Rice straw 1y4rn1 2y4m2 2y8m3 SEM*
6 14.33 14.00 11.33 12.33 0.522
9 30.00” 31.17° 26.67" 26.83" 0.713
12 45.83 47.00 44.00 43.67 0.734
24 64.67° 70.67" 65.17° 58.00" 0.713
48 79.67% 82.00° 77.67° 70.83° 1.316
72 93.83° 98.67 89.17° 83.50" 1.790

" First shoot and harvested at 4 month of M. sacchariflorus var. No. 1.
?Second shoot and harvested at 4 month of M. sacchariflorus var. No. 1.
?Second shoot and harvested at 8 month of M. sacchariflorus var. No. 1.
* Standard error of the mean.

"¢ Different superscript in the same row mean differ significantly(p<0.05).
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Table 4. Effect of different growth stages and harvesting times of miscanthus on NH;—N

production from in vitro rumen fermentation (mg/100 mL)

Incubation time (h) Rice straw ly4m' 2y4m2 2y8m3 SEM*
0 1.09 0.93 1.10 0.93 0.046
3 0.99" 1.03° 1.44° 1.21° 0.070
6 0.74 0.88" 1.43° 1.07° 0.085
9 0.71* 0.84° 1.30° 1.04° 0.071
12 0.56" 0.72° 1.14° 1.04° 0.072
24 1.90" 2.05° 2.60° 234" 0.104
48 5.43° 6.08" 6.97° 6.97° 0.246
72 7.30° 7.65% 8.51° 7.88" 0.150

" First shoot and harvested at 4 month of M. sacchariflorus var. No. 1.

*Second shoot and harvested at 4 month of M. sacchariflorus var. No. 1.

*Second shoot and harvested at 8 month of M. sacchariflorus var. No. 1.

* Standard error of the mean.

¢ Different superscript in the same row mean differ significantly(p<0.05).

Table 5. Effect of different growth stages and harvesting times of miscanthus on /n vitro
dry matter digestibility (%)

Incubation time (h) Rice straw 1y4rn1 2y4m2 2y8m3 SEM*
0 13.07 15.44 16.90 16.02 0.434
3 13.46° 16.23" 17.97 14.09" 0.627
6 18.43" 20.37° 20.02° 19.93% 0.324
9 25.95" 27.35° 25.91% 23.98" 0.543
12 28.18" 32.04° 33.06" 28.43° 0.801
24 41.59° 45.19° 46.34° 38.65 0.987
48 60.23" 62.72" 63.47° 58.69" 0.676
72 64.77° 67.47° 64.15" 59.72° 1.040

" First shoot and harvested at 4 month of M. sacchariflorus var. No. 1.
?Second shoot and harvested at 4 month of M. sacchariflorus var. No. 1.

?Second shoot and harvested at 8 month of M. sacchariflorus var. No. 1.

* Standard error of the mean.

a, b, c

Different superscript in the same row mean differ significantly(p<0.05).
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Fig. 1.
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Effect of different growth stages and harvesting times of miscanthus on volatile
fatty acid production; (A) actate, (B) propionate, (C) iso—butyrate, (D) n—butyrate,
(E) iso-valerate, (F) n-valerate, (G) total VFA, (H) A/P ratio; acetate to
propionate ratio. 1ydm, 2y4m, 2y8m means first shoot and harvested at 4 month,
second shoot and harvested at 4 month, second shoot and harvested at 8 month
of M. sacchariflorus var. No. 1. respectively.
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=9 AR &L Orskovel McDonald(1979)° Wt In situ WHE9 2282 FE 7
AFE] A THTable 6, Fig. 2). 0A]7FellA] WA A 714 %o 4284 JUds -;c:}%k% BT A

=710 whE Al 7EA A A Al el = BlElol Bla] w2 e
2 OHGS o A FXE e HEH O Z 12A 7k A= 91
=0kl 11 HE lydm E 2ydmO] 57.65%9} 57.63%% 2] AR A%kES KO
2 46.28% % 7HE e 23S HAATh ol FalE At Ao gt
A%k Hirata 5(2008)°] 2ol e gk WA A, M. sinensis®] A3H&2 OF 43%=
Hasto] £ A5R9 2y8md} FARES BT AR & w9 EEl e 0.0262-0.03259]
WA ZAFE AT 7S Sl AR RS 2= AREE Bl o]l v A Al A
AT Rl &9 AR Eal7 o gEs Zom ARSI s &

flo Hi

Al

&= Fit(a-fraction)o] Bl Hla| AA] AL HOoR mFo] Kol a4 dFAde] 4
& Ao Atg 9t Ogura(2011) 3+ M. sinensise 7134 o1} @9l F 2ok
Aol 2l Sl 21 AAL L A, 2 W
R o] A MR o]E HFE dFolor & Fart vka Adtdnh ZF Alg el whE
U39 f-8 #3)]%+ Table 631- 2ol ZAE ST X H o2 HA > 1ydm> 2y4m > 2y8m
Fo@ A 2AHAG 28mS Al A Al AR EAL O FAkSHA Ak
Atk 1 AF-] IVDMDOA %= 2y8mo] 71 WA ZAME o], H457) 21 Ase @

Table 6. Effect of different growth stages and harvesting times of miscanthus on /n situ

dry matter disappearance and effective degradability

parameter Rice straw 1y4ml 2y4m2 2y8m3 SEM*
a 9.53 5.14° 5.50" 5.56" 0.42
b 50.98° 52.51° 52.14° 40.73° 1.11
a+b 60.51° 57.65" 57.63 46.28" 1.15
¢ 0.0262 0.0325 0.0319 0.0306 -
Effective degradability’ |  38.25° 37.92° 37.43 30.17* 1.27

" First shoot and harvested at 4 month of M. sacchariflorus var. No. 1.

% Second shoot and harvested at 4 month of M. sacchariflorus var. No. 1.

? Second shoot and harvested at 8 month of M. sacchariflorus var. No. 1.

* Standard error of the mean.

> Calculated according to @rskov and McDonald(1979) with a rumen outflow rate of 2% for all feeds.

® ¢ Different superscript in the same row mean differ significantly(p<0.05).
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Fig. 2. Effect of different growth stages and harvesting times of miscanthus on in situ dry
matter disappearance rate. 1y4m, 2y4m, 2y8m means first shoot and harvested at
4 month, second shoot and harvested at 4 month, second shoot and harvested at

8 month of M. sacchariflorus var. No. 1. respectively.
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