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Optimum Forage Sources and Its Ratio in TMR for
Environmently-friendly Goat Feeding:
In vitro Rumen Fermentation Study

Ryu, Chaehwa - Lee, Jinwook - Kim, Kwan-Woo - Lee, Sung-Soo -
Bak, Hyeryeon - Jeon, Eunjeong - Park, Myungsun - Choi, Nag-Jin

This study was conducted to investigate the effects of TMR on in vitro rumen
fermentation and methane production of goat with different forage sources. The
experiment was arranged 4x2 factorial design. The different forage sources were
rice straw (RS), Italian rye grass (IR), timothy (TI) and alfalfa (AL), respectively.
There were two different forage : concentrate ratios such as 20:80 (20) and 50:50
(50), respectively. Therefore, totally 8 treatments were used: 1) RS20, 2) RS50, 3)
IR20, 4) IR50, 5) TI20, 6) TI50, 7) AL20, and 8) ALS50, respectively. The rumen
fluid of goat was collected from the slaughterhouse. For fermentation parameters,
ruminal pH, total gas, methane, hydrogen, ammonia nitrogen, and volatile fatty
acid were determined. The pH values were within an optimal range across all
treatments. Total gas productions at TI20 and AL50 were significantly greater than
others (p<0.05). Methane production was significantly lower in Tl and AL com-
pared with other treatments (p<0.05). The relatively high dietary NDF content in
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treatments showed significantly lower methane production (p<0.05). Significant
alterations treatments were detected at ammonia nitrogen concentration according
to the ratio of forage : concentrate (p<0.05). AL treatment showed greater total
volatile fatty acid production compared with other treatments (p<0.05). Therefore,
the present study suggests that both Timothy and Alfalfa could be recommendable
forage sources for goat based on results with volatile fatty acid as an energy
source and methane as an index for energy loss and environmental issues. Also,
the 50:50 (forage : concentrate) ratio would prefer to 20:80.
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el eYEet £ FARUOR ASA RYL BE YT e RUE
o Yo Yo PFo] B 4£8hgo] WolArh EF AR §EL B V| BHE tho}
oA 2oz 7]50] FEHTHLee, 2000; Ji et al, 2010). T T FAHL AW
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A%A QA AR Y3 HFH ZAR 2F D TMR EFH] HE: In viro ¥H39] HE ¢

Hir

& Rk ofye} thAMY HW o] HAFEE Fof dao A4S Adlete 81w A&
I JTH(Jung et al., 2008). ZALFE S} FFALR ] B L(ZEHE)S FAdHA DAt AL
FAAAE HstH w9 vAAE A4S HEEA AT 7 Qo 7Y dokst A
FAAA L tto g AT -FAALS(TMR, total mixed ration)”} 5531 ATHLI et
al,, 2003). TMRS W9 W F¥A9] #3& TFANT SA0 AARAAZTFS FE4 o]
ERES FIANA HFY vF9 435t AYAESE SRS o UTH(Nocek et al., 1985). &
A7FA 2 oA AL E A R HIRAE ©]83 TMR & TheFe 77 X139 8 L
S K(Kim et al, 2007; Jung et al., 2009; Kim et al, 2016), ZAIE T/ % ZFHE& WE
TMRO| BHF o 537]dl o 2] Ut
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Wb B ATNAE QHPAQl MY WA B Ak 4L 98] GFF ZARE of
83 TMRO| Glao] w9 a2 vy Fel WX FF HAstnA Sl

L A4~

2 AEE A SibsTtol A A EE ZAE 4 TROE, RS; o2t gho]l 1k,
IR; E|EA|, TI; ¢Z3, AL)E Z%HIE 2 73520, 20:80 2 50, 50:50)= Z33 TMRS 4
x2 QRIHIAIHE o] &3l AF-S AASAT Aged AH8H TMRS 2 15% o), &
A M A B84 4 F-(neutral detergent fiber, NDF) 47% ©]3} 2 7128} 4 F(total digesti-
ble nutrients, TDN) 65% ©]/dolgh= Az gr3o] wj3tslg o Alg o] AE-LS Table

1ol AA = A,

AFE A% MY FHIAPH SAZHL(F) EFFAA AT AHE
YN 449 cheese clothZ A3} & O,-free CO7F TFE 2 L, flask (39°C)°l head space”’}
NEF 3t Ao HYE Adste] 7] 215 FASIAT

A WA 308 A W9 NRE Oyfree CO,E bubblingdl] pHE 652 HA3IaL
NaHCO; 9.8 g, Na,HPO,2H,O 4.62 g, KCL 0.57 g, NaCl 0.47 g, MgSO,7H,0 0.12 g,
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Table 1. Ingredent and chemical composition of TMR

RS IR TI AL
Items
20 50 20 50 20 50 20 50
Corn crack 32 30 30 20 30 20 30 25
Soybean meal 15 18 14 15 14 15 10 5
Soybean hull 33 2 36 15 36 15 40 20
Rice straw 20 50
Italian ryegrass 20 50
Timothy 20 50
Alfalfa 20 50
Total 100 100 100 100 100 100 100 100
DM, % 87.6 86.2 74.3 55.1 87.2 87.5 87.5 88.0
CP, %DM 15.8 15.3 15.5 15.8 15.6 15.8 15.6 15.9
NDF, %DM 41.9 43.5 40.9 442 41.8 46.5 40.7 413
ADF, %DM 27.6 27.1 26.7 272 272 28.2 28.3 29.0
NFC, %DM 35.1 31.2 35.8 30.1 355 29.2 36.2 33.7
TDN, %DM 72.2 66.4 72.9 69.0 72.8 68.7 72.4 69.0
DE, Mcal/kg 3.2 29 32 3.0 32 3.0 3.2 3.0
ME, Mcal/kg 2.8 2.5 2.8 2.6 2.8 2.6 2.8 2.6

RS, rice straw; IR, italian ryegrass; TI, timothy; AL, alfalfa; DM, drt matter; CP, crude protein, NDF, neutral
detergent fiber; ADF, acid detergent fiber; NFC, non-fibrous carbohydrate; TDN, total digestible nutrients; DE,
digestible energy; ME, metabolizable energy.

CaCly(CaCl,2H,0)/100 mL 4(5.3) g2 74 ¥ McDougall’s buffer solution (Troelsen and Hanel,
1966)7} HFEL AL 412 E3§3}1Y] rumen inoculum S 2 ARE-SFG T S Sl 5]4] T
o3} A FRF Os-free COE EAMSH foo] b EEHA] FEx FV7FHE 74
3t o™ Tilley9t Terry (1963)¢] Wyl we} 3xkE-ste] HAISHA T

L 7t AR FS AP E 100 mL FAIE o] &5t widH el A+ F 7HAE SAHSEA
o S4o] g5H Jtae T4 D el FE S-S Y38l rubber stopper7t 2 alum-
inium packoll 3ttt EFE 7} Carboxen™ fused silica capillary column (0.53 mm
Ldx 30 m length, SUPELCO, USA)°] 2% gas chromatography (HP 7890, Aiglant, CA.,
USA)E o] &3] BAath B4 %A 0 Z oven 100, injector 150C 2 TCD 150C S A}
239t pHE 2art £59 #oEe 23 F pH meter (S20 Seven Easy™, Mettler-

Toledo)S ©]-&3lf Wk=9{o] pHE ZAth W9 de] hmyote) da g2
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Chaney 2} Marbach (1962)2] ®ioll whet 21850 01, 4,000 ipmeE 1587 L4l 73}
of ALEUYATE AAE HEFEL B g5 20 uLol phenol color reagent 1 mL % alkali
hypochlorite reagent 1 mLE %3] &8st 37ColA 1583F ¥H-& 3 spectrophotometer
(Optizen UV2120, Mecasis, Korea)E ©]-83}4] optical density 630 nmol| A Z43} At} 3]k
3 A4S Erwin 5(1961)9] el what AA AT AFRYATE AAE w94 o]
Sl 1 mLoll metaphosphoric acid 200 uLE 3 7}ste] 308 <+ Fx] &, 13,000 rpmol A ¥
AR st AAE F3AHS AR AlZE Nukol™, fused silica capillary column (0.25 mm I.d.
x 30 m length, SUPELCO, USA)°| %24 gas chromatography (HP4890, Agilant, CA. USA)=
E233} ¥ tHoven = 180°C, injector =220°C % detector = 2007TC).

W] 1 E g madAd ol tigk Al ade] fo4d2 dWHd ¥ 23 (General Linear
Model)®] #4HE24(Analysis of variance) 22 ZHA3IA T 2+ A5 sk thFHlae=
Duncan’s multiple range test= T3t o] FAEA 2 SPSS ZE T (Version 18,
IBM, NewYork, USA)= ARE3IR L, 5%9] FoTolA FoldS AHsA

M. 2z % o

HEE9] pHE HHR¢ g7do] YEPEA] B AFo|ER 58~7.2
A ol A ok Zoletar %‘ﬂ'?:_} I U THHiltner and Dehority, 1983). £ Aol A= xt
F9 pHE= & 1R2AIZFAA AFF3Ee] FoAQ] Zol7) gl oy, 24417 M= ZEH]
ol WE #2972l 2o]E HYTHp<0.05, Table 2). ZALE R} FFZALF | Haf 2 43}
7F WEA Yepdths S 18 de W, AR o] Fa wFAIRY o]l 2 A
ATAA pHZE A YEhd AL 54220 ARE B S Q) 48417l A& TI09IA
oA o7 NAT F 71 e ARE 1Y Ok p<0.05), DA 63~6.622 ZAHM U
of F27} At FAehE
BE SFATFA TR0 © AL50 A@ oA foAdo g 71gd =
ﬁﬂr% E%E}(p< 05). HIERA R 12417 TISF AL AlZ Tl A Fod o g vhe Ax
S Yehdlon, 24 2 48A el E FE0lE wet §2 3 2ko]7F A th(p<0.05). Moe}
_%— A

Tyrrell (1979)2 W 1|4 -7 § <8} E(non-fibrous carbohydrate, NFC)E.t} 3] 1]
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Table 2. Effect of various forages and ratio of forage and concentrate on pH, gas
production and ammonia nitrogen production

Incubation RS IR TI AL Significance
Items . SEM
time (h) | 2 50 20 50 20 50 20 50 F R I
12 653 | 654 | 654 | 653 | 654 | 656 | 654 | 654 | 0.00 |0.436]03980.558
pH 24 643 | 643 | 642 | 644 | 643 | 648 | 643 | 646 | 0.01 |0.175]<0.05|0312
48 6424 | 643% | 637° | 644% | 626* | 6427 | 638 | 636° | 0.01 |<0.05|<0.05 |<0.05
12 [112.00%| 106.00° | 112.00°| 109.33%® | 120.33¢ | 112.00* | 116.00% | 118.00¢ | 1.02 |<0.05 | <0.05 | <0.05
Total gas
( Lf 24 |138.00%¢ 128.00° |137.67°|134.00°(137.00°¢| 131.33% | 140.67°¢| 143.33 | 1.21 |<0.05 | <0.05 | 0.090
m
48 [172.67°| 167.33* |181.33%Y 167.33* | 184.00% | 168.00° |176.00°*| 188.33% | 1.79 |<0.05 | <0.05 | <0.05
12 6.64° | 572 | 423 | 543 | 3.81™ | 2.71° | 3.54% | 3.01* | 029 |<0.05]0.206 | <0.05
Methane
(L) 24 1150 | 1030 | 1051 | 952 | 1033 | 9.06 | 10.76 | 10.66 | 0.23 | 0.169 | <0.05 | 0.738
m
48 17.06® | 1521 | 19.18° | 15.93® | 18.99° | 14.67* | 17.35® | 17.31%® | 0.43 | 0.501 | <0.05 | 0.196
12 0.01° | 0.01° | 0.01° | 0.04* | 057° | 0.77° | 0.55° | 0.55° | 0.06 |<0.05|<0.05 |<0.05
Hydrogen
32 L% 24 0.01° | 0.00" | 0.01® | 0.02® | 0.01® | 0.04° | 0.01® | 0.01° | 0.00 |0.182]0.399 | 0.135
m
48 0.01® | 0.00* | 0.01® | 0.01® | 0.00* | 0.00® | 0.01® | 0.05° | 0.01 |0.1850.390 | 0.450
12 31.01 | 3473 | 33.59 | 34.61 | 3240 | 36.78 | 34.61 | 34.03 | 1.48 |0.390 | <0.05|0.111
NH;-N b b b b b b
24 | 4533 | 43.27° | 52.21° | 50.89% | 44.50° | 51.71° | 44.50% | 42.79* | 1.05 |<0.05 | 0.768 | 0.264
(mg/dL)
48 74.03% | 67.01° | 67.31° | 85.09° | 41.03* | 68.64™ | 62.71° | 71.02° | 2.45 |<0.05|<0.05 | <0.05

RS, rice straw; IR, italian ryegrass; TI, timothy; AL, alfalfa; SEM, Standard error of means; F, effect of various
forages; R, effect of the ratio of forage and concentrate; I, interaction; NH;-N, ammonia nitrogen.
abede N feans with different superscripts in the same column of each group are significantly different (p<0.05)

At ZALEE ik TMR % NDF 3ol 2 Al T oA fodoz v vehdAl
S UERATHp<0.05). ©]= NDF &&°] =2 A7 b2 AFFEY NFC =3 =4
e webd g o]l w4 Uehd Z1eE AZHETh =3 NDF o] 2 AldTe 44
M A E-843 4 fr(acid detergent fiber, ADF) g&Fo] WA YeElg o, suAdEZ 2R} W
g o] FE HrAER AT} wE Ao] HF et ol IS nxl ZleE A
ok H EEE Woo 5(2017)8] AFolA NDF7}F 2.1% H-2 Al@ T4 o w2 wehd
s 2ol Aol ASIETE FATATFLS 12417 TI9 AL Al TolA feolzo=z
=2 235 BAhp<0.05). WA wEe F2 gslEe] 439y FolA HAEE=
FaE vgddFe] ol &g oz A A THKnapp et al., 2014). AA| FALAYFS g
A go] o] &3] ke FAE ZATY] ol WA ANk A YelugE o) Y

w0l T}, ¥ Qo)X e wEhi A el Woktl TIoh AL AW Tol A Faa o

ol off

Jo
o



)

A ZAE 2% 9 TMR EV] Hl&: In vitro W59 & A 611

&
ot
ot
o
[
>
o2
tlo
f
=
Y

Table 3. Effect of various forages and ratio of forage and concentrate on in vitro volatile
fatty acid production

Incubation RS IR TI AL Significance
Items . SEM
time (h) | 2 50 20 50 20 50 20 50 F R I
Total 12 69.83° | 76.21° | 76.54° | 74.89° | 83.51° | 82.89° | 85.12% | 87.71¢ | 1.25 |<0.05|0.083 | <0.05
VFAs 24 106.15™ [ 102.88™ | 97.34* |106.65™| 98.47* | 97.10° |102.49®| 111.84° | 1.17 |<0.05|<0.05 |<0.05
(mM) 48 124.06 | 120.12 | 129.68 | 128.78 | 120.88 | 122.23 | 12637 | 13830 | 5.67 |0.301|0.673 | 0.188
12 49.54% | 52.06° | 50.93% | 51.52° | 48.61° | 49.50® | 51.30° | 49.70® | 0.28 |<0.05|0.107 |<0.05
Acetate a a b b | cq qqb b b c
%) 24 50.17° | 50.62° | 52.79° | 52.49° | 53.44° | 53.44° | 52.12° | 51.98° | 0.34 |<0.05[<0.05|<0.05
0
48 49.99 | 49.67 | 5122 | 53.62 | 52.83 | 48.83 | 49.84 | 49.50 | 1.06 |0.5320.403 | 0.284
12 26.22° | 26.08® | 26.06® | 25.72° | 26.13™ | 26.03® | 26.17% | 26.29° | 0.05 [0.139|0.268 | 0.465
Prop ionate ~cde f bed abc def ef ab a
%) 24 25,03 | 25.66" | 24.71% | 24.50™ | 25.21%F | 25.47°7 | 24.38% | 24.13* | 0.12 |<0.05|0.4100.073
0
48 23.50™ | 24.44® | 23.50® | 22.98* | 28.13° | 23.92® | 23.54® | 23.95% | 0.53 |0.260 | 0.415 | 0.300
12 16.87¢ | 15.17° | 16.08° | 1543™ | 16.77% | 15.90% | 15.21* | 15.36™ | 0.15 |<0.05|<0.05 |<0.05
Butyrate d c c b Abe ab a
%) 24 17.07 | 16.04° | 15.97° | 15.06° | 15.43™ | 14.65® | 16.17c | 14.03* | 0.20 |<0.05|<0.05|0.070
()
48 1757 | 16.73° | 16.65° | 15.17* | 17.26° | 167" | 17.46° | 16.64° | 0.17 |<0.05|<0.05|0.507
12 737 | 6.69° | 6.93® | 7.32° | 848 | 857° | 7.18% | 8.64° | 0.16 |<0.05|<0.05|<0.05
Valerate ~d d ab 4 a ab od be
) 24 7734 | 768 | 6.53 796 | 592 | 6.44® | 734 | 6.85% | 0.16 |<0.05[<0.05]<0.05
()
48 8.95® | 9.16® | 863" | 822° | 9.07° | 10.52° | 9.15® | 9.91% | 0.17 |<0.05|<0.05|0.054
12 1.89% | 1.99° | 1.96% | 2.00° | 1.86* | 1.90® | 1.97* | 1.89® | 0.01 [<0.050.158[<0.05
A/P ratio 24 201° | 1.97° | 2.14° | 2.14° | 2.12° | 2.10° | 2.14° | 2.28° | 0.02 |<0.05|0.233 |<0.05
48 213% | 203 | 218 | 234% | 2.105% | 2.04* | 2.12% | 2.06® | 0.02 |<0.05]0.982 |<0.05

RS, rice straw; IR, italian ryegrass; TI, timothy; AL, alfalfa; SEM, Standard error of means; F, effect of various
forages; R, effect of the ratio of forage and concentrate; I, interaction; A/P ratio, acetate to propionate ratio.
abede N feans with different superscripts in the same column of each group are significantly different (p<0.05)
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FRYole] AL FS ALY AR F
RAL, 24M7H el A 2AL R FR/O TE {24 polE UEFITHp<0.05). °] AFE ZAR
2 25 £ HIt= Kim 5(1999)8] 238t fFASHAl YRS
=3}, 4847 Ry obe) AAA TN E TR0 fFoFog 71g we AxE Yl
THp<0.05).

ZT LG FE 12410 AL A@TolA 7S E3koH, 24431t ol 4] RS20
9} IR50 & ALS0oN A Fo]d o2 =& AxE B th(Table 3). 12413 Z4F, 23] 24k
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YAk @ owkg gato A= TISH AL A TFolA oA o s =9kar 24471t ol Al = RSAIE
T2} IRS0 ¥ ALS09IA oA o &2 &2 AAE YEFATHp<0.05). Ji 5(2010)A = A=
Yl TDN FFo| FaAAA A 24 R AT IS vdga sttt Jey £ A+
o = TDN $tdo] 729%=Z 7Fd =UE IR207 66.4%=Z 7HE SEFE RS20004 2] 2
zkol7F it ol IR YA ALE WA 53] Adfa oA AHA] dTFS
HH=H|(Oh et al., 2013), DA FT] NDF S dATTOE AT o] FF& v A
o7 AAHAY Aoz P AR U TDN gHgFo] wh5=9] g fol4e IS
H XA kttka AT
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