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A2 22T B G5 AA)x2(AZ; AT Ee ALEAL 549 8RJAAEAE &5 AAStaH. E%
Ags AR EF 20% w/v st BH71E ol8ste] AHYE 2087 AASAT(121T, 0.12 MPa). A
ABAYRE in vitro Wi AES B0l 39TCollA 24A17F E 48417 B Fstlet. A2}, 4 AAT & ADFY
FFS AR TR0 RG] B foHoZ FUVetA. [n vitro 24417t B & total VFAE RAMRE E570l A
o] 4= HAE] Fof gFo] FolF oz WUkoH(p < 0.05), Propionate -2 4 HAAHH 55 AL Ao
A g AR Bt R0 g Z715FATHI8.9 vs. 26.6%; p < 0.05). In vitro 48AI17F B Fofl= 55
At Rl A 4= Al 9J3f| propionate &FO] FIH LR F7I6IH O H(p < 0.05), Butyrate 3FS F-4&0
2 A5 p < 0.05). A& NDF &3H&9] 9ol AR 70 Aol 4 Ao g3t et gl
(p > 0.05). TetA F4= AAEEH S5 ALYAE o8 Al HH55E9] AUAY T30l Fig 2oz wodrt
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Abstract This study examined the effects of a hydrothermal pretreatment (HP) on the nutritional values
and in vitro fermentation characteristics of tall fescue and corn silage. This study was conducted through
a factorial design of 2 (control or HP) x 2 (hay; tall fescue or silage; corn). For the HP, forage was placed
into a glass bottle with 20% w/v of water, and the glass bottle was sealed and heated to reach a
temperature of 121°C (0.12 MPa). The solid residue and liquid were collected and oven-dried at 65°C
for three days. The dried materials were tested for in vitro fermentation at 39C for 24 and 48 h. The
content of ADF increased significantly regardless of the forage type. After in vitro incubation for 24 h,
the total VFA content was significantly lower after HP, regardless of the forage type (p < 0.05), and the
propionate concentration was increased in corn silage with HP (p < 0.05). After 48 hours of in vitro
incubation, the propionate content increased significantly (p < 0.03) in corn silage with HP (p < 0.05),
but the butyrate content decreased significantly (p < 0.05). There was no change in the in vitro dry
matter and neutral detergent fiber digestibility by HP regardless of the forage type. Therefore, the use
of hydrothermally pretreated corn silage could be advantageous for the supply of energy for ruminants.
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2.1 AREA

2 AEE 2709 2R1(E4 AAYet AR TR
ARESl] HIZHCON) E= E5 AAP(hydrothermal
pretreatment; HP)2} AZ(Tall fescue) Tt AFLE]A]
(Corn silage)®] 2x2 Q214AE Bl AASHALE A
3 AR A ME = G*Power (Version 3.1.9.4 for
Windows 1992-2019, Universitdt Kiel, Kiel,
Germany)E B3l AAE A 8R1MACIA Role=E
0.05, 4789 0.8 ¥ &7=7] 1.00] s A8 BIAE
(power test)E AAlsIoH, & HE F7]&= H4 16
A7F 7=t BASHY HAE HAEE Cohenol
AgHet Aol FELSE Hobo] £5& THTH8-9).
2 = dx2| F AX Az HZE
HAg 9] dA= Zhang 511019 liquid hot
water?] B 79510 o]-&5iqtt. A4 AXE A
FolAt, 3 cmE AlEE RARREHATF or &5 A
LANE ES o]&3dto] 20% w/v FFEOZ H|A @
<t #8l" BAE 2E Fol E171(A0-BKQ-B50
I, Madrid, SL. Spain)& ©l-8sto] FA=]E 2087+ A
AlBtATH121T, 0.12 MPa). 8 AAE &, $54%
71(65C)E ol8st] 347t AR Axd MEL2
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=
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o] o] UWE BAT} jn yitro W9 WHaEA £4
< F5 Ui BE 8] Bisirt
2.3 In vitro Bt QY

In vitro HEEA BAS 95 ezl cannual)7t

A2 e AARRE JFHE T AS oGStk
R AAolE B FFAEE 82E TAE ARE
27 8:00 ¥ 16:00°] 23] AF= 9t} R He o
AR Fof Aol AFste] 39T 9] H2Fof gof AFA
7HA] RbelTh RIS Sy 3o 439
cheeseclothg &3l &S sttt

HH=9] 43R 2 B9 Y93} Adesogan &
[11]e] &ote] 1:29] H[E=2 E3toto] W59 vigHS
A=At Azd vgFA2 39T viF7]olA B713H
(CO; flushing)E AASHAA PISAFATE o] AX
249 AR (0.5 9& #1871 (125 mb)ell ¥ 40
mL2] §H9] HiFAS SFoty, Ayd 49HEoR
39T COz Hi¥7100A 24 H 48A17F B3 viRS 4238
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2.4.1 3t 48 =4

FF4 AFE ZA] fs A Alme 65T F
FA27](0OF-22W, Jeio Tech, Korea)oll Al 48417+ A
A7 & YAEZE 1 mm7t HES 245t (Cutting

mill, Shinmyung Electric Co., Ltd, Korea) 48 A]
52 o|gsgirh AR E TS RAISH] A8 A
HE AEE 105C & 7427](01: 22W, Jeio Tech,
Korea)ol| 4] 24/\12} Azxslgt. 2 E(crude
protein, CP)¥} ZX|®H(ether extract, EE)2 A.0.A.C
H[1219] Z#3to] Kjeldahl E49H(B-324, 412, 435
and 719 Titrino BUCHI, Essen, Germany)Z}
Soxhlet £4H(OB-25E, JeioTech, Seoul, Korea)2
2 BX3519 01, Neutral Detergent Fiber (NDF)2}
Acid Detergent Fiber(ADF) 3F2 Ankom 200
fiber analyzer(Ankom Technology, Macedon, NY,
USA)E ©]83}to] Van Soest#[13]9]] &5t E451%
t}. Neutral detergent solubles (NDS)}+= Van Soest
9} Robertson [14]0] &5t oh53 Zo] AAlsleltt:
NDS (% of DM) = 100 -NDF (% of DM).
Non-fibrous carbohydrate (NFC)}= t23} Zo] A
Akttt NFC (% of DM) = 100 - (NDF+CP+ether
extract)(% of DM).

2.4.2 HE¢

In vitro Wi¥ F82 & A5 9IX(Whatman
No. 541 whatman, Inc., Clifton, NJ, USA)E 0]-&73]
of 1P W2 St BEE 13=2 65C
oA 48A1ZF AXAA W9 W AE4SE(n Vitro
Dry Matter Digestibility, IVDMD)#} NDF 43+&{(/n
Vitro Neutral Detergent Fiber
IVNDFD)E  Atsigict. &4
meter(SevenBasy, Mettler Toldedo, Greifensee,
Switzerland)E ©]-g3dlo pHE =43t &

—1 3 §- NHS_N‘?‘]'
volatile fatty acid(VFA) TS E451ct. NH;-N

Ho= W

I wasy 2

Digestibility,
Aqde pH

3FL2 Chaney®t Marbach [15]19] H]AHH-E o]-835}o]
EAs19 0, VFA k2 £l At A|lRE 12,000
rpm, 4COA 1587 YAES & ASHE FA51

ol

auto sampler (L-2200, Hitachi), UV detector
(L-2400, Hitachi) ¥ column (MetaCarb 87 H,
Varian)©| AX]" HPLCE ©]835t% Adesogan 5116]
o] yhog BX3Iich
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2 U 2off SE2
Hi¢ ¥ 30&uitt ANKOMRF
(ANKOM Technology, Macedon, NY, USA)9] F-A4
A58t AR o]-85to] 48417 vl B ZF HiYA]
ZBEQ, 2, 4, 8, 12, 24, 36 Y 48AIZHE 7hA AFE
S4oIelt. B3 BYERE 7AYo & vhE] B
£ T 2(rumen degradation kinetics)& Aol 0]-83
Aot Q] B3] £ 22 McDonald ZE[17]0f &gt
SIEE Statistical Analysis System[18]9] H|AE 3]

2.4.3 7tA wMaf
1A whgEke

A2 oheat Zo] ARt
Y=A+B@-e"“D)fort)L
714 A = FA| —rOH 7Fs3 B8 B = AAFo=w
B3l 7Hsst 28, A+B = AA| E9f 7Fs3 8, C =
238 25ig, L = ﬂﬁﬂ, t = BFAIZES YERd
2.4 SHEM

E AHOA ol Adte] FAEX
Analysis System [18]& o]&3dlo] <

A2 Statistical

Ystock. Areol

AR W= W EA in vitro AET G4 A4S}
& 9 U9 B £ 22 PROC MIXEDE ©]&5}o]
g5 AAEY, 2R Y 9 O ASEE(GFHAA T x

AR 79)9] A AT BE2 thaa) 2t
Yik = p + ei + 85 + (@B)ij + eijk

o714 Yijk = ¥R 1 = AAEH, oi = G5 A
A 783} pj = 2R ‘rr%] —&-‘—]' (aB)ij = 5 AAY
o} AR F99 ASAE 3, eijk = QXS UERAT
7k AYTFE SASS] PROC ANOVAE o]-&3}o] uf

& AIZKO, 2, 4, 8, 12, 24, 36 E 48A1Zhmic} 7k Ay
A glo|glE Aoz Bastgdon, go4 AFL 9

3l Tuckey testg ©o]-85t 5% R-2lFofA A7t
9] FYA HSZ AAISKATE p #tel <0.05= Fo#t
7t A= AR 7HEsioinh
3. dup u
3.1 dutdE 2N
G4 AA o] I AR JUH 71| ¥igE &

Q157 9sf AlEQ] YurgES 5’5‘10}93\0“1 A=
Table 14 2ot AETFE S AL AN 5
AAe F fejHo Zasks oz Yeith(343
vs. 31.8%). ADF9] 3 g5 AAY & RAlR 2F

= o

o

-

ol



A% AX o] e

EdATY 954 LAY FFH At in viero Wi

=40 X 4%

o F+Eglo] BF FoHog Frtstty. AR SRl
A Qo] Zehld AW NDF, hemicellulose
(HEMD), NDS % NEC g2 g5 A2l o3 I
< 9 Qi

QAo e =g 4 % ofg] Aol Hal

H3Att. Rangnekar {191+ €3S 150~160C EA
2& 7ot 17.6~39.5%2] AETF T4AE Yepdch
3 Bysiyit HAJAE 2002 A oA 270

wEHAIZH 28 10~18%2] AETF 747 itk
I BISHGCH20]. & AFollAE o]A9] Aet oA
EH AT AETRF] Hsk= glgitt ol o]x9
et o] GAE WEat 12(150T oI 249
Aol & Zpo|7} gl AR W S5 AR A]9
Afole FES 7 Qe 2ARRY G4 dA7e
- AgtAo|mg 2 ALo] Aue} vlwstr|ol= oy
A5, Liu 51201 8 3718t @0l 300g/kgHth
200g/kgollA AETF] A7 Foldo= A e
okl Bk o2 nRo] & uf, dAe] 24 B
o] w2 Jgo] UL Ao R wWerHETh I3 AE
229 A AERA 9 nA|lFRoA AEH] T
Z wstet flad 4o 9 vt g4 ot
[21-22]. 3], 1:2(120~200C)°AE= AEH 9] T2
9] W37} & dojuha] 2)1d Y gl S71E 5= A
oty B 5tgTH23-24]. 0|9t ukRIA]Z2 Broderick
52512 100~110CAA €gEnt AxE EHE oPﬁ
NDF 9 ADF/} Z71stcta Busteich. webs, &

7] ADF 57h= @Al ot Alme 29 ‘E‘ii}i

Table 1. Chemical composition change with
hydrothermal pretreatment (% DM)
Tall fescue  Corn silage SEM Contrast
CON__HP1 CON HP F H FxH
DM 911" 91.2° 343° 31.8° 0320 001 001 0.01
CP 634 616 102 993 0092 001 0.03 051
EE 325 271 151 135 0365 001 025 0.0
NDF 67.1 715 416 447 0.863 001 001 0.21
ADF  37.6° 41.2° 234° 250° 0556 001 001 001
HEMI 294 303 182 197 0514 0.01 0.01 0.29
NDS 329 285 584 553 0863 001 001 021
NFC 215 17.7 47.0 457 1411 0.01 0.01 0.17
'CON, without hydrothermal pretreatment; HP, with
hydrothermal pretreatment; DM, dry matter; CP, crude protein;
EE, ether extract; NDF, neutral detergent fiber; ADF, acid
detergent fiber; HEMI, hemiceollulose: NDS, neutral detergent
solubles; NFC, non-fibrous carbohydrate; SEM, standard error
means.
’F = effect on type of forage; H = effect on hydrothermal
pretreatment; FXH = type of forage and hydrothermal
pretreatment interaction.
““Means within a row with different superscripts differ
significantly at p < 0.05.

Item

In vitro 24X7tF ¥i¥ & Hi59] YEEGS YEd
A= Table 29F 2t Total VFAE AR F570] &
Aol E AA Fof o] fojF oz Hekom(p
< 0.05), Propionate g2 B4 AA2|H &5 A
GYANA &5 AL A| Bk foH0 g F76t3
th18.9 vs. 26.6%; p < 0.03). In vitro 48X17t vWiF &
S5 AR AIA g4 Aol 98l propionate
ol FoHez F7IHA2Hp < 0.05, Table 2),
Butyrate 3L 91202 FARAHp < 005).

99 VFAE AR f7]80] B9 n8ES &
Sfakgo] ol A== AR, AbRe] HE4ast
80| STV HE9IY VFA = S71RITH20). S
3] AlRS] A F RAES 5FAERY HIE, 7S EH
5ol ot vy VEAZRAo] Wok=t, &3] +24
eeolE ool god B acetate =71 S7F
SH= B, B2 gestEo] YO W propionate &
=7t F7KeH27-29]

£ Aol S AR oA = A 2ol whet

propionated] =7t S7I1%t olf+= cé-)v\— AAge] 9
of Aade] txrt #ilsto] e 7MY BEEES

HI59] el ol82 Slg] TSl o skt
3.3 HHEO| ZIZ-NDF ASI2, Sl 4E2 U 7jA
e,

In vitro 48X+ Wi & 4518 U Bo|&E e
H Z7l= Table 49 At AR $50] A Qlo] &€
4= AAo| o3t AET NDF 431&0= W7l 1o
THp > 0.05). S5 A AollA I A= SA
£ 7Fse BEo] g4 HATE kA &2 S5 A
AR H} FoF oz vHA YERETH0.28 vs. 0.01; p
< 0.05). AAF o= Eof 7Fst £ (A7 G
AX o] wpet EHATY} 845 AR BF {9
o2 =7 YeRdtHp <0.05). AA 23l 75t 239
3% EHATE E5 AA o f-JH o= STt
Fo(p < 0.05), &5 AHLEAl= Hab7E glgich
In vitro §t59) IE F WA8E +4 7IATS WAzt
0, 2, 4, 8, 12, 24, 36 9 48A1ZhE = =43t ZIl=
Figure 13 2t} ¥ 2R 77HA = RAMRS] S50 &
Alglo] 7k WAYRF 2ol7k UrefbA] ket vl gF 4417
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Table 2. Effects of hydrothermal pretreatments on fermentation characteristics after 24 and 48 h of in vitro

ruminal fermentation

Tall fescue Corn silage Contrast’
Item SEM

CON HP' CON HP F H FxH

After 24 h of in vitro ruminal fermentation
IVDMD, % of DM 273 23.1 46.9 463 3.301 0.01 0.23 0.40
IVNDFD, % of DM 20.1 17.7 23.3 233 2914 0.09 0.54 0.56
pH 6.97 7.08 6.84 6.78 0.123 0.02 0.72 0.27
NH3-N, mg N/100 mL 26.8 20.5 26.1 21.2 3214 1.00 0.02 0.72
Total N, mL/100 mL 2.60 2.08 1.61 133 0.266 0.01 0.03 0.45
Total VFA, mmol/L 144.7 91.0 190.5 158.3 6.091 0.01 0.01 0.07
Acetate, % of molar 73.9 69.8 68.5 62.2 1.603 0.01 0.01 0.33
Propionate 17.9° 19.6° 18.9° 266 1.565 0.01 0.01 0.02
Isobutyrate 1.25 1.49 1.36 1.53 0.199 0.52 0.11 0.76
Butyrate 6.49™ 6.81° 9.48" 8.04™ 0587 0.01 0.14 0.03
Isobutyrate 0.77 0.81 0.61 0.59 0.096 0.01 0.88 0.58
Valerate 1.67 1.50 1.17 0.89 0.672 0.19 0.58 0.88
Acetate: propionate ratio 4.38 3.58 3.66 2.35 0.335 0.01 0.01 0.28

After 48 h of in vitro ruminal fermentation
IVDMD, % of DM 379 36.2 52.0 50.5 2.710 0.01 0.41 0.96
IVNDFD, % of DM 36.6 36.1 435 41.6 3.436 0.05 0.61 0.79
pH 6.99 6.86 6.66 6.55 0.154 0.01 0.21 0.86
NH3-N, mg N/100 mL 313 33.1 34.8 31.7 2.893 0.55 0.74 0.18
Total N, mL/100 mL 3.04 3.36 2.14 1.99 0.269 0.01 0.59 0.17
Total VFA, mmol/L 164.0 166.3 207.1 212.0 8.274 0.01 0.48 0.80
Acetate, % of molar 70.3 69.4 69.1 68.1 1.566 0.03 0.04 0.89
Propionate 19.9° 21.1° 17.7° 20.6" 0.428 0.01 0.01 0.03
Isobutyrate 1.59 1.14 1.34 1.12 0.255 0.38 0.05 0.48
Butyrate 6.75° 658 9.62° 7.83° 0331 001 001 001
Isobutyrate 1.01 0.86 0.84 0.73 0.125 0.07 0.11 0.79
Valerate 1.63. 1.01 1.35 1.09 0.588 0.78 0.23 0.62
Acetate: propionate ratio 3.54 3.29 3.89 3.35 0.107 0.03 0.01 0.08

'CON, without hydrothermal pretreatment; HP, with hydrothermal pretreatment; IVDMD, in vitro dry matter digestibility; IVNDFD, in
vitro neutral detergent fiber digestibility; Total VFA; total volatile fatty acids: SEM, standard error means.

F = effect on type of forage; H = effect on hydrothermal pretreatment; FXH = type of forage and hydrothermal pretreatment interaction.
““within rows means bearing different superscripts differ at p < 0.05.

O|FREE EWAFOL S5 AL A7 7kA WA
ol FYHo R YehgtHp < 0.05). 53], ¥ 124]
7k o|FRE I HAE S5 AR HE) &
7 AL ER] 9] 7k BAYEFo] ol oE E9ktHp <
0.05).

9ol A AtR Eaflo] P vl ARk WY
pH, dA=7] 9 714 sighEelgta g3A o
[29-31]. & Aol B4 HAE 7149 #skt AU
om, o]gt Aol Y] Ho HEEoA YebyTh
E3] 35 AR o)A W9 n]AYEEo] w27 o
8517 FlEs 719 Welrt QA AA Baf 7t
3], & 9 NDF 48R0 offd Jge n|X]
A goktt. o2 ghEo R I HAEE AskEdE
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7ha o] B Ao ® B ETH32-33]. Ea §
290 744 o] S7hshE CO.9h CHy WAigol
Z7¥s10] AlR oA &4o] F78to] AAA Aol
2751 Bt Wetd @AeE 84 AL Ae) ha
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Table 3. Effects of hydrothermal pretreatments on
rumen degradation kinetics after 48 h of in
vitro ruminal fermentation (DM basis)

Tall fescue Corn silage Contrast’
Item SEM
CON HP' CON HP F H FxH
A mL/g 008 0.11° 028 001" 0.037 009 001 001
B. mL/g 409 519" 5.19° 575" 0205 0.01 0.01 0.05
A+B, mL/g 429" 613" 547" 577% 0.248 0.03 001 0.01
C %h 004> 002" 0.10° 0.10" 0.007 0.01 0.26 0.01
L g 136> 2.94* 0.10° 0.62° 0.159 001 0.01 0.01

"CON, without hydrothermal pretreatment. HP, with
hydrothermal pretreatment; A, the immediately degradable
fraction; B, the potentially degradable fraction: A+B, the total
degradable fraction; C, the fractional degradation rate; L, the lag
phase: SEM, standard error means.

“F = effect on type of forage; H = effect on hydrothermal
pretreatment; FXH = type of forage and hydrothermal
pretreatment interaction.

“Means within a row with different superscripts differ
significantly at p < 0.05.

mL/g

24
Time, hr

Fig. 1. Effects of hydrothermal pretreatments on in
vitro gas production during 48 h of incubation.
Hydrothermal treated corn silage (@); corn
silage (M); Hydrothermal treated tall fescue
(O); Tall fescue (O). ““Means in the same hour
with different superscripts differ significantly
(p < 0.05). The bar indicated standard error.

4, B2

A AAE] o] e AR g4 T
£/39] ¥istE dotE 1A $PEIrh d
AXE] & AR F5H] TAGle] ADFO| dhego]
F7Vetqinh. 53], S44= AMLEAoA propionated]
g F7Ielt WYl Al Edlgclle oA
FFol AFARE, 48417+ & AET NDF £-91800l= £
AR O] S5l Aol oFF WSkt gllth g5 A

=
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AYH S AADYA oA 12417F vl o] Fol= 7RA
HT—}\HE]:O] _'_'_,]X—]_E S{l—\:]— O:]7]/H _'i%_]-ﬂ}-o]- }g o _9.
4 Al Aol A w9 2157} NDFASHEo|= W
3}t Qo propionate 3]'33’} 7k AR Ao
St ol 5YS AIRE F9F = propiona‘ceﬂPb
A EE ¥ IFEE ¢ 9»1‘4* Ao}, wEtA &

AAYE S ALPAE 0ol8T A ‘?l’—r-o%oﬂﬂ] -

23t zlo2 weEd:

E A9 3= 4 AXE] & 7184 Edo] A
gt Fg =75A] 53t AT A 7haof QlojA AR
S BEAFHA] e Motk 3% A7 o]t He
HYSE 7184 Eé =743 SIS kA RS BAE)
of g FolH, A& A9 aIE Islelr] A3t =
A AAE ﬂﬁ%P oz mrher,
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