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olym] 7}Ee] Algol AMREE AbmolW Fural

*

7] ARG 2HBE ARAE F 100 FHF] dlskel 0.1 WA 15 FFRE HbE 5 o, oo A
e AL opy,
E, B oAy 4] AR 2R WEFER Folsit WS Eashs wEel ul vwska A4 oA Y

BX] ggHel| wgl s on, HiEHe =
AN oFAFTERFTAE A AFEES wHE9o] FMEe(cannula)7F FERE - GA(AF 450 kgt
30kg) 255 AN 383 h.

19 23](09:00 & 17:00) & Folstgiem, &3 muld &5 AfF HFAES s3iTt.
WS o Alsgo A w9 A=ats T3l AHsIG L, 459 A E(cheese cloth)E o83t o3}
2 L el dol A&sA APAR o] 53t A7) WA 39T F&FZ(vater
bath, Lab Companion; BS-21)el 1A1ZF AXAIZ & AF FEZ2 Al YRS AAS o5 in vitro Algel A}
£33t
AA Y 2: FAAR D in vitro A8

2 o2 B3 EEAZ 65T 7AX7](dry oven)oll A 24417 Bt A=A F FAANERZ AFESIAL, 3 anx
5.5 cm® AA| A ZFS nylon bag(Ankom Forage bag: R1020)¢l] FAIAIHE 0.95 g& o] BE A g Fto] d&F3 o
2 ARSI e, 0.05 g AT EE W A7hE A3 452 ARES)
FAAER] EBEAIQL 7} A 9=E nylon bagel €] & &% (heat sealing)dt ¥ 50 mL 3  (serum
bottle)oll Fostit). o] W9 A 3} McDougall W3 (Mcdougall, 1948)& 1:29] vH|&=2 E33s wlfo 60mL
=2 714 (02-free N2)& 53 T H& uF(butyl rubber)® &4FnlE A (aluminum seal)S o]&3dlo] &
A ¥e dEednt. 7 Azl vk 39T ®¥ w97 (shaking incubator, Jeio Tech; SI-900R, 120

rpm) A A (12 2 244 7H) 2 39S 92 in vitro A18S FH3ATE.

AAd 3: BEA3E 9 uhd

3-2. 718 A3tS-(DMD) w4

AE 23S (dry matter digestibility) w4 93, @4 W Ul nylon bags FA% E& AL Fxol ¥
, Heidolphs Rotamax 120(Heidolph Instrument, Germany)Z ©]-83}¢] 100 rpmell A 20%7F 33] Az 3, 65T
_ L o

al
o] =x7](Jeio tech, Korea)oll A oF 2443t ¢t AxAA de AFes AT, ofF Ta d 714z
ApolE TR F, 7] ApelE 2R A VAR HEER fakste] AE 4AskES Atslt.

3-3. PAIE AA=OGR) 4

v AE g (microbial growth rate) ¥4 93, #dd 1 mLE e F, 3,000 rpmell A 3w3F A4 s}
of AFRQAE AABITE. o] F el 14,000 rpmell A 3E3E AL sk M AdE el (pellet) & FHA]
2 gg A5 AA 3, Do A EH W (sodium phosphate buffer, pH 6.5)% 1 mL F7}sle] LEelx
(vortex)®2 wybsh= MAH S 33 vy F33qirt. o] % F3F =7 (spectrophotometer, BIO-RAD Model
680) = 550 nmo| Al F3F Wi (optical density; 0.D) #< FAst wAE JFFS Axtetqlct.
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3-4. & 7p2 WA w4

o

T 7F2 BATS Theodorou 6(1994)¢] WS Frarste] Fasigivt. I3 W A &3t Ae 7M=E
detachable pressure transducer % digital readout voltmeter(Laurel Electronics, Inc., CA, USA)ES A&
slo] =&, o]F 9 nl ¥ (vacutainer)ol| 7FAE EFZSte] 7~ AZnE 183 (gas chromatography;
GC, HP 5890 Gas Chromatography, USA)E AF&3te] wigh R o]ibsletsd whAYe-S ST,

3-5. 3| AMIAH(VFA) 4

3|k A daF(volatile fatty acid) #4175 918, wikod 1 mLE 3 5, 12,000 rpmoll A 3837 QAlEels}
o AARYAE AASAT. olF FehE 0.20 uM ARA LE (syringe filter)= o33 5 s AA)
IZutE 183 (high performance liquid chromatography; HPLC, Agilent-1200, Germany)Z ©]-&3}o] =43}
Aok, A5 FYPFE2 20 plY¥a, o]FA £N2 0.0085 NH.S0,E AFEs9lem, 42 0.6 mL/&EolATt. A

212 300 mmX 7.8 mm [.d. MetaCarb 87H(Varian, USA)S 35C9 ZAdA Al&3lAT).

uAE 3o WEs B3] , AN FdEA Adur-S(real-time PCR)S 33t th. v 1 nLE
3 &, 3,000 rpmellA 3EZF YAEZE] AlE JAE AAT S, NucleoSpin Soil(Macherey-Nagel,
Duren, Germany)E ©]&3}e] DNAS F&
£3}o] DNAS] & g

AAZE FTEELs Aol AFEE ZgolW(primer)E 247 % dE|glol(total bacteria, Denman and
McSweeney, 2006), wlgr A+ (Ciliate-associated methanogens, Skillman et al., 2006), W& A+
(Methanogenic archaea, Denman et al., 2007), YBE9E <AxAd2et Fr|emFA Zghd|ga dls
(Fibrobacter succinogenes and Ruminococcus flavefaciens, Denman and McSweeney, 2006) % FwH|:=35~
3~ (Ruminococcus albus, Koike and Kobayashi, 2001)¢l thdl Zz}o]wjo]t},

3}aL, Nano-drop(Thermo Scientific, Wilmington, Delaware USA)S ©]

i1
i
[
o
%
ot
—
S o
=
oQ
~
=
c—
ut
HI
o
ol
2
>
o
o
>~
>
o
ol
Q
v}

)

P

A&o) ALg3F7] A, AWeF Zglolw (forward primer; FW) 10 pL 2 ¢ulek Zolo]w(reverse primer; RW)
10 pLE 575 180 pLE 4o 10 pmol= 3143} Th. 0.2 mL PCR tube(PCR-0208-FCP-C, Corning Axygen,
New York, USA)ell 10 mg/pnLZ RA3I DNA®} S/F4E 4o 9 pl ¥5ska, 84" Zolw 1 pLe9 SYBR
Green(Code: QPK-201, Toyobo Co., LTD., Japan) 10 pLZ A& pre-mixtureE 11 pl EF3to] & H37} 20
uL7t HEE 3Helrt.

o]% Denman® McSweency(2006), Denman %(2007)¢] HMHS H135Fo] Real-Time PCR(CFX96TM Real-Time
system, BIO RAD)S F33td o, F dweglolE A FHAA(reference gene) & ARt AH4 vhe)g]
o}(Ruminococcus albus, Ruminocuccus flavefaciens, Fibrobacter succinogenes), ™€ Alvr @ wWEr AA 9
TEES SARen, 78 12 21 gE HYFE JdAFEste s 239 WstE BA4530.

AAle] 4: FAA

EAA 2= SAS package program(2002)¢] General Linear Model(GLM) procedureo] w&} Aglstgd o, 7 Az
T FYA AES Y8 A BAS A4 3 Tukey multiple range test 2 5% oA A4S #HAs
ATHP<0.05).

Aldd 1: ZFo] 73 AEAE 299 AR 4

k&0l (Pinus koraiensis) FAHE 3 TEAE 24 IHH IFEY THE AU, =2 DB-OMS &
Hol A &5 SAURE YdERen, FID 93 WA Aqfste 9 g2 dds 22800, (E 1)
#£ 1
g2 s RT
Monoterpene hydrocarbons
a-Pinene 0.38 £ 0.02 3.884
a-Pinene 37.98 £ 0.26 4.027
Camphene 1.65 = 0.03 4.288
2,4(10)-Thujadiene 0.38 £ 0.01 4.332
B -Phellandrene 0.57 £ 0.01 4.604
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B -Pinene 10.03 £ 0.10 4.713
B -Myrcene 2.37 £ 0.04 4.809
§ .3-Carene 0.91 £ 1.47 5.181
B -Cymene 0.89 £ 0.01 5.432
D-Limonene 30.27 £ 0.22 5.515
¥ —Terpinene 0.06 £ 0.00 5.979
Terpinolene 0.22 £ 0.00 6.437
a-Pinene oxide 0.16 £ 0.01 6.703
cis—Verbenol 0.12 £ 0.01 6.866
Limonene oxide 0.14 £ 0.01 7.228
Oxygenated monoterpenes
Cineole 1.37 £ 0.02 5.575
Fenchone 0.38 £ 0.01 6.518
Linalool 0.79 £ 0.02 6.621
D-Fenchyl alcohol 0.33 £ 0.01 7.021
a —Campholenal 0.25 £ 0.00 7.134
trans—Verbenol 0.32 £ 0.00 7.444
Camphor 0.46 £ 0.00 7.51
endo—-Borneol 0.18 £ 0.01 7.899
Isopinocamphone 0.12 £ 0.01 7.979
4-Terpineol 0.13 £ 0.01 8.022
p—Cymen-8-o0l 0.16 £ 0.00 8.096
a-Terpineol 0.56 £ 0.26 8.245
Myrtenol 0.31 £ 0.22 8.27
trans—Isopiperitenol 0.09 £ 0.01 8.33
Berbenone 0.21 £ 0.02 8.463
trans—Carveol 0.30 £ 0.02 8.604
cis—Carveol 0.12 £ 0.01 8.815
Linalyl acetate 1.07 £ 0.02 9.015
a-Fenchyl acetate 0.81 £ 0.01 9.63
B-Terpineol 0.06 £ 0.01 10.523
Sesquiterpene hydrocarbons
a-Longipinene 0.40 £ 0.01 10.686
a —Cubebene 0.55 £ 0.04 11.028
Longifolene 1.61 £ 0.03 11.58
trans—Caryophyllene 0.48 £ 0.02 11.684
a —Humulene 0.08 £ 0.00 12.183
a-Muurolene 0.12 £ 0.01 12.706
Oxygenated sesquiterpenes
trans—Pinocarveol 0.55 £ 0.01 7.396
Caryophyllene oxide 0.56 £+ 0.00 13.878
Total (%) 98.48 £ 1.57
Monoterpene hydrocarbons (%) 86.11 + 1.45
Oxygenated monoterpenes (%) 8.02 + 0.12
Sesquiterpene hydrocarbons (%) 3.25 + 0.08
Oxygenated sesquiterpenes (%) 1.11 + 0.01

RT: Retention time

Al 20 FFo]l # JEAE o] wt

Aol (Pinus koraiensis) F-AHE f-g T

o

] 4
ul Medium), 2 100 ul(High)9 =

5
BB ATl nAE 9Be B
(

Fo AR FWAAPL BE 2 ¢

Yol in vitro WY W HEAN T opll, AE 43}E 2
o] HAEA FZ3 FEAE= 29S 20 ul(low), 50
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* 2
[0061] Parameters Control |PIN essential oil SEM P value
Low Medium High L Q C

Total gas (ml) 3074 69 95" 55.80° 44 00" 1.58 <.0001 <.0001 0.0034
Methane (ml) 13 503 7 95') 7 36b 5 090 0.41 <.0001 <.0001 <.0001
Carbon dioxide (ml) 61.13" 10.71° 4171 30.96° 1.85 <.0001 <.0001 0.0044
Amonia (ng-dL) [8.04  [12.50° |12.08" |12.63° | 036 | <0001 ) <0001 ) <.0001
DMD (%) 41.53° 36 87b 33 17° 31 33d 0.48 <.0001 <.0001 <.0001
pH 6 76C 6 83')0 6 91b 7 11 0.03 <.0001 <.0001 0.5299
Total VFA (mmol) 52 15" 48 53° 43 84° 43 91° 0.58 <.0001 <.0001 <.0001
Acetate (mmol) 33 843 31 13') 28 11° % 210‘ 0.27 <.0001 <.0001 <.0001
Propionate (mmol) 9 99" 10 29" 6.97° 5 91" 0.27 <.0001 <.0001 0.1171
Butyrate (mmol) 3 32b 7 19') 3 77b 11 793 0.43 <.0001 <.0001 0.0066
A/P ratio 3.39b 3.05b 4.073 4.493 0.15 <.0001 <.0001 0.7572
Protozoa (x10'-ul|30.74° |12.78" [9.45"  |10.74° | 1-51| <0001} <0001 ) <.0001
1
)

[0062] PIN(pinus koraiensis): #r4o], SEM(standard error of the means): S+ 22, L: A&, Q: 234, C: 4,

MGR(microbial growth rate): wAE 433  OD(optical density): 3% =%, DMD(dry matter
digestibility): & A3}&, VFA(volatile fatty acid): 324 X"k, A/P: acetate/propionate

F 3
[0063] Parameters Control |PIN essential oil SEM P value
Low Medium High L Q C
Total gas (ml) 115.493 109.82b 86.66C 64.82d 1.16 <.0001 <.0001 0.2550

Methane (ml) 0.51 | <.0001 <.0001 0.0300

19.13"  [16.50°  |13.66° 4.76°

Carbon dioxide (ml) 74.42') 79.13° 69.621) 30 51° 2.89 <.0001 <.0001 0.0002
Ammonia (mg - dL ) 10.13°  |10.13°  [11.08" |16t | 0038 | 0.0271 ) 0.004 10,9629
DMD (%) 54.60° 51.83b 46.33° 42'40d 0.73 <.0001 <.0001 0.0484
pH 6.30 6.36 6.44 6.33 0.04 0.1206 0.6003 0.0238
Total VFA (mmol) 63.53° 64.17" 56.071) 53.80b 0.64 <.0001 <.0001 0.0955
Acetate (mmol) 41,13 36.91" 33.87° 31 96° 0.38 | <.0001 | <.0001 | <.0001
Propionate (mmol) 13.89° 17 03" 12 15° 3 56" 0.30 | <.0001 <.0001 0.0002
Butyrate (mmol) 8.51° 9.58“‘ 10.30b 13.97° 0.32 | <.0001 <.0001 0.0526
A/P ratio 2.961) 9 920" 2.77') 3 67" 0.10 <.0001 <.0001 <.0001
Protozoa (x10' 24.96°  |16.11°  |10.93°  |5.55' 1.29 | <0001 1 <.0001 | 0.0049
: mLil)
[0064] PIN(pinus koraiensis): #t%-¢], SEM(standard error of the means): ¥ X}, L: A3, Q: 22, C: 49,

MGR(microbial growth rate): WwAE 433  OD(optical density): 3% =%, DMD(dry matter
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[0065]

[0066]

[0067]

[0068]

ZIHSd 10-2022-0063892

digestibility): 71E 4&3}&, VFA(volatile fatty acid): 324 A2k, A/P: acetate/propionate

E 2 2 39 vepd uel o], kol (Pinus koraiensis) HFAHE G JEXZ A8 12 A7 T 24 Az
A3l Wl z+ sev g7t @ﬁrﬂ"iq total gas, methane, @ carbon dioxided] ¢ A%, 12 Azt
9 24 AIZF BSR4 FEAE QYo Z7VE5E o] FoF 02 (P<0.0001) FAdtE AoE UEp).
AE &shge] 49, 12 ’\]7& 2 24 /\]7J HRoA FEAE 2de] Rt 7S AE AstEe] 5
o)A o & (P<0.0001) FHASHGATE. it pHe] -, 12 AFtllA & HEAE 299 AHE =7 74T
= 7F #eA o w (P<0. 0001) Fobxl o, 24 ’\]7&01]*1% oA (P>0.05) ztel7F yEbA] skt kYot
= A, 12 ARE 324 AIRE Bl JEAE 2o Ut SR R0k FUF foAow

(P<0.0001, P=0.0271) Z7}38}3ic}.

Z LAY acetated] AT A9, 12 AblA HEAE 0U9 X7 7RSS controlel HE
AAabere] 42320] wreko} | propionatex™ 12A17F low ﬂﬂoﬂ/ﬂ butyratet® 12A17F medium¥} high H7FlA
& o7 (P<0.0001) ¥& Z3}E HF. AP ratio T3 medium¥} high #H7FelA Feld oz (P<0.0001) <
A5 HlY.

wE 2441208 F AR A2 control# low i47}0ﬂ*1 frejq o= (P<0.0001) 2 AIE HY.

Acetate A %S control ™H] PIN essential oil® & ES4E foHo R (P<0.0001) W& 7“3’/}3 B
31, propionate RS low H7FOlA], butyrates *ﬁ*é%}% high Z7lellA fFold ez (P<0.0001) =& 4
HE HFTE. AP ratior high F7tA fFolHoz (P<0.0001) & 7&42 B9t}. Protozoad <+ ‘?—iﬁ_
12, 24 A7+ E5o|A PIN essential oilS H7FS Wl controlol] M]3 fFeldo=z (P<0.0001) @ ZAiE
Haat.

olfor B Uy & EAg FES A este v, Al e AAS TH KAl lofA,
ol gt FAA 7ed oA upEk g AAIGEY ol oo o3 & W] WMrt AgE = Ao] ofd H
wWasicl, &, 2 dye] AAdA HeE HEE HAFEEY A4S s7HE 95t AHowr).

=32

=]

12 h Gas profiles 24 h Gas profiles

20

80

mL

60 -

40 +

v y v v Y Y
Control Low Medium High Control Low Medium High

PIN essential oil PIN essential oil

B Totalgas [ CO2 —O— CHg4
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