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Studies on Natural Plant Extracts for Methane
Reduction in Ruminants

Lee, Shin-Ja - Eom, Jun-Sik - Lee, Su-Kyoung - Lee, II-Dong -
Kim, Hyun-Sang - Kang, Han-Beyol - Lee, Sung-Sill

This study was conducted to evaluate natural plant extracts for methane gas
reduction in ruminants. Rumen fluid was collected from cannulated Hanwoo cow
(450+30 kg) consuming 400 g/kg concentrate and 600 g/kg timothy. The 15 ml of
mixture comparing McDougall’s buffer and rumen fluid in the ratio 2 to 1, was
dispensed anaerobically into 50 ml serum bottles. Rumen fluid contents were collected
and in vitro fermentation prepared control (timothy, 300 mg), ginseng, balloon
flower, yucca plant, camellia, tea plant and ogapi extracts were added at the level
of 5% against 300 mg of timothy as a substrate (v/w) and incubated for 3, 6, 9,
12, 24, 48, and 72 h. In vitro pH values range 6.55~7.41, this range include rumen
titration. The dry matter digestibility was not differ between all treatments and
control. Total gas emission was significantly higher (p<0.05) in ginseng and
balloon flower treatments on 24 h than in control. Carbon dioxide emission was
not differ all treatments on 9 h than in control and significantly higher (p<0.05)
yucca plant, camellia and tea plant treatments on 12 h than control. Methane
emission was not differ all treatments on 6 h than in control. The rumen microbial
growth rate was significantly higher (p<0.05) in ginseng, balloon flower on 12 h
and significantly higher (p<0.05) in ginseng, yucca plant, tea plant and ogapi
treatments on 24 h than in control. Total VFA was significantly higher (p<0.05) in
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tea plant and ogapi treatments on 12 h than in control and significantly higher
(p<0.05) in ginseng, balloon flower treatments on 48 h than in control. Acetic acid
was significantly lower (p<0.05) in ginseng and balloon flower treatments on 24 h
than in control. Propionic acid was significantly higher (p<0.05) in ginseng and
balloon flower treatments on 48 h than in control. As a results, sixth natural plant
extracts had no significant effect dry matter digestibility and negative on rumen
fermentation, but not effect methane reduction.

Key words : dry matter digestibility, methane, natural plant extracts, pH, rumen
microbial growth rate
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20417] o] F A dste] 7H&37E Y EHA o7 EE Q1% AAA S 7 HAY = o
AFe] aholl otg3FS WAL Yok IPCColA AAT 247E~ T/E olitsiera, wd,
oPiksl A A Eﬂﬂ%, 2FE Tol At} olislEAhE 247k ‘?ﬂk 72%°]H, WES
18%= kA e vl &S Aot 22y Wek 17 &2kef o]4ksteAi o] 217 #A7)F A2
Slof| W X|&= 03%01 & THEH(IPCC, 2001) gAY EFo] ZU18kAl = A F2dstr) o
< 7h&sle T

A WA F F EEEdd ol st Wk oF 15%E 2R, 1 F A
FolA BAE = WG vlFo] oF 75%E A FTH(Crutzen, 1995). RF-5E9] W&k vt
2] Ul methanogen©] protozoa®ll FAY3tod HAY3HAl = =Hl(Newbold et al., 1997), B35
o] wigh WS THAAZIT 959 U A2lsta e vA=S] dag T APEHE

mi

propionate 343 2] ZF7HGrobner et al., 1982)Z 3] A &8 ofye} WF7}=9]
ARE 2 G Sie A3 Makkar et al, 1993)7} Atk LdHA Ut S WNEFE9
&S

ey FS DAANTHE AF2d8E 3= S5 S8 ARAUA Y] AR &
+ YA olxo aH7F YERITH(Lee and Ha, 2009).
AR WFFE] g TS ol A7 2+ AR 2E F9(Kim et al,, 2011), hal

ogenated analogues (Hwang et al., 2012), ionophore”| & 2] monensin (Odongo et al., 2007), long
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-chain fatty acid (Lee et al., 2015), acetogen competes (Lopez et al., 1999) 5= ©]-&3+ A}
2l7F Atk 124 halogenated analoguestt ionophore A1%&2] A AE AH&stH 22 A4k
8ol IAFHAAY WA ZA7E TAHA Aol M s AHEol AW FA = o] i, methano
gen®] FAA H-go 2 A3 Wk 4 B} glo} X Th=(Johnson and Johnson, 1995) T4
o itk glok e WL nekaly] 9T WAE F A 4B o g3te] WFF R )
Wl aE 9% AT} F78 3 e Aol
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HA A5 F AL oy 49 FAE 7471 Aol il(Lee and Chung, 1977),
EZA U o8 A& F platycodin D& &4&A EIH(Choi et al., 2001), &EF EI(Ahn
et al., 2005), &BITF &3 (Lee et al., 2010), 2|2 ZF&|=HE A3} &3 (Zhao et al., 2006)
7F Jth FES S EAE FERET QD AAXERA FA 6] @o] 2ko]a glon
(Kim, 2004), THF2] o= & %%%% FulAE &4 D F4kst E I (Lee et al., 2005),
&+ & 3K (Hahn, 2005), A& &4 A (Lim et al., 2006) 2 Il A EAAA oA &3}
(Kim et al.,, 2003)7} o} AF= &34, FEF5 2 s} EJJr(Sur et al., 1998)7} 1L,
49 = A, A (Choi et al, 2001)2 AFEITHE B}

wreba 9ol Z2 EHE 7 A 2= A%4K(Ginseng), EE}X](Balloon flower), 712
E(Yucca plant), 5 ¥ UF(Camellia), AF}5-(Tea plant) L 2 Z3)(Ogapi) FE=2] A7} in
vitro WI&F A 9 w39 0 g A4l mXe= G s 7 st AFE AASHI
=3t
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Table 1-1. Chemical composition of diet used in experiments and feedstuff used as a sub-
strate for /n vitro incubation

Chemical composition (% DM)
Feedstuff Moisture |Crude protein | Ether extracts| Crude fiber | Crude ash NDF' ADF
(%) (% DM) (% DM) (% DM) (% M) % M) | (% M)
Timothy 8.87 13.37 2.25 21.87 8.62 53.18 30.57

NDF' : Neutral detergent fiber.
ADF*: Acid detergent fiber.
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Table 1-2. Chemical composition of diets used in experiment

Chemical composition (% DM)
Feedstuff
Crude protein | Crude fat | Crude fiber | Crude ash Ca P TDN'
Concentrate 12.0 1.50 15.0 12.0 0.75 0.90 69.0

Ca: Calcium
P : Phosphorus
TDN' : Total Digestible Nutrients

2.

ofd

A& B A

TAAFE 65C dry ovenoll A 24A13F AZAIZ] timothyS 2 mm screen©] Z2HH wiley
mill2 235t 7= o] &9t 718 L 3 em x 3.5 emE A ZHgF nylon bagol 0.3 g £
% sealing3l a2, 3714 2] McDougall’s buffer (1948)9} B2 H-& 2:1 H] &2 41-& vk
o 15 mlE 50 ml serum bottle®] ¥ -2 % aluminum seal™} butyl rubberE ©]-&3t =E-31%
ot 6714 A AE FEE A4 (Ginseng), =2+ (Balloon flower), 712 &(Yucca plant),
& WL (Camellia), XF5-(Tea plant) 2 2243 (Ogapi)© T EFESE2Y A BFut
SO ™ (Table 2), dimethyl sulfoxide (Sigma-Aldrich Chemical Co., St. Louis, Mo, USA) 1 ml®]
843k & 15 pl £ 3 39C shaking incubator (Jeio Tech, SI-900R; 120 rpm)°l| A & A
W3, 6,9, 12, 24, 48 X NRAHE AE F&

=
3EFE 147709 serum bottleZ in vitro A8 3935

ftlo
i
N
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Table 2. The general information regarding extracts used in the experiment®

Botanical name Scientific name Family name Part’ Solvent®
Ginseng Panax ginseng Ginkgoaceae R
Balloon flower Platycodon grandiflorum Campanulaceae R
Yucca plant Yucca smalliana Agavaceae L Mt
Camellia Camellia japonica Theaceae L 99.9%
Tea plant Thea sinensis Theaceae L
Ogapi Eleutherococcus sessilifolrus Araliaceae LR

" Plant extracts were obtained from Plant Extract Bank (PEB) at Korea Research Institute of Bioscience and
Biotechnology

bR, Root; L, Leaf

¢ Nature of solvent used for extraction: Methyl alcohol 99.9% for HPLC.
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3. =4
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1) pH

pHE 7t A F S F serum bottleQ] aluminum cap % butyl rubberE weaton decapper
(Weaton co., USA)E ©]g3lo] A|7ste] AE288 A8S 9% nylon bagd 7 F 2
LEAZINEG, 6, 9, 12, 24, 48 9 72A]7¢) serum bottle U] HJF-E pH meter (Mettler
Toledo, MP230)E ©]-&3t 73T

2) HELEE
Wl 2FH F nylon bags FASIY ES AL = ¥ heidolphs rotamax 120
(Heidolph Instrument, Germany)E ©]-83}l] 100 rpm &2 2024 33] A &
oven (Jeio tech, Korea)oll Al oF 24Xt AZ=AA A& JgFS SHGT A&

& ofefs} 2.

I

3) & 7t O|Lt3fetA 31 OB Ll

Serum bottle-S shaking incubatoro| 4] 7AW &, Theodorou 5(1994)2] W S Z serum bottle
9] head spacedl U= 7= TAYBS detachable pressure transducer 2 digital read-out
voltmeter (Laurel Electronics, Inc, CA, USA)E AF8-3ted Z43+% AL, 10 ml profi syringe 5
AZ1E o] gste 7k £ % 9 ml I EA @ W(vacutainer) ol &4 FpTE F 7k, o]4kst
g 9 wEk BAFL 1 ml profi syringe TAIE o] &3t XX F GC (HP5890 Gas

Chromatography, USA)E AH83lo] #4313t

4) D14sE S&e

Hj) & ﬁ—% 1.5 ml eppendorf tubeol] 1 ml AFste] ALEJAE A A3 Y38 3,000 rpmell
A 3B ARSI M EZ 2 eppendorf tubeo] A5NS A3 T, 14,000 rpmoll A 3EZE
A4 EEste vAE pellets AHAAA 5 HE AASHAL pelletel] sodium phosphate buffer
(pH 6.5 1 ml H7Fsk= MA AAHS 33 ¥HE F spectrophotometer (BIO-RAD, Model
680)2 ©]-&3l 550 nmollA] O.D. (optical density) ZtS T3t] m| Y E A4S =43
=3
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5) VFA(Volatile Fatty Acid)

Hj &FH-S 1.5 ml eppendorf tube®ll 1 ml Z}F 3t 12,000 rpmoll A 3&E-3F L4 B2 she] A}
g YAE AAZIAL, AT HE 020 um syringe filterE ©]-83}4] 2 ml serum bottle®l] &3}
T _80C deep freezero| R #3133, 412 HPLC (High performance liquid chromatography,
Agilent-1200, Germany)E ©|-83tth Al89 FUHFE 20 plR L, o] &4 0.0085N
H,S0,& AH&3F o, §4-2 0.6 ml/min®] 1t} Column-& 300 mm x 7.8 mm L.d MetaCarb
87H (Varian, USA)E AF&3t9 oM, 25+ 35C oA AME-3FATH

4. EAIA

1. pH

6714 AA A& FEE] in vitro W59 L& o2 pHel WSl g A=
Table 33} 2T} LEAIZIO] A G4E pHE Sol= ¢S Byow, &g 3, 6, 9AIZH
pHE 7.12~7.412 =7 =45 A +=4l McDougall Buffer®] pH #t°] 7.5 ¥ ¢ o] 2 Z(Hwang et
al, 2013), ¥ 2o Aylo] J&FS FAS A2 AgHTE &HF 6, 9, 1247 AUHF-
A7Vl A thzTFoll Bla] 9] F(P<0.05)0. 2 E¢kal, W& 7240 FIH B, 2 2
Z3 H7Eol A ozl vlE] 59 A(P<0.05) 22 ko, o]E Ag waA ol
2Tk H7Eol £923(P<0.05) 2Hol7t i v W ARE ol =2 AR
23bo) A3 pHO| WY +E 6.0~6.8 (McCullough et al., 1968)2 & 2447t o] F =
7172 pH M= 6.55~6.752 o5& B9 W &4 pH Weldll &3t A37F UEr
=3

3¢ o o orr
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Table 3. Effects of natural plant extracts on /n vitro pH value

Treatments
Incu(?l&;tlon Control Ginsen; Balloon Yucca Camellia | Tea plant Ogapi SEM”
& flower plant p £ap
3 7.35% 7.35° 7.35° 7.40° 7.39° 7.41° 7.39° 0.04
6 7.23° 7.23° 7.23° 7.20° 7.27% 7.32° 7.24° 0.04
9 7.15% 7.15° 7.15% 7.12% 7.14% 7.16° 7.18° 0.06
12 6.91° 6.91% 6.91% 7.06° 7.02% 7.05° 7.03% 0.07
24 6.75 6.75 6.75 6.71 6.70 6.70 6.71 0.04
48 6.56 6.56 6.56 6.63 6.62 6.61 6.67 0.09
72 6.55¢ 6.55" 6.55% 6.63% 6.60" 6.64 6.67° 0.04

abc

Means with different superscripts in the same row differ significantly (p<0.05).
" SEM : Standard error of the mean

67FA WA AE FEE] in vitro W9 LE A4 2 UE 4318 AF+= Table 4

o A dEAZ o Aok o273 52 2 (P<0.05)%0 =Fol7t SIS
g 3, 6, 9N AEALSFE] WSy} o] FoJ XA ¢ AL 3, 6, 9AIH H]AY
5 *é ol ﬂlé?@r o] & (P<0.05)%1 =Fol7F YEREA] e A3 22 dAdole gt
t}. Hristov (1999)0l] W2 &35 HFHsl= ofd A F7HE FHE H71eks
< o 9A Aggdde FoHQA Aol7t UEHUA gtk A#Ut vERTE =3, Ok
(2010)2] in vitro ABANA FIHE H7MF2E AE &880 TUEHA & At A8t
Aok HE DR2AZY o]F AE A3ME2 A HIFE 2T {§993(P<0.05)%! Aol 7t
UERA] eFogT.

Table 4. Effects of natural plant extracts on /7 wvitro dry matter digestibility (%)

Treatments
Incubation 1
SEM
(h) . Balloon Yucca . .
Control | Ginseng fower plant Camellia | Tea plant | Ogapi
3 24.19 23.17 23.06 23.37 22.07 21.72 21.85 1.75
6 24.23 24.92 23.12 23.79 22.26 23.26 22.62 2.44
9 24.35 25.65 23.46 24.67 26.33 25.39 22.80 2.29
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Incubat Treatments
ncubation 1
(h) Control | Ginseng %ﬂiﬁ:ﬁl ?11:;? Camellia | Tea plant | Ogapi SEM
12 28.34 34.90 35.23 28.83 29.11 28.12 28.99 4.63
24 32.62 36.13 37.52 36.39 37.87 38.44 40.05 6.89
48 4421 43.68 40.52 43.78 39.65 40.14 45.44 3.40
72 49.54 48.44 48.87 49.85 46.71 44.10 46.71 5.21

Y SEM : Standard error of the mean
3. F 7h&, o] A3ehA 9 dgk AR

671A] HA AE FE=0°] in vitro WS & g WE F 7l ol4ksiEA 9 oo
g BT A= Table 59 2T F 7k BATFS B 2447 Q1A =EHA] H7EE
A izl Bl 592 (P<0.05) 0.8 =9k, W E AR U HUEE A3 o
A H7E A i Z2Tell HlE o] A(P<0.05) 0.2 EUTH F Tk WA FolEA &
T A0 = Hol 67HA] A AE FEEL WFS U nAERT ofy g Ma A gl FF
< U A G AL & F Ut o)Atk a TS BE A F7HAE HIFol A
=Tl Bla] 7293 (P<0.05) 22 wokar, B H) §7HA S, S U 2R H o)
T A tizToll Hl8)] 29 H(P<0.05)2 4, 48AZH A7 F A T2
Hl&) 2] 2(P<0.05)%0 xFo)7F YERA] edgrom, vhE 724170 FuiuE A7l A o)
ZTo) vlsl] 23 (P<0.05)02 E=UTH AEFEFES HUIS vehdA g A HdyYAT
= pen 5(2006)F Gel 5(2012)°] o1, Kim 5(2015)] A FoA oAt TH YT S
BoNE gadts A9E RYth a8 B A o8 FIRE = z
9o Hrbe W'k i Ex) gldlen, Byt olygt YR AE FEEAMNE I
= YEhdA] eskth Ok 5(2011)9] in virro 2@ 9240 H7FFA = 7+
o] JS MR A F= Ao}l x| ot g ARkl H|S-S 4T o] FA 3
71 olet e A= AE FEEL Hrie BE 2)de dAFHY & A
AT, EE A Zro] AdEE A& o] BolA7] il flok 22 AR UEIRT L AR
H 9 Aol AHLgE AE FEE 29 Lee 5(2016)% Manlin 5(2012)9] Ao A=

AZko] AgE gk Byl wlgol WY Ik AL B 5 A9k

)
>

o
o
g:g
o
N
o >
R
o 2

§

e

d

i;(_ﬁ_'\v_

oX,



MEEEY MEAE 98 VAR FE2 B AT 909

Table 5. Effects of natural plant extracts on total gas, carbon dioxide, methane emission
in vitro (mL/g DM)

Treatments

Incubation 1)
(h) ftems Control | Ginsen: Balloon | Yucca Camellia | Tea plant| Ogapi SEM

&1 flower plant P £4p
Total gas | 158.15% | 164.06" | 158.87" | 158.25" | 157.99° | 153.58" | 154.98° | 3.34
3 CO;, 1526° | 2858 | 2250 | 16.70° | 21.50™| 18.63™| 21.34™| 5.69
CH, 1.89 3.32 2.72 2.68 238 2.44 273 | 074
Total gas | 170.19% | 176.47" | 170.71™ | 173.36™ | 171.38" | 165.47° | 170.66™ | 4.08
6 CO;, 2065 | 35.19" | 3255% | 17.67° | 33.91° | 25.71™| 3128 | 6.04
CH, 5.08 5.91 5.93 4.12 5.57 9.12 560 | 3.43
Total gas | 182.18% | 192.51° | 184.21" | 186.44™ | 182.75 | 180.31" | 177.35" | 5.49
9 CO, 3476 | 4122 | 4931 | 4723 | 4756 | 5063 | 4391 | 9.92
CH, 739" | 10.35° 9.75" 940 | 949" | 1032 8.97°| 1.10
Total gas | 194.12% | 192.05° | 196.56" | 195.47" | 196.25 | 192.36™ | 194.90" | 2.22
12 CO;, 41.66° | 52.57° | 66.54° | 110.87° | 105.05 | 113.07* | 49.50° | 13.66
CH, 13.04% | 12.05™| 13.72° | 28.86" | 27.95° | 29.80" | 1027° | 1.54
Total gas | 240.53° | 254.39" | 254.50° | 251.18" | 252.84" | 252.89"™ | 249.72" | 6.46
24 CO, 129.98 | 12533 | 139.10 | 15949 | 170.16 | 169.94 | 136.71 | 41.41
CH, 39.98° | 38.90° | 37.47° | 52.34™| 8529° | 61.74%| 36.63° | 22.70
Total gas | 275.63™ | 291.10° | 267.94° | 283.26™ | 280.97" | 281.91" | 27827 | 10.08
48 CO; 15527 | 16731 | 157.64 | 21120 | 176.96 | 19528 | 197.76 | 57.56
CH, 57.75° | 56.03° | 67.24° | 71.40° | 84.77"°| 77.26™| 107.64* | 18.41
Total gas | 275.99° | 313.37" | 30527 | 302.26™| 257.92° | 293.28° | 295.98™ | 6.14
72 CO, 165.66° | 213.38™ | 194.22° | 212.22™ | 282.30° | 251.06™ | 230.62" | 36.74
CH, 65.20° | 106.6™ | 84.38" | 104.87" | 85.08° | 103.77"| 180.78* | 47.52

®<d Means with different superscripts in the same row differ significantly (p<0.05)

) SEM : Standard error of the mean

674 HA AE FEE9] in vitro U559 Azt W2 v|AlE AR 23+ Table

L
63+ 2T} Pen 5(2006)2] 7HE FE= A3 in vivo HE AHA A= AEF
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RAZ F 7h2 BAFFe] 7 TdE 14k =2k H7FOlA gz HiE) f2) A
(P<0.05).2 =tom, IF 24A 1A, F7HAE, AU, 2249 HIETAlA ti2T
o Hlal f2]%(P<0.05 )Of—i T TE AR ST HTFol A dizT ol Hlel
O] H(P<0.05)0.2 @F3ta, o747 HI7MFA thETol vl FoH(P<0.05)0.2 EhoH,
E 72A1 Q14 747HL°M 2ol HlE 21 2(P<0.05) 2.2 =94t} 53] TE 244]
) A4, F7HE, AU, o7y, BE 4840 o4y, BE Az QA Ao E
ol vis) F 7k A 9 e By Rk AT doluA] = S Hol protozoa
o] Zrav doubA] @gko, bacteria®] 7t SVt 3t RIAE Aol w4 SHE A
O 2 AEEM, sliwinski 5(2010) F7H1E FE2E H7F A FANA 9] protozoa 747t Yo
A e Ay AT Aot dA3IA T FF Real-Time PCRS 53] PlAE2] 3 ¥}
gk F7HAR1 A7t Festtha Azt

Table 6. Effects of natural plant extracts on / vitro rumen microbial growth rate (OD at

550 nm)

. Treatments

Incubation 1
(h) Control | Ginseng l?]ﬂl\;):: \;11:1:? Camellia | Tea plant | Ogapi oM
3 0.49 0.56 0.52 0.46 0.54 0.47 0.47 0.06
6 0.62 0.58 0.59 0.63 0.65 0.62 0.72 0.08
9 0.71 0.77 0.71 0.76 0.70 0.84 0.78 0.12
12 0.68° 0.83" 1.02° 0.81™ 0.96" 0.92° 0.96" 0.08
24 0.84° 0.95" 0.89% 0.96" 0.83 0.99" 1.00° 0.06
48 0.89" 0.81™ 0.95" 0.88" 0.71° 0.88" 1.04" 0.09
72 0.75> 0.94" 0.84™ 0.72% 0.78™ 0.69° 0.88" | 0.08

®cd Means with different superscripts in the same row differ significantly (p<0.05).

Y SEM : Standard error of the mean

5. VFA(Volatile Fatty Acid)

6714 A A& FEE0] in vitro WS W& ATt WE VFA A3}+= Table 73 ZTh
Total VFA ¥ %= g 3, 6, oA BE H7FFAA dl2T9F 2ol & YEUA] RUE

=gy
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g, F7H4E H7HlA total VFA F=ol F&Fo] QIATHE Pen 5(20060)2] A2t o
AstReh A 24 A, ez y] HIbRel A th TRl HIs) /-9 H(P<0.05) 0. E E
k=t acetate &%=, propionate =7} 71514 total VFA F=7F =0 99F & Ay}
et T Ats T B A 244 Q1A AR HTEE AlQIE U A ARl A
27 Hl8] o2 (P<0.05) 0= WEkth HF 484170l 1A, E2kA] HIFAlA 2T
of Hal o) ((P<0.05)02 Eton, F& AR Q4 E8A, f7HAE A el A
=Tl BlE] 2] A (P<0.05) 2.2 =UTE Acetate FEE TE A {7 E 7ol
At ZzTol miEl 5o 2(P<0.05) .2 Wk, IE 2443 Qlat, =8 A, o4 m HIUb
o Al thxTroll Blal {9 & (P<0.05) 02 wtom, WA 48 2AT BE HIbOlA o
ZT-2} 2}o]E HolR| ¢k9IT}. Propionate =T L& AU FIHAE HIFFAA OiE
Tl B8] 2 2(P<0.05) 0.2 =k, BE 2AIT AU, 2741 HIbol A T
vl -9 (P<0.05) 0.2 =3kom, IF 48417 QI4, kA AU, A 72417 <
A Z7Eol Atz s o] H(P<0.05) 02 =34t —‘—573] E 3AZE O] {714
7179 acetate == tIZ7o B3] 724 (P<0.05).2 k31, propionate 5 == T
Toll Hl3l 2] A (P<0.05) .2 =4t} ©]+= propionate =7 =09 acetate T =7 AT
TH= Wina 5(2005)2] A3l A 3th viF9 @#a 3 F A4S = propionate 5
7} Z7bsld Wk A S 74 A I tH(Grobner et al., 1982)= A7} YA W B Aol A
+ propionate ¥ 57} F-& FHI7MolA wg LA ZHAS) A UYEREA] 4skth

Table 7. Effects of natural plant extracts on /n vitro VFA (mM)

Treatments
Incubation Ttems SEM"
(h) Control | Ginseng Balloon |~ Yucca Camellia |Tea plant| Ogapi
flower plant
Total VFA | 35.94™| 3755 | 36.84 | 36.18"™| 3426™ 32.53° | 33.13*| 1.67
3 Acetate | 2879 | 29.91* | 27.58™ | 25.85°| 26.12| 24.47° | 25.00° | 1.26
Propionate |  7.14° 764 | 926® | 1033 8.14™ |  8.06™| 8.14™| 0.89
Total VFA | 4042 | 4081 | 41.07 | 40.66 | 3834 | 3637 | 43.18 | 435
6 Acetate | 30.82 | 3059 | 2948 | 30.10 | 2957 | 2802 | 3031 | 220
Propionate | 9.59 | 1022 | 11.59 | 10.57 8.77 835 | 12.87 | 3.62
Total VFA | 50.65 | 55.59° | 47.72° | 55.76" | 54.55° | 54.33" | 52.84" | 3.38
9 Acetate | 32.12° | 36.59" | 33.65° | 34.62°| 34.55°| 34.78"| 3429°| 1.86
Propionate | 18.53 | 19.00° | 14.08" | 21.14* | 19.99° | 19.56" | 18.54 | 2.46
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Treatments

Incubation Ttems SEM"

(h) Control | Ginseng %ﬂiﬁ;ﬂ ;{)111:;? Camellia |Tea plant| Ogapi
Total VFA | 63.34° | 6523° | 69.21° | 67.42° | 69.88" | 82.48" | 88.60" | 3.86
12 Acetate | 39.13° | 39.58° | 42.10° | 40.79° | 42.40° | 5149 | 57.99" | 2.68
Propionate | 21.06° | 21.05° | 22.25° | 21.79" | 22.85° | 29.16" | 29.06" | 1.42
Total VFA | 104.65" | 99.78" | 98.45° | 96.03" | 99.14° | 10429* | 95.90" | 2.80
24 Acetate | 6735 | 62.09° | 63.28™ | 6421 6534 | 67.07° | 61.04° | 1.95
Propionate | 30.40° | 3046 | 27.84™ | 2594° | 27.88™ | 31.97° | 29.82| 2.09
Total VFA | 109.86° | 119.81° | 117.83" | 103.49" | 104.31" | 108.38" | 102.83" | 4.45
48 Acetate | 70.63 | 73.62 | 7370 | 69.67 | 6888 | 7144 | 6888 | 451
Propionate | 32.11° | 37.33" | 36.18" | 26.68° | 28.77°| 30.65*| 2859 | 1.09
Total VFA | 134.09° | 196.14° | 262.06" | 238.47™ | 127.28° | 118.66° | 113.53° | 29.00
72 Acetate | 92.08° | 79.82° | 77.98" | 140.09" | 82.69° | 72.60° | 73.86" | 14.45
Propionate | 34.12° | 107.36" | 75.13" | 33.35" | 37.71° | 39.57° | 33.38" | 2691

® Means with different superscripts in the same row differ significantly (p<0.05)

DSEM : Standard error of the mean

N.2 <%

6714 A HE FE2Y 7P EEFEY W i ti3 A5 FRsAT W
T cannulaZ} 2 -0l A AFHBIH oW, FAFS AFYFEE S timothy 2} & FAL
g 6:4 HE&Z2 39319 50 ml serum bottle®ll timothy 0.3 g, ¥F=$ <} 5 ml, McDougall’s
buffer 10 mlE 242 931 14k, =2k A, 712 E, s9uy, A, o4 258 714
9] 5%S FH7Fe H LEAEEG, 6, 9, 12, 24, 48, & 72413 7x 8] 3uE =33

pHE 6.55~741% ¥r5$] 2A pH H*HOH &3ttt A E4ASLES HTAA Tl v
3 212 (P<0.05)%] xfol7b fIdTh T 7hs WS B E 2443 Q1AL EkA] HUH
ol A tjzTe Blsl] §9H(P<0.05)2.2 F7FSIATE ol4bstebAa HAYTFS WE 9A|TH,
W g WA TFS oA A H7ETeF 2T £-9 2 (P<0.05)%1 Aol7F YERA] ekttt
nAA S ES TE RA QA =R HIEol Atz Bla] {92 (P<0.05) >
2 Z7VeRA L, A 24417 R1AE, f7RAE, A, 240 HIFFAA tizT o] Hls
92 (P<0.05) .2 S7FH T Total VFA s+ L& 1243 A7, 2439] 7ol A
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izl HIs) 23 (P<0.05)2. 2 F7FetR L, A 48A41%F 14, =ebkA] HIFollA thx
Toll BlE 723 (P<0.05) 0.2 F7FFAT Acetate FEE TE 2447 A, kA HUL
Toll A thE2Toll HlE] /2] & (P<0.05) 2.2 7+A3F AL, propionate & E
A H7Foll A 2ol vlsl 72 H(P<0.05) 0.2 FUlstAth AFH = 6

2E FEEY HINE in viro W9 HESE ool fiey wg Ao &=
UehA] edth 33 717 A A8 FE2E v55 Y5t F7HHA Age] B

@ Aoz Aw
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