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Effect of Four Medicinal Plants on In Vitro Ruminal
Fermentation and Methane Emission

Kim, Hyun-Sang - Lee, Seong-Shin - Wi, Ji-Soo - Lee, Yoo-Kyoung

The objective of this study was to the effect of four medicinal plants (Rheum
palmatum, Pharbitidis semen, Reynoutria japonica, Tribulus semen) supplementation
on methane reduction and ruminal fermentation in in vitro batch culture method.
Each medicinal plant was supplemented 5% on a substrate basis in the bottle, then
filled with buffered rumen fluid. Incubation was conducted for 24 hours in a
shaking incubator (39°C, 120 rpm). The ruminal pH values were not significantly
different between the control and treatment groups. However, the digestibility of
the feed was significantly higher in the group supplemented with medicinal plants
than control group. Methane production (mL/g of digested dry matter) and total
gas production (mL) was significantly lower in the treatment group compared to
the control group in Tribulus semen group. Total volatile fatty acids concentration
were significantly higher in all treatment groups than control group, and acetate
concentration was significantly higher in all treatment groups than control group
except for Rheum palmatum group. Propionate concentration was significantly
higher in all treatment groups than control group, while butyrate concentration was
significantly higher in Rheum palmatum group than control group. Ammonia nitrogen
concentration was significantly higher in all treatment groups than control group.
In conclusion, the addition of medicinal plants did not negatively impact rumen
fermentation, and the results indicate that Tribulus semen has potential as a feed
additive for reducing methane emissions.
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Y U WETtSo 25 wEE e 247MAE A3skr] A% AT z13y
ot e W9 WE Ao A WA EFO R HjEFH Il o] o Hf
9 ICH(NIR, 2022). WS 24712 EA8EE olyg} 5-15%2] ALR oA
< oI5| wWEl AlRESE T%ﬂ% A= a3t A5-o]tk(Johnson et al., 2000).
IS5 W9 Wl Wg AAS TAAT7] A o R RulLlg e FYAE
o]l &% F Jot Fe] o] AR Q| W' A7t AR HIIAEA o] & 7hed 1
Ao bk 232 d7e s AP ot HZole SFER] 3-NOPSH B R
2Zo] gHrE dlxFot 2 veAd AlsLAd B3 W A5 AU TRH o
U ol 7] U Aol H&3sl7]= o] A o|th(Almeida et al., 2021)
oA EollA W9 WAL AUt R oy AYed 59 T &
et 59 g g Ed S Hole AES wEdd HUF Al wE9] i) F4AE ARSSte]
B S AAST . Al A A tH(Oskoueian et al, 2013; Oleszek and Kozachok, 2018;
Efremenko et al., 2020). B3 3¢ A bqke] 24 S AAANTIAY 43548 & 2 wa
AR FABAE 713 protozoas AFEAIZE 4 k= Hal7) Ath(Rowe et al., 1983).

2159 221 OIAEA 2 O E2R) d4ksl B2 U4 19T phyto chemicalsE &
ATHRice-Evans et al., 1996). 21&2] &4Fsls 3l9t&E2 F= polypheonol =2 EE M
g AdrtsAlZA A dHA o, nFoRT Jee TN Ho| AT Q)
U FEAE F Ak o, deAl, sl el 38 A& DPPH free radical
s H7F 55 Tl HAA A EA AFEHJAHKim and Suh, 2005; Kim et al., 2007;
Kim et al., 2016; Choi et al., 2017). A-¢-2F2} STl A 90% ©]/de] g4kt &4& B
o BERY ¢ B4 i) 9F 10% =gkod, it 3H4kal 2291 rhapontingenind} picea-
tannolo] = o™, HA §48AIQ] ¢ -tocopherol ¥} Bl &} S wf gHaksl o] F-AF
3k AyE B YTKO et al, 2001; Kim et al., 2011).
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2020-0453). AF Ame RAIRFE 7 EFOEgs, EH 2T FFARE o] §stdon,
A7 2+ B3RP, Rheum palmatum), Z3-5-ZHPS, Pharbitidis Semen), Z73THRJ, Reynoutria
Japonica), AEZNTS, Tribulus semen)s THISIAT THIE ALEE 60C dx 28 72 h
AZx3% &, Alo] 22 H(cyclotec 1093, Foss, Hillerdd, Denmark)ol] #3131 1 mm 23S
TS AISE ol B BT in vio WS HE AF ol o] 83T Al 71E 9

YEAE A BIAE ZAL Table 13 29} 2t}
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Table 1. The chemical composition (% of DM basis) of substrates used in in vitro experiment

Content Concentrate Mix forage'
Crude protein 12.79 14.21
Ether extract 3.09 0.94
Neutral detergent fiber 21.60 11.66
Acid detergent fiber 11.66 35.79
Crude ash 3.98 6.57
Non-fiber carbohydrate 58.55 6.99

! Kenturkey bluegrass to tall fescue ratio = 5:5.

Table 2. Ingredients of the concentrate mix used in in vitro experiment

Ingredient Composition (%)
Corn flake 58.10
Soybean 16.60
Corn 11.70
Wheat gluten 5.80
Soybean meal 3.50
Lupin flack 2.30
Limestone 0.80
Sodium bicarbonate 0.60
Salt 0.40
Vitamin & mineral mix' 0.20

lVitamin(vit) & mineral mix: vit A, 2,650,000 IU; vit D3, 530,000 IU; vit E, 1,050 IU; Nicotinic acid, 10,000
mg; Fe, 13,200 mg; Mg, 4,400 mg; Zn, 4,400 mg; Cu, 2,200 mg; I, 440 mg; Co, 440 mg.



292 @A 0|44 A5 - o H

2. In vitro 99| ik gl A Z&]

WL R JfEetrt A2E v 7] 39 AAS 3FE T AT 736 ke, 397H 49)
2ZHE oA AR Fo A ANFSA 4539 cheese clothZ AR YAE A A =
Mcdogall buffer (Tilley and terry, 1993)¢} 1:22 HI &2 &3 & d7)d8E A& —?43H CO
gasE A &Aoo 2 F£9J3la 39CE 719 wukstAdt) Bl A E L 125 mL serum bottle®l] 7]
205 g (AR 0.1 g, 3FAE 04 o) 92 § 1238 Ui, A9A, 342, d8AE
7148 ] 0.5% F7FetATh ol FvlE S YA 50 mL-s &3} shaking incubator
o Al 24413t B ¥R o™ Al 53] HhEAP o R FPstiTt

24A1ZF vikE T & YA Y X}UA(TPI64S, TP Korea)S £l & 712~ 2 HS =4 &
218 A 2]9 serum tube (BD Vacutainer 367953, BD, USA)oll 7}2~E5 EH3IATE ©]% serum
bottle®] &Fu|5 A AFuNE AAT T HFAAE 15 mL wbeol] 242 A4 F2 &
dmyole] il A AW S fs)] vAE &5 HA EZ <A metaphosphoric

acid (Wako, japan) 42 1:10 &2 A3l 4 A7A] -80C o HA3I T
3. In vitro W59 LaAd 9 7k 24

s

4
Y

je

A p pH meter (pinnacle pH meter M540, Corning, NY, USA)E ©] &3l =4
¥ 7} GC (Gas chromatograph; NL/450 GC, Bruker, USA)E ©]-&3]A] wgt
A3k T
3 A4 EALE 4TCoA &g 5, v EFdAEE7](Cyclol730MR, Labogene,
Korea)E ©]-83}4] 14,000 xg, 4C ow 1057 94 2839t A& | mLE 225t
2-ethyl butyrate 100 mLE 3 7}3F & GC (6890N, Agilent Technologies, USA) #2418 2|1
of &4 AT A AP FFE A2 volatile fatty acid standard solution (Catalog
number. 46975-U; Sigma-Aldrich, St. Louis, USA)—% 019“3]'9113]-(Erwm et al., 1961).
FRuote] A BHS AES Aol SE38] AR F 14,000 xg, 4CollA] 523
A4 Eeste] 42 AFds 24 &t A ATAH dRY ol EFE(50,
100, 200, 400 ppm)= 10 uLA 1.5 mL micro tube®l| =3}, phenol color reagent (Phenol
50 g/L9} sodium nitroferricyanide 0.25 g/L)®} alkali-hypochlorite reagent (sodium hydroxied
25 g/L2} 4-6% sodium hypochlorite 16.8 mL/L)E 72t 500 pL¥ FH7tste] &35t &%
Ng 37C F2FEAA 1587 T3] LT £, 96 well microplate®]] 200 pL2 &3 %
UV spectrophotometer (Catalog number. 168-1150; Bio-Rad Laboratories, Inc, California, USA)
£ ©]&3td 630 nmollA FFE=E SAHEAT S W dRYote] 4 e Fry o}

T8 AFHE 7F SR st AL 7 Z-83FH TH(Chaney and Marbach, 1962).
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Ao A Y2 ZE A= SASS] PROC GLM (Enterprise Guide 7.1, SAS Institute Inc.,
Cary, NC, USA)E ©| &3} HAHEA S HASIH T Mol 9§ o 7F Blales Tukey’s
range test& ©|83tATH FYH L p<0.05 TELE AT

k&A= Aeldd F ksl o LA HEE lom g Hoew
o] §3tal Atk o AT o] &3t kA= 457 i, AR, s, A FHE
anthraquinone 54, flavonoid, polyphenol& =&°] I3 54 2 FAdLl dig g+ 2
ikel s o] o7 AdgATolA Brs Rty a2 A7, 759 phytobiotic A=A
28 7lsAdd tElAE A5 5 $th(Kianbakht and Jahaniani, 2003; Jung et al., 2007).
ol AT in vitro 'TEAZY L vk LAY A I Table 337 491 2o} HE9] v =

e
~
-4
rlr
ey

L pHoll w§- Wztslr] wj&o) BaAd 5 523 A Fo|th(Hiltner and Dehority, 1983).
9] pH7E 5.5 ool RAAR FEFE FA &g AR LA o, BE HIM
o

o] pHE 6.63~6.672 ERIE SO {2l 2fo|7t QIATH AE A£3&L2 tx=To vls)|
OFRAE A A ToA 930 F(p<0.05) T}, F spx dA ke ol Bls)] o)
gat At ol A 2 2 0 2(p<0.05) =4 pHE| W3} 2 F pA Ry Fe wad
=9} #do] Jvtal FEH(Yang et al, 2011), SF&215 H7P7F 4348 9 7h2s SAFE A
shE Holx| o} ¥ HaANA RAHH O R JIFS WXA ¥= Ao R FehdTh

Table 3. Effect of adding four medicinal plants supplementation on gas production incubated

for 24 h
Treatment
Item CON SEM p-value
RP TS PS RJ
TG, mL 68.4° 77.6" 77.6° 73.4% 70.4%® 1.22 0.046
CH,, mL 5.12 5.31 5.05 5.55 532 0.16 0.272
CH,, % 7.49° 6.85% 6.51° 7.57° 7.57 0.14 0.050
CH,, mL/g of dDM | 20.38" 19.18%® 17.84° 20.35 19.89° 0.60 0.040

SEM: standard error of the mean; dDM, digested dry matter; TG, total gas production; CH,, methane gas
production.

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

RP, Rheum palmatum; TS, Tribulus semen; PS, Pharbitidis Semen; Rl, Reynoutria japonica.
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Table 4. Effect of adding four medicinal plants supplementation on rumen fermentation para-
meters and digestibility incubated for 24 h

Treatment

Item CON SEM p-value

RP TS PS RJ
pH 6.67" 6.63° 6.63 6.63 6.67° 0.01 0.040
IVDMD, % 50.28¢ 55.55% 56.64° 54.61* 53.56° 0.57 0.001
Total VFA, mM | 86.95° 92.71°* 90.19 91.48% 90.20 0.36 <0.001
Acetate, mM 51.06° 5226 52.61° 53.02° 52.72° 0.20 0.021
Propionate, mM | 20.02° 21.20° 20.76" 21.80° 20.96" 0.09 <0.001
Butyrate, mM 12.44° 14.81° 12.83° 12.54° 12.73° 0.11 <0.001
Valerate, mM 1.394 1.83° 1.68° 1.63° 1.57° 0.02 <0.001
BCFA, mM 2.04° 2.60° 2.32° 2.48° 2.22¢ 0.02 <0.001
AP ratio 2.55° 2.47° 2.54° 2.43° 2.51° 0.01 <0.001
NH;-N, mg/L 186.77° | 236.65° | 244.39" | 256.20° | 224.63° 3.12 <0.001

SEM: standard error of the mean; VFA, volatile fatty acids; IVDMD, in vitro digestibility; BCFA, branched-chain
fatty acid; A:P ratio, acetate to propionate ratio; NH;-N, ammonia-nitrogen.

"4 Means having different superscripts in the same row differ significantly (p<0.05).

RP, Rheum palmatum; TS, Tribulus semen; PS, Pharbitidis Semen; RJ, Reynoutria japonica.

Soliva & (2008)2 W& "IAY & A7+ Bedste] F 7k thu] wWgke] Hlgo] Ao =&
ARERG ¥ #dAdo] woH, o] Bl FX|7F wtom ALRe| 43 Fhedt FEo wE
A 7hedel Be As UERITH L Skt oW Ao wig IS thxTtet A
T FY7 AolE HolA| ot F vt WA HE AshE din] DA F A=
A A Aol A thzTroll Blall 792 0 2 (p<0.05) ko, & A FollA FxH o
2 3o AFS BHAY A= 10F 0]/ steroid saponing 733 921, Feng
5(2012)9] AFelME AHA FE2E 7 FF0] ST wEt TR Exol o Fhas
W gk @AY EF 2 7ho] 21% AT} Garcia-Gonzalez 5(2006)2] th3F 7} AFolMd= HE &
k&2 S7VeRAl AN F 7k @A vk A gFo] A o] glE

FEYolE) DANHN) AFFE thzrol Hls) A HeTols o2 2(p<0.05) =
Utk ALE W el AR FelEo] HF EEEE NH-No| A HH, nAds 444E
&3 #do] ok B9 W AH dRYoby] Ha AYEL 5.0-29.0 mydlE &A 3l
S w(Stiles et al., 1970), A ATl A HAZ FAHAT. hFS F&21ES H7}
ATFNME fFASHA e Agat Ry ol A o] Frteke A77F AATHSoliva et al.,
2008; Lee et al., 2014; Morsy et al., 2022; Pazla et al., 2022). 3}A|TF o] AFo A= X13Y
AT+ (Feng et al., 2012)%} 2] weh YA FS ALEHAT dRYole) A4 AP F2 57}
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HEE9 U] v Ee] &5 tigk A9 F VFA (volatile fatty acid) %+ 70~150 mM
2 ¢ o acetate:propionate:butyrate-/] Hl&o] 6:3:12 L&A JTtHMcDonald, 2002).
ol ¥, F VFA s5v tiz7o vls] A A TtellA o8 0 2(p<0.05) E*S
2% HAZ FRAHATE Acetate S5+ S A2 75 A3 A A2l FolA o
ZTol vl3] Fo)H o2 =9ko W, propionate FET A A 2] TFolA £ 0 2(p<0.05) =
It} Butyrate 5% 8 A2l FollA tizFol vl3] FoHo 2 %3O, valerate 3%
= A AgFAA 79382 2(p<0.05) =3}t BCFA (branched-chain fatty acid) ©F7| =4+
o] ghojm|iesto) O3 RFFSlolA FAHEHY, w5+ 2o] Tl F o] w9 Fafjol wef &
2+ 4 o t(Allison et al., 1978) o|H Ao A& 7ol vls] A A FANA 94
O Z(p<0.05) =AU} o|H AFlA FEAE HIMTAA BT A A4S w57} )
AU FYdo R 2 ARE HBHow, 53 dWg AR 5o FHAAAR
propionate®] FX=7} &7 HI3] B A& H7FFolA &34t o= w59 49 P
H st 58 ol W 4 B el o3k whae) 2 9 Z2ae4k A4
o] 2 AHE olojAE Ao FAAHTK(Wu et al., 2022).
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Toll vl fejFom w9kt we WAL AEA ATl ARt tlxTel wlsl 72 3
o2 uokt. of9fol = hRuYotel) Hae} A AP B QF%*‘E ATl A 2
Ho® £%om, 53] propionate BFHFS A A TolA o2 5_—%9}‘:} a2,
k84 E H7PF W] TaECd = FAA] FFE MAA Sk

o] T AuAt Mol W] WEAG FAA TS HolA Fa WY Ae
Hols AR ZA &84S EAsiith %
sto] AAFES A FIANE TR/, 7HEe] 99
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