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Development of an Environmental Friend Pellet Coating Oil for
Replacement of Antibiotics for Ruminant Aninmal

Choi, Bitna + Song, Wan-Sun - Choo, Byung Kil -+ Cho, Sangbuem - Ham, Young-Joo -
Kim, Nam Hyung - Yang, Kyoung Hee + Kim, Young Jun - Lee, Hong-Gu - Choi, Nag-Jin

This study investigated the effect of coated feed using mixed oil on rumen
fermentation characteristics. Two experiments were conducted based on materials
that were mixed. First, cashew nut and soybean oils were mixed with white
mineral oil. And second, different plant extracts were mixed with white mineral
oil. At first experiment, inclusion levels of mixed oil on diet (0.03%, 0.1%, 0.5%)
were applied as variables. A coated diet was fermented with rumen inoculum
according to in vitro rumen fermentation and its parameters were investigated. In
the result of first experiment, no negative effects on rumen pH were found.
Significantly decreased dry matter digestibility was detected at 0.5% treatment
(P<0.05). Total gas productions in control and 0.03% were significantly greater
than those of others (P<0.05). Significantly reduced methane productions were
found in all treatments compared to the control (P<0.05). Inclusion of mixed oil
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did not affect on ammonia production. Total volatile fatty acid production was also
not influenced by coating with mixed oils. Rumen fermentation parameters were
greatly changed according to introduced plant extracts at second experiment. The
significantly lowest and greatest ammonia productions were found at treatments
with Ixeris dentata and Plantago asiatica, respectively (P<0.05). The significantly
greatest acetate and propionate productions were detected at treatments with
Crucuma longa and Zizyphus vulgaris 1, respectively (P<0.05). All treatments,
except Chrysanthemum idicum, Euyale ferox seed, Moringa leaf and fruit and
Zizyphus vulgaris 1, showed significantly increased total volatile fatty acid
production compared to the control (P<0.05). Only Paeonia lactiflora showed signi-
ficantly lesser gas production than the control (P<0.05). In methane production,
Ceramium, Zizyphus, Paeonia, Agrimonia, Torilis, Mugwort, Foeniculum, Euphor-
bia, Taraxacum, Artemisia, Momordica, Curcuma and Moringa reduced methane
significantly compared to the control (P<0.05).

Key words : mineral oil, cashew nut oil, soybean oil, plant extract, rumen
fermentation
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1 Aeiste 23

B AT A= NS fH(cashew nut oil), IFF I8 A EFESEES SfolEnUZ L
(white mineral oil)3} &35 T3FE A X3 Ho WA Ed EFHE =X3= FH
2 A8 4& AUtetAnh AU, i 2 SelEvuged e HE (VIR A
FANN A Egaol AT
2 433 Az
HEFESES T 25T AEES AHEst AxsgTh Aol AHEH AEES A9

}%(Emyale ferox seed), = 3K Chrysanthemum indicum), 287V vl(Moringa oleifera fruit),

E®7} Y(Moringa oleifera leaf), WE®(Taraxacum mongolicum H.), V}SH Mentha piper-
ascens), BN (Euphorbia humifusa), BI'SE(Ceramium kondoi), A3 A (Torilis fructus), 2+
N Zizyphus vulgaris 1L F; 2 ANSHEF), A 8rZ(Agrimonia pilosa Ledeb.), Z(Mugwort), &
B} (Ixeris dentata Nakai), OFIE(Lespedeza cuneata), *1(Momordica charantia L.), €+
(Curcuma longa L.), AZZ(Artemisia capillaris), AA2=J(Perilla frutescens), Zt¥(Paeonia
lactiflora Pallas), X} Z(Plantago asiatica L.), XV =(Salvia hispanica seed), Z7+3]&F
(Illicii veri fructus), E]Qk(Foemculum vulgare Mill), 2 oFJ2x(Pimpinella anisum L.) = At
Sk, HEFEESS Mo AFAEIEE AAA)A Fustdt 4 HJes2 1

mm screen®] F-ZE cutter mill (MF10.1, IKA, Staufen, Germany)S ©|83t FA) £k
Zol 10809 oEE&S 71eF Foll 150 ipm®] WRFEEEE 2447 F1F FE3HA T FF0]
$5H o= o 72| (Whatman filter paper No. 1)E ©]-83}o] 1 ES A At o7H L
731 &5 =7 (Rotary evaporator, EYELA, Japan)& ©|&3lo FF3IAth w50 ¢459 =
=& B 045 pme] FA] BEE o] &5t o33k o] Ao ARESFATE ARl
AE 5 T FEE @40 UEgoH, 2 UdFES AhE 108, 1O 9 JdeESE A=
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Y IR YL =50] FAH INEAPEAE o] &8st AR FH =X o] o

§ AFNAE 0.03% (wiw), 0.1% D 0.5%2 381, F Ha) A3 A=

| =xd degligedo] uts F FAJFEE 143

A= A %Oﬂ/\‘] 79)5(] /\]ﬂ —‘?——Oﬂ TFA] 1 mm screen©] F-2HE cutter mill (MF10.1, IKA, Staufen,
ol

g3t

IR A 2Ale) FAA WMES el Axrt FHE AN 2 FAF

400 + 30 kg)E FAIBHA in viro NPE NS A AT AFTHE= T FPol wet
A, AR g AE 71502 BE 4 kg AFHFRA HISY] 8IS 4 kgs 1Y 28]
(27 09:00 2 2% 17:00) 5ot o™ =3 g E52 AfF A5

=
Astol DETE T F 4719 /\1754—?% ARSATHAR 1), F AA P F 5%
= O

==
o HEFEEEE A% T Vo2

WA eyt ARE wEolA AHSAL, 4530 A= A B2&7]
T AIFRYAE AAG7] AelA 2559 AZE tA] 2

HUA . ¥ S McDougall’s buffer (McDougall, 1948)9} 1:4 H|- &2 3|43l CO, =
o U1 3H= ‘{%2;11:}. FH)E 99 BE Y 50 mLe AFAE 0.5 g2 F7]13<

= JfA e v B AlF L Tilley2} Terry (1963)9] W

B
B
2
R
HA
E?{_ﬁ
<
ot
2
m]I,
1:‘011

HH3=9] pHE o] T5H AW 939 d-E 50 mLe] tubeE &7 A pH meter (S20
Seven Eazy™, Mettler-Toledo)E ©]-8-3t A3t A 164+ MFAEE 0, 12 2
24A17F0 2 AAS A, A 200145 244 v FRE ol HIbe AT

A
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& 7Lé BAFS 0, 12 F 24 ZF vl TR AT o B2 DA Tt E ST
o [e=]

7t2E Tk E@é}%t‘r. 2T Tk
(0.53 mm 1.d.x30 m length, SUPELCO, USA)©| Z2¥ gas chromatography (HP7890, Agilant,
CA. USA)E o]&3le] B3 tHoven 100C, injector 150C B TCD 150C).

Carboxen™, fused silica capillary column

6) LZLIOKNH:-N) &

HES=9 o) ) R U OoNH;-N) 32 Chaney9} Marbach (1962)2] ol whel 434319
ok 9 AE 4,000 rpm o= YA EEete] 45 H 20 pLoll phenol color reagent 1 mL2}
alkali-hypochlorite reagent 1 mLE 33| E3al= A A S T3t AA g Al

= 37C9 F2Fx7dA 15 B3 ¥ & F E3F=A(Optizen UV2120, Mecasis,

Korea)E ©|83t] 630 nmolA FFEE S43IATH

i

7) 3 XELHVFA) s& &4
HEEQ) A o 3 AWAHVFA)2 Erwin 5(1961)9] Wel wel 3ttt v <ol
ZEH HFEAA S 4000 ipm J*‘vE—E] stod A 1 mLol 25% metaphosphoric acid 200

o)
uLE H7tshe 30+ &< FA F 13,000 rpmoll A Y4 EElehe AAE HFE FHEA
o} A3k A2 Nukol™, fused silica capillary column (0.25 mm Ld. x 0.25 pm film x 30
m length, SUPELCO, USA)”7} “&2+¥ gas chromatography (HP7890, Agilant, CA. USA)Z -
AstAt. 2712 22 oven 180T, 220°C ¢ injector2} 200C 2] detector2 A4 g & HA3)

8-S Moore (1970)7} AAEF o] Fato] ZAslgtt BE7} 9ad W29
o} 7} %] (Whatman filter paper No. 541)E ©]-&3}
ot A2 Foll FAE ZH3 BEE T
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10) &CHA 2dR|s

7 AEFEEse 0o R A 2) v 2E dH T F A A g
LGS S F R o] BESAAH S Foto] A FEAFE AESAT. Ot wg
LGS EEFF 8 AT D 5 U0l dE At st B &
AT AAEA L olfet

A FAollA Xie 4 AeFee A AdTolAM E2 i jESgkelaL, wet o= i
HESakel tidk e AT Bod £5UA @S ot wWgke] B¢ /X2 RESEk
<= WA ARESHATE

e

st

7 segol Whas) whao] vX L (AY 1)

—
riol
ugt

2 aF AT 8 A2 in vitro WH9] R E pHE 6.7-7.2 W9 Woell A AR AT
AY A ede] 7ol whE mjFAPE W59] pHE Table 13 2o, Wh59f vz &
2ol thgk 742 mde fle Aoz dddn.

At

Table 1. Effect of different inclusion rate of mixed oil on pH of rumen simulated in vitro

fermentation
ln(fubation Control Treatment SEM"
time, h 0.03% 0.5% 1%
0 7.22 7.22 7.22 7.20 0.003
12 6.70° 6.70° 6.70° 6.73° 0.004
24 6.67 6.71 6.68 6.69 0.007

D Standard error of the mean
% Different superscript in same row means significantly different (P<0.05)

1329 in vitro FAE43HE(IVDMD, in vitro dry matter digestibility)= H] % 0A|ZF3 124
oA A@TE 3o Fol ARl o] glo]l M= FARSHA UER TH(Table 2). L2u i %F
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1AM E EFLY 1% H7H7E oA o2 WA YERSTHP<0.05).

Table 2. Effect of different inclusion rate of mixed oil on IVDMD (%) of rumen simulated
in vitro fermentation

ln?ubation Control freament SEM"
time, h 0.03% 0.5% 1%

0 1.65 0.68 1.13 1.43 0.246

12 29.36 30.01 29.86 28.01 0.348

24 41.65° 39.25° 39.89° 34.93° 0.881

D Standard error of the mean
% Different superscript in same row means significantly different (P<0.05)

T 7 BT dnkdo R AYIY ] HUt FEo] FoldFE U UEyt
(Table 3). AAFL LA 1% H7} FENA AA WFALIH A 2H FojH oz vre & 7}
2 BAFS Uit We AEFe 79 v S o Alaged
SAA R GA 2AHATHP<0.05). AR L] HTlFe] BoldFF o
DaFA7t 2 Aoz nyoy, dYayged HuH e 5AH FoA
A THp>0.05).

Table 3. Effect of different inclusion rate of mixed oil on gas production (mL) of rumen
simulated in vitro fermentation

. Treatment
In<':ubat10n Control SEMP
time, h 0.03% 0.5% 1%
Total gas
12 58.33° 55.67° 56.67° 55.66" 0.399
24 78.67° 78.67° 74.67° 73.33° 0.785
H,
12 0.05° 0.06° 0.06° 0.05% 0.002
24 0.06° 0.03* 0.05® 0.05% 0.004
CH,4
12 2.13 1.99 224 2.18 0.041
24 4.81° 429 4.20° 4.11° 0.101

D Standard error of the mean

*® Different superscript in same row

means significantly different (P<0.05)
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ol ujole] A4 AATFL Table 4004 R A 2o} woF 12A17F 2 2443
AT FAA Folido]l TEEA AUTHP>0.05). Ao =2 AYFTE Y
3k

QAT WHEY U B O Aol PP mAA @S Ao BeHE,

il

Table 4. Effect of different inclusion rate of mixed oil on ammonia nitrogen production
(mg/100 mL) of rumen simulated in vitro fermentation

In(.:ubation Control Treatment SEM"
time, h 0.03% 0.5% 1%

0 1.78° 161" 1.54° 1.79° 0.041

12 1.72 1.86 1.91 1.63 0.049

24 7.27 7.75 7.55 7.59 0.095

D Standard error of the mean
® Different superscript in same row means significantly different (P<0.05)

AYTH Y H77E MRS BE HBAGY B PN EE Table SN K
© sk 20, W DARRE W AW ADTFENH FASA AL octtel
F2 4 2ol Y5k oI BRI, ke

2 AR Bl o3 YHHE Ao

2 37hke AFS Btk T 3 At
AlA Freldol YerdAl 3ek(P>0.05).
dbgHelta &+ e, e AFET
e

102 S8 e w}aw RIS

Table 5. Effect of different inclusion rate of mixed oil on volatile fatty acid production
(mM) of rumen simulated /n vitro fermentation

Incubation Treatment |
Control SEM"

time, h 0.03% 0.5% 1%

Acetate

0 10.02° 10.30* 10.74° 10.96° 0.118
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Incubation Treatment D
) Control SEM
time, h 0.03% 0.5% 1%

12 25.84 25.61 26.23 23.10 0.882
24 32.70 32.16 31.64 32.45 0.248
Propionate
0 2.39 2.68 2.61 2.66 0.064
12 10.59® 9.63" 10.66™ 11.53° 0.307
24 12.34 11.93 11.24 12.11 0.260
iso-Butyrate
0 0.16 0.20 0.17 0.18 0.008
12 0.48° 0.39° 0.44* 0.51° 0.016
24 0.58 0.57 0.61 0.65 0.013
n-Butyrate
0 222 2.68 248 2.53 0.097
12 7.14% 6.13° 7.00% 7.78° 0.221
24 8.64 8.62 9.00 9.70 0.233
iso-Valerate
0 0.42 0.54 0.47 0.49 0.026
12 1.21% 0.97° 1.12% 1.29° 0.046
24 1.46™ 1.41° 1.61% 1.77° 0.054
n-Valerate
0 0.22 0.27 0.25 0.25 0.012
12 1.01° 0.82° 0.94% 1.08° 0.036
24 1.18 1.17 1.23 1.30 0.028
Total VFA
0 15.44 16.67 16.73 17.06 0.277
12 46.27 43.54 43.40 4529 0.948
24 56.90 55.85 55.33 57.97 0.621
A/P ratio
0 420 3.90 411 413 0.077
12 2.45% 2.67° 246" 2.01° 0.102
24 2.65 2.70 2.83 2.69 0.050

D Standard error of the mean

% Different superscript in same row

means significantly different (P<0.05)
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AToNAE FEAER FE o] &HI o, oA g0l §olF HFEAEE
EH’\ 2 AYE FY ATt = (Chrysanthemum indicum Linne)> =813}l &3l= thd
202 e Tas A7 B8 Al i o Fo] JFEAl stal st
S F= o2 diA AthBae et al., 2009). AI AAS(Euryale ferox Salisb.) 4=

é:— %E, 6‘H]—0]]A-]t O] —z—X]-E /\]7(]—@91]. E]—/H/H/\}_ Hﬂ]j] o}- ]:]]78—789:]- ‘:o]]
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BEY HYEE 55 Fu A0 HuEHYTHChoo e al,

=

2009). BRI (Euphorbia humifusa)ye= Y8 ZEOEZA Ao Hofy ol ofysim,
Frsldgow Bolm it veto] et A8y TR, AT 2 S5l

&) A2 @37l 438ltk(Heo et al., 2008). WK Mentha piperascens)= = E3} ol
AN AER S, T, AlHlElol Ao ARG HEH R AT, K&, s,
T8, AE, BRI el A 5adrt o IuAE ¥ FLEENEo] kol & A
I THKim et al., 2009; Lim et al., 2012). Z(Mugwort, Artemisia princeps var. orientalis)> &
o 2 st a9, 3t 7ls AN EH, Ak a3 Teal JteE g SAAstaE Y, FEAt
) £3 2 939 daxd MHeE AsUe AHEErE gt WU pro-
pionic acid®] &#o] 57]-3 = A7 2371 AthKim et al., 2009). &8 (Ixeris dentate
Nakai)&= =38}7of| &al= AH3 Aol EE T2 3, &, T=of Fx3th. 1 &5
EdHoIY FAEA AUt JoH HWEE FEES FH2HEESS 7R FH ﬂ]?‘}
MAEANE B HATHPark, 2014). oV 2(Pimpinella anisum L) YA EANERZ F
o] iAol &L FH, BlAlok ofAlo} TA|A ArjET, flasoRE XL
| —_[L*"k oA, 4HE T B350 o)\\jr(Lee et al., 1997). € (Curcuma longa L)< 237
Fol] Lot tha ZROE2A QIR ohyg} FHotAols TAc® Ao 2 ofdY
Ao A ezt Vs o 2E '@"&ﬂ&%, g, A, FEARCA, TP &
3 A7} X 31 THChoi, 2009). 217 ’:’-?(Artemzsza capillaries)& =783} &3h= thd
A ZEAEEA B, T 5 FHOMCL Rl REEH k. QAXEY G5 A
2, 2 71 2 dHiAR i A" A4S 2 melanin A A 2] 9
Oﬂ dof 24, ol A, g, xF, Hrldl, &stETs4o] a3 Atk (Moon et al.,
2011). A Z(Plantago asiatica)= % 78‘ olto &3t ThAA HEoOE LB T FTAM]
glo} ol ExstH d2HE AW, &, XsiEE ol ARSIt R H A, 93,
ok, AAL AW T g ‘gﬂ%‘éi 7R3 B(Jeon et al., 2014). X oA Sk(Salvia
hispanica)= A 37} QLA oW 2273 WEL]| £3k= AbFRIote] dFow 11dA4
dd/otddh AlEolth AA7A Ao RGE ) A=t ade} 7| EqF S8jade] B
A3 AYEA 5ol ATFH] Yth(Lee et al., 2010). B3 S (licii Veri Fructus) 5
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Lol &3 B2h5) ek A=A AEERAl, S X EA|, A A B8A, vHA 5

©2 AHEE T, p-Anisaldehyde= FAF &7 2 AR G397} Qs 202 BuE Y tHLee et
2013a) B E(Ceramium kondoi)2 D=3l B stal| Ao E2 A, 3¢ 3}% & 52HE,
748 AAZE So| Hojua ¢F A= H2, G, A, AREsE o FEo
20t} =7 AlA AL A, 713, 22, 370, B 58 A Red= MO]E]—(AH et al.,
2006). A2 (Zizyphus vulgaris)> SRR BEHO = oA BT, A4 A5 =7
o8 AHEEHI lom Asiehsl A, FEH 2], F REAgo] 3 it A0
ol &37} tH(Cho et al., 2005) Z}oK(Paeoniae lactiﬂora)% Hohio] &ohs AE2A

o°*’

>4

132 ATHJi et al., 2002). =3+ 72+ 4,
2] Z-o]th(Park and Cho, 2010). &, 3=, & 5

A= = Auista glom, ofg] A8 FY, 1, 17, Y, 3 %L%L’s} ol &37}
ATt (Park et al., 2011). X8t Z(dgrimonia pilosa)y= 74P Foll &3k hAA ST22A H
&, T, AEY, TY SAA, AAL EY, 8k, ATEE 5o A5 FEEA Y o
g5 gtk HTole Mz FEEAA F4, F1EY A

(Min et al., 2008). S 2th e} ol g}zl R = o] lom S-gugtds A7), T4,
5, A, A5 2A At ot G FE RIFaHAA AE, &4, JF, 2 SR
o] X5l AFEEo] Yti(Jang et al, 2008). AMdANTorilis fructus)= PlVFE] o] Fal4to]
QAP A= S, dB, T, divk, /IE, vkt FR|olA EEIT ofY] a9
52, A TEE FAERE Y FEE 2] 28 Fol A, THEHAE 2GR VY
g ¥}7} JtH(Hong and Kim, 2013). &5(Momordica charantia L) <3A) v}3}
Aol QI B Fdobalole] Zeojrlol, D, thutelA 754 iR
T 8343 715°] BYslH, charantin®] 2= A& € £
< 3l ZA0E BuHI ot EZF FAA 8
3}3 3= natural killer MX2E SASIAIZ o2 A4 <F
31 Ith(Park et al., 2007). 3] & (Foeni-
o7 3= A8 FE AHF5Z7], 84
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culum vulgare) Umbelliferac ol &3t ohdA =
&, AR Foll &5 Aol thLee et al, 2007). H ATolA HF FEE0] &4
B 3t 3@]3‘3" A2 a3E 7HA AL 33 FE2EY Fov FolA st a9t Hol
& BAF 33 T+ AFHoE IS, FA, 75A, ol=Al, JNBARE ALESH
o] £Itk(Seo et al., 2011). ZB7KMoringa oleifera Lam) U3 Eulle FEolAole} 54
W otz 7k T AlA o8 vl g Qo AFHoE BYUle BE B F

&, slzElE, AR, vpe| ALz, 9 R3E Y 22 Fgh x3F o ® AMEEHIIT BT}



o & By, A, 9, dujoll= & A ESol Bl HIE, St ol ofu| it T3}
< YEA | Zo] TR 535 BRIF d2 FUHE AA D 1 E BRI 95
< A sshe a3t Jlow, Beet A, v e $EY X859 3‘1347} A
(Cho and Chang, 2014). °k&F(Lespedeza cuneata G. Don)= &3 WEl&ol &3l= o3|
ol A& AxEA fEve), 48, T, vk kel e Exai, dikstay, g9
Zetas, AERszas) J&ad 2 EXEy, FFET To] Lol HuEUTHLee et
al, 2013b). =3 3t 29| 75S BHosta HE A7 ARSER o, dl, A
2, e, F71, A A3 2Hgel Hold a3t vkal A UAtk(Lee et al., 2011). ¥
S 8(Taraxacum platycarpum)= =3}3o) &3h= thdA) 2RO 2 AxZtA| o ofAdsi= 2
Eolt}. helA = X%, 19, F71, 2, s, I, , o Foll a3t 1A = o
AREE O] gfor, FYddAE YIEHE AT FR=E ted Wn], FulE] 2, o] 24,
o Z So o] g3l UTh(Lee et al.,, 2004). =3+ & I, HAkEAg 3 A 27
24, e Ag, B 9 3 T4, AW AZ AR A 7 Soll B3 A7 R
I TH(Han et al., 2011). A+&Q(Perilla frutescens var. acuta)e EE3}o| &3l AEZ &4
= % FLYE7)RE, g2, dksAE 59 ofgAhgo] HalEo] glom sfjdefo
2 9 Had, 27), A, &2, 4% ABAEH Soll AHEET Adegerr AR

TH(You et al., 2012).

W
)
o,
ol
_E, > M

i

(2 Y A )
ko 2 oX i)
l:ql ol

1)
F WY APLAFOl Qo] ThFR HEFEE

2t So] £3d Ay ey e
Fig. 1A9A B 219 2 =73}, A9 das, 2 }%1, 27 8 Ak=R] 12 A9
3 mE AERZE g FSoM Uz HlEle §oldoz o 3 xubal A
T HERIIS
Ta7E: AR FL Fig. 1BAA B 219 2o £ A7oAs Aoks Ao ve 55
=50 HETe fFoHl ZolE UeilA d9ith. 5 SAH R Foks A7t BE F
FEEd U2Te 22 g Tarias Adsialnh e sy APt A Ee d
H FEZNA 7ol viste] FolH o w7 et mebs 2 Aike dF HEF
= 2Tk A

FEE oUAU Y AWAS F o gol AASHEA BEtsE o
A Agstel Aux BESHAA WSStk & 5 ok,
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(A) (B) (C)

Ceramium kondoi

Paeonia lactifiora Pallas

Chrysanthemum indicum

Euryale ferox seed Control IS Zizyphus vulgaris 2

Moringa oleifera leaf Foeniculum vulgare Mill Paeonia lactiflora Pallas
Agrimonia pilosa Ledeb.

Torilis fructus

Moringa oleifera fruit Wicii veri fructus
Zizyphus vulgaris 1
Control

Taraxacum mongolicum H

Agrimonia pilosa Ledeb.

Pimpinella anisum L. Mugwort

Zizyphus vulgaris 1 Foeniculum vulgare Mill

Lespedeza cuneata Moringa oleifera leaf Euphorbia humifusa

Micii veri fructus Chrysanthemum indicum Taraxacum mongolicum H

Ixeris dentata Nakai Salvia hispanica seed Zizyphus vulgaris 1
Plantago asiatica L.

Salvia hispanica seed

Artemisia capillaris
Momordica charantia L.

Mugwort
Taraxacum mengolicurm H.
Curcuma longa L.

Foeniculum vulgare Mill Plantage asiatica L.

Ceramium kondoi Moringa oleifera leaf

Agrimaonia pilosa Ledeb

Pimpinella anisum L. Artemisia capillaris Control

Paeonia lactiflora Pallas Plantago asiatica L.

Euryale ferox seed

Torilis fructus Ixeris dentata Nakai Pimpinella anisum L.

Perilla frutescens Lespedeza cuneata Mentha piperascens
Perilla frutescens
llicii veri fructus

Moringa oleifera fruit

Mugwort Torilis fructus

Mentha piperascens Zizyphus vulgaris 2
Cureuma longa L.
Perilla frutescens

Momordica charantia L.

Artemisia capillaris
Euphorbia humifusa
Curcuma longa L.
Ceramium kondoi

Salvia hispanica seed
Lespedeza cuneata
Ixeris dentata Nakai

hrysanthemum indicum

Moringa cleifera fruit
Momeordica charantia L. Euphorbia humifusa
Zizyphus vulgaris 2 Mentha piperascens

Euryale ferox seed
45 50 55 60 65 66 68 71 73 75 70 76 82 88 84 100

Total VFA, mM Total gas production, mL Methane production, mL/M
total VFA

Fig. 1. Effect of different inclusion rate of mixed oil with various plant extracts on total
volatile fatty acid production (A), gas production (B) and methane production (C)
of rumen simulated in vitro fermentation. Different letters in same graph mean
significantly different (P<0.05).
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Table 6. Effect of different inclusion rate of mixed oil with various plant extracts on pH,
ammonia nitrogen and volatile fatty acid productions of rumen simulated in vitro

fermentation
Treatment oH NH-N Volatile fa.tty acids profiles (mM) AP
2 C3 iC4 nC4 iCc5 nC5
Control | 6.62°" | 3.37% | 31.0™ |12.98¢ | 0.47%" | 483> | 0.86° | 0.83%d | 239%cdf
Pl 6.60%% | 345%% | 303 | 1220 | 0.44° 4.52° 0.91%% | 078" | 2.48%f
P2 6.62<% | 3.62¢ | 29.3° 12.02* | 0.45%9 | 457 | 0.96™%F | 0.81%d | 2,44
P3 6.63% | 337% | 32,0 | 13.11% | 0.48%%" | 4,877 | 0.95%dF | (.84%bede | D 4400
P4 6.61%% | 3.30° 30.6™ | 13.31°%% | (.54 | 5090l | ] jgbedel | ggrbedel | 2 30ebed
P5 6.60%%% | 3.30° 3184 | 14.16%%| 0,60 | 5.80%% | 1.30% | 1.077 | 2.26™
P6 6.61°% | 3359 | 343% | 14,99 | 570l | 5 gqdefe | jgbedefe ) pabedel | 5 Hgabed
P7 6.61°°% | 367" | 34,8 | 1532M | 058 | 13 | 7 | ] g3ebedel| o p7ebed
P8 6.60%%" | 3721 354 15508 | 0.59%% | 6.03° | 1.23%f | ]05%%" | 208
P9 6.63% | 3.41%T | 335%% | 14,6970 | 0,60 | 591 | 125 | 1.06%*" | 2.29%
P10 6.61°% | 339° | 347 | 16,02 0.69¢ 6.64¢ 1.51¢ 1.22 2.17°
P11 6.60"%F | 3,741 30.5% | 13.98%%N | 0.58%f | 5 7pdfe | ] qpbedel | g gpabedel | 5 19
P12 6.60%°%% | 3.41°% | 34,6 | 14,0200 | 485 | 5 1gbedel | g gghedl | ggmede | 2 47°%f
P13 6.61%% | 338% | 3558 | 14,58°h | 500l | 5 gqbedel | | g3bedel | (g gpabede | 5 g3bedel
P14 6.62° | 2.73° 346" | 13.48%% | 0.46%% | 528" | 0,937 | 0,847 | 2 58
P15 6.59%% | 3.07° 33.8 | 13.78%% | 0.47%%" | 5.11%% | 0.96™%" | (.84 | 2.46°%"
P16 6.58% | 3.57% | 36.6" 15.188" | ,53bcdel | 5 ggedefe | | pbedel | (g gabedel | 5 gyabedel
P17 6.60%%% | 363" | 36.5" 14,970 | 0,500l | 5 gpedel | ] g0l | 0,920 | 2 440
P18 6.58™ | 3,598 | 3520 | 14,57°h | 560l | 5 goedef | ] p3defe | g gpabedel | 5 g3bedel
P19 6.59%% | 350 | 35580 | 14.04%fhi| o 5pbedel | 5 33bedel | g gbedel | gpabede | 5 5qedef
P20 6.59¢ | 3.31° 34.4% | 14.30%f%h| (550l | 5 goedel | ] 5Pedel | ggabedel | o g4pabedef
P21 6.58™ | 3.81 35200 | 13.48%% | 0.44% | 4.82%0 | 0.89¢ | 0.78™ | 2.62f
P22 6.61%% | 371" 35200 | 13.54%%F | 0.44° 4.83% | 087 | 078" | 2.60
P23 6.59%<% | 371" 35.0% | 13.28% | 0.43° 476 | 0.84° 0.78" 2.64°
P24 6.57° 3.6080 | 33.3%0 | 14.08%fh | ( 5gedele | 5 g5edefe | g ppedefe | g3abedel | 5 33abede
P25 6.63¢ 3.65M | 3320 | 14320 050 | 618" | 1.08%%" | 1.07%T | 2.33%
SEM | 0.003 | 0.038 | 0287 |0.145 0.011 0.083 | 0.028 |0.018 |0.018
P-value | <0.001 | <0.001 | <0.001 |[<0.001 | <0.001 | <0.001 |<0.001 | 0.004 | <0.001
NH3-N, ammonia nitrogen (mg/100 mL); C2, acetic acid; C3, propionic acid; iC4, iso-butyric acid; nC4,

n-butyric acid; iC5, iso-valeric acid; nC5, n-valeric acid; AP, acetate to propionate ratio

P1, Euryale ferox seed; P2, Chrysanthemum indicum; P3, Moringa oleifera fruit; P4, Moringa oleifera leaf;

PS5, Taraxacum mongolicum H.; P6, Mentha piperascens; P7, Euphorbia humifusa; P8, Ceramium kondoi;



AdEdE ol &3 WETE YA AL 387 Ay ede) AT 387

P9, Torilis fructus; P10, Zizyphus vulgaris 1; P11, Zizyphus vulgaris 2; P12, Agrimonia pilosa Ledeb.; P13,
Mugwort; P14, Ixeris dentata Nakai; P15, Lespedeza cuneata; P16, Momordica charantia L.; P17, Curcuma
longa L.; P18, Artemisia capillaris; P19, Perilla frutescens; P20, Paeonia lactiflora Pallas; P21, Plantago
asiatica L.; P22, Salvia hispanica seed; P23, Illicii veri fructus, P24, Foeniculum vulgare Mill; P25,
Pimpinella anisum L.

ab-edefehiipifferent superscripts in same column mean significantly different (P<0.05).
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Zizyphus vulgaris 2 I 5.315
Ceramium kondoi I 039
Paeonia lactiflora Pallas I 1 677
Euphorbia humifusa | RES
Mugwort I 1474
Momordica charantia L. I 1 446
Torilis fructus I 1.379
Agrimonia pilosa Ledeb. I 1339
Curcuma longa L. I 1164
Artemisia capillaris I 0.898
Foeniculum vulgare Mill o667
Mentha piperascens W 0.478
Perilla frutescens Wo.338
Taraxacum mongolicum H. [[RRE:]
Pimpinella anisum L. 0.048
Plantago asiatica L. -0.206 1
Zizyphus vulgaris 1 -0.497 M
Wicii veri fructus -0.655 1l
Salvia hispanica seed -0.696 Il
Ixeris dentata Makai -1.254 I
Moringa oleifera leaf -1.307 I
Lespedeza cuneata -1.425 I
Moringa oleifera fruit -1.606 I
Control -2.944 I

Chrysanthemum indicum -3.844 I
Euryale ferox seed  -4.442 N
-6 -3 0 3 6
Relative performance index

Fig. 2. Relative performance index of plant extracts on volatile fatty acid production and
methane reduction.
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