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Abstract

This study aimed to estimate the effects of Lactiplantibacillus plantarum LM1001 culture
(LPC) on fermentation characteristics and greenhouse gas emissions in the rumen. Pure
starch and cellulose were mixed at a 1:1 ratio, and used as the substrate for 12 h and
24 h of rumen incubations. Rumen fluid was collected from two cannulated Hanwoo
cows just before morning feeding and mixed with Van Soest medium at a 1:2 ratio for
the rumen buffer. The substrate (0.3 g) and rumen buffer (30 mL) were placed into the
incubation bottles (n = 4) with the additions of 0%, 10%, and 20% of LPC based on
the rumen buffer (v/v). After the incubation times, total gas was measured and
sub-sampled for CO, and CH,4 analyses. Then, the bottle content was centrifuged for
in vitro digestibilities of dry matter (IVDMD) and organic matter (IVOMD), and rumen
fermentation characteristics. By increases of LPC supplementation levels, acetate
content decreased (Linear, p = 0.027) at 12 h of incubation time and propionate content
increased (Linear, p = 0.015), resulting in a decrease of the acetate to propionate ratio
(Linear, p = 0.035). And, total gas emission (mL/g DM) in 20% LPC was higher (p <
0.05) than that in the control at 12 h incubation time, whereas CHs and CO, (mL/g DM,
DMD and OMD) emissions were lower (p < 0.05) than those in the control. In contrast,
both greenhouse gas emissions (mL/g DM, DMD, and OMD) in LPC supplemented
treatments were higher (p < 0.05) than those in the control at 24 h incubation time.
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Therefore, this study concluded that LPC supplementation has benefits on greenhouse
gas mitigation in the rumen at 12 h incubation time without adverse effects on nutrient
digestibility.

Keywords: Digestibility, Greenhouse gas, Lactiplantibacillus plantarum culture, Rumen
fermentation characteristic

M E
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43]9] £Q1(GNU-191011-E0050) BHo} in vitro HFEY] W HRA|E S AA|5IATH16]. HH
oS et AT B9 %h 2501 ZARS STARE 41 VBT T ARE A
9 °oF 2%5 Folet F AU o] AR Fo] 2% (08:00) AHF kATt AF T ML 479
cheeseclothS ©]83f st o, ofte HHE9dL duE H2E7|d il CO, 345
o 8714 ZHE fAlot] APAZ o] ottt 053 AHL Van Soest mediumd} 1:2
v &2 E31519] rumen bufferE A|ZSFETH16]. ¥ W R EA ZAE st 7 2AIRE
AR O] Zpolo] 95t JFFS Eol7] Hoto] EAAE FE(S4180, Sigma-Aldrich, MO,
USA)T}F AE2 2 A(C6413, Sigma-Aldrich)E 1:12 EFslo] AREsIRTH ARE 7|2AMR 0.3
g¥} rumen buffer 30 mL& 125 mL serum bottle®]] ¥ 1(n = 4), rumen bufferE 7|2 E LPC
£ (TET), 103 mL) E 20%(6 mL) A7}t 3XEFE AAslo] 39C CO, incubatorof A
12A74} 24X7F F9F 242 wiFsldnt. wifo] F=¥ FolE Digital manometer(06-664-21
Fisher Scientific Pittsburgh, PA, USA)E AR8-6}10] total gas A& £+ 2H[17], ¢F 10
mLo| 7}AS CHSF CO, B4§02 LUsth E2 gl 82 4TolA 1587t
2,568xg 02 UAEZ|(1248R, Labogene, Gimpo, Korea) 3} 53} of52 £ 5ttt

= =

YART 5152 105C FFARV|ONA 487 ARSI in vitro 4B AT (In vitro
dry matter digestibility, IVDMD)& &33t & 550C 3|32 (Muffle furnace, Nabertherm,
Liliental, Germany)ollA SAIZF ABFA|A 7| A8H&(in vitro organic matter digestibility,
IVOMD)& E45t3tt. E5 YAE S A5 pH, FJ A Ak (volatile fatty acid, VFA)
2 Yot AA(Ammonia-N) EAof 0|85}t pHE pH meter(SevenEasy, Mettler
Toledo, Greifensee, Switzerland)E ©]-85t% 9™, VFAE auto sampler(L-2200, Hitachi,
Tokyo, Japan), UV detector(L-2400, Hitachi) ¥ column(MetaCarb 87H, Varian, CA, USA)°]
42" HPLCE ©l-83% 25[16], ammonia-N-2 A of| Fsto] EASFATH18]. 3HH, &
AE 7tAE TCD  detector®t column(Supelco, Bellefonte, PA, USA)o] ZF2H  gas
chromatography(Agilent Technologies HP 5890, Santa Clara, CA, USA)E o]&sto] CH.St
CO, HAZF= EAsHTH19].

SHXE

£ AFoA dofdl it LPC H7kpzo] of7t WalE RAME] $1519, general linear
model(PROC GLM) statistical analysis system(SAS) program(SAS Institute, Cary, NC, USA)=
0]-85}9] polynomial contrasts(linear and quadratic effects)& 4ottt E3F A2 719] -9
A A5L Tukey's test(p < 0.005)S 53l AASFATT.

I
Za @ 23
Ht

1591 LPC e %a sto] 1241 59 LEARL 1, FUL 42483} FEEY
o = T
o

of WA= JFS AR 2= Table 13+ 2Tt LPC 37t4E0] AS(IVDMD) §71&
(IVOMD) &shgofl= 92 HIAA] e9kthp > 0.05). 3HA[RE LPC H7keo] S7kte] met
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Table 1. Effects of LPC supplement levels on digestibility and fermentation characteristics incubated with rumen buffer for 12 h

LPC supplement levels (%) Contrasts
ltem SEM - -
0 10 20 Linear Quadratic
Digestibility (% DM)
VDMD 54.3 53.3 54.9 7.492 0.913 0.840
VOMD 52.3 52.9 52.5 3.488 0.667 0.981
Fermentation characteristics
pH 6.79 6.76 6.72 0.046 0.112 0.890
Ammonia-N (mg/dL) 11.2 11.6 10.5 0.664 0.278 0.260
Total VFA (mA//L) 84.6 84.7 82.6 1.044 0.413 0.166
Acetate (% of M) 67.2° 66.7° 65.6° 0.586 0.027 0.561
Propionate (% of M) 19.8° 21.3 21.2° 0.382 0.015 0.072
Butyrate (% of M) 9.10 9.14 9.10 0.362 0.995 0.888
AP ratio 3.39 3.13 3.09 0.281 0.035 0.766

2®Means in the same row with different superscripts differ significantly (o < 0.05).
LPC, Lactjplantibacillus plantarum LM1001 culture; DM, dry matter; IVDMD, in vitro DM digestibility; IVOMD, /n vitro organic matter digestibility; VFA, volatile fatty acid, A:P

ratio, acetate to propionate ratio.
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H5=9] W acetate e (linear, p = 0.027) 7HA0}1L, propionate 3 (linear, p = 0.015)2 57Fot
Ao, o] Qg A:P H|E(linear, p = 0.035)2 TAsSIHT}. &3], 859 W acetate F(p
< 0.05, 67.2% vs. 65.6% of M) th27-7} LPC 20% H7F0] Hls] &3k 2™, propionate T
(p < 0.05, 21.3% and 21.2% vs. 19.8% of M)} LPCE H7ISt ZE A7t 2] v]g]
J:_—_oh:]_.

WE7IEA Fo7E ot B L HYES goIde W, #7014 e, a4 53 22
FagEoZ Qs w9 W 48ke0] 7ot AR BAUEQITH11,12]. 5|, L. plantarum
BX62E 28519 1 AE 480 3716 .2H([13], Ongole £59] w90l L. plantarum
= golstale o, W59l st f71E 4dkeo] F7Fe it EAlE Ith20]. sHAIRH &
ATl LPC 7ol e f718 43800 9F= vAA Feke=t, olAE ¥
WE=3 u8E, TEARRY, 7|24 R 59 Aol 7|91t Ao AlmETh FH, HE|E Al
873 L. plantarumg FZ ARQA] A2 Al HJE0HAZ W), W59 W propionate &0l F7F
Ao BRI ACH21] B LT #FE g ALYA AR Ao FESHAE o, §HE9
Y pHE} total VFA X0l FFE U|A[A] %}9}: 14‘ propionate &2 57}0lL acetate T
o ZaTE HREYEAR], ¥ ATINE AAATET $AT BFAI} Selse)

HHE9 W 7tA 2212 h)

U9 Y LPC A7teEgS 2esto] 12417 B9F A AE 1, total gas, CHs & CO,

Ao pR= JFE 2ASE AIk= Fig. 13 2t} AE7]E total gas FAYZFH(mL/g DM)
LPC #H7}ego] 371deSE S71stH o H(linear, p = 0.014), AE A3E(mL/g DMD)3}
23-&(mlL/g OMD) 7| M= 74t THquadratic, p < 0.05). 3HH LPC H7l450]
71 S CH, SRS 718 (quadratic, p < 0.001), A& A8 (quadratic, p = 0.025) ¥ §7]
A8H&(quadratic, p = 0.009) 7|5 LFoA FAstlon, CO, YBFHE AE, A& A%H8
4 5718 43 7|& E5(quadratic, p < 0.05)914 45kt E3], LPC 20% H7HoA
CH.2} CO, TAFo] 7 W3dth(p < 0.05).
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Fig. 1.

20%

Effects of LPC supplement levels on total gas, CHs, and CO, emissions incubated with rumen buffer for 12 h. **“Means among the

treatment with different superscripts differ significantly (o { 0.05). DM, dry matter; DMD, dry matter digestibility; OMD, organic matter
digestibility; LPC, Lactiplantibacillus plantarum LM1001 culture; L, linear effect; Q, quadratic effect.

https://doi.org/10.5187/ait.2500013

Ql ofloln, 3] CH, I
SH= methanogens= $4AE O]

St

T

HEE= 1o A ‘?:H\_
&3 CH.E 4
e 24l B L. plantarume }—,—7]-q0ﬂ 24—9:6}@-% w, CH, Ak 7hasly,
propionate ¥:0] Z7FSHIcH AHATES) Aol Hst 2ol[13,1421], & ATFIHE LPC
20% H7HolA FARRE IS Bk o]9} Zo|, W2 Al A L. plantarum HE A,
propionate H|&-2 Z713F WFH acetate H|-&©0] 743 AL &4 SE0] CH, AT ddd
acetate 7 204 A AH[SH= propionate FEZZ 0|5 o2l AoZ Al T, o]= dt
9 W CH, AT AT} AHRS] gross energy ©1-& &8 A0l 71992 o= =& Aot gy,
HE9 U CO= 2 et Hhgolu 2 tiAbY AbEE AAEH, & dFlA
20%9] CO, BAFo] Wk AL L. plantarum HFHL) A4 2700] o) it whgo] 44
oz QI8 F3t tiAtES] A FE7E AREHUE Aoz ALRET12].

—é JJr OﬂLVl

rk%

Eolr
HU
=
-4
fols
ofx
ok
o
EN]
1o
19
it
o
o
X
[
>
[\S)
)

AL
W

g F

129 U] LPC /28 Sejotal 2007 59 SRAZS o, A4 25185 BaEA
of tXE JFS ZARE A= Table 29F ZYrh WY LPC H7kpFo] Wy W
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Table 2. Effects of LPC supplement levels on digestibility and fermentation characteristics incubated with rumen buffer for 24 h

LPC supplement levels (%) Contrasts
ltem SEM - -
0 10 20 Linear Quadratic
Digestibility (% DM)
IVDMD 61.7 56.5 55.2 4.585 0.119 0.406
IVOMD 56.3 56.0 54.0 2.124 0.122 0.757
Fermentation characteristics
pH 6.42%® 6.47 6.37° 0.044 0.126 0.015
Ammonia-N (mg/dL) 14.9 1.2 1.9 2.151 0.135 0.195
Total VFA (mM/L) 91.9 92.9 89.8 5.454 0.122 0.190
Acetate (% of M) 63.7 62.9 63.3 0.814 0.437 0.235
Propionate (% of M) 23.7 237 24.1 0.405 0.191 0.335
Butyrate (% of M) 10.1 10.5 10.0 0.442 0.710 0.088
AP ratio 2.70° 2.65% 2.62° 0.035 0.007 0.478

®Means in the same row with different superscripts differ significantly (o < 0.05).
LPC, Lactiplantibacillus plantarum LM1001 culture; DM, dry matter; IVDMD, /in vitro DM digestibility; IVOMD, /n vitro organic matter digestibility; VFA, volatile fatty

acid; AP ratio, acetate to propionate ratio.
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2 = 0.044)2} A:P H|&(linear, p = 0.007) LPC 7kpo] F7Fgol| what HAstot). 54,
K9 W pHi= LPC 10% 77 LPC 20% H7Hrol] B8l %2L2m(p < 0.05, 6.47 vs. 6.37),
AP B &2 277} LPC 20% 7ol B3] &9kt < 0.05, 2.70 vs. 2.62).
g o AlY} 7o FJFEA Astas S rlofol 982 AAsIe Aoz AHA I
plantarum FFZE WY Y B ALEA] AZ Al HES APAFENA AR FaEdy
U9 W U4 ASKE 7RA, U9 W B aE A (ammonia-NT}F VFAs) A 59 5349
o] B ETH9,12,13,20,21]. SHAITE, B AFLANME L. plantarum HHOC} H21Eo] [PCE u}
Z90] H7}sto] 2447 HAEA S wl, pHO} AP H]&-S A QI3 BE EAZloA 5929l Ao
= Ho|x] okolt}. olgjat Al F==2 A HL3t Ao ohla} uha HH oFES 723} Zo]d]
A 71Q1ske 20 R Helth k3, AAFES dbaQl 598 Almo] #+58 283 vhd, 2
APo A= Ao g vt U Baj7 41 vlE A AR} AEZQAS 7|42 ARSI
7] g0l Aolet A Hol= Ao &® ALmETH23]. ¥H, & AtolA LPC d7kpol 571t
of e} 529 U pH7} quadratic 514] FASH= ATE B9l AL H|E 949l ZJol: glgle.
W, in vitro ¥H59] U Fa Al pHo|l 213208 G2 A= ammonia-N7} total VFA gHg9]
quadraticgt ®3lo] 71015t A o0& Holth ®gt AP H|RO| lineard}A 743 AT §9F0l
Aol oL, W W acetate TF 7149} propionate T Z710] 7]Q18H A 0E Kt}

kol‘

oX,
)

l::

¢

]

HHEQ W 7tA 2224 h)

959 Y LPC H7teEs 2ote] 24417 B9 HEAFE 1), total gas, CHy E CO,
U] t|R| = YRS RARSE A= Fig. 29 29t v=9] W LPC H7leso] S71edE
ZAE 71 total gas TAYFH(mL/g DM)2 7H4519 21 (quadratic, p = 0.007), A& A3 (mL/g
DMD)#} 4718 43H&(mL/g OMD) 7|&2. 2% &7} Chlinear, p < 0.05). 3FA|%F, AE
(mL/g DM), & 4£3+&(mL/g DMD) ¥ 47]& 438-&(mL/g OMD) 7% CH,&} CO, ¥4
F2 LPC H7teEo] 371848 F716F tlinear, p < 0.01). £3], total gas LAY (mL/g
DM)2 LPC 10% H7Ft7F di27-2} LPC 20% H7kto] vl ¥-2(p < 0.05) ¥hd, CH.}
CO, L LPCE 7I%t B Ag7F tizFof Bls] =3thp < 0.05).
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Fig. 2. Effects of LPC supplement levels on total gas, CHs, and CO, emissions incubated with rumen buffer for 24 h. ““Means among the
treatment with different superscripts differ significantly (o < 0.05). DM, dry matter; DMD, dry matter digestibility; OMD, organic matter
digestibility; LPC, Lactiplantibacillus plantarum LM1001 culture; L, linear effect; Q, quadratic effect.
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LPC 3714550l e 98] W 24714 WIS W 1240709k Aolgt 23k maleh
53], LPC 7o) 37hlel ek, CHisk CO, Whlspol W 1240300l 24 v
24A17F o] R0 = F7tohs AFS HloH, ol waAgte] Fugte] wheh vk Wi njdE
3} 0159 qAE R ol AIARHEH23]. L. plantarume 28
9 W 28 27]9l= methanogens®] A4S AT 4 AJAAT, FaA|to] Hugto] upt
B9 W v E 2T 4 ol8 BRE HSHA CHy TS 5
[24]. T3, L. paraplantarume S35 AL Ao H71olE o, $E 2 7]0l|= propionate 52
F714E e SRS Y, Eart AgEas CH4 o] S7HeIATH AL HAls =]
[25], o]E|dt AT ATLES & AFolAT FRIT 4= Uitk T, CH,y 42 89 HolA
T4 F8 &H] F& F shdo|d, FAHow 2 5}% propionate J =7} 2481 Ok
739 methanogens®] FAF E-T = ATH23]. L. plantarumes 7} Al 27] CHy AJ7d0] A
SR, 2442F ol Fol 71 21 9 BANS SWOR CH, ATl T Z4T 4
SITH20]. 2 @014 AP H1go] ZAGHYOL, CHS} CO, W0l BAd] 271 AL
44 O84S} CH, 44 422 T ABEAS s AS AN,
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2a wiFE(LPC)9 ARAIS 72 £AH ] A8 35k o8 fsl, LPC 71
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23T, 1718 AT 7 Zol7t gl 3, A 1247k LPC H7kezo] 571
o] whet Hh59f Y acetate $HE2 HASHL propionate - S7ISH M, o] 2 QIS AP
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HH5=9] W LPC 7 adts 71808 Ly 3thd, #H7] == A9 upeycling 71<7iE7t 7]
A9 ESG A gl 71912 4= & ACE Atadrh
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