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Fermentation of Environmental Friend Total Mixed Ration and
Alteration of Rumen Fermentation Characteristics

Ryu, Chae-Hwa - Park, Myung—-Sun - Park, Chul - Choi, Nag-Jin - Cho, Sang-Buem

Total mixed ration (TMR) including concentrate diet and roughage together have
been used for the ruminant animal. Relatively high concentrations of moisture and
water soluble carbohydrate are representative feature of TMR. Those moisture and
water can also provide a niche for bacterial growth. Therefore, a possible ferment-
ation of TMR induced by micro-organism is generally accepted. The present study
hypothesized that different lactic acid bacteria could alter fermentation of TMR
and subsequently rumen fermentation. Three lactic acid bacteria, Lactobacillus
paracasei (A), L. plantarum (B) and L. parabuchneri (C), were employed and 7
treatments under full factorial design were compared with control without
inoculation. TMR for dairy cow was used. Significant alterations by treatments
were detected at lactic acid and butyric acid contents in TMR (p<0.05). Treatment
AC (mixture of A and C) and BC (mixture of B and C) showed great lactate
production. Great butyrate production was found at treatment C. At in vitro rumen
fermentation, treatments B, C and AB (mixture of A and B) showed significantly
great total gas production (p<0.05). All treatments except treatments B and AB,
showed less dry matter digestibility, significantly (p<0.05). Total volatile fatty acid
production at treatment AC was significantly greater than others (p<0.05). In
individual volatile fatty acid production, treatment AB and AC showed great
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acetate and propionate productions, significantly (p<0.05). This study investigated
correlation between organic acid production in TMR and rumen volatile fatty acid
production. And it was found that butyric acid in TMR had significant negative
correlation with acetate, propionate, total volatile fatty acid, AP ratio and dry
matter digestibility.

Key words : dairy cow, lactic acid bacteria, organic acids, rumen fermentation,
TMR
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B ATl M= F 37FA At (Lactobacillus paracasei, Lactobacillus plantarum X Lacto-
bacillus parabuchneri)< A-83IRTH FAAZE ETFH Y 58 AMESYA, B 45
B 7} 4FEL 1.0x107 CFU/ge T 52 AZFHAJY. & 552 F23AF dhdnto)
LAyl A AlgHol ALk

w d7elA AHEE TMRS 298 TMREA 11 243} YL Table 1914 HE
2 2oy z2owd) 22 g 23R S AOAC (1995 el weh #4435t om,
NDF (Neutral detergent fiber)$} ADF (Acid detergent fiber)i= Van Soest 5(1991)H o2 H4
s Th.
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Table 1. Ingredients and chemical compositions of total mixed ration

Ingredients Contents, %
Concentrate diet 37.20
Beet pulp 7.20
Cotton seed meal 11.20
Ground corn meal 6.40
Barely 13.20
Alfalfa 12.00
Timothy 12.80
Total 100.00

Chemical composition

Content, %,

Moisture 33.00
......................................................... 0 DIVl =+ memmmmmn e e e

Organic matter 92.65

Crude protein 14.95

Ether extract 5.26

Neutral detergent fiber 36.52

Acid detergent fiber 20.11

3. AgAA

% 8719 AWTE AHHAL o} gk ADT 1 obR

FREDE AHA 2 e

AlFFANZT), NET 20 &5 A (Lactobacillus paracasei)E TMR F 2] 0.1%(W/w)Z
B3 AEFHAET A), NET 30 &5 B (Lactobacillus plantarum)S TMR & 52
0.1%(ww)2 35t AT (AElF B), AT 4 ¥F C (Lactobacillus parabuchneri)E
TMR & 2] 0.1%ww)=Z EF3 AldFAH T O), AET 5: 5 Ask ¥FBE 1:19]
H &2 TP #FEHES TMR T F%) 0.1%wwE EFT AFF(HE T AB), A E
T 6: 75 A8} 7 CE 1:19] v EE 3 T2 ES TMR F Sl 0.1%(w/w)=
=& ARTHAHET AC), AT 7 7 Be ¥ CE 1119 MR EFT d-ERAE
TMR & S F°l 0.1%(ww)Z 33t AFT+(X 27 BC), AdT 8: &5 A, @5 B 1]
T CE 1:1:19 B &2 T3S #F2HES TMR F TF°) 0.1%ww)=E E33 A

dTH(AH 8T ABC).
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9l b yobe] A B SRR AL EA el AESETE vE9 e ekryjote] 2
29b FGA L FreFSLlee 5(2016)9 Wl whebA BAEE T

9} ‘corrgram’ packagesE A3 ThH(Team, 2010).

ToAME F 3 TFY Aite AR 8 2R E ZF98& TMRO HEsAh
Z/4& Table 204 He 213 2o & 77]4F dFelA= A2l
oAl 7 FEE A AU THp>0.05). S ME O okt 8] i 23
TMR®] Z 714 20+ &S VXA Gtk A f714 24049 freol Al
2ol ZlAakyl HEito| A #2E I tHp<0.05). TMRS] ZAHgaFS BC X2 7X(L. plantarum
+ L. parabuchneri)o| Al 713 =71 UERSTHp<0.05). ¥HH FEke] A9 C AHFL
parabuchneri)| A 718 =A UEFS S (p<0.05), AB A2l 7(L. paracasei + L. plantarum)<}
AC ﬂ\j/]*—rL(L paracasei + L. plantarum)| A A WERHTHp<0.05). TMRS] & 714 443
g 7 fr14kEe 24 ‘:’]7‘] g a3F Foto, B AFolA AMEE L=
A F714 AR FR TG F714F 24 H]z?_roﬂ N &347F B8 & A4S &+ 3
ME o ikt Bl E‘rokf& dots 2402 AN TMRES W59 Wl Ha5
Table 394 H= 23 2ok BE 7k YAFS A7 B, AB 1P|l CollA FolF o=
Al YEFSTHp<0.05). RF=9] pHE #2]F BE Al9Ig & A 50l &7 Fol&:l X
ol UehA AtHp>0.05). W9 dRYote] dA A= BE APTELH
zpol= HEHA kot AT ABoF ACE AQ|F BE A FEddA tzTrY fo50
2 e rryole] A wFo] IR ATHP<0.05). F LA AR 79, AT ABS}
AC7} tzTrol| vt folH o2 A YEbs 01 (p<0.05), YA AT izl Bl
st 2AY 9 et 910 E43-8(IVDMD, in vitro dry matter digestibility)2] 73-%-,
27 Be ABE A&7 B AEFE0] thxTol Hgte FoFom 2ohth(p<0.05).
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Table 2. Effect of lactic acid bacteria on organic acid production (mg/kg) from TMR

Lactic acid Acetic acid Prop1.0n1c Butyric acid Total oreanic
acid acid

Control 76.28" 11.96 41.40 7.42%% 137.06
A 74.42° 11.73 40.31 7.61%% 134.08
B 74.77° 12.19 41.59 5.508¢ 134.07

C 81.02° 12.67 41.04 10.59¢ 145.32
AB 75.23¢ 12.23 36.82 5.06° 129.34
AC 85.37% 13.11 34.73 5.47% 138.69
BC 91.57° 15.20 39.39 8.13%d 154.29
ABC 82.95° 12.35 37.10 8.46% 140.86
SEM 1.96 0.31 0.89 0.45 2.75
P value 0.276 0.111 0.459 0.007 0.465

Treatments: Control, without inoculant; A, Lactobacillus paracasei; B, L. plantarum; C, L. parabuchneri; AB, L.
paracasei + L. plantarum; AC, L. paracasei + L. parabuchneri; BC, L. plantarum + L. parabuchneri; ABC, L.
paracasei + L. plantarum + L. parabuchneri

SEM, standard error of mean

e Different superscripts at same column mean significantly different (p<0.05).

Table 3. Effect of different TMR fermented with different lactic acid bacteria on rumen
fermentation characteristics

Total cas Ammonia Total volatile
o ductioﬁ mL pH nitrogen, fatty acid IVDMD, %
b ? mg/100mL production, mM
Control 81.67° 6.50° 5.53¢ 84.52¢ 42234
A 80.67° 6.48% 5.03° 85.04° 35.91%%¢
B 89.33° 6.46° 5.18% 85.20° 41.63¢
C 77.33¢ 6.50° 521% 81.05° 33.76
AB 84.00¢ 6.51° 5.30% 92.04° 39.94%
AC 78.00° 6.51° 5.46° 88.89¢ 36.89%
BC 80.00° 6.50° 5.16® 79.42° 36.13%¢
ABC 75.33° 6.51° 5.18% 73.31° 32.01°
SEM 0.88 0.00 0.04 1.14 0.81
P value <0.001 0.060 0.004 <0.001 <0.001

Treatments: Control, without inoculant; A, Lactobacillus paracasei; B, L. plantarum; C, L. parabuchneri
AB, L. paracasei + L. plantarum; AC, L. paracasei + L. parabuchneri; BC, L. plantarum + L. parabuchneri;
ABC, L. paracasei+ L. plantarum + L. parabuchneri

IVDMD, in vitro dry matter digestibility

SEM, standard error of mean

¢ Different superscripts at same column mean significantly different (p<0.05).
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Aol WE w9 W AR YA HFS Table 49 Eoh 24} Z23]2
Ab A EEe gl ABSF ACOIA foF 08 =4 UERFTHp<0.05). HEARY] A9 A g
T ABAA oA oz =A YERS O H(p<0.05), BT CAlA= FolFoz =2 ey
ko] F2E A THpP<0.05). A} Z 23] 24F0] H]-E(AP ratio, acetate to propionate ratio)<]
B, AT C2 ABCOA FoH o= WA e THp<0.05).

Table 4. Effect of different TMR fermented with different lactic acid bacteria on rumen
individual volatile fatty acids productions (mM)

Acetic acid Propionic acid Butyric acid Valeric acid AP ratio
Control 51.31° 20.10° 10.31% 3.03% 2.52°
A 51.80° 20.18¢ 10.15° 2.92° 2.57°
B 51.45° 19.91 10.66™ 3.18% 2.58"
C 47.59° 19.34% 10.23% 331° 2.44°
AB 55.91¢ 21.89° 11.07 3.18% 2.55°
AC 55.21¢ 21.33° 9.36° 2.98° 2.59°
BC 47.57° 18.82° 10.08° 3.07* 2.53
ABC 42.20° 17.39* 9.64° 4.06° 2.43°
SEM 0.88 0.28 0.11 0.08 0.01
P value 0.000 0.000 0.000 0.000 0.005

Treatments: Control, without inoculant; A, Lactobacillus paracasei; B, L. plantarum; C, L. parabuchneri,
AB, L. paracasei+ L. plantarum; AC, L. paracasei + L. parabuchneri; BC, L. plantarum + L. parabuchneri;
ABC, L. paracasei + L. plantarum + L. parabuchneri

SEM, standard error of mean

e Different superscripts at same column mean significantly different (p<0.05).
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I Qe ALSE YETHp<0.05). TMRE] FEAHS §F¢9] B a 45 FollA
7", 24 A, 22a 24 A, & ST A YAL AP ratio, IVDMD 5
o Z 0 F(negative)2] AATAE 7R Y= ALE YERGTHp<0.05). HF=9

-

ARLEDS] B Aol Zr 24k T LA A4 AP ratio B
I fFolHQ Ao FAAAE 7 AL E UEHTH(p<0.05). ZEI|24He 2

abbs Bo) oA aga ymA REJIAERE Ho| ARBAE /K ez
ERTH(p<0.05). HE4HS F 3242 W4ta) IVDMD 3he] 22 A3 oA 7E ve
W THp<0.05). H&Zike F 3L A 4L AP ratio, IVDMDS}F 2] Q1 o] AiaA 7}
UEFSTHp<0.05). & 3 A AR AP ratio2} IVDMD 7He] £-921¢l Ao Aa#A 7}
YEFSTH(p<0.05). AP ratio®} IVDMD Ztell= #2290 A2 4d3A7F e tHp<0.05).

TLA
P ~c

Fig. 1. Correlation between organic acid production in TMR and rumen fermentation
characteristics. (A) TMR and (B) rumen fermentation characteristics. TLA, lactic
acid in TMR; TAC, acetic acid in TMR; TPR, propionic acid in TMR; TBU, butyric
acid in TMR; Total, total organic acid in TMR; RGA~DMD were parameters for
rumen; RGA, gas production; RPH, pH; RNH3, ammonia nitrogen; RC2, acetate;
RC3, propionate; RC4, butyrate; RC5, valerate; TVFA, total volatile fatty acid; AP,
acetate to propionate ratio; DMD, in vitro dry matter digestibility. Blue and red
colors indicate positive and negative correlation, respectively. Color intensity
means intensity of correlation. For significance,

* %% mean p<0.05 and p<0.01, respectively.
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ko s 9§ TMRE 2E A4S Yelle A=A rA=d3 f7]dd@o] A
|9 FaE TMRO| PAE 4L ik, ditAld 2 Falle] 2= FHET. 1L
Yo Z vy g UEe vAEgo]l 44 o] T3 o] EtHLiu F, 2016). A
T EE B ooyt O IUEE Sk mAES SRV ES Ta% 2]l 2 5
2 ATolM s vE Dot TRE BASHA S, A=l U dFe 24

(phenotype)°letal & & A= F714F A4S B33 UM A4kE 98 TMRO]
3l o HA Zrolr 7] 0124 Hou, Lee 5(2009)2] =0 A
20 #AGlel F 7714 50% ool Aikez
A=t} A THLee 5(2009)2] AT A= ZAbo] Aaki) fAabal AL 28] o] A LhEF
5ok ol2gk zkol= TMRO ¥4 FAZH S} HITE =9 F/RAA 79T 2=
AZFE T Lee 5(2009)2] 7ol AMEE TMRE F8 ZAE AHULS HZQl i 2 A
MM B, ¢da @ ERA Fo| AHRHIAT F, 2AIE A9 Aolrt olH 3 Fr)4k
z2A Bl&9] AolE Yk Zlo 2 AdH T
7 AFHT AR FELES WHFH WollA g HAAEE s o] 8 (ZaM)H
of TIAE AL, 1 A= EA Aol AT oA AAE SRR W

&)
el M-S FABIL FAE(AL], ¢HE Adsten Hadk duA e 10%E a5t
Al FThSeymour 5, 2005). 24 §HE9] WollA A4tE = LA ALY RS AFA]
gt WS ES 24 FEeIth 18al w9 W] A AYAY] AEE BES 24k
THReynal# Broderick, 2005). WebA] 24 A4, & ZALE A 9] B3lE S5t Ao

Fekal ok F ¥

2 A0 §3F & glow, WEs U Afa w8l AT 2L o)
H

AR WS HES AL e WA AGAS 24kt 24bo] Afa Ealfe
AbEolgta o 23] 24F2 Bl 283l E(non-structural carbohydrate, NSC)2] 3]
=l

g2 & 4 ThDijkstra 5, 2005). 244 Z2)Lqb0] WG] U] FEAA )

e L}Emu sk NSCO| B8 BEST Y ol FelA o] T fI4ke H gL
o] AR ALGE T, AP ratiogh L T ZAke} Ew] gk oo HEakw) el sto
1,}

_4

, L "gﬂ%‘tol Z24b 2 a4k Blste] AT A o= wolA 23l takE 4 Q)
FELke A, ZEa 4k FxF o] wle gk, 290 A o S
AR TB_SJ 113357} At =3 FE4h2 2024 o] 83 FAIA I (gluconeogenesis)
HA o] o= A4k BAEAES FEANIIE &S &, FAF-F FFHe T8 FAaA
(positive correlation)E 7FA 2L A THSeymour 5, 2005).
waRe) ol A4l 2t7e) AMAARAES S BYW HA4T ke 45 B
Az A 4T olelgh LA RARS] S oldfiste AL TFHoE S99
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