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n A& A7F Al RS BEe)] FAA] a3E YEl= Ao =E F<l




7t A AT AA w59 W pH HIolEE &3 A=
Z oA A AA &
O 4ts=3 4 vAE o A8 2 4 J53 g =231 &1
O =y A&y 7% AesSs AdURAE 53 Asss 99 79
O WY lactic acid ©]&A°] =2 F7IvABEY &
O WU lactic acid #38] =71 =1 dE2& F7IvjAd=2 £
A9 O &Y HAEY a1 ¥ AsES dUEd A
A RS o wzss dw An Azl A4, BEe AR Fe A9
delivery system T
O AtE53F dW AL HI7HAS] &5 AMS 9 ALS7FE Al o] & 7hsgth
7V BH TS
O =% oA vAE H7HA 7 delivery system 755 B3
AAAA Y D AFE B 7=
O HF7&8 AsE5S AW AASFAYAA +5
O 7|4 wrH o} A Yol wrF9H o] Hrtel FHIFSHAl 2% sodium
lactate S 71 wjA] A5t A= &
O T HFEU 9] lactic acid ©] &+ lactic acid ¥4 £5=7F =H HE
=3 v = e
O Lactic acidE °]&3l= 2%, AES ©]83}9 lactic acid TAo] =& 2
T #FE Yo, F 4T VAES £
O #8% 4F9 mA=d Hote 4 2 YaEALS Flsidior, Al
ZE HAERZ 8
O EHd vAyEL in vitro 23S F3FY lactic acid A& HF
AT LA 3
O A7}8 sodium lactateE ©| &3+ A 713 wjAE =4
nAE 54 HEEAY ARSI HAdE S48, §EAMEE T
st MR Ad &<
O AR HI7IE Al ASHIA, sZ2REA, FIFA Y HHA =
(glucose, zeolite)= T+
O In vitro A3 3| v|AE H/A &34E AS3H o, d7F =9
wet §37F g2A JebgdS <l
O ZHUAE TATER AFE FYdstHoer B fA A 7| 7173
HAE H7F A 9e Eao] A a9E Yl AoE 89l
O 3#7InA=E #8548 9 54 dHolguo]x o]§ FrnAEZHEH
oA L7 A 72 B s s 84 0 f312 24 D A2 AT o271 g A4t
g8A49 A7+ 2 AEFS
CIES) | O BEA, A AR 7173 59 dolHuolx Bg FUA uYE AY
3 9 AHA BE AT, FU1A8 PAEY AYd A4 71




‘|<_A

=

49l o)

%
&

A7rA1 2l ZA

=]
=

o

i

3 g v

O &7kl o

= 7}l

|
—

3}

°

A

=
=

g o5 AREPAEAA FFS] ¢

ARRE AbFEE] A

Nlo

A AR A A 2A 2] o] &

A ASHTHA el wE

F=3

(!

A

O

i

SH 7o

=1

y

==
R

[}

483 AR 2

B
q | 3
RK 2
<
a
.| 8
° 2
o g
T
i_ﬁ b=
~ 2
N =
o z
I o
No | B
=) <
q —~~ q —~~
ol |w2
wOE
= | R
e g

SEE)

]

<R

T

3

o]
m.o

214

¥ ITEo



)

xt

Hr

1. A77hdaA e 7he

- 157

4. o\j?_%y/]__g] %—% 7;‘”3?;]_' %

160

- 162

3

&
R

il

Zk1

=4

7kl A A

3

Ry

77138 AHA|



7 9

Sk F Rl Al sAEAATIS/NEARY Y] AT EIM YT

rlr
off
o

. o] HiA

FEA FY S EROIM AW FAP NG S

=)

o=

Lol BIA ) §g wEs o
J& wor guh

Agel AT Al

Jo as Wge teos UE B ASAE ol g

s

N

ik Ak




1. 7 MEHA L e

11. 7 24

o

o HERF AL AR B3

)

<
RK

~

S
yul

N

dloefuo] = 7

Mo
=
™
g
o
Mo Ep
o R
Y
N
T P
"
o
T
~ &
s
ol
H

W lactic acid&3) €571 =9

WU lactic acid ©] &4 o]

©)
@)

=
=

§ =
n O
> a
”/. lo _va
— — _l_|
° N L
w2
< Jo *
® N W
T do wrw
oy o ’
L =)
)AO _ ul
q_mo M —
X ~
© Ox
XM=
N B
oo
;T E
o)
N K &
oo &
. A~ X
NN
W
o o X
T T 2y
xon 2
" OEE O
Moo ﬂw
clica
Njo
o fo
BT T do
Mo No
Wow N
No  No -
CCd R
o O O

o 75

ks

N AR A Q] 4k s

=i
=

AL A A

Nlo

12, A7 284

—

0
O

J))

ox

K

o

&

—=
1o

o

1

4 ZHRumenocentesis) &

ul

FH(Ruminal stomach tube)%} 1]

FAY, cannulae”}

S|

%9 ) pH

H

2
SIECERE

O &

7_(}

%

=
=

4

J|

5

)

—_
file)

KO

_z__l

N
e

]

#1 AFF pH vl H(indwelling pH probe)

3}

+(Plaizier, 2009)

o)
AN

al

BRA7E A&H oz Y

¥ olYe} pH probe2} ©lo]E A

)]
u

.2:1

i pH =4



W39 Ul WS AR R0 42 AN A8 pHEHY g FUEY dolE I
HE AR R4S Ay 236 2 Aee & A9

ERF W2 Aol SARAS AW Y|FEe]l 2 pH &S 5.5(Hibbard, 1995), 5.6(Cooper
and Klopfensentein, 1996), 5.8(Beauchemin, 2001), 6.0(Kriehbiel, 1995)2 A3} A, w5
# pHZF 3FFoll 3AIZF o] 52~5.62.2 A FAH= A (Gozho2005) 2.2 WA|EH| =
A=

16k Zo] A SARAE #Hst7] A% w9 pH 7|Ee FAMAE B =] Ha
A2 H(Gozho,2005), AtEEFS st mldo] WA HiAe AeEF JAwd
248 F Ae v pH 71E AA 2 &Rl tid A7 AET A8

gy A Sl bEEFel e B A& F A -AA A sgadel g =
AbE AR Ao, deEs 54 2 71Ed ) 3+ Sl A

e
AFEZ A Aol Bsl ASHT gou, Fuel B RFE AT Hie
FF Bk HAE AMS A8 A% BAC we SFASE FHoh Folshs A w

=3 AR AR FEE AY FE OBOE ASHE A AR HAFC FaFol
e FAF Ph, w BAF Fb) ME A WA A5 Fh, GRE F2 ST
o FF 4ol WE AAA

T A WY ST AgBPREL AT Fiel Y= @ AN 4L F
Bala wEEEe] ATEFS APsr] AW AU AT WY FHY FRHA A
PRl ATl NFE FBY

™
r
o
>
bl
1o
ofN
it
=2
i)
i
L
all
Ho
=
)
T
ya
Ho
o
.
oX,
2
=3
ﬁl‘
rlr
ko
%)
N
o
o2
2&
X
T
o
T

I Qo] AEHQ F7F A7F B 83, @] lactic acidE ©]-&3t] ZHAaste= WY
o] 9]o] lactic acid®] AWAAAZ Zo]= Y Ed 3t AFE Q3

MESEFE detr] sl WY lactic acid S EY ¢ JdE UAE ATA AT
o #HEStY lactic acid®] FAAAE 24 A= d77F IFHIT J=. Chiquette et
al. (2007)2 WEE=Jujell A E2E Prevotella bryantti 25AE 105 &< 24

7} F43% A} lactated] WFHEAW =71 50%018 ZAHAS. AN B FFo ol&



3}
.

b A7 28

@

o] 1o o] o

o ARA AR Fol A BA

=
a-
Q.
[e]

sl
™

o

IR R
W zAg

S|
=
T

3l lactic acidE A7
o
II'I‘

Jo o

al
=
=

i

™

—_
fjle)

i
el

)
—

iy
=

S}
=

1B =ATA e NEs A vtz A&

3t w

A%

i

& ol

°]-&

o
=

223

o]

A7HA

AR A=

2.

o] /Y Hofx i Fojof &

1-3. 7ML HY

O 2g5olA Z2d vd=e g A4 AA

*

A

b ool A

Il
pal

SolA gHE vdE AR A FHE ol&

s

o3

pH 245 &3 AP sAA N myE AR A 9

I
oF

0

ebolus(pH %
=2 "2 lactic acid A

Bis

8 98

o

ul

=kl

i

O

oo
o

)
!

0

A

o ) Bf @7

# WelX &£, 5%

=
T

A Wl MAstH F47 pH A

O AjEA HE

)

S

lactateS ©]-&

stof]l dle] H=

=
T

s

O

Nlo

lactate

o
o
oy
o

A

3}¥ 11 lactate] =7}

j ]
il

7} A pH A 37}

%

2 Aol



2.

A75Y e 2 A

<A 1AR : (F)Ad (BHE)>
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Rk, T AFEF APARANAY FF L AL

T dfof sh=dl o3 M ES FF2 pHY FFS IA Weth
o} o] FAo AR AL AL U A AR HAFE AMSE doF st A5
FHAWe pH Astel] W vAEe] &Ho] AstE] 4 ARE &3AE 5 3
F49 Agte]l Zadm O ARE LstEYE P AS5SH 2 gAY Zes o
o AR WelA FFALR oFo] Alsgo s WUl 9
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FHAW FTAE ALY w9 2=
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oxide), 4£t3], FZF(sodium bicarbonate)} I FAZ FAHsIL Jom, FTEALF
(potassium  bicarbonate), ®4HZE(potassium  carbonate),  ®HAFEF Y] F(magnesium
carbonate), PFIUl5 SAFO] E(magnesium oxide), YEF HIEUC|E(sodium bentonite) 5©]
HEE7158 ASAEA 95 B8 &4 FEHEA F&51 Ao
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o3 Alzxzs Ao o R YEstn At AAAHJ] HAFLS d57F2=Q] NHzek CO,
a8ln H0ZRE Azxd FEEEFNHCO)S 23 £2FEF HEAA Fx
(NaHCO3)E 431, °]& THA] 3F&(calcination)Al A 42203 (Na,COs)E Al X3 Fg o
A e g A

NHj; + CO, + H,O -—> NHHCO;

NaCl + NH/HCO; -—-> NaHCO; + NH,Cl

2NHHCO; -—> Na,CO; + CO, + H,O
7

MgSO; . 7H,0e— 34

NaCl -
S R
NaCl . v ¥
I D > %= |4— carnalite «— Yz
4 i
KCIO; . HoSOs—p =7/ | —» Bn
Ca(OH), ——»,
A2 > CaSO,
—> CaOH ‘
A =
* v
CaCO;—» 34 P CO—W J; ¢
4 13 l«— KCl

e =5 Mg Cl,
Ve , o} 1) 2] of
AulE
MgO + MgCh
99 1 gRUckaThEe] BAE, 9l A%5E 9 (2004)
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dole B2 447 NS AAR AgdAd 53E 2§ TFSE 8 dowA A
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:’S“(}H] quil:‘ KCI :6:'8: KQSO4E‘T‘E:| %%‘f‘ﬂ oﬂ 9]@' NaCl A NaZSO4E—.—E1 Na2C03
g ¥ & Qovt dajele K g Aol lsA A

Aol =
FHol de] ARREAL St o] W le F 7HATY

3" KOH
SAEdl 40°Bé HE=2°] KOH &l AA CO, 7F=E Fato] KCOs &4z sta ST
=

&
ol A &rste] e WH Y KOH &9 COEAE F3ot KCOsE AAPAA °] &
As oste] EEES AAST ts, BA COIEE F3HH KHCO7F A9t A4
KHCO:E K,CO,RTH |57t domg Agow NEHT) o] AHS 94 Easte 3
HAZ2oA 343 H KCOE €S F AT & O & HHo=EE Oé‘ﬁ‘r%% T8 Hof gitu}
Ivlss d8A7]aL A7) CO, 7F~E B3t

&, 99 AFEF AWAZA a-amylase E a-glucosidase &3 A3 2-8o] = A&
.]

AEESS AR 2 UM BstEe] B A8 ARES T W ggoe=
AHAd Aol HFEuAE9 a-amylase ¥ a-glucosidased &Jsted FA3HA WA EE3 7
dolupHA B4k 22 friqto]l 3 APHI W] pHIE F43] oM 435 &
NE Lo7l= A Aolrt. WhEAU e AdAR] FaAE FAH7] Asids wk
Ao kA7 Fastth 2y o|2d Nk Ee S5 AR AR XA ot
HEAW v = FFol WHErE Aoz Sy E pHel osiA A dFe =T
ole} & AtFeES dWddle HEA ¢S A(NaHCO;, bentonite, MgO, Zeolite)E Ars

gyzoly £ e WPoRA Qzte P Uid A=
2 &3t a7t e AR delX acarbose®] a-amylase B a-glucosidase®] &4 A
Haxs 01%3}04 ‘%‘_—7‘?%%9] BraEe] EILEEE AAAZ $ v Bustych
acarboseE AoA X3t AT IFA LD olFA ==
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(2) a-amylase ¥ a-glucosidase &4 As|zt&o] A= He FE=2 A& &3

T A= AEFZEES camylase ¥ a-glucosidase &4 A3 28-S o] &3t &9 F

A g olgA AFEZ ZHAFTHE AFS Aldle ofA7A] 9= A Ao|t) sFA| Y 2l

o= U A EEF U3 g-am ylase 2 a-glucosidase &4 A 3285 o] 83t

3o 43 I F4E AojFgozy Q&Y HYEY P X8 BHoZ Fudt A3}

o]ZojA 1 Ytk HZ7HA AFH AFRE AurRw 7 F5(2007)S A} FEEZEE
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a-glucosidase B4& A4S &AL o] F BustATh. E3F o] &
o] &4tkst &4 9 g-amylase ¥ a-glucosidasedl Wt A3 &4z

=E9] a-amylase®] &4 A|aHE} 5 F(2009)

Bustath & W dFAke] oste] Btk AE FEEEHH ac-amylase ¥

-glucosidase &4 Af &S ATt o5 dUf AEFEE0°] ¥

Ag BHow &89 7teAds B vrk Itz 5. 2010).

B9 Woll Al a-amylases T2 A&l o
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© e 7717 S8l B ol
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B AAEETol AL st ARAATE ol wet ISl
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o Bl Zhaeol] =] 2 g S AR AAHEn. 2y ofA7tAI= WEbA a-amylase B
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(1) AEol ALgehE WAE AAL W PET hF AN AA B 24
ABANAZA PABAAE AZelA FAass 27 9Askel Aztel WEH &

AFE AN 4 AES AL 2N R AALL FraE Ao vl

o webd] FEAGAE HATAA YA AT e Ay 3

° AT-E 1% AFol} o|mokE 4kelw ol BApstn wEe| A

E oA e A gy old

D ARATAZA ol HE F S M) B

ARERTTACNA ARFETHAIZA AR vl s EFe He & 13 ZTh

E 1L AESE A e AdAle Me(MNESAA B 3)

% #79 3%
JENAY L e s, gEmdE s P, JERAEE BT, &
folE | EvbaEs nYus, SEREGs et S, FERLY A A=
2, FERY S FHAo), BERY S AT, FEdN s He




g2 FGEA 2 S|, GEEY 2 Y, SER 2~ HE
A2, FGEE Y2 ZdEE, gE 2 AWE TS EEgERUX
HEdolel, By Jhrﬂo%é, v g 2 AlFE 2 v e gAY X
2, A s AR s g s AlEeaE80ld 3, vy s
Fotge, v E 2 Feh9-A, vy s eIy T, vl Y
Foo, v EHH R T4, ¥ ERtE R B9 Y, R EEEH S AR
29, v st gl QRE A QEEIA~ FEH2, dEHEIAS B
s, dHEIA2 IPAY, FR2EHE BEHYA, ddezAx A
H Ao}, Y57 2 AT SEA, HT 7A 2 JEAA G-

golEgo] | olAHAH A oA, ofAHAH A QEA

MEzgn oJzagn FEIAZnlolyAs UlE2ser AMERY ZAAZRE
w, E§O R, A7)0} shele), ERALE

Ardegl ZeuE dEH e e, Adrde dEziolEy2 B E L 9HA],
g eukx] | Axde} guFes HEH R, SE2EZYE HEdds viE g e u
A
ShA| (HFE 3)9 &A

o

@ HAE AAG FAH e AL

FAEAA SRS WIFAO we APl HYR FYAS g 2aE 24

& AR A WA E AR dT AP 2L FHots wA

3 hﬂﬂomi 2 EH%'HEL BEFAS HRAFY ALY EE fANY SO
A gos 4K

13 °o]& E}A A 712 A}EE—%OH AdAFES HFSL(5-30%) LA FE {3l 1
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palantarum®] 7ol = 98.09% AE3IATIL Higk vl JAthFH AA, 2010). o]l =
Tale, Kaolin 5°] H7l=d 24 AHEE o oy AAS dde & 5 AR A=
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Aolth. sAAZE BT AN §AME, HEAE T A4 H&o] FopAle o
Aol AARE Aoz kAol G fAldS AEER A4 & de PHolt o
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B 5ol QojA o5 BeEr] 917 WO E A 7| E4K(chitosan)S ©] 83t 2
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HEEEAA 4te=F(lactic acid acidosis)®] & 98] W9 & A4bo] &+f(Lactate
utilizing bacteria)©] o] ©]&HtH(Home et al.2009). Chiquette et al. (2008) APAF
N 22 Wil Prevotella bryémtu(ZSA)E AFstAd Asmss A¥stes A4S
gt Aol A" FFE 1000 HE7]A /‘é FAIZI & hollow  fiber
system(Amicon DC 10L, Amicon, Beverly, MA)& AM&3te] wFate] A4 &8 3t
AL F e A=Y 10% & 25 Lo A5 HE F —86 °Col SZAAIA.
A3 # anaerobic chamber(Bactron 1, Sheldon Manufacturing Inc, Cornelius, OR)®l| A4 A}
T 7% w5 2AAT F AFFY R HFe e Ese ditste a3E B
plaag
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ol mA=Y ZEgom fol] Hito] ol EAEHA {Al Ho AFEHFFTY fde =¢
4 9T} Klieve et al. (2003) AtF5F W aEAE FAstr] Asf 24t o] 8722 M
elsdenii YE34(lactic acid degrader)®t Butyrivibrio fibrisolvens YFE44(alternative starch
utilizer to Streptococcus bovis)E AH&3FA T M. elsdenii = Rumen Fluid lactate broth®l
B. fibrisolvens= Rumen Fluid starch brothol]l & 3 39°Co|A wjeFst &, njd+ 500
mLE S92 el HFe AFEFY dqPaEIdE Hyt. 3‘5{} Aikman et al.
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(Yh3=n| M=o #Iu)2) (HEH UEES BE)
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{Adaptation)

« Buffer 82

« pH{6.3-7.0) CRE 27 v

+ 25 35T {Bach enlnre )

« 7| e BT

a9 6. 59 7] vAE 9 WE&EY 4AEd AT
@ W9 7] nAEY AL AE 9 nAE HI7MAQ delivery system T3
o = W9 Yo &A= 1%

19 pHO ASE T AE 3
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stA T EFetaL o] AF 2-3mme| EbE dies F5He] roller® EojUlls WA O R2A
d=Hte Rz JdAHZ A7)0 IHE AFS AT F Uk A FASHANA dest
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GEATE PAolth AL HEHA 2 GEFYOR YT /T AGSetE PO EA
A FAol TS sty AT Aot 1 died ST W 4@ GEYo
2 38 FHIE B 5 Yo ugRe] gEgo] FAs Bt dojuA ==
GEe e HaAs st Zlo| Wasith Wis Wl P 548 EATRE $A5
o MFIUE ALY 5 glom A4 Pl 284S F 5 UL RoE AudY

A znto| A2 5 7] & (spray drying —technique)

AdA AR Al =] AEdd =E7t SA AN Adobdr] ff7t B

A8 t}(Kailasapathy, 2002). 7|74 & & 43 (Microencapsulation) ' 2 ZZH}o] Q B
zo] ditH o g AREHEW, 1 wo]ZE w|RkeA £ wo] L E7kA o] A4

vlEjo} WelulE Aole] 24 7HT(gyothi et al, 2012). vlo| A% A& Tl
A3t REEsAguo g FAE o o, wiH ol A= old WHEAAFH

(Jankowski et al, 1997). W2 &3 tiAMEEC] fA b = ded, H5EAA
AW G B3 o)A Hael Aol o} wHo}l ALE 2

sl & 4 QlTH(Franjione and Vasishtha, 1995).

Fritzen-Freire et al.(2012)= prebiotics inulin, oligofructose, ¥  oligofructose- enriched
inuling &% &8t mlo]a 2 &S A xS Bifidobacterium BB-129] &5 S &
ARt BFAE d Z2nhpoleyg dAE 37 °ColA 2 A ¥ ¥ Ananta et al
(005) o2 HFSPL. BEHAx7| F7IFYLEE 15042 °CRIL 79 2&5&
55+ 3 °th. 1 A bifidobacteria® T EFHZT|ARZAELS 4°Cot -18°ColA
Al 180d &% w& AEES YERH
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1% 8. Principle of encapsulation: Membrane barrier isolates cells from the host
immune system while allowing transport of metabolites and extracellular nutrients.
Membrane with size selective pores (30-70 kDa) (Kailasapathy, 2002)

%E/d 3 7] & (extrusion technique)

Krasaekoopt et al, 2004+ =743 7] < (extrusion technique)= ©| &3t wlola= &
< AxsAY. e ARE H3] Z=2xle]2¥  vHH ] oK (Lactobacillusacidophilus547,
BifidobacteriumbifidumA TCC1994, Lactobacilluscasei 01)8 Th&3t IR AZ FE 3t
=3} 3 | AEEHE B
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19 9 . Effect of different encapsulating agents on the viability of Bifidobacterium
BB-12 microcapsules during storage time, at 4 °C (a) and at —18 °C (b). (M1):
microcapsules with reconstituted skim milk (RSM), (M2): microcapsules with
RSM and inulin, (M3): microcapsules with RSM and oligofructose-enriched inulin,
(M4): microcapsules with RSM and oligofructose. Error bars represent standard
deviations of the mean of experiment. (Fritzen-Freire et al., 2012)

Hgslol] 21 IBANZEE chitosan, sodium alginate, ¥ poly-l-lysine®] 223w, ¥
ol FAVF ZEEIA] &S W Ho} oF 17% ZVHATh A7FA Z® A S chitosan©]
H zZE3oleE Ao AEMHol AYd FU=H, pH 1559 FAHA L
acidophilus, B. bifidum, ¥ L. casei®| A EAIZto] Z®SHA] & ARTE 1.5, 4.7, & 4.24)
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3t 2. DA(Dehority’s artifical) medium

Amounts
. Second seed Main
Component Seed fermentatmn fermentation fermentation
(Working. vol. . .
35L) (Working. vol. (Working. vol.

20L) 180L)
Mineral I solution" 700ml 4,000ml 36,000ml
Mineral II solution" 700ml 4,000ml 36,000ml
Vitamin mixture? 35ml 200ml 1,800ml
VFA solution” 235ml 1,340ml 12,060ml
Hemin solution” 4ml 20ml 180ml
Resazurine(0.1%) 4ml 20ml 180ml
Acid-hydrolysed casein(Amicase) 7g 40g 360g
Na,COs 14g 80g 720g
Cystein-HCI-H,O 4g 20g 180g
Rumen fluid” 1,400ml 8,000ml 72,000ml
Sodium lactate 70g 400g 3,600g
Distilled water 350ml 2,000ml 17,900ml

D Mineral solution I KH,PO,4 4.5¢

Distilled water 1,000ml

Mineral solution II NaCl 4.5g

(NH,),S0, 4.5¢g

CaCl, 0.25g

MgSO; 0.25¢

MnSO;-H,0 0.10g

ZnSO4-7H,0 0.10g

COCl, 6H,0 0.01g

Distilled water 1,000ml

? Vitamin mixture Pyridoxine HCI 0.2g

Riboflavine 0.2g

Thiamine HCI 0.2g

Nicotinamide 0.2g

Ca-D-pantothenate 0.2g

p-Amino benzoic acid 0.01g

Stock solution” 1ml

Distilled water 1,000ml

*stock solution
dissolved in 25ml of D.W

3) Acetic acid, 17ml; propionic acid 6ml; n-valeric acid 1ml; Iso-valeric acid 1ml;

Iso-butyric acid 1ml;

0.125g of folic acid, 0.125g of biotin, 0.125g of cobalamine

DL-a-methylbutyric acid Iml each, plus distilled water to 1,000ml
4) 10ml of hemin dissolved in 100ml of ethanol plus 1ml of 1IN NaOH.
5) Rumen fluid can be replaced with D.W.

@ 2t8A f7hul & (interval feeding culture)oll W& F7|u| B Eo] AHFFA9 W3}
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AR = 121CL2 07 AH HHIHI O,free COE 73HA] BASY £24HA

FAG v, TTY HEH Uik AAs AT & ATolA
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2gt seed culivre (20L. 37C, 48hrs
JL
Mzin cu 300L. 37C. V2hrs
4L
Centrifugatio 2.000rpm. contin UOUE SVETEm

Suspension of pellet into Cryoprotectzhs mediw
;__L
Free:me(—507T for 1lhr)
_:'_,
Drying (100 To or 4 hrs

i 3. 54 BoA FRel wE s20x A9 dVIvI8ES g HEHExp.1)
Az A Az ¥

Cryoprotectant agents

total counts’ total counts® (%)
10%" 5.25 x 10" 2.90 x 10" 5.51

Skim milk . " 10
20% 7.40 x 10 2.51 x 10 3.39
— 10% 5.69 x 10" 2.78 x 10" 4.89

Whole mi

20% 450 x 10" 4.63 x 10" 10.29
10% 7.80 x 10" 498 x 10" 6.39

Why o 1 10
20% 7.75 x 10 3.43 x 10 4.43

“count of before drying x total wet cell weight.

°count of after drying x total dry cell weight.

°100x(mean value of count before drying/count after drying).
dconcentrations of freeze-drying protectants(w/v).
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HlgdE A& 1E5AdA st FAISHAE FF3ted AAE3t 20% cell suspension
St & FA N 10%st 20%5E0E FANZ HEAS EFS] A g A

AdE TZ2HAZ7I(MG-VFD 50; MG Industry Co, Korea)E ©] &3l 3¢ Tt AZXE A
Yok AEE) AMPEe S48 ATFE A2 T FRAS F3 F A
F5E ANST ol 2R AxFe) ol MwetE PO R 2ASA

71
X 4. 54 H3A F7o WE sAHZE A U|nAyEL 3HExp. 2)
c Az A Az & AES
tectant t
FYOpIOteciatt age’s total counts® total counts® (%)
10%* 1.60 x 10" 1.74 x 10" 10.88
Glucose . "
20% 1.76 x 10 1.12 x 10 6.34
10% 1.60 x 10" 1.43 x 10" 8.94
Sucrose = "
20% 1.85 x 10 1.24 x 10 6.72
, 10% 1.64 x 10" 1.64 x 10" 9.97
Dextrin 1 "
20% 225 x 10 2.15 x 10 9.55
10% 1.68 x 10" 1.06 x 10" 6.29
Fructose 12 1"
20% 2.03 x 10 1.25 x 10 6.17
“count of before drying x total wet cell weight. °count of after drying x total dry cell weight.
°100x(mean value of count before drying/count after drying).
dconcentrations of freeze-drying protectants(w/v).
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7] AEY] A E oS tiFAAS AT L] de o] dA aHEoF &
o kA B AdoA e FARIAEA HmA ZFAR dextroses AABIA H7|wA
=9 AEES Fol7] Y3t Vitamin CE 718t LS AT Abd A4l
Al Vitamin CE F2AZ A PAEY AEES Eol7] At dAHAZFES HUlste
Wiyo] FEEH7E ST
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30g®| Vitamin C s3] wAISG s A4Ue SAAZEI(MG-VFD 50; MG
Industry Co, Korea)oll 4 39 &<t §A7A=E o
AATE AFAFY Zo) TEAIE FJFdl = ATTFE AAst o= Zﬂ}_zﬂi’} Az

o] Aol & Hlmsts WHOE AT,
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3 5. Vitamin C F7Fel] W& A% AF e AVvBE] T SHExp. 3)

x4 Az & yEE

C tectant t
ryoprotectant agetis total counts® total counts’ (%)
Dextrose 10%° + Vit.C 2.1 x 108 2.0 x 10" 9.60

“count of before drying x total wet cell weight. °count of after drying x total dry cell weight.
°100x(mean value of count before drying/count after drying).
dconcentrations of freeze-drying protectants(w/v).
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2] ° B P choldie E 5
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5 A A4 29 2 2 1 F9 steame= AFE-3h
g o 1x9 ¥ mpgo] WAYstE THE FUINAEY AFAAL FBoEE Y
ettt FrIn A= Aol Aol AEEo] g AP ALHY Aol A4
AN Fojok & EIloA FAste AARY o] BHFE W (topdressing) &2 17} 7155}
O= WA 2 A48 AT, & 4382 54 1dx3 g9y E 244 dE2e=29
33 3 10KP 74 %(Hardness)E Zt= 10mme] EFESE A 2331 (Model : KTP-05,

Korea medi Co., Ltd. Korea) 7} &8 %2 AHTE 43 =S A4S

E 6 BB sl mE WrnAge] Fows

10%* 20%"
Cryoprotectant agents 7hs A 7t 5 | Ve =
(cfu/g) (cfu/g) (cfu/g) (cfu/g)
Skim milk 1.75 x 108 1.20 x 108 7.50 x 10’ 7.53 x 107
Whloe milk 1.20 x 108 7.50 x 10’ 5.10 x 10’ 1.30 x 10°
Why 1.50 x 10° 5.10 x 10’ 1.75 x 10° 1.20 x 10°

“concentrations of freeze-drying protectants(w/v).

ElEglog A3 AAdAFNME T2 Ax HEA FF To] wE o)A A
ol9} Fol AESAE Xo|7F AT olet & A BHEE A TAHAAE U=
I mpEge] Aol mx ¢kr] wjEo] mAYEL AELANE A IS nAA FE A
o7 AzZ=ET
5) EEAE
52 228 PR 2 L EUS Tol A EFs] RTAFS Az
® 7. BTAYEe 24 2 Y] nAYE A5
2w o HAEAF
- () (x 10%g)
A7 AE sARx 40 6.25
SE o FEk(1: 1) 4,960
T 5,000g
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o BAE AR HEARCIIEAS 24 £ G0HEE B9 AR
A TS PAe BASAT TAHL YAOBAE /EY ASAA AREA
FEHT e A ATA, BaAe Az AIMAES BAAROR Prlst AgE
BE ol WH AFA, Badl B Az WoNAE B W opiz} @A Eel Aol @
Bahe TEE] GFAGINS P B ARYAAT YASHE W] F7Y

(2) AERETIAY AE3}

a7 73 o] B ATFIHACA AddE FrimAES ARRHVIAIEZA d@gs S-S
TR 712 BRRARMAEA)S 24EF FnAES FrHH R Hrtstod &
gtomA A 4dEr g4E S JdEs e
%8 AAE YREY D YRS
_ g2l o) A5
AAES) B3 - — :
A= ARE-H| & A (x 107/g)
Zeolite 93.6
Slica 0.5
FHAHA Dried anaerobic bacteria 0.8 100 6.25
Dried bacillus subtilis 0.1 3.15
Complete enzyme 5.0
Corn powder 40.0
Soybean meal 20.0
Wheat bran 25.0
ZHlAHB Limestone 3.9 100
Dried anaerobic bacteria 1.0 6.50
Dried bacillus subtilis 0.1 3.03
Complete enzyme 5.0
ANAFE AR TRHE REARMEAEA-fFAT)oIH, AR B B 5= ALY
38, ¥FEIHECE ABAHESES YAt AAFl dE &5t d Fa) mAd=E
o] 24 T HHAEE A3 st a9 8 Zo] fIMEA(TS, d, v, JtEE, W
A R, AT, ArdzhEd s AldEAT =3 AAEY T £ 2 A
1A e AFERE o EE 5719 #dol o3 ®AES WA fsted A
2 o E dFruy EZAAE e (sealing) 3t ThAl Bhof T WP O R YA
TH1E 9)
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! 2 AE S e 2N D 1 ! T — e 1
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b ppm SraeleTe | | E=E ppm 0.02
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> 2 ppm | 770.01 wzEz2 =28
a2 228 FEE) w2 i
FEE PET) PEPES 228
aodet \ =28 | #2) l W8S 21K MBS AIZ0I St Al 2D0I0H, Ol AI® SRAE 85 0122 &F,
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2 AT rivg e A 2ol JAT dxd W o g7 7}
=9 43 Aol s8Ad adrt AT dol ﬁ??éiﬂrﬂ ‘%E-ﬂ vk ok F8
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extract)®] FoAE & B ¥ oyt H=A 9 *é%‘éﬁ‘ﬂﬂ AT HIsgion,
KUCUKERSAN K 5(2002) Verginiamycine® SREE sS4 ¥ dAFolA SREE &
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1. pH & TEMP SENSOR #Z|(ebolus)& ©]&3 W9 Wl pH ¥ &%
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1) pH & TEMP SENSOR 73] (ebolus)

HEs=2 B39 W 84S EUHYSH] #18] =9 eCOW co.olA A =g pH 2 2%
=74 7)< ebolus 37 H HHE ¢l= JTE 3= handsetS 7Y A Fol o] &3IHTH
(22 1)

- ebolus & A4

1% 1. Handset(A)¥} HF5=9] W pH

(1) ebolus(A & Z787%)9t handset(Bl o Bl 417 X)) Anle] 54

B AIgolM AHEE eboluse AF W9 Uol A= pH B 2EE AAtez ZH3)

of dolElE AA3te FXo|H, handset> AZ YA|st= FHFE 53 ebolus? pairing

ol & % =44 %E EL pH ebolusoﬂ 1172}H7ﬂ Aot A%d 2 HolHe N $4
EXO

Atk =3 A pHQ‘r 2= 11]7‘32]/\} X}Zﬂ /‘1‘1101] s AZEHA Ha, A AsE
ZESE T3l HFEHANA % Aol te GA MstE 32d & AT(LH 23)



1. 5538 - bolus®| AT Folol F&ae)7t ot o] aglo] & A48 RF9fl bolusE
Hol¥il &L cannulae F74°) Fol 1AZAZE F Aot

2. A - HF F2E OS] W AdermRY REsts 9de

3. Endcap - pHo &% AIM7F = F9olth bolus®] AA7F HEE=9 oM 2oz 93]
3 HE FAQ ook HolEHE ¢S 4 Atk

1. el - bolus® AZE FAIZT

2. Dongle - ebolus®| Ho|HE A4stal Foi& A=Foz JRE FAIH.
3. Power/Activity light - QU7 B43HAS o 2524 EHlo] ZaAdn
4. USB dongle connector - Dongle # F0-& I=ZS AANF= FEolth



(2) eBolus %7] A4

eBolusE ©] &3k Agol A 7] AAHE AAF ok st} ebolus7} A4S A1Z}3}
L5+ 32T0olH, o]3te XA = HEA AEHZE HolHE ¢A 2

=

o
7] A& 9 calibration IS Aok st} x7]

4%

@ ebolusE Wl &Fol| H+=oth
@ ebolusE T2 Foll 80T°]d9 %-’F% HojEnh

@ ebolus7} H YA wj7t#] 15~20% B= 7|thATh

@ ebolus7t HIY A= &< heandsets #HA| ‘Hathor' o} &S A3,
(o]™ donglec] A3 A} 3t= EE ebolust pairing®] o] 1o oF gt}
® “Configuration’ °o}o] &

® ‘Bolus ID'E A€¥3la OKE T+EtT}.
@ ‘Cow ID'E AA3tA ‘Cow ID'E &
O£ ebolusdI A= 6, 774 34

@ download H% E 8 243
@ & ebolusol A 10, 11¥H A& HHE-SHrY.
@ dongles handset® ZH-E & 5}

OKE FE2W z7] 44o] %=

(3) ebolus® calibrarion AA(ZLH 4)
ebolusE 43417171 98l ebolusE A@3t7]o A AES pH SHS 93 calibration

S AASoF ot =3 g Aol Aol 25 oY AS, s AF A HiEA
calibrationS A A&l oF 3t} Calibration A2 thS3 2o}

N

D ‘Hathor’ ¢]Z& A1 =H S Yt bolus IDE AT
@ ‘Calibration’ ¢}o]&=& &3t}

@ ebolusE pH 4 bufferol] ¥i #Fo| "37]7ﬂ 28 EE50]50] bolus endcapi-H ol 2
EEE 3tk 58 A% 7|99l ‘Low point & FEU. ZED "é? o] ADCHI°|HE F-&3}al
stdo| vebdth pH A3} ?lxé;ﬁ.o W 7kA] 53] o] & Ela=

@ ebolus end capF-HE EE 7f%o] AHoh

® ebolusE pH 7 buffer®l ‘%*—_T’_ AFol AZIA 24 £5°159] bolus endcapi-$ioll =
EE5F gt) 58 AE 7|9t ‘High point' & ot Z290] ADCH°|HE 483t
st Yehdth pH 2371 b A wj7hA] 53] o= HHESIT

&
® pH#kel AtE 3T ‘Store settings’ FETF



(3) ebolus?| fistulaEs
A

ebolusZ fistula’} %

T ONEhEIDR NI
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19 5. ebolus o w9 W A 4
(4) Data Download and Upload

ebolus7} 274 W9 Ulol Ad=o pH B 255 AN 2 S48t HolHE A& st
H, A% HolHE 2= 7] 2314 handsete] Z 83l Handset> A2 X5t



T35 33l ebolus®t pairing B O E 4], ebolusell A7 o]
= HeolHE A4 4 Utk Handset o] &3 tlolgl ot
g Fg e o= ZH(TH o).
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@ ‘Hathor’ o]&& A 3d3t7] ol handsetel] HEIUE WA A2 g

@ =4 Y3l ebolus IDE A€ 3,

@ ‘Download’ °}o]&-S 83t}

@ xZZ70] ebolus®t AZ2-ES Al=%HT

© dAo] HH 27 AAHET

® GEE st =5 100%7F 2 W7kA] FElUE $2olX] i 7t
(hE2E7F 43 gh5Ed o5 HE g 2= 7t =)

@ 927} S35 EE ebolusFel Azt Ex7F A&

g2t d HolEE eCow 3AMdA Hdte AAME =7t .

© HolE 2= AL BF v GHUE EE5tH SA 4ERE & AdA UF
& AR Ev= EHFo] B

0 FA J2=E st & b= OK MeEs 7249 :

(el SA HE=E 7] fsfiAd o] AZAE o )

@ ek, gl Q2=E ¥ wole 22% guo) (f) MEL ¥ 5 ‘Upload Data' & ¥

21 Adte YEE HolHE AYH AME YRV JIPH

19 6. Handset= ©]-83}4] ebolus H°|HE U2 E st 34

(5) The eCOW client softwareE ©]-&3+ Hlolg &4
Handsetol]l tt&=ZX% H HolE & PCE o] &3 eCow I AtoA A F3tE= eCow Client
softwareE F3l] A& HolHE ERIsta EH S IPT 4+ 9o, software?] TAL T

&3 2.
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13 7. eCow client software

- The farm and bolus selection box

Farm:

19 8. eCow client software (The farm and bolus selection box)
d3le= 49 ebolus lists: HMY o Ut} Farme AEd 5 UERD ebolus listell Al
3l ebolusE A E st st 17t YEhdTh

- The analysis and events box

JuE 2 B F3S 94 £ Q@Y 9, 29z Yehd A 23T & A3
10).
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13 10. eCow client software(Events box)

- The graph section
AZE HolHE 1z FH=E & F 3t

Bl

1% 11. eCow client software(Graph section)

2. Cannulae &% -5 &83 AHZ HF9 U pH =4S T3 b

5oRkEe W mAETE 54 A4

91 Wl pH dlolE K

i

2 AP AR FF Aolo] mE AYA] 9 W pH S T AesF5S AEst

H dolg X g FoAtge} AF=53534o A4S 78t AAsS
B AP FAFEL HF AF 630kge] cannulaeZ7} ZAFE 3 H2 L 352 o] &30
™, pH sensori= cannulaes &3l W3¢ Wl 2 AdstRon, Ao g w9 W pH
2 2% HolHE FAHSIAT AR 9 FHE ZAIEY FFAEY HES 55(HF 549
& 4kg/day, AxH FF AR FAH dkgday) 2 AR oH, 5 AHEA AHAL T
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2) A Ats A=

2 A AHEE AE ArRE AR e Aolo o5 wigHlE Ad F 4 AEdEY
T8t 7HEE % AIRE AxSAT A4 AP AR AEFHFS o7 20%, T1S
30% 1213 T2& 40%Z stRod, £ AFS 98 Alxd sFA59 mi@gvlel gutd g
Z} Table 13} Table 29} #T}.

of

g,

(3) ebolus(pH 3 ==AA) W9 f 49 3l dlo]y &E

Z % ebolus ’fj?j]% ebolusE 8o 2 1A T HWE9 Hedts 53l £0=2 2H 29 B
T7HA] ebolusE A YUSIATE ebolus Y T T35 F919l handsets 717F0]3FS] pairings A Al
sklaL, o] F HolH AF 7 FE st ts DAE dHolE e AES #15H] handset
< wifieh 92 F Az IJA Ao &k handset"ﬂ AdE doly dE {F-F5 &Ast
ATH

S

AHEY Control T1 T2
- 9.0 20.0 477
P E 46 12.7 8.0
53 8.0 : :
el 3 13.6 15.0 -
21 57 419 349 211
AR Y= ; 42 142
W 20.0 7.7 -
L= =] 2.0 2.0 2.0
13 - 0.5 1.0
23] 4 0.9 3.0 6.0
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[\8]
>
o
off
ol
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>
l
e
rx
ox
ML

= Control T1 T2
_____________ G ___
Crude protein 14.0 14.0 14.0
Ether extract 4.0 3.2 2.7
Ash 5.2 6.9 9.5
Ca 0.5 1.2 2.3
P 0.7 0.7 0.4
Total digestible nutrients 70.0 70.0 70.0
Ruminal undegradable protein 4.4 4.4 4.9
Crude fiber 12.6 7.4 3.6
Acid detergent fiber 19.5 12.0 6.2
Neutral detergent fiber 41.9 29.6 15.5
Nitrogen free extract 52.4 56.2 57.1
Non-fiber carbohydrate 23.0 33.8 45.2
Starch 20.0 30.0 40.0

(3) 4 =¥

(7}) ebolusE ©]&3%t pH dlolg &H 2 F
al Eﬂ

ebolusE ©]&3 W59 W pH ¥ 2% ©lolg &EE 47| 1-1) pH & TEMP SENSOR %



2] (ebolus) &8 WHI LI YRS o] &3t AAISATE ebolustioll AH HolE = 2Y
Aoz 20161 11¥€ 29 HE 20163 11€ 2997FA 279 F¢F handsetS ©] &3} &1 3}
At gEE pH ¥ 2% dHolE e i Aol AR5ty 98] wifirh E&HASH, A
2= dlo]H+= eCowClient software(Hathor HBClient 1.81, eCow co., UK)E ©] &3l A4
ol Al 215t 2™, handsetel AFE AE Hlo]E|S #835t] MS office Excel AZE ]S
o] g3t dlolE A 9 T S AASATH

23717 20169 11€ 7EHE 201610 11€ 21Y 129 &<t pHESS} o] F A PF S F
394 Z¢Ho] pHWSIE SAS BAIZE 1S o] &3ty EAA S AASHT
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(Lh wF9 W R 54 24

FREES U HESAHS dotR7] 918 cannulaeZt A2HE 2G4 9 W2
Gaol WES WolA 2 AR TS 2A1ZF Fof] A(FHTT WEES 7 2709 coning tubeol
50mLE SR $ 7} HAALE o] &t FAA AL, TE AMELS K2 S o) §
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TAAx2E NS+ DGGERA 2 w9 Wl FlAlE 34 &4 fsf -70C 242 4
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A AZE FF Az, HEASES Van Soest 5(1967)2] WHRIS o] &3t

+ Chaney®} Marbach (1962)2] W] wa} spectrophotometer (Spectrouc PC
system 4D-5210, Thermo scientific, USA)E ©|&3td ZAH3Ath vl EGH A FAHFS
Lowry 5(1951)¢] ®H& o] &3t A3t

(th ¥59 W #8E o 4
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T}, PCR products purifications g+ &, 35-45%2] F=78E 2t 8% acrylamide geloll &Y
St FE2 ZY3AT OS2, gel> D-code system(Bio-Rad Laboratories, Inc., Hercules, CA,
USA)= o] &3t H7]g5°] 16A1ZEeE AAEJT. A7]F95S vkl gel2 stainings
% Gel Doc XR+(Bio-Rad Laboratories, Inc., Hercules, CA, USA)S ©| &3t HI UL Y
H AL vAE 7 B4 o] &HAoH, gelolA] EolHd WSIE X<l band
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 O"H13% 2o AE7IE 289 < A AETE W pHeE thERTolA] 6.26+0.29, T19
A 6.17£0.35 183 6.03£0.40% FAALE W WEIFFo] Z/A4E HASE AHRE UE
Bibe=

A B 7|2 R L pH RS}
{(2016.11.02~ 2016, 11.29(28'E}))

oo
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WWW ot

]

Loy

a8 13. A A 713 28Y F<F {59 U] pH W3S}

ANEAE Fo T A28 394 149 FHLUH Fo
6.25+0.251, 6.224+0.321 18]il 6.00+0.3845 YEFHAIL, tHETFF T1S zko)7l gleH, T2
< YEATHIE 14). 019} 22 Ade AsgFgH dAVE s
pHs= W ge} Hl%ﬁi A3E YeERH T oebA, Atge] g 959 i vAE RE
2 M43 HAT AEEHH 1—? 39 B3k 4 ATl g jEELY
AAEEE A 9 TAE dotiR7] S8 ol % 3d ot AEH S AA & 5 AU

A" HE 7| 2T W pH EE

12016.11.07 ~ 20161121 14%‘}]
—ran  =T1 T2
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11118k oadl

NEER 3Y B¢ wE
T2 5.90+0.278E e AL
EFHATHE 15). T2¢ 74

H, HESFel fuE 5




ANE ST 38T 32| LY pH B3}

(2016.11.26~2016.11.29(3))

—CON — T1 T2
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P S - e S T A S~
= iy 0 {51 r =i o el 2 o ia o o Ll m Ll = o ia La) [ AN a0 e ] fin) o o
= (=] =] E=3 = = = & = = (= o = = = ] L= =3 =] = = = - 4 (= = = =]
o w u ] w o b=] W = L P P e [ P L -8 =] ] -] [ ] =) -] =10 & =2} =)
o o8 oo o oo o o o o oo o o of o o o8 o oo o o o o &o oo o o
i i B e e e - i B A R i e i i i
- - - — - - - -— - - - - - - - - -— — - - -— - - - - - - -

WA= 13 28 39 Z29] s}t
H 15 Al T8 39 A ¥k pH H

@) A8 FEY AAT N BEEY B
/\]64 5201 o;q A}ET:]LO:] 2

1%

~
(¢}

|2t & cannulaes S8 2 A g]Ftol] disi HFHI M=o wb
9 W mAE EX L table 33 ZT pHE WZTolA 6.42+0.045, TIS 6.15£0.065 L
I T2E 5.80+0.0155 UEMHATH ol9 e A= HE FeFo] ol AFE pHYF o}
E A4S Yo, 53] e 4553 40 7153 pHFEES UrEhH AT}, Total
VFASHEFS TI1dA 71 =2 235 YER S, acetate/propionat H] &2 T204 713 =
< Z#S Yepdiido w9 W md s bR dizTollA 350.1545.101, Tl
339.72+0.001 18]I 233.47+0.001 mg/100mLE AtEY] HE3Freko] HoldF2 7hadts A
< YERST BFE NH;-NEF2 ALS U A& BlE 5575 S7istdom T2A4 8ol A
5.79+0.387 mg/100mLE YERH AT}
wehA, B AP A AT 2 v i s daEEHL A
pHTFE &9t WY vAE FAFo] Faste A3E HEReH
™

A

Zaol ohE wE U AR 24 Ws} et 2108 AREY, FF 2dEe #a
AES) BT HFEZ BHAA A W YR FA I A7 29 Aol



E 3 AEEFE 3Y T 24 AR g 24X & NS WEE HEE
pH

Control 6.421+0.045
T1 6.15%£0.065
T2 5.80%0.015

Total VFA (mmol)

Control 46.66+1.831
T1 60.76x1.276
T2 46.46+5.460

Acetate (mmol)

Control 29.11+2.056
T1 38.45+0.732
T2 32.36+5.562

Propionate (mmol)

Control 10.24+£0.120
T1 12.51+0.308
T2 8.68+0.098

Butyrate (mmol)

Control 7.30+0.116
T1 9.80%x0.246
T2 5.42+0.049

A/P Ratio

Control 2.84+0.232
T1 3.07£0.023
T2 3.73x0.677

Microbial protein synthesis (mg/100 mL)

Control 350.15+£5.101
T1 339.72+0.001
T2 233.47x0.001

NH3-N concentration (mg/100mL)

Control 0.73%£0.019
T1 1.02+0.670
T2 5.79+0.387

Control: starch 20%, T1: starch 30%, T3: starch 40%

5 AFHE wE e mAdE 23 74
[e)

2M %t F cannulaeE Fa 2 Aol dhs AFHI AHEC
=]

= o
Zt WM& band pattern®] W3E Fote] tE2T9 AT similarityE 413 23, Of
279 T1Zke] 859% = 7H =2 similarityS WERWH AT =7 ti2=7-9 T27He] similarity
= 472%, T1% T2+ 438% % UESTH ole e Aie A& & FF0] 7MH =2 T2

J



Ao HAE w3 ol tExTo Tides & zolE Yelle Zo2 Alsdr. wet
A B Ao izt A gzte] Solz oz WHIE Holx bandE F 1IME FE3IY
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2. Al 2@ FollA 28 mAES WE W mAd=

OhH A" A= AXANE 1)

s

m
o,
b
o

£ AEe A48E AF ARE 1AEE cannulaed® &9 pH
.]
o

I FLI AbmolH, ME FFe Aolol il HiFHIE A T Z %E

st} 7HRY w9 AARE AZSIATHE 4). 4 AP AR HAETFS tixT 2

2 30% ¥ T2+ 40%E stion, B AFES 98 Alxd wFAEY HH?JHIQ} A

NS % 594 ZTh
4. AY sFAE AE]

O EEFEE, %
Control T1 T2

ST 9.0 20.0 47.7
B B 4.6 12.7 8.0
o 8.0 . _
Sl ) 13.6 15.0 -
Eth 419 34.9 21.1
AA o+ - 4.2 14.2
dt 20.0 7.7 -
gl 2.0 2.0 2.0
e - 0.5 1.0
A1 3] 4 0.9 3.0 6.0




it Control T1 T2
%
Crude protein 14.0 14.0 14.0
Ether extract 4.0 3.2 2.7
Ash 52 6.9 9.5
Ca 0.5 1.2 23
P 0.7 0.7 0.4
Total digestible nutrients 70.0 70.0 70.0
Ruminal undegradable protein 4.4 4.4 4.9
Crude fiber 12.6 7.4 3.6
Acid detergent fiber 19.5 12.0 6.2
Neutral detergent fiber 41.9 29.6 15.5
Nitrogen free extract 52.4 56.2 57.1
Non-fiber carbohydrate 23.0 33.8 45.2
Starch 20.0 30.0 40.0

(W 9938 AE=Z 520 9 nAEHIA in

= g0 o
B A"A A9HA HFES 4L T
o on(

~

pure compoundE ©]-&3}

ANE z20e ANFAR 0.75g0l 99 WEES

5% pHE &43}7] 93l buffer solution

AdE vAE HAAE 05% H7retRon, @713 HE

vitro A @ (AE 2)
hyA

Wz =24e

L ELE W 637’]‘ Z_:__l-oﬂq /\]6-] /\]'E—

7), in vitro AN@E
15mL HFstom, A o=z 45
A stAct. AEH Al 28 & A ol A
A 5Fe] 39°Col| Al wjFe 4

AANSHE . In vitro

Ak em, 2t 0, 2, 4, 8, 10, 12, 24, 3647kt pH B lactatedH & WstE ZA5A

o,



7 7HE gk oy 2417 ol 7 thE ATl vlel W2 AEFE UEh AT Gas
BAIZEHHFE T1o] ©-& Aol Hls] foldoz w3to
T3 pAIZET O T201 4 105.53% 94 o

A S

24X = ZF A7 & Aol 7) YISt

2 b kA wH(p<0.05) °]F
BFe WY 64

6. AES S ADS A% in vitro N WA =1
o= o
Distilled water 1.0 L
Na,HPOj,anhydrous 57 g
KH,PO4,anhydrous 62 g
MgSO4'H20 0.6 g
In vitro rumen micromineral solution
Added to volumetric and bring volume to 100 mL with distilled water
CaC12-2H20 13.2 g
MHC12‘4H20 10.0 g
CoCl,*6H,0 10 g
FeC13-6H20 8.2 g
Prepare medium
Sample (20 mesh or 1 mm) 05 ¢g
Trypticase 20 g
Distilled water 400.0 mL
Micromineral solution 0.1 g
Agitate to dissolve
Macromineral solution 200.0 mL
Resazurin 1.0 mL
E 7 AT 7R AEE AR in vitro A EAE
5 s
Soluble starch 0.4125¢g
Glucose 0.1950¢g
Cellulose 0.0450¢g
Cellobiose 0.0525¢g
Trypticase 0.0450g
7). AEA B Aolo] BE i vitro W3 W) IHETLEEA W)
1) AR olo] W WHEY W MABTEEA
(1) In vitro R3¢ nAdE 48 54
AEgepol] WE WY ) HEEAL E 87 Lok WY Bk pHO| WEE W9 2
AT RE 277 T2ol A fre A9l Aol e ehli 1o m (p<0.05), AAH o= T29] pH

DA AN A E 215332 fFo]H o= 714 =9kth CH, A
ZH ol T2oA 421 o7 7} 2okar, T1o] 6.98E 7H4 =9

UH(p<0.05) #FA 2}



(p<0.05). Total VFASHZ-S 3AIZEOIOIA T1, T27F FolF o2 =9k31(p<0.05), 647kt ol A
T27F FoA o2 7HE ST (p<0.05) LEju 1243t o] &5E T27t FS7Fske] 2443l A
froldor 71 EATHP<0.05). UEASIES WA w7z 5 T1o] & ATl
gl £2 AFS Uehidth mAd=tlddd Fe H4ANHE AQdstis dAAFoZ
Nz77F g2 ATl HE] fFodog & FFS YE ATH(p<0.05). NH;-NEHF2
vl F 6AIZIHFE T27F ©hE A2l Hls) =& A YAt

AEY AEFFo] 2 tlE2F(20%), T1(30%), T2(40%)°] ™2 lactic acidFFS & 99}
gomn, tzTo vs] T13 T2A 2 FoA vl 4AE A9t Fofxe=z w2 2
HE YeY 2 H(p<0.05), T27} T1ol HI3) lactic acid¥&e] Fo]doz w& AR4E Y
EFU A TH(p<0.05).

% 8. HESIF zolo] wWE HEEE U nAE HFEA
ftems Incubation time (h)
0 1 2 3 4 6 12 24
pH
Control 6.75 6.61 6.54° 649"  6.40° 6.34 6.25°  6.15
T1 6.76 6.63 6.60° 651  6.42° 6.35 6.20°  6.11%
T2 6.70 6.65 6.65°  6.59"°  6.52° 6.38 626  6.07°
S.EM. 0.021  0.028 0.022 0.026 0.012 0.018 0.008 0.020
pvalue 0.1729 0.5872 0.0353 0.0804 0.0008 0.3046 0.0061 0.0886
Total Gas Production (mL)
Control - 10.07 3030 48.73" 88.77° 126.77° 176.50° 246.97
T1 - 9.70  30.70  53.17° 93.50° 134.13* 184.20° 247.53
T2 - 11.13  29.10  4593°  77.20° 105.53° 215.33* 244.47
S.EM. - 0620 0.726 1876 1377 1.481  4.846  4.392
pvalue - 02981 03357 0.0866 0.0004 <.0001 0.0029 0.8738
CH, Production (mL)
Control - 0.20 0.54 1.42 2.98 6.04° 674>  31.98
T1 - 0.08 0.33 0.97 2.17 6.98°  2.56° 2722
T2 - 0.06 0.32 1.10 2.53 421°  2451°  21.62
S.EM. - 0.047  0.135 0345 0.636 02564 1.174 4253
pvalue - 0.1670  0.4914 0.6581 0.6824 0.0007 0.0002 0.2988
CO; Production (mL)
Control - 889  27.00 4281 7721 109.81° 15523  202.09
T1 - 8.68 17.80  31.05 5456 116.06° 136.87 207.75
T2 - 9.41 17.05 4036  67.06 90.99° 177.56 217.85
S.EM. - 0.714  7.148  9.108 15.794 1250 21305 6.860
pvalue - 0.7649 0.5786 0.6498 0.6211 <.0001 0.4500 0.3268
Total VFA (mmol)
Control 5.74 4.23 5.48 7.18° 1079  16.79°  27.59  36.37°
T1 3.62 4.16 5.63 7.90*° 1128  17.21* 2934  39.12°
T2 3.67 431 5.76 825 1026  14.66° 31.07  40.09°
S.EM. 1.151  0.045 0.1588 0.100 0336 0.4157 1.087  0.641
pvalue 0.3920 0.1352  0.4928 8o.ooo 0.1819 0.0102 0.1565 0.0154




Acetate (mmol)

Control 3.25 2,18 285 3.69° 5.72 8.17*° 1095  17.30
T1 1.82 2.17° 2.94 4.08° 6.08 8.53*  10.85°  17.30
T2 1.88 2.28° 3.00 4.51° 5.50 7.14°  15.18%  17.29
S.EM. 0.782  0.027  0.071  0.051 0.193 0222 0661 0613
pvalue 0.4011 0.0608 03942 <0001 0.1746 0.0106 0.0055 0.9999
Propionate (mmol)
Control 1.37 1.12 1.51 2.09°  7.42° 8.60°  11.10° 18.88%
T1 0.92 1.09 1.59 231°  531°  821*  10.95° 17.40°
T2 0.93 1.12 1.60 227 530° 928 11.82*  20.26°
S.EM. 0.025 0.020 0.036 0.031 0397 0416 0.161  0.533
pvalue 0.4165 0.5770 0.2561 0.0064 0.0036 0.1656 0.0226  0.0320
A/P Ratio
Control 2.23 1.95 1.88 1.76° 1.75° 1.35°  0.86° 1.51°
T1 1.99 1.99 1.85 1.77° 1.81° 1.40° 074> 1.18%
T2 2.01 2.03 1.88 1.99°  1.78°  1.34° 1.41° 1.07°
S.EM. 0.187  0.059 0.019 0.016 0.017 0.014 0.051 0.167
pvalue 04316 04266 0.2634 <.0001 0.0304 0.0368 <.0001 0.0872
Dry matter digestibility (%)
Control 1635 14.54® 1732 21.01™ 23.63 26.16° 33.74® 3431
Tl 1533 16.8* 1231  26.81* 2594 28.82" 36.53" 41.85
T2 1124 1434 12,16 19.51° 2336  23.04> 31.88° 3425
S.EM. 3499  0.673 5905 2436  3.093 1463  0.820  4.308
pvalue 0.3664 0.0861 0.6328 0.0527 0.6751 0.0213 0.0058 0.2086
Neutral detergent fiber digestibility (%)
Control 21.64°  25.64 21.45° 2176 23.72°  22.03° 16.82° 1791
T1 29.07° 2742  2625® 26.13® 27.86° 2535° 17.49° 18.23
T2 31.49°  24.88  30.91* 31.28 3335  30.61° 2597° 2692
S.EM. 2743 1692 2071 2411 1417 1.637 0472  3.725
pvalue 0.0981 0.5898 0.0486 0.0820 0.0086 0.0271 0.0001 0.2317
Microbial protein synthesis (mg/100 mL)
Control 1.24°  1.25%  1.19° 1.24*  1.19° 1.10° 1.26 1.23
T1 1.19° 1.17° 1.23° 1.17° 1.10° 1.10° 1.20° 1.26
T2 098  099° 097 097° 0.90° 092° 0.89° 1.13
S.EM. 0.027  0.038  0.001  0.044 0.033  0.033  0.057  0.049
pvalue 0.0012 0.0075 <.0001 0.0124 0.0021 0.0113 0.0013  0.2265
NH;-N concentration (mg/100 mL)
Control 0.10 0.15 0.14 0.12 0.06 0.04*  0.06° 043"
T1 0.11 0.18 0.13 0.10 0.09  0.02® 001> 035°
T2 0.11 0.13 0.09 0.07 0.06 0.01°>  0.01° 0.18°
S.EM. 0.020 0.020 0.018 0.015 0.009 0.006 0.003 0.017
pvalue 0.8067 03615 02562 0.1725 0.1563  0.0354 <.0001  0.0001

“®Mean with different letter differ significantly between treatments (p < 0.05).

Control(B1 2 + Starch 20% &% ALR), TI(HZ + Starch 30% 53 ALR), T2(M 2 + Starch 40% FFALR)

S.E.M. = standard error of the mean.



¥ 9. AEIFF Aolo mE HEF9] Y852 lactic acid T
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Incubation time (h)

ltems 0 1 2 3 4 6 12 24
Lactic acid (mg/L)
Control 267.19°  394.40° 696.19° 931.29° 1004.31° 884.88°  330.75  424.55
Tl 15421°  273.92°  615.97° 765.21° 704.56° 818.53" 33455  165.00
T2 203.62°  387.13"  729.20° 1068.23" 1126.99° 1122.08* 432.10  264.38
S.E.M. 6286  7.136 24258 333838  39.194 44912  56.106  53.378
pvalue <0001 <0001  0.0401  0.0020  0.0006 0.0071  0.4069  0.0368

“®Mean with different letter differ significantly between treatments (p < 0.05).
Control(® 2 + Starch 20% %3 ALR), TI(Z + Starch 30% ¥ 3FALE), T2(3Z + Starch 40% FFALR)

S.E.M. = standard error of the mean.
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AEE T WS TFAEY ZAEE 552 G933 oM, AIPASE = lactic acid A%
v A&l Pseudoramibacter (P) boviskoreani K12 Pl &S 9390, B A+ 71E
AR E TYsHAl §ot e, T1 groupe P boviskoreani K12 P =& A AR ¢
2] 0.05%(500 mL/d, DM)E, T2 group< P. boviskoreani K12 "I ES @A AlS F99
2] 0.1%(1,000 mL/d, DM)E cannulaeE 539 23 FFATH AP AlZ $ 10€3H
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M AT Y] Ae=F dF 58S S fste in vivo AE ¥ Mole
Valley Farmers Ltd. 4] A &% SMAXTEC Smart Bolus(§%t5%] W pH, =%, 5% %
MA F5F SAHAZNE 59 del Fd 5 pH dloly X 2 4 AASAT
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STATION
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19 34. Lactic acid A7 vAE H7F WL ASAZMA F9 in vivo AE
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Migrabial protein synthesis

MPS NH;-N

NH3N oan

Incubation time (h) Incubationtime (h)

Con == =Tl ====- 2 —{ontrel ——

19 36. Lactic acid A7 v|AE H7t A AASH7MA G in vivo A Y
HH39] U] microbial protein synthesis (MPS) ¥ NH;-N & ¥3} &4



<A 2@F : ¥AW?
AR AR AFEFT AT HPE 7F AT D S =23 FF

1. W9 W lactic acid ©]84°] w2 d7] A= ZE

1) W9 W €7 mAdE wd

9 W lactic acid ©]-&/d¢] £ F7] M¥=S Eelst7] 93t Dehority 5(1965)°] At
medium(Dehority’s artifical(DA) medium 238ty BAFFYOE sodium lactateS
2%WHE 7Kt mediume A X3 Ax F HF pHE 672 ZATAT. DA medium
o =L & 13 Zoh

HELoZ 2 WE9 N cannulaZt F2E B AF 630kg T WA G WHF U
ANA AHsReH, AHs L AN 489 H=2=2 o]lE2S 7€ ¥, DA+2% sodium lactate
medium©®l| 3 F3A T

‘l—‘ _‘N‘

H}
&3

=2
LN,

[e:

3t 1. Dehority’s artificial(DA) medium (per 100ml)

Component DA medium
Mineral I solution” 20ml
Mineral II solution? 20ml
Vitamin mixture” 1.0ml
VFA solution” 6.7ml
Hemin solution” 0.1ml
Resazurine(0.1%) 0.1ml
Acid-hydrolysed casein 0.2g
Na,CO; 0.4g
Cystein-HCI-H,O 0.1g
Rumen fluid® 40ml
Starch 0.3g
Distilled water 10ml

1) KH,PO4 4.5g in 1,000ml distilled water(DW).

2) NaCl 4.5g, (NH4):SO4 4.5g, CaCl, 0.25g, MgSO, 0.25g, MnSO4H,O 0.1g, ZnSO47H,O 0.1g,
COCl'6H,O 0.01g in 1,000ml DW.

3) Pyridoxine HCIl 0.2g, Riboflavine 0.2g, Thiamine HCI 0.2g, Nicotinamide 0.2g, Ca-D-pantothenate
0.2g, p-Amino benzoic acid 0.01g, Stock solution(folic acid 0.125g, biotin 0.125g, cobalamine
0.125g in 25ml DW) 1.0ml in 1,000ml DW.

4) Acetic acid 17ml, Propionic acid 6ml, n-Valenic acid 1ml, Iso-Valenic acid 1ml, Iso-Butyric acid
Iml, DL- @ -methylbutyric acid 1ml.

5) Dissolve 50mg hemin in Iml 1IN NaOH and make to 100ml with DW.

6) Centrifuged 27,000 x g for 20min after centrifuged at 13,000 x g for 30min and autoclave just

before media were prepared.



B d S HE WA= 38T incubatoroll A 48A13bEt 71 A TE 48A17E<E Bl
%, LY AR 02ml¥ HFs] AuleF )l FAoH, 484 AR F 53] AA
Al S XA

2) B9 W @] A E 2

DA+2% sodium lactate mediumoll Al B efg vkl f 7] vy = EeE flste] 7]
3] o (Bryant9} Burkey, 1953)°14 wi & 10'~10°71A] g Aste] FaAe Fr|4 vYE
Y E 9T roll tube§ HiAo] HIFHo= o]gsith F7] vAE B IFHd HFTY
0.6ml< 1.8% agar’} ¥ 54mle] DA+2% sodium lactate mediumoll
cold wateroll Al 3]HAAIA agarE =3t 34 HYo] HFH agarti A= 38T incubatoroll Al <&
Fdold HiFet] AEhd colony®] A, FEHe A7l T VIELER 4V HE RIS
colony 1275 AAst @738 stollA &Eelste] A4 DA+2% sodium lactate medium
of Z+zt FFsto] widstAdw. e 12709 colony®] 54 & 29 24
e 12719 colony= ¥E K-1~12 744 WEE HoJste] DA+2%
medium®l| FZF3+] 38T incubatoroll Al v gk v HHH glycerols 20% H713tA
-70C deep-freezerell H 3}t

=, Ndds

sodium lactate

Table 2. The growth characteristics of colonies isolated from the rumen of Hanwoo beef

cattle
Size ) )
Colony Shape Margin Surface Elevation Color
(mm)
T .
) Raised )
("‘*‘59 1.5 Round Entire Smooth White
& | (Convex)
) Raised White &
I~ 2.5 Round Entire Smooth
(Convex) Yellow
& Raised White &
3 Round Lobate Smooth
(Convex) Yellow
e | Fillamentous .
<o Fillamentous )
5 13 (Irregular and ] Smooth Flat White
’ . (Branching)
Spreading)
& . White &
2 Round Entire Smooth | Umbonate
Yellow
® White &
2 Round Entire Smooth | Umbonate
Yellow




Size
Colony Shape Margin Surface Elevation Color
(mm)
q.. Little Raised White &
{ 3 Round Smooth
Lobate (Convex) Yellow
| - Raised Dark
15 Round Entire Smooth )
/ (Convex) White
/
. White &
q 3 Round Entire Smooth | Umbonate
Yellow
Raised Yellow
\© 2 Semicircular Entire Smooth )
(Convex) white
= 2 Round Entire Smooth Flat White
) Dark
2 15 Round Entire Smooth Flat ]
white
3) &8 ¥7] vAES morphology 54 XAt

=t lﬂoﬂfﬂ 8% K-1~K12 colonyE9 =& 4

sodium lactate mediumol Z+zF H=E

S}

(

[¢]

=

O]:)."_E.

L glstr] #ske] DA+2%
Zoto] g H, @vr7 (BX41TF, Olympus, Japan)

o]-g3ated 4008 ol A FESATHE 3). HFE rod(XH) <t spirillum(UHAd+) FEE Wi

Ao, L7 coccus(T)ol FEEHALSY, 12+ FE A A =
@3t roll tube &

soted 2~33F =

5 el

T

o] aol

Fol wesA gkt
7 2.5t

B30 o



3 3. Microbial morphology of isolated bacteria utilizing lactic acid from the rumen of

Hanwoo cattle

Colony no. Photomicrograph Cell form Colony no. Photomicrograph Cell form

short rod
K-1 K-7 short rod
& coccus
spirillum
K-2 K-8 short rod
& coccus
spirillum - rod &
K-3 K-10
& coccus coccus
K-4 coccus K-11 - rod
rod &
K-5 K-12 rod
coccus
K-6 spirillum

4) 23 7] =9 volatile fatty acid(VFA) 2 lactic acid ©]-&4
W9 Yol A EE]d K-1~K129] lactic acid ©]-84E& =487 98] HPLC(Series 200,
Perkin Elmer, USA)Z H]A] W Z{F3I= sodium lactate®] FEE S43IATE EEs d7]
&S HAESH7] A 2% sodium lactateES 3713 DA medium Y sodium lactate?] F%=+
201 mM otk ZE’ @7] e T ARHA ¥U™ K9 A9 K1~K12E At wi e
sl 48A417FE<F 38T incubatoroll A HiFSH F vlFAY ol Q= sodium lactated] F%
¥ 47 2o K394 6044%2 TAa&sS RIPow, K10, K11, K-12914+= 70% ©]7



i)
5
fl
fz
2
o
N
M

sodium lactate”} &3t 2l¥l #E9 TVFA(Total VFAs)&= 13~16mM
Aolel gre LrERRSATHE 5).
3 4. Sodium lactate concentrations in the 48h cultures of the lactic acid utilizing bacteria

isolated from the rumen of Hanwoo cattle

Colony no. Sodium lactate (mM) Reduction rate (%)

Blank 261.35 -

K-1 208.69+731.9 20.15+3.1
K-2 170.38+37.1 34.81+0.2
K-3 103.38+203.7 60.44+0.9
K-4 259.12+123.7 0.85+0.5
K-5 153.88+567.6 41.12+2.4
K-6 157.15+140.4 39.87+0.6
K-7 150.36+306.0 42.47+1.3
K-8 174.98+215.9 33.05+0.9
K-10 71.27+77.2 72.73+0.3
K-11 73.73+83.8 71.79+0.4
K-12 56.06+66.1 78.55+0.3

3 5. VFAs and total VFA concentrations (mM) in the 48h cultures of the lactic acid

utilizing bacteria isolated from the rumen of Hanwoo cattle

Co;zny Acetate Propionate Isobutyrate Butyrate Isovalerate Valerate TVFAs
K-1 10.16+0.19 1.98+0.03 0.46+0.01 2.38+0.06 0.60+0.01 1.07+0.02 16.65+0.32
K-2 8.60+0.19 1.4340.02 0.41+0.01 2.73+0.09 053+0.01 1.10+0.04 14.80+0.35
K-3 7.78+0.07 1.08+0.00 0.39+0.00 2.89+0.09 0.50+0.01 1.13+0.05 13.78+0.23
K-4 11414044 2.69+0.11 0.46+0.01 1.19+0.05 0.56+0.03 0.37+0.01 16.67+0.66
K-5 9.25+0.62 1.4620.07 0.41+0.01 2.73+0.12 0.51+0.03 1.12+0.04 15.47+0.88
K-6 9.32+0.58 1.43+0.4 0.42+0.01 2.87+0.21 0.54+0.03 1.22+0.11 15.81+0.76
K-7 9.20+0.39 1.34+0.01 0.42+0.00 3.06+0.08 0.55+0.03 1.17+0.05 15.74+0.27
K-8 9.26+0.26 1.41+0.03 0.41+0.01 2.72+0.16 0.52+0.02 1.12+0.08 15.43+0.56
K-10 7274017 1.02+0.01 0.39+0.01 292+0.13 049+0.01 1.02+0.05 1311037
K-11 8.25+0.17 1.06+0.01 0.41+0.00 3.19+0.08 0.52+0.01 1.12+0.03 14.54+0.15
K-12 7.75+0.07 1.01£0.00 0.40+0.00 3.05+0.08 0.50+0.01 1.06+0.03 13.76+0.20

e

BEE9 ) Yol A 227 K-1~K12 ¥ % lactic acid ©]-&&°] 7 && K-3, K-10, K-11,
K12 #5355 dde® 23 = 28E flsl roll tubed S APttt 7€ AFsAG
colony §4% 7|2E 7} ¥l colonyE A FH 3t DA+2% sodium lactate mediumol Hi
FeFATE 23 roll tube S 3k AHFHIF colonyd] 54 & 69} Zrh



i 6. Growth characteristics of colonies cultured in the agar medium for the further

isolation of the lactic acid utilizing bacteria from the rumen of Hanwoo cattle

Size

Colony NO. Shape Margin Surface | Elevation Color
(mm)
. Dark White
) Raised
x> K31 2 Round Entire Smooth (Yellow
(Convex) .
White)
. Dark White
= ) Raised
K-32 2 Round | Entire Smooth (Yellow
(Convex) .
White)
‘ i ) Raised Yellow
K-10_1 2 Round Entire Smooth

(Convex) White

Raised Yellow
\ero-—2 K-10_2 3 Round Entire Smooth ]
, (Convex) White

P =
L
Raised Yellow
= K-11_1 2 Round Entire Smooth
(Convex) White
TRE ) Raised Yellow
e > K-11 2 2 Round Entire Smooth ]
| (Convex) White
=
Dark White
e ) Raised
K12 2 2 Round | Entire Smooth (Yellow
(Convex) i
White)

2) 2} 2% lactic acid bacteria®] lactic acid ©]-873

12}l A 50% o]/ lactic acidE ©]&3t¥E K-3, K-10, K-11, K-12 g 22t e 3A
< 33t F 709 colonyE #EA EE g 7/ #F9 lactic acid ©]&&& &5t
?13ted DA medium®l 38T incubatoroll A 24413t v ¥ HPLC(Series 200, Perkin Elmer,
USA)E sodium lactated] ZFEEE +A5IA S K112 #F5 A 6719 T4 60%
o4 o] 88 HPow, K12 294 97% =2 7F&A H& o] 885 HYY Lactic acid & &4
A= F 79 YERRATH

o



i 7. Sodium lactate concentrations in the 24h cultures of the secondly isolated lactic acid

utilizing bacteria from the rumen of Hanwoo cattle

Colony no. Lactic acid (mM) Reduction rate (%)

Blank 250.32

K-3_1 89.47+0.5 64.3+0.2
K-3_2 90.97+1.3 63.7+0.5
K-10_1 72.52+1.3 71.0+0.5
K-10_2 89.71+1.1 64.2+0.5
K-11_1 87.73+1.9 65.0+0.8
K-11_2 205.11+3.4 18.1+1.3
K-12 2 6.29+0.0 97.5+0.0

S

3. 29 HAEe AU lactate A4 T8 A 2 AT

1) "9 W lactic acid ©]§& PIAE 8 ¥ o]& "AEY volatile fatty acid(VFA) 2 lactic
acid ©] &4 &4
() 22 =88 79 VFA ¥ lactic acid ©]843
22} roll-tube S T3l &FEEE 70 F9 lactic acid ©]&&& E13t7] {3l 38TolA 48
AIZE Hl ¥ 3 HPLC(Series 200, Perkin Elmer, USA)Z H] YA lactate®] FE& 2433
Zz7] Wi viAY lactic acid®] F=ThH] wiF & FHAE FE ASHY o] &&E& A SHA
o KIS AAF ZE oA 90% ool ol&&S UBEHATKE 8). ¥ dE9
TVFATE 13~16mM Atol9] ks YEFHATHEE 9).

3t 8. Lactic acid concentrations in the cultures of the secondly isolated lactic acid utilizing bacteria

from the rumen of Hanwoo cattle after 48h incubation

Strain No. Lactic acid (mM) Reduction rate (%)

Blank 250.32+1.32 -

K3-1 1.57+0.00 99.4+0.00
K3-2 1.57+0.00 99.4+0.00
K10-1 6.52+0.17 97.4+0.07
K10-2 19.87+0.45 92.1+0.18
K11-1 40.25+0.37 83.9+0.15
K11-2 35.98+0.13 85.6+0.05
K12-2 1.60+0.03 99.4+0.01




3 9. VFAs and total VFA concentrations (mM) in the cultures of the lactic acid utilizing bacteria

isolated from the rumen of Hanwoo cattle after 48h incubation

Slzzm Acetate Propionate Isobutyrate  Butyrate  Isovalerate = Valerate TVFAs
mM

K3-1 7.43£0.09  0.96+0.00 0.38+0.01  3.03£0.10 0.48+0.01 0.88+0.04 13.16+0.22
K3-2 7.26£0.22  0.95+£0.01  0.38+0.01  2.99+0.19 0.48+0.02 0.96+0.02 13.02+0.53
K10-1  10.04+0.47 1.98+0.07 0.43£0.01 2.12+0.12  0.57+0.03  0.98+0.03  16.13+0.78
K10-2 7.78£0.16  0.95+£0.00 0.39+0.01 2.97+0.07 0.51+£0.01 1.11+0.03 13.72+0.27
K11-1 8.68+0.09  1.01+0.03  0.41+£0.00  3.52+0.07 0.55+0.01 1.26+0.03 15.42+0.22
K11-2 8.95+0.17 1.53£0.03  0.40+£0.01  2.33+0.08 0.51£0.01 1.03+0.04 14.74+0.32
K12-2 7.85£0.11  0.95£0.00  0.39+0.00  3.22+0.05 0.50+£0.01  1.04+0.03 13.95+0.17

(2) Lactic acid °]-84°] 2 9 HIFTAALT L AW 4=

22} = E8d #Foll A lactic acid ©]8E-9]
3t 33} roll-tube™ & 23
< ¥ 129 2o 2" 4=
3t lactic acid®] =& B33t 7+
K3-1-3(K3), K10-1-2(K10), K11-2-2(K11), KI2-
e o 4% 5 K103 Ki12 K133 5
TE9 TVFAE 13~15mM Abol9] k& yehdo] 2%
ATHE 10).

o<~ 1Y
T O

v‘i‘ﬂ]% 7= F lactic acid

-1(K12) 59

F 47g A

°]-&&°]

9] VFA A4+ 9 Jactate ©] 8 54
3-1, K10-1, K11-2, K12-2 ¥

sttt ®2l%E colony?]
HPLC(Series 200, Perkin Elmer, USA)Z

£4
o] &

M =

LA THE 10). A
St 30171 of K33 KI2E HF AEstsch &3
Rl SHHE 3k FAS

3£ 10. Lactic acid concentrations in the cultures of the lactic acid utilizing bacteria isolated from

the rumen of Hanwoo cattle after 24h incubation

Strain No. Lactic acid (mM) Reduction rate (%)
Blank 262.75+1.44 -
K3-1-1 97.20+5.02 63.0+1.91
K3-1-2 79.50+0.32 69.7+0.12
K3-1-3 18.38+0.59 93.0+0.23
K10-1-1 39.22+1.79 85.1+0.68
K10-1-2 8.15+0.08 96.9+0.03
K10-1-3 79.64+1.64 69.7+0.63
K11-2-1 7.194+0.12 97.3+0.04
K11-2-2 6.81+0.08 97.4+0.03
K11-2-3 79.39+1.37 69.8+0.52
K12-2-1 19.22+0.58 92.7+0.22
K12-2-2 46.62+0.28 82.3+0.11
K12-2-3 88.54+1.52 66.3+£0.58




3 11. VFAs and total VFA concentrations (mM) in the cultures of the lactic acid utilizing bacteria

isolated from the rumen of Hanwoo cattle after 24h incubation

SEam Acetate  Propionate Isobutyrate  Butyrate Isovalerate ~ Valerate TVFAs
0.
mM

K3-1-1  7.524#0.06 1.15£0.05  0.49+0.00 3.33+0.03  0.56+0.02  1.35+0.05 14.40+0.14
K3-1-2  7.79¢0.03 1.27£0.00  0.51+0.01  3.60+0.01  0.68+0.01  1.324+0.01 15.16+0.07
K3-1-3  7.61£0.05 1.27£0.02  0.46+0.01 3.47£0.02  0.67+0.03  1.294+0.02 14.76+0.09
K10-1-1 8.38+0.04 1.15+0.05 0.43+0.04 3.35+0.05  0.56+0.00  1.35+0.04 15.23+0.09
K10-1-2  8.50+0.02 1.12+0.02  0.47+0.03  3.19+0.03  0.56+0.01 1.22+0.02 15.05+0.10
K10-1-3  8.44+0.05 1.1320.02  0.45+0.02  3.2840.04  0.52+0.01  1.29+0.01 15.12+0.11
K11-2-1 8.85£0.03 1.60+0.01  0.38+0.01  2.93+0.04  0.49+0.01 0.92+0.01 15.16=0.07
K11-2-2  8.75+0.05 1.71+0.27 0.46£0.01 2.74+0.06  0.43+0.04  0.83+0.04 14.91+0.20
K11-2-3  9.22+0.62 1.59+0.02  0.46+0.04 2.75+0.09  0.43£0.01 0.91+0.01 15.35+0.48
K12-2-1 7.8840.06 0.92+0.01 0.42+0.02  2.66+0.04  0.49+0.01  1.13£0.05 13.49+0.11
K12-2-2  8.73£0.35 1.170.07  0.44+0.01  2.82+0.02  0.49+0.01 1.18+0.05 14.82+0.30
K12-2-3  7.9940.03 0.95+0.02 0.43+0.01 2.72+0.02  0.46+0.02  1.11+0.03 13.66+0.07




3 12. Growth characteristics of colonies cultured in the agar medium for the isolation of the lactic

acid utilizing bacteria from the rumen of Hanwoo cattle

Size
Colony NO. (tum) Shape Margin Surface | Elevation Color
mm
Yellow&
K3-1-1 2 Round Smooth Smooth Flat )
white
Yellow&
K3-1-2 2 Round Smooth Smooth Convex )
white
K3-1-3 2 Round Smooth Smooth Flat Yellow
K10-1-1 3 Round Smooth Smooth Convex Yellow
Yellow&
K10-1-2 2 Round Smooth Smooth Convex )
white
Yellow&
K10-1-3 2 Round Smooth Smooth Convex
black
K11-2-1 2 Round Smooth Smooth Flat White
K11-2-2 2 Round Smooth Smooth Flat White
K11-2-3 2 Round Smooth Smooth Flat White
Raised Yellow&
K12-2-1 2 Round Smooth Smooth ]
(Convex) White
Raised Yellow&
K12-2-2 2.5 Round Smooth Smooth )
(Convex) White
Raised Yellow&
K12-2-3 2 Round Smooth Smooth )
(Convex) White
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(1) H9 W AES ol &3t #71 ]}}EE Hj ek 2 Ze
HEES ) AES o83t d7] vAES EUs7] 918 Dehority 5(1965)°] A%
medium(Dehority’s artificial(DA) medium)®l| starchE 0.3% #7138t medium= A =3t Al
Z % HF pH © 672 2439t DA medium®] 242 3 1337 2T}

HEAOoE AT AL cannulaZ} Z2E H AF 630kg SHF- H2A G4 HE9)
WellAl AFstR o, AHME A 4589 AXE o]lEHES AE F, 03% starch DA
medium® HEF3A

filo

3t 13. DA(Dehority’s artificial) medium (per 100ml)

Component DA medium
Mineral 1 solution” 20ml
Mineral II solution? 20ml
Vitamin mixture” 1.0ml
VFA solution” 6.7ml
Hemin solution” 0.1ml
Resazurine(0.1%) 0.1ml
Acid-hydrolysed casein 0.2g
Na,CO; 0.4g
Cystein-HCI-H,0O 0.1g
Rumen fluid® 40ml
Starch 0.3g
Distilled water 10ml

1) KH,PO4 4.5g in 1,000ml distilled water(DW).

2) NaCl 4.5g, (NH4)SO4 4.5g, CaCl, 0.25g, MgS0O, 0.25g, MnSO4H,O 0.1g, ZnSO4 7H,O 0.1g,
COCl,'6H,O 0.01g in 1,000ml DW.

3) Pyridoxine HCI 0.2g, Riboflavine 0.2g, Thiamine HCI 0.2g, Nicotinamide 0.2g, Ca-D-pantothenate
0.2g, p-Amino benzoic acid 0.01g, Stock solution(folic acid 0.125g, biotin 0.125g, cobalamine
0.125g in 25ml DW) 1.0ml in 1,000ml DW.

4) Acetic acid 17ml, Propionic acid 6ml, n-Valenic acid 1ml, Iso-Valenic acid Iml, Iso-Butyric acid
Iml, DL- @ -methylbutyric acid 1ml.

5) Dissolve 50mg hemin in Iml 1IN NaOH and make to 100ml with DW.

6) Centrifuged 27,000 x g for 20min after centrifuged at 13,000 x g for 30min and autoclave just

before media were prepared.
HES=91 S HF3k vl A= 38T incubatoroll A 24A17HE<E d7]ujF AlHTE 2441752 A
E

F & LS vAZ 02 ml® HFsk Al AT
DA+0.3% starch mediumol| A HjgE w2l 4 7] v Ee] By E 98t d7] 514



ol (Bryant®} Burkey, 1953)9ll4 8]k} 107~10°71A] 323t 34 AS roll tube WS $13F
HEHo R o] gttt &7 vAE Eev JAE HTH 0.6ml= 1.8% agar’} ¥ 5.4
ml®] DA+0.3% starch medium®] HE3 & AFHAES cold waterol A FHAIA agars =3
ot M do] HFH agardf A= 38T incubatord| Al LEFLUold wjFste] Aehd colony2]
A, dee} 37 5 712 4] & U9 colony 137/1E AAste 7] E Sl
]3] DA+0.3% starch medium®l Z+Z} FF3sho] wjdstAdTh 213 13702] colony2)
de E 149 2

228 13719] colony= P E KS-1~13 7}A] HEE FoJsle] DA+0.3% starch medium®ll
}o] 38T incubatoroll Al vl FH, 20% glycerol ol HEFsI -70C A2 53l
At

L ")

ol

o

5
s

ol

3t 14. Growth characteristics of colonies utilizing starch isolated from the rumen of Hanwoo cattle

Size
Colony NO. () Shape Margin Surface | Elevation Color
mm
v . .'., KS-1 1 Round Smooth Flat Smooth Black
- KS-2 1 Round Smooth Flat Smooth White
E KS-3 4 Irregular | Undulate Flat Smooth White
- KS-4 6 Irregular | Undulate Flat Smooth White
- KS-5 7 Irregular | Undulate Flat Smooth White
;‘ KS-6 5 | Rhizoid | Lobate | Hilly | Smooth White
D KS-7 6 Irregular Wavy Flat Smooth White
Entire
0 KS-8 4 Round Flat Smooth White
(smooth)
n KS-9 3 Rhizoid Lobate Hilly Smooth White




KS-10 4 Irregular Lobate Convex | Smooth White

KS-11 3 Irregular Lobate Flat Smooth White
KS-12 3 Irregular Wavy Flat Smooth Yellow
KS-13 3 Irregular Lobate Convex | Smooth White

2) £33 v AYE2] VFA L lactate 4

HEEQ] Uloll A E2]dF KS-1~KS-139] lactic acid =418 ¢8|l HPLC(Series 200, Perkin
Elmer, USA)Z lactic acid =5 &3ttt £ &7 vy E T AekA] &d™ KS-1,
KS-125 A £]3F KS-2~KS-132 At wjdsle] 2441752t 38°C incubatorol] A vl Fgk FH wjj &k

Hfjol] AAH lactic acide] == ¥ 153 2t}

KS-6, 8, 9, 112 lactic acid’7} ¥ T&E& YEIFOH KS-103 KS-139 4= lactic acid’}
A E R ekttt ZF BEl® #E59] TVFAs(Total VEFAs)E KS-6, 8, 10, 11, 13914 46~49mM
Arole] E=2 e UEMHATHE 16).

3E 15. Lactic acid concentration in the 24h cultures of the starch utilizing bacteria isolated from the

rumen of Hanwoo cattle

Colony no. Lactic acid (mM)
KS-2 38.75+0.80
KS-3 40.28+0.49
KS-4 38.58+0.17
KS-5 38.03+0.16
KS-6 3.60+0.11
KS-7 36.47+0.20
KS-8 1.51+0.02
KS-9 2.77+0.17
KS-10 -
KS-11 7.69+0.07
KS-13 -




3 16. VFAs and total VFA concentrations (mM) in the 24h cultures of the starch utilizing bacteria

isolated from the rumen of Hanwoo cattle

C(;I(())ny Acetate  Propionate Isobutyrate = Butyrate Isovalerate Valerate TVFA
. mM

KS-2  10.94+£0.05 0.89+0.01  1.20+0.00 - 1.66+£0.01 1.28+0.00  15.98+0.05
KS-3  10.89+0.11 0.90+0.02  1.20+0.00 - 1.67+0.01 1.28+0.00 15.94+0.13
KS-4  10.00+0.11 0.71+0.01  1.17+0.00 - 1.60+£0.00  1.24+0.00 14.72+0.12
KS-5  10.1240.07 0.76£0.02  1.06+0.21 - 1.61+£0.00  1.25+0.00 14.80+0.19
KS-6  24.16£0.20 5.40+0.06  1.40+0.01 14.28+0.12  2.07+0.01 1.7740.01  49.08+0.40
KS-7 6.98+0.07  0.50+=0.01  0.79+0.00 - 1.08£0.00  0.84+0.00 15.28+0.09
KS-8  29.52+0.55 5.93+0.10  1.45+0.00 5.16+0.04  2.16+0.01 1.81+£0.01 46.04+0.70
KS-9  10.74+0.04 0.69+0.01  1.20+0.00  8.68+0.01 1.65£0.00  1.45+£0.01 24.42+0.04
KS-10  30.31+0.07 5.53+0.02  1.44+0.00 5.01£0.01  2.11+0.01 1.78+0.01 46.16+0.11
KS-11  26.15+£0.09 6.37+0.02  0.97+0.72 10.12+0.01  2.04+0.00  1.80+0.01 47.45+0.78
KS-13  28.31+0.01 5.63+0.01  1.44+0.00 5.10£0.00  2.12+0.00  1.82+0.00 44.41+0.02
(3) Lactic acid®] =7} @2 HEo] &9 &=

W] ol A Egldk KS-1~KS-13 #F % lactic acid®] %7} w2 KS-6, KS-8, KS10,
KS11, KS13 #F& &5 2837 9l 23 roll-tubeR& AF3AT. 71E ANH AL

colony 543 714
ok A HS colony] 542 E 173 2



3t 17. Growth characteristics of colonies utilizing starch isolated from the rumen of Hanwoo cattle

Size
Colony NO. (mm) Shape Margin Surface | Elevation Color
mm

- KS6-1 3 Round Smooth Smooth Flat White
- KS6-2 5 Irregular Wavy Smooth Hilly White
- KS6-3 10 Irregular Lobate Smooth Flat White
Yellow&

KS8-1 3 Round Smooth | Smooth Flat .
White
n KS8-2 3 Round Smooth Smooth | Umbonate White
u KS8-3 3 Round Smooth Smooth Convex White
n KS&-4 3 Round Smooth Smooth Flat White
n KS10-1 4 Round Smooth Smooth Raised White
Yellow&

KS10-2 5 Round Smooth | Smooth | Umbonate )
White
_ KS10-3 9 Round Smooth Smooth | Umbonate White
- KS10-4 13 Round Smooth Smooth Flat White
Yellow&

- KS11-1 1 Round Smooth | Smooth Convex )
White

n KS11-2 2 Irvegular Lobate Smooth Flat White




KS11-3 2 Round Smooth Smooth | Umbonate White

KS11-4 2 Round smooth Smooth Flat White
KS13-1 3 Round Wavy Smooth Flat Yellow
KS13-2 3 Round Wavy Smooth Flat Yellow

KS13-3 2.5 Round Smooth Smooth | Umbonate White

4) 221 288 dE o] &2 Volatile fatty acid(VFA) 2 lactic acid AJ4H5A

12+ A lactic acidE WA AIZIA ZU™ KS-6, KS-8, KS10, KSI1, KSI13 #F& 23
roll-tube S X3t F 187 colonyE wESAT. EEE oA F AR @S
KS10-4, KS11-2, -3 ¥ 45 ALg UmA 14719 #F9 lactic acid HA F-2> DA mediumoll
38C incubatorol| A 244t vjF $+ ¥ HPLC(Series 200, Perkin Elmer, USA)& ©]-8-3}] lactic
acidE EASIATHE 18). KS10-19] 5+ Lactic acid A Al71A &gkom™ KS13-2,
KS13-32 047mM=E 7} @2 BAFS BT TVFA(Total VFAs)= S0mMAEZE o7}
RAATHEE 19).



3£ 18. Lactic acid concentrations in the cultures of the starch utilizing bacteria isolated from the

rumen of Hanwoo cattle after 24h incubation

Colony no. Lactic acid (mM)
KS6-1 6.05+0.03
KS6-2 2.50+0.04
KS6-3 6.89+0.08
KS8-1 4.78+0.01
KS8-2 4.31+0.04
KS8-3 4.87+0.01
KS8-4 4.63+0.03
KS10-1 -
KS10-2 0.47+0.00
KS10-3 0.47+0.00
KS11-1 2.99+0.09
KS13-1 6.85+0.19
KS13-2 0.47+0.00
KS13-3 0.47+0.00

3£ 19. VFAs and total VFA concentrations (mM) in the cultures of the starch utilizing bacteria

isolated from the rumen of Hanwoo cattle after 24h incubation

C(I)llzny Acetate  Propionate Isobutyrate  Butyrate Isovalerate Valerate TVFAs
' mM

KS6-1  26.40+£0.16 5.38+0.03  1.36+0.00 13.25+0.04 1.95£0.00  1.69+0.00 50.04+0.22
KS6-2  23.97+0.37 4.90+0.06 1.36+0.01 14.81+0.11  1.97+0.01 1.73£0.01  48.73+0.57
KS6-3  28.69+1.70 6.34+0.52  1.45+0.04 14.93+0.88  2.13+0.08  1.82+0.06 55.36+3.29
KS8-1  31.01£0.26  6.68+0.06  1.51+0.11  5.69+0.04  2.26+0.01 1.88+0.01  49.03+0.39
KS8-2  29.69+0.10 6.06+0.04  1.45+0.00 5.28+0.02  2.15+0.00  1.80+0.00 46.44+0.15
KS8-3  30.59+0.11 6.51+0.04 1.49+0.00  5.55+0.01  2.23+0.01 1.85+0.01 48.22+0.16
KS8-4  33.67+0.17 6.78+0.05  1.51+0.00  5.63+£0.03  2.23+0.01 1.86+0.01 51.68+0.28
KS10-1 34.17£1.88 6.68+0.51  1.50+0.04  5.66+0.28  2.24+0.08  1.87+0.06 52.11+2.85
KS10-2 33414046 6.49+0.12 1.49+0.01 5.60+0.06  2.23+0.02  1.87+0.02 51.09+0.69
KS10-3  33.42+0.10 6.42+0.02  1.48+0.00  5.52+0.01  2.20+0.00  1.84+0.00 50.88+0.13
KSI11-1 32.2440.08 8.45+0.02  1.46+0.00  5.52+0.01  2.16+0.00  1.87+0.01 51.69+0.11
KS13-1 32.45+0.14 5.43+0.03 1.43+£0.00 5.23+0.02  2.06+0.01 1.80£0.01 48.40+0.21
KS13-2  32.18+0.20 6.34+0.05  1.51+0.01  5.71+0.03  2.25+0.01 1.93+0.02  49.92+0.32
KS13-3  30.46+0.15 5.78+0.05  1.43+0.01  5.17£0.03  2.08+0.01 1.79£0.01 46.70+0.25




3% 20. Growth characteristics of colonies isolated from the rumen of Hanwoo cattle

Size

Colony NO. Shape Margin | Surface | Elevation Color
(mm)

KS10-1-1 3 Irregular Wavy Smooth Flat White

KS10-1-2 2 Round Smooth | Smooth Flat White

KS10-1-3 3 Round Smooth | Smooth Convex White

KS10-1-4 2 Round Smooth | Smooth | Umbonate White

KS13-2-1 1 Round Smooth | Smooth Convex White

KS13-2-2 2 Round Smooth | Smooth Convex White

Yellow&
KS13-2-3 1 Round Smooth | Smooth Flat )
White
KS13-2-4 1.5 Round Smooth | Smooth Raised White
(5) Lactic acid HA F=7} @2 79 &2 5A4H Volatile fatty acid(VFA) lactic acid
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24A1ZF Wl @F ¥ HPLC(Series 200, Perkin Elmer, USA)E ©] &3} lactic acidE #43}
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3 21. Lactic acid concentrations in the cultures of the starch utilizing bacteria isolated from the

rumen of Hanwoo cattle after 24h incubation

Colony no. Lactic acid (mM)
KS10-1-1 0.31+0.00
KS10-1-2 5.50+0.10
KS10-1-3 -
KS10-1-4 -
KS13-2-1 0.32+0.00
KS13-2-2 0.32+0.00
KS13-2-3 0.32+0.00
KS13-2-4 -

3t 22. VFAs and total VFA concentrations (mM) in the cultures of the starch utilizing bacteria

isolated from the rumen of Hanwoo cattle after 24h incubation

Colon
Y Acetate  Propionate Isobutyrate Butyrate  Isovalerate Valerate TVFAs
no.

mM
KS10-1-1 33.43£2.10 6.63+0.66 1.51+0.12 4.31+0.06 2.31+0.04 1.75€0.02  49.93+£2.96

KS10-1-2  36.16+6.26 4.70£2.80  2.10+1.11 4.02+0.66  2.32+0.02 1.76+0.00 51.06+5.01
KS10-1-3  32.7440.31 5.72+0.14  1.47+0.01 4.39+0.04  2.34+0.02 1.77+0.01 48.43+0.53
KS10-1-4 33.08+0.10 6.49+0.02  1.47+0.00 4.39+0.01 2.34+0.00  1.76+0.00 49.52+0.13
KS13-2-1  32.2440.39  6.64+0.15  1.44+0.01 4.51+0.04 2.254+0.02 1.76+0.01 48.83+0.60
KS13-2-2  33.1740.17 8.15+0.05 1.46+0.00 4.61+0.02 2.27+0.01 1.78+0.01  51.44+0.25
KS13-2-3  32.54+0.24 10.08+0.11 1.48+0.01 4.53+0.03  2.33+0.01 1.79+0.00 52.76+0.40
KS13-2-4 31594024 7.33£0.08 1.454+0.01 4.34+0.02 2.26+0.01 1.74£0.01 48.70+0.35

4. AgH mAEY T4 2 TEaEAH ZA

1) 219 lactic acid ©|&d# HEEMNF DNA F= 2 16S rRNA(sequence) =247}

BLAST Z 3}

HFALE lactic acid ©]-&v K3 B K129 IE&E3+ KS10 2 KS138] DNA F=<& 98|
soil kitE ©]&3td FYsIH T F5%F DNAE Polymerase Chain Reaction(PCR)-= 7l 333}t
AR&® Primer= 337F, 785F, 805R<S Ah&3te] dekith PCRE & =32 & 233 o
PCRZI &% product®] DNA sequencings FI3J3ted K3, K12, KS109} KS139] 16S rRNA full
sequence= 3t 249} 2T}

Sequence®] BLAST ZA3 lactic acid ©]8+% K3, KI12& Pseudoramibacter alactolyticus
ATCC23263%} 71 A3 AAZF ANSM, Pseudoramibacter alactolyticus AF©12] 16S rRNA

FAA FAAELS 94% YERYT HEES| T KS10, KSI132  Ruminococcus bromii  strain



ATCC27255¢F 71 HAS #A A AR,

2 A2 95% UERS T

b

23. PCR Progress condition

Ruminococcus bromii strain A}©]2] 16S rRNA 7

PCR condition Time
95T 15min
95T 20sec
50C 40sec 30cycle
72°C Imin 30sec
72C 5min




3 24. 16S rRNA full sequences of K3, K12, KS10 and KS13 of isolated bacteria

Full sequence

K3

K12

GTTTGGATTATTGCTCATGACGAACGCTGGCGGTATGCTTAACACATGCAAGTCGAACGAGAAGCTGTCTAATGAACCTTCGGGC
GATTTAGAGAGTGGATAGTGGCGAACGGGTGAGTAACGCGTGGGCAACCTGCCTTTCGGAGCGGAATAGCCTCGGGAAACCGGG
AGTAAAGCCGCATAACATTATTTTTTCGCATGAAGAGATAATCAAAACTCCGGTGCCGAAAGATGGGCCCGCGTCCTATTAGCTG
GTTGGTGAGGCAACGGCTCACCAAGGCGACGATAGGTAGCCGGTCTGAGAGGGCGAACGGCCACACTGGAACTGAGACACGGTC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGGGCAACCCTGACGCAGCAATACCGCGTGAGTGAAGAAGGT
TTTCGGATCGTAAAGCTCTGTTATTGGGGAAGAAGAAGTGACGGTACCCAATGAGGAAGTCCCGGCTAATTACGTGCCAGCAGCC
GCGGTAATACGTAAGGGACGAGCGTTGTCCGGAATCACTGGGCGTAAAGGGCGCGTAGGCGGTTTTATAAGTCAGATGTGAAAG
GTACCGGCTCAACCGGTGACGTGCATTTGAAACTGTAAGACTTGAGTACTGAAGAGGCAAGCGGAATTCCTAGTGTAGCGGTGAA
ATGCGTAGATATTAGGAAGAACACCGGTGGCGAAGGCGGCTTGCTGGGCAGATACTGACGCTGAGGTGCGAAAGCATGGGGAGC
GAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAATACTAGGTGTTGGCAGTTATGTCAGTGCCACAGTTAACACA
ATAAGTATTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCAGCGGAGCATGTG
GTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGACATCCTCTGACCTCTTAGAGATAAGACTTTCCCTTCGGGGACAG
AGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGTGATTAG
TTGCCATCATTCAGTTGGGCACTCTAAACAGACTGCCGTAGACAATACGGAGGAAGGTGGGGACGACGTCAAATCATCATGCCCC
TTATGGCCTGGGCTACACACGTGCTACAATGGTCTGAACAGAGGGCAGCGAAACCGTGAGGCGGAGCGAATCCCACAAAACAGA
TCTCAGTTCGGATTGTAGCTGCAACCCGCCTACATGAAGATGGAGTTGCTAGTATCGCGGATCAAATGCCGCGGTGAATGCGTTC
CCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTCGTACACCCGAAGCCAGTGTGACAACCGTAAGGAGTCAGCTGTCGAA
GTGGGATCGGTATGGGGTGAAGTCGTAACGGTTACCGTTAAAT

GGTTTTGATATGGCTCAGGACGAACGCTGGCGGTATGCTTAACACATGCAAGTCGAACGAGAAGCTGTCTAATGAACCTTCGGGC
GATTTAGAGAGTGGATAGTGGCGAACGGGTGAGTAACGCGTGGGCAACCTGCCTTTCGGAGCGGAATAGCCTCGGGAAACCGGG
AGTAAAGCCGCATAACATTATTTTTTCGCATGAAGAGATAATCAAAACTCCGGTGCCGAAAGATGGGCCCGCGTCCTATTAGCTG
GTTGGTGAGGCAACGGCTCACCAAGGCGACGATAGGTAGCCGGTCTGAGAGGGCGAACGGCCACACTGGAACTGAGACACGGTC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGGGCAACCCTGACGCAGCAATACCGCGTGAGTGAAGAAGGT
TTTCGGATCGTAAAGCTCTGTTATTGGGGAAGAAGAAGTGACGGTACCCAATGAGGAAGTCCCGGCTAATTACGTGCCAGCAGCC
GCGGTAATACGTAAGGGACGAGCGTTGTCCGGAATCACTGGGCGTAAAGGGCGCGTAGGCGGTTTTATAAGTCAGATGTGAAAG
GTACCGGCTCAACCGGTGACGTGCATTTGAAACTGTAAGACTTGAGTACTGAAGAGGCAAGCGGAATTCCTAGTGTAGCGGTGAA
ATGCGTAGATATTAGGAAGAACACCGGTGGCGAAGGCGGCTTGCTGGGCAGATACTGACGCTGAGGTGCGAAAGCATGGGGAGC
GAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAATACTAGGTGTTGGCAGTTATGTCAGTGCCACAGTTAACACA
ATAAGTATTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCAGCGGAGCATGTG
GTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGACATCCTCTGACCTCTTAGAGATAAGACTTTCCCTTCGGGGACAG
AGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGTGATTAG
TTGCCATCATTCAGTTGGGCACTCTAAACAGACTGCCGTAGACAATACGGAGGAAGGTGGGGACGACGTCAAATCATCATGCCCC
TTATGGCCTGGGCTACACACGTGCTACAATGGTCTGAACAGAGGGCAGCGAAACCGTGAGGCGGAGCGAATCCCACAAAACAGA
TCTCAGTTCGGATTGTAGGCTGCAACCCGCCTACATGAAGATGGAGTTGCTAGTAATCGCGGATCAGAATGCCGCGGTGAATGCG
TTCCCGGGTCTTGTACACACCGCCCGTCACACCACGAGAGTCGGTAACACCCGAAGCCAGTGTGACAACCGTAAGgAGTCAGCTG
TCGAAGTGGGATCGGTAATTGGGGTGAGTCGTACAAGGGGGATACCCGCTAA




Full sequence

KS10

KS13

ATTTGGATCATGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGGAACTATTTTGAAGGATCTCTTCGGA
GTGACGGATTTTTAGTTTAGTGGCGGACGGGTGAGTAACGCGTGAGTAACCTGCCTCTGAGAGGGGAATAACGTTCTGAAAAGAA
CGCTAATACCGCATAACATATATTTGCCGCATGACAGATATATCAAAGATTTTATCGCTCAGAGATGGACTCGCGTCCGATTAGTT
AGTTGGTGAGGTAACGGCTCACCAAGACCGCGATCGGTAGCCGGACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTGGGGGATATTGCGCAATGGGGGCAACCCTGACGCAGCaACGCCGCGTGAAGGACGAAGG
TCTTCGGATTGTAAACTTCTTTTGTCAGGGACGAAATTTGACGGTACCTGACGAATAAGCTCCGGCTAACTACGTGCCAGCAGCCG
CGGTAATACGTAGGGAGCAAGCGTTGTCCGGATTTACTGGGTGTAAAGGGTGCGTAGGCGGCTTTGTAAGTCAGATGTGAAATCT
ATGGGCTCAACCCATAAACTGCATTTGAAACTATAGAGCTTGAGTGAAGTAGAGGCAGGCGGAATTCCCTGTGTAGCGGTGAAAT
GCGTAGAGATAGGGAGGAACACCAGTGGCGAAGGCGGCCTGCTGGGCTTTAACTGACGCTGAGGCACGAAAGCGTGGGTAGCAA
ACAGGATTAGATACCCTGGTAGTCCACGCGTAAACGATGATTACTAGGTGTGGGGGGACTGACCCCTTCCGTGCCGGAGTTAACA
CAATAAGTAATCCACCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGTGGAGTATG
TGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCAACTAACGAAGTAGAGATACATTAGGTGCCCTTCGGG
GAAAGTTGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGC
TATTAGTTGCTACGCAAGAGCACTCTAATAGGACTGCCGTTGACAAAACGGAGGAAGGTGGGGACGACGTCAAATCATCATGCCC
CTTATGACCTGGGCTACACACGTACTACAATGGCCATCAACAGAGGGAAGCAAAATAGCGATATGGAGCAAACCCCTAAAAATG
GTCTCAGTTCAGATTGCAGGCTGCAACCCGCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATAC
GTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGCCGGTAATACCCGAAGTCAGTAGCTTAACCGCAAGGAGAGCGCT
GCCGAAGGTAGGATTGGCGACTGGGGTGAAGTCGTAACAAGGTTAACCGTA

TTTGGATCATGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGGAACTGACGCCGGTTCTTCGGAACCAT
TGTCAGTTTAGTGGCGGACGGGTGAGTAACGCGTGAGTAACCTGCCTCTGAGAGGGGAATAACGTTCTGAAAAGAACGCTAATAC
CGCATAACATATAGAAGTCGCATGGCTTTTATATCAAAGATTTTATCGCTCGGAGATGGACTCGCGTCCGATTAGTTAGTTGGTGA
GGTAACGGCTCACCAAGACCGCGATCGGTAGCCGGACTGAGAGGTTGAACGGCCACATTGGGACTGAGACACGGCCCAGACTCC
TACGGGAGGCAGCAGTGGGGGATATTGCGCAATGGGGGCAACCCTGACGCAGCAACGCCGCGTGAAGGATGAAGGTTTTCGGAT
TGTAAACTTCTTTTATCAGGGACGAATATTGACGGTACCTGATGAATAAGCTCCGGCTAACTACGTGCCAGCAGCCGCGGTAATA
CGTAGGGAGCAAGCGTTGTCCGGATTTACTGGGTGTAAAGGGTGCGTAGGCGGCTTGGTAAGTCAGATGTGAAATCTATGGGCTC
AACCCATAAACTGCATTTGAAACTATCGAGCTTGAGTGAAGTAGAGGCAGGCGGAATTCCCTGTGTAGCGGTGAAATGCGTAGAG
ATAGGGAGGAACACCAGTGGCGAAGGCGGCCTGCTGGGCTTTAACTGACGCTGAGGCACGAAAGCGTGGGTAGCAAACAGGATT
AGATACCCTGGTAGTCCACGCTGTAAACGATGATTACTAGGTGTGGGGGGACTGACCCCTTCCGTGCCGGAGTTAACACAATAAG
TAATCCACCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGTGGAGTATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCAACTAACGAAGTAGAGATACATCAGGTGCCCTTCGGGGAAAGTT
GAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCTATTAGTT
GCTACGCAAGAGCACTCTAATAGGACTGCCGTTGACAAAACGGAGGAAGGTGGGGACGACGTCAAATCATCATGCCCCTTATGA
CCTGGGCTACACACGTACTACAATGGCCATCAACAGAGGGAAGCGAAATGGCGACATGGAGCAAACCCCTAAAAATGGTCTCAG
TTCAGATTGCAGGCTGCAACCCGCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCG
GGCCTTGTACACACCGCCCGTCACACCATGGGAGCCGGTAATACCCGAAGTCAGTAGCCCAACCGCAAGGAAGGCGCTGCCGAA
GGTAGGATTGGCGACTGGGGTGAAGTCGTAACAAGGTTAACCGTAAA




HelE o 44 2 AR 54
88 K3, K12, KS10 71831 KS139] A4&S gRlst7] 918t DA mediumol A vj g3k &
¥ M-S spectrophotometer(Spectronic 20, Milton Roy Company, USA)E ©]-83}d 37 600nm |
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oD%t 1.0¢ o, A&o] &+ MY oDFk 0.7¢ Wl #FE 43171 A3l roll-tube - %13}
g A3} K337 K12& ~10°cfu/mlz KS10-2 ~10°, KS132 ~107 cfu/mlZ ZAE ATHE 25).
TFJQ 779 HA S AT 255 AR AF 38-45TolA HA A4S sk, H3F
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Z191. Growth covers of K3, K12, KS10 and KS13 grown in DA medium with rumen fluid

3 25. Cell numbers of the lactic acid utilizing bacteria strains of K3 and K12, and the starch
utilizing bacterial strains of KS10 and KS13 at OD wvalues of 1.0 and 0.7, respectively, cultured in

DA medium
Strain Cell numbers (log cfu/ml)
K3 8.66
K12 8.70
KS10 9.45
KS13 7.86
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19 2. Growth conditions of bacteria by different incubation temperatures and pH in the medium

3% 26. Substrate utilization of anaerobic bacteria isolated from the rumen of Hanwoo cattle

Substrate K3 K12 KS10 KS13

L-tryptophane - - - -
Urease - - - -
D-glucose + +
D-mannitol
D-lactose - -
D-saccharose
D-maltose - -
salicin - - - -
D-xylose - - - -
L-arabinose - - - +
Gelatin - - - -
Esculin - - - -
Glycerol - - - -
D-cellobiose - - - -
D-mannose - - + +
D-melezitose - - - -
D-raffinose - - - -
D-sorbitol + + - -
L-rhamnose - - - -
D-trehalose - - - -

+
+

+ +

+
+
+ + +
1




3t 27. Fatty acid contents(%) of K3 and K12 bacterial cells

K3 K12
Fatty acid
Saturated
C9:0 3.19 281
C10:0 0.78 0.64
C12:0 0.89 0.7
C14:0 30.09 32.67
C16:0 33.25 35.2
C17:0 1.04 0.89
C18:0 0.53 TR
Branched-chain fatty acid
C18:1lisoH 0.86 0.77
C19:1isol 0.58 TR
Alcohol
C16:0NAlcohol 3.82 3.32
Summed feature
2,C12:0aldehyde/unknown10.928 1.56 1
4,C17:1isol/anteisoB 22.31 20
Total 98.9 98




3t 28. Fatty acid contents(%) of KS10 and KS13 bacterial cells

KS10 KS13
Fatty acid
Saturated
C12:0 2.22 2.26
C14:0 1.80 1.80
C16:0 6.73 5.86
C17:0 1.42 0.97
C18:0 2.49 2.93
Unsaturated
C16:0Nalcohol TR 1.04
C18:1 1.15 1.02
Branched -chain fatty acid
C14:0is030H 2.62 1.85
C15:0iso 6.44 4.50
C16:0iso 1.35 2.09
C17:0iso 3.70 2.55
C18:1isoH 0.78 0.51
C19:1isol 1.08 1.04
C15:0anteiso 12.65 16.77
Cl15:1anteisoA 0.75 0.75
C17:0anteiso 35.39 35.74
Hydroxy fatty acids
C14:020H 4.79 6.69
Summed feature
2;C12:0 6.92 471
4,C17:1 2.23 2.07
5,C18:2 1.68 1.48
8;C18:1 2.45 1.96
Total 98.64 98.59
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Eubactenium callanderi DSMIGEZT (X96961)
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- o Dethiosuifatibacter armnovorans CG2T (AB218861)
Soshngonia seccharolytice BOR-Y™ (AY353056)
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e

Z1% 3. Phylogenetic tree of 16S tRNA of lactic acid utilizing bacteria isolated from the rumen of
Hanwoo cattle.
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&E&md@ﬂamﬂffmﬂw capillosus ATCC 287997 (AANG02000048)

7 Flavonifractor plautii ATCC 298637 (JH417629)

= ———————— Ciosindrum vinde T2-T7 (X81125)
Intestinimonas bulyriciproducens SRB-521-547 (KC311367)
100 Oscillibacter valencigenes NBRC 1012137 (AP012044)
| Sporcbacter termitidis SYRT (749863)

Papillibacter cinnamrvorans CIN1T (AF16T711)
— Butyncrcoceus pullicaecorum 25-37 (EU410376)

100 Agathobaculum desmolans ATCC 430587 (L34618)
100 _[ Agathobaculum butyrciproducens SRTAT (KP889093)

Bulyricicoccus fascihominis YIT 127897 (LC082223)
100 E K513
100 K510

Rumnococcus bromi ATCC 272687 (X85099)

_|7 Closindium leptum DSM 7537 (ABCB02000019)
Acufalibacter muns KB18™ (CPD15400)

100

] — Caprociproducens galachiolvorans BS-17 (FJB0S840)

an E Clostridium jeddahense JCOT (HGT26040)
100

Closindivm sporosphaeroides DSM 12947 (X66002)

e Clpstridium methylpentosum DSM 54767 (ACECO1000053)

I: Ruminococcus champanslensis 18P137 (FP929052)

Ruminococcus callidus ATCC 277607 (KI260393)

Ruminococcus flavefaciens ATCC 192087 (JAEFO1000027)
Ruminecoccus albus 77 (CPO02403)

Ruthanibactenum lactahformans 585-17 (JXXK01000069)

——————————— Hamflintia acelispora V20-281a" (KLI999999)

=

Eubacterum siraeum DSM 157027 (ABCADN3000019)

Hydmgenoaneembectenum saccharovorans SWS127 ([EU158190)

Anaerolruncus colihominis DSM 172417 (ABGD02000032)
Acetanaerobactenum elongatum 27T (AYABTS28)

e |

0.0z

0 $ Ethanchgenens harbinense YUAN-3T {ADJQO1000048)
100

Clostndium cellidos: AS 117777 (LOWTT)

Z1¥ 4. Phylogenetic tree of 16S rRNA of starch utilizing acid utilizing bacteria isolated from the

rumen of Hanwoo cattle.
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K3 K12

KS10 KS13

19 5. Phase-contrast microscopy of isolated strains K3, K12 and KS10, KS13
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K3 K12

K510 - Ks13
19 6. Hemolysis test of K3, K12, KS10 and KS13 cultured in broth medium.
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K3 K12

KS10 KS13
19 7. Hemolysis test of K3, K12, KS10 and KS13 cultured in gar medium.

6. =2E w2 AZtE AT

71 Dehority’s artificial(DA) medium(3E 29)< 7|29 =2 A83} lactic acid$¢} starchg 3
7hete] wj kst wMiA 2N AREEE a7ke] Aloke AREF Afo 2 thAIE] flste] Al
ofg ALsiAY 1 2AS v APS JASAT Lactic acid o8+ K33 K129 A+
98% sodium lactates 2% F7}st] WA & ZA3FATE 98% sodium lactate?] 745 AlFe =
o] 50ge] 70WHHol fFEHIL Aol AREFHIIAE e ARESFT]dl= Aol Wl 4
£0 8 AEEH A= 60% sodium lactate= thA| AT A& 60% sodium lactate= 20kg
Fo g2 ovtel fEEa Qo] H7EAC Aol A Fettta ddEo| ol WAt ¥
Fot A3t 7]E AMEEE 98% sodium lactate®} Bluste] o] zbol7F §le ASE UE
o} Lactic acid& SHAAZE o]&3t 1%, 1.5%, 2% FH7Isle] wjefst A3 o] = XA

S 2 YEhY lactic acide sodium lactates THAIE o+ le ASE FAHJATHE 30). 4H
lactic acidE F7}st¥ pH7F Yobd NaOHE ©] 838t pHEAA B2 ¢Fo] o7} HjA
T7F A E o] HifAl mdEo] AR Xete AoE BaEHAN. AT F U] casein?
- 71 A Y 02%E H7bst WA E A=l casein® AT o ©@IE Eob RIAEAA

of AHgsIel R F71 AR WA W FhEES dFel 4PEHE 2AFAT Casein

o2 A
> 50
x 0 Z N

o of o W
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F37F 0.05% 12l 01% = 484K v &Fste] Xttt FHIIA Rl Eo] AEA] Fgke
™, 0.05%°] OD% K32 041, Kl2& 0442 Uelstow, 01% OD# K3 0.83, K12 1= 1
BT (3E 31) A o2 01%2] caseing H7FsHHAF v|AE Ao o] fle Aoz u
Btk el Q] KS109 KS132 " A| A ol Al rumen fluidE ©]-&3t] v o] 7h53ict.
71E 40% A =2 rumen fluidE H7}sle] WA A3t wjdstd oy, A rumen fluid
10%7FA 23 H7bste] wjdo]l 7bed Aoz UeEyt. ABEA Y v A E caseing
02%E H7Isle WlF 3tal 2. casein T3 7F, 0.05% 1813 0.1%E 48A1%F vl 3l OD
=4 Ay TRt Aol ¢ Hie Zo® Yehon, 0.05%042 OD#-E KS10&
0.64, KS132 0.622 UERROH, 01%0]4 ODFE KS102 0.65, KSI13S 0652 UERITHE
31). 0.05%} 01%2 & o Ao £& Aoz Yelyt HF ZA3Z lactic acido]- &7 K33
K12+ 60% sodium lactae®} casein 0.1% 5 ©]&3= Zo] £t AGHJom, HAEESH2I
KS103 KS13-2 rumen fluid 10% %} casein 0.05% € ©|83t%<= Wl 1719 7|S8]R| 9} FAS
ARE AL 7 A= A2 FADHATH(E 32).

29 K3, K12, KS103} KS132] #59] 7[do| 84 BEHAFH}ANA RE FFA glucoses
o]&d F U+ AR Ut 43S o, JAAAH glucoseTHS FH7hste] A A =

A\ Ee] AASA] v ASE YE o, K33 K129 A9 lactate®} glucoses 0.5%
A &S Abste] widAl OD#E 0.7 ~ 08= YEd= Z& QC’J o, KS103 KS139] 7
¢ starch®} glucose -7 E¢ste] WA ARS 3HA e ASE UERTH(E 33).

3t 29. DA(Dehority’s artificial) medium (per 100ml)

Component DA medium
Mineral I solution” 20ml
Mineral II solution? 20ml
Vitamin mixture” 1.0ml
VFA solution” 6.7ml
Hemin solution” 0.1ml
Resazurine(0.1%) 0.1ml
Acid-hydrolysed casein 0.2g
Na,CO; 0.4g
Cystein-HCI-H,O 0.1g
Rumen fluid® 40ml
Starch or lactate 0.3g or 2g
Distilled water 10ml

1) KH,PO4 4.5g in 1,000ml distilled water(DW)

2) NaCl 4.5g, (NH4),SO, 4.5g, CaCl, 0.25g, MgSO, 0.25g, MnSO,-H,O 0.1g, ZnSO47H,O 0.1g,
COCl,'6H,O 0.01g in 1,000ml DW

3) Pyridoxine HCI 0.2g, Riboflavine 0.2g, Thiamine HCI 0.2g, Nicotinamide 0.2g, Ca-D-pantothenate
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0.2g, p-Amino benzoic acid 0.01g, Stock solution(folic acid 0.125g, biotin 0.125g, cobalamine
0.125g in 25ml DW) 1.0ml in 1,000ml DW

4) Acetic acid 17ml, Propionic acid 6ml, n-Valenic acid 1ml, Iso-Valenic acid 1ml, Iso-Butyric acid
Iml, DL- @ -methylbutyric acid 1ml

5) Dissolve 50mg hemin in 1ml 1IN NaOH and make to 100ml with DW

6) Centrifuged 27,000 x g for 20min after centrifuged at 13,000 x g for 30min and autoclave just

before media were prepared

3t 30. Effects of casein supplementation levels in DA medium on the growth (OD value) of

lactic acid utilizing bacteria k3 and k12

lactic acid

1% 1.5% 2%
K3 0.07 0.06 0.06
K12 0.06 0.05 0.06

3t 31. Effects of casein supplementation levels in DA medium on the growth (OD value) of
lactic acid utilizing bacteria (K3 and K12) and starch utilizing bacteria (KS10 and KS13)

casein
0.05% 0.10%
K3 0.41 0.83
K12 0.44 1
KS10 0.64 0.65
KS13 0.62 0.65
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i 32. Modified DA medium composition(per 100 ml) for the growth of strains of K3 and
K12, KS10 and KS13

Component K3 and K12 medium KS10 and KS13 medium
Mineral I solution” 20ml 20ml
Mineral II solution” 20ml 20ml
Vitamin mixture” 1.0ml 1.0ml
VFA solution” 6.7ml 6.7ml
Hemin solution” 0.1ml 0.1ml
Resazurine(0.1%) 0.1ml 0.1ml
Acid-hydrolysed casein 0.1g 0.05¢g
Na,COs 0.4¢g 0.4g
Cystein-HCI-H,O 0.1g 0.1g
Rumen fluid” - 10ml
60% sodium lactate 1.2ml -
Starch - 0.3g
Distilled water 50ml 42ml

1) KH,PO4 4.5g in 1,000ml distilled water(DW)

2) NaCl 4.5g, (NH4),SO, 4.5g, CaCl, 0.25g, MgSO, 0.25g, MnSO,-H,O 0.1g, ZnSO47H,O 0.1g,
COCl'6H,O 0.01g in 1,000ml DW

3) Pyridoxine HCIl 0.2g, Riboflavine 0.2g, Thiamine HCI 0.2g, Nicotinamide 0.2g, Ca-D-pantothenate
0.2g, p-Amino benzoic acid 0.01g, Stock solution(folic acid 0.125g, biotin 0.125g, cobalamine
0.125g in 25ml DW) 1.0ml in 1,000ml DW

4) Acetic acid 17ml, Propionic acid 6ml, n-Valenic acid 1ml, Iso-Valenic acid Iml, Iso-Butyric acid
Iml, DL- @ -methylbutyric acid 1ml

5) Dissolve 50mg hemin in Iml 1IN NaOH and make to 100ml with DW

6) Centrifuged 27,000 x g for 20min after centrifuged at 13,000 x g for 30min and autoclave just

before media were prepared

it 33. Effects of supplementation of the mixture of carbohydrate sources in DA medium on
the growth (OD value) of lactic acid utilizing bacteria (K3 and K12) and starch utilizing
bacteria (KS10 and KS13)

glucose lactate(0.5%)+glucose(0.5%) starch+glucose
K3 0.04 0.74 -
K12 0.05 0.82 -
KS10 0.06 - 0.04
KS13 0.06 - 0.05

= o
B8 AEES)HA KS10% KS132] F 55 o] &3t wE oA lactic acid A2HS =
5]

d T JA=AE Z2AH] A8l in vitro 43S AT AHEE VES AEESE F =

ot



T de LEFARFAANE skl & 343 o] REEf oA Za7t WE starchs F 714
2 AR 35mle] serum bottles ©]-83}] Prepared pure compound 0.75g# HH5=9] Y
15mlS HA7bsted T 9o vid 27t omlS A7l oM, controle FHIA 2mle 3 7}she]
36/ -5t WSkt Buffere {tEES FE(pH AshE #ste] H7bshA il HSA =
W9 kS ARESte] Wit iRt E)F pHO WHIle AAHOE zolE HolA o
tom, Hx pH 5804 Alztoll Z3gtel wizgl M3 Fraste] 36413kl A pH 4.57bA ZHa-st
2102 VEGTHIE 35). Lactic acid®] w4143 T13} T29] Alzto] Agel weh & 77 o
Al lactic acid7} EAste] F7bets AS & AAT F TF T1H 129 lactic acid®] =}o]
= A JEtA FUTH(E 36). TVFATAFS A 731e & Aol gle Aoz Uyt
(3 37). Acetate= AW E FF9 Foll= APAte] AR 4HstE o] oA FFALE o] &
=™, propionate= AWE FFH Fol= FolA glucoseZ = o] Aoz o] &FHT
=72} T12 Acetate®} propionate®] Z}o]l7} §lom, T29] A9 o tix7F9f T19 Hl&)| =
2 Acetate?} propionate®] T HFES HHATE Acetate®} propionate WA Fol Erh= AL W
AdANA AWE Fsts A Yol EokXBE=E, VFA A3E+ AT T27F 2371 o
Aol vls) F& Zo g AdHn

oy =

ri —lN'

3t 34. Prepared pure compound

Soluble starch 04125 g
Glucose 0.1950 ¢
Cellulose 0.0450 g
Cellobiose 0.0525 g
Trypticase 0.0450 ¢
Total 075 ¢

3t 35. pH changes on supplementation of culture of starch utilizing bacterial strain in in

vitro incubation

blank control KS10(T1) KS13(T2)
0h 5.83 5.86 + 0.05 5.83 + 0.02 576 + 0.02
2h 5.76 5.66 + 0.02 5.59 + 0.03 5.61 = 0.04
4 h 5.73 526 + 0.05 5.28 + 0.02 527 £ 0.01
6 h 5.70 517 + 0.01 517 + 0.01 517 + 0.02
8 h 5.68 5.08 + 0.00 5.10 + 0.02 5.10 + 0.00
12 h 5.63 495 + 0.02 492 + 0.01 493 + 0.02
24 h 5.65 4.52 + 0.00 447 + 0.02 449 + 0.00
36 h 5.58 453 + 0.02 448 + 0.06 451 + 0.00
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3 36. Lactic acid on supplementation of culture of starch utilizing bacterial strain in in

vitro incubation

mM
Blank control KS10(T1) KS13(T2)
0h 0.16 1.93 + 0.12 274 + 0.15 441 + 0.93
2h 0.00 0.99 + 0.02 1.92 + 0.11 3.26 = 0.61
4 h 0.00 5.63 + 0.72 5.87 + 0.34 6.24 + 0.49
6 h 0.00 8.15 + 0.79 648 + 0.35 734 £ 0.29
8 h 0.17 10.12 + 0.36 9.33 + 0.05 10.33 + 0.15
12 h 0.00 25.23 + 0.66 2251 + 1.85 26.03 £ 0.72
24 h 0.00 3142 + 1.67 38.22 + 1.67 40.01 £ 1.51
36 h 0.00 50.71 + 2.64 50.13 + 2.46 54.21 + 3.99

3 37. VFA concentrations on supplementation of culture of starch utilizing bacterial strain

in In vitro incubation

Incubation Blank
time mM
(h) Acetate Propionate Isobutyrate  Butyrate Isovalerate Valerate TVFA
0 69.58 17.12 1.79 19.01 291 3.41 113.82
2 65.65 14.92 1.74 17.77 292 3.33 106.33
4 56.25 12.53 1.60 15.81 2.50 292 91.61
6 74.74 17.69 1.89 21.36 3.11 3.61 122.41
8 65.39 15.42 1.77 19.35 2.88 3.23 108.04
12 49.16 9.80 1.60 15.53 2.69 292 81.70
24 57.77 11.92 1.86 17.92 3.49 3.38 96.35
36 62.34 12.89 214 21.37 4.33 3.89 106.97
Incubation Control
time mM
(h) Acetate  Propionate Isobutyrate = Butyrate Isovalerate Valerate TVFA
0 5721+1.81  13.46+0.53 1.60£0.02  1540+047  256+0.02 2.960.02 9319+286
5 71342132  18.94%6.15 1.75¢028 1931557  296+0.66  3.27:0.73 11758+347]
4 63.07+4.03  1855+1.93  158+0.04  21.19+1.30  2.58+0.10  2.95+0.11 109.92+750
6 6690+1.02 20364031  1.60+0.03  2454+122 2664006  3.05:0.06 119.11+2.44
3 7984+1505  2614:545  171:019  29.92+593  3.01:047  341£052 144.04:2759
12 48141054  14.15+4.02 138012  2121+435 2314027  2.66+032  8985+19.62
24 56.67+10.75  17.95+4.41 1444012 19.69+359 2424026  2.65+0.28 100.81+1941
36 6306:1.33  1596+0.88  148+0.02 2418086  254:0.05  2.92+0.05 110.13+3.02
Incubation T1
time mM
(h) Acetate Propionate Isobutyrate Butyrate Isovalerate  Valerate TVFA
0 55541228 12.43+0.99 156005 14233093 247010 282+0.11  g9(5+4.46
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2 54.83+2.47 13.38+0.97 1.53+0.04 14.84+0.95 246+0.08 2.73x0.11  §9.77+4.61
4 58.24+3.64 15.49+1.64 1.53+0.05 19.15+£1.50 2.48+0.11  2.81+0.13  9970+7.04
6 64.54+3.19 18.63+1.36 1.58+0.04 22.96%1.36 2.64£0.06  2.96x0.06 113.31+6.05
8 67.24%2.26 20.38+1.38 1.61+0.03 25.17+1.10 2.74+0.08  3.04£0.09 12017+4.91
12 46.66+5.59 13.37+2.61 1.38+0.11 19.64+3.43 227025  2.55£0.28  858¢+12.27
24 51.84+0.44 14.77+0.42 1.40+0.01 16.74+0.48 2.33+0.03  2.50+0.03  8958+1.15
36 62.10+4.10 13.80+1.74 1.45+1.74 20.49+2.38 236016  2.66:0.20  102.85+8.02
Incubation 12
time mM
(h) Acetate Propionate Isobutyrate Butyrate Isovalerate  Valerate TVFA
0 60.20+1.68 14.22+0.74 1.61£0.02 15.55+0.41 257£0.03  2.97+0.04 97134285
2 6233+9.60 1580303  1.63+0.12  17.00:284  273+027  3.05+033 102.53+16.17
4 62.79+6.48  17.76+2.03  158+0.08  20.79+196  2.63+020  2.97+0.23 108.51+10.98
6 83.78+1.85 26.14+0.60 1.97+0.28 30.07+0.99 317+0.01  3.58+0.07 148.72+3.70
8 77674568  2444+191 1733007  29.66%2.05  3.03:0.16  3.39+0.18 139.92+10.01
12 4113+1.14 11.30+0.46 1.30+0.02 17.72+0.46 2.10£0.04  2.40+0.03  7594+1.89
24 56.74+3.11 18.22+1.09 1.53+0.03 19.79+1.07 2.65+0.08  2.83+0.08 101.76+5.41
36 73514554  1894+1.67  158+0.03  2631+1.00  270+0.10  3.09+0.10 126144840

8. &el® &9 XA Wt in vitro 29

Lactic acid °l&¢3 AEEMNdS EFste] WFo HArtetdide o 4555 AdEaHRs
Z2AFEE7] 918l lactic acid ©]-&vr K129+ AEZ8w KS103 KS139] wi¥H S skl in
vitro Ad<= XA AMSE 71d2 E 313 2tk 35mlY serum bottles ©]-83}
Prepared compound 0.75g¥ RFF9{ 15ml& H7FeFAth A 2]7= control2 lactated 1l A] 2
starchd3 A& 27 1mI¥ S 7P o, T1S K12+ vy 2ml, T2 HjkE K129k
KS10 Wjkef-& Z42b 1ml# H7bsbiar, 132 wigs K129k KS13 wiFelS 2tz 1mly H7b
3ted 0, 2, 4, 6, 8, 12, 24 & 36413 &<t viFste] 2Pttt Buffere 4Abe=5% %E(pH A
shE fIsted H7bebAl & w9 vks ARE-ste] ettt W g7zt 2t
AAH o= atolE HolA| Ftou, A olA AlRto] A= pH7F vl efstA Qﬁ\—%‘bl
7R e Aoz YeEGTHEE 38). Lactic acid®] &4 A3 4XZ74A = lactic acid €]
WA o] FTkstt 6AIRE ZHAsklou, ol F lactic acid@AY FE A A %7} st Zlo® e
Wt T19] %7] lactic acid &o] %Y olf= #A Wol lactate”} U7 ‘qlv'ﬁ: of =3d A
o= YehdTH(E 39). TVFARAYE E443 =70 Hlste Ag oA dubzlos wAYF
o] oy, x99 AT T1¥ T3+ acetate?} propionate®] xol= gl Ziii e
o T2& & AT Hl3l acetate®} propionate®] HAITFo] F=A YRt tixzFuy o
ATl vl o] Bre AL REFEdA AWE B2 JduAdeR o]§o] 7Hed A
o2 #AAHY. In vitro A3 lactate ©] &+ K129 HEE3NH KS10& 43t AME3t=
Zo] HkEejuyio] 2 a3t & AoE FTHTHEE 40).
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i 38. pH changes on supplementation of culture of lactic acid utilising and starch utilizing

bacterial strains in in vitro incubation

Incubation (h) Control T1(K12) T2(K12+KS10) T3(K12+KS13)
0 557 + 0.00 556 + 0.02 554 + 0.01 553 + 0.02
2 520 + 0.01 524 + 0.02 521 + 0.01 520 + 0.01
4 501 = 0.01 5.06 + 0.01 5.03 + 0.01 503 + 0.01
6 488 + 0.01 492 + 0.01 489 + 0.01 489 + 0.01
8 481 + 0.01 483 + 0.01 481 + 0.01 483 + 0.02
12 475 + 0.01 475 + 0.01 476 + 0.01 474 + 001
24 473 + 0.01 476 + 0.02 474 + 0.01 476 + 0.00
36 467 + 0.01 470 + 0.01 469 * 0.01 470 + 0.01

3% 39. Lactic acid changes on supplementation of cultrue of lactic acid utilizing and starch

utilizing bacterial strains in in vifro incubation

Incubation mM
(h) Blank control T1(K12) T2(K12+KS10) T3(K12+KS13)
0 26.12 10.86 + 4.91 20.87 + 0.78 12.46 + 0.86 11.38 + 1.30
2 27.80 17.32 £ 0.70 2632 £ 191 19.31 + 1.61 18.87 + 0.16
4 20.31 21.86 + 1.58 30.62 = 0.52 2090 = 1.33 20.20 = 1.72
6 10.17 13.62 + 0.32 18.45 + 0.14 12.53 + 0.40 12.52 + 1.22
8 12.58 19.68 + 2.44 20.99 + 0.97 13.33 + 1.14 13.97 + 0.27
12 13.14 21.97 +0.74 2623 + 1.13 21.74 £ 0.20 24.04 + 1.46
24 6.82 27.38 + 0.98 27.81 + 1.48 27.03 + 1.12 22.67 + 232
36 6.29 35.74 = 0.20 40.43 + 0.56 3411 = 3.14 33.05 = 247

i 40. VFA concentrations on supplementation of cultrue of lactic acid utilizing and starch

utilizing bacterial strains in in vifro incubation

Incubation Blank
(h) mM
Acetate Propionate  Isobutyrate  Butyrate Isovalerate Valerate TVFA
0 64.63 20.31 1.94 31.72 4.82 5.27 128.68
2 56.63 16.51 1.82 28.21 4.37 491 112.45
4 49.67 13.23 1.69 24.54 3.90 4.36 97.39
6 69.34 21.48 2.05 34.47 511 5.72 138.17
8 72.41 22.36 2.19 3.73 5.53 6.06 112.28
12 81.55 25.71 2.39 42.38 6.44 6.89 165.37
24 60.71 16.74 2.45 30.60 6.02 6.75 123.26
36 84.98 27.54 3.67 43.90 10.13 10.67 180.89
Incubation Control
(h) mM
Acetate Propionate Isobutyrate  Butyrate  Isovalerate Valerate TVFA
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0 54.55+5.67 15.94+2.66 1.75£0.11 26.95+2.82 4.49+0.40 471039  111.75+12.05
' H 72594253  29.60+1.55 1.97+0.05  36.84+1.71  506+032  6.14+023  15020+3.5
4 H 53.61+5.04  22.80+3.10 1494008  2649+295 3404033 467049  11246+11.9

6 79.73+0.07  45.11+0.10 1.84+0.01  44.89+0.14  4.68+0.03  7.87+0.01  18412+0.23

8 67.64+1.75 35.47+0.76 1.53£0.02 36.40+1.00 3.50+0.09 6.30£0.15 150.84+1.46

12 80.88+5.77 53.95+.5.89 1.65+0.11 49.79+46.19 4.00+0.45 8.59£1.10  198.85+19.49

24 64.92+4.45 36.67+5.27 1.48+0.12 40.49+6.18 3.17+0.46 7.46+1.33 154.19+5.92

36 79.63+1.00  53.910.67 1.65+0.02  56.52+2.51 395012  10.25:0.36  905.89+11.57

Incubation T1
(h) mM
Acetate  Propionate  Isobutyrate = Butyrate Isovalerate Valerate TVFA

0 5455+3.03  15.94%1.39 1754005 2695234  449+0.74  471:021  108.40+6.99

2 6921856  28.76+4.98 195:019 3681548 496056  655:0.89  14825+20.62

4 65.30+543  28.06%1.07 1.60£0.04  30.96+1.77  3.83+0.13  570:027  13546+5.15

6 78.89+155  43.72+0.61 1.82+0.03  4417+0.63  4.60+0.08  830+0.12 18149293

8 76.80+2.47  43.08+2.94 1.68+0.06  43.61:2.73  4.06+025  8.03+0.53  17726+8.99

12 82.23+242  5540+2.29 1.68+0.05  53.03+257  417+019 9803047  906.31+7.97

24 72.96x0.10  44.55+0.80 166003  51.50+1.93 3924016  10.29+0.51  184.89+3 47

36 78.69+413  53.03+4.08 167:0.04  58.80272  4.05:0.14 11443031 207 68+11.35

Incubation 12
(h) mM
Acetate Propionate  Isobutyrate = Butyrate Isovalerate Valerate TVFA

0 54.53+1.79 16.22+0.59 1.77+0.02 26.52+0.51 4.16+0.07 4.64£0.07  107.84£3.00

2 67.71+3.20 26.90+1.90 1.87+0.06 33.85+1.85 4.78+0.16 5.89+0.25 140.99+7.39

4 74.33+5.11 35.81+4.43 1.83+0.12 38.54+4.19 4.69+0.45 6.75+0.71  161.96+15.01

6 80.69+0.72 4512+1.13 1.86+0.01 45.26+1.11 4.84+0.12 8.20£0.17  185.97+3.12

8 81.41+2.09 45.94+1.82 1.77+0.04 46.33+1.56 4.42+0.16 831+£0.32  188.19+5.99

12 82.03+0.52 54.27+1.17 1.68+0.02 51.55+1.38 4.17+0.09 9.13+0.28  202.83+3.37

24 75.8011.04 47.14£0.20 1.73£0.02 54.20+0.50 4.19+0.07 10.26£0.19  193.32+1.86

36 82.32+1.32 56.47+0.49 1.71+0.01 60.16+1.00 4.14+0.03 11.10+0.14  215.90+0.74

Incubation 13
(h) mM
Acetate Propionate Isobutyrate  Butyrate Isovalerate Valerate TVFA
0 65.27+3.98 20.50+1.83 1.97+0.13 31.44+3.17 4.80+0.47 5.33+0.51 129.3149.72
2 65.18+2.62 25.22+1.61 1.84+0.06 32.70£1.62 4.65+0.20 5.74+0.23 135.33+6.30
4 77.58+1.98 38.36+1.45 1.89+0.04 40.72+1.54 4.90+0.18 7.14£0.26 170.59+5.44
6 78.43+2.39 43.01+247 1.81+0.07 43.20+3.14 4.58+0.27 7.81+0.56 178.85+8.86
8 84.29+0.54 49.60+1.41 1.84+0.03 48.32+0.99 4.63+0.11 8.76+0.25 197.44+2.43

12 86.46+1.48 56.57+0.80 1.72+0.01 52.29+0.57 4.27+0.05 9.11+0.07 210.43+2.78

24 77.69+4 .45 51.52+5.27 1.81+0.12 58.34+6.18 4.48+0.46 11.09+41.33  204.90£17.79

36 78.18+1.00 52.14+0.67 1.65+0.02 55.97+2.51 3.81£0.12 9.80+0.36 201.55+4.09
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<Al 3¥F : AEUS (ALF)>
AR AR - H7) AE ASRTIAY A, AU AR S AR delivery system 75

1. In vitro AF QP F ME dF9 i o8& s A7)
1) A&

o5/ 4+5 535 (Subacute ruminal acidosis; SARA)S w43 T Alo]e] pH7E A&EH O &
55-5.07kA "R & AZ|E ZITH SARAE &3 HAstE AWOoE RFFE Qo
343 oAb dWoltt SARAE 4371 WE FES Bl AFAsAu dA=T A A2
Fo] 2ARE AFASH He A 19 SEA AEA(Volatile fatty acid; VFA), 24k
=43 A B tte]l astA "Hu wEkAd #Ih 439 St =T do=E
pH7} ZdastAl HaA AT ol W9 7led $=o A ¥ € & Atk
AR SARASH AAFE, 19199 A Aol = Ao Yehgon, s n3hE 5
E =

J
0

0
tlo o

AR AT Aa 7F R Al i 5 FrAdEe] W
UE St Th(Plaizier et al, 2008). ©] W&o W2 AFolA SARAE 4%
samete ZHa v 1 T FAFONA Bl ol&ste AWt T stz FIAl H7E
Atk FIAE AR FRACRE ARG HWE pHZE HojA= As WA S SARA ool
345 Uehe ASE Y Hth(Santra, et al, 2003). sHAINF HT FIAJ T2 FF0l
ofH YA THA0] FeHo FIFAAY A&l W2 oHee A Jth HZ ATl
=¥ DFM (Direct-fed microbials)®] &-& 3 a7}t e AR LdEA UtH(Robinson
et al., 1992). W39 & bacteriax Z4He] FHE £USEH SARAE AWE & AL
o}2 7} A SARAE 01]‘*‘3]' | 913 DFM Abgoll tig a3t= w9 msiy, 53] suddA=
Haug wrh glal, o] & 7hHed AlFol MEHA gtk wEpA E A= A2 s A A
2, 4% J7IAH #F, 531 ke ol&st= v =(Lactic acid-utilizing bacteria;
LUB)E %33l strain K12< ©] &3l W9 in vitrod@olA pH, gas, 11&E43}&(Dry matter
degradability; DMD)& 713224 SARAE 37| HAEAA H7HAE MEstr]
sl Y= AT

r
oot

O
ol
o
El
ﬁl‘
fu
O
L
N,
L |
ol

93, FFAR F
].

29 H&L 19 (0.085

>
o tm
rg *
~ Ooff
o
S

§0765 g)= sRow TF F28 AHg3tEth dzTs
AR EFAREETT 2 %)=1'9i ?”Eloi 1@ % A7FskAl stk AYF 12
ZANRFFAR(AETEF 40%)=1:92 FAHAHAL PAES HUbstA @t AT 2=
ZAREFAS(RETF 40%)=1:981 &2 TAEHJ oW 0.0425 g9 vIHES H7ISAT In

9 ZAIZE screen millE ©] 839 1 mm=z 33 T

=
ol&stAtt A 10 ol&d FFAR] &Y INAEE B Ao &+ 139 & 29
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T

2 AF o] &Hd WFEHANS AEUNTw FEEHANA 5o HFERE o] gt on,
stomach tube& ©] &3} Hz@ HEEQ A2 39T E A== B2 A E
oulatgTh AAA AR | AS7] A3l 439 musling ©]&39 3, o374dH
s oAl 489 musli st AT AAetE T w9 &£ WUA
WES B335t 98 CO, 7t2=&

ol
m9
X
i

=)
o
£

N °F° N

A3l #7148 dH S FASAS

d

19 1. Musling ©o] &3 ‘%‘_-%-?’]

g9 WME A McDougall's buffer (£ 4)9F T3t in vitrod @ol o] &2 W9
inoculum< A Z3ATH B9 inoculum= 7] ALE7F E9UE serum bottled] &7
o} rubber stopper®} aluminium caplZ WE3IHUTE UEH serum bottle> 39T ol A
2470, 2, 4, 6, 8 12, 24X o2 WSt AddTE BT 4arRoE JPHoH,
blank 37HE =33t F 8770 wiY¥®el pH, 7I24A %, DMD, I8il lactates
=4 3tA T

1% 2. serum bottle &%
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3t 1. Formulation of the experimental diets

Concentrate
Ingredient
Low starch (LS) High starch (HS)

Com flour 9.0 47.7
Wheat 4.6 8.0

Soybean hull 8.0 -

Gluten feed 13.6 -
Wheat bran 41.9 21.1
Whole soybean - 14.2

Kernel meal 20.0 -
Molasses 2.0 2.0
Salt - 1.0
Limestone 0.9 6.0

3t 2. Chemical composition of the experimental concentrates

Nutrient content

Low starch (LS)

High starch (HS)

Crude protein
Ether extract
Crude ash
Ca
P
Total digestible nutrients
Ruminal undegradable protein
Crude fiber
Acid detergent fiber
Neutral detergent fiber
Nitrogen free extract
Non-fiber carbohydrate
Starch

14.0
4.0
5.2
0.5
0.7
70.0
4.4
12.6
19.5
41.9
52.4
23.0
20.0

14.0
2.7
9.5
23
0.4
70.0
4.9
3.6
6.2
15.5
57.1
45.2
40.0
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Ag 19 AFEHE FIAAE J1F B A (DA medium)] &2 3E 33 ZTh

3 3. Chemical composition of Dehority’s artificial medium

Dehority’s artificial medium

Per 100 mL:

Mineral 1 solution 20 mL
Mineral II solution 20 mL
Vitamin mixture 1.0 mL
VFA solution 6.7 mL
Hemin solution 0.1 mL
Resazurine (0.1%) 0.1 mL
Casein 02 g
Na,COs 04 g
Casein-HCI. H,O 0.1 ¢g

Sodium lactate 2%

Adjust with 2 N NaOH solution to reach pH 6.7

i 4. Chemical composition of McDougall’s buffer

Ingredients Amount per 2 L
NaHCO3 19.6 g
Naz2HPOs4 * 2H20 924 g
KCl 1.14 ¢
NaCl 094 ¢
MgSO0a4 * TH20 024 g
Distilled water 2000 mL
CaCl 4% 2 mL
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Th A S L a Az 2 v S serum bottle®] aluminium cap<
mL glass syringeE ©]83td 7t2=gtg e &) wslE Fas Yol AT AEHE
DA E 72 7FE et F P2 FmL) S SA45EA T

ol AL wEI F3H T FA pH meterE ] &3}

wlepele] pHE Z43H4 o

ad9¢ 4. pH =4

pH 4 & &2 A s 1 mLA AFHASH 3712] eppendorf tubed] T, ©E 1
eppendorf tubeoll= VFASAHS 93 25% metaphosphoric acid 200 uL& :

442 15 mL conical tubed] Fo}F -20TCeo] WsrR#A AT} 712~ HHAy=F =7 o]
HIFH 2 5 em x 10 em Y4 % (Nylon bag, ANKOM Technology, USA, pore size 50
um)°l WiFYS AF &I F ARE AHFA, ARE =] Y& w7kA AlHste] 105T
Az71NA 2443 AZANAFAHE. dxd YB3 dAAClEANA 3083 Bl sto]
FAE 4% F AEES)&(Dry matter digestibility)S T3} .
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2

9% FdsHA A mAES HUbskA ¥ dE=T,
= M AT, 10%2 mAdESs HUEE g2
T4%te]  in wvitro EERGE ARG FEA APl ARgE WEege
TYHtR(AIEF) FEFZY A=yt ZAFE e 3FdA AFHIAHE. HAA=ES
AN TR (A2E F)oN A DA mediumoll A HFE ] 39TAA 4841 &< vlYE rumen
LUB?! strain K125 ©]&3t3th. 18|31 SARA 73S F%35t7] AsiA pH 6.75¢1 3
pH 6.75%1 McDougall’s buffer (% 4)F Tgstd & 6429] 932 inoculum<
serum bottle] &H @& F 0, 2, 4, 6, 8, 12, 244 Wl %3} AE} T o] A9 =2F 3749
AAdT= TN, 4 AT 4vtmRow st B AFA blank 3N
E3e F 8770 Wi e ol&ste pH, Zk2EAE, I8a AdELSES ST
pHe} 7h2 A, AEaste SANR S 249 19 2o

l
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i 5. Effect of 5% (v/g feed) rumen lactic acid-utilizing bacteria inoculation on in wvitro

rumen fermentation characteristics

Treatment
Item (h) SEM P-value
CON Tl T2

pH
0 7.09 7.10 7.11 0.005 0.110
2 7.01 7.00 7.02 0.006 0.378
4 6.94 6.96 6.94 0.005 0.096
6 6.83° 6.83° 6.81° 0.005 0.049
8 6.80 6.68 6.75 0.027 0.219
12 6.66 6.67 6.67 0.022 0.987
24 6.73° 6.55° 6.55° 0.034 0.007

Dry matter degradability, %
0 34.31 20.26 29.31 2.745 0.166
2 38.91 28.36 27.02 2.151 0.105
4 33.08 29.28 23.06 1.566 0.120
6 37.45 35.78 36.74 0.557 0..970
8 43.25 45.25 43.70 0.671 0.431
12 49.29 56.65 52.84 1.455 0.061
24 52.64° 68.15° 69.17° 2.956 0.016

Total gas production, mL
0 - - - - -
2 24.37° 19.43%® 15.67° 1.449 0.015
4 52.10° 4437 42.80° 1.462 0.000
6 71.20 69.67 52.27 7.310 0.567
8 92.50 104.90 88.37 4.354 0.307
12 178.33 131.40 127.33 16.900 0.449
24 125.63 174.23 171.80 12.842 0.240
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Lactate concentration, mg/mL

0 222 82° 84 23.265 0.000
2 457° 293* 309* 28.902 0.006
4 580" 292¢ 302° 53.080 0.009
6 390° 153* 196" 37.336 0.000
8 235 202 173 12.389 0.105
12 198° 104* 116" 18.905 0.057
24 57 - - 12.628 0.086
CON = concentrate contains 20% of starch, Tl = concentrate contain 40% of starch, T2 =

concentrate contain 40% of starch with 5% rumen LUB.

ab = Means with different superscripts within the row differ significantly (P<0.05), SEM

Standard error of the mean.

= 20,2 4, 6,8 12, 24XNZtE A o] pHE YeERE Tefzolth. pHY e

J gt 7&?% & AT A 2A7HA] AR FE ZF pH #2 Fold o= Aolrt gl

AN FolHd AolE BPoH oAzt HidkollA fFoF Abol7t JHE ZA

< B F A AAAHA pHY ®Ws= wWiFR7] pH 7002 tiE2T A7t

sl oy mlFAZrel wel ZHAastE FAE B Yo controlol HISEA X E T T1, T29

ok} ol= At TS %9 starche Eaj7F @AZE o] whg] o] Fo] X
FTEH(Bae et al. 2002).

—¢—_ontrol
-1
T2
6.60
"'I‘-‘
650
(4] 10 20 30
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DMD®| &4 7} 0, 2, 4, 6, 8, 12, 4AHERE o] FojHTH (Y 6). EF A+

ol Fo4 Aol AA @gkom mpAEp Wik 12A41F olF Fo|FQl AolE HATH

AA A DMDEEF Wst= 2 aole gldlou wigzr] AgT T1, T27F Controlol

we e B ¥ wjek 8AIZE o]F Control®Eth FFsHAl HAUTH RS

Ag Aol A o] Yoj@o g 43tgo] F71H 7] W& (Son et al. 2003)°] L

sttt weEkA ATl HUbEOl e S AEFF wmE &si9 B hAe
ZA7(Son et al. 2003)E ALS H T

80.00

T0.00
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50.00

40.00 o —f=—Control
4 -

30.00 /y‘? ——T1

20.00 y ) . T2

10.00

DMD (%)
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a9 6. MG WE HE 23S

Total gas productionZH2> 7+ 0, 2, 4, 6, 8, 12, AN ERE o]FoJHTH(IE 7).
AN MA = ThabA o]l FeFor ozt WA FUAIRE 64t FI =S HIFSE T29
Thd Ay go] T Be Ze® yehgoew 1243 o] FRE Controloll A 7F2HHAY &0l
ZHaske ¥ T13 T20lA & 7Fad g o]l Srtete AdFS BHAth

—+=Control

wllle T ]

-T2
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Time (h)
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Lactate & S8 7 Al
UEtl = ¥HH A g vl
Hi &F A7l Wl 7

= YEHAT. o= =
1 A3 lactate®] A7}

iy
S,
o
E
= —+=Control
8 —=-T1
3
-T2

0 5 10 15 20 23 30
Time (h)

19 8. wjeF A7t WE lactate WH3I}
2 4% 2
P

ANgEEsE 20, 2, 4, 6,8, 12, 24 ZF ANZFHE pH meterS ©]-83}e] pHE 3G THE 6).
pHO s AT A ulY oAz A 24A74A] A el Tl A pH #h2 SAIFSZ Apol7t
[e]

Ao wlF 24AZEHol A X FH S TI, T27F ControlTh %A UStth. DMDe| 79
vl F 8AIZE Wl T1, T27} Control BT &38h&0] foFoz YA ysith ols wAEe] a3
wEo] WEVF AAH3] oy Ao ® AgHL

3 6. Effect of 5% and 10% (v/g feed) rumen lactic acid-utilizing bacteria inoculation on in

vitro rumen fermentation characteristics

Treatment
Item (h) SEM P-value
CON T1 T2
pH
0 6.68 6.68 6.70 0.010 0.580
2 6.71 6.77 6.69 0.023 0.382
4 6.67 6.61 6.63 0.015 0.302
6 6.65 6.60 6.65 0.013 0.267
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8 6.60 6.63 6.60 0.013 0.679

12 6.54 6.56 6.54 0.010 0.656

24 6.32 6.33 6.36 0.008 0.107

Dry matter degradability, %

0 31.35 29.36 28.52 1.016 0.571
2 31.36 30.55 29.20 1.626 0.891
4 29.31 26.89 28.33 1.130 0.738
6 30.27 28.43 31.33 0.808 0.381
8 36.37° 34.30% 29.85° 1.193 0.043
12 43.19 42.84 40.74 1.041 0.647
24 57.72 57.65 57.16 1.108 0.982

Total gas production, mL

0 - - - - -

2 17.00 15.00 16.17 0.377 0.068

4 35.00 32.17 33.50 0.502 0.059

6 58.17 57.33 58.17 0.477 0.767

8 87.67 85.33 83.17 0.853 0.074

12 112.50 111.67 113.00 0.985 0.888

24 170.67 168.17 169.39 0.893 0.585
CON = concentrate contains 20% of starch, Tl = concentrate contain 40% of starch, T2

concentrate contain 40% of starch with 5% rumen LUB.
ab = Means with different superscripts within the row differ significantly (P<0.05), SEM

Standard error of the mean.
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3% 7. 4% Paraformaldehyde composition

4 % Paraformaldehyde contents

Paraformaldehyde 20 g
1XPBS 500 mL
1.25 M NaOH 250 uL

09 12, AAEE 48 v e 23 AR
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ZZ& HW stratum corneum¥} stratum granulosum”} T 3L, strata AbO]ARo] o
E 4 9tk ol xF 9 AEHE 100%2 FAIRAM 79% FFAIRE

WAt Fog Ao I ZdTH(Steele, et al, 2009). FEZE (Nocek, 1997)
ot g A& JHAA 2B u IEFEY FFHAEol AdHL HAAEH tAEEEC
2 giko] H7ZF A2H olgd g4k FE AW EAE oz + dux

19 15. The rumen papillae taken by 40x and 100x magnification
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4. SARA 9 2 A8 E 93] o]&=H= FHIHA vl

ol54 4FF=3F(Sub-acute ruminal acidosis; SARA) HEFTEoA #AF TAHA T
B35 Aol E wetH w9l Vs wiEEEe AL dFE P XIthH(Nagaraja
and Titgemeyer., 2007; Plaizier et al., 2008). ©] il SARAS ¥ H X5E 93] B2
WSl netEHAT. AANA FFsHa HTUWH O =A buffer, alkalizer, L8] 3l direct-fed
microorganism (DFM)# & ASHTHAE WFs=dA g3t HHEC] 484 U
Buffer= SARAZF == &t #5919 buffering capacitys S7FAA pH7F F7HE &
835 YEePATH(Santra et al., 2003, Calsamiglia et al, 2012). Alkalizer= Wr+9 ujollA]
ARE A FIAA 59 W pHE HASHAl A th(Shaver et al, 1988). Direct-fed
microbes (DFM)E DFEM AA 7} ¥E5E9] HaAAHES o] 83lAY e BE AHES o8
T AdE AEES ATt B9 W AEHE 2 I (Nocek et al, 2002). HT SARAE
Agst7] 9% AAHI dibe=x 1 EHE DEMTY  stde F4bS ol &St
dhe| 2] of(lactic acid utilizing bacteria; LUB)7} lom 53] HEE9] WolA £, 44
HAES o] &8 A% 383 S 53 AF55S AWsiAY Be Adste WHEY
=Xl 408 tigke] € 2 ¥tk LUBE SARAVE M =&
¢ WEL W /Il FAS AAaAA R AHE FEAZE 5 AT (Counotte and
Prins., 1982; Rodriguez., 2003). wetx] 2 A3-& buffer (NaHCOs;, sea mineral), alkalizer
(MgO), DFM (yeast)®} Hlasled ®EE$] LUBZF in vitrodolA SARAC wX &= &34E5
zAst7] A8l sk

(1) In vitro 243 A4

2 AdolAe EAWGR(AIEF)NAM AT LUBE Abgstaiern, A8d LUBS
TEE 10° CFU/goldth =3 AlFol| #ulEla = sodium  bicarbonate (NaHCO:),
magnesium oxide (MgO), yeast, Z12]1l sea minerale At§3ted BIHE Bl 125
mL serum bottled]l E]EA] 0.05 g¥ FFALE 045 g (Timothy:&FAE=19, ¥ 0.5 g)=
Ttk A2 & ART 9 e dET FAAR 71E 1%9 NaHCO; (0.005
g7t A7Hd AElF+, 08%°9 MgO (0.004 g)ol H7Fd A2, 04%2] yeast (0.002 g)7}
A7t 7'43]:%3 0.5%¢] sea mineral (0.0025 g)ol F7Hd *gl7"4, 0.1 g LUB7} H7I2
A F57M A F 670 AT = o] FolHTh Timothy®t &FAIR S FFAHES & 83 ot
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i 8. Chemical composition of feed used during this study

Item Concentrate Timothy
Dry matter, % 86.49 92.98
Organic matter, % of DM 95.24 96.93
Crude protein, % of DM 13.51 9.76
Neutral detergent fiber, % of DM 24.97 71.14
Acid detergent fiber, % of DM 10.07 42.59
Ether extract, % of DM 3.52 0.93

(2) In vitro ¥} %
HEA R tiristw el FEFAZA o HAE Fo 3/\] = =t ARE e
T2} 47 Holstein 1594 10 LY AT oH COE FUMNIHA 439 musline Z
HoAde o] bufferd] 7 glol HQo=nt B Mo o] &stitt 1d o e 50
L%— Z} serum bottled] &% $ rubber stopper®} aluminium caplE F5-3}
oA 0, 3, 6, 12, 24AI1ZF Wl F3IATE AP 3MtESZ APHG o ENFFEOZ pH,
A2, AE43HE, ammonia (NH;)-N, 334 X34 lipopolysaccharide (LPS) =&
1

Skt

N =

=

9C
}Z:

N

)=]
54

42 gl Ed serum bottles 7o aluminium cap<
=

A
*rrl—ﬂ syringee Zob BA"E Thxo] fge) o3 WIEH= FA]S oF F

i ot
A2

mL2]
=

=L O
== —

Ay
pH%@Q] A5 a7} Ed serum bottles & ¥ nylon bag (ANKOM Technology,
USA, pore size 50 um)°ll 2o} 2 ¥FAS pH meter (Ohaus, USA)E A3}t

@ Ammonia (NH3)-N

M
it

Ammonia (NH3)-N #4122 Chaney and Marbach (1962) o & #2433tk Nylon
bagell Al Azl U2 #jgAS 48] 7] (Labogene, Korea)® 103t 10,000 rpmo =
AAZEstAT 8 Ad@ ol 4FH 20 uLet phenol color regent (phenol 50 g, sodium

nitroferricyanide dehydrate 0.25 g/ L)%} alkali-hypochlorite reagent (NaOH 25 g, sodium
hypochlorite 16.8 mL/L)E 2t 1 mL# Yo &g % 30&3t AA sttt AA7F 2
s d3)§  FHl(Ratiolab cuvette, Germany)dll Hol £33 =4 (Optizen pop,
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A A B2 Brwin et al (1961) WOz EAYTh w1 mLol
metaphosphoric acid 200 uLE& %o 30&%F A& AEY7IE ol&st 10&3t
10,000 rpm o2 AAEY stk At WEFEHS 1 mL syringel S F 045 ul
syringe filter (Rephile, China)E ©]&3 o#3}>] gas choromatography (GC) vial (Bruker
Inc, Germany)oll @ot 43ttt o]-8&¥ Z3 2> BR-Wax fame (BR87503, Germany)<
o] g3tHom FFEHNOZE volatile fatty acid standard solution (Sigma-aldrich, USA)E
AH&3EA . Injector®t detector (FID, Flame Ionization Detector)®] 2%+ 250T, oven?
L= 100CE AANFUOH, d4&, F4, 15 dojo #£5& Z+zF 29 mL/min, 30
mL/ min, 300 mL/minS.2 AA3to] 433t

o
s

@ Lipopolysaccharide (LPS) 4]

LPS #4& 93] The PierceTM Chromogenic Endotoxin Quant Kit (Thermo Fisher
Scienctific Inc, USA)E ©]&3t9th. 96 well microplateE Heating plates ©] 83l
37ColA 7143 & AR s dFY 50 uLﬂ- amebocyte lysate reagent 50 ulLE& g
37CollA 1483 vieFstaith. vikol & % o3 chromogenic substrate solution 100
uLE Yo tA] 37TolA 63t skt 19 T 25% acetic acid 50 uLE #1749
well o] Hoi %O HE T 450 nme A2 TAEE =3P o, ol endotoxin

= 2
standard®| A& IHZE o] &3t LPS F=F L4
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2 A3 pHY #He+= Beauchemin, et al. (2001) and Krause and Oetzel (2005)7} 2]
5 5o E SARAE FEst7] 98l 33 A9 pHe Hlwstdoh §FF9 inoculum
HjSF Al 6.18°ﬂ/\1 A ZEste] il F 24AIZE MRl AlLGSIA AT EE
AT pHe HIGBAIZIT o] % pH 6°]st= "ol oy o2l atol= Holx| ettt
shA| Rk Hok 6AZtol  tizTet Hluwste] LUBE X3 AHYFENH L pHE
H A o™ (P<0.05), o] HEHl= WiF 4ATHN7EA] 22 FFS BATHE 9)

3t 9. Effect of buffer, alkalizer and direct fed microbials on rumen pH during in vitro

rumen fermentation

. Treatment
T(ll‘l‘)‘e SEM  P-value
CON T1 T T3 T4 T5
3 5.82 5.84 5.86 5.84 5.81 5.81 0.010 0.621
6 5.68° 5.69° 5.74° 5.70° 5.74° 5.73° 0.006 0.000
12 5.52° 5.53% 5.59° 5.54° 5.54° 5.52° 0.008 0.057
24 5.47° 5.58° 5.56° 5.51% 5.56° 5.50% 0.013 0.058

CON = control (no additive), T1 = 1% NaHCOs; addition, T2 = 0.8% MgO addition, T3 = 0.4%
yeast, T4 = 0.5% sea mineral addition, T5 = 0.1 g of freeze drying microbes from Celltech.
SEM = Standard error of the mean, *°°

significantly (P<0.05).

= Means with different superscripts within the row differ
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TR e 49 x7] HE Ao LUBE H7IgE A (M50l o2 AHEFEH o
M e AR TEE HAFQOUNP<0.05), WEed wE  pHe Y% 6ATHA
DA 7EA o] 7t e 2T RY B2 Fdth Ry wge 458 W

nH
ol
2

=y
Hrteles AFEE o] &HTH(Menke, et al, 1979). wWetA o] ZAF}ES HIEOZ T
S AR LUBES AH7IeE AgHT5)dA BE £57F A3 dojus As I =

ANeH o= BF9 inoculum®] pHOlA HoFTHEE 10).

i 10. Effect of buffer, alkalizer and direct fed microbials on gas production (mL) during in

vitro rumen fermentation

. Treatment
T(‘l‘l‘)‘e SEM  P-value
CON T1 T2 T3 T4 T5
3 24.7° 27.0% 25.3° 24.0° 25.3° 30.3° 0.67 0.047
6 49 8¢ 50.2¢ 45 5% 42.0 34.7° 38.8% 1.46 0.000
12 80.2° 78.0% 75.7%¢ 74.8% 71.8° 79.0% 0.84 0.013
24 133.8° 90.7° 100.3% 108.0% 122.8% 128.2° 5.35 0.106

CON = control (no additive), T1 = 1% NaHCO; addition, T2 = 0.8% MgO addition, T3 = 0.4%
yeast, T4 = 0.5% sea mineral addition, TS = 0.1 g of freeze drying microbes from Celltech.
SEM = Standard error of the mean, ***¢ = Means with different superscripts within the row differ

significantly (P<0.05).
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Zz7] 2E7E AREE wg A 1242 7kA NHe-N  55(mg/100 mL)2|
F92el ol Holx &dtt ol LUBE H7FES uwl #ld 12A70U7HA #2379
zpol7} ENbE BHE FA @e A ouidnh oj2ld Hie SARAC S AAHEE
bacteria®t Zl4bS ©]|&3F= bacteria?l ZEE probiotice ©]83 Goto, et al. (2016)<]
AR} FARE S UERTh SEAIRE v F 24431 o] F tE A TE Hlwste] LUBE
A7 A2 FHT5) A 7 =& NH;-N 55 EJTHP<0.05). NH;-N+= B9 oA
SR AgAE Yeile ARZ rAEA @ ddAded F83 AisFdolthPilgrim, et
al, 1970). wetA LUB A i 24A1%te]F NHs-NO w29 F7bs wb59 Taideirt
FE Ae= HE F ATKE 11).

l

O

3 11. Effect of buffer, alkalizer and direct fed microbials on NH3-N concentration (mg/100

mL) during in vitro rumen fermentation

. Treatment
T(‘l‘l‘)‘e SEM  P-value
CON T1 ™ T3 T4 T5
3 28.95 27.83 30.95 29.02 33.69 24.68 1.680 0.804
6 48.93 54.22 54.60 49.75 53.54 54.51 1.213 0.655
12 46.26 45.87 45.77 47.13 47.81 49.07 1.143 0.973
24 57.38° 49.37% 54.51° 55.48° 59.55% 68.29° 1.821 0.030

CON = control (no additive), T1 = 1% NaHCO; addition, T2 = 0.8% MgO addition, T3 = 0.4%
yeast, T4 = 0.5% sea mineral addition, T5 = 0.1 g of freeze drying microbes from Celltech.
SEM = Standard error of the mean, >

significantly (P<0.05).

= Means with different superscripts within the row differ
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Hj AT 7 AP FES VFA 42 & 129 2o widAIEE WA VFA AP ELS
T2l AelE HolA oyt olHd A= in wirodollA SARA ARE 93
Megasphaera elsdeniis ©]-8-3+ Umucaliar et al. (2014)2] A3} FASFATH 8l 64179
LUBE #H7F3t A2l propionate®] FE& HERTET HJ3 AP ratioes WHERTETH
Sokth(P<0.05). ©l#ld Ade= LUB H7PF ¢4 EE A HaAHdER A4S
sl A B propionate BASIEE sl 580 e A2 AR HT(Aikman, et al,

2011).

==

3 12. Effect of buffer, alkalizer and direct fed microbials on volatile fatty acid

concentration during in vitro rumen fermentation

Treatment
Time (h) SEM P-value
CON T1 T2 T3 T4 TS
Total VFA (mmol)
3 206.9 179.7 216.6 253.0 231.6 238.5 9.23 0.256
6 198.0 214.0 197.8 200.8 190.9 211.9 4.03 0.594
12 255.1 2443 241.4 203.4 230.9 261.0 6.54 0.117
24 315.8 326.4 338.7 337.4 336.5 368.4 6.71 0.356
Acetate (% of total VFA)
3 58.4 58.9 59.0 58.3 58.9 58.5 0.14 0.599
6 59.2 59.0 59.3 59.3 59.1 58.4 0.11 0.135
12 60.2 61.3 61.5 61.3 60.3 59.8 0.30 0.529
24 57.9° 57.9° 58.4° 57.9° 58.3° 56.5° 0.18 0.002
Propionate (% of total VFA)
3 21.5 21.2 21.2 21.5 21.2 21.3 0.06 0.277
6 21.4% 21.5% 21.2° 21.4% 21.6° 22.0° 0.07 0.001
12 20.1 20.0 20.0 20.1 20.3 20.3 0.10 0.898
24 20.5 21.9 20.6 20.6 20.1 20.2 0.24 0.312
AP ratio
3 2.71 2.78 2.78 2.72 2.77 2.75 0.013 0.389
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6 2.77%
12 3.01

24 2.83

2.75%
3.07

2.66

Butyrate (% of total VFA)

3 15.9
6 15.1
12 15.6
24 17.2%

16.0

15.4

14.8

16.0°

Valerate (% of total VFA)

3 1.4
6 1.5
12 1.4
24 1.5

1.3

1.4

1.3

1.3

2.80°

3.08

2.83

15.7

15.3

14.7

16.4°

1.4

1.4

1.3

1.4

2.77%
3.05

2.82

16.1
15.2
14.7

17.0°

1.4
1.4
1.3

1.4

2.73°
2.97

291

15.8
15.1
15.3

17.1°

1.4
1.3
1.3

1.4

2.65°
2.95

2.80

16.1
15.2
15.6

18.5°

1.4
1.5
1.5

1.

0.013

0.027

0.034

0.08

0.06

0.18

0.24

0.01

0.02

0.03

0.02

0.002

0.724

0.451

0.658

0.819

0.496

0.021

0.603

0.091

0.252

0.007

CON = control (no additive), TI

1% NaHCO; addition, T2 = 0.8% MgO addition, T3 = 0.4%

yeast, T4 = 0.5% sea mineral addition, TS = 0.1 g of freeze drying microbes from Celltech.

SEM = Standard error of the mean,

significantly (P<0.05).

ab,c,d
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A S Z  digestible organic matter (DOM)& AITFEIF FoZHU Aol& HO|A
FAT. o] A= AR HIHAY HIPE &5k #oA) FFS FA FUTE AS
olu|gt}y. sHA|RE LUBE H7Fe AP (TSN FAHoz & ATt M =&

DOM<E EoFT)

3 13. Effect of buffer, alkalizer and direct fed microbials on digestible organic matters

(g/kg DM) during in vitro rumen fermentation

Ti Treatment
(‘l‘;)‘e SEM  P-value
T1 T2 T3 T4 T5
3 216.68 219.88 219.35 222.16 218.01 1.637 0.904
6 237.38 246.72 252.11 253.00 257.50 3.488 0.467
12 281.65 292.03 300.26 316.20 321.92 5.892 0.153
24 320.38 340.17 355.87 386.25 397.17 11.235 0.153

1 = 1% NaHCO; addition, T2 = 0.8% MgO addition, T3 = 0.4% yeast, T4 = 0.5% sea mineral
addition, TS = 0.1 g of freeze drying microbes from Celltech.
SEM = Standard error of the mean, *°°
significantly (P<0.05).

*According Menke et al. (1979) formulation

= Means with different superscripts within the row differ
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In vitro B9 W LPSTEE #14¢ AT SARAE HFE9UAA LPSEEE 4H3]
7M. Q2™ (Gozho, et al, 2005), §H59 W AHZF AHEY B L LPSTEEE
HE9g e ExA4s HIAA Y9 A¥8e S7HAZ & Adt(Kleen, et al, 2003).
AFoA LUBS H713E u LPSe vt Z7uF wl tlx79 F2l7<l Ao]E Holx
gath W DR2AUZAA FTFEAJATIE 2442 W oAl =7 GO AA|RE wleF
4N LPSEEw tETRET Fo)Ho R 1 WEdthP<0.05).

3 14. Effect of buffer, alkalizer and direct fed microbials on lipopolysaccharide

concentration (EU/mL) during in vitro rumen fermentation

Ti Treatment
(1]111)1e SEM P-value
CON T1 T2 T3 T4 T5
3 113.2° 99.2° 105.0° 144.1° 115.8° 112.9° 3.71 0.000
6 114.7 104.9 118.2 115.1 124.0 131.1 2.98 0.168
12 137.9° 131.3° 141.3° 138.4° 166.0° 163.3° 4.00 0.018
24 158.7% 142.1° 147.2% 152.1%%¢ 169.4° 148.7% 2.38 0.038

CON = control (no additive), T1 = 1% NaHCO; addition, T2 = 0.8% MgO addition, T3 = 0.4%
yeast, T4 = 0.5% sea mineral addition, TS = 0.1 g of freeze-drying microbes from Celltech.

SEM = Standard error of the mean, > = Means with different superscripts within the row differ
significantly (P<0.05).
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CAEE @R AR AgEdel mE Y FAALY B2 &&= =3
Sol e gy 9 MR A=Y B
1) AE

do
52
rlo
Q
-
ﬂllﬂ
o

SARA®| W B AEFE
acid-utilizing bacteria (LUB)E ©
delol He ®H & dFFA
fdstz] 93 siAFo] @

FYPEFoem 1 F StY+=  Lactic
o] 9t} SARAS 7§ A FZHo] 71 &
FA% HiE9] F8 vAEQJ LUBE SARAE

z
w %
o
ok
L -

9e Zow AmETh LUB/L ¢4® pHE °XW71E““1
SARA @A S ZA&2ANTE AL B2 AFdA FHE A (Henning et al., 2010). &
=91 Megasphaera elsdenii= Wt59] pHE %ol= H EIHE HAFQTh A H}z'—f] 14]
2 FEE Ge FEOR 44N 3 ZARAN FFARE W2 gAE 5
HE97F AAEWHSE H8E 4 JES dth(Hession and Kung, 1992, Robinson et al.,

1992). LUB= DFM (Direct fed microbials)ol| &3t Wl A% A&7kl DFMY
Fdo FFS vAE FLo3 EAVE g wEgA 2 dTe A1gs dA77IdedA £,
AL FHAATVIR[(F) AN WHF wigl AT LUBY AZEH AdAAS
TSkl AsiA sk

2 AFLE 4T/ 89S BAH3e SdEAHoeR FHRIEA, A 2%, delivery
medium< ¥ 7} T} Fructose, dextrose, glucose®} dextring SZAXR A ZH] ARE3F3 3L
delivery medium . E+ Z & (starch), 4]3]4](limestone), &2 (vermiculite) 123l zeoliteE
ARESEATE o2t WHo R AYgstd ARE 4T 25C= A4, ARt 1, 2, 3, 6714
¥ #E SAse PHoE AYde &Y. IHu sZ2XEHRIAE glucosest

i

dextring Al AF F20E & EHAYE EHSE sty A A sl ofzgol
LAFHJAL Wb glucose®t dextrin AP 2RloA  AlLjsiAdtt. Wb HdPdT= F
le7le] A= dAHANeH B A< 3wEo s gttt

(2) Rumen-origin lactic acid utilizing bacteria 4178

LUBY 27 2 TAHL IANTRAIEF)NA FFFHAS™ National Center for
Biotechnology Information (NCBI)®lAl Pseudoramibacter boviskoreani sp. nov. (NCBI, gene
bank registration number: MF926250)2 T5%H3AT. LUBE 1§X° &FAE(high
concentrate) S FI7 oA AHAFHANSH B Aol o]&sr] sl 2%2] sodium
lactate”} F7Fe  Dehority’s artificial (DA) medium®] E°1%+ roll tubeol4 50
colonyol’do]l e Z& AE3tATE ©] bacteriume 48A1%F &%t ©E  bacteria®}
s ZHS FaA7E sEe] 12 £o2 AAHUT B A o] 88 bacterium?
Efol FAstn, EHo] wiIiy lT——Ei—/l—ﬁ?} EEe WEH 2"E$Ad
o] fith BAFFUOE glucose, mannitol, saccharose “12]3l sorbitol<
o] 8 & 3tk ©] bacterium® HZ G 2= 38Tl 45T HF ¥% pHe
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69l A 6.5°]35}0] T}

(3) Freezing-drying
TAAZ #AHF AS dA9 FAEIA (fructose, dextrose, glucose, dextrin)®} &3}s}e]
FDS-12012(OPERON, Korea)©l g% % 0.1-007 atmoll A Az3%T}

(4) Delivery medium and packaging

TAAZH AEE mixerE o]&3std dAFsIAT #HIE A FEe delivery medium,
silica® 1981 ®IE&E 7/ TFAT. EFELS mixers o] &3t 18 ¢ 23}
stRom 189 14S & % ¥ o FE3SsAT. 9 o AR 15 g 9o 1FE
H6 cm X 20 cm)oll Hol MFEA7](Roll-pack, VP-900, Korea)E o] &3t EA3}S .

(5) Storage

=38 As: 4Cst 25T uwel n@Egon, RBFze LEs FE=
Thermo-hygrometer (Daihan, Korea)S ©]&3%te wj 15&w"it 7|58t A &2

ARA71re 1, 2, 3, 1AL 7L E F 4/l ARTIOE Yol =AY

ANEE ARZ712e 24 N8t o™, saline 9 mLoll A5 1 g& 2ol 4% £ bacteria
o2 3olstgrt. A" gho 10 ule U3E FEA A (DHC-NOl NanoEntek,
INC., Korea)®tell ¥of H|AES w55 AT Bacteria®l v E7ATH AA9 g
AHEE Yol Aold= mAAESY g el A4kt

Imen

M
= |=025mm —q =020 mm

a9 16. @TATH AR (grid) B
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TAAZ ¥, glucose?t dextring 412 LUB+E fructose®} dextroseE 41> LUB REth
FAMANA HojAE= Ae & F AU TF 1793 Zo] FEAAxH ANEe #AHEAG
E4E 7N AT WEkA dextrose$}t fructoseE 42 AIEREE delivery medium}
st AA7171(1, 2, 3, 671€) 5t BHASIA L, o]F B AP A o] &3 T

19 17. Sticky texture of the mixture of rumen LUB with glucose and dextrin

AR Hrbe & 159 2th FARSAE A= Mzt 22 Ig8a 7|#o] sAAx F
AL WAE7] Y8 A7FEt(Joshi, 2016). & 150 w2 FAAZE Fo] o]lg&d
FARZAE 1€ 3/1¥€3 283 LUBY s%d 9%FS v 20(P<0.05), Fructose2t
dextroseS VI3 S W, fructoseE: FTZAHIAZ 0|83 LUBY B=7/F F9Fo=zE GH
EUTHP<0.05). Fructose= EHTF5 TZAEIAZ o|&FHE T F 3JUE PAE BEEET
ofyzt Aarel 22 A= o] &HM(Yildiz et al, 2007), T4 ol d&o] AAEH=
Ae WAL ME W &4 5 A glo] A= ¥ro] g5+ AS WA (oshi, 2016).
o] 8% delivery medium® FTHE T LUB &%° 433 JaFs
FAt. Delivery medium® $7 % A& A9+ T 7P &2 LUB §55 HoF W
zeolitex 714 2 LUBEEE HAF = £l
ATSol ol FdFHA=H, ol Fhd ATl A zeolite?} 1™
H &S WAE 2951 o 49 dIFAFE EodF+ 5 B
B FH(Mumpton and Fishman, 1977; Petkova et al., 1983). Ht5=
zeolite= 7% delivery medium® 2 AFH AT Vilaca et al. (2013)7} F3g AT+ A
5-fluorouracil (5-FU)%} thAStel = zeolite7} QFHSHA ol &2 + 3 s BHAFon,
Burns et al. (2014)7} 33k ATl F57I%ko] Al AEH0] ¥ Pseudomonas sp. 2]
immobilization agentZ% = zeolite”} ©]-&2 < Ut AT

A= EZF LUBY s&=o 433 IdFS FATh 25+ 7A4E A7

S =
7 Fagk 29 F shuolth(Sakyi and Asare, 2012). 4Cell4 R #AS LUB F tF&0]

A
o X

En

%0
o
e
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25ColA BRAZ LUBEH ¥ £ 55 EoFATHP<0.05). Dehority and Grubb (1980)¢]
Aol mEd YedA ARd A AEe] A 28-S AsA7IL WS ndE LR Y
HAZITT stk FZEEA, delivery medium, A% 3+ 232 FZHEIA}
AR dEe HoFglen  vRdy 3id ARV 2 =2
LHERH TH(P<0.05).
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3£ 15. The rumen LUB concentration (log CFU) of rumen origin lactic acid utilizing bacteria during several months storage period on

several cryoprotectants, delivery medium and storage temperature

Treatments
P-value
Fructose Dextrose SEM
starch limestone zeolite  vermiculite starch limestone zeolite vermiculite
C D T C*D D*T C*T C*D*T
4° 25° 4° 25° 4° 25° 4° 25° 4° 25° 4° 25° 4° 25° 4° 25°

1 Month
84 83 91 93 94 95 92 93 82 82 93 90 94 93 94 93 0.06 0.047 0.018 0.047 0.001 0.014 0.000 0.001

2 Months

83 82 93 90 97 97 94 94 85 83 94 92 95 97 93 93 0.09 0308 0.000 0.000 0.000 0.001 0.823 0.130
3 Months

84 83 9.1 88 96 96 95 96 84 83 89 89 96 94 9.6 94 0.07 0.020 0.000 0.000 0.475 0.221 0.162 0.000

6 Months
85 84 91 91 97 98 97 96 85 MS 92 93 97 97 97 95 0.07 0297 0.000 0477 0.003 0.000 0.850 0.123
C =cryoprotectants (fructose, dextrose), D =delivery medium (starch, limestone, zeolite, vermiculite), T =temperature (4°, 25°), C*D = the interaction

between cryoprotectant, and delivery medium, D*T = the interaction between delivery medium and storage temperature, C*T = the interaction between
cryoprotectant, and storage temperature, C*D*T = the interaction between cryoprotectant, delivery medium and storage temperature. MS = Missing

samples.
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3E 169 A¥=E Hol 3/d7HA ey A

T e, JlE FollxE FHE A F A

o]21¢+ A= LUBZF 3719 &0l
Ao AtsdH
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3% 16. The rumen LUB concentration (log CFU) of rumen origin lactic acid utilizing bacteria of 1 months sample after aerobic storage

period on several cryoprotectants, delivery medium and storage temperature

Treatments
P-value
Fructose Dextrose SEM
starch limestone zeolite vermiculite starch limestone  zeolite vermiculite
C D T C*D D*T C*T C*D*T
4° 25° 4° 25° 4° 25° 4° 25° 4° 25° 4° 25° 4° 25° 4° 25¢°

Original

84 83 91 93 94 95 92 93 82 82 93 90 94 93 94 9.3 0.06 0.047 0.018 0.047 0.001 0.014 0.000 0.001
After 1 Month

83 82 93 90 97 97 94 94 85 83 94 92 95 97 93 9.3 0.08 0.596 0.000 0.015 0.001 0.004 0.729 0.169

After 2 Months
81 81 89 90 96 96 96 96 82 83 90 89 95 96 95 9.5 0.09 0.189 0.000 0.212 0.000 0.895 0.609 0.025

After 3 Months
84 82 89 B89 96 96 95 96 83 82 91 89 95 9.6 95 9.5 0.08 0.663 0.000 0.001 0.000 0.002 0.196 0.013
C =cryoprotectants (fructose, dextrose), D =delivery medium (starch, limestone, zeolite, vermiculite), T =temperature (4°, 25°), C*D = the interaction

between cryoprotectant, and delivery medium, D*T = the interaction between delivery medium and storage temperature, C*T = the interaction between

cryoprotectant, and storage temperature, C*D*T = the interaction between cryoprotectant, delivery medium and storage temperature.
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6. MR FIMAE A/ BE ASTH R ABAE F Fob) ©E agy 2 v
2 g4 2 @AY a4

FEAZ WS 2 LUB AAZE in vitro B9 A

AdFE dE2TFE 23S F 3Ny AFF(CON, T1, T2)E FAHASH, 1% zeolite
(w/w feed)E tHET A Ftol H7FsHAT oEtA 1% zeoliteE FH7FEF iz,
AT+ 1%9 zeolite$} 05%°] B9 2l LUB AAE A7 T1 A2, 183 1%9]
zeolite?} 1%9] "9 el LUB AAE 7 T2 A2 FASAT B dAFolA
o] & WS f¥ LUBAIAIY F=+ 43 x 10° CFU/gol th

= S5 AT AAT FHRUGn FESFANA et Zd 3 2FE
o] &3t e AR Fo AL T AsdtE Tl AMASFAT 439 musling ©] 83}
HEAAS A3 5 B HAsiglen, AFHVE Ed R HdIdd=
ojFstAth. WAL 479 musline o]&ste] W ¥ oAFHsiglen, 39°CH
F2FzxoA  wEg FHIZE McDougall's buffer (McDougall, 1948)¢F 4:19] H|E=E
st F WEL o] mEAAE RE AL COE ol&std A8 AHE
L e e B e o A

Ao AHeE HAIAEE e Zo] FRIEHJAT 01 g9 timothyt 09 go ZHF5&
FSAEE serum bottled] 1:99] Z:F HEEZ A T AP ALLIFT. AP TY
AIZFE WHE-S 3HEE O 2 SlgTh

(4) In vitro W %

In vitro W+3$] LHEA L Tilley and Terry (1963)2] W4& 7|22 sto A5t 7t
A o
= =

. A
g nint AdAE e H7EAZE S0 mldH el 100 mLe QlE ¥ A e BFeA
7 B4 serum bottle rubber stopper®} aluminium capg °©]&3td HWES I &
39°Co] HiZlelAl 0, 3, 6, 12, 24ACE ARIHE AAS HFE AASAH
BEA¥ECc2s pH, & 7t 2T, IEAALAE B ammonia (NHz)-N &%,

lipopolysaccharide (LPS)&%E £33t

7} Al 50 mLe] glass syringe®t gas transducer % FAMME S 3-way cockSE
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QAT F FAHLES WYY rubber stopperol AU glass syringed wES ¢°]
skt
pH= pH meter (Ohaus, Starter 2100, USA)E ©o]83l AZtoiE pHe| W3S
stk

@ Ammonia (NHy)-N #2

Ammonia (NH3)-N-& Chaney and Marbach (1962)2] W] o & RA3t} zF sjdks vick
1 mLe] o3H 9H-E& eppendorf tubeel] 2 * HAEZZIE 10,000 rpmo.2 10&E37F
AR E AN AAEEY7E B AR AEY 20 uLet 1 mLe phenol regent
(phenol 50 g, sodium nitroferricyanide dehydrate 0.25 g/L)e} 1 mL<] alkali-hypochlorite
reagent (NaOH 25 g, sodium hypochlorite 16.8 mL/L)S assay tubeol] 22 “defolA] voltex
machine (Daihan, Korea)& ©]-&3ld &3 & 303t A-2olA BAstATE vige] £
NgE o] 630 nmE AW spectrophotometer (Optizen pop, Korea)E o] 88}

NHyNe| 358 243ttt #28 $5& 5% 43128 53 358 4289

@ A 2 Al B
3 kA 2| uk4ke] BA8 gas chromatography (GO)E o]&3te] 43519 2™ Erwin et al.,
(196D WHol wEl EAS AHAASAT 1 mLe /\l 57} @3 eppendorf tubeol
metaphosphoric acid (25%, Wako, Japan)& 200 uL H7}3 & 3083F 4ColA A X3FA T
A=A Z  AAlRg 7] (Labogene, 1730MR, Korea)Z ]%OP@] 10¥7+ 10,000 rpmo =&
AAste] AAEYE Y3ttt AELE Bl A5 1 mLe syringeE ©] 8314
Alge] At zf#H3I F 045 um syringe filter (Rephile, RjNHI1345NH, China)&
o] g3slo] 2 mLe] vial (Vivagen, V2022-1239, Korea)oll ©-2 ¥ gas chromatography (Bruker
Inc, 450-GC, Germany)E ©]&3ty A& FPstdch B4 AH8H ZH2 BR-Wax
fame (BR87503, Germany)s ©]&3le #2445 13t o™ detector= Flame ionization
detector (FID)E A&3FA T} Injectore} detectore] &%+ 250C =2 HAASHOHW, QEHO
25+ 100C = AAsAT. SHVAR A4 T4, ek ooE ARSI, fE5S
Z+Zy 29 mL/min, 30 mL/min ¥ 300 mL/mine. 2 AdAste] EAstH )

@ Lipopolysaccharide (LPS) 4]

Endotoxin®] %%+ 7z A 8¢ A29HS o]8&3to lipopolysaccharide (LPS)E &3
BA3 k. Pierce™ Chromogenic Endotoxin Quant Kit (Thermo Fisher Scientific Inc.,
USAE o] &3t w9l e LPS T&& EA4s¥en, Als 50 uLE 96 wells
microplateo]l H7isted 37CE AAHHEH 71dFA &8 £ ¥ 50 ul amebocyte lysate
regentE FH7Fste] 14E87F wjokS AYPsEATh wido] B & omjE] g ¢R 100 uLe

chromogenic substrate solution& ZF7}stal 6837F 37ColA wjokS H3P3HYch HESS
HZ7] 98 50 uLel 25% acetic acidE Z+ welld] F7}stgom A4S 450 nme] FAHA o=
EREE =A35¥a, LPS ¥ 5=+ endotoxin 59 A3 A o9& FAH FTF T4

w2t AlLks A
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3) 23 g u#

W] pHe i 3AIZH 3 A zelE HATHP<0.05). 0.5% 9]
LUBE M7l A FolA 7FE =& pHE EJom ujd 1247tdlo] LUBE 05% 1%E
A7 AT T1, T2 25 W99 pHZE #foFez E3dth(P<0.05). o3 Ads=
LUBS 7P/t wb919e] pHE < Athe AS BAFTHE 17).

3t 17. Effect of lactic acid-utilizing bacteria product on in vitro rumen pH

Treatment
Time (h) SEM P-value
CON T1 § V]
0 6.80 6.79 6.88 0.023 0.189
3 6.45° 6.48° 6.44° 0.007 0.021
6 6.39 6.38 6.38 0.003 0.593
12 6.22° 6.28° 6.28° 0.010 0.011
24 6.00 5.99 5.99 0.004 0.946

CON = control (1% pure zeolite), T1 = 0.5% zeolite + 0.5% rumen LUB, T2 = 1% rumen LUB
product

SEM = Standard error of the mean, ** =Means with different superscripts within the column differ
significantly(P<0.05).

bt kol thek Ay % 183 2k Jbs BAAES AFFE {oFHQ 2po]E HolX
Zoroyt vk & 3A17F & 12417kt LUBE 05%9 1%S 713 A+ 2% dxT9
Hlwsle] 7h @Ge paublers R FQn U 233 E in vitro AP oA Ko F %o,
LUBS 7= HbFS 28 £58 335 37 e Ho2 AsdEY. o #Hd ZAae
Hj ok 12412t o] LUBE H7EgE Al FolA 2 pHE Y& AolA HoET
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it 18. Effect of lactic acid-utilizing bacteria product on in vitro gas production (mL)

Treatment
Time (h) SEM P-value
CON T1 T2
3 57.6 57.8 56.7 0.36 0.466
6 93.9 89.4 91.7 1.12 0.294
12 185.3° 167.8° 165.1° 3.83 0.031
24 229.5 2343 234.7 2.26 0.642

CON = control (1% pure zeolite), T1 = 0.5% zeolite + 0.5% rumen LUB, T2 = 1% rumen LUB
product.
SEM = Standard error of the mean, *® = Means with different superscripts within the column differ

significantly (P<0.05).

Ammonia (NHz)-N &=+ 3 vl 0AIZIHFE 244 3t7kA] LUBH 7l wE fo]# <l

zfols  Holx  ¢kgkth WS U NHN9 s=& 53 vAdEA FA7 #do
(Pilgrim et al, 1970). LUBE 73t AgFeolA ¢AHE NHe-N 55 HAFU=H

ol LUBZ} Wh9 H7HAZEA w39 W HdAS 7HAA e o2 AAREH(E 19).

3 19. Effect of lactic acid-utilizing bacteria product on in vitro rumen NH3-N concentration
(mg/100mL)

Treatment
Time (h) SEM P-value
CON T1 T2
0 4.65 4.64 4.40 0.066 0.251
3 6.30 6.61 6.62 0.153 0.685
6 8.11 7.93 8.64 0.141 0.078
12 10.92 11.38 10.72 0.224 0.533
24 18.85 19.10 18.67 0.145 0.535

CON = control (1% pure zeolite), T1 = 0.5% zeolite + 0.5% rumen LUB, T2 = 1% rumen LUB
product.
SEM = Standard error of the mean.

Ammonia (NH;)-N &% 9]¢ VFA % Z3 LUBE H7ISIAS o A7 93
ZpolE HolA Tt ¥ 209 ZAIAE Hol LUBS H7I7F w59 EEe| ®W3E F7
et AR " oldd A= SARAE A E3SH7| el Megasphaera elsdenirs 7T
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Umucalilar et al. (2014)3% A 235 ERHATH

3 20. Effect of lactic acid-utilizing bacteria product on in wvifro rumen volatile fatty acid

concentration
Treatment
Time (h) SEM P-value
CON T1 T2
Total VFA (mmol)
0 96.2 89.8 100.6 2.40 0.185
3 115.8 108.3 137.9 7.15 0.233
6 132.4 125.7 127.0 1.57 0.185
12 142.0 138.9 137.7 1.62 0.612
24 160.6 157.4 157.6 1.30 0.600
Acetate (% of total VFA)
0 69.5 69.1 69.4 0.12 0.452
3 67.9 67.7 68.4 0.19 0.314
6 66.5 66.4 66.1 0.10 0.258
12 66.3 66.3 66.9 0.09 0.103
24 65.8 65.8 65.4 0.13 0.423
Propionate (% of total VFA)
0 16.9 17.1 16.9 0.07 0.457
3 18.8 18.8 18.6 0.07 0.542
6 19.4 19.3 19.4 0.03 0.535
12 19.0 18.9 19.1 0.04 0.065
24 18.7 18.7 19.1 0.10 0.264
AP ratio
0 4.1 4.0 4.1 0.02 0.380
3 3.6 3.6 3.7 0.02 0.461
6 3.4 3.5 3.4 0.01 0.374
12 3.5 3.5 3.4 0.01 0.072
24 3.5 3.5 3.4 0.02 0.252
Butyrate (% of total VFA)
0 10.4 10.4 10.2 0.06 0.385
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3 10.1 10.2 9.9 0.08 0.311

6 10.8 10.9 11.1 0.07 0.205
12 11.2 11.2 11.4 0.05 0.140
24 11.7 11.6 11.6 0.03 0.790

Valerate (% of total VFA)

0 1.3 1.4 1.5 0.08 0.750

3 1.4 1.4 1.3 0.02 0.208

6 1.4 1.5 1.5 0.01 0.124

12 1.5 1.5 1.5 0.01 0.524

24 1.6 1.6 1.6 0.01 0.597
CON = control (1% pure zeolite), T1 = 0.5% zeolite + 0.5% rumen LUB, T2 = 1% rumen LUB
product.

SEM = Standard error of the mean, *°

significantly (P<0.05).

= Means with different superscripts within the column differ

LPSE= tg A= & 213 2th 107 CFU/g7A1 9] LUBE 718t S w LPS &=l
WsLE FA godth ol& 2xbd e e in vitro Aol 9&] YFH ATH10° CFU/ g
LUBE H7}std e Wl LPS F=0 A< 2345 BAFAT.

3 21. Effect of lactic acid-utilizing bacteria product on in wvitro rumen lipopolysaccharides

concentration (EU/mL)

Treatment
Time (h) SEM P-value
CON T1 T2

0 96.0 97.2 96.4 0.91 0.903
3 163.4 172.5 165.8 2.95 0.486
6 183.9 217.3 211.6 7.01 0.096
12 241.7 268.3 2459 10.92 0.628
24 222.0 239.8 226.3 4.29 0.229

CON = control (1% pure zeolite), T1 = 0.5% zeolite + 0.5% rumen LUB, T2 = 1% rumen LUB
product.
SEM = Standard error of the mean.
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2dS o]gst Add vidE HIHAL AHEAFF A LGN A=
A

=

=
S AEe UET ARE FAW F wEg pH @ wAEe] WEE ZAFORA W
%

1) 753
2 A= 69 LUB (lactic acid-utilizing bacteria) 7}t ol Ad 4SS5 (SARA)N
A= dF s A As) s

o
B AgoME HIEAFT 581464 kgo ISdIxAH EH4a

X HolaAE) 4TF
APEER AT AF A FAARE timothyE o83 oH B AFA4 S

H
O A+ 2 AgEA
2 AFA 2X2 crossover designe A& oW HIFTEE 10 g9 zeoliteE FH7}
=72k 10 go LUBE A7k AgTrE FAHJY oW AM&E LUBS =
8.67 x10°CFU/golth. A g7|7+& F period 13 22 o]FoFHO™ period 1 FE
APAEE wAstY $L3 dF S WS period 29 ¢ A 241H Fol Ao

~
N
2
e
e
p)
oy
oL

ot rfr ot

@ ddrse FH

2 Ago| o] &3 HI/MAIE zeolite 990 g, silica 3.31 g, LUB 10 g& &&3 ¥ mixers
o] &3t 1&&¢ &3 stoem F Wl AAH FASEAT. dAE AR 10 g&
AEE H6 cm X 20 cm)ol Hol WVFEA7|(Roll-pack, VP-900, Korea)E ©] &3}
AT F 4Tl BaAsHTh

@ ddAEY Fo

Ategoe 94 AT 15%= g3tk SHALE FFAES} timothy S 1¥9 13] 24
Aol Fd & tgd Ao & [FES FASH ARAAFS ARG B
Ao A= SARA 55 93 mineral blocke F53kA &Ftom, 2 A4 ==

St

=
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1 |2 E 4 5 6

Adaptation period SARA challenge

. = Timothy 80%|Timothy 60%| Timothy 40%
oL =S\ 9 i g L
Tinothy 90%, 52 10% 53412 20U SBALR 40X 5EAZ 60X

7 8 9 10 11 12 13
SARA challenge Sampling period

Timothy 20% Timothy 10% : 0 b= 0
=202 800 =542 90% Timothy|10% SEALE 90%

0% 18 e €A%

B A3 periodd chamber (1 m X 2 m)oll A-&3k= 7|3t 3Y, SARAE =317 A%
79, A 2 Y AHE AT 3¢ F 13LF} FHEALH, FAAE HES 19 187
2o 9 183 o] timothyd] HI&& M Fola 54

S
SARAE =39t HZMAI(LUB, zeolite)d] 79 EF HFASES
2ol WA FAZ FFAR top dressingdte] Z 4jolFATh FATEC] FFARE

HEE 7|t¥ £ timothyE w33t

1%¥ 19. Rumen LUB was top dressed on concentrate

Samphng 1‘?—-_]5‘“01]— A7HI7F A %?‘*}E‘ﬂ% woste Fol 6A F FAETES
AdH dHs AAHFAoY, 193 Y pHY A$ W59 bufferd§2
SAH AT WEHA Sampling 22 A 9 3L A oll= HI7FAI7E 419 EFAE 5 241%F Fof
HAgks AHAIFRLH, Fo S5AE Fole= A dAAHAE s AYAHAE
SAE =S chamberol Al 7Wo] stomach tubeEd AF&3t] YAS AAFHI T pHE
AstRow, dde A FATES FAHW(ugular vein)Z2] A& 33T

td
o
2
i
>

_ll}lv of
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(3) AN 2 A Wy
S =2+ pH, NHx-N, @& #43dom, pH} NH:-N2 99 W3 Fd3HA
243514tk LPSeF VFAE A A28 o gt}

2A S

OR-R

P& Vetscan HM29 VS2 (Abaxis, USA)E ©]-&3dt A3t dd3H= 5 mL
syringeE °]83ly FFALE T 6AE Foll AR or(AME AFH 243 3L B,
79 542 & A E), HE ZA lithium heparin® EDTA7} &= 0.5 mL9| blood capillary
collection tube (Greiner Bio-One, Austria)o] &7 ©< F £4& st AdI4LA=
+REEIE Y, @A G E o] 49 K3E EDTA minitubedtel = @ HS Vetscan HM2 (Abaxis,
USA)E ol&3sle #A3t3oen, d9d thAbELS lithium heparin®] ¢l minitubet4]
g5 Vetsan VS2 (Abaxis, USA)E ©ol&ste] A&ttt =3k €9 tiits £4S
#13ll large animal profile (#8054AC3, Abaxix, Germany)¥ Preventive care profile plus
(#8343AB0, Abaxis, Germany) -+ 72| rotorg °©]-&3le] E243}% T
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EAFAE 2 229 2o 9y
WA 2 T (granulocyte) %] 2]

AtEES oduAet ©eAdgiAL, T8y 3 ARe Rdste Az o8&
UTHCozzi et al, 2011). Nasrollahi et al. (2019)+= AST+ SARA®| AAnAE o] &=
At

T A%, 92 pH7F 9 Y ASTEEE 59 F Adde A& HAFAUT:

3 22. Effect of rumen LUB products on blood composition and metabolites of goat fed

high concentrate

TRt HEF FX= dEZ2FEG A TFAA =4
2 A AYFEG tizTelA A4 usith ALT, ALP,
2Jal ASTeF Z2 €9 tatES AYTEG tixzTodM =4 ustt o] 9
AR

T

Variables Control Treatment
WBC (x 10°/L) 9.62+2.407 12.60+0.534
LYM (x 10°/L) 3.55+0.566 8.11£1.170
MON (x 10°/L) 0.30+0.107 0.13+0.035
GRA (x 10°/L) 5.77+£2.794 4.37+0.614
LY (%) 43.43+10.680 58.88+4.487
MO (%) 2.73+1.322 1.18+0.471
GR (%) 53.87+11.944 39.92+3.996
RBC (x 10'%/L) 16.34+1.129 16.61+0.258
HGB (g/L) 125.39+25.814 142.67+2.072
HCT (%) 29.84+3.686 31.13+1.252
MCV (fl) 17.60+2.412 18.83+0.816
MCH (pg) 80.77+101.918 8.55+0.071
MCHC (g/L) 385.60+105.328 458.17+12.259
RDWc (%) 30.00+0.432 29.52+0.361
BUN (mg/dL) 18.67+1.027 18.50+0.612
CRE (mg/dL) 0.93+0.062 1.00+0.035
ALT (U/L) 23.00+1.080 12.05+1.225
ALP (U/L) 581.83+15.173 421.67+1.021
AST (U/L) 80.33+8.957 66.83+11.081
TBIL (mg/dL) 0.28+0.024 0.30:£0.000
GLU (MMOL/L) 4.72+0.249 4.85+0.584
Ca (mg/dL) 9.58+0.062 9.53+0.213
TP (g/dL) 6.98+0.085 7.65+0.035
ALB (g/dL) 3.87+0.024 3.28+0.041
GLOB (g/dL) 3.13+0.062 4.37+0.020
Na'(mmol/L) 144.67+1.027 142.67+2.677
K" (mmol/L) 4.78+0.125 5.05+0.281
Cl' (mmol/L) 105.17+1.546 104.50+1.225
TCO, (mmol/L) 24.83+1.288 28.67+1.633

WBC = white blood cell, LYM = lymphocytes, MON = monocyte, GRA =

granulocytes, RBC =

red blood cells, HGB = hemoglobin, HCT = hematocrit, MCV = mean corpuscular volume, MCH =

mean corpuscular hemoglobin, MCHC =

Mean corpuscular hemoglobin concentration, RDWc¢ = red

cell distribution width concentration. BUN = blood urea nitrogen, CRE = creatinine, ALT = Alanine
Aminotransferase, ALP = alkaline phosphatase, AST = Aspartate Aminotransferase, TBIL = total

bilirubin, GLU = blood glucose, Ca = Calcium, TP = total protein, ALB = albumin,, GLOB
globulin, Na" = Sodium, K~ = potassium, CI" = chloride, CTCO, = total carbon dioxide.
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= X 283 A fY QA= gFY sFARE S v
W pHE 95371 98l 24 $FAR Fo 24337 5ARF Fo] AASY. % 235 BH
LUBE Z7Igt Al FolA zeoliteE F7IF tlz7EY ¢ £& pHE HEIUT o ZA3s=
TE 0%7tA FFAEE F9YS u LUBZF W9 U pHE fASk:E 58S 7R
UATHE AS Yr|g
Ammonia(NH;)-N&E9| A9 FFAE 5o 241X Fole 27RO ATl o =4
Ugtoy, AR 5o 5A%F Felle dE277F AR o =4 #EEHAT

3 23. Effect of rumen LUB products rumen pH and NHs-N concentration of goat fed by

high concentrate

Variable Control Treatment
Rumen pH
2 hours after feeding 6.51 £ 0.110 6.83 + 0.065
5 hours after feeding 6.42 + 0.135 6.71 = 0.080

NH;-N (mg/100 mL)
2 hours after feeding 30.25 + 5.25 3571 + 4.43

5 hours after feeding 38.96 = 4.32 32.37 £ 5.22
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_ O dZge, dAwy 2 AZAYE A% &
AA 5 9 h=F ik & ) -
} Az} AP AZ & dFyste] mE
LEEA A
AAAAY FES 5T
O Lactic acid A7 @714 mAEY As5F
01917 qo Za gosm oAt 8% HABE Al in viro NP A
Z o
AN pHEES BT 2w WEEF AY Lt AFHAE
HA AL wAE AFEHTEAS| 100 s
[ O Cannulae &2+ 3H-9 4 35 o= 7))
'C‘TU o
W vl E AR EZIA G99 in vive AE
Fol] AleEs AL &8 A5 95%
O 3 &4 355 "oz 1, 2239% in
vivo A F G2 eCOW co.ol A A Z3+
pH ¥ 2% =4 7|72 ebolusE cannulacs
ol Adsted 99 W pH Hloly FHF
5]_05 5 ‘Q_—(?_]: j=1]
AFPE U8 cholus (pH O 3= A o|E AR E5E4e
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