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SUMMARY
(FE2HE)

[. Title

Development of TMF production method for beef cattle using condensed molasses solubles

IT. Research objective

1. Objectives

o Development of TMF production method using CMS for beef cattle and feeding system.
O Increase animal production feeding TMF containing direct fed microbials.

O Decrease pollution with industrial by-product and importing feed resources by
consuming CMS as feed ingredient.

2. Needs

o0 TMR feeding system and manufacturing technologies have been scrutinized with various
ways by many research teams.

O Limited numbers of research have been performed on various TMR starters.

O Less scientific TMR products have caused degrade in TMR products.

O No researches have been performed using CMS for TMR production.

O Feeding system using TMR for Hanwoo is not completely established.

III. Contents of experiments

1. Development of TMF production method using condensed molasses solubles

o Evaluation of CMS as feed for beef cattle depending upon CMS concentrations.

O Evaluation of CMS as feed for beef cattle depending upon feed ingredients.

O Screening of TMF starter microorganisms.

o Evaluation of CMS containing TMF as feed, storage length with different starter
combinations.

O Development of feeding system for beef cattle using CMS containing TMEF.

2. Development of lactic acid bacteria as seed culture for TMF and establishment of
standard for TMF quality control

_12_



(1) Selection and identification of lactic acid bacteria for TMF manufacture

1) Screening and identification of lactic acid bacteria (LAB)
2) Antimicrobial activity of LAB seed culture
3) Organic acids produced by LAB seed culture

(2) Development of medium based on CMS and incubation conditions for LAB seed culture

1) Development of large-scale medium based on CMS for LAB culture
2) Optimum level of CMS in GYC medium
3) Investigation on the synergistic or antigonistic effect between LAB strains.

4) Pilot-scale experiment

(3) Establishment of standard for TMF quality control

1) Changes in microbial counts during TMF storage

- Changes in LAB counts during TMF storage

- Changes in yeast counts during TMF storage

- Changes in Aspergillus oryzae (A. O.) counts during TMF storage
2) Changes in pH during TMF storage
3) Changes in contents of organic acids during TMF storage

- Changes in content of lactic acid during TMF storage

- Changes in content of butyric acid during TMF storage

- Changes in content of acetic acid during TMF storage

- Changes in content of ethanol during TMF storage

3. Development of industrial CMS-AY-LAC fermented TMF production system

(1). Investigation of cultivation suitability for strains isolates
1) developing the cultivation condition of solid-state fermentation system for

A. O.(Asp. oryzae).
2) developing the cultivation condition of solid-state fermentation system for

Saccharomyces cerevisiae.

(2). Development of CMS-AYL mixed strains cultivation system and setting the TMF
fermentation conditions
1) developing the CMS-AYL mixed strains cultivation system

2) setting the TMF fermentation conditions and productivity increasement
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(3). Setting the CMS-AYL industrialization systems and TMF producing technique
1) developing the CMS-AYL mass production system for industries
2) invetigating the changes of TMF's components during storage

3) invetigating the TMF preferability

IV. Results

1. Development of TMF production method using condensed molasses solubles
(1) Evaluation of CMS containing TMR as feed for beef cattle

1) CMS supplementation level
No significant differences in culture head gas production and VFA production were
detected among different CMS concentrations. However increase in CMS concentration

caused increase in DM digestibility and microbial protein synthesis.

2) Feed ingredient and CMS effect on TMR feed value
Increase in CMS substitution caused decrease in gas production and DM digestibility with
incresease in CMS concentration. However increase in CMS concentration caused increase

in ammonia and VFA production.

3) Selection of TMR starter microorganisms
The consumption of NPN in the medium was accomplished with Aspergillus oryzae KACC
40242 with 6% of CMS concnetration.

(2) Development of Feeding System using TMF fermented with mixed culture

1) In vivo feeding trial
Feed consumption was the lowest in CMS 4% treatment group, but there were no

significant differences in body weight gain among treatments.

2) in vitro digestion trial
Culture head gas productions were increased with decrease in CMS supplementation and

ammonia productions were increased with increase in CMS supplementation.

(3) Development of practical application method
Microbial contamination was inhibited with more than 1096 of starter innoculation under 6%
of CMS concentration and prolonged incubation caused Increase in true protein

concentration.
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2. Development of lactic acid bacteria as seed culture for TMF and establishment of
standard for TMF quality control

(1) Selection and identification of lactic acid bacteria for TMF manufacture

1) Screening and identification of lactic acid bacteria (LAB)

Finally three strains of lactic acid bacteria as TMF seed culture were selected based on
growth on the medium added CMS and acid tolerance. There were identified as
Lactobacillus casei DSB03, L. casei DSB04, L. plantarum DSBO05, respectively, based on the
16S rRNA gene sequence analysis.

2) Antimicrobial activity of LAB seed culture
LAB seed culture showed good inhibitory activity against FEscherichia coli, and it was

mainly due to organic acids produced by these strains.

3) Organic acids produced by LAB seed culture

Composition of organic acids produced by finally selected lactic acid bacteria was
investigated and main organic acid produced by these strains was lactic acid, reached 218
T 313mM after 48 hrs.

(2) Development of medium based on CMS and incubation conditions for LAB seed culture

1) Development of large-scale medium based on CMS for LAB culture
Large-scale medium based on CMS (GYC-10 medium) for LAB culture was developed.
LAB seed culture showed good growth and stablity in GYC-10 medium.

2) Optimum level of CMS in GYC medium

LAB counts in GYC-10 medium added CMS 10% 4.5 x 10°/ml after incubation for 24 hrs,
and GYC medium added 10% CMS showed better LAB growth, LAB stability than other
treatments. Optimum incubation time in this medium was approx. 48 hrs which was just

after stationary phase.

3) Investigation on the synergistic or antigonistic effect between LAB strains.

L. plantarum DSBO05 showed better stability than L. caser DSB03 in the medium. And
coculture of L. plantarum DSB05 with L. casei DSB03 gave no negative effect in cell
growth and stability.

4) Pilot-scale experiment

LAB reached stationary phase after incubation for 28 hrs in jar fermentor, LAB count was
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35x10°/ml ~ 2.6 x 10%/ml. Further incubation after stationary phase caused decrease in cell

number during storage.
(3) Establishment of standard for TMF quality control
1) Changes in microbial counts during TMF storage

- Changes in LAB counts during TMF storage
CMS and low temperature inhibited LAB growth during storage of TMF at 4C. LAB
counts reached 10%ml after two weeks at 15C, while it reached 10%/ml after 3 weeks in
TMF added 10% CMS. In TMF-CMS stored at 30°C, LAB counts reached 8.3x10%/m{ after
3 days and protected rapid decrease in LAB counts, which means CMS has positive effect
on the stability of TMF at high temperature..

- Changes in yeast counts during TMF storage
Yeast counts maintained below 10"/ml at 4°C, irrespective of CMS addition. It increased for
two weeks at 15C and three days at 30C, and decreased after then. Addition of (LAB +
yeast) or (LAB+yeast+A. O.) into TMF maintained higher level in yeast counts than other

treatments.

— Changes in Aspergillus oryzae (A. O.) counts during TMF storage
A. O. counts maintained intial level during 172 weeks at 4°C or 15T, irrespective of CMS
addition, it decreased rapidly after then. A. O. counts decreased rapidly from immediately

after storage at 30C.

2) Changes in pH during TMF storage

pH in TMF stored at 4C was not changed during four weeks. pH in TMF stored at 15C
dropped into pH 4.5 (CMS addition) ~ pH 4.0 (CMS no addition) after two weeks, while it
stored at 30C dropped into pH 45 (CMS addition) ~ pH 4.0 (CMS no addition) after a
week.

3) Changes in contents of organic acids during TMF storage

- Changes in content of lactic acid during TMF storage
Lactic acid content in TMF stored at 4C maintained initial level (CMS addition) or
slightly increased (CMS no addition) during 4 weeks. On the other hand, lactic acid content
in TMF stored at 15C increased gradually and reached 1.0 = 1.6% after 4 weeks. Lactic
acid content in TMF stored at 30C reached 1.0% (CMS no addition) ~ 1.5% (CMS
addition) after 3 days.
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- Changes in content of butyric acid during TMF storage
Butyric acid maintained at very low level during 4 weeks, and it’s level was maximum
0.06% at 30C

- Changes in content of acetic acid during TMF storage
Acetic acid level in TMF (CMS no addition) stored at 30°C reached 0.7% after 4 weeks,
while it added CMS maintained 0.3% after 4 weeks. It suggests that CMS gave positive

effect on the inhibition of acetic acid fermentation at high temperature..

4) Changes in content of ethanol during TMF storage

Ethanol content in TMF stored at 4C increased gradually during 4 weeks. Ethanol content
in TMF stored at 15C reached 1.2 ~ 15% (CMS no addition) after a week, while it in
TMF (CMS addition) reached 1% after 3 weeks. TMF added yeast and LAB as seed

culture showed higher ethanol content compared with other treatments

3. Development of industrial CMS-AY-LAC fermented TMF production system

(1). Investigation of cultivation suitability for strains isolates

1) To obtain the optimum condition of A. O.(Asp. oryzae) in solid-state fermentation,

We set up the cultivation systems(materials, temperature, conditions).

2) To obtain the optimum condition of Yeast(Saccharomyces cerevisiae) in solid-state
fermentation, We isolated the yeast strains and investigate the enzymes activities

and cultivation systems(materials, fomular, temperature, conditions).

(2). Development of CMS—-AYL mixed strains cultivation system and TMF fermentation

conditions.

1) To obtain the optimum cultivation of AYL in solid-state fermentation, We set up

the cultivation systems(materials, temperature, formula, conditions).

2) To investigate the growth of AYL mixed culture in SB-LY broth(containing CMS),

We set up the cultivation systems(materials, temperature, formula, conditions).
3) To investigate the growth of AYL mixed cultivation conditions, We set up the
cultivation systems(materials, temperature, fomular, conditions) in jar fermentation

and observed the morphology of AYL strains.
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4) We made a lab. scale of TMR, and investigate the changes of AYL strains in
process of stater fermentation for setting the cultivation systems(materials,

temperature, fomular, conditions) using the of CMS-AYL strains.

(3). Setting the CMS-AYL cultivation system and TMF processing technic for

industries.

1) To develop the mass CMS-AYL cultivation systems, WE compare the culture
pattern of LAB and Yeast according to fermentation utilities and microbial changes of

their storage days.

2) We analysed the components of TMF for applying the AYL mixed strains in field
test, and investigated Microbial changes of A. O. and Yeast treated with AYL

strains, pH, moisture in various temperatures.

3) We also analyed the changes of the components of None CMS-TMF and
CMS-TMF according to AYL treatments during TMF fermentation.

V. Achievements and further plans

1. We apply the Patent of strains for ruminants feedstuff(TMF in Korea), and promote
to domestic TMF factory.

2. We promote to TMF formula with CMS(Concentrated Molasses Solubles) treatment
for domestic livestoc farmers in practical using.

3. Through this research project, We were able to obtain the microbial strains for
TMF and investigte the characteristics of them. We will try to promotion of our

acquirement to industrial TMF's factories.
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ArE 7S] AAH] A AFA o2 FEEe] AsR] AS 98 sUHRAME S Ak
TS 55 AMEAY R ol&std v tde =g 5o AL 53] FAlES dukd e
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PH = AARFES] dFE X F s Aot

TMReol & B35 gL SA4S ALgsto] 2 AR $FARS AAH &=

33 Aow AdHAEFAE T TMRE S oy 20019 /AR A5y oshd Hk
7h=g AGd mEAEg s Aottt ZuUdE 1980t Zwte] TMRE 7ldo]l A7h=E 9
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SEE FEY FHFo] =2 UHAE S AEFRAES AR 3 E3ete] vl SE
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S Tl AR 2 SFRAIRY ALY asts SXHL, HrAE FaAAAA {74
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ArEl 5o W HA wFxd
AeA] HE aA wj kg Efol M el & (Yeast : Saccharomyces
cerevisiae) A wjdkz7A st
_ 1]
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F o B 2 CMS-A. O.A- e & dh39 Afa Asts A 23 2 A3

AES o] &ste] gholils st ‘érg | wj <] sto] 7]Eof] AR o] &5
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A). B3 Aspergillus oryzae T Avra E—éﬂii-‘ﬂ o5 go] 43 52 HAas)
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=
A9 in vitro &3H&°] MAEES GASATH03 g
O  Aspergillus oryzae®l 7tel mE W59 7| 5%l A4 3 A w59 #7114
330l Neocallimastix frontalis, Orpinomyces, Caecomyces®| Aspergillus oryzae ¥l %<}
Ahe W AhEae BRaNe 49 wEe @4 gl 4% 51 9 258

M g3E el skth(Applied Microbiol. Biotech: 1996 2%, 2004 1%, Applied
Microbiology 19991 1#).

j&

O A=EW 9 AR SolA FHe] §F FATFES AWsdth API kit ¥ 16S
rDNA @71ME8A S S 5443, 27 E fecalis CSII2-2, L. fermentum CSII12-1
9 L. acidophilus PFO1Z w93ttt 285 5 E fecalis CSI2-29 L. fermentum
CSII2-1 ¢ MYEA S AR 23 Wi 2 WEsA4 25 958 o= yeunh

Wk el 4, pH 401]*1” A3 AAHA o, pH 2015 4AF Foll 10% °]7d A

Z3tgar, =3 WaEAd e Aol®E 05% bile extract &= A 3Foll A 244 ]Z_} ol AESA
o g4, L acjdophljus PFO19] 4% Al SHdL ¢TI A Fa3dad 5o {74t
o elst Ao w Yelyt. E fecalis CSI2-29} L. fermentum CSI12-19 A%, 2

b= A2 catalase 438 2 HPLC 4 5& &3] &<2d& A3} hydrogen peroxide
W A=A Q] o Adrdaiate] tigh dafteo] wig- -5
He gdstglon, H202 A4 siel& ZASE A3 AFA R 7] 27]00 4 F
] 3.5mM¢e] hydrogen peroxide’} wH]HS & = AAT (Asian-Australasian Journal of
Animal Sciences, Jan. 2005)
O o]fd A= THolA g Adrd ik Ak &3 Y F E coli AEAA
g, WEsA, Wibge] fHojd #F5 Mddstgith. API CHL 50& ©] &3 3 o3 A3
2 API A ZEIOHS ol&ste #A A BT%C AEEE Lactobacillus
acidophillus= &8 = At} 2] d ikt 0.15% ©14de @5 F=o dal el &
Aoz yed Fd welr T4 7hedel w2 dF5 ek A4EAY. 01N HCIZ MRS
brothE pH 2 & 1A% & L. acidophilusS 20% 7tA 02 2A7Hs<r AA5FES A3
A3}, pH 29| % 73k YAS el = A o2 YeEY Y. (Asian-Australasian Journal of
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A 1 A go]Aldtg BAE S o83 TMFE AFA A 7
1. CMS #7} TMRe Al27}% H7F 2 CMS #7} TMF o3 Ad
7F. CMS 7ol 12 TMRO AL&7F] H 7}

1) As 9 L9

APl AHERE CMSS QR obrlial BAAsbE oblg Bk W47 B9 GEA
2T YL FIAFEF A BAT F 3E2AFHANA AR B ARuE Z2
3

of Ab&-stA. TMR At ufghel A83 95
o] A8AE AES 7IZ2E st CMS H7F TMRE A

S7FA b Al el AbEgh wiEnl e % 29 2

CMS7F s & Ag)d TMRY in vitro 2385 A3t =, 05¢g9 TMR A &S W+
9 eho] T -?4_ 50mle] A9 Aol 24x7F viFe % pH, &AL s% AdEists, 7~
AR dRYol vk 9 HAE S ST v mAE g A4S A A

83+ A% PCRE primers 3% 33 zt}

CMSe] AurABEAT(%) 9 ofu]=2t B2 A3Hg/100g)

T 31.15
ES L ! 40.68
AT 0.28
Z3) % 2.4
H e e e 4 0.02
Aspartic acid 0.55
Threonine 0.09
Serine 0.11
Glutamic acid 1.24
Proline 0.10
Glycine 0.17
Alanine 0.35
Valine 0.15
Isoleucine 0.10
Leucine 0.09
Thyrosine 0.05
Phenylalanine 0.08
Histidine 1.05
Lysine 6.78
Arginine 1.74
Cystine 0.20
Methionione 0.04
Tryptophan 0.01
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% 1. TMR €8 A8 24
AEALE Moisture(%) DM(%)  CP(%)  CF(%)  Ash(%)  EE(%)
-} 73.30 26.70 16.31 28.87 4.36 6.21
) =t 66.28 33.72 19.05 21.35 5.48 7.40
Bty 79.23 20.77 35.46 1.90 2.90 5.91
ekl 68.69 31.31 44.34 12.73 5.43 6.00
HANE 6.40 93.60 41.33 16.78 13.49 16.02
o 5 16.67 83.33 19.91 6.93 6.43 15.21
E:iRy 11.63 88.37 17.63 7.63 2.70 13.35
ER - NE 13.20 86.80 8.24 1.20 1.29 15.50
HEH T 9.15 90.85 8.96 17.43 5.77 11.08
A 6.36 93.64 21.77 26.53 3.41 22.68
LA 66.24 33.76 5.33 17.35 6.58 12.06
HeRd 8.99 91.01 11.15 0.83 2.82 12.96
o 1] 7.97 92.03 11.16 17.98 4.57 11.12
H Al Al 4] 67.25 32.75 6.57 39.18 8.54 3.12
o) = 7.05 92.95 32.59 12.18 7.73 1.52
m] 7 11.32 88.68 13.13 6.53 10.62 26.31
bk} 2l 8.64 91.36 10.97 44.01 9.52 10.01
S FFA Rt 13.13 86.87 26.09 5.72 1.69 21.94
vl o) ZAL 2] #] 51.71 48.29 10.98 20.32 6.44 9.34
opul-F 2 0.28 99.72 21.48 7.63 3.66 30.61
A o 9.00 91.00 36.21 6.09 7.55 20.77
53 12.67 87.33 7.45 1.21 1.95 13.26
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¥ 2. CMS #H7tr+

of W& TMR®]| i ]

o) =
(CMS A1)

A2l

(CMS 4%37FH)

A 22

(CMS 8%#7+H)

A3
(CMS 12%H7+)

ik 9.842 9.842 9.842 9.842
FAak 20 20 20 20
) 2.598 2.598 2.598 2.598
ksl 10.891 10.891 10.891 10.891
A5 10 10 10 10
™A 5 5 5 5
A=A 5 5 5 5

B A8 =] 4.323 4.323 4.323 4.323
&A= 23.011 23.011 23.011 23.011
SFFTg Rt 0.103 0.103 0.103 0.103
AR o 4.816 4.816 4.816 4.816
CMS 0 4 8 12
¥ 3. A% PCR & Primer

Target

bacterium

Forward primer

Reverse primer

Fibrobacter

succinogenes

Ruminococcus

flavefaciens

Ruminococcus

albus

General

. GAGGAAGTAAAAGTCGTAACAAGGTTC

anaerobic fungi

GGTATGGGATGAGCTTGC

TCTGGAAACGGATGGTA

CCCTAAAAGCAGTCTTAGTTCG

GCCTGCCCCTGAACTATC

CCTTTAAGACAGGAGTTTACAA

CCTCCTTGCGGTTAGAACA

CAATTCACAAAGGGTAGGATGATT
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(2) 243 5 u%

CMS & #7ksto] wigd T™M 4 A FAIZbe] mE pHOl WakE X 4ol dERAT ME
12*17&1’4177}?4 pH7F H28hlal 1241778 244130744 = 680tH= A=At A 2]2 (CMS
8% H7FME A EHZ‘_?%} AA Aol M pHZE we Fom fFasiglon, A2
(CMS 8% H7Fh)ellAut 6A17F o] F- 2443 7AA7F & Fox wstetdlth. A2l (CMS 4%
A7) A3 (CMS 12% d7h)S 12413k 24412 <k § SA4 3 pH7F ti&7 (CMS
FAZPEG E=3HH(P<0.05). W 24413 v F 5 A2 (CMS 8% H7bH)lAM 6798 7}
& SEATHP<0.05).

F 4. CMSe| H7beEe] AFol7t in vitro Aol pHOll m A= G

3A1ZF 6417 12417} 24 A 7}
) 2= 6.88 6.86" 6.79° 6.80"
A1 6.84 6.83¢ 6.80" 6.82°
22 6.91 6.90° 6.83" 6.79°
A1¥]3 6.91 6.86b" 6.82% 6.81%

aedel with a row, means with different superscripts differ (P<0.05)

CMS & #7hsted wishdt TMRe] v Azl we pHel Wk 3 50 YERlSAT Gas &
AL 12230l AZ2(CMS 8% H7FH)olA 62mlz 7 Eekou A2 1(CMS 4% 7}
T iz ek o] Aols molA vk Wi 5 AT A= T 20.43ml
2 7P =k otk (P<0.05), 641l E A E3(CMS 12% #7Fr)e] 29.66ml(P<0.05), 12A]7Fol &=
AYLCMS 4% 7)ol 4352ml & 747F 7H 3= 9k th(P<0.05).

¥ 5. CMS9 H7tr9] zol7} in vitro N @A Gas FAZF(mDl PA= F&F

Azt 6417 12A1%F 24 A1 7k
S 20.43* 26.71° 43.39° 60.71°
21 19.14% 28.25% 43.52° 60.71°
A 22 17.73° 27.35" 40.70° 62.00"
13 18.50" 29.66° 39.29" 58.53"

@l Wwith a row, means with different superscripts differ (P<0.05)

CMSE #7bshel wiast TMRE] WFA 7o) nhe AR o] AEAs&o] MAE 9T & 69
GEG CMSE #7bskel WEE TMRS ABAs&e BE Azhdel QoA CMS 7t
ol F7Hel Mg o Frbekginh WF F RE ALURAA 3,6, 12 123 244 TRl A
A3 (CMS 12% #7F)el 742y 17.41%(P<0.05), 20.25%, 29.36% “12]al 45.33%(P<0.05) =
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N
2

FE =%tk ol H7kg CMS7F 271 WA weE S22 sg] HHA 95 43S 1d A
AZrEh, Z7)o el Eoiwd CMSe J&S A A3 28, 04 Hﬂ% i z7] EelE
S 7 AR AstgolA ALlsta AAES S, 244 e] g2 TH(CMS “7@7}?), A 2
1(CMS 4% H7F), AE2(CMS 8% M7F+) 28lal A E3(CMS 12% FH7F#) © } 9.97
12.30, 13.60 z2]ar 1597% A €3¢] 7Fd =skvh. ol F7FeE CMS7F 271 vl YA HHP_ =R
2 3g HHA dF JFS vF AS A E TMRe| CMS ¢ #H7b %71 =&45
DM Zsh&o] F7tdthes 2S on gt

o
Koo

N
o
:

of

rlr

#E 6. CMS9 H7tE9 #Fel7t in vitro A@ A DM 288 (%) n & 4

A2 621 %t 12A1%F 2423k
o 2T 9.00° 12.61 26.77 36.74°
21 10.81° 16.87 26.13 38.43°
#9)2 15.27° 15.46 28.17 41.77°
A3 17.41° 20.25 29.36 45.33"

abedel \with a row, means with different superscripts differ (P<0.05)

CMSE #7bshel wWjgst TMRe] 0A17He]e] SFmujol WARK(E 7)€ tETCMS F37HP),
AYUCMS 4% 7)), AF2(CMS 8% H7F) 281 AH3(CMS 12% H7b)eol z+7t
3.02mM, 4.10mM, 4.88mM 111]7 6.0lmM ©] %) o]E A CMS #H7l=Fo] F71ed 45 =Y
of WA Eko] Z718 o] ft CMS ol 3fE NPN % duuol Aol mMe $52 3
7] Mo w FAH EG 0MTrI A 3ATHAel o] ehELo} Zrbake] 1 F ARl wl e
Ao olfri CMSAA WEA Hohtbe NPN A% 3 gmuohsh obulit 4& a3
b owE BERS olgate vARA gudegdol 8 Aow gzw,

3E 7. CMSE A7zl Zpol7t in vitro N lA R Yol B =FmM)l A= FF

OAl 7 3AI 7k 6417k 1243} 24 71
o) 3.02° 4.73° 8.58° 8.98¢ 8.49"
A1 4.10° 5.70¢ 10.02¢ 12.76¢ 10.20¢
2] 2 4.88" 7.03 11.91° 14.35" 11.65"
A2 3 6.01° 7.81° 12.85° 16.30° 14.93°

®edel with a row, means with different superscripts differ (P<0.05)

CMSE #7tste]l mighst TMRO| wjFAIZto] we Qbmijo} WA gFe W A7
o H7tsE7F StESE EATHP<0.05). dET= 0

3.02mM, 4.73mM, 8.58mM, 898mM L#]i 849mM = RE AZrthol A 7FE SEkth(p<0.05).
A T3CMS 12% H7FmelAdE 0, 3, 6, 12 283 24A %kl zZ+z 6.01mM, 7.81mM,
12.85mM, 16.30mM 223l 14.93mM o2 RE A7t 71 =3tk (p<0.05). ET+S ¥
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2= Aol miF 5 1223704 Gy op iAol Frkstthrl 2441 kAol 6431

+o %
VFA A &S CMS #H7lw3td & o 1 7F $lsd EP Hl| A 7o) —&
Fe A sk al, A/P ratio © HASATH ¥ VFA A o] wigAIzte] ol # =3
S7vete 212 pH ®stel A8ttt & VFA Wé F2 0AIZF A 2T (CMS 3 7H)7F
27.707TmM, 3A1ZEel A A 2]3(CMS 12% F7F)o] 32.473mM, 6A]7tell Al A 2]3(CMS 12% 37}
T)o] 38730mM, 12417kl Al A ZUCMS 4% #H7F)o] 49.130mM L8] 3l 24A] 7hol A o =
(CMS FH7FH)7F 58.633mM .= ZF AlZkdo A 71 s=kth 3 A/P ratioe= 0A]7Fol A
AYUCMS 4% H7F1)7F 4877, 3~k A A 22(CMS 8% H7F)o] 4.500, 6417 el A th=
T(CMS FH-7FH)7F 4341, 12213kl A H2]3(CMS 12% % 7F)0] 4.146 18] 31 244 3kl A
AYLUCMS 4% H7b)el 4.064 o2 7 Akl A 7bd =9t ZF VFA $%9 Wss B
WoowkEQ W VFAS B v &S XA 3F+= acetate®} propionate] HEE= A A3 o] ¢l

ATt

14
o
%

¥ 8 CMSe H7tg9 #o|7} in vitro A3+E Al golA VFA(MM) A Fol nA&= dd

acetate proponate i-butylate butylate ivalerate valerate Total A/P

thx=+- 19.060 4.292 0.555  2.550 0.580 0.670 27.707 4.441
Al 17422 3.572 0.211 2.032 0.273 0.186 23.696 4.877

ore A2 17.858 3.715 0.207  2.090 0.273 0.180 24.323 4.807
A3 17.618 3.634 0.198  2.034 0.264 0.183 23.932 4.849
iz 23.059 5.337 0.295  2.756 0.419 0.303 32.169 4.320
317} A2l 20.923 4.799 0.308 2,516 0.373 0.272 29.191 4.360
22 17.455 3.879 0.380  2.059 0.299 0.210 24.282 4.500
A2]3 23.508 5.360 0.251 2.692 0.359 0.303 32.473 4.386
iz 25.252  5.817 0.320  2.884 0.431 0.323 35.027 4.341
6217 A2l 25484 5.935 0.330  3.000 0.444 0.340 35.534 4.294
Agl2 26.219 6.136 0.322  3.126 0.456 0.353 36.611 4.273
A2l3 27.780 6.492 0.324  3.306 0.460 0.367 38.730 4.279
iz 34.860 8.525 0.393  3.787 0.564 0.452 48.580 4.089
19417} A2l 35.134 8.617 0.396  3.958 0.565 0.460 49.130 4.077
A2 32.846  7.989 0.366  3.771 0.520 0.428 45.920 4.111
A2]3 32913 7.939 0.360  3.837 0.507 0.423 45.980 4.146
iz 41.696 10.408 0.582 4410 0.906 0.631 58.633 4.006
24X 7 A2l 39.571 9.736 0.540  4.265 0.850 0.593 55.554 4.064

82 39.563 10.235 0.602  4.687 0.930 0.646 56.663 3.865
A2]3 39.384 10.342 0.638 4977 0.983 0.669 56.994 3.808
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CMSe] "7t ZFol7t in vitro A1@AA vAE Aol v A= 9FS real time PCRS
o] &3te] EXE Ay ¥ 13 BY. Fibrobacter succinogenesS A 2d  General
anaerobic fingi, Ruminococcus albus “1¥] 3 Ruminococcus flaveficiens®] A4+ CMSY
A7t 2 W37 Al General anaerobic fungi € Ruminococcus flavefaciens &
= A7l A wiF 3AZFel A 12413k o] Frbet e TE 24X Tk o] BhA] ZHAete A Re K
M. Ruminococcus albus= NS 12X W74 ZHAstohrh 24X 204 7hA] 1 #20] A &
ATk, Fibrobacter succinogenes + W EAIZo] AoA4E i 2H(CMS FH 7)ol Hl&l] A
ZLCMS 4% H7FH)F A=2(CMS 8% H7H)v Ax @& 55 FA8A 1L, HE3(CMS
129 H7FH)2 2477 R o2 S/t in vitro A3E&AE e AdE CMS

5 FEE gyste] Alx TMR dojA wkxe] mAE9 2o & 4TS PAA Fes
& 4 s
GF FS
35 35
30 30
25 —4=c 25 - ° —4—C
o —m—t1 o ﬁ\ ——
R < 2 © 0 A ———a 2
13 3
15 15
10 10
0 5 10 15 20 25 30 0 5 10 15 20 25 30
sampling time(h) sampling time(h)
(A) General anaerobic fungi (B) Fibrobacter succinogenes
RA RF

) 3 //‘:\\
——c \ —c
%
o -t Q % / \ -t
O @]
2 2 2
S 13 13

0 5 10 15 20 25 30 0 5 10 15 20 25 30
sampling time(h) sampling time(h)

(C) Ruminococcus albus (D) Ruminococcus flavefaciens

a9 1. CMSe| H7beEe] Aol7t in vitro AN MAE el MA= dF

o fmAbR e 236 mE CMS H7F TMRE] AR 7HA] 37}
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D) AZ D g
IEREI
747} AL
ARALE A
s 2t

TMR A2A 98AES] 57 9

39 93AlE Fo wE TMRO vl

o = A2l 22 ~2]3

(CMS FA&7) (CMS 4%hA+) (CMS 8%tHA7)  (CMS 12%tH A1)
———————————————— % DM ————————————————————

i 9.842 13.987 15.279 16.011
ek 20 20 12.734 11.217
) 2.598 2.626 - -
ksl 10.891 15.898 20 20
AR5 10 9.443 4.632 0.051
™A 5 1.328 0.492 -
R A 5 5 5 5
] A1l A 4.323 4.642 10 10
& A =l 23.011 22.676 23.462 25.32
SprTg et 0.103 - - -
A o] 4.816 - - _
CMS - 4 8 12
(2 A% 2 uz
AsAtE 2419 W& CMS #H7F TMReO] in vitro A8l A pHel vX &= 93¢ % 109

B AT pHE 3AIZEe A 22(CMS 8% thAl7H)7F 6.92, 613kl A 22(CMS 8% A 7-)7F
6.88 12A17tell A2 (CMS 4% w7912 3(CMS 12% A 7-)o] 6.84 123l 244 7kel] A &
2(CMS 8% dAlT)7F 6.82= 7 =drh. B3k 3A kel A2 1(CMS 4% WA F)7F 6.87, 64
hell 2= (CMS FH7F)7F 6.86, 1241 7kel] ti 2= 7(CMS F37HH)7F 6.79 18] 31 24A] ke
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2= (CMS FH7FH) e A2 1(CMS 4% Al T)7F 6.800.2 7F4 wkkth, wj kA 7bo] F718k
T 5 BE HUbgelA pHE AAAH R sk

#* 10, 9EAIE FHAo] w2 CMS H7F TMReO] in vitro Aol A pHel w & 9
3AZE 617k 12217k 2417k
o) 2 6.88 6.86 6.79 6.80
A1 6.87 6.87 6.84 6.80
A2 6.92 6.88 6.82 6.82
A1]3 6.89 6.87 6.84 6.81

CMS Al &5 gdaste] s 4% in vitro A @ANA ] 7F EAFS 1 110 AA S

Ak 7 AR AR g E=FH(CMS T3 7)) 7F 20.43ml, 6417l &= (CMS F-3 7}
)¢ AZUCMS 4% tHAT)7F Z-2F 26.71ml(P<0.05), 12A1%Fel] th2=(CMS 3 7+)7}
43.39ml(P<0.05) 2] a1 24 7kell H1LCMS 4% A 7)7F 60.834ml(P<0.05)% 7+ =Skt
EE WAzl 2 dixzTte] Zhad A ®o] CMS WAl TS 283 Ag7uy =3ko
CMS thAlgEol S7tds= 7FaT A o] Fashih.

¥ 11 984" 27 W& CMS #7F TMRe| in vitro M@l 72 A (ml)ol| v X =
2R
3AIZE 6417 12A17F 2417k
) 2= 20.43 26.71° 43.39" 60.71°
21 17.73 26.71° 39.93% 60.84"
22 17.86 25.17" 36.98" 55.32
23 18.76 24.66" 39.54" 53.91°

aedel with a row, means with different superscripts differ (P<0.05)

CMS Al W DM £38&(F 12)2 3, 6 28la 24X 7k Agl1e] Z+7 12.60%,
13.82% Lelal 41.69%= 7 =tk viF 12A17hS Alelstar o] B e EA
CMS =2 diAs A7 =9kem, CMS A Mg FFo] =S5 DM &sh&o] solA =
AEFS B

CMSE H7lste] wjgrs TMRE d2uyol w=e ¥ 133 uh CMSE #H7bete] wj g3t
TMRO] ] FAIzbel] & hR o} AR FS 124308 A9t B Al HﬂMW CMS9| tjAl&
7t F7hERE =goh(P<0.05). A # T3(CMS 12% iAol AE 0, 3, 6, 12 28] 3L 2443k
o Z+z} 6.21mM, 9.00mM, 12.99mM, 16.39mM 183l 16.77mM=E =E A|7bje A 74 =9
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CHp<0.05). HEZTF(ICMS FAE1)E Fed ZE A FolA wd F 1243704 o}
A eko] F7eth), 24A) kA ol Ak dnh R AR AR CMSE tiAste] w3 TMR
o] OAIZ 9] Ry o} WA I EFH(CMS FH7FF), A 1(CMS 4% thAl+), A2 2(CMS
8% W) 283 A3(CMS 12% wAT) © Z7F 3.02mM, 461mM, 566mM 183l
6.2lmM o]ttt ol A CMS FH7beFo] F7tsa 5 try ol walgFo]l F7kek o]+ CMS
el ¥ NPN 5 =Yool Agito] mE £E2 g uy] HiEoz FHHr)

¥ 12, 98AE 2dd wE CMS H7F TMRo| in vitro 23280 DM 43H8(%)
MAE
3AIZE 6417k 12A1%F 24X 7F
) 2= 9.00 12.61 26.77 36.74
A1 12.60 13.82 24.82 41.69
22 9.76 13.77 22.82 38.61
] 3 10.36 11.91 26.11 37.59
¥ 13 93AIs 2o W& CMS H7F TMRO] in vitro &28t&A gl A R o} whAl o
H X &= 3k
O~ 7 3AI7 6417 1247} 24X 7F
hzx= 3.02¢ 4.73¢ 8.58¢ 8.98° 8.49°
21 4.61° 6.61° 9.93¢ 17.28° 12.15°
A2 2 5.65" 7.38 11.00° 19.92° 13.13°
#1¥]3 6.21° 9.00" 12.99* 16.39" 16.77°

aedel with a row, means with different superscripts differ (P<0.05)

AEALRE CMSE At wigs TMRS VFA AAHFS ® 140 YeERALE F39A )
WAE A S OAIZE A i Z2F(CMS T 7)) 7F 27.707mM, 3417kl A A 2]2(CMS 8% T
ATl 45.056mM, 6417l Al HE2(CMS 8% ti#]7H)o] 35.939mM, 12A]ZFelA] o2 (CMS
A7)0l 48580mM LE] A 244 ZFell Al tf TR (CMS 3 7FH) 7 58.633mM o2 ZF AT
ol Al 7+ = odth. T3k acetate®t propionate®] H]E(A/P ratio) 0A|ZFlA 2] 1(CMS
4% A T)7F 4.745, 3A 7ol A A Z1(CMS 4% Aol 4.466, 6417kl A A 2]3(CMS 12%
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Al T)7F 4.392, 12413kl A A2 2(CMS 8% thAlH)ol 4217 1e]ar 24A1 3ol A o = 7-(CMS
FAATI] 4006 02 7 AHAA 4 gk RE HFADRANANA F VFA AR FE
CMS #7bsEael 2 Aol7h 9otk WA to] S0l d4E & VFA 443 3 3718

AL, A/P ratio & ZA&3sdh

=<

4. A8A R 2o W& CMS #7F TMRO] in vitro N @olA VFA Aol mlA=

(
sl

0;

acetate propionate i—butylate butylate ivalerate valerate total A/P

tz=+ 19.060 4.292 0.555  2.550 0.580 0.670 27.707 4.441
A2l 15.845 3.339 0.179 1.857 0.243 0.161 21.625 4.745

o Agl2  18.778  3.982 0.214  2.209 0.286 0.191 25.660 4.716
Ae3 17.710 3.773 0.202  2.091 0.269 0.184 24.229 4.694
jx=+ 23.059 5.337 0.295  2.756 0.419 0.303 32.169 4.320
, A2l 21.501 4.814 0.240 2413 0.345 0.256 29.570 4.466
e A2 21.761 19.966 0.247 2492 0.339 0.251 45.056 1.090
83 21.716 5.015 0.256  2.557 0.341 0.250 30.134 4.330
=+ 25.252 5.817 0.320  2.884 0.431 0.323 35.027 4.341
, A2l 25484 5.923 0.315 2,945 0.456 0.338 35.462 4.303
o A2 25943 5.923 0.304  3.013 0.430 0.326 35.939 4.380
A2]3 25599 5.828 0.292  3.029 0.410 0.320 35.478 4.392
tz=+ 34.860 8.525 0.393  3.787 0.564 0.452 48.580 4.089
A2l 32591  7.909 0.372  3.615 0.523 0.410 45.421 4.121

12X 3}
A2]2 31.568 7.486 0.347  3.536 0.496 0.385 43.817 4.217
A2]3 31916 7.578 0.347  3.642 0.494 0.390 44.368 4.211
iz 41.696 10.408 0.582  4.410 0.906 0.631 58.633 4.006
Aell  39.043 9.975 0.579 4388 0.884 0.591 55.460 3.914

24 A 7F

A2 38.193 9.688 0.560  4.422 0.866 0.651 54.380 3.942
A3 34.877 9.476 0.622 4.731 0.915 0.586 51.207 3.680

YEAEE CMSZ tiAste] vl Est TMRS AT 2ol 7} in vitro Al @A v AE3%4
of m 2= 93-S real time PCRS o] &3lo] 43k 235 a9 19 YeELWWA Y. Fibrobacter
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1

succinogenesZ A 23t General anaerobic fungi®t Ruminococcus albus = CMS 7}
e 58k W37l §12th General anaerobic fungi & RE H7bFEol Al ik 34 7kl A
12X A ol F7Fetth 7t 2413k el vhAl ZEAsk ol A 2J1CMS 4% WA )l A 244 A o
g2 ARy CP3kel =kvth. Ruminococcus albuse W F$ 12A 74K A8k ch7F 244 3F
A A 1 FFol FAHAJAY. Fibrobacter succinogenes = BIYAITE 12A1 W 7HA] o 2
(CMS FAH g T)E CPFol S7hstthrt 24213kl 1241303} 28 FFo 2 FAEAL) o] wt
3l AZ1(CMS 4% A7) A2(CMS 8% WAIT)E 12417744 CPgkel #43tthrt thA
24X A iR CPgkel Eobxth gk H3(CMS 12% A7) wjFA|gto] Aol
5 CP atel AAF st 24A kAol 718 srobxitt

GF

35

30

25 e

20 us v 3

CP

o s 10 15 x  »m @ At General anaerobic fungi

sampling time(h)

FS
30
) _—
=, —
5 20
2
3
15
Y . 0 s w s w0 B: Fibrobacter succinogenes
sampling time(h)
RA
35
30
25 ——C

—a—t1

CP
N

20—~

= 34
15

t3

0 s 0 s s C: Ruminococcus albus

sampling time(h)

a9 2. CMSe] "7kl Aol7t in vitro N @AM wAAE Al mA= o

ot
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o CMSH7F HETMRE o+ A%

(1) A= 2 H
Stk AI Y sty Fetatol A W F3stal Qe Aspergillus oryzae(A. O.) 37VA #FE TLEHE
CMSH A o] wjFsl7] $13] A O. seed medium(500ml)ell 5 E3ste] 30T oA 48A17HE A
g CMS "i#Ae] T%=+ 0, 3, 6, 9 281 12%=, Eo Al %E=Z CMSE 4%oeH %=
control24 A. O. seed WA (3 15)E o] &3tH Tk 4841 & wlYdE #5792 5o EAst= 2
S5 CMS 1A (20mDeol mi7 100072 7F S48t e S HEg ths 30T A 484]
eet et Re 2 wiA = 3R oR Adsigith. CMS-AY ZETMR Aitel g
st HAo dFE Aty Yt FEE CMSHIA A &gk A7EA] A O w5 wigd pH,
Cell mass, colony counting 123 HjFAd] 2w d NPN ofw =4t shaks BA35190, 2ot
WA FAL Keltees AMS39a, NPN2 Zobdld FARAHF 4h3tgds A <
gald EA Y st EAske] AdE AAESHATE oAk v AS

)
24 A7 F 3FAS NPN BAwEs $9eA s,

-19: oL

¥ 15. Aspergillus oryzae seed media T3

composition g
Yeast extract 16
Soluble starch 15
MgS04.7H20 0.5
Citric acid monohydrate 0.43
NaxHPO4.2H20 0.17
Final volume 1000ml
pH 5.1

2) A% 4 u#

5 CMS wjAel & A O vjgd 9] I)H“q?ﬂrh T 19 2o HE A A e pHYE 510 B
Folxl Aol whaf 48A13F v FE viAlol M= E5F pH7F F7Fekadth. CMSe] s wjA| &= H] s
B )2+ 0% A Ht} CMS7F 3% 6% TT':oﬂ}‘i sh-¥ wj R A pH7F H =9kom 12%
HEEZ CMS s=7F S7HeE %<l pHe| W37k 24 odgtry, #5382 Hlagrd KCTC 65963
KACC 402427} KCTC 6983%.t} pHel W3l & pHY 77 ¥ ZH, KCTC 6983¢] 0%< 4%
pH7F U= F el vls] A3 @A YeEtgEd o] = cell mass 239 A#ste] Aol 7hss)
th(1¥ 2). A O. seed media®l 4] KCTC 69339] cell mass #Hirgko] KCTC 6596, KACC 402429]
cell mass B #ETH A Yepd Ao Hol dAg A KCTC 69839 A& th& F
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ol W) vrokar 1o whel pH WstE AA] Fdvial FAE 4 vk kAR CMSHl| FH7bE )
XMWL pH WaWF cell mass ol F7bshA eskth Ay Aol m=W A O seed
mediaol] #jE AR CMS iAol A wldE9S uw A 09 AFILAMo| ¢
A7 wjekst CMS ® A7} control MiAol Bt A O, Ad&o] v AthH O R cell mass«] ol

Arha ek,

KCTC 6596 KACC 40242 KCTC 6983

[0 3%
[ 6%
m 9%
m12% |

a9 3 w5 CMSHiA o wE A O WigAe] pH ¥3}

0.08
0.07
__0.06
O
o 0.05 13%
n
© 6%
0.04
= 9%
2 0.03 12%
O
0.02
0.01

KCTC 6596 KACC 40242 KCTC 6983

a9 4. w2 CMSHiA o & A4 0.9 cell mass W3}
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¥ 16, =¥ CMS wjAlo] @2 A4 0.9 colony .

KCTC 6596 KACC 40242 KCTC 6983
3% 1.3x10° 2.8x10° 2.4x10°
6% 3.7x10° 4.7x10? 1.0x10°
9% 1.6x10° 4.0x10” ND
12% ND 3.3x10? ND

CMS 554 swaelo] w2 A 09 #53 2@va, NPN 2eji ofnwibe] o §&& 7}

ZF 3% 17, 18 1gla 199 yERddTh 2d9E o] 882 KCTC 6596°] CMS 3%l A]
0.114%, CMS 6%°l1A4 0.117%, CMS 9%°ll 4 0.181% =183 KACC 402427} CMS 12%°i A
0.245% = 7} =gtk CMS ®lA 3%, 6% i 9% dAE dAHoz KCTC 659,
KACC 40242 183 KCTC 69839 o= Zuwmd olggo] =gron CMS 12%°) A wh

KACC 40242, KCTC 6596 123 KCTC 6983 o & WHElalyd

¥ 17. CMS H7ls=E 2ask mix|o A A oryzae 2 #A] W Zekul o] o] 88(%)

CMS 3% CMS 6% CMS 9% CMS 12%
KCTC 6596 0.114° 0.117° 0.181" 0.175"
KACC 40242 0.093" 0.110" 0.163" 0.245
KCTC 6983 0.069" 0.099" 0.040" 0.134"

ABEPEIT with a column, means with different superscripts differ (P<0.05)

¥ 18 CMS #H7ts=s g3k uix]ol A A oryzae ¢ WA U NPN o] &8(%)

CMS 3% CMS 6% CMS 9% CMS 12%
KCTC 6596 9.35" 7.00" 7.52°" 2.54"
KACC 40242 4.32° 7.67" 5.47* 3.38¢
KCTC 6983 3.60"¢ 5.67" 0.91°¢ 2.03"

abedel wwith a row, means with different superscripts differ (P<0.05)

ABCDEFT with a column, means with different superscripts differ (P<0.05)
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£ 19. CMS H7bsxEZE g3k vix oA A oryzae ¢ WA W ofn] =AF 0] 88(%)

CMS 3% CMS 6% CMS 9% CMS 12%
KCTC 6596 46.43"" -20.00"° -22.22° 76.47%
KACC 40242 64.29" -80.00" 44 .44"° ND
KCTC 6983 50.00%" 0.00*" 33.33" 64.71%

ABPEIT with a column, means with different superscripts differ (P<0.05)

NPN2 CMS F=FFo] Aagle]l e AgTolA ol &5 Atk CMS 3%°1A4+= KCTC 6596
°] 9.35%, CMS 6%°lA+= KACC 402427} 7.67%, CMS 9%°l A= KCTC 6596°¢] 7.52% L&
3 CM 12%° A+ KACC 402427} 38322 NPN o] &&o] 7} =t E=35 & A O, i
FolA CMS H7F =7 78 5 NPN o] §&0°] ydopx= Aot

ofml =4k CMS 12%°l4 KCTC 6596°] 76.47%% o]l&&o°] 7F¢ =tk B
CMS 3% Z7hfA[ el A ofr] =it o] g-&o] wokon, CMS 6%l = Wtz ofn]

o] S7Fstsitt.

Tt 5ol A

Rk

i iy

(A) B)

(©) (D)
aY 5 322 493 CMS-TMRe A. oryzae HZ 3 vk a2+
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CMS7F 7t TMRel A 0.5 HEFste] CMS-A. O-TMFZ A x3t7] Y& #5799 F+,
CMS 5%, wdzxdS ggste] Adad. CMS7E H7HE TMRO A 0.2 HE3ke] 724
b A9E 19 50 YER AT
A FItol A ALgel= A 7F wlEE Al A A O. 2o 01%9]
Mz A &9 in vitro NEAA AL3A 7] Wl A 0 JFFe] 4
EAZE 2 A wFE = ojel o] den, ol w4 ]
o] vtA dojytth (21 5 (A),B))
T TMR 98 +& field 59 218 SFA717] 98 T4489 58 HdA7]1A
FEfoll Al CMSeF wdstAl migtete] Alddatstt. ey EdetA] ¥ 985 E

o dge Holdd nmAe] vAESo] 4 O Hu $HIA Eo=2ZzH A 0. dFo

.

ot} ¥ Aol
o] vrol A 0.9
A A, A4

2 ey

Q
o,
ol
L
mO
i

ul

o e fu &2
2 X (o

7]

A AY AFEo] A Lol (29 5 (0),(D)). AF CMS-A. O-TMF9] 7S 95|
in vitro ol A A¥st A AdAdre wigHs S/AA A O FEHEHS Fuboer Ft
Ao zx Bt #93tA wWFHES2 ata, sk v x| nAERT WE AU "=

s fEdlol & Ao Hew

2. CMS-AY 3 CMS-LAC 9 - 5748 A AlA 7

7} in vivo N8 S o] 83 CMS #H7F4d e TMR 2 AR 7 7}

el dzxste] dFe e dvlgA AFHA AR 3ge FEs] ATt F2dx7)
W 7hA AZAA dAAClH Wl A 30ET B E ts FAE dol 4
3

FE (B) = A2A T AFH+AR) - XS THAFH+AIR)/AEFTHE X 100

A& 05g= AE = 3 RHEAA 24 Aok F G2 10mlE AAE AHelA
& EFsich o8 bkl 147 308 BAANT 454 ADFAE ol g3te] FFIY
th FRF 0IN 94§02 HAste] HAMoR Wik et A FS VFOR
of Th&e] Ao w g

G (%) = 0.00140067 X FrHgH AAZF X AA4HEA factor X 6.25 X100 / Al
a5
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o] 71X No.2o| A 55 05gS HHS T diethr ether®® 2% soxhlet X2 A &4 &2
FEota 2 AxTHS ot AAbsksTh

ZAWR) = FFF oA FFAIR+ABRA) - FE2A oA FF /ARFF X 100

AR 07gS HHste] Ankom AFAEA A 710 Y& % Ankom A EH7IAE A}
&3t 247 dEFS BT

2@ =EAF QB WA AEFE - AN HAD F Be ARWARe F

2 x 100
(v} 3%
600C 2] 3|3tz oA 2417F 3SAA F7]1ES AAS =7FYE desiccatorol Al 403 HHulsh
of FFgth FEFE ErYe] AR 2gS HEste] ¥ F 600TColAl 3%t ﬂi‘r/\lﬂ | A]
AolE A 403 Wyt & HEFslo] o]lF oA AFAES T AS ALY

235 (%) = 33T FANRN S+ AFAE)-AFAE FA / Al55%HF X100

(¥}) Nitrogen Free Extract (NFE)

H

ARE 10008 Sto] of7o] &, Zaud, =AW, 2%, 238 I3 A T

(A}) Neutral Detergent Fiber (NDF)
A= 0.7gS HE3ste] Ankom AlE&A o HUs = FAAMAZ S Ankom A4

A
ANE gt FAAA SeHE FEe AAGAT. NDSTH AAR ARE A% F 3
wso] NDFE #4831t

NDF(%) = (A& FA - 432 FA4) / Al5s=F <100

(o}) Acid Detergent Fiber (ADF)
Az 07gS HsEY] Ankom Al&E5A o AYds & AAAAAZE SE Ankom d

7IAE A&kl A Al &EE FES AT ADSTE AAE ARE HAx
Fstel ADFE #4183l

ADF(%) = (x5 FA - oA FA) / Al&8sd <100

_44_



(#}) Neutral Detergent Insoluble Crude Protein (NDICP)

NDF #2415 @& AJ5E 739 Keltech FH|E o] &3slo] il do] 3peks FAsto] &
AAA ] S =R = Ao shaFs B

(Z}) Acid Detergent Insoluble Crude Protein (ADICP)

ADF #4% &2 A8 alhers BAglo] Ab

g 573ke] Keltech 44§ o] §3to] Zurmae]
A aEA e wde) e B shglt,

(7}) Acid Detergent Lignin (ADL)
ADF 4% 942 A8& gFete] s & 3|5 2oA 37| T2 IHFSE SHTO=

A lignin 3= }

ﬂl

o
M
1
ol
2

Ao LARE o] §3ke] in vivo NB3} in viro N@ol AET ARAZ ebH AR
EAsa ohelel 19 62 Fmste] ARMRY WALNE, TDN L oIUA7E Axtste] A
gl 4§kt

1) tdNFC = 0.98(100-((NDF-NDICP)+CP+EE+ash))*PAF

2) tdCPf = CP=*exp(-1.2%(ADICP/CP))

3) tdCPc = (1-(0.4x(ADICP/CP)))*CP

4) tdFA = FA = EE-1, Note : If EE<1, then FA = 0

5) tdNDF = 0.75«(NDFn-ADL)*(1-(ADL/NDFn)0.667)

6) TDN1x(%) = tdNFC + tdCP + (tdFA #2.25) + tdNDF -7

8) DE1x(Mcal/kg) = (tdNFC/100)%4.2 + (tdNDF/100)*4.2 + (tdCP/100)%5.6
+ (FA/100)%9.4-0.3

9) MEp (Mcal/kg) = [1.01%(DEp)-0.45]+0.0046+(EE-3) , Note : if EE > 3%

ok
1>

1% 6. NRC dairy cattle 7I¥Fe] 1A 43t&, TDN 2 o |#|7} 4=
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3E 20. YEAIES] AR
ingredients Moisture DM CP EE CF ash NFE NDF ADF NDICP ADICP ADL Ca P TDN DE ME NEm NEg
(%) (Mcal/kg)

ol 3] 6.3 937 216 31 06 66 617 330 93 1.2 1.3 83 01 05 654 30 26 1.7 1.1
o 6.9 931 343 06 59 70 453 534 152 106 3.0 114 01 05 527 26 22 14 0.8
= uk(AY) 74.9 251 62 23 17 10 138 125 54 09 2.0 35 01 05 820 35 31 21 14
H A1 ul #] 59.1 409 40 04 44 22 298 285 197 04 0.7 152 - - 63.4 27 23 14 0.8
S 13.6 8.4 203 39 31 54 536 382 107 31 15 83 01 11 662 30 26 17 1.1
i 5 12.3 877 156 15 20 50 637 531 248 1.6 0.6 178 01 11 482 22 18 10 0.4
HA 13.7 8.3 224 129 138 34 338 441 326 14 45 231 02 08 635 29 26 1.7 1.1
w7 10.1 899 187 212 38 84 377 188 86 1.8 1.0 55 00 19 953 42 39 28 2.0
LR R 13.9 8.1 198 29 12 16 606 126 3.2 2.6 29 1.6 02 02 847 38 34 24 1.6
HEZ > 14.0 8.0 191 05 81 32 552 408 254 52 4.8 182 07 01 556 26 21 13 0.7
oy 8.8 912 466 130 214 19 83 432 198 89 107 123 01 02 746 37 33 23 1.6
ofutF A 4.3 9.7 330 436 132 35 24 268 540 81 1.6 49 01 06 1284 58 b6 41 3.0
Ry RS 12.7 873 149 06 206 93 419 636 106 87 117 427 21 03 201 09 05 00 0.0
STt 12.1 879 424 111 23 45 277 268 92 49 7.1 55 01 04 823 40 36 25 1.8
SFFegoela 15.6 844 129 34 50 17 666 102 30 09 14 06 00 03 875 38 34 24 1.7
KR ly 11.8 882 359 167 42 69 245 48 49 1.5 2.0 03 01 06 1016 47 44 31 2.3
A ] o 7 12.1 879 336 133 05 44 362 159 99 1.0 0.7 6.0 - - 90.2 42 39 27 2.0
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Moisture DM CP EE CF ash NFE NDF ADF NDICP ADICP ADL Ca P TDN DE ME NEm NEg

ingredients
(%) (Mcal/kg)
A5 79 921 391 125 127 74 206 368 20.7 151 109 134 13 11 742 36 32 22 15
AL 2 A 33.4 66.6 34 22 27 41 542 363 229 0.7 1.0 178 01 03 566 24 20 11 06
gl &AL 2l A 10.7 89.3 89 53 108 60 583 533 396 2.2 56 189 - - 468 20 16 08 02
o 731 10.5 8.5 311 35 1.7 49 483 277 190 09 1.8 161 05 04 644 31 27 18 12
LRI 14.7 83 86 34 12 45 678 213 79 15 1.0 70 02 02 738 32 28 19 12
T 15.1 849 11 06 94 111 627 677 494 19 14 344 - - 228 1.0 05 00 00
o 7+ 2fo] 10.3 8.7 55 05 67 44 726 680 437 1.2 12 365 - - 271 1.2 08 00 00
AMAx 11.2 88 31 13 67 32 745 697 436 0.7 14 348 03 03 278 1.2 07 00 00
SFasd 135 85 15 06 138 11.3 593 682 501 141 24 307 02 02 306 1.3 08 00 00
-t 19.6 804 154 93 124 96 336 356 260 29 81 179 04 05 598 27 23 14 08
AR (aL e} 174 826 01 02 17 69 737 87 1715 0.6 14 36 04 03 769 32 28 19 12
A9 74.6 254 146 26 86 06 00 151 85 8.2 6.4 3.0 00 0.7 837 37 33 22 16
5t 59.6 404 111 08 02 04 279 07 03 0.1 0.3 01 01 02 891 39 35 24 17
=<l 10.1 899 74 18 56 71 681 655 362 3.3 09 298 - - 316 14 10 01 00
=2 7 159 841 196 50 43 105 447 209 87 2.5 1.3 38 01 23 738 34 30 20 13
E] BLA] 12.6 874 66 15 58 58 676 534 343 1.7 1.0 289 03 04 389 1.7 1.3 04 00
Hz 14.1 89 41 07 280 79 451 722 497 26 54 362 04 01 200 08 04 00 00
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In vivo N85 913 CMS H7bFdd & TMR vigHl= £ 210 AA e 22 2o A
ol CMS &S 04 18aL 8% = @] H7bste] Al@el o] &35ttt Table 304 K= v}
o} Zro] FRE L 40%, WA - 10%, NDF - ¢k22%, TDN - 42.89%, ME °F 1.95, DE- ¢}
175 2 AAsa F7Ed T a0 s Agsts 577 AL Z2a9S o] &5te] wigt
S Attt 4 AldARES Alxdrhe o7l 8 TMROIA Alg #ton CMS
%7} old FE 04 281 8% 7F ZH7; 188419, 172289 18]al 161.829 o2 yrolx= A
S E F AU AE S CMS AT 22 I3 1957200 kegol HEE FuiAE sko] Al

ol A&stda, dd Am AAZFHR MAAT HASATS SAsAT AL F7klA o

v
o

= YL 20099 29 Ve THTAI| A AFEE 600kg AL AANAS Vo R
% kg9 ©@7IE ARt 9T 281 kgd @S HE AAToRE UFo] A =E5AS

-
$9 £9e WAL o ANAE AdH @ e FgulE ;A Qe

on 2

& 21 In vivo A& 9% CMS #H7brFEel & TMRE] 8 34

CMS level (%)

Ingredients Cost (W/kg)
0 4 3

H Ala) A 50 10.00 10.00 10.00
St o) 270 1.91
H E 2 430 1.49 0.50
A uk (g 5) 50 2.46
R ! 450 11.06 9.28 8.74
KRty 240 10.00 10.00 8.00
AR o) 500 2.00
24 2 A 150 5.00 5.00 9.62
SFrsd 150 10.00 10.00 10.00
i 140 3.10 4.36
CMS 70 4.00 8.00
= 9.13 7.70 17.86
H] A 60 20.00 20.00 3.96
ghol1et A 300 16.15 13.19 13.71
A Qo] E 200 0.71 0.73 0.74
E} 3] 2.7} 150 2.00 4.59 5.00
A 100.00 100.00 100.00
TMR Az @7HF/kg) 188.41 172.28 161.82
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¥ 22. In vivo A18S 1%t CMS #H7FFo & TMRY 38t A4

CMS level (%)

Ingredients
0 4 8
Moisture, % 40.00 40.00 40.00
DM, % 60.00 60.00 60.00
CP, % 10.10 10.00 10.10
EE, % 3.27 2.73 2.08
CF, % 12.00 12.00 12.00
NDF, % 22.71 22.56 24.38
ADF, % 10.00 10.80 12.08
Ca, % 0.40 0.40 0.40
P, % 0.20 0.20 0.18
TDN, % 42.89 42.89 42.89
ME, Mcal/kg 1.95 1.93 1.93
DE, Mcal/kg 1.75 1.73 1.73
NEg, Mcal/kg 0.83 0.82 0.81
NEm, Mcal/kg 1.35 1.35 1.35

2) 2 3

CMS H7lewol W& TMRe| in vivo A @A ALEAHAZ, SAF 2 AARE & #
g2 ;239 AASATE A AR HHFS CMS 4% Aol A Tdkgo =z 7 ot
0%%} 8% 7.8 kgo& o7k At Al@7I7tE F SAFS CMS H7F vl &o] F7hgol
wel 04 22l 8% 7F 27+ 179, 181 2Elal 1830.® F7lste AES Hou, A7
Ao SAFS F 0.7 kg2 CMS Helo| 2 5 ol HolX Ut A5 a e YA
CMS 7} vl gol wel ke JFS Holx] errh.

In vivo A @A CMS #H7lrwol wE TMRO AAA H7le 3 240 A AT A7 7]
F T AA AFERIE CMS #7F 30 T7FE 3 26,8349, 229,1539 18] a1 2262689 0%
A2 st T o SH FoolA AMEE ALEME At A WA 59 T3 CMS

A7t w70l TR #5 2ok

_

A= o
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% 23 CMS #75E0]l B2 TMRe] in vivo A@elA ARHHAE, FAF L Anigo] o
A= g
CMS level (%)
Item

0 4 8
ADFI, kg 78 £ 1.1 74 + 15 78 £ 1.2
Total feed intake, kg 1400.3 + 199 1330.1 + 265 1398.3 + 219
Iinitial body weight , kg 1951 =+ 175 1959 £ 21.1 206.1 + 14.9
Final body weight, kg 3747 + 30.3 3773 + 465 3892 + 23
Total gain, kg 1796 = 30.2 1814 £ 48 1831 £ 255
ADG, kg 07 £ 0.1 07 + 01 07 + 0.1
Gain:Feed, kg 0.1 0.1 0.1
¥ 24. In vivo Aol CMS H7FFo e TMRY A A4 H7t

CMS level (%)
Item
0 4 8

TMR cost, W/head 263,834.7 229,153.6 226,268.7
Predicted income', ¥ /head 2,306,672.8 2,322,748.4 2,396,285.5
real income, W 2,042,838.1 2,093,594.7 2,170,016.8
Predicted income index 100.0 102.5 106.2

! Predicted incom : 2009 2¢¥ 7% wPFA3| o)A AFeE 600kg T4 AA A
k

7|Fo® kg @HE AAtetdh e

woto] AbEst

o},

+

lo wrg sk TMFY in vitro o142l A= 7Fx% 7}

ol

(D A= 3 U

b TAE=

5

e

A

et A AFSFd e FFo] AAH Holstein FAZFEH oldAIRE
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FE 2 CMSE A8 sk TMRO A. oryzae, Lactobacillus spp. 18] 1L S. cerevisiae
L‘.:A

=2 HE

=

S

g3 el Ald=o] ANEFTEAFY ATE
o
AR

H o

il



A He AFTI] 489 AZE AE AL AF buffere}t 1142 E3Hste] Ao o] &3}t

(b AR

3 2690 AAIS A Fo] TDNY 7[E} YA FHFES 722 Table 63 o] vjgstd o
olglA wigtHE AR E 25ToA 39 B¢ HE Az & AFHSte] TAAZEZFT 05g 2 serum

bottle ol o] ol Aol o] &8tAtt. in vitro MF F HELS 7—.7—} 0, 12 1231 247 %F

Vi
of A|FsIATE 7+ M= 3R o2 A st
(th) pH meterE ©]&3le] pHE =A 3t

(2h) 7h= BATE A AA A gas ¥ sensorg ©l&dke] SA3FAL psighE ml
2 ghakstel S48kl

ﬂ!

(vh) AEAFEE WFR ARE ARAR Jnake] 105TAA 4N QXA FINA B
g =453k

_O|L
2
of\
ot
2
o,
|

e
El
it
o
fr
B3
4l

(Mp) R Yoli= #i) 20uld]l 1ml  phenol color reagent 9 1ml alkali hyphochloride
reagent & T3t 37Co] 16 wigst & #3324 7]1(630nm)E ©]&3t] =43

(Ab) VFAE Hjokel 1mlS 200ul metaphosphoric acid ¢F £33to] 4Tl 30% HAF WEH
#31o] HP-6890 GCE AH8sted Z4ahgint.
(ob) v 4% #FE e wFlol ] wEA Imle AA ko] gDNAE CTAB W< ol §3
o] &8 3Fal real time PCR WH S o] &3l SA3 YT primer X+ 3% 253 2t}
¥25.4 ZPCR-8primer
Target bacterium Forward primer Reverse primer
Fibrobacter
. GGTATGGGATGAGCTTGC GCCTGCCCCTGAACTATC
succinogenes
Ruminococcus
. TCTGGAAACGGATGGTA CCTTTAAGACAGGAGTTTACAA
flavefaciens
Ruminococcus
" CCCTAAAAGCAGTCTTAGTTCG CCTCCTTGCGGTTAGAACA
albus
Streptococcus
v CTAATACCGCATAACAGCAT AGAAACTTCCTATCTCTAGG
OVIS
Aspergilius
GGCCCTTAAATAGCCCGGT CGGGTTTGACCAACTTTCCG
oryzae
Lactobacillus spp. TGACAAACCGGAGGAAGGTG CTACTTGTTACGACTTCACCCT
Sacharomydes
o CGAGGAGTGCGGTTCTTTG TCACTTACCGAGGCAAGCTACAT
cerevisiae
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¥ 26. In vitro NEL 93 CMS H7M4Fo & TMF9 #iH]

CMS level (%)

Ingredients

0% 4% 8% 12%
H Al A] 10.00 10.00 10.00 10.00
n) 7 2.71
H E 5.00
27k 3.24 2.54 1.02
ofutE 2 5.00 5.00 5.00 2.89
SFrdol 2 10.26 5.00 5.00 5.00
Za s 5.00 4.13
Hed 5.00 5.00 5.00 5.00
SErsdd 2.04 5.00 5.00 5.00
-t 3.00 3.00 3.00 1.12
Ay 1.36 1.53 2.46 5.60
CMS 4.00 8.00 12.00
o) k3t 0.30 0.30 0.30 0.30
= 8.12 12.80 11.83 21.28
oil 3.00 2.72 241 3.00
H] A] (F-4-4h) 20.00 10.00 4.36
Zho] ek 14.57 21.99 24.18 23.95
o & 0.38 0.42 0.41 043
T4 3.74 6.57 12.05 1.73
A 100.00 100.00 100.00 100.00
TMR Az @7 /kg) 248.15 221.42 215.31 218.07

1. Wit - AAEZ A oryzae, Lactobacillus spp. L8]l S. cerevisiae & &
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¥ 27. In vitro N8S $13 CMS 7l W& TMF2] 3184 A B 54

CMS level (%)

Ingredients

0 4 8 12
Moisture, % 40.00 40.00 40.00 40.00
DM, % 60.00 60.00 60.00 60.00
CP, % 11.00 11.00 11.00 11.00
EE, % 7.83 6.99 5.81 5.43
CF, % 10.48 11.97 12.44 12.85
NDF, % 20.57 23.57 25.00 25.00
ADF, % 10.00 10.00 10.00 10.00
Ca, % 0.30 0.30 0.30 0.30
P, % 0.20 0.20 0.20 0.20
TDN, % 49.50 49.50 49.50 49.50
ME, Mcal/kg 1.99 1.96 194 1.90
DE, Mcal/kg 1.85 1.59 1.48 1.54
NEg, Mcal/kg 1.00 0.96 0.93 0.93
NEm, Mcal/kg 1.53 1.50 1.47 1.48

2) 2

(7h R CMSE A8 3 TMRO A oryzae FE38te] wast TMFY in vitro A9 A}
s7HA3 7}

Aspergillus oryzaes 718t i st =5 CMS-TMFQ| in vitro o412 pH¥ 3= % 28
of AAISFATE pHE vl Aol S7Fe 5 CMS gaFo] W2 A FoA] g @A e
ok v 7] OAIZFe A= BE AR Ttell A 6.8576.86 &2 dAsEA oL 124 ttell = FH 1L
0.08¢] Afo]7} H.GLaL 244 zkell= FH 1L 0.072] Afol& Holw CMS 0% 7oAl oA 7+
Ee Fs CMS 12%°4 71 =2 s Bt
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¥ 28. A. oryzaeZS A 7Fste] W@ st =¥ CMS-TMFQ in vitro °| A2 pH W3}

CMS level (%)

Time
0 4 8 12
0 6.86 £ 0.01 6.85 6.85 6.85
12 6.74 6.76 6.80 6.82 £ 0.01
24 6.71 6.72 6.75 6.78

F 2991 = A oryzaes H7tstel wES 8 CMS-TMF9| in vitro 141 DM 4 3}&
(%)) W3tE e Aot} 0A17Fa} 244] 7kell M= CMS 8% A @] ol A 7H %2 32.17%
28I 4625% ¢ TS Btk HZx 0N o= CMS AElEErl 2942 ge 2o Has
A= F 41%E W FES BT Hx 24
o

A ] 453 42382 N W RG-S
7

Mo

¢

%
CMSE #7H0e 25 Mg A 7hH GELE BLFiol
s

&2 v & 5 Quk

=5

% 29. A oryzaeEs FH7Vsle] 23 st =¥ CMS-TMFQ| in vitro 914 2] DM 4 3F&(%) ¥

CMS level (%)

Time
0 4 8 12
0 17.06 £ 0.88 2517 + 2.86 3217 + 1.27 2787 + 0.18
12 34.16 + 1.56 3595 + 2.81 3797 + 0.56 38.12 + 1.53
24 4041 + 0.81 41.86 + 0.66 46.25 + 0..08 41.37 + 1.05

A. oryzaes A7Vsle] Badt =5 CMS-TMFY in vitro oA 72~ WAl ke 31 309
UERATE vl FA ko] A E CMS Fo] A2 Ao w2 559 7Fs S ol
ZA A} v g 1247kl = CMS 0% 3 A8 7 534002 7Hd =

42627 7F4 vkokth 24A7F 9 Al CMS 0% A F7F 80.15 2 7F =9kar, 12% A2 4-7}
65.72% 7}4 ok
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¥ 30. Aspergillus oryzaes 7 7}sto] Wa st =8 CMS-TMF2] in vitro 2142 gas A4
H(ml)e] W3}

CMS level (%)

Time
0 4 8 12
0 0.00 0.00 0.00 0.00
12 53.40 + 3.85 51.09 + 1.15 48.40 = 0.77 4262 £ 0.38
24 80.15 + 0.58 69.95 £ 2.31 7091 + 0.19 65.72 + 1.92

A. oryzaeES A 7Vshe] Hadt =¥ CMS-TMFY in vitro o142 NHsN(mg/100ml) ¥ 3}+=
3 313 2o 128308 ALk 0A1 7 244 Hell = CMS A7} 12% A2 7-7F 9.85 9 131322
7 Eokom EEAZEA CMS 0% A2l 77F 7HE @2 dhs Bt ol d R Yol
Aol CMS AHEsr7l 2 AT E 455 FohAe A2 HAZE CMS o 5o A=
dryole] ko] E=7| WE o2 AR ET

¥ 31. A oryzaeES Z7Vste] 2adt =¥ CMS-TMF in vitro 42l NH3N(mg/100ml)
H 3}

CMS level (%)

Time
0 4 8 12
0 3.89 £ 1.70 565 £ 1.32 765 £ 1.27 985 £ 2.79
12 2.90 = 0.86 7.07 £ 2.09 10.25 + 2.67 9.60 + 0.41
24 4.13 = 0.68 754 £ 0.38 11.69 + 0.65 13.13 + 0.61

A. oryzaeEs H7Vele] Hast =58 CMS-TMFY in vitro o142 v AETF(Ct)2] W3}t
¥ 320 AAEA T A oryzae= 8%E AlQlstal v dA|Zto] oA FE HAastE ek
th o]:= g s el H7LE A oryzae’t ¥k Fo® AL 9N = A
A2 ety 1 7|5s TRt v Fo JAAE + ok A/ wslldTFed F
succinogenes®t R.albus & ¥ %
wep A¥oR Friste AYE EATh == A
succinogenes®t R.albus 2} Al

& fAskATh £ w0 B
¥

)
o
0,
>
N
N
o
ol\
N
.l
ok
5
ft
ol\
N
N
of
ol
el
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¥ 32. A oryzaeEs FH7bstel Lzt £ CMS-TMFQ in vitro °l412] microbial
population (Ct) ¥ 3}

CMS level (%)

strain time
0 4 8 12
0 27.76 29.11 31.24 27.20
A. oryzae 12 32.05 27.00 27.56 28.70
24 31.60 34.15 28.18 30.45
12 16.78 16.27 16.24 16.00
F. succinogenes
24 14.80 14.53 14.75 15.55
12 22.19 21.94 22.53 22.03
R. albus
24 19.55 20.02 19.76 20.29
12 26.64 27.02 26.69 26.68
R. flavefaciens
24 27.26 26.44 25.96 26.05
12 15.41 15.10 16.00 16.91
S. bovis
24 16.34 17.42 17.72 1753

(W) F=d =2 CMSE A g3 TMRO Lactobacillus spp. & HZE38te] wast TMFY in witro
o M e ALz 7HAH 7}

Lactobacillus spp. & #H7Fsle] wast =¥ CMS-TMFY in vitro 149 pH ®W3l+= 3% 33

of AASAT. 7] pHE CMS H7F A+ 0%E Astar 4, 8 183l 12%7F oF 69% =
2 S BT wlE Aol FUbstEA CMS #H7F 0% A el F7F 6.74 1ela 12% A2 7
6.830.% CMS F7hgol S7kgtel whet pH7F % &2 #ts Btk

¥ 33. Lactobacillus spp.& #7}ste] @33t =58 CMS-TMFY in vitro 9142 pH ¥H3}t

CMS level (%)

Time
0 4 8 12
0 6.85 6.94 £ 0.01 6.92 6.92
12 6.77 £ 0.01 6.81 6.83 £ 0.01 6.87 = 0.01
24 6.74 6.78 6.81 6.83

Lactobacillus spp.S 7}t wrast =¥ CMS-TMFY in vitro "lSZAd Ao AE &
&9 WsleE ® 34oA HE oukel 2o vl OAIHAlel CMS 7 0% A= FE Al9sta



7109 4, 8, 12%+v oF 25726%9] WAl &S KB om 124 s A= oF 37%E v
ot ek 24x A= CMS H7F 8% oA 4541% 2 7 =2 e BIom 0%
Al 4155% = 7HE Bhe ghs BATth Hx 24A1kol A 0AIZE WG eSS A e B
oM 53 r3ER Hlﬂﬁﬁiﬁk% A= CMS #H7MAME 048 29al 12% 7F 247
2 CMS #H7F 0% A&7 7H =& X5 BT 1 99
1S B —’F Atk o= HE CMS 7} & AFselA CMS 7F FobA v
4 A 9

S

-
o
2

R
=
Z

—

4

[\
o1
—
—
—
oo
I
W~
—_
©
—_
I§]
o H
i)
K
—
oo
Cfl

St Z7] Bagol B/ BrhE A SelE WE A CMSE A/HAS 4% W A e 9
AR B REo BaH Jee AF T 5 9

¥ 34. Lactobacillus spp.& H7}ste] wast =53 CMS-TMFY in vitro A3 A g ol A<
DM 438}&(%)<] W}

CMS level (%)

Time
0 4 8 12
0 1644 + 1.11 25.44 + 0.07 26.24 + 0.60 25.15 * 4.39
12 37.71 £ 0.46 3752 £ 1.04 36.48 + 0.10 36.42 + 0.06
24 41.55 £ 1.52 43.88 + 0.29 4541 = 0.77 43.66 = 0.49

Lactobacillus spp.& #7Fste] wast =¥ CMS-TMFY in vitro oA 2 7@kl W
o} oFmuol wrEre ¥ 353 3604 B ulel 2l A RE A 7R ol A

CMS 7 7ol Bes Wwalge] B A& FAY 5 vk Ed ol dAFe 7}
oA oo ARRAE A CMS Fdel e A TolA A7 B o] FHal ¥
Atk oA rEucl WAF] CMS ABEr} Be AT B5F BopE AL Az
CMS o o] 9= ehmuole] gapol ¥4h7] Moz Ameth ol Hx 2447k A
0NZF MFPE 5o GRS Astel 58 FuUcl Ao MWARES P

o

CMS #H7MFs 04,8 183 12% 7V 2H7F 1.64, 236, 2.71 183l 3552 CMSOlA] e &
muole] @ Sl % WRAZAM feF GELcke] %ol F/F AL AT F Atk

¥ 35. Lactobacillus spp.& #7}ste] wast =5 CMS-TMFY in vitro A3 A g ol A<
Gas ZA=F(ml)e] H3}

CMS level (%)

Time
0 4 8 12
0 0.00 0.00 0.00 0.00
12 56.29 + 0.58 49.94 + 0.38 4512 = 0.19 4378 + 1.15
24 82.08 + 0.58 71.68 + 2.50 70.14 £ 0.58 65.72 = 0.77




¥ 36. Lactobacillus spp.& Z7Fste] &g st =58 CMS-TMFQ in vitro 23823 oA 2]

ol Yol A (mg/100ml)e] A3}

CMS level (%)

Time
0 4 8 12
0 377 + 0.63 6.33 £ 1.70 9.09 + 3.14 10.34 £ 3.12
12 1.79 £+ 0.34 473 £ 042 834 = 0.20 857 + 0.63
24 541 + 0.38 8.69 = 0.34 11.80 + 0.44 13.89 £+ 1.96
Lactobacillus spp.& H7Fste] a3t =¥ CMS-TMFY in vitro °1A2 microbial

population®] W3sl= 3% 379 YEFN AT Lactobacillus spp.= A W EAIH CMS #H7M4

of & AFTFS WX GFtow A oryzae Bt AT E 0]
[e]

ol F. succinogenes®} R. albus = W% A]7to

- |
7bekel wel AFow Frleke S & ¢ ATk
F. succinogenes®t R. albus 9} 2] v A 7to

FEe fASAY B8 wu B FFA S b
Badts AFS Bgor NP Be IS
WEAESE B 2E Pl At

¥ 37. Lactobacillus spp.S& F7}ste] @ast 5

population(Ct) 2] ¥ s}

=]

L=<}

o)
5 Sk

S o) 2=

= T

a7k ¢l
oviss CMS 3F#o]

t}. o= A oryzaeZE o] &3

ATh AFah Eell
MS 7} go] =
21 R. flaveficiens=
o 26727 HAE9

H CMS-TMF9 in vitro 412 microbial

CMS level (%)

strain time
0 4 8 12
0 15.51 ND ND ND
Lactobacillus spp. 12 15.69 ND 14.97 ND
24 15.43 15.86 ND 15.51
12 16.14 15.74 16.26 16.46
F. succinogenes
24 14.61 14.51 14.46 14.3
12 22.58 21.21 21.55 21.94
R. albus
24 19.13 20.02 19.52 20.05
12 26.47 26.18 25.86 26.24
R. flavefaciens
24 25.72 26.22 25.94 26.26
12 15.44 16.51 15.88 16.68
S. bovis
24 16.03 16.93 17.69 18.16
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(th) F+=EE CMSE A g3 TMRel S cerevisiaeE HE3e] was TMFY in vitro &3}
Ao A ALE TR 7}

S. cerevisiaeS F7}ste]l @ st =¥ CMS-TMFY in vitro 23821302 pHel W3}
= X 38 YA A oryzae ¢ Lactobacillus spp.S& W it 02 AL8-3F A& o A9} 7
o] HjgAIzte] Hold F5 CMS H7F %71 Aol whet pH7F WEokth 24A17F s Al
CMSE #H7tshA| &2 A FolA 6.7= 7H8 =9kaL, 12% H7FolA 6.79= 718 sEokoh

¥ 38. S cerevisiaeE F7Fsto] @ ad =8 CMS-TMFQ in vitro ol~4¢] pH W3}

CMS level (%)

Time
0 4 8 12
0 6.94 6.97 + 0.02 6.96 6.94
12 6.74 + 0.01 6.78 = 0.01 6.81 6.81
24 6.70 6.72 + 0.01 6.76 6.79

S. cerevisiaeES F7}slo] gk == CMS-TMFY n vitro 949 AEEMES] W3+
3 39°] AAIFG T vk 0A|ZF Foll= CMS 12% A7F77F 2717%2 71 =90 v kA 7H
Zkoll A1 OA]ZE i

24X 7ol = CMSE H7behA] &2 A2l 77 446302 71 =3tk Hx 24411
FAS A9 AE FHES A o5 2FER HuHRIYS A= CMS H7/MIE
048 18]aL 12% 7} 27+ 26.17, 19.29, 19.03 121 15758 CMS & AgsA &L Ag 7}
7H4 =t} ol= A oryzae 9 Lactobacillus spp. S Z7Fste] HaA 7l Azl Aldy dX
AT S cerevisiacs 77t wast o CMS—TMFQ] in vitro A2l 7t~ A B2
k= #4000 AAsEAT 7t B F I s Fdled Ao AdHHAE Rolw CMS
ko]l F7hstel wep WAl EFo] A ﬂ‘iﬂ‘?} AAZE B FAl CMS & AH#ekA & ATl
A 80.156% 7k WA o] 7H =hom, A T7F 645602 7H ekt FRyo}
A= AAx] CMS #7F 8% A e T-(16.22) S ]94 stue= 9ol A oryzae 9 Lactobacillus spp.
& #7tste] HEAZ AR AP 2 AFgor sty dE FEAlEHdE oY A
HAE B
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¥ 39. S cerevisiaeE H7}sle] wask = CMS-TMFY in vitro 9142 DM A 3H&(%)
o] W3l
CMS level (%)
Time
0 4 8 12

0 18.46 + 0.98 23.45 + 0.98 26.23 £ 1.11 2717 + 0.46

12 3293 £+ 2.24 3292 + 1.49 35.15 + 0.17 36.62 £ 0.05

24 4463 + 0.12 4274 + 2.18 45.26 £ 0.60 4292 + 1.10

X 40. S. cerevisiaeE H7Fste] wHast =58 CMS-TMFY in vitro A23&A1dA A2 gas
AArEE(ml)e] W3}

CMS level (%)

Time
0 4 8 12
0 0.00 0.00 0.00 0.00
12 5494 + 1.54 52.25 24.15 + 1.86 4512 + 1.35
24 80.15 + 0.58 72.84 + 0.58 68.80 + 0.38 64.56 + 1.54

¥ 41. S cerevisiaeZ H7}ste] a3 ¥ CMS-TMFY in vitro 238 A oA e or
Yol %% (mg/100ml)e] A3}

CMS level (%)

Time
0 4 8 12
0 3.67 £ 0.58 517 £ 0.26 833 £ 1.93 9.90 + 3.83
12 1.64 + 0.43 3.78 £ 0.49 727 + 1.87 784 £ 0.85
24 5.04 £ 0.33 12.85 £ 4.13 16.22 + 4.78 1389 + 1.37

S. cerevisiaeES F7}ste] wast = CMS-TMFY in vitro 94 2] microbial population®]
Hel= 3 429 Zoh S crevisiae®] W4T WG 12A1 O A EE CMS H7F A 2 F-oll A
Hastarl 24X el thAl 0AIZEH e o R S| BT ol A oryzaeel Hat (28730)
Hoe =2 FFolR3 Lactobacillus  spp. 9 H(15)HET+= W2 FFolddt. F
succinogenes®t R. albus © B A|Zko] FUlsE & FUSER AL, AHAa EElASd R
fAaveficienss= F. succmogenesgr R. albus &+ 9] v glo] Aue & W3l gl on
24727 Aol TS AT e g ZE 752 S poviss CMS $HaFo] Sk 4
5 AaXor ZAdhes AFS BHIow wjdAttdes B @S A &sdt ol A
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X 42. S cerevisiaeE FH7}ste] wask ¥ CMS-TMFQ i vitro o412 microbial

population(Ct)e] ¥ 3}

CMS level (%)

strain time
0 4 8 12
0 24.86 25.16 25.63 28.14
S.cerevisiae 12 21.13 27.54 26.46 25.69
24 26.85 26.76 2491 28.19
12 17.92 16.69 16.66 17.53
F. succinogenes
24 14.57 15 14.67 14.55
12 23.55 22.83 21.57 21.97
R. albus
24 18.72 19.68 20.59 19.17
12 27.60 26.42 26.73 26.92
R. flavefaciens
24 24.43 27.16 27.00 24.96
12 15.07 14.47 15.21 14.96
S. bovis
24 16.35 17.29 17.13 17.56
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k)

. E CMSE AHElst TMRO A. oryzae, Lactobacillus spp. ZL2] 3L S. cerevisiae & &
o]l g3 TMFS A=A H7)

Ol

1) AM=e 2 P9

(]

¥ 260 A|AIE A3} o] TDNHY 7]Ef 9L
27 WgE AEEs 1AHLE(25C)9 Hele
AFHsF] EA o o]gsldth pHeF AR 9]

NPN o] 845 43t

A FES J|FoR T 253 o] wjgstt). o
T(47201 71
%

[¢]
0
' 2

2 2

A. oryzae, Lactobacillus spp. ZL2] 3l S, cerevisiaeS 7 7}ste] 223t =¥ CMS-TMF<
pH W3+ 3 430 B+ vkl 2ok CMS & #H7bshA &2 ?43] = g 2% 2 Wsl
7F AA g%tk 18y CMS H7F w57 S71E 5 Wste koA wad AsEY 1A
(25C)oll A Tas AR 9 pHF 2Z o2 7HAsIAY. A oryzaeE Wad T2 /\}*‘-’h"ﬂ 3
CMS #H7F 12%° A4 We2"& 458 12T+ 4442 DA 2E A8 pH7F ok}, &=
Lactobacillus spp. &= CMS #7F 8% Az oA 460(As2%)3 432(2AH25)2 Ao ]
ARem, S cerevisiae®] 745 CMS #H7F 15%<] A& F-oll A 4.84(Hs2%), 4.49(a17
LR 5ol A 9 DH7} O SHA e

A. oryzae, Lactobacillus spp. ZL2] 3L S, cerevisiaeS 7 7}sle] w23t =58 CMS- TMF-J
> W3k 3E 440 AA ST 2 EWskE pH vhE 2 £ W3 2k
= e BE Aol B 96 A FAE Hlon 1P
TEIF St E R A% ow FUtste AYdS HAth

oy & 40

i?L rU
rlr
rJ
Y
ot
¥
=2
32
)
T
ot

A. oryzae, Lactobacillus spp. L8]l S. cerevisiaeS 7 7}slo] wast =53

A3 NPN3HF2 3£ 450 UEtliSle) o)== AFE oA NPNS =2 Aol & AdPAE o
&3 SFFoEHA CMS H7F Atse] wad Al HEa 5o A= ALtstdth. CMS 7t
8%l A5 AL L= 4%, 8% A g T-ol A NPN HolglAl eFster 12% 7 A & -
Ne AL A S cerevisiaze 7} 7F4 AL nmEs NPN S w9},
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¥ 43. A. oryzae, Lactobacillus spp. ZL@lil S cerevisiaeE F7}ste] a3t ¢34
CMS-TMF$] pH ¥ g}
CMS level (%)
Temp. C strain
0 4 8 12
A. oryzae 3.97 £ 0.08 4.02 £ 0.02 425 £ 0.04 458 + 0.02
Various Lactobacillus spp. 3.93 £ 0.04 4.03 £ 0.04 460 = 0.32 448 = 0.06
S.cerevisiae 396 = 0.05 4.02 £ 0.09 4.34 = 0.02 4.84 + 0.23
A. oryzae 3.92 £ 0.03 4.03 = 0.01 4.27 = 0.06 444 = 0.05
Constant , 25C 1 tobacillus spp. 397 + 002 402 + 001 432 + 002 452 + 0.04
S.cerevisiae 3.96 = 0.02 4.07 £ 0.06 428 = 0.03 449 = 0.04
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a9 7. A oryzae, Lactobacillus spp. ZL81 1L S. cerevisiaeS 7 7}ste] 233k =28 CMS-TMF9] <34

o,
0%

CMS 0%~ A, Ovzae CMS 4%~ A Ovzae CMS 8%— A, Oyvzae CMS 12%— A, Oyzae

)

\ . Sl

CMs 0% - Lactobacillus spp. CMS 4% — Lactobacillus spp. CM3 8% — Lactobacillus spp. CMS 12% — Lactobacillug spp.

CM3S 0% — 3. cerevisiae CMS 4% - S, cerevisiae CMS 8% — 5. cerevisiae
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¥ 44. A oryzae, Lactobacillus spp. —L@]lil S cerevisiaeS F7}ste] 2Hasdt ¢4
CMS-TMF¢] 2%=(T) s}
CMS level (%)
Temp. C strain
0 4 3 12
Various A. oryzae 9.67 +£1.08 983 + 141 9.83 + 047 9.67 £ 0.85
Lactobacillus spp. 10.00 + 0.41 9.67 + 0.62 9.67 + 0.47 9.83 + 0.24
S. cerevisiae 9.67 + 0.24 9.83 + 0.24 9.83 9.67 + 0.24
Constant , 25T A. oryzae 2050 £ 024  21.00 + 024 2133 £ 024 2217 = 0.24
Lactobacillus spp. 22.00 2233 £ 0.24 2267 £ 0.24 2283 = 0.24
S. cerevisiae 2133 £ 024 2267 £ 024 2250 £ 024 2183 = 0.24

CMS-TMF¢] &3] NPNgH# (%)

¥ 46. A. oryzae, Lactobacillus spp. 1¥ il S. cerevisiaeS F7}3}¢]

CMS (%)
Temp. C strain
4 8 12
Various A. oryzae 0.00 0.07 0.14
Lactobacillus spp. 0.00 0.00 0.21
S. cerevisiae 0.00 0.00 0.14
Constant , 25T A. oryzae 0.00 0.00 0.21
Lactobacillus spp. 0.00 0.00 0.21
S. cerevisiae 0.00 0.00 0.14
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3. CMS-AY-LAC - TMF 2 &3 4

2

ks

rob

off
ol
£
il

N

(] MS 2] 8k v x|kl A, oryzae, Bacillus subtilis ¢ % 55 2
St AL

Jlm @

0_|.4
SRS
‘>‘J_Al

Kl

2
S

pot

(1 A= 3 U

=

kol CMSE 217} 3%} 6%S S 3 A oryzae, Bacillus subtilisS 5%°l 4 20% 7}
TR FJEete] w gl ol &3ttt ZH2te] CMS & %2 vl A& TMRel| 20% AF-&-3s)
492 J1Fow HE TMRI CMS7} 3%, 6% ¥%=5 E3atdnh. wpebs wxute] A
MSE HAME Eom BANS AS s 1506 6% 0% AN 4 Aok
CMS 0%+ CMS Al S/7E Adstdh. vjAue A& By Faj7t $e s 542
= WARA s, AP Al A= FEEES et SRTE °JE'—’F%
2 BE3te] Ao o] &3 AT. A oryzae + seed culture(0.3g DM/10mD)E 1Lo 20mlS %
Foto] 29 EoF 30C AlA wjYste] AMESIH Y. Bacillus subtilis © seed culture(8 x 108
CFU) 1Lol 10ml& HdF3ste] 19 &<k 30T oA widate] Ab&atdtt. CMSeF vix| o] E3HE
of Hl¥ES HE F 30TColA 29 &< widd & AES FHoto] Aol o] &3ttt ZF A ¢
= 3NrE o7 43519 o sampling ¥ HFsle] 2wl Ay NPN #40] o] 8314

R
) ﬁ

o3
@

h. 2 dEE £

AlRE dAx B3 LS 05g A #Hste] A (Kjeltabs S/3.5, FOSS) ¢} sulfuric acid 12ml
S digestion tubeo] #7}3F & 420C°ﬂ A AAIZE Fok YT 1 3 Kjeltee 2200 A XS o] &
slo] #E3F £A4S 3 F 0.IN HCl 2 HAste] A4 stk 842 Q)

¥ 46 5F2E CMS A H 2 #+F AT

HZ ek sample No.

A. oryzae B.subilis CMS 0% CMS 3% CMS 6%
5% 5% S1 S10 S19
5% 10% S2 sl S20
5% 20%% S3 sl2 s21
10% 5% S4 S13 S22
10% 1096 SH S14 S23
10% 209 S6 S15 S24
20% 5% S7 sl6 S25
20%% 10% S8 S17 S26
20%% 2096 S9 S18 S27
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(2) 4% 23

S1 S2 S3
S4 S5 S6
S7 S8 S9

= ATt
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S10 S11 S12

S13 S14 S15

S16 S17 S18
2% 9. CMS 3% 7F 38 v ute] mAES A [=o A w5}
CMS © EF F#o] 3% 4ol CMS 7 #EA ge gzl wa v
Aol A dast AbE AAG AR #del Agete wAE AR
& 99t ol 29 ol Fol8 e Ak g CMSe] o] &3 A
BAee Y 5 U9 A ot
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S19 S20 S21
S22 S23 S24
S25 S26 S127

19 10. CMS 6% 7} Ege vixEtel] mAdES JFske]l Az AbRe] A W3t

CMS 6% &3xa9 AL A oryzeE 5%, 10% HE3 A FoAeE Haze mAE 4%

o] HHEA Fow, A oryzae 20% HEIF ATt v A= o] AFHJ. EI
B. subtilis & HETHFo] S71Ed4E A onyzaed AHE F7HeHS ol= A. oryzae ¢ B.

subtilis & 7 H=3IL 29 A3 7F9 Positive interactions OEH CMSE ¢ gyxo=

ol At = F Stk
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a9 11, CMS 6% 7F &3 v Aatel] S JFste] BaAZ AR Febuld w5h(%)

45.00

40.00

35.00

30.00

20.00 H before

Crude protein (%)

o after
15.00

25.00 I
10.00

0.00 -+

51 52 53 54 55 56 57 58 59 510 511 5§12 513 514 515 516 S17 518 519 520 521 522 523 524 525 526 527

I
|
|
|

______—

Smaple name

HxTok A 2v AR 29 wigSs =l Sheo] Frbeke Ad¥de Bl o=
gE F A= A mE mAE A w@eide]l SRR Jlem dAddEd. B9 B
subtilis ¢+ A. oryzae®l HE#ol T7F s oA o] Frkete As Ed & A
ATk ole 7] HEFO] WAV witel] AAEe] ¢S I Aem B 4 glom B
subtilis ¢+ A. oryzae 7} A2 FERAA 0 Z 2Egirta nlFo] Jzxa 4 Qo)
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(1)

A 2 gy

1Az WAAE

13
.

5]

47. F¥ CMS A8 & 2 #5F HF

AL T

h s

o

NW= ol A. oryzae, Bacillus subtilis & /& =

2
to,
QL
kl
td
rld
>
o)
o
i)
rlo

o

HE sample No.

A. oryzae B. subilis CMS 0% CMS 3% CMS 6%
5% 5% M1 M10 M19
5% 10% M2 M11 M20
5% 20% M3 M12 M21
10% 5% M4 M13 M22
10% 10% M5 M14 M23
10% 20% M6 M15 M24
20% 5% M7 M16 M25
20% 10% M8 M17 M26
20% 20% M9 M18 M27
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(2) 4% 23

M1 M2 M3
M4 M>5 M6
M7 M8 M9

CMS 0% A&7 Ag AA Aol v A uta= de] vy S #ES
AR T3t A oryzae HEFol S/VETE A oryzaedl 3% 7HES ooty B
subtilis®] A& ZFo]l 7t wet g% =2 A4S BAvh 2aFH 94 AT o g
HAE 7HAH Frketlar AAIA 0w wE
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A. oryzae®t B. subtilis +

&ol =A dEET

M13 M14 M15
M16 M17 M18
19 13 CMS 3% 7F € WA el mAES HEste] THEAIZ Abme] FAIA ®ws)
v 2 uke] AE 3 EAd A 3% CMS Az +7F dlEzFro v nAdE 43S Bk Ea
= ¥ AHAAAE BAx, JEFe] TR dEaHd vAE A
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N

13 14. CMS 6% 7F &35 s AlufR|o] nAES dE3te] HaA 7 Alge AAA W3

CMS 6% AT E= Aoryzse & 20% HE3 A Fol gt njAE o] A2HAL A
oryzae 20%, B. subtilis 10%°14 71 =& A4S B}

o|xe] Aol A wiAE W= WAWMAZE A oryzaed Aol stk ddkEh Begk

CMS #tgo] 5718 5 vAEY AFo] dAdt= 4 vhAl g i g = QU3

oryzaes g wdAS A HY B osubtilis oF &3 wjgE HS- —Cr)—ouj E
=

ks W olyel #5719 positive interaction®l] o3 A &S0
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T3 15 CMS 6% 7F £ Mol vgES Qs WaAz ARe] 2umd Wl
(%)

35.00

30.00

25.00 — —

20.00 — — — —

15.00 - - | | _ Ebefore

Crude protein (%)

o after

10.00 - = L = =

5.00

0.00_ II I I

PTELI LR PP PIFIFTIIFP PP ES

Sample name

HAEA + CMS + W AEe] A9 v AEE ARES Afe] Aet o] WAE HFFol
St 5 zdeid ko] Frkglon, CMS 6%°M}%ﬂﬁ%5@%A<%W%94ﬁ£
Fol 10% oldd 4+ 8 =

J 7ol

jiv

o
4
MN
o,
ox
o

o

0%
i
o,

A

>
Ko}

o o
91_‘

(03
Wy
T odo o

2] Ay A v A Er WA Ao CMSE 7t vMAES HEE 4+
$& QEeel gugle] Mg welad AR 6% AEAL

FE10°2% olFoR FAANY AFA Aol LA ol5ol

o HlA el M ) g FE 3

2 3ohel paew TMRA A4 A3dl EAA AVHL

)
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—_
o

t}. CMS + B|A8 + A oryzae, Bacillus subtilis 2] ¥ 3A| 7S &g

H| 1l

A9 1ol AkE 37FA] =1 (S15, S24, S27) & AFRE #19

B
—_
file)
xr
iz

B.subtilis

20
20
20

A. oryzae

10
10
20

CMS(%)

S15
S24
S27

se] A7)

(7}). NPN &4

A Wi o7

W2t

Fol 125ml

)

B
8ml9 10% ¢ sodium tungstic acid & H-S

- 2573

el

15
o

ey
T

10ml1e] 0.5M sulfuric acid

g 1

o

ol

i

g Wrhstel &

P
T

ki3

A

overnight A|Zth. 1¥ t}

el

s

=]
RUS

0C oA 30

t}

==
o T

= -
-

Atk H2 Al

fex]
A

B

Watman #541 filter paper & o] 3}

KN
=]

KeN
=]

<
o

BR
—
o

=
i)
el
o
!
<
i~
B
—~
file)

ruze]

X
Nr

60T ol A 484]

o))
<
il
o

Ton

YAl A. oryzae’t A3

OE

ol 24

A %

EREE

*

Aelel 45

wlF e

]

20

15&

S

Sk

gt

l

HH

122471 Bt

3

Aol o

CMS 6%

1
T

¥
ol

B

o

ojy

)

o gebEch ady 49 74A e

RAE CMS7F 8

ol ddsA Aet=

o= v A

1
s

49 wjoFEr A ele}
ek

iy
LO

mM JJo
LoLaN OW
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1 5}

S15- 2day S24- 2day S27- 2day
S15- 4day S24- 4day S27- 4day
a9 16. CMS 3%t 6 %71 £3% v Ao mAES FEste] TEAIZ AR BAA
50
&
£
g
g m Oday
s W 2day
=
S | 4day

S15 524 S27
Sample name
9 17. CMS 3%¢H 6 %7F &3t HAtel] mAES HFste]l TR AR 2d

A3k (
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30.00

20.00
2
£ m Oday
= W 2day
10.00 - m 4day
0.00 |

S15 S24 527

Sample name

1% 18 CMS 3%t 6 %7F Ed wAel vAES HFste]l TREAIX ALR ] NPN
A3k (

A 19 A FdEA 4Y WY Foll = U]‘ﬁ%gl Aol ket g 2awE el ol
S7teke A o 4 Jdvh NPN ke S24 A g Zasta S15 2els wjdr|ite] &
7hghol whel AAF F7kekadth S15 ﬂﬁl?-‘ﬂ A5 A Eo] CMSHETE vl A k] ol g5 o] &3}
of A=A ddS FAT A om Aot wpebA w g Eo] H A HFe] Tuld S Faf s}
of o] &3t T oW ikt ARAL e = o] A A E ol 024 NPN §Hgo] St
5t Ao 7 AdHtt S24 (CMS 6%, A. oryzae 10%, B.subtilis 20%)¢] 74% FF 2] n|Ad&Eo] A

Zrol Aol

= positive interaction o 2]&] CMSe] ¥3%H NPNS §3%4 07 o]83to] nj7]
whel NPN 38 Azl Ao s Agdn

+o]

ol
e
fol
rob
M
o
ol
1o
Jm
ox

o} CMS + WAl A + A. oryzae, Bacillus subtilis 2] ¥ SFA17HS &2
W] 3

(1) A= 28y

AP 20A AR b e ARE 9o Am 2 pEn FAsA A BA s

CMS(%) A. oryzae B.subtilis
M16 3 20 5}
M18 3 20 20
M26 6 20 10
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(2 28 A%

WA A+ CMS + "] AES wjds 45 29 vjgA]o= CMS 7F 3% ESHe A 2] gtol At

MAE Ade Sdom AT ¢ AT 49 wdFols B Aol mdE A

M16- 2day M18- 2day M26- 2day
M16- 4day M18- 4day M26- 4day

19 19. CMS 3%} 6% 7F &3td WA Ael mAEE JFske] LA AR FAH
1 3}
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40

30

20 +

Crude protein (%)

10 +

M16

M18

Sample name

M26

m Oday
m 2day
m 4day

2% 20. CMS 3%%t 6% 7F &34

2 (%) Wst

H A A] o]

MAAES HEske] TR

29

20.00

10.00 -

NPN (%)

M1eée

M18

Sample name

m Od
m2d
m4d

19 210 CMS 3% 6% 7F &3 v Al

(%) W3}

HjF71 3ol Ad 5 EE A gdA el gkl
oryzae 20%, B. subtilis 10%) &2 7

Fglglont v gl Y =A Fhshach ol:

oA AAsE = Q= W B subtilis ©
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S 7FelA . M26 (CMS 6%, A.
49 29 HjYdA] SetoRE mAE] WHEE BAe
A. oryzae °] 745 =& $hFe] CMS
45 CMS o] =& AFoe 43T 5+ 3




ANE HPAoE HAFET ol& F3 WAWAd CMSE A 49 %7 widd= B
subtilis o438 L& A7l 3 F7] wjdol A oryzae E ©o]&3 WHS AREIchA HEFI
nAgEe] AFES UL =d ¢ U8 Aow #ddy. oyl WHo=R B subtilis 9 A
oryzae & A7 W&Z HFsle] AFEH CMS AME#HS S S/ = e Ro=
AbRE Y Bl% NPN SRl sls= B subtilis A& 0] B2 A FollAd 27 wjdaAolA
Hastes AFS BAow A oryzae © Aol = ol Folxl AS vhA Frteke YIS B
At ol A oryzae RUY}  B. subtilis 7} CMS9] NPN<S U2 2 o] g&3sle] wA&E A o
A5 pdstta AR ARG B3 A oryzae 7t A FsE @A A E CMSS] NPN R ¢
A= e SiAS A2 peptide® Easte] o] &3k Hl&o] FUHFo 24 NPN &
ol Sttt ddE
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ul. CMS + W XY + A oryzae, Bacillus subtilis &3 EALE7F W90 wta g3t 54 9
v 2= G

o

A9 3 ol Add S159] 2 Wi AE 5275 49 mjkdt AlEe] thR wbEe
o

SBC negative control

SBC + CMS positive control

S15 - 2day incubation

(CMS 3%, A. oryzael0%, B.subtilis20%)
S27 — 4day incubation

(CMS 6%, A. oryzae20%, B.subtilis20%)

ferment-1

fermen-2

PR 4%% Fol Al AbS%01 E2HQ FaolA ol HALE FHol A S nE2A A o]

MR ols F 479 A== 78 fdS ¥ bufferet 1:4: Egtste] Aol o]&3k3Ath

(L) AT AR

A 3 oA AdE deE AFste] dxed G0T)dA 1d &t dxd 5 05g A
serum bottle o o] Tol APl o] &stAtt. FAE ETEA HANS o] &l
CMS A2l =72 CMS 6% + WA AMget Tl in vitro Wi & A& 2442 0, 12 1
2laL 2443 o AFH AT 24 Ags 3R o2 Al

(th) pH meterE o] 43t pHE =A 319t}
(T 7k B 2 Ao AA A f8 FAE ol &t SAsAY. SAHS 7
2= AA A AFe gas sample bagoll Fx1ete] 39T wjg7]el Bysto] F5 FA o] o] &3

Fd AmE ARA#4ADE ol&ste] A2 105ToA 413 A= F

(v}) mfFAo] EAsl= FEYolel wx+ wid 20ule]l 1ml phenol color reagent 2 1ml

alkali hyphochloride reagent & &3tslo] 37T 158 vk & EJEA 7S o] &3] =AH3s}
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ATt

(A vk 242 HP-6890 GCE Agdtel Zgstsich. 24 e b o}
OVEN
Initial temp: 90 'C (On) Maximum temp: 260 'C
Initial time: &.00 min Equilibration time: 3.00 min

Post temp: 100 'C  Post time: 1.00 min Run time: 8.00 min

FRONT INLET (SPLIT/SPLITLESS)
Mode: Split Initial temp: 250 'C (On)
Pressure: 14.36 psi (On) Split ratio: 125:1
Split flow: 1749 mL/min  Total flow: 179.3 mL/min
Gas saver: Off Gas type: Helium

COLUMN 1
Capillary Column Model Number: J&W 113-4362
GS-GASPRO_Methane Max temperature: 260 'C
Nominal length: 60.0 m Nominal diameter: 320.00 um
Nominal film thickness: 0.00 um  Mode: constant flow
Initial flow: 1.4 mL/min Nominal init pressure: 14.37 psi
Average velocity: 23 cm/sec  Inlet: Front Inlet

Outlet: Front Detector Outlet pressure: ambient

FRONT DETECTOR (FID)
Temperature: 260 'C (On) Hydrogen flow: 35.0 mL/min (On)
Air flow: 350.0 mL/min (On) Mode: Constant makeup flow
Makeup flow: 250 mL/min (On) Makeup Gas Type: Helium
Flame: On Electrometer: On  Lit offset: 2.0

(o}) VFAE #i%d] 1mlE 200ul® metaphosphoric acid®} &3dtsle] 4Ceo] 308 WX 3 3
HP-6890 GCE A}l&3to] =A%)
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OVEN
Initial temp: 100 'C (On) Initial time: 0.00 min
Ramps:
# Rate Final temp Final time
1 800 190 5.00
2 0.0(0ff)
Post temp: 190 'C Post time: 3.00 min Run time: 16.25 min

FRONT INLET (SPLIT/SPLITLESS) Mode: Split

Initial temp: 220 'C (On) Pressure: 12.23 psi (On)
Split ratio: 1:1  Split flow: 0.8 mL/min Total flow: 4.6 mL/min
Gas saver: Off Gas type: Helium

COLUMN 1
Capillary Column Model Number: supelco 24107  nukol
Max temperature: 200 'C  Nominal length: 30.0 m
Nominal diameter: 250.00 um  Nominal film thickness: 0.25 um
Mode: constant flow Initial flow: 0.8 mL/min
Nominal init pressure: 12.23 psi  Average velocity: 23 cm/sec
Inlet: Front Inlet Outlet: Front Detector

Outlet pressure: ambient

FRONT DETECTOR (FID)
Temperature: 220 'C (On) Hydrogen flow: 35.0 mL/min (On)
Air flow: 350.0 mL/min (On) Mode: Constant makeup flow
Makeup flow: 25.0 mL/min (On) Makeup Gas Type: Helium
Flame: On Electrometer: On  Lit offset: 2.0
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(2 28 A%

Alzbol Ao mel sttt 53 CMS 3 7F vxu; g z=te]
] OAIZEe] pH7F th& A el3- B} pH7F =4 SAH AT o
Soluhgty] WE o2 Atr

r\r

7.00

6.80
-~SBC

< 6.60 -=-CMS+SBC

-+ferm-1

6.40 —ferm-2

6.20 ‘ .

0 12 24
Incubation time (h)

a9 22.CMS + U A ¥ + A oryzae, Bacillus subtilis 323 52 pH W3}

27] 0AZF A AE Hage CMS H7TAM 2 vebgom o WY 27 CMS 7t
Felow wolibghy] Wl w@ ferm-1 Azl v} b AelF wrh 07 AEEHS
o] Y& o] fi= CMS T ako] 3%% the ATl s W] wolth Aol wjekel o
2 % Yot 219l

FRe wRUAE o RaHE Aow ¥ £ gy g 04
HAete] RAS BW UETIF A7ke] A wek g o Ras
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80
g e
> 60
= ~-SBC
=
© -=-CMS+SBC
C 40 —
o0 —ferm-1
o
= ) ——ferm-2
0 5p /
0 T |
0 12 24
Incubation time (h)
80
S
L
260 ~-SBC
< -=-CMS+SBC
o
E, 40 /‘—‘/—’;— ~ferm-1
= ——ferm-2
2 '-
& 20
0 T |
0 12 24
Incubation time (h)

9 23. CMS + ¥ A8t + A oryzae, Bacillus subtilis &
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CMS + ®IAY}F + A oryzae, Bacillus subtilis &&&aALR o] 7F~B A HES A g vpel 72
o AE B U}{ﬂﬂ oA 7 B 7t EAEA e, CMS7F 6%% 7HE
ol FHrEo] i BEAZ ferm-2 A F7F B AZFUAA b @A SAEA T3
Her 7k AP FE F 7t AAFH Ao AAAAE B

100.00

60.00

Jtido A -=-CMS+SBC
-ferm-1
/// —ferm-2

0 12 24

Incubation time (h)

Gas production (ml)

20.00

0.00

a9 24. CMS + M| AY + A oryzae, Bacillus subtilis &3 23 52| 7F 2~ A] =k

15.00
~§- 10.00
c
.0
B —-+SBC
=3
‘é -#-CMS+SBC
o
< 5.00 —ferm-1
T
o —ferm-2

0.00

Incubation time (h)

a9 25. CMS + H| A8t + A oryzae, Bacillus subtilis &3 2 A5 2] methane 712~ A =

2= Aol mlel dzeo] & 3T At A"l 7HE E8kth AP ratios BE A Y
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Toll A 124 el ZHaxsth7h 24413kl vhA] S7bekeE A S B AATH

£ 48. CMS + 8| A ¥ + A oryzae, Bacillus subtilis &3 A5 9 3wbA] A uatk QA &

SBC CMS+5BC ferm-1 ferm-2

Acetate

Oh 10.04 11.22 10.53 11.07

12h 45.27 40.67 35.89 2754

24h 42.85 41.15 35.95 40.39

Propionate

Oh 5.26 5.60 522 5.64

12h 36.23 31.41 26.65 20.32

24h 33.14 30.03 24.81 27.85
Butyrate

Oh 0.41 0.40 0.39 0.41

12h 1.66 1.17 0.97 0.85

24h 1.94 1.16 1.25 1.47
Valerate

Oh 5.86 6.06 5.76 5.95

12h 15.53 16.89 14.90 11.54

24h 14.62 17.85 14.66 16.96
AP ratio

Oh 1.91 2.00 2.02 1.96

12h 1.25 1.29 1.35 1.36

24h 1.29 1.37 1.45 1.45

i F OAIZEel A A g o] ghyol A ko] w2
[e) H =]



thooli= ferm-1 A2l 79 A& Eal&ol & Aol Hle] =2 Ao=w

25.00
20.00 /
g /;
S 15.00
";B —-+SBC
E —_— -=-SBC+CMS
=z :
T -=Ferm-1
Z
5.00 " =~Ferm-2
0.00 . .
0 12 24
Incubation time (h)
12.00

%,

6.00 //. -+=SBC
-#SBC+CMS
--Ferm-1

/ —Ferm-2

Incubation time (h)

3.00

NHsN (mg/100ml)

0.00

-3.00

a9 26. CMS + B A8 + A oryzae, Bacillus subtilis &3 @A ALg 2] R yo} A
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vk, CMS + WA R + A oryzae, Bacillus subtilis &
of mx]= 3t

A9 3 oA 4w S159) 2 WG AT S27e 4Y WFF AT U@ W3R wE A
w4 waeln
Mush negative control
Mush + CMS positive control
M16 - 2day incubation
ferm-1 .
(CMS 3%, A. oryzae 20%, B.subtilis 5%)
S26 - 4day incubation
ferm-2 ..
(CMS 6%, A. oryzae 20%, B.subtilis 10%)

SAEAS. g 1242 74A
IbH CMS 6% 7= 124
2 Z7tste 4TS B

A% RIge CMS L R Anwgs
CMS 3% d7F A2l el dzTs Aauee] Paee uoli
7 7A A BeH T} 1243 o F 24413 Aaws)

ATt

)
N
rlr
Py
o
fu
iz e

=

~
N
)
2
Hm
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80

&0 —+—Mush

/// -=-CMS+Mush

/ e 2

L R e / ferm-1
,/,/,~/’///’.’/"”!/"";—”—;1 ~—ferm-2

20

0 12 24

DM degradability (%)

Incubation time (h)

25

20 4

ES

E 15 _ —+-Mush

= "~ -=-CMS+Mush
el

o —ferm-1

g

o ——ferm-2

=

(=)

\
\

Incubation time (h)

a9 27. CMS + WA A + A oryzae, Bacillus subtilis &3 EA AR AEH3]&

A

w2}

)

pem e WMAAT WFE HETS CMS A ET I ujEA el

h

= pu ji [e] ] é:—
T Y A4S By w8 HYFELS CMSHY skd #ASlel LAl FUs
Fe vEtlth v B vha B 3 Ado] FuAAE THAH s FA el w
St
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50.00

40.00 —

E

§ 30.00

: / / i

e

g- 50.00 -#-CMS+Mush

& -+ferm-1

Ly}

o —ferm-2
10.00

0.00

12 24

o

Incubation time (h)

19 28. CMS + WAWIR| + A. oryzae, Bacillus subtilis &3t a A}

w
kS
N
[>
i
o
o

5.00

4.00

3.00 /
——-Mush
e /A -=CMS+Mush
' —+ferm-1
—ferm-2
1.00

0.00 ﬂ T T

CH4 production(ml)

Incubation time (h)

19 29. CMS + WA R + A. oryzae, Bacillus subtilis &3 & A S ¢ methane 7}~ A A
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¥ 49. CMS + WA A + A. oryzae, Bacillus subtilis E3EALE 9] kAl A ubal A =
Mush CMS+Mush ferm-1 ferm-2
Acetate
Oh 10.36 10.33 10.91 10.57
12h 20.20 19.91 15.14 16.87
24h 21.76 28.57 26.60 25.25
Propionate
Oh 5.10 5.15 5.28 5.27
12h 12.43 13.02 791 9.37
24h 13.48 17.61 14.34 13.86
Butyrate
Oh 0.32 0.29 0.30 0.33
12h 0.94 0.70 0.50 0.47
24h 0.61 0.69 0.76 0.65
Valerate
Oh 5.70 5.49 5.89 5.61
12h 9.70 11.07 8.05 8.81
24h 9.49 14.27 12.20 11.99
AP ratio
Oh 2.03 2.01 2.07 2.01
12h 1.63 1.53 191 1.80
24h 1.61 1.62 1.85 1.82
ol PYFE BE 9 o ETol A AL met Frhshgith 53 CMS & 3
Ve T v we S/ S Helom 12417 o] % dixFo Hlsl CMS H7F &
T A7 gz 2o =S A Es HETh
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20.00
1500 /
E
=]
=
En 1y [ e — e
= -a-SBC+CMS
z
< —Ferm-1
z
5.00 / -4 ==Ferm-2
0.00 i |
0 12 24
Incubation time (h)
8.00
__6.00
E
=)
S
EB 4.00 _~*  —SBC
= -#-SBC+CMS
z
T / -+-Ferm-1
= /
2.00 ——Ferm-2
0.00 | |
0 12 24
Incubation time (h)
a9 30. CMS + AW A + A. oryzae, Bacillus subtilis T3 AR 2] R Yol Ak
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Ab. CMS + BIRAYF + A, oryzae, Bacillus subtilis &3 EALE S o] &
W e Adde 54 o vxe= 9

1) AM=e 2 P9

SBC negative control
SBC + CMS positive control
S15 - 2day incubation
ferm-1 ..
(CMS 3%, A. oryzael0%, B.subtilis20%)
S27 - 4day incubation
ferm-2

(CMS 6%, A. oryzae20%, B.subtilis10%)

b AlgALE

CMS + W|X|8 + A oryzae, Bacillus subtilis T3HEAEE TMR 9852 AFEE 49 v
Z9) stolAel MEART 54 o MAE GdRe Wrlels] fel ohelel moh 2ol wigahel
Aol ol &&tqlth. w3 TMRO 544 wdd A5 Fuol ddastA &7 wiol AA
TMRE Wastel 240 o8 4% 4% Ame] AQ4 ¥ FAsng s Bx Auw
2318 AZar] olde wAol AT odF wAL WAy 4 wHE AZeAr) A
LEda AARE A BE d5E &FELE ARSste] wid ¥ wigeislen 2ades
77} 2004 EFHES S A4k Eol vebd wguE NRC AFFEEES 7
2 3o TDN 72%, CP 82% ME 1.5, NDF 15%, ADF 12% 12]3L CF 9% = A A3t &
AEH FABA)A AFehE B ATMIENG 2D ol gatel Axtata
CMS Ingredients (%)
casein 2.374
starch 11.863
xylan 5
Sigmacell 56.763
lignin 4
samples 20
Sum 100

< A1 g >
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I & AT G271 SRR 1204 TAAWE 1242 AF 29D

stk Wl 24424 BE el Tt e daTl s} ok 42 Eom gasirt
6.90
6.80 +—
-+—SBC
:Ic:n. -=-CMS+SBC

6.70 -+ferm-1
: \ -«ferm-2
6.60 ‘ .

0 12 24

Incubation time (h)

29 31. CMS + vl A + A oryzae, Bacillus subtilis &3 @A S o] 83k 213 TMRC pH
H 3}

of mlsl L& A7k 376% 74A =k 01

TR AT el £
o FEAGA GF RO WFI AN 21

E‘.
3R o2 WA
agozA Bl U

mlo rlr
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80
S
Zz 0 ~+-SBC
_g -=CMS+SBC
el
I e %
:.? a0 ferm-1
-] —-=ferm-2
=
g 26
0 T T T
0 12 24
Incubation time (h)
13 32. CMS + 8| A + A oryzae, Bacillus subtilis 4 A8 E o] 83 ¢l TMRe A

1
H =] o
=&

7 AR wE g gl & v R gl Y 274% 22 dERh o= s Abse]
CMSE #H7he A% whgsi darh S 4gd 5 glem, da A2 7 CMS H7}
T ok 7k Aol A AolE BelA @i T AT HJeRA CMS HhEE Hs
T A Ve AAE Ak ' A FE T haAd g gdd AFoE v

FAIZel whek 7k

80.00
= 60.00
E
c
.0
5 40.00 cns
E -=CMS+SBC
tE ~ferm-1
T
O 20.00 —ferm-2
0.00 .
0 12 24
Incubation time (h)
19 33. CMS + H| A + A oryzae, Bacillus subtilis €32 3AEE o] 83k 213 TMRe| 7}

A
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CH4 production(ml)

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

—--SBC

12

Incubation time (h)

-u-CMS+SBC
-ferm-1
—ferm-2

13 34. CMS + B|A ¥t + A oryzae, Bacillus subtilis €A AR E o]&3 ol TMR

methane 7}~ A &

2 o\

i

L

_'6;’41:11—

5

A

.

x] H}AF o

o

sFo] o] o

H A Zboll wheE)k F7F8F T Acetate

R 1 =
e

ATl A F

A3 Fo

, propionatex= &9 4% Wi 244134 Th2 A g ol Hlsf w7
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3% 50. CMS + M| A8t + A oryzae, Bacillus subtilis &34 A5 E o] 83 ¥ TMR 3¢
g A B
SBC CMS+SBC ferm-1 ferm-2
Acetate
Oh 9.74 9.58 9.41 8.67
12h 17.75 18.46 20.22 18.44
24h 31.46 32.60 30.72 30.84
Propionate
Oh 454 4.68 4.38 4.16
12h 16.24 18.58 21.08 18.76
24h 33.88 38.60 34.79 37.02
Butyrate
Oh 0.28 0.27 0.27 0.24
12h 0.87 0.61 0.00 0.27
24h 1.31 1.20 1.16 1.14
Valerate
Oh 516 5.09 5.08 4.69
12h 7.68 8.85 9.73 8.65
24h 11.53 12.63 11.95 12.17
AP ratio
Oh 2.15 2.05 2.15 2.08
12h 1.09 0.99 0.96 0.98
24h 0.93 0.84 0.88 0.83

WF 0AZEA o] grfol A FS CMS A7 a2, wE Aol delw dxre sow 2

g = Aotk mA CMSE A7hd AT

of Haste AP WAL ol Azl Aol met
= [©)

2 And ok 99 AF Bag 7}
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0 12 24
Incubation time (h)
0.00 |
( 12 24
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i
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= —-+Ferm-1
= e E
= -4.00 \ Ferm-2

-6.00 S

Incubation time (h)
19 35. CMS + H|AY + A oryzae, Bacillus subtilis &L 3 A8 S o]83F <l TMRe <

myol 44w
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ifﬂ-lﬂl:é‘_/\]_g,eé

o}, CMS + WABN A + A. oryzae, Bacillus subtilis <33

A HEAI 54 o MAE 9P

N2

1) A= H

o]

&

rok

Mush

negative control

Mush + CMS

positive control

ferm-1

M16 - 2day incubation

(CMS 3%, A. oryzae 20%, B.subtilis 5%)

ferm-2

S26 - 4day incubation

(CMS 6%, A. oryzae 20%, B.subtilis 10%)

Ingredients (%)

casein 6.77
starch 15
xylan 5
Sigmacell 52.903
lignin 0.327
Samples 20
Sum 100
< AQ gy >
Al S A w2

(2 49 Az

pHE E+=
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7.00

6.90

6.80 ,:_—:_"’/ -~Mush
z . \\% -=-CMS+Mush

6.70 -~ —aferm-1
——ferm-2
6.60
6.50 : .
0 12 24

Incubation time (h)

138 36. CMS + WA A + A. oryzae, Bacillus subtilis E3EAIEE o] &3 ¢l¥ TMRY
pH W3}

< txETel vls) FE A7 6710% 7HA =okvk ey CMS H7F i 2T oke
B BAow wE At 27F vl 24X A 55.22% = el &l 7 skt

DM degradability (%)

80

50 . ——Mush

40 e -«ferm-1
—~ferm-2

20

0 I T T
0 12 24
Incubation time (h)

37. CMS + WA A + A. oryzae, Bacillus subtilis &L EAE S o] &3 213 TMRO
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Thos MAF EF ABEAST} bR g2 TR 375% A etk o= Ag 74 s
2ol AmAtR CMSE H7He 4% wa9d Zart S8 488 5+ vk CMS 7t
WZT7E RE 2447 A 7433ml 2 7Y 2 vha AAFE usith W AT F ka4
A Ede FFom wj ARt wet Srkskl o TR ATt 2004 238]E CMS A7 o
27R0 2o AFL By
80.00
= 60.00 /
E
c
.0
g 40.00 ~ —+Mush
'g -+ CMS+Mush
Y -+ferm-1
Ly}
® 20.00 —ferm-2
0.00

0 12 24

Incubation time (h)

1% 38. CMS + WA A + A. oryzae, Bacillus subtilis U EAIEE o] &3 ¢1-¥ TMRY
TR =

8.00

7.00 4
6.00 //r
y 4

E

E 5.00

%’4_00 -+Mush

8 //// -+-CMS+Mush
o 3.00

< -+ferm-1

3 -

L 2.00

1.00 //
0.00 / | |

Incubation time (h)

a9 39. CMS + WA A + A. oryzae, Bacillus subtilis &AL S o] &3 <13 TMRY
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methane 7}~ A &

2

BE 3 A Wako] w kAl Zbell whel F71SlSdTh Acetate, propionate ©F butyratet™ W& %
g7 iz vle] =2 AEgS Yeldlow, o] pH Wglel A gt

3% 51. CMS + WA ¥R + A. oryzae, Bacillus subtilis £ EALEE o] &3 ¢l TMRY 2
HkAg

A Ak B

Mush CMS+Mush ferm-1 ferm-2
Acetate

Oh 7.95 077 8.77 8.95

12h 18.55 18.78 18.78 17.00

24h 32.21 32.91 34.27 34.48

Propionate

Oh 3.82 3.81 4.09 4.14

12h 17.73 19.12 18.51 17.19

24h 38.13 40.37 43.17 44.28
Butyrate

Oh 0.23 0.22 0.24 0.21

12h 0.97 1.31 1.06 0.98

24h 1.58 1.54 1.71 1.69
Valerate

Oh 4.57 4.40 4.96 4.80

12h 7.88 9.08 797 7.36

24h 12.42 13.29 13.21 13.58
AP ratio

Oh 2.08 2.04 2.15 2.16

12h 1.05 0.98 1.01 0.99

24h 0.84 0.82 0.79 0.78
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Mg OA Al S] kLol 44 e thETFE AL CMS B R, W Ael Pk FAsA
A vbebgor], mE el Tsh el M Akl wek A3 gashis FFol ek CMS
AT 1o 43 2 Bow ghwrjol Yol Fasts FFS uarh.

o
rr

6.00
. :
= m
E 4.00 e
S o=
‘E'B —SBC
£ -#-SBC+CMS
Z \\
T 2.00 ~+Ferm-1
Z
\ ——Ferm-2

0.00 . .
0 12 24
Incubation time (h)
2.00
T 000 he—— T~ .
S q 7 24 —+SBC
".é"ﬁ -+ SBC+CMS
= -+Ferm-1
T s E
> -2.00 \n Ferm-2
-4.00

Incubation time (h)

1% 40. CMS + WA WA + A. oryzae, Bacillus subtilis T¢HEAIREE o] &3 <13 TMRY

PR Lor 4%
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Al 2" TMF & frabetAlAle] g 2 TME Sd#27¢ 24

[e]
L ke e 2 F3

7} 12 2384y

U] TMFoA &3] AMgstE 42, $u, e 22 AR AML A (S5, 79,
Ik Tdgl So, Eke] YPEjol] whet 1009 F

0282 A3 MRS HA A HFata 37C
3 83 F(DSB01-DSB08)Z 12 Awka}

0.02% Na-azide?} &9 MRS A uj x| ol A 484 7F5<t vl ksl oS
ot Wy & 2B 5(12%) 5mS H7beka

_w) %% 52 440

S 1 314
o —% w3ttt e

S MRS brothell A 0.1% (10%/ml)*
HEste] 37ColA mdstsd e, ODgyp MM 3= pHE S35

e, 12 Mg FATF 8-S 37T oA 484 7HE o ok
3 002 243 MRS brothd] 2z} &2k njeFal S 1% A
dom txTEA pHE 2A3A &S MRS brothel 7z} At v 1968 S HE3)

Ho
.
Q2 T
>~
Pl
ofo
of
ol
3R
S
ko)
s
w N

32 o o
ol
ol
Q

t}h. H% % Oh, 3h, 6h P FSH v S 31435l MRS agar(0.02% Na-azide 7h)e] =2
Skl 37ColA 48A17F st & FAT & S5

12 AdrE A 8FS 37T ol A overmght kst S ARSI TR MRS brothol bile
=2 A}%E}Oﬂou:" Hujekl 19%9= A 7}ts)h

salt(Sigma) & 0.3% % 7}0}1 Hsk T Y gEAd =
Aom thZ=T(control) 24 = bile saltE H7FsHA & MRS brotholl dujdad %S 4 E3}
t}. H% % Oh, 3h, 6h ¥iF3tar A A3 34ek Fo] MRS agar(0.02% Na-azide F7peol| =

shelom, 3TCAA 48A17F WFT F AR 8 SHsarh
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(2}) CMSelA o] Wi ¥ 54

ZALRT) $18te], FHol CMS 20062 %7}-& F 1
AEshelth. 37CNA Al g 09, 39, 59, 8

9] B-AFHFo] MRS vHljA| oA A Al A LS o] o]oq_ ) 5= A8

A&zt fAbdwith ApolE vERU It DSBO19F DSB07¢] 7 -5, 24

FaE o] Fol A7 Eolvte A S yER WhAE) DSB03E 12A4]3F o] Fof ti

G715 YERHl e, 404 7ol RE A A 7] Eolzkth DSB04¢F DSB05= 12-24A17F A}

S el AT DSB06 vl ek 12417F o] 3ol A A 7S ERY

< 7 wE A7k AAVE YEl e, DSB8 Wi 7)o wE SE=

st ovt a2 ol 5 E = grtetA At Y-S YEY dAA e ® & ), DSBO5,
DSBO01, DSB04, DSB07 57} MRS HjA|el| A ] Aol iAoz 43 Ao dAdsd

FAb wjgele] pHE W 271 FAS gasteil AA/RE gwsA AstEs w9
2 Ve % pH 682 Ao wjgalzie] Aol wek pH 40 FEoR Asge
913 & 9l9ith. DSBO2E Al9@ BE Akt wigelo] Wl 4047k o] FHEE thE w4
2o AT AAY F Qe £7 pH 4 olshE FAsT

o]

K\

6 —e— DSBO1

—m— DSB02

/———l———l DSBO03

4 DSB04

//./ /ﬂZ_—o—o—o —%— DSB05

3 —e— DSB06

/ / / —— DSBO7

2 / —=—DSB08

1 /

OH 6H 8H 10H 12H 24H 40H 48n

b 2FA| ZH(hr)

oDb60cC

1% 41, MRS Aol A 12k ddbe d5] A=A
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8
7
6 ' —e— DSBO
5 —m— DSB02
DSB03
Iy —8—3 DSB04
e —x— DSB05
3 —e— DSB06
—+— DSBO7
5 —=—DSB08
]
0
Oh 6h 8h 10h 12h 24h 40n 48n
B 2FA[ZH(hr)

1Y 42. MRS ®iA| oA 12} Ak w59 pH W3}

(b 13 A kel ALy

Fig. 2-3(A)oll A HE upe} o] tizo A thitite] fAaktol %7] 10°cfu/ml 70l
A 10° cfu/ml 3oz §2 471 271890 pH 3.00.2 # MRS brothol] Hj%g 7

=

%, DSB01, DSB02, DSB06, DSB07, DSB082] <+ #FA3sk wbAH(1Y 43), DSB03, DSB04,
DSBO5Sl 2ol 457k A9 gashd ga FA8A olsh ¢e Anz i, DSBS,
DSB04, DSB05 o7} & dFERY Yikde] daidoz 73s & 5 A
(A)
1.E+09
1.E+08
—e—DSBO1
— —m— DSBO02
E 1.E+07 DSB03
2 DSB04
<F —x— DSBO05
-;ES 1.E+06 —e—DSBO06
——DSB07
—-_DSBO08
1.E+05
1.E+04

Oh 3h 6h

bl kA ZH(hr)
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(B)

1.E+09
1.E+08
—e—DSBO1
—m— DSB02
£ 1.E+07 % DSBO03
3 DSB04
F —%— DSBO05
el
= 1.E+06 —s —e—DSB06
—+—DSBO7
—=—DSBO08
1.E+05
1.E+04

Oh 3h 6h
bl 2kA| ZH(hr)

a9 43. MRS A4 12 A 752 ik Hlal (A: Control, B: MRS broth
adjusted to pH 3.0)

(h) 17} kg farare] WekEA
0.3% bile saltZ 7tk MRS iAol M o] A7 AR5 AR A3} SB04 ¥+ HF44A
o) AR #47k e8d SUEeRA ERdl W 5 Ao vEhhth 28
U, SBO2 #FE #UE 748 gadtt A8 dewows wEite kg 548 yEh
Aot @9, U DSBO1, DSB03, DSB5, DSB06, DSB08 o] Agolle FFEAae] &4

T,

T
Stoll & wt7F Aol HAshA] BoH(1d 44), HEFAHol ¢ Hor AdHAY
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(A

1.E+09
1.E+08
—e— DSBO1
— —m— DSB02
T 1.E+07 DSB03
% DSB04
le —x— DSBO05
= 1.E+06 —e— DSB06
—+—DSBO07
—=—DSBO08
1.E+05
1.E+04
Oh 3h 6h
i 2EA| ZH(hr)
(B) 1.E+09
1.E+08
—e— DSBO1
—m— DSB02
T 1.E+07 DSBO03
% DSB04
?E —x— DSBO05
= 1.E+06 —e— DSBO06
—+—DSBO07
—=—DSBO08
1.E+05
1.E+04

Oh 3h 6h

HH 2FA| ZH(hr)

19 44, MRS s Ao A 12 Adre 2] WHE5A v a(A: Control, B: MRS broth
containing 0.3% bile salts)

(2h) 12 Adg 739 CMS g 54

)

CMS EA|sto Ao FAakde] S EAHLS TMF Ax§ dFAdo] 9ojx w$- =93
o 9" H7 A &3 CMS 20%5F HA7psk o 12} A
A BE ve} zZoh DSB03# DSB04 w52

1FREE gasts 43S e

o
N
Moo 2
olN
=il
EN
o
)
o

4T

2 o o

©

Jo

>
[T
32

o
B

[o's)

e

o
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. DSB4 #59 Aol g 297A #4h EAheE RAE JEhgen o $RE 8%
A e MAE 6}% A YEW oz, CMS WAoo o] e S5 A4}
ST, DSBO3 #F9 Agolt WP 82A wish AAE past FAZ Yehol
CMS Mol A el A gelo] S48 Wow et su, oA fakwe] 4o CMS W7
oA 290 o] FXE w57t FA3 Hasts FAE Yenigle, DSBS #RE v #F
Sol e AUAeR F4 i FAT AR

1.E+09
1.E+07 -
\\ W\ —e—DSBO1
—ma—DSBO02

\\ \ DSBO03

1ET0S \ \\ \\ DSBO4

<0 \ \\ \ —e— DSBO06
1.E+03 +— DSBO07
\ \\ \ —=—DSB08

1.E+06

(cfu/g)

|

1.E+02

1.E+01
1.E+00 \ \

9 45. CMS v A A el Lactobacillus ssp. 73 &=

CMS+= carbon source ¥ UF JFA7t F5317] wto A HS carbon source & HF
3t CMS A -5-3Ho] -3 fFAtS o] &3thd 171e] MRS WA S dF = AHEE giA
g 4 S Aoz FAdHEHAY wEkbA, CMS 20%E g3 HHX]OHH-“H AEHo] Aoz
S48 Bk ofugl YA E ¢33k DSB03, DSB04, DSB05 52 TMF A|Z%§ 70 24

=~

Oh AE AwE FFel Fee B2

Fo ded EAS HdAAW A (Scanning Electron Microscope, XL30-CP, Phillips) 2 &
3k, MRS agarel ®id® HFE  FH3E] filter paper® A 12 A%
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paraformaldehyde % 1% aldehyde in 0.12M cacodylate buffer)3}$1 2™, washing
solution(8.6% sucrose, 0.3% calcium chloride in 0.12M phosphate buffer) 2.2 0~4ToA 30
B2F 33 Al 22 1A (2% 0sO4 in 0.12M PBS buffer with 8.6% sucrose and 0.3%
calcium chloride)3}2 washing solution©. @ 0~4TColA 30&E7F 33 Az st o, E43ld]
AZAZ1 39 gold coatingdle] #2319

4 5%

(W) Adbe 2kt

Lo
i
i

A%

AAE FAFFES 5487 Yate] 16S rRNA F42 Ad9S vusts B ESE 54
WS- ARE-3F9 T WA genomic DNA extraction kit (Qiagen, Germany) o 2 W@ iF =5

B genomic DNAE F=3F v, Table 19 primerE AF&3t9 PCR(polymerase chain
reaction) S 3t PCR ¥Hg mixtured A& &3 v}l 50 pmole primer, 50 ng
template DNA, 10x7ag DNA polymerase buffer 5 wf, 25 mM dNTP mixture 4 wl, 7Taqg
DNA polymerase (Takara Bio, Japan) 1U. PCR AF&S pSTBlue-1 (Novagen, USA) plasmid
vectord] Z24 3 S, BigDye M-terminator sequencing kit ABI PRISM377 sequencer
(Perkin—Elmer, USA)Z DNA 9714 4& #4319t

¥ 52. 16S rDNA in Jactobacilli primer 74X

Primer#* Sequence (5’-3") Target sites*
F1 AGAGTTTGATCCTGGCTCAG 27
F2 GTGCCAGCAGCCGCGG 530
F3 AAACTCAAAGGAATTGACGG 926
R1 TCTACGCATTCCACCGCTAC 685
R2 GGGTTGCGCTCGTTG 1,100
R3 AAGGAGGTGATCCAGCC 1,525

* F1, F2 and F3 : forward primers; R1, R2 and R3 : reverse primers.
x% According to numbering of the E. coli 165 rDNA.

(th) Adre Fakete] &

Jm

CIEN

o

#HE AdE 3F (DSB03, DSB04, DSB05)= LHdMsto] #ae A3 a3 9] hte
24 catalasenegative TTIS F2eUtt (data not shown). wEbA, API CHL50
(BiomerieuxA}, France) kitE AR&3ste] & 238 5SS ZASIE T wlYgd fAabdS 942
5 sl TAE 92 v, ¥AE 085% NaCl 2 mld ¥o] g§xrf A3k v s Xﬂ—;ﬁé‘}(}i‘:}.
0.85% NaCl & 5 mlo] #4& nW& oA §%E 2 McFarland= 95 2~
EQo JFHo| B33, mineral oil2 7| EE FAAZ T 37T ol A 247\]
b WHSAIZL Foll, Fig. 6914 Xi= nmiel o] yehd Z4zke] AIE 7|53k api webT
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(http;//apiweb. biomerieux.com)®l
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7] A7AA 20T oA Bastglivk. HPLC 7171 Agilent 1100 Al2=¥S Ab&3llom, S48
detector=+ Rl(refractive index)E& AF&3tAth. 4o AFE3E column< BioRad A<
Aminex HP-87 (7.8+300mm) ©]1 2™, column cabinet <%+ 40CE #A stk A,
HPLC eluent & 0.0IN H.SO, €] flow ratee 0.6ml/min ©]12™, chemstation

R

S/WEZ o] &3} peak detection Z calibration < 3te] HEFH o2 AyE AJr}.

(2) 23

947 AT AU G
C: DSB05)

HE Ade 3 w7 4S AR (Scanning Electron Microscope) 2 #2819 47
oA = npel o] DSB03, DSB04, DSB05 &3] 15 4/de] 1htdls & o+ UATH

1

() A% A fabre] 24 54

HE AdE d5FE5 487 sk, ZF 759 16S rRNA 345 PCR W oz F&3
o dA7IMYES B4 o, NCBI9] BLAST search program< ©]-&3to] A%AlS Hlusd}
Atk DSB0O3 59 16S rRNA 4] A7|ME2 2§ 48014 H= npep o,
Lactobacillus casei ATCC 3349} 98% %] 45/d<S WERNAY] W&ol L. casei DSB032. 2
gokaith. DSB04 it5¢] 16S rRNA Fd7ke] 71 de 29 49914 B wpep om,
Al L. casel ATCC 3349} 98%<] &S YUEINA7] W&ol L. casei DSB04=Z ™8 3} %t}
3, DSB05 w9 165 rRNA fdzke] 714 <de ¥ 50914 Hi= Hbe} o,
Lactobacillus plantarum WCFS1¢} 99% 54d-& YeElU 7] Wil L. plantarum DSB05Z

o3
=

- 114 -



of
_O‘L
2
o

CTTGTTACGA
TTACGCCACC
CCCGGGAACG
TAGGCGAGTT
GCGGTCTCGC
GCATGATGAT
GTGCCCAACT
AACATCTCAC
GGAAACCTGA
CTTCGAATTA
CAACCTTGCG
GCGGAAA-CC
ATCCTGTTCG
TTCGCCACTG
GTCCTCTTCT

CTTCACCCTA
GGCTTCGGGT
TATTCACCGC
GCAGCCTACA
AACTCGTTGT
TTGACGTCAT
AAATGCTGGC
GACACGAGCT
TCTCTCAGGT
AACCACATGC
GTCGTACTCC
CTCCAACACC
CTACCC-ATG
GTGTTCTTCC
GCACTCAAGT

ATCATTTGTC
GTTACAAACT
GGCGTGCTGA
GTCCGAACTG
ACCATCCATT
CCCCACCTTC
AACTAGTCAT
GACGACAACC
GATCAAAAGA
TCCACCGCTT
CCAGGCGGAA
TAGCATTCAT
CTTTCGAGCC
ATATATCTAC
TTCCCAGTTT

CCACCTTAGA
CTCATGGTGT
TCCGCGATTA
AGAATGGCTT
GTAGCACGTG
CTCCGGTTTG
AAGGGTTGCG
ATGCACCACC
TGTCAAGACC
GTGCGGGCCC
TGCTTAATGC
CGTTTACGGC
TCAGCGTCAG
GCATTTCACC
CCGATGCGCT

CGGCTCGCTC
GACGGGCGGT
CTAGCGATTC
TAAGAGATTA
TGTAGCCCAG
TCACCGGCAG
CTCGTTGCGG
TGTCATTTTG
TGGTAAGGTT
CCGTCAATTC
GTTAGCTGCG
ATGGACTACC
TTACAGACCA
GCTACACATG
TCCTCGGTTA

19 48. DSB03 strain®] 16S rRNA gene sequences

CTTGTTACGA
TTACGCCACC
CCCGGGAACG
TAGGCGAGTT
GCGGTCTCGC
GCATGATGAT
GCATGATGAT
GTGCCCAACT
AACATCTCAC
GGAAACCTGA
CTTCAAATTA
TTGAACGAGT
CATTTGGAAA
GATGGCGTAA
CGGCTCACCA

CTTCCCCCTA
GGCTTCGGGT
TATTCACCGC
GCAGCCTACA
AACTCGTTGT
TTGACGTCAT
TTGACGTCAT
AAATGCTGGC
GACACGAGCT
TCTCTCAGGT
AACCAAATGC
GGCGGACGGG
CAGATGCTAA
GCTATCGCTT
AGGCAATGAT

ATCATTTGTC
GTTACAAACT
GGCGTGCTGA
GTCCGAACTG
ACCATCCATT
CCCCACCTTC
CCCCACCTTC
AACTAGTCAT
GACGACAACC
GATCAAAAGA
ACCACCGCTT
TGAGTAACAC
TACCGCATAA
TTGGATGGAC
ACGTAGCCGA

19 49. DSB04 strain®] 16S rRNA

CCACCTTAGA
CTCATGGTGT
TCCGCGATTA
AGAATGGCTT
GTAGCACGTG
CTCCGGTTTG
CTCCGGTTTG
AAGGGTTGCG
ATGCACCACC
TGTCAAGACC
GTGCGGGCCC
GTGGGTAACC
ATCCAAGAAC
CCGCGGCGTA
ACTGAGAGGT

CGGCTCGCTC
GACGGGCGGT
CTAGCGATTC
TAAGAGATTA
TGTAGCCCAG
TCACCGGCAG
TCACCGGCAG
CTCGTTGCGG
TGTCATTTTG
TGGTAAGGTT
TGGACAATTC
TGCCCTTAAG
CGCATGGTTC
TTAGCTAGTT
TGATCGGCCA

gene sequences
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CCTAAAAGGG
GTGTACAAGG
CGACTTCGTG
GCTTGACCTC
GTCATAAGGG
TCTTACTAGA
GACTTAACCC
CCCCCGAAGG
CTTCGCGTTG
CTTTGAGTTT
GCACTGAAGG
AGGGTATCTA
GACAGCCGCC
GAGTTCCACT
AGCCGAGGGC

CCTAAAAGGG
GTGTACAAGG
CGACTTCGTG
GCTTGACCTC
GTCATAAGGG
TCTTACTAGA
TCTTACTAGA
GACTTAACCC
CCCCCGAAGG
CTTCTCGTTG
CCTTTGAGAT
TGGGGGATAA
TTGGCTGAAA
GGTGAGGTAA
CATTGGGACT

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900

60
120
180
260
320
380
440
500
560
620
680
740
800
860
920



DSB03¢]

raffinose, starch, xylitol & o]&&

CTTGTTACGA
ACCCCACCGA
CGGGAACGTA
GGCGAGTTGC
GAGTTCGCAA
ATGATGATTT
GCCCAACTTA
CATCTCACGA
ACGTCTAATC
TCGAATTAAA
GCCTTGCGGC
GGAAACCCTC
CTGTTTGCTA
CCACTGGTGT
TCTTCTGCAC

19 50. DSB05 strain®] 16S rRNA

CTTCACCCTA
CTTTGGGTGT
TTCACCGCGG
AGCCTACAAT
CTCGTTGTAC
GACGTCATCC
ATGCTGGCAA
CACGAGCTGA
TCTTAGATTT
CCACATGCTC
CGTACTCCCC
CAACACTTAG
CCCATACTTT
TCTTCCATAT
TCAAGTTTCC

te 3 w5 9§ e 54
7 9-oll= glucose, fructose, galactose, sorbitol, lactose

T fASTh

E% =13

ATCATCTGTC
TACAAACTCT
CATGCTGATC
CCGAACTGAG
CATCCATTGT
CCACCTTCCT
CTGATAATAA
CGACAACCAT
GCATAGTATG
CACCGCTTGT
AGGCGGAATG
CATTCATCGT
CGAGCCTCAG
ATCTACGCAT
CAGTTT-CCG

A

3

fo

=

CCACCTTAGG
CATGGTGTGA
CGCGATTACT
AATGGCTTTA
AGCACGTGTG
CCGGTTTGTC
GGGTTGCGCT
GCACCACCTG
TCAAGACCTG
GCGGGCCcee
CTTAATGCGT
TTACGGTATG
CGTCAGTTAC
TTCACCGCTA

CGGCTGGTTC
CGGGCGGTGT
AGCGATTCCG
AGAGATTAGC
TAGCCCAGGT
ACCGGCAGTC
CGTTGCGGGA
TATCCATGTC
GTAAGGTTCT
GTCAATTCCT
TAGCTGCAGC
GACTACCAGG
AGACCAGACA
CACATGGAGT

ATGCACTTC TTCGGTTGAGC

gene sequences
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CTAAAAGGTT
GTACAAGGCC
ACTTCATGTA
TTACTCTCGC
CATAAGGGGC
TCACCAGAGT
CTTAACCCAA
CCCGAAGGGA
TCGCGTAGCT
TTGAGTTTCA
ACTGAAGGGC
GTATCTAATC
GCCGCCTTCG
TCCACTGTCC
CGAAGGCTTT

\=Ne]

o =

o g

60
120
180
240
300
360
420
480
540
600
660
720
780
860
920
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¥ 53. DSBO03 strain ¢ Aststsy 54
Characteristics Result Characteristics Result

Shape rod

Gram stain + Arbutin +
Catalase - Esculin +
Control - Salicin +
Glycerol - Celiobiose +
Erythritol - Maltose +
D-arabinose + Lactose +
L-arabinose - Melibiose +
Ribose D-ribose - Sucrose +
D-xylose - Trehalose +
L-xylose - Inulin -
D-adonitol + Melezitose +
Methyl-BD-xylopyranosicle + Raffinose -
D-galactose + Starch -
D-glucose + Glycogen -
D-fructose + Xylitol -
D-mannose - Gentiobiose +

L-sorbose - D-turanose +
Rhamnose - D-lyxose -
Dulcitol D-tagatose +
Inositol D-fucose -
Mannitol - L—-fucose -
Sorbitol + D-arabitol -
a-Methyl-D-mannoside - L-arabitol -
a-Methyl-D-glucoside + Gluconatee +

N-Acethyl-glucosamine
Amygdalin

2-keto—Gluconate
5-keto-gluconate

1) + : positive result, - : negative result
2) API 50CHL kit was used.

L. casei DSB04¢] 7 %<+, glucose, galactose, fructose, lactose, sucrose 55 o]&& <

A2 o1} maltose, raffinose, mannose, glycerol 5 <& ©]-&& 4= g}
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¥ 54. DSB04 strain® A 3}tstd EA4

Characteristics Result Characteristics Result
Shape rod
Gram stain + Arbutin
Catalase - Esculin
Control - Salicin
Glycerol - Celiobiose
Erythritol - Maltose
D-arabinose - Lactose
L-arabinose + Melibiose
Ribose D-ribose + Sucrose
D-xylose + Trehalose
L-xylose + Inulin
D-adonitol + Melezitose
Methyl-BD-xylopyranosicle + Raffinose
D-galactose + Starch
D-glucose + Glycogen
D-fructose + Xylitol
D-mannose - Gentiobiose
L-sorbose + D-turanose
Rhamnose + D-lyxose
Dulcitol + D-tagatose
Inositol + D-fucose
Mannitol + L-fucose
Sorbitol + D-arabitol
a-Methyl-D-mannoside + L-arabitol
a-Methyl-D-glucoside + Gluconatee
N-Acethyl-glucosamine + 2-keto—Gluconat -
Amygdalin - 5-keto-gluconate -
1) + : positive result, - : negative result

2) API 50CHL kit was used.

L. plantarum DSB052] 7 $-ol+=, glucose, galactose, rhamnose, sucrose, lactose, raffinose

5% o] &8 4 o} starch, xylose, glycerol 5& o] &8 4= gldit).
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¥ 55. DSB05¢] A3tstx =4

Characteristics Result Characteristics Result

Shape rod
Gram stain Arbutin +
Catalase Esculin +
Control Salicin +
Glycerol Celiobiose +
Erythritol Maltose +
D-arabinose Lactose +
L-arabinose Melibiose +
Ribose D-ribose Sucrose +
D—-xylose Trehalose +
L-xylose Inulin -
D-adonitol Melezitose +
Methyl-BD-xylopyranosicle - Raffinose
D-galactose + Starch
D-glucose + Glycogen
D-fructose + Xylitol
D-mannose + Gentiobiose
L-sorbose + D-turanose
Rhamnose + D-lyxose
Dulcitol + D-tagatose
Inositol D-fucose
Mannitol + L-fucose
Sorbitol + D-arabitol
a-Methyl-D-mannoside + L-arabitol
a-Methyl-D-glucoside + Gluconatee
N-Acethyl-glucosamine + 2-keto—Gluconat
Amygdalin + 5-keto-gluconate -

1) + : positive result, - : negative result

2) API 50CHL kit was used.

() HAE Add FAtFe] 24 Bl

HF HAdeE 3 779 fFAFTY 84 ®H]Ee AdE ¥ 56, ¥ 57, ¥ SRAA HE= Hket
2t} L. casei DSB039 74 %o +=
naphotol-AS-BI-phosphohydrolase, B-glucuronidase % a-glucosidase &4 4|52 7}A|1L

0190 O o)} 2= o]l9o)
ME = 2 T MR

leucine arylamidase, valine arylamidase, acid phospatase,
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¥ 56. L. casei DSB039] &4 E4

No. Enzyme Assayed for Result
1 control -
2 Alkaline phosphatase -
3 Esterase(C4) -
4 Esterase Lipase(C8) -
5 Lipase(C14) -
6 Leucine arylamidase

7 Valine arylamidase

8 Crystine arylamidase -
9 Trypsin _
10 a-chymotypsin -
11 Acid phospatase +
12 Naphotol-AS-BI-phosphohydrolase

13 a-galactosidase -
14 B-glucuronidase +
15 B-glucosidase -
16 a-glucosidase +
17 B-glucosidase -
18 N-actetyl-B-glucosaminidase -
19 a-mannosidase -
20 a-flucosidase -

L. casei DSB042] 7 $-°ll = alkaline phosphatase, leucine arylamidase, valine arylamidase,
crystine arylamidase, acid phospatase, naphotol-AS-BI-phosphohydrolase, a-glucosidase, 3

-glucosidase ¥ a-flucosidase &4 #H TS 7FA 1L S & = AAT
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3 57. L. casei DSB04¢] &4 EA

No. Enzyme Assayed for Result
1 control -
2 Alkaline phosphatase +
3 Esterase(C4) -
4 Esterase Lipase(CR) -
5 Lipase(C14) -
6 Leucine arylamidase

7 Valine arylamidase

8 Crystine arylamidase

9 Trypsin -
10 a-chymotypsin -
11 Acid phospatase

12 Naphotol-AS-BI-phosphohydrolase

13 a-galactosidase -
14 B-glucuronidase -
15 B-glucosidase -
16 a-glucosidase

17 B-glucosidase

18 N-actetyl-B-glucosaminidase -
19 a-mannosidase -
20 a-flucosidase +

L. plantarum DSB052] 7%+ leucine arylamidase, valine arylamidase, crystine
arylamidase, acid phospatase, naphotol-AS-Bl-phosphohydrolase, B-glucuronidase, «a
-glucosidase, B-glucosidase, N-actetyl-B-glucosaminidase &4 #H]5S 7MAaL &S <

& g9k
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3 58. Enzyme activity of L. plantarum DSB05

No. Enzyme Assayed for Result
1 control -
2 Alkaline phosphatase -
3 Esterase(C4) -
4 Esterase Lipase(C8) -
5 Lipase(C14) -
6 Leucine arylamidase

7 Valine arylamidase

8 Crystine arylamidase

9 Trypsin _
10 a-chymotypsin -
11 Acid phospatase

12 Naphotol-AS-BI-phosphohydrolase

13 a—galactosidase -
14 B-glucuronidase +
15 B-glucosidase -
16 a-glucosidase

17 B-glucosidase

18 N-actetyl-B-glucosaminidase

19 a-mannosidase -
20 a-flucosidase -

AdbEl fakare] i garo] gk e Hf{ FEE AN Ay ¥ 5104 HE uke}
2o, WA S F3EHA] ZkS Aol B AZAA E coli AsEo] YERG wbE ] wf ¢k
ELECS 3| E. coli QA o] AR o9} e Az H

Frabrtol AbEbA A E = At o Aow AaE A

1% 51. E. coli K88 & o] &3 LAB cultures® A7 £A4]
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L. casel DSB039] 7%, 714 ®ol] AAdHE #7142 ZAblactic acid) S 2 A vl F 484 7H
%ol 313mMell &3t} Lactic acid ©] 2o %= pyruvic acid ¥ acetic acid’} th&F A EH Qo

WAz | Pyruvic Lactic Acetic Ethanol | Butyric
acid acid acid acid
6H 115 83.2 98.4 7.4 0.9
9H 50.5 104.3 94.5 7.3 0.8
10H 56.0 1135 96.7 6.4 0.8
12H 70.2 153.9 98.6 6.1 0.9
24H 142.4 212.8 100.2 7.0 1.2
40H 238.0 292.8 95.3 6.4 0.9
48H 240.0 313.0 96.5 6.2 1.0

L. casei DSB04¢] 7%, 713 wol AA® F7]4S lactic acid=ZA] #lF 48A)7F 5o
248mMol &3l th Lactic acid ©] € ol % acetic acid’7} t& A ¥ A2, ethanol 2 butyric
acide] A &2 m|n]3skSd o

3 60. vjA groll WE L. caser DSB049] 7] Ak Ak =k

WAz | Pyruvic Lactic Acetic Ethanol | Butyric
acid acid acid acid
6H 45.8 11.2 94.6 75 0.8
9H 46.1 18.8 94.5 8.3 1.0
10H 56.1 26.2 94.3 6.8 0.9
12H 587 785 98.0 6.4 1.2
24H 19.0 206.1 101.2 84 14
40H 11.2 247.4 100.1 6.8 19
48H 9.5 248.2 101.8 6.2 1.8

L. plantarum DSB05 759 A$-ol%, 714 Zol AAHE §714S lactic acid=A] w<F 48
Al A o 218mMell &8kl Lactic acid ©]¢]o = acetic acid’} o3& AAEH A 2™, ethanol

2 butyric acid B =S wj$- vH sk
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¥ 61. WA 2ol WE L. plantarum DSB052] #7114k A

W FAIZE | Pyruvic Lactic Acetic Ethanol | Butyric
acid acid acid acid
6H 44.8 11.8 94.4 7.3 0.8
9H 46.4 20.8 94.7 77 0.9
10H 43.3 32.5 100.3 6.5 1.8
12H 41.7 61.3 99.3 6.5 1.1
24H 19.3 176.5 103.8 4.5 1.1
40H 17.4 209.4 106.6 6.1 0.9
48H 12.3 218.8 109.2 59 1.0

710l Aapo| A B wpe} o], AwtdE Al el {71 AN HEHe wl$ FAEg o,
Lok zAke] sow Wol AAMHY. A, L. caser DSB039] 7 9-9l+&= pyruvic acid AJAHF
o] WA A HAFH o8 FrtstE FAE WERHATH

7h CMSell 7123 A& Akt wiAl e
(1. A= 2 4

CMS (condensed molasses solubles)ell 7]Z3%F A& FAbd wjx]o] 7p¢S 9la)A, Table
2-11014 Hi= mpe} 2ol CMSE T8 #©adoez 3 wiA(GYC-100E o ©@ads vz <}
H A ds AT 1ahdEe A Ade F5 FodA 2% F0 (Lactobacillus casel
DSBO03, Lactobacillus p]antarum DSB05)S HEH o= deste] AyS gt ¢4
Lactobacillus casei DSB03 5 MRS brotholl A 43417t &<t v Fsl & % 629 A& )
A (SB-a, HYY, GYC-10)°ll 0.1%% HFstFth 37ColA 48417t st wwH100rpm) =& A
A et HA At 2 pH W3tE #Esilon, wio] FRE o]Fols 2RHEE WYds
AastH A, 5o A S AT
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SB-a (%) HYY (%) GYC-10 (%)
CSL (corn steep liquor, <% <5) 10.00 5.00 0.00
CMS (condensed molasses solubles) 0.00 0.00 10.00
Molasess (3%) 0.00 5.00 0.00
Glucose 2.00 2.00 2.00
Yeast extract powder 0.50 0.50 0.50
KH2PO4 0.50 0.00 0.00
K2HPO4 0.25 0.10 0.10
MgSO04.7H20 0.00 0.05 0.05
MnSO4.5H20 0.00 0.05 0.05
Tween 80 0.00 0.00 0.00
D.W 86.75 87.30 87.30
pH 7.0

(2) 23

L. casei DSB03 5% SB-a, HYY, GYC-10 wjA o Z+z} H=E3F 3 37TCol A 487\]{} &<t
WRH100rpm) = A st AR wjke] A5 (29 53), 3F°] wiAoA T3] wjF
24X 7k o] Fol| FHargtpo] EEslglon, o] AHe g 3F] A F3I 2.4x109/m Y2
«107/ml & =gsgdn. 279 FAEsY HE ¢ o\l A 7&4 Aol =
A9 gle Aoz oyt CMSE H7HgE wj#] ol A
7bsgto]l SRl Qith. ndkufj ety A X uj s vlugk A

ﬁ il

3
gt wiF Fo] pH ®sE #ES Ay, widA wWaste] pH7EF 3FAsH7] Al #Fst
SB-a ®iA|¢} GYC-10 wix|e] Aol wld 24417 o] Fo] pH 45 FFo=z Haddi)
HYY #i#19] Aol= HF pH7F 4 olst= FHaste], w9 A4 bgdoe] U s =
Ao AAFEFRATE g, uwke kst QX uj kel pH Abol= wi¢- ww|sidvk (L 52).
Lactobacillus plantarum DSB05 £319] -9l % Lactobacillus casei SB03¢} AFeH 7 a2
YEH AT (data not shown). ©]e] Aol A B nvpel o] CMSeo| dF FIFLE BT

\l‘
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o a7ke] MRS A G

REIDESIER

ol

gt

=K

=il
=

3171 98ll, 4kt (L. casei DSB03) ®l & =&

B

HYY =] ol A 9]

1
-

ol A

SB-a Hj Al A 9]

st Th 4T A%<

1551
GYC-10 nijx]ell Al uj<F

=
Sls

B

pH ®3E &

b 2 o of A =

2l

)

%

54).

ot (18 54).

S

A% 10%ml %< §X

ko3
T

o

Mo

!

=

oo
i

ol

At (29 55, 1Y 57).

o Yo+ = acid shockol

gy

Kol
=

A= A

%
Teld AoR AR E AT

o2 E2 % (pH 4.374.4)

S|
&

-10 #iA\2] pH7H Aol

p 84

g GYC

£

CMS=

B =] el 1] =

=
R

oA v

o

o

0

Z o & e

A

(A)

h

o]
e

)

HYY(m2h

ol
E

—=—Sb-a(
——GYC-10(

1.E+10

1.E+09 -

1.E+08 -
1.E+07

[|unjasguinu |80

1.E+06

ehr 18hr 24hr 30hr 48hr

Ohr

Incubation time(hr)
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(B)

1E+10

1 E+09
_ —+—SB-a(=Al)
=
E HYY (& A
B 1E+08 - LAl
B ——GYC-10(Z &)
O
-
2 |
=
= 1E+07 4
)]

1.E+06 : ' : :

Ohr Bhr 18hr 24hr 30hr 48hr
Incubation time(hr)

29 52. SB-a, HYY and GYC-10 liquid medium o4 L. casei DSB03 2] 7=+
(A) shaking incubation at 37C, (B) Standing incubation at 37C.
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(A)

LM E HiA] B A E (pH)

B Sh-alul BH
Hy™(d )
—— GYC-100w 8t

B e _____f
4 L
RN =
3 1 i Il i
Dhr ghr 1&hr 2dhr 30hr A8hr
Incubation timethr)
(B)
S E HR] A E (pH)
—*+— SB-al& Al
Hy*( & &
—#—=GYC-100H x|
-+ —ﬁ:___r"
4 L
3B
3 i 1 1 1
Ohr Bhr 18hr 2dhr 30hr 48hr

Incubation timethr)

19 53. SB-a, HYY and GYC-10 liquid medium ©lA L. casei DSB03 2] pH %3} (A)
shaking incubation at 37C, (B) Standing incubation at 37C.
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(A)

=t ZHl A M Eh "= (40T)

1.E+10

1.E+09 -
s —e—5sB-a(E )
E 1. E+08 - i S | s HWl:gil}
=2 ——GYC-10{E )
=
=
= 1.E+07
&

1.E+06 L :

Oday Zday dday 10day
Storage period{day)}
(B)
Abed S K| R Sl B (4°0)

1.E+10
g b ™ —=—SB-a(mh
E
£ 1.E+08 1 © HYY(mEh
2 —e—GYC-10(mhH
=
|
o 1.E+D7 A
(]

1.E+08 : '

Oday Z2day dday 10day

Storage period{day)

I 54, 4TCoAA AAwdF o] L. casei DSB03 2] A %= (A) or shaking incubation (B)
for 48 hr at 37C
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(A)

q.8 l
16— g @
i e W)
A2 b —E— sp-g{n HE)
o
2 B Hyr{m Hh)
38 b W GyC-10{m )
36 |
S.ﬂ- i i
Odayw 2daw ddaw 10daw
Storage period{dasy)
(B)

pa ==l PRRPE ESE o= LS oy

E 3
-
II|

—*—Sp-alE R

Hyv = =] )

—EEYC-100E &

Odayw 2day Aday 10day
Storage period{day)

9 55. 4TCoAA AXu|Y o] L. case DSB03 ¢ pH W3} (A) or shaking incubation (B)
for 48 hr at 37C
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(A)

S E Al HE 2 E(RT)

1.E+10
ﬁ\w;*:“‘:::
1.E+09 —— SB-a(2xl)
= HY™Y (& x])
2 —— GYC-10(ZAl)
[
T
‘S 1.E+08 -
=
=
o
(]
1.E+07 . T
Oday 2day dday 10day
Storage period({day)
(B)
HHHE BHAl A S E(RT)
1.E+10
— _._“‘-———-___$
= i !
1.E+09 —=— SB-a(n )
g Hy ™Y {m'2h
E —e— GYC-10{'2h
(4]
o
2 1.E+08 -
e
5=
™
]
1.E+07 T T
Oday 2day dday 10day

19 56. 25 Col A AXwjE o] L. casei DSB03 ¢ A=A (A) or shaking incubation (B)

for 48 hr at 37C

Storage period(day)
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(A)

—&— 3B-al

El
rII

ki
J
I.

o
=3

o [T HYY(R
3.8 —®— GYC-10

3.6

3.4 F

SUAE o

5 . i

Ddaw 2daw Addayw 10day
Storage peticd(day)

[

pH

3]
rII

(B)

L Z A A EZH "R

4.6
b-_-_-_-_-—-_
E

q.2
ad F —— SE-al™ x| )
38 HY™ (=& )
—FGYC-100E | )
3.6

3.4

3.2

3 i i
Odayw 2daw ddaw 10daw
Storage periodfdasy)

pH

a9 57. 25Co A A o] F L. caser DSB03 ¢ pH ®3} (A) or shaking incubation (B)
for 48 hr at 37C
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. CMSe A4 H7krs 24

(@)
=<
05}
Lo

2
o

A
N
N
MN
o

AR 7] 84, GYC-10 712 Hlxo] CMS 10, 20, 30%= 7+7}
A7bstAdh (3 63). 71 Ard F9Ql L. casei DSBO3#% L. plantarum DSB05 HH ool 01%=
MRS #lAel =@ste] 4itsE 49 om, pH M= ddstednh. Adse 54 93,

N
N
>
Al
]
ot
>
%k
o
=2
)
w2
Q
0Q
2
o
=
o
X
Z
o
aQ
N
a.
@
ki
N
=
=2
g
o
12}
O
ol
L
w
Ay
(@)
=2
X
AN
6%
>
(A
jus)
==
o
0,
ol

o -
371 s, mMdel TR Foll ¥

g
sl wgle AY AP v
(4T) W Mg wysaA Y L pH WHE BEIA

3# 63. 10-30% CMSE # 7kt GYC medium o] A+

GYC-10 GYC-10 GYC-10
(10% CMS) (20% CMS) (30% CMS)
CMS
(Condensed molasses 10.00% 20.00%6 30.0096
solubles)
Glucose 2.00% 2.00% 2.00%
Yeast extract powder 0.50% 0.50% 0.50%
K2HPO4 0.10% 0.10% 0.10%
MgSO4.7H20 0.05% 0.05% 0.05%
MnSO4.5H20 0.05% 0.05% 0.05%
D.W 87.30% 77.30% 67.30%
pH 70

(2) A}

L. casei DSB03 w39 A%, CMS 30% HA7/TE Astas % wjg 24x7F 34
stationary phaseol =93 A CMS 30% H7F5 AFESE7F Astste] vl 48A17F who
stationary phased| C,D;}fs} 1T (3 58). ol OMM , CMS 10% H7F %= 446 x10”/ml =

[e]

A, MRS #1#]9] #4 635x10%ml ¢ A % Fol Wk CMS 30% H7Frel 790l
A #FE= 5.7XI08/m1 ?% of W&ttt L. casei DSB03 #F+= wix] EF<9F #Aglo] w &
FAAA AEEA A i T AU E FHE AT

L. plantarum DSB05 2] ZA$-o%, CMS 30% H7ItE AYstis E5F wld 2443
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o] Fo| stationary phased] =@ek wkH CMS 30% H7btE AAEw7F Astste] wjd 364
ZF "holl stationary phasec] =93}ttt (E 58). CMS 20% A7} te Ha d#57F V8 =1
W 60417 Fol®= 1.62x10°7/ml FFS FAsdoy 1 o|Fo FZ35 ZadAr. CMS
10% H7b7ol glolA vk 24A12F F9] w5 9.22x10%/ml 24, MRS 1A 2] w4 6.06 x
108/ml 9 A % & o]l whd, CMS 30% H7F7e A$o] Hi #5E 2.20x107/ml
o] METH CMS 10% H7FE vl 60417F o] F o= MRS Wi Ao u]a) o] #%+A
dol AdlH ez S5ttt
ool Ay AztoA HiE mpel o] CMS =7t AYUAA Fod 7o) ASS JAsH=
&S YER AT 1:1?1/} L. p]antarum DSB05 w39 A$e= CMS 10% 7} wiA 7} 7)
9] MRS Hj#|o] v 238 AS 2L AA obAA Z=wHoA] gL 53 AS e
of ek, o] FAEE 9 Hudg, wdFrle o AMdEEE T8 THHoE ddsl
CMS 10% H7Ft7F a4 mix 24 71 J8a o= AFEH .

rm

oz grle] Mgy FolA bt wiA = A gebA] &
7bre Alelstar, um A wiekee] AR tgAdS AT 4 :
CMS 10% % 20% H7F WA B5F L. casei DSB03 ':'__(—'ZT“’] }”éc’ok o] W]k A3 e
Aom AA7|7ko] AFdre] we} AdFrr A& o R HAstAt (Fig. 2-20A). w94 L
plantarum DSB05 w9 25, A%717ko] sty et L. casei DSB03 5=l ]3] “d 4
o= QMR A%dS WEAT (¥ 60).

g AR AeE 7 dF B 11”?% AR AES vUElilon, o] AtEE R

A

3.

o =

J, S 1HE o, HOV\VPE stationary phase 2§91 48A1%F o]u
2 G=sta, wjgde WA A 7FsdE 3 whe] AlgsteE Aol s A A

o
fr
el
a0
i)
3
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(A)

CMSEHEH 2 242 H3HDSB03)
1.00E+10
E 1.00E+09 -
5 —e— control
E . s
o 1.00E+08 A it
-E | 20%CMS
=
£ 1.00E+07 - il inhet
[ k]
U L
1UUE+UE | 1 1 1 | |
Ohr 12hr  24hr  36hr  48hr  60hr  72hr
Incubation Time(hr)
(B)
CMSEZEHH| S = 2] HEHDSB03)
1.00E+10
E 1.00E+09 -
= —a— control
G
= ——10%CMS
@ 1.00E+08 -
= 20%CMS
. |
J0%CMS
= 1.00E+07 \
G 4 4
1DDE+DE I i i i i i |

Ohr  12hr  24hr 3Bhr 48hr BOhr  72hr
Incubation Time(hr)

% 58 CMS stk mE L. casei DSB03 ¢ 472+ (A) and L. plantarum DSB05 (B)
according to the CMS content in GYC liquid medium. Control;, MRS medium.
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(A)

ChSer 2ol (= pH2| HEHDSEO3)

—4+—control

B 0% CMS
20% ChAE
0% ChAS

Ohr  12hr 24hr 36hr 42hr 60hr TZ2hr
Incubation Timethr)

(B)

CMSE 2| [} 2 pHe| HEHDSEOR)

6 % —*—control
BB T | = 10s%cms
c 20% ChM3
30% Cha

Ohr  12hr 24dhr 36hr A2hr 60hr 72hr
Incubation Timethr)

29 59. CMS stoll whE L. caser DSB03 ¢l pH (A) and L. plantarum DSB05 (B)

according to the CMS content in GYC liquid medium. Control;, MRS medium.
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(A)

CMSE M [E 7AZ DSBO3M T M2 H (dC)

1.00E+09

1.DOE+08
E 1.00E+07 - o
[a]
E 1. 00E+D6 - —m— 10%CMS
E . J0%CMS
T
N 1.00E+04 -

1. DOE+03 :

Oday 4day dday
Storage day(day)
(B)
CMSZ2HHI (2 R4t DSBOSHHZF ME& &4
1.00E+08 —
—— |
T 1.00E407 1
E e —— control
% 1.00E+06 - R
= i —— 10%CMS
'g 1.00E+05 -
E 20%CMS
= 1.00E+04 -
&)
1.00E+03 :
Oday 4day Bday

Storage day(day)

19 60, 4CoAA AR USE L. casei DSB03 (A) and L. plantarum DSB05 (B) ¢ A
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(A)

CMSE I (2 S AR DSBOIMHLE FIEHA (R

1.00E+09
1.00E+08

1.00E+07 —— control

cfu/ml)

o

1.00E+06 —— 10%CMS

1.00E+05

20%CMS

Il number

& 1.00E+04

1.00E+03 '
Oday dday Bday
Storage day(day)

(B)

CMSEZHH (= Fit DSBOSHHE: HELE(RT)

1.00E+08

1.00E+07

e — —e— control
1.00E+06 4

——10%CMS
1.00E+05

3 20%CMS

1.00E+04

Cell number{cfu/ml)

1.00E+03 '
(Oday dday Bday
Storage day(day)

a9 61 25CoAA AR UES L. casei DSB03 (A) and L. plantarum DSB05 (B)2] A =4
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HZE A §AF (L. casei DSBO03, L. plantarum DSB05)¢] Fi# o &
oz st dg o] s Wk ol AAZ TMF A|xE T
dazrel Asfzrgo] dojubd umpghAskA| vk WA, HFA 0w A dFt ds 4
284S Uel = Ao oAXE ZANEAY. L. caser DSB03 ¢ L. plantarum DSB05 o5
oFolS GYC HIA(CMS 10%)$F MRS brotholl 0.1% (10°mDR Zzh == 87 HEs)a,
TollA AHA30rpm)etH A vl sttt AT S4S HsiAe HE $ Oh, 12h, 24h,
36h, 48h, 60h, 72h wit} AMZ=Hsle] AP A= A3k & MRS agar(0.02% Na-azide #
7hell et om, 37T A 48413 wiFet & [AbdTE SA ST

(2) A%

HZE A9 L. casei DSB03 ¢} L. plantarum DSB05S w2 w3l s 299 7 uj
TS Ao wre WstE dES Ay 1y 62014 B vy Zu L casel DSB0O3 T
T2 wzZ WSS HA7t L plantarum DSB05E &7 S-S A$-Hu 5t ok v
BFE e ow, AAAd AFAEE w9 FASFATHE 62A). Sl gl og d
7= MRS wlA] Bt GYC wiAo A o FElskAl veltwtdh. $4, L. plantarum DSB05 ¥
TE d=mow wWIds Are EFMIY B9 v AR AFHE S JErdlen, o
o Afol= AL Aol7F YIATHILH 62B). T3, MRS wiXol A L. plantarum DSB05
TE GYC iAo @5 mFhs dFeole i F7lod= d5Ast dibo]l Ao #RHA &
%ot MRS #iAo] HFHAS AFoe w7 9438 Haste 43S Uedd=d, o
v L. plantarum DSB05%= MRS W] el A o] &7]ufjeko] A 3A] &3S WERHATH

d71e Sk dEujko® Az Fere] A kg e ZAbskATE S W
NS W el Eastsl FEu= L plantarum

S AS, L. casei DSB03 T & uj
DSB05 #F¢to] St 2497 A% o o W3yt A9 llev, MRS v 4
o= T Astd ol stAtH( ¥ 63A). 39, L. plantarum DSB05 #F¢ 72, GYC
w2 o A= w9 ekd et Aes YEfgl oy MRS XM= T4 4% AstddS
2 gt = A = AR A ERs YEW TR 64).
ol Ae AnES Fggs] W, L. cases DSB03 #FH.th= L. plantarum DSB05 57}
GYC wjAe] Hojxo= ¢ <tAgs AdFS et ew, =& L. caser DSB03 5% L
plantarum DSB05E Z 2ol wzl ek sluete GYC viAE AH83 Afole 75 /}}i
ko d&o] A9 glE Aoz AT
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(A)

1.00E+10
E 1.00E£09 -
3 —— MRS
&)
= sy
5 1.00E+08 - 10%CMS
= i MRS03+05
= 1.00E+07 - ——CMS03+05
O

1UUE+UE T T T T T

Ohr  12hr  24hr  36hr  48hr  GORr  72hr
Incubation Time(hr)

(B)

1.00E+10

100E+09 { o
= 100E08 | /%
‘5. 1.00E+06
= —— 10%CMS
3 1.00E#05 -
g 1.00E+04 - —i—NMRS03+05
k 1.00E+03 —=—CM502+05
E 1.00E+02 -

1.00E+01

1UUE+UU | | I I T

Ohr  12hr  24hr  36hr  48hr  GOhr  72hr
Incubation Time(hr)

a9 62. GYC and MRS medium®| 4 L. casei DSB03 (A) and L. plantarum DSB05 (B) ¢
v e e vl
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Cell number)cfiuimi)

Cell number{CFLS/mI)

1.00E+10

o| 24:0] WIZHDSBO3 L HAIABA)

—

1.00E+08 :_

1.00E+08

1.00E+07

1.00E+06

—+— MRS

—i— 10%CM5
MRS03+05

—=<— CMS03+05

Oday

Jday
Storage days(day)

hday

1.00E+10 ]

&

1.00E+08 A
1.00E+07 A
1.00E+06 A
1.00E+05 A
1.00E+04 A
1.00E+03
1.00E+02 A
1.00E+01 -

1.00E+00
Oday

Jday
Storage days(day)

—4— MRS

— 10%CMS
MR503+05

—=—CM503+05

1% 63. 4CANA L. casei DSB03 (A) and L. plantarum DSB05 (B) ¢ wdujokzt & shnj

l:l]j/_
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TEATIO 72| HEHDSB03 HHL HELHRT)

1.00E+10
E 1.00E+09 :
I-E H"'--.____h_ b )
8 1.00E+08 1 e | = 10%CMS
E ~—— MRS03+05
= 1.00E+07 - ——CMS03+05
o
1.00E+06 , |
Oday 3day Sday
Storage day(day)
B)
HEMEUY 70 HEKDSB5 T HELERT)
1.EIIIJE+1II]!%
1.00E+09 B —— c.
=1.00E408 1 N
5 1.00E+07 + —+— MRS
51.00E+06 1 P
5 1.00E+05 1
E 1.00E+04 - MRS03+05
by = CMS03+05
= 1.00E+02 -
©1.00E+01 -
1.00E+00 '
Oday 3day Sday

Storage days(day)

18 64. 25CANA L. casei DSB03 (A) and L. plantarum DSB05 (B) ¢ wh<duf ok}
o] Wi
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f

HF Ad® FA(L. casei DSB03, L. plantarum DSB05)S th &2 4o #4317
2, jar fermentor oA 2] scale-up A &S AAEAT Flask 2ES 53
T A57re 238288 YA & Aow Uiy i), B Ao F FF9
S AAsA Y. L caser DSB03%} L. plantarum DSB05 55 GYC <Al ul =] (2L)

=

H [e] =
0.1%(v/V)A (2x10%mDA HEsHGom, 37CoA k] F(130rpm) 2 AR ujFo 2 724 7F
v okttt AT A S s HE 5 Oh, 16h, 28h, 40h, 52h, 64h, 72hvic} A= 5lo]

_/r:
_ﬂ_

i —
Savai et & Al .

& pH7F 452 FHAsho], o] A% kA U dFS & F de5S AAEY. @3,
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1.00E+10

£ 1.00E+09

@ —— 03+05(E )
T 1.00E+08

= —m— 03+05(4h
=

£ 1.00E+07

(k]

L)

1.00E+06 - T . . . .
Ohr  1Bhr  28hr  40hr  32hr  B4hr  72hr

Incubation Time(hr)

19 66. jar fermentationol A L. casei DSB03 and L. plantarum DSB05 o] 5 435 7k
Z

3
0f
H
i
IE
0
I
B
=)
sl
FA
>

——02+05(E )

—E3+05( D HEE)

Ohr 1Bhr Z8hr 40hr B2hr S4dhr TZhr

Incubation Time(hr)

719 67. jar fermentationol Al L. casei DSB03 and L. plantarum DSB05 o] w5 A57+¢]

A94e e AFENIR 2AH).
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3. TMF& #2d3#e7l& 24

TMF 2887158 2487 98 712 data® Sulr] 98], TMFE A% 2 4% %
of MR AW, pH WE, §714 G Wl olwe A4Y wE 5 At

7F TMR A%s nAd=o Azt a2

(1) A= 2

(7hH TMRe] A=

CMS H7}&To] w2 TMF A&A3 nAEe WS A7) 93ke] TMR(Total Mixed
Ratio)& 3 649 #igv]el whal A z=3k i,

¥ 64. Total Mixed Ration (TMR) ujj &H]

4= %
ST 10.0
flaked corn 10.0
ke 3 5.8
g 3.0
o 2w} 20.0
HA Y 2.0
n| 7 15.0
AA A 4.0
A 4.0
HHt 5.0
] 7.0
Eai= 0.2
T X 0.5
A 3] 4 0.5
D.W. 7.9
G 100.0

7AFH ZEadd wep AsEAE "W HFuFeol Ed TMR(Z20kg/batch)S  CMS
(Concentrated Molasses solubles) CMS #7} T+ FH7I42 FE3JoH, B Aol F



—Z
(LAB)= &7 2 v=2= HFs

LAB 87x10%/ml ¢t}

7y7v o] Ayl TE E 6504 HE upet
2 ZASE Y. 94" TMF= 74 A

< o ]
A7t A 2847t F71H 22 sampling st o, AHe] A5 Fo &3,
pal

Bo4 wake 2

Z AWt Aspergillus oryzae(A. O.), Saccharomyces cerevisiae(Yeast), Lactobacillus 2%
.7 29 #4E A, 0. 50x10°%ml, Yeast 2.6x10%ml,

365, A" AlE A

No. A 2] -
1 (O 37k (control)
2 (L 0.5%) LAB 0.5%
3 (L 1%) LAB 1.0%

4 (YL 0.5%)

LAB + yeast 0.5%

5 (YL 1%)

LAB + yeast 1%

6 (AYL 0.5%)

LAB + yeast + A. O. 0.5%

7 (AYL 1%)

LAB + yeast + A. O. 1%

8 (C-CMS)

37 (CMS 10%)

9 (L 0.5%-CMS)

LAB 0.5% (CMS 10%)

10 (L 19%-CMS)

LAB 1% (CMS 10%)

11 (YL 0.5%-CMS)

LAB + yeast 0.5% (CMS 10%)

12 (YL 1%-CMS)

LAB + yeast 1% (CMS 10%)

13 (AYL 0.5%-CMS)

LAB + yeast +A. O. 05% (CMS
10%)

14 (AYL 1%-CMS)

LAB + yeast +A. O. 1% (CMS
10%)
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(W) A5 A= 4o H3g}
@D Lactic acid bacteria & =4

A&7 §9F samplingdt A5 5 AR gAAHoZ HA3] s & 0.02% Na-azide’} #
7

0
7F8 MRS agar(Difco)ol|] ==&t o 37CoAl 48417 w3l & H4-2 =A3sY

@ Yeast + =4

A7471%F &<t samplingdt A 5E AXIS|AHom A3 314§ - tartaric acide ©]-&3t
o] pH 35% %43 PDA agar(Difco)ol] =30, 30TCoA 24748417 et & A=
SAstA T

® Aspergillus oryzae <+ =7

A717F F<F samplingdt A5 & AR IHoZ A3 43t & tartaric acidS ©]-&3f
of pH 352 F43% PDA agar(Difco)oll =3dtsd o, 30TolA 48772417 vt & d+E
Akt

(th) A<= pH ®3}t

AZ717F Fot samplingd TMF 10gel 0.85% NaCl 90mlg ¥ & 53 3o pH

meter(Thermo)& A}-8-3to] pHE 7431t
() AFZT 7714 2 oete QA W3}

TMF A% 2 Ag77re] #F714F A4 ddS Ao A7 58 F714 02

TMFE AEd% Fol #7174 &S HPLCE #Asth AE593 A&

0.45um syringe filter® filterationste] TMFe} A& A A% vS, AedS

7] A74A 20Tl A Bastsith. HPLC 7]17]+= Agilent 1100 Al =815 AF&3 S

detectorZ+= Rl(refractive index)& AF&3Fth &40 A& column BioRadAF2] Aminex

HP-87 (7.8+300mm) ©]%1 2™, column cabinet &%+ 40CE FA 3t} 3+#, HPLC eluent
+ 0.0IN H:SOs &40l flow rate= 0.6ml/min ©] 21, Chemstation S/WE ©o]-&3}¢]

peak detection ¥ calibration 5= 3t FHFTHo=z AyE AL

(2) 23

(7 TMF A7 & mAE o Wz}

- 147 -



@ TMF A% % LAB9| W3}

(A)
1.00£409
_ ——
:f; 1.00£408 St
s i (1.0%)
E ——L{0.5%)
2 1.006407 ! ——YL {1.0%)
3 —o—AYL (0.5%)
1.00E406 - : ——AYL (1.0%)
0 7 14 21 28
Stroage period|{days)
(B)
4°C,LAB (CMS)
1.00E409 - i
H ——1(0.5%)
2 1.006408 | a1 (1.0%)
E E, ; i ——YL (0.5%)
5 1.00E+07 T ——YL (1.0%)
E —8—AYL (0.5%)
1.00E+06 R R ——AYL (1.0%)
0 7 14 21 28
Stroage period(days)

13 68. 4CA TMF A& A LAB counts W3}

TMFE 4Ce] A33tWA 7t g9 LAB Wsts #as Axe 19 68914 Hi= uhs}
2ok CMS FH7bY 43, tiF2e A FolA A% 27744 = & HEE YA &%
25 o] FRE ZF71et= FAE YEUdTE Yeastot AOH 79 Aol A 15 o] F3H
LAB 7} Z27bsle A5 vehagen, Ha Ade fabdsE 51x10%/mt ~ 1.4x10%/ml <
o Egstad AY 1273 5E fFabdart S7ke A A 5 TMFEF Zade ofs) u
T2 7b of3F 5ol o 7hs s AlAFSEA R

b CMS-TMF2] 45, Be Aol 2843t A7 AL walglo] A A #4
Ak ol= CMS 10% H7FZ A& AZ73F & At Aol A A2 AAFSFA T
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(A)

15C,LAB
1.00E+09 - e
H —8—1(0.5%)
2 100408 . e (1.0%)
‘3: ——YL [0.5%)
2 1.00E+07 - —— YL (1.0%)
3 —8— AYL (0.5%)
LOOEHOB 1ttt —— AYL (1.0%)}
0 7 14 21 28
Stroage period(days)
(B)
15°C, LAB (CMS)
1.00E409 - g RS
= ——L {0.5%)
% 1.00E+08 | e {1.0%)
E : ——L {0.5%)
5 1.00E+07 ° —+=YL (1.0%)
E —8—AYL (0.5%)
1.00E406 d——r—r—rrsr e e e ——AYL(1.0%)
o 7 14 21 28
Stroage period|days)

a9 69. 15T A TMF A& LAB counts Y3}

TMFZ 15Ce] AAstdA zF Hg 79 LAB WsE ##3 ZAye I 6994 HE H}Q‘r
2ok CMS vl A g9 49, A% 27158 A% 35704 gntst S7FAE YEgda, 2
gho] BE AT A 10%ml FFol ety on o] FREE AA ] HolsArt

S CMS-TMFS] 4%, 4% 27558 f457h S7hshs 49 dehuglon, 44 3
F ol el A9 BE AN 10Yml FEol mdehelth
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(A)

1.00E+09 - e
:E' 1.00E+08 - i
T ==L (1.0%)

2 —— YL (0.5%)
E 1.00E+07 - —+="L (1.0%)
E =8—AYL (0.5%)
1.00E+06 - == AYL (1.0%])
] 3 7 14
Stroage period(days)
(B)
30°C, LAB (CMS)
1.00E+09 - ——
E ——L(0.5%)
i HANENS 1 —a—L(1.0%)
E Y {0.5%)
E 1.00E407 = —— YL {1.0%)
E —8—AYL (0.5%)
1.00E+06 - — AYL (1.0%)
0 3 7 14
Stroage period(days)

19 70. 30CAA TMF A& LAB counts 3}

TMFZ 30Co| A#stdAr z+ Ael7-2] LAB W3E 323 Adye 28 70004 HE vl
o} Zrh CMS FH7bte] A, BE Ay FolA A 347A dFrF S48 Fre o,
o] Ao FFE 83x10Yml T 26x10%/ml FFol meate] 7k Agem FolM b = T
FZ Yt w4339 o] FREE RE A FolA §ATEFIE F438] gaee A
o2 Yehyth

g CMS-TMFe] 45, A% 3U974A #57 3438 S7hske] 2.9x10%/me ~ 1.3x10%/me <=
o =astlon, o] F5E CMS FH7b ol vl dojoz shvte £ 7hAhshs F4
& YeERRh ol 257t & A5 CMS H77F TMFS A4S =eols a7t 9
S Aoz ARaHdTh
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o 2 mb

e f

ot

@ TMF A% & Yeaste] W3}
(A)
4°C, Yeast
1.00E+08 ——
E 1008007 . e, (.o
-3 —he— L (1.0%)
£ 1.00E406 | : W v (0.5%)
5 i L ([ 1.0%)
3 1.00E+05 - —8— AYL (0.5%)
1.00E+04 e AYL(1.0%)
0 14 21 28
Stroage period{days)
(B)
4°C, Yeast (CMS)
1.00E408 ——C-CMS
= ——L (0.
£ 1.008407 - . Lo5%)
..3 —ir— | (1.0%}
2 1006406 - —— YL (0.5%)
E =YL (1.0%)}
T 1O0E0S - —o— AL (0.5%)
1.O0E404 1 ey g =1y e ALY
0 14 21 28
Stroage period{days)

a9 71. 4T A TMF A %A yeast count counts *H3}

TMFE 4T A7stdar] 7z A2l 59 yeast (Saccharomyces cerevisiae)

- 151 -

P A= a9 Tl A B kel 2ok CMS Bl A g T
el o 1 FolA AYL (1.0%) H7F+ % YL(1.0%) #H7F+e] X577}
7V = A4S JERSITH

A CMS-TMF9 ZA$ox= BE A oA i+

A Aoz



(A)

15C, Yeast
1. O T
O0E+08 e
:g 1.00E407 - =L (0.5%;
E : | (1.0%)
2 1.00E+06 0 YL (0,5%)
£
2 ——YL [1.0%)
= 1.00E+05 -
3 —— AYL (0.5%)
1.00E+04 +——+—+—++17 ST PPN - e e —t—AYL [110%’
o 7 14 21 28
Stroage period{days)
(B)
15 C, Yeast (CMS)
1.00E+08 - C-CMS
E 100807 - =L (0.5%)
= ——L(1.0%)
& 1.00E+06 - —L (0.5%)
5 —— YL {1.0%)
3 1O0E0S —o—AYL (0.5%)
——AYL (1.0%)
TOABIDE iy iy g ey
0 7 14 21 28
Stroage period(days)

a9 72, 15T A TMF A #A] yeast count counts % 3}

TMFZ 15Col| A#3tdA 2zt 2879 yeast (Saccharomyces cerevisiae) 52 W3S o
A9 Avk 0w 204 2 vhel 2o COMS HA YT A4S, A% 274 ZAFAE U
BRIt} 27 o] FHE] w5t 348 sk FAE WERSTL

A CMS-TMFe] 4%, A% 257HA &gt S7h5AS Yed e, o 7= 2ntkgh
A2 o], AR 4550 744 2E A FolA 100ml oS FA&d &
AYL(1.0%) #H7F+¢F YL(1.0%) #7F7F A7|7bset doides s d45 FAskAh
CMS H7W7F &, 7F&9] ASdde 2R FAo 4% TS Fi AdeS AAFstA

kil
H=
2~
T
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(A)

30C, Yeast
1.00E+08 - 8
E 100407 - R
k- = —4 ——L({1.0%)
2 1.00E406 ——YL (0.5%)
£
3 ——YL {1.0%)
= 100E+05 -
g ' —a—AYL (0.5%)
1.00E+04 AV (1.0%)
0 3 7 14
Stroage period(days)
(B)
30C, Yeast (CMS)
1.00E+08 C-CMS
= —— 1 (0.5%
_E__ 1.00E+07 - (0.5%)
2 e L {1.0%)
& 1.00E+06 - ——YL {0.5%}
£
2 —s YL (1.0%)
= 100E+05 -
3 —8— AYL (0.5%)
1.00E+04 - | ——AYL (1.0%)
o 3 7 14
Stroage period{days)

19 73. 30T A TMF A %A yeast count counts 3}

TMFZE 30Co A&stdAA zF A9 yeast (Saccharomyces cerevisiae) 52 W3S 3
Zhet Aybs 9 7304 B vkel 2ok CMS Bl A8 e A, A 3Y7HA] BE ATl
Al wAg S7EAlE YEUATE o5 H FAFAE HERRN S, ALY H7F¢ LY
HA7F7F Ao g2 =2 #5E FASS T

s CMS-TMF9] 79, dAAA a2AY e CMS vl A g9 AR S, A 4
A Aoz e Aok H3h CMS vl A g ¢ vt 7bA = AYL 2 YL A&+
POz =2 #45 YE AT

N
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@ TMF A& = A. O.(Aspergillus oryzae)2 W3}

(A)
4C,AO
r
1.00E+05 s
E 100604 i
£ e L {1.0%)
& 1.00E+03 - e YL {0.5%)
5 ——YL {1.0%)
E 1.00E+02 - b —e—AYL(0.5%)
—— AYL (1.0%)
JAOEIOT vt
0 7 14 21 28
Stroage period(days)
(B)
4°C,AO (CMS)
1.00E+05 - ——C-CMS
§ 1.00E+04 ™= Ll
£ ==L (1.0%)
& 1.00E+03 - —— YL {0.5%)
5 YL (1.0%)
E 1.00E+02 - —e—AYL (0.5%)
e [ K
LOOEH0T AL il
0 7 14 21 28
Stroage period(days)

9 74, 4T A TMF A&A A. oryzae counts ¥ 3}

f
SN

TMEFE 4Tl AFstdaAl 2+ A2l A. O.(Aspergillus oryzae) T2 WstE @3l
= 2F 74004 B kel Zv CMS Bl AP T A AL O, sAe AR 25 7kA] Ws)
of FAEHTII} 25 o] FHE EE A TelA 5438 Hidte FAE UYEWIIT

g CMS-TMF9 A%, 719 BE AgTolA AZ715 A O, #57F 7] Hls] W}
glo]l FAEAew, A 35 o FHY oA Hadste A4S WEtATE o= CMS #27t
A. O. =35 FAh=d T4 S e AS A



(A)

15C,AO
1.ODE+Q5 -
——C
.E__ 1.006+04 # =8=L(0.5%)
E == [1.0%)
2 1.00E+03 -+ —L (0.5%)
E = YL (1.0%)
E 1.00E+02 - —@— AYL (0.5%)
= AYL (1.0%)
1.00E+01 71— I TP S PO -
4] 7 14 21 28
Stroage period({days)
(B)
o
15°C, AO (CMS)
1.00E+05 C-CMS
E 100600 B2 —8—1(0.5%)
..3 —d—L{1.0%)
& 1.00E+03 - ——YL (0.5%)
5 YL (1.0%)
E 1.00E+02 + =8 AYL (0.5%)
— AN (1.0%)
1.00E4+01 ~+— |
0 7 14 21 28
Stroage period{days)

19 75, 15Co A TMF A2 A. oryzae counts W3}

TMFE 15Col| A7stdA 2+ Al 7+9 A. O.(Aspergillus oryzae) T2 W3
= a9 7oA B vkel 2ok CMS M A o] A, A 157704 = w77 wEkglol
A= 17 o] FHH AAo®m Faste FAE YERNSTH
g CMS-TMF9| 4%, A% 2-3F7kA #59 Wslgle] FA =7 1 o] &7
7] A&tk AL O. Z}i’ﬂ@o] CMS H| A g o nl&] 1Y 733
Atk 270 A= EF A 0.9 F7h= 71U ¢ glded, ol Hu| Fsoluh dwkAQl a1
A gy TMFoﬂ st AT a2 o8 AL O7F A S AASEITH
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(A)

30C,A0
1.00E+05 -
——C
E 100604 -1 (0.5%)
% —air— {1.0%)
8 1.00E403 - —— YL (0.5%)
5 e YL (1.0%)
E 1.00E+02 - —o— AYL (0.5%)
—— AYL (1.0%)
1.00E+01 - -
a 14
Stroage period(days)
(B)
30°C, A0 (CMS)
1.00E+05 -
——C-CM5
= ==L (0.5%
..E_ 1.00E+04 = 10.5%)
:"-.'. —r— | (1.0%)
2 1006403 - ——¥L (0.5%)
5 ——¥L (1.0%)
E 1.00E+02 -~ —@—AYL (0.5%)
—— AL [1.0%)
1.00E+Q1 -+
] 14
Stroage period{days)

138 76. 30Col A TMF A #Al A. oryzae counts 3}

TMFZ 30Co] A&stdA z+ H&a 79 A. O.(Aspergillus oryzae) 59 W3S Bz 2
H= a9 769 BHE vkel 2ok 30TCAA 1497 AR T EE TMEAA A, O. 71 94
3] fraete Adgs WErdATH o= 16T Aok vriA R, HH] Fsoluh ARkl 1
s el TME /% fAabta a9 Ao 9& A O7F JAHIL UdSS
sk 3t
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(1}) TMF A% = pHe W3}

(A)

—t—C
—8-1(0.5%)
—ir—L (1.0%)
—L{0.5%)
——=¥L (1.0%}
== AYL (0.5%)
——AYL (1.0%)

0 7 14 21 28

Stroage period(days)

(B)

4°C,pH (CMS)

550 1 ——C-CM5

5_905‘% ~E=L05%)
—air— L {1.0%)

4.50 —L {0.5%)
—L (1.0%)

pH

4. |
0 == AYL (0.5%)
i AYL (1.0%)

0 7 14 21 28

Stroage period(days)

a9 77. 4CelA TMF A7%A pH W3}

TMFE 4Tl AdstuA 7k A2l pH WEE w3 dvpes I8 77904 B vhe}
Zoh CMS HIAH o] A, ke mAE Rl #Alglol A el wel A3 7
of A% 35 Fo pH 41745 ol =2sdirh olesdt 432 fibwse] S7hd (2
78)3 frAbet i, Aol AgetEets HE Al ofs) WiFe=
of Yetth= Aoz =590

A CMS-TMF] # -, ulA g tobe= & 453 xvgs}oqg

o= CMSell ofal mAE 2] Aol A= o] pH7F Hstgle]l FA
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(A)

5.50 4 c
5.00 ==L (0.5%)
==L (1.0%)
T 450 ——YL (0.5%)
—— YL {1.0%)
4.00
—8— AYL (0.5%)
3-50 """ T T T T T T T T T T T T T T T T T T T T T T T T AYL 1-1'0%]
0 7 14 21 28
Stroage period({days)
(B)
15°C, pH (CMS)
ST ——C-CMS
500 =L (0.5%)
—i— L {1.0%)
L 450 YL (0,5%)
==Y (1.0%)
4.00 4
—@— AYL (0.5%)
3.50 . 1 — — S N —— AYL (1.0%)
] 7 14 21 28
Stroage period{days)

2% 78. 15CelA TMF A7¢Al pH ¥ 3}

BZ3 A= 19 7804 K= ubet
o] A&7kl wl A o7 pH
4 2F Fo= pH 45 B3, A 4F Fo= pH 4.0 F-2ol

A9, CMS WA TREE pH ool ghitels)
pH 45 Fito] =asglth o= CMS7H 4E% naze] 442 oA
4
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(A)

30C, pH

5.50 - c

.00 =1 (0.5%)
==L (1.0%)})

L 450 L (0.55%6)

L (1.0%)

4.00 +
—8—AYL (0.5%)

350 | ——AYL (1.0%)

0 3 7 14
Stroage period(days)
(B)
30°C, pH (CMS)

=—=C-CM5
==L (0.5%])
== (1.0%)
— YL {0.5%)
e YL (1.0%)

4.00
== AYL (0.5%)

350 . . . ” ; " : . : . . ' . . —=—AYL(1.0%)

1] 3 7 14
Stroage period(days)

29 79. 30CelA TMF A %A pH ¥}

TMFE 30Cel AataA 2t Ae]7-9 pH Wahs #23t dab= 27 79004 B wHpe}
2tk CMS HIA 7] 45, A% 271T1 EE Aol pH7F 543 Akl pH 4.2
el mEetglon, A4 39 ol ¥ = pH W3k AL UEhA ool

CMS-TMF9| Aol AAAQ pH Ast & vAe] ek fraretglont, A% 25 o
FH pH 4557F& A8 ol CMSel ol&) vz Ago]l zlso] CMS 37t
of wsl i o® =2 pH7b #4153 Slas el

E
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2(butyric acid)

)

Flactic acid)¥} 4

] Bk

S

o 5

1
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(A)

4°C, Lactic acid

2089 ——C
— 150 - ==L (0.5%)
% =L (1.0%)
§ 1.00 | —L(0,5%)
I§ —YL({1.0%)
= 050 -

=& AYL {0.5%])
BB b e - ——AYL {1.0%}
4] 7 14 21 28
Stroage period(days)
(B)
4°C, Lactic acid (CMS)

Svls ——C-CMS
= 150 4 == (0.5%)
§' ==L ({1.0%)
ﬁ 1.00 + Y (0.5%)
E - ﬁ é' —t—YL (1.0%)

—8—AYL (0.5%)
0.00 S — AYL (1.0%)
4] 7 14 21 28
Stroage period{days)
9 80. 4CoA TMF AA] Ak w3}

TMFE 4T A7stiax zk Aelg-¢ ZAAighge] Wsts #zs A= 19 800 B
Hhsh @tk CMS M ST A, A% 17744 F75H4 vt 13 o2 F7ks] A%
sto] A& 4FFo= 09 T 12% o =Esiit. 234 %= LILAB) 1.0% #H7F <
YL(Yeast+LAB) 1.0% H7tollA Zatgao]l 7MY =& AS & F Ao

S CMS-TMF] 4%, A%713 5ot abehol /804 9n Q455 FAHA
o] CMSel 9J& LABS Aol AA=HA7] wfitel mz7A=2 A3 EE S7HshA] &2

Ao g Bt}
wEbA, =7 A< A= TMFo CMSE #H7bshA| &= Zlo] ZAA = o) A
= 888 Aoz dAu)
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(A)

15 C, Lactic acid

——

—f—| (0.5%)
==L (1.0%}
—=—YL {0.5%)

Lactic acid {%)

==Y {1.0%)
8= AYL (0.5%)
——AYL (1.0%)

Stroage period{days)

(B)

15C, Lactic acid (CMS)

200 4 ——C-CMS

1.50 =L (0.5%)
==L [1.0%)
1.00 - i YL {0,5%)

Lactic acid (%)

YL (1.0%)
0.50
—8—AYL (0.5%)
0.00 i R R . _ —— AYL (1.0%)
0 7 14 21 28

Stroage period{days)

1 81, 15T A TMF A 7Al g4k #s}

TMFE 15Cel| A%stdA zt
dhel 2th CMS WA Te] 4

= AR AR FF BALel AF AFRY PEF
A4 Foel TR AL BB F Yov], A 4FFolE RE A TN 15% o4
2 FFe YA
S| CMS-TMFS] 4%, A% 25744% 238w%e] F71eh4 ghhrh 27 ol F3H 434
o2 Erkesl AAERON, A4 AFFIIE 10 Lok Aakgel Srbshart
AagFgol A P AL gL AT 9, CMS AT APl AF 34F
Aol adlati slo] APT Aoz ARHL.
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(A)

30C, Lactic acid

——

==L (0.5%)
—i—L(1.0%}
——YL {0.5%)

Lactic acid (%)

—=—YL (1.0%)
—8—AYL (0.5%)

N ——AVL (1.0%)
0 3 7 14

Stroage period(days)

(B)

30C, Lactic acid (CMS)

=M —t—C-CMS5

1.50 - =L (0.5%)
== (1.0%)

1.00 4 —=YL [0.5%)}
—— YL (1.0%)

Lactic acid (%)

0.50
—a— AYL [0.5%)

o000 .. o —— AYL (1.0%)
D 3 7 14

Stroage period{days)

1 82. 15CeA TMF A 7Al g4k #s}

g

TMFE 30Co AZstdar zF Ao zigake Wes Bz daps a9 8204 1
= nkel 2o CMS vlAEFe A9, AF 3dnte] BE A FolA Aikgake] Frhsled
15% ol =g on, A4 2530 LALB) 05% 2 1% #H7}+2F YL(yeast+LAB) 1%
A T = ZBAE o] 1.9 ~ 2.0% 7R Z71sk4 .

&3 CMS-TMFe A%, @A 2 Z73=4% CMS v A2 19 559 e
A7 A7 3L7HAI= 1.0% A5, A% 25 Fole 15% AF FEo 2 ZAkekao] CMS
A7bel mjs] AEow He Row ekt

REE AFZo A dAAASE CMSel o9&l 24k *MM AAFS & F AAAT 30Tl A
= AF 3dw] 1.0% Fad Egsng, env) = FHo= CMSE #H7bete] &2 Al
roll sk wE vt dojus AL WA= 3ot 9,1% Ao g AR ET

4
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M rlr

@ TMF A%

(A)
4°C, Butyric acid
08 ——
_ 81 (0.5%)
% 0.20 4 =1 (1.0%)
8 =YL (0.5%)
£ 010 | YL (1.0%)
° —e—AYL (0.5%)
0.00 B o e S AYL(L.0%)
0 7 14 21 28
Stroage period{days)
(B)
4°C, Butyric acid (CMS)
030 —4—C-CM5
_ .1 (0.5%)
% 0.20 - == {1.0%)
i ——YL(0.5%)
£ 0.0 ——YL(1.0%)
“ —8— AYL (0.5%)
0.00 & = = / —— AYL(1.0%)
0 7 14 21 28
Stroage period(days)
138 83. 4T A TMF A #&A] Ak W3}
TMEFE 4Ce] AgstaA 7z Ao At e vsts d#Edst 23= 1
Hle}l 2t} Butyric acidi= CMS H| H7FF9F CMS-TMF %% EFoA A4 3
7(] &7t 1 o] HEH AAAE = HES YHERUST ol ©e 2% 95|
st HAEE9 Aol dAEHAY] woletal AlmE T

= butyric acid A €l
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(A)

15 C, Butyric acid
0501 —a—
_ ——1 (0.5%)
% 0.20 - —te—1 {1.0%)
E e YL {0.5%)
g 010 —— YL (1.0%)
° e AYL [0.5%)
0.00 : e AYL [1.0%)
0 7 14 21 28
Stroage period(days)
(B)
15 C, Butyric acid (CMS)
930 = C-CMIS
- ——1 {0.5%)
i’ 020 1 i1 {1.0%)
E —L {0.5%)
%‘ 0.10 | - ==L (1.0%)
—8—AYL (0.5%)
0.00 E B ——AYL(1.0%)
0 7 14 21 28
Stroage period(days)
9 84. 15CoA TMF A&A] 4k ¥st
TMFE 15Cel AgataA 2t Ael7e) Gt dhape] wshs Bae A%e 28 8404 0
Eoukeh 2k 4T A VAR CMS A7 %, E7HE vAE ERol #Agle] mE
AR AR debgor, AF 4F FA 002% FEE FAAUD ol Axd TMFe
LEA BE Aol 9t gagh AAEATI = 5 e, TMF &4 glof e 41l
Zwolela Azd 5 9l
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(A)

30°C, Butyric acid
0.30 —c
_ —--1(05%)
% 0207 —a—L(1.0%)
E — ] (0.5%)
% 0.10 + — YL {1.0%)

—8—AYL (0.5%)

0.00 _ o =———AYL(1.0%)
0 3 7 14
Stroage period(days)
(B)
30C, Butyric acid (CMS)
0.30 7 ——C-CM5
o ==L (0.5%}
£ |
= 0.20 —ir—1 (1.0%)
g =YL {0.5%)
£ 010 - ——YL (1.0%)
£
=8—AYL (0.5%)
(1] 3 7 14
Stroage period(days)

219 85. 15CelA TMF A%A ik s

TMFS 30Col Adstar 74 Aelqte] Hak ghade] WS e
= vkel 2ok CMS HIH7FFReF CMS-TMF 83| A% 2555 A
M8 Frhetglom, 4T, 15CA AFE TMFRTY %2 0

1

L- =]
ATH AN AdE K] EFAF I o Qlo] YAk FFEo] 0.1% oldtE ettty Az
ol g AT W 27t ¥ o] FHAE b Fel o BAE e Aow AnHAL
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® TMF A% % acetic acid A 3=l

TMEFE 4Col| AAstdax 2+ A9

(A)
4°C, Acetic acid
2.00 - -
& 150 ——1 (0.5%)
=1 e | [1.0%)
b
£ 100 ——YL(0.5%)
5 —— YL (1.0%)
< 050 -
——AYL (0.5%)
g 8 ——AYL(1.0%)
] 7 14 21 28
Stroage period{days)
(B)
4°C, Acetic acid (CMS)
=7 ——C-CMS
z 150 —@—1 (0.5%)
=1 —i—L [1.0%)
b
£ 100 ——YL(0.5%)
5 ——=YL (1.0%)
< gs0
—8—AYL (0.5%)
0.00 ——AYL (1.0%)
0 7 14 21 28
Stroage period(days)

% 86. 4Col A TMF AAA =4 W)

EX:

= Hbeh 2ok CMS HA7e) A, AR 15 F5EH 457744 A

BHow AA 4FZ o= H7F nAE FFo Aglo] acetic acide] d#Ho] 05% FFEo =

Frsta e,

Gt 2ARAA 24 B4 £4 e P
Brhe we F Qe Ao AuHn

- 167 -

St A= 19 8604 K

AR o Fhse FAE

o ol
SR de



(A)

Acetic acid (%)

2.00 +

1.00 -

0.50 -

15C, Acetic acid

——C
——L(0.5%)
—i— (1.0%])
——YL(0.5%)
——YL {1.0%)
—8—AYL (0.5%)

000 B N =—AYL(10%)
0 7 14 21 28
Stroage period(days)
(B)
15 C, Acetic acid (CMS)
2901 ——C-CM5
= 150 -8 (0.5%)
i' ==L (1.0%)
'_E 100 4 —— YL (0.5%)
g ——YL (1.0%)
< 050 -
—a—AYL [0.5%)
0.00 ——AYL (1.0%)
Stroage period({days)
a9 87. 15T A TMF A#A] x=AF W3t
TMFE 15T Axstiax zt A9 A4+ daFe] WstsE #zst Ay a1 879
£ ohsh gk OMS WIAZbES A9 4T AT gl AY AFRE AY 4FAA 2E
b FAE BoloH, A FHE 07% FE/A ol =3
gk CMS-TMF9] 74, XM 15 F5E 45704 Az o s Sr7hsks FAE YeERlRl e
U, A3 FAE 05% olFEA 1 F7 SErh 943 =¥ Ao vehy,
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(A)

30°C, Acetic acid
2.00 —c
¢ 150 - —@—L (0.5%)
E ~—dr—L (1.0%)
§ 1.00 | ——YL {0.5%)
g —— YL {1.0%)
0.50
—— 1YL [0.5%)
0.00 ¥ —— YL [1.0%)
o 3 7 14
Stroage period(days)
(B)
o - -
30 C, Acetic acid (CMS)
| —4—C-CM5
& 150 —@— L (0.5%)
.-‘E- = (1.0%)
& 1.00 — L {0.5%)
3 —— YL (1.0%)
(=]
< 050
—8— AYL (0.5%)
0.00 = AYL(1.0%)
0 3 7 14
Stroage period{days)

19 88. 30CellA TMF A7Al =4F ®s}

= oubsh ok CMS WIHAATS A% A% AFRE 22 Gl S Axstaon, 4%

= A,
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@ TMFA# % ethanol A4 i€

(A)
4°C, Ethanol
20T ——C
1.50 - —.— 1 (0.5%)
= —t— | [1.0%)
T 100 - i YL (0.5%)
£
= e YL [1.0%)
050
—o— AYL (0.5%)
0.00 B —— AYL (1.0%)
Stroage period{days)
(B)
4 C, Ethanol (CMS)
2.00 7 ——C-CMS
1.50 - —8— L (0.5%)
= —— L (1.0%)
E 1.00 o —— YL {0.5%)
£ YL (1.0%)
0.50
—8— AYL (0.5%])
0.00 —— AYL (1.0%)
Stroage period(days)

19 89. 4TolA TMF A A o &b ¥}

TMFE 4Col AZsdA 7t Hel7e] e dze was paad Za= 17 8904
w ksl 2ok olee AAMES el veast AFIAMET vl §AEA Lpehd =, CMS
MR T AeE RE ATAN AF 1FFREH 3544 dwe Fo] AEHow 27}

s Fde el

o

==

CMS-TMF®] 7 $ol% o742 A4 15 ol F5E oeg shako] F7bel7] Alaksigle
U CMS A b el Angd SR AUAeR we gom etk o CMSe
oa yeaste] Aol elMHomA AMHE duge] FHE vopd Aow wurET @,
A2l FANE YL 705, 199014 A48 oeg o] Andow 714 w9l
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(A)

o
15 C, Ethanol
2.00 ——C
1.50 —-—(0.5%)
= —a— L (1.0%)
g 1.00 | ——L {0.5%)
=
z ——YL [1.0%)
0.50 |
—8—AYL {0.5%)
0.00 —— AYL (1.0%)
0 3 7 14 21 28
Stroage period(days)
(B)
15C, Ethanol (CMS)
299 ——C-CM5
1.50 —-—1 (0.5%)
g =L (1.0%)
E 1.00 —— YL (0.5%)
€=
= —— YL (1.0%)
0.50
—e—AYL (0.5%)
0.00 —— AYL (1.0%)
0 3 7 14 21 28
Stroage period{days)

27 90. 15CelA TMF A &A] o gh& W s}

TMFE 15Cel A&star 24 Ag7-¢] oets kel ¥stE d2d da= 237 9000 A
B kel Zu CMS Rl A9, A AFFE AR 1574 543 S7HAE 5o
gk ool 1.2 T 1.5% FE/HA 17}0}» QU:], o] ¥ lt— ArEE S7EFAE HER O

o]
wE AP Tl 15%5FE o4 A dggel derol 27149

93 CMS-TMFEl 2%, A% 157445 Wbt A9 0147} 15 o] FRE olge e
A&How Zrhekel, AR 3% Folk REAL TN ogg Fo] 1%4F ogow 7}
itk A vlAEIle] 2 Aol Wolx AW, YL(Yeast + LAB) Aol A AriH o
2 ur Be due 522 yeuyad.
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(A)

30C, Ethanol

el

=L [(0.5%)
—d—L (1.0%)
——YL {0.5%)

Ethanol (%)

—=—=YL(1.0%)
—8—AYL (0.5%)

e AYL (1.0%)

Stroage period(days)

(B)

30 C, Ethanol (CMS)

2907 ——C-CMS

-1 (0.5%)
==L [1.0%)
——YL{0.5%)
==Y (1.0%)

1.50 -

1.00 +

Ethanol %)

0.50
—a—AYL (0.5%)

——AYL (1.0%)

0.00 B
0 3 7 14

Stroage period{days)

1 91, 30CellA TMF A A o gh& W s}

TMFE 30Ce AFstHA 7 g9 oes e visgs st 47
B wkel 2ok CMS H7beF vl d7k 25 A% A55E A3 3
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30C AFANAE 15T AFF np7tA =2 YL H7FFolA 718 =S o ee £x& e
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Bl &
SGAr
g 2wl & HH 7] AA]
7] 6.3 X 10" g/cfu 1.3 X 107 g/cfu
== 2.7 X 107 g/cfu 1.8 X 10" g/cfu
] 7 3.3 X 10" g/cfu 1.9 x 10" g/cfu
471 + HF 4.7 x 10" g/cfu 2.9 x 10" g/cfu
471 + "3 1.3 x 10" g/cfu 1.4 X 10" g/cfu
A5+ w4 1.3 X 10" g/cfu 1.2 X 10" g/cfu
A3+ v+ "W 2.9 x 10° g/cfu 3.9 X 10° g/cfu

19 93, A. oryzae ILAFu| o2l
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Yeast(Saccharomyces cerevisieae)= "+ T3 a &, W
|y = MAEEA gFES Fallste] ¢,
Aol ek gk

3A3E =ole=d vy & 2, oA AR T
wafste] dFinde] AW FHE 297 9TS gk
FHto] v E H9-FrtolA] TMRETE o]& WEAZl TMEZ7F 2= WA FEAZA Yeast
Abgel de HEsgtEglon, T JHAE e gloy Syl TMFAA Yeast #7F= 1%
et wE Jeo] rHEA & vk

A 2 FsdA 1dA AFHAZA golilAz HAujA FAHEQ CMSE ¢ &3 98 ¢

AN FAR(TME)AZ A ~EtH 2 AF8E Yeast ¢ 2 $4S& AAE
Yeast #2] ofduje wixlzdel Be 4F & A
HA Wi g & A st AAsEA T

7}. Saccharomyces cerevisieae 759 ¢ %A

ATl AEE Yeast #F HHE s vt Afid ARTd] @ 3l
T oA AIREE AFASE e pH WA, EA, 458 Tol Hold 871 aRTT
q

i B

AdbE Yeasto] @452 Y5 o582 2ASH7] 918te] APl ZYM(Biomerieux, France)
kitE Ab&3te] 2484S AAbstATh dAliEgste] 5% Yeast cell& 42 %, 0.85% NaCl
2mlol Yol §%E 5 McFarland® %< US, A|RE strip tubed] ®&53}aL, 37ColA] 347+
T RESAIZL SOl ZYM A }\]okﬂr ZYM B Al¢FS A g 9e 5 58 Ho 472 7)

st o] wet 02 34, 5 HAd A2 Aotal, 3 ool FgoE #AAYst
Rom, 1 A¥e % 689 £ (M9 aRTF T o GZF v9Ygd =
Z. = 2

= spectrum= A Y
102 Ueyow ymx] grRadFES 45 A

A o
Aol gR7F AW F A spectrum=
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%68 AwE ERTFY BT 54
No. | Enzyme Assayed for A B C D E F G H
1 | control - - - - - - - _
2 | Alkaline phosphatase - - - - + - + +
3 | Esterase(C4) - - - - _ _ _ _
4 | Esterase Lipase(C8) - - - - + - _ _
5 | Lipase(C14) - - - - - _ _ _
6 Leucine arylamidase + + + + + + + +
7 | Valine arylamidase - - - + + - + _
8 | Cystine arylamidase - - - - - - _ _
9 | Trypsin - - - - - - _ _
10 | a—chymotypsin - - - - - _ _ _
11 | Acid phosphatase + + + + + + + +
12 | Naphotol-AS-BI-phosphohydrolase + + + + + + + +
13 | a—galactosidase - - - - - - - _
14 | B-glucuronidase - - - - - - _ _
15 | B—glucosidase - - - - - - _ _
16 | a—glucosidase + + + + + - ¥ +
17 | B-glucosidase - - - - - - - _
18 | N-actetyl-B-glucosaminidase - - - - — — _ _
19 | a-mannosidase - - - - - - - _
20 | a—flucosidase - - - - - - - _

A7 aEITe 34 S A fsiA YM broth(1% xylan, 1% Na-CMC, 1%
stach) 9l 0.1% &YX E #HF3dlal shaking incubator(30C, 220rpm)oll 4] overnight §, cell<
12,000rpmoll Al QAR & ASdSs xghadlor olgstygon cell pellets WsH 73s%]
o, Z3 49 300uld]l 1M phosphate buffer(pH6.0) 50ul, 7] 2 500ul, D.W 150ulS *g3s}ar
30°C°ﬂ/\1 2A1ZF e v, DNS St ds SAS 23+ 3 699 2o e aRdF /]
As Ay ERTF A7F Xylanase®t Amylase? activity’} AY ko,

H7} 9
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369 A gREe g4 97 54
Yeast strains Xylanase CMCase Amylase
A 95.9 39.3 1607.4
B 24.0 58.3 1424.4
C 33.6 24.0 1368.1
D 41.2 32.6 1240.4
E 10.7 53.6 912.5
F 32.6 66.9 957.3
G 34.5 66.0 946.8
H 31.6 71.7 1249.0

. Saccharomyces cerevisiecae 9’ WA Zo wp& A s|E ] W}

AdrE Yeast w72 CMS A $58S dolHr] ¢35+ 10%, 20%, 30%<e] CMS7F g%
YM s Aol A 717} 9] Yeast i 0.1%5 A& & 37CAA wijgstHA] 0, 2¢, 6¥, 14¢,
7Y 7tAoE FRGFE ZAHPgon 1 Ay 18 95 96, 973 2T}

10%, 20%, 30% CMS &-f YMulA A o] #F7F 644 742 S7hstthrt ol 7hass)
= FAE BQom o 193 WY Fow A% E #F7F Be £E fA8
10%CMS vl x| b 2F
1.E+09
1.E+08 " ==
w ——A
s " = —— =~ c
=3 e — D
JE 1.E+06 o e
;Eé \. —e—F
1.E+05 - G
H
1.E+04
1.E+03 ' . .
ol 221 e 142 3721
HH 2FA | ZH()

1% 95, CMS 10% $H+ YM sjAldl A e a8 44 54
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20% CMSHH X| "l 2F

1.E+09

1.E+08 — ;

ﬂ/lﬁ\ —A

1.E+07 - P — —=—B

= e c

B 1.E+06 D
<F 1-E*

el \- »— E

=0 —e— F

1.E+05 .

— - H

1.E+04

1.E+03 T r
ol 22l 62t 14 37

HH 2FA | ZH()

a9 96. CMS 20% sH+ YM wix] o] A4 =4

30% CMS HH X| " 2F
1.E+09
/'\ e
1.Eros V’ﬁ -
- —— A
-
1.E+07 - - — —~ =B
g :’5—//——/“: —= c
s 1.E+06 D
<F 1-E+
el —x—E
=0 —e—F
1.E+05 .
—-H
1.E+04
1.E+03
o 22 62! 142
i 2EAl ZH(L)

% 97. CMS 30% & YM wijA1e] A A

o AWE Saccharomyces cerevisieae 2] CMS WA Aol & s o] W3}
sHol % £ AR FFo CMS ek iAo ofej7bx] Ao WE AETHS A
a7 98l @ WHE7-(YM Broth), @ YMell 10% CMS # 7, @ YM+10% CMS Z7F-oll A
Yeast ExtractE A Ls , @ YM+10% CMS H7}tollAd Malt ExtractE A3t -, &
YM+10% CMS H7Fol A Peptones #|23t 7+ ® YM+10% CMS #H7F7-olA Dextrose A
ok 5 67FA19 AR yiro] wiXE Alxsti o T 74z 1%E HEska 30T
o A 200rpmo. 2 353+ mjgstiA] aRS4o Was FALES
TooT B YMujA A 37 v EAld E o] Wkt glolom,) theksk wi Aol A Ay
S Alue] Byl GO A tFE Y] miAel A 159 o 5-E FHAskr] A Akl on, Ad
A o] FHH Fastr] Al Al on iR wiA[ oA AbESE w9 wE o]
H T E7F vheFe vjAlel A A& o] wF ART 9P AN gFo
e

= 49 A™sHA AR oA ol
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Sc. cerevisiae A
1.E+10
1.E+09 —e—1
—- 2
£ — 3
E 1.E+08 == ———y a
S
—¥—5
1.E+07 > RPN
1.E+06 T T T T
o 1 4 7 21
DAY S
9 98, Mix] AEWsle] wE S cerevisiae A2l A A
Sc. cerevisiae E
1.E+10
1.E+09 _ ——1
_ o = — - —=—2
E * \0\ ‘ 3
2D 1.E+08
("'5 \ 4
+5
1.E+07 - —e—5
1.E+06 T T T
(0} 1 4 7 21
DAYS

18 99, wiR] AEHE] wWE S cerevisiae EQ A FA4

2}, Saccharomyces cerevisieae )¢ WjA| Z7o] W& e A3}
Yeaste] t&F AdulFS sk wiA] A@S Q8] Saccharomyces cerevisieae A, E 2&2] &
sHtE Alg3t o, 8% += PD(Potato Dextrose broth, Difco Co.,) 8 A], IND(A}"L‘L vl A])
oF CMS FHulx1 & AFESFATHGE 70). w2 ZH7he] wix & Alg3te] &3 T8 01% F
%3}o] shaking incubatoroll Al 32°C, 170rpm .2 244 7H5<F uj 93} o}

PD, IND¢F CMSHi Aol A 643t wjFatiA ERFFE FA4 A3, PDU INDEH CMS
Aol A FE7F 33x10° cfu/mlE Y Egkoen, PDY INDE E‘r T 55 FASA Al
¥ T pH W3t 7] PDREu oFF =kAINE pH W 3k= Aol 7k At olgd A=z
Hol 3R AF&uAEA 7P wol /\}%3}% PD .t} Z—SHH T 0T E AHFHoR FAT
Ao Hol WA EZA &8IMA7F & HAoE FeETh
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b

N

70. EF F8& wix] A

PD broth IND Media CMS Media

Soluble Starch(Potato Starch) (0.4%) 1.0% 1.0%
Molasses 2.0% -

CMS - 10.0%
YEAST EXTRACT 0.5% 0.5%
SKIM MILK POWDER 0.5% 0.5%
GLUCOSE 2.0% 2.0% 0.5%
D. W 97.6% 94.0% 87.5%

60
50 /-W
40 ,/

30 —&—pD
20 -

10
00 —A—IND

90
80

log cell numbers (cfu/ml)
N N 0 0 0 0 00 00 ®

24hr 48hr 72hr 96hr 120hr 144hr

A

Qs

29 100, wiAl FFol whE sRte] A%

aJ

00

>0 A‘=*/-‘———‘
00

50
5o \// e

pH
WwhahruuooNN®

50 —— g

(e]0)
50 =1 ND

00
50
00

Ohr 24hr 48hr 72hr 96hr 120hr 144hr

29 101, WA 2R/ 2 FR ajtde] pH W3
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® 71 WA TR WE ERAY AE
Cultivation time PD IND CMS

24hr 1.7 x 10° 1.1 x 10° 1.2 x 10°

48hr 1.6 x 10° 1.5 x 10° 2.3 x 10°

72hr 1.5 x 108 19 x 10 3.3 x 10°

96hr 2.0 x 10° 19 x 108 2.8 x 10°

120hr 19 x 10° 2.1 x 10° 3.3 x 10°

144hr 1.6 x 108 1.7 x 10® 2.6 x 10°
3. Saccharomyces cerevisieae &% i FwA] i
Sac. cerevisicae I’FWA g flete] ® 72¥ o] CMSS FLEE gEste] Z7te] wix
g A% F Awd 250 EFEFE AR FF 10%v/w)7t HA AESAT ARE
T FEEo] 45%7F HESE 2d S HdA| o] wol 20T waAelA 15U7F wa st
8N e AT Hstel Ase] Waks SAsAT,
X 72 AR e aA =4

T A B C D

CMS 15 10 5 -

Ll 30 30 15 15

3t 20 20 20 20

CSL - 5 10

g - 5 10

o 2k 15 10 10 10

1) 7 20 20 20 35

=

HA 100 100 100 100

4. Saccharomyces cerevisieae 7% 117 Wz it

a3 & (Solid-state fermentation) THEsE SF=E 3 e 9] vjA|o] =S 40-60% P == A3
AR Ve AEee] REAAEL ANDA VAR A FARY ohIY REAA
ol AAEE TGP BEWAIES A st MPRHes e vt
AEAL RO AFEEHE naude dubdon 1) ndA gl WA E GolA WEATE W,
2) Az ~goly ~HRIE 2~ AY tray)el WIAE HolA EEAI= W, 3) FE F
AF(L = o] Fola] WFA|7|E= W 4) Bio-reactorghil dhE W@ AR QRoll A Abef
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—_
fite)

Bio-reactorE ©]

s

1o =,

—~
o

el

“ToH

SHECEDRCER P

ol

Aol

=

ST E Z~EFEE 10%

, Yeast &

skl o

A

= AMAE

1 A

Ho

% o3

A3k 2., fan

o
T

g 271(3LA)

20CE

1
T

3.3x10" - 75x10" cfu/g o & AT 7+e] Apol7b AR kAR 5 A 9

1
o

=
=

32 o)

=0

[e)

wol Hulep )

3

ne
e
o

=

—e—ry |
—8— A}
A

.
-

ololololoNolololole
S ANOOWWO TN OO WO

00000 NNNNNGO
(B/ny9) ssaquinu |99 boj

S5day

4day

3day

b
42x10’
1.8x10°

C
7.2x10’
7.5x10’

a
5.4x10’

3days

7.5x10’

4days

2.0x10’

2.1x10°8

3.3x10’

S5days

1% 102. b
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2 CMS-AYL &3tats w7 7B 2 TMF 2axd 44

7F. AYL(A. O, Yeast, LAB) 2] A #jx] ajgd] 24 2 ajeFza &2,

AYL(A. O, Yeast, LAB) #F+ S8 AT EAR(TMF) Al Al AHEE 5 Sl v
AEZ AW 9l ¢hA S v A& (Generally Recommended As Safty Micoorganism)©] t}.
AEdalasdosr QY AL&o] Hol $d w53 ol(Aspergillus ssp.)<t A, Al
, MF Soll AV g Y= &R (Saccharomyces ssp.), - E ol AR F A E AFEEHE FAF
T (Lactic acid bacteria)> A7 A (DFMs : Direct Fed Microbials)Z d&] &# % u A& o]t}
A. O.(Aspergillus oryzae)® 572 & AgEHo] ZAgE vhe} o] S7|d O ZA i
A== 10-45C, TS A& 32-35T, Wol 22 34-38C, HA &% 36-42TCo|H, v
Al 40% Hele] s 282 gtk TMF, wWigdAts 59 Fiol v nAuAl AejolA =
A, O7F s W2 g WPE} AaE Q9= sta o]AsleAE
3}, amylase, B-glucanase, cellulase, fungal protease <% &
S Zal7F oAdHe AEZA, gl 58 RS AR dYa THAE
G,
& X (Saccharomyces ssp.)= Glutamic AcidE gAste] =59 7134
Ioopm = Abdt BIERNS A, AlEAA L] A FeeEHor
qes ok A el AnAATH] o] NS FUIFEHE wrEojFo] olg <l
WEn A s A8ty F2 FE7F fHo =3 GEEA
A=l & daes F7HA71a, A Ede 4
K

e #8
Balsg AUAAG mRE AZdl RaHw g4 ddfel JuE mwAEe

<)

o,
ofj
i)

)

h=
& 2 (Cellulose, Hemi-cellulose
S a7 g A

=]
-

% off
b~
1o,
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=
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n
=<
Q
5
5
Q
5
o
E
o]
wn
Q
1)
o)
g,
ol
Ly
N
S
i
to
rlr
=
=<
@)
wm
rir
Ho
%
o
olo
o,
ol
2
offt
ox, M2
Lo
o)
i
=
o
fru

A 7= 28-S ok ER S-S ofveqtbd A4 HE, wjvlE B v XA JAAHUGE)
= FwstH, o7 23taaE st Al T 23FE @EsH st 3=
4834 Arbdel Zldn. E, @i o] &8-S Eol ¥ U A4 9FE W L 4Ry

of MAlBE AT

Fr 2kt (Lactic Acid Bacteria)< W % (Intestinal Microflora)g FA3tE A i+
24 3ol ds] Falid rbESs BASHA Fow FajATY FAS AAsts AR
= b =, AW AR R ZAAEE, A FaabE oAl b oAl &, Wu| e ALY
oy, FEFEe AstET S &, vER F4 F olRtol = Aol A ZH E(stero) =4 &
Aol o] gtor HorRH ZHUzHE HAIAE FAAA &7 A dF FACd =
o T AoR 4 o, AU ds An, FF AsEx, W] s & dF F4
2HE v A % WYUls @43 5o ERE Zdeve 94 2ot Aok
DFEMs(A A Z A o] ztFolof 3 22 Uibd 2 uldsAdol Qo] St A aolydol &
7HA med = glojo ab,) A el o, Aol A = glojok shar, AU I
2ol T4 d71 xAstelA o] sl okgkth

22 FesATF A A= gtoldl Az Hujx] FAFESQD CMS(Concentrated Molasses

5 o] &35t 2 AFHo] 1AdE AFA A Jdst A O.(Asp. oryzae),
Yeast (Saccharomyces cerevisiae), LAB(Lactobacillus ssp.) 152 A v wjgn] 24 2
wjgkzA g 2 Zgt wjYg VeS fdsty TMF 2taxd 2443 TMF A7 He gdd

F Qe 242 Ausud s,

—

(1). AYL(A. O, Yeast, LAB) 9] 2 w|x] wjgn] 24,

2 FJesAFAA= AYL 79 g 5SS dolry] 38l Aspergillus oryzae 5% T
A7 A (G FF g st al) o A EYS T (Aspergillus oryzae KNOU6983, KNOU6596,
KNOU6095 % KNOU40242)%, Yeast= ¥ H& 271% Ardo] /M #F5, ikt 9
= 17182 @it A (L. casei DSB03, L. plantarum DSBO05)o| A HEokukol H A uj A
i) 2 2 A A o] A&t AYLY wikS 93 A= ol#fe] F 28.91A4
o} o] AFE o7 A85 = PD(Potato Dextrose) a2 2 MRS(Man Rogosa, deMan) <}
FaAE dzT2 Argdon, 2 deAFgAde] e dE A« SB-L. SB-Y.
SB-LY. @ wj < vuAdds s

y
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3% 73. A. O, Yeast, LAB &3 o #j#] =4

Control SB-L SB-Y SB-LY
CSL (Corn steep liquor) 6.00 - 3.00
Yeast extract powder 0.30 0.25 0.28
Skim milk powder 0.60 0.25 0.43
Glucose 2.00 0.50 1.25
KH2PO4 0.50 - 0.25
K2HPO4 0.25 - 0.13
A2 - 0.50 0.25
Molasess (F4) - 0.50 0.25
D.W 90.35 98.00 94.16

Control : MRS broth, PD broth

(2). A. O. EFot+9 gz A,

¥ 289 WA E Apgsle] FH|ANA EAIwe A O. EHF(Aspergillus oryzae
KNOU6983, KNOU6596, KNOU6095 % KNOU40242)5 Histdon, wjdTE 32ColA
shakingd}tH A v kst 3= o33 2o}

A. 0.9] A% broth AeEielA 2% 105, 106, 1074% bead® FAsl7] wito] TS
pipetting3t”7] "¢ o}# 9] A &3 F= countingdt’]7F wiF- oJH U, FUI Z70A 604
7F WiSF ¥ countingdt A, SB-LuiA7} 7F¢ Agkom(1.4x10° spore/ml), SB-LY(5.8x10"
spore/ml), SB-Y(2.5x10% spore/ml), PD(2.3x10° spore/ml) 0.2 XAl ttiAl hebyk
th. PD ®iX|ETE 2 AFEHA A e S wiFQl SB-Y ®Hix]7F AL O7F 4 & 2}
= AoE gl
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3.50
]
2 300
2
S u B ——PD
&S 200
_E‘%I- 150 581
B™= 100 —r— 5B-Y
g
s S ——SB-LY
- 0.00

40 hr 48 hr B0 hr

2% 104 wi A 2ol WE A oryzae 47 =4

19 105 WA AL O, A 2AHL) 2" 106, wiA|
A AL O, A =AHD)

o>
o
o
o3
BN

AHL) 9 107, W)

(3). Saccharomyces cerevisiae T3] vz A1

¥ 19 WA S AFESFe] B AFEo] A3t Saccharomyces cerevisiae SB07, SB10 &3$h3t
TE Mgt o, w2 32Tl A shakingstaA witst A¥= o5y 2o

Saccharomyces cerevisiae®] 745 19 108343 471A] 9] wiA] 5 FASE AAH S HS
o 244 7bell H) AFS dfaL o] F T2AI7MFA] E FAES Ho|A FUTh 24A7F v F
counting A=, PD(9.7x10" cfu/ml), SB-L¥1#(95x10" cfu/ml), SB-Y(8.1x10" cfu/ml),
SB-LY(6.3x10" cfu/m)a=2o.2 YENITE  Saccharomyces cerevisiae &3t wjofol] Al4-3
v A= PDuj Aol Hlaf & A"e] ik wjx b fARRE v 23S UEd Al Ao ® Tt
ARl WHoll A fFrlstrtal e
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YEAST
_ 850
:E'__ .00
£ 730 -
'Ef 700 —B—5B-L
g 650
E §.00 ; —ir— SE-Y
8 550 f - =t BRALY
E 5.00 '
% Ohr 24 hr 48 hr 72 hr
1

19 108. ¥ A] EFol| W& Saccharomyces cerevisiae 37 =4

(4). CMS(Condensed Molasses Solubles) #7}7F 2 &8 X](SB-LY)alA  AYL(A. O,

Yeast, LAB)
T Ao mA= Gk
CMS H7bel w& AYL @59 Yt SA4S dotrr] 98, A1g 7| d (=)ol A
Mgt LAB vz a 2 A"l A /st yeast B A O. MY =1& AF3to, of
g E 749 Zo] wigH|E AAstATh AY & WA SB-LYE 7|2E st CMS 5%,
10%, 20% #7kgk wjAlel A wieF vl A HES oo, starter F= AYL EFHFE 0.1%
HEsta, 32T, 37|44 shaking (1500 rpm) ZA A sfAdAEf S Z AL T}

1

=
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¥ 74, AYL &% 758 CMS #j#] x4
SB-LY 5% CMS  10% CMS 20% CMS

CMS (Condensed molasses solubles) - 5.00 10.00 20.00
CSL (Corn steep liquor) 3.00 3.00 3.00 3.00
Yeast extract powder 0.28 0.28 0.28 0.28
Skim milk powder 0.43 0.43 0.43 0.43
Glucose 1.25 1.25 1.25 1.25
KH2PO4 0.25 0.25 0.25 0.25
K2HPO4 0.13 0.13 0.13 0.13
Soluble potato starch 0.25 0.25 0.25 0.25
Molasess (3) 0.25 0.25 0.25 0.25

D.W 94.16 35.35 88.00 74.16
pH : 7.0

(5). AYL(A. O., Yeast, LAB) &3+ 59] wjkz oA,

pH Changes according to CMS concentrations

o i SE-LY
i —i- 5% OIS
300
s 1015 OS5
oo 20% XIS

100 ¢

0.0

The 2k 36k dERr T2hr 95hr 120 hriad he

29 109. CMS &+ SB-LY uix|[olAe] AYL &3tw+ wiFH(shH) 3 pH H3H(5)

(7} pH 3}

SB-LY Al CMSE 77} 5%, 10%, 20% %7t #jx]ef pHE 7002 XA T Asp.
oryzae, Saccharomyces cerevisiae, Lactobacillus ssp. <% w5 01% HET3 v 32T
A st A pHe ®stE =AM A3 Fig. 6 A 2447F Fo pH7E 5.02% Holx
144A1 78 7hA] & WA sk gLl

o

() CMS sEe] & LAB A% Ws)
CMS(Concentrated Molasses Soluble) &=o] W& LAB &S ZAeH 23 CMS #
45 LAB9] Aol Al Fqkow, 24/\]7} o] 3 144N 7F 744 LABY =7k §lo] 1

T
N

N
2 o gk

]_

SAEGT (2 110). 14427 vlF & LAB 4% CMS S %=7F 20%, 10%, 5% 0% 4
2+7F 21x10° cfu/ml, 1.7x10° cfu/ml, 8.1x10° cfu/ml, 4.0x10° cfu/ml1& e ST},

o
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= CMS9 H7F=2 LABY Z7H7F 985 gelst 5= gl o CMS 10%2F 20% Abolol =
1T AL

FolAo] ¢ Fabd A & o] g5 = el MRSOIA wE Al 10° 7 107 cfu/ml
A A= Aol dubAQl AedS 7etd uwj, SB-LY wi#|7} LAB At & x5z 4
Aol FE&4QU d5dS s S+ AU
LAB changes according to CMS concentrations

= 10.00

[=] S50

=

E Q00

2 sso

5 500 —p—5B-LY

= 750

S —fii— 59 ChS

=] FO00

5 650 —&— 10%CMS

= £.00 — i 20O CHAS

® 550

="

500
Ohr 24hr 36hr 48hr 72hr 96hr 120 144
hr hr

29 110. CMS $X=Z 283 wixol e faket A4 4

(th) CMS s X0l W& Saccharomyces cerevisiae 37 W3}

CMS s&xo W& Saccharomyces cerevisiae B34S ZA3 A3 CMS #H71e 74
Saccharomyces cerevisiae2] 7ol CMS FH7FFs SB-LY wix|H T} dAAH o= Fokrd (1
H 111, A2 24413 74A] S7Fstt7E o] - 144413 4R of3E fhadbs e He
U CMS F37F SB-LY ®j#¢] 2 50x107 cfu/ml =&l & W3} glo] 38
A7 #l%F & Saccharomyces % CMS F%=7F 20%, 10%, 5% 0% oA z+zh 2.2x10°
cfu/ml, 6.0x10° cfu/ml, 3.1x10° cfu/ml, 4.7x10" cfu/mle YERRAT ZF, CMS9] 712 <18

£3]2] Saccharomyces®] #a7F o] Fo] H&S &AL F AU
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Saccharomyces changes according to CMS
concentrations
__ BOO
—-.5 F.50
B 700
2 630 —o—SBLY
E 5.00 —— 5% CMS
E 5.50 —de— 10% CWIS
" s —E- 2085 CMS
ﬁ 4.50
& 400
Ohr 24hr 36hr 48hr 72hr 96hr 120 hrl1d4 hr

29 111. CMS 5= 283 wixlol Ao g A4 4

(&) CMS s=° W& A. O.(Aspergillus oryzae) 27 A3}
CMS sx9o W&

A. 0.9 AAS FAeATE. A, O. spore countinge Auj Ao A =
A7} beadE FA 7] W&ol countinge] E7Fsdtar, 19 1129 #Zo] A. O. cell mass® =
Jfo g I HEFS FAsE AW cell massS A3 A} 05| HAS= AHUES H
Atk ol WA T 2x9, B, CSL 59 ©F8E a7 oy CO: 7H= FEHE o
7] o2 dophd Az FAHHET Cell mass? #HAFE AAHGoz dAHI Hee Ho

CMSel H7bel 9% R4 AFT F AT

AO cell mass changes according to CMS
concentrations
108.00
= = === ===
< 10400 - -
€ 10200
B 10000 At $=5ELY
& 0800 —B 5% M5
m 2
£ 9600 — e
3 a4 00 —i— 10% EMS
oz.00 e 005 TS
80.00
Ohr 24hr 36hr 48hr 72hr 96hr 120 144
hr hr

I8 112. CMS %2 283 wx N A oryzae 3% =4
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(v}) Jar Fermenteroll /] AYL(A. O., Yeast, LAB) €359 vz &4,

Hoh AGgg AYL 3T wdxds ARzl fs " 1133 2ol Jar
Fermenter(Ko Biotech, Model K123, Korea)oll~A] SB-YLeol 10% CMSE #H7}3 wix& pH
702 A3 & Asp. oryzae, Saccharomyces cerevisiae, Lactobacillus ssp. &35 0.1%
HES e, F71FY % 1.0 vvm, 32ColA 126A17F B¢ wjdshH A pH, AYL #5529 W3}
S ZAES T pHY W= x7] 6.3 oA 18AI7F HlF $ 4.95= yvrolxl & F W= gl
o o] Elenmyer flaskolA] v A] pH W3le} 2SS HAh

5% CMSE ZLBIE| Jar fermentart] %

00

GO0 | TR
S| \\-w—f—r—o—O—i—o--

400

iH

ing |
e |
10
EE I

Ohr St 18 hr30krdhrSibe G6 heTEErSGhr 103 116
o hr

a9 113 9% e 244 AYL &3 o5 ujkde] pH W}

Jar Fermenterol A AYLSQ W3S XA A3 LABS} Saccharomyces cerevisiae 1843k
5 747 1.0x107 cfu/ml, 5.0x10° cfu/ml %< FA3ATH (2™ 114). 18 Asp. orvzae
okzkol Eawk #AE AL M counting H A FUrh T3 HAS E o] HSEA F
HojokA A vk AYL #F = A. 0.9} LAB, Yeast?toll synergy”} o}y @} competition®] o]
o2 FA4Hn.

o

_—

el rr
P
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AYL growth curve in SB-YL+5% CMS medium at

Jar fermenter
E.00
7.00
.00

4.00 —w—1an
200 —W—YEAST

Viabhe cell count No.log (cfu/ml)
w
&

Ohr 9hr 18 230 42 54 66 F& 90 102 126
be  he ke ke ke ke ke ke hr

I 115, A& Wk =30l e] AYL &t A=A

(1) AYL(A. O., Yeast, LAB) &3 2] w] %Al morphology ¥%.

AYL(A. O., Yeast, LAB) &3 F7F 22 v A golA A A2 o 917343 d v 7% (Nikon
Eclips i80, Japan)2 ©]&3}% morphologyS ##sAtt. &5 wjd Ao 2Ee 19 116,

117, 1183} Zom, 3wt Al 2t 59 Bg2 1§ 1203 2o

ORI o] dE Wi wle A4 dFESS A F Aoy, EF Y Al 2
119914 2ol Al 0.8 EHFS Bol & F gles & F ANen, LAB9 Yeastd]
ZdAW = x LABO| #]3] Yeast7} €4 A& B o] B wlx= AYL E3ujeF A
LAB®] H]&o] Ald A3 Yeast, A. O. =oAL . 0.8 B oy Ao Hot
AYL Eguiekict AYS b2 A, 0.2 w3 3o TMF A% A &4 ZFs+= zlo] TMF
HEo] feld Aol wdo] £t

,.
o

z P »
o 3 l.l‘\_.
i ko
e
3’.
ok 5
il " i
L
i p
. v s
2
.
"
o -0
d o :!'\.'
1% 116, AR a9 117. A. oryzae 28 118, Gk
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B W

w
L ]
S

W g7kl A TMR/TMFE AtR=Z AREeh= HlTol A9 70% o4& Hfrstal
| 9571t v SE7FEE TMR/TMEFE AR 2 AR&shs Hl5 ol 5
Aloltt. F5-%717F TMR/TMFE AFE =2 AMgstE olfv B8 559 AAHA(
A

o
7k, AMga 5, #5 9 age FA5F $4 9 7154 7ol ol Helasly]

AR AR Hzol @92 HEF F9EoolA 4G BRAR AEVE wFsHn BE
AE BFe 5 TMR/IMPE ARS 433 A9 A28 A9 sha g 440
o AME BEAR ARIE ol§FE Bk A v, FW, WTAE 5L o] 3ol
starter 'Sl WEAE AXF e ol F TMF Axol FE35to] A7hg TMFE WEo] 59

4 TMF= o] &3atx 3t}

B ATHAE AYL(A. O, Yeast, LAB) &3
FAlA AYLE WstE FAbsta, 98
Fermentation) A% Al HAeo wgs
TMRS A z3ate] AYLS HEsle] Ao wast

T2 o] &3alo] starter 7de waAe
AR GALS(TMF ; Total Mixed Ration
As AABst7] 918 Lab. scale®]
A AYL®] WstE FAFsH T

:10
ki
_0|L
N

g do
ot
BN
;

(1). Starter FE A AYLS] W3}

S7FAA AA FPE 7 e S8 AR E FYstY] R 40%E 24e o, 70T
oA 302 dAE F AYLS 1.0% @%3}3’_ Ao A g EhH A AYL«] H3slE A A}
LAB ¢} Yeast & %715 %7} 7217F 10° cfu/g, 10° cfu/go & Al &&te] 149 & 50x10° cfu/g
o7 F7tstAdth (L

A. 0.9 A9+

=3
=
2715 % 10° cfu/goll A A Zske] 149 A3 & 48x10° cfu/g o2 Z7}38F
t}. Starter a9 4
{]_

[e=]
AA
- MAS WiFALE R AFgEte]l AANS wEstgon, A W
dE A0 Y 271557 10° cfu/g o2 B sEolA AlFetg
ol 149 A7 T o & 10° cfu/g o8t 7S Hel Aoz FAvgr)
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§ 88

.00
.00
700

a0

AYL growth of starter fermentation

in Lab scale

e

a0

Oday dday -3day Sday ooy 10day 14 day

o™ 120, 4E v d=

Aol A el AYL &8+
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3. CMS-AYL w59 Adsh AJAg]

A E AP EATF A= TMFE CMS-AYL 52 A3t Alz~d A2 glo]al
Az A F-AHE9 CMS(Concentrated Molasses Solubles) 7} wjA]| & o] &3le] 2 A
o] kst AYLWAE(A. O, Asp. oryzae), Yeast(Saccharomyces cerevisiae),
LAB(Lactobacillus ssp.) % ©]&3to] 2AA TMR/TMF Als-3 7oA #&o] 7M&3t At
AE CMS-AYL di=F AAA|2~E S 7|dsta, TMFEF Az, 7F 5 AYLU|A =9 2add
Wels ZASEe] B Apgo] sjas TMFE a9 AYLVAEC] AA A A&t
W uEte g e oY b 8dS #Aske], HAH e TMF 23x3 TMF A7 ¥
AR =] T ) 3

7h AF & CMS-AYL & AARA| =51 7R

AYL(A. O, Yeast, LAB) #F% %%& $HdTEAE(TMF) A% Al AHEE 5 9le 7|
AEZ o)Auy 9= obAd n *ﬁE(GRAS ; Generally Recommended As Safty Micro—-
organisms)ZA] TMF T &vnAE2 dF& AbEstal e A dFolth. 23dx: A+
gl AYL w9 thgditel 28% 1S SHsty] fsiA A2y A

o
= =
A8 Fermenter (10 capacity)& °©]&3lo] 4k, @8, A O. Z}Zbe 4
A z

3 A 848 AAlstal A vk A E Basty] fe WA e By Al A7 w)
2 s Was AT

TMF Az 2 AZ7|3 Fete] nAE WetiEd 2 Algs7|a(d=)olA gkt o

, 2 A2 Feia(dete] )2 AW vt S TMF Al 2 2o e 4 w3l
g o] dryole] AAasFE, AELIE, CMS Hel® TMF 4% ¥ g73 Al
(3t9-8 TMF)ZA 9 7134 5& FAsg )

(1). W F71e] | WE fatdd ZRe) wjrue v

A 1

o

j=]
Hlwsl7] 98] 2 Al AT
L. casei DSBO03, L. plantarum DSB05 #FZ t}&9] ZAdA] vj%det
it A= ohg 3y 2o
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X 75 w7 S50 e fAk ajkE
Hj&F = Flask Jar fermenter Industrial fermenter(10ton)
A2 /A7 120C/15% 120C/15% 100C/30+%
H =] SB-LY SB-LY SB-LY
vk & =/A) 7k 32T 32T 32T
7] U - 1 vvm 0.5 vvm
H & A 7F 24 24 24
Al &) Al

A o 1hddk flask U Jar fermenteroll A ARt vkt A8 scale(10 ton
capacity)® “ribet viFS wlalstr] 9N APg A= ofdf 19 1213 2tk SB-LY
%] (5% CMS #H7HolA Lactobacillus ssp.i= 24A13F ¥l 3 counting 2 ¥+ flask, Jar
fermenter, 2FQ& W F71A 27 87x10% 8.75x10°% 1.0x10° cfu/mle2 e} wj%7] &
glo] mE ztol= A §le AoRE ddEn pHY WslE & o] glo] 44 sdoz
Hadte s B HAE T4 w7 R 2 Aol flas B

A
ae, FA AR, £, A, NFEAAAGE A Al oitme e
715 o]&dte] M W 29, AT WH TV FY s T d7IA XT Aol AT
S oglo] AlAE FelE slof @ ¥old wurEt)
pH Lactic Acid Bacteria
7.0 s 100
E
A i
P 5D . o
H ] 7.0
H z
=
4.0 E 60
30 . . | =H 2
ohr 12hr 24 hr £ 0hr 12hr 24hr
g
i LB [l il | A\B+YEAST(Flask) et L AB Flask) === LAB+YEAST|Flask]
o | ABHYEAST[)ar formt!) s AR [Indus') s, | AB+YEAST(I2r fio rmt") s LAB [Indus')

T 121 vkl whE wikere] pH(FH ok A (%)

o9 B me e We 2}

g mFrIol A Wi AYL WA ES WANEHET) A Bastu s S0 W
512 AL Aae oo 2o §ae] A9 29 WAAR F42x10° cfu/ml ol A
12x10" cfu/ml ©2 7FAaEo] Ao st on AL Ao A9= 2o 77k 81x10°
cfu/mle2 Z+A7F doj}

l
2
Y
N
o MY
-2
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LAB Storage

5 0E+O7

\

S5.0E+06
Oday

Cold storage

I0days &0days

Room tempt (18°C) storage

0 30 60

YA

42X10° | 2.0x10° | 1.2X10°

100% 47.6% 28.6%

21 2-(187)
A &

42X10° | 3.2X10" | 8.1X10°

100% 7.62% 1.95%

F 122, R we s dg st

U TMF A% < ddbgde] ws)

TMR(Total Mixed Ratio)<
E o]&3e] TMFY AES 7A

43.8%, ADF7} 23.8%c°]™, Z4d+7FHRoughage Factor)7} 42.1%= eV =

3.
AR A -3 FHES B

Az Ao A& TMR Al Z3A

Al 2 HFusto] £ TMRo
A3 T}

A

o
Q=

v gtu] o] whel A 23k 2™, NIR(Near Infra Red) Analyzer

(e}
¥ o] 154%, ZA57F 155/0, NDF7}
(391 5 )&

2 12337 gow, AFE Zzade ual A=

g

o] 21 AYLVIAES &3 sle] TMFA &4 3
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3£ 76. TMF wj &H]

98 % i %
ST 10.0 Ao A (NE) 1.71Mcal/kg
flaked corn 10.0 ) ALl 4 2] (ME) 2.52Mcal/kg
ol 5 5.8 Za A (Crude Protein) 15.44
gy 3.0 T84 & A (SIP) 6.67
o =t 20.0 -3l e = (DIP) 10.08
H A 7] 2.0 53] i -4 (UIP) 5.36
s 15.0 =84 @ (ADICP) 3.28
A A A 4.0 H A - & 3k = (NFC) 26.97
2 F 4.0 F4 4 -VS(NDF) 43.83
Sl 5.0 44 -CS(cNDF) 35.79
i 7.0 H] 4344 742 -VS(ADF) 23.81
EaRsy 0.2 H] 4 31 -4 -CS(cADF) 19.09
T 0.5 7}2~3} NDF(dif. NDF) 23.09
A3 A 05 2] Z2d (Lignin) 3.75
= 79 Z A% (Crude Fat) 5.04
A 100.0 2’41 (Crude Fiber) 15.46
Z3]3E(Ash) 871
Z-4 (Calcium) 0.82
1 (Phosphorus) 0.45
vl 1] & (Magnesium) 0.28
Z-& (Potassium) 1.61
Z A& 7HRoughage Factor) 42.12
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(1).

g4 &
Z

T=
S n
= 3

AYL-TMF<9] A

>
=<

3
.
<
sy
L
2
X

19 123. TMR Az &4

T dEYote) d4skgtE(NH-N)o| Wst

A ek silsge, ensilagett Y EE silsgedl Al Aol A F XA
]
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Al 10% CMS AHel 9 FA 28+ 2 v+ (Negative Treat'm ¢ Positive Treat'm), A7
5 0T, 15T, 30C= va, Z4zke] A 7d nAEAeE ik, FAT+E8, FA
BE+A 0.9 Al AFoE YFia vAEHIEFE 05%9F 1.0%= st om, 2hzhe] A g
nE tryole] AAstgE(NH,-N)G ®istE A A3+ 32 76.9F 2t

+

==

¥ 77. AYL-TMF9] Ao we L&

* 1. negative control(No treatment with CMS) * 8, positive control(treatment with CMS)
2. 0.5% Lactic acid bacteria treated TMF O 0C51\/[%S£?‘T\/IUICJ acid bacteria treated
3. 1.0% Lactic acid bacteria treated TMF 10. Cll\g[oéi}li?\zgc acid bacteria treated
4. 0.5% of LAB+Yeast treated TMF 11. 0.5% of LAB+Yeast treated TMF
5. 1.0% of LAB+Yeast treated TMF 12. 1.0% of LAB+Yeast treated TMF
6. 0.5% of LAB+Yeast+A. O. treated TMF 13. 0.5% of LAB+Yeast+A. O. treated TMF
7. 1.0% of LAB+Yeast+A. O. treated TMF 14. 1.0% of LAB+Yeast+A. O. treated TMF

CMS FH7F71-7H)2F CMSHEF(8-14M)5 nmlusiud, A%, AF7|7holy
AYLH A& #AGle] dRYole] AAastdE(NH-N)Y 32 Hat 148%<F 11.7%=
Eltt CMS A2 s NHy-Ne| FheFo] dA8] 7Haste] CMSO Ats=2A9 7HAE €<l
st

AYLVAE Ao gt NH,-N9 s vlus] 2d CMS FH7FFE 16.56%¢0 4
14.8%=%, CMS H7Ft& 1295%°A 11.7%=2 Z+7F frastd o, A= AYLP A& 9
TH Tl 9% dryold AAsFE FH Fhe AN TS gl AdoeE Ad

Hol AYLVAE Aol o3 a35 &0 5 AT
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# 78. AYL-TMF¢] A% & ryote] dAstgh=o] ®Ws)
A Ao/ ARG ew/ AFem/
AEEINILEN oz | NN gy | NN | NN
AaHE | (%) Ry (%) Ry (%) Ry (%)
04/1 16.56 30-14-1 14.33 15-28-1 15.90 0-28-1 16.27
30-14-2 14.02 15-28-2 16.24 0-28-2 | 16.03
0d/3 16.56 30-14-3 15.60 15-28-3 15.63 0-28-3 | 15.70
30-14-4 14.94 15-28-4 15.16 0-28-4 | 14.39
30-14-5 1517 15-28-5 14.49 0-28-5 | 14.31
04/6 16.57 30-14-6 14.78 15-28-6 14.92 0-28-6 | 13.74
30-14-7 14.68 15-28-7 13.58 0-28-7 |13.82
b 16.56 14.87 15.00 14.67
30-14-8 11.34 15-28-8 11.74 0-28-8 | 11.52
30-14-9 12.50 15-28-9 11.97 0-28-9 | 10.49
30-14-10 12.51 15-28-10 12.01 0-28-10 | 11.77
30-14-11 11.05 15-28-11 11.63 0-28-11 | 11.63
04/12 1295 | 30-14-12 10.26 15-28-12 11.07 0-28-12 | 11.66
30-14-13 12,51 15-28-13 12.74 0-28-13 | 11.35
30-14-14 1155 15-28-14 12.31 0-28-14 12.24
3 12.95 11.68 11.93 11.52
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00 [ 200

150 150
100 100
50 | | | { sg 1
HEms  0¢ 15 30¢C HEys  0C 15¢  30%
BCON- BCON() BAYLL) WAVL(2)

a9 124, Ry 2o E TMFY 24 AR #3l 3o

2

(2). AYL-TMF9] A% T & 23189 W3
AYL-TMF9 A% T AE 423lg9 WHEE %
TE Ura, zhzte] Ao wE AE 438 WilE AR AyeE ¥ 76.9F 2t
8

7)
2 YEh CMS FA 879 dEASEEo]l ot Eokov fojde fdlen, v
°of AE AstES FAE A3, CMS FAH T CMS A9 AEAhs&S 717 83.0%
¢} 81.0% % CMS A& +7F oFF Ash&o] =3kt

AYLVAE Ao o3 dEists&s vas] 2d, CMS 7375 83.0%4 82.7%
2 Zol7b gl oy, CMS H7F+ 81.0%° 4 835%= AYLU[AE AHZld 93] =438}
o] FT7tstd o, AFerd wE AEASES BHWH 4T, 15T, 30C 747 Hat 83.3%,
83.0%, 82.9% = e} 4CTAHGNA HEahstEo] 7H =3urh ol n2dar Tl Ao A
FAZE BEeERo] dELSbE] Eue YHE Ado AYLUABEY T/ o 9% d
EaskEo Aole Fofdo] gle 3o R dddTh
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79. AYL-TMF9 A% F A& 2st&o Wl
A LT i} A AL 2 A8 )
J A]Zejﬂ ;%;17&; i ?-i/:é)ﬂr %{}7]{_}; " ijﬂ XJX:”VE}; ]%/07&?qul
AlEs AlEHS AEWS
0-1 83.3 4-28-1 825 15-28-1 86.0 30-14-1 80.8
4-28-2 82.0 15-28-2 83.5 30-14-2 82.2
0-3 825 4-28-3 81.0 15-28-3 84.9 30-14-3 79.6
4-28-4 835 15-28-4 85.0 30-14-4 81.4
4-28-5 81.6 15-28-5 815 30-14-5 82.4
0-6 83.3 4-28-6 86.1 15-28-6 81.1 30-14-6 81.9
4-28-7 82.7 15-28-7 82.5 30-14-7 83.2
B 83.0 82.8 83.5 81.6
4-28-8 79.0 15-28-8 84.7 30-14-8 85.5
0-9 80.5 4-28-9 82.8 15-28-9 79.4 30-14-9 86.6
4-28-10 88.0 15-28-10 86.8 30-14-10 84.3
0-11 78.8 4-28-11 87.3 15-28-11 81.6 30-14-11 83.0
0-12 83.7 4-28-12 79.1 15-28-12 82.6 30-14-12 81.8
4-28-13 86.7 15-28-13 79.9 30-14-13 84.1
4-28-14 85.9 15-28-14 85.4 30-14-14 82.5
B 81.0 83.8 82.5 84.2
(3). AYLUAE A3 TMFY A% & F&9 W3
o] TMF wjghvl= R 40-45%2 A4 o, nAgs dgoe 7hg 28
FEZALE 40-50% = 4HA ‘E} B oAFo = wignl e S 40%2 FeRon a1y
Al ®5oe] CMS ﬂﬂvm AFE2(0C, 15T, 30T), AYL "AE F7/od #Agle] &g
o= W37t 9ls i@%‘}iu}.
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ey — |
0°C, ==(%) 0°C, =&(%)
S0.0 =00
45.0 45.0
e 2 e
1+ 40.0 » 40.0
<k 3k /
35.0 35.0
0.0 30.0
oday 7day  1aday 2iday  28day Oday  7day  14day 2iday 22day
— i 1 i e =G = —— ] i ) i) — ] —(— w—— ——
e — | ey — |
15°C, 8 15°C, 42
50.0 30.0
450 450
S &
o 200 e 2 200
<k <k
350 350
30.0 30.0

Oday 7day l4day Z21day 22day

— — —ffp— ) el ] =12

Oday 7day  14day 2iday  22day

et S ' 1

300 ey — |
r T
500
450
g
1 400
<k
35.0
30.0
oday 3day Tday l4day
——] —l—; —k—3 =4 —He5 —e—5 ——7

50.0

43.0

40.0

=8 (%)

350

30.0

—

30°C, +E(%)

Oday 3day Tday l4day

—) i) =l=]] =] =——] =—f—1a

9 125, By wpE TMFe| =& W3}

Ak rel wal

Az

th. TMF & A

(1). AYL "% A7) wE None CMS-TMF¢] dWtAdE W3}

TMF 37%elA Alz¥ None CMS-TMFe] dwrAdiE Wsl= 1 807 #tvh.  # 80
HZol g & Fa A, trtelyxe] Wale gldlen, 2dws 233 84, &3,
3], BaA wwd nE Bt dojug i AEdS HYow, FARA AAsES
7}23F NDF 59 #AE Ho giffe] didy Hiae] #a7t dojd As gaed



AR

¥ 80. None CMS-TMF¢] dukAdE W3}
1 2 3 4 5 6 t 7t
Ao g A]
1.71 1.73 1.73 1.73 1.72 1.72 172 1.72
(Mcal/kg)
T ALel 1 A]
2.52 2.58 2.56 2.58 2.56 2.56 2.54 | 2.56
(Mcal/kg)
Zal A (%) | 1544 | 1504 | 1443 | 1479 | 1477 1467 | 14.49 | 14.80
T8 A (%) 6.67 6.72 6.07 6.24 6.05 6.13 6.21 | 6.23
=l A (%) | 10.08 9.97 9.44 978 | 10.00 9.59 9.84 | 9.81
T3 A (%) 5.36 5.08 4.99 5.01 476 5.08 465 | 4.99
284 A (%) 3.28 2.88 2.73 2.77 2.87 2.80 2.67 | 2.86
N A F a3t E5(%) | 2697 | 31.22| 3050| 31.10| 30.29| 30.60| 29.89 | 30.08
T FA2-VS(%) | 4383 | 4267 | 4264 | 4158| 4233 | 42.06| 42.80 | 42.56
FHAF42-CS(%) | 3579| 3145| 3241 2850| 3069 | 31.17| 31.11]31.59

23.81 | 2222 2178 | 2010| 2092 20.57| 21.86|21.61
-VS(%)

W] 2 5H 2

19.09| 1728 | 1794| 16.05| 1654| 1633| 17.10|17.19
-CS(%)

7FA8 NDF(%) | 23.09| 1870 | 2145| 19.76 | 1866| 19.40| 20.36 | 20.20

2 71 (%) 3.75 3.24 3.53 3.12 3.50 341 3.39 | 3.42

ZA (%) 5.04 4.50 4.81 4.83 477 474 478 | 4.78
247 (%) | 1546 1497| 1463 | 13.07| 1430 | 14.00| 1519 14.52
Z3]7 (%) 8.71 6.56 7.62 7.70 7.84 792 8.04 | 7.77

>

24 (%) 0.82 0.72 0.76 0.78 0.75 0.78 0.75 1 0.77

o

(%) 0.45 0.45 0.43 0.45 0.45 0.43 0.45 | 0.44

k1] (%) 0.28 0.24 0.23 0.23 0.23 0.24 0.2210.24

ZHE (%) 1.61 1.24 1.32 1.25 1.28 1.26 132 1.33

ZALE7H%) 42.12 38.36 39.64 37.55 39.52 37.73 39.96 39.27

(2). AYL WA E Agd w2 CMS-TMF2] dutAE W3}
CMS-TMF¢ Ui Wals zaws 333 =84 2 , B84 25
Aol ok Z713Fe] None CMS-TMFe 4 $-¢F 2 S Bt =474, v 43}
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3# 81. CMS-TMF9] dvtgdi ws)

=
i
i)
o
DX
o
M
%
N
N
ifies
9
n
P
o
Jt
o,

8 9 10 11 12 13 14 Hat
R EIRE RS
1.66 1.70 1.70 1.68 1.68 1.68 1.69 1.68
(Mcal/kg)
A (%) 1835 | 1791 | 1966 | 19.71 | 19.05 | 1848 | 19.65 | 1897
TN A (%) 3.85 3.76 413 4.14 4.00 3.88 413 3.98
el S A (%) 1285 | 1254 | 1376 | 13.80 | 1334 | 1294 | 1376 | 13.28
T3] (%) 5.bl 5.37 5.90 5.91 5.72 5.54 5.90 5.69
H A e 3k = (%) 33.39 | 44.07 | 47.09 | 42.80 | 44.37 | 43.21 | 44.24 | 43.45
FFA-VS(%) 30.08 | 2597 | 2166 | 25.60 | 2427 | 26.73 | 24.22 | 25.50
H] A3 A
1828 | 1554 | 1090 | 12.87 | 1241 | 1710 | 1247 | 14.22
-VS(%)
2] 1 (%) 4.58 3.95 3.30 3.90 3.69 4.07 3.68 3.88
A (%) 3.43 3.61 3.26 3.38 3.41 3.29 3.31 3.38
24 (%) 1558 | 13.25 9.29 1096 | 1058 | 1458 | 10.63 | 12.12
Z3] (%) 9.75 8.44 8.33 8.51 8.91 3.29 8.58 8.69
* 1. negative control(No treatment with CMS) * 8. positive control(treatment with CMS)
2. 0.5% Lactic acid bacteria treated TMF 9. 0.5% Lactic acid bacteria treated CMS-TMF
3. 1.0% Lactic acid bacteria treated TMF 10. 1.0% Lactic acid bacteria treated CMS-TMF
4. 0.5% of LAB+Yeast treated TMF 11. 0.5% of LAB+Yeast treated TMF
5. 1.0% of LAB+Yeast treated TMF 12. 1.0% of LAB+Yeast treated TMF
6. 0.5% of LAB+YeasttA. O. treated TMF 13. 0.5% of LAB+Yeast+tA. O. treated TMF
7. 1.0% of LAB+Yeast+tA. O. treated TMF 14. 1.0% of LAB+Yeast+A. O. treated TMF

(3). AYL "|AE A4 wE None CMS-TMF¢ CMS-TMF¢] dukAgd & v
None CMS-TMF¢ CMS-TMF9] d¥tAdE(AYLUAE AHEFE5 Hdsk & 1%% A=
¥ ¥ 813 vl @A F(CP, SIP, DIP, UIP), NCF¢ #1d2e CMSA &3 TMFolA A+
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