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2 HaMg “J1&e Alg ES FA ¥ ARl WS 4% Direct Fed
Microbial (DFM) 7jtel] &% Q7" A (MEHA “Lactic acid dehydrogenae 44t

Aol & t|AE Y e BF AT =% HFAULEE 0)8F ER ¥
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cellulase§ A4tdhe AZE ATA AL @ 4779 HFRIME ASHUT

ANSEXM INZANMNZESE S L WA LS

1999 .
FEI71EY :
FgdF49%
a T €
4 F €U
4 F €
Jed77iad :
HEATHYR -
e T+ H:
a T 4
a T 4«
qEAT7189 ¢
dEATFAYal ;.
4 T
a +
a4 F

e R

10 .

o
=1
u3)
=2
o

B2 ook = E ook o o o

20 .

—)

NoOoo N o

M
o & ot iy &
]

2|t Direct fed microbial(DFM)JH &l 28 A5 .

of o i A B o oo N oo K ojb o o &

3



o
A2
A

I. 4 &
A% AIRES FA 2 A ou9E 915 Direct Fed Microbial(DFM)
Mgl B8 A7

I A7A%e 25 2 F94
AEokdiXe 7tE Atmd 8471 H1d #H§F wgolztn & = Qe &

A4 (antibiotics)o] Al 2 WL YA 4L E2F + AUG 7159 A4
< FUWAI7] HME AR o] &84S FAof el AX2A FAA, YA, &
A 2 GAEA AHgo] 71 EfHoly FAAE AU FHEBAV A1 BEL P
FaEPAE 7HF0) sz AFE FAd dEsof Hnz @A Fo] ALy )
Fol & 943 geMe I AREo] tEs) o dFeld. AR AldHe AR A
Ho g oEste fYUUtY e 4£3EF Fo AV BdHD Qe AFE A
Biol glch ol ® EAE MEY + e /M FL& UL MR 2 AEE
FTEse AAd, RAY o] FHF FARUVEES A3 JoHAME o]EY £3F
T&3 7|ZE7} & olf2 o]EE R e At

FrAd gadE Augd Ex 845 e E YEE #}F Y4de lactic
acide] % {FaAATGF L 7FEe] YA E Fol7l Hdtd A FFE A F9
Hoprt ste TN YIAHLZ HARHE FAZM oMAE FIRF AU AN
52 Xstn gl oleld FAE siddty] dsle ¢FAHE AR FIAAE
YWt BLE Y8t {AE Bistnaste Wyo] ARHIIE PoY HIY 4
TEFE B Lactic acid |89 & PlYES HAE3ln oY 4 A=A
T3 ol dAIAFE S FHEnA e ko] Bo| o]Foxm oy olF7A|
olgt & EAE Yrixoz NAAANYG + e ARe oA gz U

29 ERA dAsle Y T EF FIEL AF 2 Al2Z 8T} Aojsd

A

d}
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&

2

=l s AFe 10-20%9 BHo, AA HEF of 85%E AL ubEg
Hohle 4852 oL o Alre AF HrIEm Yo ojpe wEe g
biological oxygen demand(BOD)7} 25,000ppm AE2 423 &3, 278 ¥ {7y
Vot dxe) T30l w0t 4248 9990 I3 Yon o9 Hy)e) 2a5E HLE

o

=
m{n:L

AR # ge dFelth 29 E5 A L4sE NEYURE F v]ad Al2E ¥
¥ THEL 1020%F=oln, s vYEFH FHuy AHAS ZHE LEAEo

el e o] 80-90%E ARAHn Utk Wiy YLBL Aoz
ol&3tuat WEtED JAEF % HAd) B AZ wEg YLz AR 7Hs
40l NEAYD, FIWAME silage A2} BAEGHY Q47]L2e o]§ Sof
Esflon ofd 4=t Rat €4 9F FrlME Brguess 94
HFEE o]8&3}9 rumen bacterial inoculum, concentrate of natural and cultured
rumen microorganisms ¥ stabilized rumen extract e =2 7bE9) 437 AW o
SASAR dR7 A4 glon, H2 gFoN Y4EE 712 S probioticss] =
THAELE o gHI Y.

ATAE PIBE AAE 7t T BE 939 AN 71Ee) Abmo] Hrbsty

FFLE AUHAY 284528 BB £9 FHY DABS At G £
AHEAE BAEE B FUol 4REEA olF BAL FTIHA o 4
TEZEE 4FS¢ B3ld 2403¢ 3FH £ MY 998 probiotics2 A AL

°l B ATE2EE HACNE ANYstd adsl AFHAG e probiotic 2. 2 A}
Lactobacillus culture(o]: Biomax, Lacta-a-bac, Probios, Pronifer)$} Streptococci =
Bifidobacteria® T3t AEX e (LBC, & Feedmate T-& Streptococcus
faecium: & &§), X Bacillus subtilis§ FHdte Ax 3 (Toyocerin,
Floramate), 19 W& E& Aot AT Ut HFA= ALEEE EAHQY myE
2= L. bulgaricus, L. plantarum, L. acidophillus, S. thermophillus, L. casei, L. faecalis,
L. helveticus, B. subtilis, L. latis, Yeast L. salivaius ol AT B ARgAAME 1,
2] ZHM FHAZRH celluloses] Baj5o] $5a1n g yo] AxT &
24 cellulase #dAlst #d £A oH8E Fote B A7 P S4F A
4dE & Qe F4+F shuttle vectorE o] 4354 cellulase FAA7E g5 o)zl

-3-
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A2EM I

=

shuttle vectorE THEUT o] S AL vectord o] &3t HHAH F UL host
A WA By B AEQ §AFd dE FEAS FAA A WY S8 =
Adgen olyg A7 AREL wgoz 3dx HF FEA FUT cellulase
g YAAY AAN TEFFS FA3] YFAAZY o] &#4E B He R
. 2, A7 2EE U 454 B vAEZ 2E cellulase FHAE B
3o bankﬁ}%}_‘ﬂ_, Bank3} ¥ cellulase FAA FAA 53 GHTEY £FWl EA4
e vyl Bajase] d¥Ae] & AL HAPEn, AT hosto] X AR
2 Bz 2 wgo] 7153 shuttle vector® 43 3}e] E.coli-Lactic acid bacteria
cloning vectorg sRedlm, A¥F F 53 DHATES T Hse
Lactobacilli sp.& #H3st 159 A2|d 548 ZASR, Lactobacilli sp. @5 ol
g3 Ao ¥yAXRPYYL w43, MY celulase FHAE Lactobacilli sp.
Zo) £ty YAAZAI L, HFHe=E QA ARY Lactobacilli sp. 39 A
Az A e o] &AL AT OLaAdA ol TFE NP T F UEF Ik

gt B dApoMe 1) w5 diardele] 1314 4AEA QY lactic acdE 23
ste] glucose@ ] pyruvate® AP & U= lactic dehydrogenaseE thF A 413}
g HEZEY AL e AR WGED 2) OS] odTEA AFHFHY
B LES 7FE o83l 1% 231&E AU F A A2 F FFe] ¥
23 3) WA AW vl BEQ Lactobacillus acidophilusell  cellulase A& =Y
sto] YAABE Lactobacillus acidophilus B58 NEste] FFsHaY 2AHE 2
FozH 7129 YA 719 AAFEE dFsaA o

O ABESE =X U AR} olletS 2|8t Direct fed microbial(DFMYIN Ol 28 H A ..



I A7 s 2 39

1. Lactic acid dehydrogenase A4t o] &2 vlAE v FE 7))
g AT

7}. Lactic acid dehydrogenase A4 v]AE o] &y

Lactated] o]§4o] & FFE R 7] At A8E AT F 274
T2 "gA7] e A9 x(DHL, TATAC, PEES, YM, LBS, BS, NBGT $)d
=2 F 37°ColAM wigste] Ehd colonyE Reldtgch n@y FFe) Ade ¥
2 g oY EF lactate H7} iR A FAEol &5 TFE HEs sy,
2|& 40052 PJAES G292 lactate2 A 3HE MRS Brotho) ZHE3ln g
g AABtA LAFRA ARAste 1069F9] S-S BEdtd AdaAolr o] &3%
o £ B AFERE 24 st & FFE AFE THE HAS Asey A
A} @ Microbial Identification(MID]) 58 %3l p|A &S o] T3t

U. Lactic acid dehydrogenase A4 v E WYz Y
AEE tAEY T4 AT A3 pH ¥, A 2=HAE A F F
H AgEUE A3 A%ty €4, A, AF 4F F2EF, vEY 274E 9
C/N 8l && ZAgC. AETE BERY YA WgS AT JAF7IAE A7) 93
o ddHoz o]fr7sF lactate & EYPFT @Y, 84 FTE EYF P4 Y,
KH PO, & ¥ A 2§, 771479 7 AvterE4AEE AA S

t}. Lactic acid dehydrogenase A4t #F9] A2 L AAFA 79
A7 P EE o] 8§ lactic acid dehydrogenase AY4HE 9] WU LA
EA o= A 2 HAY AEFFELS XA 98t whE9)d]l Cannulae7} A3}
g Ak(in vivo)H AFWFH(in vitro)E o] &3] pH, lactate, VFA T LEAHAE
H3E ZALSLT in situ nylon bag WY& o] &3 AlRY MEHU] & R o &
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2, £% WEUILSEL o] AY R FFo] WiFE sEe) 3T

7h 2% uELE o] & uAES Fn

Mg YLEe o]gAo & FFE EYshy] dAstd =Y He B
o B HIE SojM Eelg NS AT F AFAESFE HAI L 4T UF
gelo) 1%(vol/vol) HEH F AGujFrolA 3U wFstn wFdS 43t
YM agar ¥l x| ¢l pouring®d ¥ wjFstEA $ASA HElYE colonyE 3x Ao
s 9A Beletyn ARe S8 ERE 499t dgdn =5 HHJUSEAA u
FEEA ASE, AAGr 2 HE WLE, HEH 5 &3 {8TFE AT
% A%t

. 2e) nAgEe =& HEugEelM e WFxd F
A ER 2 golel 24 9% HF pH ¥, HY eEHAE F
8 % 33y Y452de AFY] dstq @i, AL, dF TEH, FUIER VER &
F4% 9 C/N v &S ZAgT 39 WEES A2 ¥ F8o| WY 71} 7]
sl w29 YEES B EHS ¥ ¢4F &% whole rumen extract 5 442
APy AHE5E 2 ol8A4L AR 1¥E F3 T AHWHUI AHEFT
g o] S-S ZANSIT 4G wFS AF w2 d, a4 F& EFF P44, KHPO:

5
=2 Xgd Ay 2F, FUI9FY FRY BEFFEAYEL AU

g =5 B39 WLE oG FF AIY R ¢BY 7
Al aRg FFold WFRAL A Ast] FEAE =20 R LA
% system, 4F, DUFE, HAF, AFHTE, LAY, B T AT AU
2 Y8 Scale up 2AE FABIT AN S FHEG B =F5UFH WEE
2 olgste 20 7A NF wFste] wFEel FA, FE R F¥ AR o8&

-6 -
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o BAE B3}E A A5t §A, 4A, FE R R 5 AR F2E
vitr)) & ©) &3t} FH YT

3. Chromosome homologous integration W& F39 cellu-
laseE A3 = A= AaAe A
A% 2(cellulose)?] o] §& AFHOoE 353, 543 £ vind IAE A
Aeo AL adE A BE, AZA, oJF, 982 o|&IAort, 19703z 4
F3EE AXNEA ARart eAdge 22 A4 SAHe dadolge HAA
Aga quxdezs Hdf4LE ol¥dua dfLE ZtrEdEA Single Cell
Proteino]u} @&, o4& A4k T A o8 2 #HFAH o227 7A g
A+ Bansa Ao
Cellulase® ©| &8 Hfr4s AEHH Zi¢Edlc 83 Y= vuwstd g2
AR AU Yoy, &7 231 Bigol 33 ¥g ¥ ol AL Y
go] o9 Fo} AFA AY ol&o] & Hjaqlel Hx gt ofd EAHLE B3l
7] gsiXe FUAROE di4 23 88 248 AUste vldEE g, B
B AL WHEEAL A & EMHE 717 cellulaseE ZAFHLZ o
ZFAAstE A3 cloning® cellulase FAZE o] &8l APHE FEF v E
YAAGANAM o8 vIBEZHE FEEZ9 Yz v]YE ZA 9 o] AL =B
Adte Aol Hf4a ALY FFHY ol&E A W Fag AAG FA
gty B 979 gL Odd Hid B3 VHEEE FE ¥ cellulase
FHAE bankdtd 259 HASH 548 FHEYH FA9 cloning vectorg ©]8-
g FAAAZYE HE T3 NG B PIAEQ Lactobacillio] FAABAFPL2H
cellulase #8538 zt Lactobacillis] A2 v|AE TFE /L¢sle Rolgh. =3
o]F PI4EZRE FHHxe WHFYR ¢ R ALE cellulase 54& I3}
HFHog olg¥ cellulase KA BAHEH Lactobacilli TFE BHETE AR
o] H715t] o o] FFAgezN FFAM} ZE YJTAZAY IFE 7leH
o} &2 celluose® &3] o]&3le A2 YFAE MNEFo2N SAFTEANN FA4E

o

-7 -
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= O X

Joretd EAHS AT FAO voprt arisd Az AW UYESY FFI3I
B FEUAIES A9 AFASAA PEE 24 2 ATE dANE
At

V. a7Aeds 2 S8 B A
1. Lactic acid dehydrogenase A o] -2 o] 2| FE Jute] w3
aT
RARY Bt WERFEY WERAY t4EY TYES WAES 5

lactate AT Lactobacillus sp. 9} Streptococcus bovis Z& T &l A& 2435t

~

ox
o,

-

o] 59 thAAFEQ] lactate RS pHE Foj=Elm W& pHe WEFEd &
o]t A&A —vlelelo}, = Bacteriodes succinogens, Ruminococcus albus 12|31
Ruminococcus flavefaciens®] 2-¢ A Aste] 4231 QALY A3} 2§85 ot
ALd 28 AR FH2 A3 lactate 23 pH A= lactic acidosisE
g3t o AsE YT AT S 7MES G & FAH &4do] ¢
gl B Age B Jduix Al FH9E A lactate AAHE Fol7] YA
lactate dehydrogenase® A4tele Bl ES Eeldtd §F # g ¥ 542
FHstn, WHFEFEo A DFM2Z FA3HE W lactate FHES FaAd F UAeA
FsAe Hrsk7] 989 in vitro Aol A lactic acidosis A R o] tiE A4
< AAEH

Lactate dehydrogenase 44 Pl E& #&3}7) H3d dFd 948 F, 4,
2 & ¥ 2 RFMEzRyH F 32739 T EIHIATY olE FT A
(bromocrezol green)& @ el WMiAE o] &3te] 184F ] MU T& HAFSHA
oo, A AA TFE lactate mediumdl] uj%¥sle] A zee 89F9 @& MBI
At a%a.é.i LDH AR FY A¥e LDH 4944 (LDH-staining method)
2 o] &3l lactate dehydrogenaseg zra Qe 20 £ < dEIHUD o8 F

2

Strain FFyl11-19]M 7}4 £& LDH 977t #ASden, AA g7} (specific

_8-
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activity)= 28.68 moles reduced NAD/min/mg protein o]ty elx Strain
FFylll-1&= A|® ¢]2 LDHE Bulstg ey o] & AlA& Strain FFyll1-1€ 244]
7k WOk wjgdo] ) LDHE A G 98t 2Age 2N FAHIUTG
e $X Az FFyl11-1% Lactobacillus sp.22 HAHALw, o F&
Lactobacillus sp. FFy111-12 %% 3t5itt. Lactobacillus sp. FFy111-1& uj)<fe] o &
7478} @49 Z glucose, fructose, maltoseE FF3HHUE W, 22 449 T
yeast extract, NH(Cl, (NH,):POsE ¥ 3R o), B 7)€L NaCl, KH,PO.&
3F49¢ 9 LDH 9sks 4%l 27184tk B8, B2UO 2 fructose, A4S
2 yeast extract, 27122 (NH)POE FFa9e o 9 433 LDH 97} 7}
A Fo gL Fouw, uMEYY fructoser 2%, yeast extracte 4%, 123
(NHiPO, & 0.05%8 ##3tde o T 4% LDH ¥4o] 71 =qo =T,
¥ LDH 243 g4 o9 HF43e A wdde pHY v == 44
6.59 30°Colch metA|, Lactobacillus sp. FFyl1l-1& 2% fructose, 4% yeast extract,
0.05% KHoPOE 3l pH7t 6.5 uj gl HZ3de 30CoA 24 AL 6 &3l
Qe m F 4% LDH ¥A4o] 71¥ Eaen, ojuje T 43 FFx=E 201 I
i, A4 497} 103.89 moles reduced NAD/min/mg protein®] it} Lactobacillus
sp. FFyl11-19] LDH7} &4 g8 37] 9% H& pHE 75020, pH 70 ~
859 F& HHNAM 90% ol44e) LDH ¥4 Bgioh pHell e & ABF4L
pH 7.03 8.0014 7} %7 Jelgch LDH7} &4 vhgE 37 A% Y 2=
40co)g o, 30, 40, 50, 60 zalx 70TCA 608 T dXel¥ LDH Hrte 4
Z} HetA] e A orre] 89, 78, 37, 30 18I 6% FEIUTH
Strain FFyl111-1¢] LDH¥ Z& VFAs & 10, 20, 30 283 40 mM9] acetate,
propionate, butyrate, valate, isobutyrate 123 isovalateo] st A4 Aol o
A=gQen, 40 mMe] VFAsd] 9ste] LDH Aol &3] JASAAUT 132 9+
Be B8 = 2 mM3} 10 mMe) BaCly, ZnCl, CoCly, CaCly, KCI, MgSOs 2183
MnSOs& LDH $4€& ZIA71€ A4S 2oy 10 mM CuSO2 A stie o
LDHY /M= H2lshx @& A2 849 38% $E7HA FasHe A4 84 94 ¢
Ayo] WA ATt 26% glucose, 6% Cellobiose, 7% solule starch, 26% glucose, 6%

-9 -
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celluose, 7% cellobiose9} 6% trypticase® #f3F acidic feedse] H7I2  in vikro &
oA lactic acidosis& WA A7) 4 F8Hct 22l acidic feed2] H7IZFE 71
ol ma} pHE 500)3t2 A ZAE$ 1 lactate, VFA, propionate, valate 212l3
butyrates F7}3t4t}. in vitro acidic rumen fluide] %@ lactatee LDH &4
g o8 AUt F, S108, C21-1, Fyl10-8, F48 18] 1 FFyl1ll-1¢) &4 A
21 & in vitro acidic rumen fluid 2} lactatel % (relative lactate concentrate)2 97, 91,
89, 8¢ 1g)m 78%= FAF (100%)o) wisld A JelEtd. in vitro acidic
rumen fluid®] lactate £2& LDH AA #3F9 HFEo=z ZAFIUY. &, =3E
lactateF & FEAej¢ye 5085 £ 7.35 mM=Z ujAlE X7 (5108, 4548 + 6.27
mM; F48, 41.8¢ + 755 mM; FFyll11l-1, 4042 * 645 mM)dlA O A g
metA 99 ol e 4Y AF}ES LDH 44 v|AES] A7t & LDH Aol A
de @T8ES ¥ol 78 AR AlR FAHZ U@ lactate £ L oL + 3

gt J54e Axlsre Aol

o] 8¢ AR U FPo| WjFE sdel] AT AT

mIo

2. 25 By EE

7t 25 BE9E o848 AR wWdE Mg

2 IdFE SEAAM SHHE HEY WLE 80:90%E AX e wEHd
< o83t 71Ee AUALE FANE £ Qe wF LHE 2 vNE uYES
sz At FYAAG ©F A ojgAe] e MM ARE EE FF
g F wEfdelre] MigFzd RANEE AAMEHUG MIARE =5F FoA
E2ERY F wagdaay ZH2Est wE 3 F(SKK-Y-728, SKK-Y-786 ¢
SKK-Y-1293)8 st} 2P A% pH 2 & ZAME F A¥d At uid
714 ©F W YE 279 cheese clothg o{3}§ whole rumen extract{W.R.E.)9}
°)]8 F=ER 2l(vol/vol)Z EF dilute rumen extract (D.RE)E AR & AR
FHo AR FdelE H93tn, DAY (urea, ammonium sulfate, ammonium nitrate,
ammonium phosphate @ ammonium chloride), 24 H7}4F(0, 01, 0.2 ¥ 0.3%),

32 H/FE0 2 4 ¥ 6%), 005%9 P ¥ K H7HKH, PO, KHPO, KC! ¥

_10_
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Q@q\_i%ﬂ A4 AN

K:504), 0.02%¢] trace elementsH7HMgSOs7H,0, FeSO,s7H,O, CuSO5H,0 o
CaCl;2H,0) ¥ C/N #]£(100:1.3, 100:3.2, 100:3.6 ¥ 100:4)0] ARZ 4o x|
FE& 2 F HHEPU L YT scale upol] ME wjYRH AM EAFHE A}
Aot

EZZAA F2d wEAde o] gAo] $43 Ee|AR SKK-Y-7283} SKK-Y-12932
Saccharomyces &o]li SKK-Y-786-& Candida #o|2v, HA AS pH Lex:=
SKK-Y-728¢] pH 35-65, 30-35CQ: SKK-Y-786& pH 4-7.0, 30-35CHon
SKK-Y-1293¢] pH 4-7.0, 25-35C{t. ¥YAE SKK-Y-728, SKK-Y-786 X
SKK-Y-1293 25 W.RE.SMHEtt DRECIA g S4&59 713 o]84E el
o SKK-Y-728, SKK-Y-786 % SKK-Y-1293¢] Z4lo] A2 HAA3FEL ureas)
ammonium sulfate@ 2™, SKK-Y-12939] &A}ZHQ Q4 H7/$ZEFLS 01%Pch
SKK-Y-728, SKK-Y-786 ¥ SKK-Y-12932] AR 59} 7]A o]&Lo] 2% oA 6%
B2 A7le] 948 A F71E ATHp<0.05). K2HPOsS} MgSO7H0 H7b 7oA A&
2Fg 71 o] 8gol FUEAoY, A, ZF 2 FUIEF vl BE §93q z
ol AU #e AR SKK-Y-728, SKK-Y-786 & SKK-Y-1293& C/N H]-& 100:1.39)
A 100:3.2, 100:3.6 ¥ 100:4.001 5T} &L YERSFE YelWTh(p<0.05). SKK-Y-728
3 SKK-Y-7862 uj ¥z Mol os) HERFrF 271 5o}, SKK-Y-12938 u)
FzA A A AFst g

4. =% BMFEJUEES o] 8T TP uGE S

€ A438e 743 2AME 2 nAEAUAE FHeln e =EuFgae
7+ Y F2E A% AL(a-amylase ¥ protease) ¥ FuolultE A 7]F
2 o) 83t7] A3 Aspergillus oryzae7} HWo) EAE WASIE WYZPL ZAE}
1z GA ATk HFEAUNLES ol 8§ Aspergillus oryzae A ¥|FzHL =AM}
7l A%t DAGAE o] &8 Aspergillus oryzae® 0.5%(w/w) HEY F 30Ce|A
4841 wi el ©@ad B FxY An, SRS L 9299 TR Hrue
R ELAALE AT HF i FALE ZAED YA Y BAY EAHE 2AEIAL.

SE, TE € 9rlE A W& g-amylased] AHHY FA(%)S 2R3

i

fo

_11_
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97)< 1000] thale) ztz} 785, 771 ¥ 7472 @AY F 7} 1859 ¥ Frts}
%.2.0 (p<.05), proteased] Johd A (%) EF 2248 8 ¢ 1009} Wi3te] 522,
67.8 2 60302 T A7} 2150 vistd Z71sl P o (p<.05) BAAIY Aol UM
o 22} Aol v3ld 2A2YSZ g-amylased] Fly (%)L oF 212571 F7}
393 (p<.05), proteased] AH BA (%)= o 30-409]| Z 7}V oHp<.05). a
-amylase?] Artha B (%)L FETFF 30-50%Y W Ek(p<.05), proteases] A
H gA(R)e YT 40% X EA Jebgtth(p<05). HFANEEH TE v
o) @& g-amylased] AHH (%)L EFHIE] B Aole ALY, protease
o Ay wA(%)S 129 BLY wrt 11, 14 ¥ 159 wdtq gA dewo
(p<.05). ERSFAIZIE(0-60A17F) a-amylased] FoiE BA(%)& 24Xt 36413k o
£ WAz} wiste] EAl UEl% 0. p(p<.05), proteased] Fuhd A (%)L 3641t
48717t #) EA JEbtH(p<.05). Aspergillus oryzae7} X433 «-amylase®] 7% pH 5
o 69N & AUEH AL JeEhd o (p<.05), protease] FhH (%) pH 7
A EA JeElgth(p<05). EF g-amylased] F$ 40TC- S50CoA FEFA0)
85%-100% 1 2.7 protease= 40T A Hule] A& FA4& vetdllch

£ UEHJUEEL o83 2R 2 IHo| HIE I/ JtEe 284
gle] v xe &3
E dFe u5y njAdEY S w3y o)A AFHA I
LEE o)g35e] A28 Aspergilluss} Saccharomyces wWiFEo] Aol WFEHU pH,
NH;-N &2, 54 apda @3 R whddul 9%4 2489 nXe ERE 7933
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SUMMARY

1. Studies on the development of microbial culture for production of

lactate dehydrogenase

1) For the screening LDH-producing bacteria, 327 strains were isolated from
various sources, such as foods, water, plants, soil, feces, byproducts and what not.
184 acid-producing strains were selected medium above 327 isolates by yellow
colour zone forming on selected medium containing indicater (bromocrezol green)
and then 89 lactate-utilizing strains which grew well on the lactate medium were
selected. 20 strains which produce LDH were selected finally by LDH-staining
method with native PAGE. FFyl111-1 among LDH-producing strains was found to
produce LDH with the most high enzyme activity. The specific activity was
revealed 28.68 moles reduced NAD/min/mg protein. LDH in culture fluid was
found by LDH-straining methods with native PAGE. This result indicated that
FFyl11-1 produced extracellular LDH. The. strain FFyl1l-1 was indicated as
Lactobacillus sp. and named Lactobacillus sp. FFy111-1.

2) LDH activities and cell growth of Lactobacillus sp. FFy111-1 were increaed by
glucose, fructose and maltose as carbon sources, yeast extract, NHCl, (NHg),POy as
nitrogen and NaCl and KH,PO; among the mineral sources.

Specially, combination of frutose, yeast extract and (NH.);POs in the culturé
media was greatly influenced on growth and LDH activity. Growth and LDH
activity were revealed the highest level when frutose, yeast extract and (NH),PO,
were added 2, 4 and 0.05%, respectively. Also, opimum growth with high LDH
activity were found at pH 65 and 30C. The LDH producing microorganit,
Lactobacillus sp. FFyl1l-1 was revealed better growth with high enzyme activity
when 2% fructose, 4% yeast extract, 0.05% KHPO; were added at pH 6.5 and 3

_15_.
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0°C. Lactobacillus sp. FFy111-1 was revealed the highest growth and enzyme activity
(2.02 at Asp and 103.89 moles reduced NAD/ml/min) when it was incubated for

24 hour.

3) Optomum LDH activity of Latobacillus sp. FFyl11l-1 was revealed at pH 7.5.
However it had a narrow pH range from 7.0 to 8.5 The stability of FFyl111-1" s
LDH was revealed the highest value at pH 7.0 and 8.0. The optimal temperature
of Lactobacillus sp. FFyl11-1" s LDH was revealed at 40°C. The residyal LDH
activities were 89, 78, 37, 30 and 6% of its original LDH activity when it was
incubated for 60 minutes at 30, 40, 50, 60 and 70C, respectively. LDH of
Lactobacillus sp. FFyl11l-1 was inactivated by 10, 20, 30 and 40mM of acetate,
propionate, butyrate, valate, isobutyrate and isovalate. Also, its LDH was
inactivated completely by 40mM of VFAs. BaCl; ZnCl; CoCl; CaCl, KCl, MgSO,
and MnSO; except CuSO; enhanced LDH activity. However, residual enzyme
activity with 10mM CuSO; was revealed 38% of its original LDH activity.

4) The in vitro lactic acidosis was induced by acidic feed which is consist of
soluble starch (55%), glucose (26%), cellulose (6%), cellobiose (7%) and trypticase
(6%). With increasing amount of acidic feeds, pH of in vitro rumen culture was
revealed fell bellow 5.0, and lactate, total VFA, propionate, valate and butyrate
were increased. In vitro lactate was decreased by treatments of crude LDH from
Lactobacillus sp. FFyll11l-1. The relative lactate concentration of acidic rumen fluid
treated with LDH of strain 5108, C21-1, Fy110-8, F48 and FFyll1l-1 were decreased
to 97, 91, 89, 84 and 78%, respectively. The lactate accumulate within in vitro
acidic rumen fluid was reduced by inoculation of viable LDH-producing bacteria
(mean value : S108, 45.48£6.27mM; F48, 41.84+7.55mM; FFyl111-1, 40.42+6.45mM,
control, 50.85+7.35mM). It was indicated that lactate accumulation can be

prevented by adding either LDH or LDH-producing bacteria inoculation.
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These results suggest that inoculation of LDH-producing bacteria and treatment
of LDH enzyme have potential to prevent lactate accumulation in the rumen when

ruminant animal was fed readily fermentable carbohydrates.

2. Studies on the development of fungal cultures with rumen contents

by microbial fermentation

These studies were conducted to evaluate the feasibility of rumen fluid as a
substrate for production of feed resources by yeast and mold strains.

These experiments were devided that optimization of growth of isolated yeast
with the dilute rumen extract, and optimization of amylase and protease
production by mold with rumen contents medium.

Ist experiments, isolation and identification of wild type yeasts from
slaughterhouse and evaluate the effect of nitrogen compounds(urea, ammonium
sulfate, ammonium nitrate, ammonium phosphate and ammonium chloride), urea
concentrations(0, 0.1, 0.2, and 0.3%), molasses concentrations(0, 2, 4 and 6%), P and
K sources(KH,POs, K.HPO;, KCl, K;SO4), trace elements(MgSO,7H20, FeSO,7H20,
CuSO45H;0 and CaCl;2H;0) and C/N ratio(100:1.3, 100:3.2, 100:3.6 and 100:4) on
cell growth of isolated yeast SKK-Y-728, SKK-Y-786 and SKK-Y-1293 with D.R.E..

SKK-Y-728, SKK-Y-786 and SKK-Y-1293 were cultivated at 30°C, initial pH 5.0 for
48 hour in shaking flasks or jar fermenter.

2nd experiments, The optimal conditions of Aspergillus oryzae cultivation were
investigated to study the effects of maize meal, wheat middling and wheat bran
as a carbon source, with or without steaming, in the ratio of rumen contents to
carbon source(1:1~1:5), moisture contents(30~70%) and incubation time(6~60hr)
on enzymes production with rumen contents. Aspergillus oryzae was cultivated at

30°C for 48 hour in Koji box. The optimum pH and temperature of enzymes(a
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-amylase, protease) in Aspergillus oryzae culture were tested at pH 3~10 and
temperature 30~100TC.

3rd experiments, this study was to examine the effects of supplemental
yeast(Saccharomyces sp.) and fungal(Aspergillus sp.) culture prepared from rumen
contents on ruminal fermentation and nutrient disappearance. Three Holstein dairy
cows, surgically fitted with ruminal cannula, were used in a 3 X 3 Latin Square
design. Dietary treatments were 1) an unsupplemented basal diet, 2) basal diet
plus 200g/d of Aspergillus culture, and 3) basal diet plus 200g/d of Saccharomyces
culture. Cows were supplied 100g of Saccharomyces and Aspergillus Culture via the
ruminal cannula at each feeding. Rumen fluid was sampled at -05, 2, 5 and 8
hour following the start of the morning feeding. Nylon bags containing rice straw

were used to determine ruminal nutrient disappearance at 24, 48 and 72 hour.

Ist experiments

The yeast isolated from slaughterhouse were identified as Saccharomyces
(SKK-Y-728 and SKK-Y-1293) and Candida(SKK-Y-786) on the basis of fatty acid
composition of the cells. Maximum growth of isolated yeast SKK-Y-728, SKK-Y-786
and SKK-Y-1293 were appeared at the pH 35-6.5, pH 4.0-7.0, pH 4.0-7.0 and the
temperature 30-35C, 30-35°C, 25-35°C in Yeast Malt broth, respectively. Dried
rumen fluid, contents of lysine, leucine and alanine were 2.56%, 21% and 1.7%;
contents of phosphorus and potassium were 145% and 1.37%. Cell growth and
nitrogen availability in the D.RE. were higher(p<0.05) than the W.R.E. by SKK-Y-728,
SKK-Y-786 and SKK-Y-1293. Effective nitrogen source for growth of SKK-Y-728,
SKK-Y-786 and SKK-Y-1293 were appeared to urea and ammonium sulfate and
growth of SKK-Y-1293 was increased at a concentration of urea 0.1%. Addition of
P, K and trace elements had no effect of cell' growth of SKK-Y-728, SKK-Y-786 and
SKK-Y-1293. Cell growth of SKK-Y-728, SKK-Y-786 and SKK-Y-1293 were increased
by addition of molasses at a concentration of 2%-4%(p<0.05). Cell growth of
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SKK-Y-728, SKK-Y-786 and SKK-Y-1293 at the ratio of C/N, 100:1.3 were
greater(p<0.05) than the 100:3.2, 100:3.6 and 100:4.0. Cell growth of SKK-Y-728,
SKK-Y-786 and SKK-Y-1293 was decreased by scale up but increased growth of
SKK-Y-728, SKK-Y-786 by the modifying condition but not in SKK-Y-1293.

2nd experiments

Relative activity(%) of a-amylase and protease were increased by addition of
maize meal, wheat middling and wheat bran after cultivation for 48 hour
compared with without carbon source(p<.05), but did not different in enzyme
activity between carbon sources. Those were increased 21~25 and 30~50 by with
steaming than without steaming(p<l.05). Maximum relative activity(%) of a
-amylase and protease were appeared at the moisture contents 30~50%, 40% and
incubation time 24~36, 36~48, respectively. Protease activity of 1.2 was higher
than those of 11, 1:4 and 1:5(p<.05), but did not different in a@-amylase activity
between carbon source ratio. Optimum pH and temperature of «-amylase and
protease in Aspergillus oryzae culture were detected as pH 5~6, temperature 40~

50C and pH 7, temperature 40TC.

3rd experiments

Aspergillus  sp. and  Saccharomyces sp. culture improved ruminal DM
disappeérance by 30.31%, 20.15% at the 24 hour incubation, and improved by
45.56%, 30.33% at the 48 hour incubation, and ifnproved by 10.50%, 10.01% at the
72 hour incubation compared with control(p<.05), respectively. Aspergillus sp. and
Saccharomyces sp. culture improved ruminal OM disappearance by 8.61%, 831% at
the 24 hour incubation, and improved by 8.92%, 11.13% at the 48 hour incubation,
and improved by 7.90%, 8.38% at the 72 hour incubation compared with control,
respectively. Aspergillus sp. and Saccharomyces sp. culture improved ruminal NDF

disappearance by 9.75%, 8.30% at the 48 hour incubation, and improved by 3.62%,
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545% at the 72 hour incubation compared with control, respectively. Aspergillus sp.
and Saccharomyces sp. culture improved ruminal ADF disappearance by 3.36%,
6.35% at the 48 hour incubation, and improved by 7.17%, 5.67% at the 72 hour
incubation compared with control, respectively. The values of ruminal pH in cows
receiving Aspergillus sp. and Saccharomyces sp. culture was lower (p<.05) than the
control. The NHs-N concentration in the rumen was lowered(p<.05) by 22.62%,
13.14% at the 5 hour, and lowered by 17.22%, 10.45% at the 8 hour for cows fed
Aspergillus sp. and Saccharomyces sp. culture than for cows the an unsupplemented
basal diet, respectively. Total VFA’s concentration in the rumen was lower for
cows fed Aspergillus sp. culture than for cows fed basal diet without Aspergillus sp.,

and not affected by the addition of Saccharomyces sp. culture.

3. Use of homologus stable chromosomal integration in engineering of

probiotics for cellulase expression

The results we got from this project may be summarized as follows ;

1) We collected many cellulase genes from various microbial sources around the
world, and selected cellulase gene from Clostridium thermocellum based on the

high resistance to the attack of proteases present in the small intestine.

2) We constructed several expression vectors which could be used in lactic acid

bacteria for high level expression of heterologous proteins.

3) We selected seveal Lactobacillus strains which shows high resistance to bile

acids and low pH expected for animal stomach.
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4) We established the method to efficiently to transform various lactobacilli.

5) Several cellulase-producing Lactobacilli was cloned using above expression

strains and cellulase genes
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faecium, S. thermophlius, S. diacetilactus7} 8 FZEo|n ERYAY +3 BacillusE
TR B. subtilis, B. cereustoyoi, B. toyoi 5o] Qe o] Z 7|4, ENYIIANTF
ol F& ¥ neAoE YgAo] Bslu YwrHO 2 amylases} proteased H-u|s}
n A3 dRYolg AA3L Y¥E FAEF(subtilin, bacillomycin)g AAeHr=
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goi(Underdahl %, 1982; Underdahl, 1983; Fullers} Coke, 1989; Dawson %, 1990;
Fuller$} Brooker, 1974).

TAYA +FQ Colstridium butyricum& W& % FL FAESA L3 E, oME,
7142 DA FT) C butyricum miyairi= o] €5 & o] T& FHXTLE AHdd L
Yot AFA Fov FAF FHIAE i Ao LTS FHAIG

AFAAHZAL, YA B) 5 Adstnax Hay ATsY T4E JAge #E
< Yepdoi(Dawson, 1990).

stzol A HA8T AEHQY Hae 7] AHMME KA vl E] AS3
N ZAEojof sted, ARMYEL 449 YT L MR A7) WE) F
el 428 AASE ZUE FrIFHE BEEE FNHRATY THL ELIE
24 AW-L oy)sls 28 (prophylactic mechanism)$- 3t} (Rose, 1980).

wg ARWGEAdE ERAZAAY JFERY Brolex, ve BE, o]
g So] FHEA 59 A3, ERY AFF4RF R AZIEHA HEHE 23 A
A9t ALEAC] 7159 AAEZY ¥ 43S $AIe AHELE 3 vj(enzymatic
mechanism), HERZ¢ thAlFAM FAHE FEZDEL chelated mineralsZ F o] &
Bo| Wj¢ ¥ ARWYEL £2GEFE FHED Aoz FEoY HA ol o
3o F¥go] wHE AL AFsd FE 2§ E YrHrepairing mechanism)(Starkt
Wilkinson, 1989).

HEES AMEHL Phk(mannan)d} FFFH(glucan) Z& LT JFEZ o] F
A 2% EHYL D Sl F429 40 B wEAd A=E(PH)Y F<(pH
buffer) ¥ A2 9] $3Z43 F¥4: AZDE AEH FU FITY 43S 7
A7) 3 (Cartwright 5, 1986) 53] s¥Al8e Bopges w39 pHE 600132 4
ol Afrd ZHviMEY 8L AstAgled oW HARNIEY FoAe W
AW pHE7IE M4 Bsvi4EY €38 FINA 759 F3AA £37152
FAAA RAAAd A G 2 Atz EE NS 7HAE # ATHGilliland F, 1985).

ERulEos #Aln 22etuliglutamic acidys FAET 27 XFHA A
AaY 7153€ FAANNR RS HRsEs) deole ERY A E3=2

o
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NEEH I

=

WA s APAE JFPos olgtnz wEud dRas HedoleE Tt
AA gy 2HTAHAYNY YA F/AA, FFAR YEETL BE AUAA
AT e SAYe ATEAQ 249 ANFE FANA FALES ¥
#Zt}(Dawsoni} Hopkins, 1991).

w8 A E 2 (Saccharomyces cerevisiag)®) iR Wikl g FHolFA Y AFEH
NP WERFL &559 aflatoxin(59.01 ppb)el AZAEAE B FR(H
%, 1989), AMQ#HIA AzA AEER F7te wE Aol Y| FHE 243 HE
o AA HEe AAAINZL FYUIYE 4P LEE FAAAFEH AH. A3
2 ZHJalo]l YERNFES A7FEHH ALAARY AL E FAst] Y olF &
EE HYAZMA FR AAFY o|PEe 4%, F4E £33 AdAAY F2
& FANAZT REAQL EFAEH(Phillips$} Tungeln, 1984).

B9 YEELe DEVNFLE RAK WFo] 3040%, zDNA FFel 10-25%,
N4 ALE ghaFo] 38%0ln 23R FFol 813% ATE 4T F¥H HAE 7t
A3 glth(Antongiovanni %, 1973; Jovanovics} Cuperlovic, 1977). T3 olmil 2
o] Yz 3ti(Agrawalass, 1953; Baumstark§, 1960; Dryden¥, 1962), 7t4 3 o
747} 2,670 Kcal/Kg ©o]m(Hironaka, 1975), w|4&o] ¥uig Z%F Hi(Hungate,
1966) ¥ w X4 2HRufF, 1953; Bryant$} Doetsch, 1955)F o] FREHol U At:
AAAZHA o] 87HA7F At

E3] ARG A9 WE9 WEEE FAF FolA wEHst By ¥ - &3
A dgsled ole wWEYY vAHES F4(McNeills, 1954; Gill#} King, 1958;
Pounden, 1952; Gordon¥} Moore, 1961)e]] H§H§h #7J0] BSolA A8rl%5ol &2
=) 21 (Doetschs, 1952; Huhtanen%, 1952; Bentleys, 1954), % GuAie olf =¥
o] @A P W ZFE A3 AW YT B oy} &Y HF FA
ot ARE Yehe Rez ¢2lx Uth(Pounden®} Hibbs, 1949; Allison, 1964;
Slyter, 1976). '

g 224 BAsE V39 UYEE F V43 ARE IHT 2P EL 10-20%F
zolm, w39 vAEH HUA AWAS dF WAL EC] TS e HEFHAY
o] 80-90%% AEn A
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gAFA7L oA Z1de] o3 HAAY FAE AR FtEe JUEE ¥
& ge Jtol tig WL WY ojdEo Ay ofFAY & Aged ¥t
HE 874% w50 77 "Eclgdn 2%3n Qo AFAA 2 71He] S
g Gz B JHA JHdol AANHD Yok A2 FITAZ AHEEHE N4E

£ gE B5EEL duAYLE o] &3] WEd HF dAYER lactic acid

= gA3A 9o} Lactic acid7b SXFH 22 E. colis} e HA4 vAEY F4&
utA s AL ol |ut Lactobacillustt Streptococcusol 28] AQ4tsle AHER S &

& pH7t 24 & 2350, lactic acid 4422 pHI RobAE BA4 mA =zl
HEIAY -Z2817] olelE B7Ao] AP (Tramer, 1966). EF|=Z Streptococcus
U Lactobacillus2 3-E) nisino]de B3P FYEAo] AYAHE M, lactic acid bacteriazs
th47} bacteriocing AM4bsted of AL FAA} FAIG PE [0 (Tagg 5,
1976), A Lactobacillus £ FAEZEE Q4sA HAdTY 54 AAT(Sabin,
1963). AAT FH4e FHo) BAED. FFo) 2EYLE LAY ARHAF
o] 7tA38A o] Lactobacilluse= BFA2E FFUAA X3{A =o] ZAadm, Wtz
E colish 2 #8) Aol WAsA Hol dash Yoldeh E colic S4E 4
Azl ukle] EA lactic acid bacteria® FE4£E FHA 7= dAEAS A7
tH(Mitch} Kenworthy, 1976). d#A2 74&d] FATHE FoFA o] E lactic acid
bacteria7} AWM FZ38] F43td Fo] Y& (colonization)E P43t Bx
o2 A FAolFd Fo E7te WL ATL WA 4Fo] ojgA "ok o
ARz FAFAE FASE L Fd &S PIAHAN Lactobacillus sp.=
amylaseS AJAtsle] 4318 ZAA)712 (Lindgren¥} Refai, 1984), ¥} lactoseE 4
8271 B-galactosidases} 718} LS ALE AU %L ol8EE =IH
(Kim3} Gilliland, 1983), FWalA ARtz e T 28089 F3FALE &
£ AE 9t} (Danielson 5, 1989).

2guere) Wl e ZALRSY AN R Foode] RAUF HAANA FIFL B
%% 95t Bog BFARE FAEA = WEAW pHYL AdHa PAEEF
o] sty A1Y HArFo] AU HFgo] EAHT ol2 Ut FF Yol 4
719 FAC og] A A Aol BAEA Hol 7tEe A4l A ASHH
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T @YrtseMe AR ¥, FAEF F4o F22 FUdFol ¥tE #ud
of A% fazgoz AlRe 43, F4go] Ao Y440 YolxEz 7159
237189 F42FE A, ALAE AR YA dol Hadiy.

A AFRANOAM AR o2 9AsTn ARY(GRAS) FIAE F DFMLOZ o
45e e FBo] wiYE, HIT ¢ ¥IE, AR ¥ ey UojAe Ve A
adel F2 ol g ol 8&e w4 4

T3 ZAEH SHA I 449 @ A4S FAEAY BEAHI AR
o FFAEY F2 AEIHE AIGYHEM FFAE JUFAd 9 229 AAF
@&, A4y g3F, N3 At 3% AAEAS el FA HAEY o)
e AZE 23 At 71FY LS FUHAIIZ) Halde ALRY o84

ool dted WA FHA, YA, LA L GEZFAA ALgo] A A7
Holu FAAE AW JIFEAZ A2 BL R FEZIAE HFo] ¥R ARE
T &t stmz O Atgo] did?d] & AFelo

ko] YAZWIGES FAStH ABANY, AFF R FA g Frgdzn 3
EYA=d(Shin F, 191.p) 53] FFAIRY FAugol & o A oz
William §(1991)& B 1&g <=d], ol AR FEW D-lactic acidg o] &% 4 9
£ lactic dehydrogenase® 4§31 109 (Girard 5, 1993), =3 AR} Y=z8
(buffer effect)}& & 4 A€ AEHE 7IAL gl pHASE ¥=|3t7] gojch &
& FolAE Z7] o) f3tuAY o WARWYES FoFA] AlE(starter)o]] 0.2% 7}
3t E 79 FAFo] 737gUw vty AT 81ge A FHFUNA 13% F
7=k Hughes(1988)7} it ® 514}

Bl & 9oA AEARWYEE FAsH AsdF Fo] F7)stEA AlgELo] A4E

2, EF ey pHE FSA7I1Z2A A1y FAFE diste 224 5de
Jurste) Fd Nicholson(1977)8] Bz ¢j3td Ra(AlaWl R¥dF 75%)8 9
2 B H&$AEY HEARNYES FA5d HEFo vty AlgdAFe 9%,
UG FHZFL 25.9%, ALRASL 133% FAHALH 53] g AL 574% 4%
e

AEARNGES FATAARDT =HAY FRdAH FYTFL FHE =9

m[o 18 o8
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“competitive exclusion" 9&-g 322ZA A FEHFS AASIAA 487 Fohg o
ate] AlREES ¥ Fo 53 W43 En ¢9a astase ¢ FEU0
922 AE9 £324L FoFe AE AR A HEHP L FINA Fo, =8
AERNFEL AEY AR AHFS F7HMNATY FAA S Zo] ArEET FA
2 AMAA F B0 ol AEFH PR £3EE 5o F3L YA "ot
Z2ANA AEY BAAFE FIHIAE B ol XHEY HFZFE S
A= HAMEE F4AlA EohLyons, 1991).

AERuYEY Fode g FHdAM {79 AFE FIdA FAAT
(coliform, enterococci)®] 48 ZtAAlZTh(Brake, 1991). WA H ARV IS L F9
39 Fue g3E F33A s %‘%3,:9—] a3t FHAHE KA £ A
8t Arber acer & 7HA A9 ¢ Ao JARUGE FA st FAFo] ¥
olA|3L Alg & F-&0] 7}])‘\:‘_5] At B 3EE G Shin 5, 1990, 1991.p, 1995).

FAZAE 71Fd T2 Yeude AdE 4HEH SA oA Totuedo
(1973)& Lactobacillus acidophilusE 4718 A QoA A A7 AL A}
BEAEEE FAA F7IF vIxdA RPAMFL, olff FU E. coli £ A
golA Tt B8t} Francis $(1978)% LactobacillusE H7}etd FAYU AlBAS
< MAdste £371#W 9 coliform AT 3 AR 5714 nAES st BEEHA
o3 Busgct.

ARE oF 604&o] EAste Myt £3te JAE F oA UMY b5l
Al freld Re HAHA Fkth(Kreger-van Rij, 1984, 1987). 4§ % Alg 8 AR
HE QA RL Saccharomycess: 3t Candidas; © 2 Saccharomycese 5€+3-8 o] &31x] F
3oy, ojpx=4t o HlENIY EEFE YAE 37 Wi FE 9UE 7)AZ 3o @
A gl gatel] o] g1 ed wEle Candidas 6@FR ol 58F o] &&
o] Eo} 24T ZIFAMT vl WA F43H ofr|itoly vlERE HEFE
a7t f1o] sl B84 go] AMgE I U

A2 AH8EE AlE R AvAde A ATA(active fermentation yeast)9} B4
A X A(inactive yeast, non-fermentative yeast, nutitional dried yeast) 7} =4 B&

/J B R (inactive yeast)ollx= (i) EEeA X (Torula dried yeast) : EESARE 9 &
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A AR (wood yeast)giE v, FZ Torula utilis 5 Torulopsis& 9l &3l Ea
g "uFzAlo A7l o4t I s, St A=A A (i) YFE
X (Brewers dried yeast) : WFo] AZFH FoA #F9 LAV ¢FHo HFE
T3ty o|ate] M2F vyl BalseH, o] AR (Saccharomyces)F ol FERZ AL
e AL AN AL B MHFE ARAA oL (i) ARYI & H 2 (distillers dried
yeast) : REXYIFALARE AL EE FHF AR FFF ¢3¢ LAYL F7
7] A EE ZF40) RS Saccharomyces £ ARE AXH Aoz HA Y8Y
250 o2t THE YBE @ RS JXIFLYIALAE(grain distillers dried yeast)
gtz sm, UL YREZ § AL dxIYLI LA T (molasses distillers dried
yeast)glald A2 FHIZE ded oY GILARE ARIIAY o8 WA
Torulaii-‘ﬂ- & o7t L. (iv) AF AR (primary dried yeast T+ dried yeast) :
AR o] ujekr|=RE] 22§ Saccharomyces 4] vlMEAL HNZAREN Vil ¢
o] 40% ojAteld AR EA AA. (v) RALAR AR (irradiated dried yeast) : 7373
9 AMERE Uz dad AN ZAY HEEYY) AZALEA
ergocalciferol (D2, anti-rachitic factor for poultry)©. 24 gz %Y. (vijBHEE
(active yeast) : $HERE AZFAHAN AN ARLE T o]& £,
N #H3(washing)§ F Axel WwESHo| HEHLE 3 AFozA FEHF o}
compressed yeast($~2 %3 70%)9} active dry yeast(FEHF 8%)2 TR (vii)
NERWNGE : AZFAF AASE A2 BEsA @1, ZE JANIEFS 1A
wixlo] et WY F AR WiAS FEHA ¥ BR HAFHo| HEH
= wos ARF Ao AR SE(live yeast culture)ZH AR HEE FANL A%
of =z A}Egrh(Rose, 1980; Starks} Wilkinson, 1989).

By WEEE  AEAYLE ofstmal  wrEsE(Garretty, 1959
Antongiovannis, 1973; Messersmithg, 1974; Prokop3, 1974; Banting® Bellanger,
1979)3} 713 H(Hammond, 1944; Mann, 1962; Jovanovic} Cuperlovic, 1977) % s}
(Oshidas, 1980; Gohl, 1981)q) g A= w3 WEEY ALEUA 7HsAde] AN E
H3, U E silage Az B EEN YriA2e o]f Fo| FEHUL
U ot AgstEAe RIAAKel T, 1985 %, 1991 =, 1991).
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g7 AT M W2 WEEF AYEES ©]83t9 1) Rumen bacterial
inoculum, 2) A concentrate of natural and cultured rumen microorganisms, 3)
Stabilized rumen extract FEjZ 7} A37) AW oW L XN2AZ ¥ AHE
g3 glon, A2 oA FASE 715§ probioticse] FLPTLE o] &5 1 3
o.

NFAE AFsE FASL H2o FAEFY Jge] LEI}FA Hok FHol +
28 T2 Awsy) 98 DNA FZox9 d7& ANHo2 A=stA =HYS
McCarty 5(1988) #eolA B3 Lactobacillus fermentumT 32 HFE genomic
DNAE 2@ 5 olAg siAo|M Helgr Lactobacillus acidophilusd 5o J2HE
sto @MW Lactobacillus acidophilus7} 78] AWM Ee] FJL £ U= T g Hdq
Aok A olFF 71 Aia Bi Aa7 oM ARLE o8 + e
Ee gz Mea 28 FAAE Lactobacillid] FARJAA M2 9L 7
£ TFE ol 7t&elA olgdEEe A7t FEE EA AU

AAz gAY g3 2L SYFTESL WEFEANY AU W) cellulosed E3)
o] &8t WA ESo| EA5tA @7 W&o cellulose, arabinoxylan, g -glucan o]
HZE @o] 48 By I A e FTHFAER FAA olF A2 FEW
o)A ZAA(gel-form)E A P29 oj&A L 4FE T F&ATIH 53
go] oiME & JIAIAE FHEE] JeLe ATH SEF F/MNH Y
A8 Y o|£4E AT WA VHEEY AL F/AI7 KA
endo- 8-1,4-glucanase$} endo- 8-1,4-xylanases} & cellulose BHEAE Al
7ete] 2Fsn Ao AtgHIZ} FArgge ¥ ZAAL 2A7 G206, HI26 9
A% TAPS Astr) S5t Hall $(1993)2 ##39 exocrine acinar celloll A &
HEE elastase 19 elastase [ enhancer/ promoterd] proteinase-resistant A
14-glucanase SAAE fusion AlAH A% AYAHXAM o]E ALV} EHHES
FAFE7 P 22 transgenic mousex BEed AT SASEY AfL 29
e ANFEAT LHELLS T

HA7tA LED BE AL BHAEL: FAAES FHolg HEig oA

}S& Table 194 H&wu}s}
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2. olg #AAY F=R9 EAL catalytic domaind} cellulose binding
domain(CBD)& 71AX|Z o}, F domain A}o]o&= linker7} QoJA zZ+zte] domain
o] EYHY L T AEE e 482 fo(Ferreira §, 1990; Gilbert =,
1990; Kellett &, 1990; Tomme 5, 1988; Van Tilbeurgh 5, 1986). o€ A I shut
2 RAAEL o83 probiotics2 AFSE AFE °]E K& FAANSE
shuttle vectore] cloning 3le] &R} FAIFo] FAAFAA LHEAFNE BAAR
A+ At

A FRANH =F5718E o8 AFA sMda ALY 7ee Adsge
o, 45§ B8 #7114 HrIEY AEALE e HHIYOH(Cho T, 1992
Hwang ¥, 1992; Chung %, 1992; Kim %, 1992; Shin %, 199%4.,) 53] AlR o) &&
TAE A% AR WFES AL A8t EY ¥ 4 friZERy $A gay
o4 By HEEANN FH&Est wWE 49 Saccharomyces cerevisizeS} 2% 9)
Candida utilis R 2%9) Aspergillus oryzae 5 #%9) X9l TFolE BB 3y
(& 1991; &, 1991; 3, 1993; %, 1994),

EF @3 w3 WEE T £14 H7EY FFzd}(Hwang F, 1992)
HE71AEMY MAZAE ZABIEOH(A §, 1994 Shin §F, 1994,), A7) 22 n)
g FH4=Y ¢ Z4F WIr1Aol AP oS ZAEI(Y T, 199 = 5,
1991; 7, 1993; 4, 1994) A wiFzd)M g F A=zslg ZE a4 97, o
& BT % SA YU vixe AR IFSHTHR, 1991; 3, 1992)

E¥ #7148 s718Q iy AR A98E 9% TAZAL AT o9 AR
ZtANE T3NS SA) 2 YA ARAE L FA P v ARE =A}E
@ tHShin =, 1995).

ET AAF B2 R cellulosed e HAE Actinimyces sp. KNG
405 £23}d endo- f-14-glucanase AL Zt= 32 21 cloning 3lg.on, ol
FHAEEZRE BHEE endo-f-1,4 -glucanased] A4 % E47 91} o5 = &
Az A FAA4H 5J& 2ANEY) §18H9 sequencinge] AL m U £H
BE0QEF A T8 Hi: B3 wlUEF] £¥=o] U= Ruminococcus albus

73}  Fibrobacter succinogens S852%-E] B-glucosidase®} endo-B-1,4- glucanaseS

i
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cloning 3t o]& F &id) UF HAi:H 54 =Y 7t IS By
g7tE e AR HIIAZA o) 887 AR JMA AT L2 Ao HA AEA
Ag FAAZ ol &3l7] st FARAHY 2AATI APF Aok

geld 2 dPdMe 4F J¥TAA FAYES sdsn k5 444 Foke
AATEE dF37] Azt ©F 9 dAZd 9 13H AAEF QYA D-lactic acidE £
813l glucosed Q) pyruvateZ F@PE & 9l lactic dehydrogenaseE o} A4H3)
B 439 EEI AL YAdte ARG EF WF9 ojFLERA EFRHY v
FANLES 71AR 0|83 7159 FF &4 (buffer effect) R 23188 AAE
Ade AR ¥ FFo] WiFE L &Y FW vAEQ] Lactobacillus acidophilusl]
cellulase F+AAE =ste] FAAPY Lactobacillus acidophilus TF 7)E3} olEL
ol &3 7NEY AFH AP /HEY AR AHATH ol&EE FINIDLEN AR
48 sYgAZoz J3lE gt EF FEE T AJYER Y F4AY =
Al ZAY F3E =xsaz .
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Al 2 & Lactic acid dehydrogenase A4tAo] =&

S AE WFE A BR AT

A 1 A Lactate dehydrogenase A @39 £ 2 A

1.4 &

Lactate dehydrogénasex= T 4dd HHYWVEFH JYYEM LAHo .
LDHe 4ol Qe MEWANA lactic acid9} pyruvic acid 2+8) 7194 wrgo) BA s
T T8 Eaolth. LDHY e} 715 AME e 43 FA t2r dx|o 2
< FdM= Y=« : LnLDH, EC1.11.27; D-nLDH, EC1.1.1.28; D-iLDH,
EE1.1.2.3; L-iLDH, EE1.1.24). .

TE fAHF L B2 %9 NAD-linked lactate dehydrogenasenLDH)E 7121 1o
B o] AxE MEAN ZAFc) pyruvates D& Hd 98} L(+)- Ee D()-
lactate® A dc}(Gasser, 1970; Hensel %., 1977, Savijoki and Palva, 1977, Ogata
<., 1983; Kawa %., 1996; Malleret %., 1998).

nLDHE & ZRo F4ddAa @e] ¢AEY. oL oviz &4318S 4347
e o] &dte ® APLR] Y= FJ AL € FAFY) WEY RolthGotz
and Schleifer, 1976; Garvie, 1980; Wrba, 1990).

NAD/NADHE XREALZ o] &38R ¢v t& 3ele] LDHE t3 43§ bacteriaol] A
T7AEc} oj9t & FHAE NAD-independent LDH(LDH)g} &8ld 3 A= g2
FAA 271 d& 71%¢ Zeth(Doell, 1971; Hensel, 1977; Gilmour %. 1994). o]
B4 e lactate§ pyruvate2 AYPA|F)| I pyruvateE lactatez HFA|F|E= ¥lL L in
vivol} in vitro AHlA A2 YoluAl @k #4F0] ASIA iLDHE MED ol
A%y, 98 F79 bacteria®] Z$ FF particleg T} UAAY MEge) &
Agct w9 u]AE Q] ¢ o]JH bacteriay lactate metabolismd]] @A) 3} lactate
dehydrogenase& 7}x]32 QUtHHino and Kuroda, 1993; Gilmour 3, 1994; Wyckoff
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5, 1997). o] LDHE 959 @& pH(<6.0)} ¥39) 7% Fole] 3 lactated]
Z8o) 228 4YL Aok

o] AYe £ 71&9 Y-S 3t direct fed-microbials2 ¢ 7}54E H71st
7] 18l 0¥ FEYo2RE LDHE 443 nAES £8 A% Rl

2. As 2 3y

7k AR e A9
ANage 4% 2 48 EY &k FIE 5 OYd FFYeaREH 23
k. doisle AxzRE ARE  AAE] 8] slow  cutting  mixers}
stomacher(Seward #400)& AM3-3tTH A2l 4 d4 50ml o] Tt A& 5g& H7le)
doh 2 4& F 203087 HAHUG. AEE B 48 10%10° Wz FHN
3 MRS #jxgt YM ¥ix§ Agste] B wjksigich o] WA E 39ToAAM 2443
ol vl g3t

4. w4

g3t FFYO2EE bacteriag A d}7) 93}d, 712 culture mediag

MRS¢} YM, TSY HjZ]|& Al§-3}%tHTable 7). lactateE AAste= ol YE-L Meds]

Asflactate vj XA lactic acidd FLE ©297 duxgez FFsAHTable
8).

o). LDH 44 @52 49

2§ w4 8L MRS YM wlz]d]A) bromocresol green(0.4g/l)o.2 ¥4

stel Ag4TE WESYT. 2R HFVBEA Yo| A4sle] =N Urhte

AE BRI Az (T FU 9CAN WG F FeolM 239 WA

Lactate® AAQste TFE QW7 Hste, HB4TE lactate WjAjo) AN 39T ) A

48X F < viF3tR, UV spectrometer(Specord S100, Analytik Jena)g 7FA|IL Agsool
A ABEE £33
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LDHE AAsle @59 H3L Lactate dehydrogenase(LD) isoenzyme Kits
#705A(Sigma Chemical Co., St. Louis, Mo)& 7}A|32 native PAGEE W ¥ 3}y
LDH-staining method& &3 AAIsth HFHog, £ FF= TSY ujAqA
Aej 3l lactate dehydrogenase®] %7} lactates} NADS %4& ZH3ste UV
assay & &3 733} H(Bermeyer, 1974)

2 ZEALHY AR

B FE-E& 12,000xg, 4T, 1083 FYEYA $ 454 AARG. G
D4ES AR F 1ml) tis-HC buffer(0.05 moles, pH 7.0043 thA) 941525}
AT ME2EEL ultrasonication(VCX 400)& E3] AAch 2 Aoy w5
%L HMEE Gram G4 F ¥rj3og TR W2 ultrasonicatione 108H3x7H
A%, 523t Fl, 20kHz, 40% pulse) 80%°l4< A E7} g W7tz AYsQct.
AL (20,000 g, 10min)E T AT BHL AAY F, 455 NE22E2L
FARALHYOZ ALREH T}

u}. Lactate dehydrogenase ¥4

Lactate dehydrogenase?] ¥4]-& lactate®} NADE UV spectrophotometer
2 ZA3 3 th(Bermeyer, 1974). complete assay mixture 0.5mle] ZA& tiea o)
tris-HCl(pH 7.0) 50mM, D,L-lactate (sodium salt) 12.5mM, nicotinamaid adenine
dinucleotide (NAD) 1.5mM & E&eo @4Jo] w2} protein 1-2mg/ml. A Hrg&
ARZEEL 25CdA HSAAMRE ARgQm, AL UV spectrophotometer
(Specord S100, Analytik Jena)& o]&3%}f ODseollX] NADHS| ¥3lE H&sxyoz &
A3t d¥lgde FE¥E micro protéin determination method(Bradford, 1976)& %
3l $35AY. 2HE B S @A mgY AZHE)F $d¥ NADNADH)
o] moles2 ZA34c}.

v}, Gel A7|¥9 %=
A719%F < native PAGE W& o[ &3l AHA|sct acrylamide gels]

FEw 125%0°]2 acrylamide9} methylene bis acrylamideg] v]-&-& 37:1(w/w)o]t}.
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gAde 1%(v/v) pB-mercaptoethanol®} 2mM EDTA7} #f¥ 20mM tris-HCl
buffer(pH6.8)oll &3] & Act.

ZEAYL gel A& AT EEQImV)AA o|F-81, geld] 3Fo ojl2d H7|Y
5& #olAG@ATAM 1213 gel& LDH incubation buffer(lactate dehydrogenase
L,D-iscenzymes Kits #705A, Sigma Chemical Co. St. Luis, USA) 15ml& H7}3H
agaro-stain solution® 2 &A o]F-F FdlA 25T, 3087 wjYgict mxFoz gel
< 7 lane] band9] FWjHQ] o]F& #A} 7]5 Tt

Ab. LDH-A4 @59 4

22 dFE FAHS] 9%, ¥HHHolm AHHHY EAE
Microbiology a laboratiry manual(Cappuccino®} Sheeman, 1975), Manual of
methods for general bacteriology(Gerhardt 5.,  1981), Microbiological
methods(Collins}  Lyne,  1976),  Bergey’'s  manual of °~ determinative
bacteriology(Buchanan®}  Gibbson, 1974), Bergey’s manual of systematic
bacteriology(Sneath ., 1980)-& %3] 483}t
fatty acid methyl ester(FAME) #4& %3 dlegjole] ¥AHL Microbial
Identification System(Microbial ID, Inc. Newark, Del)o.& <33}l%ct. FAME
analysis& ©]&3}7] 9% TFE MRS brothdlA 7193, Awak BHE Gas
chromatography(Hewlett Packard HP 6890)2 o]&3ta £43}%tt. FAMES SA 3
data X 2| Sread(1989)9} Moore %.(1994)¢] ¥io 2 23t} (Microbial ID,
Inc, Newark, USA).

3. 2% 4 13

. Lactate dehydrogenase= %<& F{F9 nAZ23E WHHYR LDHY =
A3 2 #@aAe B 977 AAH(Palva, 1977; Ogata, 1983; Gilmour, 1994;
Wyckoff &, 1997). £ |3+ LDHE A A3} bacteria® o} wixrslxg 93l
direct-fed microbialse]] 2-§A)7]7] 93] AAst¢ 1, A= &7 Bt
LDHE A4ste nYES 27 98, ABRE AF, & 48 EY & 248 S
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thopsl TF Yo ZHE Fgith(Table 1). &9 A HA G@A A, 3277FAE MRS
wl X9} YM i ]| A] 1293 39T ol M uj¥ste colonyE A% AL EHE £ &
g ol AEL TLT wiRA oA 338 A wiFIAS ol HF HAE(pyruvate £
E lactate)o]7] W&o A2WHgolN, MM FFE A, 184F Y VAN TE
A et HWAATFE 02% D,L-lactate sodium saltE H7}gh lactate v} Aol wj g
ANA 28l 89F 9 lactate WA A F Aete lactate o] & FFE AE3AT
20%9] lactate dehydrogenase® 71AZ v TFFE native PAGEE ©]&-3
LDH-staining ol <3 4838 %ich. LDH ¥ 4ZFFE€ KT2EAA 4F, £A 4
F, AFAAN 6%, HF EFoA 3F, BFAGAAN 1F, TFAA 1F, o744 1
2¢& ztz 23ty tiTable 2). o]59] LDH $#4L Table 2614 BAAE vig
i, o]3 4% & sheep blood agarol]A] £ 2E-& RolmE WUFLZ AlEEY
FFyl11-1& 713 & LDH #A& 71X 1 U1, F48L F HAE & ¥4E 7HA
I e AeE BT |
FFFy111-1¢] ¥%¥¢] W LDH+= UV spectrophotometer® @ &o] H x| ggked ol
o) 2 Fo & (0.16mg/ml)E EH 7] WEI

o)A Ee A& LDH Ao 714 & FFylll-12 £3589 FFylll-1¢] Hed
H, 4288 5L Table 33 2ok

TSY #jA]o A 37°C, 24A1HE Wi F, FIFA FUM9 colonyr} AAHHIUC
FFy111-1& Zhatolsl, gram F4oln, §548¢] 12, EAE JAsA ok
FFy111-1& pH 6.5, 30CoA & 33389t FFyl11-12 catalase$} Vorges-Proskauer
testol A 348 JelY Y, glucose$} lactose, sucroseZ2 A AAdste Ao vehyd
THTable 3, 4).

FFy111-18] A3 AL Figure 13 2o  FFyl11-1#9 Fd 44k Cl16:0
(31.55%), C18:1 (29.62%)$} & branched-chain fatty acide]t}. API kit 50 CHL &
Aol da= Table 49 Fo}. APIZ FA§ FH FFylll-1+ Lactobacillus sp.(98%)2}
AtE €t

Aoz, FFylll-le Yuigd HA3 45y 54, AXH A3 243
APl XA %} Lactobacillus sp.2ta A ztE]o] Lactobacillus sp. FFylll-12} ol§ &%t
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Table 1. Various sources for screening of LDH-producing bacteria

Bacteria
Item
MRS YM
Commercial youghurt (Y) 20 -
Raw milk (M) 1 -
Feces(F) 16 17

infant, deer, goat, pig chicken,
dairy cow, Japanese cow etc.

Waste water (W) 2 1
animal farm, household etc.

Rumen contents (C) 5 -
dairy cow, deer.

Vegetable and fruit (V)
groundsel, gree.n bean sprouts,
green onion, hot pepper, carrot
Chinese cabbage, grape, corn,
squash, cucumber, plum, lettuce etc.

Root (R} 5 3
garlic, ginseng, ballon flower,
codonopsis lanceolata etc

Fermented foods (FF) 5 2
soybean paste, red pepper paste,
fermented soy beans, kimchi,
radish kimchi etc

Soil (S) 7 5
field, mountain, animal farm,
grass land etc.

12 14

Insect (I) 6 4
month, earth warm, spider, ant,
leech etc.

Other (E) . 4 12

flower, moss, rusted iron, saliva,
wild strawberry, wild grass,
worm wood, paper sludge,

food waste, wood etc.

Total 83 48
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Table 2. LDH activity of bacterial cell free extracts and hemolysis of strains

selected by LDH-staining solution with native PAGE

Strains Sources pH Protein LDH activity Hemolysis
T2-2 Youghurt 5.25 7.78 0.21
Y2-4 Youghurt 4.55 3.44 4.56
Y3-1 Youghurt 4.85 5.52 0.26
Y9-5 Youghurt 4.65 5.20 1.02
C211 Rumen fluid 4.59 5.88 12.79
W24-2 Waste water 5.96 6.10 0.14
FF29-3  Soybean paste 5.37 4.97 0.29
F48 Feces 5.01 1.53 17.59
F53 Feces 5.01 1.11 5.50 Positive
Green bean ,
V58-1 4.78 6.74 0.14
sprout
V96-3 grape 4.78 3.38 10.37
5108 soil 4.57 1.77 2.87
Vy3-2 Cabbage 5.06 12.64 5.59 Positive
Ry4 Gaelic 5.01 4.81 1.66
Iy12-2 Eath warm 4.88 5.81 0.18
Ey15-1-1 Moss 5.72 1.06 1.32 Positive
Sy16-2 Soil 2.95 1.05 16.32 Positive
Fy110-4 Feces 5.70 10.46 0.12
Fy110-8 Feces 4.60 2.75 13.64

Watery radish

FFy111-
B kimchi

5.70 1.80 28.68

The pH was measured on culture after incubation at 39°C for 24 hours.

LDH activity : M NADH/min/mg protein.

Protein : mg/mL.

Strain isolate frorﬁ MRS medium expressed a capital letter such as Y, FF and V.
Strain isolate from MRS medium expressed a capital letter and a small letter such

as Vy, FFy and Sy.
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Table 3. Mophological and biochemical characteristics of strain FFy111-1

Chacteristics Results

Morphological characteristics
Gram staining
Shape of cell Rod
Spore formation

Bioéhemical characteristics
Catalase
Voges-Proskayer test -
Oxidase
Urease
Ntrate reductation -

Gelatin liquifation =
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ANEEAN I

5

Pa ’l " g

o ]

15 3

1 g

s 8

1 L g

R g 4 g E =

| N Ei &

4 _ = o

25 5 75 0] 125 & V15 n i

Retention time Name Content (%)
1.588 solvent
7.050 14 :0 437
8.558 15: 0 0.20
9.892 Sum In Feature 3 2.64
9.951 Sum In Feature 3 1.53
10.041 16 : 1 wbc 0.40
10.192 16 : 0 31.55
11.423 17 : 0 ANYEISO 0.14
11.542 17 : 1 w8c 0.45
13.147 Sun In Feature 5 0.24
13.235 18 : 1 w9c 13.50
13.327 18:1 w7c 16.12
13.638 18: 0 1.20
13.759 11 methyl 18 : 1 w7c 0.20
14.709 19 : 0 ISO 0.80
15.140 Sum In Feeature 7 14.03
15.198 19 : 0 CYCLO w8¢ 12.64

Figure 1. Gas chromatogram of cellular fatty acids of strain FFy111-1

ol Atg

CHALEOH K2
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Table 4. API analysis of FFyl11-1

Substrate Fermentation Substrate Fermentation
Contron - Esculin
Glycerol - Salicin
Erythritol - Celobiose
D-Arabinose - Maltose
L-Arabinose - Lactose
Ribose - Melibiose
D-Xylose - Sucrose
L-Xylose - Trehalose
Adonitol - Inulin
£ Menthyl-D-Xyloside - Melezitose
Galactose - Raffinose
Glucose + Starch
Fructose - Glycogen
Mannose - Xylitol
Sorbose - Gentiobiose
Phamnose - D-Turanose
Dulcitol - D-Lyxose
Inositol - D-Tagatose
Mannitol - D-Fucose
Sorbitol - L-Fructose
a Methyl-D-Mannoiside - D-Arabitol
@ Methyl-D-Glucoside - L-Arabito
N-Acetyl_Glucosamine - Gluconate
Amygdalin - 2-Keto-Gluconate -
Arbutin - 5-Keto-Gluconate E
- 58 -
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Al 2 A Lactobacillus sp. FFy111-18] 3% 2 LDH A4 A

LA &

dHEEHE €8, BNFFEL BN BEAY ojAE Ei Y
gt 283 0§ FAAE BHEFEY LAFAN 22T TS FPHPL. B3
o EaAY /M ol A7E AL U P AE AXY 74 HE Aste) B
" Aolth w9 W HeL B ¥ FZ Fibrobacter succinogens, Ruminococcus
albus, Ruminococcus flavefaciens®} & protozoa, fungi, bacteriao] oJs] Azic}
(Halliwell3} Bryant, 1981; Forsberg9} Cheng, 1992). wb&9jo) Zx|sl= x g &
22 HE MEHY FAH ARE B8 E(cellulases, xylanases, A
-glucanases, pectinases)$} amylases, proteases, phytases, taninases, % lactate9}
pyruvateg 4% JPAJF)e H(lactate dehydrogenase)7} ATk o] > A w9 ulo|

BELEo] AT E33m, H2 97 Bxe FFol 49 FAF, AR A
NEFEY YAAHE D F ldm %h’—%x"l 1 tH(Beachmin®} Rode, 1996).
F3F9 W] 9 71de) AR L%e WS ALY YSH B4 99
°lFe A 2y, WFY ALEY olHdF FYLS AR TR A o)
e Lo 58] WFFEY YA4L MR Y & Aed L7He duAden
A, HERA BESE(FF $FAIE)S B39 AHE Buste Folg. wig A
A R 39 Aeje lactate A bacteriao) 93] lactater} A E A7) o Lolc}
(Alan Dobson and Dobson, 1988; Asanuma and Hino, 1997). X3t o] 2§ lactates]
%2 & lactate o]§ bacterias] A #& Wl 3he}(Steward 9} Bryant, 1988; Hino and
Kuroda, 1993). lactate dehydrogenaset= lactate®] A A1} o] fol £2F AT L H.
a2zE2 @& %REL lactate dehydrogenased) BW4AE 71A3 QT direct-fed
microbials®] AAE T3 WA lactated] FHE W)= wHe 31 o
AolM Zled AT B3 93, 4F, 2, 48, EY, 2, 338 5 Oy Y
o2 ¥E ¥Y LDH A4 bacteriaql FFyl11-1& W¥sigch. AssM 2o o

TE T8I A%, FFylll-130] HLE PAdsted HAE 4 238 873
A €t
2222 o] 4¥e 54 LDH A bacteria®l FFyl111-1%8] A4 2L ohy

-
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7] 9% Rolth. WAIAA vYES A& =Wy Y3, pH, 2%, 9¥& 3
dozrMe ALs} @& FFY FEAFTIEH o] LS BAH 715 EE 2
JEE nHYFAS

2. A8 R Uy

7} #FY A3
9] wEA PAEE lactated) FHE WA K, ALY 4¥L F
84 LDH &4°] 713 Ethn %33 FFylll-1¢ A9 25H 38 o v4
£2 20% glycerolo| A -20C oA B @3

. WA

o] Ee &2 & A% MRS sjx|g TSY ujAld) 7]2§ 7] WA H

o JFawE FRI=E ARIPY. o =AY AL pepton, 10g; yeast

extract, 1lg;, dextrose 10g; magnesium sulfate 0.1g; maganase sulfate 0.05g

monopotassium phosophate 0.5g% &< 1Ld #{=H=E IJYd. pHe FFA
657 S7 SAc |

o 435 53
ulEe] AL 0A e ik 24A)12te] UV spectrophotometer(Specord
5100, Analytik Jena)& AH8-3le] AgoollA] ODgt-E A3t wimsto

g =g =4
MZEAL 10ml TSY wiA7} 27 40ml AP FL o] L3 39CeA 33 A
o WP F 12000xg 4T, 08 FPRAY F 45A4E AA%z ¥
potassium phosphate buffer (0.07M, pH 6.5)& A|¥3Act HHA vPES FL§
%) wixlo] FFE bufferst 7 Wol FUch
ool WAEe AV £ AL A 37 98 pH, €%, €29 (glucose,
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lactose, cellobiose, sucrose, soluble starch, sodium acetate, pyruvic acid, butyric
acid, fructose, galactose, maltose, mannose, salicine, D,L-lactate, L-lactate). 2449
(yeast extract, malt extract, beef extract, peptone, tryptone, (NHi).HPO, NHCl,
NHiNO;, (NH4):50s;, NaNO;, KNO; 2 FEZ FFU(NaCl, CoSO, KH:PO,
MgSO,, CaCl, KCL, BaCl, CuSO,, MnSO,)-& ZAlSI 3, &4 1%, ALY 1%, %
B3 33 01%2 4z 28

ol AR AZ

i FEE 12000xg 4T, 1023 ALY F 4FdL AAYL. Fe
PJAEE MY F 1mlY tris-HCl buffer(0.05 moles, pH 7.0)32 3 Al A 2z 3}
Ak MXFEEL ultrasonication(VCX 400)8 53] Attt zZ+ A)zkdid 53 5] R
e MEE Gram g% £ %D]%_‘?_E T&3 W3 ultrasonication& 1083H3x% 7
438, 5x3F FA, 20kHz, 40% pulse) 80%°)4e] M X7} a8 w7tx AYssch
YL 2(20,000x g, W0min)E T3 AXY UL AAY ¥, 454 AX3EES
Zzasqog ALY

u}. Lactate dehydrogenase ¥
Lactate dehydrogenased] @4 =A< 2% 13 A8 2 YPH9 lactate
dehydrogenase &4 &AW 3 FI3A

3. 23 % 1@

7b gadol A% ¢ BEa A e 9%
FFy111-19] /473 LDH #4d| #% @2 d9 9% Table 59} Zf.
718 iAo élucose didle % gxde FH39S “i1, glucose, lactose,
cellobiose, sucrose, pyruvic acid, fructose, galactose, maltose®} mannosex T}& &
29 B3 ¥& 4FEL Bick a8y HAHY LDH AL glucose, pyruvic
acid, fructose, galactose®} maltosed @ ZF 7}ttt specific activitys B4 dd o
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2} oA dehdo AAHA AL AL glucose, cellobiose, sucrose, soluble
starch, fructose, galactose, maltose, mannose$} salicined|X £ #&& Jetdd.
AN BA A7 specific activitys B4 @A Fe 2loldr 7]1Ud}..

E3 o8 @249 7hed fructoses AN A% AM HL: AT specific
activity (1040, 537, 1254%)& 7} Eole Aoz ueiwth EF glucosest maltose
e AEe B35 HA A4 A specific activityd]l & 93 7|0

gade olgd B AR AFE $s8, FFyl11-1& 453 2 4E(1% glucose,
1% fructose, 1% maltose, 1% yeast exiract, 1% (NH4):POs 1% NHCl, 01% NaCl,
01% KHPOs)o| @ uizldl HFAZh 437 LDH #4¢ #¢ @249 9%
& glucose, fructose, maltoseE 27t A% A& vlwd ot ZFE Figure 29
Eh 3o

A OD) fructoseE A7 wANA 7HF ¥ £E€ UElL oS3 2o 4
elstct. GFM(glucose, fructose, maltose) 1.63 > glucose (-), 1.50 > maltose (-}, 1.43
> fructose (-), 1.01. AN &A AL fructosed] &) 713 A JF& et A
A EiA YAM reduced NAD/ml/min)& &3 o] yelxtd. GFM 9480 >
glucose (-), 88.61 > maltose (-), 8348 > fructose (-), 66.63. specific activity(M
reduced NAD/mg protein/min)e th-&3 Zro] A%} GFM 10.38 > frctose (-),
9.41 > maltose (-), 7.35 > glucose (-), 6.36.

ARE F83 E d, d2Udo2A fructoser HEQ A LDH &4 713 §
e 9%e 71X, 2 A= Table 5¢) Uett otk 222 fructosee U3 &
24 7hed 71 AfHolg AtgdY.

fructose2] & 27 98¢ 49 Yeves Ae Figure 33 Zt} fructoses]
FES 1%AA 2%2 F/AANAS o AE] 4L 082, 087%2 1 F7HEULY,
3% ol4 ZFIAAL W 3%(0.78), 4%(0.69), 5%(0.60)2 ol th AM AA AL
2, 3% 4% 9 fructoses] A 7 14.19, 13.773% 13.74% 2 I A F718tA . 2% fructose
€ /M =2 Ex 4L Jerlth £, specific activitye 2% fructoseolA] 7.842
V4 A Jebst

A, 2202249 fructoser AW 2%7} FFyl11-1%¢ 4743 LDH #4&
7P A dte Aoz vEelgo.

- 62..
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Table 5. Effect of carbon sources on the microbial growth and LDH production

Total . Relative
Relative ; Relative  Specific e
Source Growth nzyme . . specific
owth ae activity  activity ..
activity activity
None 0.15 100 10.68 100 11.72 100
Glucose 0.35 233 33.99 318 2313 197
Lactose 0.18 120 3.89 36 10.50 90
Cellobiose 0.20 133 8.74 82 17.14 146
Sucrose 0.21 140 9.23 86 13.98 119
Soluble Starch 0.09 60 402 38 15.21 130
Sodium Acetate  0.11 73 5.01 47 9.89 84
Pyruvic Acid 0.22 147 12.14 114 10.03 - 86
Butric Acid 0.12 80 3.89 36 8.65 74
Fructose 1.56 1040 57.3 537 146.93 1254
Galatose 0.23 153 24.77 232 37.63 321
Maltose 042 280 4468 418 40.25 343
Mannose 017 113 4.86. 46 14.28 122
Salicine 0.05 33 243 23 17.34 148
D,L-lactate 0.03 20 194 18 10.13 86
L-lactate 0.10 67 6.32 59 7.63 65

None : basal medium excepted carbon sources. Growth : OD at Ags,
Total enzyme activity : M reduced NAD/ml/min.

Specific activity : M reduced NAD/mg protein/min.

Relative growth, activity and specific activity : 100% rates by none.
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® Specific activity
B Total enzyme activity

120 :
® ’ @ Growth - 1.6
® |
100 | ® 314
80

Growth

LDH activity
[<2]
o

40

20

GFM Glucose(-) Fructose(-) Maltose(-)
Carbon sources

Figure 2. Effect of glucose, fructose and maltose on the cell growth and LDH

activity.
Cell growth : optical density in Asso
Total enzyme activity : M reduced NAD/min/ml
Specific activity : M reduced NAD/min/mg protein
GFM : 1% glucose, 1% fructose, 1% maltose, 1% Yeast extract, 1% NHCI, 1%,
(NH4)2POy, 0.1% KH,PO4
Glucose (-) : medium excepted glucose
Fructose (-) : medium excepted fructose

Maltose (-) : medium excepted maltose
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1.0

¥ Total enzym e aclivity

20
’- B Specific activity
—@— Growth 4 0.9

18
16
14

12

Growth

10

LDH activity

Fructose (%)

Figure 3. Effect of different concentration of fructose on cell growth and LDH

activity.

Cell growth : optical density in Agso
Total enzyme activity : M reduced NAD/min/ml
Specific activity : M reduced NAD/min/mg protein

Culture medium contained 1% yeast extract and 0.1% KH,PO,
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Y. Ao A% a4 A4 VA %

AXx90] FFyl11-19] ME A&z LDH 44 vjxle |2 Table 634
2t} td A2 YL peptoned} yeast extract Ao FFEATG. FHAUL YAHE
HEe) ool AL TAL ENsieY 2ASEE {rlH ©@29S FFH AT B
o) 7123t A Aoz JeElAY. yeast extract, peptone, (NHi)HPOs, NH,C],
NaNO;, (NHi)}:SOi= MES e 771 2%E Yed ey, malt extract,
beef extractd} tryptone® A&o] A7t Qe RLZ el yeast extracte] 3
& 155%2 713 e AAEL et AA B AT specific activitye o
A4 7}eH ©A yeast extract, (NHi):HPO,8} NHCIgte] $& EFE yeiyzn
yeast extract?] FFol 7}¥ EL EAFNE Jeith. AHHOZF, yeast extract,
(NHo):HPO:$} NH(Cl19] FFo] AE9 A%, AA Ha ¥AJH specific activityd] 7}
¥ & a0tg vebdd

ALY o]fo] BT MR ATE 93, FFylll-1FE& o33 Ze HYE(1%
glucose, 1% fructose, 1% maltose, 1% yeast extract, 1% (NH4):HPOs, 1% NH.C],
0.1% NaClz} 0.1% KH.POg o] &&8 uizle) HEXZc} AMES A3 LDH €4
of B ALY AL yeast extract, (NH4)HPO;, NHClE 22 AT AL A
2 w23 QY. A= Figure 49} 2t} yeast extract& A3 vi| oA A X 4%
¥ LDH #4Ao] 714 @& Re2 vehgrt. YNN(yeast extract, (NHi):HPO,,
NH,CI)2} yeast extract& #19]§ x|, NH,CIE AT w2} (NHy)HPOES A9
3wl MEo AL Zz 1.63, 0.60, 0959 1452 yebgth. YNNI yeast
extractS A wjx, NHCIE A7 wiA9} (NHy),HPO.Z A&7t wix|olA A
A4 G Zzt 94.80, 16.69, 61419 79.642 vlElt: specific activitye 10.38,
635, 10573} 133622 Uehpth 2DE F¢s) & o), ALPO 2 yeast extractd
FFHEe W ME AATH LDH ®Ad 713 $& d¥g 7Az, 2 dde
Table 60 YJE}L} Ut 222 yeast extractys Th%¥F A4 Y 7h&d 713 A3
olg} AR} Yeast extract®] T}¥3F FEo] ©EF I Figure 5] VR U
Axel AAd AA Ei AL yeast extracte] FEO| AT E HAE FoHUR
4% Z+zZr 1499 84.742 714 EA Vel yeast extract®] &0 0%olA 2%
2 2718 o specific activityz} Fx2 F713tu, 3% ooz /¥ A 74d
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& A%o) Ut o] Az AN Ea: AN ¢ & F71E Jehdg.
mehd, ADYe 29 yeast extracts u]A W 4%7} FFyl11-1¢] 4#4= LDH &4
< 713 =4 e Aoz vygyd.

Table 6. Effect of organic nitrogen sources on the microbial growth and LDH

production
) total . . Relative
Relative Relative  Speci® .
Source Growth enzyme . . specific
owth O avtivity  activity ..
activity activity
None 0.10 9 ND ND
Yeast Extract 017 155 33.68 247 26.33 200
Malt Extract 0.02 18 042 3 1.56 12
Beef Extract 0.09 82 447 33 7.72 59
Peptone 0.15 136 10.37 76 9.09 69
Tryptone 0.07 64 143 10 4.22 32
(NHa),HPO;4 0.14 127 34.94 227 22.26 169
NH.CI 0.15 136 36.72 233 22.26 172
NH4NO2 0.14 127 11.60 85 13.98 106
(NH¢)2S04 0.14 127 9.18 67 9.09 67
NaNQ; 0.11 100 532 39 10.86 83
KNO; 0.12 109 1091 80 16.78 128
Mean 0.11 100 13.64 100 13.14 100

None : basal medium excepted nitrogen sources.

ND : non-detection.

Total enzyme activity : M reduced NAD/min/ml.

Specific activity : M reduved NAD/min/mg protein.

Relative growth, activity and specific activity : 100% rates by mean.
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Specific activity

120 @ Total enzym e activity
@ @ Growth {16
_ ' |
100 ® 114
4 1.2
80
2 1 1.0
S 60 | 4088
X 1G]
3
40 4 0.6
-I 0.4
20 +
4 0.2
0 — A 0.0

YNN Yeast extract(-) NH4CI(-) (NH4)2P O 4(-)
Nitrogen sources
Figure 4. Effect of yeast extract, (NH¢2PO; and NH(Cl on the cell growth and
' LDH activity.

Cell growth : optical density in Asso

Total enzyme activity : M reduced NAD/min/ml

Specific activity : M reduced NAD/min/mg protein

YNN : 1% glucose, 1% fructose, 1% maltose, 1% yeast extract, 1% NH4Cl,
1% (NHg)2POy, 0.1% NaCl and 0.1% KH.PO,

Yeast extract (-) : medium excepted yeast extract

(NH,);PO4 () : medium excepted (NHy),POq

NH(Cl (-) : medium excepted NH4C1
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A Specific activity
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[~}
[=]
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[=]

40

20

Yeast extract (%)

Figure 5. Effect of diffrent concentration of yeast extract on cell growth and LDH

activity.

Cell growth : optical density in Agso

Total enzyme activity : M reduced NAD/min/ml

Specific activity : M reduced NAD/min/mg protein
Culture medium contained 1% fructose and 0.1% K;HPO4
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o} BEA FFUol 4% 2 &4 g4 viA e ¥

BEA FFYol FFylll-13¢ AE A3 LDH $A4d vAe %
Table 73 2t} ctpdst PEA FF YL magnesium sulfate, manganese sulfate 9}
monopotassium phosphate th3ld] FF& ek FlAE HEZE CoSO,; KCL2H CuSO,
£ FEY 9 AY AFA ZERHAFE, 2%). 28, AE 433 LDH 4L
NaCls} KHPO.E wjzlol 238 o &9k AE9 4%, F Ex 247
specific activity= NaClg FF39-S w 105 1083} 120%E Z7}8t 31 KH.POE &
28-S w 102, 1149} 128%7F 2+ Z7gch o8l @ @3 NaClsl KHPOu7} vl
HES 4FD B2 A0l 7% 2A 98 NATE A B F
#ed ZFEY olfol B AR AFE K3, FFylll-1FS o3 2L HE(1%
glucose, 1% fructose, 1% maltose, 1% yeast extract, 1% (NHs)HPOs, 1% NH(CI,
01% NaClz} 01% KH,POs)ol @48 iAo HEAZTH Axe A&z LDH &4
o] B3 JEA FFYY EFe NaClal KHPOE 42 A AL AME vl w3y
. "Be Figure 63 2ok AT 4FFL NKNaClsh KHPO)F 3 7(163)5H
NaClg #|9§ T7(2.02)9 KHPOE A9 F(1.66)7 o Eokoh. a2ut, HA AL
B4 KHPOE A9 77} 649182 NaCle 29§ 7(84.49)9F NKFFT7(94.90) 12
o} 3Fet). specific activitys NK, NaClg A9§ 7o KHPOE A% 771 4%
10.38, 6.82¢} 63022 A EZ: 4T RAY FFE Uetlth @HAH2E Hx9
Aol thE7(1.63)3 KHPOy(L.66)2tell &te]7h glol, KILPOwL AES 4] 8%
g AR g€ A2 YEHRoY A2 FHde & ¥ e ALz YEW

e

ADGE 2% 2 u, 5 FFYeZ KHPOE FFINE o ANEY 43
LDH #$A4d 713 F£& 982 7143, 2 HAIE Table 7¢] Yehy U asjizz
KHPOs= TS ZEH TF9Y 71 713 Agtdolg Atz €

KH,POg2o) thefst -l ¥ Ao Figure 79 Yey Ao

Axe] 44 AA A BAF specific activitys 0.01% KH, PO, H7H8e A%
77t AUt wiA] o) 0.05%¢] KH.POE H7H3le 2% AMEY AR AA &
A9 A7 specific activity= 22}t 0.71, 12.399} 11.582 748 & FX & YEHLS
U KHPOE 01%0]4 A0S 35 gA7] Holaio
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gy, F2d FFLo2M9 KHPOL wWiAW 005%7F FFylll-1¥F9 A%
LDH #4& 74 &7 3le ez Yeyt.

Table 7. Effect of mineral sources on the microboal growth and LDH production

. Total ) . Relative
Source - Growth B enzyme Rel?tx.ve Spc.ecTal ‘ specific
growth activity avtivity activity activity
None 0.43 100 44.68 100 23.64 100
NaCl 0.45 105 4812 108 28.27 120
CoSO, 0.01 2 ND ND
KH2PO, 0.44 102 50.99 114 30.17 128
MgS0O, 0.39 9 47.11 105 2391 101
CaCl, 0.36 84 27.20 61 23.24 98
KCl 0.01 2 ND ND
BaCl 0.40 93 14.91 33 14.76 62
CuSO, 0.01 2 ND ND
MnSO, 0.37 86 13.11 29 14.90 63

ND : non-detection.
None : basal medium excepted mineral sources.

Relative growth, activity and specific activity : 100% rates by none.
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& Specific activity

140 @mTotalenzyme activity
[ ® Growth 1 2.0
120 - 1.8
o ® 118
100 |
11.4
g 80 41.2
41108
3 60 | 6
- 4 0.8
40 4 0.6
0.4
20
g 0.2
L . 0.0

NK NaCl{-) KH2PO4(-)
Mineral sources

Figure 6. Effect of NaCl and KH2PO4 on the cell growth and LDH activity.

Cell growth : optical density in A¢so
Total enzyme activity : M reduced NAD/min/ml
Specific activity : M reduced NAD/min/mg protein
NK : 1% glucose, 1% fructose, 1% maltose, 1% yeast extract, 1% NH4Cl,
1% (NH4):POs, 0.1% NaCl and 0.1% KH,PO4
© NaCl (-) : medium excepted NaCl
KHyPO; (-) : medium excepted KH2POq
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1

4 ’- " EEEEm Total enzyme activity
B Specitic activity
—e— Grow th 4 0.7

13

=
N

LDH activity

10
9
8 | 1
0 0.01 0.05 0.1Q 0.50 1.00
KH PO «(%)

Figure 7. Effect of different concentration of KH;PO; on cell growth and LDH

activity.

Cell growth : optical density in Agso
Total enzyme activity : M reduced NAD/min/ml

Specific activity : M reduced NAD/min/mg protein
Culture medium contained 1% glucose, 1% fructose and 0.1% yeast extract

_73_

2?18t Direct fed microbial(DFM)JH &0l 2t8t 32 .

lo

NEEX:IIZS AZESE S &L HALZOR ol



2. pH, €5 2 wWFAo] A% 2 Bd ¥4 MAE I

pH, exst WAz & Axe 4%3 LDH 4 B 9%
Figure 8, 99} 100 Uteht SIch AZ9 4733 LDH &4 i@ A pH¥ Figure
8s) UEG AT o] pH 650tk M) 44 pHA ®otd+F FrstAx Hd
ARO71)E pH 659 7044 Bef A} EF AA Zx §4& pH 6544 73
=0 32668 UEY oL} specific activitye 4ol EolAFE AL FAUSG
MEe A&z LDH 849 W H3 Lx& Figure 99 vehd Rz Zo] 30T
o AXe AR A EiAY FAL 0TAHA L7t FAEFE oY 2=
7} 35Col 0] g w A7) PolAch specific activitys HA i F4ol EoHA
= A%RE YO wolAE AT uehich o e AR A2 FAEG 8
o O o] Z7bste AL Ueit FARFog, A 44 dA) AL BHL 3
0Col A zhzt 1.907 92222 JEphdd.
|9} Alzbe] W& FFylll-1¢] A#3 LDH ¥4 Figure 103 . Az AL
UNHA AZ F7bsiThrh 2443 2,029 32414 2.042 887 YRS LDH
VR AN S VAT specific activityd 24744 Al S0t A7 49
oJAT. 2HHo 2 FFylll-1%9] A#7 LDH 84S A4AIA ZZh AwclM 2028
103.89moles reduced NAD/min/mg protein®. 2 v+e}%tct.
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Figure 8. Effect of different pH on cell growth and LDH activity.

Cell growth : optical density in Agso

Total enzyme activity : M reduced NAD/min/ml

Specific activity : M reduced NAD/min/mg protein

Culture medium contained 1% fructose, 1% yeast extract and 0.1% KH;PO,
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Figure 9. Effect of different temperature on cell growth and LDH activity.
Cell growth : optical density in Ao
Total enzyme activity : M reduced NAD/min/ml
Specific activity : M reduced NAD/min/mg protein
Culture medium contained 2% fructose, 4% yeast extract and 0.5% KH.PO,
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LDH activity
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Figure 10. Effect of incubation time on cell growth and LDH activity.

Cell growth : optical density in Aeso

Total enzyme activity : M reduced NAD/min/ml

Specific activity : M reduced NAD/min/mg protein

Culture medium contained 2% fructose, 4% yeast extract and 0.5% KHPO4
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A 3 A Lactobacillus sp. FFyll11-12%E A=+ lactate

dehydrogenase?] &4

1.4 &

LDHE #4417 T2 lactated o]§31& bacteria® ofvel Z714% @714
Z29 4 ABsE bacteria)| M= EAFch o] Exe T8 £ F, YA Ex F
49 87 20 g} 2& FoMZA 47 & ¥H, JvH & SFE YE
o |
%-& lactate dehydrogenase(L-nLDH, EC1.1.1.27; D-nLDH, EC1.1.1.28)) f-4hFellA
d 7= o]H D (Hensel %., 1977, Kim %. 1991, Taguchi®} Ohta, 1992; Ferain %F.
1994), nLDHE {AMFo) AN T bacteriad] A8t (avor, 1984; Tindall, 1992
Orend} Gurevich, 1995). ©] nLDHe A4 %4-& 934 NAD/NADH7 g8Fdrth
a3y =H22A NAD/NADHE AMgsx] ¢e o ¥He LDHe H¥d
bacteriac] ] WA }(Hino9 Kuroda, 1993) o]gj§ AL+ NAD-independent LDH
2 ¢8Ad J31(D-LDH, EE11.23; L-LDH, EE1124) & ZFdMe & 7jv% &
g 7HA3 Ao
iz %8¢ ¢ 3 pHe Fo| met dzAv, LDHE E§ pH608.044 A3
o BF& goh 22y, ojd F{Y wHole A BFo] 53 86 F& 9694
vebdtH(Dolle, 1971; Garvie, 1980). lactafe?]- A3tg W 33 pHe RBE pyruvate9
gdE 9% 3 pHEY O ¥
u| &9 LDHe dolf oid wgAeAd & ol& EUc §& g7l UA o]
AiE F2 25TAHM F45HR, 30CAN AAE B4ssd AHREY. a3y &
Aol M4ste 594 v|AESQ B. Caldolyticus®] nLDHe} &3 £E& 55-66°C o)1
Thermotoga maritima 557 9] Ci-(Weerkamp, 1972; Wrba ¥., 1990). |
nLDHY] A 3]Al= oxamate®} oxalateo]:, nLDH A3} L-lactate, D-lactate,
D.L-lactate, pyruvate 8 NAD/NADH$} 2 & 729 ¥ FHd Mg 93 &
et} =g& agle Cd¥, Hg, CuSO, Mn%, co¥, cd®, Ca¥, (NHg):50¢ 2 NaCl
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3 e F&ol2 Al

g Aike Hd: FE FHAM SA%E B 8UEY 98 4] 9E §
< YEdd. FFylll-1§-& W3FE AL8d glo|A direct-fed microbials2 A}-8-3}
=H 493y HF9e VFA 25, pH R HHY A8 22 o8 AzE 7}
I gled, ol AL VIAE Hio 28 L vlA 4 Aok e wE9 #34)
RAM PAE BLY TYHE olFE}] A e EL FEo] v WA =4
I 8.2 stellA Hris ook dr}.

o] 499 2 LDHE 44937 H3] Nd FFylll-lo] 44tshe LDHY 4
< Yrkske RAolth o2y AYE FFylll-1e) L-nLDH #A4o] UoJA pH, L&,
VFASt $EA9 AL &A% A8 £33t

2. Qg % WY

7F. g5 A
WEH FEA AYHE lactated] 2 PR 37] A MPY AYS
¥34 LDH g4¢]) 714 gobu ¥ FFyll1-1& S0 22E eyt o]
AEE 20% glycerolol X -20CelA E@3tgich FFHE 10ml TSY wix|7} 2z
40ml test tubed]A 23] A wjYY X  250mle] TSY broths} ©z! 1000ml 4tz
flaskell A 39C, 24413+ F<¢F wj g3t

4o 259 B

A 49 33 exe 9IS 25(10-60T)H AASIALE T2 4

AFAHL AL E 6083 I 2xoy dXag ¥ FAL 108 oz £33
At

o v pHe A7
BEL gAd AoiAe pHY F3-e tfF§ pHEB.0-10.0)1 A ofelj o] buffer
g o]g3ld Z2Hsqtt E4 EMe 7)A L L-lactate sodium salt2 2z} 9] bufferd)

=
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005Mo] Hx& zAsgtt. 49 QAL AU 8] BA AL citrate,
phosphate, tris®} glycine bufferg o] &3] th3t pH(3.d-10.0)°]] A 2433t 0.5ml
o EAde L& %o bufferst YT ¥ LLDHS A& 39T, 082 W ¥
23390
o]-£ 9 buffere o3 @t

- pH 3.0-5.0 : 0.05M Citrate - Sodium citrate

- pH 4.0-6.0 : 0.05M Acetate - Sodium acetate

- pH 5.0-8.0 : 0.05M MES sodium salt

- pH 6.0-8.0 : 0.05M Monopotassium phosphate - Disodium phosphate

- pH 7.0-9.0 : 0.06M Monosodium phosphate - Disodium phosphate

» pH 7.0-10.0 : 0.05M Borate - Sodium borate

- pH 9.0-11.0 : 0.05M Glycine

gt. L-nLDH &4¢] &g a4 Aiate] &3
AL A YA VFAs.‘i] g %L acetate, propionate, butyrate, valate,
isobutylate} isovalate® T}¥g ¥ %(10, 20, 30, 40mM)o A A3t} 0.5mle &
248 7 ME d& T2 DALY 93 EF 39C, 3083 I
% LLDH $4¢ 2334t

o). L.nlDH @40 B8 240led &3
L-nLDH #4o] #F F&ol29 ATe 2mMI 10mMe FxolA &3
STk 05mle] HANE ME THE 559 BaCl, ZnCl, CoCly CaCly NaCl, KCl,
MgSOs, MnSOy, CuSOy, FeSOu} 22t Ealn 39T, 3087 9@ ¥ L-LDH ¥4
£ &3

Hh, 2849 FH
H¥ES 12000xg 4T, 10830 442NN £ 459 AAYG. G&
DAES A F 1ml tris-HCl buffer(0.05 moles, pH 7.0)21 t}A] {4223}

Aok MXFEE-S ultrasonication(VCX 400)& F3 2ok 2z Aldd 935X
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3o MEE Gram A& F Ar|R o2 FEH Wi ultrasonication 1083327
A)8), 527 FA), 20kHz, 40% pulse) 80%0l4e] ME7} BHE W7tA AFYPsA.
QA E2)(20,000xg 10min)& F3 X HHE AAY F, F5dH AEFSES
ZEAYOZ AHE3HY.

A}. Lactate dehydrogenase 4
Lactate dehydrogenases] &4 él,‘-zj% 28 14 A8 L v lactate
dehydrogenase &4 3% FL3IAS.

3. 2% 9 &

7h. B4 @Al WX pHe 9%

LDH®] ## pHE 1970 dthel 19801 dtle) §& Z7] AF7tel o3 @+
s)c}(Gasser 5., 1970; Weerkamp %., 1972; Holland ¢} Bitchard, 1975; Hensel %,
1977: Crow and Prichard, 1977; Garvie, 1980). L. casei®} L. curvatus®] nLDH gAe
FOP&} (&) Mn2+°]] J8g werHGordon and Doelle, 1976, Henssel 5., 1977).
lactate7h AshE we] HF pHE HF pyruvate BUY W H3 pHET ¥t}
nLDH7} 84< Jele pHe E$lE pyruvate7} A& @ L. caseie] FDP-activated
L(+)-nLDH¥E 4.5, L. mesenteroides®] D(-)-nLDH& 787+ 33 )3t} (Doelle, 1971;
Henssel %, 1977). AZE 93 pHe Ax9 AAAd F83o. S. cremorise pH
6.0-650] Y pHrl gZHez HA JAHE Gojnvjdck(Mou, 1972). B
rettgerie] D(-)-nLDHE -20°C, pH 7.00]4ol A &A1& gojH - tHGarvie, 1980).
Exe BAF A WY pHY 9L Figure 113} 129} Zth L-nLDHS &4
& Ag 2 wgel Q& bufferd ALEFLEZN pH 3.0-1007k4] g3t FH 3K
t}. Lactobacillus sp. FFy111-17} 44 &= LDHS H3 pHeE figure 214 Jehd Axn
Qo] 750tk EaE A4 pHuch 9gel4 pHAM © s& B4E dshiz,
FFyl111-1& pH 7.0-85¢) 4ol M Qe AL B4 90% o4& BHFH LDH7L
#4¢ Uehe pH W9t F& 202 Uehioh Dennissh Kaplan(1960)e L.
plantarum®] ## pH7} 75zt AL HAFHD, Gasser F(1970)2 L. acidophilus7} A3
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Qs LDH #3 pHE 78ojgta ok & pHAlA &4 #49 Aoje pHY =
A3} buffere] FAo) ¢)§ HCIz} NaOH9 ¢ ZHE 7|dd€td. LDHE phosphate,
citrate, malate, imidazol ¥ histidine®} Zo] FEAHLZ AlEH buffer & 23]
A "4 ATHGordons}t Doelle, 1976; Crows} Prichard, 1977). A. viscsus®] nLDH=
tris-glysine®} sodium acetateo] 2]3)} &g wn A3 ch(Brown F, 1975). |

EAE pH 7080414 744 5& ¢S 241 pH 6.09.02 FH(93% ©)4)l
N OAY YAH4L Ho FohFigure 12). LDH ¥4 (M reduced NAD/min/mg
protein)}& pH 6, 7, 83} 9ofjA} Z¥z} 2312, 24.87, 24983 23.730|t}. E{ HiAE F
& g#e4 pHolM T €& 4L vepdoHpH 1074 119414 242} 833 72%)

35
30 r
25
20

15

nl—L Dt activities

Figure 11. Effect of pH on L-nLDH activities.

L-nLDH : Moles NADH/mg protein/min

1 : Citrate-Sodium citrate IT : Acetate-Sodium acetate
II1 : Mono-Dipotasium phosphate IV : Mono-Disodium phosphate
V : Tris HCl-Tri VI : Borate-Sodium borate
VII : Glycin VII : MES
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Figure 12. Stability of L-nLDH at different pH.

U B4 B4 glojy 229 g%

|3 E nlDHE &%) weh of$ 03A ¥H3gt) o] Axe 9wy
o2 2530CoM A=} B. caldolyticus7t A8l nLDHS 33 £%+& 55-60C 0]
tH(Weerkamp ¢} Mac Elray, 1972). L. acidophiluse 80Co)A 5% HT=W FAS UA
51 L. iensenii ¥ 80CHA 58 Fo] ERAHT}(Gasser 5., 1970). Hensel &
(1977)= L. caseiZ} 60Ce) A ¥lmZ QAsI} L curvatusts 60T A EZA3H)n
Hug. M2 & nLDHe] ¥eist M2 & ¢ nLlDH 3te) zto|7l Qlge] &
Aot B0 AT F A Y 2= Aolo] B Fa= Figure 133 149)
el 3ot FFyl1l-19] L-LDH] #A4L& 10-70TC e ot Heila 238} 3
€% Figure 1394 HoA K] 40CE Yelntth EiLe 3545TAA 982} 95% =2
42z Hd g42 ek 28y o) e 2=(10CS 60THA ztz 313 35%)
dMe E8Astdd. '
g PG P AP, BLYe ThFF %30, 40, 50, 603} 70Tl A 6083
HYE ¢ F 32 4L BE £4 2P3M 108 Foz2 2339 LDH
T 30CAM 7t 2 4 AL Bo FEd(Figure 14). o] A 60&3+ WY
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A7 F G BA FAe g 849 89%E Jehdoh 40ToAM BEi: F4E AHA
8 AT 608 FolE 78%E etk 2y wlYAE 50T o] 2EdA u)
FPe W EA AL wEZA BT 503 0T P& E: B4 ¢
Y EL §A9 377 30%0l Ex B9 wtvle 70T A 108 ]t
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Figure 13. Effect of temperature on L-nLDH activity.
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Figure 14. Thermal stability of L-nLDH at different temperature (30, 40, 50, 60 and
70C).

o B2 Bl oM He4 Agad 9%

Qe EAE EA WE 99 <o EAse e 294 g gE 4
AL Ho F7 @} FFylll-le W35E9 DFMd] H8A17]7] 3 AEHU.
Hl9lE VFAs, 2%, pH, A3 Atg9 Ze ¥e 8de e
VFAsE &z W8 dgo] lojH & pHE Jehyr] d@Ed w3de g2 8
S 7}$H 283tk Brown $(1975)& u]A & LDH #4¢) sodiumacetatee] 2]3j #
HYo 2yt Crows} Prichard(1977)% citrate7t EAY 3¢ LDH7I 2843
Jt A {AUT. BYA AxEHN VFAse] 9Ee Figure 159 Yehy ok
LnLDH @A) $1o] VFAse] 98 VFAs9 e FEo)A 39T, 308 I ¥
A B4 233G B4 AL ZE VFAs Mo o3 €48 fAET &
Ade VFAs7l 10mM 552 HYSAL @ EL PAo| acetate, propionates}
butyrate2 22§ T4 2 X 23kA] ¥ T A4 YAge] 88, 907} 88% =
A3 BA®ct. et valate, isobutyrateot isovalatee] ] 2tz 59, 759 60% o=
A7) 7Z+A%c} L-nlDHE VFAse] %ol 7ol w2t ZstA 843 "

'.
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EA YA w7ty|= acetated) butyratee] 10mMeol A Yehts, 10mMe o 4te
2 Has Aae 9d BA 50% oldz FAETh HAiE valates} isovalate}
40mMo) 2)3 @A BE8AI5E T, acetate, propionate, butyrates} isobutyrate W
M @A 2-5%2] FAdTe] GA ok

—~— Acolate
—&— Prapionate
—&— Bulyrate
—O—Valate
—e—-Isobutrate
—a— lsovalate

Relative Activitles (%)

0 10 20 30 40
Acid Cancentrates (mM)

Figure 15. Effect of volatile fatty acids on L-nLDH activities.
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gt Ba 846 oM FHo] 29 FE

LDH<e] Z{%HQ;}- gAHe z7] 4F2E5(Crow and Prichard, 1977; Garvie,
1980)o oJ8 FPHJUTt Hensel 5. (1977)2 A ¥Ao] Cd¥e 98 E¥AsED
Mn®, Co’*s} Ca”el] 93 §& wx gpechn M} Gordonst Doelle(1974)=
HgClL¢} CuSO.¢] LDH9| E8A43}s} CaCl, CoCly, MgChst MnClhv} LDHE &4
FNAgE AL BFHY o)A FPge GE A7t 93 2% HHDynon F,
1972; Crow and Prichard, 1977; Garvie, 1980).
VHAAs BRYAAZHY F4ole9 QYL Table 83 Rtk LnlDH $4d)
¥ dAe FHLL 9T, 02T WA 29 10mMe] F&olee Hrhe
F A2 4L AT A4 ¥4 BaCly ZnCl, CoCl, CaCl, KCl,
MgSOs MnSO,:8} FeSOs0 9J3) ZF7tdck 53] L-nLDH $4& 2mMe] BaCh9}
MnSO40] o) z}zt e #Ade) v 1279 124% F7hdch a8y, BLe gHe
2mMe] NaClz} CuSO.) 23] w3 BgASE 2, 10mMe) CuSOwl o8] 7+stA &
g4zt

4

Table 8. Effect of metal ion on L-nLDH activities

2 mM 10 mM
Source Enzyme Enzyme Enzyme Enzyme
activity activity activity activity
None 32.69+1.34 100 32.69+1.34 100
BaCl 41.51+2.04 127 39.22+0.96 120
ZnCl; 33.341+3.21 102 34.65+1.32 106
CoCly 33.01£2.58 101 35.63+£2.39 109
CaCl, 36.61+1.87 112 34.97+3.98 107
NaCl 32.03+0.98 98 35.95+2.10 110
KcCl 34.97+1.65 107 33.67+£2.25 103
MgSO, 35.63+0.78 109 3791+3.21 116
MnSo, 40.53+3.21 124 37591288 115
CuSO, 32.36£1.05 99 12424503 38
FeSO, 35.63£0.95 109 36.28+1.75 111

Enzyme activity : M NADH per mg protein per min,
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Hl4Z& Lactate dehydrogenase® 220 in vitro &0 A
Bt

lactic acid == 0 0lxles ¥

1.4 &

AEAG Hdfae AME UL WFEFE0) ojfsto FAY FUEL UE
F de M FEI Aot EFEL w5 U vAdEY =& Qlole ol
288 %< FYY + Qo vHEFEL A8 W F2F G5 3HE (celluloses}
hemicellulose)& o 4% & PO}, WFFEL WEe WYEL Fx g olF o
4% 5 Ao wEY 2ad 3, AtRe vAEASG LAY, dE, FRYo},
lactates} g2 A} WFFEL VFAS njAEA I L 2 oyAd3 9y
2 FFYes ojgdith
9] DAELE HEAYAM /L E Easte FE 9T st Uch(Demeyer,
1981). 23y wFFEo] HFH wE9] 23E A 472 AlRE ITELETEE,
E& AUAEE M FtEdle UL £E0] & AR(FEY ALHANE
Fosior ot ol ALE(F3] AR duvA FEV & FH)T AYAY AY
BYE 53 Fe AVES 7MAA B Guad, ARo] 2HY B A =4
o]7] wW&elct. ey, FFALEe AAF HFHe Streptococcus bovis®t Lactobacillus
sp-& 2 W39 mAEe] F4L w2 e B g9 lactic acidE A3 0]
HEol QAL FolA Ph(Hungate F. 1952; Slyter, 1976; Mackie and Gilchrist,
1979). lactic acid(pK 3.9 versus 4.8 for lactic acid)¥ VFAsel] BI&|| A433] 73§ 4ko)
7] W&o, S. bovis7t £ UA HE FF @FHY pHrl RopR1(<6.0) ¥HFEH 9
7V ZNE | echSlyter, 1976). W9l o] ulF A& pHe 6.0-7.0 Fxol} {47
< lactated] %23} W399 ¥ pHE fugct J4H AGS w59 949
NEE A% ﬂés}.n, pt¢lel pH7l 563 529 WE Zz ni«u acidosis$}
‘3 acidosisz} FHOwens F, 1998). WF49 FL& AZ e ¥E9] YolA F44
T 4A4E &38R, protozoadt lactate®E HF3}A R Fol AVHEHZE 3y,
Z9de 28 FAL Adfsn(HF9 Yo papillaev} finger-like projectione] 7)

>

ox mj

e
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5< Aste), W4 VFAsY] F48 343 ¥31, Ay 458 Fdstxn, A
Ao BTN AN wE2e FAHAY AUYLZ AT AW 239 g+ o2
A3t Pl E ETHE Yot

B AYe 2L WESEYA v|AHEY lactate dehydrogenase® F g3t wi3
9] Wl lactate &L WABL lactated] o] FAE& AL WEFE AR ol &4
9] AHHQY ARE Z7}A7)7] $3 direct-fed microbialsZ ©]§ 7}54E FAlste
Aolth. 222, 1 R HA dAle M4 Atse 9% lactic acidosisE in vitro 4
A Z2A7E Ao B Reoln F WA DAL in vitro FolA JA WFH Y
g AAE H7HEH lactated] A AFHE FFH3e Rold. viAY BAe 4
o} 1 LDH A4 v EL in vitro ZeA lactate’} A E W39 Had) I3
EFE 4¥de Aot

2. Az ® UH

7}. Direct-fed microbials®] FH]
LDHS] $4o] %A vbehd C21-1, F48, F180, F110-83 FFyl11-1& w3
A, ¥, EY FAv|E¥EH sty wF9) LA F lactated] A& wWAE)
A8l FulERo. 22 T 20%9 glycerolo]l A -20CollA BA3IAT HEAE
10ml TSY vj A7} @70 40ml test tubeol]lA] 23] Al v Y3 F TSY uj XA 39T
A 24-36A1 <t ul ST

U ZELAL Ax
Wl &S 12,000xg 4C, 1023t AL F 54 AALT G2
A2 AHF F ImlY tris-HCl buffer(0.05 moles, pH 7.0)43 oAl d4E 3}
At M XF&E L ultrasonication(VCX 400)& %3 4t 4 Aol 33 s X
e METye Gram AT F Huj7ez ] W ultrasonicatione 10EFBZZIT
A8y, 5237 ¥, 20kHz, 40% pulse) 80%ol4¢l AX7l Bag wrix] AFPsid
LA 2 F(20,000x g, 10min)& T3 ME HBL AAYR F FFAH AXFEES
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ZEANOZ AR

th. In vitro AFollA LES] FH
up=glole fistulaz} 3¥ Holstein R A(550kg)N A AASRHTH AR |
de WP AFAAAINDL FFABE 4570|2 6kgo2 A FoAst wEHY
3 YeEe o4 MEFd F 6AIA AAML 47 9] cheesecloth2 H# AHE-3HS
t} o] Zge €71 FejolA o] FAHTt
In vitro A¥YE 50mle] serum bottles] butyl rubber stopper9} one-way gas
release tubeS A3sle Ap&3tgich 30mle u}Z 9] ol & serum bottleo] ¥ O2-free
CO2 gas® FAH712 wol 43el o] g3ttt WYL shaking incubator& PYN-RIT |
39°C, 80rpmoi| A A A a9

g}. In vitro lactic acidosis®] & ¥
B A)E Limmin Kung(1995)¢) ¥l & 7lgoz 3o @3t AM2- 5 )
lactic asidosise] WAL AAP 71A=Z 55% soluble starch, 26% glucose, 6%
cellulose, 7% cellobioses} 6% trypticase& 28317 st ol &3t|th in vitro lactic
acidosis® §ursl7] $18), wrgde FY £F F 10, 15 20, 25 30, 4.0, 5.0,
703 100%¢) A4 ARE BT 39CAHA 24A% %29l 80rpmo 2 shaking
incubator® AM&3te] ujokstgich WY 2 HE VFAs, lactic acid®} pHE 43}
Aot
o} Ab4 wrE9)dl U lactates] ThE &L A
N4 wEge A4 ALRE 20%(exp D), 25%(exp 1)k 3.0%(exp 1)
H7}e in vito WES QL 39T, 24A1F F wiFste] A8k LDH AAuE
& gatd, zEAGe wwAe FYF 2o ®H 02mi(S108, Fyll0s, C211,
FFyl11-13} F48)& A4 w9)9) 18mist EHERAIL o] TYIE-L 39T, 30&3t Hi
Faigitt. dzFe 2aL Y FHE A tis buffer2 A3t t}. lactate7} LDH
o o BB RE FFsy A, shie X g FE& D,L-LDH(commercial
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enzyme purified, L-nLDH : D-nLDH = 1:1)& o] &3l5th WFYo 2R E lactate,

acetate 9} pyruvate-g 223519

B}, In vitro lactic acidosisoljA] A< &3

In vitro o)A 25%2] AA AL8S A7}8tY lactic acidosis® 2515
t}. in vitro ¥r3$] wjFEo) 5108, F483} FFyll1l-19] vl E AHXE AH7I8ido. v
NE AEY FF ¢ 1goln HF3r) Aol FHFL2mlo] FHAAT. Exp Ie v)
AE HNZE 24X T4 4229 BFHE F31 5313 YIHEh Exp 119 Exp I+
Wl o 12A]17F FRE 2229 HAE T2 4318 A7rete F A AlZEo] 204130l
. d2Fe vAE AZE AT FHFE HYHAD in vito wjFP o2 RE
lactate, acetate, pyruvates} pHE #2430}

AL FEA A B
vjoFel g 045xm2] disposable filterZ oj7}3l3 gas chromatography
(Varian 6000)2. 2 2-m, 2-mm, macro bore Carbowax M column(Supelco, Bellefomte,
PA)E o] &3lo EA3slct. A4 E carrier gasZ flow rateE 25ml/mine 2 ApE-3}
Act. AlE 1x18 split ratio 812 FY3HATt FYFY %¥ 170Co)L detector
LEE 180CHTh oven?] EE&& 160TCAA 283 £F 13TH EobA 180T A 7
€ AN

o}. Lactate, acetate®} pyruvated] 4
ko) & 045ume] disposable filter2 o381 HPLC(Performance
Liquid Chromatography, Varian 9012) 2.2 Carbixylic Acid Column(spherisorb Octyl,
25cm X 4.6mm ID, pgm particules; Supelco)g ©]&3le EA3 %} 0.2M phosphoric:
acidg carrier fluid2 flowE 08ml/mine2 APt 20u18) A)BES
microsyringe2 F¢ &3 final holding timeg 10# 22 3Pt AES AnedlA
UV spectrophotometer(Barian 9050)2.2 433} Ht}.
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A2EL I

=

7} BAEA
A8+ PC-SAS(SAS Institute Inc, 1985)¢ %3] Duncan multiple range

festZ 24135} %] cHP<0.05).
3. 4% ¢ 1%

7}. A4 A}Eoll 98 in vitro lactic acidosis®] &

Lactic acidosis®) 8 €& utFE¢] oA lactic acid®) AFEZe] &
£ Qe B4gEY %ol BE ARE #Y FFAU7 WEot WAZ, AL
sucrose, lactose EE glucoses T F o3t e ALEolth(Herrera-Saldana 5.,
1990; Zinn, 1991; Larson 5. 1993; Poore . 1993). B-& lactic acidd] 3 & =
& 4 Qe ©53ES AE, maltose, sucrose, cellobios, fructoses} glucose©]th
(Dunlop, 1972). °]|AE& W39 lactic acidosisE ¥2d ¢ UH(Limmin Kung,
1995).
in vitro lactic acidosis® Gu3}7] $J8), ¥ QFdAE soluble starch, glucose,
cellulosed} trypticase® EF T A4 AL2E T4 FEZ o83k 44 AR
o8 in vitro Y& S HE Figure 163} Table 99} 2o}

e pHe vl 7ol il 675029901}, AtA AR E 20% o4 7L
s9¢ W 50 o3tz Folzch(Figure 16). 44 ALEE 203 25% H7MUS A
pHE 49340128 470+0.1002 ZHAstgs, AH4ALE7L 10.0%Y W pHE 417+
0082 Z+Astat}. WEY Ul lactated) ¥ X Figure 163 2t} lactates Wi F &7,
27t 1.0%e) A4 AR FZMFANE 2HE & QAL 15% o) A4 MEE
Asge @ AAHUT 205 25%9) 44 ARE A/HRL o, lactater 18.85
+353mM3} 38.21%7.14mMo] Z7}3}4ich lactated] F3H L 44 Alg 9 FaEol B
o}A$E ZolA T, 100%9 A4 AR E wigdd] HAMAE o 127+417mMo] YA
th. pHe} lactated] A7e] APAHL & o), lactates 44 ALRE WY Wl 1.5%0]
4 FANL W IS

In vitro WA A VFAse] #3le= Table 99 2t} MA VFAs, propionate, valate
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9} butyratets A Alzel o] F7igel wet Frlshe BEE UEHH2Y acetate
e ZE A4 AE HFAM ARtk A4 AR HZAFOA  acetatest
propionate(A/P ratio)e] ®32}= acetater} 4 dtn propionatgﬂ- =713 A4 € A
A VFAsE Z7}shs A8e Boled olze Wiy A g BFES AE 77
Noz WAy wWEelgt a8y ©E VFAse A$HQA Mg vehdlA o
o]y3 AdE dE ATAY AHe FAM#HSlyterst Rumsey, 1991; Krehbiel F.,
1995).

7] A%z, 25%2] 44 AR FFE lactated] 23 $A8Y] A g Y
in vitro lactic acidosisg %3l A9sdd.

W EEE 20413 §949) lactate, acetate, pyruvates} pHe| W3+ Figure 173 2
o HEFE §¢ lactated] FHL WEA F/13tn pHE 49 A4 93] w2
ZaA vFES pHS} lactater WY Z7]0 22 6499 OmMeolglonv, wigF
20417 T 4599} 46.65mMe] H Ut} acetates O0AIZHA] 7.63mMof| A 8AJTLH
12.89mME w2 A4 27183 20 A E 13.71ImME A3 F7H3A ok pyruvatee
OAI A 3.0ImMe)| A 20A1+7) 310mME Zrlste A%E JetWllth 27) in vitro
Aol M (Mackie F, 1984; Tung¥®} Kung, 1993; Kung®} Hession, 1995), gy @

43128 F&3 BajAz) o224 in vitro lactic acidosisE FLAI7| = A F A
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Table 9. Effect of acidic feeds on rumen volatile fatty acids in in vitro ruminal

fermentation
Item VFAs contration

Acdic feeds Iniciate None 1.0%
Total VEA, mM/L 114.00+£6.53 122.03+12.42 167.35+11.67
Acetic acid, molar % 72.71+£1.29 68.58+1.80 64.68+0.18
Propionic acid, molar % 10.81+1.47 12.45+1.65 13.58+0.08
Isobutric acid, molar % 0.81+0.05 1.4210.34 0.92+0.23
Butric acid, molar % 13.87+0.49 1418+0.88 14.68£0.71
Isovaleric acid, molar % 0.84+0.23 1.20£0.18 1.321+0.21
Vaeric acid, molar % 0.98+0.03 1.18+0.21 1.44+0.01
A/P ratio 6.73+1.04 5.511+0.88 4.76+0.02

Acdic feeds 1.5% 2.0% 25%
Total VFA, mM/L 177.85+10.88 168.24+11.91 144.67%3.13
Acetic acid, molar % 62.40+0.59 56.37+0.20 51.08+£11.75
Propionic acid, molar % 24.31+045 16.491+2.70 19.681+0.71
Isobutric acid, molar % 0.84+0.11 3.25%3.15 1.05+0.31
Butric acid, molar % 15.80£0.42 16.91+2.70 21.59+1.47
Isovaleric acid, molar % 0.8810.13 3.41+1.22 0.99+0.08
Vaeric acid, molar % 1.33£0.52 3.58+2.46 212x1.65
A/P ratio 0.18t4.36 3421056 2.60*£0.53

Acdic feeds 3.0% 4.0% 5.0%
Total VFA, mM/L 140.19+14.62 152.47£19.32 136.56 £13.68
Acetic acid, molar % 60.48+3.03 59.94+9.65 56.51*13.96
Propionic acid, molar % 16.541+0.58 13.57+3.12 15.29+4.21
Isobutric acid, molar % 0.72+£011 0.691£1.53 0.88+0.05
Butric acid, molar % 17.95%0.19 1711131 17.92+2.30
Isovaleric acid, molar % 0.86+0,11 0.96+0.8 0.69+0.11
Vaeric acid, molar % 3.46+1.15 7.73+1.21 8711+1.09
A/P ratio 3.66+0.06 4.42+0.65 3.70+0.68
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Figure 16. The effect of acidic feeds on in vitro lactate accumulation and pH in

ruminal fermentation.
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Figure 17. Process of in vitro lactic acidosis by supplementing 2.5% acidic feeds

within ruminal fermentation.

U In vitro ruminal acidosise] ¢ lactate 3% o] 3 249

ag

4E BAE Ead $NYY FAY Be 2dEz dd oE BAE
Yegith 27] 97E LDH @40 &%, pHet #E4, oxalated] 93] 9F& BE
T3 $$13(Wrba, 1990), th2 LDHe 4L olgjd 27 AF9 A o3 3
g9tk whEsd W Be QAT e Zad I9FE v F A(Russel, 1985
Dehority, 1991; Weimer, 1992, 19%), VFAs, #-&3, pH, 432 A8, vy Z3 oA
Eo o3 QY A7} LDHe| 43 vk
AR w39 f lactatest T 4] PFE Eie PIAE #de Table 103 2
o B ARe A4 wagde A4 e ¥EE 27 t2A Fristd (Exp L
2.0%; Exp 11, 2.5%; Exp III, 3.0%) 334t
Exp 1914 lactates o) £7(26941235mM)Et} S108%-& |93t =atds A7
& Ao WW(27.21+095mM), Exp st MojME vlAE ZHELNE A7ME B
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Az Fo)A] lactater} 2ttt £3) FFyl11-1%(HF : 33.64+13.86mM)L & e+
o} tZF(5108, 41.62+£19.24mM; Fyl110-8, 38.55+18.29mM; C21-1, 39.07£21.07mM;
F48, 36.27+1682; control, 43.08+1877)e] Hl3) 7}4 R lactate $%-¢ UEHHT-
Acetated] $E& ZEA Ao g3 AL g wA e A2 UuE
2 2EAE AT AL 1586+5820)A4 1800£854mMo.2 UEtT A @
& AL 1660£755mMe 2 ebkch '
Exp. I, Exp. IIs} Exp IIo|A, ZA 4 ] e pyruvate FHFS fEZF(148%
161mM)el HlZY W S $2& YEAL(297£235mM - 416+1.23mM) PAE
LDH H2]2 lactates] Arsbo]l d8¢ 7Fctm Bk U} pyruvatert Z7hshe
Fxs} v|4E LDH 843 Q4L ¥ F+ AU

5108, C21-1, Fy110-8, F483} FFylll-1¢8] ZEAZ ANAF A4 wEde 4o
M9l lactate FEE 97, 91, 89, 84 ¥ 78%2 FA@r}(Figure 18). ZHAY A4
2|3l lactated] 74 ZAF}E REAY Y lactate dehydrogenase W Eo)3, olAL
D,LLDH #7}7(commercial enzyme purified, LLDH : D-LDH = 1:1)7} 43%9] %
222 vgd Aoz FHY 4+ ATH24.67112.17mM).
LDH ¥A7} 744 ¥ lactated] @A Figure 199} Zt}h HA ¥ lactated] & &
A @A 1mge] o3 ZAHE lactated] o2 bWk 5108, C21-1, Fy110-8,
F483} FFyl11-18] ZEA2 X 44 w39 Bad lactateo] %& ztz} 287,
12.79, 13.64, 17.59 ¥ 28.68mM/mg proteino]i, ] FLFL Zasde LDH &4
3 A7 A
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Table 10. Effect of different bacterial crude enzyme on lactate, acetate and

pyruvate in acidic fluid (Unit : mM)

Control 5108 Fy110-8 C21-1 FFylll-1 F48 D,L-LDH

Lactate
Ex I 26.94 27.21 23.79 21.54 20.72 21.21 11.18
*2.35 +0.95 +0.32 *1.12 *0.86 £0.23 *£4721
Ex I 38.62 34.19 32.85 33.23 3101 33.16 27.99

+5.09 +1.56 +0.25 +0.94 +1.15 1025 +1.05
_— 63.68 63.47 59.02 62.45 48.28 54.43 34.84
. +047 *1.21 +0.05 +0.62 +0.69 +1.80 +14.09
43.08 41.62 38.55 39.07 33.64 36.27 2467

Mean | 007  +1994 +1829 +2107 +1386 *1682 *1217
Acetate
o 262 2812 %601 2554 2554 2564 3219
4976  +345 036  +165 356  £095  +403
e 1002 139 1072 1069 1029 10.87 10.42
+081  *033 063 021  *003 006  *0I8
eem 1017 1172 1121 1134 1293 10.77 11.38
1074  +058  *015  +038 071  +003  *089
Ve 1660 1708 1598 1586 1625 15.76 18.00
+755  +663 603  £582 571  +593  £854
Pruvate
e 418 6.47 6.07 6.50 972 900 10.52
+014  +023 009 *012 025  *016  *039
e g 010 0.89 0.71 071 051 0.65 051
+013  *006 *018 018 002  *009  +0.04
om0 155 2.09 2.47 2.26 2.84 0.98
+028  +042  £002 008 040  *019  *054
148 2.97 2.96 3.23 416 4.16 4.00
Mean

+1.61 +2.53 +2.35 +2.12 +1.23 *+3.07 +0.33

D,L-LDH : mixture of L-LDH and D-LDH (1:1).
L-LDH : commercial enzyme purified from porcine heart, Sogma L2881.
D-LDH : commercial enzyme purified from Staphylococcus epidermidis, Sigma

L9636
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Relative lactate concentrates(%)

Control S108 Cc21-1 Fy110-8 F48 FFy111-1 D,L-LDH
crude enzyme of bactarial strains

Figure 18. Relative lactate concentrates in acidic rumen fluid by treatments with

different bacterial crude enzymes.

Relative lactate concentrates : mean of Exp 1, Exp Il and Exo"lII

Control : tris-HCl which using preparation of crude enzyme

D,L-LDH : mixture of L-LDH and D-LDH(1:1)

L-LDH : commercial enzyme purified from porcine heart, Sigma L2881
D-LDH : commercial enzyme purified from Staphylococcus epidermidis, Sigma

19636
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Figure 19.. Relationship of LDH activity and amount of decreasing.lactate in acidic

rumen fluid by treatments with different bacterial crude enzyme.

LDH activity : M NADH/min/mg protein

Amount of decreasing lactate mean that lactate was decreased by one

milligram of protein in crude enzyme(mM lactate/mg protein)
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t}. In vitro lactate ] o] LDH 44 u|AE HUte 2

w9 wie 9le] lactate AL c¥sted BHFd mgE
Megasphaera elsdenii®] @717} AfFHojge A& Ba =9t} Huffman .(1992)2
Lactobacillus spp.7} 34 acidosis& ZaNAZTR itk Aslan(1995)= Sachromyces
cerevisiee® 7N 3 APL A oY o9 HiE v E-29] lactate
dehydrogenase?] A 3e] BH RE oYUk & FTFE 25%9 A ArBE Y7L
o] in vitro ¥t3¢ A oA lactated] FHE w237 98], LDH#Ao] & S108,
LDH ®Ao] && F48, LDH $4o] 743 £ FFylll-19] 7bs4¢ %787 944
29359tk o v|AE Arte) @ in vitro WF§) dE FIF} FIHRE Table22
o et lactate AL diste Ade GEH 2o

Exp & mAEL 4A3 BF o2 UNUAA AME dYeE, lactate Fx€ F
£48 A7 2T v 2e $2¢ B FAT Exp IS} Exp & PAE
& W 1248 E 247 BFoE uBEL FUEY F AW ARt 20422,
lactated] =7 T ul3] wsich Exp I Exp 119} Exp Mme] Axz vjFo] &
o, lactate®) 22 & Ul ZT(50.85+7.35mM)Et} W] PE Y7H7(S108, 45.4816.27mM;
F48, 41.84+755mM; FFyl1l-1, 40.42+645mM)7} ¥k, 7bg #& £E& B A
& Lactobacillus sp. FFy111-10]t}.

2 d7E o4 LDH 849 Z7to] w2} lactated) 3 & Bk ARHOZ2 oY
e e Bd o 27 dFA, uE T8 dFAEC o8] LDH7 YA A
3z X elx(Gasser, 1970; Hinos} Kuroda, 1993; Savijoki®} Palva, 1997), lactate 2]
z2xg dusty] $)8) HAES o]4§ LDH/F JdA7HUD 1R, £ IFe
LDH A4 ujyEo] wEyo)M lactates] %3 ¥AY + g AR
Acetate?] == U EE H7H wFE(SL08, 17.20+6.34mM; F48, 11.44+2.34mM;
FFy111-1, 14.84+5.97mM)°] Y27 (18.741752mM)E et W3kth pyruvatee UAE
H717o) A 27131 lactated) 749 AL BAZ Y ALE B UTHFigure 20).
Exp IS} Exp HelN pH7} Z7h A& vldE9] A7t WEolA, Exp Mol = 9%
& uxx g Reg Atk gusid Explle tE ARt o 4=} w2
lactate®] o] © ®o] ZHHU7) & o|ch(Figure 21). Lactobacillus spp.& H71%
Wk o] pH Z7+e Huffman $.(1992)7 EE A
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ruminal fermentation

Table 11. Effect of supplementing viable LDH-producing bacteria on in vitro

(Unit : mM excepted pH)

Control 5108 F48 FFy111-1

Lactate

Ex I 42.16+5.64 40.56+3.65 33.01+£2.32 32.76%2.08.

Ex O 55.91+10.40 44.66+8.03 41.46+056 40.55+1.99

Ex II- 5449*3.15 51.23+1.14 51.06%1.66 4794267

Mean 50.85+7.35 4548 £6.27 41.84+755 40.42x6.45
Acetate

Ex 1 30.78£0.95 26.28+£0.09 11.37£0.86 25.3710.38

Ex O 13.31£0.19 15.33£0.31 13.69%+0.38 14.17£0.35

Ex I 12.13+1.67 10.00x=0.14 9.27%1.36 9.98+0.37

Mean 18.74£ 752 17.20+6.34 11.44+2.34 14.84+597
Pruvate

Ex I 0.47+0.04 0.90%0.07 0.72+0.05 0.82%0.11

Ex O 0.55%0.04 0.93%0.06 1.09+0.01 1.26+0.04
Ex I 0.30+0.05 0.87+0.08 0.75£0.07 0.73%0.17

Mean 0.44+0.79 090+041 0.85+0.26 094+0.29

pH

Ex I 458+0.02 4.60£0.05 4.73£0.86 4.73£0.10
Ex I 461£0.02 4.63x0.06 468+0.01 4.69£0.04
Ex 1 4.41£0.02 4.42%+0.02 4.39%0.16 4,40*0.17

Mean 453+0.10 455%0.11 4.60*0.23 4.61£0.20

Exp I was added five times with baterial cells at intervals of 4 hour for 24
hours, respectively.

Exp O and Exp I were addea four times with bacterial cell at intervals of 2
hours sfter 12 hours of incubation abd esperiment was run for 20 hours.
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Figure 20. Relative lactate accumulation, and acetate and pyruvate production of in
vitro  ruminal  fermentation by supplementing with  viable

LDH-producing bacteria(relative rate based concentrate of control).
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Figure 21. Effect of supplementing viable LDH-producing bacteria on in vitro

ruminal pH.
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A3 =2 RFgYLEES o]§F 5 R ¥

Fol wlFE s AF AT

A1d =22 H3H9E o] 8% AR HFE N

1M 2

ARE ¢ 60ad&o] EAsed A &ie VAR F obFAA A
Aol A ST RE WASA Phch(Kreger-van Rij, 1984, 1987). 4§ L ALE &
a9 hEHQ RN Saccharomycess 3} Candidas 22 Saccharomyces= 58 3& o|&
82 23H, olulit P uERle BRES WAE 3y WEd F2 TUE 71AF
E BAX WA WA oj&¥ly et ¥Ele Candidee 6@FTE ofYS 58T
o] g-go] ol 2GE NANAE HmF waA FH5Y oivlkdolt vigUE B
2% 2oyt Qo WAL FE4A gol A= AH-

EnEe MEgo] Zats] q&el $4, FAA L FFA A IFE &A ¥
w oolg EAY ALY WEe 4P FANME F A@dH 715 ARHEIMA
2 ALHE ARE URE AER wYE(live yeast culture) FEAZA 7HEHe) ALY
Ao 7lddtn Utk & ARE JME9 J13AE $3A7)3(Peppler, 1982), &
2 ZA71 i3t e %sﬁ, vitamin B#& 33, wFEWe HF AL
o8] ALY 438 ZAA)7)0(Sniffen, 1986), At AT VYL R Yo ¥
7R AT 24 95| (Rose, 1980), AEAMNZME WEAUAN T45 & F
Qo HATHFEZMNE BEIU F40) 7157 Aoz FeA UHLyons, 1986).

geld & APe £ wEydg o]4¥ AR WYES L3 Hstd BF
gojo 2A&E7 wed, AP FNARE s, 2 A FHRIJEL A
5 T2 BEgge o83 WAdMY HA wgzdE FHEH AT

A

oL
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ANEEH: I

2 A= %

7t 29 ¥e # ¥4

2 AgaE WNES LB o84l g FFE By Ao
s2749 93, EY 2 HUEFAA 4 AEE AT F IFHIFE Y=
713 AFE wEg o) 1%(vol/vol) YFF ¥ 30T AujgrlclA 3At w3
Ach 2% wgYE 3432 YM agar PRl Ao pouringd}ed 30T 48471 ul
Fd F $ASA dehte colonyd 33 AWt €4 Esta A7%E 58 EE
2 Mysgo. g EFE AtAu X (slant agar)dl H@sAM APITFE AHE3
Yoo, Are $A& MIDI(Microbial Identification Inc)¢] Yeast Library& o] &3}
et

U BRe FAEA
B a7 42 AT H3 pHYHAE Yeast Malt(YM) brothe] pH
g 282 ZAY F 0CAA w3 FHAEEE ZARHL, HY L=¥SA=
pH 5091 YM brothel] AR E 1% HFL 2545CAM U FH=EE £
Aste] B2 AR HA pHe 2% WAE AAW ¥ HH wjFEdE AAE A
g Aol 383k

o}, wrE 9l wj A (W.RE, DRE) A=z 2 ujgxd

2ol L& 60%, 50%, 40% R 0% & vixAA ERZE HY

N o Wik 36X A WEeY ¥x B AR FF) Bl 10° CFU/mle 4E
4£2 eyt wad 2 d8dME 95999 AHEFE golax, Y ¥

= 100%%+ 66.7%9 ZIRuNE ARt & AAL H5H HEES T TUD
% 93} %=2Z% whole rumen extract (WRE., 100%)¢} WRE. € g 212 &
3% dilute rumen extract (D.R.E., 66.7%)& 27 2| cheese cloth® 3}3}H 2714 3
ge] 7|12u|x|(WRE.2} DRE)E AZ% £ WRES DRESAe BE FHYHE
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sotste] Ee 27} Ad S44E 2 A1 JEARFE UetdE WAE UHYstd
AP AHE3AT

43 wE9d FIn P2y L 27 981 500ml shaking flaskE AHE-3}
ded, 2% H¥71EAs pHE 5022 =AY wEAY wx 100miE flasks] £+
33 121C, 1.2kg/cm’el A 1583 43F ¥ A2 Agsidich AR Hzde YM
brotho] A 1617k wj¥g EE Fu] Fd(seed culture)E AHE-3HH 2D, 1mi%, vol/
vol)& HZF 3t 30CalA 4871t v st it

gt A wjgzd A

1) d4d 37t 29
FAY FHolut @A @¥d ¥FE F7M7IE A2 dF HMA
5g 2AF87] $1she] (NHg)2:CO, (NHi):50s, NHUNOs, (NHo);HPO; ¥ NH.Clg A&
FFog 01%w/v) A7t 73 A3 AL9E A

2 8& F7tE
A4 FIFPez AFFYY 84E F2YFe=2 0, 01, 02 ¥
03%(w/v) F7tsted AY FFFEL A

3) B A7 &3
22FAo] & ¥ "INE 7MY T AxUFRY v&E u3
total sugar B0l 53%% AtRSF FLL FHRFY 13 (w/v)22 HYse] 2 0,
2,4 2 6%(v/v) 78l ER F4d e ARE RAEIAC

4 A= ZF J7t EFH
olg} g BFYo: KHPO, KoHPO, KCl ¥ KNO:E P ¥ K §
ZFoz 217} 0.05%(w/v) A7t HAY FFEE FAEIAS
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5) £719F A7 2d
4%9] F719F (MgSOs - 7H2O, FeSOy + 7H,0, CuSO, + 5H20, CaCl, -
H,0)2 0.02% ¥7istd EAE F40] e EHE ZASA

6) C/N Hl&o] AR Fd nXe A%
227 SKK-Y-728, SKK-Y-786 2 SKK-Y-1293¢] #7A C/N ratio¥ X
Atet7] Slate] w5 248 o]48) C/N ratio® 100:1.3, 100:32, 1003.6 % 10042
2R F AR 54 2 713 o 84E AU

o}, Scale up 2 ¥iFZEA A
tlZujoke 9% 7|2 AYe 7L jar fermenter (Model No. SY 500)& Al
e, flask WFAM de ARE FHF o e FHEPCAN wHIAE
flask WjFA] BT 308 F7HAI1Z F ERE w)F3PAA scale upel WE FHE W
BE ZARUG =, 2 PeEze i R T olgET C/N g me
SKK-Y-728& C/NH]-&& 100:1.5, NH;-N § o] 100ml% 10mg ¥ #4473 FFo] ml
o 65mgol A 2YUL o438 2Fs%m KHPOEF 005% MgSOs - 7H:0& 0.02%
s 371593, SKK-Y-786& C/Nu]&E 10015, NH»-N o] 100ml3 15mg %
$% gako] mig 10mgo] A 249 F2E o] &3 2F s KHPOE 0.05%,
MgS0s - 7TH:.08 0.02%E A7}stgen, SKK-Y-1293& C/Nul&£ 10020, NHsN
gaFo] 100ml% 20mg ¥ UG FFo] miy 10mge] HA aist 3LE &3
2A53n KHPO,E 0.05%, MgSO, - 7HO0E 0.02%E A7Mstch olshzte] Az
BA)E 121C, 1.2kg/cm’) A 1587 BFs2 6N HClE o] 48] pHE 5022 =3
$% AT Zugd 1%E HE3kT 30T 48A1 WiF3AM F4Y AolE =
Arsd .
T3 A7) 2e AP pHE 5322, agitator =& 150 rpm, F7]1%F& 1
vwmo g AT MMZANMY] ARF4 E 7)A o] §43E ZAIAT
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NRENL A

1) pH
wjoke o] pHE pH meter(TOA HM 7B)E o]&-8ta] &Aso

) 4ERs
AERSE YM agar plate® o) g3 30Te]A 361 wjgd ¥+
colonyg A58t &Rt

3) ¥9F ¥F
vjokel 10mlE 20,000xg, 4°C =AM 30§3t A4 2 2(KUBOTA,
KR-20000 T, RA-6)§ ¥ 454& #3l9 dinitrosalicylic acid(DNS) oz #4449
FFe AR, v FH oL 575nm A cH(Miller, 1959).

4) NHa-N &5
Wj ool 10mlE 20,000xg, 4°C ZUo)A 30&3t QLAY F B3
& #3to) Chaneys} Marbach(1962)9] W o2 NHa-N #F& FA3ed, ol
27 534L 630nm% .

5) zauld &F
zeWa §Fe AOAC(1990)W ol 2@ Kieldahl systeme ©]-8-3
s

6) BF F4&E
YM brothel A 2el@e A3 A% pHst =W AE A7) A
z45 23& spectrophotometer(Spectronic 20, Baush & Lomb, USA)E o] &3P e

o, $3= 239FL 620nmy
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7) & w9 ot =4t FF
£ ubxgdje) ofpliit ZAHL HPLC(Waters Associates Model
244)8 AHEEHY E4stAEd, E4EAE Table 128} 2t}

8) £ w9 FEA ¥F
T2 wasge] $83 $3Fe Inductively Coupled Plasma(ICP)
Emission Spectro Analyzer (JY38 puls ISA, Jobin Yuon, France)& o|&3ld £43
9}, Carrier gas2+¢ argong AHeEtga, EE49e mlT 1000 g 7% ICPE
4g EZ 8§ gt

AL FAEH
g Age g AN E SAS(1985)& AHE-sHi 2T, I 44

A& Duncan’s multiple range test(Duncan, 1955)¢]) 2]t Th.

Table 12. Analytical conditions for the determination of amino acids by HPLC

Model Waters Associates Model #244
Waters U6K Injector
Waters 510 Pump X 2
Waters 680 Gradient Controller
Waters 441 Absorbance Detector
D 520 Integrator

Column . Waters PICO, TAG Column(15cm X 3.9mm, 4 4 m)
Detection wave length 254 nm
Mobile phase A-0.14M sodium acetate

0.05% Triethylamine

11 Milli-Q quality. water

pH 6.4 with phosphoric acid

Buffer : Acetonitrile = 94:6(V/V)
B-60% Acetoniteile
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3. 2% &% 13

7h 2R A % T3
0:9%9 =23 EYSH H7& 59 NgdM 2@ 67F fungi T
W do e 240 7H¢ $43A vehd 3% AR(SKK-Y-728, SKK-Y-786 R
SKK:Y-1293)& 2143}t
SKK-Y-728, SKK-Y-786 T SKK-Y-1293& Microbial Identification Inc.(MIDI)9
yeast library& o] &3} FF T A}, SKK-Y-7283 SKK-Y-1293& Saccharomycesé: 2
2, SKK-Y-786 Candidad; 0.2 ¥ HFHR-

U}, BalE% SKKY-728, SKKY-786 B SKK-Y-12932] A A& pH 3

A
28§ AP SKK-Y-728, SKK-Y-786 ¥ SKK-Y-12939} ZF#l¢] vjX& pH
9 ez g& Figures 22, 23 L 249} Zt} SKK-Y-7282 pH 4544 7173 wE
Z4¢ dgon pH 35-650A4 80%ol4e] Atld FHEE Yeh vindy YWe
99 pHelN & ZA3tgout, pH 2594 49.6%, pH 759 8.0¢1M& 242k 68.5%
9} 38.7%2 FA =7} ol
ez 9% SKK-Y-7289] ZATE 30CAA g A FHZE detyed,
BCHMHE 735%2 3B5CToAMNE 806%2 AUY FAE7 Fokd F 40T 45T A
e 27} 565%9) 21%E vl & FATE yehyoh mehA SKK-Y-7289 A F
2 pH 2 2% #9e 44 pH 35-6.59 25-35C A
SKK-Y-786& pH 60014 Hdl $4 =& uyeldles] pH 70004 94.6%] 4o
zAzg ugon, pH 50, 40 2 300ME 22 96.6%, 94.6% R 757%<] WA
z4x2 Yyehy 52 pHIME Z 435y pH 204X e 76%2 w3 R
252 g £3 SKK-Y-786& 35ColM Hul FAES e, 30TAMSE
988%9] Athd 2AEE Jehdoy 25T 40CANE 42 652%% 679%2 T4
$7 ASY F 5TAME 106%2 ZA ZobAh wahA SKK-Y-7869] HA T4
pH ¥ Y& 47005, LEHYE 30-35C AL 2 Yehuo

- 111 -

NEEH: =0 AIBSE S5 L CHAHEOH 0l 22 2l 8t Direct fed microbial(DFM)JH & 0ff 28 H=L .,



SKK-Y-1293& pH 60014 ZAE7 /b3 wskenl pH 7.03% 800NE 829%
694%¢] Ad ZAEE YeRL, pH 50 3 400 E 98.6%st 929%9) THEE
2ol pH 3.0014 614%2 $old F pH 206X 31%2 e we AdH. =
48 Yeith |

exel &)@ SKK-Y-1293¢9] F4=& 2 0TAA A F4& vebda 25¢C
o 35CAIH 72 89.6%3} 884%8] HUIA FAEE UER O 45TAMNE 267%]
2458 B webd SKK-Y-12938 #7 34 pHst &=w¥E pH 40-7.0%
25-35C 2 W& W99 pHe =X FHste AL2 Yext

o4e Ast $e) AR XY F4 pH R 2= W SKKY-7280] 22 pH
3.5-6.5¢} 25-35°C°]1L, skx-y-786o] 242} pH 40-705 30-35Covl, SKK-Y-1293& 2
7} pH 40703 2540C2 udeh}, grgez &R F4¢ A% A pH7 4.0-6.5,
FRLE 2535C0| 7 H{a} pH 15-350]0 HtiA& pHE 8.0-852h= B (Barnetts,
10839 A2 YAGH, B Ame) ¢ We @AY T4 pHo £2E A2 3
A
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Figure 22. Effect of pH and temperature on the relative growth of the isolated
strain SKK-Y-728. '
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Figure 23. Effect of pH-and temperature on the relative growth of the isolated
: strain SKK-Y-786.
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Figure 24. Effect of pH and temperature on the relative growth of the isolated
strain’ SKK-Y-1293.
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th. ¥hE9d wiA o HE

sagod £AT BEY YEES Z T F ¢ASm 2789 cheese
cloth2 o3} 100% Y39 N(W.RE)D 667%2 34§ w3 Y(DRE) A =
A& Table 139)4sh 2o] WRE.) $9% $3& 763mg/100mle]n Z¢83 §3F
2 865mg/100mi 28 NH:-N #3& 33.2mg/100migch. 28]2 DRES] 84T &
2o 451mg/100ml, Zewd FFE 865mg/100mIAT NH»-N & 277mg
/100mIQT. £¥ Az B2y 1B zoNd YFL 21%A2, 2ER FF
& V4%, olTe ARE A=Y nYE) VR Fyo| 21.8%, 2AF FF
303%, ZAY BT 61% 2 ZI o] 115%¥thL R g Jovanovic® Cuperlovic
(1977)9) AR} FAE FFE e oL}, Messersmith5(1974)% F(1991)0] Bug
2423 Jol7t AT

Az NG oAl ¥ FE2 §Fe Table MolA R uigl o] ofv]
il Z leucine, lysine © alanine@ o] 21%, 256% ¥ 171%2 A eh} Abdo
$(1964)8) HATet fAINON, BEAF I ZEE A 145%9 137%2 =4
Jehgoh 939 WEEe) 4R A4 AR By £9 R AW FASES
o8} ztol7} Als}i(Hungate, 1966), A& M4F =4 A7AY AL, Az AHEH
2 wae WEES AT BEHT ojesbA 2 WRA Aot @ Hoz AR
4.
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Table 13 . Chemical composition of basal medium and dried rumen contents

Item Contents

Basal medium

WRE.
Reducing sugar(mg/100ml) 76.31+2.5"
Crude protein(mg/100ml) 865+63.0
NH3-N(mg/100ml) 33.2+1.38
pH 6.810.57
D.RE.
Reducing sugar(mg/100ml) 45115
Crude protein(mg/100ml) 670£56.0
NH;-N(mg/100ml) 2771123
pH 6.3+£0.64
Dried rumen_ contents
Crude protein(%) 21.1+1.54
Crude fiber(%) 2.4+1.92
* Mean £ SD
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Table 14. Amino acid and mineral contents of dried rumen fluid

Amino acid Contents(%) Mineral Contents
Threonine 131 Ca(%) 0.98
Isoleucine 1.48

Leucine 210 P (%) 1.45
Phenylalanine 1.45

Lysine 2.56 K (%) 1.37
Methionine 0.54

Valine 147 Mg(%) 0.14
Aspartic acid 0.99

Tyrosine 1.27 Mn(ppm) 380
Histidine 1.54

Arginine 140 Fe(ppm) 568
Cystine 0.30

Serine 1.19 Zn(ppm) 256
Glutamic acid 1.59

Glycine 1.29 Cu(ppm) 36
Alanine 1.71

g}, wtE9d §ggo] AR Fod v ¥
EEZAo HAS M2y FEF ALY st 100% wFHY
A(WRE)S 4537 21(v/v)2 A% 667% B3 vA(DRE)E pH 5022
ZHF T 121, 12kg/em’o|A 158 W@ AR SKKY-728, SKK-Y-786 R
SKK-Y-1293& 30°ColA 48A1t wi¥@ ZAde o3 2o

1) SKK-Y-728
WRE.$t DREE 7]3d2 SKK-Y-728¢& w¥§ ZAFE Figures 25 R

%3 2ok AERF(10 CFU/mhE ¥MAZF FARC] WF 1242 ojFe) 2A
Zslste] wjSF 24A1tA] W.REZL 33471%09) uldte] DRESME 715702 ey
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DRE A 24&57 @gtch(p<0.05). W 48A4 WREOANE 567712 24213
ol% 27892, DREJAE 507702 243k Bk 2k 74350

WRE9 pHE ¥ 24A3tR) 5243 wjFd 518¢] vls] & W#H3Prl e
DREME 2427 6972 HA pHYLET Fo} 24413 o]F ARFHT A3
RNo g ALY, wikAZre] AHAFd wel 482107 WRESAM= 70622, DRE.
dre 7852 ¥olA SKK-Y-728¢] HA pH ¥ pH 3.5-658 siolted ol
Z & pHA4& Hunkovast Fencl(1978)9] Hmel o] d¥ YraA7E Yoyt
ethanol2 YAH7] HESZE AgE

NH;-N $8(mg/100ml)& WREA vjFA 323604 MA8] 743l 48A 1A
2622 ¢F 17.7% o] & 593, DREGAE 26236)AM 21472 ¢ 19.8% o] &5 At

299 FH(mg/ml)e WRE7} wiokd 072004 eoF 244714 04622 oF 36.1%
o]g¥ F 48AIH 0382 o WAHHE olEEHUNeH DREJME s 049004 244
2H8 0272 ¢F 5% T o|&45o] DREAMY 712 o8] WRERD E3Xth

ol4el Az}t SKK-Y-728 wjYA] WREMN 27 F4&57 =d A& 71W &F
o] o} AREAL A7 WEoE HAHY, YERS; 2 717 o] &S THY
o D.RE7} WREXT Ag3 w2 Jepxtct
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Figure 25. Viable cells, pH, NHs>-N contents and reducing sugar in W. R. E. by
isolated stain SKK-Y-728.
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Figure 26. Viable cells, pH, NHs-N contents and reducing sugar in D. R. E.

isolated stain SKK-Y-728.
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2) SKK-Y-786

WRE.9} DRE.S|M9] SKK-Y-786 4] ¥ 7]d o]&4& Figures 27
3 283 2o} WREGINE 24X 63142 Ho HEEF(107 CFU/m)E vebd
3 48A17HA) 4012 ZAse AL veley, DREAJME 12434 50702
27 274 F 4ATH 665712 4 FIEHALH ﬂH°&*lé°l gl w48
AZHA) 414702 ZAEY . WRES D.RE ujA|9] 48X+ pHE 7.059 7.032.2
SKK-Y-7862] X3 pHWAQ 4070% A5 WRE.S NH:-N{mg/100ml)¥ %
o wjopd 3390 ZAste] 48N A 26002 ¢ 234% o] &HUL, DRESIAE
278904 1812 349%2) o8& Hon, $3 DRECAME mld 12A43A) 223%
2 olgdld ER ZA4Ts fAME AYL Bech BUT FFHmg/m)e Ho E
238 Bl ujY 244705 WREJF ujgd 074904 0342 55.4%°]-85 A1, DRE.
A Me ujEA 04940 0212 57.1%¢] o] §&& vehl o)z gk
. o]Ate] ZI} SKK-Y-786HI%Al H1 MARsoE Aol7t U2, DREGA &
71 12X 7R 9] FA &7t we Rez YExt
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Figure 27. Viable cells, pH, NH3-N contents and reducing sugar in
isolated stain SKK-Y-786.
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Figure 28. Viable cells, pH, NHs-N contents and reducing sugar in D. R. E. by
isolated stain SKK-Y-786.
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3) SKK-Y-1293
WRE.} DRE. w0 SKK-Y-1293 i F4&x 2 713 o84
SFigures 29 @ 308} gth. EEZF4E DREA @ 12424 3.5770(107
CFU/ml)Elor % 24AA 942712 Z7t8 W WRESAE 124134 20370
N A7 537702 Z7bshe] DREAN £44E 2 3o ARSI w3t
(p<0.05).

Wy pHE WRES DRE 5 w9 4A7tAE 22 653% 652
SKK-Y-1293¢] % pH ¥9]9) 407.08 #Asg oL}t WF 48AA )& 7463} 7.58
2 HAMRY 29t 713 ol8ge WRESM #ad NH»N(mg/100m)3} &
A% ¥Z(mg/ml)o] 3249 076014 48x13t5) 18834 0352 24zt 42%} 54%9) °1 &
22 Uehych DREO|AE NHy-N §a(mg/100ml)o] %A 26,0014 48A1A 7.1
2 72% o]l&5o] WRENTH o 30%E%ti(p<0.05), 4% ¥F(mg/ml)e g
052614 0212 59.6%9) o] §&& Uehl DREdMS 71dojggol FiHoz &
gto o), SKK-Y-12938] 7$ =2 wrdgjole] o]gAo| vl$ & ARE Jeid

o)) A Hj AERSF 2 713 o) §&5 e n2j¥ w SKK-Y-728, SKK-Y-786
g SKK-Y-1293 ujo}A] 2 $Hg WX gele WRERT DREQ ez A4zZdc
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Figure 29. Viable cells, pH, NHas-N contents and reducing sugar in W. R. E. by
isolated stain SKK-Y-1293.
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Figure 30. Viable cells, pH, NHs-N contents and reducing
isolated stain SKK-Y-1293.

- 127 -

N2EH: RS ABEE SE L HALEOH 0l S 18t Direct fed microbial(DFM)JH 20l 248t A ..

48

0.8

o o o o
F-Y ot [0, ~J
REDUCING SUGAR(mg/ml)

o
“

o
N

35

30

N
(8]

N
o
NH; -N(mg/100ml)

-
w

10

sugar in D. R. E. by



5. AAY #Hsl Be AR SKK-Y-728, SKK-Y-786 3
SKK-Y-12939] ZF4]¢] v|X|& A}

guse aRE A4 TFYLE ammonia, urea, allantoin, amino acid,
97, peptide(Berry$} Brown, 1987) ¥ nitrate(Pateman¥} Kinghorn, 1976)5 2 °|-&
e Ao LEA UL AL FFYLE FAUYRF AHA GEFS Axdez
o] 851 Fatoleo] Yol wjFhe] pH7} HolAY, dRYely nitrate o] FAldE
pH7} ZolAE EAo] Atk EARE #7349 FFA ARYFo] BAY HAA
22 489 amino acidE L£7IE EARE A9 g€ ZAoE gA 3l AF F
) A4 FFQe] d8 AH4Hx Aok A FFLSE AHEE urea, ammonium
sulfate, ammonium nitrate, ammonium phosphate % ammonium chloride’} £2] &

59 240 FHe EzE 4T 2ok

1) SKK-Y-728
AAQ A7l WE SKK-Y-7289] MAR4(10° CFU/ml), pH, NHxN
(mg/100ml) 2 B}YF FF(mg/ml)& Figure 3114 HE viet Zoh. YJEaRFE o
Z279 A29 AT BEF WY 2434 g ARSE B F #Fadyed, 2
A9 = 849 ammonium sulfate H7FFo)A ]k 24A)HA =7 6.037¢] Bl
788718 752702 71 %oy viEl ALY FopFeME 582627702 Wz
A AT 2 4(1989)2 ZEHY FEAG o] CAE e Pilo] Aad
o2 84 A7 WAz TAF E BN DI FFol FIPUDL RudHen,
A H(1987)L Tt FAHH YL o8¢ GAX @l Hde) 247 R ¢
Ai ol sgon, YurH O 2 Saccharomyces cerevisine VYAl 247} FA FFY

22 9y o853 At
Wady pHE 279 249 b7 2% ujY 4NBH pH 6677012
SKK-Y-728¢] A pH H9Q 35655t o} o] ARF4o] Asjd Rez 4z
dr}. B A¥e) pH &7 § A2 F 4 B2AAE Saccharomyces cerevisiae7} W39y
W B AAFAAHUGHZ g3AA A HLYAPHVFA) 2 {7143E 083y
ethanolS¢ AA3l7] W&o wjgAd pHrl ZF7igde R3(Dawson, 1987)%}
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ethanol®] o] 2% ol  Saccharomyces cerevisiaed]. F&°] A3}EY
acetaldehyde dehydrogenase ¥ isocitrate lyases9] enzyme A A go] AT B
1§ Orlova$(1980)e] ZAzet g& YQez 4Z4dn

NHyN #%(mg/100mh)e HZTE Az ZE A4 F7h7AM B2
2o o) ujF 124AAA FAHeTh UNAA 2A FadREed, A2T7F 285
A 21302 o 24% ol&dd Hlst A2 HrTe A NHNEFE ved
RAZAE 71Zo2 g 84 84 AZFrL oF 145%9) ol &&E By JE
A2d AZNTFE F 810%AESY o8& Ushl HAHLE HERTRT o8&l
g

29% YF(mg/m)e MFHo uls) wjF FEA =PrE 046014 0252 &
45% o) &HYot AAY HTFE O W-L2%PERE A42H9 FH BARYC W=
TR 3 Bton 84 ATl 22%2 2F BRoU ALURY Aole 7 e
on], BAYe F2 BEEZo] FAT UAZ oA FE olgHE A2E YER
.
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31. Effect of nitrogen compounds on the viable cells,
and reducing sugar in D. R. E. by isolated SKK-Y-728 (@, control; ¥,

v
a e
*]
a
»
7 - i
5}
/ ¥
5 -UJ
L 1 L i J
0 12 24 36 48
INCUBATION TIME(h)
0S5 r
a
®
0.4 |
&
03 |
[ ]
E %u
= v
° "
®
02}
1 1 1 1 R |
[+ 12 24 36 48

INCUBATION TIME(h)

pH, NHi-N contents

(NH2,CO; ¥, (NH():SO; [}, NHNOy; B (NHi):HPOg &, NFLCI).

- 130 -

2| 8t Direct fed microbial(DFM)JH 2 0fl 2

25t

AT



2) SKK-Y-786
529 A4 HHPE A7l 98 SKK-Y-7869) AA 24107 CFU/ml),

pH, NH;-N(mg/100ml) 2 $9% $3(mg/ml)2 Figure 32614 B& uigt 2o 3
U AARSE HQ ujgf 4ANUA NRTF 68770 dHls] 24 E ammonium
chloride A7} 7& 2tz 6.037) 2 624742 & o)z} ey 71g A4 H/M7e
495-57171 2 tizxFH 22 3 Yeit

oluj ok pHE tlZF7} 678, 849 ammonium chloride ¥7}77} 6.673}
6722 7|gt A4Q H/}T 6.29-652¢] Hla] Aoz E}o SKK-Y-7869] HA
pHQ 4708t} #gten, Wi} F8A74A) dF pHE #XA3 pHel 8 F4As)<
ge Aoz A=y, pH F7iet JERFI ABUA & Aes 4Ahdq

NH:;-N #3(mg/100ml)& wiFA X7 2483 ALY A7MF 67-71604 ujgF
A3 Zaste] Wik F8A WEZTFY ol §-&o] o 33%Ad W FhY 7T
e 9 2%-25%2 B¥A Ve

#9Y F(mg/ml)e 77l wlFd 042904 vl 48A1A 0218 343t
o} 48%9) o) &g Mo, A% WFe U Wi 4NIAA] Bay F &
37} glo] oF 3843%9) o] §&< JEh 7RO Wt 84 T} 429%2
A2L%F ol gg A Ehoy A4LD FFHA #E AHole AN

Candida utilise lactate® ¥ £3 A gare &4 2 dux) FFdez oLy
4 $17) W&ol)(Eddy$} Hopkins, 1985; Leaos} van Uden, 1986), Wt 4] &) 3}
E AgNe AXY TAEAQ hemicelluloseZ R E #2§ galactoses}t arabinoses}
e gg& =29 o]83l1, alcoholF o] MBS Saccharomyces cerevisiaes]] ul3] &
7] 2] SKK-Y-786ujkadZ o) pHE SKK-Y-7289) Hla] ¥x &< Aoz ALH
o, AESE4L AT He 2 e TuIH T Aaste] gl RoZ A
Ztad.
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Figure 32. Effect of nitrogen compounds on the viable cells, pH, NHs-N contents
and reducing sugar in D. R. E. by isolated SKK-Y-786 (@, control; V¥,
(NH,):.CO; ¥, (NHy):SOy; (0, NH:NO3; I (NHq):HPOy; &, NH(CI).
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3) SKK-Y-1293
AL4E 01% Ao o8 SKK-Y-12939) A EEF(10" CFU/ml),

pH, NH;N(mg/100ml) ¥ #43 §F(mg/ml)& Figure 334 BE v} 2o 2
ASHRE 2F) B2 YEEFY Aol YUY 849 ammonium sulfate F7FF
7 & AAY Y7ol vt wE 24 e Aoz vegt. F 4ExTY B3¢
Wjo} 24A7HA 1047702 Z7hstRoy AAY F7hTE 849 ammonium sulfate
B7L7}E 13.62709 126702 23R ggten g AL HTE 9.97-10.67
A2 2T AT gl AR wet dEToME 24A3eF A
daou i H7ITFE BARMA AL Fr1ete, SKK-Y-1293L AL 4T 0|
¥e 589 oz B |

wjekel) pHE WjF 4A1%A H277} 6820|2 A4 F7HF 7047342 et
1} SKK-Y-1293¢) HA A& pHQ 407080 tha gkon vk FRAde =T
Y A4 W77 pHI F 80HEE ®A Uehtoh SKK-Y-12939] ¢ pH 7.54
AT ok 80% ol4e] AUA AZEE U] BEe] 24A2 o] R = FH o] TbF
#d Ao HAPt

NHs-N $3(mg/100ml)& thZ2F7h vk 275004 uhF 48AI1%H 972 64.7%
o] &9 u3ly AAY H7TE 849 ammonium sulfate H7HF7E WigA <F 80
oA ztz} 4863 501 39.6%9 38% o]&so] & AL A HtrPEHOE ENROY
2E ALY A7t dERFRO WA YEstc

297 ]84 YZF7 miF wWFA 046mgol Al 48A1A 02lmge 2 743
of 543%06] vt WAY F/FFE 84 63.6%, ammonium sulfate 62.7% R 7)€}
A2 60-61%2 zFRT o 24 FF{0 ©E Aol AU
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Figure 33. Effect of nitrogen compounds on the viable cells, pH, NHa-N contents
and reducing sugar in D. R. E. by isolated SKK-Y-1293 (@, control; V,
(NH,),CO; ¥, (NH.):SOy; [], NHiNOs; ll, (NH4:HPOg A, NH.CI).
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v, 84 #HIilgFo] EHIYARE SKK-Y-728, SKK-Y-786 %
SKK-Y-1293¢] Z&d] -v)X]= A3}

1) SKK-Y-728
84 #H7}4Fe) mE SKK-Y-7289) MERS(10 CFU/ml), pH,

NH;-N (mg/100mi) 2 393 ¥3k(mg/ml) Figure 340]4 B ulg} 2ok QJEE
£ uj 12A074AE 03% F7hEsl 09322 dl=7 0549 01% 2 02% AT
517 7850 gol 84 AFrtHo] BE4E FA5Es URHo aY wY AT
Aole 01%9F 02% F7LT7} 7.6/ 801702 W79 03% FJLT 60374 L 654
MET}E Zol 12413 o] F 9] FHL T/ Aoy ez wgon, 03% H/i7e FL2d
Fol BdF T vlF AUYAA &2 FELE A4EH

pHE WY 24A 7 dx7 49 H7bF 25 pH 66769022 e
80% olde] Auld FAZE Jellle FHA pH 44 pH 6518} E3koH, 48
AZHAeE 7501422 e ol A7 o] % AEZHE A ch

NH;-N §3(mg/100ml)& djz7Fe Z$ wWig FEAZA MAM3F) gadste] o
25%9] o] 8-&g B WA A4HNTFE F/MeEel ARl Wi 12418742 7}
¢ ¥ Zosded, 240 /1Fo2 BATH o 1520%9 Fe o4& Mo
2Rk Wil vebgdth Pinon(1977)3 Croes$(1978) ikl A §hgo] A
YA gzod FAGHATAEA AsfRE&E ddn Budiged, € 4904 12
At °]F NH:-N @3o] £& o] A2F4E Adse 8dF stz 4z7dq.

§AF ol&EL diz2Fst & 2%Ad vlEd 24 HIMFA AR 43-44%9
A&&F HEH HETEG FRoY 2 Aol AR
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Figure 34. Effect of urea concentration on the viable cells, pH, NHy-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-728 (@, control; ¥, urea

0.1%; ¥, urea 0.2%; [, urea 0.3%).
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2) SKK-Y-786
SKK-Y-786°] A4 £ 2410 CFU/ml), pH, NHs-N(mg/100ml) 2 #4%

#2(mg/ml) Figure 358 2tk 279 84 7T EF i 12A%A AAE
271 3A 2718 F 2ARA AS e, 1247 o) F 9 FELE Agre
o 24AZ o] Z2HHT. & SKK-Y-7869) A% i 12AAAAE hE=TF7} 53
Aol 84 01%, 02% < 03% J7M+7F 2% 5577, 5.707] 2 5.70/42 A}ol7} €1
o, UARANE R 68774 Hld 84 01% 2 02% HF7HE7r 7570
730712 &4 Jelgoy 03% AvtTre WETFY FAME 6170 A

Wby pHE 24 F7hezol $&42 we ZWE Yoy B 24AQ%
e 84 03% 7178 A9dstxn pH 6.78-7.02.2 SKK-Y-7862] A pH<Q 4.0-7.0
Bequd Qo) 240 AP FAE ¢ Aoz AyRdr

kA NHeN $3(mg/100ml)& iZF 248¢) uls] 82 F7M5E0 F7HES
2 515, 641 2 8172 wgtow wAZre] ARl wt MAE FAste] 48412
A =37t 1672 32.7% ol€=HULY a4 "Hb e 374, 51.29} 66.02.2 254%,
201% 2 192% o] $5o] YETFRD o]§&ol BRI, EF H7MGE0| FHESFE
ol 4-gol 27 vehxh

2947 YF(mg/m)e MFY o 040-042004 Heh YEARSFE HY )Y 244
ZHA) 27 0.242 466% o) E£HAL 84 01%, 02% L 03% H7t7E 022, 0.21
3 0222 77} 463%, 50% X 45%9] o] B-&& Uy 24 HrHT o]g&o] WE
FRY 91, A R4S JE 84 02% Y79 olg&ol 7t Eict
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Figure 35. Effect of urea concentration on the viable cells, pH, NHs-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-786 (@, control; ¥V, urea
0.1%; ¥, urea 0.2%; [}, urea 0.3%).
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NE2EXM:HE

3) SKK-Y-1293
84 #HA743d e SKK-Y-1293¢] AAR4(10° CFU/ml), pH,

NH;-N (mg/100ml) ¥ $#92 Fk(mg/ml)S Figure 363 ). wiF 12A1317}3) 9
AEESE 22 02% F7H77) 567M2 T ¥ B Al wgted, 4A
Aol ﬁ.thiq 01% A7HF7E 22 1047709 1064402 84 02% 03% H7HT
o) 8437} 8518T Eta, WG E8AE 01% F7HToA 1893788 H) HER
& vt

ey pHE wlg 1222714 84 H7teFd @AYol pH 6.04-6.400.2
SKK-Y-12939] 27 pHQ 4.0-7.0& #A3td F4d ANF& FAe oy o|F 24
AZtAdE Q=TS 24 01% H7ITE ALYSL 7201302 FolH o, 48A41H
& 01% ¥7H77 8212 7H3 & pHE Ueh) HA pHuTH BT

wFd NHs-N $3(mng/100ml)& SKK-Y-728 R SKK-Y-7863 o] a4 H7l4E
ol F/YFE FA vesten, wFAzte] gl m} At o] §&E 484
) hZFr} 972 64.7% Adl wistd 01%,°02% R 03% H7TFE F 22-36% )
ol &g Ueh tizFrO dgton, a4 HrleFol FNEYFE FE o842 E
Yo

B399 F$F(mg/mhe wjFd 044-046904 wWF FEA dHETF7 0212 54.3%,
01%$} 02% H7FF7} 018, 02008 Z+z} 59%9) 54%2] o] 8-8& veyon, Hu
HERFE B 01% A9 ol&&o] /M oy X7l FFHA Itole
ARt
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Figure 36. Effect of urea concentration on the viable cells, pH, NHs-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-1293 (@, control; Vv, urea

0.1%; ¥, urea 0.2%; [, urea 0.3%).
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AL B Hri4Fo) BIAER  SKK-Y-728, SKK-Y-786° H®
SKK-Y-1293¢) ZAo] ulx& &7
29e) Grs GFe Aol olgshe Uy, AAAY, N1FRA R Az
R0 B2 ot AH, AR B A wPFL Rou AaPFo) Eo
B Cas} biotin o] Be Wl AR44 FUE ¥, AL D biotin FFol Fo}
ZeZd0 vje xHH quiAdo GeiA AcHCrueger, 1984).
w29 WX (DRE)M $9%F %o mi% BF 05mg A= FH=d Nevt
o] 4-g-0] Yo} SKK-Y-728, SKK-Y-786 ¥ SKK-Y-1293 ujjoFA] o]8-&o] oF 4Q-60% A
Solm, WA U@ uo) o} ARZAo] AHY AT FHH] FUL 3
Aded Aael U P HN1EE Pe W e g ARE ARG

1) SKK-Y-728
g Fztel olF SKK-Y-7288] AAES(107 CFU/ml), pH, NHsN
(mg/100ml) 2 A% FF(mg/ml) Figure 375 Rk JEAEFE B3I 7t 8
o) F7HBFE 1AIARE olg uehll ET 04270¢ Hlal 2%, 4% R 6% 3
ZV77F 1.7370, 3.637) 2 3.23702 FA F7Hslgen], 24A A o= dlZF 589710
ulsl 2%, 4% 2L 6% A7 22 8.03, 912 2 1003702 4%}t 6% F tTEE W=
T-o w3 155% <}t 175.6% 71 A2 JElTH(p<0.05).

2 Frle] o pHYst= Wiy 2 AMEEo E345 2 £EE &
o} WiOF 24N 7hA) TIET 6448 AQFT 68722 AY AL pHA 35.65H8TH &
A Jed olF F48 AT 8AF HE Jdd.

gyl NH-Nge wigd 279288004 WF Fa2A =771 21602
242% ol &SN 2%, 4% D 6% AH/FTE 206, 170 L 12302 Z+z}t 28.5%,
401% 2 55.9%7} o|4-50) A IEEo] F/MUFE & A4 0]8EE UEWlG £
g Ao YARFE B WY UANIAZAAL] Ai o)8-&o] WETE 225%, 2%,
4% 2 6% H7VITE 264%, 32.0% D 452%2 AA o]-&-&9) 80% ol ol8IRL
o, ARFALET} WESFE A ol&&o] EUT

#9% ke wWgA o277} 049, 2%, 4% R 6% F7FEIF 178, 329 2 485
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2 gu H7leZe] Z/184E =ton, RE AAHYA AW YAEFE ve
W 4AZHRZFA A A 277 0282 429% olgslot 2%, 4% L 6%
77 068, 106 D 14002 22t 61.8%, 67.8% R 717%2 ¥ o1&&& et
o] 9ue 7|A= st Saccharomyces cerevisieeS W ¥ Az 364 A W EE T
& 2 73 283 UBATE Agarwal5(1947)8) Bsh FAFSA

BerrySt Brown(1987)& Saccharomyces cerevisiees & FE7F ¥ ™ TEFARA
AN E Wo} ethanolLE/t Yot #go] AAaPTn RRFHAEW, & AFANN M
g8 9@ M 6% F7MEEL SKKY-7289 $4¢ AsIE AxY TEET
obd Ro.Z AJz+E T Saccharomyces cerevisices AN ol 8-&o] st Q)
quA ZFPoT AWAE o]g¥ Wrtoh2}(CassioF, 1987), sucrose, glucose,
fructose, galactose, maltose B maltotrioses ) F& FEFEFOIY FEFU A3

2 olg3ls Aoz ¢AA dl(Stewartst Russell, 1987), & A¥el A€ =
2 wzgduel z+x gagde) WA BPARS F4d olgsHe Aoz AAE
.
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Figure 37. Effect of molasses concentration on the viable cells, pH, NHa-N contents
and reducing sugar in D. R. E. by isolated SKK-Y-728 (@, control; Vv,
molasses 2%; ¥, molasses 4%; [}, molasses 6%).
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2) SKK-Y-786
99 Prle] oF SKK-Y-786¢] AERL(10' CFU/ml), pH, NHsN
(mg/100ml) 2 #4F 3F3(mg/ml) Figure 383} Zot. JARFe W& 1241315
2y gd FH7est 5070 oo dET 36/uch Bren, UARARH I
A7k wae Frleto] 4% 6% AF7E HET 692789 vIste] 113674
1253702 A ZANYE(p<0.05), 2% F7IFE 78702 gE2FRT EHor} &
A7 7o vl Be AARSE U ARTANE AL oF JERS7 3
astgont 3Y A7TAAE UARE o FAE ozt FeIE A2 Vet
wjokelul pHE Wl 24A17AAE 6% F7LT 7.058 AL 64-682 HAPAHK
pHQ 4.07.08 #AQPoL, WiE B8AA s NE2TFE AT BE AT
pH 7.00]4342 Uehy pH A%o]l ARF4E A Aoz A7do
NH:-N 33(mg/100ml)& W% 1242742 NAS Zasn7} olF uAH
7R ZA ZAag F & A7) At dz7y FE WF FEA 267%9] o8&
< nol wwl gu 2%, 4% L 6% HAITE A 463%, 75.0% 2 8595%9) o|8&
< JYen 22 b £Fo] FUHg wal WA o]l§-Eo] Fede A2 YER

o

29 o848 E@ MY TEA BRTI} 48% Avl Hste Y 2%, 4% 2
6% A7tTe Zzt 70.0%, 728% L 76.7%7t ol&=o ZU JriFEol FUMESFH
olg-go] Asdgoyt & Aol gtk ol BUE I/MFozA TIFE Yol &
2e 24 2 A6 WG JUAZ 0§57 g ARFHo] sysn Bm
F Barford(1987)9) AT mEd uw & AP J/HE 2ol wEAAqY EA 3}
= quALRY 529 fA% F4d o dquAdez 47 olg=o rAT
248 2A% Aoz AZYY. EF Candida utilise TEE AN AR o}
Zo] 7AES A4 v (Berryst Brown, 1987), Atadgo| FE3AY gadd F5A
23tg€wW £%F2) alcohol L&} o]F0] Atkmn SR Evl(Barford, 1987), £ Aol
AE SKK-Y-786 ¥FA] alcohole JASIA 2e Aoz AzHe),
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Figure 38. Effect of molasses concentration on. the viable cells, pH, NHi-N contents
and reducing sugar in D. R. E. by isolated SKK-Y-786 (2 control; v,
molasses 2%; ¥, molasses 4%; (], molasses 6%).
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3) SKK-Y-1293
99 @7} 4Fo wE SKK-Y-12938) AMEES(107 CFU/mI), pH,
NH;-N(mg/100ml)) 2 893 #%(mg/ml)< Figure 39} ot YaRFE WIF
DAAE 2T B8 Frhrzi Aozt Ao, 244 HET 10.97
Aol wst] 29 2%, 4% L 6% INTt A% 177671, 18177} 2 1673742 ZA
271315 0 0} (p<0.05), ui%F 48A1ZHA) HiZTo] B¢ 92UMR gastgeoy 29 A7
T Zyzh 23337, 263370 2 2435702 F7}H3H TH(p<0.05).

Woraly pHE HYF 12AHAE dzTst 777t fAA v 24A 7R ol
= gz79 A$ 71302 SKK-Y-1293¢) A pHSl 40708t} Egeort 39 7t
2 iz Ee4E Wil Jent 2%, 4% R 6% AT AR 661, 587 2
5782 HA pHE #Asa 21 F7tFeAME pH @ F4A3 AL fn
o) SKK-Y-728% SKK-Y-786shc & 7o 2 SKK-Y-1293¢] 73 A& L7
wol 289 AASFESo] MFly HFHHE Fol Ay WELR JHAt

g Ralamo) usted A o]0l ¢ Eok WiF FEA NE=TI} 729%A¢
vja 9w FrlFAAME 98% ooz EA JEHem(p<0.05), 1T 4% A7t
9% 2 714 =tk E@ QARSI IA FM UARRAL o8& =ReH
WorE g Al wWokelul NHs-N $3Fe] 100ml% 03-04mge 2 v o] EmzAe A
sooloz ALER UALA ALE BEoF & Ao PG

9% 3FL(mg/ml) MEd =T 0299 2%, 4% R 6% A7HT 211, 393 2
16904 WEFE As gAst] MR A hE2TIl 4.8% oS- ¥y 92 A
Ane ztzh 602%, 707% R 68.7%7}t olgsol YzTRh F 0% FE =ghoH
2% 4% A7F77t g@zbTel HE td ¥ o4& UsAS

gale thare B o)sle] A4 FE, vEY L viFd FEAL FHI}L AN
(Imrie, 1969) E=F A 2| acetic acid, propionic acid butyric acid 2 valeric acid%
S 84355 0ol(Anderson, 1956; Dierssens, 1956), A% whe AvAA =
& sulphur dioxide& 31 1) yeaste] +&& A 3}A)7) v (Baker, 1976), Al&<
2 gaos 796 ulgt A3Fe] hydroxymethyl furfurale] o Ao ¥z
AdqAE B A% A, F/ZANME 04%7HAE Aol JHesitE B

- 146 -

NBEH:IE2 MNIEE ST L WALEOH 0|22 <18t Direct fed microbial(DFM)JH & 0ff 28t A ..



J1(Roses} Harrison, 1970)7} 3lou, ¥ AYdAe 3 7l 43y g ar9
F4 o] A 713+ ALZ Jgyit).
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Figure 39. Effect of molasses concentration on the viable cells, pH, NHs-N contents
and reducing sugar in D. R. E. by isolated SKK-Y-1293 (@, control; ¥,
molasses 2%; ¥, molasses 4%; [[1, molasses 6%).
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o). 91 ¥ ZF Hsst EEE SKK-Y-728, SKK-Y-786 ¥
SKK-Y-12932] Z4ld| mX|< &3
Qe HPO, HH2AT ogsled, de ATUA POF FU2A 7]
Az g3t §A0 Beistei(Kulaevs} Vagabov, 1983), 2§l &(K')E AZ 29
PO 9] 44& BZ3}4] phosphated) F48§ £8e 4544 21 UTH(Schmidt
5 1949). AR MIFT A9 FFS AR Ao  JUE A govt A @}
o) wat AL ME FAEH ¥HTYD Suomalainend} Oura(1975)0) X L&}
dom, ARE 4te]l APFAAY ¢ non-specific phosphomonoesterased £ ] 3}
o] phosphate ester2%E] A" A4S o|&dttn &3iA UcHSchurrs Yagil,
1971).

1) SKK-Y-728
Azt ZF Azbel P SKK-Y-7289) YERS(107 CFU/ml), pH,
NH;-N(mg/100ml) 2 #93 F3F(mg/ml)S Figure 403} &} MARSFE wlF 24
AZtA] 4z Z§ F7M77) 523633712 =T 567709k Aolst gllen, BE
AT v 2442 A ARSE B £ gasie AT debdt 229y
2§ FFQ AT 55909 523708 = AN FEE FAT YAERSIL 6.237)
9} 6332 & AL JYelded, 2F KHPO; 77 633402 7B =& A
E24E Yoy 4939 sele gtk '
pH =% 4 33K I7177F 27U 2§ A7tF6 8 =& AFE Jey
on, Wi 4z KHPO: ¥7}77F 6558 SKK-Y-7289] &R pHY 35-658 0 <
 Eth gy gizest 2§ AslFdaME 6296422 AR pHE AA3IHoH,
2% BE NATAA 7301402 EobalEd, ol A oY AL olggo] A
3= Wiz FHd o
gy NHi-N $3(mg/100ml)2 wWiFF NA3| FAsT7E 4404 A 7
A% F wsst Ut wF FEA dz7Y FA ojfgo] 275%Ud HlES
KH,PO, A7} KiSOy H7hi 263%9F 287%2 Ao v, KHPOs 377t
319%2 ta E¢T KCl A77E 255%2 Be o488 Yelyoy qzyst 3
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7473 F9AQA Aol YU

9% FIE 6% 2ARMEA 3A #2F F A3} Aed, dzTe 8d
g o]4-go] 435% 8l uste] KHPOs ¥ K.HPOs F7H1s) KoSOs R KC F7HE
2}z 422%, 432%5} 425%, 413%2 ZT Aoj7t gRes A% AF Wik
A= zHol7k AR "
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Figure 40. Effect of P and K sources on the viable cells, pH, NHa-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-728 (@, control; Vv,
KH;POy; ¥, KHPOy; [0, KCI; ll, KaSOy).
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2) SKK-Y-786
SKK-Y-786H%FA] 14t 2 TF #H7be]l W& AEE4(10 CFU/ml),

pH, NH;-N(mg/100ml) ¥ #9% 3H(mg/ml) Figure 413} 2o JEARSS 73
< wjok 12X 74 ZA Z7HE F UAAZR] F4e] o] F o, IF wjFARE
o] AnSEAN FAde AFL Jedd Ad YARSE B wjg 4R dZ
27t 6077HAA M KHPO, A7h77 7742 o2 Egten, Jl8 A7tTe
6.27-647/N 2 Y=} FALEIA T

Wy pHE 2T FA7FE 2% WEF F7hd ) EARsE ved
24X 7MY 646530 % SKK-Y-7862] A pHQ 40702 #ASYL Mg TEAE
A pH 452 #4319 pHel & Z4AdE Qe 222 Yekt

AA 0)8gL A WMArNE T3 KHPOs H7}77t 257%2 2T 23.2% % 7]
g A71F 22824481} ot wovt & ol Y

B3 o]8e T KHPO, ATl 454%2 URF 422% R & Hily
43.2-435% 2 Ato)7t YAk

QWA 0 B Candida utilisg w)Fd 005%2) K.HPO; FA717F &3 Aoz ¢
24 loukBametts, 1983), ¥ AYPolME o L ZFEF Be AR F49 X
ol MU
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3) SKK-Y-1293
Az ZEF ZFQ 005% Hrbol whE SKK-Y-12939) AERL(107
CFU/ml), pH, NHs-N(mg/100ml) ¥ 9% $F(mg/ml)2 Figure 429 2. QY&
B4e 2T AT BT o 927977702 olzl gien, pHE uld 2441337t
Ae ZE AT 6.89-7.052 Tha Eoy SKK-Y-12939] HAWAE A8
o, 2% WoFAztel ATsAA F7lsAh
AL o]l4ge NERT7F 665%Au vl3ld 1 R TF FVTFE 661-681%2 A
o7} giRen, EUF olEe FF dRT 523%q HlE A 2 AF Hre &
50-543% 2 xtol7} fiRen, FFLBAT Ao/t AR
ol e Ast & WYL 7|2 I AR uYA J L ZF IFL HA
2E Z7 2 212 o8 A4 At feRe2 Ugged, o i du
FrEY Sl A ZFo] o) &H A7 WRoR FREG
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Figure 42. Effect of P and K sources on the viable cells, pH, NH;-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-1293 (@, control; Vv,
KH.PO4; ¥, K;HPO; 1 KCl; .1 KZSO4)
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. B/4EE A/ BIYER  SKK-Y-728, SKK-Y-786 2

SKK-Y-12939) F4]¢] mA= AT
4% 2] 2719 F(MgS0; - 7H0, FeSO. - 7H;O, CuSOs - 5HiO 2 CaCl, -
2H0)E wlFdo) 0.02% F7Hew ARFA4 vlXe Ade o3 2o

1)-SKK-Y-728
n719g sl wg SKK-Y-728¢) A &EE4(10°7 CFU/ml), pH,
NH;N(mg/100ml) 2 #4% #¥(mg/m)e Figure 433 2t} YERSE Y 24
NZAZA FE F gasged, Ad A94S JEhd 244308 Z79 Mg
V77t 64288 653/ FALR WA, Fe, Cu R Ca J7L7E 5620, 497 2
S8R A Bov fFHQ Aole gl

WFd) pHE 24AZIAE 6046312 SKK-Y-7289) 44 A% pHel 35658
FARROT IF Ay pHETG kol Ao 2 Uehst.

A2 olgge W27 05%AU s Mg WAV 24%2 ozt wkou
Fe, Cu ¥ Ca F7}7& 4zt 29.0%, 264% R 273%2 2R THT} ¥e o]482 U
Ehet :

2LY o)g-ge Mg F777h o 50%2 DEF 469% Mt Thx Eowul, Fe,
Cu 3t Ca A7HTE 49% 438% R U%2 izt Skov {94 stole
U At

Mitchison(1958)-& Saccharomyces cerevisiae7} bud cell FAF oF 20837 A43FHo
2 #3438 A44E Jedda xmidgony, Ellottst McLaughlin(1979)&  Saccha-
romyces cerevisiae®] @A U RNA FALol d4zHoz Zsldckn LR
Novotriy5(1988)% Walker-Caprioglio 5(1990)2 alcoholAl 422 A%t E® 9] A{A
&)= ethanol &A)A] .‘S;acchéromyces cerevisiae®] AET}-L FTAHI= F8 AR
sterol, 3F& 3. ZAA17)5], Casey§(1984). 3} Mishras} Prasad(1989)= =)4t, <l
Ad 4 ergosterolg F/IHEEZH £8-& =3 ethanolo] W3 YAS Z/MAAYG
T 2uddd getH B AYPIME SKK-Y-7289) 22 alcohol Aol o5 &R o
4ol 4R AdEe Ao Algdr
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2) SKK-Y-786
SKK-Y-786 kAl S7]9% A7/ MEES(10 CFU/ml), pH,

NHs-N(mg/100ml) 2 #9% ¥FH(mg/ml)e] PIX< o3& Figure 449} #th AHE
RaE Wk 1243 2A 3748 F #ALARA F7HE0 7 Zadhe A%E Y
Byon, SKK-Y-728% slastAz tz7e H7bpele ezt et F, wF
1272+ =277 41202 219 F A7 3.98-4.7370 ¢} Ao)7F U, 24A1HA
T WEF 523709 219 F A7HF 465-53270 el FIHY zol7t gle HL®
et

wokly pHE W EEAI7ZA SKK-Y-7869] #A pHI 40-7.0& §A5td pH
o 9% FAANE AU

NH:-N 8 2mg/100ml)& ¥l 24X)37bA] Zt4ag § & sy aAsled, A4
olgee YR 21%2 BrGF AT 214245% Hol7t gRen FIEF
oz AL o8& Aoje UAUH-

aAge BRTS} BIQ9F AT BEF uMjF 441 olHd F2 ol&H, ¥
o 2gA W2V} 46.0%2 FIIAF WHTF 429-50%8 FASHA HERT.

Alcohol e WE7|A 2 § Candida utilis®) J3A&L 05%<] ethanoldF % pH 5-6
)4 Hue JygWeon, 1% ol4te] ethanol §f4Al A3E A3 3w (Priors, 1980),
=% NADH7t ot o butyric acid& %43l butanolg A 1 ZF pH
7} Z7Ed, UJAE AR SENE) ATl AHsEch Spivey(1978)7F K1
gou}, ¥ AYojrE SKK-Y-7869] ¢ alcohol AAel o FFE fie 2=
AZgdd.
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Figure 44. Effect of trace élements on the viable cells, pH, NHs-N contents and

AZEX:IIZA MEBESE SE L HAME 0lerS 2 8 Direct fed microbial(DFM)JH & 0l 2t 8t

reducing sugar in D. R. E. by isolated SKK-Y-786 (@, control; v, Mg;

v, Fe; [, Cu; I, Ca).
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3) SKK-Y-1293
SKK-Y-1293 ujo}A] E7188¢ A7tz AEAE4(10° CFU/ml), pH,
NHyN (mg/100ml) ¥ $9% g3(mg/mlol »|x 9L Figure 455 2ot A&
Bt wjoF 4R Zohe & padte A% yehd, W 12408 Mg 371
27} 39302 R 3247) R 7Iek F/IEF J T 3173470 Hek ey, 24
NDAAE D2T7} 9852 Mg 7T 937709 FALBIRATE 22t Fe, Cu % Ca
Q7 2e 22k 8.097), 7.247) 2 8772X WETHG 238 W) L}E}ﬁ}, Fe, Cu
g Ca 0.02% 7)ol o8] ERZ40] A|H Aoz ALAt

Moyl pHE 24A3HA 27 2A9F A7F ZF SKK-Y-1293¢] A
pHSl 478 #AZALH, g FBAAE =T 7299 Mg A7HT 7.348 A 2] 38}
1 pH 70015+ #2153k .

As o]&8L WIYE XNA3 ZFyiste] wjd FEA) HETIH 60%<As B}
Mg H7b7E 651%2 < S%AE Z7hstdou, Fe, Cu ¥ Ca H7}7E 47 58.6%,
50% R 55%% tHRTRT F& o]§4E B AR FAE B3PS YEHTH

$UG o] L8 Mg H/}7V} 56.6%2 thETF 544% BT} Egtou}, Fe, Cu ¥
Ca H7l7E Z4zb 52.7%, 48.2% ¥ 51.8%2 ZRFRT o]&-&o] Wol A4 SE
3 #AME %€ Uehdch

Maiorellas(1984)0)l 2)8ld Cae ARAZ HFILae obJ AT Saccharo-
myces& 2] AZAAZ F2 )47 (log phase)o] F4= ol FEH T MEHF AY At
X NZol FA=o AxTe] gzsdd Jdegn FAEs, £ APoliE B
el FhEo e Mg CaF9 R7|Q7F7F ARAQYS] FE9] ol &H7] B
o BF71E9F M7/l 9% ARF4 & Ade e HeE AT
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45. Effect of trace elements on the viable cells, pH, NHs-N contents
reducing sugar in D. R. E. by isolated SKK-Y-1293 (@, control; vV, Mg;

v, Fe; [, Cu; I8, Ca).
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z}. C/N vl go] AR SKK-Y-728, SKK-Y-786 % SKK- Y-1293
o] Fo vXE A3
E9 wjokA] Wikl AAd BEsk C/Nulgol Fag, A4e] 2
gyu Axz2o FASA AP duAge] Eod FVRAJME alcohold
E7} Yol =4o] A7) [ o5 AFH FA C/Nul&E =3 0
of .
A% wjoFA] Y¥rEQ C/N Hl&& 100:25-100:352 &&iA JAed(F, 199) &
AP NE C/N H&E 10013, 10032, 10036 R 1 100:402 39 RUER
SKK-Y-728, SKK-Y-786 % SKK-Y-1293¢) Z4)¢) nile FFE ZAFAT

1) SKK-Y-728
SKK-Y-728u}%}A] C/N w®l&o] MAERZF(10 CFU/ml), pH, NHs-N

(mg/100ml) 3 #UF FFHmg/mho] PIXE J¥& Figure 467 ot JEEFE
C/N ujgo] wold+2 EA veh} e 24435 C/N vl& 100:13014 1167742
100:3.2, 100:3.6 2 100:4.08] 10517, 817/ R 8.63740] ulstd A&7} B ow
(p<0.05), 100:3.63 100:4.0& FAHG +&& YetWoh

sjekeiu} pHE i 12A13k74A] SKK-Y-7289] éw pHQl 35658 fAsAoY
ol% A& A%ste 24ANA el 100130 7.020d vlE B AT 739-748%
C/N Hlgo] 271848 & pHE e, olf AR F4d 9% v Aoz 4%
g

NH;-N §2(mg/100ml)& C/N ul-go] @Aglol WF FEA7A HLstdod,
AL o]88& C/N Hgo] 271852 Yol 100:1.30] 60.1%2 100:3.2, 100:3.6 R
100:4.08) 32.2%, 27.8% 2 239%8c} FoHp<0.05). whhA SKK-Y-728 AL 87
Fo] e ARE AZHY.

gd9 T wig RARARA FH3) F2E F MM Fasded, dAH
02  o]ggo] Eo} YA 52453504 wjF FEA 079-0872 IA FAFAUL
o, §d% o]&&& C/N Hl& 100:13, 100:3.2, 100:3.6 E 100:4.00] 2tz 83.4%,
83.9%, 84.7% 2 84.9%= C/N Hl&d] @A FAE AFES Yehillth
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Figure 46. Effect of C/N ratio on the viable cells, pH, NHs-N contents and
reducing sugar in D. R E. by jsolated SKK-Y-728 (@, 100:1.3; V,
100:3.2 ¥, 100:3.6; [, 100:4.0).
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2) SKK-Y-786
SKK-Y-786¥1 %A} C/N ‘Hlgo] AER4(10' CFU/ml), pH, NHyN
(mg/100ml) ¥ $9% gFH(mg/mlo] X 4P Figure 475 Prh WY 1241
A7tA e C/N vl ge] @& o7} gided, 2F C/N Hgo] RE4E 2 43
248 UEn) w9 2442H5) 100130 12577, 100327} 111202 10036, 8.777) %
1004, 8.7/ R} ¥rov(p<0.05), MY FTEA7A] F4ste AL 2 Yewn
Wkl pHE #%%E F718te] 24A)2bs) pH 717482 SKK-Y-786°] 2% pHY
4750k oo, C/N ulgo] F8,E & 2SS el matr vieF 244
7t o)l% ARZHo] sty Aol SKK-Y-7860] pH 806N E oF 55%2] A3 4
gto] 7bE3l7] Wi 4+d pHel ¢ 2oz A4t
NH:N @3¢ Wi NA8 2asnst 4A0H 24 gase 3% ug
Wed, o848 C/Nulg 100:1.30] 844%=2 100:3.2, 100:3.6 ¥ 100:4.02] 30.3%,
183% % 153%0] H]3] ohp<0.05), C/N s go] $&+E ¥& FF Heich
$4% FFe WIFE 248 g4 F AN Zasged, 89Y olgge
C/Nu)-& 100:1.3, 100:3.2, 100:3.6 X 100:4.00) 2z} 86.4%, 85.7%, 83.3% 2 835%
2 so)7} gAck
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Figure 47. Effect of C/N ratio on the viable cells, pH, NHs-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-786 (@, 100:1.3; ¢,
100:3.2 ¥, 100:3.6; [], 100:4.0).
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3) SKK-Y-1293
SKK-Y-1293 wjkAl C/N wlgol wme iy AHERS00

CFU/ml), pH, NH;-N(mg/100ml) ¥ @99 & 3F(mg/ml)& Figure 483} 2o v}
1241 AAE C/Nulgo] F/184E ARSI w4 Jehdoy, 24A%Ade
100:1.3¢] 18.372 & AYFRT ¥ R0 (p<0.05), 100:3.2¢9 100:3.62 14.859} 15718
Hl&3lg T 100:4.0L 89212 714 2A uJeut) olF 48Xzt ole 100133
1003270 A 24778 23642 3AA Z7)5%3, 100:3.6L 17572 AE ZFr7ksigou
100:4.02 7.730.2 A3

e pHE sYFE 43t 2441205 100:1.37 100:3.2% SKK-Y-1293¢) 23
pHY 4.0-70& fAsF oY, 100:3.63 100:4.0e 7149} 7.182 HA pHHET} 3t &
ko], B 2 dE ZE C/N vl goX 740)4202 F&3sdt

gy NH:-N #§3F& MA3] a3ttt 4ATA A diste ZFolde
o}, C/NH)$ 100:1.30) A& wjY £84A] NH-N o] 100mlg 046mgo g of ¢
S £E2& Jvelydg. FA o] §&& C/NuE 100:1.30] 93.6%Z 100:3.2, 100:3.6 L
100:4.09] 56.5%, 53.0% 2 482% Kt} ¥9to0(p<0.05), C/N Hl-&o] F/1¥4E Yo
AL o]&&L Yeroy HA Aoz SKK-Y-7285 SKK-Y-7869] Hls] A o] 8§
=t

$4% ¥FE NH:-N #3337 vtz i GF 24A0A703 24 FL88e
o, o]&&2 C/Nu|$ 100:1.3, 100:3.2, 100:3.6 2 100:4.00] Z}Z} 84.6%, 89.3%, 87.5%
2 86.6% 2 FAISAt

2 AY A3 ER WA 899 14%5 T 22 iAol W) 4% corn
steep liquorg A7}3AE o F&o] 71F UYL B § AgarwalF(1947)9] Ha}
g Zo] g4 E FFYVoEM BIUE FFeA Z FF9 FYe HY C/N vl
& = A= A& Folof fdtn YA

ol/+el A3 Saccharomyces cerevisiaeS} & AF¥E ammonia ¥ ureas} T AL
BFEL 47 o]8¥ 4 o2 Z(Coopers} Sumrada, 1975), o)9}2& AL YL u
F ¥t de wEAdE 7|FNEe AE dY o C/N ¥lgo] 4ARS Y
s g 7 o889 M & 48 AE A2 YEyt
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Figure 48. Effect of C/ N ratio on the viable cells, pH, NH3;-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-1293 (@, 100:1.3; ¥,
100:3.2 ¥, 100:3.6; [1 100:4.0).
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7}. Scale up @ ¥¥ZEA AA A
7 L jar fermenter® o] &3l flasko] Ao JPARE FEY HH=AH
HHzPo] pHE 5322 AL A42E FF(1 vvm)dtdA 150rpme 2 mukshe
MMz AN A SKK-Y-728, SKK-Y-786 3 SKK-Y-1293.& w3 Aze thgat ot

1) SKK-Y-728
SKK-Y-728¢ HHzZ 2 Adzdez g o viFiy Jansad
CFU/mi), pH, NH-N(mg/100ml) % $9% $%(mg/m))& Figures 49 & 505 2},

Jar fermenterdl) X scale up3ta] v]UF & o flask W FR T WATLI} G HEg
2 B@EU, o)t scale upe] & FHYAZ WEZHY Ado] AFHY} 2, H
Z:liaﬂl*1 H)OfA] A4AIZHA) 95702 Ao YAESE UE ¥ Fasigen, pH
£ N3 Z7beted 24X3HA) 71302 SKK-Y-7288] HA pHQ 35655 &4 U
B olf BRZAS AsE Ros Yz .

NHyN @& uldF A% Podte] 598%9) o828 Ueney, 849 3
& AN AAA G278 FAso] 789%9 o4& YEhoh

MAZPANE VEARS7 WG 12X04) 13.23702 HHZXAH 957708} =¢te
o, Wi FEAZA A4 S 1453712 Hd A24E JEllt. Ix o]§&e
689% A VYUY o] &L 878%F HAZA| vlsl Z2 o I%HE Zrls A
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Figure 49. Effect of optimum condition on viable cells, pH, NHs-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-728 with jar fermenter.
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Figure 50.- Effect of modifying condition on viable cells, pH, NH3s-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-728 with jar fermenter.
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2) SKK-Y-786
HHzPH AARNA SKK-Y-786 wlFAl ik A EES(107
CFU/ml), pH, NH;-N(mng/100ml) ¥ #9% #3(mg/ml)L Figures 51 2 529} 2
t}. SKK-Y-786& scale upell m& A &ER49 ol oy, HHzAR AAZA
Aelle AFolg YE Y. F, HHZAY B ulY 2ANA ARSI} 64302 F
7VEF 2443 R 48N A 11473 1328 WY FBA7LA F7}etslon, pHE
AMA 3] F718te] 24AbR) 7378 SKK-Y-7869] HA pHQl 4.07.0Mt} chax A Y
Ebdth NHe-N e wfdE 4AA 24 Z48E M3 323lo 68.7%9) o] &
$2 Yehion], 849 ¥R ©UAAA FZH3] A Bk 2EA] 83.4%9) o]
&8 dErgo
AdzdeNE BARF7} Mg 12470 67702 HH = 643709 Ajol7l 9
eyt 2423t H 48AIMA e 72 1352709 15842 HA ARG Eton, A
& o8& FUF o] RS2 758%9) 889%2 HH x| uls| ol&So] Ztzt 7%}
5% Z7retich
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Figure 51. Effect of optimum condition on viable cells, pH, NHs-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-786 with jar fermenter.
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Figure 52. Effect of modifying condition on viable cells, pH, NHs-N contents and
reducing sugar in D. R, E. by isolated SKK-Y-786 with jar fermenter.
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3) SKK-Y-1293
SKK-Y-1293& HHZA flask wjyzio] AERFN & zol7t AR

onl, AHzAY Mz wdA wFA) HERS(10 CFU/ml), pH, NH:-N
(mg/100ml) ¥ BUF FF(mg/ml)L Figures 53 R 549} Zrt. HH =AM v
A 1247H 59242 Z718E 24A1 R 48A LA 1595709 2474702 ¥ F
AR AL Z7rsigen), pHE MAE Z71ste 24A3HA) 6.852 SKK-Y-7869
AA pHel 4.0-7.0¢ FATF 48A 74 7882 2A F7HstHTh

NHs-N §ae ks AL 72238te 832%9 o8¢ vegWen, #4473 &F
5 3A ZAsle 820%9 o]&&S JEHT .

AAzANMNE YEESF7) Mg 12434 577402 HH=24 59209 2ol7t 9
oo, 24A17F L 48A1ZtA o) 2+t 14.33709F 2543702 Aot

As o]lged BLUYG olgLe 828%s 81.0%2 HHxAFA Aozt gl
SKK-Y-1293¢] 79 wigzd /Ad Afst (o

o]Ate] Z3} SKK-Y-72837f SKK-Y-786& Az o8 WARFIE 7131 7
ol Saccharomyces cerevisine® v ¥3t5& <} glucoseol] peptone 2 ureas o AL
2398 2 d iR o) Candida utilisS wjkst-& o Z+z 430-590mlg} 460-550ml
O,/dry weighte] AtA& Q27F38}0i(Bronn, 1966), Z &5l UAA Candida utilise
256m1 O,/biomass/he) 3L Saccharomyces cerevisises= 100-150ml Oz/biomass/ho]z}x
& Barford(1987)e] ZFHE T w, £ AYPoIM /MPzAe EFe F&TF
0E Reojgtx Atz doh
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Figure 53. Effect of optimum condition on viable cells, pH, NHs-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-1293 with jar fermenter.
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Figure 54. Effect of modifying condition on viable cells, pH, NH3s-N contents and
reducing sugar in D. R. E. by isolated SKK-Y-1293 with jar fermenter.
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A23d =2F HFHNHEES o8 FF) MIFE AT

1.4 &

FaEoldM e FUAE AMRFLEZN 7159 AFYT AN E T4
2 # AUk 2y A2 FAA Y AHgol B EAML of7dtn 3ol FAEA
Aol o] &% £ AE HIFAAH HEYFH EAEL /LA HAsw 2 HEHY
ol AU FPolujYE FL AZA Folth HT de olgEHe FHojFe
Aspergillus niger 9} Aspergillus oryzae2 Th¥3F @¥]d ¥ @43E EHEALE Y4
o2H O YgE R MIFFEE0] Qe AHEHI Y (Wiedmeir F, 1987; Gomez

%, 1990; Martin &, 1990).

Aspergillus oryzaee A5 pHS =97}t “Hﬁ"l He 3714 F%Fol2 9IY &
AAHAAL 71A 0|88 4 Uoui(Garrawayst Evans, 1984), s EaE
amylase, xylanase ¥ protease 502 o] HiE 7149 o84 FANYLEN
MEFH 7 E ¥ A7) 3L (Pettersson 5, 1989), T8 AulolM HAHHE WAAP B
o AEg BEFHA JUdL &3 R AW F5E€ §ol3A Fh(Graham T, 1988).
B Aspergillus oryzaes TA @A FFE 30-60% ©]¥ rivoflavin, folic acid %
nicotinic acid & ThFE HIEINE FAY Bv ol AR AGE WALR
A FFAL2A 7159 AR FWste RoezZ gl AcH(Russod} Lfeimann,
1959; Tsang3} Schaible, 1960).

Aspegillus oryzae W FBE& WA Fodid v|BE SYAL Yo &4
£, ol Aspergillus oryzae7} A4 3hs proteased] 23t} AL Ao] E3H
Hepol=e] AL7) Bol AAEH olE olf3te PAESY HFo] AN wEoY
(Gomez %, 1987), =& W) Fr|AE F9 HK{ALE bacteria & F7HAA
NEEEE SANACGT Firkine $(1990)0) Musthch

T2 B2ULEL 2HF o] 3040% z=ewid §§Fo] 10-20%, JHE-FAL
B 3o 38%-40% ¥ ZAE ko] 8-13% A o] (Antongiovanni F, 1973), o}v]
A ZAo] GEE T spA3; oY A7}t 2,670 keal/kg oD, | EC) BHIF ZtE &
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A (Provos®} Doetsch, 1959; Hungate, 1966) ¥ v X433 A (Ruf F, 1953) ol &
$50] glo] AlgAdes o]§¥ 4 ok ol WMFANEES AIEAYLE o]
g5zt yrE71&(Prokop 5, 1974)% 7}SF(Mann, 1962; Jovanovic 34 Cuperlovic,
1977)ell g A2 WHFHUEE AedH Zhede] ATFIAL, FHdMe
Az GAZTEA YA ARe o) § Fo] AxFHUoY 443 HAe R
(o] E, 1985; A, 1994; &}, 1991).

el B A¥9 £33 4F HENE ¥ vAGFAAE FRIAL s =5
F9NEEE o-amylases} protease® T THT FRoFE 4712 ol %
87) 98t Aspergillus oryzae7t AAE HUZ AAse MEFZAE A7) A3t
o 3PPt

silage

2. g £y
7} AYAE B ALEF
Aol AHEE VFAUEES =5 AHAE 4T ¥ B@gs
WA 7122 AR eD, FFE Aspergillus oryzaeS & WX 2L ALgs
g Ade) AL S B2ULESY AOAC WH(1990) 02 HAF AP Fze A
Br|goz ZywA 21.1%, 24F 204% 283 AW 13.7% ft

Y. BEA -85S o8-8 Aspergillus oryzae W FZ 2

1) B4 24 2 34 &9
¥ T2 ¥ Uee BAY0E URAYEED BYS WYY

X AAY7ME FA39 Mg AdFHQ ©29E AAsFL, 100THA 2083t
ZFA g ZALYE slmIPT)

2) FEEF € s ULET T EFPvE 2
FRETL 30, 40, 50, 60 L 70%2 A AAANANA A EnH
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A FEFFS A on, AU EER M EHHQY G499 SR gy
£€ 11, 12, 13, 114 2 152 Z2H3Y EA2 Y7} 0xs P8 259t

3) WiFAIZE A R AARY A
Hdlo 4% 2 2448 I8 MGAIEE 2AMEY) 3 1242
o2 60ANA EARAS AT E] Aspergillus oryzae W SE 9] pH ¢t
A& 0.IM acetate buffer(pH 3-6)9} Mcllvaine buffer(pH 7-10)8 o] &3} ZA}s}
fon, 49 FUAPAHL 30C-100T7H=| 10T UZHLZ protease?] 7% Mcllvaine
buffer(pH 7)& o-amylasex 0.1M acetate buffer (pH 6)& ©]§3ld ¢-amylases}
protease?] Hrlof] P X FHFS FAEYG.

o 2 ERA € 2add A=
BEAULED G2FTFEE ERY F JI2 30em, AIE 20em 123
Zol 5eme ma|(Koji)do]l Wol 30T incubatoro] 48A17+ ujersioni,
Aspergillus oryzae HFFL 05%(w/wW)E 3t ALY Aspergillus oryzae %
£ 5g& A EH§ F 100ml 47 flaske] ¥ 1% saline 50mlE FH7}8le &
#3tx toluene 0.5mlE F7}st 25T oA IlA]Z}%?J; g1 ¥x ¥ Whatman No.
2 filter paper2. 2}ty A2t

2}. a-Amylase ¥ protease activity &3

@ -amylase activityx &4 1ImlE 1% soluble starch§ 9 (pH 6.0, 0.1M
acetate buffer)e] W3 40TColAq 108 wrgA7l g 05miE F3lg 01N HC
10migt EFFE F EFY Iml%} iodine §9(0.05% iodine + 0.5% KI) 10mlE u-$
AlA 660nmo) A FFEE £A 8= iodine color reaction W (Kim ¥, 1991)2.2 =
APt 2d2 EAY7 1 unite 40Co A 189 starch-iodine £42) colorE 1%

ZaAgled Hag G40 doz ANSUT
Protease activity= Hammastein casein 0.6% -8<(pH 7.0, 0.1M phosphate buffer)
Imlo] 2549 1ImlE 713t 37C oA 10837 vHgA171 ¥ 04M TCA £ 2mig
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b & 37CelA 2583 WA § o Whatman No 2. q#A|2 77 o 1ml
2 33 04M NaCO; &9 5mls} Folin-Cicalteu regent &4} 1ml& 7}s) 37C d
AN 2083 WAAA 660nmolN FFEE S Folin & UF HAMNA & F
(1984)9] Wyoz &Astgen], AL 9rte 37CA 1083 WAL o 3=
£ 001 457l AaFE 1 wnite 2 FATh

%

it

3. 2%

7). HEUN LB L o] 83 Aspergillus oryzae ¥} FZ A

1) @429 2 FzF]o] A2971d) vlAE ¥
2R, By U Yy)& Y/to) GE g-amylased] FRHQ FA(relative
activity} %) Z2AAF Y71 1000) Wate] 2t 785, 771 R 7472 @A FF
237} 1850) HIEY =LA Z7 s ok (p<.05), @i gol WE Zfole fIUTH(Table
1). Protease] At fA(%) = FA1d L& 1009 it 52.2, 67.8 R 60322
SaFTEFY FA7L 2059) vt FrtA o (p<05), 53] BES H/IEUE d =
2 Ao 2 Yeltti(Table 15).

Z2A8 o @& e-amylaseo] F)H FA (%)L FAFRY Mo vl &§, T
B2 9 gy)goA Zzt 209, 21.7 ¥ 2530] F7}351(p<.05), proteased] FF{ &
(%)= Z+Z} 404, 322 2 2957} FUHEslen] AR SE5 FA2Y A ¥l
o F7lste Ao eyt ol gide] FAREHEA 23] gygn A ¥
87t &3}5 0] Aspergillus oryzaedl. FA A7} A AY3A =Ho] ¢S3} amylase 2§
o] 44 Yod ARz YA Aspergillus oryzaee W GFFE ©aYg 043}
47 & 4 s (Ingold,- 1984), Yokétsuka(1964)e nAE A L H7} wicksw
79 AR LA AFFHo|du HastPon, AA(1962)L 7R B9
By 2 n3e olgsld IF-E wiYgdtn AL YUtE vHiny dn Y€ nx9 A
¥ 23] 80%, 1T 1A P Esfe] 70% fokn HudtHd
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B 4323 Zuf g24dd g 4297 FAZY FY3E ey zey
A ol 12-15%, =F FFo] 6-8% e T ALE FFol 4060% J wE
o] H7}7} Aspergillus oryzae vj ¥l A3 A2 ey

Table 15. Effect of carbon sources and steaming on the relative activities of «

-amylase and protease of Aspergillus oryzae

Relative activity(%)

Carbon source a -Amylase Protease
Without With Without With
steaming steaming steaming steaming

Without carbon source 18.5° . 21.5¢ -

Corn meal 785" 99.4° 52.2° 92.6”
Wheat middling 77.1° 98.8° 67.8° 100°
Wheat bran 74.7° 100° 60.3° 89.8°

*cd  Means in the same enzyme with different superscripts differ

significantly(p<0.05).

2) FEGFC] AL Q7 mRAe IF

NEANEEN TEE TS FEFFol Z#Z 30, 40, 50, 60 %
70%0 A vlgE NS w Aspergillus oryzaes} AWAF a-amylase?] AiH FA (%)
Zyz} 97.1, 100, 94.0, 83.8 ¥ 40.28 30%-50%+= =}o)7} AR Y 60%9} 70%lAM e
A2 AdsHe A2 JYeldtHp<05). Proteases] 4ty &4 (%) Z4Z
75.5, 100, 90.2, 78.4 X S1.42 FEEF 40%] vIste] 30%9F 60% L 70% oJME *

Al dehd(p<05), 4 ELEYE 23Y o "5'"@'%% 40%7} 713 4 A
2 AZ P (Figure 55). PIAE A7 Al FEFFol F534A FHL AY H=717
oA AR&xr FaHY AXER YEFE F23hed, Yokotsuka(1964)= &
§Hgo] 60% Y wole wellot 4ol fElstn FEYFl 456%Y el FHolg
Aol Agsivtn dxetq & 49 FIg FARIAG 22U (1974 YEE
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=

U AE 70%0) Y)e7 BAE TP Aspergillus kawachiis}t Aspergillus ubamii &
& ik w FEFTo] 45%50%Y W A7t AALD vletd B HHFol A
3 27kt 2adtych

Table 16. Effect of moisture contents on the relative activities of «-amylase and

protease of Aspergillus oryzae

Relative activity(%)

Moisture contents(%)

a -amylase Protease
30 97.1° 75.5°
40 100° 100°
50 94.0*° 90.2**
60 83.8° . 784°
70 40.2° 51.4°

3¢ Means in the same column with different superscripts are different(P<.05)

3) BEANSED Bre TY gl B2zl BiAE I
GRS TES UEE 1, 12, 13, 1¢ ¥ 152 $32 $EVF
£ 40%2 ZHF ¥ 30CANM uiFd A3 o-amylased] i H B3 (%) 22z 100,
994, 990, 989 % 9842 WFAULEY TEY HEd] wE o7} fiNey
(Figure 56), protease?] Arth& TA(%)e Z+z} 849, 100, 905, 79.5 ¥ 74602 1:29]
H&Y Wy} 11, 1:4 2 1:59) ¥t g4 Yesich(p<.05).
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o-Amylase

Protease
120.0 LY 4 a O
58 %%
100.0 L=

—

PR e

]

80.0

wbd ’;-
S

60.0

AT

)

e —w
R

xTIT

R

40.0

Relative activity(%

TEE

20.0

0.0

Moisture contents(%)

Figure 55. Effect of moisture contents on the relative activities of ¢-amylase and
g y
protease of Aspergillus oryzae(*™ Means in the same enzyme with

different superscripts differ significantly(p<.05)}.

Table 17. Effect of wheat middling ratio as a carbon source on the relative

activities of ¢-amylase and protease of Aspergillus oryzae

Relative activity(%)
Carbon source ratio

@ -amylase Protease
1:1 100 84.9%
1:2 99.4 100°
1:3 99.0 | 90.5>®
1:4 98.9 79.5°
1:5 98.4 74.6°

*» Means in the same column with different superscripts are different(p<.05)
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E AYoME 829 TR ulgo] ¥&4F proteased] ¥Aol FadHAUEH
ol  Aspergillus oryzaer= Y724 proteases} 54 proteased FE A At A4
protease 23t A3 713 F @2 Hgo) F58 34 protease FAJH &
Eo}x A ®the Elizabeth(1982)9) ¥ ms} #& A2 W@  Aspergillus oryzae
YA @L97 FAd vgo] Fadu C/N Hlgo] 2AE4E THFo] BWolA
A2 Bulgo] F7EEg WU EET TEY EFHELS 1271 AYPF Aoz
verst ot

a-Amylase
OProtease

120

[
o
o O
a

Relative activity(%

11 1,2 1.3 1:4 1,5
Ratio of rumen contents to wheat middiling

Figure 56. Effect of rumen contents to wheat middling ratio on the relative

a,b,c

activities of a -amylase and protease of Aspefgillus oryzae{™™ Means in

the same enzyme with different superscripts differ significantly(P<.05)}.
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4) W) FAI%

. HF BAHAY ATE AP 8 MEHUHEER TES 122
TR F FEGFL 40%2 2HsD 30T oA MFT A T AFLS 1242
o] e et} NAS 36X ol Fole EAE YT AHIFR EaAA
E RAZARE F71817] AlFste 36AI1AC oo @F F A} Fade AL
2 Jesa(Figure 57).

WjFAIZE(6, 12, 24, 36, 48 R 60AZNE FAHY o-amylased] FHH F(%)E
Zzt 19.5, 68.3, 99.2, 100, 854 L 86.82.2 24A7+d} 36A|3to] ThE AlZte] Bt
=2 84& Jebtip<05). Proteased] Aty #A(%) wWiIAIERE Zt7 122,
55.0, 88.6, 100, 96.6 & 87.00.2 36A|td} 48AIto] ThE ATte] ¥Idly EL FAIL
YEL THp<.05). i 36Xt 48A13kA] o] % g-amylasest proteased] A ¥4
(%)e] AAdle AL FHAEAV) VYEANYZ FulsHc AL 2 proteases] % 3ke
g3t 7teaEr] WELZ YA HEAREET] TES of88 Aspergillus
oryzaeS ¥)FE w 36-48A\3to] HAujekAlztolgtn Az,

Table 18. Effect of incubation time on the relative activities of «-amylase and

protease of Aspergillus oryzae

Relative activity(%)

Incubation time(hr)

a -amylase Protease
6 19.5° 12.2°
12 68.3° 55.0°
24 99.2* 88.6°
36 100° 100
48 85.4° , 96.6°
60 86.8" 87.0°

*b<4 Means in the same column with different superscripts are different(p<.05)
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a-Amylase
1200 r O Protease

100.0

80.0

60.0

e o Pl
AN et S S

40.0

Relative activity(%

G AT RN T

20.0

N o el T
e s e

8

60

0.0
24

incubation time(hr)

Figure 57. Effect of incubation time on the relative activities of «-amylase and
protease of Aspergillus oryzae(*>** Means in the same enzyme with

different superscripts differ significantly(P<.05)}.

-

\}. Aspergillus oryzae7} 2373 3 o-amylase ¥ proteased| &

1) 229 pH ¢AA

7138 de pHE 310744 2t 238 ¥ 53¢ pHl g £
ot4 A & (Figure 58) «-amylase®] 7% AE A (%)ol 22+ 30.8, 604, 95.3, 100,
514, 24.8, 108 R 622 pH 59 60]4 tt& pHET ¥ 84§ JetReni(p<.05),
proteased] AT B4(%)& 22 17.2, 165, 245, 723, 100, 758, 83.0 R 7892 o

& pHol| H]3ly pH 7ol F& #4E YL H(p<.05). '
UulH oz grEe] Zolr} BHIF proteases FAHE pHAM E4& Hole
bacteriat} EERTHE w9 W Wele) pHIME 84& dehled, & 4¥9M=
SAFS Z8S VEMWATH ol Aspergillus oryzaez} A/dsHE 414 proteases] HH
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pH7} 3.0~4.0, $4 proteasee 7.0 28]l U7t2)A proteasex 9.0-10.0 o]}+=
Elizabeth(1982)8] o 7ZA3}e} fAMSHR o).

Table 19. Effect of pH on the relative activities of @-amylase and protease of

Aspergillus oryzae

Relative activity(%)

pH
@ -amylase Protease
3 30.8° 17.2°
4 60.4° 16.5°
5 95.3° 24.5°
6 100° 72.3
7 51.4° 100°
8 24.8° 75.8°
9 1087 83.0°
10 6.2 78.9°

**4 Means in the same column with different superscripts are different(p<.05)
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@ a-Amylase

0.0

120.0 ° o OProtease
o o o
N = o
D A - o
100.0 | © m N o &
g ! o) )
2 t 3'; = R
o ~ B
> 800 a, —
s S [
® 60.0 I ]
[} l\1
= © o
= - O, il s
& 0.0 IS fl <
o .
20.0 9| &
2 "IIE
9
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Figure 58. Effect of pH on the relative activities of a-amylase and protease of

a,bed

Aspergillus  oryzae{ Means in the same enzyme with different

superscripts differ significantly(P<.05)}.

2) Bl 4 AN
25E 30C-100C71A 10C NFHo2 ZASY FAF a-amylased] 4
ha BA(%)& 40C-50TCoNAM FHEgA o] 85%-100% ol 60To|YANMe BLE
Aol ZA ASHAULDL 80CHE e HELgAdo] FHHA AdH(Figure 59). L= o
€ protease] Atid FA(%) 2AIAD HHLxE 40CE el AMGT proteased]
HH LT 40C45CT S FAMSIN O™ 80CHEE AL 77 38R @it
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Table 20. Effect of temperature on the relative activities of «-amylase and protease

of Aspergillus oryzae

Relative activity(%)

Temperature('C)
a -amylase Protease
30 43.2° 60.2°
40 100° 100°
50 85.3° 55.7°
60 63.8°¢ 114
70 14.2 3.0¢
80 5 :
90 . .
100 = v

ab.c,

4 Means in the same column with different superscripts are different(p<.05)

o E a—Amylase
1200 r :cgg O Protease
~— - %).
100.0 r : M)
R { ©
£ o % |
8 60.0 [ of
2 =
£ 400
1
i
20.0 )
o
0.0 4 i} l& [l 4
30 40 60 70 80
Temperature('C)

Figure 59. Effect of temperature on the relative activities of «-amylase and
protease of Aspergillus oryzae(*”** Means in the same enzyme with

different superscripts differ significantly(p<.05)}.
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A3 EF BHEAUNLES o83 BE Y F3o] HiF
A7t 71E9 Ag e v &3

)=
=

1L.A &

Wiy HEE 2FFEEN WMEItEY LS FAAVeY FE2 AHEH
T A2 H7HAZ bufferdlgl WY LAE GFEle UYEES APHLE =¥
e YANEA % 3284 §& € 4 Uded, o F 53 FHELL AF ALY
A 59 WAT BASS 7159 2AY 3F BAE o1AA 2 A @2 A
@3 glon YR FrldME g4AV FH€E 75 7] 9 FASD Yo ¥
A e} Agol A gk HZo FFHAEL FAE YA o]FEELS ¥
£ d|ZAAH HEFH 9wy (non-antibiotic biological tools)E 0|84 A A, AA
2 AEREE T B A7 080 FIHH2 Rken A FIFAIF 223y
(Animal feeding program) 9| 3¢l Direct Fed Microbials®] A}&-e i3] B2
BAo] AFE R Ut WMFFEAAM= AR %E (Saccharomyces cerevisiae)o] Y AT
B B (Aspergillus oryzae)e] @% v B HAEH EFEY Algd) o]§H: 3o
{Williams$} Newbold, 1990).

Tgolgl ARG ESY AR F Aste wEHW "AE TH HH(Wiedmeier
%, 1987; Frumholtz &, 1989; Fondevila &, 1990), VFAS] A ZFx} 1 ul-g&9] ¥
(Wiedmeier 5, 1987), Atz M3 32 F7}HKellems 5, 1990), 43183 Al 8 AE
] 7} M(Wiedmeier 5, 1987; Fondevila 5, 1990), AM§ %1} ZH|Fe] 8k4H(Kellems
T 1990) 59 EFHE YU EZA 7159 JL4RE FA71E R RIHAT.

By HEEL JEZIE2E Z4H ¥Fo] 3040%, =N FFol 10-25%, 7}
S5ALE o] 38%oln] 23X FFo] 8-13% =2 ¢4 JFH 7HXE A
2 Q3{Antongiovanni 5, 1973; Jovanovic#} Cuperlovic, 1977), v]| 4 o] £H|§ Z
& A2 (Hungate, 1966) 2 v X4 ZAAHRuf 5, 1953; Bryant9} Doetsch, 1955)% ]
FREH Ao} AR AR ZHA ]8R 7t 2t

A7 49 W9 HWEES g Folxl9 wFrt By we] EEI}A L
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et ol WUl vAE9 F4)(McNeill ¥, 1954; Gillg} King, 1958; Pounden,
1952; Gordon# Moore, 1961)o) HEZ f7o] TENA A4A¥V)Fo] &AE=HIL
(Doetsch %5, 1952; Huhtanen ¥, 1952; Bentley %, 1954), 2% J gL 9] o] & 8o
A F4EH7 GEAN FF &30 AL P BU ofvH XEgd AF A9
Hojd AHE Yehie RoZ gelx UtH(Poundend} Hibbs, 1948; Allison, 1976;
Slyter, 1976).

ZAE Y] A R Fooo] 4% AN AR FFAEE FASFAM AN
BE o= AE FHAIIT o wEAU pHE ASAA HARLEs) de oty
7t Fado] 7= @F3ES] A5hgo] Wolxn Yol o st Al Ado)
GA3A =] 7hE e ARGl A AHstE Ut

m2M B dT7ANe $F4 uAEY 2305 w5 ol hdad EHQ
FANE2E |88 Saccharomyces sp. SKK-Y-728 wj%E3} Aspergillus wj}E-&
Az BFANEES o8 wiFEo| Rio) WU pH, NH»-N 3, FuAy
A FF R N YL 2484 vAE ARE 2HEEI Y3td Ay
c}.

2. A5 R O

7}. Saccharomyces sp. SKK-Y-728 wj%& A=

1) w2 AR g FAEF
Ao e AHNG G2 WEEE FEEFH 1: 19 HEZ &
e ¥ 9 322§ rumen extract® 279 cheese cloth® oste] 7| RS A
Z &Y cHTable 21).
& Agol AEF AR E Saccharomyces sp.]1 SKK-Y-7282 Yeast Malt agar ol uj
G F YFAT)ELBIAA ALEEHAT. AR HFAL YM brothel A 16413t vl
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§ AR Zujo(seed culture) ALE3IRLH, 1% (v/v)E HFSL 30TAA 484
Wt

Table 21. Chemical composition of rumen contents medium

Item Contents
Reducing sugar(mg/100ml) 45.1+1.5"
Crude protein(mg/100ml) 670£56.0
NH3-N(mg/100ml) 27.7£1.23
pH 6.310.64

* Mean £ SD

2) Saccharomyces sp. SKK-Y-728 o}
Saccharomyces sp.] SKK-Y-728 uj¥& 7 L jar fermenter(Model No.
SY 500)& ol&3t¥led, FMNAZY AL L 7F o]§E&E 13 C/NH&E 100 :
15, NHs-N o] 100mlZ 10mg ¥ $4% o] miF 6.5mgo] HA FLE ol &
8 =k o) o] AMEF| WiAE 121C, 1.2kg/cmo) A 1583 BEFS 6N
HClg o]8# pHE 5002 ZA% ¥ AR FWUY 1%E HZm 30ToA
agitator £ 150 rpm, $7]%F2 1 vwmo 2 1A 24413 v ¥t

3) Saccharomyces sp. SKK-Y-728 &8 A=
E& 939 YL4EE o] &3 Saccharo-myces sp. SKK-Y-728 v }E A=
£ Figure 603} & wWyoz Azt F 30TCAA 24A1 wl 4§t Saccharomyces
sp.< SKK-Y-728 g3 B71&3 S47EEE TF TUE AES 1:1 (w/w)s)
MEE TR S0TAM 24 W% AZARE 8N AR F 2 mmz B3
Azt gk
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Rumen Contents + Tap Water

l

Mixing
!
Filtration
!

« Inoculation of
SKK-Y-728 .

Rumen contents medium

l

1st incubation

Yeast + Solid medium
!
2nd incubation & Drying
o
Grinding
I

Saccharomyces Culture

Figure 60. Flow diagram for preparing of Saccharomyces sp. culture with rumen

contents.
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4) Saccharomyces sp. SKK-Y-728 v 4E 9 Hd5 ¥ A&
T g YL EL 71AR o] &8l Saccharomyces sp.l SKK-Y- 728&
BYH-e o AARSE 1.83x10 (CFU/ml) o)Un B4 o] &8 689%An BYT o
L8 878%2 JEbyT
T2 039 YLEL 71AR ARG Saccharomyces sp. SKK-Y-728 wjFE 2] Ut

54

ZAE §eke Table 229} Bt}

Table 22. Chemical composition and viable cell counts of Saccharomyces sp.

SKK-Y-728 culture

Item Contents

Chemical composition

Dry matter 9119
Organic matter 94.82
Crude ash 518
Crude protein 1913
Crude fiber 9.43
Crude fat 6.36
Viable counts(10’ CFU/ml) 1.83
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W}, Aspergillus oryzae Y] 3E A%

1) 9ES YEE AR 2 INEF
| APl ALY WEY WEBL 33N AN YARVIVA
AA2 AEHQOT, FFE Ap. oryzed Bo] WA 2L Tt ALEEY
. ACAC ¥y(1990)22 BAHY BaUsE 4R ¥ 2z zuwa
21.1%, 295 204%, AW 13.7% 9.

2) Aspergillus oryzae sz A
ZE SEAE R AR LAE FRINL e EEAFHAE 159
ALY FRAE AY A dfd R ALK o-amylase, protease)?] 7)1AZ o] 43}
7} A3t Asp. oryzaert =EUFAYN Hule] BLE AAste wWdzAL 2
% Z3E Table 233 2t} |
SR, B2, Ur)& FHrl BE a-amylased) YNHA AyH%)e W)L 1009 o
shed 2zt 785, 771 R 7472 @29 TA7) 1850) vste] /18191, proteases)
AE GyH%) E¥F DTS TE 1000) thEd 522, 678 L 60302 =37}
21.59] M3l Fstg oyt iAo ©WE xole fich Asp. oryzeert A o
-amylase®] A Hr7H%)e FEGF 3050%Y o) FAALAY R F2AHA) B¢,
protease®] AF H7H%)e FETF 0%AH 717 =& 54 471E JEwo. v
FAW L ET G2U9 v-gol }E e-amylased] AhE HrH%)e TH8IL gl
Apol7h flch wYAZHE a-amylase] A JrH%)E 24A13FH 36A)1F0] ChE
Azl ¥ldte E& 97FE YW o v(p<.05), proteased] AiH orH%)E 36A) 3t}
484)2k0] g A7t wldtd & 97+E Ve
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Table 23. Formula and fermentation conditions for production of Aspergillus

oryzae culture with rumen contents

Item Conditions

Formula®(%, w/w)

Rumen contents 66.6
Corn meal 16.7
Wheat bran 16.7

Fermentation condition

Temperature(C) 30
Incubation time(hr) 48
Moisture contents(%) 40
Inoculum size(%) 0.5

® All values are expressed on as fed basis. -

3) Aspergillus oryzae Bl & A X
=& W9 WEEE o| & Asp. oryzae WFE A =€ Figure 613} 2
& Byeg AL §F =2FFANM FAY HFANWEENM 1YE FEE A
e G54SR TIALNE : SFFET = 1: )} 2: Yw/w)d) MEE EY
g F Asp. oryzae & 05% (w/w) FAF3I3 30C incubatorel] A 48213t wj g3}t 6
0T drying ovenol 4] 812 AEAIR & 2 mm2 45U
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Rumen Contents + Nutrient Sources

!

Mixing
!

Heat Treatment

!

Inoculation of Asp. oryzae

!

Incubation

l

Drying
!

Grinding

!

Aspergillus Oryzae Culture

Figure 61. Flow diagram for preparing of Asp. oryzae culture with rumen contents
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4) Aspergillus oryzae B]YE S EAG7t 4 AE
3 W& YLEL /NE2 olf3te] Asp. oryzaeE wFRE W B
A GA7l 9 Asp. oryzae WG ES] U 2HE FFL Table 249 L.

Table 24. Chemical composition and enzyme activity of Asp. oryzae culture

Item Contents

Chemical composition

Dry matter 95.05
Organic matter 93.33
Crude ash 6.67
Crude protein 19.07
Crude fiber 14.47
Crude fat 7.09

Enzyme activity
Amylase® 89.10
Protease” 33.70

> One unit of enzyme activity was defined as quantity of enzyme that causes
1% reduction of blue color intensity of starch-iodine solution at 40T per 1
min.

® One unit of enzyme activity was defined as amount of enzyme causing and
increase in absorbance at 660nm by 0.01 after 10 min.
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t}. Saccaromyces sp. SKK-Y-728 X Aspergillus oryzae vj Y=
CFo47r HEIY ALR 01§59 UXE &%

1) FNE 43 2 AR |

g AYd A$E IAEE HERUNRT AYRAAA ALY
rumen cannulaz} A3E HYFA S 600KgY Holstein 3 352 AlEE 23](06:00,
16:00)2 Yy FosiPn i Agaes AFaddn 4954 @9 ArgaE
wulo] 25900 B84 TZHOZE mineral block (Table 252 AME8lET E&
A% SHES BT

Table 25. Chemical composition of mineral block

Minerals Contents

Nadl (%) 99.0
Mg (%) 0.5
Fe (ppm) 8.5
Cu (ppm) 7.0
Co (ppm) 22
Mn (ppm) 10.5

Zn {(ppm) 10.8 .
1 (ppm) . 20.0

2) N AR R HEEY
A NPIE FEA FAFAA FAY FFARE HFAITVIE2E
FEALEE 19 4Kg2 23)¢] Uhro] Foq3Jn AR RFE AHF A=
¥EAEe] YETA(Table 26)3 AOAC(1990) WEo2 EHE FFAE ¥ ZAR
o] ZRAE §FL Table 273 Fr}
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Table 26. Ingredient composition of concentrate diet(%)*

Ingredients Contents(%)
Corn - 48.0
Sorghum 5.0
Soybean meal - 11.0
Rapeseed meal 5.0
Cottonseed meal 5.0
Wheat bran 133
Tapioca - 5.0
Molasses 4.0
Calcium phoéphate 0.8
Limestone 1.0
Salt 0.83
Buffer(MgO) 0.3
Yeast culture 0.2
* Avoparcin 0.07
Vitamin & mineral premix® 0.5

®. As fed basis

b., Vitamin & .mineral premix contain Vit A, 2,000,000 IU; Vit D, 400,000 IU; Vit E
4,000 IU; Mg, 20,000mg; Fe, 15,000mg; Mn, 10,000mg; Zn, 10,000mg; Cu
5,000mg; I, 200mg; Co, 50mg; Se, 40mg per Kg.
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Table 27. Chemical composition of experimental diet(%)"

Items Concentrate Rice straw
Dry matter 88.4 87.9
Organic matter 94.1 87.6
Crude protein 16.9 5.7
Crude ash 3.1 21
Crude fiber 5.7 31.2
Ca 0.9 0.4
P 0.6 0.1
K 0.1 0.1
Mg 0.07 0.03

* All values are expressed on a dry matter basis except dry matter

g 484

WnEd vldEY] BYFAR w9 o]FLHA EFHY UFANEES
ol-83l) A% Saccharomyces sp. SKK-Y-728 w| Y&} Aspergillus wjSEo] i
WU pH, NHs-N 33, fddxa &% 3 39U 9% 2484 vXe
ERE 737 Y8t =T, Saccharomyces sp. v FE H7FT R Aspergillus ul %
€ H7HTE UFo] FAEE 3 X 3 Latin Square designell €3t wj X3}t =3
Saccharomyces sp. WY& Aspergillus ¥ UEL Ztzt 100g 4 LA} QF A8 Fd
Al rumen cannulag %39 WEH Y FAQNAYT. FAEL WYE FQAY
o 14 F 79 A Al2FA A 0EH ALEFS F 2 5 ¥ SAITA wEed
€ AFH3} wFHW pH, NHs:-N 2 HIHALS dFE SFsidc. =
Saccharomyces sp. Wi E I} Aspergillus Y& FH4AIN Fo 14Y F 74 nylon
bagg o] &3t UL £4&E SHIA
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o Z2AVE

1) 290 pH W8} 57
Saccharomyces sp. W) FE3 Aspergillus sp. v YFE F7ld] WE W39
W pH W2l =3¢ $1% rumen fluide Al8Fo 30887 Algdd £ 2,59 8
A ztel) 3§ F A pH meter(TOA HM 7B)S A}L-3}e &334t

2) NYALRSY 24g 2%

=41z Y A4EL 6X12cme nylon bag(pore size 12 pm)
& o83t ZABIAE, FAF FAE HIAE 2mmE EH3n 25 - 358
nylon bagell ¥ B¢ F 24, 48 R 72X wiF3AUh. 24zt w9 LA A7HE
o] Mz} wjFAY F nylon bagollA B Eo] Y& Wi7tA] Y T} z2E
FEEo F83] AHs}T 60T drying ovenollA 72413 A X AFF oL 24
o] o] &8t} A HWALE S nylon bagd] AFALE S Y¥EHEL AOAC(1990) ol
F3ld £48 20, acid detergent fiber(ADF) ¥ neutral detergent fiber(NDF) 3
22 Van Soest(1970) ui ol uta} H48igich

3) WY NH:-N &% &3
Ztzyel BEAZPE mel X PER A3 rumen fluide] NH:-N
32 Chaney9 Marbach(1962) Wy el ¢J3lich. &, WA Y& 20ml centrifuge tube
of 12ml¥ ¥ 13,000rpm, 4TEHA 15833 YB3 F54e 48 A8
2 AEE Y e, old AL$¥ 7]7]€ Spectrophotometer(Hewlett Packard 8543)2 &
AL 630nm= 3T}

4) WU HEAALY FF 23
YEANTEE AHF rumen fluido] LA AW FFL Stewarts}
Duncan(1985) W3] o8t} WA oj-§ 25% phosphoric acide} 5 : 1 9 vl g2 E§
3t ¥ 20ml centrifuge tubee] 12ml# R 13,000rpm, 4CZ A A 1583 YAjEe]
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¥ ol 4% 94& overnight THAHEY ¥ #FAA 8000rpmo A 1023 ML
218t ¥ A28 gas chromatographys ©] &3l £431%c}

- ub FAIEA
APA o] 3 EA A& Statistical Analysis System(SAS, 1985)& A}-&-
39, ZA2] Pt #2A 23 Duncan’s multiple range test(Duncan, 1955)¢]
g

3. 2% 2 1%
7h ZALES WEAW £48

1) dExAE

=79} Aspergillus sp. B Saccharomyces sp. SKK-Y-728 w} kg Feio]
BE WY DB AA&(%)E Table 28 % Figure 629 2Tk AE 2A&(%)& A
YA u g 48A1HA] W=, Aspergillus sp. ‘;ll. Saccharomyces sp. SKK-Y-728 wjor&
FA7t Z4t 2444, 2317 R 23952 o7t Ao wick 72A1AH o= 3757,
3861 ® 38012 o]zt RIRAoY Fo 25 FRE 3F Alojolle vl 24415 Wiz
T 13.009) vldle] Aspergillus sp.9} Saccharomyces sp. SKK-Y-728 vj}E Fo 77} 2
Z 1694 o 15622 ¥A Jelgch g 4BAINANE RTF 25.22¢] u)d4g
Aspergillus sp.9} Saccharomyces sp. SKK-Y-728 v} %}& Fo77} 36713} 32872 %t
(p<.05) v 72A|AR o= =T 37870 ul3le] Aspergillus sp.9} Saccharomyces

sp. SKK-Y-728 v} E Fo] 77} 41.859} 41.6622 F718%chp<05). '
Adams F(1981), Gomez-Alarcon 5(1990), Arambel®} Kent(1988) ¥ Harrison &
(1988)& Fgo] viFES] F7IE W59 R FZTAM) DM 23180 BAEA F
7}EIQTkn YT, Wiedmeier $(1987) & Asp. oryzae WM{%E F A RA 9] wig)
W DM, ADF ¥ hemicellulose £=3}&0] 242} 39, 28 ¥ 47% A= FAHAT 3
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¥e9 Carro $(1992)L in vitro A YoM DM 1gF yeast culture 15mg #H7}A) Z:A}
B 5FAEY B8-S 30: 7022 }4E W DM % NDFe] £3&o] F73%th
2 nEsted g AYAstst FAsHA Utekgh

22 Bertrand®} Grimes(1997)= Y 3g9] Asp. oryzae fermentation extract &
oA DM % ¢4 E3&9 Hste AL Budoh

Table 28. Effect of Aspergillus and Saccharomyces cultures supplementation on in situ

dry matter disappearance of rice straw in the rumen of dairy cows(%)

Rumen exposure time(hr)

Item Treatment
24 48 72
Control 11.25+0.27" 2444070 37574117
Before
A. C? 10.91+0.14 23.17%0.39 38.61+0.50
supplementation 5
S. C 10.67 £0.43 23.95+0.84 38.01x£0.85
p Control 13.00£1.00 2522+1.40° 37.87+227°
Alfter
A. C 16.94+1.43 36.71+1.23° 41.85+1.89°
supplementation
S. C 15.62+1.04 32.87+%0.53° 41.66+3.02°
' Mean + SD

2 Aspergillus oryzae culture
> Saccharomiyces cerevisiae culture

* ® Means with different superscripts differ significantly(p<.05)
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Figure 62. Effect of Aspergillus and Saccharomyces cultures supplementation on in
situ dry matter disappearance of rice straw in the rumen of dairy

cows(%).

2) %714 8H&

=9} Aspergillus ¥ Saccharomyces W UE Fojo] W& w39 &
7)€ &4&& Table 29 H Figure 633 Rtk AlFAole wlYd AUATA =z,
Aspergillus®} Saccharomyces W& FAF7F Z+z; 11.55, 12.00 ¥ 11122 x}tol7t
Ren wjek 72A1A o e 1342, 13.85 ¥ 13.342 x}ol7} QI Fo 2& ZHE
3F Alolole ik 24A7HA) W= 13.599) wlsled Aspergilluse} Saccharomyces uj %
€ FA77 47 147638 14722 F715A vlF 48AIN AT 2T 14.019) ¥
& 15267 15572 FAF7 %D WY NRADAGE hR2F 14569 B 3tA
15.71% 15782 27}l v] Aspergillus®} Saccharomyces ¥ Y& FoFd= 3}o)

7} it
Yoon3} Stern(1996)2 &% yeast culture 57g®} Fungal culture 3g& Fo3l= 4
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QoA yeast culture® FAG HAFA #5399 liquid dilution rateo] T& Az
Fo) HlE GolA wEJU R71E LHeH AF RKIE 23] 47 186%%
121% Z75o] HolAAez FYde #7189 *do] FHolNe FFE veUdz
Busglon Wohit(1990)2 yeast culture Fojdl o3 A% A& JHFo| 71
3 Re oAzl 2AG A9 P /U RelZn AR, Arambel F
(1987)2 yeast cultures] H$® 29 ¥z 27 429 AL in vitroo] HAZ A}
4% A3 yeast cultured] $H 49 YN HE 4£4AE7} acetate®} propionate
Hl-go] FolE Ao AT Bty g AYH FAH éﬂ}i'—- Az e

Table 29. Effect of Aspergillus and Saccharomyces cultures supplementation on in situ

organic matter disappearance of rice straw in the rumen of dairy

cows(%)
Rumen expoure time (hr)
Item Treatment
24 48 72
Control 11.55+0.46' 12.85+0.34 13.42+0.18
Before )
A. C 12.00£0.11 13.10+0.23 13.85+0.60
supplementation s
S. C 11.12+0.29 12.50£0.14 13.34+£0.49
¢ Control 13.59+0.13 14.01+£0.04 14.56 £0.14
After
A. C 14.76 £0.17 15.26+0.20 15.71+0.23
supplementation
S. C 14.72+0.20 15.57+£0.38 15.78 £0.09
' Mean + SD
? Aspergillus oryzae culture
? Saccharomyces cerevisize culture
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Figure 63. Effect of Aspergillus and Saccharomyces cultures supplementation on in
situ organic matter disappearance of rice straw in the rumen of dairy

cows(%).

3) NDF £:3}8

HET9 Aspergillus B Saccharomyces HjYE Foo] wE WwEy)
NDF £4&& Table 30 ¥ Figure 648} Zth ANYAo)E W 24074 Bz,
Aspergillus®} Saccharomyces WFE F9TF7t ZrzH 1113, 1049 T 10.812 =pol7} ¢
ew v 7243A T 17.25, 1757 R 17.252 3}o]7} oy Fo 25 Frg
3% Alolole viF 48A1bA WiET 14579 MIBte] AspergillusS} Saccharomyces w)) ok
T FY977F 7 15999 15788 FIMEAo U {93 ole YT v 724)
LAz oz 17.42¢] 83t 18.059F 18.372 ZF7lstd ot §2&Ql Afole A

o Aspergillus®} Saccharomyces ¥ FE F4FULoNT o]/ Q).
Wiedmeier 5(1987)2 Asp. oryzae Al A2 wE9JuUl ADF ¥ hemi- cellulose
aghgol 42 28% H 47% A= FA4Hn, FFBUAM NDFe} ADFo] A3tge
53% 2 3% Ax F7l1€9dn Q4o Carro $(1992)L in vitro A E)A DM 1g3
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yeast culture 15mg H7}A] ZAIRS FEAIRQ HI &S 30U 7002 FASAS 9
DM % NDFe] £ &0 2718903 3t5ch. £¢ Plata S(1994) 449 F7}
FEdo] W& yeast culture 717} in situ AYIA 6413t ] NDF £3) 82 Z7}14)
Zgx &Q9en Harrison 5(1988)% Dawson §(1990)2 yeast culture H7}o] wz}
% gelglol B N4 E38) bacteriad) $¥o] 715 0] NDF 238-g0] F713ctn B
a8t E A¥H FAEA Jebsth

Table 30. Effect of Aspergillus and Saccharomyces cultures supplementation on in situ

neutral detergent fiber disappearance of rice straw in the rumen of dairy

cows(%)
Rumen exposure time (hr)
Item Treatment :
' 24 48 72
Control 11.13+0.80" 14.69+1.71 17.25+0.76
Before
A. C? 1049£1.86 14.38+0.55 17.57+1.57
supplementation s
S C 10.81£0.39 13.71%0.63 17.25+0.61
o Control  11.80+0.66 14.57+0.50 17.42+0.47
ter
A C 12.24+0.37 15.99£0.70 18.05+0.28
supplementation
S. C 12.37+0.25 15.78£0.56 18.37+0.04
' Mean + SD.
? Aspergillus oryzae culture
® Saccharomyces cerevisiae culture
- 208 -
NEEXM NS MNZEE S L HAZEO0H 0lZ2 S 2/ Direct fed microbial(DFM)JH 20l 2t8F AR



19 r
18 & Control
R 47 BA.C
@ | Oos. C.
O
E 16 i‘
|
P 15 [
a
§ 14 I
2 43l
W oo}
Z .
11 ._
10 L - -
24 48 72

Rumen exposure time(hr)

Figure 64. Effect of Aspergillus and Saccharomyces cultures supplementation on in

sifu neutral detergent fiber disappearance of rice straw in the rumen of

dairy cows(%).

4) ADF 4 3}-&

=9} Aspergillus R Saccharomyces W UE Foo] WE w9y
ADF A4&& Table 31 R Figure 659 ZTh A|FAele ujok 24A178 TwRTF,
Aspergillus R Saccharomyces ¥J%E Fo77F 242k 11.94, 1142 2 11.030.8 =H}ojr}
Ao ™ B} 72X Mo E 23.30, 2295 T 23252 o]z} YUY Fo 2= TH
B 3F Alolole wlY 48A1tA dl=F 18.75¢] m®Iste] Aspergillus R Saccharomyces
W GE FAF7} 2tz 19383 19.942 F7kEAo U foF Aole AU WY 72
AZA O = hET 23299 ®ISte 24963 24.612 F 713} %] 2.9 (p<.05) Aspergillus %

Saccharomyces W & FoFLele 2ol AT}
Wiedmeier 5(1987)& Asp. oryzae H]%¥F&E FHA] 3o w3U ADF %
hemicellulose A3}&0] Ztz} 28% % 47% Ax 4=, FFBWRAA ADFe 23
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&2 3% Ax Z7HEY F 90g9 yeastE FF A HlA cellulolytic bacteriad]
£7} mlg 398x10°24 dizFe 250x10°Rt Frlslders, FAld ADFg
hemicellulose$] 4£3&% HETHT} zZtZ 0.7%, 42% 453 /44 288 &
gA7le Aoz Budtd £ 29F3e FA18 T

ja-]l—}- Kamalamma $(1996)2 in vitro A @A YC(Yea-sacc) #7}7} NDF<}
ADFel #élgole 9%e nAA 2HUCD HuHYT Oellermann 5(1990)&
Asp. oryzae fermentation extract& YUY 0, 1, 2, 4g I} 6g Z FAAl Aol
CP, ADF ¥ NDF &38&¢ & #ol7l gl Budte & 4dd#st Ael7t AN
t}.

Table 31. Effect of Aspergillus and Saccharomyces cultures supplementation on in situ

acid detergent fiber disappearance of rice straw in the rumen of dairy

cows(%)
Rumen exposure time (hr)
Item Treatment
24 48 72
Control 11.94+0.35" 19.77+0.70 23.30+0.82
Before
A. C2? 11.42+2.90 19.49+1.77 22.95+0.68
supplementation
s. c? 11.03%1.50 19.60+1.58 23.25+0.75
Af Control 12,66 +0.29 18.75+0.58 23.29+0.28"
ter
A. C 13.36+0.33 19.38+0.45 24.96+0.59"
supplementation
S. C 13.740.26 19.9410.63 24.61 +0.85"
' Mean + SD

? Aspergillus oryzae culture

* Saccharomyces cerevisiae culture
* * Means with different superscripts differ significantly(p<.05)

NSEXN:IIE NZEE S L HALE LS
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Figure 65. Effect of Aspergillus and Saccharomyces cultures supplementation on in
situ acid detergent fiber disappearance of rice straw in the rumen of

dairy cows(%).

W 839 pH W}

WEAd B pHE 279 Aspergillus 2 Saccharomyces W) ¥E Fo 3
7 27k 641, 638 W 6382 Aolst YoYU I 23 F 7Y Y waey)
pH ¥ 3} Table 32 R Figure 663 Zo}. JF pHE Aspergillus R Saccharomyces )
FE FAFI} 2T 6499 HIstd] 27} 6287 6122 FoAHoz we Roz
Webstth(p<.05). Chiquette(1995)= Asp. Oryzae BE H7h), S. cerevisines} EF o2
A7MAE o Al FodAlst 3o F SAA wE W pHyl Weldcin sigow,
Wiedmeier 5(1987)& T%o] w)FE& Holstein 490 FAI}AL A% w9y
PIREY 77 F7Ht RN 9FLY ol&Ao] FtEtn B3 dYAr 9 R7)E B3
7b ®obA WAMEEQ] $iwAg At Aol FrM8ln 2 AR pHyL BaWtz
39 & 4% Ao fAMIAH
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NEEX:

28y Dawson §(1990)& in vitro AP A AFuYEo] w9y pHE 02 A
T Eogn Basgen, Adams $(1981)9 AFAMT EFAIE Y ZAIR S
o] 50 : 5091 71EA}ES) 1.85% $F9 ARuYES HvMstxm 1IA3Y A3 4
29y pHE gz 7o) W8] 01 AE F5Acy Busid & AYs g 23E B
ek |

Rose(1980)c AR FEE AR FFo| ¥ FFAR F/MAA F498 B+ -1
27} 2H)8E lactate dehydrogenasedl] 2J3j W o] pHAEYE W8 & oy
A5 7} lactate® o] 83} Selenomonas ruminantium®]. 33-E EAAA lactate2] o] &
He wYozH B9 pHE &Y F AT o™, Nisbets} Martin(1991)
& ARE malate & §410]§0| Y82 growth factorg FF3t] WFH PIAYES
lactate® o] &€E FNAFIEEN wEUe pHE A A ¥y Eus
b 1= 8

Table 32. “Effect of Aspergillus and - Saccharomyces cultures supplementation on the

ruminal pH of dairy cows

After feeding (hr)

Item Treatment Mean
- 05 2 5 8
Control 6.64 6.29 6.34 6.36 6.41
Before

A. C! 6.65 6.18 6.28 6.40 6.38

supplementation
S. C.2 6.62 6.20 6.31 6.39 6.38
Control 6.51 644 654 6.47 6.49°
After ) b
A C. 6.21 6.01 6.12 6.14 6.12
supplementation ' ; .
' S. C. 6.44 6.27 6.30 6.40 6.28

! Aspergillus oryzae culture
2 Saccharomyces cerevisiae culture
> * Means with different superscripts differ significantly(p<.05)
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r & Control
X BA.C.

! aos.C.
L

5 8
After Feeding(hr)

Figure 66. Effect of Aspergillus and Saccharomyces cultures supplementation on the

ruminal pH of dairy cows.

ot WhEU NHs-N &3

ANEA wEAY Bd NHe-N §3Fmg/100ml) th=F e} Aspergillus 2
Saccharomyces W& FAT7F 4 15.77, 1621 ¥ 15112 2o|7} ey g4 2
FF 74 A wNFAd NHe-N @F A3l Table 33 R Figure 673 ¥t
AspergillusS} Saccharomyces W] & FodF7¢] Al Fo 5A7ks] NHa-N §hako] 17.20¢
g ulste Ztzh 13313 14942 Q9o (p<.05) SAZHAGE R 9474 B3ty
Aspergillus ¥ ¥E FATFE 7842 A et o H(p<.05) Aspergillus ¥l YE FATF

9} Saccharomyces ¥)FE FAFrole Aol7h AT
Harrison 5(1988)% Newbold $(1990)& ZEMFE H7b7} w29y NHs N
FTEE Z2AUGR e, ol w39 vidEC 2T proteolytic, peptidolytic
3 deaminative activity7} ZF43te o] otyz, vjAEL RS0l FItste Jehd
Ageln 59.0n(Williamss} Newbold, 1990), Martin £(1989)& EZujobge] 7}
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2 Qsle] w39 o] °,J'£L] of 57} AU O acetate B THE= propionated] A
geo] o] 2/ HUAttn Baste B J¥ARe fAEAT-

Chiquette (1995)% Asp. oryzae ©% FA W NH:-N o] $743te 3%
& B@on, S cerevisiaes}t Asp. oryzaed] EFFAA 44 G522 FoPL Wucg

ulZ2elyle] NH-N %71 @tttn 3tgev] Wiedmeier 5(1987), Fondevila F
(1990) ¥ Gomez-Alarcon 5(1990)0& FHo] wWFES H/E Al wEEHU
NH:-N ¢ %57} Z718chn 2uste & 433 atel7t AU

Zgo] ujekEe syl wEYW NH-NY 3=F F7HArambel F, 1988;
Gomez-Alarcon 5, 1990; Frumholtz 5, 1989; Fondevila ¥, 1990)A17]1& olf€ ¥
3o]9] endogenous proteolytic activitys] ¢]§ proteolysis A2 wjFol2tn dH=
), o) Wiedmeier $(1987)¢] &%) vj%E 7}l proteolysise] 7]1NE E4 AW
AHbranched chain fatty acid)e] A Fol F71attn & A & + Ut

Table 33. Effect of Aspergillus and Saccharomyces cultures supplementation on the

ruminal NHs-N contents of dairy cows(mg/100ml)

After feeding (hr)

Item Treatment
- 05 2 5 8

Before Control 12.44+061 29.89+151 11.02+0.21 9.83%057
supplementatio A. C!  12.15+0.37 31.13+1.27 12.35%0.11 923067
n S. C? 11.99+037 2734%0.14 11.35%t121 9.75=0.84
After Control 12.74+£0.53 25.76+0.86 17.20+0.69° 9.47+0.30"
supplementatio A, C.  11.75+053 2561%051 13.31+0.42* 7.84+050"
n S.C. 1141077 2458%056 1494+055° 8.43%0.42"

! Aspergillus oryzae culture
Saccharomyces cerevisiae culture
® Means with different superscripts differ sxgmf1cantly(p< 05)
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& Control
EA.C.
as.C.

Ammonia-N{mg/100mI)

After Feeding(hr)

Figure 67. Effect of Aspergillus and Saccharomyces cultures supplementation on the

ruminal NH3-N contents of dairy cows(mg/100ml).

gf. HEAY FS AL T

WEAW A A YLAHVFA) @32 Table 3404 B & ulel go] ALEF
o 3084, AHaFo 2, 5 & 8AIZHA YT F VFA ¥F(mmoles/100ml)- 87.48,
7757, 7067 ¥ 7220082 yElL Aspergillus v YE FAT 9835 92.82, 80.68
73.989] w)dte] e AL Jetlo Y Saccharomyces ¥ YE FoF 89.77, 83.01,
7033 2 72263 §AVSHA Uehdth. Propionic acide] h§ acetic acid®] Hl&% )
ZTF7F 342, 229, 209 R 2560]3 Aspergillus W)FE FAF} 316, 255 246
24601008  Saccharomyces Wi ¥E FoFE 247, 188, 240 Y 2622 Mzt =

AH 723 Aol vrehx] gttt
Yoon3} Stern(1996)< yeasts} fungal culture®] @5 ForRt} EFFAA ¥FEHu
iso-acids B%x=9 W37} gd=Aon, EFF A valerated] Fx7l BolFon =
g 7 g¢E02 FAYPL grct Efoz gfcﬁjl-g_—.uﬂ is_oilalerateQJr isobutyrate®]
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2x5rt golztn Hudgrt Oellermann $(1990)2 Asp. oryzae fermentation
extracts ¥Y 1, 2, 4g T 658 ZAF FoAl M Fe] total VFAS acetate,
propionate 2] g xto]& YEhRA fgrou, 4g7 6g T WHETF9} HILs
A isovaleric acid §%o] ¥A vENtn B33P

Carro $(1992) in vitro AYA VE 1gF yeast culture 15mg Y7HA] AR
ot ¥FAEE 50 : 5028 AASUE W acetate?] FE=E FAY WA butyrates}
valerate?] ¥E& 70 4o, 30 : 7008 HA3HUE Hele VFA9] A
Aol Zr sttt Busd

Platd $(1994)2 #4539 A7sEYo] G& yeast culture H7}7} F VFAY F=
ole JFe FA Loy, HrlEFE] EolAFLEF acetated] FEE FUHEE WE
propionate£] $E8 ZAsgdn Bastyes, Chiquette (1995 Asp. oryzae ©5
A7} S, cerevisiaes} EFo 2 HIIPE W ARF A oMo acetate(P<0.01),
propionate (P=0.07)9} total VFA(P<0.01)¢] ¥%7} ¢tttz Hustgich

EFgold ARHYEL WUl VFAY AAFE F7HA7IATH(Martin
Nisbgt,‘ 1989), &% w4 E 2 H7IE acetated] Aol A 3= AKY propionate
o] AAHLE Aoz ZvEleg A/P HEE FAA e AAE XY 3 (Adams
= 1988; Wiedmeier %5, 1987; Harrison %, 1988; Newbold §, 1990), ¥ %] wiYE
71 butyrate A 9] Z719} propionate A Fe] F4A W& 23] A/P H&
o] Z7}3A4 ®HrHArambel F, 1987, Wiedmeier 7, 1987, Gomez-Alarcon, 1990;
Frumholtz 5, 1989; Fondevila %5, 1990)1 X113} ch.
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Table 34. Effect of Aspergillus and Saccharomyces cultures supplementation on the
ruminal total VFA production(mmoles/100ml) and VFA composition of

dairy cows(%)

After feeding(hr)

Treatment Items
- 05 2 5 8

C 48.52 4240 36.27 38.72

G 14.20 18.53 17.32 15.15

is0-C4 0.93 1.00 0.95 0.90

G 12.60 16.38 15.85 13.94

Control iso-Cs 0.54 1.07 0.83 0.94
Gs 0.81 1.24 1.02 0.82

total 87.48 77.57 70.67 72.20

A/P 3.42 2.29 2.09 2.56

G 55.68 52.19 44.29 41.09

G 17.61 2045 17.98 16.72

iso-C4 0.91 0.94 0.94 1.00

G 15.25 1.63 14.72 13.29

A.Cl oy 057 0.61 0.80 0.92
Cs 1.09 131 112 0.93

total 98.35 92.82 80.68 73.98

A/P 3.16 - 255 2.46 2.46

G 37.09 50.50 47.94 48.60

G 15.03 26.80 20.00 18.57

is0-Cq 0.49 0.82 0.61 0.66

s. C2 Cy 10.93 1942 19.24 1.62
iso0-Cs 0.31 0.88 0.54 0.77

GCs 0.81 1.65 1.07 0.93

total 89.77 83.01 70.33 72.26

A/P 2.47 1.88 2.40 2,62

! Aspergillus oryzae culture
g Saccharomyces cerevisige culture
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A 4 # Chromosome homologous integration H}
& 531 cellulaseE AHste MEZELE AT
A g

A1d M &
Msgogr, FJoz AYe FEHAD +3 vzke oA +
23o] gezdte A 3HAE T AAHY ol gl det o o A
A Aue] 9@ 27HAQY 13 A BE AL AP £7F Qe 4R HA-
aeg @276 AE o] AHAN 71& MEe goge Ael MEE AZIE v
¥ Rolo

A4 ABEE AR AHez &de ¢ vty HEe L8EF T BA
7b dslzm Qe A e AU ol E EAE H2Y F AT M F& U
& Afdol e ARE FIFe RUH, BAGY Po] FRE FIFUES R
JORMNE o5 AFFEH 7ZE7 B oJfE o8& Rd: e d4Fol
. B AzgAE olgge Jdo FYFAEL 1FFY Agz UER, 23}EF
29e ZEHOZ XH8E, & cellulolytic biomassE FA A FaH3H FAA)7]
E NHEAEAES U FAUANSE Ro|BE, o] dFAFE vt 483, FFH € ¥
ek ALE FFEL FFFYUIYPe By BYH FFE VE F UAEF AFEH
A AFASTHY U FFATE AYsin gonz I J¥MeHel v RAeE
Atg®r).

Hy, ARA7AY EHoz o|u ulForM AF3E  Aspergillus  oryzae
fermenatation extract (Amaferm)$} Saccharomyces cerevisiae culture® A8-® TF2|
ENA, A9 AgtEae 8190 HE cellulolytic biomassE EFH o2 g3 &
A7t A8 @AY, 33 AFvo] EAste EAHC A EFY, o] TFES WY
e HAS oz WIFRAS AAL7 aR o] FEFE E£4A AR Rtz 3
£ Aoty webA, cellulolytic biomassg #3¥ + e ALE &Y T LA
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SEL o83t AFYY T F v TFSE MNPz Qadrtes 251, o
T9 extract®} AAE BLES AR A7 7€ FFRGY €5 A}
7l @t

Ed, o] A77t 4FEHE vF § AA duely 24N dehte 28EEe
ANzdt7] At o8 F glon], oyt AR, AANY, BANFAY F R
AHA APH o] &AL A3ttt o ETE FIA ALY AR AAH AFA
< 4= st dH2 uFovt dA oig 19 239 iy 271 e, o8
o) 9 A2%F ZAE(forage)e) 19 2uIFo] 49 4WelY B, goZ 2629 e
olgt}. olgto] ¥ $2 utel $8F Y B ¢ ohlzk, A AAE HJu=
st $219) JidE AEFES Wolgity & o, B Q79 AZe gdd] gon s
t}.

2 dFdMe 2dAte) F57 vectorEE 7HA 1 ot fAFe FAAPS
AAEd 24 T7 RNA polyfnerase Fr A7} A3 e] chromosomed]] integration
HE #¥Q3tn o]FA integration® FAtdolA T7 RNA polymeraser} d& 39
o] A& cellulase gene& ¥ f38l T7 RNA polymerase promoter& A 33 vectors}
A3t HHL 23 v EZREH FAT dFd 23 fF3E 28 & £+ 4
vectorg HAMY M)A HF EIXEZ 3t cellulases L= FAHDY {4
T2 N Aot olAF FHE 2487 A5t oln] A 1dxdAME dfd
A /AR GH o)E FHAY WYY o]&4 FAL FAANEZRH A2 A4
S E3 "2 54 ALY HEO olF FAAE LI EH e HEH

D vector BB BAIS KT dlF 2A EAJL Y AR

2dAl e 13319 A7 AHE w2 Lactobacillus acidophilus®] vk EA1E
ZALIR2v], Lactobacillus acidophilus 359 @FA0) gt WA =AY F4H 72
T4 EAE o] FH R, cellulase gened FF3tE AAHE shuttle vectorE THS o]
host9l E. coli 3] A constructiong &2l8}sq}.

AN M F5E vector system2 01%3}01 electro-transformation®} ¥ 2 o] &

Al

8] T7 RNA polymerase’} integration® -F3+FF¢] cellulase7} H8Y 4 e
T7 promoter& 733t vector§ FAAFAIA FHYAY L He Aoz oty &
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ARG AT AZPE A Bt FAAFAZoIY B FAFol I8 vl
8t o] FAM AY FL3kn Y2EE vector constructiong oAl A gske] A
Yo} H4aA HYTL MFA T2 vector systemE o] &3 FAAFAA
cellulase’ F 227 S HS A

A2d Az 29

1. AGAE B3 o]L&3e nAEZRE cellulase FHAY
Banki]—
AH2E B8 o83l nAER deld wEFuRET EYTLEIER
B Afd 23 Sol ZHF cellulase FARE BRI TS0 Y4ste
Aaol @ 71ASol4 R 2% pHel Ui ¢ANE XA AsFEn
cell line ¥ 2 bank3} &1t}

2. Broad-host range vector®] 433 chromosome integration
vectore] 418
EHANE 3o AYgHoz H8%§ v]AEQY Lactic acid bacterias}
Bacillus sp. %%} o}U2} Gram positive bacteriacl]A] ¥-2|7} 7} 3 broad-host
range vectoro] i3 A E FF3T viXAH host oA EL copy numberg
AUn] HAG selection marker® 2til transformation E-&o] £ FH3FH9

shuttle vectorg& 433}

3. Proteinase-resistant3t cellulase 773
Cellulase®] proteinasec] W <AFEE =ZA3H71 S84 Hal %
(1993)e] AAG WHe WHstd e o] ANSFY Bankst¥ cellulase
SR8 E coli cloning vectordl pUC19¢] A3t FAAEAIZN L Lo

A AZF E. coli cloneSZHE] ZAAY (crude enzyme solution)E F& 8%
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th F&% RAL YL 37CeA 50mM sodium acetate buffer (pH 7.0)4rol) A
10:1(W/W)9] &2 proteinasest E@3t] mjYAI7I T A A7 HH & F
of THMIAL &4 10012 FHAF & 0.1 mM phenylmethyl sulphonyl
fluoride2 Xj2]3txa 7)Ao g residual cellulase activityE: &3}
cellulase®] proteinased] ™3 AAHAL T3t

4. FPY o] A3} Lactic acid bacteriag] & &
SHEE (A, B FHoezRE BW Lactobacillus acidophilus 7
F KCTC 3146, 3149, 3150, 3152 (swine intestine), 3153, 3154, 3155 (chick
intestine) L. bulgaricus 3188% #Z2& 7]¢dTY A28 HE §FAAQey
(Korean Collection for Type Cultures).2 ¥g E Yo}l B Ay F3=2
o] &3} At

5. Lactobacillus acidophilus, L. bulgaricusP—] v &

Lactobacillus acidophilus, L. bulgaricus®] wj%wjx]= MRS broth (DIFCO
Laboratories)& ol &3t 37ColA X% vl %3}o cellulase screening Wjx| =&
0.5% (W/V) carboxylmethylcellulose (CMC), 1.5%(W/V) agarg %% MRSC
plateg ©o]&3fo] 37CeA wjF& Kt Electroporationg 3}.7] A=
Lactobacillus acidophilus& mid-exponential growth phase (6A]13t ODeoo=1.0)7}
2 stz plasmid DNA9Y E&& 9sA= MRS brothd] 20mM
DL-threonine& 78tk =@ PAMYPE  Lactobacillus  acidophiluse)
selectiond] tetracycline (5 4 g/ml), kanamycin(lmg/ml) YA E o]} c}.

6. Lactobacillus acidophilus, L. bulgaricus 2] FFAkol] th3 WA
A}

Lactobacillus acidophilus, L. bulgaricus® AZAAZ AL AL 7139

ool 3 A4 7] gaM Bag 4EQ gEd BE Wae BAe)
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913t oxgallg 01, 05 1.0, 20 % #H7}5t MRS brothe] Lactobacillus
acidophilus, L. bulgaricus, L. casei& Z&slm 37ColA 4A WFF AFTE

2340 (Kim, 1990).

7. Lactobacillus acidophilus, L. bulgaricus®] 3AA 4 ZA

Lactobacillus acidophilus, L. bulgaricus& @A E o] &8 7% FAA
QES7] AsiA RFolol @ 2AFY FuU) AF A AT AYEE
et7] 95t 5%9) BAA (penicillin, kanamycin, erythromycin, streptomycin,
chloroamphenicol)ol]l ¥ 7+44-& Bauers} Kirby9] disc diffusion 181 (1991)
o] Z3te tpew o] Algstdch Lactobacillus acidophilus, L. bulgaricus, L.
casei F3F& MRS brothe] 37Cel A 12A1 uwjksla Tryptic soy 5 Wul o]
gaRez mEA ETF FH  Ady 243FS dXA] oF
Dispense-O-disc dispensor (DIFCO)Z #AA] disc& agar Fuio] o]t 3
TCHA 24A17F vl & z+ A Ao disc YA & (growth inhibition zone)2] 7
< 3435t AYES wIGHUF

8. Strong promoter$} signal sequence® T3t FAtT shuttle
vector?] construction

B ApoME  Lactobacillus plantarums} Enterococcus faecaliso]| X R &
promotor®} secretion signal sequenceE ©]§ vector system®] TH3} o} &
cellulase W&BLL Z7}A17]7] 9% T7 RNA polymerase/T7 promoter systems ©]
23§ vector system-& T3 3} tHFigure 68). F29| vector system$ o] &= £
& $AFANA cellulases] LAES F7HA47]17) 9% AL 2 T7 bacteriophageol A
#) 3 T7 RNA polymeraset "-$- 553}A4 T7 promoter?t A4 3} E. colivt AT
RNA polymerased] Sjsixe A48 A Fett wty $-27 A3t 448 ¢
AgHoz AN 7] $3ted T7 RNA polymerased 4@ ¢ chromosomal DNA
o] homologous integration A]7)3l, T7 promoters] £J@ cellulase & vectorg e
o] RNA transcripts§ 712717 22 cellulased] TdE Z7INE & AxEE 3
At
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9. Homologous vector-free stable chromosomal integrationg #

8} electrophoration ¥ 72

7b. &% plasmid DNAS] E. coli MC106122] §AAEH

CaCl, & ©]%3 competent E. colig T=& ¥'H(Cohen F, 1972)& c}
o3 pe WHoz ANFUDG. WA 124 A WA E. coli W% 1ml
£ LB broth 100mld] FFsle 37T M zehuokste] ODso kol 040 =2
g g7AA wsget 2dGE Lol 1083 FAF MEE 4C 5500rpm
oA 587 QAL MEE 433 60mle) 0.1IM CaChz A3t
GeolA 2087 PAF oA dAEYsd ARXE H43tn 1mle 0IM
CaCl, 9] resuspension AlZ] ¥ 2 % 0.1mlS FH3td PAAJAIE
AZ% plasmid DNASH 43 6027 $2 & 2CoH 023} 9328 & ¥
o7|e} 90018 2§ LB broth® A7tz 37TCelA 9083 AujF &
HAH YA TTE LB FouA o] T 12-16A13 st EAM 4442
colony & #1137} ‘

. A= plsmid DNAQ] Lactobacilli sp.29) FAHE

Lactobacilli sp.o] AZ§ plasmid DNAE HAAEAF)7] 93 Bates F
(1989)0] A|A] & electroporation W& WAt o7 o] AAEch. Lactobacilli
sp. T35 & MRS broth 50mis) A th4%7] (6417 ODew=1.0)7A1 ¥l%3t ch& 10,000
xgolld Y& MEE Y53 7] 1xXPEB bufferlmM MgClh 7mM
potassium phosphate, 272 sucrose, pH 74)2 2% M{Y thE 2.5XPEB buffer
25mlo) suspension AlZTh. YAAVFAZ plasmid DNA(1x#g)S LSFH A WA
3 08mle] MEHEYR H71sn 4olFUd. 2-¥9E 0.2cm  electroporator
cuvetteo] ©o]E& W3 electroporator(Bio-Rad Labratories)Z  electric  field
strength(6.25kv/cm), capacitance(25 4 F), time constant (3.5-4.0ms)ollA A3}
Electroporation® M¥E¥E ZA MRS broth oA 10d] #XA)7|2 37CelM 3AT A
wiokAl 710 A Fe A7 78 MRSC H@uA ] =2 H 37CoAM 4812
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ujge & ALY colonySg BA3EYt

p

Figure 68. &L F71A717] 91 T7 RNA polymerase/T7 promoter

system.

10. S-layer protein signal sequence® FA{E vector

construction

dA7tA e S¥AE s TS AL f48 A AA
o d7argel e =8g 71€9 fFdx EF5T obAA o]FHT 28
vector system2 B@o] ETHE o] gle ’Q7§ olt}. o] gram positive
bacteria®] cell walle] FAEZAQ Slayer protein®] ATF7} FYPHHEA o]
protein A 2t¢] signal sequenceE o]|-§3td LAY AE YPA = AT
st 3PP Ao wHA € AFAMEe aFL FEHEFHOL vector
system& oF7t W3t of signal sequericeS o] §3ted cellulase® @A77
A3 otel 2P & vector systemE A Y3}m FEaled AFEHT-
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7}. S-layer protein signal sequence9] cloning
S-layer protein signal sequenceE gene bankd] FEEoJUE
Lactobacillus brevis @3 2] S-layer protein signal sequenceE u}g o 37}
€ cloningd}l 7] 3] ofefe} Zo] primer& A28l PCR amplificationt}y
2.2 o] signal sequenceEg % %3} t}(Figure 74).

Primer (37}A))
PS1-2 : N - TTGAATTCACCCAGCCAGCCAGTACCAGAAGC
C - TAAATCTAGACCAGAAACGCTGGTGAAAGTAA
PS1-3 : N - TTGGATCCTAACTTCGGTTATACTATTCTTG
C - TAAATCTAGACCAGAAACGCTGGTGAAAGTAA
PS14 : N - TTGGTCCTAACTTCGGTTATACTATTCTTG
C - TAAATCTAGACCAGAAACGCTGGTGAAAGTAA

* C - treminal & & AY
ps 1-2 : Lactobacillus brevisol 5 7}X] promoter regiono] & HRELZ
geiA Aed o] F£71A promoter regiong T EFHF 640bpe
fragmentg FEZ3}7]9s] A2gE primer
ps 1-3 : ¥ 719 promoter regiond ¥ 7} ¥ X FF 280bpe] fragmentE
FE&37198) AZF primer
ps 1-4 : ps1-3o] A ekzr M F A 160bpe] fragmentE ZE 317158 A|2Hg

primer

%% 4 fragments§ cloning vectorq]l pGEM-T vectord] TA ligationg& 4

A3t cloninge] A Z3Hsidh.

. fAbd§ vectord) 735
g vectord] FHL IFY 2dakst 3date] AMM AFE

4t
A} EE vigoZ pNZ300M4E 7|8 vector2 3o FHELE AT

tjn

- 225 -

NEEX  IEA ANEEE S L CHAFEOH 0|22 <& Direct fed microbial(DFM)JH 20l 28 H 2 .



pNZ3004% vectorztd| o] lac promoter& 7}3|i glemz ol& A|A F= F
93} o|Fo] 2zt cloning® gene fragment® A YN AF 7] A8 siteE F A3
ZFE Aoz AYHUY-

2 pNZ3004¢]4 lac promoter® AAAAFE #2 Hind 1l EcoR
19 Agasz Astd AA AR sited F AAF7] 93 pUCL9 vector
o] Hind II9} EcoR I site2 He A @& fragmentE ligationA] AT aPA
38kbe] GALFE vector§ TF&3IHT o] vectord] S-layer protein signal
sequenced} cellulase geneg A}A]7] 71918 Fuls g

t}. Siganl sequence$} cellulase gened ligation
Cloning® signal sequenced} cellulase gene?] lagation& PCR¥H
o2 =9t} Signal sequences ¥ Tete] EcoR I or Bam H I3} Xba 19|
ggoz ZH 53 cellulase gened Xba 13} Xho 102 Z+z} Ful 5 ek
7}9] fragmentsS& PCR reaction mixtures] 4& ¥ ZZe ddd e
primer2 A A71¥ signal sequence®] Xba 13} cellulase gene®] Xba 1 M 23t
o) ligationo] gojulz #Ade]=A signal sequence$} cellulase geneo] M2 2
P8t 2L fragment7t YoAHE dUE ol &3 %A #F FFE
fragments® A7|9E02 &2AF F gel elutiondte] pET vectore] cloning 3}

it '

g}. Cellulase &@ vector 75
@ g Zulg 38kbe FAFE vector& EcoR I Sal [22
digestiondle] Hr19F5o2 EUF F gel elutiondtn @ A FHE signal
sequence$} cellulase geneo] Z{E & fragment& 2L site¢] EcoR I3} Sal 1o
2 digestiond}e] fragmentE& @O F #]9] vectors} ligationg AU

11. E. colis} f4tae] FAAE
7239 vector® $4 E. colid] FAAHL AAse LEFFE HAstn
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plasmidg W¥oz F&s879s dAsAT LAY PHL AN 71 A
AA Aol Qo] electro-transformaion WY& o] &3t8 . +4 E. coli hostZ&
MC10613% JM101-& At o] 4z 9] E. colidFE competent cell-§ A Z3}a
02 cm electroporator cuvetteol] cell€ Y i ligation mixtureE 24 Wi & 4o
# Zelectroporator(Bio-Rad Labratories)2 electric field strength(6.25kv/cm),
capacitance(25 ¢ F), time constant (3.54.0ms)o|A A A3}t Electroporation® A}X
¥ ZA) LB brothdl 4 108} XA 732 37Co|A 1A vjF & Erythromycin 34
A7} EQAE LB plated)] TL3} 24A|1 vl¥ F colonyE 9] plasmidE =AMt
PAREE colonyE AE34HT. o]FA 3y FAAFE colonyE oA FA AL
Qe LB brothel] % ¥ plasmidg F&3l ) PlasmidE 200ng/ 8 ©1/d F5 A7)
I YoM 2708 weg fAFY ARG 4AET

12. Cellulase fX=2}e] FdgA 892l
E. colio)A] cellulasef- A7t d&3e=x] otz LB agar plated]
CMC (02%)E #H7tsle 71& F Congored W& o|83ld CMCase activitys &
Al el CMCase activityr ¥ Z W @] HAYL YAH e TF& CMC7E E9le
LB agar plated] 7] ¥ congo-red§ plated] Ex 205 A 308 ¥H&A & 1M
NaCl g2 2 1587} destaining A]ZIt}S clear zoned #<id} ot

A3Ad AR R 1

1. 357} =& cellulase F-AX 1

- Aega 23] vlAEE g2 Closrridium thermocellum, Clostridium josui,
Fibrobacter succinogenes S85, Ruminococcus albus @3¢} $-e)ute} AHfadFe] wnEH2
RE 2ad# YAY wEo|dE8Q  Acinomyee KNG 40 #FF2HE cloning®
cellulase FAAES 2+7 FrHen, g AFAANE Ry A7E 58 2%
ZM B AT A 2§ Actinomyce KNG 40 FF22€ cloning® endoglucanase
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gene, WHEU]AEQ Fibrobacter succinogenes 585, Ruminococcus albus2 5] cloning$t

CMC-xylanase gened} g -glucosidase gened] O FAHA 54 7934t

2. Broad- host range vector®] 433} shuttle vector®] Xd

Gram €4 HMZL BE Gram ¥4 AF WAMNE A#HoR BA Hdo
7b5% vectord] B AHRE BIRAE B8 £SHLM, 53] E. coli-Lactic acid
bacteria shuttle vector® A4, 81 3}7) 93] Netherlands for Dairy research(NIZO)
o] De vos ¥ALZHE| pNZ1233} pNZ3004E &4 Ltew, E3] W79 Pascal
Hols2 28 pGIP7413} pGIP008S £9wol % 4719 #AA5 pNZ123% pGIP74],
pGIP008-& & 7 <] expression vector2 AHE-E T pNZ1239) § & AHEYH ¢
A =7)7} 2.8 kbol: chloramphenicold] th§k #FA# markerd A4 lew, E.
coli, Lactic acid bacteria #:%} o}u)2} Bacillus, Staphylococcus, Listeriast & T3 A
= EA7 bEdie $3Y e BAFE #2535 multicloning siteg 7FA 3 219

B a7 2o 28 Aes west

3. Proteinase-resistant3} cellulase 43

G958 ABYAM EAFHOZ cellulosic biomassE 3l & JUSHA
S ES9 AFZUA EulElE pancreatin, trypsin, elastasec] tfa] AAZ FAHA
¢ Zte  cellulaseE S AWaty] sl 4% cellulase & 7HAZ Y AR
Clostridium thermocellumdl] M %éﬂﬁ} endoglucanase A7} 2& 23U 99z EHE
Aol tatd FHolz 1A WA E FA s Pl ¥ ReE UEHNET 2
gu £ QPN  cloningdt Actinomyce KNG 40 #F2HE cloningd
endoglucanase® AW WHEHQ A3pA L0 gty A2 AYEE AR A=

Ro2 eyt

4. Lactobacillus sp.2] A2]d EAXA}
@589 ApozRE HP Lactobacillus acidophilus KCTC 3146, 3150,
3152 (swine intestine), KCTC 3155, ATCC (American Type Culture collection) 33199
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(chick intestine) @3} Lactobacillus bulgaricus KCTC 3188 #5& #=#4871&¢d &
e g9} w5 ATCCE Ry 48t 2 d79 TF2 AHgsied, 4A
2EAN ZHAE & Ay 54U WY, WEEL 44 HAge dF =4 @ 2
oS3 2L 23S Ao

7h WA AL

Aol Buldl FHAae A7 AT FLAEAAA WAL XA
A8l fratd wjgulA2 &42)W MRS brothulo] pHE 22t 49} 302 23t 484
WA TFY AFFEE SUoE I Ay FFulg 555 EAHS U
et = ©l Lactobacillus acidophilus KCTC 3146, 3152, 3155%} Lactobacillus bulgaricus
KCTC 31889 7% pH 4dAMx A JAE WA &kov 53] Lactobacillus
acidophilus KCTC 31528} Lactobacillus bulgaricus KCTC 3188 5 @3] SlojAM+ pH
3IME slobshitvl 4BE nol Ago] $58 ZF2 FALR

B WEEA EA
Fardo] Fudl FF3te YE87] AT FLAAAL HIEFAE A
71 Y8 fatd wjdul X2 L8l MRS brothuld] oxgall 58 ztzt 0.3, 2, 3, 5%
2 fA3Y 48412 wjFSAN 25 AZHEE BET P Table 3-560A4 A)A|
g uiel o] HAHoez TE FFU) oxgall 0.3% FFANET Ao AR @3t
ou] ol FF7t vlZ2 FES FEUAA EF Relr] WEAY Rez2 BEHJUT
§3] Lactobacillus acidophilus KCTC 3150 @Fo) oA HA oxgall 5%2) FEd=
Aol QA=A Fe AR Hol WEFAol /M4 Hold Aoz AU

o A FeAH 24
 RuEY D44 WHe DAl AN 139 w4Ad o
Kirby-Bauer ®'%¥(Koneman, 1979)8 ¥ ¥ &l HAG Ad FFuictt SEF P4
244E Yetdio] ojd YT S € v dW2Y JA oz RE FF o
84 Kanamycin, Streptomycino] W AFAJe] 4319120y, Lactobacillus
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acidophilus KCTC 31528} Lactobacillus bulgaricus KCTC 31889} SlojM e ©& TFl
¥]8] ampicillin, kanamycin, streptomycin, neomycin, gentamycino] 3k 34 o}

$58 Aoz yench

5. 8 AT cloningdt cellulase A} 4o g A}
£ dA7E $39 Ruminococcus albus 722 FH-E] cloning® A -glucosidase
gene3} Fibrobactor succinogenes s852F-¥] cloning§t CMC-xylanase gene, Actinomyces
sp 40222 ¥ cloning® endoglucanase® THE 2 3719 cellulase §ARFo] g
sequencing A¥& VESA HHA E4¢ o}x BT Figure 68, 69 X 70914 2
£ utet 2o 2PN mEvle ol #uAY AN €M, FHA F4F §2
A9 23 29, obuledt N@ Aol SEHUTh WA o]E FUAEE Genbanko]

523o Accessen Numberg ¥$tth.

7}. Fibrobactor succinogenes s8524-€] cloing$t CMC-Xylanase gene

sequencing &3}

(Genbank Accessen Number U94826)

A. Sequencing & A A inserte] o] : 2043 bp

B. Protein coding region : 81-2039(1958 bp)

C. Molecular weight(MW) : 68756(654 amino acid)

. Actinomyces sp. 402.2%E] cloningd endoglucanase gene

sequencing Z 3}
(Genbank Accessen Number U94825)
A. Sequencing ¥ H A insert?] Zo] : 2641 bp
B. Protein coding region : 186-2249(2063bp)
C. Molecular weight(MW) : 71846(688 amino acid)

- 230 -

2?18t Direct fed microbial(DFM)OH 0] 25t 642 ..

o

MNEEX: IIFRA MEEE S L HALEON ol



t}. Ruminococcus albus 7L 2HE cloningdt B-glucosidase gene
sequencing A3} _
(Genbank Accessen Number U92808)
A. Sequencing & Z A inserte] ol : 3225 bp
B. Protein coding region : 430-2712(2282bp)
C. Molecular weight(MW) : 84609(760 amino acid)

6. Strong promoter$} signal sequenceE ¥H3= {F4HE shuttle

vector¥] construction

7}. T7 RNA polymerase/T7 prdmoter% o] &3 ¥ systemTE
a. T7 RNA polymerase® ¥ &3t #4447 /%
b. T7 promoter®] 2]&] cellulase ‘#@8°] F== < vector +3F

. Sy
T7 RNA polymerase/T7 promoterS o] 8% U3 system+ =

T7 bacteriophageo] X #21€ T7 RNA polymerase= vj$ HE3lo T7
promoter?t 21431 wl¢ ELHoZ mRNAE THEof W oaty H@A7 2z
e 2YRAAE T7 promoter ¥ o] TG vector® FEZ o]& T7 RNA
polymeraseg ©|#oZ W@de TFo FAAZAIE o] polymerasert T7
promoterE ¢ 43) AALE AFEA Hed, 2 Aol Wl$ Eof A mRNA9 1
0~50%E #A%A drke & LA

1) T7 RNA polymeraseE w33 F4+d A
2.7kb T7 RNA polymerase genegd E. coli BL21(DE3) genomic DNAZ
BE] PCR %39 pGEM-T vectord] TA cloning3t3 T7 RNA polymerase gene
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vp2 o) pNZ3004 vector?) f4tF lac promoter§ PCR FE3le FYAA lac
promotere] ]3] T7 RNA polymerase7t 4koll ).“] B8 FYPT. =3
Lactobacillus®]  integrationg - =3}7] A8t Lactobacillus plantarum®] genomic
DNASIA homologous integrationd] o] &5 288 PCRE o|&3te ZES F 9
oA &% Lac promoter/T7 RNA polymeraseE ©|X &%  genomic DNA 4
o) insertion A]Z t}.

olgA FHE A9 vector(pGIP-LT7)E F4+F <] genomic DNA®] P Ho 2
§2APAA homologous integrationd TFFE HFT HAeF F T7 RNA
polymerase gene] W@-& &A3}l7] 35l A electrophoration-g o] &7 HAA
g B3 3P F SltH(Lactobacillus plantarum/T7 RNA polymerase, Figure 69 %
70).

2) T7 promoters] 2]8] cellulase {4 WdHo] FEHE vector

(PNZT-cellulase) &

ZHA 2] By signai-% Z 33 cellulase geneg PCR FE3lo] cellulase
gene Wdo] T7 promoterd] &3] FTHEE T7 cassetteE WIE ¥ o]F A TS
Z T7 promoter/cellulase FFAEE Zello] pNZT-cellulase vector& T=3lHTh
(Figure 71 2 72).

3) 13§ A 7/1wE T7 RNA polymeraseZ} homologous integration® &

A o) 239 vector FAAY
Lactobacillus plantarum/T7 RNA polymerase ¥ Fo] pNZT-cellulase®
FAHPAA L. plantarum-T7 RNA polymerase-cellulase system& ¢4Z@3se d4AA

e 4NEgT
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Sph )
T7 RNA pol
175D
I’ LacA

| Leem

Figure 69. pGIP741 vector$} T7 RNA polymerase geneg AZFH Al7l7] A%

homologous integration vector

Sacl

[Termination reglan LecZ

8phl

Figure 70. 7%o] ¢2¥ T7 RNA polymerase geneg chromosomal homologous
integration A]7]7] $1# pGIP-LT71 vector
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Blunt-end -
ligation Bt |

/”"‘ Xhot

3| rBS:

— Bglll .

L Xhot

T7 cassette Cellulase gene

Figure 71. pNZ123 f4+g vectore] T7 promoters} cellulase geneg AZF A7]7

2% expression vector

repA

pNZ123
- 3680 bp

T7-celiuiase gense

Scal

Figure 72. 7%o] 2 ¥ T7 promoter-cellulase gene % 8& A #4td expression

vector
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@O pI7l

PCR10/20 PlacA T7 RNA pol. PCR 10/20
[ TIIIIIIIII —1
@ pT71-2
EcoR 1 Hind III EcoR 1
', _ J |
3104 DNA 104 DNA
PlacA T7 RNA pol
® pT71-3
I N o R3: R ]
3104 PlacA po Cm 3104 Drigi.n

@ Cellulase 48 vector (pPP-cellulase)

(T 7 777772777770,

T7 promoter RBS SS ' cellulase

<gojd=>

PCR 10/20 : L. plantarume] genomic DNAZHE $#g DNA @¥Hoz ¢ &
@] homologous recombination®) 2] & integrationel] W48

« PlacA : §4t#8 lacA promoter

« T7 RNA pol : T7 RNA polymerase gene

¢ Cm® : A A) chloramphenicol A& FHA}

+ Origin : pGIP7419) 42 &4t £ replication origin

3104 : L. plantarum 31049] genomic DNA ©¥ 0.2 79 integration A] o]-&§.
RBS$} SS : L. plantarumo)] A f-2 % ribosome binding site$} signal sequence

Figure 73. f4t@8 T7 RNA pol& ##3 integration§ vectors} cellulase W

vector
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7. E. coli$} Lactobacillus sp. &5 2 homologous vector-free stable
chromosomal integration& 93} electrophoration rah-y
728 AZY plasmidE zZzt  Ecoli MC10613} Lactobacillus bulgaricus
KCTC 3188, Lactobacillus plantarum KCTC 1048 9l Y AAESF} E colic A
Ex02 CaCl, WY& A3l Lactobacillus sp.< electroporation WS AR5}
Qqeon, olg L 6250 V/ecmol X 254 FZ single electronic pulseg Foh. I
A3} table 190 X uled o] Lactobacillus bulgaricus KCTC 3188, Lactobacillus
plantarum KCTC 1048 @3 9] electroporation &g ZAME A3 plasmid 1pg 9
2z 64%X10Y, 24x10° o2 YFAFY Hgo| ¥inY e Aoz Ygyten, FF
Zre] vlme] QoiME Lactobacillus plantarum KCTC 1048 @57} 8.0 X 10°c.2 83
A% &0 HA Vbt ow, Lactobacillus bulgaricus KCTC 3188 37} 1.2 x 10°2

2 @A Yesch

Table 35. Transformation efficiency of plasmids transformed into Lactobacillus sp.

by electroporation

Strains or plasmids Efficiency(CFU/ u g)
Lactobacillus bulgaricus KCTC 3188 12 x 10°
(PNZ123)

Lactobacillus bulgaricus KCTC 3188 64 x 10'
(PNZ3004) -
Lactobacillus plantarum KCTC 1048 80 x 10
(pPNZ123)
Lactobacillus plantarum KCTC 1048 24 x 10
(PNZ3004)
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8. AJ22 cellulase}HE 93 vector +5F 23

7}. 37}A] promoter region€] cloningZ}

: 1kb marker
: 1-2 signal seq. promoter
: 1-3'signal seq. promoter

WNHZ

: 1-4 signal seq. promoter

19 74. S-layer protein signal sequence$} promoter .
ps1-2 : 640bp
ps1-3 : 280bp
psl-4 : 160bp

U, H=E cellulased {ALF& vectore T3
194 : pNZ3004(Hind II/EcoR 1 digestion)® pUCI9(Hind III/EcoR I
digestion) ligation
2¢A) : Signal sequenced} cellulase] PCR amplification¥ fragment& A&
394 : 1949 vector® EcoR I3} Sal 122 digestion¥ 2TA 9] fragment=
EcoR 1%} Sal 1.2 digestion A|Z1F ligatioh‘é}oq o}z 2} & vector’}

FEHAG

3ps(promoter) Bam HI Xba I Xho 1

cellulase

EcoR I  promoter + signal seq. Cellulase Sal 1

Figure 75. A 7% 3ps(promoter+signal sequence)+cellulase 7} #3249 vector

= 25 =
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9. Congo red testd] 2] 3 cellulase T YT ZAL
7}. E. coli JM 1019 4] activity&Q1(ZL g 76)

Flgure 76. E. coli JM101¢]] 8 A AN EE]o] CMCase activity® Hole TF

1}. Lactobacillus reuteriol] A activity®<Ql (9 77)

Figure 77. Lactobacillus reuterio] 32 A8 =lo] CMCase activity& B.ole T3
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