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Summary
(FEQoFF)

I. Title

Development of microbial feed additive for improving the efficiency of energy utilization

using solid state fermentation.
II. Objectives and importance of the Study

Among the feed ingredient, fiber is the most significant component which affect the
excretion level of the animal. In the case of ruminants, such as cattle and sheep, can
utilize fiber as nutrient, thanks to hydrolase activity secreted by rumen microorganisms. In
contrast pigs, chickens and other monogastric animals cannot digest fiber in the feed, and
therefore the necessity of adding the enzyme complex consisted of cellulase, xylanase and
amylase is increasing.

Although Bacillus, Lactobacillus, Enterococcus, Aspergillus spp. have been utilized for
the purpose of improving feed efficiency and enhancement of immune response, the
cellulase activity of those microorganisms is usually very low or no activity.

Extensive research activities to find microorganisms which have high cellulolytic
biomass-degrading activity i1s now underway around the world. The rumen harbors a
variety of microorganisms which have high cellulase activity, however, industrial application
of these microbes is still limited.

Cellulase (Endoglucanase, Exoglucanase, B-glucanase) has been widely used in food and
feed industry. These enzymes are primarily produced by 7Trichoderma, Aspergillus,
Bacillus, Clostridium, Cellulomonas. But among these microbes, possibility of being a
candidate as probiotics is extremely restricted (only Aspegillus and Bacillus are used as
probiotics). In the case of currently used probiotics on market, only their microbial
population is of concern without consideration of microbial enzyme activity. Thus, both
probiotics and enzymes separately have to be supplemented. Therefore, probiotics with the
potency of high enzyme activity may become excellent choice for our animal industry.

The probiotics can enhance the immune response through the promotion of beneficial
intestinal microbes’ population. The need for safe livestock product has been increased due
to the recent changes in consumer awareness, so the efforts to reduce antibiotic residues in
livestock product are underway. As part of these efforts, the function of probiotics as
alternative to antibiotics has emerged.

In general, probiotics are manufactured through a liquid fermentation which is a good
way to increase the microbial population, but this is not suitable method for production of

adequate probiotics to produce various kinds of enzymes. However, the technique of solid
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state fermentation for probiotics production can utilize the solid substrate as nutrient for
microbial growth, in addition to direct supply of microbial biomass, supplying a variety of
microbial metabolites at the same time i1s also the benefits of using SSF technique.
Especially, the SSF technique can be an ideal option for production of functional materials
such as cellulolytic enzymes.

In this project, we planned to select the microorganism which has high cellulase activity
and the SSF technique will be used for enhancing the microbial enzyme activity to
promote the probiotics and for the mass production of it. Because the probiotics which will
be developed, has the enzyme secretion ability and the functionality of existing probiotics,
we can expect the effect of our probiotics will enhance the availability of energy in the
animal body and promote the productivity. Especially, if the SNU’s many years research
experience about microbial enzymes and cooperative institutions, Genebiotech’s solid-state
fermentation technique will be combined, development of probiotics which maximized its
expression of metabolites and new concept of probiotics production process will be highly

possible.

M. Scope of Studies

In this research, for the purpose of improving the efficiency of energy utilization of
livestock animals, we tried to select microorganisms with high cellulolytic activity from
the rumen or other environmental niches and to develop microbial feed additives by
solid-state fermentation.

1. Development of excellent cellulolytic microorganisms

a. Establishment of microbial selection methods

- Searching screening methods to find cellulolytic microorganisms.
b. Selection of excellent cellulolytic microorganism and its identification
- Selection of target microorganism from the rumen or fermented foods using established

screening method.

c. Improvement of cellulolytic activity and its efficiency

- Searching methods for enhancing enzyme activity and its application.

d. Selection of cellulolytic gene

- Selection of endoglucanase genes from rumen cellulolytic microorganism.

e. Development of microorganism having improved cellulolytic activity

Development of microorganism having improved cellulolytic activity by classical

_10_
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mutation and genome shuffling.

Characterization for solid-state fermentation

Evaluation of ruminal digestibility of SSF product in in vitro experiments.

. Confirmation on efficacy of final microbial feed additives through animal experiments
(in vitro, in situ, in vivo)

Effect on digestibility and rumen fermentation.

Change of intestinal microbial population in the rumen and feces.

Estimation of productivity through feeding trial with broilers

. Development of production technique of microbial feed additives containing high

cellulase activity through the solid-state fermentation

=

. Establishment of microbial fermentation process

Comparative study on solid-state fermentation and liquid fermentation process.

Verification of cellulase activity using liquid and solid state fermentation process.

. Research on dietary fiber content of feeds
Dietary fiber fraction of typical feeds.
Selection of feeds for SSF.

. Establishment of enzyme activity assay

Search for proper assay methods for enzymes.

. Development of solid-state fermentation process
Search for optimum condition for fermentation process with selected microorganism

(optimal media, water content, fermentation time, etc).

. Characterization of selected microorganism.

Verification of thermal stability of selected microorganism and its enzyme.
Establishment of mass production process
Establishment of mass production process and condition

Production of prototype product

. Test of developed product’s stability

Changes in number of microbes and enzyme activity

. Comparison with competitive products.

_11_



- Comparison with microbial feed additives on the market.

IV. Research and development results

1. Development of excellent cellulolytic microorganisms

a. Establishment of microbial selection methods
- Among the several methods such as filter paper degradation, congo red staining, lysis
of chromogenic cellulose and agar plates with dyed-cellulose, the last one was chosen

as most efficient and reliable method to screen out cellulolytic microorganisms.

b. Selection of excellent cellulolytic microorganism and its identification

- Using the prepared screening plates, we isolated 38 microorganisms from rumen and 10
microorganisms from fermented foods and stored frozen. The microorganism which was
1solated from rumen was identified as Bacillus licheniformis, and the microorganism

which was isolated from fermented food was Bacillus subtilis.

c. Research on Increasing cellulolytic activity and its efficiency

- In the 1st year studies, we selected two microorganisms (Bacillus subtilis, Bacillus
licheniformis) and to enhance enzyme activity of those two microbes, we used the
traditional mutation method (U.V. irradiation, EMS treatment) and genome shuffling.
The enzyme activity was increased by 25% for P11 which was treated with EMS,
1009 for GS2 which was mutated by genome shuffling method.

d. Selection of cellulolytic gene

- We selected endoglucanse gene (Cel5) from cellulolytic bacteria, FEubacterium
cellulosolvens which was ruminal microorganism isolated during the 1st year research.
And the selected endoglucanase gene was transformed into the E. co/i and confirmed

its enzyme activity.

e. Development of microorganism with improved cellulolytic activity
- The enzyme activity of selected Bacillus sp. #6 was 0.04U/ml and activity of avicelase
and xylanase was negligible. Optimal pH and temperature was pH 5 and 50T,

respectively and CMCase enzyme activity was 0.072U/ml at optimum condition.
- EMS-treated P11 was selected as the best mutant by screening with trypan blue plate.

The mutants P11’s CMCase enzyme activity was 0.05U/ml at the condition of pH 6.6
and 37C. And the optimal pH and temperature was pH 5 and 50T, respectively.

_12_
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Characterization for solid-state fermentation

Optimal fermentation time for Bacillus sp. #6 was 72 hour and optimal
substrate-to-water ratio was 1:1.

- When added 20% Bacillus sp. # to the forage, the dry matter digestibility was
improved by 25.8%.

g. Test of efficacy of final developed microbial feed additives through animal experiment
(in vitro, in situ, in vivo)

- The results of in vitro digestibility experiment showed significant difference between
control and treatment with Bacillus #6 (P<0.05). There was also large difference in
VFA production, which is believed due to increased A fraction of CHO and CP in the
substrate during fermentation with the microbial additive treatment.

- There was significant difference in the in situ dry matter disappearance rate between
the control group and Bacillus sp. #6 treatment group during the 9 hour to 48 hour
incubation. Similar pattern was also observed in the protein disappearance rate with
more than 20% differences (P<0.05).

- Judging from the amount of DNA isolated from in vitro rumen samples, the cellulolytic
bacteria and methanogen population was decreased.

- It seemed that the microbial product had bile acid tolerance at lower than 0.05% oxgall.
Bacillus sp. # has some degree of resistance compared with other probiotics such as
L. bulgaricus and L. lactis which are sensitive at the low level of bile acid.

- When we checked the acid tolerance at the pH 2.5, and pH 3, the CFU at the acidic
condition show similar compared with pH 5 which was optimal condition for enzyme
activity of microbial feed additive.

- Supplementation of Bacillus sp. #6 did not give any significant influences on apparent
digestibility and nitrogen balance. Rumen fermentation and microbial population in the
ruminal fluid and feces were not affected by the treatment with microbial feed
additive.

— To evaluate the effect of microbial feed additive on the monogastric animal, we
conducted feeding trial with broilers. And the results showed that the group which
was treated with 0.1% fermentation enzyme had significant effect on body weight gain

(BWG@G), feed conversion rate, true metabolize energy (TME) and its efficiency.

2. Development of production technique of microbial feed additives containing high
cellulase activity through the solid-state fermentation.

a. Establishment the microbial fermentation process
- Through the comparison of enzyme activity of Aspergillus oryzae, Aspergillus niger
and 7Trichoderma reeser after liquid and solid state fermentation, the enzyme activity of

solid state fermentation was higher than liquid one. And wheat bran with high carbon
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source (C/N ratio : 20) had high degree of enzyme secretion.

. Research of dietary fiber content of each feed

The total NSP content of the cell membrane was high in the wheat bran which had
high crude fiber content, and the content of pentosan and hemicelluloses was also high.
In the soybean meal, total content of NSP was lowest and pentosan content was
relatively high. And in the case of corn, the hemicellulose content was high.

For the efficient cellulase production, wheat bran was selected as optimal substrate for

solid-state fermentation because of its high content of cellulose and hemicellulose.

. Establishment of enzyme activity assay

Three assay methods having different procedures for detecting reducing sugars were
compared to find best method.

The assay which use disodium hydrogen phosphate—citric acid buffer and DNS solution
was chosen for the standard method in our project, because of its ability to express

the prepared samples’ enzyme activity.

. Development of solid-state fermentation process

From the results of fermentation according to the type of substrate with Bacillus sp.
# and mutant P11 and B. /licheniformis G7 isolated from the rumen, SW media
(soybean meal + wheat bran, 6:4 and C/N ratio = 10) was chosen for the optimal
media composition.

The optimum level of carbon sources such as cellulose, cellobiose and lactose was
about 5%.

The cellulase activity was increased by 50% when urea was added as nitrogen source.

In the form of fermentation type, at the aerobic fermentation condition, mutant P11 had
higher activity, and Bacillus sp. #6 was proper candidate for anaerobic fermentation
condition and had more than 30% higher activity than mutant P11.

Although the optimal water content was determined as 65%, we chose 50% because of
the problems in mass production.

For the determination of optimal fermentation condition, 40C for mutant P11, 35C for
Bacillus sp. #6, and other factors (amount of inoculums = 10°CFU/g, more than pH 5,

fermentation for 60 hour) was applied for the test conditions of pilot scale production.

. Characterization of selected microorganism

There was little effect on the number of mutant P11 even at 100C for 10 min. On the
other hand, the enzyme activity was stable after treatment with 60C for 10 min.
However after treatment at higher than 70T, loss of enzyme activity was detected.

And after treatment with 100C for 10 min, 50% level of enzyme activity was observed.
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g. Establishment of mass production process

-  Through the result of conducting preliminary research with each selected
microorganisms for the mass production, B. subtilis #6 was finally chosen as
candidate because of its maintenance of high cellulase activity at about 1,500 U/g.

- The fermentation of B. subtilis #6 alone had higher enzyme activity than fermentation
together with B. licheniformis G7.

- Optimal fermentation time was 42 hours in subsequent studies so that in the mass
production, fermentation time will be able to be shortened from 60 hours to 42745
hours.

- Sufficient aeration was an essential culture condition for B. subtilis #6 for the

production of cellulase.

h. Test of developed product’s stability
- Though the cellulase activity was approximately 87% compared to the initial level, the

number of microorganism was maintained about 10 cfu/g after 6 months of storage.

1. Comparison with other commercial products

- Bacillus sp. #6 produced by pilot scale processing had more than 80% higher enzyme
activity compared with other probiotic samples. And in terms of microbial population of
Bacillus sp. #6, the degree 4.0X109CFU/g was absolutely high. So, solid-state

fermentation product of Bacillus sp. #6 is a far superior product than other products.
V. Utilization of research results and achievements

-Isolation of cellulolytic microorganism from the rumen.

-Development of solid-state fermentation technique to produce environmental friendly and
functional microbial feed additives.

-Securement of the technique for reducing environmental load through utilization of
microbial additives which express cellulolytic enzymes.

-Development of microbial feed additives having high cellulolytic enzymes activities as
antibiotic alternatives.

-Increasing farm income through reducing production costs and digestive disease
prevention and environmental improvement, promoted by enhancing cellulolytic activity.
-Enforcement of product’s competitiveness through development of environmental friendly

solid-state fermentation technique and production capacity.
-Increasing exports through the sales of microbial feed additive.
-Accumulation of research capacity of enzyme production for the production of

bio—energy utilized biomass.
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Component 100ml
Mineral I sol. 20ml
Mineral II sol. 20ml
Resazurine 0.1ml
Rumen fluid 20ml
Vitamin mixture 1.0ml
VFA sol. 6.7ml
Casein(acid hydrolyzed casein) 2g
Hemin sol. 0.1ml
Carbon source 0.5g
8% N32C03 5ml
2.5% Cysteine-HCl 0.1ml
Agar 2g

*mineral sol. I : KHoPOy4 4.5¢ in 1L of distilled water
mineral sol. II : CaCly(anhydrous) 0.25g, MgSOs(anhydrous) 0.25g, NaCl 4.5g, (NH4)»SO; 45g, MnSOg#H.0 0.1g, FeSO#7HO 0.1g,
CoClax6H:0 0.01g, ZnSOs+7H:0 0.1g in 1L of distilled water
VFA sol. @ Acetic acid 17ml, Butyric acid 4ml, Propionic acid 6ml, iso-butyric acid 1ml, n-valeric acid 1ml, iso-valeric acid 1ml,
DL-a-methylbutyric acid 1ml in 1L in distilled water

o Hfa B BH VAEY A2

]
FehlSs T3 TtH2™ 3). Xﬂlﬂ plate media®ll cellulaseE $Hr3tF filter paperS %‘0}%
24N F ASkE zones RIS AL 19 33 o] Mol AR A= RS ST 4 ATk W
WA= A wdl A=Y o 9EFs mHom (a9 4), nAES s
I Ao Ardt 45 wRgo 1000 FEe] 230 WE F

colonyE 1xp4 o2 Autst (19 4) 33|19 subculture IS AA FFE5 5431, Holstein AA

o
o 30 fo
= o & Hob o
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ol A 30F, A AgelA 8F9] mAEL] Autale] 30% glycerolE H7FeF & -80C deep freezerol
54 Busi.

19 5 cellulase®l] 3] YEFH colorless zone.

SATIH ave ’ ‘
5

o] &, AefitFel wiESeA HEE 159 wFe Ak 57 FHdAE Aes S ERlsa
L5k W] 93t identifications A3 T]

S A A
JINES B2 AEsHor BAE Ay NCBIY SE% Bacllus lichenitormis ATCC
A

on,
A

w2k G5, G6, GTol tiah =738l v 3

] =
HEE FJoe o7 AlmHny Ee Ay wAET] gk A cellulase activity 58S 918k
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ength=4222507

Features in this part of subject sequence:
IRNA-ribosomsl protein

Score = 490 bits (265), Expect = 2e-135

Identities = 267/268 (898%), Gaps = 0/268 (0%)

Strand=Flus/Minus

A 2 % AFD) EAGE e 2o B4 $5EF A2

7. A9

g Ogor ARg AFAZ AHS
ANsErh #F A gwel weh RaY=

7Ved dFE HRE WA 4

Bacillus spp.?] A3 MNEF #FFE°]| 3] colony?] gram staining % morphological 54 S

B3 o] Bacillus spp. = H@EE AFZ cellulase 84 HAEES 98] Adsidch A o
S WG o=E ZH7} cellulase HIZ~EE agar WA o] H{E3to] 24A17F & 1 3k A J9 =27

r

2 Folsto] o] A Eo] 10mm o]l FF 105 1A Adsidrh AuE FFEE
#1(13mm), #4(14mm), #5(15mm), #6(13mm), #7(13mm), #3(10mm), #9(13mm), #12(13mm),
#13(14mm), #14(10mm)E 10~15mme] WIS veulth. Cellulase 3 Z/do] &Qld #5F&
At kS E3] cellulase EHEA EIAEE AAst 22 #F 1028 HEF MAdagrh
API kitE ©o|&3t A A B subtilis¢t 43 MBS EA3F o™, B subtiliset 98%°] 7
¢ homologyZ &olstglon Mutyl #3o =S 9& APl kit2 o &38le] 13 4L A
Al 8} ai T

U, Aulg SHFF 971 89
Ayl SR 5o 9A7E hgRoR sty Yate] wEEYdA AEE A RBB-CMCE carbon
source = /\}%‘3}01 screening agar medias A Z3FA T} AdE 1 /&Eg T o)A cellulased] #71E 2t
o

W29 v A E 3 uREA 2 colony 9Ol EAE = F97F HAsE AS g91E 4 9l
), FEIEHAQl SN Bacillus? FAEAC 7] WHS Falo] Aty uyET FollA
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1, 4,5 6,789 12 13, 149 & 1059 =] Afra 28 240 e Aoz ¢4 AdEoin

3 2. Composition of screening agar

component 100ml
Yeast extract 2g
CMC 0.8¢g
RBB-CMC 0.2¢g
glucose 0.2g
(NH4)2S04 0.25g

a8 AdkE FE PAES] o7 gl

F F o AZT cellulase activity®] S4S flsto] AL nAE] wjdd o] FAHATE ALl
4,5, 6, TH 3+ cellulase activityE &21517] $18Fe] nutrient brothol| Al 48hrsQt Hi kE] o
< 13,000rpmel A 15mins <t YAlEElste] 45 HE enzyme assayol AHESFATE S

T A Bl EAa(CMCase)®] 97F= carboxymethyl celluloseZ5-E 235 o] Yo 2
&S 3, 5- Dinitrosalicyclic acid(DNS)Z Q& WAy = Aoz 45 o 2] BA3519h ¢
59 0.Iml& 1% CMC solution 50ul#F &3ate] 50C water batholl Al 1A17Hs<t wj st < 3

o> rﬂo
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solutione H7Fate] ¥H3-S AAAZ] AL boiling waterdl] 5&7F WhAA AIAIZI & UV spectrometer
& o]&ste] FRLEE FA T Ehol o SHE = glucosed Fe FAH] flot glucoseE: i
TEAR sto] dEdES A ¢ on OJE‘—’W] *ZHO = J‘%4 TEE SASAY @9+ Unit/ml= 1

14

1.2

o.D
=T =
m o

i / —#—polucose standard

0 0.2 04 0.6 02 1 12

Iy 9. 29 7. @40 o) wAEE YT =4 93 glucose standard(mg/0.1ml)

=) 7ol A lga Fo] Ak vgEe] 97k= a9 83 2th Nutrient brotholl A 48hr k&l
F2F, 0.011U/ml, 0.010U/ml) 493} 7He] 49 &3

4% 597 6 ]*Eﬁoﬂ A Q7F =4 SAE AL
e SA4HA ﬂ‘)r - w2 Q7S YERQITE o] %] A del A Nutrient brothel CMCE 05%% 7}
5to] medias A8, A A LA 48hr vl 3 DNS reducing sugar assays G-+ A3}
5, 611 2 7H mAEAA cellulased] 73 S SAT 7 AdATHEZZE, 0.0818U/ml, 0.0783U/ml,
0.0323U/ml). °]+= media®l 71 CMC7} vl E9o] 7HAaL A+ cellulase gene®] inducer® 2H-8-3+ 2
W ARk Bk 49 P AAES CMCO #7belle E7tstal 971 @45 UehA] ekl et o5
7} cellulases 94 0}7‘] %= Aoz vopEm, o= AR screening Aol HojE Aol AAsH

ol HAFA FHE = mediadl CMC H7p7F A vl ALY cellulase E40 F3s HZIth=
Ayjo| me} o2 $R FF 97t AdS 9 Az wiAddl= Nutrient brothet g7 05%<] CMC
7 A7k A AFA AREE 4, 5 6, THS AQdd F 65 A dFek Al AbgelA e
714 wF 1F°] CMC 71 media®ll A 48hraQt wigE lom weF ofF S HE AFH st 4T
2]3 & DNS reducing sugar assay® activity =4 A& AL&3}3it).

Ao Aty FFE A9 659 #F A CMCase activityS HJTHZH 9). 1 T 1W, 8,
14 571 53] =2 97tE ByoH 0066U/ml, 0.061U/ml, 0.068U/ml), WF5=2lol A 2l€ GIOH

9 7= B rK 0047U/ml S+ screening plated] A S colorless zones YERN O]

ro o

o7 AzEHJoL /“Zﬂ DNS assaydld = & TFET ¥ 97E B
(0.018U/ml), °]= 9 7} /‘37‘}0} enzyme? type©] intra cellular typeol] &3t Aoz FAH AT}
A or AEFTAA AwE F 1059 75 F s B @40 B #FE 1,56 8 149 #
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0.09

0.08

0.07

0.06

0.05

Lotz B Nutrient Broth

Es W Mutrient Broth + CMC
0.02

0.01

o | M , :
4 5 6 7

microorganism

Unit/ml

7% 10. media®] A W& cellulase activity(U/ml).

0.08

0.07

0.06 -

005

0.04 -

0.03 -
0.02 A
0.01 + I
a - T T T T
8 a 12 3 14

ufml

G10

microorganism

Y 11, A EolA] AerE 7529 enzyme activity(U/ml).

A1 7 Q4T 2 aPLEEE T 24084 v

7}. Cellulase 2@ 2 3 g4 ¢s H2E

Cellulase A2HS $3 dwts wjx]x=

C/N ratiox 771002 F& Alg5HE &@429

o,
o o

% 39 YERATE A S|
2 lactose ¥ celluloseE T2 AFE3¢ o

l:o{:
lo
o,
o
B

{0
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c}iq_ [q_g]_;\.] E /\lfsqoﬂ}q_‘: 10L oﬂ}\hﬂ-ﬁﬂg: o]&g]_oq lactose

(i
1;01.
rfo
ki
rr
8
o3
Do

Ao 7 yeast extract, peptone, CSLES AF&3slA T}t &3k &H A 2 F3o]
Az o] Aekst x2S A oW, air pressures SpsiE AAR om WFAIIFS T2A| 7o
2 AAS VIFHAES AAGYGY. H2E #F2E hEAQA cellulase ABAbo Alg5 =

[e)
Trichoderma reesei 2 Aspergillus niger, Aspergillus oryzae 5% o]&3to] z+z}

ol
L=,
B marg ol vlw ek

e

=
T
o

# 3. Cellulase &S 9gk At g w2 24

Medium composition g/L

1. C source
Lactose

2. N source

Yeast extract 0.3
Peptone 0.75
CSL 5
3. Minerals

CaCly 2H20 0.3
CoCl2 6H20 0.0036
ZnS0O4 HO 0.0014
MnSO, H20 0.0016
FeSOs 7TH20 0.00271
MgSO4 7H20 0.3
KH2PO4 2.0

Y. Cellulase 238 & $3 14¢s H2E
IS 9k e s AR S5, ANy gi5eks 747

Cellulase
F4 dietary fiber 3t AAste] FHF cellulase Edo] =2 HAE AAHS 93 vjx

24 A4 BgsnA

_35_



3E 4. Cellulase Tds 918 4ds =4
Factor Condition
Fermentation Temp. 28-32TC
Moisture content 950%
pH 6.577.0
Aeration/ Humidity Agitation at 34C/ 90%
Fermentation time 12hrs

t}. Cellulase A EA4ud

Cellulase A2 carboxymethyl cellulase(CMC)E 7]d & 3o a4
A Eo] YA H= LD (reducing sugar)= A H3t] cellulased FAHAEE
R = . g

(1) 71884

Carboxymethylcellulose(CMC) 1g< 20mM sodium acetate buffer(pH
o] 1% WEEFFIIUA 718 Ao R &t

lgs TFF 9mlol €324 10ml=

- 40T W 30 5‘—7& E%
- DNS(dinitrosalicylic acid) &< 3ml= % 7}ste] ¥H-§-F A
- 1083 E&dA T8

. N
ETA Asy FH

=

Fﬂl'

ol

$2

k=3
£ glucose lumolol & T3t T
7

4 EN

o
=

Bk
o,
ol

1 F= Atk

o}

g7 7)Aol #
%4, 5484 24

55) &< 100ml o

ZS lunit2 A9 s},

2. A4 9 AL ETE 53 Cellulase EA H

Aspergillus oryzae, Aspergillus niger 2 Trichoderma reesei ﬁ?—% o] &3k A 9 31
g HAEE &3 94948 vust 295 1 5o Yeuidloh 72 dFEE Al s 1
O AR FANA 2 484 YERAY. &g, a4 E Oﬂ/ﬂE A5 WE g4
grlol ZolE Ealsl o, C/N ratio’} W2 A4S Eo] i3k tFu s 84A9S
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ol {3 AT (C/N ratio: 200014 HL E4AUdS Uehfo] £33 Yebd HA A4
g =74 (C/N ratio: 7~10)¥+= 2}o] S H Yt}
E 5 A 2 Aty HAEE E3F cellulase &4 v
Microorganisms Raw materials SSF (U/g) SmF (U/mL)
Corn 13.30
A. oryzae SBM 3.18 0.33
Wheat bran 32.18
Corn 36.36
A. niger SBM 15.77 1.12
Wheat bran 50.44
Corn 58.43
1. reeser SBM 39.20 3.42
Wheat bran 78.32
Al 4 A, 953 dietary fiber XA 2 4T E L X AA
A 13 d5d U E 4 dietary fiber 8 XA}
F 3T AEAY tiE] AOAC 4RSS 7oz ditdE 248 HAAsid e, 1 4
H}E 7 69 YERN AT
¥ 6. AFEAYE AR S 24 A 3H(%)
Corn Soybean meal Wheat bran
Moisture 12.25 10.43 11.68
Crude protein 757 46.43 14.43
Crude fibre 3.1 3.94 8.2
Crude fat 6.93 0.35 2.7
Ash (DM basis) 2.11 6.22 5.21
L e Ay o] AlE Ao tidk MEY FAEAY i3 A4S Van Soest WH
¥} Updegroff < 01%5} 1 o1 total pentosan, pentose 212 Frazer 5 (1956)2] #A14
MS o] &dte] HAS AA T Pectin® #4]9]+= Sadasivan ¥ Annison (1996)¢] #A14+
H(FFSAH) S AHE3tA o™, total NSPHF2 Englyst®t Cummings "H-& 7|22 H] A



2 o] gato] AEAAY total NSPHHS P ske] E 7o) teh it

¥ 7. AE AU dietary fiber (Total pentosan, cellulose, hemicellulose, Pectin, Lignin,
Total NSP) 273 (%)

Ingredient Soybean meal Wheat bran Com
Pentosan 4.64+0.88 15.02+1.37 3.95+0.37
Pectin 2.20£0.46 8.15+4.31 2.96£0.75
Cellulose 2.12+0.22 5.1+0.03 1.45+0.16
Hemicellulose 3.30+0.26 20.29+5.01 7.38+2.35
Lignin 0.51+0.08 2.34+0.11 0.60+0.05
Total NSP 12.59+0.14 36.65+0.61 16.60+0.73
(Mean *+ S.D., n=3) (B oddsha/ de AR g 3], 2009)
AZuel % NSP W@e EMfa wel wwd we Auveld ¥A urhdo
pentosan® hemicellulose 33 A =& oz ZALEAT 5o 4% total NSP 3=
o] 44 vl HAbE gl om, wap_ 2o Al w9, S5 7

9 hemicellulose & #o] =4 ZAIE AL} o] Ax S
Ay E daz o Hﬂﬂ ol Al cellulase &do] 7MY =& A} A st= A
2 cellulose ¥ hemicellulose §F#Fo] ®& 952 AWy 7} ¢

A59 Ao wGHAY.

A2 vAE TR R GAER B FHA FEWMAZY AA

LAREE S vAE EE B AU HA wiA S AV Aol e ket
Zol AMulE Fo FEWAR AAGACH, AWy E FUAERE I A AFa o] =
© wheat straw, soybean hull, rice chaffS 5% <22 7} cellulase A S =o]7] ¢
g F7F HEEES W3 3513

s 20 s f8 27 HEATd wE 2R RE AW 27 HEA
F5 107107 cfu/gZbA HEFS Delste] 32TolA 4843t Bt WS S &4 HAYS
A ekt AU A O R A niger FFE AMEEIG oM HEFFE 10" cfug FEHE A
0U/go.2 714 3 A5 doj(ad 10) 7] HEu57F 242840 J9FE vE 5 3

& gtk
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w

o Qo o o o Q O
P~ W wn o= 6 o o

(3/n) Aynipoe aseynan

o 4

Inoculation concentration {log cfu/g)

e
=

a9 12. A niger 9 FE X wWE cellulased

el

™

o

7] HET S cellulase

=

o]

FL R = !
Vel o, e #4E 6.1X10° CFU/ge 752 YERS

ol 194 o YeR Rl Cellulase 2@

d|

=
=

247 7kell H oy

ow 4 76X10° CFU/go= oF 10H)
IR, EAaH 7}

A

7}

i

5U/g o2
P, 2ol B

S

-
R

4= 15X10° CFU/g7HA] =

2%

F AT
°]

15

FrA =9k,

7
No

B
N

7}

=
[¢}

o] A%Hor

71 A A ol A

T =
- =

o

A
B

=K

s

o},

—~
file)

o
~dl

ot

I

o

ol
=

BER BRI

FfnpFoq
= (= = = = = =
fa ] 53] [~ o un = [
= = = o = o =
L] 2 1] ] = L]
— =

(3/n) Anmoe aseynyjn

96

72

48

24

=f=Total cell count{Log cfu/g)

=== Cellulase (U/g)

cellulase &&= W3}

FAREe] wE o H

=13
=

a9 13. A. niger 9
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A 1 3. Cellulase B4 -1 : AAZZAZA £

.

A Z 2o} Al (cellulase, A A3 & 4)E glucose?] B-14 AFol 93t HFE MEZQ 2~
(cellulose, AG2)9 71=E&d Fst=  Fxolgh WA A
= X g

o]

a9 carboxymethyl

HEAIA 71 o]l E3) w0 ]
4

-
-
o

)
o
3

Y (reducing

- Sodium acetate Buffer, 0.1M, pH 55 (4C, 25+ H.3)

- Solution A : 11.55 ml glacial acetic acid(Merck Cat No. 1.00063.1011)/liter (0.2M)

— Solution B : 27.2g sodium acetate trihydrate(sigma Cat No. 236500)/liter (0.2M)

- Solution Bell Solution AE 443 &3l pH 559 §H4S e 47 98 HF
200mlZ 3] 43} sodium acetate buffer, 0.1M, pH 55 &<o] Ht}

2) 714 &9
- 2% CMC solution
- Sodium acetate Buffer, 0.1M, pH 555 ©]&3}o] CMC (sigma Cat No. C-5678) 2g2
< 2g/100mle] ¥ =% =QIt}.
(3) A - §of
- IN-NaOH &<
— DNS reagent : 2% NaOH 1L © th&9 AFES AFetA Wo] 5t wr=Al /EA
o7 A°kE ¥Wal ¢hd3] FolwA whETH
400 g of potassium sodium tartrate tetrahydrate
1 g of NaSOs
4 g of Phenol
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20g of Dinitrosalicylic acid
F7) &de HF 2271 HA dck(with distilled water). 4T WA RS 3 27370€ 7
Ab-g-o] ks &tk
3,5-dinitrosalicylic acid (Sigma, Cat No. D0550-500G)

o
(1) &4 4

- ARE FRTel &AA AT sER A

acetate BufferE A}M-& 3t}

toh e A A= 0.1IM sodium

(o

(2) Fd =9 =4

- 2% CMC €9 1mlS A g o #H3ha,

- o]7]9] 0.1M sodium acetate Buffer 1mlS 7}3le] &=
- 45C 9] Fq24Fo A 387F AL &

IN*NaOH %"—'1 Iml& 7}’5}04 W8S AAAITHES 100T ] #5 =olA

- 100C ¥+ EollA] 51t vHEA 7t

- 283 FHFE Smle] HA AR

- 550nmoll A OD#S =43ste] CMCZHEE #1
o] AEES SomogyiH ot} Bertrandy < o] & SHE E%‘%”%).

A 3T FS G ugolet

Z=2 1 2% CMC €9 1ml 0.IM sodium acetate Buffer 1ml, IN-NaOHE < 1mlE 7}

of E53, A E4d ImlE 713 8 1mle A TS Aol glucoseZA FA

o o

rﬂ
r*o
@
o
(@]
o
wn
e
lo
o2
o
rlot
2
ot
*
r U
ro,

-

2. At
4 AR d9E 45ToA 6057 A EE A D (glucose) o] mgFEA FEA S
FAFAE - (G - B) X 10 X F (F= f299] 3464

Al 2 3. Cellulase ¥4 ¥ 2

7} 944

A ZghobAl (cellulase, 2R & 4)E glucose2] B-14 Agte] 9sle] £dH AE8Zo A~
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(cellulose, 49 7o #HoJst= Fxolth. WA AHAF4%<9  carboxymethyl
cellulose(CMC)E 7122 3lo] 845 ZEA7A 7]do] Haxo AAHEE YD (reducing
sugar)S A #Fdle] cellulase?] FAHEE =

=

=
=
=

g, Aok

RE A $AEL ARG DWE Azs] 4R 2L WA/ AN 278 Aokl
n g,

(1) 9k-g &-H

- Sodium acetate Buffer, 0.1M, pH 55 (4TC, 25 H3)

- Solution A : 11.55 ml glacial acetic acid(Merck Cat No. 1.00063.1011)/liter (0.2M)

- Solution B : 27.2g sodium acetate trihydrate(sigma Cat No. 236500)/liter (0.2M)
Solution Bell Solution AS A 43| £%3sle] pH 559 &4 W=t Ay 898 HAF
200ml= 3] 43} sodium acetate buffer, 0.1M, pH 55 & <o] FHt},

2) 714 &9
- 1% CMC solution
- Sodium acetate Buffer, 0.IM, pH 55 ©¢]-&3t] CMC (sigma Cat No. C-5678) 1g=
< 1g/100mle] ¥ =% =21t}
(3) AA A gl
- DNS reagent : 2% NaOH 1L °l t59 Aefss AZetA Yol =l wh=A] 74
o7 A°kE Wi ¢hd3] oW whET.
400 g of potassium sodium tartrate tetrahydrate
1 g of NaxSOs
4 g of Phenol
20g of Dinitrosalicylic acid
A7) gHe HE 2¢7F HA Foh(with distilled water). 4C WA RAS stw 2737747k
Ab-g-0] 7hs skt
3,5-dinitrosalicylic acid (Sigma, Cat No. @ DO0550-10G, D0550-25G, D0550-100G,
D0550-500G)

=
3g°l 0.1M sodium acetate Buffer 30mlS 9o} 147+ F=3}(in 50ml tube).
=

_ /\] 4

- A7 FEES 3000rpm, 1023 fAEEste] 45 dAS 045 um syringe filter2 o] 2}k
=
Pz

|
Y
i
o
ot
1%
rot
ofo
&
o
fols
2
ot
>~
>
ofo
rot
v
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(2) &=

- 1% CMC
£ 7tste] &3tsth
- 45T 9] F2FFxA 53t oA Fgt)
- ZAaN(HFE] g A, sAME F) 10 wEs o] &3t
- A&t Al 45Tl A 30i7F wkg-ghrh
- R A Alolli= DNS &9 900ul s o] ot
- 100C &+ EolA] 51 vgAI T
- Y2 Y4 ¢ 540nmelA FHEE S4S
- A EANA zerox FFF 300109 DNS 900u0E @il w23l 8ol Alg 3o},
- EEA 1% CMC €9 15040, 0.1M sodium acetate Buffer 140x0, DNS &< 900u0=

Fhskel Egsta, thAl Ea9) 100 Fheke] o] &Fe

2. AA

AT G9E 45TAA 12 F<kd 1mmold glucoseE AAstE &49 o=
A o] gkt

FLBHEU/R = (4 BT OD@- &4 tZTe] ODFI*I3IxF(E] 4w %)

A 3 3. Cellulase ¥4 3
7. 4uk ¢

Cellulase+= celluloseE 3t TS AYAikst=d, g

HES-& do A do. WA A3E colorimeter 2 =74 3}

o F8 7171

- Ultraviolet-visible spectrophotometer (UV 1601)
- g4 (40+27C)

— Electron Balance

- Vortex agitator
2. Ao}
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(1)

(2)

Disodium Hydrogen Phosphate—Citric acid Buffer

Solution A : 02M NaHPO,H:O : 356g2 02M NaHPOsH-.O¢lY 71.62g2]0.2M
Na;HPO,-12H:05 <<l &38iA17A 1000me = "=t

Solution B : 0.1M Citric acid : 21.01g¢] C¢HsO7H0S Z=FHo €31 & 1000m=E =
t}.

Solution C : Solution A 493m¢{¥} Solution B 507m¢E # &£3le] Disodium Hydrogen
Phosphate-Citric acid BufferS W=t} (pH 4.8).

¢

DNS A ¢k

182g 2] Potassium sodium tartrate tetrahydrateZ 500ml2] = 5F<=ol &3 A] 71t}

el 6.3g2] 3.5-dinitrosalicylic acid®} 21g°] sodium hydroxide, 5g2] phenyl hydroxide
9} 5¢9] sodium sulfiteE H7}sle] £&71 & H =& =353}

2l THTE F7kste] 1000meo] ¥ =% sto] WZA| Itk 1ean Ao K kgt

o] Aleke]l Byt 7| 1I/NHEE ghoh

CMC-Na A|eF
200me el F el 2g9] CMC-NaE 9ol 7tEdS &tof &7t €@ w74 =& 2
a7t g6 | F A=E o]&sto] of A,

of 719 20me] Disodium Hydrogen Phosphate-Citric acid Buffer (pH 4.8)¢} 40mle] <+
%% 100mle] HEE o] wA 7Ich
o] & WHARASH AETFs 7)ZHE 15 Yol

1% %7 29 Al
1000gsl EEPS @ F (AR) 106CAA LA} Wahd geuta A=A & 3
Fol S A7 100m0E TEO] 100me Se] Wol Wol myka),

1%9] %+ X249 A 9FS 1.0md, 2.0m¢, 3.0m¢, 4.0m¢, 5.0m¥} 6.0mE Z+Z; 50mle] mass
SHTE s gzl

7} flaske] X =9 T %+ 200x8/ml, 400ug/ml, 600ug/ml, 800ug/me, 1200ug/ml7} T},

7t FRHE 05mE FHste] 48 APl Heth

3)e] Al o 1.5mle] Disodium Hydrogen Phosphate-Citric acid Buffer (pH 4.8)¢} 3ml
DNS A]°F& Yo Boiling water batholl A 7837F #2th (A7 A RS Y Uia #7]
Al 2L st = /\] oA HE SH30.

T B 10w FRTE 9 vtE Adds A doh

Hkg-o] dojt AR E 550nmoll Al HA S Ao
Teads b fls S8 ol

o
(100, 200, 300, 400, 500, 600) ®]xl &k

rot
i)



- Blank =4 : 05me] ¥59 & Al 05me EFHFE FH& T34 e RS
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= e §F AHRAE o] &t oAHfE F o] AAFHNE T S % ARE AMES
o},
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Method-3
4,454.8+220.3
1,853.6+112.3
4,774.5+130.3
3,681.0£215.3

940.1+41.3

Cellulase (U/g)
Method-2
318.2£5.2
132.4+2.5
318.3+4.6
245.4+5.8
55.3£3.3

Method-1
288.5+4.3
124.3+4.1
275.9%5.2
240.1+£3.7

45.7+2.3
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L. Cellulase production ¥ activity”7} &AH
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A 23 AY Ag ¢ WUy
7}. Bacteria identification
13 Ao A

Qiagen) & F=



¥} 2
(1) 27t 5" AGAGTTTGATCMTGGCTCAG 3’
(2) 1492r : 5" TACGGYTACCTTGTTACGACTT 3’
1515bp Z7]9] ¥k AMES 7138)e] automatic sequencerE ©]-&ate] A7 ES BAE & NCBIY
GenBank #tzol] At EAAYESH BRE 25

4. U.V. mutation

2] T2 97 &3S 98 UV, mutations Al=stth A 775 seed
culturedt ¥, 12+ Altf 8]%3e] overnightA] 7] ©h2, platingdte] mutation AZ 5 FH| =
th 250nm HEe] 2S W= UV. lamp 270(Sankei Co. Ltd., 20W)E AFE3F1aL, 30cme] AdE
il 10~12%7F UV, ZAs) o] & Ho] So7}x] ¥ A= A 5 37C incubatorol| 4 24hr
HjFAIZ a1, Ao ot 6}‘5’1 Azo-CMC(Megazyme, Ireland) LB mediadll 7t s Fste] A
S A2 activity S overnight?| 7l Azo-CMC LB medias 1ml F3s}o] 4ToA
13,000gx10min&. & A4l H o 500ul®} precipitation solution (Sodium acetate trihydrate 4g;
Zinc acetate 0.4g; 15ml9] ol & NaOH=Z pH 652 A3t 100% ethanol 80ml 7 7H1ml
3} room temperature®l 4] AZtk 98- sampleS vortexingdt §, 13,000gx3mins ot YAlE
glolal, A el whag . spectrometer(UV-1601PC, Shimadzu Co. Ltd)oll Al 5900nme] 3o =
SAsAr

> X2

nz o

N
N

% A

oL
ol
20
2
ox O

AT
rol
o
Olﬂ ’

o[N
b=

=
Ae

B
(L
oo
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Ir

c

2% 14 U.V. mutation system. A7
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t}. Genome shuffling

Lyvsozvme
freatment

Protoplast
formation

Mutated

strains
Mix together

Glucose 1%
CMC 1%
Regeneration
media plating

AMix again
PEG treatment

GS 1 strain

Protoplast
— fusion

(Y [
Glucose 299CMC 1% FRHI FESESate YO
— Cellobiose 1%
Regeneration media

plating
;> 653 s

719 13. Genome shuffling 2] 7H&.

Regeneration media
plating

a3l A e @4 7RSS e AEE genome shuffling WHH-S 139 139} 2t
U.V. mutation® 7 Z wild typert Xt 97171 &dd #F5 13 A2std] parental strain® 2 f
A3FA ) parental strainZ}ZS PAB broth 10mlell seed culturedt 3, thA] 40ml PAB brothol] At HH
ek3tel OD value 04705004 wjdFdS 4T, 4000gx10min ZA 0.2 AAEE 5] pelletS F%3+3
=9 pelletol lysozyme®] X3+e SMM solution(0.5Msucrose; 0.02M maleic acid; 0.02M MgCl)S % 7}
A7l % shaking incubatorol] A 37C, 100rpmx30min 27122 vjY3}le] protoplast types <& 3FATH
protoplast type?] parental straine THA] QAlEgstal A2 sk ‘7}%, 0.4mle] SMM solutions #7}3}ed
resuspension A} # 1L, 5‘“*«] parental straing pipettingdle] 4115tk Z}2Fe] parental strain®] 49<)
ANBE 27|12 £33 % protoplast inactivation ZH4(U.V. mactlvation; Heat inactivation)S =33}
°]= PEG solution®] T3 %oz H7}ale] protoplast fusion®] ¥ =% &30t} fusion® samples
sto] A7 3435k & regeneration agar media®ll platingﬁ}oﬂ genome shuffling & 1At 55 &H3}
3L, U.V. mutation strain®.th A7} 239 #F2 thA] 13 3 GS2 strain?} GS3 strain7bA] 2
< a3t shuffling Alth7E Sebdss 97 4L 7Idsh7] $18ko] regeneration agar media®l
A7ME = glucosed] $S S7MAF AL, GS3TFE & HSE Aofi= cellobiose®= #7}8F3A T

2 HLEF) M BAns 47t 579
A FRe ARa B Eh 97h SRR Y PENS 242 ASHe] FAHAT.
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S 245 AiA EalEA(CMCase)2] 97l carboxymethyl celluloseZH-E] Ea5 o] o=
sl shekS 3, 5- Dinitrosalicyclic acid(DNS)®Z ¢l8] 2y = Az ZA43to 24 4359t} o
) ®Elek A5 0.1mlS 1% CMC solution 300pl¥F &33te] 50C water batholl A 1A]7Hs<t nj st
% 300ul DNS solutiong #7Fsle] WSS AA|A]7]3L boiling waterell 5&7F WHSA]|A #2A17] &
U.V spectrometer(UV-1601PC, Shimadzu Co. Ltd)E ©]&3}4] 570nmollA 3 E=E #4359tk &40
ol ghd¥ = glucosedl Fe SA7] Ht glucoses: EF=AE st AFS AAET F

of EAlete YT TEE AU @Y+ UnitmlZ 1 unite enzyme 1ml°] Imingot A7)
= glucose?] pmol?] %& ojn|aic}

ul. RAPD PCR

N
o

gelstr] 9138l RAPD PCRS F33lith HF4ow A
® genome shuffling 59 wild typedt+5 seed culturedtx 12} At wigs & wjekols
13,000gx1min?t LA 223k cell pellets SH3FATE EHEH cell pelletol 4] genomic DNA extraction
kit(DNeasy Blood & Tissue Kit, Qiagen)= A3t gDNAE FE3192™, 7] gDNAE template

2 3lo] PCRS F33ith PCRE AT A 487t pre-incubation, 94T A 30%7} denaturation, 36°C
o A 30%7F annealing, 72Col A 287} extension A7)+ WSS 453] WS 3 72T oA 8E7F WHS-A]
7] 1 coolingdt= HAH o2 3% Att RAPD PCRel AH&-% random oligoprimer= % 99 #t}

genome shufflling 2] fusion o%-&

¥ 9. RAPD PCR-€ Primer

Name Sequence GC contents(%) Tm(C)
B1 5" TACAACGAGG 3’ 50.0 30.0
B2 5" TGGATTGGTC 3’ 50.0 30.0
B3 5" TCGGTCATAG 3’ 50.0 30.0
B4 5" TACCTAAGCG 3’ 50.0 30.0
Bb5 5" GATCATAGCG 3’ 50.0 30.0
B6 5" AACGCGTAGA 3’ 50.0 30.0
B7 5" TACGATGACG 3’ 50.0 30.0
B8 5" TAGAGACTCC 3’ 50.0 30.0
B9 5 CACATGCTTC 3’ 50.0 30.0

A 3% 274 2 1@

7}. Bacteria identification

genome shuffling®l #-8s}7] §13 d5= ghfloA e d5:24 7] 9 57] oAM= et
© AoR 1A AgellA] SRl 9] el digh %z}*@%ﬁ}?ﬁ, o] o3k SAS 51793 16s
DNA sequencingS Ao Aub= e bt}
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agagtttgatcctggctcaggacgaacgctggeggcegtgcectaatacatgcaagtcgageggaccgacgggagcettgcteecttaggtcageggeg
gacgggtgagtaacacgtgggtaacctgectgtaagactgggataactccgggaaaccggggctaataccggatgcttgattgaaccgcatggttcaa
tcataaaaggtggcttttagctaccacttgcagatggacccgeggcegceattagetagttggtgaggtaacggctcaccaaggcgacgatgegtagecga
cctgagagggtgatcggccacactgggactgagacacggceccagactectacgggaggcagecagtagggaatcettccgcaatggacgaaagtetga
cggagcaacgccgcgtgagtgatgaaggttticggatcgtaaaactetgttgttagggaagaacaagtaccgttcgaatagggcggtaccttgacggta
cctaaccagaaagccacggctaactacgtgecagecagecgeggtaatacgtaggtggcaagegttgtcecggaattattgggegtaaagecgegegeag
gcggtttcttaagtctgatgtgaaageccecggcetcaaccggggagggtcattggaaactggggaacttgagtgcagaagaggagagtggaatteca
cgtgtagcggtgaaatgcgtagagatgtggaggaacaccagtggecgaaggegactctetggtetgtaactgacgetgaggegegaaagegtgggga
gcgaacaggattagataccctggtagteccacgecgtaaacgatgagtgctaagtgttagagggtttcecgecctttagtgetgcagcaaacgeattaagea
ctecgectggggagtacggtcgcaagactgaaactcaaaggaattgacgggggceccgcacaageggtggageatgtggtttaattcgaagcaacgce
gaagaaccttaccaggtcttgacatcctctgacaaccctagagatagggcetteeecttcgggggcagagtgacaggtggtgcatggttgtegtcagete
gtgtcgtgagatgttgggttaagtcccgcaacgagcegcaacccttgatettagttgeccageattcagttgggeactctaaggtgactgecggtgacaaac
cggaggaaggtggggatgacgtcaaatcatcatgccccttatgacctgggctacacacgtgctacaatgggcagaacaaagggcagegaagecgcg
aggctaagccaatcccacaaatctgttctcagticggatcgecagtetgecaactecgactgegtgaagetggaatcgetagtaatcgeggatcageatgecg
cggtgaatacgttccecgggecttgtacacaccgeccgtcacaccacgagagtttgtaacacccgaagtcggtgaggtaaccttttggagecagecgecga
aggtgggacagatgattggggtgaagtcgtaacaaggtagecgta

a9 14, Ay dARRY 2838 Bacillus licheniormis 2] 16S rRNA sequences.

o] 97144 dataE NCBI BLASTOIA #2438 Z3} Gene Bankel 5% Bacillus licheniformis
ATCC 145807} 99%°] homologyE EATE 7] w59 16S rRNA @714 <E2 NCBI°ﬂ =4 2971 9]
U2 Bacillus lichenitormis strain®} phylogenetic tree Aol A HIDLE AL 13 1590 A Q?l"% T A%
MW 7= Bacillus licheniformis sp.2l A 0.2 E2lw ¢t}

Y. U.V. mutation

Aurg 5o 97 &4 2 genome shuffling 2] 28-S $)8to] UV. irradiation ol =%
t}. 12} UV. mutation 48 A], W2 screeningS 93t Azo-CMCE $H-3h 25cmX25cm4 & plate
Oﬂ A vjek A7l Ak 55 He =33 & UV, irradiation A7)

& platedl A vlE AlZ1 5 colonyTH ol colorless zoneo] A7|7F 2 AS TAO= 04%01 s A
sl s tH(Figure 4). °F 2,000 719 Aopde colonyS Awstd oY colony 99 o] 7]+ A
A DNSZ A3 endoglucanase®] 2 3}9b H] dshA ek wEbA F7F AYPS Ak 24 A
Oﬂf\ﬂ—‘: 12 A ae gy sXekA] &2 #F wgd AAE =Eete] AREslaL, UV, ZAF A
5% 10~12minS2 5 59 survival rates 7|4 o2 U3y sFYTh Hgh Aopdd of
Afra FAlEa 97ke S48 A8 Azo-CMC7F 234 liquid mediaol Al WA A dsH&
G-8 ¥ precipitation solution 7} Al HAAFEE S48k SHTE 7] WS AMEE A5, 12 A E
BT screeningo] oAl @do] 9o}, A3 activity S4¢] 7Festthe FH ¥} DNS reducing

sugar assay®l vl ] activitys SAT = Atk FHo] AATh

b 5
ot 1o dlo met



Bacilluz licheniformis strain &1503 1. ..
Bacilluz licheniformis strain M5 165 ...
Bacilluz licheniformis strain A1S70 1. ..
Bacillus licheniformis strain AIS02 1. ..
Bacilluz licheniformis strain &A1519 1. ..
Bacillus =sp. Y17 16% ribosom al R MNA gene
Bacilluz licheniformis strain PhavCcog...

| B .lichenifarmisinim en |

Bacilluz licheniformis ATCC 14550 com ...
Bacilluz licheniformiz strain Gra 165, .
Bacilluz licheniformis strain TCCC110.
Bacillus licheniformis strain P bW C0903)
Bacillus sp. DMA for 165 ribosomal RN ..

Bacillus licheniformis strain g 1685 .

Bacillus sp. EpbasE 165 ribozom al RMA ..

Bacillus licheniormis strain YP1.4 16...
Bacilluz licheniformis strain B3 165 ...

—Iﬁus licheniformis strain Ph-HKOD .
Bacillus licheniformis strain P b2 C0902)
—| Bacilus sp. CS5-3 165 Hbhosomal RMA
B lichenifonn iz gene for 165 R MNA,

|Ela|::illus licheniformis strain 5B 3150 ..
I Bacillus licheniformis strain YRLOS 1. ..

Bacillus sp. 24K Z 165 ribozomal RNA gene
IEIaciIIus sp. DEZOOYT) 165 ribosomal E...
lBacilus sp. DCA-K1ES ribozomal RMA ..

Bacillus licheniformis gens or 168% rREMNA

| Bacillus licheniformis gene for 165 r...
Bacillus licheniformis strain MML2501 ...
Bacillus licheniformis gene for 165 r(2)

19 17. Bacillus licheniformis A%<,
e

s

9 18. UV. ZA} 3 Bacillus licheniformis sp. 2

PN
colony H.s3.

22F UV. mutation 28-S &3l Add #75 g dsde HAPTE o] &3t activity S48 3



A, wild type TFELF 50%014 100%7H4] G7b7F 719 #5352 GRrE 4 grhad 17). gue

mutation ¥ AEAQ A MGE T ST G fAEHE AE SRISHA T 23 A g ol A
= ¢F 60 colonyE Ao = B+l 977t ddd o5 GRE 4 = o= UV. irradiation
times 12} Agol vl3)] dds| =g we 7Fed 4 AAE Aoz Al Hr)

0.800

0.700

179% 178%

0.600 - L
156%

0.500 - —

0400 4¥—m-——— —— L=

oD

o300 — SN SN BN 0 SEE 0 BN 0 S W B

0.200

0.i00 +——m— L S— S S— S— S— Smm— _— Le

0.000

blank G7 G772 G774 G7T6 G719 G7T223 GTT33 G7T42 G7T50

29 19. Colorimetric degree of wild type strain(G7) and U.V.

irradiated strains.
t}. Genome shuffling

U.V. mutationolA] 97}7} d&dwl #FZ parental strain® 2 39 genome shufflingg =331t}
genome shuffling classical breedingol A #& 4= A= 42l entire genome recombination®} &2} A3
B84 7oA o]Fo]x= DNA shuffling®] 4< 34@2} o)l UV. irradiation®]} EMS9} 2
& chemical treatmentE Z3al wild typeS mutation AZ! & genome shufflingS $3F th49] parental
straing AWsta, A strain Aol AE2 Q0 protoplast fusion & X3S 24 entire genome?)
B Al A x2ee 7|dsks ZloltiZhang et al, 2002). ¥ A7 HEE= AAR ARSI A
AEQlel whel FAA Axge] | dFe AREo] AlFE AT genome shuffling s AHEE A9 e
Azl =i e A AxFel @ dFIE oy 7] Wil #F AAE ARRE ¢ dve AR TF

AL At

AAZ genome shufflingS AHE3le] vAE 2 249 AMES =9 A7 A|EH o2 Wgs
= Agolt). Zhang 5(2002)% streptomyces fradiae® tylosin AAHES =ol7] 93te] genome
shufflingS #8313, Genome shuffling 2 step WAl A wild typeR T} 4] AEo] A S Hol=
75 GRStk Byt ol Bacillus subtilise ©]1-83F riboflavin®] AJ4Hd 3 (Chen et al., 2004),
lactobacillus sp.2] WAHd 2 lactic acid A2 & (Patnaik et al.,2002; Wang et al., 2007)5°] X%
13, Cheng (20092 Penicillium decumbens JU-Al1Q % genome shufflingsle] cellulase
productions A ZA T H 15}

Ao A= ghar Al AR Wk Hoﬂ A B89 Bacillus lichenitormis sp S wild type strain®.= 3d}
o] genome shufflings X &stAth 7] 5= 7] @ 7] AeolA A2 S ¥k ofg} Wk
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e W o mAAEddel met Al =31 S skl host specificdt WA E gk Aol 9
ok

140
130

1.00

0.80

060 -

Actiy iy (Units/m 1y

040 ~
020 ~

0.00 -

Strains

2% 20. Endoglucanase activities of wild type, U.V. mutated strains and

genome shuffled strains.

U.V. mutations §3l AE F 4719 #5(UV3, UVY, UV33, UV50)= ZHzt wild typeX.th 27%, 8%,
30%, 29%A4 =] 97} dFS HA L GSIT(GS1-3, GS1-11, GS1-19)+= 42%, 53%, 45%2] <7}akd
S BT GS1¥FE parental strain® 2 3Fo] 2% genome shuffling 22 Ao Adrd GS29+
(GS2-4, GS2-9, GS2-18)+= wild type ¥FRHTF 87%0llA 100%2] 97} Fds BHAom, GS3TTYA
wild type T¥FHT = R4 2l 58S BIAT G2uFo= 2 2o S Ho|x| gt}

AT HFAoE s E3 24 &
ste] wild type#te] AR A3 B A 23

wild type 759} genome shufflin =
AUtk B w5 A=A A el B4 NS seed culture o), 23F Al vk F A Wl
Follo]] thA] HEFE O] FAHENL BE AP 3 AP ATE WT 2GS strains& 25 wjeF 124]
e 7o E o] F3tE AT kAR v dAIZEERE GS wFE WT o7l vlaiA =& AdsEs
R, wiF o] % A Al A THE 2 AfolE Btk EdE GS o5 (ol Aol HolA &

.

(tje}
r:uﬂ
N o

>

T
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a9 21. Growth curve of wild type and genome shuffled strains.
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fa
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Ir .x
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Activity(Units/m 1y

19 22. Endoglucanase activities of wild type and genome shuffled strains

in each time period.

£ @3 A 2 Aolg wold wgieh e W 1042

FHE GS #FY Afa Fal G WT ol va & P uYla 53 GS2-187F7H 7
A e 47k B BE 371 12403 ol F A% £5E ol wHl Hia Bal 24 ke 16
2 ua) e ke neAw, W

genome shuffling< ©]-&3 OF 7]
F% AgoMes WT #5¢ GS ﬁ% oA AxE s B3l@Ae optimal pH, temperature, pHS}
temperature stabilityell 3t A8 &3t o golr}. T3 genome shuffling®] 52 A o] g3k

[e]

nx A EdE4o productions S7HAIZL AQJA] cellulase gene®l recombinations ¥



cellulase activity S F7HA1Z1 AJA el #gk A7 Do Aoz Atgdct mapa] 29 Ao A
= 2 59 cellulaseo] #H ¥ gene sequence] #}o]9} 2D-DIGE(Difference Gel Electrophoresis)< &
gk Zb dF7E AR el ] ol E dolE o o)t

g}. RAPD(Random Amplified Polymorphic DNA) PCR

19 23. The screening of RAPD primer used in genomic DNA of WT
strain. M : DNA Marker(10kb).; B1™B9 : random oligoprimer(10bp).

lysozyme A& & #A|Z% protoplast type w5°] fusion¥ A &S | regeneration media®lA] colony
£ A= As WASH] 96t inactivation 8-S FAEATE EFE dFE 2FEOE ol @
%2 heat inactivation AZ(80Tx60min)E 3l THE ldr%}% U.V. inactivation #2](30cm
distancex30min)E 1% % PEG6000(polyethylene glycol 6000) solution 7} &}l fusionS A|=go &
A fusiono] HA 9§ #FE APEE AoRE JAHSIT 9 AAE AAH AEE dFs WT #5745
=2 9UE Hole AS & & U shuffling g olA fusiono] 2 o]FojHt= S &9 &
ARNATE 2y 7F57Ee] genotype variation 2Fo]E F3F fusion oF-E &<21st7] $15te] RAPD PCRE
315191 th. RAPD PCRE 10bpe] A€ random oligoprimer(Bioneer Co. Ltd.,, Korea)E AF&3te] 213
Aar, A71goe] thE primere] Wb WT genomic DNAY 747} th2 DNA fragmentS H A TH L
# 21).
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GS3 20 GS2- 18 G538

19 24. RAPD banding patterns produced for
the WT strain and GS strains using B4 (5
TACCTAAGCG 3’) primer.

7] primer & B4 B9 primerE AHE-319S rLH U2 primerel HlE} 23 FZ bandS Ho|z YA

9k o8] fragment”7} WHA FEHEHJI(TH 21), ©] Foﬂfﬂ B4 prlmer7} WT w59 GSv+ 7o
genotype variations &Qls}7] $8te] AF&E S ‘jr( 22). F= WT 2kbpe =7]oA DNA
fragmentE B AR WT 5ol A= Hol# & bjr. b GS ‘;L‘T 7k DNA fragment %32 41313

I GS2-187} GS3-8 = 2kbpoll Al GS3-20 ol vl 4 A3 fragmentE Holu ©f & bpol
M 98] GS2-18% GS3-20 ¥ F7F A= H|238h fragmentE HTE ©o]& §3d 2 A9 genome
shuffling< parental strain AFo]ol A fusion®] A &3] o]Foj = A4S & 4 AUTh

Afrd TAlEA FHARE Adetr] ] RbEEEe] WA fds AFS] 1dA HAGE A
st e nAE AEH(Azo-CMCE #7Fe D honty(1965) medium)S o]-&3te] A 3l wHEH P otE
Ao 7 Mk FAEAT

REEEE

940”2 AME Holstein 429] 9] cannulaE &3ate] AH AT AHE 992 vl B251 CO,
gas7t SXE 7)o H¥ste] AHAR SREEAT AFRYPA FEE nAES EEe] $lsk
homogenizerdl] 23l CO, gasE X8k Z5kAl 13F wikel th5, 849 cheese cloth® ¥ 3}o] A
22 o] &3qh
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oA 84 R W

¥ 10. Modified Dehority agar media®] %4

Composition Total 100ml

Casein(g) 2

CHO(g) 05
bacto agar(g) 2

Mineral sol 1.(ml) 20
Mineral sol 2.(ml) 20
Resazurine(ml) 0.1
Hemin sol.(ml) 0.1
vitamin mixture(ml) 1

VFA sol.(ml) 6.7
rumen fluid(ml) 40
Na>COs(g) s

L-cystein-HCl(g) 0.05
liquid sum. 879
add water 12.1

*Mineral sol 1 = mineral sol. I : KH,PO4 4.5g in 1L of distilled water
mineral sol. II : CaCly(anhydrous) 0.25g, MgSOs(anhydrous) 0.25g, NaCl 4.5g, (NHy):SOs 4.5g, MnSOs#H.0 0.1g, FeSO#7H.O 0.1g,
CoClax6H20 0.01g, ZnSOs+7H:0 0.1g in 1L of distilled water

AHAE Ae FAH Dehority mediaS AFEE] 101~10%71%] st 34® HEAS o4
2all &4 B8 screening media(E 10)ol] HEste] 2~3U7F wjek 3 AwE9itt Dehority media®l
carbon source= WHE9] W] MIAE F celluloses T2 o] &3t HAEET AwEty] 918+ soluble
cellulose?] CMCS} glucose, cellobioseE  ©]-&3sto] S, AES a4 CMCHe d57t
Azo-CMC=E A=At} (media 300ml & glucose 0.2g, CMC 1.0g , Azo-CMC 04g, cellobiose 0.4g)

oo AfA 2a B4 AAEY 4

13 25. Screening of the cellulolytic bacteria in the rumen.
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A3 IME YgAE Azo-CMCE X3+H3F Dehority agar media®l HEaA 2~3Y v & HFa
—L‘ﬂréﬂ A7bE Hol AU A l"frﬁﬂ%‘r] WAIERE= colonyS 12 o® Aakst 3 (2y 23), 339
subculture IS AA FF= Adsa, F 18F9 nAES Adste] 30% glycerol #7F ¥ -80T
deep freezeroll &2 X33} Th

O

(1) Chromogenic screening method

Azo-CMC(Megazyme International Ltd., Ireland)x= % endo-14-B-glucanase ¢ #<elS $Jaf Al&
3l Azo-CMCE 7180l AREEo] 9 Congo-RedE ©]43 HiH4a E3EA vAdE AR M
Teather and P. J. Wood, 1982) w] <=3%+= NaCl washing #7o] k= 7] wjio] AJ7to] A oky
Congo-redst 72 Alofe] EAo] mAEd mA + Q= &S HAs}etH, agar plate & =
of o3& 1% cellulased] 98] Afart BalEW w@d Ealgto] A= Ao2M MHiA 2§ A
B (HsHA g9 = v Aol

Trypan bluet= A dAEozH HE AEFFEE FAdsl=d AFEHAAA $+=dl, media WY
polysaccharide®} 735HA ds2t83 4 e 89S o|&sto] Hdfa w8 &4 nAE Aol o] &3t
4 At Mosier et al,, 2004; Hong et al, 2007). Trypan bluet 7}z o] Ad@sl SAFHFZ sl
A= Al7ro] #ths Aol 9loy} Congo-red WKt At o] Wolzith= wio] gtk (Jo et al,
2010)

ol Aol Wi

o

14 ARAAAAE Ao CMCE ol§8 Wi e /1839

3

Mz

2}. 16S rRNA gene sequencings ©] 43 nAE 53

o

e 187HA] w59 cellulase activityE Blalsl7] €81A4] 3, 5- Dinitrosalicyclic acid(DNS)E ©]-8-3F
T 4 (Ghose, 1987)& AHEslla, 1 Ax ST A7t =2 C-TS-1,7,1421 4714 #75
slef(data not shown) NCBI®l & 5% 16S rRNA 32+ d71-g7e] vuE B3] ¢ #5759 &
st A3} Eubacterium cellulosolvens strain Ce2 9 98~99% < =5}

o x o
to . o

e e = o = 3 i 2 e
>ﬂ4iqb-EE_=::e2.; Eubacterium cellulosolvens strain CeZ 165 ribosomal BMNA gene,
partial seguence
Length=1524

be—140

Score = 335 bits (582), Expect — B
= = 0/2399 (0%)

Identities = 298,/299 (99%), Gap
Strand=Flus/FPlus

Query 2 GAGTITGATCCTGECTCAGGATGRAACGCTGECEECGTGCTTARCACATGCAAGTCGAGCE 61
frrrrrggrrrrrrprrrrRbRRbEIRRCRCRREEARRCRTEEYRECIERE RPN
Sbjct 2 GLGTITGATCC TGO TCAGGATGALRCGCTGECEECGTGCTITARCACATGCARGTCGAGCT &1
Duery 62 AL AT TG A G T T T TG ATGATTCCT TAGTGACTTAGCGECGGACEGELETGAL 121
frnrrireprerrrrrrrbrrrRRrIIANCARLRCERNCRIACRARRRRRPRARRERTRRRDLY
Sbijct a2 AN AT GG AAG A T T T TCGGEAT AT TCC T TAGTGACTTAGCGEOGEACEGEGTGAG 121
Duery izz AN GO TGEGC AR CC TGO CT TG TAC AGEEGGAT AR CAGTTAGRAA A TGRACTGCTAARTACT 181
frnrrirerrerrrrrrrrrrrrbrIIARNCRRLRNERRNRRIRERRRERRRPREARRERTRRRDLY
Sbijct iz2 TGO TEEEC AL CCTGCCT TG TACAGEEEGATRAACAGTTAGRRATGRACTGCTRAATACC is1
Duery ig2 GCATAAGCGC A A AT ATCATGCAG TG TGARA AL CTCCGGTEGETACARGATGEGECC 241

frrrrreprrrrrrrrrbbArRRCRIANRRRAREARNANIAREARRRIEARREENTIARERLY
Shbjct is2 GCATR MGG ACAGCATGECATCATGCAGTGTGARA AR CTCCGEGTEGETACARGATGEECC 241

Query 242 CECETITGEEAT T AGC T T GT TEGETGEEETAARCGECCCACCAARCGECGACGATCCATAGCCEE 300

frprprpnrnrnnrnrbbrRbRRRRERRRERRRRRRRRIRRERIREEEA AR
Shijct 242 CECGETITEEAT T AGC T TG TG I GEEGTAARCGECCCACCARGECEGACEGATCCATRAGCCGEE 300

19 26. Sequence result of selected bacteria C-TS-1 from Holstein.
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A 23 Aeik Eifar 42 g 2 82y

QA GV H Eubacterium cellulosolvens w5+ @718 g ol 24 54 3AH A= B A -4
ol = Qe FoE dHA o HfAel Al F2E 4 9= CBPA(cellulose binding protein A)

=]
T
5 A Belsde AdEE FHAE AL dE 7FoltHYoda, K, et al, 2005)(Toyoda, A., et al,
=%
O

Olr
-

2002), NCBI°ll 5% E. cellulosolvens® +AAS ZAeE Ay 3A F 7FA FF7(celbA gene ;
AB179780, celoC gene ; AB362981)2] A 03,\_—,5—*8]] FHAAE 72 Y= RS Q’Jé}ﬁr/} a5 A
2 w3 5A49] endoglucanase® &3] 93 A Q= cebA FHAE AEste] §A14 FE(PCR)#A

& s,

b Afa Bdask 44 2Z PCR primer 7%

MName strain max identity(%a)

] Eubacterium cellulosolvens strain Ce2 1658 ribosomal 6
T RNA gene. partial sequence

Eubacterium cellulosolvens strain Ce2 168 ribosomal
C-Ts-7 . 98
ENA gene._ partial sequence

Eubacterium cellulosolvens strain Ce2 168 ribosomal
C-TS-14 . 99
RNA gene._ partial sequence

Eubacterium cellulosolvens strain Ce2 165 ribosomal
C-TS-21 . 99
RNA gene_ partial sequence

19 27. Max identity score of Nucleotide Blast results of selected bacteria.

ol

WA flolA Mukel 4714 d5 F C-TS-1, C-TS-21 ¥ 74 #5¢ genomic DNAES %319
(Genomic DNA extraction kit, iNtRON) A& FdAE FZ37] $18 templates RHESAT
celbA FdAHE SF38k7] flste]l NCBIOl 5550 1= celbA #73d4He] d71ML& iz 8to] primer
£ WHESTE primer @7IAES 11 & 2o o] 7 744 A9 primergs o83t A SHE T
a3t 2 A3} 0.8% agarose gel electrophoresisS Ea 43w <F 35kb BEe] FAA7E gl
HAa, o] Qiagen AFY gel extraction kitE AFESle] =43 bandE 2A%3l, pGEM-T easy

vector(Promega)oll 4$13te] cloning Al .

*9

i 11. Primer sequence for amplifying celbA gene

Primer design for amplifying celbA | Nucleotide sequence

Eubac-1-f 5 -CAGGCTTTATTTCAGTGCTC-3’
Eubac-1-r 5 -TTCTACAAAGACGGTTCCTG-3'
Eubac-2-f 5 -GAGCGTTGGGAAATACGATG-3’
Eubac-2-r 5 -GGTTCTACAAAGACGGTTCCTG-3’
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U, Afa BEIEs 44 sequence A}

3 12. Primer sequence for sequencing of celbA gene

Primer design for cel5A sequencing Nucleotide sequence
EC1 5 -GATCTCGAAATCCCAGGTAA-3’
EC2-r 5 -AAGCATTTCACGCCGTATG-3'
EC3-f 5 -TGATACACTCGCCATGATG-3'
EC4-f 5 -ATATCGCGGTTAAACCGCT-3'

ET5-¥ C-BS5-2F

1131

Bl —-

—

—~—

Eubac-1

19 28. gel electrophoresis of celbA. 19 29. gel extraction results.

Cloning® 27 #xx}¢} 7] NCBIY| SE2% E. cellulosolvensd] 32 @71 xke] vl nliEAlS
AaA 524 FHAA7F 49 plasmid DNAS %3819 (iNtRON A} plasmid DNA purification kit ©]
§) AEdeta sYHer] 7] SAENICEM)Ol @71Md E45 ot d71Mdg 40 AR8-g
primer= ¥ 129} 2th 97|14 E 4 A3 NCBIY 5% E cellulosolvens celoA gene(AB179780.1)
Y= 97%, Ruminococcus albus®] beta—1,4-endoglucanase 9= 68% 2] AsAS HEMNAT

oo 'o=w

Graphical summary shaw aptions »

1 125 50 35 g 625 T
Lol Lol
lery seq, RS s S e

#75 L 1145

Superfanilies

( Cellulese superfamily ) ( Cellulase superfamily |

19 30. Cellulase glycosyl hydrolase family 5.

Q7Y EAANS EUE cebA7F 7HA 1 Y& catalytic domaing #4313 AyH(2E 28) 27FA¢]

Cellulase superfamily 5% #&#al o]5 E5F Cellulase glycosyl hydrolase family 5 o %3l Ao 2

waAch F7H0E @1EE estel ohuit AEE ol 71Ee 55 cebA F% oyl

YA Adat vwdk Ay a9 299 2o 71E9 E cellulosolvens celbA  gene(AB179780.1) =
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91%, Ruminococcus albus®] beta-14-endoglucanase 2F= 45%°] A&A41S YeER ST

CLUSTAL 2.1 multiple segquence alignment

NEWCELSA MEGHWLEDVLERFAV I AMML VMV TLSFATAQGTEARSGDIVLEFSGSKHVEFTDRGETDW 60
CELSA MEGHWLEIVLERFAY I AMMLVMVFTLLPATAQSTERRSGDIVLFSGSKEVEFTDWGGETDW 60

FETRIFTFTRFTEEIFFTERAFITETRTRILT XA I RFE I TERAFI TR A A AT TR AT A AR T b S

HEWCELSA PSAYELQFPYQAMPFDLNENFEIEVDY SGADIVLI FARWEHGSEEQINAQISEYYVVDET 120
CEL3A B AYELQEEYTMEFFDLNENFEI KV Y SGADIVLI FARRERGSEPQINAQISEYTVVDGET 120
FRERFAEKF KR A H A F I RA TR KT AR I AT H IR TR F IR AR A TRk A R F kR
HEWCELSZ AVFTHEQIAKAYGSDDFSDLDY IGVEFLE SADGMTVIKIVESYTSGSSDOVDINLEGIAG 180
CELSA AVFITHEEQIAKRYGSDDFSDLDYIGVEFLE SADGMTVTEIVASYT SGSSDEVDINLEGIAG 180

R TR AR T R R AT A AR A I T TR A A I TR I I A TR TR TR AT TR A A I AT R AT A AR T R

HEWCELSR ERDEVEIGWNLGNTLDAYDTNR FTETES. "H‘H‘JE“'DIEI:‘;‘;GI'I"—"TIY.I-'.:‘EIZ)DI:‘T-.QCFN“ 240
CEL3A EWANGVHI GWH LGN T LDAYDTHNRFES SKGHRNEPADIETCWGNEVI TERMTI DDTERQEFHA 240

Fhk ok H o A F R A b T I A E T R hh b B R R NN EEU T ST TP R T RO O O O g e

13 31. Amino acid sequence alignment with known cel5A.

A8 A LA AAE FEHE #5F

UM Ao A EA3 celbA FAAE 83
activity 2 Z43}o] cel5A A7 7M1 Qe

HAAE 77 AT L FAATE 779 cellulase
= 2] A
A3 A g FF elAe] AT FAstel YRarAdt F

[e) H 3] > [e)
Afaidleds 7t
H

A 1 3. AE7FF 2 plasmid

Xmn | 2009

Sca | 1890 ” 2%?19 o
17
* 1 start

Apa | 14
Aat ll 20
/ : Sphl 26
( Amp' \ Neo | 37
pGEM*-T Easy lac? } Bst7 | 43
| ‘ Vector T T gﬂf |” jg

| - aC
\ (3018bp) EcoR| | 52
Spe | 54
EﬁR | 70
Not | 77
BstZ | 77
_ Pst| 88
ori \ Sall a0
Nde | a7
Sacl 109
BstX1 |118
1 Nsi | 127
141

\[4 sps

19 32. pGEM-T easy vector circle map (Promega).

Eubacterium cellulosolvens ©= +7AAF A|FPo 2 ALEH A, FA2 HA3S 38k 575

’
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2= E. coli Topl02 & cloning vectors= pGEM-T easy vectorE A3ttt E. coli ToplO
2 LB(Luria-Bertani) medium(bg yeast extract, 10g bacto tryptone, 5g NaCl per liter), 37C
oA wikstA Tt celbA FHAE pGEM-T easy vectopdl ligation o] ¢F 85kb AHLE9] A=
vectorgs  WHEUTE  celbA7F A EHol  FEFE vectord AYRFFE AEWA =
ampicillin(10mg/mD < -3t LB agarg AF&stSal, A8 ¥ colonyE ampicilline] 3% LB
medium©l| 4] overnight ¥l % trypan blue(70mg/L) 7} H7}¥ LB agarol A Eajslo] A7)
=X F52R dAASA E coli ToplOol A9 cellulase &4S& &213519) ),

’

A 2 3. Cellulase gene cloning ¥ FAAE #F9

pGEM-T easy vectorE <Al o] 83 Eubac-1-f ; 5'-CAGGCTTTATTTCAGTGCTC-3',
Eubac-1-r ; 5'-TTCTACAAAGACGGTTCCTG-3" primerZ% <% celbA¢} ligation (4T,
overnight) & E. coli Topl0 o & ZAH33}o] ampicillin, IPTG, X-gale] #H7}¥ LB agar©l
Eslgl o, 37Tl A overnight Bl * FAHIE HFE ¢vst= white colonyE THF
T8kt E8¥ T FE trypan blueE 3 AufR o] WEUE AFESIA Fo] 37T

Al overnight ¥l & 33 fFF 24 cellulased] &4 gAY
A 3 3. CMCase &4 =3

Cellulase &4 CMCE 7|42 3l &4 wWHE o fgld 3 S 35—dinitrosalicyclic
acid (DNS) WHo w2 tpFa o] AHFgomx FA43n. SHFol A=A 1.0% (w/v)
CMC €93 0.05M potassium phoshate buffer(pH6.6)S 1:2%2 &3%3t1L 4°C, 13000rpmel A
107 &<t AR e a4 89S sl 37CAA 58 & 60 & WA DNS
AlkE H7bsto] WSS BAIATZIL e EollA 57 EF WAste] A TIaL 17 A3
F 540nmol A FFEE 43, °]E glucoseE ATAEE AFESIY T ZHAS|olA A
A A ZALGE F3E9 vugo=zx fald e ¢S AAsdn &4 24 % 1.0 unite
o] zAstA A 1% < CMCZ4H-EH 1umol®] glucosee| 383sl= ddTS

o] ko7 Aot B A= FAHASE £ colie  lysozymed} ultrasonication * 2]
= A extracellular® FH| ¥ &2 intracellulare] £A43}= &4, whole cell extract Al H-¥#
o2 Uyold FAHS skth

A 4 3. DNA £ ¢ =%
LB AR oA vjd3t £ coli 25 E plasmid DNAE £d357] 984+ Plasmid DNA
purification kit (iINtRON)E ©] &3} t}. plasmidE ©] 83t £ coiid] FAA3E CaClLs o] &

3] WHE competent cellsoll 45C €545 = WHOoRE AATH

A5 FRAAG 5 7Y

we

14297 3

J
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19 33. E.coli ToplO. 19 34. E.coli ToplO+celbA.

E. coli Topl0 = 19 3lolA 9t o] trypan blue’} &% LBuIX| oA cellulase
activityS H.o|A| ¢k}, o] e celA7F A A H £ coli TF= 2 Aol &
A stS Holx= AL FAsFrH(d 32). =3 CMCase A A3}, 58 wjoF A

=, |
type 91 Topl0 #H T} whole cell extract, intracellular, extracellular & F&°] &4 97}
SAHAEH= A=

7 Skt AS Rl v’ 33). S 5 Hieto] 60 HiSH T =
Hol &4 wbkgo] ©AIZF o o] FofXt= AHAS & 4 il extracellular activity 2}
whole cell extract activityE Hluw3| R H HAA §497F 5 AE Yo = FH|HE= 49 HE
°] 5min ¥ Aldl&= 9F 10.8%, 60min Wl Aldl& oF 128% AEoA AxE U EAsh=

Hlgo] E3kTh

# 13. CMCase activity of Transformed E. coli (5min, 60min incubation)

S5min 60min

Whole 0.232 0.034
Intra 0.19 0.038

Extra 0.028 0.005
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0.25

0.15

®Hmin Activity

0 - T T T 7
Whole Intra Extras= T10

19 35. CMCase activity with location or distribution of the enzyme.

ol¢} o] FAAZ B 7T cellulase Aol TA Z71E RO ZM E. cellulosolvensS)

celbA7} cellulase activityES 7FA A &= E. coli #5olA waEo] Afik EasdS A
A7 Ao m A5 AT

Hno A 3’1‘% kel S 934 colony PCR(data not shown)S F33le] gel A7|9%

JAASE E coli FFANME celbA9t e =7](eF 35kb)9] bandE 3

& 65‘%‘@%% 5 ol celbA7F AFiEol ke S SHsHATH

o

=

o] 3t
UL =

ot
oo

d

0.25
0.2 +~
0.15 1%
| omin Activity
P : LU
0.1 B 60min Activity
0.05 +~
] < T T 'x

Whole Intra Extra

19 36. CMCase activity distribution in different cell fractions.
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A6 TF &8

A F7HA &89 cloning ® FAASE AL 25 pGEM-T easy vector 2} 7]
A} cloning¥ @7IAE EAo F= &%+ plasmid vectors o] &3 Aot Yo
cloning @ celbA FHAE pET A€ &4 B3 E vectoro] AYS 3lo] celbAd] 93 &
o] A= endoglucanase?] EA47FHS CMC-SDS-PAGE, Thin layer chromatography
analysis 59 WHOoRE Fafsta, gagddd 7 AAdg 2% pH, WA 5% AA ok
st} =3k o A= FAAS Y TR E colis AEEAAEY FHEeEE A
FAaislsd e o] v 2%+ LAB(Lactic acid bacteria)9t 72 522 A M4
o] Fejx|ojor & HQ 7} 9t}

|

A9A nYTRE AT S vYE 4% L 54 P

=
AES FAsY] cellulase activity =43k, 16S rRNA sequencings & AdsE #39

(1) Trypan blueE °]-& 3} screening plate W

HE wgAEo A )3 bacterial strainsS trypan blue (0.007%, w/v)S H7}3t LB agar
plateo| Al v FatA Tt o] o LB A= 04% (w/v)e] CMCE ©tx9do= xgatdct HEs
plateE 37TC<9] v %7]o| A overnight &<t Wl %S 3 & colony =9l trypan bluee] o] <1
Mzl gho] PAE dS 1AH R Attt T 15719 #F T AfFd FaEs 2 79
E7E AdE Y, AdtE 2 04% CMCE $H-3F nutrient brotholl Al vl Fsle] 30%
glycerol& 3k AHl2 -80Col| X usksl

(2) DNS reagentE ©]-83F CMCase assay

1A o= A 70 wFe AEg CMCase activity |
(Miller, 1959; Ghose, 1987)& o] &3to] Ao S FAH AT Add #5E5 04% CMC
5 &3 nutrient brotholl A 24A]7F wj sttt o] vjFH S 4ToA] 107+ 13000rpm o=

il
[
2
ol

ol
N

o

AA RS 1 AZ=HE extracellular enzyme preparation® ® ©]-&3lth FHEH §AE
0.05M potassium phosphate buffer (pH 6.6)2} &3F3t 1% CMC €4 Wo 37C g5z
A 1A Fot MS A AT WS o] DNSE NS H7et & Ze EoA 5 Fob Ak
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-2 xS UV-VI
GlucoseE ©]&3lo] - 4d& ol .
CMCase activity 1U2 1% %OJ 1,uM94 AFS BHE Y= 4o Foz Aot

0.100
0080
0.0BO
0070
0.060
0.050

a =]
- a
a

0.040 -

0.030 - b bo
0.020 -

0.010 - i i
0.000 —+ . . . . ———— ;

Strain No.

Ufml

a9 35. CMCase activity of bacterial strains isolated from
fermented foods.

a-C.

values with different superscripts differ at P<0.05.

3BE HW 1,5 6, 7H 752 CMCase activity’7} F2 & o2 2Fol7} §IA| R 6W
FE=7E w2 Aol = A3 CMCase activityE ER 7] wltol

OW Y

(3) 16S rRNA sequence #2415 E3F 9] identification

A ZRTE E3 Gram-—positive bacteria?l 6 TF=EHE 16S rRNAES FE3}19]
sequencesS #4392 1 A 61 ¥+ Bacillus subtilis®t 99%2] FAMAS H AT (1H
36). T3 MEGA 4 softwareE ©]-&3l% Gen Bank database¢}?] HluE T3 AlEE4S 3
Ak (¥ 37).

agagtttgatcatggctcaggacgaacactggcggacatacctaatacatgcaagtcgagcggacagatggga
gottgoctoccoctgatgttagocggocggacgggt gagtaacacgtgggtaacctgocct gt aagactgggataact
cocgggdaaaccgggactaataccggatggttgtttgaaccgocatggttcaaacataaaaggtggcttcggcta
ccacttacagatggaccocgoggocgocattagotagttggtgaggtaacgact caccaaggocgacgatacat ag
ccgacctgagagggtgat cggoccacactgggact gagacacggcccagact oot acgggaggcagocagtagg
gaatcttccgcaatggacgaaagtctgacggagecaacgccgecgt gagtgatgaaggttttocggatcgtaaag
ctctgttgttagggaagaacaagtaccgttcgaatagggcggtaccttgacggtacctaaccagaaagccac
gactaactacataccagcagccacggtaatacatagatggcaagcattgtccggaat tattagacgtaaaag
gctcgocaggocggtttcttaagtctgatgtgassgccocccggctcaaccggggagggt cat tggaaactggag
atcttgagtgcagaagaggagagtggaattccacatatagocggat gaaatacatagagatatgagaggaacace
agtggcgaagacgactoctctggtctataact gacact 9aggagocgaaagocgt 99g9g9agcgaacaggat taga
taccctggtagtccacgococgtaaacgatgagtgctaagtgttaggggatttcocgococcttagtgotgocagct
aacgcattaagcactcocgcctggggagtacggtcgcaagactgaaactcaaaggaat t9acgggggccocaca
caagcggtggagcatgtggtttaattcgaagcaacgcgaagaaccttaccaggtcttgacatcctoctgacaa
tcctagagataggacgatcococcttcggggacagagt gacagatggtgcatggttgatcgtcagotcatatcatg
agatgttgggttaagtcoccgcaacgagcgocaaccocttgatcttagttgoccagoattcagttgggoactctaa
ggtgactgccocggtgacasaccggaggaagat ggggat gacgtcaaatcatcatgocococcttatgacctggact
acacacgtactacaatggacagaacaaagggcagcgaaaccgcgagattaagoccaat cocacaaatoctat o
tcagttcggatcgocagtoctgocaactcgactgcgtgaageotggaatcactagtaatcacggatcageatagccg
cggtgaatacattccoccggaccttgtacacaccaccocgtcacaccacgagagtttgataacacccgaagtcagt
gaggtaaccttttaggagccagccaccgaaggt gggacagatgattggggat gaagtcataacaagataaccy
ta

19 38. 16S rRNA gene sequence of Bacillus sp.#6.
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Il;d-l:{«l!l 161 Unc Bacius 55 c-FE182 168

Igﬂﬂ{d.ﬂﬂ HE1 LnE Bacous 3p ¢ FRIIC bR

GEERITAATE B sunnis suan BS11 143

| gUiestaToid B st sean ASI 165

FRIMTEIE N B swbts strain IWG1 145

GRO04BTSYE B Ut sran MBCT 165

UATITIANN B Tathi A03A PABICE 145

GIIARITIAET B mbE SErAR JMCE 145

‘QLIGIIT:H" B asdil seran UGS 165

AT ITISIE B aeniE RrRn JMICYT 185

ARITIA00T B yopuls sWEe WD2I 163

EEITEI0RE B Baniiy yiram SMY 185

Eacilluzsp.#6.,

FRTEMINIT B yubtis 3uram WDI0 16D

SURAIIELAN B sy poam PREDD 165

GERILAI04E Byupnis san 2008 163

FEEITRED B Fubtils yuram AC[T1E 143

FEIEFNNSES Us pacem e IT 5 T 165

FISI0A304 S yybing 3iram CO 25 155

GUIERETENT D puptEs pirae BORC 14710 142

B
G007 U

19 39. Phylogenetic tree of 16S rRNA sequence of Bacillus sp#6

based on the analysis of twenty 16S ribosomal sequences.

A 2 % 2AH mutationg o] &F $5 HHa Bl FF )

M
N
il

&8s 31742 mutationS o] &3t F7FA 7]

re
re
-l
rir
12
i
y
o)
rz
Ml
N
Lo
o
Ho
B~
Mo

. @7 3 2 23

(1) =kl A g

g 6w el Asd AelE sl ik Baeol G4 FEE At sk
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6H TFFE 04% CMCE 33k nutrient agar platee] HZ3ta 20W-UV lampE plate = 5-E
30cm Aol AAeke] plateo] #AelAS #HATE o W AL AP F Hopd= A5 AE
&S 2% Aol AYA g A7FS 1022 24k 22 Y3 plates GFEVFE T
d=z2 A 37C wfF7]ol A overnight &<F nf st wlY & AEE 2% plate?] colony
£ trypan blueE ©]&3} screening plated] &3t thA] 37C vl Y 7]o A overnight &< Wi

ksl Wild-type¢! 69 #FxT ff 2 38 A3 colonyS nutrient brothol]l A Hi %&}o]
CMCase activityE F43stAth EdWo]l 5 5 CMCase act1v1ty7} 158 o] dE o5
= Adste] Agiu e st 6EH13-29F 6EH22-4 w5+ 10 generationo] A 6¥H ¢
oF FAFSIAY 2xR T vre activityE WERU O], R A B2 Q18] activity7F E4E a9
AR S s (& 14). o] 9 & EdWelsx st Adiud AR FF
activity 7} 4 = A %3} ).

<
r

o

(2) EMS # ¥
stet4 A glE &3 CMCase activitys F4A17]17] ¢#18ted EMSE mutageno. =2 o] &
of. Wild-type?l 6 w59 wgd Imlol 20ul®] EMSE F7bste] 1A]3F &<9F 37Ce
shaking incubatorofl Al ¥H-&AI AT Hb-&& WF7] 98] 5% (w/v) sodium thiosulfate &
Amle H7Fstdth. EMS A2k viFel S 2peld Ae Wyt vpzb7bx = 04% CMCE &
gt nutrient agar plated] HEsto] wigsta, YEE 2%< plate®] colonyE trypan blue%
43l screening plateo] HEste] thA] vjdstAth. Wild-type?] 6 wFHTE ¢ &
4%+ colony= nutrient brotholl A i %3le] CMCase activityS =743+ th. EMS 74'1]4
AAAH oz AL o] vste] CMCase activity A& #7F WA Yerwtch sx vk 61
Fofl w)&te] activity 7} 25% &F4E P119] 49 10HA generatlon Bk oolyegr 1 ol #HA
WA A4 activity7b A1 E L itk (3 14). ©] E<dWo] &5 Pllo] HFAow AdH At

}

ol
i&

N “”0
r44 1o oft O 4o ©

¥ 14. CMCase activity (U/ml) of mutants

1%'generation 10thgeneration
Bacillus sp. #6 (wild-type) 0.040¢ 0.040%
6EH13-2 0.059" 0.043
6EH22-4 0.075% 0.032"
P11 0.049" 0.050°

a—c

. values with different superscripts differ at P<0.05.
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f A ZFE CMCase activity

A. SEITATRLONE. = e B. =—=Growthcurve = = CMCase actwity
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19 40. Time course study of CMCase production (A, Bacillus sp.#6; B ,mutant P11).

A 69 vk SAWe] v Pl 2443 ek wifstel A reka 7w
A8 CMCase activityS 438t (17 38). F o5 EF w124 3bA ol o] HaL
a3} 1{

4 o 16413t o]F2 & A9 dAsA . CMCase activity= 124 7F
3} = 2 Hol AFo]l HauHo| E3k o]F o= CMCase activityoll =}o]
2 gadd =3 gy ImlY CFUE 69 w59 4% 10° P11 45 1 A
.l

(2) HA pHel &%, Whg Algtel] we} AAAH = Sdd Y &

AdE 6W wFet Aol o7 Pllel 9@ #H] ¥ extracellular enzymeo] CMCE &3l Al
7l WhEol A activitys FAAI7]7] SlEiA HA S pHOE 2 E XASATL 7 AT BT
pH 5, 50TColl A ®¥+§-3 wf CMCase activity’} 7Hg¢ =2 Ao=2 YEyo (27 39, 40). ©fvk
P11¢] 4% pH 6.6, 37CAA 7} activity7} =2 o5& A3 Folofx HA 7oA 6
W Foko activityzhel = w4 A& O R HolW F #F E5F pHel 93 g3ko] o
st g3t 2A YeEsT =3 pH 3Y wl activity 7F w3 ol Wb okFabAd Q1 pH 49}
5ol e 6W FFEE activity /b B Aol UYL PIIS oA O & activityZb A Ve
o} WS A 7be] WE A9 A AR RAEIGEH T FE BT S A te] dojA

=

il

T2 Ad AAEe FYUFe Fo] Foj=e Aow YEyEal, o2 A& activity® A4S
] WES- Al7bo] S FE activitys =4 A H QAT
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- CMiCase activity — — Reducing sugar
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19 41. Effects of pH, temperature and incubation time on
CMCase activity of Bacillus sp#6(A, pH; B, temperature;
C, incubation time).

a4 yalues with different superscripts differ at P<0.05.
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19 42, Effects of pH, temperature and incubation time
on CMCase activity of mutant P11 (A, pH; B,
temperature, C; incubation time).

a4 values with different superscripts differ at P<0.05.

(3) &Aad & CMCaseo| A4t
s W w wj] ol %7}:5}L 299 F5Fol wel CMCase4tol ojw zol7t &=
A5 dolr 7] 9t 6W FF 04317}X] AU ek wiA el JF skl wgedh. o
ul CMC, Avicel, oat spelt Xylan, glucose, xyloseZ 7217} 0.4% (W/V) 713k nutrient broth=
o] 83131 CMCase, avicelase, xylanase®] activityS
activity:= DNS reagent® ©|&3}9] CMCase activity =

=
avicelase= glucose, xylanasei= xyloseE ©]&3dlo] =4S 3}

o}}i

_71_



BE BAYAA avicelasex Aol A E A il xylanase™ xylose WX A Za T4
A}t CMCase? 4% CMC ®iA] 9} xylan iAol A FolH o= =& F=F9 activitysS Y EF
WA (21 41).

B CMCase Avicelase B Xylanase
0.100
0090 4
D.0ED A
D.070 4
- D0ED 4
E
w, 2050
= 0.040
0,030
0,020
0.010 i -
0.000 i —— _._i - =T
Avicel Kylan Glucose Xylose
5ul:-5'trate
Substrate

19 43, Effects of various carbon sources on enzyme
production by Bacillus sp.#6. ab values with different
superscripts differ at P<0.05.

(4) 71& At HHa &
71E9 AA F Bacillus i
of B AFoA s 61 o

f

off

ERL]E
353 Lactobacillus 1 2%2 CMCase activityS =43}
sAWMo] T Pl13 Wttt Bacillus 3% nutrient
brothell, Lactobacillus 2% MRS brothell Z+zb wjokstsith. o] uf ®jA]o] CMCE ©A Yo
2 H7}ste] CMCase®l A2He F =3ttt Bacillus 3% 69 5o H|5to] 65% AL
activityS YWeF Q1 aL, Lactobacillus 2% activity7F 719 gl Aoz YEyttr (F 15). o
E T3 B AFolA JpEE dFEo] 7o Al Hste] Aia i Hel Ao ¢
sk oz ddE)

Z
T
==
T

¥ 15. CMCase activity of commercial probiotics

Strains CMCase activity (U/ml) Relative activity (%)
Bacillus sp. #6 0.039% 100

Mutant P11 0.050° 130.1

Bacillus A 0.025™ 65.4

Bacillus B 0.026™ 65.9

Bacillus C 0.025™ 65.0

Lactobacillus A 0.007 19.2

Lactobacillus B 0.001¢ 3.4

4 values with different superscripts differ at P<0.05.

_72_



A 4 3, A

m\m
of
o
o
Jo
B>
M
Ko
|:°"
B
Lo
ox
(>

7 A7 AREE

(1) 2das fs 714 4

S, 971E, giFe 210 g E8E (64)S 7IdRE o] &ste] U REE sHiTth
714 100g°l Toyama's mineral salt solution (Toyama and Ogawa, 1977) & 50ml % 7}3s}¢]

I AojA Eidk & 6‘?4_ T EdWe] #F P119 wigd S At STl 345k

=3tk o] Wl R %S Toyama's mineral salt solution®} HEPE RF FHOZ 11

H
tol 714 3e] vl & o] 1-101 HA ATk JEe 71EL 35T midrloA 3d3E st
50Col Al 29 1F Hx=3F3 T
Ul 7HA 71E FellA E7led giFel EFEe] 6 59 Pl EFolA 71d 1gW
CMCase activity7} 7Fg =& Ao = YehA] olE g 7|d=2 Adstdn (27 42).
CFU® 7% P11& HEE SBMS Al9lsta w59 7 o] =¥ 714 1g% 10°01%
o] colonyE FAstAoh (17 43).

-101' A u:}L Ukl
o

w
o
r
£Q

B Corn grain WEB ®ESBM B WA456
6000 -~
5000 -
4000 A
3.000 -

2000 -

U/fgsubstrate

1.000 -

0.000 -

Bacillus =sp. #6 Mutant P11

Strain

19 44. CMCase production on various substrates in SSF.

a—

“ values with different superscripts differ at P<0.05.
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B Corngrain EWB BS5BM B W456

10 -
- 9.5 4
B
E Q
= _
= 85
=
8 B
=]}
=2 75 -
? -
& P11
Strain
19 45, Colony count.
(2) TEAE HHa %311

2) =
o 7% Ax AT PIE 48438 Wil %ﬁfz} Ao pehuke) <:a ), a5 A 7he
Zl:

SR 43 #AAVE i, HaAgte] HE AE ol UF Ba, HaAgte] 4 A
ol Wi Holx gl gUds v Ao By

4500
4.000 A
3.500
3.000 -
2500 -+
2.000 4
1500 -
1.000 -
0500 A
0.000 S

Ufgsubstrate

Bacillus sp. #6 Mutant P11

Strain

a9 46. Effects of fermentation time on CMCase
production on the mixture of wheat bran and SBM in
SSF.

ab: values with different superscripts differ at P<0.05.

(3) 714 FEHEY 34 T A4 HU}
714 o 8 H&S 1:05 1:1, 1115, 1:222 3dto] 24258 3 A3 6 7579 P11 25
A FHa 111 HojoF st Aoz yEyT (¥ 45A). 712 o & vl &o] 1:059 A%

CMCase activity7} 224 o2 vrokt},
CMC, peptone, yeast extractE Toyama’'s mineral salt solution®] Z+z} 7] el 2%% = 7}s}
of ARG E AT 61 T AS Al 7] BEFOA FoAHl zkolrb gidla, P11 4
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5.000

.000
'E 4.000

.

j— 3,000 -+ e
b
= o
=2 2000 15

1.000 w2

0000

BacHlus sp. 86 Mutant P11
Strain

B.
=2
[
5 B Mo addition
-
= B CMC
=

E Peptone
H Yeast extract

Bacillus sp. #6 Mutant P11
Strain

29 47. Effects of moisture level and additives on
CMCase production in SSF. (A, moisture level when
substrate level is 1; B, additives).

@b values with different superscripts differ at P<0.05.
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I 16. Effects of addition of enzyme source to diets on in vitro dry matter disappearance, gas production and pH

F! c: M?
Time (hr) 0 10 20 0 10 20 0 10 20 SEM DT* ET DT*ET
6 2011 2325 2517 2359 2331 2918 29 26.54 2628 052 0001 <0001 0.006
DM disappearance (%o) 12 30.74 3211 3517 4298 4737 5047 37132 41.19 44.78 129 <0001 <0001 0361
24 37.55 4299 47.25 5992 60.72 62.77 5262 36,40 5536 162 =0001 <0001 0012
6 11.78 1240 121 14 83 1343 14,43 14.96 15.29 1278 026 <0001 0.025 0.000
Gas production {ml) 12 16.89 17.86 19.26 2639 27.17 2741 24.13 2546 2446 076 <0001 0.000 0.010
24 26.68 27791 2888 41.60 4166 3993 3732 3709 3545 1.12 <0001 0233 0.005
6 6.78 6.80 681 6.78 6.80 6.80 6,77 6.77 6.7 000 =0001 <0001 0.251
pH 12 6.75 6.76 6.72 6.65 6.64 6.63 6.649 6.66 6.66 001 =0001 <0001 0.016
24 6.64 6.64 6.63 647 6.49 6.50 6.53 6.53 6.55 001 <0002 0177 0220

‘F=forage

C = concentrate
M = mixed feed (F: C=3:3)
“DT = diet treatment

‘ET = enzyme treatment
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A 10 A, AddF

wabaA shslet.

H pilot scale &

A AEs A% 7

g HeEFe uALE 54

AL B A C/N ratios 7|=o =2 1A YFu)

al
al x| A Myt 3F(Bacillus sp. #, mutant strain pll, B.
licheniformis G7)° o3k e EA 2 F4h3A HrlE S8 das 93

ZN2EEAE A

AT vjx]e] FAd & C/N ratiodtwS 3% 179 YeEY. nAds g a2 A}
43 959 C/N ratio= 55004 21.1AFel 2 o5 tiFura} AW E &33te] C/N ratio 10.5
s TSI

slulo] APE= &

Z(reducing sugar)< ?‘”*0}01 cellulase?] &

glucose lumolel & F3+= =

35T, FEAATES 60A17HS 715
Cellulase &4 & Carboxymethyl cellulase(CMC = VAR 3 §i£§— 2L S A A 7] - o]
/\ E.

o7 g} o]

OE TFE]OPE akr

3 17. Carbon and nitrogen sources

S nutrient broth HA| o] 2% CMCE
AL E AR %7 FESES 45%E
wg 27] #4E 1.0X10° CFU/)E
E=e)

S lunit® A Y3ty

A7yt o, &a

H7bste] 35TolA 244 7F

ngsa, Fit A

’

Raw SWsx* (SBM/WB)
) SBM* B-Oat WB: Corn
materials (6:4)
C/N ratio 55 10.5 14.7 18.1 21.1

* SW: SBM(Soybean meal)+ WB(Wheat bran)
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29 49. Effect of various C/N ratio on cellulase production by Bacillus sp. #6.
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a9 50. Effect of various C/N ratio on growth of Bacillus sp. #6.

Bacillus sp. #62] 945x4 W S g A4y 4847F 2 60+ 7F %‘ioﬂfﬂ ZF C/N ratiod &

gAdol zol7F ARew, HZAH C/N ratior= 55~105401¢91 Aoz Felxdrh(2y 47).

3], C/N ratio 10.5¢1 SWHlj %] (tf] F718}/2~ =) 5] 2] DZELHHX])OHH 60 ]Z_]‘ Wy ¢ 1221U/go =2

Mg Ee A4S JEdTh E=F, 6047 E F HAFTEFE RE AyTaA 107

CFU/g oo o 43S Ho ¥E T PAE d5E C/N ratiod] & FFE A Fokrh(L

g 48). o] C/N ratio 5~ 101\}0101]/\1 AW 9l bacteria Aol 53ttt ATAREY A
A ale AES AJAUHAL and Sayed, 1992).

i ol
P>

4 r
O
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19 51. Effect of various C/N ratio on cellulase production by mutant strain

pll.
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19 52. Effect of various C/N ratio on growth of mutant strain

pll.

Bacillus sp. # T3¢ mutation ¥52¢] pll#F% C/N ratio 1% 55~105914 10° CFU/g
ol el ot 1,670U/ge] =2 BAEAS YW S, Bacillus sp. # T 4% A8
Hj 291 o) FuF dhAdnfx] e} SWaj =] 7} aa kg A3et Jmujx 2 AT a4
Holl A Wo]FEel pll wFE ZiFol 6 UM 33~36%2 EAA e F7ME #¢le
tH(1 9 49, 50).

32 v
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19 53. Effect of various C/N ratio on cellulase production by G7.

10.2

9.0 A

8.4 -

Log CFU/g
N
-]

7.2 -
6.6 -
6.0 -
— & — Corn
5.4 T
0 12 24 36 48 60

hr

19 54. Effect of various C/N ratio on growth of G7.

WE 9] AWt 5221 B. licheniforims G7 5+ B. subtilis #6 X pllat==ol M3 A3 ot

St
< cellulase 4S5 YellA oy, A4 C/N ratior= B. subtilis # 2 pl19] # 4 cellulase &
A4S JeEE 199 593 105 AL Aow FoEglon oiFur @ xwlule] ua] of
50% Axe &4 FT7HE st (1’ 51, 52).

AEHo g etgdHel w4 H g4agdAe FrE H3AE C/N ratio 108 =20 SWHIX] (] F
vy 6:4)7F HA w2 Aew FuEol B AFE 9 B2 A TH
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st o 7|z A 2= SWHIA| S AFE-3FaL 7]E wfA]of] cellulose 2 cellobioseE Z}
2, 25%% F7bete] dFEE @AY b gk G3FS ARSI gAY HIF U
SWHA] o] cellulose ¥ cellobioseES 22t 25%% powder FEHZ E@stR o, T+ HE
35ColA 60A17F Has skt

w3 du AP A 25%9 cellulose H7Fe &3l Bacillus sp. #(1,399.1 U/gle= tx+
thH] 9% 7HA) 2 pl1(1,742.70/go. &2 WZ Wiv] 5% WA), B. licheniformis G7(540.8U/g 2.
2 gEz7 dv 8%/M4) 2 G7 mutant(536.7U/go 2 thET vl 10% MA)Ed g
cellulase &4 F7H7Hs48S RlstAtt (L9 53).

Cellulase A4bs fa 7HE €A 32T F e Fi0] 8adS Hrkstes A& @ol ©f
&3tar o cellulose, lactose, B 5o F= ARE%™, glycerol =+ glucose & 3192
Aol Hosli= SFArYS AFEE A9 23]¥ catabolic repressione 3 238 cellulase &
Jo] #A 3] olxl= Aol UrH(Moussa and Thawat, 2007). webs 2 AFjoME=
cellulose, cellobiose, lactose & ©AH9-S AFESFATE HE3 dytdoz At gel Hg &
Qo] ko] 1% AEA H E42FAHS veplittay B ausE s 9l 0 (Pushelkar et al, 1995),
TALEE Qs dEumAe HH powderE TEE = A= AAF] = HUEFES 245
= AS dEds B 5 dnk dAl 25% FE7HAY HIbA aagddel digh W Eart B
subtilis #6, mutant strain pll, G714 cellulose H7}FF0] 25%= AukZ ol
BAEFRTY dA3] m& FFoly cellulase E49 7 Holal 9lo] ZF gAaUE HIleEo
et Asol 28 Ao AT, weba duAddes JH a4

strain pl1i+5 o] &3] &4A Y F7 W H7es &9l

dob rlo N o

11
o
o
™
0%
ol
ol
8
i

Cellulase activity [U/g)

19 55. Effect of concentration of purified carbon sources on cellulase production.
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a3 56. Effect of cellulose concentration on cellulase production by mutant

strain pll.
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%9 57. Effect of cellobiose concentration on cellulase production by mutant

strain pll.

_83_



2500

2000

-
1500
1000
S00
] T T T

Control Lactose 2.5% Lactose S5.0% Lactose 7.5% Lactose 10.0%

Cellulase activity(U/g)

219 58. Effect of lactose concentration on cellulase production by mutant strain
pll.

Mutant strain pl19] H# ©i2¢ H7bFEEs dolry] 98] 7|2 wix =2 SWHlA & dA st
2™ carbon source®+ cellulose, cellobiose, lactoseS Z+7} 25, 5, 7.5 % 10%= siA o
7hek & wjR 9o RS 45%E BAsta, T HE §F 35 TolA 6041l AT

Mutant strain pllyFFel] o3 ‘E‘riT_ A7} &3+ carbon source H7FEFo] 5% uf
cellulose A2 Toll A= 1,995.7 u/g(118%), lactose # & Foll A= 1,973.3 uw/g(117%)8] & 2S84
S Yehggl e, cellobiose # 8 FollAE= 2,181 w/g(129%)& 7 53+ cellulase @45 1}
ER AT

gaY H7F 7ol TESE (5% 7HA) cellulase activity 7t S 7Fst dAGF o] Aol

% S Ho] BAadde TR maAE HIbeFol o cellulase €
AR o= AnkAHQl W ABE Al A ALY dAHFFE o]
A7be PAEY 34 HHss °FstA7IH, B0 soluble ¥ FHO 7|HAdFH
3 Felo] 7148 #Hrbsle Aol ¥ldl enzyme inducerd] <3t <la) G AaAAs ol A
Hot(Margaritis and Merchant, 1986). wetA 2 A2 A2l A4k g ol 43kl
1.5% W &ol Al Aol &4& Uetdl= A dAsHAT, HA HI7beeES 5%% Aoz g1y
ATH 2™ 54, 55, 56).
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A 3 3. Mineral d7}d] & 43

ALEE WA= AAE SWHIA o] Mineral source(g/L, (NH4)»SOs 10; KHoPOs 3;
MgSO4-7TH.0, 05;CaCly, 0.5)2] H717}F cellulase @A m X J3FS ZAFeH7 e Ak o
F 3%l sl 2dS HAEA T Mineral source H7bel wel ZF fFE R k7] cellulase
g4 Sk FAElod, 7 ﬂﬂ? M2 553 cellulase €4 S7H= <1 4 gl
(Figure 44). dWt4 o2 mineral> &49 Aile] Taost 242 285 3y I 40849
H| X = FaFo] wH|slA LERGT 5‘3], %ol A4 NaCl, KCl 5 €9 #7212 <& hx

=] o T
T vlE] 9710%2 MAGZHE Hole Aoz dHA o (Ja’afaru et al, 2010) A %=
oA a4agdAde F7k= mrd FFEolojA] it AFxARTE g4hg4Eo] AT

7 AAEE WFAART AN e BRF Qo)

1800

I s/W
1600 - T [ S/W-mineral

1400 -

1200 -

1000 -

800 -+

600 -

Cellulase activity (U/g)
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200 -

0 T T T
No6 p11 G7

a9 59. Effect of mineral medium on cellulase production.

A4 Az R GE TESA
Cellulase AAHS €8] SWHl Aol nitrogen source®] HA7}7} w4+ 2 §hF Ao nx= T
S ZAFSF T Nitrogen source =+ corn steep liquor(CSL), peptone, urea, ammonium
nitrate, ammonium sulfateE H2E 3o 77} 4%(0.04g/g)X SW v #]o] H7lste] w3
EAS HrEe g 1A W 2AL FE 45%, 35TolA 60A17Fe 2 v &5t
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29 60. Effect of various nitrogen source on cellulase production by mutant

strain pll.
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19 61. Effect of various nitrogen source on cellulase production by Bacillus sp.

#6.

Bacillus sp. # 2

9} FL3FA mutation

ANew, plidtFo] 4

pllsr=
:&Z

o
A5

= A4S & nitrogen source H7F TS ZAFSE Ay}
ol pll ¥F7F #6 WFUH] 50~60%2] = 40T S

nitrogen source® ureas 4% F 7}t S Wl cellulase &
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wgl 2 djzFol Hla] oF 50%0°]de] FtaNE 1 7 AAUTHTF 58, 59). w3, AUk
Hog g " g asAake b @o] o]8 %= nitrogen source 7} HFE ammonium 3HEE
Z 4 (Rajoka, 2004), Gokhale et al.(1992), Acharya et al. (2008) ¥ Narasimha et al. (2006)%
o] ®Hare] °stH urea H7HE 5‘5‘}1 °F 507100%°] &4gd AR HE Ao, o &
Aol A A &et= dF B X47} ol HEAN urea H7HE F3 50%0l e a4gd Vi A

}E U & e Aoz Bud
HE TR OIAE _4—{— mE A FelA 10" CFU/gelde] g Selste] nAlla
Al urea F7F= Agk 77 A3t 59 wAHES e AR FAHIIT

2500 10

- 9.5

20 2000 9

-.:’E - 85
=1}
S 1500 B =
E - 75 B
@ 1000 - 7 ¥
g -

E - 6.5

E 500 - [ o

- 5.5

0 - - 5

Y ™
=3 e;b @ xE‘ \J‘“ \E‘dp
qsk t@'b @_‘b 'Lz:b
® ¥ S

= Cellulase =ll=Log CFU/g

9 62. Effect of different nitrogen sources on cellulase production and
microbial growth by Bacillus sp. #6.
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1% 63. Effect of different nitrogen sources on cellulase production and
microbial growth by mutant strain pll.

Ao FiFe W& MHEHE A
= YHSBM) 3 ol gheFo] 30% i
2 FHANZ(LSE o]83tY] cellulase 84 MNAEHNE ZANSEAY. Bacillus sp. #6 2
T o dFolA tfFute] FAAI= Hlg 3 EAEA S UEd oY, FEAEE
o = A% = AAom, urea F7F
Hl 24 30% ©]de a48d /MAads e 4 AJHZE 60, 61).
, 4, 8%9] urea H7t¢aol digh 7t
ek Eagdd MRS 2 AR TEEAS AT
I A urea? HA HIMGTE 4%2E RE YnoA LA 4%9] urea H7F Al T7HE
EAEAS AT F AN, urea 8%7HA HItAE HAEZQl SHA WFol= I
= Ao g elxo] HEAAS Y3 H A nitrogen source® ureas Q31 H
S4B ATHGEE 18). HFTF TGN Fade] WIS 01% FF (Lieckfeldt
HARD H7brEolu, - AFE S8 nATE] 49 E4 49 B2 4%+
Ao g FlH

o ™
b
fru
N
N
o
52
o,
>~
>
ofo
Al
s
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1

_

et al., 2000)¢
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o] 7 Hr5F
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3 18. Effect of concentration of urea on cellulase production and microbial growth

#6 pll
i Cellulase Cellulase
Media a(cltjl7;t)y S. D. C{;{}fv}g a(cél}zg)y S. D. C{;{}g/g
SW+urea(1%) 1,397.75 38.29 9.64 1,726.99 38.04 9.11
SW+urea(4%) 1,888.82 69.17 9.15 2,335.26 34.58 9.60
SW+urea(8%) 1,706.14 38.04 9.08 1,985.11 69.17 9.46
SBM+urea(1%) 1,168.23 69.17 9.15 1,568.23 69.17 9.15
SBM-+urea(4%) 1,756.89 58.04 9.30 1,957.00 38.04 9.38
SBM+urea(8%) 1,687.54 58.29 9.18 1,887.54 58.20 941
LS+urea(1%) 1,342.75 82.02 9.36 1,742.75 43.02 9.62
LS+urea(4%) 1,635.67 95.77 9.32 1,835.67 85.77 9.61
LS+urea(8%) 1,508.57 87.21 9.04 1,408.57 2421 9.52
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A5 dad R A2 A At 28 vAE 9%

HAAYS ureaz 1AL B4 2SS T3 a4hdAdo] WetE 2ANSHY] $l8l urea #

7bES 4%=2 Il cellobiose Bt 7hA A o2 FAH o] Sl= lactoses 1~5%7HA S
7bale]l &4 W3S ZAFSI UL Urea 4%$} lactose 4%S A A gjdh Ad oA =
2 3AEHS gsd oy, dlx29 urea 4%HS HIbeE A Gt Fo Al Aol §le
RNo7 Fkxlo] B A A = urea®t lactose?] FAIH7I7E S48 St 2 dFS

A
Aoz FAEATHLE 62).
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Cellukase activity(U/g)

19 64. Effect of concentration of lactose and urea combination on

the production of cellulase by mutant strain pll.
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19 65. Effect of fermentation condition on the production of
cellulase by mutant strain pll.

2500 ~

[

]

]

(=]
i

1500

1300 -+

Cellulase activity(U/g)

500 A

58M L5 W

W Aerobic condition M Anaerobic condition

9 66. Effect of fermentation condition on the production of
cellulase by Bacillus sp. #6.
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19 67. Effect of initial water content on the production of cellulase.
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A 83 T 2xd WE JFF

Bacillus sp. #6 2 pll 5o did] g Al A daes AAS7] 918 30~45TCT= =
MO S dEste] 60417 HaE 53 24N E AT Ha Ay plldse FHA
LEE=40Te Aox ol ) 2 66), Bacillus sp. #1752 A% 35Tl 7%

Hon o
fo ol o

E4Ag9A4S YEAY 7)
Lq'ﬂ'/ﬂ cellulase tfZFA S 93t FH A =2 = pll 5 38~40T, # = 34~3
6C= 274 At}

E

Sl 2500 1

o0

ey

= 2000 -
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a9 68. Effect of incubation temperature on the production of
cellulase by mutant strain pll.
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a9 69. Effect of incubation temperature on the production of
cellulase by B. subtilis #6.
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19 70. Effect of initial cell concentration on the production of
cellulase by Bacillus sp. #6.
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19 71. Effect of initial cell concentration on the production of

cellulase by mutant strain pll.

HEFFS 100~10° CFU/ge2 Zeldle] 23 HE4F0| cellulase &84 o
S zAEIATE. B, subtilis #6 2 pllitFe] HA ZHHESTo] 10° CFU/gol A
cellulase activity”} 7F& =74 bely H4 23 255 S 10° CFU/go = ZAAHLY 68,
69).
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A 10 3. %7] pH W& 93F FA}

%7] pH 3 9&S 2387 98] mutant strain pllTF3S Ao = 3te] Z7] WA A=
Al d5e] pHE HCl % NaOH 895 o] §3ted pHE 4~THHZ =43 F 38TlA 604
Ed el s

=S Ao daEt. w3k dAurgol Ao cellulase B FAE W A3PAbg el gy 4
< A5 pHOlA] cellulase &S YRl AR gl o AJ4ke cellulase?t H g o
o& AAH cellulase Bt W& WHWFY pHolA activityE UEHE Aoz Azbs 4= gt
(29 70).
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29 72. Effect of pH of medium on cellulase activity by mutant strain pll.

A1l & FHH TEAD HAA

A Hag A AAS7) A8 Bacillus sp. #6 L pll #F= SWHiA| o] HF ko] 7247
A BEe LD RS WAt 1 A Bacillus sp. #62] H AW ZAIE 604 7ol A 7}
Fw=d 4SS KB pilot scale HEE 913 A HEAS 604172 HAGFITHIH
71). RFH, pllero] A5 24A17ke] GA oA & EAGAS YEhERE AL A A
A A3 T AR A SHelA FHo] s AoE ddEh
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(B)z2¥ 73. Comparison of solid state fermentation time courses
for the production of cellulase by wild type strain #6(A) and
mutant strain pll(B).

mtm

AF7HA Akt HEFFNES AT V2R ZAMAY AAYEE A HAAMARE
T A R cellulase Edo] 7MY F3H SW(HFa+ 23] <] o g 5ol SWujA| b
o7 §oed dFu 9 FAANEE X3t 3T AR wiAE s AR TEx
o 2= AAYUQ urea's 4% H7Fsa %71 s} =55
35T, mutant strain pll& 40C= ARSI ow, HA Fd HITEFES oF 7Tz
10°CFU/g, A A pHE 50174, HA W aA7e 60A17te 2 7H7F A A 33 pilot scale A3 A4
FHA0 R Wrg s

Bacillus sp. #6<
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Al 11 A, HFHZA9 49 pilot scale EA H7}
A1 AFFTad Taxd 2A
A Al AME S = AgEre] o W AT 5o wet digFALEY 540 et
AF JS Ao duste] dFide BEZAS QAT AFT wWEFS g 7=
vl 2] Q1 nutrient brothel cellulose, cellobiose, S/WH &, 92, urea, peptone, CSL, ammonium
sulfate= 7—}7—} 2"“4%’55], 7‘]7]-6'}-0:] HLEE—/\']-— 3117]»'5}. ];]. HHOO]:%E“‘E 7_}_ _EL '4 J,]XJQI: O]
35T % 40T e vjd7|o] A 200rpme 2 T8A| 7 7kA] g sl dgEAS Hrhsgdct.
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219 74. Effects of various carbon and nitrogen sources on cellulase

production by mutant strain pll in liquid culture.
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Production of cellulase on the SW medium containing

2% by mutant strain pll.
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19 76. Effects of various carbon and nitrogen sources on cellulase

production by #6 in liquid culture.

Bacillus sp. # 2 pllvrF2o] Axwtg ZAA cellulase &Aoo 7Fd $53 A
cellobiose 2%5 FH7Fst A8 7(183.49U/mL)= E}F A& F-o Bvlsl] 28] o] =&
gtolst 4= k(29 72, 74). T3k cellobiose 7} Aol WEAzbE g4A8A
HW mutant strain pl19] 4% HA HFAS BAFCZ FAHJTH(E 73). 18X
B. subtilis #62] 79 48A17F o] Fol = g AhgAdo] FUlekE Aoz S1E 4 9lon) 484
o] % cell lysis ol 9t g3 2 T b Fro gk nAgg A9 5

2% ZAor Hu(d 75).
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19 77. Production of cellulase on the SW medium containing
cellobios 2% by B. subtilis #6.
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A 23 HH daxAAe TEEA AU}

Pilot scale Al gA4HS H8l 955 SWHI X (T2 +4M3])ol urea 4%E # 7}l 121°Col
x e o

“
A 3087 SRS Ao 7 WZHAIA mutant strain pll ¥F1% HE38Fa 60417 S 1

Axags A

Wy T daArd FEwe 2=wsl a484 9 pH WElE $43 A9E a9 76, 77
of el wE 60A17F B AFe] FETHFS 50% A 36%714] HAsEHon, W
T 25T 40% olstE AT st o}, 30417kl F Bacillus i A gEo] Haewvt
BOE7EA] FA A dsste] HaAFS] FEo] 46%l A 40%7FA] @A kel S ASHA 7HAE)
= A3 dJHE 77). 4% FEZARE Q8 FUFH< wasdo] ¢tyo] wFEER A
AATAL 2500U/go 2 el ol HarAdues S 2E F SR 2 228 H43
FAE A AR 22 520 F2T F ASS AAST obeE 3abd = oAk
T4 AL oj¢} Z& FAES #E factor® AASI FEEES FHste] dFEAA A

F A 6474 v e 44T HEo] %
_]

=3
CHE HE AN AR #4545 40X10°CFU/g, cellulase 84
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% 78, Study of pilot scale solid state fermentation time course in mutant

strain pll.
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a3 79. Changes of the product temperature and moisture during

the pilot scale solid state fermentation in mutant strain pll.

X 19. Results of pilot scale fermentation by mutant pll

Item Result
Microbial growth (CFU/g) 4.0X10
Cellulase activity (U/g) 2,489

A3 F BAAF vxLFs}

Aol AlgFel Al AitAo] etk cellulase TS BluH 7} 3 A9E & 2
Wt AT Bacillus AF 2%, §4 AF 25 2 S8 AE 2Fo2 A vy 2z A
FHE o] =2 AFY 287 X3 duk A AEFE 247
0

= O

7)
Pilot scale A& Z3] A4E AF(mutant pll)S EF A Mol vl ai%

de] 59
A Hu 80%0]d EaTA ol B AFo|W, 75 ZSHAAME 40X10°CFU/g o & EF A A
of Hla] €53 HoAd AFo=E FrbE F Ak FAbE-A9 cellulase €/d0] MES A9
sk AlEE # At Al v&] =A 248 A2 DNSH 93] a484d 54 A dukd o
2 UGS SASEE F2AAx P9 AFeR s40x A 4 xsE & 5o HEH
o] BXH Row Aust = Q)

v g2l ZWol| A 17} $£YEQ Bacillus-A AEW 10°CFU/ge] #4E5 eI 9lo] 2
A5 F3l MLE AFo] kAN BAGY B dFE FRIATH, S oA N ofy
g 71 Al FolA FEEL e AuA AFS 20 dAE S8l AlFAY AAES
sl M Ao =m o dETh
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3% 20. Cellulase activity and microbial count of commercial probiotic

Cellulase activity Microbial count Relative
No. Products o
(U/g) (CFU/¢g) activity (%)
Mutant pl1
1 2,489 4.00E+09 100
(Fermented product)
2 Bacillus-A 109.93 1.70E+09 4.4
3 Bacillus-B 115.24 8.70E+06 4.6
4 Lactic acid bacteria-A 524.15 1.30E+05 21.1
5 Lactic acid bacteria-B 374.09 4.00E+08 15.0
6 Yeast-A 92.09 2.3E+06 3.7
7 Yeast-B 75.24 8.4E+04 3.0
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cellulase®] 54& A7bst719a] 4 4& 2Abskddnh. SAAA H7h=

= REA
I} FASHA 231 S AAStaA A RS0l w2 glass cap-tube(WHA| &
=
5

i

il

off lo
=

N

HE

= lg 95 4% AZ =o] Floem)ell Z4zte] w2 23 & 1gS 9ol
=2 Ayt g4 FZ(water bath)oll 32 2 A2 Algbel] whe} F=H]SA T 7t
Z 1gs Ev 5 9ml H7Esho ﬁ“’\]ﬂ S dAHo R s s E AES Hi
Hj zJol] T=ksle] 37T, 24A17F ket & vAlE -SG5 colony forming unit(CFU)Z UE}d

Ji PN

F <

3 21. Effect of heat treatments on microbial count and enzyme activity of fermented

product by mutant strain pll

Temperature
Heat-treat
Item
ment Room . . : . . 5 .
, 50C 60C 70C 80C 8T  90C 100T
(min.) temp.
Mutant 5 - - - 2.0x10° 21X10° 2.2X10° 1.1X10°
strain ——— 2.1X10°
(CFU) 10 - - - 24X10° 2.0X10” 2.1X10° 1.6X10
Cellulase 5 100 100 97 90 80 68 62
(relative —————— 100
activity, %) 10 100 98 89 78 71 57 52

Mutant strain pllvtF ZA ] WG T8 78 o= 100TCAA 1023 A 238k
= A e At gl Ao 97k= 60T 10% A27kA= A
ol o), 70Tode] ol A g on, 100C, 108 Az Al
50% F+°] AASAHS HERN 1 pellet 7}&&%% 80~85TCe]aL

L p L=
AZEE 1Rolle] AdwAle] JtEF Aol BE pellet AFRAER Qg A7t 42 AA oS
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7b w SWHjAel 8] EAagAs AFedth nAdE FrARE S AdEEE wAR
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Al 3% A3

b @A g Ee A dudd

3% #FE oo R A5 wiA W ureaH7t FEfrTol WE g484 WstE 1*}'3}9?\2“1 |
= 29 790 Yeblilth Pilot scale &4 w7 } 2] AA9Q] urea 4% 7&47}*‘ =2 484 S
Hd A3 22 ureas HbeHA B2 AF BaZA ol o 300~500U/g %z‘s}% Aoz 2ol
At T3 mutant strain pll @72 A9 G428 Wo|rt Adte] B J B. subtilis # 59
Hlal] gagyo] W AE VehlE Ao ERlFITh whebA EH‘“/“@"P Al~d FHE 98] mutant

TFHUE BHEFE o] &dhe Aol gl digkALt

z

29 o] fEE Aow e,
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p
B Urea 287} = Uread% &7}

a9 81 AWt 75 urea F7F 5ol WE g4A8A v
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AEE FA GHE Yo AW 75 O S 5P aE S uAEE EA4S AT
9R). Zt WHEASAAM B subtilis # 7]' 7H =2 1,600~1,700 U/gel 249435 Yehdiglon,
subtilis #6 2 B. licheniformis G7 w52 B3R goAAM= B subtilis # T+ TEdaHty v
1,200~1,600U/g2] &ATAlS ‘/}E}lﬂ‘? W, B. licheniformis G7 ©52& o= 900~1,100U/g =2
e gAEAS Yl B AFdME B lickeniormis GTit5St B, subtilis #6WH w599
synergy 8345 ZIdeti oyt 5ot uAdgo s S8 gt Qe Ao EAHNeH B subtilis

T A Ao wep aAgA GFS vAE Aom AT

oy o

2000 2000
é..“ -
= 1500 = 1500
= =
T 1000 I T 1000
L] =]
) 1]
A A
S 500 . - 2 soo
8 8
0 T T T 1 o |- T T T ]
=7 #6 G7 #6:G7 =3 H#B G7 H#E:G7
2000 2000
] ]
— —
2 1500 2 1500
= =
= =
= =
T 1000 T 1000
-] m
9 9
2 soo - 2 so0 =
3 3
0 - T T T ] (4] T T T |
EEE:I.I #E G7 #6.G7 [Hf:rl =151 G7 #6.G7
a9 82 WHE AR AT dAelA e 4 i aagd A

TEE 3484

T %

b= 84S YetAYy v B subtilis #6 2 B. lichenitormis G7 ﬁ—?

= ﬂEHLOﬂ AMe AE O F &l Aol ot F7Hek o batch®d 4]
a g0

GRS PO R B osubtilis #6 w5 W5 HE IAS )
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£ U AT A ER T 56R4 0 75 A9
No AE Cellulase(U/g) CFU/g
1 o) =+ 104 -
2 #6 1,713 1.00E+09
3 G7 1,188 1.30E+09
4 # + G7 1,493 2.00E+09
5 Mix (2+3) 1,453 1.00E+09

k)
=
ol
o=

>,
ok
ox
o
Lot
o
o
2
o
g3
LI
_L
i
=51
DO
Al
=
i
o

scalesd oWl dad Srb wE dAeEe 38 Ao (9F 200~ SOOU/g)i
pilot T tiH] AEFA, FAF S BE T 4R FEFE o Wstel] uhE Avz ddd.

2} 2

12}~32F A% Aajol| A g A7 §48A 9 7 stE a9 8lo YeERITh HF 60417 BHE
A EAFHS oF 140U/, WAE #5E 107 cu/gs FRagnh BEAE 284 2 s
s A A3 A4 a484 2 vAE 755 UERE AlRto] 42~45A)710.2 Bl o] =3 o
ZAAL FA M= HEATES 7] G0AITHAA A2~HA o R bdEAIZ $ S Ao Felydr)
HE T F A5 dv] AF e ATAFTY TR 85~95% 7wl R 89~91% FTas ¢
AH oz 2r st

BEY I 14 23 33
1 1,315.95 1,103.30 1,366.35

2 1,412.55 1,065.25 1,381.55

3 1,401.60 938.95 1,461.32

31t 1,376.70 1,035.83 1,403.07
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A2 Az R LY

MAF dg AL B 8l dre] 23 Fol AU AZsHe}(20 cm X 25 em) A%
BeRA(EE: 10~25T, 5 40~70%)04 AFE=ES 519
ol B3 AAEe] AP Bk ST (17 ).

29 84 WA= A A test M=

A3 AR

6703t A dPdatE 11 83l HeERHIT. 27] 3L/ cellulase@/d 9] ¥B7F A9 §l=

Aog Folxlo 7MY o] FHE = cellulaseZAlo] 234 TAhdheE Ao FFEon HF 67)
4 T cellulase A& %7] WH] oF 7% F=7HA Z.%:‘E?}L Aoz FoFgor} nAE F4= 100
cfiug FF5 FAEE A4S FoEo] 619 B E ngE SHoA o AHAHA L A7l gl
Rog detEnt
100 b =t — 5 —
£
£
£ 60
i
g
5 40
&
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A 15 A, 34T vBEAAY 25F7}

2 AFdM e e Bacillus 68 79 d)Z2FE In sity, In vitro 23S $3l 954 SH
A
=

S
fra el E9E ¢aA sl

A2 AY Az 2 By

7} nylon bage ¢] €3 ZAE &A4& Hr € AR 4

S 573171 A8t Bacillus 61 5 R EBS)SE 2+ 1L EE nylon bag B
& o]ga AdS AUt 170 nylon bag & 50g¥ 9ol ¥ 42 nylon bag (30x50 mm, 53-um
pore size)S HISFY] (0, 3, 6, 9, 12, 24, 48h) Wl Al7tel] 23] 6 : 4 )& dAQGS S| Al

g Fol wa gt FrEl AN WES dom Folsginh A4 WA AW F wF
AZFE nylon bag 71Ul $EEA WRSl oo Aol ol ed) gE W Yo
AANT. o] F 65°C Ax7le] BA7 Bk AxF F PAE SAS] A% 2082 )
Akl UIleh, nylon bag@te] At Aulel dugE BAS AaSgn A% £0E A9E

8l el Aes Arke ol AddAA LS ta 2

P=a+b0-e)

P = A7 t A9 A Bl (%); a = 9= vtz BIssE 25 (%), b =
Wl 3] el F-E (%); ¢ = b fraction ©] B FHE £% (%/h); t = 9]
W wleE A1 7F (hour). A1 Bal 75 Ee a+bh = AAE )

Wash out ¥4 o] Orskove} McDonald (1979)2] exponential curve fitting o "X & AFS
H7vsk7] f18ke] wash out o ol wel =2 A Hrbgk & vl skl
23l = (ERD: effective ruminal degradability) & ts 22 o]&3le AkstS

il

ERD = a + [bxc / (c + k)]
= k9] Y859 flow rate (%/h), A7t 5% = F4

AE At w9 g gl mAE GES ot ] {8t Bacillus 69 7 /4R E(BS)S
= A EE batch culture (Tilley and Terry, 1963) Wi o2 A&S A3ttt In situ A3}
3 gek ¢ AR E wol WL gl ZAER] AMS-ERE v s QA
12 A 1 3 gk McDougall buffere} 1:4 v]&& 3]st ‘)r

A A F T 1ge] AlE7F E97F 60ml serum bottle
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QFoll 25mle] &A% HkEQ]H S
Erfr} 39k o ® X8

ol

oo
o
©

—_

[N}

i

HIE rubber ¢} aluminium capl® bottleS E-3stith 7 A
al , 24, 48 h 2.2 39°C incubatorell A & & A| 7 T,

ZF AIZE ) HE AES Aol ¢ 710 3000rpm o= 15% &<t Fa3k & pH meter (Delta 340,
Mettler Toledo co.) ©]&3] pHE =43ttt 4592 NHs-N Y Volatile fatty acid (VFA)S #
237 Y8 1.5ml tubeo] =&t NH3;-N #4242 (Chaney and Marbach, 1962) colorimetric
WS ARR-3191 AL, UV spectrophotometer (UV-1601PC, Shimadzu co.)® ODE =43}
VFA E4& AZ Arzdo] w7l 15ml tubeo] 200ul metaphosphoric acid #7}38}al silica
capillary column (30 x 0.25mm x 0.25um, Supelco) & A3t gas chromatography (Agilent
Tech. co.)Z ®#A13FH ) bottle ¢Fll A= AREL filter paper (110mm, 22um pore size) =
HYS dta 65°C Ax7]ol A 482359 AxA7 & Zhzhe] A Ze FAE SAHsY HWE
23gS ALte

n] A& o] A2 Real time PCRS o] &3t+d], o5 98] 1A4YE ProductE #7FgF in
vitro rumen samples NAFDAE dd F grinder® F43ta2 CTAB extraction bufferE ©]
23] total DNAS F=33tt (CTAB DNA extraction protocol from Qiagen Corp. for
higher plant DNAsE #%). #3¥ DNAE F3d o= )i, target rumen bacteria 2] 16s
ribosomal RNA genes Eo|H o8 Z=Z3 = 9 primer setS ©]-&3to] total DNA ©] &
At M AES w3t 18] KAPA SYBR mix. ¢ LightCycler 4802 ©]&3}e] PCR
STEAEY FFBEE SAHSIAL olF Esto wAE Y AFS AAEAT BEFES AA

3t target bacteria =& [Fibrobacter succinogens, Ruminococcus albus, Ruminococcus

R

o=

ofs

ol

bt
o
jutal
Mo
AC)

Nl
ol
o

o2

flavefaciens, Eubacterium ruminantium, Methanogen, Prevotella ruminicola, Ruminobacter
amylophilus, Streptococcus boviss A3t HPFAL target "I ES PCR productE
pGEM-T easy vectoro] A3k ZS DNAFE9 plasmid copy numberES 17 3te] 1081
serial dilution &4 AF&3sFG T 3143 plasmid DNAoA HEHE FFEAY crossing
pointE 7]+ o2 &} total DNAO] &A1l 2 target bacteria ¢ log copy numberE 1ml
rumen fluid B = 3L A5 T

o] B T A4S Statistical analysis system (SAS, 2002)¢] ANOVA = ®A & Ht
7te]l #po]l= Tukey Test (Snedecor and Cocharn, 1967)% 413} t}.

o ATA 54 HoF o A, HEEA

AN E HAE AA 3¢S 27ml o "t SHSo A7) 2, 2o A shaking
ANAZFE ZF 4T 3000 rpm x 15minol| A centrifuge 3t == AZHS Mo YA & =
gat7] f1ste] AR&stth AEdS pHE Ao = h (pH 2.5 or pH
3) 700ul ¢} 300ul 0.5% NaCl &H7} ol £ 37C = 2E ZEuj 7)ol A A1z (0, 60,
120, 180+)= v FAIZIth 7} AIZFOIE = 100ul o v S LB agar plate o] =&k $ 37T
Hj ok 7]ol Al 12~15A1 7+ = wl%¥A) 71 3 CFU(colony forming unit)E AAFskc}. Control &%
AR MAEAAL] Hd &4 97 YeEbld pH 5 2 =43 LB brothe AH&-313
Bacillus 6¥1 t52] st 7]o A9 Fad& HF3sh7] 8k 0.05, 0.1% oxgall (Sigma)E
30ml LB brothell H7Fg ¥ 121°C 156% &<t 7IHE 7| & o] &sto] FdAzth A7 uf
Aol 9ol Wik 7ol o] &5 % B AAe gAAS 1% (30ul) HE st

— PN
i)
> ©
Y
=
o
lon
=
@]
=

32
an)
=
o=

T

!
ot
=
0
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AEAZ A& 37C Heudrlo A slgS A71HAA #6 d72 JF=34S 2 A1 (0, 2,
4, 6, 8A17F) mitt B ABEAS o] &3te] 600nm ¢ FHEE =A3ste] AAFEt Control 2
= oxgalls #H7bstA &S LB brothE AFE39it)

¥ 26. Chemical composition of diet (DM basis %)

Item Timothy Concentrate
Dry matter 90.42 86.61
Crude protein 8.13 14.09
Ether extract 1.70 514
Crude fiber 37.54 6.94
Crude ash 6.02 4.77
ADF 41.82 10.29
NDF 71.49 20
Hemicellulose 29.67 9.71
Lignin 0.48 0.44
Silica 1.02 0.05
Ca 0.90 0.75
P 0.66 0.35

3t 27. The composition of MaCdougall buffer

Chemicals Amount ( / 1.5L)
NaHCO; 11.76 g
NaQHPO4.2HZO 5.544 g
KCl1 0684 g
NaCl 0564 g
MgSO47H20 0.045 g
4% CaClssolution 1.2 ml

3 28 Primer sequences used in real-time PCR analyses

) Annealing
Primer Sequence 5'-3’ .
temp(C)

Fibrobacter succinogens-For gttcggaattacgcgtaaa 58
Fibrobacter succinogens—Fev cgcctgcccctgaactate 58
Ruminococcus albus—For ccctaaaagcagtcttagttcg 55
Ruminococcus albus-Rev cctccttgeggttagaaca 55
Ruminococcus flavefaciens—For tctggaaacggatggta 54
Ruminococcus flavefaciens-Rev cctttaagacaggagtttacaa 54
Fubacterium ruminantium-For gcataagcgcacagtaccgcea 61
FEubacterium ruminantium-Fev gagatacttcatcactcacgcg 61

- 112 -



Methanogen—For gtctctggtgaaatectgtagetta 60

Methanogen—-Rev gcagctcaaagccacccaaca 60
Prevotella ruminicola-For cgatggatgcccgctgtttg 61
Prevotella ruminicola-Rev gacaaccatgcagcacctce 61

Ruminobacter amylophilus-For gcgacgatctctagetggtce 63
Ruminobacter amylophilus-Fev cggagttagccggtgcttett 63
Streptococcus bovis—For gctcaccaaggcgacgcatac 61
Streptococcus bovis—-Rev gtagttagccgtecctttctgg 61

A3 2%

7h ndEE AEL dukAy

Me
e
ofj
S
A
I
[
e
i
v
X

~

Bacillus 691 w5 1784 E (BS) o tix=+ 2L
A= %29, 30 oA B vkl )

BS gt dizTell vl 2% A el i o 9| A JuHoR 2 58 g
AE Jepflon 2 24H 238 a8l ADFE#EE gizTo) vle) =& oS YERpT
b NDF, 21, duAdEess gz o H&) W FA& Btk & obnit TS tfxT
Hlal 22l A F7kskd

Phg o] ANk A 177HA oAl A 24

(o

¥ 29. Chemical composition of SSF product (DM basis %)

Item Control BS
Dry matter 92.45 90.53
Crude protein 39.74 43.95
Ether extract 2.09 2.16
Crude fiber 7.21 7.81
Crude ash 6.50 7.38
ADF 11.57 18.05
NDF 49.72 43.12
Hemicellulose 38.15 25.07
Lignin 2.54 2.11
Silica 1.12 0.66
Ca 0.38 0.25
P 0.82 0.80

*Control : No microorganism were treated.

BS : Bacillus subtilis was inoculated.
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3 30. Total amino acid contents of SSF product (%)

Item Control BS
Total (%) 27.84 30.63
Asparagine 3.28 35
Threonine 1.22 1.28
Serine 1.55 1.52
Glutamine 6.01 7.09
Glycine 1.37 1.43
Alanine 1.36 1.58
Valine 1.19 1.35
Isoleucine 1.12 1.19
Leucine 2.25 2.45
Tyrosine 0.87 1.1
Phenylalanine 1.33 1.62
Lysine 1.65 1.86
Histidine 0.7 0.71
Arginine 2.1 1.86
Proline 0.96 1.07
Methionine 0.43 0.51
Cysteine 0.45 0.51

Y. In situ nylon bag 2 &

(1) A% 248&
in situ nylon bag2S ©] &3 ZAlIRS HE AAE&S XA A3 BS Aol A tE+o
5

KN
=
Hlal] AP E fojdow =2 oz 0% 4 st

(2) =zdd 24ds
Hz73 BS o CP &d&olA o4l ApolS HolwA 53], OhollA ol 10%8 =2 4
& B33, 1 o] % 6hellA 48h 7HA] 30%7F Hi= AkolE Zzbe] wjkA|tel] uhet vER

A £3
Atk olel whel AgAAew vEd due] Ans AW 5 Atk
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29 86. In situ dry matter disappearance rate of solid state
fermentation product in the rumen.

#Control : No microorganism were treated.

BS @ Bacillus subtilis was inoculated.

e (C Aol
—fi— 5

32 6 9 12151821 2427 30 3236 3942454851

CP disappearance rate (%)
B o6 B BE L LS

Incubatontme (h)

1% 87. In situ CP disappearance rate of solid state fermentation
product in the rumen.
*Control : No microorganism were treated.

BS : Bacillus subtilis was inoculated.

(3) In situ wal Al 54 HlaL

i Z2T9 BS 7% A fraction® 717 134%, 7.24%°] A% B fractiono] A= BS7} o 2=
of Hla] =2 FAE UEUAY F8 == K = 0.05h 2 outflow rated] wz} ALkdE
Zxolw tZFRT BS7 4 =L Fx2 mgrh

&2 BS CP9 A fraction Ftd o2 BS7F =21}t B fractiono A& {2 i+

b,

N
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¥ 31. In situ DM and CP degradability and effective degradability of SSF (%)

Parameter Control BS SSE
DM

A 13.04 7.24
B 54.61 7745
c (%/h} 0.08 0.08
ED (k=0.05) 46.00 5535
CP

A 2,654 58161
B 60 8405 549945
c (%/h} 0.0088 0.0678
ED (k=0.05) 11.80 41.57

t}. In vitro batch culture 23

(1) AE 23&

In vitro A& 2382 UA A3gPPY In situ AE A& H =3 23S YERYL
Hu BSe %7] 0Oh /\§}% o] In situ BS9] %7] A& wld] =7 F=obxl H3} 48hol
Ao g vrolx ARS & 4 Adrh dAnkA o= BS7F o] HlE 10% o4 {9
2 &2%ES YE AT

60 -
50
40 -

30 —4— Control

—ii—-BS

DM digestibility (%)

Incubation time (h)

19 88. In vitro DM digestibility of solid state fermentation.
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(2) RbE9d 2y 54

pH variationoll 3 A¥i= vhd 29 879 AAIE AL In vitro & 43883 vl pH
T 12hFH 48h M Fel A o2 AolE HolwAM BSZF tiETtel MldE =2 4
Wtk NH;-N 5% 2= v 2§ 83 AlAl= o] Utk Ohell A 3h 744 2 Wst7t
7} 6hell A 48h &<t BS QP 2ol A 20% o] e AARE ZFolE YERHATE In vitro W9
YA Aol #ek = 3 300 AAFHJAY. tHERTeF BSOlA acetic acid®} propionic acid
o] F9HQl Aoli= YERYA] &tk 18y iso-butyric acid, iso-valeric acidS &3
butyric acid, valeric acidollA] W Zoll H]&] BSolA fFojAow =& FX= WA} o]o u}
2}, % VFA o % thxTo) Hla BS7F fodoz =& A2 g = g}

in vitro 232 ¢ Al =% DNA sample®] Real-time PCR Z3E &3l target bacteria®
kA 7bE R WM EE AZE At (19" 89~96). Fibrobacter succinogens, Ruminococcus
albus, Ruminococcus faveficiens & 1L/3'UE productES FH7FsE A FolA fold oz v
A H A, Methanogen = WiFAIZro]l Aol wel i E A FtolA FoHow v
S5 A3 Ruminobacter amylophilus 9 T3¢l A2 FlA F7}, Streptococcus bovis 32
B HEzTdA FoHde® o EdTh

8 .
7
—
v _'_“ v
5 |
I 4
S 4
3 —— Control
2 - BS
l 1
0+ ; : i
0 10 20 30 40 50 60

Incubation time (h)

29 89. Variation of pH in the incubation medium as

influenced by solid state fermentation product.

- 117 -



—+—Control

-8—-B5

0 10 20 30 40 50 60

Incubation time (h)

1% 90. NHs-N concentration of incubation medium as

affected by solid state fermentation product.

¥ 32 Rumen pH, VFA concentration (mMol/L), and
NH;-N(mg/100ml)in the incubation medium as affected by solid state

fermentation product

Item Treatments SEM P wvalue
Control BS

VFA (mM)

Acetic acid (A) 47.04 48.86 0.61 0.151
Propionic acid (P) 27.82 28.60 0.34 0.300
Isobutryic acid 0.57" 2.29° 0.39 0.001
Butyric acid 10.21° 10.79° 0.16 0.041
Isovaleric acid 0.90° 3.32° 0.54 0.001
N-valeric acid 1.21° 2.09" 0.20 0.001
Total VFA 87.76" 95.96" 2.03 0.013
A P ratio 2.26 2.25 0.01 0.532
PH 6.04" 6.52° 0.11 0.001
NH;-Nmg/100ml 821" 19.66" 2.58 0.0001
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F. succinogens

1.E+08 5 1.E406
2 1£:07
= % 1.E+05
£ 15406 g
= -
18405 £ 18404
E EC E EC
= 1E+04 o 1
3 o B 16403 o
£ 1E+03 =
= RG7 5 1E+02 RG7
g 16002 E:
81001 g1oa
5‘ w
1E+00 3 1E+00
Oh 3h &h 12h
R. flavefaciens E. ruminantium
g 1409 g LE08
% 1E+08 & 1E:07 -
g 18007 'é T EiO6
E 1E+06 g
= = 1.E:05
i 1.E405 mc mc
—
§resos mas F LEr0s mas
£ £ 16403 -
E 1E:03 ®G7 E ®G7
Ei.Eﬂ-M € 1E:02
8 1501 8 16001
3 1E400 - 2 1600 -
Methanogen P. ruminicola
1.E+07 a = 1.E+08
:E = 3 ab b B B patr :E
= —— 2 1E+08
] S 1E+07
£ £
1E+05
£ E1E+08
5 1e0a - BC Eiros BC
- .
= Il w46 = w46
£ 1.FE+03 £ 1E+04
E . BG7 E 1E+03 BG7
2 1E+02 5
z 1E402
1E+01 4
g 81e01
3 1 k00 3 1k00
oh 3h 6h 12h
R. amylophilus
g LEHO0 i g LEH0E
2 16408 ==l
= =
g 16407 el
E 1F+06 :
r T 1E+05 -
S 1E+05 EC a EC
-~ ~~ 1.E+04
§ LER04 LEH] i w6
e £ 16403 -
E 1E+03 BGT7 E HG7
=
z 1402 ;I-E‘”OZ I
E‘ 1.E+01 E‘ 1.E+01
21 k00 S 100 4

19 89~96. 8 rumen microbes enumeration through real time PCR using in vitro rumen

sample as DNA template.
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g ATA 548 B WAAE, HEEA

0.3, 0.5% ¢] oxgalls HiAoll F7}ake] 8AIXF M FAIZl A3 ke 59 F= Fo4
ol wWislyl WEERA &kt (data not shown). F7FH o2 wjXo] H7lel= oxgall T=5
0.05, 0.1%7+A] =H-sto] AL AF54de SAHsA L, 28" 979 22 A5 AU 01%
o M= A Ao} o] AutE T2 growth 7} #EEA] LA 0.05% oxgall~
A7FeE A Frell M= 37TColA 6A17F o] vialS Aol oA F3% Aols HAUTH

1.8

16 W
——LB /

1.4
== 05%+ Oxgall /

1.2
=dr=10.1%+ Oxgall /

1 /
08 /
06 -~

04

1'.'I..2 / /

0D 600

0 r-" | —F-'T— T — g =
0z 'd] 3 5] 9 12
Incubation time (h)

139 99. Growth curve of Bacillus # with and without 0.05% and 0.1%

oxgall.
B A¥o|A= LB broth #lA1¢ pHE 253 3 o2 =43 5 A7tdd = % A7l ¥ LB
agar plate o] =EA]7]3 o] E HET2+2] colony forming unit (CFU) #}o]E ML H—E— Z M
Adtd w57 7EA D e A S Hrkskth 1 339 o] Aok gxTte] CFU+ 7t

AP E R 2Fols oyt A AR Fo]F ¢l 2ol7F e A= &k

3 33. Effect of low pH on viability of Bacillus #6
Viable count (CFU/ml)

Strain pH Omin 60min 120min 180min
B. subtilis #6 Control 8.00x10°  7.80x10°  6.95x10° 6.70x10°
pH2 6.25x10°  820x10°  8.80x10° 5.40%x10°
pH3 8.00x10°  9.65x10°  8.25x10° 5.85x10°
Al 43 o
HoAGe EHe udwad Bacillus 6 5 (BS) 9 i E=T+E In situ, In vitro 28-S
F3 2AES SHo RN U5 SHA L 2 295 LAt

492 Agskch
QubgR B4 AlA BS ATk =T ws) CP, EESIA & £AF el
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ol AL WA g A 7@y AEE A A WEA 7] Eote] 7|Ae FHu A

7F Eoje Aow HAE = QAT yLo]) Bacillus 6 5 (BS)e] H7I= <ls] BS A&

oA & ofm A Bheko] Z7lalgd . 18 98] In vitro A ANH-N s%o] oJake

A € Aol

sapEe] BS A7HAel 714l Asa B ERE 27 93 Insitn APL APH AT
2tz vlal 9hell A 48h F<F £ Al

BS A& 79 In situ 45 228 zlol & U ERY
S=d o] 9Al Bacillus 61 ¥ (BS)7F 4 U] 622 &3d U7y g7 7AS g4
o

o7 B3] Uﬂ-‘jrolﬁ]rjl Aok gz AA G AE R IFXE In situ A=A E
Aol vz HHS WA, g2 BS A9 6hellA 48h s<tel 20%7F W+ F94
o] Aol= b}E}H]‘}iE‘r(P<005) (Hristov, 1993)¢] ¢JslH, In situ A& A2 & A

AE HA7ret &FEu Atdex]e] dwz A S ol 50~6O%9] el 4l Ayg vEhdY. 1
A, dZur Al Ao el kR ol FhEko] FAtEo] FAHAR EdE JFetitha

Wi s,

In situ 1= 24 A¥dE vEgoz FajATed F3 Hl=E =& (& 31). A
= 2dE9 OhelAd BS Ag+7F tix+o Hal 2o 235 B 22 BS A9 A
fraction®] W Zol H]&| X] ol7] wjZolgtal & 4 vk X3 BSe B fractiond} =
2 TX9 F& M EED)VVE AdE AAEY AHdAVE de AeEE & U dth &
AdEolA O0he BS ﬂﬂ]:r”} izl Hls 10%°]% #kolE HEA+=d oA BSY A
fraction®] Wz H|3 =gk o]z Q) Ay e AolE wlEo] Wl Zo=m ol & S

(

Hm i

AT g, B fractionol A BS Azl F& diztof H]C’H Eas
Fa C #hellA "2 B2Y =2 $X5 YENa 12 13|
g7F wobxl Ao e Akl ed A& FoA
=3
+ In vitro &3& A3 e ZAd= BS A7 AU oR dxTEY 453 F9%<
2ol & UERAATHP<0.05). 5k ofy g}t 3k A WAHVFA)NAME Be XFo]E HALE o
o] g O] e 2 s Az aFAIEs ekl Bacillus 691 5 (BS)E 3 7Hs BS A+
fra P frEsa 714 ko] CHO, CP 55 A fraction® = WA 024 He 1‘41
/\VL%%Q AAkstd7Tel dzTte & AfolE ¥ F O]‘”E}F’— Aadn. 22y pH s%2+
sh&3 v Aa3E Beded o)y e olf= BS A9 NH3-N w%7} EHZ:
5 o=

P
=
AT ApolE& B, oA dAYYo R pH $E5 Eolvd AE&& FS Ao

gAY BS Az Tel
E=(ED)#E S Al BS A
Folg e slow wud

-l>

[‘3 o
fol

r-{u:
:Oé
N

p—

n

_—

Real time PCR ©l template &2 A}-&% DNA sample < in vitro 4343 o]
A (0, 3, 6, 12 Azh), ¥ Z3= E3 target bacteria o HiFA|ZHE A H3ILE

g FE5 3
#E 5l sHAIRE oA A= vAE R WEE in vitro &SE Y Aot
Aoz AAA7= FEAJAT WA HFUe EAlsteE A< fibrolytic bacteira

(Fibrobacter succinogens, Ruminococcus albus, Ruminococcus favefaciens) 7} *12 7ol A
FoH R g XA AL TR uAEAA el EAs= cellulase ¢ 1g @
10 CFU A %9l Bacillus sp. © <3 71€} fibrolytic bacteria & 23S AAsE a7 U
Elygttar & 4 o} A v 7]¥ fibrolytic bacteria 9] activity 7} 3 7F8F 1A S product
of ofa Al =2 H7F © Fol7] wiiLel o5 AT A&l FAEAR] dFE FA
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= %e Aow FAddrl v E9 Methanogen & wWl¥AIZFo]l Aol whe} mARrE A @] o

=4 ¥ a1, o] & propionate A HHH 2o}l Ruminobacter amylophilus

= A gE] in vitro WS HFEAANE = Aol oA

A AT & 4 A}l Streptococcus bovis L 7= tEZTolA 9 pH

FAE A Zo] ol FejFom o = uﬂ = ok

WeaEs4S DFM ¥ 2 v AEAA7ZE 559 2359 22 F-oloAe S43 75l

Al 2 Ao e AdrE #Fo WHsAdS Yolr7] 918t LB broth

oxgall ¥%& =43 7tHA "AE AF34E 28Rt 9 AdEA HAdd 75
Bacillus 61 75 oxgall 0.05% ©]3te] sEoAE= dAFEY AdAHS 7HAY AHe

A Ao w YUyt o]= DFEM AAR F2 ol &%= #FQ Lactobacillus spp. ¢ W
A I= 2ol E Hol= Z SO 2 A Cho et al (2000), o w= ‘?i L. johnsonni + 0.3, 0.5% &%=

oxgalle H7Fg MRS #j Aol A oxgall H7}ebAl %<& T-oF A=Al AolE A Kol
A ekkal L. gasseri B3 0.3% 9] oxgalls H7}sh ﬂﬂl:ﬁoﬂ A dAGFES] growthE Hol=
Ao g2 yelytt AW tE species Q1 L. bulgaricus 9F L. lactis 7772 7AFol+ 0.05% K.

ot 22 bile acid F=A%E Aol WA JFS W= Ao = yEytt (Gillinand SE and

Speck ML., 1977; Toit et al, 1998). th& AT AZ o] &= #FEHS] HuE 3 Ay

T Bacillus 62> F&0 &= o 7oA I8 59 g4 Bd 7 s A

o= Jeh

ru

m

= a

o W 4 ]

n A EA A ] Wi de W5 Al 494 d9s=9 U] AHEHs Az A FAE
T YgEA ARE AEbEE g2 et 9 AWEA Bacillus 68 FE 7]E9 n| Y EA|
A2 20] 3 acidophilic ©l2tal €A A= Lactobacillus spp. 7} AHAAZAANA 4 Al 7Hs<t

control¥} H|52%t CFUE Holi= Z (Charteris WP et al., 1998, Conway PL et al, 1987;
Klein G et al, 1998)3} & =fo]E& Holx| ott}. o] A=A At 57} hydrochloric
acid 9} gastric acid 7} EH] 5= A4 21 oAM= dAAE AHdAZAY d9as ¢
delA FdT 7 dS HoE AGE & Yk

Al 16 . 4L E AE AAL HFFE A A9

A1 A8 EF

1 g¥ Bacillus 68 i (BS)S dl&27E In vivo 28S &8 adda #H7t
A

-
o BaE daak FEh oo mE vteewe 43k, 24 a4E % s
s
=

FAFeIA WA= ke wasten,

HE3=9)o] Foo] A2E A el AANS (450kg+30kg) 3FE o] €313 3x3 Latin square
A Aoz 7AZ HSVE Fi 4L AE FHSY e 297t In situ I E W AF
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< StAT Bacillus 68 w7 (BS) 2AEEE HIMAE AMES o9 Al HYFE 2T
(FA7D), A2+ (0.67x10"cfu per 100g per day), 272 (1.34x10"cfu per 200g per day)
2 718 Fo AR $ top dressing BEHIE H9] AT Al FoHS YA Q4 HE 1
dsle] Hit AT 2% olHE FostH L 60%9 Timothy ¢F 40%2] ®3%Al= (TDN
71.50%, Cagill & Purina co.,LTD)E &:00 <} 20:009] 23] &5 w939t} Mineral mixtures=
AHfrEol A ES 9 &5 oF 3 FoAHoen AFFEES 2 A A 7§
o tALE A AFSH AT = AZF2 443te] AMEY 717 stainless €719 4 N HySOy4
500ml & wobwal ofMFH 1 uSd o7t 72 2F AAY s Witk e n T
S A3 aFolA 2% FHEA 20T WA EA457] A 7R AZSAT wo] A4 g
@2 Kjeldalh method (AOAC, 1990) = A3, FH FEA= George et al (2006)
modified method®, X % uric acid ¢} allantoin ¢ &S ZAsAh 22la vAPEA] D2
steF2 Chen et al (1992)2] W o2 uric acid 9} allantoin®] X & ©o]-&slo] ALkef it o
T AEE 49300 AMEH 73l ol AR A+ AES F7sAA FA A 1
Zol A 2% =384 65C dry ovenol A 72/\]@ AZA7|3 2 T8 "A7 =

*‘FEHE Stk (DM, CP, Crude Fat, Crude Fiber, NDF, ADF, Ca, P)2] duAE &4

0

rlo 01

mL

1:1[0

O
T3 5‘}913—’ ?—:3?54 ”i i75| 9} A pH meter (Mettler, Delta 340)§ pH
S AR 7] (3000 rpm, 15 min)& =& FH NG AEHENA ¢
Ryols et AR (VFA)S 5% SAHS 98] WesHd A%ste] F3o. dx2dols
%+ modified colorimetric method (Chaney and Marbach, 1962)2 =33}, 324 = Wit
9] F: % gas chromatography (Agilent Tech 7890A)% Supelco column (30m x 0.25mm x
0.25¢m, fused silica capillary column) & AM&3ke] 7 33lth
Afa & 292 27 98] Timothy® In situ Y& # A3S In vivo 28 =5 2zt
period B mFA 9 & 22 EoF (0, 3, 6, 12, 24, 48h) A A 3FATE F 3 period & H547) WMoz
(3050 mm, 53-um pore size) Z}zte] ®of 3g°] TimothyE Yol %3l al, 670e] mesh
bagoll Azt = Hujste] ¥ ATHS nylon bags per mesh bag per steer). =L ¥ < A]7F
of Y 6 : 4 v&o AT Fo| AIRE o] Wl Qe EAE AAG-Y w9 oo g Fold
ATk A wjFAIZre] At 3 RS9I EF-E nylon bagE Aol FxEo wEe N 472
Aol MAWALE o] & 65°C Hzx7]oll 48A17F Fot AEZo 4=
o 7E &24E&S AEl Wt nylon bagete] A& 7o
i & A3E T 23l ATsg Ads dojdidth ALk

&

P = wFAIZE t A YA BalE (%), a = HFAUAA vt2 BIHE &2 (%) b
= WEAUAA AA3] BalEHE FE (%), ¢ = b fraction ©] 35 = F= (%/h); t = W5
A vl AIZE (hour). A4 38 s ath & Al

Wash out 4] Orskove®} McDonald (1979)2] exponential curve fitting o 7| X+ 9=
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effective ruminal degradability) &= t}S A& O] sto] Ak T

ERD =a + [bxc / (c + k)]
k = WF9 WEE9 flow rate (%/h), At 5% & FA

agEE vAE AAE ol &3 WEEE dAMEE Al Zb period W A FH S A F AE
S %A in vitro samples ©]-&3 CTAB extraction methodE ©]-&3}9] total DNAE F%3}
Attt F=3 DNASF ¢4A Table 3.9 %A% primers ©]83}¢] target MAE +H 9 WHIE

Real-time PCRS &E3}o] #2313

tlo]E B A4S Statistical analysis system (SAS, 2002)9] ANOVA = X8 Hqt
7ke] Z}o]l+= Tukey Test (Snedecor and Cocharn, 1967)% 293} tt.

A3 A9

7} In vivo AR 98 YukAd

r—ln:
M
J

Ala dRe dutARE BEAAE # 34, 359 2t Experiment 2 9 2 98E o] AYoME Y
S| /‘}%’3} Ak TR FEEHS U2 Y5 vl 25 =2 Holw, BS e 985 &
Al shekS UERYE AR 95 F Timothyel 24+, ADF, NDF, dv|A&E=2

o
Ao 1:}% Ago v Jodoz = S Hola 9ok

¥ 34. Chemical composition of experimental diets of each
treatment (DM basis %)

Item Control Treatment 1 Treatment 2
Nutrient

Crude protein 10.51 10.52 10.52
Ether extract 3.08 3.08 3.08
ADF 29.20 29.21 29.21
NDF 50.89 50.90 50.90

Ca 0.84 0.84 0.84

P 0.54 0.54 0.54
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¥ 35. Chemical composition of experimental diets (DM basis

%)

Item Timothy Concentrate BS SSEF”
Dry matter 90.42 36.61 90.53
Crude protein 8.13 14.09 43.95
Ether extract 1.70 5.14 2.716
Crude fiber 37.54 6.94 7.81
Crude ash 6.02 4.77 7.38
ADF 41.82 10.29 18.05
NDF 71.49 20 43.12
Hemicellulose 29.67 9.71 25.07
Lignin 0.48 0.44 2.11
Silica 1.02 0.05 0.66
Ca 0.90 0.75 0.25
P 0.66 0.35 0.80

1) BS SSF : Bacillus sutilis under solid state fermentation

U By &a3te

4shg (118, 95, ADF, NDF) 18|11 44
a3pgo] A e ATl vl

N
o
il

fx

w9l oA}
(VFA)E o143l

2710 o)) Fe ANE el dugon mE
94 Axo} vhehtA gstth Ael 19 pHSE AelT29] ghmuoke] A 2tz
dekou BAROR A oAl AE pAeA FHh

FU FEAS AEA B9 FA
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3£ 36. Apparent total tract

digestibility (%) and nitrogen balance

[tem Treatments SEM" P value”
Control Treatment 1 Treatment 2

Digestibility (%)

Dry matter 64.52 64.85 66.37 0.64 0.51
Organic matter 61.35 63.51 63.89 1.34 0.76
ADF 51.42 55.25 53.16 1.26 0.52
NDF 67.44 71.82 70.32 1.54 0.57
Nitrogen balance (g/d)

Intake N 109.00 11551 122.01 3.11 0.26
Fecal N 37.30 36.98 37.62 0.65 0.94
Urinary N 45.46 43.12 43.78 1.64 0.87
Retention N (%) 23.54 30.89 33.24 2.01 0.11

1) SEM : standard error of the mean
2) P probability



i 37. Rumen fermentation

characteristics of steers as affected by solid state fermentation

[tem Treatments SEM P value
Control Treatment 1 Treatment 2

VFA (mM)

Acetic acid (A) 66.03 62.44 65.59 2.48 0.85
Propionic acid (P) 14.39 14.57 15.49 0.72 0.84
Isobutryic acid 0.97 0.83 0.97 0.07 0.70
Butyric acid 10.72 10.33 9.85 0.64 0.89
I[sovaleric acid 1.80 1.48 1.69 0.14 0.70
N-valeric acid 0.97 0.84 091 0.07 0.80
Total VFA 94.88 90.50 94.50 3.43 0.88
A @ P ratio 4.62 4.38 4.30 0.17 0.77
PH 6.24 6.30 6.22 0.05 0.78
NH;-Nmg/100ml 9.81 9.65 10.07 0.45 0.95

1) SEM : standard error of the
2) P : probability

mean



3t 38. Purine derivatives and microbial N synthesis

Item Treatments SEM"” P value”

Control Treatment 1 Treatment 2

Urinary PD (g/d)

Total

Allantoin 11.85 16.22 10.88 1.50 0.34
Uric acid 1.25 1.43 1.34 0.22 0.96
Creatinine 757 9.34 6.51 0.86 0.45
Microbial N (g/d) 39.32 63.06 34.79 7.41 0.28

1) SEM : standard error of the mean
2) P . probability

ul, Timothy A% E3f&

r{r

Timothye] AE Axgol #3t Ay}
8 F9 %98 28] = Timothy A%
vl 23 A5&7

2 =

M
)

o

Timothy] &3 A€ F& TZED)Y 23 v 1 3900 AAH
fraction ¥} B fraction FollA o2 A5 vl Ao RE ZF HS X%
F99 (k=0.05/h) outflow rate o we} AASE §8 i A2 10] At =

¢

[‘F

60 -

w
(=]

40 -

30 -

Timothy DM disappearance rate(%)

0 2 & 9 12 15 18 21 24 27 30 233 26 29 42 45 42 51

Incubation time (h)

19 100. Dry matter disappearance rate of timothy.
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¥ 39. Ruminal degradability coefficient of timothy (%)

Parameter Control Treatment 1 Treatment 2
DM

a 12.39 13.70 13.25

b 43.32 46.32 43.70

c (%/h) 0.04 0.03 0.04
ED"(k=0.05) 31.94 32.45 31.25

1) ED: Effective degradability

AL we) 0 vAE 7E W

E A gol A A4S DNA AMEZ=ZHH Aske mAEe WS E B R amylophilus
7F izl A el el Zo]lE Holzl gAY YA rumen bacteria 53 Fol|A ©X 3
Bifidobacteria, E. coli 0157 EFoll A djz=-eF g5+ Afolol oAl Zfo]& Ho|xl &t
=

1.E+08

g 1.E+07

o =
= 1E+06
- I
105

[ 5
E 1F+04 -
£

S 1.F+03 - mN
g 1.E402 BT
]
g 1E:01 -
1.E+00
o f ] & o Wb ] w
& '§-°° C‘Q"Q o o & & >
3 @ & & N & & .
& o oé & . 5'5&
i < Q- .
% @ o -3

19 101. Rumen microbes enumeration through real time PCR using in vivo

rumen sample as DNA template.
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Bifidobacteria Ecoli 0157

1% 102. Enumeration of Bifidobacteria and E. coli O157
through real time PCR using in vivo fecal sample as DNA

template.
A 4% 2

o] A&l 714 endo-glucanase AAVS F+%=8V= Bacillus subtilis 6 TH+5
238 G4 A7 dfa B8 o g w9 dAl A WE AA T
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AR A7 A Bl ofshd My B
1= AA] H7b, 712 AARS wol®, H7HA 9
gth (Chen et al, 199%). W9 tAFEA A}
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A2 g A 1: A2 BABY 5T NBEAAY Folk $A 4P, =AF
2 FREEel AAE 9

A2 T
thZF 1 (- Control)
A1ET 1 (0.1%) Cellulase 1,500 unit/g, Bacillus subtilis 1076 cfu/g A&
AT 2 (0.2%) Cellulase 1,500 unit/g, Bacillus subtilis 1076 cfu/g A&+
Al 3 (+ Control) Al cellulase
. 2%

3 40. The dietary effects of enzyme supplementation on feed intake and performance in

o o12
broiler”

Items Control T1 T2 T3 SEM  P-value

Body Weight, g/bird

lday 41.13 41.10 41.13 41.13 0.03 0.8018
8day 157.00 16257  189.63  166.67 3.46 0.3031
15day 455.33 468,57  459.23 47853 7.31 0.1918
22day 975.67 1031.53 1003.57 1000.23  16.85 0.2178

Feed Intake, g/bird/day

2~"day 34.72 30.33 31.56 31.43 1.52 0.2784
8~14day 55.89 58.08 72.35 60.77 6.86 0.3897
15~21day 116.70 11724 11288 116.34 3.04 0.8029
2~2lday 70.88 70.36 74.05 68.77 3.79 0.7965

Body Weight Gain, g/bird/day

2~"lday 19.31 20.25 19.74 20.93 0.58 0.2989
8~14day 42.62 43.71 42.80 44.56 0.88 0.4247
15~21day 74.33 80.42 77.76 74.52 2.16 0.2228
2~2lday 46.73 49.52 4812 47.96 0.84 0.2170
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Feed Conversion Ratio

2~"Tday 1.81 1.50 1.60 1.50 0.10 0.1926
8~14day 1.31 1.33 1.68 1.36 0.14 0.2717
15~21day 1.57 1.46 1.45 1.58 0.08 0.5556
2~2lday 1.52 1.42 1.54 1.44 0.08 0.7033

'Control, basal diet; T1, basal diet + 0.1% fermentation enzyme; T2, basal diet + 0.2% fermentation enzyme; T3, basal diet
+ 0.1% enzyme.

*Values are presented as the mean (n = 3, each group).

X 41. The dietary effects of enzyme supplementation on feed intake and performance in

broiler'”
Items Control T1 T2 T3 SEM  P-value
Body Weight, g/bird
29day 1693.23 1756.47 172150 1700.90  20.20 0.1988
36day 2169.44° 2327.84" 2269.11° 225513 958 0.0001
Feed Intake, g/bird/day
22~ 28day 168,70 18043  184.49  178.28 3.92 0.1007
29~ 35day 163.11 17802 17462  170.41 5.73 0.3522
22~ 35day 16590  179.25 17957  174.35 3.41 0.0697
2~ 3bday 110.04 11465 117.18  114.08 2.74 0.3833
Body Weight Gain, g/bird/day
22~28day 10251 10357 10256  100.09 2.98 0.8618
29~ 35day 63.03"  81.62" 7823  79.18" 2.34 0.0150
22~ 35day 85.27 92.60 90.40 89.64 2.34 0.2619
2~ 3bday 62.60° 67.26° 6553°  65.12° 0.50 0.0013
Feed Conversion Ratio

22~28day 1.65 1.74 1.80 1.78 0.04 0.0935
29~ 35day 2.42 2.18 2.24 2.15 0.13 0.5266
22~ 35day 1.95 1.94 1.99 1.94 0.04 0.8254
2~ 3bday 1.76 1.70 1.79 1.75 0.03 0.3073

1C0ntr01, basal diet; T1, basal diet + 0.196 fermentation enzyme; T2, basal diet + 0.2% fermentation enzyme; T3, basal diet
+ 0.1% enzyme.

%Values are presented as the mean (n = 3, each group).
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3% 42. The dietary effects of enzyme supplementation on carcass yield in broiler'”

Items Control T1 T2 T3 SEM P-value
Carcass Weight, g 1644.81 1624.46 1587.02 1624.32 18.27 0.2238
Carcass Yield, % 70.64 70.52 69.60 70.95 0.61 0.5219

9 of Carcass
Left Breast 14.34 14.81 14.10 13.78 0.33 0.1742
Left Leg 13.51 13.43 13.12 13.28 0.18 0.4840

Control, basal diet; T1, basal diet + 0.19% fermentation enzyme; T2, basal diet + 0.2% fermentation enzyme; T3, basal diet

+ 0.1% enzyme.
“Values are presented as the mean (n = 8 each group).

=
okt shA Rt 29~35< *}0154 Fxﬂ%ko] E= enzyme ATl M 12

A3 AW 2 Avd BARA] 958 HARAA BAFAS £5ge] MAE
9% =7

7t AdEA

- FAEE  Ross 7

- AR % 2F

S AR« DR x AR 8% - F R4 FA

A2 vl 1

27 1 (- Control)
AlET 1 (0.1%) Cellulase 1,500 unit/g, Bacillus subtilis 10"6 cfu/g A&
AT 2 (0.2%) Cellulase 1,500 unit/g, Bacillus subtilis 10"6 cfu/g A&
Al 3 (+ Control) Al cellulase

. Ab g

A= TFExAZxEol7F ZH2E 45x62x66 cm@l 3 HA| Aloj Al AolAF 14 A wjA

tol dds AAstAth A3 A 24A3F ot AYAZ F Al S Ay F 2447

Ot

- 134 -



Gen MRS ARSAT U 2t wRTEE FUsA AASAT AES 6L ;
8DZE dAsHA FAA

(1) A4 A A9 A (TME, TMEn)

TME 54& HOH Sibbald(1976)7F A ¢kt Al o] WS AMESte] AAstAth. Al =
o & AlZtstr] Ao 24A7F b AAAZY 1 F FE AIRE A 30g¥ Al T oA
71 % 247\]{50} WA E BE A ES AFSHAT T 7|2 AN A S flske] A A
E WA AHE BE A ES YR ol=d 55 AAT F 60%clA 24X FF A
ZA71AL i ete] EA o] o] &3kt

zF Alg et A E S AZX % bomb calorimeterES AF-£319] gross energyE A ko] th Al
UAE Axke 5 Abzel 7]Q1HA] &2 tiAMd oy mpa e v, w5, A5t 59
NUAE EZest YAA = ANUAE BHAHS TME #<S Axkedth. TMEn #2 dA47F A
Woll A 0% Bel= Bt AW 4o g sjd=9 WolE &9 & Zoth

TME(kcal/g)2] A4F212 Sibbald ®H ol a3l A4 B4 A4 873(Titus 5, 1959)<
AHE-31S
TME®S] AAkAle tpe-3 2o}

(GEi * X)-(EEf - EEe)

X

TME(kcal/g)=

GEi = A A3 % Arg ol A (keal/g)

EEf = A5 & AHS v = oA (kcal/g)

EEe = EHZE?LQ] vl & o 4 A] (endogenous) (kcal/g)
X = Abm H ol g)

TMEn®] A4 gt 2.
GEi -[EEf + (Ni - Ne)*8.73] + [EEe + (Ni - Ne)*8.73]

X

TMEn(kcal/g)=

N

AH 3 2 AR o Y A (keal/g)
EEf = At & AT A& oy A (kecal/g)
EEe = &9 A E o)A (endogenous) (kcal/g)
Ni - Ne = Nitrogen balance (N ¥ % - N njAd =)
X = A5 3o (g)
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# 43. Formula and chemical composition of experimental diet

Ingredients (%) Starter Finisher
Yellow corn 40.83 43.40
Soybean meal 26.24 23.84
Wheat bran 15.00 15.00
DDGS 3.00 3.00
Whole soybean 5.00 5.00
Fish meal 1.50 1.50
ST 1.40 1.37
Vit. mixture 0.20' 0.15°
Min. mixture’ 0.12 0.12
Lysine (98.5%) 0.04 0.06
Dicalcium phosphate 0.88 0.72
DL-methionine (98%) 0.33 0.20
Tallow 4.88 5.08
Choline chloride(50%) 0.13 0.15
Salt 0.25 0.25
Total 100.00 100.00
Calculated values
TMEn, kcal/kg 3,150 3,200
Crude protein, %6 21.00 20.00
Fat 8.15 8.39
Fiber 3.61 3.54
Ash 5.35 5.05
Ca, % 0.90 0.85
Available P, % 0.45 0.40
Lysine, % 1.25 1.15
Met + Cys, % 1.00 0.85

! Vitamin mixture provided the following nutrients per kg: vitamin A, 26,000,000 IU; vitamin Ds, 6,000,000 IU; vitamin E,
63,750 IU; vitamin Ks, 4,800mg; vitamin B,, 2,400mg; vitamin B, 9,800mg; vitamin Bs, 5,400mg; vitamin Bz, 40,000¢g; niacin,
55,000mg; pantothenic acid, 20,000mg; folic acid, 8,000mg.

% Vitamin mixture provided the following nutrients per kg: vitamin A, 20,000,000 IU; vitamin Ds, 4,500,000 IU; vitamin E,
53,250 IU; vitamin Ks, 3,600mg; vitamin B, 1,800mg; vitamin B, 7,400mg; vitamin Bs, 4,200mg; vitamin Bz, 30,000xg; niacin,
47500mg; pantothenic acid, 15,000mg; folic acid, 6,500mg.

% Mineral mixture provided the following nutrients per kg: Fe, 57,630mg; Zn, 72,,000mg; Mn, 86,400mg; Co, 288mg; Cu,
6,000mg; I, 1,200mg; Se, 216mg.

2. A3
Starter o} Finisher Ab= el QoA 217 At A= A2 -1 ZiEHLSOﬂH 27%3}{— 7dsF
S X931 fermentation enzyme 0.2%5 F7Fek 220 = F 7FA] AR EFolA =+

9‘r Z ApolE HolA @kttt (3 44). I A iAol g A 2] o] g a &l %01*1—”: A2 12
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=

B3, 53] fermentation enzyme 0.1%ZS H7}3k z g1 F 7}

3% 44. The dietary effects of enzyme supplementation on true metabolize energy (TME)

and its efficacy in broiler

kcal/g Control T1 T2 T3
2513.7 2554.65 2518.11 2539.84
Starter
79.8% 81.1% 79.94% 80.63%
2546.56 2588.8 2555.52 2578.24
Finisher
79.58% 80.90% 79.86% 80.57%

Control, basal diet; T1, basal diet + 0.19% fermentation enzyme; T2, basal diet + 0.2% fermentation enzyme; T3, basal diet

+ 0.1% enzyme.

A 4 3. &

T 570 A E F A 3T = AR Ted iR Alole] FrelH ] Wl YERR] gkt Sk
b A3 o] FHly] (3~5F)%5etd BWGY QojA] BE A For] §9gdoz Zr7st A9t Ry} o
+ Ay FrAFAAY FA Aol TR, 53] A1 A= ol FAFe] At E Sl

AR FEFS 7H S AT = 9

59 490 AdRYEE B Agd $4E TILE ASAAe)

Sl & goith BE AP gaTuhs 24 AU 1 o gagol 2
5 AT A9 F7hEe] by Ack

9] % 4A ABEA Bacillus 64 FFE 01§ WAPRE MR AAE BSIFE] oiA] 7)o

aaASke MEANE FAY, ARESE

A dleE A Sl oM dEs & 5 e TS A
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BoAdje 529 wjdEg Mg 2 JFS FE 249 A4S Hrh 380w o835y st
Ard il 24 @40 53 vAE FFE e AAAREE 28, 5438t a4l S
sl & 4 JAEE WAE AAE Mg F o5 AAALT o]&IHAE Eol7] st WHoR AT E
& o]&st diF AAkstr] st a8ttt

A T 1dAtdE ARads] nAES §d5e WHE gdstal o) S W EEEY v
oF AAA] EAEE MAE FolA Ak da @Al e HEH s AEstdth Holstein A A
Foll A 30E, A Aol A 8Fe HAES AEsto] o]F Bacillus licheniformisE A8t o, st
AZFoll A Bacillus subtilisE 8] F43dth Eg a4 SATHS AYsta w4t H4 =
A FHEE A du|AE AT

B A 2dAel s A el 24 S MAES ety $l8ke] Cellulase production 3
activity7} 49 72 1244 mutation?} genome shufflings ©] &3t} vhokst AdS 23 Ay}
87~100%°] 7PF s #FE SR F QU F5 AAE AQelA o5 #F ALt I

] A

om MuktFo] pilot scale &4 MES 9ok HARgxAd HAHS 9
< EAQ A A} cellulase 2435 v H7tst7] 91 Bacillus Al#F 2%
B OAFE 2%ow AA v Hlag Hb Pilot scale 34 F3 Ak AFE
(mutant pll)S B} AirA AZof| w3 a8 WA FH 0% &Aool EL A Eo|H,
T SR A% 40X10°CFU/ge.2 B AAld Ha] 953 Hold AFom Bk 5 itk W
A 7 A9E B48 S W mutant strain pllyr AHA] WEAL AHES
oA 1083 Aelate e A de] At fle Aom H/EAY B Ard Edas fda A
S 9Jste] BhEsEe] MEREYH AhGL il #5E A% (Eubacterium cellulosolvens) 3til SHH.
H wAE9] endoglucanase gene sequenceE ©]-83te] tiito] Z=UAA HEAAZ & O EATHEES
A3

3dak AgaAdM e gEdaks fE dud d5Ee] did S48 AEHE] Y8 Bacllus
subtilis #5, mutant strain pll, 99 AW B. licheniformis G7 ¥o t3] SWulx]& 0] -3}
QZFAAE 34 gHs A% &4 ASAES AA 943 B. subtilis #6775 HF
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M 5 & dtig daot 2 JargtE A=
AlA ArIe] Ads BF 2 7Y

7. s B
() NG, Wagel gAS wad 759 oluA o] §EE 208 7%
@ HEE Am AR F od Wil hE AR AL gab (A7 )
(3) 7H%el AR ol§ £& FA P AR 879 AMOR B AN
W) Aztow A s EI 10500 W)

}. A48 E £9 Jgaz

(9] @ wked)
g = Aty I 19 = | 2xd= A= 43 | 5REE Al
A A a7} 480 600 720 1,200 1,200 4,200
A S A 1,200 1,500 1,800 3,000 3,000 10,500
FIPHA A= 90 180 180 360 360 1,170
g A 1,770 2,280 2,700 4,560 4,560 15,870

A% AL B AT
% AAA SEEd 8
s A BE

A ANL7IEe] AAAstE Sl ZIdEE AlFe] e =4
oA Al ASiske B9 s ke as v gdtan 5 $44)
T H =

il
ATAl TE7)Ee] AEE Bl VIdEe FEEY, BT S 5

T L B !
g =71 Y3 A Wy 2 mutation?} genomic shuffling 7] &S
v o] gt Mitaro] g4agA /A dFaE Ve
@ DAL ET7ES ol&e Hia FAEAEES 7H vAEAA A&
- D 9 7 B AFHRAE F& MEE v#FE dA AEFISHL e T FE gdd AFE Az
TA o A&t AMAFE Mol AT &8 oF. Cellulase ¢ xylanase 4 &
F7F EAgd N FFNEE FEl A ALt &
- @9 7ls @ 2ALETES o8& HAFh TaAEdo] e AR AA NS AATE F 2
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d ol AlFSE FHE dAol FUHHQ AFE T3 g 24284S 7H v
AE AA NS F31T dAd. dsE(GE, FAE) AAF A oA (20134 3}
vy ER%

(2) #5555
= ge] dgtow HA 7|3 Fetel &4, A
licheniformis ZY7Zy 2+t A9 FE5S APt sEHE=  INTERNATIONAL
DEPOSITARY AUTHORITY of 93l 2 3qkct,
- Bacillus subtilis GB-CNO6, Accession number : KCCM11170P
Bacillus licheniformis GB-AN9, Accession number : KCCM11239P
Bacillus subtilis GB-P11, Accession number : KCCM11174P
- Bacillus licheniformis GB-CG7, Accession number : KCCM11169P

1
I
o
ro,
i)

A 3A A N F = AF

(1) ==AA 43t

A A} _ Vol. | =9
AR 122%™ B
i T I b R o e A 0 Y O i
. S. W. Kim| |
Direct—-fed | Asian—-Austral
. . M. H. Kim| .
Microbials for ) asian Journal | 23
2010 ) J. K. Seo|J. K. Ha| Santi D. i =9 SCI
Ruminant of Animal (12)
. Upadhaya )
Animals Science
D. K. Kam
o 5 A gl #etr] Y&l DFEM (direct-fed microbials) #| A7} @o] Al&-% o
Axm ged FHARAN A review =ES Foe] /1 ATEelN WEEE YA
de Aot A EHAG mAEEY 259 7IgiEe] Ae 9% 9 AA A TS A
&

rlo

aF
Eate] vAE A THAA ol gl JodF + Yt 4B FYsdgvin Bk 9 =

Asian—Australasian Journal of Animal Science &t %ol 2010 Al A = A th.

(2) =2AA AE

— Characterization of cellulolytic and xylanolytic enzymes of Bacillus licheniformis JK7
1solated from the rumen of Korea native goat

A =TS dAA geA AAME St FATU Aow, = A AbFelM e, A A
Fr273l whe 2] oFel Bacillus licheniformis JK7¢] cellulolytic, xylanolytic &4 -,ﬂﬂ R
HS AN A vy o ® AAESQ oW, Asian-Australasian Journal of Animal Sciencett

Applied Microbiology and Biotechnology 52| st&x|o Alz|& A & o]t}

- Production of endoglucanase, B-glucosidase and xylanase by Bacillus licheniformis JK7

grown on minimal nutrient medium containing agriculture residues and its characterization.
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A =2 S A ARdelA Ee, s AdRAEs] whE E okl Bacillus licheniformis
JK7 oA BAA] 4 FAbE ARHM o]&3to] endoglucanase, B-glucosidase ¢
xylanaseE &40z AMEE WHE AFdd AYES vigoer HAAEo Hi, HA
Livestock science Y} Asian-Australasian Journal of Animal Science %9 dr<&x]o] A& =

How F4Folt

—_

— Enhanced production of cellulase by the mutant strain ‘P11’ of Bacillus subtilis isolated
from salted clams.

| A A fraitsl Bhe 2l o (Bacillus

awsl E4 Aq7FE SR Sete] ARl

5 < 13193, mutant ¥ &4 97 ¢

g Ale] 97F HAd & HES A4S vtgor A4 AT FEMS microbiology

Asian—Australasian Journal of Animal Science 52| st&XA|o] AT HHoz A T Ju}

W H =7} YYYY
MMDD)

Carboxymethyl Cellulase Production by

X2 | The 14th o 20100823 Bacillus sp. Isolated from Salted Clams
=] AAAP v and Development of Mutants by

UV-Irradiationa and EMS Treatment.
Effect of genome  shuffling on

X A= endo—f-1,4-glucanase  production in
ISNHS8 20110906 ] ] ) ] )
H (Aberystwyth) Bacillus licheniformis JK7 isolated from

the rumen of Korean native goat.
Molecular cloning, purification, and

- ) characterization of endoglucanase
= A T | 8th JRS | ¢ ¥ (Hokkaido .
B ; ) ) 20111016 | gene(Cel5A) from Eubacterium
WX | symposium University) ) .
cellulosolvens 1isolated from Holstein
steer.
Carboxymethyl cellulase production b
X2 | 8th JRS | ¢ ¥ (Hokkaido . Y Y . P 'y
. ) ) 20111016 | Bacillus sp. #6 and its mutant P11 in
=] symposium University) ) )
solid-state fermentation.
Production and characterization of
sz 8th .JRS ?J_%FHokl'{aido 0111016 cellulolsftic ar.ld Xy.lanoh'ftic enz.ymes
symposium University) from Bacillus licheniformis JK7 isolated

from Korea native goat’s rumen
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mutation= DNA sequencing®] W3}z Q3 Foj= =
AAE Ao 2 EARMol = A dojuta glon P Eduio)E YA oR wlg {83}

A A 2Hg-t

o wEbd ARgA o R ol g Thed MRS TEE ATV g A Bol o] FoA ghal oo
2% A% 299 Aoz Arad dug 0A2Ee el 74 Aol e mutation 2 &
conventional method2A] 8}8H4 2] W3} UV radiation o] &o] o] &HJAtH2d 101).

Table 11.3  Chemical and physical mutagens and their modes of action

Agent Action Result

Base analogs

5-Bromouraci Incorporated like T occasional faulty panngwith G AT - GC and occasionally GC — AT

Z-Aminopunne Incorporated like A; faulty pairing with C AT = GC and cccasionally GC — AT

Chemicals reacting with DNA

Nitrous acid (HNO,) Deaminates A and C AT = GC and GC —» AT

Hydroxylamine (NH,OH) Reacts with C GC — AT

Alkyiating agents

Manofunctional {for example, ethyl methane sulfonate) Puts methyl en G, faulty pairing with T GC = AT

Bifunctional (for example, mitomycin, nitrogen mustards, Cross-links DNA, strands; faulty region excised Both point mutations and deletions

nitrosoguaniding) by DNase

Intercalating dyes

Acridines, ethidium bromide Inserts between two base pairs Microinsertions and microdeletions

Radiation

Ultraviolet Pyrimidine dimer formation Repair may lead to error or daletion

lonizing radiation (for example, X-rays) Free-radical attack on DNA, brezking chain Repair may lead to error or deletion

a3 103, EdAWolE Uo7+ mutagendy}t 1 27| % (fundamentals of microorganism, 2003).

A7] WS T3 mutation® 2 cellulase®] H7F: EAIZI7] Y == EgE Ho] HE QT
Kuhad 5(1994)2 Fusarium oxysporun®] UV ZAFF NTG (N-methyl-N-nitrosoguanidine) 25 3|
o target MAES mutantE A XU 971 S B3It Fang 5(2009)0] wH#d =& T
U.V radiation®] 98] mutation® Acremonium cellulolyticus®] <7} A4S B sk )

2719 BHES MA=EY 97FE ATV SE) Bol o] &Ho] oy ke 54 AUtE
7] Sl AEE Fo =g A 2eR 3t Wis 7HA AL Stk ]E s|Ast7| el W
2 ‘genome shuffling’®] A=A tHZhang et al, 2002). genome shuffling 7]%-< protoplast fusion
E3to] nAE72 random mutationg Y073 o] & oje] W WHEE O Z A gene TlolA] & F gl
H DNA shuffling 7|H< vAE @92 s Whyolgla & 4 t}l genome shuffling 71'H2 o]
g2 nAE genes =Y3sh= genetic transformation@= 2o]S 7FA]aL 9ol wel, mutation® W]
A& A E probiotics® ©]-&-3k=t] Agto] $12™, conventional mutation 7|"HET} A7t} wE5EE
AAs =29 F e FES 7K Yk Cheng 5(2009)2 genome shuffling 78S ©]-83}¢]
Penicillium decumbens JU-A10E mutation AlZFH 1L 2djo] Z% shufflingg EsiA 2 #5910
decumbebns JU-A10R.t} cellulase®] <717F 28 o)At sfadd ZdWo] 2 /ettty H st
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3 45 s 3 ugREE o] &3 B4 v
Enzyme Submerged fermentation Solid-state fermentation
(SmF, U/ml) (SSF, U/g)
Acid carboxypeptidase 0.09 16
Neutral protease 550 3,400
Acid protease 11 260
a-Amylase 640 19,000
Pectinase 0 28
Cellulase 14 87

(C. Asha Poorna, 2006)

¥ 46. w3Fo] T AH(SmF) 2 AT E(SSF) FAANAM Y cellulase A & W]
Enzymatic activities IU/L of culture volume
. . Exo-B Endo-3 .
Microorganisms B-D-glucosidase
-D-glucanase -D-glucanase
SmF SSF SmF SSF SmF SSF
Aspergillus fumigatus 50 67 70 370 1 554
Allescheria terrestris 60 34 1,460 302 1,242 50
Humicola lanuginosa 50 50 30 167 6 4676
Mucor pusillus 10 71 30 332 2 2,361
Sporotrichum thermophile 660 1,215 2,460 10,914 373 1,215
Thermoascus aurantiacus 280 1,322 560 53,260 937 8,974
(W.Grajek, 1987)
AWEARl §4AE At A g B uAUs FAS 29 1029 YER AT HAdE g g
A% F 609 UAE AH BRA AFS AN Absech 53 AYPUR BB F 2k 55
2 AFs GAE deR stuE ANE FUFRE oottt Wk, AR g el Ae 3gAR
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