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SUMMARY

I. Project Title

Studies on the Improvement of Feed Values of Rice Straw using Anaerobic Microbes

II. Objectives and Necessities of the Research and Development
1. Objectives of the project

A. Development of microbial additives (composed with the mixtures of
anaerobic acid-tolerant bacteria, yeast and fungi) for improving feed

values of rice straw
2. Necessities of the project

A. Improvement digestibility of rice straw to overcome physical problems
of rice straw (cutin and silica in the out layer of rice straw as a
barrier to microbial attachment)

B. Improvement digestibility and increasing nutrients with use in rice
straw to overcome chemical problems of rice straw (most of nutrients
linked with lignin complex)

C. Improvement nutrients such as crude protein and vitamin in rice straw
to overcome nutritional problems of rice straw (lower protein and
vitamin, but higher CWC such as cellulose and hemicellulose)

D. Improvement preservation ability and packing system for industrializing
to overcome logistical problems of rice straw (produced seasonal and
regional with high cost)
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IM. The Contents and Scope of the Project

1. The development of fungal additives using anaerobic acid—tolerant fungi had
highly cellulolysis activity(to overcome physical problems of rice straw)
A. Isolation and identification of anaero—cellulolytic acid-tolerant fungi
B. Development of fungal additives
C. Development of microbial additives for rice straw silage using fungus
(from first sub-project), yeast(from second sub-project) and trans—

genic bacteria (from third sub-project)

2. The development of microbial additives using anaerobic acid—tolerant yeast
produced microbial single cell protein using organic acid (to overcome
chemical problems of rice straw)

A. Searching and selection of anaerobic acid-tolerant yeast produced microbial
single cell protein using organic acid

B. Characterization of selected yeast and development of yeast additives
using characterized yeast

C. In vitro test to verify yeast additives developed in the project

3. The development of microbial additives using transgenic bacteria produced
esterase had delignification activity(to overcome nutritional problems of rice straw)
A. Isolation and identification of microbes produced esterase had delignifi-
cation activity.
B. Sequencing, Cloning and characterization of esterase genes
C. Development of microbial(bacterial) additives using esterase gene trans-

genic bacteria

4. Industrialization study and /n vivo trial using developed microbial additives for
improving feed values of rice straw(to overcome logistical problems of rice siraw)
A. Making of rice straw silage to verify effects of microbial additives
developed in the projects
B. Verification study of developed additives in the project using in vivo

metabolic and feeding trials and their industrial applications
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IV. Suggestion on Application of the Results

1.

The development of microbial(fungal) additives using anaerobic acid—
tolerant fungi had highly cellulolysis activity

A. Isolation and identification of anaerobic cellulolytic acid-tolerant fungi
1) Isolation of cellulolytic acid-tolerant fungi from anaerobic ecosystems
A) Isolation of cellulolytic fungi from ruminant animals and termites
(1) 40 fungal species were isolated from the duodenum segment in the
digestive tracts of Korean native bulls(Hanwoo)
(2) 15 fungal species were isolated from the digesta fluids of termites
B) Screening of isolated fungi
(1) Enzyme activities and DM digestibilities
(2) Check of contamination and fermentation products
(3) Finally, 27 fungal species were screened; 18 species of them from the
duodenum segment in the digestive tracts of Hanwoo, Others (9
species) were from termites.
C) Characteristics and identification of screened fungi
(1) Identificated by fine structure of fungi through SEM imagination
(2) Finished identification of 27 fungal species

B. Development of fungal additives using anaerobic fungi
1) Effects of fungi additions on DM digestibility and enzymes activities
A) Microorganism : 8 species of anaerobic fungi
(1) 4 fungal species were from Hanwoo
(2) 4 fungal species were from termites
B) Investigated items
(1) Digestibility of rice straw
(2) Enzymes(cellulase, xylanase and avicelase) activities
C) Obtained results
(1) DM digestibilities of RS were increased by the addition of GS RI-13,
GSMI-01 and GSMI-10 fungi compared to other fungi.
(2) Enzymes (cellulase, xylanase and avicelase) activities were also
higher in the the group of GSRI-13, GSMI-01 and GSMI-10 fungi
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than others
2) Silage manufacture test of rice straw using Lab—scaled wrapping technique
A) Microorganism : 3 species of anaerobic fungi
(1) GSRI-13, GSMI-01 and GSMI-10
B) Investigated items
(1) pH and NH3;-N concentrations in rice straw silage
(2) Changes in chemical contents(protein, NDF and ADF) of rice
straw silage
(3) Changes in inoculated fungal populations in rice straw silage
C) Results obtained
(1) The protein contents(%) in rice straw silage was increased by
the addition of fungal inoculation.
(2) The population of fungus inoculated in the rice straw silage was
very highly colonized within 30days ensiled.
(3) The quality of rice straw silage was improved by the inoculation

of fungi.

3) The effects of fungal additives on the quality of rice straw silage
A) Materials : Rice straw silage fermented for 30days
(1) Rice straw silage (untreated)
(2) Rice straw silage added fungal(GSRI-13) additives
(3) Rice straw silage added fungal(GSMI-01) additives
(4) Rice straw silage added fungal(GSMI-10) additives
B) Investigated items
(1) In situ(Nylon bag) digestibility
C) Results obtained
(1) In situ DM digestibility of un-treated, GSRI-13, GSMI-01 or
GSMI-10 treated rice straw silage was 34.30, 38.93, 38.31 or
41.209, respectively.
(2) In situ DM digestibility was improved with the value of 12, 10
or 17% by the addition of fungal additives manufactured with
GSRI-13, GSMI-01 or GSMI-10, respectively
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C. Development of microbial additives for rice straw silage using fungus
(from first sub-project), yeast(from second sub-project) and trans—
genic bacteria (from third sub-project)

1) Studies on the interactions between fungus, yeast and bacteria in in
vitro trials
A) Microorganism : 3 species of anaerobic microbes
(1) Fungus : GSMI-10 obtained from first sub—project
(2) Yeast : KCTC-6694 obtained from second sub-project
(3) Bacteria : ATCC-19169 obtained from third sub—project
B) Investigated items
(1) Microbial populations in the medium of co-cultured test-tube
after 12, 24, 48 and 72h incubation.
C) Result obtained
(1) Only bacterial specie(Fibrobacter succinogense S85) can grow
vigorously in co-cultured medium with bacterial specie (F.
succinogense S85), yeast strain (KCTC-6694) and fungal strain
(GSMI-10 isolated from the digesta juices of termites).
(2) Anaerobic fungi can not grow in co-cultured medium with
bacteria and/or yeast.
(3) Delivery system was required for industrial application of

microbial(bacterial, yeast and fungal mixture) additives

2) Selection of micro-additives and development of delivery system
A) Selection of micro-additives
(1) Selected glucomannan-oligosaccharide(Bio—Mos) and bentonite for
as a micro-additive
(2) Addition level of micro-additives (the mixture of Bio-Mos and
bentonite as a same volume) to adjuvants (carrier materials)
was decided as a level of 0.05%.
B) Adjuvants (carrier materials)
(1) Selected weat bran as a adjuvant
(2) Addition level of microbial additives to adjuvants was 0.45%

C) Delivery system
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(1) Large-scale cultures of individual microbe for harvesting of microbes

(2) cultured materials were centrifuged and then freezer dried

(3) freezer dried microbes(bacterium, yeast and fungus) were mixed with
same volume

(4) Mixed microbes were remixed with micro—additives & adjuvants as

a carrier.

3) Preservation ability and real effect of microbial additives developed in
the research

A) Microbial additives:

Microbial additives were manufactured according to the "delivery

system” described above.

B) Preservation ability of microbial additives were checked by the
counting of microbes inoculated (bacteria, yeast and fungi) in the
20-days old microbial additives manufactured as the same manner
of "delivery system” according to the preservation days; 20, 40, 60
and 80days.

C) Investigated items

- Preservation periods of RS silage: 10, 30, 60 and 90days

(1) pH and fermentation temperature(C)

(2) Changes of protein contents(%) in RS silage

(3) In vitro 72h digestibility of RS silage

(4) Changes of microbial populations inoculated in RS silage

D) Results obtained

(1) Microbial populations(bacterium, yeast and fungus) inoculated in
the microbial additives manufactured as the same manner of
"delivery system”. The result means the preservation ability was
high and enough to industrialize.

(2) pH and fermentation temperature(C) in the silages did not
affected by the addition of microbial additives developed in the
project.

(3) Protein contents(%) and microbial populations were quiet higher
compared to untreated RS silage in early fermentative stage
(before 30days).
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(4) In vitro 72h digestibility of RS silage was increased by the
addition of microbial additives developed.

2. The development of microbial additives using anaerobic acid—tolerant
yeast produced microbial single cell protein using organic acid

A. Searching and selection of anaerobic acid-tolerant yeast produced
microbial single cell protein using organic acid
1) Searching yeast species utilizing SCP production process on the web
and literature
: NRRL, ATCC, BCCM, CBS, KCTC, DSMZ, IMI, JCM and WDCM
2) Selecting of yeast species by growth ability in anaerobic conditions,
optimum temperature, optimum pH growth rate, etc.
3) Purchased 5 strains(2 strains of bacteria and 3 strains of yeast) selected
4) Selection and characterization of microbes purchased
. Growth rate of microbes purchased in acidic or neutral medium
. Enzymes activity of microbes purchased in acidic or neutral medium
. Protein conversion rate using organic acid
. Bacillus circulanse, lactobacillus plantarum, candida utilis and candida
sp. were finally selected as seed microbes for developing probiotcs.
B. Characterization of selected yeast and development of yeast additives
using characterized yeast
1) Protein synthesis rate of yeast by using organic acid
A) Microorganisms
(1) KCTC 7219 : Candida glabrata/Torulopsis glabrata
(2) KTCT 6694 : Candida glabrata var thermoidea
(3) KCTC 7137 : Pichia jadinii
(4) KCTC 7120 : Candida robusta
(5) ATCC 9950 : Candida utilis (Henneberg)
(6) ATCC 18790 : Saccharomyces cerevisiae Hansen, teleomorph
B) Investigated items
(1) pH value in the supernatant of medium containing urea or
ammonia as nitrogen sources
(2) Growth rate in the medium containing urea or ammonia as

nitrogen sources
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(3) Protein concetration derived from yeast.
C) Result obtained

(1) Growth rate of yeast strains used was higher in the medium
containing ammonia than in the medium containing urea as
nitrogen sources.

(2) Protein concetration derived from yeast, KTCT 6694 was the
highest in all strains tested.

(3) Growth rate and protein concetration derived from yeast were
generally  higher in  strains of KCTC  7219(Candida
glabrata/Torulopsis glabrata), KTCT 6694 (Candida glabrata)
ATCC 18790(Saccharomyces cerevisiae).

2) Establishment of optimal additive level
A) Microorganisms
(1) KCTC 7219(A): Candida glabrata/Torulopsis glabrata
(2) KTCT 6694(B): Candida glabrata var thermoidea
(3) ATCC 18790(C): Saccharomyces cerevisiae Hansen, teleomorph
B) Investigated items
(1) Growth rate in mono-cultures
(2) Growth rate in co—cultures with A+B, A+C, B+C and A+B+C.
C) Result obtained
(1) Growth rate of yeast strains, KTCT 6694 and KCTC 7219 was
the highest in the OD value evaluation and cell-forming unit,
respectively when mono-cultured.
(2) Growth rate of yeast strains was depressed by the co—- culture
with KCTC 7219.
(3) Therefore, yeast strains, KTCT 6694 was evaluated as the best

strain for developing microbial probiotics.

3) The effect of yeast additives on the quality of rice straw silage
A) Microorganisms
(1) KCTC 7219(A): Candida glabrata/Torulopsis glabrata
(2) KTCT 6694(B): Candida glabrata var thermoidea
(3) ATCC 18790(C): Saccharomyces cerevisiae Hansen, teleomorph
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B) Investigated items
(1) Effect of yeast inoculants on pH values during the ensiling
procedure of rice straw silage
(2) Effect of yeast inoculants on crude protin levels(%) during the
ensiling procedure of rice straw silage
(3) Microbial populations (bacterial and yeast) in the lg of rice
straw ensiled for 15 days.
C) Result obtained
(1) pH value in RS silage inoculated yeast strains was lower than
the RS silage un-inoculated yeast strains.
(2) Crude protein levels(%) was the highest in RS silage inoculated
yeast strain, KTCT 6694.
(3) Therefore, yeast KTCT 6694 strain was evaluated as the best
strain for developing microbial probiotics.

C. In vitro test to verify yeast additives developed in the project
1) Microorganism : 3 species of anaerobic microbes
A) Fungus : GSMI-10 obtained from first sub—project
B) Yeast : KCTC-6694 obtained from second sub-project
C) Bacteria : ATCC-19169 obtained from third sub—project
2) Culture type
A) Mono- culture: Bacterium, Yeast and Fungus
B) Co- culture: Bacterium+Yeast, Bacterium+Fungus, Yeast+Fungus
C) Sequential- culture:
(1) Fungus(1d) + yeast(1d) and then bacteria inoculation
(2) Fungus(2d) + yeast(1d) and then bacteria inoculation
(3) Fungus(3d) + vyeast(1d) and then bacteria inoculation
3) Investigated items
A) pH value in the supernatant of anaerobic medium
B) Microbial(bacterial, yeast & fungal) populations in the supernatant
of anaerobic medium
C) CMCase and xylanase activity(IU) in the supernatants of medium
D) Nitrogen concentration(umol/mL) in the supernatant of medium
4) Result obtained
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A) pH value in the supernatant of anaerobic medium was the highest

B)

)

D)

in fungal culture and the lowest in yeast culture, when mono-
cultured.

There was no contamination in mono— cultured medium, only
bacterial species(ATCC 19169) can grow vigorously in co—cultured
medium with yeast strain (KCTC-6694) or fungal strain
(GSMI-10).

Anaerobic fungi can not grow in co-cultured medium with bacteria
and/or yeast.

CMCase and xylanase activity(IU) in the supernatants of medium
were significantly increased when sequentially inoculate fungal
cultures that had been grown in rice straw for 1d (initial stage
of growth, lag phase), 2d and 3d (late stage of growth, stationary
phase) with mixed vyeast for 1d and then finally inoculated

bacteria.

3. The development of microbial additives using transgenic bacteria
produced esterase had delignification activity.

A.

Isolation and identification of microbes produced esterase had

delignification activity.

1) Isolated 8 strains (GSRR-1, GSRR-2, GSRR-3, GSRR-4, GSRR-5,
GSRR-6, GSRR-7 and GSRR-8) of rumen anaerobic fungi produced
esterase had delignification activity.

Isolated 8 strains; GSRR-1, GSRR-2, GSRR-3, GSRR-4, GSRR-5,
GSRR-6, GSRR-7 and GSRR-8 were identified as a Neocallimastix,

Anaeromyces, Piromyces, Piromyces, Neocallimastix, Neocallimastix,

2)

Piromyces and Orpinomyces, respectively.
3) GSRR-1(Neocallimastix) & GSRR-4(Piromyces) had higher activity for

delignification among 8 strains isolated.

B. Sequencing, Cloning and characterization of esterase genes

1) Acetyl xylan esterases axeb6A and axe6B located adjacent to one

another on the Fibrobacter  succinogenes chromosome have been

separately cloned and their properties characterized.
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2) Both esterases contain an N-terminal carbohydrate esterase family six
catalytic domain (CD) and a C-terminal family six carbohydrate
binding module (CBM).

3) The amino acid sequences of the respective CDs and CBMs exhibited
52 and 40% amino acid similarity. The CDs of the two esterases
exhibited the highest similarity to acetyl xylan esterases AxeA and
BnaA from the ruminal fungi Orpinomyces sp. and Neocallimastix
patriciarum, respectively.

4) Axe6A and AxebB were optimally active at neutral pH and had low
Km values of 0.084 and 0.056 mM, respectively.

C. Development of microbial (bacterial) additives using esterase gene—
transgenic bacteria

1) Axe6A and Axe6B were shown to bind to insoluble cellulose and
xylan and to soluble arabinoxylan.

2) Axeb6A deacetylated acetylated xylan at the same initial rate in the
presence and absence of added XynE xylanase from F. succinogenes,
but action of the xylanase on acetylated xylan was dependent upon
the initial activity of Axe6A.

3) The products of hydrolysis of acetylated xylan by xylanase alone was
primarily xylotriose and longer chain xylooligosaccharides, however, in
the presence of acetyl xylan esterase the major hydrolysis products
were xylotriose, xylobiose and xylose.

4) The capacity of the acetyl xylan esterases to bind to plant cell wall
polymers and independent deacetylate xylan enable xylanase to release
hydrolysis products documents the central role acetyl xylan esterases

to improve access of F. succinogenes to cellulose

4. |Industrialization study and /n vivo trials using developed microbial
additives for improving feed values of rice straw

A. Making of rice straw silage to verify effects of microbial additives
developed in the projects
1) Effects of microbial additives on the quality of rice straw silage

A) Effects of microbial additives on the chemical contents and fermentation
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characteristics of rice straw silage
(1) Expeimental materials : Microbial additives developed in the project.
(2) Addition levels of microbial additives : 0.0, 0.1 and 05% of rice
straw silage (as DM basis)
(3) Investigated items
(A) Effects of different levels of microbial additives on pH, NH3-N,
lactate acid acetate composition of rice straw silage during
different ensiling period
(B) Effects of different levels of microbial additives on chemical
composition of rice straw silage during different ensiling period
(C) Effects of different levels of additives on buffering capacity
(meq of NaOH/100g DM) of rice straw silage during different
ensiling period
(4) Results obtained
(A) pH was decreased by the addition of microbial additives
developed, and the trend was more noticed as the level of
addition was increased
(B) Crude protein content(%6) DM in the rice straw silage during
different ensiling period was quickly increased by the addition
of microbial additives, and the trend was more noticed as the
level of addition was increased
(C) Buffering capacity (meq of NaOH/100g DM) of rice straw
silage during different ensiling period was lowest in 0.1%
supplementation level of additives, and highest in 0.5%
supplementation levels, when observed in 30 days of ensiling.
2) Effects of microbial additives on the in vitro and in situ digestibility of
rice straw silage
A) Expeimental materials : Microbial additives developed in the project.
B) Addition levels of microbial additives : 0.0, 0.1 and 0.5% of rice straw
silage (as DM basis)
C) Animal : Rumen fistulated Holstein dairy cows
D) Investigated items
(1) In situ dry matter(DM) disappearance rate of rice straw silage

(2) In vitro dry matter degradation(DMD) rate of rice straw silage
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E) Results obtained
(1) a+b fraction derived from In situ DMD rate(%) of rice straw silage
was 30.1%, 338% and 485% when supplemented microbial
additives with the levels of 0.0, 0.1 and 0.526, respectively
(2) In vitro 48h dry matter degradation rate(%) of rice straw silage
was 42.36, 43.06 and 47.79%, when supplemented microbial
additives with the levels of 0.0, 0.1 and 0.5%, respectively.

B. Verification study of developed additives in the project using in vivo
metabolic and feeding trials and their industrial applications
1) The effects of microbial additives developed in the project on the in vivo
metabolic response of Hanwoo steer
A) Expeimental materials : Microbial additives developed in the project.
B) Animal : 4 heads of rumen cannulated Korean native steers(BW, 450kg)
C) Investigated items
(1) pH, NHs3-N, Total VFA, and individual VFA (acetic acid,
propionic acid, butyric acid, valeric acid, isobutyric acid,
isovaleric acid in the rumen fluids obtained from Hanwoo steers
fed diets containing concentrate and rice straw or rice straw
silage treated with an additive.
(2) In vitro dry matter degradation(DMD) rate of rice straw silage
(3) Dry matter intake(kg/d) and the nutrient digestibility(%, DM
basis) of Hanwoo steers fed diets containing rice straw or rice
straw silage treated with microbial additives developed in the
project.
E) Results obtained
(1) pH values and NH3-N concentrations (mg/100mL) in the rumen
fluids obtained from Hanwoo steers were not affected by diets
containing concentrate and rice straw or rice straw silage treated
with an additive.
(2) Total VFA, and individual acetic acid concentrations were
increased by the feeding of rice straw silage treated with an
additive.

(3) In vitro 72h DM degradation rate of rice straw and rice straw
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silage was 37.7 and 43.5%, respectively.
(4) Dry matter intake(kg/d) was increased by the addition of
microbial additives to rice straw silage.
(5) Crude protein and crude fiber digestibilities were also increased
by the addition of microbial additives to rice straw silage.
2) The effects of microbial additives on the in vivo feeding response of
Hanwoo steer
A) Animals : 24 heads of Korean native steers(nitial BW, 489.9+24.5kg)
B) Investigated items
(1) Growth response of Hanwoo steer
(2) Feed conversion rate
(3) Carcass traits of Hanwoo steer
C) Results obtained
(1) Average daily gain of Hanwoo steer fed rice straw and rice straw
silage was recored as a 759.8 and 778.8g/d, respectively.
(2) Dry matter intake was also increased from 898kg/d to 9.52kg/d,
without statistical differences.
(3) Feed conversion rate also improved by the feeding of rice straw
silage.

3) Industrial application of microbial additives developed in the project
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1. td7a 422 =l

7},

A7EA ] R (A 1 AlF-2A))

2

& Qi BY| UK FZolo| 2ol - 5Y U My

ATEY WE
) FAAE
71 Wy AUARRE @24 FFol Restudt wEEE AHolX
ol ol A

r+ e gole FAMLL o] Gk Aol
FA ARE AN ARSLD 207)
omne v wo %N FAE A3

TAANERTE FFolo &

71 A Bl F3o] 25 $3 Enrichment @ FAIASEZFE A58
FFolE wElstr] fste] wiA F 9 E‘f*rﬁ} < ball-milled filter paper
2 Aty FAYAE Folste] wigd SHollA A7 FY] wMF AA
Afra 8l #3019 enrichmentE %Eé}i’i

W) FAA=S 34 : Enrichment A1 FAAEE €734 A (Bryanto}
Burkey, 1953) A¥ 84y o= 10°~10 744 A ste] &Fea s A% 4

THOo® o] &3t tHTable 1-1).

Table 1-1. Anaerobic dilution solution (Bryant & Burkey, 1953)

Component Unit Amount
Mineral solution I° ml 7.50
Mineral solution II° ml 7.50
CysteinrHCI-H,O g 0.05
Na,CO; g 0.30
Resazurin, 0.1% solution ml 0.10
D-H,O ml 100.00

# KoHPO,. 6g in 100.0ml of distilled water.
> NaCl, 1.2g; (NH)-SO,, 1.2g; KH:PO,, 0.6g; CaCls, 0.12g; MgSO, - 7TH50,
0.25g in 100.0ml of distilled water.
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)

Fole] HF #H vk

O

ol
AR

SHrstE o] 750mg(dd A 6~871)9 FA17]
2 A" LAMF(Lowe's artificial medium for ruminal fungi, Lowe
s, 1985, Table 1-2)& co]&stAth. HEH v
(1966)¢] #HS £-83F anaerobic gassing systeml ® 7|4

Hungate

& fA3

Table 1-2. Medium compositions per 100mL of Lowe's medium for anaerobic
culture of ruminal fungi

Component Unit Amount
Mineral solution I mL 7.50
Macro B solution mL 5.40
Trace B solution mL 1.00
VFA mixture solution mL 1.00
Hemin 0.1% solution mL 1.00
Vitamin mixture solution mL 1.00
Resazurine 0.1% solution mL 1.00
Trypticase peptone g 0.10
Yeast extracts g 0.05
NaCOs 8% solution mL 15.00
Cystein-HCI - H20 g 0.05
Distilled water mL 78.00

Mineral 1 solituon: KH,PO,, 1.8g; (NH,),SO4, 1.8g; NaCl, 3.6g; MgSO.-7H;0, 0.73g;

and CaCl,-2H,O, 0.77g

Macro B solution: KCIl, 2.7g; NaCl, 2.7g; MgS04-7H,0O, 2.25g; CaCl,, 0.9g; and

NH4Cl, 2.4g in 300.0ml of distilled water.

VFA mixture solution: Acetic acid, 2.05g; Propionic acid, 0.9g; butyrate, 0.54g;

2-methyl butyrate, 0.015g; Isovalerate,

0.165g; and 0.2M NaOH, 210ml
Vitamin mixture solution: Pytidoxine HCIl, 0.06g; Riboflavin, 0.06g; Thiamine HCI,
0.06g;Nicotinamide, 0.06g; Ca-D-Pantothenate, 0.06g; PARA, 0.003g; and Stock

Solution, 0.3ml in 300mL in distilled water.

0.165g; Isobutyrate, 0.14g; n-Valerate,

Vitamin Stock Solution: Folic acid, 0.125g; Biotin, 0.125g; and Covalamine, 0.0125g

in 25mL of dH,O.
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Roll-tube®oll olet Adfa &3 FZele] #g @ 4" FAASE Imls
agar’b $H% 9mle] wiXol HFE F AFHE ASENA spinning A
A agarg =3 v 37CoA 5~1493F w3ty colonyE & skSAth
ol w W ety ERGH T WA= AFS BAEI] ko] o
Table 1-3¢] FAAE EF3ste] Fofstaitt.

Table 1-3. Antibacterial agent used in the experiment preventing to grow of
bacteria and yeast

Component Unit Amount
Penicillin-G, sulfate g 0.606
Streptomycin g 0.132
Chloramphenicol g 0.030
Distilled water mL 50.00

Colony?] 2 % ®ZE : roll tube’deol d4 % colonyE anaerobic gassing
system< ©]-&3%F Hungate (1966)¢} Holdman (1977)¢] Wil 9ols) & 73
o2 gt Zeok Al AT vrEH oty 2 ds WAS
7] 98te] TE2H9 A (DAB; : benzyl penicillin, 1.7x10° 1U;
streptomycin  sulfate, 0.170 pg-mL'EFgN7 @ AB, : AB, +
chloraphenicol 30ug - mL '&%)E Al&3tort. 2

2aE =
A 23 FFolS screeningdt’] fste] wigdFo] BdEY
% £

o

™

SN= 7& 3}03“:} TTAE FHE7] 98 AB; SAAE AFEE] 99
< S RHEstH FEolE oF EEEdth #ElE wEole &
I A AR S FASH] fstd A1 EE s A o] BESHA=H 100ml
9l FFFl 50%9 glucose}t 0.001%69] resazurines &5t A7) L
NaxCOs 0.64%%F L-cystein 0.1%E F7kete] @714 02 HEE tubeo] #
Fote] Hugh 5 FFolE HITAA 5~7AF wiFeta vhA g9
HjFols ot - @71 A o2 Aeste] thA] 1mle] AdE wft 3 1mle
glycerol& #7bste] W& (-29C) BEskw 378l 14 Al - BE313
t}.

ox mi o

+
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vh) EelE Fgole] Adf4 #8lE Screening
2HE dFEY s BdES 4% - 7HHEEA screeningdte] A @l F
A8t A} Congo-red®oll 23 CMCase test 52 333t}
Diluted rumen
contents filtrate
{A)
Roll tubes Nouturbid || Maintenance medium
containing | — ™ | Liquid medium [—_—-# | (AXENIC FUNGAL
AB, ISOLATES)
~*— Discrete fungal conlonies
Cellulolysis
screening medium
~=— Cellulolytic cultures
Liquid medium
~=— Nouturbid culture
Roll tubes
~<— Discrete fungal colonies
Liquid medium
Ap=0 | Ap=0
Maintain A
cocultures Roll t.ul.)es Discrete Liquid Agar
(FUNGUS containing —
+ AB, ggi](;gl?iles medium plates
METHANOGEN) ( }
Mycoplasma Isolate and
colonies maintain for
(
(B } further study
Maintenance
medium(AXENIC
FUNGAL ISOLATES)

Figure 1-1. Isolation procedures of anaerobic fungi from the anaerobic ecosystems such as
the duodenum segment of ruminants' digestive tract or the digesta juices

from termites etc.
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Figure 1-1°4¢} o] Awtz|Ql FFolo] ], HAF H w2 ol 2
< SAE AP EATh

(1) WH535E2] Holx7gHoj} B7fne] HS 2| F s}

(2) 27 2] cheese cloth® o] ¥}&} 9]t}

(3) 10 %14 10 °7+A] 34 8}t

(4) Iml9] A =% roll tubeol FHZF3H4ith.

(5B) e ol 293 WAsH7] Y3l A benzyl penicillin, streptomycin sulfate
18] 3 chrolampenicols S T3 AAAE FFo] HE o H713to]
te Btelgoly &R T 29S WAE T

(6) 39Tl A 3elA 5U3F w3t o

(7) fungal colonyE& 3ttt ColonyE #H3h7] A agar w74l 44
colony? E2]% HEE

(8) Filter paper (7x7mm)E ¥+f3F= Lowe’s liquid fungal mediumel #&3%+
o} olu, filter paper= HXAE ©]&3t HF3MA AEstH AP
HFE Al Et A A AFE-SER T

(9) 39Tl A 5ol A 7L3F w3t o

(10) glucose, cellobiose 2] 1 starch’} 0.15% 3 7}¥ liquid fungi medium
oﬂ ;(4}_ ]_ 1:}

(11) turbidityE #23&}e] turbidity 7} 44 (+)°]™ bacteria’} 4733 Aol =
2 Ao AREshAl %kl SA| A g v #H 7 ski

(12) glucose, cellobiose ¥ il starch’} 0.15%% X 7}%¥ roll tubedl 3}
ATt

(13) fungi colonyE # 3+ t}g, glucose, cellobiose L83l starch”} 0.15%%
A 7FA liquid fungi mediumel] % Z 3}

(14) turbidity 7} 0] Ay 27} A2 tubeRt A 3ol o] &3t}

(15) 278 9] cheesecloth® o] #}3} %1 T},

(16) UV spectrophotometer® ©]&3}¢] 420nmolAq &3 =S =435t dAv A
stell Al st T

(A7) FF=7F 0ol AY A 7F vl vrS uf o] fungiwh &2 skSit

Ab) Screening® &% ]
WA FZ7F ZEZAA =5 lactophenol 0.2 FFo| 5 AT ] FUL7
i #nF oz ¥kl Barr(1980)2] Wilol wel &
S 93} filter paper disc 2704 S test tubeoﬂ g

B

Y

d
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10ml1¢] Lowe’s artificial medium< anaerobic gass system< ©]&3lo] 37|

Ao FFT 5, 121TColA 2023 A ZH T dito]l &5 9 test tubel
747 M FT SATETFE ImlY 47 FUIH R JEFS v, 724 59t
37C4  incubatorell A Hl¥Fetitt wide]l $EHE AlHe AAANAS o] &
sto] A FERE %% } ATt

+Fo] &o] w4 B3 AvAH N Ak dAnlE el o]ste] vERd thallus®]
) (monocentric® Q% polycentric®), 7Fte] H| (filamentousd S
bulbous®) & FFAke] F2E TR 4 (uniflagellad -8 multiflagella

@) ol 278k FgeAt

o) MAtdw| % (SEM)¢] ##
AAAu 7 #2ES 918 A A2l Ho & (1988)9] WS S8l 234
Bl Al Alge] WS WAs7] fleke] 05%¢F 5% glutaraldehyde &<H4o= 11
Ak & cacodylic buffer® A& &}, 789 xsbH oz 10, 20, 30, 50, 70, 90
2 100%2] ethyl alcohols &= 307 BHAIA E4AZTh 47} it Al
S IAH AZEW(critical point drying method)S ©]-&3te] AR5 Ut &7]
oA A3t COol =t v FAH2E=EIT, 72.8atm) wgi 7} 5t
gas3t AA AZRSALE AZRHE AIRE AA silverE o] 838te] FALE dn| 79
stub®l mounting A7 &, FZ2GX oA F(gold)S AZZH FAF Z2A]

A FAF @4 (SEM: Scanning Electron Microscopy)< ©]-83te] #2313t
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A B3 #3208 EEsles AAT 79 5 AFAZ colonye] M F+2 &
A g H Aol =4, colonyd FHolE e FA Jhed R =@M o
g1 MR Zd5E dojx] AAE H= colonyZt 7Y weol FAEHAH
sy 4G A7l whEl colonye] M @ WSLE B x| Ao Ho=
s Alzrste] vk 3-49EHE St e] Ao R Wt 5~6Y o]F FE =
w58 AdAste]l bt #4e] s PAdsk=t o= FFolo s wwel U
et dAAJolgl A Sline] FeE oMot EE slAe] Wo] A HE=
2 2okt

sews waa oo il
o gR 3 9 ge =27

GSMI-1  3l7}u] 102 3} A g 5] ) 23 = -
GSMI-4 @Aw 102 34 / 2 A1 BAy a -
GSMI-5 @AW 10° @A A4 A T8 53
GSMI-7 @AW 107 &4 / QR 3 2 -
GSMI-8  #7w  10° 4 g4 g4 7+ 5 -
GSMI-10 @7jw  10° &4 24 g T3 o
GSMI-13  &7jv  10° &4 Fa g »48 F
GSMI-14 874w 10° &) / 54 L P
GSMI-17 27w 10° A4 #gA A4 4% o -

Colony 9 #®l= circular HEjoll A irregular FEjel] o] 27]|7}#] thgEdq o} AY

o] T FEHATE Colonye] Z7]= 27 20mmel’H ()] A K-E 5mm ©] s}
(2)9] A7MA gt ot giFEo] 10~20mm B9l A71E 7Hxh 27] e ol
A AR E nAEL sue BeluA ek 3, §9-o oA g e 107~
10° 34 5ol Fgol7h F2 Rasdo, Asne] ashardds 107 314
el A 2= 2 = AT
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r-lu:
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A
RCRRY)

3
A Y 5] Table 1- 64 Table 1- 701]’\1 B kel 2o
RS FReR ik BAES TANOR HAse] Hik BAETE Aus

224 0.1%2] CMC(carboxymethylcellulose) 71 &2 & congo-red®Hel 2|3k cellulase
activity S 43 A¥E W2 FAISYET oA s &
Hu} GSRI-25W 9] HF#o]lE clear zoned HASA Zalg A vk v A

e Afra Zalge] AT 53] fAUfvlel A ZEejE FdolEe] 9ol Eed
#ols KUY clear zones WAl FAstY] Afa EalEol o & Ao HUHH
ALt
Table 1-6. g--%-olA &g F714d F%ole TaSAHL AFa Ealld
Akt Bk A MAE dged T oga s
2 pH — A Joy
Acetate Butyrate Lactate AZE A AF ¢ =3l
GSRI-2 583 3.49 0.76 2.49 ® - ++
GSRI-3 545 2.35 - 0.92 © © © - +
GSRI-5 6.02 3.68 - - © - +t+
GSRI-6  5.88 0.99 0.54 0.43 © © O] - ++
GSRI-7  6.17 5.02 0.32 0.18 ®© - +
GSRI-9 6.25 4.56 - - ® - +/-
GSRI-11 641 3.80 - - © © - ++
GSRI-13 6.19 5.42 0.97 0.32 © - +t+
GSRI-15 6.23 3.48 0.29 0.19 © © - ++
GSRI-16 598 3.97 0.43 0.23 © - ++
GSRI-21 643 542 054 3.42 © - et
GSRI-25 6.29 3.86 0.87 2.17 © + -
GSRI-27 557 2.87 0.28 3.85 ® - ++
GSRI-28 5.32 4.83 - 0.89 © © © - +
GSRI-29 6.07 3.97 0.51 2.17 © - +t+
GSRI-31 6.29 2.45 0.18 4.78 © O] - ++
GSRI-34 6.17 4.67 0.39 6.23 © + +
GSRI-37 6.01 3.23 0.53 3.79 © © - ++
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Kudo %(1990), Telmissen % (1991) ¥ Davies 5(1993)& 74 FHo|E5L ALY
A ARG olvet S FYA G et AR e FXEE Holn 2 Fow F
T Aol At sFeEe] T E FHdd nEAE A4 Eelgd e

FEEE Aol & vEbGaL shlvh ERE, kol M ZelE s3] ZEWE GSR

T
o

GSRI-13, GSRI-21 % GSRI-29, 1231 3l7jv]e] Aspgr|el A ¥ 3F3o] &e
M5 GSMI-1, GSMI-7 ¥ GSMI-10% clear zone2] A|&°] 25mm ©| o2 3]
WAl P =0 cellulase G7H7F 4E3d] & #FU o= A7HIATH
Table 1-7. S7ivo A F2dt 714 F3Fole HaEAH HAFa Falld
BewE ol R R e s s vl 2] 5 "é;é}%“i 3’ Ef’r—g
Acetate Butyrate Lactate Az e AE g =l
GSMI-1 5.34 2.54 0.17 1.68 © - 4+
GSMI-4 582 3.43 0.25 2.43 © © + ++
GSMI-5 5.23 2.97 0.19 3.64 © © - ++
GSMI-7 5.86 3.15 - 492 © - 4+
GSMI-8 6.07 4.87 0.36 3.12 © - ++
GSMI-10 5.36 2.14 0.42 2.35 © © - 4+
GSMI-13 591 2.75 0.52 3.14 © © + ++
GSMI-14 6.02 3.18 0.39 4.07 © - ++
GSMI-17 557 2.05 0.27 2.19 © © - ++
Az o GSRI-5, GSRI-13, GSRI-21, GSRI-29, GSMI-1, GSMI-7 %
GSMI-10= B“ié% 71HdE2 5z wiFeds A, #HEY dE Bl A
41.59, 46.54, 42.43, 55.39, 60.91, 59.43 % 61.10% = Y E}STE o]5f 3 H Ao A&

< 9l MAES ol &% dPdAAE ned o, vi§ =2 FA

N T A< (D) B
rams : 5 g 2
GSRI-5 5.31 11.41 31.34 33.43 41.59 24.62 1.32
GSRI-13 9.23 19.21 30.32 37.31 46.54 28.52 1.08
GSRI-21 11.39 25.27 36.43 39.65 42.43 31.03 2.23
GSRI-29 9.21 21.32 36.21 48.29 55.39 34.08 1.87
GSMI-1 12.93 18.15 41.43 48.19 60.91 36.32 1.34
GSMI-7 15.02 19.45 45.32 48.98 59.43 37.64 0.89

GSMI-10 13.21 18.97 39.25 47.21 61.10 39.95 0.97

=
e

Table 1-8. g-9-oF A7fvjol A Zelgh &7 w=geld 93 B HUE Zall (%)
:“_i- YA

N
(o)]
fo H
_>|~1_‘
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3) & #Fole e 5S4 7t AACEA)
g F3olsol diste] FAn A dx dAnAdSs Fdste] JHA 54 H
23k A= Table 1-99F 1-10¢ 242k @ ofst it
Table 1-9. 39 AojxFowiy gk 714 =+3ole Fed SA 754
914
LG e A o 5%
oo Rk A7) stalk 2ok flagella -
GSRI-2  mono oval 35 + oval multi  filament Neocallimastix
GSRI-3  mono globes 70 + oval multi filament Neocallimastix
GSRI-5 poly  fusiform 115 + globes uni filament  Anaeromyces
GSRI-6 oly globes 60 +/- globes multi filament  Orpinomyces
GSRI-7 mono variable 30 + oval uni filament Piromyces
GSRI-9 mono spherical 65 - globes uni bulbous Caecomyces
GSRI-11 mono variable 45 +/= oval uni/bi  filament Piromyces
GSRI-13  mono globes 40 + globes multi filament Neocallimastix
GSRI-15 mono globes 35 + oval multi filament Neocallimastix
GSRI-16  mono globes 55 + globes multi filament Neocallimastix
GSRI-21 mono ellipsoidal 70 +/- oval uni filament Piromyces
GSRI-25 mono oval 30 + oval multi  filament Neocallimastix
GSRI-27  poly  spherical 25 - globes multi filament  Orpinomyces
GSRI-28 mono  spherical 40 - oval uni bulbous Caecomyces
GSRI-29  poly globes 55 - globes multi filament  Orpinomyces
GSRI-31 mono spherical 40 - globes uni filament Piromyces
GSRI-34 mono ellipsoidal 60 - spheric uni filament Piromyces
GSRI-37 mono  variable 80 + oval multi  filament Neocallimastix
714 FHol= FFAHzoospore), E AW (sporangia) % 7FE(rhizoid)9 37}A
o wAR PYsClA gom, oYy TAHAAE vATRS Fu R A/
%3 F& EFsted ZlxAsrE @ E=e A FJEol wEkA monocentric ¥}t
polycentric #3ol= AA FHs=dH, AAe GAAI(Stalk)Fd 19 EAE
(sporangia)& zte=d dtele] Ix= oo EAYS A H(Barr, 1989),
polycentric =3#°]+ rhizoidal systemol #(nuclei)®] &A oJFo uwWHAE
monocentric #F°l¢t EFET. ook Z& T osto] -9 Aol A Ao A
25 1859 #Foli= Table 1-99] A9} o] EQH A
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Table 1-10. €l7iv| o] 23t g7| e L3 7144 w8ole] 4 54
s

paws o9 = A e sy
Rt 2o 7] stalk ok flagella =5

GSMI-1 mono variable 45 + oval multi/bi  filament Unknown
GSMI-4 unknown  globes 60 + oval bi filament  Unknown
GSMI-5 poly globes 80 + globes multi filament Unknown
GSMI-7 unknown fusiform 75 + globes uni filament  Unknown
GSMI-8 mono variable 55 + oval uni/bi  filament Unknown
GSMI-10 unknown spherical 70 + globes multi  unknown Unknown
GSMI-13 poly variable 70 + oval uni/bi filament  Unknown
GSMI-14 unknown Fusiform 55 + globes uni filament Unknown
GSMI-17 unknown variable 40 + variable multi  filament Unknown

£ x

W oug e RS B

2 H7E Q. Chengd Selinger(1993)+ light microscoped] 2] &t
T &9 Wl AT B TE=S oA F Y] Wil A Est
A= AAAw A A Bl dFHor gHT ST weba dx dn A S
TYste] ElE FFolsS #AFEY EOLO‘% Fe dAn ol A el mpz Al 2 5ol

ot
|
oy
o
i
°
o
3L
L
oX
o
oflt
fuj
N
m
3
S ¥
-
L
)
y
g
m o
rio

J—%% °© pIs X
e B 1gE dAA st= stalk(sporanglopore)-J T o)l R stalket T
HA g 7k ¥EH 5 wdde® YEYA &E FEe] "Rl E A
7k = SN Y el A FFol7t EElEH AT AT A= BRaud v glth o

B B ATE Bl @ovlel Al BE BE @74 FPolEe AR
ERGA o] LFAAE & Aoz A
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Figure 1-2. @7ln]e] oA 23t 7] &2
U1 .:J—tﬂ— 6‘:]1:!]7:] (7]\1?«—‘?«) /\]—7(]

. [ele}

O

Bol GSMI 79| 44
A e

%—E ZAnge] Esgol #AA Bl @7

) 2] =)

Figure 1-3. g7jnle] AolA 223t @714 3o
2ot n A (SN AR T g
C U et B R s R R e B R R e
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Figure 1-4. 3l7jne] oA Eeldt 74 F%o] GSMI-149] AAdwn] (L3
) 2 B Z (5 3E) A T g9gs e e} stalk(sporangiopore) ] R
& aea kel sk BAZA B wold Bdolsh Be Aolg w
[e))]

!

! |_|]I

| |I .'.j'

N, ! I;';I'

AF | |:

i i g

Figure 1-5. 3l7/ju]e] Ao & A7) F3o] GSMI-179 A A& m) 7 (k3
) 2 osgsr dAu A (SlEE) AN Tgg e nee A4 st stalk
(Sporanglopore)«l Holgt By a8 stalket FHoHA Y vhe] H

7 AAkA wrE R @14 Fgoled B xolE B,
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2. & wWex HMEE ¢ A HIIFM A MAEXH 1FH S ST FHO|
Wax Jf
7b. 4T 33U
1) A4 238e7 54 v F vX= 93¢ 49
7hH FAMAE: 1dxe] AFdAANE g o2 ol Table 1-1141 EA %
T #FolE A&
Table 1-11. &4 VA& FH{o} 54
) 2o A ikt Bk YA A A8 v TN
res 2od T pH a4 nag
T acetate butyrate lactate 72 AT AE w Tl
GSRI-05 &% 10° 6.02 3.68 - - ® - -
GSRI-13  3H%- 10* 6.19 5.42 0.97 0.32 ® - e
GSRI-21 &% 10* 643 542 0.54 3.42 ® - o
GSRI-29 &%  10° 6.07 3.97 0.51 2.17 ©) - +H+
GSMI-01 Z7jm] 102 534 254 0.17 1.68 O] - +++
GSMI-07 & 7jn] 107 586 3.15 - 4.92 O] - e
GSMI-10 3 7jn] 107 536 214 0.42 2.35 O] ® - e
GSMI-14 ™ 107 6.02 3.18 039  4.07 ©) - ++
) ZAAE - FAISE 8F 9 FFolE HAS VHES wF Z(in vitro)ol
inoculationAl 1 b5 2& A 7ke] Ao uwgl HFe] 4slEy Tazy
o] MfA Eal & Ai(cellulase, avicelase 18] 1L xylanase)d ¥715 =3
33
oh) AP §AYUME 5457 st aad(@AEESE A5 05
ml 2} 0.05M citrate buffer(pH 5.5)91 A 1% CMC9 05m3 &35+
1A1ZE &<t 55TolA A A S 5% &< boilingste] &S FA A
t}. Boiling ® sample< 5% 5¢F 7,000rpmeol A fAIEe] st o A

,60,



AE 9 9dS Miller 5(1960)2] DNS(dinitrosalicylic acid)

Hl AW o 2 550nmollA SAsAt. @434 9 one
unit+= /‘ﬂ/‘é% Immol glucoses 9 AAHE A F3 FHo] AAksho]
A2eEG T Xylanase 42 05M potassium phosphate
59 2% oat spelt xylan(w/v) 1m¢-& o]-&3te] 413} Th
AR AP FPRIFSEGSE I, 2003, A
T, ol A, Fd Aol whskth

b
buffer(pH 6.
xﬂ 3| O _%_

=

E%T’ —‘5—}'

) HE A e Ao Az o3z

]:]
= F7]E& AAS Y-S heat sealing

S vaccum o & 7}%@ nE
AT o] W] HEHSE FFolvt Hu AFES UEH 59X A
ol & AREetAdtl 3 AFdE A 9] A S It Hld bags 3F

o2 A,
oh EAR S A}O‘FM] %71@%(10 30, 60, 90 % 120%) pH % NHg*N
SF(dEd NDF % ADF) ®3t 218ja {59

)
R N

(1) ¥4d AL Aol pH= pH meter= AT

(2) NHs-N(&EYo}e] #2) 4] Chaney$t Marbach (1962)2] 3ol
we} phenol &Ho g QAF] oRujolE WAMAIZ] F gpectro-
photometer(Spectronics)& ©]-§3te] 630nmollA FFEE FA 3t
AAFa A

(3) ©uld, NDF % ADF ##e] ®wish W AldeAFel e 29
Mol e AOACH(1990)¢l 3t 413F%l il NDF(neutral
detergent fiber)?} ADF(acid detergent fiber) %<& Van Soest$}
Goering(1984)2] W] F38Fo] 43} T}
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3)

RA AER FAC MAE 9T 24}
) BAAR 309 B HRA 0D ALYA 4F (FA 0F ADA

Z, F3o)x g (GSRI-13, GSMI-01 ¥ GSMI-10 #Zo]) #ad Al g

’
35S TAAY

AR
) AR 0 k39 FistulaZh AA€ g% 25 (AFAd o sta F-E&AS
e ol &ste] FAE HA AL A inositu AE ASES SHEA

(1) Nylon bag® 2 2 A= =Y
Nylon bag A28 A2 pore size 7} 45 um<l NYTAL 25T (Swiss
scree P/L Co. Ltd) & AF&3}] internal dimension ©] 9 x 5 c¢cm
712 A Z S

(2) REFEAUeA e AE 28 E] 54
Nylon bag(NB)& 105CoA 3A1zF dx$ A=Fst & gk 523
Atd el A AlEE °F 56 go AEste NBel 3% =,
Linnen Well o] 39-40C &0 ¢F 307t HAAIZ +
Feich 1 F w g AR, 3,5 E 7U)E NBE HEF9|d A 3
T O SA vAE AFS JAsH] flste] deEed %

NBE washing machineg ©]& Z

C
Azx710lA 105Tol A 3413 Axste] A& & derdesd
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4. a7 49 2%

1) AfAx 23e7 84 B8 F9 nX= 93¢ 79
k9o AolxF3 vl FYelx Eld 8F<9 HF](GSRI-05,
GSRI-13, GSRI-21, GSRI-29, GSMI-01, GSMI-07, GSMI-10 ¥ GSMI-14)& =3
S 7|A R 3 w&Z(n vitro)ol inoculationA]Zl ThE I A|ZLY] Ao uwiE @&
ZU 9 cellulase 9718 43 23+ oS Table 1-1291 49} 2t}

Table 1-12. Extracellular cellulase activities(U/mL - h'l) of the supernatant of medium
containing rice straw as a carbon source incubated with anaerobic fungi isolated
from the gut of ruminant and mites

Incubation time (days)

Isolates No. mean SEM
1 3 5 7
GSRI-05 3.70+0.27 5.47+0.54 6.73+0.49 6.84+0.33 569 042
GSRI-13 3.24+0.62 5.36+0.51 9.29+0.72 10.81+0.68  7.18 0.95
GSRI-21 3.61£0.55 6.67+0.37 8.68+0.71 8.70+£0.76 6.92 0.68
GSRI-29 4.05+0.42 6.54+0.41 7.80+0.44 7.994+0.08 6.60 0.50
GSMI-01 4.31+0.31 8.21+0.49 9.73+0.29 12.5240.60  8.69 0.91
GSMI-07 3.66+0.29 6.36+0.23 7.42+0.29 9.02+1.47 6.62  0.67
GSMI-10 4.10+0.19 6.80+0.71 10.12+£0.13  14.04+£1.23 8.76 1.16
GSMI-14 3.04+0.13 5.8240.26 6.86+0.08 7.54+0.37 582 0.53
mean 3.71 6.41 8.33 9.68
SEM 0.14 0.22 0.29 0.55

k7)1 +% Hi cellulase &#o] 70 U/mL-h' ool ® F%o]= GSRI-13,
GSMI-01 % GSMI-10 °]qlt}. mgh FAJgk #33e] GSRI-05 GSRI-13, GSRI-21,
GSRI-29, GSMI-01, GSMI-07, GSMI-10 ¥ GSMI-14¢] ®j% 7€ A xylanase &4
o7b= 7bz) 12.18, 33.38, 17.84, 23.40, 31.33, 1853, 32.60 2 1599 U/mL - h' ZA]
GSRI-13, GSMI-01 % GSMI-10 #3%°]7F tha: 20} cellulase ol M2k B 23k
e ®tH(Table 1-13).
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Table 1-13. Extracellular xylanase activities(U/mL - h'l) of the supernatant of medium
containing rice straw as a carbon source incubated with anaerobic fungi
isolated from the gut of ruminant and mites

Incubation time (days)

Isolates No. mean SEM
1 3 5 7

GSRI-05 3.92+0.64  8.43+0.83 12.11+0.88  12.18+0.59 9.16 1.07

GSRI-13 7.13£0.44 28.15+£0.94 35.934+8.25 33.38+£2.55  26.15 3.49

GSRI-21 4.44+0.68 10.28+0.57 14.09+0.52 17.84+0.81  11.66 1.52

GSRI-29 4.98+0.52 13.43+£3.95 14.04+0.80 23.40+1.44  13.96 2.17

GSMI-01 5.31+£0.39 28.87+2.17 29.86+1.48 31.33£0.89  23.84 3.29

GSMI-07 4.50+0.36  9.80+0.36  13.36+0.52  18.53+4.18  11.55 1.79
GSMI-10 5.04+£0.23  29.55+1.85 34.66+2.01 32.60+£2.50 2546 3.68

GSMI-14 3.74+0.16  13.45+1.60 15.66+1.86  15.99+1.18  12.21 1.61

mean 4.88 17.74 21.21 23.16
SEM 0.25 1.91 2.06 1.73

ey avicelase®] 97b= Fgo] szt FElgh ol Hol GIAARE w7 kel
wEbA = vl 3U FHE avicelase &4 &Ho] A FUFsH7] A FEdTE w7
AR E 7lwo= HAE, FAS 8F FFo], GSRI-05, GSRI-13, GSRI-21, GSRI-29,
GSMI-01, GSMI-07, GSMI-10, 283 GSMI-147} EH]3lE avicelase?] & 7Hextracellular
avicelase activities(U/mL - h'")} = Z+Zt 4294031, 4.51+0.23, 4.99+0.18, 4.98+0.28, 5.92+0.27,
473+0.18, 536031 121 4410.07UmLEA 37wle] Aol R RIHE
GSMI-019} GSMI-109] avicelase EA40] Th2 FFolwth thh 2 Aotk (Table 1-14).
gk wEEQol A ek w#ole] Za A ET SfulelA Eed FFolEol &
Hlal= 4] &o] g% j% 7d 3ol Atk

A3 8% 2] Fo], GSRI-05 GSRI-13, GSRI-21, GSRI-29, GSMI-01, GSMI-07, GSMI-10,
a8la GSMI-140] o3 HR(7]F)e] A& Z7Z 37.58£1.90, 60.74+0.71, 41.97+1.33,
42374135, 61.03+4.47, 42.00+1.11, 64.12+2.60, “12] 3 37.85+2.06% %A ZAME At} +30] 9
ot WA (1) astE Al EhdH A9} w2 GSRI-13, GSMI-01 ¥
GSMI-10E5 AZT3td S W €53 =A Yewth(Table 1-15).

Fl
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Table 1-14. Extracellular avicelase activities(U/mL + h™) of the supernatant of medium
containing rice straw as a carbon source incubated with anaerobic fungi
isolated from the gut of ruminant and mites

Isolates Incubation time (days)
No. 1 3 5 7

GSRI-05 2.52+0.19 3.53+0.35 4.10+0.20 4.29+0.31 3.61 0.24
GSRI-13 2.24+0.42 3.66+0.33 4.19+0.14 4.51+0.23 3.65 0.29
GSRI-21 2.47+0.38 4.31+0.24 4.65+0.17 4.99+0.18 4.10 0.31
GSRI-29 2.76+0.29 4.26+0.30 4.79+0.05 4.98+0.28 4.20 0.28
GSMI-01 2.94+0.21 5.46+0.33 5.51+£0.09 5.92+0.27 4.96 0.37
GSMI-07  2.50+0.20 4.11£0.15 4.50+0.43 4.73+0.18 3.96 0.29
GSMI-10  2.80+0.13 4.58+0.46 4.64+0.16 5.36+0.31 4.35 0.31

GSMI-14  2.07+0.09 3.80+0.15 4.53+0.22 4.41+0.07 3.70 0.30

mean 2.54 4.21 4.61 4.90
SEM 0.10 0.15 0.10 0.13

mean SEM

Table 1-15. Dry matter digestibility (%) of rice straw incubated with anaerobic fungi
isolated from the gut of ruminant and mites

Isolates No. Incubation time (days) mean SEM
1 3 5 7
GSRI-05 15.68+2.57  23.88+2.02  33.30+0.63  37.58+1.90  27.61 2.68
GSRI-13 28.51+1.75  40.16+1.21 53.90+7.67  60.74+0.71  45.83 3.84
GSRI-21 17.7842.71  24.99+1.37  2547+2.21 41.97+1.33  27.55 2.80
GSRI-29 19.93+2.07  26.56+2.13  31.77+1.14  42.37+1.35  30.15 2.58
GSMI-01 21.22+1.55  37.53+2.81 54924096  61.03+4.47  43.68 4.84
GSMI-07 18.01+1.44  24.34+1.67  33.92+2.74  42.00+1.11  29.57 2.87
GSMI-10 20.17+£0.94  38.42+2.41 57454098  64.1242.60  45.04 5.24

GSMI-14 14.96+0.63 25.68+2.19  28.52+1.94  37.85+2.06  26.75 2.58

mean 19.53 30.19 39.90 48.46
SEM 0.99 1.51 2.63 2.31
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2) o]l AAG A Az ANE (MAYE HFE 4D
]

NG R 2TET B Bulgd VAR 98 797 AddANE v
gog 3% H%o](GSRI-13, GSMI-01 ¥ GSMI-10)E HEste] zto] ¥ Ald
9AE AxT e, Adeld BE /7] e AdeAe) pHE P Aok
Table 1-16514sF 2. #aolel H7lz sla] 3094 A=A pHrt F43 ol
Ax @A B sgo 199 vzl A pHel WEE e Ea.

Table 1-16. Effects of fungal inoculations on pH values during the ensiling procedure of
rice straw silage

Days of ensiling
Isolates No. mean SEM
10 30 60 90 120

Control 5.63£0.22 5.40+0.12 4.53+0.12 4.20+0.06 4.22+0.08 494 0.19
GSRI-13 5.57+0.18 5.10+£0.12 4.37+0.12 4.13£0.12 4.21+0.07 4.79 0.18
GSMI-01 5.53£0.12 4.97+0.12 4.20+0.06 4.17+0.09 4.13+0.12 4.72  0.18

GSMI-10 5.53+0.12 4.70+£0.12 4.33+0.15 4.17£0.03 4.07+0.13 4.68 0.17

mean 5.57 5.04 4.36 4.17
SEM 0.07 0.09 0.06 0.04

Table 1-17. Effects of fungal inoculations on crude protein levels(%) during the ensiling
procedure of rice straw silage

Days of ensiling
10 30 60 90 120

Control 4.80+0.21  5.13+0.22  5.10+0.21 5.23£0.09  5.47+0.09 5.15 0.10

Isolates No. mean SEM

GSRI-13  5.20+0.06  5.37+0.18  5.87%0.18 5.07£0.09  5.47+0.15 5.39 0.11
GSMI-01  5.27+0.09  5.23+0.03 5.47+0.09  5.23+0.30 5.57+0.20 5.35 0.08
GSMI-10  5.10+0.21  5.30+0.21 5.40+0.17  5.57+0.19  5.50+0.12 5.37 0.09

mean 5.09 5.26 5.46 5.28 5.50
SEM 0.09 0.08 0.12 0.10 0.06
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NH;-N s%= A z2guid grafoael npidzbA e wiek 1094 ARl i <
7behe Ade BAou I o5 AlmdM= Al #A §lol FAFsHAtHTable

Table 1-18. Effects of fungal inoculations on NH3-N levels(mg/100mL) during the
ensiling procedure of rice straw silage

Days of ensiling
Isolates No. mean SEM
10 30 60 90 120
Control 0.96+0.04 1.13£0.05 1.02+0.04 1.10+0.06  1.24+0.05 1.09 0.03
GSRI-13 1.04+0.01 1.11+0.05 1.17+0.04 1.01+0.02 1.13+0.04 1.09 0.02
GSMI-01 1.05£0.02 1.19+0.01  1.09+0.02 1.05+0.06 1.45+0.27 1.17 0.07

GSMI-10 1.02+0.04 1.26+0.03  1.08+0.03  1.11+0.04 1.18+0.06 1.13 0.03

mean 1.02 1.17 1.09 1.07 1.25

SEM 0.02 0.02 0.02 0.02 0.07
Atd gl A F2] NDF $teF(Table 1-19)# ADF &#(Table 1-20) JA] wiF 10€ A
AlEol M v asty] AlFsilod o) ARkl A= 1024 e] NDF 5+
JE A eIk WAl AbdE X 90d e AZTItE et ADF o g
Control, GSRI-13, GSMI-01 % GSMI-10 A& FelA Z+7} 50.41, 47.84, 4661 %
4759% otk B ArdE| Aol F@olE AHelstel 4" ADF e oiiE

wFe] HEFERYH TR 1044 7A Haw Aol

Table 1-19. Effects of fungal inoculations on NDF(neutral detergent fiber) levels(%)
during the ensiling procedure of rice straw silage

Days of ensiling
Isolates No. mean SEM
10 30 60 90 120

Control ~ 75.77+0.82 74.33+1.48 75.63+1.00 73.98+0.86 74.70+0.86 74.88 0.49
GSRI-13  72.60+£1.57 72.48+1.68 72.62+1.55 72.40+0.60 72.06+0.62 72.43 0.48
GSMI-01  71.67+0.34 71.66+£0.82 70.69+0.90 70.39+0.42 69.52+0.52 70.79 0.36

GSMI-10  74.33+1.28 73.01+0.78 72.55+0.39 71.61£2.26 70.99+1.22 72.50 0.66
mean 73.59 72.87 72.87 72.10 71.82
SEM 0.67 0.61 0.62 0.67 0.68
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Table 1-20. Effects of fungal inoculations on ADF(acid detergent fiber) levels(%) during
the ensiling procedure of rice straw silage

Days of ensiling

Isolates No.

10

30 60

90

120

mean

SEM

Control
GSRI-13
GSMI-01

GSMI-10

50.77+0.82
48.49+0.65
47.99+0.19

48.97+0.87

49.71+0.26  50.81+1.02
47.51+0.85 47.53£1.62
46.18+0.39 45.50+0.72

46.67+0.87 46.72+0.23

50.33+0.62
47.84+0.20
46.87+0.91

48.01+0.85

51.26+0.67
49.37+0.53
48.62+1.45

47.84+0.80

50.58
48.15
47.04

47.64

0.34

0.33

0.50

0.41

49.05
0.43

47.52 47.64
0.49 0.66

mean
SEM

48.39
0.47

49.27
0.55

7k w R

= A3

A 7% el A Fe d714 wFole 5 543 AyE g Table
1-2100 A ¢ Zoh Aldelx wtg 10€93% 9 mAE = F3 8 (control), GSRI-13,
GSMI-01 2 GSMI-10 A& (FE) ArdgA oA Ardg A 1g@d Z-2F 0.3, 52.33,
89.33 2 140.33x10%tfue] FFol7} A= it 309744 = A Ak A ol
1] 3 A7Ard el Aol e 429 FFolrt HAHJo Y TF 60Y o
B Az ggolel Fo k. o Ashe 4w

A 713HEe g Raha
7

g
.
30|

L

= O

=

o 2 Wk skt

Table 1-21. Effects of microbial inoculations on fungal populations(tfu: thallus forming
unit) during the ensiling procedure of rice straw silage

Isolates Days of ensiling

No. 10 30 60 90 120
Control ~ 3.00£0.58x10'  3.67+0.67x10'  5.33£0.88x10' 2.67+0.88x10" 1.25+0.76x10'
GSRI-13  52.33£13.02x10°  9.00+1.15x10°  7.33+1.20x10" 2.33+0.33x10'  089+0.65x10"
GSMI-01  89.33+17.13x10°  14.33£1.86x10°  4.00+1.53x10" 3.00£0.58x10' 1.07+0.52x10'
GSMI-10 140.33+32.75x10°  37.33£9.96x10°  5.00+1.15x10" 2.00£0.58x10" 0.18+0.07x10'
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3) A BN FA MRE 9F 24

0 FeF TEHE HA ALYA 4T (FAE HE ARdEA 1F, FFolA Y
(GSRI-13, GSM— 2 GSMI-10 #3%e]) 3z Apde A 3F}E FAlste] REE9
fistulaﬂ AAE 3o whE9lol M nylon bag A& skl WA AbdEH e A

rstEs %éi A¥= T Table 1-220 A ¢F Zoh w59 i 48417 -9

73_“ 23H&& Control, GSRI-13, GSMI-01 2 GSMI-10 & 7#ol A 22} 42.48,
4851, 4703 2 52.33%=A EFo] Agdl os Asgo] wol AMMET urE9
DFAS FEe 23S A7 3430, 3893, 3831 2 41.20%=A GSRI-13,
GSMI-01 2 GSMI-10 A ge] o8] x3b&e] 22 12%, 10% el 17% A% 7

A9 ZRF AT g @714 BEelE WA Al A PEste] AdA
o) F4¢ Eol7) ML HEF wE A FFol ol AP & e =4
& FratE A3 4FE FFoldel AWM WET 5 A& Ve A4
e BHe mAse o A B4g w4sy] A BHeldn AAHY.
ko @ Yo 7| 7ES o]y d EA AL dAst=d AL vE o),

Table 1-22. Effects of fungal inoculations on in sifu dry matter degradability(%) of rice
straw ensiled for 30 days in the rumen of Korean native cattle

Fermentation time (hours)
Isolates No. mean SEM

12 24 48 72

Control 15.3320.48  33.33+0.67  42.48+0.61  46.06+0.85  34.30 3.60
GSRI-13 18.13+0.75  36.51+0.49  48.51+£1.87  52.55+£2.00  38.93 4.06
GSMI-01 18.39+0.48  38.66+2.31  47.03£0.65  49.17+1.63  38.31 3.72
GSMI-10 17.36+0.68  38.22+0.87  52.33+0.90  56.88+0.29  41.20 4.65

mean 17.30 36.68 47.59 51.17

SEM 0.45 0.84 1.11 1.34
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3. BIO|(M1ME), a2 (M2ME5) 2 transgenic O|MEH3ME)ES S&st S

A9 JHE

7h @7 3RS

1)

2)

In vitro N8 5% MAEDN 52§ 73

7h FAAAED A 1A A A AAdE Fgolat oF Al 2AF- A A A
e gxar, gzl A 3 AlEAANA AVEH Fibrobacter
succinogenes M1 5 F 3% HAES FTAIFA
(1) #3Fo] © Al 1AFZAANA Fr3 GSMI-10

(2) 25 A 24 F- A A g E g KCTC-6694
(3) ¥rElg ol @ A 3MF-A A FE g ATCC-19169

) BAVIAES B3 NG b, W 12, 24, 48 Tela T2ARE S 7
29 MR £ Z4sel AR FELES TR

oh) sjduixl= A8 & 7] vl %l %] (anaerobic medium)E ©]-&3F 1L, VA
5 ZZto] HA #AHELS Hungate® anaerobic gassing system< ©] &
sto] A7 E A G = AT

2h) wre ol g, BRSO g Elal 3ol e o] F(1995)¢] o] &%
W A IS ol&stel AVIAHE FA8H Roll-tube™ 2%
A5kt

A YA L delivery system?] 7§

Ak FAE v AR delivery systemS Z47; tjEFoz Al wjudt e F

Axnzxste] 4 Adxd vAES ATy FAA) Rx AR £

Eia=

Prebiotics(R. 2= 7HAl) @ A& E3A7F B2 Apde ARl A &3 5
ol Z71E £ 9 AR AFES Hust & 4 Y= prebioticsS
/qulﬁh:}

3¢ durete] o] & o] 48 Delivery systemg 7j2-ach,
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3 FF LEAY nEY 2L 2R HF AT

7h EaAe Az
Zyzke] AF-FAlel A e s 3%, vtelEel, aR B #gols: 7
7t Dehority, LB 3 Lowe HlA|elA didko® A4 widd s, s401=%
v =4 Zﬂf’tﬂ NAEES v¥eR £33 u5, 4438 dxd
B2, S2FANGE2] 3 F(Bio-Mos)? HIEUO E(EFFES 1

@A 0.05%) :LFJ A, 2zl vdess FEA

o,
=
I
a1
o
o

F)2 v & wet Esle] WFEF s
W) H3 daAe REA AY

vAE EeAlAle] BE MAA A AATIZEE(R0, 40, 60 17

80Lh = Mexgdd TaALKe AR 5 A6t BEAS

stk M E g = %

T A ok T
o) HE HaAe a3 A

1)

()

3)

(4)

lo,
]

=2 “1) In vitro A&
Ak o R FY Q).

o
FALEA - ATEAH] 2093 wEE AFHEAS HE
IrE A
AT o FAYTe} HEREA HTS Fol, BAYFE 54
Azd WAE EFE0] Aod BRI/ BIATE A A
deAel Hrhetglar HAFLEA Hrbrels Aergso] 2043t
HEd HELEAE Z47} S
R ApdeAe] Az HHE oF lem == A A9 o &
gheFol 50% A= 51 A G FHTE spray stol AHLEAE Al
Zshalth. Alde B 1,000g 7 aﬂ%%le IOOg:—% 20%50cm 7] €]
2 A% A A bagdl £3dte ¥& v, vaccume® 7}

r—{u:

E E F71E AAZ U heat sealing stk w3k ALY
19o] kA S 918t Hld bags 3T o= At
AFSE AR gl A A 7110, 30, 60, 90Y) pH, HE2=, H
A AtdE AT @A sregwsl AL A 9] in vitro A 8FE(724]
A EE

b, 28 FFI nAE o WM 52 AT A" AF
71kl a5 FH ™ AMAEAE )55t pH meter® pHE ZA4351
g3 2EAE o] &3to] AMd PR TS 22E SA3AT. AFY
YA E V|2 Hit SHSE AFHE oL Az dFo
HAES AlFetdnt Arde A HAe dx3s oF AOAC(1990)
Mog gwzas =A-s19]a, o] A8E 7|A =239 in vitro A& &
&S SAH3AY. FAAQ AU A BYHFFEY
ket A& W 2002)0) whgkth.

,71,



4. d7 323

1) In vitro A8 & 5% PAED 435FE 71
Al 1AF-ZA A SRm e FHERY e - ddd F53o]T(GSMI-10),
Al 2AF-A A AdE gEF(ATCC-19169) zg]ar Al 3 AlF-ZANA gn st
vhe) 2] oH(ATCC-19169), Fibrobacter succinogenes 5 & 39 wAES &3 v
g oS wGAIZEY] A el wet M gdso AE 5 SAS A3 the Table
1-23 M ¢} 2},

Table 1-23. Populations of bacteria, yeast and fungi in the supernatant of co-cultured
test-tube

. . . Incubation times (h)
Microbial populations

12 24 48 72
Bacteria

cell count, cfu"x10’ 4.98+0.35" 4.14+0.48 5.85+0.09 9.13+0.09
Yeast

live cell, cellx10’ 12.12+4.21 nd” 0.67+1.31 nd
Fungi
zoospore, tfu®x10> nd nd nd nd

AMean+standard error.
Defu:cell forming unit. Dtfu:thallus forming unit. “nd:not detected.

Table 1-23¢ 4 Hi= wvpe} o] wiHgol, &R T18]il #3FolE st F7]14
o2 HFT - wge the, 12A7te] At whe g oty S-S A H i YA v Ay
EE52 94 vix & ]"1 AR etk AMES A HA webA, HE ALY
ZAE MAE 53 "7k e TS fsiAe A4y rAES dRoR iR wfk
3 g, H-3A4 58 o] &3le] delivery systemo] 7jEtEojof 3l 2 Ao] YTy

At

2) A B2¥A 2 delivery system? 7
Zhzre] AF-pAle A At mAE 3Fol tigk delivery system ZH7+e] ©
B ggow AN w3t vg TAAXEY B2 AXI nAES HAFF
&

0,
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FA} HEH7MIA R £dto] EEstete] fFol 7hestAl st



HEAZFA S Ade mAE B5FA7F 23 Ard A UellA -Hd&H F2go] St
2 5 da H7F rAEY AEEC AU E F A=E dA dgHoR gol
ol gx 1 JE FFAWELE T F(Bio-Mos)¥} H-HAES HF37] Y3 Fdow
JaAdEded dEYES BE HA/MZ AAsgda HA7iess 5349 0.05%
FroR ARt AdE 3% vAES FANES MAEe] AFEE) AYE
2o 7AE 58 nEsle] 7 T £ AN S Hgsd
H A= 9] delivery system< 717} tjFo 2 N} w et v ARSI Ax
d mAES B9 050% FEo] HA &gl A}ﬁsk Atk
—E-% H A& o] 3

A= B A, ¥
N goly @ MRS nEy B8
A HF 2 WrE&E A8 HAvbree F oxﬂ«] 0.45% T
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MA ALEAE A A

mﬂ JE

l%, A7 Fol
o7 AAB}

HN
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i
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o
32
i)

3) AF LEAY 2 HF AE
7h mAE EFAAY BHE A FAE AATIMEE HUReE nAdEe]
AELE A HEAAS SAS AT st 54 Axd uAEY Bxirt
A 2 EHAE 3k N AFe FErIhs Lol ua AFEE NEE LH
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Table 1-24. Populations of bacteria, yeast and fungi in the microbial additives for rice
straw silage

) ) ] Preservation days (d)
Microbial populations

20 40 60 80
Bacteria

cell count, cfu”x10’ 5.62+0.76" 6.41+0.54 4.21+0.94 7.29+0.18
Yeast

live cell, cellx10’ 3.12+0.09 2.55+0.72 3.69+0.78 1.59+0.54
Fungi

zoospore, tfu?x10* 2.43+0.17 2.47+0.98 2.95+0.45 1.93+0.29

*Meanzstandard error.
Defuzcell forming unit. “tfu:thallus forming unit. “nd:not detected.
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Tablel-25. Effects of microbial additives on fermentation parameters during the ensiling
procedure of rice straw silage

Days of ensiling (d)

Microbial populations

10 30 60 90

pH

Control 5.72+0.39" 5.47+0.72 4.63+0.31 4.21+0.14

Microbial 5.56+0.46 4.82+0.06 4.33+0.09 4.17+0.18
Temperature (C)

Control 33.12+0.03 34.27+0.04 35.21+£0.12 36.25+0.04

Microbial 34.25+0.05 35.47+0.05 33.69+0.31 37.32+0.07
Protein contents (%)

Control 4.83+0.47 4.87+0.59 5.13+0.41 4.96+1.37

Microbial 5.13+0.76 5.32+0.73 5.42+0.23 4.96+0.68
NH;-N levels (mg/100mL)

Control 1.16£0.02 1.64+0.07 1.03+0.04 1.87+0.13

Microbial 1.03+0.06 1.26+0.72 1.72+0.09 1.38+0.03
Bacterial population

Control, cfux10® 4.36+0.37 13.67+0.49 9.68+0.71 16.32+0.44

Microbial, cfux10® 12.42+6.25 25.46+8.24 17.23+6.03 12.64+0.72
Yeast population

Control, cfux10’ nd nd nd nd

Microbial, cfux10? 0.25+0.76 nd nd nd
Fungal population

Control, tfux10* nd nd nd nd

Microbial, tfux10 0.04+0.01 nd nd nd
In vitro 72h digestibility (%)

Control 43.22+0.37 44.56+0.64 47.21£0.59 46.17+0.43

Microbial 44.14£0.29 47.72+0.17 49.97+1.37 48.26+1.25

AMean=standard error.
Defu:cell forming unit. Itfu:thallus forming unit. “nd:not detected.
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27| L&Y SCP &g Bmo| BTt Myt

DSMZ, IMI, JCM ¥ WDCM %2| A59} Internet AR HAMS Falo] {714
olgste] TS FPdstar, ulibdelm, d7)Adela, el e ERES BAs)
Ark
2) 919 ARES EQE AR of 554 E9]
B 2% BAY sk
3) Ry vAES WA VAR Y T SANA wEAI v HEEdS
ZAbete] HEAoR A wEAR o&d ar} vhEEolE Al

1) SCP A4k s a=qo #3904 ¥4 NRRL, ATCC, BCCM, CBS, KCTC,
= s
}\

]
e
N
rT
o
fru
Jr

Bitolu WES

v AT 3 Ay
1) 7] WAHd SCP A4HE vAE(EE)S ©§47 A
W xR Az HE A E84 - stety 5 FHE HA
A A4S aHstY %, Fhole Fx A F HAHAE TS 1H3EY
mesophile(20~457C), acidophile(pH 3.5~5.0), ¥4 & 7] (facutative aerobes) % 4
& (growth rates)e] "¢ W2 HAEES ol 2] Table 2-19] YElH EIAES
au—/\_l‘Jg]_ o]pjﬂ] XJE 74Aﬂu]—0 Eo]-oﬂ 1 {5].931\1;}.

Table 2-1. &7 Wid SCP A28 mid=s Adshr] flsto] A &3

p——
A

: ARS Culture Collection(NRRL),

: American Type Culture Collection(ATCC),

: Belgian Co-ordinated Collections of Micro-organisms (BCCM)

. Centraalbureau voor Schimmelcultures (CBS)

: Korean Collection for Type Culture(KCTC),

. Deutsche Smmlung von Microorganismen und Zellkulturen GembH(DSMZ)
. International Mycological Institute Fungi Catalogue(IMI)

: Japan Collection of Microorganisms(JCM)

: World Data Center for Microorganisms(WDCM)
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2) B4 219 T¢
A MAAEAY data base ANAYHS Tt AdE PAEES v F9
B2 BE AEH(ATCC; American Type Culture Collection)®t $-2lvate]
A2L-8) (KCTC: Korean Collection for Type Cultures)olA +943tdct. 2 /=
ATCC 18790(Saccharomyces cerevisiae Hansen), KCTC 699%4(Humicola grisea
var. thermoidea) @ KCTC 7219(Candida glabrata)= 3% & X o]tk (Table 2-2).
o] X YPD(Barto® YPD., Yeast extract-Peptone-Dextrose) broth B X & A}-&

3Fod 37ColA 3ol 13 At kA ATt

Table 2-2. Yeast strains used in the experiment

Isolation Optimum
Strain No. Scientific Name
Sources Temp.(C)
) Saccharomyces cerevisiae Hansen,
ATCCT 18790 teleomorph, budding yeast Grape 30
KCTC” 6994 Candida glabrata var. thermoidea Mushroom 45
KCTC? 7219 Candida glabrata / Torulopsis Facces 25

glabrata

Y ATCC : American Type Culture Collection.
? KCTC : Korean Collection for Type Cultures.

T3 M= data base HAMAAS Fotol AdrE v elof 2T &
| thale] wlA] (FElg) o} total plate count agar ||, &% YPD agar
w2 AR A e AFES SAAT Ak MiA{pH7F F4(= 65))¢F Aol A <]
BAES SAsH7] st Al dAbS o] &dte pHE 5028 SRt dntk
iz e} 2] v R| oA nj AR AFAFES A3 A= Figure 2-13 Figure 2-2¢]
A 24z} B owpel 2

e A Hxo] dukujA| o A= YEA-39] A&l 7Hd wekov Ad el oA =
AFEe] FAs I EHATE ARF w Aol A= 12413 FHE Aol LA T
A A e A= 3AIZE FRE 3438 st Ao YET
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R —O— YEA-3
v 2 _
L —®— YEA-4
0
o B YEA-5

Figure 2-1. A& wjA=o oigh Ak s x]o| A o] wjgA|zte] ma JFES 4.
3
—O—BAC-1 _m— g 9
1 3 6 9 12 15 18 20 24 36 48
HY 2EA|ZF (Al ZH)
Figure 2-2. s v A& gk Ad wjA|o A 2] vjgAgte] W& dFES] F4.
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At wjA o} Ak iAol A e MAEES wWdeS BF pHE W=
Figure 2-3% Figure 2-4°l ztzp Yehdth. vAdEo] AFEM e vpx7bA =
Ak wj Aol M= 9~12413F FFH pH7F w43 A 5‘}919—4 A el A = 3A]
L FEEH 548 #Aadhe Aoz yEiEt w2 59 HF pHe 4 olstEA

A < A%l 9“*3] O]—Er Mo o= Wik |74
, HrElgetr o 3R Wik
o] ¥ “3deoyt YEA-32 pHe| #Ha7) 714 °‘°1L‘r7<1 @ok=H o= o] mAEe]
Aggel Wi wiekr] wiolsta AztEn. webA YEA-3 BRe= TaA fEe

N

A
= =y
sk 1| Ay =

e}
A% MAER 4FsA Gk PorE ok
7
6.5
6 |
o 55T
=]
©
> 5
T ~O— BAC-1 \.\ “\O\W
4.5 — {1+ BAC-2 —~Oo——=0
4 —— YEA-3
—&— YEA-4
3:5 M _mVYEA-5
3
0 1 3 6 9 12 15 18 21 24 36 48
b 2kA|ZH (A[ZH
Figure 2-3. A% vl E] g dut vfA] oA o] njEAl el & pHO| W3,
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pH value

0 1 3 6 9 12 15 18 21 24 36 48

B 2FAIZE (A1)

Figure 2-4. A v AZol thgh A4 wjx]oll Ao vjFA| o] wh& pHE| W3}

gt A3+ Table 2-3% Table 2-4° 247 YTt 27] A
o

g /
=okot wi ek 24X % FREH= RO ATt 5 A

= b o ) CREW
Aol W wAE R e Aol A WY W FAuAC] NP W =

Table 2-3. @7] Wi SCP ABAHE A Zo] digh dnkufxo]Ae] FFr=e} At
Fo] =A
Isolation Microbial Growth
OD values (650nm) cfu/mL culture solution

No. 6h 12h 24h 48h 6h 12h 24h 48h
BAC-1 0246 0.567 0978  0.945 1.2x10°  6.7x107  7.5x10""  5.4x10"
BAC-2 0356 0.469 1.037 1.345 2.5%10°  5.4x10° 2.3x10" 7.2x10"
YEA-3 0980 0.126 0305 0.298 0.6x10°  0.3x10° 4.6x10"" 7.8x10"
YEA-4 0312 0876 1.897 1976 2.8x10°  3.7x10° 7.1x10"" 8.3x10"
YEA-5 0.124 0987 2.003 2.098 0.1x10° 8.4x10° 5.4x10" 6.2x10"

,80,



Table 2-4. &7] Witbd SCP AAHE m A Eol wigh A duj«ol A o] Fd=9F At

Microbial Growth

Isolation
No. OD values (650nm) cfu/mL culture solution
6h 12h  24h 48h 6h 12h 24h 48h

BAC-1 0329 0987 1543 1876 75x10°  32.7x107  324x10"  62.9x10"
BAC-2 0654 0975 1454 1.321 12.3x10°  44.3x10°  63.8x10Y  54.2x10"
YEA-3 0498 0654 1457 1654 266x10°  9.1x10°  7.6x10"  37.8x10"
YEA-4 1088 1876 2226 2657 63.8x10°  75.2x10° 457x10"  8.3x10Y
YEA-5 1324 1669 2679 2698 721x10°  984x10°  69.2x10"  21.9x10Y

Ak wx e} 2HA wiR| oA T P AEES 24X 7F ik oh v S &
=43 A3+= Table 2-5

=ka

3} cellulase, xylanase, pectinase % amylase? &2
¢} Table 2-6°] Zt7t YEFATE cellulase = 5} 2 .-
amylase® A9 &L ‘joﬂfﬂ = e sl wiAER g4 o=
2lgk Aol YERUA] &Skt

b
o
B go
18
lo
z
b
aC)
S
2
X

Table 2-5. @71 Wit SCP AE v Aol thd T4 wiAdA el a4 44

<4 WMFAFe aagy (I0)

cellulase xylanase pectinase amylase
BAC-1 596.7 1182.7 426.9 327.9
BAC-2 423.5 987.5 345.7 435.6
YEA-3 104.2 78.2 56.54 87.7
YEA-4 214.7 198.4 103.7 867.8
YEA-5 179.1 234.7 91.2 789.2
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Table 2-6. @71 Wit SCP Artg v A=l thah Ak wixjel o] a4 2

A Mg gl aade (I0)

cellulase xylanase pectinase amylase
BAC-1 345.7 789.3 325.3 298.1
BAC-2 393.1 678.5 2875 324.9
YEA-3 278.9 136.8 198.9 776.5
YEA-4 1875 167.3 87.2 678.2
YEA-5 1554 179.2 78.6 593.4

T3 T rAEFAA ZFET pHol AL pi7A R YEA-39] S48 0]

e vErd Tk A E EEA e A #FEAY ZHA7E A8 Y #eE
H 3 (Maintenance number) YEA-3S A|23 YA nAEES HAAd0H
23k 258 t2 Figure 2-59F 2-69] 2tz YR QAT

5 b

rl

MS number BAC-1 MS number BAC-2

Figure 2-5. Wi @714 mA=(telgoph o] dardmd ARzl
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MS number YEA-4 MS number YEA-5

Figure 2-6. W44 714 mAE(RR)9] A=W AR

4) R A

| &2 data base 74 % 2]
3TE TYstel A4 A5 IE 54 'a2xo 97t 55 A A, #
2] ¥ . (Maintenance number) YEA-3S A|9]g ymA mAES(BAC-1, BAC-2,
YEA-4 % YEA-5)2 3z ZaA /e £2 94F #4552 A8 7ted Ao
B E A 232k Aol drH ol R AF nluet HA AL A

o
[
u
1=
Y
hind
o
oft
ol
o
£
o
"
4,

Z
,

elol 253 &1

2
Az AP Bl F7142 ol 3tel GMAL FAFE YA RAAA Ao A
EAEY 52 BF g AFEAoR 259 MARS AT dgolT

Table 2-7. T 7] WitA SCP AAHE nA=o] A

Az A AE

dejie ul-g)) 2] o} & H(yeast)
BAC-1 Bacillus circulanse -
BAC-2 Lactobacillus plantarum -
YEA-4 - Candida utilis
YEA-5 - Candida sp.
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2. M 59| &Y 71F A 0|F 0|88t £ LEHN 7|

7h AT SRS
1) ER {714t o] 847 @i d FAF mA= dF

A MAAEAY data base AMAYES Fdko] 1dAbe A Addd e ol 2F
(BAC-19} BAC-2)3} &% 3Z(YEA-3, YEA-4 2 YEA-5)o] thate] wj=](ute)z]
o}+= total plate count agar WX, &%+ YPD agar HiA| Al-g&)oAe AAES =
AR ey 1dA Ao AMEH 3F9 &R U HAe aRE HAWd
71l Avha dE Qo 1dxe] Algddel A Bal &3l e] YEA-3E& A E o
g "ol o] &7k 7E gle Aotk old TAHE E&sr] lEiA
KCTC(Korean Collection for Type Cultures)®Z5¥ KCTC7219(Candida glabrata),
KTCT6994(Humicola grisea var. thermoidea), KCTC 7137(Pichia jadinii) ZL&]il
KCTC7120(Candida robusta)E 7% Fvwiste & 659 &RE Fdste]l A 22
ARAAE F7F T tH(Table 2-8).

—_

Table 2-8. Yeast strains obtained from KCTC(Korean Collection for Type Cultures) and
ATCC (American Type for Cultures Collection) for the experiment

Strain No. Strain Name

KCTC 7219 Candida glabrata / Torulopsis glabrata

KTCT 6994 Candida glabrata var thermoidea

KCTC 7137 Pichia jadinii

KCTC 7120 Candida robusta

ATCC 9950 Candida utilis (Henneberg)

ATCC 18790 Saccharomyces cerevisiae Hansen, teleomorph (budding yeast)

7hH 714 ol gAw wwld A A} ¢ 7|l u R (Dehority’s  artificial

= (e}
medium)ol Al BA9S AAATZ I uAeE "Htsk wix|ot gAY o g =
pepton% 240t tEYolrr AN ERZA(FY AAFom iA) o] ujxelA 9
Reo| et AN A ZA5te] AR7L F7IAHEA Ao b

[ = o 1= ju o T Eg\__ %‘%?%
o] g3t 4xtE] fAETSY] B X cellS 7 3 Uh, sonicationdte] TR cellS 33
3t & Bio-rad protein assay kitE ©o]-&3ste] 43}t ol9le] AU HLE AHA #
AHMFTEIILE 5k

W, 2003, Ae&d F¥ sk, o8, nFE A
o

3
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2) &%

7h

1)

o

TEAL AdelA FAo) viAE 9%
FAVIAR: RS f714F ol §43 HFE L Bud FHF 2
ANE vigo R 3% §8E FASIATE &R /P HA silaged] #F
Aol A= FEFS TRl control( EE-FA2]), ATCC 18790(Saccharo-
myces cerevisiae Hansen), KCTC 6994(Humicola grisea var. thermoidea) 2
KCTC 7219(Candida glabrata) = 471°] Ael7-5 F3laL, A7I7K, 3, 6, 9,
15 2 209)d 3utE-o 5 = 72709 silageE A|Z35FS3 T

>

22 AL PAL] Az WL F lem ARE ALF F SR FFol
50% A% HEE ddor, THF FRULFE 02% &aAA

sprayste] silages A3tk Ald® wA2 20x50cm A7]9] HERE
A2 silage bagol 500g% W& F ThAl FA AR wAE 50mE A
Ttk 2elal vhA] 500ge] BAS H7FE o vaccum o ® 7he
HE F71S A AT the heat sealing dHth o] W HEHe
7 Aol AFES UER 2447 A s S ARgs T Az
& silage bage AWlA ¢F A4 1me At 3 RAsP o,
712 s %53 20~24TC= FAsk3ith.
: A 712481, 3, 6,9, 156 2 20¢) pH ¥ NH;-N9
A9 ﬁ}i@(%ﬂ%‘ NDF % ADF) 3] ®st a2l g F3h
W3l 55 ARSEA T AP HS AR el wsith
() pH &4 : pHY FHL A% 7|72 FA%te] 50g9 silage AlH5E
A0me] =F(pH 7002 Ho]A 187F homogenizerE ©|-&38to] A
T 449 cheese cloth® ©133}o] pH meter(Mettler toledo, MP-
2300 3l SAsATh
(2) Silage®] Y¥x TF=F FA 0 AY VPR AT HA silaged] &2t
Wz geko A OACHH(19%) oz =430 om 105C 2 drying oven
N AIEE 4N Az & A EHEte] AR 1gddl kst XA
(KoSOy 1 CuSOy4 = 7 1 1) 5g3} 95% HoSO4 15mlS 3718k 420C ol A
b4 ®ad & Auto Kjeldahl System(Tecator Co., Kjeltec auto 1030,
Sweden) 2.2 F/F X A3t WA silageo] A e of
o] Ao & Akt

Pl fE BN g ol fg o

bodoh el gt Hﬂ (I
3_&3
B
>~
>
0
_YH

— B)x F
(%) = A]JLA —rﬂ(mg) x 100

(M : Sample®] 24 &= B : Blank®] 24 %F F : 0.IN HCI¢] factor)

=K

i
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NDF(neutral detergent fiber)®t ADF(acid detergent fiber) ¢
Van Soest2} Goering(1984)2] Wl F3lo] B39t}

(3) SilageW] MAAE = A : AH 15Y & silages /N5t 1g9
Sl gAete] YPD agar wiAol 1mls FFako] 24A1%F F-o
BE = colony)= AlFetd A4S S8

(4 A2 Avd #F 0 SEM #3235 93 A A2l Ho 5 (1983)9] W&
S8ttt HEAEA A5 WS WAEr] fdste] 05%%F 5%
glutaraldehyde €902 FA3E & cacodylic buffer® MHs}a, F7]1€
] xgHo = 10, 20, 30, 50, 70, 90 Z 100%92] ethyl alcohols =& =
3023 SIAA GFAAY gt B ARE dAR xR (critical
point drying method)& ©o]&3t] A|RE WS} &7]FolA A3t CO0l
o+ U2 dAIE 2%31TC, 72.8atm) ol o® 71Esle] gas3t Al AZR
st AxE AIRE AA silverE o]&38te] FANY dAn 9] stubdll
mounting A7l -, FF2EA A F(gold)& AlEFH A F2HA|
7 FAYE Au| A (SEM: Scanning Electron Microscopy)S ©]-&3lo] -3t
sk

ox M
oX WX
i, o

3) AR A HIHF R AHEES 79

) BFAVIAE : CER] f714 oS4 xR H4E L uNd FHY

As A3E vlgo g 3F9 aNE FA AL
) FAIS vAES 3FA, B 2 OF 95A, B 2 O WY 18 &F
(A+B, B+C, A+C Z12]a ABC) ®jste] axe HZEY 4 44
ZS =AHslmzA ax A3F 7o posmve "33} pegative WH32 FAb
DEAE stk 14k HA HobE bRy

stemA HE FR
obare] HA HIMFRE A AA st
o 2APEHY  EE B

a7 Y 2dAe Za
a

A& v g g

o
O

7Hpolysaccharide-degrading enzyme,
hexoside-degrading enzyme @il protease)E A3 #APHo g FA

sharh
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D ETS R4 ol &A% B e
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O XNZ2= =4

2 peptons 8459 o
Figure 2-7°l4 ¢} 2t}

pH value
-
I

Incubation times (h)
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Figure 2-7. pH value in the supernatant of medium containing urea (the upside) and
ammonia(the bottom) as nitrogen sources incubated with yeast, KCTC 7219(O—
0), KTCT 6994((—{)), KCTC 7137(>—), KCTC 7120(4—4p), ATCC 9950 (l—
W) and ATCC 18790 (@—@).

KCTC 7219 (Candida glabrata), KTCT 6994(Candida glabrata), KCTC 7137(Pichia
Jjadinii), KCTC 7120(Candida robusta), ATCC 9950(Candida utilis Henneberg) =
ATCC 18790 (Saccharomyces cerevisiae Hansen) & 6% &X EF 8] 9-124]
7k A pHZ7F A8 "olH ot 1o Fo] Atto A= ERE ke 2 Aol7t

glaA et

,8’77



et U0 E uea® H7HE WA AL W 1243 T pHIt 93¢ @
@b @gol wAHAT 2 MM AN EREo] B pHE FFE FAF W
8

M t}& Figure 2-89)| A ¢} 7t}
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Figure 2-8. Average pH value in the supernatant of medium containing urea and ammonia as
nitrogen sources incubated with yeast, KCTC 7219, KTCT 6994, KCTC 7137,
KCTC 7120, ATCC 9950 and ATCC 18790.

i Ff Aol g o g FugA A Hrbste] pHYE As] wkokth whEbA REE
2 2o 0.IN NaOHE AH&3le] %7] pHE 5002 HAZ e a2s HE3A
o HES 3,6, 9 1Y aL 124]7te] A3E wi7hA] pHE AdA 0w "olx|7] A%}
STH7E 12A17F o] Fell = & WEtE e A Fsdth F)m Aol gAads A
BAZ1 F AR ATE H e v Ko Tl Ao 2= peptons &A4T9 FEYo)

T2 WA ERZA(sL ooz tiA]) o] wixldAe] are] dFEd AR Y
ol e SAStERA FEVE f714be ol8ste] dMid S e vEHE 3t
HHom Abete] A2 4FES 295 Figure 2-99 YERARIH.

gl o® ureas AHES WA CAE ATCC 187909 AdEel 7 =okx
ATCC 9950¢] d&Eol 7H& wekom ymA 4% ams2 & zol7h gidy
£ didde®  NH-NS  AREE wiAledAM = v 18A3ke 7oz

ATCCI8790, KCTC6994 31 KCTC7219¢] A&l =2 daFeIar ATCC 99509]
BAEC 7MY Wkt AR AFES NHy-N& AHEE wfAolM =t (Figure
2-10).
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Figure 2-9. Growth rate of yeast, KCTC 7219(O—0), KTCT 6994((]—[]), KCTC 7137({—
), KCTC 7120(49—4p), ATCC 9950 (ll—M) and ATCC 18790 (@—@) in the
medium containing urea(the upside) and ammonia(the bottom) as nitrogen sources.
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Figure 2-10. Average growth rate of yeast, KCTC 7219, KTCT 6994, KCTC 7137, KCTC
7120, ATCC 9950 and ATCC 18790, in the medium containing urea and
ammonia as nitrogen sources.
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2 cell& 7 3 t}e sonicationA|#H EXE cellS 3z

1=
o
i)
=X
olN
S
B
frt
rio
>,
ML
Au)
ol
2

73 o dd s ot
I}+= Figure 2-1194] Zoh g 12~18A1 7744 @ d o] Frt 32438 F718)
g7 1ol Aol M= e d o] 3heko]l w48 HAdte AEe EAh
18X 7 o] Fo] @A ] Fwrt FA435] AT olfr= ERVE AMEVIE HolEo]
lysis7b dojwt7] wiiteleta shdbech g A o R NHy-N& AR&gh nf=] o A 9]
guld g2Fo] yreas AFESH WA A R A d o R =kth(Figure 2-12).

100

80
70

60
50
40 |
30

Yeast protein concentration

20

Incubation times (h)

100
90
80
70

60

: 7 BN
:2% e

1 3 6 9 12 18 21 24 36 48

Incubation times (h)

Yeast protein concentration

Figure 2-11. Protein concentration derived from yeast, KCTC 7219(O—0O), KTCT 6994([]
—), KCTC 7137(>—), KCTC 7120(49—4p), ATCC 9950 (H—M) and
ATCC 18790 (@—@), in the medium containing urea(the upside) and
ammonia(the bottom) as nitrogen sources.
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Figure 2-12. Average protein concentration derived from yeast, KCTC 7219, KTCT 6994,
KCTC 7137, KCTC 7120, ATCC 9950 and ATCC 18790, in the medium
containing urea and ammonia as nitrogen sources.

wjokol Fo] pH, ax9 AFE 181 vAE @l FHFS Vo R FAIT 6
o ar Tl KCTC6694, KCTC7219 2 ATCCI87900] “F7]4F o4 whulad gt
4 g7] - dlibgd SCPAE ERE o] &3t nAEN A AR s 7 2949 &
g2 A A

2) B2 TEA ALEYR FR v A 9F
“;5;__1;!_94 %7]‘1— ]Q./H_q_ }_7)_1:!‘4 /Hx]—e ul u}aﬂ;ﬂ zﬂ—/dak” /\]6‘4‘4 734_2 u].Elog

3% 2, KCTC 7219(Candida glabrata/Torulopsis glabrata), KTCT 6994
(Candida glabrata var thermoidea) RATCC 18790(Saccharomyces cerevisiae
Hansen, teleomorph, budding yeast)E &3l WA AL A E Az v, AY

@A pH Wes BAY s Table 290149 2o, 52 A71e A e
E 3YATE pH Wb Agegont FAY AdPAE BE A7 B

pHel ®3H7E glo] skt

AeYFHEs ARE /b silages L& 3YANE pHZF W77 Al AFsE A,
AA717ve W& pHE FA4 7 silaged A 2E A 717F Fob W3 glo] dAsY
. 8% S cerevisiae?] S A pH7l 458 % 171

2lel, pHell #&3st= 90l

ol pH7F EobAW A4 SE7F =olx i, ofo wel e 2od oy 7hA
JiEd EAhEo] AXE Hor FEH & ARy 5 JdFLE o] &d
5 AR F, 996) S. cerevisiage:™ f-7]12olu} AbAete] 3ol ey ujE

|
of pHE AsAlA T+ bufferdl= 283 4 A} (Cartwright &5, 1986; Dawson,
1987; Hoyos 5, 1987)1 3}$it}.

&
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& B 099Nl ot whE Vb= AlR HZMA|EA o] & ¥ e ERWMIES
FAFE S Frhmo] Al BAE e v pH Aeket ARawd vAdEe] &
ERh %‘—‘li e A A dRE HAT F UYL, olye A4 &
RS0l AAstrlel A9dd pHE 7HA 1 dermg s w9 7 Alde 54
S #4 §]|'<>}04(Wledme1e 5, 1987; Harrison %, 1988) pHE A<sA1Z 4+ don
(Williams &, 1991), =& W57t58 AISH7MAZ AREgE ER7F wh9u o] i
2ba AlA 9 pH F5S F8te] aE 34S MAAZE F AtHRose, 19800+ 23E
s e = o

g 6UAREE 3F9 ERES controlel Hlsle] AAE7]A AW pHE 7R 1
Utk & = o Ao AFEol HFolE W AFdA AMEH ERES WF9
A7 Al SAS EAstste] RbEWe] pHE AsAl7la v dE S
Mgt d& Aoz g

Table 2-9. Effects of yeast inoculations on pH values during the ensiling procedure of rice
straw silage

Maintenance Days of ensiling
No. 1 3 6 9 15 20

mean SEM

Control ~ 5.50+0.15 5.60+0.06 5.67+0.03 5.47+0.12 5.67+0.19 5.60+0.15 5.58  0.06
ATCC18790 5.67+0.03 5.37+0.18 4.37+£0.48 4.13+0.12 4.10+0.12 4.13+0.12 4.63  0.20
KCTC6694 5.67+0.03 5.40+0.12 4.30+0.15 4.30+0.06 4.50+0.06 4.30+£0.06 4.74  0.17

KCTC7219 5.43+0.09 5.43+0.09 4.37+0.12 4.17+0.03 4.10+0.12 4.17+0.03 4.61  0.18

mean 5.57 545 4.68 4.52 4.59 4.55

SEM 0.05 0.06 0.18 0.17 0.20 0.19
Table 2-102 AbLE] A A7 ER A% gide] g ks 2abgh A<l
g, Fxg g s dige] o] wa d 7|7HE<t 53~5.69 WMAE dA s}
dou ERE A WA dld FFS =AE 9% GAA Fheke Ao®m
vEbsth ol JES v Eo] G AV wjiEelet AAE dE 1594
& 7l 22 314 Control, ATCC18790, KCTC6694 ¥ KCTC7219 A2 -9] HAF
g gtk 7h7b 533 863, 9.07 L 877%=A Tl tol uld] whalAe] Fhekol
7t7} 38%, 41% % 39% S7hE Asfolrh oY F Ayt B AT A4 AL F
%=

:
£A7 4 al ok wRAe Afe werEeldw sith H4% NHIN
o !

o

Ae wArh(As A, ol &t LR ARl
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Zomd ol tha %S AFoIATHE B & 1979 Ao Ew)
FEL N A Baztes F7MAA Z\-E}ﬂ?—lﬂ o] §4E& =o FA A
A A tH(Wiedmeier %, 1987; Martin®} Nisbet, 1992)= Hil9l% fAbslcta & <=
ATt

= ootg @
Bl Eeld AdS Moy gome 354 A7t}

Table 2-10. Effects of yeast inoculations on crude protein levels(%) of rice straw during the
ensiling procedure of rice straw silage

Maintenance Days of ensiling
No. 1 3 6 9 15 20

mean SEM

Control 5.30+0.06 5.30+0.06 5.57+0.20 5.37+0.09 5.33+0.19 5.40+0.12 5.38 0.06
ATCC18790 5.37+0.12 5.37+0.18 6.53+0.19 7.40+0.06 8.63+0.07 8.37+0.09 6.94 0.39
KCTC6694 5.20+0.06 5.40+0.12 6.93+0.15 7.37+0.26 9.07+0.09 8.43+0.15 7.07 0.43

KCTC7219 5.23£0.09 5.53+0.12 7.30+0.06 7.57+0.09 8.77+0.09 8.43+0.15 7.14 0.40

mean 5.28 5.40 6.58 6.93 7.95 7.66

SEM 0.04 0.06 0.20 0.28 0.46 0.40
Ao S 2E A st oF 40%9 @¥d T7F 295 7PAE F doeE uUU1H @&
= A¥des O AFd YA HE aRVF AAdeA HETIF T B dor A
4 At A3 (Figure 2-13)9F 2E 15459 W ofF e gwrst £ gl
t}= SEM Ad e A3 (Figure 2-14)7F o] S 3 wkrds) 31 glth. SEM A &e 24
= Al 3 AFHA ] dAE] A sl vk 71EF S4 % ADF % NDF ghaFe] ®
st Faleh Aol glAdch(A ).

Figure 2-13°A<} o] &x A2 wAE +H o] controlol HE 24 (P
<00Doz Ekom, E3] ATCC 187903 KCTC 721994 gt 235 B
ARWUE H7EE <l H =7t wrEgole] v SAAWAAES S cerevisiae®] &
ks AAR @714 A& 32 (Rose, 1980) & obv] =4ty vitamin B
T JYAE %%3}"4 A7 PAETS FAAZ7] WiEd] A S = (Sniffen,
B E

1986)H.0]H, o] HEFF&Eo] SFAIR

Y
_\I]_4
[o
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7o 2 vtg|gole] Aol = H tH(Wiedmeier 5, 1987; Harrison %, 1988)& 2

E WSS AIRFHTMAIEA SR dRa o84 A, AARAFAE, SA
2 A2858S MAsteE 237 e (Wang 5, 2001; Newbold %5, 1998 Wohlt
, 1998 Williams %, 1991; Fallon¥} Harte, 1987; Panchal %, 1984), "+ & 7]
nAEe Fo Aia i vAEY & 7RI Kumar F, 1997, El
Hassan %, 1996)= Hi19t% At

ox o

25 ¢

20
: [
=
E 15 T -
s
El
=]
<
= L
= 10
£
2
=
5 L
0 —
Control ATCC18790 KCTC6694 KCTC7219
Treatment

Figure 2-13. Microbial populations, total bacterial counts(.><106cfu) and yeast count([]
x10%fu), in the 1g of rice straw ensiled for 15 days.

3F9 &% ATCC 18790, KCTC 6994 ¥ KCTC 72195 #H7}ste] H 2 silages A
Z37F v, 15%90°] BHE silage WA ZWS HAA dAndoew #EI ARs
Figure 2-14°] Yetiidlet o] 19E& B3t T8-S ax 50 HA silageo &<

Jee & F AU silage A Aol H7FEE aREo] HA F2es A
o] [e) KeX

A
&= Belvh v H 9 Figure(d-11, 12 %

=

[o:

E= Hze Hejol wheh v vFd d =
13 Faneld aREo] Bol F&H = HA FoA)e =R F2E] 3l
= @), 2 Es st A FAY mvstAl gAdsta = 0=
g2l & & AAT webA B Fejok aRe e A5 A, 5 2RV d5st
= Hd e Folls F7h4Q A3l dad Aer Atgdd

Hde 255 Aol 15U3F A 4o ATCC 18790, KCTC 6994 3 KCTC
72199 APz Fxe] "zl Hlste] @ ghao] 47k 38%, 41% H 39% S 7HE

, HJE

H
I A AvEE FFF Ao R Hop T Qo] FElEhA R wEoldhs
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Figure 2-14. SEM observations for the rice straw ensiled for 15 days with the yeast.
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3 Ene HY WY L As2AY T

4719 A9 R OTEAE AQEA Bl WAL GF A ol g AR
3Ts  TEWIY(ATCCI8790, KCTC6694 % KCTC7219) 18al  E3wjes
(ATCC18790+KCTC66%4, KCTC6694+KCTC7219, ATCCI8790+KCTC7219 ~1¥]aL
ATCCI8790+KCTC6694+KCTC7219)ste] R e AdE¥ duld FAFS S48

_]
22A 858 %3] positive ¥H-5-3 negative WHSS ZAFSFA UL

) Fgk A(ATCC18790), BIKCTC6694) L2]ar C(KCTC7219)¢] v 24A1%F

o] §RFE 717F 1223, 2318 18]l 4154 cfu x10°2A] &R F57F AEL ©

o zolE R} wa EFtujekst A+B, A+C, B+C 183 A+B+C W 24

AIZF Bo] ERFE 717F 2459, 11.03, 3239 18 3 3846 cfu x10°ZEA] THEuj kA

B} S A Aldael e are] $rb kst Ao® AEUG Al TR

o gRE BT EF wIsd s Aol mIdTe are] et M =& Ao
E o]

Table 2-11. The growth rate of yeast in the supernatant of LB medium for yeast mono- and
co- cultures with other yeasts after 24h incubation

Growth rate

Protein
OD value cfux 10° concentrations
Mono-culture
A (ATCC18790) 1.184+0.01 12.234£2.35 22.35+3.19
B (KCTC6694) 1.324+0.04 23.18+3.73 25.75+2.48
C (KCTC7219) 1.03+0.03 41.54+5.07 23.81+4.27
Co-culture
A+ B 1.26+0.03 24.59+6.27 24.15+1.43
A+ C 1.08+0.04 11.03+4.11 25.17+2.66
B+ C 1.21+0.06 32.394+2.85 28.44+3.13
A+ B + C 1.49+0.03 38.46+6.32 27.22+2.78

Each value represents the meantstandard error of triplicate cultures.
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= gl EqtuigAlel mRe AFEI deld bR, el ZF w23 A
&4 97Hpolysaccharide-degrading enzyme, hexoside-degrading enzyme 1]l
protease)E A A TIYHo T BEX3Ir},

o wl et A(ATCC18790), BIKCTC6694) 1831 C(KCTC7219)2] Wik 24417 &
9] CMCase 82 77 1246, 1521 8l 1425 TUR &A¥ o a5 4357
CMCase &#Holi= thA9] zto]lE HAY. AEES & (amylase)of Gl ARS8 4
(protease)Q] e zhzh 357.8, 4125 18 a 277.11U0; 455, 752 1#]al 655IUE
Zv7Zy A5 o] CMCase E#Ho| A9} vzl &2 FAI3 a2 437t CMCase &
o= B2 Aol& Bt =3, E3uiYst A+B, A+C, B+C 183 A+B+C
o] miF 24413 F-¢] CMCase %L‘D;ﬂ% 7b7F 1321, 112.7, 1515 283 132.3IU2A

S kA oF mlatsko] FE13E 2po] o] WA E A G hrH(Table 2-12).

o

Table 2-12. Enzyme activities (CMCase, xylanase, amylase and protease) in the supernatant of
LB medium for yeast mono- and co- cultures with other yeasts after 24h
incubation.

Enzyme activity (IU)
CMCase Xylanase Amylase Protease
Mono-culture
A (ATCC18790) 124.6+17.9 13.842.7 357.8445.3 45.5+11.3
B (KCTC6694) 152.1422.4 21.548.2 412.5+31.2 75.2+14.7
C (KCTC7219) 142.5£35.5 17.945.7 277.1£25.5 65.5+21.9
Co-culture
A+ B 132.1+£27.8 16.443.5 421.5+56.4 37.6+22.9
A+ C 112.7+17.6 19.24+6.2 396.7+27.8 68.4+31.2
B+ C 151.5+21.2 13.544.5 349.6+44.9 49.9+20.4
A+ B + C 132.3+11.9 17.947.3 476.2+46.1 55.7+£35.8

Each value represents the mean+standard error of triplicate cultures

Enzyme activities (IU) are expressed as mol reducing sugars released by 1mL of crude enzymes
in min, except protease activity.
Protease activity are expressed as g azocasein hydrolyzed h™"-mL of crude enzymes™.
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3. In vitro N&& S¢t

7b AT 738 g
1) FAHAE Al IAFZ A A A F3o](GSMI-10)9F Al 2452} A) of
A AdeE R (KCTC-6694), 28]a Al 3AFFA|ANA AREH AT
(ATCC-19169) & % 3&<°] vAES FASAT]
2 2719 mAE 3FS wMder] fg wikiAe Y-S @7l A
(anaerobic medium)& ©] &3ttt vlAE 29 A IAHELS Hungate
o] anaerobic gassing system= ©]-&3to] 3 7]/d A Y T}

3) FA71E 0 EH(0.lmm screen® 2 FEH3H) =HzZ

4) AV EES 44 &= v YF(mono- culture) &3 Y (co—cultures) 1]
3 A4 vl (sequential-cultures)dt ©h, 1, 2, 3, 5 18] 74 37F wjekst
0 Jedy FHEES A OEQHH%E Ho“jéb F3ol= 1, 2 g
3YE wigd v EREE HEsta v 1ol Zag vy vtElgolE A
sttt

5) ZAF &8 9wy
7}) pH W3
) ZaA A4 mAEe] £ A4S B3 AEAE 9

wre Elofe] ¢ ZRO ¢ Al F3old FE o] F(1995)0] o] &g
W A S ol &t FUIAEE A5 Roll-tube™ &2 A5kt
.

FaE g AL g2 2ol e 2aaNHAEYS B
ZH) 0.5met 0.05M citrate buffer(pH 5.5)°14 1% CMCe 05m3} &3gale] 14]7F
EoF 55Tl A W& 7l t}S 58 FoF boilingdte] WS T A AFth Boiling ¥
sample 5% &< 7,000rpmol A HAAEe son FF Ao APH s
Miller 5(1960)¢] DNS(dinitrosalicylic acid)®8™ & ©]-&3sto] H] MY 22 550nmeol A
Stk 242849 one unitv AR E Immol glucoses T AAH FAT
L3kol Axtete] ZAe e AT Xylanase &4 05M  potassium
phosphate buffer(pH 6.5)2] 2% oat spelt xylan(w/v) 1l o] &3Fo] £33},
g}) \’d—tﬂ]%] %L/Hak ] A].Ej].j]oﬂ U];‘(]l—:_ oﬂﬁ]: ?_ug
FzdFol dmd ke Bio-Rad kitE o] &3le] FFEE A5}
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v AT 8 A3

A 1AFEIA A AakE F33o](GSMI-10)2F Al 243 Ao| A Adtd v
(KCTC-6694), L2]aL Al 3AF-FA| oAl AF&E Al (ATCC-19169) 5 & 3F 2 7
AES FAFY FAMAEES 77 5w (mono-culture), =% HiY
(co—cultures) 812 A% vl %¥(sequential-cultures)d ©+< 1, 2, 3, 5 281 747
e vy Aedd AEES ARSI dojzl AFHE Table 2-13¢14] Table
2-19° YERHRATE. Table 2-13¢14 ¢} o] wjdA T pHeE PA=9] T/ vl
A 7Y BAGLel HA 573004 Al 6729 Wl =A pHe W37 AsA Loy
A gkokrt. ol# s A A Fol| FHE A A dEol AFAY A4S I

7] WEo g Azt )

Table 2-13. The pH value in the supernatant of medium for anaerobic bacterim, yeast and
fungus mono-, co- and sequential- cultures

Incubation time (day)

Treatments
1 2 3 5 7
Mono-culture
Bacterium 6.63+0.01 6.61+£0.01 6.44+0.01 5.96+0.00 5.97+0.01
Yeast 6.68+0.02 6.57+0.02 5.86+0.01 5.79+0.01 5.92+0.02
Fungus 6.72+0.04  6.59+0.01 6.21+£0.02 6.04+0.01  6.03+0.03
Co-culture
Bacterium + Yeast 6.61+0.04 6.67+£0.07 6.58+0.04 6.12+0.05 6.13+0.05
Bacterium + Fungus 6.52+0.03  5.97+£0.02 6.21+0.05 5.95+0.07 6.11+0.03
Yeast + Fungus 6.62+0.06 6.22+0.03  6.47+0.02 6.51+0.03  6.08+0.04
Sequential-culture
Fungus (1d) + yeast(1d) - - 6.12+0.04  6.03+0.06 5.73+0.04
Fungus (2d) + yeast(1d) - - - 5.91+£0.03  5.87+0.05
Fungus (3d) + yeast (1d) - - - 5.92+40.02  5.96+0.06

Each value represents the mean+standard error of triplicate cultures.
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TAHAZES 712 &5 v Y (mono-culture), &3 Wl o]E(co cultures) ¥ 1 A&
il F(sequential—cultures)$F T, W] mAE = S dreEH oty 4, &%
of & oy F@old FE FAT AAE A7 Table 2-14, 2-15 283 2-169
et mAAE Z4zbe] dmufel A= WAk o] e I AskA] erdth %
Wl ¥ Bacterium + Yeast, Bacterium + Fungus©| A= B} H| 2] o} 7 detection] o] ¥ 2] o} 2}
BERY ol & S ety whH gl ofrt $-H st o] et O FE ZALE AL Yeast +
Funguso| A %= Al ERRE et Ao w 2AE v whebA m A= HekAl o] Alx=
R GFoRE Ve AR AT wF ol S 24413H(14), 48/\]7,_P(2d):LF4J_72
A ZHEd) B9F 4 v TS, E RS 271 HEEe] s F(1d)7E A e ElorE 7t
Zy A HES Fungus(1d)+yeast(1d), Fungus(2d)+yeast(ld) 12|13 Fungus(3d)+yeast(1d)
A& v kol A= ube|glob st FH A Bk (oF 1Y AR) AFEeE Ao R AT 2

==

£A0R FRH3IT] AE 2 YRS o §5te] WA ALY A BEEVAE BGA
o e AelA e v AE BE i E REAS o) &ake] F e el gl Ao
= 4% BaEth v S A5 ugol A s Ael 23 nyoy o2 Agdown &
ga b e Bl glg Aow Bus

Table 2-14. Bacterial populations in the supernatant of medium for anaerobic bacterium, yeast
and fungus mono-, co- and sequential- cultures

Incubation time (day)

Treatments
1 2 3 5 7
Mono-culture
Bacterium 6.5+5.7 42.7+6.8  12.9£15.2 34.849.40 55.9+11.2
Yeast nd nd nd nd nd
Fungus nd nd nd nd nd
Co-culture
Bacterium + Yeast 12.3+6.9  37.2+19.7 17.849.1  42.6+19.1 36.6+17.8
Bacterium + Fungus 18.248.1 9.5+2.1 33.248.2 36.744.7  47.2148.36
Yeast + Fungus nd nd nd nd nd
Sequential—culture*
Fungus (1d) + yeast(1d) - - 13.2+5.32 0.2+0.0 nd
Fungus (2d) + yeast(1d) - - - 8.9+5.5 0.5+0.3
Fungus (3d) + yeast (1d) - - - - 9.1£0.2

Each value represents the mean+standard error of triplicate cultures.
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Table 2-15. Yeast populations in the supernatant of medium for anaerobic bacterim, yeast and

fungus mono-, co- and sequential- cultures

Incubation time (day)

Treatments
1 2 3 5 7
Mono-culture
Bacterium nd nd nd nd nd
Yeast 11.3+3.2 22.6+£2.3 12.1+8.7 14.2+0.8 10.8+4 .4
Fungus nd nd nd nd nd
Co-culture
Bacterium + Yeast 9.4+2.7 nd nd nd nd
Bacterium + Fungus nd nd nd nd nd
Yeast + Fungus 8.4+0.7 36.2+7.2  44.9+12.7  36.5%6.8 22.748.5
Sequential—culture*
Fungus (1d) + yeast(1d) - - 5.8+0.6 11.5¢1.5 7.8+0.9
Fungus (2d) + yeast(1d) - - - 8.3+0.4 5.9+0.7
Fungus (3d) + yeast (1d) - - - - 13.7£1.7

Each value represents the mean+standard error of triplicate cultures.

Table 2-16. Fungal populations in the supernatant of medium for anaerobic bacterim, yeast and

fungus mono-, co- and sequential- cultures

Incubation time (day)

Treatments
1 2 3 5 7
Mono-culture
Bacterium nd nd nd nd nd
Yeast nd nd nd nd nd
Fungus 13.746.5 9.7+5.4 35.6£182  98.749.4 112.8+34.9
Co-culture
Bacterium + Yeast nd nd nd nd nd
Bacterium + Fungus nd nd nd nd nd
Yeast + Fungus nd nd nd nd nd
Sequential—culture*
Fungus (1d) + yeast(1d) - - 32.2+2.9 79.6£1.5  212.4+4.8
Fungus (2d) + yeast(1d) - - - 111.5£3.7  96.3+0.9
Fungus (3d) + yeast (1d) - - - - 75.7£0.7

Each value represents the mean+standard error of triplicate cultures.
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A5 22 a5 ek, = g 290 A5 S v, adFaAy
297} 5, CMCase®} xylanase 22] 3L vl ol 2] o] i d F= &

Table 2-17, 2-18 18|31 2-19°]A1¢} 2t} wAE 77
CMCase<} xylanase &3] 35 0] vl oA 71 =qko}t g1 o= &
ol WY Bacterium+Yeast, Bacterium+Fungus 12|31 Yeast+FungusT-°l ~]
CMCase 97}= 11.171U~32.791U¢] W92 Fujd o=z 7 459 a o] efd FgFe
xylanase®] 7 §-oll A &= 13.581U~37.741U9] 9] = 2= Q). o] 2] 3 o] = uhg 2] o} 9}

ol of

S

ERU FFolE Skt vt glopyt A sto] AAAFskal Rl wolE S
St Al gk Adslr] wliEol Aol A 02 CMCase$} xylanaseS @2 o 2 HH| &}

J =}

<]
= gl Aol $7b5aY] wFel vhehyt @ ol e A7k,
Table 271901]/\19]_ ZEO] HHO]:OHZA gl o= gk HHO]: EGL uj) ok :LFH.T’_

2w kAol Z+ZF 10.3~29.0umol/mL, 7.7~30.3pumol/mL L2 3L 25.7~36.3umol/mL =

e

9510l QENPRANAS A S5 4G BA JHRon GEAGAL B
WAl e el Fe] B FEE ol F fARE Qlow 2AbE

Table 2-17. The CMCase activity(IU) in the supernatants of medium for anaerobic bacterim,
yeast and fungus mono-, co- and sequential- cultures

Incubation time (day)

Treatments
1 2 3 5 7
Mono-culture
Bacterium 21.01£1.78 26.08+2.79 28.58+£1.76  30.03+£1.03  32.97+6.01
Yeast 15.69+0.19 16.1740.67 15.2740.36  14.2440.53 13.85+0.74
Fungus 35.2548.18  36.76+7.83  45.35£9.53 121.71425.83  83.78+13.77
Co-culture
Bacterium + Yeast 18.36+0.24  15.40+0.22  15.10+0.57  17.10£0.43 16.13+0.19
Bacterium + Fungus 12.17£1.19  14.12+1.73  18.25+£6.56  11.17+£3.82  32.79+4.12
Yeast + Fungus 14.4142.17  23.74+0.89  23.33£2.89  26.784+5.82 18.67+3.19
Sequential—culture*
Fungus (1d)+ yeast(1d) - - 121.78+£33.19 147.01+42.18 126.92+22.65
Fungus (2d)+yeast(1d) - - - 135.56+£36.66 98.85+21.89
Fungus (3d)~+yeast (1d) - - - - 123.17429.54

Each value represents the mean+standard error of triplicate cultures.

- 102 -



Table 2-18. The Xylanase activity(IU) in the supernatants of medium for anaerobic bacterim,
yeast and fungus mono-, co- and sequential- cultures

Incubation time (day)

Treatments
1 2 3 5 7
Mono-culture
Bacterium 8.23+0.24 9.18+1.32 11.4843.65  15.394£3.67 13.14+£3.22
Yeast 7.16£2.16 8.31+2.62 9.23+3.44 7.3340.59  11.34+4.72
Fungus 722.44427.56 839.98+44.73 675.93+£33.64 789.56+32.67 949.45+43.69
Co-culture
Bacterium + Yeast 21.38+5.65  19.39+4.66  13.5844.77  14.39+2.56  19.6343.57
Bacterium + Fungus 32.33+9.54  37.74+13.39 22.26+16.49 17.97+12.87 21.08+6.94
Yeast + Fungus 17.2244.23  19.98+7.49  29.64+5.99  19.18+7.79  21.56+4.27
Sequential-culture*
Fungus(1d)+ yeast(1d) - - 657.26+54.17 776.34+32.97 888.68+47.99
Fungus(2d)+yeast(1d) - - - 435.77+£39.69 597.27+44.25
Fungus(3d)+yeast (1d) - - - - 729.57+£57.35

Each value represents the meantstandard error of triplicate cultures.

Table 2-19. Nitrogen concentration(limol/mL) in the supernatant of medium for anaerobic
bacterim, yeast and fungus mono-, co- and sequential- cultures

Incubation time (day)

Treatments
1 2 3 5 7
Mono-culture
Bacterium 11.40+£1.57 19.3242.21 25.05£2.11 26.304£2.02 26.47+0.99
Yeast 10.27+£1.03 23.89+2.81 28.56+1.81 26.41+1.63 23.22+1.41
Fungus 11.01+£1.60 12.99+£1.13 17.16£2.53 21.15£1.97 28.95+0.11
Co-culture
Bacterium + Yeast 8.23+£0.63 10.97+2.36 23.21+1.34 25.33+4.11 26.23%1.72
Bacterium + Fungus 7.72+0.63 12.114£2.56 19.97+£2.11 27.27+£2.38 28.22+3.56
Yeast + Fungus 10.21+£2.36  18.234£2.69 21.3249.25 26.444+3.45 29.564+2.37
Sequential—culture*
Fungus (1d) + yeast(1d) - - 27.15+£3.08 25.70+6.06 31.17+4.69
Fungus (2d) + yeast(1d) - - - 31.45+4.73 36.25+1.96
Fungus (3d) + yeast (1d) - - - - 29.18£1.66

Each value represents the meantstandard error of triplicate cultures.
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Table 3-1. Anaerobic dilution solution (Bryant & Burkey, 1953)

Component Unit Amount
Mineral solution I? ml 7.50
Mineral solution II° ml 7.50
Cystein-HCI-H,O g 0.05
N32CO3 g 0.30
Resazurin, 0.1% solution ml 0.10
D-H,O ml 100.00

# KoHPO,. 6g in 100.0ml of distilled water.
> NaCl, 1.2g; (NH,)-SO,, 1.2g; KH:PO,, 0.6g; CaCls, 0.12g; MgSO, - 7TH50,
0.25g in 100.0ml of distilled water.
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Table 3-2. Medium compositions per 100mL of Lowe's medium for anaerobic
culture of ruminal fungi

Component Unit Amount
Mineral solution I mL 7.50
Macro B solution mL 5.40
Trace B solution mL 1.00
VFA mixture solution mL 1.00
Hemin 0.1% solution mL 1.00
Vitamin mixture solution mL 1.00
Resazurin 0.1% solution mL 1.00
Trypticase peptone g 0.10
Yeast extracts g 0.05
NaCOs 8% solution mL 15.00
Cystein-HCI - H20 g 0.05
Distilled water mL 78.00

Mineral I solituon: KH,POs, 1.8g; (NH4),SO4, 1.8g; NaCl, 3.6g; MgS04+-7H,0, 0.73g;
and CaCl,-2H,0O, 0.77¢g

Macro B solution: KCIl, 2.7g; NaCl, 2.7g; MgS04-7H,0O, 2.25g; CaCl,, 0.9g; and
NH4Cl, 2.4g in 300.0ml of distilled water.

VFA mixture solution: Acetic acid, 2.05g; Propionic acid, 0.9g; butyrate, 0.54g;
2-methyl butyrate, 0.015g; Isovalerate, 0.165g; Isobutyrate, 0.14g; n-Valerate,
0.165g; and 0.2M NaOH, 210ml

Vitamin mixture solution: Pytidoxine HCIl, 0.06g; Riboflavin, 0.06g; Thiamine HCI,
0.06g;Nicotinamide, 0.06g; Ca-D-Pantothenate, 0.06g; PARA, 0.003g; and Stock
Solution, 0.3ml in 300mL in distilled water.

Vitamin Stock Solution: Folic acid, 0.125g; Biotin, 0.125g; and Covalamine, 0.0125g

in 25mL of dH,O.
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7 agar® %?E_ e 37CNA 5~1447F w3l colon y% 23 o
ol wj Btgglol} B X T e J
Table 3-3°] A E3Fste] Folsgith.

Table 3-3. Antibacterial agent used in the experiment preventing to grow of
bacteria and yeast

Component Unit Amount
Penicillin-G, sulfate g 0.606
Streptomycin g 0.132
Chloramphenicol g 0.030
Distilled water mL 50.00

ol o] Fo FAAA FHol HelHgol} nE @ Ad 5o WHse A |
SEE R ERER e

g, AT S A

1) Delignified esterase(branching &4)E #H|3l= v EY E3H AF
Ao getxow Zdst Gl A e gadoely Aelgte] kel Y
Fon o5y AFHE MAAFiay dHEE mAEo] BAlAIFIA Retr] widel A3}
Eolu oyA 9 o] &F & UF wrkE Flojtt
gladol# 3709 xyloseol| o}gfn]:m=7 2 2 9ol ferulic acid, qumalic

[
acid & synapic acid S0o] o] 9+ RE FT2ES ulstEd o] Fx9 44y

of e BE JUYAES MAEY AE&S WA Zgth weba ofgpu| et o g
74 acidsES #9] FE T A(peroxidase, esterase)o] S #Alo] HFHAEH
ofF Htoll Wk HFolrt o] EAE WEHdtal dHA L v webA E3 A
1FE Fote & gad ZAE E¥ete MAEES ZolRidth & gad 'l
acetyl xylan esterase® W3l AAMHA v AEE(Table 3-4 Fx) FollA W3¢
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" AW E-2  Neocallimastix patriciarum, Orpinomyces sp. PC-2, Ruminococcus
flavefaciens 17 2 Fibrobacter succinogenes S85 5 ©| T}

e gad 8491 feruloyl esterase®} cinnamoyl ester hydrolaseS #W|3l+= 73244
H " A E(Table 3-5%F Table 3-6 #x) FolAl W9 WA= Neocallimastix
MC-2, Clostridium stercorarium 2 Orpinomyces sp. PC-2 5ol & g1d 8%
cinnamoyl ester hydrolaseE &¥lste L34l A E Piromyces equiv &9 i
N ek @7 FFololth wetA & glod ZAE FHeke W] d7Id
Fol|2= Neocallimastix patriciarum, Orpinomyces sp. PC-2, Neocallimastix
MC-2, ¥ Orpinomyces sp. PC-2 % 4%0]3]lt}.

Table 3-4. & @1 &49] acetyl xylan esteraseZ #H|3}= w3 n| P& =7

(kDa) *

. . . . 1998/
Bacillus pumilus G.Degrassi & AXE;516bp 40 2000
Thermoanaerobacterium sp. ~ W.Shao & III:II%% 1995
JW/SL-YA85 W.W.Lorenz 5  AXE I; 963bp 32 1997
Neocallimastix patriciarum B.P.Dalrymple 5 BnaA,B(U66252),C 1997
Orpinomyces sp. PC-2 DLBlum & AxeA939bp(AF001178) 34.845 1999
Ruminococcus flavefaciens 17 V.Aurilia CesA2306bp(AJ238716) 2000
Fibrobacter succinogenes S85 J.K.Ha AxeA1619(AF180369) 2000

. . F.J.M.Kormelink
Aspergillus niger A.G.].Voragen 30.480 1993

Table 3-5. & #1d &A9l feruloyl esteraseE EH]&E= w3 nmA&E o 57

RS 57} FA O A

(kDa)
Neocallimastix MC-2 WS. Bomemen 5= FAE I/II 69/24 1992
Clostridium stercorarium J.A.Donaghy & 33 2000
Clostridium thermocellum D.LBlum & FAE(XynZ) 2000
Orpinomyces sp. PC-2  DLBlum % FaeA1645bp(AF164351) 2000
Aspergillus niger C.B.Faulds & FAE-II 1997
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Table 3-6. & #1d &4l cinnamoyl ester hydrolaseE #H]dl= HEE9] nj &9
= =
e

EEE

SRR 277 FAR EB N
(kDa) T
Piromyces equi L.]J.Fillingham % EstA(AR164516) 33.34 1999

2) ¥rE9 22 E Delignified esterase(branching £4)8 £H]3 & A& £

[T = e

AHESEA T = 5}6‘2131(NDF 2 ADF &9 X%ﬂ)i FEd #A
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or RFIAY WEAZRE 07 ool #3
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Table 3-8.

Butyrate Lactate

Acetate

pH

o]
g

pitd

+++

3.13
1.37

6.63 4.21 1.21
5.21 0.98

6.65

GSRR-1

GSRR-2

++

2.45
1.67
2.99

0.63

4.56
3.19
5.75
415
4.35
478

6.32
6.04
6.32
6.54
6.49
6.78

GSRR-3

+++

GSRR-4

0.61
0.87
0.76
0.29

GSRR-5

GSRR-6

1.98
0.19

GSRR-7

++

GSRR-8
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B 3 o} Colony«] EL7]—L— 3178‘ 20mm OVE}(EH??,)J Z\Prﬁ 5mm ©]sH(2¥)] Zﬂ”}xl
theksld ot tiF-Eo] 10~20mm Helel Z71E 7M. 37 AElelA A%
AL st HeuA] okokrh E3, 9o wEgALS 10°~107 XS S
27t %Olé}ﬁiﬂ‘r

ghH, Elgk FgolEel tiste] HArEw]
Table 3-9¢ll &Okﬁ}‘iﬂu}

HH

= Fed 54 BEd dve

_>L
f
'
o
rlr
:‘0 o,
AN o

7174 Z}(zoospore), XA (sporangia) 2
7}t (rhizoid) 9] 37F4] F8 59 dEojx] low olglg FALRIES] wAFE
b Ey B Arle &3 5 EReed Z12AR7E Ak o] Fx2E 478 =
E#MSE GSRR-1, GSRR-2, GSRR-3, GSRR-4, GSRR-5, GSRR-6, GSRR-7 %

GSRR-8+= 4% Neocallimastix, Anaeromyces, Piromyces, Piromyces, Neocallimastix,

i
¢

Neocallimastix, Piromyces 2 Orpinomyces® 57 % 0t}

Table 3-9. ¥5-o WE9lolA] #2]d esterase wH wFole] FelA 54% &7/
IR
A A
_ ] R} 7]-3

FEws 74

i F 2ok ;:]L stalk 2 flagella ¥ °°
GSRR-1 mono oval o+ globes multi filament Neocallimastix
GSRR-2 poly fusiform 60 + oval uni  filament Anaeromyces
GSRR-3 mono variable 85 + oval uni filament  Piromyces
GSRR-4 mono oval 45 +/- oval uni/bi filament  Piromyces

GSRR-5 mono  globes 40 + globes multi filament Neocallimastix
GSRR-6 mono  globes 55 + globes multi filament Neocallimastix
GSRR-7 mono ellipsoidal 65 + oval uni  filament  Piromyces

GSRR-8  poly globes 70 - oval multi  filament Orpinomyces

ShE, B3 FFolEo thdk dx dAv| BAFR L Figure 3-13 Figure 3-29 242t
Helyglon EAHE FFolso] A AAS 2t e A wjx] FoA A
A o) e AES AAstE Eold sl AEHIY
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2. i REXl sequencing, REAISY M & |RHX} cloning

7b AT 738 g
D Al 195 AFeA EEd A2 (E1d] matixE H8lE - e Sesterase) &
H] k= MAES B - 5 2 Aol mfe} #eliE GSRR-1(filamentous, Neocallimastix)
o} 2l & GSRR-4(filamentous, Piromyces)E 3 A3l esterase &4 o ot
Z cloningdt”] $18ke] oF 7/HL7t Ao =S gl E Breta W
A EZRD F3golo] tigk Aol AW FAZE FHA} cloningell A 3%
wtebA Esterase® tEFO® #Hsh= WHE9] Bt EolE diAste] & AT
£ gttt
7h) EA AT
(1) 93¢ F714 vtelglo} Fibrobacter succinogenes subsp. succinogenes
strain S85 (ATCC19169; Montgomery &, 1988).
(2) Escherichia coli DH5a 1] 3 BL21(DE3)
vh) o\l <l A]
(1) Fibrobacter succinogenes: Glucose Sloppy Agar(GSA) 8}=#] (Table
3-10)¢} Dehority(1965) vj#] (Table 3-11) % rice straw HiA] (Table
3-12) A&
(2) Escherichia coli : Luria-Bertani(LB) ®]#|

Table 3-10. Medium compositions Glucose Sloppy Agar(GSA) medium

Component Unit Amount
Rumen Fluid mL 51.0
Mineral | Sol. mL 49.5
Mineral |l Sol. mL 49.5
Resazurin mL 0.30
Yeast Extract g 0.30
Peptone g 0.30
Glucose g 0.45
Agar g 0.30
dH20 mL 150.0
NaHCO; g 1.5
Cys-HCl g 0.3
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g4 &Y F acetyl esterased FEHS =Asl=u o]&F+= alpha-
naphthyl acetateZ 7] & o] &3} assay WHS T2 o] &3ty on, 3w
E3 &3

2HS AE3s7] 918 Aminex HPX-87TH Z @S %3 HPLCE ©|
i, xylanase &#-& Lever Wl oA 243t Ach

Table 3-11. Medium compositions per 100mL of Modified Dehority medium
for incubation of rumen bacteria

Component Unit Amount
Mineral soln. I' mL 7.50
Mineral soln. II° mL 7.50
Cystein-HCI + H,O g 0.05
Na,CO; g 0.30
0.1% resazurin mL 0.10
Vitamin mixture solution’ mL 1.00
VFA solution® mL 6.70
Hemin solution mL 0.10
Glucose g 0.50
Cellobiose g 0.50

Soluble starch g 0.50

NaCOs 8% solution mL 15.00

Cystein-HCI1 - H20 g 0.05

Distilled water mL 78.00

; Mineral soln 1 : KoHPO4 0.6 (/100 ml).
Mineral soln II : KH,PO4 0.6g; (NH4),SO4, 1.2g; NaCl, 1.2g; MgSO, + 7H,0,
R 0.25g; CaCly, 0.12g (/100ml).
Vitamin mixture : pyridoxine HCl, 0.20g; riboflavin, 0.20g; thiamine HCI, 0.20g;
nicotic acid amide, 0.20g; Ca-d-pantothenate, 0.20g; para-amino benzoic acid, 0.01g;
folic acid, 0.125g; biotin, 0.125g; cobalamine, 0.0125g in 1000ml distilled water.
* VFA (Volatlle fatty ac1d) solution : acetic ac1d 17ml (2.9x10° M) propionic acid,
6ml (8. OXIO *M); n-valeric acid, isovaleric acid, and DL- umethylbutyric acid, 1ml
each (9x10° M) then make to IOOOml with distillled water.
* Hemin solution : dissolve 50mg hemin with 1ml 1IN NaOH, then make to 100ml
with distillled water.
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3) Fibrobacter succinogenes A5l X A A& cloning3dl”] $138A4] Table 3-13
[e)

44

primerES A #&&lo] o] &3t}

SEFA o, AxebAQ
pET22b+H¥ e o] F=Y = At}

ARELS A DNAZ HE PCRE
7% pET30a® e, Axe6Be 7 -$-ol+=

Table 3-12. Medium compositions of rice straw medium for incubation of
rumen bacteria with esterase activity

Component Unit Amount
Rumen Fluid mL 51.0
Mineral | Sol. mL 49.5
Mineral |l Sol. mL 49.5
Resazurin mL 0.30
Yeast Extract g 0.30
Peptone g 0.30
Rice straw (Boiled 1h with NDF solution) g 0.45
Agar g 0.30
dH20 mL 150.0
NaHCO; g 1.5
Cys-HCl g 0.3

Table 3-13. Oligonucleotide primers used for amplifying Fibrobacter succinogenes subsp.
succinogenes strain S85 genes axe64 and axe6B

No Amplified DNA  Primer set

1 axe6A4 3724-N-F; Bglll tta ata aga tct agg cct ctc tat gtt tgc g
3724-N-R; Xhol tat ata ctc gag ttc gaa aac gac aac ctt

2 axe6B 3723-G-F; Smal tat taa ccc ggg agc tgg gct ttc tat gttt

3723-G-R; Xhol

tat ata ctc gag atg tat cac cac ctt ttt t
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Figure 3-32 2 Ao o] &3 Fdx=d digh Mgzolty, ade] 9 A =
Ee AE ARESU 2R dEHoR AL T 549 DNAS Ho{Fi
Atk B F 49 o =AHVIAE S Vo r BAF EHEolth F fFHAE

gj

E0e 425 7FA3 Q3 N-terminal Zolo] 1-30W ofn|=Aal FES signal
peptide©] I 1 ¥ Z: o] o]o] A carbohydrate esterase family 62| catalytic domain®]

A8t oy, mA=o®E C-terminal Prl"‘iroﬂ ’;jTorﬁ: A% domain®] EA3tH =

A (family 6 carbohydrate binding module)dlE A3 Aol ® A3 FHxe =
S ZtFa Q) Ao {FAAE E coliol HAAA AxebA9t Axe6Be &4
ALl 548 ZAMeE A= Table 3-14014 ¢k 2ol AxebA®] 272 °F 59, 61
kDa°]™, Axe6BE 60.5kDa o]t} ol& &47F Huj&g g yeld= pHe ==

Jl

© 77 B4 A0CEA wEele 243 WS fASAT. AxebA%H AxebBY pl
w2 Zb7y 559F 54931, Kmgk2 0.084, 0.056 ©]$¥low, Vmaxgt< 1053, 31.2= 4
gt
(A)
axe6A4 (304-1923) axe6B (2104-3762)
= ? ? ______________________ 1
1 \\A l 3 064 4,009
A
- N 4 I
GAGCCG:-rweveee TGTTTTTTT TTCATT:-eeveeeees ATATTATA
35 10 -35 10
Axe6A Axe6B
(B)

283 318 300 334

. Signal peptide % Catalytic domain CE6 | 100 amino acids
)

|:| Linker

Carbohydrate binding module (CBM6)

Fig. 3-3. Organization of the acetyl xylan esterase axe6A and axe6B in genomic DNA of F.
succinogens. (A) Gene structures and (B) domain organization of the enzymes. The
vertical bar with a circle in (A) indicates an inverted repeat region.
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Table 3-14. Characteristics of Axe6A%} Axe6B

Mol. Wt. Maximum activity Vmax
Enzymes pI* Km (mM)
(kDa) pH Temp. (°C) (U mg'l)
Axe6A 58.6 6.5 ~ 85 40 5.52 0.084 105.3
Axe6B 60.5 7.5 40 5.43 0.056 31.2

Note: a-Naphthyl acetate was used as a substrate. Assay results are the mean values of
triplicate determinations. *Molecular masses and pl values were computed from the
amino acid sequences of the mature enzymes.

I8 3 acetylxylan esterase®d] A4 A% domain®l oln| =4t LS 3D PSSMo]
2} computer programmes ©|83dle] wHElAo] 3% FFx EFES FAEE AT

(Figure 3-4), Celvibrio lichenase® 744 Z3¥ domaind FAMsth= AS ## o

T AT

TR 214

TYRIT) M " TYVR{T)13
f

AvehA_CBM:

PN I b s
SATVTED K vbia: 08655

reatd” iy i e o it Bk 1 e 24
From (b i 3n.

Fig. 3-4. The analysis of family 6 carbohydrate binding module (CBM) of Axe6A using the
program 3D PSSM.

- 117 -



w3l Fibrobacter succinogense 6A%} 6B2] catalytic domain®] o} =2t alignment
5 A E A3 (Figure 3-5), oF&71A] o3 s & &4E 9 conserved amino acid
U catalytic site 52 AFAl3] ¥ XA ko), 22 carbohydrate esterase family
o] &3l+= Orpinomyces®t Neocallimastix patriciarum®] +4]3}= AxeA<} BnaA<t
ofF w& AHE YEATh

Axe6A_Fs MBVENSFKKL MG AGVAAGL SMEAVVGANAAPDPNFHI YI AYGQSNVEGNARNFTDVDKK 60
Axe6B_Fs MBVERNL KKFMAL AGVAAGL SMEAVG- ANAAPNPNFHI Y1 AYGQSNVAGNGDI VPSEDQA 59

AxeA Op  eeee-- MRTSWVI TFLAAAL TVMAKP- - HAKPDPNFHI YLAL GQSNVEGQG- NVEAQDRV 51

BnaA_Npat ~ ------ MRTFAI AAFVATTLSAVSQT- - FAAPDPNFHI YLAFGQSNVEGQS: PI GSQDRT 51

L * * ****** * Kk k ok kk * .
Axe6A Fsuc EHPR- VKMEATTSCPSLGRP- - - - - - - TVGEMYPAVPPMEKCGEGL SVADWEGRHMADSL 112
Axe6B_Fsuc EAPKNFI MLASHNANASQRSGKTNQS! KTGEWYPAI PPMFHPFENL SPADYFGRAMADSL 119
AxeA O p EDKR- FKL| STADE- CMGRE- - - - - - - - LGEWYPALPPI VNCYGNLGPVDYFGRTLTKKL 101
BnaA_Npat VDKR: FQU STVSG- ONGRQ - - - - - - - MBNVWDAVPPL ANCDGKL GPVDYFGRTLVKKL 101
* . * k- ok * . * * * ok k .
AxeBA_Fsuc P- NVTI G | PVAQGEGTS! RLFDPDDYKNYLNSAESW. KNGAKAYGDDGNAMGRI | EVAKK 171
Axe6B_Fsuc P- GVTVG | PVAI GAVS| RAFDKDQYEAYFRGDGKDI MNWGWPKDYDNNPPGRI LELAKK 178
AxeA O p PKEVKVGVCAVAVAGCDI QLFEEENYKSYEI PD- - - - WMQGRI DHYGGNPFRRLVNI AKK 157
BnaA_Npat PQEI KVGVAVVAVAGCDI QLFEKNNYRNYRLES: - - - YMOGRVNAYGGNPYGRLI EVAKK 157
Axe6A_Fsuc AGEKGVI K@ | FHQGETDGGVBNVEQ VKKTYEYM_KQLGLNAEETPFVAGEM/DGGS- 229
Axe6B_Fsuc AKEVGVI KGFI FHQGESDGTDANWRKTVYKTYKDVI DALGLDENEVPFVAGELLQEGON- 237
AxeA_Orp AQKAGVI KG LLHQGETNNGQEDWPKRI KVVYERL LKELNLKAEEVPLLAGEVWREEYEG 217
BnaA_Npat AQQVGVI KGI LLHQGETNTGROWIPNRVKAVYEDML KDL GLNAKDVPLLAGEWGSNQGS 217
S kkake s wakns s . o ke

Axe6A_Fsuc - CAGFSSRVRGLSKYI ANFGVASSKGYGSKG DGLHFTVEGYRGVELRYAQOVLKLI NVA 287
Axe6B_Fsuc CCSSKNGG AQLKQNFKKFGLASSKGL QGNGKDPYHFGRAGVI ELGKRYCSEMLKLI D- 295
AxeA O p MCSLHNTVI KKLPEVI PTAHVI SAEGLDDGG- DDLHFSSASYRI LGERYADKMLELL- - - 273

BnaA_Npat QCGSNN5| ! QKL PSVI PTAHVI SSQGLGQQG— DGLHFSSQAYRTFGERYADENL KIL--- 273

* ok ok Sk okx -

Fig. 3-5. Alignment of the amino acid sequences of the CDs of F. succinogense AXe6A and
Axe6B with carbohydrate esterase family 6 enzymes AXe6A Fs, Fibrobacter
succinogense S85(Accession #AF180369); AxeA Orp, Orpinomyces sp. Strain
PC-2(AF001178); BanA_ Npat Neocallimastix patriciarum(U66251). Asterisks indicate
conserved amino acids among sequences. Putative signal peptide sequences are
underlined.

Figure 3-6< family 6 carbohydrate binding moduleE 3 dglo]HE S A A3 Ao
o Axeb6A®t BE ¢F 40%°9 FAI=E YERA I, 2 CBMEZ AA= 6%l A
DAE 25%9 FAFEE Bt Figure 3-69°1 4 —':r”iv: F 2= conserved AlOlEE
= #®AISL St

T3l carbohydrate binding domaine Fibrobacter succinogens’} #1|3}t+ xylan
10D, 10E &3} Cellvibrio mixtus7} <+8]3ste Celba, XynllA 18|31 Cellvibrio
thermocellum?} 438l xylanase 1A%} =2 homology S X Gt}
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Axe6A Fs --------- DSD- - - YRKDTG- - - - ------ VDL YKAGDGVALGYTQTGEW.EYT- - - VD 37

4Axe6B_Fs VEAENYNKGGADKAYYDL SKGNEGGKL RKNDVDI YQPNMGH VWGHOQKSEWLKYT- - - VN 392
Xynl0D Fs ~ =-=--=-- GDSD- - - YRKDTG - - = = - - - VDLYKKATGVI VGYNSEGDW.EWT- - - VN 455
Xyn10E FS  ---=c--- GDSD- - - YRKDTG- = = - == = - - - ADLYKKATGVALGYNTTGDWEYT- - - | N 446
yn10B Fs  ce-ee--- GDSD- - - YRKSDAS- - - - - - - - DVDI YKKATGNI VGYNTTGDW.EYS- - - VD 433
ONCBMB-1  =-e-mem-s QAES- - WOQMVBG- - - - - - - VKTETTSDAGDGLNVGY! DGGDWTYS- - - VN 39
CNCBMG- 2 - === VI ATl QAED- - HSQQSG- - - - - - - TQRETTTDTGGGKNVGY! DAGDW.SYAGTPVN 48
XynliA Ot - - RSAFSKI ESEE- - YNSLKSS- - - - - - - TI QTI GTSDGGSG Gl ESGDYLVFN- - KI N 47
" PR o i,

Axe6A Fs VKADGEYNI DASVAAGNSTSAFKLY! DEKA- - | TDDVSVPQT- - ADNSWDTYKTI SVKEK 430
Axe6B_Fs VKADGDYG TANVAGDNATGS! VLYMDDKR- - | GDEMVNE- - - - - GKGFDTFS- | VDGGK 444
Xyn10D_Fs VKEAGDYTMFAAVAAAGSTSSFQLSL DGKA- - LTEKI TVPAAKEGEENYDHYN- - KVKGN 511
Xyn10E_Fs | AEAGDYTAI ASVATEG- TGAFTLSLDGKS- - LAE- FEVT- - - - - GTSYDDFS- - DVKKK 495
Xyn10B_Fs | AEAGDYTATASVAADG- SGSFKLSI DGKS- - VGE- FDVTWI- - - GSSWDNFI - - DVKKK 484
CNCBMB- 1 | PTTGTYKVSYRVAAQAGGGQL QLEKAGGSP- VYSNI NVPAT- - - - GGAQNWQ- - TI SHN 92
ONCBMB- 2 | PSSGSYL| EYRVASQNGGGSL TFEEAGGAP- VHGTI Al PAT- - - - GAWQTW- - TI QHT 100
XynliA Ot FGNGANSFKARVASGADTPTNI QLRLGSPTGTLI GTLTVAST- - - - GGANNYE- - EKSCS 101
Axe6A Fs VTLKAGKHVLKLEI TANYVNI DW QFSEPKK— 461
Axe6B_Fs VSLKAGEHELKI EI ANDW DI DYl EFK- - - - - - 471
Xyn10D_Fs VTLPAGKHVL RVDVTGAWFDVDYFTFVK- - - - - 539
Xyn10E_Fs VTLPAGKHVLRLDVTQQYFDI DYl NFVK- - - - - 523
Xyn10B_Fs VTLPAGKHTLRVDVTAQYFDI DYl NFTK- - - - - 512
CNCBMB- 1 VVLPAGEQLI ALSAl TGGFNI NWLKVES- - - - - 120
ONCBMB- 2 VNLSAGSHQFG KANAGGWNLNW RI NKTH- - - 130
XynliA Ot | TNTTGQHDLYLVFSG- PVNI DYFI FDSNGVNP 133

A

Fig. 3-6. Alignment of the amino acid sequences of the CBMs of F. succinogense AXe6A and
Axe6B with CBM 6 enzymes. Xynl0D, E, and B_Fs, AF180368; CmCelB_ CMB6-1,
Cellvibrio mixtus Cel5a, Xynl1A_Ct, C. thermocellum xylanase 11A. The bold letters
indicate the conserved residues that have been shown to be involved in ligand biding.
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3. Esterase &H| transgenic A|ME 7wy} 0|2 o[25t O|ME & IIA 9 7t

ol A B R - BAE T fdAE A E. coliol transgenicAl 71 U, ol %
T ujokd oz EulH lignin £ &4 Axe6A2t Axe6BE o8 71A] AH
g3l =5 GAsAT. AA o] EAEL Table 3-15914 HE uje}

)
ot
b b

Table 3-15. Axe6A and Axe6B purified from the cytoplasmic fraction of E. coli.

Purification Total Total Specific Yield
protein(mg) Units(U)  activity(U/mg) (%)
Cell extract 1678.7 14553.7 8.7 100
Axe6A  Sephadex G-75 N.D. 1258.09 N.D. 8.6
DEAE-Sepharose 0.76 85.9 113 0.59
Cell extract 11944 3463.6 2.9 100
Axe6B GST-Elution 16.6 284 17.1 8.2
Sephadex G-75 0.77 45.1 58.6 1.3

*Not determined.

& Figure 3-72 FHFHoz HAlE $9o AxebA$t Axe6B 18|31 XynlOE<
SDS-PAGE &4 Z ¥}o]t},

M 6A 6B 10E
kDa
70 ——
60 —* —
—

Fig. 3-7. SDS-PAGE analysis of the purified Axe6A, Axe6B and XynlOE. Molecular weight
marker(M); Axe6A(~58.6kDa), Axe6B(~60.5kDa), and Xyn10E(~66.7kDa).
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XynlOE= AlUA] @3} o] 74A] Hlal AE 98] GAE Eh=4, AP A
olu] EyxEa EXFo] =Fo] $EH Zholth Axe6A, Axeb6B 12l XynlOE
o] Baeke 7b7t 58 6kDa, 60.5kDa 123l 66.7kDa A% ¥+ Ao =2 ZALE T}
Axe6A9} Axe6Be] 7|12 EojA S ZAFSILAF a-naphthyl acetate, a-naphthyl
propionate, a-naphthyl butyrate, a-naphthyl caprylate, a-naphthyl laurate,
r-nitrophenyl xylopyranoside, r—nitrophenyl arabinofuranoside, acetylated birch
wood xylan, xylose-tetraacetate “L2] 3L glucose-pentaacetate 55 7| = o] &3}
o §497tE =A3 A3 (Table 3-16), Axe6A9t Axe6B &4 F3| a-naphthyl
acetate 7| @] 714 HolAdS YERYATE Table 3-172 Avicel, IF-OSX 1811
berch wood xylan ¥ #2 &84 ©53lE 7[d s 71d FolAdS A A

o)},

Table 3-16. Substrate specificities of Axe6A and Axe6B

Substrates AxebA Axe6B
Activity % Activity %
a-Naphthyl acetate 110.3+7.3" 100.0 26.042.5° 100.0
a-Naphthyl propionate 16.8+1.9 15.2 3.8+0.1 14.6
a-Naphthyl butyrate 0.6+0.1 0.6 0.5+0.1 1.9
a-Naphthyl caprylate 1.4+0.3 1.3 0.4+0.2 0.2
a-Naphthyl laurate 0.1£0.1 0.1 0.02+0.1 0.1
r-Nitrophenyl xylopyranoside 1.4+0.4 1.3 0.04+0.04 0.2
r-Nitrophenyl arabinofuranoside 0.3£0.02 0.3 0.0+0.01 0.0
Acetylated birchwood xylan 6.2+0.1 5.6 1.5+0.1 5.8
Xylose-tetraacetate 11.4+0.2 10.3 1.3+0.03 5.0
Glucose-pentaacetate 11.4+0.3 10.3 2.6+0.1 10.0

*Activity expressed in U/mg proteintstandard error(n=3).
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Table 3-17. Test for binding of Axe6A to insoluble polysaccharides.

Activity % of
Substrates . .
(nmol/min mL-1) activity bound
None 23.1 = 0.9 -
Avicel 1.5 £ 0.2 93.5
IF-0SX" 114 =09 49.4
Beech wood xylan 1.3 £ 0.2 94.4

“IF-OSX, Insoluble fraction of Oat Spelt Xylan.

Table 3-18. Effects of various additives on binding of the Axe6A to Avicel microcrystalline

cellulose
Additives Activity (nmol min’ mL_l) Activity bound (%)
Control Non-binding
None 222 £ 0.8 0.61 + 0.01 97.3
Glucose (0.6%) 26.1 £ 1.2 58 £ 0.3 77.7
Xylose (0.6%) 274 + 2 59 £ 05 78.5
Cellobiose (0.6%) 319 £ 22 6.3 £ 0.1 80.3
Methylcellulose (0.8%) 522+ 3 11.0 £ 1 78.9
Carboxymethylcellulose (0.8%) 239 £ 14 2.0 £ 0.1 91.6

ol2f ¢ Figure 3-8 Axe6A7} 784 7|3, hydroxyethyl cellulose; rye arabinoxylan;
starch; hydroxyethyl cellulose; arabinogalactan “12] 3L barley b-glucano] 24 =5
non-denaturing eletrophoresis 7| 5 .2 #2351 th 7] d 52 50Vl Al 3.5 Al HEt 5
Palglom o] mje] 2= 22°C $rh. 712] 3l Coomassie blue G2502 ¢ 4 3lo] #2314

t}. Bovine serum albumin %3 2 2 reference & ©]-83} 1 U}
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Control HEC Rye Arabinoxylan

[ ] = —

At
- -

Starch  Arabinogalactan B-glucan (Barley)

- ) = 9

Fig. 3-8. Non-denaturing eletrophoresis of bovine serum albumin and Axe6A in polyacrylamide
gel containing 0.1%(w/v) of soluble polysaccharide. Polysaccharide included: No
polysaccharide; Hydroxyethyl cellulose; Rye arabinoxylan; Starch; Hydroxyethyl
cellulose; Arabinogalactan; Barley B-glucan. Electrophoresis at 50V for 3.5h at 22°C
and staining with Coomassie blue G250. The binding study of CBM6 of Axe6A using

affinity eletrophoresis gel analysis (AEG)
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Fig. 3-9. HPLC analysis of products of hydrolysis of acetylated birchwood xylan by XynlO0E.
Column A, Activity of XynlOE on 1% (w/v) acetylated birchwood xylan; Column B, The
combination of action of Xynl0E and Axe6A on acetylated birchwood xylan; Column C, Action of
XynlOE on an acetylated birchwood xylan preincubated in buffer for 10 h; Column D, Action of
XynlOE on acetylated birchwood xylan pretreated for 10 h with Axe6A. Xylose, xylobiose,
xylotriose, xylotetraose, xylopentaose, and xylohexaose were designed as X1. X2. X3. X4, X5 and
X6, respectively.

ulx] e o 2 Figure 3-1079} 3-112 Axe6A9} XynES] AlUA] &35 H7| 93]
Zhest AgS 33 232 el AZFE R geetyl xylan  esterase”f
xylanase®] &4 o ofust s wA F J=AE Leverd YT FAHAHES

sl 2AFERA T
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Reducing sugars (ug)

/O ©

4 6 8 10 12

Incubation time (h)

Fig. 3-10. The effect of pretreatment of acetylated birchwood xylan with acetyl xylan esterase on
hydrolysis by xyn 10E. Treatment: Pretreatment with XynE for 10h prior to addition of
XynE(@); XynE alone(O).
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Reducing sugars (ug)
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Fig. 3-11. The Effect of pretreatment of acetylated xylan with xylanase on the release of acetate
by the treatment with acetyl xylan esterase. Treatment: Pretreatment with XynE for
10h followed by addition of AxeA(@); Axe6A alone(O); XynE alone(V).

Figure 3-10%} Figure 3*1101]/‘19} Zo] xylanase® A &3 HEFHY Axe’l &
Aol ﬂ‘ﬂﬂ Xylanase Aol A A de] gheFo] ik 12A17F Fol oF 10w} 7F=F
7t AS B 4 AAT} Acetyl xylan esterase= xylan %9 HI7IXE &g}
Wes 98 fé} ZM, xylanase?] 97Fs &FFA7= 7S 7HA G HEE
n g Eo] FH|skE o] G4+ 1980 % FHHEE oy oA A E o] AL
th spA Rk, whE9] A E A o] g BAE SRYsta AAst EAS P ete
AFE Fo] Harso] 9lA fvk AF7HA w9 F3ol FFE Orpinomyces &

=

o A & H AxeA Neocallimastix patriciarumo) A 235 BnaA7} B Hi 9

10>
i&je

Oll
rlr

Hﬂim

l
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S Wolth, & A ATl o)

gk & e FHARS Au= Aol oy, g o] A Mg Vs A
s sAle #EIFo RN T st A AR 54 T T AvEE
Wekow A+ AyH Aok w9 wAES] Axedl 4§ &3 Ruminococcus
flavefacienso| /| BEJ = Qo] A= Zlo] BHH] B @ o] Ak 7] A+7
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4. SEM(scanning electron microscopy)S 0|88t WS HE 522 ZTole| ZH&t

=
G ¥ Ade Al 3ARIAL 203 Fob AR, Adte] 58 A MBS
Fol w2 FeE)

7 B AMdE A A2 dE 159 ArdE A tig AxEnE B
3%9 a&X, KCTC 7219(Candida glabrata/Torulopsis glabrata), KTCT 6994(Candida
glabrata var thermoidea) % ATCC 18790(Saccharomyces cerevisiae Hansen, teleomorph,
budding yeast)E F7}ste] HA AL AE A xS ths, 1590 A3 AL A A
A AWS AA dvFozw #AFEI AAE Figure 3-120] YERATH 1A BE

o] B AR S0 WA AYA TS A%t deS B F Uk

Figure 3-12. SEM observations for the rice straw ensiled for 15 days with the yeast,
KCTC 7219.

rr

A

)

SRR

Ard A A zAle] HUbe ErEe] WA FAsE Fi
¥
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Figure 3-13. SEM observations for the highly colonized spots of the rice straw ensiled
for 15 days with the yeast, KCTC 7219. KCTC 6994 and ATCC 18790.

Figure 3-14. SEM observations for the moderately colonized spots of the rice straw
ensiled for 15 days with the yeast, KCTC 7219. KCTC 6994 and ATCC
18790.
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Figure 3-15. SEM observations for the poorly colonized spots of the rice straw ensiled
for 15 days with the yeast, KCTC 7219. KCTC 6994 and ATCC 18790.

A 2M R A Mo ARE Aelete] 1587 A3 J$o] KCTC 7219. KCTC
6994 % ATCC 18790 #2|= FA2] o] wlsle] @i defo] bzt 38%, 41% 9
30% F7H BHaE 1A Aste A4 AL B AHOE Hop 1 9

— T
Aol Felo] &% wEolgts As & F AU WA B A4 5o HxE 3
oiAe] BExt g94F Aow AzwE.

. Al 1AFEZA ] F3o|(GSMI-01)$F Al 241 7A 2] EE(KTCT 6994)¢] &3
HOt/\] SEMJd-zl

obeh el Figure 3-162 A 1AFzpAol Aol fAv)e] Frjzie 2eld o
7173 8ol (GSMI-01) ¢k A| 241 F-3A e A Akl ZR(KTCT 6994)E in vitro &
TR e AGANG S BAG AFEol

Figure 3-1691 4 w3o] E£3 Wd Fgolsh amEol Y4 wete FHsha 9l
$2 & 5 Stk o] AL L AP 7L b AT HEE 9HY
Foolthe ofF mFA Aeldth Z, WA By FAHL AAFuA S
2 ogdlN BHUHoE 4W3e RAAYE $HLS 23 At @ WA #3
oS BASL, RAe JYHA BARE AA%IA SCP AHTAANN F2 A
gote EARES olgmaA AR We Fom FRuel Y wud, wen
aela MAYFARE] Adsd WAL TFE + YES ANES Tt



Figure 3-16. SEM observations of co-culture aspect between anaerobic fungus, GSMI-01
and yeast strain, KTCT 6994.
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A4Ad BE Ausx 248 mARAA
A

s AT (HE A

1. YEXel 53 7HE 98 HA 2= AEX| H=E AE
7h a7 3RS
1) & A 3 ELE/\}‘QﬂZ] AE 2 TEEAH WA= IF

7 of WAx Zag TEHI 9

r—{m

T

7t " Els
) AAAA  EEAE R AL A A
sto] HEAE AL E H 0, 0.1 ¥ 05%9 FFo= 3 w84 1,2 4, 8 15 9 304
A2 7 AP A WS FAste] EAEITh x E FE Al A ARES HE A= Al
I oF A 24| F- A o] AdZ R A AR mAES] FRF g wiFelE T2
A A QA FAZ A o}xl erar v “dEATe g
W) Abd el A o] Az = T3 5 FEdTo
71 Sl&to] vtz AR S Tﬂow H4S 3~4 cmz A
of 500g H7FF LEAE Aefstal oAl 500 g& oA =,
Y A4 o] ZES wlAAl7] 7] 918 silo bagS 3ACE o AFHIAE B
A

1Vt

A ATHZE YRS ATl HES o] FUPHE fASFAL A2d FPE A
GeA Me AWM o A4 mel A Ao BBHRLH AP B Lrs

20 ~ 24C=E FA 3}
o) AN

(1) A& 2 33t A& forced-air ovenol A 55TE 3 & 72
A e 2AHEA L, AEHFAAEDLS Goering® Van Soest(1970)2] HHHe] 2
3 A5k Th

(3) Buffering capacity : pH =HA] A H
100mlE pH 3.07h4 0.IN HCl&H o= e & thAl 0IN NaOH=E pH 4.00=2 =
AeATh pH 4002 9 FZFd0] 0.IN NaOH &9 o = pH 7.07h4 F7HA7]&
t a3 0.IN NaOHE& 4] ko= Axstdtt (Bolsen 5, 1992).

(4) Lactic acid ¢} VFA: AFS 8 #] FZ& 9 30ml°ﬂ HPO; 5ml& & 7}3}o]
10,000xgol A 3087 AR & AF N 15mle HsAh ol 2A I F5AS
Al microcentrifugeo| Al 14,000 rpme. 2 AAE# ko] 4E5 A Imls Hste] 20T
A B#F FAA GCE ol &ste] At VFAR lactic acid #4183 5dg
W o g FAsk9 T
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(5) dxrYole] AA: Chaney® Marbach (1962)¢l o3+ #2819

A EAH8E SAS package program® 2 EAMEAI S A Al s}
£ Duncan’s multiple testE ©]-&3}3th.

2
o, off

2) TEaAZ BE ZIEALIRA Y in vitro B in situ 238 U= I
7h FAAE AL A Y] FAE Hrtetr] flE 3097bA HE T SaE A
A ANA Al E ANFHSAT In situst in vitro 23&S SA37] el 55Tl A
A7 A T A 8ES EHsto] A&t
W) In situ &3b& 0 W9 Fdo] 4EE 7] Holstein 24 37 (A
ZF 550 kg, EFHxe} FFARE 7302 HAF)E FATERS 7} Ao b
Fololl A AZE " A2 AFAA 0, 6, 12, 24 B 4843 wigst A
th) In vitro 28F& @ AFEA3F A Holstein B2 BEF9Jol A a3 sk 9]
479 A=z AFAAZ F 303 s AAF Figk AARgAE AAstL &skE
Ae glolow A8ttt £3&e Tilleys Terry(1963)°] W< Mesio] 24
el

R A8 WS E RAE

o

A

U, A7 39 2%
1) Z2EAZ HA AL A AE 2 2EEAA vA= IF

Table 4-1°A4 HEAE FTEE Hlste] A7 &<
NH;-N, lactate 71283 acid acetate®] W3S JeE AT
W Ald 2] A 9] pHe 0A1ZFol] Hit 64092 ™ Table 4-1o1A A5 ZE A2+
oA TE 19AFH Ard AW wAAEe o8 pH7F ZAEHAT BE A el A
WFA|Zbo] AR pHYE At Aol oen 53] 2E 8dAdl 05% H7t
TolA & Ay Rt foFowm A ATHP<0.05). HF 30UA AL A 9
pHE 4.68~5.11 Ate]l& Zxu 254 Aldg Ao Hlsle] pH7F 25 Egdoh Ayt
At AR Az P 27] D A FoS pHE EE 65~6.001t17F 24~T72A1 3¢
A7b S 5002 Yol of 209 W 40 FEo® gHAadhd (a1, 1999). v
2 Ao AY pHYF 25 =9kom 53] 05% H7F7 25 9 =2 pH=E Ax
H Atk o3 duatd e X7t 2 Ak gl ol&] pHFATE w2 dojd Wk
A H7tE AdEAE g dol ARt A7 U] Eaet vAE
o3k g7l dojyroS kAl st}

Table 4-2014 2aAE FFEZ Adste] dA7|ZF &2 stst A

h [e]

o

o] W3}

Wl

5!

i

- 133 -



A ALEA Y AZgapel Azre] Wl BAglol 32% %
ol 60%ol37t 54 FES W AALAE W

of @ol vopxA grd A Rrh WA AALA AY
del ol A AR Wk A WahA etk thak 05%¢]
A AT e A Tsh mmste] ABFFe] ok gastarh. dwHow
| Age AETFS 30~35%=E &#A d=u(H, 1991), & Al

A Alxzd AdEAE e deddEs FAs AT

et EN

Table 4-1. Effects of different levels of additives on pH, NH;-N, lactate acid acetate composition
of rice straw silage during different ensiling period

Items Days of ensiling
1 2 4 8 15 30
pH
0.0% 6.06 6.18 5.88 5.64° 5.20 4.87
0.1% 6.12 5.97 5.81 5.32° 5.11 4.68
0.5% 6.04 5.92 5.65 5.15° 4.94 5.11
NH;-N (mg/100ml)
0.0% 1.53 1.07 0.99° 1.14 1.08 1.11
0.1% 1.48 1.06 1.43° 1.09 1.08 1.29
0.5% 1.58 1.16 1.19° 1.21 0.97 1.19
Lactic acid (% DM)
0.0% 4.13 3.24 3.15 5.43 9.06 11.42
0.1% 4.96 3.22 428 5.31 7.17 12.06
0.5% 5.72 3.73 3.39 452 8.83 10.79
Acetic acid (% DM)
0.0% 1.06 0.78 0.45 0.96" 1.01°* 1.39°
0.1% 1.24 0.98 0.43 0.67* 0.84" 1.49°
0.5% 111 1.14 0.76 1.64° 157" 278

*® means in the same column with different superscript are different (p<0.05).

2 A I ”?‘4 TOHoﬂ -04;
B BEA HE ol AdudEe A4S Sddsra sty B Al 2 A

- 134 -



of H7bell ofell AEFFol AA YIS WA= @ob AW HxuU S AL A9
= e HAe Aol des & 7 duh HES AR 24 AFYH dEd ol
Fa A TR A QB HA eh] wiel WA ATAA AREElE
At AA Bos B A AREE = AlZEHEES fA ol8E ¢ U= FUIA =
Folg FHRE I HEAV &3 vs 23t s EAlska o

Table 4-2. Effects of different levels of additives on chemical composition of rice straw
silage during different ensiling period

Days of ensiling

Items
1 2 4 8 15 30
Dry matter (%)
0.0% 32.41 32.15 31.54 33.46 32.02 32.38
0.1% 32.27 3431 32.33 33.97 32.01 32.78
0.5% 31.18 30.67 31.07 32.59 31.51 31.86
Crude protein (% DM)
0.0% 4.95 4.65 5.53" 5.21° 5.84° 5.61°
0.1% 491 4.96 5.33" 5.22° 5.48" 5.54°
0.5% 5.04 5.32 6.41° 733" 7.60°  7.53
NDF (% DM)
0.0% 64.21 65.10 62.38 61.83" 60.02  60.66°
0.1% 65.03 65.42 62.13 59.57° 5881  59.03"
0.5% 64.19 63.23 60.32 58.21° 57.63  57.83°
ADF (% DM)
0.0% 38.75 39.43 36.85 36.59 37.78°  36.95
0.1% 39.43 37.53 35.06 34.22 3522 3434
0.5% 39.18 40.35 33.76 3431 32.28"  31.76

**means in the same column with different superscript are different (p<0.05).
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acid®] ¥ Alg A 7|7
t}. Acetic acid 5‘35& 9k g A 7Fo] 734&%’\1 Z7het o, E3] 8AdAYH 05% A
bl A felH oz FIhs A tHp<0.05). o83t A I lactic acide] WA F
e Wyl gld A Aoz daA F71A8 nAECd ¢ acetic acid B4
ol S7HE A7) wiolth

Table 4-32 HZ AldE A #g7]7F FoF YES buffering capacity® W EHH AT
At el QlejA] buffering capacity= AFE 2| A7} pHOll Zte] ¥ ¢ 9l A=
= on| gt} Buffering capacity’} & 222 AlAd#AE A xzsd AL x 9 pH
7b A QA AstEE de U %S lactic acid7b AAbEojoF dttE A
om a7 wjitol T8 g FFaLAlstolt,

Table 4-3. Effects of different levels of additives on buffering capacity (meq of
NaOH/100g DM) of rice straw silage during different ensiling period

Supplementation Days of ensiling

levels of additives 1 2 4 8 15 30
0.0% 18.01 10.88 11.65 16.49 2629°  24.11°
0.1% 20.53 11.37 14.68 17.03 18.72*  31.28"
0.5% 18.32 11.24 14.00 15.73 2121° 3153

*® means in the same column with different superscript are different (p<0.05).
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uwl2} A buffering capacity7} 2 Bx2 AL A S A ZA o= pH AsH7F =8 A
, ek o] o] ghfrEo]l AR Fow AdEA 9 A H= FE7HA pHF €
o] XA A HArt 2 AFAN HA o] buffering capacity 7} &u+ A< ] A
of Hlste] vrAl FA4 ¥ o] pH7L v W 2% Aor AZE dnk Hx27) o}”
WA 7FeA Fo] ko] Ao wiy MY¥BEAdo] we EXdog wginyl =1
uj

lactic acid®] AAte] FA3 W3l 7] W] @& buffering capacityol] A =
pHe] Wsle= & J&FS x| @& oz Azt 294 HFdA BE AT
of| A buffering capacity7} 743t R o™ 49 o] % F7tsh= oA 4%‘ o] % Al

7o) A3l wel buffering capacity’} Z7Fetdom 3095 wE A H7btol A
2o H]s}te] buffering capacity 7} 24 &

2) HEAZ ¥ TEALHA Y in vitro L in situ A3+&9 X E I}
Ard el A o] FA4S Hrielr] el 3097hA davk grd AL A A AlgE A
#H3ste in situ 23S Z43 ZA3= Table 4-40) 4 ¢} 2t}

Table 4-4. [n situ dry matter disappearance rate of rice straw silage treated with
different levels of additives incubated in the rumen of Holstein cows

leSVl::rl)sl:o lz?zlclit;ttllovlls A a B b (a+b) ¢ (kfol.)os)
0.0% 175 175 127°  127° 301 0.0784°  24.4°
0.1% 173 175 165 163" 338  0.0437°  242°
0.5% 201 201 284°  284° 485" 0.0285"  27.4°

*’means in the same column with different superscript are different (p<0.05).

w Aol R A= 2714 WEA s = FE(a)o] Al 9
2A7F AR A & SktH(Table 4-4). 3] #al¥= F2Mh)I FEEH =4 0.5%
LA AENS W FAYY 01%2 HUb R FYeA =k th(p<0.05).
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Table 4-19142] 05% H7F19] acetic acid®] AL &AW shFo] =gka 19} 37
in situ AHANAARD 7HEA AL FEF S 2RHoR EsE w9 Y
A E] HEAdS WMstA 7L vk ] w8 =] & acetic acid BB FSE T

AAAAE ARkl WEAAHAA in vitro )
A% Astolth 2447k MM E 05% AT A E
N %aw ol @aleh TelLh 48A% WA AN E HATFAN BF 2

fol F7hSHE AFln, 53 05% AATE FeAow The ATl i
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3 el &l %9}‘3} (p<0.05). A=EH & A= in situ ANFAI} FAM B
= WEda, 2R A Aol o] HHe] ZeljHr] o AxHEdEe] =&l
Ha ZafEo] w9 T nAEEel ol&dy] d=s AEvddoer Axd A
ZHAZE EeEE SR 7S el 23 lee JERlRIY A 2 Ao A
BbrEEs T uAb Aoy AFEAI A TE A HrkE dE ZIAL A
oAl HEE HolAy A=A %}% HAAL A S Folstdle WEY 43
daE A& Aor dFsHy, B3 It 329 HxE HJolste ARy ¢ 42
H7F 7 e e

Table 4-5. In vitro dry matter degradation rate of rice straw silage treated with different
levels of additives incubated in the rumen of Holstein cows

Supplementation levels of additives (%)

Incubation time

0 0.1 0.5
24 33.48 30.20 34.51
48 42.36° 43.06" 47.79°

*® means in the same row with different superscript are different (p<0.05).
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Table 4-6. The formula (%) of compound feed for Hanwoo steers

Ingredients

Yellow corn, ground 35.12
Wheat bran 28.00
Soybean meal 12.60
Fish meal 1.00
Corn gluten feed 10.00
Soybean hull 8.00
Molasses 3.00
Limestone 1.76
Salt 0.50
Lasalocid sodium 0.02
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WA Ao AN E FEE Table 473 2Tk B3
A A AdeAE v s T ARFF] 60%0] 37t HA YEF 87195kl
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o A% FAZ Y oF 3dem AEER A Adsto] AFEskAT AldE HE 20 kg
of 100g (0.5%)<] wt 9 silo bagell ol &te] #AHES AZlTh
A
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Table 4-7. Chemical composition of compound feed for Hanwoo steers

(%, DM basis)

Compound feed Rice straw Straw silage
Dry matter 87.78 87.07 34.86
Crude protein 16.68 5.31 7.53
Ether extract 2.95 1.24 1.10
Crude fiber 6.62 27.72 30.32
Crude ash 5.95 13.16 10.31
NDF 65.15 62.83
ADF 38.25 36.76
pH 4.80
NH;-N (mg/100ml) 1.19
lactic acid 2.79
Acetic acid 1.78

Az 24Ee AOACI984) Wl oste] ARMES A8kt
Axd FAEEL GoeringZt Van Soest(1970)2] ®Hol o] &) #2349t}

W9 ol g S-S FAs7] fste] 4 AlRALR FoI (0413
I oF5oF 1, 3, 6 E 9l flls AHGAT. A AH FA 48] cheese
cloth®2 o33 % pHE FA4sta FEYote] AANH;-N) 2 3dd Aat
(VFA)Sl =& =439t AH 3 ¢l pHe Digital pH-meter(Wheaton 120)
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Table 4-8. Chemical composition of compound feed for Hanwoo steers
(%, DM basis)

Compound feed Rice straw Straw silage
Dry matter 86.71 85.70 31.86
Crude protein 10.51 3.31 5.22
Ether extract 3.71 1.27 1.78
Crude fiber 5.00 27.46 32.12
Crude ash 6.21 8.85 12.31
NDF 20.58 70.45 64.92
ADF 8.99 42.50 40.08
pH 4.70
NH3-N (mg/100ml) 2.38
lactic acid 3.59
Acetic acid 1.58

R TEREES

Fupolon wE Fad A5 WAL 42/E olgstd Yxd F
ded 93 Wddhs W9y @ F 24 udPon Tgse] nasii Aed
M9 e Z 50cm, F7 25um, 2ol 1800me AE ol Lah. e ez v
A A ARTAA AdE BEAS T 2xee] ALAE AR
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Table 4-9. The formula (%) of compound feed for Hanwoo steers

Ingredients

Corn grain 46.50

Wheat ground 10.00

Cane molasses 6.80

Wheat flour 5.00

Wheat bran 5.00

Corn gluten feed 1.50

Coconut meal (20.5%) 10.00
Palm meal 8.00
Mixed fiber 3.00
Capok seed (26%) 1.00
Salt 0.60
Tricalcium phosphate 0.20
Limestone 2.20
Vitamin premix1 0.10
Mineral premix2 0.10
Total 100.00

' Vitamin premix contains following nutrients per kg: Vit. A, 6000 IU; Vit. D3, 1200IU.
% Mineral premix: K, 0.08%: S, 0.05%; Fe, 30ppm; Zn, 50ppm, Mn, 40ppm; Cu, 10ppm; Co,
0.5ppm; I, 0.53ppm; Se, 0.13ppm; Mg, 0.03% per kg.

Ab) EA A
EAA 8l SAS package program= ©]-&3}o] EAHEA S HAAIEA L

A HAAFL t-testE o] &3 AT}
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sH9-o] W59 waEAe] diste] Table
4-10°] YERRATE 2 AFolA REF9 wa e ddbd oz YA A ol ¢
& A=A HE BAHoR o AR WY pHE WAL YA F
T7F Yol X = Aol A} w9 dE Yol WA FEe 8.05~8.77 mg/100mlE Satter
S} Slyter(1974)7F B3 w39 wAE dwd Ao 25 5 mg/100mle] &
THTE =T Total VFA« AFL Al wol oA B Fo el sl 23.3%
=] ez} 3
v

O

oA o w F7Fete] (p<0.05) WS WA ES TRV FUFERNSS UEHAT. 53
o]#] 3l Total VFAS Z7}= 71 VFAE = acetic acide] Al ZFo] ®l & o] o]
v WA g 2] Fo oA folHoz Fhsk Ao (p<0.05) Yl =dYrt. o
H3t AL in vitro MFAHAA FEAES 05% HrFst W@ ALA R 7 2T
o H]3le] acetic acid MA HFo]l F7Fe A H

acetic acid®] ¥rAlgFe] =7l= S A2 HA/lste] Wy 7144 H8A s =7}
A A LU A=l 9k acetic acide] A4 = 2= A7) _
H & & 71 VFASR® 34 JFo7n1us 314 AMdeA o777 2 43S
B AT

Table 4-10. Daily mean values for ruminal fermentation variables of Hanwoo steers fed

diets containing concentrate and rice straw or rice straw silage treated with
an additive

Treatment

Rice straw Rice straw silage SEM'
pH 6.72 6.65 0.027
NH3-N (mg/100ml) 8.05 8.77 0.712
Total VFA(mmol) 72.64° 89.56 2.102
Acetic acid(mmol) 51.36" 57.49° 1.792
Propionic acid(mmol) 11.50 10.91 0.527
Butyric acid(mmol) 6.58 7.54 1.232
Valeric acid(mmol) 1.11 1.14 0.067
Isobutyric acid(mmol) 0.75 0.87 0.025
Isovaleric acid(mmol) 1.23 1.52 0.049

! SEM, standard error of means.
** Means in the same row with unlkie superscripts differ significantly (p<0.05).
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Figure 4-1. Daily pattern of variation in ruminal pH, ammonia-N and individual VFA of
Hanwoo steers fed diets with rice straw (‘--0) or rice straw silage treated
with an additive (Il--H). The letters indicate statistical significance; means
with different letters are significantly different (p<0.05)
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Table 4-11. [n vitro dry matter digestion rates (%) of Hanwoo steers fed diets containing
rice straw or rice straw silage treated with an additive

Incubation Treatment

SEM'
time (h) Rice straw Rice straw silage
24 2218 25.05 0.591
48 33.14 35.51 0.513
72 37.66° 43.48" 1.013

! SEM, standard error of means.
*® Means in the same row with unlkie superscripts differ significantly (p<0.05).
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Table 4-12. Dry matter intake (kg/d) and the nutrient digestibility (%, DM basis) of
Hanwoo steers fed diets containing rice straw or rice straw silage treated
with an additive

Treatment

Rice straw Rice straw silage SEM'
Dry matter intake 7.67 7.98 0.256
Digestibilities
Dry matter 58.36" 63.55 0.548
Crude protein 57.78 62.15" 0.491
Ether extract 77.25 78.31 2.612
Crude fiber 45.57° 51.01° 0.625
Crude ash 11.24 11.65 1.241
NDF 48.59 52.68 1.670
ADF 69.85 70.47 0.563
NFE 68.29 69.07 0.384

T
SEM, standard error of means.
** Means in the same row with unlike superscripts differ significantly (p<0.05).
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Table 4-13. Effect of rice straw silage on Hanwoo steer growth and feed conversion

Treatment 1
- - - SEM
Rice straw Rice straw silage
Initial body weight (kg) 465.2 482.3 25.62
Final body weight (kg) 605.0 625.3 11.34
Average daily gain (g/d) 759.8 778.8 38.54
DM intake (kg/d)
Concentrate 7.07 7.47
Rice straw 1.91 -
Straw silage - 2.05
Total 8.98 9.52 0.270
Feed conversion 8.35 8.17 0.455

ISEM, standard error of means.
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Table 4-14. Effect of rice straw silage on carcass traits of Hanwoo steers

Treatment 1
- - - SEM
Rice straw Rice straw silage
Fasting weight (kg) 750.00 769.21 44301
Dressing percentage (%) 62.74 63.12 1.592
Quality characteristics
Marbling score 3.21 3.57 1.166
Meat color 4.67 4.77 0.501
Fat color 2.67 2.46 0.643
Grade (1':17:1:2:3) (0:1:6:4:1) (1:1:5:6:0) -
Quantity characteristics
Rib-eye area (cm’) 87.62 87.96 8.089
Back fat thickness (cm) 342 3.68 0.385
Grade (A:B:C) (6:5:1) (8:3:1) -

ISEM, standard error of means.
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