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3 rumen fluid cellulose, Me Beth's cellulose

ammonium sulfate  Petterson’s media Petterson’s
media 32
carboxymethylcellulose (CMC agar)
Congo red : 7
carboxymethylcelluose (CMC) 1.0 peptone
0.5 KH204 0.5 MgS047HA 0.5 yeast extract 0.5
39 7
4 3,25, 29
32 Lachnospira Bacteroides

Butyrivibrio



Abstract

The isolation of cellulose-degrading bacteria from the rumen of cow samples was
done by cultivation the bacteria on three medium containing with cellulose i.e. rumen fluid
cellulose, Me Beth's cellulose ammonium sulfate and Petterson's media. Then the pure
isolates were culture on Petterson’s media. The 32 isolates of bacteria were obtained and
cultured on carboxymethylcellulose (CMC agar) for clear zone formation tests with Congo
red. The 7 isolates produced distinctly clear zone. These bacteria were screened for
cellulolylic activity in the medium of the following composition carboxymethylcelluose (CMC)
1.0 %, peptone 0.5 %, KH2P04 0.5 %, MgSO047HD 0.5 % and yeast extract 0.5 %.
The culturing of these bacteria was incubated at 39°c for 7 days. The result showed that

there are 4 isolates (e.g. 3, 25, 29 and 32) could produce high cellulase enzyme.
The identification = of these bacteria revealed as Lachnospira, Bacteroides and

Butyrivibrio sp.
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(Cellulose)
(Fogarty, 1983; Moat and Foster, 1995)

(Fogarty, 1983; Gong et al., 1999
(Benoit et al., 1992)

(Fogarty, 1983; Gong et
al, 1999)

(Beguin
and Aubert, 1992) VAN N

(Cellulose-degrading

microorganism) (Fogarty, 1983)
Acetivibrio, - Bacteroides,
Ruminococcus, Clostridium, Bacillus, Cellulomonas, Celluvibrio, Cytophaga, Erwinia,

Pseudomonas, Streptomyces Thermomonospora (Stutzenberger, 1990; Rapp
and Beermann, 1991)

(Benoit et al,, 1992) (Beguin
and Aubert, 1992) ( , 2533; Flungate, 1947;

Dehority, 1991; Beguin and Aubert, 1992 ; Patterson; 1992; Foong et al., 1997)

' (2539
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L (Cellulose)
11
(Cellulose)
(cellobiose)

1992, Gong et al., 1999) ( 1)
100 14000 P (1-4)

(hydrogen bonds)
(microfibril)

crystallinity) 0
cellulose  carboxymethylcellulose (CMC)

(glucose)

P (1-4) (Beguin and Aubert,

(bundle)

(crystalline)
(amorphous)
(degree  of
acid-swollen cellulose, soluble
100

Valonia (Beguin and Aubert, 1992)

1

. Beguin and Aubert (1992)



(hemicellulose) (pectin) (lignin) !
( , 2542; Beguin and Aubert, 1992) 2
(pectocellulose) 80

(lignocellulose)
(Gong et al., 1999)

(Fogarty, 1983 Gong et al, 1999)

1
12
supercritical
fluids
(Gong et al, 1999)
(cellulase)
(hemicellulase) (Patterson, 1992)
(crystalline
cellulose)

(aerobes) (anaerobes)

(Beguin and Aubert, 1992)
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. Gong et al.(1999)

Materials

Softwood
Spruce
Pine
Hardwood
Aspen
Black locust
Birch
Hybrid poplar
Red oak
Silver maple
Sycamore
Willow
Crop residues
Com cobs
Com stalks
Corn stover
Sugarcane bagasse
Wheat strew
Others
Alfalfa hay
Nut shells
Cotton
Cellulose Wastes
Paper
Newspaper
Sorted refuse

Cellulose

(%)

43
44

46
49
38
43
38
46
44
31

45
35
4
40
36

3
25
90

85
61
60

Hemicellulose

(%)

26
26

26
2
21
2
21
23
22
23

35
25
il
30
28

25

16
20

Lignin
(%)

29
29

18
22
23
26
23
il
23
A

15
35
17
20
29

14
30

15
A
20



2. (Cellulases)
P (1-4)
(Beguin and Aubert, 1992)
21 (Cellulotytic systems)

3 (Patterson, 1992;
Moat and Foster, 1995; Gong et al., 1999)
1 Endo-p-14glucanases  Cx  CMCase ~ p-14 glucan glucanohydrolase
(EC.3.2.1.4)

carboxymethylcellulose (CMC)

(glucose)
2. Exo - p -1, 4 glucanases Cl Cellobiohydrolases p -1,4 glucan

cellobiohydrolase (EC.3.2.1.91)

(cellobiose)
3. P-glucosidase - Cellobiases P -1,4 glucosidase (EC.3.2.2.21)
(cellulodextrins)

Cellulose
Long chain oligosaccharide of linked glucose units
Endo-1,4- glucanases
Medium and short oligos'.accharide with free ends
Exo- 0-1,4 glucanases
Cellobiose
| P - glucosidase
Glucose
2

: Moat and Foster (1995)



Trichoderma reesei, aerobic fungi
(Beguin and Aubert, 1992)
Clostridium  thermocellum

(Beguin and Aubert, 1992; Moat and Foster, 1995)

2.2
1
(Beguin and Aubert, 1992)
2.
(Beguin and Aubert, 1992) :
(2533
3.
(Beguin and Aubert, 1992)
4,
(2533
3.
(Ruminant) (roughage)
4 (rumen) (reticulum)

(omasum) (abomasum) 3



(rumen)

80 (3
(2533
obligate
anaerobes
( , 2533) ( anaeroplasma)
archaeobacteria (methanogens) ' (cilate protozoa ) bacteriophage
100101 105106 103105
(Patterson, 1992) (
2533)
1 esophagus 6. omasum
2. cardia 7. abomasum
3. esophageral groove 8. anterior pillar of rumen
4. rumen 9. diaphramg
5. reticulum 10. reticulo - omasal orifice
3 in situ

(2533)



31
obligate anaerobes facultative anaerobes
(Patterson, 1992) 2
(2533
L (Cellulolytic bacteria)
' ' (cellulase)
(cellobiose) 2
P (1-4)
Bacteroides succinogenes, Ruminococcus flavefaciens, R. albus Cillobacterium
cellulosolvens
2. (Hemicellulose digesting bacteria)

Butyrivibrio fibnsolvens,
Lachnosperia multiparens =~ Bacteroides ruminicola
3. (Amylolytic digesting bacteria)
Bacteroides amylophilus, Succinimonas amylophilus,
Butyrivibrio fibrisolveens, Selenomonas ruminantium, Streptococcus bovis ~ Bacteriodes
ruminicola
4, (Bacteria utilizing acids)
Veillonella gazogenes, v.alacalescens,
Propionibacterium sp.,, Selenomonas ruminantium, Peptostreptococcus elsdenii
Selenomonas lactilytica
b. (Proteolytic bacteria)
L | : Bacteroides
amylophilus, Clostridium sporogens  Bacillus licheniformis
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1 Spirochetes
Order: Spirochaetales
Family: Spirochaetaceae
Genus: Treponema (bryantii, saccharophiium)
2. Anaerobic gram-negative straight, curved, and helical rods
Family: Bacteroidaceae
Genus: Anaerovibrio (lipolytica)
Genus: Bacteroides (ruminicola [ruminicola, brevis(, succinogenes, [succinogenes,
Elongata( , amylophilus()
Genus: Selenomonus (ruminantium [ruminantium, lactilytica])
Genus: Succinimonas (amylolytica)
Genus: Succinivibrio (dextrinosolvens)
Genus: Wolinella (succinogenes)0
3. Anaerobic gram- negative cocci
Family: Velioneliaceae
Genus: Magasphaera (elsdeni)
Genus: Veillonella (parvula)0
4. Mycoplasmas
Order: Mycoplasmatales
Genus: Anaeroplasma (bactoclasticum, abactoclasticum)
5 Gram- positive cocci
Genus: Ruminacoccus (albus, flavefaciens, bromii)
Genus: Streptococcus (bovis)
6. Regular, nonsporing, gram- positive rods
Genus: Lactobacillus (ruminis, vitulinus)
7. Irregular, nonsporing, gram- positive rods
Genus: Butyrivibrio (fibrisolvens)
Genus: Eubactrium (ruminantium, limosum, cellulosolvens0, oxidoreducens)
Genus: Lachnospira (multiparus)
8. Archaeobacteria
Group: Methanogenic Archaeobacteria
Order: Methanobacteriales
Family. Methanobacteriaceae
Genus: Methanobrevibacter (ruminantium)
Order: Methanomicrobiales
Family: Methanosarcinaceae
Genus: Methanosarcina (barkeri)
“Predominant species are listed in parentheses; subspecies are listed in brackets.
b Have recently been renamed Prevotella ruminicola, Fibrobacter succinogenes (Fibrobacter intestinalis has recently been
described), and Ruminobacter amylophilus, respectively.
¢Originally named Vibrio succinogenes. Veillonella alcalescens. and Cillobacter celllosolvens, respectively.

. Patterson (1992)



6. (Ammonia-producing bacteria)
Bacteroides ruminicola, Selenomonas ruminatium,
Peptostreptococcus elsder Butyrivibrio
T. (Methanogenic bacteria)
Methanobacterium - ruminatium M. formicium
archaeobacteria (Patterson, 1992)
8. (Lipolytic bacteria)
9. (Vitamim-synthesizing bacteria)
Bacteroides
succinogenes Fibrobacter succinogenes, Bacteroides amylophilus
Ruminobacter amylophilus Vibrio  succinogenes olinella
succinogenes (Patterson, 1992)
3.2
—t (ciliated protozoa)

flagellated protozoa
(, 2533



Phylum: Cilliophora
Subphylum: Rhabdophora
Class: Litostomatea
Subclass: Trichostomatia
Order: Vestibuliferida
Family: Isotrichidae
Genus: Dasytricha (ruminantium)
Genus: Isatricha (Intestinalis, prostoma)
Gnnus: Cligoisotricha (bubali)
Order: Entodinimorphida
Suborder: Blepharacorythina
Family: Blepharocorythidae
Genus: Charonina (ventriculi, equi, nuda)
Suborder: Archistomatina
Family: Buetschliidae
Genus: Buetschlia (parva, neglecta, lanceolata, triciliata)
Genus: Parabundileia (ruminantium)
Genus: Polymorphella (bovis)
Genus: Blepharoconus (krugerensis)
Suborder: Entodiniomorphina
Family. Ophryoscolecidae
Subfamily: Entodiniinag
Genus: Campylodinium (ovum-ragae)
Genus: Entod'ilium (bursa, caudatum, simplex)3
Subfamily: Diplodiniinae
Genus: Diplodinium (dentatum)3
Genus: Eodinium (lobatum, rectangulatum)3
Genus: Eremoplastron (rostratum, bovis)
Genus: Eudiplodinium (maggii)
Genus: Diploplastron (affine)
Genus: Polyplastron (multivesiculatum)
Genus: Elytroplastron (bulbali)
Genus: Metadinium (medium, ypsilon, tauricum)3
Genus: Ostracodinium (mammosum, dentatum)3
Genus: Enoploplastron (triloricatum)
Subfamily: Ophryoscolecinae
Genus: Epidinum (ecaudatum)3
Genus: Epiplastron (africanum)
Genus: Ophryoscolex (purkynjei, caudatus)
3Genus contains a number of additional species or forms. The type species is given first.

. Patterson (1992)
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3.3

anaerobic fungi

(, 2533
4
4
Division: Eumycota
Subdivision: Mastigomycotina
Class: Chytridiomycetes
Order: Spizellomycetales
Family: Neocallimasticaceae
Genus: Neocallimastix (frontalis, patriciarum, joyonir)
Genus: Caecomyces (communis)
Genus: Piromyces(communis)
Unaffiliated Genera
Genus: Orpinomyces (bovis)
Genus: Ruminomyces (elegans)
: Patterson (1992)
3.4 Bacteriophage
phage
phage 107108 phage (rumen fluid)
phage 125  (Patterson, 1992)
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(2527)
113
cuL, CU3  Cu4

Hungate  (1947)
rumen content (coccus) (rod)
Streptococcus sp.

Dehority  (1963)
4 Bacteroides succinogenes (A3C
B21a)  Ruminococcus ftavefaciens (B34b  Cla)

Benoit et al.(1992)

Clostridium sp.

Fondevila Deharity (1994) Fibrobacter succinogenes,
Ruminococcus flavetaciens Prevolella ruminicola

Foong et al. (1997)

cellulose enrichment Fibrobacter succinogenes, Ruminococcus flavetaciens
Butyrivibrio sp.
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, rumen
fluid cellulose broth (RFCB), rumen fluid cellulose agar (RFCA), Me Beth's cellulose
ammonium sulfate, Petterson’s media ~ nutrient agar (NA)

2.
FHolspyl Fresian
Brahman
3,
3 7.00-8.00 .
(cannula) 3
blender 3

(rumen fluid) 4
4,

1 1 rumen fluid cellulose broth (RFCB)
( ) 9

(anaerobic jar) 37-39 24

(streak) rumen fluid cellulose agar (RFCA) ( )



51

agar)

Z0ne)

5.2

16

37-39
1 Me Beth's cellulose ammonium sulfate
Whatman 1 9
39 1
Petterson’s media
(streak) Petterson’s media
39
2-3
1 Petterson's media
‘ |
Hankin  Anagostakis (1977)
4 carboxymethylcelluose (CMC
39 3 Congo red 0.1
10 1 M NaCl (clear
51 Petterson’s media
39 3 1 ,

250 carboxymethylcelluose (CMC) 1.0
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peptone 0.5 KH2P04 0.5 MgS04.7HD 0.5
yeast extract 0.5 50 250
39 7 '
13,000 4 30 ' (supernatant)
crude enzyme ( )

6.
nutrient agar (NA)
1
2.
3 Bergry's manual (Krieg, 1984; Sneath, 1986; Holt,
1994) ( , 2537, , 2537; 2538)

100984



Whatman

1

Me Beth's cellulose ammonium sulfate

32

4
cellulose ammonium sulfate

5 6

I

Whatman

1

(rumen fluid)

18

Me Beth's

(rumen fluid)



5
cellulose agar (RFCA)

o ~NJ O o B LW NN e

©
*

10
a2l
12
13
14
15
16
17
18

1

19

rumen fluid



6
ammonium  sulfate
Petterson’s media

19
20
21*
22*

24*
2,
26"
21"

media

30
3
32

Whatman

1

20

Me Beth's cellulose

Petterson’s



agar)
Z0ne)

32

© OO ~N o o1 BB W D e

[ T O SN S EEY —_
@mbw’\)':‘\o

39
10

+++

++

++
++
++

3
1 M NaCl
7
3
, d

17
18
19
20
il
22
23
24
25
26
21
28
29
30
3
32

A

carboxymethylcellulose (CMC
Congo red 0.
(clear
8
3 21, 22, 23, 25, 29

++

o
+++
+++
+++

tro

b

Att



Bergry's manual (Krieg, 1984; Sneath, 1986; Holt, 1994)

22

3,
carboxymethylcellulose
(CMC) 10 peptone 0.5 KH2P04 0.5
MgSO047HD 0.5 yeast extract 0.5
2. : carboxymethylcellulase (CMCase) 0.044 -
0.111 units/ml CMCase 0.083 units/ml ( 9)
4 32,29 3
Clostridium  sp.
Benoit et al.(1992)
9
Carboxymethylcellulase (CMCase) acitivity
(units/ml)
3 0.111
2 0.049
22 0.044
23 0.045
25 0.077
29 0.073
32 0.070
4,
4

10
10
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Gram stain
Spore
Motility
Growth on MacConkey agar
Catalase
Oxidase
Indole production
Galatin liquefaction (15 days)
Starch hydrolysis
Nitrate reduction
Hydrogen sulfide
Urease
Acid produced from:
Fructose
Glucose
Lactose
Maltose
Mannitol
Mannose
Sucrose
Xylose
Production of gas from glucose
Oxidation - Fermentation (Glucose O/F)

ND: Not determined

29
32
25

23

9 5 X 32
+
4 1 4
4 4
4 4 4
+ 4
4
ND
4 4
+ 4
4 4 4
4 4 4 4
4 - 4
ND 4 ND
4 4
ND 4 ND
4 4 4
4 4
4 4
+/ + +/ + +/ +/+

Lachnospira  Itiparus
Bacteroides succinogenes
Butyrivibrio fibrisolvens
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rumen fluid cellulose, Me Beth’s cellulose ammonium sulfate

Petterson’s media 32
1 ' carboxymethylcellulose (CMC agar)
conge red 7
carboxymethylcelluose (CMC) 1.0 peptone 0.5
KH2P040.5 MgS047HD 0.5 yeast extract 0.5
39 7
4 325 29 32
carboxymethylcellulase (CMCase) 0.044-0.111 units/ml
4
3
, 3 Lachnospira
ltiparub 29 Bacteroides succinogenes
32 Butyrivibrio fibrisolvens 25
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. 2531.
2531,

2538.

. 2542, . ,
2, — 3594, N
. 2535, L 2,

. 2538.
Agave sisalana Perrine.

. 2921

2533.
. 2528,

Beguin, p. and Aubert, J. - p. 1992. Cellulases.  J. Lederberg (ed.), Encyclopedia of
microbiology, pp. 467-477. San Diego: Academic Press, Inc.

Benoit, L., Cailliez, c., Petitdemange, E, and Gitton, J. 1992. Isolation of cellulolytic
mesophilic Clostridia from a municipal solid waste digestor. Microb. Ecol. 23; 117-125.

Dehority, B. A. 1963. Isolation and characterization of several cellulolytic bacteria from
in vitro rumen fermentations. J, Dairy Sci. 46: 217-222.
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Fogarty, W.M. 1983. Microbial enzymes and biotechnology. London: Applied Science
publishers.
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541-548,
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79-89.
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Carboxymethylcellulose agar (Hankin and Anagnostakis, 1977)

'(NH425 014

Carboxymethylcelluose

Yeast extract
Agar

carboxymethylcellulose (CMC)

CMC

Inorganic salt solution (Hungate buffer) (

(NHz)25 04
NaHP0412H2)
khZpod

CaCl2

MgS04

NaCl
1

Nutrient agar
Beef extract
Peptone

Agar
b o

- 2527)

500

10
5.0
10
10.0
10

CMC

125 104
44.09

1118

0.125

0.125

2.5

1.0

3.0
50
15.0
10

29



Petterson’s media (

Me Beth's cellulose ammonium sulfate solution (

Dipotassium phosphate
Magnesium sulfate
Sodium carbonate
Ammonium sulfate
Calcium carbonate

Whatman 1

15 /

. 2528)

Cellulose power
(NHAH2S04
KH2PO4
khpod
MgS04. 7THD
Ferric citrate
ZnS04. THX)
MnS04. 4H)
CaCl2

CoCl2 6H2
Thiamine hydrochloride
Yeast extract
Agar

30

1.0
1.0
10
2.0
2.0
1.0
1.0x5.0

calcium carbonate
30

6.0
2.0
0.6
0.4
0.5
10.0
4.4
50
55.0
10
100.0
10
18.0
10



Rumen fluid cellulose broth (RFCB) (

Inorganic salt solution
Resazurin (0.1% solution)
Rumen fluid

Cellulose

Cysteine hydrochloride

Rumen fluid cellulose agar (RFCA) (

Inorganic salt solution
Resazurin (0.1% solution)
Rumen fluid

Cellulose

Cysteine hydrochloride
Agar

| 2527)
0.5

pH 7.0

- 2527)

pH 7.0

0.5

3

200
0.5
15
0.5
0.05
224.5

200
0.5
1.5
1.0
0.05
15
224.5
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Congo red 0.1

Congo red 0.1 100

carboxymethylcellulase  (CMCase)
(2538)
crude enzyme 0.5
2, 0.1 M citrate buffer pH 4.8 0.5 CMC 2
1
3. (water bath) 50 10
4, DNS reagent 3 "

-

5. 10

550
unit  of

enzyme
DNS (Dinitrosalicylic acid)

L NaOH 10 22
phenol 10 ' 100 96
NaHSOj 9.6



3

DNS 1 880 Rochell
salt 255 NaOH 4.5 300

DNS 1
1 2 DNS

0,01, 02 04 06 08 1.0
DNS 3 5
10
550

optical density (OD) 5

unit of enzyme

1
1 1 ( , 2538; Benoit et al., 1992)
=1 mole 1
=1 mole 1
=0.180 1
0.180 1 1
1.000 10 1

(0.180x 10)
0,555



0D550

1.0

0.2

10 = (X) x (0.555)
0.5 = (X) x (0.555)
= (X) x (0.555)
0.5
= ( ) x (0555) |
0.4 0.6 0.8 1
( l )

34
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