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nntsauadierndivann LdululEsmeauauan LusEldunIdvanatiie
o
“ £ < - - : o ]
Ave lHn 17l inu uasd 9 dunTdRae L Hud i Suduinuen i 3a s l¥wden 950 nu
il -:.Nlu 5 - < . o""l’uJ -5
AHNA I ATU L IMBAUNITHAR L aTauAanadaa TY LARIBIA LN IUY
- -y H H - I
ienAy (substrate) NuuaniFaaetuasut dudinu 1 Huany

- . - ' H . -~
19znaulB9tann (simple compounds) Teuneidu 3 nau A

.~ ol ¢
1. a1 lndiunde dvau 1 - 6 azeay
o I's
2. nwaanadpanidai1Tuau 1 - 5 BrRaid

4 'd r's s
- 3. WHvatwu ﬂﬂﬁuau1m93ﬂ1ﬂa uasﬂ11naunauuan1ﬂﬂ
uqunéutﬁaiﬁ methanogenic bacteria d1un3n1Udsu long

chain fatty acids, dicarboxylic acids une#ie, acetone, 2,3 -

]
butylene glycerol uar aromat.ic compounds un9#ie (i1duw benzoic

aclid)

ol ot - e “a o«
ﬂﬂHQﬂiﬁuﬂﬂﬂNTUﬂuquﬂ17lﬂﬂ”lnu

- oy

] [~ 7 P - - £
Wuuqnaﬂnlnumﬂuﬁatnu NIAAUNTALUAALNAATEUIUNTG

*
decarboxylation ufa az'lhn1gene q &0

HCOOH - > CO_ + H,

CH_COOH - > €0, + CH, (methane)
C2H5COOH T T e —> €O, + C_H, {ethane)
C,H,CO0H -— ) Co, + C,H, (propane)
C,H,COOH  ——morm— ey 0O, 4 C,H,, (butane)
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ar <4 -t ' - P - L |
AINNIIVINUWLLUAINLNUDDINLIAED UAGINITUATBINTA 61UNTA
- o - R, -
aunﬂzlﬂasuuﬁlﬁuﬁﬂiaeaunaﬂutnu (methane precursors) 910 Van
. . N N vl v e + s 1
Niel carbon dioxide reduction theory  1& l#nmdnzmiterivaule-
¢ . ) ‘
aanlrduarlaTasiauiiy immediate precursors masiinu  e1fudula-
s [v] 3 -4 I
aan1ﬂmqn reduced §1818Ta719u lusvrunast  Tesiuwtnerduaula -
4 - A . of . .
nan lde Har 1A 1laT1L3uL AATUIINNTA Aau"y chemical reduction na9v
£ FETS - - B -
arfuaulasanluddalaTas1aulEdinu  deliutusaulunigifealiinuaannia

o o . . .,3
Wajtun (formic acid) aﬁqtﬁumqu

Step 1 4HCOOH ------ > 4CO,_, + 4H,
Step 2 co, + 4H, ---> CH, + 2H,0
Ufin3s119u 4 HCOOH ---v--- > CH, + 3C0, + 2H,0

I II - - ﬁ - 3
TuUs U uﬂ'\‘flﬂﬂlJlnuqqﬂn'iﬂﬂﬂaﬂn 2391 UUAIU

Step 1 CH_COOH + ZH_ 0 ——-===-- > 2C0, + 4H,
Step 2 CO, + 4H, ----------r-- > CH, + 2H,0
Uin3an39u CH,COOH —------ccm-mm- > CO, + CH,.

ﬂ'-‘ - u-..:‘
INAITYIENALL BN L A8dau " A7 LN LNU LHAIN
1. From a primary alcohol
4CH_OH ------ > 3CH_, + CO, + 2H,0
2C_H_OH + CO, ------ > CH, + 2CH_COOH
2. From a secondary alcohol
4CH_CHOHCH_ + CO, —----- > CH, + 4CH_COCH, + 2H,0

3. From a higher fatty acid

2C_H_COOH + CO, + 2H,0 ----—- > CH, +2CH_COOH + 2C_ H_COOH

u Al -5‘194 4 -{d"lu - - -] -
tamintean 1382 arduaulessnlzenlfanundarinanu &

: - i - 3 <~ 4 '3
1n1ﬂuﬁn?awqﬂﬁqa AuEnzuL eafuiuddena il ine arduaulasanlyg
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v ] y “ve o o W
’-Iﬁlﬂ'ﬁjﬂ‘ilﬁll'luﬂ’l'lﬂﬂ\lﬂ B\i“ﬂlﬂ”?'iﬂﬂuﬂ\lu
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CO2 +2H ;HCOOH +2H 3 HCHO +2H >('.'.1-13()]{
-H,0 +2H
~-H_0

CH,

- . i s
ATEUIUAYIILINGIs reduction mavatriuaulaaanlidd &as
w £ = 2 : 4 4
1aTas1su 18nsawadiin uwinvasulyitudaiuqaaldéd (formaldehyde)
w %’ I ] - £ 2 '
#aalalav1 sunarur Wasusa luiduindavasnadanera l8las19u ulaka Ly
» g ] [=4 vu '
Liud i nudaelaTasiauuaedn  asrelafien nrzurunrandelidnasoudas
" -~y L ]
qugq1q a0 1%
fAmul
AN TsenauL T9¥au (complex compounds) gnlﬂaau ]|
Liudgrtussnamdaians wi:30n 7320w
Barker (Barker, 1956) 181 9Ra AnFITlIENBY
. - - .
LBedaud e nulivatantzuauntt Wlatuasulu Sull inuiud udiudsuly
; o . u
Lﬁuﬂﬁ1ﬂ1vnantiqlﬁa1 ua2 methane bacteria Lﬂanu1ULﬁunﬂﬁivn1u

*
w ol
u

AL THUFNNT 1889
wuuRALTe wuANL T .
(CHZO)G —_— 3CH3C00H - 5 .3CH4 + 3002

I ¢
ardluldiaam nIAauUNIA n1rdanw

Zeikus (Zeikus, 1979a) l1&#3UujnTandns ¢ Tuvafitia 4
nau v Ty Aaataa ﬁqzuﬁ 14 1&un

1. Hydrolytic bacteria

2. Hydrogen producing acetogenic bacteria

3. Homoacetogenic bacteria

4. Methanogenic bacteria
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COMPLEX ORGANIC ChARBON

T HYDROLYTIC BACTERIA
—

ORGANIC ACIDS

NEUTRAL COMPOUNDS
T

HYDRQGEN- PRCOUCING

ACETOGENIC BACTERIA

oL

HOMOACE TOCENIC

BACTERIA
H5/C0 5 ~ ACETIC ACID

ONE CAREON or
COMPGUNDS

v METHAMOCEMIC UACTERA

CHy + €0

- . . . .
3ﬂﬂ 14 Bacterial groups involved in the complete anaerobic

degradation of complex organic carbon. (Zeikus, 1979a)

-l < 1 :I’ - L
AMNUBANLIE 4 naad adsledalatiu 2 wan
3
1. Nonmethanogenic bacteria aauURﬁL§anén 1 - 313

[V X e e . . '
famiiu Fednaniilu facultative uar strictly anaerobes 18un

. | ' ] 0.‘
uunnt1anqutnﬂ1u
Streptococcaceae

Enterobacteriaceae

Bacteroides, chiefly Bacteroides ruminicola

Clostridium

Bifidobacterium

Desulfovibrio
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' < - 4
Nonmpethanogenic bacteria Lﬁuétﬂaauﬁﬁ1ﬂ1vnauaun1ﬂ
1 99¥au iotﬁuﬁﬂqau Loy LﬂaeTaa sile Tusdu 1ada waw i fuaas
Urznaufaranmitld  (soluble compounds) dqulvah ialaanuiunis
. '3 * o]
128731834 (hydrolysis) avna1dlulgiaan 1duietaiBe1aa9
aan tadei dunsa loiiv Plarduau 1 - 6 acedn uarndLT¥EIBA
U - s y = s
(glycerol) iatﬂaaulﬁuuﬂanaﬂaa FINRTUAU 1 - 5 AEHAN  WAEIIN
My
Tyssuidu proteoses, peptones, %a4 lunuiuni7u lidasnisaandiay

BEIr uarhqlpandiauddir endaeiduiuaie 18

< ' o o - « .
aqudut1aﬂnquuunnsvanﬂu1aqaun1ﬂ i#u  cellulolytic

o -

. -
bacteria tﬁunéuuuant1ﬂnaaulﬂa§7aﬁ N CTREE AL acetate,ethanol,

18Ta313u avJusulasanlds

[N

- o - E vl ) [ T |
a1t isnuuant Yamundawan leadnnasgandana LEun
. . | & .
acetogenic bacteria iluuuaNiIanivisud1sdunis 1du  volatile
fatty acids 11 iu acetates
. . ﬂ . B | '
2. Methanogenic bacteria 1luluaNLIanLUaAUAIIETIY 1
' I3 's 'd
1fu acetates nindun3d usanagas lalasiau arSuauleaanled Lidu
} T
VDinu  uuaNi Imiwaindaentidnaw 1¥aandi quasaauhaia wiuRg1TUIN
.« 3+ L. = ]
oxidizing afnvdau idu luimia Héaeludl
e M
na lnlunts8¥r9n1v¥anusangrsdrenaui 3o tanada taudnuie
[ DT ]
uAandANg U
- o - - - - - -t ]

1. Aendull 12 1deafiee  idavanddendull 12 Yanngagen
Tu sludge

Barker (Barker, 19586) Tauuadeda  reductive step
a1 W l@iAasnldTaTiau uditdiesn hydrogen carrier  Tesrunu

- - . ‘ ‘ -t ]
#78 XH a3Uu reductive steps navarduaulasanlydd 2131 Taulunsu

- ve o
paTLURAuL A LHAwT
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H 5 + 1 ‘
CO2 X XCOOH 2H XCHO +2H XCHon +2H XCH3
-H,0 -H,0 +2H
CH4 + XH
. £ » v
Hydrogen carrier Qnﬁ?ﬁunuuaatnﬂdan1ugulgau1ﬂ
k|
<
tIan
NITLNaNILNUIIN methanol URERTARETAN BIAURAINT
- ar " - »
tn8INavnmy hydrogen carrier (XH) uasnnvﬁnuﬁasLﬁu1ﬂ191una1ﬂ

] -1 . ) { £ =~ '

BAIATTLNANLIU ud lunTaiwa Il oxidant lslderfuanleasnlyd Seuiin
ﬁudud 1 - .~ o o

reductant 3zi1ldu@liesriuRs XH Tﬂ7011eﬂgn1aﬂnﬁu¥1mnﬂq Barker

astﬁuﬁqﬁ

> XH + cCo > XCOOH

+2H

XCHO
-H_O [|+2H
~——> XH + CH_OH XCH_OH
+2H

-CO ~H_O

v
>
2
o

—=> XH + CH_COOH

—2H +2H

recycle < XH + CH,

; <4
ndistrenaviali39fan [ronitvasul dudnTuTenaui 3L as9
¥
i ¢ ¢ - ¢
uasquﬁqQLﬁuﬂﬁ1vau1naan1ﬂa tunfauaanafiaa NIRaETRA 3x0n

methanogenic bacteria i1uasuiiuiinu Wounusuntrseusunazruianin
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XH asLHn1ﬁasﬁaqﬁnw1uu1uqﬂn1ﬁlnﬁauﬁu
Stadtman (Stadtman, 1967) 1l&wuin XH @8 cobalt-
.. S M . - o e
containing compound Foloun Jadud 12 Tu sludge s nDIMINNY
Banw  lEwndeadud 12 (duddnamean (Santos, 1983) Lﬁun11tﬂaqﬁ
Tminiae Tarilua1u i Favaviing 13naq
2. Coenzyme M (2-mercaptoethane sulphonic acid)

i . . o E4 ‘ s
Lﬁuﬁﬂsﬁ methanogenic bacteria HiﬁinququﬂﬂiLU%HNHﬁ?UBHTﬂ—

aanlgaliiluiliny (Balch et al., 1979 §97UM 15

Z2-mercaptoethane
sulphonic acid (COM)
HS - CH, - CH, - So,

X-CHO

methyl

reductase CH

CcO,
«
2-methyl thiocethane
sulphonic acid (CH, - CoM)
CH, - S - CH, - CH, - SO,
] .
3&" 15 Activation of CO_, by CoM and methyl reductase to

form methane (Adams, 1981)

o .
3. Fazo L in co-enzyme WU L aws Ly methanogens Tauy

.
-~ oy b L2

4 £ ¢ -1 o o
Tutdannaedad Wy naeIauniddiedu o H1u11ntuugmﬁuumn1a Tasnn
v L7 [V} 4 . .
vet mount WRIABIAIENESIIANTIAYLTauNy ardl excitation 420 nm,

emission 470 nm 18 HifuiaTaudasin i met.hanogens (Edwards
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- 4 3 . . T
and McBridge, 1975 qunﬂﬁﬁaLﬂ1wunﬁznu13191Lwunn oxidized lan
¥

LHauaaiiy Forveo warardvaulennnledly reduced Tesidausaiiu CoM

L 74 E 7 4 o J
um2 18T nu 1EdnaTvadaa Faze 16e99un 16
b 1] k|

\:)

0 CH0 €00 0  coo®
- . - ' - ¥
CHz=CH-CH-CH-CH,0-P =0~ CH-C - NH-CH-CHy-CHy- C - NH-CH
CH OH OH O (':Hz
i
CHy
'
coc®

U0 16  Structure of ¥ ) tKirich et al., 1978)
] a4z0 —_— ——

Cheeseman ua@m: (Cheeseman et al., 1972) l#afiuas

denq1naandisuilluiuaiinia methanogens 85719079 avraduiwiae
i o . . - . . o [V -
LHaafiy F,., oxidation tupnn oxidized aenlH enzyme UWHAAIDBN

g wr . : Y &.
n F,., uwaldaane (labile) enzyme 3riBanaaiiy Fapo t¥BAD

reduced ﬁﬁ1ﬁﬂqzﬂ (stable)

4'1 - oA e P A o o v
LUHBIINE T T IENaNAUN TSNS L Uanut ﬂuﬂ'jﬂ LABHNITTNHNUAN

2
pH lufianiinazana- 5ﬂaaaoNﬂniuﬁu50nﬂ1L??@naq methanogenic
. - o - [ - v - - 2
bacteria AIUUNITLAGNIRIIRANINEan T 9  (Nantennidaau lu fu
o

- ] -y e oo - [ TR | - 4-13
Ninu pH ax luamavuan ﬂnmqunquunun11ﬂ1n pH 1na§1uﬁoqnuunntiﬂnq

-

3 o ¥ . . -l o~ -
2 Nay  wany nonmethanogenic war methanogenic uwuaniigisin o

- 4 ] H -
#n1wiiwiwad (buffer) agquaﬁn11ﬁuun
<y w < - o o - 4
NVIUAVTUARAITEINIW B INRUATL TS 2 S WINEINE 1IN
‘ - o -1 Py 1 '
Wi aranazedantiaonwioly Teal¥ Fauiand i Bavide daq Sulutats
L]

0 i 3
] e o ] .
LﬂﬁnﬂqﬁuﬂﬁﬁnﬂRBQﬂuuﬂ yBawdy (mixed culture) t(HuSed1i8u asar

T#i8ne 2 128 Aawinasi¥a 1380 coculture wialdi%ave 3 %2 1 3an
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L
- i » -

triculture #vlyninfiu deularwaan g3 Ing1TUIEnavI A9 iL@82 AHIWLTD

e H »
Yaeni1id06n9 " Ny nuagﬁuﬂﬁanaadﬁ1U1znanLiqtﬁaauu g Barker
. - ‘ -
(Barker, 1958) uuvﬁnﬁ1nnnn#uy1mnaadw1ﬂ1sﬂauLB«1aa1 17
valeric acid (C_H_COOH) fiadlaunng methanogenic bacteria

! . . . ’ - "',,
af9uDe 3 ¥he (species) methanogenic bacteria uagzdus [z 1a87

-— - A [ o ]
7@q0ulﬁuﬂﬁ1lawﬂzL?ﬁﬂ?ﬂ”ﬁﬂ Aebae1¥A1usseedn "extreme
. . . " - O N 1 - <m ' - ‘lv [
substrate specificity Fatini Bananias 3 Ll iwusdunas 1¥8y
9

-~ <y £y
umqmnqﬂﬁuﬁ

CELLULOSE

|

l A CELUR OLYTICUS{FERMENTATIVE ) STEP 1

ETHANOL OESULFOVIBRIO SP. {ACETOGENIC, Ha-PRODUCING!STEPY|
ACETATE
ACETATE Y
—— L™
H/CO, [——

M BARKE RI{METHANOGENIC) STEP I

zﬂﬁ 17 Scheme showing the relationships of the three
bacteria effecting the cellulose-t.o-methane fermen

tation. (Laube and Martin, 1981)>
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Laube uar Martin (Laube and Martin, 1981) l¥naaav

uﬁmnﬂﬁ§1n1u1ﬂnlﬁa§Tad Tasl¥:13a 3 1ila 18un Acetivibrio

cellulolyticus, Desulfovibrio sp. uWar Methanosarcina

barkeri Tunq3@n8In19%19 141991 ¥ dgﬂWﬁﬁqgﬂ 17 wua82 1Y

A. cellulolyticus BEINLABT 3 14 ethanol, acetate, 18 Tav19u

uararfuaulesanlad  Ha'l¥ A. cellulolyticus fiv M.barkeri a1y

Y o
acetate NINTU  uat ethanol Hamav tw31r ethanol 1Yasulyiiu
‘ -] 4 -y t
acetate iiattaivan milinfiiu reducer uardlaTnstaudamiasnls w18

- K € w . .
HinuiAatuldaniian 114 A. cellulolyticus, M.barkeri uav

. - 1 &
Desulfovibrio sp. ﬁz1ﬁﬁ1nuanﬂqu1nuas11mt11 Y ethanol, acetate

k 'd
- w - -y
sar lgTaTivuilaann aquuﬁﬁqvuunnﬁﬂivnwwq1n1ﬂa§1aﬁqﬁ1ﬁnae RN
AuuaniIasiv 3 1l
4 ar -
Lane (Lane, 1980) 1ﬁd3ﬂﬂ111ﬂaauuﬂaq1unquunuuu1?

[ 4 L V) ¥ 4
panTiau lasuvaNniIa 4 nax @un Zeikus 1ﬂd1ﬂ111uzﬂn 14 Tanil

&

- . o 4 u
nonmethanogenic bacteria 2 fis niwiNLUasud TUTENALL D oHan T
' o o X ‘ !
ﬁag1unaan11an11ﬁxﬁu acetate, niadunis, usanadas,  l#1lasiau,
4 ' . . o
arfuaulasanlyd ul2 methanogenic bacteria 2 wiie UNausaly v

- " -
HINU &#IH17TI9N 6
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Group Organism Nutrition |[Substrate Product
Hydrolytic {Clostridium [Heterotroph|Cellulose, H,/COo,,
thermocellum cellobioselethanol,
acetate,
lactate.
H_-producing S-isolate Heterotroph|Pyruvate, H,/C0_,
acetogen ethanol , ethanol,
acetate.
Homoace - Acetobacte- |Mixotroph Fructose, |Acetate
togen rium woodii lactate,
CO,/H,
Methanogen |Methanobac -|Autotroph H /C0, CH,
terium ther-
moauvtotro-
phicum
Methanogen |Methanosar -[Mixotroph H,/CO,, CH,
cina barkeri CH_OH,
CH_NH_,
CH,COOH
ﬂﬂTﬁﬂ# 6 Physiology characteristics of some organisms

representative of the 4 trophic groups involved in

anaerohic digestion

(Lane,

1980
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N173a37W9n_methanogenic bacteria

A133@3720 methanogenic bacteria 1§43 Fsun17u
138 q 1§ﬁnﬂ1ﬁauunﬁt?a#1ﬁﬁlnua§1u family Methanobacteriaceae
Tu part 13 of the 8 th edition of Bergey’s Manual of
Determinative Bacteriology l#@emannis morphology urivuuai 3o

TowuuE2idu 3 #na gelunnsned 7

I Rod or chain-forming, lancet-shaped coccoids

Genus 1. Methanobacterium

I1 Coceci other than chain-forming lancets
A. Large cocci in packets

Genus II. Methanosarcina

B. Cocci occurring single, in pairs, or in clumps

Genus I1I. Methanococcus

ﬂﬁ11ﬂ# 7 Key to the genera of family Methanobacteriaceae,
Barker 1956. (from the 8 th edition of Bergey’s

Manual of Determinative Bacteriology 1974)

Balch uazamr (Balch et al., 1979 l1872v773n113a

0 ) ) . . ¥
47%9n methanogenic bacteria Taaiauanﬂaﬁazﬂuuuaqu

n113adwanlasiU3Isuinay 16S r RNA  1¥¥na18u2amne

association coefficient (S, ) udazénaqﬂﬁauunﬁL?aasﬁdﬂ1suiﬂq

w . . - -
0.02 - 1.0 uaniwa3aiwan methanogenic bacteria 1anazun 18
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ORDLA FAMILY GENUS SPECIES STRAIN
M 100 mot 1 it ——mmeeeare—— W F
MaH
A e tNEnoBOCIEr Nl M pepenin MoH
M [hermooutotrophicum —— BH
e AL IR ODOL I rON ) Methonodoc teriocete A y b M
[0
My ihgnp by twdoCiee o grboriphilys ——E a2z
* [+
M3 AN e e P §,
= O ———- 1
—— MpIAQRDCOCEO ) MelAOADLOCE OCH O MerhoroCoCcvs ———{: M voltee Py
[ Merronomicrobum o odile B8P
' ~ _{:H corp s —————— JR |
j—— MelAgromaroboieor —E— ihgrogemem r— IR
L MeThcromicradiair —— Ale TAGAO 1 pee e M Aungoter ——————JF |
M5
Al IAQAQ SOFCIMEC #OF ———e AP IASAB 107 C 0 L larun—-E 227
w
i L ) 1 J L 3 L J
022 0z8 Qs CM Q46 03 05 06y 084 (s )

Ronqe of Spg voluty for roth 10s0nome level

Eﬂﬁ 18 New taxonomic treatment for the methanogenic

bacteria based on 16S rRNA comparative cataloging.

(from Balch et al., 1879) )

A133n31WIn lana ¥ DNA base composition (mol % G+C)

. -
ANATITINN 8
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Substrates for growth and Cll, pro-

Order Family Species moi% G + C° Reference duction®
- Methanobacterium formici- 40.7 (42.0) 126 H. formate
cum
Methanobacterium bryantii  32.7 (33.0) 131 H,
Methanobacterium bryantii 337 H:
strain M.o.H.G.
Methkanobacterium thermo. 497 {52.0) 131 H,
autotrophicum
Methanobrevibacter rumi- 306" H.. forrmate
I 1 nantium
Methanobrevibacter arbori- 2715 130 H,
philus
Methanobrevibacter arbori- 31.6° H,
philus strain AZ
Methanobrevibacter arbori- 27.7° H,
phidus strain DC
— Methanobreusbacter smithii 3107 (32.0) i26 H;. formate
1 I—{ Methanococcus vannielii 311’ H,, formate
AMethanococecus voliae 0.7 H.. lormate
F Methanomicrobium mobile 48.8" H, farmate
1— Methanogenium cartaci 516 81a H,, formate
Methanogenium marisnigri 61,2 81a H., formate
m ~ Methanospirillum hungatei 450 33 H., formate
Methanospirillum hungotei 465 - 78 H;, forniate
strain GP1 .
Il ~— Methanosarcina barkeri 38.8° (43.5) 108 H,, CH,OH, CH,NH,, acetate
Methanosarcina barkeri 388 H;, CH,0H, CH.NH,, acetate
strain 227
Methanosarcinag barkert 40.5% H;, CH,OH, CH.NH;, acetate
strain W ’
Methanosarcina barkeri 435 109 H., CH,OH, CH,NH,, acetate
sirain UUBS
Methanosarcing barkeri 510 135 H; CH.OH, CH.INH,, acelate
strain Z

ol .
#1379Nn 8 Summary of DNA base composition (mole % G + C) and
substrates that- serve as sole electron doners for

methanogenesis and growth (Balch et al., 1979

-li'u-l - @ - - -i 7] '
UBNINUAINNITIRIININ  Fuachenaduiidagieiu 9 l&un
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WINIUANLGEIDY Balch wavens ':I\Julﬂlﬂ'u'ﬂﬂ')‘ﬁ'-i(-l'4'1“’2?161'\316}'11']\171 9

l. Gram-positive to gram-variable rods or lancet-shaped cocci often forming chains and filaments.
Crder 1. Methanobacteriales
Family I. Methanobacteriaccce
A. Stender, straight to irregularly crooked long rods oftl’n.occurring in filaments.
Genus [ Methanobacterium
1. Mesophilic.
a. Methane produced from formate.
Methanobacterium formicicum
b. Methane not produced from formate.
Methanobacterium bryantit
2. Thermophilic
Methanobacterium thermoautotrophicum
B. Short rods or lancet-shaped cocci which often occur in pairs or chains.
Genus 1. Methanobrevibacter
1. Cells form short, nonmotile rods which do not utilize formate.
Methanobrevibacter arboriphitus
2. Chain-forming, lancet-shaped cocci that produce methane from formate and require scetate as a
carbon source.
a. Growth requirement for 2-mercaptoethanesulfonic acid and D-a-methyl butyrate.
Methanobrevibacter ruminantium
b. Do not have an obligate growth requirement for 2-mercaptoethanesulfonic acid or pD-a-methyl-
butyrate.
Methanobrevibacter smithii
I1. Gram-negative cells or gram-positive cocci occurring in packets.
A. Gram-negative, regular to slightly irregular cocci often forming pairs.
Order II. Mcthanococcales
Family 1. Methanococcaceae
Genus 1. Methanococeus
1. Cells inhibited by addition of 5% NaCl to medium.
Methanococcus vannielii
2. Cells not inhibited by addition of 5% NaCl to medium.
Methanococcus voltae
B. Gram-negative rods or highly irregular cocei occurring singly.
Order 111 Methanomicrobiales
Family I. Methanomicrobiaceae
1. Straight to slightly curved, motile, short rods.
Genus L. Methanomicrobium
Methanonucrobium mobile
2. Irregular coccoid cells.
Genus Il. Methanogenium
a. Cells require acetate.
Methanogenium cariaci
b. Cells do not require acetate.
Methanogenium marisnigri
3. Regularly curved, slender, motile rods, often forming continuous spiral filaments.
Genus Il Methanospirillum
Methanosptrillum hungatei
C. Gram-positive cuccoid cells which usually occur in packets and ferment methano!, methylamine, and
acetale
Family 1I. Methanosarcinuceae
Genus 1. Mcthanosarcina
Methanosarcina barkeri

13790 9 Determinative key to species of the methanogenic
bacteria based on simple phenotypic characters

{Batch et al., 1979
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diﬁn11?ﬂ?ﬁu1ﬂ methanogenic bacteria laman

Order I,Methancbacteriales

Family I,Methanobacteriaceae

Genus I,Methanobaclterium

Met. hanobacterium bryantii

Genus I1,Methanobrevibacter

Methanobrevibacter smithii

Order I1,Methanococcales

Family I,Methanccoccaceae

Genus I,Methanococcus

Methanococcus voltae

Order I11I,Methanomicrobiales

Family I,Methanomicrobiaceae

Genus I ,Methanomicrobium

Genus II,Methanogenium

Genus IIT,Methanospirillum

Family II,Methanosarcinaceace

Genus I,Methanosarcina
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B.T.L. anaerobic jar. (Reproduced by courtesy of

Messrs Baird and Tatlock(London)Ltd.) (Willis, 19869)
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1. 1¥ anaerobic "Gaspak" system iilu hydrogen-
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w1 Ta 1 swnuindanfivaandiau Taaaﬁﬁaﬁdliqﬁqmuqﬁﬂnﬁ Brewer
and Allgerier ﬂ1s§u§§u1uﬂ 1966 Ia3iminslas Becton, Dickinson,
U.K.Ltd., York House, Empire Way, Wembley, Middlesex.
(Cruickshank et al., 1975) 3§§dﬂ1ﬁiwa§01un11§ﬂ gas pak
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nalaniti i1 018 uazliaTavdaaaaudunay Genlh 19
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2. Roll tube method ‘Hungate, 1969 ViudEN I  can
strictily anaerobic bacteria T#n1rfhdaenas 1du tulegiau
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Use of gloves for manipulations in glove box.

(Courtesy Suburban Hospital, Bethesda, Md.)
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- o & o 44.
agent 17w tuiesa dFarde 33nalRamnsuaadsanasndian assaennus s
amsivivan lusmasunaszld resazurin 18y oxidation-reduction
. . . < . . -~y
indicator resazurin Luagﬂ oxidized ﬂztﬁuaﬁue uazﬂz1ﬁuatuﬂgﬂ
reduced resazurin  wanIinIsi iy oxidation-reduction
.. - . . - <
indicator wd28vi1u pH indicator l&#7z Ga’ciRues Naiflunie s
4'6'A-1'|ﬁ-
DA Ju e Juen g

Reducing agents l¥luamag6n9 9 (Wwillis, 1969

e
&9

1. Cooked meat particles 1§1uﬂﬂ1waﬁnﬁ1tuaﬁu11i
naedaddunlas Lidavada3dn 1 1idgnw%aan31 su 1 cooked meat

. - . N
tissue d reducing substances 18du glutatione
2. nalaa Und luamasfia v 1ﬂﬂssnanﬁuan§TﬂdL§uﬁu1ﬁ
VAR 1 % ww la dubie HQTQ#LﬂuﬂﬁiaﬁﬂﬂﬁqﬁuUﬂﬁl;ﬁuﬂzlﬁu reducing
1
agent ean
- N . <~ ] .
3. Thioglycollic acid Miaaﬁﬂqﬂagquﬁnﬂu sodium
thioglycolate ‘t¥i¥nbuszwing 0.01 - 0.2 % Har¥udunanidulyae
viuwe aaviadanina 4 nausrldaelusanas
4. cysteine l#a27miBaiulsiidu 0.05 % B4 ¥ufuuan
- o - LR T . .
AwfudenisiaTynesunaniia 72 1Y% cysteine hydrochloride
F's ‘ d t
5. 1Ziasnda lud (Na_S) awnqﬁﬁﬁTﬂaﬁanﬁa1wansmﬂqag
= “r [V F7) I3 '
aalinrglaTasan visluTes: u nﬁagnﬂnqﬁﬂwﬂnﬂiuauimaan1ﬁﬂ N
' 4 ‘4 F~4 (= s 1
ﬂﬂ1uau1aaﬂﬂ1ﬂm?zgngaﬁuaaﬁqvvaL11 tu1ws1ﬁtaauﬁﬂ1uﬁﬁﬂnﬂwlﬁumﬂﬂ
f i inilasmns Lillnagasiatianadi 5 lunnWl8d0e 84 pH #aaendn
d i ¢ :
6.7 ltianufaludazivasu dulgTat suitalud (H_S) L3a pH7
'3 . . vv
18171 suda ludaz i Aaufn3ea ol H,S ===S + 20 + 2e Undszl¥
- O 1 .
Tosanda lué LUaaadn171a8y strictly anaerobe (Hungate, 1969)
6. Dithionite 1HaautEnduliifu 1 % 1flu reducing

agent
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7. inan  1Hifw reducing agent awqaéquﬁnﬂu?udﬁu
. o 3 » [Y]
annetsfi 1y L Hudan 1 fudu Lﬁumz% tranas i tudn 35 wEaldaely
L P
P s -
iiWadsa9a M7 (Hungate, 1969)  aawa1ha 1013
- - of . .
KzHPOa nu KHZPOA Lﬂuuﬂlﬂaﬁ &7UwW7In anaerobic culture media
o L . . . 2 s Vs a er 4
fiaT1¥ carbon dioxide-bicarbonate t(fluiidiva%s i1t aonluand
& ¢ f -
value 0.5 % lwussganadardvanlaaan lddaes pH Usenam 6.7 F7u290
. - o w . - o
AIuInY pH Audranas 18 1oatu Henderson-Hasselbach equation &g

pH = 6.52 + log molar conc. bicarh.

molar conc. dissolved CO2
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- B < o 3 w - r'd

FeflunauaanavunuenL 18 JvdinuAnBIrd ST ITNE R Falneiaeliavga
. y, ‘ -

Yiznaumaiansng Lty Ad@ianuniad (yeast extract) lalndTusndau

YTenauld Svaq319d 10

(/7100 g)
Total nitrogen 7.85-10.5
Amino nitrogen 3.4-4.8
Chlorides as NacCl 0.07-1.3
Moisture 30 A
Phosphates as P_0O_ 3.8
Carbohydrates 8.2
Purine nitrogen 0.27
Fat. trace
Scodium 5.6
Potassium 3.0
Calcium 0.01
Iron 0.005
Magnesium 0.2
Copper 0.005
Zinc 0.005
Manganese 0.0005
Cobalt 0.0005
Range of Values of Vitamin Content of Yeast Extract
mg/g)
Thiamine 18-40
Riboflavin 18-150




813197 10 (AaLnaw)
Nicotinic acid 200-1250
Pantothenic acid 20-100
Pyridoxine 25-35
Folie acid 5-10
Inositol 1000-1700
Choline 1000-2000
RBiotin 0.5-1.0
p-Aminobenzoic acid 6
Vitamin R__ 0.01
Amino-acid Composition (g/100g! of Yeast Extract
Alanine 3.4
Arginine 2.0
Aspartic acid 4.5
Cystine 0.45
Glutamic acid 6.7
Glycine 2.3
Histidine 1.2
Isoleucine 2.3
Leucine 3.0
Lysine 3.5
Methionine 0.7
Phenylalanine 1.7
Proline 1.7
Serine 2.3

Threonine

66
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~ ; <
BI71M 10 {(@alupa)

Tryptophan 0.5
Tyrosine 1.6
Valine 2.5

#1979 10 A general analysis of yeast extract paste

(Bridson and Brecker, 1970)

1T MTuusan rumen bacteria uae
methanogenic bacteria 151aﬁﬁﬁiiqLﬁuﬁaQTuﬂﬂwwﬂﬂETﬁuﬁ rumen
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L] I hd

agqunﬁetﬁuaﬂnﬂ1naqﬁm1n1 1 11 Bryant (Bryant, 1959) ‘1§1-u19m
w~ w 5 <
ﬂﬁmuasqmdunﬁnaquuaﬁn?a ?ﬁnnvﬁnnqnaquniaﬂdannﬂuﬁnuﬂn1% Fan

“ o = i -~ -‘qj’

HUANL TARHAAY 9 A9

. Facultative anaerobes
1. Coliform bacilli

Escherichia coli TeN3uIu%1n

¥ .
Wiag133vwy Aerobacter aerogenes

A. cloacae

Micrococcus

Enteric bacteria au % i11u

Pseudomonas, Proteus

2. Bacilli wan spore forming 1&wuaadv3unly
[ L 7S 1
uaniin 18un

Bacillus subtilis

It

licheniformis

B. cereus

W

Propionibacterium

4. Lactobacilli l&un

Lact.obacillus brevis

L. fermenti

L. buchneri

L. plantarum
L. acidophilus
L. casei
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Streptococci léun

- <
Streptococcus bovis NIy muTALaENas

2

liquefaciens

7]

faecalis

l

- -« -
8733rN Streptococcus ¥uedu 1 an

1. Anaerobhes

i.

Spore forming rods léun

Clostridium perfringens

lochheadii

Je!

e’

longisporum
butyricum

sporogenes

o'

e}

Ie]
.

kluyveri

Nonspore forming rods

1) Lactobacilli l8us

Lactobacillus lactis
L. bifidus

2) Ramibacterium

o
-

Eubacterium

Eubacterium biforme
E. aerofaciens

E. ruminantium

4) Methanobacterium léun

Methanobacterium formicicum

M. sohngenij

Lachnospirae

om
—

Lachnospira multiparus
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6) Cilliobacteria

Cillobacterium cellulosolvens

7) Succinic acid-producing

Bacteroides

Bacteroides succinogenes

B. amylophilus

B. ruminicola

8) Butyric acid-producing Bacteroides

Bacteroides amylogenes

9) Fusobacteria

Fusobacterium fusiforme

F. biacutus

10) Butyrivibrio

Butyrivibrio fibrisolvens

11) Desulfovibrio

12) Selenomonas

Selenomonas ruminantum

S. palpitans
S. sputigena

13) Borrelia

14) Succinimonas

Succinimonas amylolytica

3. Cocci
1) Peptostreptococci

Peptostreptococcus intermedius

P. lanceclatus

2) Ruminococci

Ruminococcus flavefaciens
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R. albus
3) Veillonellae

Veillonella alcalescens

'4
4. pUnimuaziIFnag

4.1 Qﬂnﬁﬁ

n. qﬂns&anuﬂﬁuuﬂisﬂﬂunaqgqug
1. ﬁaugmngﬁ 105°C uaz desiccator 1wam1 total
solid
2. Lnﬁluﬁqmugﬁ 500 - 550°C i#awn volatile solid
3. 1adaslanuZunarueuuar lulastau

A i - -t . Y]
. ayn3aRnenifinafiunianiinuadnsiia ilEn1782a0u

-y

1. n3rvanldean (syringe) mune 200 NAAART

2. uduuaﬁﬁﬁnﬁﬁqmanﬁﬁuﬁq inilea uaxaaudia amTudae
daviiDad iy Fou Sudenuarsieda

3. Tiuenuae 10 Naddas dedansiialivaransieimae

FNRIMTLAII D INEY

4. 138 MPS TinwIuar Oi (LNBIURYE OF 2527) 1ada

)
-

«y <y ] [ ) -~
taan’anaulunee q lud inanuwenan JInTauasysa
5. fIWATHGR

»
6. vNL T8 (incubator)

e B

4 = =
. adnTunGuaNULUANL Tl -

3 G
1. nﬁaﬁqnvﬁuﬁu1auaz§au131unﬂ1w1133

2. n1flaTa713u TuTm719u use copper column w¥ax

tﬂ?adﬁﬁqmugﬁ copper column Fau 350°c swanqi#n?luievi=u
1] g X

yirdanaendian lHdwm¥vlan teand i aunansnami9iase1 3o
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3. Mechanical roll tube ‘1¥lunr3nRenasaniamis

% . 5 4 X
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lﬁaTﬁﬂaﬁ Hungate roll tube w3au#28 water bath ﬁqmugﬂ 45-50°¢C
- . - %
4. waa@dw1naaqiqdﬁuﬂaqa1qnaﬂuw1au?n butyl rubber
-i' Y = .
5. te7aufa 1du luide nvsuandasn (syringe) mua
- i o 4
2, 5 Uaaand wiayia ??uluﬂstiﬂ alad

r's
6. nﬁaq33n11du

n. %EHﬁﬁ?Hﬂ?sﬂﬂunﬂﬁﬂﬁqﬂﬁ
1. ﬁwHaQnﬁﬂquﬁﬁﬁwLEﬁau1u§auqmngﬁ 105°¢c  Uszuon
2 4 14117 desiceator 10 Ju  swaFenamiin wmiind 18 fu total
solid

u

o - w T T -
2. urnadnINuAIR ivuwuunuaauw;nq;mﬂxwﬂqmuqu
o 4 A4 &2 w e v TV S .
550 C VUTruna 30 uIn Lnatnuua1u1n1ﬂaﬂz1muﬁuuﬂ total fixed
. o . B 2 '4 U4
solid (ash) @A uwuK" total volatile solid w2t das L Tuane v
total volatile solid wiai3an volatile solid
o VY e [ ¢ s
3. uwgaqn1uﬁqﬂqu1nuﬂu51u11unﬁtﬁaixﬂuﬁnaq
TuTasi9u (total Kjeldahl nitrogen) a1ud3%u Standard methods
(Standard method, 1980)
o v &4 Y L u e P I's Fi
4. uwgaﬁn1unqﬂau1uunua1uw1ﬂuﬁ1ﬂastﬁuﬂnaunﬂiuau
=y ] -, FES o
1ﬂaﬁ1uﬂaaaﬁvan1ﬂﬂaQ19 kaziuaidIndaive (Hgso ) uiniwrlaieas

GraT1danldaranTdd  Taal¥ methyl red iflu indecator dFuU3nnas

[7] ] i - s .
wBadrdunt laumay3u et fusu Taal¥# total organic carbon
- 1% o 4 e
analyzer (Shimadzu, TOC-10B) uitIounavduaamn e d L dudoas
'4
ATURU

n. ﬂﬁ?ﬂﬁﬂﬂﬂﬁﬂ?quﬁnﬂwdﬁﬁ d
- -ul' - P [ <y =y .
WANNIINIE L INAUNITWIN Lan)d syringe method
o - ﬁ o
Cings, 2527) agn9niniidunuy batch culture N&9N
1dar198n enramiinaslunsvuanian g Yausa Teal¥d
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i I~4 x/ E vl
Wanitantrvandadasive iR Fudens  arevaviuatbanly vadaaandag
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Substances aerobic |anaerobic mediumfcellulose

medium {(developed from [medium
Hobson 1989)

Casitone 1 g 1 g -
Yeast extract 0.25 g, 0.25 g 1 g
Mineral 1 15 ml 15 ml -
Mineral 2 15 ml ‘15 ml -
Sodium lactate 1 ml 1 ml -

Distilled water 60 ml 40 ml 1 litre
Agar 1.5 g 2 g 2 g
Solution A 10 ml 10 ml -
Rumen fluid - 20 ml -

Resazurin (0.1 % aq.) - 0.1 ml 1 ml

Cellulose - - 10 g

Mineral 1:K_HPO, 3 g 3 g 7.5 g

Dist.water 1 litre 1 litre -

Mineral 2:KH_ PO, 3 g 3 g 3.5 g

(NH_) _S0, 6 g 6 g 0.5 g

NaCl 6 g 6 g 1.0 g

MgSO, 0.6 g 0.8 g 0.024 g

cacCl, 0.6 g 0.8 g 0.05 g

Dist.water 1 litre 1 litre - g
Sol.7A:Cellobiose 0.2 g 0.2 g -
Glucose 0.2 g 0.2 g -
Maltose 0.2 g 0.2 g -
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M990 13 (ﬂalﬁae)

Substances aerobic |anaerobic mediumicellulose
medium (developed from }medium

Hobson 1969)

NaHCO,, - 0.4 g -
Cysteine HCI1 - 0.05 g 0.5 g
Dist.water 10 ml 10 ml -

" 4
AI1TI9N 13 @ulTenaumavsInaIn Ly

d9uUTEnauna Tamura standard medium N9

Y3nmea 100 NadAm7 KH,PO, 0.021 g, K _HPO, 0.021 g,
(NH,)_SO, 0.021g, NaCl 0.05 g, MgSO,.7H,0 0.02 g, CaCl_.2H,O
0.02 g, yeast extract 0.05g, casitone 0.05g, resazurin 0.1 %
aqueous 0.1 ml, trace mineral solution 1 ml, vitamin 1 ml,
Na,CO, 0.4 g, Na_S.9H,0 0.025 g, L-cysteine 0.025 g, formate
0.5 g, acetate 0.35 g, butyrate 0.2 g, propionate 0.2 g

Trace mineral solution teJauiiiu stock solution ifiv
T5faamail 0°c  daursenaudadins Nacl 1.0 g, FeSO,.7H 0 0.1 g,
CoSO, wia CoCl, 0.1 g, CaCl,.2H,0 0.1 g, ZnSO, 0.1 g,
Cuso,.5H,0 0.01 g, AlK(SO,), 0.01 g, H_BO_, 0.01 g,
Na_MoO,.2H,0 0.0i g, MgSO,.7H,0 3 g, MnSO,.2H_ 0 0.5 g,
nitriloacetic acid 1.5 g.

Vitamin solution ta¥nsuiiiu stock solution ifiuudufa

15  &amlaznavda 100 Hadam3 thiamine 0.5 mg, riboflavin (B,)

0.5 mg, nicotinic acid 0.5 mg, DL calcium panthothenate 0.5
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mg, vitamin B _ (cobamine) 0.01 mg, p aminobenzoic acid 0.5
mg, lipoic acid 0.5 mg, biotin 0.2 mg, folic acid 0.2 mg,
pyridoxine HC1(B_) 1 mg
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5. WRN1ITNaaad

n. duiidsavuagng

Moisture
61.21863 g
gaﬁn1 TFS{(ash)
100 g 13.543 g
Dry matter(TS) | Carbon
38.7837g 4.834 g
TVS(VS)
25.2094 g
Noncarbon
20.375 g

u3ia 1 Total solid (TS) 38.7837 %
2 Total volatile solid or volatile solid (VS)
65 %
3 Carbon 12.484 % of dry matter (TS)
4 Nitrogen 1.008 % of dry matter (TS)
5§ C/N = 12,365
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nacuanamaltuad | iRun1TndeannmiinSu) % CH, % CO,

R 413 2 86.397 13.603
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Lactobacillus, Streptococcus, Enterobacteriaceae wariu 17 I

¥
-l

-4 i -~ o - 1 L3 -1 - 1 - { - +
tdan 18finaxdl streptococei CREES: n i gan ﬁaq1uu1qnﬂ Jofely

i

ArInadaudntianied o all
%10 aerobic culture 3v3zlouuaniIawan
facultative anaerobes wan1idne" lundsusnuvaii Janieainnanin

- - " - o
2 Su 5 u 7 Gu &9
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uuant s 3 Ju 5 Su 7 fu
4 4 '

L¥aa/Na. L¥aa/ua. LHaa/Na.

LuANL Tafavua 169 x 10° 83 x 10° 38 x 10°
Gram + , cocci 60 x 10° 24 x 10° 9 x 10”
- . 3 3 3

Gram + , bacilli 49 x 10 40 x 10 13 x 10
3 3 3

Long slender rod 29 x 10 21 x 10 6 x 10
Big rod, sporeforming 20 x 10° 19 x 10° 7 x 10°

. . 3 3 3

Gram - , bacilli 80 x 10 19 x 10 17 x 10
Escherichia coli 8 x 10° 8 x 10° 17 x 10°

" ) ; N
m13197 22 Facultative anaerobes fwulunirimiinnaganiwainuagns

aﬂﬂn11ﬁnvﬂﬂmduﬁﬁnnu morphology ust biochemistry
: o . . o o
vosuuANL Tanuy waazduun (identify) ladei

1. Gram positive cocci l#un Streptococcus

' . ' -1
U1z 1 dudiis (species) a2 L
S. uberis, S. lactis, S. cremoris
2. Gram positive, long slender rod,

non-sporeforming u1aziilu Lactobacillus

3. Gram positive, sporeforming, big rod 18un

Bacillus u1aridurdesa 11l

B. licheniformis, B. cereus, B. circulans

B. coagulans

4. Gram negative, non-sporeforming rod 18un

ar
- - . < o . )
Esherichia coli uanﬂﬂﬂuuuanl1au1¢ﬁﬁau1qzlﬁu Enterobacter,

Citrobacter, Erwinia




o - o --‘l’ LY Y f »
A3 MUMUALUANL TBLNA Y TéFanini nunnaq Bergey's
Manual of Determinative Bacteriology, 8th edition 1974 uas
Cowan & Steel’s Manual for the Identification of Medical

Bacteria, 2nd edition, 1974.
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